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Abstract

Policy makers confronted with the need to introduce health and safety regulations often wonder how to value the
benefits of these regulations.  One way that a monetary value could be placed on reductions in health risks,
including risk of death, is through understanding how people are compensated for the different risks they take.
This approach, referred to as the compensating wage differentials method, estimates the wage premium a worker
would need to be paid to accept a small increase in his/ her risk of dying, or, equivalently, what a worker would
pay to achieve a small reduction in risk of death.  Wage premiums can be estimated from observed labor market
data and converted to the value of a statistical life (VSL) — a number that summarizes what a population may be
willing to pay to reduce the risk of one death in a statistical sense.

While there is an extensive literature on VSL and compensating wage differentials for the developed countries,
few such studies exist when it comes to developing countries.  Our study is an attempt at obtaining estimates of
VSL that reflects Indian risk preferences.  Based on a survey of 550 workers in Chennai and 535 workers in
Mumbai, we find the value of a statistical life in India to be approximately Rs. 15 million.  The value of statistical
injury ranges from Rs. 6000 to Rs. 9000.  Policy makers interested in programs to decrease environmental and
health risks could use these numbers as one bench-mark against which costs can be assessed.

Key words: Compensating Wage Differentials, Hedonic Price, Valuations of Life/ Injury
JEL Classification: J17, J28, J31.
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Measuring the Value of Life and Limb: Estimating Compensating
Wage Differentials among Workers in Chennai and Mumbai

S. Madheswaran

1. Introduction

There is no doubt that economic development through the use of environmental resources can have a positive
impact on the lives of people in areas such as power, energy, industrial growth and transportation.  However,
exposure to environmental contaminants can also cause risks to human life and health.  In order to reduce these
risks, governments undertake various projects that impose costs on society.  To determine whether a project is
socially desirable, one needs to compare the value of reducing risks to the cost of such reductions.

Several methods have been proposed in the literature for estimating implicit prices for reduced risks to life and
health.  They include the cost of illness approach, the human capital approach, the willingness-to-pay approach,
the insurance approach, the court awards and compensation approach and the portfolio approach (Linnerooth,
1979).  The willingness-to-pay (WTP) approach, however, is increasingly considered as the most relevant method.
WTP is typically measured by analyzing prices paid for goods and services.  The prices paid for preventing health
and death risks cannot, of course, be directly obtained because prevention of these risks is not purchased in the
market.  However, there are instances when these prices can be indirectly observed or measured.

There are two principal methodologies for measuring WTP for risk reductions.  The first, known as the contingent
valuation approach, rests on data generated through questionnaires (Alberini, et. al., 1977; Gerking, et. al.,
1988).  In this approach, individuals are directly asked how much they would be willing to pay to reduce, for
instance, their death risks at work or in traffic accidents.  The second is the revealed preference approach.  This
method infers the hedonic (that is, quality adjusted) value of an environmental good, such as air quality, affecting
the value of a market.  This method relies on property values and wage data.  The approach using wages is
popular because the availability of information on work-related environmental risks and associated wages enable
the estimation of the market-generated wage-risk trade-off.

Several empirical studies have emerged in recent years that estimate the value of life or injury but most of them
deal with developed countries (Viscusi, 1993; Viscusi and Aldy, 2002).  Studies on this aspect are very rare when
it comes to developing countries, mainly due to data constraints.  Researchers valuing the health impacts of
projects in developing countries have two options.  Firstly, they could develop monetary value estimates based on
data from developed countries by making appropriate adjustments (using per capita GDP).  This simple transfer
mechanism however does not take into account differences in WTP values between different countries due to
differences in factors such as living standards, culture and educational attainments.  Secondly, they could rely on
the human capital approach such as loss of earnings.  But this approach provides no guide to action when there
are a variety of impacts on unknown value and ignores the quality of life lengthened.  New research on valuing
health and death risks in developing countries is the only way to resolve this problem (Asian Development Bank,
1996).

In this study, we estimate the statistical value of life and health in India based on primary surveys of workers in
Chennai (in the southern part of India) and Mumbai (in the western part of India).  India implements many
environmental programs and spends large sums of money on health and safety programs.  Since resources are
scarce, it is essential to evaluate these programs and to reallocate funds, if need be, to achieve maximum benefits
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to society.  In this context, the study, it could be said, provides necessary information on the value of life and injury
in India.

2. Theoretical Framework

Workers consider a multitude of pecuniary and non-pecuniary job characteristics in the job selection process.
Wage rates, pension benefits, convenience of work hours and health and safety risks are but a few of the pertinent
job characteristics considered.  Almost inevitably, a worker must trade off some valued characteristics for other
job attributes when selecting among his job opportunities.  The wage- and job-related risks are likely to be the
most important job components to workers considering potentially dangerous jobs (Viscusi, 1978a, 1978b,
1979).  If a worker takes a job and knows that it is risky, there must be some other valued characteristics to
compensate for the risk.  If other non-monetary attributes of the job are equivalent to those for less risky jobs, this
compensation will take the form of a higher wage.  This wage-risk relationship is the central component of the
theory of compensating or equalizing differentials, originally conceived by Adam Smith (1776).  He observed that
"the whole of the advantages and disadvantages of the different employment of labor and stock must in the same
neighborhood be either perfectly equal or continually tending to equality" (chapter 10).  This simple proposition
and its reconstruction by Rosen (1974) form the basis of recent economic analyses of job risks.  The methodology
adopted in this approach is called the hedonic (that is, the quality-adjusted) wage function approach.

