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Abstract: There has been a large decline in the number of police reported injury accidents 

on public roads in Norway after 2007. The decline has been particularly large for accidents 

involving heavy goods vehicles. From 2007 to 2020, the number of heavy goods vehicles 

involved in injury accidents declined by 68%. The total number of injury accidents declined 

by 56%. The study presented in this paper aimed to identify factors explaining the decline 

from 2007 to 2020 in the number of heavy goods vehicles involved in injury accidents in 

Norway. This is done by reconstructing annual changes in factors known to influence the 

number of accidents and estimating the potential impacts of changes in these factors. The 

factors identified can only be regarded as potential causes, as the study design does not 

permit causal inferences. In total, 14 factors were identified. For 12 factors numerical 

estimates of the contributions to the declining trend were developed. The combined 

contribution of all factors accounted for 32.6%–37.5% of the decline in the number of 

heavy vehicles involved in injury accidents. More than 60% of the decline is not accounted 

for and must have been caused by factors not included in this study. 

Keywords:  accidents, contributing factor, decline, heavy goods vehicle 

1 Introduction 

1.1 Background 

Truck transport is the dominant mode of goods transport in Norway (Hovi et al. 2014) and 

worldwide (Rodrigue 2020). Truck transport has, however, several unwanted effects. Accidents 

with heavy goods vehicles (HGVs) represent an important societal challenge. These are gener-

ally serious accidents with high proportions of killed and severely injured people, because of 

the weight of the heavy vehicles. In the EU, about 4 000 people were killed in road accidents 

involving HGVs in 2016, making up about 16% of all road fatalities (European Commission 

2018). In the US, 4 761 people were killed in accidents involving large trucks in 2017, and 72% 

of these were other road users, i.e. not occupants of the truck (NHTSA 2019). In Norway, 20% 

of the people who were severely injured or killed in traffic in the period 2007–2016 could be 
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attributed to accidents involving HGVs (Nævestad & Hovi 2020). Most of the people who were 

severely injured or killed were other road users, not drivers or passengers in the truck. 

A recent study examining the accident risk of HGVs in Norway, has, however, found that the 

risk of personal injury accidents has been significantly reduced in recent years. Nævestad & 

Hovi (2020) measure risk as the number of heavy goods vehicles in personal injury accidents 

per million kilometres driven, and report that the risk of personal injury accidents with heavy 

goods vehicles in general in Norway has decreased by 58% from 2007 to 2018 (from 0.45 to 

0.19 heavy goods vehicles in personal injury accidents per million kilometres driven). 

1.2 Aim 

The main objective of this paper is to identify factors that may have contributed to the decline 

in the number of HGVs involved in injury accidents in Norway and estimate the contributions 

of these factors to the decline. 

1.3 Previous research 

Previous studies have found similar reductions in accident risk over time for other road users. 

Bjørnskau (2020) examined long-term changes in risk for motorcycles, mopeds, bicycles, pe-

destrians, and for drivers and passengers in passenger cars. The study found that the risk of 

personal injury for both drivers, car passengers, pedestrians, cyclists and moped riders has been 

halved since 2010. Similarly, Elvik & Høye (2021) reported that from 2000 to 2019, the number 

of fatalities and serious injuries in traffic decreased by more than 50%. The number of fatalities 

decreased by almost 70%. We thus see that what Nævestad & Hovi (2020) found for heavy 

goods vehicles also applies to other road user groups. 

No previous studies have attempted to estimate the effects of measures to increase the safety of 

heavy goods vehicles in Norway. Bjørnskau (2020) discussed various reasons for the decline 

in the risk of personal injury accidents that he found for car drivers, pedestrians, mopeds etc. 

The first potential explanation mentioned is that the car fleet is becoming increasingly safer. 

