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Short Description
This report presents a systematic literature review on vulnerability and risk assessment
frameworks addressing natural hazards, and specifically those used for assessing Nature-based
Solutions (NBS). It is concerned with the use of indicators for measuring social and ecological
vulnerability to natural hazards, with the long-term aim of using these indicators to measure the
success of NBS in reducing vulnerability and risk. It is one part of the wider OPERANDUM project,
in which NBS are tested in the context of Open-Air Laboratories (OALs). This report is an early
publication from this on-going project and, along with a separate report focussing on conceptual
frameworks, impact chains and further discussion on indicators ( 6.2), will feed directly into
developing vulnerability assessments for the OALs (Task 6.3). Taken together, these strands of the
OPERANDUM project will provide comprehensive information on using indicators for this purpose.
CO
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Executive summary
The objective for this research was to provide an overview of vulnerability and risk assessment
frameworks and indicators addressing natural hazards that were carried out in the context of Nature
Based Solutions (NBS) implementation. The approach was to carry out a systematic literature review
through specific keyword searches in Scopus (for scientific, peer-reviewed papers) and in Google
Scholar (for so-called grey literature). This was complemented by information on vulnerability and risk
assessment previously carried out in the project’s Open Air Laboratories (OAL). The report is an early
output for Deliverable 6.1 (D6.1) of the OPERANDUM project. Together with D6.2, D6.1 reports on
preliminary research carried within Work Package 6 (WP6) of the project and serves as a foundation
for the rest of the vulnerability and risk assessment activities that will be implemented in the project.
The review of 58 papers revealed that various types of conceptual and theoretical frameworks were
used in past research, and many of them took a social-ecological system (SES) perspective, which is
not surprising given the focus on NBS. Two types of assessments predominated: indicator-based risk
assessments and physically-based modelling approaches (with occasional combinations of the two).
These findings strengthen the original idea outlined in the OPERANDUM proposal to focus on
indicator-based approaches and that more complex frameworks, focusing on SES as unit of
assessment, should be considered (See the report for D6.2 ‘Vulnerability and risk assessments of socioeconomic systems (SES): conceptual framework, impact chains and indicators’ for a proposal regarding
frameworks).
After removing duplicates and indicators focusing on hazards or impacts, 371 previously used
indicators were identified that characterised various dimensions of risk (see the list in Annex 5). About
11% of these indicators characterised exposure, the rest focusing on ecosystem (29%) and social
system susceptibility (26%) and social system coping and adaptive capacities (34%). Like previous
reviews of risk assessments, a majority of indicators focused on the social system (66%) as opposed
to the ecosystem (34%), but the difference was smaller in this review as we targeted papers that had
an NBS focus.
The above findings are complemented by a parallel project deliverable (D6.2) where a conceptual
framework is proposed, and additional indicators identified through OAL stakeholder engagement.
Combined, these two deliverables will inform further tasks of the OPERANDUM project (6.3 and 6.4)
that will deal with the implementation of the vulnerability and risk assessments to natural hazards.
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1 Introduction
This systematic review of the state of the art on risk assessment is the first deliverable (D6.1) in the
OPERANDUM project stemming from Work Package 6 (WP6) “Vulnerability, exposure and risk of socioecological systems”. Together with D6.2, which is developed in parallel and which focuses on the
development of a conceptual framework and indicators for risk assessment, it provides the basis for
the risk assessment research which will take place at the scale of the Open Air Laboratories (OAL) from
Year 2 of OPERANDUM onwards.
The deliverable is presented in the OPERANDUM reporting template but will be reformatted as a
review paper that will be submitted to a peer-reviewed journal after the deliverable is accepted and
following the agreed internal project procedures for scientific paper development. Information from
D6.1 will be combined with inputs from D6.2 to generate a substantive peer-reviewed article. The core
information between this version of the deliverable and that of the peer-reviewed paper at the time
of submission will not change.

1.1 Aims of the review in the context of OPERANDUM
As indicated in the project’s description of work, the main aim of D6.1 is to provide an overview of
vulnerability and risk assessment that are linked to Nature Based Solutions (NBS). This overview will
provide information on previous approaches, methods and tools as well as of indicators used in these
contexts. It will therefore complement previous reviews on risk assessment that have been published
earlier (see Section 2). The aim will be achieved through a systematic literature review and through
information collected from OAL partners. The main outputs are information on tools and approaches
used in the past and a comprehensive list of indicators used in prior assessments. Note that the list of
indicators presented here is complemented in D6.2 with information collected from stakeholders in
the OAL regions and with D3.1 and D3.4 indicators reviewed/developed within OPERANDUM. D6.2
will therefore have a complementary list of potential indicators to what is presented here.
The main underlying reason for carrying out this review is that in many cases, risk assessments to
natural hazards predominantly focus on social, economic, and/or policy elements of risk, with
relatively less emphasis placed on ecological factors, even in risk assessments that have as unit of
analysis a social-ecological system (SES) (Sebesvari et al., 2016; Hagenlocher et al., 2019; see Section
2). The objective of Task 6.1 was to focus the review on papers that addressed NBS as a core
component in order to see which frameworks and which indicators were used. This will ultimately
inform the rest of the research for WP6.

1.2 Structure of the report
Following the introduction, Section 2 provides a brief overview of published risk assessment
frameworks and reviews of risk-related indicator from literature not necessarily addressing NBS. This
section does not mean to be comprehensive as reviews exist already (see. e.g. Birkmann, 2013 and
Sebesvari et al. 2016, respectively) but rather aims to provide general information to readers not
familiar with risk assessment to natural hazards. Section 3 details the approach used for the systematic
literature review and for capturing pre-existing information on risk frameworks and related indicators
that may have been used in the OALs. Results of the reviews are presented and discussed in Section 4
D6.1 | Review on vulnerability and risk assessment specific to NBS
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which links to Annexes 4 and 5 where information on reviewed risk assessment
frameworks/approaches/tools and indicators are detailed. The last section of the report provides a
conclusion to the research, its links to a corresponding research deliverable (D6.2), and briefly
presents the implications of the findings for the next stage in the projects (D6.3) in which risk
assessments will be carried out in the OALs.
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2 Previous studies on risk assessment frameworks and indicators
Central terminology used throughout this deliverable is defined in Annex 1. At the time of writing,
OPERANDUM was yet to agree on some of the terms project-wide, however, the key concepts for
vulnerability and risk as presented in Annex 1 will remain valid for the work to be carried out through
this strand of the project (WP6).

2.1 General risk assessment frameworks
A number of vulnerability and risk assessment frameworks have been developed in recent years (see
Birkmann, 2013 and Sebesvari et al., 2016 for reviews). Most of the frameworks are focused on specific
local and single hazard contexts, whereas a few of them have integrated all the social and ecological
contexts related to multi-hazards (Birkmann, 2013). Turner et al. (2003a) proposed a framework for
vulnerability assessment of SES in sustainability science, the SUST model, which incorporates elements
from risk/hazards approaches to vulnerability as well as ecological resilience theory into a multiscale
(spatial and temporal) model of vulnerability of SES. This vulnerability assessment framework aimed
to provide suitable template for ‘reduced form’ vulnerability analysis considering the limitation of realworld data availability of larger complex systems. The framework provides the major broad classes of
complements and relationships that encompass the SES system’s vulnerability to hazard. The main
components of the framework include: (a) relationships to the broader human and environmental
conditions and processes functioning on the coupled system; (b) perturbations and stressors/stress
(hazards) that arise from these conditions and processes; and (c) the coupled human–environment
system in which vulnerability resides, including exposure and responses (Figure 1). These components
are interactive and linked in terms of spatial scale (local to global) (Turner et al., 2003a). This
framework provides a general conceptualization of the complex nature of vulnerability analysis,
highlighting the factors and linkages that can affect the vulnerability of human-environment system
in a place. Turner et al. (2003b) applied the SUST framework for illustrating the coupled humanenvironment system for vulnerability assessment of three case studies. Damm (2010) developed and
used a modified SUST framework for vulnerability assessment of the SES to floods in Germany.
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Figure 1. Vulnerability analysis framework proposed by Turner et al. (2003a). Reproduced
with permission: Copyright (2003) National Academy of Sciences, U.S.A.

Birkmann et al. (2013) proposed a risk assessment framework (MOVE framework) which considers
vulnerability, resilience, coping and adaptation capacities (Figure 2). The MOVE framework illustrates
the key factors and various dimensions that should be addressed when performing vulnerability
assessment in the context of natural hazards and climate change. It emphasises that the key factors
are related to the exposure of the system or society to a natural hazard or stressor, the susceptibility
of the community or the system exposed to the hazard or stress, and resilience and adaptive capacity
of the system or society. The framework integrates various dimensions of disaster risk management
and climate change adaptation (arrows in Figure 2). It includes different temporal and spatial scales
corresponding to the needs of stakeholders operating at different times and spaces. The MOVE
framework can be considered as a conceptual tool to be used for guiding systematic assessment
processes and developing indicators. However, the framework does not outline specific assessment
methods or a list of indicators (Birkmann et al. 2013). The MOVE framework was applied in several
cases for vulnerability assessment to natural hazards like flood (Welle et al., 2014; Kablan et al., 2017;
Morimoto, 2019), heatwave (Depietri et al., 2013; Welle et al., 2014) and earthquake (Welle et al.,
2014).
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Figure 2. The MOVE framework (based on Birkmann et al. (2013), modified by Birkmann, 2019, personal
communication)

In recent years, recognising that SES are usually exposed to multiple hazards, risk assessment
approaches have addressed multi-hazard conditions rather than addressing individual hazard
separately. Kloos et al. (2015) proposed a multi-hazard risk assessment framework which considers
potential impacts of single and multiple hazards that affects the SES with particular reference to the
Western Sudanian Savana Zone. This framework was developed combining the elements of the
modified SUST Framework (Turner et al. 2003a, Damm 2010), the MOVE framework (Birkmann et al.
2013), and the Ecosystem Stewardship Framework (Chapin et al. 2010). The aim of the framework is
to delineate the linkages between hydro-climatic hazards/ stressors, shocks and risks, environmental
and socio-economic factors/stressors, and actual coping and adaptation actions at different spatial
and temporal scales. Garschagen (2014) proposed a similar framework for assessing vulnerability and
adaptation considering natural and man-made hazards in the context of changes in environmental,
climatic, and socioeconomic conditions and the transformation processes within SES. Multi-risk
approaches for climate change impacts mostly related to natural hazards (e.g. floods, landslides, and
avalanches) and focused on the multi-hazard and static vulnerability were assessed by Gallina et al.
(2016). The multi-hazard risk assessment frameworks reflect the real-world complexity of the
interaction between hazards stressors, vulnerability and risk of the SES and the coping and adaptation
processes of the SES.
Recognising the necessity of multi-hazard and specific geographical condition-based vulnerability
analysis, as noted by Kloos et al. (2015), Sebesvari et al. (2016) developed Delta-SES vulnerability
assessment framework, which is a simple yet integrated framework for multi-hazard risk and
vulnerability assessment of river deltas (Figure 3). The framework was developed based on key
elements of the vulnerability and risk assessment frameworks proposed by Turner et al. (2003a),
D6.1 | Review on vulnerability and risk assessment specific to NBS
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Damm (2010), Kloos et al. (2015), IPCC (2012), and Garschagen (2014). The Delta-SES framework
considers the interaction of social and ecological sub-systems at various spatial and temporal scales.
Though the interaction of hazard and SES takes place in all scales, the sub-delta scale is considered to
be the essential place of the analysis so that the differences in vulnerabilities among the delta subregions (e.g. floodplains, coastal zone, urban areas) affected by different natural and anthropogenic
hazards could be captured. Hagenlocher et al. (2018) used this framework to develop and apply the
Global Delta Risk Index.

Figure 3. Delta-SES vulnerability assessment framework (Sebesvari et al. 2016)
(Reprinted by permission from Copyright Clearance Centre: Springer, Sustainability Science, A review of
vulnerability indicators for deltaic social–ecological systems, Sebesvari et al., © 2016)

A very recent review from Hagenlocher et al. (2019) focusing on drought risk assessment has shown
that only 17% of the 105 articles they reviewed used an SES perspective when conducting the risk
assessment. The most common approach used for risk assessment was index-based approaches (62%
of the papers), which is the approach that will be used in later research in WP6, followed by dynamic
simulation methods (12%) and qualitative methods (8%). More generally, indicator-based analyses are
generally used in practical applications of vulnerability and risk assessment for a specific place or
region affected by hazards (Eriksen and Kelly 2006). Several methods of indicator-based vulnerability
assessment are available, ranging from global or national to local level. Examples include indicatorbased Global Risk Analysis (UN 2009, 2011, 2013, 2015), the World Risk Index (Birkmann et al. 2014),
Disaster Risk Index (Peduzzi et al. 2009; UNDP/BCPR 2004) and Global Delta Risk Index (Hagenlocher
D6.1 | Review on vulnerability and risk assessment specific to NBS
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et al. 2018) which were developed for global or national scale risk assessment. This is complemented
by local level participatory risk assessment approaches such as the Community-Based Risk Index
(Bollin and Hidajat 2006).
GIZ, EURAC & UNU-EHS (2018) published a guidebook for climate risk assessment, focusing specifically
on Ecosystem-based Adaptation (EbA), which is one of the approaches considered under the NBS
umbrella (Cohen-Shacham et al., 2016). The guidebook builds on the Vulnerability Sourcebook (GIZ,
2014) which focused on climate change vulnerability assessment linked to the 4th Assessment Report
of the IPCC (2007) and the Risk Supplement to the Vulnerability Sourcebook (GIZ and EURAC, 2017)
which focussed on climate risk concepts of the 5th Assessment Report of the IPCC (2014a). The
guidebook’s focus on EbA implied that the strong linkages between social and ecological systems
needed to be accounted for. The focus is therefore on the SES.

Figure 4. Risk concept developed by the IPCC (2014b, p.1046)

Among other steps, the approach focuses on the development of impact chains, the identification and
selection of indicators to characterise the various components of risk (Figure 4) and the identification
of EbA solutions (GIZ, EURAC & UNU-EHS, 2018).
Many frameworks have been developed in recent years for risk assessment of natural hazards. The
evolution has been for more SES type risk assessment frameworks which increasingly recognise the
tight connections between social and ecological sub-systems, yet, as has been discussed above and
will be emphasised further in Section 2.2 below, risk assessments still focus in priority on the social
sub-system, which can be detrimental to the implementation of NBS strategies.
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2.2 Previous reviews on indicators
Sebesvari et al. (2016) recently conducted a comprehensive review of vulnerability indicators for delta
SES. The review was limited to the Mekong, Ganges–Brahmaputra–Megna, and Amazon deltas and 56
papers were analysed. Despite the limited geographical focus, the review identified 236 indicators
that were classified according to the components of the Delta-SES vulnerability assessment framework
(Figure 3). Of these indicators, 84% characterised the social sub-system with much fewer used to
characterise the ecological sub-system and this, regardless of whether the reviewed paper addressed
social vulnerability only or focussed on SES. In a more recent review focussing on drought risk (105
papers), Hagenlocher et al. (2019) identified only nine environment-related indicators out of a total
of 65 (soil organic matter; soil depth; % degraded areas; % protected biodiversity area; increased
number of pests per year; % plant diseases; % animal health care; Indigenous soil conservation
measures (qualitative); % households engaged in soil water conservation practices). These nine
indicators were classified under two “factors”, namely “Soil condition and quality” and “Protection
and conservation”, and appeared in only 14% and 13%, respectively, of the 105 papers reviewed.
Although the review Hagenlocher et al. (2019) carried out was not part of our systematic review (given
its date of publication), all but one of these indicators are covered by our review directly (e.g. when
the same sources are used by both reviews) or indirectly (similar indicators from other sources). The
exception is “% households engaged in soil water conservation practices”. Generally speaking,
ecological-related indicators are systematically under-represented in vulnerability and risk
assessments to natural hazards (Beroya-Eitner, 2016).
There are many efforts being carried out to reverse the imbalance between social and ecologically
related indicators. For instance, Damm (2010) investigated the SES vulnerability to flooding in
Germany, focussing on two sectors: forestry and agriculture. For the forest sector SES, eight of 14
indicators were related to the ecosystem and for the agricultural sector SES, eight of 15 indicators
were related to ecosystems. Note that some of the ecological indicators were also linked to social
dimensions of vulnerability, e.g. “Reforestation rate” to characterise adaptive capacity. Depietri et al.
(2013) studied the social vulnerability to heat waves in the city of Cologne (Germany) and considered
land use/cover for the characterisation of exposure (cooling effect). No ecosystem-related indicators
were considered to characterise the susceptibility of the system (as the focus there was on the social
sub-system) and one of two indicators used to characterise resilience focused on the ecosystem (% of
the surface of Cologne covered by urban forest per city district). Finally, Hagenlocher et al. (2018)
carried out a risk assessment of major river deltas using the Delta-SES vulnerability assessment
framework (Figure 3) and attempted to balance social and ecosystem-related indicators which was
not always possible. For example, for social and ecological susceptibility, there were 20 and five
indicators, respectively for cyclones; 18 and 14, respectively for drought; 21 and 11, respectively for
flooding; and a smaller gap for salinity intrusion with 13 and 9 indicators, respectively. A similar lack
of ecological indicators is present in another crucial aspect of sustainable SES, namely the sharing
economy and governance and management of common pool resources (Ostrom, 2007, 2009). While
it is known that the sustainability of SES relies also on socio-spatial dynamics (see e.g. Bradley, 2015),
there is a lack of (a) indicators that link socio-spatial and spatial-economic patterns to ecosystems and
their health, (b) indicators that help understand how the commonly managed ecosystems feed back
into the socio-economic resilience of the system, and (c) indicators that explore such dynamics at the
finer spatial scales in which they operate. Similarly, it has been found that finer-scale indicators
relating to water-based ecosystems and to organizational and political aspects are under-represented,
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and, importantly, the temporal dimension and subsequently actual processes, rather than end-states,
are not documented or measured well (Votsis and Haavisto, 2019).

