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Abstract
In the last decade, governments have made advances in the development and adoption of climate
adaptation programs. With the rise of these programs, scholarly efforts have emerged to assess
and evaluate their effectiveness and quality. Thus, researchers have developed and applied a
range of climate adaptation evaluation approaches to gauge adaptation progress. In this thesis, a
climate adaptation evaluation approach developed by Ford and King (2015) — the adaptation
readiness framework — was applied to assess the readiness of three Northeastern US States –
Massachusetts, New Hampshire, and Maine – to adapt the natural resources systems located
within their boundaries to climate change. To enable the adaptation readiness evaluation, the
indicators in the adaptation readiness framework were revised to fit the context of this study
shaped by scale and governmental system. Systematic reviews of the scholarly and grey
literature were pursued. The revised indicators were used for the coding of documents.
Indicators were then scored based on ordinal rankings. Results demonstrated that Massachusetts
had the highest level of climate adaptation readiness, New Hampshire the second highest and
Maine the lowest climate adaptation readiness. It was found that political leadership – one of the
factors in the framework – strongly correlates with climate adaptation readiness, and that high
levels of climate adaptation readiness are associated with government centralization. The
conceptual strengths of the framework include its ability to illuminate adaptation deficits, and
adaptation policy patterns and structures. Its weaknesses stem from the vagueness of the
underlying definition of adaptation. Rather than measuring adaptation progress, the adaptation
readiness framework measures the extent to which governments have established programs that
fall under the category of adaptation as “adjustments”.
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Introduction
Climate change impacts ecological and human systems across the world. Global mean
temperature increases cause severe storms, floods, and droughts (IPCC, 2018) and are associated
with a cascading set of consequences that ripple throughout ecosystems and impact communities
(IPCC, 2018).
Climate change adaptation, conceptualized as “[...] adaptation or adjustment to climate
and its effects“ (IPCC, 2014) — long considered a secondary priority to mitigation — has gained
progressively more scholarly attention since the late 1990s. Only in the last decade and a half,
however, have governments begun to initiate climate adaptation initiatives. Rising governmental
interest in climate adaptation is reflected in the emergence of novel planning processes, policy
development, and implementation of adaptation interventions (see Massey & Huitema, 2013).
This expansion in governmental climate adaptation efforts has been accompanied by a growth in
adaptation scholarship, capturing and analyzing the complexities of human responses to climate
change.
In the last decade, the concept of adaptation progress has come to the fore in climate
adaptation scholarship. Since the goal of adaptation is articulated as harm reduction (Cooper &
Pile, 2013) and reduction in vulnerability of human -and ecosystems, it is important that
adaptation interventions yield tangible results. Hence, evaluation and tracking of adaptation
success has emerged as an important area of investigation (see Bierbaum et al., 2013; Bours, et
al., 2014; Ford et al., 2013; Ford & King, 2015; and Preston et al., 2009) to ensure that
measurable reductions in vulnerability1 (see Füssel, 2013) and harm are achieved. In addition,

1

Vulnerability itself has been conceptualized in a range of ways and is, like climate adaptation, a contested concept
(see Füssel, 2013). Delving into the complexities of the understandings and definitions of vulnerability is outside
the scope of this thesis.
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with organizations and governments committing progressively more funds to adaptation,
rigorous evaluation of adaptation progress is needed to guide funding decisions (Ford et al.,
2013).
This thesis, too, was inspired by the quest to evaluate adaptation progress, specifically
adaptation of natural resources systems in three US states. Climate change emphasizes the
dependence of human systems on functioning ecosystems, rendering the adaptation of natural
resources systems a priority in climate adaptation efforts (Turner, 1996; Pramova, 2012, Capon
et al., 2013).
The difficulties encountered in finding a credible research design for this thesis2 made
clear that capturing progress in the climate adaptation realm faces significant methodological and
conceptual challenges. The temporal dimension of adaptation as a project oriented towards an
uncertain future is most frequently listed in the literature as a critical methodological barrier to
evaluating adaptation success (see Bours et al., 2014; Ford et al., 2013). Thus, there is
uncertainty about the extent to which any adaptation interventions measurably reduce
vulnerability and harm. Some interventions may reduce vulnerability in the short-term but may
turn out to be ineffective in the long-term as temperatures increase and impacts become more
unpredictable and severe. Other interventions may turn out to be not only ineffective but
increase vulnerability and harm. The consensus in the literature suggests that the long planning
horizons involved in climate adaptation mean that the success or failure of some adaptation
interventions will not become apparent until decades from now (Ford et al., 2013). In the natural
resources sector, the concept of adaptation faces even greater methodological challenges than in
the human sectors. Ecosystems already face significant degradation from past human use. They
2

Iterations of the thesis research design that preceded the design adopted for this thesis are described in Appendix
A.
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are impacted by both climate and non-climate related stressors. Thus, ecosystems restoration is
considered a critical adaptation measure. The notion of restoration, however, draws on past
ecosystems functioning for baseline development. Degradation, shifting baselines and the
blurring of the distinction between restoration and adaptation make evaluation of adaptation in
the natural resources sector difficult.
To address challenges in adaptation evaluation, the field of adaptation scholarship has
largely relied on proxy frameworks to assess adaptation progress rather than examining
outcomes directly (see Bierbaum et al., 2013; Bours, et al., 2014; Ford et al., 2013; Klostermann
et al., 2018). Proxy frameworks explore several adaptation dimensions, including the quality of
adaptation processes, whether the policy-related preconditions for pursuing adaptation are in
place, and whether governments pursue initiatives that are defined as ‘adaptation’.
For this thesis, a proxy concept called the adaptation readiness framework developed by
Ford and King (2015) was selected and applied to evaluate the natural resources adaptation
progress in the context of the overall adaptation planning and policy development processes of
three Northeastern US states. This framework is based on the notion of an adaptation
architecture as articulated by Smith et al. (2009), who contend that without certain policy-related
components in place, adaptation is unlikely to proceed. According to Ford and King (2015)
adaptation is more likely to occur if these components are in place. Best understood as
adaptation preconditions, these components have been conceptualized by Ford and King as
overarching factors manifesting in the public, political and policy spheres (Ford & King, 2015;
Ford et al., 2013; see Smith et al., 2009). These factors include:
● political leadership
● institutional organization

3

● adaptation decision-making and stakeholder engagement
● availability of usable science for decision-making
● funding for adaptation planning, implementation, and evaluation
● public support for adaptation
The application of the climate adaptation readiness framework enables the
evaluation and ranking of the overarching factors/adaptation preconditions and thus paves
the way for comparative evaluation of climate adaptation readiness of national and subnational units (Ford and King, 2015). The objective of this thesis is twofold, to contribute
to meeting the gap in the literature on evaluation of climate adaptation progress
(Kamperman & Biesbroeck, 2017; Mimura et. al., 2014; Noble et. al., 2014) and to test
the adaptation readiness framework as a valid approach for measuring adaptation
progress.
In this thesis, the climate adaptation readiness framework as developed by Ford and King
(2015) was modified and then applied to evaluate and compare the readiness of three
northeastern US states —Massachusetts, New Hampshire, and Maine — to adapt wildlife
habitat, forests and estuaries to climate change3. The methods employed in this thesis drew on
systematic review of research articles and systematic review of government documents, which
were coded for themes based on the criteria and indicators recommended by the authors of the
adaptation readiness framework (see Ford & King, 2015). In applying the framework, the
strengths and weaknesses of the climate adaptation framework were assessed, and its ability to

3

My choice of natural resources systems was shaped by considerations of comparability (see Ford & Berrang-Ford,
2017). To meet the criterion of comparability, I analyzed adaptation progress via coding state natural resources
management plans required by the federal government. For reasons delineated in the thesis in the methods chapter, I
chose wildlife habitat, forests, and estuaries despite the fact that there is overlap between the three as forests and
estuaries also comprise wildlife habitat.
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capture climate adaptation readiness were analyzed. Considering the theoretical complexity of
the concept of climate adaptation, this thesis also explores the extent to which climate adaptation
readiness is a meaningful proxy measure of climate adaptation progress.
The following research questions guided data collection and analysis:
1. Based on the application of the climate adaptation readiness framework to three
US states, what is the readiness of each of the states to pursue climate adaptation
of natural resources systems?
a. To what extent have the states created the preconditions for adaptation?
b. How does the quality of the adaptation readiness manifest differently in
each state?
2. What are the strengths and weaknesses of the climate adaptation readiness
framework developed by Ford and King (2015) to evaluate the readiness of three
US states to adapt their natural resources systems to climate change in a federated
system?
a. What are the conceptual and theoretical strengths and weaknesses of the
climate adaptation readiness framework?
b. What are the obstacles in evaluating climate adaptation readiness of
natural resources systems using the framework?
c. Are the adaptation framework’s overarching factors and indicators
appropriate?
d. Can the adaptation framework be flexibly applied?
3. What are avenues for future research?

5

This thesis contains five chapters. In Chapter 1 (Literature Review), climate adaptation
definitions and typologies are discussed and critically reviewed. In addition, a range of
approaches to evaluation and tracking adaptation progress are examined.
In Chapter 2 (Methodology), the climate adaptation readiness framework as developed by
Ford and King (2015) is described, and the way it was revised for the research context in this
thesis, i.e., natural resources systems adaptation in three US states.
In Chapter 3 (Methods), the methods pursued in this thesis are described in detail,
including the approach taken to the systematic review of articles and documents, search strings
used, and exclusions and inclusions applied.
Chapter 4 (Narrative Presentation of Results and Discussion) examines how each
readiness factor is manifested in each of the U.S. states evaluated in this thesis. Outcomes data
from the data collection efforts grounded in the two previous research designs4 described in
Appendix A is interwoven when relevant, pointing towards additional research gaps in the
evaluation of climate adaptation progress.
Chapter 5 (Conclusion) discusses the conceptual and practical strengths and limitations of
the adaptation readiness framework as developed by King and Ford (2015) and avenues for
future research.

4

See Appendix A.
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Chapter 1: Literature Review
1.1 Climate Adaptation as Discourse
Since the late 1990s and early 2000s the concept of adaptation in the climate change
context has seen a dramatic increase in scholarly attention. Recognizing that some warming
would be inevitable, scholars have seized on the concept of adaptation to conceptualize human
responses to climate impacts (Bassett & Fogelman, 2013). A burgeoning body of adaptation
literature emerged (see Preston et al, 2015; Bassett & Fogelman, 2013; Berrang-Ford et al,
2010), which culminated into a scholarly discipline in its own right (see Bassett & Fogelman,
2013).
Broadly speaking, adaptation comprises the actions that need to be undertaken for
ecosystems and human societies5 to persist under changing climatic conditions. According to the
IPCC (IPCC, TAR, 2001, p. 982), climate adaptation is defined as:
[…] the process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate harm or exploit beneficial opportunities. In natural
systems, human intervention may facilitate adjustment to expected climate and its effects.
Various types of adaptation can be distinguished, including anticipatory and reactive
adaptation, private and public adaptation, and autonomous and planned adaptation.
(IPCC, TAR, 2001, p. 982).
The latter phrase in the IPCC’s definition, describing an array of adaptation types, is
indicative of the emergence of an adaptation language or discourse. Created by adaptation
scholars and practitioners, this discourse is conceived of through the articulation of a multiplicity
of new concepts, describing processes and activities that seek to reduce the vulnerability of

5

The term socio-ecological systems is becoming increasingly popular in the research literature to describe the
relationship between ecosystems and human systems. However, government planning approaches still distinguish
between natural and human systems. The IPCC definition of adaptation distinguishes between human and natural
systems. Therefore, it was decided in this thesis to also distinguish between eco-systems and human societies.
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human societies and ecosystems to climate impacts. Examples include the expansive glossaries
of the IPCC assessments after 2001, which list definitions for adaptation capacity, adaptation
deficit, and soft and hard limits to adaptation and other related terms (see IPCC, 2014, p. 118;
see also Adger, 2009) and include the discussions of the numerous, conflicting definitions used
by a range of national and international bodies concerned with climate change and adaptation
(see Levina & Tirpac, 2006)
Critics of the contemporary adaptation discourse have noted both its top-down nature and
focus on the technical as opposed to the social and cultural aspects of adaptation (Eriksen et al.,
2015; Schulz, 2015; Basset & Fogelman, 2013). This technocratic orientation of the
contemporary adaptation discourse stems from the natural hazards literature of the 1970s, which
fashioned many of its concepts, including risk, vulnerability, and adaptation (see Bassett &
Fogelman, 2013). Hence, the contemporary adaptation discourse can be understood as a
successor discipline to the natural hazards literature of the 1970s (see Bassett & Fogelman,
2013). The latter views environmental threats rather than economic and political inequities as
imbued with risks (see Bassett & Fogelman, 2013). In the natural hazards literature, human
responses to threats comprise adjustments that become more sophisticated over time (see Bassett
& Fogelman, 2023). Ideally, communities undertake adjustments to minimize risks proactively.
When these adjustments become standard responses to environmental threats, they are
considered adaptive responses according to the natural hazards literature (see Bassett &
Fogelman, 2013).
Bassett & Fogelman (2013) note that the contemporary adaptation discourse owes much
of its theoretical underpinnings to the natural hazards literature, which they find reductive and
limiting in managing risks faced by communities. These authors, along with other political
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ecologists, have called for a greater focus on analyses of social-economic determinants of
vulnerability (Bassett & Fogelman, 2013; Grove, 2014) and an examination of the power
relations underlying the economic drivers of processes that compel human communities to adapt
to begin with (Bassett & Fogelman, 2013).
Criticisms have come from other quarters of the scholarly field as well, however. In
examinations of the peer-reviewed literature used in IPCC assessments, for example, it has been
noted that the IPCC prioritizes economics among the social sciences, while “marginal[izing]”
(Hulme & Mahoney, 2010) studies from psychology, anthropology, and history that could shed
light on adaptive processes in social systems (Hulme & Mahoney, 2010, see also Pelling, 2010,
p. 9). In fact, the prioritization of the natural sciences and the orthodox application of science
hierarchies has been a longstanding feature of scientific assessments conducted by international
research bodies (Hulme & Mahoney, 2010), possibly hampering both mitigation and adaptation
progress (see Sarewitz, 2011; Beck, 2011, Hulme & Mahoney, 2010).
This study, while acknowledging the importance of the social sciences in climate
adaptation research and the need for analyzing and considering the social construction of
vulnerability, is situated at the intersection of natural resources management and policy analysis.
This disciplinary intersection has conceptualized itself in the West, especially since the 70s and
80s, as grounded in technocratic approaches that seek technical and scientific solutions to its
problems (Raik, Wilson & Decker, 2008).
Thus, while this thesis assumes a critical stance towards climate adaptation literature as a
successor to the natural hazards literature (see Bassett & Fogelman, 2013), it is centered in the
scholarly tradition of the natural hazards and public policy literatures. This tradition understands
itself as a field of applied scholarship that supports and shapes public policy decision-making.

9

1.2 Climate Adaptation Progress
This thesis is concerned with the evaluation of adaptation progress. It seeks to provide
answers to questions, such as ‘are we adapting?’ (see Lukasiewicz et al., 2016; Berrang-Ford,
2011; Preston et al., 2009) and ‘how are we adapting?’ (see Lesnikowski, et al., 2015) and ‘how
do we know that we are adapting?’ (Berrang-Ford, 2013). To lay the groundwork for a
discussion of the research literature on climate adaptation evaluation, definitions and typologies
of adaptation generated by the adaptation literature need to be reviewed. Definitions and
typologies shed light on how adaptation is understood by researchers interested in public policy
applications. They illustrate which dimensions of adaptation can be considered for both
adaptation evaluation and comparing adaptation progress across national and sub-national units.
While this thesis focuses on natural resources systems adaptation, it is important to
understand that governmental planning and implementation processes for climate adaptation
have been conceptualized as essentially the same independently of sector. Adaptation as a
process in developed nations usually involves planning, policy development, capacity building,
and implementation of strategies (Lesnikowski et al.2015; Biagini et al., 2014) in each of the
sectors that are understood to be under the purview of governments. Thus, several of the
typologies reviewed here originate from scholarly explorations of the adaptation process
independently of sector.
In the following paragraphs, examples of adaptation definitions and typologies are
critically reviewed from a range of different scholarly perspectives to demonstrate the breadth of
definitions and typologies in the research literature.

10

1.3 Adaptation Definitions and Typologies6
Climate adaptation is a methodologically and conceptually complex and dynamic notion.
To capture the various dimensions of adaptation, the climate adaptation literature has generated a
wide range of both definitions and typologies. Researchers from a multiplicity of disciplines
have contributed to the discussion by promulgating climate adaptation definitions and typologies
including the successor to the natural hazards literature of the 1970s (see Bassett & Fogelman,
2013; see Smit et al, 1999; Smit & Wandel, 2006) policy analysis and public policy studies
(Pelling, 2011; Smit et al., 2000; Eakin et al, 2009) political ecology (Bassett & Vogelman,
2013), and natural resources management (see Cooper & Pile, 2014; Bijlsma et al.,1996)
Consequently, the climate adaptation literature is characterized by a lack of consensus on
definitions and concepts (Brooks, 2003). To begin to explore concepts that have shaped the
scholarly understanding of climate adaptation, Smit et al.’s An anatomy of adaptation to climate
change and variability (2000), which offers both a definition and typology of climate adaptation,
is discussed in detail. With 1916 citations in google scholar, this article is considered a
foundational text in the climate adaptation literature.
According to Smit et al. (2000) and Smit, et al. (1999), adaptation can be defined by
asking three questions: “Adaptation to what?”, “Who adapts?”, and “How does the adaptation
occur?” (Smit, et al, 2000, pp. 223 -251). Secondarily, they suggest that “we must ask, how
good is the adaptation?” (Smit, et al, 2000, p. 229). The first question “adaptation to what?”
refers to the range of climate stimuli that prompt adaptation. These stimuli include the stresses,
perturbations and shocks caused by climate variability (Smit, et al, 2000). Climate stimuli also
encompass impacts that unfold in a more predictable fashion in relation to temperature increases

6

My section on adaptation typologies was inspired by Biagini et al. (2014). They review several typologies in the
2014 articles, several of which I explore in this thesis as well, albeit making different arguments.
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over longer timeframes, such as sea level rise (SLR). The question “who adapts?” elicits
answers targeting the systems and sectors that adapt (Smit, et al, 2000). It also refers to the
jurisdictional scales at which these systems and sectors operate (Smit et al., 2000). Thus,
answers to this question generate knowledge about the jurisdictional levels at which adaptation
unfolds, such as the national, sub-national, local, community or individual level, and which
sector adapts, such as, for example, the natural resources, transportation, or water sector (Smit, et
al, 2000). Answers to the question ‘how does adaptation occur?’ provide insights into the nature
of the adaptive response (Smit et al., 2000). Is the response planned or autonomous, anticipatory
as opposed to reactive, longer term or shorter-term, widespread, or localized (Smit et al., 2000).
Finally, the question that explores “how good is adaptation?” addresses the quality of the
selected adaptation strategies and whether these strategies are indeed designed to reduce
vulnerability (Smit et al., 2000).
In considering Smit et al.’s (2000) foundational text in the climate adaptation literature,
one must inquire whether the three questions posed to define climate adaptation are essentially
the same questions one might ask about any arbitrarily chosen public policy or governmental
problem. In fact, what, who and how questions apply to virtually any public policy topic
considered by governments. Furthermore, human societies always adjust in one form or another
to existing and emerging problems. Ideally, adjustments by governments, businesses and
individuals happen when policy problems emerge. For example, the problem of mass
homelessness in the US ideally requires adjustments. Adjustments to the emergence of mass
homelessness can happen at different governmental scales and by different sectors, such as
transportation or health and human services, or on the municipal, family and the individual level.
Scholars can ask questions about how the policy response to homelessness, or predicted
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homelessness, unfolds. Thus, increases in rents and stagnating wages are likely to cause
increases in homelessness. As in the case of climate adaptation, one can inquire whether the
policy response is proactive or reactive, planned or autonomous. One can explore the dimension
of scale when considering policy responses to homelessness.
Accordingly, the three questions are “adaptation to what?”, “who adapts?” and “how
does the adaptation occur?” can be asked about many policy problems and therefore may not be
suitable in specifically defining climate adaptation to distinguish it from other policy problems or
problems facing humanity in general. Instead, from among the questions posed by Smit et al.
(2000) two should be foregrounded, which are “adaptation to what?” and “how good is the
adaptation?”. The question “adaptation to what” defines the governmental or policy response as
one that specifically targets climate impacts as a relatively new set of threats. “How good is the
adaptation?” defines whether the response can be authentically considered adaptation. Any
response to climate stimuli by itself cannot necessarily be considered adaptation. In fact, some
responses to climate change may fail to meet the definition of adaptation or are considered
maladaptation (see Juhola et al., 2016). For example, grey infrastructure projects, such as dams
and sea walls to reduce flooding caused by climate change, are understood to generate long term
negative impacts on important ecosystems. Other responses to climate change may address the
short-term impacts of climate change but may be maladaptive in the long run (Eakin et al.,
2009).
Hence, it is the quality of the response to climate change at any scale that determines
whether harm to human and ecosystem is avoided, and vulnerability reduced over the long term
or whether ‘quick fixes’ dominate the policy response that may increase vulnerability over the
long term and may be viewed as maladaptive in the future. One can argue that the question that
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is considered of secondary importance in Smit et al. (2000) An anatomy of adaptation to climate
change and variability, that asks “how good is the adaptation” is more central to defining
adaptation than questions centered on “who adapts?”, and “how does the adaptation occur?”.
The quality of the policy response to climate impacts is the element that authentically
distinguishes climate change adaptation from any other policy problem considered by
governments.
The importance of qualitative factors in considering climate adaptation strategies has
been considered in the larger field of adaptation literature, resulting in additional typologies.
Thus, trade-offs between short-term solutions and policy responses focused on longer time
horizons have been explored. Eakin et al. (2009, pp. 212 -224), in their typology, distinguish
between three approaches to addressing climate impacts: 1/Vulnerability-based, 2/adaptationbased, and 3/resilience- focused strategies. Vulnerability-based approaches target population
groups that are vulnerable to climate change as a result of their disadvantaged economic and
educational status. Thus, vulnerability-based approaches address material and power inequities
that render population groups vulnerable to loss and harm (Eakin et al., 2009, p. 215).
Adaptation-based approaches, according to Eakin et al. (2009, p. 216) are focused on the present.
They target a particular problem through risk evaluation and a cost-benefit analysis to achieve
cost-effective solutions (Eakin et al., 2009, p. 216). Resilience-based approaches involve
mechanisms that enable a natural or other system to recover from stresses and perturbations. The
relative consequences of each approach must be compared by governments to assess the
immediate and long-term implications and potential costs of each approach (Eakin et al., 2009,
p.216). Adaptation based on risk assessments prioritizes efficiency and effectiveness but may
lack considerations of equity and long-term resiliency (Eakin et al., 2009, p.215-216).
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Vulnerability-based approaches address the immediate needs of vulnerable populations and focus
on urgent harm reduction but may unfold at the expense of efficiency and effectiveness and of
reduced ecosystems functioning in the long term (Eakin et al., 2009, p. 216). Resiliency
approaches build long-term resilience into systems - an approach that is responsive to the needs
and rights of future generations - but may undermine addressing immediate needs of vulnerable
populations (Eakin et al., 2009, p. 215). For example, restoration of ecosystems whose declining
resilience has been caused by engineered alterations to enable human use may cause economic
hardship among the human users, if ecological restoration requires decreasing the use of the
ecosystem (Eakin et al., 2009, p.219). By considering the nexus between qualitative, temporal,
and social factors, Eakin et al. (2009) center the quality of the adaptation response in their
adaptation typology and consider the potential consequences and costs of different adaptation
approaches.
Other climate adaptation typologies have been developed based on empirical studies of
climate adaptation, which claim to improve our understanding of adaptation in practice.
Lesnikowski et al. (2011& 2016) crafted a typology grounded in studies of climate adaptation in
the health sector of developed nations. This adaptation typology distinguishes among
“groundwork level actions”, which are actions considered critical for informing and preparing
for adaptation and “adaptation level actions” (Lesnikowski, et al, 2011, pp., 1-9).
Actions considered to be part of the groundwork level include “1/Impact and
vulnerability assessments, 2/ adaptation research, 3/Conceptual tools, 4/Climate change
scenarios, 5/Stakeholder networking, and 6/Policy recommendations” (Lesnikowski et al.,
2016, p. 281). These actions are understood as conveying the commitment to act as opposed to
manifest actions (Lesnikowski, et al, 2016). Adaptation level actions are understood as

