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Abstract

The aim of the study was to examine the prevalence of pedestrian fatalities and serious injuries (MAIS3+) in traffic,
and to identify differences in the factors associated with the injury severities. The study included all motor vehicle-
pedestrian accidents in Finland in 2014-2017 and exposure data from the national travel survey of 2016. The results
showed a heightened fatality and serious injury rate specifically for pedestrians aged over 75 years and in rural
heartland areas. Furthermore, differences were identified in the current speed limit, municipality type, lighting
conditions, vehicle type, area type, accident location, and road conditions between pedestrian fatalities and serious
injuries. The main implications of the study are that traffic safety measures should be tailored to local conditions
and amended and redirected to account for both fatalities and serious injuries. In order to conduct comparative
studies between countries and support the achievement of transport policy objectives, further harmonisation of
definitions and data collection procedures for traffic accidents is needed.
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1 Introduction

According to the European Declaration on Road Safety,
the number of fatalities and serious injuries in 2030
should be halved from that in 2020 [66]. At the same
time, the target is to raise the share of active and envir-
onmentally sustainable travel, such as utility walking and
cycling (i.e. for a specific purpose), by changing the
properties of the transport system and the built environ-
ment [7]. However, in order to encourage systemic be-
havioural change, safety is an essential precondition for
people to travel by active transport modes (e.g. [25, 32]).
In Europe, the safety of pedestrians and cyclists is gener-
ally better than in other countries but has nonetheless
improved at a slower rate than that of vehicle occupants
[9, 15, 31]. Thus, there is an important societal need to
understand traffic safety conditions in specific areas and
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to draw lessons for related planning and policymaking
mechanisms among relevant stakeholders [10]. One way
of understanding a traffic safety situation is to use quan-
tification of traffic accidents. These are defined as acci-
dents occurring on the road with at least one moving
vehicle and resulting in at least one person being injured
[40]. As such, pedestrian single accidents, such as falling
outdoors, are not currently defined as traffic accidents.
Although they represent an obvious problem for pedes-
trian safety (e.g. [33, 53]), this study focuses on motor
vehicle-pedestrian accidents, because no official informa-
tion currently exists on single pedestrian fatalities. The
number of traffic accidents relates to exposure, risk and
consequence [39]. Exposure represents the amount of
activity where an accident can occur, risk is the expected
number of accidents per unit of exposure, and conse-
quence is the severity of the accident. Thus, influencing
traffic safety relates to changes in any of these three
dimensions. Changes in the built environment, such as
separation of road users or vehicle speed control, has
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been assessed to reduce the number of motor vehicle-
pedestrian accidents (e.g. [13, 48, 62]). Additionally,
the built environment has an effect on the amount of
walking, through variables such as mixed land use,
aesthetics and walking infrastructure (e.g. [6, 35, 42]).

Previous research informs us that the pedestrian fatal-
ity risk is generally higher for men than for women, with
some exceptions in the older age range (over 75 years)
(e.g. [1, 27, 69]). When controlling for population size,
the risk is higher for men than for women also in the
older age groups (e.g. [4, 27]). Looking specifically at
age, the risk is higher for younger (< 25 years) and older
(> 75years) pedestrians compared to other age groups
(e.g. [1, 27]). Compared with traffic safety analysis of ve-
hicle accidents, choice of exposure is not as straightfor-
ward in regard to pedestrians. Previous studies have, for
example, used hours walked (e.g. [27, 30]), kilometres
walked (e.g. [3, 11]), number of roads crossed (e.g.
[21, 27]), and number of pedestrians at the crosswalk
(e.g. [29]). Regarding location, a majority of pedestrian
accidents occur in urban rather than rural areas. Regard-
ing accident severity, fatalities are more common than
other severities in rural areas (e.g. [1, 21, 22, 24, 30,
37, 68]) and in areas with higher speed limits (e.g.
[14, 29, 58]), largely due to the relation between
speed and pedestrian injury severity (e.g. [49, 60]).
Previous research has also found that pedestrian acci-
dent severity is higher for accidents with heavier vehi-
cles (e.g. [5, 30, 50]). Regarding weather and road
conditions, injury severity generally increases with ad-
verse weather and poor lighting (e.g. [30, 36, 41, 59]).
Most of the above studies use different definitions of
severity and do not specifically distinguish seriously
injured people in their analyses.

Although the transport policy objective includes redu-
cing both fatalities and serious injuries, traffic safety ana-
lysis has until recently focused primarily on fatalities.
Consequently, missing knowledge on serious injuries is
preventing transport planning and policy from highlight-
ing different aspects and challenges that are not associ-
ated with fatalities. The knowledge gap relates to both
the characteristics of serious injuries and effective
measures to prevent them. The focus on fatalities can be
attributed largely to a lack of common definitions for
other severities and insufficient accident data that is
both reliable and accurate. A particularly frequent chal-
lenge across Europe is under-reporting of injury-related
accidents [67]. With these challenges in mind, the EU
has recommended using the Maximum Abbreviated
Injury Scale (MAIS) 3+ criteria for defining a serious in-
jury and recording serious injuries by combining hospital
and police data [8]. However, most EU countries do not
follow these recommendations [2]; Finland is one of
the few that do and has done so since 2014. Despite
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the potential of this data to broaden our understand-
ing of serious injuries, it has yet to be analysed at
road-user level.

