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ABSTRACT. The need to track climate change adaptation progress is being increasingly recognized but our ability to do the
tracking is constrained by the complex nature of adaptation and the absence of measurable outcomes or indicators by which to
judge if and how adaptation is occurring. We developed a typology of approaches by which climate change adaptation can be
tracked globally at a national level. On the one hand, outcome-based approaches directly measure adaptation progress and
effectiveness with reference to avoided climate change impacts. However, given that full exposure to climate change impacts
will not happen for decades, alternative approaches focus on developing indicators or proxies by which adaptation can be
monitored. These include systematic measures of adaptation readiness, processes undertaken to advance adaptation, policies
and programs implemented to adapt, and measures of the impacts of these policies and programs on changing vulnerability.
While these approaches employ various methods and data sources, and identify different components of adaptation progressto
track at the national level, they all seek to characterize the current status of adaptation by which progress over time can be
monitored. However, therearesignificant challengesto operationali zing these approaches, including an absence of systematically
collected data on adaptation actions and outcomes, underlying difficulties of defining what constitutes "adaptation”, and a
disconnect between the timescal e over which adaptation plays out and the practical need for evaluation to inform policy. Given
thedevel opment of new adaptation funding streams, itisimperativethat tool sfor monitoring progressare devel oped and validated
for identifying trends and gaps in adaptation response.
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INTRODUCTION

Stepsto reducefurther climatechangeare essential. Still, even
if significant actionsaretaken, itisclear that adaptation to the
existing level of climate changeis critical. As recognition of
the risks posed grows, adaptation has become a core element
of climate policy and research (Pielke et al. 2007, Moser and
Ekstrom 2010, Berrang-Ford et a. 2011, Smith et a. 2011).
Recent years have witnessed the commitment of
unprecedented level s of adaptation finance through the Green
Climate Fund and by multi/bilateral donors (Liverman and
Billett 2010, Donner et al. 2011, Fankhauser and Burton 2011,
Klein and Moehner 2011, Jones et al. 2012), and national
governments have to varying degrees recognized the need for
adaptation (Biesbroek etal. 2010, Tompkinset a. 2010a, Ford
and Berrang-Ford 2011, Ford et al. 2011, Lesnikowski et al.
2011, Preston et al. 2011). As adaptation financing increases
andinitiativesare devel oped, the need to monitor and eval uate
progress on climate change adaptation is being increasingly
recognized, as a means of evaluating the effectiveness of
adaptation support, informing governance at variouslevelson
adaptation needs, justifying funding allocation, and
communicating to the public on adaptation.

Adaptationtrackingisacomponent of intervention monitoring
and evaluation that captures the extent to which adaptationis
taking place as well as the success or effectiveness of
adaptations in reducing vulnerability, from which a baseline
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of current action can be created and from which progress can
be evaluated over time. Despite the importance of such
activities, very little scholarship has focused on how to track
adaptation and thisisreflected in our limited and fragmented
understanding of the state of adaptation, particularly at aglobal
level (Gagnon-L ebrunand Agrawala2007, Prestonetal. 2009,
Berrang-Fordetal. 2011, Ford et al. 2011). Thispartly reflects
an absence of measurable outcomes or indicators from which
to judge if and how adaptation is occurring, and a difficulty
in defining what adaptation actually looks like in practice
(Berrang-Ford et al. 2011, Ford et al. 2011, Gagnon-L ebrun
and Agrawala 2007, Preston et al. 2009). In contrast to
mitigation where progress can be tracked with reference to
global concentrations of greenhouse gases, there is no easily
definable adaptation metric. Neglect aso reflects the
“messiness’ of adaptation, which is concerned with
adjustments in human systems at different scales and by
different actors, and which may be only partially developed
in responseto climatic stimuli. Moreover, the effectiveness of
adaptation may not be evident for many decades, and is
dependent on uncertain and unknown future climatic and
socioeconomic conditions, while “successful” adaptation
would likely be perceived differently by and among scholars,
policy makers, and communities (Adger et al. 2005, Brooks
eta. 2011, Villaneuva 2011, Lamhauge et al. 2012, Ford and
King 2013).
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Reflecting these challenges, adaptation progress has rarely
been measured. Yet if we are to document if adaptation is
taking place, evaluate whether adaptation support is
tranglating into actions, facilitate comparison of adaptations
acrossregionsand sectors, ensureresourcesarebeinginvested
inareaswiththegreatest need, andinform governancesystems
onthecurrent statusand gapsin adaptation action (see Themes
4 and 5 in this special edition), then systematic approaches
and tools for tracking adaptation are needed (Berrang-Ford et
al. 2011, Lesnikowski et a. 2011, Paterson et al. 2012,
Poutiainen et al. 2013). Wedrew upon research on monitoring
and evaluation in the general scholarship, and on emerging
research in aclimate change context, to develop atypology of
approachesthat offer promisefor tracking adaptation globally
at the national level. Wetook anational focusin our analysis,
reflecting the need to develop comparative systematic
approaches to provide a framework (complimentary to
mitigation) with which to evaluate progress on adaptation.
Many adaptation measures are best taken at the national level
for reasons of both accountability and effectiveness, with
national governments being a central pivot for adaptation
planning, determining policy priorities, and distributing
resources and support (Lesnikowski et al. 2011, Hanger et a.
2013). The need to evaluate national-level adaptations is
already implicitly recognized by nationa reporting to the
United Nations Framework Convention on Climate Change
(UNFCCC), but is not systematized to the degree that metrics
arereadily accessible. Contributing to a nascent yet critically
needed literature on challenges and methods for adaptation
monitoring and evaluation, our work isan important first step
for future work to expand, refine, and validate adaptation
tracking approaches and tools, and it contributes to a number
of themes in this special edition.

