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MANUAL RICCAR

PREFACE

The Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vulnerability in
the Arab Region (RICCAR) is a joint initiative of the United Nations and the League of Arab States launched in 2010.

RICCAR is implemented through a collaborative partnership involving 11 regional and specialized organizations, namely
United Nations Economic and Social Commission for Western Asia (ESCWA), Arab Center for the Studies of Arid Zones and
Dry Lands (ACSAD), Food and Agriculture Organization of the United Nations (FAQ), Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ), League of Arab States, Swedish Meteorological and Hydrological Institute (SMHI), United Nations
Environment Programme (UN Environment), United Nations Educational, Scientific and Cultural Organization (UNESCO) Office
in Cairo, United Nations Office for Disaster Risk Reduction (UNISDR), United Nations University Institute for Water, Environment
and Health (UNU-INWEH), and World Meteorological Organization (WMO). ESCWA coordinates the regional initiative. Funding
for RICCAR is provided by the Government of Sweden and the Government of the Federal Republic of Germany.

RICCAR is implemented under the auspices of the Arab Ministerial Water Council and derives its mandate from resolutions
adopted by this council as well as the Council of Arab Ministers Responsible for the Environment, the Arab Permanent
Committee for Meteorology and the 25th ESCWA Ministerial Session.

Funding for this manual was provided by the German Federal Ministry for Economic Cooperation and Development (BMZ)

through the Adaptation to Climate Change in the Water Sector in the MENA Region (ACCWaM) programme implemented by GIZ.
Technical support for the preparation of this manual was provided by adelphi and EURAC Research.
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ee Adaptation to measures that address climate change shall be fully consistent with the economic and social development

and in such a way so as to achieve sustainable economic growth and eradication of poverty. It shall be implemented through the
development and dissemination of methodologies and tools that assess the impacts of climate change and their extend; as well
as through improving planning for adaptation, along with its measures and procedures, in addition to its integration in sustainable
development policies; besides understanding, developing and disseminating measures, methodologies and tools that achieve
economic diversity with the aim of increasing the elasticity of economic sectors vulnerable to climate change. 99

Excerpt from the Arab Ministerial Declaration on Climate Change
Cairo, 6 December 2007
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INTRODUCTION

Climate change poses a significant and multi-faceted challenge for the Arab region.! Converging with population growth,
urbanisation and increasing demands on natural resources, climate change is contributing to the depletion and degradation of
water and soil resources and putting further pressure on agricultural zones and biodiversity. A higher frequency and intensity
of floods, droughts and extreme weather events is also being witnessed, which is affecting the built environment as well as
natural ecosystems. Climate change thus threatens the lives and livelihoods of the people of the Arab region and their efforts to
achieve sustainable development.

In the Arab Declaration on Climate Change, Arab States calls for the development and dissemination of climate change
assessment methodologies and tools that assess the impacts of climate change to improve planning for adaptation and reduce
vulnerability to climate change in the Arab region.? This led to the formulation and launching of the United Nations-League

of Arab States Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic
Vulnerability in the Arab Region (RICCAR) in 2009.

The Regional Initiative aims to assess the impacts of climate change on freshwater resources in the Arab region and their
implications for socio-economic and environmental vulnerability. It does so through the application of scientific methods

and consultative processes that are firmly grounded in building capacity and strengthening institutions in the area of climate
change assessment in the Arab region. The outcomes of RICCAR provide a common platform and knowledge base that help to
foster dialogue and inform priority setting, policy formulation and negotiations on climate change at the regional level.

RICCAR is structured along four pillars of work:

Baseline review of water and climate information and the development of a regional knowledge hub to provide a
common knowledge base.

Preparation of an integrated assessment that combines regional climate modelling, regional hydrological modelling
and vulnerability assessment tools at the Arab regional level.

Institutional strengthening and capacity building of water and meteorological organizations, as well as related
ministries and expert stakeholders, in the area of data management, seasonal forecasting, regional climate modelling,
hydrological modelling and vulnerability assessment.

Awareness raising activities and dissemination of information tools to facilitate access to key messages,
methodologies and information to for targeted stakeholders.

RICCAR is implemented through a collaborative partnership involving 11 regional and specialized organizations, namely

United Nations Economic and Social Commission for Western Asia (ESCWA), Arab Center for the Studies of Arid Zones and
Dry Lands (ACSAD), Food and Agriculture Organization of the United Nations (FAO), Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ), League of Arab States, Swedish Meteorological and Hydrological Institute (SMHI), United Nations
Environment Programme (UN Environment), United Nations Educational, Scientific and Cultural Organization (UNESCO) Office
in Cairo, United Nations Office for Disaster Risk Reduction (UNISDR), United Nations University Institute for Water, Environment
and Health (UNU-INWEH), World Meteorological Organization (WMO), and collaborating climate research centres.®



Pillar 2 of RICCAR seeks to prepare an integrated assessment that links climate change impact assessment outputs to inform
an integrated vulnerability assessment (VA) of the Arab Region. The development of the integrated vulnerability assessment
methodology was developed through a consultative process with regional stakeholders led by the ACSAD, ESCWA, GIZ and the
League of Arab States with support provided by GIZ through its Adaptation to Climate Change in the Water Sector in the MENA
Region (ACCWaM) project presented in Box 1.

BOX 1: GIZ/ACCWaM support to RICCAR

The regional project Adaptation to Climate Change in the Water Sector in the MENA Region (ACCWaM) was
launched in 2011 by the Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH on behalf of the
German Federal Ministry for Economic Cooperation and Development (BMZ). The aim of the project is to support
Arab States in their efforts to adapt to climate change challenges by providing technical and advisory support.

ACCWaM is implemented in partnership with the League of Arab States and in collaboration with the Arab Centre
for the Study of Arid Zones and Dry Lands (ACSAD) and the United Nations Economic and Social Commission for
Western Asia (ESCWA).

The ACCWaM project supported the development of the vulnerability assessment methodology and the intergraded
mapping tool used in the RICCAR integrated assessment. GIZ further supports RICCAR in the development of

a web-based regional knowledge hub that aims to enhance access to climate change information, analysis and
assessment tools in the Arab Region. GIZ has also launched a series of pilot climate change adaptation measures
in Egypt, Jordan and Lebanon in partnership with ACSAD, and is supporting the preparation of green sector
adaptation study based on the outcomes of the RICCAR regional climate modelling, hydrological modelling and
vulnerability assessments.

The methodology focuses on assessing vulnerability of key sectors to climate change impacts in the Arab region, such as
changes in temperature, precipitation and runoff. It can also be adapted to examine droughts or flooding due to shifting rainfall
patterns and extreme weather events. The impact assessment component of the integrated assessment pursued under RICCAR
is based on an ensemble of dynamically downscaled regional climate models (RCMs) nested in a series of general circulation
models (GCMs), whose outputs are used to run regional hydrological models (RHMs) as well as basin-level hydrological models.
The outputs of these models are then used to inform the vulnerability assessment, which is visualized through an integrated
mapping tool (see Figure 1).

FIGURE 1: RICCAR integrated assessment methodology

IMPACT
ASSESSMENT
Representative .
Concentration Legend:
Pathway (RCP) =) GCM =) RCM =) RHM =) VA =) IM GCM: Global Climate Modelling

RCM: Regional Climate Modelling
RHM: Regional Hydrological Modelling
VA: Vulnerability Assessment

IM: Integrated Mapping

Source: ESCWA et.al, 2017



The resulting integrated assessment links climate change impact assessment to socio-economic and environmental
vulnerability assessment. The application of this integrated assessment approach can be used to inform climate change
adaptation policies, measures, monitoring and disaster risk reduction.

The integrated vulnerability assessment of the Arab region thus combines climate impact assessment modelling outputs with
geospatially referenced statistical data to generated integrated maps that are designed to:

+ Support the identification of climate change vulnerability hotspots

+  Foster the mainstreaming of climate change issues into sectoral planning as well as regional and national policy integration
« Improve policy-making and provide a planning tool

« Contribute to global climate change adaptation and advocacy in the Arab Region

+  Provide capacity-building to responsible institutions

+ Raise awareness of intermediate groups

Potential users of the integrated vulnerability assessment methodology are ministries, agencies and research institutions in
the Arab region engaged in the management of water resources and the effect of climate change on water-sensitive sectors.
The methodology will assist them in developing a better understanding of socio-economic and environmental climate change
vulnerabilities in the Arab region, and enhance their ability to respond more effectively to these challenges.

A particular feature of this vulnerability assessment methodology is that it was developed through a consultative and
participatory process with experts from the Arab region through the convening of annual Expert Group Meetings (EGMs) and
the establishment of a Vulnerability Assessment Working Group (VA-WG). The VA-WG is comprised of 15 members representing
Arab Governments as well as League of Arab States, United Nations and expert organisations serving the Arab region. The
working group was assisted by a technical advisory team supported by GIZ and comprised of experts from adelphi (Germany)
and EURAC research (ltaly). The VA-WG met three times between January and November 2013 to discuss the key elements of
the vulnerability assessment methodology, and was subsequently involved in the review the draft methodology. Two task forces
were also formed to support the vetting and review of regionally appropriate vulnerability indicators related to sensitivity and
adaptive capacity in the Arab region. These groups met over the course of two years, as detailed in Table 1.

TABLE 1: Meetings and activities of the VA-WG and VA Task Forces

Discussion of underlying vulnerability concepts, identification of objectives and key sectors,
consideration of the climate change impacts upon which the vulnerability assessment

Beirut, 29-30 January 2013 should built.

Validation of selected climate change impacts and sectors, listing of potential indicators for
Beirut, 27-28 May 2013 assessing vulnerability in the different sectors, discussion of possible data sources.

Review list of proposed indicators, discussion of the aggregation methodology, and conduct
Amman, 25-26 November 2013 of exercise on indicator evaluation.

Solicitation of comments and feedback on the vulnerability indicators and methodology,
April 2014 continued on a virtual basis through April 2014.

Vetting of final list of possible indicators based on review of data available at the
regional level, with a view to ensuring balance across the proposed dimensions for

Beirut, 20-21 October 2014 . A
characterizing sensitivity.

Vetting of final list of possible socio-economic indicators based on review of data available
at the regional level, with a view to ensuring balance across the proposed dimensions for

Beirut, 22-23 October 2014 L . A
characterizing adaptive capacity.

Regional research centres with experience and expertise in the area of climate change assessment and geographic information
system (GIS) applications were invited to review, test and comment on the draft vulnerability assessment methodology and
draft training manual during a regional workshop organized by ACSAD on behalf of the League of Arab States, ESCWA and GIZ
(Beirut, May 2014).



The draft and revised versions of the integrated vulnerability assessment methodology were also presented for consideration
by Arab Governments, regional organizations and the RICCAR Partners at the Fifth RICCAR Expert Group Meeting (Amman, 11-
12 December 2013) and the Sixth RICCAR Expert Group Meeting (Cairo, 7-8 December 2014), respectively.

This training manual details the methodology developed to conduct an integrated vulnerability assessment for the Arab region
within the framework of RICCAR. The manual provides practical step-by-step guidance for understanding the various
components of preparing a vulnerability assessment through the use of RCM and RHM outputs, as well as geospatial and
statistical tools.

The user-friendly manual is structured into three parts:

Outlines the integrated vulnerability assessment approach to help the user gain an understanding of the vulnerability
assessment components as well as the thematic, spatial and temporal scope of the RICCAR assessment.

Provides practical guidance on how to implement the integrated vulnerability assessment methodology using
GIS tools.

Offers some technical guidance on the use of remote sensing for image classification.

The list of indicators, their corresponding factsheets and impact chains for each sector that are used to prepare the integrated
vulnerability assessment at the Arab regional level, as well as information on associated data sources and references can be
consulted under the various RICCAR resources and publications available on the Regional Knowledge Hub (www.riccar.org).

In providing the methodology for this specific climate change vulnerability assessment for the Arab region, the training manual
is designed for readers who are already familiar with the concept of vulnerability and how it differs from climate change impact
assessment. Users of the manual who which to apply or adapt the methodology to conduct further research at the regional or
national level must have sound expertise in the use of GIS applications and aggregation methods.

The adaptation of the methodology can be pursed through the selection of different sectors or impacts for analysis, the
inclusion of additional or alternative indicators, or the use of new and emerging sources of geospatial information. Drawing
upon different sources of geospatial data, such as those offered by remote sensing or satellite imagery, may be particularly
useful when seeking to adapt the methodology for application at the national or local levels. However, to do so, the user should
have a sound understanding of the characteristics of the unit under examination and the factors that influence vulnerability
based on local conditions.

Users with limited experience and background knowledge on climate change vulnerability can refer to the GIZ Vulnerability
Sourcebook (see Box 2) for a more in-depth explanation of key terms and basic guidance on how to conduct a vulnerability
assessment. The methodology provided in this training manual is complementary to the approach presented in the GIZ
Vulnerability Sourcebook, but varies from it in some aspects in order to support the identification, vetting and use of specific
indicators of concern for the Arab region.



BOX 2: The GIZ Vulnerability Sourcebook

Climate change is one of the key future challenges for both developed and developing countries. In this context,
adaptation planning has gained growing political attention and support at international, national and regional
levels.

The GIZ Vulnerability Sourcebook is a practical tool that can support adaptation planning, monitoring and
evaluation based on vulnerability assessment tools. Commissioned by GIZ and developed jointly by adelphi and
EURAC research, the sourcebook offers a standardised approach to vulnerability assessments covering a broad
range of sectors and topics (e.g. the water sector, agriculture, fisheries, different ecosystems) at different spatial
levels (e.g. community-based, sub-national, national) and time horizons (e.g. current vulnerability or vulnerability in
the medium- to long-terms).

Following a conceptual introduction, eight modules provide hands-on guidance on how to:

+  Prepare a vulnerability assessment (Module 1)

+ Develop so-called impact chains, which describe the cause-and-effect relationship of the vulnerability under
review (Module 2)

+ Identify and select appropriate indicators (Module 3)

+  Acquire and manage the required data (Module 4)

« Normalise the selected indicators so they can be aggregated (Module 5)

+  Weight and aggregate single indicators to vulnerability (Modules 6 and 7)

+  Present the outcomes of the vulnerability assessment (Module 8)

Practical tools and templates for conducting a vulnerability analysis are provided in an annex. The Vulnerability
Sourcebook is thus of particular interest to technical and adaptation experts looking for an effective tool which —
at various spatial and administrative levels — can:

+  Provide a sound assessment of vulnerability to climate change
+ Improve adaptation planning

« Enhance the development of adaptation measures

«  Support monitoring and evaluation of adaptation efforts

The latter can be assessed by repeating the same vulnerability assessment one or several times at defined
intervals. The results of the repeated vulnerability assessment are then compared to those of the initial (baseline)
assessment to identify changes in vulnerability or its sub-components. The underlying assumption here is that
every adaptation measure, plan or strategy aims at either increasing adaptive capacity or decreasing sensitivity,
and thus vulnerability.

The sourcebook can make a valuable contribution to adaptation and development planning as well as to monitoring
and evaluating adaptation. It is particularly helpful in order to conduct local vulnerability assessments. This has
already been demonstrated by applying it in several countries such as Pakistan, Bolivia and Burundi.

@R

ility Sourcebook

The GIZ Vulnerability Sourcebook is available online at:
http://star-www.giz.de/pub?r=37621&lang=1
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PART I: INTEGRATED VULNERABILITY ASSESSMENT
METHODOLOGY

In this part of the Training Manual, the following questions are addressed:

+How is vulnerability defined in the context of the integrated vulnerability assessment of the Arab region?

+ Which sectors and impacts are selected for the vulnerability assessment of the Arab region and for which reason?
+  What is the spatial and temporal scale of the assessment?

+  Which indicators for assessing vulnerability in the Arab region were identified?

« Which data are used for the integrated assessment of the Arab region?

« How are the data prepared for the aggregation process?

« How are the different vulnerability components aggregated to form an overall vulnerability assessment?

1 OPPORTUNITIES AND LIMITS OF THE METHODOLOGY

The integrated vulnerability assessment methodology takes a regional perspective on climate change vulnerability in the Arab
States. It thus concentrates on key sectors and climate change impacts relevant throughout the Arab region, providing entry
points for a regional dialogue on joint adaptation efforts to cope with the challenges of climate change in the Arab region.

The regional perspective, however, also restricts the level of detail the analysis can provide at the country-level. It is limited
firstly by focusing on the most relevant sectors and climate change challenges shared across the region. Secondly, in order

to provide for a consistent regional assessment, data availability is a constraining factor. The regional climate modelling
components of the RICCAR integrated assessment covering the Arab Domain were used, but the vulnerability assessment
component only covers the areas representing Arab States in the region. Therefore, the selection of indicators for the
integrated vulnerability assessment of the Arab region was limited to indicators that could be drawn from data that was
available and accessible to analyse conditions in most Arab States. Third, as the outputs of the regional climate modelling
projections need to be bias-corrected in order to be used as inputs in hydrological models, only bias-corrected RCM projections
were used to inform the vulnerability assessment.

