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1. To characterise the precipitation and wind 
associated with different storm types over the 
UK (i.e. cyclones, fronts, embedded deep 
convection).

2. To develop event-based metrics based on their 
precipitation and wind footprints and 
understand their combined hazard.

3. To investigate the relationship between regional 
and global temperature change and these 
event-based footprints for different storm 
types, identifying plausible future storm 
hazards from ensembles of state-of-the-art 
climate simulations.

4. To produce storylines of plausible footprints of 
storm hazards for use by stakeholders in 
impacts models.
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Identification of weather systems

• Thunderstorm proxy:
• combination of convective available 

potential energy (CAPE) and bulk wind 
shear from 0–6 km (S06)  - Dowdy 
2020. Trained on the World Wide 
Lightning Location Network dataset.

• New and improved front 
identification
• Based on Berry et al 2011/Hewson 

1998 Thermal front parameter 
method.

• Now can be used on higher resolution 
datasets.

• Built in R and soon available to share.
• Updates to cyclone identification to 

make it more portable.

3045Climatology of thunderstorms, convective rainfall and dry lightning environments in Australia  

1 3

Fig. 2d) than autumn (MAM: Fig. 2b) in general through-
out Australia, apart from near-coastal western regions of 
Australia.

The difference from the first to the second half of the 
study period indicates a general decrease in the number 
of thunderstorm environments that have occurred over 
this 38-year period for Australia. Reductions are indicated 
for some individual regions, including during the warmer 

months of the year in parts of northern and central Aus-
tralia where reductions are indicated over relatively wide-
spread regions (e.g., from Fig. 2e for DJF). There are also 
some regions where an increase in thunderstorm activity is 
indicated, including for some parts of southern and eastern 
Australia (Fig. 2e–h).

Fig. 1  Diagnostic method for 
indicating thunderstorm events 
matched to the occurrence 
frequency of observed lightning 
events. Frequency of occur-
rence of lightning events at 
6-h intervals during the period 
2005–2016 (a) Environmental 
diagnostic based on reanalysis 
data used to indicate thunder-
storm events, with results shown 
for the threshold value of the 
diagnostic used at each location 
(b), Probability of Detection 
for indicating the observed 
lightning events (c) and mean 
number of 6-h thunderstorm 
environments per year from 
1979 to 2016 (d) 

(a) (b)

(c) (d)

Dowdy, A. J., Climatology of thunderstorms, convective rainfall and dry lightning 
environments in Australia, Climate Dynamics, 54 (5-6), 3041-3052, 
doi:11910.1007/s00382-020-05167-9, 2020.
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Frequency of the storm typesDJF: Storm frequency
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CO = cyclone only
FO = front only
TO = thunderstorm only
CF = cyclone + front
CT = cyclone + thunderstorm
FT = front + thunderstorm
CFT = cyclone + front + 
thunderstorm

Frequency of storm types from 
ERA5 data.



Importance of weather systems for hazards - winter
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The double and triple hazards are located in the CFT weather system 
type in the warm frontal part of the storm at the first and last time steps 
shown, and then within the convective activity of the CT type in the 
second timestep. This is consistent with the previous analysis that 
indicated the deep convection and frontal influences associated with this 
storm’s development and the intensity of the extreme weather that it 
caused. 

European storm Kyrill (Fig. 8) is another example of a damaging 
extratropical cyclone (Fink et al., 2009). The synoptic situation at 1200h 
on January 18, 2007 shows a long frontal feature to the south of the UK, 
along with a wide cyclone region encompassing two low pressure cen-
ters. A small region in the Irish sea shows the triple hazard, while much 
of the south of the UK and Ireland show the joint extreme precipitation 
and winds. The extreme wind footprint is the largest hazard feature of 
this storm (Roberts et al., 2014). Six hours later, the extreme wind 
footprint is still very large but has moved over the European continent, 
and the triple hazard can now be seen in the North Sea off the coast of 
the Netherlands. By 0000h there is no longer a triple hazard visible, but 
the extreme precipitation and wind compound hazard covers a large 
region over the north of the European continent. The triple hazard in the 
2nd time shown and the compound precipitation and wind extreme in 
the 3rd time are colocated with a triple storm (CFT). 

The three cases shown indicate that the CFT weather system type 
may be important for the compound hazard types, including the triple 
hazard of extreme precipitation, wind, and waves. In the next section we 
will investigate the seasonal mean relationship over the 10-year period 

between the hazards and the storm types. 

