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Abstract A prototype multi-purpose index is proposed for use in the evaluation
of practices for adaptation to climate variability and change. The Index of Usefulness of
Practices for Adaptation (IUPA) allows the user to assign weights and scores to a set of
user-defined evaluation criteria. Individual criterion scores are aggregated into a final
index value. Both the final value and the individual parameter scores provide useful
information for improved decision making in the context of climate change. An innovative
aspect of IUPA is that guidance is given to the user through the inclusion of recom-
mendations on evaluation criteria and criterion-specific weight factors. These have been
defined by a panel of experts from the Latin-American and Caribbean Region (LAC).
Application of the index is demonstrated for an existing adaptation practice from the
Coquimbo Region, Chile. The IUPA tool is recommended for use in the evaluation of
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adaptation practices in their design, implementation and post-implementation phase. It is
practical for a quick first assessment or when limited financial resources are available,
making the tool especially useful for practitioners in the developing world. The index is
flexible both from the perspective of its construction and use. Additional expert opinions
can easily be included in the future versions of the tool.

Keywords Climate change - Adaptation - Index - Multi-criteria - Decision making -
Latin-America and the Caribbean - Chile

1 Introduction

It is now widely recognized that climate change is a major issue human societies will
need to face during the twenty-first century (Vincent 2007). An update on the evidences
of a changing climate has recently been given in the fourth assessment report AR4 of
the Intergovernmental Panel on Climate Change (IPCC 2007a, c). Even when uncer-
tainty continues to exist over the exact magnitude of the changes that will occur, it can
be foreseen that changes will continue for hundreds of years, even if a stabilization of
greenhouse gas emissions can be achieved (IPCC 2007b; Reilly et al. 1994; Sterr
2000).

In this same context, more and more indications appear that climate change may be
influencing the frequency and severity of natural catastrophic events (IPCC 2007a). Rising
socio-economic costs associated with damage from e.g. extreme (hydro) meteorological
events are a clear reflection of the society’s current and potential future vulnerability to a
phenomenon such as climate change. Impacts and associated events, however, tend to
affect in a disproportionate way the developing countries and least developed sections of
the society, increasing even more the existing inequalities in the world (Haddad 2005). The
former appears as a consequence of the fact that vulnerability of human society is related to
processes and conditions—as determined by physical, social, economic and environmental
factors—that increase its’ susceptibility, or that of a community making part of it, to be
negatively impacted by one or several threats (UN ISDR 2005).

In order to reduce vulnerabilities, a timely adaptation to probable new environmental
conditions under climate change becomes imperative. Adaptation can be defined as:
‘adjustments in human systems in response to actual or expected climatic stimuli or their
effects, which moderate harm or exploit beneficial opportunities’ (IPCC 2001). It is an
integral part of the implementation of the United Nations Framework Convention on
Climate Change (UN 1992), and ‘requires urgent attention and action on the part of all
countries’ (UNFCCC 2002).
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It becomes thus clear that, in the next decade, it will be of uttermost importance to carry
out and intensify actions that allow diminishing society’s vulnerability to climate vari-
ability and change. Climate adaptation refers to a wide range of behavioural adjustments
(involuntary or planned) that households and institutions take—including practices, pro-
cesses, legislation, regulations and incentives—to mandate or facilitate changes in socio-
economic systems, aimed at reducing vulnerability to climatic variability and change
(Burton et al. 2002; Leary 1999).

Many of these actions require the formulation and implementation of one or a group of
adaptation practices, policies and strategies (Smit and Wandel 2006). Adaptation practices
may vary considerably among regions, countries and social groups: all of these may react
to climatic variability and change in different forms.

Many historical cases of human adaptation to the host environment exist (Burton et al.
2006) and may serve as an example; numerous works describe and analyze the past and
new adaptation options in different regions, for a variety of sectors: agriculture, water
resources, ecosystems, coastal areas, human settlements, energy and industry, insurance
and other financial services, human health, etc. (Kane et al. 1992; Reilly et al. 2001;
Droogers 2004; Orlove 2005). However, these works do not systematically provide specific
guidance on the criteria that may help evaluating the general usefulness and potential for
success of past, current and future adaptation options (Tompkins and Adger 2005).

Effective adaptation practices are responsive to a wide variety of economic, social,
political, geographic and environmental conditions, so criteria for success may be context-
specific (Dessai and Hulme 2007). From this perspective, it may thus seem inappropriate to
provide a unique guideline in a fixed format and prescriptive style for the evaluation of the
effectiveness of all possible adaptation strategies. Rather, what is required is a common
framework of concepts, linked together in a flexible manner, e.g. in the form of a tool that
helps policy makers and practitioners in the design, implementation or evaluation of the
usefulness and chances for success of adaptation strategies and measures.

2 Objectives

This article describes the development and implementation of a prototype, multi-criteria
composite index that is proposed as a simple, flexible tool useful for a first quick evalu-
ation, critical review, multi-objective optimization and for improved decision making
specifically in the field of adaptation to climate variability and change.

3 Theoretical and methodological background

In what follows, a short description is given of the basic concepts that were addressed
during the development of the proposed evaluation index.

