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Abstract
This paper examines the effect of workplace safety regulations on worker safety. Studiesin thisarea
must overcome the issue that regulations and worker safety are jointly determined and that regulatory
resources are likely to focus on the worst offenders. We examine the effects of regulatory enforcement
in the 1990s on occupationd degth rates by state in mgor industries, and propose an ingrumenta
variables technique to isolate the causal effect of regulatory enforcement on worker safety. We find
that more inspections lead to higher degth rates a a Satistically sgnificant level. This counter-intuitive
result suggests that increased worker safety measures induce riskier behaviors on the part of workers.
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1. Introduction

The Occupationa Hedlth and Safety Act of 1970 established the first nationwide program that
focuses on protecting workers from job-related degth, injury, and iliness. The act covered virtudly the
entire labor force of the United States and was referred to as the “most sgnificant legidative
achievement” for workers in a decade by then Secretary of Labor James Hodgson (MacLaury 1984).

Under the Act, Hodgson set up the Occupationd Safety and Hedlth Adminigtration (OSHA) to
adminiger the legidative directive by setting nationd safety standards and policing firms compliance
with those standards through investigations and citations. In 2002, OSHA'’ s staff numbered 2,316,
including 1,123 inspectors, and its budget amounted to $443 million. In 2001, the agency performed
35,897 ingpections, uncovering 78,900 violaions resulting in pendties amounting to $82,074,813.

OSHA performs these ingpections to carry out its stated misson “to save lives, prevent injuries
and protect the health of America sworkers.”? However, the effectiveness of these regulations and
their enforcement isin question. Many of theinitia sudies of their effect on workplace injuries and
degthsindicate little or no effect of OSHA activities on safety. Subsequent studies, however, suggested
that the previous results might have suffered from endogenaty problems, as firms with inherently more
dangerous conditions are the likely targets of ingpections. Using pand data, these studies find that
OSHA ingpections and citations have a positive effect on worker safety (Gray and Scholz 1990, 1993,
Gray and Menddoff 2002).

Although pand data are ussful and we employ them in this study, the use of pand data does not

1Datafrom OSHA website: hitp://www.osha.qov/as/opaloshafacts.html .

20OSHA Mission: http:/Mmww.oshagov/oshinfo/mission.html .
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solve the amultaneity problem if unobserved variables change over time. We examine thisissue by
examining the effectiveness of safety regulation using an insrumenta variables technique. Such
technique is useful inisolating the causa effect of regulatory activity (investigations and fines) on worker
safety outcomes, such as the occupational death rate. We use the gpprovd of state occupationad safety
plans as one of our ingruments. Approva of sate safety plans leads to more investigations but are
otherwise unrelated to deeth ratesin the state — a requirement for avdid ingrument.

Our data cover 1992 to 2001, and in this time period two states were granted find approval of
their ate plans, which serves as one of our instruments. Those states were North Carolina (1996) in
OSHA Region 4, which includes seven other states, and Nevada (2000) in OSHA Region 9, which
includes three other states. Our analysis focuses on these two regions because these states provide a
better comparison group than, for example, dl remaining forty-eight states in the U.S. The focus on the
dates in these regions alows us to better control for unobservable factors which could confound the
esimation of the marginal effect of worker safety measures. Focusing on afew states within one region
provides a better sample to determine the effect of ingpections on work place fatdities, because
enforcement decisons are handled at the regiona level. This means that we are comparing states that
are subject to smilar enforcement practices and standards.

Our results show that increased safety regulation actualy increases the occupationd degth rate.
We attribute this surprising result to an occupationd “ Peltzman effect” (Peltzman 1975). That is, when
workplace safety measures improve, workers substitute to riskier behaviors, or, dternatively, they
subgtitute away from persond safety precautions. In this case, these behaviors more than offset the

safety benefits of the increase in regulation. This result suggests that the net benefit of worker safety



regulation is limited and may be negative.

We review previous studies of the effectiveness of worker safety regulation in section 2.
Section 3 presents amodel of workplace safety where aworker’ s actions determine his safety on the
job. Section 4 describes our data, section 5 discusses our identification strategy, and section 6

discusses our results. Section 7 concludes.

