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Measurement errors and quality-adjustment
methodology: Lessons from the Japanese CPI

Shigenori Shiratsuka

Shigenori Shiratsuka is a visiting economist at the
Federal Reserve Bank of Chicago from the Bank
of Japan.

Introduction and summary

The Consumer Price Index (CPI) is widely used as a
measure of inflation. However, there is a growing
consensus that the CPI substantially overstates
changes in the true cost of living. Table 1 summarizes
recent studies on upward bias in the CPI of major
industrial countries; the effect of this upward bias
ranges from 0.5 percentage points to 1.1 percentage
points per year. In the case of Japan, the effect is
estimated at 0.9 percentage points per year. Upward
bias in the CPI arises because the current CPI fails to
account for the dynamic nature of economic activity,
such as changes in consumers� behavior in response
to relative price fluctuations between goods, the
introduction of new goods, and the disappearance
of old goods.

Upward bias in the CPI has a direct implication
for monetary policymakers, whose major mandate is
to maintain price stability. Although biases in inflation
measures do not matter when inflation is high, they
do matter when policymakers are considering wheth-
er to bring down an already low inflation rate. In this
sense, as economies approach price stability, accurate
measurement of inflation is especially challenging.
The importance of accurate price measurement is
apparent in a country like Japan where there is con-
troversy as to whether the country is on the verge of
deflation.1 Without upward bias, the Japanese CPI
would have shown even stronger evidence of defla-
tion in recent years.

Moreover, accurate price measures are necessary
to interpret economic developments, not only involv-
ing inflation but also real output and productivity. If
measured inflation is rising more rapidly than actual
inflation, measured real economic growth is simulta-
neously being understated. This implies that real in-
comes and living standards are rising faster than the
published data suggest. In addition, the overstatement

of inflation creates an automatic and unintended real
increase in social security and other indexed federal
benefits and a real cut in indexed individual income
taxes each year.2

In examining the problems of price measurement,
a distinction must be made between the measurement
of individual prices and the aggregation of those
prices into the overall price index. Aggregation may
introduce biases, because the CPI assumes that
households purchase the same basket of goods and
services over time, although, in reality, they substitute
some goods for others as relative prices change and
new goods are introduced. However, the problems of
aggregation are well understood by economists, and
workable solutions are within reach.3

The most important remaining problems relate to
the measurement of individual prices. Observing and
measuring individual prices is quite difficult both con-
ceptually and practically. This is because it is very
hard to divide the nominal value of a good into quan-
tity and price on a quality-adjusted basis. As the
characteristics of products and services are changing
rapidly, it is becoming increasingly difficult to define
the unit of output and adjust an item�s price for im-
provements in quality. These problems are pervasive
in modern economies. For example, automobiles, refrig-
erators, TV sets, VCRs, camcorders, personal com-
puters, winter jackets, and sports shoes have all
changed in ways that make them surprisingly hard to
compare with their counterparts in the past. Indeed,
as shown in table 1, quality change/new product bias
is identified as the largest source of upward bias in
the CPI in major industrial countries.
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In this article, I investigate the problems inherent
to the quality changes/new goods bias in the CPI,
taking the Japanese case as an example. I review the
sources of measurement errors in the CPI and examine
the problems inherent in the methodology used for
quality adjustment in the Japanese CPI. I describe
the basic framework of the hedonic approach (meth-
odology to analyze the price�quality relationship by
regressing prices on numerous characteristics of a
product) and propose a practical way to improve the
accuracy of quality adjustment by introducing this
approach to the conventional procedure to compile
the CPI. While I use Japan as an example, these mea-
surement problems apply equally to the U.S. or any
other industrial economy experiencing rapid techno-
logical progress.

Sources of measurement error in the CPI

There are several sources of measurement error
in the CPI as a measure of change in the cost of living,
such as substitution bias, outlet substitution bias,
and new products/quality change bias.

Substitution bias arises because the price index
formula fails to reflect consumers� behavior in response
to changes in relative prices. For example, beef and
chicken are generally thought to be close substitutes.
This implies that there will be a shift in household
expenditure from beef to chicken when the price of
beef increases. Since the weights applied to beef and
chicken in the CPI are those of the base period, an
upward bias is introduced by the overvaluation of
the price increase of beef.

Outlet substitution bias relates to consumers�
shift to lower priced outlets, reflecting structural
changes in retail markets. In recent years, there has
been a transformation of retail, shifting to supermarkets
and discount stores. Therefore, it has become

increasingly important to keep up with the outlets
surveyed so as to record accurately the prices paid
by consumers. However, prices surveyed for the CPI
do not cover all the consumers� price search activities
across outlets located close to each other.

The largest source of measurement error in the
CPI, quality changes/new goods bias, stems from the
difficulty of adjusting fully for quality change and
the delayed introduction of new products. A cost of
living index measures the impact of pure price changes
relative to a particular reference period, while keeping
the utility level or consumers� satisfaction constant.
In this context, it is important to make an appropriate
comparison of the quality difference between new
products and existing ones and to introduce new prod-
ucts to the index in a timely manner. However, quality
improvements are hard to detect, not only in prod-
ucts but also in services, such as medical treatments.

Two problems associated with quality-
adjustment methodology

The fundamental problem underlying the quality
changes/new goods bias is the inappropriate method-
ology for quality adjustment in the CPI. In the case
of Japan, the CPI has two major problems. First, the
quality-adjustment method is too limited to detect
quality changes in various products and services.
This implies that the accuracy of individual price in-
formation is not necessarily high. Second, the official
CPI does not cover all products and services and,
therefore, misses a large portion of the price decline
that typically happens in the early stage of the prod-
uct cycle.

Accuracy of price information
The CPI surveys specific items continuously.

When the products surveyed have disappeared from

TABLE 1

Bias in the Consumer Price Index

U.S. Japan Germany UK Canada

Source of measurement error

Upper level substitution 0.15 0.00 0.10 0.05–0.10 0.10

Lower level substitution 0.25 0.10

New products/quality change 0.60 0.70 < 0.60 0.20–0.45 0.30

New outlets 0.10 0.10 < 0.10 0.10–0.25 0.07

Total 1.10 0.90 0.75 0.50

Range 0.80–1.60 0.35–2.00 0.50–1.50 0.35–0.80

Sources: Advisory Commission to Study the Consumer Price Index (1996), Shiratsuka (1999), Hoffmann (1998),
Cunningham (1996), and Crawford (1998).
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FIGURE 1

Japanese Consumer Price Index, automobiles

Note: Price indexes are adjusted for changes in the
consumption tax rates.
Sources: Government of Japan, Management and Coordination
Agency, 1990–98, Consumer Price Index.

index, 1990=100

Compact car A

Compact car B

Imported compact car

the market or are no longer representative because of
structural changes in the economy or the development
of technological innovations, it becomes necessary
to substitute survey samples (specifications) in line
with the transition of product cycles in the market. In
such cases, quality differences between new and old
specifications are adjusted so that �pure price changes�
are reflected in the price index. These adjustments are
called specification changes.

The current Japanese CPI mainly adopts the fol-
lowing three methods of specification changes. First,
when the change does not involve any difference
either in quantity or in quality, the price of the new
specification is directly linked to that of the old one
(direct comparison method). Second, when there is an
apparent qualitative improvement as well as a price
increase, the price index is automatically linked by
assuming that the price index of both specifications
is constant (price link method). Third, when there are
no qualitative changes and the difference between
the new and old specifications is attributable to the
difference in quantity, the prices are linked after ad-
justing the ratio of the new and old quantities.

As a price index is supposed to represent a price
change of a product while keeping its quality constant,
its rate of change should be equal to the rate of
change in product price minus the rate of a quality
change. That is,

∆(Quality-Adjusted Price Index) =
∆(Product Price) � ∆(Quality),

where ∆(⋅) represents the rate of change in the vari-
able in parentheses. This relationship is useful for
explaining the above three methods for quality adjust-
ment in the Japanese CPI.

The direct comparison method assumes a �quality
improvement rate equal to zero,� making the price
index increase rate equal to the nominal price increase
rate. The price link method, on the other hand, assumes
a �nominal price increase rate equal to the quality im-
provement rate,� thus making the price index increase
rate zero. However, neither method is that realistic. In
reality, quality changes might not be equivalent to
price changes. Thus, quality differences are appropri-
ately adjusted only when quantity has changed with-
out any qualitative changes, that is, when the third
method can be applied. As a result, the CPI does not
seem to fully account for actual quality changes.

Figure 1 shows the Japanese CPI for automo-
biles, the prices of which are adjusted for changes in
consumption tax rates. The price indexes for domestic
compact cars show a mild upward trend from 1990 to

1994, but seem to have been stable since then. This
trend, however, is not consistent with the public image
of intensifying price competition in the Japanese
automobile market and falling automobile prices in
recent years. (The only exception is imported com-
pact cars, whose price index fell sharply from 1994 to
1995.) This difference between the CPI trend and the
public perception of automobile prices suggests that
the CPI is upwardly biased due to a failure in the
index�s quality-adjustment methodology over time.

In the U.S., the Bureau of Labor Statistics (BLS),
which compiles the CPI, adopts the following three
methods: direct comparison, direct quality adjustment,
and imputation of price change.4 The first method,
direct comparison, is exactly same as the one in the
Japanese CPI. The second one, direct quality adjust-
ment, estimates the quality difference between a discon-
tinued product and a replacement product by using
production-cost data or applying hedonic regression
techniques (I explain the hedonic approach in the next
section, beginning on page 6). The third method assumes
that the quality-adjusted price of the discontinued
product goes up at the same rate as the other items and
the excess price difference between old and new prod-
ucts corresponds to the quality difference between the
products. Moreover, the BLS employs commodity ana-
lysts to examine how to handle substitute items in de-
tail. Therefore, the U.S. procedure seems more rigorous
in dealing with quality changes, compared with the
ad-hoc methodology applied in the Japanese CPI.

Lagged introduction of new goods and services
New goods and services are not brought into the

CPI basket immediately, but with a substantial time
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TABLE 2

Items introduced in base-year revision

Base year Durable goods Services

1970 Automobiles (661cc to 2,000cc engine Driving lesson fees,
displacement), pianos, room air conditioners, fire insurance premiums
color TV sets

1975 Washing machines (fully automatic), School lunches, expressway tolls
stereo phonograph sets, tape recorders,
gas water heaters

1980 Microwave ovens, portable electronic Lunch plate for children, women’s
calculators hairdressing charges

1985 Heaters, video recorders Garage rental charges, amusement
park fees, automotive insurance
premiums (optional), sewerage
charges

1990 Word processors, camcorders Hamburgers, video rentals

1995 Automobiles (over 2,000cc engine Pizzas, karaoke fees
displacement), touch-tone telephones

Excluded items Personal computers and peripherals, Telephone bills for new
faxes, cellular telephones telecommunication companies,

rental car fees, financial services,
Internet services

Source: Shiratsuka (1999).

lag after their appearance in the market. This is mainly
because the methodology for quality adjustment
makes it difficult to construct reliable quality-adjusted
price indexes for such products. As a result, the CPI
does not thoroughly reflect the impact of the arrival
of new goods and services.

When new products are introduced and come
into widespread use, households regard new products
as relatively less expensive than old products on a
quality-adjusted basis. This implies that items included
in the CPI survey become relatively more expensive
than those excluded from the survey, resulting in an
upward bias in the CPI.

Table 2 lists the following products that were
newly introduced at the time of base-year revision:
compact cars (under 2,000cc engine displacement),
pianos, and room air conditioners (1970); fully auto-
matic washing machines, stereos, and tape recorders
(1975); microwave ovens and portable calculators
(1980); video recorders (1985); word processors and
camcorders (1990); and medium-size cars (over 2,000cc
engine displacement) and touch-tone telephones (1995).

The aforementioned new products were added to
the CPI basket with a certain time lag after they came
into widespread use. Figure 2 plots the percentage of

households in Japan that own at least one of the
itemized list of durable goods. Most durable goods
were not introduced in the CPI until more than 15 per-
cent of households owned them. There were espe-
cially long lags for stereo phonographs, microwave
ovens, word processors, and touch-tone telephones.
Moreover, other widely used durable goods, such as
personal computers, fax machines, and cellular phones
(not shown in figure 2 due to lack of available data)
have yet to be included in the survey range.

Lags in introduction are also observed for some
services. For example, garage rental charges and
amusement park fees are included from the 1985 base,
and prices of fast food (such as hamburgers) and vid-
eo rentals are included from the 1990 base. Telephone
bills of the new telecommunication companies and
car rental fees are still not included, nor are various
financial services, such as credit card fees and account
transfer fees.

The lags are especially large for products that
are subject to rapid technological innovation and
short product cycles. For example, personal computers
are not included in the basket for the current 1995-
base CPI, although they are known for rapid quality
improvements and price declines. The nature of the
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FIGURE 2

Diffusion of durable goods in Japan

percent

(A)

(B)
(C)
(D)
(E)

(F)

(G)
(H)

(I)
(J)

Notes: The figure plots the percentage of households in Japan that own
these durable goods: (A)—Color televisions; (B)—Microwave ovens;
(C)—Room air conditioners; (D)—VCRs; (E)—Touch-tone telephones;
(F)—Stereo phonographs; (G)—Word processors; (H)—Camcorders;
(I)—Personal computers; (J)—Fax machines.
Circles indicate the year in which the products were introduced to the CPI
basket. The products without a circle, personal computers and fax machines,
are excluded from the CPI basket.
Dashed vertical lines indicate the timing of the base-year revision, which
is conducted every five years.
Source: Government of Japan, Economic Planning Agency, 1965–98,
Consumer Behavior Survey.

personal computer market, which is characterized by
a rapid pace of change (relating both to technological
innovations and entry and exit of firms), makes it very
difficult to construct and update a quality-adjusted
price index with the conventional price index method-
ology. As a result, the decision was made to postpone
the introduction of this category of durable goods
into the CPI basket until some future date.

In addition, because of the way items are catego-
rized in the CPI, newly adopted commodities are not
always compared with existing ones with similar func-
tions in the CPI basket. For example, when personal
computers are included in the future, effects that stem
from their substitution for word processors will not be
taken into account.5 This implies that the appearance
of new goods affects the accuracy of the CPI not only
through an improvement in quality but also through
an increase in the range of goods and services.

Hedonic approach to estimating
quality changes

The hedonic approach to estimating quality
changes is based on the assumption that the quality
of a product can be measured as an aggregation of
the product�s objective characteristics. In practice,
this approach analyzes the price�quality relationship
by regressing prices on explanatory variables that

represent important product characteris-
tics (see box 1 for details). The approach
originated in Waugh (1928), who applied
it to vegetable prices. Court (1939) coined
the term hedonic, when he used the
approach to capture the characteristics
of automobiles that are associated with
consumers� �pleasure and comfort.�

According to Ohta (1980), the quality
of a good has two meanings: first, the
objective level of each characteristic that
provides utility to consumers and, sec-
ond, the overall evaluation of such char-
acteristics. To deal with the problem of
quality changes in the CPI, I adopt the
second meaning, measuring quality in
terms of the overall evaluation of objec-
tive characteristics of a good, using the
hedonic approach.

Empirical application of the hedonic
approach takes the form of estimating a
regression equation, a hedonic function,
with observed prices as a dependent
variable and performance characteristics
as independent explanatory variables.6

The hedonic function is expressed as:

ln ,p x dit j ijt k ikt
k

T

j

n

it= + + ∑∑ +
==

α β δ ε
11

where pit represents the (natural logarithm of the)
price of the ith goods at period t, α is a constant
term, βj is an estimated parameter for the jth character-
istics, xi j t is the jth characteristic of the ith good at
period t, δk is an estimated parameter for the k period
dummy, dikt is a k period dummy variable, and εi t is
an error term.

Shiratsuka (1995a, b) and Shiratsuka and Kuroda
(1995, 1996) apply the hedonic approach to various
products in Japan, such as personal computers, auto-
mobiles, camcorders, and apparel, to examine the impact
of quality changes on upward bias in the CPI. Based
on these studies, Shiratsuka (1999) calculates the
effects of upward bias by replacing the CPI item
indexes with their estimated hedonic price indexes
(see box 2 on page 9 for details of the procedure to
compute the price index from the estimated hedonic
function). The results are shown in table 3.

When hedonic price indexes for automobiles,
camcorders, and personal computers are included,
the level of the overall Japanese CPI is lowered by
0.01 percentage points, 0.01 percentage points, and
0.02 percentage points, respectively; the CPI durables
index is lowered by 0.16 percentage points, 0.09 percent-
age points, and 0.36 percentage points, respectively.
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BOX 1

Treatment of quality in economic theory

A theoretical foundation for the hedonic approach is
based on a new consumer theory known as the Lancaster
model.1 The Lancaster model allows us to address the
problem of product quality directly by assuming that
the consumer�s preference is defined on the character-
istic space occupied by amounts of products� charac-
teristics, rather than on the space occupied by amounts
of products, which the conventional microeconomic
model assumes.2

We can use a simple example (in figures A, B,
and C), finding the optimal mix of salad ingredients, to

illustrate the main difference between the conventional
microeconomic model and the Lancaster model. In the
conventional microeconomic model, the consumer�s
preference is defined on the commodity space for spin-
ach and tomatoes. The consumer will choose point E*
in figure A, at which the budget line and an indifference
curve are tangent. However, the actual problem for the
consumer is different if she cares only about the quanti-
ties of vitamins A and C taken from spinach and toma-
toes. (In reality, people care about other characteristics,
for example, taste and appearance. However, to keep
the example simple, I assume the consumer cares only
about the two characteristics, vitamin A and vitamin C.)
In this case, the Lancaster approach allows us to deal
with this problem directly. Figure B decomposes spin-
ach and tomatoes into their contents of vitamins A and
C. The angle of the spinach and tomatoes vectors indi-
cates their content ratio of these two vitamins. The
length of the two vectors is equal to the amount of
spinach and tomatoes that the consumer could pur-
chase if she spent her entire income on that good. In
this figure, the consumer will choose point E** to
maximize her utility.

What happens when a third, higher-quality good,
is introduced? In this context, a �higher-quality� good
is one that provides a balanced combination of vitamins
A and C at a lower price, like a vitamin pill. Figure C
illustrates the impact of the appearance of vitamin pills.
The vitamin pills vector is located between the spinach
vector and the tomatoes vector, because a vitamin pill
contains vitamins A and C in a more balanced propor-
tion. In addition, its vector is longer than the spinach
vector or the tomato vector, since, if the consumer
spent all of her money on vitamin pills, she would
have more vitamins than if she bought only spinach or
tomatoes. Clearly, she is better off purchasing vitamin
pills instead of spinach and tomatoes (point E***).

If the conventional microeconomic theory, described
in Figure A, is applied, the new vitamin pill is represent-
ed as �a third axis,� sticking out from the page. The
consumer�s preference is redefined so as to find the
optimal combination of the three goods, spinach,
tomatoes, and vitamin pills. However, this treatment
is misleading, since the consumer still cares only about
the quantities of the two vitamins.

This simple example suggests that the treatment
of quality in economic analysis becomes problematic
in the modern economy, where quality changes and
product differentiation are important phenomena. The
Lancaster model provides us with a useful analytical
framework to deal with the phenomenon of product
diversification and the differentiation of substitutable
goods, as well as the emergence of new products.

1See Rosen (1974) for a more detailed discussion of the theoretical
foundation of the hedonic approach.
2See Lancaster (1991) and Ohta (1980) for the details of the
Lancaster model.

spinach
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FIGURE 3

Application of hedonic approach
to specification change
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Adding these figures gives an upward bias of 0.04
percentage points for the overall index and 0.6 per-
centage points for the durable goods index. Consider-
ing that the relative importance in the CPI basket
of these three goods totals just 2 percent, the contri-
bution of durable goods to the overall bias could be
substantial if hedonic estimates were obtained for
other microelectronic products.

Using the hedonic approach to enhance
the conventional methodology

In dealing with the quality-adjustment problems
in the CPI, the hedonic approach has an important
advantage over the conventional method: It can mea-
sure the quality of a product without relying on a
subjective judgment of quality. Moreover, once a
hedonic function has been estimated, all that is needed
to make quality adjustments later is information about
the prices and performance characteristics of products.
This is particularly useful in constructing a price index
for products like personal computers that have short
product cycles and experience frequent quality improve-
ments (see box 3 on page 11 for a discussion on the
stability of estimated hedonic functions). Next, I
describe a practical framework for introducing the
hedonic approach into the conventional procedure
used to compile the CPI.7

This method represents something of a compro-
mise between two requirements. On the one hand, it
is necessary to employ the hedonic approach to
account for quality changes adequately. On the other
hand, it is also necessary to sustain the conventional
methodology of surveying specific prices every
month. Because of the second requirement, the meth-
odology to calculate a quality-adjusted price index
directly from the estimated hedonic functions is not
appropriate, although it is most frequently used in
empirical analysis with the hedonic approach. Figure

3 illustrates the method for applying the hedonic
approach to specification changes for one perfor-
mance characteristic. The x axis measures the charac-
teristic, and the y axis measures the product price.
A straight line with a constant (α) and a slope (β) rep-
resents the preestimated hedonic function.8 Let XO

and XN represent the characteristic values of the old
and new products, respectively. Then the theoretical
prices $Po

 for the old product and $PN
 for the new

product are the estimated prices based on the hedon-
ic function. The quality change between the old and
new products is measured by the difference in the
theoretical prices, which is depicted by AB. Let PO

and PN be the observed prices for the old and new
products, respectively. Then, CD measures the
change in the product price. Therefore, the difference
between CD and AB corresponds to the change in
the quality-adjusted price index. In this example, the

TABLE 3

Upward bias in durable goods
(percent)

Annual change Contribution

Weight CPI Hedonic index Difference Durables Overall

Automobiles 1.8 0.1 –0.4 –0.5 –0.16 –0.01
Camcorders 0.1 –4.0 –9.6 –5.6 –0.09 –0.01

Personal computers 0.1 n. a. –24.4 n. a. –0.36 –0.02

Notes: The estimates of upward bias are averages from 1991 to 1994. Weights are based on 1990;
and half of the weight for word processors in the Consumer Price Index is replaced by personal computers.
n.a. indicates not applicable.
Source: Shiratsuka (1999).
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BOX 2

Calculating the hedonic price index

The hedonic price index is a quality-adjusted price
index calculated from the estimation results of a
hedonic function. The hedonic function I use to
calculate the price index is the log linear function
as follows:

ln ln ,p x d uit j ijt
j

n

k ikt
k

m

it= + ∑ + ∑ +
= =

α β δ
1 1

where x
ijt
 is the jth characteristic of good i at peri-

od t, d
ikt

 is a time dummy for period k, and u
it
 is an

error term.
The actual calculation method differs de-

pending on whether it includes an annual dummy
in the estimated hedonic function. When an annu-
al dummy is included, the exponentially trans-
formed value of the estimated parameter for the
annual dummy becomes the quality-adjusted
price index for the full sample and two-year sample
estimations. Let x

j
* represent the size of the jth

characteristic in the base year (t = 0). Substituting
this into the above equation, then annual dum-
mies at t = 0 (base period) all become zero, and for t
= s (comparison period) the following holds:

d
t k

t kikt =
=
≠

%&'
1

0

( )

( )
.

Therefore, the estimated quality-adjusted
prices for periods 0 and s (�0) are given by:

ln $ $

$ ln ,*p x j
j

n

0
1

= + ∑
=

α β

ln $ $

$ ln $ ,*p x j
j

n

s= + ∑ +
=

α β δ
1

where ∧ indicates an estimated value. Taking the
difference between these two equations gives:

ln $ ln $ ,p ps s− =0 δ

which implies that the parameter δs for the annual
dummy is the logarithm of a quality-adjusted
price index in period s relative to period 0. There-
fore, the hedonic price index $I s0 in period s rela-
tive to base period 0 (base period = 100) is
obtained as:

$ exp( ) .I s S0 100= ×δ

Next, I consider the one-year estimation,
which does not include an annual dummy. Taking
the exponential of the value for the size of charac-
teristic x
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log-transformed prices as follows:

ln $

$ $

$

,*p xj j
j

n

0 0 0
1

= + ∑
=

α β

ln $

$ $

$

.*p xs s js j
j

n
= + ∑

=
α β

1

Therefore, the hedonic price index for period
s relative to the base period 0 is given by:

$

$
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$
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quality-adjusted price index rises with an introduction
of the new product because CD > AB.

