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Abstract

Does climate change influence if societies will be better or worse equipped to reduce cli-
matic risks in the future? A society’s adaptive capacity determines whether the potential of
adaptation to reduce risks will be realized. Assumptions about the level of adaptive capac-
ity are inherently made when the potential for adaptation to reduce risks in the future and
resultant levels of risk are estimated. In this review, we look at the literature on human
impacts of climate change through the lens of adaptive capacity. Building on evidence of
impacts on financial resources as presented in the Working Group 2 (WG2) report of the
Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6), we
here present the methodology behind this review and complement it with an analysis of
climatic risks to human resources. Based on our review, we argue that climate change itself
adds to adaptation constraints and limits. We show that for more realistic assessments of
sectoral climate risks, assumed levels of future adaptive capacity should — and can — be
usefully constrained in assessments that rely on expert judgment, and propose avenues for
doing so.

Keywords Adaptive capacity - Adaptation feasibility - Residual risks - Expert-based
judgment

1 Introduction

“Without adaptation” is a recurrent qualifier when climate impact projections are reported,

for example in the Sixth Assessment Report (AR6) of Working Group 2 (WG2) of the
Intergovernmental Panel on Climate Change (IPCC). This implies that impacts “with
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adaptation” are expected to be lower. So far so good. But what exactly do we know about
the feasibility of adaptation in the future? Most quantitative modelling studies of climate
impacts assume optimal levels of adaptation (Andrijevic 2021; Fiissel 2010; Holman et al.
2019; van Maanen et al. 2023). Such optimistic assumptions deserve scrutiny. In particular
for developing countries, the recent record-breaking intensity and frequency of observed
climate extremes (Otto and Raju 2023) in tandem with effects of the COVID-pandemic
have severely stressed national budgets and governments’ overall capacities (Thomas and
Theokritoff 2021). In light of more such effects unfolding as temperatures climb, a scenario
of adaptive capacity collapsing, leading to adverse social tipping points beyond which
human wellbeing spirals downward cannot be excluded.

The concept of adaptive capacity is understood as “the potential or capability of a sys-
tem to adapt to (to alter to better suit) climatic stimuli or their effects or impacts” (Smit and
Pilifosova 2001). A society’s adaptive capacity determines whether hypothetical adapta-
tion potential can be realized, and risks consequently reduced. Adaptive capacity, which
describes the conditions that are necessary to implement adaptation, is distinct from adap-
tation effectiveness which describes whether an implemented adaptation option can reduce
risks (Owen 2020; Yohe and Tol 2002). To date, there is limited evidence of adaptation
effectiveness in practice (Berrang-Ford et al. 2021). Adaptation effectiveness has been
shown to decrease as a function of rising temperatures and associated impacts, even assum-
ing high adaptive capacity (Lissner et al. n.d.).

Our understanding of what constitutes adaptive capacity has gained considerable
nuance. In the IPCC’s Third Assessment Report, various “determinants” of adaptive
capacity were identified, including the availability of economic resources, technology,
information and skills, infrastructure, institutions, and equity (Smit and Pilifosova 2001).
Building on additional individual cases (e.g. Adger et al. 2007), insights from disaster
management (IPCC 2012), and resilience frameworks (Nelson et al. 2007), the list of
determinants expanded, mostly to include social values and psychological factors such as
risk attitudes (Mortreux and Barnett 2017). The IPCC’s Fifth Assessment Report (ARS)
expands the framework to assess constraints and limits to adaptation, which capture key
impediments to adaptation and adaptive capacity (Klein et al. 2014). While constraints
are defined as factors that make it harder to implement adaptation, limits are considered
to be the points at which actors’ objectives or systems needs can no longer be secured
from intolerable risks through adaptation. Limits can be further broken down into soft and
hard ones. Hard limits occur when no adaptation options are foreseeable in the future to
avoid intolerable risks, whereas for soft ones, adaptation options could become available
in the future (Klein et al. 2014). Simply put, the more constraints and limits a country or
a community faces, the lower the level of its adaptive capacity. This is particularly perti-
nent for Small Islands States and Central and South America, who most often report on
adaptation constraints and limits (Thomas et al. 2021). The IPCC’s ARG stresses that both
hard and soft limits to adaptation have been reached and that the latter can be overcome
by addressing a range of primarily financial, governance, institutional, and policy con-
straints (IPCC 2022a). In addition, it also states that if interacting adaptation constraints
are not addressed, they can lead to increasing limits (O’Neill et al. 2022), further hamper-
ing adaptive capacity.

