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Global loss of biodiversity 



Introduction 

The global loss of biodiversity has led to many juridical 
measures, aiming to stop this loss:  

• Global conventions (CBD, Ramsar,…) 

• European directives (Habitat and bird directive) 

• National legislation 

•  a clear trend from protection to restoration and 
development 
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Introduction 

• Ecological main head structure, Flemish  
Ecological network, Natura 2000 network 

• But gradually there is more and more 
opposition against these approaches and 
strategy of restoration is questioned.  

• Central idea: Nature protection/development 
blocks economic development  
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Nature Port 

Agriculture 

Ecology                     Economy 



Environmental legislation 

Environmental legislation has resulted in some 
remarkable improvements of the state of the 
environment  

Micky Tackx has shown that waterquality in 
the Schelde did improve  

 BUT some problems remain and new ones 
may appear 

 New pollutants  

 Nutrient ratio’s change 
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• Emissions of greenhouse gasses  

climate change.  

•  Mitigation, reducing emissions is 

crucial 

•  low carbon economy  
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Is climate change the only 
problem?  

• No! 

• It comes on top of all the other pressures on 
the system  

• Changes in the watersystem are due to 

- Land use change  
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But there is more 

• Changes in the watersystem 

- Land use change  

- Morphological changes in the watercourse and 
river valley  

- Interbasin transfer (eg to feed canals, water 
supply) 



  

 “in 1976 was 7,2 procent van onze 
oppervlakte bebouwd;  

 
 
 

 in 1988 was dat al 11,7 procent. 
 
 
 
 

  in 2000 was 18,3 procent bebouwd 
volgens onze cijfers. ( + 56% in 10 jaar! ) 

 
 Thans is de verharde opervlakte 20%!! 
 
 
 
 Voor 2050 voorspelt het model, dat 

uitgaat van een gemiddelde groei van de 
bebouwing, 41,5 procent.”  

 
(Lien Poelmans, KULeuven 2010): 
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We start to understand the impact consequences 
of all these measures:  

- Droughts 

- Floods 

- Changes in tidal characteristics 

- Changing sedimentation/erosion patterns 

- Impact on productivity, 

- ……. 
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Introduction 

• The fundamental question is no longer, Do 
these measures have an impact on 
biodiversity, that we should protect according 
the directives, but has the loss of habitat and 
biodiversity an impact on  

- the economy 

- Human well-being 

• Or, is nature more than just species?  
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• Since the influential 
publication of Bob 
Costanza et al. in 
Nature in 97 and the MA 
in 2005 is became clear 
that ecosystem services 
are important.  
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• Ecosystem services are 

 

• “The direct and indirect contributions of 
ecosystems to human well being” (TEEB, 
2010) 
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• De Groot et al. 2013. Ecosystems Services  
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World Business Council for  
Sustainable Development 
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World 
Economic 
Forum 
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• As a result, this value has largely been left unaccounted 
for in business decisions and market transactions. This is 
starting to change. Some of the world's largest 
companies are awakening to the profound business 
value of Earth's natural assets—and the business 
imperative of safeguarding them. Without healthy 
ecosystems, cheap and abundant water and raw materials 
can become so costly they erase profits and threaten 
entire business models. Local communities where 
companies operate can become unstable, unsafe or 
otherwise inhospitable. And without natural barriers to 
protect workers and facilities from increasingly extreme 
weather patterns and other disasters, even the best-run 
companies can be hit with catastrophic losses. 
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• NATURAL GOODS & SERVICES ON WHICH THE GLOBAL ECONOMY 
DEPENDS 
 

• ♦  CLEAN WATER AND AIR 
• ♦  AFFORDABLE RAW MATERIALS AND COMMODITIES 
• ♦  FERTILE SOIL TO GROW CROPS 
• ♦  ABUNDANT FISH STOCKS 
• ♦  BUFFERS TO FLOODS, DROUGHTS, FIRES AND 

•     EXTREME WEATHER 
• ♦  BARRIERS TO THE SPREAD OF DISEASE 
• ♦  BIOLOGICAL INFORMATION TO PROPEL SCIENTIFIC 

•     AND MEDICAL BREAKTHROUGHS 

Rivers in hydromorphological equilibrium as natural 
transportation routes 
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Key message 1 

• The ecosystem delivers a whole series of 
ecosystem services 

- Habitats and species play a crucial role in 
delivering these services 

• Habitat loss led to a loss of ecosystem services  

• A loss of ecosystem services has direct AND 
indirect societal and economic consequences 
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• A number are compensated by investments in  
infrastructural works (at high costs), others 
not leading to direct losses (eg fisheries) or 
long term problems (eg loss of  filter function 
and export of nutrients/pollutants) 

• The concept of ecosystem services is being 
adopted in both economic and environmental  
international gremia 

 



28 

Next step? Adaptation is crucial 

• Changes will occur: 

- Sea level rise 

- Changing precipitation patterns  

- Changing discharges/ water availability 

- Increasing temperature 

- Changing human activities (economic,..) 