3.1 Expert judgment

Expert judgment is an approach for soliciting informed opinions from individuals with
particular expertise. Integral to many decision-making tools, it is used to obtain a rapid
assessment of the state of knowledge about a particular aspect of, and to produce position
papers on, issues requiring policy responses. The solicited expert knowledge may be based
on the outcome from hypothesis testing in case studies, on observations and empirical
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knowledge, on the results from models as well as on their extra- or interpolation, or it may
be generated through interviewing key informants or by means of deductive reasoning
(Smit and Wandel 2006). Often applied when there is insufficient time to undertake a full
study, it is important, however, to be aware of its subjective nature. Selection of a rep-
resentative sample of experts that cover the full spectrum of opinions on an issue is
therefore recommended (UNFCCC 2005).

3.2 Multi-criteria decision making

Cost-benefit, cost-effectiveness and multi-criteria procedures are frequently applied for
ranking or rating the relative merit of possible adaptation options (Smit and Wandel 2006).
Multi-criteria assessment techniques have been previously used in the specific context of
climate change (Alberini et al. 2006; Brooks et al. 2005; Carreno and Cardona 2007;
Sullivan and Meigh 2005). One specific example is the adaptation decision matrix (ADM),
which was developed to evaluate the relative effectiveness and costs of adaptation options
(Mizina et al. 1999). In the ADM, users are asked to specify a set of evaluation criteria, and
then weight the criteria. Assignment of numerical scores by the user indicates to what
extent the different criteria (policy options) are met in the case of different adaptation
measures. These assignments can be based on expert judgment or in-depth research for
scenarios of both current climate and climate change. A single numerical value (~ index)
obtained by a weighted integration of the scores for the different criteria can then be
compared to relative costs in order to make an assessment of cost-effectiveness. The
possible final outcome is thus not unique, but dependent on both the—often subjective—
assignment of weights and parameter scores, as well as the selected integration method.

3.3 Use of indexes for assisting the decision-making process

In the case of multiple evaluation criteria, a complementary single, integrated index value
may make information more easily and readily understood than the original long list of
numerical values or non-quantitative, descriptive interpretations of the criteria. Integrated
indexes also facilitate comparison when different alternatives are being evaluated. Con-
sequently, indexes are considered to be very useful for transmitting information to general
audiences as well as for practical decision making (Brooks et al. 2005; Carreno and
Cardona 2007; Connor and Hiroki 2005; Stambuk-Giljanovic 1999). In the fields of natural
and social sciences, they have been used for a wide array of applications, e.g. water quality
(Debels et al. 2005), socio-economic deprivation (Bell et al. 2007), and climate adaptation
policies (Eriksen and Kelly 2007).

3.4 Defining the usefulness of adaptation practices

Adaptation in the context of human dimensions of climate change usually refers to a process,
action or outcome in a system (household, community, group, sector, region, country) in
order for the system to better cope with, manage or adjust to some changing climatic
condition and its associated stresses, hazards, risks or opportunities (Smit and Wandel 2006).

The concept ‘adaptation practices’ covers an ample set of such actions and adjustments,
in response to or anticipating a changing climate and its impacts. Such actions or
adjustments include, but are not limited to: social processes, engineering works, changes in
agricultural practices, development of early warning systems, more efficient use of natural
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resources (e.g. water), etc. Adaptation practices may thus vary widely according to the
sector and region/country of application, and the associated social context and scale.

An adaptation practice can be considered useful if it integrates positively within a more
general context of sustainable socio-economic development and is beneficial—whether
climate change occurs or not—for both target population and society. However, what is
useful or successful for a specific group of stakeholders today, may lose this character in
the future, or may not be equally useful for other stakeholders working at other (spatial or
temporal) scales, or facing other kinds of problems. From this perspective, it can be stated
that the evaluation of the usefulness of an adaptation practice responds to a judgment that
will be dependent on the spatial, temporal and social context in which the adaptation
occurs or is desired. While it is important to bear the former observation in mind, as a first
introduction we refer here to a suggested set of normative evaluation criteria for judging
the success of adaptation practices at different scales, as it is given by Adger et al. (2005):
‘effectiveness’, ‘efficiency’, ‘equity’ and ‘legitimacy’. Also according to these authors, the
relative importance attached to these (or similar) criteria will vary between countries,
between sectors within countries and over time as attitudes and expectations change.

4 Development of the IUPA index
4.1 Characteristics of the IUPA index

The proposed ‘Index of Usefulness of Practices for Adaptation’ (IUPA) for evaluating the
usefulness and potential for success of current and future options for adaptation to climate
change and variability is build on similar principles as other existing tools, such as e.g. the
ADM of Mizina et al. (1999): it makes use of both expert judgment as well as multi-criteria
decision making, and is relatively simple in terms of its construction and implementation. The
IUPA, however, differs from existing tools as it combines the following three characteristics:
(1) it specifically addresses the topic of adaptation to climate change by explicitly considering
the uncertainty aspect of this phenomenon through the (suggested) inclusion of evaluation
criteria such as ‘robustness of the solution’, ‘flexibility’ and ‘resilience’; (ii) it is highly
flexible in its construction and use; and most importantly, (iii) it directly assists the user in the
evaluation of an adaptation practice by providing suggestions on evaluation criteria to include,
as well as on their relative importance. This specific guidance provided to the user originates
from a knowledge pool, which was generated by a team of professionals with different
geographic and thematic backgrounds, and may help to reduce subjectivity in the application
of the IUPA while still allowing sufficient flexibility to adapt the tool to local conditions and
goals. For any practical case study, the effects of subjectivity in the user assignment of
parameter weights and scores may also be further reduced by allowing different user panels to
independently apply the index, which then needs to be followed by a comparison of the
results. Under its current form, the knowledge pool is directly useful to end users, but it was
conceived in such a way that it can easily be expanded with additional contributions from
experts and stakeholders working on adaptation to climate change in other parts of the world.

