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Abstract 

All production activities generate health risks to workers. This article employs input-output analysis in con- 
junction with job-risk data by industry to construct measures of the direct and indirect risks imposed by 
expenditures. Both fatalities and nonfatal injuries (which include illnesses) are considered. The occupational- 
risk component of expenditures is generally in the range of 3-4% of costs, with nonfatal injuries contributing 
the larger share. Expenditure levels that generate a fatality or a lost-workday injury are provided by industry, as 
are a variety of other measures that consider both created and avoided risks pertinent to risk-risk analyses and 
cost-effectiveness analyses, respectively. 
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Measures  to reduce  risks create  new risks of  their  own. This phenomenon  is well-known 
in relat ion to choice of t echno log ies - - fo r  example,  prohibi t ing a food preservat ive in- 
creases the  risk of  food poisoning; s topping a nuclear  p lant  increases the heal th  risks 
from plants  powered  by fossil fue l s - - though  often such induced risks are  not  adequate ly  
taken into account. Crea ted  risks tend  to be  ignored complete ly  when new expendi tures  
are principally designed for risk reduct ion,  as with the product ion and installat ion of  
pol lut ion-control  equipment  or  the c leanup of Superfund sites. Such c leanup at a single 
site, for example,1 may involve thousands  of  man-hours  of  work with heavy ear th-moving 
equipment ,  as well as worker  exposure to the risks of  toxic chemicals and automobi le  
commuting.  Yet,  the overall  c leanup may achieve minimal  reduct ions in risk.1 In consid- 
ering both the design of  regulat ions and ways to meet  them, it would be desirable to 
employ a benefit-cost  analysis, taking into account all categories of  consequences  of  the 
expendi tures- -e .g . ,  heal th  p romot ion  and heal th  curtai lment,  dollars not  available for 
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other activities, and environmental gains and losses. Many "health-promoting" regula- 
tions, however, proscribe such analysis, in large part to hide any implicit tradeoffs be- 
tween lives and dollars. (Those who make, implement, or otherwise support a policy may 
not recognize created-risk costs, or they may choose to ignore them because of personal 
values, proclivities, or interests.) 

Risk-risk analysis provides a useful second-best measure, at least ensuring that health 
costs are not ignored. The possibility that regulatory costs generate risks has long been 
discussed, but never implemented. This article represents the first step along the path 
toward estimating the health costs of various categories of expenditures intended to 
reduce risk. 2 

Direct expenditure risks fall into two categories: occupational risks to workers and 
external environmental risks to society at large. We address the first category, document- 
ing the level of the occupational fatality and the injury and illness costs associated with 
expenditures for output of various industries. Unfortunately, data are not readily avail- 
able for external costs, such as environmental pollution by industry, so our estimates do 
not include those risk costs of industrial activity. 

Health consequences must frequently be tallied separately in choosing a preferred 
public expenditure or regulatory program. If the health losses are due to some external 
effect, such as environmental pollution, then private decision makers will not automati- 
cally take them into account. Appropriate government interventions for coping must be 
informed by an assessment of costs and benefits. 

In contrast, when health risks are conveyed privately, most economists would argue 
that the private market will generate efficient outcomes. If, as is the case in this article, 
occupational safety is the concern, workers' pay will reflect compensating differentials 
due to risk. This will lead management to trade off appropriately between risk reduction 
and additional expenditures. The resulting higher wages will be reflected in the costs 
associated with the industry's output. The occupational risk costs will be internalized and 
captured in dollar cost estimates. 

Society, in many domains, does not appear to respect this principle about privately- 
conveyed risks, and imposes levels of safety above those that would be achieved by the 
market. Such actions imply that the price of the product does not reflect the blood of the 
workers that went into producing it. We identify three reasons why society may wish to 
override private market decisions on risk: 1) misperception and homogenization of risk, 
2) moral hazard, and 3) valuational externalities. 

Assessing risk levels is a challenging task, even to experts. Not surprisingly, workers 
may misestimate some risks, failing to distinguish adequately among them. Thus, 
they may assign excessively low values to extremely high risks, and excessively high 
values to extremely low risks. Given this pattern of errors, products whose production 
risks are high (low) will be underpriced (overpriced) as a guide to efficient resource 
allocation. 

Even if workers perceive risks perfectly, significant portions of the costs of those risks 
are borne by others. This implies that workers will therefore demand insufficient differ- 
entials for bearing risks. Most direct health-care costs are shared by an insurance pool, 
which may include people inside or outside a firm, or, as with Medicaid and Medicare, by 
society at large. Similarly, disability payments or welfare payments flowing to the victims 
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of accidents or their dependents come from general funds. Rarely are firms charged 
appropriately for imposing such risk costs. 

Even if workers and firms appropriately took account of all direct costs to society, they 
would ignore valuation externalities. The rest of society cares more about the coal min- 
er's health than it does about his claim over economic resources. One consequence is 
that we frequently regulate risks below the levels that well-informed workers would 
choose for themselves. 

If any of these three factors--misperception, moral hazard, or valuation externali- 
t i es - i s  significant, privately-conveyed health risks will be undercounted in market pro- 
cesses. This implies that they should be tabulated separately in any cost-benefit analysis, 
with appropriate shadow prices attached. 

The focus of this article is on government programs that reduce risks. Frequently, 
such programs are assessed using a cost-effectiveness analysis, where the effectiveness 
measure is the reduction in risk. Normally, the cost side includes health risks that are 
incurred due to expenditures. Most such risks will not be directly observed by those who 
design the program, for they may arise at an early point in roundabout production 
processes--for example, from mining the coal that produced the power that made the 
pollution-control equipment that is being put into place under the program. 

We make two arguments about such health risks. First, following a central principle of 
public expenditure analysis, such risks should be tallied. One should know all significant 
consequences of expenditures. Second, they should be assigned a shadow price that 
reflects the sum of misperception, moral hazard, and valuation-externality concerns. 

Consider a program that merely involves saving lives at a resource cost, say 100 lives 
from an expenditure of $2 billion. Suppose the expenditure itself is determined, by 
methods outlined below, to cost 10 lives, an average expenditure of $20 million per life 
lost. Then this program has a net life-saving effect of 90 lives, or a cost of $22.2 million per 
life. 3 

In many policy contexts, legislative constraints prohibit or have been accused of pro- 
hibiting trading off total costs and benefits. The U.S. Supreme Court, for example, has 
interpreted the provisions of the Occupational Safety and Health Act as being inconsis- 
tent with an explicit benefit-cost test. In such instances, at a very minimum, we should 
require a risk-risk test to demonstrate that the net effect of the policy is a reduction in 
risk. Such an analysis would not require converting risks to monetary terms; a discounted 
lives-saved or quality-adjusted life-years (QALY) metric would be sufficient to assess the 
overall efficacy of the policy. 4 

Risk-risk analysis gives us a critical number, namely, the net reduction in risk. In some 
circumstances, this net reduction will be negative. Then the decision is easy. In other 
cases, it will be small, and other considerations will come into play, perhaps for political 
reasons. If the risk-risk analysis showed the benefits to be minimal, then the political 
process might ultimately respond so as to change legislative requirements and prohibi- 
tions. At the other extreme, if created risks prove small relative to lives saved, they would 
effectively drop out of the analysis. 

