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ABSTRACT  

Daily heavy rainfall events (HREs) are studied over Australia by identifying 24-hour rainfall 

amounts of at least 50 mm, and categorising the events into bins based on rain intensity, for 

each of four 3-month seasons. In addition to the point location of HREs, contiguous rain areas 

(CRAs) are considered in order to capture the wider-scale nature of the HREs, including area 

covered and rain volume. Occurrences of HREs vary with season and location, appearing 

somewhere over the Australian continent on approximately 85 per cent of days during summer 

and approximately 35 per cent of days during winter. In the tropical zone, frequencies and areas 

affected are relatively high during summer, but low during winter. In contrast, values remain 

relatively consistent between seasons in the midlatitude zone, largely due to HREs along the 

southeast coast. On considering the percentage contribution by HREs and CRAs to the total 

rainfall, minima are instead generally found during spring rather than winter. In the tropical and 

subtropical zones, the relatively high percentages are approximately maintained from summer to 

autumn, before falling to lower values during winter and into spring. Although the largest 

percentage values of HRE frequency and area during winter occur in the midlatitude zone, this 

zone exhibits smaller percentage contributions by HREs to total rainfall than the other zones 

throughout all four seasons. 

 

  



SEASONAL DISTRIBUTIONS OF DAILY HEAVY RAIN EVENTS OVER AUSTRALIA 

 

 

 

2 
 

1. INTRODUCTION  

Australia is a large continent, extending from the tropics to the mid-latitudes. A natural 

consequence of this is that the continent is subject to a wide range of rain-producing weather 

phenomena, ranging from the monsoon circulation and tropical cyclones over the north during 

the warm season, to coastal storms and mid-latitude baroclinic systems and cold fronts in the 

south. When weather events produce large amounts of rain, lives and infrastructure are 

threatened and associated economic and financial costs are high (Bureau of Transport 

Economics 2001; Middlemann 2007; Crompton and McAveney 2008). Gaining an 

understanding of such events may therefore be very beneficial. Consequently, the core aim of 

the current work is to develop a climatology of heavy rain events (HREs) over Australia by 

establishing primarily how frequently these events occur, where they occur, and their 

magnitudes. 

 

A precise definition of a HRE is required before climatological information can be compiled. In 

the past, Karl et al. (1996) used a threshold of 50.8 mm (2 inches) of rain to define extremely 

heavy 1-day rain events. Konrad (1997) defined heavy rain to be at least 50 mm within a 6-hour 

period at more than one station. Harnack et al. (1999) used a threshold of 51 mm over a period 

of up to 2 days as part of their definition for heavy rain events. Ebert et al. (2005) used 20 mm 

falling over one day to define heavy rain. Chen et al. (2007) grouped heavy daily rainfall totals 

into three mutually exclusive sets, with thresholds of 50-90 mm, 90-130 mm, and those that 

exceeded 130 mm, respectively. Mass et al. (2011) discussed a range of methods to define 

heavy rainfall, including thresholds of 50.8 mm and 101.6 mm. Based closely on these past 

contributions, the current work adopts a minimum daily rain value of 50 mm to define a HRE. 

These events are placed into four classes of rain intensity. The first contains all HREs, while the 

next three are mutually exclusive subsets of the first class: (1) R ≥ 50 mm, (2) 50 ≤ R < 100 

mm, (3) 100 ≤ R < 200 mm, (4) R ≥ 200 mm, where R is rainfall over 24 hours. 

 

To account for temporal variations, the dataset is divided into four 3-month seasons: December-

January-February (DJF), and so on (MAM, JJA, SON). Given the large size of the Australian 

continent, it is convenient to capture broad spatial variations in properties of HREs by dividing 

the continent into subregions. First, three zones are defined: (1) tropical (L < 20°S), (2) 

subtropical (20°S ≤ L < 30°S), (3) mid-latitude (L ≥ 30°S), where L is latitude (solid horizontal 
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lines in Fig. 1). Then, given the large west to east extent of the continent, the three zones are 

themselves divided (vertical dashed lines in Fig. 1) giving a total of nine areas. 

 

 

 

Fig. 1 The Australian continent divided into three zones (tropical, subtropical, midlatitude) separated by 
solid horizontal lines, and divided further (vertical dashed lines) to define nine areas, northwest 
(NW), north (N), northeast (NE), west (W), central (C), east (E), southwest (SW), south (S), and 
southeast (SE). The grey shading indicates areas where rain observations are not available. 

