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Summary

SWOV fact sheets contain concise relevant knowledge on topics within the road safety
themes and are updated regularly. Recently updated SWOV fact sheets can be found on

swov.nl/fact-sheets.

In general, crash risk is higher in bad weather than in good weather. Adverse weather conditions
are mainly rain, snow/hail, fog, strong winds, slipperiness, low sun and high temperatures.
Among other things, bad weather conditions can lead to longer braking distances (slipperiness
due to rain, snow or hail) and cause the vehicle to be less stable (wind). Visibility can also be
reduced, not only by fog, but also by splashing water, fogged-up windows or glare from low sun.
Road users generally adapt their behaviour to adverse weather conditions, for example by
reducing their driving speed or adapting their headway distance. However, the fact that risk often
increases in bad weather conditions indicates that behavioural adjustments are not adequate.
The weather also influences the amount and type of mobility: for example, more cyclists and
pedestrians will be out and about in good weather than in bad weather.

Measures that may reduce the negative effects of the weather on road safety are very diverse.
For example, there are infrastructural measures (good drainage, no rutting, de-icing),
conventional vehicle-related measures (windscreen wipers, fog lights, air conditioning, and so on)
and more advanced ones (real-time information in the vehicle), regulations (lower speed limits in
bad weather) and education (weather alerts, general behavioural advice). Quantitative
information on the safety effects of such measures is generally not available. During driver
training, generally not much experience is gained in driving in bad weather. Additional training,
such as skid courses, are often counterproductive.

1 How does the weather affect road safety?
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In general, crash risk is higher in bad weather conditions than in good weather conditions. Bad
weather conditions are mainly rain, snow/hail, fog, strong winds, slipperiness, low sun and high
temperatures.

Bad weather conditions can lead to longer braking distances (slippery conditions due to rain,
snow or hail) and cause the vehicle to be less stable (wind). Visibility can also be reduced, not
only by fog, but also by splashing water, fogged-up windows or glare from low sun. Heat/high
temperatures can cause people to think and act less effectively. However, people do appear to
compensate for poor weather conditions, for example by driving more slowly or adapting their
headway distance. This partly reduces the increased crash risk.

The weather also affects mobility, such as choosing whether or not to go out, the length of a trip,
the choice of transport mode, the time of departure, and the route [1]. For example, when the
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weather is fine, people are more likely to walk, cycle or ride motorbikes instead of driving cars or
using public transport (mode choice). Fine weather also leads to more recreational trips
(additional mobility) by pedestrians, cyclists and motorcyclists, for example. This leads to more
casualties among these groups, simply because of the greater exposure to road hazards.
Conversely, bad weather will result in fewer casualties among these groups.

Weather versus climate

Due to climate change, extreme weather conditions such as heavy precipitation, severe storms
and more extreme drought and heat are expected to become more frequent. This means that
weather effects should increasingly be taken into account when studying road safety
developments. On its website, CROW offers practical information for road authorities and others
on how to deal with the consequences of climate change, or 'climate adaptation' [2]. The online
CROW knowledge base also provides information on climate adaptation, for example by means
of a series of fact sheets [3].

2 Does the weather effect change over time?
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Nowadays, the road safety effect of the weather is different from 10, 20 years ago. This is mainly
due to technological developments. New technologies not only increase the opportunities to
avoid exposure to bad weather conditions (possible effect on mobility), but also to better cope
with bad weather conditions (possible effect on risk). This means that the results of older
research on the effect of adverse weather conditions are not straightforwardly applicable to the
current situation. It is therefore important to use recent literature whenever possible and to keep
these developments in mind when interpreting research results.

Potential effect on mobility

Innovations based on information technology have taken off in recent years. Think of innovations
in vehicle technology, and within the weather context especially the local short-term weather
forecast on phones. Whereas precipitation (‘bad weather') used to be something that just
happened to road users, it is now much more predictable by weather apps on smartphones. This
may affect exposure to bad weather: 'We had better go in 15 minutes, a shower is coming... ."
The effect of these apps on road safety is unlikely to be the same for all road users. For cyclists
and pedestrians, the threat of a shower is probably more reason to stay at home or leave later,
than for drivers. Less travelling in bad weather will reduce the effect of bad weather on the
number of casualties.

Possible effect on risk

Technological developments are also expected to have an effect on the risk of adverse weather
conditions, that is, on how much more dangerous traffic participation is in bad weather than in
good weather. For motor vehicles in particular, major advances in technological support for
drivers have been made in recent decades. These include Cooperative Adaptive Cruise Control (C-
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ACC), Lane Departure Warning (LDW) and Autonomous Emergency Brake (AEB) systems (see
SWOV fact sheet Intelligent transport and advanced driver assistance systems (ITS and ADAS)).
They prevent crashes, including crashes in bad weather. This kind of development implies that
more recent research should show a lower crash rate in bad weather than older research.