As much of the knowledge on adaptive capacity relies on case studies, our under-
standing of determinants and adaptation constraints and limits at present is relatively
comprehensive. However, little has been written about the future development of adap-
tive capacity. The basic idea that adaptive capacity changes over time, and in response
to exogenous factors, is not new. Twenty years ago, Smit and Pilifosova (2003) observed
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that a community’s “coping range” may increase or decrease in line with socio-economic
changes or as a consequence of increasing frequencies of extreme events. Similarly, Smit
and Wandel (2006) note the dynamic nature of adaptive capacity. They draw on examples
of resource depletion, war, or the loss of a key decision-maker as factors that may narrow
a community’s coping range in the future, whereas economic growth or improvements in
technology or institutions are likely to increase it. They also observe that cumulative effects
of increasingly frequent extreme events can lower the threshold beyond which the system
is no longer able to cope with further impacts. Besides temporal variation, Smith et al.
(2003) note that adaptive capacity is unequally distributed around the world, with develop-
ing countries often displaying comparably low levels.

Quantitative assessments of potential future developments of adaptive capacity remain
in their infancy. On dimensions of socio-economic development, Andrijevic et al. (2019)
utilize the Shared Socio-conomic Pathways (SSPs) framework to project indicators for gov-
ernance and the “adaptation readiness” component of the Notre Dame Global Adaptation
Initiative index (Chen et al. 2015) as a proxy for governance constraints. Andrijevic et al.
(2020b) do the same for gender equality as a proxy for socio-cultural constraints. Their
results show vast differences in levels of adaptive capacity across regions and scenarios.
Developments of adaptive capacity in selected developing countries, such as Nigeria or
Somalia, range from stagnation at current levels to threefold increases towards the end of
the century.

Assumptions about the future level of adaptive capacity are inherently made when the
potential for adaptation to reduce risks in the future is estimated. For example, the [PCC’s
Reasons for Concern (RFC) qualify “very high risk” as “risk of severe impacts and the
presence of significant irreversibility or the persistence of climate-related hazards, com-
bined with limited ability to adapt due to the nature of the hazard or impacts/risks” (O’Neill
et al. 2022). The ARG6 cycle reports have introduced some nuance on these assumptions.
The Special Report on the Ocean and Cryosphere in a Changing Climate RFC assessments
differentiate risk levels between a “no to moderate response” and a “maximum potential
response” scenario (IPCC 2019). The Special Report on Climate Change and Land pro-
vides RFC for different SSP scenarios (Shukla et al. 2019). While these mostly reflect
differing levels of exposure, some consideration on adaptive capacity appears reflected
when the risk of rising food prices is considered for divergent levels of income. In the
AR6 WG2 assessment of RFC, adaptation is considered to be low or absent compared to
today (O’Neill et al. 2022). However, in the absence of a coherent framework linking cli-
mate impact projections and socio-economic scenarios to adaptive capacity, these nuanced
approaches to the level or risk reduction through adaptation continue to rely on highly styl-
ized scenarios.

As another case in point, most feasibility assessments of discrete adaptation options
assume present levels of adaptive capacity. The multidimensional feasibility assessments
carried out across the AR6 WG2 report build on a protocol designed by Singh et al. (2020).
The authors of this protocol acknowledge the dynamic and spatially variable nature of what
they call feasibility dimensions. Yet, potential changes to conditions affecting feasibility
(adaptive capacity in our framing) are not considered when casting judgment about the
feasibility of discrete adaptation options. This leads to a chronological mismatch where the
state of adaptive capacity is assessed for the present, while the worst of climate impacts are
expected in the future.