Looking at the country’s overall traffic safety situation
and development, Finland lags behind similar countries
in Europe [16]. Overall, six pedestrian fatalities could be
prevented annually in Finland if the fatality risk per per-
son kilometre were the same as in Sweden [45]. The
Finnish transport policy objective states that the trans-
portation system should be planned in way that no per-
son is killed or seriously injured (KSI) in road traffic, i.e.
Vision Zero [19]. In Finland, the European Declaration
on Road Safety translates to a maximum of 136 fatalities
in 2020 and 68 in 2030. Nonetheless, during the last 5
years 250 people on average have died annually in road
traffic in Finland [57]. Another official target is to in-
crease both the number of trips made on foot and by bi-
cycle by 30% by 2030, which translates as an increase of
450 million trips on foot or by bicycle [20]. In relation
to this resolution, the Ministry of Transport and Com-
munications published a programme with 31 measures
to increase walking and cycling in Finland [34]. How-
ever, only one of the measures deals specifically with
traffic safety; this in spite of the fact presented above
that safety is a precondition for walking, and that ac-
cording to Vision Zero, mobility cannot be traded for
safety (e.g. [26, 28, 61]). Therefore, Finland is an import-
ant case for gaining detailed knowledge of the character-
istics of both fatalities and serious injuries, so that the
traffic safety work can be amended and redirected to-
wards achieving all of the country’s transport policy
objectives.

Given the above, the main objective of this study was
to identify the factors associated with pedestrian fatal-
ities and serious injuries in Finland by exploiting official
accident data, which since 2014 has included serious in-
juries reported according to MAIS3+ criteria by combin-
ing police and hospital reports. First, the study aimed to
describe the overall prevalence of pedestrian fatalities
and serious injuries in road traffic in Finland and to
compare the rate according to demographic, spatial and
temporal variables. Second, the study aimed to explore
and describe the factors related to pedestrian fatalities
and serious injuries, and to compare whether there are
differences between the severities. The methodological
focus is on describing aggregated data, as opposed to
being a quantitative prediction study or an analysis of
in-depth reconstruction results. In line with previous re-
search methodologies, variables included in the analysis
were related to pedestrian, driver, vehicle, location, road
and weather conditions, and time of occurrence. The re-
sults provide information on pedestrian fatalities and
serious injuries and allow similarities and differences be-
tween the two severities to be identified. The results are
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reflected in traffic safety measures that would better
address serious injuries to pedestrians as well as fatal-
ities. The second section of the paper outlines the
methodological framework, including data sources and
safety performance indicators used. The third section
provides a detailed overview of the results on the
prevalence of pedestrian fatalities and serious injuries,
as well as the associating factors. The fourth section
discusses the results, and the fifth and final section
concludes the paper.

2 Methodology

The data included all police-reported pedestrian fa-
talities and MAIS3+ serious injuries (linked with
hospital data) in Finland during the period 2014-
2017 [57]. The study was limited to road traffic and
included all KSI pedestrians involved in accidents
with a motor vehicle (i.e. passenger car, van, bus,
truck, moped, motorcycle or other motor-driven ve-
hicle). KSI pedestrians involved in accidents with a
train (n=7), tram (n=4) or bicycle (n=9) were not
included, since these modes have different character-
istics (e.g. yielding, speed limit, dedicated infrastruc-
ture) than motor vehicles, and the number of
observations were too low to include in their own
class. Furthermore, only one city in Finland
(Helsinki) has trams, and bicycle accidents are heav-
ily underreported (e.g. [55]). The total for the period
2014-2017 was 285 KSI pedestrians in 281 accidents
involving 287 drivers and vehicles. Of all the KSI pe-
destrians, 116 were killed and 169 seriously injured.
The paper analyses the number of pedestrian fatal-
ities and serious injuries as opposed to the number
of accidents where these occurred.

2.1 Pedestrian fatality and serious injury rate

The prevalence of pedestrian fatalities and serious injur-
ies was studied by calculating the pedestrian KSI rate
and comparing it according to demographic, spatial and
temporal variables. This approach is appropriate when
monitoring and comparing the overall traffic safety situ-
ation to identify safety-critical issues (e.g. [46]). The ped-
estrian KSI rate is defined as the number of all fatalities
and serious injuries divided by the corresponding expos-
ure. Exposure is derived from the Finnish National
Travel Survey of 2016 [18], which includes mobility in-
formation (number of trips, distance travelled and mode
share) for all mainland residents aged over 6 years.
Person-kilometres walked is used as exposure, since it
has been acknowledged as a good determinant of pedes-
trian safety (e.g. [46]), and because the number of short
trips is often more underreported than trip length in
travel surveys (e.g. [52]). Hence, the pedestrian KSI rate
is the average prevalence of a pedestrian being killed or
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seriously injured by a motor vehicle' per million kilo-
metres walked. It was calculated as follows:

Pedestrian KSI rate =

Annual average number of KSI pedestrians (1)
Annual million kilometres walked

The mobility data (km/person/day) is disaggregated
and reported in the national travel survey by differ-
ent variables; the pedestrian KSI rate was compared
based on the following: gender, age, type of munici-
pality, area type, season, and day of the week. The
categories for gender (male; female) and age (6-17;
18-34; 35-54; 55-64; 65-74; + 75 years) were defined
in the national travel survey. The categories for type
of municipality (metropolitan area; large city; mid-
sized city; small city; small municipality) were de-
fined in the national travel survey and are based on
the municipality key (Fig. 1a). The categories for area
type (inner urban area; outer urban area; peri-urban
area; local centre in rural area; rural area close to
urban area; rural heartland area; sparsely populated
rural area) were defined in the national travel survey
and are based on an official classification by the
Finnish Environment Institute, which divides the
country into grid squares of 250 m x 250 m classified
according to the type of land use (Fig. 1b). To calcu-
late exposure (annual million kilometres walked) for
all the variables’ categories, the mobility data from
the national travel survey was multiplied by the
population size and period length of the correspond-
ing category.