Second, he noted that there is a systematic effort to improve the road network. New and safer 

roads are being built with physical separation of traffic, intersections are being rebuilt into 

roundabouts, main traffic routes are directed around cities, pedestrians and cyclists are increas-

ingly being shielded from other traffic, etc. A third point mentioned by Bjørnskau (2020) is that 

emergency medicine has steadily improved and that notification of ambulances in the event of 

accidents is happening faster than before. A fourth factor is that the speed on the roads has 

decreased in recent years. Bjørnskau (2020) also emphasized that surveys of road users' atti-

tudes and behaviour show tendencies for more people to accept safety restrictions in traffic such 

as speed limits, more people use safety equipment, etc. This indicates the development of a 

better safety culture in traffic in Norway over time. 

To explain the decrease in fatal accidents in Norway from 2000 to 2019, Elvik & Høye (2021) 

examined the contributions of: (1) road safety measures, (2) changes in road user behaviour, 

and (3) other social development features. They concluded that the three biggest contributions 

to reducing the number of killed and seriously injured were made by declining speeds, measures 

on the road network and safer cars. 

None of the studies reviewed above focused on factors contributing specifically to the decline 

in the number of accidents involving heavy goods vehicles. To the best of our knowledge, the 

study reported in this paper is the first study of factors contributing to the improved safety of 

heavy goods vehicles. 
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2 Method 

2.1  Data on exposure and personal injury accidents to calculate risk 

In this study, we define HGV accident risk on Norwegian roads as the number of police reported 

injury accidents (including fatal accidents) per million vehicle km (cf. Nævestad et al. (2017)). 

We use three data sources to calculate risk. The first data source is Statistics Norway’s Lorry 

surveys’ data on the vehicle kilometres of Norwegian HGVs in Norway. This is a quarterly 

survey of domestic and foreign traffic with Norwegian-registered HGVs. The second data 

source is traffic to/from Norway and cabotage within Norway with foreign HGVs. This is based 

on European studies similar to the Lorry survey. Eurostat’s statistics directive commits each 

member state to conduct such surveys, which means that Statistics Norway gets information on 

all trips in and out of Norway from EU-countries. Combined, the national Lorry Survey in 

Norway and Eurostat data from similar surveys in European countries cover all foreign and 

domestic lorry trips between municipalities and counties that are conducted within, to, and from 

Norway. 

The third data source is accident data. The study is based on accident data from Statistics Nor-

way. Data from all personal injury accidents are collected by Statistics Norway. The accident 

statistics include data on the countries in which the involved vehicles are registered, and the 

type of HGV involved. The official definition of a heavy goods vehicle in Norway is any vehicle 

designated for carrying goods having a total weight (of both the vehicle and the goods it carries) 

of at least 3.5 metric tonnes. Heavy goods vehicles have been classified into ten groups. To 

identify heavy vehicles (both buses and goods vehicles) at permanent traffic counting stations, 

vehicles are classified as heavy if their length is at least 5.5 metres. Our analyses of accidents 

and accident risk focus on the number of HGVs that have been involved in personal injury 

accidents in the period 2007–2020. 

2.2 Identifying factors explaining the reduction in accident risk 

It would be a major accomplishment to identify the causes of changes over time in road safety. 

Regrettably, doing so is impossible for a very elementary reason. If a cause is defined as an 

action or event that produces a change that would not otherwise have occurred (Elvik 2011), it 

is immediately clear that to establish causality we need to know what would otherwise (i.e. 

absent the cause) have occurred. Knowing this is generally referred to as establishing the coun-

terfactual. The best way of establishing a counterfactual is to perform a randomised controlled 

trial, in which the control group represents the counterfactual. When studying past changes, 

there is no possibility of establishing a counterfactual by forming a control group. However, 

when trying to establish causality, historians often ask what might have happened if a certain 

event had not occurred (Førland 2013; Macintyre 1976). This kind of thinking involves recon-

structing a hypothetical (i.e. non-observed) counterfactual. 

Identifying factors explaining the reduction in accident risk involves four main steps. 

The first step is to identify and describe the declining trend in accident risk (cf. section 3). 

