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1 Introduction.

In reports on the external cost of road transport, it is often suggested that the accident costs
are the dominant cost and that it is highest for heavy goods vehicles (HGVs). It is not always
clear if these results are based on some arbitrary allocation of total cost or any other
principles. While different principles may exist, we try in this paper to set out a theory of

external marginal accident cost; marginal cost in relation to driven kilometre.

Marginal cost of HGVs has previously been dominated by the cost of road wear and tear. This
cost increases exponentially with axle weight, the so-called ‘forth-power law’. Consequently,
road taxes and charges based on marginal cost theory increases generally strongly with axle
weight. As the accident cost component becomes more important, the structure of the accident
component becomes crucial; does the external accident cost increases with axle weight and
reinforce the current structure on taxes or charges or does it decrease with axle weight, i.e.
cancelling out the axle dependence of the tax structure. Thanks to two unique databases, one
on accidents and one on driven distances, we try to estimate the external marginal accident

cost for a number of different weight classes of HGVs.

The paper is structured as follows; Section 2 presents the general theory and Section 3
describes our data sources. The following two sections discuss the key elements in the
external cost, the risk and risk elasticity in Section 4, and the relation between internal and
external accident cost in Section 5. In section 6 the resulting external marginal accident cost is

presented while some conclusions are offered in Section 7.

2 A Theory of External Accident Cost

The number of accidents where HGVs are involved (A), is a function of the traffic volume of
HGYV (Q) and other explanatory variables, including the traffic volume of the other categories
involved (1). Naturally, A should be seen as a vector representing different degree of severity,
which also is the case for the cost components; willingness-to-pay of the involved user (a),
ditto of relatives and friends (b) and system external cost (¢), mainly medical costs paid by
the social security system. The marginal cost (MC) with respect to the HGV traffic volume
(Q) follows naturally from the total cost (TC) (2&3). Finally, we derive the external marginal
cost as (4) where PMC is the private marginal cost already internalised by the HGV user.
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A=£(Q......) (1)
0A

MC=£ (a+b+c) (2)
TC = Ala+b+c) (3)
MC®=MC - PMC 4)

This expression of the external cost is equivalent to the well-known congestion externality.
However, in congested traffic, all users suffer equally from the congestion, and the private
marginal cost equals the average user cost. Not all users suffer from the accident; only the
victim in the absence of a liability system. The PMC will therefore not be the same when the

HGYV user is a victim or when he is an injurer.

We introduce r as the accident risk for HGVs (5) and 0 as the share of total accident costs that
fall on HGV users. A victim is assumed to internalise the expected cost related to his value of
statistical life expressed by both him and relatives and friends (a+b) (6). An injurer will not

internalise any costs and, consequently, the PMC is zero.

A
_ 5
=5 )
PMC,=r0(a+b) (6)

The risk, r may be affected by an increase in the volume of traffic of HGV. This effect is

conveniently written as a risk-elasticity (E) (7).

E= T Q (7
oQr

The marginal external cost for HGV users, as an injurer respectively victim follows from (8)

and (9) below. The aggregate marginal external cost for the HGV user, both in his capacity as

an injurer and as a victim, can be written as (10)".

MC?=r(1-6)(1+E)a+b+c) (8)

' An alternative presentation is to start with the average cost of HGV users (i) and the total cost of other
categories (ii). The MC can be written as three components, which can be developed to the same expression as
above.

AC,o =r(@a+b+cp () TC,=Ala+b+c)1-0) i
O0AC,., OTC, or OA
+ +0rc =0Q——(a+b+c)+(1-0)—(a+c)+0rc
QdQ( )+ ( )aQ( )

MC;[GV:Q
dQ aQ
=0rE(a+b+c)+(1-0)r(l+ E)(a+b+c)+brc=r(a+b)(1-6 + E)+rc(1+E).
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MCE=r0(1+E)a+b+c)-ro(a+h) 9)

MC?

e, =r(1-0 + E)(a+b)+rc(l+E) (10)

The marginal external cost expression (10) is a function of two average costs. First, the
average cost of the a- and b-components {r(a+b)} times the probability to hurt another road
user in the accident (1-0) and the risk-elasticity (E). Secondly, the average cost of the system

external component {re} times a risk-elasticity component (1+E).

3 Data sources

We have two basic data sources, information on almost 90 000 individual accidents during
1999 from the Swedish National Road Administration (Vigverket) and information on the
distance driven during 1999 for 78 000 HGVs above 3.5 tonne from the Swedish Vehicle
Inspection Authority (Bilprovningen). The accident database includes almost 70 variables per
accident. While this is impressive, it has previously been difficult to use all this information in
econometric analysis, as the value on these variables are seldom known when an accident ‘did
not happen’. The data from Bilprovningen gives information on exposure for all individual
HGVs and individual vehicle characteristics, such as weight, number of axles, production
year etc’. However, the information does not give us the possibility to identify road type or

geographical area where the HGV has been driving when no accident occurred.

3.1 Accident data.

The accident database is organized as five separate databases linked together with a unique
accident number. The first database describes the accident with 54 parameters, including
information on number of injuries, type of road, speed limit, traffic volume, and time. The
second database describes the involved vehicles and trailers, which includes detailed
information on weight and dimensions due to a link to the Vehicle Registration Authority.
The third group describes the involved persons; with detailed information on the driver due to
a link with the driver licence register. A forth group describes the locality of the accident,
while the fifth group of databases describes unprotected road users and type of game in game

accidents.

> A further development could be to link this database to the Swedish Vehicle registry, which include more

vehicle characteristics.



Table 1: Main accident databases

1 2 3 4 5
Acci dent Vehi cl e Driver and passenger Location O her information
i nformation i nformation i nformation
Acci dent . dat Mbt or vehi cl e. dat Drivers. dat Y- ol a. dat Pedestri an. dat
Trail ers. dat Passenger . dat Z-ol a. dat Bi cycli sts. dat
O her Vben- dat Gane. dat
vehi cl es. dat

The original accident database consists of all police reported accidents in Sweden during the
year 1999. This includes information on 580 fatalities, 4 050 severe injuries and 17 935 slight
injuries. The motor vehicle database consist of 87 705 vehicles involved in the accidents and

the driver database of 85 600 drivers involved.