The data and methods used in the analysis are discussed in Section 2. Of particular importance 

in this section is the discussion of the definition and application of contiguous rain areas 

(CRAs) for the analysis that follows. In Section 3, an overview of the climatology of HREs is 

presented. This is followed in Section 4 by more detailed analyses of the frequency of HREs, 

fractional areas covered by HREs, and contribution of HREs to the total rain. Areas of the 

Australian continent covered by HREs are illustrated in Section 5. Key points are summarised 

and conclusions made in Section 6. 

2. DATA AND METHODS 

The daily rain data were extracted from a 0.05°x0.05° grid covering the Australian continent for 

the period 1969 to 2011, based on an extensive network of daily rain gauges, with details of the 

analysis methods described by Jones et al. (2009). 
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Using data covering every day of the 43 year period, grid points with a daily rain total of at least 

50 mm were identified. As the rain data were available on a grid with a high spatial resolution 

of 0.05°x0.05°, it was inevitable that multiple grid points would be identified on the same day 

due to a single widespread rain event. To avoid counting each of these individual grid points as 

a separate rain event, the contiguous rain area (CRA) containing these individual points was 

identified, using the following method. 

 

Beginning at the grid point with the highest amount of rain (R ≥ 50 mm) for each day, 

neighbouring grid points were successively scanned and assigned to the CRA down to daily rain 

amounts no lower than 20 mm. This latter value was adopted following the work of Ebert et al. 

(2005) who used a threshold of 20 mm to define heavy rain. This 20 mm threshold was used as 

the outer boundary of a CRA provided that somewhere within the CRA there was at least one 

grid point with a rain observation of at least 50 mm (Fig. 2). The rain volume (RV) within each 

CRA was then computed, allowing the total rainfall within the CRA to be represented by a 

single number. 

 

Fig. 2 Schematic definition of a contiguous rain area (CRA), with the requirements that at least one grid 
point contain a daily rain observation greater than or equal to 50 mm, and rainfall is spatially 
continuous down to a minimum bordering value no less than 20 mm. 
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3. RESULTS: OVERVIEW OF HRE CLIMATOLOGY 

A broad picture of the HRE climatology is presented in Fig. 3. These particular results are 

limited to the three zones plus Australia as a whole, for seasonal observations of HREs in the 

main class of rain intensity (R ≥ 50 mm). 

 

 

Fig. 3 For each zone and for Australia as a whole, (a) percentage of days per season that contain a 
HRE, (b) percentage of each area covered by HREs during a season, (c) contribution by HREs to 
the total rain per season, (d) percentage of each area covered by HRE CRAs during a season, (e) 
contribution by HRE CRAs to the total rain per season. 

The percentage of days during each season that at least one HRE is observed (Fig. 3a) is 

greatest during summer (DJF) in the tropical zone, followed by the subtropical zone. During 

MAM, the tropical zone again exhibits the highest value. Frequencies of HREs in the 

subtropical and midlatitude zones are similar to each other during this period, but less than that 

found in the tropical zone. The tropical and subtropical zones show the largest interseasonal 

variations, falling to the lowest of all frequencies during winter (JJA). The midlatitude zone 

clearly has the smallest interseasonal variation, and it outscores the other two zones during both 

JJA and SON. For Australia as a whole, a HRE occurs somewhere over the continent on 

approximately 85 per cent of days during summer, and approximately 35 per cent of days 

during winter. 
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The percentage of total area within a zone covered by HREs (Fig. 3b) is clearly largest during 

summer in the tropical zone (≈ 60 per cent), due to convective activity associated with the 

monsoon, thunderstorms and tropical lows. All zones exhibit low values of approximately 5 per 

cent during winter. When CRAs are considered (Fig. 3d), the areas covered by HRE activity are 

relatively larger, with values ranging from 10 to 30 per cent during winter. During summer the 

fractional area covered by CRAs associated with HREs is more than 90 per cent in the tropical 

zone. The interseasonal variations are greatest in the tropical zone and smallest in the 

midlatitude zone. During winter and spring, HREs cover a larger percentage area of the 

midlatitude zone than they do in the other two zones. This pattern of interseasonal comparison 

between the zones is generally consistent with what was found previously for the frequency of 

events (Fig. 3a).  