The accident data was recoded based on the cat-
egories of the national travel survey: type of munici-
pality by municipality key, and area type according to
the coordinates of the accident. To match the data
on KSI to the exposure data, KSI involving pedes-
trians under the age of 6years (n=2) and occurring
on the non-mainland (7 =1) were omitted from the
KSI rate analysis. As such, the data for calculating
pedestrian KSI rate included 282 KSI pedestrians over
the age of 6years, where the other party was a motor
vehicle and the accident occurred on the mainland.
The results for the pedestrian KSI rate are presented
in Section 3.1

2.2 Factors associated with pedestrian fatalities and
serious injuries

Pedestrian fatalities and serious injuries were analysed
according to the following factors: pedestrian, driver,

The pedestrian KSI rate was also calculated for all vehicles (motor
vehicles, trams and bicycles), but an examination showed that the
categories’ rates followed the same pattern.
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Fig. 1 a Type of municipality [38]; b Area type [17]
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vehicle, accident location, and time of occurrence (ex-
cluding missing cases). The main results of the analysis
on the factors associated with pedestrian fatalities and
serious injuries are presented in frequency tables. The re-
sults were analysed with a Chi-Square test of independ-
ence [54] to identify statistically significant differences
between the factors associated with pedestrian fatalities
and serious injuries. The test compares the expected fre-
quency in the cells of a contingency table with the ob-
served frequencies. The same methodology has been
applied in previous studies (e.g. [56]). Where available sta-
tistics were found, the differences in severities were com-
pared relative to the dimensions of the category sizes by
first calculating the relative shares (number of observa-
tions relative to the size of the category) and then compar-
ing the relative ratio (relative share of all categories
relative to the relative share of the first category of the
variable) between categories. This was done for pedestrian

gender and age group [18], driver gender and age group
[63], and vehicle type [64]. After the relevant variables
were identified, their relative contribution was evalu-
ated (in SPSS) using binomial regression models.
Thus, the main purpose of the analysis is to identify
whether there are differences in where the main
challenges lie for pedestrian fatalities and serious
injuries.

The accident statistics also included other variables,
such as pedestrian and driver intoxication, but these
are excluded from the analysis due to missing data.
Some categories were combined due to a low number
of observations. The included variables, original and
final categories and number of missing cases are pre-
sented in Appendix 1. Looking at the correlation be-
tween variables presented in Appendix 3, the only
strong correlation, the Pearson correlation coefficient
r>0.07, ([54], p. 777) was between municipality and
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area type. The results for the factors associated with
pedestrian fatalities and serious injuries are presented
in Section 3.2. Finally, we underline that there are no
control datasets for the variables considered in this
study.

3 Results

3.1 Pedestrian fatality and serious injury rate

3.1.1 Pedestrian characteristics

The number of pedestrian fatalities and serious injur-
ies per million kilometres walked according to gender
and age is presented in Fig. 2. The rate was higher
(approx. 40%) for males than females. The rate was
over five times higher for those aged 75years or
above compared to the other age groups (19.6 vs.
2.1-3.7). The rate for the other age groups were also
lower than the total rate. When comparing the age
groups by gender, the rate for males was almost two-
fold that for the age groups 18-34 and 55-64 years
and fourfold for the age group 35-54 years compared
to females. For the older age groups (65-74 and over
75years), the rate was higher (approx. 10%) for fe-
males than males.

3.1.2 Location

The number of pedestrian fatalities and serious injuries
per million kilometres walked according to type of mu-
nicipality and area type is presented in Fig. 3. Compared
to the overall pedestrian KSI rate, the rate was higher in
small municipalities (50%), midsized cities (35%), and
small cities (8%). The corresponding rate was lower
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(approx. 15-30%) in both the metropolitan area and
large cities; in the metropolitan area the pedestrian KSI
rate was almost half that in small municipalities and
midsized cities. Compared to the overall pedestrian KSI
rate, the rate was higher in rural heartland areas (approx.
220%), local centres in rural areas (approx. 50%), and in
inner urban areas (approx. 5%). The corresponding rate
was lower (approx. 25%) in outer urban areas, rural
areas close to urban areas, and sparsely populated
areas. The rate was over twofold for rural heartland
areas (8.3) compared to all other area types (3.0-4.0),
except for local centres in rural areas where it was
60% higher.

3.1.3 Time of occurrence

The number of pedestrian fatalities or serious injuries
per million kilometres walked according to season and
day of the week is presented in Fig. 4. Compared to the
overall pedestrian KSI rate, the rate was higher (approx.
25-35%) in autumn and winter and lower (approx. 20—
25%) in spring and summer. Compared to the overall
pedestrian KSI rate, the rate was higher (approx. 20—
25%) on Tuesdays, Thursdays and Fridays and lower
(approx. 45%) on Sundays. For the other days, the rate
was similar to the overall rate.

3.2 Factors associated with pedestrian fatalities and
serious injuries

3.2.1 Pedestrian characteristics

There were no statistically significant differences be-
tween the pedestrian’s injury severity and gender or
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Fig. 2 Pedestrian KS| rate according to gender and age
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age (n=285). A majority of deceased pedestrians were
male (53%) and of seriously injured pedestrians fe-
male (53%). In terms of age groups, 32% were aged
over 75years and the share for the other age groups
(0-17; 18-34; 35-54; 55-64) was 11-16%. When
comparing observations relative to gender and age
group sizes (Appendix 2), the relative ratio was over
fourfold for age over 75years compared to age 0-17
years. The difference in relative ratio was small (0.4—
1.7) for the other age groups compared to 0—17-year
olds and for women compared to men (relative ratio
0.8-1.1).