2. Previous Analyses of Workplace Safety Regulation

In the years after OSHA'’ s founding, worker injury rates declined steadily, leading to the
generd perception that workplace safety regulation had a positive impact on working conditions
(Viscus 1979). Researchers, however, questioned this causa interpretation, given that heath
conditions in genera were improving during the period.

Early sudies atempting to isolate the effect of OSHA enforcement were not successful in
finding dgnificant benefits from OSHA regulation. For example, Viscus (1986) studies OSHA
regulation in manufacturing industries during the period of 1973-1983 and finds little evidence of safety
benefits resulting from OSHA enforcement. These results are consistent with other analyses undertaken
a the time, such as McCaffrey (1983) and Ruser and Smith (1991).

Exploiting alarge plant-level dataset, Scholz and Gray (1990), in contrast, atribute alarge
reduction in workplace injuriesto OSHA enforcement. These results are for the most part replicated in
further studies (Gray and Scholz 1993). More recent work using an expanded version of the plant-
level dataset suggests that the impact of OSHA enforcement has declined during the 1990s (Gray and

Mendeloff 2002).



Likewise, in apalitical economy model, Bartd and Thomas (1985, 1987) find that OSHA
enforcement reduces workplace injuries once the non-random targeting of OSHA inspectionsis
accounted for. Intheir model, OSHA makes ingpection decisons to maximize net political support, as
predicted by Peltzman (1976).

Other studies suggest that many environmentd factors unrelated to OSHA enforcement led to
declining workplace injury and illness rates during the 1990s. Conway and Svenson (1998) suggest
that high workers compensation cogts induced firms to implement safety measures independent of
OSHA direction. Further, they suggest that a movement of workers from high-risk industries to lower
risk sectors lowered the aggregate occupationd injury rate. While suggestive, their analyss offerslittle
direct evidence regarding whether OSHA regulations cause alowering of injury rates.

This brief review of the literature shows that an over-wheming mgority of work in thisarea
examines changesin injury and illnessrates. However, the literature on workplace hazards and safety
regulaion has, for the most part, not examined the effects of regulations on workplace fatdities.
Occupationd fatdity rates offer another opportunity to examine the effects of safety regulation and this
topic isthe focus on this study. Further, our literature review indicates that the previous work does not
employ insrumentd variables techniques to isolate the causd effect of safety regulation on safety
outcomes.® This paper contributes to the literature by identifying a causal effect of work place

ingpections on work related fatdity.

3The exception is the early work of Bartel and Thomas (1985, 1987) who estimate a
smultaneous equation modd in order to assess the effect of ingpections on lost work days.
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3. A Modd of Offsetting Behavior in the Workplace

Viscus (1979) showsthat firm-level safety measures, either adopted independently or because
of OSHA regulation, affect worker behavior. Specificdly, he shows that workplace injury ratesare a
function of firm behavior and employee behavior. If employees engage insafety precautions, injury rates
will decline. Smilarly, if firmsinitiate precautions, injury rates decline, ceteris paribus. However,
employee behavior isd =0 likdly to be affected by firm behavior. That is, if firmsimprove safety,
employees have an incentive to reduce their own cogily precautions, on the margin. It isthisinsght that
motivates our model of offsetting behavior in the workplace.

Let on-the-job safety of aworker (S) be a concave function of the safety regulations, and
provisgonsinitiated by the employer (R), and worker effort dedicated to avoiding harm (E). For
amplicity, we normaize safety to take the form of an expected probability of death onthe job. We
assume that the worker’ s utility decreases linearly in his safety effort. The worker then seeksto

maximize his expected utility by choosing E to maximize:

S(R,E)U (E) 1

This generates the following first order condition:

S(R,E)U (E) 2

If thefirm increases R, the effect on worker safety efforts is depicted by:

E:-ﬁ ©)
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Given the concavity of the safety function, the worker effectively subdtitutes the firm's safety efforts for
hisown. This subdtitution away from safety activities, or toward risky activities, has been cdled the
Peltzman (1975) effect.

Thisimplies that the effects of the firm’s safety efforts, either those chosen by it or mandated by
aregulaory authority, will be at leest partidly offset in instances where employees can take preventive
actions. The magnitude of these offsetting effectsis an empiricad question and depends on the
subgtitutability of firm-level and worker-level safety efforts. In principle, additiond firm-level safety
efforts could increase observed safety, leave it unchanged, or decrease safety in cases where worker-
level efforts decline to the point where the gains from firm-level efforts are more than completdly offset.