With this methodology, the following relationships
hold among rates of change in terms of product price,
quality, and the quality-adjusted price index.

∆(Product Price)  > ∆(Quality)  = =>
∆(Price Index)  > zero

∆(Product Price)  =  ∆(Quality)  = =>
∆(Price Index)  = zero

∆(Product Price)  <  ∆(Quality)  = =>
∆(Price Index)  < zero.

Simulation of specification changes
Shiratsuka (1995b) investigates the accuracy of

the quality-adjustment method in the CPI through a
simulation of specification changes for automobiles,
and suggests that quality changes are likely to have
caused upward bias in the CPI (see table 4). The study
uses preestimated hedonic functions to evaluate the
quality changes for 13 Toyota and Nissan models rel-
ative to the previous year�s models. Table 4 presents
the rates of change in product prices, qualities, and
quality-adjusted price indexes. Of the 52 simulation
samples (13 automobiles for four years), 28 cases
have some quality changes. Of these, 27 cases of
quality-adjusted change are statistically significant.
Eleven cases show an increase in the quality-adjusted
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TABLE 4

Simulation for specification changes

Toyota 1991 1992 1993 1994

Corolla Product price 20.5a 0.0 1.4 0.7
Quality 17.3a 0.0 0.0 0.0
Quality-adjusted price 3.2a 0.0 1.4 0.7

Carina Product price 0.0 –9.5a 0.0 9.1b

Quality 0.0 –15.6a 0.0 14.3b

Quality-adjusted price 0.0 6.1a 0.0 –5.2b

Corona Product price 0.0 8.6b 0.0 0.9
Quality 0.0 18.0b 0.0 0.0
Quality-adjusted price 0.0 –9.5b 0.0 0.9

Camry Product price 0.0 11.9a 0.0 –4.0c

Quality 0.0 9.7a 0.0 –4.3c

Quality-adjusted price 0.0 2.2a 0.0 0.3c

Mark II Product price 0.0 0.0 10.4b 2.6a

Quality 0.0 0.0 50.9b –6.2a

Quality-adjusted price 0.0 0.0 –40.5b 8.8a

Crown Product price 7.8b 0.0 1.8a 0.0
Quality 14.1b 0.0 –1.0a 0.0
Quality-adjusted price –6.3b 0.0 2.8a 0.0

Celsior Product price 0.0 5.3 0.2 0.7b

Quality 0.0 0.0 0.0 2.5b

Quality-adjusted price 0.0 5.3 0.2 –1.8b

Nissan 1991 1992 1993 1994

Sunny Product price 3.0 2.9 5.9b –4.4a

Quality 0.0 0.0 21.8b –16.5a

Quality-adjusted price 3.0 2.9 –15.9b 12.1a

Primera Product price 3.0b 4.7b 0.8 1.7b

Quality 9.8b 9.7b 0.0 5.0b

Quality-adjusted price –6.8b –5.0b 0.8 –3.3b

Bluebird Product price 1.3b 0.8a 1.8 4.1b

Quality 9.2b –8.9a 0.0 11.3b

Quality-adjusted price –7.9b 9.7a 1.8 –7.1b

Skyline Product price 11.6a 0.0 –1.9b 14.0b

Quality 9.7a 0.0 15.1b 23.0b

Quality-adjusted price 1.9a 0.0 –17.0b –9.0b

Cedric Product price 13.8b 0.0a 5.8b 0.0
Quality 27.1b –11.0a 12.1b 0.0
Quality-adjusted price –13.3b 11.0a –6.3b 0.0

Cima Product price 0.0a –0.7a 9.5b 0.0
Quality –7.0a –8.7a 24.2b 0.0
Quality-adjusted price 7.0a 7.9a –14.6b 0.0

Inadequate quality adjustment case 7 7 6 7
Increase in quality-adjusted price 3 5 1 2
Decrease in quality-adjusted price 4 2 5 5
Standard errors for hedonic price index 0.7 0.7 0.7 0.7

aIndicates increase in quality-adjusted prices.
bIndicates decrease in quality-adjusted prices.
cIndicates quality difference is insignificant.
Source: Shiratsuka (1995b).
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BOX 3

Stability of estimated coefficients in hedonic functions

In examining the feasibility of applying the hedon-
ic approach to the compilation process in the offi-
cial statistics, one possible concern is the
maintenance costs of the hedonic functions used
in the quality adjustment. If the coefficients are
unstable over time, it is necessary to reestimate
the hedonic functions frequently to detect the
quality changes appropriately. However, such a
requirement might prevent the statistical agencies
from adopting the hedonic approach, because it
may be judged as impractical given the agencies�
resource constraints.

To check this further, I conduct a statistical
test on the stability of estimated parameters in the
hedonic functions of personal computers and au-
tomobiles, based on the estimation results in
Shiratsuka (1995a, b). Table A summarizes the re-
sults of the F-test on the null hypothesis regard-
ing the common coefficients in all sample
periods.1 The results show that the stability of co-
efficients in the five-year full sample period is re-
jected for 1 percent significance in both personal

computers and automobiles. However, the null
hypothesis regarding stability of coefficients for
automobiles in the two-year sample period is not
rejected in all the cases, while for personal com-
puters, the null hypothesis is rejected for 1 per-
cent significance in 1991�92, 1992�93, and 1993�94,
and for 5 percent significance in 1990�91.

The above results suggest that the stability
of estimated parameters for the hedonic functions
varies across products and periods. It depends on
the fundamental conditions behind the supply
and demand for products, such as technological
progress and consumers� preferences. It should
be noted that it is not necessary to reestimate he-
donic functions frequently, say every year, to de-
tect the quality changes appropriately in all the
products, and the costs for introducing the he-
donic approach could therefore be minimized.

 1For details of the statistical test of structural change,
see, for example, chapter 7 of Greene (1997).

TABLE A
F-test for stability of estimated hedonic function

Full sample Two-year sample

1990–94 1990–91 1991–92 1992–93 1993–94

Personal computer 10.718 1.586 2.597 4.352 2.193
0.000 0.038 0.000 0.000 0.000

Automobile 1.565 0.406 0.467 0.500 0.400
0.000 1.000 1.000 1.000 1.000

Note: Top row in each category indicates f-value; bottom row in each category indicates p-value.
Source: Author’s calculations based on estimation results in Shiratsuka (1995a, b).

price index and 16 show a decrease. This implies that
the conventional methodology for quality adjustment
is likely to produce upward bias in the individual
price indexes.

The above simulation uses relatively continuous
models to ensure consistency in terms of size and
styling of the simulation samples. In practice, however,
the construction of a price index faces problems of
product diversification, such as changing sizes and
styles of automobiles. In such cases, the present
construction methodology of the CPI is inadequate
and bias is likely to exist. Moreover, because quality
changes are not properly taken into account, there is
a high possibility that a specification change in the
sample structure will be postponed until a future date
and miss the best timing.

Conclusion

In this article, I argue that the current methodolo-
gy in the Japanese CPI fails to account appropriately
for quality differences, and suggest that incorporat-
ing the hedonic approach into the methodology
would improve the accuracy of quality adjustment.

Available evidence suggests that current proce-
dures employed by the statistical agencies are not suf-
ficient to control for quality changes in the economy,
not only in Japan but also in other industrial countries.
Making improvements in CPI quality adjustment is
difficult and requires a significant commitment of
resources, since each item needs to be examined sepa-
rately. Given the importance to policymakers worldwide
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Introduction and summary

The U.S. economy is booming, with 30-year lows in
the unemployment rate, historical highs in labor force
participation, and the lowest displacement rates (a
measure of the incidence of involuntary job loss) in a
decade. Displacement rates are especially low among
groups, such as blue-collar workers, that have tradi-
tionally been most vulnerable to displacement. How-
ever, many groups may still be feeling the bite of the
drawn-out corporate restructuring of the early- and mid-
1990s. For example, The Wall Street Journal recently
described the difficulty experienced by some older pro-
fessional workers in finding new employment follow-
ing the mass layoffs of the early 1990s (Horwitz, 1998).

Recent studies document trends in job displace-
ment ratios and related anxiety among workers with at
least five years of job tenure (Aaronson and Sullivan,
1998a, b). Like other work that analyzes job displace-
ment, these studies focus more on the demographic
determinants and consequences of displacement
than on the fundamental causes of layoffs. Yet very
little is known about the causes of displacement, par-
ticularly the roles of technological change, increased
foreign competition, changes in domestic demand,
low productivity within an otherwise growing sector
of the economy, poor management, regulatory changes,
or regional or national recession (Kletzer, 1998). Under-
standing the causes of displacement is important for
policymakers charged with designing job search assis-
tance, retraining, relocation allowances, and other
programs to aid displaced workers. For example, a
stronger case for training subsidies could be made
for workers who are displaced due to technological
reasons. Although research on the benefits of gov-
ernment training finds little return to such programs
(relative to their cost), it is possible that the impact is
more significant for workers displaced because of
technology.1  At a minimum, a relationship between
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displacement and technology contributes to a vast
literature that shows the importance of education and
training throughout a person�s career.

Furthermore, the relationship between technology
and displacement is important in understanding gov-
ernment�s role in restricting natural job flows, say
through the imposition of policies such as mandated
severance packages in Europe intended to provide
higher job security. In a technologically dynamic
environment, labor markets need to be able to react to
shifts in industry skill demands. While a case could
be made for job security provisions if job destruction
were due to poor management, unnecessarily con-
straining labor mobility in technologically innovative
industries is likely to curtail long-run employment
growth (Bentolila and Bertola, 1990).

In this article, we seek to fill a gap in the displace-
ment literature by exploring the implications of techno-
logical change for job displacement and reemployment.
We describe some reasons technological innovation
might affect displacement and argue that the labor
market status of less skilled and older workers might
be particularly influenced by technology. We use
several different datasets, including the Bureau of
Labor Statistics� Displaced Worker Survey (DWS), to
test whether high-tech sectors are more likely to dis-
place workers and, conditional on such displacement,
whether these workers find it more difficult than their
peers in low-tech industries to reenter the labor market.

Our results provide evidence that industry-
specific technological innovation affects the proba-
bility of displacement and reemployment. However,
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many of the results are not robust to the particular
measure, or proxy, of technology used. This is not
surprising since our technology proxies are from five
different data sources, often do not cover the same
industries, and cover a variety of topics, including
computer usage, computer investment, productivity
growth, and research and development (R&D) activi-
ty. Nevertheless, we find strong evidence that dis-
placement due to the elimination of positions is more
likely in high-tech industries, consistent with the
notion that job destruction (and creation) is more
common in technologically dynamic industries. How-
ever, there is less evidence of a correlation between
technology and other forms of displacement, notably
plant closings. Furthermore, we find no support for
the hypothesis that the technology�displacement
relationship disproportionately affects low-skilled or
older workers.

Our reemployment results also vary depending
on the technology proxy employed. However, our pre-
ferred variables, based on industry computer usage
and R&D activity, show that increases in technology
decrease the likelihood of finding new employment
post-displacement. Less skilled, and to a lesser extent,
older workers appear to have more difficulty finding a
new job after displacement in such industries. These
results point to the importance of general education
and training in reducing the uncertainty associated
with job loss. However, we find no evidence that in-
dustry technology matters to the probability of reem-
ployment when other reasonable technology proxies,
such as those based on productivity or computer
investment, are used.

Research on displacement and
reemployment

One important reason for researchers� growing
interest in involuntary job loss over the past decade
has been the availability of nationally representative
data from the Bureau of Labor Statistics� Displaced
Worker Survey (DWS), which began in 1984. In the
DWS, a worker is considered displaced if she has an
established work history (many researchers require a
long history within the firm as well) and has lost her
job for reasons not related to performance, such as a
company layoff or plant closing. Voluntary quits, fir-
ings for poor performance, and temporary layoffs are
not considered displacement. Thus far, most research
has centered on two important issues: 1) Who gets
displaced; and 2) What happens to these workers
after displacement?

A number of studies have analyzed the size and
characteristics of the displaced worker population.
Recent examples are Farber (1997), Kletzer (1998), and

Aaronson and Sullivan (1998a, b). These studies find
that workers in blue-collar occupations, who have
less education, or who work in production industries
have experienced the brunt of involuntary job loss
over the last 20 years. However, Aaronson and Sullivan
(1998b) find that displacement has become somewhat
more �democratic� during the 1990s expansion. High-
seniority workers who were highly educated, were
in white-collar jobs, or were employed in service-
producing industries had been relatively immune to
displacement prior to 1990. But during the early 1990s,
displacement rates for these groups rose particularly
fast, while those for some groups with high rates of
displacement in the 1980s rose less or even fell.

Other studies analyze the cost of involuntary job
loss by looking at the reemployment and earnings
losses of displaced workers. Involuntary job loss can
carry a substantial cost to workers because of the
loss of job-, firm-, or industry-specific skills and expe-
rience (what economists call human capital). Workers
who have been at their jobs for many years accumu-
late human capital that may improve their productivity
and, hence, their wages. However, after a job loss,
these workers may have to accept wage cuts if prospec-
tive employers do not value, and will not pay for, this
job- or firm-specific human capital.2 Likewise, workers
who switch industries may suffer earnings losses due
to the loss of industry-specific human capital (Fallick,
1993; Neal, 1995). Kletzer (1989), Ruhm (1991), and
Jacobson, LaLonde, and Sullivan (1993) demonstrate
that involuntary job loss is in fact costly, at least for
workers who have attained significant tenure.3 For ex-
ample, Jacobson, LaLonde, and Sullivan found that
even six years after job loss, earnings losses among a
sample of Pennsylvania workers displaced in the ear-
ly 1980s were equal to about 25 percent of their pre-
displacement earnings levels. Recent work, including
Stevens (1997) and Farber (1997), confirms these re-
sults for nationally representative samples.

Understanding the fundamental causes
of displacement

While the research cited above has contributed
significantly to our understanding of the impact of
involuntary job loss, little work has been done on the
fundamental causes of displacement. The importance
of this research need is best summarized by Kletzer
(1998), who notes that �one�s perception of displaced
workers is surely shaped by whether the underlying
reason for their job loss is technological change, in-
creasing foreign competition, changes in domestic
demand, low productivity within an otherwise growing
sector of the economy, poor management, regional or
national recession, or some other reason.�
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Of the reasons mentioned by Kletzer, only the
rise of foreign trade has been studied. The intuition
behind the trade�displacement link is that industries
facing increased import competition experience falling
import prices and a decline in domestic labor�s mar-
ginal revenue product. To stem the loss in domestic
demand for labor resulting in a decline in productivity,
wages must fall. If prices fall far enough that produc-
tion becomes unprofitable, firms close plants, result-
ing in mass layoffs. Alternatively, wages may not fall
enough because of some rigidity in the labor market,
resulting in smaller-scale layoffs. Several papers, in-
cluding Haveman (1994), Kletzer (1997), and Addison,
Fox, and Ruhm (1995), find evidence of a correlation
between import competition and domestic displace-
ment rates, although much of this effect is driven by
a few import-sensitive industries such as apparel,
footwear, and textiles.

Another reason for job displacement is techno-
logical change.4 Firms in which there are frequent
changes in processes and equipment must continual-
ly retrain their employees. Training is expensive, even
more so for employees who are difficult to retrain. As a
result, firms in which the implementation of technolo-
gy is relatively ubiquitous or which are undergoing
speedy technological improvements are likely to shift
their work force from those with a high cost of train-
ing to those with a low cost of training (Bartel and
Sicherman, 1998). Alternatively, firms may substitute
expensive-to-train employees with labor-saving ma-
chinery or equipment. This shift is likely to negative-
ly affect certain expensive-to-train groups of workers,
including low-skilled or older workers or those with-
out previous training. Older workers may also be re-
placed because a firm receives smaller incremental
increases in future revenues from training older em-
ployees because it has fewer years to recoup the cost
of training. In addition, Kremer and Thomson (1998)
suggest that high-technology firms may shift away
from older workers because workers of different ages
may have comparative advantages in different tasks.
For example, older workers may be better managers
given their extensive work experience, and younger
workers might be better technicians and programmers
because their recent education might allow them to
adapt more readily to new equipment and technolo-
gies. Therefore, shifts toward a more technical work
force (and less middle management) might result in
the displacement of older workers. Similarly, a lack of
training and education among less skilled workers
may reduce their productivity, further reducing the
demand for such workers (Baumol and Wolff, 1998).

The drop in demand for expensive-to-train work-
ers can play out in two ways. First, firms can displace

workers deemed to have high training-costs. There-
fore, we look at whether the probability of involuntary
job loss is higher in industries with higher levels of
technology and whether older and less skilled workers
are more likely to experience the brunt of this displace-
ment activity. Second, high-technology firms can hire
fewer high-training-cost workers. There is some evi-
dence, albeit mixed, that relative utilization of skilled
workers is positively correlated with capital intensity
and the use of new technology.5 That is, plants and
industries that implement technology are more likely
to employ skilled labor. We look at one aspect of the
hiring effect by analyzing the post-reemployment pat-
terns of displaced workers. With fewer jobs available
to high-training-cost workers, reemployment is more
difficult and earnings losses are exacerbated, espe-
cially among those looking for employment in high-
technology industries. Therefore, not only are older
and low-skilled workers more likely to be displaced
than other workers in high-technology industries,
they may find reemployment more difficult.

In this article, we examine only one reemployment
outcome: the impact of technology on finding a new
job. How long it took these workers to find a new job
and at what cost, in terms of lower earnings, are left
for future research.

Data and empirical strategy

Our sample consists of workers age 30 to 59 from
two supplements of the Current Population Survey
(CPS): the Displaced Worker Survey (DWS) and the
tenure survey. The DWS is a nationally representative
random survey of workers conducted in January or
February of even years from 1984 to 1998. The DWS
broadly defines displacement as involuntary job loss
not related to worker performance. Therefore, displace-
ment does not include quits or workers discharged
for poor performance. The surveys are retrospective,
asking individuals whether they have experienced job
loss any time over the last five years in the 1984 to
1992 surveys and over the last three years in the 1994
to 1998 surveys. Thus, our earliest information on
displacement is for 1979 and our latest is for 1997.
However, we do not use the earliest DWS (1984) and
CPS tenure supplement (1983) because of problems
with the employment and industry codes.

For workers who report that they were displaced
in the relevant period, the DWS asks for the specific
reason for their displacement. The possible responses
are: plant or company closed down or moved, insuffi-
cient or slack work, position or shift abolished, sea-
sonal job completed, self-operated business failed,
and some other reason. The list is less than ideal.
For example, insufficient work might be the reason
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why one of the other events occurred. A plant may
have closed because there was insufficient work to
do. Position or shift abolishment is supposed to cover
instances of �corporate downsizing,� but it is possible
that those in nine-to-five work environments will be
confused by the reference to shifts. In any case, it
lumps together instances of complex �reengineering�
exercises, which presumably reflect long-run organi-
zational changes, with closings of shifts in factories,
which are more likely to be associated with short-run
declines in demand. The seasonal job and self-employ-
ment categories do not correspond to many people�s
conception of job displacement and, in fact, make up
only a trivial fraction of the job loss data we consider.

Finally, perhaps because of some of the ambigu-
ities of the displacement reason categories, �some
other reason� is a common response, accounting for
a large fraction of the total growth of displacement of
high-seniority workers during the 1990s. As it turns
out, many workers reporting �other� reasons for job
loss were probably not displaced. In a Bureau of Labor
Statistics (BLS) debriefing of displaced workers from
the February 1996 survey, only 20 percent to 30 percent
of respondents who had answered �other� gave rea-
sons that could be categorized as displacement.6

Because it is not obvious how to construct a time-con-
sistent displacement series using the �other� category,
we focus on the first three displacement categories:
plant or company closed down or moved, insufficient
work, and position or shift abolished.

The first difficulty we face in constructing a con-
sistent measure of worker displacement is that the
DWS only collects information, such as the year of
displacement, the worker�s tenure, and other character-
istics of the lost job, for one incident of displacement
over the relevant period. Workers displaced twice or
more in the same period are instructed to answer the
additional questions for the lost job in which they had
the highest tenure. This inevitably leads to some un-
dercounting of incidents of displacement (Stevens,
1997). Moreover, as Farber (1997) notes, the change
in the length of the period over which the DWS asks
workers to report on displacement creates a problem
of comparability over time, because the undercount-
ing problem is more severe when the interval covered
is five years long.

Our approach is to restrict our analysis to inci-
dents of job displacement in which the affected workers
had five or more years of tenure. Obviously, it is not
possible to lose two such jobs in one three- or five-
year interval. Thus, if workers respond accurately to
the survey, the number of such job loss incidents in
a year will be correctly tallied no matter whether the
year is part of a three- or five-year interval in the

DWS. Of course, we will miss all displacement inci-
dents in which workers had less than five years of
tenure. However, the consequences of job loss are
not likely to be particularly great for workers who
have little tenure and, thus, our measure may capture
the most important forms of job displacement.7

To explore the impact of demographic and tech-
nological factors on displacement, we need a sample
of workers who are not displaced. Because we restrict
the sample of displaced workers to those with at least
five years of tenure, we can only use respondents who
are asked about job tenure.

We extract the job tenure data from the CPS tenure
supplements conducted in January or February of
1987, 1991, 1996, and 1998.8 With the exception of
the 1994 DWS, each of the tenure supplements corre-
sponds within one year to a DWS supplement. To
account for business cycle changes in displacement
rates, we do not include DWS surveys without a
matching tenure supplement.

The final sample includes roughly 94,000 work-
ers, but the regression samples vary depending on
the technology proxy we use. This is because some
of the technology measures cover a limited number of
industries. Panel A of appendix 1 gives unweighted
descriptive statistics for the sample of workers that
are included in the displacement or reemployment
analysis and that match to one of our technology
measures, industry computer usage. Approximately
10 percent of these workers are from the DWS (and
therefore are displaced). However, this is not the
annual displacement rate; it is based on whether dis-
placement occurred in the previous three- or five-year
period. Approximately 79 percent of the displaced
sample had obtained new employment by the survey
date. Of those who were displaced two or more years
prior to the survey date, approximately 88 percent
had obtained new employment.

Technology measures
We link the DWS and the tenure supplements

to a variety of proxies of industry-specific rates of
technological change.9 We use five different proxies
because no single measure perfectly describes tech-
nology usage. They are:

■ employee computer usage,

■ investment in computer equipment,

■ total factor productivity (TFP),

■ output per hour (labor productivity), and

■ a list of high-technology industries based on the
share of R&D employees from Luker and Lyons�
(1997) article in the Monthly Labor Review (MLR
high-tech).



18 Economic Perspectives

Below, we describe these variables in more detail.
Descriptive statistics are reported in panel B of appen-
dix 1. Other variables that have been employed in the
literature, such as the National Science Foundation
data on R&D spending, scientist employment, or
patent data, are not used (directly) here because they
are typically restricted to one or two sectors.10 We
use the R&D data indirectly through the MLR high-
tech indicator.

We follow Bartel and Sicherman (1998) in exploit-
ing only the cross-sectional nature of the technology
proxies. When multiple years of data are available, as
they are for many of the variables, we usually average
across years.11 This reduces the amount of measure-
ment error in our already imperfect proxies. However,
an alternative and interesting way to explore the data
would be to use the time-series variation as a measure
of the change in technological usage within industries.

Our first technology proxy measures the share of
employees who are computer users in each industry.
The data are compiled in Autor, Katz, and Krueger
(1998) using the October 1993 CPS. As part of the
Education Supplements, the CPS survey asked work-
ers whether they use a computer at work, defining a
computer as a desktop terminal or PC and not a hand-
held data device or electronic cash register. Since an
affirmative response only requires use of a keyboard,
it may not be a perfect measure of actual computer
users; a programmer is counted the same way as a
data entry operator. Furthermore, technological im-
provements that are not related to keyboard usage
are ignored. Still, this variable is appealing because it
provides data for virtually the entire economy and it
attempts to measure the spread of computer technol-
ogy as an explanation for skill-biased change. Many
analysts argue that the computer revolution is the
most viable explanation for increases in technology
over this period.

