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Abstract
Behavioral studies suggest that individuals become more averse to taking risks as they
age. Nevertheless, the incidence of fatal work injuries is increasing in age in the US
and the EU. We develop a life-cycle model that rationalizes this pattern. We find that
the decreasing value of life incentivizes higher risk-taking towards the end of a career
and can potentially dominate an increasing preference for safer jobs. Calibrated to the
US, our model generates a compensating wage differential and a trade-off between
wealth andmortality, bywhichwealthier workers give up part of their wages in favor of
lower mortality risk at the workplace. In a counterfactual analysis, we study the effect
of pension reforms and aging on on-the-job mortality, finding that a higher retirement
age as well as lower baseline mortality reduce risk-taking at all ages, while a higher
pension replacement rate only benefits older workers.
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1 Introduction

Fatal work-related injuries and diseases generate sizable costs for economies. For the
United States, Leigh (2011) estimates 58,600 work-related deaths in 2007, accounting
for a total economic cost of 52 billion dollars. In the EU28, around 200,000 deaths
could be attributed to work-related injuries and diseases in 2017, which amounts to
24% of all deaths in the working population. These implied 3.4 million years of life
lost and a loss in output equal to 1.5% of EU GDP (European Agency for Safety and
Health at Work 2017a). The output loss increases to 3.3% of GDP if non-fatal diseases
and injuries are taken into account as well.1

In light of an aging population in many developed countries, it seems critical that
the burden of work-related deaths falls on older individuals. This holds both for work-
related injuries and work-related diseases. Concerning the latter, Hämäläinen et al.
(2007, 2011) find that fatalities attributable to most groups of work-related diseases
increase in age.2 This, however, cannot be taken as evidence whether older workers
take more or less risks on the job. In fact, the increasing mortality from work-related
diseases could simply reflect that older workers have been exposed longer to the risk
factors that cause these diseases, such as asbestos, particulate matter, or long working
hours.3 Additionally, most diseases in the aforementioned groups have long latency
periods, such that many years can pass between exposure, outbreak, and death.

More surprising may be the observation that mortality from occupational injuries is
increasing in age as well, as is evident in Fig. 1. The bars show the average mortality
rates for the years 2011–2018 by age group in the United States and the EU28. Level
differences between the US and EU28 are due to the different scope of the underlying
numbers provided by the Bureau of Labor Statistics and Eurostat.4 The age pattern,
however, is qualitatively similar in the two regions and shows that the fatality rate starts
to increase after age 30 in a convex fashion. In the US, the fatality rate of an average
45–54 (55–64) year old is 23% (53%) higher than the fatality rate of an average 35–44
year old. In the EU, the increase is even steeper.

The increasing age pattern of mortality from fatal injuries is often attributed to the
gradual deterioration of physical and mental capacities over the life cycle (Ilmarinen
2008; European Agency for Safety and Health at Work 2016).5 From a behavioral

1 Other studies estimate even higher values for selected countries (see Tompa et al. (2021) and references
therein).
2 This holds particularly for malignant neoplasms (cancer), respiratory diseases and circulatory diseases,
which together accounted for 92%of fatalwork-related diseases in developed countries in 2000 (Hämäläinen
et al. 2007).
3 These represent the main occupational risk factors for fatal diseases identified by World Health Organi-
zation and International Labor Organization (2021).
4 The figures were taken from https://www.bls.gov/iif/oshcfoiarchive.htm and https://ec.europa.eu/
eurostat/databrowser/view/HSW_MI01/default/table, respectively. The US numbers relate to all economic
sectors while the EU numbers only include agriculture, industry and construction (except mining), and
services of the business economy. Furthermore, the US fatality rate is computed per 100,000 full-time
equivalent workers, whereas the EU fatality rate is per 100,000 workers.
5 In Section 2, we conduct a regression analysis to show that this pattern cannot be explained by different
occupational and demographic compositions of the age groups, which indeed suggests age as the driving
force.
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Fig. 1 Average fatality rate by age group in the US and EU28, 2011–2018. Data source: Bureau of Labor
Statistics, Eurostat. See text for interpretation

perspective, however, it is not clear why aging individuals do not counteract the
increase in mortality risk more strongly. The pattern evident from Fig. 1 indicates
that individuals are willing to accept higher mortality risks as they age. This runs
counter the widespread evidence that aging individuals become more averse to taking
risk throughout all domains (Dohmen et al. 2011; Rolison et al. 2014; Josef et al.
2016).6 One possible explanation for this apparent contradiction is that workers keep
performing the same tasks as they age, not realizing that their diminishing physical
andmental abilities have increased the health hazards involved with these tasks.While
we cannot rule out a certain degree of misconception of prevailing risks, results from
the 2005 EuropeanWorking Conditions Survey indicate that the share of workers who
perceive an impact of work on their health significantly increases in age.7 This sug-
gests that individuals are aware of the increasing health risks at the workplace, yet do
not react sufficiently to counterbalance this, e.g., by reducing risk exposure through
working fewer hours or demanding a safer work environment.

Understanding the individual rationales behind this inertia seems of utmost rele-
vance for public policy. Given the observed age gradient in occupational fatalities, the
ongoing aging of the workforce and the tendency to delay retirement may increase

6 An alternative explanation for the observed pattern in Fig. 1 could be that mortality is constant at the
individual level and the aggregate age profile results from heterogeneity in mortality rates and selection
effects.With only heterogeneity in individual mortality rates, the aggregate age profile would be decreasing,
however, since high-mortality individuals die relatively earlier than low-mortality individuals. Since the
increase in mortality rate already starts in prime working age, selection of low-mortality individuals into
non-employment is also not a convincing explanation.
7 See Table 10 in European Foundation for the Improvement of Living and Working Conditions (2008).
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the prevalence and costs of work-related deaths.8 To design appropriate policies, it is
necessary to understand why older workers take this risk and to what extent risk-taking
in later life reflects earlier life-cycle events.

In this paper, we want to stress the role of risk-taking incentives and emphasize that
the observed age pattern of work-related mortality from injuries is related to the way
these incentives change with age. To this purpose, we develop a dynamic macroeco-
nomic model where individuals endogenously choose the mortality risk experienced
on the job over their life cycle. We admit that this is a simplification and several
frictions may constrain optimal individual decision-making in practice. For instance,
workers may have limited influence over the working conditions of their current job. In
the extreme case that a transition to another employer would be necessary to decrease
on-the-job mortality risk, workers may increasingly become locked into their current
jobs as they age, which could contribute to the observed age pattern.We are convinced,
however, that workers can affect their working conditions to some degree since labor
market outcomes are ultimately determined by labor demand and labor supply. Indeed,
our model is one of few in this strand of the literature that endogenizes both sides of
the labor market. Moreover, any frictions one might suggest would always come on
top of our mechanism. As long as individuals are rational and forward looking, their
incentives follow the same basic intuition as in our model. While we do not neglect
the potential relevance of frictions that restrain individual actions in practice, our
calibration exercise demonstrates that they are not crucial to match the data.

Our model suggests that two mechanisms contribute to higher risk-taking at older
ages. First, reducing mortality risk results in lower wages due to additional costs for
the employer. Since wages typically peak late in the career, the wage loss is higher for
older workers than for younger workers. Second, the benefit of mortality reduction
is related to the individual’s value of life, i.e., the discounted sum of expected future
utility valued inmonetary terms (Murphy andTopel 2006;Kniesner andViscusi 2019).
This corresponds to the value that a worker loses in case of death and decreases in
age. Therefore, older individuals experience both higher costs and lower benefits of
mortality reductions. Calibrating our model to the US, we are able to explain the
observed age pattern of occupational fatality risk almost perfectly, with the decreasing
value of life being the main driving force.

Our analysis also explores the role of uninsurable labor income shocks in shaping
mortality differentials over the life cycle. We find that at any given age, individuals
who have accumulated more wealth are willing to give up part of their current income
in exchange for lower on-the-job mortality. The quantitative importance of this mech-
anism increases in age as individuals want to enter retirement with sufficiently high
savings. Finally, we use the calibrated model to study the effect of pension policies
and higher life expectancy on on-the-job mortality.

We are not the first to consider work-related mortality in a life-cycle optimization
model. In Galama and Van Kippersluis (2019), individuals optimally choose their
level of ‘job-related health stress’. Higher levels of stress are detrimental to health
but compensated by higher wages. In a similar vein, Strulik (2022) analyzes a model

8 For this reason, strategies to promote occupational health and safety at the workplace are part of the
current political agenda (European Commission 2021a, b).

