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The Impact of Economic Conditions on Participation in
Disability Programs: Evidence from the Coal Boom and Bust

By DAN BrLACK, KERMIT DANIEL, AND SETH SANDERS*

We examine the impact of the coal boom of the 1970’s and the coal bust of the
1980’s on disability program participation. These shocks provide clear evidence
that as the value of labor-market participation increases, disability program par-
ticipation falls. For the Disability Insurance program, the elasticity of payments
with respect to local earnings is between —0.3 and —0.4 and for Supplemental
Security Income the elasticity is between —0.4 and —0.7. Consistent with a model
where qualifying for disability programs is costly, the relationship between eco-
nomic conditions and program participation is much stronger for permanent than
for transitory economic shocks. (JEL JO, HO)

In 1993, 3.7 million former workers in the
United States were receiving Disability Insur-
ance (DI) payments from Social Security. At the
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same time, 4.4 million disabled Americans were
receiving income from Supplemental Security
Income (SSI). These two programs accounted
for payments to the disabled of nearly $51 bil-
lion. Expenditures for disability programs far
exceed expenditures on other cash assistance
programs. For example, despite the attention it
received from politicians and the media, Aid to
Families with Dependent Children (AFDC) ac-
counted for payments of less than $23 billion to
about 14 million recipients in 1993.

These high levels of disability payments are
the result of a 30-year expansion of disability
programs expenditures in the United States. To-
gether SSI and DI real expenditures increased
400 percent from 1970 to 1993, and the number
of recipients increased 400 percent as well. By
comparison, during the same period AFDC pay-
ments increased only 50 percent in real dollar
terms, and the number of welfare recipients
doubled. Because of the enormous growth in
disability programs over the last 30 years and
their current importance as a source of public
aid, understanding why these programs have
grown so rapidly is an important public policy
question.'

! Statistical Abstract of the United States, Tables 582,
597, and 598 (U.S. Department of Commerce, Bureau of the
Census, 1996), provide the DI and (1980 and 1990) SSI
expenditures and recipient counts. Committee on Ways and
Means (1994) Table 8.1 provides the AFDC expenditures,
and we use Tables 4-20 and 4-24 to impute the approximate
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The rise in expenditures on DI and SSI coin-
cided with a sharp reduction in the relative
earnings of low-skilled men. McKinley L.
Blackburn et al. (1990), John Bound and
George Johnson (1992), Lawrence F. Katz and
Kevin M. Murphy (1992), Murphy and Finis
Welch (1992), and Chinhui Juhn et al. (1993),
to name but a few, examine the fall in earnings
of low-skilled workers during the 1970’s and
1980’s. A decline in the labor-force participa-
tion of low-skilled men accompanied their de-
cline in wages. Juhn (1992), analyzing Current
Population Survey (CPS) March Supplement
data from 1968 to 1988, finds the decline in
labor-force participation particularly severe
among less educated men. To what extent
has the decline in the earnings of low-skilled
men contributed to the increase in disability
payments? We address this question in our
paper.

Donald O. Parsons (1980, 1982) addresses a
related but distinct issue. He argues that growth
in disability programs accounts for a large share
of the post-World War II decline in labor-force
participation. His central piece of evidence is
that labor-market dropout appears larger for in-
dividuals who face more generous DI pay-
ments.” Specifically, the larger the replacement
rate—the fraction of pre-disability earnings re-
placed by the DI program—the lower is the
probability of working among prime-aged men.
Parsons’ work, however, has been vigorously
challenged. Robert H. Haveman and Barbara L.
Wolfe (1984a,b), Bound (1989), and Bound
and Timothy Waidmann (1992), while not de-
nying that disability programs have had some
impact on labor-force participation, dispute the
magnitude of the impact. They point out the
potential endogeneity of Parsons’s measure of

payments and number of disabled recipients for 1970 SSL
In 1970, the DI program paid $2.4 billion to 1.3 million
recipients. Because SSI was not a federal program in 1970,
corresponding estimates for the disability portion of SSI are
not available. Approximately 1 million of the 3.1 million
SSI recipients in 1970, however, were blind or disabled, and
total expenditures were about $2.9 billion, which provides
us with approximate expenditures of $1 billion.

2 Similarly, Frederic P. Slade (1984), using data from the
1969 Longitudinal Retirement History Survey, estimates
that a 10-percent increase in the generosity of DI payments
would reduce labor-force participation of men between the
ages of 58 and 63 by 8.1 percent.
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DI generosity. Specifically, because the DI sys-
tem is progressive, workers with chronic health
problems might have lower earnings that would
qualify them to have a higher fraction of their
earnings replaced by the DI system. In this case,
a high replacement rate may simply reflect a
worker’s chronic health problems and it is not
surprising that dropping out of the labor market
is positively correlated with health problems
(and hence the replacement rate). Bound and
Waidmann (1992) suggest that early diagnosis
and treatment now allow many men who would
have died to survive, but not to recover enough
to work. They argue that this accounts for up
to 80 percent of the decline in labor-force par-
ticipation for men aged 45 to 54 during the
1970’s.

Instead of relying on the replacement rate, and
the problems involved with its use, we use varia-
tion in local earnings growth within states to see
how changes in the local economy affect partici-
pation in the DI program. We use this approach
because, for a specific geographic region in the
United States, there is an exogenous shock to the
value of labor-force participation. Because of reg-
ulatory changes and the OPEC oil embargo there
were a series of sharp increases in the price of coal
during the 1970’s. The Appalachian regions of
Kentucky, Ohio, Pennsylvania, and West Vir-
ginia, in addition to other areas with coal, experi-
enced rising employment and earnings while other
areas within relatively short distances suffered the
declines in economic activity experienced by the
overall American economy. A subsequent bust in
the coal market in the 1980’s reversed these gains.
We use this variation in local economic conditions
to identify the impact of labor-market conditions
on DI program participation. Moreover, because
the coal boom persisted for a long period, and the

3 Haveman and Wolfe (1984a, b) note the potential en-
dogeneity of the replacement rate and correct for this endo-
geneity by predicting DI income. As Bound (1991) argues,
however, exclusion restrictions of questionable legitimacy
are required in order to generate the instruments required for
this strategy. See Parsons (1984) for his defense to these
challenges. Bound’s (1989) approach is to use DI applicants
who are denied disability insurance as a control group for
those who received disability insurance. See Parsons (1991)
for a critique of Bound’s approach and Bound (1991) for his
reply. Gruber (2000), using a 36-percent increase in disabil-
ity payments in Quebec, finds an estimated labor-force
nonparticipation elasticity of about 0.3.
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subsequent coal bust persists through today, these
economic shocks represent long-term changes in
local labor-market conditions rather than transi-
tory ones. Our results suggest that permanent job
creation or destruction has a much larger effect on
disability program use than more transitory
changes in local labor markets.

Establishing the relationship between local
economic conditions and DI program partici-
pation may help inform the debate between
Parsons and Bound as well. The central issue in
both our question and theirs is the degree to
which disability participation and labor-force
participation are substitutes. A finding, for ex-
ample, of no relationship between economic
opportunities and disability program use would
support the contention that the effects of the rise
of disability programs on labor-force participa-
tion are small. Furthermore, the larger the ef-
fects of economic opportunities on disability
program enrollment, the larger is the substitu-
tion potential between work and disability. This
suggests a larger role for disability insurance
in explaining the decline in prime-aged male
labor-force participation.

The remainder of the paper is structured as
follows. In the next section, we describe fea-
tures of the two major U.S. disability programs.
In Section II we describe the coal boom and
bust, documenting the impact that this cycle had
on local economic conditions and on the use of
disability programs. In Section III we discuss
our econometric specification, and in Section IV
we present the results of our estimation. In
Section V we offer some concluding comments.
The Appendix describes the data we use.

I. Program Description®

The DI program covers all participants in the
Social Security system. In order to qualify for
DI benefits an individual must be deemed dis-
abled by the Social Security Administration
(SSA). According to SSA rules, an individual is
deemed disabled if he is unable “to engage in
substantial gainful activity by reason of a phys-
ical or mental impairment.” The impairment
must last for at least 12 months (or be expected

4 Unless we otherwise indicate, this discussion follows
Committee on Ways and Means (1994, 1996).
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to result in death). The SSA maintains a list of
impairments that, if diagnosed by a physician,
qualify individuals for benefits. If individuals
have conditions not on this list, however, they
may still qualify for benefits if physicians de-
termine that the conditions result in sufficient
impairment. In making the determination of im-
pairment, the applicant’s age, education, and
work experience are considered when determin-
ing whether an applicant might still work. The
work need not exist in the immediate area in
which the claimant lives, nor must a specific job
vacancy exist for the individual.

There are no other requirements for participa-
tion such as income or asset tests. DI payments are
based on past earnings. High-income individuals
receive more benefits from DI than low-income
individuals. Caps on the amount that individuals
can receive from (or pay into) the DI system make
the system progressive, and the replacement rate is
higher for low-income individuals than for high-
income individuals.

