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Cost of Compensated Injuries and Occupational Diseases
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Stephen J. Reynolds, PhD

Pentti Saarimäki, MS
Craig Zwerling, MD, PhD

ABSTRACT. Although agriculture is one of the most hazardous industries, the costs of agricul-
tural injuries and illnesses are not well known. This study aimed to determine the cost burden from
compensated injuries and occupational diseases in Finnish agriculture using workers compensa-
tion records.

The incidence rates in 1996 were 7.4/100 for injuries and 0.61/100 for occupational diseases.
Men had a higher risk of injury (RR = 1.89; 95% CI: 1.81-1.97), but a lower risk of an occupational
disease (RR = 0.68; 95% CI: 0.60-0.78), compared to women. The total cost burden was €75 (Eu-
ros) per person in 1983, increasing to €215 in 1999. The total insurance cost in 1996 was €23.5
million consisting of medical care (16%), per diem (lost time compensation within one year from
the incident) (37%), pension (lost time compensation after one year from the incident) (23%), sur-
vivors pension (3%), impairment allowance (7%), rehabilitation (6%), and other costs (9%). The
total cost was 0.7% of the national gross farm income and 2.2% of the net farm income. The mean
cost of 1996 cases was €1340 for injuries and €6636 for occupational diseases. Injuries repre-
sented 92% of the claims and 71% of the total costs. Occupational diseases represented 8% of the
claims and 29% of the costs. Twenty percent of the most severe claims represented 79.5% of the
total insurance costs.

Injuries and occupational diseases result in significant costs in agriculture. Lost time was the
largest cost item. Overall, injuries were more costly than occupational diseases. This study indi-
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cates that the 20%-80% rule applies to agricultural injury and illness costs, and from the cost stand-
point, it is important to focus prevention efforts on the most severe incidents. [Article copies avail-
able for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address:
<docdelivery@haworthpress.com> Website: <http://www.HaworthPress.com> © 2005 by The Haworth
Press, Inc. All rights reserved.]

KEYWORDS. Agriculture, injury, occupational disease, insurance, workers compensation, in-
jury cost, occupational disease cost

INTRODUCTION

Although agriculture is one of the most haz-
ardous industries, the costs of agricultural inju-
ries and illnesses are not well known. Self-em-
ployed farmers are typically not covered by
workers compensation, and therefore claims
data for them are not available. Health insur-
ance may cover the treatment of farm injuries
and illnesses, but lost time and indirect costs
may not be covered, and the work-relatedness
of the incidents may not be determined. Fur-
thermore, private insurers may not publish cost
data as they consider them proprietary informa-
tion.

Injuries place a significant burden on the
economy. In the United States, work-injury
costs have been estimated at 1.3%1 or 1.8%2 of
the gross domestic product (GDP).3 The eco-
nomic losses fromoccupational injuriesand ill-
nesses rival those from cancer and heart dis-
eases. In U.S. agriculture, the injury costs have
been estimated at $4.573 billion, which was
2.8% of the value of agricultural products sold,
and 15.0% of the net cash returns in 1992.4,5

This estimate is very high, and further research
isneededtoexamineagricultural injurycosts.

It is in the interest of farmers, family mem-
bers, insurers, and society as a whole to reduce
injuriesandillnesses.Current lackofcost infor-
mation limits risk assessment efforts, and pol-
icy decisions are often made with little knowl-
edgeof themagnitudeof theproblem.Accurate
cost information would be valuable for sizing
and targeting research and prevention efforts.

This study aimed to quantify compensated
agricultural injury and illness costs. The Finn-
ish farmers workers compensation system pro-
vided a unique opportunity for this research.
Since 1982, Finnish farmers have had a manda-
tory workers compensation program. It covers

all farmers and provides a broad range of bene-
fits. The system is well establishedand well uti-
lized. Large databases, detailed coding sys-
tems, and effective quality control procedures
enable accurate cost analysis over a long period
of time.

METHODS

Injury and occupational disease rates were
calculated using 1996 incidents (n = 10,922)
and the mid-year population (n = 137,002). An
injury is described in MATA as a sudden unex-
pected forceful event with an external cause,
which results in bodily damage or an ailment,
and which occurs in the course of agricultural
work. Occupational diseases are specific ill-
nesses defined by legislation, which are proba-
bly predominantly due to specific physical,
chemical, or biological factors associated with
work. They include respiratory diseases (farmers
lung, occupational asthma, rhinitis), cumulative
trauma/repetitivemotioninjuries(epicondylitis,
tenosynovitis), skin diseases (allergic and irri-
tant contact dermatitis), zonooses, and hearing
loss. Low back pain is compensated as an in-
jury.