123



A life-cycle model of risk-taking on the job Page 5 of 32    62 

where individuals optimally choose between occupations with low and high health
burden, with the latter offering a higher wage. Since both Galama and Van Kippersluis
(2019) and Strulik (2022) only focus on labor supply, the monetary compensation for
risk-taking is determined by an exogenous wage function. By contrast, in our model,
the compensating wage differential is an equilibrium outcome that also takes labor
demand into account.

In this aspect, our model is similar to Kerndler (2023), who studies the optimal
provision of safety measures in a frictional labor market, where on-the-job mortality
and wages are jointly negotiated between the worker and the firm. While we abstract
from search frictions, we extend on Kerndler (2023) in many directions. First, we
assume a more realistic mortality process and focus on the role of age for mortality.
Second, we allow individuals to accumulate wealth, which turns out to be a means to
reduce future risk-taking.

We also compare our model results to empirical estimates of compensating wage
differentials and the value of a statistical life. The analysis of compensating wage
differentials has a long tradition in economics. Rosen (1986) provides a summary of
the early literature on compensating differentials. An important related concept is the
value of a statistical life (VSL), which was introduced by Thaler and Rosen (1976)
and has become an important indicator to evaluate government regulations in the US
(Kniesner and Viscusi 2019). The empirical challenges that arise in estimating this
value have been summarized by Lavetti (2023). Aldy and Viscusi (2008) and Evans
and Schaur (2010) provide age-specific estimates of the VSL, which serve as empirical
benchmark for our model outcomes.

Our model offers new insights into the relation between wealth and on-the-job
mortality at the individual level. Some recent empirical studies such as Cesarini et al.
(2016); Erixson (2017) have investigated the impact of wealth shocks on mortality,
without finding a significant effect. In our study, we aim to complement this literature
by focusing on the association between wealth and on-the-job mortality, rather than
overall mortality, and emphasize the role of age.

The model is also related to the literature that aims at assessing the impact of
pension policy reforms onmortality. The literature related to this topic is still scarce and
presentsmixed results. Somepapers indicate that delaying retirement canhavenegative
health impacts, especially in physically demanding jobs (Bellés-Obrero et al. 2022;
Abeliansky and Strulik 2023), and others suggest minimal or no significant effects
(Hagen 2018; Bozio et al. 2021), or even potential health benefits (Zulkarnain and
Rutledge 2018).We complement the empirical studies by providing potential channels
through which delaying the retirement age may reduce the risk taken on the job.

The paper proceeds as follows. Section2 conducts a regression analysis to identify
the partial effect of age on the US occupational fatality rate after controlling for
potential confounders. Section3 introduces the behavioral model and characterizes
the optimal behavior of individuals and firms as well as the stationary equilibrium.
Section4 presents quantitative results and policy experiments based on a calibration
to the US. Section5 concludes. Additional results and tables are presented in the
Supplementary material.
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2 Age-specific occupational fatality rates in the US

Before we turn to our behavioral model, we investigate to what extent the age profile in
Fig. 1 is driven by differences in the occupational and demographic composition of the
age groups. To this reason, we downloaded the number of fatal occupational injuries by
age group and detailed occupation from the website of the Bureau of Labor Statistics
(BLS).9 Since 1992, the BLS collects information on all fatal work-related injuries
that occur in the United States for its Census of Fatal Occupational Injuries (CFOI).
We use the latest public use file of the CFOI, which provides consistent information
on fatal occupational injuries from 2011 onward. To reduce selection effects at the
beginning and the end of working life, we restrict ourselves to individuals between
age 20 and 64. Due to a change in the classification of occupations, we only use data
from 2011 to 2018. Our mortality regression is hence based on 880 cells which differ
by age group, occupation, and year.10

The CFOI by itself does not allow to estimate mortality rates as it does not collect
information on the number of workers at risk. Consistent with the recent BLS strategy,
we take this information from the Current Population Survey (CPS)11 and measure
the individuals at risk by the number of full-time equivalent workers. This number is
constructed from total employment and actual average hours worked. We also use the
CPS to collect demographic information at the cell-level. This includes the distribution
of sex, race (White, Black, Asian), Hispanics, and education (high school, college)
among the working population of each cell. Additionally, we derive the share of self-
employed workers, which may account for part of the increase in mortality at later
ages (see Pegula 2004). For a robustness check, we also obtain the shares of the
five self-assessed health categories (excellent, very good, good, fair, poor) among
employed workers from the CPS Annual Social and Economic Supplement (ASEC).
The descriptive statistics of the estimation sample are reported in Table A1 in the
Supplementary material.

The age profile of mortality is estimated by a Poisson regression at the occupation-
year-age group cells, using the number of fatal injuries as dependent variable and
the number of full-time equivalent workers as exposure variable. We estimate three
specifications, which give rise to the age gradients depicted in Fig. 2. These gradients
are obtained by normalizing the age-specific mortality rate estimates by the mortality
rate of age group 35–44. The regression model and the construction of these estimates
are explained in Supplementary material A.1.

The red dots in Fig. 2 show the age gradient if the mortality rate varies just by age
group. This gradient corresponds to the age profile shown in Fig. 1 and indicates that
the occupational fatality rate in age group 45–54 (55–64) is 23% (53%) above the
fatality rate of age group 35–44. To determine the effect of age-specific differences
in employment patterns, the second specification includes occupation fixed effects.

9 https://download.bls.gov/pub/time.series/fw/
10 The occupation groups are the 23 two-digit occupations of the SOC2010 excludingmilitary occupations,
which are not covered by the CPS. The 5 age groups are 20–24 years, 25–34 years, 35–44 years, 45–54
years, 55–64 years.
11 We use the public microdata files provided by IPUMS (Flood et al. 2021).
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Fig. 2 Estimated age profile of the fatal occupational injury rate for three alternative specifications of the
regression model. Notes: Error bars indicate the 95% confidence interval of the point estimate in the full
model. See the text for interpretation and Supplementary material A.1 for methodological details

The green triangles show that the age profile becomes slightly steeper in the first
and last age group after controlling for occupation. This reflects that on average,
younger individuals are employed in more risky occupations, while older individuals
are employed in less risky occupations. Holding occupation fixed, mortality increases
even faster in age than the average profile in Fig. 1 suggests.

Once we include demographic characteristics among the controls, the gradient
reduces again in old age but becomes even steeper at younger ages. This suggests that
part of the increasing fatality rate is explained by the fact that sub-populations with
an inherently higher mortality are over-represented in early and late working life. The
95% confidence intervals of the point estimates are indicated by the error bars. Except
for the two youngest age groups, the confidence intervals do not overlap, such that
even after controlling for occupational and demographic composition, the increase in
occupational fatality rates over the life cycle is statistically significant.12

12 As a robustness check, we estimate a fourth specification that additionally includes the shares of self-
reported health. This set of variables is insignificant and hardly affects the estimated age profile, see column4
of Table A2. In Section 4.1, the estimated age-mortality profile will be used together with the age-wage
profile to calibrate the model. Since the wage data does not include health information, we decided to omit
health from our baseline mortality estimates as well.
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To rule out that the increasing age pattern is driven by physically demanding low-
skilled occupations, we repeat the above analysis separately for low-skilled and high-
skilled occupations. These are defined such that the share of college graduates is below
or above 50%.13 The average mortality rate of workers aged 35–44 in the two groups
are 4.6 and0.6 fatalities per 100,000 full-time equivalentworkers, respectively. PanelA
of Fig. A1 in the Supplementary material shows that the age gradient in the mortality
of low-skilled is very similar to the one depicted in Fig. 2. This is not surprising, since
almost 90% of all fatal injuries occur in these occupations. Nevertheless, panel B
shows that the mortality rate is also significantly increasing in age in high-skilled
occupations. The wider error bars are due to the fact that relatively fewer fatalities are
observed in these occupations, which increases the uncertainty about the underlying
mortality rate.

3 A behavioral model

To understand the increase in occupational fatality rates from injuries over the life
cycle, we implement an overlapping generations model with asset accumulation and
exogenous retirement. Since all our analysis will focus on the steady state, we omit
calendar time from the notation and use t to refer to an individual’s age. Our model
abstracts from education and occupational choice and is hence reflecting life-cycle
patterns that occur within a fixed “average” occupation.14 The novelty of the model
is that employed individuals are confronted with a wage schedule that depends on
the mortality risk they are willing to take at the workplace. This wage schedule is
determined in general equilibrium together with the interest rate that individuals earn
on their assets. Individuals accumulate assets for three purposes. First, they save for
retirement because pension benefits only replace part of their previous labor income.
Second, individuals have a precautionary savings motive as their labor income is
affected by stochastic transitions between employment and unemployment. Finally,
we observe that wealth acts as a buffer that allows individuals to reduce on-the-job
mortality as their level of consumption is less affected by their current wage.

