The Economics of Enforcement:

'The Case of OSHA

Michael L. Marlow

A wmodel of enforcement is developed that determines the
Impacts of OSHA acticus on reguisted partics. This
model smalyses the effort of declslon procedures de-
veloped by OSHA to enf-roe the law and their effect on
reseurce allecation withia the firm. It is concluded that
the impacts from both the initial inspection and rein-

INTRODUCTION

The Occupational Safety and Health (OSH) Act of
1970 provides for safety regulation of 5 million
workplaces. This law is one of the many new types of
regulation introduced in the 1970s to regulate the
economy on a nationwide basis. A major problem
that hinders policy makes is the effective enforcement
of such regulation. Enforcement of the act is the
responsibility of the Occupational Safety »~4 Heaith
Administration (OSHA).

Previous research has concluded that OSHA has
not exerted a significant impact on regulated firms.
Chelius (1974) and Smith (1975) find that OSHA has
not exerted a significant impact on injury rates, and
Chelius concludes that even though injury rates
decreased after the OSH Act, these decreases are not
related to OSHA but rather to drops in business
activity and young worker employment. Gleason and
Barnum (1975) find that the costs imposed on firms
for noncompliance are trivial in ‘omparison with the
opportunity costs of investme. s unrelated to the
correction of violations. Viscusi (1979) concludes that
OSHA has failed to exert a significant impact on the
actual or planned safety investments of firms.

This paper examines the powers of OSHA by
developing a model of enforcement that details the
impact OSHA can exert on firms and yields insights
into this agency’s historical progress toward legislated
goals. It differs from previous studies in the following
ways. First, this paper examines the effectiveness of

spection programs on the resource allocations of firms
have Mkely been insignificantly different frovn zero. If
OSHA is to incresse the allocation of injury control
rescurces of fixms through its enforcement program, i
must increase the costs of noncompliance that it imposes
on firms.

initial and reinspection programs whereas in the
study oy Gleason and Barnum (1975), for example,
only initial inspections are considered. Second, this
model confines violations to those that are penalized,
not total violations. When a firm expects with great
certainty to be found in violation but not penalized, it
has less incentive to consider correction. Third, this
paper does not consider the impact of OSHA cn
injury rates. To the extent that injuries are the result of
both “unsafe” job habits and enginscring controis,
OSHA's impact on injuries will likely be insignificant
from zero since it does not control the job habits of
workers.! Fourth, this paper analyzes enforcement on
the state and national level. One of the characteristic
problems with previous research is that analysis of
enforcement parameters based on aggregate data
does not provide information on how close thesc
values are to the parameter values derived on a state
basis. This paper offers insights into the issue of
whether previous research provides both reliable and
general results.

Since the present study most closely resembles the
study by Viscusi (1979), a separate and detailed
discussion of the important differences between these
two is presented here. One difference is that Viscusi
assumes workers desire constant work place quality,
generating the resuit that workers cannot increase
their real wages by increasing their personal level of
control effort. On the contrary, we argue that if
OSHA exerts a significant cffect on firms, it causes
workers to become more safety-conscious since em-

! See U.S. Department of Commerce (1977). Only reccntly, and
very rarely, have the courts held finms linble for unsafe acts by
employees. See, for example, Brennan v. OSHRC and Conrad
Precision Industries (2 OSHC 1137).



ployers would attach relatively higher premiums to
personal safety control. In addition, if OSHA were
able to increase information on risk to workers,
OSHA would have the power to increase both the
market wages and the costs of firms. The opposite

conclusion is found by Viscusi; as OSHA increases the -

control efforts of firms, workers decrease their level of
personal control. This conclusion leads Viscusi to the
following policy consideration: there is a danger that
stringent enforcement may increase work hazards
because of decreases in the personal control efforts of
workers. This paper’s conclusion is quite different: if
OSHA is to increase injury control, it must increase its
level of enforcement.

The other major difference between this paper and
Viscusi concerns the testing of the enforcement mode!
Viscusi examines the impact of certain OSHA penu'ty
and mspection variables on investment in contit
equipment by firms and worker injury rates. No
significant relationship is found between these varia-

bles after it is recognized that OSHA’s historical use of
enforcement sanctions have caused trivial costs to
firms. This paper recognizes that previous studies
have found trivial costs to firms and addresses the
following questions. How may OSHA affect the
compliance of regulated parties? Has OSHA affected
certain segments of the nation? To what level must
sanctions be raised to affect compliance -ignificantly?

