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Abstract

Constraints and limits to adaptation are critical to understanding the extent to which human and natural systems can successfully
adapt to climate change. We conduct a systematic review of 1,682 academic studies on human adaptation responses to identify
patterns in constraints and limits to adaptation for different regions, sectors, hazards, adaptation response types, and actors. Using
definitions of constraints and limits provided by the Intergovernmental Panel on Climate Change (IPCC), we find that most
literature identifies constraints to adaptation but that there is limited literature focused on limits to adaptation. Central and South
America and Small Islands generally report greater constraints and both hard and soft limits to adaptation. Technological,
infrastructural, and ecosystem-based adaptation suggest more evidence of constraints and hard limits than other types of re-
sponses. Individuals and households face economic and socio-cultural constraints which also inhibit behavioral adaptation
responses and may lead to limits. Finance, governance, institutional, and policy constraints are most prevalent globally. These
findings provide early signposts for boundaries of human adaptation and are of high relevance for guiding proactive adaptation

financing and governance from local to global scales.

Keywords Climate change - Adaptation - Limits - Constraints - Systematic review

Introduction

Successful adaptation to the impacts of climate change is one
of the defining challenges of this century (IPCC 2018).
However, while natural and social systems have capacities
to adapt, these capacities are neither boundless nor evenly
spread (Dow et al. 2013a). Understanding constraints and
limits to adaptation reinforces the need for rapid and ambitious
mitigation, has important implications for anticipating and
planning for impacts of climate change, and is linked to key
themes in the United Nations Framework Convention on
Climate Change (UNFCCC) including loss and damage, re-
sources needed for climate action, and the global stocktake
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(Mechler etal. 2020; Thomas et al. 2020). Research to identify
patterns in how constraints and limits are experienced in dif-
ferent regions and sectors and by different actors is thus need-
ed to support evidence-based approaches to these key themes.

The concept of limits to adaptation has a long history, de-
veloping along with the recognition that mitigation alone
would be insufficient to curtail climate change impacts
(Adger et al. 2009). Terms such as thresholds, tipping points,
and regime shifts have been used to refer to the concept of
climate change exceeding the capacity of adaptation efforts to
avoid significant harm (Dow et al. 2013b). The
Intergovernmental Panel on Climate Change (IPCC) Fifth
Assessment Report (ARS) consolidated multiple conceptuali-
zations and terms to develop an actor-centered definition of
limits to adaptation—"‘the point at which an actor’s objectives
or system’s needs cannot be secured from intolerable risks
through adaptive action” (Klein et al. 2015, p. 907).

Limits are further classified as either soft or hard. Soft
limits are those where adaptation options are currently not
available but may become available in the future, while hard
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limits are those where no further adaptation is possible. Soft
limits are thus mutable, have largely been associated with
human systems, and are chiefly affected by a range of socio-
economic, cultural, and biophysical constraining factors that
make it harder to plan and implement adaptation (Klein et al.
2015). Often, these constraints or barriers interact, resulting in
soft limits that cannot be overcome at specific points in time.
As detailed by Klein et al. (2015, pg. 911), “multiple con-
straints can significantly reduce the range of adaptation op-
tions and opportunities available to actors and therefore may
pose fundamental limits to adaptation (very high confidence)”.

This framing of adaptation constraints and limits has been
used in subsequent IPCC Special Reports and in a largely
theoretical set of literature that hypothesizes how limits to
adaptation may be experienced in different contexts
(Mechler et al. 2020). Relevant contributions highlight the
need to consider socio-economic, historical, and environmen-
tal characteristics that influence how limits may be experi-
enced (Filho and Nalau 2018). A variety of case studies find
that limits are influenced by a broad range of constraints,
including inadequate governance structures and systems
(Chanza 2018; Gilfillan 2018), rigid gender and cultural
norms (Greenough 2018), lack of political will (Hetz 2018),
and insufficient financial resources (Ologeh et al. 2018).

