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WCSSP India is focussed on enhanced understanding,
methods, and tools for improving risk-based
forecasting of natural hazards.

These outputs provide a pathway for partners in the
Indian Ministry of Earth Sciences (MoES) to deliver
improved weather and seasonal climate services.

UK and India 2030
Government Strategic Roadmap




WCSSP India Project Activities, Outputs, Outcomes

We deliver through ...

Project Activities

Research from global to regional to urban
scales for hazard prediction

Which directly lead to ...
Project Outputs

Develop and evaluate coupled model
ensemble simulation frameworks

I"@ Improved understanding of
o the processes that drive extreme
ol weather and their impacts

Optimise observation use for model
initialisation through assimilation

Joint inter-comparison and sensitivity
studies to understand systematic biases

&@1 Strengthened scientific,
: technical and modelling
@ @ capabilities across all partners

Make and use research observations to
enhance process understanding

Enhance impact-based forecasting
methods to assess risk across scales

New research enabling the
co-development of
prototype tools

Explore the value of data science and ML
methods across the forecasting chain

Share knowledge through regular peer and
cross-project interactions

Strengthened partnerships,
networks and knowledge
exchange between UK and India

Communicate our research to raise
awareness and encourage user uptake

Publishing open access joint
UK-India research papers in
internationally recognised journals

)
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In the longer term this enables ...

Project Outcomes

develop, implementand routinely
support improved operational weather
and seasonal climate services

(o\ Enhanced capacity of MoES to

New services and products developed
by MoES used to provide improved
impact-based predictions of
high impact weather and multi-
hazard events across timescales

a Mature, long lasting and
equitable partnerships amongst
{?ﬂ UK and India science and services

community, delivering mutual benefit

Leveraged opportunities for joint
research with other relevant initiatives in

the UK and India, capitalising and
adding value to existing investment

Which contributes to ...

Project Impacts

Public, Governments and Industry
around the world use more accurate
weather forecasts to make better
decisions, stay safe and thrive

for the effects of extreme

in India, the UK and globally

Improved resilience to prepare

weather and seasonal extremes

Supporting the International policies
realisation of the and strategies are
Sustainable informed by state-
Development Goals of-the-art science

Ministry of
Earth Sciences



WCSSP India Project Scope == Met Office

+ High-resolution global coupled ensemble * Coupled model evaluation and inter-comparisons e

i . c . . Ministry of
« Convective-scale coupled modelling * Understanding model error evolution, physical Earth Sciences
- Next generation sub-km scale modelling processes, scale interactions

Improving models using satellite data » Evaluation of sea ice and Southern Ocean processes

WP1: Developing Understanding model biases; new WP2: Evaluationand
seamless ensemble diagnostics & parameterisations understanding of
Coupled Systems Exploiting new coupled capabilities Monsoon processes
across scales for multi-scale research and hazards
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» Evaluate new developments in atmosphere model parametrisations + Impact modelling and forecasting techniques

« Process-based observations to underpin physical understanding J + Predictability, post-processing, verification of high impac
» Translating forecasts for improved decision-making

« WCSSP India Science Plan
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Improving models using satellite data
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WCSSP India Project Activities, Outputs, Outcomes

We deliver through ...
Project Activities

Research from global to regional to urban
scales for hazard prediction

Which directly lead to ...

Project Outputs

== Met Office

In the longer term this enables ...

Project Outcomes

Develop and evaluate coupled model
ensemble simulation frameworks
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Improved understanding of
the processes that drive extreme
weather and their impacts

develop, implementand routinely
support improved operational weather
° and seasonal climate services

(ow Enhanced capacity of MoES to

Optimise observation use for model
initialisation through assimilation

Joint inter-comparison and sensitivity
studies to understand systematic biases

Strengthened scientific,
technical and modelling
capabilities across all partners