ENFORCEMENT MODEL

Effective enforcement of tules relies on both informa-
tion gathering and penalizing activities. Information
gathering is the acquisition of information on the
comphance decisions of firms. Searches may take
many forms: inspection, monitoring activity, and
complaint information from outside parties, The
principal means by which OSHA gathers information
on compliance activity is through work place inspec-
tions. During fiscal 1977 OSHA conducted 196,078
inspections.” Penalties for detected violations arc
usually of two types: nenserious ans! serious. Eack.
nonserious violation, with a civil penalty of up to
$1.000, has a direct relationship to jcb safety and
health but probably would not cause death or
serious njury.” A serious violation carries a signili-
cant piobability that death or serious physical harmn
could result and assumes the employer knew, or
should have known of, the violation.*

? See Office of Management Data and Statistical Analysis (1977).
3 OSH Act (1970}, Sec. 17 (b).
* OSH Act (1970), Sec. 17 (b).

Together the information gathering and penalizing
powers of agencies lead to potential costs to violators.
Both activities are needed to generate an expected loss
for a firm out of compliance with various rules. For
example, if a regulated firm expects with great
certainty 10 be found in violation but not penalized
for a violation, it will have less incentive to correct the
violation. When applied in cornbination, the inspec-
tion and penalizing s vvities determine whether it
“pays” for firms to comply with rules.

A description of the cost [unction for the firm in
some state of noncompliance is

C‘ = C(a; }'n )‘is o, p:) (‘)

where

C,= expected cost in dollars for violation of
rule i, fori=1. 2, n

0
fi

probability that OSHA acquired informa-
tion on compliance for all 5 rules

7;=  penalty in dollars for violation of rule i, for
j= |‘ 2‘ R

4;=  percentage of inspections that penalize vio-
lations of rule 1, for i=1,2, -+,

[T=  percentage of inspections that penalize vio-

ladons of at least one rule

cost in dollars associated with continued

violations of rule i, apart from penalties, for
P=1,2,

Ai

The first four arguments are called policy parame-
ters because they represent values determined by
OSHA, which applies its discretionary enforcement
power to influence the expected costs ¢f noncomphi-
ance for parties with individual rules through appli-
cations of these policy parameters. The remaining
arguments are called cost parameters because they
mzasure all other costs not directly related to
enforcement.

All four types of policy parameters exert positive
effects on the expected costs of noncompliance for the
firm. Parameter « reflects the frequency aspect of
inspections; the more inspections conducted, the
more firms may expect to be found in violation.
Parameters 4; measure one aspect of the intensity
character'stic - inspections; the greater the value of
all 4, the greater the potential cost from violation of
rule i, Parameter n represents the rate of penalizing all
viclations of rules by OSHA during inspections. Both
frequency and intensity characteristics are allowed
for. The remaining types of policy parameters are the



potential penalties firms face for specific violations of
rule i observed during inspections. Values of j;
represent (he intensity characteristics of penalizing
activity, while frequency aspects are displayed in 4,

Cost parameters p; represent all other costs that
may be incurred by a firm subject to inspection. While
these parameters may represent many different types
of costs, we confine our discussion to the impact of
inspection on workers’ wages. Whiie workers are
considered safety-conscious, they do not possess
perfect information on the various risk characteristics
associated with alternative emplcyments, and market
wages do not reflect perfect compensation for occup-
ational risk. OSHA may increase information on risk
to workers through its identification of noncomplying
firms, which would increase market wages and the
costs of the firm as well. But the degree of identifi-
cation depends on the characteristics of the rule set
that OSHA enforces on firms. There is evidence that
OSHA's enforcement program is not aimed at dis-
seminating information on previously unperceived
risks to workers and that consequently it has not been
successful «:t increasing worker’s compensation for
previously uncompensated risk.® Owing to the prob-
able trivial impact on market wages exerted by
OSHA, the effect of all p; on the costs of noncompli-
ance is assumed to be positive and constant.
The loss function for the regulated firm is defined
as®

L]
ElL)= Z ayA I (2)
i=1

where i =1, 2, -+, 5 denotes the complete set of rules.
This function utilizes all the policy parameters in
equation (1) 1o determine the relevant characteristics
of the incentive structure facing firms for compliance
with rules. This loss function has several interesting
properties regarding the effectiveness of enforcement
activity on the compliance decisions of firms. First,
not only the absolute level of penalty imposition
defines the expected costs of violations; the irequency
and intensity characteristics together determine the
value of the loss potential. Second, firms must be cited
and penalized for violations to affect the costs of their
noncompliance. For example, if OSHA observed, but
not penalized, violations of rule i, it would have a
trivial impact on the preregulatory costs of firms for
not adopting rule i.