The characteristics of the involved vehicles have, for this analysis, been limited to goods
vehicles with a total weight above 3 500 kg. With the unique accident number, we have linked
the motor vehicle database with the other databases. The complete HGV database consists of
3 940 accidents including 83 fatalities, 254 severe injuries, and 1 035 slight injuries. This is
5.8% of all the (reported) accidents in Sweden during 1999. In general, HGV accidents seems
to be more severe than the average road accident (14% of the fatalities) even if they include

less passengers and unprotected users (bicyclist, moped users (1.2%) or pedestrians (2.6%)).

Table 2: Accident Databases

Origi nal Dat abase HGV dat abase Pr oportg on in HGV

ase
Acci dent s 68 035 3 940 0. 058
Fatalities 580 83 0.143
Severe injuries 4 050 254 0. 063
Slight injuries 17 935 1 035 0. 058
I nvol ved Drivers 85 600 6 190 0. 072
I nvol ved Passengers 6 138 284 0. 046
I nvol ved Vehi cl es 87 7057 8 8587 0. 081
Involved Trailers 2 122 538 0.254
I nvol ved Cycl e/ Moped users 4 458 54 0.012
I nvol ved Pedestri ans 1 902 50 0. 026
Gane 33 539 1095 0. 033
O her 2 635 0 0. 000

) Extimated as total mumber o ivelved clements lxs traters,eyel-,moped users.pedestrians and e

The key variables for the accidents and involved HGVs are summarised below (See Table 19
in the Annex). The average HGV accident includes 0.021 fatalities (FATALITY), 0.064
severe injuries (SEVERE) and 0.26 slight injuries (SLIGHT). The average number of
involved elements (ANTEL) was almost 2, suggesting a large proportion of collision
accidents. The traffic volume was at average 6 986 vehicles (QVEH) of which 718 HGVs
(QHGYV). Approximately 70% of the accidents occurred in non-urban areas (URBAN). The
road was 9.3 metres wide (RWIDTH) with a speed limit of 75 km/h (SPEED).




The average involved HGV was produced in 1992 (YEAR), had a width of 2.53 metre
(WIDTH), a length of 8.9 metres (LENGTH) and a total weight of 22.9 tonne
(VEHWEIGHT). It had 2.7 axles (AXLE) and an engine of 260 kW (KW). The total vehicle
combination included in average 0.18 trailers (TRAILER), the length was for the combination
9.87meter (EKILEN), weight 27.4 tonne (EKIWEI) and had 3.1 axles (EKIAXLE). In 98% of
the cases were the HGV insured (INSUR) and all of them where Swedish (NAT).

3.2 Driven distances by Swedish HGVs.

We are looking at the marginal cost in relation to driven kilometre; the relevant measure of
exposure is the number of driven kilometre during the period of accident observation. Three
possible sources of driven kilometre exists today in Sweden; 1) aggregate estimates based on
fuel consumption and road counts; ii) detailed road counts on a sample of roads and iii)

information from each vehicles road distance meter from the annual inspection.

While it is possible from the first source to find estimates on driven distances by a vehicle
subgroup, such as HGV, it is impossible to have a more detailed disaggregating. Nevertheless,
this is the most common measure of exposure in risk estimate (e.g. Viagverket(2000)). The
second source, the road counts, give us detailed information about driven distance in time and
space but does only include a rough disaggregating on vehicle type; ‘HGV’ and ‘HGV with
trailer’ is the common Swedish classification. This source has been used by Winslott (1998).
The most promising source for our purpose is the information from the annual inspections,

which, since 1999 take place annually for HGVs.

We have asked the Swedish Vehicle Inspection Authority (Bilprovningen) to produce
information on the annual inspections for HGVs during 1999 and year 2000. The database
consists of information on each HGVs registration number, date for the inspection 1999 and
2000 (Y99,Y00), the measure of the road distance meter in kilometre at each inspection
(VMST99, VMSTO00), the production year of the vehicle (YEAR), the total weight
(VEHWEIGHT), number of axles (AXLE), body type (KARKOS) and inspection outcome
(UKOD). In addition, Bilprovningen has estimated the average annual distance driven for

each vehicle during its lifetime (DISTAV).



We have calculated the annual driven distance during 1999 (DIST99) as the difference
between the measure of the road distance meter year 2000 and year 1999 (VMSTO0O0-
VMST99) adjusted if the number of days between the inspections is different from 365 days

(11).
(11) DIST99 = [VMST00-VMST99]*[365/(Y00-Y99)]

The database consists of 76 738 HGVs above 3 500 kg. At the end of the year 1999 75 910
HGVs above 3500 kg were registered®, which is less than the number of vehicles in our
database. This could be because vehicles can be unregistered during a shorter period but

cannot avoid an annual inspection.

From Table 3 it follows that the oldest HGV in the dataset is 1951 and the newest HGV is
from year 2000. The weight is from 3510 kg up to 159460 kg. This latter huge weight is
recorded for only 7 special vehicles. Excluding these, the maximum weight is limited to
60.960 kg. The number of axles is between 2 and 7. The average annual distance during the
lifetime of a vehicle is 56 782 km while the driven distance during 1999 at average is 49 239.

The average number of days between the annual inspections are 377.

For 99.5% of them we have information on the road distance meter at the inspection year
2000 but for only 52 408 HGVs (68%) have we information for the year 1999. We have
calculated a positive driven distance during 1999 for 49 879 vehicles. For 2 091 HGVs we
have found negative driven distance, which could depend on manipulated road distance meter

or an mistake at the inspection.

3 Source:SCB TK27 SM0001. Tab 6



Table 3: Database from Swedish inspections of HGVs 1999 and 2000

Vari abl e Mean St d. Dev M ni mum Maxi mum Cases
Y00 36709. 4339 106. 802677 36527. 0000 36890. 0000 76738
VMSTO00 339323. 464 248282. 746 . 000000000 999999. 000 76429
Y99 36333. 1810 87. 1080700 36192. 0000 36490. 0000 52408
VMST99 331436. 255 243206. 766 1. 00000000 999995. 000 52288
YEAR 1989. 18485 7.80778548 1951. 00000 2000. 00000 76720
VEI GHT 18497. 9233 8461. 17306 3510. 00000 159460. 000 76738
KARKOD 35.9128333 26.3014236 . 000000000 100. 000000 76738
AXLE 2.44878297 . 543156474 2.00000000 7.00000000 76703
UKCD 2.03243504 2.18280580 . 000000000 8. 00000000 76738
DI STAV 56782. 0341 65670. 8965 1000. 00000 499480. 000 61082
DI STY 377.102084 53. 9002877 55. 0000000 697. 000000 52408
DI ST99 49239. 7879 62201. 9090 1. 00000000 1088609. 00 49879
Al'l results based on nonm ssing observations

3.2.1 Distance by Weight class

The database is restricted to observations where we have calculated a strictly positive distance
during year 1999. The HGVs are grouped into 11 weight classes, which basically follow the

classes where information on registered vehicles exists.

