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Introduction

MULTI-HAZARDS & 
CLIMATE CHANGE

IMPACT-BASED 
ENSEMBLE PREDICTION

SEPA pilot impact-based surface 
water flooding forecasts; read more 
in doi:10.1002/wat2.1517 

Ensemble forecasting timescales
doi:10.1002/met.1654 

A new generation of ensemble 
forecasts on longer-range 
timescales are being produced 
that can be used for 
impact-based prediction for 
design, operation and logistics and 
to reduce risk.

Natural hazards often result from 
a combination of physical 
processes referred as compound 
events. Hazard assessments 
typically only consider one 
process and/or hazard, leading to 
an underestimation of risk.

Reclassifying single vs 
multi-hazards
In draft.

mailto:chris.white@strath.ac.uk
https://www.strath.ac.uk/staff/whitechristopherdr/
https://onlinelibrary.wiley.com/doi/full/10.1002/wat2.1517
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/met.1654
http://s2sprediction.net/
http://damocles.compoundevents.org/
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S2S prediction:
A relatively unexplored forecasting 
timescale for applications… until the 
RTP!• The S2S timescale – 3-4 weeks (10-30 days) extended-range lead time – has, 

until recently(ish), been viewed as a predictive ‘desert’

• Research is now looking for ‘windows of forecast opportunity’ on the S2S 
timescale using teleconnections to known large-scale climate drivers

• Coupled with this, there is a growing requirement for and the exploration of the 
use of S2S predictions for a wide range of societal and economic 
applications including forecasts of high-impact events such as flooding and 
heatwaves, streamflow forecasting, and humanitarian planning and response 
to disasters 
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S2S forecasting:
The RTP legacy

The RTP has demonstrated how application-focused 
S2S forecast information can be used to produce useful, 

useable and actionable information, linking 
extended-range forecasts with decision-making
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Using S2S predictions:
RTP has shown the way…

• There is a growing requirement for the use of S2S predictions for a wide range 
of societal and economic applications = opportunity

• Research is currently exploring ‘windows of forecast opportunity’ on the S2S 
timescale where the skill in predicting in temperature and rainfall in certain 
regions is likely to be increased using teleconnections to known large-scale 
climate drivers (e.g. ENSO), but there is much work to be done to link this to 
applications and products that can support user decision-making

• The WMO WWRP-WCRP open source near real-time S2S project database 
(hosted by ECMWF and CMA) presents an opportunity for researchers and 
practitioners to explore the skill and applications of S2S
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Sectoral applications of S2S 
predictions:
Putting the user first

Source: White et al. 2017 https://doi.org/10.1002/met.1654

https://doi.org/10.1002/met.1654
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Using S2S predictions:
RTP projects
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Beyond the RTP:
Advances in the application and 
utility of S2S predictions
• A new paper in BAMS draws on recent advancements from across the S2S 

community to explore the use and utility of S2S predictions and demonstrate 
how they can be employed to maximize societal benefit 

• A global community effort that collates the experiences of application-relevant 
forecasts on the S2S timescale across sectors and regions

• Involved ~60 authors, focused on 12 sectoral S2S application case studies 
–including some in the RTP – spanning the public health, agriculture, water 
resource management, energy and utilities, and emergency management

• Available from BAMS as an open access publication:  
https://doi.org/10.1175/BAMS-D-20-0224.1 

https://doi.org/10.1175/BAMS-D-20-0224.1
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New 
community-led 
paper in BAMS:
Advances in the 
application and 
utility of S2S 
predictions

Source: White et al. 2021 https://doi.org/10.1175/BAMS-D-20-0224.1

https://doi.org/10.1175/BAMS-D-20-0224.1
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Case study:
#12 European flood forecasting (Di 
Giuseppe & Wetterhall)
• Morava River in Serbia, 2014

• Catastrophic flooding in May

• Probability of exceeding 98th 
percentile of discharge

• Maximum notification lead time 
in EFAS is 7-8 days

• Strong signal 8-10 days ahead, 
but signs of an event already >3 
weeks ahead

Source: White et al. 2021 https://doi.org/10.1175/BAMS-D-20-0224.1

https://doi.org/10.1175/BAMS-D-20-0224.1
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Summer 2022:
Record-breaki
ng European 
heatwave: 
could S2S 
predictions be 
used?

