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Abstract  
This paper is the last of a three-part series. Part 1 identified the breadth of weather 
factors collectively contributing to crash risk and consolidated relevant research. Part 
2 illustrated the cyclic nature of climate, weather, and crashes and how they vary over 
time. In part 3, the differences in weather conditions on days with high and low casualty 
crash numbers, days with high fatal crash numbers, and long sequences of days with and 
without fatal crashes were analysed using readily available Bureau of Meteorology (BOM) 
metrics: maximum and minimum daily temperature, daily rainfall, 6-hour synoptic charts, 
daily solar radiation, and water vapour pressure (for 9am and 3pm). The results showed 
marked differences between high and low casualty crash days. Spatial distributions of 
daily crashes show alignment with the movement of weather patterns across Victoria as 
observed in synoptic charts, particularly in relation to low pressure systems and troughs, 
likely duration of damp pavement conditions and periods of extreme heat and cold (well 
above or well below average for that time of year in that location). Understanding how 
specific climate and weather events can influence crash risk may help develop additional 
strategies to improve road safety and reach the target of zero deaths. 

Key Findings   
• More than half of the days in the year in Victoria have no fatal crashes. 
• High crash days coincided with the progression and timing of cold fronts and troughs. 
• Heat waves and extended periods of hot weather was a common factor on high crash days. 
• Cold frosty nights were also present on high crash days. 
• Once weather influence is understood, more can be done to improve road safety. 

Introduction  

Weather patterns span weeks, months, seasons, and years 
and do not follow the artificial constraints of years and 
months used commonly in analysis. Historically, Australian 
Aboriginal and Torres Strait Islander people recognised up 
to six seasons based on physical changes observed in nature 
(such as blossoming plants) rather than following a fixed 
date-based cycle (Australian Government Bureau of Mete
orology, 2016). Climate and weather operate on a contin
uum (see Figure 1), hence analysis of crashes in relation 

to climate and weather is not straightforward. The causes 
of weather-related crashes are not the same in January as 
in July and crashes need to be analysed temporally, using 
comparable time periods or preferably comparable climate 
sequences. Longer-term climate trends, such as the El Nino 
– Neutral – La Nina cycle (typically four years), provide an
other layer of complexity and make annual and monthly 
comparisons problematic. 
In the previous papers, it was found that a range of 

weather metrics in combination with other metrics, such 
as slope of road, road geometry and road condition, were 
essential to understand crash risk in relation to weather 
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Figure 1. Monthly variations in temperatures and rainfall for Melbourne (Source: BOM data)            

(Gaffney & Hovenden, 2022b). For Victoria, the two-week 
cycle of the Southern Annular Mode (SAM) climate driver, 
during which sequences of both high- and low-pressure 
systems move across the state, was shown to align with the 
patterns of fatal crashes (Gaffney & Hovenden, 2022c). This 
study focuses on high and low casualty crash days and long 
and short sequences of days with or without fatal crashes 
in order to further investigate the relationship between cli
mate, weather, and crashes. It examines these crash days in 
relation to commonly available weather metrics to identify 
the likely contribution of weather in crash occurrence and 
to identify meteorological associations between weather 
and crashes. It explores the association between low-pres
sure sequences (cold fronts and troughs) by examining their 
path and intensity in relation to population and activity ar
eas and timing of events. 

Methods  

Details of data sources and analysis tools were described 
in Gaffney & Hovenden, 2022c. To explore underlying pat
terns of crashes over the decade (2010-2019), days with 
above or below average casualty crashes, and long se
quences of days with and without fatal crashes were iden
tified. Daily weather metrics were then extracted and as
sociations between weather and crash occurrence were 
examined. Crash characteristics (vehicle type, road user 
and age) were also analysed for the days with a high number 
of fatal crashes and for the longer sequences of days with 
fatal crashes. The weather metrics included maximum tem
perature, minimum temperature, rainfall, solar radiation, 
water vapour pressure (9am and 3pm) and 6-hourly synop
tic charts. 