Table 4: Information by Weight Class

Wi ght M n. Max. Regi stred | Total nunber | Cbservation Mean Total DI ST 99
d ass Wi ght Vi ght | Vehi cl es” of with DI ST99 | DI ST 99 Mkm ?
(kg) (kg) Cbservati ons (km
1 3 510 6 000 8 422 8 900 6 029 17 974 160
2 6 010 10 000 8 531 8 264 5 747 23 787 197
3 10 010 12 000 4 652 4 790 3 064 26 527 127
4 12 010 14 000 3 356 2 332 25 907 87
5 14 010 16 000 3 066 2 054 20 170 62
6 16 010 18 000 6 873 4 673 30 761 211
7 18 010 20 000 .. 5 947 3 666 67 425 401
4-7 18 731 19 242 12 725 39 651 761
8 20 010 22 000 3 489 3 475 2 134 52 899 184
9 22 010 24 000 1 750 1 816 1 201 36 305 66
10 24 010 26 000 15 349 15 204 10 304 69 324 1 054
11 26 010 - 14 986 15 047 8 675 88 313 1 329
Tot al 75 910 76 738 49 879 3 877

A)  Source:SCB TK27 SM00O1. Tab 6

B) Based on mean DIST99 times total number of observation in weight class.
The differences between registered vehicles by weight class at the end of 1999 and number of
vehicles by weight class in our database mirrors the overall pattern discussed above; our
database consists of more vehicles than what was registered at the end of 1999. The mean
distance during 1999 is higher for the heavier weight classes than for the lighter, although this
is not true for every single weight class. It also turns out that the distance driven 1999 is
below the average distances driven during the lifetime of each vehicle (Figure 1). This result

is surprising as the average transportation distance is reported to have been higher in 1999



than in all other years during the 90’s except for 1997*. The relative short distances for the
weight class 5,6 and 9 can probably be explained by the higher average age in these groups
(see Figure 2).

Figure 1: Average distance 1999 and average annual distance during the vehicle lifetime by weight class

120000

100000

80000

ODIST99
EDISTAV

60000

Km per year

40000

20000

1 2 3 4 5 6 7 8 9 10 11
Weight Class

Figure 2: Average production year by weight class
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The total driven kilometre during 1999 for the 49 879 HGVs where DIST99 is strictly
positive is 2 465 Mkm. Scaled to the total population’, Swedish HGVs were driving 3 792
Mkm during 1999. This is lower than what is reported in other aggregated sources. The total

4 SIKA Transporter och Kommunikationer, Arsbok 2000/2001, Tab 4.21



distances by all vehicles in each weight class is presented in the last column of Table 4;
compared to information from Vigverket this data suggest much longer distances for the

heaviest categories and shorter for the lightest’.

Table 5: Comparison with other sources

Sour ce Annual di st ance HGV Sour ce
Qur dat abase 3 792 MKm
SI KA
SNRA 4 260 Mkm Vagver ket (2000)

4 Accident Risk and Risk Elasticity

The characteristics of HGV accidents are different from passenger car accidents mainly

because of the special attributes of HGVs;

1. they are much heavier and larger in dimensions than passenger cars;

2. they have less effective acceleration than passenger cars and have problems to maintain
their speed on upgrade, and;

3. they have lower deceleration in response to breaking than have passenger cars.

The result is that HGV accidents often are more serious than other road accidents, especially
for the non-HGYV road users. The reason why HGV accidents should differ from passenger car
accidents also means that we should expect a difference in accident rates for different weight

classes of HGVs.

However, a survey of the litterature did not result in any conclusive evidence on the
relationship between truck configuration and accident risk (see e.g. Braver et.al. (1997) or

Nilsson (1996)).

As the number of trucks increases with a given flow of other vehicles, we may expect different
reactions on the accident probability with different vehicle elements. Jovanis and Chang
(1986) reports an effect on overall accidents from truck traffic in a study of the Indiana Toll
Road. The total number of accidents increases at a decreasing rate as the truck traffic

increases. The overall accident elasticity® for trucks is around 0.2. Later studies (Joshua and

> Vigverket (2000) reports 1 400 Mvkm for HGVs between 3 500 and 16 000 kg and 2 860 Mvkm for HGVs
above 16 000 kg while this dataset suggest 632 Mvkm for the lightest and 3 245 for the heaviest.
¢ Accident elasticity = dA/dQ Q/A = E+1
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Garber (1990), Miaou (1994)) on more general data have supported the conclusion that truck

traffic has an influence on the total number of accidents.

4.1 Accident Risk by Weight Class

Based on the number of accidents involving HGVs in Sweden during 1999 and the distance

database we can calculate an accident risk by weight class.

The average accident risk per registered HGV is 52 police reported accidents per 1000
registered HGVs. This risk is (almost) strictly increasing with weight class. The lightest class
has a risk of only 30% of the average risk while the heaviest class has a risk 75% above the
average. However, the accident risk per vehicle kilometre does not show the same clear
pattern. The average risk is 1.02 police reported accidents per million-vehicle kilometre and
the risk for the lightest group is 75% of the average while the risk for the heaviest group is
almost the same as the average. The highest risk can be found in WC 4 with a risk 23% above

average.