5.2. Seasonal mean link between hazards and weather system types 

The main features of the link between extreme precipitation, wind, 
and wave events (and the compound events thereof) over the 10-year 
period can be summarized using zonal means of the frequency of the 
different hazards coincident with the seven weather system types (Fig. 9 
and Fig. 10), which are similar to the figures shown in Dowdy and Catto 
(2017) for the single hazards of extreme precipitation and extreme 
winds. The results for extreme precipitation-only and wind-only are 
broadly similar to those presented in Dowdy and Catto (2017), while 
noting some variation due to the compound hazard types considered 
here. During winter (Fig. 9), extreme precipitation-only (Fig. 9a) is 
mostly associated with TO in the tropics between 10◦S and 15◦N. In the 
subtropics the main weather system type is FO, and polewards of 40◦N 
and S the CF type is the most frequent, with FO and CO also occurring 
frequently. In the tropics and subtropics FT associated with extreme 
precipitation-only occurs up to 1% of the time. The CFT weather system 
type occurs with extreme precipitation-only around 30–40◦N and S. 

Extreme wind-only (Fig. 9b) also occurs most frequently with TO in 
the tropics, but with a lower overall frequency than extreme 
precipitation-only. The FO weather system type is the dominant weather 
system type over the rest of the NH and much of the SH up to around 
60◦S. CO and CF are similarly important over the mid-latitudes, while 
the CT, FT, and CFT show similar zonal mean patterns of frequency with 

Fig. 9. Winter zonal mean frequency (% time) of hazards associated with different weather system types. The hazards shown are (a) extreme precipitation, (b) 
extreme wind gusts, (c) extreme waves, (d) compound extreme precipitation and wind gusts, (e) compound extreme precipitation and waves, (f) compound extreme 
wind gusts and waves, and (g) compound extreme precipitation, wind gusts, and waves. The colors for each weather system type is shown by the legend. (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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• Using previous versions of the weather system 
identification:

• Different regions show different weather 
systems are more important for extremes of 
precipitation, wind, and combined precipitation 
and wind.

Catto and Dowdy (2021), Understanding compound hazards from a weather system perspective, Weather and Climate Extremes,  
https://doi.org/10.1016/j.wace.2021.100313 



Temperature scaling of precipitation extremes with different 
storm types

• Estimate scaling of 99th percentile of precipitation from ERA5 with 
temperature for each storm type simultaneously using quantile 
regression. 
• (plans to use IMERG data for verification/comparison)

time
0h +6h-6h -3h +3h

precipitation

temperature

Mean dew point 
temperature over 6 hours

storm 
location



Scale factors for different storm types
• FO and CF 

mostly show 
scaling below 
CC over 
Northern 
North Atlantic 
and Europe.
• Apparently 

larger scaling 
for TO, CT and 
FT over large 
parts of region.
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Summary of work achieved so far

• New shareable front identification code.
• Portable cyclone identification method that gives predefined cyclone areas.
• New storm-type dataset based on ERA5.

• Preliminary results show evidence of different extreme precipitation scaling 
with temperature for different weather systems.
• We also need to understand how different characteristics of the storms 

scale with temperature, e.g. winds, compound extreme occurrence.
• These algorithms are now being applied to model simulations of present 

and future climate.



Using process understanding and expert 
judgement to produce storylines of plausible 
extreme events for risk assessment

Storyline of a past event, but storylines can also be 
produced for plausible extremes in current and future 
climates

de Bruijn et al., 2016, Nat. Haz.

Storylines allow planning and management strategies 
to be tested during crisis situations 

Shepherd et al., 2018, Climatic Change

STORMY-WEATHER



How can we provide more robust information for 
climate adaptation?

Causal Network describing regional climate risk from Shepherd (2019): causal 
networks allow us to combine expert knowledge with probability

“Causal networks can provide the 
diagnostic framework within which 
to extract the relevant climate 
information from simulations, and 
combine it with other sources of 
information in a format that is 
suitable for decision-making.” 
Shepherd (2019)



STORMY-WEATHER: Storylines

Future changes in storm-related precipitation and wind events will 
come from a combination of changes in the frequency of the storm 
types, and changes of the within-storm characteristics.
1. Develop reliable statistical methods to quantify how extreme 

precipitation and wind speed marginal and conditional distributions 
are related to temperature changes for different storm types.

2. Produce storylines of the ‘reasonable worst case’ for each storm 
type for a 2°C and 4°C world, and different future time-slices, for 
use in planning purposes. For each storm type we will produce 
summary hazard metrics, including joint hazards.



STORMY-WEATHER: Questions

• What metrics should we use to define the ‘reasonable/plausible 
worst case’?
• What matters – peak intensity/spatial extent, volume, other metrics? 

Should we somehow define overall storm severity?
• What information is needed in each storyline? Footprints of storm at 

each timestep – just wind and rain or other variables?
• What is important to include in a narrative describing the storyline?
• Any other comments?


