American Economic Association

The Impact of Economic Conditions on Participation in Disability Programs: Evidence from
the Coal Boom and Bust
Author(s): Dan Black, Kermit Daniel, Seth Sanders
Source: The American Economic Review, Vol. 92, No. 1 (Mar., 2002), pp. 27-50
Published by: American Economic Association
Stable URL: http://www.jstor.org/stable/3083320
Accessed: 09/07/2009 17:44
Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.
Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=aea.
Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.
JSTOR is a not-for-profit organization founded in 1995 to build trusted digital archives for scholarship. We work with the
scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that
promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

American Economic Association is collaborating with JSTOR to digitize, preserve and extend access to The
American Economic Review.

http://www.jstor.org

The Impact of Economic Conditions on Participationin
DisabilityPrograms: Evidence from the Coal Boom and Bust
By DAN BLACK, KERMITDANIEL, 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-marketparticipation increases, disability program participationfalls. 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. Consistentwith a model
where qualifyingfor disability programs is costly, the relationship between economic conditions and program participation is much strongerfor permanent than
for transitoryeconomic shocks. (JEL JO,HO)

In 1993, 3.7 million former workers in the
United States were receiving Disability Insurance (DI) paymentsfrom Social Security.At the

same time, 4.4 million disabledAmericanswere
receiving income from Supplemental Security
Income (SSI). These two programs accounted
for payments to the disabled of nearly $51 billion. Expendituresfor disability programs far
exceed expenditures on other cash assistance
programs.For example, despite the attentionit
received from politicians and the media, Aid to
Families with Dependent Children(AFDC) accounted for paymentsof 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
programsexpendituresin the United States. Together SSI and DI real expendituresincreased
400 percentfrom 1970 to 1993, and the number
of recipients increased 400 percent as well. By
comparison,duringthe same period AFDC payments increased only 50 percent in real dollar
terms, and the number of welfare recipients
doubled. Because of the enormous growth in
disability programsover the last 30 years and
their currentimportanceas a source of public
aid, understandingwhy these programs have
grown so rapidly is an importantpublic policy
question.1
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' Statistical Abstract of the United States, Tables 582,
597, and 598 (U.S. Departmentof Commerce,Bureauof the
Census, 1996), provide the DI and (1980 and 1990) SSI
expendituresand recipientcounts. Committeeon Ways and
Means (1994) Table 8.1 provides the AFDC expenditures,
and we use Tables 4-20 and 4-24 to imputethe approximate
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The rise in expenditureson DI and SSI coincided 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-forceparticipation of low-skilled men accompaniedtheir decline 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 0. Parsons (1980, 1982) addresses a
relatedbut distinct issue. He arguesthat growth
in disabilityprogramsaccountsfor a large share
of the post-WorldWar II decline in labor-force
participation.His central piece of evidence is
that labor-marketdropoutappearslargerfor individuals who face more generous DI payments.2Specifically, the largerthe replacement
rate-the fraction of pre-disabilityearningsreplaced by the DI program-the lower is the
probabilityof working among prime-agedmen.
Parsons' work, however, has been vigorously
challenged. RobertH. Havemanand BarbaraL.
Wolfe (1984a,b), Bound (1989), and Bound
and Timothy Waidmann(1992), while not denying that disability programshave had some
impact on labor-forceparticipation,dispute the
magnitude of the impact. They point out the
potential endogeneity of Parsons's measure of

DI generosity.3Specifically,because the DI system is progressive,workerswith chronic health
problemsmight have lower earningsthat would
qualify them to have a higher fraction of their
earningsreplacedby the DI system. In this case,
a high replacement rate may simply reflect a
worker's chronic health problems and it is not
surprisingthat droppingout of the labor market
is positively correlated with health problems
(and hence the replacement rate). Bound and
Waidmann(1992) suggest that early diagnosis
and treatmentnow 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-forceparticipation for men aged 45 to 54 during the
1970's.
Insteadof relyingon the replacementrate,and
the problemsinvolvedwith its use, we use variation in local earningsgrowthwithin statesto see
how changesin the local economy affect participationin the DI program.We use this approach
because, for a specific geographicregion in the
United States,thereis an exogenous shock to the
valueof labor-forceparticipation.
Becauseof regulatorychangesand the OPECoil embargothere
were a seriesof sharpincreasesin the priceof coal
during the 1970's. The Appalachianregions of
Kentucky, Ohio, Pennsylvania,and West Virginia, in additionto otherareaswith coal, experiencedrisingemploymentandearningswhile other
areaswithinrelativelyshortdistancessufferedthe
declines in economic activityexperiencedby the
overallAmericaneconomy.A subsequentbust in
the coal marketin the 1980's reversedthese gains.
We use this variationin local economicconditions
to identifythe impactof labor-marketconditions
on DI programparticipation.Moreover,because
the coal boom persistedfor a long period,andthe

payments and numberof disabled recipients for 1970 SSI.
In 1970, the DI programpaid $2.4 billion to 1.3 million
recipients.Because SSI was not a federal programin 1970,
correspondingestimatesfor the disabilityportionof SSI are
not available. Approximately 1 million of the 3.1 million
SSI recipientsin 1970, however, were blind or disabled,and
total expenditureswere about $2.9 billion, which provides
us with approximateexpendituresof $1 billion.
2 Similarly,FredericP. Slade (1984), using datafrom the
1969 Longitudinal Retirement History Survey, estimates
that a 10-percentincrease in the generosity of DI payments
would reduce labor-forceparticipationof men between the
ages of 58 and 63 by 8.1 percent.

3 Haveman and Wolfe (1984a, b) note the potential endogeneity of the replacementrate and correctfor this endogeneity by predictingDI income. As Bound (1991) argues,
however, exclusion restrictionsof questionable legitimacy
are requiredin orderto generatethe instrumentsrequiredfor
this strategy. See Parsons (1984) for his defense to these
challenges. Bound's (1989) approachis to use DI applicants
who are denied disability insuranceas a control group for
those who received disabilityinsurance.See Parsons(1991)
for a critiqueof Bound's approachand Bound (1991) for his
reply. Gruber(2000), using a 36-percentincreasein disability payments in Quebec, finds an estimated labor-force
nonparticipationelasticity of about 0.3.
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subsequentcoal bustpersiststhroughtoday,these
economic shocks representlong-termchanges in
local labor-marketconditionsratherthan transitory ones. Ourresultssuggest thatpermanentjob
creationor destructionhas a muchlargereffect on
disability program use than more transitory
changesin local labormarkets.
Establishing the relationship between local
economic conditions and DI program participation may help inform the debate between
Parsonsand Bound as well. The centralissue in
both our question and theirs is the degree to
which disability participation and labor-force
participationare substitutes.A finding, for example, of no relationship between economic
opportunitiesand disability programuse would
supportthe contentionthatthe effects of the rise
of disability programson labor-forceparticipation are small. Furthermore,the larger the effects of economic opportunities on disability
program enrollment, the larger is the substitution potentialbetween work and disability. This
suggests a larger role for disability insurance
in explaining the decline in prime-aged male
labor-forceparticipation.
The remainderof the paper is structuredas
follows. In the next section, we describe features of the two majorU.S. disabilityprograms.
In Section II we describe the coal boom and
bust, documentingthe impactthatthis cycle had
on local economic conditions and on the use of
disability programs. In Section III we discuss
our econometricspecification,and in Section IV
we present the results of our estimation. In
Section V we offer some concludingcomments.
The Appendix describes the data we use.
I. Program Description4

