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Wetlands are diverse and range across a wide range of landscape 
units.

Floodplains are a prominent and complex element of the 
European wetland resource forming just part of the river marginal 
wetland environment.

Floodplain wetlands demonstrate key classical features of wetland 
ecosystems 
- interface between terrestrial and aquatic surface and 
groundwater

- high vulnerability to change/alteration
- have been subjected to massive historical losses

Biodiversity perspective – Species (genetic)
Ecosystem (habitats/assemblages
Functional (ecosystem services)
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Natural riverine systems
– Dynamic
– Productive
– Diverse
– Connecting
– Transforming

Benefits provided include:
– Water
– Food 
– Energy
– Transport
– Ecosystem Services

Human exploitation
– Sectoral 

Agriculture + Industry + Urbanisation = Degradation
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Natural Riverine Systems

Dynamic systems
– Continually evolving
– Variable hydrology, water quality, morphology and ecology
– Variable timescales of change (1-6→ 1+4 years)

Connectivity between channel and floodplain
– Controls ecological integrity
– Affects both in-channel and floodplain communities
– Long distance linkages

Terrestrial-hydrological boundary interactions 
– Nutrient, sediment and organic matter fluxes
– Flooding regimes
– Fish and other organisms

Often highly productive 
– Fertile soils

May be naturally unproductive
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Floodplain wetlands

Interface: terrestrial – aquatic
surface – groundwater

Extreme vulnerability

Massive historical losses
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The Development Process 
Dynamism of fluvial hydrosystems has resulted in their 
degradation because it threatens the stability required for 
exploitation
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The Challenge Of Floods

Causes

Climate change

Land use change

Floodplain loss/degradation

Cures

Floodplain restoration/natural flooding

Best management practices 

Integrated catchment management
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Consequences Of Mis-management 
- Increased Flooding

Despite increased flood prevention 
schemes, the occurrence of damaging 
floods is also increasing, e.g. Elbe, August 
2002.

The cost of floods
Cost of damage estimated at  
hundreds of billions of Euros 
over last decade
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Charles River, Massachusetts
1983 decision to protect wetlands for flood control
1970’s study

Increase in flood damage $3 million /year if wetlands destroyed

Increase in flood damage $17 million /year if all wetlands   
removed

Wetlands flood control function least expensive option
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Traditional nature conservation and 
water management approaches alone 
have been insufficient to protect and 
maintain the quality of floodplain 
wetlands.

Good Bad X
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Biodiversity perspective

Species (genetic)

Ecosystem (habitats/assemblages)

Functional (ecosystem services)

Functional 
gradients

Carbon sequestrationCarbon sequestration

Floodwater detentionFloodwater detention

Nutrient & contaminant transformationNutrient & contaminant transformation

Food chain Food chain 
supportsupport
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Key Challenges

Public support

Scientific Understanding

Translation of the evidence base

Dealing with trade-offs

Institutional response and coherence
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New Policy Thinking New Policy Thinking ––
The Ecosystem ApproachThe Ecosystem Approach

Ecosystem 
Approach
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The Ecosystem Approach (EA)

Embraced by Convention on Biological Diversity (CBD)
Considers ecological, economical and social considerations within 
a single framework
It recognises that humans, with their cultural diversity, are an
integral component of ecosystems.
Emphasis on broad based, integrated and flexible methodologies
Involves a wide range of stakeholders at different scales of 
application
Directly applicable to the management of catchments

A strategy for integrated management of land, water 
and living resources that promotes conservation 

and sustainable use in an equitable way

Structure and outcomes of the 
Ecosystem Approach

Economic 
Prosperity

Social well-
being

Environmental 
sustainability

Equitable 
sharing

Integrated 
approaches

Sustainable use
Conserving 
biodiversity



Economic 
Prosperity

Social well-
being

Environmental 
sustainability

Equitable 
sharing

Integrated 
approaches

Sustainable use
Conserving 
biodiversity

2. Enhance benefit sharing

1. Focus on functional 
relationships and 
processes within 
ecosystems

3. Use adaptive 
management practices

4. Management at 
appropriate scale and 
decentralisation

5. Ensure intersectoral 
cooperation
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Why take an ecosystem 
approach?

Lack recognition of importance of ecosystem
functioning and services.

Ignore site interlinkage.

