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STORMY-WEATHER Objectives

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. Toinvestigate 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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STORMY-WEATHER Objectives

1. To characterise the precipitation and wind
associated with different storm types over the
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2. To develop event-based metrics based on their
precipitation and wind footprints and
understand their combined hazard.

3. Toinvestigate 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.
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impacts models.



Lightning Environmental
(a) observations (b) diagnostic

|dentification of weather systems

 Thunderstorm proxy:

* combination of convective available
potential energy (CAPE) and bulk wind
shear from 0—6 km (SO6) - Dowdy
2020. Trained on the World Wide
Lightning Location Network dataset.

[ I
- New and improved front O B 012 50 2 s
identification

 Based on Berry et al 2011/H€WSOI’1 (c) Prgb?blltlty of Thunderstortm
1998 Thermal front parameter ctection environments
method. / 2

* Now can be used on higher resolution
datasets.

e Builtin R and soon available to share.

* Updates to cyclone identification to
make it more portable.

Dowdly, A. J., Climatology of thunderstorms, convective rainfall and dry lightning
L I

environments in Australia, Climate Dynamics, 54 (5-6), 3041-3052, 5 10 20 50 100 200 500 1000
doi:11910.1007/s00382-020-05167-9, 2020. o Fvents per year
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Frequency of the storm types

DJF frequency: CO & precip > 0.1mm
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DJF frequency: FO & precip > 0.1mm
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DJF frequency: CF & precip > 0.1mm
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DJF frequency: CFT & precip > 0.1mm
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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
ERAS data.



Importance of weather systems for hazards - winter

a) Precip-only d) Precip+Wind
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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

Mean dew point
temperature over 6 hours

=~ temperature

precipitation
— » time
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6h -3h Oh +3h +6h
storm
location

 Estimate scaling of 99th percentile of precipitation from ERAS5 with
temperature for each storm type simultaneously using quantile
regression.

* (plans to use IMERG data for verification/comparison)



Scale factors for different storm types
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Summary of work achieved so far

* New shareable front identification code.
e Portable cyclone identification method that gives predefined cyclone areas.
* New storm-type dataset based on ERAS.

* 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

Synoptic-scale flow Local precipitation and circulation
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Impacts Adaptation measures

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

Shepherd et al., 2018, Climatic Change
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Storylines allow planning and management strategies
to be tested during crisis situations

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



How can we provide more robust information for
climate adaptation?

“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)

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



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?