The DI programcovers all participantsin the
Social Security system. In order to qualify for
DI benefits an individual must be deemed disabled by the Social Security Administration
(SSA). According to SSA rules, an individualis
deemed disabled if he is unable "to engage in
substantialgainful activity by reason of a physical 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 maintainsa list of
impairmentsthat, 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 determine that the conditions result in sufficient
impairment.In makingthe determinationof impairment, the applicant's age, education, and
work experience are consideredwhen determining whether an applicantmight still work. The
work need not exist in the immediate area in
which the claimantlives, nor must a specificjob
vacancy exist for the individual.
There are no otherrequirementsfor participation suchas incomeor assettests.DI paymentsare
based on past earnings.High-incomeindividuals
receive more benefits from DI than low-income
individuals.Caps on the amountthat individuals
can receivefrom(orpay into)the DI systemmake
the systemprogressive,andthe replacementrateis
higherfor low-income individualsthan for highincome individuals.
The Social Security Act of 1935 established
federalgrantsto statesthatwere to be used for the
care of the aged, blind,and disabled.In 1974, the
federalSSI programreplacedthese grantswith a
federal income-maintenanceprogramto be administeredby the SSA. Nationally,about74 percent of the nearly6 million SSI recipientsqualify
for benefitsbecause of a disability.For the purpose of eligibility for SSI benefits,the SSA defines disabled individuals as those "unable to
engage in any substantialgainful activityby reason of a medicallydeterminedphysicalor mental
impairmentexpectedto resultin deathor thathas
lasted,or can be expectedto last, for a continuous
periodof at least 12 months."Gainfulactivityis
operationallydefined as earning $500 a month
after impairment-related
expenses have been deducted;L. Scott Mulleret al. (1996) find that 13
percent of recipientsreport some labor income
while receivingSSI.
The SSI programis 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 'programof last
resort.'" Because of this, individuals deemed
disabled must additionallymeet strictasset 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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applicanthas appliedto all otherassistanceprograms for which he qualifies. In 1995, the average monthly payment to a SSI recipient was
$348 while the average payment to a DI recipient was $682. Like other Social Security benefits, benefits from both programsare indexed
to the ConsumerPrice Index.
Taken together, the benefit structureof the
SSI and DI programsare quite progressive.Because SSI payments are available only to poor
individuals, this makes SSI and DI together
more progressivethan the DI programis alone.
Put differently,the replacementrateis largerfor
low-wage workersthan for high-wage workers,
and hence the relativereductionin income from
withdrawalfrom the labor marketis smallerfor
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
percentageof total employment from the mining industryin the four-stateregion for 1969 to
1993. A 28.2-percent increase in coal prices
between July 1969 and July 1970 broughtcoal
prices to a post-WorldWar 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 remainedrelatively stable until about
1978, when it began a steady decline that continued 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 fractionof total employmentfrom the mining industryfor the four-stateregion 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 percent in 1993.
The coal boom and bust had a fundamental
impact on these local economies. We classify
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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 regions. Counties with moderate coal reserves
had per capitaincome grow 1.5 percentfasterin
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 increase in per capita income during the coal
boom was accomplishedas populationincreased.
In both the moderateand largecoal-reserveareas,
populationgrew duringthe boom and contracted
duringthe bust;see Black et al. (2000).
Ascertaining precisely how these economic
shocks affected the residentsof the coal-producing areas is difficult. Because these areas are
small, residentsarenot identifiedin the datasets
that labor economists have traditionallyused.
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 Decennial Censuses Public Use Micro Samples to
obtain some informationabout the earningsand
labor supply of the individuals in the coal region. The Public Use Micro Samples identifies
the location of respondentsonly at the countygroup 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 collections of counties in which at least 100,000
people resided. Thus, in large metropolitanareas, a "countygroup"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 observed those counties with more than a billion tons of coal
reservesare invariablylarge coal producers.Those with less
than 100 million tons were usually not large producersof
coal.
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Censuses, and the groupingsare often unrelated
to the coal seams.
With these caveats, however, we can identify
county groups that contain a relatively large
numberof workersemployed in the coal industry. 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 particularly fortunatefor us. The 1970 Census, which
asks about labor-marketinformationfor 1969,
is before the beginning of the coal boom. The
1980 Census, which asks about labor-market
informationfor 1979, is roughly at the peak of
coal boom, and the 1990 Census, which asks
about labor-marketinformationabout 1989, is
in the coal bust.
In Panel A of Table 1, we provide simple
differences-in-differencesestimates of changes
in various measures of labor supply and earnings for men and women. We compare the
percentagechange in labor-marketoutcomes of
those who reside in coal areas relative to those
in noncoal areas. The labor-marketoutcomes
we use are real annual earnings, annual hours
worked, annualweeks worked, hours per week,
whetherthe respondentis in the laborforce, and
average real wage.
The differences are stark. Real, annual earnings of men in coal areasgrew 13 percentfaster
between 1969 and 1979 than in noncoal areas.
Yet, changes in annualhours worked were virtually identicalto those in noncoal areas.Laborforce participationfor both men and women
grew modestly faster in coal areas than in noncoal areas (about 3 percent faster). The average
real wage, however, increased 17 percentfaster
for men and 10 percentfasterfor 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
compensationratherthan labor supply.
Wages also change dramatically between
1979 and 1989 although in the opposite direction 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. Laborforce participationdeclined for men and weeks

32

THEAMERICANECONOMICREVIEW

MARCH2002

TABLE 1-CHANGES IN EARNINGS,HOURSWORKED,WEEKSWORKED,WAGES,AND LABOR-FORCE
STATUS:KENTUCKY,
OHIO,PENNSYLVANIA,
AND WEST VIRGINIA1969 TO 1979 AND 1979 TO 1989 (IN PERCENTS)

Panel A: By Gender

Differences-in-differences,
coal and noncoal areas,
1969 to 1979

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

Populationaged 25 to 64

Men

Women

Men

Women

Average real annual earnings
Average hours per year
Average weeks worked per year
Average hours per week
In labor force

13.0
-0.2
-0.8
1.6
2.9

15.9
-0.3
1.8
0.2
2.7

-13.5
-4.9
-4.1
-3.7
-2.9

-11.7
-1.6
0.4
-0.9
1.4

11.9
-2.8
-1.7
-1.1
17.2

9.5
-2.0
-0.7
-0.7
10.2

-11.1
-2.0
-1.3
-0.8
-8.6

-10.9
-2.6
-0.9
-1.9
-7.9

Conditionalon working, aged 26 to 64
Average real annual earnings
Average hours per year
Average weeks worked per year
Average hours per week
Average real wage

