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EXECUTIVE SUMMARY 

Precipitation falling in multi-day bursts is an important water source for the northern Australian 
tropics in summer and southern Australia in the cool autumn and winter months. Primary 
producers of crops and livestock need to plan for these events beyond the 7-day deterministic 
timeframe during the northern wet season (October – April) and southern wet season (April – 
November), to aid in their business operations. To coincide with the operational release of a multi-
week burst potential forecast product in mid-2022, this report examines the skill of the Bureau's 
latest sub-seasonal-to-seasonal forecast system, the Australian Community Climate Earth-System 
Simulator – Seasonal version 2 (ACCESS-S2), released in October 2021, in predicting burst 
events 1 to 4 weeks in advance, predominantly focusing on northern Australia. We use the 
Symmetric Extremal Dependence Index (SEDI) as a metric to evaluate the skill of ACCESS-S2 
in predicting rainfall bursts, given these are often rare events, particularly throughout the 
rangelands and sub-arid regions of northern Australia. As well as evaluating the hindcast skill of 
ACCESS-S2, we also apply the SEDI score to ACCESS-S1, to assess if there has been an 
appreciable improvement in burst prediction skill between forecast system versions.  
 
As expected, the skill of ACCESS-S2 in predicting rainfall bursts across northern Australia (north 
of 30°S) is highest in the first week of the forecast and decreases with lead time.  Skill is generally 
stronger and more significant over Queensland than the Northern Territory and northern Western 
Australia in the second week of the forecast between October to December. The peak skill 
months, in terms of magnitude and area of significance, occur from January to March, with the 
highest skill scores in March across all lead times (weeks 1 to 4). The ACCESS-S2 forecast 
system is also more skilful at predicting lower threshold bursts (e.g., 20 or 30 mm in 3-day events) 
than the more extreme, rarer burst events (e.g., 50 or 70 mm in 3-day events). This is likely as a 
result of sampling rather than real skill. Given that ACCESS-S2 shows good skill out to four 
weeks in February and March over the southern Top End, the Victoria River District, the 
Kimberley and Cape York, even for 50 mm in 3-day events, the burst potential forecast product 
has the potential to be useful to producers in these regions. This four-week prediction skill is in 
line with ACCESS-S2's prediction skill of the Madden Julian Oscillation (MJO). For southern 
Australia, model skill is only seen in lower thresholds, and there is good model skill out to two 
weeks in March to July over the Murray-Darling Basin. Likewise for southwest Western 
Australia, southern Victoria and Tasmania, there is prediction skill out to two weeks from June 
through to November. Beyond two weeks, there is very little accuracy. This two-week timescale 
is in line with current limits of skill for predicting atmospheric blocking and the Southern Annular 
Mode on the daily/sub-weekly timescale; they are two key drivers of rainfall variability over 
southern Australia. 
 
Based on regional averages of the SEDI scores for '30 mm in 3-day' burst events over northwest 
and northeast Australia, ACCESS-S2 is generally more skilful than ACCESS-S1 across all lead 
weeks in the peak monsoon months of December to March. Armed with skill maps, examples of 
which are provided in the Appendix, and observed burst climatology maps, primary producers 
will be able to judge whether a burst event forecast is: (1) likely to be accurate; and (2) the 
outcome is more or less likely than they would expect for that time of year.  
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1. INTRODUCTION 

The northern Australian monsoon season typically runs from December to March (DJFM); 
however, the Bureau of Meteorology (BoM) defines the wet season as October to April1, with the 
first meaningful rain often occurring in late November, or slightly earlier during a La Niña 
summer (Cowan et al. 2022). These meaningful rain events are known as rainfall bursts across 
tropical and subtropical Australia, and they typically occur across multiple days, accounting for 
a large proportion of DJFM rainfall, as seen in Darwin (Moise et al. 2020). While the definition 
of a rainfall burst differs across the climate literature (Berry and Reeder 2016; Narsey et al. 2018), 
a commonality of northern Australian bursts is their strong association with large-scale deep 
convection to the north (Cowan et al. 2022), often related to MJO activity (Marshall and Hendon 
2015; Berry and Reeder 2016) and midlatitude disturbances (Narsey et al. 2017). The Southern 
Annular Mode and El Niño-Southern Oscillation (ENSO) do not significantly impact bursts 
during the monsoon season (Berry and Reeder 2016). However, ENSO does impact the timing of 
pre-monsoon bursts, with La Niña events influential in the development of earlier bursts over the 
Top End (in October) and later season burst cessations (Cowan et al. 2022). El Niño has less of 
an impact on burst timing, and hence the onset of the monsoon, than La Niña (Lisonbee and Ribbe 
2021).  
 
For southern Australia, including the Murray-Darling Basin and southwest Western Australia, the 
BoM defines the wet season as April to November. Meaningful rainfall events in southern 
Australia play an important role in determining the autumn break, which is described as the "first 
significant rainfall event of the winter growing season" (Pook et al. 2009). During the winter 
season, synoptic weather events in the form of fronts and cutoff lows, provide close to 80% of the 
April to October rainfall for the far southern regions (Risbey et al. 2013), with the majority (80%) 
of daily extreme events (> 25 mm) coming from cutoff lows (Pook et al. 2006).  Along the eastern 
seaboard, east coast lows are the cause for more than 50% of days above 50 mm, with deep 
cyclones mostly observed between April to September (Pepler and Dowdy 2021). As extreme 
rainfall (e.g., 90th percentile) in southern Australia during their cool wet season is much far less 
than for northern Australia in their wet season, the main focus of this report is to understand multi-
day burst behaviour over the northern tropics.  
 