For the period 2010 to 2019 days that had the most ca
sualty crashes (top 2% and top 10%) were identified as high 
crash days and those that had the least casualty crashes 
(bottom 2% and bottom 10%) were identified as low crash 
days. Crash locations were compared against synoptic 
charts and the other five meteorological metrics for these 
days to see if there were marked differences in weather pat
terns between high and low crash days. Seven high and 
seven low crash days were compared and analysed. 

Results and Discussion    
Temporal (Yearly, Monthly, Daily and      
Hourly) Variations in Crashes     

Figure 2 shows how the number of days with and without 
fatal crashes varies between years in Victoria (2010-2019). 
It also shows variation in the number of days each year that 
have one or more fatal crashes. 
Table 1 shows a breakdown of fatal crashes each year 

highlighting that there are considerable differences when 
each year is broken down, showing how fatal crashes vary 
within each year. The data showed that on average 51% of 
days in a year have no fatal crashes. 
Due to a range of factors that influence the incidence of 

crashes, including infrastructure and behavioural aspects, 
cyclic nature and random variations, there can be many pe
riods within a year with low crash numbers and/or zero fa
tal crashes and, conversely, many periods with high crash 
numbers and/or high fatal crash numbers or consecutive 
days of fatal crashes. These periods may in part be ex
plained by weather phenomena which influence daily road 
usage, affecting crash rates (Keay & Simmonds, 2005). 
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Figure 2. Number of days by number of fatal crashes per day in Victoria, 2010 to 2019                

Table 1. Number of days and percentage of year with no fatal crashes and number of consecutive and non-                
consecutive days and percentage of year with fatal crashes and no fatal crashes by year in Victoria, 2010 to 2019                     

Number 
of fatal 
crashes 

Days 
with no 
fatal 
crashes 
(% of 
year) 

Number of 
consecutive 
days with no 
fatal crashes 
(% of year) 

Number of non- 
consecutive days 
with no fatal 
crashes 
(% of year) 

Number of 
consecutive 
days with fatal 
crashes 
(% of year) 

Number of non- 
consecutive days 
with fatal 
crashes 
(% of year) 

2010 259 179 
(49%) 

141 (39%) 38 (10%) 145 (40%) 41 (11%) 

2011 259 180 
(49%) 

131 (36%) 49 (13%) 132 (36%) 53 (15%) 

2012 261 173 
(47%) 

119 (33%) 54 (15%) 147 (40%) 46 (13%) 

2013 225 205 
(56%) 

173 (47%) 33 (9%) 115 (32%) 44 (12%) 

2014 223 201 
(55%) 

162 (44%) 39 (11%) 114 (31%) 50 (14%) 

2015 231 182 
(50%) 

140 (38%) 42 (12%) 140 (38%) 43 (12%) 

2016^ 275 174 
(48%) 

119 (33%) 55 (15%) 148 (40%) 44 (12%) 

2017 240 181 
(50%) 

134 (37%) 47 (13%) 143 (39%) 41 (11%) 

2018* 202 217 
(59%) 

179 (49%) 38 (10%) 88 (24%) 60 (16%) 

2019 248 185 
(51%) 

141 (39%) 44 (12%) 136 (37%) 44 (12%) 

Average 242.3 187.8 
(51%) 

143.9 (39%) 43.9 (12%) 130.8 (36%) 46.6 (13%) 

^Highest fatal crash year 
*Lowest fatal crash year 
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Figure 3. Five or more consecutive days with fatal crashes (dark red) and with no fatal crashes (light blue) by year                    
in Victoria, 2010 to 2019      

Figure 3 shows a breakdown of each year (2010-2019) 
highlighting the sequences with five or more consecutive 
days with fatal crashes and the sequences with five or more 
consecutive days without fatal crashes. Further charts with 
a finer breakdown can be found in Gaffney & Hovenden 
(2022a). The longest period with no fatal crashes was 13 
days and occurred in 2017. The second longest period with 
no fatal crashes was 12 days and occurred in 2018. The 
longest period of consecutive days with fatal crashes was 8 
days and occurred five times in the 10-year period. These 
five periods occurred in 2011 (14 fatal crashes), 2015 (12 fa
tal crashes), 2016 (13 fatal crashes), 2017 (10 fatal crashes) 
and 2019 (9 fatal crashes). It only takes a few additional 
shorter and longer sequences of days with fatal crashes 
and/or days with nil fatal crashes within a calendar year to 
vary the annual road death numbers substantially. 
A comparison of 2016 (high fatal crash year) and 2018 