Table 6: Accident risk

Acci dent s Acci dents per registred Acci dents per km
vehicl e
Wi ght d ass Acc/ 1000Veh Acc/ Mrkm

1 123. 00 14.6 0.77

2 142. 00 16. 6 0.72

3 136. 00 29.2 1.07

4 109. 00 . 1.25

5 55. 00 0. 89

6 240. 00 1.14

7 308. 00 . 0.77

4-7 712. 00 38.0 0.94

8 194. 00 55.6 1.06

9 88. 00 50. 3 1.33

10 1180. 00 76.9 1.12

11 1365. 00 91.1 1.03

Al l HGVs 3940. 00 51.9 1.02

This smoothening of the differences in risk when we move from a measure of accidents per
vehicle to accident per vehicle kilometre is, probably, due to the difference in the type of
exposure. While we do not have information on where the vehicles are driving the
information on where the actual accidents occur give some hint on the differences. The
accidents involving the heaviest weight class occur in 73% of the cases in non-urban areas

while for the lightest class 50% occur in non-urban areas.
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Table 7: Characteristics of the environment where accidents occurred, by weight class

Wei ght d ass Non- ur ban Road wi dth Speed limt Queh
1 0.50 8.5 68.9 4 377

2 0.52 9.4 68. 4 6 870

3 0.41 9.3 68.0 7 474

4 0.50 9.4 67.3 6 620

5 0.56 8.9 71.2 5 582

6 0.53 9.7 70.1 9 034

7 0. 63 9.6 74.9 8 055

8 0. 57 9.4 71.9 7 620

9 0.77 9.7 70.2 7 191

10 0.71 9.7 76.8 7 771

11 0.73 9.1 78.2 6 023

Al |l HGVs 0. 66 9.3 75. 2 6 986

4.2 A HGV accident model

Accidents are a consequence of a number of unlucky coincidences. Most of the vehicles do
not get involved in an accident during one year and very few have more than one accident’.
This structure suggests that we may employ a discrete choice model to explain the accident

differences.

The probability (P) that an accident will happen can be written as P=A/Y where A is the
number of accidents and Y is the number of registered HGVs. With a logit model this
probability can be expressed as (12), were x is the independent variables and B the parameters

that will be estimated, A(B’x) indicates the logistic cumulative distribution function.

(12) P(A=1)=¢eP*/ 1+ = A(B’x)

The risk elasticity can be derived from this model. The marginal effect on the probability can
be written as (13) (See Greene (1990)). Let the risk (r) be defined as the number of accidents
per kilometre driven (Q) (14). The risk elasticity (E) in relation to the independent variable Q
can then be expressed as the marginal effect on the probability with respect to distance

(dP/dQ) multiplied by the ratio between distance and probability (Q/P) minus one (15).

(13) dP / dx = AP’X)(1- A(B’X))B

(14) r=A/Q=YP/Q

7 One HGV had two accidents in 1999.
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(15)

The accident database is linked to the distance database thanks to information on individual
registration number (which is subsequently deleted due to privacy reasons). This gives us a
database with information; if the HGV was involved in an accident or not (ACC=1/0); the
production YEAR of the vehicle and consequently the AGE; the total WEIGHT and the
number of AXLES as well as the weight per axle, TPA (= WEIGHT/AXLE). In addition we
have information on the distance driven during 1999 (DIST99), a dummy variable which take

the value 1 if the vehicle had a remark in the last inspection and dummies describing the body

E = dr/dQ Q/r = dP/dQ Q/P - 1

of the HGV (see Table 8).

Table 8: Bodytype

Dunmy nane Type of Body Nunmber of HGVs
HGV1 Pl at f or m body 14132
HGV2 Delivery body 18531
HGV3 Tank lorry 1618
HGV4 Roll platform 3911
HGV5 G her 11690

Unfortunately, we could not find driven distance (DIST99) for all HGV involved in

accidents®. The database with individual distances and accidents consists of 49 878

observation and 2047 accidents. The average accident probability is thus 0.041.

Table 9: Descriptive Statistics

Al'l results based on nonm ssing observations

St d. Dev.

Vari abl e Mean
ACC .412406271E- 01
YEAR 1988. 53767
AGE 11. 4623281
VEI GHT 18174.0723
AXLE 2.43391156
TPA 7205. 74104
DI ST99 49314. 3559
I NSPOK . 632202574
HGV1 . 283311280
HGV2 . 371506476
HGV3 . 324391515E- 01
HGV4 . 784113236E-01
HGV5 . 234311721

The binary choice model is estimated with the LIMDEP 7.0 software. In this version of the

. 198848260
7.37989654
7.37989654
8364. 84104
. 538961237
2495. 06572
63772. 5197
. 482210681
. 450610774
. 483212268
. 177165127
. 268820455
. 423572113

M ni mum Maxi mum
. 000000000 1. 00000000
1951. 00000 1999. 00000
1. 00000000 49. 0000000
3510. 00000 55420. 0000
1. 00000000 5. 00000000
1200. 00000 13333. 3333
. 744897959 2707833. 02
. 000000000 1. 00000000
. 000000000 1. 00000000
. 000000000 1. 00000000
. 000000000 1. 00000000
. 000000000 1. 00000000
. 000000000 1. 00000000

paper we presents only one model, see Table 10.

8 The characteristics of the vehicles involved in the omitted 700 accidents are similar to the characteristics of the

vehicles in the whole database (see Table 21).
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Table 10 Estimated Coefficients and Marginal Effects

Mul tinom al Logit Mde
Maxi mum Li kel i hood Esti mat es
Dependent vari abl e ACC
Wei ghting variabl e ONE
Nunmber of observations 49865
Iterations conpleted 8
Log likelihood function -7889. 953
Restricted log |ikelihood -8571. 839
Chi - squar ed 1363. 772
Degrees of freedom 5
Si gni ficance |evel . 0000000
o e e e e e e e e e e e e e e e e e e e e e e e m e — e — . — - =
dommmmman o T ommman- dommman-
| Variable | Coefficient | Standard Error |b/St.Er.|P[|Z] >z]
[ S B Fommmmm - - Fommmm e - -
Characteristics in numerator of Prob[Y = 1]
Const ant -4.197490613 . 13540819 -30.999 . 0000
AGE -.7484687020E- 01 .48955427E-02 -15.289 . 0000
VEI GHT . 3683438678E- 04 .50903408E- 05 7.236  .0000
TPA .6929778944E- 04 .20120438E-04 3.444 . 0006
DI ST99 . 3430510903E-05 .26299470E-06 13.044 .0000
I NSPOK . 3053785653 .50027574E- 01 6.104 .0000
o +
| Partial derivatives of probabilities with
| respect to the vector of characteristics.
| They are conputed at the neans of the Xs.
| Observations used for neans are Al Obs. |
U +
Fomm e e e o [ B Fommmmm o - Fommmm e - -
| Vari able | Coefficient | Standard Error |b/St.Er.|P[]|Z| >Z]
Fooemmm oo U e [ [
Margi nal effects on Prob[Y = 1]
Constant -.1167535257 .41208391E-02 -28.332 . 0000
AGE -.2081871477E-02 .12504915E-03 -16.648 .0000
VEI GHT .1024551314E-05 .14184063E-06 7.223 .0000
TPA .1927523367E- 05 .55293212E-06 3.486  .0005
DI ST99 . 9541992582E- 07 .76513972E-08  12.471 . 0000
I NSPOK . 8494128386E-02 .13785474E-02 6.162 . 0000