For northern Australian primary producers, especially graziers who depend on early wet season 
rains to stimulate pasture growth, rainfall bursts are key to determining the 'green break of season', 
from which there is liveweight gain in cattle (Balston and English 2009). The general green break 
in northeast Australia is defined as 40 mm of rain over 3-days by 1 December, although a more 
general estimate is when there is a 70% chance that a grazier will receive 50 mm (~2 inches) over 
3-days2. This also matches with a high threshold used in the sowing of crops (e.g., legumes, soy) 
in the Northern Territory's semi-arid tropics (Mollah and Cook 1996). Taking into account 
northern Australia's highly variable climate that can influence the timing of pasture growth (e.g., 
Cobon et al. 2019), researchers from the University of Southern Queensland and the BoM, with 
input from northern producers and natural resource management officers (Cobon et al. 2021), 

 
1 http://www.bom.gov.au/climate/glossary/percentages.shtml 
2 https://futurebeef.com.au/wp-content/uploads/2021/04/2021-04-29-CQBeef.pdf  

https://futurebeef.com.au/wp-content/uploads/2021/04/2021-04-29-CQBeef.pdf
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developed a rainfall burst event definition whereby one of four accumulated thresholds (20 mm, 
30 mm, 50 mm, 70 mm)3 needs to be met in a 3-day period to be classified as a burst event (Cowan 
et al. 2022). This led to the development of a burst potential prototype product – this describes 
the probability of a burst event commencing in the forecast period (see example in Fig. 1). The 
feedback received from producers helped researchers choose an appropriate colour scheme, 
interval range, and ultimately the product's name and description.  
 

 
 

Figure 1: Example of a burst event potential week 1 forecast for a '30 mm in 3-day' burst. 
Forecast is based on a 99-run ensemble from ACCESS-S2, initialised on 5 December 2021 
for the forecast period 5-11 December 2021. A week 1 forecast is equivalent to a lead week 
0 forecast.  

 
With respect to the multiweek to seasonal forecast effort, the BoM upgraded to ACCESS-S2 in 
October 2021, with initial reports that the skill in ACCESS-S2 is either on par, or slightly 
improved over ACCESS-S1 (Wedd et al. 2022). A broad overview of the biases and skill 
performance of ACCESS-S1 hindcasts with respect to burst events over the 1990-2012 period 

 
3 Three of these thresholds are slightly different to those decided on for the final operational 
forecast product, described in this report's conclusions.  
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were presented in Cowan et al. (2021). The main conclusions drawn from this study are that 
ACCESS-S1 overestimates the frequency of burst days in DJFM as well as the percentage of total 
DJFM rainfall from bursts. Yet despite this, ACCESS-S1 shows good skill (based on the Brier 
Skill Score) in predicting burst events out to three weeks. With the recent upgrade to ACCESS-
S2 and the upcoming operationalisation of the prototype burst potential product in mid-2022, this 
report evaluates the prediction skill of ACCESS-S2 using the Symmetric Extremal Dependence 
Index (SEDI) score, a metric used in the examination of subseasonal model forecast skill for 
extreme rainfall (Marshall et al. 2021b), heat (Marshall et al. 2014) and fire weather (Marshall et 
al. 2021a). The SEDI score is more appropriate for skill verification of events that are rare in 
nature (Ferro and Stephenson 2011). Even though they account for much of the wet season rainfall 
(Moise et al. 2020), burst events are quite rare, with approximately 7 bursts per season across 
northern Australia, based on a definition using a smoothed climatology (Berry and Reeder 2016). 
Hence, utilising the SEDI score is more appropriate, particularly for open grazing, subarid regions 
outside of the wet tropics where bursts are even rarer.  
 
In Section 2, we describe the SEDI score and how it is applied to the ACCESS-S2 hindcasts. 
Section 3 provides an overview of hindcast skill with respect to burst event potential in ACCESS-
S2 and compares the skill with ACCESS-S1. We also provide details on the observed climatology 
maps that will likely accompany the operational burst forecast product. A summary of the main 
results is presented in Section 4. 

2. METHODS 

2.1 Data 

Observed bursts and their climatological probability are calculated from daily observed 
precipitation from the Bureau of Meteorology's Australian Gridded Climate Data (AGCD) 
version 1 (Australian Bureau of Meteorology 2019a). The data is an interpolated 5 km gridded 
product based off observations from ~6500 gauge sites throughout Australia (Jones et al. 2009). 
As outlined in Cowan et al. (2022), bursts are determined across each of the four accumulated 
thresholds (20 mm, 30 mm, 50 mm, 70 mm) 4 for all weekly and fortnightly periods that match 
with the ACCESS-S hindcast start dates (explained below). As opposed to the shorter hindcast 
probabilities of ACCESS-S1 (i.e., 1990-2012) and ACCESS-S2 (i.e., 1981-2018), the observed 
climatology is conducted for 1960-2018. The reason for incorporating more years is to account 
for likely multi-decadal fluctuations in extreme rainfall (King et al. 2013). Here, the burst 
climatology is defined as the percentage of years that a burst event is observed for a set week or 
fortnight, and it is calculated for each grid cell. Hereafter, a week 1 forecast is the same as a 
lead week 0 forecast, week 2 is a lead week 1 forecast, and so on. 

Hindcast and forecast data are taken from ACCESS-S2 and S1, both of which use the UK Met 
Office's Global Coupled model configuration 2 (more information is provided in Hudson et al. 
2017). The main difference between ACCESS-S2 and S1 is that S2 uses a weakly-coupled data 

 
4 For the operational burst product, the thresholds will be 15 mm, 25 mm, 50 mm, and 75 mm.  



SKILL OF ACCESS-S2 IN PREDICTING RAINFALL BURSTS OVER AUSTRALIA  

 

 

5 
 

assimilation system developed by the BoM (i.e., no dependency on the UK Met Office for 
ocean initial conditions). This includes a more realistic initialisation of soil moisture because the 
land surface is initialised in response to a varying atmospheric forcing as opposed to 
climatology in ACCESS-S1. ACCESS-S2 also has an increased coupling frequency between the 
ocean and atmosphere and fixes to inland lake and ozone cycle issues (Wedd et al. 2022). The 
hindcasts of ACCESS-S2 also have longer lead time forecasts (~9 months) than ACCESS-S1 
(~6 months). As noted above, the hindcast period in ACCESS-S2 is 38 years, compared to 23 
years in S1, and such, the longer hindcasts are more suited for understanding multi-year changes 
in climate mode teleconnections (King et al. 2020). Both ACCESS-S1 and S2 raw outputs are 
on a ~60 km grid. Some variables, such as rainfall used in this report, are also calibrated to the 5 
km AGCD grid over Australia using a quantile-quantile mapping approach (de Burgh-Day et al. 
2020).As the skill in predicting bursts is limited to ~1 month for ACCESS-S1 (Cowan et al. 
2022), we utilise the multi-week hindcasts and forecasts. Two start dates per month are used for 
the hindcast skill calculations (Table 1). For the comparison between ACCESS-S1 and S2 the 
common period of 1990-2012 is used (Table 1). Rainfall bursts are determined for each hindcast 
member, start date, lead time and grid box, and in the case of ACCESS-S2, conducted across 
both 1981-2018 and 1990-2012.  