Graphicaly, thisindeterminancy is represented in Figure 1 and Figure 2. If aworker chooses
between safety and wages, asis the case in the equilibrium of acompetitive labor market, he will
choose the combination of wages and safety indicated by point A, where hisindifference curveis
tangent to his effort budget congtraint (B1). Effectively, the worker can dlocate his efforts between
taking safety precautions (which will result in agiven level of safety) and improving his work
performance (which will increase the margina product of his labor, resulting in a higher wage).

However, when his employer implements higher safety standards to generate sefety leve S(C),
ether because of increasing regulation or through its own volition, the worker is presented with a new
effort budget congraint (B2). This new effort budget congtraint reduces the maximum wage possible
for the employee (i.e, the wage achieved if he expends no effort on safety) and increases the maximum
safety he can achieve. Thus, the dope of the effort budget constraint is reduced.

Facing this new effort budget condraint, the worker will to move from point A to point B



(Figure 1) or from A to point C (Figure 2) to achieve the combination of wages and safety that
maximize his utility. The exact safety level implied by the new bundle can be equd to the origind leve
of safety, S*, greater than S* asat S(C), or lessthan S* asat S(B), depending on the shape of the

worker’ s indifference curves.

4. Data

We study the effect of plant ingpections and fines on worker safety as measured by the fataity
ratein agiven indudry in agiven sate. Thefatality rate is defined as the number of on-the-job desths
relative to the totad number of workers in the industry in the state. OSHA provided us with ingpections
and fines data for the years 1992-2001. The data were broken down by state and by six industry
types, namely congtruction, finance, manufacturing, mining, services, and trade (wholesae combined
with retail).

Because our dependent variable isfatdity rate by industry and by state, we weight each
observation by the number of workersin the state industry. Our safety regulation measures include the
number of inspections performed in the State industry during a calendar year (state and federd
ingpections combined) and a measure of the dollar amount of fines levied againgt firmsin the sate
industry during thet yeer.

The mode we estimated then takes the following form:

rate, = b xfines, , +d »nspections, , + Q xC +n, +u, +e, 4

where the independent variable rate measures the fatdity rate in sate industry i during yeer t.



I nspections represents the tota number of state and loca safety ingpections performed in state industry
i during year t-1. Fines represents the dollar amount of the citations levied againg firmsin Sate
industry i during year t-1.* O represents a vector of time-varying covariates measured a the state
levd.

Equation (4) shows that our inspection and fine measures enter the regression with one year
lags. Although dl of our results are robust to using current year inspections and fines, as well as current
year and one year lag measures, we believe the one year lag specification avoids a potential source of
bias. Since our data are aggregated a the annud frequency, we are not able to differentiate between
enforcement that comes before or after a particular death. Thus, if an occupationd fatdity in the early
part of the year prompts OSHA to perform an investigation and levy fines later in the year, our results
would not be adle to capture the effect of enforcement on fatdities. This potentid biasis avoided by
examining the effect of the prior year’ s enforcement on current year fatdity rates®

In equation (4) we include fixed effects <; for industry in each state. Thus these state-industry
effects subsume dtate fixed effects. This state-industry effect controls for the possibility that the same
industry may have different average fatdities in each state, the presence of idiosyncratic differencesin

worker attributes by state-industry, that industry practices differ from state to sate, and that some

“The use of dternate measures of fines, such as the average fine amount per inspection, did not
change our primary results.

SWe aso etimated regressions using a quadratic specification for enforcement measures.
These specifications are motivated by Viscus’s (1979) suggestion that the effect of enforcement is non-
linear. Essentidly, these specifications capture the notion that while expected enforcement can serve as
adeterrent, a some level this effect will be offset by changes in worker behavior induced by their
expectation that fines will lead to better safety measuresin firms. Results from this specification are
quaitatively Smilar to those presented in this paper.
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industries are inherently more dangerous than others. Further, we include year fixed effects L, to
control for over-all changes in workplace safety induced by improved technology, changing federd
standards, and reporting practices.

