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Foreword

Climate change is a defining challenge of our time and it is one of the most pressing threats to develop-
ment today. Scientists tell us that if immediate action is not taken to slow down and reverse the increase
of greenhouse gas emissions, changes in our climate could have catastrophic consequences for the entire
planet. Under these circumstances, the poorest and most vulnerable populations of the world would
endure the harshest impacts and suffer disproportionately from the negative effects of climatic changes.

Addressing the possible impacts of climate change is entirely compatible with pursuing development.In
fact, it is critical to achieving the Millennium Development Goals. Our experience at UNDP over the past
two decades indicates that the right mix of policies, skills, and incentives can influence behaviour and
encourage investments in climate-friendly activities. To achieve this, UNDP enhances the capacity of devel-
oping countries to formulate, finance and implement national and sub-national low-emission, climate-
resilient plans that align climate management efforts with development goals, and promote synergies
between development and climate finance.

A key planning tool to formulate low-emission, climate-resilient plans is the mapping of vulnerabilities to
climate change.This is the topic of the present UNDP publication, Mapping Climate Change Vulnerability
and Impact Scenarios: A Guidebook for Sub-National Planners, which aims to help sub-national planners
identify and map current and future vulnerability to long-term climate change.This work builds on a large
range of UNDP’s ongoing initiatives to map climate change vulnerability and support climate change
adaptation at the national and sub-national levels.

The present guidebook is part of a series of practical guidance documents and toolkits UNDP is developing
to support national and sub-national governments on their preparation of low-emission, climate-resilient
development strategies. It is UNDP’s hope that this series of publications will empower sub-national
planners to take action, and to prepare their territories to adapt, and hopefully thrive, under changing
climatic conditions.

Yannick Glemarec
Director for Environmental Finance/UNDP-GEF Executive Coordinator
UNDP/BDP/EEG
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Climate change
vulnerability refers
to the state of
susceptibility to
harm from exposure
to climate hazards,
and the ability of
the sub-national
territory (or other
unit of analysis) to
cope with,and
recover from, such
exposure as well as
manage incremental
and long-term
change in climate.

Chapter 1

The Role of Vulnerability Analysis
in the Development of Low-Emission
Climate-Resilient Strategies

“The implementation of the mitigation and adaptation policies necessary to successfully address the
climate change challenge will only be achieved, and sustained, through involvement and commitment at
all levels of decision-making. In particular, sub-national authorities (regions, provinces, states or munici-
palities) have a key role to play in actively incorporating climate change considerations in day-to-day
business and in introducing climate-friendly policies, regulations and investment decisions at their level,
as a direct outreach to the public. Adaptation to climate change is very site-dependent,and local planning
decisions will be critical to tailor almost every single adaptation action to the conditions in which it will
take place. Similarly, 50% to 80% of GHG emissions are influenced by local behavior and investment
choices.”(UNDP, 2009: 14)

1.1 Purpose of Guidebook

Climate change is a cross-cutting issue that is increasingly recognized as a necessary component of
development-oriented decision-making and is being integrated into this process by planners.In order to
support sub-national areas (“territories”) to become resilient to anticipated climate change, it is important
for the nature of vulnerability to be understood from a sub-national perspective and reflected in relevant
development strategies that are formulated at various levels (local, sub-national and national). Climate
change vulnerability refers to the state of susceptibility to harm from exposure to climate hazards, and
the ability of the sub-national territory (or other unit of analysis) to cope with, and recover from, such
exposure as well as manage incremental and long-term change in climate.The likelihood of exposure to
anticipated and/or unexpected climate-induced hazards and perturbations is thus only one part of the
equation. In addition, climate change vulnerability encompasses how much the sub-national territory
(the environment, society,and economy) will be affected - in other words, how sensitive it is to the change.
It also includes the territory’s potential to cope with, recover,and adjust to the impacts of climate change,
that is, its adaptive capacity. |dentifying vulnerability is therefore a necessary prerequisite to developing
low-emission climate-resilient plans and strategies, and to ensuring that societies are resilient in the face
of climate change. Once vulnerability has been determined, it is often useful to map this information so
that the likely location(s) of vulnerable sectors and people are identified for a range of likely possible
climate futures.This information, in turn, can be used for multiple purposes, including advocacy as well as
contributions towards investment decisions and prioritization of actions. This guidebook focuses on the
various stages required in order to identify and map vulnerability. It is a contribution to the process of
articulating a low-emission climate-resilient plan,and is one of a number of upcoming UNDP publications
that aim to assist in this goal.

Addressing climate change is challenging for reasons relating to both the uncertainty of climate science
and the uncertainty of how the environment and society will respond to the impacts of climate change
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over time. The interconnectivity of the global atmosphere and oceans, and the unknown nature of their
feedbacks and interactions under change, make it very difficult to predict the exact manifestations of
climate change from place to place in the future. At the same time, we do not yet know how the patterns
of emissions from human activity will change in the future, which means that the risks from climate change
are uncertain. There is sufficient information based on likely rates of growth and technology innovation
and adoption to make intelligent projections of how change is most likely to manifest over time.There is
scientific proof that the earth is already committed to changes in climate in the future that have been
caused by historical greenhouse gas emissions. Existing international policy instruments to reduce those
emissions (e.g., the Kyoto Protocol under the United Nations Framework Convention on Climate Change)
will have negligible effects in the foreseeable future in terms of averting impacts that are already starting
to manifest. These will only intensify over time. Climate change is expected to worsen existing vulnerabil-
ities and create new ones.The question is to what degree will such change occur,and where?

From a planning perspective, climate change alters the decision-making environment through direct
effects on many sectors: population, agriculture, water, energy, tourism, fisheries, health, and biodiversity.
Thus, rather than being addressed as an issue in isolation, it needs to be mainstreamed within all these
sectors. But the exact effects on each sector and over time will differ,and cannot be accurately predicted
at present. The challenge for planners, therefore, is to consider the range of scenarios of climate change
(from the most conservative to the extremes) in their territories, and their resultant sectoral effects. It will

Figure 1.1: Key Steps in Assessing Adaptation Options
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then be necessary to ensure that a combination of no regrets, low-cost and high-cost policies and measures
are pursued, at the appropriate time, with the goal of promoting climate-resilient societies. Such responses
must be robust to the range of likely scenarios of climate change and sectoral impacts, and also must
consider a range of potential adaptation options to meet different needs over different time-scales.Figure 1.1
shows this schematically, with the light green column reflecting the need for vulnerability analysis (based
on current climate), the brown column depicting the need to take into account various scenarios of climate
change in order to determine likely impacts (with or without assuming autonomous adaptation), and the
dark green column showing how a range of adaptation measures also needs to be considered to address
these likely impacts through planned adaptation (with and without assuming autonomous adaptation).

1.2 Target Audience/Users of the Guidebook

This guidebook was written with the intention of assisting planners working at the sub-national level. It
is assumed that the audience may have little or no prior knowledge of climate change, but needs to under-
stand how to identify and map the nature of current and future vulnerability to long-term climate change
so that appropriate policies and interventions can be designed and implemented.

It is our intention that this guidebook will be a useful reference for planners as they grapple with climate
change and the need to assess the potential vulnerability of various sectors within their sub-national
territory. It is intended to complement other technical guidance documents UNDP has developed to
support countries in developing low-emission climate-resilient development strategies such as Integrated
Territorial Climate Plans (ITCPs).The guidebook is written in non-technical language and is process-based.
It presents the various sequential stages that are required to identify hazards and perturbations, sensitivity
and adaptive capacity in a given place — which interact to make up location-specific vulnerability. Different
stages in the process are accompanied by suggestions of sources of further information on how to
implement the guidance provided, and advice on various stakeholders to consult. It is our hope that this
guidebook will serve as a support tool to guide relevant sub-national level officers through the process of
vulnerability identification and mapping.

Box 1.1: Need for Sub-National Level Vulnerability Mapping in Uruguay

In Uruguay, as in many countries, few policy-makers
and stakeholders are aware of the magnitude of
anticipated economic impacts of climate change.

As a result, the issue has not been a priority. This
trend is changing and countries are beginning to
place more importance on climate change and its
potential impacts. Availability and access to informa-
tion, however, lags behind the sense of urgency to
assess vulnerability and develop response measures.
Even existing processes, like the National Communi-
cation to the United Nations Framework Convention
on Climate Change (UNFCCQ), still do not adequately
address or estimate the anticipated economic

impacts of climate change. Discussion on how to
pursue low-carbon development within the context
of climate change is missing.

There are other opportunities in Uruguay to gather
information necessary for vulnerability mapping that
are either being missed at the local level or not fully
being utilized. These include important linkages to
disaster risk response and management initiatives
led by Sistema Nacional de Emergencias. If created,
these could be used as a basis for establishing early
warning systems, assessing vulnerability, and
building capacity.