- …. 

• Next to mitigation, adaptation  is necessary.  
These measures must be taken that reduce 
the negative impact of CC or that makes our 
society more resilient towards these changes.  
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From concept to implementation 
 from ecosystem service to adaptation 

• What is needed? 

- Systems approach 

• Whole river 

• Catchment 

• All facets of the system 

- What are the fundamental problems (to what do 
we have to adapt?) 

• Changes in tidal characteristics 

• Water shortage/ floods 

• To high temperatures 

• Changing productivity patterns 

• …… 
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Formulating objectives 

• No longer only environmental standards but 
objectives at the systems level  

- Reducing the increase of high waters 

- Storing a volume of water 

- Reaching a level of cooling 

- Reducing an amount of pollutants (nutrients/fine 
dust,… )  

- Guarantee a level of productivity  

- Reduce erosion 

• Fundamental change compared to classical 
environmental policies  
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• But also 

- A given volume of  “harvest” (water, wood, 
food,…) 

- Good conditions for navigation  

- …. 

• This must be translated in scenario’s of “hard” 
and “soft” measures  

• These scenario’s can be integrated in a 
societal cost benefit analysis 
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Sigmaplan 

• Dikes/quaywalls  

• Flood control areas 

• Flood control areas with reduced tides 

• Managed retreat 

• Wetlands 
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Controled inundation area 
of Kruibeke Bazel Rupelmonde 

Ring Dike Lowered CIA dike 

FCA estuary 

Outlet 

polder 

area 
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Required surface of different habitats 

Habitattype opp (ha) 

Buitendijks brak 740 

  

Buitendijks zoet 1040 

Binnendijks bos alluviaal 570 

  

Binnendijks anderen 370 

Binnendijks grasland dotter (RBB) 840 

Binnendijks grasland anderen 910 

  

Binnendijks riet/ruigte 560 

Binnendijks plas/oever 240 

 

The integrated approach 

Tidal habitats 

Non tidal  

habitats 
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Results for different measures 
Costs Safety benefits Other Payback 

Storm surge barrier 387  740 - 2 41 

Overschelde 1597 660   pm / 

Dykes 241 691 - 27 

Floodpains (CIA) 177 648 -22 22 

Combined scenario 

X 
132 737 -9 16 

Million euro  
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Controlled inundation + 
reduced tidal area 

combined scenario X

CIA RTA
Costs 132 139

Safety benefits until 2100 737 730

Other effects

agriculture -12 -14

forestry - -10

visual intruision -5 -5

Ecosystem benefits: regulating services - 53
Ecosystem benefits: cultural services: 

recreation/amenity

9 9

net present value until 2100 596 622

Pay back perion (in years) 16 13



Key message 2 

• The concept of ES has  

• Facilitated the communication between different 
stakeholders 

• Allowed a more integrated approach 

• To formulate objectives for different parts of the 
system 

• A cost benefit analysis taking in account also 
environmental aspects 

•  the concept has impacted the outcome of the 
project! 

 

 



Hertogin Hedwige-Prosperpolder 
 managed retreat project  

Beneficial to society? 

Illustratie  



Hertogin Hedwige-Prosperpolder 
ontpolderingsproject  

Voordelig voor de samenleving? 

Illustratie  
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Onteigeningen
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Totale kostprijs:  
±100 miljoen euro 

Project  



Ook negatieve effecten: 
- Uitstoot C-emissies (CO2, CH4) 
- N-emissies (N2O, NH3, NH4) 
- Visuele verstoring omwonenden met nieuwe dijk 

Baten: ecosysteemdiensten 

Baten: 
• Voedsel 
• Platform voor wonen 
• Open ruimte 
• Recreatie 

Negatieve effecten: 
 Fijn stof van landbouw 
 Bodem erosie landbouwgrond 
 N- en P- surplus 
 Uitstoot C-emissies 

= Verliezen 

= Baten 

NA 

Baten: 
Habitat en ondersteunende diensten 
• Estuariene natuur 
• Fauna en flora 
Voorzienende diensten 
• Voedsel 
Culturele diensten 
• Recreatie, educatie 
Regulerende diensten 
• Veiligheid tegen overstromingen 
• Sedimentatie en erosie processen 
• Klimaatregulering (koolstof opslag) 
• Water kwaliteit regulering 