3.2.2 Driver characteristics

There were no statistically significant differences be-
tween injury severity and the driver’s gender (n=
281), age (n=277) or driving licence age (n=236). A
majority (72%) of the involved drivers were male. Of

all the involved drivers, 33% were aged 15-34, 31%
were aged 35-54, 20% were aged 55-64, and 8%
were aged 65-74 and over 75years respectively.
When comparing observations relative to the gender
and age group sizes (Appendix 2), there was no
major differences between groups (relative ratio
varied between 0.4 and 1.4). The age of their driving
licence was more than 5 years for around 70% of the
drivers and less than 1year and between 1 and 5
years for around 15% of the drivers, respectively.

3.2.3 Vehicle characteristics

Table 1 shows the vehicle type classification accord-
ing to fatality or serious injury, including absolute
(comparing observations in the categories) and rela-
tive (comparing observations relative to the dimen-
sions of the categories) shares as well as relative ratio
(comparing relative shares of other vehicle types to

Q
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Table 1 Involved vehicle type (n = 287) according to pedestrian fatality and serious injury

Fatality Serious injury Total

Size n  Abs% Rel% Relativeratio n  Abs% Rel%  Relativerato n  Abs%  Rel%  Relative ratio
Passenger 2,696,334 59 51 0.00002 1.0 125 73 0.00005 1.0 184 64 0.00007 1.0
car
Van 325,656 15 13 0.00005 2.1 10 6 0.00003 0.7 25 9 0.00008 1.1
Bus 12,481 8 7 0.00064 293 13 8 0.00104 225 21 7 0.00168 24.7
Truck 96,169 24 21 0.00025 114 13 8 0.00014 29 37 13 0.00038 56
Other 1,906,590 10 8 0.00001 0.2 10 6 0.00001 0.1 20 7 0.00001 0.2
Total 5037230 116 100 171 100 287 100

that with passenger car). A majority (64%) of all KSI
pedestrian incidents involved a passenger car (Table
1). Pedestrian serious injuries more often involved a
passenger car than did pedestrian fatalities (73% vs.
51%), whereas pedestrian fatalities more often in-
volved a truck than did serious injuries (21% vs. 8%)
(x*(1) =19.304, p <0.001). Compared to passenger

cars, the relative ratio was over twentyfold for buses
for both severities, and over eleven times higher for
trucks for fatalities. There was no statistically signifi-
cant difference between injury severity and vehicle
age (n=271); in 48% of the incidents the vehicle was
over 5years old and in 26% of the incidents less than
1year old and between 1 and 5 years old, respectively.

Table 2 Speed limit (n = 285), location (n = 285), municipality type (n=284), and area type (n = 285) according to pedestrian fatality

and serious injury

Fatality Serious injury Total

n % n % n %

Speed limit <30km/h 10 9 16 9 26 9
40 km/h 41 35 83 49 124 43

50-70 km/h 26 22 59 35 85 30

280 km/h 39 34 1 7 50 18
Total 116 100 169 100 285 100

Place of accident Carriageway 60 52 58 34 118 41
Pedestrian crossing 31 27 83 49 114 40

Car park 18 15 18 11 36 13

Other (cycle path, bridge, bus stop) 7 6 10 6 17 6
Total 116 100 169 100 285 100

Municipality type Metropolitan area 16 14 29 17 45 16
Large city 16 14 35 21 51 18

Midsized city 19 17 41 24 60 21

Small city 19 17 37 22 56 20

Small municipality 45 39 27 16 72 25
Total 115 100 169 100 284 100

Area type Inner urban area 29 25 86 51 115 40
Outer urban area 23 20 38 22 61 21

Peri-urban area and rural area close to urban area 20 17 13 8 33 12

Local centre in rural area 15 13 10 6 25 9

Sparsely populated rural and rural heartland area 29 25 22 13 51 18
Total 116 100 169 100 285 100
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3.2.4 Location characteristics

Most (43%) of the KSI pedestrians were in speed limit
zones of 40 km/h (Table 2). Pedestrian fatalities occurred
more often in zones over 80 km/h than did serious injur-
ies (34% vs. 7%), whereas fatalities occurred less often in
40km/h (35% vs. 49%) and 50-70 km/h (22% vs. 35%)
zones than did serious injuries (x*(1) = 35.473, p < 0.000).
Looking at the place of occurrence, around 40% of all
KSI pedestrians were in incidents on carriageways and
pedestrian crossings respectively. Comparing the place
of occurrence based on pedestrian injury severity, fatal-
ities occurred more often on a carriageway than did ser-
ious injuries (52% vs. 34%), whereas fatalities occurred
less often on pedestrian crossings than did serious injur-
ies (27% vs. 49%) (x*(1) = 14.943, p < 0.002). Among all
KSI pedestrians, 25% of the incidents occurred in small
municipalities, 20-21% in midsized and small cities, and
16—-18% in the metropolitan area and large cities. Pedes-
trian fatalities occurred more often in small municipal-
ities than did serious injuries (39% vs. 16%), whereas
serious injuries occurred more often in all other munici-
pality types than did fatalities (x*(1) = 19.628, p < 0.001).
Looking at the area type, 40% of all KSI pedestrians were
in inner urban areas. Pedestrian serious injuries occurred
more often in inner urban areas than did fatalities (51%
vs. 26%), whereas fatalities occurred more often in
sparsely populated rural and rural heartland areas than
did serious injuries (25% vs. 13%) (x*(1) =31.682, p<
0.000). There was a strong correlation (r=0.751) be-
tween municipality and area type (Appendix 3). Com-
paring municipality type with area type for all KSI
pedestrians, it was found that a majority of metropolitan
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areas, large cities and midsized cities are inner urban
areas (50-89%), whereas a majority of small municipal-
ities are sparsely populated rural and rural heartland
areas (60%). Further comparisons revealed that the road
operator was the Finnish Transport Infrastructure
Agency (FTIA) in a majority of fatalities in all munici-
pality types (53—-60%) except in metropolitan areas and
large cities, where the road operator in most cases was
the municipality (44—75%). This is in contrast to serious
injuries where the municipality was the main road oper-
ator for all municipality types (78—86%), except for small
municipalities where the share was somewhat lower
(48%).