The Social Security Act of 1935 established
federal grants to states that were to be used for the
care of the aged, blind, and disabled. In 1974, the
federal SSI program replaced these grants with a
federal income-maintenance program to be ad-
ministered by the SSA. Nationally, about 74 per-
cent of the nearly 6 million SSI recipients qualify
for benefits because of a disability. For the pur-
pose of eligibility for SSI benefits, the SSA de-
fines disabled individuals as those ‘“unable to
engage in any substantial gainful activity by rea-
son of a medically determined physical or mental
impairment expected to result in death or that has
lasted, or can be expected to last, for a continuous
period of at least 12 months.” Gainful activity is
operationally defined as earning $500 a month
after impairment-related expenses have been de-
ducted; L. Scott Muller et al. (1996) find that 13
percent of recipients report some labor income
while receiving SSI.

The SSI program is designed to be a welfare
program. In the words of the Committee on
Ways and Means (1994), “Since its inception
SSI has been viewed as the ‘program of last
resort.’” ” Because of this, individuals deemed
disabled must additionally meet strict asset tests
to qualify for SSI and can have no more than
$470 per month in earnings or in income from
all other assistance programs combined. The
SSI application is considered only after the
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FIGURE 1. THE REAL PRICE OF COAL, 1946-1993, AND MINING EMPLOYMENT AS A PERCENT
OF ToTAL EMPLOYMENT, 1969-1993

applicant has applied to all other assistance pro-
grams for which he qualifies. In 1995, the av-
erage monthly payment to a SSI recipient was
$348 while the average payment to a DI recip-
ient was $682. Like other Social Security ben-
efits, benefits from both programs are indexed
to the Consumer Price Index.

Taken together, the benefit structure of the
SSI and DI programs are quite progressive. Be-
cause SSI payments are available only to poor
individuals, this makes SSI and DI together
more progressive than the DI program is alone.
Put differently, the replacement rate is larger for
low-wage workers than for high-wage workers,
and hence the relative reduction in income from
withdrawal from the labor market is smaller for
disabled, low-wage workers.

II. The Impact of the Coal Boom
and Bust on Local Economies

The increases in coal prices in the 1970’s
were large by any standard. Figure 1 displays

the real price of coal from 1946 to 1993 and the
percentage of total employment from the min-
ing industry in the four-state region for 1969 to
1993. A 28.2-percent increase in coal prices
between July 1969 and July 1970 brought coal
prices to a post-World War II high, but the price
increase associated with the 1973 oil embargo
was even larger. The real price of coal increased
44 percent between July 1973 and July 1974,
and then remained relatively stable until about
1978, when it began a steady decline that con-
tinued through the 1980’s and 1990’s. Indeed,
between 1983 and 1993, the real price of coal
declined in each year. The large changes in coal
prices had a major impact on coal economies.
The fraction of total employment from the min-
ing industry for the four-state region tracks the
price movement relatively well. It increased
from about 1.22 percent in 1969 to a high of
1.77 percent in 1982 and then fell to 0.77 per-
cent in 1993.

The coal boom and bust had a fundamental
impact on these local economies. We classify



VOL. 92 NO. 1

counties into one of three groups by their coal
reserves. Counties with at least a billion tons of
coal reserves are defined as large coal-reserve
counties. Counties with more than 100 million,
but less than a billion, tons of coal reserves are
defined as moderate coal-reserve counties.
Counties with less than 100 million tons of coal
reserves are considered outside the coal re-
gions.” Counties with moderate coal reserves
had per capita income grow 1.5 percent faster in
the boom and shrink 1.4 percent slower in the
bust than areas with little or no coal. Similarly,
regions with large coal reserves had per capita
income grow at a 3.4-percent faster rate in the
boom and a 2.3-percent slower rate during the
bust than areas with little or no coal. This in-
crease in per capita income during the coal
boom was accomplished as population increased.
In both the moderate and large coal-reserve areas,
population grew during the boom and contracted
during the bust; see Black et al. (2000).
Ascertaining precisely how these economic
shocks affected the residents of the coal-produc-
ing areas is difficult. Because these areas are
small, residents are not identified in the data sets
that labor economists have traditionally used.
Indeed, even the Decennial Censuses do not
reveal individual county-level data from these
areas because the counties are too small. It is
possible to use the 1970, 1980, and 1990 De-
cennial Censuses Public Use Micro Samples to
obtain some information about the earnings and
labor supply of the individuals in the coal re-
gion. The Public Use Micro Samples identifies
the location of respondents only at the county-
group level (less elegantly termed a PUMA in
the 1990 Census). In 1970, county groups were
collections of “counties” in which at least
250,000 people resided. For the 1980 and 1990
Censuses, county groups or PUMAs were col-
lections of counties in which at least 100,000
people resided. Thus, in large metropolitan ar-
eas, a “county group” will be only a portion of
a county, but in rural areas county groups will
encompass several counties. Moreover, the
groupings of counties are not consistent across

5 There is nothing special about these cutoffs. We ob-
served those counties with more than a billion tons of coal
reserves are invariably large coal producers. Those with less
than 100 million tons were usually not large producers of
coal.
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Censuses, and the groupings are often unrelated
to the coal seams.

With these caveats, however, we can identify
county groups that contain a relatively large
number of workers employed in the coal indus-
try. We define a coal area as any area in which
more than 0.5 percent of employment is in the
coal industry. A noncoal area is any area that
had 0.5 percent or less employment in the coal
industry. The timing of the Census is particu-
larly fortunate for us. The 1970 Census, which
asks about labor-market information for 1969,
is before the beginning of the coal boom. The
1980 Census, which asks about labor-market
information for 1979, is roughly at the peak of
coal boom, and the 1990 Census, which asks
about labor-market information about 1989, is
in the coal bust.

In Panel A of Table 1, we provide simple
differences-in-differences estimates of changes
in various measures of labor supply and earn-
ings for men and women. We compare the
percentage change in labor-market outcomes of
those who reside in coal areas relative to those
in noncoal areas. The labor-market outcomes
we use are real annual earnings, annual hours
worked, annual weeks worked, hours per week,
whether the respondent is in the labor force, and
average real wage.

The differences are stark. Real, annual earn-
ings of men in coal areas grew 13 percent faster
between 1969 and 1979 than in noncoal areas.
Yet, changes in annual hours worked were vir-
tually identical to those in noncoal areas. Labor-
force participation for both men and women
grew modestly faster in coal areas than in non-
coal areas (about 3 percent faster). The average
real wage, however, increased 17 percent faster
for men and 10 percent faster for women in coal
areas than in noncoal areas. Thus, during the
coal boom, the increased earnings in the coal
areas resulted largely from increases in hourly
compensation rather than labor supply.

Wages also change dramatically between
1979 and 1989 although in the opposite direc-
tion of the coal boom. Wages declined about 8
percent in coal areas relative to noncoal areas.
There is more evidence, however, that the coal
bust affected labor supply. The relative decline
in earnings among working men and women
was larger than the change in wages. Labor-
force participation declined for men and weeks
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TABLE 1—CHANGES IN EARNINGS, HOURS WORKED, WEEKS WORKED, WAGES, AND LABOR-FORCE STATUS: KENTUCKY,
OHIO, PENNSYLVANIA, AND WEST VIRGINIA 1969 TO 1979 AND 1979 TO 1989 (IN PERCENTS)

Differences-in-differences,
coal and noncoal areas,
1979 to 1989

Differences-in-differences,
coal and noncoal areas,

Panel A: By Gender 1969 to 1979

Population aged 25 to 64 Men Women Men Women
Average real annual earnings 13.0 15.9 -13.5 -11.7
Average hours per year -0.2 -0.3 —4.9 -1.6
Average weeks worked per year -0.8 1.8 —4.1 0.4
Average hours per week 1.6 0.2 -3.7 -0.9
In labor force 29 2.7 -29 1.4
Conditional on working, aged 26 to 64

Average real annual earnings 11.9 9.5 -11.1 -10.9
Average hours per year -2.8 -2.0 -2.0 -2.6
Average weeks worked per year -1.7 -0.7 -13 -0.9
Average hours per week —1.1 -0.7 —0.8 -1.9
Average real wage 17.2 10.2 —8.6 =79

Differences-in-differences,
coal and noncoal areas,
1979 to 1989

Differences-in-differences,
coal and noncoal areas,

Panel B: By Coal and Noncoal Workers 1969 to 1979

Coal Noncoal Coal Noncoal
Population of men, aged 25 to 64 workers workers workers workers
Average real annual earnings 477 9.3 -8.5 —133
Average hours per year 14.6 -1.5 -15 =5.0
Average weeks worked per year 11.9 -1.9 —4.5 -39
Average hours per week 17.0 0.3 -0.6 -3.7
In labor force 16.2 1.7 -39 -25
Men, aged 25 to 64, conditional on working
Average real annual earnings 29.7 9.5 —-4.9 —11.1
Average hours per year -0.9 -29 2.6 -25
Average weeks worked per year —-1.4 -1.6 -0.7 -14
Average hours per week 0.7 -13 3.6 —-1.2
Average real wage 30.8 14.8 —8.1 -8.0

Notes: Authors’ calculations are from the Public Use Micro Samples of the 1970, 1980, and 1990 Decennial Censuses. Coal
areas are defined as PUMAs or county groups with over 0.5 percent of the workforce employed in the coal area. We impute
real average wages per hour by taking the sum of total wage and salary earnings, self-employment earnings, and farm
earnings, and dividing by annual hours. Annual hours are the product of the respondent’s weeks worked last year and average
hours worked last year.

much faster than the earnings of noncoal work-
ers during the boom. Wages grew nearly 31
percent for coal workers and 15 percent for
noncoal workers relative to those in noncoal

worked declined for both men and women in
coal areas relative to noncoal areas.