(low fatal crash year) is shown in Table 2. The year 2016 had 
more (and longer) consecutive periods with fatal crashes 
and less (and shorter) consecutive periods with nil fatal 
crashes than 2018. In 2016, there were also two days that 
had five fatal crashes per day whereas there were no days 
with five fatal crashes per day in 2018. Importantly, the 
differences observed in fatal crash numbers are consistent 
with the variations (and extremes) of weather which oc
curred in those years as discussed in Gaffney & Hovenden, 
2022c. 

Detailed examination of high fatal crash       
days  

Weather metrics on the five days with five fatal crashes 
per day (see Figure 2) were examined. These five days ex
perienced weather extremes (well above or well below av
erage/normal), including high variability of temperatures, 
low visibility (high cloud cover), heavy rain and variable 
wind speeds and direction (which occur regularly across 
Victoria). Importantly four out of the five days each oc
curred in consecutive days with fatal crashes. This coin
cided with the movement of weather patterns as shown by 

synoptic charts. The weather conditions during these five 
days included three patterns. 
The first pattern was characterised by heat waves of five 

to eight consecutive days, with well above-average condi
tions (e.g., 35-42℃ in November) before arrival of a sud
den cold front and trough system bringing heavy rain and 
heavy cloud cover with rapidly falling daytime tempera
tures (to around 12 ℃), and night-time temperatures near 
zero or below across most of Victoria. Long periods of warm 
weather and heat waves are likely to fatigue populations 
generally, whether they are driving long distances or not. 
When this is suddenly followed by the other extreme (cold 
weather), the changes in weather, pavement friction and 
visibility are likely to catch motorists out. 
The second pattern was characterised by a sequence of 

three or more consecutive cold wet wintery days with low 
daytime temperatures, heavy cloud and heavy rain and 
freezing inland night-time conditions. Under these condi
tions daytime visibility is low, and in all these cases the 
weather systems lingered (moved slowly), likely bringing 
unseasonal snow in the Victorian alps. Long periods of cold, 
damp, frosty and icy conditions with overcast conditions, 
low pavement friction and poor visibility, occurs every year 
but is well outside normal driving conditions for most Vic
torians. 
The third pattern was characterised by still air combined 

with damp conditions, and air that is unable to hold mois
ture (low vapour pressure measured in hPa) combined with 
the lack of sunshine (with low solar radiation being a surro
gate for high cloud cover) affecting visibility. 
Further examination of these 25 fatal crashes over the 

five days found 80% of the crashes involved younger dri
vers/riders <=25 years (11 fatal crashes) and/or older dri
vers/riders >=55 years (10 fatal crashes). These younger and 
older road users were over-represented in these crashes 
compared to their general involvement in fatal crashes 
(57%) over the same time period. Of the older drivers, four 
were aged 70 or above. Three of the fatal crashes involved 
pedestrians, all of whom were older (64-, 83- and 90-year-
old). Police crash reports mentioned rain and visibility as 
factors in these three crashes. Motorcycles were involved 
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Table 2. Comparison of fatal crash profile for 2016 (year with the highest fatal crashes in the 2010-2019 decade)                  
and 2018 (year with the lowest fatal crashes in the 2010-2019 decade) in Victoria               

2016 (high fatal 
crash year) 

2018 (low fatal 
crash year) 

Days with no fatal crashes (% of year) 174 (48%) 217 (59%) 

Consecutive days with no fatal crashes (% of year) 119 (33%) 179 (49%) 

Consecutive days with fatal crashes (% of year) 148 (40%) 88 (24%) 

Number of periods with 5+ consecutive days with no fatal crashes (number of 
days in total) 

6 (33 days) 8 (59 days) 

Number of periods with 5+ consecutive days with fatal crashes (number of days 
in total, number of fatal crashes) 

4 (26 days, 38 
fatal crashes) 

3 (17 days, 24 
fatal crashes) 

Number of days with 5 fatal crashes per day 2 0 

Longest consecutive days with no fatal crashes 9 12 

Longest consecutive days with fatal crashes (number of fatal crashes) 8 (13 fatal 
crashes) 

7 (11 fatal 
crashes) 

in 28% (seven) of the 25 fatal crashes, compared to 17% 
of overall fatal crashes. Motorcycles can become unstable 
when encountering slippery and wet roads, and motorcy
clists have increased exposure to the elements (e.g., rain 
and wind, extreme temperatures, etc.). 