However, through its modular approach, the methodology provides the flexibility that allows it to be adapted for application at
the national or sub-national level. For example, further climate change impact indicators could be added to the assessment, or
be substituted to better reflect the characteristics and interests of single countries or local communities.

It should further be noted that the explanatory power of the results of any vulnerability assessment is directly correlated to
the quality, the timeliness and the spatial resolution of the input datasets. One major challenge for the regional vulnerability
assessment is that the data used do not share the same resolution. For instance, they may ranging from the national level (i.e.,
only one value per country) to sub-national levels (e.g., grids at a scale of 300 m to represent land use - land cover). These
differences in spatial resolution limit the accuracy of the regional assessment. Methods to downscale regional data sets often
exist, but they are usually very elaborate and depend on the details of each dataset, which is why dealing with them in depth
goes beyond the scope of this training manual. If in the future, higher resolution or higher quality data (e.g., sub-national data
on income levels, environmental protection, sustainable land and water management schemes etc.) become available, the
selection of indicator and thus the vulnerability assessment methodology could be further refined.

2 DEFINITION OF VULNERABILITY

Vulnerability is not a measureable characteristic of a system such as temperature, crop yields or steepness of slope. It is rather
a concept used to express the complex interaction of climate change effects and the susceptibility of a system to its impacts.

There exist manifold definitions and methods of operationalizing this concept. The Intergovernmental Panel on Climate Change
(IPCC) sought to elaborate and advance an approach for understanding vulnerability in its Fourth Assessment Report (AR4).



Within this perspective, vulnerability is understood to be the function of a system’s climate change exposure, sensitivity and
adaptive capacity to cope with climate change effects, as illustrated in Figure 2.

FIGURE 2: The components constituting vulnerability based on IPCC AR4 approach

EXPOSURE

ADAPTIVE CAPACITY

Source: Fiissel and Klein, 2006 and IPCC, 2001, as drawn upon in IPCC, 2007.
Within this conceptual framework:

* Exposure refers to changes in climate parameters that might affect socio-ecological systems. Such parameters are for
example temperature, precipitation and wind speed, which climate change alters with regard to their quantity and quality as well
as their spatial and temporal distribution.

* Sensitivity tells us about the status quo of the physical and natural environment of the affected systems that makes them
particularly susceptible to climate change. For example, a sensitivity factor could be topography, land use - land cover,
distribution and density of population, built environment, proximity to the coast, etc.

* Potential Impact is determined by combining exposure and sensitivity to climate change on a system.

« Adaptive capacity refers, according to Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4),
to “the ability of a system to adjust to climate change (including climate variability and extremes), to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences.” *

Consequently, the training manual takes the approach that adaptive capacity is a set of factors which determine the capacity
of a system to generate and implement adaptation measures. These factors relate largely, but not exclusively, to available
resources of human systems and their socio-economic, structural, institutional and technological characteristics and
capacities. This can include aspects such as income/GDP, quality and efficiency of governance structures, know-how and
application of technologies, but also awareness of climate change effects.

Combining exposure, sensitivity and adaptive capacity allows assessing the vulnerability of a system to climate change.
However it should be noted that the abovementioned approach to vulnerability presented in the IPCC AR4 does not offer
guidance on the way (i.e., on the precise mathematical, functional form) to combine the sensitivity, exposure, potential impact
and adaptive capacity components in order to assess the vulnerability of a system to climate change.

As such, the methodology presented in this training manual examines the use of different weightings (derived from statistical
analysis, existing literature, stakeholder information or expert opinion) that can be assigned to the various dimensions that are
identified to characterize the exposure, sensitivity and adaptive capacity of a system. These weighted dimensions can then be
reflected in an aggregation method used to combine these components to determine climate change vulnerability (see Part |, 7:
Aggregation Approach).



BOX 3: Evolving Definitions of Vulnerability

IPCC Assessment Report 4 (2007)*

Vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate
change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate
of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity.

IPCC Assessment Report 5 (2014)°
Vulnerability:* The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of
concepts and elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.

Vulnerability index: A metric characterizing the vulnerability of a system. A climate vulnerability index is typically
derived by combining, with or without weighting, several indicators assumed to represent vulnerability.

Outcome vulnerability (End-point vulnerability): Vulnerability as the end point of a sequence of analyses beginning
with projections of future emission trends, moving on to the development of climate scenarios, and concluding with
biophysical impact studies and the identification of adaptive options. Any residual consequences that remain after
adaptation has taken place define the levels of vulnerability (Kelly and Adger, 2000; O'Brien et al., 2007).

Contextual vulnerability (Starting-point vulnerability): A present inability to cope with external pressures or
changes, such as changing climate conditions. Contextual vulnerability is a characteristic of social and ecological
systems generated by multiple factors and processes (0'Brien et al., 2007).

* Reflecting progress in science, this glossary entry for AR5 differs in breadth and focus from the entry used in the
AR4 and other IPCC reports.

2|PCC 2007, Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, available at:
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/annexessglossary-p-z.html

®|PCC, 2014 (Annex II: Glossary) Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional
Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change, available at: http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Annexll_FINAL.pdf

It should also be understood that there is no such thing as a ‘general’ vulnerability. Vulnerability is an expression of a state of a
system in relation to a specific climate change impact, both of which need to be clearly defined prior to analysing vulnerability.
The definition of vulnerability has evolved since the release of the IPCC AR4; however, the Fifth Assessment Report (AR5) of
the IPCC still draws upon the peer reviewed literature available on vulnerability in 2007, as reflected in Box 3. The next section
will therefore deal with the thematic scope of the vulnerability assessment being pursued within the framework of the RICCAR
vulnerability assessment.

3 THEMATIC SCOPE

Vulnerability can only be assessed within the framework of a specific climate change impact affecting a clearly determined
geographic and/or sectoral reference point, such as for example the impact of changing precipitation patterns on agricultural
production in Morocco. The definition of this “thematic scope” is the very first step of each vulnerability assessment. Usually,
vulnerability assessments take a focused perspective on only one or two specific climate change impacts affecting a specific
sector or sub-sector in an area of interest. For example, the vulnerability of wheat production to changes in temperature and
precipitation.
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TRAINING MANUAL ON THE INTEGRATED VULNERABILITY ASSESSMENT METHODOLOGY

The integrated vulnerability assessment methodology for the Arab region takes a broader view of vulnerability to allow for a
comprehensive assessment that can serve as a basis for dialogue and consultation on climate change across the Arab region
and among Arab States. As such, the integrated vulnerability assessment conducted under RICCAR combines a series of single
vulnerability assessments for several water-related climate change impacts on different sectors in the Arab region. In this way,
the assessment provides a more integrated, cross-sectoral understanding of the region’s vulnerability with respect to potential
climate change impacts.

Following a series of consultations, the members of the VA-WG decided to concentrate the vulnerability assessment for the

Arab Region on five key sectors and ten climate change impacts, as depicted in Figure 3. These sectors were subsequently
endorsed at the RICCAR Expert Group Meeting and by the Arab Ministerial Water Council.

FIGURE 3: Sectors and impacts selected for the Arab Region vulnerability assessment

SECTORS IMPACTS (SUB-)VULNERABILITY
(XX . I
AA_ Water Change in water availability Vv,

Biodiversity Change in area covered by forests v
and Ecosystems Change in area covered by wetlands V.

é@ Change in water available for crops v
—

Agriculture Change in water available for livestock v

@ﬂﬁ Infrastructure Change ininland flooding area Ve
<~~~  andHuman Settlements Change in coastal flooding area Ve
0 Change in water available for drinking v,
.‘.'.‘.Q People Change in health conditions due to heat stress Vg
“ Change of employment rate for the agricultural sector vV,

Source: VA-WG, adapted from adelphi, 2013.

As such, the overall vulnerability of the Arab region comprises the different sectoral vulnerabilities towards the various key
climate change impacts identified, which are in turn comprised of sub-vulnerabilities (e.g., v, V,, V;, etc.).

‘Water availability’ provides the entry point when preparing the vulnerability assessment for the Arab region, given the central
role of freshwater scarcity in determining the vulnerability of climate change in the region. It is understood to be an overarching,
cross-cutting issue that directly influences the vulnerability of the five targeted sectors to climate change (see Figure 4)
identified for the analysis by regional stakeholders as elaborated below.



MANUAL RICCAR

FIGURE 4: Sectors and potential climate change impacts
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Source: VA-WG, adapted from adelphi, 2013.

It should be noted that a vulnerability assessment is only a model. As such, when applied at the regional level, it is likely that
the model that cannot fully grasp the realities on the ground in all sectors or distinctive features that can be found only at the
sub-national and local levels. The more climate change impacts and sectors are included in the analysis, the more complex
and susceptible to flaws it may become. Accordingly, the scope of the vulnerability assessment for the Arab region was limited
to the number of sectors and impacts that were feasible to examine within the time and resources available to implement the
assessment.

The following sections outline in more detail how the different sectors are understood in the context of the integrated

vulnerability assessment for the Arab region. It also highlights those aspects of each sector which will be particular focal
points in the analysis.

11
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Water is a scarce and precious resource in the Arab region and plays a major role in daily life and all economic sectors. Sources
of and access to water differ significantly between Arab States, but the main sources comprise precipitation, surface water and
groundwater. As water consumption in many countries already exceeds the renewable and non-renewable freshwater resources,
desalination and reuse of wastewater become more and more important in securing the availability of water.

Against this backdrop, the VA-WG decided to integrate the water sector into the vulnerability assessment of the Arab region,
focusing on the potential impact of:

+ Change in water availability

Ecosystems provide valuable ecosystem services, regulate chemical and physical processes, and supply food and water.
Biodiversity is essential to ecosystem health, but also provides a basis for human economic activity, health and recreation. High
population growth, urbanisation and industrialisation converging with unsustainable management of land and water resources
has led to a decline in biodiversity and a destruction of valuable habitats and ecosystems all over the Arab region (UNEP, 2010).
This overexploitation of ecosystems causes a loss of habitats, especially of coastal and wetland habitats. Furthermore, the
increasing rate of land cultivation leads to deforestation and the degradation of rangelands and grasslands at an alarming rate.

Forests and wetlands are also amongst the ecosystems considered to be highly vulnerable regarding changing temperatures
and a reduction in water availability in context of climate change.

Against this background, the VA-WG selected ecosystems and biodiversity to be included into the vulnerability assessment of
the Arab region with particular focus on climate change induced:

+ Change in area covered by forests
+ Change in area covered by wetlands

The agricultural sector plays an important role in most economies of the Arab region, both in terms of domestic food supply as
well as in the labour market. A decline in agricultural productivity may therefore have serious impacts on the regional economy,
affecting rural populations in particular.

The agricultural sector is also the largest consumer of freshwater, constituting more than 80 per cent of total water use in the
Arab Region. Being highly dependent on water and fertile soils - both scarce natural resources in the region - the agricultural
sector is particularly prone to adverse climate change impacts.

Furthermore, the agricultural sector in the arid to semi-arid Arab States is highly dependent on surface and groundwater
resources for the production of crops, whether rain-fed or irrigated. In the livestock sector, water plays a major role in the
provision of pasture and rangeland for cattle and small ruminants.

The VA-WG therefore decided to include the agricultural sector in the vulnerability assessment, with particular focus on crops
and livestock. The assessment thus focuses on the potential impacts of:

« Change in water available for crops
+ Change in water available for livestock



The Arab region has experienced unprecedented population growth over recent decades. Urban areas have been the primary
centres of this growth, as the urban share of total population grew from 48 per cent in 1980 to close to 60 per cent in 2000, to
exceed 70 per cent in 2008. Over half of the Arab region’s population now resides in urban areas (UN-Habitat, 2012)

In some countries, the share of urban population exceeds 90 per cent of the total population, such as in Bahrain, Kuwait,
Lebanon, Libya, Oman, Qatar, Saudi Arabia, and the United Arab Emirates (UN-Habitat, 2006). Many of these urban centres are
located along the coastline or expanded along riverbanks, such as the Nile and the Euphrates. Given the extent of the urban
environment and the underdevelopment of storm water networks in what is predominately an arid and semi-arid region, a
particular challenge for these highly populated areas is to cope with the effect of flood events, including flash floods, due to
extreme weather events.

Low-lying coastal areas, deltas and artificial lands extending beyond the natural coastal line are also sensitive to sea-level rise,
and is an impact identified for examination related to this sector.

Therefore, the VA-WG decided to include the following key climate change impacts into the integrated vulnerability assessment
of the Arab region:

+ Changeininland flooding area
+ Change in coastal flooding area

However, it should be noted that the outputs of regional climate models do not model sea-level rise and thus projections
generated from global circulation models would be necessary to assess the potential impacts of sea-level rise on coastal
zones. Furthermore, high-resolution digital elevation models (DEMs) are needed to conduct such analysis based on the climate
change scenarios currently adopted by the IPCC. At the time of writting, open source DEMs were not available at a resolution
higher than a 30 meter vertical distance, with 10 meter height accuracy. As such, coastal flooding due to sea level rise was
identified as an indicator, but is not included in the RICCAR vulnerability assessment for the Arab Region. It is expected that a
new global dataset from the TerraSAR-X satellite will become available at a resolution of 12 meters vertical distance and can be
used to later assess change the area affected by coastal flooding.

Water, already a scarce resource in the Arab region, may further decrease in quality and quantity which will put pressure on the
availability of drinking water for the population. Climate change effects on agricultural production in already arid and semi-arid
areas may lead to a loss of labour opportunities in the agricultural sector and trigger further migration to urban centres, which
may in turn cause social disturbances and puts further stress on already densely populated areas.

Increasing temperatures, decreasing rainfall as well as the increased frequency and intensity of extreme weather events, such
as heat waves and dust storms will be some of the most severe challenges posed by climate change to the population in the
Arab region, threatening their livelihoods and health. Higher temperatures, especially in the summer months, may have severe
impacts on public health, in particular affecting the young and elderly and those working in economic sectors requiring outside
work, such as agriculture, security and construction.

For these reasons, the VA-WG members selected the following three key climate change impacts on people to be included into
the vulnerability assessment of the Arab region:

« Change in water available for drinking

+ Change in health conditions due to heat stress
+ Change in employment rate for the agricultural sector

13
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4 SCALE AND TIME PERIODS

The integrated vulnerability assessment of the Arab region covers all Arab States except for The Comoros. The assessment is
conducted on a sub-national level. The spatial scale - or pixel size - of the different input datasets varies significantly.

For example:

+ Data pertaining to change in precipitation and temperature deriving from the RCMs is available on a scale of 50x50 km;

+ Data for population density is used with a scale of 1x1 km;

« Land use - land cover data is used with a scale of 300x300 m;

+ Statistical data for many of the indicators used to operationalise adaptive capacity were only available on the national level,
i.e., there exists only one value per country.

In the integrated vulnerability assessment mapping, these data sets are intersected/overlaid in order to create maps on
vulnerability as well as its components. It should be noted that the different spatial resolution of the data therefore poses a
limit to the spatial accuracy of the maps, e.g., in regard to the location of climate change hotspots.

Hence the results of the mapping roughly indicate areas at risk to climate change impacts on a sub-national level. This serves
the purpose of a regional vulnerability assessment designed to highlight shared challenges from climate change. Such an
assessment, however, does not provide a suitable basis for concrete planning of adaptation measures on the local level. We
recommend taking the hotspots identified on the regional level as an entry point to conduct further and more in-depth studies
on a sub-national level in order to identify locations for adaptation interventions (see Box 4).

BOX 4: Adjusting the Thematic Scope of the Vulnerability Assessment

The modular approach of the integrated vulnerability assessment methodology of course allows for the adjustment
of the thematic scope of the assessment to particular national needs and areas of interest. The proposed climate
change impacts and sectors they relate to are interchangeable. The key questions towards the inclusion of
additional aspects into the assessment are:

+  What is the geographical and/or sectoral reference point that ought to be assessed? E.g., tourism in coastal
areas, wheat production in Egypt or fisheries at the North African coastline.

+ How is this reference point affected by climate change? E.g. rising air temperatures, drought or rising water
temperatures and thus decreasing water quality.

+ Is data available in order to quantify the relevant indicators and operationalise the vulnerability assessment on
this particular climate change threat?

As will become clear later on, the last question is the most decisive one in the development of additional climate
change impacts and inclusion of additional sectors into a vulnerability assessment. During the development of the
integrated vulnerability assessment, for example, the urgent need to assess the vulnerability of the agricultural
sector in the Arab region towards droughts was identified. However, at that time no reliable data was available with
which to quantify indicators assessing frequency and intensity of drought in the Arab region. Should such data
become available, this could provide a way of further refining the integrated vulnerability assessment methodology
by adding the impact “increased frequency and intensity of droughts” to the assessment of climate change
vulnerability of the agricultural sector in the Arab region.

However, when adding additional climate change impacts and sectors, careful observation should be put in place
to ensure that the vulnerability assessment does not become too complex. The more information integrated into
the assessment and aggregated to an overall vulnerability map, the more difficult it will be to clearly ‘read’ specific
information from those maps.

