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Understanding changes in frost events is vital given their impacts on crops. This 
study examines monthly frost day trends in southern Australia, using Australian 
homogeneous temperature stations. Century-scale annual frost day trends show 
decreases consistent with expectations in a warming climate. The past 32 years 
however exhibit more complex and seemingly contradictory changes. At some 
locations increases in annual number of frost days are observed, while other lo-
cations show decreases more consistent with the longer term trend. Assessing 
monthly trends, we find a consistent increase in frost days at all stations in south-
east Australia in late autumn (May). The trends are downwards during the winter 
months (June, July and August) indicating a decrease in the number of frost days. 
In early spring (August and September), the sign of the trend varies substantially 
between stations. Similarly, southwest Western Australia has experienced in-
creases in the monthly number of frost days. However, in contrast to southeast 
Australia, the increases are observed throughout the second half of the cold sea-
son. We examine the relationship with the concurrent recent drying since the 1990s 
in southeast Australia and since the 1970s in southwest Western Australia. In dry 
periods during the winter half year, clear-sky conditions are expected to occur more 
frequently, leading to larger diurnal temperature ranges and colder night-time tem-
peratures. This study provides further evidence that southeastern Australian frost 
day increases are linked to concurrent rainfall declines by analysing the relationship 
between number of frost days and number of precipitation days. 

Introduction

Extreme cold temperatures and frost events have 
considerable impacts on agriculture around the world and 
in Australia. Crops may be adversely affected and even 
destroyed by untimely frost occurrences (Zheng et al., 2012). 
In October 2013, severe frosts occurred in southeastern New 
South Wales, which caused substantial crop damage in the 
region (Bureau of Meteorology, 2013b).

Global studies show that the annual number of cold nights 
and frost days has been decreasing nearly everywhere 
around the world where frost days occur, using a minimum 
temperature threshold (usually 0, 2 or 2.2 °C), below which a 

frost day is defined (Frich et al., 2002; Alexander et al., 2006; 
Donat et al., 2013). An air frost occurs when the minimum 
temperature falls below 0 °C at thermometer height, while 
the 2.2 °C threshold indicates that the temperature at the 
surface is nearing 0 °C, it is thus a proxy for a ground frost 
(Plummer et al., 1999; Bureau of Meteorology, 2014). This 
decrease is consistent with a global average near-surface 
warming of 0.85 °C between 1880 and 2010 (IPCC, 2013). In 
Australia, decreases in the annual number of frost days have 
also been documented over the twentieth century (Jones et 
al. 2009; Alexander and Arblaster 2009; Collins et al. 2000). 
However, over the more recent period from 1970 onwards, 
annual frost day trends have been increasing at some 
stations in Australia (Bureau of Meteorology, 2013a). Murphy 
and Timbal (2008) report cooler minimum temperatures in 
southeast Australia from 1996 to 2006 in autumn and a 40 per Corresponding author address: Andrea Dittus, School of Earth Sciences, 

University of Melbourne. Email: adittus@student.unimelb.edu.au. 
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ID Latitude Longitude Elevation (m) Name 1940–2011 1980–2011