3.1 Individuals

3.1.1 Mortality and labor market risk

Individuals face two risks: the risk of dying and the risk of becoming unemployed. The
risk of dying is compounded by an exogenous mortality risk factor that depends on
age t and a factor related to an individual’s labor market state x ∈ X = {L,U ,R}. In
13 This cut-off point is suggested by the data as there are no occupations with a share of college graduates
between 45 and 70%. “Managerial Occupations” are not considered in this analysis as they both include
CEOs and farmers.
14 To show that themodel is also capable of replicating the differences between low-skilled and high-skilled
occupations observed in Section 2, we present an extension of the model in Supplementary material A.7.
Section4.2.5 contains selected results based on this extension.
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any period of their working life, individuals can be employed (x = L) or unemployed
(x = U). At an exogenous age TR , all individuals switch to retirement (x = R). The
conditional survival probability at age t is given by

π t (x) = π̂t ·

⎧
⎪⎨

⎪⎩

1 − mt for x = L,

1 − mU for x = U ,

1 − mR for x = R,

(1)

where π̂t denotes the exogenous age-specific baseline survival probability, andmt ,mU ,
and mR denote the additional probabilities of death depending on the labor market
status. While mU and mR are exogenous, the probability of dying on the job mt is
determined endogenously by the interplay of worker and firm incentives.

Individuals start their lives in unemployment. The transitions between employment
and unemployed are stochastic and described by the Markov transition matrix

(LL UL
LU UU

)

=
(
1 − s p
s 1 − p

)

, (2)

where s is the separation probability and p is the job-finding probability. In contrast to
the search and matching literature, we treat p as exogenous and assume that wages are
determinedon aneoclassical labormarket. To this purpose,we interpret unemployment
as employment with a labor productivity of zero.15

All employed individuals provide the same number of working hours to the labor
market (which we normalize to one) but differ in their contribution to a firm’s output.
Drawing on Kerndler (2023), we introduce yt (mt ) as the net productivity of a worker,
which captures productivity after subtracting the costs of risk prevention. Both may
depend on the worker’s age and his or her exposure to mortality risk at the workplace.

For instance, with increasing age, additional preventionmeasures may be necessary
if mortality risk should remain at a constant level. On the other hand, at any given age,
accepting a higher mortality rate lowers prevention costs but may at the same time
reduce worker productivity. The potentially nonlinear effect of mt on net productivity
is reflected by the function yt (mt ) as stated in Assumption 1.16

Assumption 1 For mt ∈ [0,1], net productivity yt (mt ) is non-negative, twice continu-
ously differentiable and for some m̃t ∈ (0,1] satisfies that y′

t (mt ) > 0 and y′′
t (mt ) < 0

for mt < m̃t , while y′
t (mt ) < 0 for mt > m̃t .

Assumption 1 supports two functional forms that are empirically plausible and
bear simple economic interpretation. First, yt (mt ) could be strictly increasing and
strictly concave on its entire domain, which corresponds to m̃t = 1. This reflects
that reducing mortality comes at a cost, e.g., because adhering to safety procedures
and wearing safety gear slow down the worker or because regular maintenance of
machines interrupt production. Furthermore, concavity implies that a small reduction

15 Kerndler (2023) studies endogenous on-the-job mortality risk in a labor market with search frictions.
16 The assumed properties mimic the shape restrictions introduced in Assumption 1 of Kerndler (2023)
and guarantee uniqueness of the equilibrium.
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in mortality can be achieved relatively cheaply (for instance by wearing hard hats on a
construction site), while larger reductions become disproportionally more expensive.

A second possibility for yt (mt ) supported by Assumption 1 is a unimodal shape,
where net productivity increases in mortality only up to some m̃t ∈ (0,1) and then
reduces again. This could capture that workers who face excessive mortality rates
may also have more absences due to non-fatal injuries, try to avoid their workplace
(absenteeism), or exert lower effort while present.17

3.1.2 Optimal individual decisions

Irrespective of their labormarket state, individuals face a consumption-savingdecision.
Employed individuals additionally decide on their level of on-the-job mortality mt .
The maximized expected utility Wt of an individual at age t with assets at in labor
market state x ∈ X satisfies the Bellman equation

Wt (at , x) = U (ct |x) − 1{x=L}χ(1 − π t (x)) + βπ t (x)Et
[
Wt+1(at+1, x

′)|x] , (3)

where U (c) is a standard period utility function (with U (c) > 0, U ′(c) > 0, and
U ′′(c) < 0) that depends on consumption c. Since every working individual inelas-
tically provides one unit of labor, there is no disutility from the intensive margin of
labor supply. However, individuals may experience disutility of work from the exten-
sive margin, which is related to their mortality. This disutility is weighted by χ ≥ 0
and linearly depends on the individual’s conditional mortality rate 1 − π t (x) with
π t (x) given in Eq.1. Since older individuals exhibit a higher baseline mortality, they
experience a higher disutility of work for any given on-the-job mortality mt . The con-
tinuation value is discounted with the subjective discount factor β ∈ [0,1] and the
conditional survival probability π t (x).

Consumption-saving decision Individuals choose their consumption c to maximize
(3) subject to the state-dependent asset dynamics

at+1|x =
{

R
π t (x)

(at + (1 − τ)wt (mt ) − ct ) for x = L,
R

π t (x)
(at + zt − ct ) for x = U ,R.

(4)

The wage income of employed individuals, wt (mt ), depends on their on-the-job mor-
tality and is taxed at rate τ . The wage function is determined on the labor market
and beyond the worker’s influence. Unemployed and retired individuals receive an
age-dependent transfer zt from the government. For t < TR , we interpret zt as unem-
ployment benefits and for t ≥ TR as pension benefits. The gross interest rate R
is determined on the capital market. We assume an annuity market which equally
distributes the wealth of deceased individuals among the survivors with the same
characteristics. The effective gross interest rate on savings is therefore R/π t (x) and
assumed to be beyond the influence of the individual.

17 An ever decreasing function, which would correspond to m̃t = 0, does not seem empirically plausible,
as completely eliminating on-the-job mortality would require substantial costs.

123



A life-cycle model of risk-taking on the job Page 11 of 32    62 

It is straightforward to obtain the first-order condition for consumption,U ′(ct |x) =
RβEt

[
W ′

t+1(at+1, x ′)|x], as well as the envelope condition, W ′
t (at , x) = RβEt[

W ′
t+1(at+1, x ′)|x]. Combining the two equations yields the consumption Euler equa-

tion

U ′(ct |x) = RβEt
[
U ′(ct+1|x ′)|x] , (5)

which together with the asset dynamics (4) determines optimal consumption growth.

Optimal level of on-the-jobmortality Employed individuals additionally choose how
muchmortality risk they are willing to take on the job. Applying the envelope theorem,
the fist-order condition with respect to mt is

χπ̂t + βπ̂tEt
[
Wt+1(at+1, x

′)|L] = U ′(ct |L)(1 − τ)w′
t (mt ). (6)

The left-hand side of Eq.6 reflects the marginal cost of higher mortality. The first
term is the immediate cost accruing from a higher disutility of work, while the second
term is the discounted sum of expected utility lost by dying earlier. The right-hand
side of Eq.6 reflects the marginal gain of higher on-the-job mortality. As will become
clear below, firms in equilibrium are willing to reward higher risk-taking with higher
wages. Therefore, a marginally higher on-the-job mortality increases a worker’s wage,
w′
t (mt ) > 0, and thereby utility from consumption.