TRACKING ADAPTATION: THE NEED AND
CHALLENGES

Among theresearch and policy community thereissubstantial
and growing interest in adaptation tracking (Gagnon-Lebrun
and Agrawala 2007, Harley et a. 2008, UNFCCC 2010b,
Brooks et al. 2011, Lesnikowski et al. 2011, Preston et al.
2011, Poutiainenet al. 2013). Thisreflectsanumber of factors,
including the need to examine the effectiveness of adaptation
support mechanismsin order to evaluate adaptation funding,
identify future priorities, and ensure the effective allocation
of scarce resources. As adaptation funds have begun to be
disbursed through the UNFCCC, for example, Parties, NGOs,
and United Nationsbodieshave expressed the need to examine
the success of fundsinvested for accountability purposes and
to ensure resources are heing effectively utilized. The
UNFCCC's Adaptation Committee, created through the
Cancun Adaptation Framework, has been tasked with “[c]
onsidering information communicated by Parties on their
monitoring and review of adaptati on actions, support provided
and received, possible needs and gaps and other relevant
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information, including information communicated under the
Convention, with aview to recommending what further action
may be required, as appropriate’” (UNFCCC 2010a).
Similarly, some governments have begun to develop
adaptation indicatorsto measure progresstowards meeting the
objectives of national adaptation strategies, review uptake of
adaptation, and promote transparency in the effectiveness of
adaptation initiatives. For example, the Adaptation Sub-
CommitteeintheU.K. hasidentifiedindicatorsfor bothimpact
and vulnerability outcomesand the uptake of adaptation action
(Harley etal. 2008, Krebset al. 2010, Harvey et al. 2011, Krebs
et al. 2011). Likewisein Germany, an initial set of indicators
for measuring progress towards meeting the objectives of the
national adaptation strategy have been proposed (Schonthaler
et a. 2010).

Reflecting thisinterest, thereisasmall but growing literature
on monitoring and evaluation for climate change adaptation.
This scholarship has theorized key characteristics that define
successful or effective adaptation and has focused on specific
adaptation interventions or programs, and has been primarily
driven by the needs of development agencies and multi/
bilateral donorsto measurethesuccessof supported adaptation
initiativesin low income nations (Adger et al. 2005, de Bruin
et a. 2009, Preston et a. 2009, Biesbroek et a. 2010,
Tompkins et al. 2010b, Brooks et al. 2011, Hambling et al.
2011, Preston et al. 2011, Villaneuva 2011, Lamhauge et al.
2012, Sovacool 2012, Sovacool et al. 2012, Hanger et al.
2013). Asnoted above, some governments have also begun to
develop indicators for evaluating progress towards meeting
the goals of adaptation strategies. Our work has made
important contributions for adaptation evaluation, but global
operationalization at a national level and for purposes of
adaptation tracking are constrained by limited attention to
developing tools by which adaptation can be systematically
tracked over time and across regions, an absence of debate on
metrics by which actions can be monitored, and limited
standardization in approaches.

Theinherent nature of adaptation complicates monitoring and
evauation efforts at aglobal level, and three main challenges
present obstacles for developing approaches to track
adaptation.

* Thereis a need to define what adaptation looks like in
practice if we are to develop indicators and identify
appropriate data sources for monitoring and evaluation.
Here, the commonly used definition of adaptation as
adjustments in human systems in response to actual or
expected climatic stimuli or their effects, which moderate
harm, offerslittle practical guidance for global tracking.
Adaptations can take many forms, reflecting divergent
conceptualizations of vulnerability driving action, the
goas and functions of adaptation in different contexts,
and a myriad of sectors and scales at which adaptation
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takes place (see Themes 1 and 3 in this special edition).
While some adaptations may be developed specifically
to cope with climate change and be framed as such (e.g.,
hardinfrastructural responses), adaptationsofteninvolve
policy, legal, administrative, institutional, and financial
responses to reduce sensitivity and increase adaptive
capacity/resilience. These may be only partialy
developed in response to climatic stimuli, may not be
framed asclimate adaptations, may bemainstreamedinto
existing policies, and may not have clear outcomes by
which their effectiveness or success in reducing
vulnerability can be assessed.

Characteristicsof successneed to beidentified to capture
theeffectivenessof adaptationsinreducing vulnerability.
While some adaptations may have direct and
measureable outcomes, in many instances impacts on
vulnerability are not directly visible and/or will be
evident only over many decades, with different
interpretations on what characterizes “success’ (see
Themes1, 3, and 5inthisspecia edition). Disentangling
the role played by adaptation is further complicated by
the fact that baseline climatic and socioeconomic
conditions that determine adaptation effectiveness aso
change, potentially rendering interventions ineffective.
Moreover, adaptation strategiesthat are successful inthe
short term may be maladaptive in the long term,
exacerbating vulnerability due to altered behavior (e.g.,
morale hazard), changed patterns of development,
displacement of risksto other groups, and creation of path
dependency, and in light of challenges of maintaining
interventions (e.g., upkeep of hazard protection
measures) (Barnett and O'Neill 2010, Fazey et al. 2011).
Some policy evaluation scholarship focuses on process
characteristics of policy development and implementation
instead of on the evaluation of effectiveness, but debate
on these componentsin an adaptation context remainsin
itsinfancy.