Our second measure of the spread of computer
technology is an industry�s share of investment in
computer equipment. These data are reported in the
1992 industry census reports of four major industry
groups: manufacturing, retail trade, wholesale trade,
and services. Like the computer usage variable, this
variable attempts to proxy for the computer revolution.
It has a further advantage over R&D or scientist
measures in that it measures actual usage rather than
potential usage. It is, however, limited in its coverage
of industries.

The next two technology proxies are productivi-
ty measures. The total factor productivity (TFP) data
are from the National Bureau of Economic Research�s
manufacturing productivity database, described in

Bartelsman and Gray (1996). TFP as a proxy of techno-
logical progress has firm roots in economics, dating
back to the seminal work of Robert Solow in the 1950s.
TFP is the portion of output growth unexplained by
labor, energy, or capital input growth. As a residual,
it is an amalgamation of all of the unmeasured factors
contributing to growth. Therefore, it is a rough, albeit
well-utilized, measure of technological change. How-
ever, an important disadvantage of the TFP data is that
they are restricted to manufacturing firms.12 Because of
concern about the volatility of the data, we use indus-
try TFP averaged between 1980 and 1994.

Our second productivity measure is output per
hour (labor productivity), as calculated by the BLS.
The BLS productivity data include sectors in mining,
manufacturing, transportation, trade, finance, and
services, but exclude many sectors.13 We average the
productivity data between 1987 and 1996.

Finally, we use a list of high-technology indus-
tries compiled in a recent article in the Monthly Labor
Review (MLR) (Luker and Lyons, 1997).14 The list is
based on earlier work by Hadlock, Hecker, and Gannon
(1991), who used the BLS Occupational Employment
Statistics Survey to �identify R&D-intensive indus-
tries in which the number of R&D workers was at least
50 percent higher than the average proportion of all
industries surveyed.� As such, this measure picks up
another common indicator of industry-wide technolo-
gy implementation, the use of R&D and patents.

Clearly, all of these industry measures suffer from
the same aggregation problem. Although we use rela-
tively detailed industry sectors, we cannot hope to
identify the important within-industry differences in
technological usage. A striking example is the com-
puter programming, data processing, and other com-
puter-related services industry,15 which most would
consider a high-technology industry.16 However, this
industry includes both high-tech and low-tech sectors,
combining hardware and software programmers with
keypunch services. Note that our measure of comput-
er usage could conceivably count as many computer
users in a data-processing firm as in a state-of-the-art
computer-programming firm. As a result of the limita-
tions of the DWS and tenure surveys, our analysis
misses important subtleties about the role of technol-
ogy and displacement.

A second general concern is that the technology
measures may be credited with too much information
about industry trends. Since we do not control for
cross-sectional factors, such as trend output growth,
that could be correlated with both displacement and
technology usage, our estimates of the impact of
technology may be biased. However, we include year
indicators, allowing us to isolate the importance of
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economy-wide trends. Furthermore, in much of the
analysis to follow, we control for the major industry
(say manufacturing versus services, as opposed to
computer services versus health services), allowing
for fundamental industry differences to be measured.

Box 1 describes our empirical approach to testing
the relationship between technology and displacement

and reemployment. The basic idea is to relate demo-
graphically adjusted industry displacement and reem-
ployment rates to industry technology
characteristics. The regression results are first report-
ed with the full sample. To test whether displacement
and reemployment probabilities vary with age and
skills, we also stratify the sample based on age and

BOX 1

Empirical strategy

To test the relationship between technology and
displacement and reemployment, we employ a
simple regression framework. In each period, a
worker reports whether she has been displaced
in the previous three (or five) years, and, if so,
whether she has been reemployed since the dis-
placement. The displacement analysis relates
whether the individual has been displaced, as
denoted by Y

ij t
, to a group of demographic vari-

ables and industry technology measures

1) Y X Tijt ijt j t ijt= + + + +α β δ ε ε ,

where i indexes individuals, j indexes industries,
and t indexes time. X

ijt
 is a vector of individual

demographic variables such as age, race, educa-
tion, and gender. The variable T is the rate of
technological implementation in industry j. Note
that the subscript on T does not include t since
the technology measures have no time dimen-
sion; they have been averaged across years.
The ε

t
 term picks up the unobserved component

of displacement likelihood that is due to the year
of the survey. Therefore, this error term controls
for business cycle effects on displacement. The
ε

ijt  
term is the residual, or unexplained portion, of

the equation.
Of those displaced individuals, we look at

whether they are reemployed by the survey date.
We ascertain reemployment using a question on
how many jobs the worker has had since being
displaced. If she answers one or more or reports
being employed at the survey date, we code her
as reemployed. To measure the impact of the
industry technology variables on the likelihood
of reemployment, we run an analogous regres-
sion to equation 1 but substitute the dependent
variables

2) R X T Dijt ijt j ijt t ijt= + + + + +α β δ ϕ ε ε ,

where R
ijt

 is equal to one if the displaced worker
has found new employment and zero if she

remains jobless by the CPS survey date. To ac-
count for differences in the length of time since
displacement, the variable D

ijt
 records the interval, in

years, between displacement and the survey date.
Because the dependent variable in both

equations 1 and 2 can only equal zero or one, we
estimate these regressions using a probit frame-
work, a technique that is commonly employed for
discrete choice analysis. The probit model is
based on a regression where the worker is, say,
either displaced (Y = 1) or not displaced (Y = 0).
This is estimated as

Prob[ ] ( ).Y X Ti i j= = +1 Φ β δ

From the probit results, we report partial de-
rivatives, which give the change in the probabili-
ty of an outcome (say, displacement) with respect
to a change in some explanatory variable. For a
given variable X, the derivative is

∂
∂

= +
E Y

x
X Ti j

[ ]
( ) ,φ β δ β

where φ is the standard normal density function.
In the case of the technology measures, the inde-
pendent variables are measured at their mean
values. However, since many of our independent
variables are 0�1 dummy indicators, these deriva-
tives are calculated as the difference between the
cell probabilities when the event occurs (say, a
college graduate) and when the event does not
occur (not a college graduate):

Prob Prob[ | , ] [ | , ],Y i X Y i X= ′ − = ′1 0

where ′X ,1 is the vector of covariates where the
college graduate variable is set to one and ′X ,0
is the vector of covariates where the college
graduate variable is set to zero. All derivatives are
calculated at the base case of a 30- to 34-year-old
white male with a high school education in 1998.
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education groups. Therefore, in the case of skills, we
estimate two separate displacement regressions, one
for sample respondents who do not graduate from
college and one for those who do. In the case of age,
we estimate separate regressions for workers aged 30
to 39, 40 to 49, and 50 to 59.17

Relationship between technology
and displacement

Table 1 reports our basic findings on the demo-
graphic determinants of displacement, including age,
education, race, gender, and time. Each column reports
results from a separate analysis. In column 1, the depen-
dent variable is whether the individual has lost his job
due to a plant closing, slack or insufficient work, or

position or shift abolished. The remaining
columns look at each reason separately.

The numbers (partial derivatives) in
table 1 indicate the change in the proba-
bility of an outcome for each of the list-
ed demographic control characteristics,
relative to the base case (a white male,
age 30 to 34, with a high school education
in 1998). Since the demographic charac-
teristics can only take on values of zero
or one, we evaluate the change in each
explanatory variable by �turning the vari-
ables on and off.� For example, the age
35 to 39 row evaluates the change in the
probability of the base case individual�s
chance of being displaced if all that is
changed is that he is 35 to 39 instead of
the base case of 30 to 34. In this case,
column 1 shows that being age 35 to 39
decreases the probability of job displace-
ment by 0.7 percentage points (with a
standard error of 0.2 percentage points)
relative to a 30- to 34-year-old worker.

Column 1 shows that some workers
are more prone to displacement. For our
purpose, two observations are worth em-
phasizing. First, older workers are less
likely to be displaced than younger
workers. Moving from the 30 to 34 age
group to the 40 to 44 age group decreases
the probability of involuntary job loss
for high-tenure workers by roughly 1.6
percentage points. The decline becomes
1.8 percentage points by age 50 to 54.
Likewise, less educated workers are
more likely to be displaced. High school
dropouts are 3.3 percentage points more
likely to lose their job relative to high

school graduates, while college graduates are 2.8 per-
centage points less likely to lose their job relative
to high school graduates. The year indicators at the
bottom of the table capture both business cycle dimen-
sions and survey effects. Since multiple tenure and
DWS surveys are coded together (that is, the 1986 to
1988 dummy includes the 1987 tenure survey and the
1986 and 1988 DWS), the derivatives should not be
interpreted as pure business cycle effects.18 See
Aaronson and Sullivan (1998a, b) or Faber (1997) for
analysis of displacement trends and their relationship
to the business cycle.

Some interesting differences arise when we
report the displacement results separately for each
of the three reasons (see table 1, columns 2 to 4).

TABLE 1

Probability of displacement, by reason

All Plant Slack Position
Displacement closing work abolished

Age 35–39 –0.007* –0.004* –0.004* 0.001
(0.002) (0.002) (0.001) (0.001)

Age 40–44 –0.016* –0.006* –0.007* –0.001
(0.002) (0.001) (0.001) (0.001)

Age 45–49 –0.014* –0.006* –0.006* –0.001
(0.002) (0.002) (0.001) (0.001)

Age 50–54 –0.018* –0.007* –0.008* –0.001
(0.002) (0.002) (0.001) (0.001)

Age 55–59 –0.016* –0.006* –0.008* 0.000
(0.002) (0.002) (0.001) (0.001)

High school dropout 0.033* 0.019* 0.011* –0.002
(0.003) (0.002) (0.001) (0.001)

Some college –0.006* –0.007* –0.002* 0.005*
(0.002) (0.001) (0.001) (0.001)

College graduate –0.028* –0.019* –0.008* 0.004*
(0.002) (0.001) (0.001) (0.001)

Black –0.004 –0.003 0.000 –0.001
(0.003) (0.002) (0.001) (0.001)

Hispanic 0.005 0.005* 0.003 –0.003*
(0.003) (0.002) (0.002) (0.002)

Other race –0.008 –0.004 0.003 –0.004*
(0.004) (0.003) (0.002) (0.002)

Female –0.010* –0.002* –0.007* 0.000
(0.001) (0.001) (0.001) (0.001)

Year 1986–88 0.085* 0.060* 0.033* 0.002*
(0.003) (0.003) (0.002) (0.001)

Year 1990–92 0.092* 0.061* 0.031* 0.007*
(0.003) (0.003) (0.002) (0.001)

Year 1996 0.032* 0.007* 0.025* 0.005*
(0.003) (0.002) (0.002) (0.001)

Log likelihood         –26,501        –16,444         –9,315      –8,672

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses.
See text and box 1 for an explanation. Each column represents a separate
regression. Sample size is 94,155.
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For one thing, older workers are relatively unlikely (but
not by much) to lose a job because of a plant closing
or slack work but not from a position or shift being
abolished, our favored explanation of the corporate
downsizing that hit many industries in the 1990s.
Likewise, less educated workers are more prone to
plant closings and slack work but actually less likely
to be hit by a position or shift abolishment.19  Given
the demographic differences between the three job
loss reasons, position abolished appears to be a dif-
ferent phenomenon from other reasons for involun-
tary job loss, hitting higher educated, white-collar
workers. These results are in line with those of other
researchers who have looked at the determinants of

displacement using different samples of
nondisplaced workers (for example,
Farber, 1997).

In table 2, we add the five measures
of technology to the displacement anal-
ysis reported in table 1. Each cell of the
table is from a separate regression; the
technology measures are added individ-
ually to the basic equation. (Because
many of the technology measures are not
reported for certain industries, the sam-
ple sizes vary across equations; see col-
umn 3.) The first five rows report results
when the dependent variable is displace-
ment for any of the three reasons, and
the bottom five rows report results when
position abolished is the dependent vari-
able. Column 1 adds the technology mea-
sures to the exact specification used
previously, and column 2 adds major
industry controls to column 1.

The results using all displacement
as the dependent variable vary depend-
ing on the technology proxy employed.20

In the case of output per hour and the
MLR high-tech indicator, increases in
technology increase industry displace-
ment rates. For example, row 3, column 2
of table 2 shows that being in an MLR
high-tech industry increases the dis-
placement rate by 0.6 percentage points
(with a standard error of 0.3 percentage
points). When industry controls are in-
cluded, working in an industry with high
computer investment also significantly
increases the likelihood of displacement.
Without industry controls, increases in
computer usage and TFP actually decrease
displacement. With industry controls,
the impact of computer usage on dis-

placement rates is positive, though not statistically
different from zero.

The numbers at the bottom of table 2 point to a
more robust result�the technology proxies are con-
sistently correlated with a higher chance of position
abolishment, regardless of whether industry controls
are included. In every case, the technology effect is
significant at the 5 percent level. The computer in-
vestment and usage results are particularly strong,
suggesting that a 10 percent increase in industry
usage or investment leads to an approximately 1.8
percentage point increase in the likelihood of having
your position abolished. These results provide evi-
dence that the elimination of positions is more likely

TABLE 2

Full sample Sample size

All displacement
Computer usage –0.020* 0.009 92,898

(0.003) (0.006)

Computer investment 0.007 0.078* 39,667
(0.008) (0.010)

MLR high-tech 0.038* 0.006* 93,536
(0.002) (0.003)

Output per hour 0.003* 0.005* 36,025
(0.001) (0.001)

Total factor productivity –0.004* –0.004* 19,780
(0.002) (0.002)

Position abolished
Computer usage 0.012* 0.018* 92,898

(0.001) (0.002)

Computer investment 0.009* 0.017* 39,667
(0.003) (0.004)

MLR high-tech 0.005* 0.003* 93,536
(0.001) (0.001)

Output per hour 0.0010* 0.0007* 36,025
(0.0002) (0.0003)

Total factor productivity 0.002* 0.002* 19,780
(0.001) (0.001)

Includes major industry
controls no yes

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses.
See text and box 1 for an explanation. Each cell represents results from a
separate regression. For all displacement, dependent variable is one if
individual lost job because of plant closing, slack work, or position or shift
abolished, zero otherwise. See text for details. For position abolished,
dependent variable is one if individual lost job because of position or shift
abolished, zero otherwise. Computer usage is the fraction of workers that
use a computer keyboard from the 1993 October CPS supplement. Computer
investment is the share of investment in computer equipment from the 1992
Census of industries. MLR high-tech is the Monthly Labor Review’s high-tech
industries from Luker and Lyons (1997). Growth in output per hour is from the
U.S. Department of Labor’s Bureau of Labor Statistics, averaged over 1987
to 1996. Growth in total factor productivity is from the National Bureau of
Economic Research’s manufacturing productivity database, averaged over
1980 to 1994.

Effect of technology on displacement:
Probability of displacement, by reason
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TABLE 3

Effect of technology on displacement, by education

No college degree College graduates

Sample size Sample size

All displacement
Computer usage –0.022* 0.000 65,846 –0.009 0.043* 27,052

(0.003) (0.006) (0.007) (0.012)

Computer investment 0.014 0.074* 29,648 –0.012 0.061* 10,019
(0.010) (0.012) (0.013) (0.017)

MLR high-tech 0.030* –0.002 66,308 0.043* 0.032* 27,228
(0.002) (0.003) (0.004) (0.007)

Output per hour 0.003* 0.005* 29,693 0.001 0.003 6,332
(0.001) (0.001) (0.002) (0.002)

Total factor productivity –0.003 –0.003 16,302 –0.008 –0.008 3,478
(0.002) (0.002) (0.005) (0.005)

Position abolished
Computer usage 0.012* 0.017* 65,846 0.014* 0.029* 27,052

(0.002) (0.002) (0.004) (0.006)

Computer investment 0.013* 0.019* 29,648 0.003 0.024* 10,019
(0.004) (0.005) (0.007) (0.010)

MLR high-tech 0.004* 0.002* 66,308 0.011* 0.007 27,228
(0.001) (0.001) (0.003) (0.004)

Output per hour 0.0010* 0.0009* 29,693 0.0009 –0.0002 6,332
(0.0002) (0.0003) (0.0011) (0.0013)

Total factor productivity 0.002* 0.002* 16,302 0.000 0.000 3,478
(0.001) (0.001) (0.004) (0.004)

Includes major industry
controls no yes no yes

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses. See text and box 1 for an explanation.
See table 2 and text for details and sources of technology measures.

in high-tech industries, but other forms of displacement,
notably plant closings, are not.

Tables 3 and 4 stratify the sample to test whether
low-skilled and older workers are particularly suscep-
tible to displacement in high-tech industries. Columns
1 and 2 of table 3 report the results for a sample of
workers who do not have college degrees and columns
4 and 5 show comparable results for a sample of col-
lege graduates. If less skilled workers are more likely
to be displaced in high-tech industries, we would ex-
pect to see larger derivatives in column 1 than column
4 and column 2 than column 5. However, we find no
evidence that such a pattern exists. In fact, the college
graduate derivatives are sometimes significantly big-
ger than the non-college graduate derivatives.

Table 4 stratifies the sample based on the age of
the worker. Again, we expect to see larger, positive
derivatives for the older workers. This appears to be
the case for some of the position abolished results,
including computer usage and output per hour, but
not for others. Therefore, we conclude that, while
some evidence exists that high-tech industries are

more likely to displace workers, there is no consistent
evidence that this effect disproportionately affects
low-skilled or older workers.21

We performed a number of additional tests on
the results. First, we reran all of the displacement
regressions using just the 1990 to 1998 surveys to
see if the impact of technology has increased in the
1990s relative to the 1980s. The results are very simi-
lar and, therefore, we conclude that there is little evi-
dence that the impact of technology on displacement
has changed much between the two decades. Second,
because of concern that the age 50 to 59 group may
be retiring, we reran the displacement analysis for the
age groups 50 to 54 and 55 to 59. The results are simi-
lar across age groups, with the strongest results com-
ing from the computer usage and output per hour
technology proxies.

In sum, we find strong evidence that the elimina-
tion of positions is more likely in high-tech industries,
consistent with the notion that job losses (and gains)
are more common in technologically dynamic indus-
tries. However, there is less consistent evidence of a
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correlation between technology and other forms of
displacement, notably plant closings. Furthermore,
we find no support for the hypothesis that the tech-
nology�displacement relationship disproportionately
affects low-skilled or older workers. These results are
reasonably consistent across the five technology
measures.

Relationship between technology
and reemployment

Next, we report results on the success of dis-
placed workers in finding new employment. Approxi-
mately 79 percent of our displaced worker sample
report finding at least one new post-displacement job
by the DWS survey date. We explore whether workers
who were displaced due to technology had particular
difficulty reentering the labor force.

Table 5 reports the basic demographic findings
from our reemployment regressions. There are several
differences in these specifications relative to the dis-
placement regressions. First, obviously the depen-
dent variable is different. Individuals who find a job
post-displacement are set to one, and everyone who

is still jobless at the survey date is set to zero. There-
fore, if a derivative in table 5 is positive, it implies
that the characteristic is associated with a greater
likelihood of finding a new job. Second, the sample
includes only individuals who are displaced for one
of the three reasons in the 1986 to 1998 surveys.22

Third, recall that the displacement survey asks workers
whether they were displaced in any of the past three
years. Clearly, workers who have been laid off very
recently are less likely to have a job as of the survey
date than those displaced three years ago. Therefore,
we include a series of variables to keep track of how
many years ago displacement took place.23

The results show that older workers are more
likely to be unemployed or out of the labor force fol-
lowing a displacement. Moving from the 35 to 39 age
group to the 45 to 49 age group decreases the proba-
bility of finding a job by roughly 7.9 percentage points.
The decline increases by an additional 8.2 percentage
points by age 50 to 54 and a further 8.3 percentage
points by age 55 to 59. Finding reemployment after a
plant closing appears to be particularly difficult for
older workers. Likewise, less educated workers are

TABLE 4

Effect of technology on displacement, by age

Sample: Age 30–39 Age 40–49 Age 50–59

Sample size Sample size Sample size

All displacement
Computer usage –0.023* 0.008 32,791 –0.016* 0.010 35,228 –0.013* 0.003 24,879

(0.005) (0.008) (0.004) (0.008) (0.005) (0.010)

Computer investment 0.013 0.080* 14,515 0.013 0.076* 14,773 –0.013 0.053* 10,379
(0.012) (0.015) (0.013) (0.016) (0.015) (0.019)

MLR high-tech 0.038* 0.010* 33,030 0.033* 0.008 35,470 0.029* –0.007 25,036
(0.004) (0.005) (0.003) (0.005) (0.004) (0.006)

Output per hour 0.003* 0.005* 13,374 0.002* 0.004* 13,173 0.002* 0.003* 9,478
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Total factor productivity –0.003 –0.003 7,184 –0.006 –0.006 7,157 –0.003 –0.003 5,439
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

Position abolished
Computer usage 0.013* 0.018* 32,791 0.010* 0.017* 35,228 0.015* 0.020* 24,879

(0.002) (0.004) (0.002) (0.003) (0.004) (0.006)

Computer investment 0.013* 0.022* 14,515 0.004 0.011 14,773 0.008 0.020 10,379
(0.005) (0.006) (0.006) (0.007) (0.010) (0.012)

MLR high-tech 0.004* 0.003 33,030 0.005* 0.002 35,470 0.008* 0.005 25,036
(0.002) (0.002) (0.001) (0.002) (0.003) (0.003)

Output per hour 0.0008* 0.0004 13,374 0.0008* 0.0006 13,173 0.002* 0.002* 9,478
(0.0004) (0.0005) (0.0004) (0.0005) (0.001) (0.001)

Total factor productivity 0.002* 0.002* 7,184 0.001 0.001 7,157 0.000 0.000 5,439
(0.001) (0.001) (0.002) (0.002) (0.003) (0.003)

Includes major
industry controls no yes no yes no yes

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses. See text and box 1 for an explanation. See table 2 and text for
details and sources of technology measures.
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TABLE 5

Probability of reemployment, by reason

All Plant Slack Position
displacement closing work abolished

Age 35–39 –0.005 –0.023 0.012 0.004
(0.016) (0.026) (0.030) (0.033)

Age 40–44 –0.069* –0.091* –0.096* –0.016*
(0.017) (0.027) (0.034) (0.004)

Age 45–49 –0.084* –0.097* –0.102* –0.047*
(0.018) (0.028) (0.035) (0.036)

Age 50–54 –0.166* –0.208* –0.147* –0.127*
(0.019) (0.030) (0.037) (0.040)

Age 55–59 –0.249* –0.267* –0.235* –0.254*
(0.021) (0.031) (0.041) (0.044)

High school dropout –0.043* –0.069* –0.019 0.007
(0.014) (0.020) (0.027) (0.040)

Some college 0.022 0.050* 0.015 –0.012
(0.012) (0.018) (0.025) (0.024)

College graduate 0.074* 0.088* 0.058* 0.064*
(0.013) (0.022) (0.026) (0.022)

Black –0.094* –0.046 –0.125* –0.182*
(0.018) (0.025) (0.036) (0.041)

Hispanic –0.103* –0.095* –0.127* –0.092*
(0.022) (0.030) (0.042) (0.058)

Other race –0.066* –0.056 –0.070 –0.099
(0.030) (0.047) (0.053) (0.066)

Female –0.031* –0.015 –0.034 –0.070*
(0.010) (0.015) (0.021) (0.021)

1986 –0.086* –0.023 –0.198* –0.144*
(0.024) (0.034) (0.056) (0.051)

1988 –0.226* –0.198* –0.319* –0.200*
(0.026) (0.037) (0.059) (0.057)

1990 –0.243* –0.209* –0.309* –0.277*
(0.026) (0.038) (0.061) (0.052)

1992 –0.301* –0.223* –0.444* –0.337*
(0.025) (0.037) (0.055) (0.048)

1994 –0.093* –0.107* –0.147* –0.061
(0.021) (0.034) (0.050) (0.036)

1996 0.049* 0.070* 0.005 0.048
(0.019) (0.031) (0.044) (0.032)

Slack work –0.072*
(0.012)

Position abolished –0.007
(0.013)

1 year since 0.107* 0.115* 0.124* 0.102*
displacement (0.012) (0.022) (0.024) (0.022)

 2 years since 0.190* 0.210* 0.214* 0.177*
displacement (0.010) (0.016) (0.019) (0.017)

3 years since 0.207* 0.229* 0.236* 0.190*
displacement (0.009) (0.015) (0.017) (0.018)

Log likelihood –4,039 –1,975 –1,131 –901

Sample size 9,152 4,756 2,301 2,095

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses.
See text and box 1 for an explanation. See table 2 and text for details and
sources of technology measures.

more likely to remain out of work. High
school dropouts are 4.3 percentage points
less likely to have a post-displacement
job than high school graduates, while
college graduates are 7.4 percentage
points more likely to have a post-displace-
ment job than high school graduates. As
with older workers, those with less edu-
cation have particular difficulty finding
reemployment when displaced due to a
plant closing.