3 What is the effect of rain?

Most weather research has been done on the effect of rain and specifically on the safety of
motor vehicle occupants. An analysis of studies from several European countries over 1991-2016
[4] shows that all studies report a higher crash rate for driving/riding in the rain, than for
driving/riding in similar situations without rain. This is in terms of the number of crashes per
vehicle or per kilometre travelled. A more recent Finnish study [5] confirms an increased risk for
driving in the rain, but the increase is relatively small (see the question Which weather conditions
are most common when crashes occur and how dangerous are they?). There are far fewer studies
that have looked at other road users such as pedestrians and cyclists, and the results do not allow
an unequivocal conclusion on the effect of rain on their safety [4].

Reasons why rain increases risk for motor vehicles include longer braking distances, reduced tyre
grip (aquaplaning) and reduced visibility due to rain and splashing water on the windscreen. This
applies to a lesser extent to roads with very porous asphalt (see the question What measures can
reduce negative weather effects on road safety?). Moreover, a first light rain shower after a
longer dry period often causes slipperiness as road debris such as oil, rubber or dust mixes with
the water drops.

On rural roads and motorways, there are more crashes and casualties during rain than when it is
dry [4]. Thus, any mobility effects (see the question How does the weather affect road safety?) or
behavioural adjustments (see the question Do road users adapt their driving behaviour to
weather conditions?), at least on these roads, do not sufficiently compensate for the increased
risk. Studies that have looked at all road types collectively or only at urban roads show a more
mixed picture [4]. This may be because rain reduces the mobility of vulnerable road users, who
are mostly out and about in urban areas.

4 What is the effect of snow and hail?
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During showers, snow and hail lead to many of the same problems as rain, namely longer braking
distances, reduced visibility due to the precipitation itself and from splashing water. (Wet) snow
and hail showers more often than rain result in a slippery road surface with associated negative
consequences for braking distance and road grip. When snow settles, the road surface will
remain slippery, with consequences for road safety (see the question How many crashes occur
due to slippery roads? and How many crashes occur on or due to slippery bicycle tracks?).
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Much less research has been done on the effect of (wet) snow and hail than on the effect of rain.
The research that has been done on snow generally does not distinguish between the effects of
the precipitation itself and the effects of the resulting slipperiness. Moreover, the effect of snow
on mobility is not considered, or only to a limited extent. Analysis of seven studies from Belgium,
the Netherlands and Scandinavian countries on the effect of different characteristics of snow
(e.g., snowfall, depth of snow, presence of snow, number of snowy days [4]) does not allow for
an unambiguous conclusion. Positive effects (fewer crashes) were slightly more often reported
than negative effects (more crashes). Especially the first snow after a period without snow
appears to result in a higher crash risk. Adapting behaviour to snowy conditions will help reduce
or eliminate a(n) (negative) effect on the number of crashes. What is also important is that snow
reduces mobility, including that of more vulnerable road users such as pedestrians, cyclists,
motorised two-wheelers and older people [1]. A Finnish study [5] concludes that in Finland crash
risk in snow, i.e., corrected for mobility, is more than twice the average crash risk (see the
question Which weather conditions are most common in crashes and how dangerous are they?).
In Finland apparently, behavioural adjustments are insufficient to compensate for the more
dangerous driving conditions.

5 What is the effect of fog?
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Fog impedes visibility and therefore the ability to react to changing conditions in time. This
increases crash risk. Lower speeds in fog can only partially reduce the negative effects. The
extent to which visibility is impeded is, of course, an important factor. In this regard, the Dutch
national weather service KNMI states the following: "At a visibility of less than 400 metres, traffic
may be affected. Dense fog with a visibility of less than 200 metres is dangerous. Very dense fog
with a visibility of less than 50 metres forces people to drive at walking pace" [6].

Research on the road safety effects of fog is generally somewhat older and, to our knowledge, a
recent review article is lacking. A US study on the effect of fog on highway crashes in Florida [7]
shows that the effect of fog (visibility less than 1 mile/1.6 km) on crash risk is greatest near entry
and exit ramps and in the leftmost lane. The study also showed that, compared to clear visibility,
fog results in lower speeds and higher vehicle density (5-minute averages). However, a simulator
study [8] showed that the speed reduction is often insufficient to react timely and appropriately
to changes in the road environment, speed reduction of a vehicle in front or a suddenly crossing
pedestrian. The study also showed that professional drivers maintained a lower speed in fog
conditions than non-professional drivers. Another simulator study [9] compared experienced and
inexperienced drivers and found that both groups drove equally fast in fog. However, in
conditions of clear visibility, experienced drivers drove faster, meaning that experienced drivers
showed greater speed reduction in fog than inexperienced drivers. Fog also adversely affects
staying on course, a Naturalistic Driving study [10] found.
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6 What is the effect of strong wind?

Traffic participation in strong winds can be very dangerous. This is especially true for crosswinds
and sudden gusts of wind, and particularly for (unladen) trucks, passenger cars with trailers or
caravans and two-wheelers. Strong winds make it harder to control vehicles, and trucks and
trailers may tip over. Strong winds may also lead to broken branches and other loose objects and
even fallen trees on the road. A timely response is often impossible.

