Assessing Human Vulnerability
to Environmental Change

Concepts, Issues, Methods
and Case Studies



© 2003 United Nations Environment Programme

ISBN: 92-807-2366-9

For bibliographic and reference purposes this publication should be referred as:
UNEP (2002), Assessing Human Vulnerability due to Environmental Change: Concepts, Issues,
Methods and Case Studies.

UNEP/DEWA/RS.03-5

United Nations Environment Programme
Division of Early Warning and Assessment
P.O. Box 30552 Nairobi 00100 Kenya
Tel: + 254 020 621234
Fax: + 254 020 623943/44
Email: geo@unep.org
Web: www.unep.org

www.unep.net

This report was prepared by Ashbindu Singh, Nazmul Hossain, Tim Foresman, and Marion Cheatle.

This study was conducted within the framework of UNEP’s Global Environment Outlook (GEO 3)
report. The support to the study was provided by UNEP, United States Geological Survey (USGS)
and National Aeronautics and Space Administration (NASA).

DISCLAIMER

The views expressed in this publication are not necessarily those of the agencies cooperating in
this project. The designations employed and the presentation do not imply the expression of any
opinion whatsoever on the part of the cooperating agencies concerning the legal status of any
country, territory, city, or area or of its authorities, or of the delineation of its frontiers or boundaries.

Mention of a commercial company or product in this report does not imply endorsement by the
United Nations Development Programme. The use of information from this publication concerning
proprietary products for publicity or advertising purposes is not permitted.

Trademark names and symbols are used in an editorial fashion with no intention of infringement

on trademark or copyright laws. We regret any errors or omissions that may have been unwittingly
made.

ASSESSING HUMAN VULNERABILITY TO ENVIRONMENTAL CHANGE



Acknowledgements

he authors offer their sincere appreciation to Peter Saunders

(editing), Ron Witt, GRID-Geneva, Uwe Deichmann - The
World Bank, Tarig Banuri and Paul Raskin - Stockholm
Environment Institute, Boston, Don Brown - Pennsylvania
Consortium for Interdisciplinary Environmental Policy, Rachel A
Davidson - Cornell University, Sindre Langass, GRID Arendal,
Pascal Peduzzi, GRID-Geneva, Eugene Fosnight, Hua Shi,
Tamuka Magadza, Parvina Shamsieva-Cohen and Kim Geise
of GRID Sioux Falls for their useful comments and contributions.

Thanks also to the Earth Satellite Corporation, USA for providing

some Geographical Information System (GIS) data over the
Indian subcontinent.

ASSESSING HUMAN VULNERABILITY TO ENVIRONMENTAL CHANGE



Table of Contents

Part 1: INTFOTUCTION ...eeiiiiiieiiie ettt s et e s e e e s e e nnneas 1
11 BACKGIOUNG ... .ttt e s et e e e b e e e 1
1.2 ODbjJeCtiVES O The STUAY ....veeeiiiiiiiee et a e e 1
1.3 Vulnerability: Concept and DefinitionS ..........eeeviiieeiiiiiiicieecee e 2
14 Vulnerability assessment and C;omposite INdICeS ...........occvvviiiiiiiiieiiiiiieeeiiiee, 5
15 Perception: Myths and ReEalItIES ...........uuiiiiiiiiiiiiii e 5
Part 2: Review of recent work on vulnerability .........cccoooiiiiiiiiii e 7
21 INEFOTUCTION ... e e e s re e e e e e e e .7
2.2 Economic VUINErability ............cocoiiiiiiiiiii e e e e e e e e 7
221 The Committee for Development POLICY .........ccvviiiiiiiiiieece e 7
2.2.2 The Caribbean Development BanK ..............cciiiiiiiiiiiiiiiieiee e 7
2.2.3 CommONWEAItN SECTELAIMAL ......ivvieiiiie it 7
224 United Nations University (UNU) .........coooiiiiiiiiiiiieeeiiieee e 8
2.25 United Nations Conference on Trade and Development ...........cccccceeeiiiiniiiiiiiiiienneeenn. 8
2.3 Environmental vulnerability ...........cccuviiiiiiiiiee e 8
231 The Commonwealth SECretariat ............cveiiiiiiiiie e 8
2.3.2 South Pacific Applied Geosciences Commission (SOPAC) ........ccccuviieieeiiineeeiiniiiiiee 8
233 Global Leaders for Tomorrow Environment Task Force, World

ECONOMIC FOMUIM ..ttt ettt e e e e e e e ettt e e e e e e s e e sennnnbaaeeeeaaaeeeas 9
2.4 Vulnerability to Natural diSASLEIS ..........uiiiiiiieiei e 9
241 Annual review of Disasters - MuniCh Re GroUP .......cc.eeeeeiiiiiiiiiiiiiiee e 9
242 RADIUS Project - An initiative for IDNDR, Office for the Coordination of