The dynamic nature of adaptive capacity also has important implications for transfor-
mational adaptation and limits to adaptation. As climate risks rise due to increasing global
average temperatures, [IPCC reports have increasingly called for a shift from incremental
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adaptation to transformational adaptation — adaptation that changes the fundamen-
tal attributes of a system (IPCC 2018b, 2022a). Such adaptation is deemed necessary to
respond to the escalating risks of climate change, but the levels of adaptive capacity that it
requires have not been subject to scrutiny.

At the same time, our knowledge on the human impacts of climate change has increased
considerably. Climate impacts manifest in direct costs to human lives and wellbeing,
destruction of assets, and other economic damages, as well as indirectly through impacts
on sectors such as agriculture, water, or biodiversity, which can trigger effects on econo-
mies, human health, education, and human mobility (IPCC 2022b). Each of these impact
dimensions has been investigated and summarized in consecutive IPCC reports. The
assessments provide clear indications that climate impacts will affect key dimensions of
adaptive capacity. The IPCC’s report of WG2 provides a first step in linking the evidence
of human impacts to adaptive capacity by showing that climate risks increase financial
adaptation constraints (O’Neill et al. 2022). However, this information is not yet incorpo-
rated where assumptions on adaptive capacity are made.

A more systematic consideration of the evolution of adaptive capacity is thus needed if
we are to more realistically estimate the residual risks of climate change (Andrijevic et al.
2023). This is particularly the case for developing countries where exposure to climate haz-
ards is high (Thomas et al. 2020) and adaptation constraints and limits are most prevalent
(Thomas et al. 2021).

We here propose a methodological approach for reviewing evidence of climatic risks
to adaptive capacity. Complementing the analysis on financial constraints as presented in
AR6 WG2 (O’Neill et al. 2022), we expand this methodology to cover the determinant of
human resources. To apply our insights to comprehensive risk assessments, we sketch ways
of constraining plausible levels of adaptive capacity in climatic risk assessments that rely
on expert-based judgments.

2 Methodological approach for reviewing evidence of climatic risks
to adaptive capacity

Factors influencing a society’s capacity to adapt to climate change can be described either
positively as determinants of adaptive capacity (Smit and Pilifosova 2001) or negatively
as adaptation constraints and limits (Dow et al. 2013; Klein et al. 2014). For example, we
treat the financial and human resource constraints as presented in ARS (Klein et al. 2015)
and AR6 (O’Neill et al. 2022) as the detriments of resources that elsewhere are described
as determinants (Cinner et al. 2018; Nelson et al. 2007; Smit and Pilifosova 2001; Smith
et al. 2003; Yohe and Tol 2002). An increase in respective resources would imply that con-
straints are being overcome. Our analytical framework thus jointly considers both framings
on constraints/limits and determinants of adaptive capacity.

To identify potential causal pathways from climate impacts to adaptive capacity, we
select the keywords that are used to describe respective determinants of adaptive capacity
from selected publications that we see as paradigmatic because they cover different scales
of assessment, from household (Cinner et al. 2018) to generic (Smit and Pilifosova 2001);
reflect the resilience framework (Nelson et al. 2007); include considerations on specific
situations in developing countries (Smith et al. 2003); and describe determinants that have
been practically applied in feasibility assessments (Yohe and Tol 2002). We focus our
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attention on human and financial resources as necessary though not sufficient conditions
for adaptation.

Keywords for each determinant mirrored by constraints are grouped in Table 1. Sub-
sequently, we use these keywords to screen the regional and sectoral chapters of the AR6
WG2 report, qualitatively treating the keywords and descriptions from Table 1 as the
dependent variable, and climatic effects as the independent variable.

3 Evidence of climatic risks to adaptive capacity

Table 2 reproduces the substance of Table 16.5. from the IPCC’s AR6 WG2 report on cli-
matic risks to financial resources (O’Neill et al. 2022), and shows the effects on human
resources that we identified throughout our additional review.