In Panel B of Table 1, we divide the men in
the coal areas by whether they work in the coal

industry.® We again use all workers in noncoal
areas as our comparison group. Not surpris-
ingly, the earnings of coal workers increased

6 Virtually no women are employed in the coal industry
so we do not repeat this exercise for women.

areas. Thus, the coal boom clearly affected the
wages of both coal miners as well as other
workers in coal areas. As one would suspect, the
labor-supply responses of coal workers in-
creased relative to those of workers in the non-
coal industries. In the bust, the decline in real
average wages was 8.1 percent for workers in
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FIGURE 2. CoAL RESERVES: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA

the coal industry and 8.0 percent for those not in
the coal industry.

While the coal boom substantially increased
earnings in coal-producing areas within Ken-
tucky, Ohio, Pennsylvania, and West Virginia,
the economic benefits of the coal boom were not
spread evenly across the region. Even in the
Appalachian areas of these four states, 53 of the
186 counties have little or no coal reserves, and
most of the remaining 144 counties outside Ap-
palachia have no coal. Among those counties
with reserves there are great differences in coal
endowments. In Figure 2, we map the endow-
ment of coal within the region. We divide the
counties into three groups: counties with little or
no coal (less than 100 million tons of coal),
counties with at least 100 million tons of coal
but less than a billion tons of coal, and counties
with at least a billion tons of coal. Figure
2 shows three major coal seams. The first major
seam lies in western Kentucky, a part of the
Illinois coal basin. The second major seam—the
Appalachian Basin—runs through eastern Ken-
tucky, West Virginia, western Pennsylvania,
and eastern Ohio. Finally, eastern Pennsylvania
contains a major seam that is largely anthracite,
or hard coal.

In Figure 3, we provide a map of the region’s
economic growth from 1983 to 1993. This is a
period of declining coal prices. We divide coun-
ties into quartiles based on the average growth
of county earnings. A comparison of Figures 2
and 3 shows how strongly the endowment of
coal is correlated with limited economic growth
during the coal bust. In Figure 4, we repeat the
exercise for the growth of SSI payments during
the coal bust. Comparing Figures 2 and 4 it is
clear that the endowment of coal is strongly
correlated with growth in SSI payments during
the coal bust.

II1. Econometric Specifications

Figures 2 through 4 visually display our
econometric strategy. We wish to correlate in-
trastate variation in earnings that arises from the
coal boom and bust to intrastate variation in SSI
and DI payments. The use of intrastate variation
allows us to control for interstate differences in
policies that affect SSI and DI expenditures. As
Gruber and Jeffrey D. Kubik (1997) emphasize,
applications for DI and SSI are made to state-
appointed boards that differ from state to state.
Kubik (1999) and Black et al. (1997) document
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FIGURE 3. QUARTILE OF MEAN GROWTH IN EARNINGS:
KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA 1983-1993
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FIGURE 4. QUARTILE OF MEAN GROWTH IN SSI:
KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1983-1993

that SSI rolls are sensitive to the level of AFDC
benefits paid in the state, presumably as poten-
tial recipients react to the relative benefits of

applying to either the AFDC or the SSI
program.

Unfortunately, the coal-producing areas of
the four-state regions have modest populations,
making it impractical to obtain individual-level
data for the analysis. As a result, we rely on
county-level data, and we estimate regressions

MARCH 2002
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of the form:

(1) Ay = Bo + yearyf + Xiuf3;
+ B;A(earnings,,) + €y,

where A indicates a first difference in loga-
rithms; Ay, is the logarithmic difference in the
real SSI or DI payments for county i in state s
between time ¢ and ¢ — 1; year, is a state-year
dummy variable for state s in year #; A(earn-
ings;,) is the difference in the logarithm of real
earnings in county i; g;,, iS an error term cap-
turing unmeasured factors; and x,, is a vector of
control variables.” The difference approach of
equation (1) will purge the data of any fixed
effects. Our use of state-year dummy variables
to control for programmatic changes purges the
dependent variable of its time-series varia-
tions. Similarly, this year fixed-effect approach
purges the growth in earnings of all state-
specific time-series variations as well. Identifi-
cation of the effect of county earnings growth
on disability caseloads comes from the annual
deviations from a state’s averages.

Neither coal prices nor coal endowments
plays any role in equation (1). This equation
simply models the correlation between changes
in a county’s wage bill and changes in its dis-
ability role regardless of the source of the
change in the wage bill. The price of coal alters
the wage bill through increasing the demand for
labor. To capture this econometrically we use a
two-stage model. The first stage models the
relationship between the wage bill and the value
of coal reserves in a county (a function of the

7We control for whether or not the county is in a
Metropolitan Statistical Area for the 1990 Census, the log-
arithm of the county’s population, the log difference in the
county’s population, and the fraction of earnings in 1969
from manufacturing industries. We control for metropolitan
status because of our concern that persons with disabilities
may move to a metropolitan area for better access to health
care. Similarly, we control for population to proxy, in part,
for access to medical care and the provision of public
services such as transportation that may attract individuals
with disabilities. The change in population obviously may
have a mechanical relationship with disability payments if
persons with disabilities are represented among migrants.
Finally, we use the fraction of earnings from manufacturing
industries in 1969 to control for any impact of industry
structure on disability. Eliminating these controls has little
impact on the results discussed below.
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coal price and the county’s endowment of coal).
The second stage then models how these coal
price-induced movements in the wage bill af-
fected disability program participation.

The first-stage equation for the change in
(log) earnings is

(2) A(earnings,,)
= ag + yeargy + X s
+ A(value of reserves,,)a, + u;,

where A (value of reserves; ) is some measure
of the change in the real value of the county’s
coal reserves, and u;,, is an error term with the
usual properties. The second-stage regression
model is

(3) A}’m = ﬁo + yearstBlst + xistBZ
+ BBA(earnAingsist) + Eist

where A(earnings,,) is the change in earnings
due to the coal-price induced value of reserves.
The commitment to enter the DI program is
largely permanent. An individual must be out of
work for a minimum of five months and the
typical time to receiving benefits is two years.
Few workers ever leave the DI program before
their cases are automatically transferred to So-
cial Security retirement at age 65.% Therefore, in
choosing to pursue DI benefits, individuals are
more concerned with their long-term earnings
prospects than with immediate earnings pros-
pects. Coal price-induced changes in employ-
ment, which are often associated with the
opening of new mines or the closing of older
mines, likely reflect the long-term earnings
prospects in Appalachia better than the transi-
tory annual changes in a county’s employment.
If annual changes in earnings are a more error-
ridden measure of economic opportunities than
the changes induced by coal prices, then we
expect the magnitude of the instrumental vari-
ables estimate to exceed the magnitude of the
ordinary least-squares (OLS) estimate.

8 Burkhauser and Haveman (1982) report that 1.6 per-
cent of the caseload exited in 1976. They suggest that this
rate has also been falling over time.
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TABLE 2—SUMMARY STATISTICS OF SAMPLE BY COAL PRICE PERIOD:
KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1977 AND 1982-1993
Large Coal Moderate Coal No Coal
Variables All Counties Counties Counties Counties
Coal Boom (1970-1977)
Logarithmic difference in SSI payments 0.063 0.061 0.071 0.060
0.217) (0.189) 0.212) (0.225)
Logarithmic difference in DI payments 0.127 0.102 0.119 0.136
(0.089) (0.080) (0.079) (0.090)
Logarithmic difference in county earnings 0.030 0.058 0.034 0.022
(0.081) (0.078) (0.079) (0.080)
Logarithmic difference in population 0.013 0.015 0.011 0.012
(0.018) (0.018) (0.020) (0.018)
Logarithmic difference in real price of coal 0.094 — — —
(0.140)
Logarithmic difference in coal value instrument 0.253 0.721 0.547 0.050
(0.649) (1.080) (0.824) (0.226)
Mean coal reserves 2,562 412 6.45
(1,110) (1,779) (257) (19.5)
Fraction of economy in manufacturing (1969) 0.267 0.158 0.284 0.285
(0.160) (0.147) 0.167) (0.151)
Fraction of counties with an MSA 0.262 0.191 0.296 0.267
(0.440) (0.394) (0.457) (0.442)
Population 59.1 80.4 92.1
(194) (71.6) 191 (213)
Coal Bust (1983-1993)
Logarithmic difference in SSI payments 0.062 0.067 0.063 0.061
(0.073) (0.070) (0.068) (0.075)
Logarithmic difference in DI payments 0.033 0.030 0.028 0.035
(0.090) (0.090) (0.099) (0.086)
Logarithmic difference in county earnings 0.018 —0.009 0.008 0.027
0.077) (0.086) (0.058) (0.079)
Logarithmic difference in population 0.002 —0.007 —0.002 0.005
(0.013) (0.012) (0.012) (0.013)
Logarithmic difference in coal value instrument —0.112 —0.318 —0.241 —0.022
(0.149) (0.137) (0.106) (0.057)
Logarithmic difference in real price of coal —0.041 - - —
(0.018)
Population 58.5 78.3 94.2
(179) (68.6) (170) (197)
Number of counties 47 71 212

Notes: Authors’ calculations are from data sources given in the Appendix. Standard errors are in parentheses.

