Figure5. Calculated annual average level of NO; in different parts of Sweden
(S6berg et a., 2007)

5.3Risk coefficients; air pollutants

The PM, s Method

The most recent evaluation of the linkages between particlesin the air (PM) and health
effects was published by Pope and Dockery (2006). They reported that a large number
of epidemiological studies from different parts of the world have clearly shown alink
between daily exposure and daily mortality. Asshown in Table 14, total daily mortality
increases by approximately 1% per 10 ug/m® PM. s increase of daily exposure, and the
increase of mortality is greater when the analysisis carried out for heart problems or
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lung diseases separately. Meanwhile the increase of mortality calculated on an annual
basisin relationship to annual average level of PMsis much higher: more than 10% on
average (Table 14). Total mortality including accidents, suicide and other violence, is
probably not affected by relatively minor variations of annual air pollution level. A
number of reports (e.g. Fisher et al. 2007) have consequently focused on mortality from
“non-injuries’ (or morbidity-mortality), i.e. al causes of death except from injuries and
violence. The relative increase of morbidity-mortality is probably higher than the
increase of total mortality.

It is the relationship between annual average level of exposure and effects that we
consider to be of greatest importance when public health effects of road traffic are
calculated, as these must be interpreted as longterm effects. The variation between
different studies is greater for longterm studies than for shortterm studies, and Pope
and Dockery (2006) draw their strongest conclusions from a smaller number of these
studies where risk coefficients often lie in the area of 6% - 17% mortality increase per
10 ug/m® PMs. The limits for 95% confidence interval for these studies are generally
50% and 150% of average level. The larger the study the narrower the confidence
interval.

Table 14. Summary of meta-analysis of risk coefficients for increased mortality
and morbidity due to exposure to PM s (percentage increase per 10 ug/m*® PMys
increase) (Pope and Dockery, 2006). (Adults and elderly; N = number of studies)

Exposure All  causes | Cardio- | Bronchial Heart and | Lung
and effects of death vascular lungs cancer
Shortterm Range | 0.4-1.5 0.6-1.8 0.6-2.2

(daily) Median | 1.0 13 12

mortality N 16 8 8

Longterm Range | 0.3-41 0.6-95 0.8-81
(annual) Median | 13 12 18
mortality N 17 16 11
Shortterm Range 0.4-2.8

(daily) Median 16

hospital N 15

admissions

It must be stated here that most available exposure data for air pollutants from road
traffic in Sweden isfor PM o, which in many studies has proved to be double the level
of PM,s. The same relationship is used by Pope and Dockery (2006). An analysisin
New Zealand' s largest towns has recently been reported (Fisher et al., 2007) and there
the quotient between PM, 5 and PM 1o was approximately 0.8. PM o isused as an
indicator of exposure and morbidity-mortality as an indicator of effect. Risk
coefficients of 6% and 8% were reported for Auckland and Christchurch respectively
with large confidence interval (1% - 15%). These studies apply to smaller populations
than the studiesin USA, which could explain the larger confidence interval.
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Hazardous pollutants other than PM s occur in exhaust gases from motor vehicles,
however these different pollutants interact and, in aHIA, it is considered sufficient to
use PM, s in order to avoid duplicate calculation of effect (WHO, 2008a). Based on
Pope and Dockery’s (2006) summary of different studiesit is probable that the risk
coefficient for PM, s may be the equivalent of at least a

6% increase in mortality per 10 ug/m® exposure. This level is also recommended by an
expert group within the EU (CAFE, 2004) and in WHO' s |latest recommendations
(WHO, 2008c). Consequently thisreport usesa 6% increasein mortality dueto
different diseases (non-injuries) for each increase of PM,s by 10 ug/m®in
calculations. Thisisin line with results from the two studies in New Zealand, and a
number of studiesin other countries. The limitation to morbidity-mortality islogical
when considering the cause and effect connection, and calculations in this report avoid
overestimating the effect. The HIA carried out by Kunzli et a., (2000) used 4.3% for
PM o as arisk coefficient; however they did not have access to a number of
epidemiological studies that have been carried out over the last few years.

Risk coefficients according to epidemiological studies concerning a number of effects
of traffic air pollutants have been compiled in WHO (2008c) (Table 15). The increase of
morbidity was calculated in accordance with these risk coefficients, and then compared
with a calculation of hospital admissions and sickness benefits for heart diseases,
bronchial diseases and lung cancer based on the mortality calculation. As effects are
related to annual average levels of air pollution, it is assumed that the same risk
coefficients can be used for morbidity as for mortality, however detailed
epidemiological studiesto confirm this were lacking. In other calculation models (e.g.
Nerhagen et al., 2005) the increase of morbidity was only calculated on adaily basis
and then much lower risk coefficients than 6% were used. However, similarly low risk
coefficients were used for calculation of mortality on adaily basis (Table 15).
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Table 15. Summary of published risk coefficientsfor exposureto PM10 or PM2.5
used for HIAsby e.g. the CAFE Project (WHO, 2008c)

Health variable

Risk coefficient

95% confidence
interval

L ongterm exposur e (annual)

Mortality, total 4% per 10 ug/m° PM 1 1-8
Mortality, total 6% per 10 ug/m® PM 5 2-11
Mortality, heart and lung 6% per 10 ug/m® PM 1o 2-10
diseases
Infant mortality 4% per 10 ug/m® PM 1o 2-7
Chronic bronchitis (new cases 26.5/100000 adult (over 27) per | 1.9-54.1
per year) 10 ug/m® PM o
Emergency hospital admissions, | 4.34/100000 (all ages) per 10 2.17-6.51
cardio-vascular diseases ug/m® PM o
Emergency hospital admissions, | 7.03/100000 (all ages) per 10 3.83-10.30
lung and bronchial diseases ug/m® PM 1
Bronchia dilator use, children 180/1000 children (asthmatics) - 690 — 1060
per 10 ug/m® PM 1o
Bronchial dilator use, adults 912/1000 adults (asthmatics) per | - 912 — 2774
10 ug/m® PM 1o
Annual increase of symptoms 1.86 extra symptoms among 0.92-2.77
from lung diseases (including children per 10 ug/m® PM 1
coughs), children
Annual increase of symptoms 1.3 extra symptoms among adults | 0.15—2.43
from lung diseases (including with chronic lung illness per 10
coughs), adults ug/m® PM 1
Days of reduced activity (RAD) | 902 RAD/1000 adults per 10 792 -1013
ug/m’ PMys
Loss of work days (WLD) 207 WLD/1000 adults (ages 15- | 176 - 238
64) per 10 ug/m® PM. 5
Shortterm exposur e (daily)
Mortality, total 0.6% per 10 ug/m°® PM 1o 0.4-0.8
Mortality, lung diseases 1.3% per 10 ug/m’ PM 1 0.05-2.0
Mortality, cardio-vascular 0.9% per 10 ug/m’® PM o 0.5-13

diseases
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The NO, Method

Risk coefficients for effects of longterm exposure to NO, have been discussed in detail
by Sjoberg et a. (2007), and four studies have all showed an increase of total mortality
due to non-injuries of between 11% and 14% per 10 ug/m® annual exposure to NO2.
The study used for this HIA anaysis was Scoggins et a., 2004 which for Auckland,
New Zealand reported arisk coefficient of 13% per 10 ug/m* NO, (NO, and PMyg lie at
the same level in Auckland) with a confidence interval of between 11% and 15%. This
risk coefficient was assumed to apply to NO, levels abovel0 ug/m®. It is assumed that
for less than this level no health effects occurred.

Studies of the connection between NO, and morbidity measured by hospital admissions
have not been based on annual average levels, only on daily average levels. Thereisa
similar situation for the PM, s Method which makes calculations difficult in an HIA.
For PM s and mortality, the risk coefficient of daily average level is much lower than
for the annual average level (Table 15) and the situation is the same for NO,. The risk
coefficient for annual hospital admissions has not been estimated for NO,. Sjoberg et
al. (2007) used the results of a Norwegian study astheir point of departure: a2.9%
increase of daily hospital admissions due to lung and bronchial diseases per 10 ug/m®
NO,.

5.4. Calculation of health impact; air pollutants

Results from the two methods; the PM, s Method and the NO, Method are shown below.
The PM, s Method

For particles (PM) the method developed for the project financed by EU on health
effects of air pollutants from road traffic (Kunzli et al.., 2000) was used. Their formula
for calculation of mortality was:
Pe
Po =

1+[(RR-1) (E-B)/10]
Po = background mortality per 1000 people within each age and gender group,
after deduction of mortality caused by air pollution. Calculations were limited to
age groups 35 years old and older.
Pe = the mortality rate measured in each group (per 1000).

E = Exposure level to PM in population groups that may be considered to have
been exposed.
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The calculation was carried out by Kunzli et a. (2000) for PMjg, but the same
methodology can be used for PM» 5, which was the cal culation base used.

B = threshold level for PM exposure under which no mortality effect is
assumed to occur.

RR = risk increase for each 10 ug m® increase of PM exposure based on
epidemiological data and the assumption that the increaseis linear above
the threshold level B for the different age groups.

Increased mortality was then calculated using the formula:
D=P,x (RR-1)

D = mortality rate per 1000 people and per 10 pug/m® increase of PM in
population exposed.

And then the number of extra fatalities in each population group (c) (age and gender) is
calcul ated:

N =D x P. x (X¢—B) / 10.

Nc = the number of extra fatalities in population group(c) caused by PM
exposure

P. = population group size (in thousands)
Xc=PM exposure levels
Total number of extrafatalities= sum of all Nc for al groups.

These formulae are generally applicable in that they can be used for the calculation of
total effects of PM from different sources. Threshold level for effects of PM 1o (B) was
set by Kunzli et al. (2000) at 7.5 ug/m?®, which may be the equivalent of 4 ug/m® for
PM,s. Asthe calculationsin this report only applied to air pollutants from road traffic
and the background level for PM 5 from natural sources, industry and householdsin
urban areas is considered to be at least 6-12 ug/m® (annual average level) (see Section
5.2) no threshold level was used in the calculations in this report. The contribution from
road traffic (7.5 ug/m® PM,5 annual average level) is considered to lie totally above the
threshold.

Conseguently the formulae have been ssimplified to:

Nc = Pc x 7.5/10 x 1.06 x Pe/ (1 + 0.06 x 7.5/10)
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In which Pc is size of population group and Pe is the measured mortality rate in each
group (Pc as thousands and as rate per 1000 must be included in the calculation). Pc =
urban population (85% of entire population of Sweden).

Detailed risk coefficients (RR) for each age and gender group have not been determined
viaepidemiological studies, however there are indications that significant differences do
occur between groups. Other HIA studies have calcul ated effects from the combined
age groups over 25, 30 or 35 years of age. When calculations are carried out in this
manner it could be said that it is understood that RR isthe same sizein all age groups.

In order to demonstrate what this results in as concerns age and gender distribution of
the number of extrafatalities, results have been calculated for the detailed groups. The
same principleis used for calculation of effects of traffic noise and physical inactivity.

For mortality, age and gender specific mortality rates are used for fatalities in non-
injuries (morbidity-mortality), as thisis acombined cause of death in many studies that
report increased air pollutants from traffic (see Section 5.1). The calculation was
limited to adults over 35 as previous epidemiological studies and HIAs have used
similar limitations. Fatalities from non-injuries seldom occur under 35 years of age.
Among men in Sweden, only 1.7% of such fatalities occurred before the age of 35 and
even less for women (0.9%) according to WHO mortality data for Sweden based on
reports from the National Board of Health and Welfare.

The NO, Method

The calculation formulafor health impact (Sjoberg et al., 2007) includes: increased
number of cases per year (Y), background rate in Swedish population for this health
variable (HR), population size within calculation field (P), risk coefficient (B) and
annual average level of NO, exposure (above threshold level of 10 ug/m®) (E).

Y=HRxPx(exp(BxE)-1)

For mortality the annual background rate for non-injuries and hospital admissions daily
background rate for lung and bronchial diseases was used

5.5 Uncertainty and error margins; air pollutants

A guantitative meta-analysis of risk coefficients for the PM,s Method and its average
levels and confidence interval has not been carried out, however Pope and Dockery’s
(2006) analysis provides underlying information for such a meta-analysis. The different
specific studies that have been published have used partially different age intervals, or
have used different methods to estimate exposure. Consequently it is difficult to, with
any degree of certainty, make a calculation of confidence interval. In order to be on the
safe side, the size of the confidence interval for the studies Pope and Dockery reported,
namely between 50% and 150% of average level, were used. This could be said to take
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into consideration the error margins in both exposure measurements and mortality
measurements in these studies. Consequently it is considered that, with an average risk
coefficient of 6% mortality increase per 10 ug/m* PM,s increase, the correct value can
be said to lie between 3% and 9%. The confidence interval stated in Table 15is
generally broader.

For the NO, Method the error margin is probably of the same genera size (including
both exposure and risk coefficients), even if the risk coefficient used (1.13) was
reported to have atight confidence interval of 1.11 —1.15 (Sj6berg et al., 2007).

5.6 Summary of methodology; air pollutants

1. PMj0, PM25and NO, are common indicators of hazardous air pollution from road
traffic. PM2sisrecommended by WHO for HIAs of both morbidity and mortality,
while NO; is preferred by some researchers as NO, is amore direct indicator of air
pollutants from motor vehicles than PM is.

2. Exposure to PM2 5 o NO; increases mortality generally for morbidity-mortality (all
causes of death except violence and accidents; also called non-injuries or fatalities due
toillness). It also increases hospital admissions and longterm morbidity from heart
diseases and lung and bronchial diseases.

3. Calculations in this report are based on the assumption that people living in urban
areas are most exposed to these air pollutants. In order to quantify exposure it was
estimated that the population in urban areas (in which 85% of the entire Swedish
population lives) is exposed to an annual average level of PM, 5 from road traffic of 5
ug/m>. (Error margin in this figure is uncertain). For NO, the results of the analysis
carried out by Sj6berg et a. (2007) were used in which approximately 20% of the
popul ation was exposed to more than 10 ug/m?®.

4. ThisHIA islimited to examining effects on adults, over 35 years of age. Road
transport air pollutants are also capable of causing considerable health effects among
children (e.g. asthma attacks), however in this report this was considered too difficult to
guantify (continued development of this method may improve results as concern effects
on children). The calculations of public health effects here are, consequently,
conservative. Therisk coefficient for mortality among adults used hereis 1.06: i.e. a
6% increase of mortality from morbidity-mortality per 10 ug/m* PM,s. Thisis based on
the summarisation of alarge number of epidemiological studies. Its margin of error
(95% confidence interval) may be relatively large. Thereal risk coefficient may be
dependent on other environmental factors and the background health level of the
population exposed, and may vary between 1.03 and 1.09. The formulaused in a
previous HIA (Kunzli et a., 2000) was aso used here for PM. For the NO, Method a
Sj6berg et al. (2007) risk coefficient of 1.13 per 10 ug/m® NO, was used.
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5. For morbidity (e.g. hospital admissions) the risk coefficients for longterm exposure
are not so well documented. Estimates were made using WHO'’ s recommended risk
coefficients for PM 1o and PM3 s and compared with the published results from the NO,
Method.

6. In order to calculate the disease burden in DALY s (YLL + YLD) first YLLs were
calculated (the sum of the number of lost years of life up to the life expectancy stated as
standard in WHO'’s calculations, Murray and Lopez, 1996). The quotient between YLL
and YLD in Sweden’ s population (Petersson et al., 1998) for relevant diagnoses was
used in order to calculate YLD (sum of the number of years with illness or invalidity)
for each age and gender group.

5.7. Health impact of air pollutants

The PM2 5 Method, mortality
Table 16 shows the results for mortality related to PM exposure.
Table 16. Fatalitiesfrom exposureto PM s from road transport

(Please note that the exactness of the figure is a ssmplification and the confidence
interval islarge)

Age Population | Fatalities
group
due to non-
Men injuries
0-1 46989
1to4 187574
5to014 599375
15-24 527111
25-34 616460
35-44 626185 16
45-54 615431 44
55-64 530549 100
65-74 345463 194
75+ 305543 679
Sub-
total 4400680 1033
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Women
0-1 44195
1to4 178052
5to 14 569357
15-24 502901
25-34 593553
35-44 599307 9
45-54 602004 32
55-64 525537 63
65-74 394079 133
75+ 486462 886
Sub- 4495447
total 1123
Total 8896127 2156

If it is accepted that infant mortality (335 in Sweden in 2001) is also affected by PM,s
there will be a 3% increase with exposure at 5 ug/m® PMs. If 85% of infantslivein
urban areas the result will be 8 cases of infant mortality from road transport air
pollutants per year. As mentioned in Section 5.2, 5 ug/m* may be regarded as an upper
limit for exposure. If Table 16 is recalculated with an annual average exposure aslow as
2 ug/m® PM s, the total number of fatalities caused by Swedish road transports will be
873 instead of 2,156.

The NO, Method, mortality

Theresultstable in Sjoberg et al. (2007) was used as a basis (Table 17). The calculated
number of fatalitiesis 3,238 however this concerns all exposure to NO, over 10 ug/m®
within Sweden, and not only NO, from road transports. A small share of the high NO,
levels originates from traffic abroad, primarily than measured in Skane and along the
west coast. A previous study by Forsberg and Sjoberg (2005) gave a somewhat lower
result.
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Table17. Calculated number of fatalities caused by NO, exposurein Sweden
(§6berg et a., 2007)

Annual Population | Proportion of Extra
averagelevel | exposed population (%) fatalities
NO,

0-5 4287407 | 48.2 -
5-10 2789238 | 31.3 -
10-15 1486972 | 16.7 2349
15-20 136716 | 1.5 298
20—-25 176136 | 2.0 499
25-30 10590 | 0.12 37
30-35 12665 | 0.14 55
Tota 8899724 | 100 3238

If it is assumed that 20% of the population with total exposure over 10 ug/m® receives 5
ug/m? of its exposure from road transport abroad, it can be calculated, by moving 20 %
of each exposure group category downwards that the total number of fatalities caused
by Swedish NO, will be 2,728. If another 20% are exposed to pollutants from abroad
thiswill give afurther adjustment of total number of fatalities from “ Swedish” NO, of
2,219.

For thisHIA it was decided to retain the original calculation base used for Table 16 as
its proposed health impact of road transport air pollutants. The PM2 s Method with this
calculation base gave a total number of fatalities ssimilar to that produced by the NO,
Method after adjustment for NO, from sources abroad.

It must be pointed out here that PM,sand NO, from road transports in Sweden may also
contribute to health effects in neighbouring countries; however no attempt has been
made to estimate these effects. These are probably very minor as levels decrease rapidly
the farther removed a site is from an urban area (Figure 5) and the prevailing wind along
the west coast where this phenomenon may occur iswest to east.

Morbidity

The report that presented an analysis using the NO, Method (Sjoberg et al., 2007) also
carried out a calculation of the number of hospital admissions for cardio-vascular
diseases and lung and bronchial diseases. As a comparison, this report calculated using
the risk coefficient in Table 15 as to what the size of the effects would be based on the
exposure to PM, s according to Section 5.2. As previously mentioned estimates of PM 1
are generally twice as big as PMs. It was calculated that PM s exposure from road
transport in urban areasis 5 ug/m>, which would be the equivalent of 10 ug/m* PM .
Table 18 presents the results of the categories of health impact that could be calculated
with data available for the size of the exposed groups (population figuresin Table 15
were used with adjustment for 85% living in urban areas).
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Calculated using these risk coefficients, the number of hospital admissions will be
considerably lower (Table 18) as compared with the calculated number of fatalities
(within the area 2,156 to 2,728 as mentioned above in this section). This appears
illogical as most fatalities from diseases are preceded by medical care and the number of
care sessions for the diseases analysed here is much greater than the number of
fatalities. Consequently as a comparison the number of hospital cases that could be
thought to be caused by air pollutants from road transport was calculated as if the
relative increase had been as great asfor fatalities (Table 18, lower part). Additional
studies of morbidity and medical care in relationship to air pollutants are necessary in
order for these HIA calculations to become more credible. It must be stated here that
hospital admissions and other measures within medical care are naturally also affected
by medical praxis and the care resources available in different countries, which may
also make it inadvisable to use risk coefficients from other countries for HIAs
concerning medical care in Sweden.

Table 18. Calculated annual morbidity applying therisk coefficients for PM
effectsused in the HI As of, for example, the CAFE Project (WHO, 2008c) and
those using the NO, Method (Sj6berg et al., 2007).

Health variable Risk coefficient Morbidity, equivalent
population in urban
area

NO; ----- L ongter m exposur e (annual)

Hospital admissions, cardio- 1.0% per 10 ug/m> NO, | 299

vascular diseases

Hospital admissions, lung and 2.9% per 10 ug/m® NO, | 301

bronchial diseases

PM ----- L ongterm exposur e (annual)
Chronic bronchitis (new cases | 26.5/100000 adults 1405
per year) (over 27 year) per 10
ug/m3 PM 1o

Emergency hospital admissions, | 4.34/100000 (all ages) 386

cardio-vascular diseases per 10 ug/m* PM 19

Emergency hospital admissions, | 7.03/100000 (all ages) 626

lung and bronchial diseases per 10 ug/m’ PM o

Annual increase of symptoms 1.86 extra symptoms 2.6 million

from lung diseases (including among children per 10

coughs), children ug/m® PM 1o

Days with restricted activity 902 RAD/1000 adults 2.8 million

(RAD) (over 15) per 10 ug/m®

PM2s
Days lost to work activities 207 WLD/1000 adults | 0.51 million
(WLD) (ages 15-64) per 10

ug/m3 PMss
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PM ----- Same relative increase of morbidity as of mortality ---
L ongterm exposure (annual) (based on similar calculationsasfor fatalitiesin
Table 15)

Hospital admissions, cardio- 6% per 10 ug/m®> PM,s | 5,794
vascular diseases (over 35)

Hospital admissions, lungand | 6% per 10 ug/m® PM,5 | 1,562
bronchial diseases (over 35)

Sickness benefits for invalidity | 6% per 10 ug/m® PM,s | 109
due to these diseases (over 35)

Disease burden in DALYs

The calculation of the disease burden is based on the number of calculated fatalities for
each health risk. Figures were used that had been calculated using the PM, s Method
(Table 16) and the calculation methodology for YLL and YLD described in Section
3.3.7. Ascan be seen from Table 19, the 2,156 fatalities from air pollutants are the
equivalent of 25,059 Y LLs which meansthat each fatality causes the |oss of
approximately 11 years of life. In addition the 2,156 fatalities give 10,272 Y LDs which
means that before the fatality an average of approximately 5 healthy years of life had
been lost. Totally then, approximately 16 healthy years of life are lost for each fatality.
These results may appear more logical and easier to interpret than the figures on
morbidity reported in Table 18.