For further guidance, users of the Training Manual could refer to the GIZ Vulnerability Sourcebook (see Box 2)
and in particular its Module 2 which outlines the development of so-called impact chains as the basis for any
vulnerabhility assessment.



The integrated vulnerability assessment of the Arab region is not limited to current vulnerability in the region, but also analyses
potential future vulnerabilities. For that purpose, it integrates information generated from regional climate modelling and
hydrological modelling projections developed as part of RICCAR. These projections are provided for the following time periods:

1) Reference period from 1985 to 2005
2) A future period from 2046 to 2065
3) A future period from 2081 to 2100

The vulnerability assessment for the Arab Region can be conducted for each of these future periods. For that purpose, the
ensemble mean of each period is used to determine relevant climatic and hydrological parameters, e.g., change in temperature,
change in precipitation (yearly or seasonally) or change in runoff. These ensemble means - when compared over the given time
periods - provide information on mid- to long-term trends in climatic and hydrological parameters.

Similarly, the vulnerability assessment cannot provide projections for a certain month or year in the future, but can provide
information on how the vulnerability of a certain area in the Arab region may change over time.

However, it should be noted that for the three future time periods mentioned above, data for socio-economic indicators is not
available and cannot be provided. For socio-economic indicators, the latest data available are used (see Part 1,5: Identifiying

indicators from impact chains) - therefore, there is a gap between the time scale of the climate and hydrological data on the

one side and the socio-economic data on the other side.

The recently released socio-economic projections prepared by the working groups established by the International Committee
on New Integrated Climate Change Assessment Scenarios® can help resolve this gap in future applications of the integrated
vulnerability assessment of the Arab Region. This data accompanies the narratives® of the five shared socio-economic pathways
(SSPs), and includes for the first time a comprehensive set of demographic and socio-economic projections on population,
urbanization, education, and gross domestic product. The SSPs, which were identified at the joint IAV” and IAM workshop in
Boulder, Colorado, in November 2011, present an important step forward compared to the earlier IPCC socioeconomic scenarios
(see for example the Special Report on Emission Scenarios, Nakicenovic N. et al., 2000).

The five SSP storylines have been converted into projections, until 2100, of national populations by age, sex and level of
educational attainment based on alternative assumptions about future fertility, mortality, migration and education transition
assumptions. Furthermore, each SSP assumes either a fast, central, or slow urbanization pathway for each country of

the world.® The projections on changes in gross domestic product (GDP) were provided by three modelling teams: at the
Organisation for Economic Co-operation and Development (OECD), the International Institute for Applied Systems Analysis
(IIASA) and the Potsdam Institute for Climate Impact Research (PIK). The OECD model provides GDP and GDP per capita
projections based on long-term projections of five key drivers of economic growth physical capital; employment, in turn driven
by population, age structure, participation and unemployment scenarios; human capital, which is driven by educational levels
and determines labour productivity; energy demand and natural resources (oil and gas) extraction patterns for exporting
countries; and total factor productivity (TFP); complemented by assumptions on gradual convergence of regions towards the
best performing countries. Local assessments should be conducted to maximum possible extent (see Box 5).
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BOX 5: Adapting the Regional VA Methodology to the Local Level

The regional vulnerability assessment can benefit strongly from local assessments based on the same analytical
framework to provide ground truthing for the results achieved on the regional level. Such ground truthing can be
done by (large-scale) household surveys, inclusion of local knowledge through workshops or development of higher
resolution data from remote sensing would be otherwise too costly for the whole region.

On the other hand, the key steps outlined in the Integrated Vulnerability Assessment Methodology for the Arab Region
can also serve as guidance to more specific vulnerability assessments on the national and local level that will not
only validate regional assessment results, but also explore the climate change vulnerability of a particular area more
in depth. In this case, one should carefully check the analytical framework of the regional vulnerability assessment in
regard to its applicability on the local level. For example, sectors identified for the regional level as relevant may be

a better fit the national or local level (e.g., instead of “agricultural sector” focus on a particular crop produced in the
specific area). The same applies to the climate change impacts selected for regional analysis: here, interviews with
local populations and/or a thorough review of available literature should be conducted in order to identify the most
important impacts that can be expected to result from climate change.

In general, a local assessment requires - and allows - a higher degree of detail in the analysis which will be reflected
in the scope and scale of the assessment as well as the selection and quantification of indicators. Very often, local
vulnerability assessments focus on current vulnerability or medium-term trends in vulnerability rather than assessing
vulnerability for time periods in the distant future. The following literature provides further information and practical
guidance on conducting local and community-based vulnerability assessments in particular:

«  GIZ 2074: The Vulnerability Sourcebook. Concepts and Guidelines for Standardised Vulnerability Assessments
(see also Box 2). Available at: http://star-www.giz.de/pub?r=37621&lang=1

«  GIZ 2013: Vulnerability Assessments. Experiences of GIZ with Vulnerability Assessments at the local level.
Available at: http://star-www.giz.de/pub?r=35674&lang=1

«  CARE International 2009. Climate Vulnerability and Capacity Analysis (CVCA) Handbook. Available at:
http://www.careclimatechange.org/cvca/CARE_CVCAHandbook.pdf

« 1ISD 2072: CRIiSTAL User’s Manual Version 5. Community-based Risk Screening Tool - Adaptation and Livelihoods.
Available at: http://www.iisd.org/pdf/2012/cristal_user_manual_v5_2012.pdf

5 IDENTIFYING INDICATORS FROM IMPACT CHAINS

In order to identify indicators to operationalise the vulnerability assessment, a so-called impact chain has to be developed for each
climate change impact. An impact chain is an analytical tool that allows a better understanding of the cause-effect relationship
between climate change and its implications for a selected system (GIZ, 2014). The impact chain is therefore based on the
definition of vulnerability as previously outlined and provides the set of key indicators for each vulnerability component.

Impact chains are developed by starting from the selected climate change impact and identifying for each vulnerability component
- exposure, sensitivity and adaptive capacity - by brainstorming, group discussion and/or literature review the key factors
contributing to vulnerability.” Figure 5 shows an example of an impact chain for the impact of climate change on water availability.

In this example, key factors on the exposure side are runoff and change in evapotranspiration, as well as several extreme events
indicators, while the sensitivity of Arab States is determined by their hydrogeology as well as water consumption per capita, to
name only two key factors. Adaptive capacity on the other hand is represented by different socio-economic factors organized
into various dimensions (and associated indicators), such as economic resources, equity (see Box 6), technology, knowledge and
awareness, infrastructure and institutions when conducting the vulnerability assessment under the regional initiative.
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BOX 6: Including Gender Issues into the Vulnerability Assessment

Where socio-economic impacts of climate change are assessed it is worth looking into gender-specific differences
in vulnerability. In the integrated assessment of the Arab Region, it is particularly worth looking into gender-
specific vulnerability towards changes in agricultural employment. For that purpose, gender-disaggregated data

on share of population employed in the agricultural sector needs to be used, i.e., differentiating between the share
of males and females employed in the agricultural sector. Also other indicators, such as literacy rate, quantified
using gender disaggregated data, could be included into the assessment to further refine it in terms of showing
differences in vulnerability between men and women.

Similar, other social groups - e.g., structured along the age (the youth, the elderly) - could be separately assessed.

Aside from using gender-disaggregated data, gender-issues as well as this of other disadvantaged groups are
always best included into a vulnerability assessment by reflecting the gender-neutral impact chain developed for
the assessment and asking key questions such as:

+ Does the identified impact have a particular effect on women?

+ Are any of the factors in the impact chain specific to women? What form does this effect take?

+ Are there any additional factors that are specific to one gender or a particular social group that should be
included in the assessment?

The indicator framework for the vulnerability assessment is then developed - based on the impact chains - by identifying
indicators for each of the selected factors in the impact chain. The key question for this task is “Which indicator describes best
the respective factor in the impact chain?” Where no suitable indicator can be found proxy indicators have to be identified.
Depending on their position in the impact chain, some of the indicators on the top of the impact chain may already be included
in an indicator at the bottom. For example, the indicator “change in runoff” - being a result from the RHM - already includes
change in temperature and precipitation, both outcomes of the RCMs. In order to avoid a double inclusion of single indicators,
the indicator including one of the previous factors is chosen - in this case for example run-off.

The selection of indicators is an iterative process which includes a multitude of considerations such as correlation between
indicators, data availability, quality of data, etc. For that reason, several quality criteria were used during the indicator selection
process:"

+ Validity: Does the indicator measure a change in climate risk or vulnerability?

+ Precise Meaning: Do stakeholders agree on exactly what are the indicator measures in this context?

+ Practical, Affordable, and Simple: Are climate- and adaptation-relevant data actually available at reasonable cost and
effort? Will it be easy to collect and analyse information?

+ Reliability: Can the indicator be consistently measured against the adaptation baseline over the short, medium and
long term?

+  Sensitivity: When the respective climatic effects or adaptive behaviours change, is the indicator susceptible to
those changes?

+  Clear Direction: Are we sure whether an increase in value is good or bad, and for which adaptation dimensions?
«  Utility: Will the information collected be useful for adaptive management, results accountability, and learning?

+ Owned: Do stakeholders agree that this indicator is well-suited to testing the adaptation hypothesis?



The indicator framework for the integrated vulnerability assessment of the Arab region was jointly developed and validated by
the VA-WG members on their meeting in November 2013. Slight changes to the indicator framework (see Box 7) were necessary
over the course of the testing of the vulnerability assessment methodology in order to adjust to data gaps or where data quality
was suboptimal. Furthermore, the refinement of the vulnerability assessment (e.g., as new higher resolution data becomes
available), or the extension of the assessment (e.qg., by adding another climate change impact or sector), will usually go along
with a change in the indicator framework.

BOX 7: Adjusting the Indicator Framework for the National and Local Level

Many indicators currently proposed for the regional vulnerability assessment methodology do not adequately
represent the specific characteristics of all countries. Therefore, selecting more appropriate, i.e., more meaningful
indicators provides a good opportunity to fit the methodology to the specific needs and specificities of a country.

For example, GDP is used as an indicator at the regional level in order to assess the financial capacity of a country
and its population to cope with adverse climate change impacts. However, GDP provides only a very coarse
estimation of this aspect, and fails to represent any differences between different parts of the population or the
country. Therefore, if data is available on the sub-national level on e.g., average household incomes, or share of
household spending on water, energy or food, this could provide a much clearer picture of the adaptive capacity of
a population. For the regional level - again, covering 21 States - such data is not consistently available.

Once indicators are identified, sources which can quantify these indicators have to be selected. Usually, the identification

of indicators and data sources is an iterative process. That means that very often, data available may not exactly match

the meaning of an indicator, but will represent a similar aspect that then could be used as an alternative indicator for the
assessment. Very often, data may also have time or spatial gaps, be out-dated, or there may be no metadata available to provide
important information on the source and methodology of the data used. Following the slogan “garbage in - garbage out,” high
quality standards should be applied to data gathered for the vulnerability assessment, but in practice these may not always be
fully achieved or may entail trade-offs.

Therefore it is extremely important to be transparent on the data and its metadata, in order to allow the user a better
understanding of the input to the assessment and the output (in particular maps) and how they could be interpreted. The
development of indicator factsheets is therefore highly relevant as they provide all necessary information and metadata on
each indicator.

The data used to quantify the indicators for the integrated vulnerability assessment stem from very different sources. To
provide an overview:

+ The data for exposure indicators were mainly developed as one output of RICCAR:

- Regional Climate Models were developed and run by the Swedish Meteorological and Hydrological Institute (SMHI)
in collaboration with partners. The RCMs provide data on changing climate signals, such as change in precipitation
and temperature for two representative concentration pathways (RCP), namely RCP 4.5 and 8.5. The data covers the
“Arab Domain"? at a scale of 50x50 km for the three studied time periods. The data is provided as NetCDF files and
then converted to shapefiles for the use in GIS.

- Furthermore, Regional Hydrological Models were prepared by SMHI as well as the Arab Center for the Studies of Arid
Zones and Dry Lands (ACSAD) on the basis of the RCMs. The RHMs provide data on changes in the hydrological
system, in particular changes in runoff, evapotranspiration and discharge. The data covers the whole Arab region
at a scale of 50x50 km for the three selected time periods.
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+ In quantifying sensitivity indicators, data was mainly used from international organisations providing regional or global
maps covering the Arab Domain as well as statistical data for all of the selected 21 States in the Arab region. The
assessment draws extensively on data from FAO (in particular AQUASTAT). The data also covers the whole region for a
recent time period and usually on a sub-national scale. High resolution data could be obtained from remote sensing
(see Box 8)

« Inorder to assess the adaptive capacity of countries in the Arab region, statistics, for the most part from the United Nations
system were used. The data is only available for the national scale, but is largely up-to-date as regards recent time periods.

The various sources the input data stems from underline the integrative character of the vulnerability assessment methodology
for the Arab region, as previously illustrated in Figure 1.

Detailed information on the applied data including metadata on data sources, how the data is developed, its spatial resolution,
statistical scale etc. is provided in the indicator factsheets available on the Regional Knowledge Hub.

In order to allow for a consistent analysis across the region, care was taken to ensure that the data used for the vulnerability
assessment covers the 21 Arab States covered in the Arab Domain. For most data sets, this requirement was fulfilled by
drawing extensively on globally or regionally available data (see above) - however, this was often done at the expense of
resolution and timeliness of the data.

Where data gaps - especially with regard to statistical data - occur, they are rather minor. However, if data on a country is
lacking for more than one third of the indicators used to assess a vulnerability component, we recommend against calculating
that component - and subsequently also the sectoral vulnerability as the lack of data for a significant number of indicators will
distort the result for the assessment. In the vulnerability map, the respective country or regions should then be shaded in the
map or marked otherwise.

BOX 8: Using Data from Remote Sensing for Vulnerability Assessments

One way of raising the accuracy of the vulnerability assessment could be to include - for one and the same
indicator - a higher resolution data set. This is for example useful for land use - land cover, which is a central
indicator in the proposed integrated vulnerability assessment methodology. For the regional vulnerability
assessment, GlobCover data with a spatial resolution of more than 1km is used. However, for a national
assessment, this may be far too coarse. Therefore, data generated from Modis or Landsat could be used, which
provide a higher resolution as a comparison between these data sets shows (see Figure 6 and 7). However, it
should be noted that significant costs may arise in the generation of higher resolution data, in particular when
stemming from remote sensing.

FIGURE 6: Comparison of land use - land cover data from GlobCover, ~ FIGURE 7: Comparison of land use - land cover data from
Modis and Landsat for Tunisia GlobCover, Modis and Landsat for Tunisia, map extract

GlobCover (MERIS) Landsat
1.2km x 1.04 km (30m)

GlobCover (1.1 km) Modis (500m)
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Bare surface ‘ n|
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Marshes/Wetlands

Source: Maps prepared by Dr. Eman Ghoneim 2013. Source: Maps prepared by Dr. Eman Ghoneim 2013.
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6 NORMALISATION AND EVALUATION OF DATA

All datasets used for the vulnerability assessment can be used to represent differences in vulnerability. However, we deal
with data of different scales of measurement (metric, ordinal, nominal), different value ranges and different units. In order to
aggregate these datasets into the course of the vulnerahility assessment, the data first need to be transformed into a unit-
less score on a common scale. This process is called normalisation. For the integrated assessment of vulnerability in the
Arab region, a scale with a value range of 1 to 10 is applied, with the value 1 representing a low vulnerability and the value 10
representing a high vulnerability (see Figure 8). All dataset values were normalised to this scale.

FIGURE 8: Evaluation scale used for the integrated vulnerability assessment

Highly vulnerability ----»

Low vulnerability ----»

Depending on the type of data, different techniques can be applied for normalisation, as outlined in the following sections.

6.1 Min-Max Normalisation

For metric data sets, normalisation can be done using the so-called Min-Max normalisation:
= i Min
i,0to1
XMax XMin
Where X represents the individual data point; X, the minimum of all data points of that indicator for 1) the regional data set;

or 2) according to global values; X,,  the maximum of all data points of that indicator for 1) the regional data set; or 2)

according to global values; and X, , the normalised data point within the range of 0 toT.

Using the formula above, the data stretched to the 0-1 range is subsequently allocated to 10 classes. This allocation of an
indicator value is called ‘evaluation’. Table 2 illustrates the equal intervals classification for the case of 10 classes: each class
represents a value range of 1/10 or 0.1 of the total range 0 to 1.

TABLE 2: Allocation of normalised indicator values to classes

Class Normalised data value Class Normalised data value
1 0-0.1 6 0.520.6
2 01202 7 0.620.7
3 0.220.3 8 0.720.8
4 0.320.4 9 0.820.9
5 04205 10 0.9-1.0
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Practical example using the Logarithmic transformation:

For the indicator Road density we normalise and classify the national values in Excel. However due to the high
positive skewness of the data we log-transform the series before normalisation, see Table 3, column 2.

In the Arab States, the original values range from 0.5 km of road per 100 km? of land area, to 545.7 km of road
per 100 km? of land area. As the values are log-transformed, X, and X, are now -0.7 and 6.3 respectively.
Consequently, the following formula is used to obtain the normalised values for every country: (Ln(X,)-(-0.7))/(6.3-

(-0.7)), where X, is the original country Road density data. The normalised values are shown in column (3), Table 3.