Climate-resilient society

A society that has taken the
following measures to adapt
and respond to climate
change:

P Assess vulnerability to
climate change

P Assess greenhouse
gas emissions

» Identify opportunities
in relation to climate
investment and low-
carbon energy options

» Define priority mitigation
and adaptation measures
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Table 1.1: Impacts of Climate Change in Economic Terms

Estimates of the Impacts of Climate Change Source

(in economic terms)

Estimates suggest climate impacts equal to 2% of | Pearce, 1996
Gross Domestic Product (GDP) this century.

Estimates range from nearly zero impact to almost | Downing et al., 1996a, b
40% of world GDP. Modern estimates take into
account adaptation, benefits of warming, and
shrinking of climate sensitive economic sectors.

Estimates suggest values closer to 0.2% to 0.5% of | Tol, 2002 and Mendelssohn and Williams,

GDP this century. 2004

Estimates show 5% losses in global GDP every year | Stern, 2006

until 2200.

Estimates indicate that over the next 25-50 years Kurukulasuriya and Mendelssohn, 2008

market impacts in Africa on the agriculture sector
will be on the order of losses of $22 billion per year
(by 2020) and $47 billion (by 2100) under scenarios
of more than 3°C warming.

1.3 Impacts of Climate Change

Climate change is expected to negate decades of progress and undermine the hard-won development
gains made in many regions of the world. According to the latest Intergovernmental Panel on Climate
Change (IPCQ) findings, the world is already facing an inevitable increase in average temperatures by 0.5°C
to 1°C until approximately 2035, after which positive change will accelerate and approach a 2°C increase
(relative to 1990 levels) by 2050. Natural variability, namely that which occurs regardless of human activity,
may act to dampen or amplify these projected changes.The consequent biophysical and socio-economic
changes that are expected are varied and are, in part, contingent on the type, frequency, intensity, duration
and distribution of climate-induced hazards that can be expected even under relatively modest scenarios
of climate change. According to the recent Stern Review (Stern, 2006), a warming of 2°C is likely to result
in the extinction of 15-40% of all species, a 3°C or 4°C change in temperature will result in millions of people
being displaced due to flooding, while a warming of 4°C or more is likely to seriously affect global food
production. Table 1.2 and Figure 1.2 outline examples of major projected impacts by sector. However,
although national level impacts of climate change have been projected, there is much less consideration
of the local level (Box 1.1).

There have been numerous efforts to quantify the impacts of climate change in economic terms. Table 1.1
above provides an overview of some of these efforts.
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Table 1.2: Summary of Projected Major Impacts by Sector due to Changes in Climate
and Extreme Weather Events over the 21st Century (not taking into account adaptive capacity)

Phenomenon and
Direction of Trend

Over most land
areas, warmer
and fewer cold
days and nights,

Likelihood of Future
Trends based on
Projections for 21+
Century using Special

Report on Emissions
Scenarios (SRES)
Scenarios

Virtually certain

Examples of Major Projected Phenomenon Impacts by Sector

Agriculture,
Forestry and
Ecosystems

Increased yields
in colder
environments;
decreased yields

Water
Resources

Effects on water re-
sources relying on
snowmelt; effects on
some water supplies

Human
Health

Reduced human
mortality from
decreased cold
hazards

Industry,
Settlement
and Society

Reduced energy
demand for heating;
increased demand for
cooling; declining air

extreme high sea
level (excludes
tsunamis)

estuaries and
freshwater systems

saltwater intrusion

by drowning in
floods; migration-
related health effects

warmer and in warmer quality in cities;
more frequent environments; reduced disruption to
hot days and increased insect transport due to
nights outbreaks snow, ice; effects
on winter tourism
Warm spells/heat Very likely Reduced yields Increased water Increased risk Reduction in quality
waves; frequency in warmer regions demand; water of heat-related of life for people in
increases over due to heat quality problems, mortality, warm areas without
most land areas stress; increased e.g. algal blooms especially for appropriate
danger of wildfire the elderly, housing; impacts
chronically sick, on the elderly, very
very young and young and poor
socially isolated
Heavy Very likely Damage to crops; soil | Adverse effects on Increased risk Disruption of
precipitation erosion; inability to quality of surface and | of deaths, injuries settlements,
events; frequency cultivate land due to | groundwater; and infectious, commerce, transport
increases over water logging of soils | contamination of respiratory and and societies due to
most areas water supply; skin diseases flooding; pressures
water scarcity on urban and rural
may be relieved infrastructures;
loss of property
Area affected Likely Land degradation; More Increased risk Water shortage
by drought lower yields/crop widespread of food and water for settlements,
increases damage and failure; water stress shortage; increased industry and
increased livestock risk of malnutrition; societies; reduced
deaths; increased risk increased risk of hydropower
of wildfire water-and food- generation
borne diseases potentials; potential
for population
migration
Intense tropical Likely Damage to crops; Power outages Increased risk of Disruption by flood
cyclone activity wind throw causing disruption of | deaths, injuries, and high winds;
increases (uprooting) of trees; public water supply water- and food- withdrawal of risk
damage to coral reefs borne diseases; coverage in vulner-
post-traumatic able areas by private
stress disorders insurers, potential for
population migra-
tions, loss of property
Increased Likely Salinization of Decreased freshwater | Increased risk Costs of coastal
incidence of irrigation water, availability due to of deaths and injuries | protection versus

costs of land-use
relocation; potential
for movement of
populations and
infrastructure
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Figure 1.2: Potential Impacts Depending on the Degree of Climate Change

Food

Water

Ecosystems

to

Extreme Weather

RisILof Abrupt and
Mayj

Source: Stern, 2006

r Irreversible Changes

Global temperature change (relative to pre-industrial)

2°C 3°C 4°C
I

Falling crop yields in many areas

Possible rising yields in
lattitude regions

Rising number of speci

sing ntensity ofstoms orest e, choughts, oadingand eataves A

Increasing risk of dangel
shifts in the climate syst

1.4 UNDP’s Territorial Approach to Climate Change

This guidebook is part of the UNDP-led initiative: “Down to Earth:Territorial Approach to Climate Change”
(Figure 1.3).The objective of this new environmental finance service platform is to assist regional and local
governments in developing countries in:

» Developing integrated climate change strategies and action plans to assess development options that
are robust to a range of future long-term climate change conditions.

» Strengthening capacity for sub-national authorities to integrate climate change into area-based
(sub-national) planning and programming.

» ldentifying no regrets/negative costs/low cost adaptation and mitigation measures that promote long
term sustainability and complement ongoing poverty reduction efforts.

» Enhancing the capacity of regional and local governments to identify and enact appropriate regulatory
measures, to take advantage of new sources of environmental finance and to implement these no
regrets/negative cost/low cost initiatives.
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Figure 1.3: UNDP’s Territorial Approach to Climate Change
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Source: UNDP

Estimates of the impacts of climate change, such as those provided in Table 1.1, are the result of a range of
complex types of vulnerability assessments. Such types of assessments involve an integrated consideration
of climate change scenarios, projections of anticipated biophysical changes in part driven by climate change
itself,in part driven by other anticipated and non-anticipated factors (e.g., land use change due to management
practices), projected socio-economic changes,and a host of other factors. The assessments also typically include
the application of cutting-edge techniques in the economic valuation of market and non-market impacts.

While readers should be aware of the various levels of uncertainty that are associated with such types of
results, including uncertainty in the science, statistical concerns, limitations in modeling frameworks and
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approaches, these estimates provide useful insights into the magnitude and scale of the underlying climate
change problem. They are helpful reference points for addressing the competing impacts and issues with
which most countries grapple on a frequent basis. The estimates are a necessary step for defining and
setting up appropriate enabling environments, consisting of robust policies and appropriately capacitated
institutions to promote low-emission climate-resilient development. These can then work to reduce the
costs (or maximize opportunities) associated with a changing and uncertain climate future and protect
vulnerable groups from new climate change driven pressures.

In this context, this publication is part of a series of toolkits that will support sub-national authorities
(regions and cities) in developing countries to build internal capacity to design and implement climate
change strategies and investment plans. This specific guidebook provides advice on preparing and
mapping vulnerability assessments of climate change impacts at a sub-national level. As demonstrated
by Figure 1.3, this is one of a number of key components that at a minimum need to be completed in order
for arobust low-emission climate-resilient strategy to be developed. In addition to assessing vulnerability,
other components include: raising awareness about climate change; assessing greenhouse gas emissions;
identifying opportunities in relation to climate investments and low-carbon energy options; and defining
priority mitigation and adaptation measures.