Table 6 presents our results for the
five technology measures. Like the dis-
placement findings, the results vary
depending on the technology proxy em-
ployed. In the case of computer usage
and the MLR indicator, the two technol-
ogy measures that encompass the entire
economy, increases in technology de-
crease the likelihood of finding new em-
ployment when major industry trends are
controlled. On average, a 10 percentage
point increase in industry computer usage
decreases the chances of finding a new
job by 5.7 percentage points. Being in an
MLR high-tech industry decreases the
odds of finding a job post-displacement
by 3.0 percentage points.24 There is also
a negative and large relationship between
industry computer investment and reem-
ployment but this correlation is not sta-
tistically significant. The two productivity
measures exhibit no correlation with reem-
ployment likelihood when major industry
is controlled.

Table 7 reports the reemployment
results stratified by education. If there is
a bias towards hiring skilled workers in
high-technology firms, we would expect
to see larger, negative results for less
skilled workers, implying that such work-
ers are more likely to have difficulty find-
ing a new job post-displacement. This
may be because of high training costs,
which could increase the likelihood that
less skilled and older workers have to
switch industries or take pay cuts to
secure new employment. In fact, we find
that less educated workers are less likely
to find new employment after displace-
ment from MLR high-tech industries and
industries with higher computer usage.
But we find no such relationship for the
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two productivity measures or the computer invest-
ment variable.25

Finally, table 8 stratifies the sample based on the
age of the worker. We see some evidence that older
workers are more prone to employment problems when
displacement occurs in high-technology industries.
This result applies to the computer usage and TFP
technology variables. Here, the difference in finding

a new job between workers in their thirties and those
in their fifties is substantial, on the order of 12 percent-
age points from a 10 percentage point increase in indus-
try computer usage and 5 percentage points from a 10
percentage point increase in TFP. We do not find such
an age difference for the MLR high-tech indicator.26

The results do not change when we restrict the
sample to the 1990s surveys or to workers who were
full-time when they were displaced. Tests with sam-
ples of age groups 50 to 54 and 55 to 59 are inconclu-
sive because of small sample sizes.

In sum, our preferred measures of technology,
the computer usage variable and the MLR high-tech
indicator, show that increases in technology decrease
the likelihood of finding new employment post-displace-
ment. Less skilled and older workers appear to have
more difficulty finding a new job after displacement
in high computer usage industries. These results
point to the importance of education and training in
reducing the uncertainty associated with job loss.

Conclusion

This article seeks to fill a gap in the displacement
literature by measuring the effect of technological
change on displacement and post-displacement reem-
ployment. Our results provide evidence that industry-
specific technological innovation affects the probability
of displacement and reemployment. Although the
results are somewhat sensitive to the measure of
technology employed, our preferred technology
measures�computer usage and a measure based on

TABLE 6

Effect of technology on reemployment

Sample
Full sample size

All displacement
Computer usage –0.020 –0.057* 9,069

(0.021) (0.026)

Computer investment 0.020 –0.054 4,941
(0.047) (0.067)

MLR high-tech –0.038* –0.030* 9,105
(0.013) (0.014)

Output per hour –0.008* –0.003 5,098
(0.003) (0.004)

Total factor productivity –0.009 –0.009 3,405
(0.010) (0.010)

Includes major
industry controls no yes

*significant at the 5 percent level.

Notes: Partial derivatives are reported with standard errors
in parentheses. See text and box 1 for an explanation. See
table 2 and text for details and sources of technology
measures.

TABLE 7

Effect of technology on displacement, by education

No college degree College graduates

Sample size Sample size

All displacement
Computer usage –0.023 –0.062* 7,354 –0.005 –0.022 1,721

(0.024) (0.029) (0.033) (0.043)

Computer investment 0.056 0.017 3,938 –0.029 –0.154 828
(0.037) (0.081) (0.083) (0.153)

MLR high-tech –0.047* –0.038* 7,378 –0.013 –0.009 1,733
(0.014) (0.016) (0.018) (0.022)

Output per hour –0.011* –0.006 4,402 0.005 0.008 698
(0.004) (0.004) (0.005) (0.006)

Total factor productivity –0.009 –0.009 2,972 0.000 0.000 434
(0.010) (0.010) (0.022) (0.022)

Includes major
industry controls no yes no yes

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses. See text and box 1 for an explanation.
See table 2 and text for details and sources of technology measures.
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TABLE 8

Effect of technology on reemployment, by age

Age 30–39 Age 40–49 Age 50–59

Sample size Sample size Sample size

All displacement
Computer usage 0.030 –0.014 3,579 –0.031 –0.050 3,165 –0.075 –0.134* 2,325

(0.036) (0.046) (0.045) (0.055) (0.053) (0.062)

Computer investment 0.030 –0.050 1,916 0.023 –0.115 1,707 0.061 0.051 1,318
(0.073) (0.118) (0.105) (0.120) (0.107) (0.121)

MLR high-tech –0.061* –0.046 3,595 –0.029 –0.009 3,176 –0.038 –0.043 2,336
(0.021) (0.025) (0.026) (0.029) (0.030) (0.034)

Output per hour –0.008 –0.004 1,985 –0.006 –0.001 1,755 –0.016* –0.011 1,359
(0.006) (0.007) (0.007) (0.007) (0.007) (0.008)

Total factor productivity 0.011 0.011 1,296 0.012 0.012 1,150 –0.049* –0.049* 959
(0.018) (0.018) (0.020) (0.020) (0.020) (0.020)

Includes major
industry controls no yes no yes no yes

*significant at the 5 percent level.
Notes: Partial derivatives are reported with standard errors in parentheses. See text and box 1 for an explanation.
See table 2 and text for details and sources of technology measures.

R&D employees�which cover virtually the entire
economy, show consistent effects of technology on
displacement and reemployment. We also explore the
impact of technology on less skilled and older work-
ers, groups that might be particularly prone to dis-
placement due to technological innovation. While we
find no evidence that the technology�displacement
relationship disproportionately affects low-skilled or
older workers, there is some evidence that less skilled
and older workers are more likely to have difficulty
finding a new job after being displaced from a high-
technology industry.

We plan to conduct further research to under-
stand why the results vary across technological mea-

sures. This includes improving our current variables
by addressing measurement problems and looking at
other measures that might be related to technology.
In addition, we aim to study other unexplored outcomes
relating to the post-displacement experience. In par-
ticular, are high-tech displaced workers more likely to
face cuts in wages or hours worked after displacement?
Do these workers switch industries (and face the atten-
dant wage losses)? Are differences in the time it takes
displaced workers to find new employment related to
the technological level of their industry? Exploration
of these issues will help us to further understand the
role, if any, of technology in involuntary job loss.
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APPENDIX 1: Unweighted descriptive statistics

Panel A.  The samplea

Unweighted means

Displaced workers Not displaced workers

Age 30–35 0.194 0.156

Age 35–39 0.201 0.193

Age 40–44 0.185 0.201

Age 45–49 0.164 0.181

Age 50–54 0.137 0.151

Age 55–59 0.119 0.119

High school dropout 0.165 0.090

High school graduate 0.413 0.365

Some college 0.232 0.238

College graduate 0.190 0.301

White 0.827 0.834

Black 0.086 0.084

Hispanic 0.060 0.048

Other race 0.028 0.034

Female 0.382 0.429

Reemployed (all displaced workers) 0.785

Reemployed (displaced 2+ years prior to DWS) 0.882

Sample size 9,207 84,929

Panel B.  Technology proxies

Number
of 3 digit Standard
industries Mean deviation Minimum Maximum

Computer usageb 228 0.447 0.230 0.000 0.971

Computer investmentc 119 0.108 0.120 0.002 0.682

MLR high-techd 244 0.107 0.309 0 1

Output per houre 110 1.700 1.932 -2.800 6.400

NBER TFPf 75 0.579 0.887 -2.200 3.053

aThis is the sample from the displacement probit that uses the computer usage technology variable
(table 2, row 1). Other samples vary according to industries and years used.
bComputer usage is the fraction of workers that use a computer keyboard and is calculated from
the 1993 October CPS supplement.
cComputer investment is the share of investment in computer equipment and is from the 1992
Census of Industries.
dThe Monthly Labor Review’s (MLR) high-tech industries is from Luker and Lyons (1997).
eGrowth in output per hour is from the Bureau of Labor Statistics. It is averaged over 1987 to 1996.
fGrowth in total factor productivity (TFP) is from the NBER manufacturing productivity database.
It is averaged over 1980 to 1994.
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1For a summary of the training literature, see LaLonde (1995).

2There also may be an issue of skill depreciation due to long-
term unemployment. Keane and Wolpin (1997) estimate skills
decline by 30 percent per year of unemployment for white-
collar workers and 10 percent per year for blue-collar workers.

3Carrington (1993) finds that earnings losses are dependent on
local, industry, and occupational labor market conditions.

4Many economists believe that technological change has fun-
damentally altered the structure of employment and wages;
technology is often described as the most likely factor in the
increased demand for high-skilled workers. Researchers have
linked this critical change with increases in the return to a year
of education and the rise of income inequality during the 1980s
(Bound and Johnson, 1992; Katz and Murphy, 1992; Berman,
Bound, and Griliches, 1994; Autor, Katz, and Krueger, 1998).

5See Bartel and Lichtenberg (1987), Berman, Bound, and
Griliches (1994), and Doms, Dunne, and Troske (1997).
Doms, Dunne, and Troske (1997) show a correlation between
high-skill employment and technological implementation in
manufacturing plants, but also show that higher tech firms
employed more high-skilled workers before new technologies
were introduced.

6Abraham (1997). For details on the debriefing, see Esposito
and Fisher (1998).

7Farber (1997) only uses displacement that occurs in the last
three years of the five-year intervals. He adjusts for differences
that might still arise from workers with multiple job losses by
using Panel Study of Income Dynamics data to quantify the
frequency of job loss patterns and adjust rates in the DWS to
offset them.

8We do not use the 1983 tenure supplement because it is missing
industry codes.

9All measures are calculated at the three-digit standard industrial
classification (SIC) or census industry classification (CIC) level.

10However, future work will incorporate these variables, as well
as an aggregate index that combines all of the measures into
one variable.

11The lone exception is the computer usage variable, which is
available in 1984, 1989, and 1993. We only use the 1993 data,
but, in future research, we will use the additional years as well
as look at the growth in computer usage as a proxy for techno-
logical innovation.

12The data are reported at the four-digit level; we aggregate to
the three-digit level using employment levels as weights.

13For example, the only three-digit sector from the finance,
insurance, and real estate industry is commercial banks
(SIC code 602). Only eight of 53 SIC service sectors are
included.

14Table 1 of Luker and Lyons (1997) lists the 28 industries that
are deemed high-technology.

15SIC code 737, CIC code 740.

16CIC code 740 is in the 90th percentile of the computer usage
and computer investment technology measures and is coded as
high-tech in the MLR high-tech indicator. It is not included in
the TFP and output per hour data.

17An alternative method for computing age and skill variation
is to interact the technology measure with the age or education
variables. This method restricts all coefficients in equation 1
to be the same, whereas the stratification method allows, say,
the effect of gender to vary across age or education groups.
Results using interaction specifications are available upon
request. We also look at age and education interactions together
(that is, older, less skilled workers versus younger, less skilled
workers). These results are available upon request.

18The 1994 displacement survey is not used because it cannot
be matched to a tenure supplement.

19Stratifying the sample by education shows small differences
in the age coefficients across education groups. The age 50�59
derivative is �0.018 (0.005) for high school dropouts, �0.015
(0.003) for high school graduates, �0.023 (0.004) for some
college, and �0.022 (0.004) for college graduates.

20It appears that at least some of the variation is due to sample
composition. For instance, restricting the sample of industries
to those with TFP data (that is, manufacturing), changes the
derivatives on other technology measures.

21In addition, we estimated the impact of technology on older,
college graduates and older, non-college graduate workers. Gen-
erally, this additional interaction was not statistically significant
at the 5 percent level for any of the technology measures.

22Unlike the displacement regressions, the 1994 survey is in-
cluded in this analysis. This is because we do not have to
match a tenure survey to a displacement survey in the reem-
ployment analysis. Since no tenure survey is within a year of
the 1994 displacement survey, it was dropped for the dis-
placement analysis.

23The derivatives are relative to the base case of 0 years,
which occurs if the year of displacement is equal to the year
of the survey.

24Only the computer usage derivative remains significant if we
look at workers displaced due to position abolishment.

25Only the computer usage derivative for workers without a
college degree remains significant if we look at workers
displaced due to position abolishment.

26Only the computer usage derivative for workers in their for-
ties remains significant if we look at workers displaced due to
position abolishment.
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Introduction and summary

During the mid-1980s, demographers and work force
analysts began forecasting slower work force growth
and tighter labor markets as the last of the so-called
baby boomers entered the work force and rising female
work force participation began to level off (Johnston
and Packer, 1987). Employers were warned that the
shrinking pool of new workers, along with their in-
creasing diversity, would present new challenges in
obtaining and managing a productive work force. In
the Midwest, such concerns seemed very remote.
Throughout much of the 1970s, 1980s, and very early
1990s, employment demand was weak and migration
of workers from the Midwest was the norm. In the
late 1990s, however, labor market conditions have
changed significantly. Currently 3.0 percent, Midwest
unemployment has consistently ranged between 0.5
and 1 percentage point below the national average
over the last five years. And many business executives
in the Midwest report �finding good help at current
wage offers� as the most vexing of current problems
(Bank of America, 1998).

In this article, we examine whether the current
tight labor markets in the Midwest are likely to con-
tinue. We conclude that, although a part of this labor
market tightness is transitory, the Midwest will expe-
rience slower work force growth accompanied by con-
tinued strong demand for workers.1 After a severe
shock in the early 1980s, the region�s mainstay indus-
tries have restructured and found ways to compete.
Auto and truck production have reconcentrated in
the mid-section of the nation due to a complementarity
between the industry�s new emphasis on just-in-time
delivery and the region�s advantageous location and
dense highway infrastructure. Supply-side limitations
also suggest labor market tightness will continue. The
region�s robust work force growth of the past ten
years has come about, to a significant extent, through

reemployment of an underemployed population rather
than new workers. Net migration of workers from other
regions and other countries does not appear to be as
significant in the Midwest as in many regions of the
South and West. Meanwhile, like other regions, the
Midwest is expected to continue to experience a tepid
pace of entry of young adults into the work force.

What are the implications of ongoing labor
market tightness for the region�s businesses and
policymakers? Because tight labor markets bring both
benefits and costs, policy initiatives to stimulate
work force growth will not be uniformly favored. For
example, while business and property owners might
favor policy actions to encourage workers to migrate
to the region, such measures might adversely affect
Midwest workers by putting downward pressure on
wages. On the other hand, workers have much to
gain from tight labor markets�rising real wages and
incomes and better job opportunities. Despite these
reservations about expanding labor supply, work force
growth can benefit indigenous workers, particularly
in areas where population growth may be needed to
sustain declining towns, cities, and industries. In
addition, incoming workers with specific skills may
help generate demand for groups of indigenous
workers with related or complementary skills who
may be underemployed.

Policies to ease labor-constrained growth by
expanding the skills and education of the region�s
existing population may be less contentious than
those aimed at boosting migration. Such policies are
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also more likely to raise wages and per capita incomes
on a sustained basis, because they are based on
improvements in worker productivity. Labor market
participation rates may also be increased through
improvements in transportation between inner cities
and suburbs offering new job opportunities and other
programs that facilitate the entry of low-income groups
into the work force.

Midwest labor market tightness: A
transitory problem?

Now into its ninth year of expansion, the U.S.
economy is enjoying the longest run of uninterrupted
growth in modern history. Concerns about work force
availability might be expected to characterize such a
period and, to some extent, may reflect the transitory
nature of a peaking business cycle rather than a funda-
mental change in the labor market. As economic expan-
sions develop, worker participation rates increase,
supported by rising wages and employment opportu-
nities. The robust pace of recent economic expansion,
with gross domestic product growing at 3.7 percent
annually over 1996�98, has been especially conducive
to work force participation. In 1997, the national par-
ticipation rate among those aged 16 and older
reached 64 percent, an all-time high. In the Midwest,
the rate reached 67 percent. (Figure 1 shows the trend
for 1981�97; table 1 shows participation rates for all
age groups.)

Clearly, a portion of the region�s labor market
tightness is cyclical rather than secular. Figure 1
reveals that the Midwest�s participation rate rises
during strong periods of national growth and wanes
during recessions. This is due to the highly cyclical
nature of the region�s mainstay sector�durable
goods manufacturing. The Midwest economy is 35
percent to 40 percent more concentrated than the
nation in durable goods production.2 Consequently,

studies report that a swing in employment at the
national level is associated with a more than propor-
tionate swing in the employment levels of Midwest
states.3 The cyclical element of the Midwest�s labor
market tightness might discourage workers from migrat-
ing to the region.4 Accordingly, labor tightness is like-
ly to ease as the economy�s cyclical strength abates.

Furthermore, while manufacturers remain more
heavily concentrated in the Midwest, the industry�s
share of total employment continues to decrease in
the region as well as across the country.5 Figure 2
shows the percentage of the regional and national
work force that is engaged in manufacturing. Current
projections indicate that manufacturing and farm
employment will continue to decline, reducing some
of the demand pressure in the Midwest labor market.6

Case for continued labor market tightness

We believe that any easing of labor demand in
goods-intensive industries will be more than offset

FIGURE 1

Work force participation

ratio, employment/population

Source: Authors’ calculations from the U.S. Department of Labor,
Bureau of Labor Statistics, 1999, Local Area Unemployment.
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TABLE 1

Ratio of employment to population

Rest of U.S. Midwest Illinois Indiana Iowa Michigan Wisconsin

Age 1989 1997 1989 1997 1989 1997 1989 1997 1989 1997 1989 1997 1989 1997

16–19 0.47 0.42 0.53 0.52 0.51 0.46 0.58 0.53 0.57 0.60 0.52 0.56 0.58 0.60

20–44 0.79 0.78 0.79 0.82 0.78 0.79 0.80 0.84 0.84 0.87 0.77 0.80 0.85 0.87

45–54 0.78 0.80 0.78 0.82 0.79 0.83 0.80 0.84 0.82 0.88 0.76 0.81 0.83 0.85

55–64 0.54 0.57 0.53 0.58 0.57 0.61 0.56 0.60 0.64 0.69 0.47 0.51 0.61 0.62

65+ 0.12 0.12 0.11 0.12 0.15 0.13 0.10 0.11 0.15 0.13 0.09 0.09 0.10 0.15

All 0.63 0.63 0.63 0.65 0.64 0.65 0.64 0.67 0.66 0.69 0.61 0.64 0.67 0.71

Source: Authors’ calculations from U.S. Department of Commerce, Bureau of the Census,
1989–97, Current Population Survey.
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by 1) the resurgent long-run performance of the region�s
economy and 2) national and regional demographic
trends that will slow the growth of available workers.

Although the region remains more heavily con-
centrated in manufacturing than the nation as a whole,
its industrial sector has not been counted on as a
major driver of job creation since the 1960s.  Rather,
the bulk of new employment opportunities have
come from service-producing industries�such as the
finance, insurance and real estate sector; wholesale
and retail trades; and the rapidly expanding business
services sector. Since 1990, for example, the services
sector has expanded by 32 percent in the region, cre-
ating nearly 1.2 million jobs. At the same time, manu-
facturing payrolls have grown at only one-eighth that
rate.  Demand for workers from the services sector,
then, has more than made up for the comparatively
anemic pace of manufacturing job creation.

A recent assessment of the Midwest economy�s
recovery since the 1980s, conducted by the Federal
Reserve Bank of Chicago, concludes that much of

this recovery is due to fundamental changes.7 The
region�s industries have adopted new technologies
and management practices to become globally compet-
itive, while keeping costs in line with market realities.
Midwest payroll employment growth outpaced that
of the nation from 1990 through 1996, rising 10 per-
cent compared with national growth of 9 percent.
Although it is somewhat characteristic for the Mid-
west to come out of a recession at a fast pace, its
above-average performance in the 1990�91 recession
and the duration of its subsequent recovery indicate
the beginning of a long-term competitive trend relative
to other parts of the U.S.

Since 1996, employment growth in the Midwest
has slowed relative to the nation (figure 3). However,
the evidence indicates that this is largely as a result
of work force capacity constraints, and that demand
for labor remains strong.8 Indeed, surveys of the hir-
ing plans of Midwest companies and help wanted ad-
vertising in the region�s newspapers point to growing
demand for labor. Furthermore, falling levels of initial
claims for unemployment insurance indicate fewer job
losses in the region.

Supporting evidence for continued tight labor
markets also arises from demographic trends that will
slow the growth of available workers in the nation
and, to an even greater extent, in the Midwest. Nation-
al forecasts, based on both the age structure of the
population and work force participation rates, indicate
a slower rate of work force growth in the decades ahead.

 The so-called baby boom generation of Ameri-
cans began entering the work force en masse during
the 1970s. Owing to both this population bulge and
to climbing work force participation rates for women,
the work force grew at a pace of 2.2 percent per year

FIGURE 2
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Source: Authors’ calculations from the U.S. Department
of Labor, Bureau of Labor Statistics, 1999, State and
Area Payroll Employment.

FIGURE 3
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Source: Authors’ calculations from the U.S. Department of
Labor, Bureau of Labor Statistics, 1999, State and
Area Payroll Employment.
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from 1970 through 1986, but slowed thereafter (figure 4).
As early as the mid-1980s, research by the Bureau of
Labor Statistics (BLS) and the Hudson Institute indi-
cated that these demographic changes would cause
labor markets to tighten. However, the demographic
factors were obscured by the more obvious impact of
the 1990�91 recession. Now, as we approach the end
of the decade, the long-term trends are reasserting
themselves. National work force growth has averaged
an anemic annual rate of 1.1 percent in the 1990s.
Most estimates put work force growth at only 1 per-
cent per year in the decade ahead, possibly stagnating
in the following two decades.9

Such forecasts can be made with reasonable
confidence, based on known birth and death rates.

More uncertain issues are future work
force participation rates and immigration
levels. Work force participation rates for
women have been climbing since the 1950s,
almost doubling to a current level of 57
percent (figure 5).10 These increased par-
ticipation rates have been accompanied
by (and attributable to) greater educa-
tional attainment among women, rising
wages relative to men, delayed age of
marriage and first childbirth, and expanded
occupational opportunities. Meanwhile,
participation rates among men have been
falling steadily, a trend that has been less
widely studied. At least part of the decline
is due to the rapid fall in jobs in the goods-
producing sectors, where men still ac-
count for the bulk of the work force (73.1
percent). In addition, rising incomes
among older male workers and their fami-

lies (due to economic growth and social security)
have allowed many men to retire or temporarily with-
draw from the labor force. Analysts at the BLS are
forecasting modest increases in the work force partic-
ipation rates of workers aged 55 and over in the next
ten years.11 Figure 6 shows that participation rates
among older workers have already started to pick
up.12 The improving general health of seniors, rising
educational levels, and the economy�s occupational
shift away from manual labor are allowing workers to
remain on the job longer.13

The Midwest work force remains blue collar,
slightly undereducated, and older relative to the rest
of the U.S. (see table 2). In 1996, the region�s popula-
tion share in the 25�34 age group was smaller than

FIGURE 4

Work force growth

percent

Midwest

U.S.