Detailed examination of long sequences of       
consecutive days with and without fatal       
crashes  

As shown in Table 1, fatal crashes typically come in clus
ters, ranging from two to eight or more days. In these 
longer periods, several shorter sequences of adverse 
weather conditions sometimes join to form longer se
quences. For example, an extreme heat wave sequence of 
days can suddenly transition to a severe cold, wet and 
cloudy sequence, catching road users by surprise. 
The analysis of the five periods between 2010 and 2019 

that had the longest number of consecutive days (eight 
consecutive days) of fatal crashes, plus the unusually long 
14-day consecutive period of fatal crashes in December 
2009 (six sequences in total) found combinations of ex
tremes in weather (see Table 3). The analysis of the seven 
periods between 2010 and 2019 that had the longest num
ber of consecutive days (10 or more consecutive days) with 
no fatal crashes found they were generally associated with 
good weather days (not too hot and not too cold for the 
season, moderate cloud cover and stable weather), although 
some had considerable periods of rain. The marked differ
ences in weather patterns between the longer sequences of 
high and low fatal crashes (see Table 3) can inform road 
users and road safety practitioners of likely risks of crashes 
due to weather conditions. 
Like the high fatal crash days, motorcycles were involved 

in a larger percentage 24% (19 of the 79) of fatal crashes 
on these long sequences of days with fatal crashes, com
pared to their 17% involvement in overall fatal crashes. The 
proportion of younger and older driver/rider involvement 
(58%) was similar to that for all fatal crashes (57%). 

Looking closer at individual days with low        
and high casualty crashes     

Analysis of individual days found that there was an average 
of 39 casualty crashes per day over the 2010 to 2019 10-year 
period (see Table 4 and Table 5). The analysis identified 
days with very high (top 2%) and high (top 10%) casualty 
crashes and days with very low (bottom 2%) and low (bot
tom 10%) casualty crashes. 
For the very high and high crash days: 

For the very low and low crash days: 

On a very high casualty crash day (top 2%) there is a 
3.2 times higher likelihood of a fatal crash compared to a 
very low crash day (bottom 2%). Some years had a differ
ent mix of lower and higher crash days which were below 
or above the 10-year mean. Notably 2016 (high crash year, 
wetter than average) had 110 days below the mean and 2018 
(low crash year, drier than average) had 249 days below the 
mean. 

• 65 fell into the “top 2%” with daily casualty crashes 
ranging from 59-80 (Table 4). This represents 1.8% of 
all the days, 3.3% of all fatal crashes and 2.9% of all 
casualty crashes (Table 5); 

• 344 fell into the “top 10%” with daily casualty crashes 
ranging from 51-80 (Table 4). This represents 9.4% of 
all the days, 12.8% of all fatal crashes and 13.4% of all 
casualty crashes (Table 5). 

• 60 fell into the “bottom 2%” with daily casualty 
crashes ranging from 15-21 (Table 4). This represents 
1.6% of all the days, 1.0% of all fatal crashes and 0.8% 
of all casualty crashes. Many of the low crash days 
were Sundays, school holidays and/or public holidays 
(Table 5); 

• 355 fell into the “bottom 10%” with daily casualty 
crashes ranging from 15-27 (Table 4). This represents 
9.7% of all the days, 7.5% of all fatal crashes and 6.0% 
of all casualty crashes (Table 5). 
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Table 3. Weather characteristics of extended periods with no fatal crashes and extended periods with fatal               
crashes  

Weather Characteristics of extended periods with no Fatal 
Crashes 

Weather Characteristics of extended periods with Fatal 
Crashes 

Cold fronts and low-pressure systems bypassing Victoria to 
either the north or south. 

Numerous sequences of cold fronts and troughs passing 
directly through Victoria. 