The hedonic approach posits that jobs with bad characteristics require a wage premium to attract workers, other
things remaining equal.  This extra wage or premium is called a compensating wage differential. These premiums
are the result of the interaction of both the labor demand by firms and the labor supply decisions of workers.  This
approach specifies an earning function that includes both worker and job characteristics and forms an empirical
tool for the analysis of the determination of wage rates.  The theory is helpful in interpreting the coefficients of risk
variables on the wage equation estimates.

In recent years, the hedonic approach has received a considerable amount of attention in the labor economics
literature.  In part, this attention has resulted from the recognition of two important policy implications.  Firstly, this
wage mechanism leads to an efficient level of job safety and to optimal match-ups of jobs and workers.  Therefore,
the argument for government intervention involving occupational safety and health has become less compelling.
Secondly, the estimated wage premium for employment-related death and injury risks is useful in order to place
a monetary value on the value of a statistical life and limb of workers.   However, the fundamental issue involved
in an assessment of risk compensation is whether or not workers are aware of the risk they face.  The advocates
of this approach argue that most workers have many sources of information for making some judgments about
job risks.  Before taking up the job, they can use the information regarding the firm's reputation, the nature of the
job and the experience of friends who have worked there, etc., in order to make up their minds about whether to
accept the job.  Some risks, particularly newly discovered carcinogenic hazards, have been highly publicized and
are familiar to the general public as well as to the workers themselves.  Moreover, once the worker is on the job,
he can observe workplace conditions and the effects of the job on his well-being and that of his co-workers
(Viscusi, 1983).

The hedonic approach views labor market transactions as a tied sale.  On the one hand, workers sell their
services for wages.  At the same time, they purchase non-pecuniary work attributes.   These attributes may vary
from job to job.  Hence, the workers exercise a choice over preferred job attributes by choosing an appropriate
job.  On the other hand, firms simultaneously buy the services and characteristics of workers and sell attributes of
jobs in the open market.  Since worker characteristics too may differ, firms have to exercise choice.  An acceptable
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match occurs when the preferred choices of both the employer and the employee are mutually consistent.  The
actual wage, therefore, embodies a series of implicit prices for both workers' characteristics and job attributes
such as pace of work and probability of injury/death.  In this sense, the labor market is viewed as an implicit
market for job and worker attributes.  Controlling for other aspects of a job, one can estimate the wage premium
that workers receive for job-related risks.

An example will suffice to illustrate the properties of the optimal job choice of a worker who is choosing from a
set of job opportunities that involve the same number of work hours but have different probabilities when it comes
to adverse consequences.  Consider a state dependent utility model.  It is a single period, static model.  Let Y be
the initial assets of a worker and W be the schedule of wage earnings for jobs.  Let p1, p2, and p3 be the
probabilities for no injury, injury with no fatal outcome, and injury with fatal outcome respectively.  These probabilities
will of course add up to 1.  Let the utility of having no injury be U(Y+W), of having an injury which is not fatal
V(Y+I), and of having a fatal accident D (for death).  Here W is the wage function, which is a function of the
probabilities.  Consumption x is equal to Y+W (p).   It is assumed that the wage and utility functions are continuous
and twice differentiable.  Each job is associated with a probability p of a worker's death or injury.  It will be an
equilibrium outcome on a perfect labor market.  "I" is the insurance one receives after an injury.  It will be
independent of the risks.  It is also assumed that the worker would rather be healthy than not; the marginal utility
of consumption is positive and greater in health state than in ill-health state (i.e., Ux > Vx > 0); and the marginal
utility of consumption is diminishing or the workers are either risk averse or risk neutral (i.e., Uxx , Vxx ≤≤  0).  The
expected utility can now be written as:

p1U(Y+W) + p2V(Y+I) + p3D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1)

Expected utility is maximized over the three probabilities (i.e., the worker chooses a job with the optimal risks).
The first order conditions are:

U - λ  = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (3)

 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . (4)

Where λ  is a Lagrange multiplier.  These first order conditions can be rewritten as:

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5)

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (6)

Equation (5) and (6) can be interpreted in the following manner: if the probability of being injured increases
marginally, the loss in utility units to the individual is U-V.  In order to convert this loss in utility to a loss in
consumption, one has to divide equations (5) and (6) by the marginal utility of consumption.  Thus the left-hand
side of equation (5) can be interpreted as the marginal loss in consumption units from a marginal change in the
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probability of being injured, and the left-hand side of equation (6) is the counterpart for the probability of a fatal
accident.

The term U-D in equation (6) may seem rather odd, but from an ex-ante viewpoint, individuals are trading off the
risk of dying with increased consumption, which implies that there is a utility equivalent to dying.  The right-hand
sides of these conditions (5) and (6) suggest that the workers will choose jobs such that their willingness-to-pay
for a marginal risk reduction is equal to what the market can offer.  If we could make a linear approximation of U-
V and U-D, we would find that these utility differences would depend on two factors: i) differences in income
between being healthy and having an accident; ii) differences because of different amenity values in the three cases
(no injury, injury, injury with death).  The first factor is the change in human capital because of the accident, while
the second factor captures the suffering from the accident.

The discussion so far has been completely static.  However, intuition tells us that we would get the same result in
a dynamic context -- in a perfect market, current wage differentials between different risks will also reflect the
present value of consequences from work-related accidents.  Nonetheless, there are limitations to this analyses in
that hedonic studies of this kind do not capture the cost to family, relatives, and friends and costs to society in
general (losses of tax revenues), as a result of death or injury. It would be interesting to know how important these
costs are.

