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Abstract

Policy makers confronted with the need to introduce health and safety regulations often wonder how to vaue the
benefits of these regulations. One way that a monetary vaue could be placed on reductions in hedlth risks,
including risk of degth, is through understanding how people are compensated for the different risks they take.
Thisapproach, referred to as the compensating wage differentia s method, estimates the wage premium aworker
would need to be paid to accept asmdl increasein his/ her risk of dying, or, equivaently, what a worker would
pay to achieve asmal reduction in risk of death. Wage premiums can be estimated from observed labor market
dataand converted to the value of agatiticd life (VSL) — anumber that summarizeswhat a population may be
willing to pay to reduce therisk of one deeth in adatistical sense.

While there is an extengve literature on VSL and compensating wage differentids 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 vaue of adatidicd lifein Indiato be goproximatdy Rs. 15 million. The vaue of datidtica
injury ranges from Rs. 6000 to Rs. 9000. Policy makers interested in programs to decrease environmenta and
health risks could use these numbers as one bench-mark against which costs can be assessed.

Key words: Compensating Wage Differentids, Hedonic Price, Vauations of Life/ Injury
JEL Classfication: 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 environmenta resources can have a podtive
impact on the lives of people in areas such as power, energy, industrial growth and transportation. However,
exposure to environmental contaminants can aso cause risks to human life and hedlth. 1n order to reduce these
risks, governments undertake various projects that impose costs on society. To determine whether a project is
socidly desirable, one needs to compare the vaue of reducing risks to the cost of such reductions.

Severad methods have been proposed in the literature for estimating implicit prices for reduced risks to life and
hedth. They include the cost of illness approach, the human capital approach, the willingness-to-pay approach,
the insurance approach, the court awards and compensation gpproach and the portfolio gpproach (Linnerooth,
1979). Thewillingness-to-pay (WTP) gpproach, however, isincreasngly consdered asthe most relevant method.
WTPistypicaly measured by andyzing prices paid for goods and services. The prices paid for preventing hedlth
and death risks cannot, of course, be directly obtained because prevention of these risksis not purchased in the
market. However, there are instances when these prices can be indirectly observed or measured.

Therearetwo principa methodologiesfor measuring WTPfor risk reductions. Thefirst, known asthe contingent
vauation gpproach, rests on data generated through questionnaires (Alberini, et. d., 1977; Gerking, €. d.,
1988). In this gpproach, individuas are directly asked how much they would be willing to pay to reduce, for
ingtance, their death risks a work or in traffic accidents. The second isthe revealed preference gpproach. This
method infers the hedonic (that is, qudity adjusted) vaue of an environmenta good, such asair qudity, affecting
the value of a market. This method relies on property values and wage data  The approach using wages is
popular because the avail ability of information on work-related environmenta risks and associated wages enable
the estimation of the market-generated wage-risk trade-off.

Severd empiricd studies have emerged in recent years that estimate the vaue of life or injury but most of them
dedl with developed countries (Viscus, 1993; Viscus and Aldy, 2002). Studieson thisaspect arevery rarewhen
it comes to developing countries, mainly due to data congraints. Researchers vauing the hedth impacts of
projectsin developing countries have two options. Firstly, they could develop monetary value estimates based on
data from devel oped countries by making appropriate adjustments (using per capita GDP). Thissmple transfer
mechanism however does not take into account differences in WTP vaues between different countries due to
differences in factors such as living standards, culture and educationd atainments. Secondly, they could rely on
the human capita approach such asloss of earnings. Buit this approach provides no guide to action when there
are avariety of impacts on unknown value and ignores the qudity of life lengthened. New research on vauing
health and death risks in developing countriesis the only way to resolve this problem (Asian Devel opment Bank,
1996).

In this study, we estimate the gatigtica vaue of life and hedth in India based on primary surveys of workersin
Chenna (in the southern part of India) and Mumbai (in the western part of India). India implements many
environmenta programs and spends large sums of money on hedlth and safety programs.  Since resources are
scarce, it isessentid to eva uate these programs and to reallocate funds, if need be, to achieve maximum benefits
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to society. Inthiscontext, the study, it could be said, provides necessary information on thevaue of lifeand injury
inIndia

2. Theoretical Framework

Workers consder a multitude of pecuniary and non-pecuniary job characterigtics in the job sdlection process.
Wagerates, pension benefits, convenience of work hours and health and safety risksare but afew of the pertinent
job characteristics consgdered. Almost inevitably, aworker must trade off some vaued characteristics for other
job attributes when sdlecting among his job opportunities. The wage- and job-related risks are likely to be the
most important job components to workers considering potentialy dangerous jobs (Viscus, 1978a, 1978b,
1979). If aworker takes ajob and knows that it is risky, there must be some other valued characteritics to
compensatefor therisk. If other non-monetary attributes of thejob are equivalent to thosefor lessrisky jobs, this
compensation will take the form of a higher wage. This wage-risk rdaionship is the centra component of the
theory of compensating or equaizing differentids, originaly concelved 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 ether perfectly equd or continudly tending to equdity” (chapter 10). This Smple proposition
and itsrecongtruction by Rosen (1974) form the basis of recent economic analysesof jobrisks. The methodology
adopted in this approach is caled the hedonic (that is, the qudity-adjusted) wage function gpproach.

The hedonic approach posits that jobs with bad characteristics require awage premium to attract workers, other
thingsremaining equa. This extrawage or premium is cdled a compensating wage differentid. These premiums
aretheresult of theinteraction of both the labor demand by firms and the labor supply decisionsof workers. This
gpproach specifies an earning function that includes both worker and job characteristics and forms an empirica
tool for the andyss of the determination of wagerates. Thetheory ishdpful in interpreting the coefficients of risk
variables on the wage equation estimates.

In recent years, the hedonic approach has received a consderable amount of attention in the labor economics
literature. In part, this attention has resulted from the recognition of two important policy implications. Firdly, this
wage mechaniam leadsto an efficient leve of job safety and to optima match-upsof jobsand workers. Therefore,
the argument for government intervention involving occupationd safety and hedlth has become less compdlling.
Secondly, the estimated wage premium for employment-related deeth and injury risksis useful in order to place
amonetary vaue on the value of agaidicd life and limb of workers. However, the fundamentd issue involved
in an assessment of risk compensation iswhether or not workers are aware of therisk they face. The advocates
of this gpproach argue that most workers have many sources of information for making some judgments about
jobrisks. Beforetaking up the job, they can use the information regarding the firm's reputetion, 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 thejob. Somerisks, particularly newly discovered carcinogenic hazards, have been highly publicized and
arefamiliar to the generd public aswell asto the workersthemsdves. Moreover, once the worker ison the job,
he can observe workplace conditions and the effects of the job on his well-being and that of his co-workers
(Viscud, 1983).

The hedonic approach views labor market transactions as a tied sale. On the one hand, workers sdl ther
sarvicesfor wages. At the sametime, they purchase non-pecuniary work attributes.  These attributes may vary
fromjobtojob. Hence, the workers exercise achoice over preferred job attributes by choosing an appropriate
job. Onthe other hand, firms simultaneoudy buy the services and characteristics of workersand sell attributes of
jobsinthe open market. Sinceworker characteristicstoo may differ, firmshaveto exercisechoice. Anacceptable
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match occurs when the preferred choices of both the employer and the employee are mutudly consastent. The
actua 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 agpects of ajob, one can estimate the wage premium
that workers receive for job-related risks.