15

initiatives that are implemented to tangibly improve the adaptive capacity/resilience of human
and natural systems, and include:”1/Organizational developments, 2/regulations,
3/infrastructure/technology innovation, 4/public awareness and outreach, 5/surveillance and
monitoring, 6/and financial support” (Lesnikowski et al., 2016, p. 281). The distinction
between groundwork level and adaptation level actions usefully captures the temporal
dimension of adaptation as a process or as the unfolding of adaptation in stages. It suggests
correctly that intent to act does not necessarily reflect evidence of adaptation implementation.
However, it is noteworthy that among the actions designated as groundwork level adaptation
by Lesnikowski et al. (2016) planning is absent. The planning aspect of adaptation, however,
has been widely discussed in the literature (see Bednar et al., 2019; Stults & Larsen, 2020;
Miao, 2019; Mimura et al., 2015; Abunnasr et al., 2015; Poyar & Beller-Simms, 2010). In fact,
one can argue that the simplest adaptation typology used in the public policy realm
distinguishes between two elements: planning and implementation.
Attempts to understand adaptation at the national and international levels, as reflected in
Lesnikowski et al. (2016), have been described as fraught by methodological challenges, which
derive from the “indistinctness” of adaptation as a concept (Dupuis & Biesbrock, 2013, p.1476),
raising again, among others, questions about the qualitative dimensions of climate adaptation.
Thus, comparisons of adaptation actions in national units so far have not included an analysis of
whether actions described as adaptation by government representatives are effectively adaptive.
Like much research on climate adaptation evaluation, international and sub-national comparisons
hinge on proxy concepts, which measure climate adaptation progress indirectly rather than by
examining adaptation outcomes. While limited in assessing concrete adaptation gains,
considering the nature of adaptation as oriented towards an uncertain future, proxy concepts
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necessarily play an important role in adaptation evaluation.
In another attempt at developing an adaptation typology that is grounded in an
examination of adaptation in practice, Biagini et al. (2014) pursued an empirical study of
adaptation projects supported by the Least Developed Nations Fund (Biagini, et al., 2014). This
typology resulted in ten categories that include:
1/Capacity Building; 2/Management and Planning; 3/Changes in or Expansion of Practice
or Behavior 4/ Governance and Institutional Policy Reform, 5/Information and
Communications Technology, 6/Climate-Resilient Physical Infrastructure Adaptations,
7/Warning or Observing Systems 8/Climate-Resilient Biophysical or “Green”
Infrastructure, 8/Adaptation-Related Financial Strategies, 9/Expansion or Introduction of
Climate Adaptation-Related Technology. (p.103)
According to the authors, the strength of this typology lies in its centeredness in on-theground actions while the majority of existing typologies are based in theoretical speculations: “In
general, the adaptation typology literature has so far relied primarily on theoretical approaches
more than on empirical data.” (Biagini et al., 2014, p. 103). However, this study shares the
same conceptual problems as Lesnikowki’s approach. While Biagini et al.'s (2014) stated goal is
to “ground-truth theoretical assumptions with empirical research” (p. 99), its analysis is based on
a proxy concept. This proxy concept comprises actions that are funded ‘as adaptation’ by the
Least Developed Nations Fund. Moreover, this article aligns the results of the empirical study
with theoretical concepts developed in the technocratically-oriented adaptation literature (see
Biagini et al., 2014) with the effect of reinforcing the notion of climate adaptation as a
technocratic project (see Pelling, 2011).
In the latter two typologies, the quality of adaptation or “how good it is” (Smit, et al,
2000) remains undefined. In fact, the two examples of concrete adaptation projects listed in the
Biagini study are installations of grey infrastructure to address flooding and sea level rise. The
adaptation literature shares a consensus, however, that grey infrastructure is likely associated
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with increases in vulnerability (see Noble et al, 2014, p. 858; Ford et al, 2013; Brooks, 2003;
Reilly and Schimmelpfennig, 2000; Smit et al., 2000) and is therefore likely maladaptive in the
long run. Thus, the two projects mentioned in Biagini et al. (2014) may reduce vulnerability in
the short term but turn out to be maladaptive in the future (see Lamhauge et al., 2012, p.11).
It has become clear that climate adaptation definitions and typologies as discussed in the
research literature are often characterized by either an absence of definitions of desirable
adaptation or rank qualitative standards for adaptation secondarily. Furthermore, social and
political dynamics, such as may manifest in stakeholder and decision-making processes and
conflicts that determine what is defined as desirable adaptation or adaptation success, is
frequently not taken into consideration in the establishment of these typologies (see Eriksen et
al., 2015). Thus, according to Pelling (2011) “growing evidence suggests that too often
adaptation is imagined as a non-political, technological domain and enacted in a defensive rather
than a progressive spirit.” He argues that:
Dominant development discourses put the economy as first to be preserved, above cultural
flourishing or ecological health. There is a danger that adaptation policy and practice will
be reduced to seeking the preservation of an economic core, rather than allowing it to foster
the flourishing of cultural and social as well as economic development, or of improved
governance that seeks to incorporate the interests of future generations, non-human entities
and the marginalised. (p.3)
In the preceding paragraphs, it was argued that the quality and effectiveness of climate
change adaptation, or as articulated in Smit et al. (2000) typology, “how good is climate
adaptation?” ought to be considered as a primary factor in shaping the definition of adaptation.
Questions targeting “who adapts?” and “how does the adaptation occur?” are also important in
defining adaptation but should be considered secondarily.
Further, it has been shown that adaptation can comprise a wide range of actions and
initiatives and in all governmental sectors. Long planning horizons obscure whether adaptation
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interventions will have the projected adaptive impacts or increase vulnerabilities in the future.
Thus, the nature, scope, quality, and goals of climate adaptation need to be clearly defined in
measurable terms when discussing adaptation progress. For example, the construction of sea
walls may be preferred by coastal homeowners to protect their properties from flooding but have
destructive impacts on important coastal ecosystems. Both the sea wall and relocation of homes
are captured by a definition of adaptation as ‘adjustments’, with the building of the sea wall
resulting likely in long-term maladaptive impacts on ecosystems.
As a result of the indistinctness of adaptation (see Biesbroeck & Dupuis, 2013), adaptation
research such as in Lesnikowski et al (2016) and Biagini et al., (2014) draw on proxy indicators.
They are based on government and funding initiatives that have been categorized ‘as adaptation’,
independently of a close analysis of whether the projects funded as adaptation meet certain
definitions and standards that ensure that these projects are indeed adaptive over the long term.
1.4 Adaptation Typologies in Coastal Systems
The examples of adaptation definitions and typologies discussed above are largely
independent of a specific adaptation context or sector, such as urban, rural, agricultural, grey
infrastructure, and ecosystems. In the following paragraphs, two typologies are discussed that
conceptualize adaptation in the natural resources systems context, specifically pertaining to
coastal areas.
While all ecosystem types have been explored in the conservation adaptation literature,
coastal adaptation stands out as having attracted particularly high levels of attention because of
the population density in coastal areas (National Oceanic and Atmospheric Association (NOAA),
n.d.) and the threats caused by SLR to coastal infrastructures and valuable ecosystems.
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For coastal areas, a commonly used climate adaptation typology centers on three
overarching approaches:”1/planned retreat 2/ accommodate; or 3/protect” (Macintosh, 2013;
IPCC CZMS, 1992, p.190; Bijlsma et al.,1996). Planned retreat seeks to limit further
development in the coastal zone, and may involve relocation of communities away from the
coastal zone; relocation may center on the re-building of coastal infrastructure away from the
coast, which can be exceedingly costly (Bijlsma et al.,1996). Planned retreat can be encouraged
by governments through the elimination of subsidies for building in the coastal zone (Bijlsma et
al.1996). The second approach - accommodation - is grounded in land use planning approaches
that are designed to avoid the worst impacts of climate change on human infrastructure while
avoiding infrastructure relocation (Bijlsma et al.1996). Accommodation involves land use
planning adjustments, including changes to building codes and zoning, ecosystem protection, and
hazard insurance. Strategies in the third category, which is ‘protect’, rely on “hard” engineering
structures, which are both costly to construct and maintain” (Bijlsma et al.1996, p. 316). It is
understood that the first two approaches allow coastal ecosystems to continue to naturally adapt,
and are generally more cost efficient, while the latter, with its focus on hard armoring, leads to
the loss of ecosystem function and is high in cost (Bijlsma et al.1996). The reliance on “hard”
engineering structures, for example, can make it difficult or impossible for communities to use
fishing and hunting grounds, and visit locations that have historical and cultural values (Bijlsma
et al.1996).
The adaptation typology that describes coastal adaptation as 1/planned retreat,
2/accommodate and 3/protect has been re-conceptualized by Cooper and Pile (2014) as a
spectrum of strategies that is defined as ‘resistance to natural processes’ on the one end of the
spectrum to ‘adaptation’ – defined as practices that allow natural processes to occur in response
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to SLR– on the other end of the spectrum. This typology is based on a critique of prevalent
assumptions grounded in the need to protect human settlements from the coast, which have
dominated our understanding of managing coastal ecosystems (Cooper & McKenna, 2008). The
authors suggest that approaches to sea level rise based on the assumption of the need to protect
from the sea, miscomprehend the dynamic nature of coastal ecosystems. Rather than viewing
them as static systems harmed by erosion, coastal ecosystems have responded dynamically to
rising and declining seas over the course of millennia: “Coastal erosion is a natural process that
creates, modifies and destroys coastal landforms through linked processes of erosion, transport
and deposition.” (Cooper & McKenna, 2008, p.316).
The quality of the adaptive response is central to this typology developed by Cooper and
Pile (2014). According to the authors, resistance consists of hard engineering approaches to SLR
that protect coastal human infrastructure, such as buildings and roads, raising flood defense
structures, dikes, and seawalls, and undertaking beach nourishment7 (Cooper & Pile, 2014). In
contrast, these authors conceptualize climate adaptation as centered on strategies that involve
managed retreat and abandonment, which is also defined by them as ‘changes in coastal land
use’ from developed to less or not at all developed (Cooper & Pile, 2014). According to Cooper
and Pile, human developments in coastal areas interrupt natural coastal processes and lead to
destruction of coastal ecosystems, not sea level rise or storms. Coastal development arrests
sediment transport and inhibits migration of coastal ecosystems, leading to the disappearance of
coastal landforms (Cooper & Pile, 2014). Hard armoring prevents valuable coastal wetlands, salt
marshes and beaches from migrating inland in response to sea level rise - a phenomenon known

7

Dense development on the coast prevents rivers from transporting sediments to the coast, leading to what is known
as coastal squeeze. Beach nourishment comprises the artificial supply of sand to restore beaches that are narrowing
and disappearing as a result of coastal development. Sediment transport from rivers nourishes streams naturally.
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as “coastal squeeze” (Cooper & Pile, 2014, p. 316). Nonetheless, hard engineering approaches
and retreat are often presented to communities as one among a range of equivalent adaptation
approaches (Cooper & Pile, 2014). Steeped in a longstanding discourse of the need for
‘protection from the sea’, stakeholders often prefer engineered solutions that come with
significant environmental costs. However, according to Cooper and McKenna (2008), it needs to
be understood that we either protect valuable ecosystems or maintain human infrastructures; it is
impossible to accomplish both.
Concluding this section, a wide range of climate adaptation definitions and typologies
have been promulgated, reflecting the specific concerns, knowledge base and interests of the
scholars and organizations that have generated these definitions. The multiplicity of
understandings of climate adaptation underscores the contested nature of this concept, and
associated terms such as risk, hazard, resilience, and vulnerability. In fact, while “there is a need
to define what adaptation looks like in practice” as called for by Ford et al. (2013, p.1), without
having come to a consensus of what “good adaptation” (see Smit, et al. 2000) is, we cannot
determine whether adaptation actions are truly designed to reduce vulnerability of human
societies and ecosystems. Projects that receive funding as adaptation may merely serve as
economic development projects with adaptive benefits, but may have longer-term negative
impacts on ecosystems, which increase the vulnerability of populations and ecosystems rather
than reducing it.8
1.5 How Do We Know That We Are Adapting to Climate Change?
Climate adaptation is conceptualized as a policy problem (Henstra, 2016), and comprises
a relatively novel governmental responsibility. It hinges on specific planning processes, policy
8

Bours et al. (2014) have made the point that many climate adaptation programs “look similar to other development
interventions, they do have specific and distinct characteristics that set them apart.” (p.2).
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development, and implementation of adaptation strategies and interventions. As Klosterman, et
al., (2018, p.188) suggest:
With the development of adaptation strategies comes the need for methods to monitor
and evaluate the level of implementation and the effectiveness of adaptation policies,
measures and actions.
Climate actions are associated with considerable costs to governments, whose offsetting
will require the establishment of new funding streams. To meet standards of public
accountability and to guide funding decisions, it is important that decision makers and funders
understand whether adaptation is successful (Preston, Yuen, Westaway, 2011, Berrang-Ford,
2013; Brooks et al., 2011). However, as a process oriented towards an uncertain future,
unfolding at all jurisdictional levels, in all governmental sectors, requiring a range of policy
instruments and involving a wide range of implementation strategies, adaptation is complex and
thus has been described by scholars as messy (Lorenz et al., 2019, Biesbroek et al., 2013;
Berrang-Ford, 2011). These complexities are reflected in researchers grappling with various
approaches for evaluating adaptation progress. In the following sections, several different
methods for the evaluation of adaptation, their strengths and drawbacks are discussed.
1.5.1 Adaptation Evaluation Approaches9
Each aspect of the climate adaptation process can be evaluated, including capacitybuilding efforts, planning processes, policy development and implementation of interventions,
and adaptation governance. Several approaches to evaluating adaptation progress have been
noted in the scholarly literature, including process-based, outcomes-based, monitoring and
evaluation (M&E), systematic review vulnerability measures, and the adaptation readiness

9

This section on adaptation evaluation approaches was inspired by the article by Ford et al., (2013) How to Track
Adaptation to Climate Change: A typology of approaches for national-level application.
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framework that was applied in this thesis (Berrang-Ford, 2013). According to Brooks, et al
(2011, p.10):
Adaptation and climate resilience encompass a wide variety of measures, processes, and
actions, operating at different temporal and spatial scales, and this diversity needs to be
reflected in any framework for the evaluation of adaptation.
1.5.1.1 Monitoring and Evaluation Approaches
Monitoring and Evaluation (M&E) systems are among the most commonly used
methods to evaluate climate adaptation initiatives (Bours et al., 2014; Bours et al, 2013; Ford
et al., 2013). M&E systems comprise a combination of both monitoring and evaluation
approaches. Monitoring of policy or project progress involves the systematic collection of data
illuminating the state of indicators that have been selected to determine the progress or success
of the policy, initiative, or project (Kusek & Rist, 2004, p.12). Evaluation comprises the
assessment of the extent to which the policy, initiative or project meets delineated goals
(Kusek & Rist, 2004, p.12). Monitoring and evaluation approaches pursue these two
objectives in parallel. They integrate both on-going monitoring and evaluation of projects and
interventions.
A range of adaptation evaluation strategies fall under the umbrella of M&E (Leiter,
2015). No common standards exist in M&E systems used in climate adaptation (Klosterman, et
al., 2018). Since the development of these systems is context-dependent (Leiter, 2015),
developing common standards and indicators is considered difficult. M&E approaches have
been primarily used to generate knowledge concerning the success of individual adaptation
interventions or projects rather than adaptation policies or plans. Examples of such projects
include adaptation interventions in the agricultural sector, including the adoption of new crops
with low water demand or adoption of integrated watershed management approaches (Brooks et
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al., 2011). However, M&E approaches have also been used to evaluate adaptation progress at
different governmental scales, including the evaluation of progress towards objectives listed in
national adaptation plans (see Klosterman, 2018).
Indicator development is critical in M&E approaches. M&E frameworks ideally include
input, output, outcome, and process-based indicators. Using the example from agriculture, the
adoption of low water demand crops would serve as an output indicator. Enhanced food security
during droughts would be an outcome indicator. Inclusion of stakeholders in the decision-making
process would be a process indicator. Indicators ideally should follow the SMART framework
and be specific, measurable, achievable, relevant and time-bound (Doran, 1981; Glahn et al.,
2007). Indicators should be straightforward and uncomplicated so that they can be easily
understood. Indicators should also be connected to pertinent science (Bours, et al., 2014; Harley
et al. 2008; Spearman and McGray, 2011). In order to assure the credibility of its evaluation
program, the monitoring organization should ideally have an independent status (UNDP
Evaluation Office, 2002), especially if the evaluation results are expected to be conveyed to the
public (Klosterman et al., 2018).
Similar to other adaptation evaluation approaches, M&E approaches also face specific
methodological and conceptual challenges. Adaptation is a continuously unfolding process.
In adaptation, there is no foreseeable end goal. Long time frames can exist between the
implementation of the intervention or strategy and the manifestation of an outcome, which
makes evaluation of impacts difficult (Bours et al., 2014). There are considerable questions
about the issue of attribution, in other words, the identification of factors that caused the
adaptive impact. Determining attribution involves the separation of factors that caused the
beneficial impact of an intervention from other contextual factors that may have caused
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beneficial impacts but were external to an intervention. (Bours et al. 2014; Brooks et al.,
2011; Ford et al., 2013). The attribution problem poses a significant problem for funding
agencies.
Despite methodological challenges, M&E approaches are increasingly applied in
climate adaptation evaluation, including in the evaluation of national climate adaptation
(Klosterman et al, 2018; Bours et al., 2013).
1.5.1.2 Evaluation of ‘Macro Adaptation’
According to Ford et al. (2013), outcomes-based approaches are central to the policy
evaluation literature and comprise a “gold standard” (p. 3) in the evaluation and monitoring
literature. Evaluation of macro adaptation comprises a sub-type in the outcomes-based adaptation
evaluation literature (see Kahn, 2003). This type of evaluation centers on avoided impacts over
time based on easily accessible, large data sets capturing, for example, avoided deaths from
climate-caused disasters. If the trends from these data sets suggest a decline in disaster-related
deaths, we can deduce that disaster preparedness has improved (Kahn, 2003). The data analysis
underlying macro adaptation hinges on the availability of data sets that provide insights into
trends over the course of decades (Kahn, 2003). If collected and analyzed systematically, these
data sets reflect evidence of adaptation progress over time (Ford et al., 2013). In the fields of
disaster studies or medicine, where data are collected continuously, baselines can be established
that allow for the tracking of outcomes over extended time frames (Ford et al., 2013).
The analysis of macro data has drawbacks, however. Evaluation of macro adaptation
does not allow for the illumination of causal relationships between factors that lead to a decline
in disaster-related deaths over time and the role of individual factors in the decline (Ford et al.,
2013). Furthermore, evaluation of macro adaptation fails to provide quantitative data pertaining
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to quality-of-life indicators following disasters, and experiences of displacement, and alienation
among survivors of disasters. Post-disaster experiences of displacement, alienation, and loss of
community connection can lead to additional disaster-related mortality that is not captured by the
initial data set.
1.5.1.3 Process-based Evaluation
Process-based evaluation approaches illuminate the quality of the climate adaptation
process rather than tangible adaptation outputs and outcomes. They hinge on the assumption that
a good process leads to desirable results. They measure progress by evaluating process-based
indicators. Thus, these approaches fall into the category of proxy frameworks in the sense that
the quality of the process becomes a proxy for desirable outcomes. Proxy indicators are useful
when there is a lag time between the implementation of initiatives and the manifestation of
outcomes (Ford et al., 2013). Process-based approaches have been primarily used for evaluating
individual projects and intervention but can be integrated into national level assessments (see
Ford et al., 2013). Process-based indicators may include, but are not limited to effectiveness,
efficiency, equity, legitimacy, flexibility, acceptability, mainstreaming, and sustainability (Adger
et al, 2005; Yohe & Tol, 2002 as quoted in Ford et al, 2013). It has been noted that sustainability
is often excluded as an indicator (Brooks et al., 2011).
The use of process-based indicators has a range of drawbacks. These drawbacks can
precede evaluation framework design, arising during the design of the process itself. For
example, experts charged with the design and implementation of a process can hold a range of
different perspectives about what constitutes a good process (Webler & Tuler, 2001). Once the
process has been designed, evaluators may have differences in opinion about which aspects of
the process to target for evaluation (Rauschmeyer et al., 2009). Thus, separating the expectations
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of the evaluator from the context of evaluation may be difficult or impossible (Rauschmeyer et
al., 2009). Finally, there is an assumption underlying process-based evaluation that a good
process will lead to the desired outcomes (see Rauschmayer et al., 2009), which may not always
be the case. To avoid these pitfalls in climate adaptation evaluation, process-based indicators are
often combined with other indicators such as input, output, and outcomes indicators, as is
practiced in the application of M&E systems (see Rauschmeyer et al., 2009; see Bours et al.,
2014; and Klosterman et al., 2018).
1.5.1.4 The Adaptation Readiness-Based Approach
The adaptation readiness framework was developed by Ford and King (2015) to address
several of the conceptual and methodological challenges underlying the evaluation of climate
adaptation. These challenges include the temporal disconnect between the implementation of
adaptation interventions and climate impacts, which makes outcomes-based evaluation difficult,
and the lack of systematic approaches that enable comparison of either national or sub-national
units (Ford & King, 2015).
Ford and King’s (2015) climate adaptation readiness framework is based on Smith,
Vogel, and Cromwell III’s article An Architecture for Government Action on Adaptation to
Climate Change: An Editorial Comment (2009), which lists nine policy-related components or
factors that the authors consider preconditions for adaptation success. These factors include
political leadership, institutional organization, stakeholder involvement, climate change
information, appropriate use of decision-making techniques, explicit consideration of barriers to
adaptation, funding for adaptation, technology development, and adaptation research. Ford and
King (2015) reduced this list of overarching factors to the following six: political leadership,
institutional organization, funding, usable science, stakeholder engagement, and public support
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for adaptation. In Ford and King’s climate adaptation readiness framework, these factors are
assigned indicators, which elucidate the extent to which these factors are present and developed
in the policy arena and public realm. Indicators can also be understood as describing the quality
of the overarching factors. According to Ford and King (2015, p. 506), “by focusing on what is
actually being done to plan and prepare for adaptation, adaptation readiness can provide a
measure of the likelihood of adaptation taking place.” The climate adaptation readiness
framework falls into the category of proxy frameworks for evaluating climate adaptation
progress. According to Ford et al., (2013, p.7) “the extent to which a nation is ready to adapt can
be used as a proxy for tracking adaptation.”
As with other adaptation evaluation frameworks, the adaptation readiness framework has
conceptual strengths and drawbacks, which this thesis seeks to explore. One is the notion of the
quality of the adaptation already discussed in the first section of the literature review. As in
other definitions of adaptation, the authors base their adaptation readiness framework on the
definitional shorthand of “adjustments to climate and its effects.” (see IPCC, 2001). “How good
is the adaptation?” (see Smit et al., 2000) is not considered. Instead, planning, policy, and other
adaptation processes are considered to be adaptation because they are defined as such by
decision-makers (see Dupuis & Biesbroeck, 2013). The question arises of the ways in which the
lack of a more precise definition of the quality of the adaptation hampers the framework’s ability
to estimate the likelihood that adaptation occurs. This question targets the appropriateness of the
indicators and the overarching factors, an issue that is analyzed in this thesis (see Chapter 5).
Another question centers on whether the adaptation framework can be flexibly applied to
different contexts as Ford and King (2015) claim.
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1.5.2 Comment on the Issue of Temporal Disconnect
The notion of a temporal disconnect between interventions or adaptation and adaptation
outcomes is mentioned frequently in the adaptation literature as an obstacle to evaluating and
tracking adaptation. Accordingly, Ford et al. (2013, p. 4) state that “[adaptation] success may
not be apparent for decades” and that there is considerable temporal disconnect between
interventions to avert future impacts (see also Bours et al., 2014).
The notion of a temporal disconnect deserves further elucidation. The presupposition
that generally adaptation success may not be experienced for decades is likely overstated in the
climate adaptation literature. According to attribution science, “confidence in attribution
findings of anthropogenic influence is greatest for extreme events that are related to temperature,
followed by hydrological drought and heavy precipitation” (Knutson et al., 2017, p.168). The
implication of this projection is that droughts and events with heavy precipitation that deviate
from the historical means are becoming highly likely. Thus, a range of adaptation actions,
especially actions that address heavy precipitation or drought, are unlikely to be characterized by
a significant temporal disconnect. For example, the increase in culvert size underneath roads has
an immediate adaptive effect. In case of a severe rainstorm, a road crossing a river or stream
faces damage with a smaller culvert in place (see Heavy rains, flooding damage roads in
Downeast Maine, June 9th, 2020). The adaptation – a larger culvert – therefore is immediately
adaptive.
Adaptation targeting more severe impacts to manifest at a greater temporal distance are
characterized by greater uncertainty and therefore suffer from temporal disconnect. However,
the overarching approach to addressing adaptation by governments in developed nations is one
of adaptive management (see Barnett & O’Neill, 2010) which is incremental in nature, in part
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driven by cost concerns (see Fletcher, 2013). Except in the cases of sea walls, there are currently
no examples of adaptation targeting impacts that will occur half a century from now.
Focusing on uncertainty rather than on our existing expertise pertaining to adaptation
may lead to reinforcing institutional inertia and provide fodder for those who seek to avoid tradeoffs between economic growth and climate adaptation. Emphasis on uncertainty may provide
support for themes that shape much of discussions on adaptation strategies, which includes such
heuristics as “no regrets” or “win-win” reinforcing for researchers and policy makers certain
framings that fail to capture and address the complexity of climate adaptation (Preston et al.,
2015).
1.6 Adaptation in the Natural Resources Systems Sector
In the natural resources systems sector, climate adaptation comprises actions that enable
ecological systems to persist under conditions of rapid global environmental change. According
to Julius et al. (2008, pp. 2-3):
The goal of adaptation is to reduce the risk of adverse environmental outcomes through
activities that increase the resilience of ecological systems to climate change.
In natural resources management, goals are articulated “in terms of maintaining ecosystem
integrity, achieving restoration, preserving ecosystem services, and protecting wildlife and other
ecosystem characteristics.” (Julius et al., 2008, pp. 2-3). Natural resources systems adaptation is
often cited as critical to human adaptation (Spalding et al., 2014; Capon et al., 2013; Munang et
al., 2013). However, the concept of natural resources adaptation is methodologically and
conceptually even more challenging than adaptation of human systems in developed nations.
Adaptation is undertaken in ecological systems that are already highly deteriorated and degraded
from human use. Climate change is an additional significant stressor that natural resources
managers will have to address to the extent that they can. Significant loss of ecosystems services
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is expected as the climate warms (Mooney et al., 2009). In the following section, the
complexities of natural resources systems adaptation are discussed.
1.6.1 Climate and Non-Climate Impacts Pose Synergistic Threats to Natural Resources
Systems
Maintaining natural systems under climate change is often more complicated than
adaptation in human systems in developed nations. Impacts from non-climate related stressors,
including habitat fragmentation and destruction, pollution, and over-harvesting of species, have
been deteriorating ecosystems for decades. According to Bijlsma et al.’s (1996), assessment of
the state of coastal ecosystems:
For many small islands, population pressure and urbanization, coastal pollution, and
overexploitation of resources already are critical problems. For deltas and estuaries,
changes in sediment supply and distribution are often already causing significant changes
in the coastal zone. This reinforces the message that climate change will act on coastal
systems that are already under stress. (p.309)
As Bijlsma et al., (1996) demonstrates, humanity faces climate change with ecosystems
that are already considerably threatened. Examples include: hardening of coastlines, which
causes erosion, impedes sediment transport, and migration of important coastal habitat in
response to sea level rise (see Cooper and Pile, 2014, Cooper & McKenna, 2008); nitrogen and
phosphorus pollution in estuaries resulting in dead zones and eutrophication (see Bricker et al.,
2008 and Bricker et al., 1999); acidification of lakes from nitrous oxide; the building of canals,
and dams of all sizes that alter the natural flow of rivers, impeding fish passage, causing water
pollution and habitat destruction (Palmer et al., 2009); destruction of freshwater systems that
provide drinking water; residential and commercial development, causing water pollution and
resulting and the destruction and fragmentation of habitat (Suskie & Cooke, 2007) and extractive
industries that destroy and fragment habitat, leading to the decline of important keystone species;
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industrial agriculture that causes pollution of streams, rivers, and estuaries (see Staudt et al.,
2013; Suskie & Cooke, 2007).
Thus, adaptation of natural resources systems must take into consideration the impact of a
wide range of non-climate related stressors (Julius et al., 2008). Management targeting nonclimate-related stressors must be expanded and adjusted to account for new realities under
climate change (see Staudt et al., 2013).
1.6.2 The Relationship between Restoration and Adaptation
While ecosystem restoration is a complex field with a long history (see Ehrenfeld, 2000),
the goal of conservation broadly speaking has been the restoration of ecosystems to a prior, more
pristine, less polluted and more diverse state. As McNeely (2011) suggests:
For more than a century the collective focus has been on protecting resources as they are,
restoring them to what they were at some previous time, or using them based on
experience and understanding. Unfortunately, past, and even present conditions are not
likely to resemble the future. (p.1)
Hence, restoration involves a wide range of strategies, including the reduction in pollution
sources, the elimination of unsustainable uses, and the recovery of species where possible (see
Ehrenfeld, 2000). The traditional emphasis on restoration in ecosystems management is also
reflected in landmark conservation legislation. For example, the text of the United States Clean
Water Act (1972) — which has been declared “one of the most revolutionary statutes ever
drafted” (Andreen, 2003, p.537) — begins with an emphasis on restoration: “The objective of
this chapter is to restore and maintain the chemical, physical, and biological integrity of the
Nation’s waters.” (33 U.S.C. §§1251-1387).
The term restoration as traditionally used, however, has been called into question as the
notion of steady baselines against which to measure ecosystems restoration objectives is
increasingly undermined by global change processes (see Milly et al., 2008). Concerns have been
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raised about whether strictly speaking, restoration of ecosystems is even possible (see Choi,
2007; Ehrenfeld, 2000). Most attempts at restoration confirm that the full scope of ecosystem
benefits cannot be restored to baseline conditions once an ecosystem has been degraded (Harris
et al., 2006).
Conceptualizing the differences between restoration and adaptation and defining both
terms more clearly is one of the challenges of the ecosystem management field. Classifying
restoration actions as adaptation — even though restoration may increase ecosystem resilience to
expected shocks and perturbations associated with climate change (see Wainger et al., 2017) —
can lead to confusion among decision-makers and the public. For example, green stormwater
management is often listed as adaptation in data bases of adaptation actions (see US Climate
Resiliency Toolkit, n.d.) However, it is understood among stormwater engineers that stormwater
management, unless specifically designed for future precipitation scenarios, does not count as
climate change adaptation (Thuler & Rhoades, 2016). Calling ecosystems restoration actions
‘adaptation’ may suggest to the public that governments pursue adaptation when in fact, past
impacts are being addressed rather than climate change impacts. The true monetary
commitments required to pursue effective climate adaptation may also be obscured by calling
restoration actions ‘adaptation’.
The question then is how to define the relationship between ecosystems restoration and
adaptation. From an evaluation and policy perspective, strictly speaking, any actions defined as
adaptation must be based on scientific projections of current and future climate impacts. In
relation to nitrogen pollution of estuaries (see Bricker et al., 2008 and Bricker et al., 1999) for
example, estuary restoration requires substantial reductions in nitrogen pollution from current
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sources, in addition to reductions based on projections of increased precipitation caused by rising
temperatures.
However, in the conservation and restoration literature, restoration is currently considered
an integral aspect of climate adaptation. Restoration is understood by researchers as an
important adaptation strategy among a range of possible strategies (Janowiak et al., 2014; Stein
et al., 2013; Seavy et al., 2009; West et al., 2009; Mawdsley et al., 2009). Conservation
researchers currently recommend managing ecosystems for both persistence and change
(Janowiak et al., 2014; Stein et al., 2013; Seavy et al., 2009; West et al., 2009; Mawdsley et al.,
2009). As a result, the notions of restoration and adaptation are currently characterized by a
tension that will eventually become increasingly obscured by rising temperatures and altered
ecosystems responses.
1.6.3 Expansion of Non-Climate Related Threats
An additional problem in evaluating natural resources adaptation is the continued
expansion of non-climate related threats (Aplet & McKinley, 2017; Staudt et al., 2013; Seavy et
al., 2009). While adaptation and adaptation-related processes and projects may proceed,
increases in non-climate related threats and pressures may outweigh the gains achieved by
adaptation efforts. It is understood that non-climate related interventions can be maladaptive
(see Jones et al., 2015), and that adaptation designed to protect human infrastructure can have
negative consequences for biodiversity and future generations (see Turner et al., 2010). Thus, the
expansion of non-climate related actions that degrade ecosystems and increase vulnerability
ought to be conceived of as maladaptive, as has been recently suggested by the IPCC (Noble et
al., 2014, p. 857).