2.3 Conclusions
The above overview shows that most recent vulnerability and risk assessment frameworks allow
capturing both social and ecological components of complex systems exposed to natural hazards, but
efforts are still required to characterise the ecological sub-system more comprehensively. In addition,
a broader set of indicators at finer scales of interaction are necessary in order to capture
organizational and socio-spatial aspects of sustainable SES, and in particular processes rather than
end-states. This is particularly important in the context of the deployment of NBS to reduce risk as
NBS provide multiple ecosystem services and benefits which address all components of risk (e.g.
Renaud et al., 2016). Being able to characterise this systematically is therefore critical as failure of
doing so could limit the acceptance of NBS by exposed populations and lead to incomplete assessment
of risk. The papers cited above did not necessarily address NBS-related contexts. It would therefore
be interesting to determine if papers that report on research linked to NBS show similar patterns or
provide more balanced characterizations of the two SES sub-systems.
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3 Material and Methods
Three different sources of knowledge were considered to determine the state of the art in terms of
risk assessment in the context of NBS: (1) a systematic literature review of the peer-reviewed
literature; (2) a review of relevant grey literature; and (3) information collected from the OALs on
previous risk assessments carried out locally.

3.1 Key word search and literature screening
A systematic literature review of published research was conducted in Scopus and later supplemented
with relevant grey literature from Google Scholar. First, a list of possible keywords for the review was
drafted by the lead authors, emphasising three distinct categories of keywords: 1) risk components,
2) types of NBS, and 3) assessment elements. Risk components were taken from the IPCC AR5 (IPCC,
2014b), while a list of categories and examples of NBS was taken from a recent IUCN report that
provides a useful NBS typology (Cohen-Shacham et al., 2016:10). Rigorous vulnerability and risk
assessments should be firmly grounded in explicitly defined theory, often in the form of a conceptual
framework (Birkmann, 2006). Thus, although the literature review was focused on assessments, the
key words “framework,” “model”, “tool,” and “concept*” were added to the third category. Because
one of the most common approaches to such assessments is the use of composite indicators (Beccari,
2016; Hagenlocher et al., 2019), the key word “indic*” was also added.
Using several known relevant works that should have been captured by the key word search, the
search terms were further calibrated to ensure these were captured by our search. For example, the
term “social-ecological” was added to keyword category 2 (types of NBS) because several articles were
not identified by the original terms and in light of the many approaches that could be considered NBS.
Given the rapid evolution of terminology used to describe concepts of NBS, and the fact that most
publications on the topic are relatively recent (Cohen-Shacham et al., 2016), the search was limited to
articles since 1990. The OPERANDUM focus on hydro-meteorological hazards in rural areas as well as
the many fields of research that employ terms such as risk, vulnerability, and indicator necessitated
adding a number of exclusionary terms to the search (using the AND NOT Boolean operator), in
particular to remove purely urban-focused papers. These were added through an iterative trial and
error process of screening the first 50 titles for each iteration. The final key word search in Scopus
(Table 1) yielded 1,745 articles.
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Table 1. Categories of search terms and final search string. The search was conducted for terms appearing in the
title, abstract or key words. The search was conducted on January 15, 2019.

Category
Risk components

Search Terms
hazard OR risk OR exposure OR vulnerab*
"nature-based solution" OR "eco-engineering"
OR "Ecological restoration" OR "Ecological
engineering" OR "Forest landscape restoration"
OR "Ecosystem-based adaptation" OR
"Ecosystem-based mitigation" OR "Climate
adaptation services" OR "Ecosystem-based
NBS types
disaster risk reduction" OR "Natural
infrastructure" OR "Green infrastructure" OR
"Integrated coastal zone management " OR
"Integrated water resources management" OR
"protected area management" OR "ecosystembased management" OR "social-ecological"
assessment OR framework OR model OR tool
Assessment elements
OR concept* OR indic*
non-native OR invasive OR ozone OR seismic*
Exclusion criteria: terms in
OR earthquake OR contaminant OR antibiotic
title/abstract/keywords
OR pesticide OR marine OR nuclear OR pm OR
bacteria* OR toxic* OR metal*
economy OR species* OR urban OR city OR
Exclusion criteria: terms in title
pollution
Exclusion criteria: year
PUBYEAR > 1990
Combined Search String
TITLE-ABS-KEY ((hazard OR risk OR exposure OR vulnerab*) AND ("nature-based solution" OR
"eco-engineering" OR "Ecological restoration" OR "Ecological engineering" OR "Forest
landscape restoration" OR "Ecosystem-based adaptation" OR "Ecosystem-based mitigation"
OR "Climate adaptation services" OR "Ecosystem-based disaster risk reduction" OR "Natural
infrastructure" OR "Green infrastructure" OR "Integrated coastal zone management " OR
"Integrated water resources management" OR "protected area management" OR
"ecosystem-based management" OR "social-ecological") AND (assessment or framework OR
model OR tool OR concept* OR indic*) AND NOT (non-native OR invasive OR ozone OR
seismic* OR earthquake OR contaminant OR antibiotic OR pesticide OR marine OR nuclear
OR pm OR bacteria* OR toxic* OR metal*)) AND NOT TITLE (economy OR species* OR urban
OR city OR pollution) AND (PUBYEAR > 1990)
Details of the 1,745 articles returned were exported into Excel and an independent screening of titles
was conducted in parallel by two of the lead authors. Results were merged such that only in cases of
agreement by both reviewers were articles excluded. This yielded a remaining 432 articles for which
abstracts were independently screened in two phases by three of the lead authors. In the first phase,
each reviewer read 2/3 of the total 432 abstracts (n = 288) such that 144 abstracts were read for each
of the three combinations of reviewers. Abstracts were assigned to the categories “exclude” (n = 286),
“include” (n = 36), or “undecided” (n = 110). Only articles assigned “exclude” by both reviewers were
removed.
In the second phase, each of the 110 abstracts of “undecided” articles was read by the reviewer that
had not screened that particular abstract in the first phase. A final inclusion/exclusion decision was
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taken through discussion and agreement among all three reviewers. One article in French and another
in Mandarin were also removed and a final list of 45 articles for the review was reached (Table 2).
Table 2. Step-wise process of screening scientific articles based on relevance to the
objectives of the literature review.

1
2
3
4

Steps
Remaining articles Percent of original
Key word search
1,745
100%
Title screening
432
24.8%
Abstract screening 1
146
8.4%
(“include” and “undecided”)
Abstract screening 2
49
2.8%
Final list
45
2.6%

The 45 articles were read in detail by 4 of the lead authors as well as by project partners at ITCNET,
GCU, and OEAW. For quality check of extracted information from the articles, at least half of all articles
reviewed by the four principal reviewers was also read by another principal reviewer. All articles read
by project partners were also read by one of the principal reviewers and results compared. Pertinent
information as well as all indicators used in assessment articles were extracted into a pre-prepared
matrix (Annex 2). Where there was any disagreement in extracted information between reviewers,
these reviewers would return to the article, discuss, and settle on the appropriate input.
A search for relevant grey literature (e.g. reports, policy briefs, dissertations) was used to supplement
the results of the systematic academic review. Using Google Scholar, a simplified and targeted search
string was employed:
(hazard OR risk OR exposure OR vulnerable OR vulnerability) AND ("nature-based
solution" OR "Ecosystem-based disaster risk reduction" OR “Eco-DRR”).
Because Google Scholar does not interpret truncated words as does Scopus, both variants of
“vulnerable” and “vulnerability” were used. The search yielded 903 results, sorted automatically by
Google Scholar in order of relevance to key words. The first 200 titles, descriptions, and (if necessary)
content were screened. Approaching 200 hits the frequency of relevant works became very low, with
no literature included beyond the first 180 hits. Of these, 13 were judged to fit the criteria used for
the Scopus search, including relevance to assessments. These were reviewed by two of the lead
reviewers, results cross-checked, and information inserted in the review matrix. In the end, 59 papers
were reviewed in T6.1.

3.2 Information collected at the OAL level
In addition to the literature reviews, it was deemed important to capture information from any risk
assessments carried out in the regions of the OALs in the past, which may not have been captured by
searching the databases mentioned above. Lessons learned from any such assessment would be
important to capture in order to inform OPERANDUM’s risk assessment research components outlined
in WP6. In particular, specific risk assessment frameworks, components of these frameworks and
indicators used in assessments would provide highly contextualised information that should be
considered when implementing the project’s risk assessment.
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In order to capture any pre-existing information at the OAL level, a matrix, similar to the one used to
extract information from the literature review was sent to all the project’s OAL partners (see Annex 2
for the type of information requested). The only difference between the two types of matrices were
that more information was sought on stakeholder engagement in risk assessment in the OAL matrix.
This was important for the project overall as the processes of development of the risk assessment
framework, indicator identification, and risk assessment per se, is to be carried out in collaboration
with various stakeholders in later stages (Tasks 6.1, 6.2 and 6.3).

3.3

Additional information

Several other work packages of OPERANDUM carried out research in parallel on indicators linked to
various aspects of risk (but not necessarily risk to natural hazards as is the focus of WP6). Relevant
indicators from D3.1 which focused on “standards for OPERANDUM’s OALS: establishment,
monitoring and modelling” and D3.4 which focused on “monitoring criteria of OALs for effective
reduction and prevention of risks related to natural hazards” were considered but were ultimately
integrated in D6.2.

3.4

Limitations of the approach

It was very difficult to determine a logical and pertinent string of criteria for the systematic literature
search because of the broad aspects that needed to be addressed. For instance, there are many
different types of NBS, but they may not be referred to with the same names in different papers. Many
papers also use terminology such as vulnerability and risk but do not really focus on vulnerability or
risk assessment. In the end, a compromise had to be reached between getting a very large amount of
“hits” by being too broad and having too few “hits” by being too specific. We chose a middle ground
and did scan over 1,700 papers initially. However, there is a good probability that relevant papers
were missed.
Identifying the essence of frameworks and tools and perhaps more importantly the relevance of
indicators discussed in the literature can be subjective and different reviewers may have different
opinions. A bias can then arise when reviewing the papers. We limited this bias by having two
reviewers looking at samples of papers. The lead author also went through all the papers at the end
of the process as an additional quality check.
Classifying the indicators in risk components is also subjective as indicators could easily interpreted as
characterising social susceptibility or social coping capacity, for example. Several authors were
involved in the categorisation of indicators presented in Annex 5 and the lead author went through all
the indicators at the end of the process. Misclassification is however still likely for some of the
indicators thus they are only “provisionally” classified at this stage of the project. Some indicators also
appear in slightly different formulations in different categories. We have left them as is for now as
refinements will be brought in during Task 6.3 when the vulnerability assessment will be carried out.
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4 Results and Discussion
Of the 58 papers reviewed, 69.0% were peer-reviewed journal articles, 22.4% reports, dissertations or
thesis and 8.6% peer-reviewed book chapters (Figure 5). As for previous reviews (Sebesvari et al.,
2016; Hagenlocher et al., 2019) most of the publications reviewed are recent: there were none
published before 2005, and 77.6% were published after 2015 (Figure 5).

Figure 5. Type of publications reviewed (left) and year of publication (right)

Furthermore, a majority of risk assessments or studies considered districts, provinces and regions or
more localised projects as unit of assessment (Figure 6). Only 5.2% of reviewed papers focused on
more natural boundaries such as watersheds or river basins. More than half of the reviewed papers
carried out or considered spatially explicit risk assessments (Figure 6). As later parts of the project
(WP6) will concentrate in priority at the OAL level through spatially explicit assessments, the papers
considered in this review should therefore provide useful information for the future research (Tasks
6.3 and 6.4).

Figure 6. Scale considered in assessment or when discussing frameworks (left) and
percentage of assessments that were spatially explicit (right)

4.1 Vulnerability and risk assessment frameworks
Of the 58 reviewed papers, 38 described or focussed on vulnerability and/or risk assessment to natural
hazards. Another three dealt with vulnerability and risk assessment but did not focus on natural
hazards: Xue et al. (2019), Zhang et al. (2017), and Song et al. (2015) all focussed on ecological
vulnerability. Despite not addressing directly natural hazards, these three papers provide useful
information related to indicators (see Section 4.2). Of the 38 papers, most addressed multiple hazards
- generally hydrometeorological hazards (23) or a combination of two hazards such as flood and
droughts or flood and landslides (8). One paper focused on a variety of natural and anthropogenic
hazards. Two papers focused on landslides, two on droughts, one on flood, and one on rockfall.
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A wide range of approaches, models and frameworks (or combination thereof) were used (see details
in Annex 4). Predominant approaches used in the reviewed papers were indicator/index-based
assessments/scoring systems (18 papers) followed by modelling/decision support systems – including
e.g. InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) and CRiSTAL (Communitybased Risk Screening Tool – Adaptation and Livelihoods) (13). In some cases, modelling papers also
used in part index-based approaches. Other papers presented conceptual SES frameworks (4), or
other, more general conceptual frameworks (2). Some papers combined several of the approaches
mentioned above.
Examples of frameworks are presented and discussed below. Bennett et al. (2016) proposed an SES
vulnerability framework for multiple interacting exposures (

Figure 7). This is a cross-scale framework addressing exposure, sensitivities of communities, impacts,
responses, and vulnerability and includes feedback loops. There are many similarities with the SUST
model of Turner et al. (2003a) described in Section 2.
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Figure 7. Framework for understanding social-ecological vulnerability to multiple exposures (Re-drawn from
Bennett et al., 2016)

Bhattachan et al. (2018) developed an SES framework to characterise sea-level rise impacts on a
peninsula on the East coast of the United States (Figure 8). Various key components are identified,
including social and ecological sub-systems, ecosystem services and policy/management decisions.
Various interactions and feedback are included: For example, feedback 4 in Figure 8 is between the
ecological and social systems through ecosystem services provisioning and natural capital value in
local markets; and feedback 8 represents social system changes such as policies that affect freshwater
resources (Bhattachan et al., 2018:125)

Figure 8. Conceptual SES framework for sea-level rise impact (Bhattachan et al., 2018)
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(Reprinted by permission from Copyright Clearance Centre: Elsevier B.V., Environmental Science & Policy, Sea
level rise impacts on rural coastal social-ecological systems and the implications for decision making, Bhattachan
et al., © 2018)

Hagenlocher et al. (2018) and Asare-Kyei et al. (2017) both used indicator-based risk assessment
approaches informed by the Delta-SES vulnerability assessment framework (Sebesvari et al., 2016)
and the multi-hazard risk assessment framework (Kloos et al., 2015), respectively, both of which were
presented in Section 2. A novel concept introduced by Hagenlocher et al. (2018) was the development
of a so-called modular “indicator library” of hazard-dependent and independent indicators. This
approach allows the user to have at hand validated indicators that can be used for specific contexts
(e.g. geography/hazard combinations) or that can be used interchangeably when, for example, data
do not exist for one indicator. This approach is highly relevant for OPERANDUM where the contexts
are very different from one OAL to another.
Arkema et al. (2017) proposed a general framework to link NBS actions for coastal risk reduction to
ecosystem services and ecosystem benefits. The framework starts with the action (e.g. marsh
restoration), which changes ecosystem structure and function (e.g. attenuation of hydrodynamic
conditions), which affects the provision of ecosystem services (e.g. avoided erosion and/or flooding),
which then leads to changes in social benefits (e.g. protection of people and assets) (Arkema et al.,
2017:8). Various tools can be used to characterise the different components of the frameworks
ranging from modelling to participatory assessments (see Annex 4). Hamin et al. (2018) proposed the
Adaptive Gradient Framework with eight metrics (exposure reduction, cost efficiency, institutional
capacity, ecological enhancement, adaptation over time, greenhouse gas reduction, participatory
process, and social benefits) that are then rated (low to high) to evaluate projects for coastal
resilience.
Several tools have also been used in the reviewed papers, such as the InVEST models which includes
the coastal vulnerability model (Sharp et al., 2018); CRiSTAL (IUCN, 2012); or the more recent Coastal
Resilience decision-support platform (see Whelchel and Beck, 2016), to name just a few. These tools
can be used on their own but generally, in the context of complex risk assessment, are combined with
other tools and approaches.
Three of the OAL carried out previous risk assessments. A GIS-based damage potential tool was used
for risk assessment in OAL Germany, and combinations of modelling and indicator-based approaches
were used in a second assessment of OAL Germany and in OAL Ireland and OAL Greece.
The papers reviewed cover a wide range of risk assessments or of discussions of NBS to reduce disaster
risk and facilitate adaptation to climate change. This resulted in the identification of many frameworks
and tools, but most approaches focused on indicator-based assessments, which is in line with what
will be carried out in Tasks 6.3-6.4. Not all papers presented a general framework to inform risk
assessment, but for those that did, the tendency was to build on older approaches (e.g. the SUST
framework of Turner et al (2003a)). One of the latest “evolution” of such older framework is the DeltaSES vulnerability assessment framework (Sebesvari et al., 2016) used by Hagenlocher et al. (2018) and
which was also compared to the Social Vulnerability Index (SoVI) framework of Cutter et al. (2003) by
Anderson et al. (2019). This framework could serve as a basis for later parts of the project (the rest of
WP6) involving implementation of the risk assessment, as it attempts to provide equal weight to both
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social and ecological sub-systems of an SES which is required when working with NBS. It has also
served as a basis for detailed indicator-based assessment.