4.2 Matrix development and calculation of the IUPA index value
The matrix used for calculating the IUPA index value is developed by tabulating the

criteria for evaluating the usefulness of a particular adaptation practice (‘variables’)
against criterion weights and scores, a process through which a matrix of n rows by m
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columns is obtained. A detailed description of the meaning of the different rows and
columns of the IUPA matrix is given in Appendix 1.

An integrated index value for the IUPA is obtained by (i) multiplying individual var-
iable scores with the assigned variable weight; and by (ii) consequently summing the
weighted individual parameter scores (‘weighted sum’):

n

ZC,' XP,'
IUPA ==L

n
i=1

where n represents the total number of criteria (variables), C; is the score (value between 0
and 10) assigned to criterion i, and P; is the weight of the ith criterion in the total index
score (value between O and 10; an indicator of its’ relative importance in the global
evaluation of the practice’s usefulness).

4.3 Expert panel involved in the development of the IUPA matrix

An important aspect of IUPA is the provision of user guidance in the evaluation process:
this guidance consists of (i) the suggested inclusion of specific evaluation variables, and (ii)
the provision of suggested variable weights. Suggested evaluation criteria (‘variables’) and
weights for the current version of the index (IUPA v1.0) are based on the outcome from
multiple discussion rounds held by a team of eight professionals (practitioners and
researchers) related to the climate change sector. The members of this team belong to a
research network sponsored by IAI (Inter American Institute for Global Change Research)
and come from the following countries: Argentina, Brazil, Chile, Colombia, Mexico,
Panama, Cuba and Belgium. They bring in their personal visions, based on their experience
from work in the LAC within the following disciplines: geosciences, hydrology, atmo-
spheric sciences, water management, social sciences and environmental management/
disaster management.

4.4 Selection and ranking of the evaluation criteria (‘variables’)
4.4.1 Suggested evaluation criteria

The criteria proposed as appropriate for the evaluation of the general usefulness of
adaptation measures are given in Table 1.

4.4.2 Suggested weight factors

In the context of the overall integrated evaluation of the usefulness of a given adaptation
practice, not all variables should be considered as being equally relevant (Alberini et al.
2006; Booysen 2002; Sullivan and Meigh 2005; Vincent 2007). This aspect can be
addressed through the use of expert-based weighting systems (e.g. Brooks et al. 2005) or,
as in the IUPA case, by taking into account the relative importance (as perceived and
defined by the expert panel) of each one of the variables in the overall evaluation.
A suggested set of weight factors (mean value of the suggestions of a multi-disciplinary
panel of eight experts) was elaborated by covering all the variables contained in Table 1.
A summary of the results from this process is given in Table 2.
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Table 2 General suggestions for weight factor values for the different evaluation criteria: mean values,
standard deviations and variable classification based on a sample of eight opinions

Variables Average Standard Variable
weight deviation class
factor

Accomplishment of the objectives 8.3 1.0 A

Implementation time 6.8 0.7 A

Total cost 6.6 1.3 A

Robustness and/or flexibility 8.9 0.8 A

Level of autonomy 7.1 1.5 A

Proportion of beneficiaries 7.1 1.6 A

Continuity in time 7.8 0.9 A

Level of resilience 8.4 1.2 A

Integration 7.5 1.4 A

Participation of target population 8.5 1.1 A

Attention to most vulnerable groups 7.9 1.2 B

Level of environmental protection 6.8 1.0 B

Repeatability 5.6 1.8 B

Incorporation of local/traditional 6.0 1.9 B

knowledge

Based on these results, the variables contained in Table 2 were assigned to two different
classes. Class ‘A’ consists of variables whose inclusion in the evaluation process should be
considered highly recommended. Class ‘B’ constitutes a set of ‘complementary variables’
whose inclusion in the evaluation process is suggested. The matrix allows additional
flexibility, by offering the user the possibility to include class ‘C’ variables, i.e. variables
that have been identified by the user(s) and/or by his/her entourage as being important for
the specific case under study, and whose inclusion in the matrix was originally not sug-
gested by the panel of experts.