The loss function in equation (2) defines the
expected loss facing firms in noncompliance in a time
period that had not been previously inspected in a
given jurisdiction. It is this cost that firms weigh
against the returns from alternative investments,
Assume there is an alternative investment the size of
the outlay necessary for compliance with OSHA rules
in a given period. If the return on this alternative
investment is greater than E(L) in the same period, the
firm does not invest in corrective activity. But if E(L)is
greater than the alternative return, the firm does
invest in corrective activity. If a firm is inspected in the
policy period, the penalties y, are the expected costs of
noncompliance with each penalized violation.

THE ENFORCEMENT PROGRAMS OF OSHA
The Initial Inspection Program

The value of E(L) is estimated in the following
manner.” Fiscal 1977 is the policy period within
which estimates are made. The probability of initial
inspection a is estimated by dividing the number of
initial inspections by the number of regulated firms.
Initial inspections are inspections 1 the policy period
that are not follow-ups of previous inspections in the
same policy period. Violations are of two types:
serious and nonserious. The percentage of detected
violations that are serious and fined is the proxy for
4, the percentage of penalized violations that are
serious. A similar estimate is made for penalized
nonserious violations 4,. The sum of 4; and 4, is
unity. Average penalties for serious and nonserious
violations 4, and 4, are estimated by dividing total
penalties by the number of violations with penalties.
The percentage of initial inspections that penalize
violations IT is estimated by the percentage of all
inspections that penalize violations.

Ideally t! = expected loss in equation (2) would be
estimated on an industry basis since enforcement
levels can be expected to be related to risk levels.
Unfortunately such data are not available; rather,
such estimates are made on both the state and
national levels. Table 1 displays both high and low
values for each paiameter on the state level and the
standard deviation for each parameter. The mean
shown is the national mean. From Tchehycheff's
inequality, the probability of drawing a sample
observation whose value is more than 3 standard

3 See Bolle (1977) and Cornell and Weingast { 1976).

* A similar function is developed in Gleason an¢ Barnum 1.975).
The function in our study, though, confines violations only to those
that have been penalized.

7 All enforcement and compliarce data were obtained from the
Office of Management Data and Staisucal Anzlysis (1977). The data
on the number of firms were obtained from the Office: of the President
(1973).



TABLE 1. Estimates of Enforcement Parameters for Fiscal 1977

High Low Standard

Value Value Deviation Mean
Initial inspection a 0.2629 0.0063 0.0435 0.037
Reinspection ag 0.7483 0.050 0.1535 0.190
Serious penalty vq 909.09 121.85 159.37 291.21
Nonserious penalty v 198.18 11,79 30.51 65.75
Pzrcent serious A4 0.86 0.01 0.2334 046
Percent nonserious A, 0.99 0.14 0.1100 0.54
Noncosadliance T1 0.92 0.15 0.2259 049
Expected loss £(L) 34.70 0.50 5.44 3.90
Expected joss Ep(L) 29.84 0.76 16.14 20.06

deviations away from the mean is 0.0027. In terms of
the loss parameters E(L) this corresponds to a limit of
—$12.42 1o $20.22. These estimates suggest that the
likely eniorcement impact from OSHA on firms is
insignificant from zero, so we argue that the national
estimales are both reliable and general. This allows us
1o carry the rest of the discussion in terms of the
national estimatc ..

During fiscal 1977 the initial inspection rate was
3.7. estimates applied to approximately 96 percent of
all firms. A firmt that had not been initially inspected in
fiscal 1977 and was in noncompliance could expect a
cost of $3.90 for noncompliance. This implies that an
invesiment in correction yielded a return of $3.90 to
the firm that had not been initially inspected. In 1974
the National Association of Manufacturers surveyed
its members as to the size of the investment necessary
to correct all their violations.® Average estimates
ranged from $35,000 for firms with 100 or fewer
employess to over $4.5 million for those with more
than 5000 employees. With the lower estimate of
$35000, a return of $3.90 was associated with a
return of 0.01 percent on an investment in correction
in fiscal 1977, An alternative investment that yield:d a
return of 7 percent, for example, would have gene-
rated $2.450 in revenue to the firm. The data in Table
1 indicate that firms in noncompliance and not
initially inspectod during fiscal 1977 were likely to
have chcsen alternative investments as long as correc-
ton investments were yielding noncomnetitive rates
of return. )