1.5 Structure

The guidebook is structured in four parts and five chapters. Part |, containing this introduction, provides
an overview of the guidebook, including its purpose and intended audience. It sets the context and
introduces institutional mapping, discusses planning perspectives and timeframes and elaborates on the
need for stakeholder involvement and participatory mechanisms to make the process more robust. It also
introduces the concept of vulnerability: what it encompasses, what the driving forces are, and how to
measure it, including the types and sources of data that are required. It introduces vulnerability as a
function of exposure to climate hazards and perturbations, sensitivity to those hazards and perturbations,
and the adaptive capacity of society.

Part Il forms the main focus of the guidebook. Chapter 4 provides step-by-step advice on the procedures
to follow in order to assess each of the components that make up vulnerability. It also provides guidance
on how to integrate and map the results. Step 1 looks at determining and projecting hazards and sensi-
tivity to climate change, by evaluating meteorological data and both climate and socio-economic model
outputs, taking into account various scenarios. Step 2 elaborates on how to assess and project adaptive
capacity, suggesting a more qualitative approach that relies on expert input. Step 3 then focuses on how
to integrate the results of Steps 1 and 2, leading to the production of alternative maps of vulnerability to
climate change (based on present conditions and various scenarios of future projected changes) for use
in sub-national planning.

Since identifying and mapping vulnerability is just one part of the larger process of developing climate-
resilient sub-national territories, Part Il also suggests some of the applications of these outputs and next steps,
and provides linkages between this guidebook and other toolkits for sub-national planners developed within
UNDP’s Territorial Approach to Climate Change. Step 4 shows how vulnerability maps are necessary prereg-
uisites for the more normative and politicized subsequent decision-making processes that are required to
prioritize vulnerabilities within the sub-national territory and identify appropriate adaptation responses.

Part Ill, Chapter 5, summarizes the guidebook, and Part IV serves as a resource section with a glossary of
terms and list of relevant websites.
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Chapter 2
Institutional Mapping

2.1 Introduction

As discussed in Chapter 1, planning for climate-resilient societies is not a singular event, meaning it is not
the preserve of any one institution or sector nor is it a one-time or infrequent analytical exercise. Given
the nature of climate change and our rapidly evolving understanding of how to better analyze its impli-
cations on key sectors,a more organic and dynamic approach is necessary.Planning must be fluid in nature,
as both our understanding of vulnerabilities to the impacts of climate change becomes clearer, and as
tools and methodologies are designed for dealing with the inherent uncertainties associated with the
planning process and climate change itself. Although the primary target audience of the guidebook is
sub-national planners, it is important to note that:

» The process of mapping vulnerabilities does not necessarily have to be carried out at the sub-national
level,in order to generate valuable information to assist decision-making at the sub-national level;

» There may be institutional and legal frameworks in place that disempower planners to carry out
planning related to climate change at the sub-national level;and

» In circumstances where sub-national planners are able to carry out the mapping exercise, they will
need to work in close collaboration with a multitude of stakeholders to generate the vulnerability
maps and make use of these maps to effect planned changes. Stakeholders include local scientists and
researchers, private sector technical staff, international organization technical staff,and relevant sectoral
departments in local authorities. For an example in Uruguay, see Box 2.3.

Another important factor to consider, which is generic to any planning process related to addressing
climate change decisively, is the disparity that exists between the political time frame within which policy
decision making takes place, and the time frame over which the impacts of climate change manifest. In
addition, one must factor in the different time frames that are associated with various planned actions to
adapt to climate change (or to embark on a low-carbon development path) such as changing human
behavior (in terms of both Human & Social Capital), building infrastructure (Built & Technological Capital),
or investments to enhance the ecosystem functions and services (Natural Capital) (see Figure 2.3).

These institutional factors are discussed in more detail in the remainder of this chapter so that the sub-
national planners are better able to map out the relevant framework within which they are operating.In
this way, the planners may be better equipped to either address the additional uncertainties generated
by the institutional set up or to capitalize on the opportunities that it offers to tackle developmental issues
related to climate change at the sub-national level.
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2.2 Planning Structures and Procedures

Sub-national planners operate in a context dependent on the institutional structures that determine how
planning for adaptation to climate change can take place at the sub-national level. As shown in Figure 2.1,
there are several issues to consider.

Planning must be Figure 2.1 helps to identify certain potential barriers that need to be addressed and/or to identify the levers
fluid in nature, as our  to pull to effect positive change. Since institutional structures and planning procedures differ from country
understanding of  to country (and sometimes even between regions within a country), it is left to the sub-national planners
to identify the constraints and opportunities offered by the system in which they are operating. The

vulnerabilities to the

. . following should serve as guidelines only:
impacts of climate

change becomes  p  sub-national planners operate at the level of local authorities (municipality, district, county, province)
clearer,and as tools that form an important link between the central authority (ministry,departments and the like) and the

and methodologies are communities that are impacted by climate change.In this configuration, the sub-national planners will
have to gauge the extent to which they can act autonomously, as well as collectively, on issues related

designed for dealing

. . to adaptation to climate change (see Figure 2.1).
with the inherent

uncertainties associ- » Typically (although not always), local authorities in developing countries act under the aegis of the

Ministry of Local Government (or similar entity) which is responsible for policy formulation regarding

ated with the plannin
P 9 development issues at the sub-national level. This would depend on the level of centralization/decen-

process and climate tralization prevailing in the country.Hence, it cannot be taken for granted that the locus of control of
change itself. local authorities is sufficiently broad to influence policy related to climate change or low-carbon devel-

opment.In any case, this is the level at which sub-national planners are most well placed to intervene.

Figure 2.1: Institutional Structure Within which Sub-National Planners Have to Operate

Prime Minister’s Office

] 1
! - 1
i Ministry of Ministry of | ...... erll.lggayl i Ministry of ‘
1 . . 1
: Finance Environment Government Land : Level
s SR 5
S
Y
Focal point of Local aythprltles Limited
. & district
climate change . mandate
councils
Constituencies Vulnerable to
(i.e,, communities & impact of
citizens) climate change

Source: Deenapanray and Ondure Machulu, 2009
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Box 2.1: The Uneasy Fit of Climate Change within the Institutional Architecture
in Developing Countries

The long timeframe considerations required for exercises to address climate risks. However, this has
climate change, and the uncertainty, make for an been hampered by the lack of relevant analysis and
uneasy fit with planning processes and structures. capacities to inform policy. In addition, current tools
Currently available tools have typically focused on focus exclusively on climate, economics, or engineering
short-term threats in two or three key sectors with and do not look at the issues in an integrated way.
less emphasis on resilience of long-term investment Technical capacity, leadership and/or relevant

in the context of climate uncertainty. At the national institutional structures, including budgetary support
level, National Communications to the UNFCCC have to sustain the application of appropriate planning
endeavored to lay the foundation for prospective tools, are often lacking.

» Local authorities usually operate under an Act of Parliament (or similar equivalent) that sets out their
mandate. If the Act of Parliament was promulgated several decades ago (which is most probable), then
it may well be that dealing with the impacts of climate change is outside the mandate of local authorities,
unless those impacts coincide with their existing mandates. For instance, local authorities in Mauritius
have the mandate to maintain secondary drains — a task that now has more importance because of the
frequent occurrences of flash flooding. However, there are a host of activities such as the design, construc-
tion and maintenance of primary drains,and urban land design, that are outside their mandate.

» Sub-national planners may also need to face the institutional mind-set that climate change is an
“environmental” issue, and as such should be dealt with primarily by the Ministry of Environment or
the Meteorological Services (one of which is also likely to be the national focal point for climate change
to the UNFCCQ). If issues related to climate change are dealt with centrally by the National Climate
Change Committee the locus of control of sub-national planners may become even more diluted.

2.3 Dealing with the Uncertain Environment of Having to Work with
Other Planners - both Horizontally and Vertically

Over and above the uncertainties inherent to the science of climate change and the time scale and
magnitude of its various manifestations, the elements discussed in the previous section add further
uncertainties regarding the ability of planners to address the impacts of climate change at the sub-national
level. Even in circumstances when the sub-national planners have the full mandate to map out
vulnerabilities to the impacts of climate change and articulate planned adaptation measures, a few points
need to be highlighted concerning the extent (and implications) of collaborative action required with

other stakeholders.

» Climate change cuts across a multitude of disciplines, while its impacts affect all sectors (environment,
society and economy).This requires the sub-national planners to work in close collaboration with other
planners both horizontally and vertically.