To gain further intuition about the optimal level of on-the-job mortality, it is conve-
nient to define thevalueof life of aworker asVoLt |L=Et

[
Wt+1(at+1, x ′)|L]

/U ′(ct |L).
The value of life converts the lifetime utility, which is measured in “utils,” into mone-
tary equivalent units, compare (Murphy and Topel 2006). Dividing both sides of Eq.6
by U ′(ct |L) and using the newly defined variable gives

(1 − τ)w′
t (mt ) = π̂t

[
χ

U ′(ct |L)
+ βVoLt |L

]

. (7)

Equation7 states that the optimal on-the-job mortality rate of an individual satisfies
that the marginal gain in wage income equals the monetized increase in the disutility
of work plus the monetary value lost through dying earlier, multiplied by the baseline
survival probability, π̂t . While the latter variable is decreasing in age, the evolution of
the term in square brackets inEq.7 is less clear. If consumption is increasing throughout
working life, the monetized disutility of work rises as well and incentivizes lower risk-
taking on the job with increasing age. At the same time, the shorter remaining lifetime
reduces an individual’s value of life, which increases their willingness to take risk as
they age.

3.2 Firms

There is a representative firm that uses effective labor and capital to produce the single
output good according to a neoclassical production function F(K , H). Labor services
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of different individuals are assumed to be perfect substitutes in production such that
effective labor is

H =
TR−1∑

t=0

∫

yt (mt )Lt (mt ) dmt , (8)

where yt (mt ) is the net productivity of an age t individual with on-the-job mortality
mt introduced in Assumption 1, and Lt (mt ) denotes the mass of individuals with these
characteristics employed by the firm. The firm maximizes its profit

F(K , H) − r K −
TR−1∑

t=0

∫

wt (mt )Lt (mt ) dmt

with respect to Lt (mt ) and K , wherewt (mt ) is the wage paid to an age t worker whose
on-the-job mortality is mt . The first-order conditions of the firm’s profit maximizing
problem are

wt (mt ) = FH (K , H)yt (mt ), (9)

r = FK (K , H). (10)

Equation9 holds for any age t ∈ {0, . . . , TR−1} and on-the-jobmortalitymt and states
that a worker’s wage is proportional to her net productivity. Assuming that F exhibits
constant returns to scale, the firm in optimum earns zero profit and is indifferent to
the size and composition of its workforce. Furthermore, Eq.10 pins down the optimal
ratio between capital and labor inputs, K/H .

3.3 Equilibrium

Sections3.1 to 3.2 describe the optimal behavior of firms and workers. We now for-
mulate the additional conditions that have to hold in a stationary equilibrium of our
model.

3.3.1 Capital market

Capital used in production corresponds to aggregate individual savings,

K =
∞∑

t=0

∫

at Nt (at ) dat , (11)

where Nt (at ) is the mass of age t individuals holding assets worth at . The real interest
rate r that clears the capital market satisfies (10). Assuming that capital depreciates
with a rate of δ ≥ 0 per period, the gross return on savings in Eq.4 equals R = 1+r−δ.
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3.3.2 Labor market

Substituting the wage function (9) into (7) reveals that the on-the-job mortality of a
worker in equilibrium satisfies

y′
t (mt ) = π̂t

FH (K , H)(1 − τ)

[
χ

U ′(ct |L)
+ βVoLt |L

]

, (12)

where H and K are given in Eqs. 8 and 11, respectively. Provided that χ ≥ 0 and
VoLt |L > 0, the right-hand side of Eq.12 is strictly positive and therefore y′

t (mt ) > 0
in equilibrium. By Assumption 1, this implies y′′

t (mt ) < 0, such that the left-hand
side of Eq.12 is strictly decreasing in mt . Since the right-hand side is increasing, the
equilibrium on-the-job mortality is unique and lies on the upward sloping part of the
net productivity function.18

Becauseworkers are perfect substitutes, themass ofworkers of each type demanded
by the firm, Lt (mt ), equals the mass of individuals with these characteristics in the
employable population (i.e., all individuals with labor market state x ∈ L). We can
therefore define the mass of employed individuals of age t as Lt = ∫

Lt (mt ) dmt , and
the mass of unemployed individuals of age t as the mass of all currently unproductive
individuals (i.e., all individuals with labor market state x ∈ U). According to Eqs. 1
and 2, the mass of employed and unemployed individuals evolve according to

(
Lt+1
Ut+1

)

=
(
1 − s p
s 1 − p

) (
π t (L) 0
0 π t (U)

) (
Lt

Ut

)

for ages t = 0, . . . , TR − 2, where π t (L) = π̂t
∫
(1 − mt )

Lt (mt )
Lt

dmt is the average
conditional survival probability of employed individuals at age t .

Every individual starts out without a job, implying L0 = 0 and U0 = N0, where
N0 > 0 is the exogenously given mass of newborns. Since everybody retires at age
TR , the mass of retired workers satisfies

Rt =

⎧
⎪⎨

⎪⎩

0 for t < TR,

π t−1(L)Lt−1 + π t−1(U)Ut−1 for t = TR,

π t−1(R)Rt−1 for t > TR .

3.3.3 Government budget

The government collects wage taxes from all working individuals to finance transfers
zt to the unemployed and retired population. The tax rate τ is set to balance the budget,

TR−1∑

t=0

∫

τwt (mt )Lt (mt ) dmt =
TR−1∑

t=0

ztUt +
∞∑

t=TR

zt Rt ,

18 The level ofmt affects the right-hand side of Eq.12 only indirectly via ct . Since a highermt in equilibrium
leads to a higher net productivity and therefore a higherwage, ct and at+1 both increase. Therefore,

1
U ′(ct |L)

increases and so does expected future utility. As a consequence, VoLt |L is an increasing function of mt .
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where for t < TR , we interpret zt as unemployment benefits and for t ≥ TR as pension
benefits.

3.4 Qualitative analysis

As the equilibrium on-the-job mortality is our main model outcome, this section
presents a graphical comparative static analysis of this variable. This exercise also
makes the factors that affect the age profile of on-the-job mortality more transparent,
which facilitates the interpretation of our quantitative analysis in Section 4.

To simplify the graphical representation, we rewrite the equilibrium condition (12),
recalling (9), in the form

y′
t (mt )

yt (mt )
= π̂t

(1 − τ)wt (mt )

[
χ

U ′(ct |L)
+ βVoLt |L

]

. (13)

The left-hand side of Eq.13 measures the marginal benefit of higher mortality in terms
of the relative change in the worker’s net productivity. The right-hand side captures
the marginal cost, expressed as monetized utility loss from higher mortality (compare
the discussion following (7)) relative to the worker’s net wage.

Net productivity For didactic reasons, we at this point introduce the net production
function that is later used in the quantitative analysis of Section 4 as

yt (mt ) = ytm
σy
t e−λmt (14)

where σy ∈ (0,1) and λ ≥ 0. While yt is exogenous, the remaining two terms
depend on mt . The term m

σy
t captures the effect of mt on net productivity by reducing

prevention costs. In particular, a 1% increase in themortality rate is assumed to increase
net productivity by σy% through this channel. At the same time, the higher mortality
may reduce worker productivity due tomore frequent absences or reduced work effort.
This is captured by the term e−λmt . The parameter λmeasures the relative reduction in
productivity that occurs for every increase inmt by one unit. In the quantitative section,
λ will be identified as the fraction of working time lost due to non-fatal occupational
injuries and diseases relative to the number of fatal injuries.

Besides its intuitive nature, the functional form (14) is supported by empirical evi-
dence. In particular, the age-specificVSL estimates ofAldy andViscusi (2008) suggest
that the increase in log-wages paid to compensate the worker for higher mortality rises
linearly in 1

mt
. As demonstrated in Supplementary material A.5, this property is satis-

fied by Eq.14.
Substituting (14) into (13), the left-hand side becomes

y′
t (mt )

yt (mt )
= σy

mt
− λ. (15)

This makes apparent that Eq. 14 supports the two shapes of yt (mt ) allowed by
Assumption 1. For λ = 0, higher mortality does not have any detrimental effect on
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Fig. 3 Stylized illustration of the equilibrium on-the-job mortality and its response to ceteris paribus
changes in the marginal cost (A) and marginal benefit (B)

(gross) productivity and yt (mt ) = ytm
σy
t is monotonically increasing and concave.

Furthermore, yt represents the maximum attainable net productivity of the worker,
realized when mt = 1. With λ > 0, Eq.15 reveals that net productivity peaks at
m̃t = σy

λ
. For λ ∈ (0, σy], the function is still concave and monotonic on [0,1], while

it becomes unimodal for λ > σy . In this case, the positive effect of lower preven-
tion costs is outweighed by the negative productivity effect beyond m̃, such that net
productivity starts to fall.19

Graphical analysis Figure3 illustrates how the equilibrium on-the-job mortality
responds to ceteris paribus changes in its determinants. Both panels depict the equi-
librium mortality mA

t that results from the intersection of the marginal benefit curve
(MB) given in Eq.15 and the marginal cost curve (MC), which corresponds to the
right-hand side of Eq.13.

