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Abstract The economic aspect of health and safety at work is increasingly gaining attention as a key factor
influencing relevant policy, both in social and corporate level. Currently, this research is focused on the
estimation of the large social costs of occupational accidents and diseases, as well as to the economic
evaluation of interventions for health and safety at work, aiming to awareness raising of decision makers in
government and enterprise level respectively. Several issues concerning the accuracy of these estimates, as
well as their usefulness as a tool, rather than as a reference, in decision making are presented and discussed.
Alternatively, the research on externalization of costs and inequalities is proposed as a direction of research
that could offer more for decision making on Occupational Health and Safety policy.
Keywords Economics of Health and Safety; cost of occupational accidents and diseases; occupational
accidents and the Economy.

1. INTRODUCTION
The economic aspect of Occupational Health and Safety (OHS) is a popular topic of scientific and
"grey" literature. The economic implications of health-related risks at work are always of interest in
academic and public debate. Relevant research can be found since the early 20th century.
Emphasis on the topic has increased lately, as OHS evolves from a technical/medical to a more
strategic/managerial approach, engulfing elements from social sciences, such as Psychology (human
error, risk perception, safety culture), Economics, etc. A series of studies from the European Agency
for Safety and Health at Work (EU-OSHA) and the International Labor Organization (ILO) aim to
gather and update knowledge in various aspects of the topic, while the number of countries that
systematically estimate the costs of their workplace accidents and diseases is increasing.
The aim of these studies, as well as of the relevant research, is to influence policy making in OHS.
However, apart from presenting large cost estimates as an "eye-opener" for enterprises or
governments, influencing decision making requires certain tools and techniques that will support or
oppose certain alternatives on the basis of these calculations (e.g. certain policies that will be adopted
or rejected if the cost estimates are say 10% higher or lower respectively), which is further than the
argument that "when new policies to promote workers' protection are developed, their economic costs
are usually considered, at least implicitly" [1].
The aim of this paper, is to outline and critically discuss the state of the existing research in the topic
and its contribution to policy making and understanding OHS, as well as to propose suggestions to
improve this contribution.
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Following the general distinction of Economics into macro and micro, research in the topic is usually
divided in two directions:
•Estimation of the overall cost of occupational accidents and diseases at the social level.
•Economic evaluation of OHS interventions at the enterprise level.
Another relevant topic of research that can significantly contribute to the discussion will be examined
here as a third direction: The impact of the economic cycle on occupational accidents.
The state of research in each one of these three directions will be shortly presented and discussed
separately, whereas suggestions for further research and contribution to policy making will be
presented together.
2. MAIN DIRECTIONS OF RESEARCH
2.1. Estimation of the overall cost of OHS at the social level
The interest for the study of the cost of occupational accidents and diseases at the social (national)
level started in 1970’s [2]. Ever since, a number of studies attempted to estimate these
"socio-economic" costs.
Andreoni [3] reviewed 10 similar studies before 1980 estimating cost between 0.87-3.25 of GDP,
whereas Beatson and Coleman [4] identified 9 studies of the 1990s estimating costs between
1.2-10.1% of GDP. Leigh et al. [5] estimated these costs to around 3% of GDP (his update for 2007
estimated them up to 1.8% of GDP - [6]).
EU-OSHA [7] quotes cost estimates from 12 EU countries that range between 0.4% (Ireland,
Portugal) to 4% (Sweden). Studies for other countries estimated the costs for New Zealand for 2005
at about 3.4% [8] and for Singapore at around 3.2% [9] of GDP.
In their periodical reports, Safework Australia [10] estimates costs between 4.1 and 5.9 percent of
GDP), whereas the Health and Safety Executive (HSE) [11] estimates the financial impact of
workplace injuries and illnesses to around 0.8 % of the GDP in UK, excluding cancers. Similarly, the
ILO estimates that 4 % of global GDP is "siphoned off" by work-related accidents and illnesses [12].
Although there is a general consensus that comparison, generalization or extrapolation of the results
of different studies to other countries involves significant risks, there is a convergence of the final
estimates around the one proposed by ILO. Although this convergence has made these values an
almost undeniable standard in research and public debate, they still represent a very large
"astronomically high figure" [13], given that occupational accidents and diseases represent 5-7% of
fatalities in industrial countries and even less in developing ones [14, 15], or else 2.7% of all world
Disability Adjusted Life Years (DALYs) [16]. This value would still be high even if the whole GDP
was related to DALYs.
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Some conclusions can be drawn by the analysis of the cost estimates of these studies (where
available). The greatest part concerns intangible costs (e.g. pain and suffering) that are sometimes
taken into account (HSE) and sometimes not (e.g. Safework). These costs may vary due to different
methods for measurement. The remainder is dominated by lost wages that account for more than 75%
of the tangible cost (either taken account as lost productivity or human capital).