The perceived ambiguity between constraints and soft
limits has led some to negate the concept of mutable soft limits
and instead frame these more socially constructed limits as
barriers—obstacles to adaptation that are due to value systems
and which can theoretically be overcome with additional re-
sources and efforts (Eisenack et al. 2014; Hinkel et al. 2018).
Biesbroek et al. (2014) differentiate between an “optimist”
analytical lens of viewing barriers as problems that can be
overcome by optimizing actors and processes and a “pessi-
mist” lens where barriers are understood to be systemic, un-
manageable, and with little possibility of being avoided or
removed. The pessimist lens acknowledges soft limits to ad-
aptation, recognizing that the difficulty of overcoming barriers
may lead to limits in the ability of adaptation to reduce risks at
a certain point in time, despite the social factors that lead to
such a limit. The optimist lens frames barriers as distinct from
limits—which are understood as absolute and
unsurpassable—thus obscuring that soft limits also have the
potential to be absolute at a specific point in time. However,
among studies with an optimist lens, there is increasing rec-
ognition that while barriers may be surmountable in theory, in
practicality this may be highly unlikely, thus providing further
support for acknowledging soft limits (Barnett and Palutikof
2014; Barnett et al. 2015). Similarly, thresholds and tipping
points often leading to limits have also been described in qual-
itative literature as “transformation tipping points,” where
more desirable states can be reached than the current ones
through changes in strategy, behavior, idea, or technology
(Van Ginkel et al. 2020).

@ Springer

As of yet, there is no global synthesis and assessment of
documented limits to adaptation, despite the rapidly growing
empirical scholarship on implemented adaptation (Berrang-
Ford et al. n.d.). This growing literature offers a rich resource
base to analyze and quantitatively synthesize how constraints
and limits are currently being faced and framed. Here, we
document insights on constraints and limits to adaptation
using a systematic review of 1,682 scientific articles focused
on adaptation responses implemented across the globe. We
follow the IPCC framing, as detailed in Box 1, to differentiate
between constraints, soft limits, and hard limits, calling atten-
tion to the importance of defining these concepts often mixed
in the literature. We use the geographic and sectoral categories
that have been defined for the IPCC Sixth Assessment Report,
as further detailed in the “Methods” section.

We draw from this empirical literature to assess the evi-
dence on constraints and limits for different regions, sectors,
hazards, adaptation response types, and actors. We also assess
the methodologies used to identify limits to adaptation. This
analysis responds to calls for empirical research that synthe-
sizes dispersed knowledge on constraints and limits, enabling
policy, research, and practitioner communities to identify
common patterns (Eisenack et al. 2014).

Methods

A systematic review was used to analyze the academic litera-
ture on constraints and limits to adaptation. Systematic litera-
ture reviews are widely used to synthesize large numbers of
studies in a standard and transparent manner (Singh et al.
2017) and allow quantitative and qualitative analyses (Sud
et al. 2015). For climate change adaptation in particular, sys-
tematic reviews are an innovative methodology that enable
mapping and tracking of the rapidly expanding research liter-
ature (Berrang-Ford et al. 2015). They have been used as a
methodology to assess a broad range of adaptation foci (Owen
2020; Robinson 2020). Rapidly growing volumes of research
literature can also benefit from new technology developments
such as machine learning which provides solutions for vast
bodies of literature by facilitating systematic mapping and
increasing the efficiency of evidence synthesis (Lamb et al.
2019; Callaghan et al. 2020; Haddaway et al. 2020).

Phase 1: Global Adaptation Mapping Initiative

This paper draws on data from the Global Adaptation
Mapping Initiative (GAMI), the largest systematic review to
date on climate change adaptation literature (Berrang-Ford
et al. n.d.). The overall aim of GAMI is to investigate how
humans are adapting to climate change on a global scale and
the scope, nature, and progress of this adaptation. Key proce-
dures involved in the systematic review are summarized
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Box 1

Adaptation constraints and limits

(Mechler et al. 2020).

IPCC AR5 and subsequent Special Reports use the following framing of adaptation limits and constraints

Adaptation limit: The point at which an actor’s objectives or system needs cannot be secured from
intolerable risks through adaptive actions.

Soft limit: Options are currently not available to avoid intolerable risks through adaptive action.
Hard limit: No adaptive actions are possible to avoid intolerable risks.

Adaptation constraint - factors that make it harder to plan and implement adaptation actions; also
referred to as obstacles or barriers. These are further categorized as:

Category of Constraint

Description

Economic

existing livelihoods, economic structures, and economic mobility

Social/cultural

social norms, identity, place attachment, beliefs, worldviews, values,
awareness, education, social justice, and social support

Human capacity

individual, organizational, and societal capabilities to set and achieve
adaptation objectives over time including training, education, and skill
development

Governance/Institutions/
Policy

existing laws, regulations, procedural requirements, governance scope,
effectiveness, institutional arrangements, adaptive capacity, and absorption
capacity

Financial lack of financial resources

Information/Awareness/ | lack of awareness or access to information or technology

Technology

Physical presence of physical barriers

Biological temperature, precipitation, salinity, acidity, and intensity and frequency of

extreme events including storms, drought, and wind

below, and Berrang-Ford et al. (2020) provides further details
of the GAMI methodology.