Cold fronts and low-pressure systems passing through on the 
weekend (particularly on a Sunday) and/or arriving overnight 
after the peak period and clearing before the morning peak. 

Cold fronts passing through during times of peak travel 
demand. 

Adverse or extreme weather which avoided areas of high 
activity, and was concentrated in the remote parts of the state 
(e.g., northeast of Victoria). 

Adverse or extreme weather which hits areas of high activity 
centred on urban centres or areas of high travel demand. 

Stable weather and light wind conditions. Variable weather, storms and strong winds and peak gusts. 

Consistent sequence of weather, either good or bad – for 
example warm and sunny or cold, cloudy, and wet. This 
included: 

Highly variable and/or oscillating weather conditions, often 
between the extremes of heatwaves and cold weather unusual 
for the time of year. This can include: 

Cold nights with clear skies following a sunny day result in a 
large delta T (difference between daytime and night-time 
temperature). Delta T can influence how wet the pavement is. 
The magnitude of delta T’s influence varies between summer 
and winter. 

Windy conditions after rain can result in rapid drying of the 
road and therefore less damp pavement. 

Still air combined with damp conditions, and air that is unable 
to hold moisture (low vapour pressure measured in hPa) 
combined with the lack of sunshine (thick/high cloud cover). 
Under these conditions, road pavements remain damp for 
considerable periods and visibility is low. 

Some cloud cover or moisture in the atmosphere can reduce 
the sun glare significantly. 

Extremes (very high or very low) in solar radiation as the result 
of either absence of cloud cover to very thick cloud cover. The 
absence of cloud or moisture held in the atmosphere can result 
in bright sunshine, making driving conditions glary and 
sometimes blinding. 

Short-lived light rain events with rapid evaporation. Significant periods and duration of widespread scattered and/
or heavy rain. 

The 2009 14-day sequence had Tropical Cyclone Laurence in 
the north of Australia that brought a very unusual weather 
sequence to Victoria. 

In-Depth Investigation of a Sample of High        
and Low Crash Days     

An analysis of weather metrics for individual high and low 
crash days was undertaken to investigate whether there 
were markers that could distinguish crash risk based on 
weather. Seven high casualty crash days and seven low ca
sualty crash days were examined against the Bureau of Me
teorology (BOM) data for that day. The BOM data were 
maximum and minimum daily temperature, daily rainfall, 
6-hour synoptic charts, daily solar radiation, and water 
vapour pressure (for 9am and 3pm). Spatial and temporal 
attributes of both crashes and weather were investigated. 
Detailed results, maps and commentary for all 14 days can 
be found in Gaffney & Hovenden (2022a). The findings from 
the analysis align with the findings from the literature re
view that the timing of weather events in relation to human 
activity (e.g., peak hour versus early hours of the morning) 
determines how much of an impact the event has on crash 
occurrence (Gaffney & Hovenden, 2022b). 

Based on the current analysis in combination with the 
results from Gaffney & Hovenden (2022b), weather and cli
mate conditions associated with increased crash risk were 
found to be: 

• Above average daytime temperatures in autumn, winter 
and spring and warmer night-time temperatures; 

• Cooler than average summer days with warmer than aver
age summer nights (lower delta T, the difference between 
daytime and night-time temperature), resulting in less 
overnight pavement dampness; or 

• Warmer nights in general. 

• Extreme heat waves in summer, 
• Sunny days followed by cold, dewy and/or frosty nights, and 
• Sudden cold snaps. 

1. Falling atmospheric pressure and/or a low-pressure 
system combined with a trough (unstable weather); 

2. Air carrying high moisture content (high apparent 
humidity); 

3. Moist air in still wind conditions (can result in wet 
pavements staying damp for long periods); 

4. The presence of unusually warm or extreme heat 
(particularly for extended periods) in summer or the 
periods either side of summer; 

5. Very cold days or nights, particularly with extended 
periods of below average temperatures; 

6. Amount of cloud cover (expressed by variations in so
lar radiation); 

◦ Heavy cloud cover during the daytime (e.g., a 
dull grey sky, low solar radiation) can reduce 
visibility – the effect of heavy cloud cover dur
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Table 4. The range, mean (median) and distributions of daily casualty crashes by year in Victoria 2010 to 2019                  

