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Abstract

Aim Road traffic incidents are one of the most significant causes of death globally, with previous research showing that
many meteorological factors influence road traffic safety. The purpose of this scoping review was to examine the effect of
high ambient temperature and humidity on road traffic incidents across various climatic zones.

Subject and methods A search of Ovid MEDLINE, CINAHL, PsycInfo (ProQuest), SafetyLit, and Scopus databases was
undertaken to identify studies published between 2002 and 2022, focusing on the association between driver safety, and
temperature and humid climate. Available data were extracted and analyzed to evaluate the impact of temperature and
humidity on road traffic incidents.

Results Forty-eight studies reported on the influence of temperature on driver safety. Two of four studies conducted in polar
and subpolar climates reported negative correlations; nine of 11 studies in tropical and subtropical climates reported posi-
tive correlations; and 15 studies in temperate climates reported positive whilst five studies reported negative correlations
between temperature and traffic incidents. In addition, only ten reported the influence of humidity, and two reported positive
correlations, three reported negative correlations, and four reported no significant association. No characteristic tendency
was found in the association between humidity and traffic incidents.

Conclusion There is an association between climate and road traffic incidents, with increases found in both extreme hot and
extreme cold environmental conditions; however, the influence of relative humidity is less evident.

Keywords Traffic incident - Climate - Temperature - Humidity - Hot

Introduction

Road traffic incidents are an important cause of mortal-
ity and physical disability worldwide (Lozano et al. 2012;
WHO 2023). In the most recent report by the Global Burden
of Disease study, approximately 1.2 million (95% uncer-
tainty interval [UI], 1.19—1.28 million) road-related deaths
were reported in 2017, with age-standardized mortality
rates by road injuries increasing between 1990 and 2017
(James et al. 2020).
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Climate change is a significant problem worldwide. The
global temperature has increased by 0.18 °C per decade
since 1981, and the average surface temperature in 2021 was
0.84 °C greater than the twentieth-century average (National
Oceanic and Atmospheric Administration 2024). Previ-
ously, Gasparrini et al. (2015) reported that mortality rates
in cold climates were higher than in hot climates, suggesting
that rising temperature could help reduce global mortality.
However, due to global warming, the growing frequency of
extreme heat events has become an increasingly serious issue
worldwide. Recent research has highlighted the impact of the
increasing occurrence of heat waves, with resulting increases
in mortality (Franklin et al. 2023; Mason et al. 2022; Orru
and Astrom 2017). Therefore, the influence of hot tempera-
tures will become increasingly important in the future, war-
ranting investigation into the effects of heat and road safety.

There are many known risk factors for road traffic
incidents, which can be divided into groups such as host
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(human), agent (vehicle and equipment), physical, or socio-
economic environments (Bachani et al. 2017). Environment
is a known factor of traffic accidents (Stoupel et al. 2009),
with one of the most significant physical environmental risk
factors being the weather (Andrey et al. 2003). Hot environ-
ments have been considered a factor due to an increased
rate of traffic incidents and fatal outcomes (Basagaiia et al.
2015; Pinskwar et al. 2024; Wu et al. 2018). In the labora-
tory setting, driving performance in warmer ambient tem-
peratures (35 °C, 50% relative humidity [RH]) was found
to be impaired when compared to thermoneutral conditions
(20 °C, 50% RH) (Daanen et al. 2003). In addition, sim-
ple driving tasks, such as keeping the vehicle on a straight
course, were found to deteriorate by up to 50%, while under-
taking demanding driving tasks, such as correctly identify-
ing a signal and reacting, were found to decrease by over
75% under the duress of heat stress (Lenzuni et al. 2014).
Therefore, it appears that driving performance may be
diminished when driving in hot environments, although the
underlying mechanism is unclear.

Relative humidity also seems to be a factor impacting
driver safety. For example, Xiayou et al. (2021) explored
cognitive performance in hot-dry (39 °C and 50% RH)
and hot-humid (39 °C and 70% RH) conditions and
showed that cognitive performance was lower in the hot-
humid condition. Xiayou et al. (2021) postulated that the
combination of heat and humidity may hamper driving
skills due to impaired cognitive performance. Interestingly,
Gao et al. (2016) reported no correlation between RH and
traffic incidents in Shantou City in China, where the average
temperature and RH were 22.6 °C and 75.0%, respectively,
which was notably cooler than the laboratory environmental
conditions set by Xiayou et al. (2021). Moreover, there are
countries situated within or in proximity to the tropics which
can reach temperatures and RH similar to or exceeding that
investigated by Xiayou et al. (2021). Furthermore, the effect
of the tropical (high temperature and RH) environment on
road traffic safety is predicted to increase due to climate
change (National Oceanic and Atmospheric Administration
2024). Therefore, clarifying the association between hot
and humid environments and driver safety is increasingly
important.

Liang et al. (2022) conducted a systematic review and
meta-analysis on the influence of temperature on traffic
incidents. In this review, 34 studies reported that higher
ambient temperatures increased traffic incident injuries,
whilst only two studies reported increased traffic incident
injuries in lower ambient temperatures. In their meta-
analysis, the risk of traffic incidents was significantly
associated with increased temperature, with an overall
relative risk of road traffic injuries of 1.025 (95% confidence
interval [CI] 1.014-1.035). However, almost all of the
studies in the review were conducted in temperate zones,
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and nothing was reported for subtropical, tropical, subpolar,
or polar areas, where the ambient temperatures can be more
extreme. Furthermore, Liang et al. (2022) did not report on
studies that examined the impact of RH on traffic incidents,
despite prior evidence suggesting RH as an environmental
factor influencing driving performance (Xiayou et al. 2021).
Therefore, we conducted a systematic literature review
aimed at exploring the impact of ambient temperature and
RH on traffic incidents across various climatic zones.

Materials and methods

A systematic review was undertaken, following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement 2020 guidelines (Page et al. 2021).
To the authors” knowledge, there are currently no published
review protocols suitable for investigating how temperature
and relative humidity influence traffic incidents across
various climatic zones.

