Technical
Reports

Ramsar Technical Report No. 5
CBD Technical Series No. 57

A Framework for assessing the
vulnerability of wetlands to
climate change

Habiba Gitay, C. Max Finlayson, and
Nick Davidson







Ramsar Technical Report No. 5
CBD Technical Series No. 57

A Framework for assessing the
vulnerability of wetlands to
climate change

Habiba Gitay', C. Max Finlayson® & Nick Davidson®

1
Senior Environmental Specialist, The World Bank, Washington DC, USA

2
Professor for Ecology and Biodiversity, Institute for Land, Water and Society, Charles
Sturt University, Albury, Australia

3 .
Deputy Secretary General, Ramsar Convention Secretariat, Gland, Switzerland

Ramsar Convention Secretariat
Gland, Switzerland

June 2011



Ramsar Technical Reports

Published jointly by the Secretariat of the Convention on Wetlands (Ramsar, Iran, 1971) and the
Secretariat of the Convention on Biological Diversity.

© Ramsar Convention Secretariat 2011; © Secretariat of the Convention on Biological Diversity 2011.

This report should be cited as: Gitay, H., Finlayson, C.M. & Davidson, N.C. 2011. A Framework for assessing the
vulnerability of wetlands to climate change. Ramsar Technical Report No. 5/CBD Technical Series No. 57. Ramsar
Convention Secretariat, Gland, Switzerland & Secretariat of the Convention on Biological Diversity, Montreal,
Canada. ISBN 92-9225-361-1 (print); 92-9225-362-X (web).

Series editors: Heather MacKay (Chair of Ramsar Scientific & Technical Review Panel), Max Finlayson (former
Chair of Ramsar Scientific & Technical Review Panel), and Nick Davidson (Deputy Secretary General, Ramsar
Convention Secretariat).

Design & layout: Dwight Peck (Ramsar Convention Secretariat). Cover photo: Laguna Brava Ramsar Site,
Argentina (Horacio de la Fuente)

Ramsar Technical Reports are designed to publish, chiefly through electronic media, technical notes, reviews
and reports on wetland ecology, conservation, wise use and management, as an information support service to
Contracting Parties and the wider wetland community in support of implementation of the Ramsar Convention.

In particular, the series includes the technical background reviews and reports prepared by the Convention’s
Scientific and Technical Review Panel (STRP) at the request of Contracting Parties, which would previously
have been made available in most instances only as “Information Papers” for a Conference of the Parties (COP),
in order to ensure increased and longer-term accessibility of such documents. Other reports not originating
from COP requests to the STRP, but which are considered by the STRP to provide information relevant to sup-
porting implementation of the Convention, may be proposed for inclusion in the series. All Ramsar Technical
Reports are peer-reviewed by the members and observers appointed to the STRP and independent experts.

Ramsar Technical Reports are published in English in electronic (PDF) format. When resources permit, they are
also published in French and Spanish, the other official languages of the Ramsar Convention.

The views and designations expressed in this publication are those of its authors and do not represent an
officially-adopted view of the Ramsar Convention or its Secretariat or of the Convention on Biological Diversity
or its Secretariat.

Reproduction of material from this publication for educational and other non-commercial purposes is author-
ized without prior permission from the Ramsar and CBD Secretariats, providing full acknowledgement is given.

For further information please contact:

Ramsar Convention Secretariat Secretariat of the Convention on Biological Diversity
Rue Mauverney 28 413, Saint Jacques Street, suite 800

CH-1196 Gland Montreal, Quebec, Canada H2Y 1N9

Switzerland Tel: +1 (514) 288-2220

Fax: +41 (22) 999 0169 Fax: +1 (514) 288-6588

E-mail: ramsar@ramsar.org E-mail: secretariat@biodiv.org

Web: www.ramsar.org Web: www.biodiv.org



Assessing vulnerability of wetlands

Ramsar Technical Report No. 5
CBD Technical Series No. 57

A Framework for assessing the vulnerability of
wetlands to climate change

Habiba Gitay, C. Max Finlayson, & Nick Davidson

Contents
Foreword iv
Acknowledgements iv
Executive summary vi
1. Introduction 1
2. Vulnerability and assessment 1
2.1 A definition of vulnerability 3
2.2 Vulnerability assessment and risk assessment 3
3. Overview of methods and approaches for vulnerability assessment 4
3.1 Different available approaches to assessing vulnerability 4
3.2 Frameworks incorporating risks of climate change into development planning 8
and projects
4. A framework for wetland vulnerability assessment 9
5. Challenges and information gaps 13
6. References 14



Ramsar Technical Reports

Foreword

Over the past four decades the Ramsar Convention on Wetlands has sought advice and adopted guidance on
a suite of approaches and methods for wetland inventory, assessment and monitoring (see Ramsar Wise Use
Handbook 13, 4th edition, 2010). As part of this guidance, the need to apply methods for assessing the vulner-
ability of wetlands, particularly in relation to the implications of global climate change, has become a focus of
increasing attention. This report, providing a framework and methods for wetland vulnerability assessment, has
been prepared in response to a request from the Ramsar Convention’s Contracting Parties to the Convention’s
Scientific & Technical Review Panel (STRP) in Action 1.2.4 of the Ramsar Strategic Plan 2003-2008.

The work was initiated through a specific task in the STRP’s 2003-2005 Work Plan, for the Panel’s Expert Working
Group 1 on wetland inventory and assessment, to “Develop methodologies for vulnerability assessment of
wetlands to change in ecological character (including to impacts of climate change, alien species invasion and
agricultural practices)”. The guidance on vulnerability assessment forms part of a body of materials to support
the Convention’s Integrated Framework for wetland inventory, assessment and monitoring, which was adopted by
the 9th meeting of the Conference of the Contracting Parties (in Resolution IX.1 Annex E, 2005, with additional
material supplied by Information Paper COP9 DOC. 24) and subsequently updated periodically, most recently
by the incorporation of the outcomes of COP10 in 2008 (Ramsar Wise Use Handbook 13).

The report draws upon, and as necessary elaborates and updates, information provided on vulnerability
assessment presented to the Convention in 2002 (in Resolution VIIL.3 and Information Paper COP8 DOC. 11,
Climate change and wetlands: impacts, adaptations and mitigation), and complements the guidance on risk assess-
ment and early warning systems adopted by the Convention in 1999 (Resolution VIL.10, Wetland Risk Assessment
Framework).