IV. Results

In what follows we estimate the impact of
earnings growth on SSI and DI program expen-
ditures for counties in Kentucky, Ohio, Penn-
sylvania, and West Virginia. Table 2 presents
summary statistics of the sample and mixed
evidence on the relationship between earnings
growth and program participation. On the aver-
age, coal prices increased 9.4 percent per year
during the coal boom and decreased 4.1 percent

per year during the coal bust. The average coal
reserves in counties in the large seam areas is
2.5 billion tons, in the moderate seam areas it is
412 million tons, and reserves outside of the
coal regions are less than 7 million tons. When
coal prices were rising, average growth in
county earnings was much higher inside the
coal regions than outside. During the coal
boom, the growth in average county earnings
was 5.8 percent for counties with large coal
reserves, 3.4 percent for counties with moderate
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coal reserves, and 2.2 percent for counties with-
out coal. During the bust, noncoal counties grew
2.7 percent annually while coal counties had
essentially no earnings growth. Also, counties
in the seam differ from other counties in several
ways. Compared to the noncoal counties, coun-
ties with large coal reserves have fewer resi-
dents, are less likely to be in a metropolitan
area, and have less manufacturing. The moder-
ate coal counties are remarkably similar to the
noncoal counties in these dimensions.

A. Semiparametric Estimates

We estimate four different models for SSI
and DI program payments. First, we estimate
the OLS model using year fixed effects, the log
difference in earnings, and other covariates. We
refer to this as the change in earnings and will,
casually, interpret this variable as the percent-
age change in real earnings. In the next speci-
fications, we use two-stage least squares
(2SLS), with the change in the value of coal
reserves and two of its lags as instruments. For
all estimates, ¢-statistics are reported using
Huber-White standard errors.” Because the
functional form is a double-log model, the
parameter estimate for the change in earnings
can be interpreted as an elasticity of the change
in payments for a change in the level of the
county’s real earnings. We then repeat the esti-
mation excluding the control variables.

We begin our analysis with the OLS esti-
mates of equation (1) for DI payments. The
OLS estimates indicate an extremely weak link
between earnings growth and the growth in DI
payments. In column (1) of Panel A of Ta-
ble 3, we present the OLS estimate for the
model with all covariates. Earnings growth ap-
pears to have no effect on the growth of DI
payments.

°In the tables below we do not correct for possible
spatial autocorrelation. Timothy G. Conley (1999) suggests
a Generalized Method of Moments (GMM) model that
allows nonparametric estimation of the covariance matrix
with spatial correlation across observations within a given
distance, using a method similar to Whitney K. Newey and
Kenneth D. West’s (1987) technique for autocorrelation. In
the Appendix, available from the authors on request, we
reestimate our models using the method that Conley (1999)
proposes. The results are robust to corrections for spatial
autocorrelation.
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These estimates, however, do not focus on
the coal price-induced changes in county earn-
ings. In order to implement our two-stage model
[equations (2) and (3)] we first must specify a
measure for the value of a county’s coal re-
serves. We use the log differences in the real
price as the measure of price changes. This
measure of the change in coal prices is multi-
plied by the log of coal reserves. Because new
mines require some setup time, we use two lags
of this variable as well.

In column (2) of Panel A, we provide the
2SLS estimates of equation (3) using the mea-
sures of the change in the value of the coal
reserve. The 2SLS estimate suggests a strong
and statistically significant impact of earnings
growth on DI expenditures. A 10-percent in-
crease in earnings within the county would re-
duce the amount of DI payments by about 3.5
percent. Thus, increases in earnings seem to
reduce DI payments. In columns (3) and (4) of
Panel A, we repeat the estimation excluding the
other covariates. The OLS estimate indicates
essentially no relationship between DI pay-
ments and local earnings growth, but the 2SLS
estimate suggests a strong and statistically
significant impact of earnings growth on DI
expenditures. Interestingly, the exclusions of
the other covariates leave the point estimates for
the earnings growth coefficients essentially
unchanged.

DI caseloads change largely by changing the
rate of new cases. We may use these estimates
to make a back-of-the-envelope calculation
about the magnitude of the rate of reduction in
the number of new cases. Suppose that initially
the DI program has a constant growth rate. If
each case has the same expenditures, changes in
expenditures are

AE! =N, - 7]Et—l

where AE, is the change in real expenditures, N,
is the expenditures resulting from new cases
(number of “inflows™), <y, is the rate at which
old cases leave the DI rolls, and E,_, is the
level of expenditure last period (y,E,_, is the
number “outflows”). Dividing both sides by
E,_, we obtain

AEpercent = (N,/E,_) — v,.
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TABLE 3—THE IMPACT OF EARNINGS GROWTH ON THE CHANGE IN DISABILITY INSURANCE AND SUPPLEMENTAL SECURITY
INCOME PAYMENTS: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1993

(1 (2) (3) “

Controls: OLS 2SLS OLS 2SLS
State-year dummies Yes Yes Yes Yes
County is in MSA (1990) Yes Yes No No
County’s population Yes Yes No No
Change in county’s population Yes Yes No No
Fraction of earnings from manufacturing, 1969 Yes Yes No No
Instruments: Change in value of coal reserves and two lagged values No Yes No Yes
Panel A: Disability Insurance Payments
Change in county’s earnings —0.002 —0.345 0.002 —0.347

0.11) (3.95) (0.10) (4.24)
First-stage F-statistic on excluded instruments — 26.7 — 28.0
N 7,260 7,260 7,260 7,260
Panel B: Supplemental Security Income Payments
Change in county’s earnings —0.023 —0.713 —0.020 —0.639

(1.58) (5.33) (1.40) (5.48)
First-stage F-statistic on excluded instruments — 26.5 — 279
N 7,904 7,904 7,904 7,904

Notes: Authors’ calculations are from data sources given in the Appendix. Dependent variables are the log differences in real
DI payments and the log differences in real SSI payments. We give absolute values of t-statistics in parentheses. We use
Huber-White robust variances to estimate #-statistics, and we adjust standard errors to account for possible nonindependence
using Stata’s cluster command. There are 330 counties in the four-state region. No data on DI payments are available for 1981
so no observations are available for 1981 or 1982. SSI payments data for ten observations are suppressed to preserve

confidentiality.

The rate of change in expenditures is just the
difference between the rate of inflows and out-
flows. Combining information from Burkhauser
and Haveman (1982) and from the SSA Annual
Statistical Supplement (1981), vy,, the annual
rate of outflows, appears to be approximately
0.089.'° Between 1970 and 1995, the real ex-
penditures of the DI system grew at annual rate
of 7.9 percent. As AE percent = 0.079, the rate
of inflows must have been 16.8 percent (N,/
E,_, = 0.168). Now suppose the impact of the
coal boom reduces DI expenditures solely
through changes in the inflow of new cases. For
the coal areas we have

10 There are two components to 7, (the outflow rate): the
rate at which people “recover” from their disability and the
rate at which the caseload population “ages out” of DI.
Using 1978 data, Burkhauser and Haveman (1982) estimate
that a very small fraction (1.6 percent) of the caseload
“recovers” each year. Recipients also leave the DI program
at age 65 when the SSA transfers the recipient to old-age
retirement. In 1978, according to the SSA Annual Statistical
Supplement (1980), 7.3 percent of the DI caseload was 64
years of age and would age out.

AE‘percent = (1 — a)(N,/E,_) — v,

where @ < 1 denotes the rate of reduction of
new cases arising from the coal boom. Differ-
encing the two percentage growth equations, we
have

AEpercent — AE‘percent = «0.168.