An example will suffice to illugtrate the properties of the optima job choice of aworker who is choosing from a
st of job opportunitiesthat involve the same number of work hours but have different probabilitieswhen it comes
to adverse consequences. Consider a state dependent utility moddl. Itisasingle period, staticmodd. LetY be
the initiad assets of a worker and W be the schedule of wage earnings for jobs. Let p, p,, and p, be the
probabilitiesfor noinjury, injury with no fata outcome, and injury with fatal outcomerespectively. Theseprobabilities
will of courseadd upto 1. Let the utility of having no injury be U(Y+W), of having an injury which is not fata
V(Y+l), and of having a fatd accident D (for death). Here W is the wage function, which is a function of the
probabilities. Consumptionx isequd to Y+W (p). Itisassumed that thewageand utility functions are continuous
and twice differentiable. Each job is associated with a probability p of aworker's death or injury. It will be an
equilibrium outcome on a perfect labor market. 1" is the insurance one receives after an injury. It will be
independent of therisks. It isaso assumed that the worker would rather be hedlthy than not; the margind utility
of consumption is positive and gregter in hedth state than in ill-hedth state (i.e, U, >V, > 0); and the margina
utility of consumption is diminishing or the workers are either risk averse or risk neutrd (i.e, U,V _£0). The
expected utility can now be written as:

BLUYHW) + VY H) F DD o 1)

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

U- 1 20 2
gl ol
o camm . .
dr ooy ®)
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Where| isalagrange multiplier. Thesefirst order conditions can be rewritten as.
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Equation (5) and (6) can be interpreted in the following manner: if the probability of being injured increases
margindly, the loss in utility units to the individud is U-V. In order to convert this loss in utility to alossin
consumption, one has to divide equations (5) and (6) by the margind utility of consumption. Thus the left-hand
sde of eguation (5) can be interpreted as the margina loss in consumption units from a margind 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 afata
accident.

Theterm U-D in equation (6) may seem rather odd, but from an ex-ante viewpoint, individuas are trading off the
risk of dying with increased consumption, which implies that thereis a utility equivaent to dying. Theright-hand
sides of these conditions (5) and (6) suggest that the workers will choose jobs such that their willingness-to-pay
for amargind risk reduction isequa to what the market can offer. If we could make alinear 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 hedthy and having an accident; ii) differences because of different amenity vauesin the three cases
(noinjury, injury, injury with deeth). Thefirgt factor isthe changein human capital because of the accident, while
the second factor captures the suffering from the accident.

The discussion so far has been completdy static. However, intuition tells us that we would get the same result in
a dynamic context -- in a perfect market, current wage differentias between different risks will dso reflect the
present value of consequences from work-related accidents. Nonetheless, there are limitationsto thisanaysesin
that hedonic studies of this kind do not capture the cost to family, relatives, and friends and costs to society in
generd (lossesof tax revenues), asaresult of desth or injury. It would beinteresting to know how important these
costs are.

To assure that a solution to equation (5) isindeed a maximum, the second order condition aso must be satisfied.
In mathematical terms, the margina rate of change of W, with respect to afurther risein p must be negative or
positive, but not too large. Totdly differentiating thefirst order conditionsand solving for resultant equationsusing
Cramer'srule, the second order condition can be shown as:

WPP < {_(WP )2 [pl Uxx P, Vxx] -2 WP [ Ux - Vx]} {pzvx TP, Ux} REEEEE (7)

In equation (7), the RHS is positive due to plausible redtrictions stated above on the utility functions. Thus, the
compensating wage differentid presented in (5) implies that the curve relating to W and p must have a positive
dope if workers are to be attracted to jobs adong 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 leve of p is congant or
increases a a not too greet rate. In the empiricad section, we determine the compensating wage premium by
esimating equation (5) empiricaly.

Wealth Effect and the Optimal Job Risk

An objection raised againg the vdidity of the theory isthat the best jobsin the society aso tend to be the highest
paid (Wildavsky, 1980). Thus, isit likely that wages risewith increased job risks (Arrow, 1974). Toresolvethis
gpparent paradox, it is useful to understand the effect of wedlth on job risks. Because safety is anorma good,
those with more assats will choose safer jobs. Let us investigate the role of worker's wedth in influencing the
optimd jobrisk leve by totdly differentiating thefirst order condition, and solving for dp/dY using Cramerssrule:

dp _ LSRN G A A B e ®
dY (W) pl , +pb 42 [U, —V]+W [pF, + pl,]
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Sincethe numerator is clearly pogitive, the sgn of dp/dY isthe same asthat of the denominator. Hazardous jobs
will be an inferior occupationd pursuit if:

W, )2 [p, Uy, +p, V, 1 H2W, [ U, -V ]} +W[p,V, +p, U] <O0............. 9

If equation (9) is solved for W, the condition reducesto equation (7) - the second order condition for maximum.
Consequently, the extent of the job hazard one chooses necessarily decreases with one's wedlth. Thisresult is
empiricaly estimated in section 4.2,

3. Source of the Data

In this sudy, we used a multi-stage random sampling technique. Firdly, the Chennai and Mumba metropolitan
areas were selected because they have the largest number of registered factories and workers. Secondly, blue-
collar mae workers in manufacturing industries were chosen because, according to the adminisirative report of
the Chief Ingpector of Factories, only mae workers have incurred employment injuries (both fatd and injury
accidents) in recent years. Other industrid workers and femaesin manufacturing industries appear to have faced
no employment accidents in recent years. Here, "other workers' are defined as workersin other industries that
come under the Factories Act such asthe service industry. Moreover, workersin industries such as coa mines,
railways, etc., were not considered because they do not come under the Factories Act. Similarly, workersin the
unorganized sector were not considered because details of accidents were not available for these workers.

Blue-collar male employeesin manufacturing industrieswere dratified into 17 groups using the National Indusiria
Classification (NIC) Codes. It was decided to choose a 1% sample from each stratum. Thisrequired asample
of 463 in each city. However, it was decided to collect information from 550 workers in Chennai and 535
workersin Mumbai with the expectation that information may be incomplete for afew samples. It was decided
that a maximum of four sample workers from each factory would be sdected randomly from the address list of
factories maintained at the offices of the Chief Inspector of Factoriesin Chennal and Mumbai.

First, a questionnaire was prepared and pre-tested (see Appendix-11). The interview method was adopted to
collect the required information from workers. The required number of factories and workersfor interview was
randomly sdected. The sample factories'workers are digtributed in dl four divisons of Chennai and Mumbai.
No weighting was given to the firm Sze. However, the minimum number of the workforceis 10 according to the
FactoriesAct.

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. 1n the absence of wage bills /records, the recal
method was used. Respondents answers were tested for accuracy with cross examinations by the associates!
The respondents were directly asked to provide details about family demographics, sources of income, asset
holdings, working conditions, taxes, benefits and socid security schemes.

The data source for ‘job risk’ is the Adminigtrative Report of the Chief Ingpector of Factories, Chennai and
Mumbai. Thereport provides data pertaining to the total number of male workers and the number of death and
injury accidents to them on an annud basis a 2-digit NIC level. Since these risks may vary subgtantialy across

1 However, the accuracy of thisinformation depends on the respondents’ recall memory.
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years, particularly when there is a mgor catastrophe resulting in multiple deaths, we computed the average
probability of job-related fatal risks per 1 laki? 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. Theserisk measureswere then matched to the workersinthe sampleusng NIC
code. Obvioudy, thereisameasurement problem common to thistype of study because not dl theworkersinthe
same industry face the same levd 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 sudy covers
only blue-collar workers, the problem may not be as serious asin other studies. Besides, athird measure of risk,
ENVDANGER, was used, which is a subjective variable indicative of whether or not the worker's job exposes
him to any environmenta problems and unhealthy conditions.

4. Empirical Estimation

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

Waege rate: The dependent variable in the analyss is the worker's after-tax hourly wage rate, assuming 2000
annua hoursworked (WAGE).®  According to the Workmen's Compensation Act (1923), "Wages include any
privilege or benefit which is capable of being estimated in money, other than atravelling dlowance or the vaue of
any travelling concession or acontribution paid by the employer of aworkman towards any pension or provident
fund or asum paid to aworkman to cover any specid expenses entailed on him by the nature of his employment”
(Subramanian, 1986). The above definition is used to congtruct the wage variable in this sudy.

Risk Varidbles Threejobrisk variables are used in thisandysis. Thefirs two are FATAL and INJURY. Fatd
risk (FATAL) is measured as job-related fatdities 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
objectiveindex measures of risksinvolve alow probability of deeth and injury, even at thisleve of aggregation (2
digit level). Further, death and injury risks may vary substantialy across years, particularly if there is amgor
catastrophe that results in multiple death and injury.  So the study averaged fatality and injury gatistics over a
three year period (1999, 2000 and 2001) to diminate the distorting influence of random fluctuations.