009021 -31.93 115.98 15 Perth Y Y

009510 -33.96 116.14 150 Bridgetown Y

010092 -31.48 118.28 315 Merredin Y Y

010286 -31.62 117.22 217 Cunderdin Y

010917 -32.67 116.67 275 Wandering Y Y

011052 -30.85 128.11 159 Forrest Y

012038 -30.78 121.45 365 Kalgoorlie-Boulder Y Y

013017 -25.03 128.3 598 Giles Y

015590 -23.8 133.89 546 Alice Springs Y

018012 -32.13 133.7 15 Ceduna Y

018044 -33.13 135.56 57 Kyancutta Y Y

023373 -34.48 139.01 275 Nuriootpa Y

026021 -37.75 140.77 63 Mount Gambier Y

036031 -23.44 144.28 192 Longreach Y Y

039066 -25.62 151.62 111 Gayndah Y Y

040004 -27.63 152.71 24 Amberley Y

043109 -28.05 148.59 199 St George Y

044021 -26.41 146.26 302 Charleville Y Y

046037 -29.43 142.01 183 Tibooburra Y

048027 -31.48 145.83 260 Cobar Y Y

052088 -30.04 148.12 133 Walgett Y

053115 -29.49 149.85 213 Moree Y

055024 -31.03 150.27 307 Gunnedah Y

056242 -29.78 151.11 582 Inverell Y Y

060139 -31.43 152.87 4 Port Macquarie Y Y

061078 -32.79 151.84 9 Williamstown Y

061363 -32.03 150.83 221 Scone Y

063005 -33.43 149.56 713 Bathurst Y

065070 -32.22 148.58 284 Dubbo Y Y

070351 -35.31 149.2 577 Canberra Y Y

072150 -35.16 147.46 212 Wagga Wagga Y Y

072161 -35.94 148.38 1482 Cabramurra Y

073054 -33.93 147.24 245 Wyalong Y

074258 -35.56 144.95 94 Deniliquin Y Y

076031 -34.24 142.09 50 Mildura Y Y

078015 -36.31 141.65 139 Nhill Y

080023 -35.72 143.92 78 Kerang Y

082039 -36.1 146.51 175 Rutherglen Y

084145 -37.69 148.47 63 Orbost Y Y

085072 -38.12 147.13 5 Sale Y

087031 -37.86 144.76 20 Laverton RAAF Y

091293 -41.05 146.79 3 Low Head Y

091311 -41.55 147.21 167 Launceston Airport Y Y

094029 -42.89 147.33 51 Hobart Y Y

094220 -42.99 147.07 65 Grove Y

096003 -42.28 146.28 667 Butlers Gorge Y

Table 1.  List of available ACORN-SAT stations for annual frost day trends from 1940 to 2011 and from 1980 to 2011 respectively.  
A bold ‘Y’ indicates that the station fulfils the completeness criteria as well as the average minimum number of frost days. 
A bold station ID identifies a station that is available for the annual but not the monthly analysis.
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over the periods from 1940 to 2011 and from 1980 to 2011 (see 
Table 1 for a list of stations available in the annual analysis). 
Monthly frost day trends were only analysed from 1980 to 2011.

If more than three days of daily data were missing (or 
more than 15 in a year), that month (year) was set to missing. 
Stations where frost day indices were available for at least 80 
per cent of years over the entire period and at least 80 per cent 
of years in the first and last ten years were used for this study. 
A minimum count of three frost days per month on average 
over the 1980 to 2011 period was also required. Due to this, 
a different number of stations were available each month. 
Overall, 15, 40, 44, 41 and 18 stations had sufficient frost days 
to be considered in the months from May to September 
respectively (see table 2 for a detailed list of stations). The 
same criteria were applied to annual trends for 1940–2011 and 
1980–2011, with a minimum number of three frost days per 
year required. 

To analyse the possible effect of concurrent drying on the 
number of frost days, the monthly count of wet days was used. 
The monthly number of wet days is defined as the number 
of days where precipitation exceeds 1 mm, as recommended 
by the World Meteorological Organization (WMO) through 
the CCl/CLIVAR/JCOMM Expert Team on Climate Change 
Detection and Indices (ETCCDI, e.g. Zhang et al., 2011). Studies 
have shown that trace measures of precipitation contain many 
biases (Hennessy et al., 1999) and therefore it is generally 
recommended to use thresholds above 0.2 mm. Monthly 
counts of wet days were calculated for daily recalibrated 
precipitation data from the Australian Water Availability 
Project (AWAP, Jones et al., 2009) at 0.05° × 0.05° resolution. 
AWAP daily precipitation data are broadly consistent through 
time although they tend to have some inhomogeneities in data 
sparse regions, particularly as a result of network changes 
(King et al., 2013). However as most of the high-quality 
temperature stations we are considering generally are in more 
densely sampled regions, we are assuming that AWAP daily 
precipitation data are relatively homogeneous in our areas of 
interest. Monthly precipitation totals obtained from monthly 
AWAP data were also considered. Similarly to the processing 
of frost days, only grid boxes where data were available for at 
least 80 per cent of all years as well as 80 per cent in the first 
and last ten years were kept. These data completeness criteria 
also eliminate some of the issues with inhomogeneous data in 
data sparse regions mentioned above.