Over the boom, large coal counties grew 3.6
percent faster than counties with little or no
coal. The point estimate in Table 3 suggest this
3.6-percent increase in earnings reduces DI ex-
penditures 1.26 percent so that a ~ 0.0126/
0.168 ~ 0.075. Thus, the 3.6-percent increase in
earnings reduced the number of new entrants by
7.5 percent. If some of the stock of recipients
did return to work, this calculation overesti-
mates the responsiveness of the new entrants.
In Panel B of Table 3, we repeat the analysis
for SSI payments. Again, the OLS estimates,
reported in columns (1) and (3), indicate only an
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extremely weak link between earnings growth
and the growth in SSI payments. While the
estimated coefficient on earnings growth is neg-
ative, it is statistically insignificant and econom-
ically inconsequential. A 10-percent increase in
earnings in a county would reduce SSI pay-
ments by only 0.2 percent.

In columns (2) and (4) of Panel A, we pro-
vide the 2SLS estimates of equation (3) with
and without the other covariates. Both of the
2SLS estimates imply a much larger impact of
earnings growth on SSI expenditures. A 10-
percent increase in earnings in a county would
reduce SSI payments by more than 6 percent.
Thus, there is a substantial and statistically sig-
nificant inverse relationship between growth of
earnings and SSI payments within the county.

As Orley Ashenfelter (1983) notes, means
testing, such as is done in the SSI program, adds
an additional complication to the model. Be-
cause the SSI program is means tested, finan-
cially ineligible workers have an incentive to
work less, thus reducing family income, if doing
so allows a disabled family member to collect
SSI. A positive shock to earnings, therefore,
reduces participation in SSI in two ways. First,
as before, it increases the value of labor-force
participation for a potential participant. Second,
some workers will have family members who
are potential participants. Higher earnings for
these workers may preclude benefits for dis-
abled family members as the workers’ higher
earnings may push the entire family above the
maximum allowable income. Thus, both of
these factors contribute to the correlation be-
tween local economic conditions and SSI
participation.

We have shown that for the four states the
energy boom of the 1970’s and the subsequent
economic collapse of the coal fields signifi-
cantly affected disability program participation.
Do the large impacts of local economic condi-
tions on disability program participation gener-
alize to other regions? There are at least two
distinct issues. First, we have identified the im-
pact of earnings growth on changes in disability
payments using movements in coal prices, and
coal is mined predominately in rural areas. It is
possible that the relationship between earnings
growth and disability payments is intrinsically
different in rural areas than in urban areas.
Because coal areas are rural, physicians are
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likely to know their patients more intimately
than do physicians in cities. Although SSA rules
forbid physicians from taking into account the
state of the local economy, physicians may be
more willing to certify a patient as disabled
when they know that the patient is unlikely to be
able to find alternative employment and are
familiar with the economic dislocation that the
patient’s family is experiencing. If this is so,
then the applicability of this study to large urban
areas may be limited.

On the other hand, the impact of changes in
county earnings on changes in SSI and DI re-
ceipt are remarkably similar between counties
with moderate coal reserves and counties with
large coal reserves. Counties with large coal
reserves are more rural, are smaller, and have a
structure of employment very different from
moderate coal areas. Counties with moderate
coal reserves are as urban, have a similar em-
ployment structure, and are almost as populous
as noncoal areas. Thus, the impact of earnings
growth on SSI and DI payments was very sim-
ilar across two areas that are quite different.

A second possible issue is perhaps more im-
portant. The coal industry employs a much dif-
ferent set of workers than the economy as a
whole. In Table 4, we describe the workers
employed in the coal-mining industry in the
four-state region in the 1970, 1980, and 1990
Census years. Regardless of the year, coal min-
ing is a male-dominated industry, with males
comprising 95 percent of the industry even in
1990. The data also demonstrate that the coal
boom had a dramatic effect on the age structure
of the industry. Between the 1970 and 1980
Censuses, the industry became much younger as
it expanded and older miners retired. Similarly,
between the 1980 and 1990 Censuses, we see
evidence of the industry aging somewhat. The
data also document that coal mining is an in-
dustry in which workers have very limited ed-
ucation. Even in 1990, 30 percent of the
industry was comprised of workers without a
high-school diploma.'' Thus, the coal industry
employs a disproportionate number of low-
skilled workers.

"I While Table 4 shows a dramatic drop in the percent-
age of workers with an eighth-grade education or less, the
prevalence of individuals in this region with an eighth-grade
education or less fell by the 1980 Census.
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TABLE 4—CHARACTERISTICS OF WORKERS IN THE COAL-MINING INDUSTRY IN KENTUCKY, OHIO, PENNSYLVANIA,
AND WEST VIRGINIA: 1970, 1980, AND 1990 CENSUS DATA (IN PERCENTS)

All Workers

Coal-Mining Industry Workers

1970 1980 1990 1970 1980 1990
Age
Less than 25 20.5 224 16.7 10.4 16.2 4.8
25 to 34 19.5 26.7 26.9 18.7 19.8 25.2
35to0 44 20.1 18.7 25.8 22.5 20.8 40.2
45t0 55 21.3 16.8 17.1 29.9 15.0 20.4
55 to 64 14.5 12.5 10.4 16.8 9.3 8.5
65 and over 4.0 3.0 3.0 1.7 0.9 0.9
Years of schooling
Less than 8 years 16.5 7.1 35 44.4 17.5 9.8
9 to 12 years, no diploma 20.9 14.9 14.1 234 20.7 20.0
High-school graduate 40.2 45.0 39.6 27.0 46.9 49.8
Some college 11.0 16.5 24.4 3.8 9.8 15.3
College graduate 11.4 16.5 18.4 1.5 52 5.1
Gender
Male 63.3 58.9 54.8 97.3 95.8 95.2
Female 36.7 41.1 452 37 42 4.8

Notes: Authors’ compilations are from the 1970, 1980, and 1990 Public Use Micro Sample of the Decennial Censuses. Data
includes all workers in the coal-mining industry regardless of occupation.

To get a feel for how these results might
generalize, we consider the impact of the de-
cline in the primary metals industry on DI and
SSI payments. Between 1982 and 1987, earn-
ings in the primary metals industry declined
from 1.5 percent to 1.0 percent of total U.S.
earnings. We collected DI payments by county
in 1982 and 1987 for six large steel-producing
states: Alabama, California, Illinois, Indiana,
Michigan, and New York. These six states,
along with Pennsylvania and Ohio, comprised
the eight states with the largest employment in
primary metals. (We exclude Pennsylvania and
Ohio to avoid having to control for the decline
in mining as well.) Like coal, primary metals
employed large numbers of low-educated men
at very high wages, and the decline of the pri-
mary metals industry displaced many highly
paid, low-skill men.

In Panel A of Table 5, we consider how the
decline in the primary metals industry affected
DI payments in the six-state region from 1982
to 1987. In column (1) we present the OLS
estimates. As in the coal-producing states, the
OLS estimate suggests no relationship between
earnings and DI payments. Again, the 2SLS

results suggest a much different outcome. For
an instrument, we use the county’s fraction of
male employment in primary metals from the
1970 Census. The results indicate that a 10-
percent decline in earnings is associated with a
3.6-percent increase in DI payments, a result
that is quite similar to our estimates from the
coal-producing regions. In column (3), we pro-
vide estimates for the first-stage regression,
documenting that earnings within the county are
highly correlated with the fraction of male em-
ployment in primary metals in 1970. Finally, in
column (4), we present the reduced-form re-
gression results, which suggest that during the
period of massive closing of steel plants, areas
with a historically large fraction of workers in
the primary metals industries had DI payments
grow faster than elsewhere. Thus, results from
both the coal and primary metals industries sug-
gest that declines in these industries are associ-
ated with growth in disability payments.

In Panel B of Table 5, we present similar
evidence for SSI payments. Again, the OLS
estimates indicate no statistically significant re-
lationship between local labor-market earnings
and SSI payments. The 2SLS results, however,
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TABLE 5—IMPACT OF EARNINGS GROWTH ON THE CHANGE IN DISABILITY INSURANCE AND SUPPLEMENTAL SECURITY INCOME
PAYMENTS FROM 1982 TO 1987: ALABAMA, CALIFORNIA, ILLINOIS, INDIANA, MICHIGAN, AND NEW YORK

Panel A: Disability Insurance

(1 2 3 “

Controls: OLS 2SLS First stage Reduced form
State dummies Yes Yes Yes Yes
Fraction of male employment in primary metals, 1970 No Yes — —
Change in earnings —0.010 —0.361 — —
(0.28) (2.50)
Fraction of male employment in primary metals, 1970 — — —0.691 0.249
(4.78) (2.99)
Panel B: Supplemental Security Income (€)) 2) 3) 4)
Controls: OLS 2SLS First stage Reduced form
State dummies Yes Yes Yes Yes
Fraction of male employment in primary metals, 1970 No Yes — —
Change in earnings —0.042 —1.049 — —
(0.81) (3.06)
Fraction of male employment in primary metals, 1970 e — —0.691 0.729
(4.78) 4.77)
N 464 464 464 464

Notes: Authors’ calculations are from data sources given in the Appendix. The dependent variables in columns (1), (2), and
(4) are the log differences in real DI and SSI payments in 1987 and 1982 and the log differences in earnings in column (3).
We give absolute values of r-statistics in parentheses. We use Huber-White robust variances to estimate f-statistics.

suggest that a 10-percent decline in earnings is
associated with a 10-percent increase in pay-
ments. Thus, we again find that the decline in
SSI payments exceeds the decline in DI
payments.