15 Source: coolwx/record

The locations of 
record-breaking 
temperatures on 19th July 
2022 at 16:00 UTC
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Summer 2022:
Seasonal prediction

The seasonal forecast 
(forecast start 01/05/22) 
from C3S models for 
summer predicted a 
much warmer than 
average European 
summer…  

Source: https://climate.copernicus.eu/charts/c3s_seasonal/; acknowledgement: Matt Patterson, University of Oxford 

https://climate.copernicus.eu/charts/c3s_seasonal/
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Summer 2022:
Seasonal prediction

The seasonal forecast 
(forecast start 01/06/22) 
from C3S models for 
summer predicted a 
much warmer than 
average European 
summer…  

Source: https://climate.copernicus.eu/charts/c3s_seasonal/; acknowledgement: Matt Patterson, University of Oxford 

https://climate.copernicus.eu/charts/c3s_seasonal/


X
   TH

E
 FA

C
U

LTY O
F E

N
G

IN
E

E
R

IN
G

18

Summer 2022:
Seasonal prediction

The seasonal forecast 
(forecast start 01/07/22) 
from C3S models for 
summer predicted a 
much warmer than 
average European 
summer…  

Source: https://climate.copernicus.eu/charts/c3s_seasonal/; acknowledgement: Matt Patterson, University of Oxford 

https://climate.copernicus.eu/charts/c3s_seasonal/
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Summer 2022:
Seasonal prediction

…but while T2m skill in 
the C3S models is good 
for southern Europe, it 
isn’t that good over 
northern Europe, largely 
due to low skill of the 
large-scale atmospheric 
circulations, therefore 
confidence (for the north) 
wasn’t high.

Source: https://climate.copernicus.eu/charts/c3s_seasonal/; acknowledgement: Matt Patterson, University of Oxford 

https://climate.copernicus.eu/charts/c3s_seasonal/
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Summer 2022:
Seasonal prediction

The seasonal prediction 
of the hot summer may 
just have come from the 
global warming trends 
(i.e., model forcings), but 
maybe circulation (e.g. 
the positive NAO) or the 
Jetstream played a part?

Source: https://climate.copernicus.eu/charts/c3s_seasonal/; acknowledgement: Matt Patterson, University of Oxford 

https://climate.copernicus.eu/charts/c3s_seasonal/
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Summer 2022:
Subseasonal prediction

The S2S forecast 
(forecast issued 23/06/22) 
for 32 days ahead 
(18-25/07/22) from 
ECMWF showed an 
unusually warm mid July 
in Europe (and North 
America). Ensemble-mean 
weekly-mean T2m was 
1-3 C above model 
climatology (previous 20 
years). 
Source: https://twitter.com/SimonLeeWx/status/1540067123631890434 acknowledgement: ECMWF and Simon Lee, Columbia 
U.

https://twitter.com/SimonLeeWx/status/1540067123631890434
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Summer 2022:
Subseasonal prediction

On 1 July, one of the 30 
model runs produced by 
GEFS (NCEP) predicted 
temperatures of 40°C in the 
UK for 14 July. Not given that 
much attention, but 
potentially this was the first 
time 40°C has appeared in a 
reliable operational 
medium-range ensemble 
forecast for the UK!

Source: https://www.carbonbrief.org/analysis-how-the-uks-insane-40c-heat-was-forecast-weeks-in-advance/ and TheWeatherOutlook

https://www.carbonbrief.org/analysis-how-the-uks-insane-40c-heat-was-forecast-weeks-in-advance/
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Summer 2022:
Subseasonal prediction

At the start of July, a minority of weather forecast 
models indicated high temperatures for the 
middle of the month. But as we moved into July, 
model runs from a range of institutions suggested 
exceptionally high temperatures for mid July. 

From around 8-9 July, most operational runs and 
started converging on extreme heat building from 
southern Europe during 16-17 July and peaking in 
the high-30°Cs. UK Met Office issued an amber 
warning on 11 July (for 17 July) and its first ever 
red warning on 15 July for exceptional heat.

Source: https://www.carbonbrief.org/analysis-how-the-uks-insane-40c-heat-was-forecast-weeks-in-advance/ and the Met Office

The S2S prediction timescale!

https://www.carbonbrief.org/analysis-how-the-uks-insane-40c-heat-was-forecast-weeks-in-advance/
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Extreme event S2S predictions:
S2S case studies of extreme event 
prediction

Source: Domeisen et al. 2022 https://doi.org/10.1175/BAMS-D-20-0221.1

Studies focused on the applications and 
forecasting of extremes on S2S 
timescales are lacking. A new study led 
by Daniela Domeisen provides an 
overview of subseasonal predictability 
for case studies of some of the most 
prominent extreme events across the 
globe using the ECMWF S2S prediction 
system: heatwaves, cold spells, heavy 
precipitation events, and tropical and 
extratropical cyclones. 

https://doi.org/10.1175/BAMS-D-20-0221.1
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WMO S2S prediction project:
Science, forecasting and applications
International WWRP-WCRP coordinated 
research on S2S predictability and modelling. 
The goal is to improve the accuracy and use 
of forecasts at lead times from 2 weeks to 2 
months.