Panel B: By Coal and Noncoal Workers

Differences-in-differences,
coal and noncoal areas,
1969 to 1979

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

Populationof men, aged 25 to 64

Coal
workers

Noncoal
workers

Coal
workers

Average real annual earnings
Average hours per year
Average weeks worked per year
Average hours per week
In labor force

47.7
14.6
11.9
17.0
16.2

9.3
-1.5
-1.9
0.3
1.7

-8.5
-1.5
-4.5
-0.6
-3.9

-13.3
-5.0
-3.9
-3.7
-2.5

29.7
-0.9
-1.4
0.7
30.8

9.5
-2.9
-1.6
-1.3
14.8

-4.9
2.6
-0.7
3.6
-8.1

-11.1
-2.5
-1.4
-1.2
-8.0

Noncoal
workers

Men, aged 25 to 64, conditional on working
Average real annual earnings
Average hours per year
Average weeks worked per year
Average hours per week
Average real wage

Notes: Authors' calculationsare 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 percentof the workforceemployed 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 annualhours.Annualhoursare the productof the respondent'sweeks workedlast year and average
hours worked last year.

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 whetherthey work in the coal
industry.6We again use all workersin noncoal
areas as our comparison group. Not surprisingly, 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.

much faster than the earningsof noncoal workers during the boom. Wages grew nearly 31
percent for coal workers and 15 percent for
noncoal workers relative to those in noncoal
areas. Thus, the coal boom clearly affected the
wages of both coal miners as well as other
workersin coal areas.As one would suspect,the
labor-supply responses of coal workers increased relative to those of workersin the noncoal industries.In the bust, the decline in real
average wages was 8.1 percent for workers in
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Coal Reserves
I Less than 100 million tons
EZI 100-999 million tons
1 billion tons or more

FIGuRE2. COAL RESERVES: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA

the coal industryand 8.0 percentfor those not in
the coal industry.
While the coal boom substantiallyincreased
earnings in coal-producing areas within Kentucky, Ohio, Pennsylvania, and West Virginia,
the economic benefitsof the coal boom were not
spread evenly across the region. Even in the
Appalachianareasof these four states, 53 of the
186 counties have little or no coal reserves, and
most of the remaining 144 counties outside Appalachia have no coal. Among those counties
with reserves there are great differences in coal
endowments. In Figure 2, we map the endowment of coal within the region. We divide the
counties into threegroups: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 majorcoal seams. The first major
seam lies in western Kentucky, a part of the
Illinois coal basin. The second majorseam-the
AppalachianBasin-runs througheasternKentucky, West Virginia, western Pennsylvania,
and easternOhio. Finally, easternPennsylvania
contains a majorseam 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 counties into quartilesbased on the average growth
of county earnings. A comparisonof Figures 2
and 3 shows how strongly the endowment of
coal is correlatedwith limited economic growth
during the coal bust. In Figure 4, we repeat the
exercise for the growth of SSI paymentsduring
the coal bust. ComparingFigures 2 and 4 it is
clear that the endowment of coal is strongly
correlatedwith growth in SSI payments during
the coal bust.
III. EconometricSpecifications
Figures 2 through 4 visually display our
econometric strategy. We wish to correlateintrastatevariationin earningsthatarises from the
coal boom and bust to intrastatevariationin SSI
and DI payments.The use of intrastatevariation
allows us to control for interstatedifferences in
policies that affect SSI and DI expenditures.As
Gruberand Jeffrey D. Kubik (1997) emphasize,
applicationsfor DI and SSI are made to stateappointedboards that differ from state to state.
Kubik (1999) and Black et al. (1997) document
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Quartile of Mean Growth in Earnings, 1983-93

1st
1 Quartile
M2nd Quartile
3rd Quartile
I
4th Quartile

FIGURE3. QUARTILEOF MEAN GROWTHIN EARNINGS:
AND WEST VIRGINIA1983-1993
KENTUCKY,OHIO,PENNSYLVANIA,

Quartile of Mean Growth In S Si P ayments, 1983-93
1st QuartIle

2nd QuartIle
3rdQuartile
4th Quartile

FIGURE4. QUARTILEOF MEAN GROWTHIN SSI:
AND WEST VIRGINIA,1983-1993
KENTUCKY,OHIO,PENNSYLVANIA,

that SSI rolls are sensitive to the level of AFDC
benefits paid in the state, presumablyas potential recipients react to the relative benefits of
applying to either the AFDC or the SSI
program.

Unfortunately, the coal-producing areas of
the four-stateregions have modest populations,
making it impracticalto obtain individual-level
data for the analysis. As a result, we rely on
county-level data, and we estimate regressions
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of the form:
(1)

Ayj, = Po + year,tpI31, + XistP2

+

33lA(earningsjs,) + sis,

where A indicates a first difference in logarithms; \yist is the logarithmicdifference in the
real SSI or DI payments for county i in state s
between time t and t - 1; yearst is a state-year
dummy variable for state s in year t; A(earningsis,) is the differencein the logarithmof real
earnings in county i; 8ist is an errorterm capturingunmeasuredfactors;and xjstis a vector of
control variables.7The difference approachof
equation (1) will purge the data of any fixed
effects. Our use of state-yeardummy variables
to control for programmaticchanges purges the
dependent variable of its time-series variations. Similarly, this year fixed-effect approach
purges the growth in earnings of all statespecific time-series variations as well. Identification 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 correlationbetween changes
in a county's wage bill and changes in its disability role regardless of the source of the
change in the wage bill. The price of coal alters
the wage bill throughincreasingthe demandfor
labor. To capturethis econometricallywe use a
two-stage model. The first stage models the
relationshipbetween 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
MetropolitanStatisticalArea for the 1990 Census, the logarithmof the county's population,the log difference in the
county's population, and the fraction of earnings in 1969
from manufacturingindustries.We control for metropolitan
status because of our concern that persons with disabilities
may move to a metropolitanarea for better access to health
care. Similarly, we control for populationto proxy, in part,
for access to medical care and the provision of public
services such as transportationthat may attractindividuals
with disabilities. The change in population obviously may
have a mechanical relationshipwith disability payments if
persons with disabilities are representedamong migrants.
Finally, we use the fractionof earningsfrom manufacturing
industries in 1969 to control for any impact of industry
structureon disability. Eliminatingthese controls has little
impact on the results discussed below.
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coal price and the county's endowmentof coal).
The second stage then models how these coal
price-induced movements in the wage bill affected disability programparticipation.
The first-stage equation for the change in
(log) earnings is
(2)

z\(earningsis,)
a-o + yearstalst + xistaist

+ A(value of reservesisj)os + uist
where A (value of reservesist) is some measure
of the change in the real value of the county's
coal reserves, and uist is an errorterm with the
usual properties. The second-stage regression
model is
(3)

Ayi,t = go + yearstIlst

+ XistP2

+ f34(earningsist) + sis,
where A(earningsist) is the change in earnings
due to the coal-price induced value of reserves.
The commitmentto enter the DI programis
largely permanent.An individualmust 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 programbefore
their cases are automaticallytransferredto Social Securityretirementat age 65.8 Therefore,in
choosing to pursue DI benefits, individuals are
more concerned with their long-term earnings
prospects than with immediate earnings prospects. Coal price-induced changes in employment, 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 transitory annualchanges in a county's employment.
If annualchanges in earnings are a more errorridden measure of economic opportunitiesthan
the changes induced by coal prices, then we
expect the magnitude of the instrumentalvariables estimate to exceed the magnitude of the
ordinaryleast-squares(OLS) estimate.

