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Outline 

• Managing climate risks in the UK and the role of research  

• UK Climate Change Projections 2009 

• Approaches to downscaling  

• Probabilistic projections 

• Estimates of extreme sea level rise (H++) and storm surge  

• Case studies for national risk assessment  

• Hydrological research to estimate changes in peak river flows  

• National Flood Risk Assessment (NaFRA) modelling tools  

• The UK Climate Change Risk Assessment 2012 – flood risks 

• Conclusions ~ lessons learned from our experience 

17 October 2013 
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UK approach to climate adaptation and use of 
climate information 

17 October 2013 

• Climate Change Act 2008  

• Met Office Hadley Centre, UKCP09  

• RCUK research programmes 

• UK Climate Change Risk Assessment 
and National Adaptation Plan 

• Needs robust scientific evidence to 
inform policy, including monitoring, 
national and case study risk assessment 
and to inform long term investment etc..  

National 
policy and  

programmes 

• Catchment flood risk studies, detailed 
flood mapping, warning  

• Water resources management plans 

• Catchment drought plans  

• Requires headline messages on 
climate change and simple tools  

• Plus more detailed assessments for 
major infrastructure development  

Local 
climate 

adaptation  
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UK Climate Projections 2009  

16 October 2013 

http://ukclimateprojections.defra.gov.uk/ 
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Climate projections (2020s, 2050s, 2080s 
and High, Medium and Low Emissions)  

UK Climate Projections 2009 - 

UKCP09 

http://ukclimateprojections.defra.

gov.uk/ 
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UKCP09 Precipitation changes - 2080s 
High Emissions 90% probability level   
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UKCP09 Marine projections for relative sea 
level rise, surge and H++  

17 October 2013 

London by 2100  

L->H  20 cm to 83 cm  

H++  93 cm to 1.9m 
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Hydrological models  - PDM (Moore)  and 
CLASSIC (Reynard)   

17 October 2013 
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Coverage of river basins modelled  
(Source CEH, EA FD2020 project)   

17 October 2013 



©  HR Wallingford 2013 

Model skill is variable 
(Source CEH, EA FD2020 project)   

17 October 2013 
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Sensitivity framework for understanding river 
basin  response  

17 October 2013 
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Sensitivity framework for understanding river 
basin  response (CEH, EA FD2020 project)   

17 October 2013 
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Regional response and likelihood of 
exceeding precautionary allowances   

17 October 2013 
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National Flood Risk Assessment (NaFRA) tools 
(behind the response function)  

All inundation scenarios 

A new super fast inundation 

model (HR RSFM) enables 

10000s of inundation 

scenarios to be realised 

Runtime: <0.1 sec 
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ArcGIS national generalised modelling  

River Network Analysis 

Extreme Rainfall Data 

Hydrology of Soil Types 

Topography 

Cross-sections analysis 

Land Cover 

Conveyance Estimation 

Velocity Coefficient  C 0.5

(V+C) * D Depth 

Velocity 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

0.00 0.13 0.25 0.38 0.50 0.63 0.75 0.88 1.00 1.13 1.25

0.50 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

1.00 0.38 0.75 1.13 1.50 1.88 2.25 2.63 3.00 3.38 3.75

1.50 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

2.00 0.63 1.25 1.88 2.50 3.13 3.75 4.38 5.00 5.63 6.25

2.50 0.75 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50

3.00 0.88 1.75 2.63 3.50 4.38 5.25 6.13 7.00 7.88 8.75

3.50 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

4.00 1.13 2.25 3.38 4.50 5.63 6.75 7.88 9.00 10.13 11.25

4.50 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 12.50

5.00 1.38 2.75 4.13 5.50 6.88 8.25 9.63 11.00 12.38 13.75

From To

Class 1 0.75 1.25 Danger for some 

Class 2 1.25 2.50 Danger for most 

Class 3 2.50 20.00 Danger for all 

Flood Risks to People 

Spatial and river 
modelling methods 

 

 

 

 

 

 

 

  Based upon nationally  

 available data 
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ArcGIS national generalised modelling 
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ArcGIS national generalised modelling 
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Databases Integrated with GIS 
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The HR BREACH model 

provides a dynamic 

representation of breach 

growth and inflow – 

replacing generic 

estimates where risk is 

highest. 

The system model 

Flood volume given a breach 
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Pathway

Source 

Receptor

Pathway

Source 

Receptor

Source 

ReceptorThe system model: 

• Recognises that levees behave as “defence systems” 

• A flood depth versus probability distribution is established by 

considering multiple combinations of storm loading and possible 

levee failure 
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Development of super fast inundation models   

17 October 2013 
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National Flood Risk Assessment (NaFRA) 



©  HR Wallingford 2013 

The risks of flooding are 
projected to increase 
significantly across the UK  

England and Wales  

Currently 370,000  residential properties  

 900,000 by the 2050s under the 

Medium emissions scenario, central 

estimate (range of approximately 530,000 

to 1 million).   

1.1 million (with a range of 690,000 to 

1.3 million) based on the principal 

population projection  
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Flood Risk  
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Conclusions  

UKCP09 has provided a range of different outputs for different users 

• Simple headline messages to multi-model ensembles of monthly 

changes (n=10,000). All products have strengths and weaknesses and 

their use is dependent on applications. 

