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Communicating hydrological data

• Wealth of hydrological data available​

• Point observations (raingauges, river level/flow, snow, …)

• Gridded area-wide estimates (radar rainfall, satellite, …)

• Model outputs (deterministic, ensembles, …)

• Challenge – how to help make data actionable 

to support decision makers?



Hydrological Forecasting & Predictions
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Global: Sendai Framework
• The expected outcome of the United Nations 

Sendai Framework for Disaster Risk Reduction (2015-30) is:

The substantial reduction of disaster risk and losses in lives, 

livelihoods and health and in the economic, physical, social, 

cultural and environmental assets of persons, businesses, 

communities and countries 

• Sendai Priority 1 – Understanding Disaster Risk, advocates member 

state to:

Develop and apply methodologies and models to assess 

disaster risks, vulnerabilities and exposure to all hazards

Need for Hazard Impact Modelling​
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Disaster risk can change with time

Examples of different time frames

➢Current background risk (e.g. average annual flood damage)

➢Future background risk (e.g. expected annual flood damage in 2050)

➢Forecast risk now and over the next few days/weeks/months/years

(e.g. expected impacts)

Historical events and impacts provides useful context

Today’s 

background 

risk

Future (2050) 

background 

risk

Forecast risk

Time

Historical events and impacts
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Flood Estimation Handbook (FEH) – Background Risk

• UK industry standard statistical methods for understanding flood risk

• E.g. how much rainfall or river flow does new infrastructure have to cope with?

• Used for flood risk assessments, e.g. property, bridge or culvert design

ceh.ac.uk 6
http://ceh.ac.uk/feh
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Flood Estimation Handbook (FEH) – Background Risk

• Depth-duration-frequency (DDF) rainfall model

 – uses long records of quality-controlled rainfall 

daily and hourly rainfall data

• Flood frequency method uses regression 

methods with catchment descriptors (e.g. Area, 

Standard-period Average Annual Rainfall, …) to 

estimate the Median annual flood (QMED)

• Outputs delivered via FEH webservice

• New developments communicated through 

reports and British Hydrological Society 

webinars
ceh.ac.uk 7

1000 year, 1 hour catchment rainfall
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Flood forecasting model chain
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UK National Scale Flood Forecasting
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• UKCEH Grid-to-Grid (G2G) hydrological model used operationally across Britain at a 

1km, 15 min resolution out to ~5 days (for fluvial and surface water forecasts)

• Uses spatial datasets on terrain, soil/geology, land-cover, rainfall 

• Probabilistic forecasts & Hazard Impact Models inform Flood Guidance Statement

Soil 
moisture

River 
flow



G2G Probabilistic 

Flood Forecasts
Public Flood 

Forecasts/Guidance

Triggered satellites 

to capture impact

Real-world example, SEPA – Nov 2022



Impact-based forecasting: risk matrix
• Supporting the move to Impact-based Forecasting and Warning – encouraged by WMO 

(UKCEH now part of writing group for WMO IbF guidelines) 

▪ Risk Matrix approach that combines likelihood and impacts

➢Used for National Severe Weather Warnings and Flood Guidance

▪ Important to acknowledge and account for uncertainty

➢Make better, more informed, decisions
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Hazard Impact Models (HIMs)
• Automatic Hazard Impact Models are becoming a common tool to help 

forecasters – use Risk Triangle methodology 

• The Natural Hazards Partnership (NHP) of UK research and government bodies 
has helped develop HIMs, including for Surface Water Flooding

• NHP aims:

➢ Focus on Impacts

➢ Emphasis on risk reduction 
and prevention

➢ Develop new services in partnership

12



Surface Water Hazard Impact Model - SWFHIM
• Collaborative development under Natural Hazards Partnership for over 10 years

• Builds on existing tools & models, continually developed

• Operational 24/7 for the Flood Forecasting Centre since 2020
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Rainfall ensembles 
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Daily Hazard Assessment
Coherent and coordinated advice



Daily Hazard Assessment

• >1900 recipients
• Single source for 5-day outlook for 9 

hazards
• Consistent messages and assessments 

for 9 hazards
• Links to original official source material 
– amplifying authoritative voice

• Improved awareness, preparedness and 
response

• Supports better action & collaboration
• Available via Hazard Manager and 

Resilience Direct



Daily Hazard Assessment



Surface Water Flooding (SWF) tool for Scotland
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• PREDICTOR project - real-time SWF Impact-based Forecasting (IbF) tool

• Risk Matrix approach that combines uncertainty and impacts (roads & properties)



Case study – Storm Babet
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• Step-change in operational forecasting 

capability – longer lead-times, national coverage

• Earlier flood guidance and warnings allowed for 

more effective response and mitigation

• Public could prepare earlier

• Councils evacuated homes in advance

• Transport Scotland closed A90 in advance of 

flooding (first time they’ve done this)

