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Risks from climate change

• Too much rainfall

• Not enough rainfall
• Rapid change/greater variability

• Failing to reduce the carbon driver



Too much rain - UK

• David Balmforth, MWH



Projected Variations in Rainfall 2080

Increases in 
excess of 40% Loch Leven

Greenwich

Ringway

Elmdon



+ 40% rain

+ 40% flow

+ 100% flood volume

+ 200% flood damage

+ 130% properties affected

Impact on Urban Flooding

Flooding is not linear!Flooding is not linear!



Recent High Intensity Rainfall Events

Long period of wet weather Long period of wet weather 
during the summer monthsduring the summer months

Overlaid by periods of Overlaid by periods of 
intense rainfallintense rainfall

Very high localised runVery high localised run --offoff

Three events > 1 in 100yrsThree events > 1 in 100yrs



Impacts of High Intensity Rainfall

There was extensive fluvial flooding in partsThere was extensive fluvial flooding in parts

of Englandof England

butbut …….. Most river Most river defensesdefenses were not breachedwere not breached

There was no coastal floodingThere was no coastal flooding

Most of the flooding was caused by localized Most of the flooding was caused by localized 
runrun --off off 

This particularly affected urban areasThis particularly affected urban areas



Key Infrastructure Affected



Key Infrastructure Affected



Storage 
solutions 

increase 2x to 4x

Increased 
capacity costs 
rise 2x to 2.3x  

BUT very 
disruptive!

Storage to meet 
CSO discharge 
standards rises 

2.8x to 10x 

X X X

Conventional Solutions become 
Unsustainable



Adaptation Strategies include:

• Making space for water 
within urban areas

• Identify dual use assets
– Sacrificial flood areas 
– Sacrificial flood channels

• Making buildings more 
flood resilient

• Develop Integrated 
Solutions: urban design

Temporary
Storage

Groups of housing
(clusters)

Direction of major
system flow

Direction of minor
system flow

Overland flow from
outside of area

Road layout Minor system storage



Better Tools for Modelling Urban Flooding



Roads as Flood Channels (& Storage)



Make Buildings More Flood Resilient



Not Enough Rain - Australia
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Reservoir Inflow - Perth



Predictions for Climate Change 
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Integrated Water Resources Planning
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Modeling Stakeholders – Data Limited

Economic
• Economic Output
• Industry Type
• Water Price
• Tourism

Demographic
• Population Density
• Housing Types
• Development Type

Socio-economic
• Behavioural
• Cultural
• Income

Demand Management
• Community education
• Retrofit and rebate measures
• Regulation
• Water/Wastewater Pricing
• Active leak detection & repair

Climatic
• Rainfall
• Temperature
• Evaporation
• Climate change

Future
Water

Demands

Alternative Sources
• Rainwater harvesting
• Greywater reuse
• Stormwater re-use
• Effluent re-use
• Aquifer storage and 

recovery

System Characteristics
• Type of supply
• Type of delivery/ storage
• Pipe and soil type

Water Use
• Domestic water use
• Industry and process use
• Urban irrigation



Develop Framework to Capture Relevant 
Data



Modeling Stakeholders – Sydney Historical Data 
vs. Future Projection
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Thames Water Project – Final Climate Change Risk

“Our history dates back to 
the early 1600s, when the 
New River was created to 
supply water to London. Steam 
engines were introduced in 
1712 but big changes in water 
treatment and supply and the 
management of wastewater did 
not happen until the 1800s.”



Multiple Projects to Determine Carbon Curves
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Carbon Accounting for Multiple Project 
Comparison

150

2 No. 
34kW pumps

1000m of 
700mm dia DI

As worked 
example

Option 1

108416Annual power 
use (MWh/yr)
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25kW pumps
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95kW pumps

M&E pumping 
installation

1000m of 
900mm dia DI

1000m of 
500mm dia DI

Below ground 
pipeline

As worked 
example

As worked 
example

Pumping 
station civil 
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Option 3Option 2Construction 
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Consider Both Operational and Embedded 
Carbon
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Comparison of Whole Life Carbon Costs

0.242

0.470

0.234

0.088

0.169

0.085
0.062

0.121

0.060

0.000

0.050

0.100

0.150

0.200

0.250

0.300

0.350

0.400

0.450

0.500

Option 1 (700mm) Option 2 (500mm) Option 3 (900mm)

W
ho

le
 li

fe
 c

ar
bo

n 
(£

 m
ill

io
ns

)

Upper value SPC
Mid value SPC
Lower value SPC



Carbon Accounting for Multiple Process 
Evaluation and Optimization

13,766,142£431,2503,3383,6552

38,668,150£3,887,553N / A15,7341

CO2 Emissions (kg 
pa)

Net Power 
Cost

Energy Generated 
(kW)

Total Energy 
Used (kW)

Design



Adaptation Strategy – Embedding Change

•• ProcessProcess before before ProjectsProjects

•• Adaptation of process to enable Adaptation of process to enable 
development of adaptive solutionsdevelopment of adaptive solutions