This systematic review used the Population, Interest,
Context, Scope, and Time (PICoST) approach, which were
defined to set the boundaries of the review (see Table 1).
GAMI consisted of three main stages, screening, coding,
and synthesis, described in the following sections.

Screening
Articles meeting the PICoST criteria were included in the

overall data set. Search terms were identified through key-
words from ten representative adaptation publications.

Search strings were then constructed for the three search en-
gines used to extract relevant literature (Web of Science,
Scopus, and MEDLINE). Climate change and adaptation/ad-
aptation-related responses were the two main concepts used
to build these queries. Search terms such as resilience and risk
management were also included to capture the breadth of cli-
mate adaptation literature. The search strings were restricted to
articles referencing climate change or global warming in their
titles, abstracts, or keywords. Articles referring to weather,
environmental variability, or meteorological variables without
explicit reference to climate change were excluded. Any lan-
guage was eligible as long as the article was indexed in
English.

@ Springer
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Table 1 Scope of the systematic

As defined in the review

review using the Population, PICoST
Interest, Context, Scope, and component
Time (PICoST) approach

Population (P)

Global population encompassing all human societies and ecosystems of importance to

humans that are impacted by climate change

Interest (I)

Autonomous and planned human adaptation-related responses to climate change, including

human-assisted adaptation in natural systems. Excluded evolutionary or autonomous
adaptation in natural systems

Context (C)

Any empirically documented adaptation-related responses taken in response to observed or

projected climate change risk. The term “adaptation-related responses” was used because
some responses may be maladaptive or ineffective and not achieve adaptive outcomes

Scope (S)
Time (T)

Empirical peer-reviewed literature (gray literature excluded)
Scientific literature published between 2013 and 2020 (capturing literature published from

IPCC Assessment Report 5 onwards)

These search strings resulted in a total 0f 48,816 articles once
the duplicates had been removed. A combination of manual
review and machine learning was then used to screen the
articles according to the PICoST criteria. A machine learning
classifier was then developed and trained to detect papers that
met the GAMI inclusion criteria based on their titles and
abstracts. A training dataset was created by randomly
sampling and manually screening titles and abstracts for 4,500
of the 48,816 documents. This taught the machine learning
algorithm how to recognize documents to be included for the
further 44,316 documents that were then screened via machine
learning. This process built the final list of 2,032 articles to be
reviewed in the coding phase. Fischer et al. (2020) provide
further detail on this screening process.

Coding

Following the screening of titles and abstracts, the 2,032
resulting articles were coded. Three hundred fifty of these
articles were manually excluded during the coding process
due to insufficient data for analysis or the article not being
substantially empirical. The coding process was undertaken
in SysRev, an online document review platform used for data
extraction. Based on the categorizations used by the IPCC in
Working Group II for the Sixth Assessment Report, the
GAMI dataset was divided into 13 regional and sectoral the-
matic groups. The regions were defined as Africa, Asia,
Australasia, Central and South America, North America,
Europe, and Small Islands States. The sectors were terrestrial
and freshwater ecosystems; ocean and coastal ecosystems;
water quality and sanitation; food, fiber, and other ecosystem
products; cities, settlements, and key infrastructure; health,
well-being, and communities; and poverty, livelihoods, and
sustainable development. Coders were assigned to at least
one of these specific groups.

Before starting the coding process, coders were given a
codebook with background information and detailed

@ Springer

instructions. The questions were structured into seven sec-
tions: (1) general information; (2) who is responding; (3) what
responses are documented; (4) what is the extent of
adaptation-related responses; (5) are responses reducing risks;
(6) adaptation limits; and (7) assessing confidence in evidence
(see Table 2). The questions included closed questions with
restricted options, open questions, and open fields where
coders were asked to include quotes supporting their answers.
Two additional screening questions were answered when cod-
ing: (1) is the document relevant based on the inclusion
criteria? and (2) does the document have sufficient informa-
tion to code (defined as a minimum of half a page of content
on adaptation-related responses)? The first question allowed
coders to double-check all articles which were considered rel-
evant by the algorithm and the second excluded documents
with insufficient documentation in the main text of the article.
Each article was double-coded to ensure adequate quality of
coding. Articles categorized in multiple thematic groups were
coded by four or more coders. This process resulted in 1,682
coded articles in the final GAMI database, with 5,383 unique
sets of code. Lesnikowski et al. (2020) provide further detail
on this coding process.

Synthesis

Since articles were at minimum double-coded, reconciliation
of differing codes had to be undertaken. This was done in the
R statistical environment (R Team 2019) with a series of if/
then statements. The code and rationale are available on an
open source platform (Siders 2020). The final GAMI database
was then compiled into an Excel file with one article per row
and 70 columns (one column per coded question).