5 Objectives and projected use
5.1 Objectives and potential uses

The proposed index can be used to evaluate the general (or specific) usefulness of
adaptation practices previous to, during and after the implementation phase. Results
from its application can be used for defining corrective or complementary actions
(in the case of adaptation practices that are currently being implemented), or for
modifying or choosing alternative practices (for adaptation efforts that are currently in
the planning phase). Application of the index may also prove useful when developing
project proposals and/or when requesting or approving financial aid. Table 3 gives an
overview of the potential uses of the IUPA index. The assignment of scores to the
individual evaluation variables of the index can be based on the opinions of local
practitioners or experts (allowing for a quick, first assessment), or on the outcome from
more in-depth research.
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Table 3 Potential uses of the IUPA tool

Potential use Description

General evaluation of a practice Evaluate the usefulness of adaptation practices in the different phases
of implementation by identifying strengths and weaknesses and
determine the possibilities and opportunities for improving them.
Analyze the extent to which the outcome from the implementation
meets the initial expectations

Comparison of alternatives Evaluate both the general and criterion-specific usefulness of a series
of different adaptation practices for an existing or potential situation
Support tool during the phase Use as a check-list or screening tool in the formulation of project
of project formulation proposals
Assistance in the fund-raising Use of the tool by both applicants and donor agencies and institutions
process to screen and evaluate proposals
Communications tool Exchange information on adaptation practices and their (expected)

performance, strengths and weaknesses with stakeholders—ranging
from individuals or local organizations to the international
community of climate change and adaptation professionals—during
the different phases of project planning and implementation

5.2 Opportunities and limitations

As was shown in Table 3, the [UPA index covers a wide field of potential applications. The
combination of ‘expert judgment’ and ‘multi-criteria decision making’ through the cal-
culation of an integrative index value can indeed be seen as a ‘straightforward and
structured, but somehow subjective form’ of generating support material for a multitude of
decision-making processes. In this context, however, it is important to stress: (i) the
subjective nature of expert judgment, and thus the consequent benefits arising from the
consideration of multiple opinions; (ii) the distinctive importance of both individual
parameter scores as well as the final index value (meaning the index value should not be
used without due consideration of the different individual parameter scores); and (iii) the
potential impact of several existing methods for aggregating individual variable scores into
a final index value. With respect to this last point, we refer to discussions in the literature
(e.g. Hallock 2002) on the (dis)advantages of the different methods, such as e.g. the
eclipsing or over-emphasizing of a single low variable score. The choice of method
employed in determining a composite index value should thus ultimately depend on the
nature and scope of the particular study (Ginsberg et al. 1986), and corresponding adap-
tations to the proposed index can be made (here we propose the simple integration method
indicated under Sect. 4.2). The proposed index should therefore not be unrestrictedly used
without due consideration of its characteristics and limitations.

Through the incorporation in the matrix of the outcome from a consultation process
(in terms of suggested weight factors for the different evaluation criteria), the opinions
from a group of experts from the LAC Region are made available to a broad group of
practitioners and researchers from the climate change and adaptation sector, which hold a
potential interest in the use of the proposed IUPA index. The consultation process focused
on identifying useful criteria for the general evaluation of practices that have a potentially
wide field of both geographical and thematic application, while maintaining their useful-
ness for application in more specific case studies. It may therefore be recommended to
include additional criteria and weights for evaluating practices that address very specific
types of change-related vulnerability, or when particular practices need to be applied to

@ Springer



222 Nat Hazards (2009) 50:211-233

very specific geographic regions. In this sense, the information provided by the panel is
intended to be used as guidance for end users, and these suggestions can be followed, or
case-specific adaptations can be made. Users themselves can modify the index, or form
their own consultative group(s) and conformingly introduce modifications to the suggested
list of criteria and associated weight factors. In an ongoing effort, new contributions from
researchers and practitioners from the different fields involved in global climatic change
research can be collected and used to develop a more extensive pool of opinions on
variables and variable weights. This can then be used to formulate new suggested weight
values, as well as to assess the magnitude of convergence/divergence in existing opinions
(~ subjectivity) with respect to the relative importance of specific evaluation criteria.

6 Case study description

In order to illustrate the usefulness and flexibility of the IUPA index, an example appli-
cation of the index is made for a selected case study from the LAC Region. First, a short
description of this case study is given in what follows.

6.1 Case study: improving disaster management related to natural hazards:
Coquimbo, Chile

The selection of this case study is based on the perception that improving disaster risk
management (related to current climate variability) can be an effective tool for adapting to
(future) climate change.

Coquimbo, one of Chile’s 15 administrative regions, is located in the northern part of
the country. With a total surface area of 40,580 km? and 603,210 inhabitants, approxi-
mately 22% of the region’s population is considered rural. Major economic activities in
this part of the country consist of agriculture, logging and mining. Over the last decades,
the region has experienced an important rural-urban migratory process. The regional
poverty level is 13.1%; 2.8% of the population is considered to be destitute (MIDEPLAN
2006).

A considerable part of the region consists of rugged terrain, subject to an ongoing
desertification process. The regions’ transitional climate (from a Mediterranean hyper arid
desert to a wetter climate towards the south; (Paskoff 1993; Scheider 1982)) goes asso-
ciated with highly variable annual precipitation rates. Frequent droughts are often followed
by short periods of intensive precipitations. In such occasions, rainy events increase the
risk of disasters, affecting both population and infrastructure.