Acknowledgements

The Ramsar Secretariat and the STRP are very grateful for funding support from the Swedish International
Development Agency (SIDA) for the preparation of this report.

The authors appreciate the review comments provided on a draft version of this report by members of the
Scientific and Technical Review Panel and by Dr Rick van Dam from the Environmental Research Institute of
the Supervising Scientist (Darwin, Australia). We are also indebted to earlier development of the concepts of
vulnerability assessment undertaken by many contributors to the IPCC over many years, and to Ian Noble and
the World Bank’s Climate Change Team for sharing their risk assessment tools.
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Executive summary

Wetland vulnerability refers to the relationship between exposure to a particular risk event, the impact of
that event on a wetland, and the ability of the wetland to cope with the impacts or the efforts needed to
minimize the impacts. The concepts of coping capacity or resilience and sensitivity are included as part of
vulnerability, and they are especially important in the context of changes in the ecological character of a
wetland due to climate change.

In the 1990s, methods were developed to assess the vulnerability of wetlands to climate change, especially
sea level rise and extreme climate-related events such as floods and droughts. These methods generally
identified the characteristics and present condition of the wetland, projected changes and management (or
adaptation) options, and resulted in maps of vulnerable zones or lists of wetlands vulnerable to climate
change.

Although it has been useful to develop methods that concentrate on the vulnerability of a wetland to cli-
mate change, vulnerability can also be considered in a broader concept because climate change is often an
added or cumulative pressure on many wetlands. Vulnerability assessments should therefore address the
ability of a wetland to cope with any impacts from externally driven forces.

By bringing together various methods and approaches, a general framework for wetland vulnerability
assessment has been developed and is presented in this report. The framework has the following elements:

i) establishing present status and recent trends: description of the wetland (biophysical and social),
the present and recent pressures that exist, and the present condition. Due to limited data for many
wetlands, local/expert knowledge is used where available to complement that collected through
contemporary scientific means;

ii)  determining the wetland’s sensitivity and adaptive capacity to multiple pressures: description of
the pressures on the wetland and the development of plausible future changes in order to assess the
sensitivity and adaptive capacity of the wetland to multiple pressures;

iii)  developing responses: determining the likely impacts of these changes on the wetland and the
desired outcomes for it, as well as the responses that must be developed and implemented given its
sensitivity and resilience; and

iv) monitoring and adaptive management: determining the necessary steps to ensure the path to the
desired outcomes.

The vulnerability assessment framework has much in common with the risk assessment and risk manage-
ment methods that have been developed in the last decade. It is recommended that such assessments will
be conducted within an adaptive management planning process that outlines the overall management
goals or targets for the wetland.

Given the degraded status of many wetlands around the world, the approach presented here emphasizes
the need for developing and implementing responses that will help reduce the wetland’s vulnerability. It
also incorporates the wise use concept and builds on Ramsar’s risk assessment framework.

There still remain many challenges with wetland vulnerability assessment that will have to be addressed
in order to provide the level of information required for management purposes. These include:

i) the lack of spatial and temporal data, at appropriate scales, as a time series to determine the present
condition and trends in the condition of a wetland, its natural dynamics, the sensitivity to past and
present pressures, and potential thresholds, inertia or lag effects. These are all important when con-
sidering changes in the ecological character of a wetland;

ii)  an understanding of the complexity of the multiple, interactive pressures that often affect wetlands
(e.g., land use and land cover change, pollution, climate change, etc.);

iii)  the need for developing appropriate metrics that can be used to measure the vulnerability of a wet-
land to multiple pressures; and
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iv)  the limited data and understanding of the sensitivity and adaptive capacity of wetlands

In many instances the assessment may be based on qualitative or subjective information. In this respect
the assessment process should be seen as an iterative rather than a definitive process.
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A Framework for assessing the vulnerability of wetlands to climate change

1. Introduction

he Ramsar Convention on Wetlands has paid

considerable attention to the importance of wet-
land inventory, assessment and monitoring as tools
for the conservation and wise use of wetlands, as
well as to their value, through management plan-
ning processes, in maintaining and enhancing the
ecological character of Ramsar Sites and other wet-
lands. This has led to the adoption of a substantial
number of guidelines and other technical guidance
by the Conference of the Parties to the Convention,
materials which have been designed to assist
Contracting Parties and others in implementing these
key Convention processes. Guidance provided by
the Convention has been compiled into the Ramsar
Wise Use Handbooks (4" edition, 2010; www.ramsar.
org/handbooks4), which are regularly updated and
provide a substantial technical resource for wetland
managers and decision makers. In the present report,
in response to the Convention’s Strategic Plan, guid-
ance has been prepared for assessing the vulnerabil-
ity of wetlands to climate change.

“Vulnerability” as a term has been used in various
disciplines, for example in social sciences when refer-
ring to poverty, in human health when referring to
disease outbreaks, and in environmental sciences
when referring to climate change (Alwang et al. 2001;
Brooks 2003; Harvey and Woodroffe 2008; Romieu
et al. 2010). In this report, “vulnerability assess-
ment” refers to the relationship between a particular
climate-related event’s impact on a wetland, the risk
associated with that impact, and the efforts to man-
age that risk. Various frameworks that incorporate
vulnerability to climate change have been devised
over the past 15 years; amongst the first developed
was one for coastal zones by the Intergovernmental
Panel on Climate Change, IPCC (IPCC CZMS 1990),
which still forms the basis of many other vulner-
ability assessment frameworks (see Downing and
Doherty 2004).

The disaster risk reduction and climate change com-
munities have independently developed concepts of
vulnerability assessment with a focus on a physical,
natural science-based approach that was later wid-
ened to incorporate human-related social-science
approaches (Renaud and Perez 2010; Romieu et al.
2010). The source of divergence was connected with
the initial purpose of the assessment, with the former
focused on reducing the risk of disasters and the lat-
ter on climate change adaptation pathways.

This report presents a framework for determining
the biophysical vulnerability of wetlands to climate
change (sensu Brooks 2003). We include, but do not
specifically elaborate on, the associated concept of
social vulnerability, which is often used to describe
the set of socio-economic factors that determine peo-
ple’s ability to cope with stress or change (see discus-
sion in Brooks 2003). The concepts and specific infor-
mation required for determining the vulnerability of
a wetland to climate change (and other pressures) are
presented in a framework that can be used for quan-
titative and qualitative assessments for which the
user needs to determine the extent of specific infor-
mation required for different biophysical and social
situations.