11. 460303
18177. 110
7205. 7410
49324. 923
. 63230723

11. 460303
18177.110
7205. 7410
49324. 923
. 63230723

The estimated marginal effect and calculated elasticity suggests that the number of accidents

increases with the number of driven kilometre by HGV. However, the number of accidents

does not increase in proportion to the increase in distance; as the distance increases with 10%

the number of accidents will increase with 2%. This means that the accident risk, i.e. number

of accidents per kilometre, will decrease; as the distance increases with 10% the risk will

decrease with 8%; the risk elasticity is —0.84. This is in line with the elasticity reported by

Jovanis and Chang (1986) (E=-0.8).

In the table below, the model is employed for each weight class, with the mean value of the

variables in each weight class. The predicted probability is between 69% and 112% of the

observed probability in each weight class.
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Table 11: Predicted probability (P) based on mean values in each weight class compared to observed

probability.

WC CASES
1 6028
2 5747
3 3064
4 2332
5 2054
6 4673
7 3666
8 2133
9 1200
10 10305
11 8676
MEAN 49878

DI ST99
17807.
23787.
26527.
25906.
20169.
30761.
67425.
52923.
36334.
695009.
88614.
49314.

A N OO © A ON O 00 W ON

AGE
15.
14.
14.
13.
16.
13.

8.4

9.0
17. 4

9.4

6.6
11.5

W KB, 0 O 0

TPA V\EI GHT I NSPOK
2330.2 4674.9 0. 59 0.
4143.7 8287.7 0.63 0.
5631.5 11278.6 0.59 0.
6793.0 13611.9 0.61 0.
7579. 6 15211. 2 0. 49 0.
8593. 2 17217.3 0.62 0.
9467. 0 19025.0 0. 57 0.
10068. 0 20667. 3 0. 59 0.
7787. 4 23381.7 0.77 0.
8545. 9 25639.5 0.71 0.
9116. 6 28420. 2 0. 66 0.
7205.7 18174.1 0.63 0.

P

009
012
015
018
016
025
045
045
023
052
075
029

ACC mean P/ ACC nean
0. 010 89%
0.013 89%
0. 024 64%
0. 029 64%
0. 015 112%
0.031 81%
0. 043 104%
0. 049 92%
0. 032 73%
0. 059 88%
0.081 93%
0. 041 69%

As follows from the model, the accident probability increases with axle weight. In the figure

below the mean values of variables has been employed. Although the probability increases

with increased axle weight the risk elasticity (E) is almost constant; the elasticity is between —

0.83 and —0.84.

Figure 3: Accident probability and axle weight (kg)
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5 Internal and external Accident Costs

The theoretical foundation, expressed as equation 6¢ above, suggests that the distribution of
the total accident cost between the HGV and other road users is of crucial importance. From
the drivers and passenger databases, we can allocate every personal injury to each
participating element in the accident. Table 12 below summarise the result. Only 23% of the
killed and injured persons in HGV accidents were HGV drivers or passengers. The majority
of the victims were drivers of other vehicles (57%) or passengers in other vehicles (18%).
Only 3% were unprotected road users during 1999. For fatalities, the inequality between the
HGV and other vehicles are even more striking; only 6% of the killed persons in HGV
accidents belonged to the HGV.

Table 12: Killed and injured persons by accident element

HGV O her notor vehicle Unpr ot ect ed All TOTAL
Driver | Passenger Al l Driver Passenger Al l users Non- HGV
Fat al 5 0 5 61 16 77 2 79 84
Severe 36 5 41 166 47 213 0 213 254
Slight 234 31 265 549 185 734 36 770 1035
Q her 3369 8 3377 1770 21 1791 1791 1791

To express the outcome of the accident in one dimension we have applied unit accident cost
to fatalities, severe and slight injuries. We have not corrected for underreporting and not
included the b-component here. Table 13 summarise the cost we have used, which are based
on Swedish official values. See further Lindberg (2000) for the division of the official value

on a c-component, external to road users, and a- component, the road users own willingness-

to-pay.

Table 13: Unit values (kEuro)

Cost conponent Fatality Sever e Slight O her
A 1478 238 14
C 114 48 3

SUM 1592 286 17 0.00

In total 9% of the accident cost falls on the HGV user, 77% on other motor vehicle users and
2% on unprotected users; 11% is so called system external costs and falls on the society in

general, it consists mainly of the hospital and medical costs payed by the general social
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security system. The total cost of personal injuries from police reported accidents where HGV

where involved was 224 Meuro in 1999.

Table 14: Total accident costs of police reported accidents in Sweden 1999 (MEuro)

Cost Per cent age
Intern 20.9 9%
Ext - veh 172.8 7%
Ext - unpr. 5.5 2%
Extern-c 24.6 11%
Extern 202.9 91%
Tot al 223.7 100%

The average cost of a HGV accident was 57 000 Euro with 13 000 Euro for weight class 1
and 94 000 for weight class 6. The proportion internal cost has been calculated in relation to
the total cost excluding the system external cost (6=IC/(TC-ECC)). The proportion of internal
cost is between 0.03 and 0.62 for different weight classes. However, the proportion of internal
cost does not show any clear relationship with weight class. Even if it could be expected that

heavier vehicles protect the HGV user better, this is not mirrored in the result.