The type of manufacturing industry, the sample workers from each industry, and the average probability of fata
and injury accidentsto blue-collar maeworkersin Chennai and Mumbai for the years 1999 to 2001 are depicted
inTables1and 2. From Tables1 and 2, it isevident that both fatal and non-fata rates are higher in cotton textile,
chemica and basic metd industries. On average, workers face between 11-13 fatal accidents per 1,00,000
laborers per year. The average injury rate is gpproximately 9% in Chennai and Mumbai.

As previoudy noted, this study dso 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
vaue of 1 if the worker's job exposes him to environmental or unheglthy conditions and a value of O otherwise.

2 1lakh=100,000.
3 Thismeasureis superior to the annual earnings frequently used in compensating differentials studies. Viscusi and Moore
(1987, 88, 894, b) and Moore and Viscusi (1988a) used this measure.
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For the purposes of thisstudy, thisvariableisnot of interest initsown right, but isused rather asan aternative
measure of job hazardsto examine how workers subjective judgments compare with objective measures. Inthe
present study, 90% of workers considered their job to be hazardous.

We notethat the objective measuresof risk, FATAL and INJURY,, areat the 2-digit industry level. Thus, unlike
ENVDANGER, they do not pertain to aworker's particular job. Moreover, accident rates are reported ona
voluntary basisand may involve substantial measurement error. However, the strong correl ation between wages
and these variables, asdepicted in Table 3, provides evidence of the plausibility of worker's prior probability
assessmentsof job risks.

Tablel: Distribution of Workers: Fatal and Non-Fatal Injury RatesAccordingtoIndustry, Chennai
(average of 1999-2001)

HlNo | NIC MAME OF INDUSTRY FATAL INIURY SAMPLE in

RATE RATE Primary
{per | lakh (per LG Data

workers) workers)

Average hused on dito Fom
B OG-0, '\l.'ULIHiiLr}' ikaks

: | 20-21 Manufacture of Food Products 19248 3,733 36
2 72 Manufacture of Beverages, Tobacco and Tobacco 0.003 2347 1]
Products
|3 21 Manufactore of Cottan Texnles 27654 60230 48
] 4 Manufacture of Wool, Silk and Synthetic Fibre 0.010 111 1
Textiles
|5 26 Manufachens of Textile Products 0778 1.27 45
] 2T lanufmcime of Wood, Wood Prodects, Furmrture amd {433 2212 Bl
Fiximes
o) 28 Manufactzre of Paper. Paper Prodocts aed Primiing 18116 1.5567 &)
Publishing and Allied Industries
B 20 Manufactone: of Leather and Leather & Fur Products 2] 036 |.450 31
a an Manufactre of Robbor, Plaste, Petroloum & Coal 0023 674 24
Priosduicts
10 3 Manufachire of Chemicals and Chemical Products 22124 150 Pl
| 1 32 Manufachsre of Non-tmetallic Mineral Products 19.74% 4,208 3
12 33 Manufacnere of Basic Metal and Allovs Bncdustries 21456 3230 M
1% 34 Manufclune of Metal Prodocss and Parts CLERE20H 2355 54
| 14 s Manuficine of Machinery, Machine Toels and Pans (LR 2237 H
| 15 3 Manufachene of Elecincal Machinery, Appanels, 0230 2531 19
Mpparitus and Supplics
| L& 37 Manufachoe of Transpor: Equipment end Parts 6073 4,750 &4
17 £l Sanufachore of Other Manutzciumng ndustries (L0346 A ] e 5
Totul (avernge) 11.35 B.67 530

Source: Administrative Report of Chief Inspector of Factories 1999-2001
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Table2: Distribution of Workers: Fatal and Non-Fatal I njury Ratesaccordingto I ndustry, Mumbai
(Average of 1999-2001)

BlMy, | NIT NAME OF TNDUSTRY FATAL RATE | INIURY RATE | SAMPLE in

{per | Inkh ey 100 Primary Crta
wisrkors winrkegs)

Avernge bazsed on dute from
19902001 secondary sdutn

| 20-21 | Manulcture of Food Products 21142 3663 37
2 |3 Manulseture of Beverages, Tobaceo and Tobacvo Products . A0 2.497 3]
3|23 Manufacture of Cotton Textiles 32509 64, 150 1
4 |H4 Manu fecture of Woul, Silk und Synthelic Fibre Textiles (. 300 1611 ]
5 76 Manii e ture of Texnle Products . 8.062 1267 1]
6 7 Manulbciure of Woisd, Wood Produces, Furniture and Fixiores 0.267 3808 15
7 28 Muonufecture of Paper, Paper products and Printing Publishing 21,216 2.236 X |
and Allied Industries
] .2‘4 Manutacture of Leather and Leather & Fur Praducts 2T 485 (R . 54
0 30 Munuliecture of Rubber, Plastic, Petroleum & Coal Proslucts (113 2611 2
11} il Sanifactiie of Chermieals anid Chemvical Prodices 29973 (B RS 30
I |3z Manufacture of Mon-metallie Minern] Products L9747 £ { 1n
(2 |33 Mimulwetore of Basie Metal mnd Allovs Induseries 28,533 4.549 3
13 |3 Manutacture of Metal Products and Pars 0.231 3637 20
14 "35 . .."'fiunl.il'm.'rl.lfu of Woehimery, Machine Tools amd Parts | {0, 557 2349 Il i<
I3 | b Manufwetne of Blectrical Muchinery, Apparels. Apparitus and 9,952 231 6
Supplics
16 37 Morulacture of Transport Equipment and Parts 5072 4.759 i)
17 3B Manufucture of Other Monufoctunng [ndustries 1234 3.012 12
Tovtul 1355 437 535

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

Table3: Correlation and Chart between Wagesand Risk Variables

SLNO. VARIABLES WAGE - WAGE -
Chennai | Mumbai
| FATAL 061 | 0.69 |
2 IMNIURY 0.58 0.63
3| ENVDANGER 0,32 029 |

In order to estimate the compensating wage differential, our analysisincludes several variablesthat influence
wages. Thedefinition of the variablesincluded and their mean and standard deviationsarereported in Table 4.
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From Table4, itisobserved that the average sample employee has an hourly after-tax wage of Rs.7.9in Chennai
and 8.33in Mumbai. About 90% employeesfed that their job exposesthem to danger or unhealthy conditions.

Table4: VariableDefinition, M ean and Standar d Deviations. Chennai and Mumbai

VAHIABLE'S DEFINITION Chenmni Mumbsi

SYMBOL Mean (5.0) | Muean (5.9
LWAGE Computed hourdy after tax wope mte (in Ks,)in logarithm TRO0S [UA2L) | B.A336 (LLE9RSE)
FATAL Armual average fatalies per 1 lakh workers - L1335 (%.00) 12,55 (7.98)

INJURY Anniad average son-fatil injuries per 100 workers .63 {11.23) ' 932 {6.56)
ENVUANGER | Job hueard porcoplioms = |2 1 —if job exposes the worker o environmental problems | 0,90 (2.29) | 092 (0.18)

andd unbeatihy condicons; (- otherwise

? FDM Yiears of schoaling completed L0 2, 446) | ' I'i,‘ilﬂ {3.48)

1 EXP Yoears worked fulltime since started work LRZ5 (7.240) 14.59 (6,34

-| CASTE Worker's social smtus=1; 1-4f be belongs to hackward class and SC/817 0 otherwise | 061 ((138) 067 (8.22)

t IX The nurmher of dependont ohildren, aged 0-16 L3704 | 1,78 14L98)

1 LINION Untion stwis =1: 1 - iFhe is 0 union membern; - otherwise 052 {050 08 (06T

.' WSIZE Tatal worcforee of the finm where he works BL22 (173 kR . L2 {217.54)

: HOUSE The value of five hoase, i the worker owned {in Ra,) RS2 A5 (004,47} 45554 23 (2563.0)
DIST Dhistance to house from workgplace (in km) 6. 78 {7.22) 1056 (6.32)

ll INCOME Income of the family other then respondent’s wage (in Rupecs) | fhid%.24 (56.46) “3.'?85.-15 (36,36

: TRAIMN Truming program. —1- 1 - if on-the-job training is svailable; - otherwise M1 (0.38) 092 (a6
M Mo physical work =1 1 < if the work requeres no herd physical works 0 < otherwiss 0L {09 022 (0.8