 

The general pattern described above for both the frequency and percentage areas involved high 

percentages in the tropical zone during summer, but low in winter. In comparison, there were 

relatively consistent interseasonal percentages in the midlatitude zone, and it outscores the 

tropical and subtropical zones during winter and spring. However, when the rain volume 

percentages (contribution by HREs to the total rainfall) are considered (Fig. 3c) rather than area 

covered, the patterns differ from those discussed above. In general, minima are found not during 

winter but during spring. In the tropical and subtropical zones, the relatively high percentages 

are approximately maintained from summer to autumn, before falling to lower values during 

winter and into spring. For this parameter, the midlatitude zone does not outperform the other 

two zones during winter and spring. In fact, the midlatitude zone exhibits smaller percentages 

than the other zones throughout all four seasons. On considering the RV percentage results 

based on CRAs (Fig. 3e), the values are larger but adhere to the general pattern noted above in 

regard to Fig. 3c. Approximately 40 to 45 per cent of rain volume in the tropical and subtropical 

zones is due to HREs during summer. Even during winter the values exceed 20 per cent. For 

Australia as a whole, 40 per cent of rain during summer is due to CRAs associated with HREs 

(with a large contribution from the tropical convection), while during winter this contribution 

from HREs is approximately 17 per cent. An interesting point here is the persistence of high 

percentage contributions by HREs to the total rainfall from DJF to MAM, particularly in the 

tropical and subtropical zones. This indicates that HREs, whether represented by CRAs or not, 

contribute to the total rainfall at approximately the same rate during both seasons, despite 

reductions in HRE areas and frequencies of occurrence from DJF to MAM. 
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4. RESULTS:  HRE CLIMATOLOGY 

In this section, the nine subregions (defined in Fig. 1) and the four classes of rain intensity are 

considered, expanding upon the broad results presented above (Fig. 3). The data displayed in 

Figs 4 through 8 are arranged consistently, as follows. Each row of diagrams contains data for 

one of the four rain intensity classes, as indicated by the title above each diagram. Each column 

corresponds to one of the four seasons, also indicated above each diagram. Each of the sixteen 

frames contains nine percentage values, one for each of the nine subregions labelled on the 

lower edge of each diagram. The dark grey shading identifies the three subregions within the 

tropical zone, with pale shading for subregions within the subtropical zone and white for those 

within the midlatitude zone. For ease of comparison between seasons, each set of four diagrams 

within a row has a consistent range of values on the vertical axis.  

a.  Percentage of days containing HREs 

The frequencies of events within the nine subregions are shown for each season and for each of 

the rain intensity classes in Fig. 4. In producing these results, a maximum of one event was 

counted in each subregion per day. However, when assessing the different classes of rain 

intensity, it was possible to count multiple events in an individual subregion, with a maximum 

of one event in each class per day. Therefore, although the data in lower three rows are based on 

mutually exclusive rain intensity classes (subsets of the top row), the individual percentages 

may sum to values greater than those found in the top row, for each particular subregion. 

 

There is a reduction in the magnitude of values as the rain intensity class increases (successively 

from the second row to the fourth row). Seasonal change is a dominant factor affecting the 

frequency of HREs, no matter which rain intensity class (row) is considered. Eastern subregions 

dominate the maxima in each of the three zones, for all seasons and rain intensities, apart from 

small exceptions in the tropical zone (Figs 4e and 4h). The tropical zone dominates during DJF, 

rivalled by activity in the subtropical Eastern subregion. HREs in the tropical zone are not 

limited to summer, with large percentages found in both the N and NE subregions during 

MAM. During JJA and SON, the SE subregion dominates, although at a lower frequency than 

that found in the tropical zone during summer. 
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Fig. 4 Percentage of days per season (columns) that contain a HRE, for each of the nine areas 
(horizontal axes), for each rain intensity class (rows). Shading is used to identify areas in the 
tropical zone (dark grey) and the subtropical zone (light grey), while white boxes represent areas 
within the mid-latitude zone. 
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Fig. 5 Percentage of each of the nine areas (labelled on horizontal axes) covered by HREs, for each 
season (columns) and each rain intensity class (rows). 
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Fig. 6 Percentage of each of the nine areas (labelled on horizontal axes) covered by HREs with a CRA 
boundary no lower than 20 mm, for each season (columns) and each rain intensity class (rows). 
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Fig. 7 Percentage contribution by HREs to the total rain per season (columns) within each of the nine 
areas (labelled on horizontal axes), for each rain intensity class (rows). 
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Fig. 8 Percentage contribution by HRE CRAs to the total rain per season (columns) within each of the 
nine areas (labelled on horizontal axes), for each rain intensity class (rows). 