4.2 Indicators
The review identified a total of 362 indictors (see Annex 5). Most of the indicators were retrieved from
the literature review, but some were identified through previous risk assessments carried out at the
OALs. Previous risk assessments had only been carried out in Ireland, Germany and Greece.
OAL Greece: 18 indicators were used; 2 were linked to impacts and 3 to the effect the OAL could have
on the region. These were not considered further. The last 13 indicators were added to the indicator
list for risk assessment: 9 were indicators already noted from the literature review and 4 were unique
indicators not covered by the review (See Annex 5):





Social Acceptance, Increase of interested parties among stakeholders
Previous compensation for damage
Changes in human well-being
Hotel occupancy

OAL Ireland: 7 indicators were used; 3 were linked to hazard characteristic, future scenarios, or were
not clearly defined. The last 4 indicators were added to the indicator list for risk assessment: 3 were
indicators already noted from the literature review and 1 (flood depth map) was a unique indicator
not covered by the review (See Annex 5).
OAL Germany: 4 indicators were reported; 1 was linked to impacts and 3 were added to the indicator
list for risk assessment but had already been noted through the literature review. The area is also
covered by a flood risk assessment carried out at the catchment scale in the context of the European
Flood directive.
The indicators were provisionally classified according to the following risk components: ecosystem
exposure, social system exposure, ecosystem susceptibility, social system susceptibility, and social
system coping and adaptation capacity. These components are common to many of the frameworks
presented in Section 2. Assigning indicators to components this way can be a subjective exercise,
particularly between social susceptibility and coping/adaptative capacity. The classification went
through several iterations and for now remains “provisional”.
In order to make the long list of indicators more easily legible, they were further subdivided into logical
categories such as vegetation, demographics, conservation policies / funding and agriculture. To
develop these categories, each indicator was first given a basic description. Those with a similar
description were then combined where this seemed logical to create a category heading. For example,
initial descriptions of indicators including ‘access to electricity’, ‘access to food market’, and ‘access
to water’ were all merged under the category ‘Infrastructure and services’. These were then cross
checked and refined. As with the risk components, category classification for now remains
“provisional”. Both will be refined at a later date when indicators will be discussed further with
stakeholders and experts and when the vulnerability and risk assessments will be carried out (for Task
6.3).
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Overall, there were more indicators representing the social systems than the ecosystems. Of the 39
exposure indicators, 41% were for ecosystems while the majority were for the social system. Of the
remaining 323 indicators, 30% informed on ecosystem susceptibility while the other indicators
informed on social susceptibility and coping and adaptive capacity. Even though several of the
indicators presented in Annex 5 could be combined further than what has already been done, the
predominance of social indicators is unlikely to be affected. The observed trends are therefore similar
to previous reviews, notably the one carried out by Sebesvari et al. (2016). However, the percentage
of indicators informing on the ecological system is higher (ca. 31% of ecological system related
indicators in this review compared to 16% in Sebesvari et al. (2016)). This is probably linked to the fact
that the review focused on NBS relevant risk assessments.
Several of the indicators elicited through the review could be grouped further as they address similar
dimensions. We have left them as is for now because some might not be considered in the future due
to data availability concerns and having alternative formulations of the indicators could then become
useful for risk assessment. In many instances, indicators were also vaguely defined, the measurement
unit was not specified, and the data sources not explicitly mentioned. If retained for the vulnerability
and risk assessment in Tasks 6.3 and 6.4, these indicators will have to be further refined and data
sources or measurement approaches identified. In addition, we did not list in Annex 5 the more than
100 indicators (referred to as “principal descriptors”) presented by Meur-Férec et al. (2008) for their
coastal risk assessment in France. The reason is because these descriptors were presented in a very
general manner such as “static protective structures, protective structures in front of cliffs, seawalls
groynes, drainage network, fences, brushwood, beach renourishment  important and effective or
negative effects” and then scored from 1 to 5. Some of the descriptors could nevertheless be useful
for WP6 risk assessment and will be considered further in Task 6.3. Similarly, we did not list the
indicators behind the DESYCO decision support system for regional risk assessment of climate change
impacts in coastal zones (Torresan et al. 2016) which were not listed in the reviewed paper. A previous
paper by the same research group list indicators such as elevation, distance from coastline, vegetation
cover, wetland extent, many of which are included in Annex 5 (Torresan et al., 2012). Furtermore, in
an article by Mickovski and Thomson (2017), the authors include a long list of factors they suggest
should be used as Key Performance Indicators in eco-engineering projects. These are to ensure ‘best
practice’ in terms of environmental sustainability, economic sustainability, cultural sustainability and
engineering performance (p. 147). While this has relevance to NBS, the lack of focus specifically on
risks posed by natural hazards means that these factors have not been considered at this stage in this
review. All these indicators will be considered on a case by case basis in Task 6.3. Finally, many
indicators are specific to countries and regions outside of the European Union and may have limited
significance for the work in OPERANDUM. We have nevertheless left them in Annex 5 as they are
generally informative and could be used in other contexts in the future.
In annex 5 we highlight in grey 24 indicators that were used in multiple papers and are generally often
considered in risk assessment more generally speaking. At this point of the work in WP6, these seem
to be promising indicators that could be used across OALs and that can then be complemented with
more OAL-specific indicators later in the project. Final indicator selection will be carried out through
Tasks 6.3 and 6.4 of the project.
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Ultimately, the 362 indicators identified through this review will be combined with indicators
identified in (i) previous reviews such as the one of Sebesvari et al. (2016) – but not covered through
this review as this specific paper was not returned by our search, and (ii) other OPERANDUM
deliverables (notably D3.1 and D3.4) and after removing duplicates will provide a solid foundation for
an indicator library (see Section 4.1) that will be used for the risk assessment in the OAL.
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5 Conclusions and Outlook
The systematic literature review revealed a diversity of approaches, tools, frameworks and models
used recently for risk assessments that had a relevance to NBS. The information is useful for this
project which aims, among other things, to develop a new or refine an existing framework to be put
into practice (WP6). Most of the approaches focused on indicator-based assessments or a
combination of indicator assessments and modelling (particularly, for the latter, for hazard and
exposure characterisation). Hagenlocher et al. (2019) had similar observations for drought risk
assessment. This approach is the one proposed for the next stages of the project (Task 6.3-6.4) so we
can build on the review to develop a strong indicator-based system for the risk assessment at the OAL
level and beyond.
Over 362 indicators were extracted from the review, covering all the dimensions of risk. Ultimately,
some of these indicators can be further combined but even then, the variety of indicators listed in
Annex 5 will form the basis for an OPERANDUM risk assessment indicator library. Inevitably, data will
not be available for measuring many of these indicators and monitoring might be impractical or
expensive. Having the indicator library will therefore be an advantage as surrogate indicators could
then be used in specific contexts.
Proportionally to social system indicators, more indicators linked to the ecological system were found
in this review when compared to previous reviews (e.g. Sebesvari et al., 2016 Hagenlocher et al.,
2019). This is linked to the fact that the review focused on NBS-relevant risk assessments.
Nevertheless, social system indicators still overwhelm ecological-related indicators, so efforts will
need to be made in Tasks 6.3-6.4 to identify novel indicators to characterise the ecological sub-system
of an SES. This will be done through specific stakeholder interactions (e.g. targeting experts in the
fields of ecology and environmental management) and by looking at integrating ecosystem services
indicators. Similarly, more indicators are needed to explore processes at the community level and how
they link the ecological and social (but also economic) dimensions.
The list of indicators presented in Annex 5 is complemented by a separate report (for D6.2 titled
‘Vulnerability and risk assessments of socio-economic systems (SES): conceptual framework, impact
chains and indicators) with indicators elicited through stakeholder consultations at the OAL level and
indicators identified in other OPERANDUM deliverables. Through the next stage of activities (Task 6.3),
the indicator list will be further refined by integrating new scientific knowledge as generated within
OPERANDUM and as presented in new publications but also thanks to intensified stakeholder
discussions at the OAL level.
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ANNEX 1: Definition of key terms
At the time of writing this deliverable, there was no officially agreed definitions for key terms within
the OPERANDUM consortium. However, a sub-group of researchers proposed definitions which are
currently being consider by the consortium. These definitions are provided below and are used in
other OPERANDUM deliverables (e.g. D1.1) with the exception of the one for social-ecological system
which was added for this deliverable.
Definitions:
Risk (hydro-meteorological) [adapted from: IPCC AR5 (IPCC, 2015)]
The potential for consequences where something of value is at stake and where the outcome is
uncertain, recognizing the diversity of values. Risk is often represented as probability of occurrence of
hazardous events or trends multiplied by the impacts if these events or trends occur. Risk results from
the interaction of vulnerability, exposure, and hazard. In OPERANDUM, the term risk is used primarily
to refer to the risks of hydro-meteorological hazards for the present and under climate change
conditions.
Hazard [adapted from: IPCC AR5 (IPCC, 2015) and UNISDR Terminology Glossary (UNISDR, 2009)]
The potential occurrence of a natural or human-induced physical event or trend or condition that may
cause loss of life, injury, or other health impacts, as well as damage and loss to property,
infrastructure, livelihoods, service provision, ecosystems, environmental resources and social and
economic disruption.
Exposure [adapted from: IPCC AR5 (IPCC, 2015)]
The presence of people, livelihoods, species or ecosystems, environmental functions, services, and
resources, infrastructure, or economic, social, or cultural assets in places and settings that could be
adversely affected. Exposure needs to be linked with duration, e.g. extreme precipitation has impacts
that increase with exposure of a vulnerable object.
Vulnerability [Source: IPCC AR5 (IPCC, 2015)]
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.
Social-ecological system (SES) [Source: Resilience Alliance, 2019]
Social-ecological systems are complex, integrated systems in which humans are part of nature.
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ANNEX 2: Information collected from the reviews and from the OAL
Table A2-1. Information collected from reviewed papers and from the OALs
Information recorded on each article during review process
Paper title
Lead author
Journal name
Brief aim of paper
Risk assessment (Y/N)
Reason for assessment
Scale of assessment
Assessment spatially explicit (Y/N)
Stakeholder engagement
Hazards considered
Climate change considered
Link to NbS
Model / framework
Risk dimensions
Approach used
Qualitative / quantitative
Whether includes indicators
Indicators aggregation
Comments
Information recorded on each indicator in reviewed article or used in OAL
Indicator name
Risk component
System component
Unit of measurement
Source of data
Comments

DX.X | Title of deliverable
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ANNEX 3: Reviewed papers and reports
Table A3-1. List of the papers that were considered in the systematic literature review and their main aim.

Author

Year of
publication

Paper title

Aim of the paper

This study evaluates vulnerability in four flood-prone communities and proposes
intervention options. Rural participatory research approaches are used to develop four
vulnerability categories. These were used to develop indicators and a vulnerability index for
each community.

Antwi E.K. et
al.

2015

Community vulnerability assessment index for flood prone
savannah agro-ecological zone: A case study of Wa West
District, Ghana

Arkema K.K.
et al.

2017

Linking social, ecological, and physical science to advance
natural and nature-based protection for coastal communities

Literature review including historic commentary and future outlook for combining NBS and
risk reduction using ecosystem services as well as concepts such as social vulnerability.

Asare-Kyei
D. et al.

2017

Development and validation of risk profiles of West African
rural communities facing multiple natural hazards

This study quantifies risk and vulnerability of rural communities to drought and floods in
West Africa, a climate change hotspot. It models the effects of multiple hazards on socialecological systems (SES).

Belle, J.A.

2016

The Integration of Disaster Risk Reduction and Climate Change
Adaptation Strategies into Wetlands Management in the
Eastern Free State, South Africa

This PhD dissertation examines the integration of DRR and climate change adaptation
strategies into wetlands management in the eastern Free State in South Africa. It aims to
develop a holistic wetlands management framework that promotes wetland resilience under
changing environmental conditions.

Bennett, N.
J.

2016

Communities and change in the anthropocene: understanding
social-ecological vulnerability and planning adaptations to
multiple interacting exposures

Provides a framework and typology of drivers and exposures to analyze community socialecological vulnerability, then suggested processes and methods for better understanding
how multiple interacting exposures act on coastal communities.

BeroyaEitner M.A.

2016

Ecological vulnerability indicators

Bhattachan
A. et al.

2018

Sea level rise impacts on rural coastal social-ecological systems
and the implications for decision making
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Research questions of this theoretical paper were: (1) How are the concept of vulnerability
and thereby ecological vulnerability currently understood? (2) What are the challenges in the
development and use of ecological vulnerability indicators? (3) What are the current efforts
to overcome these challenges? No indicators are provided.
This paper assesses the impacts of sea level rise to a rural, low-lying coastal region in eastern
North Carolina. A socio-ecological system framework is developed to assess the social and
environmental impacts of sea level rise and their dynamic feed-backs.
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2016

A socio-ecological approach for identifying and contextualising
spatial ecosystem-based adaptation priorities at the subnational level

Brunner S.H.
and
GrêtRegamey A.

2016

Policy strategies to foster the resilience of mountain socialecological systems under uncertain global change

Buergelt P.T.

2014

An Ecological Risk Management and Capacity Building Model

Cebada D.P.

2017

Assessment of the role of vegetation as part of Ecosystembased Risk Reduction Measures used for shallow-landslides in
Rasuwa district, Nepal

Rasuwa District is prone to severe landslides. Bio-engineering is considered an effective
method for stabilizing slopes as well as providing other benefits. This study analyzed the
mechanical effects of 17 plant species on slope stability.

Cheng C. et
al.

2017

Assessing climate change-induced flooding mitigation for
adaptation in Boston's Charles River watershed, USA

A planning framework is presented for assessing the effects of detention in mitigating
flooding using a case in the Charles River watershed, Massachusetts, USA. 36 climate change
conditions were modelled using Soil and Water Assessment Tool (SWAT) and IPCC scenarios.

CohenShacham, E.
et al. (eds)

2016

Nature-based Solutions to address global societal challenges

Offers a general introduction to the concept of NbS and how it can be used in different
contexts, including Eco-DRR but also food security, health, climate change, etc. It includes 10
case studies.

2016

Social mapping of perceived ecosystem services supply – The
role of social landscape metrics and social hotspots for
integrated ecosystem services assessment, landscape planning
and management

Participatory mapping of ecosystem services (ES) in order to identify ES hotspots and assess
differences in stakeholder perception, and more top-down mapping of ES for management
purposes.

Bourne A. et
al.

De Vreese R.
et al.
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GIS-modelling is used to create a map of priority areas for EbA using a combination of
ecosystem service indicators as well as for social/ecological vulnerability. The tool is applied
in South Africa and aims to provide a methodology for spatial prioritization mapping.
Paper presents a quantitative assessment of the social-ecological resilience of a case study
in the Swiss Alps. It models and evaluates an indicator for resilience that shows the capacity
of the mountain social-ecological system to provide a set of demanded ecosystem services
(ES).
Literature review on the full spectrum of variables that influence both individual and
community preparedness to hazards. Presents a framework for making the different
dimensions of the variables explicit as well as showing how to combine individual and
community DRR factors.
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Dourojeanni
P. et al.

2016

Vulnerability assessments for ecosystem-based adaptation:
Lessons from the nor yauyos cochas landscape reserve in Peru

Three vulnerability assessment approaches to climate change (participatory, model-based
and deductive) within the same study area (reserve in Peru) are applied and compared, all
with the goal of suitable EbA measures.

Estrella
et al.

2014

The Ecosystem-based Disaster Risk Reduction Case Study and
Exercise Source Book

Presents seven case studies with exercises for self-study for learners of Eco-DRR/CCA. Covers
a range of topics in the Eco-DRR context.

Fedele G. et
al.

2017

Mechanisms mediating the contribution of ecosystem services
to human well-being and resilience

The study adjusted the widely used ES cascade to highlight how humans mediate each step
in the ES delivery, then applied the proposed framework to empirical field studies in
Indonesia.

Hagenlocher
M. et al.

2018

Vulnerability and risk of deltaic social-ecological systems
exposed to multiple hazards

The paper proposes an innovative modular indicator library-based approach for the
assessment of multi-hazard risk of social-ecological systems across and within coastal deltas
globally. It is then applied to three case study areas.

Hamin E.M.
et al.

2018

Pathways to coastal resiliency: The Adaptive Gradients
Framework

The Adaptive Gradients Framework has been developed for organizations to understand,
evaluate, and potentially select more diverse kinds of infrastructural responses to climaterelated coastal impacts including nature-based and hybrid solutions.

Karnauskaitė
D. et al.

2018

Assessing coastal management case studies around Europe
using an indicator based tool

Paper presents an indicator-based tool and methodology that allows assessing the progress
towards sustainability of ICZM measures.

Khadka C. et
al.

2018

Evaluating participatory techniques for adaptation to climate
change: Nepal case study

This paper examines the role of participatory tools for identifying vulnerability and likely
adaptation measures to increase the forest resilience capacities of communities engaged in
climate change adaptation (i.e. CAPA group).