Recent general quantitative information on the road safety effect of strong winds is not available.
A somewhat older literature review [11] shows that the road safety effect of wind was only
sparingly studied in the past and what research was done, did not lead to consistent conclusions
either.

7 How many crashes occur due to slippery roads?
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In BRON, the database of crashes recorded by the police in the Netherlands, just under 1% of
crashes in recent years appear to have taken place in slippery conditions due to snow, sleet, hail
or frost (see Table 1). The extent to which this slipperiness was (partly) the cause of the crash is
not known. This 1% is the average over all 12 months. In the winter months, of course, the share
of crashes involving slipperiness is higher. In January, this share amounts to more than 4% of
crashes and in February to more than 3%. For fatal crashes, the share involving slipperiness is
slightly higher than for crashes in which the outcome is less serious. Slipperiness mostly occurred
over a number of consecutive days, such as from 7 to 15 February 2021. During that period,
about 30% of all registered crashes had involved slipperiness.

Table 1. Share of crashes (irrespective of severity), and share of fatal crashes, injury crashes, and property-damage-only
crashes (PDO) in slippery conditions due to snow, sleet, hail and frost over 2012-2021 by month. Source: BRON, edited by

SWOV.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec avg.
All 43% 34% 05% 04% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 03% 20% 0.9%
Fatal 59% 49% 1.0% 0.5% - - - - - - 0.2% 32% 1.1%
Injury 57% 4.6% 0.6% 04% 0.0% - - - 0.0% 0.0% 04% 28% 1.0%
PDO 41% 32% 05% 03% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 03% 19% 0.9%

Slipperiness is not only related to cold weather conditions. Slipperiness can also be caused by
mud, wet leaves or other forms of soiled road surface. According to the BRON database, an

annual average of 0.1% of registered crashes involved this kind of slippery road surface. In fatal

crashes, it was noted slightly more often (0.3%) than in crashes with less serious outcomes.
Again, it is not known whether this slipperiness was a (co-)cause of the crash, or just a road

condition. (Heavy) rain and wet road surfaces also lead to slipperiness. This is addressed in the

question What is the effect of rain?.
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The abovementioned shares of crashes due to slippery roads are most likely considerable
underestimates. It is known, for example, that crashes involving cyclists, and certainly cyclist
crashes without motor vehicle involvement, hardly show up in police registrations (see, for
example, SWOV fact sheet Cyclists). Yet, cyclists will be especially sensitive to slipperiness. See
the question How many crashes occur on or due to _slippery bicycle tracks?.

8 How many crashes occur on or due to slippery
bicycle tracks?

How many crashes occur on or due to slippery bicycle tracks is not known. There is some
information on the role of slipperiness in bicycle crashes in general. For instance, Krul and
colleagues [12] report that for 5% of the cyclists who ended up in a Dutch Accident & Emergency
department (A&E) after a crash, the crash was (partly) caused by a slippery road surface due to,
for example, leaves, and likewise for 5% due to slipperiness caused by snow and sleet. For single-
bicycle crashes, these shares are slightly higher, at 6 and 7% respectively.

Schepers and Klein Wolt [13] specifically looked at single-bicycle crashes in which the cyclist had
been treated in a Dutch A&E. In these crashes, 18% of the 350 crashes analysed were found to
have happened as a result of skidding on a slippery road surface. In a third of these cases, the
slipperiness was caused by dirt on the road such as sand, gravel, mud or wet leaves; about a fifth
involved slipperiness due to ice and snow.

9 What is the effect of low sun?
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Low morning and evening sun may dazzle road users, making it harder for them to see the traffic
situation in front of them, which implies they will react less quickly to, for example, brake lights
or traffic lights. Among other things, this leads to greater speed differences between vehicles
[14]. The angle of the sun to the driver's line of sight is essential here: the inconvenience is
greatest when the angle is less than 20°, which roughly corresponds to one hour after sunrise and
one hour before sunset [15]. The effects of low sun are greatest in autumn, winter and spring
[16].

In 2015 [17], the Dutch Association of Insurers reported that low sun during the morning rush
hour leads to 20% more crashes, especially between cars. Low sun during the evening rush hour
will mainly lead to an increase in crashes on provincial and municipal roads, as well as more
crashes involving pedestrians and cyclists (17%) and animals (7%). For Edmonton, Canada, Sun et
al [15] report an increase in crashes of 30%.

When the sun is low, crashes in urban areas mainly occur at intersections and are related to
running a red light and failing to give right of way to cyclists and pedestrians [15]. For Tucson,
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Arizona, Mitra [16] reports more rear-end collisions and more side-impact collisions at
intersections when the sun is low. She found no effect on crash severity.

10 What is the effect of high temperatures?

High temperatures increase crash risk [7] [18] [19].

In China [19], high temperatures were found to increase the risk of an injury crash by 20%
compared to normal temperatures (relative risk 1.20, 95% confidence interval 1.01 - 1.4). In Italy
[18], high temperatures were found to increase the risk of a fatal crash or injury crash by 12%
compared to normal temperatures (relative risk 1.12, 95% confidence interval 1.09-1.16). In the
United States [7], the relationship between heat waves and the number of fatal crashes was
examined: on days during a heat wave, an increase in fatal crashes of 3.4% (95% confidence
interval 0.9 - 5.9%) was found.