Make and use research observations to
enhance process understanding

Enhance impact-based forecasting
methods to assess risk across scales

New research enabling the

New services and products developed
by MoES used to provide improved
impact-based predictions of
high impact weather and multi-
hazard events across timescales

co-development of

prototype tools

Explore the value of data science and ML
methods across the forecasting chain

Share knowledge through regular peer and
cross-project interactions

Strengthened partnerships,
networks and knowledge

Mature, long lasting and

Ea equitable partnerships amongst
{?ﬁ UK and India science and services

community, delivering mutual benefit

exchange between UK and India

Communicate our research to raise
awareness and encourage user uptake

)

Publishing open access joint

UK-India research papers in
internationally recognised journals

Leveraged opportunities for joint
research with other relevant initiatives in

the UK and India, capitalising and
adding value to existing investment

Which contributes to ...

Project Impacts

Public, Governments and Industry
around the world use more accurate
weather forecasts to make better
decisions, stay safe and thrive

Improved resilience to prepare
for the effects of extreme
weather and seasonal extremes
in India, the UK and globally

Supporting the International policies
realisation of the and strategies are
Sustainable informed by state-
Development Goals of-the-art science

Ministry of
Earth Sciences
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the processes that drive extreme

weather and their impacts p roceSS u n d erStand I ng
and predictions

Ministry of
Earth Sciences

(a) INSAT-3D: Deep Fog 1BZ2IAN2016

(b) INSAT-3D: Deep Fog 00Z2ZAN2016 (c) INSAT-3D: Deep Fog 06Z2ZAN2016

communications earth & environment Article

Forecasts of fog events in northern India
dramatically improve when weather
prediction models include irrigation
effects
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https://www.nature.com/articles/s43247-024-01314-w

Strengthened scientific,
technical and modelling

A

capabilities across all partners

Enhanced modelling
capability

Urban-scale modelling

BAMS

Article

Development of an Integrated Modeling
Framework for Visibility and Air Quality

Forecasting in Delhi
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New research enabling the
co-development of
prototype tools
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Flood Hazard Impact Model
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' Risk =
Hazard x
Exposure x
AN Vulnerability

Ensemble-driven sector-specific
pluvial and fluvial flood risk forecasts

_ . . UK Centre for
[10:45 Friday] 6 Ecology & Hydrology

Research to
application

Satellite-based impact and
vulnerability assessments

\\\\\

hrwallingford

SIVA: Satellites for Impact &
Vulnerability Assessments
Web App

Flooding and
windstorm impacts
on agriculture
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Satellite-derived severe
convection and lightning
hazard

HAIC Probability (%)

Credit:
Rory Gray,
Met Office



Strengthened partnerships,
networks and knowledge
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Ongoing UK academic partner projects == Met Office
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HEavy Precipitation forecast Postprocessing for India
with Machine Learning (HEPPI-ML)
EMOS—Classical » Use Machine Learning for postprocessing
Input Linear Regression Single Optimisation Tt daily rainfall ensemble forecasts
_ = Criterion Output
X H=a + bx . Distribution ) ) . ..
- »  Continuous Ranked — « Builds on prior work using statistical
2 2 Probability Score #Opt ) ;
s? o“=c+ds (CRPS) 5 postprocessing under exploration for
] Topt operational implementation
t
EMOS-ML * Builds on Ensemble Model Output
Input Multi-layer Artificial Multiple Optimisation Non-parametric StatiStiCS (EMOS) approaCh Wlth
h o ot £riteete M additional predictors, extend optimization
N . B i I . and physical interpretation of outputs

User-defined metric
Non-local metric
etc.
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Ongoing UK academic partner projects == Met Office

On Understanding The Breaks in Rain, Exacerbating
Air Kwality (OUTBREAK)

40°N (a) 20 August (b) 25 August (c) 30 August

30°N 1

20°N 1

Precipitation (mm day™*)

10°N A

500 hPa RH (%)

T P o ,.. e
e s e

Led by University of Reading; Pl Andy Turner [14:45 Tuesday]

qH99a Jga
Ministry of
Earth Sciences

Focus on process understanding and
predictability of monsoon breaks

Exploring impacts of monsoon breaks,
with focus on heatwaves, dust storms and
air quality