Krol B. et al.

2016

The use of geo-information in Eco-DRR: From mapping to
decision support

This book chapter presents the use of geo-information in Eco-DRR to analyse how and where
ecosystem functions can be beneficial for risk reduction. It also introduces a web-based SDSS
- RiskChanges for the analysis of changing risk to natural hazards.

Leal Filho,
W. et al.

2018

Fostering coastal resilience to climate change vulnerability in
Bangladesh, Brazil, Cameroon and Uruguay: a cross-country
comparison

A comparative study of four different cases on vulnerability, hazards and adaptive capacity
to climate threats in coastal areas, which also compares successful adaptation strategies
being implemented.

Lo, V.

2016

Synthesis Report on Experiences with Ecosystem-Based
Approaches to Climate Change Adaptation and Disaster Risk
Reduction - CBD Technical Series No. 85

A review of experiences on ecosystem-based approaches to climate change adaptation and
to disaster risk reduction. It includes findings from the CBD technical workshop on EbA and
Eco-DRR.

2011

Beach multi-risk assessment in the costa brava (Spain)

The paper applies a beach multi-risk assessment in S ́Abanell beach (Spanish Mediterranean),
in order to prioritize the riskiest hazards and the most affected ES, helping the manager to
decide where to allocate resources to cope with hazards.

Lozoya
et al.

M.

J.P.

D6.1 | Review on vulnerability and risk assessment specific to NBS

40 / 87

GA no.: 776848

2017

Expanding vulnerability assessment for public lands: The social
complement to ecological approaches

Reviews types of vulnerability assessments tailored for public land management (mainly
USA) and argues for a more integrated social-ecological approach rather than traditional
ecological focus.

McNeely
S.M. et al.

2016

Drought Risk and Adaptation in the Interior United States:
Understanding the Importance of Local Context for Resource
Management in Times of Drought

Two case studies on areas in the USA that have experienced high drought exposure and the
ways in which land managers (federal and tribal) have dealt with this. A social–ecological
system framework shows how differences in approach affected drought impacts, and
vulnerabilities.

Merrill N.H.
et al.

2018

A Resilience Framework for Chronic Exposures: Water Quality
and Ecosystem Services in Coastal Social-Ecological Systems

Develop a tailored resilience framework for researchers and managers that applies
ecosystem service concepts to coastal social-ecological systems affected by degraded water
quality.

Meur-Férec
C. et al.

2008

Coastal risks in France: An integrated method for evaluating
vulnerability

A tool is developed to assess coastal zone vulnerability based on exposure, management,
remembrance, and perception of risk and applied to coastal zone areas in French towns.

2006

A decision support system for the evaluation of ecoengineering strategies for slope protection

This paper presents a decision support system (DSS) to assist expert and non-expert users in
the evaluation and selection of eco-engineering strategies for slope protection.

2017

Developing a framework for the sustainability assessment of
eco-engineering measures

An integrated sustainability assessment framework is proposed which can be applied on any
eco-engineering project. It is underpinned by a review of current sustainability indicators
commonly applied.

Moos C., et
al.

2018a

Integrating the mitigating effect of forests into quantitative
rockfall risk analysis – Two case studies in Switzerland

A framework is presented which allows for integrating forests into quantitative rockfall risk
analysis, based on the idea that forests influence the propagation of blocks and that they
reduce their energy. The framework is applied in two case studies in Switzerland.

Moos C. et
al.

2018b

Ecosystem based disaster risk reduction in mountains

To provide an overview on the influence of the forest on risks by natural hazards and
uncertainties concerning risk analysis. Paper proposes a set of guiding principles for
integrating forests into quantitative risk assessment (QRA) for natural hazards.

Mumba M.
et al.

2016

Ecosystem-based Adaptation (EbA) of African Mountain
Ecosystems: Experiences from Mount Elgon, Uganda

An ecosystem-based adaptation (EbA) approach was developed and applied in collaboration
with communities around Mount Elgon, Uganda. The intervention aimed to increase the
community resilience to climate change, through management of ecosystem services.

Narayan
et al.

2017

The Value of Coastal Wetlands for Flood Damage Reduction in
the Northeastern USA

This study uses high-resolution flood and loss models to quantify the impacts of coastal
wetlands in the northeastern USA on (i) regional flood damages by Hurricane Sandy and (ii)
local annual flood losses in Barnegat Bay in Ocean County, New Jersey.

2015

Towards an ecosystem-based disaster risk reduction (Eco-DRR)
for floods in some downstream communities of the lower
Volta, Ghana

This qualitative study identified communities in the lower Volta basin of Ghana that are
prone to flood disasters, assessed Disaster Risk Reduction (DRR) measures in the
communities, and the communities‘ knowledge on Ecosystems link with DRR.

McNeely
S.M. et al.

Mickovski
S.B.
and
Beek L.P.H.
Mickovski
S.B.
and
Thomson
C.S.

Okeke C.

S.
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Piet G.J. et
al.

2017

Ecological risk assessments to guide decision-making:
Methodology matters

Analyses differences in aggregation methodologies for ecological risk assessments (human
activity causing possible negative eco impacts) using impact chains.

Rahman S.H.
et al.

2016

Analysis of VIA and EbA in a river bank erosion prone area of
Bangladesh applying DPSIR framework

This study aims to set up a comprehensive approach to the Vulnerability and Impact
Assessment (VIA) of river erosion and to suggest Ecosystem-based Adaptation (EbA)
practices.

Reguero B.G.
et al.

2018

Comparing the cost effectiveness of nature-based and coastal
adaptation: A case study from the Gulf Coast of the United
States

A quantitative risk assessment framework is used to assess coastal flood risk (climate change
and economic exposure growth) across the US Gulf of Mexico coast to compare the cost
effectiveness of different adaptation measures. These include nature-based, structural or
grey and policy measures.

Renaud F. G.
and Murti R.
(eds.)

2013

Ecosystems and disaster risk reduction in the context of the
Great East Japan Earthquake and Tsunami – a scoping study

The paper outlined out lessons from the Fukushima disaster in Japan and determine the role
of ecosystems including strengths and limitations in this event. The research focused on the
perceptions of communities on the role of ecosystems for DRR.

Ronchi
S.
and
Arcidiacono
A.

2018

Adopting an ecosystem services-based approach for flood
resilient strategies: The case of Rocinha Favela (Brazil)

The paper assesses and maps ES provision in a context where available data to identify areas
vulnerable to natural risks is limited. Assessment then used setting out strategies—including
NBS—to mitigate disaster risk and increase local resilience.

Salvaterra T.
et al.

2016

Exploring the potential of ecosystem-based approaches –
Ecosystem-based Adaptation and Ecosystem-based Disaster
Risk Reduction

The paper outlines gaps, synergies and trade-offs between Eco-DRR and EbA. It provides
recommendations for the integration of the fields in science, policy and practice.

Satta A. et al.

2017

Assessment of coastal risks to climate change related impacts
at the regional scale: The case of the Mediterranean region

This paper presents a Coastal Risk Index (CRI-MED) developed to assess coastal risks and
vulnerabilities associated with the physical and socio-economic impacts of climate change in
all Mediterranean coastal zones.

2016

Regional Assessment on Ecosystem-based Disaster Risk
Reduction and Biodiversity in Oceania: A report for the
Resilience through Investing in Ecosystems – knowledge,
innovation and transformation of risk management (RELIEF Kit)
project.

Assessment (a literature review plus a number of interviews) conducted to address
knowledge gaps and capacity needs for the implementation of integrated approaches for
disaster risk reduction and biodiversity conservation. The assessment mostly covers small
island nations.

2015

Assessment of ecological vulnerability and decision-making
application for prioritizing roadside ecological restoration: A
method combining geographic information system, Delphi
survey and Monte Carlo simulation

A new method that combines Delphi survey, geographic information system and Monte Carlo
simulation was proposed to assess regional ecological vulnerability and to quantify the
uncertainty of ecological assessing result. It is applied to a case study in northeastern Inner
Mongolia, China.

Sobey M. N.
and Monty
F.

Song G. et al.
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2011

On Landslide Risk, Resilience and Vulnerability of Mountain
Communities in Central-Eastern Nepal

Through six case studies in Central-Eastern Nepal, this study explores the relation between
resilience, vulnerability and landslide risk based on interdisciplinary methods, including
geological assessments of landslides, semi-structured interviews, focus groups and
participatory risk mapping.

SudmeierRieux K. et
al.

2013

Environmental Guidance Note for Disaster Risk Reduction:
Healthy Ecosystems for Human Security and Climate Change
Adaptation

This note was developed to provide guidance on the benefits of and ways to integrate
environmental concerns into disaster risk reduction strategies (DRR) at the local and national
levels.

SudmeierRieux K.

2013

Ecosystem Approach to Disaster Risk reduction: Basic concepts
and recommendations to governments, with a special focus on
Europe

The paper develops more robust understanding of ecosystem-based approaches to disaster
risk reduction (DRR) and climate change adaptation (CCA) in the European context, including
the economic rationale, tools and practices.

2016

Ecosystem-based Measures for Reducing Shallow Landslides
Risk in Sloping Terrain

Provides evidence of eco-DRR performance (slope stabilization with reforestation or grass)
for landslide susceptibility using scenarios and spatially-explicit indicators. A weight of
evidence model is presented as a useful tool to assess landslides susceptibility for two
ecosystem-based measures scenarios.

SudmeierRieux K.

Terrazas
G.

A.

DESYCO: A decision support system for the regional risk
assessment of climate change impacts in coastal zones

The paper presents DESYCO, a GIS based decision support system for assistance of the
development of National and Regional adaptation strategies, based on predicted impacts of
climate change.

2018

The importance of ecosystem services to smallholder farmers
in climate change adaptation: learning from an ecosystembased adaptation pilot in Vietnam

The importance of ecosystem services in climate change adaptation was investigated using
qualitative methods in Son Tho commune in rural North Central Region of Vietnam. An
Ecosystem-based Adaptation (EbA) pilot was also conducted with smallholder households.

Van
Coppenolle
R. et al.

2018

Contribution of Mangroves and Salt Marshes to Nature-Based
Mitigation of Coastal Flood Risks in Major Deltas of the World

This paper aims to assess the contribution of salt marshes and mangroves to nature-based
storm surge mitigation in 11 large deltas around the world, using a GIS model.

Vollmer D. et
al.

2016

Assessing the sustainability of freshwater systems: A critical
review of composite indicators

Review of 95 water-related indices, to better understand how problems are being defined,
highlight overlaps and differences, and identify the context(s) in which a particular index is
useful.

Whelchel
A.W.
and
Beck W.

2016

Decision Tools and Approaches to Advance Ecosystem-Based
Disaster Risk Reduction and Climate Change Adaptation in the
Twenty-First Century

The paper provides case studies, lessons learned and recommendations from applications of
decision support tools and approaches that advance better risk assessments and
implementation of ecosystem-based solutions. Includes illustrative case studies.

Whelchel
A.W.

2016

Plan for the future: Advancing ecological engineering through
science, conceptual design, and community resilience building

Review of state of art in eco-engineering for coastal protection.

Torresan S.
et al.

2016

Tran L. and
Brown K.
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2019

Spatiotemporal analysis of ecological vulnerability and
management in the Tarim River Basin, China

Indicator developed to assess ecological vulnerability (EV) of river basin. Ecological
restoration in specific areas proposed using EV indicators.

Zhang X. et
al.

2017

Ecological vulnerability assessment based on PSSR in Yellow
River Delta

This paper proposes a Pressure-Support-State-Response Model (PSSR) for ecosystem
vulnerability assessment using a single-factor evaluation method. The model was developed
based on the study of vulnerability evolution mechanism of wetland ecosystem in the Yellow
River Delta.

Zhou H. et al.

2010

Resilience to natural hazards: A geographic perspective

A conceptual paper on resilience, including the model of disaster resilience of ‘‘Loss–
Response’’ of Location (DRLRL), which focused on the spatial, temporal scale of resilience
and attributes of hazard-affected bodies. Case study used to validate the approach.

Xue L. et al.
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ANNEX 4: List of frameworks, approaches and tool
Table A4-1: Models, frameworks, tools, and approaches used in the reviewed papers. White rows indicate papers where a risk (or vulnerability or resilience)
assessment was central to the research or considered generally (e.g. presentation of a framework). Grey cells indicate papers that did not have an explicit
focus on risk assessment in the context of natural hazards but that still provide relevant information for WP6.
Model or Framework
Total Community Vulnerability Assessment Framework (TCVAF) – indicator-based approach focusing on four dimensions of
vulnerability: socio-economic, ecological, engineering and political
A general framework is developed that links management option to costal protection (risk reduction), focusing on ecosystem
service assessment. Tools used to inform the framework include quantitative ecosystem services assessment and biophysical
models of surge and wave attenuation, hazard index combined with participatory scenario modelling
Risk is assessed using an indicator-based approach: a stepwise methodology combined participatory approaches with statistical,
remote sensing and Geographic Information System techniques to develop community level vulnerability and risk indices
An Integrated Wetland Management Framework (IWMF) is presented in the broader context of risk to natural hazards but
focusing on wetland resilience and is linked to many other theoretical frameworks, including some reviewed in this deliverable.
Indicators were assessed as a primary tool of the research and collected through primary data collection and secondary data
mining
Conceptual SES framework that integrate exposure into vulnerability analysis and adaptation planning. Different approaches to
characterise exposure, interactions and responses are reviewed
Impact of sea-level rise and other hazards through a conceptual Social-ecological system (SES) framework
GIS-modeling used to create a map of priority areas for EbA using a combination of ecosystem service indicators as well as for
social/ecological vulnerability: EbA rests in the middle of a venn diagram of water, climate-resilient natural features, biodiversity,
and socio-economic vulnerability
Resilience of mountain ecosystem SES was characterised using a combination of modelling (integrated backcasting modelling
system BackES), scenarios (IPCC SRES scenario framework), and a utility index used to identify the match between ecosystem
services supply and demand at the regional scale. Impact of policies under different global change scenarios was then
investigated.
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Author and year
Antwi et al. (2015)

Arkema et al. (2017)

Asare-Kyei et al. (2017)

Belle (2016)

Bennett (2016)
Bhattachan et al. (2018)
Bourne et al. (2016)

Brunner and Grêt-Regamey
(2016)

GA no.: 776848
Flood risk reduction (mitigation): Climate change conditions modelled using the Soil and Water Assessment Tool (SWAT) and
compared to IPCC scenarios.
Vulnerability assessment was carried out by creating a model using an SES approach - combines ES while putting social welfare at
its heart (based on economic, social, ecosystem, and climate data) - then three vulnerability assessments approaches were used Participatory, Model-Based and Deductive with the participatory approach being the most useful in terms of planning for EbA
measures
Human well-being and resilience to climate hazards (floods and droughts) are measured through the ecosystem services cascade
that was adjusted to highlight how humans mediate each step in the ecosystem services delivery. This is embedded in an SES
framework populated with indicators.
SES-centred vulnerability and risk assessment framework populated with indicators. The final product is the Global Delta Risk
Index (GDRI)
Costal resilience is addressed with the Adaptive Gradients Framework. Gradients are metrics (exposure reduction, cost efficiency,
institutional capacity, ecological enhancement, adaptation over time, greenhouse gas reduction, participatory process, and social
benefits) that are used to evaluate project design.
Indicator-based tool and methodology that allows assessing the progress towards sustainability of Integrated Coastal Zone
Management measures. Indicators cover Environmental Quality, Economics, Social Well-Being and Governance.
Community based vulnerability assessment tools and methods (examples include climate hazard mapping, trend
analysis, ranking, and impact assessment, seasonal calendar, participatory well-being ranking, vulnerability matrix.
15 performance criteria for evaluating vulnerability assessment tools and methods were also used
Several existing indexes used to assess coastal vulnerability and adaptive capacity in four countries: UNEP Coastal Vulnerability
Index (CVI); Global Climate Risk Index (CRI); Notre Dame Gain Index (ND-Gain)
DPSIR model using Pathways of Effects (to characterize main impacts of the hazards) – The approach covers seven coastal hazards
and five ecosystem services. Risk was calculated as the product of the hazard intensities (probability distributions or historical
data) and the economic valuation of affected ecosystem services (transfer value method).
The research utilized a social–ecological system (SES) framework for drought (not explicitly presented), which recognizes that
social and ecological systems are interconnected. Key informant interviews and drought indicators are used to characterize social
and ecological factors that contribute to drought vulnerability. Key informant interviews were key to the approach and data
analysed using a modified grounded theory methodology
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Cheng et al. (2017)

Dourojeanni et al. (2016)

Fedele et al. (2017)

Hagenlocher et al. (2018)
Hamin et al. (2018)
Karnauskaitė et al. (2018)
Khadka et al. (2018)
Leal Filho et al. (2018)
Lozoya et al. (2011)

McNeely et al. (2016)