Humanitarian Affairs, United NatiONS ...........eeeeiiiiiiieeiiiiee e 9
243 United Nations Development Programme (UNDP) ..........cooiiiiiiiiiiiiiiie e 9
244 Vulnerability to Disaster and Epidemic - CRED and Red Cross .........ccocuveveviivieeeennns 10
2.5 Vulnerability to technological diSASIErS ............eeiiiiiiiiiiiiii e 10
2.6 Vulnerability t0 fOOd INSECUNILY .....oouvviiiiiiiiiii e 10
26.1 Vulnerability Analysis and Mapping (VAM)-World Food Programme..............ccceeeen. 10
2.6.2 Famine Early Warning System (FEWS) by USAID ..., 11
2.7 HUM@N INSECUITLY ..eeiiiitiieee ettt ettt et e et e e e nneeee s 11
2.7.1 The Global Environmental Change and Human Security (GECHS) Project

Office - UnIVersity Of VICTOIA .......cooi it 11
2.8 Climate change IMPACES .......c.ueeiieiiii e 11
28.1 United Nations Environment Programme (UNEP) ...........cooiiiiiiiiiiiiiie e 11
2.8.2 Intergovernmental Panel on Climate Change (IPCC) .........cccveeviiiiniiiniiiiieeeeeeee e 12
2.8.3 US Global Change Research Information Office (GCRIO) .........ccccovvivviiiiiiiieeeiniinenn. 12

ASSESSING HUMAN VULNERABILITY TO ENVIRONMENTAL CHANGE



Part 3:  Vulnerability Assessment: Approaches, Indices and ISSUES ..........ccccoevvvereennne 13

3.1 T oo [U Lol 1o o R PP PP PUP PPN 13
3.2 Statistical data apProaACh .........coviiiii i ———————— 13
3.3 GIS based mapping apProaCh .........coouiiiiiiiiiiiie e 14
3.4 Modelling approach (climate change) .............eeeieiioiiiiii e 14
3.5 Review of recent work on vulnerability iINdiCES ...........c.coovviiiiiiiiiiiie e, 15

3.6 Issues in vulnerability 8SSESSMENT.........cccoiiiiiiiiiiiiiee e 15
3.6.1 COUNIY COVEIAGER ..uiiiieiee e e eeee ettt ettt s s e e e e e e e e e e e e e aeeeeeeeeeaeaessbbnbnnnnnn s 15
3.6.2 NUMDBEr Of VAITADIES ......oeiiiieiei e s 15
3.6.3 Similarities and differences in selection of variables ...........cccocciiiiiii 15
3.6.4 Other methodologiCal ISSUES .........uiiiiiiiiiiee e 16
3.6.5 COUNLIY FANKINGS 1..utttiirieieeee e e e e sses e e e e e e e e e s s e e e e e eeeeessssnnbaraneeeeeaeeesesannnnnnrnnneees 16
3.6.6 Scope Or FUMNEI WOTK ..o 16
Part 4: Vulnerability and COPING CAPACILY .uuuviiiiiieee i 17
41 T oo [0 1o i o] o [PPSR 17
4.2 Different dimensions of vulnerability ... 19
4.3 Vulnerability depends upon coping CapacCity ........ccccuureeeieeeeeeiiiiiciiiieieeeee e e e e e s 21
Part 5 : Human vulnerability to environmental Change .........cccccoiiiiiiiiiiiiiiieeee e 25
51 INEFOTUCTION ..ottt re e e e srn e e s nnneean 25
5.2 A Framework for assessing human vulnerability ...........cccoooviieiiiiiieennieee e 26
Part 6: Case studies for human vulnerability asSesSsSment ........cccocveviiiiiienniiee e 31
Case study 1: Vulnerability to health in Bangladesh ...........ccocoiiiiie e, 31
Case study 2: Vulnerability to cyclones in INdia ..............ceeiiiiiiiiiiiiiiie e 32

6.2 0T [ T o) o PSS 32
6.3 Vulnerability in SOUth ASIA......cccoiuiiiiiiiiiii e 33
6.4 GIS for cyclonic vulnerability @SSESSMENT .........eeiiiiiiiiiiiiiiee e 33
6.4.1 Methods for Cyclone RiSK MOEl ............ooiuiiiiiiiiiiiiieiiie e 34
6.4.2 Methods for population density Model ... 35
6.4.3 Calculating Vulnerable population at riSK ...........ccuuuiiiiiiiiiie e 35
6.5 RESUILS OF the STUAY ....eeeeiiiiiiie s 35
6.6 Vulnerability and COPING CAPACILY ......covuvrriieiiiiiiiie e 38
Part 7 Conclusions and DISCUSSION .....cciiiiiiiiiiiiiiiie ettt 39
[ E] =] =] Yo S PEERR PSR 42
Appendix-A: A summary of work on vulnerability INAICES .........coooiiiiiiiiiiii e a7
APPENAIX-B ittt e e e et e s aannee s 56
F Y o] o1 {23V = 11T I P PUSTUUP PR 56
F N o] o1=T o o ) O T PP PP T OPPPPPPRN 57
GlOSSAIY OF TEIMIS .. ettt st e e et e s aaaeee 57