2. Vulnerability and assessment

he term “assessment”, as with “vulnerability”,

is used in various ways. In 2002 the Ramsar
Convention adopted a definition of “assessment”
(Resolution VIIL7; Finlayson et al. 1999) whereby
wetland assessment is the identification of the status
of, and threats to, wetlands as a basis for the collec-
tion of more specific information through monitoring
activities. This places assessment within the context
of the related concepts of inventory and monitoring
as outlined in the Convention’s Integrated Framework
for Wetland Inventory, Assessment and Monitoring
(IF-WIAM) adopted in 2005 (Resolution IX.1 Annex
E; Finlayson et al. 2005; Davidson & Finlayson 2007).
The IF-WIAM contains a suite of technical meth-
ods or tools, including a range of tools for assessing
the condition of wetlands, namely, risk assessment,
environmental impact assessment, strategic environ-
mental assessment, and rapid biological assessment
(Figure 1). In developing the IF-WIAM it was antici-
pated that other tools would be added progressively,
and that many of the existing tools would be adjusted
to better suit specific or local needs. This vulnerabil-
ity assessment framework is one such additional tool.

As shown in Figure 1, this framework for vulnerabil-
ity assessment forms a component of the IF-WIAM
within the Convention’s focus on the wise use of
wetlands and maintenance of their ecological char-
acter. Wise use of wetlands was defined at the 9t
meeting of the Conference of the Parties (Resolution
IX.1 Annex A, 2005) as “the maintenance of their eco-
logical character, achieved through the implementa-
tion of ecosystem approaches, within the context of
sustainable development.” At the same time, ecologi-
cal character was defined as “the combination of the
ecosystem components, processes and benefits/serv-
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Figure 1: Integrated framework for wetland inventory, assessment and monitoring (from Ramsar
COP9 Resolution IX.1 Annex E)

ices that characterise the wetland at a given point in
time.” Since maintaining the ecological character of
a wetland involves maintaining the ecosystem serv-
ices it provides, it is necessary to include a social
component to ensure that the benefits to people are
identified and, where required, quantified and val-
ued using appropriate economic tools (see de Groot
et al. 2006).

There are many approaches to vulnerability assess-
ment (Winter 2000; Brooks 2003; Harvey and
Woodroffe 2008; Nichols et al. 2008; Acreman et al.
2009). Here, vulnerability assessment is presented as
an approach that can provide information and guid-
ance for maintaining the ecological character of wet-
lands which are subject to adverse change as a con-
sequence of climate change (including sea level rise),
whilst recognising that climate change will interact
with the many other anthropocentric pressures on
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wetlands: for example, see Finlayson et al. (2006) for
a discussion about climate change and other pres-
sures on wetlands and waterbirds and Nicholls et al.
(2008) for a discussion about sea level rise and coastal
vulnerability.

2.1 A definition of vulnerability

here is no single widely-accepted definition

of “vulnerability” — in fact, there is an array of
terms that may be used very differently by differ-
ent authors (Brooks 2003; Nichols et al. 2008). In this
report we use the terms proposed by Brooks (2003)
and refer to biophysical vulnerability as the vulner-
ability of a wetland to a specified hazard or range of
hazards, where the term “hazard” refers specifically
to the physical manifestations of climate change (for
example, droughts, floods, storms, heavy rainfall,
long-term changes in the mean values of climatic var-
iables, etc.). Biophysical vulnerability is concerned
with the ultimate impacts of a hazard (for example,
a climate event) and is often viewed in terms of the
amount of damage that occurs. One of the determi-
nants of biophysical vulnerability is social vulner-
ability that is determined by factors such as poverty,
inequality, and marginalisation (see Brooks 2003).

The work of the IPCC (IPCC 2001) and the review by
Alwang et al. (2001) is used as a basis to propose a
definition for vulnerability and to outline the charac-
teristics that need to be considered in wetland vulner-
ability assessment. Taking a climate change impact
perspective, the IPCC (2001) described biophysical
vulnerability as a function of particular climatic vari-
ables and considered the vulnerability of any system
to have two major components: i) the sensitivity of
the system and ii) its adaptive capacity or resilience.
Generalizing from the IPCC, these terms are defined
for wetlands as follows:

Sensitivity is the degree to which a wetland is
affected, either adversely or beneficially, by cli-
mate-related stimuli, including the following ele-
ments of climate change: mean climate character-
istics, climate variability, and the frequency and
magnitude of extremes.

Adaptive capacity is the ability of a wetland to
adjust to climate change, to take advantage of
opportunities, or to cope with or moderate the
consequences.

Wetlands, like many other ecosystems, are also
affected by many pressures due to human activity. So
generalizing from the IPCC definition:

Vulnerability is the degree to which a wetland
is sensitive to and unable to adapt to or moder-

ate the consequences of climate change and other
(anthropocentric) pressures on its ecological
character.

Vulnerability is determined at specific spatial and
temporal scales and is a dynamic property that
changes depending on the local conditions, such as
the size of the wetland and the stability and diver-
sity of the vegetation, as well as the adaptive capac-
ity of relevant communities and institutions. A wet-
land may also be vulnerable at a particular time (e.g.,
when exposed to extreme climatic events) but not be
vulnerable at other times. Thus the present condition
of a wetland may not be a good indicator of its vul-
nerability over the long term.

2.2 Vulnerability assessment and risk
assessment

Vulnerability assessment is presented as an
approach that can provide information and
guidance for maintaining the ecological character of
wetlands subject to adverse change as a consequence
of climate change (including sea level rise). As vul-
nerability is very dependent on context and scale, it is
necessary to describe clearly its derivation and mean-
ing and to address the uncertainties inherent in any
assessments.

Biophysical vulnerability is closely associated with
risk assessment and risk management (Alwang et al.
2001). (Note: the IPCC describes biophysical vulner-
ability as a function of particular climatic variables).
Risk assessment is based on determining the extent of
a particular hazard and its potential effect or impact
on the system and may be expressed qualitatively or
quantitatively as a probability (Burgman 2004); risk
is generally described in terms of the probability of
the extent and effect of a hazard impacting on a sys-
tem. Thus, the determinants of both biophysical vul-
nerability and risk are essentially the same — hazard
and social vulnerability.