As shown in Fig. 3A, a higher value of life, VoLt |L, shifts the marginal cost curve
upwards (MC’), resulting in an equilibrium with lower on-the-job mortality. A higher
baseline mortality, on the other hand, reduces π̂t and shifts the marginal cost curve
downwards (MC”), resulting in a higher on-the-job mortality. The same happens after
a ceteris paribus increase of the current net wage (1 − τ)wt (mt ).

Ceteris paribus changes in the parameters of the net production function shift
the marginal benefit curve. As depicted in Fig. 3B, a higher elasticity σy shifts the
curve upwards (MB’), leading to a higher equilibrium on-the-job mortality. A higher
sensitivity of productivity to mortality as captured by λ, by contrast, reduces the
marginal benefit (MB”) and lowers on-the-job mortality in equilibrium.

Theeffect of age Figure3 also allows to infer how the equilibriumon-the-jobmortality
changes in age. Equation15 reveals that the marginal benefit curve is independent of
age. The marginal cost curve, by contrast, depends on age via four channels. First,

19 It is straightforward to show that yt (mt ) is concave until it reaches an inflection point at
σy+√

σy
λ

> m̃t .
Therefore, Assumption 1 is indeed satisfied.
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the baseline mortality increases in age. Second, the value of life is likely to decrease
in age as the expected remaining lifetime shortens (Murphy and Topel 2006). Both
effects push the MC curve downwards and tend to increase on-the-job mortality with
age. Thirdly, there is a wage channel. As long as wages increase in age (for givenmt ),
this results in an additional downward shift of MC. In the data, however, wages begin
to fall in late working life, such that eventually the wage channel acts dampening on
on-the-job mortality. If χ > 0, there is a fourth channel, which incentivizes to reduce
on-the-job mortality with age provided that consumption is increasing during working
life. The quantitative importance of these channels is explored in the next section.

4 Quantitative analysis

In this section, we assess the quantitative importance of the four theoretical chan-
nels that affect the age-profile of on-the-job mortality as identified in Section 3.4.
Additionally, we investigate the joint distribution of age, wage, on-the-job mortality,
and wealth generated by the model. In line with the empirical literature, our model
generates compensating wage differentials that decrease in age. Furthermore, we find
that wealth plays an important role in dampening the increase in on-the-job mortality,
especially at later ages. Finally, we discuss the effect of pension reforms and aging on
risk-taking on the job.

4.1 Calibration

We calibrate the stationary equilibrium to the US with a model period corresponding
to 1 month. All individuals start their economic life at age 20 (t = 0) and retire at
age 65 (TR = 540). We set the subjective discount rate of households to zero, β = 1,
which is a standard assumption inmodels in which there is an objective discount factor
(see for instance Lee et al. (2000); Boucekkine et al. (2002); Sánchez-Romero et al.
(2013)). Household utility is of the CRRA form,

U (c) =
⎧
⎨

⎩

c1−1/σC − 1

1 − 1/σC
for σC > 0, σC �= 1,

log(c) for σC = 1,

where σC is the elasticity of intertemporal substitution. Concerning disutility of work,
we observe that an increase in χ results in a flattening of the age gradient of on-the-job
mortality. Since the profile obtained using χ = 0 is already slightly flatter than what
we observe in the data, we set χ = 0.

The baseline age-specific survival probability π̂t follows a Gompertz law, i.e., π̂t =
exp(−απ exp(βπ ( t

12 + 20))). We choose απ = e−9.63 and βπ = 0.08185, which
allows us to match the observed life expectancy at age 20 in the year 2015 reported
by the Human Mortality Database (2023) for the US.20 The conditional probability

20 Just considering the baseline mortality, the life expectancy at age 20 would be 60.3 years.
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of dying during unemployment is mU = 1 − 0.9931/12, reflecting empirical studies
that mortality is higher for unemployed than for employed individuals (Gerdtham
and Johannesson 2003; Eliason and Storrie 2009; Sullivan and von Wachter 2009;
Paglione et al. 2020).21 To prevent that overall mortality decreases once individuals
retire, we assume mR = smU + (1 − s)[1 − exp(−4.5 × 10−5/12)]. This is the
weighted average between the conditional mortality of an unemployed worker and the
on-the-job mortality of an employed worker aged 55–65 as observed in the data. The
labor market transition rates are taken from Shimer (2005), who reports a separation
probability of s = 0.034 and a job-finding probability of p = 0.45.

The government transfers zt are tied to labor income. For t < TR , the transfer
represents unemployment benefits, which we assume to replace a share φU of average
wage income of all workers of the same age as the recipient. For t ≥ TR , agents
receive pension benefits equal to a share φR of the average wage income earned by
all workers in the economy. In our benchmark calibration, φU = φR = 0.4, reflecting
features of the US welfare system.

The aggregate production function is Cobb-Douglas, F(K , H) = K αH1−α with
α = 0.33. Capital depreciates at an annual rate of 5%, such that δ = 1.051/12 − 1.
The net productivity of a worker is specified as in Eq.14, with yt = y f (t) where
y > 0 and f (t) is the exogenous age-profile of productivity.22 For given σy and λ, the
shape of f (t) can be inferred from the empirical age profiles of wages and mortality
by noting that Eqs. 9, 14, and yt = y f (t) imply

f (t)

f (s)
= wt (mt )

ws(ms)

(
ms

mt

)σy

eλ(mt−ms ) (16)

for any working ages s and t . In Fig. 2, we have already estimated the age profile
of work-related mortality. To estimate the wage profile, we use the outgoing rotation
group data of the CPS from 2011 to 2018. First, an hourly wagemeasure is constructed
by dividing weekly earnings by average working hours. This is regressed on dummies
for age, sex, race, Hispanic origin, education, two-digit occupation, and year.23 The
estimated age-fixed effects are then averaged to the age group level and used together
with the mortality rates estimated in Section 2 to evaluate the right-hand side of Eq.16.
Finally, we normalize f (s) = 1 for age group 35–44 and fit a quadratic polynomial in
age through the five data points to obtain a smooth function f (t) = f0 + f1t + f2t2.

The parameter λ is estimated from data on work absences. Our main source is
the Survey of Occupational Injuries and Illnesses (SOII) conducted by the BLS. The
SOII captures non-fatal work-related injuries or illnesses that require medical care
beyond first aid. These incidences can lead to one or more days away from work, days
with reduced working capacity (eventually being assigned a different job) or have no
longer-lasting effects. Using the SOII data from 2011 to 2018 gives rise to λ = 612.84.

21 Our sensitivity checks show that the numerical results are robust to different choices of mU .
22 Our multiplicative specification of yt (mt ) implies that the compensation for risk-taking, w′

t (mt ), is
proportional to the worker’s wage wt (mt ). This is in line with empirical studies that estimate an income
elasticity of the value of a statistical life of around 1 (Bellavance et al. 2009; Hammitt et al. 2022).
23 We again use the IPUMS version of the CPS (Flood et al. 2021). The categories of the explanatory
variables are the same as considered in Section 2.
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The detailed estimation process is explained in Supplementary material A.6, where
we also conduct several robustness checks. Relying on the SOII to estimate λ has two
limitations. First, since the numbers are based on employer interviews, some degree
of underreporting may occur. Second, more absence days due to non-fatal incidences
are only one potential channel through which higher on-the-job mortality reduces
worker productivity. As a robustness check, we derive λ from CPS data on total work
absences, which results in quantitatively similar model outcomes. We also conducted
further robustness checks that account for additional costs of work injuries, such as
medical expenses and legal costs. These confirm that the quantitative results presented
in this section are robust to a wide range of cost estimates.

The parameters y, σy , and σC are jointly calibrated. Since the productivity level y
has a direct effect on wages by Eq.9, it is set such that the wage in age group 35–44
equals the average monthly wage of this age group in the CPS. All monetary values are
expressed in 2015 dollars. The remaining parameters σy and σC are chosen to match
(i) the average occupational fatality rate of the CFOI/CPS data and (ii) an average
value of life of 12 million dollars as estimated by Kniesner and Viscusi (2019).24 The
age-profile of mortality is not targeted in our calibration but serves to validate the
model outcomes.