The second step is to explain the declining trend, by identifying factors that may have produced 

it. Counterfactual thinking proceeds by first thinking about factors that may have produced the 

trend. Such factors are identified through a literature review to identify previous high-quality 

studies of factors contributing to reductions in HGV accident risk. These factors include road 

safety measures whose effects have been estimated in evaluation studies. However, factors that 

are not commonly regarded as road safety measures are also included if there are sufficient data 

about them and how they influence accidents. 
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When a list of potentially contributing factors has been drawn up, the next stage is to estimate 

the contribution of each factor. This is the third step. To identify the contribution of each factor, 

two things had to be known about each factor: (1) the changes in it from year to year, (2) its 

effect on accidents. In general, a safety measure may produce a declining trend in the number 

of accidents if it becomes more widespread over time, i.e. its use grows over time. A safety 

measure whose level of use stays unchanged will only maintain a certain level of safety, not 

produce a declining trend. For each of the factors included, we ask: what would have happened 

if the factor had not been present or developed the way it did between 2007 and 2020? This 

means that we reconstruct a counterfactual development in which each of the factors considered 

is assumed to be absent. In most cases this is done by estimating changes from year to year in 

the exposure to a factor and the expected change in the number of accidents associated with the 

change in exposure. 

The number of accidents is known to be influenced by a vast number of factors (Fridstrøm 

1999). One might therefore think that the best way of estimating the contributions of each factor 

to the decline in the number of accidents would be by means of a multivariate statistical analy-

sis. However, there are only 14 units of observation (14 years) and it is impossible to include 

more than 2, or maybe 3, variables in a multivariate analysis. Variables influencing accidents 

tend to be correlated and omitted variable bias is likely to be present in any multivariate analy-

sis. The approach chosen in this study was therefore to collect data on year-to-year changes in 

a number of factors believed to influence the number of accidents involving heavy goods vehi-

cles. For each of these factors, their effect on the number of accidents is known from evaluation 

studies. By combining data on annual changes with the results of evaluation studies, estimates 

of the contribution of each factor to annual changes in the number of accidents were developed. 

This approach is a numerical historical reconstruction, factor-by-factor. 

2.3 Estimating the combined effects of the factors included in the study 

The fourth step is to estimate the combined effects of the identified factors. In general, one 

cannot estimate the combined effects of several factors contributing to a reduction in the num-

ber of accidents by simply adding them. A numerical example, admittedly not very realistic, 

should convince readers of this. Suppose there are 100 accidents to begin with. Three measures 

may reduce the number accidents by, respectively 50%, 40% and 30%. These percentages add 

up to 120%. But it is not possible to reduce the number of accidents by more than 100%. Each 

of the three measures leaves behind a so called ‘residual’, i.e. a share of accidents it does not 

prevent. These residuals are, respectively, 50%, 60% and 70%. A method known as the method 

of common residuals estimates the combined effects of the three measures as: 1 - (0.5 ∙ 0.6 ∙ 0.7) 

 = 1 – 0.21 = 0.79 or 79% reduction of the number of accidents. To estimate the combined ef-

fects of several factors, a residual term was estimated for each factor for each year from 2007 

to 2020. Combined effects were estimated by multiplying residual terms. Three versions of the 

common residuals method were used (Elvik 2009). 

To explain these versions, suppose there are three residual terms: 0.9, 0.8 and 0.7. The first 

method, the common residuals method, estimates the combined effects as follows: 

Model 1 (independent effects) = 1 – (0.9 ∙ 0.8 ∙ 0.7) = 1 – 0.504 = 0.496 (49.6% reduction). 

This estimate assumes that the factors are independent, i. e. not correlated. The second method, 

referred to as the dominant common residual method, estimates combined effects as follows: 

Model 2 (dominant effects) = 1 – (0.9 ∙ 0.8 ∙ 0.7)0.7 = 1 – 0.619 = 0.381 (38.1% reduction). 
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The dominant common residuals method is based on the assumption that the most effective 

factor (0.7) to some extent reduces the effects of less effective factors; it dominates these, so to 

speak. The most conservative method, is the double dominant common residuals method: 

Model 3 (double dominant)  = 1 –  (0.9 ∙ 0.8 ∙ 0.7)(0.7 ∙ 0.8)  = 1 – 0.681 = 0.319 (31.9% reduction). 