Appropriate data sources need to be identified to
facilitate the devel opment and tracking of indicators. For
the purposes of evauating progress on adaptation
globally, datasourcesneed to: (i) provideinformation on
adaptation for a large number of countries to facilitate
national-level comparative analysis, (ii) be systematically
collected and follow standardized guidelines so
comparison reflects real trends in adaptation as opposed
to nature of data collection, (iii) provide sufficient detail
for adaptationsto be characterized, and (iv) be consistent
in reporting over time and be collected at regular
intervals. Asnoted above, few existing datasources meet
these requirements, and there has been little work
examining how current data sources could be used to
systematically track adaptation.
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Research on general policy evauation and emerging
scholarship in the climate change field can provide a
foundation for conceptuaizing and developing new
frameworks for adaptation tracking at the national level. In
the following sections we propose a typology of approaches
that provide potential starting points for development of a
global adaptation tracking framework (Table 1). While we
acknowledge that these approaches intersect, each has its
distinct attributesand thetypol ogy can help usbeginto discuss
and evaluate the different ways by which adaptation can be
tracked.

In developing the typology, our intention is not to rank or
identify which approach is “best” but rather outline how and
wheredifferent approachescan beused and for what purposes.
The selection of approach will ultimately reflect the needs of
usersand goals of adaptation tracking. National governments,
for example, can be spurred to action by seeing how their
progress compares to that of other nations. Both global
intergovernmental organizations and civil society can use
comparative quantitative measures as a source of
accountability and to identify and prioritize broad-level
intervention needs (e.g., to inform adaptation funding
decisions). In these instances, the ability of an approach to
systematically track adaptation across regions and sectors
drawing upon standardized data (i.e., generality) is likely to
behighly valued. In other situations, the ability of an approach
to provide quantifiable estimates of avoided negative impacts
due to adaptation (i.e., additionality) may be a priority (e.g.,
for adaptation funding through the UNFCCC). Detailed
qualitative measures can also be used to provide information
to policy makers and to those providing technical expertiseto
them on options that can be pursued. Here, the ability of an
approach to provide comparative insights with other regions,
and al so capturethe processesthrough which adaptationswere
developed for purposes of evaluating long-term effectiveness
are important.

OUTCOME EVALUATION APPROACHES:
STRENGTHSAND LIMITATIONSFOR
MONITORING ADAPTATION

Outcome eval uation approaches measure adaptation progress
and effectiveness in relation to avoided climate change
impacts (i.e., the ultimate goal of adaptation). While often
treated as a gold standard in the general monitoring and
evaluation literature, they have not been widely used in an
adaptation context, reflecting the difficulty of attributing
reduced impact specifically to adaptation, where success may
not be apparent for decades and where impacts averted in the
future are tricky to estimate. This temporal disconnect—
proactive intervention to avert future theorized but
unmeasured impacts—differentiates adaptation tracking
efforts from standard approaches to outcome evaluation.
Nevertheless, outcome approaches are commonly used in the
general policy evaluation literature and for issues of
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Table 1. Typology of approaches for adaptation tracking
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Tracking approaches Characteristics Data sources Strengths Limitations
Outcome-based Outcome evaluation:  « Track climate-related « Natural hazard loss * Quantification of « Applicable only where
reduced negative losses, mortality, and databases (e.g., adaptation progressand  outcomes are directly
climate change morbidity, over timeandin  emergency events effectiveness observable
impacts relation to adaptation database)
» Metrics can be « Difficulty of inferring
« Examine impacts of monitored over time causality between
climatic hazard event before outcome and adaptation
and after adaptation « Availability of
standardized global « Potential for
datasets of hazards mal adaptation not
losses and mortality captured
across regions
« Limited applicability to
« Legitimacy within “soft” and mainstreamed
policy evaluation adaptations
community
» Does not measure
outcomes from adapting
to wider (nonevent-
oriented) climate change
Preparedness- , Adaptation readiness. *With regard to adaptation,  * Speeches at « Not dependent on * Need to vaidate if
process- ,and presence of key evidence of: political Conference of the outcomes being visible  readiness trandates to
policy-based governance factors  leadership; institutional Parties meetings action

essential for effective
and
successful adaptation

Process-based
approaches: process
through which
adaptations are
developed and
implemented in
pursuance of a
desired outcome or
objective

organization; stakeholder
involvement; climate change
information; appropriate use
of decision-making
techniques; and
consideration of barriersto
adaptation, funding,
technology development, and
adaptation research

« Comparison of adaptation
characteristics and steps of
development to theoretically
and empirically derived
characteristics of adaptation
success and best practice

« Attendance at
Conference of the
Parties meetings

« Leadership identified
in UNFCCC National
Communications or
National Adaptation
Programmes of Action

* UNFCCCC National
Communications

« National assessments
« National Adaptation
Programmes of Action

» Adaptation inventories

« Captures readiness for
future action and ability
to effectively implement
adaptations

* Not dependent on
outcomes being visible

 Capture the key
processes that are
believed to underpin
effective and successful
adaptation

 Limited availability of
readiness metrics

« Limited systematically
collected data on process
of adaptation
development and
implementation

 Limited transferability
across nations

* Timeintensive

* Unproven link to
adaptation success

(con'd)
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Analyzing policies
and programmatic