VOOR 

Polder 



ES baten en verliezen per habitat 



Baten en verliezen van het project 

Verlies landbouw en huizen 
gecompenseerd (totale  investeringskost) 

Landbouw: -450 ha 
Slikken: +275 ha 
Schorren: +190 ha 



Lange termijn analyse 
met schorontwikkeling 

100% slik 
0% schor 

60% slik 
40% schor 

0% slik 
100% schor 



Discussie 
• Niet alle baten en kosten zitten vervat in de economische 

analyse (vanwege onvoldoende informatie voor 
monetarisering of ontbreken bruikbare methode) 
– Nieuw habitat (cf. doelstellingen Natura 2000) 
– Ondersteuning voor fauna en flora  

• Vogels, cf. doelstellingen Bird Directive 
• Kraamkamerfunctie voor vissen en schaaldieren 

– Hydrologie (nieuw pompsysteem voor drainage omliggende 
polders, effecten grondwater) 

– Wetenschappelijke kennis 
– Recreatie: horeca mogelijkheden, ecolodges, verlies Prosper 

jachthaventje 
– Cultuur historische dijk relicten, hoeves 
– Hinder tijdens de constructie werken (fijn stof, geluid) 
– … 
 Voornamelijk baten, wat het positief resultaat nog versterkt 
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Key message 3 

• Nature restoration is not only an ecological 
gain but has important added value through 
the delivery of ecosystem services which 
makes the projects economically beneficial  

• The use of the concept of ecosystem services 
led to a different type of projects and a 
different decision making. 
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What with management? 

• Mowing macrophytes in rivers 
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Annelies Boerema et al, 2013 

• Cost-benefit analysis mowing in 

the Nete Catchment 

• All possible ESS 

• Division over stakeholders 

A difficult balance between water management and 
ecology. 
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“we conclude that aquatic vegetation removal in the Nete catchment is not economically efficient, costs 

and benefits are not equally shared and the management technique as applied today is not sustainable” 
Boerema et al. Economic valuation of ecosystem services, a case study for aquatic vegetation removal in the Nete Catchment, Belgium. Ecosystem Services 

In press 

A difficult balance between water management and 
ecology. 
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Average Manning n for each pattern 

(Bal et al., 2011) 
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Can we come up with an optimal mowing strategy? 



Key message 4 

• Use of the concept of ecosystem services allowed to 
detect an economically unsound management measure 
and to make a much broader analysis of the issue  

•  could have a significant impact on future decision 
making and lead to different management strategies 

 



Insight is needed 

Research into ecosystem services: 

• Which ES are delivered where? 

• What are crucial processes determining the delivery of 
ES? 

• What is the value? 

• …… 
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Rationale ECOPLAN 

FYSISCH 

SYSTEEM 
 

VRAAG naar 

ESD 

LAND, BODEM en 

WATER BEHEER 

Geo-fysische beperkingen 

Socio-economisch  
systeem 

Land, bodem and waterbeheer 

AANBOD 

 aan ESD 

Mismatch? 

Waar te zoeken? Hoe te realizeren? 

Wat zijn juridische en beleidsmatige 
randvoorwaarden en potenties voor 

het bewerkstelligen van veranderingen 
in land, bodem en waterbeheer ? 



SESEEP Projet:  Flood mitigation by means of geomorphological control 
of surface runoff and permanent infiltration (forest, wetland, grassland) 

Surface km² Surface Seseep (%) Facteur d'atténuation

Alluvions récentes 67,15 43,2 Ralentissement Dynamique

Forêts 56,67 36,5 Infiltration

Prairies 27,02 17,4 Infiltration

Champs captants 9,35 6,0 Infiltration

Hydrographie 5,35 3,4 Stockage de surface

Zone inondable 1,19 0,8 Inondation

Zone humide 0,26 0,2 Tampon

Quantification: surface contribution 
(sq.km) to flood hasard regulation  

Map: Eric Masson (MESHS-TVES EA 4477) 
Data: SIGALE 2009, RGA 2010, AEAP 2013, BRGM 2013, ONF 2013, PRNSE, IGN  



Key message 5 

• The  knowledge of ES is increasing very fast also in the 
Schelde basin 

• Tools are developed that will allow a better integration 
of ES in the developing plans, scenario’s and policies  



Ecosystem Services and international trade 

• Through transports large quantities of  goods are  
moved form one place to another 

• This transport is however not only the product itself , 
but also  

• Virtual water 

• Ecosystem services 
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Blue water footprint 
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EU25's impact on blue water resources

[Hoekstra & Chapagain, 2008] 

Water footprint of EU’s cotton consumption (blue water) 



Land  used  for  export  production  (in  Mha) 

 

The  maps  highlight  total  land,  cropland,  grazing  land  and  forest  land  displaced  through  export  
production.  The  thickness  of the  arrows  and  numbers  next  to  the  arrows  represent  the  amount  of  land  
used  as  inputs  for  the  production  of  imported  and  exported  goods. 