The dominance of the wage-related cost element makes results very sensitive to alternative
approaches for taking it into account. Literature is divided between supporters of the human capital
method and the friction cost method. According to the former, the cost of absence from work equals
to the respective wages that represent the foregone productivity. According to the latter, the tasks will
be undertaken by another worker and the real cost is the differential (overtime or hiring and training
costs). In other words, the victim and an unemployed person will just switch places in employment
and social benefits.
Given the dominant share of wage-related cost to the total, the choice of the one or the other method
defines the order of magnitude of the final estimate. The friction cost method obtains estimates that
could be as low as 20% [17] of those obtained using the human capital method.
The human capital method would be ideal for an economy of zero unemployment. However, the
existence of unemployment is still not an assurance that an injured worker will be replaced by an
unemployed person [18]. Although no work-post is left vacant in the long term, the situation is
different for jobs requiring particular skills. The proportion of these jobs in the economy and whether
these jobs involve higher or lower exposure to occupational risks is an important criterion for
choosing one method or the other or a mix of them and an interesting subject for future research.
The vast majority of the relevant studies follows the incident-based approach (estimation of all future
costs of incidents occurring within one year) rather than the prevalence-based approach (estimation of
costs occurring within one year for all previous incidents), as the latter suffers from a severe backload
of costs [19]. Nevertheless, a parallel estimation with prevalence-based approach could be useful in
cross-checking the order of magnitude of estimates, as future projections can involve several
uncertainties.
The cost for the society is estimated as the sum of the costs for the government, the enterprises and the
workers. Although some of these studies have efficiently dealt with double counting (which might
still be present in minor costs), adding costs from different perspectives still involves important risks.
Factors like economies of scale or expertise can differentiate the cost of the same element (e.g. if
medical costs are undertaken by the victim or the national health system).
One cost that is referred to in literature [20] but not taken into account in relevant social cost estimates
is the cost of out-of-work activities. After their shift workers also have significant duties, such as care
of children or elderly parents (especially disabled ones), voluntary work, etc. A disabled worker
should assign these duties to an external service. Surprisingly, this unbearable cost will rather add
than reduce GDP, as this service will then involve an economic transaction.
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This example underlines an important shortcoming of these studies: a static perception of the
economy [21], which ignores fundamental principles of Economics, such as that total expenditure
(either in prevention or treatment of health impairment) does not equal societal economic costs. In
other words, it "cannot be interpreted as a loss of GDP because health expenditure forms part of
GDP" [22].
Therefore, the expression that a percentage of GDP is "lost" or "siphoned off" would be more
accurately described as "the costs that various stakeholders bear are equal to this percentage of GDP".
Similarly, the expression "cost of poor OHS" would be better described as "costs related to
occupational accidents and diseases", since the former implies that:
 by a "non-poor OHS", people would somehow become invulnerable for eight hours daily,
 if costs are higher for a developed country (which usually is the case) then its state of OHS is poorer.
2.2. Economic evaluation of OHS interventions at enterprise level
Another direction of research of the economic aspect of OHS is in the micro level, where the
economic feasibility of OHS interventions is examined through case study research. The focus is on
the enterprise, where certain OHS interventions are applied and evaluated.
An advantage of this direction of research is the availability and accuracy of data, compared to the
studies of Paragraph 2.1 that use national aggregated data. Researchers can analyze in depth various
economic aspects of an intervention and their impact on the final result.
The most documented of these studies use Randomized Control Trials (RCT) to assess the health
impact of the interventions, before it is translated into economic values. These studies have been
systematically reviewed in the works of Tompa et al. [23] and Verbeek et al. [24]. Moreover,
qualitative studies also exist in literature (e.g. [25, 26]).
However, there are challenges for these studies too. An important one is the extent to which economic
benefits of the intervention can be considered as OHS-related [24]. The economic impact of the
intervention may come to a greater or lesser extent through improvement in OHS, as it can also come
from other operation-related aspects affected by the intervention.
The choice of time horizon is also an important challenge. This is usually dealt with short term
evaluation (e.g. using pay-back period instead of Net Present Value), which, however, means that
long-term implications are not taken into account. This practically excludes OHS interventions on
diseases with greater latency period. Therefore, it does not come as a surprise that most of the
interventions in literature are about musculoskeletal disorders (MSD) or accidents.
Publication bias is another common drawback in such studies [23, 24]. The vast majority of the
published cases show "profitable" interventions, which also explains why most of interventions in
literature aim to certain ("profitable") OHS issues. However, and besides some oversimplified
statements in "grey" literature, OHS interventions cannot always be beneficial, as such a phenomenon
would violate fundamental economic principles [27].
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On one hand, an intervention can either be successful or not in terms of OHS improvement [28, 29,
30, 31]. On the other hand, like all other interventions, it can either be economically profitable or not,
regardless of its OHS-related impact.