Table 15: Internal and External Cost per HGV accident in Sweden 1999 by weight class (kEuro/Accident)

Ext er nal Cost Tot al

Wi ght Internal External Cost - - System Total External Cost PROP

Cl ass Cost ot her vehicles Unprot. user External cost Cost
1C EVC EUC ECC TEC TC
(KEur o) (KEur o) (kEur o) (KEur o) (KEur o) (kEur o) (*)

1 1.36 9.45 0.00 2.18 11.63 12.99 0.14

2 16.23 40.79 0.00 6.30 47.09 63.32 0.40

3 18.59 30.12 0.00 7.10 37.22 55.81 0. 62

4 0.77 23.12 1.15 5.04 29.32 30.08 0.03

5 5.85 44.18 0.00 6.74 50.92 56.77 0.13

6 4.14 79.26 1.22 9.39 89.87 94.01 0. 05

7 491 26.89 0.14 4.64 31.67 36.58 0.18

8 231 51.48 0.00 7.04 58.51 60.82 0.04

9 3.66 77.68 0.00 8.03 85.71 89.37 0. 05

10 6.71 42.70 0.01 6.21 48.93 55.64 0.16

11 3.12 45.62 3.65 6.24 55.50 58.62 0. 06

TOT 5.29 43.85 1.38 6.26 51.49 56.79 0.12
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Figure 4: Internal Cost (IC), External cost of other vehicle users (EVC, unprotected users (EUC and

System external cost (ECC) for an average accident by weight class, 1999 in Sweden.
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We have grouped the data into 8 axle weight classes starting at 1.5 tonne with steps of 1.5
tonne. Table 16 below summarise the internal and external cost for these classes. The
proportion internal cost decreases with axle weight, although this is not true for the lightest

axle weight class. It is also indications that the cost per accident increases with axle weight.

Table 16: Internal and External Cost per HGV accident in Sweden 1999 by axle weight class
(kEuro/Accident)

Axl e TpA Cases I nt er nal Ext er nal Ext er nal System Tot al Tot al Cost PROP
wei ght Mean Cost Cost - Cost - Ext ernal  External
cl ass ot her Unpr ot . cost Cost
vehi cl es user
1C EVC EUC ECC TEC TC
(kg/ axl e) (kEur o) (kEur o) (kEur o) (kEur o) (kEur o) (kEur o) ()
1 2305. 37 123 1.36 9.45 0. 00 2.18 11. 63 12.99 0.13
2 3959. 80 102 22.32 34.88 0. 00 6.11 40. 99 63. 31 0. 39
3 5514. 80 182 14.12 35.32 0.23 6.97 42.52 56. 64 0.28
4 7029. 06 155 2.62 33.74 0.81 6. 30 40. 85 43. 47 0. 07
5 8621. 70 2181 5. 06 46. 66 0.39 6. 45 53.50 58. 56 0.10
6 9602. 77 1162 3.77 44. 87 3.82 6.13 54. 82 58. 59 0.07
7 11225.21 20 0.70 122. 23 0. 00 15.52 137.76 138. 45 0.01
8 12617. 86 14 0. 00 1.00 0. 00 0.20 1.20 1.20 0. 00
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6 External Marginal Cost

The theory in section 2 gives a clear expression on the external marginal accident cost. The
cost is based on four key elements; first the accident risk (r), secondly the proportion of
internal accident cost (0), thirdly, the risk elasticity (E) and fourthly, the cost per accident (a,
b and c). In section 4 and 5 these variables have been discussed and many of them presented

by weight class. In Table 17 below the result are summarised.

The cost per accident is presented in two parts, the a-component, i.e. users willingness-to-pay,
and the c-component, the system external cost. The first component is a sum of the HGV
users internal cost (IC) and External cost of other vehicles (EVC) and unprotected users
(EUC) as presented in Table 15. The second component is presented as System external cost
(ECC) in the same table. To include the willingness-to-pay of relatives and friends, the b-
component, the presented a-component should be increased with 40%. An estimate with the

b-component is presented in Figure 4 below.

The risk elasticity has been set to —0.8 for all of the weight classes. All presented external

marginal costs are based on mean values per weight class for the year 1999.

Table 17: External Marginal Cost by Weight Class

Cost per Ext er nal
Cost per acci dent Proportion Ri sk acci dent Mar gi nal
WC Accident risk (a- conponent) internal cost elastcicty (c-conponent) Acci dent Cost
r A . E C MC
(Acc/ Mkm) (kEur o/ Acc) (1T (TC ECO) (kEur o/ Acc) Eur o/ 1000vkm
1 0.77 10.81 0.14 -0.8 2.18 0.4
2 0.72 57.02 0. 40 = 6. 30 -9.1
3 1. 07 48.71 0.62 = 7.10 -22.6
4 1.25 25. 04 0.03 = 5.04 5.0
5 0.89 50. 03 0.13 = 6.74 2.2
6 1.14 84.62 0. 05 = 9.39 12.1
7 0.77 31.94 0.18 = 4.64 0.0
8 1.06 53.79 0.04 = 7.04 7.7
9 1.33 81. 34 0. 05 = 8.03 14.0
10 1.12 49. 42 0. 16 = 6.21 1.3
11 1.03 52. 38 0. 06 = 6. 24 6.2
Tot 1.02 50. 53 0.12 = 6. 26 3.2

The external marginal accident cost, based on data for 1999, is in Sweden 3.2 Euro/1000 vkm
for an average HGV. For the lightest weight class (WC 1), both the risk and the cost per

accident are below the average and the proportion internal cost is higher then average. The
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external marginal cost for this group is only 0.4 Euro/1000vkm. The opposite is true for WC
9. This group has an external marginal cost of 14 Euro/1000vkm. Weight class 2 and 3 has a
very high proportion internal cost, 40% and 62%. This means that the external cost is

negative.

The current estimate of the elasticity may be subject to criticism. In Figure 5 below, the
external marginal cost with an elasticity of —0.5 is presented in addition to an example with
the b-component included. The average cost increase to 23 Euro/1000 vkm in the first case,

and to 4.1 Euro/1000 vkm in the last example, i.e. E=-0.8 and b-component.

Figure 5: Sensitivity test of external marginal accident cost
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With mean value on the cost per accident and proportion internal cost, we have calculated the
external marginal cost by axle weight. The marginal cost increases as expected with axle

weight (see Figur 6).
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Figur 6: Marginal external cost by axle weight (Kg/axle)
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7 Conclusion

We have estimated the external marginal accident cost for HGVs in Sweden. The estimates
are based on information for year 1999. It is clear that our estimate on 3.2 Euro/1000 vkm for
an average HGV is far below other estimates on the external accident cost. Even if we include
the b-component, willingness-to-pay of relatives and friends, the marginal cost will be low,
4.1 Euro/1000 vkm. Basically, this is a result of the low elasticity we have estimated. The
number of accidents increases as the number of driven kilometre by HGV increases, but the
number of accidents increases not in proportion to the increase traffic. This means that the

accident risk decreases.