Two primary methods were used to examine
injury and illness costs. Method 1 provided the
actual claim cost from 1983 to 1999, adjusted
for inflation.Thismethodshowedtheevolution
in the insurance cost and benefit structure. It
also established the historical cost burden to the
insured persons over time. Method 2 provided
an estimate of the costs for injuries that oc-
curred in 1996. This estimate included benefits
paid up to the data extraction point, as well as
estimated future payments for long-term dis-
ability cases.
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Setting

Finland is the worlds most northern agricul-
tural nation with self-sufficient production of
major grain and livestock commodities. Small
family farms are common and Finnish farmers
have a broad range of social insurance pro-
grams, including national health care, health
insurance, old-age pension, earnings-related
pension, and a workers compensation insur-
ance.6 Farmers Social Insurance Institution
(Mela) administers the workers compensation
program, which is mandatory for 18-64 year-
old self-employed farmers, fishermen, and rein-
deer herders, as well as family members earn-
ing more than €2532 (Euros in 2001)7 from the
family enterprise. The premiums are based on
insured farm income, which is determined by
Mela, reflecting the value of the work con-
ductedonthefarm.Arable land, forestland,ani-
mal production, taxable income, and personal
adjustments are considered in the assessment,
and the farm income is divided in most cases
equally between the spouses or owners. The in-
come is adjusted annually by a specific cost-
of-living and wage index.8

Data

This study was conducted based on a re-
search agreement between The University of
Iowa and Mela. The descriptive study of the an-
nual cost burden (Method 1) was conducted us-
ing Melas administrative data from 1992 to
1999. The estimation of 1996 injury and occu-
pational disease costs (Method 2) was con-
ducted using 1996 claims records (N = 10,922).
The data were extracted from the claims data-
base on August 1, 2000, and compensated costs
up to that point were included. This time lag en-
abled including at least three years of accumu-
lated costs from long disabilities after the inci-
dent year. The present value of permanent
pensions was included, as determined by Mela.
All costs were converted from the Finnish cur-
rency, Markka (FIM) intoEuros. StartingJanu-
ary 1, 2002, the Euro has been the official
currency of Finland.

Statistical Methods

Injury and occupational disease rates were
constructed using 1996 incidents and the in-

sured mid-year population. The rates among
men and women were compared using the
chi-square test. The annual insurance cost bur-
den (Method 1) from 1982 to 1999 was com-
piled from administrative data, and actual costs
were adjusted for inflationusing theFinnish of-
ficial cost-of-living and wage index for social
insurance programs (known in Finland as the
TEL index). Annual costs per insured person
were calculated using the actual paid benefits
andthemid-yearpopulations.Thismethodpro-
vided the annual cost burden per insured per-
sons over time. The estimation of the cost for
1996 cases (Method 2) included actual paid
benefits up to the data extraction point, as well
the present value of future costs.

RESULTS

Injury and Occupational Disease Rates

The 1996 injury rate was 9.1/100 for men,
4.8/100 for women, and 7.4/100 for both. The
occupational disease rate was 0.51/100 for
men, 0.75/100 for women, and 0.61/100 for
both. Men had a higher risk of injury (RR: 1.89,
95% CI: 1.81-1.97) but lower risk of occupa-
tional disease (RR: 0.68, 95% CI: 0.60-0.78),
compared to women. Especially farmers lung,
asthma, dermatitis, and epicondylitis rates were
higher in women. Figure 1 shows the injury and
occupational disease rates by gender. Figure 2
shows the injury and occupational disease rate
development from 1983 to 1999, as well as the
development in total claim costs.

Special Features 23

10

9

8

7

6

5

4

3

2

1

0

C
as

es
/1

00
P

er
so

ns

Women WomenTotal Total TotalMen Men

Occupational Diseases All ClaimsInjuries

4.8

9.07

7.37

0.75 0.51 0.61

7.97
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Method 1: Annual Insurance Cost Burden

Figure 3 shows theannual insurancecosts by
benefit category. The total cost burden per in-
sured person increased from €75 in 1983 to
€215 in 1999. The costs increased rapidly in
the 1980s, but appeared to stabilize in the
1990s. The annual insurance cost consist of
paid benefits for new cases, as well as old cases
from previous years, which continue to require
medical care, rehabilitation, or pensions. The

reasons for cost increases were outside the
scopeof thisstudy,butcouldincludechanges in
population, incidence rate, claim severity, ac-
cumulation of long-term disability cases, health
care costs, and other factors. The claim rate and
the claim cost burden per insured person (shown
in Figure 2) had a significant correlation (r =
0.655, p < 0.05).