To assure that a solution to equation (5) is indeed a maximum, the second order condition also must be satisfied.
In mathematical terms, the marginal rate of change of WP with respect to a further rise in p must be negative or
positive, but not too large.  Totally differentiating the first order conditions and solving for resultant equations using
Cramer's rule, the second order condition can be shown as:

WPP < {-(WP )2 [p1 UXX + p2 VXX ] -2 WP [ UX - VX]} {p2VX + p1 UX}-1 . . . . . (7)

In equation (7), the RHS is positive due to plausible restrictions stated above on the utility functions.  Thus, the
compensating wage differential presented in (5) implies that the curve relating to W and p must have a positive
slope if workers are to be attracted to jobs along with it.  The choice of a job will satisfy the second-order
conditions for an optimum given by (7) if the wage premium per unit of risk with the level of p is constant or
increases at a not too great rate.  In the empirical section, we determine the compensating wage premium by
estimating equation (5) empirically.

Wealth Effect and the Optimal Job Risk

An objection raised against the validity of the theory is that the best jobs in the society also tend to be the highest
paid (Wildavsky, 1980).  Thus, is it likely that wages rise with increased job risks (Arrow, 1974).  To resolve this
apparent paradox, it is useful to understand the effect of wealth on job risks.  Because safety is a normal good,
those with more assets will choose safer jobs. Let us investigate the role of worker's wealth in influencing the
optimal job risk level by totally differentiating the first order condition, and solving for dp/dY using Cramers's rule:

 . . . . . . . . . (8)
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Since the numerator is clearly positive, the sign of dp/dY is the same as that of the denominator.  Hazardous jobs
will be an inferior occupational pursuit if:

(WP )2 [p1 UXX +p2 VXX ] +2 WP [ UX - VX]} +W[p2 VX + p1 UX] < 0 . . . . . . . . . . . . . (9)

If equation (9) is solved for W, the condition reduces to equation (7)  -  the second order condition for maximum.
Consequently, the extent of the job hazard one chooses necessarily decreases with one's wealth.  This result is
empirically estimated in section 4.2.

3. Source of the Data

In this study, we used a multi-stage random sampling technique.  Firstly, the Chennai and Mumbai metropolitan
areas were selected because they have the largest number of registered factories and workers.  Secondly, blue-
collar male workers in manufacturing industries were chosen because, according to the administrative report of
the Chief Inspector of Factories, only male workers have incurred employment injuries (both fatal and injury
accidents) in recent years.  Other industrial workers and females in manufacturing industries appear to have faced
no employment accidents in recent years.  Here, "other workers" are defined as workers in other industries that
come under the Factories Act such as the service industry.  Moreover, workers in industries such as coal mines,
railways, etc., were not considered because they do not come under the Factories Act.  Similarly, workers in the
unorganized sector were not considered because details of accidents were not available for these workers.

Blue-collar male employees in manufacturing industries were stratified into 17 groups using the National Industrial
Classification (NIC) Codes.  It was decided to choose a 1% sample from each stratum.  This required a sample
of 463 in each city.  However, it was decided to collect information from 550 workers in Chennai and 535
workers in Mumbai with the expectation that information may be incomplete for a few samples.  It was decided
that a maximum of four sample workers from each factory would be selected randomly from the address list of
factories maintained at the offices of the Chief Inspector of Factories in Chennai and Mumbai.

First, a questionnaire was prepared and pre-tested (see Appendix-II).  The interview method was adopted to
collect the required information from workers.  The required number of factories and workers for interview was
randomly selected.  The sample factories/workers are distributed in all four divisions of Chennai and Mumbai.
No weighting was given to the firm size.  However, the minimum number of the workforce is 10 according to the
Factories Act.

The data pertaining to wages, allowances, work hours and days, experience and firm size were collected from
wage bills and records of firms where the respondents work.  In the absence of wage bills /records, the recall
method was used.  Respondents' answers were tested for accuracy with cross examinations by the associates.1

The respondents were directly asked to provide details about family demographics, sources of income, asset
holdings, working conditions, taxes, benefits and social security schemes.

The data source for 'job risk' is the Administrative Report of the Chief Inspector of Factories, Chennai and
Mumbai.  The report provides data pertaining to the total number of male workers and the number of death and
injury accidents to them on an annual basis at 2-digit NIC level.  Since these risks may vary substantially across

1 However, the accuracy of  this information depends on the respondents’ recall memory.
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years, particularly when there is a major catastrophe resulting in multiple deaths, we computed the average
probability of job-related fatal risks per 1 lakh2 workers (RISK) and the average probability of injury risk per
100 workers (INJURY) over the years 1999-2001.  The computed average measures eliminate the distorting
influence of random fluctuations.  These risk measures were then matched to the workers in the sample using NIC
code.  Obviously, there is a measurement problem common to this type of study because not all the workers in the
same industry face the same level of risks.  This problem seems most acute in the case of white-collar workers
since they encounter much different and much safer working conditions (Garen, 1988).  Since this study covers
only blue-collar workers, the problem may not be as serious as in other studies.  Besides, a third measure of risk,
ENVDANGER, was used, which is a subjective variable indicative of whether or not the worker's job exposes
him to any environmental problems and unhealthy conditions.

4. Empirical Estimation

In this section, we discuss empirical aspects of the estimation of valuation of statistical life.   First, the hedonic
wage equation (equation 5) is estimated separately for Chennai and Mumbai.  Second, the job risk equation
(equation 7) is estimated to identify various determinants of risk.  Some of the empirical measures of key variables
are discussed below.

Wage rate:  The dependent variable in the analysis is the worker's after-tax hourly wage rate, assuming 2000
annual hours worked (WAGE).3   According to the Workmen's Compensation Act (1923), "Wages include any
privilege or benefit which is capable of being estimated in money, other than a travelling allowance or the value of
any travelling concession or a contribution paid by the employer of a workman towards any pension or provident
fund or a sum paid to a workman to cover any special expenses entailed on him by the nature of his employment"
(Subramanian, 1986).  The above definition is used to construct the wage variable in this study.