The particular physical, climatic, social and economical characteristics of the region all
contribute to the vulnerability of part of its population to these hazardous extreme rainfall
events. The main disasters related to these phenomena in the area are devastating floods
and the occurrence of landslides (La Red 2003). The risk of disaster is spread unevenly
over the regional territory, due to spatial differences in topography, hydrography, pre-
cipitation patterns and socio-economic conditions. Impacts range from bridge and road
cuts, which result in the isolation of people and villages, breakage of telephone networks
and power grids, destruction of water systems, flooding of rural areas causing damage to
agriculture, and flooding of urban areas resulting in damaged houses, homeless and injured
people, or even casualties.

One of the main factors hindering an adequate management of this kind of disasters in
the area was the fragility of existing communication networks: with a considerable number
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of localities becoming isolated during disasters (due to e.g. road and bridge cuts), failure of
traditional communication networks such as telephone lines constitutes an important
limitation for adequately attending the needs of affected inhabitants.

From an organizational point of view, it is the Municipality who is located closest to the
most vulnerable local communities. In this sense, it is also the municipality who provides
relief whenever sufficient resources and capacity are available at this level. For addressing
major disasters, higher hierarchical levels, however, may become involved. Even under
such conditions, in order to be able to adequately address the problems of affected local
populations, it is the municipality who needs to be informed first about the impacts and
needs at these different localities. It is also between those two levels—municipalities and
localities—that most communication problems during disaster have occurred in the past.

In 1998, the Regional Emergency Office, OREMI, undertook the initiative to establish a
system which aimed at maintaining fluid communication during disaster. Fluid commu-
nication is considered to be essential for improved coordination of efforts and collaboration
between agencies across the territory. The projected system consisted of the implemen-
tation of an improved radio communication network. By incorporating existing systems,
coverage of the network could be maximized. A communication node was established in
each municipality of the region, through which radios installed at the different localities
belonging to that municipality could be integrated. In case of necessity, communication
from the municipality upward can be achieved by traditional means (telephone), or by
means of radio, through the implementation of additional nodes up to the level of the
Regional Government.

Most importantly, municipalities now maintain an open communication channel for
real-time contact with the different localities under their responsibility. In case of disaster,
the affected population can clearly inform municipal decision makers about local damages
and problems. This allows municipalities and, in case of need, higher hierarchical levels to
adequately plan and establish priorities for action, as a function of the most urgent needs.
Through the implementation of the system, more effective and egalitarian relief efforts can
be achieved.

Besides the achievement of the project’s first aim (open communication channels as a
means to improve disaster management), additional aspects that were considered were (i)
enhanced coordination/cooperation between different societal actors, in both vertical and
horizontal directions; (ii) improved stakeholder capacity building by means of training
sessions on the use of the new communication system, as well as other general aspects
relevant to improved risk management; and (iii) education of the target population in order
to enable local empowerment (organization of the community in case of emergency;
familiarity of the target population with the newly established communication channels
and procedures for action; changing people’s apathy concerning (pro)active participation
in disaster management and prevention, and promoting shared responsibility over disaster
management).

7 Results and discussion

Currently, the adaptation practice has been implemented in the Coquimbo Region.
Application of the IUPA methodology to the Coquimbo case study allowed for a rapid first
assessment of the different aspects of the adaptation measure, both from the perspective of
individual evaluation criteria, as well as from an integrative point of view. Similar as in
other evaluation frameworks (e.g. evaluation of the sustainability of natural resources
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management systems; see Lopez-Ridaura et al. 2002) applications can be made cross-
sectionally (e.g. comparing an alternative and a reference practice at the same time), or a
longitudinal analysis can be conducted in which the practice is analyzed both before, in
between, and after modifications are planned or introduced. The IUPA index was used here
to perform a post-implementation evaluation, in order to detect potential weaknesses or
problems which may still be remediated, but which were not anticipated during design (see
also Table 3: Potential uses of the IUPA index). A basic simulation was then made in order
to show how modifications could (hypothetically) affect the outcome obtained with the
evaluation tool. Conclusions can then be directly used for improving the Coquimbo
practice, but lessons learned may equally be useful for the design and implementation of
similar practices in other parts of the country, or the world.

The perception of the index users with regard to the performance for the different
evaluation criteria of the previously described Coquimbo adaptation practice is reflected in
Fig. 3, through which the individual, non-weighted parameter scores are graphically
visualized. In addition, the ITUPA matrix itself also provides the integrated index score
(Fig. 1).

As can be seen from Figs. 1 and 3, even when the obtained final IUPA index value
resulting from this evaluation process for the Chilean case study was quite high
(value = “7.4°), a certain level of heterogeneity exists among individual variable scores.
For this reason, in the [UPA-based revision process, attention was first given to the indi-
vidual variable scores and their corresponding weight factors, in order to identify those
weaknesses which most represent opportunities for further improvement of the overall
performance (~integrated index value) of the practice.

The recommended way to proceed in the detection process of the more relevant
weaknesses is to start by looking at the radial graph (Fig. 3): the user can easily identify
those variables for which a relatively low score was obtained by searching for those
locations where the bold line moves inwards, towards the centre of the graph. Once a
variable with a low(er) score has been identified (or a score for which improvement could
be achieved or would be desirable), the user can then have a look at the corresponding
weight factor in the second radial graph (Fig. 2). Improvements in aspects of the practice,
which are described by a variable to which both a low score and high weight factor were
assigned, are most likely to contribute to an overall improvement of the ‘real-world’
performance of the adaptation practice.