» Sub-national planners will have to be astute in identifying the key stakeholders that are required either
to inform the process of mapping of vulnerabilities to impacts of climate change (where the sub-
national planners have the mandate to do so), or to carry out analyses using the vulnerability maps to
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generate information that can be used to guide the planners to make informed decisions (in situations
where the planners are not empowered to carry out the vulnerability mapping exercise). The need for
stakeholder consultation is discussed in section 2.5.

» Sub-national planners will have to engage with other planners who operate at the central and
community levels, as well as in different sectors of the economy. The different planners may have
different conceptions and conceptualizations of climate change and its impacts, including from an
ethical perspective. The different planners may also operate on different time scales that will reflect
how uncertainties are accounted for, and prioritization in allocation of scarce resources. It is precisely
because of the limited resources available for allocation towards alternative development goals that
no regrets/low regrets solutions to adaptation to climate change are promoted. The need to reconcile
the timescale and planning horizons of different planners is discussed in section 2.4.

2.4 Timescales for Decision-Making

The sub-national planners working on vulnerability mapping must be aware of any tensions that may arise
from the different time perspectives that are offered by the shorter political and policy cycles, planning
horizons that may extend up to 2-3 decades, and different life cycles of planned adaptation measures on
the one hand, and the time scale over which impacts of climate change can be felt. The differences are
illustrated in Figure 2.2 and Figure 2.3.

The political time frame coincides with the election cycle (e.g., 3-5 years), which characterizes the typical
decision-making time frame used by most governments.The policy horizon is related to the period of time
over which a particular policy will be implemented, and it is typically shorter than the planning horizon
(e.g.,Vision 2030-2035 in Figure 2.2). The policy horizon may coincide with the political time scale, but it
can also be longer (e.g., up to 10 years). While national strategic plans and sectoral/ministry level plans
may both last for 5 years, these 5 years may not always coincide.

There may also be disparities between the planning horizons of different stakeholders working on the
same sector, such as water. A financial planner will probably work on a year-to-year budgetary cycle (at
most on a multi-annual budgetary cycle within the election cycle). A planner dealing with water supply
issues will work over a 5-15 year time span, whereas the engineering horizon for water storage infrastruc-
ture will be over 50 years. Similarly, enhancing or restoring ecosystem services as part of a watershed
management strategy would be on a time scale exceeding 50 years. When dealing with climate change,
the ‘near-term’ is generally taken as 2050. This opens up a completely different time scale to what is
generally understood as near-term in political terms (e.g., up to 5 years).

In order to reconcile planning activities that span different time scales, it is important to carry out the
mapping of vulnerabilities to the impacts of climate change over at least two time horizons, such as 2020
and 2050.This approach brings a balance between incremental planning to adapt to impacts of climate
change that allow for current uncertainties related to the impacts of climate change to be addressed,
without compromising longer-term outcomes (e.g., sea level rise), and (almost) immediate adaptation
measures to anticipate irreversible climatic changes and their impacts on human well-being (e.g., loss of
biodiversity). Box 2.2 summarizes reasons for planners to integrate consideration of climate change into
their decision-making.
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Figure 2.2: Schema lllustrating a Typical Planning Framework Employed by National Authorities

Vision 2030-2035
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National Strategic Plan
(5 years)
\

Sectoral / Ministry Level
Plan (5 years) |

Medium Term Expenditure Framework /
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\/

Annual Plan
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Source: Deenapanray and Ondure Machulu, 2009
Figure 2.3: Time Horizons Corresponding to Decision Making about Different Activities
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Stakeholders
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Those who have interests in a
particular decision, either as
individuals or as representa-
tives of a group. This includes
people who can influence a
decision as well as those
affected by it. Decision-
makers are also stakeholders.

External Stakeholders

This group may consist of
local scientists and researchers,
civil society groups, grassroots
movements, industry and
business groups, and citizens/
traditional and opinion leaders.
The broad variety of stake-
holders within each group
reflects the transdisciplinarity
of climate change and its
cross-sectoral impacts.

Internal Stakeholders

A wide variety of government
representatives are likely to
have relevant input to a
vulnerability mapping
process. They include those
concerned with sectors
directly affected by climate
change, such as agriculture,
coasts, water resources,
forestry, fisheries, health,
industry, biodiversity, parks
and recreation, and land

use zoning. As well as those
working at sub-national level,
it may also be appropriate

to include planners working
at national level, since many
national level decisions affect
the decision-making environ-
ment at the sub-national level.

Box 2.2: Summary of Reasons for Sub-National Planners to Integrate Climate Change

P Climate change is already in motion. The scientific
community, through the IPCC, states unequivocally
that climate change is happening. Communities
around the world are beginning to see its effects.

P Greenhouse gas emissions are unlikely to
stabilize or reverse in the near future. While
there are increasing commitments both at global
level through the UNFCCC and at the national level
to reduce greenhouse gas emissions and follow
paths of low-emission development, avoiding the
worst climate change impacts requires greenhouse
gas emissions to be reduced to the extent that
atmospheric levels stabilize, and then decline. The
magnitude of reductions required to reach this
point will not be achieved soon.

) Climate change may also create economic

opportunities. Despite the range of largely negative
economic consequences associated with climate
change, impacts on agriculture, fisheries, forests,
water supply, health, energy, coastal development,
transportation, recreation and tourism may create
opportunities, particularly at the sub-national level.
Increasing awareness of these opportunities and
planning to take advantage of them are likely to
increase the potential benefits to society.

P Preparation is more effective and less costly
than reacting to climate change as it occurs.
In assessing the future impacts of climate change,
sub-national territories will be able to identify
the vulnerabilities and risks and prioritize them
according to development plans; this can reduce
the potential adverse impacts of climate change
(and need for reactive responses) and reduce the
associated costs.

P Adaptation and mitigation sometimes use the
same tools and therefore have to be designed
in parallel. For example, where urban plans are
modified to reduce future greenhouse gas emis-
sions they should also take into account the way in
which the modifications will influence vulnerability
to climate change. Also, where risk reduction
strategies are implemented, the subsequent
changes in emissions and energy consumption
have to be included in the analysis.

> Preparing for climate change is good govern-
ment. Since climate change will affect such a wide
range of sub-national sectors and services, antici-
pating changes and preparing for them is essential
for maintaining the integrity of essential public
services and facilities.

2.5 Stakeholders and the Need for Consultation/Engagement

The sub-national planners will have to interact with a multitude of stakeholders both during the mapping

of vulnerabilities exercise and at the point of using the information generated by the mapping exercise.

The purpose of the interaction is to inform decision-making regarding adaptation to climate change.The
inclusion of stakeholders in planning processes leads to more robust (and legitimate) outcomes, by
allowing the recognition and integration of alternative forms of knowledge into the processes, and by
getting crucial support and buy-in for policy planning and project implementation. The process of iden-
tifying local stakeholders and highlighting their potential contributions to the process of mapping vulner-

ability to climate change is discussed in Box 2.3.

2.5.1 Definition and Identification of Stakeholders

Stakeholders are any people or groups of people that have an interest in a process, and given the broad
nature of climate change, there are many stakeholders who need to be included in identifying and
mapping vulnerability. From the planners’ perspective, stakeholders are likely to fall into two categories:
external and internal.This categorization does not imply that some stakeholders are more important than
others. Rather, it is a simple methodology to assist planners in identifying stakeholders. External stake-

holders are those situated outside the government structure, while internal stakeholders are those within
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Box 2.3: Identification of Stakeholders in Uruguay

In 2007-08, UNDP supported Uruguay in a process
of mapping vulnerability to climate change at the
sub-national level.The process of vulnerability
mapping in the metropolitan area of Montevideo
involved the City’s three municipalities and their
coordinating structure, comprised of the Programa
Agenda Metropolitana, the Climate Change Unit of
the Ministry of the Environment, the Planning Office,
UNDP, and ClimSAT (a UNDP/Government of France
climate modeling service provider).

» Consultations took place with stakeholders in
sub-national level departments that are concerned
with hydrology, topography, water resource man-
agement, planning, natural resources management,
fishing, meteorology and tourism; and also with
public bodies that oversee administration of public

infrastructure, including roads, railways, electricity,
aviation and universities.

P Consultations were also held with staff in existing
projects and programmes concerned with climate
change such as the government sponsored early
warning system, environment and poverty initia-
tives, vulnerability and sustainable environment at
the territorial level, and Ecoplata and Freplata.

P Climate change experts at the national level
within the Climate Change Unit (Unidad de Cambio
Climdtico) of the Ministry of Environment or
scattered in key ministries, such as Agriculture,
were also consulted.

» Others—academics and civil society
representatives.