Economists have long recognized that occupational risk is a potentially important 
component of risk-risk analysis, and have offered some thoughts as to the appropriate 
methodology for addressing these concerns. To date, there has been no attempt to 
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estimate occupational risk effects, in part because constructing measures of expenditure- 
induced risks is not straightforward. 

Some relevant numbers are readily available, notably the numbers of injuries and 
fatalities and levels of industrial output by industry. For these statistics, the category 
"injuries" includes identifiable job-related illnesses. The metric is cases sufficient to 
cause at least one lost workday. It is a simple matter to divide a risk amount, whether of 
injuries or fatalities, by the output level of an industry. A naive risk measure of this 
nature is usually offered to indicate the danger associated with an industry. But such a 
measure is not what we are after, because it looks at total output rather than final output 
(what is ultimately consumed) from the industry, and because it ignores the risk from 
inputs. 

To capture the risk effects of regulatory expenditures we must add the risk level 
associated with directly producing the final output required for compliance--for exam- 
ple, manufacturing a prescribed scrubber and installing it--to the risk amounts engen- 
dered by producing the inputs to that process, such as the steel, the electronics, etc. Thus, 
the naive risk measure--industry fatalities divided by industry output--must be adjusted 
in two ways. First, the injury cases that arise because the industry serves as an input for 
the final production of other goods must be subtracted out. Second, the risks associated 
with other industries as direct and indirect inputs to this good's final production must be 
included. 

We employ input-output analysis to identify and tabulate the risks associated with 
final production and intermediate outputs. 5 We then generate risk levels per unit of final 
output by industry. For example, we can determine the health risks per dollar output of 
construction or industrial machinery. From such numbers we could compute the risk 
created by an expenditure to reduce risk. For example, how much risk is associated with 
efforts such as the construction of a water-pollution-control plant? 

Section i outlines the general input-output methodology. We assess the nonfatal risks 
associated with industry output in section 2, and assess the mortality risks of industry 
output in section 3. In section 4 we combine these two concerns to yield a total risk 
measure associated with industry output. A dollar weighting is used to assess the value of 
these risks as a percent of total output for different industries. Section 5 provides general 
conclusions pertaining to the use of risk estimates in policy contexts. 

1. The input-output methodology for risks 

When considering the risks created by an expenditure, we must distinguish between the 
risks produced within the industry that provides the goods or services, and the risks 
associated with inputs to that industry. For example, to assess the health risks of the 
electric power industry, we must account for the substantial mortality risks associated 
with coal as a primary input. Failure to recognize the risks associated with inputs may 
lead to understating risks in what may seem to be relatively safe industries, and to 
overstating risks associated with industries, such as coal, which, in large part, produce 
inputs to other industries. Similarly, chemical products are often not a final output but 
serve as intermediate inputs to other industries. 
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This analysis classifies risks into three categories: domestic (D), exported (E), and 
imported (/). Domestically-generated risks for industry Q are the injuries occurring 
within the industry that are due to final output of that industry. Exported risks for 
industry Q are its injuries that are due (through Q's role as an input) to final production 
in other industries. Imported risks for industry Q are the injuries occurring within other 
industries that are due to the final output of Q. 

The raw (R) injuries observed in Q, e.g., what would commonly be reported as the 
injuries in the steel industry, are thus its domestic plus exported injuries. If we wish to 
know the dangers associated with the final production of steel, the critical concept is 
what we call allocated (A) injuries, namely domestic injuries plus imported injuries. 

Thus, we have R = D + E, and A = D + I. We will sometimes be relating allocated 
injuries to raw injuries: A = R - E + I. Notice that D, E, and I each have direct and 
indirect components. The input-output approach 6 relates activities in different areas of 
the economy, assuming fixed proportions of inputs are required to produce any output. 7 
Fortunately, detailed input-output relationships are regularly estimated by the U.S. De- 
partment of Commerce. Available risk data are less refined. Starting with risk data that 
relate to total industry output, input-output analysis enables us to make the adjustments 
required to compute expenditure-induced risk. 

We employ the following notation to summarize the values of industry output, the 
input requirements to produce each unit of output, and the risk values: 

y = n x i vector of final output, whereyi is output from industry i; 
X = n x n matrix of total requirements, where X O. is input of good i needed to product 

one dollar of output good j; 
z = n x 1 vector representing direct plus indirect output, where zi is output for industry 

i; 
c = n x 1 vector of worker risks (injuries or fatalities) where ci is number of cases 

observed by industry i; 
r = n x 1 vector of worker risk rates for total direct and indirect output of industry, 

where ri is number of risk cases per unit of total output in industry i. 
a = n x 1 vector of allocated risk cases in the industry, where ai is the number of risk 

cases in industry i. 

The key input-output component is the matrix X (total requirements). The compo- 
nents of Xindicate the input needed from each good i to produce each dollar of output of 
good j. These data are compiled by the U.S. Department of Commerce. This study 
utilized the input-output data for 1987, which are the most recent available, s To find the 
total inputs required to produce final output vectory, we multiplyy by the total require- 
ments matrix, or 

Xy = z. (1) 

Thus, zi is the combined output generated by industry i as a final product, and for all 
intermediate uses, that is, goods from industry i used to produce output of other 
industries. 
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A typical regulatory analysis would specify the amount of output required from vari- 
ous industries, such as the quantity of industrial machinery and the level of construction 
activity. If we are to produce a risk-risk analysis, or for that matter, a benefit-cost or 
cost-effectiveness analysis that attends to created risk, then the bottom-line question 
becomes: what level of risks do these final demand amounts create? 

To obtain a measure of the risk per unit of output in an industry, divide the total 
number of cases of worker injuries or fatalities by the output from the industry, where 
the output measure has been transformed by equation (1) to reflect the total direct and 
indirect uses of the output. Thus, the appropriate baseline risk measure ri for industry i 
would be a risk that recognizes the total value of output (as opposed to simply the final 
demand), or 

-=Ci/Z i. (2) 

To obtain the total risk measure associated with each industry, we multiply the indus- 
try risk per unit of total output vector r by the input-output matrixX to yield the vector a 
of the total number of risk cases, or 

r ' X  = a, (3) 

where the ' indicates that r has been transformed to a row vector. The risk cases directly 
attributable to production in industry i, i.e., domestic risks, areXiiri .  The sum ~ i~jXo.ri is 
the number of risk cases generated by inputs to that industry, i.e., imported risk. The sum 
of domestic and imported risk, namely, ai, represents the total number of risk cases 
arising from final output in the industry. We refer to ai as allocated risk. After obtaining 
the number of allocated risk cases in this manner, calculating other risk measures of 
concern, such as the domestic and imported risk per dollar of final industry demand, 
requires but simple division. 