Range 
in daily 
casualty 
crashes 

Mean 
(Median) 
casualty 
crashes 

Number of 
days below 
10-year 
mean of 39 
daily 
casualty 
crashes 

Number of 
days with 
>=59 
casualty 
crashes per 
day (~ 2% 
of days) 

Number of 
days with 
>=51 
casualty 
crashes per 
day (~ 10% 
of days) 

Number of 
days with 
<=21 
casualty 
crashes per 
day (~ 2% 
of days) 

Number of 
days with 
<=27 
casualty 
crashes per 
day (~ 10% 
of days) 

2010 20 - 61 37 (37) 212 1 22 5 43 

2011 20 - 68 38 (38) 190 6 28 2 37 

2012 15 - 70 38 (38) 197 6 28 6 47 

2013 15 - 71 38 (38) 192 2 31 6 34 

2014 15 - 66 40 (39) 163 6 34 3 21 

2015^ 23 - 80 43 (43) 112 12 66 0 12 

2016^ 19 - 74 43 (43) 110 22 71 1 13 

2017 17 - 67 37 (37) 217 6 15 10 44 

2018* 16 - 56 35 (35) 249 0 7 22 63 

2019 15 - 63 39 (39) 182 4 42 5 41 

2010 
to 
2019 

15 - 80 39 (39) 1,824 65 344 60 355 

^Highest daily mean casualty crash year 
*Lowest daily mean casualty crash year 

Table 5. Total number of fatal and casualty crashes for the decade in Victoria, including percentage of days in                  
the high and low crash categories       

Total 
number in 
the decade 
2010-2019 

Total number of 
crashes on days 
with >=59 crashes 
per day (~ 2% of 
days) 

Total number of 
crashes on days 
with >=51 crashes 
per day (~ 10% of 
days) 

Total number of 
crashes on days 
with <=21 crashes 
per day (~ 2% of 
days) 

Total number of 
crashes on days 
with <=27 crashes 
per day (~ 10% of 
days) 

Casualty 
Crashes 

141,797 4,082 19,042 1,154 8,517 

Fatal 
Crashes 

2,423 80 311 25 182 

Fatal 
Crashes 
per Day 

0.66 1.23 0.90 0.42 0.51 

% of 
total 
days 

N/A 1.8% 9.4% 1.6% 9.7% 

% of 
total 
casualty 
crashes 

N/A 2.9% 13.4% 0.81% 6.0% 

% of 
total 
fatal 
crashes 

N/A 3.3% 12.8% 1.0% 7.5% 

ing twilight hours on crashes (causing low light 
and low contrast) needs further investigation; 

◦ The absence of cloud on a bright sunny day 
(e.g., high solar radiation) can cause eye strain 
from constant squinting and accelerate driver 
fatigue; 

◦ Absence of cloud cover at night can result in 
cold temperature and when the air is relatively 
still, pavements can become damp due to the 
temperature change between daytime and 
night-time (delta T) resulting in dew, frost, fog 
and mist affecting visibility (internal and exter
nal to the vehicle); 

Towards Linking Climate and Weather Phenomena to Road Safety Outcome Part 3 of 3: Short-term Influen…

Journal of Road Safety 70



Furthermore, weather and climate conditions associated 
with decreased crash risk were found to be: 

The geographic (spatial) location, timing of the move
ment of the weather, wind direction and wind strength gen
erally correspond with the distribution of crashes over the 
24 hours both on low and high crash days, however to dif
fering extents. Cold nights inland can result in crashes af
ter a very sunny winter’s day. Crashes follow the spatial 
and temporal movement of cold fronts, troughs, wind, and 
clouds. 
In summary, stable weather conditions with small hour-

to-hour and day-to-day variations, and which are consis
tent with the season, are favourable to low crash occurrence 
whereas high variability, over the day or with respect to 
what is normal for the season (day and night), or high and 
low extremes of temperature increase crash risk. There are 
certain combinations of weather metrics, such as strong 
winds combined with rain, and hot weather combined with 