Table19. DALY calculation for road traffic air pollutants

gﬁaﬂis Fatalities | YLL (0.0) | YLD/YLL | YLD (0.0) | DALY (0.0)
Men
0-34
35-44 16 642.1 1.2 796.1 1438.2
45-54 44 1376.8 0.4 523.2 1900.0
55-64 100 2182.6 0.4 829.4 3012.0
65-74 194 2685.8 0.3 671.5 3357.3
75+ 679 5056.5 0.3 1264.1 6320.7
Sub-total 1033 11943.8 4084.3 16028.2
Women
0-34
35-44 9 399.3 1.9 766.7 1166.0
45-54 32 1074.0 0.6 687.4 1761.4
55-64 63 1577.2 0.6 1009.4 2586.5
65-74 133 2178.3 0.4 806.0 2984.3
75+ 886 7886.3 0.4 2917.9 10804.2
Sub-total 1123 13115.1 6187.4 19302.5
Total 2156 25059 10272 35331
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6. Road traffic noise

6.1 Noise and health

Noise is another obvious environmental effect and health risk caused by road traffic.
The primary sources are vehicle engines, tyre contact with road surface and the wind
sound around the vehicles. At higher speeds the tyre and wind sounds dominate, which
means that the improved sound suppressors used in modern vehicles only partially
reduce traffic noise. The material of the road surface plays a considerable rolein tyre
noise. Traffic noise can be anuisance and can cause sleep problems, make spoken
communications difficult, hinder learning in schools and generate general stress
problems (Berglund and Lindvall, 1995). In addition it is associated with increased
blood pressure levels and heart disease (see below). The disturbance caused by road
traffic noise, railway noise and air traffic noise is greatest during the night time and
when the noise varies considerably. Many short bursts of noise at a high level may be
more problematical than a constant, relatively high level of background noise. An
environmental health study (Ministry of Health and Social Affairs, 1996) estimated the
number of people who were disturbed by traffic noise in Sweden at approximately
400,000. A later estimate (Ohrstrom, 2004) states that 1.2 — 1.8 million people are
exposed to traffic noise over 55 dB. According to WHO (2008c) there is sufficient
evidence for a quantification of these effects (serious disturbance and sleep
disturbance), while effects on blood pressure and heart disease require further study.

However studies in Germany have been able to demonstrate the connection between
noise exposure, increased blood pressure and heart diseases (e.g. Babisch et al., 1994).
A summary of all studies of noise exposure, increased blood pressure and ischemic
heart diseases (IHD) (van Kempen et a., 2002) drew the conclusion that in noisy
working environments the prevalence of high blood pressure increases by 14% per 5 dB
increase of average exposure. Traffic noise increases the prevalence of ischemic heart
disease by 9% per 5 dB increase of noise level, and air traffic noise increases the
prevalence of increased blood pressure by 26% per 5 dB increase of average noise level
(van Kempen et al., 2002).

A study in Holland (de Kluizenhaar et a., 2007) showed an increased prevalence of
reported use of blood pressure lowering medicine (ABM) (according to questionnaire)
in certain age groups. This study checked for several important potential risk factors for
high blood pressure plus for air pollution exposure (PM10), which isvital as high levels
of exposure to traffic noise is probably correlated with high levels of exposure to air
pollutants from traffic. In the age group 45-55 years of age the increase of ABM use
was statistically significant; 19% increase of ABM per 10 dB increase of traffic noise.
In the younger and older age groups the risk coefficient was smaller. In an analysis of
all the age groups together but only of those exposed to more than 55 dB (Lden) the risk
coefficient was 31% (confidence interval 8 —59) increase of ABM per 10 dB (Lden).
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A newly completed study in Sollentuna, Sweden (Bluhm et al., 2007) has also found an
increase in prevalence of increased blood pressure (according to questionsin ahard
copy questionnaire to people in the age group 19-80, response rate = 77 %) (Table 20).
In the German studies effects appear to occur at noise levels (average daily level, Leq
24) that exceed 51 dB. In the Sollentuna study significant effects were measured at
levels over 55 dB, however in the analysis of dose-response relationship for the entire
noise interval 45 - 65 dB blood pressure effect increased for each 5 dB increase in noise.
For both types of effects the studies were limited to adultsin the age interval 20-80
yearsold. It must be mentioned here that these effects of noise are influenced both by
exposure time and exposure level. Leg24 is and average of noise level during a 24-hour
period and the maximum, short term noise levels will naturally be much higher. The
Leg24 levels used in this report are assumed to be average levels experienced over a
longer period of time and the people exposed are assumed to have lived in the relevant
areafor along period of time.

Table20. Number of peoplein Sweden, 1997, exposed to different traffic noise
levelsand relativerisk of increasein blood pressure at different traffic noise levels
(Strémmer, 2003, Bluhm et al., 2007)

Noiselevel, | Number of | Percentage of Risk quotient for Per centage

dBA, people entire high blood disturbed by noise

Leq24 exposed population (9 pressure (Bluhmet | (datafrom the
million) al., 2007) Swedish Road

Administration)

Lessthan 5784000 |64 1

50

50-54 1600000 |18 1.74

55-59 832000 |93 2.07 5

60-64 435000 |48 20

65-69 298000 |33 3.47 50

70 + 51000 |0.6 100

The confidence interval for these dose-response linkagesisrelatively large but those
reported above are statistically significant. With many million people exposed to traffic
noise, public health effects can be maor. It has been estimated that approximately 30%
of Europe’' s population is exposed on adaily basisto traffic noise levels over 55 dB(A)
(THE PEP, 2004). As high blood pressure and heart disease also commonly occur
among people in upper middle age, even small relative increases in this morbidity will
be important. A calculation concerning Holland drew the conclusion that 1%-2% of the
total preventable disease burden could be caused by traffic noise (THE PEP, 2004),
while a calculation for Denmark showed that traffic noise may cause 200-500 premature
fatalities each year (Ohm et a., 2003).
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6.2 Exposure; noise

The most detailed calculation of the number of people exposed to different traffic noise
levelsin Sweden has been carried out by the Swedish Road Administration (Strommer,
2003). Leg24 for longterm exposure was used as a measurement of exposure and the
noise levelsin the Swedish Road Administration report were merged into 5 dB groups
and compared with data on blood pressure increase (Table 20). Increasein noise level
disturbance occurs at over 50 dB (according to comments received) however it has been
assumed, in order not to overestimate results, that the effect on blood pressure that is of
clinical importance will occur above the 55 dB level.

The intention of the Swedish Road Administration exposure estimates was to calculate
the economic effects of traffic noise based on a certain cost per dB. The number of
people exposed to each dB level was stated; however no division according to age or
gender was carried out (Table 21). These calculations from the Swedish Road
Administration were used to estimate the percentage of the population that is exposed to
different dB intervalsin different age and gender groups (Table 20). It was assumed
that the levelsin the table were the equivalent of the daily longterm exposure. In order
to be able to carry out the calculations with separation into age and gender groups it was
assumed that the division into noise exposure levels was the same for all the groups
(Table 21). The number of people exposed in each age and gender group over 25 years
of age was used together with risk coefficients for high blood pressure and ischemic
heart disease (IHD) in order to calculate the effects of traffic noise.
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Table21. Estimated number of peoplein Sweden’s population (according to age
and gender) exposed to different aver age traffic noise exposure levels. Based on

data from Strémmer (2003).
Age group Population A% 18 9,3 4,8 3,3 0,60
2001
B-> dB(A) 50 -54 55-59 60 - 64 65 - 69 70+
Men
0-1 46989 8458 4370 2255 1551 282
1-4 187574 33763 17444 9004 6190 1125
5-14 599375 107888 55742 28770 19779 3596
15-24 527111 94880 49021 25301 17395 3163
25-34 616460 110963 57331 29590 20343 3699
35-44 626185 112713 58235 30057 20664 3757
45-54 615431 110778 57235 29541 20309 3693
55-64 530549 95499 49341 25466 17508 3183
65-74 345463 62183 32128 16582 11400 2073
75+ 305543 54998 28415 14666 10083 1833
Total 4400680 792122 | 409263 | 211233 | 145222 26404
Women
0-1 44195 7955 4110 2121 1458 265
1-4 178052 32049 16559 8546 5876 1068
5-14 569357 102484 52950 27329 18789 3416
15-24 502901 90522 46770 24139 16596 3017
25-34 593553 106840 55200 28491 19587 3561
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35-44 599307 107875 55736 28767 19777 3596
45-54 602004 108361 55986 28896 19866 3612
55-64 525537 94597 48875 25226 17343 3153
65-74 394079 70934 36649 18916 13005 2364
75+ 486462 87563 45241 23350 16053 2919
Total 4495447 809180 | 418077 | 215781 | 148350 26973

A percentage of population exposed to road traffic noise
B: Estimated noise dB(A)

6.3 Risk coefficients; noise

The epidemiological study in Sollentuna, Sweden by Bluhm et al. (2007) found that for
each 5 dB (Leg24) increase of traffic noise levels the prevalence of high blood pressure
increased by 38%. This means arisk coefficient of 1.38 and the confidence interval was
1.06 — 1.80. In Holland (de Kluizenhaar et al., 2007) the risk coefficient was 1.31 per 10
dB (Lden), which would be the equivalent of approximately 1.15 per 5 dB (as noise
exposure in dB isused in logistic regression). The evaluation that van Kempen et al.
(2002) carried out found arisk coefficient of 1.09 (per 5 dB noise increase) for ischemic
heart disease (IHD) with a confidence interval of between 1.05 and 1.13.

In discussions with Bluhm (in June 2008) it became clear that the risk coefficientsin
their study (Bluhm et a., 2007) were assumed to apply to people experiencing longterm
exposure. This study could only estimate current exposures and the longterm average
levelsfor its participants are uncertain. Considering the lower risk coefficientsin the
Dutch study plusin studies of aircraft noise, it is probable that alower risk coefficient
than 1.38 may apply. Bluhm also points out that a Swedish study of the relationship
between traffic noise and heart diseases found lower risk coefficients than in van
Kempen’s evaluation. Consequently this study chose to halve the risk coefficients 1.38
and 1.09 in its calculations of hypertension and heart disease (Table 22). It is assumed
that these figures apply to people with longterm daily exposure. Disturbance effects are
calculated from the risk coefficients used by the Swedish Road Administration in Table
20.

On the other hand, the calculation of fatalities from hypertension and heart disease
include only two specific diagnoses: hypertension and IHD. This underestimates the
number of fatalities related to traffic noise in these calculations and results have been
adjusted in the manner described in the next section.
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Table 22. Increaseof risk for hypertension and ischemic heart diseasein
relationship to aver age exposureto traffic noise. (Bluhm et al., 2007, van Kempen et
al., 2002)

Noise level, dB(A) 50-54 55-59 60-64 | 65-69 70 +
Relativerisk, 1.00 1.19 145 1.82 2.32
hypertension, over

45 yearsold

Relativerisk, IHD, 1.00 1.045 1.10 1.15 121
over 45 yearsold

Disturbance - 5 20 50 100
prevalence (%)

6.4. Calculation of health impact; traffic noise

The diseases considered were hypertension and ischemic heart diseases (IHD). The
popul ation exposed was calculated from the Swedish Road Administration estimates
and mortality rates were considered to be increased by modified risk coefficients based
on Bluhm et a. (2007) for hypertension and van Kempen et a. (2002) for IHD.

Age groups over 25 years of age were included in the calculation, and it must be pointed
out that for the younger groups these diagnoses did not occur among the fatalities (or
hospital admissions). The health risks of traffic noise exposure among the younger
groups may be considerable, especially in combination with other noise exposuresin
modern society, and our calculations are consequently an underestimate. Neither were
different disturbance effectsincluded in our calculations however they could be the
object of more detailed analysis.

Mortality is naturally an incidence measurement, while the epidemiological study of
traffic noise and hypertension (Bluhm et al., 2007) measured prevalence. However as
the epidemiological study concerned adults of all ages and the results used here concern
the relative increase of prevalence, it must be assumed that different incidence
measurements must also increase by the same relative risk in order to achieve the
prevalence increase measured (if all other variables, e.g. the duration of the disease,
remain unchanged).

Calculation formulafor each age and gender group: D =Bcx Mcx R
D = the number of fatalities
Bc = the number of people exposed to a certain dB-level in each population group

Mc = background mortality in the diagnosis cal cul ated
R = risk coefficient for particular dB-level
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In the calculation of fatalities from hypertension and heart disease in this report two
specific diagnoses only are included: hypertension and IHD. These form only a small
part of the diagnoses that may be related to noise-induced hypertension or IHD. For
example stroke, which is one of the most important cerebrovascular diseases (CVDs) is
related to hypertension and fatalities or cases of illness may, in many cases, be caused
by hypertension. For men in Sweden there were 13 times as many fatalities from CVD
as from hypertension in 2001. For women the equivalent figure was 12 times as many.

Consequently it was decided to double the number of fatalities calculated for different
noise level intervals according to the risk coefficientsin Table 22. The final results will
be the same number of fatalities asin the first draft calculations.

6.5. Uncertainty and error margins

The level of uncertainty as concerns the number of people exposed that Strommer
(2003) reported was not stated in his report, however it was stated that the figures were
approximate and quantitative confidence intervals were not given. For risk coefficients
used here, the confidence intervals have been stated above. For blood pressure
calculation the real risk coefficient may vary between 15% and 200% of the average
level used and for cardio-vascular diseases the calculation is between approximately
50% and 150% of average.

6.6. Summary of methodology, traffic noise

1. Traffic can cause different types of problems aswell asincreased levels of blood
pressure and increased ischemic heart disease. The cal culations here concern the two
latter types of health effects. The disturbance caused by traffic noise is also of
importance to mental health; however no quantification of such has been carried out
here.

2. The Swedish Road Administration has estimated the number of people exposed to
different traffic noise levelsin Sweden. The parts of the population exposed to traffic
noise within the 5 dB interval were used on the assumption that this proportion applied
in the same manner to all age and gender groups, in order to calculate the number of
people exposed within each group. The error margin for these figuresis unknown. Itis
assumed that the Swedish Road Administration figures concerned longterm exposure.

3. Therisk coefficient for increased blood pressure level was assumed to be 1.19 for
each 5 dB increase of noise exposure, starting at the interval above 55 dB. For ischemic
heart disease the risk coefficient was estimated at 1.045 for each 5 dB increase
according to the same principle. The confidence intervals for these risk coefficients are
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large. The epidemiological studies concerned adults and here people exposed over the
age of 25 only were included in the analysis.

4. The studies on which the risk coefficients were based concern the reported prevalence
of blood pressure increase and incidence of ischemic heart disease. In order to take into
consideration the fact that these two diagnoses are often the underlying cause of other,
more common, diagnoses the results were doubled. It has been assumed that the
calculated increases of these diseases are reflected in an equal increase of hospital cases,
sickness benefits cases and mortality. As high blood pressureis adisease that lasts a
lifetime there is a considerabl e difference between prevalence and incidence. The
calculationsin this report concern relative changes in the different health effects, which
can be expected to be as great in prevalence and in incidence on the condition that the
duration of the disease has not changed.

5. The DALY calculations are based on fatalities and were carried out in asimilar
fashion to those on the effect of air pollutants, with the diagnosis groups who were
considered to be affected by traffic noise.

6.7. Health impact of traffic noise

Disturbance from of noise occurs (according to the Swedish Road Administration
estimates) above the 55 dB level (Table 20). If the number of people disturbed is
calculated from this data there will be atotal of approximately 330,000 people disturbed
by noise in the entire population, which is extremely close to the figure of 400,000
reported by an environmental health study from the Swedish Ministry of Health and
Socia Affairsin 1996. (Ministry of Health and Social Affairs, 1996).

The results for mortality, hospital admissions and sickness benefits are presented in
Table 23. All the results are extremely approximate as the underlying epidemiological
data does not apply to the same variables. Fatalities are calculated from morbidity data
for hypertension (high blood pressure, HT) and ischemic heart disease (IHD). A
correction for related diseases (e.g. stroke and heart diseases other than IHD) has been
made in al the columns. Hospital admissions and sickness benefits have been
calculated from routine statistics for HT and IHD as diagnoses (Sections 3.3.2, 3.3.3,
and 3.3.4). Table 24 shows the disease burden in DALY s calculated in the same
manner as for air pollutants.
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Table 23. Health impact of traffic noise

Age Population Eatalities Hospltgl, care | Hospital, care Slckn_&es
groups Sessions days benefits
Men BT IHD BT IHD BT IHD BT IHD
0-1 46989
1to4 187574
5to 14 599375
15-24 527111
25-34 616460 0 0 4 2 11 7 0 0
35-44 626185 0 1 12 27 34 89 0 0
45-54 615431 0 6 29 142 81 501 2 3
55-64 530549 2 16 37 297 109 | 1157 14 15
65-74 345463 3 34 34 365 137 | 1688
75+ 305543 16 101 39 468 232 | 2580
Sub-total 4400680 22 158 156 | 1301 604 | 6023 16 18
Women
0-1 44195
1to4 178052
5to 14 569357
15-24 502901
25-34 593553 0 0 3 1 7 3 0 0
35-44 599307 0 0 8 10 22 30 1 0
45-54 602004 0 1 21 48 53 169 3 1
55-64 525537 1 5 29 110 82 407 12 6
65-74 394079 3 15 38 189 140 850
75+ 486462 34 101 74 442 373 | 2489
Sub-total 4495447 37 123 173 801 677 | 3949 15 7
Total 8896127 59 281 320 2102 1281 | 9971 31 25
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Table24

. DALY calculation for road traffic noise exposure

gﬁ)ﬂ%s Fatalities | YLL (0.0) | YLD/YLL | YLD (0.0) | DALYs(0.0)
Men
0-24
25-34 0 6.2 0.09 0.6 6.7
35-44 1 39.0 0.09 35 425
45-54 6 196.2 0.09 17.7 213.8
55-64 18 387.8 0.09 34.9 422.6
65-74 37 509.3 0.07 35.7 545.0
75+ 118 876.8 0.05 43.8 920.6
Sub-total 180 2015.2 136.1 2151.3
Women
0-24
25-34 0 1.6 0.7 1.1 2.7
35-44 0 135 0.7 9.4 22.9
45-54 1 44.6 0.33 14.7 59.3
55-64 5 136.3 0.33 45.0 181.3
65-74 18 286.9 0.15 43.0 329.9
75+ 135 1202.0 0.1 120.2 1322.2
Sub-total 160 1684.8 2334 1918.3
Total 339 3700 370 4070
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7. Physical inactivity; lack of active transport

7.1 Physical inactivity and health

The concept active transport has been used to describe transport that provides more
physical activity than transport by private motor vehicle. The concept primarily
encompasses walking or cycling but may also include the use of public transport as
travel by bus, train, tube or boat almost always requires a significant distance of
walking or cycling as a part of the trip. Active transport contributes to daily physical
activity and is an extremely important factor in prevention of overweight and associated
diseases (Koplan and Dietz, 1999). People who are not sufficiently physically active
run twice as much risk of afatal heart attack as compared to those who are active
(Berlin and Colditz, 1990), and a dose-response rel ationship between amount of
physical activity and health effects has been reported (Oja, 2001). A recently published
Swedish study (Orsini et al., 2008) has documented the role that regular exercise plays
in the prevention of cancer. Physical activity prevents morbidity and mortality from a
large number of diseases and health problems (UKDOH, 2004; Schéfer-Elinder and
Faskunger, 2006) (Table 25). Attributable risk for physical inactivity for these diseases
isgreat: ischemic heart disease (attributable risk 22%), stroke (13%), breast cancer
(11%), colonic/rectal cancer (17%), diabetes (15%) (WHO, 2002).
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Table 25. Diseases and health problemslinked to lack of physical activity
(Schéfer-Elinder and Faskunger, 2006)

Disease/health problem

Probable mechanism for positive effect of physical

activity
Cardio-vascular disease Increased beat volume in the heart, increased maximum
oxygen absorption etc.
Stroke Decreased blood pressure, increased fibrinolysis, decreased
blood platel et aggregation

High blood pressure

Increased total blood volume

High cholesterol levels

Decreased cholesterol levels

Risk of blood clots

Increased fibrinolysis, decreased blood platelet aggregation

Lung diseases Increased lung capacity

Obesity, overweight Decreased fatty tissue mass and waistline fat mass
Type-2 diabetes Increased absorption of glucose into muscles
Osteoporosis, fall risk, Increased muscle power and tissue strength, improved
broken bones, coordination and balance, more rapid reaction ability
osteoarthritis, back pain

Mental health Improved self-esteem and social contacts

Cancer Balance of the hormonal system (breast cancer), increased

peristalsis (large bowel)

Low levels of working
capacity

Improved stamina, muscle power and movement ability

Daily exercise can, naturally, be performed in manners other than by active transport;
however for many people combining daily travel with exercise is the simplest or most
natural method. A study in USA (Frank et al., 2004) of more than 10,000 people
analysed the connection between daily exercise and obesity (BMI higher than 30). Each
extra kilometre that a person walked per day reduced the risk of obesity by 4.8%, and
each extra hour a person drove a car per day increased the risk of obesity by 6%.

During the last few years an increased prevalence of overweight and obesity has been
noted as a serious, global public health problem. The increased use of cars and
motorcycles for personal transport and decreased levels of active transport have been
regarded as an important contributing factor to the current * obesogenic environment”
(Egger and Swinburn, 1997). WHO has developed a global strategy to decrease
overweight and its health complications via good diet, physical activity and other
measures (WHO, 2006c). In Sweden, the Swedish National Institute of Public Health
and the National Food Administration have devel oped background information for a
National Action Plan (FHI and SLV, 2005). For this project analyses of the effect of
daily walking or cycling have been of special interest. WHO's Europe Office has
recently compiled information on the health benefits of active transport as background
to the economic analysis of transport policies (part of the HEAT Programme: Health
Economic Assessment Tools) (Cavill et al., 2007). Reports with an economic
perspective on the health benefits of cycling have also been published by the Swedish
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Environmental Protection Agency (SNV, 2005) and Saelensminde (2004). However it
must be stated here that cycling may lead to an increased number of accident injuries as
it is also dependent on access to safe bicycle paths etc. (Thisisnot included in
calculations here).

The report by Cavill et al. (2007) (compiled for WHO) refersto a great number of
studies that report links between several different types of health effects and active
transport. Certain studies have shown areduced, total mortality for all causes of death
among people with high levels of daily physical activity viawalking or cycling (e.g.
Andersen et a., 2000). Other studies have shown a positive effect, which is possible to
quantify, concerning heart diseases, stroke, certain types of cancer (colon and breast),
type-2 diabetes and mental health. Increased physical activity causes improvements as
concern mortality and morbidity; however effects on morbidity happen more quickly. In
spite of this Cavill et a. (2007) felt that the quantitative information on morbidity
improvementsis not yet sufficient for it to be used within HIAs and economic analyses
of health effects in relation to walking and cycling. Cavill’sreport is a product of
cooperation within THE PEP (2006) and has been used to summarise methodol ogical
advice for HIAs of road traffic and physical inactivity (WHO, 2008a, b).

The recommended amount of physical activity necessary to gain positive health effects
(Schéfer-Elinder and Faskunger, 2006) is different for adults and children. For adults at
least 30 minutes of reasonable physical activity per day are necessary or at least 30
minutes’ intense physical activity three times aweek. For children and young people at
least 60 minutes per day are necessary. Physical activity includes the daily activities of
walking, carrying and lifting, active transport, activity at work and in leisure time, plus
exercise and sportstraining. For older peopleit isvital to continue with physical
activity adapted to capabilities. It must also be emphasised that the greatest relative
health gains accrue to people who increase their physical activity from alow level
(Schéfer-Elinder and Faskunger, 2006).