» Analysis of characteristics
of reported adaptations and

approaches: Comparison across regions,
monitoring and by vulnerability categories,
comparison of over time, and with respect
reported to adaptation “obligations’
adaptation actions

and

their characteristics

Examining Measures « Monitor aggregate

of changing vulnerability indicesin
vulnerability: relation to adaptation actions
measurement of

changein « Focus on specific indicators

vulnerability in
relation to adaptation

which capture the generic
determinants of vulnerability
(e.g., access to education;
poverty; health; and
inequality)

« Examine specific
components of sensitivity
and adaptive capacity to
climate change impacts

* UNFCCC National
Communications

« National Adaptation
Programmes of Action

» Adaptation inventories

« National adaptation
assessments

« Climate Change
Vulnerability Index

« Environmental
Sustainability Index

* Global Climate Risk
Index

* Not dependent on
outcomes being visible

« Systematic and
quantitative analysis of
progress

« Comparability across
nations

« Suited for global
application

« Amenable for rapid
assessment

* Not dependent on
outcomes being visible

» Readily available
vulnerability indices
globally

* Amenable for rapid

« Success not directly
mesasured

 Results subject to
reporting bias

« Inability to capture
determinants of
vulnerability

» Fundamental
disagreement between
indices on magnitude of
vulnerability

* GAIN Index

assessment
« Challenge of linking
changeinindicesto
adaptation

comparabl e scope and complexity to adaptation. For instance,
Kahn (2003) uses hazard-related mortality as an outcome
indicator to judge progress in coping with disasters in the
United States, hypothesizing that a reduction in deaths per
disaster between 1970 and 2001 to be indicative of effective
preparedness interventions. Similarly, McMichael et al.
(2004) note the potential applicability of standard
epidemiological techniquesfor estimating the avoi ded impact
of climate-related disease burden attributable to public health
interventions and by which adaptation success could be
guantified and monitored.

Outcomes by which adaptation can be evaluated relate to the
actual manifestation of system vulnerability or impact. Where
relevant global data exist, these outcomes can be quantified,
establishing a basgline from which progress can be tracked
vis-avis adaptation actions over time. Adaptation examples
of outcome indicators could include tracking climate-rel ated
disaster losses, mortality, and morbidity in response to
documented national-level adaptations. Global datasets on
relevant outcome indicators are widely available (e.g., the
emergency events database), and combined with adaptation
inventories could be used to identify caseswhere achangein
outcomeindicators coincideswith adaptation actions. Though

it will be difficult to infer causality—that a particular
adaptation action(s) resulted in a particular adaptation
outcome(s)—when applied systematically and regularly, such
approaches offer opportunities to build evidence for
adaptation impact, particularly when complimented by
process-based evaluations (section 4). Comparison across
nations with similar exposure to climatic risks and similar
socioeconomic conditions but different adaptation and risk
reduction profiles could also be used to further examine
adaptation success.

Outcome approaches can also be opportunistically used to
track specific adaptation actions, dependent on certain
circumstances under which outcomes can be assessed
empirically (Brooks et al. 2011). Examining the impacts of
extreme events of asimilar magnitude in terms of mortality,
morbidity, and insured losses in a specific location or region
before and after an adaptation intervention is one such
approach, although the opportunistic nature limits the ability
to conduct cross-country/sector comparisons and systematically
track adaptation globally.

The strength of outcome approaches for adaptation tracking
lies in their ability to systematically quantify adaptation
progress and effectiveness, providing metrics that can be
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monitored over time, across regions, and for multiple
vulnerabilities. They have along history of usein the public
health sphere where outcome data are readily available at a
national level (e.g., mortality, morbidity, DALYS) and are
often disaggregated by health outcome (e.g., malnutrition,
disease prevalence, etc.), with interested users in a climate
change context potentially including the World Heath
Organization (WHO), World Bank, and regional development
banks. The focus on avoided impacts is also consistent with
adaptation support mechanisms of the UNFCCC and by
donors who typicaly require direct indicators of success,
measurement of “additionality”, and accountability on
spending. Drawing upon established policy-evaluation
techniques, outcome approaches also have legitimacy within
wider policy circlesand can beusedtoclarify if anintervention
was agood investment (Glasgow et al. 1999, Campbell et al.
2000, Rubin et al. 2001). These are important considerations
for adaptation, which has struggled to get political attention
and allocation of scarce resources, with public sector decision
making often driven by economic efficiency (Adger et a.
2005, Burton 2006, Ford and Berrang-Ford 2011, Pielkeet al.
2007).

However, caution is needed when using outcome approaches,
as they depend on avoided impacts being visible and
measurable. Outcome approaches also imply that there is an
existing record of impactsover time, with implicationsfor our
ability to proactively avert emergingimpactsbeforethey occur
and, therefore, before they are measured. Attribution is
particularly problematic at a national level, with outcomes
through which adaptation success can be measured being
influenced by many factors besides climate policy and not
always being tangible (Glasgow et al. 1999, Campbell et al.
2000, Jakeman et al. 2006, Gagnon-Lebrun and Agrawaa
2007). Adaptation measurement would benefit from the use
of existing toolsin multivariate modeling and mixed-methods
approaches to explore and tease apart the extent to which
adaptation interventions can be causaly linked to defined
outcomes. Such approaches require large systematic datasets
and replication, however; while some such global data exist,
they have not yet been developed or validated for adaptation
tracking efforts.