Focus is on science, forecasting and 
applications 

Database of S2S predictions (hosted at 
ECMWF and CMA) from 11 global producing 
centers: http://s2sprediction.net/

http://s2sprediction.net/
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WMO S2S prediction project:
Science, forecasting and applications 
• A new applications sub-project aims to support 

and promote the uptake and use of S2S 
predictions by providing a resource for the global 
community of researchers, modellers and 
practitioners who are exploring and promoting 
cross-sectoral services and applications of S2S 
predictions

• Co-led by Dr Christopher White (University of 
Strathclyde) and Dr Joanne Robbins (UKMO): 
http://s2sprediction.net/xwiki/bin/view/Phase2/Ap
pNet 

• Builds on the real-time pilot to initiate a network 
of application-orientated researchers

http://s2sprediction.net/xwiki/bin/view/Phase2/AppNet
http://s2sprediction.net/xwiki/bin/view/Phase2/AppNet
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Applications sub-project:
Objectives
• Support the uptake and use of S2S predictions through a resources for the global 

community of researchers, modellers and practitioners 

• Promote the S2S timescale to the wider user community through 
workshops/meetings and coordinated papers

• Encourage co-production of S2S applications and services, including the RTP

• Explore cross-sectoral users and decision-makers needs and wants

• Understand what decisions are made on S2S timescales

• Identify what applications and methods of communication are appropriate for various 
sectors

• Build on the real-time pilot to provide a more cohesive network of 
application-orientated researchers
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Applications sub-project:
… and the home of the RTP
• Led by Dr Joanne Robbins, supported by a 

Research Assistant from the University of 
Strathclyde (Rebecca Simmonds), 
the S2S real-time pilot initiative is making 
real-time S2S forecasts available to select 
projects that are trying to address user needs 
from November 2019 through to November 
2022.

• The initiative hopes to draw on the experiences 
of the projects (15 in total) and develop best 
practice guidelines for producing useful and 
useable, application-orientated forecasts and 
tools. 

• Paper to follow in 2023!

Sectors:
- Water
- Energy
- Health
- Agriculture/food 

security 
- Disaster risk 

reduction

Countries/regions:
- Senegal
- Ethiopia
- Bangladesh
- Guatemala
- Columbia
- Ghana
- Kenya
- Nigeria
- Singapore
- USA
- Europe
- Asia & Pacific
- Global
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Applications sub-project:
Current/ongoing activities
• Mission statement, objectives, current activities on the wiki

• This week’s real-time pilot (RTP) virtual workshop showcasing and discussing the 
initiative (15-17 Nov 2022): http://s2sprediction.net/workshop/!

• Exploring promotion and dissemination activities through conferences and workshops, 
e.g.: 

- EGU 2023 (Vienna, 23-28 Apr 2023): AS1.3 Subseasonal-to-Seasonal Prediction, 
Processes and Impacts https://meetingorganizer.copernicus.org/EGU23/session/47263 

- IUGG 2023 (Berlin, 11-20 Jul 2023): JM04 Weather and Climate Extremes: 
Understanding, Modeling, Prediction, and Impacts (IAMAS, IAHS, IACS) 
https://www.iugg2023berlin.org/922-2/#IAMAS 

http://s2sprediction.net/workshop/
https://meetingorganizer.copernicus.org/EGU23/session/47263
https://www.iugg2023berlin.org/922-2/#IAMAS
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• The value of S2S forecasts is increasingly gaining interest among users – the RTP 
and other activities present a growing body of evidence of S2S forecasts being 
increasingly used across sectors in developed and emerging economies

• The S2S forecasting timescale is a new concept for many users – while the 
additional value of S2S forecasts for decision-making is increasingly gaining 
interest, incorporating ensemble S2S forecasts into operations is not trivial 

• However, recent initiatives are helping to overcome these challenges and open 
S2S forecasts up to new users and potential applications, in particular ‘situational 
awareness’ and increasingly extremes, demonstrating that application-focused 
S2S forecast information, can produce useful, useable and actionable information

• The RTP with other initiatives like the S2S applications sub-project are helping to 
create a global applications community and a lasting legacy beyond the S2S 
prediction project

Summary:
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