3.2.5 Road and weather condition characteristics

Of all KSI pedestrians, 48% were in dry road conditions
(Table 3). Pedestrian fatalities occurred less often in wet
road conditions than did serious injuries (21% vs. 37%),
whereas fatalities occurred more often than serious in-
juries in dry road conditions (55% vs. 44%) and winter
road conditions (24% vs. 20%) (x*(1) =7.216 p <0.027).
A majority (59%) of all pedestrian fatalities and serious
injuries occurred in daylight. Pedestrian fatalities oc-
curred less often in places with streetlights lit than did
serious injuries (13% vs. 31%), whereas fatalities occurred
more often in daylight than did serious injuries (66% vs.
53%) (x*(1) = 13.649, p < 0.003). A majority (54%) of all
KSI pedestrians were in temperature conditions above
3°C. Pedestrian fatalities occurred less often in
temperature conditions of —3-3°C than did serious in-
juries (28% vs. 40%), whereas fatalities occurred more
often at temperatures below -3°C than did serious

Table 3 Road surface (n=271), lighting conditions (n = 285), temperature (n = 285) and weather conditions (n = 275) according to

pedestrian fatality and serious injury

Fatality Serious injury Total

% n % n %

Road surface Dry 56 55 73 43 129 48
Wet 22 21 62 37 84 31

Winter conditions 25 24 33 20 58 21
Total 103 100 168 100 271 100

Lighting conditions Daylight 77 66 90 53 167 59
Dawn or twilight 6 5 " 7 17 6

No streetlights or streetlights unlit 18 16 16 9 34 12

Streetlights lit 15 13 52 31 67 23
Total 116 100 169 100 285 100

Temperature <-=3°C 18 16 12 7 30 "
—-3-3°C 33 28 68 40 101 35

> 3°C 65 56 89 53 154 54
Total 116 100 169 100 285 100
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injuries (16% vs. 7%) (x*(1) = 7.471, p < 0.024). There was
no statistically significant difference between injury se-
verity and weather conditions. Among all pedestrian
KSI, 42% were in cloudy and clear weather conditions
respectively and 16% were in other weather conditions
(fog, rain, snow or sleet).

3.2.6 Time of occurrence characteristics

There were no statistically significant differences be-
tween injury severity and season, day of the week or
time of day (n =285). Of all pedestrian fatalities and
serious injuries, 33% occurred in winter (Dec—Feb),
32% in autumn (Sep—Nov), 19% in spring (Mar—May)
and 16% in summer (Jun—Aug). Regarding the day of
the week, 14-17% of all pedestrian KSI incidents oc-
curred on weekdays and 8-14% at weekends. Looking
at the corresponding time of day, 40% occurred in
the afternoon (12:00-17:59), 33% in the morning (6:
00-11:59), 16% in the evening (18:00-23:59) and 10%
at night (00:00-5:59).

3.2.7 Differences in pedestrian fatalities and serious injuries
and relative contribution of identified variables

The main differences between pedestrian fatalities and
serious injuries related to vehicle type, municipality type,
area type, accident location, current speed limit,
temperature, and road and lighting conditions. No dif-
ferences were found for factors related to pedestrian and
driver characteristics, vehicle age, weather conditions, or
time of occurrence. To determine the most relevant vari-
ables for explaining the difference between severities, a
binary logistic regression analysis was carried out where
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the dependent variable was injury severity. Since a
strong correlation was identified between municipality
type and area type (r = 0.751) (Appendix 3), two separate
models where first developed, one with municipality type
and the other with area type. The variables (model 1: ve-
hicle type, municipality type, accident location, current
speed limit and road and lighting conditions; model 2:
vehicle type, area type, accident location, current speed
limit and road and lighting conditions) were inserted
stepwise into the model and were selected when the p-
value for the Wald statistics was significant (p <.05).
The model was based on 271 of the 285 KSI pedestrians,
as data was missing on road condition. Model 1 explains
more of the variance compared to model 2 (Nagelkerke
R% 26.8% vs. 22.7%); thus, we henceforth concentrate on
that model. According to the results, speed limit, light-
ing conditions and municipality type are the statisti-
cally significant variables. Looking at the individual
variables of the variance (comparing Nagelkerke R* be-
tween the three stepwise models), speed limits account
for 15.7%, lighting conditions for 7%, and municipality
type for 4.1% of the variance. The final logistic regres-
sion model was statistically significant (x*(10) = 59.114,
p<0.001) and the model correctly classified 72.2% of
the cases. Table 4 presents the results from the final
model and shows that there is a highly significant
overall effect of speed limits (Wald =26.019, df=23,
p<0.001), lighting conditions (Wald =11.688, df=3,
p < 0.009), and municipality type (Wald = 9.738, df=4,
p < 0.045). According to the results, the odds for fatality
increase significantly for the speed limit zone >=80km/h
(OR =7.901, p<.001) compared to <30 km/h. The odds

Table 4 Significant variables and related estimates and odds ratios for binary logistic model

Regression coefficient Wald df Sig. OR [95% CI]