high humidity, that increase crash risk as they affect the 
environment and can degrade human and vehicle perfor
mance (Gaffney & Hovenden, 2022b). Some can be subtle 
and short-lived, catching road users by surprise. A broader 
range of factors, other than deficiencies at the crash loca
tion, therefore, need to be considered in crash analyses. 
The spatiotemporal nature of these events also needs to 

be considered in crash analyses, with the capture of more 
micro details about the weather leading up to the crash 
event and the use of Global Positioning System (GPS) coor
dinates to link the crash record to the BOM data from the 
nearest weather station. Capturing the light intensity lev
els (which affect visibility) at the time of the crash using a 
standard metric (e.g., lux) is also recommended. All seven 
metrics mentioned above are required as a minimum to dif
ferentiate adverse weather events for road users and need 
to be captured and collectively analysed for the time when 
the crash occurred. 

Limitations  

There are limitations to these analyses as no statistical 
testing has been undertaken on the underlying data. To un
dertake this requires the involvement of meteorologists due 
to the spatial and temporal nature of climate and weather. 
It also requires a long-term analysis period as many (rarer) 
events (combinations of factors) occur only a few times 
each decade (e.g., Cyclone Laurence). This is an area rec
ommended for further research. It involves understanding 
and fitting of appropriate statistical models, and should in
clude additional variables, such as traffic demand/exposure 
data to examine the direct versus indirect effects of weather 
patterns on crashes. 

Considerations Moving Forward    

This section has been provided to redress a sometimes 
common belief that when it comes to weather, there is not a 
lot that can be achieved via road safety programs. It identi
fies practical opportunities to develop and implement ame
liorative measures and areas for further research. Improve
ments can be made in the following areas: 

7. Warmer days with cooler nights (can result in a high 
dew point or frost, making roads slippery at night es
pecially when unexpected in warmer months); 

8. Extreme heat, often in combination with high humid
ity (can lead to fatigue or increased reaction times); 

9. Extreme heat softening pavements (increasing brak
ing distance, particularly in the hottest part of the 
day); 

10. Light rain events, including thunderstorms and inter
mittent rain (however steady rain does not necessar
ily increase crash risk); 

11. The combination of various weather events such as 
damp pavements and strong wind gust; 

12. The time sequence of adverse weather events coincid
ing with high travel demand periods (e.g., am peak, 
pm peak). 

◦ Warm and sunny days with clear skies on a low 
crash day can result in a disproportionate night-
time crashes when there are clear skies com
bined with a large delta T as this increases the 
likelihood of dew and frost forming at night. 

1. Rising atmospheric pressure, with stable weather, 
and/or a high-pressure system; 

2. Drier air or low water vapour pressure; 
3. Dry air and the presence of moderate wind speed, 

even in the presence of rain events (likely due to rapid 
drying of pavements after a rain or dew event); 

4. Cooler temperatures (below average conditions for 
the summer); 

5. Above average daytime temperatures in winter (and 
either side of winter); 

6. Cloud cover (expressed by variations in solar radia
tion); 

7. The time sequence of adverse weather events coincid
ing with low travel demand periods (e.g., middle of 
the night, public holidays, Sundays). 

◦ At night, cloud cover can keep temperatures 
warm and when combined with moderate wind 
speed (pavements will remain dry); 

1. In addition to BOM data linkage, other relevant data 
could be collected at the crash scene (for crashes at
tended by Police), such as standardised visibility 
measurements and light levels, and pavement damp
ness levels; 

2. Greater use could be made of existing real-time and 
automated variable messages in the roadside to com
municate weather-related and traffic conditions to
gether with dynamic speed limits to support the need 
to reduce speed; 

3. Likely periods of high crashes can be predicted by 
the five- and seven-day weather forecasts thus warn
ings and advice (e.g., regular road weather alerts via 
various media and channels) can be provided to road 
users in a timely manner with relevant geographical 
and temporal context; 
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Further research, literature review and data linkage are 
required in the following areas: 