Phase 2: Focused assessment of constraints and limits

This GAMI database was then used for a focused assessment
of constraints and limits to adaptation. Qualitative information
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Table 2  Research themes and questions

Research theme

Specific questions

1. General

2. Who is responding?

3. What responses are documented?

4. What is the extent of the adaptation-related
responses?

5. Are adaptation-related responses reducing
risk?

6. Adaptation limits

7. Assessing confidence in evidence

1.1. Description of topic summarized in document (open field)

1.2. Region(s) or geographic focus of adaptive responses documented (restricted options)
1.3. Open field to specify region

1.4. Sectoral focus of adaptive responses documented (restricted options)

1.5. Cross-cutting themes (restricted options)

1.6. Consideration of local knowledge (restricted options)

1.7. Consideration of Indigenous knowledge (restricted options)

2.1. Who is engaging in adaptation responses? (restricted options)

2.2. Open field if answered ‘other’ to above question

2.3. Is there evidence that particular vulnerable groups are targeted in adaptation responses? (restricted
options)

2.4. Open field if answered ‘other’ to above question

3.1. What types of responses are reported? (restricted options)

3.2. What types of implementation tools are reported? (open field)

3.3. What climatic hazards are being responded to? (restricted options)

3.4. Open field if answered ‘other’ to above question

3.5. What aspects of exposure or vulnerability are targeted by adaptation responses? (restricted
options)

3.6. Open field if answered ‘other’ to above question

3.7. What is the stated (or implied/assumed) link to reduction in risk? (open field)

4.1. What is the general stage of response activities? (restricted options)

4.2. Is there any information on who financed the response? (restricted options)
4.3. Is there any information on the costs of adaptation? (restricted options)
4.4. What is the depth of response activities? (open field)

4.5. What is the scope of response activities? (open field)

4.6. What is the speed of response activities? (open field)

5.1. Is there any evidence that activities successfully reduced risk? (restricted options)

5.2. Open field if ‘yes’ to the above question.

5.3. Are indicators or measures of ‘success’ identified? (restricted options)

5.4. Open field if ‘yes’ to the above question.

5.5. Is there any consideration of risks or maladaptation associated with the adaptation responses?
(open field)

5.6. Is there any reference to co-benefits? (open field)

6.1. Are limits to adaptation described (using the [PCC definition of limits)? (restricted options)

6.2. Open field if ‘yes’ to the above’.

6.3. Are these hard or soft limits? (open field)

6.4. Is there evidence to indicate whether responses approach, challenge, or exceed soft limits? (open
field)

7.1. Are there any major methodological limitations? (open field)

7.2. Did the document provide sufficient information to answer all of these coding questions?
(coherence) (open field)

7.3. Comment on the quantity and quality of data upon which the findings are based (adequacy) (open
field)

7.4. Are the results relevant to a particular context only? (relevance) (open field)

from phase 1, namely the coded information from the research
themes 1, 2, 3, and 6 (see Table 2), was the data used for this
study. From the 1,682 papers of the GAMI database, 1,362
were coded as containing information on constraints and/or
limits. For phase 2, information coded under research theme 6
on adaptation limits went through an additional round of re-
view. This allowed us to confirm the mention of constraints
and/or limits and to determine a relevance score indicating to
what extent constraints and/or limits were discussed, based on
the criteria outlined below.

A relevance score of 1 was assigned to papers discussing
constraints, barriers, or impediments to adaptation but not relat-
ing these issues to soft or hard limits. Although some articles
used the words “limit” or “limitation,” these terms were not
used to refer to soft or hard limits, as defined in Box 1, but
corresponded to constraints. A relevance score of 2 was
assigned to papers that linked constraints, barriers, or impedi-
ments to soft or hard limits. Terms such as “threshold,” “tipping
point,” or “barrier” may have been used instead of “limit,” but
their description aligned with our definition of limits to

@ Springer
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Phase 1: Global
Adaptation Mapping

(after duplicate removal)

Articles from the search strings in
Web of Science, Scopus and MEDLINE

Initiative n=48,816
Articles screened manually Articles screened with machine learning
n=4,500 n =44,316

Articles excluded following the :
— title/abstract screening
n =46,784

\/

n=2,032

Articles meeting the selection criteria
following the title/abstract screening

Articles manually excluded
during coding
n =350

Articles coded
n=1,682

!

n=1,362

Articles coded as containing information
on constraints/limits (1st round of review)

¥

Phase 2: Focused
Assessment of Constraints
and Limits

on constraints/limits
(2nd round of review)
n=1,239

Articles containing information

Articles excluded
(miscoded as containing
information on constraints/limits)

n=123 .