The Ramsar Convention has developed a conceptual
framework for wetland risk assessment, including
guidance on predicting and assessing change in the
ecological character of wetlands and the usefulness
of early warning systems (Resolution VII.10; Ramsar
Wise Use Handbook 18, 4™ edition, 2010). It embodies
a series of steps, which can be iterative and include
(see also Figure 2):

e Problem formulation: Identification of the problem
(includes site specific information and the multi-
ple pressures that exist at the site)
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e Issue or hazard identification: Identification of the
hazard or risk and the extent of the problem

e Risk assessment: Analysis of the probability of
the risk event and the likely impact of the event
(at this stage, alternative scenarios can also be
incorporated)

®  Developing risk management or risk minimisation
options: These vary depending on the risk; there
may also be a prioritisation of the options, espe-
cially if multiple wetlands with different ecologi-
cal character are affected and/or different drivers
of change are included

e Monitoring and adaptive management: use of early
warning systems, rapid assessment indica-
tors, and/or GIS-based approaches for detecting
changes and the effect of the risk management
options. Depending on the results from the moni-
toring studies, adaptive management actions
would be taken to modify any of the above steps.

The inclusion of alternative scenarios in the risk
assessment framework (Figure 2) recognises that
decision makers may require information on more
than one management option. In this manner the
iterative nature of the process is emphasised and
strengthened. The importance of feedback loops in
the risk assessment and management processes can-
not be over-emphasised. Scenarios are increasingly
being used in the assessment of complex biophysical
and social issues, including climate change, biodi-
versity, agriculture, and energy (Peterson et al. 2003;
Gordon et al. 2010). Together with site specific/local

\4
\/

Monitoring

% <

v

Risk assessment &

ranking - Fm_'the_r
Effects/hazard assessment investigations
- Likelihood assessment

Decision proces ses

level information, contrasting plausible futures/sto-
rylines/narratives have been used to articulate inter-
actions in complex systems and outcomes and also
help with learning and preparing for change.

3. Overview of methods and
approaches for vulnerability
assessment

3.1 Different available approaches to
assessing vulnerability

Given the wide but varied use of the term “vul-
nerability” (Brooks 2003; Nichols et al. 2008), we
look at different approaches to assessing vulnerabil-
ity and risk in different disciplines and the interpre-
tation of three common concepts: risk, response and
outcomes (Table 1). Some disciplines have treated
risk implicitly whilst others have done so explicitly.
For example, food security and disaster risk man-
agement have considered the risk from individual
extreme climatic events explicitly. Vulnerability
assessment within the climate change context, how-
ever, has to incorporate the slow changes in climate
as well as the risk from extreme climatic events.
Importantly, the additional and critical step in vul-
nerability assessment for wetlands is not to just con-
sider the risk from climate change, but also to factor
in the multiple other pressures (drivers of change) on
them when developing management responses (see,
e.g., Bayliss et al. 1997; IPCC 2002; Finlayson and
D’Cruz 2005). An example of an approach for vulner-

5 Problem formulation

Issue/Hazard
Assessment

Altemative
scenarios

Risk managem ent

Figure 2: Making risk management decisions
(derived from van Dam et al. 1999)
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Table 1: Examples of different approaches to vulnerability and risk from different disciplines and interpretation of risk,

response and outcomes

assets are affected

Approaches Risk Response Outcome
Sociology & Implicit; usually focus on | Often a key focus of this lit- Main focus: outcomes other than
anthropology single source of risk erature: how social and other | “income” poverty

Poverty alleviation

Implicit

Response clearly determines
outcome but specific response
mechanisms are rarely
identified

Main focus: probability of being poor;
transitions in and out of poverty

Asset-based

Mostly implicit; some-

Main focus: but often does not

Not often explicit; sometimes use vari-

related to exposure to
risky events

response. Key focus of this lit-
erature is household response
mechanisms

approaches times includes value of describe specific mechanisms | ability in outcomes as motivation
assets at risk

Sustainable Sometimes explicit; Mostly explicit: concept Literature recognizes that vulnerabil-

livelihoods concept of sensitivity is | of resilience is related to ity is an ongoing and forward-looking

process

Food security

Sometimes explicit,

e.g., poor rainfall, price
changes. Focus on single
source of risk

Sometimes explicit

Main focus: probability of not meeting
food needs; consequences of inad-
equate food intake

Environmental Usually explicit; identifies | Implicit; species and eco- Explicit focus: species survival,
management risks and thresholds systems can respond, but decreased habitat loss, etc. Tends to be
mechanism of response is not |long term and forward looking (e.g.,
made explicit. Can incorporate | sustainability)
autonomous adaptation or
adaptive capacity
Disaster Explicit; focus on single | Sometimes explicit, not well Explicit, but not always well
management source risk (ex poste) delineated delineated

Climate change

Explicit

Explicit — adaptation

Decreased effects of adverse impacts,

improved coping capacity and resil-
iency of both ecosystems and human
societies

Modified from Alwang et al. (2001)

ability assessment in complex wetland management
situations is shown in Box 1.

Downing and Doherty (2004), drawing together
many approaches used for climate vulnerability and
adaptation, have suggested a vulnerability assess-
ment framework in which the steps and methods can
be modified to include ecosystems such as wetlands
and maintenance of their ecological character. They
emphasise that the approach should be seen as an
iterative process, and although they do not explicitly
incorporate monitoring and adaptive management,
this is implicitly part of the process. Their framework
is essentially a conceptual approach centred on stake-
holder engagement and empowerment to better cope
with climate variability and to develop responses for
projected changes. It can also be viewed as an aware-
ness-raising exercise. Downing and Doherty’s frame-
work and the associated methods can be summarised
as follows (see also Table 2):

e Examination of the present ecological and social sys-
tem. The methods concentrate on the knowledge
obtained from stakeholders.

Stakeholder analysis and engagement. This can
include an inventory of stakeholders, analysis
of their organisational capacity (e.g., focus, legal
structure, resources) and a mapping of stakehold-
ers that form the basis of social institutions.

Understanding current ovulnerability to multiple
stresses. This can be done using a series of matri-
ces to show the relative vulnerability of different
groups and activities to climatic hazards (e.g.,
droughts, floods, extremely high temperature
events). In this matrix, the columns can be the
present climatic threats (or opportunities) and
trends that are important for the vulnerable com-
ponents of the system (specific ecological charac-
ters). Other pressures can be added. The matrix
can be filled in with relative scores (e.g., from 1
to 5) for the degree to which each climatic hazard
affects each ecological component or livelihood.