Finally, two specific locations were chosen to illustrate 
the relationship between number of frost days and monthly 
total rainfall, number of wet days and monthly mean 9.00 
am cloud cover, one in southeastern Australia and one 
in southwest Western Australia. For these locations, the 
period from 1950 to 2011 was analysed (or shorter in the 
case of cloud data). The stations selected were Bathurst 
(NSW, station ID 063005) and Cunderdin (WA, station ID 
010286) for the frost days, each representing the station 
with the largest increases in number of frost days for each 
region respectively. For each of those two locations, the 
corresponding daily and monthly precipitation totals were 

cent higher average annual number of frost days in Mildura 
for this decade than any other since the beginning of high 
quality records in 1947. Over the longer period from 1958 
to 2006, Timbal (2010) documents small increasing trends 
in frost days in autumn and spring and small decreasing 
trends in winter, aggregated over 23 stations in southeastern 
Australia. While such unusual increases in the number of 
frost days have been noted in the literature (e.g. Murphy 
and Timbal, 2008; Timbal, 2010), a comprehensive analysis of 
monthly frost day trends at high quality stations in southern 
Australia has not been performed to date. 

In southern Australia, autumn and winter rainfall has 
declined by 15 per cent over the period from 1958 to 2007 
(Nicholls, 2009). Winter rainfall was very much below 
average or lowest on record for most of southeast Australia 
and southwest Western Australia since 1996 (CSIRO and 
Bureau of Meteorology, 2014). The precipitation decline 
started more than a decade earlier in southwest Western 
Australia than in southeast Australia (Murphy and Timbal, 
2008; Nicholls, 2009). It is thought that the recent drying is in 
part responsible for this increase in frost days. The decrease 
in cloud cover during dry periods is expected to result in 
increased diurnal temperature ranges, colder night-time 
air temperatures due to increased radiative cooling (e.g. 
Jones and Trewin, 2000) and therefore result in more frost 
days. Murphy and Timbal (2008) link the observed cooling 
of minimum temperatures to the rainfall decline that has 
occurred since 1996 in southeast Australia. 

Our aim in this study is to investigate this increase in frost 
days in more depth and to determine whether frost days are 
increasing in all cold season months. Therefore, we analyse 
trends in monthly counts of days where the minimum 
temperature is below 2 °C at several locations in southern 
Australia over the period from 1980 to 2011 using high-
quality station records. The temporal and spatial structure of 
frost day changes is examined, with a focus on southeastern 
Australia and southwest Western Australia. Furthermore, 
the relationship with number of wet days and cloud cover 
is examined to help determine whether observed frost day 
trends can be related to concurrent drying or reductions in 
cloud cover in those regions.

Methods and data

The frost day index used in this study is the monthly number of 
days where minimum temperature is below 2 °C. In Australia, 
this threshold is often used as 2 °C (or 2.2 °C) at thermometer 
height approximately corresponds to 0 °C at ground level, 
i.e., a ground frost (e.g. Stone et al., 1999; Timbal, 2010; 
Bureau of Meteorology, 2014). Monthly and annual values 
were calculated using daily minimum temperature station 
data from the Australian Climate Observations Reference 
Network – Surface Air Temperature (ACORN-SAT) dataset 
(Trewin, 2013). ACORN-SAT contains only high quality 
temperature stations, that have been carefully assessed and 
adjusted for inhomogeneities. Annual trends were calculated 
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ID Latitude Longitude Elevation (m) Name May June July August September

