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Coastal and Estuarine Flood 
Warning in Southern UK

An overview of the complexities of 

integrated and automated coastal 

flood modelling.

Robin Newman, Emu ltd, UK

WP7 – Flood Use Case

Model Overview

Two distinct and separate mathematical model approaches:

• MIKE 21 Suite – Finite volume hydrodynamic and spectral 
wave modelling package

•Mike 21 HD, a water level and flow model that underpins 
the modelling of complex hydrodynamic systems.

•Mike 21 SW, a spectral wave model that simulates 

growth, decay and transformation of both wind 
generated and swell waves.

• Sea defence model– Probabilistic and empirical flood 
defence risk model

•A comprehensive data base containing information on 
defence types, failure probabilities for both overtopping 

and breach of sea defences, under varying states of 
wave and water level.
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Hydrodynamic Modelling

Hydrodynamic Modelling

MIKE-21 HD

Ensemble 

of levels

MIKE-21 SW

Ensemble of

wave states

Output to Breach / 

Overtopping model

EnKF update 

of state

Measured water levels

EnKF update 

of state

Measured wave state

Boundary waves: 

Met Office

Boundary water levels: 

POL tides and PREVimer 

surge residuals

Atmospheric 

forcing: Met Office

MIKE 21 Suite + real time integration and feedback
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Boundary Condition Data

Measured wave state

Measured water levels

Boundary waves:

Met Office

Boundary water levels:

POL tides and PREVimer 

surge residuals

Atmospheric forcing: 

Met Office

• Channel Coastal Observatory

• Emu deployments

SemsorGrid4Env Time Series
Flood Use Case Sensor Deployment

Met Office Water Level Data50.7778, -0.1666 Site depth: Instrument height off seabed: 

Serial No.: Serial NumberDeployed:  Recovered:

Emu Limited MetOcean Department Job No: J/1/01/1334
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Real time calibration

The Ensemble Kalman Filter

• Widely used in both atmospheric and 

oceanographic research and operational 

systems worldwide

• We will investigate the application of the EnKF 

within our model for both HD and wave 

forecasts, through initial state updating

• IRIDIS-3 at Southampton University will provide 

the computational power to simulate an 

ensemble of forecasts required for the EnKF
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Where: X is the state (f and a denote forecasted and analysed state respectively), k is an ensemble 
member, t is the time step, Xa is the analysed state, Y is the measured data, K is the Kalman Gain, H 
is the measurement operator
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Real Time Data

The in-situ 
measurement 
locations within the 
model domain 
available via the CCO

Forecast 
time

T0 T+12 T+13

Real 
elapsed 
time

00:00 01:00 02:00

Forecast

Output to other models

Measured state at 01:00

EnKF

Forecasted states

Forecast using new initial 
state estimate

Forecasted states

EnKF

Forecast using new initial 
state estimate

Output to other models

Measured state at 01:00

Physical Defence Models

Photo by Clive Moon, Havant BC
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Real-time inundation model overview

Real-time forecast data

Waves

Water level

Freeboard

Peak water level + wave data at peak water level

Overtopping
Numerical value

Breach risk
Numerical value

Real time output
Enables a visual overview of 
where both breach & 
overtopping may cause flooding

Flood defence database

Crest heights & defence classifications

Pre-analysed breach & overtopping rules:

• Defence crest height

• Defence database

Floodplain characteristics modelled in 
LISFLOOD-FP

Input: Peak water levels
Outputs:
• Ensemble of results dependant on:

• Loading
• Defence response

• Grid of depth for area of interest
• Risk based significance of real time 

defence failures.

1. Chances of getting 

wet…

•High 

probability

•Moderate 

probability

•Low 

probability

Portsmouth 1 in 200 year water level event

Real-time defence failure 

risk using water levels and 

wave forecasts from MIKE-

21.

Accompanied by pre-modelled floodplain 

results. These are from simulations of 

inundation related to defence responses 

applicable to a given boundary water level

2. Where water could get 

dangerously deep…

3. Areas where water may 

arrive quickly or flow fast…
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Integration and Automation

Boundary 

conditions

Mike 21 HD

Mike 21 SW

Hydrodynamic 

Modelled data 

stream

Probability of 

Overtopping

Probability of 

BreachReal time   

data calibration

Probabilistic     

Modelled data 

stream

Flood extent 

model 

LISFLOOD_FP

Floodplain 

data stream

Proving the Defence Models

• Cameras

• Pressure sensor 

array

• New network of 

salinity / water 

level nodes

Defences do not behave uniformly along their length
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Deliverable 7.2: Parameter & Site Selection

Oceanographic and Meteorological Variables

• Atmospheric Pressure 

• Waves

• Water Levels

• Currents

• Wind

Deliverable 7.2: Instrument Selection

• Installation 
method

• Method of 
operation
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Deliverable 7.2: Deployment

Deliverable 7.2: Results

SemsorGrid4Env Time Series
Flood Use Case Sensor Deployment

Current Meter / AWACLatitude: 50°39'50.4"N Longitude: 000°57'23.5"W Site depth: 15m Instrument height off seabed: 0.6m

Serial No.: 5104 Nab Tower SiteDeployed: 21/09/09 11:11 Recovered: 14/12/09 10:00

Emu Limited MetOcean Department Job No: J/1/01/1334
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Deliverable 7.2: Results

SemsorGrid4Env Colour Contour Time Series
Flood Use Case Sensor Deployment

Current Meter / AWACLatitude: 50°39'50.4"N Longitude: 000°57'23.5"W Site depth: 15m Instrument height off seabed: 0.6m

Serial No.: 5104Deployed: 21/09/09 11:11 Recovered: 14/12/09 10:00

Emu Limited MetOcean Department Job No: J/1/01/1334
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Thank you for your time

Robin Newman

Emu Limited

Robin Newman, Emu ltd, UK

WP7 – Flood Use Case