7.2 Exposure; physical inactivity

In this part of thisHIA the health effects of lack of physical activity are analysed with
the assumption that exposure is represented by daily car travelling that could be
replaced by active transport with the health gains that this would provide. Calculations
are limited to daily travel to and from work, school or other educational establishment.
According to atravel habit survey entitled RES (SIKA, 2002), 49% of all travel isto or
from work or school. Of thistravel 61% is undertaken by car. Consequently 30% (0.49
x 0.61) of all work/school travel isby car. An update of RES in 2007 provides much
the same result (SIKA, 2007c). Of all primary travel during the day of the study, 57%
of the men and 49% of the women went by car. Nearly all the other primary travel was
undertaken by walking, cycling or public transport (SIKA, 2007c). Work and school
travel dominates primary travel and on average each trip is 13-15 km long in the larger
towns, 19-20 km in suburbs and 17 km in rural areas. In large towns and suburbs 32%
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of the population aready travel on public transport to work or school, while in other
towns only 9% do so. Partia tripsin the form of walking, cycling or public transport
contribute to the physical activity level. (Please note that different RES studies provide
somewhat differing results).

In order to calculate the number of people exposed to lack of daily physical activity
related to work or study commuting, the figures from RES on people who commute can
be used. Of 13.4 million primary trips per day, 6.4 million were work, business or
school trips (SIKA, 2007c). As each oneway trip is counted, this means that 3.2
million people travelled to work or school on adaily basis (unclear how to interpret
working days and holidays). Based on Sweden’s employment rate (proportion
employed between the ages of 15-64 of total population of same age), which was 73%
in 2001 (SCB, 2008), the number of employed individuals will be 3.9 million. In
addition the number of studentsin this age group (approximately 530,000 SCB, 2008)
must be added, which gives atotal figure for those people who could be commuting to
work or to school of 4.4 million. The difference between 3.2 and 4.4 million may
depend on the fact that Saturdays and Sundays have not been removed from the travel
calculation (5/7 of 4.4 = 3.14) or that certain people do not need to travel to work
(perhaps work at home?) etc.

Of the 3.2 million who travelled to work or school, 1.6 million went by car (SIKA,
2007c), which is 30% of the population in the age group 15-64 years old (5.44 million).
This happens to be the same percentage as the proportion of car travel to all
work/school travel.

It is probable that for many people who livein rural areas and on the outskirts of large
townsit is not practicable to walk or cycle to work or school. In these calculations
consequently it was assumed that 2/3 of the population may be considered to be
exposed if they travel to and from work or school by car. If it is possible to replace this
car trip by walking, cycling or public transport depends on a number of factors,
including the length of the trip. An EU report indicates that 50% of tripsto work are
shorter than 6 km (WHO, 2008a).

With the help of SIKA, Ostersund, (L Abramovski), some new calculations from RES
were undertaken that do not appear in the RES publications. Trip distance and means of
transport for primary travel were calculated (both urban and rural areas). For all
primary travel on foot, 60% were shorter than 1 km, 20% between 1km and 2 km, and
10% were between 2km and 3 km (only 10% were longer than 3 km). Primary travel by
bicycle was longer: 38% longer than 3 km and 20% between 3 km and 5 km. The
equivalent figures for car travel were: 85% longer than 3 km, 12% between 3 km and 5
km, and 73 % longer than 5 km. If instead the percentage share of travel of different
distancesis calculated: 60% of primary travel shorter than 1 km was on foot and 15%
by car. For primary travel of between 1 km and 2 km, 24 % was on foot, 35% by
bicycle and 41% by car. As distance travelled increases, the car share also rises. It could
be stated that all car travel that islessthan 5 km long (27% of car travel) could be
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replaced by active transport, however this does not take opportunities to use public
transport into account which may make even longer car trips replaceable. In addition,
the choice made as concerns walking or cycling to and from work /school is also
dependent on the weather.

No detailed analysis of the share of current work and school travel by car that it is
possible to replace by active transport was made. All car travel cannot be exchanged,
and the RES survey may need to be extended by some new questionsin order to make a
meaningful analysis. One alternative to car travel is not to travel at all but to work
remotely from home instead, which in turn provides no contribution to physical activity
viaactive transport. The point of departure for the Swedish Road Administration
seminar in June, 2008, was that a certain proportion of car travel could be replaced by
active transport. During the seminar the opinion was expressed that all car travel to and
from work/school should be included in the analysis of physical inactivity. However it
was determined that this study would calculate the opportunity for active transport as a
replacement for all such travel in alimited part of the population (2/3). At the seminar
(3 June) information was provided about research into alternative methods of travel that
had been carried out by Gothenburg University (e.g. Jakobsson, 2004; L oukopolous et
al., 2006) however there has been no opportunity yet to incorporate these studies into
the analysis.

It was assumed that daily travel to and from work/school within the age group 15 to 64
yearsold is most relevant to these calculations. The part of the population belonging to
this age group that is exposed to lack of active transport can therefore be calculated as
(proportion car commuters) x (proportion who could consider changing to active
transport) = 0.3 x 2/3 =0.20 or 20% of the number of people in each group. When a
better estimate of this type of exposure becomes available it will be easy to modify the
calculation. It should also be stated that different people have different exposure levels
to physical inactivity, which affect its impact on health. Certain people exercise or train
regularly in which case car travel is of limited importance.

7.3 Risk coefficients; physical inactivity

A report from Copenhagen combined data from three longterm studies of atotal of
28,000 people (Andersen et al., 2000) and found a significantly lower mortality among
people with high levels of physical activity. Among those who cycled regularly to work
as compared with those who drove to work, mortality (all causes of death) was 28%
lower (after statistical checks of alarge number of confounders), which is the equivalent
of arelativerisk of 0.72 (95% confidence interval 0.57 —0.91). The potential
confounders that were checked were: age, gender, educational level, physical activity in
leisure time, smoking habits, BMI (body mass index), cholesterol levels and blood
pressure level. Cyclists cycled on average for 3 hours per week. Using a somewhat
more limited statistical control the relative risk became 0.70.
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Other studies have provided support for these extensive positive effects of active
transport on health. For example a study of the incidence of heart attacksin Skellefted,
Sweden (Wennberg et a., 2004, 2006) that showed that commuting by car to work gave
arelativerisk of 1.74 (95% confidence interval, 1.20 — 2.52) as compared to those who
walked, cycled or took the bus to work (relative risk for these peopleis 0.57 compared
to car users). A study of women in China has found similar results (Matthews et al.,
2007).

An extremely comprehensive study of mortality among 83,034 people in the 45-74 age
group in Japan (Inoue et al., 2008) has recently reported results that show considerable
similarity with those from Copenhagen. The relative risk for all causes of death was
0.73 —0.82 for men and 0.61 — 0.75 for women in three different groups with increased
levels of physical activity as compared with those who were least physically active.

In WHO’ s method report for calculation of the health gains of walking and cycling the
use of therelativerisk level of 0.70 from Andersen et al., (2000) isrecommended asa
risk coefficient, which isthe equivalent of arelative risk of 1.43 for car users over
cyclists (Cavill et a., 2007). These risk coefficients have been used here in this study’s
calculations. It must be stated that these relative risks apply to all age groups among
adults and elderly. These calculations are limited to the age interval 15-64, which will
definitely be underestimated.

7.4. Calculation of health impact; physical inactivity

In the fatalities group, all causes of death are included in accordance with the
Copenhagen study. The calculations cover people, living in urban areas, who could
possibly use active transport in order to commute to work or school/university.
Consequently only people between the ages of 15 and 64 years old were included.
Exposure is assumed to occur in 2/3 of those who commute on a daily basis (49%) by
car (61%). The exposed group will be 20% (= 0.49 x 0.61 x 2/3) of the entire population
in the age group 15 — 64 years old.

Calculation formulafor each age and gender group is:
D=BcxMcx(1-0.7) x (0.3x 2/3)

D = the number of fatalities

Bc = the number of people in the population group
Mc = total mortality rate for population group
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7.5. Uncertainty and error margins; physical inactivity

The calculation of the number of people who are exposed to commuting by car to and
from work or school is approximate but it is based on the travel survey. Uncertainty in
estimate of exposure has not been estimated. The risk coefficient 0.70 has an error
margin of between 0.55 and 0.89, which means that the real number of extrafatalities
may lie between 79% and 127% of the calcul ated results.

7.6. Summary of methodology; physical inactivity

1. Physical inactivity increases risk of overweight and obesity and a number of different
diseases. One method of achieving daily physical activity isto commute to work or
school via active transport —walking, cycling or a combination of these with public
transport. Studiesin Copenhagen have shown that there is reduced total mortality
among people who cycle on adaily basis. This study was selected as a basis for the
determination of the risk coefficient, which isin agreement with recently published
recommendations from WHO.

2. Travel studiesin Sweden have shown that 30% of the population in the age group 15-
64 travels by car to or from work or school on adaily basis. It was estimated that 2/3 of
the part of the population who work/school commute by car could, theoretically,
transfer to commuting using active transport. Consequently it can be estimated that 20
% of the population in the age group 15-64 (0.3 x 2/3) should be able to use active
transport instead of going by car. This group is considered to be the population exposed
to physical inactivity related to road transport.

3. Therisk coefficient 0.70 was used for active transport compared to commuting by car
in accordance with the Copenhagen study and WHO recommendations.

4. The error margin based on a confidence interval for risk coefficient is 79% - 127% of
the calculated results.

5. The DALY calculation was carried out in asimilar manner as that used for air
pollutants, however with the use of all non-communicable diseases (NCDs) asabasis
for calculation of YLDs.

7.7. Health impact of physical inactivity

These effects (Table 26) are assumed to occur within the age group 15 — 64 as these
people carry out the greatest proportion of daily commuting trips to work or
school/university. Fatalitiesinclude all causes of death in accordance with the Danish
study. Hospital care and sickness benefits are only calculated for diabetes cases and
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cardio-vascular diseases, as examples of how the results may be per type of diagnosis.
Several other diagnoses will also be significantly affected by physical inactivity;
however results have not been quantified in detail. The number of care sessions due to
cardio-vascular diseases (H) would apply if the same relative increase of morbidity due
to physical inactivity occurred as for diabetes, based on a quotient of the total number of
care sessions between H and D, H/D = 9.8 for men and 7.5 for women. Follow-up
calculations with additional methodology would be able to add other diagnoses to the

total effect.

Table 27 shows the disease burden in DALY's. Thistableis not affected by the problem
of diabetes as the only diagnosis. Here all NCDs are included. It should be noted that,
in this calculation, each fatality is the equivalent of 30 years of lost life (YLL) and 23
years of lost healthy life. Figures are high compared with the other health risks as
younger people are included in the calculation and a broad spectrum of diseasesis also

covered.

Table 26. Effectsof physical inactivity
(Please note that WHO considers that currently only fatalities can be calculated)

Age Population | Fatalities Hospltal Cfre Hospltal,* Sckqess
groups sessions care days benefits*
Men
0-1 46989
1to4 187574
5to 14 599375
15-24 527111 18 28 128 0
25-34 616460 25 25 100 0
35-44 626185 46 38 184 1
45-54 615431 115 69 410 2
55-64 530549 244 93 629 6
65-74 345463
75+ 305543
Sub-total 4400680 449 | (2479)** (253)* (1826)* (8)*
Women
0-1 44195
1to4 178052
5to 14 569357
15-24 502901 6 29 126 0
25-34 593553 10 21 116 0
35-44 599307 23 23 103 1
45-54 602004 77 37 211 2
55-64 525537 152 51 368 3
65-74 394079
75+ 486462
Sub-total 4495447 267 | (3112)** (162)* (1227)* (6)*
Total 8896127 716 | (5591)** (415)* (3053)* (15)*

* Diabetes only, ** Cardio-vascular diseases
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Table27. DALY calculation for physical inactivity related to road traffic

ger?JTos Fatalities | YLL (0.0) | YLD/YLL | YLD (0.0) | DALY (0.0)
Men

Oto14

15-24 18 1088.4 1.2 1349.7 2438.1
25-34 25 1271.9 1.2 1577.2 2849.1
35-44 46 1884.4 1.2 2336.7 4221.2
45-54 115 3575.1 0.4 1358.5 4933.7
55-64 244 5355.2 04 2035.0 7390.2
65-74
75+

Sub-total 449 13175.2 8657.1 21832.3

Women

Oto14

15-24 6 372.1 1.9 714.4 1086.4
25-34 10 514.5 1.9 987.8 1502.3
35-44 23 1016.2 1.9 1951.0 2967.2
45-54 77 2609.2 0.6 1669.9 4279.2
55-64 152 3778.6 0.6 2418.3 6196.8
65-74
75+

Sub-total 267 8290.5 7741.4 16031.9
Total 716 21466 16399 37864
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8. Global climate change

8.1 Climate and health

The latest international evaluation of climate change, its causes and effects (IPCC,
2007) has drawn the conclusion that greenhouse gases from human activity form an
important cause of the climate change currently underway. In most countries, including
Sweden, a significant share of greenhouse gas emissions come from road traffic in the
form of emissions of carbon dioxide (CO,) from internal combustion engines in motor
vehicles. In order to prevent global climate change from further acceleration, the
emission of greenhouse gases must be significantly reduced and road transport must be
included in the necessary package of measures to achieve this.

Global climate change primarily means that the average temperature on earth increases.
This increase could be between 1.5°C and 5.4°C (anticipated average increase 3.0°C) up
until 2100 (IPCC, 2007) depending on the measures taken during the years to come to
limit greenhouse gas emissions. Temperature increases will not be the same all over the
world. The northern ice cap, Greenland and Antarctica may receive the largest increases
which will lead to the ice masses melting and the sealevel all over the world rising. The
water level change will lead to low-lying areas of population close to the coast being
periodically flooded and becoming impossible to live in unless major efforts are made
to build dykes/levees to protect them. The latter measure may be realistic for countries
such as Holland where dykes already provide protection against flooding and where the
country’ s relative wealth means that investments can be made in more, higher
protection dykes. However in low income countries with long coastlines (such as
Bangla Desh) it will not be possible to protect where the people live now, and millions
of people will be forced to deal with floods and attendant health risks and finally move
to higher ground with increased poverty as aresult. The melting of theinland ice and
glaciers (e.g. in the Himalayas and the Andes) will bring another health risk. When this
ice melts then the water flow in certain rivers will stop totally during the dry period of
the year. The result will be acute lack of potable water for the downstream population
who are dependent on these sources of river water.

The peopled areas of the world (in contrast to the polar areas) that are expected to
receive the highest temperature increases are primarily the inland areas of the major
continents (Figure 6) with an increase of 1°C — 2°C until 2020-29 and then 3°C —5°C up
until 2090-99. In densely populated tropical areas within Latin America, Africa, India
and Southeast Asia the maximum temperatures during the hottest parts of the year are
already up to over 40°C. An additional 3°C —5°C will make daily and working life (for
example outdoor work in agriculture or construction) extremely difficult during the
hottest periods. Several billion people will be affected and air conditioning is not
possible for use outdoors. Air conditioning does help indoors but its operating costs can
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be very high which will make it too expensive for major parts of the population both for
housing and for workplaces. In addition the energy used will contribute to the
greenhouse gas emissions that caused the temperature increase in the first place.
Alternative methods of creating an acceptable indoor climate are therefore vitally
important, including architecture/design that creates natural ventilation and construction
materials that insulate against the heating up of the indoor area.

Therise in the temperature of the earth’ s surface is expected to lead to an increased
amount of humidity in the air and increased rain in many areas, while others will
become dryer (IPCC, 2007). In addition the number of hurricanes, typhoons and
tropical stormswill increase and their wind speed will grow. These climate changes
may lead to alarge number of deaths and injuries due to the extreme weather situations,
floods and droughts, increased number of infectious diseases and airborne diseases, plus
lack of food due to crop failure. Increased temperatures combined with high air
humidity also leads to fatalities during heat waves, especially among older people and
young children, as well as difficultiesin performing physical and mental work due to
the heat (IPCC, 2007). Figure 7 summarises the different health effects and the cause
and effect chains behind them.

Figure 6. Expected increase of annual average temperature at different placesin
the world according to three different development scenarios (source: IPCC, 2007)
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Figure 7. Health effects of global climate change (source: McMichael et al., 2003,
and Patz et a., 2000)
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This study is limited to the health effects calculated for 2000 based on those already
documented (McMichael et a., 2004). This point of departure is conservative and
probably a significant underestimation of what may happen globally. The size of the
contribution from Swedish road traffic greenhouse gases has been calculated and its
health effect cal cul ation was updated to 2080, which is the year that the children born in
Sweden in 2000 achieve their average life expectancy.

An evaluation of health effectsin Sweden (Lindgren et al., 2007) has recently been
carried out on behalf of the Swedish Climate Commission (SOU, 2007). The different
types of health effects (Figure 7) are discussed with the addition of health problems of
specia interest to Sweden: e.g. pollen allergies, algal blooming, water quality at
swimming spots and effects on animals. The first study showing changesin the health
situation in Sweden probably caused by climate change already underway concerned the
northward migration of ticks and the infections they spread (Lindgren et al., 2000).
Recently a quantitative analysis of the effect of heat waves has show aclear link
between mortality and cold or heat Stockholm (Rockldv and Forsberg, 2007). Therisk
increase per degree of warming during the hot periods of the year is greater than the risk
decrease per degree of warming during the colder periods, which means that climate
change may bring increased mortality due to higher temperatures even in Sweden.
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However the health impact in Sweden may be ameliorated via the resources the country
has for targeted measures and adaptation strategies. The impact identified by the
evaluation (Lindgren et al., 2007) points out that:

- hedlth effects of heat during heat waves (1.2% increase of daily mortality per °C
during heat waves)

- fewer fatalities dueto bitterly cold periodsin the winters

- effects of heat on pets, cows and horses during heat waves

- limited changesto ozone levelsin the air (probably no increased effect on
health)

- possible greater spread of trees producing allergenic pollen

- increased indoor air humidity due to higher outdoor temperatures, which may
lead to increased exposure to allergenic mould and dust mites

- increased risk for injuries due to extreme storms

- increased risk of waterborne diseases via drinking water pollution and poorer
quality water for swimming

- increased risk of foodstuff-borne infections due to increased temperature

- new patterns of infection and greater spread of airborne diseases (e.g. borreliosis
and TBE).

No compiled qualification of health effects in Sweden at different temperature levels or
due to other climate changes were made by Lindgren et a. (2007). The conclusion was
that, in relationship to the “normal” public health level in Sweden, relatively limited
health impact could be expected in the country. The calculations made here of the health
effects of Sweden’s contribution to global climate change, consequently, include effects
in other countries only.

8.2 Exposure; road traffic greenhouse gases

In the calculation of health effects of greenhouse gases from road traffic in Sweden in
thisreport it is assumed that the emission of greenhouse gases that Sweden has
contributed between 1992 and 2003, according to the Swedish Environmental
Protection Agency reporting of emission of greenhouse gasesin Sweden (SNV, 2008)
was the annual emission total during the period 1990 to 2006 which was very close to
70 million tons CO, equivalents (SNV, 2008). Tota global emissionsin 1990 were
approximately 40,000 million tons and in 2004 they amounted to 50,000 million tons
(IPCC, 2007). Sweden’'sannua emission of 70 million tonsis the equivalent of 0.15%
of average annual global emissions (45,000 million tons) over this period.

However, climate change to date and for a period into the future has been, and will be,
driven by greenhouse gas emissions from industrialised countries. These countries have
contributed 76% of accumulated emissions between 1850 and 2002 (WRI, 2005). In
addition a certain base level of greenhouse gas emission (like the level shown in many
developing countries) is not hazardous to the global climate. According to Oxfam
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(2007), total greenhouse gas emissions from industrialised countries 1992 — 2003 has
been 136 hillion tons of CO, equivalents. The accumulated emission of greenhouse
gases from these countries has provided the most important contribution to the current
global climate change and will continue to dominate the picture for decades to come,
even if greenhouse gases from countries such as China, Indiaand Brazil are increasing
rapidly. It isthis marginal increase, mostly originating from industrialised countries
energy consumption, that is affecting the climate. The effects calculated here are
marginal effects. Consequently Sweden’s share of emissions from industrial countriesis
the basis of the calculations.

Table 28. The Swedish road transport sector share (%) of Sweden’s emission of
carbon dioxide. Total sum includes shipping and aircraft bunkering of fuel in
Sweden. (Based on Sweden’ s Kyoto Reporting).

Road transport share| Comments
of total CO»
1995 30% | old data
2004 32% | old data
2005 33% | from reporting January 2007

The Swedish contribution between 1992 and 2003 was approximately 700 million tons
(Oxfam, 2007), or 0.5% of emissions from industrialised countries. According to the
Swedish Kyoto Reporting (SNV reference) the contribution of the road transport sector
was 33% of total greenhouse gas emissions (Table 28). The figures may be somewhat
lower if other greenhouse gases, such as methane and nitrous oxide, are taken into
account and if bunker oil for shipping and aircraft are excluded. From Figure 8 it can be
estimated that 29% of greenhouse gas emissions arise from domestic transport,

primarily road traffic. In order not to exaggerate the share, the figure 25% was used.
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Figure 8. Contribution from transport (20/70 = 29% from traffic)
(SNV, 2008)
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The model analyses made by the Intergovernmental Panel on Climate Change (IPCC,
2001) showed amore or less linear increase of global temperature between 2000 and
2100 according to average estimate that gives a 3°C hotter year in 2100 (Figure 9). The
latest update of the model calculations for future climate (IPCC, 2007) aso provides a
more or less linear temperature rise during this century (Figure 10). Inthe IPCC’s
report, different calculation models were used for the future climate and the middie
curve in Figure 10 shows the most probable trend with an average increase of
approximately 3°C up to 2080.

It is assumed that the relationship between the marginal emissions from industrial
countries and the level of climate change has been, and will continue to be, linear so that
each increment to the atmosphere’ s greenhouse gas level brings an equivalent increase
of climate change (measured as an increase in temperature). It isalso assumed that the
size of the global health effect of climate change islinear related to the level of climate
change.
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Figure9. Timetrend for average earth temperature since 1860 and prognosis for
the next 100 year s based on estimates by IPCC (2001) (McMichael et al., 2003).
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Using these points of departure the relationship between emission of greenhouse gases
from Sweden’ s road transport and global health effects can be calculated. If linear
conditions apply, Swedish road transport greenhouse gases will contribute
approximately 0.13% (or 25% of 0.5%) of global health effects (based on industrial
countries’ greenhouse gas emissions; if the share of total global emissions are used
instead the figure will be approximately 0.07%).

In the 1990s, the earth’ s average temperature increased by 0.3°C (McMichael et d.,
2004) and continued warming up to 2080 may be between 5 and 10 times as great
depending on the part of the world. The WHO division into regions will be used in this
report for analyses of disease burden and the McMichael et al. (2004) version will be
used in order to calculate the disease burden in relationship to global climate change.
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Figure 10. New prognoses of time trends for global war ming based on different
action programmes aimed at stabilising CO, emissions (IPCC, 2007).

2210

‘Stability

i Stability

Temperature increase ("C)

, 1990 | | , 2170
1900 2000 2100 2200

Year

8.3 Risk coefficients; climate change

For the effects of climate change the detailed calculations carried out by McMichael et
al. (2004) up to 2030 were used and then a linear extrapolation was made up to 2080.
Table 29 shows the results of the limited climate change that occurred between 1990
and 2000. The different regions are AFR (Africa), AMR (North and South America),
EMR (Middle East), EUR (Europe including all of Russia and previous soviet
republics), SEAR (Southeast Asia) and WPR (East Asian and Oceania including
Australiaand New Zealand). The additional codes A, B, C, D and E state the level of
health development based on mortality risk in the countries included in theregion: A =
low mortality, E = extremely high mortality and the other categories on ascalein
between. In 2000, 166,000 fatalities occurred that could be attributed to global climate
change. Table 16 shows the increase of mortality risk from cardio-vascular disease (due
to heat stroke) up until 2030 (McMichael et a., 2004) and the linear extrapolation up to
2080.