Box 2.4: Example of Stakeholder Engagement in a Climate Adaptation Project in Zambia

The Government of Zambia, with the support of
UNDP and funding from the UNFCCC Least Devel-
oped Country Fund, recently designed a 4-year initia-
tive called “Adaptation to the effects of drought and
climate change in agro-ecological regions | and Il in
Zambia.” The project aims to incorporate considera-
tion of climate change into decision-making at a vari-
ety of scales from policy-makers at the national level
down to farmers at the grassroots level.

As part of the design of this initiative, extensive stake-
holder consultation took place, including five work-
shops and numerous meetings with various
stakeholders. As a result of this process, the project
proposal lists the roles and responsibilities of various
stakeholders. This list provides clarity to the process
and serves as a checklist to ensure that all relevant
stakeholder groups are accounted for and have
clearly defined roles and responsibilities.

The stakeholder organizations identified and given
roles and responsibilities include:

» Ministry of Agriculture and Cooperatives

» Department of Agriculture

» Department of Policy and Planning

» Department of Veterinary and Livestock Management
» Department of Fisheries

P Zambia Agricultural Research Institute

» National Agricultural Information Services

» Ministry of Energy and Water Development

» Ministry of Communication and Transport

» Office of the Vice President (Disaster Management
and Mitigation Unit)

» Ministry of Tourism, Environment and
Natural Resources

» United Nations Development Programme
Country Office

» Local communities/community-based organizations
non-governmental organizations

Stakeholders are

any people or groups
of people that have
aninterestin a
process, and given
the broad nature

of climate change,
there are many stake-
holders who need

to be included in
identifying and map-
ping vulnerability.

the government structure. The keys to successfully conducting stakeholder meetings and consultations
are beyond the scope of this guidebook, but wherever applicable or practicable, planners are provided

with a list of useful materials and links for reference.
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Table 2.1: Summary of Potential Stakeholders

Potential Participants in a Multi-Stakeholder Advisory Team

External Stakeholders

Local scientists/researchers Civil society groups

Citizens/traditional leaders

Internal Stakeholders

Industry and business groups

Agriculture Coasts (including port and harbor
management)

Water resources (including water supply and storm/ Fisheries

floodwater control)

Health Biodiversity

Parks and recreation Land use zoning

Disaster management/emergency preparedness Surveying

Energy Transport infrastructure

Buildings and urban infrastructure Safety and health regulations

Heads of sub-national regions Parliamentarians

Source: Based on Snover et al., 2007

2.5.2 Forming a Multi-Stakeholder Team

It is worth considering forming a multi-stakeholder advisory team - or climate change preparedness team —
at an early stage, since vulnerability mapping is likely to be the first step in a longer process that involves
the design and ultimately implementation of an adaptation plan.The exact composition of the team will
vary, depending on the identification of relevant stakeholders (see Table 2.1). In order to keep the team
manageable, it is advisable to keep it as small but representative as possible. Once the team has been
established it will be necessary to decide upon a leader and consider operational modalities, including
frequency, timing and location of meetings, and procedure for setting agenda items (Snover et al., 2007).

Additional Resources

Multi-Stakeholder Teams

For more ideas on forming multi-stakeholder teams, see Chapter 5, “Establishing a partnership framework
for integrated climate change planning at the regional level”,in UNDP's Primer on Integrated Climate Change
Planning for Regional Governments (UNDP, 2009).



Hazard

A physically defined source of
potential harm, or a situation
with a potential for causing
harm, in terms of human
injury; damage to health,
property, the environment,
and other things of value; or
some combination of these
(CARICOM, 2003).

Perturbations

Small variations from the
norm in the physical system,
typically of lesser magnitude
than a hazard, but possibly of
longer duration. Perturbations
may retrospectively be iden-
tified as incremental change.

Sensitivity

The extent to which a unit of
analysis reacts to stimuli. In
climate terms, biomes,
ecosystems, countries and
sectors are all examples of
units, which may have differ-
ent levels of sensitivity when
exposed to the same climate
hazard (depending on the
scale of the analysis).

Chapter 3

The Three Components of Vulnerability

3.1 Hazards and Perturbations

As the evidence for the existence of human-induced climate change is now clear, it is imperative that we
understand what effects climate change will have on our environment and society. This is important so
that strategies, plans, and measures to reduce adverse impacts — or capitalize on opportunities - can be
designed and introduced appropriately. When we hear about climate change, it is normally in the sense
of changing parameters that affect climate, and their corresponding consequences. The resulting
phenomena might include an increase or decrease in rainfall,an increase in temperature or an increase in
the incidence and intensity of extreme climate events, such as droughts and floods. Clearly the manifes-
tation of climate change in terms of such hazards and perturbations will differ from place to place,
depending on the geographical location. But still, while understanding how climate parameters in any
location are likely to change is important, knowledge of the hazards and perturbations brought about by
climate change is only one part of the picture.

3.2 Sensitivity

Different physical environments will respond in different ways, even if they are exposed to the same mani-
festation of climate change (whether a hazard or perturbation). An increase in temperature of 1°Cin the
middle of a desert, for example, is likely to have less effect than a 1°C increase in temperature on the
margins of a desert or a semi-arid area. In the middle of a desert the increase might reduce the number
of plant species that can grow, but on the margins of a desert or a semi-arid area, the same change is
occurring at the margin of tolerance of certain species, and thus can lead to a change in species compo-
sition. The sensitivity of the physical environment to the hazards has knock-on effects for the human use
of that environment, and it is important to note that these changes will not always be negative. So, for
example, the exposure of eastern South Africa to an increase in rainfall, when much of the area is already
semi-arid, could lead to an increase in crop productivity (if the distribution throughout the season is
favorable to crop growth); whereas an increase in rainfall amount of similar quantity in an area that is
already prone to flooding could cause problems. From the planner’s perspective, different economic
sectors — such as population, agriculture, water, energy, tourism, fisheries, health, and biodiversity — will all
differ depending on their sensitivity to the hazards and perturbations to which they are exposed.

3.3 Adaptive Capacity

The impacts of climate change are a function of exposure to hazards and perturbations and sensitivity of
the affected environment. They are also mediated by the human characteristics of the society in which
they occur. The adaptive capacity of society is correlated with various social factors, including gender,
ethnicity, religion, class and age. Together these social factors tend to give rise to differences in human
capital (such as levels of education and status of health), financial capital (wealth) and access to governance
and institutions, which in turn affect ability to anticipate, cope with, and respond to change). Since these
all vary on the micro scale, this is particularly important when working at sub-national level. It may be the
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Adaptation

Adjustment in natural or
human systems in response
to actual or expected climate
changes or their impacts, so
as to reduce harm or exploit
beneficial opportunities.

Adaptive Capacity

The potential or capability

of a system to adjust its
characteristics or behavior

to anticipate, cope with and
respond to climate variability
and change.
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case, for example, that an entire sub-region will be exposed to the same climate parameter or hazard, such
as a cyclone. The physical environment in the sub-region may be such that its sensitivity is similar across
the whole area - for example in the case of a coastal location. But even so, the cyclone is likely to affect
different members of the sub-region in different ways, depending on their adaptive capacity. Comparing
the impacts of a cyclone in Southeast Asia with one of a similar magnitude that hits the southern USA, for
example, highlights how adaptive capacity can differ.

Therefore:

vulnerability =
exposure to climate hazards and perturbations x sensitivity — adaptive capacity

In order to undertake a vulnerability assessment for a sub-national region, recognition and understanding
of these three components of vulnerability is required. To determine and map the vulnerability of any
sub-national territory, a series of questions must therefore be asked in turn (see Box 3.1).

The next chapter of this guidebook provides step-by-step guidance for addressing each of these questions,
pointing to various sources of information that exist, potential stakeholders to consult and include in the
process, and methods for analysis so that vulnerability maps can be produced.

Box 3.1: Questions to Determine and Map Vulnerability at the Sub-National Level

1.What are the projected hazards and
perturbations under climate change?

and biodiversity) be affected by these hazards
and perturbations?

P What is likely to happen to temperature patterns P Are there current socio-economic trends that
(average and variance) in the future? interact with these sensitivities (and in particular

P What s likely to happen to rainfall events (average i 2 ek @ AT, sl

and variance) in the future? 3.What is the level of adaptive capacity?

) Are extreme events (such as droughts, floods, » How will society be able to cope with and manage
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or cyclones) likely to increase in frequency
and/or magnitude?

P What is likely to happen to sea level?
2.What is the sensitivity to the projected hazards
and perturbations?

P How will existing sectors of society (population,
agriculture, water, energy, tourism, fisheries, health,

these changes? Will they be able to make changes
through policies and activities that minimize
adverse impacts (or make the most of the
opportunities presented)? Or will the expected
changes increase their vulnerability?