— v

e :

Articles with a relevance score of 1
n=941

n =289

Articles with a relevance score of 2

Articles with a relevance score of 3
n=9

Fig 1 Systematic review diagram

adaptation. Limits to adaptation were discussed in a general
sense, with no discussion on levels of socio-economic or envi-
ronmental change that may be associated with reaching a limit.
A relevance score of 3 was assigned to papers that engaged
most directly with limits to adaptation. Different terminologies
may have been used but were aligned with our definitions of
soft and hard limits. These papers provided detailed information
on limits, including some discussion of socio-economic or en-
vironmental change that may lead to limits.

This second round of review identified 123 papers that
were miscoded in phase 1 as containing information on
limits or constraints to adaptation. In many instances, pa-
pers contained information on limitations of the study or
methodology used but not on limits or constraints to ad-
aptation. One limitation of the coding process is that al-
though coders assessed how adaptation responses were
affecting risk, they did not separately identify whether
risks were described as intolerable or tolerable. Having
this information separately coded would have provided
additional information that would support the assignment
of relevance scores.

A total of 1,239 papers were thus assigned a relevance
score with the vast majority (941, 76%) having a relevance
score of 1, a minority (289, 23%) with a relevance score of 2,
and very few (9, 1%) with a relevance score of 3. The con-
straints from these 1,239 papers were then classified into the
eight categories that are detailed in Box 1. We also assessed
whether the identified constraints were described as able to be
overcome and thus related to soft limits, not able to be over-
come and thus related to hard limits or a mixture of constraints

@ Springer

that may be overcome or not overcome thus related to both
soft and hard limits.

The data from all 1,239 papers was used for the analysis of
the regional and sectoral variance of the evidence base of
constraints and limits. In addition, the links between different
adaptation response types, hazards, and actors facing con-
straints and limits were also studied. For this, the information
coded under the research themes 1, 2, and 3 were considered
(see Table 2).

Using the COUNTIF function from Excel, counts were
undertaken and cross-tab tables were produced with the
different categories of constraints, types of limits, and
response types/hazards/actors. These counts were further
categorized by sector and region. Percentages were then
calculated based on the total amount of documents for a
specific association. For example, the percentage of liter-
ature discussing ecosystem-based adaptation efforts and
mentioning financial constraints was calculated.
Bonferroni-corrected chi-square tests for independence
were conducted in the R statistical environment (R
Team 2019) to identify statistically significant associa-
tions. Significance levels between the eight constraint
types and the various categories of (i) adaptation re-
sponses, (ii) hazards, and (iii) actors were tested. In addi-
tion, the significance levels between relevance scores (1,
2, and 3) and the various categories of (i) adaptation re-
sponses, (ii) hazards, and (iii) actors were also tested. The
same tests were performed for the information on
soft/hard/both limits (from question 6.3, see Table 2). p-
values (%) were calculated using the chisq.test function.
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Uncorrected chi-square test results are available in the
Supplemental Materials.

For our assessment of methods used to identify limits
(“Methodologies used to identify limits” section), all the orig-
inal articles for the papers with a relevance score of 3 were
reviewed. GAMI (2021) has the full bibliographic list of all
1,682 publications that were coded and assessed. For this pa-
per, we reference specific articles to illustrate our findings.

Results

Regional and sectoral variance in evidence base on
constraints and limits

Our analysis of 1,682 papers reporting on adaptation action to
date shows that while constraints feature very prominently in
current adaptation, information on limits is scarce and tends to
be more conceptual than analytical. Using the IPCC definitions of
constraints and limits, we found that the majority of the papers
assessed (1,239, 74%) contained information on either constraints
or limits. Of these 1,239 papers, most (76%) discussed constraints
to adaptation but did not directly relate these constraints to limits
being reached at some point. Roughly one in four papers (23%)
went a step further and linked constraints as leading to limits but
discussed limits in a general sense, without identifying levels of
socio-economic or environmental change that may be associated
with limits. Only 1% of the papers provided the most detailed
information about soft or hard limits, including insights on

North America (n= 167)

‘ Hard 0%
Both M 11%

Soft NG 3%

Small Islands (n= 63)

Central and South America (n= 76)

i Had 0%
Both NN 30%
Soft NENEEE—70%

Hard 0%

3‘% %
» Both EEEE 29%
Soft  IEEG— 71%

@ Papers with relevance score 1
@ Papers with relevance score 2
@ Papers with relevance score 3

Fig 2 Map of literature on constraints and limits to adaptation by region.
Relevance score of 1—the assessed paper discussed constraints to
adaptation but did not link these constraints to limits. Relevance score
of 2—the paper linked constraints to limits and discussed limits in a

~0%.