As can be seen in the tables, McMichael et a. (2004) estimate that in Europe and

America slow-mortality countries (the richest) plusin the entire WPR Region thereis
no significant increase in mortality from cardio-vascular disease due to global climate
change up to 2030. New studies of heat wave frequency and effects (e.g. Rockldv and
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Forsberg, 2007) show that actually fatalities may increase in Sweden, but probably to a
lesser degree than in tropical countries.
The extrapolation shows that the quotient between mortality risksin 2080 and 2000 is 1
(one) in these regions (Table 30) and consequently these regions do not contribute to the
final figure. These low-mortality countries will probably not be affected to such a
serious degree by climate change as countries with a higher mortality rate will. In
addition the richer countries have better opportunities to protect their populations from

climate risks.

Table29. Number of fatalities (in thousands) in different WHO regions probably
caused by global climate change between 1990 and 2000. (source: McMichael et al.,

2004).
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Most of the calculated fatalities occur in countries with the lowest incomes and the
worst health levels (categories D and E): 156,000 or 94% of total number.
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Table 30. Relativeincrease (%) of mortality risk from cardio-vascular diseasein
different WHO regions probably caused by global climate change between 1990
and other years. Years 2000 to 2030 based on McMichael et al. (2004). Year 2080
isalinear extrapolation and 2080/2000 states how the quotient of mortality risk
has increased between these two years. (Changes less than 0.2% have not be included

in the continued analysis)

WHO Estimate

region 2000 2010 2020 2030 | for 2080 | 2080/2000
AFR-D 0.1 0.2 0.3 0.4 0.9 9
AFR-E 0.1 0.2 0.2 0.3 0.7 7
AMR-A 0 0 0 0 0 1
AMR-B 0.1 0.1 0.2 0.2 0.4 4
AMR-D 0.1 0.1 0.2 0.3 0.7 7
EMR-B 0 0.1 0.1 0.2 0.4 4
EMR-D 0 0.1 0.1 0.2 0.4 4
EUR-A 0 0 0 -0.1 -0.1 1
EUR-B 0 -0.1 -0.1 -0.1 -0.1 1
EUR-C 0 -0.1 -0.1 -0.1 -0.1 1
SEAR-B 0.1 0.2 0.4 0.4 0.9 9
SEAR-D 0.1 0.2 0.3 0.4 0.9 9
WPR-A 0 0 0 -0.1 -0.1 1
WPR-B 0 0 0 0 0 1

Similar analysis of the potential increase of mortality risks for the different causes
included in Table 29 up to 2080 shows that all regions with the exception of EUR-A
(the region that includes Sweden) can count on increased mortality risk at least for
certain causes of death (Table 31).
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Table 31. Quotient between calculated death risk in 2080 and 2000 due to global
climate change by cause.

WHO Malnutrition | Diarrhoeal | Malaria Flooding Cardio-
region diseases vascular
diseases
AFR-D 8 12 1 10 9
AFR-E 8 12 7 5 7
AMR-A 1 1 6 7 1
AMR-B 5 1 8 7 4
AMR-D 5 5 8 5 7
EMR-B 8 1 1 7 4
EMR-D 7 7 11 7 4
EUR-A 1 1 1 1 1
EUR-B 1 1 1 12 1
EUR-C 1 1 7 7 1
SEAR-B 5 1 1 7 9
SEAR-D 6 7 1 6 9
WPR-A 1 1 7 7 1
WPR-B 1 1 7 10 1

The quotients that describe extrarisk of fatalities were used to calculate the increased
death risk in 2080 due to global climate change. In order to calculate the number of
extra fatalities per year an estimate of population increase is also necessary for the
regions where effects occur.

8.4. Calculation of health impact; climate change

With the basic data currently available, the calculations were only able to include extra
mortality caused by climate change in developing countries. Morbidity and effects of
the heat on people’ s welfare have not been calculated. Exposure and risk coefficients
estimated are as described above. As the health impact of this health risk was calculated
for future effects over along period of time it was essential to adjust results for changes
to population size and structure. According to UN (2004) the population of the earth is
expected to increase from 6.1 billion in 2000 to 8.9 billion by 2050 and then reach a
plateau. Exact population figures after 2050 have not been calculated by the UN as they
may be great variations depending on social and economic developmentsin different
countries and the health situation of their populations. The greater part of the population
increase is expected to occur in devel oping countries and by 2050 there may be a 58%
increase in these countries. It isalso expected that there will be a redistribution of age
structure from younger to older people in these populations. In 2000, in developing
countries, 33% of the population was under 15 years of age and 5% older than 65. By
2050 it is expected that these figures will be 21% and 14% respectively and by 2100
they will be 16% and 24% (UN, 2004). Of the causes reported in Table 29,
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malnutrition, diarrhoeal diseases, malaria and flooding form the greatest threat to young
children while cardio-vascular diseases have the most serious effect on older people.

It is estimated in this study that the redistribution of age-group structure will more or
less even out the effect of the redistribution of cause panorama from those affecting
children to those affecting older people. On the other hand it is assumed that the
population in the regions affected will increase by 70% up to 2080. Global mortality
based on the increase of death risks was therefore adjusted by afactor of 1.7 in order to
take population increase into consideration.

8.5. Uncertainty and error margins; climate change

As these calculations are based on climate models, which cannot be directly validated
for future levels, it is naturally possible that the real results of extra mortality will
deviate significantly from the results stated here. The intention of the calculationsisto
produce an approximate idea of the size of the effects that may be caused by Swedish
road traffic; there is no assertion that these figures are exact.

8.6. Summary of methodology; climate and health

1. Global climate changeis primarily caused by greenhouse gas emissions, of which a
significant share is produced by motor vehiclesin road traffic. The accumulated
emissions from industrial countries are probably the dominant cause of the current
climate change. Consequently Sweden’ s contribution to this change was reckoned to be
at the same level as Sweden’s contribution to the cumulative emissions from industrial
countries.

2. Sweden’ sroad transport is estimated to contribute 0.13% of the cumulative
greenhouse gas emissions from industrialised countries. If instead the share of the
current global emissions per decade is used then the Swedish share from road transport
will be 0.07%.

3. Global climate change affects different regions of the world in different ways and the
worst affected areas, who will experience arisein temperatures, increased or decreased
rain levels and extreme weather conditions, are found in the tropical regions and include
many developing countriesin Asia, Africaand Latin America.

4. A list of possible health effects has been presented by WHO. Certain of these effects

can already be demonstrated and quantified as results of climate change between 1990
and 2000.
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5. An estimate of the number of fatalitiesin different regions of the world caused by
malnutrition, diarrhoeal diseases, malaria, flooding and cardio-vascular disease found
that probably 166,000 fatalities occurred in 2000 in developing countries as a result of
climate change.

6. If it is assumed that the relationship between greenhouse gas emissions and
temperature changeis linear and that the relationship between temperature increase and
health effectsislinear, it is possible to use the climate models that IPCC used and the
calculations made by WHO in order to extrapolate potential health effects up to 2080,
which is the year when the young Swedes born recently achieve their expected length of
life.

7. WHO's calculations have been used to calculate the expected increase of death risks
in 2080. Then the UN estimates of population increase were used to estimate the
number of extrafatalities globally due to climate change by 2080.

8. The average number of global extrafatalities during the 21% century may be close to
the average number in 2000 and the number in 2080. The Swedish contribution from
road traffic was then calculated as 0.13% of the global average number of fatalities per
year that can be related to global climate change.

9. Nowadays a considerable amount of energy isinvested in identifying applicable
methods aimed at adapting to climate change (adapting so that negative effects do not
occur in spite of the warming up of the local environment). One programme in Sweden
isentitled Climate Tools, aresearch programme administered by the Swedish
Environmental Protection Agency (please refer to their website).

8.7. Health impact of Swedish road transport greenhouse gases
on developing countries

With the help of linear extrapolation of WHO's calculated fatalities in 2000
(McMichadl et al., 2004) up to 2080 it was found that with the limited number of causes
of death used in the WHO cal culations there may be 1,119,000 fatalities per year during
the 2080s if population increase is not included in the calculation (Table 32).
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Table 32 Calculated number of fatalities (in thousands) caused by global climate
change up to 2080 assuming same population size and structure asin 2000.

WHO region Cardio-
Diarrhoeal vascular
Malnutrition | diseases Malaria | Flooding disease | Total
AFR-D 64 60 0 0 9 133
AFR-E 72 96 120 0 7 295
AMR-A 0 0 0 0 0 0
AMR-B 0 0 0 7 4 11
AMR-D 0 5 0 0 0 5
EMR-B 0 0 0 0 0 0
EMR-D 63 56 0 7 4 130
EUR-A 0 0 0 0 0 0
EUR-B 0 0 0 0 0 0
EUR-C 0 0 0 0 0 0
SEAR-B 0 0 0 0 9 9
SEAR-D 312 154 0 0 63 529
WPR-A 0 0 0 0 0 0
WPR-B 0 0 7 0 0 7
Entireworld 511 371 127 14 96| 1119

As described aboveit is agiven that the population will increase and age structure will

change in the devel oping countries most affected by climate change health effects to

become the equivalent of an increase of the number of fatalities calculated in Table 32
with afactor of 1.7. Consequently the conclusion can be drawn that approximately 1.9
million fatalities per year can be expected to occur in 2080 due to the diseases and
injuries climate change has brought about. This assumes that the risk panorama among
the poor population in developing countries does not change to any significant extent

during the period up to 2080. The average world income will certainly increase however
with continued inequality the same, or worse, than the current situation then it may well
be the poorer groups in the population who will continue to experience high health risk
due to climate change. For example, in 2000 approximately 1 billion peoplelived in
slum areas that were hazardous to health (WHO, 2007), and according to the UN, this
may increase to 2 billion by 2030.

For 2000 WHO calculated that the number of fatalities caused by climate change could
be 116,000. The average of 116,000 and 1,900,000 is the equivalent of the average
number of fatalities per year that climate change may bring, i.e. approximately 1 million
annually. Sweden’ s road traffic contributes 0.13% of emissions of greenhouse gases
(CO, equivalent) from the industrialised countries. Consequently greenhouse gases at
the current level from Sweden’sroad transportswill cause an increase of 1 300 in
the number of fatalities per year in developing countries on average during the
period up to 2080 (Table 33).
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Table 33. Thenumber of fatalities caused by global climate change dueto
greenhouse gases from motor vehicles on theroads of Sweden (annual average
during the period 2008 — 2080).

WHO region Cardio-
Diarrhoeal vascular
Malnutrition | diseases Malaria | Flooding diseases | Total
Africa 150 172 133 0 18 473
Americas 0 6 0 8 4 18
Eastern
M editerranean 70 62 0 7 4 143
Europe 0 0 0 0 0 0
South East Asia 345 170 0 0 80 594
Western Pacific 0 0 8 0 0 8
Entireworld 565 410 140 15 106 1237
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9. Total picture of health effects on Sweden’s
population based on different types of health
measurements

In spite of the fact that much of this analysis has been based on calculations of extra
fatalities, the results are presented here in another sequence from when cases of injury
or disease occur, to the sufferer being admitted to hospital, then on to the victim
collecting sickness benefits and onwards until the individual dies. The disease and
injury burden is presented in DALY's. Fatalities are measured with the greatest level of
certainty and the increase of these figures in relationship to road traffic has been used to
calculate the less serious effects.

9.1. Cases of injury and disease

As aready mentioned more detailed data on the number of peopleill or injured linked
to road transports was not available with the exception of information found in police
reports (SIKA, 2007a). As Table 10 demonstrated there were 18,272 minor injuriesin
2001 and 22,677 in 2006. The number of severe injuries reported amounted to 4,058
and 3,959. In 2001 there were 12,577 care sessionsin hospitals for injuriesand a
calculated 10,414 care sessions for diseases related to road traffic. The average number
of visitsto adoctor per care session in hospital (all diagnoses) was 17.9 (8.6 in primary
care and 9.3 for specialist care) (see Section 3.3.5). Different disease and injury
diagnoses have, naturally, different average numbers of doctor’svisitsin relationship to
hospital care sessions, however if these figures are used for an approximate estimate, in
2001 we find:

Doctor’svidits: 225,128 for traffic injuries
186,411 for diseases related to road traffic
People with minor injuriesto dueto accidents. 18,272

The different heart and lung diseases included in calculations for air pollutants and
noise and the diseases caused by physical inactivity (including diabetes which was used
as an example) are al of the character that symptoms, less severe morbidity and
decreased working capacity often occur for along period of time before the disease
becomes so serious that the patient applies for medical care and is treated as an out or
inpatient. Consequently it is possible that the number of cases of ill-health caused by
road traffic may be counted in the hundreds of thousands every year.

The calculation here did not include effects on children, which may mean a considerable
underestimation; however this calculation basisis less developed. It must also be stated
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here that exposure during childhood or in young adulthood probably affects health later
in life. This exposure may aso cause increased sensitivity to exposures other than those
caused by traffic, which may mean additional morbidity related to these other
EXPOoSures.

9.2. Hospital admissions and care days in hospital

Detailed calculations of the number of care sessionsin hospital for the different
exposures, types of diagnosis and age and gender groups have been shown in the
previous sections but these results are not considered to be especially reliable. The total
number of care sessions due to road traffic accidents, air pollutants and traffic noiseis
22,584, however this figure does not include physical inactivity. Calculated morbidity
caused by physical inactivity is certainly underestimated. Total number of care sessions
in 2001, based on patient registers (National Board of Health and Welfare website) was
1,459,600 so results above are the equivalent of 1.6% of all care sessions.

The 22,584 care sessions in hospital led to 127,930 care days. The total number of care
daysfor all hospital admissions according to the patient register in 2001 was 9,219,900
consequently these results represented 1.4% of all care days.

9.3. Sickness benefits cases due to longterm disease or
invalidity (retirement on medical grounds)

Sickness benefits cases have been even more difficult to estimate and figures must be
interpreted as the first draft of a calculation only. The total of traffic accidents, air
pollutants and traffic noise was 869 cases - probably an underestimate. However the
relationship between the calculated number of  sickness benefits for traffic injuries
(674) and the number of fatalities (527) is close to that which could have been expected
based on data from New Zealand which is discussed in Section 3.3.4.

9.4 Fatalities

Table 34 summarises all fatalities. In 2001 atotal of 93,808 deaths occurred in Sweden.
The figure produced by this study — 3,738 - represents 4.0% of all fatalities.
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Table 34. Traffic fatalitiesfrom injury and disease (dueto air pollutants, traffic
noise or physical inactivity) in Sweden in 2001 by age and gender

Age Traffic Extrafatalities dueto exposureto road traffic
groups injury Fatalities

deaths, 2001 total

Traffic= T | Air Noise - Noise- | Physical

blood heart inactivity | Extra, | Traffic+ | Quotient
pressure total Extra=S | ST

Men
0-1 1 1 1.0
1to4 1 1 1.0
5t014 6 6 1.0
15-24 95 18 18 113 1.2
25-34 60 0 0 25 25 85 14
35-44 52 16 0 1 46 63 115 2.2
45-54 44 44 0 6 115 166 210 4.8
55-64 45 100 2 16 244 362 407 9.0
65-74 29 194 3 34 231 260 9.0
75+ 50 679 16 101 796 846 16.9
Sub-total 383 1033 22 158 449 1661 2044 5.3
Women
0-1 0 0 1.0
1to4 5 5 1.0
5t014 6 6 1.0
15-24 21 6 6 27 13
25-34 18 0 0 10 10 28 15
35-44 19 9 0 0 23 33 52 2.7
45-54 14 32 0 1 77 109 123 8.8
55-64 14 63 1 5 152 220 234 16.7
65-74 21 133 3 15 151 172 8.2
75+ 26 886 34 101 1021 1047 40.3
Sub-total 144 1123 37 123 267 1550 1694 118
Total 527 2156 59 281 716 3211 3738 7

9.5. Other effects

In an overall picture of al health effects of road transport, the symptoms and effects
calculated in Table 18 for air pollutants should aso be included. For example 1,405
cases of chronic bronchitis per year, 2.6 million cases of lung symptomsin children, 2.8
million days of restricted activity (RAD) and 0.51 million days of lost working ability
(WLD). If the same principles for what is to be considered a health effect are used for
the other health risks, additional symptoms and activity effects could be added.
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Neither has a detailed analysis of the various disturbance effects (330,000 — 400,000 for
traffic noise only) been carried out. Are people exposed also disturbed by air pollutants
or traffic injury risks? Barrier effects are not included in the calculations either etc. It is
clear that this report is to be regarded as a minimum calculation.

9.6. Disease and injury burden (DALYS)

It must be remembered that no age weighting of YLL or YLD was used in these
calculations as well as no discounting for future mortality or morbidity. Asthe
YLD/YLL quotient varies with diagnosis, age and gender, results have been presented
separately in previous sections for each type of health risk. This makesit possible to
take different “weights’ for different causes of lost years of life into consideration. The
principle of the DALY methodology isthat in the final summary (Table 35) all lost
years of life will have the same economic value.

Table 35. Total injury and disease burden for all health risks

Gender Traffic Air Noise Physical Total
injuries inactivity
Men
YLL (0.0) 14594 11944 2015 13175 41728
YLD (0.0) 3063 4084 136 8657 15941
DALY (0.0) 17656 16028 2151 21832 57668
Women
YLL (0.0) 5343 13115 1685 8291 28434
YLD (0.0) 1839 6187 233 7741 16002
DALY (0.0) 7183 19302 1918 16032 44436
Both genders
YLL (0.0) 19937 25059 3700 21466 70162
YLD (0.0) 4902 10272 370 16399 31942
Total DALYs
(0.0 24839 35331 4070 37864 102104
% of Total
DALYs 24 35 4.0 37 100

When the injury and disease burden due to the different health risks is summarised
(Table 35) certain dissimilarities become clear which may appear surprising. YLDsfor
traffic injuries and noise are extremely low while those for physical inactivity are higher
inrelationshipto YLL level. DALY sfor air pollutants are lower than DALY sfor
physical inactivity in spite of the fact that the number of fatalities dueto air pollutantsis
three times higher than for physical inactivity. Additional analysis of the different
components is of great interest in order to develop as correct an estimate of the injury
and disease burden as possible.

108



10. Discussion, conclusions and recommendations

Detailed comments concerning methodology and results have been provided in the text
above — no repetition is necessary here. It must, however, be restated that the intention
of this project was to test new methodology. Its results are to be regarded not as exact
figures but more as discussion material. In certain cases, al probable effects have not
been included and in other cases methods may have led to overestimates.

The idea behind the detailed age and gender distribution was to show the groups where
the effects appeared to be most common. If these results are of great importance to the
measures that are considered reasonable, this project may show which epidemiological
analysesthat it isimportant to carry out in order to develop improved, more detailed,
basic data.

Information on exposure and risk coefficients previously measured has been utilised in
this report as well as the data used in previous health risk specific HIAs. A number of
possible health effects were excluded by adopting this point of departure as no, or only
very limited, research has been carried out on their effects.

However thisHIA isthefirst that describes the collated health impact of the five health
risks: road traffic accidents, air pollutants, traffic noise, physical inactivity and climate
change. The DALY calculation for all health risksis also a new way of describing
public health effects in this context. Previously it was mentioned that it has been
estimated that 1.9% of Sweden’s DALY s are contributed by traffic injuriesto the total
injury and disease burden in Sweden. This calculation that includes all health risks
states a four times greater burden, and with a updating of total DALY s (1, 689,000
DALY sin 2002) the 102,000 from road transport will be approximately 6% of the total
figure. Thisfigure states that road transport forms the fifth largest health risk in
Sweden after high blood pressure, use of tobacco, high cholesterol and high BMI (Body
Mass Index, a measurement of overweight). However it should also be noted that high
blood pressure and high BMI may be the results of road transport according to this
analysis, consequently the real ranking of road transport may be much higher.

Health effects of greenhouse gases from Sweden’ s road transports can be expected to
occur almost exclusively among poorer groups of people in developing countries. With
the help of estimates that have been made by WHO, it was calculated that each year an
average of 1,237 fatalities among these groups may occur up until 2080. Thisis 2.5
times as many fatalities as occur in road traffic accidents in Sweden.

A number of issues are worth closer analysisin continued research and HIAs within this
field:
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1.  How can mortality and morbidity be measured in a better manner?

For injuries there are the problems of police reporting and health statistics. How are
these to be solved? There is also the problem of the Social Insurance Office coding
system. Isit possible to achieve a change so that improved input data will be
available in the future?

2.  How comparablearetheresultsfrom studiesthat use different
methodology?

This has been discussed here primarily as concerns air pollutants, where both the
PM,5 Method and the NO, Method are presented. The same problem appliesto
noise and physical inactivity.

3. How comparableareHIAs on Sweden and on other countries?

The results must be compared with other countries, and road transport effects must
also be compared with other health risks. It is of special interest to compare
mortality results and DALY resultsin relationship to the health situation of the
entire population.

4. |sabetter cause and effect analysis necessary?

If results are individualised it should be possible to figure out what each car driver is
responsible for — for example it could be calculated that the average car owner
drives for say 30-50 years and that there are 6 million car driversin Sweden. How
much does each car driver contribute to effects over the course of ayear, or during
higher lifetime?

5.  How can Sweden’sroad transport health impact on developing
countriesand other countriesbeincluded in an overall analysis?

Should this discussion be separated between the effects on the Swedish population
and that on people in developing countries? If these two effects are added together
there may be criticism, however effects abroad cannot be ignored.

6. Howimportant isroad transport as a contributor to total DALYS?
This has been calculated and its share discussed in relationship to total DALY's
(preventableill health). The share islarge in comparison with other health risks.

What impact does this have on Swedish public health policies? What are the
marginal effects of different preventative measures?
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Recommendations

It isvital that input data from routine statistics on morbidity and sick leave
are reviewed so that more reliable calculations can be made; e.g. the Social
Insurance Office database must be expanded to include injuries

Establish a collaborating group of health researchers within different
health risk fields (smilar to ASEK, but for epidemiological analysis), so
that ajoint approach to health variables and measuring methods of interest
can be devel oped

Work more actively in the EU and WHO collaboration groups so that
Swedish ideas and methods can gain response from other countries

Improved mapping of the most relevant exposures is essential

Certain dose-response relationships are still uncertain: more research
needed

In order to be able to evaluate future impact of e.g. climate change and the
effect of different measures, future analyses and studies of trends are
necessary

Evaluate the health gains of the different preventative measures and
estimate co-benefits (i.e. a certain measure aimed at a certain risk exertsa
positive effect on other risks)

Analyse the relationship to health gender equality of the current health
impact and effects of future measures
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Preface

Insight is increasing that road transport is affecting health in more, and more complex, ways
than previously thought. However, knowledge about exactly how and to what extent this is
happening is uneven. This report shows the results from a socio-economic analysis of the
public health costs of the road transport sector in Sweden in 2001. The analysis constitutes the
second part of two in a project initiated by the Swedish Road Administration, financed by the
Swedish Environmental Objectives Council. In the first part of the project, Tord Kjellstrom,
Professor of Epidemiology, made a health consequence assessment of the effects of road
traffic in 2001, and calculated the number of deaths, years lost due to premature death (YLL)
and years lost due to disability (YLD), caused by road accidents, air pollution, traffic noise,
physical inactivity and climate change, respectively. His results have then been used in the
calculations presented here.