GA no.: 776848
Slope Decision Support System (SDSS) that combines qualitative hazard assessment with a catalogue of eco-engineering solutions
for slope stabilization. Several indicators are used to characterize the hazard, falling under the categories of soil, slope
morphology, vegetation, past activity, climate and management. The focus is on hazard and risk factors
Model to estimate trees' effects on the propagation of blocks and energy reduction along a trajectory. This includes the
quantification of onset frequency-magnitude relationship; propagation probability; occurrence frequency-intensity relationship;
and the computation of risk with and without forest
Community vulnerability was captured through a Vulnerability Impact Assessment (VIA); Climate Vulnerability and Capacity
Analysis Tool (CVCA) – participatory tool; Community-based Risk Screening – Adaptation and Livelihoods (CriSTAL) – a decision
support tool; and GIS Mapping
Flood risk reduction by coastal wetlands is computed through a flood model based on the Danish Hydraulic Institute (DHI) Mike-21
model, an unstructured mesh, 2-dimensional hydrodynamic model that calculates the propagation of storm surges from the
coastal shelf on to land. Property losses were computed using flood damage functions.
Various tools/models for risk assessment are reviewed including the RiskChanges Spatial Decision Support System for analysing
changing hydro-meteorological risk
Coastal zone vulnerability was assessed through vulnerability evaluation grids capturing exposure to risk, management of risk,
remembrance of risk, and the perception of risk. Five factors emerge from this analysis hazards, stakes, management, events, and
perceptions and are characterised on separate grids via indicator ranking
Driver-Pressure-State-Impact-Response (DPSIR) framework used for Vulnerability and Impact Assessment (VIA), populating it with
indicators
Costal risk measured using the Economics of Climate Adaptation (ECA) framework
Flood risk and resilience assessed via an ecosystem services framework and InVEST (Integrated Valuation of Ecosystem Services
and Tradeoffs)
Development of a Coastal Risk Index (CRI-MED)
Indices and databases used to identify risks in various countries: World Risk Index; Inform Risk Index; EM-DAT; the international
disaster database; Prevention Web
Many vulnerability, risk and resilience models discussed as background info, and the dissertation focuses on the Sustainable
Livelihood Approach/Framework of DFID. Indicator based assessment with primary data collection combined with remote sensing
data, among others
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Mickovski and Beek (2006)

Moos et al. (2018a)

Mumba et al. (2016)

Narayan et al. (2017)
Krol et al. (2016)
Meur-Férec et al. (2008)
Rahman et al. (2016)
Reguero et al. (2018)
Ronchi & Arcidiacono (2018)
Satta et al. (2017)
Sobey and Monty (2016)

Sudmeier-Rieux (2011)

GA no.: 776848
Landslide risk reduction is addressed by characterising by the characterisation of landslide prone areas using the Weight of
Evidence method and the SafeLand Seventh Framework Programme, followed by an assessment of ecosystem-based methods to
reduce landslide risk, and criteria and indicators were used to determine performance of these approaches. The focus is on GIS
Regional risk assessment to climate change addressed through the DESYCO GIS-based decision support system. Multi-Criteria
Decision Analysis (MCDA) as a basis, a Regional Risk Assessment methodology which exploits GIS-based indexes and indicators and
provides hazard, exposure, vulnerability and risk maps useful to identify areas and receptors at risk
Nature-based storm surge mitigation with GIS model to stimulate storm surge flood wave entering a delta using different
scenarios
This is a broad review of decision tools for integrating ecosystems in DRR and CCA. Examples include Coastal Resilience decisionsupport platform (www.coastalresilience.org); Community Resilience Building Workshop (www.CommunityResilienceBuilding.
com), risk matrices, etc.
Disaster resilience of ‘‘Loss–Response’’ of Location (DRLRL) characterising the spatial and temporal scales of resilience and
attributes of hazard-affected objects.
Flood risk assessment using (1) GIS-based damage potential tool belonging to the Niedersächsischer Landesbetrieb für
Wasserwirtschaft, Küsten- und Naturschutz (based on the Source-Pathway-Receptor (SPR-concept) and (2) Potential damage
functions based on the KRIM project. At the scale of the German Elbe catchment, a risk assessment was also conducted following
the requirements of the European Flood Directive
Flood risk assessment at the basin scale using the Modelling and Decision Support Framework
Flood and drought risk assessment using a combination of modelling and indicator-based approaches, within the context of the
European Flood Directive and for the entire Sperchios catchment area
Infinite Slope Model and the Factor of Safety (FOS) used to evaluate the effect of the vegetation on slope stability. The main focus
is on the hazard
Review of existing approaches for vulnerability assessments tailored for public land management (not risk assessment focussed)
Sustainability assessment methods for eco-engineering. 36 indicators are proposed under four categories: Environmental
sustainability, Economic sustainability, Social/cultural sustainability, and Engineering performance
Coastal SES resilience framework using the ecosystem service concepts in the context of degraded water quality. The framework
has many similarities with the one presented by Arkema et al. (2017) – see above
Review of papers on quantitative risk assessments (QRA) that incorporate Eco-DDR (specifically effects of forests on slopes to
reduce natural hazards)
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Terrazas (2016)

Torresan et al. (2016)

Van Coppenolle et al. (2018)
Whelchel and Beck (2016)
Zhou et al. (2010)

OAL Germany

OAL Ireland
OAL Greece
Cebada (2017)
McNeeley et al. (2017)
Mickovski and Thomson (2017)
Merrill et al. (2018)
Moos et al. (2018b)

GA no.: 776848
Ecological vulnerability was characterized using a Delphi survey, geographic information system and Monte Carlo simulation
carried out with an indicators system at the centre
The paper focuses on the effective integration of ecological engineering for resilience building. It provides an overview and InVEST
model is referred to as an important tool in terms of coastal risk reduction characterization
Ecological vulnerability characterized through a Fuzzy Analytic Hierarchy Process (FAHP) and the Pressure-State-Response (PSR)
framework populated with indicators
Ecological vulnerability of wetlands was characterised using a “Pressure-support-state-response” (PSSR) model based on a
Pressure-State-Response PSR model. Indicators were central to the research and weight calculation was based on expert
experience method

D6.1 | Review on vulnerability and risk assessment specific to NBS

49 / 87

Song et al. (2015)
Whelchel (2016)
Xue et al. (2019)

Zhang et al. (2017)

GA no.: 776848

ANNEX 5: Compiled list of indicators
Table A5-1. Indicators extracted from relevant papers stemming from the systematic literature review as well as from previous risk assessments carried out
in the OALs in Greece, Ireland and Germany. Indicators were provisionally classified according to existing components of risk/vulnerability (see main text for
explanation). Grey rows indicate indicators used in multiple studies that are likely to be relevant as core indicators in future WP6 activities.
Risk component
(provisional)

Indicator Name

Category
(provisional)

Data source

References

Ecosystem Exposure
Exposure

Ecosystems exposed to cyclones (%)

Area affected

Exposure

Ecosystems exposed to drought (%)

Area affected

Exposure

Ecosystems exposed to floods (%)

Area affected

Exposure

Ecosystems exposed to salinity intrusion
(%)

Area affected

Exposure

Ecosystems exposed to storm surges (%)

Area affected

Exposure

Exposure of agricultural area in hazard
zones (%)

Area affected

Exposure

Exposure insecure farms (share of farms
in slopes >5%) (%)

Area affected
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Hazard (all countries): UNEP Preview, http://preview.grid.unep.ch; Land
use/land cover (all countries): ESA CCI, https://www.esa-landcovercci.org
Hazard (all countries): Own calculation based on climate station data;
Land use/land cover (all countries): ESA CCI, https://www.esa-landcovercci.org
Hazard (all countries): Global Assessment Report 2015,
http://preview.grid.unep.ch ; Land use/land cover (all countries): ESA
CCI, https://www.esa-landcover-cci.org
Hazard (Bangladesh): SRDI, Hazard (Mekong): ICEM ; Land use/land cover
(all countries): ESA CCI, https://www.esa-landcover-cci.org
Hazard (all countries): UNEP Preview, http://preview.grid.unep.ch; Land
use/land cover (all countries): ESA CCI, https://www.esa-landcovercci.org
classifying high spatial resolution (5m) multitemporal RapidEye images
developed by (Forkuor et al., 2014). Flood map from AsareKyei et al.
(2015)
From 30 m spatial resolution Global Digital Elevation Model developed
jointly by the Japanese Ministry of Economy, Trade and Industry (METI)
and the United States National Aeronautics and Space Administration
(NASA)
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Hagenlocher et al (2018)

Hagenlocher et al (2018)

Hagenlocher et al (2018)

Hagenlocher et al (2018)

Hagenlocher et al (2018)

Asare- Kyei et al (2017)

Asare- Kyei et al (2017)

GA no.: 776848
Risk component
(provisional)
Exposure
Exposure
Exposure

Category
(provisional)

Indicator Name
Flooded area within delta (km2)
Inundated land area per habitat type
(km2)
Length of the flood route crossing tidal
wetlands (m)

Data source

References

Area affected

Land elevation SRTM data set (NASA) and various other tools

Van Coppenolle et al.
(2019)

Area affected

DEM from the North Carolina Flood Plain Mapping Program & Land cover
data (2010) from NOAA's coastal change analysis program

Bhattachan et al. (2019)

Area affected

Land elevation SRTM data set (NASA) and various other tools

Exposure

Land use/ land cover

Land use / land
cover

Physical material on the surface of land, in coastal zones. Land Cover
MAP 2015; ESA – Land Cover Climate Change Initiative http://
maps.elie.ucl.ac.be/CCI/viewer/index.php; CORINE; OPEKEPE

Exposure

Forest area (N/S)

Forest
characteristic

Data from interviews with and a survey among local farmers

Exposure

Number of farms (count)

Agriculture

Data from interviews with and a survey among local farmers

Exposure

Land use categories: Water (ha)

Water

MassGIS 2005 land use categories

Exposure

Land area

Area at risk

Exposure

Protected area (%)

Conservation
area

International composite indices like the WorldRiskIndex and the INFORM
index
LULC maps for the three study areas were generated by classifying high
spatial resolution (5m) multitemporal RapidEye images developed by
(Forkuor et al., 2014). Flood map from Asare-Kyei et al. (2015)

Van Coppenolle et al.
(2019)
Satta et al. (2017); Ronchi
& Arcidiacono (2018);
OAL Greece; OAL Ireland
Brunner
and
GrêtRegamey (2017); Fedele
et al. (2017); Cheng et al
(2017)
Brunner & Grêt-Regamey
(2017)
Cheng et al. (2017)
Sobey & Monty (2017)

Asare- Kyei et al (2017)

Social System Exposure
Exposure

Exposure

Total population

2

Population density (inhab/km )

Population

International composite indices like the WorldRiskIndex and the INFORM
index

Population
density

Many existing sources, from international databases to statistical
yearbooks at the national and sub-national scales. Example: Center for
International Earth Science Information Network - CIESIN
http://dx.doi.org/10.7927/H4ST7MRB
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Sobey & Monty (2016);
Arkema et al. (2017)
Xue et al. (2019); Daniel
et al., 2017; Leal Filho et
al. (2018); Arkema et al.
(2017); Sudmeier-Rieux
(2011); Fedele (2017);

GA no.: 776848
Risk component
(provisional)

Indicator Name

Category
(provisional)

Data source

References
Song et al. (2015); Zhang
et al. (2017); Satta et al.
(2017); Whelchel & Beck
(2016); Antwi et al.
(2015) ; Bourne et al.
(2006) ; OAL Germany
Cheng et al. (2017);
Brunner & Grêt-Regamey
(2017)

Exposure

Residential area (ha)

Land use / land
cover

MassGIS 2005 land use categories

Exposure

Urban land cover density (N/S)

Land use / land
cover

N/S

Arkema et al. (2017)

Exposure

Probability of coastal flooding

Sea level rise

Extreme probability distribution of water level increase (Tr=50 yrs) vs.
beach sea front height, resulting in storm-induced flood

Lozoya et al. (2011)

Exposure

Extreme probability distribution of beach
induced retreats

Erosion - coastal

(Tr=50 yrs) vs. beach width. Data source N/S

Lozoya et al. (2011)

Exposure

Flood depth (m)

Area affected

CFRAM

OAL Ireland

Exposure

Sea level rise in Low Elevation Coastal
Zone (Scale 1-5)

Area affected

Expert assessment based on data from Indexes and other measures

Leal Filho et al. (2018)

Exposure

Agricultural dependent population (%)

Dependence on
land
for
livelihoods

Percentage of the area's total population depending on only agriculture
related employment. Household survey

Asare- Kyei et al (2017)

Exposure

Economic and ecological assets and
services (e.g. scale 1-5)/ Monetary value
of assets

Economy

Expert assessment based on a variety of indexes and other measures

Leal Filho et al. (2018);
OAL Germany

Exposure

Digital Elevation Model / Digital Terrain
Model

Elevation

Data held by national level institutions; SRTM 90 m Database;
Consortium
for
Spatial
Information
(http://srtm.csi.
cgiar.org/SELECTION/inputCoord.asp;

Ronchi & Arcidiacono
(2018); Satta (2017);
Antwi et al. (2015); OAL
Ireland
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Risk component
(provisional)

Indicator Name

Exposure

Physical infrastructure (count)

Exposure

Insecure settlement (% communities)

Exposure

Exposure to
(qualitative)

Exposure

Impact on livelihoods (% people affected)

Exposure

Number of people living in flooded area
within delta

Exposure

Population exposed to cyclones (%)

Exposure

Population exposed to drought (%)

Exposure

Population exposed to floods (%)

Exposure

Population exposed to salinity intrusion
(%)

Exposure

Population in LECZ (% population)

Exposure

Water shortages (% people affected)

Exposure

extreme

Sea Level Rise (mm/y)

precipitations

Category
(provisional)
Infrastructure
and services
Population
exposure
Population
exposure
Population
exposure

Data source
Number of physical infrastructure in an area (irrigation dams, hospitals,
schools, food markets and major bridges located in floodplains). AsareKyei et al.(2015) and Road network map from Ghana basemaps
Percentage of communities within the cluster which are located in high
hazard intensity zones. Asare-Kyei et al. (2015)

References

Asare-Kyei et al. (2017)

Asare-Kyei et al. (2017)

Field survey

Fedele (2017)

Field survey

Fedele et al. (2017)

Population
exposure

LandScan 2013 Global Population Database and other databases;
Surveys

Van Coppenolle et al.
(2018); Fedele et al.
(2017)

Population
exposure
Population
exposure

Hazard (all countries): UNEP Preview, http://preview.grid.unep.ch;
Population (all countries): WorldPop, http://www.worldpop.org.uk
Hazard (all countries): Own calculation based on climate station data;
Population (all countries): WorldPop, http://www.worldpop.org.uk
Hazard (all countries): Global Assessment Report 2015,
http://preview.grid.unep.ch ; Population (all countries): WorldPop,
http://www.worldpop.org.uk
Hazard (Bangladesh): SRDI, Hazard (Mekong): ICEM ; Population (all
countries): WorldPop, http://www.worldpop.org.uk

Population
exposure
Population
exposure
Population
exposure
Population
exposure
Sea level rise

Hagenlocher et al (2018)

Hagenlocher et al (2018)

Hagenlocher et al (2018)

Calculated from supplementary information in Neumann et al. (2015)

Leal Filho et al. (2018)

Field survey

Fedele et al. (2017)

Multi-Mission Sea Level Trend Map (Period: Jan 1993 to Sep 2016);
AVISO
http://www.aviso.altimetry.fr/en/data/
products/oceanindicators-products/mean-sea-level/ products-images.html

Satta et al. (2017)

Ecosystem Susceptibility
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GA no.: 776848
Risk component
(provisional)
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility

Indicator Name

Category
(provisional)

Data source

References

Agricultural certification scheme (% area)

Agriculture

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Early flowering (N/S)

Agriculture

N/S

Khadka et al. (2018)

Emergence of new species and crops
(N/S)

Agriculture

N/S

Khadka et al. (2018)

Grazing carrying capacity (scale 1-5)

Agriculture

Questionnaire survey

Belle (2016)

Grazing management (N/S)

Agriculture

Community Survey

Sudmeier-Rieux (2011)

Agriculture

Primary data collection, secondary data analysis

Rahman et al (2016)

Agriculture

MassGIS 2005 land use categories

Cheng et al (2017)

Agroforestry

Agriculture

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al (2015)

Outbreak of pest and diseases (N/S)

Agriculture

N/S

Khadka et al. (2018)

Crops in marginal lands (N/S)

Agriculture

N/S

Fedele et al. (2017)

Alien / invasive
species
Alien / invasive
species

Questionnaire surveys, expert interviews, field observations, secondary
data

Belle (2016)

N/S

Khadka et al. (2018)

Vegetation of South Africa, Lesotho, and Swaziland (Mucina et al, 2006);
Regions of floristic endemism in South Africa (Van Wyk & Smith, 2001);
Layers developed by Holness for National Protected Areas Expansion
Strategy (Government of South Africa, 2008)

Bourne et al (2016)

Increased use of chemicals and fertilisers
(qualitative)
Agricultural; Non-forest open space;
Grassy land cover (ha)

Alien species (Scale 1-5)
Spread of invasive species (N/S)

Natural feature important for climate
resilience: altitudinal gradients

Altitude
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GA no.: 776848
Risk component
(provisional)
Ecosystem
Susceptibility

Category
(provisional)

Indicator Name
Management of
protection (N/S)

land

for

hazard

Data source

Area at risk

Community surveys

Ecosystem
Susceptibility

Biodiversity
Ecosystem
services

/

Biodiversity: aquatic priorities

Ecosystem
Susceptibility

Natural feature important for climate
resilience: areas with high biodiversity
levels