Conclusions  

Analysis of weather metrics on very high crash days and 
very low crash days revealed markedly different patterns. 
The high crash days were associated with active low-pres
sure systems (falling air pressures and troughs), bringing 
unstable weather which can catch drivers by surprise, re
ducing margins of safety and leading to errors and in
creased crash risk. The low crash days, on the other hand, 
were associated with high-pressure systems (rising air pres
sures) and more stable weather. On days with a high num
ber of fatal crashes, a higher-than-average proportion of 
fatal crashes involved younger drivers, older drivers, and 
motorcycles. On the extended periods with fatal crashes, 
there was a higher-than-average proportion of motorcycles 
involved. Much can also be learned by looking at the 
weather conditions on days where there are low crashes 
and/or no fatal crashes. On these days, the weather was sta
ble, there was moderate cloud cover, and it was neither too 
hot nor too cold for the season. Whilst fatal crashes were 
associated with cold fronts and troughs, when these oc
curred outside of peak-periods they tended to have less ef
fect. When the direct path of the cold front bypassed Victo
ria, or its relative strength was low, the fatal crash risk was 
also reduced. 
The three-part series of papers identified the breadth 

and complexity of the many interacting weather elements 
and their capacity to modify the physical environment, the 
vehicle performance and human behaviours, and provided 
greater understanding of the need to “drive to conditions” 
in relation to crash risk. These studies examined the crash 
problem through different lenses (macro and micro), iden
tifying new patterns and revealing new insights into crash 
causation to further assist reaching the goal of zero road 
deaths and serious injuries. It has opened up many new 
lines of research and enquiry. The findings can also be used 
to provide a threshold of weather conditions above which 
specific control measures may be required to manage the 
increased crash risk, and including increasing awareness 
and target messaging when certain weather conditions are 
forecast or arise. The approaches in these studies are ap
plicable to other jurisdictions. Other jurisdictions are en
couraged to conduct similar studies in their own context 
(latitude, longitude and geography) as climate and weather 
patterns vary from place to place and some variations in the 
findings would be anticipated. 
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4. Targeting road safety campaigns to the weeks in the 
year when crashes are higher rather than solely fo
cused on holiday periods, many of which have histor
ically low crash risk; 

5. Raising road users’ awareness for the need to avoid 
travelling, reduce travel speed (e.g., wipe off by 10 
to 20 km/h), reduce distance travelled, and take more 
breaks under certain inclement and high-risk condi
tions (especially for motorcyclists); 

6. Modelling the “norm” (e.g., that it is acceptable to 
drive below the speed limit) through long-term sus
tained campaigns (like the 0.05 campaign). 

1. Single one-off days and extended periods of high 
temperatures and/or high relative humidity in rela
tion to its impact on human factors (e.g., fatigue, 
comfort levels, reaction time, heat stress), including 
the combined impact on long distance driving; 

2. Single one-off days and extended periods of cold tem
peratures, including wind-chill effects, in relation to 
human factors and its effect on specific road user 
types (pedestrians, cyclists and motorcyclists) and on 
vehicles (cold tyres and cold brakes); 

3. The contribution of road dampness, dew, and frost to 
road crashes; 

4. Detailed crash analysis of twilight conditions (dawn 
and dusk) in relation to visibility; 

5. The development of a practical visibility scale (seeing 
less than 100m is often reported as zero visibility) for 
direct measurement at the crash scene, leading to the 
development of road weather warnings provided to 
road users on days with poor visibility (including the 
compulsory use of head lights); 

6. Further understanding of the factors associated with 
the cycles of high and low crash days, including the 
sequences of crash days, using multivariate analysis 
to take into consideration the influence of other fac
tors that also affect crash occurrence; 

7. Detailed analysis of weather metrics for more high 
and low crash days to provide a sufficient sample size 
to allow disaggregation of data into other key vari
ables (e.g., time of year which affects travel patterns); 

8. Development and application of appropriate statisti
cal models to the data with input from meteorolo
gists (variables such as traffic demand/exposure data 
should be included in the model); 

9. Development of a model (like the Finnish one, see 
Gaffney & Hovenden, 2022b) for Victoria’s road net
work to predict, measure and report conditions such 
as road surface temperature and driving conditions 
and used as a basis for informing roads users; 

10. Behavioural change methods to maximise benefits of 
greater messaging (adaptation and modification of 
behaviours when risks are higher). 
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