During 1996, the compensated insurance
costswere€23.5million,consistingofmedical
care (16%), lost-time (per diem) during one
year from the incident (37%), lost time (acci-
dent pension) after one year from the incident
(23%), survivors pension (3%), impairment al-
lowance (7%), rehabilitation excluding lost
time during rehabilitation (6%), and other costs,
including insurance administration (9%). These
costs included payments for 1996 cases as well
as long-term disability cases from previous
years.

Method 2: Estimated Cost of 1996 Incidents

The total and mean costs were calculated for
1996 injuries and occupational diseases, and
the results are shown in Table 1. The total cost
was €19 million.Themeancost was €1340 for
injuries, €6636 for occupational diseases, and
€1743 for all claims. Occupational diseases
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FIGURE 3. Workers’ Compensation Cost Burden
per Insured Person in 1982-1999. TABLE 1. Claims and Claim Costs

Method 1 Method 2

Total Occup.
Disease

Injury Total

Number of Claims N/A1 830 10092 10922
Mean Cost per Claim, EUR N/A1 6636 1340 1743
Total Cost, Million EUR 23.5 5.5 13.5 19

Percentage of Total Cost

Medical Care % 16 5 15 12
Lost time Per Diem % 37 12 57 44
Rehabilitation % 6 14 0 4
Impairment Allowance % 7 0 0 0
Paid Pension % 23 34 10 17
Survivors’ Pension % 3 0 0 0
Permanent Pension

(present value) %
N/A1 34 18 23

All Pensions Combined % 26 68 28 40
All Pensions and Per

Diems Combined %
63 80 85 83

Other Costs % 9

Total % 100 100 100 100

1 In this method, costs include payments for 1996 cases (n = 10922) as
well as long-term disability cases (n not determined) from previous years.
Part of the cost for 1996 long-term disability cases will occur in subsequent
years. Therefore, mean costs per claim cannot be accurately calculated in
this method.



were about five times as costly as injuries. Inju-
ries represented 92% of the claims and 71% of
the total costs, and occupationaldiseases repre-
sented 8% of the claims and 29% of the costs.
Lost-timeperdiemwas the largestcost sub-cat-
egory (44%), followed by present value of per-
manentpensions (23%) andpaidpensions up to
August 1, 2000 (17%). All pensions combined
were 40% of the total costs. Lost time compen-
sation including per diems and all pensions was
83% of the total costs, and medical care was
only 12% of the total costs. Insurance adminis-
tration and impairment allowance costs were
not included in this analysis.

Table1 presents thecosts using both Method
1 and 2. Method 2 does not include administra-
tive costs and impairment allowances, which
explains part of the difference in total costs.
Pensions were much greater in Method 2 (40%
versus 26%). The permanent pension cases (66
out of 10,922 cases) represented 23% of the to-
tal costs in Method 2. These cases consisted of
42 injuries and 24 occupational diseases.

Figure 4 shows the number of cases and total
costs by category. The greatest numbers of
cases were in the three categories between 200
and 1600 Euros. A small number of claims (n =
55, 0.5% of claims) in the most severe category
(over 51,200 Euros) represented nearly one-
third of the total costs (5.9 million Euros, 31%
of the total costs). Furthermore, 20% of the
most severe cases represented 79.5% of the to-
tal costs. A relatively large number of small
claims, less than 200 Euros (n = 2055, 18.8% of

claims), represented only a small fraction of the
totalcosts(0.2millionEuros,1.2%oftotalcosts).

DISCUSSION

Agriculture is a hazardous industry world-
wide. In Finland, the annual fatal injury rate in
agriculture was 6.5/100,000;9 less than the rate
in United States agriculture (22.5/100,000)2

and Canadian agriculture (11.6/100,000).10 Sev-
eral factors may contribute to the low fatality
rate in Finnish agriculture. The rollover protec-
tive structures (ROPS) became mandatory on
new tractors in 1969. Many safety standards
have been applied. About 40% of farmers uti-
lize occupational health services.11 Extensive
safety education has been provided.12 Insur-
ance premium reductions are offered based on
claims experience and occupational health ser-
vice participation.13