This method accounts for feedback effects, which have the consequences of tempering 
the relative risk levels of different industries. The estimated risks are weighted averages 
of the industry-specific risk and the risk levels in industries providing inputs. Very high- 
risk industries that draw their inputs from lower-risk industries consequently will have a 
lower risk level once the input-output linkages are taken into account; and very low-risk 
industries utilizing inputs from higher-risk industries will have higher risk levels after the 
feedback effects are recognized. Given the tempering effect of accounting for inputs, it is 
likely that government policies based on raw data are relatively too stringent on more 
dangerous industries and too lenient on safe industries. 

To be sure, one should regulate injuries where they occur. However, if these regula- 
tions are not as stringent as is socially desired, the outputs generated by these industries 
will be underpriced, failing to adequately account for risk. Increased industrial produc- 
tion by industries that utilize these underpriced inputs consequently generates excess 
risks in other sectors of the economy. Taxes on final outputs that reflect the risks associ- 
ated with risky inputs could enable final product prices to reflect their true social costs. 
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2. The injury costs of expenditures 

We begin by analyzing the job injuries and illnesses generated by expenditures, injuries 
and illnesses that are sufficiently severe to lead to the loss of at least one day of work. 
Though some occupational illnesses will be captured in our risk measure, they will be 
undercounted. Because of difficulties in assigning causality to illnesses and the fre- 
quently substantial gestation periods before illnesses become apparent, government 
record keeping for illnesses is less adequate than for acute health effects, such as injuries. 
The typical duration of lost workday injuries is more than a day (it is in the vicinity of four 
weeks), and some injuries such as those that result in permanent disability are obviously 
of much more substantial duration. 9 

There are several nonfatal job injury data series. We choose to focus on lost workday 
injuries and illnesses, because this injury category has a well-defined set of definitions 
determining what constitutes a lost workday injury. Total injury rate data are more 
susceptible to reporting differences, since firms may have different standards for what 
constitutes a job injury. Injury data are available on a more refined industry level (the 
two-digit SIC level) than are the one-digit data for fatalities. 1~ 

The input requirements matrix consequently is a slightly aggregated version of the 
U.S. Department of Commerce matrix X defined in section 1. The components of this 
matrix give the total dollar value of the inputs required from each of the component 
industries (i.e., the rows) to produce one dollar of output in each industry (i.e., the 
columns). The largest entries in each column are the diagonal elements. On average, 
industry i must produce roughly 1.1 units of output to secure one unit of its final output. 

The procedure described in section i first converts the level of output to the domestic 
and imported value of the output, taking into account all of these feedback effects. 11 
Thus the risk estimates generated by our procedure will equal the total number of 
injuries or fatalities within each industry, and, by summing across industries, will equal 
totals for the economy. 

After undertaking the procedure discussed in section 1, one can then calculate the risk 
associated with each industry. Table 1 summarizes some key results. The first data col- 
umn shows the raw number of injury cases per 100 full-time workers attributable to both 
domestic and exported production. The second data column shows the allocated cases 
per 100 employees based on our input-output analysis. The figures in this column repre- 
sent only that portion of the injuries within that industry that are attributable to the final 
demand for its product. However, the allocated cases also include the risks from other 
industry inputs used to make the product. 

The degree to which these two injury tallies can differ is shown in the final column of 
table 1. The ratio of allocated to raw cases will be 1.0 if inter-industry flows are inconse- 
quential. However, as can be seen, the range is quite substantial. Industries such as 
printing and coal mining largely serve as inputs to other industries, so failure to correct 
would lead to an overstatement of the risk level in these industries if one attributed all of 
their risk to final output. The opposite is true in the case of industries such as petroleum 
and coal refining, where the substantial risks associated with their inputs--that is, mining 
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Table 1. Comparison of raw injury and illness cases to allocated cases by industry employment 

Industry SIC Code 

Raw injury and Allocated injury Ratio: 
illness cases per and illness cases allocated cases/ 
worker per worker raw cases 

Agriculture, forestry & fishery 1,2,7-9 0.059 0.057 0.964 
Metal mining 10 0.041 0.044 1.066 
Coal mining 12 0.082 0.057 0.697 

Oil & gas extraction 13 0.042 0.026 0.616 
Nonmetallic minerals 14 0.042 0.026 0.610 
Construction 15-17 0.067 0.079 1.184 
Food & kindred products 20 0.099 0.127 1.286 

Tobacco 21 0.032 0.073 2.271 
Textiles 22 0.040 0.038 0.954 
Apparel 23 0.039 0.055 1.415 
Lumber & wood products 24 0.088 0.060 0.677 
Furniture & fixtures 25 0.078 0.085 1.096 

Paper & allied products 26 0.055 0.058 1.052 
Printing & publishing 27 0.033 0.019 0.577 
Chemicals & allied products 28 0.031 0.053 1.726 
Petroleum & coal products 29 0.031 0.159 5.124 

Rubber & miscellaneous plastics 30 0.078 0.050 0.644 
Leather & leather products 31 0.059 0.067 1.140 
Stone, clay, & glass products 32 0.073 0.053 0.722 

Primary metal industries 33 0.081 0.070 0.861 
Fabricated metal industries 34 0.079 0.063 0.800 
Industrial machinery & equipment 35 0.047 0.053 1.124 
Electronic & electric equipment 36 0.038 0.056 1.486 
Transportation equipment 37 0.069 0.104 1.506 
Instruments & related products 38 0.027 0.028 1.055 
Miscellaneous manufacturing 39 0.051 0.058 1.128 

Transportation 40-42,44-47 0.073 0.047 0.650 
Communications 48 0.018 0.017 0.966 
Electric, gas & sanitary services 49 0.039 0.061 1.576 
Wholesale & retail trade 50-57,59 0.036 0.028 0.778 
Finance & insurance 60-64,67 0.008 0.014 1.745 
Real estate 65 0.025 0.051 2.049 
Services 70,72,76 0.036 0.028 0.790 
Business services 73 0.026 0.024 0.929 
Eating & drinking 58 0.032 0.029 0.899 
Auto repair, services, parking 75 0.034 0.047 1.384 
Amusement & recreation services 79 0.041 0.035 0.853 
Health, legal, educational, & social 80-83 0.032 0.035 1.089 
services 
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and oil and gas extraction--reveal the coal and refining industries to be much more 
dangerous than would be the case based solely on the direct risks associated with their 
operation. 

A more detailed breakdown of the components of risk appears in table 2. The total 
risks, given in the first column, are divided into cases directly attributable to own final 
production (domestically-generated risks), and cases indirectly generated by that indus- 
try as input requirements from other industries, which we call imported risks. For exam- 
ple, in the case of miscellaneous manufacturing (SIC 39) there are 21,684 injuries per 
year overall, of which 12,150 are domestically generated cases and 9,533 are imported 
from other industries as risks associated with inputs. The final column summarizes the 
ratio of imported risks to the domestic risks. In many cases the risks associated with the 
final demand for the industry's products are greater than the risks associated with output 
that serves as input to other industries. Transportation is an excellent example of an 
industry in which most risks are domestic, i.e., associated with its own final demand. 
Industries such as metal mining, oil and gas extraction, paper, chemicals, and electrical 
equipment, generate more risks as inputs to other products than in producing their own 
final demand. The most extreme example is petroleum and coal products, for which the 
risks associated with inputs to the refining process are 10 times as great as the risks 
associated with the petroleum and coal production process itself. 