b. Percentage of area covered by HREs 

The percentage areas covered by HREs in each of the nine subregions are considered separately 

for the R ≥ 50 mm portion within each CRA (Fig. 5) and for the entire CRA (Fig. 6). The areas 

are not computed from totals of individual HREs, but rather from the total area covered by all 

relevant events in a subregion during a season; overlapping points are counted only once per 

season. A consistent feature of the results in Figs 5 and 6 is that percentages are greatest in the 

eastern subregion within each zone for every season and every rain intensity class, with only 

one exception (Fig. 6g). Although this is an interesting point, differences between subregions 

within a zone may be relatively small for a particular season and class of rain intensity (for 
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example, Figs 5b and 6a), indicating that the eastern subregions do not dominate in every 

category. The largest differences occur between zones and between seasons, as identified 

previously in the overview section. 

 

During summer in subregions of the tropical zone, the percentage areas covered by the most 

intense portion of the CRA (≥50 mm) vary from approximately 55 to 75 per cent (Fig. 5a). On 

considering the entire CRA (Fig. 6a), at least 90 per cent of the tropical subregions are covered 

by rain associated with HREs. During JJA and SON, the SE subregion is a prominent feature, 

particularly when CRAs are considered (two right columns of Fig. 6). Values in the SE exceed 

those in all other subregions during these 6 months, except for R≥200 mm (Figs 6o and 6p). For 

all seasons and rain intensities in Figs 5 and 6, the SE values are greater than those 

corresponding to both the SW and S. For all rain intensity classes, the percentage areas of the 

SE affected by HRE CRAs are greatest during DJF. We speculate that occurrence of convective 

precipitation during each season in the SE results in the relatively consistent results throughout 

the year relative to other subregions. It appears that the activity in the SE area is largely 

responsible for the consistency across all seasons exhibited by the midlatitude zone in Fig. 3. 

c. Percentage of rain total due to HREs 

Frequencies and percentage areas of HREs shown above exhibit a general decrease as the rain 

intensity class increases. This is not found when the percentage of the total RV due to HREs is 

considered (Fig. 7). Differences between the second row (Figs 7e to 7h) and third row (Figs 7i 

to 7l) show that the HREs with intensities of 100 to 200 mm generally contribute more to the 

total RV than HREs in the 50-100 mm class, despite the larger frequency (Fig. 4) and larger 

percentage area (Fig. 5 and 6) covered by the 50-100 mm class. Although HREs in the highest 

rain intensity class (R>=200 mm) are relatively rare (Fig. 4), the RV that they produce (Figs 7m 

to 7p) is comparable with RVs produced by the 50-100 mm rain class (Figs 7e to 7h), 

particularly during DJF and MAM in the tropical and subtropical zones. 

 

Within the midlatitude zone, the SE subregion produces the largest percentage RV during 

MAM, JJA, and SON, but is rivalled by the SW during summer. Although the previous analysis 

of frequencies and areas showed that the SE was an outstanding feature during JJA and SON, 

HREs in the SE are not outstanding contributors to the total rainfall, with higher percentages 

found for other subregions of the continent during all seasons for all classes of rain intensity. 
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Contributions to the total RV by CRAs associated with HREs are shown in Fig. 8. These 

percentages are considerably larger than those found when CRAs were not considered (Fig. 7). 

An interesting difference is that the RV percentages associated with CRAs show that the HREs 

in the 50-100 mm intensity class generally contribute a larger percentage to the total RV than 

those in the 100-200 mm class (Fig. 8), contrary to the situation when CRAs were not 

considered (Fig. 7). 

 

During SON, the percentage values are comparable between the subregions of each zone for 

rain intensity classes 2 and 3 (Figs 8h and 8l). Results for these two classes during MAM and 

JJA show that the highest percentages are found in the tropical and subtropical zones, although 

the SE subregion does receive a fairly comparable percentage of its total RV from HREs. 