Biodiversity
Ecosystem
services

/

Ecosystem
Susceptibility

/

Presence of threatened ecosystems

Biodiversity
Ecosystem
services

Ecosystem
Susceptibility

Natural feature important for climate
resilience: centres of floral endemism

Biodiversity
Ecosystem
services

/
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South African National Biodiversity Assessment (Nel et al, 2012);
National Estuary Biodiversity Plan (Turnpie et al, 2012); National
Freshwater Ecosystem Priority Area (Nel et al, 2011); Namakwa District
Biodiversity Sector Plan (Northern Cape Province, 2008); National
Protected Areas Expansion Strategy (Government of South Africa, 2008;
Holness & Biggs, 2011)
Vegetation of South Africa, Lesotho, and Swaziland (Mucina et al, 2006);
Regions of floristic endemism in South Africa (Van Wyk & Smith, 2001);
Layers developed by Holness for National Protected Areas Expansion
Strategy (Government of South Africa, 2008); South African National
Biodiversity Assessment (Nel et al, 2012); National Estuary Biodiversity
Plan (Turnpie et al, 2012); National Freshwater Ecosystem Priority Area
(Nel et al, 2011); Namakwa District Biodiversity Sector Plan (Northern
Cape Province, 2008); National Protected Areas Expansion Strategy
(Government of South Africa, 2008; Holness & Biggs, 2011)
South African National Biodiversity Assessment (Nel et al, 2012);
National Estuary Biodiversity Plan (Turnpie et al, 2012); National
Freshwater Ecosystem Priority Area (Nel et al, 2011); Namakwa District
Biodiversity Sector Plan (Northern Cape Province, 2008); National
Protected Areas Expansion Strategy (Government of South Africa, 2008;
Holness & Biggs, 2011)
Vegetation of South Africa, Lesotho, and Swaziland (Mucina et al, 2006);
Regions of floristic endemism in South Africa (Van Wyk & Smith, 2001);
Layers developed by Holness for National Protected Areas Expansion
Strategy (Government of South Africa, 2008)
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References
Sudmeier-Rieux (2011)

Bourne et al (2016)

Bourne et al (2016)

Bourne et al (2016)

Bourne et al (2016)

GA no.: 776848
Risk component
(provisional)

Category
(provisional)

Indicator Name

Data source
Vegetation of South Africa, Lesotho, and Swaziland (Mucina et al, 2006);
Regions of floristic endemism in South Africa (Van Wyk & Smith, 2001);
Layers developed by Holness for National Protected Areas Expansion
Strategy (Government of South Africa, 2008)
Data for animals, including amphibians, mammals, reptiles and birds,
were downloaded from the IUCN Red List of Threatened Species; WWF;
Hellenic Ornithological Society
Data collected via survey, focus groups, transect walks and key informant
interviews; South African National Biodiversity Assessment (Nel et al,
2012); National Estuary Biodiversity Plan (Turnpie et al, 2012); National
Freshwater Ecosystem Priority Area (Nel et al, 2011); Namakwa District
Biodiversity Sector Plan (Northern Cape Province, 2008); National
Protected Areas Expansion Strategy (Government of South Africa, 2008;
Holness & Biggs, 2011); SANBI (South African National Biodiversity
Institute)
Global Biodiversity model (GLOBIO), http://www.globio.info
Average MSA scores were calculated for each administrative unit in the
deltas based on the GLOBIA dataset
Focal function of ArcGIS then calculated the Shannon biodiversity index
for each pixel at a spatial resolution of 1 km; Statistical year books;
Stakeholder surveys (scoring)
UNEP-WCMC, https://www.unep-wcmc.org
Terrestrial biodiversity dataset generated by scaling a present-day
species richness layer based on broad areas of occurrence by the fraction
of intactness of terrestrial species richness in each grid cell

Ecosystem
Susceptibility

Natural feature important for climate
resilience: local species refugia

Biodiversity
Ecosystem
services

Ecosystem
Susceptibility

Animal diversity (Binary data
present/absent; changes in numbers)

Biodiversity
Ecosystem
services

/

Biodiversity
Ecosystem
services

/

Biodiversity
Ecosystem
services
Biodiversity
Ecosystem
services

/

/

Species richness adjusted by intactness

Biodiversity
Ecosystem
services

Carbon Storage (Land cover class * 100
ton/ha)

CO2 storage

IPCC (2006)

Terrazas (2016)

Net primary productivity (N/S)

CO2 storage

NPP data provided to the authors

Song et al (2016)

Ecosystem
susceptibility

–

Biodiversity (Scoring)

Ecosystem
Susceptibility

Mean Species Abundance (MSA)

Ecosystem
Susceptibility

Plant diversity (Shannon Diversity Index number of ES at the site, relative to the
area of the site (derived from richness))

Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
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/

References

/
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Bourne et al (2016)

Song et al. (2016); OAL
Greece

Mickovski & Thomson
(2017); Antwi et al.
(2016); Bourne et al
(2016)

Hagenlocher et al (2018)
Song et al (2016); De
Vreese et al. (2016);
Zhang et al. (2017)

Hagenlocher et al (2018)

GA no.: 776848
Risk component
(provisional)
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility

Indicator Name
Percentage of area covered by critical
sites for conservation (danger of
extinction) (% area)
Percentage of area covered by Wetlands
of International Importance (Ramsar
Sites) (%)
Percentage of forest area protected and
designated for the conservation of
biodiversity (%)

Category
(provisional)

Data source

References

Conservation
area

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Conservation
area

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Conservation
area

Percentage of forest area protected and designated for the conservation
of biodiversity (%)

Hagenlocher et al (2018)

Ecosystem
Susceptibility

Water quality of freshwater bodies (SI
units depending on parameter)

Conservation
area

Ecosystem
Susceptibility

Ecosystem protection levels

Conservation
policies / funding

Ecosystem
Susceptibility

Protected area expansion needs

Conservation
policies / funding

Ecosystem
Susceptibility
Ecosystem
Susceptibility

Aid
activities
targeting
global
environmental objectives (US$)
Participation in Convention on Biological
Diversity (yes/no)

Conservation
policies / funding
Conservation
policies / funding
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WRI Aqueduct at http://www.wri.org; National level databases
Example of parameters: Dissolved Ogygen(mg/l),p H, nitrogen
compounds, heavy metals, pesticides, salt (ppm), etc.
South African National Biodiversity Assessment (Nel et al, 2012);
National Estuary Biodiversity Plan (Turnpie et al, 2012); National
Freshwater Ecosystem Priority Area (Nel et al, 2011); Namakwa District
Biodiversity Sector Plan (Northern Cape Province, 2008); National
Protected Areas Expansion Strategy (Government of South Africa, 2008;
Holness & Biggs, 2011)
South African National Biodiversity Assessment (Nel et al, 2012);
National Estuary Biodiversity Plan (Turnpie et al, 2012); National
Freshwater Ecosystem Priority Area (Nel et al, 2011); Namakwa District
Biodiversity Sector Plan (Northern Cape Province, 2008); National
Protected Areas Expansion Strategy (Government of South Africa, 2008;
Holness & Biggs, 2011)
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
Convention on Biological Diversity (CBD) at https://www.cbd.int/
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Hagenlocher et al (2018);
OAL Greece

Bourne et al (2016)

Bourne et al (2016)

Hagenlocher et al (2018)
Hagenlocher et al (2018)

GA no.: 776848
Risk component
(provisional)
Ecosystem
Susceptibility

Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility

Indicator Name
Participation
in
Convention
on
International Trade in Endangered
Species of Wild Fauna and Flora (CITES)
(yes/no)
Participation in Convention on the
Conservation of Migratory Species of
Wild Animals (CMS) (yes/no)
Participation in Ramsar Convention on
Wetlands (yes/no)
Forest area under an independently
verified forest certification scheme (e.g.
FSC, PEFC) (%)
Government expenditure on
environmental protection (%
expenditure)
Policies for coastal protection (yes/no)
Policies supporting biodiversity
conservation (yes/no)

Ecosystem
Susceptibility

Percentage of deforested area (%)

Ecosystem
Susceptibility

Percentage of wetlands drained (%)

Ecosystem
Susceptibility

Desertification

Category
(provisional)

Data source

References

Conservation
policies / funding

Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) at https://www.cites.org

Hagenlocher et al (2018)

Conservation
policies / funding

Convention on the Conservation of Migratory Species of Wild Animals
(CMS) at http://www.cms.int

Hagenlocher et al (2018)

Conservation
policies / funding

Convention on Wetlands of International Importance (RAMSAR) at
http://www.ramsar.org

Hagenlocher et al (2018)

Conservation
policies / funding

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Conservation
policies / funding

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Conservation
policies / funding
Conservation
policies / funding
Deforestation /
desertification /
degraded land
Deforestation /
desertification /
degraded land

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Convention on Biological Diversity (CBD) at https://www.cbd.int/

Hagenlocher et al (2018)

Hansen et al. (2013), https://earthenginepartners.appspot.com

Hagenlocher et al (2018)

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Visibility distance and the duration of each sandstorm, monitored by
national meteorological stations, were combined to represent the extent
of regional desertification. Desertification was calculated according to
the duration and visibility level from monitored sandstorm data as:

Song et al. (2015)

Deforestation /
desertification /
degraded land
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GA no.: 776848
Risk component
(provisional)

Indicator Name

Category
(provisional)

Data source
where VL is the visibility level represented by the distance of visibility of
a sandstorm (Table A.1) and t is the duration of a sandstorm.
Data obtained from SoilGrids1km which is a global soil data product
generated
at
ISRIC
–
World
Soil
Information
(http://soilgrids1km.isric.org).

Ecosystem
Susceptibility

Normalized Difference Vegetation Index
(NDVI)

Vegetation

Ecosystem
Susceptibility

Erosion protection (N/S)

Disaster
reduction

Ecosystem
Susceptibility

Natural features important for climate
resilience:
large
unfragmented
landscapes and coastal corridors

Ecosystem
connectivity

Ecosystem
Susceptibility

Natural features important for climate
resilience: riparian corridors and buffers

Ecosystem
connectivity

Ecosystem
Susceptibility

Ecosystem Functionality Index

Ecosystem
services

Ecosystem
susceptibility

Landform (Erodibility scores of the
coastal zone)

Erosion – coastal

Percentage of shoreline eroded (%)

Erosion – coastal

Bank stability / erosion (scale 1-5)

Erosion – other

Questionnaires, interviews, field observations and secondary data

Forest characteristic: Canopy density
(yes/no)
Forest
characteristic:
Diameter
distribution (yes/no)

Forest
characteristic
Forest
characteristic

Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review

Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
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risk

Community surveys
Vegetation of South Africa, Lesotho, and Swaziland (Mucina &
Rutherford, 2006); Regions of floristic endemism in South Africa (Van
Wyk & Smith, 2001); Layers developed by Holness for National Protected
Areas Expansion Strategy (Government of South Africa, 2008)
Vegetation of South Africa, Lesotho, and Swaziland (Mucina &
Rutherford, 2006); Regions of floristic endemism in South Africa (Van
Wyk & Smith, 2001); Layers developed by Holness for National Protected
Areas Expansion Strategy (Government of South Africa, 2008)
Freudenberger et al. (2012) at http://www.sciencedirect.com
Erodibility of the coastal zone. Scores are related to the relative
resistance of a given landform to erosion. Landform Dataset 2016;
MEDSEA Landform Dataset 2016 Based on Google Earth and national
geological and geo-morphological maps analysis.
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
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References

Asare-Kyei et al. (2017);
Zhang et al. (2017)
Sudmeier-Rieux (2011)

Bourne et al (2016)

Bourne et al (2016)

Hagenlocher et al (2018)

Satta et al. (2017)

Hagenlocher et al (2018)
Belle (2016)
Moos et al. (2018b)
Moos et al. (2018b)

GA no.: 776848
Risk component
(provisional)
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility

Indicator Name
Forest characteristic: Gap size (yes/no)
Forest characteristic: Length of the
forested part of the slope (yes/no)
Forest characteristic: Species
composition (yes/no)
Forest characteristic: Terrain roughness
(high stumps and lying tree stems)
(yes/no)
Forest characteristic: Tree density
(yes/no)
Forest characteristic: Tree size relative to
snow depth (yes/no)
Forest characteristic: Trees in release
area (yes/no)
Forest connectivity
Forest management (N/S)
Forest: Growing stock
Main trees (Plant family / ha)
Quality of forest resources (N/S)
Sacred groves and reserved area (N/S)
Tree plantations (% land cover)

Category
(provisional)
Forest
characteristic
Forest
characteristic
Forest
characteristic

Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review

Forest
characteristic

Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review

Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic
Forest
characteristic

Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
Binary yes/no on whether affects onset probability, propagation
probability or intensity. Literature review
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Data source

References
Moos et al. (2018b)
Moos et al. (2018b)
Moos et al. (2018b)

Moos et al. (2018b)

Moos et al. (2018b)
Moos et al. (2018b)
Moos et al. (2018b)

Hansen et al. (2013) at https://earthenginepartners.appspot.com

Hagenlocher et al (2018)

Community surveys

Sudmeier-Rieux (2011)

coniferous forest + coniferous mixed forest * 156 m3/ha. Eurostat (2009)

Terrazas (2016)

Field survey

Fedele et al. (2017)

Community surveys

Sudmeier-Rieux (2011)

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Field survey

Fedele et al. (2017)
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GA no.: 776848
Risk component
(provisional)
Ecosystem
susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility

Indicator Name
Woodlot (N/S)
Human disturbance index
Awareness of landslide protection (N/S)
Changed wetland area (N/S)
Commercial land (ha)
Landscape type (qualitative)

Category
(provisional)
Forest
characteristic

Data source
Data collected via survey, focus groups, transect walks and key informant
interviews
Construction + agricultural wetland / by total study area. Data from
statistical yearbooks

Human impact
Information
/
awareness
Land use / land
cover
Land use / land
cover
Land use / land
cover

References
Antwi et al. (2015)
Zhang et al. (2017)

Community surveys

Sudmeier-Rieux (2011)

Statistical yearbooks

Zhang et al. (2017)

MassGIS 2005 land use categories

Cheng et al. (2017)

Field survey

Fedele et al. (2017)

Satta et al. (2017)

Ecosystem
Susceptibility

Roughness

Land use / land
cover

Resistance to surface flow exerted by the land surface, measured with
the Manning’s coefficient (n). Land Cover MAP 2015; ESA – Land Cover
Climate
Change
Initiative
http://
maps.elie.ucl.ac.be/CCI/viewer/index.php

Ecosystem
susceptibility

Good management of land and forests
(N/S)

Land rights
ownership
management

Community surveys

Sudmeier-Rieux (2011)

UNEP Environmental Data Explorer (IGRAC) at
http://geodata.grid.unep.ch
Probability of arsenic in groundwater for each administrative unit was
calculated based on the polygon dataset

Hagenlocher et al (2018)

Ecosystem
Susceptibility

Groundwater quality

Pollution

/
/

Ecosystem
Susceptibility

Pollution (scale 1-5)

Pollution

Questionnaires, interviews, field observations and secondary data

Belle (2016); Zhang et al.
(2017); Sudmeier-Rieux
(2011)

Ecosystem
Susceptibility

Afforestation area (ha)

Restored area

Statistical yearbooks

Zhang et al. (2017)
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GA no.: 776848
Risk component
(provisional)
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
Susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility

Indicator Name

Category
(provisional)

Percentage of forest area restored (%)

Restored area

Percentage of mangrove area restored
(%)

Restored area

Percentage of wetlands restored (%)

Restored area

Area covered by "problem soils" (%)
Soil depth (cm)

Soil erosion (RUSLE output)/ Erosion rate

Soil improvement technologies (N/S)
Soil organic matter (g/kg)

Soil
characteristic
Soil
characteristic
Soil
characteristic
Soil
characteristic
Soil
characteristic

Shift in vegetation line (N/S)

Vegetation

Vegetation cover

Vegetation

Water production and other ecosystem
services it provides
Average annual potential
evapotranspiration (mm/unit of time) or
Evaporation/precipitation
Nutrient loading and removal allocations
(nitrogen and phosphorus)

Water

Data source
Hansen et al. (2013), https://earthenginepartners.appspot.com
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

References
Hagenlocher et al (2018)
Hagenlocher et al (2018)
Hagenlocher et al (2018)

UNEP Environmental Data Explorer, http://geodata.grid.unep.ch

Hagenlocher et al (2018)

From ISRIC- World Soil Information. Data was obtained from
SoilGrids1km which is a global soil data product
Harmonized World Soil Database; Database for Human-earth System;
DEM Elevation Data Service System (Computer Network Information
Center, CAS, 2009). Vegetational coverage was supplied by the SpotVegetation program
Data collected via survey, focus groups, transect walks and key informant
interviews

Asare-Kyei et al. (2017);
Hagenlocher et al (2018)
Song et al. (2015);
Rahman et al. (2016);
Sudmeier-Rieux (2011) ;
Bourne et al. (2016)
Antwi et al. (2015)

Soilgrids at https://www.soilgrids.org

Hagenlocher et al (2018);
Asare-Kyei et al. (2017)

N/S

Khadka et al. (2018)

Questionnaire surveys, expert interviews, field observations, secondary
data
Variety of data including Surveyor General of South Africa and the
ProEcoServe project

Belle (2016); Xue (2019)
Bourne et al (2016)

Water

Used the Irrigation and Drainage Paper No. 56 method of the FAO
(Allen et al., 1998)

Ronchi & Arcidiacono
(2018); Xue et al. (2019)