Elvik (2009) reviewed data sets that supported all the three methods. However, the double dom-

inant common residuals method is preferred as it gives the most conservative estimates and is 

consistent with the fact that the factors contributing to the decline are correlated and act partly 

on the same risk factors. 

3 The trend 

Figure 1 shows the trend in the number of heavy goods vehicles involved in police-reported 

injury accidents in Norway from 2007 to 2020. An exponential trend line has been fitted to the 

data. It indicates a mean annual decline of 8%. 

 

Figure 1 Number of heavy goods vehicles involved in injury accidents in Norway 2007-2020. 

The trend line fits well to the data points. It is used as the basis for identifying factors producing 

it. No attempt is made to explain annual fluctuations in the number of accidents around the 

trend. Most of these are small and likely to be well within the bounds of purely random varia-

tion. 

4 Factors that may produce a declining trend 

The following factors were identified as potentially contributing to the declining trend in the 

number of heavy goods vehicles involved in injury accidents: 

1. New motorways 

2. New 2+1 roads with median barriers 

3. Centre line rumble strips 

4. Minor road improvements 

5. Electronic stability control on new heavy goods vehicles 
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6. Adaptive cruise control on new heavy goods vehicles 

7. Increasing use of fleet management systems in transport companies 

8. Increasing use of speed cameras 

9. Increasing use of section control 

10. Technical inspections of heavy goods vehicles 

11. Enforcement of hours of service and rest regulations 

12. Police checks of drivers of heavy goods vehicles 

13. Lower mean speed 

14. The collective driving experience of the population of drivers. 

Most of these factors are road safety measures. They were identified on the basis of previous 

studies (Elvik & Høye 2021; Nævestad 2020) that have found them to influence long-term 

trends. 

The objective of the study was to develop numerical estimates of the contribution to the declin-

ing trend of each factor. Technical inspections of heavy vehicles varied irregularly from year 

to year in the study period (according to data provided by the Public Roads Administration). 

There was, however, an increasing trend. A function describing this trend was applied, rather 

than the annual number of inspections; see further details in section 5. Police checks of drivers 

of heavy goods vehicles declined early in the period, then increased. A function was fitted to 

the data and applied in the analysis; see section 5 for details. 

Data indicated that the enforcement of hours of service and rest regulations did not change 

during the period studied. It was therefore not possible to attribute any contribution to the de-

clining trend to that measure. This does not mean that the measure is ineffective; simply that 

during this period the use of it has not been increased in a way that could produce a declining 

trend in the number of accidents. 

Fleet management systems are known to improve safety in transport companies (Nævestad 

2020). However, too little is known about their use in Norwegian transport companies to in-

clude them in the study. Therefore, only 12 of the 14 factors considered were included in the 

study. 

5 Estimation of the contribution of each factor 

For each of the factors included, we ask: what would have happened if the factor had not been 

present or developed the way it did between 2007 and 2020? This means that we reconstruct a 

counterfactual development in which each of the factors considered is assumed to be absent. 

The following sections explain this for each factor. In all sections, exposure (vehicle kilometres) 

refers to all motor vehicles, not just heavy goods vehicles. 

5.1 New motorways 

From 2007 to 2020, 350 kilometres of new motorways were opened to traffic in Norway. Ve-

hicle kilometres driven on these roads in 2020 can be estimated to 2 130 million, an increase 

from 132 million vehicle kilometres in 2007. If these roads had not been built, one can estimate 

that their mean injury accident rate in 2020 would have been 0.043 injury accidents per million 

vehicle kilometres (based on accident rates estimated by Høye (2016)). The expected accident 

rate on motorways in 2020 is 0.022 accidents per million vehicle kilometres. The difference in 

accident rates implies that the motorways prevented 45.8 injury accidents in 2020. From 2007 

to 2020, the share of injury accidents involving a heavy goods vehicle declined from 9.1% to 

7.6%. Assuming that motorways are equally effective for all groups of vehicles, it can be 
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estimated that 3.5 of the 45.8 injury accidents prevented in 2020 would have involved a heavy 

goods vehicle. 