Table 1: Configuration of ACCESS-S forecast systems for comparing burst skill. When 
performing a direct comparison between S2 and S1, the common hindcast period of 1990-
2012 is selected.  

Forecast 
system 

Hindcast years Ensemble size Start dates Forecast period 

ACCESS-S1 1990 – 2012 11 1st, 17th Week 1, 2, 3, 4; 
Weeks 1-2, 2-3, 

3-4 ACCESS-S2 1981 – 2018 9 1st, 16th 

Observations 1960 – 2018 

 

2.2 SEDI score 

For rare binary events like bursts (i.e., burst = 1, no burst = 0), the SEDI score is an appropriate 
metric for determining ACCESS-S hindcast skill. For ACCESS-S1, the Brier Skill score was 
used to evaluate burst potential event skill across DJFM (Cowan et al. 2022). Yet, when 
computing skill results for individual months, or limited start dates, as opposed to aggregating 
over a season, the sample size is smaller and the Brier Skill Score is not as effective (i.e., is 
degenerate for rare events). The SEDI skill score is a function of the hit rate (H) and false alarm 
rate (F); and remains meaningful even as H and F decrease towards zero (i.e., non-degenerate 
for rare events). SEDI is defined as:  
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
log𝐹𝐹 − log𝐻𝐻 − log(1 − 𝐹𝐹) + log(1 − 𝐻𝐻)
log𝐹𝐹 + log𝐻𝐻 + log(1 − 𝐹𝐹) + log(1 − 𝐻𝐻)

 

H and F are determined from a 2×2 contingency table (Ferro and Stephenson 2011), see Table 2 
below. A SEDI score greater than zero indicates better skill than for random forecasts, whereas 
values less than zero are worse than a random forecast (White et al. 2014).  

Table 2: Contingency table for determining burst skill using the SEDI score. 

 
Observed 

burst 

Y 

Observed 
burst 

N 

Forecast 
burst: Y a b 

Forecast 
burst: N c d 

 H = a/(a+c) F = b/(b+d) 

 

A hit is registered if ACCESS-S forecasts a burst event in the prediction timeframe and this is 
confirmed to have happened in observations (a in Table 2). A false alarm is when the model 
predicts a burst, but this is not observed (b in Table 2). Although this is a deterministic skill 
metric, it is applied to the probabilistic retrospective forecasts by aggregating the hits and false 
alarms for each ACCESS-S ensemble member and start dates. For example, for ACCESS-S2, 
for a selected month over 1981-2018, this means applying the score to 684 forecasts, i.e., 2 
(start dates) × 38 (years) × 9 (ensemble members). As discussed in Marshall et al. (2021a), the 
approach of pooling ensemble members is more appropriate for probabilistic forecasts, as 
opposed to using the SEDI method on an ensemble average or averaging SEDI values across the 
ensemble runs.  

The confidence interval of the SEDI follows the same method outlined in Marshall et al. (2014), 
based on the standard error of SEDI (SSEDI): 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  
2 �(1−𝐻𝐻)(1 − 𝐹𝐹) +𝐻𝐻𝐹𝐹

(1−𝐻𝐻)(1 − 𝐹𝐹) log[𝐹𝐹(1 −𝐻𝐻)] + 2𝐻𝐻
1 −𝐻𝐻  log [𝐻𝐻(1 − 𝐹𝐹)]�

𝐻𝐻{log[𝐹𝐹(1 −𝐻𝐻)] + log[𝐻𝐻(1 − 𝐹𝐹)]}2
�
𝐻𝐻(1 −𝐻𝐻)

𝑝𝑝𝑝𝑝
 

In the above equation, p is the base rate (i.e., relative frequency of the occurrence of observed 
event) and n is the sample size; with p = (a + c)/n. Because the ACCESS-S ensemble members 
are not strictly independent, the effective sample size is used which is based on the 
autocorrelation of daily precipitation in each grid cell. Here each ensemble member is correlated 
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with the ensemble mean of the remaining ensemble members (8 for ACCESS-S2, 10 for 
ACCESS-S1), following the method detailed in Marshall et al. (2021a).  

The 95% confidence intervals in the SEDI skill maps are determined for each grid point as 
SEDI ± (2×SSEDI) and are deemed to be better than a random forecast if both interval limits are 
above 0 (e.g., SEDI score is perfect at 1 and worse than chance below 0). A SEDI score of 0.2 
can be viewed as a 20% improvement over a random forecast, with higher values indicative of 
better skill. For grid points where no burst events are forecast (e.g., H = F = 0) across the 
ensemble and hindcast period, these are set to a special (NaN) value and marked as white on the 
SEDI score maps. For more detailed descriptions of the use of SEDI in extreme events, please 
see Ferro and Stephenson (2011) and Marshall et al. (2021b).  

