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The need for Vulnerability Indices 

How can the impacts of global change – both 
climate and other changes – be assessed at 

the spatial scale that matters, so that we 
can understand the impacts on people,  

and develop the appropriate policies  for 
adaptation?

When considering human vulnerability, 
climate change must be seen in conjunction 

with many other drivers of change. 

“There is a need to support national and sub-regional risk indexing to enable the 
production of information for national decision makers” (UNDP, 2004). 

But are indicators useful?

Everyone is Vulnerable when faced with conditions of water stress.  
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The Structure and Components of the CVI

The Global Impact Factors (GIFs) are the main components of the CVI. 
-Geospatial variability (G)
-Resource quantification (R)
-Accessibility and property rights (A) 
-Utilisation and economic efficiency (U) 
-Capacity of people and institutions (C) 
-Ecological integrity maintenance (E)

The CVI is a composite index, based on measurements of Global 
Impact Factors (GIFs), calculated as a weighted average as shown in 
the formula, where Xi refers to component i of the CVI structure (i.e. 
the GIFs) for the site-specific location being considered, while r acts 
as a weighting, representing risks associated with each particular GIF.

 

∑

∑

=

==
N

i

i

N

i

ii

r

Xr

CVI

1

1

UNECE meeting on Water and Climate Change:  Adaptation Strategy In Transboundary Basins, Geneva, May 2010

By combining these within a composite index, we obtain a measure which reflects 
the essence of what it means to be vulnerable, in the context of globalisation. 
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Procedure to calculate the CVI

Characterising Risks For Different Ecosystem Types
Urban settlements Mountain areas Small Islands

•Population density. 
•Proportion of food and other 
resources brought from outside 
•Population living in informal 
housing and at risk from sea level 
rise. 
•Municipal capability
•Dependence on water storage. 

•Slope. 
•Altitude
•Degree of soil 
degradation 
•Loss of natural 
vegetation. 
•Temperature. 

•Extent of land at risk 
from sea level rise. 
•Population at risk 
from sea level rise. 
•Isolation index. 
Dependence on water 
storage

• Identify geographical / ecosystem types likely to be vulnerable, select 
variables in the Geospatial component for each, and select sample 
locations within the geographical types. Collect and collate all relevant 
data for the sample locations

• Calculate the baseline CVI values
• Select scenarios of change in social, economic and environmental

conditions . Combine these with estimates of changes in water 
resources, derived from Global or Regional Climate Model outputs. Re-
calculate CVI scores under the combined global change scenarios. 

• Interpret the meaning of the CVI scores in terms of the impacts that they 
would have on people. 

• Provide results at a range of spatial scales, incorporating some
indication of uncertainty.

High values of the CVI 
(which ranges from 1 – 100) 
indicate a greater risk of 
being vulnerable to changing 
global conditions
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Weighting in the CVI
Weights used in the calculation of the CVI reflect the degree of 
risk ‘r’ associated with the impact of each of the Global Impact 
Factors. 

For the purpose of calculating the CVI 
in this demonstration application at a 
variety of scales, we have decided to 
keep these weights neutral by assigning 
them all an equal value of one. 

In practice, weights are best determined 
through consultation with local experts 

and stakeholders

Note: When comparisons are being made between different places, it is important 
to use the  same variables with the same weights.
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Using the CVI at the Global Scale:                       
where are the most vulnerable now?
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Where are Future Vulnerabilities?
Combining CVI values with future scenarios

The CVI  takes explicit account of climate  change, along with other global changes
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For climate 
change impacts, 

we used 
HadCM3,  a 

coupled ocean-
atmosphere 

GCM  (Hadley 
Centre, UK)

Here, the  
UNEP ‘Policy 
First’ scenario 

was used to 
assess future 

impacts on each 
of the GIFs
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Comparing vulnerability characteristics

Geospatial factors

Resource 
quanitification

Accessability and 
property rights

Utilisation

Capacity of people 
and institutions 

Ecologiocal integrity 
maintenance

0

10

20

30

40

50

60

70

80

90

100

Climate Vulnerability Index 
Average value of Global Impact Factors by Vulnerabilty  Category, based on all countries in each category 

(CVImax=100)  

Countries facing high risks 
Countries facing medium to high risk
Countries facing medium risk
Countries facing medium to low risk
Countries facing low risk 

Vulnerability risk category 

The most vulnerable places are likely to have problems associated with property 
rights and access, relatively lower and less reliable resource assets, and a lower 

degree of human and institutional capacity, with a higher geospatial risk. 
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Using the CVI to compare                                      
current regional vulnerability