The substantial impact of risks from other sources highlights the importance of disen- 
tangling the inter-industry flows and parsing the contributions to the risk levels in differ- 
ent industries, as opposed to simply dividing raw risk data by raw output level and 
ignoring interdependencies. Among the 38 major industry groups listed, including such 
seemingly safe industries as real estate, the risk generated by inputs to these industries is 
actually much greater than the raw risks associated with operation of the industry. 

The principal issue of policy interest is the relationship between expenditures made in 
different industries and the injuries that will result. The relevant quantities to examine in 
an industry are 1) the total risks that are generated from both domestic and imported 
sources, and 2) the dollar value of its final demand. The ratio of (1)/(2) gives risk per unit 
of expenditure. Our analysis reported in the final column of table 3 examines the ratio of 
(2)/(1), namely the total value of expenditures in an industry that generates the loss of a 
statistical life. 

In the case of high-risk per unit output industries, such as furniture and fixtures, one 
will generate a statistical lost workday injury with expenditures of less than $1 million. At 
the other end of the range is the real estate industry, where an expenditure of $10.3 
million generates a lost workday injury. For the most part, however, the magnitude of 
expenditures required to generate a lost workday injury falls into the range of $1-$3 
million. 

This amount is considerably above the implicit value that workers receive as a com- 
pensating differential for the risk of a lost workday injury. Although some estimates for 
these injuries and illnesses have been reported in excess of $100,000 per injury, most of 
the estimates in the literature for injuries severe enough to cause at least one lost day of 
work are in the range of $50,000.12 In the case of lost workday injuries that include 
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Table 2. Lost workday cases allocated over domestically-generated and imported risks 

Allocated 
Industry SIC Code cases 

Ratio: 
imported/ 

Domestically- Imported domestic 
generated cases cases case 

Agriculture, forestry & fishery 1,2,7-9 67,376 35,282 32,094 0.910 
Metal mining 10 2,567 524 2,043 3.899 
Coal mining 12 8,438 4,485 3,953 0.881 
Oil & gas extraction 13 10,187 4,085 6,102 1.494 
Nonmetallic minerals 14 2,843 1,291 1,552 1.202 
Construction 15-17 407,179 260,524 146,654 0.563 
Food & kindred products 20 212,366 128,337 84,030 0.655 
Tobacco 21 3,568 1,567 2,001 1.278 
Textiles 22 26,376 13,508 12,867 0.953 
Apparel 23 57,587 35,766 21,821 0.610 
Lumber & wood products 24 44,140 29,752 14,387 0.484 
Furniture & fixtures 25 43,611 33,134 10,478 0.316 
Paper & allied products 26 40,465 16,868 23,597 1.399 
Printing & publishing 27 29,956 15,850 14,106 0.890 
Chemicals & allied products 28 58,473 16,024 42,450 2.649 
Petroleum & coal products 29 25,017 2,247 22,770 10.135 
Rubber & miscellaneous plastics 30 44,674 26,651 18,023 0.676 
Leather & leather products 31 8,892 5,906 2,986 0.506 
Stone, clay, & glass products 32 29,356 17,453 11,903 0.682 
Primary metal industries 33 52,713 22,918 29,795 1.300 
Fabricated metal industries 34 89,972 49,799 40,173 0.807 
Industrial machinery & equipment 35 110,630 59,632 50,998 0.855 
Electronic & electric equipment 36 94,460 39,671 54,789 1.381 
Transportation equipment 37 205,647 117,553 88,094 0.749 
Instruments & related products 38 28,617 16,551 12,066 0.729 
Miscellaneous manufacturing 39 21,684 12,150 9,533 0.785 
Transportation 40- 168,631 141,098 27,532 0.195 

42,44-47 
Communications 48 22,792 10,518 12,274 1.167 
Electric, gas & sanitary services 49 59,094 19,739 39,355 1.994 
Wholesale & retail trade 50-57,59 541 ,185  459,823 81,362 0.177 
Finance & insurance 60-64,67 75,654 30,270 45,384 1.499 
Real estate 65 67,576 22,415 45,161 2.015 
Services 70,72,76 89,650 74,188 15,461 0.208 
Business services 73 126,588 64,209 62,379 0.971 
Eating & drinking 58 188,937 142,370 46,567 0.327 
Auto repair, services, parking 75 43,669 20,698 22,972 1.110 
Amusement & recreation services 79 38,060 30,204 7,857 0.260 
Health, legal, educational, & social 80-83 426,176 374,087 52,089 0.139 
services 
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Table 3. Dollars of industry output per allocated injury 

Industry SIC Code 

Total industry 
output 
($ millions) 

Output 
per injury 
($ millions) 

Agriculture, forestry & fishery 1,2,7-9 184,068 2.732 
Metal mining 10 6,894 2.686 
Coal mining 12 26,008 3.082 
Oil & gas extraction 13 77,432 7.601 
Nonmetallic minerals 14 11,563 4.067 
Construction 15-17 596,958 1.466 
Food & kindred products 20 331,699 1.562 
Tobacco 21 26,409 7.402 
Textiles 22 51,852 1.966 
Apparel 23 81,224 1.410 
Lumber & wood products 24 68,860 1.560 
Furniture & fixtures 25 36,726 0.842 
Paper & allied products 26 106,652 2.636 
Printing & publishing 27 83,204 2.778 
Chemicals & allied products 28 221,560 3.789 
Petroleum & coal products 29 140,582 5.619 
Rubber & miscellaneous plastics 30 84,585 1.893 
Leather & leather products 31 8,763 0.986 
Stone, clay, & glass products 32 62,550 2.131 
Primary metal industries 33 121,977 2.314 
Fabricated metal industries 34 162,414 1.805 
Industrial machinery & equipment 35 210,135 1.899 
Electronic & electric equipment 36 215,209 2.278 
Transportation equipment 37 318,026 1.546 
Instruments & related products 38 56,717 1.982 
Miscellaneous manufacturing 39 33,394 1.540 
Transportation 40-42,44-47 254,105 1.507 
Communications 48 134,650 5.908 
Electric, gas & sanitary services 49 258,752 4.379 
Wholesale & retail trade 50-57,59 841,993 1.556 
Finance & insurance 60-64,67 456,634 6.036 
Real estate 65 693,812 10.267 
Services 70,72,76 112,620 1.256 
Business services 73 566,814 4.478 
Eating & drinking 58 212,751 1.126 
Auto repair, services, parking 75 103,186 2.363 
Amusement & recreation services 79 73,100 1.921 
Health, legal, educational, & social services 80-83 486,700 1.142 
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injuries not severe enough to lead to the loss of a day of work, injury values are as low as 
$20,000. As a result, the total expenditures needed to generate the occurrence of one lost 
workday injury are somewhere in the vicinity of 50 times as great as the implicit value of 
these injuries, based on what workers receive in terms of compensation for them. 