The safety benefit is confirmed by evaluation studies (Elvik et al. 2017). The evaluation study 

by Elvik et al. (2017) did not find a large reduction of the number of accidents. However, the 

road that was studied had a large increase in traffic volume (80%) during the after-period. Other 

studies, reviewed by Elvik et al. (2017), have found large accident reductions. 

5.2 2+1 roads with median barrier 

These are three lane roads with a median barrier. 383 kilometres of these roads were built be-

tween 2007 and 2020. Vehicle kilometres driven on these roads increased from 540 million in 

2007 to 1 071 million in 2020. In 2020, the accident rate on these roads was 0.052 injury acci-

dents per million vehicle kilometres. Converting a two-lane rural road into a 2+1 road with a 

median barrier reduces the number of injury accidents by 13% (Carlsson 2009). Hence, the 

number of accidents expected in 2020 if the roads had not been built was 

(1071 ∙ 0.052) / 0.87 = 64. In 2020, the roads prevented 8.3 injury accidents, of which an ex-

pected 0.6 involved heavy goods vehicles. 

5.3 Centre line rumble strips 

Centre lines on two lane roads are increasingly designed as rumble strips. From 2007 to 2020 

vehicles kilometres driven on roads with these rumble strips increased from 450 to 4 552 mil-

lion vehicle kilometres (Elvik & Høye 2021). The 2020 injury accident rate on roads with centre 

line rumble strips was 0.065. Without the rumble strips, the accident rate would have been 10% 

higher (Høye 2015a). In 2020, centre line rumble strips prevented 32.9 injury accidents, of 

which an expected 2.5 involving heavy goods vehicles. 

5.4 Minor road improvements 

This factor consists of the following road safety measures: (1) pedestrian bridge or tunnel, (2) 

upgrading pedestrian crossings, (3) marking cycle lanes, (4) minor improvements, (5) roadside 

safety treatments, (6) treatment of horizontal curves, (7) roundabouts, (8) guardrail along road-

side, (9) road lighting, (10) traffic signals in junctions, and (11) traffic signals in pedestrian 

crossings. Selvik et al. (2020) report a fairly detailed analysis of these measures. EB-estimates 

of the expected number of injured road users in the period before implementation of the 

measures were developed. It has been estimated that the measures prevent 0.16% of injury ac-

cidents each year. In 2020, it was estimated that the measures prevented 121.5 injury accidents, 

of which 9.2 involving heavy goods vehicles. 

5.5 Electronic stability control on heavy goods vehicles 

Electronic stability control became mandatory for heavy goods vehicles in Norway from 2013. 

Based on statistics provided by Statistics Norway, vehicle kilometres driven by heavy goods 

vehicles by vehicle age can be estimated. Figure 2 shows how the share of vehicle kilometres 

driven by heavy goods vehicle equipped with electronic stability control has changed from 2013 

to 2020. By 2020, 85% of all vehicle kilometres were performed by vehicles with electronic 

stability control. 

According to Teoh et al. (2017), electronic stability control reduces accident involvement by 

19%. This implies that in 2020, 49.7 injury accidents involving heavy goods vehicles were pre-

vented. 
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Figure 2 Share of kilometres by cars with electronic stability control and adaptive cruise control 

5.6 Adaptive cruise control 

Adaptive cruise control became mandatory for heavy goods vehicles in Norway from 2015. A 

rapidly increasing share of driving is performed by heavy goods vehicles that have adaptive 

cruise control, see Figure 2. Based on Høye (2015b), it is estimated that adaptive cruise control 

reduces accident involvement by 11%. This means that in 2020, the system prevented 23.2 in-

jury accidents involving heavy goods vehicles. 