Evaluating narratives (scenarios) of future vulnerabil-
ity. Understanding future vulnerability requires
an extension of the current vulnerability meth-
ods with some sort of scenario analysis. They can
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Box 1. WETwin vulnerability assessment case study
Inner Niger Delta, Mali

Food production within the Inner Niger Delta is strongly related to the intensity (extent and duration) of the
seasonal inundation of its floodplain (Zwarts et al. 2005, 2006; Kuper et al. 2003). However, changing river
flows (here defined as inflow) into the Inner Niger Delta, as a consequence of climate change, climate vari-
ability and upstream water and land management, is reducing the flood intensity and threatens the liveli-
hoods of approximately one million people and their livestock in the Delta.

There is little quantitative data for the area, and thus it provides a case study for methods of undertaking
vulnerability assessment in data-scarce situations. The vulnerability assessment approach applies simula-
tions and expert judgment using qualitative data to assess impacts on different aspects of the system under
different management options.

Downscaled global change scenar- ¢ Vulnerability , State after

i External Impact + Adaptive Capacity RCEaEEnER

ios were applied to the current sys-

tem condition, in which the system —
—
was exposed to different perturba-
tions. The reaction Of the System Current (@‘Pcnurbatwn State afier State after Manag?:mn:n! State afier
to a perturbation is the difference R e e oo e
between the current condition and . External Impact ) | , Adaptive Capacity )
the scenario conditions. The impact iz SEC) |
. ms 1 State Al
on the system was defined as a com- State A State A S State A2
bination of exposure and system Stane &3
1tivi ; State B1
sensitivity. za::;;n: State B State B State B2
. State B3
A range of management options o
3 3 State C1
were then .apphed t? the scenarios. S e s
The adaptive capacity of the sys- State C3

tem was determined by comparing

the system state with and without Vulnerability Assessment Process as developed under the WETwin project
application of each of the manage-

ment options. The resulting change in vulnerability was assessed from the combination of the impact of each
management option (adaptive capacity), the system’s sensitivity, and its exposure to a perturbation. The
effectiveness of each management option was assessed for each scenario by comparing the change in vulner-
ability for each scenario and management option.

Since change in inflows to the
Impact on: . g 9
Delta is the dominant driver for
Management option Season | Human health Ecosystem Water Change, three inflow-related man-
& water related functions retention & 3 .
di e agement options were assessed, in
sease puﬁfxcahon

which the inflow was optimized:

Maximise Irrigation Wet 0 - 0 P P
1) for maximised upstream irriga-

tion; 2) for maximised hydropower
energy production; and 3) for
maintaining at least a minimum
flow in the Delta.

Maximise energy
production

The impact of each of these man-
agement options was assessed for
three different aspects of the sys-

Maintain minimum flows

Vulnerability assessment for the Inner Niger Delta, Mali. tem: 1) human health and water-
Trends show the assessed qualitative impact of each management option on ~ related  diseases; 2) ecosystem
three aspects of the system for the wet season and the dry season. functions; and 3) water retention

and purification. Because there is

++ (dark green): highly positive; + (green): positive; 0 (white): neutral; - (amber): . T .
major seasonality in river flows in

negative; and — (red): highly negative.
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the Delta, there are different implications for the application of different management options between sea-
sons. Vulnerability was therefore assessed separately for the wet and dry seasons. Results are summarized
in Table 1.
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include back-casting or time-dependent projec- that specifically considered vulnerability to climate
tions; note, though, that this has limitations, as change in wetlands, using the framework for a large
the system behaviour may not remain the same in river and floodplain system in northern Australia,
the future. Stakeholders can categorise the risks the Alligator Rivers. Their steps included:

to particular components (e.g., of ecological char-

acter or their livelihood). e Delineation of affected areas: All wetlands in the

region below 4 meters in elevation separated

o Identifying and evaluating potential adaptive strate- into different types (e.g., mangroves, salt flats
gies and measures. The analysis can include finan- and freshwater floodplains, lowland monsoonal
cial, technical capacities, data requirements, time forests), but treated as interconnected habitats.
required to plan and implement the options, stake- Major rivers and creeks were identified from
holder commitment and involvement that would maps and remote imagery. The vulnerability of
be needed and over what time period, who/what these habitats to climate change was not assessed
would be losers and who/what the beneficiaries in isolation from other impacts and/or threats
and thus the potential conflicts that would need that were changing, or could change, the ecologi-
to be managed. Techniques to evaluate adapta- cal character of the wetlands.

tion options range from qualitative checklists to
full cost-benefit analysis. In most cases, some sort
of multi-criteria analysis is essential.

o Stakeholder identification: Those holding or having
access to the information (e.g., research institu-
tions, national parks, mining company) or major

e Communication and integrations. This would land holders. Local community interests, particu-
include testing potential responses and policy larly landholders adjacent to the park and repre-
options. Rule-based and multi-agent modeling sentatives of traditional Aboriginal people, were
and/or formal models of environmental stresses, also involved.

the res ses of individual actors, and social net- .
responses of Idividuat actors, ahd sociatn ® Responses developed: An integrated coastal zone

management plan, given that the wetlands
within the region are part of a broader biophysi-
cal region. Thus, responses to change, including
sea level rise, need to be addressed by policies at
the catchment and coastal zone level and not in
isolation of adjacent jurisdictions or communi-
ties. Local associations, and all spheres of gov-
ernment, should be encouraged to participate
actively in the planning, implementation and
appraisal of management activities. Management
policies that can respond to change are required
and should proactively address the major or
Bayliss et al. (1997), as part of preparing guidance for prime change scenario. Vulnerability assessment
vulnerability assessment, developed a framework

works can provide a means to test a wide range
of scenarios. Simple rule-based approaches can
be readily implemented, for instance in an expert
system or decision framework. Role playing and
policy exercises can be used to provide insight
into the dynamics and processes driving future
vulnerability, while the potential usefulness of
adaptive options can be gleaned from stake-
holder-driven exercises. For instance, a drought
crisis could be “played” for the present and then
for a future scenario, perhaps with greater eco-
nomic trade and an early warning system.
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Assessing vulnerability of wetlands

should be integrated into the management proc-
esses for the coastal wetlands.

e Information gaps identified: For the long-term
application of vulnerability assessment, more
precise information on areas likely to be impacted
is required. Delineation at a more detailed scale
would be useful, but only if complemented with
more accurate meteorological and hydrological
information, including tidal records and water
movements in the adjacent seas. Ecological infor-
mation is very site specific and thus limited in
space and time, and it generally does not include
information on ecological processes. The absence
of a time series of reference data hinders the vul-
nerability assessment. The ecological character of
the region is partially described, but data upon
which changes to this character can be identified
are, at the best, cursory. The ecological character
of the wetlands has undergone major change and
is changing further, but the extent of change has
not been widely determined.