The most pertinent aspect of these results is their general order of magnitude: expen- 
ditures generate lost workday injuries much more often than fatalities. The net effects on 
the total value of losses for risk-risk analysis are explored below. 

3. Fatality effects 

Our analysis of the effect of industry expenditures on deaths parallels that for injuries. 
The only difference is that the analysis must be undertaken at a less detailed level of 
aggregation, because the most consistent series of occupational fatality data is highly 
aggregated--it is only available on a one-digit (SIC code) basis. This analysis utilizes the 
National Institute of Occupational Safety and Health (NIOSH) National Traumatic 
Occupational Fatality data for the years 1980-1984.13 

The total requirements matrix X in table 4 shows the total inputs, direct and indirect, 
needed to produce $1 of each industry's output. The row components are the industry 
inputs needed to produce $1 of output for the industry in the particular column. Since 
these are only the commodity requirements, the information here is independent of the 
risk levels. 14 As in the case of the input-output matrix for injuries, the aggregation was 
undertaken by weighting the input coefficients proportionally to the amount of the total 
commodity output in each of the industries. 

Examination of the structure of table 4 highlights the nature of the input-output 
relationships.15 To produce $1 of final demand of manufacturing output requires $1.65 
of total manufacturing output, of which $1 represents final product and $0.65 represents 
manufacturing output that serves as inputs to manufacturing goods. All other entries in 
the fourth column of table 4 represent the dollar value of inputs to make $1 of manufac- 
turing goods. 

Table 5 summarizes the risk levels implied by the input-output calculations using the 
fatality rates. The first two columns summarize the raw reported fatalities for the indus- 
try and the fatality rate per worker. The typical fatality rate per full-time worker is on the 
order of 1/10,000 per year. The third column gives the fatality rate based on the allocated 
fatality risk amounts, comparing domestic and imported risks. The final column gives the 
ratio of the allocated fatalities to the raw fatality figures. In some industries, such as 
finance, insurance, and real estate, the total fatalities associated with the industry dra- 
matically exceed the raw fatalities directly associated with production in that industry. 

The primary impact of focusing on inter-industry flows through the input-output anal- 
ysis is that fatality risk levels are homogenized: overall they become more similar across 
industries. As can be seen by comparing the second and third columns in table 5, the 
high-risk industries, such as agriculture and mining, have lower risk per worker when 
evaluated by the allocated fatality amounts, rather than raw fatality amounts. Similarly, 
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Table 5. Raw and allocated fatalities by industry 

Allocated Ratio: 
Raw Raw fatalities fatalities allocated fatalities/ Allocated 

Industry fatalities per worker per worker raw fatalities fatalities 

Agriculture, forestry 707 5.97E-04 3.34E-04 0.5596 396 
& fisheries 

Mining 315 4.43E-04 1.45E-04 0.3277 103 
Construction 952 1.85E-04 1.69E-04 0.9095 866 
Manufacturing 838 4.39E-05 7.41E-05 1.6901 1,416 
Transportation & 901 1.55E-04 1.03E-04 0.6683 602 
utilities 

Wholesale & 343 1.40E-05 1.73E-05 1.2364 424 
retail trade 

Finance, insurance 72 6.01E-06 1.62E-05 2.6969 194 
& real estate 

Services 545 3.06E-05 3.78E-05 1.2322 672 

Table 6. Incidence of fatalities allocated by domestically-generated and imported risk 

Ratio: 
Domestically- imported/ 

Allocated generated Imported domestic 
Industry fatalities fatalities fatalities fatalities 

Agriculture, forestry & fisheries 396 355 41 0.1142 
Mining 103 85 19 0.2186 
Construction 866 715 151 0.2106 
Manufacturing 1,416 636 780 1.2274 
Transportation & utilities 602 468 135 0.2879 
Wholesale & retail trade 424 233 191 0.8212 
Finance, insurance & real estate 194 51 143 2.8211 
Services 672 403 269 0.6680 

the very low-risk industry groups, such as finance, insurance,  and real  estate,  have a 
higher fatality ra te  once their  l inkages are  taken into account.  

The  components  that  give rise to the  a l located risk levels in table 5 are  dist inguished in 
table 6. This table divides the  al located fatalit ies into three  components :  a l located fatal- 
ities, domest ical ly-generated fatalit ies associated with product ion  in the  industry, and 
impor ted  fatalit ies genera ted  by industr ies that  serve as inputs  to product ion.  Fo r  two 
industry g roups - -manufac tu r ing  and finance, insurance,  and  real  e s t a t e - - i m p o r t e d  fa- 
talit ies exceed domest ic  fatalities. 

The  level of  expendi ture  in each industry that  will genera te  the  loss of  a statistical life 
is considerably larger  than the expendi ture  that  will genera te  a statistical injury. As  can 
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be seen from table 7, the amount of expenditure that will lead to the loss of one life 
ranges from $465 million for agriculture to $5.9 billion for finance insurance and real 
estate. 

Of course, while the expenditure levels needed to generate a statistical death are 
substantial, the value to society of each life is quite large as well. Risk-risk analysis tells us 
whether the injuries due to expenditures outweigh the gains the expenditures produce. 
Occasionally--for highly ineffective expenditures--they do. In less extreme cases, we 
should be concerned with whether recognizing the lives lost due to expenditures might 
be sufficient to tip the balance, so that projects that are cost-ineffective are not under- 
taken. 

As tables 3 and 7 show, the expenditure per case is nearly three orders of magnitude 
greater for lost lives than for lost workday injuries, obviously because the latter are so 
much more common. An interesting measure of the character of the risk in different 
industries is the severity of danger measure: the ratio of the number of fatalities to the 
number of lost workday cases by industry. Industries with high severity of danger ratios 
have a high relative number of fatalities compared to total lost workday injuries, and 
consequently have a more severe mix of injuries. 

Table 8 summarizes the severity of danger indices for the standard published risk 
levels for each industry, which do not take into account indirect injuries deriving from 
inputs (table 8a), and for the risk values obtained using the input-output allocation of the 
risks (table 8b). The differences in these values reflect the role of the inter-industry flows 
of resources, which push toward greater uniformity in risk levels. The severity of danger 
index for the raw measures of injuries ranges from .0004 to .0101, which is a factor of 25. 
In the case of the measures based on the input-output allocation, the severity of danger 
index ranges from .0006 to .0059, a factor of 10. Allocated risk measures fall in a much 
narrower range than the raw risk measure. This is because the input-output approach 
accounts for feedback effects, in effect making the risk a weighted average of the multi- 
ple risks across industries. 