The report was written by Elisabet Idar Angelov, WSP Analys & Strategi. Jarl Hommargqvist,
Susanne Nielsen-Skovgaard and Matts Andersson of WSP have also participated in the work.
The contact person at the Road Administration was Stefan Grudemo. An earlier version of the
report was scrutinized by Lena Nerhagen, researcher at VTI. The same version was also
discussed in June 2008 at a seminar organized by the Road Administration and the Swedish
National Institute of Public Health, with participants from a number of public authorities and
research institutes.

Tord Kjellstrom’s work is presented in the report “Den svenska vagtransportsektorns
folkhédlsoeffekter” ("The effects of the Swedish road transport sector on public health”).

Stockholm, October 2008

Johanna Dillén
Division Manager
WSP Analys & Strategi
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Summary

We have calculated the socio-economic costs of the number of deaths/lost years of life and
lost years of life due to injury or disease respectively for 2001 that can be derived from
Swedish road traffic, or, more precisely, from road accidents, air pollution, noise, physical
inactivity in conjunction with commuting to work, as well as climate change. The background
material was produced by Tord Kjellstrom in the first part of this two-part project (see
Kjellstrom et al, 2008). The work was carried out on behalf of the National Swedish Road
Administration and with financing from the Swedish Environmental Objectives Council.

We have calculated public healthcare costs, administrative costs, net production lost and the
intangible risk value of the various cause categories. This has been done separately for men
and for women, but totaled for all of Sweden and all vehicle categories affected (passenger
cars, lorries, buses, two- and three-wheelers). In some cases, the calculations are based on
unreliable assumptions, and in particular the results relating to disease are roughly formed.
The results should therefore be considered as examples, and in particular those that relate to
disease due to air pollution, noise and physical inactivity, as well as those that relate to climate
change!

In total, the negative effects on health from road traffic in Sweden in 2001 is estimated to
amount to around SEK 97 billion at 2008 price level (September).” Of these, 46 billion can be
linked to deaths and the other 51 billion to the disease and injury cases. The intangible risk
value, SEK 85.6 billion, corresponds to 88% of the total sum. The other 12% is shared by the
costs for healthcare, administration and net production loss, which together add up to SEK
11.7 billion. If the costs of deaths are isolated, the risk value amounts to almost 96%, while it
constitutes 81% of the costs for injury and disease cases.

Based on the evaluation by Kjellstrom et al. (2008) that the actual deaths, etc, may be 50-150%
of those calculated, the total amount may be somewhere between SEK 63 and 132 billion.?
Given the uncertainties in our calculations as well, the interval may be made even greater.

! This is equal to SEK 85 billion at 2001 price level.
2 However, the costs of the road accident cases have been kept constant, as these calculations are based
on accident statistics.
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Table 1 Costs of deaths and cases of disease/injury in Sweden in 2001, due to Swedish road
traffic.

SEK million, price level for September 2008

Road Air pollution Noise Physical Total
accidents inactivity
Deaths 10 050 19 867 3024 13133 46 074
Cases of 18 385 12 630 440 19 666 51121
disease/injury
Total 28 435 32 497 3464 32799 97 194

For climate-related deaths outside Sweden, an amount of around SEK 1.5 and 22 billion should
be added, depending on the value for a statistical life used as a starting point. This interval only
includes risk evaluation and thus no costs for healthcare, administration or loss of production.
The lower value uses a value adjusted for GNP/capita and average life in low and medium
income countries as the starting point, while the higher value is the same as used for Swedish
deaths. We assume 30 years lost on average for these deaths.

Table 2 Risk evaluation of the 1,237 deaths in 2001, primarily outside Sweden, which have
been estimated to be caused by the Swedish road transport sector’s contribution to climate
change by Kjellstrom et al. (2008). “SEK million, price level in September 2008.

Risk evaluation 30 lost life years/death

Same VOLY* as in Sweden 21893

Adjusted VOLY* 1459

* Adjusted VOLY” (the value of a year lost) takes into account the lower income levels in low
and medium income countries.

Our results suggest that the effect of road traffic on the population’s level of physical activity
plus its air pollution may entail the greatest costs, followed by road accidents. If costs for the
climate-related deaths are added to the item air pollution, the joint emissions pull away from
the other items in importance. Noise produces considerably lower costs than other items, but
still around 60 percent more than would be the result if the latest recommendation for health-
related noise evaluation within the transport sector is used. According to the calculations, road
accidents and physical inactivity cost more in terms of injury/disease than in terms of deaths,
while the reverse is true for air pollution and noise.
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As the effects in most cases are based on (different) long-term exposure, apart from road
accidents, it is not the road mileage this year for which the cost has been calculated, but only
the effects in the form of deaths and cases of disease and injury which emerged in 2001. Note
that the results are reported at 2008 price level, but apply to 2001. A calculation of the
corresponding number of deaths and cases of disease/injury for a later year would have
produced higher costs, as salary levels and thus also individual’s willingness to pay would
increase.

The greatest uncertainties relate to the epidemiological background material in itself, and in
particular those that relate to physical inactivity and climate change. In addition, we do not
know to what extent information about the number of years of life lost due to disability (YLD)
can be used to give us a more complete picture of the economic effects of disease. However,
the number of YLD has been used as the basis for the calculation of the cost of disease due to
air pollution, noise and physical inactivity.

More work is needed here, to provide valuable information about how the various items relate
to each other and to other costs in society. Such knowledge could be used, in particular, as the
basis for decisions about the size of funds that it is socio-economically reasonable to use for
reducing the various costs of road transport, and for reconciliation against the calculated
values used in traffic planning. Even if our results are verified, however, they cannot be used in
socio-economic calculations. For these, a bottom-up perspective is needed, where the
calculations are based on changes in mileage, emissions, etc.

If the results prove to be robust, they still provide an argument for taking the emissions from

road traffic more seriously, and to pay greater attention to its effects on the population’s level
of physical activity. This also applies to noise to a certain extent.
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1 Introduction

1.1 Background

The combination of the words health and road traffic probably direct most people’s thoughts

to road accidents and to unhealthy air due to car exhausts and studded tyres. Some may also

think that having a car of one’s own makes it easy to get to the gym. Many have also probably
heard that noise nowadays is thought to lead to high blood pressure.

This fairly complex view of the health effects of road traffic is relatively new, which is well
reflected in what is known about the various components. By far the greatest knowledge is
about how people are affected by road accidents, which is natural as these connections are so
easy to see. And it is clear that the number of accident victims is not falling at the rate

”3

envisioned in the Swedish “Vision Zero””. Still, insight is growing that road accidents despite

this still only correspond to a limited proportion of the effects of road traffic on public health.

- Proof is now strong that our car fleet, despite catalytic purification, gives rise to lots of
premature deaths, due to particles and emissions of various dangerous substances.
This is shown, for instance, in the European research project named Externt*.

- Studies show that traffic noise does not just disturb conversations and sleep, but can
also give rise to high blood pressure and in the longer term to such serious health
conditions as stroke and acute heart attacks.

- The net effect of road traffic on the population’s level of physical activity is as yet
unknown, but the clues that exist point to it possibly being negative. The state of
health of people that go to work in different ways has been investigated, and those
travelling by car showed considerably worse results than those going by bicycle, even
when other lifestyle factors were taken into consideration.

- The fact that carbon dioxide emissions are affecting climate to an increasingly
worrying extent is becoming ever more noticeable, and as a consequence people’s
health is being affected by drought, floods, storms and new diseases. Road traffic
contributes to this as well.

? Vision Zero is a Swedish goal/policy introduced by the Swedish Parliament in 1997. It implies that no
fatalities or serious injuries should occur within the Swedish road traffic sector from 2020 and onwards.
* See Friedrich & Bickel (2001), for instance.
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- There are also suggestions that traffic is of importance to our psycho-social health.
This is both positive, as traffic provides opportunities for otherwise unavailable
activities and experiences, and negative, as, for example, it has been shown that
people in areas with heavy traffic have fewer contacts in their close surroundings than
people do in areas where traffic is lighter.”

The picture of the effects of road traffic on public health can almost be described as a loosely
assembled collage of pieces varying in focus and with missing pieces in some places, well
illuminated in some parts, while almost completely black in others. This is a problem, as
knowledge directs which measures that are used to develop infrastructure and the society that
surrounds it. If knowledge is lacking, there is a risk that we choose the wrong measures, design
them wrongly or allocate the wrong amount of resources to solve the negative aspects of
traffic. Note, though, that this is not just an issue for the actors in the transport sector, but for
all the institutions who participate in planning our physical environment!

So what is at stake? At one end, there are of course those individuals who are killed, injured or
become ill, at the other there are our opportunities for cost-effective distribution of resources.
Ultimately, our preconditions for economic development may also be affected to some extent.
It has long been known that there is a link between public health and economic development.
The Swedish National Institute of Public Health (2007) has investigated this issue and considers
that improved public health definitely has been an important component of the economic
development in Sweden, both during the last 200 years and during the post-war period.

The Swedish Road Administration is the initiator of this project, while the financing comes
from the Swedish Environmental Objectives Council. It is in two parts, of which this report
deals with the second:

1. Health consequence assessment
2. Socio-economic analysis

The first part of the project is accounted for in the report “Health impact assessment of road
transport in Sweden”, by Tord Kjellstrom, Rob Ferguson and Adrienne Taylor (2008).

> See THE PEP (2006), for instance.
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1.2 Purpose

The purpose of this two-part project is to create a comprehensive picture of the (negative)
effects on public health of the road transport sector and to calculate their socio-economic
costs. The first part of the project calculated the number of deaths, years of life lost due to
premature death (YLL) and years of life lost due to disability (YLD), respectively, in Sweden in
2001 which can be assumed to have been caused by road traffic. This through road accidents,
air pollution, noise and physical inactivity connected to commuting to work. We have also
calculated the number of climate-related cases of death (on a global basis) that can be said to
have been caused by the contribution from Swedish road traffic to the world’s joint emissions
of carbon dioxide. However, the psycho-social effects mentioned in the section above have not
been calculated, as the causal link is very unclear.

Apart from road accidents, it is thus not the traffic in 2001 which is evaluated, but the health
effects from traffic which have emerged in 2001. This is because the causal links behind cases
of death and disease due to air pollution, noise, physical inactivity and climate change have
been working for several years — for climate change many years — before the effects have
emerged. However, sensitive persons can fall ill due to high levels of air pollution after only a
short period of exposure, but our background data has in this case been produced on the basis
of the link between long-term exposure and mortality/hospital care. As the exposure and time
required for various disease conditions to emerge varies from diagnosis to diagnosis, in
practice it is the car fleets and road mileages of different years that are evaluated. This point is
important to remember when the results are discussed, as it affects their comparability, both
between themselves and with other socio-economic calculations.

The starting point for this second part of the project is thus to calculate the socio-economic
costs to public health of the road transport sector on the basis of the results from the first part
of the project. We want to find out whether the costs can be assumed to be low or high, and
the relationship of the different items to each other.

The National Swedish Road Administration already carries out socio-economic calculations of
the cost and utility of road measures in terms of road accidents and emissions, and sometimes
also in terms of noise. However, when valuing both emissions and noise, their starting point is
an evaluation of the marginal addition from traffic of harmful substances and decibels
respectively, while our starting point is the total mortality and “years lost”. Changes in the
emissions of carbon dioxide are also evaluated by the Road Administration, but not explicitly

® Years of Life lost to Disability. YLD quantifies the number of corresponding years of life lost due to loss
of function as a result of disease or injury. One YLD is composed of several different diagnoses which
together are deemed to be equal to one year when dead. Two persons who each have a functional
weighting of 0.5 during one year correspond to 2 x 0.5 = 1 YLD. One person who during ten years lives
with a function loss of 0.5 gives rise to a loss of 1 x 10 x 0.5 =5 YLD.
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based on the health effects of climate change. The effect of traffic on physical inactivity is not
included at all in the analyses produced by the Road Administration, except to some extent
when considering bicycling measures (as from 2008).

Our analysis thus differs from the usual background material for decision-making within the
transport sector, as we calculate the health-related costs as totals (as opposed to as margins in
conjunction with a change), and as we include physical inactivity during commuting as well as
“pure” health costs from climate change. The calculations are also to a large extent based on
different background material.

As our input data are in some parts very unreliable and as assumptions are rough, we would
like to underline that the results should be regarded as material for discussion, and not for
decision-making!

1.3 Delimitations

We have calculated direct costs for healthcare and administration, indirect costs in the form of
the (net) loss of production arising when people are too ill or injured to go to work, or when an
able person dies prematurely, as well as intangible costs in the form of suffering and sorrow
(i.e. the individual’s risk evaluation). This has been done for the deaths, years of life lost due to
premature death (YLL) and years of life lost due to disability (YLD)’ during 2001, which in part
one of the project were derived from road accidents , and with air pollution, noise and physical
inactivity in conjunction with commuting caused by road traffic.

It could be argued that the cost of physical inactivity to some part is internalized, i.e. that the
individual takes this into consideration when choosing the means of travel, and that all or parts
of the risk value therefore has no place in a socio-economic calculation (which should only
include so-called external costs). However, the issue has not been determined and we have
therefore chosen to assume that the entire cost is external.

Appendix 2 shows an alternative calculation of healthcare costs, which has been excised from
the main text, as the first part of the project assessed that the background material was too
unreliable. The risk value has also been calculated for those deaths outside Sweden which,
through climate change, are assumed to have been generated by the carbon dioxide emissions
from Swedish road traffic.

The calculations relate to all costs which a death, YLL or YLD respectively is deemed to have
given rise to, i.e. including those that have arisen since 2001.

7 See note 6 above.
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The analysis has been made for men and for women, and is largely based on background
material divided up into different age groups. The results apply to the entire road traffic
sector, i.e. passenger cars, lorries, buses, motorcycles, mopeds and bicycles, and have not
been divided up into individual types of vehicles or geographic areas. The proportion of the
cost for different types of vehicles is, however, referred to in the discussion, and should be in
focus during any continuation of the work.

The cost of paying compensation during disease has not been calculated, as this in a socio-
economic context is counted as a transfer rather than as a cost. Nor has the cost of
preventative measures, such as road safety measures, been calculated.

Our study does not cover all negative effects on health that may be associated with road
traffic. For instance, we have not included occupational injuries to professional drivers,
psycho-social consequences of the barrier effects of traffic, consequences for the level of
physical activity within the population over and above commuting to work, or more long-term
effects on economic development. Nor has health effects on animals been included.

Cases of death, injury and disease are, of course, not the only effects of emissions from road
traffic, etc. Air pollutants, such as nitrous oxides and sulphur dioxide, also have negative
effects on the natural environment. Road accidents often also entail damage to property, and
climate change is producing ever clearer effects on the natural environment and economic
development.

Finally, we have not calculated the positive effects of the road transport sector. These are,
however, touched upon briefly in the discussion section.

14 Disposition

Section 2 first provides an introduction to how health is normally evaluated from a socio-
economic point of view (2.1) and thereafter follows a brief description of how health is
evaluated by the Road Administration (2.2). The number of deaths, etc, calculated in the first
part of the project, and which forms the basis for our analysis, is presented in section 3.
Section 4 describes in relative detail how we have carried out our calculations. The section
starts, though, with a review for those who are not so interested in the technicalities. Section 5
presents our results and section 6, finally, contains a discussion about them.
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1.5 List of concepts

Col Cost of disease. A socio-economic evaluation method where the health costs are
calculated by calculating healthcare costs and loss of production.

DALY DALY is a compound measure corresponding to the number of YLD plus the number of
YLL in a population. DALY is used by WHO, among others, for measuring the state of health in
different countries.

VOLY Value of life years lost.

YLD Years of life lost to disability. YLD quantifies the number of corresponding life years
lost to disability due to disease or injury. One YLD is made up from several different diagnoses
that  together are deemed to be equal to one year as dead. Two persons who each have a
functional weighting of 0.5 during one year are equal to 2 x 0.5 = 1 YLD. One person who
during ten years lives with a function loss of 0.5 gives rise to aloss of 1 x10x0.5=5
YLD. The numbers of YLD for  different age groups and categories that form the foundation
for some of our calculations are based on quotas between YLL and YLD for different
diagnosis categories, and based on hospital admissions.

YLL Years of life lost.
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2 Methods for monetary valuation of health
2.1 Valuing health

Socio-economic health costs are usually divided up into direct, indirect and intangible costs.
Direct costs refer to costs for healthcare and administration, while indirect costs usually mean
the loss of production that follows from people being unable to work due to disease, injury or
death. Intangible costs refer to suffering and sorrow.®

In other words, society’s health-related costs for, e.g. a road accident, consist of costs for
healthcare, administration, and (net) loss of production (the part above the horizontal dotted
line in Figure 1 below). The individual’s costs consist of healthcare, administration, loss of
consumption and suffering/sorrow (the part below the same line in Figure 1).

Healthcare Administrative Loss off Society’s
costs costs production costs
] — Loss of
consumption
H Suffering and Individual’s

Individual's risk value : sorrow costs
< > —>
bl »

Direct and indirect costs Intangible costs

Figure 1 Total health costs of an accident or disease. The hatched boxes illustrate the double-
counting that may arise if a calculation of the household’s healthcare and administration costs
is added to the individual’s risk value. Source: AEA (2005a).

Both direct and indirect costs can be calculated with the aid of market prices. For healthcare
costs, cost used are those for inpatient care (i.e. when a person is in hospital), outpatient care
(e.g. doctor’s appointments) and medicines, while indirect costs (loss of production) is
estimated using salary costs as the market price.

® Section 2.1 is partially based AEA (2005a). See also Boardman et al. (2006).
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This valuation method is called Cost-of-lliness, COIl. However, as the COl method does not
include the monetary value of suffering and sorrow, it means that the size of the total health
cost is underestimated.

When it comes to loss of production, there are two reasons for calculating the net loss of
production (i.e. loss of production minus consumption), rather than the gross loss of
production. On the one hand, an individual does not just contribute to the total welfare of
society, but also uses resources. On the other hand, it can be assumed that when the
individual is stating his willingness to pay for reducing the risk of injury/disease/death, he does
not only put weight on suffering and sorrow, but also the reduced opportunities for
consumption that follows from reduced income (in the event of e.g. a road accident). And as
the economic value of an individual’s consumption can be assumed to be included in the gross
loss of production, it would entail double counting to include both the individual’s willingness
to pay and the gross loss of production. The net loss of production could therefore be said to
reflect the individual’s “net contribution” to society, after deduction of the resources the
individual also uses up.

Suffering and sorrow are intangible costs and have no market price. For this reason, it is
considerably more difficult to calculate the cost of them. However, an estimate of their
monetary value can be made using the so-called willingness to pay, WTP. In brief, this method
entails a selection of individuals responding to what they would be prepared to pay,
hypothetically, to avoid — in this case — a certain risk, such as the risk of dying in a road
accident. The monetary risk value has thus nothing to do with an individual accident or death
being worth any particular amount of money. On the other hand, the value reflect how much
of other consumption that people are willing to give up in order to reduce a risk.

The WTP method has been criticized, because in many studies it has been shown that the
individuals asked state approximately the same willingness to pay, irrespective of how great
the reduction in risk is, while from a logical standpoint they should be willing to pay more for a
greater reduction in risk than for a smaller one. Currently, the method is still regarded as the
best available for estimating the economic value of suffering and sorrow, and the alternative
that is the next closest to hand is not to apply economic values to these phenomena at all. In
recent years, with the aid of psychological knowledge and crafty survey constructions, it has
also been possible to get past some of the problems associated with the method.

Apart from the monetary values of suffering and sorrow and loss of consumption, the
individual’s willingness to pay (to avoid a risk of injury or disease) can also be assumed to
include an assessment of the own costs for healthcare and administration. If the individual’s
own healthcare and administration costs (the hatched boxes in Figure 1) are also calculated
separately, there remains some double-counting. This can readily be thought to be so small
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that it can be discounted. However, as stated in section 2.3 below, we have chosen to include
in our calculations only the healthcare costs of the public sector.

Within healthcare economics, it is common to value measures in economic terms through the
use of quality-adjusted life years, QUALY, or years of life lost to disability, YLD. Here, too, the
method is about weighing together the utility of different effects, but with other starting
points. For a discussion about the importance that weighting can have on the results, see for
example Krupnick (2004).

2.2 Economic valuation of health within the transport sector

In order to gain an idea of the measures that are profitable from a socio-economic point of
view, the Road Administration and the Swedish Rail Administration in particular make socio-
economic calculations. When making these calculations, certain set calculation values are used
to value the economic effect of the measures; for instance travelling time and road accidents
are valued. To enable comparisons of the calculations with each other, it is recommended that
the various actors use the same calculation values. These are determined jointly by a working
party, the so-called ASEK group,’ which consists of representatives from the transport
authorities, the Swedish Environmental Protection Agency and Vinnova (the Swedish
Governmental Agency for Innovation Systems). The recommendations are based on research
findings and the work is coordinated by the Swedish Institute for Transport and
Communications Analysis (SIKA). The calculation values are updated in batches and at the
beginning of 2008 the ASEK group decided on a new set of values; the fourth in numerical
order.™

Health is only partly included in the transport authorities’ cost-benefit analyses. Today, road
safety (road accidents), emissions (air pollution) and noise are given monetary values. Up until
now, noise has been valued on the basis of its disturbance effects, and only in conjunction with
the most recent update has a monetary value been included that is based on the effect of
noise to health. Carbon dioxide emissions are also given monetary values, but on the basis of
the cost of measures needed to reduce emissions. Physical inactivity is not valued, although as
from 2008, the positive health effect of increased cycling has begun to be included in a small
number of cost-benefit analyses. To some extent, the traffic authorities supplement the
guantitative calculations with verbal descriptions of other health effects. However, the
methods are not applied systematically and need to be further developed.

This section only contains a brief description of how health effects are valued within the
Swedish transport sector. For more detailed information, see SIKA (2008).

® Working group for socio-economic calculations
9 SIKA (2008).
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Road accidents

The transport authorities’ economic valuation of increased safety in traffic is based primarily
on the individual’s willingness to pay to reduce the risk of being killed or seriously injured in a
road accident.

The monetary accident value differs in amount depending on the degree of damage, according
to the scale property damage, minor injury, major injury and death. The value of each category
thus consists of two components, material damage and a risk value, where the latter
represents by far the greater proportion:

- Tangible costs: Property damage, administration costs, healthcare costs (outpatient
care, inpatient care and medications), plus net loss of production.

- Risk value: Loss of consumption, suffering and sorrow.

In the case of a fatality, these two components together make up the value of a statistical life.
For property damage, only the tangible costs are valued.

The valuation of the tangible costs has been derived from actual costs for healthcare and
salaries. The risk value for deaths is, as mentioned, based on studies of willingness to pay. The
risk value for a seriously injured person is determined as 16.6 percent of a death, based on so-
called risk value studies'! carried out in the 1980s. The value of a slightly injured person was
based on a study from the early 1990s, and has since be recalculated using changes to the CPI
and real GNP per capita.