8Burkhauserand Haveman (1982) report that 1.6 percent 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

All Counties

Variables

Large Coal
Counties

ModerateCoal
Counties

No Coal
Counties

Coal Boom (1970-1977)

Logarithmicdifference in SSI payments
Logarithmicdifference in DI payments
Logarithmicdifference in county earnings
Logarithmicdifference in population
Logarithmicdifference in real price of coal

0.063

0.061

0.071

0.060

(0.217)

(0.189)

(0.212)

(0.225)

0.127

0.102

0.119

0.136

(0.089)

(0.080)

(0.079)

(0.090)

0.030

0.058

0.034

0.022

(0.081)

(0.078)

(0.079)

(0.080)

0.013

0.015

0.011

0.012

(0.018)

(0.018)

(0.020)

(0.018)

0.094
(0.140)

Logarithmicdifference in coal value instrument
Mean coal reserves
Fraction of economy in manufacturing (1969)
Fraction of counties with an MSA
Population

0.253

0.721

0.547

0.050

(0.649)
461
(1,110)
0.267
(0.160)
0.262
(0.440)
84.8
(194)

(1.080)
2,562
(1,779)
0.158
(0.147)
0.191
(0.394)
59.1
(71.6)

(0.824)
412
(257)
0.284
(0.167)
0.296
(0.457)
80.4
(191)

(0.226)
6.45
(19.5)
0.285
(0.151)
0.267
(0.442)
92.1
(213)

Coal Bust (1983-1993)

Logarithmicdifference in SSI payments
Logarithmicdifference in DI payments
Logarithmicdifference in county earnings
Logarithmic difference in population

Logarithmicdifference in coal value instrument

0.062

0.067

0.063

0.061

(0.073)

(0.070)

(0.068)

(0.075)

0.033

0.030

0.028

0.035

(0.090)

(0.090)

(0.099)

(0.086)

0.018

-0.009

0.008

0.027

(0.077)
0.002
(0.013)

(0.086)
-0.007
(0.012)

(0.058)
-0.002
(0.012)

(0.079)
0.005
(0.013)

-0.318

-0.241

-0.112
(0.149)

Logarithmicdifference in real price of coal
Population
Number of counties

-0.041

(0.137)

-0.022

(0.106)

(0.057)

-

(0.018)
85.7
(179)

58.5
(68.6)

78.3
(170)

94.2
(197)

330

47

71

212

Notes: Authors' calculations are from data sources given in the Appendix. Standarderrorsare in parentheses.

IV. Results
In what follows we estimate the impact of
earningsgrowth on SSI and DI programexpenditures for counties in Kentucky, Ohio, Pennsylvania, and West Virginia. Table 2 presents
summary statistics of the sample and mixed
evidence on the relationshipbetween earnings
growth and programparticipation.On the average, coal prices increased 9.4 percent per year
duringthe coal boom and decreased4.1 percent

per year duringthe coal bust. The average coal
reserves in counties in the large seam areas is
2.5 billion tons, in the moderateseam 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 percentfor counties with moderate
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coal reserves, and 2.2 percentfor counties without coal. Duringthe bust, noncoal counties grew
2.7 percent annually while coal counties had
essentially no earnings growth. Also, counties
in the seam differ from othercounties in several
ways. Comparedto the noncoal counties, counties with large coal reserves have fewer residents, are less likely to be in a metropolitan
area, and have less manufacturing.The moderate coal counties are remarkablysimilar to the
noncoal counties in these dimensions.
A. SemiparametricEstimates
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, interpretthis variable as the percentage change in real earnings. In the next specifications, 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, t-statistics are reported using
Huber-White standard errors.9 Because the
functional form is a double-log model, the
parameterestimate for the change in earnings
can be interpretedas an elasticity of the change
in payments for a change in the level of the
county's real earnings. We then repeatthe estimation excluding the control variables.
We begin our analysis with the OLS estimates 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 Table 3, we present the OLS estimate for the
model with all covariates. Earningsgrowth appears to have no effect on the growth of DI
payments.
9 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 nonparametricestimation of the covariance matrix
with spatial correlationacross observations within a given
distance, using a method similar to Whitney K. Newey and
KennethD. West's (1987) techniquefor autocorrelation.In
the Appendix, available from the authors on request, we
reestimateour 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-inducedchanges in county earnings. In orderto implementour two-stage model
[equations (2) and (3)] we first must specify a
measure for the value of a county's coal reserves. We use the log differences in the real
price as the measure of price changes. This
measure of the change in coal prices is multiplied by the log of coal reserves. Because new
mines requiresome 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 measures 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 increase in earnings within the county would reduce 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 repeatthe estimationexcluding the
other covariates. The OLS estimate indicates
essentially no relationship between DI payments 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 othercovariatesleave the point estimatesfor
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 magnitudeof the rate of reductionin
the numberof new cases. Suppose that initially
the DI programhas a constant growth rate. If
each case has the same expenditures,changes in
expendituresare
AEt = N,-

Et-

-

where AXEtis the change in real expenditures,Nt
is the expenditures resulting from new cases
(number of "inflows"), Yl is the rate at which
old cases leave the DI rolls, and Et - 1 is the
level of expenditure last period (yE Et- 1 is the

number "outflows"). Dividing both sides by
Et1

we obtain

AEpercent = (Nt/Et

)-

Y.
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IMPACT OF EARNINGS GROWTH ON THE CHANGE IN DISABILITY INSURANCE AND SUPPLEMENTAL SECURITY
INCOME PAYMENTS: KENTUCKY, OHIO, PENNSYLVANIA, AND WEST VIRGINIA, 1970-1993

Controls:

(1)
OLS

(2)
2SLS

(3)
OLS

(4)
2SLS

State-yeardummies
County is in MSA (1990)
County's population
Change in county's population
Fractionof earnings from manufacturing,1969
Instruments:Change in value of coal reserves and two lagged values

Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes

Yes
No
No
No
No
No

Yes
No
No
No
No
Yes

-0.002
(0.11)

