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Quantitative analysis of 
patterns of vulnerability 
to global environmental 
change

Patterns of vulnerability bridge the gap between local case 
studies and global vulnerability assessments

The impacts of global change, including environmental changes, 
pose increasing risks for people around the globe. In this context, 
we developed and applied a methodology to quantitatively assess 
the extent to which specific groups of people are vulnerable to 
losing their livelihoods. Local vulnerability analyses are often 
based on case studies, while global vulnerability assessments are 
essentially based on aggregated data and rather crude assumptions 
about underlying mechanisms. Recognising the need and the 
potential for looking at similarities between related situations 
around the globe, the methodology generalises the outcomes of 
case studies towards patterns of vulnerability, using insights from 
global assessments.

Using indicators from global Integrated Assessment Models, 
the methodology quantifies the core mechanisms that cause 
vulnerability. Different manifestations of the patterns and their 
geographic location are assessed through cluster analysis. The 
methodology has been applied to the following four patterns of 
vulnerability: smallholder farming in dryland areas, overexploitation 
of natural resources, competition over land for food and biofuels, 
and rapid urbanisation in coastal areas. Insights gained from this 
study can give guidance to adaptation and mitigation policies in 
specific situations, and can serve as a reference for identifying the 
consequences of international policies for vulnerable groups.
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Smallholder farming in dryland areas

Overexploitation of natural resources

Competition for land for food and biofuels

Rapid urbanisation in the coast fringe



".#  Analysing human vulnerability

A methodology for analysing 
patterns of vulnerability

$



archetypical 
patterns of vulnerability

"."  Defining patterns of vulnerability

archetypical patterns of vulnerability. 



".%  An approach for analyzing patterns of vulnerability
 Step 1: Identification and qualitative description 
of the pattern of vulnerability



 Step 2: Formalisation of the pattern of vulnerability

 Step 3: Quantitative analysis to show how a 
pattern of vulnerability manifests itself

mask

 Step 4: Interpretation and ground-truthing

 Step 5: Analysis of response options



".&  Analysing patterns of vulnerability with 
integrated assessment models

".'  Cluster analysis and interpretation
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2. Selection of clustering method
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Interpretation and evaluation of results.

Box-plots
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4. Interpretation and evaluation of results
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%.#  Vulnerability creating mechanisms

Vulnerability of smallholder 
farmers in drylands
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%."  Indicators for the vulnerability creating mechanisms



Human well-being
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Natural resources
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%.&  Vulnerability profiles and spatial distribution

 The ‘developed’ clusters



 The ‘resource-poor’ clusters



 The ‘poor-water, better-soil’ clusters

 The ‘overuse’ cluster

 The ‘rivers’ cluster

%.'  Validation of cluster results
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&.#  Vulnerability creating mechanisms
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&.& Vulnerability profiles and spatial distribution

mosaiclands frontier areas forest core

 Mosaiclands
industrialised forestry-agriculture mosaic



highly degraded forestry-agriculture mosaic

rural mosaic of old-growth forest and agriculture

forestry-agriculture mosaic in highly populated areas



 Frontier areas
large-scale forestry development

frontier forest reserves

 Forest core
forest reserves in industrialised countries

old-growth tropical forests



old-growth boreal forests

frontier forest reserves

subsistence-based forest use
, 

&.'  Validation of cluster results
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Vulnerability of rural 
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'.%  Cluster identification
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).#  Vulnerability creating mechanisms

Vulnerability of urban 
livelihoods under rapid 
coastal urbanisation
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)."  Indicators for vulnerability creating mechanisms
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).%  Cluster identification
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).&  Vulnerability profiles and spatial distribution

 Fast growing damage from all types of extreme 
events under poor adaptation ability 



 Floods, cyclones and sea-level rise under reduced 
natural protection hit mainly the poor



 Areas with moderate adaptation abilities 
hit by floods and landslides 



 Natural protection against prevailing floods and future 
SLR is being reduced, moderate coping abilities
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).'  Validation of cluster results

 Comparison with case studies

Rio de Janeiro





Mumbai



Shanghai

can

and

Overall conclusion



).)  Conclusions



-.#  Global environmental change and 
the incidence of armed conflict

Using patterns of 
vulnerability to explain 
other outcomes
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-."  Relating the pattern of vulnerability in 
drylands with incidence of armed conflict 
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 Extremely resource-poor situations: less poverty, less conflicts

 ‘Poor-water, better-soils’ conditions: more 
population density, less conflicts

 Relatively resource-rich situations: less poverty, less conflicts
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-.%  Conflict reproduction with linear 
and non-linear methods
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1.   A robust methodology

Time intensity

Data requirements:

Combining quantitative and qualitative analyses:

2. Increased understanding of vulnerability on intermediate 
level

Discussion and 
conclusions
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3. Basis for analysis of response options to reduce vulnerability
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4. Next steps

Analysis of response options to reduce vulnerability.

Linking different patterns of vulnerability

Applying patterns of vulnerability to explain other human well-
being outcomes or highlight the role of specific issues.

vulnerability perspective orientation
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