On risks to financial resources, most literature with regionally specific information
focuses on industrialized countries (Table 2). At the same time, evidence shows the dispro-
portionate effect that climate change has on developing countries’ economies, as they reg-
ister negative macroeconomic responses to higher temperatures in the form of decreases in
aggregate economic output and growth (Burke et al. 2015; Kahn et al. 2021) and following
extreme events (Hsiang and Amir 2014). The most severe impacts of climate-related disas-
ters on economic growth per capita have been observed in developing countries, although
authors note a publication bias in the reporting of negative effects (Klomp and Valckx
2014). Estimates of the duration of negative effects of climate-related disasters differ, with
some analyses suggesting that on average economies recover after 2 years (Klomp 2016)
and others finding negative effects specifically of cyclones to persist 15-20 years following
an event (Hsiang and Amir 2014) (IMF 2017) (Krichene et al. 2020).

Developing countries are also subject to a specific causal pathway from climate change to
their financial capacities, as mounting climate vulnerability increases their cost of debt (Kling
et al. 2018). This means that climate change negatively affects developing countries’ access
to financial markets or risk insurance (e.g. Fuller et al. 2018) (Cevik and Jalles 2020). Better
understanding and disclosure of climatic risks may result in capital flight (Cooper 2020), fur-
ther limiting the availability of financial resources. Many island nations such as the Caribbean

Table 1 Mirroring adaptation constraints with determinants of adaptive capacity and keywords as described
in Cinner et al. (2018); Nelson et al. (2007); Smit and Pilifosova (2001); Smith et al. (2003) and Yohe and
Tol (2002)

Determinants of adaptive capacity Keywords Adaptation constraint
Economic resources; wealth; financial Economic assets, capital Financial constraints
capital; assets resources, financial means,

wealth, level, variability and
diversity of income sources,
access to credits or savings

Information and skills; ability of Skills, health and education of Human resource constraints
decision-makers to manage informa- individuals; strong, unifying
tion; education; human capital; learning  vision; scientific understanding
of the problems; community
involvement; commitment at
highest political level
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SIDS are already suffering high levels of debt and require substantial funds to service their
debts (Thomas and Theokritoff 2021).

On risks to human resources, our review shows adverse effects in all world regions, primar-
ily through negative impacts on human health and educational attainment. Negative effects on
the latter can be pronounced particularly in the case of subsistence livelihoods, as prolonged
periods of drought and high temperatures during the growing season can result in poor school-
ing outcomes if children are taken out of school to help with income generation. Observations
show girls to be particularly affected by such practices (UNESCO 2020) or if crop declines
lead to poor nutrition which in turn can result in stunting and impaired cognitive develop-
ment (WHO, UNICEF, and WBG 2019). Analysis from Argentina suggests that exposure to
extreme events in early life can also negatively affect years of schooling and employment lev-
els in later life (Gonzalez et al. 2021).

While many health outcomes have registered improvements over the recent decades (Cissé et
al. 2022, Figure Box 7.2.1), climate change poses a clear and recognized risk to human health.
Observed and expected effects range from expanding transmission zones of vector-borne dis-
eases, including for example malaria in China (Ren et al. 2016) and dengue fever in Latin
America (Colén-Gonzélez et al. 2019), to growing risk of hunger (Hasegawa et al. 2018) and
malnutrition, with high variance across socio-economic scenarios (Nelson et al. 2018). Climate
change negatively affects the amount of micro- and macronutrient content of foods, with nega-
tive outcomes for health and cognitive development (Ebi and Loladze 2019). Diet- and heat-
related morbidity and mortality are projected to increase (Springmann et al. 2016), (Smith
et al. 2014). Increases in childhood risks of malnutrition and infectious diseases are expected
particularly in low-income countries (Food and Agriculture Organization of the United Nations
(FAO et al. 2018). Climate change has further been shown to negatively affect mental health, for
example in the form of post-traumatic stress and anxiety (Van Der Geest and Schindler 2016).

Another causal pathway how climate change can affect human resources is through dam-
ages to critical infrastructure, which can hinder access to water, sanitation, and hygiene services
(Kohlitz et al. 2017). Waterborne disease outbreaks are expected to increase as a result of sewage
overflow following heavy rainfall (Khan et al. 2015). As a positive effect, decreases in cold-related
mortality are expected in regions where such risks currently exist (Vardoulakis et al. 2015).

In sum, we find climatic risks to human resources in nearly all world regions. Least evi-
dence currently exists for Central and South America. As the respective chapter in [PCC WG2
observes that the literature on human impacts of climate change is generally scarce for the
region, this lack of evidence may point to an important research gap.