5.7 Speed cameras 

Vehicle kilometres driven on roads with speed cameras has increased from 1 755 million in 

2007 to 2 350 million in 2020 (Elvik & Høye 2021). The mean 2020 injury accident rate on 

these roads is 0.075 injury accidents per million vehicle kilometres. According to Høye 

(2015c), speed cameras reduce injury accidents by 9%. In 2020, speed cameras prevented 

17.4 injury accidents, of which 1.3 involving heavy goods vehicles. 

5.8 Section control 

Section control was introduced in Norway in 2009. Section control is the co-ordinated use of at 

least two speed cameras, monitoring speed on the section of road located between them. For 

cars passing both speed cameras, average speed on the section is computed and tickets issued 

if mean speed was higher than the speed limit (allowing for a certain error margin). Since 2009, 

vehicle kilometres driven on roads with section control has increased from 25 to 295 million 

vehicle kilometres. The injury accident rate in 2020 on roads with section control was 0.038 in-

jury accidents per million vehicle kilometres. Section control reduces the number of injury 

accidents by 12% (Høye 2015d). In 2020, section control prevented 1.5 injury accidents, cor-

responding to 0.1 injury accident involving heavy goods vehicles. 

5.9 Technical inspections of heavy goods vehicles 

Figure 3 shows the annual number of technical inspections of heavy goods vehicles per regis-

tered vehicle from 2008 to 2020. The data were provided by the Public Roads Administration. 
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Figure 3 Number of technical inspections per heavy goods vehicle per year 

The analysis of the contribution made by technical inspections to the decline in the number of 

accidents involving heavy goods vehicles was based on the trend line shown in Figure 3. The 

data provided by the Public Roads Administration were applied in an evaluation study to esti-

mate the effects on accidents of changes in the number of inspections per vehicle per year (Elvik 

2022). It was found that the relationship between changes in the number of inspections from 

one year to the next, and corresponding changes in the number of accidents, was well described 

by a logarithmic function. By applying that function, it was estimated that in 2020, technical 

inspections contributed to preventing 18.5 injury accidents involving heavy goods vehicles, i.e. 

if inspections had not increased according to the trend line in Figure 3, the number of accidents 

in 2020 would have been 18.5 higher than it actually was. 

5.10 Police checks of drivers of heavy goods vehicles 

The Norwegian traffic police stop and check drivers of heavy goods vehicles. These checks 

target driver behaviour, like speed, use of alcohol or drugs, compliance with service and rest 

hours or seat belt wearing. During the period from 2007 to 2020, the annual number of drivers 

checked varied considerably. There was a decline in the first part of the period, followed by an 

increase in the last part of the period, see Figure 4. 

An analysis has been made of the association between these annual variations and correspond-

ing changes in the number of accidents (Elvik et al. 2022). Based on this analysis, police checks 

did not contribute to a declining trend in the years before 2016 but started to do so from that 

year onwards. For 2020, it was estimated that police checks of drivers of heavy goods vehicles 

prevented 21.1 injury accidents involving these vehicles. 

5.11 Lower mean speed 

Data from permanent traffic counting stations were used to estimate the mean speed of heavy 

goods vehicles in different years from 2007. Heavy vehicles are identified by length: any vehi-

cle with a length of more than 5.5 metres is classified as heavy. 
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Figure 4 Police checks of drivers of heavy goods vehicles 

Speed data for heavy vehicles were available for six permanent counting stations. There was 

not speed data for all years, but enough to determine a trend, which is shown in Figure 5. 

 

Figure 5 Change in mean speed of heavy goods vehicles from 2007 to 2020. Data for speed limit 80 km/h. 