009510 -33.96 116.14 150 Bridgetown Y Y Y

010092 -31.48 118.28 315 Merredin Y Y Y

010286 -31.62 117.22 217 Cunderdin Y Y Y Y

010579 -33.69 117.56 310 Katanning Y Y

010917 -32.67 116.67 275 Wandering Y Y Y Y

011052 -30.85 128.11 159 Forrest Y Y

012038 -30.78 121.45 365 Kalgoorlie-Boulder Y Y Y

015590 -23.8 133.89 546 Alice Springs Y Y Y

015666 -20.18 130.01 340 Rabbit Flat Y

016098 -30.71 134.58 123 Tarcoola Y Y Y

018012 -32.13 133.7 15 Ceduna Y Y Y

018044 -33.13 135.56 57 Kyancutta Y Y Y Y

021133 -33.77 138.22 109 Snowtown Y Y Y Y

023373 -34.48 139.01 275 Nuriootpa Y Y Y Y

026021 -37.75 140.77 63 Mount Gambier Y

039066 -25.62 151.62 111 Gayndah Y

040004 -27.63 152.71 24 Amberley Y Y Y

042112 -26.66 150.18 305 Miles Y

043109 -28.05 148.59 199 St George Y Y Y

044021 -26.41 146.26 302 Charleville Y Y Y

046037 -29.43 142.01 183 Tibooburra Y

046043 -31.56 143.37 75 Wilcannia Y

048027 -31.48 145.83 260 Cobar Y Y Y

048245 -30.04 145.95 107 Bourke Y

052088 -30.04 148.12 133 Walgett Y Y Y Y

053115 -29.49 149.85 213 Moree Y Y Y

055024 -31.03 150.27 307 Gunnedah Y Y Y

056242 -29.78 151.11 582 Inverell Y Y Y Y Y

060139 -31.43 152.87 4 Port Macquarie Y Y

061363 -32.03 150.83 221 Scone Y Y Y Y Y

063005 -33.43 149.56 713 Bathurst Y Y Y Y Y

065070 -32.22 148.58 284 Dubbo Y Y Y Y Y

067105 -33.6 150.78 19 Richmond (NSW) Y Y Y

070351 -35.31 149.2 577 Canberra Y Y Y Y Y

072150 -35.16 147.46 212 Wagga Wagga Y Y Y Y Y

072161 -35.94 148.38 1482 Cabramurra Y Y Y Y

073054 -33.93 147.24 245 Wyalong Y Y Y

074258 -35.56 144.95 94 Deniliquin Y Y Y Y Y

076031 -34.24 142.09 50 Mildura Y Y Y

078015 -36.31 141.65 139 Nhill Y Y Y Y

080023 -35.72 143.92 78 Kerang Y Y Y

082039 -36.1 146.51 175 Rutherglen Y Y Y Y Y

085072 -38.12 147.13 5 Sale Y Y Y Y

087031 -37.86 144.76 20 Laverton RAAF Y Y Y

091311 -41.55 147.21 167 Launceston Airport Y Y Y Y Y

094029 -42.89 147.33 51 Hobart Y Y

094220 -42.99 147.07 65 Grove Y Y Y Y Y

096003 -42.28 146.28 667 Butlers Gorge Y Y Y Y Y

Table 2.  List of available ACORN-SAT stations for each month for the period 1980–2011. A bold ‘Y’ indicates that the station fulfils the 
completeness criteria as well as the average minimum number of frost days.  
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the magnitude of the trend. Where an absolute trend value 
of less than 0.1 days per decade or equal to zero occurred, 
the trend value was artificially replaced with 0.1 days per 
decade and labelled as 0-0.1. 

Observed frost day trends

The annual number of frost days in Australia has been 
decreasing over the period from 1940 to 2011, consistent 
with global and Australian trends reported in other studies 
(Donat et al., 2013; Alexander et al., 2006; Frich et al., 2002). 
Decreases in the annual number of frost days are found for 
20 out of 22 stations with records back to 1940, of which 17 
are statistically significant (Fig. 1(a)). The two remaining 
stations have trends close to zero (Mildura and Perth, noting 
that Perth is not visible on Fig. 1(a) due to being covered 
by another station). A start date of 1940 was chosen as 
a compromise between length of record and number of 
stations available. The sign of the trends however is not 
affected by choosing another start date in the first half of the 
twentieth century (e.g. 1920, 1930 or 1950), noting that the 
bulk of the warming over Australia has occurred since the 
1950s anyway (Bureau of Meteorology, 2011). 

obtained from the high quality precipitation station (Lavery 
et al., 1992) nearest to the temperature station, in order to 
compare station data with station data. Monthly number 
of wet days were again calculated as the number of days 
per month where daily precipitation exceeded 1 mm. For 
Bathurst, a precipitation station was available for the same 
site (station ID 063005). Cunderdin however does not have 
a long-term precipitation station at the same site. Therefore, 
precipitation data measured at Meckering were used, located 
approximately 23 km from Cunderdin (station ID 010091). 
High quality monthly 9.00 am cloud fractions were obtained 
for Bathurst (station ID 063005) and Cunderdin (station ID 
010035) from the Australian high-quality monthly total cloud 
amount dataset (Jovanovic et al., 2011). The Cunderdin station 
was closed in 2007. 

