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Quantifying Ecosystem Service 
Trade-offs at the Catchment Scale: 
From Landscape Management to 

Aquatic Protection 
 
 

 

 



Different land use types result in different ecosystem 
service clusters 

from Rausdepp-Hearne et al 2010  

There are both intended and 
unintended consequences of land 

management choices 

From de Groot et al 2009 



Adapted from *Colnar, A.M. and Landis, W.G., 2007. 

Management of River Basin Objectives Requires 
Evaluation at the catchment, reach and field scale 
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Pathways for abiotic endpoints – fine-grained sediment 



We manage the 
landscape (on land 

and in water) to 
optimize chosen 

ecosystem services... 

Watershed image from Natural Resources Conservation Service  From S E Apitz (submitted) Beyond Habitat:  Conceptualising the role of sediment in sustaining ecosystem services  
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This affects the status of 
water, soils and 

sediments at sites and 
in downstream 

systems... 
Watershed image from Natural Resources Conservation Service  From S E Apitz (submitted) Beyond Habitat:  Conceptualising the role of sediment in sustaining ecosystem services  
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Aquatic Service Provision

Aquatic Service 
Provision

Aquatic Service Provision

Aquatic Service 
Provision

Ultimately, this affects the viability 
and sustainability of a variety of 

aquatic ecosystem services 

Watershed image from Natural Resources Conservation Service  From S E Apitz (submitted) Beyond Habitat:  Conceptualising the role of sediment in sustaining ecosystem services  



Buffer bank 

Erosion regulation 
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Example: A well-designed buffer bank (on an agricultural 
field) can reduce soil loss, reducing sediments which 

impact aquatic systems.  



Buffer bank 

Erosion regulation 

Soil 
retention 

Sediment/water – aquatic 
ESS 

Example: A well-designed buffer bank (on an agricultural 
field) can reduce soil loss, reducing sediments which 

impact aquatic systems. A sediment-focused evaluation 
looks only at this window 

Management 
action (cost) 

Sediment 
reduction (benefit 

- to some SPUs) 
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to biodiversity and 
agriculture on the 

landscape 
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These landscape 
benefits can also 

affect waterscapes 

But, there can be benefits 
to biodiversity and 
agriculture on the 

landscape 
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The same management 
actions can also mitigate 

the impacts of 
agricultural chemicals 
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Which, in turn, affects 
erosion and the level of 

contaminated sediments 
in waters 



Reach
URRCFS

Reach
RRC(dep)FS

Subtract from 1

Fine Grained?

Add

Reach
RRC(susp)

Reach
RRC(dep)MS,CS

Reach
URRCMS,CS

Subtract from 1

YesNo

BFI
Naturalised/

Actual Flow
Channel 

Slope
% Channel 
Deepened

% Channel
Widened/blocked

Comparison with threshold values

Flashiness Score Flow Modification
Score

Slope Score Increased 
Transfer Score

Decreased
Transfer Score

Risk Region
Transfer Score

Add

Threshold

Risk Region
Transfer Fraction

BFI
Naturalised/

Actual Flow
Channel 

Slope
% Channel 
Deepened

% Channel
Widened/blocked

Comparison with threshold values

Flashiness Score Flow Modification
Score

Slope Score Increased 
Transfer Score

Decreased
Transfer Score

Reach
Transfer Score

Add

Threshold

Reach
Transfer Fraction

BFI
Naturalised/

Actual Flow
Channel 

Slope
% Channel 
Deepened

% Channel
Widened/blocked

Comparison with threshold values

Flashiness Score Flow Modification
Score

Slope Score Increased 
Transfer Score

Decreased
Transfer Score

Risk Region
Transfer Score

Add

Threshold

Risk Region
Transfer Fraction

BFI
Naturalised/

Actual Flow
Channel 

Slope
% Channel 
Deepened

% Channel
Widened/blocked

Comparison with threshold values

Flashiness Score Flow Modification
Score

Slope Score Increased 
Transfer Score

Decreased
Transfer Score

Reach
Transfer Score

Add

Threshold

Reach
Transfer Fraction

The ability of rivers to maintain sediment balance is driven by 
landscape conditions and management, including dredging 

Exposure is 
driven by river 

dynamics 
*From S E Apitz, S Casper, A Angus and S M White (2010) The 
Sediment Relative Risk Model (SC080018) – A User’s Guide. 
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Both intrinsic landscape properties and management 
activities (service use practices) affect sediment status 

Non-agricultural land and water uses 

e.g., Navigation is a source of impact, a 
driver of exposure, as well as an 

endpoint impacted by sedimentation and 
other activities –  

Value of management must be balanced 
against cost of impacts (on land and 

downstream) 

The benefits of 
landscape use must be 
balanced against the 

impacts 
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Water 
Status Sediment and water 

provide connections 
between landscape 

and aquatic services 

Valuation of changes 
needs to address these 

cross-medium and 
cross-scale interactions 

Aquatic Service Provision
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These are all part of 
the valuation 

equation 



EJ - Spatial issues – disparate stakeholders, different priorities 

From Brown et al 2013 



Who bears the costs?  Who reaps the benefits? 
Where and when? 

Etc… 
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EJ – equity issues: Costs and benefits differ in space 

 Risks, hazards 
 Jobs (lost and 

gained) 
 Ecosystem service 

loss and uplift 
 Parks, green 

spaces, 
gentrification 

… 
 

 Exposure? 
 Access? 
 Lifestyle? 
 Education? 



EJ - Intergenerational effects and discounting 

For some purposes, 
discounting ESS over 
time makes sense 

In other applications, it 
might not 

Most people expect 
discussions of 
sustainability to protect 
ESS across generations 
The impacts and 

implications of discounting 
and other accounting 
practices should be clear 

From CL:AIRE 2011 



Ecosystem Valuation – cross-sectoral tool or 
greenwashing? 

Whether explicitly addressed or not, all management 
and policy choices result in EsS trade-offs 

EsS valuation can provide a thread by which cross-
sectoral decisions can be informed 

To support sustainability it is essential to quantify how 
actions will affect a range of EsS in space and time  

But simple monetisation has all the issues of any 
heavily aggregated single indicator for a complex 
system 

The approach should fit the application 

EsS valuation should support more informed decisions 

This requires clarity, transparency and relevance of 
approaches 
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Thank you for your time 
 I am grateful to many collaborators and colleagues, too 

numerous to list here (I’ve tried to credit images and ideas in 
slides); but also in memoriam, Prof Sue White, who 
collaborated on much of this 

 For more information, drsea@cvrl.org, or: 
S E Apitz (2012) Conceptualising the role of sediment in 

sustaining ecosystem services: Sediment-Ecosystem 
Regional Assessment (SEcoRA), STOTEN 415:9-30 

S E Apitz (2011) Sustainable sediment management? in 
Chapman, PM, Learned Discourses: Timely Scientific 
Opinions, IEAM 7(4):691-693 . 

S E Apitz, S Casper, A Angus and S M White (2010) The 
Sediment Relative Risk Model (SC080018) – A User’s 
Guide. Report to the Environment Agency, SEA 
Environmental Decisions Ltd and Cranfield University, 
March 2010 (175p supplemented with a PowerPoint Guide).  
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