? T Owartime =1,; 1 —if worker has overtime work; 0 — otherwise 0,16 {(ha4) | 028 (0.26)

| HECTIC Hextic =1.: 1 — if hig says hectic; 0 - atherwise (1.BE {Ih61) 078 [{L.48)
PHCOMND . Pleazant physical condition =1 : 1 - i the work surroundings are pleasant; (- otherwise | 0030 (0050) 00 56)

. IRKEG Ireegular work homss =17 1 = 0 the worker hag shifi-houe work; 0 = otherwise (2,43 {049 (h.58 (1064}

" SECUR Job gecurty =122 | - if the worker's job security ts good; 0 - atherwise (.50 {1.55) 0.6 (2,45
MENT Memtal reguirement =11 | of the job requires mental work; () = Otherwise 0.0 (0BT ) L TOR

1 DEC Worker decisions o job =1 1 - [Tihe worker s the decigon muker; 0 - otherwise 0,49 {3.44) 052 (0,56}

| NOMIS Joh requites no mistikes =1t | —if job reguites that worker never makes a misteke; 0 — | (L67 ((L44) . 0.56 (0.85)

otherwise
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VARIABLE"S DEFINITION Chennnd Mumbai

SYMBOL Mean (5.1) Mwsinn (=00
FAST Fast work =111 — 11 the worker ' employment requires fast work, U -otherwiae 0,79 {0.73) COLES A
PFRIVE Soctor — 1.0 -if the worlkier's emplivmen is in privato sechors) (bathorwise 11,90 ((r.34) (B 0.56)
SUPER Supervesor =10 1 - 1f worker supervisss sovone ag part of s jobs 0 — othervise 35 (58] 04300, 78)
FITTER Fiiter =11 1 ifwarker is & fitter; 0 - otherwise 113 {0.33) 017042}
BINDER Binding worker =10 1 —if the worker"s ocowpation 38 binding; { — otherwise RN TN (IR ETIERV Y]

| TECH Techiical wotk =1 ; 1 - if the worker & a techinciai 0 — othervwise 10y | 004(0.02)

ASSIST Aggist Machimist =1 1 - if the worker repans that cocupation i essist machimist; 0 GEIERTON S .06 (.04 )
otherwise

. REGION | Regiongd =1 1 - i worker"s firm belongs o division | of the office of Chiel Inspector of | 0012 {0L84) 0N L05)

Fectories: O —otherwizs

REGIONZ Regioan! =1 1 - If worker's i comes under division 2 of the office of Clied | 043 {0L41) 0,360,235}
[mspector of Fretories; T —otherwise

REGION Regional = 2 1 —if worker's firm belongs o division 3 of the office of Chicf Inspector | 0,34 {1h38) 0 38i0A1)
of Factodes; 0 - otheraise

INI} Industry =1.: 1 — if worker's mdustry i= manfactorer of transport equipment and parts; 0 | (012 (1L33) O TH{.42)
- otherwise

IKD2 Dntluestry — 1 1 — i worker's lodustey is mun, of muchinery, machioe ok and paig; 0- | 0,13 {0.34) 0.23(0.23)
oherris:

IND Industry =121 il the mdudiry is mana, of Rubber, Plaste, Petroleum sod Coal | 0065 ((L21) 0 11§0.05)

Produets: O - pthorwise

1N Industry =10 | —iF the worker works: in - food peoducts industey, 0§ —otherwise (0,04 (00.20) [ IEN0.23)

AGE Ape o worker 3534 (8.69) 33 23(5.63)

Note: Sincethe SC/ST (Scheduled Caste and Scheduled Tribe) sampleisvery small, it has been clubbed with backward class

4.1 Estimation of the Hedonic Wage Equation

Although most wage-equation studiesin labor economicsutilize LnWAGE (i.e., the natural logarithm of wage
variable) asthe dependent variable, thereis no comparable theory specifying thefunctional form linking wages
and death risks because of the nature of the theoretical rel ationship between wages and human capital variables
(MooreandViscud, 19884). Thefunctiond form of the dependent variable (linear or log linear) inthe compensating
differential model isan unresolved problem. Following thework of Mooreand Viscus (19884), we estimated
WAGE (absolute) and LnWA GE (semi-logarithmic) mode sin theflexiblefunctional form given by the Box-cox
transformation. Thisenabled usto ascertain which transformation of thewage variable hasthe highest explanatory
power. We concluded that neither thelinear nor semi-logarithmic model isideal. However, LNWAGE regresson
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is more compatible with the functiona form that best fitsthe data. So our discusson below focuses primarily on
the LNnWAGE eguation results. The standard semi-logarithmic wage equation is written as:

Lowage=0 + QX + B, Fatal + P lnfiov +e ... . . . (28)

where e istheerror term, the vector X, containsthe determinants of earnings other than job hazards. X includes:
i) human capital variables such as education (EDN), experience (EXP) and its square (EXP?)%; i) variables
pertaining to enterprise characterigtics, namely, the size of the firm (WS ZE) and union status (UNION); and ii)
the dummy variables for caste of the worker (CASTE), location of firm (REGION,, REGION, and REGION,)
and occupation (SUPER, FITTER, BINDER, TECH, ASSIST).

Table 5 reportsthe OL S estimates of the wage equation. Columnsl and 3 present the results of stlandard semi-
logarithmic wage (Ln WAGE) equation estimates for Chennal and Mumbai and include FATAL and INJURY as
regressors as well as other determinants of earnings.

Columns 2 and 4 display the regresson estimates of LNWAGE with ENVDANGER, a sdlf-assessed hazard
perception variable, astherisk variablein the explanatory variables set. Theoveral performance of the variables
accordswith the prediction of the wage equationsin the literature both in terms of magnitudes and direction of the
coefficients.

Table 5 showsthat as expected workers wages rise with education-that is, better-educated workers earn more.
Therate of return to education isabout 4 and 5 per cent. As expected, earningsincrease a adeclining rate with
experience. Both EDN and EXP (and EXP2) coefficients are Satisticaly sgnificant a 1% level, confirming the
expectations of human capitd theory.

The dummy variable representing a worker's caste (CASTE) is included in order to see whether there is any
wage discrimination againgt backward class and SC/ST workers. CASTE hasapositive sgn and isgatigticaly
sgnificant a 1% leve, indicating that backward classworkersand SC/ST enjoy apremium inthe blue-collar jobs
compared to other caste (OC) workers.

The pogitive coefficient of UNION implies that union workers receive higher wage rates.  Also, increases in
work-force sgnificantly increase the wage, i.e., larger the firm size, the larger will be the earnings that workers
receive. Thisresult isconsstent with earlier sudiesin the U.S.A (Brown and Medoff, 1989; Idson and Feagter,
1990).

As expected, supervisors, fitters and technical workersreceive morewages. All of these 3 dummy variablesare
datigticaly sgnificant at 1% level. Since binders and assistant machinists are subordinatesin the main production
process, the results confirm the expectation of a negative correlation between these jobs and the wage rate. The
regiona dummiesal have anegativeimpact on wages and are datidticaly sgnificant at 1% level. Thisimpliesthat
workersin al of these three regions are paid lower wages than those in the fourth region.