Source: Authors’ calculations from the U.S. Department of Labor,
Bureau of Labor Statistics, 1999, Local Area Unemployment.

FIGURE 5

Work force participation by gender
ratio, employment/population

Source: Authors’ calculations from the U.S. Department of Labor,
Bureau of Labor Statistics, 1999, Local Area Unemployment.

Men

Women

FIGURE 6

Work force participation, age 55 and over
ratio, employment/population

Source: Authors’ calculations from the U.S. Department of Labor,
Bureau of Labor Statistics, 1999, Local Area Unemployment.
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that of the rest of the nation (table 3). While partici-
pation rates may increase among older workers in the
Midwest and elsewhere, this will not be enough to
offset the growing demand for better educated, high-
skilled workers.14 Indeed, the aging of the population
will be a chief contributor to slowing work force growth
across the U.S. in the coming decades. Another signif-
icant contributor for the Midwest will be the migration
of younger, well-educated workers out of the region.

Except for Illinois, which contains the Chicago
metropolitan area, the percentage of the Midwest�s
population having college and advanced degrees fell
short of the national level at the last Census in 1990.
At the same time, Midwest high school graduation
rates tend to be above the national average. Appar-
ently, many college-educated Midwesterners�
especially younger graduates�have tended to migrate

to other regions in search of suitable employment.15

Since 1969, the Midwest�s share of U.S. population
has declined from 16 percent to slightly over 13 per-
cent. Labor market imbalances are a prime determinant
of migration flows. In the early 1980s, when jobs were
scarce and layoffs common, the region lost an average
of 250,000 people per year. This outflow slowed as
the economy recovered, and even became a small net
inflow during the early 1990s (figure 7), as coastal
states experienced slower job growth. Now that
coastal labor markets have tightened, the region is
again experiencing a net outflow of workers.

 The Midwest is experiencing a small positive net
migration from the Northeast, but population outflows
toward the South and West are expected to continue.
According to the Census Bureau, states in the South
are expected to gain between 10 percent and 30 per-
cent in population by 2015 and in the West, 20 percent
to 45 percent. The Census Bureau forecasts popula-
tion growth of 0 percent to 10 percent for the Mid-
west (figure 8). To some extent, these flows are
related to a general shift of jobs away from goods-
producing regions.16 Of course, workers are also
attracted by the warmer climates of the South and
West and, at least in the South, the relatively low
cost of living. Edmondson (1997) finds that of the 272
U.S. metropolitan areas that had population increases
in excess of 10 percent between 1990 and 1995, only
18 were prone to extremely cold winters.17 In addition,
15 of the 21 metropolitan areas that experienced a
decrease in population were in areas characterized by
extremely cold winters.

TABLE 2

Percent of persons 25 years and over
by education, 1990

<High High school Advanced
school graduate College degree

U.S. 24.8 30.0 13.1 7.2
Illinois 23.8 30.0 13.6 7.5
Indiana 24.4 38.2 9.2 6.4
Iowa 19.9 38.5 11.7 5.2
Michigan 23.2 32.3 10.9 6.4
Wisconsin 21.4 37.1 12.1 5.6

Source: U.S. Department of Commerce, Bureau of the
Census, 1990, Census of Population.

TABLE 3

Age groups as a percent of total population, 1996

Age U.S. Midwest Illinois Indiana Iowa Michigan Wisconsin

<5 7.3 7.1 7.7 7.0 6.4 7.0 7.1
5–17 18.8 19.1 18.9 18.6 18.8 19.4 19.1
18–24 9.4 9.4 9.3 9.8 9.5 9.4 9.4
25–34 15.2 14.8 15.2 14.9 13.5 14.8 14.8
35–44 16.4 16.4 16.3 16.3 15.7 16.5 16.4
45–54 12.2 12.2 12.0 12.4 12.1 12.4 12.2
55–64 8.1 8.1 8.0 8.4 8.8 8.0 8.1
65–74 7.0 7.0 6.8 7.0 7.7 6.9 7.0
75–84 4.3 4.4 4.3 4.2 5.4 4.2 4.4
>85 1.4 1.5 1.5 1.4 2.1 1.3 1.5

100.0 100.0 100.0 100.0 100.0 100.0 100.0

Note: Columns may not total due to rounding.
Source: Authors’ calculations from U.S. Department of Commerce, Bureau of the Census,
1996, Current Population Survey.
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Positive immigration from abroad has helped to
offset net migration from the Midwest. This, along
with natural increase (births over deaths), has kept
the region�s population growing in absolute terms.18

On average, 171,000 individuals per year have moved
to the North Central Census region from other coun-
tries in the 1990s. However, the flow of immigrants to
other parts of the U.S. utpaces that to the Midwest
(figure 9).

 In summary, the evidence suggests that the
Midwest�s work force growth prospects will remain
relatively weak in the coming decades, while its strong
economy implies continued growth in demand for
labor, particularly for workers with high levels of edu-
cation and skills. As a result, employers will find it
increasingly difficult to hire the workers they want
at the wage levels they prefer. This marks a signifi-
cant change from the past ten to 15 years, when the

Midwest was able to grow its labor supply largely
through increased participation among its existing
work force. That reservoir of underemployed workers
is now running low.

Policy responses to labor market tightness

How should Midwest public policymakers re-
spond to tight labor markets? What are the factors
that will shape popular support for policy alternatives?
Of course, one possible response to the era of tight
labor markets is to make no policy adjustments what-
soever. In light of the slow growth and high unemploy-
ment that the region experienced in the 1980s, an era
of tight labor markets looks awfully good. For workers,
tight markets can mean plentiful job opportunities
and rising incomes. Indeed, we find some evidence of
recent Midwest gains�per capita income has risen
to slightly above the national average in the 1990s

FIGURE 7
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Source: U.S. Department of Commerce, Bureau of the Census, 1998, “Geographic mobility,” Current Population Report.
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(see figure 10). The employment cost index values for
private industry workers have been growing of late in
both the region and the nation (table 4).

Despite these gains, policymakers may consider
measures to encourage growth, because continued
wage growth is by no means assured. For one thing,
the increasingly global economy may limit wage

increases for the region. As wages are bid up, the
competitive rigors of product markets will tend to
shift production and production capacity to compet-
ing regions. Furthermore, the recent rise of wages
and incomes could be interpreted as a recovery from
a temporary economic shock in the early 1980s. If so,
wages and incomes should now revert toward their
average or �equilibrium.� This would be consistent
with models of interregional growth that point to
eventual convergence of incomes and wages across

TABLE 4

Change in employment costs
(percent change, year over year)

Dec. Sep. Dec.
1997 1998 1998

U.S. total compensation 3.3 3.7 3.4

Wages and salaries 3.8 4.0 3.7

U.S. Consumer
Price Index 1.7 1.5 1.6

Midwest compensation 3.6 3.5 3.3

Wages and salaries 4.2 4.0 3.8

Midwest Consumer
Price Index 1.3 1.5 1.6

Note: Midwest is defined herein as the East North Central
and West North Central Census regions.
Source: U.S. Department of Labor, Bureau of
Labor Statistics, 1997–98, compensation and working
conditions statistics.

FIGURE 8

Projected population growth, 1995�2015
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U.S. regions. Public policy alternatives that passively
allow tight labor markets to materialize in a low-growth
environment may, therefore, do little to enhance the
material well-being of the Midwest population. For
this reason, the region�s policymakers may pursue
measures to enhance work force availability and pro-
mote economic growth.

Encouraging migration to the Midwest
Encouraging migration from other regions or

countries may facilitate growth in output and total
income. However, it may also put downward pressure
on the wages of some types of workers, to the extent
that migrant workers act as substitutes for indigenous
workers.19 So too, depending on its demographic char-
acteristics, the incoming population can create a fiscal
burden for state and local governments. In particular,
for lower paid migrants who contribute little in state
and local taxes, the costs of public services, such as
education, can be high.20 Because not all job expan-
sion necessarily benefits the local population, work
force expansion policies that encourage movement
of workers into the region may not receive universal
public support.

In spite of these pitfalls, there are reasons why
growing the labor supply might produce broad bene-
fits for the work force. For example, in some cases,
newcomers may help a region�s economy to achieve
economies of scale or scope in a critical industry,
thereby raising wages and income. New workers also
generate income, some of which is spent within the
region. Such expenditures may improve the well-being
of all the region�s residents, much as trade and spe-
cialization tend to do. More generally, to the extent
that labor market recruitment programs attract the

professions that are most needed, overall labor
demand may be raised for complementary professions
of indigenous workers. Today, the greatest demand
in the Midwest is for workers with technical skills;
such workers may be needed to attract industrial
development that would also provide jobs for lower
skilled workers.

In some areas, general increases in population
may allow small towns to survive and provide neces-
sary support for the agricultural economy. Like most
of the U.S., the Midwest has seen its rural population
shrink throughout most of this century. Among Mid-
west states, Iowa has been the hardest hit by rural
population losses. It follows that Iowa, along with
other heavily agricultural states, has been at the fore-
front of public policies and public�private partner-
ships to encourage recruitment from outside the
region and abroad. One example of such a public�
private initiative is The Iowa Human Resource Recruit-
ment Consortium, which is funded by the Iowa General
Assembly. The program is employer-driven, with staff
assistance from the Iowa departments of Workforce
Development and Economic Development.21 It  is
designed to attract professional and technical job
seekers to Iowa through alumni contacts from the
state�s universities.

If policymakers decide that attracting more workers
from outside the region is desirable, one way to pro-
mote such migration is to focus on quality of life or
residential amenities. Although studies have found
that job availability and wages are often the dominant
motivators of migration,22 regional amenities may be
an important secondary factor in workers� location
decisions.23 For example, research suggests climate is
significant in motivating interstate and inter-metro-
politan migration of workers and retirees. While little
can be done to eliminate the Midwest�s cold-climate
disadvantage, policy initiatives with respect to built
environment are another matter. These include land
use policies that optimize amounts and types of open
space and recreational opportunities. Improving
public services, such as surface transportation and
schools, may be just as important. Publications aimed
at those considering a move24 also cite regional cost
of living as an important factor in location decisions.
In this, the Midwest region fares well. As of 1997,
median home prices in the Midwest were below those
in the Northeast and the West. In any case, from a
policy perspective, a focus on quality of life is a posi-
tive- sum endeavor, at least to the extent that cost-
effective improvements in public amenities raise the
consumption wages of residents.

FIGURE 10

Midwest per capita income
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Source: Authors’ calculations from U.S. Department of
Commerce, Bureau of Economic Analysis, 1998, “National
income and product accounts,” Survey of Current Business.
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Improving education and training
At present, highly educated workers are being

paid a growing premium for their productivity, as
reflected in the average weekly wages of college edu-
cated versus high school educated workers shown in
figure 11. It is perhaps no accident that the personal
computer/information highway revolution coincided
with a runup in this premium from 47 percent in 1978
to 69 percent in 1997. Evidence from employer surveys
indicates that newly created jobs require higher skills
than existing jobs.25 Therefore, removing barriers to
educational achievement would increase available
skills while also boosting wages and income. More-
over, rising wages might not be confined to those
attaining higher education levels; a declining supply
of less skilled workers (as more of them reach higher
skill levels) may put upward pressures on the wages
of these workers as well.

The importance of raising the number of skilled
workers is reflected in several midwestern states�
strategic development plans for growth and develop-
ment. For example, the Indiana Economic Development
Council�s (IEDC) recent blueprint for 1999�2004
includes plans for state funding of a credit/debit card
and lines of credit that could be used by young
adults for education and training in a wide spectrum
of state programs. Another IEDC initiative focuses on
providing consumers with timely information on the
performance and outcomes of schools and training
programs.26

In addition to enhancing workers� skills, greater
educational attainment is associated with greater
work force participation. In 1997, U.S. unemployment
rates of college graduates averaged only 1.7 percent,

versus an average of 7.0 percent for those without
high school diplomas (see figure 12). This is not to
say that all of the gaps in work force participation
can be closed by education and training alone. Sig-
nificant supplemental investment may be required to
help workers overcome other factors, such as disabil-
ities or social environment factors, that limit their
ability to benefit from education and training. For
example, a review of the effectiveness of publicly
sponsored training programs to date suggests that
the amounts invested have been modest relative to
what would be needed to boost participants out of
long-term poverty.27 Programs also vary in effective-
ness by target group, with those directed toward
women showing more promise so far than those aimed
at youth or men. Based on the somewhat limited evi-
dence to date, it is far from clear whether more inten-
sive investments, such as classroom training and
extensive on-the-job training, are effective or as effec-
tive as more modest training and job-matching services
that are often provided to the unemployed.

Welfare-to-work initiatives
Welfare-to-work policies represent another way

to access untapped labor in the Midwest, but moving
welfare recipients into the economic mainstream pos-
es many significant challenges for policymakers.
However, with unemployment rates running well below
the national average and employers searching for
workers, Midwest state governments have been
some of the most innovative and responsive to feder-
al welfare policy changes in the nation. Midwestern
states took the lead when the federal government
began allowing states more freedom to �experiment�
within federal parameters of welfare policy in the mid-
1980s. As a result, when welfare reform legislation

FIGURE 11
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was passed in 1996, the region was already moving
forward. Wisconsin�s initiative, Wisconsin Works (W-2),
is widely credited with being the first comprehensive
and detailed plan under the new state block grant
system. The W-2 plan, which has become somewhat
of a blueprint for other states to follow, is based on
four main principles. First, it ties eligibility for nearly
all cash assistance to some form of employment. Sec-
ond, it tailors cash assistance to what individual recipi-
ents ask for, rather than all they are eligible for. Third,
W-2 programs are implemented quickly. Lastly, W-2
shifts responsibility for moving welfare recipients
into the work force from the Department of Health
and Social services to the Department of Workforce
Development.28

Some Midwest states have expanded the Earned
Income Tax Credit, which provides income tax refunds
to low-income families. Other states have reduced
disincentives to work by increasing the vehicle asset
limit (a limit imposed on the value of a vehicle owned
by cash assistance recipients).29 Some states have
tailored programs for specific groups of welfare recip-
ients. For example, Indiana�s Welfare to Work program
earmarks funds for moving those with problems of
substance abuse, poor work history, or significant
educational deficiencies into the work force.

The results of these and other programs are en-
couraging. Statistics released by the Illinois Depart-
ment of Human Services show that the state�s welfare
caseload declined 22 percent from November 1997 to
November 1998, while the number of case cancella-
tions resulting from employment jumped 41 percent.
Michigan reports that its welfare caseload has been
reduced by more than 200,000 since 1992 as a result
of excess earnings. However, much of this success
has come during an exceptionally robust economic
expansion. Further research is needed to gauge the
long-term success and cost-effectiveness of the
region�s welfare-to-work experiments.

Linking jobs with workers
Policy measures that facilitate matching job seekers

with job openings may also be important in an era of
labor market tightness. Currently, employment rates
and earnings gaps are especially stark between low-
income and minority neighborhoods of central cities
and suburbs. Differences in education, age, and family
structure play a large role in these gaps. However,
while the research is not definitive, many observers
believe that geographic isolation has also depressed
earnings and work participation rates in inner cities.30

Residents of low-income inner city neighborhoods
find it more difficult to learn of job openings and
to travel to work, often having to rely on public

transportation. Also significant are the peer group
effects of income and racial segregation on long-term
residents of low-income neighborhoods. Lack of suc-
cessful role models, isolation from mainstream culture
and values, and the physical hurdles of crime and
safety are thought to have created, or expanded, an
underclass of adults who are not �job ready.� Bring-
ing these adults into the work force, and helping them
to succeed once employed, may require programs
specifically tailored to their needs.31 While it is difficult
to gauge the precise impact of residential segregation
on work force participation, the trends are not encour-
aging. Black families remain highly concentrated in
central cities and this trend has declined only slightly
since the 1980s.32 Furthermore, the slightly downward
trend is explained by the suburbanization of higher
income and middle income Black families, while the
lowest income families have become even more con-
centrated in central cities.

Some metropolitan areas are addressing the spa-
tial mismatch between workers and jobs by improving
access to transportation and information about jobs
for city residents. For example, some areas are creat-
ing informational networks to inform workers about
distant job opportunities and to screen workers for
job openings. (These networks may also allow firms
to reliably identify high-quality workers by establish-
ing ongoing relationships with program intermediaries.)
One such program is the Chicago City/Suburban Job/
Link program. The program not only identifies subur-
ban jobs for city residents and provides transportation
to and from the jobs, but offers clients assistance in
developing employable skills and in certifying a con-
sistent record of employment. Some governments are
also considering measures to develop more afford-
able housing in proximity to job locations. For exam-
ple, a recent comprehensive policy and land use plan
for the Chicago metropolitan area recommends that the
metropolitan area�s major employers agree by com-
pact to favor, in their site location decisions, suburban
locales that provide adequate affordable housing.33

In response to feedback from program participants
(both cash assistance recipients and employers),
Michigan initiated a pilot project in early 1999 to pro-
vide welfare recipients with rental assistance. The
plan pools the resources of two state agencies to
provide up to $200 a month in cash assistance to
recipients for up to two years if they need to relocate
for employment or to be closer to transportation or
high-quality child care.

An alternative to helping workers to access sub-
urban jobs is to bring more jobs into the central cities.
Some policymakers believe that job redevelopment in
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depressed neighborhoods benefits all the residents.34

Little is known about the effectiveness of public poli-
cies to draw businesses into inner city neighborhoods.
One policy approach being tried is supporting (for
example, through subsidies) the environmental reme-
diation of formerly contaminated sites, so-called
brownfields.35 For example, Illinois provides a 25 per-
cent income tax credit, capped at $150,000 per site, to
developers that restore contaminated sites; Cook
County, Illinois, offers a companion 25 percent credit
for such sites; Indiana permits localities to designate
affected zones for special tax abatements; Michigan
allocates general obligation bond proceeds for brown-
field purposes; and Wisconsin cancels back taxes for
those willing to clean up abandoned and contami-
nated property.

Federal and state governments are also extending
favorable tax and regulatory treatment to firms that
locate or invest in distressed neighborhoods. The
designated areas are often called enterprise zones (or
renaissance or entrepreneurial zones).36 The evidence
on the effectiveness of such initiatives is mixed.37

Some studies, such as Sridhar�s (1996) evaluation in
Illinois and Papke (1994) in Indiana, find that the pro-
grams result in incremental economic activity, while
others find a very modest impact at best (Dowall,
1996). Furthermore, it is unclear whether the associated
economic activity is being created or merely shifted
from one location to another.

Other programs focus on development opportu-
nities for retail and business services in low-income
neighborhoods. Studies have found that local markets
for such services are much more lucrative than official
statistics suggest and, further, that siting stores and
offices in inner city neighborhoods can successfully
be accomplished by tapping the knowledge of  local
neighborhood organizations.38 For example, a recent
analysis of low-income neighborhoods in Chicago
argues that the personal income of residents is un-
derestimated by standard governments statistics;
hence, these areas may offer greater market success
that is commonly recognized by large, nationally
branded retailers.39 Another study of Chicago�s
neighborhoods documents the �underservicing� of
business service firms, such as photocopy shops,
mailing/packaging outlets, and accounting services.40

Conclusion

The advent of tight labor markets was anticipated
in the latter half of the 1980s, but the concern was
temporarily forgotten when the economy slowed in
the early 1990s. Robust economic growth since then
has alerted researchers, businesspeople, and

policymakers to the likelihood that labor market tight-
ness will continue. Labor demand has revived after
many decades as the Midwest�s industries have
returned to global competitiveness. At present, the
region�s unemployment rate is almost 1 full percent-
age point below the nation�s. Although the goods-
intensive nature of the region�s industry mix sug-
gests lower demand for labor, work force growth will
be slower in the Midwest than elsewhere. Currently,
work force participation rates are higher in the region
than in the nation. But, long term, the relatively older
and less educated composition of the region�s work
force will lower participation rates. More importantly,
net migration out of the Midwest continues, as
younger workers, especially, move to warmer regions.
Although work force growth is aided somewhat by
immigration from abroad, the inflow of immigrants to
the Midwest is relatively weak.

Quality of life initiatives present an attractive
policy alternative for state and local governments
both to retain and to attract workers�at least to the
extent that such initiatives are cost-effective.

As employers increasingly require higher skilled
workers, promotion of further educational attainment
is an important tool to boost labor availability. Work
force participation rates among educated workers
continue to grow. The possible downside of educa-
tional investments by state or local governments is
that workers, once educated or trained, are free to move
away. However, the downside potential is probably
lower for lower skill levels, such as high school and
just beyond, where the Midwest�s present occupa-
tional structure matches its own industries rather
than those of other regions.

Most Midwest states have aggressively begun
programs to substitute work-support assistance for
cash welfare grants. Policymakers believe the benefits
of bringing the welfare population segment into the
work force will flow to the Midwest rather than to
other regions.

Public policies to assist the functioning of the
labor market might also be important to overall work
force availability. Work force participation rates in
central cities remain low, especially in poor and minori-
ty neighborhoods, while job opportunities continue
to move to distant suburbs, which often provide little
housing for low-income residents. Although the evi-
dence is not definitive, living at a significant distance
from one�s place of work seems to adversely affect
earnings and employment rates, as well as imposing
hardships such as longer commuting times.
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NOTES

1Unless otherwise specified, the Midwest is defined as Illinois,
Indiana, Iowa, Michigan, and Wisconsin.

2Measured by the ratio of the region�s share of total income
from manufacturing relative to the national share.

3For example, Blanchard and Katz (1992) regress annual
changes in state payroll employment on changes in national
employment from 1948�90. Industrial states of the Midwest
report a coefficient greater than one. Commodity base (farm
and mineral) states are generally found to be out of sync with
national business swings. One Midwest state, Iowa, displays
such a tendency.

4Hojvat-Gallin (1998) offers evidence that regional labor mar-
ket disequilibrium in U.S. states adjusts through migration and
labor supply, and that migration responds differently to perma-
nent versus transitory shocks.

5Using the U.S. Census Bureau�s definition of multistate regions,
only New England approaches the Midwest in manufacturing
intensity.

6For some modifying views, see Cohen and Zysman (1987)
and Testa (1998).

7See Federal Reserve Bank of Chicago (1997).

8For further discussion, see Kaglic (1997).

9See Lommel (1997) and Fullerton (1997).

10Midwest trends in work force participation by gender are not
significantly different from national trends.

11Fullerton, op. cit.

12Currently, the incentive structure embedded in OADSI discour-
ages work force participation of eligible retirees by reducing
payments as earned income rises. Pressure for seniors to remain
in the work force will come if social security payments decline
after 2010 when the system faces the heavy demands of the
retiring baby  boom generation.

13See Hubler (1999). Note also the tendency of participation
rates to pick up during cyclical expansions.

14The region has already attained employment/population
ratios for workers aged 54�64 that are slightly higher than the
national average (table 1).

15For details on the education and skills of workers who migrate
versus those who do not, see Borjas, Bronars, and Trejo (1992).
Odland (1990) reports on young entrants to the labor force
(1975 to 1980), who resided in the five-state East North Central
Census region in 1975. Managers and professionals were the
most likely to migrate, while operatives and laborers were the
least likely. Migration from small towns and rural
areas was most prominent.

16For a discussion, see Rosen (1993). Also, Kim (1997) docu-
ments the fact that the industry mix among manufacturing
industries has sharply homogenized over the course of this
century. In part, this shift in specialization away from the
Midwest may be attributed to falling transportation costs,
increased factor mobility, and production methods that are
less resource-intensive.

17Edmondson (1997) uses the Federal Emergency Management
Agency definition of �extremely cold,� which is reaching below
freezing temperatures on 90 or more days in an average year.
For an extensive treatment of climate and migration, see Graves
(1979). Greenwood and Hunt (1989) argue that job-related
factors are much more important. Hojvat-Gallin (1998) finds
that labor demand shifts predominate in long-run regional
growth.