Literature search

A search of Ovid MEDLINE, CINAHL, Psyclnfo
(ProQuest), SafetyLit, and Scopus databases was conducted
for all related studies published from 1 January 2004 to 1
June 2024. To identify articles that met our aim, we used
the keywords “automobile driving”, “climate”, “extreme
weather, humidity or temperature”, and “traffic accident” as

free text in all databases.
Eligibility criteria

The inclusion criteria for this review were as follows: (i)
published within the last 20 years (2004 to 2024), (ii) peer-
reviewed articles, (iii) original research paper, (iv) full text
available, and (v) mentioned the relationship between hot
and/or humid climate and road traffic injuries or deaths.
Studies were excluded for the following: (i) non-peer-
reviewed journal or other type of publication, or (ii) did not
mention the impact of hot or humid temperature on road
traffic injuries or deaths.

Data collection process

The abstracts extracted from the search were screened by
two authors (SK and KD) using the inclusion and exclusion
criteria, and any conflicts arising during this initial screen-
ing process were resolved by consulting the other authors
(WS and RF). This screening procedure was also applied
for full original articles, with emphasis on ensuring that
full-text articles reported on data regarding the impact of
hot or humid climates on driver safety. Available data from
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all selected studies were extracted and stored in an Excel
spreadsheet. An overview of the data collection process is
shown in Fig. 1.

We extracted data on geographic location (i.e., city and
country), climatic zone (i.e., tropical, subtropical, subpolar,
and polar), study period, definition of temperature and RH,
and outcome measures reporting on the association between
hot and humid environments and traffic incidents. Climatic
zone was categorized based on a previous definition (Feng
et al. 2014), and we distinguished the climatic zone from
cities or countries included within these studies.

Data quality assessment

The methodological quality of studies reporting on the
impact of ambient temperature and/or humidity on road
traffic incidents was assessed using the Joanna Briggs
Institute (JBI) critical appraisal checklist for prevalence
research designs (Munn et al. 2020). To evaluate the overall
quality of included studies, JBI checklist scores of 7/9, 6/9,
5/9, and 4/9 were classified as excellent, good, fair, and poor,
respectively, for the prevalence checklist.

Results

Following the removal of duplicates, 2926 abstracts were
identified across the databases. Once screened, 2820
abstracts were excluded. After full-text screening, 48 studies

Studies identified through database search (n = 2926)
CINAL (n = 104)

MEDLINE (n = 579)

PsycInfo (n = 164)

SaftyLit (n = 691)

Scopus (n = 1388)

_’I Before 2004 or Duplication (1019) |

v

| Articles screened after duplicated removed (n = 1907) |

_PI Articles excluded (n = 1801) |

v

Full text articles accessed for eligibility (n = 106) |

_DI Not outcome of interest (n = 58) |

A 4

| Studies included (n = 48) |

Fig. 1 Flowchart of assessment of studies

met our inclusion criteria (Fig. 1). The summary of 48 arti-
cles is presented in Table 1.

The characteristics of epidemiological studies

The geographical characteristics and foci of studies included
in the review are summarized in Table 1. Of the 40 studies
that reported on the impact of hot and humid environments
on traffic incidents between 2004 and 2024, geographical
locations included the USA (n=13), China (n=11), Canada
(n=3), Japan (n=2), Iran (n=2), Pakistan (n=2), Finland
(n=1), Australia (n=1), Kuwait (n=1), Saudi Arabia
(n=1), England and Wales (n=1), France (n=1), Greece
(n=1), Italy (n=1), Korea (n=1), the Netherlands (n=1),
Romania (n=1), and Malaysia (n=1; Table 1).

Four studies were conducted in polar and subpolar areas,
seven were conducted in dry areas, seven were conducted
in tropical and subtropical areas, and 30 were conducted in
temperate areas (Table 1 and Fig. 2). Twenty-eight studies
focused on road traffic accidents, 11 on road traffic injuries,
seven on road traffic deaths, three on road traffic injuries and
deaths, and three on road traffic injury severity (Table 1).

The impact of temperature on traffic incidents

The impact of temperature on traffic incidents is summarized
in Table 2. All 48 studies reported that temperature
influenced traffic incidents. Nineteen studies focused on
daily mean temperature, eight focused on monthly mean
temperature, seven on hourly temperature, and six on
heat wave days or extreme heat events (Table 2). When
comparing high temperatures and traffic incidents, 31 studies
reported positive correlations, seven reported negative
correlations, and five reported no significant relationships.
In five studies, traffic incidents increased in both hotter and
colder conditions (Table 2 and Fig. 2).

The relationship between the impact
of temperature on road traffic incidents and climatic
zone

A summary of the relationship between the impact of tem-
perature on road traffic incidents and climate zones is pre-
sented in Table 2. Of the four studies in polar and subpolar
areas, two studies reported negative correlations between
temperature and traffic incidents (Brubacher et al. 2016; El-
Basyouny et al. 2014), one study reported a positive cor-
relation (Perrels et al. 2015), and the other study reported
no significant correlation (Kamel and Sayed 2021). Con-
versely, five of seven studies conducted in dry areas and six
of seven conducted in tropical and subtropical areas reported

@ Springer
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Table 1 (continued)

Outcome

Source of meteorological

data

Source of crash data

City/state/province Country Climate zone

Study
years

Reference

North American Land Data Road traffic accidents

Alabama Department

Temperate

20092018 Alabama USA

Wu 2022

Assimilation System
(NLDAS-2)

UA

of Transportation

(ALDOT)
Fatality Analysis Report-

Road traffic deaths

Temperate

USA

2001-2006 California, Arizona

Zou et al. 2021

ing System (FARS)
University of Iowa Injury Road Weather Information Road traffic accidents

Temperate

USA

2002-2012 Iowa

Tamerius et al. 2016

System (RWIS)

Prevention Research

Center (IPRC)
Connecticut Transporta-

Road traffic accidents

National Centers for Envi-

Temperate

USA

2011-2015 Connecticut

Zhao et al. 2019

ronmental Information

(NCEI)

tion Crash Data Reposi-

tory

NA not applicable, UA unavailable

a positive correlation between temperature and traffic inci-
dents (Table 2).