4 Theextensive set of education and training variables precludes theinclusion of an age variable (Viscusi and Moore, 1989b).
Theterm EXP?isincludedto allow for the standard non-linearity in earnings profile over theworking life of theindividual, i.e.,
it isincluded because the increments to earnings from additional years of work experience appear to reach a plateau and
become alinear declining function of time' (Kumar and Coates, 1982).
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Table5: Ordinary L east Squar esEstimates of Hedonic Wage Equations Dependent Variable:
L ogarithm of Hourly Wage Rate

Notes:
INDEPENDERT CHENMAL MUMBAL
VARIADLES (1) 2 i3 4}
FATAL (LR - [hO0Eg= | .
{4.380) (10.597) -
INJURY .01 * - LU= -
(3.185) (7.321) |
FNVDANGER = (.2051= = 0 4fHg5%=
{3.695) (2.434)
EDMN .0EE3* (LO304" DLO5s10= 0.1920%
(5.735) {h.818) 4.463) (5.674)
EXP (1.036a5* .03e7 206" | 0 j47a*
(6.544) {6.005) @0y | (e
EXF 05 1,05 LL0E* | D000e*
: _(3.299) (2678) | (1628) | (2.566)
CASTE | O.05RGY | 0.0345 02739 | 01406
(2.699) {1350 {23800 ((L945)
LINTO™N 1967 L1981 L02e3* 1.1102*
(8.535) {7.402) (8276) |  (7.003)
WSIZE {1LMHIZ* T EURN R | {05
(4201} 3272 14,6400 | [3.414)
SUPER isi0* 0. 1236% 0D92R0% |  0,758h*
(5650 R {h.436) | (4.103)
FITTER (L1T13* (k1 25H)** 0.7937**= (1542 | ===
(3.646) 2321 {Z.131) (1.668)
BINDER 0,060 B 0] = LL0OR s A63Tee
2014 12,063 (LeE0) | (2068
TECH U.2916% 0.3065 Lerae 203207
{2.968) {2.665) (3732 (3023
ASSIST D -02540 C123R6* | ALAR3ae
{%.852) (6.1003) L6.440) (3.572)
TREGION] F 00562 T LnTeze | pdazes
i B @ | (1L17E (3345 | s
REGION2 £ 1102+ 00342 D473 | 0014508
{3.303) (0.8%2) (26800 | (L.7e%)
REGION £.1124% L0433 5605 1107
{3.286) (1080 G036 | (1610
CONSTANT 0 ATE0" 04416 Lo | 0.4k
(B215) (4407} 234) | (0416)
R-Squs 0.6995 0.5786 D699 | 05051
F 73 4959 46,3267 T34 | 44338
VALUE OF LIFE {in R} 1,54,65, L4 - 148,333,808 :
VALUE OF INTURY (in Bs) a470.1 28 - GO 2RS -
VALUE OF DANGER (in Rs. ) - 236159 : 301262

1. Valuesin the parentheses indicate absolute ¢ ratios.
2. * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and
*** Co-efficient significant at 10% level

Themainvariablesof interest arefatal andinjury. According to the prediction of thetheoretica model, we expect
jobrisk variables (FATAL, INJURY) to have apositive effect on earnings. Aspredicted, both variableshave
significant and positiveinfluence on aworker'swagerate. Theresults show that earningsin the Indian labor
market do compensate for the disadvantage of ahigher occupational death and injury risk, which is consistent
with the hypothesisthat the workers are paid positive compensating wage differentialsto work at jobswith
greater risk of hedth or injury.

12 SANDEE Paper No. 9-04



The premiums estimated for job risksin Table 5 are used to esimate the implicit vaue of lifeand limb.>  In order
to esimate the value of agtatidticd life based on the coefficients obtained, the values of the coefficients need to be
scaed up. For Chennal, for example, Table 5 shows usthat the effect of aunit increasein FATAL on the value of
the log of worker's earningsis 0.0098. Evauating 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 fata risk. A unit increase in FATAL
actualy increases annud deeth risk by 1/100,000. Multiplying 0.077 by 2000 hoursto annudize the figure, and
by 100,000 to reflect the scale of the FATAL variable, resultsin the value of Rs.154,65,184 (or Rs.15.4 million)
per datigtica life for the workers in Chennal. The same caculaion shows tha the vaue of a Satidicd life of
workersin 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 Chennal and
Mumbai resultsin a 0.4% and 0.5% increase respectively in wages. Using the same methodology, the implied
vaue of adatigticd injury is estimated as Rs.6470 and Rs.9000 respectively for Chennai and Mumbai workers.

The results obtained are indructive. The annua average wages of Chennai workers and Mumbal workers are
Rs.32,000 and Rs.49,000 respectively. Thus, thevaue of agatigticd lifeis487 and 302 times higher than annud
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 equa probability of anon-fatd injury.

Columns 2 and 4 of Table 5include ENVDANGER astherisk varigble. It isassumed that workersact asif the
objective hazard indices correspond to their subjective assessments. ENVDANGER has a positive coefficient
and isgatigticaly sgnificant at 1% level. Thus, workersin jolbswhich they perceive as being dangerous earn an
annud 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, © itisplausbleinthe
view of thelarge percentage of laborers (90%) who claim that their jobs expose them to dangerous or unhedthy
conditions.

An ingructive check on the plaushility of the job risk premium implied by ENVDANGER can be made by
comparing its magnitude with the average premium implied by INJURY. Thevaueimplied by INJURY isroughly
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, thewage/risk trade-off isinterpreted asthe ... amount of wagesthat aworker requiresto faceasmall additional
amount of risk. The risk coefficient measures the required compensation for arisk increase, so that it is a willingness-to-
accept measure. For small changesin risk, thiswillingnessto accept an increased risk equals the willingnessto pay for risk
reductions (Moore and Viscusi, 19904).

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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Table6: Ordinary L east SquaresEstimates of Hedonic Wage Equations:

Alter native Specification I ncluding Job Attributes
Dependent Variable: Logarithm of Hourly Earnings

Notes:

EXPLANATORY VARIABLES |  MUMBAI CCHENNAT
FATAL  |oo00se=(8s45) | 0.0096* (8.820)
INJURY 00053 " (4.089) | 0.0040% (3.960)
EDN (L 10 * (44600 | 0.0238* (4.538)
EXP | 012064 (40007 | 0.0383 * (5.993)
EXP | 20.0005% (2.586) | -0.0006 * (3.486)
CASTE (.2567 ** (2:443] | 0.0668 * (3.073)
ne | -0.0186 (1L.623) | -0.0174 {1.521)
LN I 1= (80497 .1524 = {T.629)
WSIZE 00009 ® (4.017) | 0.0002 * {4.328)
TRAIMN | OO 32 (0.Ah1) | 0128 (0.447) )
NP 00944 (0795 | -0.0962 (0.R11)
T 0019 (0.610) L0.0062 (0.188)
HECTIC | 0.0122(0437) | -0.0164(0.590)
PHCOND |.0012(0.561) | -0.0126 (0.588)
IRREG (00268 (1.204) | 0.0354 (1 586)
SECLR | 0.0508%= (2.190) | -0.0452 === {1 375)
MENT | 00178 (0646) | -00113 0409
DEC 009967 (3373) | 01005 = (3.371)
NOMIS | QLDATT#* (25100 | 0.0629 #* (2320
DIST 00003 (0.141) | 0.0004 (0.221)
FAST 00201 (D.782) | -0.0212 (0.810)
SUPER 0886 *(2.723) | 0.0864 7 (2.635)
FITTER 0501 {18 | 00614 T (3410)
BINDER DOTI0 (D.576) | 0.0472 (0.344)
TECH | 02558 * (2598) | 0.2751 * (2.503)
ASSIST 03015 % (B 145) | -0.2995° (8.109)
PRIVE ' DOISE®(2989) | 0.0074 ** (1.98%)
REGION | “D.04%6* (3.325) | -0.0686 (1559
REGION? 04713 (2.682) | -0.09967 (2.949)
REGIONS 05605 ¢ (3025) | -0.0946° (2.657T)
CONSTANT Lo014" (6.682) | 0.6611* (7.147)
r 0.7117 07172

F | 45.01685 | 415003

THE VALUE OF LIFE(In Rs) | 146,67,136 | 151,49,568

THE VALUE OF LIMR (ln Rs) | 8833.61 | 6312.32

1. Vauesin parentheses indicate absolute ¢ ratios.

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

Table6 presentsresultsfrom an dternative specification of the hedonic wage equation that includesjob attributes.
Thesevariablesalow usto reduce biasin the coefficients of thejob hazard variablesby controlling for avariety
of job attributes. Moreover, they provide additiond testsof thevalidity of thetheory of compensating differentias
(Viscug, 1979).
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Three job characterigtics that are sgnificant are DEC, a dummy that indicates that the worker is a decison-
maker, NOMIS, adummy that Sgnifiesjobswhich require workersto make no mistakes, and SECUR, adummy
that sgnifiesgood job security. Theresults 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 negetive. The higher earnings
of individuaswith job security is quite consistent with the grester security associated with upper level blue-collar
positions. This variable may dso be capturing the relative ranking of the worker's job rather than any particular
job dtribute. Theimplicit value of life and injury estimated from this dternative specification is dso reported in
Table 6. These numbers do not change much from those reported in Table 5. The vaue of life etimates are
Rs.14.6 million and Rs.15.1 million while the value of limb are Rs.8,833 and Rs.6,312 for Chennal 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 wedth. A separate account ismadein thissection to test
whether the optimal job risk would necessarily decrease with the workers wedlth.