Ignore interlinkage of nature & society

Lack of stakeholder participation in 
management of ecosystem

Inappropriate division of costs & benefits

Sectoral interests not integrated

Classical natural resource approaches as sole tool may:
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Scientific Understanding

• Rapid acceleration

• Often Fragmented

• Insufficient linkages to policy

• Inadequate translation for 
public/decision- makers

→ Need for integrated knowledge 
in usable forms 
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Some Important Concepts
River continuum concept Floodpulse concept Nutrient 
spiralling
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Natural Functions And Benefits
FunctionFunction Environmental Environmental 

significancesignificance
Societal significanceSocietal significance

Flood controlFlood control DescriptionDescription Reduces flooding downstreamReduces flooding downstream

Groundwater Groundwater 
rechargerecharge

Infiltration to Infiltration to 
groundwatergroundwater

Natural flooding allows Natural flooding allows 
detention of floodwaterdetention of floodwater

Water supplyWater supply

Maintenance of Maintenance of 
water qualitywater quality

Removal of Removal of 
pollutants from pollutants from 
runoffrunoff

Maintains good water Maintains good water 
qualityquality

Good water quality, supports Good water quality, supports 
other natural resourcesother natural resources

Habitat for flora Habitat for flora 
and faunaand fauna

Supports important Supports important 
and/or rare habitatsand/or rare habitats

Maintains biodiversityMaintains biodiversity Natural resources e.g. food, Natural resources e.g. food, 
timbertimber

Sustainable Sustainable 
tourism and tourism and 
recreationrecreation

Hunting, fishing, Hunting, fishing, 
boating, walking, boating, walking, 
birdwatchingbirdwatching

Maintains natural Maintains natural 
functioningfunctioning

Source of incomeSource of income

Support for Support for 
sustainable sustainable 
agricultureagriculture

Low intensity Low intensity 
agriculture does not agriculture does not 
affect other functionsaffect other functions

Maintains natural Maintains natural 
functioningfunctioning

Food supply, source of incomeFood supply, source of income



Average global value of selected Average global value of selected 
annual ecosystem servicesannual ecosystem services

Costanza Costanza et al.et al. 19971997
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The source of ecosystem services



Ecosystem services 
derived from inland rivers, lakes and wetlands

Provisioning servicesProvisioning services
Food

Fresh water

Fibre and fuel

Biochemicals

Genetic 
materials

fish, game, fruit, grain etc.fish, game, fruit, grain etc.

storage, retention, provision storage, retention, provision 

timber, fuel, peat, aggregatestimber, fuel, peat, aggregates

materials from living thingsmaterials from living things

medicine, resistance to medicine, resistance to 
pathogens, ornamentspathogens, ornaments

Regulating servicesRegulating services

Climate

Hydrology

Pollution

Erosion

Natural hazards

GHGs, temp., rain, COGHGs, temp., rain, CO22..

recharge, discharge, storage recharge, discharge, storage 

retention, removal, recoveryretention, removal, recovery

protection, retentionprotection, retention

floods, stormsfloods, storms

Cultural servicesCultural services
Spiritual

Recreation

Aesthetic

Education

wellwell--being, religionbeing, religion

tourism, activitiestourism, activities

appreciationappreciation

opportunitiesopportunities

Supporting servicesSupporting services
Biodiversity

Soil formation

Nutrient cycling

Pollination

habitatshabitats

retention, accumulationretention, accumulation

storage, processingstorage, processing

habitat & supporthabitat & support

Adapted from Millennium Ecosystem Assessment 2005

Links between ecosystem services 
and human wellbeing

Supporting 
• nutrient cycling 
• soil formation 
• primary 

production 

Provisioning 
• food 
• fresh water 
• wood and fibre 
• fuel 

Regulating 
• climate 
• floods 
• disease 
• clean water 

Cultural 
• Aesthetic 
• spiritual 
• education 
• recreation 

Security 
• personal safety 
• resource access 
• from disasters 

Freedom of choice 
and action 

• satisfaction and 
opportunity for 
achievement 

Basic for life 
• livelihoods 
• nutrition 
• shelter 
• goods 

Health 
• strength 
• feeling well 
• clean air 
• clean water 

Social 
• social cohesion 
• mutual respect 
• ability to help 

others 

Ecosystem services 
Constituents of well-being 

Biodiversity 

Thicker line = Intensity of linkage 
between ES and human well-being

Darker line = Increasing potential 
for socio-economic mediation 

Adapted from Millennium Ecosystem Assessment 
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How should ecosystem services 
influence wetland management

and restoration?
Assist in societal priority-setting
Establish ‘real’ values
Enable ‘appropriate’ balances
Support sustainable development
Guide management
Aid public understanding
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Some Reasons For Floodplain 
Degradation

Inappropriate use of floodplains driven by
– Population growth
– Economic development

Lack of scientific understanding
– Poor understanding of floodplain functioning
– Poor knowledge of impacts of proximal and distal actions

Inadequate link between science and policy
– Policy does not reflect scientific research

Inappropriate management structures
– Inefficient decision making systems

Competing/conflicting stakeholder interests
Limited political will

– Governments reluctant to tackle sustainability issues

Result - SECTORAL DEVELOPMENT of floodplains
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Examples of restoration and 
conservation priorities

