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Presentation overview

- Introduction to the risk model 

- Simplified risk model for use in optimisation

- Cost model

- Real Options

- Optimisation framework

- Case study results

- Conclusions/summary
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Utilises a structured definition of the flood system

Flood risk model
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Present day – Barriers not working
Expected annual damages

By Flood cell

By Flood Area
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Upper Bound =  119,971,588
Best Estimate =  102,483,258
Lower Bound =  85,209,508
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Investigating intervention strategies

Risk profile through time for HLO 1, 2 and the P3 Policy
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Simplified risk model for optimisation
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Simplified risk model

Model approximation – replaced Monte-Carlo 
simulation with an average volume approach

Number of inundation simulations from:

>20,000 goes to 5

Ok For optimisation?
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Cost Model
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Cost Model

Pathway Costs
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Pathway Interventions
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Real Options

Page 12

Intervention measures and future scenarios

SOURCE 

PATHWAY

RECEPTOR

Raise crest level of 
defence

Widen base of 
defences

Set back defences

Defence maintenance

Flood proof properties

Flood warnings

Climate Change Scenarios

Socio Economic Scenarios
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Flood Defence Real Options

Current 
Defence

Maximum height increase 
for current  defence

Maximum height 
increase for 

widened defence

Widening of Base

Present Day 
extreme water level

Plausible range of 
future extreme 

water levels
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Optimisation framework

(given large range of possible future 
interventions and real options)
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Evolutionary Algorithms

-Powerful Search Process

-Based on Darwin’s Theory of Natural Selection

-Methods include:
- Genetic Algorithms

- Shuffled Complex Evolution

- Ant Colony Optimisation

- Multi-Objective Genetic Algorithm
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Genetic Algorithm

Generate 
initial 

population

START

Evaluate
objective
function

Are
optimisation

criteria
met?

Best
individual

RESULT

Generate new population

Mutation Crossover Selection
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Generate an intervention option
(Optimisation method)

Calculate NPV Benefits
Multiple futures

(RASP)

Calculate NPV cost
(Cost functions)

Calculate option fitness for:
Multiple objectives

Multiple futures
(Single decision method)

optimum solutions found

No

Yes

Output Pareto 
Set of optimum 

solutions

Overview of GA with RASP

Decision variables include:

Standard of maintenance

Raise crest level (Each defence)

Widen defence (each defence)

Non structural measures (flood proofing)
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Multi-objective optimisation

• Multi objective optimisation methods seek 
solutions that are “optimum” with respect to all 
objectives.

• Invariably a set of optimal solutions is 
discovered (known as a Pareto set)
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The Pareto Front
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Objective 1 (to be minimised)
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The Pareto Front

O
bj

ec
tiv

e 
2 

(t
o 

be
 m

in
im

is
ed

)

Objective 1 (to be minimised)
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Case Study on the Thames Estuary

Westminster

Greenwich

Tilbury

River Lee River Roding

Purfleet

Gravesend
Richmond

Legend

Tidal flood risk area

Tidal flood defences



12

Page 23

Flood Defence Examples

1. Concrete vertical wall

2. Embankment

3. Sheet-pile vertical wall

1. 2.

3.

Page 24

Pareto front for three objectives

78510.8121.51521.91643.4E

5,4355.701295.5327.31622.8D

18,8606.781339.3231.51570.8C

24,71012.641115.395.81211.1B

9405.49304.767.8774.8A

# of 
people

BCRNPV

£ 000’s

Cost

£ 000’s

Benefit

£ 000’s

Strategy
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Summary/conclusions
- Risk models are useful decision support tools

- These models can be simplified for use in 
optimisation analysis

- Multi-objective optimisation techniques can provide 
more information to decision makers

- Need to incorporate a greater range of consequences 
in risk models, loss of life (hence benefits of flood 
warning), environmental impacts etc.