In order to calculate the value of road accidents with fatalities and/or injured persons using
the monetary values recommended by the ASEK group, information is required about the
number of fatalities, seriously injured and slightly injured persons. The item tangible costs also
includes damage to property.

Traffic noise

The total socio-economic value of noise disturbance depends both on direct, conscious
disturbance and unconscious disturbance, which in the slightly longer term increases the risk

! Studies were made using a so-called Bush index for recalculating the value of a statistical life to risk
evaluation of various serious injuries. Different “disability levels” were given different weighting
depending on mobility, physical activity and social activity. Full mobility, etc, were given the weight 1,
death 0. For further information, see for instance SIKA (2008).
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of certain noise-related diseases. These are, in particular, heart and circulatory disease and
high blood pressure, which can be caused by long-term, stress-generating exposure to noise.

The Road Administration has put an economic value on noise in housing since 1981, but up
until 2008 the health effects have not been included. Noise disturbance in places of work,
schools etc is not valued. The economic value of noise that has been used for the last few
years is based on a so-called hedonic price study from 1997, which shows how house prices in
Norra Angby outside Stockholm were affected by noise from traffic. The underlying reasoning
is that the difference in price between houses with varying degrees of noise disturbance, but
which are otherwise of equal value, reflects the buyer’s valuation of the noise disturbance.

In the latest review of monetary noise values, it was thus decided to also include the health
effects of noise. The starting point is the noise valuation used in Denmark, which has been
adapted for Swedish circumstances. The basis for the new ASEK recommendation is the
difference between the total Danish value (i.e. for the whole country during one year) for the
disturbance effects and the total Danish value of the health effects. The health effects of noise
are valued at 42 percent of the disturbance value.

Valuing traffic noise using the values recommended by the ASEK group requires information
about the number of persons who are disturbed by different noise levels in their houses
(indoors or outdoors next to the facade), measured in decibels. Preferably, information about
the noise-absorption ability of the facade is also required, as this can differ a lot between
different houses.

Air pollution (emissions excluding carbon dioxide)

Air pollution from traffic, i.e. emission excluding carbon dioxide, is by the ASEK group given
monetary values using what is called an Impact Pathway Approach (IPA).*? This entails
following an imaginary chain with five links in the analysis, starting with finding out how large
emissions are. Thereafter, you find out the contents of the various substances in
air/water/land, and then you calculate the number of people who are exposed to these
contents, as well as the effect that this produces. The final link is to evaluate the effects from
an economic point of view. In comparison, in this project we only calculate the last two steps
in the chain (of which the very last in this report), and we depend on previous research for the
first three links.

2 see for example Friedrich & Bickel (2001). The method has also been used in EU-financed research
projects attempting to make collected calculation of the negative effects of traffic, such as UNITE.
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Locally, emissions of particles, hydrocarbons, sulphur dioxide and nitrous oxides are valued.
These primarily give health effects. Regionally, the same substances (except particles) are
valued indirectly, via assessments of costs of measures, i.e. the cost of achieving the politically
determined targets that may be linked to emissions of the various substances. The regional
values are considered to reflect both damage to nature, and health effects.

Local emissions are valued per kg of emissions, which, depending on population density and a
ventilation factor (which has to do with the local weather conditions), is converted into “SEK
per exposure unit”. Research in the area is currently in progress, see for instance Nerhagen
(2008).

Climate change

Just as with the valuation of regional effects of air pollution, the economic value of carbon
dioxide emissions is based on political goals; in this case an estimation of what it would cost to
reach the stage goal for 2010 of a reduction in carbon dioxide emissions (since 1999, the value
of SEK 1.50 per kg has been used). The starting point to be used for the carbon dioxide value is,
however, not considered as a given; previously the tax rate per kg carbon dioxide has been
used, for instance.

Valuing climate change using the monetary value recommended by the ASEK group thus
requires information about emission rates measures in number of kilograms of carbon dioxide.
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3 Background data

Our calculations are based on the information about the number of deaths, etc, calculated in
the first part of this project. This information was presented in its entirety in the report
“Health impact assessment of road transport in Sweden” by Tord Kjellstrom et al. (2008), but is
summarized in Tables 4 — 6 below. Table 3 shows an overview of the type of background data
used for the calculation of the various cost items. Table 21, located in Appendix 2, shows the
number of calculated inpatient care events for the different cause categories. This calculation
we removed by Kjellstrom from the main results, as it was regarded as too unreliable. The
number of inpatient care events has, however, been used for two alternative calculations of
healthcare costs, which are presented in the appendix.

Table 3 Background material (left column) used for calculating healthcare costs, loss of
production, administration costs and risk evaluation of health effects caused by road traffic.

Background Healthcare costs | Loss of Administration Risk evaluation
material, production costs

number

Deaths X

YLL X X

YLD X X X X

Care events™ X

* This calculation was removed towards the end of the project, as it was assessed as being too
unreliable. However, both the economic calculations of healthcare costs based on this
background material have been saved in Appendix 2.

Kjellstrom’s analysis is based on year 2001, and relates to road transport in Sweden and health
effects on the population of Sweden, as well as probable effects on global public health from
the greenhouse gas emissions by road traffic in Sweden. The effects on the population of
Sweden are summarized on the basis of detailed age groups for the two sexes, even if age-
distributed risk data have not been measured for certain health risks. The purpose is to show
what the age grouping of the effects may look like, with the assumptions generally used in
earlier calculation relating to larger total age groups. The summarized effects (for all age
groups) are not affected by this age division.

Apart from mortality, Kjellstrom has also calculated the “disease and injury burden” using so-
called DALY (Disability Adjusted Life Years), starting from the calculated number of deaths for
each calculation category and the ratios between morbidity and mortality previously estimated
for different diagnoses in the Swedish population.
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DALY is a measure developed by the World Health Organization (WHO) and the World Bank in
the 1990s. It summarizes the number of healthy years lost due to disease and mortality during
one year in a specific population compared to the number of healthy years that this population
could have enjoyed if it had had the same life span as a country with optimal health. The latter
is based on the country in the world with the longest average life span - Japan. DALY is a
combination of YLL (Years of Life Lost) caused by mortality and YLD (Years Lived with Disability)
due to morbidity and disability. A large number of DALY per person means less good health in
a population than a small number of DALY. In some cases, differing “weight” is attached to lost
years of life at different ages. In Kjellstrém’s calculation, no weighting or discounting has been
used, as in previous DALY calculations for Sweden.

Injuries in conjunction with road accidents are described in detail in available statistics for
fatalities. Only those fatalities occurring in 2001 are included in Kjellstrém’s calculations (i.e.
persons who were injured in traffic accidents in 2001, but who died from their injuries only in
2002 are not included). The number of injuries is also based on statistics.

The effect of air pollution from motor vehicles has been related to PM,o, PM, 5 and NO, as
indicators of exposure. All these pollutants are components of air in cities, due to emissions
from motor vehicles, and they are often strongly correlated at different times within a city. A
large number of epidemiological studies have shown that mortality from “non-injuries” (or
“disease mortality”) and hospital care for heart and lung diseases increase after short-term (24
hours) or long-term (year) exposure to air particles (PMy, or PM,s) or NO, from motor vehicles.
The effects of so-called secondary particles and ozone, which are assumed to have negative
effects on the population in the rest of Europe, are not included.”® The calculation of the
number of deaths includes all (acute) causes of death apart from accidents and violence.

Studies of short-term exposure and effects is of limited value when evaluating the actual
effects on public health, as short-term effects can be thought to be compensated for by
reduced effects during days with little air pollution. Kjellstrom therefore used risk values from
long-term studies in our calculations. It is assumed that the extra PM, s contribution above the
background value that occurs in urban areas is at the level of 5ug/m? and that the urban
population in Sweden is exposed to this.

The risk coefficient for long-term effects (mortality in age groups above 35) were set at 1.06
(6% risk increase) for 105pg/m® PM, s (annual average). This risk value has been
recommended by European expert groups for use in health consequence assessments (HKB).

The effect of traffic noise in the form of increased blood pressure has recently been reported
by studies in Sollentuna and the Netherlands, and increased risk of ischaemic heart disease has

3 See Forsberg (2008) and Bergstrém (2008).
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been reported from Germany.™ The Road Administration has summarized estimations of the
number of persons exposed during a long time to traffic noise at differing decibel levels. On
the basis of these estimations, the proportion of the entire population exposed to different
decibel levels can be calculated, and these proportions were used equally in all age and sex
groups to calculate the numbers exposed according to age and sex. The risk coefficient for high
blood pressure was set at 1.19 (19% increase) per 5dB noise increase (Leq,4), and for ischaemic
heart disease at 1.045 (4.5% increase) per 5dB in accordance with the epidemiological studies.
These risk coefficients were used for mortality in relevant diagnoses and applied to all age
groups above 25.

Effects of physical inactivity can only be calculated more indirectly. Studies in Copenhagen®®
have shown that persons who cycle to work on a daily basis have lower mortality in total than
those who drive a car to and from work (after taking into account a number of other factors
that may affect the health outcome). The mortality ratio for a given year for bicyclists in
relation to motorists is 0.7. Studies in Skelleftea and Japan show similar results.* Kjellstrom
assumed that many of those who commute to work or education by car on a daily basis
instead could use “active transport”, which is some combination of walking, bicycling and/or
public transport for their journeys, and in this way achieve the health gain indicated by the
Copenhagen study.

Kjellstrom assumed that two thirds of that proportion of the urban population which
commutes by car on a daily basis in theory could use “active transport” instead, as we include
public transport and partial journeys. The risk coefficient for the Copenhagen study was set at
1.43 for motorists (=1/0.7). This was used to calculate the effect on mortality in the age group
15-64 years or private motor vehicle traffic as the means of transport. A large number of
disease diagnoses have been linked to physical inactivity. However, the risk coefficient is
unreliable and further epidemiological studies are needed to improve the calculation and
provide the opportunity to include more diagnoses in future analyses. WHO’s expert groups
consider that there is not sufficient data and research in this area to calculate the effect on
morbidity, while it is considered possible to estimate mortality."” Kjellstrém, however, has
calculated morbidity due to physical inactivity in the form of number of YLD.

Y For source references, see Kjellstrom et al. (2008).

> Andersen et al. (2000).

' Wennberg et al. (2006) and Inoue et al. (2008) respectively.

v However, studies indicate that several diseases can be related to physical inactivity. Bolin & Lindgren
in their 2005 study include colon cancer, breast cancer, hypertonia, vascular spasm, ischaemic heart
disease, stroke, depression and anxiety, type Il diabetes and osteoporosis. In their study, diabetes
corresponds to one of the lowest cost items as a result of physical inactivity (both for loss of production
and for inpatient care). The costs of ischaemic heart disease, vascular spasm, stroke and anxiety are
considerably higher. For outpatient appointment, the differences are smaller, but both depression,
anxiety, hypertonia and breast cancer in women cost more, according to Bolin & Lundgren.
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Table 4 Estimated number of deaths related to road traffic in Sweden in 2001, for men and

women respectively in different age groups. Source: Kjellstrém et al. (2008).

Age groups Road Air pollution Noise Physical inactivity
accident

s
Men
0-1 1
1-4 1
5-14 6
15-24 95 18
25-34 60 0,1 25
35-44 52 16 1 46
45-54 44 44 6 115
55-64 45 100 18 244
65-74 29 194 37
75+ 50 679 118
Total 383 1033 180 449
Women Road Air pollution Noise Physical inactivity

accident

s
0-1 0
1-4 5
5-14 6
15-24 21 6
25-34 18 10
35-44 19 9 0,3 23
45-54 14 32 1 77
55-64 14 63 6 152
65-74 21 133 18
75+ 26 886 135
Totalt 144 1123 160 267
All 527 2156 340 716

: m
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For both road accidents, air pollution, noise and physical inactivity, the number of YLD (years
lost to disability) has been estimate on the basis of the estimated number of deaths in each
calculation category and the ratios between morbidity and mortality estimated in earlier
studies for different diagnoses in the Swedish population.

Table 5 Estimated burden of disease and damage in YLL (years lost due to premature death)
and YLD (years lost due to disability), and DALY (YLL + YLD) related to road traffic in Sweden in
2001. Source: Kjellstrom et al. (2008).

Road Air pollution Noise Physical Total
accidents inactivity
YLL 19 937 25 059 3702 21 466 70 163
YLD 4902 10 272 370 16 399 39 881
DALY (YLL + 24 839 35331 4072 37 865 102 107
YLD)

For climate change, only the number of deaths has been calculated. The result is based on
calculations made by WHO, showing that health effects from the climate change that had
occurred already by the new millennium may have caused 166,000 deaths per year, in
particular in developing countries due to malnourishment, diarrhoea diseases, malaria, floods
and heart disease due to extreme heat. The contribution of Swedish road traffic to global
carbon dioxide emissions is around 0.13%, and Swedish road traffic is assumed to have caused
a corresponding proportion of the above mentioned deaths in 2001.

Table 6 Estimated number of deaths in 2001 assumed to have been caused by the Swedish
road sector’s contribution to carbon dioxide emissions. Source: Kjellstrom et al. (2008).

WHO region Malnourishment | Diarrhoea | Malaria | Flooding | Heart/circulatory | Total
disease

Africa 150 172 133 0 18 473

America 0 6 0 8 4 18

Eastern 70 62 0 7 4 143

Mediterranean

Europe 0 0 0 0 0 0

South-East 345 170 0 0 80 594

Asia

Western 0 0 8 0 0 8

Pacific

Entire world 565 410 140 15 106 1237
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4 Our calculation methods
4.1 An overview

The aim of our analysis is to make a socio-economic calculation of the road traffic induced
cases of death, disease and injury calculated by Tord Kjellstrom et al. in the first part of this
project.”® This has been done by calculating (public) healthcare costs, administration costs, loss
of production and risk value for road accidents, air pollution, noise and physical inactivity. For
climate change, only the risk value has been taken into consideration.

Calculating the welfare-economic costs of various disease conditions is more complicated and
more unreliable that calculating the corresponding cost of deaths. One reason is that there are
several effects to be valued. Another is that a disease condition may continue for a number of
years, and during this time vary in severity, just as a certain diagnosis may lead to some
individuals being off work, but not others (and statistics for long-term sick leave do not
disclose any diagnoses). A further reason is that not much research has been done into how
individuals evaluate different disease conditions, and that it is therefore more difficult to
assess whether a calculated cost is reasonable.

We have striven to make the calculations of the different effects comparable, which is partly
impossible as they are based on exposure during differing periods of time and therefore on
differing car fleets/mileages. A summary of our calculation method follows. Sections 4.2, 4.3
and 4.4 then describe the calculation methods in more detail.

Our evaluation of deaths

Healthcare costs have not been calculated for deaths. When a death is preceded by a period of
disease, the related costs are assumed to be included in the evaluation of disease/injury.

Administration costs in conjunction with deaths have been calculated using the ASEK group’s
recommendation for estimating administration costs per death in conjunction with a road
accident. However, administration costs for deaths due to air pollution, noise and physical
inactivity have been estimated at a standard cost of half of that of deaths due to road
accidents, as road accidents, as opposed to the other categories, often involve police and
insurance companies.

Loss of production relating to salaried work has been evaluated on the basis of average salary
costs, including associated salary cost, divided up by sex and age (15 — 64 years).
Consideration has been taken to the employment rate of the population and to average

8 Kjellstrém et al. (2008).
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individual employment rates for men and women. For loss of production relating to household
work, people over 15 years are included. This does not include any associated salary cost, and
for pensioners the average pension has been used as an approximation. “Employment rate”
has been estimated based on Statistics Sweden’s time usage study from 2002. Future lost
income is discounted at a rate of 4 percent, and we have assumed that the individual’s actual
income rises by 1.5 percent per year.

The net loss of production is the gross loss of production minus the individual’s consumption
during the same period. The proportion of GNP used for consumption in 2001, 75.5 percent,
has been used as the approximation of individuals’ consumption. This means that the results
have been reduced by 75.5 percent. The method has been used previously by UIf Persson
when calculating individuals’ risk evaluation in conjunction with road safety.™

The risk evaluation has been done according to the ASK group’s recommendations for risk
evaluation for deaths in road accidents from 2008, as new willingness-to-pay studies have
been done since the previous ASK round. We have discounted the value by CPIl and actual
GNP/capital from 2006 price level to 2001, with the result being SEK 17,358,700.% For deaths
due to road accidents, air pollution, noise and physical inactivity, the ASEK group’s risk value
has been calculated as an annuity at a value per year of life lost of SEK 861,791. The reason is
that a death due to air pollution, noise and physical inactivity primarily occur at a greater age,
and that the risk value per life lost would produce an overestimate. The value per life lost is
based on an average loss of 38 years, which corresponds to the average expected number of
remaining years of life for the persons killed in road accidents during 2001. The value of future
years of life has been discounted at a rate of 4 percent.

For deaths due to climate change, we have assumed that 30 years are lost on average and the
risk value of these deaths has been calculated using two different values per year lost. First,
the same value as for other deaths. Second, a lower value taking into account the considerably
lower income levels that constitute the average in the poorer parts of the world. Namely
where most of the climate-related deaths have been assumed to occur.

Our evaluation of disease/injury

For all disease/injury categories, the number of YLD (years lost to disability) has been used as
the starting point for the calculations. However, we assess that the number of YLD due to road
accidents is an underestimate and we have therefore instead used statistics for the number of
persons injured in road accidents in 2001 to calculate the injury costs of road accidents. For
the evaluation stage itself, we have quite simply multiplied the monetary values of the various

" See SIKA (1996).
%% The value at 2001 price level recommended in the previous ASK round was SEK 16,269,000.
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items as recommended by the ASEK group. The descriptions below thus primarily relate to the
calculations of costs due to air pollution, noise and physical inactivity. (The results in Section
5.2 still show the corresponding calculations based on the estimated number of YLD relating to
road accidents.)

Healthcare costs have been estimated based on the proportion of the total number of YLD in
Sweden in 2001 assumed by Kjellstrém et al. (2008) to have been caused by road traffic. We
assume that the same proportion of public healthcare costs for 2001 may have been caused by
traffic (at least roughly, see the more detailed description below). Two alternative calculations
of healthcare costs are shown in Appendix 2.

Administration costs in conjunction with disease have been calculated using the number of YLD
and the ASEK group’s recommendation for evaluation of administration costs per serious injury
in road accidents. One YLD is assumed to correspond to one seriously injured individual.

Loss of production during disease has been calculated as for deaths. The calculation has thus
been made using the number of YLD. One YLD is construed to be equal to one year when dead,
but is in actual fact composed of a number of more or less serious diagnoses, where some
entail being off work and others do not. In our calculation, we have assumed that one YLD here
corresponds to one full-time person being off work for three years. Consideration has also
been taken of the employment rate. Also unsalaried work at home (household work) has been
evaluated. During disease, it has been assumed that half the household work remains undone.

The risk evaluation for disease (or injury) has been done as for deaths, but using the number of
YLD as starting point. Each YLD is given a value of SEK 861,791. The total number of YLD is
distributed over three years, and the “future years” (years 2 and 3) have been discounted at a
rate of 4 percent.

Our calculations in relation to ASEK

For road accidents, it works excellently to use the monetary values recommended by the ASEK
group; at least in the case of deaths. However, the background material used in our analysis to
calculate healthcare costs for injured and sick persons — the number of life years lost — works
less well in combination with the ASEK group’s values, as this background information is not
divided up into major and minor injuries.

We have therefore evaluated the damage cost of road accidents both on the basis of the ASEK
group’s recommendations and on the basis of the method we have used for the other effects.
The ASEK group’s risk evaluation has also been used as the basis for calculating the value of
lost years of life due to all effects.
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When it comes to air pollution and noise, the ASEK group’s recommendations do not start
from the number of dead or diseased, and has therefore not worked for our main purpose. In
order to evaluate air pollution, the ASEK group’s calculation values also assumed detailed
information about population density and ventilation factors for various urban areas. As the
population density (and thus exposure) is important for the evaluation, the results are not
reliable if the starting point is an average population density for a large geographic area, such
as a county or the whole of Sweden. It would thus be possible — and probably preferable —to
evaluate the emissions of air polluting substances from the entire road transport sector with
the help of the ASEK group’s method, but this would require considerable work for which
there is no scope within the framework of this project. We have therefore evaluated cases of
death and disease due to air pollution in the same way as other effects, and have not made
any attempt to use the ASEK group’s recommendations.

On the other hand, we have evaluated noise both using the methods used for other effects
and on the basis of the latest recommendations of the ASEK group. The number of individuals
exposed to different noise levels has been taken from an estimate done by the Road
Administration.

For physical inactivity, no monetary values have been produced by the ASEK group. We have
evaluated cases of death and disease in the same way as other effects.

When it comes to deaths due to climate change, only the risk value has been calculated, as it
has not been possible to estimate healthcare costs, administration costs and loss of
production. For these deaths, we have both started with the ASEK group’s recommendation
for risk evaluation of a life lost and from a lower value adjusted to fit the lower average income
in the world’s low and medium income countries.
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Table 7 An overview of the different effects valued, and the basis on which this has been
done.

Road Air pollution Noise Physical Climate
accidents inactivity change

Healthcare X X X X
costs*

Loss of X X X X
production*

Administration | X X X X
costs**

Risk X X X X X
evaluation**

ASEK X X
evaluation for
comparison***

* Background material from the health consequence assessment by Kjellstrom et al. (2008);
calculations based on statistics for costs and salaries from Statistics Sweden.

** Background material from the health consequence assessment by Kjellstrom et al. (2008);
calculations based on ASEK values.

*** Background material from SIKA/Swedish Road Administration; calculations based on ASEK
values.

4.2 Our evaluation of deaths
Healthcare costs

Healthcare costs have not been evaluated for deaths. When a death is preceded by a period of
iliness, the related costs are assumed to be accommodated in the evaluation of disease/injury.

Administration costs

Costs for administration have been calculated in the simplest possible way: administration
costs per death due to road accident have been valued according to the ASEK group’s
recommendation (SEK 62,000 per death in 2001). Administration costs per death due to air
pollution, noise or physical inactivity has been given a standard value of half this amount (SEK
31,000), on the assumption that a death due to disease gives rise to lower administration costs
than a road accident, where police and insurance companies often are involved.
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Loss of production

When a person is off work due to illness, is disabled or dies, he can no longer produce goods or
services or work in the own home. The socio-economic value of this is measures in the net loss
of production. The gross loss of production is the value of the amount of goods and services
that would have been produced if the person in question had remained healthy. The net loss
of production is the gross loss of production minus the amount of goods and services the same
person would have consumed. In other words, the individual adds resources to society, but
also uses resources.

The net loss of production has been calculated for salaried work and unsalaried work in the
own home (household production). The choice also to value household production can be
illustrated by the following example. If an individual can choose, he can ask a craftsman to
carry out a task, provided that the individual during the same period can receive a net salary
that is higher than he would have to pay to the craftsman; if not, he will carry out the task
himself.** An individual’s disability of death can also entail an increased need for care for that
or those persons who were dependent upon him, such as underage children or other close
relations requiring care.

For salaried work, persons between 15 and 64 years have been included. As an approximation
of the value of the time used for household production, we have used average gross salaries
plus salary overheads (i.e. general payroll tax and employers’ pension contributions, in total
40%), differentiated by sex and age groups. We have also assumed that the actual income per
individual rises by 1.5% per year. (This entails an underestimation for the younger age groups,
as an individual’s salary rises more in percentage terms during the first years.) Consideration
has been taken of the employment rate of the population; 75.3% in 2001. Consideration has
also been taken of part-time work through the average agreed working hours per week in 2001
for men and for women. The employment rate per person has then been calculated on the
assumption that 40 hours corresponds to one full-time position, 100%. Men are estimated to
work on average 98.8% of a full-time position; women 86.8%.