Trends were calculated using standard linear regression. 
Statistical significance of trends was not assessed except for 
the annual long term trend from 1940 to 2011 as an analysis of 
significance for the shorter period would have little meaning 
(Nicholls, 2001). For the longer period, the non-parametric 
Mann-Kendall trend test was used to test significance at 
the five per cent level. In Figs 1 and 2, blue (red) triangles 
pointing up (down) were assigned to increasing (decreasing) 
trends in frosts. The size of the symbol was then scaled with 

Fig. 1.  Trends (days/decade) in the annual number of frost days. The left figure shows frost day trends over the period from 
1940 to 2011, while the right figure shows frost day trends from 1980 to 2011. Only stations where data were available for 
more than 80 per cent of years as well as for 80 per cent of years in the first and last ten years were used. Furthermore, a 
minimum average annual number of three frost days was also required. Upward (downward) pointing triangles indicate 
increasing (decreasing) trends. The size of the triangles is scaled with the magnitude of the trend. Blue (red) triangles 
indicate increasing (decreasing) trends. Absolute trends between 0 and 0.1 days per decade are shown in black. The large 
black dots indicate the location of Cunderdin in Western Australia and Bathurst in New South Wales. 
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When the same analysis is performed for the shorter 
period from 1980 to 2011, increases in the annual number of 
frost days are found at some locations in New South Wales, 
Victoria, Tasmania and Western Australia (Fig. 1(b)). This 
indicates that in this more recent period, the frequency of 
below 2 °C nights in winter has increased in some locations, 
despite an ongoing warming of the climate over Australia 
(e.g. Nicholls and Collins, 2009). To further investigate these 
increases, monthly trends in frost days are analysed. 

Southeast Australia
Trends in frost days are increasing over the period from 1980 to 
2011 at most available stations in May in southeastern Australia. 
While some stations have a negligible trend, no decreases are 
found (Fig. 2(a)). This indicates a spatially coherent increase 

in the number of frost days occurring in May. This increase 
in frost days is occurring concurrently with decreasing 
monthly mean minimum temperature and an increase in the 
percentage of days where minimum temperature is below 
the long-term 10th percentile (not shown). In June (Fig. 2(b)), 
mixed trends are observed while in July (Fig. 2(c)), the trends 
are mostly down: spatially coherent decreases in frost days 
are observed. In late winter, particularly in August, frost day 
trends are characterised by high spatial variability, with some 
stations showing decreases and others showing increases 
(Figs 2(d) and 2(e)). Using a lower temperature threshold to 
define the occurrence of a frost day (0 °C) results in similar but 
weaker changes (not shown). 

The increases in frost days occur in areas of decreasing 
number of wet days (Fig. 2) and decreasing monthly 

Fig. 2.  Monthly frost day trends (triangles) and monthly number of wet days trends (gridded) over the period from 1980 to 2011. 
The symbols represent the trend in the number of frost days per decade for each month for May, June, July, August and 
September respectively, using the Australian high quality temperature stations (Trewin, 2013). Blue triangles indicate in-
creases while red triangles indicate decreases. Absolute trends between 0 and 0.1 days per decade are shown in black. The 
white areas occur where no data were available or where less than 80 per cent of all years and less than 80 per cent in the 
first and last ten years were available. 
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precipitation (not shown), i.e. areas where drying has 
occurred. In July, despite a moderate reduction in the 
number of wet days, decreasing frost day trends are found 
across most sites. The trend in the number of wet days 
however is weaker than in May. It is likely that other effects 
related to soil moisture content, humidity and wind could 
have an influence on the July frost day trends. However, it 
is also important to keep in mind the limitations of using 
wet days as a proxy for cloudiness and night-time radiative 
cooling. In this study we are interested in night-time cloud 
cover, but wet days can be due to precipitation occurring 
during the day or night, and clouds that do not precipitate 
may be present on a dry day. A combination of these factors 
could explain why decreases in frost days are observed 
across most sites in July. In August and September, the 

