
LANDF RM – Coastal flood risk – from 
storm surge and waves to inundation

26/05/2011

Chris Wilson – National Oceanography Centre 1

www.floodrisk.org.uk EPSRC Grant:  
EP/FP202511/1

Offshore wind, waves, tides and 
storm surges

Chris Wilson

Linking large-scale to small-scale
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Linking large-scale to small-scale

Surface pressure analysis
at 00:00 GMT, 9th Nov. 2007

from Horsburgh et al. (2008)

Linking large-scale to small-scale

Surface pressure analysis
at 00:00 GMT, 1st Feb. 1953

from Wolf and Flather (2005)

Surface pressure analysis
at 00:00 GMT, 9th Nov. 2007

from Horsburgh et al. (2008)
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North Sea Storm Surge of 1953

Sea Palling, Norfolk  (1 Feb 1953)

Oosterscheldekering Thames Barrier

Walcott, Nov. 2007

Nested model framework
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Physical processes
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~ 300 km
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National Tidal and Sea Level Facility
www.pol.ac.uk/ntslf

The forecast problem

Observations
&

Physical parameters
Physical equations Forecast

e.g. water level

Computer modelInputs Outputs
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The forecast problem

Computer modelInputs Outputs

Model components
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Goal: reduce uncertainty
Observations/computer models

Met Office
Mesoscale Model

WAM wave model

POLCOMS tide/surge model

MITgcm adjoint tide/surge model

WAM wave model

• Run by Judith Wolf and Lucy 
Bricheno (NOC)

• Spectral model: wave action 
conservation, forced by Met 
Office mesoscale winds 

• Nested models: 1-deg North 
Atlantic, model provides 
boundary conditions for 
continental shelf 12km model

• Wave height, and period 
increase with wind-speed, 
fetch and duration
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POLCOMS tide-surge model
Surge observations (black crosses) and UK Operational Storm Surge model forecast (solid

black line) for Lowestoft, November 2007

Lowestoft

POLCOMS surge hindcast

Sea surface 
elevation (m)

Judith Wolf and Lucy Bricheno (NOC)

Best available BCs for inner models

Met Office
Mesoscale Model

WAM wave model

POLCOMS tide/surge model

Allows tuning of inner models for specific
past flooding events
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Sources of forecast uncertainty

Forecast depends on 

1. start point

2. forcing

3. physical rules

Adjoint model is simply a mathematical tool to simplify a huge computation

MITgcm adjoint tide-surge model
Sea surface 
elevation (m)



LANDF RM – Coastal flood risk – from 
storm surge and waves to inundation

26/05/2011

Chris Wilson – National Oceanography Centre 10

An example of adjoint sensitivity

... eastward wind stress
(mm of sea level per Pa wind stress)

... northward wind stress
(mm of sea level per Pa wind stress)

Sensitivity of water elevation at Sheerness 
with respect to ...

An example of adjoint sensitivity

... eastward wind stress
(mm of sea level per Pa wind stress)

... northward wind stress
(mm of sea level per Pa wind stress)

Sensitivity of water elevation at Sheerness 
with respect to ...
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Summary
1. Forecasting coastal flood risk depends on 
physical processes on a wide range of scales

2. Require nested models

3. Constrain uncertainty: traditional methods and 
development of new methods (e.g. adjoint)

4. Climate change: UKCP09 
http://ukclimateprojections.defra.gov.uk
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