Builds on previous WCSSP India projects

spanning from large-scale drivers to local
Impacts

@ University of
Reading




Ongoing UK academic partner projects == Met Office

Multi-risk Impact baseD forecASting (MIDAS)

Flood duration (days)
0 28 [ 56 [ &4 M 112
14 42 [ 70 W 58 W permanent water

Legend

D e Multi-hazard/multi-impact modelling with dynamic
Quantitative methods vulnerability and exposure regularly updated and
imilated to produce multi risk forecasts

D Semi-quantitative methods

S Quantitative impact modelling (statisticalor
Q Qualitative methods physically-based) with dynamic vulnerability and
exposure regularly updated and assimilated

Impact severity and likelihood assessedvia A Quantitative impact modelling (statisticalor
dialogue with stakeholders and supported physically-based) with vulnerability and exposur:
collaborativelybyimpact tables explicitly embedded
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Hazard-centric forecastswith the addition '_ Hazard-centric forecasts usingimpact-orientated
nerability/exposure information to enable risk thresholds/triggersinformed by historical damage
narratives information

Hazard centric
recastand warn

Led by HR Wallingford; Pl Darren Lumbroso [09:20 Friday]
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Focus on improving understanding of
scientific and technical requirements for
multi-risk assessment

Aiming to support development of
enhanced Impact-based Forecasting

Approaches to describe interactions
between multiple hazards and varying
vulnerabilities in time and space

hrwallingford



WCSSP India Project Activities, Outputs, Outcomes

We deliver through ...
Project Activities

Research from global to regional to urban
scales for hazard prediction

Which directly lead to ...
Project Outputs

Develop and evaluate coupled model
ensemble simulation frameworks

I"@ Improved understanding of
o the processes that drive extreme
ol weather and their impacts

Optimise observation use for model
initialisation through assimilation

Joint inter-comparison and sensitivity
studies to understand systematic biases

6@1 Strengthened scientific,
: technical and modelling
@ @ capabilities across all partners

Make and use research observations to
enhance process understanding

Enhance impact-based forecasting
methods to assess risk across scales

New research enabling the
co-development of
prototype tools

Explore the value of data science and ML
methods across the forecasting chain

Share knowledge through regular peer and
cross-project interactions

Strengthened partnerships,
networks and knowledge
exchange between UK and India

Communicate our research to raise
awareness and encourage user uptake

Publishing open access joint
UK-India research papers in
internationally recognised journals
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In the longer term this enables ...

Project Outcomes

develop, implementand routinely
support improved operational weather
and seasonal climate services

(ow Enhanced capacity of MoES to

New services and products developed
by MoES used to provide improved
impact-based predictions of
high impact weather and multi-
hazard events across timescales

Mature, long lasting and

Eﬁ equitable partnerships amongst

UK and India science and services
community, delivering mutual benefit

Leveraged opportunities for joint
research with other relevant initiatives in

the UK and India, capitalising and
adding value to existing investment

Which contributes to ...

Project Impacts

Public, Governments and Industry
around the world use more accurate
weather forecasts to make better
decisions, stay safe and thrive

for the effects of extreme

in India, the UK and globally

Improved resilience to prepare

weather and seasonal extremes

Supporting the International policies
realisation of the and strategies are
Sustainable informed by state-
Development Goals of-the-art science

Ministry of
Earth Sciences



MOES India academic call now open...