(std. error)
Constant 0338 (0.521) 0423 T 0516 1403
<30 km/h 26.019 3 0.000
40 km/h —0.183 (0.491) 0.138 1 0.710 0.833[0.318, 2.182]
50-70 km/h —-0.086 (0.527) 0.027 1 0.870 0917 [0.327, 2.578]
280 km/h 2.067 (0.621) 11.086 1 0.001 7.901 [2.340, 26.674]
Daylight 11688 3 0.009
Dawn or twilight —-0.709 (0.613) 1337 1 0.248 0492 [0.148, 1.636]
No streetlights or streetlights unlit —0.589 (0.496) 1411 1 0.235 0.555 (0.210, 1.466]
Streetlights lit —1.366 (0.407) 11.292 1 0.001 0.255 (0.115, 0.566]
Small municipality 9.738 4 0.045
Small city —0.580 (0.441) 1.730 1 0.188 0.560 [0.236, 1.329]
Midsized city 7 (0.459) 6.029 1 0014 0.324 [0.132, 0.797]
Large city —1.090 (0422) 6.671 1 0.010 0.336 [0.148, 0.769]
Metropolitan area —0.907 (0422) 4625 1 0.032 0404 [0.177, 0.923]
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for fatality decrease significantly for streetlights lit com-
pared to daylight (OR=0.255 p< 0.001). Compared to
small municipality, the odds for fatality decreases sig-
nificantly for a mid-sized city (OR=0.324, p< 0.014),
large city (OR=0.336, p<0.010) and metropolitan
area (OR =0 .404, p < 0.032). No statistical differences
were found between <30km/h and 40km/h or 50—
70 km/h between daylight and dawn or twilight or no
streetlights or streetlights unlit, or between small munici-
pality and small city.

4 Discussion

4.1 General implications

The main results of the study showed that the overall
prevalence of pedestrians being killed or seriously in-
jured by a motor vehicle was 3.8 per 100 million kilo-
metres walked. The results also showed that the rate was
higher for males than females. When comparing age
groups, the rate was higher for men than for women in
all age groups, except for elderly pedestrians (aged over
65 years), where the rate was higher for women than for
men, and for young pedestrians (6—17), where the rate
was of similar magnitude. When comparing all age
groups, the rate was five times higher for elderly pedes-
trians than for other age groups. These findings are in
line with previous results (e.g. [5, 14, 27, 29, 30, 45, 59]).
Compared to the overall pedestrian KSI rate, the rate
was higher in mid-sized cities and small municipalities,
and lower in the metropolitan area and large cities. In
particular, the pedestrian KSI rate was more than double
for mid-sized cities and small municipalities compared
to the metropolitan area. When comparing the KSI rate
by type of area, rural heartland areas stand out as com-
mon places for pedestrians to get killed or seriously
injured.

When comparing the factors related to KSI pedestrians
based on severity, differences were found for vehicle
type, municipality type, area type, accident location,
current speed limit, temperature, and road and lighting
conditions. Looking at the combined effect on severity
of all independently significant variables, the most rele-
vant variable was speed limit, followed by lighting condi-
tions and municipality type. Around half of all KSI
pedestrians were in speed limit zones up to 40 km/h.
When comparing severities, pedestrian fatalities oc-
curred more often in speed limit zones over 80km/h
than did serious injuries (34% vs. 7%). Similar results
have been found for other countries (e.g. [14, 29] p.
16&81 [58];). On the other hand, serious injuries to pe-
destrians occurred more often than fatalities in speed
limit zones of 40km/h (35% vs. 49%) or 50-70km/h
(22% vs. 35%). These are considerably larger differences
than in Sweden, where of all motor vehicle-pedestrian
KSI accidents, only 6-11% occurred in speed limit zones
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of 40km/h, and 60-66% in 50-70km/h speed limit
zones ([29] p. 16). This may relate to the fact that the
default speed limit on rural roads is 70 km/h in Sweden
but 80 km/h in Finland. Previous research has strongly
linked pedestrian injury severity and vehicle speed to a
rapidly increasing fatality risk when speeds exceed 52
km/h for passenger cars and 39 km/h for heavier vehi-
cles [49, 60]. Looking at lighting conditions, pedestrian
fatalities occurred more often than serious injuries in
daylight, whereas serious injuries occurred more often
than fatalities with streetlights lit. Previous research has
found a higher risk for fatality than other severities for
both darkness (e.g. [30, 36, 59]) and daylight (e.g. [58])
compared to other lighting conditions. The share of all
pedestrian fatalities and serious injuries was similar by
municipality type. However, when comparing them
based on severity, fatalities occurred more often in small
municipalities than did serious injuries (39% vs. 16%),
whereas serious injuries occurred more often in all other
municipality types than did fatalities. Municipality type
had a strong correlation with area type (Appendix 3).
Looking at area type, a majority (61%) of all pedestrian
fatalities and serious injuries occurred in inner and outer
urban areas. When comparing severity, serious injuries
to pedestrians were more common than fatalities in
inner urban areas (51% vs. 25%) but less common in
sparsely populated rural and rural heartland areas (13%
vs. 25%). Comparing municipality type and road oper-
ator, it was found that for fatalities the main road oper-
ator was the FTIA for all municipality types except
metropolitan area and large cities, whereas for serious
injuries the main road operator was the municipality for
all municipality types except small municipality.
Similarly, previous research has found an increase in
pedestrian accident severity for villages and sparsely
populated areas compared to other areas (e.g. [1, 22,
24, 30, 37, 59, 68]). These findings could relate to
the safety-in-numbers phenomenon, i.e. a dispropor-
tional increase in the number of pedestrian and cyc-
list accidents to an increase in the number of
pedestrians and cyclists in an area (e.g., [12]), or to
an overall safer street environment or lower vehicle
speeds thanks to various engineering measures and/
or enforcement (e.g., [48]). For comparison, the share
of walking and biking of all travelling was 6% in the
metropolitan area and large cities, but 3—-4% in mid-
sized and small cities and small municipalities [18].
These findings indicate a need for tailored pedestrian
traffic safety work for different areas, with special
emphasis on rural heartland areas and small
municipalities.