If a firm was inspected once in any of the policy
periods. the penalties would become the expected
costs for each wiolation cited and penalized. By
multiplying the average number of violations per
inttial inspection by the penalty, an estimate of the

* See Cocupanional Hazards (1974, p. B).

average cost of an initial inspection is made. This cost
would have applied to approximately 4 percent of all
firms in fiscal 1977. The average number of serious
violations with penalties per initial inspection was
0.19 in fiscal 1977; the average number of nonserious
violations with penalties per initial inspection was
044; the estimate of the average costs of initial
inspections was $103.26. The imposition of this cost
would have been considered trivial by firms in this
category faced with the alternative of an investment
unrefated to correction. The initial inspection pro-
gram of OSHA had the likely effect of exertine an
insignificant from zero impact on the resource allo-
cation of firms inspected once during fiscal 1977 since
the initial inspection program produced insufficient
incentives for increasing firms’ control efforts.

The Reinspection Program

OSHA also enforces the OSH Act through the
reinspection of firms previously determined out of
compliance. An estimate is made of EgL), the
expected cost of continued noncompliance for firms
not reinspected and not correcting violations detected
during initial inspections. This cost is estimated by
redefining the policy parameters in equation (2) o
correspond to OSHA's reinspection program. The
subscript R will denote this correspondence.

The values of y5, 4g,. and 1y remain unchanged
from their initial counterparts in Table 1.
Unfortunately, data are unavailable to estimate new
values for these parameters in relation to the reinspec-
tion pregram of OSHA. The use of the initial values of
the parameters }; and A; probably produces under-
estimates for the true values of thesc parameters since
it is likely that inspectors would cite and penalize
continued violations detected during the reinspec-
tions more frequently and severely than those de-



tected during the initial inspection. The use of 4,
probably produces an underestimate of iy, sirce
reinspections are to focus on the serious violations of
initial inspections.” Consequently, 4, is probably an
overestimate of 4 5, The use of 7, probably produces
an underestimate of y ; since it is likely that inspectors
propose higher penalties for continued violations.
The consequence of using I1 as a proxy of Iy is
indeterminate since there are no data on the relative
differences in compliance rates between the two types
of inspections. Still the estimates of Eg(l) provide
information on the costs of continued violations for
firms and indicate whether sufficient incentives exist
for the correction of violations cited and penaiized
previously by OSHA in the same policy period. The
probability of reinspection a 5 is estimated by dividing
the number of reinspections by the number of initial
inspections. The size of the standard deviation of
E (L) allows us to carry out this discussion on the
national level,

Table I displays the reinspection policy parameters
ard the estimates of E gL). The percentage of initial
inspections followed by reinspections in fiscal 1977
was 19, implying that roughly ! percent of all firms
were reinspected during this year.!® With an estimate
of $35,000 for the necessary investment in correction,
a return of $20.06 in fiscal 1977 is associated with a
r-:urn of 0.06 percent on an investment in correction.
On the other hand, an alternative investment yielding
a return of 7 percent g .erates $2,450 ia revenue to
the firm. The data in Table 2 indicate that firms that
were initially inspected but not reinspected were likely
to have chosen alternative investments since invest-
ments in correction yielded noncompetitive rates of
return. The reinspection program had the likely effect
of exerting an insignificant from zero impact upon the
resource allocations of firms that were initially in-
spected but not reinspected during this period.

If a firm is reinspected, the penalties y z, become the
expected costs for each violation cited and penalized.
By multiplying the average number of violations per
reinspection by the avcrage penalty, the cost of
reinspections is estimated. This cost applies to the 1
percent of all firms that experienced reinspections in
cach period. Because there are no data on the average
number of violations and average penalties per
reinspection, the initial inspection estimates of the
previous seciion are used. The average cost of
reinspection in fiscal 1977 was $103.26, amounting to
a return of 0.34 percent on an investment in correction

* See Program and Policy Division (1976).
10 This estimate is derived by multiplying a by ap in this period.

of $25,000 and representing a noncompetitive ratc of
return to the firm. The reinspection program of
OSHA exerted an insignificant from zero impact on
the resource allocations of firms reinspected once
during this period.