3. RESULTS 

3.1 Observed burst climatology maps 

When referring to a forecast of a particular weather event, a primary producer might ask "how 
often does that type of weather event occur in my region at this time of year?" In this 
circumstance, a producer needs to turn to burst potential climatology maps that are based on 
long-term observations. As an example, shown in Figure 2 (right panel) is an ACCESS-S1 week 
3 forecast for 16-22 February 2021, initialised on the 2 February. The forecast shows the 
probability of a '30 mm in 3-day' burst event starting in that week. Around Darwin and the top 
of Cape York, ACCESS-S1 predicted a >75% chance of a burst event starting in the week of 16 
February. Across east Arnhem Land, the Kimberley region and southern Cape York, the 
predicted likelihood dropped to 50-75%. There is a strong north-south gradient in the 
probabilities, resembling the climatological summer rainfall pattern. The Darwin and Cape 
York forecast suggests a very high chance of burst activity; however, on average, for this week 
of the year, there is a 75-100% chance of a burst event developing based on all individual 16-22 
February weeks from 1960-2018 (Fig. 2, top left). In this case, the forecast is merely reflecting 
(or is no better or worse than) a climatological prediction. Although it is not unusual to be 
having a burst event at that time of year, it is nonetheless useful to know that there is a good 
chance of a burst for that specific week in 2021. Knowing the climatology is useful context 
information for the forecast. Comparing the forecast to observed burst climatology maps for all 
16-22 February weeks during El Niño and La Niña summers (Fig. 2, middle left, bottom left, 
respectively), it appears that the forecast more closely matches the La Niña climatology 5. Here 
El Niño (La Niña) years are determined by the Oceanic Niño Index 6 being above 0.5°C (below 
-0.5°C) for 5 consecutive overlapping seasons (October-December, November-January, 
December-February, January-March, February-April), based on Extended Reconstructed Sea 
Surface Temperature (ERSST-v5) anomalies in the Niño3.4 region (Kousky and Higgins 2007). 
Typically, across the northern Australia, there can be up to four '30 mm in 3-day' burst events in 

 
5 2020/2021 was a La Niña summer, through to March 2021: 
http://www.bom.gov.au/climate/updates/articles/a040.shtml  
6 Oceanic Niño Index values for each overlapping season from 1950 to present are presented at: 
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php  

http://www.bom.gov.au/climate/updates/articles/a040.shtml
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
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DJFM, with a location like Darwin (12.42°S, 130.89°E) experiencing ~40% of its bursts in La 
Niña years (31 burst events in DJFM from 1960/61-2017/18) compared to 26% in El Niño (21 
bursts) and 34% in neutral years (27 bursts).  This suggests that bursts are more likely to occur 
during La Niña years, however this relationship is seasonally, spatially and definition dependent 
(Cowan et al. 2022; Berry and Reeder 2016). 

Figure 2: A comparison of (left column) observed burst event probability maps for the 
week of the 16 – 22 February across 1960-2018 for (top) all years, (middle) all El Niño 
years, and (bottom) all La Niña years. (Right panel) Burst potential forecast from 
ACCESS-S1 from a 2 February 2021 initialisation date (week 3 forecast) for 16-22 
February 2021. A burst event in the above example is a '30 mm in 3-day' event. Details on 
how El Niño and La Niña years are determined are described in the main text and in 
Cowan et al. (2021).  
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Figure 3 highlights another example from late December 2021, where the week 2 forecast (right 
panel) showed a high (> 75%) chance of a '30 mm in 3-day' burst event across the Top End and 
Cape York in the lead up to Christmas day, yet the climatology map (top left panel) depicts only 
a 50-75% chance in all years and marginally stronger chance during a La Niña summer. In this 
example, the fact that the forecast over the far north is stronger than the observed climatological 
probability, suggests an increased chance of having a burst than usually expected, and could 
imply a greater confidence in the forecast. It is worth pointing out that the forecast for the 
Kimberley region is more muted than the climatology maps display. The bursts climatology 
maps provide the end-user with a way to quickly compare the forecast of likely upcoming burst 
activity against typical conditions for a particular time of the year. There will be further 
improvements made to the climatology maps when the operational burst product is released, 
including temporally smoothing the climatology, similar to a running-mean method (Australian 
Bureau of Meteorology 2019b). A comparison between burst climatology maps using raw and 
temporally smoothed daily data is shown in Appendix 6.1 (Fig. A.1) for a selection of weeks 
from October through to March. While the observed burst climatology maps are useful as a 
quick guide, the forecast will be more reflective of current conditions. However, the accuracy of 
the forecast system needs to be understood in terms of its past skill with respect to bursts.  
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Figure 3: As in Figure 2, but for (right) the week 2 forecast for 19-25 December 2021 and 
(left) the burst climatology maps for all 19-25 December weeks.  

3.2 Skill in ACCESS-S 

The SEDI skill maps for ACCESS-S1 were calculated by aggregating two hindcast start dates:  
the 1st and 17th of each month. For ACCESS-S2, the 16th was used instead of 17th to represent 
the mid-month hindcast start date. As detailed previously, combining two dates for a given 
month enabled the SEDI skill to be based on a greater sample size, e.g., 684 forecasts from 
ACCESS-S2 for 1981-2018; i.e., 2 (start dates) × 38 (years) × 9 (ensemble members). In the 
example below (Figure 4), SEDI skill maps of '30 mm in 3-day' burst events are shown for 
ACCESS-S2 hindcasts starting on 1 and 16 January (combined), displaying the skill from 
forecast week 1 (lead week 0) to week 4 (lead week 3). Here, week 1 refers to the aggregation 
of weeks 1-7 January and 16-22 January, week 2 is the aggregation of 8-14 January and 23-29 
January, and so on. The skill in week 1 is high (> 0.5), significant and peaks over the far 
northeast Australia (NEA). Into week 2, the skill remains high in most regions, except for the 
far west, south of Darwin, and in the Brisbane to Lockyer Valley region of far southeast 
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Queensland (SEQ) (Figure 4b). Again, the highest skill is displayed in NEA, with the pattern 
consistent to one using the Brier Skill Score for ACCESS-S1 (Cowan et al. 2022). The largest 
drop in skill occurs in week 3, with the average skill over northwest Australia (NWA; 120°-
138°E, 11°-20°S) and northeast Australia (NEA; 138°-150°E, 11°-20°S) falling to 0.11 and 
0.14, respectively (Figure 4c). The most skilful regions appear to be the far eastern Cape York 
coast, the Kimberley, and the Pilbara, although in the latter region, the skill is likely inflated by 
the successful forecast of very few events. The Pilbara tends to experience their first '30 mm in 
3-day' burst event in late February, even in La Niña years (Cowan et al. 2022). The week 4 skill 
map shows values less than 0.2 across most of the tropical north (20°S northwards), whereas 
over SEQ, the negative SEDI values suggests the forecast is no better than a random forecast 
(Figure 4d). This example suggests that there is good skill at least out to week 2, and in some 
regions, skill out to week 3.  