Furthermore, as Adger et al. (2005) note, adaptation success/
effectiveness often depends on the sequence and interaction
of adaptations over time and as the climate changes. An
adaptation may therefore appear effectivein the short term if
it is deemed to reduce immediate risk, but in the long term
may bemaladaptive: for example, coastal protection measures
may protect low-lying regions but increase vulnerability to
high-magnitude storm surges by promoting development in
high-risk locations (Kates et al. 1985, Kates et al. 2006). For
this reason, outcome measures only fully capture short-term
effectiveness. Similarly, an adaptation may reduce
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vulnerability in a specific location/for a specific group but
displace impacts to other regions and groups, potentially
increasing the overall vulnerability (Barnett and O'Neill
2010). More broadly, the policy evaluation scholarship has
critiqued the pitfalls of overemphasis on specific outcomes,
which prioritize measurable “ hard” interventions with readily
visible impact, downplaying “ softer” adaptations which may
be more likely to be effective in reducing vulnerability
(Campbell et al. 2000, Laville 2000, Rychetnik et al. 2002,
Adger et a. 2005, Preston et al. 2009, Sovacool 2011). Indeed,
outcome-based approaches have limited applicability for
tracking mainstreamed adaptations, where adaptation is
integrated into ongoing policy initiatives and often focuseson
enhancing adaptive capacity, and where there are no readily
available metrics.

SYSTEMATIC OPTIONS FOR TRACKING
ADAPTATION

While the nature of adaptation limits the applicability of
outcome measures for monitoring and evaluation, a range of
systematic measures are available to assess various stages of
adaptation, from adaptation readinessto processes undertaken
to advance adaptation, policies, and programsimplemented to
adapt, and measures of the impact of these policies and
programs on changing vulnerability. Each isdiscussed inturn
below and involves developing indicators or proxies of
adaptation to monitor.

M easur es of adaptation readiness

One approach for tracking adaptation involves evaluating the
strength and existence of governance structures and processes
that determine the presumed ability (i.e., readiness) of nations
to build support for action and effectively devel op, implement,
and monitor adaptation interventions. Adaptation readiness
eva uatesthe extent to which key governance factors assumed
to be fundamental in determining if and how adaptation takes
placearepresent. Theextent towhichanationisready to adapt
can therefore be used as a proxy for tracking adaptation. It is
noteworthy that adaptation readiness differs from adaptive
capacity: the latter focuses on conditions determining the
ability to adapt, while readiness examines what has been
undertaken to lay the ground for adaptation to take place (Ford
and Kint 2013).

Research on adaptation planning and intervention at multiple
levelshasidentified key components of governance structures
that are important for identifying effective policy strategies,
removing or transcending barriers to adaptive action, and
enhancing readiness to adapt (see Themes 3, 4, and 5 in this
special edition) (Fussel and Klein 2006, Smit and Wandel
2006, Fussel 2007, Biermannet a. 2010, Biesbroek et al. 2010,
Ford et al. 2010, Guptaet a. 2010, Moser and Ekstrom 2010,
Berrang-Ford et al. 2011, Preston et a. 2011, Termeer et al.
2012). Smith et a. (2009) combined insights from this work
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in an architecture of adaptation, identifying nine components
essential for adaptation implementation and which can beused
to eval uate adaptation readiness:

* Political leadership from the chief executive stating the
importance of adaptation is essential for overcoming the
bureaucratic resistance that is common with regard to
complex problems, like adaptation, that cut across
jurisdictions and can inhibit the collaboration necessary
for implementing policy.

* Ingtitutional organization isimportant in constraining or
enabling adaptation, with research indicating adaptation
interventions and planning are effective where a single
government agency takes coordinating lead for
adaptation or an interagency group is created to oversee
adaptation activities.

» Sakeholder involvement is needed to ensure adaptation
policies are designed to meet the needs of those affected
by climate change, promote stakeholder buy-in for
adaptation, identify opportunities and constraints to
adaptation which need to be addressed, and locate
potential for mainstreaming.

 Climate change information is important for informing
decision makers in assessing risks, examining costs of
action and inaction, prioritizing needs, and building
support for taking action.

» Appropriate use of decision-making techniques is
necessary given the inherent uncertainties surrounding
climate change and the “hidden hazards’ nature of the
problem which can cause policy makersto postpone and
avoid action.

* Explicit consideration of barriers to adaptation is
essential given the barriers to adaptation that are known
to exist and are likely to constrain or be incompatible
with adaptation policy.

* Funding for adaptation is needed as few adaptation
policies can implemented solely with existing funding
streams.

* Technology development and diffusion is important for
expanding the range of adaptation possibilities by
increasing opportunities and/or reducing costs. Thisin
turn can help decision makerstackledifficult choicesand
address problems around competing values.

* Adaptation researchisneeded to understand what society
needsto adapt to, identify options available to adapt, and
understand how adaptation can be effectively promoted
and implemented.

While this architecture was proposed by Smith et a. (2009)
as a decision-support heuristic, it also provides a systematic
meansof identifying and eval uating theextent towhich nations
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are ready for adaptation from which indicators can be
developed to monitor progress over time. Each component in
the architecture will play an important role in facilitating
adaptation in specific contexts, and while not all components
need to be present for effective adaptation, the presence of
only a small subset is unlikely to provide a strong basis for
action. An example of indicators and sources of information
which may be used are provided in Table 2, with indicators
combining binary variables (e.g., yes, no; present, absent),
ordinal rankings (e.g., high, medium, low), and continuous
measures (e.g., amount invested in adaptation research).
Indicators can be combined to provide an overall readiness
index that can be analyzed to characterize the extent to which
nations are ready for adaptation, examine how readiness
differs between nations and sectors, profile components of
readinessthat nations are most and least prepared for, identify
key barriers, and track progress over time.