In order to understand the effect of wedlth and other factorsthat determinejob risks, ordinary least square (OLS)
esimates of therisk” equations were undertaken and are reported in Table 7. Here the dependent variables are
FATAL and INJURY. Theexplanatory variablesinduded are: (8) variableswhich affect earnings such aseducation,
age, union status and occupationa dummies; (b) variables denoting non-labor income and the value of assetssuch
as home ownership; (c) proxies for the degree of risk averson (Snce measures of the stability of worker's life-
dyle are inversdly correlated with the degree of risk averson, the following proxy measures of gability are
included: the number of dependents (DC); the marital status and adummy capturing the employment status of the
spouse); and, (d) the industria dummies to capture the differences in production process which presumably
influence the sefety levels of the firms.

Thehuman capitd variablesare expected to have anegativerdation with job risk variables. As expected, education
has a negetive and datidticaly significant impact. CASTE is included to test the hypothesis that the workers
belonging to backward classand SC/ST'sare subject to higher risksof their jobs. Such adiscrimination hypothess
is supported by the result.

A potentialy important determinant of job risk isthe presence of aUNION to bargain for workers interests. The
role of unions derives from the advantage of collective action. Firgt, 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 amgor impact on working conditions. Unionsaso provide job hazard information to workers. For
these reasons, unions are predicted to have anegative impact on job risk. Asexpected, UNION influencesfata
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 fata risks but do not concern themselves too much about
injuries

7 Becausethejob risk variables are constrained to lie between zero and one, we transform them with the inverse cumulative
normal distribution, following Garen (1988). Sotheir rangeisnegativeto positiveinfinity. However, theresultsusing therisk
variables themselves are quite similar to those after the transformation. So the original formis used.
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Table7: Ordinary L east SquaresEstimatesof Job Risk Equations

INDEPENDENT CHENNAI MUMBAIL
VARIABLES FATAL INTURY FATAL INJURY
EDN 01553+ 083637 02663 34534
(1.963) (2.416) {2.963) {2.526)
AGE 01013 0.6693 [ 0. 77RGT
(0.4874) {1.505) {2.480) 12505
AGE 00019 00139 00020 | 00249
(0.347) i1.162) (1.347) {1.162)
CASTE D 0534%4e .03 D8564%* NI
(1.R95) (2001} {1.995) {2.251)
be 01304+ Dolas*e | D240t | Ddsaoe=s
(1.956) (1.856) {1.978) {1.BER)
UNION 4136274 5.7623% 0. 2568 [T T
e (2.508) (3.761) _(2.056) | (2.4389)
Marmed | 2le** LilE** (hA5E5+* |35
[L056) (2100} {1.9%5) (2430
Spouse £0.2456%+* 0.1456%%* | 0.1456%%% | 03456%%¢
(1.856) (1,795) (1.789) {1 H56)
WSIZE DAM24 %+ 10036 A9 g*+2 0.0048
(1.916) (1,314) (1.926) (1.614)
SUPER 04985 =1,0732 049850 1.0732%=*
((1568) (0,570} {1 668) (1.678)
FITTER 2,3413%%= 3.1236 -1.545g*%e -1.5660)
- (1,696) (0.971) (L789)  | (1.601)
BINDER 39623 67113 I'Jﬁ"l"*'_ -2.7113
(0.918) (0.724) (1.928) (0.724)
TECH 35312 S13.3410% 1.6512 BRI
(1,133) (1.994) (1.132) (1.994)
ASSIST 12296 16336 22068 | 25436
o (1.081) (0.669) ~(2.081) (0.669)
INDI -8.5631% B.7510° 3.5631* B.7510%
{7.850) (3.739) {4.850) (3.739)
D2 13475 7.0059% LTS | 7.0050¢
{13.574) {3.290) (1.574) {3.290)
N3 -1 4. 085" -Inoi7oe ) 489" 100170
(9.023) (2 PHT) (1023} {2.990)
IND4 23833 04256+ 145334 -0.4256*
o (1.430) (2.990) (2.430) (2.990)
HOLSE 0ONDSE-3"" A N0RT-34 % DO00E-3* | 0.0017E-3%*
- (2.074) (2.060) (2.783) {L.998)_
TNCOME 00001 6* -0.0002%* L.00023* 000104
13409 (2221} {2.589) {2485y
CONSTANT 11.173* 61758 7RI56* -7.8560%
{4.582) (1,181} (3.332) (2181}
R (3820 01105 14520 .2145
F 17.274% 34734 194588 3,568
Notes:

1. Valuesin the parentheses indicate absolute ratios.

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

Asexpected, the DC variable, aproxy for risk aversion, isnegatively associated withjobrisks. Itimpliesthat
more the number of dependent children, lesswill bethejob risk that workerstakeon. Theresultsare supported
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by t vdues. Thevariable WS ZE reflectstheinfluence of enterprise Sze ontherisksfaced by theworker. Viscus
(1979) showsthat the productivity lossesfrom job risk are decreased with increasesin the scale of the enterprise,
suggedting that firm size should have a positive sign. As expected, it influences both fatal and injury equetions
positively. Occupation dummies are expected to have positive impact on risk. In FATAL equation, dl have a
positive relationship except FITTER. But these coefficients are not Satisticaly sgnificant at the 5% leve. Inthe
injury equation, it is shown that only assstant workers face more non-fatal accidents wheress others have a
negative reation with injuries. However, t vaues are not sgnificant.

Consdering indugtrid dummies, it is noted thet they dl have a Sgnificant negative impact on both fatal and injury
equations, except IND4 which is not datidicaly sgnificant a 5% leve in the FATAL equation.

Themost interesting findings have to do with theimpact of wedlth and incomeon job risks. Our results show thet
the INCOME variable has astrong negative impact on job risks. HOUSE, our measure of assets of wedth, dso
has anegative association with job hazards. The estimates, thus, confirm the theoretical result that the optimal job
risk would necessarily decrease with workers wedlth.

For comparative purposes, maximum likelihood estimates of the logit parameters pertaining to the probability of
ENVDANGER are esimated in Table 7. Initialy, Sx eguations were estimated specified in dternative 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 a different pointsin the employment process. Specification (1) includes only
the human capital variables (EDN, EXP, EXP2) to ascertain the totd effects of these variables on assessed job
hazards. Specification (2) includessocid characterigtic variables(CASTE, DC). Thethird specification introduces
enterprise characterigics, namely, UNION and WORK and specification (4) includes occupationa dummies.
Findly, specification (5) and (6) introduce industrial dummies and income variables.

Whether the addition of each of these setsof variables Sgnificantly affectsthe explanatory power of theregresson
can be determined by using Likelihood Ratio Tests (see explanation and Table- A1 and A2 in Appendix-1). We
regject the hypothesis that the coefficients in each set of variables added to equation (3), (5) and (6) equa zero.
However, it is seen that for equation (2) and (4), the estimated values are less than x2 a 5% level. Hence, itis
concluded that the set of socid characterigtic variables and the set of occupational dummy variables have no
sgnificant impact on hazard perception (i.e. ENVDANGER).
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Table8: TheDeter minantsof Environmental Danger Perceptions: ThelL ogit Estimates
Dependent Variable (1if job exposestheworker to environmental problemsand unhealthy
conditions; 0- otherwise)