A major reason why high temperatures lead to a higher crash rate is that heat affects road user
behaviour, for instance through poorer sleep, decreased reaction time and concentration, and
getting annoyed faster (see, for example, [20]). In addition, heat increases the risk of a blowout,
especially if tyres are too soft.

11 Which weather conditions are most common in
crashes and how dangerous are they?

US data [21] show that about one in five crashes occurs in bad weather or on slippery road
surfaces: 21% of all crashes, 19% of injury crashes and 16% of fatal crashes. Relatively most of
these crashes involve a wet road surface (about 75%) and rain (about 50%). Snow/ice (about
15%), melting snow (about 10%) and fog (about 5%) are less common. The percentages
mentioned are based on absolute numbers of crashes, they say nothing about risk: certain
weather conditions occur less frequently than others and/or result in less mobility, and this partly
determines the share of crashes in that type of weather.

A Finnish study [5] did look at crash risk during bad weather, in particular crash risk during
different types of precipitation and at different precipitation intensities. As Table 2 shows, crash
risk during snow is more than twice as high and during sleet almost one and a half times as high
as average (= a relative risk of 1). In rain, crash risk hardly increases and with no precipitation
crash risk is slightly lower than average. Looking at precipitation intensity, regardless of
precipitation type, crash risk was found to be more than twice as high for heavy precipitation,
one and three-quarters times as high for showery precipitation and almost one and a half times
as high as average for slight precipitation. Furthermore, crash risk in bad weather conditions was
found to be relatively higher on motorways than on non-motorways, while in good weather
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conditions crash risk was lower on motorways. Also, crash risk in bad weather was higher for
single-vehicle crashes than for multiple-vehicle crashes.

Table 2. Relative risk at different types and intensities of precipitation in Finland (based on over 10,000 crashes on 43
major roads in Finland in 2014-2016). Source: [5].

Type and intensity of Frequency (Palm Relative risk Number of
precipitation probability) crashes
No precipitation 0.845 0.90 7992
Rain 0.088 1.06 978
Type
Sleet 0.005 1.46 77
Snow 0.062 2.18 1417
No precipitation 0.845 0.90 7992
Slight precipitation 0.140 1.49 2185
Intensity
Showers 0.013 1.76 231
Precipitation 0.002 2.08 51

12 What is the effect of summer/winter time?

The transition from summer time to winter time appears to be associated with a higher crash
risk. This is not related to fatigue due to one hour less sleep, but rather to the sudden transition
from an evening rush hour in the light to an evening rush hour in the dark, crash risk being higher
in the dark [22]. This increased risk remains apparent for several months after winter time has
started. Again, this suggests that the higher risk is not so much related to the transition to winter
time, but rather to an evening rush hour in the dark. See also SWOV fact sheet Fatigue.

13 What is the effect of winter tyres?
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There is no clear evidence for the road safety effect of winter tyres. It is claimed that winter tyres
are safer than summer tyres at temperatures below 7 degrees Celsius: winter tyres would
provide better grip and shorter braking distances. However, there are hardly any crash studies to
support this supposed effect. Moreover, the crash studies that do exist were carried out in
countries with very different winter conditions than the Netherlands, such as Sweden [23] [24].

More information about winter tyres and their possible road safety effect can be found in SWOV
fact sheet Safe passenger cars.
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14 Do road users adjust their driving behaviour to
weather conditions?

Road users generally adjust their behaviour when out and about in adverse weather conditions,
such as by choosing a lower driving speed or adapting their headway distance. However, the fact
that in many adverse weather conditions crash risk is higher indicates that behavioural
adjustments are not adequate.

There seem to be few recent studies on the effects of weather on driving behaviour. A review of
studies from particularly the 1990s and early this century [25] indeed shows that drivers adjust
their behaviour in rain, snow and fog. This mainly involves lower driving speeds. This is confirmed
in a study on the speed effects of fog in the US [7] and of rain and snow in Sweden [26]. The
latter study additionally found that the speed reduction during rain and snow was greater on
roads with a higher limit: about 2.5% on roads with an 80 km/h limit to about 5% on roads with a
110 km/h limit. In all cases, speed reduction was greater in snow than in rain. Furthermore,
speed reduction was often found to be greater in the dark, especially on roads without lighting.

In Korea, Woo and colleagues [14] report not so much lower speeds, but in particular greater
speed differences when road users are blinded by the sun.

The research on headway distances in fog, as cited by Hamdar and colleagues [25], shows
conflicting results, possibly related to two different driving styles: some studies report a greater
distance in fog, others a smaller one, presumably because some drivers want to keep some kind
of beacon or reference point in front of them.

Another way to adjust behaviour to bad weather conditions is to choose a different route [1].
When the weather is bad, road users may choose a route where the effect of bad weather is
expected to be lower, for example by choosing the motorway instead of an unlit shortcut when it
is dark and rainy, or by avoiding a road along a canal or waterway when it is slippery. We do not
know to what extent this form of behavioural compensation occurs.