As an approximation of consumption (i.e. in order to convert gross loss of production into net
loss of production), we have used the joint consumption of households and public services as a
proportion of GNP for 2001, namely 75.5%. The method has been taken from Ulf Persson’s
monetary valuation of accidents from 1995.% All information apart from salary overheads have
been taken direct or calculated on the basis of information from Statistics Sweden. The size of
salary overheads has been taken from the National Tax Board.

! Drummond et al. (2005).
22 SIKA (1996).

Analys & Strategi 30 Z,:/_.wsp



For household production, individuals aged 15 and over have been included. As an
approximation for the loss of production, in this case we have used average net salaries
excluding salary overhead, and average pensions respectively. Consideration has been taken to
“part-time work” as follows: On the basis of Statistics Sweden’s time usage study from 2002,
men are assumed to work in the home for a period corresponding to 53% of a “full-time
position” (i.e. 40 hours per week), and women 72.2% of a full time position.

Future loss of production has been discounted at a rate of 4 %,?* which is partially
counteracted by an assumed actual salary rise of 1.5% per year.

Risk value

The risk value shall reflect individuals’ willingness to pay for avoiding death, injury or serious
disease due to traffic. For deaths, the starting point for the risk value calculation has been the
number of YLL (life years lost due to premature death) for different age groups, which was
calculated in the first part of the project and presented in the summary in Section 3 above.

We have used the ASEK group’s recommended risk value for a death in a road accident at 2001
price level, but based on the value recommended for 2006 following the latest ASEK update
(and which is based on other willingness to pay studies than previous recommendations): SEK
17,358,700.%* Using a 4% discounting interest rate, the annuity value of this figure has been
calculated as a value for a year of life of SEK 861,791. This is done on the assumption that the
ASEK group’s risk value for a death on average corresponds to 38 lost years of life. This value is
higher than that used in other studies for the corresponding years,” which is at least partly
explained by our calculation using a higher value per life lost. Recalculating the value of a
statistical year to a year of life is not entirely without problem (see for instance Persson &
Hjelmgren (2003)), but it was the solution available.

The value of a year of life thus relates to the year immediately following that of a death —
future years have gradually falling values, due to discounting. The choice of discounting
interest rate is discussed fairly frequently within the transport sector, but we have chosen to
use the discounting interest rate recommended by the ASEK group for socio-economic
analysis. A rate of 2% would instead have produced a value for year of life “here and now” of
SEK 643,643, i.e. 25% lower, while future years of life would have lost their value slower than
they do with a 4% interest rate.

% Within healthcare economics, a discounting interest rate of 5% is normally used, while the transport
sector uses 4%. We have chosen the transport sector’s discounting interest rate, but have also tested
5%, and have found that the difference in this case is not particularly great.

2 To achieve this value, we calculated backwards to 2001 from the risk value for 2006 (SEK 21,000,000)
based on the change in CPI and actual GNP per capita during this period.

%> Nerhagen et al. (2005), Persson & Hjelmgren (2003).
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The risk value for a statistical life (and thus for a year of life) has been calculated to apply to
adults, but lacking any alternative, we have chosen to use the same value for children as for
adults.

4.3 Evaluation of deaths in other countries

According to the results from the first part of this project, Swedish road traffic in 2001 caused
1,237 deaths the world over via climate change. A very small proportion of these could be
thought to occur in Sweden and other high income countries, but the great majority in all
probability occur in low income countries further south, such as on the African continent and
in South-East Asia (see Table 6 in Section 3 above). This is partly because climate changes are
expected to be the greatest there, partly because poor countries have less ability to handle
them. According to the same reasoning, Swedish road traffic should also cause a (probably
considerably greater) number of cases of injury and disease in these countries. However, this
number has not been estimated.

The prerequisites for calculating the cost of deaths is of course different when they occur
outside Sweden and when they are also surrounded by unusually great uncertainties. It cannot
be specified where they occur and we also do not know age or sex of those affected, even if
we can assume that the risk is greater for children and older people.

Healthcare costs and loss of production can also be assumed to be lower per person in
countries with lower salary levels than Sweden, but we cannot get any further without very
rough guesswork. We have therefore chosen not to include these costs in our calculations.

Also when it comes to the risk value, it is probable that the value would be considerably lower
for low income countries. This is for two reasons. On the one hand, average lifespan is lower
for these countries, so on average fewer years are lost (all other factors remaining constant).
On the other hand, average income in these countries is lower and individuals’ willingness to
pay is affected by income. In low and medium income countries in the world, average lifespan
was on average 65 years in 2000, compared to 80 in Sweden. In low income countries, average
lifespan was on average 59 years.”® In 2000, gross national income (GNI) per capita in the
world’s low and medium income countries was around 4% of GNI in Sweden.”’ If low income
countries are separated out as a group, GNI per capital there would on average be 1.3% of
Sweden’s.” According to Vicusi & Aldy (2003), income elasticity for the value of a statistical life

26 World Bank Key Development Data & Statistics, reached via http://www.worldbank.org

7 Adjusted for buying power, GNI/capita in low and medium income countries was on average 11% of
GNI/capita in Sweden in 2000.

28 GNlI/capita in Sweden was USD 28,870, in the world’s low and medium income countries USD 1,154
and in the world’s low income countries USD 381. In 2006, GNI/capita in Sweden was USD 43,430, in low
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lies between 0.5 and 0.6. An increase in income of ten percent would thus increase the value
of a statistical life (VSL) by five or six percent, and conversely for a fall in income. It would
consequently be possible to use this elasticity to estimate the value of a statistical life in low
and medium income countries. However, elasticities are construed for marginal changes, while
we are here dealing with very great changes/differences in income.

From a strictly economic perspective, the results of such a mathematical exercise quite rightly
appear not very probable. An average person in a low or medium income country would then
value a statistical life at 46-47% of the value we use in Sweden, despite an income level that is
96-99% lower. While the VSL we use for the calculations for the Swedish deaths (SEK
17,359,000) is around 67 times as large as GNI per capita in Sweden for 2001,% the value
calculated using the income elasticity above would produce a VSL for low and medium income
countries corresponding to around 780 times GNI per capita in these countries, and a VSL for
low income countries corresponding to around 2,300 times GNI per capita.

It would be more reasonable to assume that the same relationship could apply between GNI
per capita and the level of VSL in low and medium income countries as in Sweden, i.e. that VSL
is 67 times as high as GNI per capita. The result is then a VSL of SEK 694,000 for low and
medium income countries, and SEK 229,000 for low income countries, which is lower than the
value per year lost that we use for Swedish deaths. Recalculated into a value per year lost, this
is SEK 34,448 for low and medium income countries and SEK 11,373 for low income countries.

At the same time, valuing deaths in other countries at a lesser amount than deaths in Sweden,
even if the valuation relates to statistical rather than actual deaths, conflicts with the view that
all people are of equal value. And it may seem particularly doubtful from an ethical point of
view when we in Sweden, according to the reasoning behind the calculations, indirectly cause
these climate-related deaths. We have therefore chosen to value them on the basis of two
different values per life year lost. On the one hand with the same risk value per year lost (we
have assumed 30 lost years on average for climate-related deaths) as we have used for deaths
in Sweden due to other traffic-related causes, SEK 861,791. On the other hand, according to
the above “adjusted” value per lost life year for low and medium income countries, SEK
34,448. The choice of starting from the income level in low and medium income countries,
rather than just from low income countries, was motivated by the fact that a certain
proportion of climate-related deaths can be assumed to occur in richer countries after all. An
example is the heat wave in France in the summer of 2003, when a large number of persons
died.

Future years lost are discounted at a rate of 4 percent.

and medium income countries USD 1,997 (4.6% of Sweden’s) and in low income countries USD 649
(1.5% of Sweden’s ).
2 Using an exchange rate of SEK 9 to USD 1.
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This calculation is, of course, a mathematical example to an even greater degree than the
other calculations presented in the report. The uncertainties are many, large and important,
and the assumptions are in several cases based on flimsy grounds.

4.4 Our evaluation of disease/injury
Healthcare costs

In order to calculate healthcare costs, we would optimally like to start with the number of care
events within different categories, and from information about average costs for these.*° In
order to properly calculate medication costs, yet more detailed information is required.
Instead, we have used an estimated number of YLD as the starting point; a much rougher

measurement. Therefore, the cost calculation must by necessity also be very rough.
Care costs have been estimated on the basis of the calculation of the number of YLD (years lost
to disability)*' and a previous calculation done at Karolinska Institutet (1998) of the total
number of YLD in Sweden. The average number of YLD for the years 1998-1995 has been
recalculated to 2001 using the population increase. We here assume that the relationship
between

- (traffic-related healthcare costs) and (public healthcare costs)
is the same as the relationship between

- (number of traffic-related YLD) and (total number of YLD).
Expressed differently:

Care costs per category = (YLD.t/YLDt) X Total_public_care costs

where YLD, is the number of YLD calculated for each category (noise, etc) and YLD is the
total number of YLD estimated for Sweden for 2001.

%% Such cost statistics for inpatient care are published in “Vardkostnader och vardtider fér NordDRG”
(“Care costs and care periods for NordDRG”), where NordDRG is the name of the diagnostic system
used. For outpatient care, there is no requirement for any reporting of diagnoses, and national statistics
in this area are therefore poor. However, Region Skdne keeps reasonably detailed statistics also for
outpatient care.

1 YLD thus means “years lost to disability” and is a measurement of the loss of function as a result of
diseases. Different types of loss of function are given different values, so a minor injury/disease
produces a low value (close to 0), while a major injury, such as total paralysis, produces a high value
(closer to 1). 10 years lived with a loss of function of 0.5 thus gives rise to 10 x 0.5 = 5 YLD. One YLD can
be equaled to one year when dead.
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The diagnoses associated with air pollution, noise and physical inactivity are probably not
among the most expensive — at least per care event. Instead, in accordance with statistics from
NordDRG,*? in many cases they appear to be fairly close to the average cost for all types of
healthcare, once extreme cases have been removed (extreme cases mean care events with
very high or very low values in relation to the diagnosis group in question). Care costs for
hypertonia (high blood pressure) is considerably lower per care event. We have therefore
reduced the results by a standard amount of % for healthcare due to air pollution, noise and
physical inactivity. Also for injuries, many possible care categories are very close to the average
cost. However, those who are seriously injured in road accidents can often be assumed to be
among the more complicated cases, and can often be assumed to require care during a long
period. For this reason, we have not made the corresponding reduction of the care costs
calculated for road accidents.

As mentioned, this method is very rough, and even if the total amount and ranking between
the different causes of injury and disease turns out to be credible, further work is required to
make the results really useful.

As the number of YLD for road accidents is assessed to be too low, and there are statistics
available, for this category we have instead started with the number of persons with major and
minor injuries in 2001, and SIKA’s valuation of healthcare costs per major (SEK 288,000) and
minor (SEK 11,000) injury.

Appendix 2 presents two alternative calculations of healthcare costs, based on other
background sources.

Administration costs

Administration costs for disease have been calculated on the basis of the number of YLD, and
each YLD has been valued in accordance with the ASEK group’s recommendations per major
injury in a road accident (SEK 12,000). However, we have assumed that the number of YLD is
distributed over three years, where the SEK 12,000 per YLD is divided up over three years and
the costs for years 2 and 3 are discounted at a rate of 4%. Thus:

Administration cost per category = /YLD/3 x 12,000) + ((YLD/3 x 12,000) / (1.04)*2)) + ((YLD/3 x
12,000) / (1.04)*3))

As the number of VLD for road accidents is judged to be an underestimate, the administration
costs for road accidents have also been calculated based on statistics for major and minor

32 socialstyrelsen och Landstingsférbundet (2002).
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injuries in traffic in 2001. The administration costs per major injury are valued at SEK 12,000,
per minor injury at SEK 6,000 (in accordance with the ASEK group’s recommendation).

Loss of production

Loss of production due to disease or injury has been valued as for death, and if possible we
would have based these on figures regarding sick leave. Such figures are available from the
Social Insurance Office, but only relate to long-term sick leave® and are not coded according to
cause, length or scope (full or partial sick leave).>*

The starting point for our calculation is therefore the number of traffic-related YLD. One YLD is
a composite of several diagnoses of differing seriousness. We have assumed that one YLD on
average corresponds to one full-time person on sick leave for three years, i.e. one person (with
the function weighting of 0.33) for three years being so sick that he or she cannot work. The
basis for the assumption is that the function weights used in earlier calculations to calculate
the number of YLD are relatively low also for serious diagnoses, such as cardiac insufficiency
(0.186), heart failure (0.395), stroke (0.228), constant pain (0.2) and lung cancer (0.146). Most
disease conditions have been given weights close to zero.* However, the total for YLD
includes both long-term sick leave and short-term sick leave, as well as disease conditions with
varying function weight.

Consideration is taken of the employment rate in the economy (75.3% in 2001), and to part-
time work (i.e. an average employment rate of 98.8% for men and 86.8% for women). This
probably entails a certain underestimation of the loss, provided the assumption of the
relationship between YLD and sick leave corresponds roughly with reality, as it is probable that
some of the persons who today are not working, or who work part-time, do so exactly because
of a traffic-related injury or disease.

As the number of YLD for road accidents is judged to be an underestimate, the loss of
production due to road accidents has also been calculated on the basis of statistics for major
and minor injuries in traffic in 2001, and the ASEK group’s recommended values for healthcare
costs (SEK 288,000 per major injury, SEK 11,000 per minor injury).

We have assumed that disease or injury means that half the household work is left undone.

%3 There is no unified definition of what constitutes long-term sick leave, or short-term either as a matter
of fact, but often one year is used as a guideline, as sickness benefit is only paid to persons who are
assessed as having a reduced ability to work of at least one quarter during at least one year.

3 Kjellstrom et al. (2008) made a calculation of the number of persons on long-term sick leave, which
we also evaluated from a monetary point of view, but we decided to remove it as it was deemed to be
too incomplete.

% petersson et al. (1998).
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Risk evaluation

For disease, the starting point has been the corresponding number of YLD (life years lost to
disability). The YLD calculation has been done so as to also include a valuation that includes
something of the individual’s willingness to pay to avoid disease. This is because we are not
aware of any valuation study of people’s willingness to pay to avoid disease. As, one again, the
number of YLD for road accidents has been judged to be too low, for this category we have
instead started from SIKA’s statistics, and SIKA's risk evaluation at the 2001 price level for
major and minor injuries (Around SEK 2.88 million and SEK 113,000 respectively).

However, the method used differs from what is normal practice in welfare-economic analyses
of this kind. Instead of using a value (the willingness to pay) for different disease conditions,
and adding together the total cost for these for different individuals, the calculation is based
on...

- ..the number of YLD caused by road traffic, where YLD is a number of disease
conditions recalculated into a lost year of life.

- ..the same risk value for a lost year of life used for an actual death, i.e. SEK 861,791.

Would the results of such a calculation correspond to the result if willingness to pay was used
to evaluate disease? Probably not, or at least not entirely.

A YLD is composed from a number of diagnoses of varying severity and length — it can consist
of many minor and/or short-term diagnoses or a few serious and/or long-term diagnoses. For
instance, one YLD may correspond to one person who falls ill with a minor, but life-long
disease. And because the value of future loss of function should be discounted, we must make
an assumption about how the total number of YLD is distributed over time. For lack of any
other input, we have assumed that one YLD on average is distributed over three years.
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5 Results

All results are reported at 2008 price level (September), but are reported in Appendix 1 at

2001 price level. Note that the results apply to year 2001. A corresponding calculation of cases

of death, disease and injury for a later year would have produced higher figures, as salary

levels (and thus also the individual’s willingness to pay) would be higher.

5.1

Deaths

The table below shows administration costs, net loss of production and risk evaluation for

2001, assumed to have been caused by road accidents, air pollution, noise and physical

inactivity relating to Swedish road traffic. Healthcare costs have not been calculated for the

deaths.

Table 8 Costs related to deaths in Sweden in 2001, caused by Swedish road traffic. Own
calculations partly based on Kjellstrém et al. (2008). SEK million, price level in September 2008.

Road accidents Air pollution Noise Physical Total
inactivity

Men Women | Men Women | Men Women | Men Women | Men Women
Administration 27 10 37 40 6 6 16 9 86 65
Loss of production

530 130 218 147 47 13 552 259 1347 549
Risk value 6 892 2498 9370 10 131 1607 1 356 7 608 4715 25477 18700
men/women 7 422 2628 9 589 10 278 1654 1370 8 160 4973 26824 19249
Total 10 050 19 867 3024 13 133 46 074

The costs for air pollution are by far the highest, almost SEK 20 billion, and just as for all

categories, the risk value represents an overwhelming proportion of the total amount.
Thereafter comes physical inactivity (SEK 13 billion), then road accidents (SEK 10 billion) and
lastly noise (SEK 3 billion). The costs are higher for men than for women both in terms of

physical inactivity and noise, and much higher for road accidents.
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Table 9 below shows the risk evaluation for climate-related deaths. The valuation of the
climate-related deaths differs greatly depending on the VOLY used, but which one can be
assumed to be the more correct to use depends largely on the perspective used as starting
point. The values that have been calculated using an adjusted VOLY are more credible from the
perspective of economic theory, while the values starting from the same risk evaluation as for
a Swedish death may appear more correct from an ethical perspective. On the other hand, the
average number of years lost is of less importance (20, 30 or 40), as future years have been
given gradually lower values due to discounting.

Table 9 Risk evaluation of the 1,237 deaths in 2001, mainly outside Sweden, which are
assumed to be caused by the contribution of the Swedish road transport sector to climate
change. Own calculations partly based on Kjellstrom et al. (2008). “Adjusted VOLY” (value of a
lost year) takes into account the lower income levels in low and medium income countries. SEK
million, price level in September 2008.

Assumed number of years lost per climate-related
death
20 30 40
Same VOLY as in Sweden 17 207 21893 25 060
Adjusted VOLY 973 1459 1946

5.2 Disease/injury
The table below shows administration costs, net loss of production and risk valuation assumed

to have been caused by disease or injury due to road accidents, air pollution, noise and
physical inactivity related to Swedish road traffic.
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Table 10 Costs related to disease/injury in Sweden in 2001, caused by Swedish road traffic.
SEK million, price level in September 2008. The calculations are based on the number of YLD
(years lost to disability) calculated by Kjellstrom et al. (2008). Road accidents, however, are

based on statistics for major and minor injuries.

Road accidents Air pollution Noise Physical Total
inactivity

Men Women | Men Women | Men Women Men Women Men Women
Healthcare 965 604 535 810 18 31 1134 1014 | 2651 2459
Administration 109 72 27 41 1 2 58 52 195 167
Loss of production 642 281 689 650 19 20 1095 788 2444 1739
Risk value 9703 6 009 4 020 5858 129 221 8 197 7 330 22048 19418
Total men/women 11 418 6 966 5270 7 360 167 273 10 483 9183 27338 23782
Total 18 385 12 630 440 19 666 51121

According to the calculations, the highest costs for disease and injury are due to the
contribution from road traffic to physical inactivity, and road accidents. Air pollution follows
next, while noise takes a very minor fourth place. For physical inactivity and road accidents,
the costs are higher for men than for women — for road accidents, the difference is large —
while costs are higher for women than for men when it comes to air pollution and noise. As
expected, the lion’s share of the total costs consists of the intangible risk value. Appendix 2
shows two alternative calculations of healthcare costs which, in our opinion, to some extent
strengthen the reasonability of the rough method used for healthcare costs in the table above.

The costs of road accidents in the table above are based on statistics for major and minor
injuries in road traffic in 2001.%® This is because the number of estimated YLD for road
accidents is assessed as being too low. However, the table below shows the corresponding
figures for road accidents, but based on the number of YLD. The difference between the two
methods of calculation is great; based on statistics, the total is just over SEK 18 billion, while

using YLD as the basis the total is SEK 6.4 billion instead.

*® The statistics have been taken from SIKA’s website; www.sika-institute.se
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Table 11 Costs of road accidents based on the number of estimated YLD (years lost to
disability), calculated by Kjellstrém et al. (2008). SEK million, price level in September 2008.

Road accidents
Men Women

Healthcare 602 361
Administration 41 25
Loss of
production 642 281
Risk value 2900 1742
Total men/women 4184 2409
Total 6 593

5.3 Total costs

The costs in Table 12 below are the totals of the costs reported in Tables 8 and 10 above. Table
13 shows the calculated total costs for death and disease/injury respectively.

Table 12 Costs of deaths and disease/injuries in Sweden in 2001, caused by Swedish road
traffic. Own calculations partly based on Kjellstrém et al. (2008). SEK million, price level in
September 2008.

Road accidents Air pollution Noise Physical Total
inactivity
Men  Women | Men Women | Men  Women Men  Women | Men  Women

Healthcare 965 604 535 810 18 31 1134 1014 2651 2459
Administration 136 82 64 81 7 7 74 61 281 232

Loss of production 1172 412 907 797 66 33 1647 1047 3792 2288
Risk value 16 594 8 507 13390 15989 | 1736 1577 15804 12044 | 47525 38117

Total men/women 18 840 9 595 14859 17638 | 1821 1643 18643 14156 |54163 43031

Total 28 435 32 497 3464 32799 97 194
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When the costs for death and disease/injury are added together, physical inactivity
and air pollution share first place, with around SEK 32.5 billion each. If the risk value
for the climate-related deaths (SEK 1.5-22 billion, see Table 14 below) is added to air
pollution, the joint emissions pull ahead of the other items. The costs for road
accidents add up to SEK 28.5 billion, while the joint costs of noise amount to SEK 3.5
billion. The intangible risk value of SEK 85.6 billion corresponds to 88% of the total
amount. The other 12% is shared between costs for healthcare, administration and
loss of production, which together amount to SEK 11.7 billion.

Table 13 Costs of deaths and disease/injuries in Sweden in 2001 due to Swedish road
traffic. SEK million, price level in September 2008.

Road Air Noise Physical Total

accidents pollution inactivity
Deaths 10 050 19 867 3024 13133 46 074
Disease/injuries 18 385 12 630 440 19 666 51121
Total 28435 32 497 3464 32799 97 194

According to the results in Table 13 above, road accidents and physical inactivity give
rise to greater costs related to disease/injuries than those related to deaths. Air
pollution and noise, on the other hand, gave rise to greater costs relating to deaths
than those related to disease.

Table 14 Risk value of the 1,237 deaths in 2001, mainly outside Sweden, that are
assumed to be caused by the contribution of the Swedish road transport sectors to
climate change. Own calculations partly based on Kjellstrom et al. (“008). “Adjusted
VOLY” (value of a lost year) takes into account the lower income levels in low and
medium income countries. SEK million, price level in September 2008.