We have found a positive relationship between the accident probability and axle weight. This
relationship reinforce the ‘forth power law’, used for estimates of marginal infrastructure cost,

even if the accident relationship is not as progressive as the marginal infrastructure cost.

We have in this paper not estimated any model to explain the average accident cost or the
proportion internal cost. However, it exists indications that the average accident cost may
increase with axle weight, and the proportion internal cost decreases with axle weight. This

would strengthen the relationship between axle weight and marginal external accident cost.
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If the external marginal cost based on the theory presented in this paper is internalised we
would ensure an optimal level of traffic volume; an optimal level of activity. However, the
aim has not been to correct any externalities in the decision on the level of care taken. We can
have an optimal traffic volume with users that do not take the optimal level of care, e.g. speed
level. While, an internalisation of this external marginal accident cost would improve the

overall efficiency of the transport system it would not be enough.
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Table 18: Database limited to vehicles where DIST99 is strict positive

Mean Std, Dev, M ni mum Maxi mum NunCases
Y00 36710 91, 7498 36528 36889 49879
VMSTOO0 369016 245490 136 999923 49879
Y99 36333, 2 87, 221 36192 36490 49879
VMST99 318649 229923 1 998884 49879
YEAR 1988, 54 7, 38005 1951 1999 49879
\EI GHT 18173, 6 8364, 85 3510 55420 49879
AXLE 2,43392 0, 538925 2 5 49866
UKOD 2,07117 2,16529 0 8 49879
USEDY 32628, 9 2583, 26 4225 36649 49877
DI STAV 57689, 2 67788, 3 1000 499480 44726
DI STY 376, 818 53, 4391 55 697 49879
Dl ST99 49239, 8 62201, 9 1 1, 09E+06 49879

Table 19: Key variables for Accidents

Mean St d. Dev. Skewness Kurtosi s M ni rumMaxi mum NuntCases
YEAR 1992. 52 5.37749 - 0. 96529 4.20876 1962 1999 3919
TRAI LER 0.217513 0.415672 1. 42219 3.18827 0 2 3940
I NSP 0. 0840102 0. 49089 5.70328 33. 6624 0 3 3940
VEHW DTH 253. 937 9.66161 - 3. 40047 17.7167 188 266 3939
FUEL 2.99238 0.1232 -16. 1102 260. 538 1 3 3939
EKI LEN 1013.51 420. 024 2.50784 8. 74677 500 2552 3613
EKI VEI 28400. 2 15464 1. 40803 5.18092 3510 132500 3940
I NSURANC 0. 986548 0.115214 -8.44601 72.3349 0 1 3940
NATI ON 0 0 0 0 0 0 3940
LENGTH 896. 874 144. 184 -0.599724 2. 67392 500 1330 3940
KW 264. 437 81. 327 -0.56152 2.91101 53 800 3939
TIVEI GHT 10526. 2 2806. 08 - 0. 332648 4, 46611 2080 23870 3940
TOTVEI CGH 23056. 4 6645. 28 - 0. 988599 4.06424 3510 48600 3940
VEHSTATU 1. 0868 0.298219 3.46701 14. 9633 1 3 3940
AXLE 2. 70558 0.526157 -0.167818 2.39115 2 4 3940
EKI AXLE 3. 24727 1.46961 1.62051 4.60234 2 8 3939
IC 5.29248 59. 0353 21.1169 512. 805 0 1533. 93 3940
ECV 43. 8545 275.571 15. 4111 374.198 0 8868. 69 3940
ECU 1. 38447 71.068 61. 6563 3843. 36 0 4434. 34 3940
ECC 6. 25503 28. 9945 15. 4899 440. 825 0 1027.19 3940
EC 51. 494 345. 048 22.5982 804. 92 0 14330. 2 3940
TC 56. 7865 352. 765 21. 369 739. 526 0 14344.2 3940
PROP 0. 812816 0. 334755 -1. 32966 2.86677 0. 0714942 1
958

WC 8. 70076 2.90338 -1. 30002 3.51167 1 11 3940
HGV1 0. 288325 0. 453041 0. 934464 1.87297 0 1 3940
HV& 0.111168 0.314379 2. 47365 7.1187 0 1 3940
HGV3 0.0411168 0. 198585 4.62152 22.3582 0 1 3940
HGV4 0. 343147 0.47482 0. 660683 1. 43625 0 1 3940
HGV5 0.216244 0.411735 1.37835 2. 89958 0 1 3940
ANTEL 1. 9698 0. 657606 2.38308 22.6982 1 10 3940
QVEH 6986. 29 9449.78 3.03178 13. 9697 1 90000 2815
QHGV 717.539 859. 449 2.39923 9. 92135 0 5590 2804
FATALI TY 0. 021066 0.207288 24.6344 940. 776 0 9 3940
SPEED 75. 2425 20. 084 0. 0580822 1.93661 30 110 3773
SLI GHT 0. 26269 0. 759323 12. 8534 363. 036 0 26 3940
TI ME 1202. 12 573. 934 -0.0193386 2. 34649 0 2359 3856
DAY 3.21777 1.66175 0. 331245 2.26317 1 7 3940
SEVERE 0. 064467 0. 295359 5.50273 39. 7424 0 4 3940
URBAN 1.66103 0. 473422 - 0. 680263 1. 4625 1 2 3900
W DTH 93.711 29. 4619 0. 589322 2.98951 27 217 2900
MONTH 6. 70431 3.61798 - 0. 0574558 1.69142 1 12 3940
TPA 8414. 41 1674. 04 -2.08575 7. 83559 1755 13000 3940
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Table 20Average weight for HGV involved in accidents respectively all HGV

e Al
Acc
! 4610.73 4675
2 8435.21 8288
3 11444.63 11279
4 13777.34 13612
5 15313.64 15211
6 17411.38 17217
7 19166.56 19025
8 20585.41 20667
9 23345.57 23382
10 25707.18 25639
11 28360.69 28420
Tot

23056.39 18173.6

Table 21: Drop-out

HGV HGV not Di st
Cbservati ons 3940 695 0.176
YEAR 1992. 52 1989. 42 0.998
TRAI LERS 1.01 1.01 1. 000
W DTH 254.13 254. 04 1. 000
| NSP 2.93 2.99 1.019
\EI GHT 23056. 39 22430. 12 0.973
| NSURANCE 1.00 1.00 1. 000
LENGTH 896. 87 881. 99 0.983
KW 264. 62 256. 44 0. 969
AXLE 2.71 2.68 0.991
STATUS 1.09 1.32 1. 217
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Table 22: Contents of databases in group 1, 2 and 3.