We control for severd other factorsin the vector X which might affect fataities. For example,
we dlow for per capitaincome (in the state industry) to affect the death rate. We expect the desth rate
to increase with income as workers have an incentive to engage in risks to improve their performance if
the prevailing wage makes the job quite attractive.®

The X vector aso includes lagged workers compensation payments by states in order to
capture the possihility that high costs attributable to worker accidents might induce firmsto initiate
better safety procedures (Conway and Svenson 1998). We aso include in the X vector the state
unemployment rate, the state unionization rate,” and the generd education level of the state population.

Descriptive satistics for al of our variables can be found in Table 1. The table shows that, on
average, in agiven year and State industry there are 7.5 fatdities per 100,000 workers per industry.
Roughly onethird of the observations on gate indudtry fataity rates are zero, suggesting that there is
ggnificant heterogeneity among Sate-indudtriesin terms of risk level. In agiven year, the average fine

for each gate industry is approximately $630,000 and there are approximately 365 state and federa

®Thisis an implication of the modd presented in Ippoalito (forthcoming). In his mode, the
presence of rentsinduces a higher effort level on the part of workers. If aworker can dedicate histime
and energy to production or safety inputs, individuas in jobs where large rents are available will choose
to invest lessin safety inputs, ceteris paribus.

"Conway and Svenson (1998) suggest that unions serve an important role in educating their
members about safety. Boa (2003) aso provides evidence that unionization levels are an important
determinant of occupationd safety, a least in certain contexts.
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inspections per Sate industry.

5. Correcting for the omitted variable bias

The ingpections variable and the fines variable endogenous to the deeth rate if occupationd
deaths prompt investigations and fines. Thus omitted variables, such as a hazardous work place
environment affects smultaneoudy the number of ingpections and the number of fatdities. Inthe
presence of such omitted variables, ingpections and fines are endogenous in the fatdity equation, and
the point estimates on inspections and fines are biased. Some previous work andyzing workplace
injuries has examined firgt differences of safety measures and regulatory enforcement to overcome this
endogeneity (Gray and Menddoff 2002), while earlier papers (Gray and Scholz 1993) used the
‘Chamberlain’ (1982, 1984) mode to control for smultanelty.

State-industry fixed effects capture the hazard that is specific to a sate-industry, and thus go
some way in controlling for the endogeneity of ingpections. While pand data modds that include fixed
effects can contral for time-invariant idiosyncratic behavior in a sate-industry, they do not alow for
systematically changing behavior within a sate-industry. In our theoretical modd, changes in ingpection
rates change worker behavior within an industry, and thus an industry fixed effects modd does not
auffice in andyzing worker behaviors. We remedy this deficiency by combining pand data techniques
and indrumenta variables techniques, usng instrumenta variables to account for the smultanety bias.

Our identification strategy relies on finding variables which correlate well with plant ingpections
and fines but that do not directly influence the occupationd fatdity rate. Since both fines and

ingpections may be endogenous in the fatdity equation, insrumenta variable estimation requires at least
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two instruments to identify acasud effect. Further, to test for overidentifying restrictions, athird
ingrument is required. We use three instruments which correlate with ingpections and fines, but are
uncorrelated with the error in the fatdity equation: 1) fina approva of the state worker safety and hedlth

plan; 2) gross state-industry product; and 3) politica control variables.

5.1 Final Approval

Under the Occupational Safety and Health Act of 1970 (29 USC 667 §18), states are
encouraged to develop and operate their own occupational health and safety programs. Procedurdly,
dates create a developmental plan and provide assurances to OSHA that, within three years, the Sate
will have developed dl of the structurd dements that are necessary to protect workers. These
elements include the passage of legidation creating regulations and procedures for a standard setting,
enforcement of stlandards, and an gppeals process. Further, states must demondtrate that they will have
personnel and resources to administer their own safety plan.

After a sate demondtrates the necessary dements, OSHA certifies the state plan, but retains
regulatory authority. Once the state can enforce standards independently, OSHA and the state enter
into an operationd Satus agreement which prohibits OSHA from discretionary federd enforcement in
areas covered by the state plan.

The gtate plan is accredited when OSHA grants find approvd of the plan. Fina gpprova can

be granted once OSHA has determined that the state provides protection “at least as effective’ asthat
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provided by the federal government.? Additionaly, the state must meet compliance staffing benchmarks
and participate in OSHA’ s ingpection data system to receive find gpprovad. When a State assumes
responsibility for the regulation of worker safety, it can receive funds from the federal government to
cover up to one haf of its costs under 823(g) of the Act.