35

The question arises whether management and evaluation frameworks have been
developed that explain both the impacts of non-climate related and climate-related threats. In
fact, at least one framework has been designed — more frequently used in Europe than on the
North American continent — called the Driver Pressure State Impact Response model (DPSIR)
(see Gari et al., 2015). This model includes pressure indicators that illustrate the impacts of land,
resource use, and pollution sources on natural resources management goals. A rare example of
the DPSIR framework application in the United States comprises the conceptualization of the
expansion of impervious surfaces as a pressure indicator by the Piscataqua Region Estuary
Partnership in New Hampshire. This estuary partnership defined the expansion of impervious
surface as an indicator of increasing stormwater pollution that is discharged into the estuary (see
PREP, 2018, p. 20), thereby articulating the impact of non-climate related threats on estuary
health.
A review of the natural resources systems climate adaptation literature reflects the
complexities of protecting natural resources under conditions created by climate change. The
question poses itself whether the climate adaptation readiness framework can be used to evaluate
progress that has been accomplished in the natural resources sector as part of the overall climate
adaptation process in US states.
1.7 Summary
As a project oriented towards an uncertain future, climate adaptation is a conceptually
complex idea. Climate adaptation is undertaken by a wide range of entities, including in
particular, governments, at all jurisdictional levels and pertains to all sectors. Adaptation of
natural resources systems is particularly important for humanity since humans depend on
ecosystem services for survival.
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To theorize the variety of dimensions of adaptation, a multiplicity of definitions and
typologies of climate adaptation have been conceptualized, reflecting a range of organizational,
political, and scholarly commitments, interests, and traditions. In certain types of typologies, the
quality and effectiveness of adaptation has been considered secondarily, while other factors, such
as the level at which adaptation occurs — individual, community or jurisdictional — and
whether the adaptation is planned or reactive, is considered as more important in defining
adaptation. Unless the expected quality and effectiveness of the adaptation project or initiative is
foregrounded, however, it is unclear whether adaptation is effective and can therefore be
authentically considered adaptation. For example, a grey infrastructure project undertaken by a
government entity to reduce flooding caused by climate change could primarily serve as an
economic development project with short term adaptive impacts, but maladaptive long-term
consequences.
The wide range of responses categorized as adaptation have contributed to the
phenomenon being described as “indistinct” by scholars (Dupuis & Biesbroeck, 2013). To
address the complexity of adaptation responses and their intended and unintended consequences,
a number of scholars have theorized the quality of the adaptation response — providing
important parameters for rendering the concept less indistinct and more concrete. Scholars have
distinguished between adaptation and resistance (Cooper & Pile, 2014), defined adaptation as
manipulation (Thomsen et al., 2012), and finally conceptualized maladaptation in all of its
manifestations (Jones et al., 2015).
Definitions and typologies are important for climate adaptation evaluation. They delimit
which aspects of the adaptation process are defined as adaptation and are considered for
evaluation. Since climate change impacts all aspects of human existence and ecosystems
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functioning, evaluation approaches need to reflect the entire range of climate adaptation
manifestations (Brooks et al., 2011). A range of approaches for climate change adaptation
evaluation have been developed, each characterized by tradeoffs. M&E approaches are among
the most widely used adaptation evaluation systems. They can include multiplicity of indicators
and thus they provide comprehensive information about adaptation progress. M&E approaches
have been primarily used with individual interventions and projects. Scholarship on using M&E
for adaptation is evolving, however, and examples of evaluation of national-level adaptation
efforts exist (see Klosterman et al., 2018).
Proxy approaches comprise critical evaluation systems for climate adaptation evaluation.
Rather than evaluating outputs and outcomes directly, these systems use proxy indicators, such
as the existence of policies and programs, to measure adaptation success. These approaches
include process-based approaches, approaches that draw on proxy indicators, such as the
evaluation of initiatives called ‘adaptation’ in databases, and the adaptation readiness framework.
Proxy approaches can provide insight into policy and program development processes that lead
to adaptation outputs and outcomes. Adaptation is, according to the literature, characterized by
significant time lags between the initiation of an adaptation program or policy and adaptation
outcomes. They can also provide the means to conduct comparisons about adaptation progress
on the international level, where output and outcomes data may not yet be available. There are
drawbacks to proxy approaches, as well, however. Without considering outcomes and outcomes
directly, it remains impossible to determine whether the actions listed as adaptation in a database,
or the outcomes from a process called adaptation, are authentically adaptive, i.e., reduce
vulnerability to climate impacts, limit harm from severe climate-related events, and are not
associated with future maladaptive outcomes.
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Natural resources systems adaptation is fraught with more extensive and different
complexities than adaptation of human systems in developed nations. Intact natural resources
systems are expected to be more resilient to climate change. Natural resources systems, however,
have been already significantly degraded from human use. This degradation renders natural
resources systems exceedingly vulnerable to climate change. Hence, restoration — the effort of
restoring an ecosystem to baseline conditions — is considered a critical aspect of climate
adaptation. For evaluation purposes, strictly speaking, adaptation and restoration are two
different approaches, however, the former based on past degradation and the latter based on
current and future expected degradation from climate change. There is the potential for
confusion in the minds of decision makers and the public, about which actions and funds support
restoration vs. adaptation. Furthermore, non-climate related stressors impacting natural
resources systems, such as continuing residential and industrial development, need to be taken
into consideration in natural resources adaptation.
For this thesis, from among a range of evaluation approaches, a proxy system — the
adaptation readiness framework (Ford & King, 2015) — was first revised and then applied to
assess the adaptation progress in natural resources management of three US states. In the
following chapter, the adaptation readiness framework and its revision are described in detail.
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Chapter 2: Methodology
2.1 Research Objectives
This thesis seeks to apply the climate adaptation readiness framework as developed by
Ford and King (2013) to evaluate the readiness of three US states — Massachusetts, New
Hampshire and Maine — to adapt natural resources systems, including wildlife habitat, forests,
and estuaries of high value to climate change. In so doing, a revision of the adaptation
framework was undertaken to fit the context of the application (see King and Ford, 2015), which
is natural resources adaptation in three sub-national units of a developed nation. Further, this
thesis aims to evaluate, rank, and compare the climate adaptation readiness of those sub-national
units. The conceptual strengths and weaknesses of the climate adaptation framework are
assessed, and the ability of the framework to capture and represent climate adaptation readiness
in the natural resources sector is analyzed. Considering the theoretical complexity of the concept
of climate adaptation, this thesis also explores the extent to which adaptation readiness is a
meaningful proxy measure of climate adaptation progress.
2.2 Scope
Government adaptation plans rank natural resources protection, restoration, and
adaptation as critical to enable human societies to persist under conditions of climate change (see
for example, Massachusetts State Hazard Mitigation and Adaptation Plan, 2018, pp.7-3; Maine
Environmental and Resources Working Group, 2014, p. 3). While ecosystem services are
important for the persistence of human systems on this planet, in this thesis, to the extent
possible, natural resources systems adaptation were evaluated in their own right. Thus, the
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analysis here excludes dimensions of natural resources that are viewed as profit-making
endeavors, such as forestry or fisheries as industries.
2.3 Research Questions
1. Based on the application of the climate adaptation readiness framework to three US
states, what is the readiness of each of the states to pursue climate adaptation of natural
resources systems?
a. To what extent have these states created the preconditions for adaptation?
b. How does the quality of the adaptation readiness manifest differently in each
state?
2. What are the strengths and weaknesses of the climate adaptation readiness framework
developed by Ford and King (2015) to evaluate the readiness of three US states to adapt
their natural resources systems to climate change in a federated system?
a. What are the conceptual and theoretical strengths and weaknesses of the climate
adaptation readiness framework?
b. What are the obstacles in evaluating climate adaptation readiness of natural
resources systems using the framework?
c. Are the adaptation framework’s overarching factors and indicators appropriate?
d. Can the adaptation framework be flexibly applied?
3. What are avenues for future research?
2.4 Analytical Framework
2.4.1 Climate Adaptation Readiness Framework
For this thesis, the climate adaptation readiness framework developed by Ford and King
(2015) was applied to evaluate the adaptation readiness of three US states located in New
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England. The framework was revised and adapted to fit the context of the evaluation – natural
resources adaptation of three Northeastern US states, specifically wildlife habitat, forests and
estuaries.
The adaptation readiness framework assumes, grounded in empirical research, that six or
more overarching factors need to be present to enable the advancement of new policy initiatives,
notwithstanding the specifics of the policy initiative at hand (Ford & King, 2015; Smith et al.,
2009). The list of overarching factors selected by King and Ford is not necessarily
comprehensive for adaptation policy action to advance (Ford & King, 2015). Rather, the premise
underlying this framework is that without the presence of these six specific factors adaptation is
unlikely to unfold (King &Ford, 2015, p. 509):
These factors capture what it means to be ready for adaptation and are concerned with
what is actually being undertaken/has been completed with regards to creating an
enabling environment for adaptation and recognizes that the actual implementation of
adaptations typically represents the culmination of a long chain of processes that make
action possible.
The factors, which are considered over-arching in the climate adaptation readiness framework,
include the following:
•

political leadership

•

institutional organization

•

decision making and stakeholder engagement

•

availability of usable science

•

funding for climate adaptation planning and implementation

•

public support for adaptation.
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Each factor is associated with criteria that are used for measuring the extent to which the factors
manifest in the public and policy realms of a jurisdiction. Criteria can be understood as the
embodiment of each factor in the public policy realm. Thus, the overarching factor of political
leadership manifests itself through the following criteria: the presence of visionary or directional
leaders, entrepreneurial leaders, collaborative leaders, and adaptation champions (Ford & King,
2015). Furthermore, for each criterium, Ford and King (2015) have defined indicators that
enable evaluating the extent to which the criteria are manifest in the public policy realm. For
political leadership, for example, the framework includes the following indicators: statements of
importance and need for adaptation by leaders, engagement of leaders in adaptation planning
exercises, recognition of adaptation as a policy priority, and the existence of adaptation
legislation. Finally, the framework suggests potential data collection sources, such as: speeches
made by leaders; attendance at CoP meetings for heads of state; adaptation planning documents;
and social media engagement on adaptation (Ford & King, 2015). Table 1, as developed by Ford
and King (2015), includes the authors’ description of overarching factors, criteria, indicators, and
sources of information for the indicators.
Table 1: Potential indicators and sources of information for assessing readiness for adaptation
(Ford & King, 2015)
Readiness factor
Criteria
Indicators
Sources of
information
Political leadership for Visionary or
adaptation
directional leaders
Entrepreneurial leaders
Collaborative leaders
Adaptation champions

Statements of
importance and need
for adaptation by
leaders
Engagement of leaders
in adaptation planning
exercises
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Speeches made by
leaders
Attendance at CoP
meetings
Adaptation planning
documents
Social media
engagement on
adaptation

Recognition of
adaptation as a policy
priority
Adaptation legislation

Institutional
organization for
adaptation

Lead department /
agency or coordinating
body to promote and
oversee adaptation
Long term planning for
climatic risks
Multiple problem
frames
Stakeholder
engagement

Existence of a national
climate research
program
Boundary
organizations focusing
on adaptation
Adaptation planning
documents
Stakeholders involved
in decision making
Use of adaptation
planning frameworks

Lead organization
specified for FCCC
NCs or NAPAs
Adaptation planning
documents

Adaptation decision
making and
stakeholder
engagement

Flexible decision
making processes (e.g.
adaptive management)
Stakeholder
engagement
(informative,
consultative,
decisional)
Multiple problem
frames

Stakeholders involved
in national climate
change assessments
and policy consultation
Co-authorship on
publications
Use of decision
making frameworks
(e.g. UKCIP
Framework for
Climate Adaptation,
UNDP-GEF
Adaptation Policy
Framework)

National adaptation
assessments / plans
Stakeholders
consultation noted in
FCCC NCs; NAPA
Boundary
organizations (e.g.
UKCIP, CCIARN)
Consultation
documents

Availability of usable
science to inform
decision making

Knowledge on
impacts, adaptation
and vulnerability
Usable science that is
pertinent, timely, and
rigorous
Identification and
prioritization of
adaptation options

Stakeholder
engagement in science
National climate
change assessments
produced
Existence of NAPA
Boundary
organizations
Completion of FCCC
NCs
Peer-reviewed
literature

Peer reviewed and grey
literature (e.g. NAPAs,
NCs, National
Adaptation Strategies)
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Funding for adaptation
planning,
implementation and
evaluation

Coordinated multiyear
funding for adaptation
implementation,
monitoring, and
evaluation
Resources for
adaptation research
Human resources

Dedicated adaptation
funding streams
Statutory requirement
for adaptation (e.g. UK
CCA)

FCCC NCs
National Adaptation
Strategies
Climate change
programs /
announcements

Public support for
adaptation

Public support for
climate change and
adaptation
Adaptation
consciousness
Recent experience with
climate related hazards

Media coverage of
Opinion polls on
adaptation
perceptions of climate
Public perception on change
the importance climate
change
Political leadership