Application of this process to the Coquimbo case study shows that the variable with the
lowest score (in this case, a user-assigned value of ‘2’) is ‘incorporation of local/traditional
knowledge (B4)’. This may draw the designers’ or users’ attention to the fact that this or
similar future practices may benefit from the inclusion of such particular aspects in their
design. However, the weight assigned to this variable by the regional users of the index, ‘4’,
is also low, and lower than the weight factor value recommended by the expert panel (which
was ‘6’). A conclusion from the former may thus be that increased attention to local or
traditional knowledge in the (re-)design and implementation of this particular practice may
be desirable; however, other aspects are esteemed to have a major impact on the practice’s
overall usefulness for this specific combination of [geographic region] x [adaptation case].
It may therefore be more beneficial to address these other aspects first. By doing so, it can be
seen that the more important variables ‘level of stakeholder autonomy in decision making’
(AS5; weight = 6), ‘continuity in time of project outcome’ (A7; weight = 8) and ‘partici-
pation of target population’ (A10; weight = 9) also obtained relatively low scores of ‘5°, 6’
and ‘6’. Problems or weaknesses associated to these variables can now be analyzed, and
ways to improve these aspects of the practice can be sought.
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Fig. 2 Graphical overview of Radial Diagram of User-Assigned Individual
parameter weights Parameter Weights

For the specific case of the Coquimbo practice, a clear connection between the previ-
ously mentioned variables could be detected. For example, field verifications showed the
continuity of the practice’s implementation and outcome to be erratic; in certain localities
the radio was found to be inoperational, a fact which is at the basis for the assignment of a
lower score to variable ‘A7’. This problem was mainly associated to the lack of (access to)
exchange batteries, or due to improper equipment maintenance and repair. In addition to
this, it was also detected that participation of the target population in decision making in
the early phases of project design was rather limited. For this reason, and independent from
the analysis made for variable ‘A7’, a lower score was also assigned to ‘A10’.

A discussion by the practitioners on the outcome shown in Fig. 3 allowed establishing
the link between the different weaknesses, as it can be reasonably assumed that major
levels of local autonomy (‘A5’) and a more adequate integration of the target population in
the design of the adaptation practice (‘A10’) might have resulted in higher probabilities for
an early detection of these potential sustainability risks (‘A7’). Measures might have been

Fig. 3 Graphical overview of Radial Diagram of Individual Parameter
parameter scores Scores
A1l
10

Cl— A2
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planned and undertaken already from the design phase in order to address additional local
capacity building needs, as well as in order to guarantee major local financial and technical
autonomy (‘AS5’) throughout the project’s implementation: currently, at several localities
persons in charge do not count with sufficient economical means, nor do they dispose of
trained technical staff in order to guarantee continuous operation of the implemented radio
systems. This makes them dependent on and subject to political willingness and priority-
setting at higher political and administrative-organizational levels (starting from the
Municipalities); it seems to be plausible to expect that for this reason, at certain localities
the initiative was ‘temporarily’ abandoned, as more ‘urgent problems’ needed to be
addressed ‘“first’.

Application of the IUPA index to this particular case study and its’ associated evalu-
ation criteria checklist shows how the choice of useful modifications to the design and
implementation of the adaptation practice can be steered by an analysis of the user-
assigned individual variable scores and weights. Improvements for this or similar practices
may thus consist of the incorporation of the target population starting from the early phases
of (re-)design or modification of the practice (variable ‘A10’), in order to better address the
aspects of continuity (variable ‘A7’) or other problems that might occur, and in order to
find means for assuring major (financial and operational) autonomy at the level of the final
end-users (variable ‘AS5’).

Expected effects from such projected improvements, as a result of this revision process,
can be reflected not only in an updated version of the radial diagrams, but also in a new final
integrated index value: increased participation and autonomy of local responsibles and
target population (let us suppose a new user score of ‘8’ for both ‘A5’ and ‘A10’) may lead
to expectations for a higher sustainability of the project outcome (we suppose a new user
score of ‘8’ for variable ‘A7’ here). Applying the IUPA index (‘design’ or ‘pre-imple-
mentation/modification phase’) would lead to a new improved final [UPA index value of
“7.9°. Of course, as this assessment is subjective and made rapidly, such expectations will
have to be monitored against future results (by means of a new post-implementation
evaluation), or more detailed studies addressing these specific aspects can be requested. For
revision purposes of the outcome of the index application, however, it is important to
indicate here how discrete, even small improvements in the final index score should be
positively regarded, as they may be indicative of significant improvements in certain aspects
of the adaptation practice. Another important observation is that, due to the applied inte-
gration method, really low index scores will only be obtained in case of general failure (or
negative evaluation) across all evaluation criteria. For this reason, users should thus always
try to maximize the IUPA score as much as possible during (re-)design. This should be done
by carefully analyzing the performance of all variables contained in the index.