The main factors that affect the profitability of an OHS intervention are the type of intervention
(organizational, technical, etc.), the scope and type of OHS issue (overall OHS, MSDs, accidents,
skin disorders, etc.), the size of investment (capital employed), workers' participation and the method
of measurement and assessment [26].
The main weakness of these studies is that generalizations to other interventions (or even to a
different context for the same intervention) are problematic. Even well structured (RCT) studies are
limited to a narrow spectrum of parameters as it is hard to replicate all the factors affecting an
intervention. This fact reduces the use of such studies for policy making.
2.3. The impact of the economic cycle on occupational accidents
An older but less developed direction of research examines the reverse relation between Economics
and OHS, i.e. the impact of the economic cycle on occupational accidents. It includes econometric
analyses with economic indices (GDP, unemployment rate, etc.) as an independent variable and
occupational accidents (total or fatal) as the dependent variable. A relevant literature review can be
found in [32].
This research started with the work of Kossoris [33], who found that (reported) accidents at work
increase when employment was also increasing in the manufacturing sector in the US. He attributed
this relation to four factors:
•Decreasing job tenure (inexperienced workers) in economic upturns.
•Increasing work intensity in upturns.
•Vintage capital (e.g. old unsafe machinery) employed in upturns.
•Increasing under-reporting in downturns.
On the contrary, Nichols [34], emphasized on the vulnerability of workers in economic downturns,
which reduces their bargaining power to demand better working conditions and consequently
increases risks. Since labor is a scarce resource in economic upturns:
•the number of occupational accidents should decrease as costs of absenteeism or replacement
increase [35]
•workers are in better situation to claim and obtain better working conditions [34].
The pro-cyclical patterns found in previous works were attributed to a lag between economic
downturns and unemployment.
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This controversy partly reflects the dispute over which parameters of the economic cycle actually
affect accident rates. A part of the relevant literature focused on unemployment [36, 37, 38, 32, 39] or
employment rates [40, 41], GDP per capita [42, 43, 44, 45, 46] or a set of indices [47]. Many of these
studies examine data for fatal accidents as a more reliable proxy, since they are not as susceptible to
underreporting [48, 37].
This dispute (over solid numerical patterns) also reflects that this direction of research is much less
developed than the other two, mainly due to its insufficient theoretical background. The most
important problem of this research is the need for long time data series that are difficult to obtain and
that also are affected by changes in work environment, sectoral structure, technology and medical
evolution (e.g. a fatal accident of the 60s may not be fatal nowadays).
Another silent assumption of this research is that accidents are exclusively defined by the economic
cycle, which leads to ambiguous conclusions. Factors like improvement in regulation, management
techniques, technological evolution of equipment, etc. have a consistent effect on accidents
regardless of the economic cycle, which can be represented by a linear or other monotonic curve. The
effect of the economic cycle should then be assessed as a deviation from the expected curve, rather
than as a standalone value. This assessment should be conducted separately for every sector of the
economy, to avoid the effect of the changes in sectoral structure of the economy over time.
The development of this direction of research, which examines the relation between OHS and the
Economy from the reverse point of view, could help in better understanding of this relation as well as
to provide better projections for planning and policy making. Nevertheless, this effect can only be
limited, since this research focuses only on accidents (or even more, fatal accidents) without taking
long latency period diseases into account.
3. SUGGESTIONS FOR RESEASCH
3.1. Impact on policy making
There is general consensus in literature that market mechanisms do not suffice to ensure optimal OHS
for workers and thus government intervention for improvement of OHS is necessary to provide
motives [49, 50, 51]. Since work is an economic activity, all issues related to this (i.e. OHS) cannot be
efficiently dealt with unless their economic aspect is systematically examined [26].
According to the EU-OSHA/ILO study [52] the main role of OSH Economics in policy making is:
a) awareness raising
b) understanding the distribution among stakeholders
c) comparing the costs of action and inaction
d) identifying priorities (e.g. sectors)
10
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e) identifying the linkages between OSH and other policy interventions.
Most emphasis has been given to the first point (a). Measuring the social costs of poor OHS is
expected to raise awareness for governments to take action for OHS regulation and initiatives, as well
as showing that "safety pays" is expected to raise awareness for enterprises.
The usefulness of such Cost of Illness studies in general with regards to policy making has already
been criticized [53]. Beside these deficiencies, after four decades of presenting very high estimates of
this cost, this argument must have exhausted its influence potential.
The distribution of costs among stakeholders (b) has been discussed in all relevant literature and it is
present in all studies estimating total social cost. However, its major issue for policy making, the
externalization of costs from enterprises to workers and governments, has not been particularly
researched. This issue is further discussed in Paragraph 3.2.