In addition, 30 studies were conducted in a temperate
zone, with 19 reporting positive correlations (Table 2), five
reporting negative correlations (Brijs et al. 2008; Cheng
etal. 2017; Ma et al. 2016; Wu 2022; Zhao et al. 2019), and
three reporting no relationship (Izquierdo et al. 2013; Jones
et al. 2008; Theofilatos 2017). Five studies reported that
traffic incidents increased in both hot and cold conditions; of
these, three studies were conducted in a temperate zone (Hou
et al. 2022; Liang et al. 2021; Tamerius et al. 2016), one in
a dry area (Zare et al. 2022), and the other in a subtropical
area (Xing et al. 2019).

The impact of humidity on traffic incidents

Compared to temperature, there were fewer studies
investigating the association between RH and driver safety,
with only ten studies reporting the impact of humidity on
driver safety (Table 3). All studies reported the influence
of RH, whilst none addressed the influence of absolute
humidity. Two studies each focused on monthly mean
RH (Datoorpoor et al. 2016; Gao et al. 2016), daily mean
RH (Al-Harbi et al. 2012; Cheng et al. 2017), and hourly
mean RH (Pathivada et al. 2024; Theofilatos 2017). Three
studies reported negative correlations between RH and
traffic incidents (Datoorpoor et al. 2016; Lio et al. 2019;
Naik et al. 2016), and two reported a positive correlation
(Pathivada et al. 2024; Song et al. 2019), whilst four studies
reported no significant relationships (Al-Harbi et al.2012;
Gao et al. 2016; Theofilatos 2017). One study (Xing et al.
2019) reported that the relative risk of road traffic accidents
was 1.32 in dry (RH<43%) and 1.14 in humid (RH>97%)
environments.

Other meteorological factors

Twenty-one studies considered meteorological risk and
protective factors other than heat and RH (Abe et al.
2008; Ali et al. 2020; Bergel-Hayat et al. 2013; Brijs
et al. 2008; Cheng et al. 2017; El-Basyouny et al. 2014;
Gao et al. 2016; Islam et al. 2019; Junus et al. 2017; Lio
et al. 2019; Malyshkina and Mannering 2009; Naik et al.
2016; Pathivada et al. 2024; Perrels et al. 2015; Song
et al. 2019; Tamerius et al. 2016; Xing et al. 2019; Zeng
et al. 2022; Zhan et al. 2020; Zhao et al. 2019; Zou et al.
2021) (Table 4). Seventeen studies reported a relation-
ship between precipitation and traffic incidents, and 15 of
those studies reported that precipitation was a significant
risk factor for traffic incidents (Abe et al. 2008; Ali et al.
2020; Bergel-Hayat et al. 2013; Brijs et al. 2008; Islam
et al. 2019; Junus et al. 2017; Malyshkina and Manner-
ing 2009; Naik et al. 2016; Perrels et al. 2015; Song et al.
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Fig.2 Summary of study char-
acteristics
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2019; Tamerius et al. 2016; Xing et al. 2019; Zeng et al.
2022; Zhan et al. 2020; Zou et al. 2021). The effect of
wind speed on traffic incidents was equivocal. Specifi-
cally, four studies reported positive correlations between
wind speed and road traffic incidents (Pathivada et al.
2024; Malyshkina and Mannering 2009; Naik et al. 2016;
Perrels et al. 2015), but two studies reported negative cor-
relations (Gao et al. 2016; Zhao et al. 2019). Three studies
examined the influence of sunshine duration, with all of
these studies reporting positive correlations with traffic
accidents (Gao et al. 2016; Lio et al. 2019; Song et al.
2019). Two studies explored the association between
barometric pressure and road traffic incidents, with both
studies reporting negative correlations (Lio et al. 2019;
Song et al. 2019).

Methodological quality

The results of the data quality assessment are summarized
in Tables 2 and 3. Forty-eight studies met the criteria for
addressing target population, identification of condition,
the method of measuring temperature or humidity, and
appropriate statistical analysis, although the criteria
of sufficient coverage and response rate were not met.
In 11 studies, the source of traffic incident data and
meteorological data were not reported, and thus these
studies did not meet the JBI criterion for appropriate
sampling. Additionally, 14 studies did not report the total
number of traffic incidents, and thus the JBI criterion for
adequate sample size was not met.

@ Springer

Discussion

This systematic scoping review aimed to explore the
influence of ambient temperature and RH on traffic incidents
in different global climates. Of the 48 studies reviewed,
most (31, 65%) found a positive link between temperature
and traffic incidents, especially in temperate (20, 66%),
dry (9, 86%), and tropical/subtropical (5, 71%) climates,
with one study in polar/subpolar regions. On the other
hand, seven studies (15%) showed a negative relationship
between temperature and RH, but only in temperate (5)
and polar/subpolar (2) areas. Four studies also noted more
traffic incidents in both extreme hot and cold conditions
across various climates. These findings suggest a U-shaped
relationship between temperature and traffic incidents, with
incidents rising at both temperature extremes.

Baars (1997) proposed the global workspace theory,
which posits that multiple neuronal networks cooperate and
compete in cognitive problem-solving at the conscious level.
The author suggested that external stimuli, such as heat and
RH, might impede this process. With specific reference to
environmental conditions, some studies show that heat and
RH may impair human cognitive skills and compromise
driving performance (Daanen et al. 2003; Xiaoyu et al.
2021), thereby increasing the risk of road traffic incidents.
Furthermore, given the forecasted increases in global
temperatures via increasing extreme weather events in both
intensity and duration (National Oceanic and Atmospheric
Administration 2024), a consideration of the impact of heat
and RH on road traffic incidents will be needed to reduce
future incidents.
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Table 3 The impact of humidity across climatic zones