At a more strategic level, before they actually hit the road, many road users adjust their travel
behaviour: by postponing a trip, choosing a different transport mode or destination, or cancelling
the trip altogether [1].

15 What measures can reduce adverse weather
effects on road safety?
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The measures that can reduce adverse effects of weather on road safety are very diverse. We
successively discuss infrastructural measures, vehicle-related measures, regulations, and
education/training. Quantitative information on the effects of these types of measures is
generally not available.
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Infrastructure

For driving in rain, good drainage is very important. Very porous asphalt provides this good
drainage. In the Netherlands, it is mainly used on motorways and sometimes on 80 km/h roads.
Very porous asphalt is less suited for frost because it becomes slippery sooner than other types
of asphalt. This is because the open structure allows the cold to penetrate the asphalt more
quickly and ground-source heat has less effect, causing the road surface to freeze faster. The
open structure also causes road salt to dilute faster and wash away sooner.

For driving in rain, it is also important that there are no ruts where rainwater remains. The
combination of ruts and very heavy rain can easily result in aquaplaning. This involves a layer of
water between the road surface and the tyres, causing the vehicle to lose grip on the road
surface.

Timely and adequate de-icing helps prevent crashes due to slipperiness. This certainly applies to
bicycle tracks and roads that are frequently used by cyclists. In addition to slipperiness due to
snow, sleet and frost, it can also be due to, for example, mud or wet leaves on the road. Keeping
roads and in particular bicycle tracks clean will therefore also help to prevent those kinds of
slipperiness-related crashes.

Finally, local warning signs and other informational signs may help alert road users to specific
local risks, such as skidding hazards, slippery snow and sleet, risk of crosswinds, rutting or mud on
the road. Sometimes, there is also a lower local speed limit with a plate below the speed limit
sign indicating that it only applies in rain or wet road conditions.

Vehicle (technology)

Motor vehicles have several tools to reduce the most immediate effects of adverse weather
conditions. These include maintaining adequate visibility (windshield wipers, air conditioning),
being sufficiently visible to others (general lighting, fog lights), maintaining grip on the road (tyres
with sufficiently deep tread) and avoiding extreme temperatures inside the vehicle (heating, air
conditioning). Spray-suppression is mandatory for trucks (of 7.5 tons and above) and for trailers
(of 3.5 tons and above). This limits water spray from the tyres. The safety effect of winter tyres is
unclear (see the question What is the effect of winter tyres?).

Many cars have a system that visually or audibly indicates that the outside temperature is
heading toward or below zero. With the increasing ability to provide vehicles with real-time
information (communication between vehicles (V2V) and between vehicles and infrastructure
(V2l and 12V)), the ability to warn individual drivers of current or imminent bad weather
conditions is also increasing. Several simulator studies have found positive effects of this
communication on, for example, speed choice (e.g., [27] [28]), but increasing task load
(additional information that must be responded to) is a concern [29].

Regulations

In some countries, the general speed limit changes with current or expected bad weather
conditions. A few examples: in France, for example, the general limit on motorways drops from
130 to 110 km/h in case of rain and snow, and from 80 to 70 km/h on rural roads. On wet
motorways in Germany, there is a (lower) limit at some locations. The Netherlands also has
similar local speed limits for wet roads. Finland uses lower limits in winter than in summer: 100

The impact of the weather. SWOV fact sheet, July 2023
SWOV Institute for Road Safety Research, The Hague
10 of 14



S 'HIn"I SWOV fact sheet

INSTITUTE FOR

instead of 120 km/h on motorways and 80 instead of 100 km/h on main roads in rural areas.
Estonia, Latvia and Lithuania also have lower limits in winter.

More and more countries, including the Netherlands, use matrix displays to introduce
temporarily lower speed limits in case of (current) bad weather conditions such as slipperiness,
fog or strong winds. Speed limits on matrix displays have an important signal function and lead to
more homogeneous speeds, a decrease in the number of crashes and near crashes and to less
intensive braking manoeuvres (see SWOV fact sheet Speed and speed management).

Public communication & training

In the Netherlands, the Dutch national weather service KNMI warns of expected bad weather
conditions for traffic, among other things, using the codes yellow, orange and red. Warnings are
regional, usually by province. Code yellow (be alert) may be issued 48 hours before the weather
phenomenon occurs with a certainty of at least 60%. Code orange (be prepared) may be issued
24 hours in advance, likewise at a certainty of at least 60%. Code red (take action) is not issued
sooner than 24 hours before the weather phenomenon occurs, even if there is a low probability
but high safety risk. For details on the type of weather conditions for which a warning is issued,
see the KNMI website [30]. The effect of the code warnings on mobility and/or behavioural
choices in traffic is not known.

In addition to these specific warnings, there is also more general advice (in case of slipperiness:
keep your distance, look far ahead, accelerate slowly, and apply maximum, non-pumping
braking) and slogans (“in case of fog: double your distance, halve your speed"). To what extent
people are aware of this type of advice, and are able and willing to take heed, is not known.