Water

Biophysical tables containing the nutrient loading and removal
allocations; InVEST User Guide

Ronchi & Arcidiacono
(2018)
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GA no.: 776848
Risk component
(provisional)

Indicator Name

Category
(provisional)

Data source

References

for each LULC class
Ecosystem
susceptibility

Cation exchange capacity

Water

Ecological water use percentage

Water

Elastic degree of wetland evaluation

Water

Ecosystem
susceptibility

Freshwater scarcity

Water

Ecosystem
susceptibility

Plant-available water content (N/S)

Water

Ecosystem
susceptibility

Return Flow Ratio

Water

Ecosystem
susceptibility
Ecosystem
susceptibility

Ecosystem
susceptibility

Ecosystem
Susceptibility
Ecosystem
susceptibility
Ecosystem
susceptibility

River connectivity

Water

Increased sedimentation (qualitative or
ranking 1-5)

Sedimentation

Wetland area of change

Wetlands

Hydroperiod (score 1-5)

Wetlands

D6.1 | Review on vulnerability and risk assessment specific to NBS

Soilgrids at https://www.soilgrids.org
Average (in cmolc/kg) was calculated for each administrative unit using
data provided by Soilgrids
Ecological water use/total water use. Statistical yearbooks and remote
sensing data
Calculated normalized index value. Statistical yearbooks and remote
sensing data
UNEP-WCMC at https://www.unep-wcmc.org
Dataset combines a long-term mean annual water balance with data on
water stored in large lakes. Average freshwater availability was
calculated for each administrative unit
Calculated using SPAW (Soil-Plant-Air-Water) software developed by the
National Agricultural Library of the United States Department of
Agriculture
WRI Aqueduct at http://www.wri.org
Nilsson et al. 2005, http://science.sciencemag.org
Impact classification based on river channel fragmentation and water
flow regulation by dams. River systems are treated as units and are
represented by their catchments in the Nilsson et al. (2005) dataset. For
each delta one value representing river connectivity was used. Higher
resolution data would be preferable – if available.
Both primary (Key Informants Interview, Household Survey, and Focus
Group Discussion) and secondary (climatic, literature review) data
Calculated normalized index value. Statistical Yearbook
and interpreted remote sensing data
Questionnaires, interviews, field observations and secondary data
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Hagenlocher et al (2018)

Zhang et al. (2017)
Zhang et al. (2017)

Hagenlocher et al (2018)

Ronchi & Arcidiacono
(2018)
Hagenlocher et al (2018)

Hagenlocher et al (2018)

Rahman et al. (2016);
Belle (2016)
Zhang et al. (2017)
Belle (2016)

GA no.: 776848
Risk component
(provisional)
Ecosystem
susceptibility
Ecosystem
susceptibility
Ecosystem
Susceptibility
Ecosystem
susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility
Ecosystem
Susceptibility

Indicator Name

Category
(provisional)

Data source

References

Land use categories: Wetlands (ha)

Wetlands

MassGIS 2005 land use categories

Cheng et al. (2017)

Wetland connectivity (N/S)

Wetlands

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Activities within wetland (scale 1-5)

Human impact

Questionnaires, interviews, field observations and secondary data

Belle (2016)

Wetland size (scale 1-5)

Wetlands

Questionnaires, interviews, field observations and secondary data

Belle (2016)

Data from interviews with and a survey among local farmers

Brunner & Grêt-Regamey
(2016)

USGS

McNeely et al. (2016)

Pollution

NASA’s Earth Observing System Data and Information System (NASA,
2004) and Data Sharing Infrastructure of Earth System Science (2005)

Song et al. (2015)

Agricultural viability (N/S)

Agriculture

N/S

Whelchel & Beck (2016)

Grain output (weight unit)

Agriculture

National Bureau of Statistics

Song et al (2015)

Improved crop variety

Agriculture

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al (2015)

Area at risk

Stakeholder interviews (scoring)

De Vreese et al (2016)

Stakeholder interviews (scoring)

De Vreese et al (2016)

Number of times the concentration of ES is higher than the spatial
average over the study area. Areas with higher abundance of spatially

De Vreese et al (2016)

Area of dry meadows
Weakly Streamflow (N/S)
Acid-rain intensity

Land use / land
cover
Occurrence and
magnitude

Social Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Risk to ecosystem services, based on
interviewer perceptions on abundance of
site and potential for conflict
Abundance of ecosystem services
(Overall frequency of all ES at the site,
summed over all individual ES)
Rarity of ecosystem services

Biodiversity
Ecosystem
services
Ecosystem
services

D6.1 | Review on vulnerability and risk assessment specific to NBS

/

64 / 87

GA no.: 776848
Risk component
(provisional)

Indicator Name

Category
(provisional)

Data source

References

concentrated ES will have a higher rarity indicator score. Stakeholder
interviews
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Stated synergy index (Ecosystem
Services)
Richness (number of ecosystem service
types at a site)

Occurrence and
magnitude
Ecosystem
services

Human activity index

Human impact

Intensive grassland area (N/S)
Land reclamation rate (N/S)
Open Space Access (N/S)
Standardized Precipitation Index
Wastewater discharge
Water Quality (N/S)

Land use / land
cover
Land use / land
cover
Land use / land
cover
Precipitation /
dryness
Water - human
use
Water - human
use

Stakeholder interviews (scoring)

De Vreese et al (2016)

Stakeholder interviews (scoring)

De Vreese et al (2016)

Calculated using land-use data obtained from the Data Sharing
Infrastructure of Earth System Science (2000)

Song et al. (2015)

Data from interviews with and a survey among local farmers

Brunner & Grêt-Regamey
(2017)

Statistical yearbooks

Zhang et al. (2017)

N/S

Whelchel & Beck (2016)

US Drought Monitor (http://droughtmonitor.unl.edu)

McNeely et al. (2016)

Amount of wastewater, not reaching emission standard of environment,
discharged by water users. Statistical yearbooks

Xue et al. (2019)

N/S but many different indicators and databases can be accessed

Whelchel & Beck (2016);
Sudmeier-Rieux (2011)

Increased pest invasion (qualitative)

Agriculture

Primary data collection, secondary data analysis

Rahman et al (2016)

Involvement in dry season farming (N/S)

Agriculture

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al (2015)

Livestock / Livestock in safe places (N/S)

Agriculture

Community surveys, National Bureau of Statistics

Sudmeier-Rieux (2011);
Song et al (2015)

Abrupt changes to climate in flowering
season (Qualitative)

Agriculture

Primary data collection, secondary data analysis

Rahman et al (2016)
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GA no.: 776848
Risk component
(provisional)
Social
Susceptibility

Indicator Name

Degraded areas (%)

Category
(provisional)
Deforestation /
desertification /
degraded land

Data source

References

Data was obtained from FAO LADA project hosted at the Global Land
Degradation
Information
System
(GLADIS)
database.
http://www.fao.org/nr/lada/gladis/glad_ind/

Asare- Kyei et al (2017)
Hagenlocher et al (2018);
Arkema et al. (2017);
Satta et al (2017); AsareKyei et al. (2017); Arkema
et al. (2017) ; Bourne et
al. (2006)
Arkema et al. (2017)

Social
Susceptibility

Dependency ratio (%) includes Young
(<15 years) and/or Elderly (>65 years)

Demographics

% population children and elderly / working age population. National
level databases. Household surveys. World Bank Open Data
http://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS. National
Census data collected in 2011.

Social
Susceptibility

Disabled people (N/S)

Demographics

N/S
Community surveys; World Bank Open Data http://data.worldbank.org/
indicator/SE.TER.ENRR
Primary completed, Primary incompleted, Secondary completed,
Secondary incompleted, University; Percentage of population whose
level is equal at least to the level 3 of the international standard
classification of education (ISCED)
Average number of total household members in a community cluster.
Household survey

Sudmeier-Rieux (2011);
Satta et al (2017); Xue
(2019); Arkema et al.
(2017)

Social
Susceptibility

Education level

Demographics

Social
Susceptibility

Household size (count)

Demographics

Off-farm income source (N/S)

Dependence on
land
for
livelihoods

Surveys, focus groups, transect walks and key informant interviews

Antwi et al. (2015)

Chronic illnesses (% of population)

Demographics

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Disabilities (%)

Demographics

Various national databases

Hagenlocher et al (2018)

Structural hazard protection (N/S)

Disaster
reduction

Community surveys

Sudmeier-Rieux (2011)

Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
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Asare-Kyei et al. (2017)

GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility

Degree of agricultural dependence

Economy

Statistical yearbooks (Agricultural output/GDP, the response of
traditional agricultural activities to changes of ecosystem)

Xue et al.
(2019)

Dependency on agriculture /forestry
/fisheries for livelihood (GINI index)

Economy

National level statistics

Hagenlocher et al (2018)

Social
Susceptibility

Economic loss of inundated land area
(US$)

Economy/Impact

Parcel data from county tax assessor offices in study area & DEM from
the North Carolina Flood Plain Mapping Program & Land cover data
(2010) from NOAA's coastal change analysis program

Bhattachan et al. (2018)

Employment (N/S)

Economy

Community surveys

Sudmeier-Rieux (2011)

Equity (scale 1-5) / Equity GINI Index

Economy

Expert assessment based on a variety of indexes and other measures;
data.worldbank.org/indicator/SI.POV.GINI

Leal Filho et al. (2018);
Hagenlocher et al (2018)

On-going costs of flood defence

Economy

Belize Coastal Zone Management Authority and Institute

Whelchel & Beck (2016)

GDP growth (%)

Economy

International composite indices like the WorldRiskIndex and the INFORM
index

Sobey & Monty (2016)

GDP per capita (US$)

Economy

International composite indices like the WorldRiskIndex and the INFORM
index

Sobey & Monty (2016);
Satta et al. (2017); Leal
Filho et al. (2018); Xue et
al. (2019)

Indebtedness (N/S)

Economy

N/S

Sudmeier-Rieux (2011)

Identification of key economic sectors
(qualitative)

Economy

INFORM index

Sobey & Monty (2016)

Main livelihood

Economy

Field survey (% population working in farming, mining, etc.)

Fedele et al. (2017)

Percent renters (%)

Economy

N/S

Arkema et al. (2017)

Savings groups (N/S)

Economy

Community surveys

Sudmeier-Rieux (2011)

Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Indicator Name

Category
(provisional)
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GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Indicator Name

Category
(provisional)

Data source

References

Total income (N/S)

Economy

National level census information

Arkema et al. (2017)

Legatum Prosperity Index

Economy

Country-wide measure of prosperity: www.prosperity.com

Leal Filho et al. (2018)

Functioning of Government Index (Score
and country rank)

Governance

The Economist Intelligence Unit (EIU at www.eiu.com/democracy2015)

Leal Filho et al. (2018)

Caloric intake per capita

Health
nutrition

and

Social
Susceptibility

Prevalence of stunting children (% of
children)

Health
nutrition

and

Social
Susceptibility

Malnourished population (%)

Health
nutrition

and

Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

House structure (N/S)

Housing

Ownership of house (N/S)

Housing

Houses with more than one floor (%)

Housing

Access to food market facilities

Infrastructure
and services

Population living in informal settlements
(%)
Population with access to electricity (%)

Infrastructure
and services
Infrastructure
and services
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Data source for estimating household food insecurity from household
surveys
Percent of children under 5 in a community cluster who are stunted.
Secondary data which has been collected by United States Agency for
International Development (USAID) funded METSS project in Ghana
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
Community surveys; Household surveys; Multiple data sources incl.
census data, publicly accessible national and global repositories, expert
knowledge. Mud & thatch constructed houses (% of households); Poorlyconstructed houses (%); Mobile homes; Floating houses (%), etc.
Community surveys
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
Field survey asking distance to nearest market by public transport;
Percentage of households within a community cluster that travels for
more than 30 minutes to reach the nearest food market. Household
survey
Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge
National level databases
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Asare-Kyei et al. (2017)

Asare-Kyei et al. (2017)

Hagenlocher et al (2018)
Sudmeier-Rieux (2011);
Asare-Kyei et al. (2017);
Arkema et al. (2017)
Sudmeier-Rieux (2011)
Hagenlocher et al (2018)

Fedele et al. (2017);
Asare-Kyei et al. (2017)

Hagenlocher et al (2018)
Hagenlocher et al (2018);
Sudmeier-Rieux (2011)

GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Public infrastructure: Distance to drinking
water source (% population)
Services (irrigation, roads, electricity)
(qualitative)

Social
Susceptibility

Access rights to forest resources (N/S)

Social
Susceptibility

Cultivable land
(qualitative)

Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Indicator Name

Travel time to closest city (mins)

and

wage

rate

Land use (N/S)
Population growth (annual %)

Category
(provisional)
Infrastructure
and services
Infrastructure
and services
Infrastructure
and services
Land rights /
ownership
/
management
Land rights /
ownership
/
management
Land use / land
cover
Population

References

Percentage of total households within a community cluster that travel
more than 30 minutes for drinking water. Household survey

Asare-Kyei et al. (2017)

Field survey

Fedele et al. (2017)

European
Commission
Joint
http://forobs.jrc.ec.europa.eu

Research

Centre

(JRC):

Hagenlocher et al (2018)

Community surveys

Sudmeier-Rieux (2011)

Primary and secondary data

Rahman et al. (2016)

N/S

Whelchel & Beck (2016);
Belle (2016)

World
Bank
Open
Data
http://data.worldbank.org/
indicator/SP.POP.TOTL
The average duration in days of the dry season over the last decade. This
was operationalized by using the frequency of irregular rainfall events
Both primary (Key Informants Interview, Household Survey, and Focus
Group Discussion) and secondary (climatic, literature review) data

Satta et al. (2017)

Irregular monsoon rain and rainfall
pattern (qualitative)

Precipitation
dryness
Precipitation
dryness

Human development (ranking 1-5)

Social context

Expert assessment based on data from Indexes

Leal Filho et al. (2018)

Social context

hdr.undp.org/sites/default/files/2015_human_development_report.pdf

Leal Filho et al. (2018)

Social context

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015);
Rahman et al. (2016)

Social context

Vision of Humanity, http://www.visionofhumanity.org

Hagenlocher et al (2018)

Dry season duration

Human Development Index (rating low,
medium, high)
Migration rate/rural-urban migration
(N/S)
Number of fatalities caused by terrorists
per 10,000 per year
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Asare-Kyei et al. (2017)
Rahman et al. (2016)

GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
susceptibility
Social
Susceptibility

Indicator Name

Category
(provisional)

Data source

References

Population affected by armed conflict (%)

Social context

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Population who experience violence (%)

Social context

Homicide Monitor, http://homicide.igarape.org.br

Hagenlocher et al (2018)

Vulnerable groups (N/S)

Social context

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Dependency on communal rangelands

Livelihood

National census data

Bourne
et al. (2016)

Soil productivity (N/S)

Soil
characteristic

Community survey

Sudmeier-Rieux (2011)

Dependency on wood for fuel

Social context

Community survey

Sudmeier-Rieux (2011)

Runoff rates (mm/h)

Water

Data source from Asare-Kyei et al. (2015).

Asare-Kyei et al. (2017)

Water - human
use
Water - human
use

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Amount of water resources/population. Statistical yearbooks.