== Met Office

Call for Research Proposals under Weather and Climate Science for Service
Partnership India (WCSSP-India)

Introduction

Weather and Climate Science for Service Partnership India (WCSSP-India) is a collaborative
science initiative between the UK and India, aimed at advancing scientific understanding and
modelling capabilities for improved weather and climate services by MoES with a focus on
extremes and associated multi-sector impacts. It currently involves the Met Office, UK academic
partners, and the Ministry of Earth Sciences (MoES), Govt. of India. Key science objectives of
WCSSP-India project include research on natural hazards in South Asian Monsoon system
(focus on days to season timescale and global to regional scale drivers); Improve capability of
global coupled, regional convective scale coupled and sub-km city-scale modelling frameworks;
Observation and process studies, Improve tools and techniques for risk-based forecasting of
natural hazards at a range of prediction timescales. WCSSP-India aims to help MoES to deliver
services with enhanced local scale forecast skillwith anticipated impacts to the disaster
management authorities so as to plan for appropriate emergency response to ensure public safety.
To achieve desired goals aimed under WCSSP-India, participation of Indian Universities and
other Indian research Institutes are very essential. To attract Indian academia/researchers, it is
decided to invite projects proposals under WCSSP-India themes. WCSSP India research is
composed of four inter-dependent work packages (WP).

WP1: Developing seamless coupled ensemble systems across scales

WP aims: In partnership, develop cutting-edge seamless modelling systems that underpin
environmental predictions across space scales and time scales from hours to seasons
ahead. Specific aims include development of global coupled ensemble systems, regional
coupled ensemble systems and improvements to urban-scale atmosphere modelling.

WP2: Evaluation and understanding of monsoon processes focusing associated incidence of high
frequency and high intensity hazards including anticipation of cascading and compounding
imapcts

WP aims: In partnership, develop novel diagnostic tools and use observations to assess
critical processes of monsoon prediction and associated hazards, and carry out process
research to understand the predictability and systematic errors of coupled models at
seasonal and sub-seasonal timescales.

WP3: Observing the environment fortaking up targeted process studies for improved predictions

HE HwgA

Ministry of
Earth Sciences

Call for Research Proposals under Weather and Climate Science for
Service Partnership India (WC5SP-India)

« Deadline for applications: 30 April 2025

* https://moes.gov.in/sites/default/files/2025-03/WCSSP-India.pdf

*  “Project proposals should articulate how they will enhance
collaboration with MoES institutions and with UK partners on
research and development themes”
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Develop and evaluate new generations of coupled models across scales
to enhance process understanding and information to users

Aurora Prediction

3.0
25
2.0
1.5
1.0

UHI (" C)

0.5

1950-01-01 12:00:00

0.0
-0.5

s i, i / Assess the benefits

and limitations of
machine learning
across WCSSP India
research themes, and

from global to local

:
- RFR (0.20°C) : o —
— XGB (0.17°C) /\ I
— MLP(0.18°C) S1.8°N |8
—— MLR (0.49°C)
—— UKV (0.64°C) /| S <
| /’ .
y 51.4°N [ e ~
LA T -
' L =5 -
512°N o &
! sl %0 =
|
6 12 18 53 220 =1 W 1. q 3
Time (UTC)

MLP T = UKV T (*C) Scales

« Process-based observations to underpin physical
+ Evaluate new in

("~ Highesolutionglobal coupled ensemble
+ Convective-scale coupled modelling
« Next generation sub-km scale modelling
- Improving models using satellite data

WP1: Developing
seamless ensemble

coupled systems
across scales

sub-km ll New DA
modelling | methods for

0 exploiting
& observations

WP3: Observing the
environment to
improve predictions

Exploiting new coupled capabilities

for multi-scale research

Impactrelevant events,
lemonstrate value of observatit

Observations underpinning

Understanding model biases; new
gdiagnostics & parameterisa S,

o

forecasts for decision-making events

e . N

+ Coupled model evaluation and inter-comparisons

+ Understanding model error evolution, physical
processes, scale interactions

+ Evaluation of sea ice and Southern Ocean processes

WP2: Evaluationand
understanding of
Mmonsoon processes
and hazards

Understanding of
underpinning

predictive skill for
risk-based
forecasting

WP4: Risk based
on forecasting of high
impact weather

"

model

¢

of high impact weather
Impact modelling and forecasting techniques
Translating forecasts for improved decision-making
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Thank you

Dr Huw Lewis (Met Office, UK)
huw.lewis@ metoffice.gov.uk

www.metoffice.gov.uk
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