Ford and King (2015) qualify the applicability of the framework. They suggest that the
adaptation framework evaluates the readiness of governments to pursue planned adaptation
rather than reactive adaptation (Ford & King, 2015; see also Smit et al.,2000;). It is designed to
capture adaptation in developed countries as opposed to developing nations (Ford & King,
2015). The framework was created to evaluate adaptation generally rather than adaptation in
specific sectors (Ford & King, 2015). There are several aspects of governmental climate
adaptation that cannot be evaluated within this framework. The temporal aspect of adaptation as
a process, interactions between scales of government, how factors influence each other or their
significance in relation to each other are outside the analytical scope of this framework (Ford &
King, 2013)
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2.4.2 Discussion and Revision of the Overarching Factors
Ford and King (2015) suggest that the adaptation framework is flexible and can be
adjusted to fit the context of the application. They also assert that more factors than those listed
in the framework possibly play a role in adaptation readiness (Ford & King, 2015).
For this thesis, several of the overarching factors were either revised or removed and
replaced with more appropriate factors. These revisions were undertaken to focus the adaptation
readiness framework on the context of analysis: the readiness of three US states to adapt their
natural resources systems to climate change. Unlike Ford and King (2015) recommend, it was
attempted here to focus the framework in a sectoral manner, focused on natural resources
systems. The sectoral focus was undertaken because natural resources system adaptation is
understood as primary to human adaptation in national and state adaptation plans (see Pramova,
2012).
Initially this thesis was designed as a purely deductive study, seeking to test both the
applicability of the adaptation readiness framework overarching factors (See Ford & King, 2015)
in a novel context. However, during data collection and analysis, it was found that the existing
literature has only partially explained the entire range of manifestations of climate adaptation
readiness in US states. A shift was then undertaken to an approach that is alternatively called a
combined approach, fuzzy logic, retroductive or abductive (see Graneheim et al., 2017). The
abductive approach allows for the refinement of theoretical categories grounded in empirical
research. Thus, the framework, its overarching factors and indicators were refined by drawing on
two sources, the existing research literature and the results from the data collection. Framework
revisions were based both on the existing scholarly literature which informed the articulation of
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the overarching adaptation readiness factors, and the actual manifestations of climate adaptation
readiness among the three US states based on an inductive approach.
The overarching factors were revised as follows: Stakeholder engagement, sufficient
usable science, and public support for adaptation were removed from the framework; state
support for local adaptation and adaptation of natural resources systems were added to the
framework as overarching factors. Justifications for the inclusion or exclusion of factors are
discussed in the next section, which addresses each overarching factor in detail.
2.4.2.1 Political Leadership
The presence of political leadership is a precondition for overcoming the impediment to
change that tends to characterize governmental systems (Gupta et al., 2010 as cited in Ford &
King, 2015). This resistance inhibits timely responses to new threats (Gupta et al, 2010 as cited
in Ford & King, 2015). Governmental resistance is reflected in conflicts over jurisdiction among
agencies, bureaucratic stagnation, and dismissal of risk by elected and appointed officials (Smith
et.al., 2009; Gupta et al., 2010; Moser & Ekstrom, 2010; Pearce et al., 2011, Meijerink & Stiller
2013 as cited in Ford & King, 2015). Political leadership is particularly important in launching
the adaptation process and maintaining impetus over time (Moser and Ekstrom 2010; Isoard
2011 as cited in Ford & King, 2015). Leadership can be delivered by a wide range of persons
and groups from many backgrounds (Ford & King, 2015).
For this thesis, political leadership was considered a problematic overarching factor in the
adaptation readiness framework. This factor, as described in the framework, has a diffuse and
non-specific quality. It is depicted as originating from a range of sources and as influencing all
aspects of the adaptation process (Ford & King, 2015). This diffuseness could make data
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collection and analysis difficult. For example, a state such as Massachusetts has a 200-member
legislature, features many NGOs and private businesses. Collecting data on expressions of
political leadership from such a wide range of sources could make a non-biased accounting of
the data challenging. Moreover, data analysis may be complicated. How is one to weigh
individual manifestations of leadership and their relationship to advancing the adaptation policy
process? Further, the factor of political leadership is difficult to differentiate from several of the
other overarching factors. For example, funding for climate adaptation – which is described as
its own overarching factor in the readiness framework – is inextricably linked to political
leadership.
While political leadership can have many sources, executive leadership is more narrowly
defined and possibly more important in advancing climate adaptation than other sources of
political leadership. According to Ford and King (2015), the role of presidents, premiers,
governors, and mayors “in initiating adaptation, building coalitions and overcoming barriers” is
critical in the adaptation process (Smith et al. 2009; Bierbaum et al. as cited in Ford & King,
2015, p. 510). Ford and King (2015) underestimate, however, the powers invested in the
executive to pass laws, adopt executive orders, and direct executive departments. They suggest
that adaptation is an area where laws often do not exist (Ford & King, 2015). In fact, in the three
US states examined, key adaptation-related laws and executive orders (EOs) initiating adaptation
planning were adopted early in the adaptation process and throughout the process, and in all
instances initiated by governors. It was found in this thesis that directing executive agencies and
enacting laws comprise a core feature of the kind of leadership that effectively advances
adaptation.
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In this thesis, the diffuseness characterizing the overarching factor of political leadership
was reduced by re-conceptualizing political leadership as executive leadership. The indicators
listed for political leadership by King and Ford (2015), including speeches, participation in CoP
meetings – which is more likely to happen on the national rather than sub-national level – and
social media engagement were replaced with indicators that involve concretely manifest actions,
such as the existence of state adaptation legislation, executive orders, and state-wide adaptation
plans.
2.4.2.2 Institutional Organization
Institutional organization for adaptation refers to the existence of government
departments, agencies and task forces that are charged with leading and coordinating the
adaptation process at the national or subnational jurisdictional level (Ford & King, 2015). In the
US, state governments have long-standing institutional structures that oversee natural resources
management, including fish and game, coastal management, and environmental protection
agencies. Representatives of regional offices of US federal agencies often participate in policy
planning and development efforts, and provide technical and funding support (see Cohen, 2018).
Hence, as discussed by Smith et al. (2009), there is no need for separate agencies charged with
overseeing climate adaptation efforts. Instead, mainstreaming climate adaptation into the overall
operations of agencies, and coordination across these agencies is of greater importance to climate
adaptation success than the establishment of a single entity charged with adaptation (Smith et. al,
2009)
To accomplish climate adaptation mainstreaming and coordination, governments often
establish climate adaptation task forces or interagency committees that exist only temporarily
until their mission is completed. The role of these temporary structures is to engage
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stakeholders, prepare and publish adaptation plans, initiate changes to laws and regulations (Ford
& King, 2015). The criteria and indicators for the overarching factor of adaptation readiness
include initiatives to establish temporary and permanent task forces and committees’ and
evidence that these task forces and committees are working committees. For this thesis,
institutional organization was retained as an overarching factor in the climate adaptation
readiness framework.
2.4.2.3 Adaptation Decision-Making and Stakeholder Engagement
Stakeholder engagement is widely recognized as a critical practice for successful
adaptation processes (King & Ford, 2015). In the United States, stakeholder engagement is a
pervasive and longstanding practice in public policy planning and development processes. In the
US, efforts to craft government plans, new regulations, and laws as a matter of course include
listening sessions, town halls, hearings, meetings, and often lengthy comment periods. Comment
periods are frequently held for both draft plans and regulations, and final plans and regulations.
Descriptions of the scope of stakeholder and public engagement are often included in a separate
chapter or section of a final government plan and report. For example, the US Congress
mandates that public participation take place in the development of the state Wildlife Action
Plans. Public engagement is one of the seven required elements that states have to include in the
plans to receive funding for wildlife protection efforts (Yaffe et al., 2008, p. 2).
In practice, however, stakeholder engagement is also recognized as problematic (Layzer,
2012), raising questions about the exclusion of stakeholder groups from comment periods
because they lack time or expertise, the extent to which stakeholder comments are taken into
consideration in decision-making processes, and conflict of interests of some participants that
have strong economic interests in the outcomes (see Furber et al., 2016). While stakeholder
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engagement has a long history in the US, the process can be perfunctory (Layzer, 2012). This is
especially true in natural resources management planning processes that are dominated by
scientific and technical concepts and language, which leads to the exclusion of key stakeholder
groups, such as Indigenous Peoples, People of Color, and low income and young people (see
Yarbrough, 2015, p.108)
For the purposes of this thesis, it was assumed that stakeholder engagement was pursued
in the adaptation policy, planning and implementation processes in each of the three states
compared in this thesis. Thus, the decision was made to exclude stakeholder engagement as an
overarching factor in determining the three state’s readiness for natural resources adaptation
because the pervasiveness of the practice in the US makes this factor unsuitable for comparing
the three states' adaptation readiness.
2.4.2.4 Availability of Usable Science for Decision-Making
Science meets the definition of usable if the recipients and users have faith in the sources,
and the science has topical and temporal relevance. To be considered usable, its production must
involve stakeholders (Ford & King, 2013). Availability of usable science, thus, most likely
differs from location to location, and its manifestation depends on local culture (Ford, Knight, &
Pearce, 2013 as cited in Ford & King, 2015).
For this thesis, ‘availability of usable science’ was excluded from the framework. There
is a plethora of studies and research efforts completed and underway probing and describing
climate impacts on natural resources systems at federal and state levels in the US. For example,
Maine’s report Maine Prepares for Climate Change (2018) - a report that is centered on updates
of the state’s adaptation progress - contains twelve pages filled with descriptions of studies from
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the physical and natural sciences designed to improve understanding of natural resources
systems’ responses to climate impacts (Maine Interagency Climate Adaptation Work Group,
2018, pp.12-24). Each of the three states evaluated in this study features both state and private
universities with climate research and science centers, and government-led efforts to advance
climate projections, vulnerability and risk assessments (see University Of Maine, Climate
Change Institute, n.d; Northeast Climate Adaptation Science Center, n.d.).
2.5.2.5 Inclusion of Climate Adaptation in the Natural Resources Management Sector
Since this study focuses on natural resources adaptation, the adaptation readiness
framework was revised to include natural resources management as an over-arching factor.
Climate change puts in relief the dependence of human societies on functioning ecosystems.
This is reflected in natural resources systems being frequently treated as a priority in climate
adaptation planning efforts (Turner, 1996; Pramova, 2012; Capon et al., 2013).
This prioritizing of natural resources protection is palpable in the emphasis on naturebased solutions and prioritizing of green vs. gray infrastructure in both state adaptation plans and
the peer reviewed literature (see Seddon, et al., 2019; Morris, 2018; Massachusetts, 2018, p. 7-3).
Despite the longstanding scientific consensus on strategies that build eco-systems resilience,
however, these strategies’ integration in state-wide natural resources plans has only recently
emerged in the context of adaptation planning (see Staudinger et al., 2015). The criteria used for
this overarching factor are the inclusion of natural resources management strategies in plans for
managing the natural resources of each state. Indicators were determined to be the existence of
separate chapters dedicated to climate change and the discussion of specific climate adaptation
strategies of natural resources systems. Without the clear articulation of these strategies, goals
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and objectives that advance ecosystems resilience, and an accounting of the research and funding
needs required for implementation, natural resources system adaptation is unlikely to happen.
2.4.2.6 Climate Adaptation Funding
Availability of dedicated funding streams is critical to adaptation success (Ford & King,
2015). While funding requirements differ by sector and intervention (Ford & King, 2015),
funding is needed to support each of the components that comprise the adaptation process.
These aspects include impact studies, vulnerability assessments, scenario building, mapping,
adaptation plan development, design and feasibility studies, and project implementation (Ford
and King, 2015). Once an adaptation intervention is completed, costs arise in relation to
maintenance, and monitoring and evaluation to ensure the intervention’s continued viability
(Ford & King, 2015).
Lack of funding is among the most frequently cited barriers to adaptation progress at all
jurisdictional levels (Shi, Chu & Debats, 2015 as cited in Ford & King, 2013; Bierbaum, et al,
2013), and specifically in natural resources management (Tribbia & Moser, 2008 as cited in Ford
and King, 2015). Since adaptation is a continuous process (Bours et al., 2014) funding needs to
be available in multi-year streams (Ford & King, 2015). Adaptation planning, for example, has
been shown to be hampered by the absence of targeted multi-year funding streams (O’Brien et al.
2004; O’Brien et al. 2006; Brunner and Nordgren 2012 as cited in Ford & King, 2015). The
criteria and indicators developed for framework revision in this thesis included the use of a range
of fundraising instruments (Colgan et al., 2016) and the presence of multi-year funding streams.
Climate adaptation funding was retained as an overarching factor in the climate adaptation
readiness framework.
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2.4.2.7 Public Support for Adaptation
According to Ford and King (2015), public risk perception plays an important role in
shaping the initiation and implementation of adaptation programs. They also concede that an
“adaptation consciousness” has not yet developed (Ford & King, 2015).
In the context of this thesis, indicators of public support for natural resources adaptation
specifically in the three states whose climate adaptation readiness was analyzed for this thesis
could not be identified. Focus groups and polls lack targeting of adaptation in specific sectors,
but rather ask general questions about public acceptance of climate change science (see Yale
Program on Climate Communication, September 2nd, 2020). Thus, public support for adaptation
as an overarching factor was removed from this analysis.
2.4.2.8 State Support for Municipal Climate Adaptation
State support for municipal adaptation was added to the readiness framework as an
overarching factor. The climate adaptation literature has delineated the significance of the local
and regional scales in climate adaptation (see Preston, Dow, & Berkhout, 2013; Vogel &
Henstra, 2015). A Google Scholar search for “local adaptation” in the title turned up 1690
articles. In fact, it is understood that much of adaptation implementation in the natural resources
sector in particular, falls within the jurisdiction of municipalities, especially in the New England
states. In these states, municipalities have broad authority to make land use decisions (see
Barron, 2003; Looney, 2002), which has significant implications for climate adaptation of
natural resources systems. A principle called home rule confers power to municipalities relative
to state authority over land use and natural resources management decisions (Costa et. al, 2013,
p. 2; Barron, 2003; Looney, 2002). The criteria that were selected for this thesis to delineate the
overarching factor of state support for municipal adaptation include funding and technical
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assistance for local climate adaptation. Indicators were articulated as funding programs and
technical assistance targeted at municipalities (see Nordgren et al., 2016). Enabling and
supporting municipalities to pursue climate adaptation is therefore a significant overarching
factor in the likelihood that natural resources adaptation occurs.
In Table 2, the adaptation readiness framework’s overarching factors, criteria, indicators
and data sources as revised for the analysis in this thesis are summarized.
Table 2: Revised adaptation readiness framework as applied in this thesis
Overarching
Factors

Criteria

Indicators

Data Sources

Executive
leadership

Expressions of
gubernatorial
leadership in
crafting laws, and
adopting executive
orders (EOs)

Existence of adaptation
laws, adaptation EOs,
state adaptation plans,
and reports

Government websites,
adaptation planning
documents and reports

Institutional
Initiatives to
organization for establish
adaptation
Interagency task
forces and
committees charged
with adaptation
planning and
mainstreaming

Existence of temporary
and permanent executive,
interagency committees
and task forces

State government
announcements, state
government websites and
government documents

Adaptation in
natural
resources
management

A thematic focus on
adaptation strategies
in natural resources
management plans

Key adaptation strategies
are included in natural
resources management
plans,
Separate chapters
dedicated to climate
change and adaptation
exist

Natural resources
conservation plans developed
by state, local and federal
partnerships

Funding for
climate
adaptation

Commitment to
raising funds for
adaptation

Use of a range of
approaches to raising
funds for adaptation,

Grant announcements,
government documents and
websites
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planning and
implementation

Funding for
municipal
State support for adaptation
municipal
adaptation
Resources for
climate adaptation
planning and
implementation

multi-year funding
streams, funding levels,
funding dedicated to
natural resources
adaptation
Funding programs
targeting adaptation for
municipalities
Existence of on-line
reference libraries, tool
kits, clearinghouses,
provider networks, and
frameworks
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Government documents,
reports and websites

Chapter 3: Methods
3.1 Data Collection Methods
For a desk-based study, Ford and King (2013) recommend a systematic literature review
using a coding sheet or questions that are applied to each of the documents and articles.
Systematic reviews have become increasingly popular as a method to investigate policy
processes related to climate change adaptation (Berrang-Ford et al., 2011). Systematic reviews
are transparent and replicable (Berrang-Ford et al., 2011). They can draw on mixed-methods
research that uses both quantitative and qualitative procedures, potentially creating rich accounts
of climate adaptation practices (Berrang-Ford et al., 2011).
This thesis draws on three methods for data collection: A systematic literature review of
the academic literature relevant to climate adaptation in the designated geographic area; a
systematic document review of government plans, and documents that pertain to the six
overarching readiness factors; and an analysis of state natural resources management plans that
were selected in a targeted manner. Document review was added to the methods because the
systematic literature review failed to generate sufficient articles to enable the adaptation
readiness evaluation. To support evaluation of natural resources systems adaptation, three
natural resources plans were selected from each of the states for comparison. Comparability was
a critical factor in the analysis of natural resources plans, which required targeted plan selection
rather than a systematic review approach.
The adaptation readiness framework as applied here combined qualitative and
quantitative methods. Sources were evaluated based on the presence of qualitative data, which
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were then scored based on a continuous scale. The systematic literature review was conducted
based on the search string listed in Table 3.
Table 3: Search Terms
Geographic

Massachusetts, New Hampshire, Maine, New England, Northeast

Key words

climate adapt*, resilience, adaptation readiness, adaptation preparedness,
adaptation planning, adaptation plans, adaptation implementation,
adaptation laws, adaptation policy

Qualifiers

state, municipalities, natural resources, conservation, wildlife, habitat,
forests, estuarine, nature-based solutions, green infrastructure

Searches for academic articles were conducted in Web of Science, Scopus and Google
Scholar and Google Search. As reflected in Table 3 Search strings included geographical
information, key words, and qualifiers. For each research article generated through application
of the search string, title and abstract were reviewed. Articles and documents were included in
the review based on the inclusion criteria listed in Table 4.
Table 4: Systematic Review Selection Criteria
Included

De-emphasized/Excluded

Geographic relevance

Is outside of the designated geographic area

Relating to one or more of the six
overarching climate adaptation readiness
factors

Relating to bio-physical climate change
impacts, vulnerability assessments, and
climate change projections grounded in the
physical sciences, such as biology, ecology,
and physics

Relates to natural resources systems
adaptation

Infrastructure, grey infrastructure, buildings,
development, roads, human systems, industry
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Timeframe: published between 2009 and
2020

Outside of the designated time frame

Completed adaptation plans and reports

Planning exercises and workshops, relating to
the mechanics of stakeholder engagement

Scholarly articles, government and NGO
websites, government and NGO documents,
government plans and reports, chapters and
sections of government and NGO reports

Conference papers, media articles

Relating to state-wide issues and three or
more municipalities

Articles and documents relating to less than
three municipalities

Rather than applying an ‘inclusion/exclusion’ framework, in this study, criteria were included or
de-emphasized/excluded to account for the overlap between governmental sectors, such as
transportation and residential infrastructure on the one hand and natural resources on the other
hand. For example, culverts that are inappropriately sized compromise stream connectivity,
which impedes fish passage and causes additional types of deterioration in aquatic ecosystems
(see Schulz, et al., 2017). With increasing precipitation predicted under climate change, culverts
that are inappropriately sized also threaten road stability (see Schulz, et al., 2017). Thus,
replacing culverts that are too small with newer, updated designs both re-establishes stream
connectivity and stabilizes roads (see Maine Department of Environmental Protection, 2014, p.
5). While efforts to replace dams and culverts were included in the data analysis for this thesis,
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the objective of this study was to evaluate readiness for re-establishing stream connectivity and
thus improving biodiversity rather than enhancing road or dam stability.
By applying the search string, 83 articles were located. Title and abstract were reviewed
based on inclusion and exclusion criteria, leaving 74 articles. These articles were read in their
entirety. An additional sixty-three articles were excluded based on the inclusion/exclusion
criteria, leaving eleven articles for inclusion in the data analysis. Eleven articles were
determined to be insufficient for conducting an adaptation readiness evaluation. Document
review was then added to the systematic review.
3.1.1 Systematic Document Review
Government and NGO documents were located by conducting searches in on-line
databases found through Google Search. This search engine is an important source for grey
literature, governmental and institutional reports (Hagstrom et al. 2015) – comprising the
majority of sources included in this thesis. Nonetheless, it is important to recognize that Google
Scholar and Google Search are of limited efficacy in systematic reviews (Piasecki, Waligora, &
Dranseika, 2018). Google has not revealed its algorithm, but it has been established that Google
Search feeds information to users based on perceived preferences (Piasecki, Waligora, &
Dranseika, 2018). While it should therefore never be used exclusively as a source for systematic
reviews, Google Search and Google Scholar are suitable to meet the goals of some types of
qualitative systematic reviews (Piasecki, Waligora, & Dranseika, 2018).
Searches were also conducted in two on-line databases: the Georgetown Climate Center
(Georgetown Climate Center, n.d.) and the Adaptation Clearinghouse hosted by the Georgetown
Climate Center (Adaptation Clearinghouse, n.d.). These databases were selected because they
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support geographically specific searches and contain data relating to the overarching adaptation
readiness factors.
The Georgetown Climate Center (GCC) is a repository of information managed by
Georgetown University (Georgetown Climate Center, n.d.). The GCC features a State
Adaptation Progress Tracker, which lists climate adaptation actions by individual US state with
links to resources and documents that reflect progress. The State Adaptation Progress Tracker
categories include Law and Policy, State Plans, Local and Regional Plans, and Other Resources
(GCC, n.d.).
The Adaptation Clearinghouse features a keyword search function and a range of filters
(Adaptation Clearinghouse, n.d.). Searches were conducted by entering the name of each of the
states and applying filters based on the overarching factors (Adaptation Clearinghouse, n.d.).
Searches were conducted individually by state. Filters were applied that reflect each of the
overarching factors. The Adaptation Clearinghouse provides titles and summaries for each of the
documents that appear in the search results. These summaries were read to include documents in
the review or exclude them from the review. The same inclusion and exclusion criteria were
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applied as in the systematic literature review.
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To ensure that the documents included in the review met the standard of being current, additional
documents were located through accessing state government web pages of each of the three
states via Google Search. These government websites were found to contain links to documents,
plans, legislative websites, with data pertaining to the overarching adaptation readiness factors.
In total, 166 documents were generated from the database searches. One hundred and
thirteen documents were excluded based on the exclusion/inclusion criteria. From the included
documents, eleven were duplicates, leaving 42 documents to be included in the review. Review
of state government websites generated an additional 17 documents, plans and websites. In total,
59 government documents, plans, and websites were included in the review. Adding the eleven
academic articles, the entire systematic review included 70 sources.
3.1.2 Scoring Rubric and Adaptation Indicator Scoring Approach
Indicators were scored according to a continuous scale with 0-5 pts assigned per indicator
measure. A score of 0 pts was assigned when no action had been taken; a score of 5 pts was
assigned when the action had been taken. In addition, measures were scored based on additional
qualitative factors, such as timeliness of the action and the quality of the action. Depending on
the significance of the action, either 2 or 3 pts were assigned if additional qualitative measures
were met.
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Table 4: Climate Adaptation Readiness Scoring Rubric
Overarching
Readiness Factor

Indicators

1. Executive
leadership

1.a Law (s) Mandating Climate Adaptation Planning:
no law was passed: 0 pts; a law has been passed: 5 pts;
laws were passed in a timely manner: 3pts.
1.b Executive Order (s) Mandating Climate
Adaptation Planning: no EO was issued: 0 pts; EOs
were issued: 3 pts.; EOs were issued in a timely manner:
3pts.
1.c State Adaptation Reports: no state adaptation report
was issued: 0 pts; a state adaptation report that includes a
chapter or section on natural resources adaptation: 3 pts;
1.d State Adaptation Plans: no state adaptation plan
exists: 0 pts; a statewide adaptation plan exists with
chapters addressing natural resources adaptation: 5 pts; in
the absence of a statewide plan, a partial adaptation plan
addressing natural resources management exists; plans
were completed in a timely manner: 5 pts; plans are
required to be updated regularly: 5 pts.
1.e If no state adaptation plans exist, other concerted
state-led efforts, resulting in other climate adaptationfocused reports: in the absence of statewide plans
mandated by legislative or executive action, other
statewide climate adaptation reports exist: 2 pts; these
other reports are updated regularly: 2 pts; these other
reports address key natural resources management
themes: 2 pts.
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2. Institutional
Organization

2.a Executive office - Executive office responsible for
coordinating environmental affairs does not exist: 0 pts;
executive office responsible for coordinating state
environmental affairs, including adaptation exists: 5 pts
2.b Interagency workgroups and task forces - no state
government interagency workgroups to pursue adaptation
reporting and planning efforts and mainstreaming efforts
were established: 0 pts. State government interagency
task forces were established: 2 pts. State interagency task
forces and workgroups were established to pursue
adaptation reporting and planning efforts in a timely
manner: 5 pts; state task forces were established recently
1pts.

3. Adaptation in
Natural Resources
Management Plans3

3.a: Adaptation in state natural resources plans
Critical natural resources adaptation strategies are not
covered in the plans: 0 pts. Some critical natural resources
adaptation themes are included: 2pts; most critical natural
resources adaptation strategies are included: 3pts; the plan
addresses climate change and adaptation
comprehensively: 5 pts
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4.Funding for
Adaptation

4.a Commitment to fund adaptation - no laws
pertaining to funding have been passed: 0 pts; laws have
been passed to fund adaptation actions: 5 pts.
4.b Funding mechanism - no innovative funding
mechanisms have been pursued: 0 pts; some innovative
funding mechanisms have been pursued: 5pts; innovative
funding mechanisms have been pursued: 5pts.
3.c Consistent Availability of Funding - no targeted
funding streams exist: 0 pts. Some funding is available:
2pts; Funding is available in targeted, multi-year streams:
5 pts.
4.b Adaptation Grants - no adaptation grant funding
from charitable foundations and federal agencies has been
sought out and secured: 0 pts; adaptation grant funding
from charitable foundations and federal agencies has been
sought out and secured: 5 pts.