Other regions are subject to various causal pathways, with Asia and Africa most prone
to risks related to heat, while the spread of diseases is identified as a risk across developed
and developing country regions alike. Such risks can undermine adaptive capacity by placing
additional burden on governance structures and budgets. Other causal pathways are through
adversely affecting economic activity for example through negative long-term earning effects
of reduced educational attainment (Lutz et al. 2014) or reduced labour capacity and cognitive
functioning (Kjellstrom et al. 2016).

4 Discussion
Our assumption that the climatic impacts captured in Table 2 translate into risks to adaptive

capacity is more founded in some cases than in others. For example, it is sound to assume
that negative effects on income or GDP will limit the availability of financial resources, as
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one by definition implies the other. Other links, for example between climatic effects on edu-
cational attainment and adaptive capacity, are intuitive but less straight-forward. Do negative
climatic effects on education add up to raising adaptation constraints in human resources?
Here, much depends on the distribution of roles and responsibilities across actors engaged in
adaptation (Petzold et al. 2023). As national leaders and administrative staff are often edu-
cated in elite institutions, they may be less likely to suffer from adverse climatic effects on
education, leading to negligible impacts on adaptive capacity at the national or sub-national
level. However, for individuals and households, adverse educational effects may limit their
ability to diversify their livelihoods if the necessary skills are underdeveloped.

The above challenges also relate to the questions of scale. At what point does case-
study-based evidence add up to systemic risks to adaptive capacity? This area of research
remains underexplored. Yet, particularly in developing countries, where the resource base
is low and crucial sectors of the economy are highly exposed to climate change, climate-
driven upper limits on the availability of human and financial resources needs to be seri-
ously considered. For example, while national governments might be expected to buffer
adverse economic effects at the household level to some extent, this becomes increasingly
unfeasible where national budgets are continuously strained by adverse climatic effects.

Identifying evidence for other dimensions of adaptive capacity would necessitate yet
more assumptions and uncertainties. Yet, it might be worthwhile to dedicate further ana-
lytical resources on this question, as, in the worst case, adverse effects on governance could
potentially most drastically reduce levels of adaptive capacity. Currently, ten countries
are listed as under high or very high alert in the Fragile State Index (The Fund for Peace
2022). Among those, Syria has exhibited high vulnerability to drought, and saw a decrease
in indicators of governance in the past (Andrijevic et al. 2019). The political stability in
such fragile states may be severely at risk in a scenario of recurring extreme events and
declining resources, tipping them into a condition of adaptive inability that may persist
over many years. The multifactorial nature of conflict and governance stability renders a
simple identification of risks to governance epistemically challenging. At the same time,
these risks cannot be excluded.

Despite efforts at generating an evidence base on climate impacts for different levels of
projected global warming (Rosenzweig et al. 2017; Warszawski et al. 2014), our analysis
is not yet able to capture levels of risks to adaptive capacity at different levels or rates of
warming. This is likely due to the pool of evidence that we considered. More fine-grained
analysis including individual publications and regional grey literature can likely ameliorate
this shortcoming. Given the recognition that impacts substantively scale with every degree
of warming (IPCC 2018a), increasingly adverse impacts on adaptive capacity and resultant
disproportionately high residual risks need to be reckoned with.

Decreases to or limited increase in adaptive capacity means that adaptation constraints
and limits persist over longer timeframes compared to scenarios that do not consider cli-
mate impacts (Theokritoff et al. 2023). The extent to which early action can overcome
such negative feedback is unclear as conceptually we confront a chicken-or-egg problem:
With effective risk reduction through adaptation, impacts are less severe, enabling adaptive
capacity to improve and hence adaptation to become more effective. Conversely, if adapta-
tion is not sufficient, climate change impacts may erode future adaptive capacity, lowering
future prospects of effective adaptation. Yet, observations show that already today climatic
impacts lower adaptive capacity, for example by increasing the cost of borrowing (Kling
et al. 2018). There is thus limited reason to err on the optimistic side and every reason
to critically question the plausibility of steady improvements to adaptive capacity in the
twenty-first century.
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Recognition that climate impacts themselves have the potential to reduce adaptive
capacity further complexifies the shift to transformational adaptation — already viewed as
requiring a whole of society effort with the need for far more financial resources, govern-
ance capacities, and potential changes to social and cultural norms as compared to incre-
mental adaptation. If indeed adaptive capacity declines with increasing climate impacts,
then transformational adaptation may be even more of an elusive goal for those with
already low capacities. This may then lead to limits of adaptation and potential tipping
points, beyond which intolerable risks may materialize (Klein et al. 2014; O’Neill et al.
2022; Thomas et al. 2021). Research on transformational adaptation and limits to adapta-
tion should also incorporate these considerations of adaptive capacity dynamics, for more
realistic assessments of how much we can rely on adaptation, both incremental and trans-
formative, in the future.