18The Chicago metropolitan area ranks fourth in the country
as a destination for legal immigrants. Cities, suburbs, and rural
areas alike have benefited from immigration in the 1990s.
Central cities continue to experience net out-migration of
domestic population. In rural areas, population growth from
domestic and foreign migration now exceeds natural population
increase. See Johnson (1996).

19See Frey (1998), Jaeger (1996), and Borjas, Freeman, and
Katz (1997).

20For a review of local fiscal impact of residential land develop-
ment in metropolitan areas, see Oakland and Testa (1995).

21See Iowa Business Council (1999).

22For example, recent evidence shows that the early 1990s
migration of workers from California owed more to job avail-
ability than to declining �quality of life� (due to congestion).
See Gabriel, Mattey, and Wascher (1995).

23The weight of evidence favors the importance of economic
variables. See Greenwood and Hunt (1989). Employment
growth and rising wages tend to covary, indicating labor demand
rather than supply shocks, although there are important excep-
tions in states like Florida and California, where foreign immi-
gration has been heavy (Hojvat-Gallin, 1998, and Blanchard
and Katz, 1992). Moreover, Mueser and Graves (1995) find
that amenities often carry equal weight in explaining regional
population growth. Barro and Sala-i-Martin (1995) find that
climate variables, such as �heating degree� days, are significant.
The relative importance of amenities versus jobs and wages
varies over time and from place to place. Over the long run,
the pull of migration related to amenities can dominate.

24Savageau (1997).

25For example, see Holzer (1996) .

26See Indiana Economic Development Council, Inc. (1999).

27See LaLonde (1995).

28For a more complete review of Wisconsin�s welfare initia-
tives, see Wiseman (1996).

29Other states have been slow to recognize the disincentives
to work that are inherent in their state income tax structures.
According to a recent report, Illinois, Indiana, and Michigan
continue to tax the income of families earning at or below 75
percent of the poverty line. See Center on Budget and Policy
Priorities (1999).

30In addition to barriers relating to transportation and infor-
mational costs of employment, inner city residents are subject
to environmental effects that are more difficult to measure, for
example, lack of role models and absence of a culture of job-
readiness. For a thorough review, see Mayer (1996). Workers
who seek to relocate to suburbs offering jobs also face barriers.
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For example, to avoid having households that do not pay
enough in taxes to cover the cost of public services, wealthy
suburban communities engage in large-lot zoning and other
exclusionary devices. In the process, central city and older sub-
urbs become the default locations for low-income households,
which, in turn, drives up tax rates and discourages business
property (and job) development. Firms do not demand afford-
able housing (and labor force) in individual suburbs, at least to
the optimal extent, because they draw on a larger labor pool
than the individual suburb in which they locate. That is, in a
system of small suburbs, people do not live where they work.
See Oakland and Testa (1995).

31See Wilson (1990).

32Mayer (1996).

33See Johnson (1999).

34For a review of the literature and recent evidence on the effects
of nearby job locations in Chicago, see Immergluck (1998).

35See Bartsch (1998).

36Enterprise zones were proposed by British urban planning ex-
pert Peter Hall in the 1970s and implemented in the UK. The
concept was introduced in the U.S. by Stuart Butler of the
Heritage Foundation and proposed as a bill by Representatives
Kemp and Garcia in 1980. Since then, many states (37, accord-
ing to Boarnet and Bogart, 1996) have adopted some form of
enterprise zone program.

37For a review of this literature, see Sassaris (1999).

38See Porter (1995).

39Social Compact (1997).

40Boston Consulting Group/Initiative for a Competitive Inner
City (1998).

REFERENCES

Bank of America, 1998, Midwest Monitor, second half.

Barro, Robert J., and Xavier Sala-i-Martin, 1995,
Economic Growth, New York: McGraw-Hill.

Bartsch, Charles, 1998, �Brownfield financing: State
and local innovations,� Northeast Midwest Economic
Review, May/June.

Blanchard, Olivier, and Lawrence Katz, 1992,
�Regional evolutions,� Brookings Papers on
Economic Activity, Vol. 1, pp. 1�75.

Boarnet, Marlon G., and William Bogart, 1996,
�Enterprise zones and employment: Evidence from
New Jersey,� Journal of Urban Economics, Vol. 40,
No. 2, September, pp. 198�215.

Borjas, George J., Stephen G. Bronars, and Stephen
J. Trejo, 1992, �Self-selection and internal migration
in the United States,� Journal of Urban Economics,
Vol. 32, pp. 159�185.

Borjas, George J., Richard B. Freeman, and
Lawrence F. Katz, 1997, �How much do immigration
and trade affect labor market outcomes?,� Brookings
Papers on Economic Activity, Vol. 1, pp. 91�158.

Borts, G. H., and J. L. Stein, 1964, Economic Growth
in a Free Market, New York: Columbia University
Press.

Boston Consulting Group/Initiative for a Competitive
Inner City, 1998, �Strategies for business growth in
Chicago�s neighborhoods,� mimeo.

Center on Budget and Policy Priorities, 1999, �State
income tax burdens on low-income families in 1998:
Assessing the burden and opportunities for relief,�
paper.

Cohen, Stephen S., and John Zysman, 1987, Manu-
facturing Matters, the Myth of the Post-Industrial
Economy, New York: Basic Books.

Dowall, David E., �An evaluation of California�s enter-
prise zone programs,� Economic Development Quar-
terly, Vol. 10, No. 4, November, pp. 352�368.

Eberts, Randall W., and Joe Allan Stone, 1992, Wage
and Employment Adjustment in Local Labor Markets,
Kalamazoo, MI: W. E. Upjohn Institute for Employ-
ment Research.

Edmondson, Brad, 1997, �Cold comfort,� American
Demographics, November, pp. 18�19.

Federal Reserve Bank of Chicago, 1997, Assessing
the Midwest Economy: Looking Back for the Future,
Chicago.

Frey, William H., 1998, �The diversity myth,� American
Demographics, June, pp. 38�43.

Fullerton, Howard N., 1997, �Labor Force 2006: Slow-
ing down and changing composition,� Monthly Labor
Review, Vol. 120, No. 11, November, pp. 23�38.

Gabriel, Stuart A., Joe P. Mattey, and William L.
Wascher, 1995, �The demise of California reconsid-
ered: Interstate migration over the economic cycle,�



44 Economic Perspectives

Economic Review, Federal Reserve Bank of San
Francisco, No. 2, pp. 30�45.

 Ge, Wei, 1995, �The urban enterprise zone,� Journal
of Regional Science, Vol. 35, No. 2, May, pp. 217�231.

Graves, P. E., 1979, �A life-cycle empirical analysis of
migration and climate, by race,� Journal of Urban
Economics, Vol. 6, pp. 135�147.

Greenwood, Michael J., and Gary L. Hunt, 1989,
�Jobs versus amenities in the analysis of metropolitan
migration,� Journal of Regional Science, Vol. 25,
pp. 1�16.

Hawkins, Benjamin M., 1984, �The impact of the
enterprise zone on urban areas,� Growth and
Change, Vol. 15, No. 1, January, pp. 35�40.

Holzer, Harry J., 1996, What Employers Want: Job
Prospects for Less-Educated Workers, New York:
Russell Sage Foundation, March.

Hojvat-Gallin, Joshua, 1998, �Regional labor market
dynamics and net migration,� Board of Governors of
the Federal Reserve System, mimeo.

Hubler, Eric, 1999, �The new faces of retirement:
Making work part of the plan,� New York Times,
January 3, Sec. 3, pp. 1, 12.

Immergluck, Daniel, 1998, �Neighborhood economic
development and local working: The effect of nearby
jobs on where residents work,� Economic Geography,
Vol. 74, No. 2, April, pp. 170�187.

Indiana Economic Development Council, 1999, �Break
away growth,� paper.

Iowa Business Council, 1999, �Iowa�s economic
future: People, knowledge, and know-how,� paper.

Jaeger, David J., 1996, �Skill differences and the effect
of immigrants on the wages of natives,� Hunter College
and the Graduate School of the City University of
New York, mimeo, March.

Jenkins, Noah T., and Michael I. J. Bennett, �Toward
an empowerment zone evaluation,� Economic Devel-
opment Quarterly, Vol. 13, No. 1, February, pp. 23�28.

Johnson, Elmer W., 1999, �Preparing metropolitan
Chicago for the 21st century,� project of the Commer-
cial Club of Chicago in association with the Academy
of Arts and Sciences.

Johnson, Kenneth M., 1996, �Recent nonmetropolitan
demographic trends in the Midwest,� Assessing the
Midwest Economy, Federal Reserve Bank of Chicago,
working paper.

Johnston, William B., and Arnold E. Packer, 1987,
Workforce 2000: Work and Workers for the Twenty-
First Century, Indianapolis, IN: Hudson Institute.

Judy, Richard W., and Carol D�Amico, 1997, Work-
force 2020: Work and Workers in the 21st Century,
Indianapolis, IN: Hudson Institute.

Kaglic, Richard E., 1997, �Help wanted in the Mid-
west,� Chicago Fed Letter, Federal Reserve Bank of
Chicago, January.

Kim, Sukkoo, 1997, �The changing structure of U.S.
regions: A historical perspective,� Assessing the Mid-
west Economy, Federal Reserve Bank of Chicago,
working paper, No. SP-1.

Klier, Thomas H., 1999, �Agglomeration in the U.S.
auto supplier industry,� Economic Perspectives,
Federal Reserve Bank of Chicago, Vol. 22, No. 1, First
Quarter, pp. 18�34.

LaLonde, Robert J., 1995, �The promise of public
sector-sponsored training programs,� Journal of Eco-
nomic Perspectives, Vol. 9, No. 2, Spring, pp. 149�168.

Lommel, Jane M., 1999, �Workforce 2020 Conference
summary,� Chicago Fed Letter, April, No. 140a.

Mayer, Christopher J., 1996, �Does location matter?,�
Proceedings of Symposium on Spatial and Labor
Market Contributions to Earnings Inequality, Federal
Reserve Bank of Boston, May/June, pp. 26�40.

McDonald, John F., 1997, �Comment on Kala
Seetharam Sridhar�s (1996) �Tax costs and employment
benefits of enterprise zones�,� Economic Development
Quarterly, Vol. 11, No. 3, August, pp. 222�224.

Meiklejohn, Susan Turner, 1998, �Zone is where the
heart is? Lessons from Detroit employers,� Economic
Development Quarterly, Vol. 12, No. 2, November,
pp. 355�371.

Mueser, Peter R., and Philip E. Graves, 1995, �Exam-
ining the role of economic opportunities and amenities
in explaining population distribution,� Journal of
Urban Economics, Vol. 37, No. 2, March, pp. 176�200.



45Federal Reserve Bank of Chicago

Muth, Richard F., 1991, �Supply side regional econom-
ics,� Journal of Urban Economics, Vol. 29, pp. 63�69.

Oakland, William F., and William A. Testa, 1995,
�Community development-fiscal interactions: A review
of the literature,� Federal Reserve Bank of Chicago,
working paper.

Odland, John, 1990, �Migration and returns to human
capital among young labor force entrants in the Great
Lakes region,� Regional Economic Development Insti-
tute, Indiana University, paper.

Papke, Leslie E., 1993, �What do we know about
enterprise zones?,� National Bureau of Economic
Research, working paper, No. 4251, January.

                    , 1994, �Tax policy and urban development:
Evidence from the Indiana enterprise zone program,�
Journal of Public Economics, Vol. 54, No. 1, May,
pp. 37�49.

Partridge, Jamie S., Mark D. Partridge, and Dan S.
Rickman, 1997, �Midwest family income inequality:
Is it more cultural or can state and local policy affect
it?,� Assessing the Midwest Economy, Federal Reserve
Bank of Chicago, working paper.

Porter, Michael E., 1995, �The competitive advantage
of the inner city,� Harvard Business Review, May/June,
pp. 55�71.

Reynolds, Alan, 1998, �An anti-poverty immigration pol-
icy,� paper presented to the Hudson Institute�s Work-
force 2020 Conference, Indianapolis, September 24.

Rosen, Sherwin, 1993, �The decline of the Midwest,�
Quarterly Review of Economics and Finance, Vol.
33, No. 1, Spring, pp. 1�14.

Sassaris, Loula, 1999, �Enterprise zones: A review of
the literature,� Federal Reserve Bank of  Chicago,
mimeo, forthcoming.

Savageau, David, 1997, Places Rated Almanac, 5th
edition, London and New York: Macmillan, January.

Social Compact, 1997, Emerging Neighborhoods
Markets Initiative, Washington, DC.

Sridhar, Kala Seetharan, 1996, �Tax costs and employ-
ment benefits of enterprise zones,� Economic Devel-
opment Quarterly, Vol. 10, pp. 69�90.

Testa, William A., 1998, �Manufacturing�s change-
over to services in the Great Lakes economy,� Federal
Reserve Bank of Chicago, working paper.

U.S. Government Printing Office, 1998, Economic
Report of the President 1997, Washington, DC.

Wilson, William Julius, 1990, The Truly Disadvan-
taged: The Inner City, the Underclass, and Public
Policy, Chicago: University of Chicago Press.

Zovotny, Madeline, 1998, �Determinants of new immi-
grants� locational choices,� Federal Reserve Bank of
Atlanta, working paper, No. 98-3, April.



46 Economic Perspectives

Small business finance in two Chicago minority neighborhoods

Paul Huck, Sherrie L. W. Rhine,
Philip Bond, and Robert Townsend

Paul Huck and Sherrie L. W. Rhine are economists at
the Federal Reserve Bank of Chicago. Philip Bond is a
visiting lecturer at the London School of Economics.
Robert Townsend is a professor of economics at the
University of Chicago and a consultant to the Federal
Reserve Bank of Chicago. This project was originally
funded by the Center for the Study of Urban Inequality
of the University of Chicago, with Richard Taub, Marta
Tienda, and Robert Townsend as principal investigators,
and is cosponsored by the University of Chicago and
the Federal Reserve Bank of Chicago. Robert Townsend
also receives financial support from the National
Science Foundation. The authors would like to thank
Dan Aaronson, David Marshall, and Alicia Williams for
helpful comments on an earlier draft.

Introduction and summary

Chicago is enlivened by the presence of many ethnic
neighborhoods, which are reflected in the city�s small
business sector. This makes Chicago an excellent loca-
tion for studying small business finance in ethnic
communities. The topic is important because the
availability of capital may depend, in part, on ethnic
differences in factors such as the use of informal
financing (loans or gifts from family, friends, or busi-
ness associates) as opposed to formal financing from
banks and other financial institutions. We still have
much to learn about business access to capital in an
ethnic context. To shed some light on these matters,
the Federal Reserve Bank of Chicago and researchers
from the University of Chicago conducted surveys in
two Chicago neighborhoods, Little Village, a predomi-
nantly Hispanic community, and Chatham, a predomi-
nantly Black community. These communities were
chosen because they are distinct and well-recognized
ethnic neighborhoods with viable small business sec-
tors. Although most of the business owners inter-
viewed are either Black or Hispanic, other ethnic
groups are represented. One of the important features
of the surveys is that they shed light on informal and
formal sources of financing for both households and
businesses.

Small business access to capital is an important
policy issue because business owners may face
funding limits, known to economists as liquidity con-
straints. Although many observers might take funding
limits as self evident, studies have shown that liquid-
ity constraints affect entrepreneurs both upon start-up
and after the business is underway.1 These constraints
deter entry into self-employment and force would-be
owners to save for longer periods before launching a
business. The effects of start-up constraints extend
to ongoing businesses, because starting with more
capital increases an owner�s prospects of developing
a viable, growing business.2 Thus, entrepreneurs�

ultimate success depends, in part, on how successful
they are in obtaining adequate capital and credit.

Loan guarantees and other programs offered by
the U.S. Small Business Administration are examples
of government policies aimed at increasing access to
credit for small businesses. Considering access to
capital and credit across neighborhoods and across
ethnic and racial groups raises other policy issues.
Owning a successful business builds personal wealth,
and self-employment historically has been an impor-
tant means for raising the economic status of some
ethnic groups. Promoting the success of small busi-
ness is an important part of community economic
development strategies, particularly for minority
neighborhoods that have suffered from a lack of
investment in the past. The purpose of the Community
Reinvestment Act is to encourage depository institu-
tions to help meet the credit needs of the communities
in which they operate, consistent with sound bank-
ing practices. While racial discrimination in residential
mortgage markets has been the subject of a number
of empirical studies, the effect of racial discrimination
on access to capital for minority business owners
and neighborhoods has received little attention to
date from researchers.3
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In practice, owners meet the challenge of obtain-
ing capital to start and run their businesses by using
informal sources, as well as personal assets and loans
from formal sources. Thus, informal financing via net-
works can substitute for borrowing in the formal sector,
either because formal credit is not offered or because
informal financing is preferred. Credit offered by a
supplier, or trade credit, is another alternative to bor-
rowing from financial institutions. Businesses form
networks with their suppliers, and there may be an eth-
nic dimension to these networks, in that the ethnicity
of the supplier may matter for some transactions.

The main contribution of this article is to provide
information about the use of formal and informal
sources of financing. We confirm the importance of
personal savings and informal sources of credit in
meeting the entrepreneur�s need for start-up funding.
There are pronounced ethnic differences in the
amount of start-up funding used by businesses in
the sample. In particular, we find that Black owners
start their businesses with significantly less capital
than Hispanic owners. This difference persists after
controlling for industry types and various measures
of human capital (such as the skills, abilities, and
training of business owners in the sample). The Black�
Hispanic gap in total start-up funding is due to differ-
ent levels of nonpersonal sources of funding rather
than different amounts of personal savings put up
by the owner.

Turning to the use of trade credit, our most strik-
ing finding is that Black owners are much less likely
to owe their suppliers than owners in other ethnic
groups. This is partly because Black owners are less
likely to be offered credit by their suppliers, and be-
cause they are less likely to use trade credit if it is
offered. Trade credit can be a relatively expensive
source of ongoing credit, and it is not clear whether
using less trade credit indicates a constraint or a lack
of need. However, being offered credit by a supplier,
whether or not it is used, is clearly desirable. We find
that comparing the ethnicity of owners and their sup-
pliers does not explain ethnic differences in the use
of trade credit.

If these results hold beyond the Little Village and
Chatham neighborhoods, the findings have important
implications for understanding ethnic differences in
business survival and growth, the decision to become
self-employed, and income and wealth accumulation.
The importance of informal sources of funding sug-
gests that this type of funding has features that meet
the needs of small businesses in these communities.
Informal funding may be more flexible and better suited
to providing relatively modest amounts of capital

than the formal sector. However, an important advan-
tage of formal credit institutions is their ability to effi-
ciently mobilize large amounts of capital. Recognition
of the strengths of both informal and formal sources
of financing should be a part of programs and policies
aimed at encouraging the flow of capital to small
businesses.

In the next section, we briefly discuss some of
the theoretical issues involved in understanding the
use of formal and informal sources of capital and
credit. We hope that data from the Little Village and
Chatham studies may better inform the process of
building more useful theoretical models of financial
intermediation. Measurement of the use and nature of
informal networks is particularly important because,
as discussed below, the theoretical treatment of infor-
mal financing is still in its infancy.

Theoretical overview

Why do individuals borrow or save to
go into business?

In a world with perfect information, completely
specifiable and enforceable contracts, and no trans-
action costs, borrowing, lending, and insurance con-
tracts essentially allow a separation of household
consumption and saving decisions from occupational
choice and investment decisions. That is, a potential
business entrant would evaluate present and future
profitability, buy options against future contingencies,
and convert income streams into a single present
value number. That number, when compared with
alternatives, will determine for the individual which
occupation, technology, or type of enterprise to take
up, if any. That number plus existing wealth will deter-
mine, in turn, household consumption and saving
decisions. These two types of decisions are separate
from one another. In practice, however, household
consumption/saving decisions and occupation and
business investment decisions appear to be related,
very much so in the present study.

One branch of existing theory argues that credit
contracts for business start-ups and ongoing financ-
ing are very much limited. Some researchers, for exam-
ple, Bernhardt and Lloyd-Ellis (1993), assume that
there are no credit possibilities at all, in which case
start-ups and operations are limited to accumulated
saving and past profitability and to the entrepreneur�s
own educational investments and experience. In other
cases, such as Evans and Jovanovic (1989), Hart and
Moore (1997), and Banarjee and Neumann (1993),
acquisition of some credit is possible, but it is limited,
for example, to some multiple of accumulated wealth
or available collateral, as in the use of personal collat-
eral or trade credit backed by the goods supplied.
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More recent studies describe in greater detail
how credit markets function and the impediments to
exchange that limit the amount or type of credit avail-
able. Some researchers emphasize moral hazard prob-
lems, that repayment of principal and interest in times
of stress leaves the household with little or no liquid-
ity. Essentially the lender, for example, a bank, takes
so much of project returns away from the borrower/
entrepreneur that it is not worthwhile for the borrow-
er/entrepreneur to work hard or exercise appropriate
diligence. Yet the rational lender can figure all this
out and, with ultimate profitability in doubt, will lend
even less, if not nothing at all. Those who do manage
to borrow, or those relying exclusively on savings,
may choose technologies or businesses with lower
variance but lower mean returns. For example, see
Stiglitz and Weiss (1981), Morduch (1990), and Lehnert,
Ligon, and Townsend (1999).

Other recent studies, for example, Kehoe and
Levine (1996) and Ligon, Thomas, and Worrall (1997),
identify willingness to repay as the potential problem.
In this scenario, credit and insurance markets might
seem to operate well over the realizations of a broad
range of economic and social risk factors. But, ironi-
cally, the temptation to renege when a business does
well would limit credit overall.

These kinds of obstacles to the smooth operation
of credit markets clearly can make a difference in occu-
pational choice. Yet the story doesn�t stop there. Lim-
ited entry can mean that successful entrants accrue
unusually large profits. Some will reinvest those profits
in their businesses. They were, after all, relatively un-
derfinanced in the first place. The economy-wide cap-
ital stock will grow. Others may be stuck in low-wage
labor markets, sometimes as employees of the suc-
cessful small business enterprises. This can be a
nontrivial source of economy-wide employment. Thus,
we might see growth with increasing inequality, even
within ethnically homogenous communities. The level
of inequality, the overall rate of growth, and the level
of employment are all functions of the nature of the
credit markets. In other words, improvements in credit
markets could have beneficial implications for growth,
employment, and the distribution of income. (See
Lehnert, 1998.)

Why does intermediation arise, and how do
we distinguish formal intermediaries from
informal networks?

It is by no means obvious why institutions arise
that specialize in lending and other insurance services.
In a world of perfect information, individuals would
simply write contracts directly with each other. Theories

of intermediation typically depend on information be-
ing available only at a cost: Intermediaries arise
either because they minimize the amount of informa-
tion production (that is, not all individuals need to do
it) or because they have lower costs of intermediation
production than other agents. Key papers in this field
include Diamond (1984) and Krasa and Villamil (1991).
However, these studies force a formal structure on
the intermediary by allowing at most one central
point of information collection. They do not distin-
guish convincingly between a formal structure and
an informal network linking individuals (see Bond,
1999), although there are no established theoretical
reasons for supposing that when intermediation exists
it will take the form of a formal institution. Boyd and
Prescott (1986) is an important exception.

Recent work continues to try to remedy that defi-
ciency. The idea is to model networks as groups of
households or business that have some natural or
acquired advantage relative to a formal financial inter-
mediary. Some of these models emphasize a priori
selection, that is, individual joint liability for loans
would screen out bad apples, or individuals choose
to link to others from whom they can learn. See, for
example, Rai (1996), Becker and Murphy (1994),
Ghatak (1998), and Varian (1990). Other models empha-
size better internal risk contingencies, better informa-
tion on project returns or underlying effort, better
internal enforcement of implicit or explicit agreements,
or some combination of the three. See Prescott and
Townsend (1996), Holmstrom and Milgrom (1990),
and Itoh (1991).