5. State Support for
Municipal
Adaptation

5.a Funding; funding for municipalities to pursue climate
adaptation planning and implementation is available: 3
pts; sufficient funding is available: 5 pts; multi-year
funding streams have been established; funding
opportunities can be accessed at the state level at a central
location: 5 pts.
5. b. Technical Assistance - technical assistance is
available: 3 pts.; technical assistance is comprehensive: 5
pts; is made available at a technical assistance hub: 5 pts.
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3.1.3 Coding of Natural Resources Systems Plans and Documents
Since natural resources management was added to the adaptation readiness framework as
an overarching factor, the natural resources plans included in this factor as sources were coded
for natural resources systems adaptation strategies. The adaptation literature describes a range pf
natural resources management strategies or best practices that are considered critical for climate
adaptation of natural resources systems (Janowiak et al., 2014; West et al., 2009; Blate et al.,
2009; Julius et al., 2008). These strategies are reflected in three US states’ natural resources
management plans whose climate adaptation readiness was evaluated for this thesis. Based on
the natural resources adaptation literature, a coding sheet was developed with the following
strategies:
● Re-establish aquatic and terrestrial habitat connectivity
● Conserve and restore habitat
● Restore natural flow regimes in aquatic ecosystems (i.e., dam removal, improved
hydropower regulation, culvert removal or updating).
● Strategic conservation: Prioritize habitats, natural communities, and ecosystems of
sufficient size; protect large, unfragmented landscape mosaics; protect resilient sites and
biodiversity hotspots
● Enable retreat of wetlands, marshes, and other habitat in the face of SLR
● Direct development away from sensitive and important habitats.
● Conduct mapping, data collection, studies, and technical assistance to support landowners
in climate adaptation and management
● Restore and rehabilitate landscapes damaged from storms
● Land conservation incentives for forest landowners
● Recommends climate smart fire management
● Recommends forest conservation
● Recommends technical assistance on climate change and adaptation for municipalities
● Recommends smart development vs. sprawl growth
● Recommends landscape level restoration work
● Recommends Interagency coordination on climate change
● Supports Low Impact Development (LID)
● should include climate change in their rankings
● Minimize non-climate stressors to species and ecosystems
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● Funding (as a theme only, not scored)
Natural resources plans were coded on a binary basis to establish whether the natural resources
systems adaptation strategies were discussed in the plan or not.
3.1.4 Natural Resources Plans in Context
3.1.4.1 Natural Resources Management Source Selection
For this thesis, state natural resources management plans were selected in a targeted
manner. Plans were selected that met the criterion of comparability. It was found that state
plans required by US federal law were more likely to be comparable than any other plans
promulgated by the states since the federal government issues guidance on the elements that are
must be included in the state plans. Thus, the US federal government conveys a basic set of
expectations about the quality that the plans need to meet, which makes the plans more
comparable. Plan development and submission is often required by the US federal government
as a precondition of funding. In cases where plan funding is contingent on plan submission, US
states are required to submit natural resources management plans to the federal government
within certain time frames, such as every ten years.
The plans selected for this thesis included: state wildlife conservation plans, forest
actions plans and estuary conservation plans. Since there is an overlap between wildlife
conservation plans and forest and estuary conservation plans, other natural resources systems
were considered for analysis in this thesis, such as freshwater systems, wetlands, and coastal
areas. However, the US federal government does not require state-wide action or management
plans for freshwater systems, for example. As for wetlands, it was found that states are indeed
required to submit plans to the federal government. However, upon reviewing each state wetland
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plan, it was found that the Massachusetts plan consisted of two pages of tables and no additional
text, and therefore was not deemed suitable for comparison with the more developed plans from
New Hampshire and Maine. Estuary management plans are also required by the federal
government and were already reviewed for previous iterations of the thesis design so it made
sense to include them here. In addition, estuary management overlaps with coastal management,
covering an important area for climate adaptation measures. In the following paragraphs, the
types of plans selected for this thesis and their legal and regulatory contexts are briefly discussed.
3.6.1.1 Wildlife Action Plans
All states in the US must submit State Wildlife Action Plans (SWAPs) to the federal
government to be eligible for the federal state wildlife conservation grants program (Yaffee et
al., 2008, p.5). The US federal government mandated the states to complete SWAPS for the first
time in 2005 (Yaffee et al., 2008). Updates to the plans are required every ten years (Yaffee, et
al, 2008). The actions and strategy recommendations in SWAPs lack regulatory and legal force
(Yaffee, et al, 2008). SWAPs must include discussion and analysis of eight elements:
“1/distribution and abundance of wildlife species 2/locations and condition of key habitats and
community types, 3/wildlife and habitat threats, 4/conservation actions to address these threats,
5/plans for monitoring species, habitats and the effectiveness of conservation actions, 6/plans for
review and adaptive management of the strategy, 7/plans to coordinate strategy development,
implementation, and review with Federal, state, local agencies and Indian tribes10,
8/opportunities for broad public participation in plan development and implementation” (see

10

In the US, in contrast to Canadian language conventions, Indigenous Peoples are referred to and refer to
themselves as Indian tribes. See for example, the Noocksack Indian Tribe (https://nooksacktribe.org).
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Yaffee, et al, 2008, pp. 7-8). For this thesis, the 2015 SWAPs were reviewed for the presence
and absence of critical strategies for climate adaptation of natural resources systems. In addition,
keyword searches for climate change and climate adaptation were completed.
3.6.1.2 National Estuary Program Comprehensive Conservation Management Plans
The National Estuary Program was founded in 1987 and codified into law via the Water
Quality Act - the 1987 revisions to the US Clean Water Act (Imperial, Hennessey, & Robadue,
1993). The program started with 12 estuaries (Imperial, Hennessey, & Robadue, 1993) and has
expanded over time to include 29 estuaries (US EPA, n.d). According to the EPA, the National
Estuary Program’s (NEP) goal is to protect and restore the water quality and estuarine resources
of estuaries and associated watersheds designated by the EPA Administrator as estuaries of
national significance. As codified in the Clean Water Act (33 U.S.C. §§1251-1387), NEPs must:
“1/assess trends in water quality, natural resources, and uses of the estuary; 2/collect,
characterize, and assess data on toxics, nutrients, and natural resources within the
estuarine zone to identify the causes of environmental problems; 3/ develop the
relationship between the in-place loads and point and nonpoint loadings of pollutants to
the estuarine zone and the potential uses of the zone, water quality, and natural resources;
4/ develop a comprehensive conservation and management plan that recommends priority
corrective actions and compliance schedules addressing point and nonpoint sources of
pollution to restore and maintain the chemical, physical, and biological integrity of the
estuary, including restoration and maintenance of water quality, a balanced indigenous
population of shellfish, fish, and wildlife, and recreational activities in the estuary, and
assure that the designated uses of the estuary are protected; 5/develop plans for the
coordinated implementation of the plan by the States as well as federal and local agencies
participating in the conference; 6/monitor the effectiveness of actions taken pursuant to
the plan.”
The 29 National Estuary Program partnerships, or NEPs, use an ecosystem-based
management approach to help achieve their protection and restoration goals (Single Audit
Resource Center, n.d.). The NEPs receive federal funding to draft Comprehensive Conservation
Management Plans (CCMP) that guide the restoration and management of the estuaries included
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in the National Estuary Program (Schneider et al., 2003). The plans and the program lack
regulatory force (Schneider et al., 2003). The revision and updating of the plans are required to
take place every ten years (Schneider et al., 2003). EPA provides comprehensive guidance for
the development of the CCMPs (see Massachusetts Bays Estuary Program, 2019, p. 124). The
CCMPs reviewed for the climate adaptation readiness framework lack separate chapters
addressing climate change and adaptation. Thus, keyword searches were completed for climate
change, adaptation, greenhouse gases, ocean acidification, flooding and sea level rise.
3.1.4.2 Forest Action Plans
In 2008, the Farm Bill under Title VIII - Forestry - was amended to mandate that each US
state develop a long-term statewide assessment of and strategies for its forest resources
(Congressional Research Service, 2008, p.19). Forest Action Plans need to be prepared every ten
years (National Association of State Foresters, State Forest Action Plans, n.d.). Federal funding
is awarded based on five critical program areas - Forest Health, Forest Fire Assistance, Private
Land Stewardship, Urban Forest Assistance, and the Forest Legacy Program (National
Association of State Foresters, State Forest Action Plans, n.d.). The plans are also required to
address the three USDA Forest Service national priorities: Conserve and manage working forest
landscapes for multiple values and uses, protect forests from threats, enhanced public benefits
from trees and forests (Northeast-Midwest State Foresters Alliance, United States Department of
Agriculture (USDA), Forest Service, Northeastern Area State and Private Forestry, 2018). The
state Forest Action Plans were reviewed for this thesis based on the presence or absence of
critical strategies for natural resources adaptation.
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3.2 State Descriptions
In the following sections, each of the states whose adaptation readiness was compared
here is briefly described.
3.2.1 Massachusetts
Massachusetts is the second wealthiest state in the United States by per capita income
(Williams, 2021). It is the most populous state among the three states examined in this thesis
with 6.89 million residents in an area covering 27,363 km² and an average population density of
339 people per square km (KNOEMA, 2019). Approximately 60% of Massachusetts is forested
with 80% of forests privately owned (UMASS Amherst, Masswoods, n.d.). Approximately 20%
of open space is protected (UMASS Amherst, Masswoods, n.d.). Roughly, 22% of the state is
developed (UMASS Amherst, Masswoods, n.d.). Massachusetts has a coastline of 2,445 km
(World Atlas, States with the Longest Coastlines, n.d.) and features several significant estuaries
including the Cape Cod Bay, Buzzards Bay, and Massachusetts Bay estuaries (Massachusetts
Department of Environmental Protection, n.d.), and several smaller embayments (The Coastal
Systems Group, The Estuaries Project, n.d.). Over 50 % of its residents live in coastal counties
(Wilson and Fischetti, 2010). In larger coastal urban centers, the population density increases to
1,250 - 2,500 residents per square kilometer (Hinrichsen, 1999). Impervious cover in densely
populated coastal communities reaches up to and above 20%, (Massachusetts Bays National
Estuary Program, 2016) which is associated with significant water quality impairments.
3.2.2 New Hampshire
New Hampshire is the 9th wealthiest state in the US by per capita income (Williams,
2021). New Hampshire has 1.36 million inhabitants in an area of 24,217 km² with a population
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density of 58 per square km (KNOEMA, 2019); the state is 80% forested and 76% is privately
owned (NH Timberland Association, Facts about New Hampshire’s Forest and Forest Economy,
n.d.) Thirty-two (32%) of the land in New Hampshire is protected (St. Concord, 2015). Five
point five percent of the state’s land cover is developed (NH GRANIT, 2016). New Hampshire
has a coastline spanning 235 miles of estuarine coastline with a recessed estuary, but only 20
miles of coastline excluding the recessed estuary, with two significant estuaries, including the
Great Bay estuary and the Hampton-Seabrook estuary (Piscataqua Estuary Partnership (PREP),
2010). Approximately 54% of the population live in the state’s coastal counties (Crosset, 2005).
3.2.3 Maine
Maine is the 29th wealthiest state in the United States (Williams, 2021). Maine has 1.344
million inhabitants in an area of 91,646 km² with a density of 16.82 inhabitants per square km
(KNOEMA, 2019). The state has the longest coast of any US state, featuring 8,400 km of
coastline. Coastal counties contain 73% of the state’s population (Moser, 2005). Twenty-three
percent of the population lives within 1 km of the coast (Lam et al. 2009). Maine has
approximately 7.6 million acres of forest land, which covers 89.1 percent of the state’s area
(Butler, 2018). About 89.1% of the forest land is privately owned (Butler, 2018).
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Chapter 4: Results
4.1 Quantitative Results
Based on assessing the readiness of three US states to adapt their natural resources
systems to climate change, out of 95 possible points, Massachusetts achieved the highest score of
89 points, New Hampshire received 48 points and Maine received 42 points. It is important to
point out that both New Hampshire and Maine pursued climate adaptation readiness actions that
ranged just outside of the literature review timeframe. If those actions had been included in the
scoring, each state would have gained between 5 - 10 additional points, and thus would have still
scored significantly fewer points than Massachusetts.
Table 6: Quantitative Adaptation Readiness Results
Overarching
Readiness
Factor
Indicators
1. Executive
Adaptation
Leadership

MA

NH

ME

1.a Law (s) Mandating Climate
Adaptation Planning: no law was
passed: 0 pts; a law was passed: 5 pts;
law was passed in a timely manner:
3pts

8

8

5

1.b Executive Order (s) Mandating
Climate Adaptation Planning: no
E.O. was issued: 0 pts; an E.O. was
issued: 3 pts.; executive orders were
issued in a timely manner: 3pts.

6

3

0

1.c State Adaptation Reports: no
state adaptation report was issued: 0
pts; a state adaptation report that
includes a chapter or section on
natural resources adaptation: 3 pts;

3

0

3
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1.d State Adaptation Plans: no state
adaptation plan exists: 0 pts; a
statewide adaptation plan exists with
chapters addressing natural resources
adaptation: 5 pts; in the absence of a
statewide plan, a partial adaptation
plan addressing natural resources
management exists: 3 pts; plans
address critical natural resources
adaptation strategies 5 pts; plans were
completed in a timely manner: 5 pts;
plans are required to be updated
regularly: 5 pts.

18

8

1.e If no state adaptation plans
exist, other governmental reporting
efforts exist, resulting in other
climate adaptation-focused reports:
in the absence of statewide plans
mandated by legislative or executive
action, other statewide climate
adaptation reports exist: 2 pts; other
reports are updated regularly: 2 pts;
other reports address key natural
resources management strategies: 2
pts
Subtotals

0

6
35

22

14

5

0

0

2.
Institutional
Organization
2.a Executive office - Executive
office responsible for coordinating
environmental affairs does not exist:
0 pts; executive office responsible for
coordinating state environmental
affairs, including adaptation exists: 5
pts
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2.b Interagency workgroups and
task forces - no state government
interagency workgroups to pursue
adaptation reporting and planning
efforts and mainstreaming efforts
were established: 0 pts. Informal state
government interagency task forces
were established: 2 pts. State
interagency task forces and
workgroups were established to
pursue adaptation reporting and
planning efforts in a timely manner: 5
pts; state task forces were established
recently 1pts

5

5

3

10

5

3

3.a Mainstreaming - no chapter or
section dedicated to natural resources
management climate change threats
and adaptation strategies is included
in state adaptation plans reports: 0
pts.; climate change and adaptation is
proactively addressed in state
adaptation plans and reports 3pts.;

3

3

3

3.b Quality of all plans - critical
natural resources adaptation strategies
are excluded in the state adaptation
plans and reports: 0 pts. Some critical
natural resources adaptation strategies
are included: 2pts; most critical
natural resources adaptation strategies
are included: 3pts; the plan addresses
climate change and adaptation
comprehensively: 5 pts

3

5

3

Subtotals
3. Adaptation
in Natural
Resources
Management
Plans

76

Subtotals

6

8

6

4.b Funding mechanism - no
innovative funding mechanisms are
pursued: 0 pts;
Some innovative funding
mechanisms have been pursued: 3pts;
innovative funding mechanisms have
been pursued: 5pts

5

0

3

4.b Adaptation Grants - no
adaptation grant funding from
charitable foundations and federal
agencies has been sought out and
secured: 0 pts; adaptation grant
funding from charitable foundations
and federal agencies has been sought
out and secured:5 pts;

5

5

5

4.c Capital Budget Allocations - no
capital budget allocations have been
located: 0 pts.; some capital budget
allocations exist: 3pts; significant
capital budget allocations exist: 5 pts

5

0

0

15

5

8

13

8

8

4. Funding
for
Adaptation

Subtotals
5. State
Support for
Municipal
Adaptation
5.a Funding; funding for
municipalities to pursue climate
adaptation planning and
implementation is available - 3 pts;
sufficient funding is available: 5 pts;
multi-year funding streams have been
established; funding opportunities can
be accessed at the state level at a
central location: 5 pts;
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5. b. Technical Assistance technical assistance is available: 3
pts.; technical assistance is
comprehensive: 5 pts; technical
assistance is made available at a
centralized technical assistance hub: 5
pts;

10

3

3

Subtotals

23

11

11

Totals

89

48

42

The following section includes a detailed narrative description of the results.
4.2 Qualitative Results and Discussion
In the following paragraphs, the results of the systematic review for each of the adaptation
readiness overarching factors as manifested in each of the US states analyzed in this thesis are
discussed and commented upon in a narrative fashion. In the section on funding, several cases
that demonstrate funding need as opposed to funding committed for adaptation are integrated
into the narrative. These cases were collected during previous iterations of the research design
for this thesis (see Appendix A) and serve illustrative purposes only. These cases raise questions
about the extent to which the climate adaptation readiness framework reflects the likelihood that
adaptation occurs, which will be explored in detail in the Chapter 5 (Discussion).
4.2.1 State Executive Leadership
In each of the US three states included in this study, laws and executive orders were
passed to initiate state adaptation planning. Some adaptation planning was mandated by state
legislatures or compelled through executive action. Each state addressed natural resources
systems adaptation in its adaptation reports and plans. Each of the three states experienced
temporary declines in state commitment to adaptation planning in the timeframe covered in this
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thesis, 2009 to 2019. Massachusetts reflects the highest and most sustained levels of state
executive leadership to both climate adaptation planning and mainstreaming. While New
Hampshire and Maine have published climate adaptation reports and plans, neither state had a
state-wide climate adaptation plan when the research for this thesis was conducted.
4.2.2 Laws and Executive Orders Mandating Climate Adaptation Planning11
4.2.2.1 Massachusetts
The Massachusetts state legislature passed the Global Warming Solutions Act in 2008
(Massachusetts Legislature, 2011). The law requires the establishment of a Climate Adaptation
Advisory Committee charged with the crafting of a state climate adaptation report, including the
development of recommendations for adapting government sectors to climate change.
In 2016 Governor Charlie Baker issued Executive Order (EO) 569 - Establishing an
Integrated Climate Change Strategy for the Commonwealth (Massachusetts Legislature, 2016)
— which mandates the development of a state climate adaptation plan to address climate threats
and a timeframe for plan completion. According to EO 569, the state climate adaptation plan
must be updated every five years. EO 569 also mandates the creation of a framework to support
municipal climate adaptation efforts (Massachusetts, 2016). This framework provides guidance
to municipalities on how to conduct vulnerability assessments and develop municipal climate
adaptation plans. It also mandates the provision of technical assistance and funding for
municipalities to implement climate adaptation interventions (Massachusetts, 2016).

11

In the scoring rubric, executive orders and adaptation laws are grouped separately. In the narrative results, they
are grouped under one category so as to prevent sections that only include two or three lines of text.
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4.2.1.2 New Hampshire
In New Hampshire, EO 2007-3 (New Hampshire Department of State, 2007) established
the New Hampshire Climate Change Policy Task Force. This Task Force prepared a Climate
Action Plan (CAP), which includes one chapter on climate adaptation (New Hampshire
Department of Environmental Services (NH DES), 2009, pp.27-33) and two pages on natural
resources adaptation (NH DES, 2009, pp. 30-31). Under the category of Government, Leadership
and Action, one of the actions recommends ‘Include Climate Change Adaptation and Mitigation
in Programs and Planning’ (NH DES, 2009, p. 23).
In the CAP, under the category of Adaptation, Action 8 calls for the development of a
state adaptation plan (NH DES, 2009, p.24). In 2013, State Bill 163 Chapter 188 established the
New Hampshire Coastal Risk and Hazard Commission. The commission was charged with:
[...] recommend [ing]legislation, rules and other actions to prepare for projected sea-level
rise and other coastal watershed hazards such as storms, increased river flooding and
stormwater runoff, and the risks such hazards pose to municipalities and state assets in
New Hampshire” (New Hampshire Coastal Hazard Commission, 2013, p.iii).
4.2.1.3 Maine
Maine passed Title 38: Waters and Navigation, Chapter 3-A: Climate Change - An Act to
Promote Clean Energy Jobs and to Establish the Maine Climate Council in 2019 (Maine
Legislature, 2019). The Act establishes the Maine Climate Council, which is charged with — in
addition to addressing GHG mitigation — to develop climate adaptation strategies (Maine
Climate Council, n.d.). A revised Maine Climate Action Plan12 was submitted to the Governor in
December of 2020.

12

Maine adopted a climate action plan in 2008, outside of the time frame delineated in this thesis for document
review. The state CAPs focused primarily on mitigation with a brief section dedicated to climate adaptation.
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4.2.3 State Climate Adaptation Plans and Reports
Each of the US states examined here issued adaptation reports or plans. The State of
Massachusetts issued a state adaptation report and a comprehensive state adaptation plan. New
Hampshire completed a partial adaptation plan that applies to the coastal zone. Maine completed
a state adaptation report and several adaptation reports generated by interagency workgroups that
reflect the state’s adaptation needs, progress, and include recommendations. Both New
Hampshire and Maine lack comprehensive state-wide adaptation plans and reports.
4.2.3.1 Massachusetts
In 2011, the Massachusetts Secretary of Energy and Environmental Affairs issued the
Massachusetts Climate Adaptation Report (Massachusetts, 2011). The report is composed of
two parts, with Part 2 dedicated to delineating both climate threats and adaptation options for the
state’s natural resources systems. In 2018, as required by EO 569, Massachusetts delivered the
Massachusetts Integrated State Hazard Mitigation and Climate Adaptation Plan (SHMCAP)
(Massachusetts, 2018). The plan’s strategy seeks to mainstream climate adaptation into the
operations of all Massachusetts state executive agencies rather than delineating adaptation
actions for each sector (Massachusetts, 2018, p.2).
4.2.3.2 New Hampshire
New Hampshire published the New Hampshire Climate Action Plan (2009), which is
primarily focused on mitigation (NH DES, 2009). In relation to climate adaptation, the plan
includes recommendation #8 “To mainstream climate adaptation across all government
operations and to develop a stand-alone statewide climate adaptation plan for New Hampshire
that would address all the sectors impacted by climate change, including natural resources
systems.” (NH DES, 2009, p. 59). The completion of a stand-alone climate adaptation plan was
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estimated to take six months (NH DES, 2009, p. 60). No statewide climate adaptation plan has
been completed as of yet.
In 2013, the New Hampshire Coastal Risk and Hazard Commission was created to craft
an adaptation plan for New Hampshire’s coastal zone. The plan was delivered to the New
Hampshire Legislature in 2016. While New Hampshire does not have a state-wide climate
adaptation plan, the recommendations in the Preparing New Hampshire for Projected Storm
Surge, Sea-Level Rise, and Extreme Precipitation (New Hampshire Coastal Risk and Hazards
Commission, 2016) include natural resources management and address critical natural resources
management strategies and best practices for coastal areas (New Hampshire Coastal Risk and
Hazards Commission, 2016, p.35). Recommendations for adapting coastal natural resources
systems emphasize critical natural resources adaptation strategies, such as enabling habitat
migration, buffer establishments on waterways and wetlands, re-creation of natural flow regimes
in aquatic systems, habitat connectivity (see New Hampshire Coastal Risk and Hazards
Commission, 2016, p. 52)
4.2.3.3 Maine
Maine issued a climate adaptation report rather than a plan, entitled People and Nature
Adapting to a Changing Climate: Charting Maine’s Course, in 2010 (Maine Department of
Environmental Protection, 2010), which was presented to the Joint Standing Committee on
Natural Resources of the 124th Maine Legislature. The document understands itself as
preliminary (Maine DEP, p.17-18, 2010), but is comprehensive in its recommendations for
natural resources system adaptation. It includes a chapter dedicated to natural resources
management (Maine DEP, p.52-67, 2010), addressing the key natural resources systems
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adaptation strategies. The report calls for the development of a fully-fledged state climate
adaptation plan, which the authors project would take two to three years to assemble (Maine
DEP, 2010, p.17) This plan was completed in December 2020 (Mannino, December 1st, 2020),
and was thus outside the timeframe for this study.
4.1.2.3.1 Other Climate Adaptation Reports
Only in the State of Maine, climate adaptation documents were published that do not fall
into the category of plans mandated by executive orders or laws. In 2014, Maine published a
report called Monitoring, Mapping, Modeling, Mitigation and Messaging: Maine Prepares for
Climate Change (Maine Energy and Environment Workgroup, 2014) which was prepared by
Maine’s Energy and Environment Workgroup - a temporary governmental structure created by
Governor LePage. This report comprises an inventory and status update of climate mitigation
and adaptation actions in Maine. Shortened to read Maine Prepares for Climate Change, this
report was updated in 2018 and 2019 (Maine DEP, 2018 & 2019) by an informal governmental
interagency structure called Maine Climate Adaptation Workgroup (MICA) (Maine DEP, 2018,
p.1). The 2018 and 2019 reports, in addition to listing on-going actions, offer 32
recommendations covering an array of climate adaptation needs, including recommendations
pertaining to the natural resources sector, including strategies considered critical for natural
resources systems adaptation (Maine DEP, 2018 & 2019) .
4.3 Institutional Organization
Each state has established temporary institutional structures to pursue climate adaptation
planning. Massachusetts has created both temporary and permanent institutional structures for
adaptation planning and implementation. New Hampshire established two temporary
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institutional structures for addressing climate adaptation. Maine features a workgroup not
sanctioned by executive legal or regulatory action. Recently, the State of Maine moved to
establish the Maine Climate Council (2020) through legislation, which comprises its first
permanent structure to address climate adaptation. Overall, Massachusetts features the most
developed and advanced permanent structures charged with natural resources management, and
also the most developed institutional structures for addressing climate adaptation.
4.3.1 Massachusetts
Massachusetts has longstanding existing institutional structures charged with
environmental protection and has established both temporary and permanent institutional
structures to advance climate adaptation. In the wake of the passage of the Global Warming
Solutions Act of 2008 (Massachusetts Legislature, 2008) — which includes adaptation mandates
— Massachusetts established an Implementation Advisory Committee to help guide the
implementation of the 2008 Act. The Implementation Advisory Committee is composed of
representatives from business, NGOs and ENGOs (Massachusetts, 2012).
In 2011, the state formed a Climate Adaptation Advisory Committee to craft the
Massachusetts Climate Change Adaptation Report (Secretary of Energy and Environmental
Affairs, 2011). Massachusetts has also formed an inter-agency team — Resilient Massachusetts
Action Team (RMAT) (Massachusetts Executive Office of Energy and Environmental Affairs,
2019) — to implement the State Hazard Mitigation and Climate Adaptation Plan (2018) and to
mainstream climate adaptation across state government agencies (Massachusetts Executive
Office of Energy and Environmental Affairs, 2019). The RMAT is led by the Executive Office
of Energy and Environmental Affairs and the Massachusetts Emergency Management Agency
(Massachusetts Executive Office of Energy and Environmental Affairs, 2019). It is staffed by
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designated Climate Change Coordinators from each of the state’s executive offices
(Massachusetts Secretary of Energy and Environmental Affairs, 2019). In addition,
Massachusetts has an Office of Coastal Management, a Department of Environmental Protection,
a Division of Ecological Restoration - charged with coordinating and overseeing the restoration
of degraded ecosystems within the Department Environmental Protection — a Department of
Fish and Game, and an Environmental Police Force mandated to enforce environmental laws
(see Massachusetts State Organizational Chart, 2018).
4.3.2 New Hampshire
In 2007, New Hampshire created the temporary Climate Action Policy Task Force, which
drafted the NH Climate Action Plan, primarily focused on mitigation, but with a section
dedicated to adaptation (NH Department of State, 2009). It also established the Coastal Hazards
Commission — a temporary institutional structure — which concluded the crafting of the
Preparing New Hampshire for Projected Storm Surge, Sea-Level Rise, and Extreme
Precipitation report in 2016 (Coastal Hazards Commission, 2016). New Hampshire’s existing
institutional structures to support climate adaptation of natural resources include the Department
of Environmental Services, which contains its Coastal Management Program — representing
itself as an agency addressing “clean water and protecting coastal habitat.” (New Hampshire
Department of Environmental Services, n.d.) New Hampshire also has a Department of Fish and
Game (New Hampshire Department of Fish and Game, n.d.). For non-coastal natural resources
management, the Department of Fish and Game offers technical assistance and funding resources
(New Hampshire Department of Environmental Services, n.d.).
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4.3.3 Maine
In 2010, a temporary coordinating committee was formed to craft the People and Nature
Adapting to a Changing Climate: Charting Maine’s Course (DEP, p.10, 2010)13 . In 2014, an
government interagency workgroup (Maine DEP, 2018, p.1) was formed — the Maine Climate
Adaptation Workgroup (MICA) — that has coordinated climate adaptation across eight
government departments (Maine DEP, 2018, p.1). MICA is managed by the Department of
Environmental Protection (DEP, 2018, p.1). This workgroup shares information among agencies
and works collaboratively on issues related to climate adaptation and resilience (DEP, 2018, p.1).
In 2019, a Maine Climate Council was established by the Maine Legislature and charged
with updating the Maine Climate Action Plan by December, 2020 (Maine Legislature, 2019).
According to the legislation, the Maine Climate Action Plan is to include recommendations for
adaptation of coastal watersheds (Maine Legislature, 2019).
Maine’s permanent institutional structures for environmental protection include a Coastal
Program, Department of Environmental Protection and a Department of Inland Fisheries and
Wildlife.
4.4 Climate Adaptation in State Natural Resources Management
In each of the three states’ natural resources management plans, climate change data,
threats, strategies, and actions were integrated. Differences among the plans exist in the
frequency and depth with which climate adaptation is discussed and addressed. In the state with
the lowest scores for state executive leadership - New Hampshire - natural resources

13

Maine published a Climate Action Plan in 2004 and 2008, both of which primarily focused on mitigation.