-0.345
(3.95)
26.7
7,260

0.002
(0.10)

-0.347
(4.24)
28.0
7,260

Panel A: Disability InsurancePayments
Change in county's earnings
First-stageF-statistic on excluded instruments
N

7,260

7,260

Panel B: SupplementalSecurity Income Payments
Change in county's earnings
First-stageF-statistic on excluded instruments
N

-0.023
(1.58)

-0.713
(5.33)
26.5
7,904

7,904

-0.020
(1.40)

-0.639
(5.48)
27.9
7,904

7,904

Notes: Authors' calculationsare from data sources given in the Appendix. Dependentvariablesare the log differencesin real
DI payments and the log differences in real SSI payments. We give absolute values of t-statistics in parentheses.We use
Huber-Whiterobustvariancesto estimate t-statistics, and we adjuststandarderrorsto accountfor possible nonindependence
using Stata's clustercommand.Thereare 330 counties in the four-stateregion. No dataon DI paymentsare availablefor 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 expendituresis just the
difference between the rate of inflows and outflows. Combininginformationfrom Burkhauser
and Haveman(1982) and from the SSA Annual
Statistical Supplement (1981), Yl, the annual
rate of outflows, appears to be approximately
0.089.10 Between 1970 and 1995, the real expendituresof the DI system grew at annualrate
of 7.9 percent.As AE percent = 0.079, the rate
of inflows must have been 16.8 percent (Nt/
Et1-

A Ecpercent = (1

-

a)(NtEt-I)

-

yI

where a < 1 denotes the rate of reduction of
new cases arising from the coal boom. Differencing the two percentagegrowthequations,we
have
/\Epercent

-

AEcpercent = aG. 168.

= 0. 168). Now suppose the impact of the

coal boom reduces DI expenditures solely
throughchanges in the inflow of new cases. For
the coal areas we have
10 There are two componentsto y, (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, Burkhauserand 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 transfersthe recipient to old-age
retirement.In 1978, accordingto the SSA AnnualStatistical
Supplement(1980), 7.3 percent of the DI caseload was 64
years of age and would age out.

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-percentincrease in earningsreduces DI ex0.0126/
penditures 1.26 percent so that a
0.168 0.075. Thus, the 3.6-percentincreasein
earningsreducedthe numberof new entrantsby
7.5 percent. If some of the stock of recipients
did return to work, this calculation overestimates the responsiveness of the new entrants.
In Panel B of Table 3, we repeatthe analysis
for SSI payments. Again, the OLS estimates,
reportedin columns (1) and (3), indicateonly an
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extremely weak link between earnings growth
and the growth in SSI payments. While the
estimatedcoefficient on earningsgrowthis negative, it is statisticallyinsignificantand economically inconsequential.A 10-percentincrease in
earnings in a county would reduce SSI payments by only 0.2 percent.
In columns (2) and (4) of Panel A, we provide 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 10percent increase in earnings in a county would
reduce SSI payments by more than 6 percent.
Thus, there is a substantialand statistically significant inverse relationshipbetween 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. Because the SSI programis means tested, financially ineligible workers have an incentive to
work less, thus reducingfamily income, if doing
so allows a disabled family member to collect
SSI. A positive shock to earnings, therefore,
reduces participationin SSI in two ways. First,
as before, it increases the value of labor-force
participationfor a potentialparticipant.Second,
some workers will have family members who
are potential participants.Higher earnings for
these workers may preclude benefits for disabled 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 between 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 significantly affected disability programparticipation.
Do the large impacts of local economic conditions on disability programparticipationgeneralize to other regions? There are at least two
distinct issues. First, we have identifiedthe impact of earningsgrowthon changes in disability
payments using movements in coal prices, and
coal is mined predominatelyin ruralareas. It is
possible that the relationshipbetween 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
thando physiciansin 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 thatthe patientis 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 applicabilityof this studyto large urban
areas may be limited.
On the other hand, the impact of changes in
county earnings on changes in SSI and DI receipt are remarkablysimilar 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 employment structure,and are almost as populous
as noncoal areas. Thus, the impact of earnings
growth on SSI and DI payments was very similar across two areas that are quite different.
A second possible issue is perhapsmore important.The coal industryemploys a much different 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. Regardlessof the year, coal mining is a male-dominatedindustry, with males
comprising 95 percent of the industry even in
1990. The data also demonstratethat the coal
boom had a dramaticeffect on the age structure
of the industry. Between the 1970 and 1980
Censuses, the industrybecame much youngeras
it expandedand 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 industry in which workers have very limited education. Even in 1990, 30 percent of the
industry was comprised of workers without a
high-school diploma." Thus, the coal industry
employs a disproportionatenumber of lowskilled workers.
11While Table 4 shows a dramaticdrop in the percentage of workers with an eighth-gradeeducation or less, the
prevalenceof individualsin this region with an eighth-grade
education or less fell by the 1980 Census.
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4-CHARACTERISTICS
AND WEST

OF WORKERS
VIRGINIA:

IN THE COAL-MINING

INDUSTRY

1970, 1980, AND 1990 CENSUS
All Workers

MARCH2002

IN KENTUCKY,

DATA

OHIO,

PENNSYLVANIA,

(IN PERCENTS)

Coal-Mining Industry Workers

1970

1980

1990

1970

1980

1990

20.5
19.5
20.1
21.3
14.5
4.0

22.4
26.7
18.7
16.8
12.5
3.0

16.7
26.9
25.8
17.1
10.4
3.0

10.4
18.7
22.5
29.9
16.8
1.7

16.2
19.8
20.8
15.0
9.3
0.9

4.8
25.2
40.2
20.4
8.5
0.9

16.5
20.9
40.2
11.0
11.4

7.1
14.9
45.0
16.5
16.5

3.5
14.1
39.6
24.4
18.4

44.4
23.4
27.0
3.8
1.5

17.5
20.7
46.9
9.8
5.2

9.8
20.0
49.8
15.3
5.1

63.3
36.7

58.9
41.1

54.8
45.2

97.3
3.7

95.8
4.2

95.2
4.8

Age
Less than 25
25 to 34
35 to 44
45 to 55
55 to 64
65 and over
Years of schooling
Less than 8 years
9 to 12 years, no diploma
High-school graduate
Some college
College graduate
Gender
Male
Female