Fig. 3.  Time series of monthly number of frost days, monthly number of wet days and monthly average cloud fraction shown at 
Bathurst and Cunderdin for May and August and June and August respectively. Precipitation data for Cunderdin are from 
the nearby station at Meckering. Monthly average cloud fraction is measured in octas.  

stations with increasing frost days are again located in areas 
where the number of wet days has been decreasing. 

Bathurst is the station with the strongest May increase. 
The May and August frost days time series for Bathurst 
are shown in Figs 3(a) and 3(c) respectively. Frost day 
numbers were particularly high during the peak of the 
Millennium drought, after being low for much of the 1990s. 
The time series for 9.00 am monthly mean cloud fraction 
and number of wet days is also shown. A high number of 
frost days generally coincides with low 9.00 am cloud and 
low number of wet days and vice-versa for that month. The 
correlation coefficients are given in Table 3 and confirm that 
monthly total rainfall, number of wet days and monthly 
cloud cover are all negatively correlated with frost days (all 
are statistically significant). The relationship between total 



268   Australian Meteorological and Oceanographic Journal 64:4 December 2014

Southwest Western Australia
In southwest Western Australia, the number of frost days 
has increased from July to September at nearly all stations 
over the period from 1980 to 2011. In May and June, frost 
occurrence is too low at most stations, with only one station 
satisfying the minimum number of frost days requirement 
in May. Increases are found in July, August and September. 
However, only two stations have enough frost days in 
September on average. 

A relationship between frost days and wet days is less 
apparent than in southeastern Australia. Frost day increases 

monthly precipitation and monthly number of wet days 
with frost days is similarly strong, whereas it generally is 
slightly stronger with cloud cover. The relationship between 
frost days and wet days is further examined by displaying 
the number of frost days as a function of the number of wet 
days (Fig. 4). A clear relationship between the number of wet 
days and frost days is found for all months, with the strength 
of the relationship indicating a reduction of more than two 
frost days per one day increase in wet days early in the cold 
season and slightly smaller reduction in frost days per wet 
day later in the year.

Fig. 4.  Monthly number of frost days are shown as a function of the monthly number of wet days for the months May to August. 
Two locations are shown, one in southeastern Australia and one in southwest Western Australia. The filled black circles 
correspond to Bathurst (063005) in New South Wales. The grey hollow circles represent the stations Cunderdin (010286) 
for frost days and Meckering (010091) for wet days in Western Australia. Each dot symbol represents one year from 1950 
to 2011. Due to missing data, the number of points may be less than 62. A total least squares regression line was fitted and 
the slope of the regression line is given.
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coincide with areas of wet day decreases in August, but 
not in July and September when the strongest frost day 
increases are observed (Fig. 2). The relationship between 
frost days and wet days in Western Australia is of the 
expected sign, with more wet days corresponding to fewer 
frost days. However, the effect is less pronounced than in 
southeastern Australia, with the decrease in frost days 
per one day increase in wet days being less than one in all 
months (Fig. 4). This is likely because the average number of 
frost days is lower in southwest Western Australia. Again, 
the relationship is strongest in June and August. However, 
as precipitation data were not available at Cunderdin, 
data from Meckering were used. The same analysis for 
Merredin shows a relationship of similar strength to the 
one observed in southeastern Australia in July and August 
(not shown), indicating that the relationship at Cunderdin 
may be reduced due to the use of precipitation data from a 
station located approximately 23 km away. The correlation 
coefficients (Table 3) between monthly precipitation, monthly 
number of wet days and monthly cloud cover with frost days 
are highest in June. Furthermore, in southwest Western 
Australia frost days are better correlated with cloudiness than 
with monthly precipitation or number of wet days, while in 
southeast Australia the correlation coefficients with monthly 
total rainfall, wet days and cloudiness were of comparable 
magnitude. The correlation coefficients are close to zero in 
September. This could be due to the fact that September is 
a transition month and frost days occur on only a few days, 
while monthly precipitation, wet days and cloud cover are 
measured over the entire month. Overall, the strongest 
increases in frost days are found in the months where the 
relationship with monthly rainfall, wet days or cloudiness is 
weakest. This would suggest that either monthly rainfall and 
cloudiness are not the best indicators to explain the observed 
increase in frost days because they are averages over all days 
of the month and frost days only occur on a few days, or that 
an entirely different process is causing this increase.