Hard 0%
Both NN 23%
Soft NG 77%

thresholds of socio-economic or environmental change that may
result in limits being reached.

There are also regional differences in identification of con-
straints and limits. Compared to the overall number of papers
on adaptation responses, Australasia (58%) and Europe (62%)
had lower percentages of papers that contained information on
constraints or limits while Small Islands (79%), Asia (78%),
Afiica (77%), and Central and South America (75%) had higher
percentages of papers with information on these topics (Figure 3).

Constraints related to soft limits were more prevalent than
constraints related to hard limits. Seventy-eight percent of papers
referred to constraints that could be overcome and may thus be
related to soft limits, 21% contained information on constraints
that may lead to both soft and hard limits, and 1% identified
constraints that could not be overcome and thus related to hard
limits only. Central and South America (30%) and Small Islands
(29%) have higher than average percentages of papers that iden-
tify constraints that may lead to both soft and hard limits, in
contrast to other regions where soft limits are dominant
(Figure 2). In combination with the previous finding, this suggests
that Central and South America and Small Islands in particular are
facing challenges to adaptation that may not be surmountable,
leading to both soft and hard limits.

Reported adaptation constraints and limits are mostly cross-
sectoral—more than half (63%) of the studies classify adaptation
actions as being related to two or more sectors. There are regional
differences in these patterns of sectoral overlap, with 44% of
Small Islands papers identifying three or more sectors compared
to 56% of Australasia papers identifying only one sector,

Europe (n=117)

<
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general sense. Relevance score of 3—the paper provided detailed
information on limits with discussion of levels of socio-economic or
environmental change that would lead to limits being reached. Size of
pie charts is proportional to the number of papers.
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Fig 3 Number of adaptation 700
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suggesting that adaptation constraints and limits may have wide-
spread effects in Small Islands in particular, affecting a range of
sectors.

Food, fiber, and other ecosystem products (66%) and pov-
erty and livelihoods and sustainable development (48%)
emerge as the sectors with the largest share of papers on con-
straints and limits (Figure 4). However, while papers on ocean
and coastal ecosystems only make up 11% of the total number
of papers, this sector has the highest percentage of papers that
link constraints to limits. This supports findings that adapta-
tion to changes in the ocean and cryosphere is particularly
challenging and already face limits (IPCC 2019). Regional
differences in sectoral concentrations highlight sectors where
adaptation is particularly facing constraints or limits. Most
papers in Australasia (58%) and Small Islands (59%) focus
on health, well-being, and communities, while in Europe, cit-
ies, settlements, and key infrastructure (44%) have the highest
percentage of papers documenting constraints or limits.

Previous research highlights that a range of constraints af-
fect adaptation (Shackleton et al. 2015; Gawith and Hodge
2018). Our findings support this, with the majority of papers
(81%) identifying more than one constraint. However, there
are regional differences in the number of constraints identified
per paper. Small Islands have the largest percentage of four or
more constraints identified per paper (32%), while Europe
leads in the majority of papers (43%) that acknowledge only
one constraint (Figure 5). Small Islands emerge as a specific
region where soft limits may arise and be more difficult to
overcome given the high number of identified constraints.

Constraints and limits for different adaptation
response types

Constraints to adaptation vary by the type of adaptation re-
sponse. Figure 6 shows that adaptation responses are linked to
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an array of different types of constraints. However, only some
of these connections are statistically significant. Behavioral
and cultural adaptation responses are highly associated with
economic and socio-cultural constraints (p <0.01), suggesting
that these responses may be challenged by existing social
structures and that more transformational approaches to adap-
tation may be needed (Pelling et al. 2015; van Valkengoed and
Steg 2019). Ecosystem-based responses are significantly as-
sociated with physical constraints (for example geographical
features such as rivers or coastlines) (p < 0.05), indicating that
the appropriateness of these adaptation responses is highly
place-based (Nalau et al. 2018). We also observe that institu-
tional responses are strongly associated with governance, in-
stitutional, and policy constraints (p <0.01) and with informa-
tion, awareness, and technological constraints (p < 0.05). This
builds on case-study findings that institutional adaptation is
often constrained by inadequate and mismatched human re-
source and technical capacities (Azhoni et al. 2017). Finally,
we find that technological and infrastructural adaptation re-
sponses are strongly associated with information, awareness,
and technology constraints (p <0.01), as well as with financial
constraints (p < 0.05).