While the sa€ s regulatory framework isin place prior to find gpprovd, funding increases
substantialy at the time of approval.® Thisinfusion of funds provides the mechanism by which this
ingrument helps us to identify the causd effect of enforcement. This funding increases the sate' slevel
of enforcement but does not otherwise affect worker safety rates. Therefore, we use the gpprova of
date-level occupationd safety and hedth plans by the federa OSHA to ingrument for enforcement
measures. While sate plans employ more compliance officers and undertake more ingpections than
does the federd agency (Finkin, Goldman, Summers, and Dau-Schmidt 2002), evidence aso suggests
that state agencies impose lower fines for violations (Finkin, Goldman, Summers, and Dau-Schmidt
2002). Giventhis, we can use State gpprova as an insrument for workplace inspections and fines, as

long asthe gpprovd itsaf does not directly affect the fatdity rates.

8There had been some disagreement as to the proper interpretation of “at least as effective as.”
In AFL-CIO Industrial Union Department v. Marshall, 570 F.2d 1030, organized labor attacked
the interpretation made by the Department of Labor which suggested that states providing staffing and
funding equivaent to the level that would have been provided under federd regulation. Instead, the
AFL-CIO clamed that effectiveness be defined as ensuring that normative safety Sandards arein fact
enforced. The court decided that, while federal funding and staffing benchmarks could be considered in
the decison to grant initid approvad of agate plan, fina goprovad must be based on the belief that the
date plan will be able to achieve aleve of safety equa or greater than that achieved under federa
control.

*More specificdly, this can be seen as areduction in the price of enforcement since the federd
government now covers up to 50% of the state's costs.
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As of 2001, fifteen states had received find approva for their plans. Table 2 describes these
dates and the dates of their approval. Thirteen of the fifteen states receive fina approval prior to 1990.
Because our data are limited to the period 1992-2001, we focus on the approval of two State plans:
North Carolina, which received fina gpprovd in 1996, and Nevada, which gained find approvd for its
planin 2000. Inour sample, five other states had fina gpprova status for the entire period studied,
while the other five states did not have find gpprovd status a any time during the period analyzed.

Since the variation in our instrument is restricted to these two states for the reevant time period,
we do not examine degth rates in every state. Instead, we restrict our attention to the OSHA regions
containing those states. In addition to North Carolina, Region 4 includes Alabama, Florida, Georgia,
Kentucky, Missssppi, South Carolina, and Tennessee. Nevadaisincluded in Region 9 dong with
Arizona, Cdifornia, and Hawaii. Redtricting the observations in thisway seems reasonable since
enforcement decisons are handled at the regiona level and improves our chances of isolating a causd

effect of enforcement on the fatdity rate.

5.2 Gross State-Industry Product

A second instrument suggested by the work of Bartel and Thomas (1985, 1987) is the gross
product of the state-industry. Andyzing the supply side of the politica process, their model shows that
regulators seek to maximize net politica support from various condtituencies. Their modd predicts that
regulators maximize political support by not regulating industries that provide alarge share of Sate
income. Theintuition behind this result is that if an economy depends heavily on an industry for

employment, regulators have alessened incentive to target these industries.
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While the supply sdein the politica process favors large indudtries, there are pressures on the
demand sde that dso lead to less regulation of large indudtries. In particular, industries generdting large

incomes have more resources to lobby paliticians and regulators for beneficia treatment.

5.3 Palitical Control

The lagt instrument measures whether both houses of the state legidature are controlled by the
Democratic party during the given year.'® While the theoretical effect of Democratic legidatures on the
number of safety ingpectors and fines is ambiguous, the data may reved a systematic differencein the
actions of paliticians from each party when they are in amgority. Suppose inspections and fines are
effective in reducing fatdities of blue collar workers. Since alarger fraction of the Democratic
condtituency tendsto be blue collar than the Republican condtituency, legidators from the Democratic
party may try to implement more ingpections and fines when they arein amgority. However, if
inspections and fines are of little consequence for fataities, Democrats may no use these regulatory
policy instruments because they are not effective for their designed purpose, and instead move
resources to regulatory instruments that they deem to be more effective. In this case we expect a

negetive correlation between Democrat control and ingpections and fines.