ASSESSING HUMAN VULNERABILITY TO ENVIRONMENTAL CHANGE



List of Tablesand Figures

Table 4.1

Table 4.2
Table 4.3
Table 4.4

Table 4.5
Table 5.1

Table 6.1
Table 6.2
Table 7.1

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5
Figure 5.1

Figure 5.2
Figure 5.3
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8

Total number of people reported killed, by continent and by type of

phenomenon (1990 - 1999) .......cuuiiiiiiiiiiie et 17
Number of reported disaster events and fatalities in selected countries .......... 19
Burden of diseases from major environmental riskS.........cccccccevvviicvvininenneeenn, 21
Relationship between per capita income and fatalities from 1970 -1999

fOr Selected COUNIIIES .......vviiiiiiiieie et 22
Per capita income and DALE for selected countries ........ccccccccovvevcvvvineeeeneeenn, 23
Potential indicators for assessing human vulnerability to enviromental

(o] g =g [0 = 2P UPTPTT PP 30
Statistics of arsenic calamity in Bangladesh ..............ooocviiiiiini e, 32
List of vulnerable people affected by cyclone in different states of India.......... 36
Elements of vulnerability assessments and their outcome..............cccccceeeeeeenn. 41

Total number of people reported killed, by continent and by type of

phenomenon (1990 - 1999) ..o 18
Percentage contributions of different phenomena to total death toll of

extreme events in Africa (1990 - 1999) ......cccoiiiiiiiiiiiiiiee e 18
Number of disaster events and fatalities in selected countries

(1990 - 1999) ....iiiieee ittt et e e bb e e e e abraeeeenn 19
Burden of diseases from major environmental risks as percentage of all

CAUSES FOF ATFICA .oeeeieeeiee et e e e e 21
Relationship between per capita income and fatalities...............cccccvvvveeeneennn. 22
Potential indicators for assessing human vulnerability to environmental

(o] g =g [0 = 2T PP UPUPT TP 26
An overall diagrammatic representation of vulnerability ............ccccceeveeeriiinnns 26
Human vulnerability in different themes ..o 27
People exposed to arsenic threat in Bangladesh ..........cccccccciin, 31
Tropical cyclone close to east coast of INdia .......cceeeevvviiiiiiiiiieiiiee e, 33
Level of vulnerability due to cyclone in South Asia between 1971-1999 .......... 33
SOrmM riSK iN INAIA ... 34
Population density in INAia ..o 35
Vulnerable population exposed to storm risk in India. .........cccccceeeeeiiiiiiiiiiinneen. 35
High risk states in INAIa ..........oooiiiiiiii e 37
Per capita income of different states in India...........ccccccvvveeeeiiiiiieceeeee, 38

ASSESSING HUMAN VULNERABILITY TO ENVIRONMENTAL CHANGE



Foreword

Py

s

M ost of the world is undergoing fundamental demographic,
political, socio-economic and environmental change. The
human population is projected to increase from 6 billion in 1999
to 7.3t0 10.7 billion in 2050. The twenty-first century will withess
unprecedented expansion in almost every domain of human
activity, and greater pressure on resources. Human society will
become increasingly vulnerable to environmental change. Natural
disasters, technological accidents, biological outbreaks and
degradation of life-support systems can result inimmense human
suffering, and in loss of life, property and infrastructure. The
consequences of such events are increasing dramatically.

Assessments of vulnerability, carried out holistically, can provide
an important guide to the planning process and to decisions on
resource allocation at various levels, and can help to raise public
awareness of risks. Such assessments can help to provide
answers to basic questions such as who is vulnerable, where
and why - answers which are essential when developing early-
warning systems to improve preparedness.

This ongoing process, which reviews various concepts of
vulnerability, methodologies for vulnerability assessment, and
vulnerability indices, operates within the framework of the United
Nations Environment Programme’s (UNEP) Global Environment
Outlook (GEO).

A new framework for assessing human vulnerability to increasing
environmental change has been proposed, which should lead to
stronger societal commitment to the environment. Eight different
channels through which human welfare will be affected by
environmental degradation are: Damage to Health, Economic
Loss, Poverty, Food Insecurity, Loss of Intellectual Property
Rights (IPR), Loss of Natural Heritage, Conflict, and Vulnerability
Impacts of Extreme Events/Natural Hazards and Climate
Change.

This study concludes that vulnerability is a function not only of
exposure to hazards, but also of population density and coping
capacity over time. Consequently, poor people in developing
countries are more vulnerable than their richer counterparts.
Hence the best defence against vulnerability is raising the
financial and social capital of the world’s poor.
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Assessing vulnerability to multiple sources of stress such as environmental changes is a demanding
task. | hope that the international scientific community will accept this challenging assignment and
develop future research agendas around these themes.

The basic goals of such research would be to provide a framework for assessing the increasing
human vulnerability to environmental changes in a holistic manner and to explore and share the
subject matter further with academics, policy makers and practitioners around the world. The most
important thing is to participate in this adventure and work together to enable multiple dimensions
to converge into one and discover, in the phrase of the eminent biologist E.O. Wilson, “the possible
consilience”.

Klaus Toepfer
Executive Director
United Nations Environment Programme
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