Reference Country No. Definition of humidity Outcome The impact of Relative risk ~ Quality
reported humidity
Dry climates
Dastoorpoor et al. Iran 76,006 Monthly mean relative Road traffic accidents  Negative 0.98939 Excellent
2016 humidity (95% CI
0.98283—
0.99598)
Al-Harbi et al. 2012 Kuwait 505,801  Daily mean relative Road traffic accidents ~ No significant NA Excellent
humidity and deaths association
Subtropical and tropical climates
Gao et al. 2016 China 11,263 Monthly mean relative Road traffic injury No significant NA Excellent
humidity association
Lio et al. 2019 China 393,176  Relative humidity Road traffic accidents ~ Negative UA Excellent
Xing et al. 2019 China 16,170 Dry (below 43%), wet  Road traffic accidents ~ U-shaped Dry: 1.32 Excellent
(97%) (95% CI1
1.15-1.51)
Wet: 1.14
(95% CI1
1.03-1.26)
Temperate climate
Song et al. 2019 China 6295 Weekly mean relative  Road traffic injuries Positive UA Excellent
humidity
Theofilatos 2017 Greece NA Hourly mean relative ~ Road traffic accidents ~ No significant NA Good
humidity association
Pathivada et al. 2024  USA 21,127 Hourly mean relative ~ Road traffic injury Positive +70.53% Excellent
humidity severity
Naik et al. 2016 USA 1721 Relative humidity Single-vehicle truck Negative UA Good
crush injury severity
Cheng et al. 2017 USA 2141 Daily mean relative Road traffic accidents ~ No significant NA Excellent

humidity

association

NA not applicable, UA unavailable. U-shaped: the event occurred more in both wet and dry situation

Interestingly, the association between temperature and
traffic incidents reported in this review revealed both posi-
tive (n=31) and negative (n=7) correlations, suggesting that
the relationship between temperature and traffic incidents is
not linear. Supporting this notion, five studies that collected
data on traffic incidents in both extreme hot and cold envi-
ronments reported a U-shaped association (Hou et al. 2022;
Liang et al. 2021; Tamerius et al. 2016; Xing et al. 2019;
Zare et al. 2022). Additionally, this relationship is supported
by research conducted in environmentally controlled labora-
tory studies, which reported that driving performance in both
cold and hot environments deteriorated when compared to
thermoneutral conditions (Daanen et al. 2003).

Unfortunately, only a few studies have focused on the
influence of RH on traffic incidents, with results being rela-
tively inconsistent. One study (Xing et al. 2019) reported
that both elevated RH and dry conditions increased traffic
accidents, suggesting that humidity may influence traffic
incidents similarly to air temperature (U-shaped relation-
ship). Furthermore, all studies indicated the influence of
RH on the observed outcomes. Most studies included in

@ Springer

this review reported RH, presumably because many climate
stations from which climate data were extracted primarily
recorded RH, whilst absolute humidity data were often una-
vailable. Given that RH is significantly affected by tempera-
ture fluctuations, future research should consider evaluating
both variables concurrently.

Some studies reported on the temperature and RH
variations inside vehicle cabins in a hot climate (Lenzuni
et al. 2014; Zhang et al. 2020; Zhou et al. 2019). Those
studies reported that the temperature inside the cabin
dropped faster and plateaued more quickly with the
administration of cooling methods such as driving with
the window open (Lenzuni et al. 2014) or turning on the
air conditioning (Zhang et al. 2020; Zhou et al. 2019).
Also, all three studies reported that RH increased, with the
change attributed to changes in temperature, as the absolute
humidity appeared stable inside the cabin.

The results reveal a clear distinction in temperature
between vehicle cabins and the ambient environment, which
is moderated by cooling methods implemented by drivers.
Therefore, to correctly evaluate the impact of hot and humid
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Table 4 Other meteorological risk and protective factors

Risk factor/protective Definition Zones References
factor -
Subpolar Dry Subtropical Temperate
and polar and tropical
Risk factor
Precipitation Where there is more rain, there is ~ Yes Yes Yes Yes Abe et al. 2008; Ali et al. 2020;
a greater probability of traffic Bergel-Hayat et al. 2013; Brijs
incidents et al. 2008; Islam et al. 2019;
Junus et al. 2017; Malyshkina
and Mannering 2009; Naik et al.
2016; Perrels et al. 2015; Song
et al. 2019; Tamerius et al. 2016;
Xing et al. 2019; Zeng et al.
2022; Zhan et al. 2020; Zou
et al. 2021
Wind speed Where the wind speed is high, Yes No No Yes Malyshkina and Mannering 2009;
there is a greater probability of Naik et al. 2016; Perrels et al.
traffic incidents 2015; Pathivada et al. 2024
Sunshine duration Where the sunshine duration No No Yes Yes Gao et al. 2016; Lio et al. 2019;
is long, there is a greater Song et al. 2019
probability of traffic incidents
Snow Where there is more snow, there Yes No No No El-Basyouny et al. 2014
is a greater probability of traffic
incidents
Fog Where there is fog, there is a No No No Yes Zhao et al. 2019
greater probability of traffic
incidents
Protective factor
Precipitation Where there is more rain, there No No No Yes Cheng et al. 2017; Zhao et al.
is a lower probability of traffic 2019
incidents
Wind speed Where the wind speed is high, No No Yes Yes Gao et al. 2016; Zhao et al. 2019
there is a lower probability of
traffic incidents
Barometric pressure Where the barometric pressure is ~ No No Yes Yes Lio et al. 2019; Song et al. 2019

high, there is a lower probability
of traffic incidents

climates on driver safety, future research should consider
assessing the actual temperature and RH inside vehicle cab-
ins in a hot and humid climate.

For example, activating air conditioners before driving
may effectively reduce the temperature inside cars, thereby
protecting drivers from heat stress and reducing the risk of
road traffic incidents in hot climates. Additionally, reducing
absolute humidity in cars may improve the environment
inside vehicles and potentially reduce road traffic incidents,
minimizing the impact of high RH on impairing human
cognitive skills (Lenzuni et al. 2014; Zhang et al. 2020;
Zhou et al. 2019). However, further research is warranted to
confirm the impact of humidity (both absolute and relative)
on driver behavior and traffic incidents, given the limited
number of studies and conflicting findings to date.