EXPLAMATORY VARIABLES MUMBAIL CHENKAL
SCHOOL 0.1214 0.1027
| (1.555) (1.273)
AGE 0.0755 20,0084
(0.914) (0.095)
AGE? .0.0029 | -0.0006
[ (1.374) | (0.258)
CASTE 0.4921 0.4331
(1.466) (1.262)
DC -0.0254 -0.0526
(0.141) (0.301)
UNION 17757 1.8034°
(4.309) i4.267)
WSIZE L 0.0013%+ 0.0015%=
(1.961) (1.994)
SUPKR 0.8064 1.0710%=+
(1.553) (1.925)
FITTER 0.8431 0.6503
(0.969) (0.771)
BINDER 10.97 10.731
(0.023) (0.022)
TECH 10250 |99s11
(0.030) (0.029)
ASSIST _0.97RY | 11973+
(2.252) (2.650)
INDI 13161% | -1.406%
(2.735) (2.768)
IND2 [ -1.7223* | -1.744%
| (3.980) | (3.809)
IND3 10217 | 10,036
(0063 | (1.062)
IND4 -1.9530* 20023
(2.873) (3.016)
HOUSE 0. 14E-5%* 0.0003E-2%*
' (1.998) [ 12.103)
INCOME 00m1* .0004%
(3.164) (2.791)
CONSTANT | 2716%* | 3,499+
(2.413) (2.9320)
LOG-LIKELIHOOD 130,301 12535T7
Notes:

1. Vauesin parentheses indicate absolute ¢ ratios
2. * Coefficient significant at 1 % level, ** Coefficient significant at 5% level and
*** Co-efficient significant at 10% level
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Theresultsin Table-7 indicate that the persond and socid characteristic variables have the least impact on danger
perception. UNION is postively reaed with ENVDANGER implying that union workers are able to identify
the hazards they face because they have gained awareness through collective bargaining. The enterprise sze
variableispogtively associated with hazard perception and isatisticaly sgnificant a 5% level. Except ASSIST,
al others have apositive sgn. ASSIST shows a negative influence on DANGER and is satisticaly significant a
5% leve. Thisreault is plaugble since these workers are ass stants to the main machinist and are therefore sefer.

Mogt of the indugtria dummies are Sgnificant. IND1 and IND2 influence ENVDANGER negdtively and are
gatigticaly significant at 5% level. IND3 hasapogtiveimpact but it isnot gatisticaly sgnificant. Thefind meatter
of empirica interest is the influence of worker's assets (or income) on optima job risks. The two variables
included are INCOME AND HOUSE (it is dso a proxy for risk aversion). As expected, both are negative.
INCOME and HOUSE are gatigticaly significant at 1% level confirming the result that the optimal job risk would
necessarily decrease with the worker's wedl th.

5. Conclusion and Policy Implications

Whether or not we can measure the vaue of risks to life and hedth in pure economic terms will dways reman
debatable. However, wewould argue that workersroutingly makethetrade-off between hedlth risksand economic
gans, and thistrade-off can be identified by studying wages associated with different industries. A second issue
iswhether policy makers should base any particular decisionson such economic vaues. If specificrisksarebeing
ascertained in order to savethelife of aparticular individua, economic vauesare clearly not the only consderation.
They may dso belessrdevant if the god isto deter future harmful acts or in deciding whether to impose riskson
others. However, if the god is to compensate victims in monetary terms, economic values become important.
They are dso important for undertaking benefit cost andlyses of public sector projects that change hedth risks
faced by individuas. Thus, economic vaues are one pertinent factor in deciding whether to accept individua or
collectiverisks. Itisin this context that we andyze the role of compensating wage differentidsin job risks.

Our findings vaidate the assumption that workers make rational decisions about their jobs and take job risksinto
account in accepting different types of jobs. Thus, the greater the job risks, the higher the wage demanded. We
estimate that workersin 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 satidticd life respectively. Using the same terminology, the implied vaue of a
datisticad injury is estimated as Rs. 6470 and Rs. 9000 for Chennai and Mumbal workers respectively.

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

It is useful to compare our findings with results from other countries. While estimated life vaues in developed
countries vary draméticaly, two important reviews provide arange (see Table A3 in appendix-1)®. Cropper
and Freeman (1991) argue, based on asurvey of 17 udies, that wage risk estimates range from $1.9 million to
$6.4 million (in 1990 USD) per setidtical life. Viscus (1993, 2002) findsthat recent estimates of the vaue of life
are clugtered in the range of $3 - 7 million in 1990 USD. When we convert our estimates of Rs. 15.4 and

8 Thevariationislikely to be aresult of errorsin either specification or variables chosen.
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Rs. 14.8 million for Chennai and Mumbai respectively into dollars at 1990 prices, thevaueis approximately $0.8
million. As expected, this number islower than that for developed countries.

Studies undertaken within the Indian context aso suggest that our numbers are credible. Simon, et d., (1999)
esimate compensating wage differentias for fatd and non-fata injuries in Indias manufacturing industry and
identify arange of Rs. 6.4 to Rs. 15 million for the value of agdidicd life®  Shanmugam's (1996, 1997, and
2001) estimates of the VSL in India are dightly 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 someinteresting ingghtsinto the Indian labour market. For ingtance, the study impliesthat an
average worker employed in the manufacturing indusiry must be paid gpproximately Rs.240 in annud earnings
for an 1/100000 increase in the risk of death a 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 impaosed by government regulations. However, the private sector islikely to providetoo little
information about risksto generate optimal outcomes. Hence, the best rolefor the government may bein providing
information about job risks to workers and ensuring that adequate compensation is provided in the event of fata
and non-fatal accidents.

The estimated vaues of daidicd life and injury from this sudy can be used by indudtrid safety programs or
environmenta hedth programsto vaue reductionsin risk of death. It should, however, be noted that thisstudy is
not free from limitations. Estimates from this study may be biased because of falure to include the impact of
insurance benefits and discount rates for long-term hedlth related job risks on wage premiums. We hope to
pursue some of these issues in aforthcoming paper.
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Appendix 1
Likelihood Ratio Testsfor Estimating ENVDANGER Equation

To estimatethejob risk equation, with ENVDANGER asthe dependent variable, different setsof variablesare
added to identify the best fit. Whether the addition of each of the sets of variables significantly affects the
explanatory power of theregression can be determined by using Likelihood Ratio Tests. Inparticular, let g* be
the estimated parameter vector with g e ements constrained to bezero and g** bethe unconstrained estimates
and if L representsthelikelihood of the observed sample, thenthetest statistics () isgiven by:

=5

Q=—2log[L(6"/ LB )]=-2[logL(® )~logL(f )]

W isapproximately chi-squarewith g degreesof freedom. Thelog-likelihood from the dternative specifications
isused to calculatethe test valuesfor thisequation. These magnitudes are compared with the critica x*(q) for
95 percent confidencelevels, which aregiveninthelast column of TableAland A2.

Table Al: Summary of Likelihood Ratio Tests: Chennai

EOQUATION VARIABLES ADDED . 1) Likelihood walwes I" (0.05) (q)

z CASTE, DC 2 17900 5991

3 LUNION, WSIFE 2 [ 58284 5001 ‘
4 SUPER, FITTER, BINDEE, TECH, ASSIST 5 10,2582 11.07%

£ INDH, IND2, IND3, INDS 4 28 5410 0458

& HOUSE, INCOME F 10672 50991

* Note: the calculated Wvalueislessthan c?Tablevalue.

Table A2: Summary of Likelihood Ratio Tests: Mumbai

EQUATION | VARIABLES ADDED | Gdf) | Likelihood values | ¥* {(LU5){g)
) CASTE, DC 2 2 3ER0 59491

3 UNION, WEIZE 2 10,8458 5.991

4 SUPER, FITTER, BINDER, TECH, ASSIST 5 G 5689 11070

5 INDI, INDZ, IND3, IND4 4 36.4578 9,438

6 HOUSE, TNCOME |2 | 134568 | 5091

* Note: the calculated Wvalueisless than c? Tablevaue.
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TableA3: Selected Labour Market Studieson theValueof Lifeand Injury

Note: Valuesof lifeand injury except Alberini, et. al., (1977) were converted in 1990 US dollars.

AuthorYear Sample Source for risk Valoe of ife | Valee of injury |
variable (% Million) | (%) !

Alberim etal (1997) Primary survey, Taiwan, Acule respiralory — 39.20 l
1992 illness !

Brown {1980) Marional Longitudinal Society of actuares 0.8 - |
Survey (1966-71, 1973) !