  

Figure 4: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using the 
SEDI skill score. Shown are (a) week 1, (b) week 2, (c) week 3 and (d) week 4 forecasts for 
a '30 mm in 3-days' burst event, for the combined start dates of 1 and 16 January. Regions 
that are diagonally stippled represent skill scores that are significantly different from zero 
based on the 95% confidence intervals (SEDI ± 2 × SSEDI > 0). White regions are locations 
where there were no burst events forecast in the hindcast period (e.g., mostly arid 
locations). Dark grey shading represents regions where weather station density is 
insufficient for determining bursts, given hindcasts are calibrated against observations. 
The values at the top of each panel are average SEDI scores over northwest Australia 
(NWA; 120°-138°E, 11°-20°S), northeast Australia (NEA; 138°-150°E, 11°-20°S) and 
southeast Queensland (SEQ; 145°-154°E, 20°-29°S) (regions outlined). 
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The same analysis is performed on ACCESS-S1 hindcasts (1990-2012 period) using the 
combined dates of 1 and 17 January, with results showing reduced skill across the forecast 
weeks (Figure 5 below). From a week 1 to week 2 forecast, the skill drops by more than 50%, 
and then drops again by more than 50% into week 3 over NWA and NEA, with Cape York the 
region showing the good forecast skill (except for week 4), as seen in ACCESS-S2. It can be 
argued that the longer hindcast set in ACCESS-S2 (38 years) gives that newer forecast system a 
greater advantage over ACCESS-S1 (23 years). A shorter hindcast period may not be 
sufficiently long enough to assess decadal variability in bursts (e.g., not enough sampled burst 
events) due to the changing teleconnections between interannual climate modes and Australian 
rainfall (King et al. 2020). For example, for a 1 January lead week 0 forecast, averaged over 
NWA, ACCESS-S2 captures 34 individual burst events in 38 years between 1981-2018, while 
for the same region, ACCESS-S1 only simulates 21 events in 23 years between 1990-2012. In 
other words, any improvement in burst potential skill in ACCESS-S2 likely stems from its 
longer hindcast set.  For a fairer comparison, we compare ACCESS-S2 to S1 using a common 
1990-2012 hindcast period. 

 

 

Figure 5: As in Figure 4, but for ACCESS-S1, and a hindcast period 1990-2012, and 
combined dates 1, 17 January.  
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3.3 Skill comparison between ACCESS-S2 and S1 

Figure 6 shows the direct SEDI skill comparison for a '30 mm in 3-days' burst event potential, 
for a week 1 (top row), week 2 (middle row) and week 3 (bottom row) forecast for the same 
hindcast start dates as in Figures 4 and 5, but for 1990-2012.  Skill maps based on ACCESS-S1 
are shown in the left column, and ACCESS-S2 on the right, with differences that exceed 0.1 
between model versions shown as dotted stippling. In week 1, there is very little separating the 
SEDI skill scores for ACCESS-S2 and ACCESS-S1. While the week 1 differences between S1 
and S2 do not exceed 0.05 (averaged over NWA, NEA and SEQ), in week 2, there is a 
noticeable improvement in ACCESS-S2 compared to S1 over NEA with a SEDI score of 0.34 
(up from 0.28 in S1). However, the similarity in the spatial skill patterns between S2 and S1 
suggests that the skill improvement in S2 could be noise, as the MJO forecast skill is the same 
between model versions (Wedd et al. 2022). This skill improvement stretches down to SEQ, but 
not across the Top End and the Kimberley region. Through to week 3, despite there being an 
overall rise in skill for ACCESS-S2, both forecast systems display predominantly non-
significant values in most regions aside from northeast Cape York and the far northwest. In 
ACCESS-S1, this relatively high skill over Cape York (~20% improvement on a random 
forecast) is related to an accompanying weak MJO amplitude forecast as opposed to an 
association with a strong MJO amplitude forecast (Cowan et al. 2022). Similar results were 
found in a separate analysis using extreme rainfall forecasts (Marshall et al. 2021b).  
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Figure 6: Comparison of burst potential skill between (left) ACCESS-S1 and (right) 
ACCESS-S2, for a (top) week 1, (middle) week 2, and (bottom) week 3 forecast of a '30 
mm in 3-days' event, for the combined hindcast start dates of 16 December and 1 January. 
Average SEDI skill scores are shown above each panel for NWA, NEA and SEQ (regions 
outlined). The diagonal stippling and grey shading are the same as in Figure 4. The dotted 
stippling indicates where the difference in SEDI values between S1 and S2 exceed 0.1.  

The relatively poor skill in a week 2 burst potential forecast over the Top End extends from late 
December through to late January, and appears to be related to a lack of skill accompanying a 
strong MJO amplitude forecast (at least in ACCESS-S1; Marshall et al. 2021b; Cowan et al. 
2022). Hence it appears that the issue with ACCESS-S1 not being able to properly capture the 
MJO's teleconnection over the Top End, at least in December and January, has not been 
resolved in ACCESS-S2.  
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In recognition that this is only a brief snapshot comparison between S1 and S2, the analysis is 
extended to include eight hindcast start date combinations between December and April, which 
represent the timeframe when northern Australia experiences wet season burst activity. In Table 
3 below, the difference in average SEDI scores over NWA, NEA and SEQ for weeks 1 to 4 and 
fortnights 1 to 3 between ACCESS-S2 and S1 are shown, for '30 mm in 3-day' bursts. Where 
there is a clear improvement in skill ([S2 – S1] >  0.01), the cell is coloured green, whereas a 
decrease in skill ([S1 – S2] > 0.01), the cell is red. Where there is little separating ACCESS-S2 
and S1 SEDI scores, the cell is coloured yellow. The cells marked with astericks indicate 
differences that are equal or greater than 0.05. (i.e., 5% improvement or decline). 