The included studies also reported other meteorological
factors as risk or protective factors. Given that humidity is
higher on rainy or snowy days, the influence of humidity

on drivers’ safety should also be considered when inves-
tigating rainy or snowy weather conditions. Interestingly,
two studies reported high barometric pressure as a protec-
tive factor against traffic incidents (Lio et al. 2019; Song
et al. 2019). Considering that barometric pressure is lower
with rainy and snowy weather conditions, it is reasonable
to assume that higher barometric pressure would result in
lower traffic incidents, albeit indirectly. Also, three studies
reported positive correlations between the duration of sun-
shine and traffic incidents (Gao et al. 2016; Lio et al. 2019;
Song et al. 2019), possibly because ambient temperature
can increase with longer periods of sunshine. However, the
correlation between wind speed and traffic incidents was
conflicting. For example, four studies reported positive cor-
relations (Pathivada et al. 2024; Malyshkina and Mannering
2009; Naik et al. 2016; Perrels et al. 2015) while two studies
reported negative correlations (Gao et al. 2016; Zhao et al.
2019). A study conducted by Zhang et al. (2024) reported

@ Springer
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that aerodynamic interference had an important role in traf-
fic incidents. Thus, to evaluate the effect of wind speed, we
need to explore constant wind speed in conjunction with
wind turbulence. Therefore, further studies are needed to
clarify the effects of wind speed, barometric pressure, and
duration of sunshine on traffic incidents.

Road type may also be important when we evaluate the influ-
ence of hot and humid climate on driving safety. For example,
moisture on unpaved roads greatly influences driving perfor-
mance (Rada et al. 1989). Therefore, changes in ambient temper-
ature and humidity may have a greater safety impact for driving
on unpaved than on paved roads. Additionally, heat stress may
promote the degradation of road pavement (Nemry and Demirel
2012), so insufficient road maintenance may increase traffic inci-
dents in hot climates. Given that maintenance of paved roads
incurs a financial cost, the effect of temperature and humidity
on traffic incidents may be higher in lower-income countries or
rural areas with poorer road conditions.

Strengths and limitations

A strength of this review was that no limits were applied to
the search regarding the country that the data were extracted
from, which enables a global perspective regarding the
impact of climatic conditions on traffic incidents. Further-
more, results identified that only a few studies examined the
impact of humidity on traffic incidents, warranting further
research in this area. In addition, our review focused on the
effect of temperature across climatic zones, demonstrating
that the association between heat, humidity, and cold envi-
ronmental conditions and traffic incidents are more apparent
in subtropical, tropical, subpolar, and polar countries.

In addition to the strengths of this paper, some limitations
should also be noted. Firstly, all studies checked ambient
temperature and RH, but they did not explain the tempera-
ture and humidity (absolute or relative) inside the vehicle
cabins, the point of exposure for drivers, and therefore
potentially have a greater influence on driving performance.
From some laboratory studies, the temperature inside vehi-
cle cabins changed by opening a window(s) or activating an
air conditioning system, so the rate of opening a window
or switching on an air conditioner may influence results,
and may contribute to the discrepancies among results in
this review. Secondly, half of the included studies were con-
ducted in the USA or China, which may introduce reporting
bias. Interestingly, only one study regarding the impact of
temperature and humidity was reported from Australia, even
though Australia is a continent considered to exhibit extreme
weather conditions, particularly with regard to heat and RH
in the northern and central regions. Thus, additional research
is warranted to explore the impact of a hot and humid cli-
mate on traffic incidents in northern Australia. Finally, there

@ Springer

were inconsistencies regarding the definition of temperature
and RH across the studies. The ambiguity in the definitions
of these key terms may have arisen because some studies
focused on these effects as secondary measures.

Conclusion

Temperature impacts traffic incidents, with contrasting
positive and negative correlations reported. Positive
correlations were more evident in subtropical and tropical
climates, whilst negative correlations were clearer in
subpolar and polar climates. Thus, the influence of
temperature is U-shaped. With the limited number of studies
including the influence of humidity (absolute of relative) on
driving performance, further research is needed to clarify
the significance of humidity with respect to road traffic
incidents.

Acknowledgements None.

Authors’ contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by Soonho Koh. The first draft of the manuscript was written
by Soonho Koh and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

Data availability Not applicable.

Code availability Not applicable.

Declarations
Consent for publication Not applicable.
Consent to participate Not applicable.

Ethics approval This research does not require ethical approval as it is
based on publicly available information.

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Journal of Public Health

References

Abe T, Tokuda Y, Ohde S, Ishimatsu S, Nakamura T, Birrer RB
(2008) The influence of meteorological factors on the occurrence
of trauma and motor vehicle collisions in Tokyo. Emerg Med J
25(11):769-772. https://doi.org/10.1136/emj.2007.056960

Al-Harbi M, Yassin MF, Bin Shams M (2012) Stochastic modeling of
the impact of meteorological conditions on road traffic accidents.
Stoch Environ Res Risk Assess 26(5):739-750

Ali Q, Yaseen MR, Khan MTI (2020) The impact of temperature, rain-
fall, and health worker density index on road traffic fatalities in
Pakistan. Environ Sci Pollut Res Int 27(16):19510-19529. https://
doi.org/10.1007/s11356-020-08233-1

Andrey J, Mills B, Leahy M, Suggett J (2003) Weather as a chronic hazard
for road transportation in Canadian cities. Nat Hazards 28(2):319-343

Australian Institute of Health and Welfare (2023). Transport acci-
dents. https://www.aihw.gov.au/reports/injury/transport-injuries.
Accessed 27 May 2025

Baars BJ (1997) In the theatre of consciousness. Global Workspace
Theory, a rigorous scientific theory of consciousness. J Con-
sciousness Stud 4(4):292-309

Bachani AM, Peden M, Gururaj G, Norton R, Hyder AA (2017) Road
Traffic Injuries. In: Mock CN, Nugent R, Kobusingye O, Smith
KR (eds). Injury prevention and environmental health. 3rd ed.
Washington (DC): the International Bank for Reconstruction and
Development / The World Bank

Basagaiia X, Escalera-Antezana JP, Dadvand P et al (2015) High ambient
temperatures and risk of motor vehicle crashes in Catalonia, Spain
(2000-2011): a time-series analysis. Environ Health Perspect
123(12):1309-1316. https://doi.org/10.1289/ehp.1409223

Basagafia X, de la Pefia-Ramirez C (2023) Ambient temperature and
risk of motor vehicle crashes: a countrywide analysis in Spain.
Environ Res 216:114599

Bergel-Hayat R, Debbarh M, Antoniou C, Yannis G (2013) Explaining
the road accident risk: weather effects. Accid Anal Prev 60:456—
465. https://doi.org/10.1016/j.aap.2013.03.006