6. Results

OWhile this proved to be the strongest of our political instruments, other political indicators
generated quditatively smilar results. Among the indicators we examined were Democratic control of
the lower state house, Democratic control of the upper state house, Democratic control of one of the
dtate houses, Democrétic governor, and prohibitions on corporate politica contributions.
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Table 3 reports the results form the OL S regressons. As mentioned previoudy, the dependent
vaiadleisthe sate-indudtry fataity rate for the statesin OSHA Region 4 and Region 9. Indl
specifications, the point estimates on inspections and the point estimates on fines are atidicaly
inggnificant. Thus, ingpections and fines do not gppear to have a beneficid effect in reducing fatdities.

The point estimates on the time-varying varidblesin Table 3 are Satisticaly inggnificant.
However, the industry fixed effects model explains about 90 percent of the variation in the data,
suggesting that much of variation in the fatdity rates are generated by industry specific characteridtics.

Since both ingpections and fines are endogenous in the fatdity equation and the point estimates
on these variables are subsequently biased. To address this issue we estimate the equation with two-
dage least squares (2SLS), using the previoudy discussed insruments.

Table 4 presents the first stages of the 29 Sresults.  Thefirgt three columns of Table 4 present
the estimation of lagged ingpections and the second three columns present the estimates of lagged fines.
The firgt stage results show that our instruments are correlated with inspections and fines and that the
coefficients on the find gpprova and the state industry product have the hypothesized signs. Consistent
with our predictions, state plans lead to more inspections and alower leve of fines, and al of the
coefficients are satidicaly sgnificant.  Asfor the second instrument, the larger the Sate industry
product (i.e. the larger the potentid politica influence of the industry), the fewer ingpections and fines.
The point estimates on ingpections are Satigticaly sgnificant while the coefficients on fines are not
datigicaly sgnificant. Lastly, the palitica indicator instrument is correlated with ingpections and fines.
States with both houses of the legidature under Democratic control exhibit lower enforcement rates.

Safety ingpectors perform fewer ingpections and fine firmslessin the aggregate when acting in a dtate
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where Democrats hold amgority in each house of the Sate legidature. These relationships are robust
to many dternative specifications and these negative coefficients are satisticaly sgnificant. Our
uniformly high F gatigtics for the joint Sgnificance of the indruments in explaining ingpections and fines
suggest that the instruments do well in explaining the variation in the endogenous regressors.

Table 5 presents the second stage results. Regardiess of the specification, we find that the
effect of ingpections on fatdities is congstently positive and Satigtically sgnificant, suggesting that
increased ingpections generate higher state industry fatdity rates. However, fines do not have a
datigticadly sgnificant effect on fatdity rates. The point estimates on ingpections lie between 0.000032
and 0.000036,* and imply that an additional 100 safety inspections (representing gpproximately an
increase of 1/3 relative to the mean number of ingpections) in a Sate industry of average size (roughly
428,000 workers) generates gpproximately 1.5 extradeath in that industry. In our data set the average
number of death per state indudtry is thirty-two workers per year. Thisresult isrobust to avariety of
goecifications and combinations of the instruments.*2

These resultsimply that enforcement activities, on the margin, do little to improve worker
sdfety. For fines, the effect is gatidticaly indistinguishable from zero, suggesting ether that firm behavior
isnot sendtivetofinesor, if it is, changesin worker behavior tend to offset the precautions taken by
firms. For ingpections, theimplication is even more clear. The positive and datisticdly sgnificant

coefficient on ingpections ins congstent with the theoretical mode which predicts that safety

1As noted in the footnote to Table 5, for presentation purpose al coefficient estimates are
multiplied by 10°.

2Qudlitatively similar results are dso estimated if we estimate inspections and the fatdity rate as
asystem of Smultaneous equations.
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improvements undertaken by firms may be more than offset by riskier worker behavior.

In dl specifications, the Sargan test for overidentifying redtrictions indicates that our instruments
arevaid, generating chi-squared gatistics with p-vauesin therange 0.79t0 0.83. That is, the
instruments are strongly correl ated with lagged workplace ingpections but are otherwise orthogona to

the workplace fatdity rate.