Of the total number of skill scores for the week forecast period (N = 4 weeks × 8 hindcast date 
combinations × 3 regions = 96 forecasts), 61% indicate an improved SEDI score in ACCESS-
S2, 16% indicate no improvement in skill (i.e., scores within 0.01), while the remainder (23%) 
show better skill in ACCESS-S1. Of the 61% improved skill forecasts, 37% show an 
improvement of at least 0.05 or greater, meaning the majority of the improved skill between 
ACCESS-S2 and S1 lies between 0.01 and 0.05. For the fortnight forecast period (N = 3 
fortnights × 8 hindcast date combinations × 3 regions = 72 forecasts), again 61% show better 
SEDI scores in ACCESS-S2. The remaining hindcasts, with either little difference in SEDI 
scores or better skill in ACCESS-S1, account for 39% (24% yellow, 15% red). Based on where 
the green and red cells are positioned in Table 3, it is apparent that there is generally better skill 
in the ACCESS-S2 hindcasts over NWA at most lead times; however, the skill over NEA and 
SEQ is better in ACCESS-S1 at the longer lead times (weeks 3 and 4) in the latter wet season 
months. As the average SEDI skill scores over SEQ are close to zero (i.e., no better than a 
random forecast) in weeks 3 and 4 in both ACCESS-S versions, the lack of any skill 
improvement in S2 is not surprising. In fact, over SEQ, typically the final burst of the season 
occurs in early February (Cowan et al. 2022), meaning the lack of the skill in both ACCESS-S 
versions merely reflects that it's unlikely for heavy burst events to occur in that region in late 
February and March.   

 

 

 

 

 

 

 

 

 



 SKILL OF ACCESS-S2 IN PREDICTING RAINFALL BURSTS OVER AUSTRALIA 

 

16 
 

Table 3: Traffic light table displaying the SEDI skill score comparison between ACCESS-
S2 and S1 for '30 mm in 3-day' bursts. Combined hindcast start dates (1st, 16th/17th) are 
listed in the left column and the forecast periods are shown along the top row. The skill is 
split between northwest (NW), northeast (NE) Australia, and southeast Queensland (SEQ, 
regions shown in Figure 4). The dashed bold row matches to the maps in Figure 6. 

 Week 1 Week 2 Week 3 Week 4 Weeks 1 & 2 Weeks 2 & 3 Weeks 3 & 4 

Start 
date
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*  * * * *   *  *  * * *  * *  *  

 
 SEDI skill greater in ACCESS-S2 (* >= 0.05) 

 SEDI skill in ACCESS-S2 ≈ ACCESS-S1 (± 0.01) 

 SEDI skill greater in ACCESS-S1 (* >=0.05) 

 

As the above analysis focuses only on '30 mm in 3-days' events, we extend the evaluation to all 
definitions used for the prototype product: 20 mm, 30 mm, 50 mm, and 70 mm. A comparison 
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between ACCESS-S1 and S2 for NWA and NEA7 is shown for the week forecasts for all 
thresholds in Figure 7 and Figure 8, respectively. There are a number of interesting features in 
this evaluation; these include: 

• In both regions, there is a clear drop in skill from week 1 to week 2 for all start date 
combinations from December to March (1st and 16th/17th) in the order of 50%. 

• The skill scores generally improve as the thresholds are eased from 70 mm through to 
20 mm (dark to light blues in  Figure 7 and Figure 8). 

• ACCESS-S2 outscores ACCESS-S1 in the majority of lead times and start date 
combinations (comparing the position of the circles versus the triangles). 

• For both models, the skill improves through the wet season and peaks in March. April is 
not shown because of the lack of high threshold burst activity in that month. 

• Neither region shows consistent improved skill over the other. For example, week 1 
forecasts in December in ACCESS-S2 are higher over NWA than NEA, whereas week 
1 forecasts are higher over NEA than NWA (except for the 70 mm threshold).  

 

 
7 SEQ is not shown because there are too few bursts to assess the highest (70 mm) threshold. 
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Figure 7: SEDI skill scores, averaged over northwest Australia (NWA) for ACCESS-S2 
(circles) and ACCESS-S1 (triangles) for the four threshold definitions of burst events. The 
initialisation dates are the 1st and 16th/17th of each month. 
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Figure 8: As in Figure 7, but for northeast Australia (NEA). 

The above results suggest that even out to a week 3 timeframe, ACCESS-S2 can deliver a 20% 
improvement over a random forecast for the occurrence of a burst event towards the end of the 
monsoon season. Further work will need to be undertaken to determine why the skill remains 
stubbornly low in weeks 3 and 4 for forecasts in December and January in ACCESS-S2, and if 
this is stemming from how the model depicts the MJO signal coming from north of Australia as 
it passes the Maritime Continent into the Western Pacific (Marshall et al. 2021b).  

4. CONCLUSIONS 

The skill in retrospectively forecasting northern Australian rainfall bursts in ACCESS-S was 
assessed in this report. These weather events are critical for cropping (Mollah and Cook 1996) 
and livestock sectors (Cobon et al. 2019) across the far northern tropics and subtropics. While 
rainfall bursts at the start of the wet season are crucial for stimulating pasture growth (Balston 
and English 2009), false wet season onsets can be a factor if early (pre-October) events occur 
and are not followed by meaningful rainfall (Brown et al. 2019). This aim of this current report 
was to provide a first skill comparison of rainfall bursts between the Bureau's current 
(ACCESS-S2) and former (ACCESS-S1) seasonal forecast systems.  

To briefly summarise, this report has shown: 
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1. There is good skill in predicting burst events (in ACCESS-S2) two weeks in advance, 
and out to three weeks in the late monsoon months. 

2. More moderate burst event thresholds of 20-30 mm are more skilfully predicted than 
higher burst thresholds of 50-70 mm.  

3. ACCESS-S2 generally shows improved skill over ACCESS-S1, particularly from 
December to February in forecast weeks 1 and 2. Beyond those lead times and into 
March, ACCESS-S1 performs better than S2; however, skill in both models in weeks 3 
and 4 degrades to below 20% (i.e., percentage improvement on a random forecast). 