Brijs T, Karlis D, Wets G (2008) Studying the effect of weather conditions
on daily crash counts using a discrete time-series model. Accid Anal
Prev 40(3):1180-1190. https://doi.org/10.1016/j.aap.2008.01.001

Brubacher JR, Chan H, Erdelyi S, Schuurman N, Amram O (2016)
The association between regional environmental factors and
road trauma rates: a geospatial analysis of 10 years of road traffic
crashes in British Columbia, Canada. PloS One 11(4):e0153742.
https://doi.org/10.1371/journal.pone.0153742

Cheng W, Gill GS, Sakrani T, Dasu M, Zhou J (2017) Predicting motor-
cycle crash injury severity using weather data and alternative
Bayesian multivariate crash frequency models. Accid Anal Prev
108:172-180. https://doi.org/10.1016/j.aap.2017.08.032

Chen ZY, Hu H, Yang J, Xing DG et al (2023) Association between
ambient temperatures and injuries: a time series analysis using
emergency ambulance dispatches in Chongqing, China. Environ
Health Prev Med 28:28-28

Daanen HA, van de Vliert E, Huang X (2003) Driving performance
in cold, warm, and thermoneutral environments. Appl Ergon
34(6):597-602. https://doi.org/10.1016/S0003-6870(03)00055-3

Dastoorpoor M, Idani E, Khanjani N, Goudarzi G, Bahrampour A
(2016) Relationship between air pollution, weather, traffic, and
traffic-related mortality. Trauma Mon 21(4):e37585. https://doi.
org/10.5812/traumamon.37585

de Rome L (2019) Could wearing motorcycle protective clothing com-
promise rider safety in hot weather? Accid Anal Prev 128:240-
247. https://doi.org/10.1016/j.aap.2019.04.011

Drosu A, Cofaru C, Popescu MV (2020) Influence of weather condi-
tions on fatal road accidents on highways and urban and rural
roads in Romania. Int J Automot Technol 21(2):309-317

El-Basyouny K, Barua S, Islam MT (2014) Investigation of time and
weather effects on crash types using full Bayesian multivariate
Poisson lognormal models. Accid Anal Prev 73:91-99. https://
doi.org/10.1016/j.aap.2014.08.014

Feng S, Hu Q, Wei H et al (2014) Projected climate regime shift under
future global warming from multi-model, multi-scenario CMIP5
simulations. Global Planet Change 112:41-52

Franklin RC, Mason HM, King JC et al (2023) Heatwaves and mor-
tality in Queensland 2010-2019: implications for a homogenous
state-wide approach. Int J Biometeorol 67(3):503-515. https://doi.
org/10.1007/s00484-023-02430-6

Gao J, Chen X, Woodward A et al (2016) The association between
meteorological factors and road traffic injuries: a case analysis
from Shantou city. China Sci Rep 6:37300. https://doi.org/10.
1038/srep37300

Gariazzo C, Bruzzone S, Finardi S et al (2021) Association between
extreme ambient temperatures and general indistinct and work-
related road crashes. A nationwide study in Italy. Accid Anal Prev
155:106110. https://doi.org/10.1016/j.aap.2021.106110

Gasparrini A, Guo Y, Hashizume M et al (2015) Mortality risk attribut-
able to high and low ambient temperature: a multicountry obser-
vational study. Lancet 386(9991):369-375. https://doi.org/10.
1016/S0140-6736(14)62114-0

Hammad HM, Ashraf M, Abbas F et al (2019) Environmental fac-
tors affecting the frequency of road traffic accidents: a case
study of sub-urban area of Pakistan. Environ Sci Pollut Res Int
26(12):11674-11685. https://doi.org/10.1007/s11356-019-04752-8

He C, Yin P, Chen R et al (2023) Cause-specific accidental deaths and
burdens related to ambient heat in a warming climate: a nation-
wide study of China. Environ Int 180:108231

Hou K, Zhang L, Xu X et al (2022) Ambient temperatures associated
with increased risk of motor vehicle crashes in New York and
Chicago. Sci Total Environ 830:154731. https://doi.org/10.1016/].
scitotenv.2022.154731

Islam MM, Alharthi M, Alam MM (2019) The impacts of climate
change on road traffic accidents in Saudi Arabia. Climate 7(9):103

Izquierdo FA, Ramirez BA, Rodriguez EB (2013) The interurban
DRAG-Spain model: the main factors of influence on road acci-
dents in Spain. Res Transp Econ 37(1):57-65

James SL, Lucchesi LR, Bisignano C et al (2020) Morbidity and mor-
tality from road injuries: results from the Global Burden of Dis-
ease Study 2017. Inj Prev 26(Supp 1):146-i56. https://doi.org/10.
1136/injuryprev-2019-043302

Jones AP, Haynes R, Kennedy V et al (2008) Geographical variations
in mortality and morbidity from road traffic accidents in England
and Wales. Health Place. 2008;14(3):519-535. https://doi.org/10.
1016/j.healthplace.2007.10.001

Junus NWM, Ismail MT, Arsad Z, Abdul Rahman R (2017) Malaysia
road accidents influences based on structural time series analysis.
Appl Math Inf Sci 11(4):1029-1039

Kamel MB, Sayed T (2021) Accounting for seasonal effects on cyclist-
vehicle crashes. Accid Anal Prev 159:106263. https://doi.org/10.
1016/j.aap.2021.106263

Lenzuni P, Capone P, Freda D, Del Gaudio M (2014) Is driving in a
hot vehicle safe? Int J] Hyperthermia 30(4):250-257. https://doi.
0rg/10.3109/02656736.2014.922222

Li Y, Varghese BM, Liu J et al (2023) Association between high ambi-
ent temperatures and road crashes in an Australian City with tem-
perate climate: a time-series study, 2012-2021. Int J Environ Res
Public Health 20(11):6000

Li Y, RenJ, Zheng W et al (2024) The effects of ambient temperature
on road traffic injuries in Jinan city: a time-stratified case-crosso-
ver study based on distributed lag nonlinear model. Front Public
Health 12:1324191