Risk Variables:  Three job risk variables are used in this analysis.  The first two are FATAL and INJURY.  Fatal
risk (FATAL) is measured as job-related fatalities per 1,00,000 blue-collar manufacturing male workers.  The
non-fatal injury risk (INJURY) is measured by the number of non-fatal accidents per 100 workers.  These
objective index measures of risks involve a low probability of death and injury, even at this level of aggregation (2
digit level).   Further, death and injury risks may vary substantially across years, particularly if there is a major
catastrophe that results in multiple death and injury.   So the study averaged fatality and injury statistics over a
three year period (1999, 2000 and 2001) to eliminate the distorting influence of random fluctuations.

The type of manufacturing industry, the sample workers from each industry, and the average probability of fatal
and injury accidents to blue-collar male workers in Chennai and Mumbai for the years 1999 to 2001 are depicted
in Tables 1 and 2.  From Tables 1 and 2, it is evident that both fatal and non-fatal rates are higher in cotton textile,
chemical and basic metal industries.  On average, workers face between 11-13 fatal accidents per 1,00,000
laborers per year.  The average injury rate is approximately 9% in Chennai and Mumbai.

As previously noted, this study also uses a third measure of risk, namely, ENVDANGER.  ENVDANGER
measures workers' subjective perception of job risk.  It is assessed by the workers in the sample and takes a
value of 1 if the worker's job exposes him to environmental or unhealthy conditions and a value of 0 otherwise.

2 1 lakh = 100,000.
3 This measure is superior to the annual earnings frequently used in compensating differentials studies.  Viscusi and Moore

(1987, 88, 89a, b) and Moore and Viscusi (1988a) used this measure.
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For the purposes of this study, this variable is not of interest in its own right, but is used rather as an alternative
measure of job hazards to examine how workers' subjective judgments compare with objective measures.  In the
present study, 90% of workers considered their job to be hazardous.

We note that the objective measures of risk, FATAL and INJURY, are at the 2-digit industry level.  Thus, unlike
ENVDANGER, they do not pertain to a worker's particular job.  Moreover, accident rates are reported on a
voluntary basis and may involve substantial measurement error.  However, the strong correlation between wages
and these variables, as depicted in Table 3, provides evidence of the plausibility of worker's prior probability
assessments of job risks.

Table 1:  Distribution of Workers: Fatal and Non-Fatal Injury Rates According to Industry, Chennai
(average of 1999-2001)

      Source: Administrative Report of Chief Inspector of Factories 1999-2001
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Table 2:  Distribution of Workers: Fatal and Non-Fatal Injury Rates according to Industry, Mumbai
(Average of 1999-2001)

Source: Administrative Report of Chief Inspector of Factories 1999-2001

Table 3:  Correlation and Chart between Wages and Risk Variables

In order to estimate the compensating wage differential, our analysis includes several variables that influence
wages.   The definition of the variables included and their mean and standard deviations are reported in Table 4.
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From Table 4, it is observed that the average sample employee has an hourly after-tax wage of Rs.7.9 in Chennai
and 8.33 in Mumbai.  About 90% employees feel that their job exposes them to danger or unhealthy conditions.

Table 4: Variable Definition, Mean and Standard Deviations: Chennai and Mumbai
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   Note: Since the SC/ST (Scheduled Caste and Scheduled Tribe) sample is very small, it has been clubbed with backward class

4.1 Estimation of the Hedonic Wage Equation

Although most wage-equation studies in labor economics utilize LnWAGE (i.e., the natural logarithm of wage
variable) as the dependent variable, there is no comparable theory specifying the functional form linking wages
and death risks because of the nature of the theoretical relationship between wages and human capital variables
(Moore and Viscusi, 1988a).  The functional form of the dependent variable (linear or log linear) in the compensating
differential model is an unresolved problem.  Following the work of Moore and Viscusi (1988a), we estimated
WAGE (absolute) and LnWAGE (semi-logarithmic) models in the flexible functional form given by the Box-cox
transformation.  This enabled us to ascertain which transformation of the wage variable has the highest explanatory
power.  We concluded that neither the linear nor semi-logarithmic model is ideal.  However, LnWAGE regression
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is more compatible with the functional form that best fits the data.  So our discussion below focuses primarily on
the LnWAGE equation results.  The standard semi-logarithmic wage equation is written as:

 . . . . . . . . . . . . . . . . . . . . . . . . . (28)

where ei is the error term, the vector X1 contains the determinants of earnings other than job hazards.  X1 includes:
i) human capital variables such as education (EDN), experience (EXP) and its square (EXP2)4;   ii) variables
pertaining to enterprise characteristics, namely, the size of the firm (WSIZE) and union status (UNION); and iii)
the dummy variables for caste of the worker (CASTE), location of firm (REGION1, REGION2 and REGION3)
and occupation (SUPER, FITTER, BINDER, TECH, ASSIST).

Table 5 reports the OLS estimates of the wage equation.  Columns1 and 3 present the results of standard semi-
logarithmic wage (Ln WAGE) equation estimates for Chennai and Mumbai and include FATAL and INJURY as
regressors as well as other determinants of earnings.

Columns 2 and 4 display the regression estimates of LnWAGE with ENVDANGER, a self-assessed hazard
perception variable, as the risk variable in the explanatory variables set.  The overall performance of the variables
accords with the prediction of the wage equations in the literature both in terms of magnitudes and direction of the
coefficients.

Table 5 shows that as expected workers' wages rise with education-that is, better-educated workers earn more.
The rate of return to education is about 4 and 5 per cent.  As expected, earnings increase at a declining rate with
experience.  Both EDN and EXP (and EXP2) coefficients are statistically significant at 1% level, confirming the
expectations of human capital theory.