Cousineau, Lacroix Labor Survey, Canada, Quebec compensation | 3.6 - [
and Girard (1992) 1979 board '
Dillingham (1985) Quality of emplovment Burcau of Labor 25-53 = i
Survey, 1977 Statistics :

French and Kendall CFS Survey, USa, 1980 Federal Hail road - 3E159 I
(19%2) administration injury :
data |

Garen [ 1958) FSID, USA, 1981-82 Bureau of Labar 135 21021 :
statistics (BLS) '

Gerking et.al (1938) Mail survey, USA, 19584 WTP and WTA JAWTE) -- :
change in job risk LEWTA) ;

Hersch and Viscusi Primary survey in Engena, | Worker's assessed - WTE N smokers |
(1550} 1987 imjury rate 9224 5(scat belt |
users) |

Herzog and 18 Census, 1970 ELS 2.1 -- ;
Schlottman ( 1990) i
| Jones-lee (1976) | Mail Survey. UK Airline safety 15.6 - !
Jones-Lee et.ad (1985) | Survey on Motor Vechile WTP for risk 3.8 - :
accidents, UK, 1982 reduction |

Knigsner and Leeth 2-digit mamufactunng data, | Year book of labor 1.6 77547 i
(1991} Japan, 1984 sratistics :
|

2-digit mannfacturing data, | Industrial accident 3.3 %043 :

Australia, 1984 and data :

CPS, USA, 1978 National traumatic |

occupation fatality 0.6 47281 :

SUCVEY |

Leigh and Folsom PSID, 1974 and Quality of | BLS 9.7 and 103 | - |
(1984) employment Survey, USA, I
1977 I

Marin and Population Census and Occupational 2.8 - :
Psacharopoulos (1982) | Surveys, UK, 1977 Maortality Tables |
Miller and Guna New Lealand Survey 1989- | Senes of contingent 1.2 - i
(1991} 190 valuation quastions on i
traffic safery !

Moore and Viscusi PSID, USA, 1982 ELS 25and 7.3 - |
(1985) B :
| Ollson (1941} CPS, 1978 BLS 5.2 - i
Thaler and Rosen Survey of econommc Society of achuanics 0.8 - :
(1976} opportunity, USA |
Viscusi (19817 PSID, USA, 1976 BLS 6.5 16200 i
Viscusi and O'conner | Primary Survey in chemical | Workers assessed - 13380-17761 :
|

(1984}

Imdustry, LISA, 1982

injury and 1llncss

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

Institutefor Social and Economic Change, Nagar bhavi,
Bangalore 560 072

Vauationsof Lifeand Injury Risks

Sample No: Date of Interview:
Industry Code: Name and Address of the Company
1. Household Demographic I nformation

1.1 Nameof the Respondent

12 S

1.3 Age

1.4  Caste/Rdigion

1.5 EducationLevd (inyears)

16 Maitd Status

1.7  Detalsof Family Szeand Members.

Houschold Sex Age Marital Educational | Activity
Member Status Attainment | Status
1.5Spouse
2.Children
01

02

03

04

035
3.Father

4 Mother
5.0thers

2. Job Characteristics of the Respondent

2.1  Nameof the Job:

2.2  Nameand address of thefirm where the respondents works
2.3  Wagerateper hour/week/month (inRs.)

2.4  Hoursworked last week

25  Weeksworked last week

2.6  Dateof joiningthejob:

2.7  Experienceinthepresentjob

2.8 Isitafirstjob: Yes/No
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If No, givethefollowing details

Mo, Name of the | Date of Date of Wage per Reasons for
Previous job | joining Leaving Day when Leaving
left {in Rs.)
I
2
E

2.9. Agea whichworker started earning:
210 AreyouaSupervisor?Yes/ No

If Yes, number of subordinatesworking under you:
211  Whether thepresentjobis: (a) Full-time/ Part time (b) Permanent/ Temporary
2.12  Whether thejob requiresthat:

a You must work fast: Yes/ No

b. You should makedecisions: Yes/ No

C. You should not make mistakes: Yes/ No
2.13 AreYouaUnion Member?
2.14. Whether thejob requires

a Over-timework: Yes No

If Yes, (1) how many hours: (per day/ week)
(2) Compensation (in Rs.): (per day/ week)
b. On-the-job Training
[T Y ES, QIVEAELAI ..o e

2.15 Whether theworking firm belongsto:
a Private Sector/ State Government/ Union Government:
2.16. Number of Employeesat Work Place: Male ~ Female
2.17. Doyoufed that work hoursareirregular: Yes/ No
2.18. Areyoudlowedtoavall of thesick leave dayswithfull pay: Yes No

3. Employment Statusof Family Members
3.1  Total number of working personsin thefamily (other than the respondent):

3.2  Deailsof family memberswho work

Working Name of the | Name of the | Experience | Monthly/ Ape at

Family Job Firm Where | inthe Weekly which
Meamber employed present job Wage in Rs. | started
earmings
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4.2

5.1
5.2

5.3

5.4

4. Family Assetsand Asset Income
Areyou livinginyour own house: Yes No
0] If Yes, the present value of the house: (inRs))
(i) If No, the paying rent of the house: (inRs)

Givethefollowing detail s (other than own living house):

No. Name of the Value of the Nature of Annual income
asset asset (in Rs.) income (if it from the asset
g_'iw:s income) | {in Rs.}
1. Land
2 Oither
Propertics
a.
b.
C.
3. TV{Colour/BW)
4 Two wheelers
%,
6.

5. Detailsabout theWorking Conditions

Whether your job exposesyou to environmenta problems, which lead to unhedthy conditions: Yes/ No

Whether your job requires hard Physical work: Yes/ No

If Y es, typeof hard work:

€) Need to lift 60K g. sometimesonceaweek or daily: Yes' No

(b) Thework isphyscaly demandinginwaysnot covered by heavy lifting: Yes No

(© Thephysical activity at work causesdaily sweating: Yes/ No.

(d) Punctuality and carefulnessareimportant: Yes/ No.

Doyoufed that your work is:

a Very noisy : sometimes often/ aways

b) Exposed to gas, dust, or smoke: sometimes/ often/ always

c) Exposed to strong shakes or vibrations. sometimes often/ dways

d) Other inconveniencel environmenta problems(detalls.......... )
sometimes/ often/ dways

Doyoufed that thejobisso stressful that itis

a Mentaly Demanding: Yes/ No

b) Hectic © Yed No

C) Other : Yed No
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5.5

5.6

6.1

6.2.Give Detailson labor socid security schemes:

30

Did any accident occur inyour firminthelast year: Yes/ No

If Yes, givethefollowing details:

| Nature of accident | Number of Reasons for the Man-day lost and
accidents occurrence Compensation Paid
. (If you know)
1.Fatal
2.Non-Fatal:
i) Permanent
11) Temporary

Doyoufed that the present job has:

a) Peasant physicd surroundings: Yes/ No

b) Good job security

:Yes/ No

6. Detailsabout Tax and Benefits

Areyou ataxpayer?: Yes/ No
If Yes, givethefollowing details

NO. Mame of the tax

Tax amount per year

others

LU R e

Mo, | Type of Social Schemes

Value Duration

in (Rs.)

Yours

Premium Share
Firm's
(in Rs.)

Pension: Yes' Mo
Gratuity: Yes' No
(Others like

Soap : Yes/ No
Uniform: Yes/ No
Glass: Yes/ Mo
Clouse: Yes/ No
Boots: Yes! No

il &

State Employee Insurance: Yes' No

SANDEE Paper No. 9-04




7.1

1.2

7.3

74

7.5
7.6

7. Respondent Belief about the Job

What was the reason to choose the present job:

a Moresday b) Lesscomptitive Cc) Moreamenities d) Other (detals):

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 duetoit............
d) Compensation received (inRs)..........
Search for aternative job:
a) Areyou satisfied with the present job: Yes/ No
b) Areyou thinking of finding anew job: Yes/ No
C) Have you applied for any dternative job: Yes' No
IfYes (@ What isthereason?
(b) What is the name of the job applied?
(d) Do you planto quit your job during thisyear: Yes' No
Areyou getting Bonus? Yes No
If yes, bonus amount (last year in RS)):
Distance from house to work Site:
Do you know anything about |abor welfare and socid security schemesin India?
Yesd No
If Yes, giveddails............
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