Adaptation readiness approaches complement other
methodol ogiesfor adaptation tracking by capturing the extent
to which governance structures and processes needed to
facilitate effective implementation of adaptation arein place.
They do not depend on outcomes being identified and reported
on and the challenges herein. Whileit isimportant to note that
readiness may not necessarily trandlate into effective
adaptation, absence of key componentsis unlikely to provide
astrong basis for action (Smith et al. 2009), and progress can
therefore be used as a proxy of increasing likelihood of
adaptation taking place. Nevertheless, to our knowledge
adaptation readiness has not been empirically applied for
adaptation monitoring and eval uation, and the concept has not
received widespread attention in the scholarship. Notably,
readiness indicators have not been validated; while expert
knowledge, experience, and theory suggest these processes
are important for adaptation readiness, we know little about
whether and how such determinants actually drive adaptation
action and success on the ground. Thus, the potential
challengesof using diversedatasourcesto extract information
on readiness remain unknown, and the ability to create
systematic, rigorous indices are untested, emphasizing the
importance of pilot application.

Process-based approaches

Process-based approachesfocus on the processthrough which
interventions are devel oped and implemented in pursuance of
a desired outcome or objective. These have emerged in the
general policy evaluation scholarship in response to concerns
over the ability of outcome evaluation techniques to fully
capture dimensions of success, and importance of capturing
the process of learning and decision making not easily
discernible in output indicators. In an adaptation context,
interest in process approachesreflectsthetemporal disconnect
between the timescal e over which adaptation effectivenessis
often manifest and the practical need to conduct evaluation.
Theoretical work hasidentified general processcharacteristics
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Table 2. Potential indicators and sources of information for evaluating readiness for adaptation.

Adaptation architecture

Indicator

Sources of information

Political leadership

Institutional organization

Stakeholder involvement

Climate change information

Appropriate use of decision
making techniques

Statements of importance and need for adaptation by
national leaders; inclusion of adaptation asapolicy priority

Lead department / agency identified OR interagency group
established; presence of adaptation planning document

Stakeholdersinvolved in national climate change
assessments and policy consultation; co-authorship on
publications

National climate change assessments produced; existence
of NAPA; completion of UNFCCC National
Communications; nation-specific peer-reviewed literature

Use of decision-making tools (e.g., cost benefit analysis,
matrices etc); use of climate change adaptation frameworks

Speeches at Conference of the Parties meetings; attendance
at Conference of the Parties meetings; leadership identified
in UNFCCC National Communications or National
Adaptation Programmes of Action

L ead organization specified for UNFCCC National
Communications or National Adaptation Programmes of
Action; adaptation planning documents

National assessments; stakeholders consultation noted in
UNFCCC National Communications; NAPA

UNFCCC National Communications; peer-reviewed and
gray literature review; research needs identification in
articles/ reports; NAPA

UNFCCC National Communications; national assessments;
NAPA

Consideration of adaptation Policy reviews to identify barriers

barriers

Funding Identified funds for adaptation; specific program for
adaptation

Technology Investment in climate-resilient technologies

Adaptation research

Research programs for adaptation devel oped

UNFCCC National Communications; national assessments;
NAPA

UNFCCC National Communications; national assessments;
climate change programs/ policies/ announcements; peer-
reviewed literature

UNFCCC National Communications; national assessments;
peer-reviewed and gray lit; National Adaptation
Programmes of Action

UNFCCC National Communications; national assessments;
climate change programs/ policies / announcements; peer-
reviewed literature

by which adaptation success can be evaluated (see Themes 2
to 5 in this special edition). While developed and applied
primarily at a project level and stopping short of identifying
metricsby which adaptati on can betracked, our work provides
a theoretical basis for the development of national-level
process indicators that can be used globally.

Project-level assessments of adaptation typically comparethe
characteristicsof adaptati on devel opment and implementation
totheoretically derived components of adaptation successand
best practice. This work involves detailed evaluation of
specific interventions from start to finish, using evaluation
criteria—including effectiveness, efficiency, equity, legitimacy,
flexibility, acceptability, mainstreaming, and sustainability—

to capture key dimensions of success, and using components
of best practice in policy development—including level and
nature of stakeholder engagement, and consideration of
vulnerable groups (Yohe and Tol 2002, Adger et al. 2005,
Lemosand M orehouse 2005, Fussel 2008, deBruinetal. 2009,
Preston et al. 2009, Smith et al. 2009, Ford et al. 2010, M oser
and Ekstrom 2010, Brooks et al. 2011, Dilling and Lemos
2011, Fordand Berrang-Ford 2011, Preston et al. 2011). While
particularly useful for examining projects and establishing a
baseline of adaptation in specific places, applicability at a
global scaleis challenged by dataand timerequirements. Itis
possible, however, that general indicators capturing key
process components could be developed to characterize the
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current status of adaptations globally from which future
progress could be tracked. For example, national adaptation
plans often contain considerable information on the process
of adaptation development (e.g., Preston et a. 2011).
Nevertheless, global application remains complicated by the
challenge of obtaining systematic descriptions of the
adaptation process across nations. Data sources-including
adaptation inventories, UNFCCC National Communications,
and IPCC reports, for instance—often provide limited
comparable information from which to systematically
evaluate the process through which adaptations are devel oped
and implemented, while there are too few detailed national-
level adaptation case studies (e.g., Tompkins et al. 2010a) to
provide a comprehensive and representative characterization
of adaptation globally.