Speed has declined by about 0.25 kilometres per hour each year. This amounts to a decline of 

3.3 kilometres per hour from 2007 to 2020. This trend is similar to that found for all motor 

vehicles (Elvik & Høye 2021). The exponential model (Elvik 2019) was applied to estimate the 

effect of the decline in speed on injury accidents. A coefficient of 0.045 was applied. In 2020, 

lower mean was estimated to prevent 41.4 injury accidents involving heavy goods vehicles. 
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5.12 The collective experience of the population of drivers 

When mass automobilism came to Norway during the 1960s, many drivers were comparatively 

inexperienced. Over time, the collective driving experience of the population of drivers has 

grown. An attempt was made to estimate the potential effects of this for drivers of heavy goods 

vehicles. Accident rate by driver age was estimated. Unfortunately, these estimates could only 

be made for a single point in time during the period covered by the study. Changes in accident 

rates over time are therefore not known. However, it is known how the distribution of licence 

holders by age has changed over time. Table 1 presents the distribution of licence holders by 

age for 2007 and 2020. The data refer to licence holders for heavy goods vehicles and come 

from the Registry of Driving Licences kept by the Public Roads Administration. 

Table 1 Changes in the age distribution of licence holders for heavy goods vehicles 

Age group (years) 

Accidents per million 

kilometres 

Distribution of 

drivers in 2007 (%) 

Distribution of 

drivers in 2020 (%) 

18-24 3.4 0.7 1.4 

25-34 2.2 6.8 5.3 

35-49 1.6 47.4 24.1 

50-64 1.2 41.2 48.0 

65-74 1.5 3.8 19.5 

75 and above 1.5 0.1 1.6 

WEIGHTED MEAN RISK 1.486 1.444 

An age-weighted mean risk was computed by multiplying the accident rate in each age group 

by the share (proportion) it made up of the total. The resulting mean risk is shown at the bottom 

of Table 1. It is seen that the share of licence holders belonging to the oldest groups increased 

substantially from 2007 to 2020. A trend line was fitted to the annual values of the weighted 

mean risk and used as the basis for analysis. For 2020, a contribution of 6.1 injury accidents 

was estimated, i.e. the number would have been 6.1 higher if the collective experience of drivers 

had not increased. 

6 The combined contribution of all factors 

The estimated prevented number of injury accidents involving heavy goods vehicles each year 

is summarised in Table 2. These estimates will be referred to as first-order estimates. A first-

order estimate shows the estimated isolated contribution of a factor without considering possi-

ble interactions with the contributions of other factors. 

In total, the factors contributed to preventing about 177 injury accidents in 2020. This means 

that without these factors, one would have expected 436 accidents in 2020, rather than 258 

according to the trend line (Figure 1). 

To estimate the combined effects of several factors, a residual term was estimated for each 

factor for each year from 2007 to 2020. The residual term is the ratio between the number of 

accidents according to the trend line in a given year, and the estimated number of accidents in 

the absence of a factor contributing to the declining trend. 

According to the trend line (Figure 1), the expected number accidents in, for example 2020, 

was 258.2. If speed had not declined, the number would have been 41.4 higher, or 299.6. Thus, 

the residual term for decline in speed for the year 2020 was: 258.2 / 299.6 = 0.862. 
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Note that the denominator is the counterfactual, higher number of accidents expected to occur 

if speed had not declined. Table 3 shows estimated residuals for each factor and each year. 

Figure 6 shows the combined contributions of all factors. The sum of first order effects accounts 

for 37.5% of the decline from 2007 to 2020 in the number of heavy goods vehicles involved in 

injury accidents in Norway. The estimate based on the double dominant common residuals 

method is lower and the combined contribution of all factors account only for 32.6% of the 

decline. Thus, most of the decline cannot be accounted for by means of the factors included in 

this study. 

 

Figure 6 Contribution of identified factors to the decline of heavy goods vehicles in injury accidents 

7 Discussion 

7.1 Not all factors contributing to the decline are included 

The study presented in this paper did not succeed in explaining the decline from 2007 to 2020 

in the number of heavy goods vehicles involved in injury accidents in Norway. According to 

the most optimistic estimate, 37.5% of the decline is accounted for by the factors included in 

this study, leaving most of the decline, 62.5%, unaccounted for. 