Table 7. Dollars of industry output per allocated fatality 

Total industry output Output per fatality 
Industry ($ millions) ($ millions) 

Agriculture, forestry & fisheries 184,068 465 
Mining 121,897 1,181 
Construction 596,958 689 
Manufacturing 2,422,538 1,710 
Transportation & utilities 647,507 1,075 
Wholesale & retail trade 1,054,744 2,487 
Finance, insurance & real estate 1,150,446 5,925 
Services 1,342,420 1,999 
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Table 8a. Severity of danger index by industry (raw) 

Raw Raw Fatalities 
Industry injuries fatalities per injury 

Agriculture, forestry & fisheries 69,891 707 0.0101 
Mining 35,724 315 0.0088 
Construction 344,032 952 0.0028 
Manufacturing 1,105,488 838 0.0008 
Transportation & utilities 320,518 901 0.0028 
Wholesale & retail trade 905,693 343 0.0004 
Finance, insurance & real estate 76,329 72 0.0009 
Services 717,132 545 0.0008 

Table 8b. Severity of danger index by industry (allocated) 

Allocated Allocated Fatalities 
Industry injuries fatalities per injury 

Agriculture, forestry & fisheries 67,376 396 0.0059 
Mining 24,036 103 0.0043 
Construction 407,179 866 0.0021 
Manufacturing 1,228,203 1,416 0.0012 
Transportation & utilities 250,517 602 0.0024 
Wholesale & retail trade 730,122 424 0.0006 
Finance, insurance & real estate 143,231 194 0.0014 
Services 724,143 672 0.0009 

4. Monetary valuations of injuries 

Knowing what  expenditure generates  the loss of  a statistical life or an injury is instruc- 
tive; such figures indicate how frequently these adverse health effects would be gener- 
ated by a specific regulatory expenditure.  However,  risk-risk analysis should ultimately 
put  fatalities and lost workday injuries on a comparable  basis to produce a single metric  
of  health loss. Measuring each of these two health effects in dollar terms makes  it 
possible to convert them into a single metric. 

This normalization can be under taken using existing figures on the statistical values of  
lives and injuries. In addition, by applying these statistical values, one can convert the 
health effects into total monetary  equivalents. These monetary  values can be used to 
monet ize the risk effects to compare  the monet ized risk component  of costs and the 
monet ized risk reduction benefits. (Alternatively, these money  measures  can be thought  
of  simply as weighting factors, giving us a measure  of  total occupational health losses in 
an industry.) 

The  form of risk analysis we prefer  is highly flexible, particularly given that  policies 
have multiple risk effects, including the expenditure-induced risks discussed here. The  
rationale for our  approach within the context of  risk-risk analysis is that  if only risks are 
being considered, and total expenditure costs are not, then at least the risk component  of  
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these costs should be addressed. It is often useful to convert diverse risk effects into a 
single metric by assigning appropriate dollar values, but this procedure is only a mecha- 
nism for facilitating risk-risk comparisons, not for introducing economic concerns other 
than risk. We also have an independent concern with the injuries, either because the 
market is imperfect--lack of worker perceptions or moral hazard, for example--or be- 
cause we have some regulatory requirement to reduce risk even if the reduction is 
inefficient (measuring benefits in terms of compensating wage differentials). 

To convert risk effects into monetary terms, we use valuations based on labor-market 
estimates of the implicit value of job injuries and fatalities. 16 In the case of injury valua- 
tions, the midpoint estimate for an injury severe enough to lead to a lost workday (which 
of course includes much more severe injuries as well) is $50,000. This estimate is low; it 
reflects the risk-dollar tradeoff that workers make when they know that workers' com- 
pensation will cover much of the income loss and medical costs associated with injuries. 
Thus, empirical estimates suggest that the social value of injuries may be 50% larger than 
this amount, based on estimates of how the implicit valuations of injuries would be 
changed if workers' compensation were eliminated.17 

The estimates in table 9 indicate the value of the injuries using a value per injury of 
$50,000. Estimates for an injury value of $20,000, for example, can be obtained by multi- 
plying these valuation amounts and ratios by 0.4,18 and similarly for other valuation 
amounts. The cost of injuries is often quite substantial, particularly in the high-risk 
industries. For example, in the case of construction, the total value of the nonfatal lost 
workday injuries is over $20 billion annually. As a percentage of total output, the highest 
nonfatal injury amount is for leather products, for which the injury cost is 5%. Other 
industries, such as real estate, are comparatively safe, and the value of the injuries is 
much smaller in relation to industry output. 

We calculated the dollar value of fatalities based on labor-market studies of worker 
wage-risk tradeoffs, which suggest that the implicit value-of-life range for workers is from 
$3-$7 million ($5 million being the midpoint of this range). This sizable range exists in 
part because of heterogeneity among workers in the different studies. For example, 
studies focusing on less affluent workers and workers who have selected very high-risk 
jobs tend to find lower implicit values of life. Table 10 uses the midpoint of the estimated 
range for the implicit value of life. Estimates below, using a value of life of $3 million, the 
lower end of the range, are simply .6 of the values in table 10. Across industries, the ratio 
of valuation/output varies by a factor of 13. Although the total value of fatalities is often 
substantial, they account for a much smaller relative share of industry output than do lost 
workday injuries. Whereas the estimates in table 9 implied that injuries in the construc- 
tion industry are over 3% of the total value of industry output, the value of fatalities in 
the same industry is under 1% of the value of industry output. 

This pattern of results implies a more general lesson for risk-risk analysis and for 
society's treatment of health risks. The focus on the media, government action, and 
indeed of the economics profession is much more on fatal than on nonfatal injuries. We 
all learn of the factory fire or scaffolding collapse which leads to multiple deaths, but 
most of us never hear of the daily toll of fractures and lacerations in industries across the 
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Table 9. Injury costs of output (injuries valued at $50,000 each) 

Allocated 
Industry SIC Code injuries 

Valuation 
oflosses 
($ millions) 

Ratio: 
valuation 
to output 

Agriculture, forestry & fishery 1,2,7-9 67,376 3,369 0.0183 
Metal mining 10 2,567 128 0.0186 
Coal mining 12 8,438 422 0.0162 
Oil & gas extraction 13 10,187 509 0.0066 
Nonmetallic minerals 14 2,843 142 0.0123 
Construction 15-17 407,179 20,359 0.0341 
Food & kindred products 20 212,366 10,618 0.0320 
Tobacco 21 3,568 178 0.0068 
Textiles 22 26,376 1,319 0.0254 
Apparel 23 57,587 2,879 0.0354 
Lumber & wood products 24 44,140 2,207 0.0321 
Furniture & fixtures 25 43,611 2,181 0.0594 
Paper & allied products 26 40,465 2,023 0.0190 
Printing & publishing 27 29,956 1,498 0.0180 
Chemicals & allied products 28 58,473 2,924 0.0132 
Petroleum & coal products 29 25,017 1,251 0.0089 
Rubber & miscellaneous 30 44,674 2,234 0.0264 
plastics 