» Can adaptation take place at sector level, or is there
a need for more structural changes within society
(e.g., economic diversification)?
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Chapter 4
Key Steps for Mapping Vulnerability Summary

and ldentifying Adaptation Options

of Key Steps

Determining and projecting hazards and perturbations and RII\EI.IIIJEPRF':’I(;IJ\IIECT HAZARDS

sensitivity refers to the nature of expected climate change and how AND SENSITIVITY
it will be experienced by different sectors in a sub-national territory.
This process provides actual empirical data based on observations
and experiences.These steps are important as past hazards and
sensitivity provide a proxy starting point for determining future
hazards and sensitivity based on known probabilities of likely
change.This step also assesses future exposure to climate risk
and future sensitivity of sectors to that risk.

. — . . DETERMINE AND
Assessing and projecting adaptive capacity refers to the human PROJECT ADAPTIVE

characteristics of society that mediate how hazards and sensitivity CAPACITY
are taken up, and that ultimately determine whether society absorbs
those changes without adverse effect, or whether they lead to
negative impacts. In order to accurately assess and project the
adaptive capacity of an area, the identification of proxies for adaptive
capacity (e.g., investment capacity, education level) and other stresses
that can interact with climate change impacts (e.g., unemployment,
natural resource depletion, and aging population) is required.This
step provides guidance on where to find data and interpret data
for these exercises.

. . e . INTEGRATE
Integrating and mapping vulnerability refers to the review of AND MAP

information and results collected in Steps 1 and 2 and identifying VULNERABILITY
a presentation method that shows these results spatially, so that
locations can be identified where vulnerability is high and interven-
tions may be required. Step 3 outlines the use of two tools: Geographic
Information Systems (GIS) and expert opinion, which are often used
in conjunction with each other to produce vulnerability maps.

P Lo . . IDENTIFY, ASSESS, AND
Identifying adaptation interventions and considering the effect REVIEW ADAPTATION

they will have on vulnerability is the last step presented in this OPTIONS
guidebook. This step introduces the idea of setting up a system to
evaluate the changes in vulnerability as climate changes under
different socio-economic scenarios of development. It also outlines
decision-making tools that permit prioritization of interventions
(e.g., between sectors).
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Extremes

Climate and weather events
that occur infrequently and
mark peaks and troughs of the
range of expected distribution,
for example particularly high
or low temperatures (heat
waves or cold snaps), or floods,
droughts and cyclones.

Time series

A sequence of data points

or observations, typically
measured at regular intervals
(days, months, years).

Parameters

Elements of the climate that
may vary.

Chapter 4 : Key Steps for Mapping Vulnerability and Identifying Adaptation Options

Step 1:Determine and Project
Hazards and Sensitivity

l Introduction

Determining and projecting climate change induced hazards and perturbations and sensitivity refers to
the nature of expected climate change and how a range of possibilities will impact different sectors.The
range of impacts is discernible at different scales (e.g., national, sub-national, or community level),
depending on the relevance and types of management decisions that need to be made and information
required to determine impacts. There are four main steps involved in this process. The first is to assess
the past and present climate trends. The second is to assess the past and present sensitivity to known
hazards (including both extreme events and incremental change). These first two steps are based on
empirical data (i.e., based on observations and experiences). These steps are important as past hazards
and sensitivity provide a proxy starting point for determining future hazards and sensitivity based on
known probabilities of likely change. The third and fourth steps start to embrace uncertainty, as the exact
types of future physical changes in climate and socio-economic changes that will affect sensitivity of
sectors are unknown and could follow a number of different pathways. The third is assessing future
exposure to climate risk, and the fourth is assessing future sensitivity of sectors to that risk. This section
addresses each of these steps in turn, highlighting sources of data, what the information is likely to show,
and how to build on each step in order to comprehensively assess the hazards and perturbations and
sensitivity of the sub-national territory to long-term climate change. Case study experience is provided
where appropriate at the end of each step.

The exact types of future physical changes in
climate and socio-economic changes that will
affect sensitivity of sectors are unknown and
could follow a number of different pathways.
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Step 1:Determine and Project Hazards and Sensitivity

Assess Past and Present Climate Trends and Risks
Assess Past and Present Sensitivity by Sector
Assess Future Exposure to Climate Hazards and Perturbations
Assess Future Sensitivity to Climate Change

' Assess Past and Present Climate Trends and Risks

The first step in determining and projecting hazards and sensitivity to climate
change involves looking at the existing and recent historical climate within the
sub-national territory. This is important baseline information.

Sources of Data

National meteorological records exist within every country - albeit with varying
degrees of history and accuracy. Meteorological data is typically collected by
weather stations, with the data forwarded to the national weather service for
storage. Contacting the national weather service should therefore elicit data on
the major climate parameters: temperature and rainfall. Moreover, the national
service should be able to provide time-series data (temperature or rainfall
plotted over time — 3-month averages for each season) for each weather station,
of which several may exist within the sub-national territory. Very rarely will daily
measurements be useful or necessary for the task of mapping vulnerability in
the context of supporting policy identification and formulation or to determine
a particular response mechanism for implementation. There are technical and
measurement issues which make the use of data at that scale and at that
frequency impractical and unnecessary.

When reviewing data and graphs on climate trends (Box 4.1), several questions
should be asked. A checklist is provided below (Table 4.1) for reference.

Box 4.2 outlines where to look if limited data is available from meteorological
services on past and present climate parameters.
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Association

An association is a relation-
ship between two measured
variables when they are
statistically dependent.

Correlation

Correlation indicates the
strength and direction of a
relationship between two
measured variables; it

can be positive (when

one increases, the other
increases) or negative
(when one increases, the
other decreases).

Causality

Neither association nor
correlation implies causality.
Two variables being statisti-
cally related or correlated
may be a chance occurrence,
or related to a third variable.
This defines causality.

Chapter 4 : Key Steps for Mapping Vulnerability and Identifying Adaptation Options

Box 4.1: Reading a Temperature Graph For Patterns and Anomalies
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Monthly average of daily maximum temperature in Nice, France

This graph shows the monthly
average of daily maximum tem-
peratures in the city of Nice, in the
south of France, for the years

20.5

1950-2004.

20

From 1950 to around 1980

19.5

temperatures were generally in
the range 18-19.5°C. From 1980

19

18.5

to 1991 there was a great degree
of variation, with some tempera-

Temperature (°C)

18

_:
=
=

tures rising above 19.5°C
(1980-83 and then 1986-89).

17.5

The general trend since 1980 has

been an increase in monthly
average of daily maximum tem-
peratures, and since 1998 this has
always been in excess of 19.5°C.
The warmest monthly average

Source: Hallegatte, 2009 (pers. comm.)

was 20.5°Cin January 2001.

Table 4.1: Checklist for Reviewing Data and Graphs on Climate Change

Category Question Comment
Extremes What are the extremes on For example, when was the highest tempera-
the graph, and in what years | ture? When was the lowest temperature?
i ?
did they occur? When was the highest rainfall? When was the
lowest rainfall?
Is the period of time between extreme events
getting shorter or longer?
Time Series | What is the overall trend Average climate is determined over a 30-year
over the time series? period, so several 30-year periods need to be
included in order for change to be observed.
Is there a general increase, This is known as inter-annual variability,
general decrease, or does or variability between years.
the trend stay the same
over time?
Parameters | How do the parameters vary | What is the extent of difference between the
within each year? highest and lowest temperatures, and highest
and lowest rainfall figures, within a year period?
Does this change over the Again, is there intra-annual variability,
period of the time series? or variability within year?

Source: Based on Snover et al., 2007
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Step 1:Determine and Project Hazards and Sensitivity

Box 4.2: Where to Look if Limited Data is Available from Meteorological Services
on Past and Present Climate Parameters

There are various sources where localized data
can be obtained, very often free of charge:

measure other factors relevant to vulnerability
mapping, such as infrastructure (e.g., roads,
buildings), agriculture (e.g., land cover, hydrologi-

P The United Nations Food and Agriculture X o
cal state of vegetation, crop irrigation, forest

Organization (FAO), AgroMet division, has
compiled a database of climatic information
gathered between 1961 and 1990 from close
to 30,000 observation stations. This database,
and applications designed to extract, analyze
and map the data, are available online.
http://freegeographytools.com/2007/
fao-world-climate-data

monitoring), geomorphology (e.g., coastlines, soil
types, landscapes). Data can be extracted from:

m Earth observation satellites intended for
environmental monitoring (e.g., LANDSAT,
SPOT, QuickBird, ENVISAT, TerraSAR-X, Radarsat)

m Weather satellites, primarily used to monitor

earth's weather and climate (e.g., TIROS,
» The International Research Institute for Climate NOAA-AVHRR, METEOSAT, METOP)
and Society (IRl) has a climate data library that
contains over 300 free datasets from a variety
of earth science disciplines and climate-related
topics that can be accessed, downloaded in a
variety of formats (including GIS-compatible),
and used to create visual representations of
data, including animations.
http://iridl.Ideo.columbia.edu/index.html

m Ocean observation satellites especially
designed to monitor the oceans (temperature
etc.) (e.g., MOS, SeaWiFS)

In the event that neither ground measurements nor
satellite measures are available for specific spatial
scale, there are statistical means of creating proxies
providing there is some information with which to
calibrate and verify. From the distributional patterns
of certain parameters such as temperature, it is pos-
sible to make use statistical and econometric means
to create proxy estimates of climate over different
time and spatial scales. Calibration with known
measures as well as simulation techniques can be
used to understand the uncertainty surrounding
such constructed estimates. For an example of the
application of such techniques users may want to
refer to papers such as Mendelssohn et al. (2007).