The dummy variable representing a worker's caste (CASTE) is included in order to see whether there is any
wage discrimination against backward class and SC/ST workers.   CASTE has a positive sign and is statistically
significant at 1% level, indicating that backward class workers and SC/ST enjoy a premium in the blue-collar jobs
compared to other caste (OC) workers.

The positive coefficient of UNION implies that union workers receive higher wage rates.   Also, increases in
work-force significantly increase the wage, i.e., larger the firm size, the larger will be the earnings that workers
receive.  This result is consistent with earlier studies in the U.S.A (Brown and Medoff, 1989; Idson and Feaster,
1990).

As expected, supervisors, fitters and technical workers receive more wages.  All of these 3 dummy variables are
statistically significant at 1% level.  Since binders and assistant machinists are subordinates in the main production
process, the results confirm the expectation of a negative correlation between these jobs and the wage rate.  The
regional dummies all have a negative impact on wages and are statistically significant at 1% level.  This implies that
workers in all of these three regions are paid lower wages than those in the fourth region.

4 The extensive set of education and training variables precludes the inclusion of an age variable (Viscusi and Moore, 1989b).
The term EXP2 is included to allow for the standard non-linearity in earnings profile over the working life of the individual, i.e.,
it is included because the increments to earnings from additional years of work experience appear to reach a plateau and
become a linear declining function of time’ (Kumar and Coates, 1982).
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Table 5:  Ordinary Least Squares Estimates of Hedonic Wage Equations Dependent Variable:
Logarithm of Hourly Wage Rate

Notes:

1.  Values in the parentheses indicate absolute t ratios.
2.  * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and

                                     *** Co-efficient significant at 10% level

The main variables of interest are fatal and injury.  According to the prediction of the theoretical model, we expect
job risk variables (FATAL, INJURY) to have a positive effect on earnings.  As predicted, both variables have
significant and positive influence on a worker's wage rate.  The results show that earnings in the Indian labor
market do compensate for the disadvantage of a higher occupational death and injury risk, which is consistent
with the hypothesis that the workers are paid positive compensating wage differentials to work at jobs with
greater risk of health or injury.
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The premiums estimated for job risks in Table 5 are used to estimate the implicit value of life and limb.5   In order
to estimate the value of a statistical life based on the coefficients obtained, the values of the coefficients need to be
scaled up.  For Chennai, for example, Table 5 shows us that the effect of a unit increase in FATAL on the value of
the log of worker's earnings is 0.0098.  Evaluating the wage premium at the mean level of wage of Rs. 7.89 per
hour yields an estimated trade-off of 0.077 between hourly wage rate and fatal risk.  A unit increase in FATAL
actually increases annual death risk by 1/100,000.   Multiplying 0.077 by 2000 hours to annualize the figure, and
by 100,000 to reflect the scale of the FATAL variable, results in the value of Rs.154,65,184 (or Rs.15.4 million)
per statistical life for the workers in Chennai. The same calculation shows that the value of a statistical life of
workers in Mumbai is Rs.1,48,33,808 (or Rs.14.8 million).

Table 5 shows that a unit increase in injury (which amounts to a 1% increase in the injury rate) in Chennai and
Mumbai results in a 0.4% and 0.5% increase respectively in wages.  Using the same methodology, the implied
value of a statistical injury is estimated as Rs.6470 and Rs.9000 respectively for Chennai and Mumbai workers.

The results obtained are instructive.  The annual average wages of Chennai workers and Mumbai workers are
Rs.32,000 and Rs.49,000 respectively. Thus, the value of a statistical life is 487 and 302 times higher than annual
average wages in Chennai and Mumbai respectively.   Further, these results suggest that in monetary terms the
probability of death is regarded as being about 3000 times worse than an equal probability of a non-fatal injury.

Columns 2 and 4 of Table 5 include ENVDANGER as the risk variable.  It is assumed that workers act as if the
objective hazard indices correspond to their subjective assessments.  ENVDANGER has a positive coefficient
and is statistically significant at 1% level.  Thus, workers in jobs which they perceive as being dangerous earn an
annual earnings premium of Rs.2362 and Rs.3913 in Chennai and Mumbai respectively.  Though this amount
represents  15% and 24% of worker's mean earnings at Chennai and Mumbai respectively, 6  it is plausible in the
view of the large percentage of laborers (90%) who claim that their jobs expose them to dangerous or unhealthy
conditions.

An instructive check on the plausibility of the job risk premium implied by ENVDANGER can be made by
comparing its magnitude with the average premium implied by INJURY.  The value implied by INJURY is roughly
three times greater than that implied by ENVDANGER - a discrepancy that is well within the bounds of errors
associated with the imperfect information workers have when assessing job risks.

5 Conceptually, the wage/risk trade-off is interpreted as the … amount of wages that a worker requires to face a small additional
amount of risk.  The risk coefficient measures the required compensation for a risk increase, so that it is a willingness-to-
accept measure.  For small changes in risk, this willingness to accept an increased risk equals the willingness to pay for risk
reductions (Moore and Viscusi, 1990a).

6 Annual wages equal Rs. 7.89 x 2000 = Rs. 15,781 for Chennai and Rs. 8.33 x 2000 = Rs.16,667 for Mumbai workers.
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Table 6:  Ordinary Least Squares Estimates of Hedonic Wage Equations:
Alternative Specification Including Job Attributes

Dependent Variable: Logarithm of Hourly Earnings

Notes:
1.  Values in parentheses indicate absolute t ratios.