This was amongst the early work on climate change
vulnerability assessment and identified some issues
that need to be addressed: issues of hazard and risk,
governance, strategic planning, acquisition and
custodianship of information, and further research
and monitoring. Bayliss et al. (1997) also concluded
that the human perceptions of risk covered natural,
cultural and socio-economic values. The latter are
analogous to the ideas of ecosystem services, espe-
cially regulatory and cultural services (MA 2003) and
should be incorporated in the management plans.
In addition, they recognised the need to raise pub-
lic awareness for the responses to be implemented
at multiple layers, e.g., community, regional and
national (see also Eliot et al. 1999).

Acreman et al. (2009) present a framework for evalu-
ating the eco-hydrological responses of wetlands to
climate change. It is a multi-stepped approach with
an emphasis on a regional scale that enables the
broad issues to be highlighted with a general con-
ceptual understanding of wetland processes and a
minimal amount of data. Applying the framework
yields a generic and quantitative assessment that can
be used by decision makers to recognize and evalu-
ate the risks to wetlands from climate.

This framework is based on the use of eco-hydrologi-
cal models that combine climate changes, hydrologi-
cal processes, and ecological responses to estimate
what might happen to particular types of wetlands
and their characteristic plant communities or species
in the future. The step-by-step approach is outlined
in Figure 3 and includes determining the objec-

1. Define objectives of study,
wetland types and scenarios

||

2. Define species requirements for
wetland variables

1

3. Select appropriate climate
model and variables

1

4. Develop models to convert
climate variables to wetland
variables

I

5. Run models to define relevant
wetland variables

||

6. Assess degree of likely change in
wetland species/communities
Figure 3: Framework for assessing ecohydrological
responses of wetlands to climate change
(adapted from Acreman et al. 2009)

tives and the baseline species/wetland conditions,
then developing and running appropriate climate
and eco-hydrological models to determine the likely
changes. Conceptual models are used to describe the
hydrological processes within constraints derived
from the availability of data.

Accepting the importance of climate change, the need
for it to be incorporated into development agenda,
and the limited climate change expertise, the World
Bank and other agencies have developed screening
tools to help incorporate the risks that climate change
poses to development projects and guide the users
to minimising those risks. Those tools most relevant
to assessing the vulnerability of wetlands include
ADAPT and CRiSTAL and their features are sum-
marised below. Their target users are different but
both essentially aim to help the users incorporate
climate considerations into their activities (IISD/WB/
IDS 2007), particularly at the design stage, and both
emphasise risk management. One of the other chal-
lenges of managing climate risk is the access to up-to-
date and easily usable information and knowledge.
Working with various partners, the World Bank has
developed the Climate Knowledge Portal that makes
many of these tools and much of this information
and knowledge available from one platform (http://
sdwebx.worldbank.org/climateportal/).
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3.2 Frameworks incorporating risks of cli-
mate change into development planning
and projects

ADAPT

he World Bank’s screening tool (ADAPT) is

designed to bring together climate databases and
expert assessment of the threats and opportunities
arising from climate variability and change (World
Bank 2008). Through a series of questions it identifies
the main climate characteristics of a project location
and identifies components of the project that might
be subject to climate risk, explains the nature of the
risk, and provides guidance to appropriate resources
(knowledge documents and experts to help fol-
low up on any identified risks). Essentially, the tool
mimics an initial consultation with a climate change
expert. It is intended for project team members who
have limited knowledge of climate change and is cur-
rently limited to agriculture and biodiversity-related
projects.

The assessment is qualitative in that the risks and
opportunities are coded into five categories: 1) cli-
mate change poses significant risk, 2) it poses some
risk, 3) there is not enough information to make an
assessment, 4) there is no risk from climate change,
and 5) activities would reduce climate risk. A report
generator delivers the results of the analyses and rel-
evant documents to the user, based on the activities
identified to be at risk on screen or in printed form.

This tool can form part of Environmental Impact
Assessment (EIA) if project developers take climate
change as an added risk. In addition, it would be
possible to incorporate the various other pressures
as part of the knowledge base within ADAPT if the
data are available. (More information and access to
the tool: http://go.worldbank.org/AWJKT60300.)

CRiSTAL - Community-based Risk Screening
Tool — Adaptation and Livelihoods

RiSTAL has been developed by several organisa-

tions including IISD, IUCN and SEI. It is aimed at
planners and managers of community-level projects,
and it helps the users to consider climate risk reduc-
tion and incorporate adaptation options in ecosystem
management and restoration and/or sustainable live-
lihood projects It also helps users to understand the
links between local livelihoods and climate change
and ways to minimise the risk from climate change.
It is intended to enhance local adaptative capacity
through a better understanding of:

how current climate hazards and climate change
affect a project area and local livelihoods;

e how people cope, looking specifically at the
resources needed to cope with climate stress;

e how project activities affect livelihood resources
that are vulnerable to climate stress and/or
important to local coping strategies; and

* how project activities can be adjusted so that they
enhance adaptive capacity.

CRiSTAL is available in multiple formats (e.g., Excel,
hardcopy) and multiple languages (English, French,
and others to come). Detailed project inputs and vul-
nerability data are required and the outputs include
vulnerability and livelihood profiles with sugges-
tions for project modification. More information is
available from www.iisd.org/cristaltool.

Other web-based resources to help with cli-
mate risk management

here are also additional web-based resources that

can be used to provide climate- or vegetation-
related information to help with vulnerability assess-
ment. These include:

e “Providing Regional Climates for Impacts Studies”
— PRECIS (www.metoffice.gov.uk/precis/). This
has been developed by the Hadley Centre of the
UK Meteorological Office. It provides grid-scale
(50*50km) projections for climatic, soil, hydrolog-
ical and vegetation information based on Global
Circulation Models.

e Statistical Down Scaling Model (SDSM) -
Environment Agency, UK (www.sdsm.org). The
tool provides daily, transient, climate risk infor-
mation for impact assessment over the 1961-2100
time horizon and has been primarily used for
water resource management, though it is appli-
cable to multiple sectors. After calibration of
data, the tool provides rapid assessments to assist

impacts and adaptation analysis.

e SERVIR - recognising the need for real-time
weather information, a USAID/NASA led initia-
tive provides this service for MesoAmerica and
is being expanded to cover parts of Africa (www.
servir.net/).