P The Intergovernmental Panel on Climate Change
Data Distribution Centre collates global climate
observations in both high and low resolution,
and provides links to other data depositories.
http://www.ipcc-data.org/obs/index.html

P Various satellites exist that can provide data on
climate, or proxies for specific climate variables.
(For example, satellites do not measure precipita-
tion, but can measure soil wetness.) They also

What Does this Data Show?

The answers to the above questions give crucial baseline data on the recent past and current climate of
the sub-national territory, and the nature of change over time. This is important for identifying the occur-
rence of extreme events, such as droughts, floods (whether brought about by high rainfall or other hazards,
such as tropical cyclones), and heat waves, all of which are generally projected to increase in frequency
and magnitude under climate change. The answers also show whether or not there is a general difference
in trends, which is also important, as climate change will also manifest in terms of long-term incremental
change. Once this data has been obtained, it is possible to summarize the climate trends and risks (i.e.,
known probabilities). Caution must be exercised with regard to the limits of the data available.

When looking at data relating to climate change, variables with similar trends are often plotted together
on graphs. When interpreting these graphs it is necessary to understand the meaning of three common
statistical terms: association, correlation and causality. For example, ice cream sales and shark attack
frequency are often positively correlated (i.e., both increase together). This does not mean that one causes
the other - but the two variables exhibit a common response to warm weather. Similarly, when one sees
variables such as crop yields and precipitation positively correlated, it is important to utilize this information
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Sensitivity

The extent to which a unit
of analysis reacts to stimuli.
In climate terms, biomes,
ecosystems, countries and
sectors are all examples

of units, which may have
different levels of sensitivity
when exposed to the same
climate hazard or perturba-
tion (depending on the scale
of the analysis).

Chapter 4 : Key Steps for Mapping Vulnerability and Identifying Adaptation Options

and investigate further the causality behind the changes in crop yields.The extent to which precipitation
changes contribute to changes (on the margin) in crop yields, while all other likely determinants are
accounted for, must be determined using an appropriate analytical framework.There are a number of tools
in the socio-science literature for this form of analysis.

Additional Resources

Satellite Data

Various web portals exist with repositories of satellite data that might be of use in vulnerability mapping
in sub-national territories. These include:

» ENVISAT, ERS-1, ERS-2 - http://catalogues.eoportal.org/

» Terra/Acqua, MODIS-Terra, ASTER LANDSAT - http://glovis.usgs.gov/
» SPOT1-2-3-4-5- http://catalog.spotimage.com/
>

QuickBird 2 -http://www.digitalglobe.com/

' Assess Past and Present Sensitivity by Sector

Having determined the past and present nature of the climate within the sub-national region, the next
step is to determine the sensitivity of various sectors — for example, population, agriculture, water, energy,
tourism, fisheries, health, and biodiversity.

Sources of Data

Useful sources of data for assessing past sensitivity to climate hazards include sub-national authority
archives, in particular the sub-national offices of sectoral departments and the media archives. For non-
disaster sensitivity, other economic data sets can be used. For instance, energy or electricity consumption
or tourism industry revenue is often measured and recorded by the national statistics authority. Electricity
consumption or tourism industry revenue data can then be related to climate information (e.g., tempera-
ture), to assess how sensitive the economy was in the case of climate variations.

What Does this Data Show?

Unlike when assessing past and present hazards and perturbations, assessing past and present sensitivity
requires an appreciation of the spatial distribution of hazards to hazards and climate parameters relative
to different sectors. Flooding, for example, is likely to have occurred in specific locations within the
sub-national territory, and this will have intersected with the locations of various sector facilities. With
particular regard to the occurrence of extreme events, therefore, spatial risk mapping is often required to
determine sensitivity. Overlaying hazards maps with sector maps highlights whether, for example, concen-
trations of the population are in the same location as hazards, such as floods. Archival data from sub-
national authorities and the media will highlight the existence of past sensitivity by sector,and by location.

Additional Resources

Emergency Disaster Database

Depending on the size of the sub-national territory in question, data on the occurrence of past disasters
is available in the International Emergency Disasters Database EM-DAT (EM-DAT - www.emdat.be).
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Hazard

A physically defined source of
potential harm, or a situation
with a potential for causing
harm, in terms of human in-
jury; damage to health, prop-
erty, the environment, and
other things of value; or some

Step 1:Determine and Project Hazards and Sensitivity

Assess Future Exposure to Climate Hazards
and Perturbations

Determinations of past and present hazards and sensitivity are fairly
certain because they are based on observed empirical evidence. Levels
of uncertainty increase when attempting to project these variables into
the future, which can produce a range of results.

Sources of Data

The bulk of data relating to projected exposure to climate hazards and

perturbations comes from computer-generated models. Box 4.3

Z%n,;‘blzn;g;n of these (CARI- provides an overview of a few well-known climate models. As the mani-
festation of climate change in the future depends on the quantity of

Preturbations emissions of greenhouse gases and their interaction with atmospheric

Small variations from the
norm in the physical system,
typically of lesser magnitude
than a hazard, but possibly of
longer duration. Perturbations
may retrospectively be identi-
fied as incremental change.

processes, it is necessary to use scenarios — or the representation of a
future state of a system. Scenarios are storylines of future demographic,
social, economic, technological and environmental conditions, and are
used to represent how society may unfold in the future. Four major
scenarios are typically used when creating climate models. These were

produced by the international scientific body that addresses climate
Model

change, the IPCC, in a Special Report on Emissions Scenarios (SRES) in

Models are representations 2000 (Box 4.4).
of reality, and use actual
observed data relating to
various climate (and often
ocean) parameters to

represent a system.

Different impacts require information at different spatial resolutions.
Investigating droughts or heat waves can be done using a low-resolution
model at 200 km, because these events have a spatial scale of hundreds

Scenarios of kilometers.Investigating heavy rainfall or hurricane risks requires very

. . high-resolution models, as these events have very small-scale character-
Scenarios are plausible

representations of future
climate conditions.

istics (e.g., storm rainfall can be particularly high over an area that is only
a few kilometers wide). For further information refer to Puma, Gold et
al,, (forthcoming) Guidance Document on Climate-Model Downscaling for
Planning and Decision-Making. As Box 4.3 shows, global climate models (GCMs) rarely give adequate reso-
lution for sub-national level decision-making, but a number of web-based tools exist to provide data with
sufficient resolution. Among these are UK Met Office PRECIS, MAGICC, SCENGEN, SERVIR - these tools
provide the data as maps, which are easier to use than direct model outputs. Some of these tools include
some downscaling to access the higher resolution needed to analyze floods or heavy precipitation (e.g.,
PRECIS), but have a more limited access to the uncertainty (fewer climate models); others do not provide
downscaling, but give access to more model results (e.g., MAGICC).The choice of the tool depends on the
hazard that has to be analyzed and on the aim of the study (impact analysis vs.adaptation analysis).

Global climate models are available from the IPCC or are easily accessible through meteorological office
websites, or the websites of the institutions that produce the outputs of the major models (see Box 4.4).
Most of the printed literature relating to future climate change is based on these model outputs.
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Models are
representations

of reality,and use
actual observed data
relating to various
climate (and often
ocean) parameters to

represent a system.

Chapter 4 :Key Steps for Mapping Vulnerability and Identifying Adaptation Options

Box 4.3: Global Climate Models

Models are representations of reality, and use actual
observed data relating to various climate (and often
ocean) parameters to represent a system. Using
observed data as reference points, the models are
tested to ascertain how well they predict what is
currently observed, and then are forced under
various future scenarios of emissions and underlying
socio-economic changes to project how the climate
system might react. Due to the high cost and labor
intensity of designing, testing and running models
(usually requiring super-computing facilities),
relatively few models exist on a global scale.Those
that do exist tend to be clustered around hubs of
climatological and meteorological expertise and

are typically located in universities or national mete-
orological services. Examples of world renowned
centers that run climate models include the National
Center for Atmospheric Research (NCAR) in the

USA, the Hadley Centre for Climate Prediction and
Research in the UK, the Max Planck Institute for
Meteorology in Germany, the Commonwealth
Scientific and Industrial Research Organization
(CSIRO) in Australia,and Météo-France.