Leather & leather products 31 8,892 445 0.0507 
Stone, clay, & glass products 32 29,356 1,468 0.0235 
Primary metal industries 33 52,173 2,636 0.0216 
Fabricated metal industries 34 89,972 4,499 0.0277 
Industrial machinery & 35 110,630 5,531 0.0263 
equipment 

Electronic & electric 36 94,460 4,723 0.0219 
equipment 

Transportation equipment 37 205,647 10,282 0.0323 
Instruments & related products 38 28,617 1,431 0.0252 
Miscellaneous manufacturing 39 21,684 1,084 0.0325 
Transportation 40-42,44-47 168,631 8,432 0.0332 
Communications 48 22,792 1,140 0.0085 
Electric, gas & sanitary services 49 59,094 2,955 0.0114 
Wholesale & retail trade 50-57,59 541,185 27,059 0.0321 
Finance & insurance 60-64,67 75,654 3,783 0.0083 
Real estate 65 67,576 3,379 0.0049 
Services 70,72,76 89,650 4,482 0.0398 
Business services 73 126,588 6,329 0.0112 
Eating & drinking 58 188,937 9,447 0.0444 
Auto repair, services, parking 75 43,669 2,183 0.0212 
Amusement & recreation 79 38,060 1,903 0.0260 

services 
Health, legal, educational, & 80-83 426,176 21,309 0.0438 
social services 
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Table 10. Fatality costs of output valued at $5 million per fatality 

Valuation Ratio: 
Allocated of losses valuation 

Industry fatalities ($ millions) to output 

Agriculture, forestry & fisheries 396 1,978 0.0107 
Mining 103 516 0.0042 
Construction 866 4,329 0.0073 
Manufacturing 1,416 7,082 0.0029 
Transportation & utilities 602 3,011 0.0046 
Wholesale & retail trade 424 2,120 0.0020 
Finance, insurance & real estate 194 971 0.0008 
Services 672 3,358 0.0025 

United States. Yet nonfatal injuries prove to be of greater consequence, because they are 
vastly more frequent. In the case of job-related injuries, they are so much more frequent 
that they constitute the lion's share of occupational health costs. 

This comparatively greater role of lost workday injuries may in part be a product of the 
nature of social regulation in the United States. Occupational safety and health regula- 
tion enforcement is targeted primarily at eliminating fatalities, which serve as highly 
visible signals of risky workplaces and therefore lead to special investigations by the 
government. Fatalities also are more likely to be highly publicized and, as a result, will 
lead to a much more vigorous market response than lost workday injuries, for which 
information is less readily available. Thus, market forces, government regulation, and 
incentives generated by workers' compensation may have altered the mix of worker 
injuries so that the nonfatal injuries now play a much greater role in terms of the actual 
health costs currently borne by the nation. Future work should investigate whether the 
natural tendencies we identify may have produced a bias toward eliminating fatalities in 
our public and private risk reduction expenditures. 

The net effect of the injury costs and the fatality costs as a proportion of all expendi- 
tures is summarized in table 11. Table l l a  shows the cost estimates using the raw injury 
and fatality data in which feedback linkages are not taken into account. Table 1 lb shows 
the estimates based on the allocated risks derived from the input-output analysis. 

When risk regulation entails additional expenditures by society, what are the health 
costs incurred? Consider the cost-share estimates for the allocated-risk data. The role of 
risk costs is only 1% of total industry output in the mining, insurance, and real estate 
industries, but reaches 4% in the construction industry. The estimates for the raw data 
are generally similar in character, but there are some important differences. For exam- 
ple, the mining industry looks almost 100% riskier if we use raw injury data instead of 
allocated-risk data. Even the lower-bound estimates are often nontrivial. The relative 
role of the risk costs is over 10% for manufacturing and almost 2% of construction 
expenditures. Ideally, government risk regulation policies should address the riskiness of 
all aspects of production, including the risks associated with creating inputs. 
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Table lla. Raw injuries and fatalities per dollar of industry expenditure 

Raw Midpoint* 
Raw lost workday valuation 

Industry fatalities injuries ($ millions) 

Agriculture, forestry & fisheries 707 69,891 7,030 
Mining 315 35,724 3,361 
Construction 952 344,032 21,962 
Manufacturing 838 1,105,488 59,464 
Transportation & utilities 901 320,518 20,531 
Wholesale & retail trade 343 905,693 47,000 
Finance, insurance & real estate 72 76,329 4,176 
Services 545 717,132 38,582 

Table llb. Allocated injuries and fatalities per dollar of industry expenditure 

Allocated Midpoint* 
Allocated lost valuation 

Industry fatalities workday cases ($ million) 

Agriculture, forestry & fisheries 396 67,376 5,347 
Mining 103 24,036 1,718 
Construction 866 407,179 24,688 
Manufacturing 1,416 1,228,203 68,492 
Transportation & utilities 602 250,517 15,537 
Wholesale & retail trade 424 730,122 38,627 
Finance, insurance & real estate 194 143,231 8,132 
Services 672 724,143 39,565 

*Valuations at $5 million per fatality and $50,000 per lost workday case 

5. Conclusion 

The  occupational fatalities and injuries caused by expenditures are typically not identi- 
fied within a comprehensive policy analysis. This omission is sometimes justified because 
it is believed that  the overall cost estimates for a project reflect the wage premiums for 
risk. The  estimates presented in this pape r  calculate the level of  occupational risks and 
their economic value by industry, based on est imated implicit values of  life and injury 
revealed in the labor market .  Because the cost estimates in this pape r  are based on 
existing labor-market  per formance  and the costs now being imposed on employers,  they 
would be fully reflected in any cost est imates for regulatory expenditures. 

There  are three major  reasons why compensat ing differentials may not adequately 
account for risk. First, individuals may be less than fully informed about  risk levels. 
Second, due to moral  hazard associated with a variety of  social and private insurance 
programs, individuals may undervalue risks to themselves. Third, there may be external- 
ities of  valuation applying to health risks of  others, which do not apply to their claims for 
other  resources. (Such differential externalities may explain why governments  are in- 
volved in reducing risks below the levels markets  would produce.)  
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Risk-risk analysis requires us to break out the different health effects of expenditures. 
Using published risk statistics to do so is not appropriate because risks associated with 
producing inputs to other industries are included in these raw statistics; indeed, they are 
a significant component. Moreover, risks associated with the inputs to the specific indus- 
try's final product are omitted. This paper utilized input-output analysis to properly 
account for these relationships. 

A principal consequence of proper input-output accounting is to assess more uniform 
risk levels across industries. High-risk industry outputs often serve as inputs to safe 
industries, and risky industries often utilize inputs from relatively safe industries in pro- 
ducing an output. The net effect is that the very risky industries turn out to be less 
hazardous than we thought, and apparently safe industries prove more dangerous. 

The estimated risk figures provide the basis for a variety of forms of risk analysis, some 
of which could be included in a conventional benefit-cost approach. It is also possible to 
use these results in conjunction with other types of risk-risk analysis, such as ones assess- 
ing adverse risk effects resulting from the income-reduction effects of regulation. Such 
efforts can be thought of as part of a general effort to gain a more comprehensive 
perspective on the risk consequences of expenditures. 