Assumed number of years lost per climate-related
death
20 30 40
Same VOLY as in Sweden 17 207 21893 25 060
Adjusted VOLY 973 1459 1946

For men, the results indicate equally high costs due to road accidents as due to
physical inactivity, followed by air pollution. For women, air pollution gives rise to by
far the greatest costs, followed by physical inactivity and thereafter road accidents. It
is worth noting that air pollution also is the only one of the categories producing
higher costs for women than for men.
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The results for noise are considerably lower than for the other categories. However,
they are around 60% higher than the figure that results if the starting point is the
health percentage in the ASEK group’s latest recommendation for noise evaluation,’’
together with information about the numbers exposed to road traffic noise at different
decibel levels in 2001:*® SEK 1,925 billion at 2001 price level. We also suspect that the
number of YLD for noise is too low, although this is just a hypothesis.

The results that relate to disease are, as mentioned, especially uncertain, and most so
when it comes to physical inactivity; for further discussion about the extent to which
the results are credible, see the discussion in the next section.

At 2001 price level (see Appendix 1), the total amount for healthcare costs,
administration costs and loss of production corresponds to 3.6% of Sweden’s GNP in
2001. However, in the first part of this project, Kjellstrom et al. (2008) state that the
actual figures for deaths, disease, etc may be 50-150% of those calculated. If we apply
the same interval to the total sum in the table above (but exclude the road safety
results from this exercise, as this background material is much safer), the result can be
set at SEK 63.132 billion. The uncertainty is, of course, much greater, given the
sometimes rough assumptions that underlie the calculations.

Higher costs today

The results above are shown at 2008 price level, but still apply to 2001. When
calculating the corresponding numbers of deaths, etc, for a later year, the figure would
be yet higher. For instance, between 2001 and 2006, the average salary increased by
18.8 percent (women) and 16.3 percent (men).*® This affects all cost items. An
important part of healthcare and administration costs are, of course, salaries, which
thus have risen in actual terms. Together with the cost increase that can be seen both
in terms of treatment methods and medications, it also appears reasonable to assume
that the average cost per care event has increased by more than the consumer price
index. Salary levels naturally affect the cost of loss of production, but also the risk
value, as people’s willingness to pay (and ability to pay!) for health, among other
things, tends to rise with income. The ASEK group’s recommendation for risk value at
the 2006 price level is SEK 21,000 million. This entails that the risk evaluation per
death/injury/disease that occurred in 2006 would be 21 percent higher than in our
calculations.

*” The health percentage of the ASEK group’s latest recommendation for noise evaluation (42%
of the disturbance value) was multiplied with the recommended noise values for 2001 (which
do not include any health percentage) and with the Road Administration’s information about
the numbers exposed to road noise.

38 Strommer (2003).

* Statistics Sweden.
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6 Discussion
6.1 Are the results reliable?
Is the background material reliable?

We have found that it is possible to calculate the cost to public health of the road
transport sector based on the background material that has constituted our starting
point, but on many occasions we have felt forced to make rather or very rough
assumptions.

Our results indicate that the effects of road traffic on air pollution and on the
population’s level of physical activity may entail its greatest socio-economic costs to
health (around SEK 32.5 billion each). However, the costs of emissions from traffic take
first place if they are added to climate-related deaths (SEK 1.5-22 billion). Thereafter
comes the item road accidents (SEK 28 billion), and in fourth place is noise (SEK 3.5
billion). Air pollution is the only cause category that shows higher costs for women
than for men.

Of the total costs, 53% are related to disease/injury, 47% to deaths. The disease-
related costs are associated with the most and largest uncertainties. If we therefore
choose only to look at the costs related to deaths, the results show that by far the
greatest costs are for air pollution, almost twice as high as for road accidents. The
results for physical inactivity come a bit above road accidents.

The background material being reliable is, of course, a prerequisite for our results
being reliable. It is not our task to determine in detail whether the assumed effect
linkage are reasonable or not, but we have found that they, with some exceptions, are
conservative or in line with what is recommended by the expert group in the EU
programme CAFE.*

Of those who die in road accidents, it can be assumed that many are inclined to take
risks and perhaps would not have lived as long as the average person, even if they had
not been involved in any road accident. The risk of hospitalization and death is, for
instance, 80 percent greater for those who have been convicted of drunk driving.**
However, we do not know of any better measure than the expected remaining
lifespan, nor is using this particularly controversial.

“° AEA (2005a and b).
*1 Roos, K. (2007).
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For air pollution, no effects on persons under 35 have been included, despite research
suggesting that children and young people are also affected; in particular babies, for
whom it has been found that differences in the concentrations of substances from
road traffic affect mortality.* There are also new findings showing that the effects are
even greater than previously thought, also at low air pollution rates, and that the
effects spread far across the geography.®® The assumed effect linkage is recommended
by the EU programme CAFE (Clean Air for Europe), and the result for the number of
deaths correspond well to earlier calculations of deaths from air pollution in Sweden.

At the same time, the results from a research project in progress, (Forsberg, 2008),
suggest that the number of deaths in Greater Stockholm, caused by particle emissions
from local traffic, is around 60 per year, i.e. around 40 per million people (60/1.5
million). With this assumption, the number of deaths caused by traffic in the whole of
Sweden would be 9 x 40 = 360 deaths (if it could be assumed that all Swedes were
exposed to the same extent as in Greater Stockholm, which should be an
overestimate). This is considerably fewer than the more than 2,000 on which our
calculations are based, and, given that air pollution in the calculations indicate the
greatest costs, this is an alternative result that should be taken seriously.

The calculated number of deaths due to premature death related to physical inactivity
is surprisingly large. Given that the study on which Tord Kjellstrom’s study is based
(Andersen et al. 2000) corresponds to reality,* the assumptions about exposure of the
population are fairly conservative, namely that it is only car commuters (in urban
areas) who are “exposed” to physical inactivity. In actual fact, transport-induced costs
of physical inactivity can of course also arise outside urban areas, and for other
categories than car commuters. On the other hand, it is assumed that people as young
as 15-19 years can die as a result of physical inactivity, which may appear less likely.

Furthermore, the underlying assumption behind the calculation of the number of YLD
(years lost to disability) related to physical inactivity may be generous. As for the other
items, it is based on the calculation of mortality related to physical inactivity (of all
causes) and from links between YLL (years lost to premature death) and YLD from
earlier calculations. The effect linkage in the underlying study (Andersen et al. 2000)
related to effects on mortality, not morbidity. It is also considered that the link
between physical inactivity and morbidity is less well known that between physical
inactivity and mortality.* However, it is known that there are strong links between
physical inactivity and a number of serious diseases, such as stroke, colon cancer, heart

*2 AEA (2005a and b).

i Nerhagen, L. (2008)

* This study was scrutinized by WHO, who use it in its work of calculating health effects of
bicycle measures. See Cavill et al. (2007).

** Cavill et al. (2007).
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and circulatory disease and depression, and that increased physical activity produce
quicker results on morbidity than on mortality. The assumption is therefore not
unfounded, and should not be unreasonable.

In conjunction with further investigation of the costs of physical inactivity, an
important issue should be the extent to which they are internalized, i.e. the extent to
which individuals can be assumed to consider the effect on health when they take the
car from door to door instead of using so-called “active transport”. If they are aware of
it, but still choose the car, at least some of the cost (the risk value) is internal — rather
than external —and should not be included in the cost calculation. As the issue has not
been determined, we have chosen to assume that the entire effect is external, in the
same way as the ASEK group does for road accidents.

Uncertain assumptions in our calculations

In order to succeed in making the calculations, we have made a great many
assumptions, of which many are well supported and/or are of little importance to the
result. This applies, for instance, to assumptions about average salaries and
employment rates. Some central assumptions are more uncertain however:

- Our assumption that each YLD corresponds to one person who during three
years is on full-time sick leave is uncertain. However, it is based on the levels of
the function weights for different diagnoses used earlier by WHO for
calculating YLD. It is thus not plucked out of the air.

- The assumptions of a 4 percent discounting rate for calculating annuities of the
value of a lost year of life is of great importance for the value of lost years
close in time. Using a 2 percent discounting rate, the value for the first lost
year of life is around 25 percent lower than with a 4 percent rate.

- When calculating risk value of death, the interest level is of particular
importance to those deaths caused by air pollution, as the average age for
these persons is high (they lose a small number of years per person). For
persons who die at a younger age, it evens out, as future years lose their value
quicker than with a lower discounting rate. However, the interest level is of
particular importance for calculating the risk value of disease, as the results
are based on only three lost years. With a lower interest rate, the calculated
risk value per YLD would thus have been lower. It is possible that 2 percent (or
3 percent) would be more accurate, but lacking any argument for using any
particular interest rate for valuing just lost years, we have chosen to use the
rate recommended by the ASEK group.

Analys & Strategi 46 Z,:/_.wsp



- For the risk value calculation for disease, we have used the number of YLD for
each age group and cause category as the starting point. In this case, this is a
rewarding measure to use, as one YLD is construed to be equal to one year
when dead. We have therefore been able to use the ASEK group’s risk
evaluation for death in road accidents. However, this means a big stretch of
the area of use for the risk value.

- For the valuation of deaths in other countries due to climate change, the
insecurities are particularly large, and here there is also an entrenched
dilemma: Value according to income level (theoretically correct) or value
strictly according to the principle of equal value of all people (ethically more
easily digestible)? We have done both, and emphasize that this calculation has
even more of a mathematical exercise character than the others.

Are the results useful?

When the socio-economic effects of a measure or an investment are to be calculated,
the total costs of transport are strictly speaking not particularly interesting. Instead, it
is the marginal costs that must be investigated, i.e. the costs that are estimated to
arise precisely because of the measure in question, and with reasonable consideration
to the circumstances that apply to the location, such as population density. For this
purpose, a different approach is necessary, which is also that used by the ASEK group
and which is being researched in terms of monetary valuation of both air pollution and
noise.

Yet, we consider that it should be of interest to investigate also the total costs. This is
partly to see how they relate to each other and to other societal costs, and thus gain
knowledge about how much money it is socio-economically reasonable to use in
reducing them. It is also because the costs of physical inactivity due to road transport
have not previously been calculated, and because a calculation of total costs may be a
suitable starting point.

Doing as we did in calculating deaths, etc, for an individual year, rather than traffic
(mileage, number of vehicle miles), means that comparability suffers. While road
accidents are direct, the other health effects (noise, air pollution, physical inactivity
and climate change) arise after a developing for a shorter or longer period. It is thus in
principle difficult to say which vehicle park and which mileage that is the basis for the
total outcome. It is therefore preferable to turn the question on its head: i.e. to start
with the vehicle fleet/mileage of a specific time period and on this basis calculate the
effects. This is exactly what is done in ExternE, for instance.
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Can then anything be said about how our results — if they are assessed as reliable and
can be refined — should influence the socio-economic calculations that are made
within the transport sector? In general, they would put a premium on measures to
reduce emissions from road traffic to a greater degree than is the case today. The
utility or cost of a change in emissions from traffic would weigh more in relation to the
items that today constitute the most important parts in nearly all socio-economic
calculations: time gains and road safety. Changes in the noise levels of traffic would
also be valued higher than today (however, noise is not included in all calculations).
For both emissions and, in particular, noise, it would however be increases from low
levels. The number of profitable measures, or the relationship between road and track
measures, would therefore not be affected particularly much.

Socio-economic costs of physical inactivity are today not calculated at all in the
calculations made (on the other hand, increased physical activity has been included
since this year in the Road Administration’s calculations of bicycle measures). If they
were included, measures favouring bicycling and public transport would increase their
competitiveness slightly in relation to measures favouring car and motorcycle traffic.
Further research is justified

To sum up, parts of our calculations are based on fairly flimsy grounds, and the results
should not be used as a basis for decision-making. However, we think that our
assumptions still are reasonable and that the results cannot be dismissed without
further notice. This applies at least to the rough magnitude of the costs in absolute
terms and in relation to each other.

The fact that the calculated socio-economic costs of physical inactivity is calculated to
be so high is perhaps the most surprising result, as this issue has been given the least
notice out of the health effects linked to road traffic. Further research is justified to
study more closely how great these costs actually are, and also if it is at all possible to
develop some kind of marginal costs for use in socio-economic analysis of investment
measures and control instruments. To begin with, better knowledge about the
representativity of the background material is needed in particular, and the way in
which the measure YLD can be used to gain a more complete picture of morbidity
than, for instance, the number of people on long-term sick leave. The degree of
internalization should, as mentioned, also be investigated.

6.2 Positive health effects of road transport
Road transport does, of course, also entail positive effects on health. In order to have
efficient ambulance transports, good infrastructure is a prerequisite — even if they

hardly are favoured by such amounts of traffic that arise congestion. Road transport
gives us better availability of food, medications and goods, and gives us the
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opportunity to work further away. In this way, the match between work and worker
also improves, which increases our welfare over time. Road transport also provides us
with opportunities to meet family and friends (although without the infrastructure and
the cars, we would not have lived so spread out) and to take part in various activities,
which is important both for physical and mental health.

If we eliminated all motor-powered transport, this measure would accordingly also
have negative consequences for health. Hjalte & Persson (1998) refer, among other
things, to the fact that reduced income leads to an increased number of deaths
through different consumption patterns. This applies both to individuals and to
society, which by raising less income also would have less money to spend on health,
environment, education, etc. It would probably also be necessary to replace cars with
some other system, which perhaps also would have negative health consequences.

6.3 Widen the perspective!

Our point is, of course, not that motor-powered road traffic should be eliminated and
that everybody should be forced to bicycle to work, but rather that we should be
aware of where the costs arise and how great they are, to enable us to reduce them in
a cost-effective way. We also want to give a fillip to the development of the discussion
surrounding health and road traffic that is moving towards seriously including more
than just road safety. The health effects of air pollution, physical inactivity and noise
are already on the agenda today, but our figures suggest that the health-related costs
that can be associated with emissions and physical inactivity related to traffic each
may be of approximately the same magnitude as the socio-economic costs to health
caused by road accidents. The costs of noise are, according to our calculations,
considerably lower than the other items, but still significantly higher than if the
calculation is done in accordance with the latest ASEK recommendation for health-
related evaluation of traffic noise.

As stated in the introduction, this is a first attempt at a broader socio-economic
analysis of the negative effects on public health of road traffic. The results should not
be used as background material for decision-making, but well as an encouragement to
continue the work and to widen the perspective when it comes to the combination of
traffic and health in social planning. This applies not least to physical inactivity,
because although bicycling has begun to be mentioned in positive terms in this
connection, motor-powered traffic is hardly mentioned as being negative. Therefore
there appears to be good reason to throw light also on those parts of the health
effects of the road transport sector that are still hidden in the darkness.
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Appendix 1 Results at price level of 2001.

Table 15 Costs related to deaths in Sweden in 2001, caused by Swedish road traffic. Own calculations
partly based on Kjellstrom et al. (2008). SEK million, price level in 2001.

Road accidents

Men Women

Air pollution

Men Women

Noisen

Men Women

Physical
inactivity
Men Women

Total

Men Women

Administration

24 9 32 35 6 5 14 8 75 57
Loss of production 464 114 191 129 41 12 483 226 1180 481
Risk Value 6 035 2187 8 205 8871 1407 1188 6 662 4128 22309 16374
Total men/women 6 499 2301 8 396 9 000 1448 1199 7 145 4 355 23489 16856
Total 8 800 17 397 2 648 11 500 40 345

Table 16 Costs related to disease/injury in Sweden in 2001, caused by Swedish road traffic. SEK million,
price level at 2001. The calculations are based on the number of YLD (years lost to disability) calculated
by Kjellstrom et al. (2008). For road accidents, the background material is statistics for major and minor

injuries.

Road accidents Air pollution Noise Physical Total

inactivity

Men Women Men Women | Men Women Men Women Men Women
Healthcare 845 529 468 709 16 27 993 888 2321 2153
Administration 96 63 24 36 1 1 51 45 171 146
Loss of production 562 246 603 569 17 17 959 690 2 140 1523
Risk value 8 496 5262 3520 5130 113 194 7177 6418 19306 17003
Total men/women 9999 6 100 4615 6 445 146 239 9179 8 041 23939 20825
Total 16 099 11 060 385 17 221 44764
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Table 17 Costs for death and disease/injury in Sweden in 2001, caused by Swedish road traffic. Own
calculations partly based on Kjellstrom et al. (2008). SEK million, price level at 2001.

Men Women Men

Road accidents Air pollution Noise

Physical
inactivity

Women Men Women Men Women

Total

Men Women

Healthcare 845 529 468 709 16 27 993 888
Administration 119 72 56 71 6 6 65 54
Loss of production 1026 360 794 698 58 29 1442 916
Risk value 14 531 7449 11725 14001 | 1520 1381 13839 10547

2321 2153
246 203
3320 2004

41616 33378

Total 24 899

Total men/women 16 498 8 401 13011

28 456

3033

15445 | 1594 1439 16325 12396

28 720

47 428 37 681

85 109

Table 18 Risk evaluation of the 1,237 deaths in 2001, mainly outside Sweden, which are assumed to be

caused by the contribution of the Swedish road transport sector to climate change. Own calculations
partly based on Kjellstrom et al. (2008). “Adjusted VOLY” (value of a lost year) takes into account the
lower income levels in low and medium income countries. SEK million, price level at 2001.

Assumed number of years lost per climate-related

death
20 30 40
Same VOLY as in Sweden 15 067 19171 21 944
Adjusted VOLY 852 1278 1704

Table 19 Cost of road accidents based on the number of estimated YLD (years lost to disability),
calculated by Kjellstrom et al. (2008) SEK million, price level at 2001.

Road accidents
Men Women

Healthcare 527 316
Administration 36 22
Loss of
production 562 246
Risk value 2539 1525
Total men/women 3664 2109
Total 5773
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At 2001 price level, the total amount for healthcare costs, administration costs and loss of production is
equal to 3.6% of Sweden’s GNP for 2001, see the table below.

Table 20 Comparative figures, SEK million, price level at 2001.

GNP 2001 2326 176

Public medication costs 2001 18 193

Swedish Road Administration income 2001 11086
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Appendix 2 Calculations excluded

Kjellstrom et al. (2008) also calculated the number of inpatient events for the different cause categories,
whereafter we used the result as background material for two alternative healthcare cost calculations.
However, Kjellstrém removed this result, as it was deemed to be too unreliable.

We have chosen to retain the calculation, but to move it to this appendix, as in some way it constitutes a
complement to the healthcare cost calculation based on the number of YLD. The table below shows
Kjellstrom’s calculated number of inpatient care events for the different cause categories.

Table 21 Calculated number of inpatient care events in 2001 caused by road traffic. Source: Kjellstrém
et al. (2008).

Road Air pollution Noise Physical Total
accidents inactivity

Road injuries 12 577 12 577
Heart disease 5794 5794
Airways, lungs 1562 1562
Lung cancer 220 220
Hypertonia 329 329
Ischaemic 2102 2102
heart disease
Diabetes 415 415
Totalt 12 577 7576 2431 415 22 999

The number of inpatient care event due to road accidents is based on statistics. The calculation for air
pollution includes all heart diseases, all lung and airway diseases and lung cancer. The calculation for
traffic noise includes high blood pressure and ischaemic heart diseases (acute heart attack and vascular
spasm). The calculations for physical inactivity includes only diabetes type 2, as there is less knowledge
about the effect linkage between physical inactivity and morbidity than between physical inactivity and
mortality.

Calculation version 1): We estimated the cost of inpatient care with the aid of information about
average cost per inpatient care event for different types of care. The information was taken from the
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report “Vardkostnader och vardtider 2001 for NordDRG” (“Care costs and care periods for NordDRG”),
which shows cost outcomes for inpatient care of different diagnoses, gathered from a number of
hospitals. NordDRG is the name of the diagnostic system used.

Kjellstrom’s background material does not include outpatient care events. As there is no requirement to
report diagnoses in outpatient care, the national statistics in this area are also poor. However, Region
Skane keeps reasonably detailed statistics also for outpatient care. We therefore estimated the
outpatient care costs on the basis of the costs of inpatient care calculated by us, and with the aid of

ratios between inpatient and outpatient care costs for different age groups in Region Skane.*®

Medication costs were also estimated roughly, by starting from the proportion of public medication
costs of the total public care costs: 11.9 percent in 2001. Private medication costs are thus not included.

This calculation only includes healthcare costs deemed to have arisen during 2001, although many cases
of disease and injury can be expected to give rise to healthcare costs later, too.

Calculation version 2): Thereafter the healthcare costs were estimated based on the calculations of the
number of inpatient care events caused by traffic and information about the total number of care events
in Sweden in 2001. We assume that the relationship between

- (number of traffic-related inpatient care events) and (the total number of inpatient care events)
is the same as the relationship between

- (traffic-related healthcare costs) and (the public health and medical care costs).
Expressed differently:

Care costs/category = (Care event,, / Care event,) x Total_public_care costs

where Care event,, is the number of inpatient care events calculated for each category (noise, etc) and
Care eventyy is the total number of inpatient care events in Sweden in 2001.

l.e., we used the same background material (inpatient care events) but with a different, and more rough
method.

“ The statistics were provided by Torbjérn Hermansson, Department of Social Analysis, Region Skane.

Analys & Strategi 58 ’:.wsp



Calculation version 3): Finally, we calculated care costs in the way presented in the main text, i.e. based
on Kjellstrom’s calculations of the number of YLD (years lost to disability)*’ and an earlier calculation
done at Karolinska Institutet (1998) of the total number of YLD in Sweden. We assumed that the
relationship between

- (traffic-related care costs) and (the public health and medical care costs)
are the same as the relationship between
- (the number of traffic-related YLD) and (the total number of YLD).

This means that the method is the same as in the second calculation version, but the background
material is different.

If the results from the first and second version are close together, we consider that the method we have
used for the second and third calculations would work, at least at aggregated level, i.e. in terms of the
total amount.

And actually, to judge from this exercise, the rough method in calculations 2 and 3 appear to produce
reasonable results, at least at aggregated level, see the table below. (However, broken down per cause
category they produce very different results.) The first calculation, based on Kjellstrom’s estimate of the
number of inpatient care events, produced a result of just under SEK 2.4 billion (inpatient care,
outpatient care and medications). The second calculation, based on the number of inpatient care
events, but using a more rough method, produced the result SEK 2.3 billion. Here, we had reduced the
results by a standard amount of % for air pollution, noise and physical inactivity, and we do not know
whether this was a lucky coincidence or not.

Table 22 Care costs caused by road traffic in 2001, according to three alternative calculations explained
more closely in the text. SEK million, price level in September 2008.

Road accidents Air pollution Noise Physical Total

inactivity
Calculation 1 1487 642 202 41 2371
Calculation 2 1420 641 206 35 2 302
Calculation 3 1569 1345 48 2147 5110

* YLD thus means "years lost to disability” and is a measurement of the loss of function due to disease. Different
losses of function are given different values, so a minor injury/disease is given a low value (close to 0), while a
major injury/disease, such as total paralysis, is given a high value (close to 1). 10 years lived with a loss of function
of 0.5 thus gives rise to 10 x 0.5 = 5 YLD. One YLD can be equaled to one year when dead.
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The calculations are, once again, very rough and can of course be criticized. But we have used the
materials to hand, and we still dare to think that the care cost calculation we present in the main text (a
total of SEK 5.1 billion) is not entirely away from the mark, at least not at an aggregated level. The fact
that the result is so much higher can of course be due to an over-estimate of the number of YLD, but it
can at least partly be explained by the YLD calculation including more diagnoses than the number of
calculated inpatient care events, partly by the YLD calculation including costs that arise even after 2001,
while the two first calculations only include costs for 2001. (As the number of YLD for road accidents is
regarded as being too low, accident statistics were used instead for this calculation.)

* %k
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