The calibrated parameters are reported in Table 1. The intertemporal elasticity of
substitution σC = 0.8685 lies in the empirically plausible range and implies that
consumption increases over the life cycle at a rate of 1% per year. This is in line
with the National Transfer Account profiles of private consumption excluding health
expenditures, which exhibit growth rates between 0 and 1% in theUS.25 The calibrated
value of σy = 0.0145 implies that a one percent reduction in mortality lowers worker
productivity by 0.0129%. The calibrated age-productivity profile f (t) is hump-shaped
and peaks around age 50. The tax rate that balances the government budget is τ =
0.1976, and the equilibrium interest rate is 1.69% annually.26

4.2 Simulation results

The results shown below are based on a simulated monthly population consisting of
500 agents. To ensure that economic aggregates are independent of the simulation
sample size, the population size is normalized to 1000 in the computations. These are
ex ante identical agents born without wealth. Due to unemployment risk as well as
mortality risk, they become increasingly heterogeneous over time.

In Sections 4.2.1 to 4.2.3, we highlight important features of the marginal and
joint distributions of age, wages, on-the-job mortality, and wealth, generated by the

24 Kniesner and Viscusi (2019) in fact estimate the value of a statistical life (VSL), which captures the
willingness of workers to pay for a reduction in mortality by one death per 100,000 workers. Replicating
their estimations on simulated wage and mortality data from our model, we find that the VSL comes close
to the value of life VoL (see also Table 2).
25 See https://www.ntaccounts.org for the full database and Lee and Mason (2011) for documentation.
26 The social contribution tax rate implied by the model exceeds actual US levels. The reason is that for
simplicity, we assume a stationary model population, while the US population grows at a rate close to 1%
per year. Taking this into account, the equilibrium tax rate would drop to τ = 0.14.
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Table 1 Overview of the parameter values for the benchmark run

Parameter Symbol Value

(a) Externally set parameters

Subjective discount factor β 1

Disutility of work χ 0

Duration of working life (months) TR 540

Gompertz law for baseline mortality απ , βπ e−9.63, 0.08185

Conditional mortality in unemployment mU 1 − 0.9931/12

Conditional mortality in retirement mR smU + (1 − s)[1 − e−4.5×10−5/12]
Job separation probability s 0.0340

Job finding probability p 0.4500

Unemployment benefit replacement rate φU 0.4

Pension replacement rate φR 0.4

Output elasticity of capital α 0.33

Depreciation rate δ 1.051/12 − 1

(b) Calibrated parameters

Intertemporal elasticity of substitution σC 0.8685

Output elasticity of on-the-job mortality

– Through prevention costs σy 0.0145

– Through absences λ 612.84

Labor productivity (scale) y 693.77

Age profile of labor productivity f0, f1, f2 0.2163, 3.142 × 10−2, −2.916 × 10−4

calibrated model. Section4.2.4 explores how the age-profile of on-the-job mortality
responds to pension reforms and population aging. The descriptive statistics of the
benchmark simulation and the counterfactual experiments can be found in Table A3
in the Supplementary material. Section4.2.5 extends the analysis to a population with
two skill groups.

4.2.1 Age profiles

Figure 4 shows the simulated age profiles of three key variables: wages, wealth, and
on-the-job mortality. Panel A shows the age profile of the monthly wage, wt . The
curve is hump-shaped and due to our calibration strategy closely follows the red
points that mark the data. Panel B shows that workers accumulate wealth at in order to
finance consumption after retirement (note the different scaling of the horizontal axis
in panel B compared to panels A and C). At the individual level, the process of wealth
accumulation is interrupted by spells of unemployment, during which the individual
partly finances consumption out of savings. This explains the increasing heterogeneity
in wealth until retirement evident from the widening of the gray area. Finally, panel C
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Fig. 4 Age profiles of the monthly wage (A), wealth (B), and the on-the-job mortality rate (C). Notes: Gray
areas indicate the range of all simulated profiles. Red points indicate the data. Data source: CFOI, CPS,
own simulations

shows the on-the-job mortality rate computed as μt = −12 log(1−mt ).27 The model
generates an increasing age profile that provides a very good fit to the red points that
indicate the estimates from the final mortality regression in Section 2. Note that our
calibration only targeted the average level of the on-the-job mortality rate, but did not
restrict its age profile.

We conclude that our behavioral economic model is able to replicate the stylized
fact uncovered in Fig. 1 surprisingly well. The theoretical mechanisms that affect the
age profile of on-the-job mortality in our model have already been discussed at the
end of Section 3.4. Since χ = 0 in our calibration, only three of the four potential
channels are at work in the quantitative model. To explore their importance for the age
profile of on-the-job mortality, we state the following theoretical result. The proof can
be found in Supplementary material A.3

Proposition 1 There exists a strictly increasing map φ : R+ → (0, m̃) with m̃ = σy
λ

such that

mt = φ

(
f (t)

π̂tVoLt |L

)

. (17)

Importantly, the postulated functionφ is independent of age, such that an increase in
the argument directly leads to an increase in the equilibrium on-the-jobmortality. Con-
sistent with our qualitative insights from Section 3.4, Eq.17 reveals that the increasing
baseline mortality governed by the Gompertz law increases on-the-job mortality by
lowering π̂t . However, the calibrated parameters of the baseline survival process imply
that π̂t decreases only very slowly in age, such that π̂t = 0.999 even at the age of
retirement. Therefore, this channel turns out to be quantitatively negligible.

Equation 17 also highlights once again that mt negatively depends on the value
of life VoLt |L. As speculated in Section 3.4, the value of life decreases towards the
end of working life (compare the last row of Table 2), thereby pushing mt upwards.
The increasing pace of the reduction in the value of life also causes the age profile
in Fig. 4C to become convex at later ages. By contrast, the increase in on-the-job

27 Note that mt is the probability of dying on the job during month t , while the values reported in Fig. 1
and Section 2 correspond to annualized hazard rates μt . The values are linked through mt = 1− e−μt /12.
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Table 2 Value of a statistical life overall and by age

Dependent variable: log(monthly wage)
Age=All Age=40 Age=50 Age=60
(1) (2) (3) (4)

On-the-job mortality (per 100k) 0.0423 0.0512 0.0441 0.0382

(0.00004) (0.00002) (0.00002) (0.00002)

Mean monthly wage ($) 2,887 2,970 3,128 3,114

VSL (million $) 12.21 15.21 13.80 11.88

VoLL (million $) 11.69 12.27 11.11 9.61

Note: Regressions on simulated data. Value of a statistical life (VSL) computed as VSL = β̂×w̄×100,000,
VoLL as mean value of life (VoL) of all employed individuals

mortality at the beginning of working life is mainly driven by the wage channel, more
specifically by the concave age productivity profile f (t) in Eq.17. Since f (t) starts
to decrease after age 50, however, this channel dampens the increase in on-the-job
mortality in late working life.

Since all workers of a given age face the same age-specific productivity f (t) and
baselinemortality π̂t , Eq. 17 also reveals that the heterogeneity in risk-taking indicated
by the gray areas in Fig. 4C stems exclusively fromdifferences in the value of life. This,
in turn, results fromdifferentwealth levels. Interestingly, themortality gapwidens only
gradually over the life cycle although wealth inequality is already pronounced in the
early career. This can be explained by the forward-looking nature of the risk-taking
decision. As long as the individual is sufficiently young, an unfavorable labor market
history and accordingly low wealth could be compensated by positive labor market
shocks in the future. This becomes less likely as workers age, such that individuals
who have not yet been able to accumulate sufficient savings for retirement gradually
start to accept higher risks to boost their income.28 The relationship between wealth,
wages, and on-the-job mortality is further explored in Section 4.2.3.

4.2.2 Compensating wage differentials and the value of a statistical life (VSL)

The value of a statistical life (VSL) measures the willingness to pay for a reduction
in fatality by one in 100,000 workers over a year (Kniesner and Viscusi 2019). It
is commonly estimated from observed variations in wages and fatal injury rates. As
evident from Fig. 4, our model endogenously generates a distribution of wages and
mortality at any given age, such that we can estimate the overall and age-specific VSL
from simulated data and compare them to their empirical counterparts. Following the
literature, we estimate a hedonic wage regression of the form

log(wi t ) = αt + β(mit × 105) + εi t , (18)

28 Our choice of β = 1 ensures that the decline in the value of life, VoLt |L, is not driven by the subjective
discounting.
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wherewi t is the monthly wage of agent i at age t ,mit ×105 is the monthly probability
of dying on the job (measured in terms of per 100,000 individuals), αt are age-fixed
effects, and εi t is an error term. The average VSL is then computed as VSL = β̂ ×w̄×
105 where w̄ is the averagemonthly wage in the economy.29 Analogously, age-specific
VSL values, VSLt , can be obtained by restricting the estimation sample to specific
age groups and multiplying with the average wage of the respective age group (Aldy
and Viscusi 2008).