OLYCKA. DAT MOTORVEHI CLE DRI VER
Fal t namm Kl art ext Fal t namm Kl art ext
OLYCKSI D ol ycksi dentitet OLYCKSI D ol ycksi dentitet OLYCKSI D ol ycksi dentitet
ANTELEMENT antal trafikel enent TRAFELEMT trafi kel ement numer TRAFELENMENT trafi kel ement nunmmer
ATRAF_AXP trafikfl 6de [axel par per AARSMODEL L ar snodel | AALDER al der [ar]
ar sdygn]
ATRAF_FORDON --- [fordon ANTPERS 4 antal personer BEHOERDATUM ursprungli gt utfardandedatum
per &rsdygn] for korkortsklass vid
ol yckstillfallet
ATRAF_TUNG --- [tunga ANTSLAEP antal slap BEHCERI GHET kor kort skl ass vid
fordon per arsdygn] ol yckstillfallet
BELYSNI NG vagbel ysni ng BESI KTNDATUM besi kt ni ngsdat um KOEN koén
BROOLYCKA br ool ycka BESI KTNSTAT besi kt ni ngsst at us KOERKORTI NDR kérkort indraget, datum
DEL STRAAKNR del st r aknunmer BREDD fordonsbredd [cn SKADEGRAD skadegr ad
DOEDADE antal dodade personer DRI VMVEDEL dri vnedel ( TRAKTORKORT traktorkort — termen har
ut gatt)
EJSVAENG vanst er svangsf 6r bud EFFEKTNORM ot or ef f ekt norm UTBYTTUTL utbytt utl andsk korkort
f ol j dol ycka VARNI NG 9 kor kortsvarning, datum
FOELJDOLYCKA
HASTI GHET hast i ghet sbegr &nsni ng EKI PAGELGD eki pagel angd [cmni TAXI BEHCER taxiforarlegitinmation
ut f &rdad, datum
KOVWUN kommun [ kod] EKI PAGEVI KT eki pagevi kt [kg] FOERARHEWV f orarhenvi st [ post nummer]
(vid hantningstillfallet)
KONFLI KTTYP konflikttyp FABRI KAT_TYP fabrikat och typ PASSPLATS placering - for foérare
alltid férarplats (1)
KORSNTYP kor sni ngstyp FAERG farg I NSTRUKTCER i nstruktor
KVAEGKAT vagkat egori for FOERSBETALD f orsakring betal d HANDL EDGOD handl edar godkdnnande
ansl ut ande vag
LI SKADADE antal |indrigt skadade FORDONAEGARE f or donségar e U_BEHCERI G 1:a korkortskl ass exkl usive
per soner trakt or behori ghet
LJUS | j usf 6r hal | ande FORDONNATI ON fordonsnati on U_BEHOERDAT 1:a korkort ursprungligen
ut f ardat, datum
MBREDD mttrenmsebredd [dni FRVBNR f r Aanvagbensnunmer | NNEHAVSTI D kor kort si nnehavstid
[ manader ]
OLANDRDATUM andri ngsdatum AAMVDD KAROSSERI KOD kar osseri kod TRAFKAT trafi kant kat egori
OLKLOCKSLAG kl ocksl ag KOPPLI NGAVST koppl i ngsavst and (cm
OLPLATSTYP pl atstyp LAENGD fordonsl d&ngd [cn
OLREGDATUM regi streringsdatum LEASI NFORDON | easi ngf or don
AAMVDD
OLVECKODAG veckoda MAXPASS maxant al passagerare
OLYCKSDATUM ol ycksdat um MVDD MODELLKCOD nmodel | kod
MOTOREFFEKT nmot or ef f ekt [ kW
OLYCKSTYP ol yckstyp ROERELSETYP rorel setyp
ORT ort / stadsdel PRI MELEMENT primar- /
sekundar el ement
POLI SDNR pol i sens di ari enunmer STULET st 6l dannélt fordon
POLI SDI STR pol i sdi strikt TI VBNR tillvagbensnumer
SLI TLAGER slitlager TJIVI KT tjanstevikt [kg]
STOPP st oppskyl di ghet TOTALVI KT total vi kt [kg]
STRAAKNUMVER st raknunmmer TRAFELEMTYP trafi kel enenttyp
STRAAKTYP straktyp UTRYCKNI NG utryckni ngsfordon /

t axi
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SVSKADADE antal svart skadade VAEXELLAAD vaxel | ada
per soner
TRAFI KBEBYGG bebyggel setyp YRKESTRAFKCOD yrkestrafiktillstand
TRAFI KSI GNAL trafiksi gnal FORDONSTATUS f or donsst at us
TUNNELOLYCKA tunnel ol ycka CYLI NDERVOLYM cyl i ndervol ym (cnB)
VAEDER véader | ek AXELANTAL axel anta
VAEGARBETE végar bete EKI PAGEAXL eki pageax| ar fordon +
sl ap
VAEGHAALLARE vaghal | are GRUPPKCD gr uppkod
VAEGKAT vagkat egori KROCKKUDDE kr ockkudde for
fransét espassagerare
VAEGLAG vagl ag HANDI KAPPANP handi kappanpassat
fordon
VAEGNR vagnumrer
VAEGTYP vagtyp
VAEJNI NG védj ni ngsskyl di ghet
VBREDD vagbredd [dni
VI LTSTAENG vil tsténgse
LAEN | &n
REG ON vaghal | ni ngsregi on
SVAARI GHET svar het sgrad
OLMAANAD ménad
OLAAR ar
POLI SOVRADE pol i sonr &de (vid
uttagstillfallet)
VI NTVAEGHAL L vi nt er vaghal | ni ngsst andar

dkl ass
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