The classes that are input for the vulnerability calculations are then obtained using Table 2. The resulting classes
are shown in column (4), Table 3.”

TABLE 3: From indicator values to classified values via normalised values

Country Name Road density, X. (1) L Ltg&r;n(;‘;ormed (Ln (ng(r_g‘;l)i)s/?g';il("_'g;)) 3) Classes (4)
Algeria 4.8 1.6 0.33 4
Bahrain 545.7 6.3 1.00 10
Djibouti 47.3 39 0.65 7
Egypt 13.2 2.6 0.47 5
Iraq 13.7 2.6 0.48 5
Jordan 9.6 2.3 0.43 5
Kuwait 8.1 2.1 0.40 5
Lebanon 39.3 37 0.63 7
Libya 66.7 4.2 0.70 8
Mauritania 47 1.6 0.33 4
Morocco 1.1 0.1 0.12 2
State of Palestine 13.1 2.6 0.47 5
Oman 77.8 4.4 0.72 8
Qatar 77.8 4.4 0.72 8
Saudi Arabia 78.6 4.4 0.73 8
Somalia 10.3 4.4 0.44 5
Sudan (including South Sudan) 3.5 2.3 0.28 3
Syrian Arab Republic 0.5 -0.7 0.00 1
Tunisia 377 3.6 0.62 7
United Arab Emirates 11.9 2.5 0.46 5
Yemen 49 1.6 0.33 4
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6.2 Evaluation of Indicators Using a Reference

Some data sets cannot be normalised in such a standardised way as this would not adequately represent the meaning of an
indicator value in regard to the relevant vulnerability component. This meaning - again on a scale from 1 to 10 - needs to be
assigned to each indicator value (‘evaluation’). For that purpose, a reference such as an existing and widely accepted index can
be used to allocate the indicator values into classes.

Practical example:

For the indicator Total Available Renewable Water Resources (TARWR) per capita the classes to indicate the level
of sensitivity could be based on the Falkenmark Indicator. The Falkenmark Indicator proposes a threshold of
1,700m? of available water resources per capita per year for water stressed and 1000m? per capita per year for
water scarce-countries. These two thresholds were used to evaluate the data values available for total available
renewable water resources per capita/year using a matrix as Table 4 below shows.

Iraq was, however, treated differently. With TARWR of more than approx. 2666 m3/capita/year the country would
not face any water stress at all. However, as this is in stark contrast to the actual water situation in Iraq, the class
‘5" and therefore a medium sensitivity was assigned.

Table 5 provides an overview of the classes assigned to each country based on the Falkenmark Indicator.

TABLE 4: Building value classes for the TARWR per capita indicator

Falkenmark Index (m® per capita) Value range TARWR (m?per capita) Sensitivity Class
n.a. 1 - low sensitivity
n.a. 2

>1.700 : No stress

n.a. 3
n.a. 4
1500 - 1750 5
>1.000 - 1.700 : Stress 1250 - 1500 6
>1000 - 1250 7
750 - 1000 8
500 - 1.000 : Scarcity
500 - 750 9
< 500 : Absolute scarcity 0-<500 10 - high sensitivity
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TABLE 5: Classes for the indicator TARWR per capita based on Falkenmark Index (2014 data)

Country Name TARWR per capita ClassTARWR/capita = Sensitivity class
Algeria 294.2 10
Bahrain 84.2 10
Djibouti 3379 10
Egypt 637.1 9
Iraq 2467.0 5
Jordan 123.4 10
Kuwait 5.1 10
Lebanon 769.6 8
Libya 111.5 10
Mauritania 2802.0 5
Morocco 843.6 8
State of Palestine 179.3 10
Oman 3117 10
Qatar 26.0 10
Saudi Arabia 76.1 10
Somalia 1363.0 6
Sudan 939.5 8
Syrian Arab Republic 908.0 8
Tunisia 4101 10
United Arab Emirates 16.4 10
Yemen 78.3 10

6.3 Evaluating Indicators Based on Expert Opinion

A third way of defining classes for indicator values is to base them on expert opinion. This is a standard approach usually done
when references or thresholds are unavailable from literature and cannot be drawn from previous experience. Including expert
knowledge is best done by conducting a workshop with experts from relevant thematic areas as well as other stakeholders. The
participants of the workshop are asked to assign the values or categories an indicator could have to a pre-defined scale, taking
into consideration how the indicator value relates to the vulnerability component it is part of. As expert judgement will always
be subjective, the selection of a group of experts invited to the group is crucial in order to allow for a balance between different
opinions and views.

In the case of the integrated vulnerability assessment of the Arab region, such an exercise was conducted on land use - land
cover, with the experts of the VA-WG. The experts evaluated the different classes of the Global Land Cover-SHARE data set,
assigning the different classes provided in the data to the scale of ten used for the integrated vulnerability assessment (see
Table 6) in regard to the potential impact of changing water availability due to climate change.
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Practical example:

The sensitivity classes for each land cover type are defined by an expert regarding changing water availability, an
example of which is presented in Table 6.

TABLE 6: Sensitivity class values assigned to LULC for the Arab Region

Sensitivity value / class Global Land Cover-SHARE Identification Number Description
2 1 Artificial Surfaces
10 2 Cropland
5 3 Grassland
10 4 Tree Covered Areas
7 5 Shrubs Covered Areas
10 6 Herbaceous vegetation aquatic or regularly flooded)
5 7 Mangroves
5 8 Sparse vegetation
1 9 Baresoil
n.a 10 Snow and glaciers*
9 1 Inland water bodies

* The description for “snow and glaciers” in Gobal Land Cover-SHARE refers to permanent snow cover and glaciers. It was thus
determined to be not applicable (n.a.) for the Arab region.

6.4 Metric Data Normalisation and Evaluation: Some Practical Guidelines

Moving from the raw country metric data to the 1-10 score classes involves several mathematical and statistical decisions, as
well as subjective expert decisions.™ The main steps are:

1. Data representation: Should we use the percentage of elderly in a given location or the elderly count? The unemployment
rate or the number of unemployed? Population counts or population densities?

Two main representational methods are available: 'absolute representations, which use the variable counts; and ‘relative
composition’ methods, where relative numbers are computed so as to consider relative proportions of vulnerable
populations.
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As ranking vulnerability using absolute size may be greatly influenced by the ranks of total population in the locations
considered, relative representation is usually preferred. However, absolute composition might be used if the purpose of
the index is to identify the number of vulnerable people, such as evacuation planning. It is worth mentioning, however, that
some vulnerability assessments have combined both absolute and relative representations of variables, through averaging
the absolute and relative normalised values, in order to benefit from the properties of the two representational methods.
Data representation decisions don't only relate to demographic-related indicators, but also most socio-economic and in
some instances environmental indicators: should we use the total amount of official development aid, the official
development aid per capita, or official development aid as percentage of government revenues? Should we use the number
of scientific and technical journal articles or express this number per million population? Should we use the number of
hospital beds or express this number per thousand population? In most of these cases, the relative representation is more
appropriate.

2. A statistical analysis of the original raw data is essential as it enables: i) the identification of outliers and the decision to
trim or not the data; ii) the analysis of the skewness of the data, and the decision to mathematically transform the data
towards symmetry, also known as scale transformation.

3. The choice of using regional or global minimum and maximum values in the normalisation formula: in the context of the
integrated vulnerability assessment of the Arab region, the values of some indicators pertaining to the adaptive capacity
dimension for each country were compared to global maxima and minima due to the potential for countries
of the region with the highest scores to continue their progress on these indicators. Examples include technology
indicators, governance indicators, and educational attainment indicators.

In such cases the normalisation formula used global minima and maxima,'” and the data was spread over 8 classes instead
of 10 classes.

4. Following normalisation, a classification decision has to be made. Several statistical and mathematical methods are
available, most notably: the equal intervals classification; the quantile classification; the natural breaks (Jenks)
classification; the user defined classification; the geometrical intervals classification; the mean-standard deviation
method; the nested means method; the maximum breaks classification; and the user defined classification."®

Among these, the equal intervals classification, the quantiles classification, and the user defined classification are the
most widely used, and were adopted in the integrated vulnerability assessment of the Arab region. The equal intervals
classification scheme divides the range of attribute values into equal-sized sub-ranges, and emphasizes the amount of
an attribute value relative to other values. In the case of the quantiles classification each class contains an equal number
of features, and the method emphasizes the relative position of the enumeration units.

5. Directionality change: as will be explained in paragraph 7.3, Preparing Indicator Values for Aggregation previously noted,
a pre-condition for the use of the geometric aggregation is that low values should correspond to high vulnerability states,
while higher values should correspond to lower vulnerability states. In many cases however, like data about refugees and
migrants, percentage of elderly data, disability prevalence data, or age dependency ratios data, higher attribute values
indicate higher vulnerable populations or states. Consequently in such cases, the classes should be inverted (see
paragraph 7.3).

7 AGGREGATION APPROACH

Climate change vulnerability is comprised of many aspects and is therefore assessed in this methodology by the development of
a composite indicator. A composite indicator makes it possible to “measure multidimensional concepts which cannot be captured
by a single indicator” (OECD 2008, p. 13). Composite indicators have a number of advantages and disadvantages that anyone
developing a vulnerability assessment should carefully consider (Table 7).



TABLE 7: Advantages and disadvantages of composite indicators

+  Can summarise complex, multi-dimensional realities with
a view to supporting decision makers.

« Areeasier to interpret than a battery of many separate
indicators.

+ Can assess progress of countries over time.

+ Reduce the visible size of a set of indicators without
dropping the underlying information base.

«  Thus make it possible to include more information within
the existing size limit.

+ Place issues of country performance and progress at the
centre of the policy arena.

+  Facilitate communication with general public (i.e.,
citizens, media, etc.) and promote accountability.

+ Help to construct/underpin narratives for lay and literate
audiences.

+ Enable users to compare complex dimensions
effectively.

May send misleading policy messages if poorly
constructed or misinterpreted.

May invite simplistic policy conclusions.

May be misused, e.g., to support a desired policy, if the
construction process is not transparent and/or lacks
sound statistical or conceptual principles.

The selection of indicators and weights could be the
subject of political dispute.

May disguise serious failings in some dimensions and
increase the difficulty of identifying proper remedial
action, if the construction process is not transparent.

May lead to inappropriate policies if dimensions of
performance that are difficult to measure are ignored.

Source: OECD 2008.

The benefits of and challenges posed by composite indicators should be kept in mind in any subsequent interpretation of

the results of the integrated mapping process - the vulnerability map. They also underline the importance of transparency in

the process of developing the assessment methodology and with regard to the data used to conduct the assessment. This is

particularly important as usually individual indicators and vulnerability components are more helpful for identifying drivers of

vulnerability then the overall aggregated vulnerability value.

There is a large variety of different aggregation techniques which can be used to build composite indicators. All of them possess
their advantages and disadvantages and may have a major influence in the result of the vulnerability assessment. For example, the
composite indicator may further be combined with the allocation of weights to the individual indicators. This means that indicators
that receive a greater (or lesser) weight thus have a greater (or lesser) influence on the respective vulnerability component and

on the overall vulnerability. The weights assigned to indicators may be derived from statistical analysis, existing literature,
stakeholder information or expert opinion. However, there might also be valid reasons for assigning equal weights to all indicators,
such as a lack of information, consensus or resources for defining different weights.

7.2.1 Aggregation Methods

The most commonly applied aggregation methods are the linear additive, multiplication, and multi-criteria analysis (OECD,
2008)."” Each technique has advantages and disadvantages and the choice ultimately depends on the theoretical and
conceptual framework of the vulnerability assessment; and on the statistical properties of the data.
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7.2.1.1 The Linear Additive Aggregation and the Arithmetic Aggregation

An additive aggregation is a weighted (or unweighted) linear combination of the normalized indicators. A special case is an
arithmetic aggregation which in its more general form can be calculated using the formula applied:

Index Value = Y, w, X, = (w,+ X, +w,» X, + w0« X, +.. +w,» X,,)

Where,
7 =number of indicators
w; = weight for indicator j, with 0< 2, s Tand ) w,=1

X = normalised value of indicator i
In the case of an unweighted arithmetic aggregation, the weights w, are all equal to 1/n, and the formula becomes:

Index Value = ( X + X, + X, +.. + X, /n

The arithmetic aggregation is widely used due to its simplicity and ease of understanding. However it presents two main
drawbacks. Firstly, this method implies a satisfaction of the preference independence condition, or the mutually preferential
independence of the different indicators, dimensions, or components. This assumes that the indicators, dimensions, or
components have no influence on one another. This statistical property of “no interaction” can be regarded as problematic in
socio-economic vulnerability assessments as many vulnerability indicators and dimensions, most notably those related to the
adaptive capacity and to some extent the sensitivity dimension, vary according to socioeconomic characteristics.

A second drawback is the property of full compensability whereby a low value in one indicator can be compensated by a

high value in another indicator. Again this is generally viewed as problematic in the context of socio-economic vulnerability
assessments.

7.2.1.2  Geometric Aggregation

The geometric aggregation, a nonlinear aggregation technique, avoids these issues with interaction and compensability. It is
the product of normalized weighted (or unweighted) indicators and can be calculated using the following formula:

Index Value = 77 X,/ = (X))« (X)) +( X

1 2 3

)P wn (X))

Where,

7 =number of indicators
w;, = weight for indicator j,with0< w0, < Tand ) w),=1

X = normalised value of indicator i

In the case of an unweighted (or equally weighted) geometric aggregation, the weights 0, are all equal to 1/72, and the formula becomes:

Index Value = ( X« X, « X, .. « X,)"



MANUAL RICCAR

Contrary to the arithmetic aggregation which has the property of full compensability, the geometric aggregation has the
property of partial compensability, meaning that a poor performance in some indicators cannot be easily compensated for by
high values in other indicators. Here countries with average values for most normalised indicators are rewarded, while countries
with divergent normalized indicators are penalised. See Figure 9.

FIGURE 9: Comparison between results of the arithmetic and geometric aggregation approach
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7.2.1.3 Aggregation method in the Integrated Vulnerability Assessment of the Arab Region

For the integrated vulnerability assessment of the Arab region, a geometric aggregation approach was chosen. As previously
noted, depending on the knowledge available, it can be used with or without assigned weights. The geometric aggregation
approach is widely used, for example for the calculation of the UNDP Human Development Index (Klugman et al., 2011), or for
the calculation of the European Index for Risk Management (Inform), available at http://inform.jrc.ec.europa.eu/.

We use the geometric approach to aggregate individual indicators to a composite indicator. As previously noted one advantage
of this approach is that it only allows partial compensability (OECD 2008) - other than an arithmetic aggregation approach
where extreme values can be compensated.

In addition, since individual indicators are multiplied with each other using geometric aggregation, no individual indicator is
allowed to obtain a zero value. Otherwise, the calculated composite indicator would also be zero. This problem is avoided in the
integrated vulnerability assessment of the Arab region by using only values between 1 and 10, corresponding to the scale of the
assessment.

There are several levels on which aggregation is done in order to implement the integrated vulnerability assessment
methodology. The use of geometric aggregation on each level is outlined in the following sections.

7.2.2  Weighting Methods

Weighting schemes can have a significant effect on countries' vulnerability scores. Weights indicate the relative contribution
of each indicator to the composite index score. Two main broad categories of methods can be used to determine the set of
weights to assign to: 1) the indicators of each dimension; 2) the dimensions of each component; and 3 the three components
of vulnerability. These are statistical methods, and participatory methods.

Statistical methods include the use of principal component analysis and exploratory factor analysis (PCA/EFA), data
envelopment analysis (DEA), linear regressions, and multi-criteria decision analysis (OECD, 2008). PCA/EFA for example
enable the generation of indicator weights that account for as much of the variation in the data as possible by retaining the
smallest possible number of components or factors; while DEA is a nonparametric linear programming method that derives
weights by combining indicators in such a way that the subject’s individual composite scores are maximized.
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One advantage of statistical methods is that they can help to counteract the influence of subjective choices made at other
stages of the index design process (choice of indicators, choice of aggregation method, etc.). However, the main drawback of
statistical methods is that they may produce weights that do not necessarily conform to the conceptual relationships between
indicators.

Participatory approaches include simple methods like the budget allocation process (BAP), or more complex and robust
approaches like the analytic hierarchy process (AHP).” In the BAP, experts are asked to allocate a “budget” of one hundred
points to an indicator set, based on their experience and subjective judgment of the relative importance of the respective
indicators. As for the AHP, it produces coherent and robust weights based on a set of stated preferences of experts from
rotating pair-wise comparison of priorities, and controls for internal consistency for priority assessment.

When the relative importance of indicators is judged to be the roughly the same, or when to the trade-offs between indicators
or dimensions are poorly understood so that the assignment of differential weights cannot be justified, equal weightings might
be applied.

Two remarks are warranted regarding the use of equal weightings:

(@) the use of equal weightings is not the absence of weighting, and should be justified and informed by participatory
approaches;

(b) when the index synthesizes multiple dimensions regrouping a different number of indicators, assigning equal weights to
indicators will result to unequally weighted dimensions.

