
Motivation 

A different analysis looked at the trend of annual maximum rainfall at 
30 sub-daily gauges in eastern Australia with records from 1965-2005.  

A statistically significant increasing trend could be detected at sub-
hourly timescales, but not at longer timescales, implying that change in 
short-duration rainfall cannot be inferred directly from changes in daily 
rainfall (Figure 2). 

Figure 1: (a) scaling of 99 percentile 60-minute rainfall with temperature 
(left panel); (b) variation of scaling rate with storm burst duration (right 

panel) – see Hardwick-Jones et al (2010) 

Developing a disaggregation model for sub-daily rainfall 

How to evaluate whether the model works? 

Applying the algorithm under warmer temperatures 
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Recent evidence suggests that the scaling of extreme rainfall with daily 
average temperature is at or above the Clausius-Clapeyron rate of 7%/K 
across most of Australia (Figure 1a).  

This scaling appears to be higher for sub-hourly rainfall bursts compared 
with daily rainfall bursts (Figure 1b). 

A negative scaling rate was also observed for temperatures above ~ 25°C, 
and was attributed to reduced moisture availability associated with high 
temperatures, with further discussion in Hardwick-Jones et al. (2010). 

Figure 2: Rainfall 
trend against 

storm burst 
duration using a 

max-stable 
process model 

(Westra and 
Sisson, 2011) 

The asymmetry in rainfall data availability (either observed or modelled) 
at sub-daily relative to daily timescales suggests the benefits of a daily to 
sub-daily rainfall disaggregation algorithm. 

The algorithm is based on a ‘method of analogues’ in which sub-daily 
rainfall from historical days which are ‘similar’ (in terms of atmospheric 
state) to a future day are sampled, conditional on daily rainfall (Figure 3). 

Figure 3: Schematic of daily to sub-daily rainfall disaggregation algorithm , 
described in Westra et al (2012). 

Substantial seasonality in the daily to sub-daily rainfall relationship 
exists at all locations (Figure 4).  

Figure 5: Scaling of sub-daily to daily rainfall  as a function of day of 
year and temperature (Westra et al, 2012) 

When regressing against both day of year and atmospheric temperature, 
most of the variability is accounted for by temperature (Figure 5). Similar 
results when comparing scaling between different locations (not shown) 

Figure 4: Scaling of sub-daily (in 
this case, maximum six minute) 

rainfall depth to daily rainfall  
depth as a function of the day of 

year (Westra et al, 2012) 

The algorithm was applied by letting historical daily rainfall remain 
constant, but sampling sub-daily rainfall patterns from days which were 
on average between ±3°C cooler or warmer. 

This represents a situation where future daily rainfall patterns remain 
unchanged and all the change occurs at sub-daily timescales. To 
evaluate change to daily rainfall as well, the algorithm can be coupled to 
a daily rainfall downscaling algorithm.  

A number of atmospheric covariates were used to define ‘atmospheric 
state’, including: daily near-surface temperature, dew point temperature, 
geopotential height and wind strength/direction.  

The results showed that relative to daily rainfall (Figure 6): 

• maximum six-minute rainfall increased by between 4.1 and 13.4%/°C; 

• maximum one-hour rainfall increased by between 3.1 and 6.8%/°C; and 

• fraction of day with no rainfall increased by between 1.5 and 3.5%/°C 

The results suggest that we might expect substantial changes to short-
duration, high-intensity rainfall. This has significant implications for 
flood risk, particularly in mountainous and small urban catchments.  

Figure 6: Change in daily to sub-daily scaling metrics as a function of 
temperature. The results are described in Westra et al (2012). 

This implies that much of the information on daily to sub-daily rainfall 
scaling is contained in a relatively small number of atmospheric 
covariates such as near-surface atmospheric temperature.  