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 decline in the primarymetals industryon DI and
SSI payments. Between 1982 and 1987, earnings in the primary metals industry declined
from 1.5 percent to 1.0 percent of total U.S.
earnings. We collected DI paymentsby 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
primarymetals. (We exclude Pennsylvaniaand
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 primary metals industry displaced many highly
paid, low-skill men.
In Panel A of Table 5, we consider how the
decline in the primarymetals industryaffected
DI payments in the six-state region from 1982
to 1987. In column (1) we present the OLS
estimates. As in the coal-producingstates, the
OLS estimate suggests no relationshipbetween
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 10percent 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-producingregions. In column (3), we provide estimates for the first-stage regression,
documentingthatearningswithin the county are
highly correlatedwith the fraction of male employment in primarymetals in 1970. Finally, in
column (4), we present the reduced-form regression results, which suggest that during the
period of massive closing of steel plants, areas
with a historically large fraction of workers in
the primarymetals industrieshad DI payments
grow faster than elsewhere. Thus, results from
both the coal and primarymetals industriessuggest that declines in these industriesare associated with growth in disability payments.
In Panel B of Table 5, we present similar
evidence for SSI payments. Again, the OLS
estimates indicate no statisticallysignificantrelationship between local labor-marketearnings
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
Controls:
State dummies
Fraction of male employment in primarymetals, 1970
Change in earnings

(1)
OLS

(2)
2SLS

(3)
First stage

(4)
Reduced form

Yes
No
-0.010
(0.28)

Yes
Yes
-0.361
(2.50)

Yes

Yes

-0.691
(4.78)

0.249
(2.99)

Fraction of male employment in primarymetals, 1970

Panel B: SupplementalSecurity Income
Controls:

(1)
OLS

(2)
2SLS

(3)
First stage

(4)
Reduced form

State dummies
Fraction of male employment in primarymetals, 1970

Yes
No

Yes
Yes

Yes

Yes

-0.042

-1.049

-0.691
(4.78)
464

0.729
(4.77)
464

Change in earnings

(0.81)

(3.06)

Fraction of male employment in primarymetals, 1970
N

464

464

Notes: Authors' calculations are from data sources given in the Appendix. The dependentvariablesin columns (1), (2), and
(4) are the log differences in real DI and SSI paymentsin 1987 and 1982 and the log differences in earnings in column (3).
We give absolute values of t-statistics in parentheses.We use Huber-Whiterobust variances to estimate t-statistics.

suggest that a 10-percentdecline in earnings is
associated with a 10-percent increase in payments. Thus, we again find that the decline in
SSI payments exceeds the decline in DI
payments.
If low-skilled workersare more likely to pursue 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 programparticipation. 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 aboutthe increase in
disability program participation among men,
particularlyamong low-skilled men.
B. NonparametricEstimates
In this section, we began to explore why the
magnitude of instrumentalvariables estimates
are so much larger than the magnitude of the
OLS estimates. In this subsection, we construct nonparametric estimates that allow us
to examine more closely the variation that
produces the large instrumental variables estimates. These nonparametricestimates 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 estimated coefficient on county earnings growth,
we exclude them from our nonparametricanalysis. As before, we classify counties into one of
three coal regions. 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 consideredoutside 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 between 1983 and 1993 (Bust). The first-stage
equation for the change in (log) earnings is
(2')

/\(earningsis,)

=

a0 + yearstalst
+

Cisty

+

uist

where Ci,t is a vector that indicates whetherith
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
logarithmof real Disability
Insurancepayments

Difference in the logarithm
of real earnings

Difference in the
logarithmof real Supplemental
Security Income payments

Counties with
Counties with
Counties with
Counties with
Counties with
Counties with
moderatecoal
moderatecoal
moderatecoal
large coal
large coal
large coal
reserves compared reserves compared reserves compared reserves compared reserves compared reserves compared
to counties with
to counties with
to counties with
to counties with
to counties with
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
(1)
(2)
(3)
(4)
(5)
(6)

Period
1970-1977
1978-1982
1983-1993

0.014
(3.96)
0.004
(1.00)
-0.018
(6.58)

0.035
(6.48)
0.002
(0.30)
-0.034
(8.19)

-0.016
(5.47)
-0.010
(3.36)
-0.003
(1.60)

-0.030
(7.67)
-0.024
(6.56)
-0.004
(1.31)

-0.004
(0.85)
0.007
(1.93)
0.004
(1.69)

-0.017
(3.56)
0.001
(0.18)
0.014
(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 t-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, y, are the average growth in earnings for counties with large coal and with moderatecoal reservesrelativeto counties with little
or no coal for each of the three time periods.
The resulting 2SLS regression model is
(3')

/Yist= go +

yearstost

+ f34(earniingsist)
For a given state in a given year,

+

8ist*

A(earningsist)

takeson only threevalues. Moreover,for a given
statein a given period,the differencebetweenany
two regions' value of z\(earningsi,t)

is a con-

stant for all years. Thus, the use of region and
time indicatorsfor our instrumentseries insures
thatwe use only long-termdifferencesin growth
ratesto identifythe impactof earningson disability payments.
To investigatethe relationshipamong a county's earnings growth, its endowment of coal,
and the coal price cycle, the average growth in
county earningsin presentedfor the coal boom,
peak, and bust, which are estimatedfrom equation (2'). Columns (1) and (2) of Table 6 report
the average economic performanceof counties
with large and moderatecoal reservesrelativeto
counties with small or no reserves of coal. Consistent with Figure 3, counties with moderate

coal reserves did modestly better during the
boom period, averagingabout 1.4 percentmore
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 counties with little or no coal. During the bust, coal
counties had much slower growth in county
earningsrelative to noncoal counties.
A similarexercise is conductedto investigate
the relationshipbetween 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)

XYi,t= 00 + yearstOst+ CistT + u1ist

where in this model Ayistis the log differencein
county DI payments. The coefficients, T, are
simply the average growth in DI payments for
counties with large coal and with moderatecoal
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. Duringthe coal boom, DI paymentsgrew 3.0
percent slower in counties with large coal reserves relative to counties with little or no coal
reserves and grew 1.6 percent slower in counties with moderate coal reserves relative to
counties with little or no coal reserves.
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TABLE7-WALD ESTIMATES
OF THEIMPACTOF THECOAL SHOCKSON DISABILITYINSURANCE
AND SUPPLEMENTAL
SECURITY
INCOMEPAYMENTS:KENTUCKY,OHIO, PENNSYLVANIA,
AND WEST VIRGINIA,1970-1993

Panel A: Disability InsurancePayments

Period
1970-1977
1978-1982
1983-1993
1970-1993

Counties with little
or no coal compared
to counties with
large reserves

Counties with
moderatecoal reserves
comparedto counties
with large reserves

Counties with little
or no coal compared
to counties with
moderatereserves

Three-region
comparison

-0.828
(4.56)
N = 2,072
-2.128
(1.13)
N = 777
0.112
(1.26)
N= 2,849
-0.333
(4.37)

-0.852
(2.45)
N = 944
-5.574
(0.22)
N = 354
0.053
(0.28)
N= 1,298
-0.353
(2.12)

-1.296
(3.08)
N = 2,264
-2.120
(0.89)
N = 849
0.198
(1.60)
N = 3,113
-0.234
(2.29)

-0.887
(5.13)
N = 2,640
-2.075
(1.30)
N = 990
0.124
(1.62)
N = 3,630
-0.324
(4.85)