Global Climate Models (GCMs) produce data at low
resolution - typically in grids of 200km by 200km, so
while they can provide useful data on a global scale,
their limited resolution means that they only give an
indication of the large scale nature of change that can
be expected, for example in terms of temperature
and precipitation change. As a result, they can only
give a broad-brush picture of projected changes in
climate parameters at the sub-national level.

Figure 4.1, for example, shows the projected degree
of temperature change across the world in two
periods: 2020-2029, and then 2090-2099. This is
useful for sub-national territories to at least
determine the approximate extent of temperature
change within their area. Caution is needed when
using shorter-term climate projections (e.g., 2020-

2030) because, over this timescale, the climate
change signal remains limited and can thus be
hidden by natural variability (the change in climate
due to natural factors only). As model projections
include natural variability, the actual climate
condition can eventually be significantly different
from model projections.This uncertainty makes it
necessary to use — when available - multiple model
results instead of only one. Over longer timescales
(e.g., 2050-2060 or later), the climate change signal
becomes much larger than natural variability, and
the latter cannot hide or mask the former anymore.
Since future climate change is still highly uncertain,
especially at the local area, a single model can be
misleading by giving the impression that only one
future is possible. For instance, half of the available
models project that precipitation over West Africa
will increase, while the other half of the models
project that it will decrease. No decision should be
based on only one model, and using as many models
as possible is an important requirement for vulnera-
bility assessment and design of adaptation responses.

Sub-national planning processes can be supported
with higher resolution data for such aspects as
planning in water resources management, the
maintenance of flood defenses, and building zones.
Regional Climate Models (RCMs) attempt to increase
the resolution for a smaller area of interest, for
example 5000km x 5000km (the size of Europe, or
southern Africa). Whereas GCMs determine the large
scale effects of changing greenhouse gas emissions
on global climate, RCMs use the effects on climate
that result from the GCM (for example, the data
shown in Figure 4.1),and are able to generate output
data at resolutions as fine as 50km, 25km or even 10km.
Bear in mind, however, that the level of uncertainty
associated with regional models increases as the
resolution becomes finer given the additional
assumptions that must be applied to generate results.

Literature reviews are another useful method for accessing information for use in determining exposure
to future hazards and perturbations, and sensitivity. In response to growing international awareness and
recognition of the potential threats (and benefits) of climate change, academics and interest groups are
undertaking more studies on the potential impacts climate change. Experts in the field will likely be able
to point to the most useful sources of information. Of particularimportance to sub-national level planners
is the existence of studies and reports relevant to particular sectors that may have been undertaken either
by government departments or interest groups. Since climate change is likely to particularly influence
the availability of water resources for domestic and industrial use, not to mention that changes in water
availability may also be accompanied by the increased risk of flooding, it is possible that the national,
regional and even municipal government structures may have commissioned research into the explicit
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Step 1:Determine and Project Hazards and Sensitivity

Box 4.4: Special Report on Emissions Scenarios (SRES)

A1 -The A1 storyline and scenario family describes a
future world of very rapid economic growth, global
population that peaks in mid-century and declines
thereafter,and the rapid introduction of new and
more efficient technologies. Major underlying
themes include convergence among regions,
capacity building, and increased cultural and social
interactions, with a substantial reduction in regional
differences in per capita income.The A1 scenario
family breaks down into three groups that describe
alternative directions of technological change in
the energy system.The three A1 groups are distin-
guished by their different technological emphasis:
fossil intensive (A1FI), non-fossil energy sources
(A1T), or a balance across all sources (A1B).

A2 -The A2 storyline and scenario family
describes a very heterogeneous world. The under-
lying theme is self-reliance and preservation of
local identities. Fertility patterns across regions
converge very slowly, which results in continuously
increasing global population. Economic develop-
ment is primarily regionally oriented and per
capita economic growth and technological change

are more fragmented and slower than in
other storylines.

B1 -The B1 storyline and scenario family describes a
convergent world with the same global population
that peaks in mid-century and declines thereafter,
as in the A1 storyline, but with rapid changes in
economic structures toward a service and informa-
tion economy, with reductions in material intensity,
and the introduction of clean and resource-efficient
technologies.The emphasis is on global solutions to
economic, social,and environmental sustainability,
including improved equity, but without additional
climate initiatives.

B2 - The B2 storyline and scenario family describes a
world that emphasizes local solutions to economic,
social, and environmental sustainability. It is a world
with a continuously increasing global population at
arate lower than A2, intermediate levels of economic
development, and less rapid and more diverse
technological change than in the B1 and A1 story-
lines.While the scenario is also oriented toward
environmental protection and social equity, it
focuses on local and regional levels.

Source: IPCC, 2000

role of climate on water. Similarly, it is possible that a local wildlife or conservation organization will have
researched the impact of climate change on biodiversity, if that is a particular consideration in the sub-
region. Any existing information relevant to vulnerability within the sub-national territory should be
looked into, in order to avoid duplicating efforts. This would also assist with the identification of appropriate
stakeholders for inclusion in the process (as discussed in Chapter 2).

All Parties to the UNFCCC are required to submit a National Communication to the Conference of the
Parties (COP). The report provides the COP with an overview of what steps countries are taking to
implement the Convention. National Communications typically include an inventory of greenhouse gas
emissions (and removals) and a vulnerability assessment. They may also contain information on national
circumstances, financial resources and technology transfer,and education, training and public awareness.
The reports are put together by the National Communications team, which is housed inside a designated
government ministry.They contain inputs from relevant government parastatals (such as the meteorology
service),academics, and technical consultants.They are useful repositories of country-specific information
that can be of use in sub-regional vulnerability mapping.

Under the UNFCCC, Least Developed Countries (LDCs) prepare and submit a National Adaptation
Programme of Action (NAPA). NAPAs identify areas that are most vulnerable to climate change and require
urgent and immediate response in order for countries to adapt to climate change.They are also intended
to report on the existence of coping strategies within LDC Parties, particularly at the grassroots level, to
identify ways to enhance national adaptive capacity. They can thus also be useful sources of information
for sub-regional vulnerability mapping, as they can highlight place-based case study information that
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Chapter 4 : Key Steps for Mapping Vulnerability and Identifying Adaptation Options

Figure 4.1: Projected Global Temperature Changes in the Periods 2020-29 and 2090-99 under Three Different Scenarios
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shows where adaptive capacity is particularly high or particularly low. However, the quality of both National
Communications and NAPAs is variable, and since they are produced infrequently, neither report should
be used as the sole source of evidence.

Having found all the information that is available for the sub-national territory in question — and some
regions will have better availability than others - the next step is to ask a series of key questions about
the projections of key climate parameters (such as temperature and precipitation) and hazards and how
they relate to the past and present climate. The overarching question is “how is temperature/rainfall
projected to change during the 21st century?” Asin section 2.4, changes need to be observed relating to
trends, extremes, and inter- and intra-annual variability. A list of questions is provided in Box 4.5 to help
in determining such information.
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Step 1:Determine and Project Hazards and Sensitivity

Box 4.5: Checklist for Evaluating Credibility of Written Sources

I'm not an expert: how can | evaluate the credibility of a source?

Question

Are the authors
clearly identified as
experts?

Comment

Academic literature and major synthesis reports are generally subject
to a system of “expert refereeing’, whereas conference proceedings,
reports, and in particular web-based sources are not (unless they are
direct representations of a peer-reviewed source).

Do the study results
make sense?

Is the source held together by solid logic, with conclusions based on
reasonable assumptions and the data presented?

Are the results
placed in the context
of existing under-
standing?

Scientific knowledge is built on the testing and interpretation

of previous studies. Are the assumptions, analytical techniques, and
conclusions well referenced with citations to relevant and credible
information?

Is there supporting
evidence for the
author’s conclusions?

If multiple authors come to the same conclusion independently, the
conclusion is more likely to have credibility (e.g. the IPCC reports on
the state of science have the agreement of many of the world’s
leading scientists).

Does the study
address uncertainty?

Since projecting climate change involves uncertainty, all reports
should address this, and ideally offer ranges of possibility rather than
a single representation.

What are the
potential biases?

Who benefits from the study’s conclusion? Who funded the study?
Are the interests and values of the authors apparent? What are your
personal biases in reviewing this work?

How old is the study?

The science of climate change is rapidly evolving, so the timeliness
of materials is important. With 