                                                2. * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and
                                                     *** Co-efficient significant at 10% level

Table 6 presents results from an alternative specification of the hedonic wage equation that includes job attributes.
These variables allow us to reduce bias in the coefficients of the job hazard variables by controlling for a variety
of job attributes.  Moreover, they provide additional tests of the validity of the theory of compensating differentials
(Viscusi, 1979).
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Three job characteristics that are significant are DEC, a dummy that indicates that the worker is a decision-
maker, NOMIS, a dummy that signifies jobs which require workers to make no mistakes, and SECUR, a dummy
that signifies good job security.  The results show that workers who make decisions and whose jobs require them
not to make mistakes tend to be paid somewhat more.  SECUR is significant and negative.  The higher earnings
of individuals with job security is quite consistent with the greater security associated with upper level blue-collar
positions.  This variable may also be capturing the relative ranking of the worker's job rather than any particular
job attribute.  The implicit value of life and injury estimated from this alternative specification is also reported in
Table 6.  These numbers do not change much from those reported in Table 5.  The value of life estimates are
Rs.14.6 million and Rs.15.1 million while the value of limb are Rs.8,833 and Rs.6,312  for Chennai and Mumbai
workers respectively.

4.2  Estimation of the Determinants of Job Risk

As mentioned in the theoretical framework section, willingness to pay for or willingness to accept risk will be
different for different individuals and will be affected by wealth.  A separate account is made in this section to test
whether the optimal job risk would necessarily decrease with the workers wealth.

In order to understand the effect of wealth and other factors that determine job risks, ordinary least square (OLS)
estimates of the risk7 equations were undertaken  and are reported in Table 7.  Here the dependent variables are
FATAL and INJURY.  The explanatory variables included are: (a) variables which affect earnings such as education,
age, union status and occupational dummies; (b) variables denoting non-labor income and the value of assets such
as home ownership; (c) proxies for the degree of risk aversion (since measures of the stability of worker's life-
style are inversely correlated with the degree of risk aversion, the following proxy measures of stability are
included: the number of dependents (DC); the marital status and a dummy capturing the employment status of the
spouse); and, (d) the industrial dummies to capture the differences in production process which presumably
influence the safety levels of the firms.

The human capital variables are expected to have a negative relation with job risk variables. As expected, education
has a negative and statistically significant impact.  CASTE is included to test the hypothesis that the workers
belonging to backward class and SC/ST's are subject to higher risks of their jobs.  Such a discrimination hypothesis
is supported by the result.

A potentially important determinant of job risk is the presence of a UNION to bargain for workers' interests.  The
role of unions derives from the advantage of collective action.  First, they can serve as a coordinating body to
promote a pattern of work effort and safety precautions that further the employees' group interest.  Second, the
unions have a major impact on working conditions.  Unions also provide job hazard information to workers.  For
these reasons, unions are predicted to have a negative impact on job risk.  As expected, UNION influences fatal
risk negatively.  However, contrary to our prediction, UNION has a positive impact on INJURY.  These results
suggest that  unions play a significant role in reducing fatal risks but do not concern themselves too much about
injuries.

7 Because the job risk variables are constrained to lie between zero and one, we transform them with the inverse cumulative
normal distribution, following Garen (1988).  So their range is negative to positive infinity.  However, the results using the risk
variables themselves are quite similar to those after the transformation.  So the original form is used.
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Table 7: Ordinary Least Squares Estimates of Job Risk Equations

Notes:
1.   Values in the parentheses indicate absolute t ratios.
2.   * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and
      *** Co-efficient significant at 10% level

As expected, the DC variable, a proxy for risk aversion, is negatively associated with job risks.   It implies that
more the number of dependent children, less will be the job risk that workers take on.  The results are supported
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by t values.  The variable WSIZE reflects the influence of enterprise size on the risks faced by the worker.  Viscusi
(1979) shows that the productivity losses from job risk are decreased with increases in the scale of the enterprise,
suggesting that firm size should have a positive sign.  As expected, it influences both fatal and injury equations
positively.  Occupation dummies are expected to have positive impact on risk.  In FATAL equation, all have a
positive relationship except FITTER.  But these coefficients are not statistically significant at the 5% level.  In the
injury equation, it is shown that only assistant workers face more non-fatal accidents whereas others have a
negative relation with injuries.  However, t values are not significant.

Considering industrial dummies, it is noted that they all have a significant negative impact on both fatal and injury
equations, except IND4 which is not statistically significant at 5% level in the FATAL equation.

The most interesting findings have to do with the impact of wealth and income on job risks.  Our results show that
the INCOME variable has a strong negative impact on job risks.  HOUSE, our measure of assets of wealth, also
has a negative association with job hazards.  The estimates, thus, confirm the theoretical result that the optimal job
risk would necessarily decrease with workers' wealth.

For comparative purposes, maximum likelihood estimates of the logit parameters pertaining to the probability of
ENVDANGER are estimated in Table 7.  Initially, six equations were estimated specified in alternative ways.
Different groups of variables have been added to each of the six equations in an effort to measure the relative
contribution of variables observable at different points in the employment process.  Specification (1) includes only
the human capital variables (EDN, EXP, EXP2) to ascertain the total effects of these variables on assessed job
hazards.  Specification (2) includes social characteristic variables (CASTE, DC).  The third specification introduces
enterprise characteristics, namely, UNION and WORK and specification (4) includes occupational dummies.
Finally, specification (5) and (6) introduce industrial dummies and income variables.