• Positive feedback from stakeholders and users

UKCEH web-portal

Forecast during Storm Babet

A90



PREDICTOR – Stakeholder feedback following Storm Babet October 2023

“

“

…this is a very exciting development.
(Local Authority Flooding Officer, Society of Chief Officers of 

Transportation in Scotland)

…it has given good predictions that tie 

in well with our system alerts.
(Technical Manager, Scottish Water)

“

“
““

The new PREDICTOR tool combined with direct access to 

our Met Office Advisor at South Queensferry accurately 

enabled partners to assess the forecast impacts 

on the trunk road network.
(National Operations Manager – 

Resilience, Transport Scotland)

“

PREDICTOR Surface Water Flood Risk forecast 

on the road network during Storm Babet
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Flood Hazard Impact Model India (FHIM-India)

NEPS-R

NCMRWF

Observations

IMD

G2G

~1km flood

UKCEH
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~30m flood
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Impact &

Risk

HSE

Risk 

modelling

UK JASMIN

FHIM-India Workflows

• Automated Flood Hazard Impact Model to support Impact-based Forecasting (IbF)

➢ Risk Matrix approach that combines uncertainty and impacts ⇨ ENSEMBLES

India UKCEH hosted
Portal
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FHIM-India - 1-5 July 2023 Forecasts
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Day forecast is for

Kerala

• Sequence of 3-day fluvial 
flood risk forecasts for 
forecasts beginning 1 to 5 
July

• Can see strong signals for 
3 to 6 July with 3-day lead-
time

• Code transferred to 
NCMRWF HPC. Prototype 
web portal developed.



• Great Barrier Reef (GBR) 2000km long 

• UNESCO World Heritage site

• Catchment management has adversely impacted 
the coastal water quality & marine ecosystem health

• Major project (www.eReefs.org.au) improving 
observations, modelling and management practice 

• UKCEH and Australian partners applied G2G and 
coupled with water quality & hydrodynamic models

• Modelling runs real-time in the cloud and supports annual 
“Report Cards” on the health of the reef CEH.AC.UK 22

Coupled hydrological and 
coastal models

22% of area 
ungauged

http://www.ereefs.org.au/


Coupled at

60 coastal 

nodes

G2G hydrological model

Hourly timestep on 1 km grid

SHOC hydrodynamic model and 

biogeochemical model

CEH.AC.UK 23

Example: predicting flood plumes 
Helps identify which river source is dominant



CEH.AC.UK 24

Climate Change: UK Flood Context

▪ Third UK Climate Change Risk Assessment (CCRA3) 2022

▪ Gap between level of risk and level of adaption has increased 

since CCRA2 report in 2017

▪ National summaries and Sector Briefings also provided. 

▪ Example from flood study:

“… unless we take further action, under a 

2°C by 2100 warming scenario annual 

damages from flooding for non-

residential properties across the UK is 

expected to increase by 27% by 2050 

and 40% by 2080. At 4°C this increases 

to 44% and 75% respectively.”

Helping plan 

hydrological input 

to CCRA4



Climate Change: UK Flood Context

• Web portal showing changes in future floods under different climate scenarios

• Informs climate change uplifts for infrastructure projects

• https://cc-flood-impacts.ceh.ac.uk/ 

UKCEH Climate Change Impacts web-portal

Benefit case 

study by the 

Environment 

Agency

https://cc-flood-impacts.ceh.ac.uk/
https://cc-flood-impacts.ceh.ac.uk/
https://cc-flood-impacts.ceh.ac.uk/
https://cc-flood-impacts.ceh.ac.uk/
https://cc-flood-impacts.ceh.ac.uk/
https://cc-flood-impacts.ceh.ac.uk/


Water Resources future projections: 
The eFLaG dataset

ceh.ac.uk 26

UKCP18 Regional data

12km resolution RCM

12-member perturbed 

parameter 

ensemble (PPE)

Dec 1980 to Nov 2080
Maps of the 200 eFLaG Catchments 

and 54 Boreholes

The full story:

Data Paper, 

e.g. Grid-to-Grid: a national-scale 

distributed hydrological model 

(e.g. Lane & Kay 2021) 

https://essd.copernicus.org/preprints/essd-2022-40/
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Example results: diminishing future flows

Transient: look at interannual and interdecadal variability rather than time-slices

Ensemble projections:

Range of 12x RCM 

ensemble members 

(climate model uncertainty)

Multi-model: four hydrological 

models

(hydrological model uncertainty)

Simon Parry et al. 2024 (HESS)

Headline: low flows 

getting lower, but how low will 

they go? Uncertainty in 

magnitude of future changes

Low flows (Q90) in 30 year moving windows, 1980 - 2080

27



Demonstrator applications to test water supply resilience

ceh.ac.uk 28

London

NEYM (N Wales)

SEWCUS (SE Wales)

Clatto (Dundee)

Afton (Ayrshire)

Affinity (SE England) 

Headline: multi-model, spatially coherent, transient projections like eFLaG can add significant 

value to water resources planning 

Usk Reservoir. Nigel Davies, Geograph
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