In general, road users receive little or no training in dealing with bad weather. There is very little
opportunity of practising in bad weather during driver training. Various skid courses are offered
for cars and also for motorcycles, one of the aims of which is to teach drivers to cope with bad
weather conditions. However, skid courses have often proved counterproductive: they are too
short to automate the complex, sometimes counter-intuitive, actions required to control a car
when skidding, while after the course people do trust their ability to do so and therefore take
more risks in slippery or heavy rain (see SWOV fact sheet Driver training and driving tests).
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Below you will find the list of references that are used in this fact sheet; all sources can be
consulted or retrieved. Via Publications you can find more literature on the subject of road

safety.

[1]. Jonkeren, O. (2020). De invloed van het weer op de personenmobiliteit. Kennisinstituut voor
Mobiliteitsbeleid KiM, Den Haag.

The impact of the weather. SWOV fact sheet, July 2023
SWOV Institute for Road Safety Research, The Hague
11 of 14


https://swov.nl/node/16360
https://swov.nl/node/17256
https://swov.nl/en/node/20132
https://swov.nl/node/61448

S

'@ )
ul .‘I SWOV fact sheet

INSTITUTE FOR

SWOV fact sheet

Page

[2]. CROW (2023). Klimaatadaptatie. Kennisplatform CROW. Accessed on 26-05-2023 at
https://www.crow.nl/thema-s/duurzaamheid/klimaatadaptatie.

[3]. CROW (2023). Analyse klimaatadaptatieprojecten ten behoeve van aanpassing richtlijnen.
Kennisplatform CROW. Accessed on 26-05-2023 at
https://kennisbank.crow.nl/kennismodule/detail/64189#64189.

[4]. Focant, N. & Martensen, H. (2016). Effects of rain on road safety. European Road Safety
Decision Support System, developed by the H2020 project SafetyCube. Accessed on 06-03-2023
at https://www.roadsafety-dss.eu.

[5]. Malin, F., Norros, |. & Innamaa, S. (2019). Accident risk of road and weather conditions on
different road types. In: Accident Analysis & Prevention, vol. 122, p. 181-188.

[6]. KNMI (2023). Zicht. Koninklijk Nederlands Meteorologisch Instituut. Accessed on 26-05-2023
at https://www.knmi.nl/kennis-en-datacentrum/waarschuwingen/zicht.

[7]. Wu, Y., Abdel-Aty, M. & Lee, J. (2018). Crash risk analysis during fog conditions using real-
time traffic data. In: Accident Analysis & Prevention, vol. 114, p. 4-11.

[8]. Yan, X,, Li, X,, Liu, Y. & Zhao, J. (2014). Effects of foqqy conditions on drivers’ speed control
behaviors at different risk levels. In: Safety Science, vol. 68, p. 275-287.

[9]. Mueller, A.S. & Trick, L.M. (2012). Driving in fog: The effects of driving experience and
visibility on speed compensation and hazard avoidance. In: Accident Analysis & Prevention, vol.
48, p. 472-479.

[10]. Das, A., Ghasemzadeh, A. & Ahmed, M.M. (2019). Analyzing the effect of fog weather
conditions on driver lane-keeping performance using the SHRP2 naturalistic driving study data. In:
Journal of Safety Research, vol. 68, p. 71-80.

[11]. Theofilatos, A. & Yannis, G. (2014). A review of the effect of traffic and weather
characteristics on road safety. In: Accident Analysis & Prevention, vol. 72, p. 244-256.

[12]. Krul, I., Valkenberg, H., Asscherman, S., Stam, C., et al. (2022). Fietsongevallen en snor-
/bromfietsongevallen in Nederland - SEH-bezoeken: inzicht in oorzaken, gevolgen en
risicogroepen. Rapport 934. VeiligheidNL.

[13]. Schepers, P. & Klein Wolt, K. (2012). Single-bicycle crash types and characteristics. In:
Cycling Research International, vol. 2, p. 119-135.

[14]. Woo, B., Kim, H., Kim, J., Baik, H., et al. (2021). Influence of solar glare intensity on vehicular
speed variance. In: Journal of Transport & Health, vol. 20, p. 101020.

[15]. Sun, D., EI-Basyouny, K. & Kwon, T.J. (2018). Sun glare: Network characterization and safety
effects. In: Transportation Research Record, vol. 2672, nr. 16, p. 79-92.

[16]. Mitra, S. (2014). Sun glare and road safety: An empirical investigation of intersection
crashes. In: Safety Science, vol. 70, p. 246-254.