We are only beginning to understand from theory
how networks might operate, but it seems clear that
networks can be important for the welfare of their
members. Networks can be important alternatives to
more formal and more distant institutions. Another
possibility is suggested by theory: Institutions can
lend in an evident, measurable way to a handful of
individuals, yet as network members, the intermediary
and its funds now make their way to the larger com-
munity. These theories do suggest the importance of
measurement, specifically measurement of the use
and nature of networks.

Neighborhood and survey description

Little Village, on the southwest side of Chicago,
became a predominantly Hispanic area in the 1970s,
due to a substantial inflow of immigrants, mostly of
Mexican origin, during the 1960s. As of the 1990
Census, the community had a population of 81,155
and a median family income of $23,259. Chatham, on
the city�s south side, became a predominantly Black



49Federal Reserve Bank of Chicago

community during the 1950s (Chicago Fact Book
Consortium, 1995). In 1990, Chatham had a population
of 36,779 and a median family income of $29,258.

The household and business survey instruments
were developed for a multi-ethnic survey that was
implemented for the Little Village study and adapted,
with very minor modifications, for the Chatham
project.4 In both communities, the survey universe
was constructed by canvassing and enumerating all
identifiable existing businesses. A stratified random
sample was then drawn. In Little Village, relatively
common businesses (including eating and drinking
places, auto repair shops, and hair salons) were drawn
at a rate of 35 percent; relatively uncommon business
(including bridal shops, bakeries, iron works, and fac-
tories) were drawn at a rate of 100 percent; and all
other businesses were drawn at a rate of 50 percent.
Relatively common businesses in Chatham (including
eating places and hair salons) were drawn at a rate of
22.5 percent; and all other businesses were drawn at
a rate of 45 percent. In both surveys, medical and
legal professionals were excluded from the sample,
on the grounds that the educational requirements for
these fields result in entrance and financing decisions
that have little in common with those of other small
businesses. Field staff, bilingual in the case of Little
Village, contacted the businesses in the selected
samples for an interview that required about one-
and-a-half hours. The response rates were 70 percent
for Little Village and 57 percent for Chatham. About

one-third of all enumerated businesses were inter-
viewed in Little Village and one-quarter in Chatham.5

Business and owner characteristics

Table 1 shows the types of businesses by ethnic
group. (Asian owners are primarily Korean, and Other
is made up of owners from the Middle East, India, and
Pakistan.)6 For example, column 1 of table 1 indicates
that 5.3 percent of all the businesses in the sample
are in the manufacturing and wholesale category. For
all ethnic groups combined, the bulk of the firms fall
into some form of retail or service sector. Black owners
are relatively concentrated in the service sector. Man-
ufacturing firms are more common for White owners
than for other groups, and Asians have a marked
concentration in other retail. Hispanic firms are rela-
tively balanced across industry types, with no single
category containing more than 25 percent of the total
(although total retail accounts for 68.9 percent of His-
panic businesses). Franchises are relatively
uncommon and make up 5.8 percent of the entire
sample. The average age of businesses for all groups
is about nine years, and firms owned by Blacks (13
years) and Whites (16 years) tend to be older than
the firms in the remaining groups. Most firms in these
communities employ relatively few workers; the aver-
age is 4.5 employees for businesses in all groups.
White-owned firms and, to a lesser extent, Black-
owned firms tend to employ more workers on average
than firms in the other groups.

TABLE 1

Characteristics of businesses in Little Village and Chatham, percent

All Hispanic Black White Asian  Other

Manufacturing/wholesale/
construction/transportation 5.3 6.6 1.8 22.0 2.3 7.9

Retail total 64.3 68.9 49.2 54.2 92.8 89.0
Eating/drinking places 16.8 23.6 11.4 16.6 5.1 20.5
Food stores 11.1 13.3 8.4 3.9 2.6 26.4
Auto service/sales 8.0 11.0 6.0 5.5 2.3 9.9
Other retail 28.4 21.0 23.4 28.2 82.8 32.2

Business/personal services 30.6 24.6 49.1 23.9 4.9 3.1

Franchise 5.8 5.3 6.2 7.7 0.0 13.4

Age of business in years 9.2 6.9 12.6 16.3 4.2 5.8

Number of employees 4.5 3.9 5.1 9.2 2.3 3.6

Observations 416 183 148 25 34 25

Notes: These results are weighted to reflect sample stratification. Retail total is the sum of eating/drinking places, food stores,
auto service/sales, and other retail. The Other category is made up of owners from the Middle East, India, and Pakistan.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago, 1993–94, Little Village
Survey and Federal Reserve Bank of Chicago and University of Chicago, 1997–98, Chatham Survey.
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Table 2 shows selected demographic and human
capital variables. The average firm owner for all groups
is about 47 years old, with Black and White owners
tending to be a bit older than owners in the remaining
groups. About one-third of all owners are women;
Hispanic and, especially, Black owners are more likely
to be women. The majority of business owners are
married, 72 percent overall; Black proprietors are
somewhat less likely to be married than those in the
other groups.

Most business owners are at least high school
graduates, and about one-third have a college degree.
However, educational attainment varies across racial/
ethnic groups. The proportion of Hispanics in the
sample who do not have a high school diploma (42.5
percent) is more than twice as high as the proportion
for Blacks (18.1 percent), the group with the next
highest figure. Hispanic owners are the least likely to
have a college degree (only 18.1 percent have a degree),
followed by Black owners (34.9 percent). Hispanic
owners (71.2 percent) are less likely to be moderately
or extremely proficient in English than the Asian (89.7
percent) and Other groups (91.1 percent). Finally, an
appreciable proportion of the entrepreneurs owned a
business previously, ranging from 25.7 percent for
Blacks to 51.0 percent for Asians.

For comparison, table 3 provides selected figures
from the 1992 Characteristics of Business Owners
Survey (CBO), a national survey produced by the
Bureau of the Census. Of course, when comparing
these results, we must keep in mind important differ-
ences in survey design. For example, the CBO survey,
based on tax returns, includes home-based businesses,

which are not included in the Little Village and
Chatham neighborhood surveys. As mentioned earlier,
our neighborhood surveys also exclude legal and
medical services. Finally, the CBO survey categorizes
the data differently. Thus, table 3 reports results for
Blacks, Hispanics, Asians and Native Americans, and
White males.

A comparison of tables 1, 2, and 3 shows that
retail businesses are much more common in the Little
Village and Chatham surveys than in the CBO survey.
This may well be due to the CBO�s inclusion of home-
based businesses, which are unlikely to be retail.
Franchise businesses are somewhat more common in
the neighborhood sample (5.8 percent) than in the
CBO sample (3.1 percent). The proportion of owners
who are married is slightly higher in the CBO survey
(77.7 percent) than in the neighborhood surveys (72.0
percent). Hispanic owners in Little Village have less
education than Hispanics in the CBO survey. In Little
Village, 42.5 percent of business owners do not have
at least a high school diploma, compared with 27.2
percent for the CBO survey; similarly, the proportions
for high school and college graduates are lower in the
Little Village sample than in the CBO Hispanic sample.
We see the opposite pattern for Blacks, with Black
owners in Chatham more likely to have a college de-
gree or beyond (34.9 percent) than Blacks in the CBO
sample (26.7 percent). Finally, owners in each of the
ethnic groups in Little Village and Chatham are substan-
tially more likely to have previously owned a business
than owners in the CBO sample.

TABLE 2

Characteristics of owners in Little Village and Chatham, percent

All Hispanic Black  White Asian Other

Average age, years 46.9 42.3 52.5 54.3 45.3 41.4

Female 33.0 31.4 43.1 13.2 21.8 16.8

Married 72.0 81.0 59.3 74.0 80.8 76.4

No high school diploma 26.1 42.5 18.1 8.6 3.3 13.1

High school diploma or
   some college 42.9 40.6 47.0 27.1 45.2 42.1

College degree or beyond 32.0 18.8 34.9 70.2 51.5 44.8

Proficient in English 86.5 71.2 100.0 100.0 89.7 91.1

Previously owned business 31.1 32.1 25.7 39.2 51.0 24.0

Observations 416 183 148 25 34 25

Note: These results are weighted to reflect sample stratification.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago, 1993–94,
Little Village Survey and Federal Reserve Bank of Chicago and University of Chicago, 1997–98, Chatham Survey.
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Ethnic differences in start-up financing

Levels of funding
An important result of our research is that His-

panic- and especially Black-owned firms have lower
levels of total start-up financing than firms owned by
individuals in the other racial/ethnic groups.7 Table 4
presents descriptive statistics for total start-up funds.
The mean amounts are much higher than the medians,
indicating that a few businesses with large amounts
of start-up funding are pulling the mean away from
the median. Thus, a comparison of mean amounts
would put a great deal of weight on a few observa-
tions involving large dollar amounts. We avoid this
problem by recognizing that start-up funding follows
an approximately log-normal distribution. Accordingly,
table 4 reports the means of the natural logarithm of
start-up costs after conversion to dollar amounts.
Comparing the means of logged start-up funds con-
verted to dollars, we see that the average start-up
funding for our sample was fairly modest at $14,737.
Further, the amount of start-up funds varies widely
by ethnic group. Hispanics ($13,164) and Blacks
($10,812) start their businesses with lower amounts
of funds on average than the remaining groups.8

Table 4 also shows that the distinction between
firms started from scratch by the current owner and
those that were bought or acquired may be important.
The level of start-up funding for owners in all ethnic
groups that started their business from scratch is

only $10,743, compared with $27,340 for firms that
were bought or acquired. This gap holds for each
of the ethnic groups. The ethnic differences noted
above also hold. That is, Hispanic- and Black-owned
firms have lower levels of funding than the other
groups for businesses started from scratch and for
businesses bought or acquired. In both cases, Black
owners start their businesses with about 25 percent
less funding than Hispanic owners.9

These results are incomplete, in that other factors
beyond ethnicity may affect the level of start-up
funding. For example, a grocery store with a require-
ment for an extensive stock of inventory on the
shelves will likely require more start-up funding than
a firm that provides a service largely based on the
human capital embodied in the owner and key employ-
ees. The next step is to control for some differences
in demographics, human capital, and industry type to
see what ethnic differences emerge.10

To account for systematic differences in the
 required levels of start-up costs across industries,
we use a number of industry indicator variables,
ranging from manufacturing and wholesaling to busi-
ness and personal services. The ease with which busi-
ness assets acquired at start-up may be used for
collateral may also vary by industry type, which might
affect the amount of start-up capital that can be ob-
tained. 11 Human capital differences might also account
for differences in start-up funding. We would expect

TABLE 3

Characteristics of businesses and owners from the 1992 Characteristics of Business Owners Survey
 (percent)

Asian, White
All Hispanic Black Native American male

Manufacturing/wholesale/
construction/transportation 20.8 23.5 17.8 15.1 26.1

Retail 14.4 14.0 14.0 21.9 11.8

Business/personal services 56.4 51.4 60.2 55.8 52.8

Agriculture/unclassified 8.5 11.1 8.0 7.2 9.2

Franchise 3.1 2.8 4.1 4.8 2.9

Married 77.7 75.1 65.8 80.9 80.4

No high school diploma 10.0 27.2 17.8 12.5 9.5

High school diploma or
some college 52.9 50.1 55.7 39.4 51.7

College degree or beyond 37.2 22.7 26.7 47.8 38.6

Previously owned business 23.9 17.9 13.5 28.4 26.7

Notes: Figures for the All category include data for women-owned businesses, which are not reported here.
Percentages are calculated excluding non-responses. The survey universe includes entities filing tax reports
as sole proprietorships, partnerships, or subchapter S corporations.
Source: U.S. Department of Commerce, Bureau of the Census, 1992, Characteristics of Business Owners Survey.
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that more qualified entrepreneurs, all else being equal,
would be able to attract more funding. The personal
wealth available to entrepreneurs to start a business
would also depend, in part, on their human capital.
The variables we use to account for this human capital
include education, English proficiency, previous expe-
rience owning a business, and age at start-up. We
include a variable that measures how long ago the
owner started the business to account for the possi-
bility that there has been a shift over time in the level
of start-up costs.12 Indicator variables for ethnicity
and gender capture ethnic and gender differences not
due to the industry and human capital variables.

Table 5 reports the ordinary least square (OLS)
regression results for logged total start-up costs for
firms started from scratch. To illustrate the economic
effect of the regression coefficients, we calculate esti-
mated levels of start-up funding for each ethnic group
using the following baseline characteristics: eating/
drinking place, high school education, proficient in
English, no previous experience as an owner, aged 37
years, male, and business started 12 years ago. For
example, the estimated start-up cost for a Hispanic
owner with these baseline characteristics is $20,414.13

For owners in the other groups, the estimated costs
are: $11,104 for Blacks, $54,564 for Whites, $26,921

for Asians, and $30,479 for Others.14 Thus, a Black
owner with the baseline characteristics starts a busi-
ness with an estimated 46 percent smaller pool of
funds than a comparable Hispanic. A White owner
with the baseline characteristics starts with 167 per-
cent more funding than a comparable Hispanic; an
Asian owner starts with 32 percent more; and an
owner in the Other category starts with 49 percent
more.15 These results show that the raw differences
in start-up funding shown in table 4 are still present
after accounting for industry type and several mea-
sures of human capital. However, table 5 indicates the
differences between Hispanics and White, Asian, and
Other owners are not statistically significant at con-
ventional significance levels.16

The regression results in table 5 also show that
women, owners who do not have a high school diplo-
ma, and owners who lack proficiency in English have
lower start-up funding, whereas those who previous-
ly owned a business start the current business with
more funds. With regard to the economic importance
of these differences, note that the coefficient estimates
for all these effects (ranging from 0.57 to 0.70) are
roughly comparable to the difference between Hispanic
and Black owners. Thus, the differences in the esti-
mated dollar amount of start-up costs due to these

TABLE 4

Descriptive statistics for total start-up funds, in 1996 dollars

All Hispanic Black White Asian Other

All businesses
Mean 48,503 33,413 42,555 220,435 51,015 71,956
Median 15,650 12,629 12,653 125,391 34,054 42,477
Mean of logged funds

converted to dollars 14,737 13,164 10,812 84,112 22,663 35,226
Observations 391 176 140 18 34 22

Started by owner
Mean 35,201 26,590 34,357 158,561 50,792 59,939
Median 11,328 10,960 11,082 41,383 28,512 27,145
Mean of logged funds

converted to dollars 10,743 10,666 8,071 72,782 16,724 21,613
Observations 257 131 89 4 22 11

Bought or acquired
Mean 74,507 53,563 56,407 237,473 51,474 88,331
Median 31,497 31,489 17,049 133,915 34,055 67,906
Mean of logged funds

converted to dollars 27,340 24,500 17,717 87,531 42,386 68,541
Observations 134 45 51 14 12 11

Notes: These results are weighted to reflect sample stratification.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago, 1993–94,
Little Village Survey and Federal Reserve Bank of Chicago and University of Chicago, 1997–98, Chatham Survey.
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factors would be roughly comparable to the Hispanic�
Black difference discussed above.

Table 6 reports the OLS regression results for
logged total start-up costs for businesses that were
bought or acquired. Again, we use the regression
results to illustrate ethnic differences by calculating
estimated start-up costs. Here the start-up cost for a
Hispanic owner with the same baseline characteristics
as above is $23,119. The estimated start-up costs for
other owners with the baseline characteristics are as
follows: $10,091 for Blacks, $43,792 for Whites, $50,474
for Asians, and $34,168 for Others. Thus, a Black
owner with the baseline characteristics starts a busi-
ness with an estimated 56 percent lower level of funding

than a comparable Hispanic owner. By
comparison, a White owner starts with
89 percent more funding than a compara-
ble Hispanic; an Asian owner starts with
118 percent more; and an owner in the
Other category starts with 48 percent
more. As in the case of businesses started
from scratch, for acquired firms the raw dif-
ferences in start-up funding shown in
table 4 remain after accounting for indus-
try type and several measures of human
capital. Table 6 shows that the differences
between Hispanics and White, Asian, and
Other owners are not statistically signifi-
cant at conventional significance levels.17

Table 6 also shows that owners with
a college degree buy or acquire their
businesses with more start-up funding
than the baseline owner, which is not the
case for businesses started from scratch.
Owners who lack proficiency in English
begin with less funding.18 Also unlike
the results for businesses started from
scratch, the results for businesses bought
or acquired show no funding disadvan-
tage for women.19

To explore the ethnic differences
noted above, we look at the sources of
start-up funding used by owners in start-
ing their businesses. We group the fund-
ing sources listed in the surveys into
four categories. Personal savings repre-
sent entrepreneurs� personal resources;
informal funding includes loans, gifts,
or equity from family, friends, or busi-
ness associates; loans from financial in-
stitutions make up the formal financing
category; and miscellaneous sources,
including trade credit, are included in the

other sources category.
We analyze the amount of funding from personal

savings in a similar way to the total start-up costs dis-
cussed above. That is, we run a regression analysis,
including variables for ethnicity, industry types, and
various measures of human capital. The results of
these regressions, not reported here, show that the
difference between personal funding provided by
Black and Hispanic owners is small and statistically
insignificant both for businesses started from scratch
and businesses bought or acquired.20 In addition, the
results provide no evidence that Black and Hispanic
owners use significantly less personal funding than
owners in the other ethnic groups.21 The results of

TABLE 5

Regression results for total start-up funds:
Businesses started by owner

Standard
Coefficient error

Intercept 9.2622 0.6264**
Black owner –0.6089 0.2856**
White owner 0.9831 0.8929
Asian owner 0.2766 0.4592
Owner in remaining ethnic groups 0.4007 0.5544
All other retail –0.2070 0.3679
Manufacturing/wholesale –0.7959 0.5970
Grocery and other food store 0.5905 0.4356
Auto/gas sales or service –0.4338 0.4963
Business and personal services –0.2052 0.3826
Less than high school degree –0.6377 0.2779**
College degree or beyond –0.0067 0.2749
Proficient in English 0.5738 0.3141*
Previously owned a business 0.5707 0.2347**
Owner’s age at start-up 0.0041 0.0117
Female owner –0.6951 0.2460**
Years since start-up –0.0055 0.0132

Number of observations 253
R2 0.1697
Adjusted R2 0.1134

**significant at the 5 percent level.
*significant at the 10 percent level.
Notes: This table reports ordinary least squares (OLS) regression results
for the logged level of total start-up costs. The omitted ethnic category is
Hispanic; the omitted industry category is eating/drinking place; and the
omitted education category is high school diploma or some college. Thus,
the coefficients for the other ethnic groups measure differences in start-up
funding relative to Hispanics, the coefficients for the other industry types
measure differences relative to eating/drinking places, and the coefficients
for the other education levels measure differences relative to a high school
diploma or some college.
Source: Authors’ calculations based on Federal Reserve Bank of
Chicago and University of Chicago, 1993–94, Little Village Survey and
Federal Reserve Bank of Chicago and University of Chicago, 1997–98,
Chatham Survey.
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similar regressions on the level of start-up funding
provided by sources other than personal savings
show that Black owners begin their businesses with
less nonpersonal funding than Hispanic owners.22

Proportions of funding
To complement the view provided by our analysis

of funding levels from each source above, we examine
the proportion of total funding from each source.
We calculated the proportion of funding from each
source for every owner in the sample, then averaged
the results. For example, the first entry in table 7 shows
that personal savings, on average, are the most impor-
tant source of funding�64 percent of total funding for
all enterprises. There are marked ethnic differences in

the proportional use of personal savings,
with Hispanic, Black, and Asian owners
tending to depend more on personal
savings than White and Other owners.
Highlighting the importance of personal
savings, 55 percent of Black owners,
51 percent of Hispanic owners, and 45
percent of Asian owners in the sample
started their businesses using only per-
sonal savings. By comparison, 36 per-
cent of Other owners and 19 percent of
White owners depended solely on per-
sonal savings.

As reported in table 7, informal financ-
ing is the second most important source
of funding, at 18.9 percent for all firms.
Black and Hispanic owners depend less
on informal financing than owners in the
other ethnic categories. Formal financing
from banks and other formal lenders, at
10.5 percent, is less important for all firms,
on average, than personal and informal
funding, except for White owners. Formal
financing accounts for a relatively high
proportion of funding for White and
Other owners. The last funding category,
other sources, is the least important for
all firms at 6.5 percent. Hispanic and
Asian owners, for whom formal financing
provides the smallest proportion of start-
up funding, use other sources more than
White and Black owners.

Focusing on Black and Hispanic
differences, table 7 shows that Black
owners begin their businesses with a
somewhat higher proportion of start-up
funding from personal resources (69.6
percent) than Hispanic owners (66.0 per-
cent). Black-owned businesses begin

with a lower proportion of start-up funding from in-
formal sources (14.9 percent) than Hispanic-owned
businesses (19.0 percent).23 Black owners also start
their businesses with a lower proportion of funding
from other sources (3.5 percent) than Hispanic own-
ers (7.4 percent). However, the average proportion of
formal funding for Black-owned businesses (12.1 per-
cent) is higher than that of Hispanic-owned businesses
(7.2 percent).24

How does this evidence relate to the regression
results that Black owners begin their businesses with
less funding than Hispanic owners, both for businesses
started from scratch and businesses that are bought
or acquired? Regression analysis of the funding from

TABLE 6

Regression results for total start-up funds:
Businesses bought/acquired by owner

Standard
Coefficient error

Intercept 8.4491 0.8154**
Black owner –0.8290 0.4026**
White owner 0.6387 0.5750
Asian owner 0.7808 0.5605
Owner in remaining ethnic groups 0.3906 0.5963
All other retail –0.8675 0.4693*
Manufacturing/wholesale 1.0028 0.6152*
Grocery and other food store 0.5157 0.4872
Auto/gas sales or service 1.0639 0.6125*
Business and personal services 0.3859 0.4521
Less than high school diploma 0.4047 0.3554
College degree or beyond 1.0595 0.3447**
Proficient in English 0.8768 0.4927*
Previously owned a business 0.1239 0.3107
Owner’s age at start-up 0.0088 0.0151
Female owner 0.3719 0.3243
Years since start-up 0.0329 0.0167*

Number of observations 130
R2 0.3555
Adjusted R2 0.2642

**significant at the 5 percent level.
*significant at the 10 percent level.
Notes: This table reports ordinary least squares (OLS) regression results
for the logged level of total start-up costs. The omitted ethnic category is
Hispanic; the omitted industry category is eating/drinking place; and the
omitted education category is high school diploma or some college. Thus,
the coefficients for the other ethnic groups measure differences in start-up
funding relative to Hispanics, the coefficients for the other industry types
measure differences relative to eating/drinking places, and the coefficients
for the other education levels measure differences relative to a high school
diploma or some college.
Source: Authors’ calculations based on Federal Reserve Bank of
Chicago and University of Chicago, 1993–94, Little Village Survey and
Federal Reserve Bank of Chicago and University of Chicago, 1997–98,
Chatham Survey.
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personal savings shows that Black and Hispanic
owners use similar amounts of personal savings to
start their businesses. This result suggests that we
must look elsewhere to explain the gap in start-up
funding. Unfortunately, the sample size and the rela-
tive infrequency with which the remaining sources of
funding (informal, formal, and other sources) are used
do not allow us to establish conclusively how each
source contributes to the Black�Hispanic funding
gap. However, some patterns emerge from the average
proportions of start-up costs provided by each source
of funding, as reported in table 7.

For example, table 7 shows that, on average,
Black owners use a higher proportion of formal financ-
ing and lower proportions of informal and other sources
of funding than Hispanic owners. This evidence sug-
gests that less use of funding from informal and other
sources plays an important role in accounting for lower
levels of start-up funding for Black-owned businesses
relative to Hispanic-owned businesses.

Despite the differences in funding between Black
and Hispanic businesses, these businesses share
some characteristics that differentiate them from oth-
er enterprises. For example, as shown in table 4 and
by the regression analysis, Black and Hispanic owners
start their businesses with less funding than owners
in the other ethnic groups. Black and Hispanic owners
also depend on personal savings for a higher propor-
tion of their start-up funding (table 7) and are more
likely to use personal savings as their only source
of start-up funding.