Analyzing policies and programmatic approaches

Given the time lag between adaptation actions and likely
measurable outcomes, an important complement to outcome
measures is monitoring policies and programs. While this
presentssignificant challenges, including defining appropriate
dimensions onwhich to compare policiesacross countriesand
finding globally comparative data sources, they have been
used to compare and monitor policy responses across al
United Nations countries to issues such as improving labor
conditions, addressing poverty, and children's needs (Earle et
al. 2011, Heymann et a. 2011, Schliwen et al. 2011, Heymann
and McNeill 2013). In addition to monitoring policy
development, these approaches have allowed examination of
the extent to which countries comply with international
agreements, whether they haveapositiveimpact on population
health and well-being (Heymann et a. 2011), and whether
they are affordable (Earle et a. 2011). Others have aso used
policy tracking to monitor progress towards explicit globally
defined goals. For example, Countdown to 2015 uses country-
level datatotrack progressoninterventionsnecessary tofulfill
goastoimprovematernal and child health and mortality under
the Millennium Development Goals. Using a number of
demographic, equity, health, and care indicators, Countdown
to 2015 compileslongitudinal datathat demonstratesprogress
toward meeting Millennium Development Goal sfour andfive,
identifies gaps in knowledge and action, and suggests
strategies for addressing these gaps (Requejo et al. 2012).

Informed by this scholarship, such techniques can be adapted
to systematically identify and characterize how actua
adaptationsareoccurring at thenational level. Here, abaseline
of current action can beestablished with referenceto theextent
of adaptations taking place, while adequacy can be examined
via the nature of adaptations reported and compared to
adaptation commitmentsand needsidentified (typesof action,
scale, vulnerabilities responded to, stakeholder involvement,
etc.). Variations of this approach have been employed in the
adaptation scholarship. Gagnon-L ebrun and Agrawala (2007)
for example, examine attention paid to adaptation in the 2™
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and 3" National Communications of Annex-1 nations to the
UNFCCC through content analysis, using thisto examine the
state of adaptation in developed nations. Poutiainen et al.
(2013) use web-content of civil society organizations to
document adaptation taking place in this sector to reduce
climate-related health vulnerabilitiesin Canada. Berrang-Ford
et al. (2011) and Ford et al. (2011) use reporting on adaptation
actions in the peer-reviewed literature to create a baseline
understanding of how adaptation is taking place, while
Lesnikowski etal. (2011) usethe5"™ National Communications
of Annex | nations to identify and characterize discrete
adaptation actions reported on in a heath context
(Lesnikowski et al. in press—a, Lesnikowski et al. in press—b).

Thiswork uses adaptation reporting as aproxy for adaptation
actions, coding individual actions according to the stimulus
motivating the response, who or what adapts, adaptation
activitiesand outcomes, level of action, and constraintsto and
facilitators of adaptation, from which descriptive and
inferential statistics can be used to monitor, evaluate, and
compare trends. Lesnikowski et a. (2011), for instance,
compare groupings of high, medium, and low adaptors, and
evauate success according to the extent to which health
adaptations were informed by impacts and vulnerability
assessments, breadth of risks addressed, consideration of
vulnerable groups, integration of evaluation mechanismsinto
adaptations, stage of intervention (recognition, groundwork,
action), and extent to which climate change concerns are
integrated into interventions. Using the same dataset,
Lesnikowski et al. (in review) calculate two indicesto capture
the range of types of action being taken within each Annex |
country (Adaptation Response Score), and the range of health
vulnerabilities being addressed at the groundwork and
adaptation levels (Health Areas Score), providing metrics by
which adaptation progress could be tracked over time.

A key strength of focusing on reported adaptation actionsis
theability to systematically and quantitatively characterizethe
current state of adaptation at a national level using existing
sources of information. This approach is particularly suited
for monitoring progress over time, making comparative
analysis between and across regions and sectors, and for
identifying general trends and patterns. Using self-reported
data, the national communications also alow for further
inferences about policy priorities at a national level. While
research has primarily used reporting to the UNFCCC and
peer-reviewed scholarship to document adaptations,
additional data sources could include databases of NGOs, aid
agencies, national governments, and international bodies. At
thesametime, cautionisrequired wheninterpreting theresults
of action-based studies. Many adaptations are undocumented,
success is not directly measured, and results are subject to
reporting bias. The detail provided in reports such as the
Nationa Communications can aso vary significantly,
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reflecting capacity challenges and reporting as much as actual
experience with adaptation. For this reason, such approaches
are best suited for identifying genera trends as opposed to
country specific characteristics, and need to be interpreted as
proxies of adaptation, asnapshot of what isgoing on. Assuch
they hold particular promise for global adaptation tracking,
with users potentialy including United Nations bodies (for
example, UNEP, UNDP, UNFCCC) and other global
organizations (for example, World Bank) with an interest in
examining the state of adaptation across nations and
identifying leaders and laggards alongside nations interested
in comparing their adaptation profiles to other countries and
seeking best-practice examples.