Liang M, Zhao D, Wu Y et al (2021) Short-term effects of ambient
temperature and road traffic accident injuries in Dalian, Northern

@ Springer


https://doi.org/10.1136/emj.2007.056960
https://doi.org/10.1007/s11356-020-08233-1
https://doi.org/10.1007/s11356-020-08233-1
https://www.aihw.gov.au/reports/injury/transport-injuries
https://doi.org/10.1289/ehp.1409223
https://doi.org/10.1016/j.aap.2013.03.006
https://doi.org/10.1016/j.aap.2008.01.001
https://doi.org/10.1371/journal.pone.0153742
https://doi.org/10.1016/j.aap.2017.08.032
https://doi.org/10.1016/S0003-6870(03)00055-3
https://doi.org/10.5812/traumamon.37585
https://doi.org/10.5812/traumamon.37585
https://doi.org/10.1016/j.aap.2019.04.011
https://doi.org/10.1016/j.aap.2014.08.014
https://doi.org/10.1016/j.aap.2014.08.014
https://doi.org/10.1007/s00484-023-02430-6
https://doi.org/10.1007/s00484-023-02430-6
https://doi.org/10.1038/srep37300
https://doi.org/10.1038/srep37300
https://doi.org/10.1016/j.aap.2021.106110
https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1007/s11356-019-04752-8
https://doi.org/10.1016/j.scitotenv.2022.154731
https://doi.org/10.1016/j.scitotenv.2022.154731
https://doi.org/10.1136/injuryprev-2019-043302
https://doi.org/10.1136/injuryprev-2019-043302
https://doi.org/10.1016/j.healthplace.2007.10.001
https://doi.org/10.1016/j.healthplace.2007.10.001
https://doi.org/10.1016/j.aap.2021.106263
https://doi.org/10.1016/j.aap.2021.106263
https://doi.org/10.3109/02656736.2014.922222
https://doi.org/10.3109/02656736.2014.922222

Journal of Public Health

China: a distributed lag non-linear analysis. Accid Anal Prev
153:106057. https://doi.org/10.1016/j.aap.2021.106057

Liang M, Min M, Guo X et al (2022) The relationship between ambi-
ent temperatures and road traffic injuries: a systematic review and
meta-analysis. Environ Sci Pollut Res Int 29(33):50647-50660.
https://doi.org/10.1007/s11356-022-19437-y

Lio CF, Cheong HH, Un CH, Lo IL, Tsai SY (2019) The association
between meteorological variables and road traffic injuries: a study
from Macao. Peer] 7:¢6438. https://doi.org/10.7717/peerj.6438

Liu A, Soneja SI, Jiang C et al (2017) Frequency of extreme weather
events and increased risk of motor vehicle collision in Maryland.
Sci Total Environ 580:550-555. https://doi.org/10.1016/j.scito
tenv.2016.11.211

Lozano R, Naghavi M, Foreman K et al (2012) Global and regional
mortality from 235 causes of death for 20 age groups in 1990
and 2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet 380(9859):2095-2128. https://doi.org/10.
1016/S0140-6736(12)61728-0

Ma X, Chen S, Chen F (2016) Correlated random-effects bivariate
Poisson lognormal model to study single-vehicle and multivehicle
crashes. J Transp Eng 142(11):04016049

Malyshkina NV, Mannering FL (2009) Markov switching multinomial
logit model: An application to accident-injury severities. Accid Anal
Prev 41(4):829-838. https://doi.org/10.1016/j.aap.2009.04.006

Mason H, King CJ, Peden EA, Franklin CR (2022) Systematic review
of the impact of heatwaves on health service demand in Australia.
BMC Health Services Res 22(1):960.

Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C (2020) Chapter 5:
Systematic reviews of prevalence and incidence. In: Aromataris
E, Munn Z (eds). JBI Manual for Evidence Synthesis. JBI https://
doi.org/10.46658/JBIMES-20-06

National Oceanic and Atmospheric Administration (2024) Climate
Change: Global Temperature. https://www.climate.gov/news-
features/understanding-climate/climate-change-global-tempe
rature Accessed 27 May 2025.

Naik B, Tung LW, Zhao S, Khattak AJ (2016) Weather impacts on
single-vehicle truck crash injury severity. J Safety Res 58:57-65.
https://doi.org/10.1016/].jsr.2016.06.005

Nemry F, Demirel, H (2012) Impacts of climate change on transport: a
focus on road and rail transport infrastructures. https://publicatio
ns.jrc.ec.europa.eu/repository/handle/JRC72217 Accessed

Orru H, Astrsm DO (2017) Increases in external cause mortality due
to high and low temperatures: evidence from northeastern Europe.
Int J Biometeorol 61:963-966

Page MJ, McKenzie JE, Bossuyt PM et al (2021) The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BM1J 372:n71. https://doi.org/10.1136/bmj.n71

Pan R, Honda Y, Minakuchi E, Kim SE, Hashizume M, Kim Y
(2022) Ambient temperature and external causes of death in
Japan from 1979 to 2015: a time-stratified case-crossover analy-
sis. Environ Health Perspect 130(4):47004. https://doi.org/10.
1289/EHP9943

Park J, Choi Y, Chae Y (2021) Heatwave impacts on traffic accidents
by time-of-day and age of casualties in five urban areas in South
Korea. Urban Climate 39:100917

Pathivada BK, Banerjee A, Haleem K (2024) Impact of real-time
weather conditions on crash injury severity in Kentucky using
the correlated random parameters logit model with heterogeneity
in means. Accid Anal Prev 196:107453

Perrels A, Votsis A, Nurmi V, Pilli-Sihvola K (2015) Weather condi-
tions, weather information and car crashes. ISPRS Int J Geo Inf
4(4):2681-2703

Piriskwar I, Chorynski A, Graczyk D (2024) Good weather for a
ride (or not?): how weather conditions impact road accidents—
a case study from Wielkopolska (Poland). Int J Biometeorol
68(2):317-331

@ Springer

Rada GR, Schwartz CW, Witczak MW, Jafroudi S (1989) Analysis of
climate effects on performance of unpaved roads. J Transp Eng
115(4):389-410

Robertson L (2018) Climate change, weather and road deaths. Inj Prev
24(3):232-235. https://doi.org/10.1136/injuryprev-2017-042419

