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• High heterogeneity 

 

• High connectivity 

 

• High temporal dynamics 

 
Why is the ecosystem service  

approach in rivers in its infancy? 
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Aim of the presentation 

To answer two questions? 
 

 
 
 

• How useful is the ecosystem service 
approach to 21st century river science and 
management 

     and 

• Can the ecosystem service approach guide 
us  in delivering better river restoration 
and maintenance 



Provisioning (tangible goods such as freshwater, energy 
and fish for consumption)  
 
Regulatory (processes that regulate the natural 
environment including water quality and river flow) 
 
Cultural (diverse aspects of aesthetic spiritual, 
recreational and other value) 
 
Supporting (processes essential to maintaining the 
integrity, resilience and functioning of ecosystems.  

 
 

The Millennium Ecosystem Assessment 

report 2005 defines ecosystem services 

as “benefits people obtain from 

ecosystems” 



 
 

Section* Division* Group* Riverine ecosystem service 

Provisioning Nutrition Water Human water supply 

Materials Water Agricultural water supply 

Energy 
Mechanical 
energy  

Hydropower generation 

Regulation & 
Maintenance 

Mediation of waste, 
toxics and other 
nuisances 

Mediation by 
ecosystems 

Denitrification 

Mediation of flows Liquid flows Flood regulation 

Maintenance of 
physical, chemical, 
biological conditions 

Lifecycle 
maintenance, 
habitat and gene 
pool protection 

Fisheries 

  Water conditions Water treatment 

Cultural 
Physical and intellectual 
interactions with 
ecosystems  

Physical and 
experiential 
interactions 

Recreational boating 

Riverine ecosystem services, classified according to the 
Common International Classification of Ecosystem 
Services (CICES) www.cices.eu 
 



Total value classification 

Total value 

Use values Non use values 

Actual value Option value Philanthropic 

value 
Altruism to 

biodiversity 

Direct use Indirect use Existence 

value 

Altruistic 

value 

Bequest 

value 

Consumptive Non-

consumptive 



• Rivers have always provided 
ecosystem services to humans. 
 

 
 

 

River ecosystem services in 
history 

• Slowly rivers were modified 
to maximise single services, 
this process accelerating in 
the 18th C. 

 

 
 

• Modifications were 
undertaken at the reach-scale 
with limited consideration for 
upstream-downstream or 
other services 



Compiled from the 1066 Domesday Book in England  



Eddlestone Water, Scotland 





 
Navigable European rivers had lost 21% (8-
45%) of their length, 89% of their islands, 90% 
of their floodplains, and 98% of their braided 
reaches 
 
 
 
 
 
 
Christian Wolter (This conference) 

European rivers in the modern 

era 

50% of the natural bank lines and littoral 
habitats disappeared. The remaining banks are 
commonly covered by embankments on >60% 
of their length. 
 
 

 



In Europe we are 

here somewhere 

11th/12th c 



 
How useful is the ecosystem service 

approach to 21st century river 
science and management 

 
 
 
 

• Links natural environment to society 

• Links natural functions to societal benefits  
 

• Focusses on social, economic, cultural, and 
environmental values 

• Assesses full suite of ecosystem services 
and trade-offs between river users 

 

 



 
 

The Ecosystem Service Cascade Model adapted for rivers 

(adapted from Haynes Young et al., 2012) 

River restoration  

Ecosystem 

attributes and 

processes 

Human well-being 



 
 





 
Supply and benefit/demand on rivers – 

actual and spatial and temporal 
mismatch 

 
 
 

• Actual Supply (current) 

• Potential Supply (without degradation) 

 

• Actual benefit/Demand (current) 

• Potential Benefit/Demand (Future) 

 

• AS minus AD = time-averaged surplus or deficit value  
(time-steps) 