[17]. Verbond van Verzekeraars (2015). Spitszon en start schoolseizoen gevaarlijk voor verkeer.
Website Verbond van Verzekeraars. Accessed on 09-01-2023 at
https://www.verzekeraars.nl/publicaties/actueel/spitszon-en-start-schoolseizoen-gevaarlijk-
voor-

The impact of the weather. SWOV fact sheet, July 2023
SWOV Institute for Road Safety Research, The Hague
12 of 14


https://www.crow.nl/thema-s/duurzaamheid/klimaatadaptatie
https://kennisbank.crow.nl/kennismodule/detail/64189#64189
https://www.roadsafety-dss.eu/
https://doi.org/10.1016/j.aap.2018.10.014
https://doi.org/10.1016/j.aap.2018.10.014
https://www.knmi.nl/kennis-en-datacentrum/waarschuwingen/zicht
https://doi.org/10.1016/j.aap.2017.05.004
https://doi.org/10.1016/j.aap.2017.05.004
https://doi.org/10.1016/j.ssci.2014.04.013
https://doi.org/10.1016/j.ssci.2014.04.013
https://doi.org/10.1016/j.aap.2012.03.003
https://doi.org/10.1016/j.aap.2012.03.003
https://doi.org/10.1016/j.jsr.2018.12.015
https://doi.org/10.1016/j.jsr.2018.12.015
https://doi.org/10.1016/j.aap.2014.06.017
https://doi.org/10.1016/j.aap.2014.06.017
https://swov.nl/node/160439
https://swov.nl/node/160439
https://swov.nl/node/160439
https://swov.nl/node/160899
https://doi.org/10.1016/j.jth.2021.101020
https://doi.org/10.1016/j.jth.2021.101020
https://doi.org/10.1177/0361198118784143
https://doi.org/10.1177/0361198118784143
https://doi.org/10.1016/j.ssci.2014.06.005
https://doi.org/10.1016/j.ssci.2014.06.005
https://www.verzekeraars.nl/publicaties/actueel/spitszon-en-start-schoolseizoen-gevaarlijk-voor-verkeer#:%7E:text=Een%20laagstaande%20zon%20tijdens%20de,op%20circa%20vijfhonderd%20extra%20aanrijdingen
https://www.verzekeraars.nl/publicaties/actueel/spitszon-en-start-schoolseizoen-gevaarlijk-voor-verkeer#:%7E:text=Een%20laagstaande%20zon%20tijdens%20de,op%20circa%20vijfhonderd%20extra%20aanrijdingen

S

'@ )
ul 1’ SWOV fact sheet

INSTITUTE FOR

SWOV fact sheet

Page

verkeer#:~:text=Een%20laagstaande%20zon%20tijdens%20de,0p%20circa%20vijfhonderd%20ext
ra%20aanrijdingen.

[18]. Gariazzo, C., Bruzzone, S., Finardi, S., Scortichini, M., et al. (2021). Association between
extreme ambient temperatures and general indistinct and work-related road crashes. A
nationwide study in Italy. In: Accident Analysis & Prevention, vol. 155, p. 106110.

[19]. Liang, M., Zhao, D., Wu, Y., Ye, P., et al. (2021). Short-term effects of ambient temperature
and road traffic accident injuries in Dalian, Northern China: A distributed lag non-linear analysis.
In: Accident Analysis & Prevention, vol. 153, p. 106057.

[20]. Qian, S., Li, M., Li, G, Liu, K., et al. (2015). Environmental heat stress enhances mental
fatique during sustained attention task performing: Evidence from an ASL perfusion study. In:

Behavioural Brain Research, vol. 280, p. 6-15.

[21]. FHWA (2023). How Do Weather Events Impact Roads? Federal Highway Administration. U.S.
Department of Transportation. Accessed on 26-05-2023 at
https://ops.fhwa.dot.gov/weather/gl roadimpact.htm.

[22]. Bijleveld, F.D. & Stipdonk, H.L. (2013). De relatie tussen het ingaan van de wintertijd en het
aantal verkeersslachtoffers [The relation between the end date of daylight saving time and the
number of road traffic casualties. Is there an increase in the number of casualties when the clock
is set back one hour?]. R-2013-8 [Summary in English]. SWQOV, Leidschendam.

[23]. Strandroth, J., Rizzi, M., Olai, M., Lie, A., et al. (2012). The effects of studded tires on fatal
crashes with passenger cars and the benefits of electronic stability control (ESC) in Swedish winter
driving. In: Accident Analysis & Prevention, vol. 45, p. 50-60.

[24]. Malmivuo, M., Luoma, J. & Porthin, M. (2017). Studded and unstudded winter tires in fatal
road accidents in Finland. In: Traffic Injury Prevention, vol. 18, nr. 5, p. 550-555.

[25]. Hamdar, S.H., Qin, L. & Talebpour, A. (2016). Weather and road geometry impact on
longitudinal driving behavior: Exploratory analysis using an empirically supported acceleration
modeling framework. In: Transportation Research Part C: Emerging Technologies, vol. 67, p. 193-
213.

[26]. Jagerbrand, A.K. & Sjobergh, J. (2016). Effects of weather conditions, light conditions, and
road lighting on vehicle speed. In, SpringerPlus vol. 5, nr. 1, p. 505.

[27]. Yang, G., Ahmed, M., Gaweesh, S. & Adomah, E. (2020). Connected vehicle real-time traveler
information messages for freeway speed harmonization under adverse weather conditions:
Trajectory level analysis using driving simulator. In: Accident Analysis & Prevention, vol. 146, p.
105707.