N = 5,698

N = 2,596

N = 6,226

N = 7,260

Panel B: SupplementalSecurity Income Payments

Period
1970-1977
1978-1982
1983-1993
1970-1993

Counties with little
or no coal compared
to counties with
large reserves
(1)

Counties with
moderatecoal reserves
comparedto counties
with large reserves
(2)

Counties with little
or no coal compared
to counties with
moderatereserves
(3)

Three-region
comparison
(4)

-0.479
(2.94)
N = 2,056
-0.267
(0.11)
N = 1,295
-0.382
(3.94)
N = 2,849
-0.424
(5.47)

-0.704
(1.78)
N = 944
3.014
(0.47)
N = 590
-0.453
(2.03)
N = 1,298
-0.532
(2.64)

-0.241
(0.66)
N = 2,248
1.921
(1.02)
N = 1,415
-0.257
(1.86)
N = 3,113
-0.209
(1.53)

-0.460
(3.05)
N = 2,624
1.733
(0.93)
N = 1,650
-0.371
(4.36)
N = 3,630
-0.398
(5.60)

N = 6,200

N = 2,832

N = 6,776

N = 7,904

Notes: Authors'calculationsare from data sources given in the Appendix.All regressionscontain state-yearfixed effects. We
report absolute values of t-statistics in parenthesescalculated using Huber-Whitestandarderrors, and we adjust standard
errorsto account for possible nonindependenceusing 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 moderatecoal reservesrelativeto 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 paymentsgrow
1.7 percent slower than noncoal counties. During 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
variationin region and coal prices to form several nonparametricinstrumentalvariables estimators of the impact of earningson DI and SSI
payments. We report the estimates in Table 7, providingthe DI estimatesin Panel A and
the SSI estimates in Panel B. Considerfirst the
SSI estimates. Using data for the boom period

44

THEAMERICANECONOMICREVIEW

alone, we obtainan elasticity estimateof -0.46;
using datafrom the bust periodalone, we obtain
an elasticity estimate of -0.37, which we view
as quite similar. Similarly, when we use twoway comparisonsbetween the region with large
coal reserves and one of the other regions, we
get reasonablysimilar elasticity estimates.
In contrast,we find a great deal of instability
in our DI estimates. For example, we find estimates from the boom periodsuggest an estimate
of -0.89. This elasticity is very large, and, in
our view, implausibly large. Moreover, the estimated elasticity is even more negative in the
peak, albeit statisticallyinsignificant,and in the
bust the estimatedelasticity is actuallypositive,
although again insignificant.Obviously, the intertemporalvolatility of the elasticity estimates
calls into question the point estimates that we
presentedin 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 statistically significant, when coal and noncoal areas 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 during the bust.
In order to test our contention that growth
rates in DI payments vary by region, we reestimate our nonparametricmodel includingregion fixed effects. Table 8 presents the results
from this model. In row (1), we report the
nonparametricestimates with fixed effects for
whether the county has little or no coal, moderatecoal reserves,or large coal reserves.As we
expected, given Table 6, the fixed effects indicate that DI payment growth is slower in areas
with moderatecoal reserves than in areas with
little or no coal and even slower in areas with
large endowments of coal. Controllingfor this,
the estimated impact of earnings growth on DI
paymentsincreases somewhat.We estimatethat
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a 10-percent increase in earnings would decrease DI payments about 3.9 percent.
In the next three rows, we reestimate the
model using only two of three regionscounties with little or no coal and moderatecoal
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 magnitudeof
the impactof earningson DI payments,with the
estimates ranging from -0.37 to -0.41, and
each is statisticallysignificant.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 estimated 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 suggests thatthe semiparametricestimates in Table
3 may be biased as well. In the last two rows,
we reestimatethe semiparametric2SLS models
using a specification similar to that in column
(4) of Table 3. In row (8), we reestimateincluding 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-percentincrease in county earnings would reduce DI payments about 3.9 percent.12 Again, the nonparametricinstrumental
variable estimate is larger than the 2SLS
estimate.
For both programsand for both the coal and
steel industries, the magnitudes of the instrumental variablesestimates are several times the
12 The permanentlylower growth rate in the coal areas
results from the higherrates of DI priorto the coal boom. If
we condition on the 1969 per capita level of DI payments
and its square, the estimated seam fixed effect drops dramatically in magnitude and is generally insignificant. The
results are available on request from the authors.
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TABLE8-ESTIMATES OF THEIMPACTOF THECoAL BOOMAND BUST ON DISABILITYINSURANCE
PAYMENTS
wiTH FIXEDEFFECTSFORGROWTHRATES

(1) Full sample (N = 7,260)
Two-way comparisonsby seam:
(2) Counties with little or no coal and counties with
moderatereserves only (N = 6,226)
(3) Counties with little or no coal and counties with large
reserves only (N = 5,698)
(4) Counties with moderatecoal reserves and counties
with large reserves only (N = 2,596)
Two-way comparisonby time period:
(5) Peak and bust only (N = 4,620)
(6) Boom and bust only (N

=

6,270)

(7) Boom and peak only (N = 3,630)

Alternative2SLS estimates:
(8) 2SLS with change in value of coal reserves and two
lagged values as instruments and fixed effect for large

and moderatecoal reserves (N = 7,260)
(9) 2SLS with change in value of coal reserves and two
lagged values as instruments and county fixed effects
(N = 7,260)

(10) 2SLS with seam and time interactionsas instruments
and county fixed effects (N = 7,260)

(1)
Coefficient on
difference of
log earnings

(2)
Moderate
coal region
fixed effect

(3)
Large
coal region
fixed effect

-0.386
(5.42)

-0.010
(5.20)

-0.017
(6.35)

-0.408
(3.57)
-0.374
(4.71)
-0.413
(2.36)

-0.011
(5.24)

-0.408
(3.52)
-0.385
(5.25)

-0.010
(3.94)
-0.010
(4.93)

-0.018
(4.19)
-0.017
(6.05)

-0.295

-0.011

-0.020

-0.017
(6.05)
0.008
(2.91)

(1.29)

(3.18)

-0.275

-0.010

(3.65)

(5.26)

(2.97)
-0.017
(-6.77)

-0.271
(3.57)

-0.386
(5.30)

Notes: Authors'calculationsare from data sources given in the Appendix.All regressionscontain state-yearfixed effects. We
report absolute values of t-statistics in parenthesescalculated using Huber-Whitestandarderrors, and we adjust standard
errors to account for possible nonindependence using Stata's cluster command. Dependent variable is the logarithm of real

DI payments.

magnitudeof the OLS estimates. Traditionally,
researchershave sought to explain such differences by suggesting that there is an endogenous
relationship between county economic conditions and the growth in disability payments.
While we certainlywould not deny the potential
for such endogeneity, we do not feel this is the
majorreason for the differences.We believe the
instrumentalvariables estimates are larger than
the OLS estimates because estimated growth in
earningsfrom the first-stageregression is much
smoother than the actual earnings growth and
bettercapturesimportantvariationsin local economic conditions.
Consider the two series, actual and instrumented changes in earnings. While the two
county earnings series have the same mean