A final remark relates to the important distinction between the “targeted” or “ex ante” importance, which is the intended
importance that is implied by an equal weighting decision or by weightings derived from a budget allocation process for
example; and the “ex-post” importance, the true weight importance of an indicator, which is influenced by the statistical
characteristics of the normalised indicators distribution as well as their correlation structure. The comparison between ex-
ante and ex-post importance allows adjusting ex-ante weights so that they truly reflect the intended relative importance of
indicators by the index developers.

As mentioned above, the advantage of geometric aggregation is that it only allows partial compensability. That is, unfavourable
values (in regard to the vulnerability in consideration) in one indicator cannot be balanced out by another indicator having
favourable values of the same magnitude.

However, the pre-condition of the geometric aggregation approach is that unfavourable values are smaller than favourable values.
This is in contrast to the way we classified the indicators using a scale of 10 with 1 indicating the most positive condition and 10
the most negative condition. Therefore we need to invert the values before aggregating them and re-invert them after aggregation.
This is a purely mathematical step and does not influence the final result. The inversion formula that results again in a value range
of 1-10is simple:

11-x

With the maximum value of 11 -1 —»10 and the minimum value of 11 - 10 —» 1.2 However, this inversion step will only be
necessary for some of the adaptive capacity indicators (and a few sensitivity indicators) since for most of these indicators high
values represent low vulnerability and are hence ordered in the right way for aggregation.

Consequently, the methodology requires the inversion of the direction of the data at different levels of the aggregation. This is
illustrated in Table 8 which shows how the indicators and components need to be inverted during the various aggregation steps.
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7.4 Overall Structure of the Vulnerability Index

The aggregation methodology consists of a multi-level (nested) structure which incorporates three main architectural elements:
components, dimensions, and indicators:

+ The three components are exposure, sensitivity, and adaptive capacity.

+  Exposure and sensitivity are aggregated to obtain an index for potential impact, which is then combined with adaptive
capacity to obtain a vulnerability index.

+  The sensitivity and adaptive capacity components are further composed of several dimensions.

+ Each dimension is in turn represented by several indicators.

This general structure can be simplified or elaborated upon according to the theoretical and conceptual framework, and the
specificities of the index design structure. For instance, the user might decide to combine the indicators directly into components,
and then combine components into a sectoral or overall vulnerability index, thus dropping the level corresponding to the
aggregation of dimensions into components. Alternatively, the developer might decide to add one or more aggregation levels.

For example, in the context of the integrated vulnerability assessment of the Arab region, some dimensions of adaptive capacity
are composed of several pillars, several of which containing sub-indices which in turn combine several indicators. The above
methodology is applied separately to the nine identified impacts/subsectors in the vulnerability assessment (see Figure 3). The
impacts are then aggregated to obtain five sectoral indices. Finally, some of these sectoral indices are combined to obtain an
overall vulnerability index.

7.5 Aggregating Single Indicators to Vulnerability Components?’
First, for every impact, the indicators within each component need to be aggregated using the geometric aggregation approach to
form a composite indicator (C/) for the respective vulnerability component (exposure, sensitivity, and adaptive capacity).

Figure 10 presents a simple illustration of the aggregation approach.

FIGURE 10: Aggregation approach for vulnerability components

EX EX, EX, SE. SE, SE, AC, AC, AC,
Geometric aggregation Geometric aggregation Geometric aggregation
EXPOSURE SENSITIVITY ADAPTIVE CAPACITY

7.6 Aggregating the Indicators of the Exposure Component

The following formula illustrates the calculation of the composite indicator (C/) for the Exposure component for the case of an
equal weighting for the exposure indicators EX.

Ol o™ (EX, 4 EX % EX,s % EX )W

Exposure

Where, EXi are the normalised and evaluated exposure indicators, and ;; the number of indicators.

For each indicator the allocation of a weighing value ), is possible, where we must ensure that the value of all indicator weights
sums up to 1. The following formula for a weighted geometric mean would then be applied:

cl = (EX )% (EX)“2x (EX ) x .. » EX )

Weighted Exposure
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7.6.1 Aggregating Indicators of the Sensitivity Component

The sensitivity component is developed around three dimensions: the Population dimension, the Natural dimension, and the
Man-made dimension. Figure 11 illustrates the aggregation approach for this component.

First, single indicators are aggregated to calculate an Index for every dimension using the following formula:

cl = (SE, » SE, « SE .. x SE,)""

Dimension i

Where, i = Population, Natural, and Man-made.

Similarly, the allocation of a weighting value for each indicator is possible, and the formula becomes:

cl = (SE)“» (SE)2+ (SE,)*s  « SE )

Weighted Dimensioni

The indices of the three dimensions are then combined to calculate the index of the Sensitivity component. The formula for this
aggregation step for the case an equal weighting for the three dimensions is:

cl cl,

1/3
im )

Sensitivity ¥ CIDimz* cl Dimy

If differential weights are applied to the three dimensions, the aggregation formula becomes:

cl oM (1 Y™ (Cl

)wDim3

Weighted Sensitivity ( Dim1) Dimy Dimy

Again if weights are allocated to indicators or dimensions we should ensure that the values of all indicator and dimensions
weights sumupto 1.

FIGURE 11: Aggregation approach to the sensitivity component

SE, SE, SE, SE, SE, SE, SE, SE, SE
Geometric aggregation Geometric aggregation Geometric aggregation
Population Natural Man-Made
Geometric aggregation
SENSITIVITY

7.6.2 Aggregating Indicators of the Adaptive Capacity Component

Six dimensions of Adaptive capacity were identified in order to develop a combined adaptive capacity index, based on a
selection of available indicators that measure the generic adaptive capacity of each area.?? Knowledge and awareness
(dimension 1) play an important role in terms of identifying vulnerabilities in relation to climate change and enable the
identification of adaptation measures. To move from awareness to action, ability is necessary, and consists of technology
(dimension 2) and infrastructure (dimension 3) within a given society. The ability to achieve action is supported by economic
resources (dimension 4) and institutions (dimension 5) that enable a society to carry out the adaptation measures that have
been defined. Finally, equity (dimension 6), in relation to gender, to the age structure, to socio-economic status and other
aspects is crucial, as a cross-cutting dimension.

Figure 12 illustrates the nested aggregation approach for the adaptive capacity component.
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Some of the adaptive capacity dimensions are composed of a mix of single indicators and intermediate sub-indices, where
the latter aggregate several indicators relevant to a particular pillar of the concerned dimensions. For these sub-indices an
arithmetic aggregation was used in view of the higher substitutability between the indicators which constitute them.?

For example, the Technology dimension contains an Information and Communication Technology sub-index which aggregates
four single indicators compiled by the International Communication Union: fixed-telephone subscriptions per 100 inhabitants,
the percentage of households with a computer, the percentage of individuals using the internet, and mobile-cellular

subscriptions per 100 inhabitants.

The Institutions dimension contains a governance sub-index which combines indicators of government effectiveness,
regulatory quality, voice and accountability, rule of law and political stability. The formula for this arithmetic aggregation for the

equal weightings case is:

Sub-Ind,, = (AC, +AC,+AC,+.. +AC,) /n

Note that the allocation of a weighing value wi for every indicator is possible, where you must ensure that the value of all
indicator weights sums up to 1. The following formula for a weighted arithmetic mean would then be applied:

Sub-Ind,, = ( w,+ AC,+ w,» AC,+ w,+ AC,+ ... + w,x AC, )

A sub-index aggregating three health indicators was constructed to represent the Health pillar in the infrastructure dimension

for the Arab region.

Figure 13 thus presents the Infrastructure dimension which aggregates eleven indicators that relate to five pillars: energy,

transport, health, water and sanitation supply, and environment.
FIGURE 13: Aggregation approach to the infrastructure dimension

General government
expenditure on health

Number of hospital beds
per 1000 inhabitants

‘ Areas equipped for irrigation

\ Access to improved water

‘ Access to improved sanitation ‘

[ Desalination capacity per capita

Geometric aggregation

Per capita government as a percentage of total
expenditure on health government expenditure
Arithmetic aggregation
| Areas served by dams
Access to electricity
Energy Consumption ‘ Fossil grOundWater
Geometric aggregation \ Road density \ \ Health Sub-index \
Energy Transport Health

Water and Sanitation Supply

‘ Environment Performance Index

Environment

Geometric aggregation

Infrastructure Dimension
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The next step is to aggregate individual indicators and sub-indices to obtain composite indices for the six adaptive capacity
dimensions,?* using the following aggregation formula in the case of equal weights:

cl = (AC, « Sub-Ind AC, « AC, x...  AC,)""

Dimension;;

For i = knowledge and awareness, technology, institutions, infrastructure, economic resources, and equity.
In the case of differential weightings to the six dimensions, the following formula should be applied:

cl = AC,"" «(Sub-Ind AC,) Sz L AC *2 . « AC, ™"

Weighted Dimension ;

Finally the six dimensions are combined to calculate the composite index of the Adaptive capacity component using the
following formula for equal weights:

Cl

Adaptive Capacity= (C,Dim 1 *

Cl. «Cl__ «Cl__ «Cl__ +«Cl_ )"

pim,* " bimg* " pim, * " pimg * ' pim¢

If differential weights are applied to the six dimensions, the aggregation formula becomes:

o (CIDim1)wmrn1 * (C/Dimz)wDimz* (Clmm3)w0im3 * (CIDim4)wDim4* (CIDims)"’Dims* (C,Dimé)wnims

Weighted Adaptive Capacity_

As for the previous components, if differential weightings are used, the sum of the weights should total 1.

7.7 Aggregating Sensitivity and Exposure to the Potential Impact

First, for every impact, the indicators within each component need to be aggregated using the geometric aggregation approach to
form a composite indicator (C/) for the respective vulnerability component (exposure, sensitivity, and adaptive capacity). Figure
10 presents a simple illustration of the aggregation approach.

Pl = (EX « SE)"

Similarly, the allocation of a weighing value wi for exposure and sensitivity is possible, where the weights sum up to 1. The
following formula for a weighted geometric mean would then be applied:

PIWeighted = (EXx)WEX* (SEx)WSE

Figure 14 illustrates the aggregation step for the potential impact:

FIGURE 14: Aggregation approach for the potential impact

EX, EX, EX, SE. SE, SE,
Geometric aggregation Geometric aggregation
EXPOSURE SENSITIVITY
Geometric aggregation

POTENTIAL IMPACT
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7.8 Aggregating the Components of Vulnerability
In order to obtain an overall vulnerability value it is therefore necessary to aggregate the last two components Potential Impact
and Adaptive Capacity. Again, we may decide to use equal weights or to allocate weights that sum up to the number 1. For the
purpose of the RICCAR integrated assessment, weights are determined through stakeholder consultation and VA questionnaire.
If we deal with equal weights for Potential Impact and Adaptive Capacity, the formula for the calculation is:

V.= (P« AC)"
If we aggregate weighted components, the correct formula is:

V.= (Pl) « (AC,) e

This aggregation step is illustrated in Figure 15:

FIGURE 15: Aggregation approach for vulnerability

;'4 ;'4
Geometric aggregation Geometric aggregation
| |
EXPOSURE SENSITIVITY
| \ A6 AC, A,
;'4
Geometric aggregation Geometric aggregation
| |
POTENTIAL IMPACT ADAPTIVE CAPACITY
| |
Geometric aggregation

VULNERABILITY

As previously mentioned, while vulnerability is considered as a function of a system’s exposure, sensitivity and adaptive capacity
to cope with climate change effects, the precise functional form to combine the three components in order to obtain vulnerability
scores and ranks remains a modelling decision to be made. In the case of geometric aggregations, the choice of the weights to be
allocated to the different components illustrates the tradeoffs between these components. For example, the values assigned to
wp, and w, . in the above formula have important consequences on the results of the vulnerability assessment.?* In addition, it is
to be noted that the choice of equal weights for Potential Impact and Adaptive Capacity (i.e., values w,, = w,, = 1/2) is by itself a
normative choice.

To illustrate how choices of operationalisation of the IPCC AR4 (2007) definition of vulnerability crucially influence this step of

the aggregation process, we consider two different interpretations of the definition and show how they imply different weights for
Potential Impact and Adaptive Capacity in the above formula, hence potentially leading to different vulnerability scores and ranks.
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Definition 1:
Sensitivity, exposure, and adaptive capacity are assumed to have an equal influence on vulnerability, i.e., all components of
vulnerability have an equal weight in the vulnerability score. In this case the aggregation formula for vulnerability is:

V.= (EX + SE_+ AC,)"
Since the potential impact is calculated by:
(EX_«SE)"*=PI_
Vulnerability can also be calculated using the following formula:

V.= (PI2 « AC.)"°=PIZ® « AC®

As can be seen, in this case w,, = 2/3 and w,, = 1/3, meaning that a one unit progress on Adaptive capacity less than offsets a
one unit deterioration in Potential impact.2

This approach is not applied in the RICCAR integrated vulnerability assessment.

Definition 2:

A second way to combine the components of vulnerability considers that potential impact and adaptive capacity have an equal
influence on vulnerability, where Potential Impact is itself equally influenced by exposure and sensitivity. This is the approach
applied in the RICCAR vulnerability assessment, and is consistent with diagram presented in Figure 2 at the beginning of

this manual.

In this case,
V.= (Pl « AC)"*=PI*+ AC]”

X X X

Hence, in this case w,, = w,, =1/2

Furthermore as:
Pl =(EX_« SE )"

It follows that:
V - {(EX " SE1/2 )}1/2 " AC1/2= EX1/4 N SE 1/4 N AC1/2

X

As can be seen, assuming an equal influence of potential impact and adaptive capacity on vulnerability have important
repercussions on the aggregation formula, and departs from an interpretation which considers an equal influence of sensitivity,
exposure, and adaptive capacity on the vulnerability scores and rankings.

Table 8 summarizes the inversion and aggregation steps towards the overall vulnerability index for every impact of the nine

impacts considered in the vulnerability assessment. Column (7) shows the impact of definitions 1 and 2 on the indices
calculations, which subsequently impact the values obtained in the columns (8) to (10).
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7.9 Aggregating Vulnerability within Sectors

Aside from the Water sector, for each sector in the integrated vulnerability assessment of the Arab region we consider the
vulnerability of one or more sub-sectors. For example, in the sector Ecosystems and Biodiversity, the vulnerability towards

the climate change impacts ‘change in area covered by forests’ and ‘change in area covered by wetlands’ is assessed. These
sub-sector vulnerabilities can be aggregated to a sectoral vulnerability using the geometric approach by applying the following
formula:

Vo =V, Vysex V)™

Sector

This aggregation approach is also illustrated by Figure 16:

FIGURE 16: Aggregation of vulnerability within one sector

EXPOSURE A SENSITIVITYA EXPOSURE B SENSITIVITYB

POTENTIAL IMPACT A ADAPTIVE CAPACITY A POTENTIAL IMPACT B ADAPTIVE CAPACITYB

VULNERABILITY A VULNERABILITYB

Geometric aggregation

VULNERABILITY

7.10 Aggregating Sectoral Vulnerabilities to Overall Vulnerability

The overall vulnerability of the Arab region - comprises several sectors. In order to aggregate the overall vulnerability, one needs
to ensure that many indicators - in particular those for adaptive capacity - are used in the assessment of the various sectors.
Besides, an aggregation of sectoral vulnerabilities is problematic when the vulnerability of one sector is in a direct cause-effect
relationship with another sector (example: water availability in agriculture - see Figure 17).

Therefore, we recommend aggregating only the sectoral vulnerabilities highlighted in the figure below using the following formula:

v

Overall

(V, x V, V)18

While V,, V, and V, represent three of the single (sector) vulnerabilities, such as those circled in Figure 17.
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FIGURE 17: Sectors to aggregate overall vulnerability

CLIMATE CHANGE IN THE ARAB REGION

Temperature Precipitation Sea Level Rise

Runoff Evapotranspiration

Water Availability

Agriculture Biodiversity and Ecosystems
Crops Livestock Forest Wetlands
‘ \ Inland Flooding Coastal Flooding
| | |
\ \
Health Employment  Drinking Water Inland Areas Coastal Areas
People Infrastructure and Human Settlements

8 INTERPRETATION OF VULNERABILITY MAPS

As previously mentioned, vulnerability and its components represent highly aggregated composite indicators with input data
being often far from ideal stemming from different sources and with often different spatial resolutions. This leaves a lot of
room for misinterpreting your final vulnerability map. Yet, since maps are very powerful means to communicate climate change
challenges, their interpretation should be handled with care. For the sake of drawing meaningful conclusions, the following
recommendations should be considered when interpreting aggregated exposure, sensitivity, and adaptive capacity and
vulnerability maps:

+ Betransparent about the input to your vulnerability assessment.
Be aware that in an aggregated map, the single aspects influencing whether exposure, sensitivity, adaptive capacity or
vulnerability is high or low cannot be distinguished anymore - rather their interplay is displayed by the aggregated value.
The beholder of the map could further not tell if, for example, a medium vulnerability value stems from overall medium
indicator values or very and very low ones which balance each other. The beholder of the vulnerability map also cannot
tell, which indicators - and also which components of vulnerability - are characterised by higher or lower values.
Besides, the selection of the indicators is in many cases influenced by pragmatic choices as in practice access and quality
is often limited.