If low-skilled workers are more likely to pur-
sue disability benefits when displaced from
their jobs, this suggests that other sources of
economic growth are likely to lead to more
modest declines in disability program participa-
tion. This said, the decline in the economic
opportunities of low-skilled workers is well
documented. For this reason, we believe that
this study has much to say about the increase in
disability program participation among men,
particularly among low-skilled men.

B. Nonparametric Estimates

In this section, we began to explore why the
magnitude of instrumental variables estimates
are so much larger than the magnitude of the
OLS estimates. In this subsection, we con-
struct nonparametric estimates that allow us
to examine more closely the variation that
produces the large instrumental variables es-
timates. These nonparametric estimates better
identify the impact of the coal price-induced

earnings growth on the growth in disability
payments.

As the controls have little impact on the es-
timated coefficient on county earnings growth,
we exclude them from our nonparametric anal-
ysis. As before, we classify counties into one of
three coal regions. Counties with at least a bil-
lion tons of coal reserves are defined as large
coal-reserve counties. Counties with more than
100 million, but less than a billion, tons of coal
reserves are defined as moderate coal-reserve
counties. Counties with less than 100 million
tons of coal reserves are considered outside the
coal region. We refer to these categories as the
“region” of the county. We also divide the data
into three periods: the boom years between
1970 and 1977 (Boom), the peak years between
1978 and 1982 (Peak), and the bust years be-
tween 1983 and 1993 (Bust). The first-stage
equation for the change in (log) earnings is

(2") Al(earnings;,) = a, + yearya,,
+ Cist‘y + Uist
where Cyg, is a vector that indicates whether ith

county in the sth state has large coal reserves or
moderate coal reserves and whether the time
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TABLE 6—ALTERNATIVE ESTIMATES OF THE IMPACT OF THE COAL SHOCKS ON DISABILITY INSURANCE AND SUPPLEMENTAL
SECURITY INCOME PAYMENTS: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1993

Difference in the
logarithm of real Disability
Insurance payments

Difference in the logarithm
of real earnings

Difference in the
logarithm of real Supplemental
Security Income payments

Counties with
large coal
reserves compared
to counties with

Counties with
moderate coal
reserves compared
to counties with

Counties with
moderate coal
reserves compared
to counties with

Counties with
large coal
reserves compared
to counties with

Counties with
moderate coal
reserves compared
to counties with

Counties with
large coal
reserves compared
to counties with

little or little or little or little or little or little or
no reserves no reserves no reserves no reserves no reserves no reserves

Period (1) 2) (3) ) (&) (6)
1970-1977 0.014 0.035 —0.016 —0.030 —0.004 —0.017
(3.96) (6.48) (5.47) (7.67) (0.85) (3.56)
1978-1982 0.004 0.002 —0.010 —0.024 0.007 0.001
(1.00) (0.30) (3.36) (6.56) (1.93) (0.18)
1983-1993 —0.018 —0.034 —0.003 —0.004 0.004 0.014
(6.58) (8.19) (1.60) (1.31) (1.69) (4.28)

Notes: Authors’ calculations are from data sources given in the Appendix. All regressions contain state-year fixed effects. We
report absolute values of ¢-statistics in parentheses calculated using Huber-White standard errors, and we adjust standard
errors to account for possible nonindependence using Stata’s cluster command.

period lies in the boom, peak, or bust. The
coefficients, 7y, are the average growth in earn-
ings for counties with large coal and with mod-
erate coal reserves relative to counties with little
or no coal for each of the three time periods.
The resulting 2SLS regression model is

(3') Ayistr = ’30 + yearstBst

+ B;A(earnings,,) + &;,.

For a given state in a given year, A(earnings,,,)
takes on only three values. Moreover, for a given
state in a given period, the difference between any
two regions’ value of A(earnings;,) is a con-
stant for all years. Thus, the use of region and
time indicators for our instrument series insures
that we use only long-term differences in growth
rates to identify the impact of earnings on disabil-
ity payments.

To investigate the relationship among a coun-
ty’s earnings growth, its endowment of coal,
and the coal price cycle, the average growth in
county earnings in presented for the coal boom,
peak, and bust, which are estimated from equa-
tion (2"). Columns (1) and (2) of Table 6 report
the average economic performance of counties
with large and moderate coal reserves relative to
counties with small or no reserves of coal. Con-
sistent with Figure 3, counties with moderate

coal reserves did modestly better during the
boom period, averaging about 1.4 percent more
growth in earnings than counties with little or
no coal. Counties with large reserves of coal
grew much faster, averaging a growth rate of
3.5 percent more than the growth rate of coun-
ties with little or no coal. During the bust, coal
counties had much slower growth in county
earnings relative to noncoal counties.

A similar exercise is conducted to investigate
the relationship between a county’s DI payment
growth and its geographic location relative to
the coal regions and period of the coal price
cycle. We estimate

(4) Ayi:t = 60 + yearstest + Cist7 + Uises

where in this model Ay, , is the log difference in
county DI payments. The coefficients, 7, are
simply the average growth in DI payments for
counties with large coal and with moderate coal
reserves relative to counties with little or no
coal for each of the three time periods. We
report these in columns (3) and (4) of Table
6. During the coal boom, DI payments grew 3.0
percent slower in counties with large coal re-
serves relative to counties with little or no coal
reserves and grew 1.6 percent slower in coun-
ties with moderate coal reserves relative to
counties with little or no coal reserves.
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TABLE 7—WALD ESTIMATES OF THE IMPACT OF THE COAL SHOCKS ON DISABILITY INSURANCE AND SUPPLEMENTAL SECURITY
INCOME PAYMENTS: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1993

Panel A: Disability Insurance Payments

Counties with little
or no coal compared

Counties with
moderate coal reserves

Counties with little
or no coal compared

to counties with compared to counties to counties with Three-region

Period large reserves with large reserves moderate reserves comparison
1970-1977 —0.828 —0.852 —1.296 —0.887
(4.56) (2.45) (3.08) (5.13)

N = 2,072 N =944 N = 2,264 N = 2,640

1978-1982 —2.128 —5.574 —2.120 —2.075
(1.13) (0.22) (0.89) (1.30)

N =777 N =354 N = 849 N = 990

1983-1993 0.112 0.053 0.198 0.124
(1.26) (0.28) (1.60) (1.62)

N = 2,849 N = 1,298 N = 3,113 N = 3,630

1970-1993 —0.333 —0.353 —0.234 —0.324
(4.37) (2.12) (2.29) (4.85)

N = 5,698 N = 2,596 N = 6,226 N = 7,260

Panel B: Supplemental Security Income Payments

Counties with little

Counties with

Counties with little

or no coal compared
to counties with

moderate coal reserves
compared to counties

or no coal compared

to counties with Three-region

large reserves with large reserves moderate reserves comparison

Period (¢))] 2) 3) 4
1970-1977 —0.479 —0.704 —0.241 —0.460
(2.94) (1.78) (0.66) (3.05)
N = 2,056 N =944 N = 2,248 N = 2,624
1978-1982 —0.267 3.014 1.921 1.733
0.11) 0.47) (1.02) (0.93)
N = 1,295 N =590 N = 1,415 N = 1,650
1983-1993 —0.382 —0.453 —0.257 -0.371
(3.94) (2.03) (1.86) (4.36)
N = 2,849 N = 1,298 N = 3,113 N = 3,630
1970-1993 —0.424 —0.532 —0.209 —0.398
(5.47) (2.64) (1.53) (5.60)
N = 6,200 N = 2,832 N = 6,776 N = 7,904

Notes: Authors’ calculations are from data sources given in the Appendix. All regressions contain state-year fixed effects. We
report absolute values of z-statistics in parentheses calculated using Huber-White standard errors, and we adjust standard

errors to account for possible nonindependence using Stata’s cluster command.

In columns (5) and (6) of Table 6, we present
the average county growth in SSI payments for
counties with large coal reserves and with mod-
erate coal reserves relative to counties with little
or no coal. We see that during the coal boom,
counties with moderate coal reserves had SSI
payments grow 0.4 percent slower and counties
with large coal reserves had SSI payments grow
1.7 percent slower than noncoal counties. Dur-
ing the coal bust, SSI grew much faster in the
coal areas than in the noncoal areas. Relative to
noncoal areas, the SSI payments grew 0.4 per-

cent faster in the counties with moderate coal
reserves and 1.4 percent faster in the counties
with large coal reserves.