There are also knowledge sharing and other resources
— many of which can be accessed from the Climate
Change Knowledge Portal — that would be useful for
wetland vulnerability assessments and include:

* Adaptation Learning Mechanism (www.adapta-
tionlearning.net) is a collaborative, global learn-
ing process with leadership, facilitation and
strong participation by developing countries. It is
a platform for sharing knowledge and also acts as
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a community of practice for adaptation practition-
ers.The UK Climate Impacts Programme (UKCIP-
www.ukcip.org.uk) is aimed at UK organisations
and is helping them adapt to impacts of climate
change by providing methodologies and experi-
ences of others who have taken action.

* wikiADAPT is a collaborate wiki project aimed
at the climate adaptation community, now inte-
grated into the weADAPT Knowledge Base
(www.weadapt.org/knowledge-base/guidance/
knowledge-base).

4. A framework for wetland vulnerability
assessment

From all the methodologies and approaches, it
is clear that vulnerability assessment should be
seen as an iterative process that includes the follow-
ing steps:

e determining a probability of a risk event occur-
ring and the effect of this on the system, given its
sensitivity and adaptive capacity;

e developing possible options that could reduce
the adverse impacts from that event; and

e formulating the desired outcomes for the system
within an adaptive management framework to

Global

Regional
Local
Human Well-being & Poverty Reduction

Health security
Environmental security
Economic security
Cultural security
Equity

HB20 : International
Cooperation

HB1:Wise Use \
HB6: Wetland CEPA%
HB4: Avian Influenza >
HBS: Partnerships

Wetlands

HB15 :Wetland

Inventory

Assessment

Ecosystem Services HB16 :Impact
Provisioning (e.g.food, fresh
water, fuel, genetic resources)
Regulating (e.g.climate, water,
HB13:Inventory, natural hazard mitigation)
assessmen Cultural (e.g. spiritual, aesthetic)

monitoring
Supporting (e.g. primary
production, nutrient cycling)

HB17 : Designating
Ramsar Sites

HB7 : Participatory
Skills

I strategies and Interventions 777 No Specific Guidance

HB18 :Managing

HB9 :River Basin

ensure that the response options being imple-
mented are achieving the desired outcomes.

Given the absence of specific data, it may often be nec-
essary to make subjective judgements, particularly
when dealing with risk assessment and risk percep-
tion. Changes in the information available for these
steps would normally be expected to be addressed
through an adaptive management approach that
encouraged learning and the development of new
knowledge that would feed back into management
decisions and the assessment.

In recent years, vulnerability assessment has increas-
ingly been linked with disaster management and
adaptation to climate change. Adaptation to climate
change deals with reducing the vulnerability to cli-
mate change through specific options. Although it
is labeled as adaptation to climate change, in reality,
given the linkages, it is adaptation to the multiple
drivers of change and deals with present risks as well;
thus it is sometimes included in national sustainable
development planning. Most disaster management
studies are based upon some version of the following
relationship between vulnerability and risk and cop-
ing (Alwang et al. 2001):

Vulnerability = risk - coping

I Indirect Drivers of Change
Demographic
m? Economic (e.g.trade, subsidies, markets)

Sociopolitical (e.g. governance, institutional &
legal framework)

Science & technology

Cultural & religious (e.g.choices about what and
much to consume)

HB12:Coastal
Management

/ HB3 :Laws and

¢ Institutions

HB10 :Water Allocation

and Management
HB8 : Water-related \

Framework
HB9 :River Basin /

Management

HB2 :National
Wetlands Policies

Direct Drivers of Change

Changes in local land use and land cover
Species removals and/or invasive introductions
Eutrophication and pollution

Hydraulic infrastructure development

Water abstraction

Climate change

HB10 :Water Allocation
and Management

HB12: Coastal
Management

HB8 : Water-related
Framework

HBXX Dark background: include

into several red bars

Figure 4. A framework for the wise use of wetlands. This framework illustrates the main guidelines contained in the

Ramsar Wise Use Handbooks, vol. 1, 4" edition.
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Risk here is defined as a function of: prob-
ability; primacy (shock value based on time
elapsed since previous occurrence); pre-
dictability (degree of warning available);
prevalence (the extent and duration of haz-
ard impacts); and pressure (the intensity of
impact).

Coping is a function of: perceptions (of risk
and potential avenues of action — the ability to
cope is information contingent); possibilities
(options ranging from avoidance and insur-
ance, prevention, mitigation, coping); private
action (degree to which social capital can be
invoked); and public action.

The wetland vulnerability assessment frame-
work provided below is based on the OECD
state-pressure-impact-response model that
was the basis of the Millennium Ecosystem
Assessment (MA
2003), and draws on the sources summa-
rised above. The Millennium Ecosystem
Assessment framework has also been used to
outline the technical and policy guidance pro-

conceptual framework

vided by the Ramsar Convention for manag-
ing wetlands (MA 2005) (see Figure 4) and can
be used to support management responses to
the vulnerability assessments.

1. Risk Assessment — establish present status and recent trends by
characterising the present biophysical and social systems and the
past/present drivers of change and determine the risk of particular hazards
having an adverse impact on the ecological character of the wetland.

Excellent Good Poor

2. Risk Perception — assess the sensitivity and adaptive capacity of
the wetland based on the risk of particular hazards; develop plausible
scenarios for drivers of change.

Sensitivity Low Moderate High
Adaptive
capacity High Moderate to Low

3. Risk Minimisation/Management — develop responses to minimise
the risk of large or abrupt changes in the ecological character of the
wetland; trade-offs may be needed between responses and to
overcome constraints.

Not vulnerable

- no responses and address constraints

Underpinned by adaptive management - monitoring & learning

Figure 5. Vulnerability assessment framework for wetlands

Vulnerable - develop responses

Building on the methods and approaches
already developed (as described above), the frame-
work incorporates risk assessment (including risk
perception by stakeholders) and risk management
(Figure 5). It incorporates components of the con-
cept of ecological character as a basis for developing
indicators for assessing the condition and trends as
well as for monitoring in support of the wise use of
wetlands.