During DJF, subregions within the tropical zone receive a larger percentage of their RV from 

50-100 mm intensity events than do any subregions in the subtropical and midlatitude zones. It 

is, however, interesting to note that the percentage contributions to RV by 50-100 mm intensity 

HREs in the midlatitude subregions during DJF are approximately equal to those in the 

subtropical zone (Fig. 8e), despite the frequencies and percentage areas being much larger in the 

subtropical zone (Figs 4e, 5e, 6e). This equality is absent when the 100-200 mm intensity class 

is considered (Fig. 8i), with the percentage in the midlatitude zone decreasing further than those 

in the subtropical zone. For the highest intensity HREs during all seasons (Figs 8m to 8p), 

contributions to the total RV are greatest within the eastern subregions (NE, E, SE).  

5. HRE AREAS OVER THE AUSTRALIAN CONTINENT 

While the analyses in the above sections provide precise information within each of the nine 

subregions, it is also informative to examine maps that illustrate geographic distributions of 

rainfall from HREs over the Australian continent. Seasonal mean rain amounts have been 

computed from rain totals accumulated from all rainfall falling within CRAs, based on the 

entire CRA down to the 20 mm boundary. These are shown in Fig. 9 for each season for the 

main rain intensity class (R ≥ 50 mm). 

 

Comparing all seasons, the outstanding feature is the large amount of rain north of 

approximately 20°S during DJF. This feature contracts toward the coast during MAM, and is 

almost absent during JJA. The low mean rain amounts represented by the lightest grey shading 

(5 to 50 mm) show that CRAs associated with HREs are able to produce rainfall over the 



SEASONAL DISTRIBUTIONS OF DAILY HEAVY RAIN EVENTS OVER AUSTRALIA 

 

 

15 
 

majority of the continent, although the low values show that these events do not occur 

consistently from year to year. During JJA and SON, rain produced by CRAs associated with 

HREs (Figs 9c and 9d) covers less of the continent than during the other two seasons (Figs 9a 

and 9b). 

 

The mean rainfall produced by HREs along the east coast is a consistent feature between 

seasons, particularly south of approximately 25°S, in agreement with earlier discussions. 

Further north along the east coast during DJF and MAM, mean rain amounts greater than 50 

mm associated with HREs extend inland some hundreds of kilometres further than the rain 

patterns found along the east coast to the south during JJA and SON.  

  

Fig. 9 Seasonal mean rain amounts (mm) falling within HRE CRAs, for the main rain intensity class (R ≥  
50 mm), for seasons (a) DJF, (b) MAM, (c) JJA, (d) SON. 



SEASONAL DISTRIBUTIONS OF DAILY HEAVY RAIN EVENTS OVER AUSTRALIA 

 

 

 

16 
 

6. CONCLUSIONS 

Daily HREs of at least 50 mm per day were identified over Australia using a gridded rainfall 

dataset covering the period 1969 to 2011. HREs were categorised into bins based on rain 

intensity and on season. HREs were also categorised based on location within tropical, 

subtropical, and midlatitude zones, and subareas. CRAs were considered in order to capture the 

wider-scale nature of the HREs, including area covered and rain volume. Frequency of 

occurrence, percentage area covered by HREs and CRAs, and percentage contribution to the 

total rainfall within each zone and subarea were computed. 

 

In terms of frequency, the tropical and subtropical zones show the largest interseasonal 

variations, falling to the lowest of all frequencies during winter. The midlatitude zone has the 

smallest interseasonal variation, and has higher frequencies than the other two zones during 

both winter and spring. This is largely due to the occurrence of HREs along the southeast coast 

of the continent. During summer, the tropical zone has the highest frequency of occurrence of 

HREs. The percentage of area within each zone and subarea covered by HREs and associated 

CRAs showed similar patterns to those found for frequency of occurrence. The patterns differed 

when the contribution by HREs to the total rainfall was considered, with minima generally 

found during spring rather than winter. In the tropical and subtropical zones, the relatively high 

percentages are approximately maintained from summer to autumn, before falling to lower 

values during winter and into spring. Although the largest percentage values of HRE frequency 

and area during winter occur in the midlatitude zone, this zone exhibits smaller percentage 

contributions by HREs to total rainfall than the other zones throughout all four seasons. 

 

This work forms the basis for further investigations into heavy rain events and extreme rain 

events over the Australian continent. The next step involves examining the synoptic 

characteristics associated with these rain events. 
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