(0.012) by construction and are highly correlated (0.605), the standarddeviation of the instrumented earnings growth is only 0.049
compared to 0.082 for the actual earnings
growth. To the extent that much of the extra
variationin actual earningsgrowth is the result
of transitoryshocks, the instrumentedseries removes 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-yearperiod. Because both Pike and Martin County,however, have over a billion tons of
coal reserves, the instrumentedseries will understate growth in Pike County and overstate

46

THEAMERICANECONOMICREVIEW

growth in Martin County in the first year of
the boom. This smoothing of the Pike and Martin earnings series, however, probably better
reflects important aspects of the actual economic prospects of Pike and Martin County
residents than the actual series. Moreover,
short-termfluctuationsfrom floods, strikes, and
temporary plant closings, as well as slower
growth because of rapid development in a
neighboringcounty, are smoothed away by use
of the stock of coal.'3
To illustrate this argument, we divided the
earningsseries into the predictedseries and the
residual of the series, entering both into a regression 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 substantialendogeneity problem, however, one would suspect that the residual earnings 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 standard 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
standarderror,0.016. In our view, this indicates
that the county-level earnings series is excessively volatile ratherthan, strictly speaking,endogenous. The predictedearnings series seems
to bettercapturethe economic opportunitythan
the much more volatile actual earnings series.
This is not surprising.Rationaleconomic agents
are forward looking, basing their behavior on
currentconditions and their forecasts of future
conditions. Undoubtedly, their forecasts are
smoother than realized economic time series.
Our instrumentalvariablesestimates reduce the
volatility of earnings growth, which probably
better reflects the economic prospects of these
agents. This is particularlytruewhen we use the
region and period interaction as instruments.

13 To get a feel for whether smoothing across time or
across space was importantfor variance reduction, we estimated 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
growthcomparedwith the OLS estimate,the coefficient was
only about one-sixth the magnitudeof the 2SLS estimates.
Smoothing across space is the more importantcomponent.
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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

Controls:
State-yeardummies
Instruments:
Region and time-periodinteractions
Change in county's earnings

N

(1)
OLS
Yes
No
-0.586

(9.06)
7,867

(2)
2SLS
Yes
Yes
0.031

(0.18)
7,867

Notes: Authors'calculationsarefromdatasourcesgiven in the
Appendix.Dependentvariableis the log of real Unemployment Insurancepayments.We give absolutevalues of t-statistics in parentheses.We use Huber-Whiterobustvariancesto
estimate t-statistics, and we adjust standard errors to account

for possible nonindependenceusing Stata'sclustercommand.
Thereare 330 countiesin the four-stateregion.

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-regionvariation or within-periodvariation remains in the
predicted series. Changes in local economic
conditions that are correlatedwith these longrun changes in the value of coal reflect changes
in economic opportunityrather than the yearto-year variationthatcomes and goes with business cycles. As a test of this argument, we
re-ranour analysis on a new dependentvariable
that should be less responsive to permanent
changes in economic conditions and more responsive to transitorychanges.
Unemployment insurance is designed to act
as a buffer for business-cycle fluctuations.We
would therefore expect unemployment insurance expendituresto be quite sensitive to transitory fluctuations in county-level earnings.
Because benefits are time limited, it is less
obvious that unemploymentinsuranceexpenditures should be particularlysensitive to permanent changes in economic conditions. Using
informationon unemploymentinsuranceexpendituresby county from the Bureauof Economic
Analysis (BEA) data, we estimate the OLS and
instrumentalvariables models with unemployment insurance expendituresas the dependent
variable.The results are reportedin Table 9.
We see that the OLS coefficient on earnings
is greaterthan -0.5 and highly significant.Us-
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ing our region and time-period indicators as
instruments, however, we find that the estimated effect of local economic conditions on
unemployment insurance expenditures is near
zero. These results are in direct contrastto the
results for DI and SSI participationin which
using these same instrumental variables increased the magnitude of the coefficient substantially. These results provide some support
for our argumentthat the instruments'role in
the SSI and DI participationexamples is extracting the variation related to the permanent,
and not transitory,component of earnings.
V. Conclusions
In this paper, we used variations in local
labor-marketconditions to estimate the impact
of economic growth on disability programparticipation. To obtain an exogenous shock to
local economies, we used data from four coalproducing states and used the coal boom and
bust as a natural experiment to identify the
impact of earnings growth on disability program 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 Appalachianareas 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 endowments.We used the variationin 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 disability programparticipation.We found thatfor
the DI program,the elasticity of programpayments with respect to local earnings is about
-0.3 or -0.4. For SSI, the elasticity is somewhat larger, between -0.4 and -0.7.
Our results suggest that permanentjob creation or destructionhas a much largereffect on
disability programuse than more transitorylocal labor-marketchanges. This is supportedby
the lack of correlation between coal priceinduced changes in the local economy and the
use of the unemploymentinsuranceprogram,a
program with time-limited benefits. It is also
supportedby nearly identical findings for a dif-
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ferent source of pernanent job destruction,the
collapse of the steel industry on DI and SSI
programuse.
Given the decline in earnings of low-skilled
workers,our findingsmay help explain the findings of Juhn (1992), who documents that the
decline in labor-force participationis particularly severe among less educated men. Our use
of coal prices and endowmentsprovides a strategy for examining the impact of local earnings
growth on a host of outcomes. For example,
economists may be concernedabout the impact
of local labor-marketconditions 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 importantevidence about the
impact of local labor-marketshocks 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 programs has reduced labor-force attachmentbecause 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 efficiency 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 working so those who respond to economic incentives must not be disabled. This view, however,
is most certainlyincorrect.Professionalathletes
often participate in their sports with injuries
that would rendermost of us disabled. Presumably, the outstanding remunerationassociated
with participatingrenders 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.Individualswho would otherwise qualify for disability programs work
when providedwith the opportunity.When disabilities are viewed as a continuum, little is
learnedaboutwhetherthe existing programsare
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targeting the "truly needy" by examining the
responsivenessof those with disabilities to economic shocks. Rather, their responsiveness to
economic shocks informs us about the number
of individualsfor whom participationin disability programs is a marginal decision. Whether
these recipientsshould be admittedto disability
programs cannot be answered by looking at
their responses to economic shocks.
Our analysis can provide, however, insight
into why disability program participationhas
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-forceopportunitiesfor low-skilled workers affected the rate of participationin disability
programs,but the magnitudeof this effect is an
open question. For two industries that employ
low-skilled workers, our analysis suggests the
changes in the economic opportunitieshad sizeable impacts on disability caseloads and
expenditures.

1993). The KGS divides coal reservesinto those
with seams between 14"to 28",which cannotbe
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 obtained 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 greaterreserves; this
data can be accessed over the Internetat http://

APPENDIX: DATA DESCRIPTION
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