A Regressien Analysis of Noncompliance

Regression analysis tests the direction of the relation-
ship between noncompliance and the employment of
enforcement parameters by OSHA. An obvious
problem is the selection of the appropriate definition
of noncompiiance. An extreme definition would be
onz or more violations of the entire set of standards;
noacompliance is a zero-one decision and probably
every regulated firm would be determined in non-
compliance. On the other hand, noncompliance can
be viewed as a problem of degres, in which degress of
noncompliance are determined by the vigor of the
enforcement program and noncompliance is defined
by adherence to standards and is also influenced by
discretionary authority. We use [1 defined above as a
measure of noncompliance since it allows OSHA to
interpret noncompliance continuously and is ex-
pected to exhibit a relationship to its employment of
enforcement parameters.
The following estimate is obtained by ordinary

leas:-squares using data from the 50 states in fiscal
1977

I =0.107 +0.839x + 0.323a  + 0.004y, +0.002;,

(0.977) (2205 (1.62y** (2.14F  (1.56)*

(¢ statistic) (3)
R*=0.23
F(4, 47)=3.59*.

The abbreviations for each of the parameters are
defined above and one and two asterisks refer to
confidence levels of 95 and 90 percent, respectivziy.
Noncompliance 11 measures the vate of noncompli-
ance that is a joint probability (i.e., the probability of
being initially in:nected and being penalized, given
initial inspectior .. All the enforcement parameters
exer; a positive impact on noncompliance, which
reinforces the definition of noncompliance as a
measure of enforcement vigor. This implies that in
jurisdictions where OSHA cites a relatively high
percentage of firms for noncompliance, they are more
apt to emplcy a relatively high use of economic
sanctions, and their employment of enforcement



parameters is in the proper direction, consistent with
the desinition of noncompliance.

CONTLUSION

The examination of the OSHA enforcement program
indicates that OSHA has not beer cuc.zssful in
achieving its goal of increased work place protection.
Impacts from both the initial inspectic and reinspec-
.ion programs on the resource allocations of firms
have likely been insignificant from zcro. Analysis of
the data on the national level leads to reliable and
general resuits with regard to the estimates on the
state level. Although the regression analysis indicates
that the empioyment of enforcement parameters is
positively related to noncompliance, the impacts from
the initial inspection and reinspection programs are
too weak to significantly increase the compliance of
firms. Il OSHA is to increase the injury control
resources of firms above that generatzd in the private
market, it must increase the costs of noncompliance
1o the point of equality with the rates of return on
alternative investments. As the modei of enforcement
indicates, the goal of increased work place protection
requires increases in the employment of esforcement
parameters.

Our miajor conclusion and taat of previous studies
is that the enforcement program of OSHA has not
produced  additional! compliance by firms.
Weidenbaum and Defina (1978) find that the compli-
ance costs resulting from OSHA regulation were $3.2
biliion in 1976. At first this appears as evidence that
OSHA has exerted a significant impact upon the
comphiance of firms, but in perspective this complhi-
anee cost averages only $640 per investment expendi-
ture by cach of the approximately 5 million firms
under regulation by OSHA.'" This expenditure ap-
pears very small but may be explained by considering
that irms invested in occupational injury control long
bedore the arnival of OSHA. Since potential hazards
co5t the firm, among many other items, lost produc-
1ion and risk compensation to workers, it is in the
nterest of the firm to invest in injury control
cquipment. Even without OSHA, changes in worker
vharacteristics, firm output. production methods, and
depreciation of existing equipment would generate
nvestment expenditures by firms.'?

' See Office of the Frestdent {1973).

* Supporting evidence of this cxplanation is that no relationship
betwseenn OSHA activity and the investment behavior of firms has
een found (Viscusi 1979

Two limatations of this study and their implications
for public policy will now be addressed. First, the
analysis is limited by the level of the data. If OSHA
attempts to limit their enforcement effort to a small
group of firms, it is possible for this group that OSHA
has exerted a significant impact upon injury control
decisions.’* Such a subset of firms may be selected
owing to their relatively high injury rates. Given its
limited budget, OSHA may be able to exert a
significant impact on these firms by concentrating its
enforcement resources on a select group of them. In this
case OSHA may be merely acting in a rational
manner to make the best use of its limited budget.
Second, it is not clear that it is in the interest of society
for OSHA to increase significantly the costs of
noncompliance that it imposes on firms. At the
macroeconomic level such actions may lead to
increased product prices and force certain firms out of
business. Such price and unempioyment increases
need be analyzed as costs to society of regulation and
be compared with the projected benefits from the
government program.

The author would like to thank Paul B. Downing and the
anonymous referees for helpful comments.
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