7. Conclusion

The previous literature on the effect of worker safety regulations on safety outcomes has
focused on workplace injury rates, but has not examined occupationa fataity rates as a measure of
workplace safety. Also, previous studies have not employed instrumentd variable estimation to isolate
the causal effect of regulation on safety outcomes. In this paper we contribute to the literature on
worker safety regulations by using an instrumentd variable technique to examine the effect of regulatory
enforcement on occupational death rates.

We use the approvd of state occupational safety and hedlth plans, gross state industry product,
and a state government control indicator to insrument for workplace safety ingpections and fines.
Approva of state plansis not directly related to death rates and sates generdly perform more
ingpections than does the federa OSHA. Further, politica consderations induce regulators not to
target indudtries that generate rdatively large incomes, and Democratic control of the legidaureis
related to lower levels of enforcement generdly.

Our estimates suggest that these are strong instruments as suggested by the F-gtatistics from the

test for joint sgnificance of the instruments that dlow usto isolate the causa effect of regulatory
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enforcement on worker safety. We find that increasing ingpections leads to sgnificantly higher death
rates, while fines are not effective in lowering death rates. The theoretical model predicts that this result
is generated by workers subgtituting toward riskier behaviors (or away from individua safety measures)
when firm level safety increases. This suggests that there is alimit to the net improvements in worker
safety that can be achieved through regulatory enforcement.

Further research needs to be done to determineif this result is robust to non-fatd injury rates.
In principle, the theory and identification strategy can be easily applied to these data. Replication of the
primary result for this dependent variable would further strengthen the offsetting behavior hypothess,
leading to the conclusion that increased occupationd safety regulation is not effective for improving
worker safety. Unfortunatdy, comprehensive industry injury data by state is not available throughout

the time period we study.
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Tablel

Descriptive Statistics

Variable Description Mean Std.dev. Source
Fatality Rate On-the-job fatalities in a state- 0.075 0.133 OSHA
industry per 1,000 workers BLS
State Plan Approved (final) state 0.475 0.500 OSHA
occupationa safety and health
plan in effect during the year
Gross State Total state product generated by 23,428.40 42,876.86 BEA
Industry Product agiven industry (in thousands)
Both Houses Indicator = 1 if both housesin 0.542 0.499 Census
Democrat state legidature have
Democratic mgjorities
I nspections Number of plant inspections 365.319 577.346 OSHA
(state + federal) performed in a
state-industry during the year
Fines Dollar amount of fines assessed 627.676  1,304.554 OSHA
in state-industry during the year
(in thousands)
Workers Workers' compensation 1,201.615 1,951.900 Census
Compensation payments in state (in millions)
Income Per worker income in the state 36.139 11.776 BEA
industry (in thousands) BLS
Unemployment State Unemployment Rate 5.408 1.246 BLS
College Percent of state population 25+ 20.541 3.089 Census
with at least a bachelor’s degree
Union Union membership as a percent 10.978 6.399 Hirsch, et.
of state labor force al.

(2001)




Table?2

State Plans

State OSHA Region Initial Approval Certification Final Approval
Alaska 10 1973 1977 1984
Arizona 9 1974 1981 1985
Hawaii 9 1973 1978 1984
Indiana 5 1974 1981 1986
lowa 7 1973 1976 1985
Kentucky 4 1973 1980 1985
Maryland 3 1973 1980 1985
Minnesota 5 1973 1976 1985
Nevada 9 1973 1981 2000
North Carolina 4 1973 1976 1996
South Carolina 4 1972 1976 1987
Tennessee 4 1973 1978 1985
Utah 8 1973 1976 1985
Virginia 3 1976 1984 1988
Wyoming 8 1974 1980 1985




Table3
Weighted Least Squares Estimates for State-Industry Fatality Rates
(standard errorsin parentheses below coefficient estimates)

(i) (i) (iii)

Inspections, , -0.015 -0.008 -0.000
(0.056) (0.056) (0.056)
Fines, -0.002 -0.003 -0.003
(0.023) (0.023) (0.024)
Workers' 0.019 0.020 0.018
Compensation, , (0.034) (0.034) (0.034)
Income 2.691 2.729 2.260
(4.537) (4.537) (4.542)
Unemployment 10.990 10.141 6.167
(17.545) (17.526) (17.377)
College 12.335 10.571 -
(6.921) (6.706)
Union 12.033 - 6.873
(11.694) (11.358)
State-Industry Effects Yes Yes Yes
Y ear Effects Yes Yes Yes
Adjusted R 0.898 0.898 0.898