Therefore, along with the overall vulnerability map always present key methodological considerations including challenges,
the maps for key indicators (e.g., those with particularly high values) including the metadata of the applied data as well as
the maps prepared for the components of vulnerability. This will help getting a broader understanding of what information
is actually “behind” a map and helps to make use of it.



Consider the intrinsic effects of your aggregation approach.

For the integrated vulnerability assessment methodology, the geometric aggregation approach was chosen to facilitate

the interpretation of the vulnerability maps as it does not allow full compensability of high and low indicator values as does
the arithmetic aggregation approach. It always points to higher values and is therefore more sensitive to high vulnerability
scores. This should be considered when interpreting the maps for exposure, sensitivity, adaptive capacity and the overall
vulnerability map.

Avoid generalisation of your vulnerability map.

Remember that vulnerability is always related to a certain climate change impact and certain framework conditions and
therefore should not be generalized. Always make transparent which impact your vulnerability score refers to - for a
different impact, a vulnerability assessment may show you a totally different picture. Furthermore, for better understanding
the drivers of vulnerability, present individual indicators or vulnerability components, especially those which are particularly
high or low and therefore influence your result in one or the other direction.

Know the limits and opportunities of what your vulnerability assessment can tell you.

Consider the usually existing “time gap” between the climate and hydrological data and the socio-economic data used for
the vulnerability assessment. A vulnerability value for a certain future time period always tells you: If climate change
affects key climatic and hydrological parameters in a certain way at a certain point of time in the future a certain
vulnerability could be reached if there is no change in socio-economic conditions, for example since adaptation did not
take place.

This is of course, quite unlikely. However, remember that socio-economic projections are very uncertain and so are many
impact models due to their complexity and the multitude of influencing factors. Vulnerability assessments are as such no
projections themselves and depend highly on the quality of the data and models used as inputs. Yet, they provide an
opportunity for exploring possible futures and gaining helpful insights with regard to potential climate change hotspots and
particularly vulnerable regions, sectors and populations groups.

Validate your assessment results.

No matter how elaborate the chosen vulnerability assessment methodology is, it can hardly truly represent reality.
Therefore, validate your vulnerability assessment result by comparing it to other maps prepared using a comparable
methodology and dealing with a similar climate change impact and topic - if available. Even better would be ground
truthing your assessment results by conducting surveys, interviews or stakeholder workshops. Also discussing your results
with experts and gaining their input could be helpful for drawing the right conclusions from your vulnerability map and
further refining the methodology it is based upon.

The following Part Il explains the approach taken for applying the vulnerability assessment for the Arab region.
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PART II: TECHNICAL GUIDANCE ON IMPLEMENTING THE
METHODOLOGY IN GIS

This part of the Training Manual will address the following topics:

Which skills and technical requirements are necessary in order to implement the vulnerability assessment in GIS?

How is spatial data for the vulnerability mapping collected and stored?

How is the data for the vulnerability assessment prepared?

How is normalisation and classification applied to indicator values using GIS?

How is the aggregation of vulnerability components as well as of sectoral and overall vulnerability conducted using GIS?
How are the results of the vulnerability assessment best visualised in cartographic products?

1 GETTING STARTED

Once the vulnerability assessment methodology is ready, that means sectors and climate change impacts are defined,
indicators selected and indicator data gathered and classified, the next step is to conduct the integrated mapping of
vulnerability in the Arab region. Providing an example from an application of the integrated vulnerability assessment
methodology, the following sections will outline step-by-step the mapping procedure using GIS. In order to demonstrate the
integrated mapping, the impact “Change in water availability for crops” is used in an area covering the Arab Region.
1.1 Skills and Technical Requirements
In order to implement the integrated vulnerability assessment methodology, you need the following technical and GIS skills:
Technical skills:

Conceptual understanding of spatial analysis and map production using GIS

Basic understanding of different coordinate systems / cartographic projections

Basic understanding of key pre-processing steps (conversion of formats (e.g. Raster/Vector), clipping and merging of layers,
transforming of projections and coordinate systems, processing of the attribute table (e.qg. field calculator, etc.)

- Basic knowledge of ESRI Tools ArcCatalog and ArcToolbox (e.g. analysis tools, conversion tools, data management tools,
spatial analyst tools, RasterCalculator).

- Basic statistical skills (statistical scales, classification, etc.)

Software and computer specifications:
ESRI's ArcGIS Desktop?” Version 10.2 with the Spatial Analyst extension (English language version)
+ Windows XP or newer

+ 2GB of RAM, 3 GB ROM, 2.2 GHz processor.

43



44

In order to carry out the vulnerability analysis in GIS a number of suitable spatial data sets covering the Arab region have to
be found, collected, stored and documented. The required data can be obtained from a variety of sources, often available for
download online. Data providers range from regional scientific organization like ACSAD to international organisations such as
ESCWA, FAQ, Deslnventar (UNISDR), the Global Data Risk Platform (UNEP), etc. Spatial data can be in either raster or

vector format.

Practical example:

In this manual we will use the potential impact “Change in available water for crops” as an example of how to
aggregate the various vulnerability components.

In order to calculate the vulnerability components exposure, sensitivity, adaptive capacity, as well as potential
impact and vulnerability, we require the following data sets (original formats in brackets):

Exposure:
+ Change in precipitation (raster)
+ Change in temperature (raster)

For this illustrative example, we use the climate projections for the time period 2081-2100, RCP 8.5.

Sensitivity:

- Degradation of vegetation cover (raster)

+  Land use - land cover (raster)*

+  Groundwater resources (hydrogeology) (polygon)
«  Cattle density (raster)

+  Area potentially affected by floods (raster)

Adaptive Capacity:
+  Gridded GDP density (raster)
+  Official Development Aid (ODA) index (polygon)

*For land use - land cover (LULC) data we use the Global Land Cover-SHARE (GIS naming: GLC _share)

The LULC data is available for download on the following website:
http://www.glcn.org/databases/Ic_glcshare_downloads_en.jsp?sb=9

All the data sets listed above need to be obtained before any further pre-processing and vulnerability analysis can
take place.

Having obtained the required data sets they need be stored and named in an appropriate folder structure (see Figure 18).

It is recommended to create two main areas in which to keep the data. One folder contains all the original data and metadata
organised by source. Here the original data sets are stored, but with no results from any processing. A second main folder
contains all the ‘active’ GIS data, i.e., data that we work with in GIS. Here we save outputs of pre-processing and calculations.
The folders are organised by topic.

In the ‘active’ data folder, we set up a file geodatabase (gdb). All features in the gdb should be named following a previously
designed convention during the GIS application.

Note that ArcGIS does not allow any special symbols, punctuations or blank spaces in the feature names. Kindly recall that no
spaces should be present in formulas when using Raster Calculator as well.
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FIGURE 18: Example for a folder structure for GIS data

Sl=]GIS|

= £ 01_Data
01_Admin
02_Elev
£ 03_LandCover
04_Population
05_Water
£ 06_Flooding
£ 07_Protected_Areas
07_Soil
08_Dams
09_Settlements
10_Transport
£ 11_Climate_scenarios
12_Urban_Exposure
£ 13_lrrigation
(2] 14_Cattle_density
£ 15_6opP
GIS_Data_Sources.xlsx
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We recommend following the data naming and storing convention rigorously in order to be able to find data quickly. This is
especially useful if a new person who was not involved in the data collection and structuring phase joins the vulnerability mapping
team at a later stage and was not involved in the data collection and structuring phase. Folder structure and naming convention
should be defined once at the beginning of the project and ideally should not be changed. Metadata describing a piece of data
should be stored in the same folder as the data it is referring to. The following chart (Figure 19) summarises the most important
points regarding data acquisition, storage and documentation.

FIGURE 19: Summary of most important points regarding data acquisition

— Data acquisition — — Data storage — — Data documentation —

* Enquire at relevant institutions * Make sure you have sufficient « Keep relevant metadata up
for GIS data storage space available to date
« Search the internet for + Design a suitable folder * Include any modification you
additional GIS data ' structure and file naming ' make to the data
convention

* Be aware of copyright and use

restrictions + Keep metadata together with

the data

* Ensure to obtain metadata for
each data
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2 DATA QUALITY CONTROL AND PRE-PROCESSING

Having acquired all the data sets needed for the vulnerability assessment and having stored them together with the metadata
in the appropriate folders in the data structure, we now carry out a quality check in order to ensure the data is actually suitable
for the task. The quality check also allows the identification of any pre-processing that needs to be carried out. Pre-processing
means getting the data in such a format that we can use it as input in the calculations of the Vulnerability components:
exposure, sensitivity and adaptive capacity.

First, we need to ensure that all our spatial data sets are in a format that can be opened and read correctly by ArcGIS.
Subsequently, we need to verify that the data covers our area of interest, i.e., the Arab Region and that it includes the
information required for the VA. The latter is achieved by checking the attribute table of each data set. Reading the metadata is
essential in order to understand what the data is representing, how it was derived and in consequence whether it is suitable as
an indicator.

Practical example:

Using the land use - land cover (LULC) dataset as an example we will now check its spatial extent, its thematic
content and the spatial reference system. The data comes originally (as downloaded from the data provider
website) as a raster data set.

1. Open ArcCatalog and navigate in your folder structure to the downloaded LULC dataset
2. Click on the raster file once. Check it displays as you would expect in the preview window. Check whether it

covers your area of interest, i.e., the area of the Arab Region (Figure 20). We can confirm that the data covers
all of the African continent as well as the Arabian Peninsula.

FIGURE 20: Previewing the LULC raster dataset in ArcCatalog

&) ArcCatalog - DAESCWA\01_Data\03_LandCover\Global Land Cover-Share\GLC_share.tif

File Edit View Go Geoprocessing Customize Windows Help

LlEtE BB x QBEEROF QR3O0 [ M
D:\ESCWA\D1_Data\03_LandCover\Global Land Cover-Share\GLC_share tf -
v (&2
Catalog Tree
= E3 01_Data
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= [ 03_LandCover
# [ ESA_Land_Cover_300m
= [ Global Land Cover-Share
BE JoLC sharesi]
# £ Globcover_ESA_2010
# £ Modis_Eman_2013
@ 8 ofrica_gc_reprGCS_Majority.tif
# #8 africa_gc_reprGCS_NN.tif
of '] africa_gc_TUN_test_area.tif
'] Glob_Cover_MENA_LULC classes.tt
® Globcover_2009_gcs.tif
@ # Globcover_2009_gcs MENA.tif
@ § Globcover GLWD_3_TUN_AOL ges.tif
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@ # Globcover_ TUN_ges.tif
<o Landcover MENA_GLWD_MENA_mosaic_MENA.tif.lyr

# @) LULC_Classes_Sensitivity.xdsx
# [ 04_Population
# [ 05_Water
# [ 06_Flooding
# ] 07_Protected_Areas
® 107 Sail
Raster Dataset selected
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To ensure that the data contains the information required, load the raster layer into ArcMap, right click on the layer
we you will find no attribute table to add attribute table Open ArcToolbox and navigate to Spatial Analyst > Map
Algebra. Open the tool “Raster Calculator” and enter the expression: Int(GLC_Share)

3. To generate attribute table with values from 1 to 11, we add a new field and we name it “description” where we
enter the name of each class

FIGURE 21: Viewing the content of the LULC dataset: adding attribute table and thematic values in ArcMap
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values and operators
> into the expression. =
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This will assign suitable names and the corresponding land use classes to each raster value in the data set (Figure
21). We can confirm that the data contains the values representing land use - land cover classes as we expect.

FIGURE 22: Symbolised land cover values and their corresponding land cover class

= = lLayers

=] GLC_share.tif
M 1 - Artificial Surfaces
I 9 - Baresoil
[ 2 - Cropland
[713 - Grassland
[]6 - Herbaceous vegetation_aquatic or reqularly flooded vegetation, aquatic
[17 - Mangroves
[15 - Shrubs Covered Areas
[[110 - Snow and glaciers
[ 8 - Sparse vegetation
B 4 - Tree Covered Areas
M 11 - Water bodies

4. Repeat a similar check for all other spatial data sets by first looking at the data in ArcCatalog and if necessary
look at the content of the data in ArcMap.

Having checked the data for its suitability, we now prepare the data for analysis. This is called pre-processing. Pre-processing
is an important step and must be carried out before any spatial analysis and map production as it ensures that the VA layers are
calculated with adequate input information. The following sections guide you through the most important pre-processing steps.
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2.1 Bringing All Data Sets into a Common Spatial Reference System

When combining data sets in GIS all data need to be in the same spatial reference system. The common reference system we
recommend for use for the Arab region VA is the Global Coordinate System-WGS1984. The pre-processing that needs to be
done at this stage serves to check the spatial reference system of the originally downloaded data and subsequently, if needed,
transform the data into our chosen spatial reference system.

Practical example:

1. In ArcCatalog, in the exercise gdb, right click on the GLC Share raster layer and click on properties. Scroll down
to Spatial Reference and note the Coordinate System. The original Global Land Cover-SHARE data set is
projected to the global geographic coordinate system with the datum WGS 1984. To allow more time for the
methodological part of the exercise we already provided all data layers in the correct spatial reference system

2. Should you need to add further data that is not provided and the data is not projected to latitude and longitude
with WGS84 as the datum, the given coordinate system can be transformed in the desired coordinate system
using the ArcGIS tool “Re-project” (Figure 23). To re-project a data set we choose the input file, select the
target coordinate system from a list and define an output location and filename and run the tool.

FIGURE 23: Transforming the data spatial reference system (left ArcToolbox)
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& Distributed Geodatabase Output Raster Dataset
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& File Geodatabase el Ao ot

& General = & Projections and Transformations,
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= & LAS Datosct ’& Rescale
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2.2 Clipping the Data to the Area of Interest

In order to discard unnecessary data we crop the data set to our area of interest. For the VA mapping in this training exercise all
data sets should cover the Arab Region. The spatial extent of the area of interest (Arab region) is captured in a polygon shapefile
called “Arab_Region".

Practical example:

For this exercise the data has been clipped to the Arab Region already. However, should it be necessary for
additional data sets, clipping of Raster files is carried out using the Extract by Mask tool, which is found in the
toolbox under Spatial Analyst > Extraction > Extract by Mask. Figure 24 demonstrates which input parameters need
to be provided.

FIGURE 24: Extracting the GLC_share dataset to the area of interest by Mask

#, Extract by Mask e
Input raster " | Outputraster 1
| GLC _share.tif | @] B
e The output raster containing
- the cell values extracted
| Arab Region =l @] from the input raster.
Output raster
D:JACSAD\ArabCountryData.mdb\GLC_Share_ArabRegion =

- -

[ ok |[ cancel |[Envionments...|| <<tiderep | [ ToolHep |

. - e — = = —
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2.3 Merging Layers

In some cases data sets can be improved by combining them with other datasets, thus better representing a VA indicator. This is
the case for the land use - land cover data set, which we can merge with a data set of water bodies and wetlands. The Global Land
Cover-SHARE (GLC_share) dataset contains water bodies but does not contain seasonally wet areas which are of significance in
Arab Region. We thus found a wetland data set and are now integrating this one with the GLC_share dataset.

Practical example:

For this exercise, you already find the integrated LULC and Global Lakes and Wetlands Database (GLWD) set in your
gdb. However, should you need to combine raster layers, this is done with the ArcGIS tool “Mosaic to new raster”,
which is found in the Toolbox under Data Management Tools > Raster > Raster Dataset (Figure 25).

If input rasters are the two raster datasets you would like to merge, specify an output location and name of the
new raster file and in the parameter Mosaic Operator, specify which data set takes prominence over the other one,
e.g., since wetlands should replace the overlapping cells in the GLC_share_ArabRegion data set, if it is in the list of
inputs as second layer then the mosaic operator should be specified as LAST.

Care should be taken to ensure that values in the two data sets are mutually exclusive, i.e., the value range in the
two rasters must not have any overlaps. For the test case example the values of the wetland raster range from 1
to 9 and the values of the LULC data sets range from 1 to 11. If you need to combine datasets that have the same
values then one data set needs to be reclassified and be assigned with different values.

FIGURE 25: Merging land use - land cover with GLWD raster
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2.4 Converting Formats/Rasterisation and Re-scaling

Another important step in pre-processing is the conversion of data types and formats. In order to calculate the VA layers, all
input data need to be in raster format. When rasterising your data, all layers need to have the same cell size and they all need to
be spatially aligned. For the purposes of this test-case we use the GLC_Share_ArabRegion data set as the reference data set,
i.e., all other data sets will be spatially referenced to the GLC_Share_ArabRegionraster and will have the same cell size as the
GLC_Share_ArabRegionraster, which is 1 km.