Bonferroni-corrected chi-square tests of independence
indicate highly significant relationships between articles
that describe constraints related to both soft and hard limits
and ecosystem-based, technological, and infrastructural re-
sponses (p <0.01). A statistically significant relationship is
also observed between technological and infrastructural
responses and articles that specifically identify limits (p <
0.05). This suggests that ecosystem-based, technological,
and infrastructural responses face constraints that may lead
to limits and provides support to generalize findings from
case studies that identify the limitations of these responses
(Hinkel et al. 2018; Seddon et al. 2020).
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Fig 4 Percentage of articles by
sector. Radar axes reflect the
percentage of articles mentioning
each sector over the total number
of articles. Totals sum more than
100% since many papers identify
more than one sector.

—% papers only identifying constraints

——% papers linking constraints to limits

Poverty, livelihoods and
sustainable development

Health, wellbeing & communities

Cities, settlements and key
infrastructure

Constraints and limits for adaptation to different
hazards

Across all hazard types, most articles (71-81%) described con-
straints that may be overcome and thus related to soft limits, and
about one-quarter reported constraints that may lead to both
hard and soft limits (Figure 6). These trends were also exam-
ined regionally and sectorally, which yielded similar patterns to
the global results (see Supplementary Materials). A significant
association is found between constraints related to both soft and
hard limits and responses to both precipitation variability and
drought (p <0.05). Articles on precipitation variability are also
likely to identify limits (p < 0.05). Our findings suggest that
many adaptation responses to all types of hazards face chal-
lenges that could be overcome with additional support, but that
constraints affecting responses for precipitation variability in
particular may be more difficult to address.

Although not statistically significant (p > 0.10), articles on
ocean temperatures and acidification and loss of arctic sea ice
have the highest share of discussion on limits (36% and 35%,
respectively), reflecting growing pressures on coral reefs and
rapid environmental change in the Arctic (IPCC 2019).
Conversely, articles on sea level rise have the lowest share
of discussion about limits (21%).

Bonferroni-corrected chi-square tests of independence be-
tween hazards and constraints yielded general low statistical
significances, but we do observe a highly significant relation-
ship between precipitation variability and biological con-
straints (p < 0.01). Along with our previous finding that arti-
cles concerned with responses to precipitation variability often
identify limits, this provides strong evidence for the possibility
that responses to this hazard face significant challenges that
may lead to hard limits. Finally, we also find a significant

Terrestrial & freshwater
ecosystems
50%

a5%

Ocean & coastal ecosystems

Water

Food, fibre & other ecosystem
products

relationship between responses to increased frequency and
intensity of extreme heat and information, awareness, and
technological constraints (p < 0.05).

Constraints and limits for different actors

Articles overwhelmingly report that individuals and
households face either constraints or limits to adaptation
(86% of articles), while fewer papers emphasize either
constraints or limits experienced by local governments
(38%) and national governments (33%). All types of ac-
tors primarily face constraints that may lead to soft limits
(73-85% articles), while some also face constraints that
may lead to both soft and hard limits (17-27% articles).
Bonferroni-corrected chi-square tests indicate a strong
correlation between constraints related to both soft and
hard limits and individuals and households (p < 0.05)
(Figure 3). We also find a highly significant association
between civil society at the sub-national or local scale and
literature that identifies limits (p < 0.01). This suggests
that actors at smaller spatial scales face greater challenges
in addressing constraints, which may lead to limits to
adaptation.

The most reported constraints across all actor categories are
governance, institutional, and policy (54% on average, across
all regions and sectors) and finance (49% on average, across
all sectors and regions, except Europe). Physical (13%) and
biological (10%) constraints were least reported across actors.
In particular, our analysis indicates that finance, governance,
institutional, and policy constraints are key challenges for
government and civil society. We find highly significant rela-
tionships between governance, institutional, and policy con-
straints and all government levels (national, sub-national and
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Fig 5 Number of constraints per
paper by region

Small Islands

North America

local) and civil society at the sub-national or local scale (p <
0.01). A correlation is also found between governance, insti-
tutional, and policy constraints and civil society at internation-
al, multinational, and national scales (p < 0.05). Finally, both
economic and socio-cultural constraints are highly associated
with individuals and households (p < 0.01), which is consis-
tent with our previous finding that these same constraints are
common with behavioral and cultural adaptation responses.