Xue et al. (2019)

Hagenlocher et al (2018);
Bourne et al. (2006)

Access to potable drinking water (N/S)
Per capita water resources
Access
to
clean
water
(%
population)/dependency on surface or
groundwater

Water - human
use

Instituto
Brasileiro
de
Geografia
e
Estatística
(IBGE),
http://www.sidra.ibge.gov.br; Bangladesh Bureau of Statistics (BBS),
http://www.bbs.gov.bd; INDIA CENSUS, http://www.censusindia.gov.in;
General Statistics Office of Vietnam (GSO), https://www.gso.gov.vn

Sanitation (N/S)

Water - human
use

Community surveys

Sudmeier-Rieux (2011);
Hagenlocher et al (2018)

Social Acceptance, increase of interested
parties among Stakeholders (qualitative)

Engagement

Questionnaire surveys

OAL Greece

Changes in human well-being

Well being

Statistical Service, Surveys

OAL Greece
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GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Indicator Name

Category
(provisional)

Data source

Hotel occupancy (count)

Financial

Hellenic Hotel Chamber

Water supply / volumes (m3/yr)

Water - human
use

Community surveys; national level databases; local monitoring

Literacy rates (%)

Demographics

Surveys, Census statistics

Ethnic group (categorical variable of
locally relevant ethnic groups)

Demographics

Community surveys

Social
Susceptibility

Female headed households

Demographics

Community surveys

Social
Susceptibility

GDP

Economy

Statistical yearbooks

Social
Susceptibility

In poor health / disability / over 70 years

Health
nutrition

Social
Susceptibility

Access to land or land ownership (%
households)

Land rights
ownership
management

Social
Susceptibility

Poverty (% of population)

Economy

Various national level statistics

Human impact

Trend of tourists who travel to a country different from the one in which
they are resident, expressed in percentage (%).International tourism,
number of arrivals (from 2000 to 2015);World Bank Open Data
http://data.worldbank.org/ indicator/ST.INT.ARVL

Social
Susceptibility

Tourist arrivals (%)
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References
OAL Greece
Sudmeier-Rieux (2011);
OAL Greece
Asare- Kyei et al (2017);
Hagenlocher et al (2018)
Sudmeier-Rieux (2011)
Sudmeier-Rieux (2011);
Arkema et al. (2017);
Hagenlocher et al (2018)
Zhang et al. (2017); Song
et al. (2015); Leal Filho et
al. (2018)
Sudmeier-Rieux (2011)
Asare-Kyei et al. (2017);
Fedele et al. (2017);
Sudmeier-Rieux (2011);
Hagenlocher et al (2018)
Hagenlocher et al (2018);
Leal Filho et al. (2018);
Asare-Kyei et al. (2017)

Satta et al. (2017)

GA no.: 776848
Risk component
(provisional)
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility
Social
Susceptibility

Category
(provisional)
Population
exposure to past
events

Indicator Name

Shocks and stress (ranking)

Data source

References

Recent disasters as a list, ranked by decreasing impact by communities

Fedele et al. (2017)

Non-English-speaking population (N/S)

Demographics

N/S

Arkema et al. (2017)

Non-European immigrants (N/S)

Demographics

N/S

Arkema et al. (2017)

Percent females in the population (%)

Demographics

N/S

Arkema et al. (2017)

Percent Hispanic (%)

Demographics

N/S

Arkema et al. (2017)

Percent non-White residents (%)

Demographics

N/S

Arkema et al. (2017)

Median income (N/S)

Economy

N/S

Arkema et al. (2017)

Proportions of low income
households

Economy

National census data

Bourne et al. (2016)

Economic diversification (scale 1-7)

Economy

Expert judgement

Karnauskaitė et al. (2018)

Agroforestry

Agriculture

Household Survey
Percentage of total land in the community cluster under agroforestry
plantation or of considerable tree density

Asare- Kyei et al (2017)

Crop diversification (N/S)

Agriculture

Community surveys

Sudmeier-Rieux (2011);
Antwi et al (2015); AsareKyei et al (2017)

Community surveys

Sudmeier-Rieux (2011)

Coping and Adaptive Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Knowledge of
prevention (N/S)

hazard

causes

&

Information
awareness
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Knowledge on climate (N/S)

Information
awareness

Access to social services (N/S)

Data source
Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Infrastructure
and services

Data collected via survey, focus groups, transect walks and key informant
interviews; Location of buildings from Eskom data

Antwi et al. (2015);
Bourne et al. (2006)

Health care (N/S)

Infrastructure
and services

Community surveys

Sudmeier-Rieux (2011)

Regular (monthly) meetings (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)

Religious structures (N/S)

Infrastructure
and services

Community surveys

Sudmeier-Rieux (2011)

Schools (N/S)

Infrastructure
and services

Community surveys

Sudmeier-Rieux (2011)

Community Stake-holder Organizations /
CBOs (N/S)

NGOs
and
community orgs

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Cooperatives (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)

Local participation (N/S)

NGOs
and
community orgs

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Participation in decision making /
implementation from interdisciplinary
sectors (qualitative)

Political
influence

Field survey; Questionnaires

Fedele et al. (2017); OAL
Greece

Assembly member (N/S)

Political
influence

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Politically influential person (N/S)

Political
influence

Data collected via survey, focus groups, transect walks and key informant
interviews

Antwi et al. (2015)

Food stocks (N/S)

Emergency
planning

Community surveys

Sudmeier-Rieux (2011)

Community forest user group (N/S)

NGOs
and
community
organisations

Community surveys

Sudmeier-Rieux (2011)

Community leadership (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)

Vocational skills (N/S)

Economy

Community surveys

Sudmeier-Rieux (2011)

Government assistance (N/S)

Governance

Community surveys

Sudmeier-Rieux (2011)

Access road (N/S)

Infrastructure
and services

community surveys

Sudmeier-Rieux (2011)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Category
(provisional)

Indicator Name

Extra kinship links (N/S)

Social context

Adaptation over time (qualitative)

Donor aid for adaptation (US$)

Existence
of
policies/strategies (yes/no)

adaptation

Adaptation
planning
and
finance
Adaptation
planning
and
finance
Adaptation
planning
and
finance

Data source

References

Community surveys

Sudmeier-Rieux (2011)

N/S

Hamin et al (2018)

Aiddata at http://aiddata.org/gis

Hagenlocher et al (2018)

N/S

Hagenlocher
et al (2018)

Agricultural extension services

Agriculture

Average number of agriculture extension officers per community in the
cluster. Household Survey

Asare- Kyei et al (2017)

Gross margin per hectare

Agriculture

Ratio of the difference between total crop revenue and variable
production cost per hectare. Household Survey

Asare- Kyei et al (2017)

Number of herds / households

Agriculture

Household Survey

Asare- Kyei et al (2017)

Percentage of farmers who use different
crop varieties (%)

Agriculture

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Percentage of households who have
adjusted their farming practices (%)

Agriculture

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

D6.1 | Review on vulnerability and risk assessment specific to NBS

75 / 87

GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Category
(provisional)

Indicator Name

Data source

References

Shifting away from traditional cropping
season (Qualitative)

Agriculture

Primary data collection, secondary data analysis

Rahman et al (2016)

Existence of integrated development
plans: conservation, protection; land use
planning; controls by authorities (yes/no)

Conservation
policies / funding

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018);
OAL Greece

Access to tools/equipment (N/S)

Consumer goods

Community surveys

Sudmeier-Rieux (2011)

Consumer durables (N/S)

Consumer goods

Community surveys

Sudmeier-Rieux (2011)

Occupied units with a telephone, access
to telephone or mobile (N/S)

Consumer goods

Community surveys

Arkema et al. (2018);
Sudmeier-Rieux (2011)

Area protected by structural measures
(%)

Disaster
reduction

risk

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Dependence
land
livelihoods
Dependence
land
livelihoods

on
for

Both primary (Key Informants Interview, Household Survey, and Focus
Group Discussion) and secondary (climatic, literature review) data were
used

Rahman et al. (2016)

Data from qualitative interviews

Zhou (2010)

Mixed methods, field work

Fedele et al. (2017)

Alternative livelihood
practices (qualitative)

to

cropping

Dependence index on agricultural income
(DEI)
Promotion natural regeneration in less
productive cropland (N/S)

Disaster risk
reduction
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Recognition of the importance of forest
cover and suited species for low water
availability (N/S)

Disaster risk
reduction

Mixed methods, field work

Fedele et al. (2017)

Flood risk reduction (N/S)

Disaster risk
reduction

N/S

Whelchel & Beck (2016);
Fedele et al. (2017)

Floodplain ecosystem
protection/restoration (N/S)

Disaster risk
reduction

N/S

Whelchel & Beck (2016)

Observation of the effects of forest landuse changes on water availability (N/S)

Disaster risk
reduction

Mixed methods, field work

Fedele et al. (2017)

Reduced risk/impact (index)

Disaster risk
reduction

Landslide spatial probability index x potential damage index

Terrazas (2016)

Annual household income (local
currency)

Economy

Household survey

Asare-Kyei et al. (2017)

Labour availability

Economy

Household survey

Asare-Kyei et al. (2017)

Country population (millions) and GDP
rank

Economy

www.worldometers.info/world-population/bangladesh-population/

Leal Filho et al. (2018)

Lending interest rate (% interest)

Economy

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Financial capacity for relocation

Economy

Mixed methods, fieldwork

Fedele et al. (2017)

Number of income-generating activities
per household (average number)

Economy

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Per capita income (N/S)

Economy

N/S

Arkema et al. (2017)

Percent living in poverty (families,
individuals) (%)

Economy

N/S

Arkema et al. (2017)

Social security benefits (N/S)

Economy

N/S

Arkema et al. (2017)

% of GDP spent on innovation and
research

Economy

UNESCO, http://data.uis.unesco.org

Hagenlocher et al (2018)

Households receiving remittances (%) /
remittances

Economy

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018);
Sudmeier-Rieux (2011)

Households with access to bank loans /
(micro-) credits (%)

Economy

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)

Households with gross savings (%)

Economy

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Households with insurance - excl. health
insurance (%)

Economy

World
Map
of
http://www.worldmapofmicroinsurance.org

Savings (N/S)

Economy

Community surveys

Sudmeier-Rieux (2011)

Diversity of incomes / Diversity index of
income

Economy

Data from qualitative surveys, Community surveys

Sudmeier-Rieux
Zhou (2010)

Foreign Direct Investment (% GDP)

Economy

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)

Access to shelter places (density of
primary and secondary schools per km2)

Emergency
planning

OpenStreetMap at http://www.openstreetmap.org

Hagenlocher et al (2018)

Emergency management Committee
(Annual meeting frequency)

Emergency
planning

Own surveys

Asare-Kyei et al. (2017);
Sudmeier-Rieux (2011)

Early warning system/monitoring (N/S)

Emergency
planning

Community surveys

Sudmeier-Rieux (2011)

Evacuation plans

Emergency
planning

Community surveys

Sudmeier-Rieux (2011)

Emergency water supply (N/S)

Emergency
planning

Community surveys

Sudmeier-Rieux (2011)
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Microinsurance:

Hagenlocher et al (2018)

(2011);

GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Category
(provisional)

Indicator Name

Data source

References

Existence of hazard/vulnerability/risk
maps (yes/no)

Emergency
planning

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Presence of an emergency beach action
plan (ability to evacuate) (N/S)

Emergency
planning

N/S

Arkema et al. (2017)

Relief period of emergency items (days)

Emergency
planning

Leadership
population)

Governance

and

management

(%

Length of time in days it takes for disaster managers to provide relief
items and emergency support services to affected people. Household
survyes
Percentage of communities within a cluster with well functional
institutional network comprising well respected chiefs and effective local
government structures. Household surveys
Corruption Perception Index (CPI) by Transparency International at
http://www.transparency.org
Corruption Perception Index (CPI), using scale 0 to 100 to assess the level
of trust international institutions and local representatives have in
national governments

Governance

Governance

State policy on forest designation (N/S)

Governance

Share of population with alternate food
and income sources (% population)

Health
nutrition

and

Availability of food reserves (yes/no)

Health
nutrition

and

Adaptable house structure (N/S)

Asare-Kyei et al. (2017)

Asare-Kyei et al. (2017)

Hagenlocher et al (2018);
Leal Filho et al. (2018)

Mixed methods, fieldwork

Fedele et al. (2017)

Percentage of population in a community cluster with additional food
and income source other than agriculture. Household surveys

Asare-Kyei et al. (2017)

Ashley (2016); World Bank http://projects.worldbank.org/ ; Canadian
Foodgrains Bank, http://www.foodgrainsbank.ca;
Center for
Agricultural Policy, Vietnam

Hagenlocher et al (2018)

Housing

Community surveys

Sudmeier-Rieux (2011)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Safe building (N/S)

Housing

Community survey

Sudmeier-Rieux (2011)

Seasonal housing units (N/S)

Housing

N/S

Arkema et al. (2017)

Vacation rentals (N/S)

Housing

N/S

Arkema et al. (2017)

Access to information (e.g. radios) (N/S)

Information
awareness

/

Community surveys

Sudmeier-Rieux (2011)

First aid skills (N/S)

Information
awareness

/

Community surveys

Sudmeier-Rieux (2011)

Institutions (NGOs) raising environmental
awareness (N/S)

Information
awareness

/

Mixed methods, fieldwork

Fedele et al. (2017)

Information
awareness

/

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Information
awareness

/

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Information
awareness

/

National level statistics

Hagenlocher et al (2018)

Percentage of households that have
attended any disaster preparedness
training (% households)
Percentage of households who previously
received early warning messages (%
households)
Percentage of households with access to
information (% households)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Access to transportation network

Infrastructure
and services

OpenStreetMap at http://www.openstreetmap.org
Density of the transportation network in the study areas per 100,000
people, inc. roads; rivers, canals and streams; and ferry stations

Hagenlocher et al (2018)

Availability of emergency services

Infrastructure
and services

OpenStreetMap at http://www.openstreetmap.org

Hagenlocher et al (2018)

Emergency health care (N/S)

Infrastructure
and services

Community surveys

Sudmeier-Rieux (2011)

Helipad (N/S)

Infrastructure
and services

Community surveys

Sudmeier-Rieux (2011)

Population with health insurance (%)

Infrastructure
and services

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Private health expenditure (% of GDP)

Infrastructure
and services

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)

Public health expenditure (% of GDP)

Infrastructure
and services

World Bank at http://data.worldbank.org/

Hagenlocher et al (2018)

Number of hospital beds per 1,000

Infrastructure
and services

National level databases

Hagenlocher et al (2018)

Local water management committee
(N/S)

NGOs
and
community orgs

Mixed methods, fieldwork

Fedele et al. (2017)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Women's groups (N/S)

Percentage of population who has
adapted before (%)

Previous disaster experience

Category
(provisional)

Data source

NGOs
and
community orgs
Previous
experience
hazard
Previous
experience
hazard

of

of

References

Community surveys

Sudmeier-Rieux (2011)

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Mixed methods and fieldwork

Sudmeier-Rieux (2011);
Hagenlocher et al (2018);
Fedele et al. (2017)

The percentage of people in a community cluster with good knowledge
of climate variability, local environmental issues and have taken part in
any disaster risk reduction education in the last five years. Household
surveys
Percentage of communities within a cluster with highly or adequate
participation of people in communal activities such as cleanup
campaigns, village meetings etc. Household surveys

Local knowledge (% population)

Social context

Social capital (% population)

Social context

Social norms and village rules that limit
logging (N/S)

Social context

Mixed methods fieldwork

Fedele et al. (2017)

Propensity to migrate abroad and
increased dependency on remittance
(qualitative)

Social context

Both primary (Key Informants Interview, Household Survey, and Focus
Group Discussion) and secondary (climatic, literature review) data

Rahman et al. (2016)

Transient and homeless (N/S)

Social context

N/S

Arkema et al. (2017)

Number of out-migrants per 1,000

Social context

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)
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Asare-Kyei et al. (2017)

Asare-Kyei et al. (2017);
Hagenlocher et al (2018)

GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Percent single-parent households

Social context

N/S

Arkema et al. (2017)

Population who can swim (%)

Social context

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Depth of soil that is amenable to plants
for flood mitigation (length unit)

Soil
characteristic

Information on soil textures in the “Mapa de solos do estado do Rio de
Janeiro” available on the EMBRAPA website of the Ministry of
Agriculture, Livestock and Food Supply (https: //www.embrapa.br/)

Ronchi & Arcidiacono
(2018)

Car ownership (N/S)

Transport
ownership

Literature review

Arkema et al. (2017)

Households with a boat (% households)

Transport
ownership

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Households with individual means of
transportation

Transport
ownership

Instituto
Brasileiro
de
Geografia
e
Estatística
(IBGE),
http://www.sidra.ibge.gov.br; Demographic and Health Surveys (DHS)
Program,
http://dhsprogram.com;
INDIA
CENSUS,
http://www.censusindia.gov.in; General Statistics Office of Vietnam
(GSO), https://www.gso.gov.vn

Hagenlocher et al (2018)

Green Vegetation Cover (GVC)

Vegetation

Fractional cover of green vegetation during the dry season. Higher GVC
reduces vulnerability (from Broxton et al., 2014)

Asare-Kyei et al. (2017)

Groundwater level (m)

Water

Average level at which most boreholes in the area reaches water.
Regional databases

Asare-Kyei et al. (2017);
OAL Greece

Water

1km resolution soil map from the Harmonized World Soil Database
(HWSD) version 1.1 produced in 2009 by the International Institute for
Applied System Analysis (IIASA)

Asare-Kyei et al. (2017)

Infiltration rate (mm/h)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Bas Fonds (number)

Wetlands

Number of reservoirs and water bodies (bas-fonds) located in the study
area. FAO (2012).

Asare-Kyei et al. (2017)

Exposure reduction (qualitative)

Population
exposure

N/S

Hamin et al. (2018)

Water holding capacity (mm)

Water

Data taken from rigridded Harmonized World Soil Database (HWSD)
(FAO, 2009)

Asare-Kyei et al. (2017)

Irrigation technology and pumps

Water - human
use

Various sources available

Fedele et al. (2017);
Hagenlocher et al (2018);
Antwi et al. (2015)

Villagers transport water to croplands
(N/S)

Water - human
use

Mixed methods, fieldwork

Fedele et al. (2017)

Volume of water storage in a safe
reservoir/container (m3)

Water - human
use

Multiple data sources incl. census data, publicly accessible national and
global repositories, expert knowledge

Hagenlocher et al (2018)

Share of population with ability to survive
crisis (% population)

General coping
capacity

Household surveys

Asare-Kyei et al. (2017)

Mutual assistance (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)

NGO assistance (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)
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GA no.: 776848
Risk component
(provisional)
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity
Coping and
Adaptive
Capacity

Indicator Name

Category
(provisional)

Data source

References

Organisational skills (N/S)

NGOs
and
community orgs

Community surveys

Sudmeier-Rieux (2011)

Managed sharing and allocation of water
(N/S)

Water - human
use

Mixed methods fieldwork

Fedele et al. (2017)

Percentage of households with access to
waste/water treatment (%)

Water - human
use

Pesquisa Nacional de Saneamento Básico – 2008, http://ibge.gov.br ;
Bangladesh Bureau of Statistics (BBS), http://www.bbs.gov.bd; INDIA
CENSUS, http://www.censusindia.gov.in; General Statistics Office of
Vietnam (GSO), https://www.gso.gov.vn

Hagenlocher et al (2018)

History of compensation for damage
(Euros)

Financial

ELGA

OAL Greece

Social learning concerning Rural
ecosystems and their functions/services

Social context

Questionnaires

OAL Greece
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