Examining measures of changing vulner ability

While outcome approaches focus on the direct manifestations
of reduced risk following adaptation, indirect or proxy
measures of vulnerability reduction can also be used to infer
successful adaptation. Since the 1990s a number of projects
have created indices of vulnerability, focusing predominantly
on the national to global scale (O'Brien et a. 2004, Brooks et
al. 2005, Eriksenand Kelly 2007, Klein2009). Whiletypically
used to locate “hot spots’ of climate risk, predict future
vulnerahilities, and inform adaptation planning, they can also
provide a baseline characterization of vulnerability from
which adaptation success can be evaluated and monitored. At
avery broad level, this could involve: monitoring aggregate
vulnerability indicesat anational level inrelationto adaptation
actions; focusing on specific indicators which capture the
generic determinants of vulnerability, including access to
education, poverty, health, and inequality; or, examining
specific components of sensitivity and adaptive capacity to
climate change impacts such as identifying regional shiftsin
land use in high-risk locations (Brooks et al. 2005, Brooks et
al. 2011). There have been numerous critiques however,
concerning the extent to which vulnerability indices are able
capture the dynamic processes shaping vulnerability, with
scholarspointing tothewidediversity in national vulnerability
rankings produced by different index methods, and arguing
that results are largely methodologically driven (Eriksen and
Kelly 2007, Barnett et a. 2008, Fussel 2009, Klein 2009,
Hinkel 2011), while there has been minimal validation of
whether the included variables are necessary precursors to
adaptation. Moreover, many indices represent general
socioeconomic devel opment trends, where disentangling the
role played by adaptation is problematic.

CONCLUSION

The funding of adaptation activities is now a major theme of
international climate negotiations and domestic climate
policy, and there is increasing evidence that governments,
industry, and NGOsareinvestingin adaptation. We can expect
this to increase as the risks of not adapting become evident,
climatechangeimpactsbecomevisible, and the Green Climate
Fund beginsto mobilize resourcesfor adaptation in the global
south. With this increasing emphasis comes the necessity of
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monitoring and eval uating adaptation progress globally at the
national level for purposes of accountability, and to justify
continued support, ensureefficiency intheall ocation of scarce
resources, identify gaps in intervention, inform governance
systems on adaptation progress, and spur governments on the
need to adapt. However, our ability to track adaptation, is
constrained by the challenge of defining what adaptation looks
likein practice, linking intervention to vulnerability reduction
outcomes, and locating suitable data sources to facilitate
systematic cross-country eval uationsover time. Morebroadly,
adaptation tracking is constrained by a lack of comparable
metrics and standardized—or even standardizeable—units of
analysis for measuring and quantifying climate change
impacts, with adaptations implicitly aimed at aversion and/or
minimization of impacts. These challenges are unlikely to be
fully resolved, reflecting the inherent “messiness’ of
adaptation, and necessitating the development of diverse
methodologies that can provide varied perspectives on
adaptation progress.

In this Insight Paper we have presented a typology of
approaches and tools that could be used for adaptation
tracking, drawing upon research on monitoring and evaluation
in the general scholarship and emerging research in aclimate
change context. Assuchweprovideinsightsrelevant toall six
themes of this special edition, which is particularly important
asadaptation governance becomesakey component of climate
policy and research. Outcome-based approaches directly
measure adaptation progress and effectiveness with reference
to avoided climate change impacts. Widely regarded as the
gold standard for monitoring and evaluation, their use in an
adaptation context is constrained by the difficulty of
attributing vulnerability reduction to adaptation, their focus
on short-term tangible outcomes that only provide partial
insights on adaptation success, and the fact that full climate
change exposure will not happen for decades. Alternatively,
arange of systematic measures are availableto assess various
stages of adaptation from adaptation readiness, to processes
undertaken to advance adaptation, policies, and programs
implemented to adapt, and measures of the impact of these
policies and programs on changing vulnerability. These
approachesdevelopindicatorsor proxiesby which the current
status of adaptation can be evaluated and monitored over time.

While some of the tools reviewed here have been piloted on
a globa scale, the majority of monitoring and evaluation
research has not advanced beyond proposing conceptual
frameworks or conducting project-specific reviews. If
adaptation science is to respond to the needs of the policy
community, akey goal of futureresearch will beto apply these
approaches to create a baseline understanding of current
adaptation action from which to track adaptation progress.
However, akey challenge to operationalization is an absence
of systematically collected data on adaptation actions and
outcomes across countries. Adaptation inventories for
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instance, including forums for stakeholders to voluntarily
share knowledge about adaptation practices (e.g., UNDP's
Adaptation Learning Mechanism, the World Resources
Ingtitute Vulnerability and Adaptation Database) and
databases seeking to compile recorded adaptation in specific
region (e.g., European Climate Adaptation Platform) do not
provide systematic and representative datafrom which wecan
identify trends and gaps in adaptation progress globally.
National Communications to the UNFCCC provide a useful
source of data on adaptation from every region, but the
guidelines that form the basis of the chapters concerning
adaptation are brief and nonspecific, contributing to variations
across reports in the level and quality of detail concerning
research and interventions. Critical for future adaptation
tracking initiatives is improved adaptation reporting from
which to develop abaseline of current action and by which to
monitor progress over time. While mitigation reporting is
already well developed for inventorying emissions across
sectors and countries, similar mechanisms for tracking
adaptation are urgently needed and have been requested by
national governments, United Nations bodies including the
UNFCCC, and nongovernmental organizations.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.

php/5732
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