The framework is derived from that outlined in sum-
mary form by Finlayson (2006) and includes the
following;:

1) Risk assessment & 2) Risk perception

Delimiting the boundaries of the social and bio-
physical system to be considered and including
spatial and temporal boundaries, such as those
associated with hydrology of the wetland;

Identifying the past and present drivers of change
and existing hazards, possibly through the use of a
state-pressure-impact-response model;

Assessing the present condition and recent trends in
the ecological character of the wetlands, includ-
ing the social/economic importance of the ecosys-
tem services that the wetlands provide;

3)

Conducting a stakeholders analysis of the people
involved in evaluating the potential responses
and those affected by the potential changes in the
system;

Determining the sensitivity and resilience includ-
ing adaptive capacity of the system and the sur-
rounding social system;

Identifying the wetlands and groups of people that are
particularly sensitive to different pressures; and

Developing scenarios and storylines with the involve-
ment of the stakeholders to the risk of possible
drivers of change and the interactions between
them that could lead to future changes.

Risk minimisation/management

Identifying the wetlands and groups of people that
would not have the ability to cope with the (often
adverse) changes, given their low present adap-
tive capacity and/or sensitivity;

Developing response options or coping strategies that
could minimise the risk of abrupt and/or large
changes in the ecological character of wetlands
(thus maintaining their ability to provide the eco-
system services that humans depend on). These
can include interventions that directly reduce
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vulnerability (or bolster biophysical resilience) as
well as those that change people’s behaviour: reg-
ulations, strategic environmental planning, infra-
structure/engineering works, rehabilitation/res-
toration, developing education material, improv-
ing community awareness, developing integrated
management plans, and taking account of local
responses to climate variability. In some case,
large adaptive capacity, high resiliency, and low
sensitivity of the system could mean that no fur-
ther management response is needed;

Conducting a trade-off analysis to choose between
potential response options given constraints such
as institutional capacity, information/data availa-
bility, and, often, financial capacity; and

The qualitative relationship between sensitivity and
adaptive capacity is presented in Figure 6 (a quan-
titative model for vulnerability assessment is not
available). The matrix is adapted from the qualita-
tive approach often used to express the extent of risk
through a formal risk assessment (Burgman 2004).
The constraints on these matrices are well known —
they depend on expert opinion and relative judge-
ments, but they do provide a means of comparing
vulnerability within and between wetlands within a
range of stated assumptions and uncertainties about
the quantitative relationships that may exist, but
which have not been otherwise determined.

Sensitivity Adaptive capacity
e Specifying the desired outcomes for the High Medium Low
wetland based on maintaining the High
ecological character and determining
measurable indicators. The manner in
which the outcomes are determined Medinm
is important and would preferably
include all stakeholders and be done in Tor
a transparent manner.

4) Monitoring and adaptive manage-
ment throughout the process. This
includes a means of measuring the path

to the desired outcomes.

One useful concept (borrowing the idea from the
poverty alleviation literature) is that of transitory
vulnerability and chronic vulnerability. For wetlands,
given their inherently dynamic nature, this concept
can bring together the time frame for responses
with the nature of the system. In terms of develop-
ing responses, it would thus be useful to consider
whether they are responses to transitory vulnerabil-
ity (which in many cases may mean that no response
is needed) or rather to a chronic vulnerability.

The vulnerability assessment framework set out here
is very much a conceptual framework, and adjust-
ments will need to be made as it is implemented
and feedback on individual steps is obtained. It can
be anticipated that practical considerations in indi-
vidual assessments will result in adjustments to the
framework. Hence the framework is provided as a
guide for assessment and does not provide a tightly
prescriptive approach — flexibility and responsive-
ness to local circumstances will be required. Whilst is
it largely derived from the Convention’s risk assess-
ment framework (see section 2.2), there is a greater
emphasis here on relating the present status and
trends in the wetland to the sensitivity and adaptive
capacity as a way of determining response options.

Figure 6. Vulnerability assessment as a function of sensitivity and

adaptive capacity

5. Challenges and information gaps

here are a number of challenges that have arisen
in various works on vulnerability assessment.
These are:

Challenges in dealing with “multiple”
vulnerabilities in a system

* As vulnerability can be applied to particular

drivers of change or hazard, any system can have
“multiple vulnerabilities”, and how these can be
combined or prioritised is an issue that needs
to be addressed. The value of the OECD state-
pressure-impact-response model could be inves-
tigated further.

As vulnerability is location-specific, for a wetland
different habitats in the system can have differ-
ent vulnerabilities and thus make it difficult to
put these together and identify and implement
responses. Scenario setting may provide a way of
establishing plausible futures and engaging with
stakeholders to identify response options.

Frequently the mismatch between ecosystem/
catchment boundaries and institutional (man-
agement) jurisdictions needs to be addressed to
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implement responses and support the adaptive
capacity of local communities.

Data, information and scenario development

* Reliable data is needed on present land use and
land cover and any changes in these values,
including data on distribution and extent of
wetlands for particular ecosystems and the sur-
rounding area (catchment or zones).

* Long-term monitoring of key biophysical param-
eters in the wetlands and their catchments and
adjacent seas is needed to provide time series
data for developing bench marks or baselines.

e Integration of data collection (inventory) for risk
assessment, risk management and monitoring is
needed, as well as identification of shortfalls in
some of these.

® There are many challenges in downscaling cli-
mate and other models.

e It can be difficult to develop scenarios that outline
likely future changes in drivers, status and condi-
tion of the system, given the lack of knowledge at
the present time.

e Cost/benefit analyses using multiple criteria
assessment approaches are needed for deciding
between different options that may provide dif-
ferent ecological and socioeconomic benefits.

Perceptions of the need to address the
vulnerability of wetlands

¢ There can be many differences among the deci-
sion makers” and society’s views of the system’s
importance and hence the need to address
vulnerability.

e There is often a perception that a system is able
to cope with slow changes (e.g., slow increases in
temperature, precipitation) and less able to deal
with abrupt changes, such as storm surges or
large-scale alterations in land use that affect the
hydrology.

e There is a need for case studies of the coping
strategies (or autonomous adaptations) for sys-
tems and human societies, taking the present cli-
mate variability as a surrogate for some changes
likely to occur in the future.

The manner in which these gaps are addressed will
greatly affect the extent and usefulness of a vulner-
ability assessment of wetlands, especially if manage-
ment responses are dependent on quantitative rather
than qualitative data, or if institutional structures are

unable to effectively undertake or implement the out-
comes of an assessment.

Successful vulnerability assessment is dependent on
many factors — data and information being some of
them, but also capacity and capability both during an
assessment and when responding and communicat-
ing the outcomes and responses. The above consid-
erations provide technical guidance for conducting
an assessment: further advice on communication,
community involvement, and managing wetlands is
available in the Ramsar Wise Use Handbooks (www.
ramsar.org/handbooks4)
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