Comparable workers compensation-based
non-fatal injury rates are not available for self-
employed farmers in the U.S. A survey-based
estimate indicates 6.8 injuries per 200,000
hours (equivalentof100personyears),14 which
is similar to the injury rate in our study (7.4/100
person years). In our study, men had a greater
risk for injury but a lower risk for an occupa-
tionaldiseasecomparedtowomen.Thismaybe
due to work exposure hours. Men spend more
time in fieldwork (men 602, women 72 hours/
year), construction (men 107, women 7 hours/
year), forest work (men 88, women 3 hours/
year), and animal care (men 1,092, women 776
hours/year) compared to women. Men contrib-
ute less to household work (men 80, women
1,022 hours/year). The annual working hours
on farms in 1996 were: men 2,446 hours,
women 2,169 hours, male family members 524
hours, andfemalefamilymembers308hours.15

Overall, the greater injury risk for men appears
tobeexplainedbythehighershareofhazardous
work tasks, but the higher risk of occupational
diseases for women does not seem to be clearly
explained by division of work duties.

In this study, the injury costs were 0.7% of
the national gross farm income, 2.2% of the net
farm income, and 2.5% of Melas insured farm
income.16,17 This is somewhat comparable to
estimates in all industries in the U.S.; 1.3%1 or
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1.8%2 of the GDP.3 Leigh et al.4 estimated the
total injury costs in U.S. agriculture in 1992 at
$4.573 billion,which is 2.8% of thevalueof ag-
ricultural sales, and 15.0% of the net cash re-
turns.5 This estimate appears considerably
higher than our estimates, which may indicate
that agricultural injury costs are higher in the
United States compared to Finland. This find-
ing is consistent with workers compensation
premium rates. The U.S. workers compensa-
tion premiums were generally in the range of
1.3-4.1% of the payroll for most industries.
Rates for agriculture varied by State and were
2.8-16.9% for field crop farming, 4.2-16.2%
for cattle farming, 3.1-18.0% for orchards, and
2.4-17.8% for nurseries.18 The total workers
compensation costs in Finnish agriculturewere
about2.5%of theinsuredincome(equivalent to
payroll). The actual premiums have been about
1%,andthemajorityof theinsurancecostshave
been covered from state and general health in-
surance funds.

It is well recognized that workers compensa-
tion represents only part of injury and illness
costs. Broader consequences of injuries and ill-
nesses have been described in the literature.
Dembe19 presented the social consequences of
occupational injuries and illnesses in the fol-
lowing categories: affected individuals and
groups; societal role; institutions and struc-
tures; and vocational function. The broader im-
pacts are complex and difficult to trace and
measure. The investigation of social conse-
quences is complicated by the intricate recipro-
cal relationships among the determinants, ef-
fects, and modifiers of work-related disorders.
Several methods have been utilized for valua-
tion of the broader economic consequences of
injuries and illnesses. Weil summarized three
methods: present value of future earnings, con-
tingent valuation, and compensating wage dif-
ferentials.20

In agriculture, there are significant timeli-
ness costs if the planting, harvesting, pesticide
application,or animal care is not done at the op-
timal time. The timeliness cost is an important
factor in selecting production capacity.21 A se-
rious injury could cause timeliness losses much
beyondcompensated incomereplacement (one
lost day equals 1/360th of the annual calculated
income in the Finnish insurance system). How-
ever, one study found that only two out of ten

farmers with harvest time injuries experienced
actual harvest delays of one day or more as oth-
ers helped the injured farmer with his/her har-
vest work.22 Injury events (accidents) may also
lead to material damage, besides personal in-
jury. One study of 48 Finnish farmers with an
injury in 1988 indicated that 41% of the cases
involved material damage, mostly minor re-
pairs. Lost off-farm earnings and payments to
substitute workers were major cost items, be-
sides compensated costs.23

The total insurance cost burden per insured
person increased almost three-fold in the past
two decades. This is partly explained by the de-
creasing number of farmers and the accumulat-
ing number of permanent pensions in the insur-
ance system as it matures. The claim rate had a
high correlation (r = 0.655) with costs. During
the most recent years, it appears that the injury
rate has continued to decrease while the cost
have stabilized or increased. Other factors may
include increased incomes and health care costs.
Medical costs were 12% (method 2) or 16%
(method 1) of all costs, which is comparable to
reported estimates by the U.S. National Safety
Council (16%).1 The lost-time compensation
including per diems and pensions was 63%
(method 1) or 84% (method 2), compared to
52% productivity losses in the U.S. These data
consistently suggest that medical costs are only
a small fraction and losses of time, earnings,
andproductivityaremuchgreatercost factors.