The most striking aspect of our findings is that the risks associated with expenditures 
are in fact quite high, particularly for nonfatal injuries. This is noteworthy given three 
important facts: 1) some government regulations save fewer lives and injuries per $1 
million than what is created by $1 million in expenditures; 2) many statutes exclude 
attention to costs when considering the design of risk-reduction policies; and 3) since its 
inception, the U.S. Office of Management and Budget has been unable to prevent the 
issuance of any risk regulation with a cost-per-life-saved under $100 million.19 Risk-risk 
evaluations that include the occupational risks created by regulatory expenditures may 
be a promising way to protect against the most profligate undertakings in the domain of 
risk reduction. 

N o ~ s  

1. Many cleanups dramatically increase in cost as they proceed, thus calling for marginal calculations. Breyer 
(1993, pp. 11-12) discusses United States v. Ottati & Goss, the forced cleanup of a toxic waste dump in 
southern New Hampshire. The work was mostly complete, but one private party litigated the cost of 
cleaning up the last little bit, which would incur a cost of $9.3 million to incinerate the dirt. The parties 
agreed that "without the extra expenditure, the waste dump was clean enough for children playing on the 
site to eat small amounts of dirt daily for 70 days each year without significant harm." Burning the soil 
would stretch that to 245 days per year. "But there were no dirt-eating children playing in the area, for it 
was a swamp." The risks associated with the $9.3 million expenditure would seem to swamp those reduced 
by incinerating the dirt, a pattern that a risk-risk analysis would reveal. 

2. Lave (1981) provides an excellent introduction to this and other forms of risk-risk analysis. 
3. If workers receive compensation for a risk of $5 million per statistical life, then it is less costly to lose these 

lives than the original $100 million, since they are partly compensated. The $50 million payment for the 10 
induced fatalities is included in the $2 billion expenditure. To avoid double counting, it should be sub- 
tracted out, yielding a net cost of $1.95 billion for saving 90 uncompensated lives. This gives a cost-per-life 
saved of $21.7 million. 
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4. We do not mean to suggest that a risk-risk test would be sufficient in a first-best world, because it ignores 
the monetary resources that are entailed in providing the expenditures. But to at least count risks, if that is 
all that allowed, is worthwhile. See Zeckhauser and Shepard (1976), which also introduces the concept of 
the QUALY. 

5. For a detailed discussion of this form of risk-risk analysis as well as the advocacy of the input-output 
approach, see Lave (1981). 

6. For discussion of this methodology, see Leontief (1986), the originator of this methodology, and Dorfman, 
Samuelson, and Solow (1958). 

7. This fixed-coefficients assumption is much less restrictive than it appears, since, even with curved isoquants 
and labor as an input, under fairly standard conditions it will be optimal to produce as if there were 
fixed-input requirements per unit output. 

8. Each year the U.S. Department of Commerce publishes an update of these accounts in the Survey of 
Current Business. The one for 1987 is, "Annual Input/Output Accounts of the U.S. Economy, 1987," Survey 
of Current Business, Vol. 72, No. 4, April 1992. The particular data used in this paper were obtained on a 
computer disk from the U.S. Department of Commerce, Economics and Statistical Analysis, Bureau of 
Economic Analysis. 

9. See the U.S. Bureau of Labor Statistics, "Occupational Injuries and Illnesses in the United States by 
Industry, 1990" U.S. Department of Labor, U.S. Bureau of Labor Statistics, Bulletin 2399, April 1992. The 
lost workday data used for this analysis are for the year 1990, which were the most recent risk data available 
at the time this study was undertaken. 

10. In some instances two-digit categories must be pooled to achieve comparability between the U.S. Depart- 
ment of Commerce input-output tables and the U.S. Bureau of Labor Statistics injury data. 

11. As a cross-check, it is also useful to note that when one attempts to generate the total number of deaths and 
total number of injuries in the economy based on our risk estimates and the output levels of the economy, 
the allocated injury amounts and the raw injury amounts are equal once the output levels are converted in 
a manner following equation (1). 

12. For a review, see Table 4-2 of Viscusi (1992), which summarizes the pertinent literature. 
13. See National Institute of Occupational Safety and Health (1987). 
14. The industry groupings for the risk data were needed, however, to establish the basis for aggregating 

industries. The level of aggregation in the input-output analysis was thus based on matching the industry 
groupings in the BLS risk data and the input-output data. 

15. Table 4 is consequently the inverse matrix that represents the solution to the input-output system. The 
input matrix, which includes all of the input coefficients, is comprised of elements which are all below 1.0, 
thus satisfying the input-output requirements for viable products. The calculation of the inverse matrix 
from the input matrix was by the U.S. Department of Commerce. Dorfman, Samuelson, and Solow (1958), 
discuss the underlying theory; see especially Chapter 9. 

16. Viscusi (1992) reviews of the literature on these issues. See especially Tables 4-1 and 4-2. 
17. See Viscusi and Moore (1987). 
18. The value $20,000 is in the range obtained in studies that focus on all worker injuries, including those 

insufficiently severe to lead to a lost workday. 
19. See Viscusi (1992), Chapter 14, for a review of the efficacy of regulatory oversight. 

References 

Breyer, Stephen. (1993). Breaking the Vicious Circle: Toward Effective Risk Regulation. Cambridge: Harvard 
University Press. 

Dorfman, Robert, Paul Samuelson, and Robert Solow. (1958). Linear Programming and Economic Analysis. 
New York: McGraw-Hill. 

Lave, Lester B. (1981). The Strategy of Social Regulation: Frameworks for Policy. Washington, D.C.: Brookings 
Institution. 

Leontief, Wassily W. (1986). Input-Output Economics, 2nd ed. New York: Oxford University Press. 



THE FATALITY AND INJURY COSTS OF EXPENDITURES 41 

National Institute of Occupational Safety and Health. (1987). National Traumatic Occupational Fatalities, 
1980-1984. West Virginia: National Institute of Occupational Safety and Health. 

U.S. Bureau of Labor Statistics. (1992). Occupational Injuries and Illnesses in the United States by Industry, 
1990. Bulletin 2399. Washington, D.C.: U.S. Department of Labor. 

U.S. Department of Commerce, Economics and Statistics Administration, Bureau of Economic Analysis 
(1992). "Annual Input-Output Accounts of the U.S. Economy, 1987," Survey of Current Business 72(4), 
55-71. 

Viscusi, W. Kip. (1992). Fatal Tradeoffs: Public and Private Responsibilities for Risk. New York: Oxford 
University Press. 

Viscusi, W. Kip, and Michael J. Moore. (1987). "Workers' Compensation: Wage Effects, Benefit Inadequacies, 
and the Value of Health Losses," Review of Economics and Statistics 69(2), 249-261. 

Zeckhauser, Richard J., and Donald Shepard. (1976). "Where Now for Saving Lives?" Law and Contemporary 
Problems 39, 5-45. 