Other aspects of the Coquimbo adaptation practice that were not discussed before have
been analyzed by means of variables such as ‘total cost’ (A3; weight = 7), ‘robustness
and/or flexibility’ (A4; weight = 10) and ‘attention to the most vulnerable groups’ (B1;
weight = 9). These were all positively evaluated (user scores of ‘9’); as such, they are
indicative of particular strengths of this practice, and may be used as an inspiration for
future, similar efforts. Focusing on the performance of the practice with regard to two
criteria which are particularly relevant in the context of climate change (i.e. ‘robustness
and flexibility’ and ‘resilience’), we can comment on the following: in many adaptation
cases to climate change, robustness is not easily achieved (Dessai and Hulme 2007). In the
case of the Coquimbo practice, even when complementary actions will be needed as the
practice by itself is clearly not sufficient in order to address all problems related to disasters
originating from extreme hydrometeorological events (as a matter of fact, the practice
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mainly addresses one major objective, i.e. better management through improved com-
munication), one distinct advantage of this particular adaptation measure is that the
implemented system is quite robust, i.e. insensitive to the uncertainty aspect associated to
climate change. In the case of ‘level of resilience’ (A8; weight = 10), care should be taken
as to how this variable is interpreted: for the Coquimbo case, the high score for this
variable reflects the fact that in the opinion of the users, the practice does considerably
contribute to achieving adequate levels of resilience. Users have focused their attention
here in the discrete contributions to resilience made by the practice itself, rather than in the
fact whether the practice as a stand-alone measure would be enough for achieving high
resilience levels (which it clearly is not). If users would have put the focus on the final,
global level of resilience achieved, a lower score would have been assigned.

In order to conclude this section, a final observation is made with regard to the inclusion
of expert panel-suggested weight factors in the IUPA tool: in this case study, for 10 of the
14 suggested evaluation criteria (classes A and B) the user-assigned weight factor values
fall within the same qualitative class as the corresponding expert-suggested weight factors
(see Columns E and J; Fig. 1). In all other cases, they fall in an immediately adjacent class.
It seems thus reasonable to assume that the expert-suggested weight factors have provided
a certain level of guidance to the Chilean practitioners when completing the matrix.
However, the possibility offered to the end user to take the final decisions with respect to
the case study specific weight factors for the different evaluation criteria has clearly been
taken advantage of, as can be seen by comparing the values from Columns D and I (Fig. 1).
Discrepancies between expert-panel and end-user criterion relevance classes do not con-
sistently correspond to those criteria where the level of agreement among the members of
the expert panel (with regard to the assignment of the weight factor value, see Column H;
Fig. 1) was lower or lowest. Flexibility of the index is also demonstrated through the
inclusion of one additional, user-defined evaluation variable for this practice (‘strength-
ening stakeholder cooperation’). Further research (including an extension of the pool of
expert opinions and an application of the tool to a larger number of case studies) may
elucidate the real value of the included expert suggestions for a more generalized appli-
cability of the developed TUPA tool.

8 Conclusions

During the past decade, considerable attention has been given to the issue of mitigating the
risks of climate change, principally by addressing the aspects related to the future emis-
sions of greenhouse gases. Limited international success in this field makes it necessary to
address the climate change issue by means of a mixed approach, in which mitigation
options and the implementation of adaptation strategies are combined.

Designing and implementing adaptation practices to respond to climate variability and
change is indeed becoming increasingly necessary. A major challenge, however, still
consists of optimizing their design, as well as of their presentation to and introduction into
the agenda of policymakers and practitioners.

The work presented in this article focused on the development and application of a
prototype composite index, i.e. a simple tool which aims at assisting decision makers,
practitioners and other stakeholders in the overall analysis of a given adaptation option and
its alternatives.

With the proposed IUPA tool, the overall performance of adaptation practices, as
well as particular strengths and weaknesses, can easily be analyzed based on a
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(flexible) set of pre-defined, weighted evaluation criteria. In this sense, the IUPA tool
condenses the opinions on the relative importance of selected evaluation criteria,
emitted by a group of experts with different geographic and thematic backgrounds.
Through the incorporation of recommended evaluation criteria and the assignment of
corresponding, suggested weight factors, this information is readily made available to a
broader group of potential stakeholders. Users can then combine this information with
their personal perceptions or opinions (as was shown through the example) in order
to conduct a rapid analysis on the overall usefulness of a given practice. The degree to
which the recommendations of the expert panel will be followed may vary from user to
user, as well as among case study types. It is recommended that the ‘knowledge pool’
of expert opinions, which has been used for the current version of the index (v1.0), is
further extended, by incorporating the opinions of a larger number of experts; interested
individuals or organizations can easily contribute in this sense by sharing their vision
with the authors of this article.

The index was designed in the context of the evaluation of adaptation practices for
addressing the impacts of extreme events as a result of climate variability and change in
LAC, but use of the index can be proposed in a much wider thematic and geographic
context. Due to its simplicity, the tool is especially useful for quick assessments or when
limited resources are available. However, in-depth analysis of aspects related to the
individual evaluation criteria will considerably contribute to the final value of the obtained
results. When making use of the index, limitations inherent to the methodologies used in its
design—and which have been documented above—should always be taken into
consideration.
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Appendix
User manual (description of the matrix structure)

The proposed matrix has been incorporated in an excel workbook called ‘checklist
TUPA xIs’. Interested readers can obtain a copy of the workbook by sending an electronic
message to paldunce @uchile.cl.