Table 2 shows the estimation results for the total population of workers and at three
selected ages. The positive marginal effect of mortality on wages reveals that our
model generates compensating wage differentials along the lines of Rosen (1986). In
equilibrium, workers who take more risk are compensated with a higher wage. The
point estimate in column 1 implies that workers that accept one additional death per
100,000 workers receive a 0.0423% higher wage. Multiplying this with the average
wage yields a value of a statistical life of around 12.21 million dollars, which is in
the empirically plausible range given in Kniesner and Viscusi (2019). Furthermore,
the age-specific estimations show that the wage-mortality gradient becomes flatter
with age, resulting in declining VSL values, consistent with the findings of Aldy and
Viscusi (2008).

Additional to the VSL, Table 2 also reports the average value of life, VoL, as
defined in Section 3.1. Although the computation of the two measures follow different
concepts, Supplementary material A.4 shows that given the structure of our model,
they are essentially the same. The main difference is that the VSL is based on gross
wages, while the VoL takes into account the tax on labor income.

4.2.3 The effect of wealth onmortality and wages

Asdiscovered in Fig. 4C, on-the-jobmortality becomes increasingly dispersed towards
the end of working life. Since our agents only differ by age and wealth, this indicates
that wealth affects an individual’s incentive to take risks on the job.

The effect of wealth on on-the-jobmortality andwages is depicted in Fig. 5. Panel A
plots wealth against on-the-jobmortality at different ages. It is evident that at any given
age, workers with higher wealth choose less mortality risk. At the same time, they
earn lower wages (see panel B). This is because wealthier agents rely less on a high
income to finance their consumption. They are therefore willing to give up part of their
income to increase their survival probability. This rationale can be directly inferred
from Fig. 3 since higher wealth increases the value of life. Furthermore, concavity of
the net production function at the equilibrium implies that lowermortality is associated
with a reduction in wages.

This observation implies that when all agents have the same underlying productivity
(yt ), at any given age, those who are wealthier accept a lower monthly wage income
than those who are poorer, thereby reducing their risk to die on the job. Figure5
also reveals that with increasing age, individuals are willing to trade-off wealth and
mortality at an increasing rate as the line becomes steeper. The reason is that the

29 The literature commonly uses the yearly fatality rate in Eq.18 andmultiplies the coefficient estimate with
the average annual wage. We instead use the monthly probability and multiply with the average monthly
wage. It is easy to see that both approaches to calculate the VSL are equivalent.
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Fig. 5 Simulated age profiles of the relationship between wealth and on-the-job mortality (A) and the wage
(B) at three exact ages

value of life in Eq.17 becomes more sensitive to variations in wealth as the time until
retirement shortens and less additional savings can be accumulated.

To quantify the effects observed in Fig. 5, we turn to a regression analysis and esti-
mate the following two equations for employed individuals of age t on our simulated
data,

log(mit × 105) = αm + βm log(ait ) + uit , (19)

log(wi t ) = αw + βw log(ait ) + vi t , (20)

wheremit ×105 denotes the probability of dying on the job (measured in terms of per
100,000 individuals), ait is the financial wealth, wi t is the wage level, while uit and
vi t are error terms. The estimated elasticities in Table 3 imply that a 50 year old with
10% higher wealth will choose a 2.96% lower on-the-job mortality rate at the expense

Table 3 Marginal effect of wealth on on-the-job mortality and wages

Age=50 Age=55 Age=60
(1) (2) (3)

Dependent variable: log(on-the-job mortality)

log(wealth) −0.296 −0.384 −0.491

(0.0004) (0.0003) (0.0003)

Constant 2.382 3.590 5.056

(0.004) (0.004) (0.004)

Dependent variable: log(wage)

log(wealth) −0.004 −0.005 −0.006

(0.00000) (0.00000) (0.00000)

Constant 8.094 8.113 8.121

(0.0001) (0.0001) (0.0001)

Note: Regressions on simulated data
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of a 0.04% lower wage. The elasticities are higher for a 60 year old with 4.91% and
0.06%, respectively.

4.2.4 The effect of pension reforms and aging

We can use our model to study how changes in the pension system and increases
in life expectancy affect risk-taking on the job. To this purpose, we conduct three
counterfactual experiments. In Experiment I, the retirement age is raised from 65 to
70. In Experiment II, the pension replacement rate is raised from φR = 0.4 to 0.5.
Experiment III considers a reduction in the baseline mortality by lowering the param-
eter απ from e−9.63 to e−9.79, which increases life expectancy at birth by two years.
Our main outcome of interest is the age-profile of on-the-job mortality, depicted in
Fig. 6. Moreover, we present the age-specific welfare effects in terms of the consump-
tion equivalent variation in Table 4. Additional descriptive statistics are reported in
Table A3 in the Supplementary material.

In Experiment I, we observe that a higher retirement age leads to less risk-taking
on the job, particularly in late working life. This is because later retirement increases
future expected income and therefore the value of life at all ages. This effect is stronger
at older ages than at younger ages due to a general equilibrium effect. As can be
seen from Table A3, the longer working life increases aggregate labor supply and
decreases the capital-labor ratio, which increases the equilibrium interest rate. As a
consequence, consumption shifts from younger ages to older ages, which dampens
the increase of the value of life at younger ages while amplifying it at older ages.

Fig. 6 Simulated age profiles of on-the-job mortality in four alternative simulations. Notes: Experiment I,
higher retirement age; Experiment II, higher pension replacement rate; Experiment III, lower baseline
mortality
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Table 4 Welfare effects of
pension reforms and aging by
exact age

Age Experiment I Experiment II Experiment III

20 7.68 −2.40 33.13

30 8.16 −0.96 37.74

40 8.61 0.48 43.25

50 8.98 1.93 49.65

60 9.19 3.39 56.71

Note:Welfare effects measured in consumption equivalent variation in
percent relative to the benchmark case. Experiment I, higher retirement
age; Experiment II, higher pension replacement rate; Experiment III,
lower baseline mortality

The average wage decreases both due to the lower risk-taking on-the-job and the
general equilibrium effect. Nevertheless, household labor income increases because
the lower public spending on pensions reduces the equilibrium tax rate. This increases
consumption and welfare across all ages (Table 4).30

In Experiment II, we observe that the effect of a higher pension replacement rate
on on-the-job mortality depends on the worker’s age. Workers below age 35 decide
to take higher risk, while workers above age 50 reduce their risk even more than
in Experiment I. Since higher pension benefits must be financed through a higher
tax rate, the marginal benefit of risk-taking on the left-hand side of Eq.7 decreases.
It decreases more for older workers than for younger workers because their higher
wage implies a larger monetary loss. The observation that younger workers actually
increase risk-taking is due to a general equilibrium effect. The higher pension benefits
reduce the need to save for retirement, such that aggregate wealth decreases. Similar
to Experiment I, the capital-labor ratio decreases, which leads to a higher equilibrium
interest rate. This increases the incentive to shift consumption into the future, which in
turn reduces the value of life for young workers and increases the value of life for old
workers. The general equilibrium effect dominates the partial equilibrium effect for
young workers, while for old workers both effects act to reduce risk-taking on the job.
The reaction of consumption and welfare also depends on age as evident from Table 4.

A reduction in the baseline mortality in Experiment III has a similar effect on the
age profile of on-the-job mortality as delaying retirement in Experiment I. The lower
baseline mortality reduces the marginal benefit of risk-taking on the left-hand side
of Eq.7 directly as well as indirectly through a higher value of life. In contrast to
Experiment I, the tax rate increases as the share of retirees in the stationary population
rises. This additionally reduces the incentive to take risk on the job, although the
(gross) wage increases due to a general equilibrium effect. Compared to Experiments
I, the reduction in on-the-job mortality is more balanced across the life-cycle. This is
partly due to the lower interest rate, which increases the value of life at younger ages,
while reducing it at older ages. While average consumption decreases due to a lower

30 Importantly, we observe that whether a higher retirement age results in higher or lower on-the-job
mortality depends on the response of wealth, which could go either way. Table A3 reports no substantial
change in average wealth levels. If the effect on savings were sufficiently negative, however, individuals
would find it optimal to take more risk when the retirement age is raised.
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Table 5 Welfare effects of pension reforms and aging by skill group and exact age

Age Experiment I Experiment II Experiment III
Low-skilled High-skilled Low-skilled High-skilled Low-skilled High-skilled

20 5.63 11.51 −3.15 −0.42 31.68 36.19

30 5.97 11.99 −1.80 0.88 36.20 40.76

40 6.25 12.48 −0.46 2.17 41.66 46.20

50 6.42 13.00 0.89 3.48 48.03 52.50

60 6.32 13.57 2.26 4.82 55.12 59.42

Note: Welfare effects measured in consumption equivalent variation in percent relative to the benchmark
case. Experiment I, higher retirement age; Experiment II, higher pension replacement rate; Experiment III,
lower baseline mortality

net wage and the need to finance the additional years of life, the longer life expectancy
substantially increases welfare at all ages (see Table 4).