In the spirit of Abraham Wald (1940) and
Joshua D. Angrist (1990), we may exploit this
variation in region and coal prices to form sev-
eral nonparametric instrumental variables esti-
mators of the impact of earnings on DI and SSI
payments. We report the estimates in Ta-
ble 7, providing the DI estimates in Panel A and
the SSI estimates in Panel B. Consider first the
SSI estimates. Using data for the boom period
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alone, we obtain an elasticity estimate of —0.46;
using data from the bust period alone, we obtain
an elasticity estimate of —0.37, which we view
as quite similar. Similarly, when we use two-
way comparisons between the region with large
coal reserves and one of the other regions, we
get reasonably similar elasticity estimates.

In contrast, we find a great deal of instability
in our DI estimates. For example, we find esti-
mates from the boom period suggest an estimate
of —0.89. This elasticity is very large, and, in
our view, implausibly large. Moreover, the es-
timated elasticity is even more negative in the
peak, albeit statistically insignificant, and in the
bust the estimated elasticity is actually positive,
although again insignificant. Obviously, the in-
tertemporal volatility of the elasticity estimates
calls into question the point estimates that we
presented in Tables 2 and 3.

A closer examination of Table 6, however,
suggests a reason for the strong correlation
between local economic conditions and DI
program payments during the boom yet no
correlation during the bust. While not statis-
tically significant, when coal and noncoal ar-
eas are experiencing the same growth in their
local economies (1978-1982), coal counties
appear to have DI payments expanding much
more slowly than noncoal areas. It may be
that there is a permanently lower growth rate
of DI payments in areas with coal. If this is
true, then this difference in the baseline
growth rate of DI payments exacerbates the
negative correlation between local economic
conditions and DI growth rates during the
boom while reducing the measured effect dur-
ing the bust.

In order to test our contention that growth
rates in DI payments vary by region, we re-
estimate our nonparametric model including re-
gion fixed effects. Table 8 presents the results
from this model. In row (1), we report the
nonparametric estimates with fixed effects for
whether the county has little or no coal, mod-
erate coal reserves, or large coal reserves. As we
expected, given Table 6, the fixed effects indi-
cate that DI payment growth is slower in areas
with moderate coal reserves than in areas with
little or no coal and even slower in areas with
large endowments of coal. Controlling for this,
the estimated impact of earnings growth on DI
payments increases somewhat. We estimate that

MARCH 2002

a 10-percent increase in earnings would de-
crease DI payments about 3.9 percent.

In the next three rows, we reestimate the
model using only two of three regions—
counties with little or no coal and moderate coal
reserves in row (2), counties with little or no
coal and large reserves in row (3), and counties
with moderate reserves and large reserves in
row (4). Each of these two-way comparisons
provides similar estimates of the magnitude of
the impact of earnings on DI payments, with the
estimates ranging from —0.37 to —0.41, and
each is statistically significant. In the next three
rows, we reestimate the model using only two
of the three periods: the peak and bust in row
(5), the boom and bust in row (6), and the boom
and peak in row (7). For the peak and bust
sample and the boom and bust sample, the es-
timated coefficients are again quite similar,
—0.41 and —0.39, respectively, and both are
statistically significant. For the boom and peak
sample, the point estimate is —0.30, but it is
imprecisely estimated.

The presence of the region fixed effects sug-
gests that the semiparametric estimates in Table
3 may be biased as well. In the last two rows,
we reestimate the semiparametric 2SLS models
using a specification similar to that in column
(4) of Table 3. In row (8), we reestimate includ-
ing region fixed effects for the model, and in
row (9), we estimate the model with county
fixed effects, with both models providing very
similar estimates. The estimates imply that a
10-percent increase in county earnings would
reduce DI payments about 2.7 percent. Finally,
in row (10), we reestimate the nonparametric
model with county fixed effects. The results
imply that a 10-percent increase in county earn-
ings would reduce DI payments about 3.9 per-
cent.'” Again, the nonparametric instrumental
variable estimate is larger than the 2SLS
estimate.

For both programs and for both the coal and
steel industries, the magnitudes of the instru-
mental variables estimates are several times the

'2 The permanently lower growth rate in the coal areas
results from the higher rates of DI prior to the coal boom. If
we condition on the 1969 per capita level of DI payments
and its square, the estimated seam fixed effect drops dra-
matically in magnitude and is generally insignificant. The
results are available on request from the authors.
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TABLE 8—ESTIMATES OF THE IMPACT OF THE COAL BOOM AND BUST ON DISABILITY INSURANCE PAYMENTS
WITH FIXED EFFECTS FOR GROWTH RATES

(1) )] 3)
Coefficient on Moderate Large
difference of coal region coal region
log eamnings fixed effect fixed effect
(1) Full sample (N = 7,260) —0.386 -0.010 -0.017
(5.42) (5.20) (6.35)
Two-way comparisons by seam:
(2) Counties with little or no coal and counties with —0.408 —-0.011 —
moderate reserves only (N = 6,226) (3.57) (5.24)
(3) Counties with little or no coal and counties with large —-0.374 — -0.017
reserves only (N = 5,698) “4.71) (6.05)
(4) Counties with moderate coal reserves and counties —0.413 0.008 —
with large reserves only (N = 2,596) (2.36) (291)
Two-way comparison by time period:
(5) Peak and bust only (N = 4,620) —0.408 -0.010 —0.018
(3.52) (3.94) (4.19)
(6) Boom and bust only (N = 6,270) —0.385 -0.010 -0.017
(5.25) (4.93) (6.05)
(7) Boom and peak only (N = 3,630) —0.295 -0.011 -0.020
(1.29) (3.18) 2.97)
Alternative 2SLS estimates:
(8) 2SLS with change in value of coal reserves and two -0.275 —0.010 -0.017
lagged values as instruments and fixed effect for large (3.65) (5.26) (—6.77)
and moderate coal reserves (N = 7,260)
(9) 2SLS with change in value of coal reserves and two —-0.271 — —
lagged values as instruments and county fixed effects (3.57)
N = 7,260)
(10) 2SLS with seam and time interactions as instruments —0.386 — —
and county fixed effects (N = 7,260) (5.30)

Notes: Authors’ calculations are from data sources given in the Appendix. All regressions contain state-year fixed effects. We
report absolute values of ¢-statistics in parentheses calculated using Huber-White standard errors, and we adjust standard
errors to account for possible nonindependence using Stata’s cluster command. Dependent variable is the logarithm of real

DI payments.

magnitude of the OLS estimates. Traditionally,
researchers have sought to explain such differ-
ences by suggesting that there is an endogenous
relationship between county economic condi-
tions and the growth in disability payments.
While we certainly would not deny the potential
for such endogeneity, we do not feel this is the
major reason for the differences. We believe the
instrumental variables estimates are larger than
the OLS estimates because estimated growth in
earnings from the first-stage regression is much
smoother than the actual earnings growth and
better captures important variations in local eco-
nomic conditions.

Consider the two series, actual and instru-
mented changes in earnings. While the two
county earnings series have the same mean

(0.012) by construction and are highly corre-
lated (0.605), the standard deviation of the in-
strumented earnings growth is only 0.049
compared to 0.082 for the actual earnings
growth. To the extent that much of the extra
variation in actual earnings growth is the result
of transitory shocks, the instrumented series re-
moves much of the “noise” from the earnings
data. For instance, we observe that in the coal
belt of eastern Kentucky, the earnings in Pike
County responded immediately to the 1974
price shock, while in neighboring Martin
County they responded continuously over a
three-year period. Because both Pike and Mar-
tin County, however, have over a billion tons of
coal reserves, the instrumented series will un-
derstate growth in Pike County and overstate
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growth in Martin County in the first year of
the boom. This smoothing of the Pike and Mar-
tin earnings series, however, probably better
reflects important aspects of the actual eco-
nomic prospects of Pike and Martin County
residents than the actual series. Moreover,
short-term fluctuations from floods, strikes, and
temporary plant closings, as well as slower
growth because of rapid development in a
neighboring county, are smoothed away by use
of the stock of coal."?

To illustrate this argument, we divided the
earnings series into the predicted series and the
residual of the series, entering both into a re-
gression otherwise specified as in column (4) of
Table 3. Because the predicted series and its
residual are orthogonal, this leaves unchanged
the coefficient on predicted earnings. If there
were a substantial endogeneity problem, how-
ever, one would suspect that the residual earn-
ings growth, for instance, might be positively
correlated with the growth in SSI payments.
This is not the case. The coefficient on residual
earnings growth is about —0.004, with a stan-
dard error of 0.014. For the DI program, the
coefficient on residual earnings is positive,
0.009, but is only about half the size of its
standard error, 0.016. In our view, this indicates
that the county-level earnings series is exces-
sively volatile rather than, strictly speaking, en-
dogenous. The predicted earnings series seems
to better capture the economic opportunity than
the much more volatile actual earnings series.
This is not surprising. Rational economic agents
are forward looking, basing their behavior on
current conditions and their forecasts of future
conditions. Undoubtedly, their forecasts are
smoother than realized economic time series.
Our instrumental variables estimates reduce the
volatility of earnings growth, which probably
better reflects the economic prospects of these
agents. This is particularly true when we use the
region and period interaction as instruments.