Vehicle type, accident location, temperature and road
conditions also independently revealed a statistically sig-
nificant difference between severities. Serious injuries to
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pedestrians more often involved a passenger car than
did pedestrian fatalities, whereas pedestrian fatalities
more often involved a truck than did serious injuries.
This finding is in line with previous research, which has
found that pedestrian injury severity is higher for acci-
dents with heavier vehicles (e.g. [5, 30, 50]). A related
issue is that suicides are included in the official accident
statistics in Finland. According to an in-depth investiga-
tion, 7% of all 748 pedestrian and cyclist fatalities in
2000-2009 were suicides, the other party in most of
these cases being a heavy goods vehicle [47]. However,
no similar data is yet available for serious injuries, al-
though the Finnish Crash Data Institute is currently de-
veloping tools and methodologies for covering these in
their in-depth investigations [51]. Confirmed suicides
are removed from the official road accident statistics in
all of the other Nordic countries. As such, there is a
need for common practices for handling and registering
suicides and their attempts among European member
states.

Looking at the location, pedestrian fatalities occurred
more often than serious injuries on carriageways (52%
vs. 34%), whereas serious injuries occurred more often
than fatalities on pedestrian crossings (49% vs. 27%).
These results are in line with previous research, although
the shares are slightly smaller than in other countries,
where the corresponding shares e.g. in Israel were 65%
vs. 59% and 41% vs 35%, and in the US 68% vs. 62% and
21% vs. 19% [5, 23]. These differences may relate to the
characteristics of the traffic environment and mobility
behaviour in each country, and to the fact that the stud-
ies from the US and Israel included all injuries and not
specifically serious injuries. These results are in line with
those on speed limits and area type, since carriageways
commonly have higher speed limits and are more often
located outside urban areas. As for the road conditions,
serious injuries to pedestrians occurred more often on
wet roads than did fatalities, whereas fatalities oc-
curred more often than serious injuries on dry roads
and in winter road conditions. This is in line with the
next finding that pedestrian fatalities occurred more
often in temperatures below -3°C than did serious
injuries. On the other hand, fatalities occurred less
often than serious injuries in temperatures of - 3-
3°C, when roads tend to be more slippery. These
findings are reflected by earlier research, which has
found that injury severity increases in adverse weather
conditions (e.g. [30, 41, 59]).

There were no differences in pedestrian or driver
characteristics, time of occurrence (season, day of the
week and time of day) and weather conditions be-
tween pedestrian fatalities and serious injuries. For all
the KSI pedestrians, the gender ratio was even, and a
third of them were over 75 years old. The majority of
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drivers were male, and most had had a driving licence
for more than 5years. Looking at the driver’s age,
around one third were aged 15-34 and 35-54 years,
respectively. Furthermore, 42% of pedestrian KSI inci-
dents occurred in clear and cloudy weather respect-
ively, and 16% in other conditions such as fog, rain,
snow or sleet. Regarding time of year, most pedes-
trian KSI incidents happened in winter (33%) and au-
tumn (32%). Finally, looking at time of day, most
pedestrian KSI incidents occurred in the afternoon
(40%) and morning (34%).

4.2 Implications for Finland

When choosing and implementing traffic safety mea-
sures, emphasis should be on deploying solutions
with a substantial safety potential, i.e. measures that
target many accidents. Until recently, traffic safety
work focused primarily on fatalities; now, with in-
creased knowledge on serious injuries, it should be
amended to cover both severities. For both severities,
speed limit reductions can be seen as one of the
most promising traffic safety measures. In accord-
ance with the Vision Zero approach, it is recom-
mended to implement 30 km/h speed limits on roads
where road users are mixed, such as in urban areas.
Although some municipalities have recently started
implementing them, 30km/h speed limit zones are
still quite rare in Finland. For roads with speed
limits of up to 50 km/h, it is recommended to build
some kind of physical separation between road users,
lower the speed limit to 30km/h at crossing facil-
ities, and, wherever needed, build physical obstacles
(fences etc.) to prevent pedestrians from bypassing
crossing facilities. For higher speeds, it is recom-
mended to build a dedicated space for pedestrians
(and cyclists) with grade separation for any crossing
facilities. Since Finland is sparsely populated with a
road network consisting largely of rural roads, high-
risk locations, such as sections where walking and
cycling are common and close to urban areas should
be identified and prioritised. In addition to speed
limit reductions, measures targeting speed limit com-
pliance (e.g. enforcement, driver assistance systems
and physical measures) are relevant for both sever-
ities. Looking at fatalities, additional measures to
emphasise are physical separation of road users in
high-speed zones and blind-spot monitoring and/or
automatic emergency braking, especially for heavy
goods vehicles. Furthermore, it can be recommended
that suicides are removed from official statistics,
since they are intentional acts that cannot similarly
be prevented through traffic safety measures. That
said, enhanced public education and awareness cam-
paigns are needed to prevent suicide and should be
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combined with effective identification and treatment
of mental health problems in public health care [43].
Looking at serious injuries, additional measures to
emphasise are improvement of pedestrian crossing
facilities (e.g. pedestrian islands, raised crossings,
curb extensions and signal control) and replacing
three- and four-way junctions with roundabouts
where appropriate.

The exposure data was collected from the national
travel survey, which is based on reported behaviour
and does not necessarily reflect actual mobility behav-
iour. Underreporting is also common in travel sur-
veys, although it is more common for the number of
short trips compared to length of trips [52], which is
why the latter variable was chosen. All in all, the rep-
resentativeness of the walking data in the national
travel survey was estimated to be good [18], and the
comprehensive data enabled the analysis to account
for both population size and mobility behaviour. Acci-
dent data also poses some uncertainties due to poten-
tial underreporting. In Finland, the official statistics
include all fatal road traffic accidents involving a
motor vehicle. Since 2014, the statistics have also dif-
ferentiated serious injuries, which has offered a
unique opportunity to gain insight into their charac-
teristics. However, traffic accidents with seriously in-
jured pedestrians are still underreported in Finland
[44]. Pedestrian single accidents represent a large part
of pedestrians’ injury accidents but are currently not
included in the official road accident statistics. Data
collection procedures for both accidents and travel
behaviour should be further improved so that
decision-making in relation to traffic safety is not dis-
torted by incomplete data.