Yu, Y., K. Feng, and K. Hubacek. 2013. Tele-connecting local consumption to global 
land use. Global Environmental Change 23:1178-1186. 



Global soy trade 
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Argentina Australia Brazil
Canada China Cote d' Ivoire

Gambia India Indonesia

Malaysia Other extra EU Paraguay

Philippines Russian Federation Sudan

Ukraine Uruguay USA

EU import 

A) EU soy import: Total (large 
increase in last 50 years, from 
about 3 million ton to almost 
35 million ton)  large 
“succes” as very cheap feed 
for meat sector 

B) EU soy import: Per land of 
origin (mainly from Brazil and 
Argentina) 

C) Soybean area increase 
(biggest increase in Brazil and 
Argentina) 

Soybean area (1000 
hectares) 



Total import 2008:  
34 mio tonnes 

Soy area 
+13 mio ha 

Forest 
-8 mio ha 

=> - 25 billion $/y 

Grassland 
-5 mio ha 

=> + 2 billion $/y 

Grassland 
-10 mio ha 

Cropland  
(maize) 

+1 mio ha 

=> + 3 billion $/y 

=> - 100 billion $/y 

=> - 15 billion $/y 

*re-forestation 
*urbanisation 

1) soy production in Brazil and Argentina 
2) Soy export Braz and Arg to EU (13 mio ha 
soy in Braz and Arg in 2008 voor export to 
EU) 
3) Associated land use changes in Braz, Arg 
and EU 
4) Economic impact (ES value of the land 
uses) 
5) Total economic loss of land use changes 
due to soy export from Braz and Arg to EU, 
per year 1961-2008 

16 mio tonnes  
(2008) 

Total production 2008:  
46 mio tonnes 

13 mio tonnes 
(2008) 

Total production 2008:  
60 mio tonnes 

EU-27 

Brazil (B) 

Loss: -135 billion $/y 

Argentina (A) 



Context 

• Direct consequences in the exporting countries: 
– Land use changes (deforestation) 
– Water use and contamination 
– Air pollution 
– … 

• Indirect consequences: 
– Losses in fish production 
– Decreasing drinking water availability 
– Health issues 
– … 

 

 socio-economic losses not counted for in the market 
price of the exported product! 

= market failure (importing products is too cheap, not all costs are paid for) 



Key message 6 

• The concept of ecosystem services can help to detect 
hidden environmental costs and will allow decision 
making even on global trades towards more 
sustainability. 



The Schelde and its catchment  in 2050 

• As part of a transition towards a sustainable society the  
concept of ES will play an important role in: 

• Spatial planning and land use choices 

• Ways to manage the environment (eg maintenance 
measures) 

• Choices of production and/or consumption patterns 
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ESD landbouw versus lokale , 
regionale en globale regulerende ESD 
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Duurzaam beleid in functie van alle lokale , regionale en 
globale ESD = maximale winst 
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Conclusions 

• Ecosystems deliver a whole range of ES 

• A loss of habitats means a los of ES  

• A loss of ES means an economic loss 
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• Restoration must not only aim at protection of 
biodiversity but also at ES  

• This must lead to mitigation of negative trends 
and such this is an important part of the 
adaptation strategy 

• Ecological restoration is both economically as 
well as societal an investment with high 
economic return 
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• It is crucial to define objectives in a broad 
way, including objective for ES 
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• A good system monitoring is essential as a 
basis to describe the development of the 
system, toe begrijpen en de processen te 
kwantificeren als basis voor een goed beheer 

• Het is uitermate belangrijk om het belang van 
het herstel van het Schelde ecosysteem op 
een correcte manier te communiceren en te 
wijzen op het belang van ecosysteemdiensten 
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 Ecosystem services 

Nature Harbour 

Ecology                     Economy Ecosystem 

services 
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Thanks for your attention 

Dank aan allen die bijgedragen tot deze presentatie 

Annelies Boerema, Jan Staes, Tom Maris, Stefan Van Damme,  

Katrien Van der Biest 