'3 To get a feel for whether smoothing across time or
across space was important for variance reduction, we es-
timated the SSI model using the county’s average earnings
growth for the boom, peak, and bust periods. While this
resulted in a modest increase in the coefficient on earnings
growth compared with the OLS estimate, the coefficient was
only about one-sixth the magnitude of the 2SLS estimates.
Smoothing across space is the more important component.
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TABLE 9—IMPACT OF EARNINGS GROWTH ON THE CHANGE
IN UNEMPLOYMENT INSURANCE EXPENDITURES: KENTUCKY,
OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1993

(1 (2

Controls: OLS 2SLS

State-year dummies Yes Yes

Instruments:

Region and time-period interactions No Yes

Change in county’s earnings —0.586 0.031
(9.06)  (0.18)

N 7,867 7,867

Notes: Authors’ calculations are from data sources given in the
Appendix. Dependent variable is the log of real Unemploy-
ment Insurance payments. We give absolute values of r-statis-
tics in parentheses. We use Huber-White robust variances to
estimate #-statistics, and we adjust standard errors to account
for possible nonindependence using Stata’s cluster command.
There are 330 counties in the four-state region.

The variation we use for identification in this
specification is simply the mean difference in
growth rates across the regions during the
boom, peak, and bust. No within-region varia-
tion or within-period variation remains in the
predicted series. Changes in local economic
conditions that are correlated with these long-
run changes in the value of coal reflect changes
in economic opportunity rather than the year-
to-year variation that comes and goes with busi-
ness cycles. As a test of this argument, we
re-ran our analysis on a new dependent variable
that should be less responsive to permanent
changes in economic conditions and more re-
sponsive to transitory changes.

Unemployment insurance is designed to act
as a buffer for business-cycle fluctuations. We
would therefore expect unemployment insur-
ance expenditures to be quite sensitive to tran-
sitory fluctuations in county-level earnings.
Because benefits are time limited, it is less
obvious that unemployment insurance expendi-
tures should be particularly sensitive to perma-
nent changes in economic conditions. Using
information on unemployment insurance expen-
ditures by county from the Bureau of Economic
Analysis (BEA) data, we estimate the OLS and
instrumental variables models with unemploy-
ment insurance expenditures as the dependent
variable. The results are reported in Table 9.

We see that the OLS coefficient on earnings
is greater than —0.5 and highly significant. Us-
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ing our region and time-period indicators as
instruments, however, we find that the esti-
mated effect of local economic conditions on
unemployment insurance expenditures is near
zero. These results are in direct contrast to the
results for DI and SSI participation in which
using these same instrumental variables in-
creased the magnitude of the coefficient sub-
stantially. These results provide some support
for our argument that the instruments’ role in
the SSI and DI participation examples is ex-
tracting the variation related to the permanent,
and not transitory, component of earnings.

V. Conclusions

In this paper, we used variations in local
labor-market conditions to estimate the impact
of economic growth on disability program par-
ticipation. To obtain an exogenous shock to
local economies, we used data from four coal-
producing states and used the coal boom and
bust as a natural experiment to identify the
impact of earnings growth on disability pro-
gram participation. The coal boom substantially
increased earnings in coal-producing areas
within the region. The economic benefits of the
coal boom, however, were not spread evenly
across the region. Even in the Appalachian ar-
eas of Kentucky, Ohio, Pennsylvania, and West
Virginia, 53 of the 186 counties have little or no
coal reserves, and among those counties with
coal reserves there are great differences in en-
dowments. We used the variation in the price of
coal over time combined with the variation in
coal reserves across space (together, the value
of a county’s coal reserve) to investigate the
effects of economic growth and decline on dis-
ability program participation. We found that for
the DI program, the elasticity of program pay-
ments with respect to local earnings is about
—0.3 or —0.4. For SSI, the elasticity is some-
what larger, between —0.4 and —0.7.

Our results suggest that permanent job cre-
ation or destruction has a much larger effect on
disability program use than more transitory lo-
cal labor-market changes. This is supported by
the lack of correlation between coal price-
induced changes in the local economy and the
use of the unemployment insurance program, a
program with time-limited benefits. It is also
supported by nearly identical findings for a dif-
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ferent source of permanent job destruction, the
collapse of the steel industry on DI and SSI
program use.

Given the decline in earnings of low-skilled
workers, our findings may help explain the find-
ings of Juhn (1992), who documents that the
decline in labor-force participation is particu-
larly severe among less educated men. Our use
of coal prices and endowments provides a strat-
egy for examining the impact of local earnings
growth on a host of outcomes. For example,
economists may be concerned about the impact
of local labor-market conditions on high-school
and college enrollments, welfare participation,
crime, out-of-wedlock births, and household
formation. In each case, the energy boom and
bust may provide important evidence about the
impact of local labor-market shocks on these
outcomes.

Bound and Waidmann (1992) note that there
are potentially important policy implications
about the responsiveness of disability program
participation to economic incentives. If the
availability and generosity of disability pro-
grams has reduced labor-force attachment be-
cause of “malingering,” if those receiving
disability payments are “perfectly capable of
working,” then the “social costs of the disability
transfers have been high and the target effi-
ciency low” (p. 1417). An immediate question
arises: Do are results provide evidence of this
malingering?

The idea that potential claimants are guilty
of malingering if they respond to economic
incentives appears predicated on a notion of
disability as a dichotomous state. In this view,
people with disabilities are incapable of work-
ing so those who respond to economic incen-
tives must not be disabled. This view, however,
is most certainly incorrect. Professional athletes
often participate in their sports with injuries
that would render most of us disabled. Presum-
ably, the outstanding remuneration associated
with participating renders the undeniable pain
associated with their injuries endurable. One
could interpret the results that we present as
evidence of the disabled workers’ commitment
to the labor market. Individuals who would oth-
erwise qualify for disability programs work
when provided with the opportunity. When dis-
abilities are viewed as a continuum, little is
learned about whether the existing programs are
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targeting the “truly needy” by examining the
responsiveness of those with disabilities to eco-
nomic shocks. Rather, their responsiveness to
economic shocks informs us about the number
of individuals for whom participation in disabil-
ity programs is a marginal decision. Whether
these recipients should be admitted to disability
programs cannot be answered by looking at
their responses to economic shocks.

Our analysis can provide, however, insight
into why disability program participation has
increased. Because the disability system in the
United States is relatively more generous for
low-wage workers, the disincentive effects of
the program are necessarily greatest for these
workers. Thus, one suspects that the decline in
labor-force opportunities for low-skilled work-
ers affected the rate of participation in disability
programs, but the magnitude of this effect is an
open question. For two industries that employ
low-skilled workers, our analysis suggests the
changes in the economic opportunities had size-
able impacts on disability caseloads and
expenditures.

APPENDIX: DATA DESCRIPTION

All dollar values are deflated by the CPIU
with the base year index as 1983. The July
index values of each year are used. We use the
Producer Price Index (PPI) for coal divided by
the Consumer Price Index of Urban wage earn-
ers (CPIU) as a measure of coal prices. We use
the Bureau of Economic Analysis’ (BEA) Re-
gional Economic Information System (REIS)
for our measures of annual county earnings,
population, the fraction of earnings from man-
ufacturing in 1969, and SSI payments.

County-level data for DI expenditures was
obtained from published and unpublished re-
ports from the SSA. We obtained the data
for 1978 to 1980 and 1982 to 1993 from
the American Statistical Index (ASI). The Of-
fice of Research and Statistics of the Social
Security Administration provided the data for
1969-1979. No county-level data are available for
1981.

For information on the reserves of coal lo-
cated in Kentucky counties, we obtained the
Kentucky Geological Survey’s (KGS) Ken-
tucky Coal Resources Information Database
(Kentucky Coal Marketing and Export Council,
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1993). The KGS divides coal reserves into those
with seams between 14" to 28", which cannot be
efficiently mined, and those with seams of 28"
or greater, which we treat as a proxy for coal
that could be mined. For Pennsylvania, we ob-
tained estimates of 28" seams from William E.
Edmunds (1972), Table 3. Unfortunately, we
have no measures of 28" reserves for either
Ohio or West Virginia. For Ohio, however, we
have estimates of 14" and greater reserves; this
data can be accessed over the Internet at http://
www .dnr. state.oh.us/odnr/geo_survey/ogcim/
coalgrp/counres.htm. For West Virginia, we
obtained estimates of 12" and greater reserves
from Stephen F. Webber (1996). Robert An-
drews (Kentucky), Doug Crowell (Ohio), and
Steve McClelland (West Virginia) of each
state’s Geological Survey answered numerous
inquiries and provided help in interpreting the
geological data. Because Ohio and West Vir-
ginia coal reserves are for 14" and 12" reserves,
we adjusted their reserves estimates by two-
thirds, which is roughly the ratio of 28" reserves
to total reserves in Kentucky.
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