Including serious injuries in traffic safety work shifts
more of the responsibility to municipalities. Neverthe-
less, the national road operator FTIA should also pri-
oritise pedestrian safety in their activities, since the
prevalence of pedestrian fatalities and serious injuries
was especially high in rural heartland areas where
they are the road operator. Traffic safety measures
should be tailored to local conditions, since traffic en-
vironments and travel behaviour generally differ de-
pending on the size and location of municipalities.
The resources available also differ between municipal-
ities. In relation to the resolution to increase walking
and cycling, an investment programme was launched
to support the implementation, and in 2018, 3.5 M€
was distributed to 15 municipalities [65]. Most of the
projects are, however, related to building high-quality
infrastructure for cycling. Hence, it is important to
emphasise measures also for increasing walking. Fur-
thermore, the resolution could be complemented with
measures targeting more specifically traffic safety and
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the role of motorised vehicles and travel habits in in-
creasing active transport. Harmonising and unifying
policymaking is important for implementing the re-
lated and necessary measures.

5 Conclusion

Traffic safety can be objectively described and assessed
through traffic accidents, and the main focus has been
on fatalities. In light of new common definitions and
data collection procedures, the focus has lately shifted to
include serious injuries. This study used pedestrian acci-
dent and exposure data to gain an overview of pedes-
trian safety in Finland, using the new data collection
procedures based on MAIS3+ criteria. The main conclu-
sions of the study are that there are differences in ve-
hicle type, area type, accident location, current speed
limit and road and lighting conditions between pedes-
trian fatalities and serious injuries. Pedestrian fatalities
occur more often than serious injuries with trucks, on
carriageways, in speed limit zones of 80 km/h, in small
municipalities, and in rural areas. In contrast, serious in-
juries to pedestrians occur more often than fatalities
with passenger cars, in wet road conditions, with street-
lights lit, in temperatures from - 3 to 3 °C, in speed limit
zones of 40-70km/h, on pedestrian crossings, and in
inner urban areas.

In general, this study identified the main factors
and differences between pedestrian fatalities and ser-
ious injuries where the other party was a motorised
vehicle. However, these aspects represent only one
part of the overall pedestrian traffic safety situation,
since the analysis omitted accidents with other vehi-
cles and pedestrian single accidents. Future studies
should, therefore, identify differences in the severities
also for these accidents to enable the deployment of
suitable traffic safety strategies and actions. Given the
need to understand the causes of serious injuries, and
our poor understanding of the effects of road safety
measures, future studies should also explore the ef-
fects of different road safety measures on serious in-
juries, because the results may differ from those
relating to fatalities. In particular, emphasis should be
placed on suitable road safety measures for all types
of pedestrians, with special focus on elderly people.
These future studies should explore the needs and re-
quirements of elderly people, which could be taken
into account when planning solutions and infrastruc-
ture aiming to improve pedestrian safety. As a result,
road safety policies and measures targeting both fatal-
ities and serious injuries could be deployed. Including
serious injuries in traffic safety work shifts more of
the responsibility to municipalities. Thus, there is a
need for collaboration among different stakeholders
on both a local, regional, national and European level.
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Table 6 Relative shares and ratios of gender and age of pedestrians [18] and drivers [63] associated with KSI pedestrians

Variable Category Size Fatalities Serious injuries Total
n  Relative % Relativeratio n  Relative % Relativeratio n  Relative %  Relative ratio
Pedestrian  Gender Male 2,502,070 62 0.00002478 1.0 80  0.00003197 1.0 142 0.00005675 1.0
Female 2594613 54 0.00002081 038 89  0.00003430 1.1 143 0.00005511 10
Total 5,096,683 116 169 285
Age 0-17 698,267 11 0.00001575 1.0 21 0.00003007 1.0 32 0.00004583 1.0
18-34  1,157417 17 0.00001469 09 28 0.00002419 038 45 0.00003888 038
35-54  1,373282 20 0.00001456 09 17 0.00001238 04 37 0.00002694 06
55-64 741,288 16 0.00002158 14 17 0.00002293 0.8 33 0.00004452 1.0
65-74 666,262 18  0.00002702 1.7 28 0.00004203 14 46 0.00006904 15
275 460,168 34 0.00007389 47 58 0.00012604 42 92 0.00019993 44
Total 509,684 116 169 285
Driver Gender Male 1977564 82 0.00004147 10 119 0.00006018 10 201 0.00010164 10
Female 1,728,291 28 0.00001620 04 52 0.00003009 0.5 80  0.00004629 0.5
Total 3,705855 110 171 281
Age 15-34 1,043,037 37 0.00003547 10 53 0.00005081 10 90  0.00008629 10
35-54 1,288,153 40  0.00003105 0.9 47 0.00003649 0.7 87  0.00006754 0.8
55-64 669,716 14 0.00002090 0.6 42 0.00006271 12 56 0.00008362 1.0
65-74 513,838 8  0.00001557 04 15 0.00002919 06 23 0.00004476 05
275 188142 8  0.00004252 12 13 0.00006910 14 21 000011162 13
Total 3,702,886 107 170 277
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Furthermore, there is a need for further harmonisa-
tion of definitions and data collection procedures
among the European member states. Only a unified
and inclusive approach can help us achieve the trans-
port policy objectives.
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