Whether the addition of each of these sets of variables significantly affects the explanatory power of the regression
can be determined by using Likelihood Ratio Tests (see explanation and Table - A1 and A2 in Appendix-I).  We
reject the hypothesis that the coefficients in each set of variables added to equation (3), (5) and (6) equal zero.
However, it is seen that for equation (2) and (4), the estimated values are less than x2 at 5% level.  Hence, it is
concluded that the set of social characteristic variables and the set of occupational dummy variables have no
significant impact on hazard perception (i.e. ENVDANGER).
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Table 8:  The Determinants of Environmental Danger Perceptions: The Logit Estimates
Dependent Variable (1 if job exposes the worker to environmental problems and unhealthy

conditions; 0 - otherwise)

   Notes:
   1.  Values in parentheses indicate absolute t ratios
   2.  * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and
        *** Co-efficient significant at 10% level
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The results in Table-7 indicate that the personal and social characteristic variables have the least impact on danger
perception.  UNION is positively related with ENVDANGER implying that union workers are able to identify
the hazards they face because they have gained awareness through collective bargaining.  The enterprise size
variable is positively associated with hazard perception and is statistically significant at 5% level.  Except ASSIST,
all others have a positive sign.  ASSIST shows a negative influence on DANGER and is statistically significant at
5% level.  This result is plausible since these workers are assistants to the main machinist and are therefore safer.

Most of the industrial dummies are significant.  IND1 and IND2 influence ENVDANGER negatively and are
statistically significant at 5% level.  IND3 has a positive impact but it is not statistically significant.  The final matter
of empirical interest is the influence of worker's assets (or income) on optimal job risks.  The two variables
included are INCOME AND HOUSE (it is also a proxy for risk aversion).  As expected, both are negative.
INCOME and HOUSE are statistically significant at 1% level confirming the result that the optimal job risk would
necessarily decrease with the worker's wealth.

5. Conclusion and Policy Implications

Whether or not we can measure the value of risks to life and health in pure economic terms will always remain
debatable.  However, we would argue that workers routinely make the trade-off between health risks and economic
gains, and this trade-off can be identified by studying wages associated with different industries.  A second issue
is whether policy makers should base any particular decisions on such economic values.  If specific risks are being
ascertained in order to save the life of a particular individual, economic values are clearly not the only consideration.
They may also be less relevant if the goal is to deter future harmful acts or in deciding whether to impose risks on
others.  However, if the goal is to compensate victims in monetary terms, economic values become important.
They are also important for undertaking benefit cost analyses of public sector projects that change health risks
faced by individuals.  Thus, economic values are one pertinent factor in deciding whether to accept individual or
collective risks.  It is in this context that we analyze the role of compensating wage differentials in job risks.

Our findings validate the assumption that workers make rational decisions about their jobs and take job risks into
account in accepting different types of jobs.  Thus, the greater the job risks, the higher the wage demanded.  We
estimate that workers in Chennai and Mumbai are willing to trade-off job risks at an economic price of Rs. 15.4
million and Rs. 14.8 million per statistical life respectively.  Using the same terminology, the implied value of a
statistical injury is estimated as Rs. 6470 and Rs. 9000 for Chennai and Mumbai workers respectively.

The estimated VSL exceeds the workers' lifetime earnings.  The estimated values also exceed the amounts paid
in Employee Insurance Schemes and the Workmen's Compensation Act.  However, this is not inconsistent since
VSL represents the rate of risk-money trade off for very small risks, not the amount that workers would pay for
a certain extension of life. Further, these numbers suggest that compensation required for facing increased risks
are higher than what can be estimated by simply looking at life time wages lost.

It is useful to compare our findings with results from other countries.  While estimated life values in developed
countries vary dramatically, two important reviews provide a range (see Table A3 in appendix-I)8.   Cropper
and Freeman (1991) argue, based on a survey of 17 studies, that wage risk estimates range from $1.9 million to
$6.4 million (in 1990 USD) per statistical life.  Viscusi (1993, 2002) finds that recent estimates of the value of life
are clustered in the range of $3 - 7 million in 1990 USD.   When we convert our estimates of Rs. 15.4 and

8 The variation is likely to be a result of errors in either specification or variables chosen.
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Rs. 14.8 million for Chennai and Mumbai respectively into dollars at 1990 prices, the value is approximately $0.8
million.  As expected, this number is lower than that for developed countries.

Studies undertaken within the Indian context also suggest that our numbers are credible.  Simon, et al., (1999)
estimate compensating wage differentials for fatal and non-fatal injuries in India's manufacturing industry and
identify a range of Rs. 6.4 to Rs. 15 million for the value of a statistical life.9    Shanmugam's (1996, 1997, and
2001) estimates of the VSL in India are slightly higher.  He estimates the VSL to range between Rs. 14 to 19
million ($0.76 - $1.026 million), while that of injury varies from Rs. 2014 to Rs. 7632 ( or $112 - $422 in 1990
USD).

Our study provides some interesting insights into the Indian labour market.  For instance, the study implies that an
average worker employed in the manufacturing industry must be paid approximately Rs.240 in annual earnings
for an 1/100000 increase in the risk of death at work.  This result suggests that the Indian labour market does
compensate workers for work related accidents. Safety incentives created by market mechanisms are often
stronger than those imposed by government regulations. However, the private sector is likely to provide too little
information about risks to generate optimal outcomes. Hence, the best role for the government may be in providing
information about job risks to workers and ensuring that adequate compensation is provided in the event of fatal
and non-fatal accidents.