 
Focus for river 

restoration efforts 



Ecosystem functions and services 
operate at the patch and reach scale 

  Perfect. Addy and Gilvear, 2013 



Feature/attribute 

or land cover type 

Inferred fluvial processes 

and characteristics 

Natural ecosystem, 

functions 

Ecosystem 

services 

Sinuosity Bar development. Bank 

erosion, pool formation, 

riffle formation, longer 

path length, reduced slope 

Flow attenuation, 

Hydraulic diversity, 

Channel dynamism 

Fisheries, 

Flood 

mitigation, 

Biodiversity 

Secondary 

channels or 

braiding* 

Channels with variable 

hydraulic and substrate 

characteristics; usually 

dynamic 

Refugia, Hydraulic 

diversity, channel 

dynamism 

Fisheries, 

Flood 

mitigation, 

Biodiversity 

Active channel 

complexity 

Sediment erosion, 

transport and deposition; 

channel cutoff 

Sediment storage, 

habitat complexity, 

Increased wetted 

perimeter 

Biodiversity, 

Fisheries 

Floodplain 

physical habitat 

mosaic* 

Hydromorphological  

heterogeneity and channel 

dynamism; varied land use 

patterns 

Range of freshwater-

terrestrial habitats 

and creation of 

ecotones 

Biodiversity,  

Linking features, attributes and cover (18) 
to ecosystem services- a scoring based 

method 



 
 

  

  

  

Ecosystem 

Service 

provided 

Fluvial and other features determined from Google earth 
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Fisheries 

  

                                    8 

Water 

supply 

  

                                    4 

Flood 

mitigation 

                                    8 

Carbon 

seques. 

                                    6 

Biodiversity 

  

                                    13 

Water 

quality 

  

                                    7 

Timber 

  

                                    1 

Agricultural 

crops 

                                    1 

No. of 

Services 

provided by 

feature 

3 3 3 3 2 1 3 2 1 3 4 5 5 1 3 0 0 8   



Features/ 

Attribute/cover  

Observable evidence Delineation and measurement of 

features/attributes + cover 

Sinuosity River with bends Use Path and Line tool to 

calculate Valley length to river 

length ratio 

Secondary 

channels or 

braiding* 

Anabranching channels from 

the main channel; separated 

by vegetated islands and/or 

unvegetated bars 

Delineate path length, and for 

top, mid and bottom of reach 

sum number of active thalwegs 

average to gain a value for sector 

Tributaries River channels originating 

from the valley sides 

Count number of rivers that 

actively flow onto the valley floor  

Active channel 

complexity 

Presence of exposed bars 

and backwaters partially 

connected to the main 

channel 

Delineate path length.  For 3 

cross sections (sum number of 

bars/backwaters and average. 

Agriculture Uniform vegetation/soil 

colour, presence of field 

patterns, straight drainage 

Estimate percentage area 

Identifying features, attributes 
and cover on imagery 



Score Score 0 Score  1 Score 2 Score 3 

Averaged number 

of secondary 

channels 

None < 2 2-3 > 3 

Tributaries along 

sector/reach 

None 1 2-3 > 3 

Sector/reach 

slope 

> 2%   0.5% - 2%   0.1% - 0.5% < 0.1% 

Valley side 

connectivity 

Absent – trace (< 

5%) 

Low (5-25%) Medium (25-

50%) 

High (> 50%) 

River:corridor 

width ratio 

1:1 1:11 – 1:5 1:51 – 1:10 > 1:10 

Riparian / 

riverbank 

woodland 

Absent – trace (< 

5%) 

Low (6-25%) Medium (26-

50%) 

High (> 50%) 

Corridor physical 

habitat mosaic 

Simple/uniform 

(mosaic absent) 

Low patch 

variability  

Moderate patch 

variability 

Highly 

heterogeneous 

Palaeochannels Absent – trace (< 

5%) 

Low (6-25%) Medium (26-

50%) 

High (> 50%) 

Scoring rules 



The approach in action! 



Ecosystem services along the River Dart
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River Dart, England 



River 

network 

scale 

Reach scale 

 

Patch scale 

 

 

Nested hierarchy as an analytical framework for 

ecosystem service assessment and mapping 

Features, processes 

and attributes 

(scoring) 

River typing 
 

GIS based modelling 

 



Stream typing 

River type: Wandering 

 

Example: River Tummel 

                 Scotland 
Patches 

Gravel bars, riffles, runs, 

 pools, vegetated islands,  

partially vegetated islands, 

 large wood, 

Geomorphic processes 

Susceptible to channel avulsions, highly dynamic systems, strong 

lateral interactions between channel and floodplain, high bedload 

transport, presence of backwaters and palaeo-channels. 