Some of the indicators describing Sensitivity and Adaptive Capacity are available on the national level, i.e., one value applies for
the entire country. In order to include those indicators in the GIS calculations of the VA, we convert the polygon data set, in which
each polygon represents a country having the indicator value attached to it, into raster format. As spatial resolution we choose
the cell size of the GLC_Share_ArabRegion data set, which is the smallest resolution for all the available indicators (1 km). We
also ‘snap’ the new raster to the GLC_Share_ArabRegion data set so cells are aligned.

Practical example:

In order to create raster file for the indicator ‘Total water storage capacity’ we use the tool Polygon to Raster which
is in Arctoolbox under Conversion Tools > To Raster. The input is the polygon vector shapefile “Water Storage
Capacity (km®).shp”. Select the Value field “TotalDamCapacity _FAQ”, specify an output location and file name, as
Cell assignment type choose “"MAXIMUM_AREA" and for Cellsize browse to the GLC_Share_ArabRegion file and
select it.

FIGURE 26: Converting a polygon vector file into a raster |

T - o
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Now under ‘Environment settings’ expand ‘Processing Extent’ and under ‘Snap Raster’ via the browse button enter
the GLC_Share_ArabRegion data set. This last step makes sure the new raster cells are aligned to the GLC_Share_
ArabRegion raster cells (Figure 27).

FIGURE 27: Choosing the environmental setting
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pqGeccatabaze Usage notes:
¥ Geodatabase Advanced
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¥ Raster Analysis B ad]usl;e_d during
execution.
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2.5 Preparing the Climate Data

The climate scenario data for the vulnerability assessment for the Arab region were provided by SMHI. For the two time periods
2046-2065 and 2081-2100 the change values refer to the reference time period 1985-2005. All data sets were modelled using
parameters of RCP 4.5 and 8.5. Data for the following indicators are used for the purpose of this Training Manual:

+  Change in Precipitation (nm/month)
+ Change in Temperature (°C/year)

Climate data can be overwhelming due to the large number of data sets, referring to different indicators, different time periods
and different RCPs. In order to know which data set is which, the files are named according to a convention. For example, the file
name runoff_change_abs_2046-2065_1986-2005_EC-EARTH_rcp85_YEAR.asc contains the absolute change values of runoff per
year for the time period 2046-2065 based on climate scenario EC-EARTH RCP 8.5.

In order to prepare the climate data we follow the same order of pre-processing as described in this Manual. Initially we check
the quality of the data, i.e., does it cover our area of interest, do the values make sense and can the data be opened and read by
the GIS software. Secondly we prepare the data to ensure a suitable input for the VA. We check the coordinate system is Global
Coordinate System-WGS1984. Should the data set have the correct coordinate system assigned but is not defined as such in the
file properties, then we need to define the coordinate system. We then if required crop the data to our area of interest and then re-
scale the data so it has the same cell size and cells are aligned to the other raster layers in the VA. In the practical example below
we go through the Re-scaling and aligning step.
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Practical example:
1. Defining of Coordinate System:

FIGURE 28: Defining of Coordinate System

General | Source | Key Metadata | Extent | Display | Symbology | Time |
Property Value
Right 75.4600133895
Bottom -5.81999993319
= £ nce
ol XY Coordinate System GCS_WGS5_19584
Linear Unit
Angular Unit Degree (0.0174532925199433)
o Datum D_WG5_1984
WSME_
= Statistics
Data Source

2. Rescaling and aligning using the Resample tool found in Data Management Tools > Raster > Raster Processing
> Resample
. Input Raster: File to be resampled
. Output Raster Dataset: name of the resampled output
. Output Cell size: raster file with the target cell size
. Resampling Technique: BILINEAR for continuous data like climate data

FIGURE 29: Rescaling and aligning using the resample tool
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In the Environment Settings set the Snap raster to the GLC_Share_Wetland_ArabRegion data set. This will align the
pixels with the reference GLC_Share_Wetland_ArabRegion raster.

FIGURE 30: Environment settings
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Check the properties of the new raster layer. Make sure the cell size is the target cell size.

3 NORMALISATION AND CLASSIFICATION OF INDICATOR VALUES IN GIS

Before aggregating the indicator data sets to the vulnerability components exposure, sensitivity and adaptive capacity, all
indicator values need to be normalised and classified with reference to vulnerability to climate change. The indicator values
have to be transformed into one common unit and value range. This section will guide you through the practicalities of carrying
out data normalisation as described in Part I. The normalised values range from 1-10, where 1 represents a positive situation
and 10 represents a negative situation in terms of vulnerability. For some indicators such as those available for a country,
classes were already allocated. However, for spatial data sets this is done in GIS using the “Reclassify” tool.
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Practical example:

1. To create a classified land cover data set open ArcToolbox, navigate to Spatial Analyst > Reclass and open the
tool “Reclassify”.

2. Asinput raster select GLC_Share_ArabRegion feature layer in the gdb, the reclass field should be Value.
3. Under Reclassification select unique classification method. All current land cover type values appear on the

left hand side. On the right hand side type in the corresponding sensitivity values as defined by an expert (see
Table 6). Define an output raster layer name in the gdb and run the re-classification (Figure 31).

FIGURE 31: Allocating sensitivity classes to land cover types using the reclassify tool
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Categorical datasets can be classified using the methods described in Part I. However, for some indicators, value distribution
is continuous and here classes are best defined in a GIS, which allows visualising the distribution of data. Looking at the data
distribution helps to define thresholds of classes. Below we go through this step assigning classes for the population density
dataset.
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Practical example:

1. Werecommend classifying population density values following a logarithmic method and user defined method
(i.e., expert judgement).

2. Open ArcToolbox and go to Spatial Analyst > Reclass. Open the tool “Reclassify”. Select the raster dataset
population density 2015. Click on “Classify” and set the number of classes to 10. Set the classification
method to Manual. Type in the break values according to the indicator factsheet under classes and thresholds:
Sens 1 =0-1; Sens 2 = 1-10; Sens 3 = 10-100; Sens 4 = 100-500; Sens 5 = 500-1000; Sens 6 = 1000-5000;

Sens 7 = 5000-10000; Sens 8 = 10000-50000; Sens 9 = 50000- 100000; Sens 10 = >100000. Click “OK".
Now make sure the “New values” column in the reclassify tool contains the correct sensitivity class
values that you wish to allocate. Define an output location and file name and run the tool (Figure 32).

FIGURE 32: Example of assigning sensitivity class values to population density

# Reclassify . . —— - - . : - - - ’ (=] E |
Input raster “ | Reclassification =
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1000 - 5000 7 Delete Entries NoData. A list of
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= specified by
[Load... ] [Save... ] ReverseNewValues] [ Predision... ] separating each with | |

We repeat this step for all relevant indicators according to the corresponding normalisation and classification method. After
this step of normalisation and classification, all indicator data sets should be in raster format, projected in the same coordinate
system, have the same cell size and the cells are aligned with each other, cover the area of interest and have classified indicator
values between 1 and 10.

4 MAP PRODUCTION AND VISUALISATION

Map production and visualisation is done in the ArcGIS Layout view. You are free to individually create your maps with the help
of ArcGIS layout tools (layer order, layer transparency, symbology, label, colour schemes, text boxes, etc.). Nevertheless, some
key map elements are crucial and should be included in every map that you produce:

+  Maptitle
+ Legend
+ Scale bar

« North arrow

« Coordinates on the map border

« Author/Institution

« Date of creation

+ Baseline reference information, such as

- Input data

- Source of data used in the map
- Type of coordinate system

- Used classification method

- Used aggregation method
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"o

The map elements can be added with the field “Insert” and also within the layer properties (“Display”, “Symbology”, “Labels”,
etc.). You can add also other layers to the map which are not necessary to display the vulnerability, but which improve the
visualisation of the output maps (e.g., river network, streets, digital elevation model, important sites, etc.). However, try not to
overload the maps, so that the key messages stay clear. (See Box 9 for colour schemes.)

After creating the map, you can export the maps (File > Export Map) in different formats, e.g., pdf, jpeg, tif and print them. In the

page and print setup, you can change - if necessary - the paper size or the page orientation. A last important point is to check
if all colours and signs are clearly visible and distinguishable on paper. If not, you should change them and print the map again.

BOX 9: Colour Schemes

When classifying maps used for aggregating various layers contributing to a vulnerability assessment, two colour
schemes options are available:

1- To use a ‘traffic light’ approach that uses a colour ramp that ranges from red to green.
2- To use the same colour that uses a colour ramp that ranges from light to dark.

A combination of both colour schemes may also be applied. However, it is suggested that a consistent approach be
settled upon at the start of the work to facilitate map development throughout the process.

FIGURE 33: Example of a map output (degradation of vegetation cover) including necessary key map elements
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5 AGGREGATION OF INDICATORS

In this step we aggregate indicators to exposure, sensitivity and adaptive capacity layers, which later serve as an input for
calculating potential impact and vulnerability. In the following we go through these steps using the example of the Potential
Impact “Change in available water for agriculture/crops”. The aggregation is carried out in six consecutive steps.

Kindly note that for the purpose of the illustrative examples presented in this section, all indicators were assigned a weight
equal to 1. The preparation of the vulnerability assessment for the Arab region is based on a consultative weighting exercise
that is not reflected in the practical examples provided.

5.1 Step 1: Calculation of the Exposure Layer

In order to calculate the exposure layer we aggregate all relevant exposure indicators. Exposure indicators for Potential Impact 0
(P10) are:

+ Change in Precipitation

+ Change in Temperature

For the aggregation of indicator values to the exposure layer we use the geometric aggregation method. Before we can
combine the two exposure layers you may need to invert the values if expert judgment was not already applied during the
classification stage.

Practical example:

1. Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter
the geometric aggregation expression including the 11-x to invert the indicator. We also include in this
calculation a conditional statement that ensures that only those cells where all indicator layers have values are
aggregated. The formula is the same as the one described in Part | under 7.2.1, however the GIS software
needs it to be formulated differently, i.e., “(Power((x),1/n)" is an expression for the root to the power 1/n)
(Figure 27).

InvEx = Power((11-"precipitation_change_abs_2081_2100_rcp85_classified__aligned")*(11-"tas_
change_2081_2100_rcp85_class__res")), 0.5)

FIGURE 34: Example of aggregating two exposure indicators in the Raster Calculator
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2. Before visualising this aggregated exposure we need to re-invert the values with the formula EX = 11-InvEx.

3. The output is a raster layer representing the exposure relevant to this Potential Impact. Each pixel value
represents the aggregated indicator values of the input exposure indicators. The values have a possible range
from 1 to 10, with 1 representing low exposure and 10 representing high exposure.

4. Specify an appropriate layer name, e.g., “Exposure”, save the new layer in the gdb and visualise the layer with

an appropriate vulnerability colour coding with green showing low exposure, i.e., a good situation and red
showing high exposure, i.e., a bad situation (Figure 35).

FIGURE 35: Example of aggregated exposure map with two indicators for the Arab Region
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5.2 Step 2: Calculation of the Sensitivity Layer

Using the sensitivity indicators, we carry out exactly the same aggregation method as in step 1. The six sensitivity indicators used
for the purpose of this example for the Training Manual are:

- Degradation of vegetation cover (raster)

+ Land use - land cover (polygon)

+ Population Density

+  Groundwater resources (Hydrogeology)

+  Cattle density (Sheep+cattle+goats)

+  Area potentially affected by floods

In some instances, data gaps may exist (see Box 10) and efforts should be made to resolve the gaps using an alternative data set
or by proxy data.
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Practical example:

1. Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter
the following expression:

InvSE = Power ((11-"Reclass_PopulationDensity")*(11-"Reclass_Degradation")*(11-"Reclass_
CattleDensity")*(11-"Reclassify_AreaPotentialyEffectedbyFlood")*(11-"Reclass_HydrogeologicalUnits")*(11-
"Reclass_GLC1")), (1/6))

* Kindly recall that the inversion (11-x) is not necessary if expert judgement was applied at the classification stage.
1/6 represents 1 over the number of indicators included in this example.

FIGURE 36: Example of aggregating six sensitivity indicators in the Raster Calculator
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2. Specify an output layer name, save the aggregated sensitivity layer in the gdb. Before visualising this
aggregated Exposure we need to re-invert the values with the formula SE = 11-InvSE (see section 7.3 for
explanation why). Visualise the newly aggregated sensitivity layer with the same vulnerability colour coding
(Figure 37). The output is a raster layer representing the sensitivity relevant for P12. For this test case the
values range from 1 to 10, with 1 representing low sensitivity and 10 representing a high sensitivity.
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FIGURE 37: Example of aggregated sensitivity map with six indicators for the Arab Region
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BOX 10: Data Gaps

It should be noted that data availability remains a constraint and challenge when conducting vulnerability
assessment in the Arab region. Data gaps exist at the level of indicator availability among countries in the region,
and are missing for the specified time periods (e.g., years) when a data is available for a given indicator that is
available in most countries. This can be particularly challenging when collecting data in some of the Arab region’s
least developed countries and for the State of Palestine.

Statistical analysis and masking out certain data in GIS can be used to off-set these challenges. However, a

comprehensive review that compares between proposed indicators and available datasets should be undertaken at
the inception on an assessment.
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5.3 Step 3: Calculation of the Adaptive Capacity Layer

Using the adaptive capacity indicators, we carry out exactly the same aggregation method as in step 1 and 2. Here however no
inversion of the values takes place since high values for adaptive capacity indicators (e.g., literacy) represent a low vulnerability
and are thus ordered so as to be suitable for aggregation.

Adaptive Capacity indicators used for the purpose of the examples presented in this manual are:

+  Gridded GDP density (raster)
«  Official Development Aid (ODA) index

Practical example:
Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter the
following expression:

AC = Power(("AC_1"+"AC_2"),(0.5))

1. The output is a raster layer represents aggregated adaptive capacity to the impact “change in available water
for agriculture/crops”.

2. The values range from 1 to 10, with 1 representing a low adaptive capacity and 10 representing a high adaptive
capacity.

3. Specify an output layer name, save the aggregated adaptive capacity layer in the gdb and visualise the layer
with the appropriate vulnerability colour coding.

FIGURE 38: Example of aggregated adaptive capacity map with two indicators for the Arab Region
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5.4 Step 4: Calculation of the Potential Impact Layer

Having calculated exposure and sensitivity, we can now calculate the potential impact.

Practical example:

1. Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter
the following expression:

InvPI = Power( ("Inv_EX" » "Inv_SE"),0.5)
2. Forvisualising the output the values need to be re-inverted using the formula: PI = 11-InvPI

3. The output is a raster layer representing the Potential Impact 2. The values range from 1 to 10, with 1
representing low potential impact and 10 representing high potential impact.

FIGURE 39: Example of potential impact map for the Arab Region
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5.5 Step 5: Calculation of Single Vulnerability

In order to calculate the single Vulnerability (e.g., V1) for a sector, the Potential Impact and the Adaptive Capacity are combined.

Practical example:
1. Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter
the following expression:
InvVsingle = Power(("Inv_PI" * "AC"),0.5)
2. To visualise the output, values need to be re-inverted using the formula V single = 11-InvV
3. Theoutput is a raster layer representing the vulnerability relevant to the potential impact “Change in available

water for agriculture/crops”. The values range from 1 to 10, with 1 representing a low vulnerability and 10
representing a high vulnerability.

FIGURE 40: Example of vulnerability map for the Arab Region
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5.6 Step 6: Calculation of the Overall Vulnerability Map

Once you have calculated the single vulnerabilities, you can also calculate the overall vulnerability using the geometric
aggregation method.

Practical example:

1. Open ArcToolbox and navigate to Spatial Analyst > Map Algebra. Open the tool “Raster Calculator” and enter
the following expression. Note that the indicator layer titles must be replaced with the actual layer names:

InvVtotal = Power( ("InvV_1" * “InvV_2"),1/2)
2. To visualise the output, the values need to be re-inverted using the formula Vtotal = 11-InvVtotal

3. The output is a raster layer representing the overall vulnerability for the Arab region. The values range from 1
to 10, with 1 representing low vulnerability and 10 representing high vulnerability.
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PART lil: TECHNICAL GUIDANCE ON REMOTE SENSING
IMAGE CLASSIFICATION

This part of the Training Manual will review the following:

What is remotely sensed data?

How is an image file displayed?

How are images classified?

How can the accuracy of classification be assessed?

1 INTRODUCTION AND REQUIREMENTS

The following sections provide a brief excursus on the classification of remotely sensed data which could be used to generate
higher resolution thematic layers from Landsat imagery.

You will be using Exelis Visual Information Solutions (ENVI) software to conduct all satellite image processing. ENVI is widely
used software which allows you to perform necessary functions, from extensive digital image data support to geometric
correction to creating map composition, all within an easy-to-navigate image-processing environment. The lab displays image
data that has been recorded along different wavelengths as both gray scale and colour composite images.

Satellite imagery data is made of raster data structure, where each picture element (pixel) represents recorded radiation
intensity measured by the remote sensing instrument. Each pixel contains n-dimensions of data where n is the number of
sensors designed to sense at a particular wavelength (e.qg., visible, Infrared, etc.), called channels or bands.