To assist decision making, an economic study should present the cost of both alternatives (c). The
reduction of accidents and diseases and of their cost, will come as a result of efforts that will have an
implementation cost. The difference between these costs is the net cost, which defines the economic
motive. Studies that would estimate the "cost of OHS" along with the "cost of non-OHS", are required
to document decision making. Such cost can be found in enterprise-level studies (Paragraph 2.2) or
some certain case studies (e.g. [54]) but not in the social level (Paragraph 2.1).
The necessity to focus separately on different sectors (d) has also been emphasized in earlier studies
[55]. However, despite some sector-focused studies (mainly by Leigh) there has not been sufficient
relevant research, at least to the extent that would allow for cross-sector comparisons. Nevertheless,
such a distinction is necessary as OHS (and its cost) issues are quite different between different
sectors and the aggregation could confound the true picture.
The last point (e) emphasizes the need for integrating OHS into a general policy. Such a step would
require economic evidence and conclusions on certain as well as general OHS policy issues that
would advise or guide the decision makers. However, this is not the case, even in the most developed
countries. The same study [52] concludes that "To be honest, policy integration has played only a
very minor role in OSH programming in the industrialized countries."
3.2. Proposed directions for research
In this paper, it is claimed that focus should rather be set on cost externalities that can provide certain
economic motives to complement OHS regulation. The most common form of externalization has to
do with costs transferred from enterprises to the victim or to the government, due to the non-existence
of an OHS insurance scheme, or due to fixed insurance premium that is not depended on safety
performance (experience rating) or due to increased under-reporting of accidents, which varies
between different countries [56, 57], economic situations [33], types of incidents [58] or sectors [59].
Cost shifting can also take place from an enterprise to the other. Such examples are sub-contracting of
activities (and risks) or vacancy chains (i.e. when a vacancy caused by an illness or accident is filled
by employed job-seekers of other enterprises).
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In a wider view, externalities should be seen in a wider view of risk dumping, including transfer of
risks from one enterprise to another (sub-contracting) or from one country to another. Although it is
expected that enterprises in countries with lower working standards should be more competitive as
they bare lower costs to obtain these conditions, these countries show up low in the ranking of
competition [60].
This could be partly attributed to the fact that they simply externalize their OHS costs, that are shifted
to the society in higher levels (due to lack of economies of scale and expertise) as costs of accidents
and diseases that will deteriorate the overall competitiveness of the economy.
Proper policy making should lead to interventions that are feasible, fair and favor healthy
competitiveness. Such policies require a proper mix of regulation and economic motives, on the basis
of who bears the costs and/or enjoys the benefits. Research could help shedding light on these issues
by revealing the magnitude and distribution of all costs. Such an effort could change the priorities of
each existing direction of research:
1. Definition of the "net" relationship between unemployment or output and the workplace accidents,
with proper econometric models that will exclude the impact of other factors. This could be achieved
with different studies per sector taking into account an enduring linear reduction trend that represents
advances in technology and regulation.
2. Targeted enterprise-level pilot studies aiming to reveal the magnitude and distribution of costs
(either directly OHS-related or not) and benefits for certain examined or planned interventions at the
national level.
3. COI studies for certain OHS issues and certain sectors, identifying the costs for each stakeholder,
with parallel studies for the costs of the intervention and their distribution to stakeholders.
By providing this input to policy making, certain feasible OHS policies can be planned, implemented
and evaluated and appropriately amended depending on changes in external factors, such as
unemployment or growth in certain sectors or the Economy as a whole.
4. CONCLUSION
The economic evaluation in health issues aims to assist decision making by identifying and analyzing
[61]:
a) The order of magnitude of costs.
b) Different alternatives.
c) Different perspectives.
Currently, research in OHS Economics is focused on revealing the overwhelming social costs of
occupational accidents and diseases at the social level (a) and the profitability of OHS interventions in
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enterprise level, aiming to act as an "eye-opener". A number of uncertainties regarding the estimation
of social costs has been presented. Moreover, the appropriateness of using estimates as a percentage
of GDP has been critically discussed.
Decision making requires estimates of the net cost of action or inaction of alternatives (b), which
would require studies for the cost of reducing accidents and diseases, not only at the enterprise level,
but also at the social level.
In this paper, it is claimed that governments and enterprises are efficient in identifying huge costs or
sources of economic benefits; even if there were not, the multitude of such studies for the last four
decades would have convinced them.
Therefore, it is proposed that the focus of relevant research be on investigating and leveraging
economic motives (either at the social or at the enterprise level) in order to set the proper incentives,
and to understand the mechanisms that could make it necessary to revise them as economic and social
conditions change. The aim is to improve the distribution of costs to the stakeholders (c) in order to
minimize the inequalities and loss of competitiveness due to externalization of costs of accidents and
diseases.
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