• Downscaled products include weather generators and transient model 

runs from HadRM3 (n=11) 

• The CEH ‘Future Flows’ project also created a transient 1km data sets 

for P, T and PET. 

• Suggestions for TCCIP  

• Talk to stakeholders, understand their needs and the decisions that 

might be affected by information on future climate change  

• Push ahead with developing sector based risk tools for floods/droughts  

• Consider broader scale national methods using simplified techniques as 

well as detailed case studies using the ‘best’ tools   

    
17 October 2013 
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DAY 3 – Adaptation decision-making 

17 October 2013 

Open forum 
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Application of response functions: 
An example for flooding from rivers 

Expected Annual Damage to residential property (river flooding)
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No change         Change in Peak River Flows                 +60%  
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No data

Decline in winter mortality due to higher temperatures

Reduction in energy demand for heating

Changes in wheat yield (due to warmer conditions) 

Opening of Arctic shipping routes due to ice melt

An expansion of tourist destinations in the UK

Opportunities to grow new crops 

Changes in fish catch latitude/centre of gravity (plaice, sole)

Changes in grassland productivity

Increase of potential yield of Sitka spruce in Scotland 

Expected Annual Damage (EAD) to residential property due to flooding

Ability to obtain flood insurance for residential properties

Effects of floods/storms on mental health

Insurance industry exposure to UK flood risks 

Residential properties at significant risk of flooding

Summer mortality due to higher temperatures

Forest extent affected by red band needle blight

Overheating of buildings

Energy demand for cooling

Changes in species migration patterns

Species unable to track changing 'climate space'

Number of unsustainable water abstractions (total)

Decline in marine water quality due to sewer overflows 

Northward spread of invasive non-native species

Risks to species and habitats due to coastal evolution

Generalist species more able to adapt than specialists 

Changes in soil organic carbon

Increased soil erosion due to heavy rainfall

Public water supply-demand deficits 

Potential decline in summer water quality (point source pollution) 

Number of people at significant risk of flooding

Drier soils (due to warmer and drier summer conditions) 

Increases in water demand for irrigation of crops

Loss of staff hours due to high internal building temperatures

Mortgage provision threatened due to increased flood risk 

Flood risk to high quality agricultural land 

Risks to species and habitats due to drier soils 

Lower summer river flows (Q95)

Changes in fish catch latitude/centre of gravity (cod, haddock)

Combined Sewer Overflow spill frequency

Decline in productivity of 'cold water' fish and shellfish stocks 

Wildfires due to warmer and drier conditions

Agricultural land lost due to coastal erosion

Scouring of road and rail bridges

Energy transmission efficiency capacity losses due to heat - over ground

Disruption to road traffic due to flooding 

Mortality due to summer air pollution (ozone)

Climate risks to investment funds

Opportunities

Threats

HE5

BE9

AG1b

MA5

BU8

AG9

MA4b

AG10

FO4b

FL6b

FL13

HE10

BU7
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MA6
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BD11

BD8
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WA5

WA9a
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BU10

BU6

AG2a

BD1

WA2

MA4a

WA10

MA9

BD12

FL14a

TR6

EN10

TR1

HE4a

BU1

Timing
2020s              2050s              2080s
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Which potential risks require 

early action?    

 

Overall, the findings of the CCRA indicate 

that the greatest need for early adaptation 

action (i.e. within the next 5 years) is in the 

following areas: 

 Flood and coastal erosion risk 

management; 

 Specific aspects of natural ecosystems, 

including managing productivity and 

biodiversity; 

 Managing water resources, particularly 

in areas with increasing water scarcity;  

 Overheating of buildings and 

infrastructure in the urban environment; 

 Health risks associated with heat waves 

and other risks that may affect the NHS; 

and 

 Opportunities for the economy, 

particularly to develop climate 

adaptation products and services. 

These findings should only be considered as 

preliminary, as the rationale for Government 

action is subject to another ongoing study, 

the Economics of Climate Resilience (ECR).  
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The Thames Estuary 

17 October 2013 

Thames 

Barrier 

Teddington Weir 

River 

Thames 

Southend 

River 

Medway 

River 

Darent 

River 

Roding 

River 

Lee 

 Primary defences

 Secondary defences 

Barking Barrier 

Canvey barriers 

Dartford Barrier 

Erith 

GREATER 

LONDON 

Westminster 

Length of estuary:    About 100km 

Length of defences:    About 350km 

Number of properties in floodplains: About 540,000 
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Flood risk management option 

2005

Flood risk 

Target level of 

flood risk

Introduction of portfolios of 

responses to reduce flood risk

Time 

Baseline 

flood risk

2100

AN OPTION

Target level of 

flood risk varies 

depending on 

FRM policy

 

17 October 2013 
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2030, New Defence

2030, Raise downriver defences by 0.3m
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2060, Over rotate Thames Barrier

Raise downriver defences by additional 1.5m (greater than needed, see note 2)
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2075, Raise upriver defences (total raise of 1m), Raise defences (but covered in 2060)
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FME – Detailed spatial modelling at a national 
scale  

Workbench and Server used to automate complex spatial 

processing tasks 
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From scenarios to probabilistic projections 

16 October 2013 