The Maine climate action plan of 2008 contained a short section on adaptation.
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management plans have been crafted that proactively and thoroughly address climate change
threats, including comprehensive delineations of important climate adaptation strategies, and
discussions of the ways in which proposed restoration actions can address climate change threats.
Massachusetts’ and Maine’s natural resources plans generally address climate change and
adaptation. Several plans from these two states lack the depth present in New Hampshire’s
natural resources management plans.
4.4.1 State Wildlife Action Plans
All SWAPs include and discuss key climate adaptation strategies. While important
themes in natural resources adaptation were included in the three state plans, implementation
frameworks are weak. 1 Concern over lack of funding as a barrier to implementation runs
throughout all three SWAPs (see New Hampshire Fish and Game, 2015, pp. 7-1, Maine
Department of Inland Fisheries and Wildlife, 2015, pp.9-12; Massachusetts Division of Fisheries
and Wildlife, 2015, pp. 368-374)
4.4.1.1 Massachusetts
Massachusetts’ SWAP includes a chapter on climate impacts and adaptation strategies.
The principles listed in the SWPA as guiding habitat conservation were lifted from the state’s
Climate Adaptation Report (Massachusetts Division of Fisheries and Wildlife, 2015, p. 359).
They are drawn from the natural resources climate adaptation literature. Compared to the other
state SWPAs goals and objectives, however, Massachusetts SWAP lacked the finely grained, and
specific strategies. Instead, it highlighted the higher-level principles. In addition, the
Massachusetts SWAP features a weak implementation framework, which was found to be true
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for all of the state SWAPs14. Rather than articulating SMART goals (Specific, Measurable,
Achievable, Relevant and Timely), the plan includes goal setting among its list of conservation
actions. The authors of the plan reflected on the challenges involved in goal setting:
The most difficult part of constructing any truly useful conservation plan is setting goals:
How many populations of Blanding’s Turtles or Chain Dot Geometer or Purple Clematis
should be conserved, and which ones? How many acres of early successional habitat should
be created each year, and exactly where? (Massachusetts DWF, 2015, p.377).
The plan also states that “the second conservation planning task we will undertake is to
incorporate landscape-scale planning into our conservation actions” (Massachusetts DWF, 2015,
p.377). Since the first SWAP was required by Congress in 2005, comments suggesting that goal
setting is needed and landscape-level planning is called for, suggests that implementation deficits
arose during attempts at implementing the first SWAP 15.
Table 7: Massachusetts State Wildlife Action Plan Results
Massachusetts State Wildlife Action Plan

Yes/No

Re-establish aquatic and terrestrial habitat
connectivity

!

Conserve and restore habitat

!

14 It

is likely that Massachusetts internal state agency work plans feature more detailed implementation plans.

15

The quality of government plans does not necessarily always correspond to restoration or adaptation success, as
was reflected in the research conducted for the second research design of this thesis to quantify adaptation outcomes
in three US estuary watersheds. This research indicated that the presence of a strong ENGO was likely as predictive
of restoration and adaptation success as the existence of a highly structured conservation plan crafted with robust
stakeholder engagement and featuring a strong implementation framework. The authors of the Massachusetts
SWAP may have approached plan development as a bureaucratic requirement mandated by the US Congress in
exchange for funding. Rather than writing an ambitious plan, time may be more effectively spent pursuing actions
enabled under Massachusetts comparatively more far-reaching natural resources protection laws and regulations and
working in partnerships with ENGOs. Accordingly, Massachusetts’ SWAP states that “The Commonwealth of
Massachusetts has strong and effective environmental laws and regulations (see Chapter 2, Section C). While
occasional modifications are needed, no major changes to environmental laws are needed.” (Massachusetts Division
of Fisheries and Wildlife, p.382). Questions about the relationship between the quality of adaptation plans in the
natural resources sector and the likelihood that adaptation occurs cannot be answered in a desk study and is outside
the scope of the climate adaptation readiness framework. Answering these types of questions would require semistructured interviews with state agency staff, NGOs and other stakeholders involved in the crafting and
implementation of natural resources management plans.
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Restore natural flow regimes in aquatic ecosystems
(i.e., dam removal, improved hydropower regulation,
!
culvert removal or updating).
Strategic conservation: Prioritize habitats, natural
communities, and ecosystems of sufficient size;
protect large, unfragmented landscape mosaics;
protect resilient sites and biodiversity hotspots

!

Enable retreat of wetlands, marshes and other habitat
!
in the face of SLR
Direct development away from sensitive and
important habitats

!

Conduct mapping, data collection, studies and
technical assistance to support landowners in climate
!
adaptation and management
Restore and rehabilitate landscapes damaged from
storms
Land conservation incentives for forest landowners
Recommends climate smart fire management
Recommends forest conservation
Recommends technical assistance on climate change
and adaptation for municipalities
Recommends smart development vs. sprawl growth
Recommends landscape level restoration work
Recommends Interagency coordination on climate
change
Supports Low Impact Development (LID)
Recommends revising rankings of scoring criteria of
grants and funding opportunities should include
climate change in their rankings
Minimize non-climate stressors to species and
ecosystems

!

Use nature-based solutions, prioritize NBS over grey
!
infrastructure
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4.4.1.2 New Hampshire
In 2013, New Hampshire published an addendum - Ecosystems and Wildlife: Climate
Change Adaptation Plan (New Hampshire Fish and Game Department 2013) - to its 2005
Wildlife Action Plan. The plan describes eleven overarching strategies with each strategy further
divided into up to twelve individual sub-strategies (New Hampshire Fish and Game Department
2013). From among the Wildlife Actions Plans, the New Hampshire plan was rated as the
strongest plan, anticipating the need to respond to climate change by two years. It also includes
a comprehensive list of critical natural resources adaptation strategies. The implementation
framework was deemed relatively weak, featuring coarsely grained time frames (2-4 years, 3-5
years), no intermediate objectives and benchmarks (New Hampshire Fish and Game Department
2015, p.7-1, 7-2). Like the Massachusetts SWAP, New Hampshire’s plan reflects on the state of
its implementation framework by including as an implementation goal to develop specific,
measurable targets:
NHFG will work with lead implementation organizations and personnel to develop
specific, measurable targets to monitor achievement of Wildlife Action Plan goals. While
some performance indicators were developed as a part of the Wildlife Action Plan,
additional detail is needed. Working groups may be organized to develop specific work
plans and performance monitoring strategies. Work plans for top priorities will be
developed in Year 1, while lower priority work plans may not be developed until Years
2-3. (New Hampshire, pp. 7-1, 7-2)
This paragraph reflects a lack of specificity and concreteness, and a sense of ‘re-inventing the
wheel’, considering that the first iteration of the SWAPs was published in 2005.

Table 8: New Hampshire State Wildlife Action Plan Results
New Hampshire State Wildlife Action Plan Yes/No
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Re-establish aquatic and terrestrial habitat
connectivity

!

Conserve and restore habitat

!

Restore natural flow regimes in aquatic
ecosystems (i.e., dam removal, improved
hydropower regulation, culvert removal or
updating).

!

Recommends strategic conservation:
Prioritize habitats, natural communities, and
ecosystems of sufficient size; protect large,
unfragmented landscape mosaics; protect
!
resilient sites and biodiversity hotspots
Enable retreat of wetlands, marshes and
other habitat in the face of SLR

!

Direct development away from sensitive and
!
important habitats
Conduct mapping, data collection, studies
and technical assistance to support
landowners in climate adaptation and
management
Recommends technical assistance on climate
change and adaptation for municipalities
Recommends smart development vs. sprawl
growth
Recommends landscape level restoration
work
Recommends Interagency coordination on
climate change

!

Supports Low Impact Development (LID)

!

Minimize non-climate stressors to species
and ecosystems

!

4.4.1.3 Maine
Maine’s Wildlife Action Plan defines three “super themes” (Maine Department of Inland
Fisheries and Wildlife, 2015, p.26): “Connectivity, Invasive Species, and Mapping and
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Outreach”. The plan describes climate change as a secondary theme (Maine Department of
Inland Fisheries and Wildlife, 2015, p.26) and lacks a chapter dedicated to climate threats and
adaptations. The Maine SWAP featured a wide range of finely grained and detailed strategies to
address natural resources systems management and adaptation. While the Maine SWAP
declared climate adaptation a secondary theme, the key climate adaptation strategies listed in the
natural resources adaptation literature were discussed and addressed.
Table 9: Maine State Wildlife Action Plan Results
Maine State Wildlife Action Plan

Yes/No

Re-establish aquatic and terrestrial habitat
connectivity

!

Conserve and restore habitat

!

Restore natural flow regimes in aquatic
ecosystems (i.e., dam removal, improved
hydropower regulation, culvert removal or
updating).

!

Strategic conservation: Prioritize habitats,
natural communities, and ecosystems of
sufficient size; protect large, unfragmented
landscape mosaics; protect resilient sites and
!
biodiversity hotspots
Enable retreat of wetlands, marshes and
other habitat in the face of SLR

!

Direct development away from sensitive and
!
important habitats
Conduct mapping, data collection, studies
and technical assistance to support
landowners in climate adaptation and
management

!

Restore and rehabilitate landscapes damaged
!
from storms
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Recommends technical assistance on climate
!
change and adaptation for municipalities
Recommends smart development vs. sprawl
!
growth
Recommends landscape level restoration
work

!

Recommends Interagency coordination on
climate change

!

Supports Low Impact Development (LID)

!

Minimize non-climate stressors to species
and ecosystems

!

4.4.2 Estuaries of National Significance
The planning documents for three of the estuary watersheds - Buzzards Bay
(Massachusetts), Piscataqua Region estuary (New Hampshire) and Casco Bay (Maine) - were
reviewed for this thesis. Each of the Comprehensive Conservation Management Plans (CCMPs)
lists climate change as a threat and climate adaptation as an important goal. The emphasis on
climate change and adaptation in the CCMPs ranges from prominent discussions and
considerations of climate change to a few mentions of climate change, adaptation and resilience.
The estuary management plan for the Piscataqua estuaries in New Hampshire treated climate
change most comprehensively, while the plan for Buzzards Bay in Massachusetts was the least
comprehensive.
4.4.2.1 Massachusetts
The Buzzards Bay Estuary 2013 CCMP is least focused on climate change and adaptation
from among the three CCMPs. Climate change is listed in the 2013 update to the CCMP twelve
times. Greenhouse gases are mentioned eight times. Climate change adaptation is referenced to
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four times. Climate change adaptation is highlighted in the CCMP under Action Plan 18
Planning for a Shifting Shoreline and Coastal Storms, which addresses sea level rise (Costa, et
al, 2013, p. 263) and a section discussing stormwater management (Costa, et al, 2013, p.100).
The CCMP explains that stormwater runoff is expected to increase under current climate
projections. As an adaptation strategy, the CCMP recommends that stormwater management
structures be designed and constructed in such a way as to account for the expected increase in
stormwater runoff as precipitation increases (Costa, et al., 2013, p. 100). Climate change is also
mentioned in the CCMP action plan that relates to changing shorelines. There is no mention of
climate adaptation in any of the other 21 CCMP action plans.
4.4.2.2 New Hampshire
The Piscataqua Region Estuary Partnership (PREP) 2010 CCMP prominently addresses
climate change impacts throughout the plan. It features climate change as one of twelve critical
conservation and restoration ‘issues’ (PREP, 2010, p. 20). The CCMP lists climate change 60
times, adaptation six times, resiliency seven times and resilience six times. Climate change is
addressed by five estuary management objectives out of 32 and eleven action plans out of over
70. Climate impacts and objectives are comprehensively described as they relate to sea level
rise, coastal erosion, land use, stormwater runoff, changing salinity, increased land and waterbased temperatures, marsh migration, corridors for species migration, invasive species,
hydrological changes in river flows. (PREP, 2010, p. 21). The PREP CCMP features the
strongest implementation framework from among all the natural resources management plans
reviewed for this thesis, with goals, objectives, metrics, timelines clearly defined, and
implementation teams assigned to each of the goals (PREP, 2010, p.10). Finally, PREP has
completed a climate change vulnerability assessment (PREP, 2019), which reviews all objectives
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listed in the CCMP and determines the extent to which achievements of objectives are at risk
because of climate change impacts. The climate change vulnerability assessment includes
priority actions to reduce risk (see PREP, 2019).
4.4.2.3 Maine
The Casco Bay 2016-2021 CCMP (CBEP, 2016) features climate change prominently
throughout its pages. It mentions resilience 15 times, adaptation 13 times, and climate change 15
times. The introductory pages16 feature climate change under the heading of Facing
Unprecedented Change and explains the implications of three main climate stressors on the Bay,
including rising temperatures, ocean acidification, intensifying precipitation (CBEP, 2016,
introduction). The CBEP includes climate adaptation as resilience in its guiding vision as one
among six principles:
Adapt as conditions change: foster regional resilience—the capacity for ecosystems and
economies to adapt as climate and other variables shift, and to bounce back from
unexpected disruptions. (CBEP, 2016, introduction)
The CCMP features four main goals with two-four strategies each and up to twelve actions. The
action that articulates CBEP’s approach to climate adaptation is entitled Promote Climate
Change Adaptation Best Practices that Incorporate Sound Climate Science (CBEP, 2016, p.52).
In addition, the CCMP integrates climate change impacts with other goals. Thus, Goal 1 —
Protect, Restore and Enhance Key Habitats that Sustain Ecological Health (CBEP, 2016, p.3) —
includes Strategy 1.2 that addresses the establishment and protection of habitat connectivity and

16

The introductory pages of the Casco Bay CCMP lack page numbers.
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calls for “the strengthening the Casco Bay ecosystems to withstand change”, which denotes the
kind of changes the ecosystem is expected to face under rising temperatures (CBEP, 2016, p.3) .
In addition, the CCMP’s Goal 2: Reduce Nutrient Pollution and Its Impacts, Including Coastal
Acidification is based on the connection between increasing nitrogen pollution and increasing
ocean acidification and climate change, which is covered by Strategy 2.3 articulated in the
CCMP (CBEP, 2016, p.18). The implementation framework was considered robust with
timelines, partners, and measurable metrics identified for each of the actions (see for example,
CBEP, 2016, p.52).
4.4.3 State Forest Action Plans17
Each state considered climate change prominently in their draft Forest Action Plan.
Massachusetts’ and New Hampshire’s Forest Action Plans were more developed than Maine’s.
The latter state’s plan comprised a draft that was submitted to the federal government for review
and was therefore in a more preliminary state than the other two states’ plans. Climate change
was featured prominently in each of the state plans with the most important themes - habitat
connectivity, managing for both resistance and transition, strategic conservation, and protecting
large, contiguous forest tracts - listed and discussed. While all the Forest Action Plans featured
goals, strategies and actions, none of the plans had discernible implementation frameworks that
included metrics, implementation timeframes or partner agencies and organizations.

17

The state Forest Action Plan documents reviewed for this thesis were all drafts submitted to the federal
government in December of 2020. Drafts will be revised upon input by the federal government. Following revision,
final state Forest Action Plans will be re-submitted to USDA.
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4.4.3.1 Massachusetts
Massachusetts’ Forest Action Plan foregrounds climate change as a top threat and key
management issue (Massachusetts Department of Conservation and Recreation (DCR), 2020).
The plan acknowledges the role of forests in climate resilience (p. iii). In the chapter entitled
Forest Ecosystems and Health (DCR, 2015, p. 21), the plan features a separate section that
discusses climate impacts (DCR, 2015, p. 38).
The Plan emphasizes climate change by dedicating its Goal 1 to the “issue” of climate
change (DCR, 2020, p ii). This goal seeks to increase the resiliency of trees and forests in the
face of climate change (DCR, 2020, p.ii). Seven strategies are articulated to achieve this goal
(DCR, 2020, p.15). In the section entitled Resilient and Connected Landscapes the Plan lists
strategic conservation through preserving habitat connectivity and landscapes most likely to
remain resilient (DCR, 2020, pp.37-38). Climate change is also prominently incorporated into
the section on disturbances that address wildfires, floods and storms (DCR, 2020, p. 48). The
Massachusetts Forest Action Plan lacks any discernible implementation framework.
Table10: Massachusetts State Forest Action Plan Results
Massachusetts State Forest Action
Plan
Yes/No
Re-establish aquatic and terrestrial
habitat connectivity

!

Conserve and restore habitat

!

Restore natural flow regimes in
aquatic ecosystems (i.e., dam
removal, improved hydropower
regulation, culvert removal or
updating).

!
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Strategic conservation: Prioritize
habitats, natural communities, and
ecosystems of sufficient size; protect
large, unfragmented landscape
mosaics; protect resilient sites and
biodiversity hotspots

!

Enable retreat of wetlands, marshes
and other habitat in the face of SLR

!

Direct development away from
sensitive and important habitats

!

Conduct mapping, data collection,
studies and technical assistance to
support landowners in climate
adaptation and management

!

Restore and rehabilitate landscapes
damaged from storms

!

Land conservation incentives for
forest landowners
Recommends climate smart fire
management

!

Recommends forest conservation

!

Recommends technical assistance on
climate change and adaptation for
municipalities

!

Recommends landscape level
restoration work

!

Supports Low Impact Development
(LID)

!

Recommends revising rankings of
scoring criteria of grants and funding
opportunities should include climate
change in their rankings
Minimize non-climate stressors to
species and ecosystems

!
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Use nature-based solutions, prioritize
!
NBS over grey infrastructure

4.4.3.2 New Hampshire
The New Hampshire draft Forest Action Plan (2020) emphasizes climate change and
adaptation as important management and conservation challenges (New Hampshire Division of
Forest and Lands, 2020). The Plan includes a separate and extensive section discussing climate
change impacts under the heading of Forest Resources Assessment (DFL, 2020, p.55-62). In the
section entitled Goals, Strategies, Actions the plan includes a separate focus area on climate
change. This focus area contains one overarching goal dedicated to climate change:
New Hampshire forests contribute to mitigation of climate change and are managed with
an objective that they can best maintain resilience and adapt to climate change with
minimal adverse social, environmental and economic impacts. (DFL, 2020, pp. 141-143)
Two strategies are associated with the goal, one that focuses specifically on adaptation actions:
“Incorporate adaptation strategies for climate change in forest management plans that include
resistance, resilience and transition” (DFL, 2020, p. 143). In addition, climate change concerns
are also addressed in a range of other strategies that are listed under non-climate-targeted focus
areas. Climate change concerns are integrated throughout the plan, for example in discussions of
invasive species (DFL, 2020, p. 47), plant pests (DFL, 2020, p. 42), wildfires and extreme
weather (DFL, 2020, p. 56).
Table 11: New Hampshire Forest Action Plan Results
New Hampshire Forest Action Plan

Yes/No

Re-establish aquatic and terrestrial
habitat connectivity

!

Conserve and restore habitat

!
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Restore natural flow regimes in aquatic
ecosystems (i.e., dam removal,
improved hydropower regulation,
culvert removal or updating).
Recommends strategic conservation:
Prioritize habitats, natural communities,
and ecosystems of sufficient size;
protect large, unfragmented landscape
mosaics; protect resilient sites and
!
biodiversity hotspots
Conduct mapping, data collection,
studies and technical assistance to
support landowners in climate
adaptation and management

!

Direct development away from
sensitive and important habitats
Restore and rehabilitate landscapes
damaged from storms
Climate smart fire management

!

Recommends technical assistance on
climate change and adaptation for
municipalities
Recommends landscape level
restoration work
Recommends Interagency coordination
!
on climate change
Supports Low Impact Development
(LID)
Minimize non-climate stressors to
species and ecosystems

!

4.4.3.3 Maine
Maine’s Forest Action Plan foregrounds climate change as a critical management and
conservation challenge (Mansius, 2020). It features a section dedicated to discussing climate
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impacts on forests under the heading of Issues, Threats and Opportunities, which delineates, one
goal articulated as Address climate change and its impacts on Maine’s forest (Mansius, 2020,
p.43) and five strategies to promote climate adaptation of forest resources (Mansius, 2020, pp.
43-46).
Maine’s Forest Action Plan includes additional goals that address climate adaptation
implicitly, such as Goal 5 - Maintain the health and resiliency of Maine’s forests in the face of
threats from biotic and abiotic agents (Mansius, 2020, p. 48). This goal features twenty (20)
strategies, including one that addresses climate adaptation expressly:
Promote efforts to allow forests to adapt to climate change: 1/Maintain large contiguous
areas as forests; 2/ Reduce other stressors; 3/Encourage species suited to future climates.
(Mansius, 2020, p.96)
The Plan also integrates climate change concerns in a range of other management concerns, such
as fires and biodiversity (Mansius, 2020, p.62).
Table 12: Maine State Forest Action Plan Results
Maine State Forest Action Plan

Yes/No

Re-establish aquatic and
terrestrial habitat connectivity

!

Conserve and restore habitat

!

Restore natural flow regimes in
aquatic ecosystems (i.e., dam
removal, improved hydropower
regulation, culvert removal or
updating).