Among the factors that were considered for inclusion in the study, it is highly likely that in-

creased use of fleet management systems has contributed to the decline in accidents. A fleet 

management system monitors driver behaviour in detail and can serve as a basis for systems 

rewarding safe and economic driving. Nævestad (2022) found that the use of fleet management 

systems in two firms in order to promote economic driving was associated with large reductions 

in accident rates. Accident rate declined by 52% in one firm and by 36% in the other. Unfortu-

nately, data on the use of these systems are too incomplete to estimate their contribution. The 

other factor that was considered, but not included, enforcement of hours of service and rest 

regulations, is less likely to have contributed to the decline, as it remained at a stable level 

during this period. This contributes to a lower number of accidents than if the measure was not 

used at all, but it does not contribute to a declining trend over time. 
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There are clearly many omitted factors. It is widely recognized that safety culture is important 

for safety in organizational settings in hazardous industries (Nævestad 2010). Research also 

indicates a relationship between safety culture and safety performance in road transport, alt-

hough this relationship is challenging to measure (Bjørnskau & Nævestad 2012). Goods 

transport companies with a good safety culture have a lower accident risk than companies that 

score lower on safety culture (Nævestad et al. 2020). Many transport companies work system-

atically in many ways to improve their safety culture (Nævestad et al. 2017). However, it is 

challenging to quantify the contributions from this to the decline in the number of accidents. 

There is little doubt that a contribution exists, but estimating its size very precisely is not pos-

sible. 

7.2 Alternative approaches to analysis 

It is very unlikely that a multivariate statistical analysis would have produced more convincing 

results. This study included 12 factors – many more than one can include in a statistical analysis 

of a data set consisting of 14 observations (14 years). Besides, a multivariate statistical analysis 

would quickly encounter the problems of high correlations between the variables – most of 

them change gradually over time at comparable rates, generating extremely high correlations 

between them – and omitted variables. It is obvious that even when 12 factors are included, 

many important factors are omitted. Otherwise, much more than 37.5% of the decline in the 

number of accidents should have been accounted for. 

In summary, there are three main weaknesses of this study. First, it was clearly not able to 

include everything that has contributed to the decline in the number of accidents involving 

heavy goods vehicles. Second, the estimated contributions of the factors that were included rely 

on assumptions whose validity could not be tested directly as part of the study. It was, for ex-

ample, assumed that changes in speed affect the safety of heavy goods vehicles according to 

the same functional relationship as other types of vehicles. To give another example, it was 

assumed that the relative risks of accident involvement for drivers of different ages remained 

constant throughout the period. Longitudinal data for drivers of passenger cars shed doubt on 

this assumption (Bjørnskau 2020). Third, there are different methods for estimating the com-

bined contributions of all factors, but none of these methods are well supported by evidence 

from research. 

7.3 Comparison to other studies 

There are few studies employing the same design as the current study. The most comparable 

study is the study by Elvik & Høye (2021) of factors contributing to the decline in the number 

of killed or seriously injured road users in Norway from 2000 to 2019. Some of the factors 

included in that study were the same as those included in this study and estimates of their con-

tributions based on the same sources of data. 

The estimated contributions of the main factor are nevertheless somewhat different. Thus, new 

vehicle safety systems contributed to 41.2% of the explained decline for heavy vehicles, but 

only 16.5% of the explained decline in the number of killed or seriously injured road users. 

Lower speed contributed to 23.3% of the explained decline for heavy vehicles; 22.2% of the 

explained decline for killed or seriously injured road users. Road improvements contributed to 

8.9% of the explained decline for heavy vehicles; 21.2% of the explained decline for killed or 

seriously injured road users. Some road improvements, notably motorways and 2+1 roads with 

median barriers have a much larger effect on fatal and serious injuries than on injury accidents 

in general. 
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8 Conclusions 

The aim of the study reported in this paper was to identify and estimate the contributions of 

factors that may explain the decline from 2007 to 2020 in the number of heavy goods vehicles 

involved in police reported injury accidents in Norway. The study included 12 factors, but these 

factors accounted for only 32.6%–37.5% of the decline in the number of accidents. Therefore, 

most of this decline must have been caused by factors not identified in this study. Potentially 

important factors not included in the study are changes in safety culture and safety management 

systems in transport companies, such as the use of fleet management systems. 
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