The U.S. workers compensation data indi-
cate that medical costs are much higher com-
pared to our estimate and the National Safety
Councilsestimate.Workerscompensationdata
from California indicate that from 1997 to
2002, the average medical costs per claim
jumped from $13,845 to $31,120. The average
indemnity benefits rose from $15,874 to $21,022
per claim. By 2002, medical costs increased to
60% of total claim costs.24 This may be due to
rising health care costs and limitations in in-
demnity payments (weekly maximums, maxi-
mum disability durations). The Finnish work-
erscompensationisbasedonfullcompensation
of lost time with no duration limits, which in-
creases the indemnity proportion in compari-
sontotheUS.Thenationalhealthinsuranceand
universal health care may provide more eco-
nomicalcare,andmayabsorbsomeof thecosts,
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reducing the medical cost in Finnish workers
compensation.

The mean injury cost was €1099 without
permanent pensions and €1340 with permanent
pensions. The respectivecosts were €4380 and
€6636 for occupational diseases. These data
indicate that permanent disabilities, although
few in number (0.6%), greatly contribute to the
total costs. The cost distributions showed that a
smallnumber of claims representeda largepro-
portion of total costs. Interestingly, our data
support almost exactly the commonly used
20%-80% rule. In our case, 20% of the most
severe cases represented 79.5% of the total in-
surance costs. These data suggest that from
cost-saving standpoint, it is important to con-
centrate on the prevention of the most severe
long-term disability cases.

National injury cost estimates are helpful in
making decisions about the appropriate levelof
investment into prevention. Several jurisdic-
tions allocate a certain percentage of workers
compensation budgets into prevention (2% in
Finland,6 3% inOntario).Twopercentof Leigh’s
estimate, $4.6 billion, is equal to $92 million,
which is considerably higher than the current
agricultural health and safety funding level in
the US.

Strengths and Weaknesses

The Finnish farmers accident insurance data
help provide baseline information on agricul-
tural injury and illness costs. The data are com-
prehensive as nearly all farmers are insured.
Claims are made in most cases that have com-
pensable costs involved. A mail survey in 1986
found that about three out of four self-reported
injuries requiring professional medical care
were found in the claims data and out of un-
claimed injuries, 80.7% caused no disability.25

Significant efforts are made in the adjudication
process to code each case completely, and vari-
ous quality control methods are used to ensure
accurate coding. No missing or obvious mis-
coded data were found in the entire dataset.

This study is limited to compensated costs
only. No attempt was made to estimate various
indirectandsocialcosts.Asmallpartofeligible
costs is likely excluded due to unclaimed cases

and excluded (right censored) costs beyond
August 1, 2000.

This paper discusses the Finnish data and
makes somecomparisons to theU.S. These two
countries have major differences in their social
insurance and health services infrastructures.
Some European countries, like Finland, have
mandatoryworkerscompensationcoveragefor
self-employed farmers while most countries do
not.Comparisonsbetweencountries in their in-
juryandinjurycost rates requirecarefulconsid-
eration, and we made no attempt to provide a
comprehensive comparison. The International
Social Security Association (ISSA)26 and the
Organization for Economic Cooperation and
Development (OECD)27 may provide useful
information on for international comparisons.

Generalizability

The Finnish agriculture is most comparable
to Northern Europe and Northeastern parts of
North America. Finnish farms are relatively
small. Dairy production is common. The main
crops are hay, forage, barley, oats, wheat, rye,
rapeseed,potatoes, andsugarbeets.Production
ishighlymechanized,but themachinery isgen-
erally smaller compared to North American ag-
riculture. About 6% of arable land is in organic
production. Most farms have some forestry
production. Off-farm employment is impor-
tant,butabouthalfof thefarmsstill receiveover
75% of their income from farming.28 Agricul-
ture is regulated by European Union and Na-
tional regulations and subsidies are an impor-
tantpartof farmincome.29 Farmershavevarious
social insurance programs including national
health insurance, old-age pension, work-re-
lated pension, and occupational health services.
These characteristics may be helpful in assess-
ing the generalizability of our results to other
countries.

CONCLUSIONS

This study characterized injury and occupa-
tional disease costs in Finnish agriculture. The
total insurance costs in 1996 were €23.5 mil-
lion, which is 2.5% of the insured farm income.
The costs consisted of medical (16%), lost time
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perdiem(37%),accidentpension(23%), survi-
vors pension(3%), impairmentallowance(7%),
rehabilitation (6%), and other costs (9%). The
meancostsof1996claimswere€1340for inju-
ries, €6636 for occupational diseases, and
€1743 for all claims. The cost distribution was
skewed and 20% of cases represented 79.5% of
total costs. Overall the costs were low: about
0.7% from the gross farm incomecompared the
2.8% estimate in the U.S.
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