Methodologies used to identify limits

Our in-depth review of the papers that offered the most de-
tailed information on limits to adaptation identifies methods
used to assess limits. These studies relied on surveys, inter-
views, focus groups, and case study syntheses (Karlsson and
Hovelsrud 2015; Pasaribu and Sudiyanto 2016; Warner 2016;
Egbinola et al. 2017; Karapinar and Ozertan 2020). The actor-
centric emphasis of these methodologies shows how social
conditions and governance systems enable or limit adaptation
(Harvey et al. 2014; Warner 2016; Karapinar and Ozertan
2020). While these articles engage most directly with limits
to adaptation, we find that discussion of socio-economic or
environmental thresholds for reaching limits to adaptation is
largely qualitative with little quantitative assessments of par-
ticular levels of change.

Discussion and conclusion
Understanding constraints and limits to adaptation is key to
evaluating the extent to which human and natural systems can

adapt to climate change. Our systematic review of over 1,600
peer-reviewed articles on implemented adaptation reveals that
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while constraints to adaptation are widely acknowledged in
the literature, slightly less than a quarter of articles link con-
straints to limits being reached at some point and there is a
paucity of studies that provide detailed information on how
limits may be experienced and when. We also find that rough-
ly one in four studies discussing limits identify hard limits—
where no further adaptation actions would be possible. When
assessing this information from different perspectives, we find
important patterns and nuances including geographical differ-
ences, the need to overcome a wide spectrum of constraints,
and specific challenges at the local scale.

In Small Islands, Asia, Africa, and Central and South
America, a higher share of studies identify constraints and
both hard and soft limits to adaptation, supporting findings
from a range of perspectives that adaptation faces more chal-
lenges in developing world contexts (Millner and Dietz 2011;
Bhave et al. 2016). Central and South America and Small
Islands emerge as regions where there is strong evidence of
both soft and hard limits, particularly for adaptation responses
taken by small-scale farmers (Harvey et al. 2014; Warner
2016; Acevedo-Osorio et al. 2017; Gerlicz et al. 2019;
Jezeer et al. 2019). Adaptation in Small Islands in particular
face limits resulting from interactions between numerous con-
straints potentially affecting multiple sectors, due to the cross-
sectoral nature of adaptation in these regions (Robinson 2018;
Otoara Ha’apio et al. 2018; Thomas et al. 2019).

Ecosystem-based, technological, and infrastructural adap-
tation responses are already identified as facing both soft and
hard limits (Pritchard and Thielemans 2014; Jacobi 2016;
Partey et al. 2018; Sandholz et al. 2018). This is a critical
finding as the combination of these responses is often viewed
as a “silver bullet” to prevent the most severe impacts of cli-
mate change, particularly from flooding and sea level rise
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(Vojinovic et al. 2016; Du et al. 2020). While the link between
other adaptation response types and limits is less pronounced,
we find that numerous constraints are associated to different
responses types. This suggests that a range of constraints must
be overcome to implement the mix of adaptation response
types that are needed to reduce risk.

Individuals and civil society at local scales show greater
evidence of already experiencing both soft and hard limits,
resulting in increasing loss of income and assets and eroding
adaptive capacity (Bauer 2013; Ferdous et al. 2019; Ahmed
et al. 2019). This highlights that these actors are not likely to
curtail all climate-related risks and that the involvement of the
private sector and actors responsible for adaptation at national,
regional, and international levels is needed. This also supports
studies that find that non-governmental adaptation actions at the
individual, household, and community scale may reduce some
risk, but that these efforts are unable to prevent all climate-
related impacts (Bowen and Ebi 2015; Jamero et al. 2018).
These are key insights for households and communities with
limited resources and show the importance of coordination and
support between multiple actors at different scales. However,
such coordinated action faces financial, governance, institution-
al, and policy constraints, highlighting inadequate institutional
capacities in the face of limits to adaptation, and supporting
calls for bridging the adaptation finance gap (Olhoff et al.
2015). In low- and middle-income countries where adaptation
is still in its early stages, soft limits may not be easily overcome
if daunting financial, governance, and capacity constraints are
not addressed (McNamara et al. 2017).

There are a number of priority areas for further research on
limits to adaptation. Given the existing epistemological ambigu-
ity of constraints and soft limits, clearer identification of soft
limits in studies would illuminate impacts that current adaptation
is unable to prevent and underscore where resources and efforts
are needed to overcome constraints. Transdisciplinary assess-
ments of adaptation limits, including the use of climate scenario
projections, could provide useful insights into adapting to multi-
ple drivers of change and provide quantitative assessments of
thresholds of change associated with limits for different adapta-
tion measures. Global assessments of the cross-border dynamics
of constraints and limits to adaptation such as the interactions of
climate risks with trade, finance, and migration offer meaningful
entry points.
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