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Presentation plan

• Short recap
• Why vulnerability maps?
• Stratification
• The vulnerability framework
• Some maps



Vulnerability in �����
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The ����� modelling framework

multiple GCMs, 4 scenarios
14 models

> 30 ecosystem services
1990, 2020, 2050, 2080

Europe wall to wall in 10’ x 10’
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����� ecosystem services and indicators - 1

• Carbon storage in vegetation
• Carbon storage in soil
• Suitability for bio fuels 

Carbon storage 

Power generation (bio fuels)

C- storage & Energy

• Above ground biomassWood production Forestry 

• Profit
• Regional product supply
• Infrastructure, employment
• Landscape attributes, biological 

resources
• Nitrates, N20, soil carbon

farmer livelihood
consumer food quality 
support of rural communities 
positive externalities 

negative extrernalities

Agriculture 
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����� ecosystem services and indicators - 2

case study looking at water, C-storage and tourismMountains 

• number and types of winners
• number and types of losers
• suitability for endangered species
• suitability for protected habiats

potential for biodiversity: winners
potential for biodiversity: losers
suitability for endangered species
suitability for protected habiats

Biodiversity & Nature 
Conservation

• runoff quantity and quality
• yearly runoff
• summer run off
• water level of rivers

drinking water 
hydro power
Irrigation
transport

Water
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Vulnerability Assessment

dictionaries …open to attack or damage…

����� ‘The degree to which an ecosystem service is ��	���� to 

global �	���	��	�������	
� and the degree to which the 
sector that relies on the service is �	������������� to with the 
changes.’
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Vulnerability – an integrator

• Comparisons across time slices and scenarios
– How will wood production change over time in Sweden?

• Comparisons between ecosystem services
– Which ecosystems services are vulnerable in Belgium?

• Comparisons between regions
– Is agriculture in southern France more vulnerable than in central Spain?

• Allows multi-scale assessment



Vulnerability – requirements

• Comparisons between ecosystem services requires a standardized 
scale, i.e. 0 – 1 range

• Comparisons between regions requires local V measures to be 
placed in their European environmental context
– Biodiversity: cannot simply compare Boreal with Mediterranean

– Crop yield: cannot compare wheat yield in Italy and The Netherlands



Stratification human systems - global
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Regions for which intercomparisons conducted of modelled temperature and precipitation 
changes under the SRES scenarios

Stratification ‘natural’ systems - global



What would be a suitable European stratification?

Stratification ‘natural’ systems - Europe

geology / parent material

hydrology

soil

vegetation

fauna

climate

geology / parent material

hydrology

soil

vegetation

fauna

climate

(after Klijn, 1997)

global

local
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European stratification 1 – Emerald Zones

Biogeographical Emerald Zones



European stratification 2 - PNV



European stratification 3 - soil



European stratification 3 - soil



existing stratifications…

… form a useful description, but

• Class divisions are not quantified
• Are not easily related to global change scenarios
• Have unequal distances in environmental space



classification parameters
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principal components
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Stage 1 

Stage 3 

preliminary classification

Environmental Classification

statistical stratification for Europe



climate
•minimum temperature
•maximum temperature
•precipitation
•sunshine

geomorphology
(substitutes)
•altitude
•slope

oceanicity
•annual temperature

range divided by latitude

northing
•latitude



The Environmental Classification of Europe



• statistically derived
• explicit classes 
• 1km2 resolution
• 84 classes
• 3 aggregation levels

• core classification
• easily adapted to user’s 

need

The Environmental Classification of Europe



The Environmental Classification of Europe

R2 = 0.85
Pearson correlation coeff. 0.920

significant at 0.01 level 

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

0 5000 10000 15000 20000 25000 30000

���������	��
�����
����	���������

�
�
�
�
��
��
�
	

�
��
�
�
�
�
�
��
��
�
�
�
�
�
�
�
�

���������	
������	���������

R2 = 0.23
Pearson’s correlation coeff  0.447

sugnificant at 0.01 level
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R2 = 0.72
Pearson corr. coeff. -0.848

significant at 0.01 level
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The Environmental Classification of Europe
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Baseline (2000) A1 (2080), HadCM3

Shifting classes



A1 (2080), HadCM3

wheat yields (t/ha)

Baseline (2000)

One application…



Modeled Ecosystem Service Supply
ESS

• E S placed in environmental context
• S T R E S S value in 0 – 1 unitless range !

Stratified Ecosystem Service Supply
STRESS
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But main purpose… stratification of ecosystem services

stratification
EnC
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Ecosystem Service Supply�
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socio-economic
& land-use 
scenarios

N-deposition
scenarios

atmospheric
composition 

scenarios

climate change
scenarios
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V=f(STRESS,AC)



Top-down AC framework

Human Freedom

Economic Power

Infrastructure
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Technology

Equality

Knowledge

Budget surplus

Share to world trade

Transport network

Number of doctors

R & D investment 

Number of patents

Gini coefficient

Freedomindex

Enrolment ratio

Literacy rate

GDP per capita

Age dependency ratio

Flexibility
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Top-down AC framework

1990



Top-down AC framework

1990 2050 2080



2000

2050

2080

Modeled Ecosystem Service Supply
ESS

Adaptive Capacity
AC

VulnerabilityStratified Ecosystem Service Supply
STRESS

V=f(STRESS, AC)



Vulnerability maps

2050 2080

��	����	��!���� ��#�!��
multiple GCMs, 4 scenarios
14 models
> 30 ecosystem services
1990, 2020, 2050, 2080
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maps for V, ESS, STRESS, AC

comparison between regions
robust and vulnerable areas

pre-defined road maps