!
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Strategic conservation: Prioritize
habitats, natural communities,
and ecosystems of sufficient size;
protect large, unfragmented
landscape mosaics; protect
resilient sites and biodiversity
!
hotspots
Enable retreat of wetlands,
marshes and other habitat in the
face of SLR
Direct development away from
sensitive and important habitats

!

Conduct mapping, data
collection, studies and technical
assistance to support landowners
in climate adaptation and
!
management
Restore and rehabilitate
landscapes damaged from storms !
Recommends climate smart fire
management

!

Recommends forest conservation !
Recommends technical assistance
on climate change and adaptation
!
for municipalities
Recommends smart development
!
vs. sprawl growth
Recommends landscape level
restoration work
Recommends Interagency
coordination on climate change
Supports Low Impact
Development (LID)
Minimize non-climate stressors
to species and ecosystems

!
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4.4.1 Relationship Between state Adaptation Plans and Natural Resources Plans
The relationship between the treatment of climate adaptation in state-wide adaptation
plans, sector-specific plans and adaptation progress has not been evaluated in the scholarly
literature and comprises an area for further research. Research for this thesis, however,
demonstrated that there is not necessarily a positive relationship between executive leadership in
adaptation planning and mainstreaming, and the quality of state natural resources plans issued by
natural resources sector bureaucratic agencies. In the three states evaluated in this thesis, climate
change impacts have been incorporated into natural resources plans in two of the three states
independently of executive leadership, which suggests a parallel, and non-hierarchical pattern of
plan development rather than a top-down pattern of adaptation planning progress. This pattern
suggests a certain independence among agency bureaucrats from the state executive leadership.
Thus, in the absence of executive leadership, planning is pursued by agency bureaucrats
independently from the state executive, possibly supported by federal agency representatives and
NGOs (see Schulz, et al., 2017). Thus, in New Hampshire, which has the second lowest scores
for state executive leadership, its Fish and Game Department finished a high-scoring climate
adaptation addendum to its Wildlife Action Plan in 2013 - two years prior to the Wildlife Action
Plan submission date as required by the US Congress. New Hampshire’s National Estuary
Program - PREP - crafted the highest scoring plan and features the highest scoring
implementation framework of any natural resources management plan reviewed for this thesis
4.5 Funding for Adaptation
Each of the states have generated some funding for climate adaptation. Nonetheless, the
need for additional funding is a pervasive theme in state adaptation, wildlife and habitat
conservation plans and non-sector specific government reports and plans that address climate
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adaptation (see Johnson, et al., 2019; Bierbaum et al., 2013; Schulz, et al., 2017; MesquitaEmlinger, 2018; see Maine Dept. of Inland Fisheries and Wildlife, 2015, p. 21). According to
the government documents and peer reviewed articles analyzed for this study, additional funding
is needed for the entire suite of natural resources systems climate adaptation processes and
actions to improve the resilience of natural resources systems, including ‘climate smart’
restoration, conservation, and management, research, and targeted programs, such as removal of
dams and culverts impeding wildlife passage and stream connectivity (Mansius, 2020, p. 47;
Bierbaum et al., 2013; Schulz, et al., 2017; Mesquita-Emlinger, 2018; Maine Dept. of Inland
Fisheries and Wildlife, 2015, p. 21).
Based on the documents reviewed for this study, none of the three states have established
estimates or projections of the funds needed to accomplish state-wide adaptation objectives
neither for all governmental sectors nor for individual natural resources adaptation programs.
Development of cost estimates and projections is also not listed in any adaptation plans or
adaptation chapters or section as an objective. These projections may exist on the state level but
could not be located through a systematic document search.
Massachusetts has made greater amounts of funding available than Maine and New
Hampshire for adaptation planning and implementation. This state has implemented a range of
novel funding approaches compared to New Hampshire and Maine. The latter two states have
cultivated less diverse funding approaches than Massachusetts.
4.5.1 Massachusetts
Massachusetts has developed a proactive, concerted funding strategy, including the
issuance of Green Bonds, an increase in the real estate transfer tax, securing federal grants, and
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allocating funds from the state capital budget. In 2013, Massachusetts was the first state in the
US to issue Green Bonds (Merill, et al., 2016). In the first year of the Green Bonds program, the
state raised $100 million for a range of municipal natural resources conservation projects,
including land remediation, river restoration, and open space preservation (Innovation for
Sustainable Development Network, n.d.). In 2014, $350 million were raised from Green Bonds.
Of these $104 million were allocated to habitat restoration and conservation, river and estuary
restoration (Massachusetts, 2016). In 2018, the Massachusetts legislature passed H. 4835, an Act
Promoting Climate Change Adaptation, Environmental and Natural Resource Protection and
Investment in Recreational Assets and Opportunity (Massachusetts Legislature, 2017-18). This
act allocates $2.4 billion from the state capital fund to support implementation of the state’s
Integrated Hazard Mitigation and Climate Adaptation Plan (Massachusetts, 2017-18) and to
fund the Municipal Vulnerability Preparedness Program (MVP), whose goal is described as
assisting communities with adapting to climate change and to become resilient (Municipal
Vulnerability Preparedness, n.d.). From the document analysis, it was not possible to determine
how much funding from the $2.4 billion allocated to climate adaptation in bill H. 4835 was
dedicated to adaptation of natural resources systems specifically. It was only possible to glean
that natural resources protection was also to be funded.
In 2019, the Executive Office of Energy and Environmental Affairs’ (EEA) Dam and
Seawall Program issued $10,293,414 in grants from the annual capital budget to fund 14 projects
for dam removal and repair (Massachusetts, 2019). Fourteen projects were funded in 2019,
which included five dam removal projects designed to re-establish stream connectivity and
natural flow regimes in rivers and streams, which are critical natural resources adaptation
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strategies (Massachusetts, 2019). The remaining nine projects involved dam and seawall repair.
Dams and seawalls are grey infrastructure, which is not adaptive in natural resources systems.
Since 2013, the year of its founding (Massachusetts, 2019), the Dam and Seawall Program has
awarded over $77 million in grants and loans (Massachusetts, 2019). However, precisely
establishing the amount of funding that was spent on dam repair as opposed to re-establishing
stream connectivity and natural stream flow, was outside the scope of this thesis. To
contextualize the Massachusetts dam repair and removal effort, while Massachusetts has
removed over 40 dams since 2005 (Division of Ecological Restoration (DER), n.d.), there are
approximately 3000 dams in the state causing altered flow regimes, impeding fish passage, and
contributing to pollution and flooding (Massachusetts DER, n.d.).
In 2019, Governor Baker filed the Resilient MA legislation, or Senate Bill 10
(Massachusetts Legislature, n.d.), to raise funds for climate adaptation efforts through an
increase in the excise tax on real estate transfers. This proposal was projected to generate $1.3
billion over 10 years. The expected funds would be managed by the Massachusetts Global
Warming Solutions Trust Fund (Massachusetts, 2019). It appears that this latest gubernatorial
funding initiative was not passed by the Massachusetts Legislature in 2020.
In April of 2020, a partnership of Massachusetts governmental agencies and ENGOs in
secured a $10 million grant from the US Department of Agriculture Natural Resources
Conservation Service (NRCS) - the restoration arm of the US Department of Agriculture - to
protect open space and restore streams and wetlands on former cranberry bog farmland in
southeastern Massachusetts (Massachusetts, 2019). According to the announcement “The
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proposed work will restore habitat for fish and wildlife, help communities adapt to climate
change, and benefit cranberry growers.” (Massachusetts, 2019).
4.5.1.1 Funding Needs: Two Case Studies
Output and outcomes are not included in the climate adaptation readiness framework as
indicators. In Chapter 5 — (Discussion) —, it is argued that the climate adaptation readiness
framework would be more meaningful, if outputs/outcomes data, to the extent available, were
included as indicators. Alternatively, there is the need for additional evaluation frameworks
based on outputs and outcomes. Since several outcomes-based data were collected for the two
previous iterations of the research design (see Appendix A), they are presented and discussed
here for illustrative purposes only.
4.5.1.1.2 Cranberry Bogs
To consider the potential gap between available funding for climate adaptation in
comparison to the projected funding need, it is important to consider the case study of a ‘climate
smart’ restoration project in Massachusetts that restored 250 acres of retired cranberry bog
(Galbraith, 2013). According to the final project report, such projects are estimated to cost
between $1 - 2 million for 250 acres restored (Galbraith, 2013, p.26) and take 2-4 years to be
completed (Galbraith, 2013, p. 26). Currently, there are 13,250 acres of cranberry farms located
in Massachusetts (DER, n.d.). Many of these farms are slated for retirement because of falling
cranberry demand (DER, n.d.). A Massachusetts partnership secured a $10 million grant from
the NRCS that aims to restore 900 acres of wetlands and permanently protect 1,800 acres of open
space (DER, n.d.). This example demonstrates that $10 million would enable the restoration of a
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small number of acres compared to the number of cranberry bog acres that could qualify for
climate smart restoration.18
4.5.1.1.3 Restoration Costs of Buzzards Bay
In Massachusetts alone, the cost of ecosystem restoration-rather than adaptation —
ranges in the billions of dollars. For example, the Buzzards Bay estuary partnership estimates
that “the cost to Buzzards Bay towns to remediate existing (pollution) discharges to comply with
bacteria TMDLs and stormwater MS4 permits may exceed $1 billion dollars and take decades to
achieve”. (Costa, et al., 2013, p.105). One billion is the estimated cost for remediating the
impacts of past and current residential and industrial development and population growth in one
of two estuaries of national significance in Massachusetts with many smaller estuaries located
along the Massachusetts shoreline. Restoration is considered to be an important climate
adaptation strategy in the natural resources management literature. If one were to strictly
distinguish between restoration/remediation and adaptation, authentic adaptation rather than
remediation would likely require meeting pollution reduction targets (TMDLs) above currently
established targets. Since studies suggest that climate impacts in the Northeast of the United
States could worsen nitrogen levels in estuaries (Williamson et al., 2017), this increase in
nitrogen pollution would have to be accounted for and remediated, adding to the cost of
restoration and adaptation efforts.

18 Not all cranberry bogs qualify for restoration. Bogs are selected based on their ability to provide ecosystem services.
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4.5.2 New Hampshire
New Hampshire lacks a strategic and concerted climate adaptation funding strategy. In
contrast to Massachusetts, no green bonds have been offered. Capital fund expenditures could
not be identified during document analysis for this thesis.
The New Hampshire Coastal Adaptation Workgroup (NH CAW) asserts that its partner
organizations have raised more than $6 million since 2009 (NH CAW, n.d.). Projects that were
funded, however, in addition to restoration projects, include scientific studies, school curricula,
role-play simulations. Since the projects listed in CAW’s grant viewer do not amount to 100
projects at $6 million (NH CAW, n.d.), it is difficult to analyze funding information by
expenditure per project type per year since 2009 without conducting interviews.
Since 2014, the NH Department of Environmental Services’ Coastal Program has
operated a Coastal Resilience Grant Program that offers $150,000 annually in federal funds to
the 17 communities located in New Hampshire’s coastal zone (New Hampshire, 2020). Since
2014, 16 projects were funded throughout the NH coast amounting to about $700,000 in federal
grant funds. The purpose of the program is to fund and support decision capacity-building,
assessment, planning, and design projects to increase resilience to coastal hazards (New
Hampshire, 2020).
The New Hampshire example illustrates the challenges underlying evaluating the funding
of sector-specific adaptation in federated systems based on document review alone. Funding in
such systems originates often from several sources, including federal and state agencies and
charitable foundations. Federal funding is often secured through partnerships, which makes it
challenging identify the organization or organizations that led the effort to secure the funds.
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Funding time frames listed on government and agency websites in the New Hampshire example
date back to 2000 and 2009 (NH CAW, n.d.). Thus, these sources lack data illuminating funds
spent per year and per project type. From the available documents addressing New Hampshire’s
climate adaptation funding, it is unclear whether funding adaptation has increased, decreased or
remained the same. Clarification of funding sources and amounts would have to be secured via
semi-structured interviews with agency officials and ENGO representatives and require fiscal
analysis of government and NGO budgets.
Based on the documents analyzed for this thesis, one can conclude that New Hampshire
primarily relies on federal grants for adaptation funding, and that state executive leadership has
been largely absent in developing novel or innovative funding sources, such as Green Bonds or
tax increases.
4.5.3 Maine
Similar to New Hampshire, Maine lacks a strategic and concerted adaptation fundraising
strategy. However, there are signs that leadership may be emerging to secure adaptation funding
more strategically, as reflected in recent fundraising actions.
In 2014, Maine voters approved a Water Bond that provides $5.4 million annually for
upgrading municipal culverts at stream crossings to improve fish and wildlife habitats and
increase road safety (Maine DEP, Bureau of Land Resources, n.d). Despite this investment,
Maine’s Steam Connectivity Working Group - an unfunded, informal group of government and
NGO representatives, expressed concern in 2017:
With tens of thousands of problem road crossings in Maine, and 1,000+ dams with no
accommodation for adequate fish passage, the scale of the connectivity problem can seem
insurmountable. As Maine slowly rises to organize a comprehensive response to impaired
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stream connectivity, there is recognition among restoration practitioners that as time
passes, the cost of initiating and supporting recovery of habitats and species increases,
while the likelihood of success becomes less assured (Moore, 2017, p. 2)
The Maine Department of Inland Fisheries and Wildlife, and the Maine Department of
Marine Resources announced in early 2020 that Maine was awarded a $30 million grant from the
USDA Natural Resources Conservation Service (USDA NRCS) to restore aquatic connectivity
and improve water quality in downeast Maine (NRCS Maine, 2020)
Since 2012, the Maine Agriculture Conservation and Forestry (DACF) program has
provided $2.03 million in grant funding for 74 projects in coastal Maine (Maine Department of
Agriculture, Conservation and Forestry (ACF) n.d.). Annually, the program awards about
$157,000 for about five projects (ACF, n.d).
In respect to adaptation funding approaches, the 2018 Charting Maine’s Course Maine’s annual update of climate adaptation actions - recommends that:
The state should identify ways to coordinate funding sources across agencies to consolidate
separately funded project segments into one larger fund or ‘package’, or through multiple
funding sources, for a single larger project that addresses the totality of a problem, rather
than having to approach a situation piecemeal. (Maine DEP, 2018, p.54)