Song X, Zhao X, Zhang Y et al (2019) The effect of meteorological
factors on road traffic injuries in Beijing. Appl Ecol Environ Res
17(4):9505-9514

Stoupel E, Babayev ES, Shustarev PN et al (2009) Traffic accidents and
environmental physical activity. Int J Biometeorol 53:523-534

Tamerius JD, Zhou X, Mantilla R, Greenfield-Huitt T (2016) Precipita-
tion effects on motor vehicle crashes vary by space, time, and envi-
ronmental conditions. Weather, Climate, Society 8(4):399-407

Theofilatos A (2017) Incorporating real-time traffic and weather data
to explore road accident likelihood and severity in urban arterials.
J Safety Res 61:9-21. https://doi.org/10.1016/j.jsr.2017.02.003

World Health Organization (2023) Global status report on road safety.
https://www.who.int/teams/social-determinants-of-health/safety-
and-mobility/global-status-report-on-road-safety-2023 Accessed
27 May 2025

Wu CYH, Zaitchik BF, Gohlke JM (2018) Heat waves and fatal traf-
fic crashes in the continental United States. Accid Anal Prev
119:195-201. https://doi.org/10.1016/j.aap.2018.07.025

Wu CYH (2022) Heat waves and road traffic collisions in Alabama,
United States. Ann Am Assoc Geogr 112(5):1313-1327

Xiaoyu T, Zhaosong F, Weiwei L (2021) Decreased humidity improves
cognitive performance at extreme high indoor temperature. Indoor
Air 31(3):608-627. https://doi.org/10.1111/ina.12755

Xing F, Huang H, Zhan Z, Zhai X, Ou C, Sze NN, Hon KK (2019)
Hourly associations between weather factors and traffic crashes:
non-linear and lag effects. Analytic Methods Accident Res
24:100109. https://doi.org/10.1016/j.amar.2019.100109

Zare Sakhvidi MJ, Yang J, Mohammadi D et al (2022) Extreme envi-
ronmental temperatures and motorcycle crashes: a time-series
analysis. Environ Sci Pollut Res Int 29(50):76251-76262. https://
doi.org/10.1007/s11356-022-21151-8

Zeng Q, Wang X, Wen H, Yuan Q (2022) An empirical investigation
of the factors contributing to local-vehicle and non-local-vehicle
crashes on freeway. J TransSafety Secur 14(2):323-337

Zhan ZY, Yu YM, Chen TT, Xu LJ, Ou CQ (2020) Effects of hourly
precipitation and temperature on road traffic casualties in Shenz-
hen, China (2010-2016): A time-stratified case-crossover study.
Sci Total Environ 720:137482. https://doi.org/10.1016/j.scitotenv.
2020.137482

Zhang L, Qi L, Liu J, Wu Q (2020) Experimental study on dynamic
thermal environment of passenger compartment based on thermal
evaluation indexes. Sci Prog 103(3):36850420942991. https://doi.
org/10.1177/0036850420942991

Zhang J, Zhu C, Ma C (2024) Driving safety analysis of wind—vehi-
cle-bridge system considering aerodynamic interference. J] Wind
Eng Ind Aerodyn 245:105649

Zhao S, Wang K, Liu C, Jackson E (2019) Investigating the effects of
monthly weather variations on Connecticut freeway crashes from
2011 to 2015. J Safety Res 71:153-162. https://doi.org/10.1016/j.
j81.2019.09.011

Zhou X, Lai D, Chen Q (2019) Experimental investigation of thermal
comfort in a passenger car under driving conditions. Build Envi-
ron 149:109-119

Zhu Q, Ye P, Wang Y et al (2024) Heatwaves increase road traffic
injury morbidity risk and burden in China and its provinces. Envi-
ron Int 188:108760

Zou Y, Zhang Y, Cheng K (2021) Exploring the impact of climate and
extreme weather on fatal traffic accidents. Sustainability 13(1):390

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.aap.2021.106057
https://doi.org/10.1007/s11356-022-19437-y
https://doi.org/10.7717/peerj.6438
https://doi.org/10.1016/j.scitotenv.2016.11.211
https://doi.org/10.1016/j.scitotenv.2016.11.211
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/j.aap.2009.04.006
https://doi.org/10.46658/JBIMES-20-06
https://doi.org/10.46658/JBIMES-20-06
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
https://doi.org/10.1016/j.jsr.2016.06.005
https://publications.jrc.ec.europa.eu/repository/handle/JRC72217
https://publications.jrc.ec.europa.eu/repository/handle/JRC72217
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1289/EHP9943
https://doi.org/10.1289/EHP9943
https://doi.org/10.1136/injuryprev-2017-042419
https://doi.org/10.1016/j.jsr.2017.02.003
https://www.who.int/teams/social-determinants-of-health/safety-and-mobility/global-status-report-on-road-safety-2023
https://www.who.int/teams/social-determinants-of-health/safety-and-mobility/global-status-report-on-road-safety-2023
https://doi.org/10.1016/j.aap.2018.07.025
https://doi.org/10.1111/ina.12755
https://doi.org/10.1016/j.amar.2019.100109
https://doi.org/10.1007/s11356-022-21151-8
https://doi.org/10.1007/s11356-022-21151-8
https://doi.org/10.1016/j.scitotenv.2020.137482
https://doi.org/10.1016/j.scitotenv.2020.137482
https://doi.org/10.1177/0036850420942991
https://doi.org/10.1177/0036850420942991
https://doi.org/10.1016/j.jsr.2019.09.011
https://doi.org/10.1016/j.jsr.2019.09.011

	A scoping review of the impact of temperature and humid environmental conditions on drivers’ safety across geographical locations
	Abstract
	Aim 
	Subject and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Literature search
	Eligibility criteria
	Data collection process
	Data quality assessment

	Results
	The characteristics of epidemiological studies
	The impact of temperature on traffic incidents
	The relationship between the impact of temperature on road traffic incidents and climatic zone
	The impact of humidity on traffic incidents
	Other meteorological factors
	Methodological quality

	Discussion
	Strengths and limitations
	Conclusion
	Acknowledgements 
	References


