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Today’s session

Outline

▪ Flood & Climate risks

▪ Costs & Benefits of Urban Green Spaces/SuDS
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Flood risk

Source: Google images
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Flood risk

Flood occurrences and fatalities. Total number of flood events and fatalities (unadjusted, reported 

values) between 1870 and 2016, a by month and b by country. Source of data: HANZE database

Paprotny et al. (2018)
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Flood risk
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Flood risk

Blöschl et al. (2017) 



 ENV-222

Flood risk

= Hazard x Exposure x Vulnerability

Source: Google images

Flood Risk

▪ The combination of the probability of a flood event and of the potential adverse

consequences for human health, the environment, cultural heritage and economic activity

associated with a flood event. (Technische Universiteit Delft)
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Flood risk

Flood Risk

▪ The combination of the probability of a flood event and of the potential adverse

consequences for human health, the environment, cultural heritage and economic activity

associated with a flood event. (Technische Universiteit Delft)

Source: Google images

• Hazard corresponds to the likelihood of a flood event of certain magnitude

and characteristics

• Exposure is defined as the people, property, systems, or other elements

present in hazard zones that are thereby subject to potential damage.

• Vulnerability corresponds to the characteristics and circumstances of a

community, system or asset that make it susceptible to the damaging

effects of flood hazard; it can be considered as a combination of

susceptibility and value.
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Flood risk

Surface runoff risk map (admin.ch)

https://www.bafu.admin.ch/bafu/en/home/topics/natural-hazards/info-specialists/hazard-situation-and-land-use/hazard-basics/surface-runoff-risk-map.html


 ENV-222

Flood risk

Damage Factor = Velocity x Depth

Clausen & Clark 1990

https://www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Pages/Flood-FAQ.aspx

Flood Damage

▪ All varieties of damages caused by flooding (human, economic, structural) but seasonal

flooding can also have some benefits (e.g., Nile agriculture)

https://www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Pages/Flood-FAQ.aspx
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Flood risk

Velocity x Depth = 

Damage Factor 

VxD < 0.5 LOW 

VxD < 1.0 MED 

VxD > 1.0 HIGH 

Flood Damage
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Flood risk
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Urban climate risk

Luthi et al. (2023)

Luthi et al. (2023)

UHI related mortality: 

5 deaths/100’000 people/yr

Huang et al. (2023)
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Urban climate risk

Tree cover: 

5%   → 30%

Summer preventable deaths (Paris):

71
UHI related mortality: 

5 deaths/100’000 people/yr

Huang et al. (2023)
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SuDS Costs and Benefits

Water 
Quantity

Water 
Quality

Amenity
Biodiversity

Traditional approach SuDS design
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SuDS Costs and Benefits

Why assessing SuDS costs and benefits?

▪ SuDS can deliver multiple benefits

▪ The overarching principle of SuDS is that

surface water runoff should be managed to

maximise these benefits

▪ Quantification of costs (and benefits) key to

getting stakeholders on board.

▪ Schemes increasingly delivered via

partnerships e.g. more than one source of

capital costs, shared responsibility for

operation and maintenance costs
SuDS design
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SuDS Costs and Benefits

What can be assessed? Costs

▪ Capital costs (Capex)

▪ Operational and Maintenance (O&M / Opex) costs

▪ Whole life cost (WLC)

▪ Cost optimisation – reducing long term maintenance costs

▪ How these might accrue to different stakeholders

▪ How different elements contribute to delivery of overall cost of scheme and

therefore how they can be maximised / optimised

▪ Cost comparison across alternative SuDS (or conventional drainage)

Costs

Cost

Analysis
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SuDS Costs and Benefits

What can be assessed? Costs

Example of SuDS expenditure profile (Ciria Manual 2015)

Maximum costs during 
construction and 

remedial maintenance
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SuDS Costs and Benefits

What can be assessed? Costs

Design Life: Minimum length of time 
SuDS schemes are required to perform 

intended function (EA, 2015) Environmental Policy Consulting, 2017

https://www.susdrain.org/files/resources/evidence/analysis_of_evidence_including_costs_and_benefits_of_suds_wg_2017_.pdf
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SuDS Costs and Benefits

Assessing benefits (more difficult…)

▪ Some benefits are direct consequence of green spaces/SuDS, e.g.

• reduced flood risk,

• improved biodiversity

• Improved water quality

• groundwater recharge

▪ However overall benefits are also indirect and come about in addition to the main

reasons for using SuDS, e.g. health and well-being being a product of improved air

quality, thermal comfort, recreation

• Creating attractive places where people want to live, work and play

• Improving people’s health and wellbeing

• Supporting the creation of developments more able to cope with changes in climate

• Delivering cost effective infrastructure using fewer natural resources and with a smaller whole life carbon

footprint than conventional drainage
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SuDS Costs and Benefits

Assessing benefits (more difficult…)
(CIRIA 2015)
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SuDS Costs and Benefits

Assessing benefits (more difficult…)
(CIRIA 2015)
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SuDS Costs and Benefits

Assessing benefits (more difficult…)

▪ Direct and indirect benefits should not be

confused with those benefits that can or

cannot be quantified.

▪ Some benefits of SuDS are readily

quantifiable, e.g. where flooding is mitigated

the reduced damage can be costed

▪ Some benefits are not so readily quantified

(especially in monetary terms) but this does

not lessen their importance, and they should

be ignored because of this Source: Google images
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SuDS Costs and Benefits

Assessing benefits (more difficult…)

There are four key methods of quantifying benefits (ecosystem services):

1. Contingent Value (or willingness to pay): sample evidence from questionnaires and surveys to

estimate how much people might be willing to pay for specific environmental or social benefits

(e.g. water providers in England use such methods)

2. Benefit Transfer (using other studies): adjust the values from other studies accounting the

features of the study area. Good indication of the range expected from a CB study. e.g. river basin

management plans

3. Hedonic Pricing (from indirect information): indirect information such as that used to make

property purchase location decisions. E.g. higher housing prices reveal how much people are

willing to pay for access to green space / desirable locations

4. Scale (for non-quantifiable benefits): Qualitative assessment where benefits cannot be

quantified in monetary terms
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SuDS Costs and Benefits

Assessing benefits (more difficult…)
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SuDS Costs and Benefits

Exercise

Read the report on the financial

benefits of the SuDS project in

Conventry, UK (see Moodle):

▪ What are the key data used in this

case study?

▪ Can you use this case study to

extract benchmark data on costs

and benefits for your own

projects?

▪ Where are the caveats?
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Exercise solution

Discussion

Some of the assumptions are contestable, e.g.

▪ No clear evidence that urban trees improve air quality – conflicting results in the literature

▪ Reduction in heat risk depends on actual exposure (e.g., also indoor conditions)

▪ The creation of 48 jobs through the provision of GI may be at the expense of jobs lost at STW as

there are lower flows into the sewer systems.

▪ The system may result in added sewer blockages in the combined system (see Butler &

Parkinson, 1997).

▪ Creation of green jobs may not come about as the Council may compel existing staff to take on a

heavier workload.

▪ Etc.
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Exercise solution

So what?

▪ A vital part of good decision making in design is the ability to understand both the costs

and benefits associated with the decision being made.

▪ This needs to based on the best evidence available, bearing in mind the information

may never be complete or perfect.

▪ Recognising and dealing with uncertainty has always been an intrinsic part of

decision-making, which you will apply when you begin (or continue) working as

engineers, architects, scientisits (etc) in the real world.
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