It is evident fromTableA3 that all our experiments result in a decrease in the average
on-the-job mortality from 3.11 deaths to 3.00–3.03 deaths in 100,000 workers over a
year. As discussed above, this effect is not homogeneous across the age distribution.
A higher retirement age as well as a reduction in baseline mortality, which could be
driven by medical advancements, reduces on-the-job mortality for all workers. The
reduction is generally more pronounced at older ages because the incentive to take
risk is more strongly affected. A higher pension replacement rate, on the other hand,
does not benefit all workers.While the drop in on-the-job risk of older workers is more
pronounced than in the other experiments, younger workers are inclined to take more
risk due to an opposing wealth effect. They are also worse off in terms of welfare as
evident from Table 4.

4.2.5 The effect of pension reforms and aging with two skill groups

In this section, we investigate the effect of pension reforms and aging on risk-taking
on the job when the population consists of two skill groups (low-skilled and high-
skilled). The model calibration involving two skill groups and the outcomes for the
benchmark scenario are presented in Supplementary material A.7.31 For comparison,
we implement the same three counterfactual experiments as in the previous subsection.
The resulting age profiles of on-the-job mortality by skill group are depicted in Fig. 7,
and the corresponding welfare effects are given in Table 5.

Figure 7 is divided in three panels. The upper panel displays the age-profile of
on-the-job mortality for the low-skilled group, while the middle panel presents the
corresponding profiles for the high-skilled group in each experiment. Note that the
on-the-job mortality rate for the low-skilled group is nearly ten times greater than
that of the high-skilled group. To assess the differential impact of each experiment on

31 Similar to Figs. 4, A4 in Supplementary material A.7 shows that our model is capable of generating age
profiles of wages, wealth, and on-the-job mortality rates that fit well the data for two skill groups.
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Fig. 7 Simulated age profiles of on-the-job mortality in four alternative simulations with two skill groups.
Notes: Experiment I, higher retirement age; Experiment II, higher pension replacement rate; Experiment III,
lower baseline mortality
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both skill groups, the lower panel shows the mortality gap, i.e., the difference in the
on-the-job mortality rate of low-skilled and high-skilled workers.

This panel reveals that all three experiments lead to a reduction in the mortality
gap between the two groups when compared to the benchmark. This is because our
calibration implies that reducing mortality is relatively more expensive for low-skilled
workers than for high-skilled workers due to a higher output-elasticity of on-the-job
mortality. In addition, low-skilled workers are more willing to give up wages with
increasing wealth (see Table A6 in the Supplementary material). In Experiments I
and II individuals do not need to accumulate as much wealth as in the benchmark,
which facilitates giving up wage income to reduce risk-taking. Given that this effect
is stronger for low-skilled workers than for high-skilled workers, the mortality gap
across skill groups is reduced. By contrast, in Experiment III, the value of life of both
skill groups increases relative to the benchmark (see Table A7 in the Supplementary
material). Since low-skilled workers have a comparatively higher output elasticity of
on-the-job mortality, an increase in the value of life leads to a stronger reduction of
on-the-job mortality for low-skilled workers than for high-skilled workers.

Figure 7 also reveals that Experiments I and III exhibit more pronounced reductions
in the mortality gap at younger ages than at older ages, whereas Experiment II show-
cases a stronger reduction in the mortality gap among older individuals compared to
younger individuals. These age-specific variations in impact can be attributed to the
same underlying factors as explained in Section 4.2.4.

Although themortality gap between low-skilled and high-skilledworkers decreases
in all our experiments, Table 5 shows that high-skilled workers benefit more than
low-skilled workers in terms of welfare. This is especially true for Experiment I,
where a higher retirement age is assumed. This observation aligns well with recent
findings, which show that when the normal retirement age is extended in a population
characterized by a different life expectancy across skill groups, high-skilled workers
tend to experience greater welfare gains than low-skilled workers (Sánchez-Romero
et al. 2020, 2023).

5 Conclusion

Every year, more than 250,000 workers loose their lives due to work-related injuries
or diseases in the US and the EU28 combined (Leigh 2011; European Agency for
Safety and Health at Work 2017b). The incidence of occupational mortality is not
equally distributed in the population. Not only mortality from work-related diseases
increases in age, but also mortality from work-related injuries. This pattern remains
even after controlling for occupation and a broad set of demographic characteristics.
It runs counter the well-documented evidence that individuals reduce risks as they age
(Dohmen et al. 2011; Rolison et al. 2014; Josef et al. 2016). To rationalize the age
pattern of the occupational fatality rate from injuries, we present a life-cycle model
where workers endogenously choose the mortality risk involved with their job. In
equilibrium, workers face a trade-off between wages and on-the-job mortality. Our
calibrated model is able to replicate the increasing pattern of occupational fatality risk
in the US, suggesting that two mechanisms are at play. First, older workers’ relatively
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higher wages make reductions in risk-taking more costly for them in monetary terms,
increasing the marginal cost of risk reduction. Second, older workers have a lower
value of life, such that the monetized utility that they lose in case of a deadly inci-
dent is lower compared to a younger worker. Therefore, the marginal benefit of risk
reduction is decreasing in age. Both factors contribute to the increase in risk-taking
observed in the data. Besides age, we find that individual wealth affects the optimal
degree of risk-taking on the job. At any given age, wealthier individuals choose a lower
on-the-job risk at the expense of lower wages. As a result, our model endogenously
generates a mortality differential between individuals with a stable labor market his-
tory and workers who have been frequently unemployed. Finally, we explore three
counterfactuals and their effect on the age pattern of on-the-job mortality. We observe
that while an increase in pension benefits leads to the strongest reduction in on-the-job
mortality of older workers in quantitative terms, it spurs higher risk-taking for younger
workers. A higher retirement age as well as a reduction in baseline mortality, by con-
trast, benefits all workers. When the model is extended for two skill groups, all three
counterfactuals act to reduce the mortality gap between low-skilled and high-skilled
workers.

While our model is built on the premise of a frictionless labor market where on-
the-job mortality is purely determined by the interplay of worker and firm incentives,
additional channels may be at play in the real world. For instance, workers’ influence
overworking conditionsmaybe limited by search frictions.As search frictions increase
in age, reducing mortality risk may become increasingly difficult for older workers
due to a lack of alternative jobs. Kerndler (2023) analyzes a stationary model with
search frictions and finds that the equilibrium level of on-the-job mortality indeed
increases in the severity of the frictions. However, the frictions affect on-the-job risk
only indirectly via the worker’s value of life. This suggests that the decreasing value
of life would still be the driving force behind the increasing age profile of on-the-job
mortality even if our model were extended for search frictions. The increasing search
frictions would mainly lead to a faster decline in the value of life without changing
the basic mechanism.

An alternative explanation for the observed age pattern in fatal work-related injuries
is increasing frailty or deteriorating health over the life-cycle. While we have shown
that current health status does not significantly affect occupational fatality rates once
other factors are controlled for (see Table A1 in the Supplementary material), negative
health impacts may affect an individual’s risk-taking incentive in a dynamic way.
Since younger workers anticipate that health deficits incurred early on in life can have
a long-lasting impact on health and labor market outcomes, worker’s incentives to
take risk may grow even stronger in age compared to our framework. In practice, this
may be partly counteracted, however, by the fact that workers are more likely to be
borrowing-constrained in their early careers, which gives them an additional incentive
to increase their income by accepting more risky jobs. While also this channel is not
explicitly modeled, our model endogenously gives rise to workers with lower wealth
taking higher risks due their lower value of life.

In future research, it could be worthwhile to assess the quantitative contribution of
some of these additional channels in shaping the age-profile of work-related mortality.
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