Interpreting the start-up results

Evidence from other studies indicates that the
amount of financial capital available at start-up is
important, because more capital increases an enter-
prise�s chances of survival. To explore whether start-up

funding is important for the businesses in Little Village
and Chatham, we compare ongoing performance,
measured by annual profit, to the level of start-up
capital. Since profit will likely depend on other factors
beside start-up capital, we also include variables for
ethnic group, industry type, education, and business
age in the regression analysis. We include business
age as a control because we expect the impact of
start-up funding on future profit to vary with time.
Our analysis indicates that (depending on the func-
tional form) the yearly rate of return on another dollar
of start-up capital ranges from 5 percent to 20 percent
at the sample means.25 This result suggests that the
quantity of start-up capital matters for the future per-
formance of the businesses in our sample.

There are a variety of reasons owners in different
ethnic groups might begin their businesses with differ-
ent levels of funding. Possibly, there are cultural differ-
ences in attitudes toward risk, or some groups may
lack experience or certain business skills and simply
choose to begin small and learn through doing. Never-
theless, the evidence suggests that some owners are
constrained in the amount of start-up funding that
they are able to obtain and are forced to begin their
businesses with less than the optimal amount of capi-
tal. Ethnic differences in the level of start-up funding
could be the result of differences in personal wealth,
or they could be due to some groups facing greater
funding constraints than others.

Many of the owners in our sample who began
their businesses using only personal resources did
not feel constrained by a lack of access to other
sources of funding. Of those who started with only
personal funds, 65.1 percent of Hispanic owners and
52.6 percent of Black owners cited �lack of need� as
the reason that they did not seek loans or other finan-
cial assistance. Some owners wanted outside sources

TABLE 7

Average proportion of start-up costs by source of funds, percent

All Hispanic Black White Asian Other

Personal 64.0 66.0 69.6 33.2 60.1 44.2
Informal 18.9 19.0 14.9 26.5 23.4 28.9
Formal 10.5 7.2 12.1 35.4 3.1 18.5
Other sources 6.5 7.4 3.5 4.8 13.4 8.4

Observations 386 176 136 18 33 22

Notes: These results are weighted to reflect sample stratification. Numbers in columns may not total to
100 percent due to rounding.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago,
1993–94, Little Village Survey and Federal Reserve Bank of Chicago and University of Chicago,
1997–98, Chatham Survey.
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of funding�3.5 percent of Hispanics and 11.8 percent
of Blacks actively tried to get financial assistance.
The remainder, 31.5 percent of Hispanic owners and
35.6 percent of Black owners, were discouraged from
asking for assistance for some reason.

To the extent that funding constraints are impor-
tant for some owners in Little Village and Chatham,
then start-up costs will depend on an entrepreneur�s
personal wealth. More wealth allows more personal
funding of the business. More wealth also means more
collateral for borrowing, so it potentially increases the
amount of borrowed funds available at start-up.26

Unfortunately, the survey results do not provide direct
evidence of the owners� personal wealth at start-up,
so we are not able to test directly for the effects of
wealth on start-up funding.27 Thus, the observed
ethnic differences in the level of start-up funding
may be the result of differences in wealth not cap-
tured by the human capital variables included in our
regressions. Given that the literature shows that
Whites tend to have more wealth than Blacks with
similar levels of human capital, it is not surprising
that our results indicate that White owners begin
their businesses with more start-up funding than
Black owners. However, differences in wealth between
Blacks and other minority groups have not been as
much studied. In particular, there is little reason to
believe that Hispanics have more personal wealth
than Blacks for a given level of human capital.28 Thus,
it is doubtful that wealth differences explain our cen-
tral finding that Black owners begin their businesses
with less start-up funding than Hispanic owners for
a given level of human capital.

Although not conclusive, the available evidence
suggests that Black owners use less financing from
informal sources than Hispanic owners. An interpre-
tation of the funding shortfall that is consistent with
the evidence presented here is that Black owners, for
some reason, have less access to networks that pro-
vide informal financing.

Trade credit and other ongoing financing

Once in operation, a business may need ongoing
financing to meet working capital needs or to expand.
Trade credit is an important source of ongoing credit;
according to a national survey, 60.8 percent of small
businesses in 1993 had outstanding trade credit and
trade credit accounted for 31.3 percent of total debt.29

As shown in table 8, trade credit is widely used by
businesses in Little Village and Chatham, with 38.2
percent of the respondents owing money to one or
more suppliers.

Whether or not a business uses trade credit de-
pends on the supplier as well as the business owner,

because the supplier must be willing to extend credit.
Presumably, a supplier would weigh the costs and
benefits of extending trade credit to a particular busi-
ness rather than demanding cash. There are a number
of reasons suppliers may have advantages relative to
other lenders in supplying credit to their customers.
For example, suppliers may extend credit to attract
future orders, especially from growing businesses.
Suppliers may also have an advantage in assessing
credit risk, monitoring the borrower, or liquidating
collateral.30 Table 8 shows that 56.7 percent of the
businesses in the sample have at least one supplier
who offers credit, indicating that a substantial number
of them do not have access to trade credit. A majority
(66.6 percent) of the businesses that are offered trade
credit make use of it, and owed a supplier at the time
of the survey. The median amount owed was $3,176.

There are substantial ethnic differences in the
use of trade credit. As shown in table 8, the proportion
of Black owners who owe a supplier (20.1 percent) is
much lower than that of the other ethnic groups,
whereas the proportion of Asian owners (66.7 percent)
is relatively high. Using the proportion of Hispanic
owners owing suppliers (44.4 percent) as a basis for
comparison, the Hispanic�Black and Hispanic�Asian
differences in the use of trade credit are statistically
significant at conventional levels.31

These ethnic differences are due, in part, to dif-
ferences in the proportion of owners in the various
groups that are offered credit by suppliers. Hispanic
(57.6 percent) and, especially, Black owners (44.8 per-
cent) are less likely to be offered credit by a supplier
than other owners. Again, using the proportion of
Hispanic owners who are offered credit as a basis of
comparison, the differences between Hispanic owners
and the remaining ethnic groups are statistically signif-
icant at the 10 percent level.32 Thus, part of the reason
Black and Hispanic owners are less likely to owe a
supplier than owners in other ethnic groups is that they
are less likely to be offered trade credit by a supplier.

Once trade credit is offered, business owners
must decide whether to take advantage of it. Table 8
shows that about two-thirds of all the businesses
that are offered credit owe a supplier, confirming that
trade credit is widely used when available. Among
businesses that are offered trade credit, Black-owned
enterprises are less likely to owe a supplier (44.9 per-
cent) than the other groups. For the other ethnic
groups, the range is from 64.3 percent for White
owners to 83.6 percent for Asian owners.33 Note that
Hispanic owners tend to use trade credit when it is
available�at 75.3 percent, Hispanic owners lag only
Asian owners.
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These findings indicate that the relatively low
proportion of Black owners who owe a supplier (20.1
percent) reflects both that they are less likely to be
offered trade credit and that they are less likely to take
on trade credit when it is available. By contrast, Asian
owners have a high propensity to owe a supplier
(66.7 percent), because they are often offered credit
and they tend to use it when it is offered. Hispanic
owners are an intermediate case in that, like Black
owners, they are less likely to be offered credit than
owners in the other ethnic groups, but they tend to
use it when it is offered.

Compared with the widespread use of trade credit,
a relatively small proportion of businesses (17.6 per-
cent) used other ongoing credit at the time of the sur-
vey (see table 8). This proportion is relatively low
compared with the use of formal credit in a national
sample of small businesses in 1993. Even if we only
consider businesses with fewer than two employees
from that national sample (to make it more comparable
to the neighborhood sample), the results indicate that
formal credit is used by 41.9 percent of small busi-
nesses.34 Ethnic differences are not that apparent in
the prevalence of other ongoing credit, except that
Asian owners are more likely than other owners to
have creditors other than suppliers.35 Most of the
lenders that extend this ongoing credit are part of
the formal sector; 69.4 percent of all lenders listed by
respondents are financial institutions, primarily com-
mercial banks.36 This finding holds in general for busi-
nesses in both Little Village and Chatham. However,
there are some ethnic differences in the sources of
ongoing credit. Credit cards, whether issued to an in-
dividual or a business entity, can be used for business
purposes. The use of credit cards is more common
among Black owners�35.4 percent of their lenders
are credit card issuers�whereas no credit card issuers
are mentioned by Hispanic owners. Loans from indi-
viduals, clearly an informal source of funds, are found
in Little Village; 16.7 percent of the lenders listed by
Hispanic owners are identified as individuals. By con-
trast, no individual lenders are identified in Chatham.
This finding echoes the evidence that Black owners
are less likely to obtain funds from informal sources
during start-up than owners in the other ethnic groups.

Interpreting the ongoing credit results

We observe some patterns in these results. Be-
cause trade credit can be a relatively expensive source
of ongoing credit, high levels of trade credit have
been used in the literature as an indicator that firms
are constrained from borrowing at the lower interest
rates available from financial institutions (Petersen

and Rajan, 1994). Thus, it is not clear whether using
less trade credit indicates a constraint or a lack of
need. However, being offered credit by a supplier,
whether or not it is used, is clearly desirable as a
potential source of funds. In addition, an owner�s
attitude toward risk and desire to expand the business
may have a bearing on how much ongoing credit is
demanded.

A possible explanation for these patterns is that
ethnic groups may differ in their access to ethnic net-
works formed by businesses and their suppliers. To
test this explanation, we look at the ethnic relation-
ship between businesses and their suppliers. Since a
given business may have up to three suppliers listed
on the survey, we look at each combination of business
and supplier.37 We find that Asian owners are more
likely to deal with suppliers of the same ethnicity;
46.8 percent of their suppliers are also Asians. This
proportion is lower for Hispanic (31.5 percent), Black
(27.5 percent), and Other (20.5 percent) owners.

This finding might suggest that the relatively
high proportion of Asian owners who use trade credit
is due to some unique features of an ethnic supply
network. For example, involvement in an ethnic net-
work may provide superior information on which to
base credit decisions, give more incentive for each
side to carry out their contractual obligations, or aid
in monitoring the credit relationship.

However, looking beyond the ethnic identity of
a given supplier undermines this line of reasoning. In
general, suppliers of the same ethnicity as the business
owner are not substantially more likely to offer trade
credit. In addition, minority business owners are not
more likely to take up trade credit from a supplier of
the same ethnicity than from a supplier of a different
ethnicity. Thus, the differences across ethnic groups
in the use of trade credit shown in table 8 are not
explained by a simple ethnic relationship between the
supplier and the business owner. For example, a rela-
tively high proportion of Asian owners owe a supplier
for two reasons: because they are likely to be offered
credit, regardless of the ethnicity of the supplier, and
because they are likely to use credit if it is offered,
again regardless of the ethnicity of the supplier.

We gain more information about financial con-
straints for small businesses from two survey ques-
tions dealing with the owners� willingness to bear
risk to start another business and how they would
spend an unexpected windfall. Table 9 shows the
aggregated responses to the question, How willing
would you be to risk your house and all your posses-
sions in borrowing money to start another business?
Since we would expect owners nearing retirement age



58 Economic Perspectives

to be less willing to undertake a new business, the
figures apply to owners under 55 years of age. (This
will also mute the effect of systematic differences in
age across ethnic groups.) This measure of willing-
ness to bear risk ranges from 37.9 percent for Asian
owners to 69.3 percent for White owners. The propor-
tion of Black owners willing to risk all (49.4 percent)
is somewhat lower than that of Hispanic owners
(60.5 percent).

Table 9 also shows the aggregated responses to
a question on how owners (under age 55) would
spend a windfall gift of $20,000. Economic theory
 predicts that if an entrepreneur is financially uncon-
strained, an increase in assets will have little effect
on the amount of capital invested in the business,
because the business is already operating with the
optimal amount of capital.38 A business owner who is
financially constrained, on the other hand, will use
the windfall to increase the capital employed in the
business. The proportion of owners who say they
would invest the windfall assets in the business

ranges from 38.5 percent for White owners to 78.3
percent for owners in the Other category. The rela-
tively high proportion of owners who make this
response is consistent with the widespread percep-
tion of financial constraints for established business-
es.39 Interestingly, Hispanic owners (62.3 percent) are
more likely to invest the windfall in a business than
Black owners (46.8 percent).

How does this evidence relate to the ethnic differ-
ences in the use of trade credit presented in table 8?
We would expect that owners who are more willing to
risk all on a new business would be more willing to
take on additional ongoing credit. If ongoing credit
constraints are indicated by investing a windfall in
the business, then we would expect more constrained
firms to use more trade credit. However, the results
are not consistent across ethnic groups.

Relative to Hispanic owners, Black owners are
less willing to risk all in a new business and less will-
ing to invest a windfall in a new or existing business.

TABLE 8

Use of trade and other ongoing credit, percent

All Hispanic Black White Asian Other

Owes a supplier—total sample 38.2 44.4 20.1 47.6 66.7 53.8
(393) (176) (135) (24) (32) (25)

A supplier offers credit 56.7 57.6 44.8 74.1 79.8 73.0
(393) (176) (135) (24) (32) (25)

Owes a supplier, credit is offered 66.6 75.3 44.9 64.3 83.6 73.8
(229) (101) (65) (18) (26) (19)

Has credit other than trade credit 17.6 15.5 18.6 16.6 32.7 6.4
(415) (183) (148) (25) (34) (24)

Notes: These results are weighted to reflect sample stratification. Observations are in parentheses.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago, 1993–94,
Little Village Survey and Federal Reserve Bank of Chicago and University of Chicago, 1997–98, Chatham Survey.

TABLE 9

Measures of entrepreneurial disposition, percent

All Hispanic Black White Asian Other

Willing to risk all on new business 56.6 60.5 49.4 69.3 37.9 69.6

Would invest windfall in business 57.2 62.3 46.8 38.5 48.3 78.3

Observations 304 162 77 13 29 23

Note: Proportion willing to risk all in new business includes those who answered somewhat or very willing
to risk all. The sample was limited to those owners less than 55 years of age.
Source: Authors’ calculations based on Federal Reserve Bank of Chicago and University of Chicago, 1993–94,
Little Village Survey and Federal Reserve Bank of Chicago and University of Chicago, 1997–98, Chatham Survey.
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These results are consistent with the finding that
Black owners use less trade credit. Asian owners,
who are generally less likely to be willing to risk all in
a new business and to invest a windfall than most of
the other ethnic groups, are more likely to use trade
credit, which is the opposite of what we would expect.
Thus, these indicators of willingness to bear risk
and invest a windfall are consistent with the Black�
Hispanic differences in the use of trade credit, but
not consistent with the relatively heavy use of trade
credit by Asian owners.

Conclusion

Our results confirm the importance of personal
savings and informal sources of credit in meeting the
need for start-up funding for small businesses. Credit
from financial institutions is little used by small enter-
prises in the start-up phase. There are pronounced
ethnic differences in the amount of start-up funding
used by businesses in our sample. In particular, we
find that Black owners start their businesses with sig-
nificantly less capital than Hispanic owners. After ad-
justing for industry type and some demographic and
human capital variables, we estimate that a Black
owner uses about one-half of the start-up capital
obtained by a comparable Hispanic owner. When
we look at the sources of funding, we find that the

Black�Hispanic gap in total start-up funding is due
more to differences in the use of informal sources of
funding than in the amount of personal savings put
up by the owner. We also find that Black owners are
much less likely to owe their suppliers than owners in
the other ethnic groups. The evidence indicates that
Black owners are somewhat less likely to be offered
credit by suppliers and that they are much less likely
to use trade credit if it is offered. This result can not
be explained by comparing the ethnicity of owners
and their suppliers.

The importance of informal sources of funding
suggests that it is worth exploring ways to combine
the presumed flexibility and informational advantages
of informal networks with the formal sector�s ability
to mobilize capital. Community development financial
institutions and micro-lending pools are examples of
institutions that, in some ways, combine the
strengths of formal and informal sources of capital.

The ethnic differences in the amount of capital
used and the sources of capital illustrate the importance
of learning more about how formal and informal capi-
tal and credit markets work with regard to ethnic net-
works and ethnic neighborhoods. These results have
important implications for ethnic differences in business
survival and growth, the decision to become self-
employed, and income and wealth accumulation.40

NOTES

1Empirical tests of the presence of liquidity constraints can be
found in Evans and Jovanovic (1989) and Holtz-Eakin, Joulfa-
ian, and Rosen (1994a,b). Note that liquidity constraints were
found for White males and higher-income individuals in these
studies. Presumably, constraints would be even more evident
for minority groups.

2Evidence for a positive relationship between start-up capital
and survival and growth can be found in Brüderl and Preisendörfer
(1998) for a sample of German businesses and Bates (1990,
1991) for a sample of Black and White owners in 1982.

3Cavalluzzo and Cavalluzzo (1998) examine a national sample
of small businesses and find that minorities fare worse than
Whites in some respects. See Munnell et al. (1996) for an influ-
ential study of discrimination in mortgage markets.

4See Bond and Townsend (1996), Raijman (1996), and Tienda
and Raijman (1996) for a description and some findings from
the Little Village Surveys for households and businesses.

5The survey fieldwork was conducted during 1993�94 in Little
Village and 1997�98 in Chatham.

6White, Asian, and Other owners are represented in both Little
Village and Chatham, but Black owners are almost exclusively
located in Chatham and Hispanic owners in Little Village.

7It is important to note that all the results presented here are
conditioned on the survival of businesses to the survey date.

8The average start-up costs for firms owned by Whites, Asians,
and Others are statistically different from Hispanic firms at
the 10 percent level of significance or less (based on a t-test).

9The significance level for the t-test of the difference in means
between Hispanic- and Black-owned firms started from scratch
is 26 percent; the corresponding figure for bought or acquired
firms is 32 percent.

10Preliminary regression analysis established that splitting the
sample according to how the business was started results in eco-
nomically and statistically significant differences in coefficient
estimates. Thus, we report regression results for the split sample.

11This would be the case if some industries require start-up costs
that are lumpy in the sense of not being completely adjustable.
An example would be a manufacturing process that requires a
particular piece of equipment to be economically viable.

12Some sample selection issues are raised by the fact that the
sample includes firms that by definition have survived to the
survey date. Another reason to include a trend term is as a
crude way of accounting for the possibility that older firms
 survive because they begin with more start-up financing. A
variable capturing the state of the business cycle at start-up
was found to be without value in preliminary regressions.
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13The logged value of the estimated start-up costs (9.92398) is
calculated as follows: Estimated costs = Intercept + Proficient
in English coefficient + Owner�s age coefficient × 37 years +
Years since start-up coefficient × 12 years. The values for
owner�s age and years since start-up are sample means.

14For example, the logged value of start-up costs for a Black
owner (9.315061) is calculated by adding the Black coefficient
(�0.608927) to the baseline logged value (9.92398). This value
converted to dollars equals $11,104.

15It is possible that the ethnic differences noted here partly re-
flect location or neighborhood differences. We are not able to
test this directly for Black and Hispanic owners because they
are not represented in both neighborhoods. The results of a re-
gression analysis for White, Asian, and Other owners (who are
represented in both neighborhoods) indicate that the location
effect is economically small and statistically insignificant.

16The differences between Blacks and all other ethnic groups
are statistically significant at the 10 percent level, or less.

17The differences between Blacks and all other ethnic groups
are statistically significant at the 10 percent level, or less.

18The differences in start-up funding implied by the coefficients
for college degree and proficiency in English are somewhat
larger than the difference between Black and Hispanic owners
discussed above.

19The coefficient for female is positive but not statistically
significant at the usual confidence levels.

20We do not use an OLS regression because a number of busi-
nesses report using no start-up funding from personal savings,
thus piling up observations on the lower bound of zero. We use
a tobit estimation to take this into account. See Greene (1997,
pp. 962�974).

21In fact, these regressions provide evidence that owners in the
White and Other categories use less start-up funding from per-
sonal resources than Black and Hispanic owners.

22Although the ethnic differences in nonpersonal funding tend
to be economically large, they generally are not statistically
significant because of high standard errors, probably due to the
relatively small number of observations.

23Data from the 1982 Characteristics of Business Owners
Survey confirm that these general findings apply to a national
sample of businesses. Asian owners were more likely to have
obtained loans or equity from friends and family than Black
and Hispanic owners, and, in turn, Hispanics obtained more
than Blacks. See Bates (1989) and Fratoe (1988).

24Comparison of the means of the logged amounts of start-up
funding for the various sources of funding provides the same
picture as the mean proportions discussed here. The means of
logged funding from informal and other sources are higher for
Hispanic-owned businesses than for Black-owned businesses, and
the means of logged funding from personal and formal sources
are higher for Black owners. Splitting the sample into businesses
that were started from scratch and those that were bought or ac-
quired does not affect the general results presented here.

25We use a tobit regression because profit is not reported for
businesses in Little Village that lost money the previous year,
resulting in censored observations. The coefficient for start-
up funding is statistically significant for the specification in

levels but not for the semi-log and log-log versions. The results
are only suggestive in that we do not account for the selection
effects of having only ongoing firms in our sample.

26The assumption that the borrowing constraint depends on
personal assets can be found in standard models of entrepre-
neurial choice, such as Evans and Jovanovic (1989) and Holtz-
Eakin, Joulfaian, and Rosen (1994a). Avery, Bostic, and
Samolyk (1998) find that personal collateral and guarantees
are widely used as backing for small business loans. However,
they find no consistent relationship between wealth and the
use of these personal commitments.

27Education and other human capital variables plausibly capture
differences in permanent income. However, Blau and Graham
(1990), Smith (1995), and Menchik and Jianakoplos (1997)
provide evidence indicating that income and demographic vari-
ables do not fully explain Black�White differences in wealth.

28Smith (1995) reports that the coefficients for Black and
Hispanic indicator variables in mean and median wealth regres-
sions are quite similar, indicating that relative to White house-
holds, Black and Hispanic households have similar levels of
wealth conditioned on the variables included in the regression.
These results are based on the Health and Retirement Study
and so reflect the experience of older households.

29The figures come from the 1993 National Survey of Small
Business Finance, which defines small businesses as those with
fewer than 500 employees. See Cole and Wolken (1995, table
A.2) and Berger and Udell (1998, table 1) for the cited figures
on the use of trade credit.

30See Petersen and Rajan (1996) and Mian and Smith (1992)
for discussions of the theory and practice of managing trade
credit.

31The statistical significance is based on a logit regression using
the ethnic variables. The ethnic differences noted here remain
after controlling for a number of factors that might matter for
the use of trade credit. We test this using a logit regression, in-
cluding the ethnic variables, industry types, and human capital
and demographic variables used in the regressions on total
start-up costs reported above. In addition, we include the age
of the business (logged) and the number of employees (logged)
to account for some of the differences among the ongoing
businesses. A tobit regression of the log of the dollar amount
of trade credit shows that Black owners owe significantly less
taking these variables into account.

32After controlling for industry types, human capital and demo-
graphic variables, and business characteristics in a logit regres-
sion using Hispanic owners as the reference group, only the
Hispanic�Asian ethnic difference is statistically significant. If
Black owners are the reference group, Black owners are statis-
tically significantly less likely to be offered credit than Asian
and Other owners.

33The ethnic differences between Black owners and owners in
the other ethnic categories reported here are statistically sig-
nificant, with the exception of the difference between Black
and White owners. This result also holds after controlling for
industry types, human capital variables, and business charac-
teristics.

34Figures from the 1993 National Survey of Small Business
Finances (Cole and Wolken, 1995). The cited figure does not
include credit card debt.
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35The difference in the proportion of Asian owners who use
other credit relative to Hispanic owners is statistically signifi-
cant. However, the difference is no longer significant after con-
trolling for the industry types, human capital and demographic
variables, and business characteristics in a logit regression.

36Some businesses list more than one lender.

37In the case of corporate suppliers for which there is no clear
ethnic identity, the ethnicity of the contact person is reported.

38See Holtz-Eakin, Joulfaian, and Rosen (1994a) for an exam-
ple of a model that applies to an entrepreneur facing a liquidity
constraint.
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