Structure of the matrix

The matrix used for calculating the IUPA value consists of 14 columns grouped according
to three major topics: (I) ‘variables’; (II) ‘suggestions of the panel’: relative importance of
each variable, as perceived by the group of experts; and (III) ‘evaluation by the user’: user
assigned variable weights and scores.

Group I lists and describes the different variables (criteria) that can be evaluated in the
evaluation of the usefulness of an adaptation practice. Column A organizes the variables
according to three different types: (i) Class A or core variables whose inclusion in the
evaluation process is considered ‘obligatory’; (ii) Class B or complementary variables that
are suggested by the panel of experts; and (iii) Class C or additional user-defined variables
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that have been identified by the user himself as being important for the specific case under
study, and whose inclusion in the matrix was originally not suggested by the panel of
experts.

The numerical value given in Column B corresponds to a unique identifier (ID) and does
not reflect any kind of ranking or evaluation of importance of a variable by the group of
experts. Column C contains the name of the evaluation criteria for the adaptation practices.
A short description of the meaning of each variable is contained in Table 1 of the article.

The second group of columns contains suggestions from the expert team with respect to
the relative importance of the different evaluation criteria. Column D contains the sug-
gested weight that each variable should have in the calculation of the final index value. The
suggested weight for a given variable was obtained by taking the mean of the weights
assigned by each member of the IUPA expert panel (n = 8). A value close to 0 means a
low relevance to the variable under consideration in the evaluation of the global usefulness
of an adaptation practice and a weight of 10 indicates highest relevance. Zero indicates that
the variable is not being considered in the calculation of the index value. The values
suggested in Column D, if considered adequate, can be adapted by the user or modified
accordingly; it is the user-defined weight factors (to be entered in Column I of Group III)
that will finally be used in the index calculation.

Column E is a qualitative interpretation of the value that has been assigned by the
experts to the variable ‘suggested relevance’. It is not used in the calculation; its content is
automatically generated by the spreadsheet based on ‘relevancy’ intervals which have been
defined by the group of experts (see Table 4 of the article for the used classification
criteria). When assigning the final value for the weight factor in Column J, the user is free
to follow or not the suggestion to place the user-defined weight value within the corre-
sponding relevancy intervals (Table 4).

The next three columns give additional information on the expert panel opinions with
respect to the variable weight. Column F indicates the number of experts (‘n’) that have
emitted an opinion with respect to the variable weight. Column G contains the standard
deviation (‘c’) of the assigned weights, and gives a quantitative indication of the homo-
geneity/heterogeneity of expert opinions. Column H, finally, allows a quick interpretation
of the degree of homogeneity in the answers from the experts, helping the user to evaluate
how recommended it is to follow the suggestions given in Column F (homogeneity clas-
sification criteria are given in Table 5).

Table 4 Qualitative interpreta-

tion of the value assigned to the Assigned weight Suggested relevance
parameter ‘suggested relevance 04 Low relevance
4-7 Medium relevance
7-10 High relevance
Ta!)le S . H(?mogenelty ¢ lassifi- Code Interpretation of the Standard deviation of the weight
cation criteria as a function of the . .
.. expert opinions factors assigned by the n experts
standard deviation of the expert
oprons H High homogeneity o<1
M Medium homogeneity l<o<l15
L Low homogeneity g>15
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The third group of columns corresponds to the interactive part of the matrix. The user
can assign ‘weights’ and ‘scores’ to each one of the selected variables, and by doing so
evaluate the usefulness of a given practice, based both on individual variable scores, as
well as by interpreting the calculated integrated IUPA index value.

User-assigned weights for each variable and variable score (between 0 and 10) for the
adaptation practice under consideration are entered through Column I and Column K,
respectively. User-defined weight factors for the different variables can be developed and
assigned in a similar way as was done by the expert panel: the user can consult one or a
group of local experts and then determine a mean value (ideally experts would have a good
knowledge of the specific context of the case area and/or adaptation practice or need); or
alternatively, the user can opt to determine and assign the weight factors himself; in this
last case, he can base his decision on the expert-panel suggested weight factors, but
introduce modifications to these values based on his own knowledge of the specific
characteristics and needs for the case study under consideration.

The intermediate Column J corresponds once more to a spreadsheet-generated auto-
matic interpretation of the weight value, this time the weight value that has been
assigned by the user. It can be used to quickly evaluate how far the user opinion with
respect to parameter relevance differs from the opinion of the expert panel. Column L
contains the net contribution of each variable to the final index score, which is obtained
by multiplying the weight by score (Columns I and K). Finally, the weighted sum of
individual parameter scores leads to the IUPA index value, which is contained in the
lowermost cell of Column L.

Columns M and N have a similar functionality as Columns K and L, but are used for
evaluating practices in the post-implementation phase. Columns K and L versus M and N
facilitate comparison of scores, obtained, for example, for a given practice in its pre- and
post-implementation phase. Alternatively, these additional columns can also be used to
evaluate the effect of incorporating modifications to a proposed adaptation strategy, or for
comparing alternative strategies for dealing with a given adaptation need.
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