In the first part of the exercise, you will use a subset of a Landsat-8 image of the part of Tunisia. This image was acquired in

summer 2013 and has 11 bands. Bands 8 and 9 (panchromatic and cloud bands) will not be used in this exercise, thus each pixel
contains 9 different radiation intensity values (after dropping bands 8 and 9).

2 DISPLAYING AN IMAGE FILE
To start ENVI select Start > Programs > ENVI 5
To open an image file from ENVI main menu, go to File > Open Image File. Select the LS8_Tunisia file and click Open.
«  This brings up a new window called Available Band List. Here you have a choice to display your image either in Gray Scale

or RGB Colour. Click on the Gray Scale button and select band 5. Click Load Band. This will open three windows, which are

collectively referred to as the Display Group. This Display Group consists of the main Display Window, the Scroll Window
and the Zoom Window, which allow you to move around in the image and to magnify different areas. You can pan around the
image with your cursor or zoom in or out.
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FIGURE 41: Available band bist in ENVI 5
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+ To open LS8_Tunisia image in a True-Colour (similar to what the human eyes see), go to RGB Colour in the Available Band
List and select bands 4, 3 and 2 as Red, Green and Blue, respectively. Click Display #1 and select New Display. Display the
colour image by clicking Load RGB.

+ Toopen LS8_Tunisia in a False-Colour, go the RGB Colour and select bands 5, 4 and 3 as Red, Green and Blue, respectively.
Click Display #2 and select New Display. Display the colour image by clicking Load RGB. Explore different RGB band
combinations yourself.

2.1 Pixel Location and Values

+  You can interactively see individual pixel location and values for any image by right clicking in the main Display Window and
selecting Cursor Location/Value. Move your cursor over the image and see how the DN values change. Double click the image
window to hide/show this function.

2.2 Linking Satellite Images

+ To link two images together for comparison, click Tools > Link > Link Displays. Move with your cursor and see how are these
moves are mirrored in the second display.

2.3 Z Profiles

+ Thisis an important function as it allows you to examine the spectral signature curves of some of the dominant surface
features in your image (e.qg., Vegetation, Water, Urban and bare soil). Display your image as true colour, then go to
Tools > Profiles > Z Profile (Spectrum). Click on a pixel with a vegetation cover. Do you know why the spectral response
(curve) of the vegetation has this shape?
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FIGURE 42: True and false colourimage

3 IMAGE CLASSIFICATION

In this section of the exercise, you will be introduced to basic image classification procedures. Earth remotely sensed imagery
may be analysed in order to extract thematic information. The objective of image classification is to recognize and assign
particular ranges of pixel values in spectral bands to the categories (classes) concerned. If the user has previous knowledge
about the surface feature of the image being analysed, the classification method is termed supervised. Conversely, if the
classification is done initially by computer, and later decoded (or labelled) by the user, the classification method is

termed unsupervised.

Image classification is an iterative process. It is almost impossible to get classification right the first time procedure is applied.
To make a good map, you will have to take several steps to get from initial to intermediate to final classification results, refining
the map further at each stage. In the case of supervised classification, you can revisit your training sites, refine them, or add or
remove a few to see how your map improves. In the case of unsupervised classification, the number of classes and iterations
can be altered. Your ultimate goal is to produce the best available land cover map, either through a supervised or unsupervised
classification or a combination of the two. One of the initial duties in image classification is to decide on final classes to be
used. This is different for each location and final application of the map. For example, in Boston you may choose more than 10
classes where a great deal of variety is to be found. In the Great Sahara, there may only 2 classes (sandy or rocky fields).

3.1 Unsupervised Classification

Unsupervised classification is an exploratory procedure, in which classes are determined by a classification algorithm, without the
user's help. Newly generated computer (or spectral) classes are then labelled by the user, who possesses foreknowledge of the
landscape in question. Unsupervised classification is useful if the remote sensing analyst (you) cannot easily discern if a class is
pure or mixed. It can also be used as a preliminary step in refining knowledge of the spectral classes present in the image so that
subsequent supervised classification can be carried out more efficiently. In this case, classes identified by unsupervised analysis
can be used as a basis to select training samples (sites) to be used during the supervised classification procedure.

Unsupervised classification technique initially requires that the number of spectral classes be given. This number may be
obtained in different ways. A common approach is to allow around 2 spectral classes per land cover category. For example, for
15 different land cover classes, (e.g., trees, grass, wetland, urban high, urban low, bare-soil, water etc.) you would assign 30 initial
spectral classes to be identified with the unsupervised classification procedure! However, this would be very computer intensive.
Thus, for this exercise section, you will use 10 classes to practice the procedure.
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+  Asmall subset of the LS8_Tunisia will be used for classification. To generate a small subset from the raw image go to
Basic Tools > Resize Data (Spatial/Spectral) and select LS8_Tunisia image. Click on Spatial Subset > ROI/EVF and select
clip_box1.evf file. Select EVF:clip and hit OK (evf is an ENVI vector file format that contains a large polygon that will be used
for clipping). Click OK. Name the output file sub_Tunisia. Display sub_Tunisia in true colour. Navigate to the image and try to
familiarise yourself with land cover/use types in the area.

«  To conduct an unsupervised classification on sub_Tunisia image go to Classification > Unsupervised > K-means. The
K-Means procedure calculates initial class means randomly in the data space and then iteratively clusters the pixels into the
nearest class using a minimum distance technique. Each iteration recalculates class means and reclassifies pixels with
respect to the new means. All pixels are classified to the nearest class unless a standard deviation or distance threshold is
specified, in which case some pixels may be unclassified if they do not meet the selected criteria. This process continues
until the number of pixels in each class changes by less than the selected pixel change threshold or the maximum number of
iterations is reached. Select sub_Tunisia image to be classified and hit OK.

+ Inthe K-Means Parameters dialog window, first enter 10 as a desired number of classes. Enter a threshold value of 5. This
value can be changed later in your other attempts. Choose 20 for Maximum Number of Iterations. Accept default (keep blank)
for other options. Name the Output File sub_Tunisia_unsup10 and click OK.

+  This process will take a few minutes. Once the process is completed you will get a spectral class map with the number of
classes, initially requested (10 classes). Use the Link function (Tools > Link > Display Link) to compare between the derived
unsupervised image (sub_Tunisia_unsup10) and the original image (sub_Tunisia).

« To display the spectral classes determined by the computer, go to Tools > Colour Mapping > Class Colour Mapping. Now your
goal is to identify in the classified image which spectral class belongs to which land cover class. Label each class with a
suitable name. Our goal is to extract at least five land use - land cover classes which can be as follows:

- Water (including ocean, lakes and rivers)

- Agricultural lands (croplands)

- Forest (deciduae and evergreen)

- Bare ground (desert sand and bed rock)

- Urban (residential and industrial areas as well as major roads network)

Most likely there will be several spectral classes that represent the same land cover type. If this is the case, then you are advised

to give all classes which represent the same cover type the same name, but with different numbers (e.g., water1, water2, water3;
urban1, urban2, etc.). Give each type of the land use - land cover a meaningful colour (e.g., provide a blue colour to the water1,
water2 and water3 classes and green colour to the urban1 and urban2 classes, etc.). Save frequently from Options > Save Changes.

Supervised classification uses a set of user-defined spectral signatures to classify an image. The spectral signatures are derived
from training sets that are created by interactively digitising features of interest on an image. Care must be taken to create
effective training signature sets. Important points to keep in mind include: 1) Each training site should appear homogenous; 2)
Delineate several training sites within each information class; 3) If the same information class appears different in two or more
locations (e.g., sunny vs. shady locations), consider collecting separate training sites for each class and then combine them later.

« Thefirst step in supervised classification is to start collecting the training sites (ROls). Go to Overlay > Region of Interest
and draw your training samples in the form of closed polygons (For this exercise a minimum of 15 polygons per class is
required). Click the left mouse button in the Zoom window to establish the first point of the ROl polygon. Select further
border points in sequence by clicking the left button again, and close the polygon by clicking the right mouse button.

The middle mouse button deletes the most recent point, or (if you have closed the polygon) the entire polygon. Try using
Google Earth to acquaint yourself with the different land-cover types in the image. Once you collect all of the polygons you
are interested in save the ROIs file (File > Save ROIs) and name it roi_supervised.

« To perform the supervised classification, go to Classification > Supervised > Maximum Likelihood. In the Classification
input file, select sub_Tunisia and click OK. Note that if there are no available training regions already loaded, the Maximum
Likelihood method will not work. That is, if you come back to classify an image at any time other than the time when you
generate and save your ROIs, you will first have to load the ROIs on the image then run the classification.
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Select all regions of interest (ROIs) as the training classes. Set Probability Threshold to None. Name the final classified image
Sub_Tunisia_super. Check NO for Output Rule Images then press OK to begin classification. Display your classified image as a
single band. Take a look at your image. Are locations that you are most familiar with classified correctly?

FIGURE 43: Supervised classification map (Maximum Likelihood Approach)
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4 POST CLASSIFICATION AND ACCURACY ASSESSMENT
4.1 Map Annotation

To add a map legend and scale bar, open the classified image (Sub_Tunisia_super) and go to Overlay > Annotation. In the Scroll
Window, position the red box at the left corner of the classified image and click on Object > Map Key. Click once with the left
mouse button in the Display Window to place the Map Key in the image. Click and drag the Map Key using the left mouse button in
the display to place the key. Change the Colour of the text to Black and the colour of the Background to White. Now, click on

Edit Map Key Items, select the Unclassified class then click the Delete Item icon and press OK. Over the map legend, click on the
right mouse button to make the position of the Map Key permanent. Now add a scale bar to the map from Object > Scale Bar. Take
a screenshot of the classified image with the added annotation.
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4.2 Exporting Classes to Vector Layers/Shapefiles

In this step you will convert one of the derived classes (e.g., the water body) from raster to vector, which can be overlaid on

your original colour composite image or uploaded to ArcGIS software as shapefile. Go to Classification > Post Classification >
Classification to Vector. Select your classified image (Sub_Tunisia_super) and press OK. Select the water body class under Select
Classes to Vectorise. Name the Output File water and hit OK. In the Available Vectors List window select the derived-vector file
and click Load Selected. Select Display # 1 (where your original image is displayed as RGB) and click OK. The vector appears

in the image window. You can change the colour of the vector layer from Current Layer (for example, change from white to blue
colour) and click Apply. Navigate the image with the water body overlaid.

4.3 Classification Accuracy Assessment

In this section of the lab you will check how accurate your classification map is (Sub_Tunisia_super). In order to calculate the
accuracy report you need to create the second set of ROIs (recall the supervised classification section), which will be used to
verify your classification accuracy. Name the new output file ROIs_points.

Now you are ready to calculate the Accuracy Assessment on the final classified image. In this step you will be generating a
Confusion Matrix from which the accuracy of your classification can be assessed.

To generate a confusion matrix, go to Classification > Post Classification > Confusion Matrix. First choose your image and
press OK. Then in Match Class Parameters dialog, choose the Ground Truth ROIs you created for validation (the ROIs_points
file) and select the corresponding classes from the Classified Image. Choose both Pixels and Percent, Yes for Report Accuracy
Assessment and press OK. Save your resulting report as an ASCII file and name it accuracy_report. Please note, if your total
accuracy is less than 85%, you have to refine your training sites and repeat the classification one more time.

72



MANUAL

RICCAR

ENDNOTES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The Arab region is defined as the area encompassing the 22 members of the League of Arab States, namely Algeria, Bahrain, Comoros, Djibouti, Egypt,
Iraq, Jordan, Kuwait, Lebanon, Libya, Mauritania, Morocco, Oman, State of Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syrian Arab Republic, Tunisia,
United Arab Emirates and Yemen.

Arab Ministerial Declaration on Climate Change, Council of Arab Ministers Responsible for the Environment (CAMRE), League of Arab States, Cairo, 6
December 2007.

More information is available on the RICCAR website (www.riccar.org).

Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK,
717-743 (Appendix I. Glossary).

See “Special Issue of the Climatic Change Journal on the Framework for the Development of New Socioeconomic Scenarios for Climate Change
Research”, available at: https://www2.cgd.ucar.edu/research/iconics/publications/ssps. Members of the Integrated Assessment Modelling (IAM)
and Impacts, Adaptation and Vulnerability (IAV) research communities formed an International Committee on New Integrated Climate Change
Assessment Scenarios to coordinate a range of activities contributing to the Parallel Phase of the New Scenarios Process. The Committee is organized
into Working Groups dealing with specific topics focused on the development of the SSPs, which can be used in conjunction with the RCPs to develop
scenarios for use by the research community, available at: https://www?2.cgd.ucar.edu/research/iconics.

Narratives (storylines) are qualitative descriptions of the relationships among different trends and socio-economic developments assumed in a
scenario.

The workshop brought together members of the Integrated Assessment Modelling (IAM), Impacts, Adaptation and Vulnerability (IAV), and Climate
Modelling (CM) communities, led to the adoption of a unified framework for the development of a small set of SSPs, to be used in conjunction with
the Regional Concentration Pathways (RCPs) and associated climate model simulations for the development and assessment of integrated research.

See O'Neill, B.C., Carter, T.R., Ebi, K.L., Edmonds, J., Hallegatte, S., Kemp-Benedict, E., Kriegler, E., Mearns, L., Moss, R., Riahi, K., van Ruijven, B., van
Vuuren, D. 2012. "Meeting Report of the Workshop on The Nature and Use of New Socioeconomic Pathways for Climate Change Research," Boulder, CO,
November 2-4, 2011. Available at: http://www.isp.ucar.edu/socioeconomic-pathways.

Population and urbanization scenarios were developed by the International Institute for Applied Systems Analysis (IIASA) and the National Center for
Atmospheric Research (NCAR).

The GDP projections are based on harmonized assumptions for the interpretation of the SSP storylines in terms of the main drivers of economic growth.

The Vulnerability Sourcebook (GIZ, 2014) provides a comprehensive description of how impact chains are developed and indicators derived from them
in Modules 2 and 3.

Adapted from CIDA, 2004, reprinted in AFB, 2010, as cited in GIZ, 2011.
The Arab Domain is also referred to as the MENA Domain in CORDEX and the Earth System Grid Federation (ESGF). It is also noted that Comoros, while
an Arab State, is not included in the Arab Domain given its geographic location. Comoros can be otherwise be studied using high-resolution global

climate models or the regional climate modelling domain covering the African region.

Note that by applying the formula Integer {10*(Log(X,)-(-0.7))/(6.3~(-0.7))} +1, o the values of the original data series (except for the maximum value
which by default will get the value 10) the classes can be obtained directly.

The importance of expert choices was made clear in 6.2 and 6.3 in the practical examples presented for the two other methods of data evaluation:
Evaluation of Indicators Using a Reference, and Evaluating Indicators Based on Expert Opinion.

As global minima often appeared to include a country of the region, the adjustment was made for the maximum values by taking the average of the 3
highest countries at the global level to dampen the impact of potential global outliers.

See http://webhelp.esri.com/ for the different classification methods.

While the summation and multiplication approaches result in a quantitative index score, multicriteria analysis methods use nonlinear aggregation
methods that generate index ranks instead of scores. For an overview of these methods see OECD (2008).

An exception is the use of an arithmetic aggregation for the calculation of some sub-indices in the Adaptive Capacity dimension.

Other methods are the benefit of the doubt (BOD) approach, the unobserved components model (UCM), and the conjoint analysis (CA). For a more
complete overview of weighting methods see OECD (2008).

In the cases where global minima and maxima have been used in the normalization formula leading to an evaluation over 8 classes, the inversion
formula usedis 9 - x.

For all aggregation steps, indicator, dimension, or component inversion might be necessary, see 7.3: Preparing Indicator Values for Aggregation. For
ease of exposition the following aggregation formulas are assumed to apply after the appropriate inversions have been done.

Some socio-economic determinants of adaptive capacity are generic (e.g., education, income and health), i.e., they enable adaptation across the
localities and countries irrespective of their location and climate impacts, while other determinants are more specific to particular climate change
impacts such as floods or droughts.

73



23.

24.

25.

26.

27.

However a geometric aggregation can also be applied if you decide that this better matches the characteristics of your data. In this case, the formula for
this aggregation step would be:

Sub-Ind ,, = (AC, *AC,*AC, * .. xAC,)"" in the case of equal weights; and
Sub-Ind ,, = (AC,)1 % (AC,)“2% (AC,)“ » ... x (AC,)“ in the case of a weighted geometric aggregation.

Note that the aggregation of the Infrastructure dimension includes a supplementary level of aggregation: indicators and sub-indices are first combined
to calculate a composite index for each of the five pillars of this dimension: energy, transport, health, water and sanitation supply, and environment.
These are then aggregated to calculate the index of the Infrastructure dimension.

This remark is also valid for the weighting choices made at other steps of the aggregation process.

The net impact of the variations of adaptive capacity and potential impact depends on if we are considering an area with low or high starting levels of
adaptive capacity and potential impact, as the influence of the partial compensability property of the geometric aggregation should also be considered,
see paragraph 7.2.

General tutorials for working with ArcGIS can be found at:
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//00v20000000t000000.htm.
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