4. No one particular region shows better accuracy than another region; however, skill 
over central Queensland, central Northern Territory and the Gascoyne is poorer than 
the northern coastal regions, as they encounter fewer seasonal bursts. 

Future work will need to tackle the issue of why there is a reduction in skill related to strong 
MJO activity in ACCESS-S, as noted by Marshall et al. (2021b) and Cowan et al. (2022). An 
over-reliance on a probabilistic forecast of factors (e.g., active MJO,  La Niña) that seemingly 
should support a wetter than average forecast, can result in costly management decisions, as 
occurred 8 in November 2020 (Lim et al. 2021). Improving the predictive skill of extreme 
rainfall events, given their potential for severe impacts and economic losses (Cowan et al. 2019; 
Hall 2020), should be a priority in any new advances of the Unified Model, being developed 
through the Bureau's partnership with the UK Met Office (Cobon et al. 2021). These include a 
new convective parameterization scheme called CoMorph and improving cool sea surface 
temperature biases in eastern tropical Indian Ocean.  

With the imminent release of the burst prototype product in mid-2022, ongoing discussions 
between the Bureau operations and research teams led to the decision that a new set of rainfall 
thresholds were necessary to better align with agricultural and livestock requirements and 
historical experience. The thresholds were adjusted to 15, 25, 50 and 75 mm; the latter three 
thresholds representing 1-3 inches, with the 15 mm threshold more suited to southern 
agriculture (Kerr and Abrecht 1992). Grouped into each calendar season, Australia-wide SEDI 
skill maps for all four thresholds for each month (combined start dates of 1st and 16th) from 
ACCESS-S2 are shown in Appendix Figs. A.3 to A.18 (week 1, 2 and 3 forecast period) and 
Figs. A19 to A.34 (fortnight 1, 2, and 3 forecast period). The 15- and 25 mm threshold skill 
maps are more appropriate for southern regions in winter and spring. The 50- and 75 mm 
threshold maps are more informative to the northern tropics in summer and autumn.  

It has been suggested that the operational product will assist producers in making educated 
decisions around exporting livestock, feed budgeting, spraying, and cropping enterprises like 
hay cutting. It also highlights the benefits of a strong collaboration between Bureau and the 
applied climate researchers at the University of Southern Queensland through its regional 
projects, the Northern Australian Climate Program and Forewarned is Forearmed.  

 
8 https://futurebeef.com.au/a-tale-of-two-la-ninas/  

https://futurebeef.com.au/a-tale-of-two-la-ninas/
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6. APPENDIX 

6.1 Comparison of climatologies 

 

 

 
Figure A.1: Observed burst climatologies for the October through to March. (a) Observed 
burst climatology for a 30 mm in 3 days bursts using all 13-19 October weeks from 1960-
2018 with no spatial or temporal smoothing (i.e., climatology based on 59 years). (b) 
Smoothed climatology for a 25 mm in 3 days burst for 13-19 October over 1981-2018, 
based on an 11-day window centred on the week in question (climatology based on 11×38 
years), followed by a 31-day smoothing. The latter map is better aligned with the historical 
climatology maps shown at: http://www.bom.gov.au/climate/ahead/about/#tabs=Medians; 
and includes the updated threshold (25 mm) and a slightly altered colour bar and intervals 
to better match the operational product. (c-l) as for (a, b), but for (c,d) 13-19 November, 
(e,f) 13-19 December, (g,h) 13-19 January, (i,j) 13-19 February and (k,l) 13-19 March. 
Figure A.1 is continued for the next five pages. 
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Figure A.1 (continued): 13-19 November. 
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Figure A.1 (continued): 13-19 December. 
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Figure A.1 (continued): 13-19 January. 

  



 SKILL OF ACCESS-S2 IN PREDICTING RAINFALL BURSTS OVER AUSTRALIA 

 

28 
 

 

Figure A.1 (continued): 13-19 February. 
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Figure A.1 (continued): 13-19 March. 
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6.2 Skill maps for southern Australia 

 

Figure A.2: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using the 
SEDI skill score. Shown are (a) week 1, (b) week 2, (c) week 3 and (d) week 4 forecasts for 
a '20 mm in 3-days' burst event, for the combined start dates of 1 and 16 July. Regions 
that are stippled represent skill scores that are significantly different from zero based on 
the 95% confidence intervals (SEDI ± 2 ´ SSEDI > 0). White regions are locations where 
there were no burst events forecast in the hindcast period (e.g., mostly arid locations). 
Dark grey shading represents regions where weather station density is insufficient for 
determining bursts, given hindcasts are calibrated against observations. The values at the 
top of each panel are average SEDI scores over southwest Australia (SWA; 120°-138°E, 
11°-20°S) and southeast Australia (SEA; 138°-150°E, 11°-20°S) . 
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6.3 Skill maps for all-Australia grouped by calendar season 

 

 

Figure A.3: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using the 
SEDI skill score. Shown are (top row) week 1, (middle row) week 2, and (bottom row) 
week 3 forecasts for a '15 mm in 3-days' burst event, for the combined start dates of 1 and 
16 (left column) December, (middle column) January and (right column) February. 
Regions that are hashed represent skill scores that are significantly different from zero 
based on the 95% confidence intervals (SEDI ± 2 × SSEDI > 0). White regions are 
locations where there were no burst events forecast in the hindcast period (e.g., mostly 
arid locations). Dark grey shading represents regions where weather station density is 
insufficient for determining bursts, given hindcasts are calibrated against observations. 
Note that the colour bar is different the SEDI skill maps within the main text and Fig. A.2. 
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Figure A.4: As in Fig. A.3, but for March, April, and May.  
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Figure A.5: As in Fig. A.3, but for June, July, and August.  
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Figure A.6: As in Fig. A.3, but for September, October, and November.  
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Figure A.7: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using the 
SEDI skill score. Shown are (top row) week 1, (middle row) week 2, and (bottom row) 
week 3 forecasts for a '25 mm in 3-days' burst event, for the combined start dates of 1 and 
16 (left column) December, (middle column) January and (right column) February. 
Regions that are hashed represent skill scores that are significantly different from zero 
based on the 95% confidence intervals (SEDI ± 2 × SSEDI > 0). White regions are 
locations where there were no burst events forecast in the hindcast period (e.g., mostly 
arid locations). Dark grey shading represents regions where weather station density is 
insufficient for determining bursts, given hindcasts are calibrated against observations. 