• A national representation does not provide any indication of how the risk 
is distributed across a country, either geographically, or on the basis of 
socio-economic variability within the country; 

• Vulnerability assessment must consider issues at the sub-national scale.
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total, millions % of continent total, millions % of continent

High Vulnerability 239.35 34.3 129.2 3.9
Medium -High vulnerability 429.37 61.5 2,616.4 78.7
Medium  vulnerability 29.32 4.2 426.8 12.8

Medium -  low vulnerability - - 149.0 4.5

AFRICAN VULNERABILTY ASIAN VULNERABILITY

Bangladesh, Cambodia, India, China, Nepal, 
Vietnam, Myanmar, Pakistan, Bhutan, Papua 

New Guinea, Mauritius,Sri Lanka, 
Philippines, Mongolia, Singapore, Laos, 

Indonesia, Korea (Rep.), Thailand, Japan, 
Malaysia

Countries included

Ethiopia, Niger, Eritrea, Chad, Nigeria, 
Djibouti, Rwanda, Mali, Burundi, Burkina 

Faso, Sierra Leone, Benin, Malawi, Guinea-
Bissau, Senegal, Mauritania, Gambia, 

Mozambique, Morocco, Ghana, Lesotho, 
Angola, Sudan, Algeria, Uganda, Kenya, 

Egypt, Central African Rep., Togo, Botswana, 
Namibia, Tunisia, Congo DR(ex-Zaire), South 

Africa, Guinea, Zimbabwe, Zambia, 
Cameroon, Swaziland, Gabon, Congo (Rep)
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Potential for sub-national scale CVI analysis
For useful policy making, sub national scale vulnerability assessment is needed
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How can information from the CVI be of use 
in the development of adaptation strategies?

The CVI  focuses on water systems. Climate change is already having 
effects on water systems, at the local, national, basin, and regional scales.  

In urban and rural areas, 
reduced water availability is 
the result of both population 
growth and reduced water 
supplies – where are people 
most vulnerable?

A variety of adaptation mechanisms are 
needed – both in terms of infrastructure 

and capacity development 
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Potential application of the 
CVI in the Mekong Basin 

• The Mekong basin serves millions of people
• Huge demands on the river have resulted in several              

dams being constructed
• This human impact, coupled with climate change has 

resulted in high levels of human and ecosystem 
vulnerability across the basin

Possible climate change impact in 
the Mekong Delta 

(SEA-START 2009)
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Challenges in the 
Mekong

The diversity of 
conditions across 

any river basin needs 
to be addressed with 

site specific 
solutions

Potential adaptive measures in flood prone areas of the Mekong 
• Changing cropping patterns and animal husbandry
• Improving post-harvest technology
• Planting more trees along roads and dykes to reduce  flood damage
• Move people in potential erosion and flood areas into flood protected areas
• Organize well trained ‘flood-guard’ teams and early warning schemes
• Create flood resistant food schemes, floating vegetable gardens, fish farming in 

fenced paddy fields etc
• Organize uniformed services to help with road repair and other environmental 

damage 
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Combining relevant information through 
a composite index structure can values 
which can be used to help target 
adaptive strategies
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Nitrogen load/Km2

Industrial 
use/Km3/Yr

Cropland in 
floodplain

Multiple variables provide 
input to final index, and GIS 
enables meaningful 
representation to stakeholders 

Potential to generate CVI values  
by Province, Lower Mekong Basin

Applying the CVI at the basin scale: the Mekong 

Geospatial factors
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Climate Vulnerability Index  
(CVImax=100)  

Laos

Thailand

Vietnam

Cambodia

Geospatially referenced data 
can be used to map 
composite index results
(Sullivan et al, 2006)

National CVI values for countries                  
in the lower Mekong
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To conclude …
• Strategies for adaptation in the water sector must be targeted, based 

on appropriate technology, with more emphasis on practical action 
• Building resilience into water infrastructure and institutional systems 

is essential
• Multi-dimensional, integrated, cross sectoral Indices can capture and 

deliver complex information in an easy to understand format, and
weights (representing risk) can be determined by experts and 
stakeholders

• Deterministic models are no longer adequate as                  
a basis for policy making, and more realistic and               
inclusive approaches are needed

• Combining integrated data with alternative                     
future scenarios can help to determine tailored                 
adaptive responses to dynamic global conditions
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Our very survival 
depends on our ability to 

adapt to change