[28]. Zhao, X., Xu, W., Ma, J., Li, H., et al. (2019). Effects of connected vehicle-based variable
speed limit under different fogqgy conditions based on simulated driving. In: Accident Analysis &
Prevention, vol. 128, p. 206-216.

[29]. Guan, W., Chen, H., Li, X,, Li, H., et al. (2022). Study on the Influence of Connected Vehicle
Fog Warning Systems on Driving Behavior and Safety. In: Journal of Advanced Transportation, vol.
2022, nr. Article ID 8436388.

The impact of the weather. SWOV fact sheet, July 2023
SWOV Institute for Road Safety Research, The Hague
13 of 14


https://www.verzekeraars.nl/publicaties/actueel/spitszon-en-start-schoolseizoen-gevaarlijk-voor-verkeer#:%7E:text=Een%20laagstaande%20zon%20tijdens%20de,op%20circa%20vijfhonderd%20extra%20aanrijdingen
https://www.verzekeraars.nl/publicaties/actueel/spitszon-en-start-schoolseizoen-gevaarlijk-voor-verkeer#:%7E:text=Een%20laagstaande%20zon%20tijdens%20de,op%20circa%20vijfhonderd%20extra%20aanrijdingen
https://doi.org/10.1016/j.aap.2021.106110
https://doi.org/10.1016/j.aap.2021.106110
https://doi.org/10.1016/j.aap.2021.106110
https://doi.org/10.1016/j.aap.2021.106057
https://doi.org/10.1016/j.aap.2021.106057
https://doi.org/10.1016/j.bbr.2014.11.036
https://doi.org/10.1016/j.bbr.2014.11.036
https://ops.fhwa.dot.gov/weather/q1_roadimpact.htm
https://www.swov.nl/node/12231
https://www.swov.nl/node/12231
https://doi.org/10.1016/j.aap.2011.11.005
https://doi.org/10.1016/j.aap.2011.11.005
https://doi.org/10.1016/j.aap.2011.11.005
https://doi.org/10.1080/15389588.2016.1243239
https://doi.org/10.1080/15389588.2016.1243239
https://doi.org/10.1016/j.trc.2016.01.017
https://doi.org/10.1016/j.trc.2016.01.017
https://doi.org/10.1016/j.trc.2016.01.017
https://doi.org/10.1186/s40064-016-2124-6
https://doi.org/10.1186/s40064-016-2124-6
https://doi.org/10.1016/j.aap.2020.105707
https://doi.org/10.1016/j.aap.2020.105707
https://doi.org/10.1016/j.aap.2020.105707
https://doi.org/10.1016/j.aap.2019.04.020
https://doi.org/10.1016/j.aap.2019.04.020
https://doi.org/10.1155/2022/8436388
https://doi.org/10.1155/2022/8436388

S UIn"I SWOV fact sheet

[30]. KNMI (2023). Uitleg over KNMI waarschuwingen. Koninklijke Nederlandse Meteorologisch
Instituut. Accessed on 26-05-2023 at https://www.knmi.nl/kennis-en-datacentrum/uitleg/knmi-

waarschuwingen.

Colophon

Reproduction is allowed with due acknowledgement:
SWOV (2023). The impact of the weather. SWOV fact sheet, July 2023. SWQOV, The Hague.

URL Source:
https://swov.nl/en/fact-sheet/impact-weather

Topics:
Risks

Figures:

SWOV fact sheet The impact of the weather. SWOV fact sheet, July 2023
SWOV Institute for Road Safety Research, The Hague
Page 14 of 14


https://www.knmi.nl/kennis-en-datacentrum/uitleg/knmi-waarschuwingen
https://www.knmi.nl/kennis-en-datacentrum/uitleg/knmi-waarschuwingen
https://swov.nl/en/fact-sheet/impact-weather

SWov

SWOV Institute for Road Safety Research
PO 93113

2509 AC The Hague

Henri Faasdreef 312

+31703173333

info@swov.nl

www.swov.nl

[ @swov / @swov_nl

[ linkedin.com/company/swov


http://www.swov.nl/
https://twitter.com/swov
https://twitter.com/swov_nl
http://linkedin.com/company/swov

	Front cover
	Summary
	1 How does the weather affect road safety?
	2 Does the weather effect change over time?
	3 What is the effect of rain?
	4 What is the effect of snow and hail?
	5 What is the effect of fog?
	6 What is the effect of strong wind?
	7 How many crashes occur due to slippery roads?
	8 How many crashes occur on or due to slippery bicycle tracks?
	9 What is the effect of low sun?
	10 What is the effect of high temperatures?
	11 Which weather conditions are most common in crashes and how dangerous are they?
	12 What is the effect of summer/winter time?
	13 What is the effect of winter tyres?
	14 Do road users adjust their driving behaviour to weather conditions?
	15 What measures can reduce adverse weather effects on road safety?
	Publications and sources
	Colophon
	Back cover