  



 SKILL OF ACCESS-S2 IN PREDICTING RAINFALL BURSTS OVER AUSTRALIA 

 

36 
 

 

Figure A.8: As in Fig. A.7, but for March, April, and May.  
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Figure A.9: As in Fig. A.7, but for June, July, and August.  
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Figure A.10: As in Fig. A.7, but for September, October, and November.  
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Figure A.11: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) week 1, (middle row) week 2, and (bottom row) 
week 3 forecasts for a '50 mm in 3-days' burst event, for the combined start dates of 1 and 
16 (left column) December, (middle column) January and (right column) February. 
Regions that are hashed represent skill scores that are significantly different from zero 
based on the 95% confidence intervals (SEDI ± 2 × SSEDI > 0). White regions are 
locations where there were no burst events forecast in the hindcast period (e.g., mostly 
arid locations). Dark grey shading represents regions where weather station density is 
insufficient for determining bursts, given hindcasts are calibrated against observations. 
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Figure A.12: As in Fig. A.11, but for March, April, and May.  
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Figure A.13: As in Fig. A.11, but for June, July, and August.  
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Figure A.14: As in Fig. A.11, but for September, October, and November.  
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Figure A.15: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) week 1, (middle row) week 2, and (bottom row) 
week 3 forecasts for a '75 mm in 3-days' burst event, for the combined start dates of 1 and 
16 (left column) December, (middle column) January and (right column) February. 
Regions that are hashed represent skill scores that are significantly different from zero 
based on the 95% confidence intervals (SEDI ± 2 × SSEDI > 0). White regions are 
locations where there were no burst events forecast in the hindcast period (e.g., mostly 
arid locations). Dark grey shading represents regions where weather station density is 
insufficient for determining bursts, given hindcasts are calibrated against observations. 
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Figure A.16: As in Fig. A.15, but for March, April, and May.  
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Figure A.17: As in Fig. A.15, but for June, July, and August.  
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Figure A.18: As in Fig. A.15, but for September, October, and November. 
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Figure A.19: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) weeks 1 and 2, (middle row) weeks 2 and 3, and 
(bottom row) weeks 3 and 4 forecasts for a '15 mm in 3-days' burst event, for the 
combined start dates of 1 and 16 (left column) December, (middle column) January and 
(right column) February. Regions that are hashed represent skill scores that are 
significantly different from zero based on the 95% confidence intervals (SEDI ± 2 
× SSEDI > 0). White regions are locations where there were no burst events forecast in the 
hindcast period (e.g., mostly arid locations). Dark grey shading represents regions where 
weather station density is insufficient for determining bursts, given hindcasts are 
calibrated against observations.  
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Figure A.20: As in Fig. A.19, but for March, April, and May.  
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Figure A.21: As in Fig. A.19, but for June, July, and August.  
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Figure A.22: As in Fig. A.19, but for September, October, and November. 
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Figure A.23: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) weeks 1 and 2, (middle row) weeks 2 and 3, and 
(bottom row) weeks 3 and 4 forecasts for a '25 mm in 3-days' burst event, for the 
combined start dates of 1 and 16 (left column) December, (middle column) January and 
(right column) February. Regions that are hashed represent skill scores that are 
significantly different from zero based on the 95% confidence intervals (SEDI ± 2 
× SSEDI > 0). White regions are locations where there were no burst events forecast in the 
hindcast period (e.g., mostly arid locations). Dark grey shading represents regions where 
weather station density is insufficient for determining bursts, given hindcasts are 
calibrated against observations. 
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Figure A.24: As in Fig. A.23, but for March, April, and May.  
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Figure A.25: As in Fig. A.23, but for June, July, and August. 
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Figure A.26: As in Fig. A.23, but for September, October, and November. 
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Figure A.27: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) weeks 1 and 2, (middle row) weeks 2 and 3, and 
(bottom row) weeks 3 and 4 forecasts for a '50 mm in 3-days' burst event, for the 
combined start dates of 1 and 16 (left column) December, (middle column) January and 
(right column) February. Regions that are hashed represent skill scores that are 
significantly different from zero based on the 95% confidence intervals (SEDI ± 2 
× SSEDI > 0). White regions are locations where there were no burst events forecast in the 
hindcast period (e.g., mostly arid locations). Dark grey shading represents regions where 
weather station density is insufficient for determining bursts, given hindcasts are 
calibrated against observations. 
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Figure A.28: As in Fig. A.27, but for March, April, and May.  
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Figure A.29: As in Fig. A.27, but for June, July, and August.  
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Figure A.30: As in Fig. A.27, but for September, October, and November. 
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Figure A.31: Burst potential skill maps for ACCESS-S2 hindcasts over 1981-2018, using 
the SEDI skill score. Shown are (top row) weeks 1 and 2, (middle row) weeks 2 and 3, and 
(bottom row) weeks 3 and 4 forecasts for a '75 mm in 3-days' burst event, for the 
combined start dates of 1 and 16 (left column) December, (middle column) January and 
(right column) February. Regions that are hashed represent skill scores that are 
significantly different from zero based on the 95% confidence intervals (SEDI ± 2 
× SSEDI > 0). White regions are locations where there were no burst events forecast in the 
hindcast period (e.g., mostly arid locations). Dark grey shading represents regions where 
weather station density is insufficient for determining bursts, given hindcasts are 
calibrated against observations. 
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Figure A.32: As in Fig. A.31, but for March, April, and May.  
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Figure A.33: As in Fig. A.31, but for June, July, and August. 

  



 SKILL OF ACCESS-S2 IN PREDICTING RAINFALL BURSTS OVER AUSTRALIA 

 

62 
 

  

Figure A.34: As in Fig. A.31, but for September, October, and November. 
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