CATCHMENT COUNTRY                GLOBAL
Flood risk reduction Water resources              Biodiversity
Fisheries Sustainability Poverty 
alleviation
Wildlife Carbon capture Conflict 
reduction
Amenity, culture Human well-being Adaptation to
heritage global change
Quality of life

Stakeholder Politically International
defined defined agreements

The Challenge Of Management For 
Environmental Benefit

• Incongruity between 
science and policy

• Imperfect guidance
– e.g. buffer zones
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Wetlands - Questions of Balance

Intrinsic 
Values

Support to other 
(eco)systems

e.g. Pollution 
Control

e.g. 
rare/endemic 

species
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Balancing processesBalancing processes

N2O + N2
emissions

NO3
-

pollution

Low denitrification

N2O + N2
emissions

NO3
-

pollution

High denitrification

Factors decreasing denitrification:Factors decreasing denitrification:
acidityacidity
oxygenoxygen

Factors increasing denitrification:Factors increasing denitrification:
temperaturetemperature
soil moisturesoil moisture
nitratenitrate

These factors also affect the NThese factors also affect the N22O / NO / N22 ratioratio

(the end products of denitrification)(the end products of denitrification)
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EA demands paradigm shift
FROMFROM TOTO

PreservationPreservation Adaptive ManagementAdaptive Management

SectoralSectoral IntegratedIntegrated

ScientificScientific Multifaceted KnowledgeMultifaceted Knowledge

EnvironmentalEnvironmental People and EnvironmentPeople and Environment

Top DownTop Down Both DirectionsBoth Directions

NationalNational Appropriate LevelAppropriate Level

ConservationistConservationist All StakeholdersAll Stakeholders

NatureNature Social and Environmental wellSocial and Environmental well--beingbeing

Floodplains And The WFD
Prevent deterioration in 
status of all community 

waters

Integrated River Basin 
Management (IRBM)

Establish River 
Basin Districts 

(RBDs)

Identify key 
water 

manageme
nt issues

Establish and 
maintain 

appropriate 
monitoring 
networks

Design 
programmes of 
measures and 
develop IRBMs

Supplementary 
measuresBasic measures

Improved 
ecological 
quality of 
fresh and 

coastal water 
ecosystems

Biodiversity 
gains 

Improved 
sustainability 
of water use

Reduction of 
water pollution

Mitigation of 
the effects of 

flood and 
drought

Improved 
efficiency and 
effectiveness 
of water policy

Good status for all 
Europe’s surface and 
ground water by 2015

Environmental 
objectives

Key approach

Benefits

Some key 
methods

Practical 
implementation
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How The Ecosystem Approach How The Ecosystem Approach 
Can HelpCan Help

Produce integrated strategies and actions for       Produce integrated strategies and actions for       
ecosystems, eg basins, mountains, coastsecosystems, eg basins, mountains, coasts
Focus on functional relationshipsFocus on functional relationships
Assess natural resource capacityAssess natural resource capacity
Use scientific knowledgeUse scientific knowledge
Develop monitoring and review mechanismsDevelop monitoring and review mechanisms
Raise awareness and build capacityRaise awareness and build capacity
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Some comparisons

Appropriate administrative arrangementsAppropriate administrative arrangementsManagement at lowest appropriate levelManagement at lowest appropriate level

DerogationsDerogationsManage within functional limitsManage within functional limits

Best practice by sector, issue and joinedBest practice by sector, issue and joined--
up actionup action

Involve all relevant sectorsInvolve all relevant sectors

Review planningReview planningChange inevitable longChange inevitable long--termterm

River basinRiver basinAppropriate scale effects on other Appropriate scale effects on other 
ecosystemsecosystems

Ecological qualityEcological qualityStructure and functioningStructure and functioning

Economic analysisEconomic analysisEconomic contextEconomic context

Public consultationPublic consultationSocietal choice, consider all informationSocietal choice, consider all information

WFDWFDEAEA
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What are the key ideas?

Highly flexible organisational methodology

Adaptable to a wide range of situations and challenges

‘Problemshed’ oriented – ensures entire sphere of 
influence of management included

Links evidence-based science with societal priorities

Maximises ownership of issues
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The Functional Analysis ProceduresThe Functional Analysis Procedures
Wetland ecosystems Wetland ecosystems –– extremely diverse, thus not all perform same functions and extremely diverse, thus not all perform same functions and 

to the same degree.to the same degree.