Table 3. Pearson correlation coefficients between frost days (FD) and monthly total precipitation (mPRCPTOT), number of wet days 
(WD) and monthly mean 9.00 am cloud fraction (cloud) at Bathurst (left) and Cunderdin (right) respectively (or neighbour-
ing stations for precipitation data). To represent precipitation at Cunderdin, the station at Meckering was used as there was 
no long-term precipitation station available for Cunderdin (see ‘Data and methods’ for more details). The May correlation 
coefficients for Cunderdin should be interpreted with caution as the station does not fulfil the average minimum number of 
frost days criterion for that month. The correlation coefficients were calculated over the time period common to all variables 
and both stations, 1966 to 2006. Correlation coefficients in bold are statistically significant at the five per cent level using 
Student’s t distribution.

Bathurst Cunderdin

M J J A S M J J A S

FD-mPRCPTOT -0.58 -0.54 -0.65 -0.57 -0.42 -0.26 -0.44 -0.32 -0.34 0.05

FD-WD -0.61 -0.58 -0.62 -0.76 -0.36 -0.36 -0.60 -0.40 -0.32 0.08

FD-cloud -0.81 -0.38 -0.65 -0.71 -0.37 -0.19 -0.67 -0.55 -0.53 -0.08

Discussion

While some increases in the number of frost days are 
observed in both southeastern Australia and southwest 
Western Australia over 1980 to 2011, the time of year when 
they occur differs. In southeastern Australia, increases 
are primarily occurring in late autumn (May) although 
spring increases have been observed at some locations. 
In southwest Western Australia, the strongest frost day 
increases are observed in early spring. The spring increases 
in particular have relevant impacts for agriculture, as frosts 
occurring after bud-break and flowering may be very 
damaging to crops (Rigby and Porporato, 2008). 

The results presented here provide further evidence that 
the recent drying associated with the Millennium drought 
has resulted in more frequent frost days at some locations 
in southeastern Australia in May and early spring compared 
to earlier decades, when frost days were particularly low 
as a consequence of decreasing frost days over much of 
the twentieth century. Decreasing precipitation is linked 
to decreasing cloud cover, i.e. more clear-sky nights. 
Frosts are more likely to occur during clear-sky nights as 
the temperatures will be lower due to enhanced radiative 
cooling. While there is some indication that drying in 
southwest Western Australia could play a role in the frost 
day increases, the strongest frost day increases occur in 
spring, when the drying in southwestern Australia is weak 
(Indian Ocean Climate Initiative, 2012). It is likely that the 
monthly values for rainfall, wet days and cloudiness do not 
correlate well with frost days in the transition month as frost 
days might only occur early in the month. Therefore, further 
research is needed to determine the cause of the spring frost 
increases in Western Australia as the observed precipitation 
decline alone cannot explain the observed trends. Analysis 
of trends in cloudiness and associated weather patterns 
would be useful to help determine the underlying cause 
of the increases, however the availability of cloud data is 
limited. Nevertheless, an approach that would consider 
clouds and other factors such as wind and humidity, as well 
as dynamical aspects would be useful. 
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that the recent drying trend in southeastern Australia 
has resulted in more frequent very cold nights and more 
frost days. In southwest Western Australia, frost days 
have increased in late winter and spring. While there is a 
relationship with the number of wet days in this region, 
it is not currently possible to determine the exact cause 
of the southwest West Australian frost day increases.  
The frost day increases occur in late winter and spring, when 
rainfall trends are weak. Analysis of cloud and radiation 
observations as well as dynamical features during the period 
of frost increases is required to understand these frost day 
increases better. Further research on the causes of the 
southern Australian rainfall decline and the role of different 
climate drivers would contribute to a better understanding 
of the observed frost days increases.
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