Note: The dependent variable is the number of on-the-job fatalities per 1,000 workers in state-industry i during year t. N=524. Each
observation is weighted by the number of workers in the state-industry for the given year. The results are based on data for 1992-2001
for states in OSHA region 4, which includes Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and



Tennessee, and states in OSHA region 9, which includes Arizona, California, Hawaii, and Nevada. For presentation, all coefficients and
standard errors have been multiplied by 10*



Table4
Instrumental Variables Estimation (2SLS) of State-Industry Fatality Rates — First Stage Results
(standard errorsin parentheses below coefficient estimates)

Inspections, ; Fines,
0] (ii) (iii) @) (i) (iii)

State Plan, 168.282 170.503 176.331 -314.694 -318.573 -301.299

(42.527) (42.507) (41.186) (109.899) (109.752) (106.394)
Gross State-1ndustry -0.005 -0.005 -0.005 -0.002 -0.002 -0.002
Product, , (0.001) (0.001) (0.001) (0.002) (0.002) (0.002)
Both Houses -88.895 -91.934 -89.606 -183.742 -178.349 -184.925
Democrat, , (26.182) (26.068) (26.153) (67.660) (67.306) (67.559)
Workers' 0.141 0.144 0.142 -0.226 -0.231 -0.225
Compensation, (0.026) (0.026) (0.026) (0.068) (0.068) (0.068)
Income -0.007 -0.007 -0.008 0.027 0.027 0.027

(0.004) (0.004) (0.004) (0.010) (0.010) (0.010)
Unemployment 39.301 37.837 36.453 17.749 20.306 13.009

(16.172) (16.134) (15.731) (41.793) (41.658) (40.637)
College 4.342 2.597 - 7.225 10.270 -

(5.672) (5.485) (14.658) (14.162)
Union 11.121 - 9.300 -19.415 - -22.444

(9.273) (8.959) (23.964) (23.143)
State-Industry Effects Yes Yes Yes Yes Yes Yes
Y ear Effects Yes Yes Yes Yes Yes Yes
Adjusted R 0.981 0.981 0.981 0.948 0.948 0.948
F Statistic (for 30.97 32.75 34.80 5.05 4.94 5.00
instruments) (p=0.000) (p=0.000) (p=0.000) (p=0.002) (p=0.002) (p=0.002)

Note: The instrumented variable is the total number of plant inspections performed in state-industry i during year t. N=524. Each
observation is weighted by the number of workers in the state-industry for the given year. The results are based on data for 1992-2001



for states in OSHA region 4, which includes Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and
Tennessee, and states in OSHA region 9, which includes Arizona, California, Hawaii, and Nevada.



Table5
Instrumental Variables Estimation (2SLS) of State-Industry Fatality Rates — Second Stage
(standard errorsin parentheses below coefficient estimates)

(i) (i) (iii)

Inspections, , 0.321 0.325 0.357
(Instrumented) (0.145) (0.140) (0.138)
Fines, -0.123 -0.122 -0.140
(Instrumented) (0.139) (0.139) (0.141)
Workers -0.055 -0.055 -0.063
Compensation, , (0.057) (0.057) (0.058)
Income 11.395 11.413 12.053
(6.343) (6.305) (6.401)
Unemployment -28.984 -29.458 -34.463
(24.956) (24.565) (24.042)
College 6.446 6.064 -
(7.702) (7.338)
Union 2.356 - -1.047
(13.031) (12.587)
State-Industry Effects Yes Yes Yes
Y ear Effects Yes Yes Yes
Adjusted R 0.886 0.886 0.883
Overidentifying 0.068 0.063 0.045
Restrictions (Sargan) (p=0.794) (p=0.801) (0.832)

Note: The dependent variable is the number of on-the-job fatalities per 1,000 workers in state-industry i during year t. N=524. Each
observation is weighted by the number of workers in the state-industry for the given year. The Overidentifying Restrictions test statistic
presented is that for the Sargan N* R-sq test with the associated p value in parentheses. The results are based on data for 1992-2001 for
states in OSHA region 4, which includes Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and



Tennessee, and states in OSHA region 9, which includes Arizona, California, Hawaii, and Nevada. For presentation, all coefficients and
standard errors have been multiplied by 10%