Procedures/methods are needed to:Procedures/methods are needed to:
-- predict the likelihood of functioning for a particular wetlandpredict the likelihood of functioning for a particular wetland
-- assess the magnitude of functioning for a particular wetlandassess the magnitude of functioning for a particular wetland
-- assess to what extent a function may provide goods and/or serviassess to what extent a function may provide goods and/or services ces 

(economic value)(economic value)
-- evaluate the extent that functioning may be impacted on (manageevaluate the extent that functioning may be impacted on (management ment 

scenarios).scenarios).

Requirements for a wetland evaluation methodology:Requirements for a wetland evaluation methodology:
-- To aid To aid appropriateappropriate decisiondecision--makingmaking
-- Legislation implementation Legislation implementation 
-- WetlandWetland--functioning protectionfunctioning protection
-- Rapid, userRapid, user--friendly assessment (detailed evaluation friendly assessment (detailed evaluation ––
timetime--consuming/resource intensive)consuming/resource intensive)
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#

P e a t

S 2

S 5

F 2

F 1

S 4

S 1Wetland developed in zone of 
strong groundwater seepage 
adjacent to floodplain.

Wetland in valley bottom lacking 
floodplain development, can be 
peat-filled.

Floodplain of flashy river system can experience short 
periods of inundation from over-bank flooding.

Fen and wet grassland on soils of low permeability on 
gently-sloping interfluves running down to stream 
headwaters.

Functional Landscape unitsFunctional Landscape units
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Recording sheet 1.  
Land use and 
management
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Part Two – assessment stage

The outcomes display 
page.  
From here, a choice 
of output type can be 
made. 
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Screen showing the 
scores (0-1) assigned 
for each function 
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Screen showing the 
assessment of 
provision of 
ecosystem services 
by the HGMU.

Knowledge base and WEDSS

WEDSS

Indicators,Indicators,
controlling variablescontrolling variables
(e.g. Nutrient input, soil pH, (e.g. Nutrient input, soil pH, 
soil carbon, flow velocity, soil carbon, flow velocity, 
annual precipitation)annual precipitation)

KnowledgeKnowledge
basebase

DataData
(spatial/non spatial)(spatial/non spatial)

Wetland functions Wetland functions 
and processesand processes

Simulation Simulation 
modellingmodelling

Assessment
map

OUTPUT
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Categories and criteria
Category Criteria Category Criteria

Water 
Quality

WQ-N
WQ-P
WQ-Sediment
WQ-Trace Elements
WQ-DOC

Water 
Quantity

Flood risk reduction
Groundwater 
maintenance
Base flow support
Water supply

Climate 
change

Carbon retention
Greenhouse gas 
emissions

Heritage Cultural heritage
Landscape
Pres. of arch. remains
Pres. of paleo-env

Biodiversity 
and biomass

Habitat diversity
Sp. diversity – flora
Sp. diversity – fauna
Biomass

Socio-
economic

Agriculture
Natural Harvest
Forestry
Shipping
Residential
Recreation
Tourism

Assessment OutcomeAssessment Outcome
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Knowledge base and WEDSS

WEDSS

Indicators,Indicators,
controlling variablescontrolling variables
(e.g. Nutrient input, soil pH, (e.g. Nutrient input, soil pH, 
soil carbon, flow velocity, soil carbon, flow velocity, 
annual precipitation)annual precipitation)

KnowledgeKnowledge
basebase

DataData
(spatial/non spatial)(spatial/non spatial)

Wetland functions Wetland functions 
and processesand processes

Simulation Simulation 
modellingmodelling

Assessment
map

OUTPUT

SWIMMER | University of Liverpool
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Species diversity Species diversity -- FaunaFauna

1 2

3
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Water quality enhancement (N)Water quality enhancement (N)

1 2

3
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Potential Application of the Wetland 
Ecosystem Decision Support System 

(WEDSS)

•Groundwater recharge/discharge
•Protection surface water quality
•Maintenance of biodiversity
•Amenity values
•Restoration potential
•Cost-effectiveness of programme of measures (WFD)
•Suitability of conditions for archaeological preservation
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Define problem

Define measures

Define criteria

Tamar: diffuse pollution
Bjerkreim: acidification
Dinkel: flooding

Tamar: fertiliser reduction, 
stocking density, landuse change, 
wetland restoration

Tamar: nitrate concentration, 
measure costs, wetland area, 
hydrology
Tamar: climate change, business as 
usual, moderate action, deep green
13 scenarios in total

Define scenarios

Quantification of criteria

Documents

Databases

Models

Analysis (MCA, WFD)

Visualisation (GIS)

Quantification of criteria
Models (e.g. INCA)

Monitoring
Expert judgement 

Site specific 
tools and 
models being 
applied at 
Euro-limpacs 
sites

Generic tools, 
models, 
databases 
from Euro-
limpacs

Catchment-scale 
assessment of 
vulnerability to CC