This recommendation possibly reflects a trend towards a greater role of government in
coordinating and centralizing climate adaptation funding.
Summarizing the section on adaptation funding, despite the absence of precise adaptation
cost estimates and projections, contextualizing available adaptation funding with information
about the cost of adaptation interventions shows that the need for ‘climate smart’ restoration will
likely outpace the funding available. While funds in each of the three states have been
committed for adaptation planning and implementation, lack of sufficient funding likely
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continues to pose significant barriers to adaptation planning and implementation (see Bierbaum,
et. al, 2013). A precise evaluation of available funding for natural resources adaptation is
difficult without conducting a close analysis of state and local budget documents and interviews
with agency staff and budget officials. Doing so was outside the scope of this study. A targeted
research effort, narrowly focused on funding sources and expenditures, is likely needed to
account for the total funding available in specific states to pursue adaptation implementation in
the natural resources protection sector.
4.6. Support for Municipal Climate Adaptation
State governments assist municipalities with climate adaptation principally through two
approaches: 1/Funding adaptation planning, design and feasibility studies and implementation of
projects; and 2/technical assistance. Each state offers some adaptation funding to municipalities
for adaptation with the extent of funding ranging widely.
There is variation among the states in the quality and quantity of technical assistance
offered. Massachusetts has created a centralized on-line technical assistance hub with a
comprehensive resource database. In New Hampshire and Maine, technical assistance is
decentralized. Both states offer limited on-line technical assistance resources with state/NGO
partnerships and NGOs providing both general and subject specific technical assistance.
Included in each of the states’ technical assistance offerings are habitat maps available for
municipal planning staff to create overlays (see Penn State College of Earth and Mineral
Sciences, n.d.) showing sensitive and valuable habitat that should be conserved.
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4.6.1. Massachusetts
4.6.1.1 Funding for Municipal Adaptation
Massachusetts offers two major programs that fund municipal adaptation12. Since 2014,
the Massachusetts Office of Coastal Zone Management program has administered the Coastal
Resilience Grant program that has issued adaptation grants to the municipalities located in the
coastal zone. Shoreline restoration is among the target activities of the program (Massachusetts
Office of Coastal Zone Management, n.d.): “Shoreline restoration projects support non-structural
approaches to restore or enhance natural systems to provide erosion and flood protection
provided by public beaches, dunes, coastal banks, salt marshes, shellfish, and other habitat
types.”. This program has issued between $1.8 to $3.4 million annually since 2014 to the 75
coastal communities for climate adaptation (Massachusetts Office of Coastal Zone Management,
n.d.).
The second significant adaptation funding opportunity targeted at Massachusetts cities
and towns is the Municipal Vulnerability Preparedness Program (MVP) established in 2017, and
available to municipalities from across Massachusetts (Municipal Vulnerability Preparedness,
n.d.). Through the MVP program, $11.6 million in planning and so-called action grants were
awarded in fiscal year 2020/21 (Municipal Vulnerability Preparedness, n.d.). According to the
Massachusetts Government, 82% of communities now participate in the MVP program
(Municipal Vulnerability Preparedness, n.d.).
4.6.1.1.1 Case Studies Demonstrating Funding Need
To contextualize Massachusetts’s efforts with outcomes data collected during the first
iteration of the research design for this thesis (see Appendix A), two municipal case studies are
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briefly discussed here. In 2014, the Town of Gosnold - located in the Buzzards Bay watershedreceived a Coastal Resilience grant from the State of Massachusetts to develop design studies
supporting a beach nourishment, dune restoration, and other green infrastructure options to
strengthen the resilience of Barges Beach on Cuttyhunk Island (Massachusetts Office of Coastal
Zone Management, n.d.) Engineering plans were completed for a beach and dune restoration
project. The State issued the permit for the project. According to the 2018 Open Space Plan and
Recreation Plan of the Town of Gosnold “funding [for this project], projected to be between $3
million and $4 million, remains prohibitive.” (Town of Gosnold, 2018, p.12). The project
remains in the design stage. In 2014, the Town of Falmouth also received an MVP grant for the
restoration of Chapoquoit Beach (Massachusetts Office of Coastal Management, n.d.).
Completion of this project has been estimated to cost $2 million, and, according to the grey
literature, is elusive (Gentile, 2016).
These examples demonstrate that current funding allotments for project planning do not
necessarily result in the implementation of adaptation projects. It is understood that natural
resources restoration projects cost in the millions of dollars per project (see Galbraith, 2013,
p.26). Accordingly, even the comparatively large amounts of funds raised and spent by the State
of Massachusetts may fall significantly short of the climate adaptation funding needed. In
addition, funds may be available and spent on planning, design, and feasibility studies, but
project implementation may stall because of lack of funds for implementation.
Significantly more research is needed on adaptation funding needs of national and subnational units and strategies for meeting these needs.
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4.6.1.2 Technical Assistance
Massachusetts hosts an on-line Climate Adaptation Clearinghouse with a wide range of
maps, reports and tools available targeted at municipalities (Resilient MA, n.d). The
Clearinghouse contains more than 2000 resources that are curated for reliability and relevance
(Resilient MA, n.d). The map section of the Clearinghouse features 30 different maps, including
Massachusetts-specific, national maps and maps published by NGOs, such as Audubon Society
and the Nature Conservancy, that are important for natural resources protection (Resilient MA,
n.d). The Clearinghouse has a search engine that enables document searches of its repository
with search fields for types of sources, sectors, impacts and strategies (Resilient MA, n.d).
Geographic specificity can be achieved through a keyword search (Resilient MA, n.d).
Massachusetts has also developed a specific framework for municipal adaptation, which includes
technical assistance for a particular type of planning approach (Executive Office of Energy and
Environmental Affairs, n.d.) and a certified adaptation providers network (Municipal
Vulnerability Preparedness, n.d.) whose members help facilitate adaptation planning activities,
stakeholder engagement, and the writing of adaptation plans.
Strategic habitat conservation in Massachusetts is supported through BioMap 2 — a GISbased mapping project — which was updated to reflect climate change impacts and areas
vulnerable to sea level rise. BioMap2 covers 2.1 million acres, about 40% of the state (Resilient
MA, n.d.).
4.6.2 New Hampshire
4.6.2.1 Funding for Municipalities
Since 2014, the NH Department of Environmental Services’ Coastal Program has offered
a Coastal Resilience Grant Program that offers $150,000 annually in federal funds to the
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seventeen communities located in New Hampshire’s coastal zones (NH DEP, Coastal Program,
n.d.). Sixteen projects were funded throughout the New Hampshire coast amounting to about
$700,000 in federal grant funds (NH DEP, Coastal Program, n.d.). The purpose of the program
is to fund support decision capacity-building, assessment, planning, and design projects to
increase resilience to coastal hazards (NH DEP, Coastal Program, n.d.).
4.6.2.2 Technical Assistance for Municipalities
New Hampshire’s on-line reference library for adaptation, the Climate Adaptation Tool
Kit, includes few resources. Several of the links are broken, suggesting that the Tool Kit is not
updated and currently defunct. Most of the technical assistance available in New Hampshire is
provided through partnerships comprising NGOs, educational organizations and government
agencies rather than government alone. For example, the Taking Action for Wildlife program is
a partnership that includes an education institution - the New Hampshire University Cooperative
Extension – a government agency, the NH Department of Fish and Game – and the NH
Association of Conservation Commission - an NGO (Taking Action for Wildlife, n.d). This
partnership supports the implementation of the State Wildlife Action Plan (New Hampshire Fish
and Game Department, 2015) by offering workshops and resources that support the integration
of habitat conservation principles and expertise in land management for municipalities and
landowners (Taking Action for Wildlife, n.d). This partnership also offers targeted technical
assistance for municipalities in the form of in-person facilitation and discussion of municipal
goals in relation to habitat conservation (Taking Action for Wildlife, n.d). The Taking Action for
Wildlife website features an updated page on climate change and adaptation resources with about
20 entries (Taking Action for Wildlife, n.d). The entire website features about 40 resources
(Taking Action for Wildlife, n.d).
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New Hampshire’s Coastal Climate Adaptation Workgroup (CAW) offers technical
assistance to municipalities, land and homeowners (CAW, n.d.). The workgroup’s partners
include state and federal agencies, NOGs, and universities (CAW, Who We Are, n.d.). Its
website features several on-line climate adaptation resources, including a listing of completed
and on-going climate adaptation projects, a list of funding opportunities, and a reference library
for technical and scientific reports (CAW, n.d.). CAW holds an annual one-day climate
adaptation summit for municipalities (see CAW, 2019).
4.6.3 Maine
4.6.3.1 Funding for Municipalities
Coastal Community Grants are offered by the Maine Municipal Planning Assistance
Program by providing technical and financial assistance to Maine municipalities for increasing
resilience. Since 2012, this program has made available $2.03 million for 74 projects in coastal
Maine (Maine Department of Agriculture, Conservation and Forestry, n.d.) In addition, the
Shore and Harbor Planning Grant Program offers in total $120,000 annually for a range of
programs and projects, including natural resources protection, for communities located in the
coastal zone (Maine Department of Marine Resources, Coastal Program, n.d.)
4.6.3.2 Technical Assistance
As in New Hampshire, Maine’s climate adaptation technical assistance is decentralized.
Technical assistance is provided largely by ENGOs and partnerships between NGOs and
governments. Maine hosts an online Climate Adaptation Tool Kit featuring about 20 resources
that address climate adaptation of natural resources (Maine DEP, Maine Climate Adaptation
Toolkit, n.d.). In 2017, a partnership of federal, state and educational institutions in Maine
published the Maine Flood Resilience Checklist: A self-assessment tool for Maine’s coastal
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communities to evaluate vulnerability to flood hazards and increase resilience (Sherwin, 2017).
Moreover, Maine Audubon, an environmental NGOG, launched the Stream Smart partnership in
2002 (Maine Audubon, Stream Smart, n.d.). Since then, the partnership has delivered workshops
and training to over 1,000 people to restore stream connectivity (Maine Audubon, Stream Smart,
n.d.). The Casco Bay Estuary Partnership in Maine has created a Climate Adaptation Resource
Guide for Municipalities in Casco Bay, which comprises a list of links to climate adaptation
resources (Schauffler, 2015). There is a Maine Climate Change Adaptation Providers (CCAP)
Network that was founded in 2010 but lacks a website. According to a flyer about CCAP, the
providers network is pursuing several projects: a climate adaptation project tracking tool (a
master list to track adaptation progress); a CCAP website hosted by UMaine Extension and ME
Sea Grant, community resilience risk assessment and evaluation (‘database’ of actions); resource
mapping and coordination of technical assistance resources; funding/financing for resilience,
legal liabilities for adaptation responses; greenhouse gas inventory methods and strategies;
outreach and communications (Maine Climate Adaptation Providers Network, n.d.).
A recommendation from the 2018 Charting Maine’s Course report centers on” the
expansion of the Maine Climate Change Clearinghouse to include targeted information and
technical assistance to municipalities pertaining to adaptation.” (Maine DEP, 2018, p. 60).
Recommendations such as this one suggest that more centralized approaches are considered
desirable and may be emerging in response to climate change adaptation in Maine.
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Chapter 5: Conclusion
In this thesis, the climate adaptation readiness framework as developed by Ford and King
(2015) was revised and applied to evaluate and compare the adaptation readiness of three
Northeastern US States — Massachusetts, New Hampshire and Maine —located in New
England. The framework assumes that the presence and quality of six overarching factors
determines the likelihood that adaptation occurs in developed nations or sub-national units (Ford
& King, 2015). Thus, the climate adaptation framework can be understood as a proxy indicator
framework designed to measure climate adaptation progress. The climate adaptation readiness
framework is grounded in the concept of an adaptation architecture composed of policy
components as delineated by Smith et al. (2009). Without these policy components in place,
adaptation, it is assumed, is unlikely to occur (Smith et al., 2009; Ford & King, 2015; Ford et al.,
2013)
The adaptation readiness framework was developed by Ford and King (2015) to address
several of the methodological and conceptual difficulties of evaluating adaptation progress.
These difficulties include the temporal disconnect between adaptation interventions and
measurable adaptation outcomes, shifting baselines, and uncertainty. The authors contend that
the adaptation readiness lends itself to evaluating the likelihood that adaptation occurs (Ford &
King, 2015).
5.1 Climate Adaptation Readiness of Three Northeastern US States
It was found that each of the states included in this thesis has pursued some actions and
initiatives that fall under the category of climate adaptation. Further, each of these states has
pursued some adaptation actions in the natural resources sector. Based on the application of the
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adaptation readiness framework, Massachusetts achieved the highest scores of adaptation
readiness, followed by New Hampshire and then Maine. Massachusetts showed significant
adaptation readiness strengths across all overarching factors. It featured laws and executive
orders mandating statewide adaptation planning. State adaptation plans included critical natural
resources adaptation strategies. Temporary and permanent institutional structures charged with
natural resources management and climate adaptation are highly developed in Massachusetts.
The State has also pursued a range of strategies to raise and set aside funds for natural resources
adaptation, including Green Bonds, modest tax increases, capital budget allocations, and
applications for federal grants. The State’s articulation of natural resources adaptation strategies
in the natural resources plans analyzed here, were comparatively not as detailed and well
developed than in New Hampshire and Maine. New Hampshire’s and Maine’s State Wildlife
Action Plans featured a wide range of finely grained and detailed strategies that were lacking in
Massachusetts’ plans. The Piscataqua Estuary Partnership located in New Hampshire developed
the strongest of any of the state’s natural resources plans. It is important to reiterate, however,
that the extent to which plans translate into adaptation progress on the ground is not clear and
was not explored in this thesis.
In New Hampshire and Maine, laws and executive orders were less often used to
advance adaptation action. These two states issued partial adaptation plans in the case of New
Hampshire and informal plans in the case of Maine. In each of the two lower scoring states,
there were fewer institutional structures found and they were temporary rather than permanent.
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As suggested by King and Ford (2015), there was a strong correlation between executive
leadership 19 and governmental climate adaptation initiatives. In Massachusetts, strong executive
leadership drove the adoption of climate adaptation laws, executive orders, planning efforts, and
support for municipal adaptation. Adaptation readiness in Massachusetts was characterized by
an approach tending towards government centralization. In Maine and New Hampshire,
planning, funding and support for municipalities was shaped by decentralization and
public/private partnerships.
5.2 Strengths of the Adaptation Readiness Framework
The adaptation readiness framework lends itself to comparing adaptation programs across
jurisdictions. It articulates a minimal standard for the quality of state adaptation programs and
policies against which existing adaptation program components can be evaluated. When applied
to a group of sub-national units, the framework can generate comparative data that illustrates a
jurisdiction’s deficits, gaps, strengths, and best practices relative to other sub-national units.
It was determined that the framework can be flexibly applied in different contexts as
King and Ford (2015) suggest. For this thesis, two overarching factors were removed, and one
overarching factor was added to result in a robust analytical framework for the context examined
in this thesis. However, a purely deductive approach to revising the framework for different
contexts was found not to be feasible. Since climate adaptation as a discipline is still a relatively
new field, existing research was found to be insufficient to capture all aspects of climate
adaptation policy developments underway on the US state level. As a result, the overarching
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For the context examined in this thesis, the overarching factor of political leadership was re-articulated as
executive leadership.
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factors, criteria and indicators had to be revised based, in part, on the findings of the empirical
research results generated through the data analysis.
Generally, it was found that the framework is more useful for illuminating deficits than
strengths in the adaptation architecture since the notion of strengths is more closely aligned with
the concept of concrete outcomes, such as measurable reductions in vulnerability. Thus, one can
assume that raising more funds is always better than raising less, but the larger amounts of funds
raised may still not be sufficient to meet adaptation needs. Unless adaptation goals are
articulated in measurable and time-specific terms and funding needs are projected per state or
sector, it remains unclear when or whether adaptation goals have been met. To be more
meaningful as an adaptation evaluation tool, the adaptation readiness framework ought to be
combined with output and outcomes-based factors and indicators. Output and outcomes-based
indicators provide additional information about the effectiveness and quality of an adaptation
architecture in a particular jurisdictional context, and thus reflect whether adaptation planning,
policy development and funding has the potential to translate into decreases in vulnerability and
harm on the ground.
5.3 Weaknesses of the Adaptation Readiness Framework
While Ford and King (2015) suggest that the adaptation readiness framework provides a
measure of the likelihood that adaptation occurs, it is argued here, that the adaptation readiness
framework provides a compelling measure of the extent to which the adaptation architecture
(see Smith, et al., 2009) has been established in national and sub-national units. The framework
enables an analysis of the existence and quality of each of the components in the adaptation
architecture. It is proposed in this thesis that the framework does not provide a measure of the
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likelihood that adaptation occurs — a determination that would hinge on a precise definition of
the meaning of adaptation and articulation of measurable, time specific adaptation goals.
Instead, adaptation is defined by Ford and King (2015) using the rather broad IPCC definition of
adaptation as ‘adjustments to climate and its effects’.
Climate adaptation, unless defined in clear quantitative and qualitative terms based on the
recommendations of scientists, is resistant to evaluation. Governments may take a range of
legislative, planning, funding and implementation steps, but unless these commitments meet the
magnitude of the leadership, funding, and institutional challenges, such as possibly embodied in
the term ‘transformative adaptation’, significant vulnerabilities will persist and magnify as time
passes by.
Further, the notion of adaptation readiness as a time-based concept is problematic.
Adaptation is not an outcome. It is a continuous process (Bours et al, 2013). In contrast, the
term readiness usually refers to a temporally limited situation. Policy systems achieve readiness
compared to a baseline of lack of readiness to address climate impacts followed by a state of
readiness. The assumption of readiness contrasts with the reality of continuously shifting
baselines that governments will have to contend with under rapidly changing conditions caused
by climate change. Thus, adaptation plans require regular updating. Funding needs are predicted
to increase over time (see Fankhauer, 2010). Leadership may have to rise to unprecedented
levels.
Instead, the procedural model that dominates in the governmental realm, is one of
adaptive management, continuous optimization, continuous adjustment rather than necessarily
readiness. Finally, the term readiness is problematic once jurisdictions have initiated the process
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of adaptation. When does readiness end and implementation begin? With a jurisdiction that is in
the process of implementing adaptation actions, can adaptation readiness still be evaluated?
In conclusion, limiting the explanatory dimension of the adaptation readiness framework
to the adaptation architecture and its quality rather than the likeliness that adaptation occurs
would solve several of these methodological problems.
5.4 Adaptation in the Natural Resources Sector
In the natural resources sector, adaptation is complicated because of past and on-going
non-climate related degradation of natural resources. To determine the likelihood that adaptation
takes place, all aspects impacting on natural resources systems would have to be included in an
adaptation evaluation framework. These aspects include the actions governments take to meet
restoration needs caused by past or legacy stressors, impacts from on-going non-climate-related
stressors, and climate-related threats. A climate adaptation evaluation framework applied to
natural resources systems must take account of the complexities of natural resources systems
management. Since the climate adaptation readiness only targets factors for evaluation that are
called adaptation, and is not centered in measurable adaptation goals, it is of limited efficacy in
accounting for the entire spectrum of actions that need to take place to adapt natural resources
systems to climate change.
Similar to the overarching adaptation readiness factors as selected by Ford and King
(2015), the adaptation readiness framework is suitable for evaluating the extent to which the
adaptation architecture pertaining to natural resources systems has been established, not the
likelihood whether natural resources systems adaptation actually takes place.
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5.5 Appropriateness of the Overarching Factors and Indicators
The overarching adaptation readiness factors and indicators were found to be largely
appropriate. Definitions of several overarching factors needed refinement for the US context.
For example, political leadership, while critical in the establishment of the governmental
adaptation architecture, was determined to be too broadly defined for analysis in the sub-national
context. Instead, executive leadership, the powers of governors or heads of sub-national units
was found to be more impactful in the establishment of the adaptation architecture than other
types of leadership (see King & Ford, 2015). A clear relationship was found between executive
leadership and actions that resulted in the development of the adaptation architecture. In fact,
contrary to Ford and King (2015) suggestion that laws are often non-existent in the adaptation
realm, the passage of laws and adoption of executive orders was determined to be the most
important approach for advancing the establishment of an adaptation architecture in the three US
states included in this study.
As suggested elsewhere in this thesis, it would be useful to add outputs and outcomes
factors and indicators to analyze the extent to which the adaptation architecture in a particular
jurisdiction manifest in concrete adaptation projects, initiatives, and interventions. Two case
studies that reflect output of the adaptation architecture pertaining to the overarching factor of
State Support for Municipalities suggest that funds spent on initial project implementation steps
—engineering and implementation plans — failed to lead to full implementation because of lack
of funding for full implementation.
The overarching factor of Funding for Planning and Implementation could also be further
refined. Multi-year funding streams for adaptation existed in each of the US states evaluated, but
the quality of the funding effort, levels of funding raised, and the funding instruments deployed
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by each of the three US states varied widely. It would be useful for the adaptation readiness
framework to be able to analyze and describe these differences.
5.6 Flexible Application of the Adaptation Framework
Ford and King (2015) suggest that the framework can be flexibly applied depending on
the context. It was found that the adaptation readiness framework indeed can be revised to fit the
context of the application. For this thesis, the framework was revised to fit the context of subnational units in the United States. In addition, a sectoral dimension — adaptation of natural
resources management — was successfully added as an overarching factor. For this added
factor, state adaptation plans, and reports were analyzed to evaluate the presence and quality of
natural resources adaptation strategies.
However, it is important to note that in the absence of a plethora of academic research, it
is difficult to pursue a purely deductive approach. If the existing research literature is not
developed for the selected context or the existing research literature focuses primarily on subsectors, such as coastal management rather than adaptation broadly, deductive approaches
prevent capturing the nuances and specific manifestation of adaptation readiness in the context
selected for framework application.
Thus, the adaptation readiness framework may benefit from a combination
deductive/inductive approach, also called an abductive approach as was pursued in this thesis to
further match the overarching factors and categories to the context of analysis.
5.7 Additional Findings
The framework lent itself to making several observations that are not reflected in the
research questions. In particular, policy patterns and structures were detected that are described
in the following paragraphs.
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5.8 Policy Patterns and Structures
The readiness framework enables the researcher to identify adaptation policy
development patterns, including patterns that have a temporal and a structural dimension. Each
of the states experienced temporary declines in the pursuit of a climate adaptation program
development that were most likely caused by declines in political leadership as a result of
elections (see Schulz, et al., 2017). A pattern emerged that suggested an initial burst of policy
attention targeted at climate adaptation, resulting in planning efforts followed by time periods of
inattention lasting as long as a decade. This observation has more of a historical than policy
significance, but it raises the question whether there are other temporal patterns that can provide
greater insight into adaptation processes or policy development processes in general.
One structural pattern that emerged from the analysis possibly suggests a greater trend
towards government centralization to address climate adaptation needs. Thus, Massachusetts
demonstrated the greatest level of government centralization pertaining to adaptation, which
appeared to be correlated with high levels of political leadership, and a well-developed
adaptation architecture. In Maine and New Hampshire, the adaptation process was characterized
by decentralization with government bureaucratic staff in state adaptation plans and documents
expressing preferences towards a more centralized process. Questions arise whether high levels
of political leadership are commonly associated with centralization of adaptation processes, and
whether centralization leads to greater scores on adaptation progress. Following from this line of
investigation, one also wonders whether there are examples of successful decentralized
approaches that lead to high scores for adaptation progress.
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5.9 Limitations
It was found that the research for and application of the climate adaptation readiness
framework is optimally pursued with a team of researchers collecting the greatest number of data
points in a short period of time. US federal departments and US states are proceeding rapidly
with development of climate change adaptation programs and generating funding opportunities.
An informal grey literature survey demonstrates that since the first draft of this thesis was
completed, in Massachusetts, additional municipalities have committed to participating in the
Municipal Preparedness Program and have been awarded planning and implementation grants.
To achieve a snapshot that provides a credible baseline and sound data for decision-makers,
adaptation readiness research needs to be completed rapidly and results need to be published
soon after. If publication takes months or years to accomplish, the effort will be outdated before
it is accessible to other researchers and decision-makers outdated.
5.10 Implications For Future Research
This thesis points towards several additional research opportunities on adaptation policy.
Additional research ought to focus on:1/adaptation cost projections in the context of adaptation
goal setting on the state level; 2/adding outcomes-based indicators to the readiness framework;
and 3/exploring governmental structures, such as centralization vs. decentralization, most
designed to advance adaptation; 4/including non-climate related stressor into adaptation
evaluation frameworks; and 5/generating a vision of what the adapted society looks like.
1/Adaptation funding, cost and cost projections, and adaptation goal setting are related
topics. While the adaptation readiness framework includes funds raised for adaptation as an overarching factor in determining the likelihood that adaptation occurs, this over-arching factor ought
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to be more clearly defined by establishing a relationship between funding need, and fundraising
effort and adaptation goals to be met. Sub-national units may raise funding and even generate
multi-year funding streams, and yet the funding raised may be less or vastly less than the funding
needed. Thus, the presence or absence of funding earmarked for adaptation does not necessarily
indicate adaptation progress. Assessments of funding needs and cost projections have to be
established on the state level to generate a more comprehensive impression of the funds needed
to achieve adaptation progress. However, cost projections for adaptation could not be identified
in the document review for this thesis. Further, case studies of individual adaptation
interventions as described in this thesis showed that funding fell short of adaptation needs for
individual adaptation projects. More research needs to be conducted on how to generate
comprehensive adaptation cost projections on the state level based on climate change scenarios
and the best available science for a particular timeframe, 10-20 years, for example, rather than
assessing cost on a project-by-project basis, in an incremental manner as needs are identified.
2/Another area of research connected to funding and costs, should focus on adding
outcomes-based indicators to the adaptation readiness framework. Outcomes-based indicators are
more suggestive of actual adaptation progress than indicators that elucidate the presence of the
over-arching factors that make up the adaptation readiness framework. One could argue that
adding outcomes-based indicators or simply additional indicators would turn the adaptation
readiness framework into an M&E framework, which are indeed increasingly used for assessing
adaptation progress.
3/An additional area of research would be to explore governmental structures that are
most designed to advance adaptation, such as decentralization vs. centralization of government
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action. In this thesis, it was found that the state of Massachusetts, which had the highest scores
on adaptation readiness, reflected the greatest level of government centralization in advancing
adaptation compared to New Hampshire and Maine, which had significantly lower scores, and
pursued more decentralized approaches to adaptation. Researchers should consider exploring
the extent to which centralization vs. decentralization impacts the rate of climate adaptation
progress. In addition, it may be constructive to examine which aspects of centralization, such as,
for example, political or executive leadership, the pursuit of a top-down hierarchical approach or
centralization of technical assistance, are significant in advancing adaptation progress. Further,
it would be useful to examine whether decentralized approaches can also be effective in
advancing climate adaptation progress, and if so, which aspects of a decentralized approach are
critical for adaptation success.
4/More research needs to be conducted on the impact of non-climate related stressors on
adaptation and how to include non-climate related stressors into evaluation frameworks for
adaptation. For example, sprawl growth and the expansion of road systems continues unabated
in the United States. Impervious surfaces cause water pollution and flooding, which is
exacerbated by climate change. Accounting for non-climate related stressors is critical for
evaluating adaptation progress. If non-climate related stressors were to be neglected, one can
imagine a scenario whereby certain governmental departments work to implement adaptation
initiatives, while others pursue actions that would be defined as maladaptive.
Finally, researchers have not yet articulated a positive and comprehensive vision of the
adapted or resilient society. Adaptation as conceived of currently is largely designed to protect
an “economic core” (Pelling, 2011, p.3) and is based on incremental changes to a changing
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climate. Applied to natural resources systems conservation in the US, states have not aspired to
conceive of numeric statewide goals for habitat conservation. Even if there were goals, however,
these goals would be difficult to implement since most of the land in the states examined here, is
owned privately. It is telling that the US has never ratified the Convention on Biodiversity,
which includes Aichi Target 11 that posits minimal goals for the protection of nature. Without
overall adaptation goals and benchmarks, progress is difficult to define and measure. Without
goals, how do we know when have arrived? One might counter this argument by saying that the
goal posts in adaptation are always moving. However, even with moving goal posts, it should be
possible to describe land conservation goals, for example, in a quantitative manner that indicate
when a US state is closer to an adapted or resilient state or farther away.
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Appendices
Appendix A - Iterations of The Research Design
Previous Thesis Research Designs
The research design for this thesis underwent three iterations, two of which faced
feasibility challenges. In the following paragraphs, the first two research designs are described,
and their feasibility obstacles are discussed.
The first iteration was based on the application of an M&E framework by collecting
input, output, outcomes-based and process-based data. The approach was a large N study (see
Poteete & Ostrom, 2008) evaluating the climate adaptation implementation outcomes in 60 US
estuary watersheds. To structure the data collection instrument and interpret the data, this
research design drew on the climate adaptation Monitoring and Evaluation (M&E) Framework
developed by the French Environment and Energy Management Administration (n.d.). A wide
range of M&E frameworks exists (Bours, et al., 2013). All M&E frameworks are organized
according to similar principles. M&E frameworks measure adaptation progress by assessing
inputs, outputs, process-based indicators, and outcomes-based indicators (Bours, et al., 2014b).
In the context of these frameworks, inputs are defined as financial, human, and other resources
that have been determined to be needed for adaptation. Outputs comprise the actions that
increase resilience taken with available financial and human resources (French Environment and
Energy Management Administration, n.d.). Outcomes comprise improvements in system
resilience and avoided impacts (see French Environment and Energy Management
Administration, n.d.). This research design was deductive and grounded in a hypothesis.
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To collect the data for the large N study, a comprehensive estuary climate adaptation
implementation questionnaire was developed. To refine the questionnaire, comments were
sought from this study’s academic supervisor and three outside reviewers, who are retired EPA
senior level administrators. The first research design included a pilot phase which involved
distribution of the questionnaire to five pilot estuary partnerships with a return timeframe of two
months. By the deadline, one response was received out of five. The quality of the response was
deemed poor by the investigator. Email exchanges took place with three of the pilot study
estuary partnerships, in which the estuary managers of two estuaries indicated that they lacked
the time and human resources to complete the questionnaire. One pilot study estuary partnership
was unresponsive to email inquiries. Another one indicated that they would participate and then
became unresponsive. Considering the low response rate and poor quality of the one response
received in the pilot phase, an alternative research design was contemplated.
Based on conversations with the supervisor for this thesis, it was decided to attempt a
small N approach to evaluating climate adaptation outcomes in three US estuary watersheds that
are part of EPAs National Estuary Program (NEP). The analytical framework for the second
research design centered on collecting output data in relation to four indicators that are reflective
of estuary health. The four indicators selected were impervious surface, nitrogen pollution,
habitat conservation, and shoreline stabilization. Impervious surface contributes to flooding and
water quality deterioration, which is expected to worsen with the increased precipitation caused
by rising global average temperatures. Nitrogen pollution causes eutrophication (declining
oxygen levels caused by high algae growth that feed on nitrogen) in estuaries, causing declines in
important aquatic species and dead zones devoid of oxygen. Nitrogen pollution is expected to
increase as a result of the increased precipitation spurred by climate change. Habitat protection
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and shoreline stabilization are considered actions that are important for countering degrading
processes in estuary watersheds, including climate change. The data collection method for the
second research design was based primarily on collecting secondary data from document
analysis. To augment the document analysis, it was decided to attempt to conduct interviews.
Email and phone outreach was conducted to estuary managers, local and state government
officials, and NGOs. However, the majority of individuals contacted via email were
unresponsive despite repeated efforts at contacting them.
During the document analysis phase of this research design, data was lifted from a wide
range of documents issued by federal, state and local government agencies, ENGOs
organizations, and scientific organizations published for purposes of estuary watershed
management, planning, implementation and science. Four different types of documents were
reviewed for each estuary: 1. estuary planning documents; 2. updates and progress reports; 3.
vulnerability assessments; and scientific studies delineating projected climate impacts; 4. reports
and documents by government agencies; and 5.reports and documents generated by outside
organizations, such as NGOs, if they were found to have bearing on climate adaptation of these
three estuaries. Data collection was conducted in a targeted manner, lifting data from documents
that had high probability of containing information about the four estuarine health indicators.
The efforts at collecting adaptation outcomes data from document analysis in the three
US estuaries raised problems that illuminate the obstacles of such an effort in decentralized,
federated systems generally. In the three states in which the study estuaries are located, estuary
management plans are published in different years, progress reports are published for differing
time intervals, data for the four indicators selected for this study design are collected for different
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time frames and by varying approaches. Regulatory and legal approaches also vary across the
three state jurisdictions.
There is considerable variation in the consideration of climate change in the main
conservation planning document for each of the estuaries - the Comprehensive Conservation
Management Plans (CCMP). Climate change was either mentioned a few times (see Costa, et al,
2013) or a key focus of concern (see PREP, 2010). While each of the CCMPs included climate
change in their plans and objectives, each of the CCMPs lacked clearly articulated climate
change adaptation baselines and objectives. This is not to say that goals and action plans in the
CCMPs omitted climate impacts and adaptation to those impacts. Especially in the Piscatataqua
Region Estuary (PREP) CCMP, climate change was prominently featured and addressed by a
wide range of action plans. Nonetheless, measurable climate adaptation indicators were absent.
Without measurable goals, baselines, consistent data sets and indicators, it was impossible to
conduct a meaningful evaluation of adaptation outcomes and a comparison of outcomes across
estuaries.
In addition, at the estuary scale, adaptation outcomes based on climate change data were
nearly non-existent. Estuary restoration outcomes - actions based on historical data rather than
climate projections - could have been theoretically evaluated as part of the restoration/climate
adaptation spectrum. Such an evaluation, however, would have been based on arbitrarily chosen,
non-scientific indicators. Finally, as natural features of the landscape, estuaries are distinguished
by a range of unique characteristics, which stand in the way of comparison. For example, the
Great Bay estuary in New Hampshire is a recessed estuary with a much slower flushing time
(Matso, 2017) than Buzzards Bay.
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For the third revision of the research design, the decision was made to apply a proxy
concept - climate adaptation readiness (Ford and King, 2015; Ford, 2013, see also Bours et al,
2013, p.10; see Smith, et al., 2009) - to the three US states in which the estuaries selected for the
second research design are located - to achieve insights into climate adaptation progress at the
state scale rather than the estuary scale. This framework is based on the evaluation of
overarching factors that are considered critical for the likelihood that adaptation occurs (Ford &
King, 2013). These factors include: political leadership; institutional organization; decisionmaking and stakeholder engagement; funding for adaptation planning, implementation and
evaluation; sufficient available science for decision-making; public support for adaptation; (King
& Ford, 2013). For this thesis, the climate adaptation readiness framework was adopted and
revised to evaluate adaptation readiness specifically of natural resources systems at the subnational scale in a longstanding and complex federated system.
***
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