Natural ecosystem Functions 

Hydraulic diversity, ecotone creation, habitat heterogeneity, nutrient 

processing; habitat creation, sediment storage / redistribution, flood 

attenuation 

Services  

Biodiversity, flood mitigation, fisheries, water quality 

 



Modelling of network ecosystem services 

Water transmission 

losses to bed 

Hydropower generation 

  capacity 

Sediment retention 

Nitrate removal 

Flood attenuation 

Habitat diversity 





0% 20% 40% 60% 80% 100% 

Water supply 

Sediment 
retention 

Hydropower 
generation 

Nitrate removal 

Flood 
attenuation 

Aquatic habitat 
provision 

Percentage of maximum indicator value 

DENDRITIC INLAND DENDRITIC COASTAL 

TRELLIS NARROW TRELLIS WIDE 



 
Can the ecosystem service approach guide us  

in delivering better river restoration? 
 

 
 
 

• Can link degradation to loss of benefits/values to 

humans 

• Links features, functions and processes that 

we try and restore to human benefits 

• We can consider how restoring rivers influences 

conveyance 
 

• Focusses on benefits inside and outside the 

catchment 

• Can plan restoration better to meet human needs 

– match supply and demand and enhance 

conveyance from supply to benefiting areas 
 





River Allan, Scotland - remeandering 
and flood embankment removal 



Biodiversity

Sustainable 

Flood 

Management

Physical 

Habitat
Fisheries

Diffuse 

pollution

Re-meandering

Buffer strip creation and revegetation 

Flood embankment removal

Culvert removal

Weir removal

Reconnecting old channels

Riparian conifer removal

Riverine wetland creation

Substrate replenishment

Bank protection removal

Beaver reintroduction

Woody debris reintroduction

Fish passes

Alien species removal

Ecologically acceptable flows

Less intensive land management

Restoring floodplain forests 

Uncertain/variable

None

Highly damaging

Damaging

Moderate

Moderate-high

High

Level of benefit colouring indicative of potential benefit to driver

DRIVERS / BENEFITS
A

C
TI

V
IT

Y

Linking river restoration techniques to 
ecosystem service improvement in river 

networks 



 
Scoring and the temporal 

dimension 

Measure scale* – Small (-1); Large (+1) 

Network scale – Reach (-1); Network wide (+1) 

Timescale – short or long-term 

 

* Relative to river size 



Eddleston Water restoration options 

Rehabilitation 

measure 

Scale Benefiting 

significance 

No of 

benefiting 

Ecosystem 

services 

Ecosystem 

Service 

score 

Weir removal Moderate Reach scale 2 4 

Re-meandering Moderate Reach-scale 5 12 

Flood 

embankment 

removal 

Moderate Partial river 

network 

5 9 

Floodplain 

forest planting 

Moderate Partial river 

network 

5 14 

Large wood 

introduction 

Moderate Partial river 

network 

5 7 



 
Scoring the temporal dimension 



 
Summary 

 
 

• Application of the ESC on rivers is challenging due to high 
heterogeneity, high connectivity and temporal dynamics 

• View river restoration as a trend from maximising single ecosystem 
service to river restoration rebalancing multiple ecosystem services 
better meeting 21st c society 

• The ESC focusses river restoration on the full suite of values of rivers 
and the spatial and temporal dynamics of supply, demand and 
conveyance and links river character to society; 

• Question mark over the economic approach to ecosystem service 
assessment 

• Still a challenge  to assess and model ecosystems services on rivers 
beyond simple reach-scale scoring methods – can provide a focus for 
scientists, academics and river restoration practitioners 



Call For Special Sessions 

The programme for the ISRS 5th Biennial Symposium 2017 will include a series of 

Special Sessions (oral platform presentations organised by individuals) relevant to the 

conference theme. Proposals that foster international collaboration are highly 

encouraged.  

 

Special session topics, along with a list of proposed speakers and their topics, should be 

sent to Kevin Collier – kcollier@waikato.ac.nz. A minimum of 4 speakers is required for a 

Special session proposal. 

http://isrs2017.com/ 
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