The estimated values of statistical life and injury from this study can be used by industrial safety programs or
environmental health programs to value reductions in risk of death. It should, however, be noted that this study is
not free from limitations.  Estimates from this study may be biased because of failure to include the impact of
insurance benefits and discount rates for long-term health related job risks on wage premiums. We hope to
pursue some of these issues in a forthcoming paper.
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Appendix 1

Likelihood Ratio Tests for Estimating ENVDANGER Equation

To estimate the job risk equation, with ENVDANGER as the dependent variable, different sets of variables are
added to identify the best fit.  Whether the addition of each of the sets of variables significantly affects the
explanatory power of the regression can be determined by using Likelihood Ratio Tests.  In particular, let  θ* be
the estimated parameter vector with q elements constrained to be zero and  θ** be the unconstrained estimates
and if L represents the likelihood of the observed sample, then the test statistics ( ) is given by:

Ω  is approximately chi-square with q degrees of freedom.  The log-likelihood from the alternative specifications
is used to calculate the test values for this equation.  These magnitudes are compared with the critical  x2 (q) for
95 percent confidence levels, which are given in the last column of Table A1 and A2.

Table A1: Summary of Likelihood Ratio Tests: Chennai

* Note: the calculated Ω value is less than  χ2 Table value.

Table A2: Summary of Likelihood Ratio Tests:  Mumbai

* Note: the calculated Ω value is less than χ2 Table value.
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Table A3:  Selected Labour Market Studies on the Value of Life and Injury

        Note: Values of life and injury except Alberini, et. al., (1977) were converted in 1990 US dollars.

                                   The values in Alberini's study related to 1992 US dollars.
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 Appendix 2
Employment Survey

Institute for Social and Economic Change, Nagarbhavi,
Bangalore 560 072

Valuations of Life and Injury Risks

Sample No:                                                                          Date of Interview:

Industry Code:                                                  Name and Address of the Company

1.    Household Demographic Information

1.1 Name of the Respondent
1.2 Sex
1.3 Age
1.4 Caste/ Religion
1.5 Education Level (in years)
1.6 Marital Status
1.7 Details of Family Size and Members:

          

2.      Job Characteristics of the Respondent

2.1 Name of the Job:
2.2 Name and address of the firm where the respondents works
2.3 Wage rate per hour/week/month (in Rs.)
2.4 Hours worked last week
2.5 Weeks worked last week
2.6 Date of joining the job:
2.7 Experience in the present job
2.8 Is it a first job: Yes/No
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If No, give the following details

2.9. Age at which worker started earning:
2.10 Are you a Supervisor? Yes/ No

If Yes, number of subordinates working under you:
2.11 Whether the present job is: (a) Full-time/ Part time (b) Permanent/ Temporary
2.12 Whether the job requires that:

a. You must work fast: Yes/ No
b. You should make decisions: Yes/ No
c. You should not make mistakes: Yes/ No

2.13 Are You a Union Member?
2.14. Whether the job requires

a. Over-time work: Yes/ No
If  Yes, (1) how many hours:                       (per day/ week)

(2) Compensation (in Rs.):             (per day/ week)
b. On-the-job Training

If Yes, give detail ...................................................................................................................

.............................................................................................................................................
2.15 Whether the working firm belongs to:

a. Private Sector/ State Government/ Union Government:
2.16. Number of Employees at Work Place: Male         Female
2.17. Do you feel that work hours are irregular:  Yes/ No
2.18. Are you allowed to avail of the sick leave days with full pay: Yes/ No

3.        Employment Status of Family Members

3.1 Total number of working persons in the family (other than the respondent):

3.2 Details of family members who work
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4.     Family Assets and Asset Income

4.1 Are you living in your own house: Yes/ No
(i) If Yes, the present value of the house:                          (in Rs.)
(ii) If No, the paying rent of the house:                             (in Rs.)

4.2 Give the following details (other than own living house):

5.       Details about the Working Conditions

5.1 Whether your job exposes you to environmental problems, which lead to unhealthy conditions: Yes/ No
5.2 Whether your job requires hard Physical work: Yes/ No

If Yes, type of hard work:
(a) Need to lift 60Kg. sometimes once a week or daily:  Yes/ No
(b) The work is physically demanding in ways not covered by heavy lifting: Yes/ No
(c) The physical activity at work causes daily sweating: Yes/ No.
(d) Punctuality and carefulness are important: Yes/ No.

5.3 Do you feel that your work is:
a) Very noisy : sometimes/ often/ always
b) Exposed to gas, dust, or smoke: sometimes/ often/ always
c) Exposed to strong shakes or vibrations: sometimes/ often/ always
d) Other inconvenience/ environmental problems (details……….)

sometimes/ often/ always
5.4 Do you feel that the job is so stressful that it is

a) Mentally Demanding :    Yes/ No
b) Hectic                       :   Yes/ No
c) Other                        :   Yes/ No
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5.5 Did any accident occur in your firm in the last year: Yes/ No
If Yes, give the following details:

5.6 Do you feel that the present job has:
a) Pleasant physical surroundings : Yes/ No
b) Good job security                    : Yes/ No

6.      Details about Tax and Benefits

6.1 Are you a taxpayer? : Yes/ No
If Yes, give the following details

6.2.Give Details on labor social security schemes:
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7.    Respondent Belief about the Job

7.1 What was the reason to choose the present job:
a)   More salary         b)   Less competitive         c)   More amenities         d)   Other (details):

7.2 Did any accident occur to you when at work? Yes/ No
If Yes,
a) Type of accident………….
b) No. of times………….
c) Man-day lost due to it…………
d) Compensation received (in Rs.)……….

7.3 Search for alternative job:
a) Are you satisfied with the present job: Yes/ No
b) Are you thinking of finding a new job: Yes/ No
c) Have you applied for any alternative job: Yes/ No
If Yes, (a)   What is the reason?

(b)   What is the name of the job applied?
(d)   Do you plan to quit your job during this year: Yes/ No

7.4 Are you getting Bonus? Yes/ No
If yes, bonus amount (last year in Rs.):

7.5 Distance from house to work site:
7.6 Do you know anything about labor welfare and social security schemes in India?

Yes/ No
If Yes, give details…………