We next propose ways for considering such information when casting expert judgment on
the feasibility of discrete adaptation options and when qualitatively assessing climatic risks.

5 Towards plausible boundaries on future adaptive capacity in expert
judgments

Information on climatic risks to adaptive capacity can be used to confine assumptions of
future adaptive capacity to plausible levels. Ideally, information would distinguish between
impacts at different levels of warming, as both the effectiveness of adaptation and adap-
tive capacity can be expected to decrease with rising temperatures. Where different Shared
Socio-economic Pathways are considered in assessments, available projections of proxies
of adaptive capacity (e.g. Andrijevic et al. 2020a; Andrijevic et al. 2020b) should accom-
pany this information.

Our proposed approach necessitates interdisciplinary exchange among experts of the
socio-economic dimensions of adaptive capacity (e.g. economists, public health experts)
and sectoral experts of the climatic risks that are assessed (e.g. hydrologists, agricultural
experts). In principle, two routes for testing plausibility assumptions of adaptive capac-
ity exist: (1) sectoral experts are presented with information on climatic risks to adaptive
capacity or (2) socio-economic experts are presented with descriptions of the assumed lev-
els of adaptation (type and scale) at a given time, place, and warming scenario.

For each route, experts would be expected to conduct a consistency check to judge
whether the level of adaptive capacity necessary for adaptation to reduce future risks can
plausibly be assumed in light of climatic risks to its key determinants. Where necessary
levels of adaptive capacity cannot plausibly be assumed given the information we have,
adaptation options would need to be excluded from the portfolio of possible risk reduc-
tion measures. As a consequence, in the case of RFC, the transition from “high” to “very
high” risks could be more accurately defined. In the case of multidimensional feasibil-
ity assessments, the feasibility of a given adaptation option may decrease in the future
compared to today. Figure 1 summarizes our conceptual understanding of the dynamics
of adaptive capacity and the steps needed to consider it in the context of expert judgment
assessments.

In most cases, such a consistency check would be far from simple as the levels of adap-
tive capacity that will be necessary for any given adaptation are rarely made explicit. Nor
can adaptive capacity and its interactions with climate hazards be quantitatively projected
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Fig. 1 Steps towards reflecting more plausible levels of assumed adaptive capacity in climate risk assess-
ments that are based on expert judgment

under the currently available scenario framework. And yet, a critical testing of the plausi-
bility of assumed risk reduction through adaptation would not introduce new assumptions
but rather transparently lay open existing ones and qualitatively check for their consistency
with the available literature on societal climate impacts.

6 Conclusions

Our review has shown that adaptive capacity can be expected to be negatively affected by
climate change itself. Different regions display vastly differing levels of adaptive capacity
to date and face different types of adaptation constraints and limits (Thomas et al. 2021).
As these regions are also differently exposed to climate hazards, their levels of future adap-
tive capacity are likely to further diverge. For example, due to the high exposure of econo-
mies in Small Island States, availability of financial resources can be expected to further
decline. Based on our analysis, we have argued that the assumptions of adaptive capac-
ity that underlie assessments of adaptation feasibility and residual risks ought to be tested
against the available literature on relevant climate impacts.

Further research is clearly needed to better understand the interactions between climate
change and adaptive capacity. Our framework limits our review to potential effects that
have been identified in studies that did not investigate effects on adaptive capacity. Explor-
ing and understanding potential mechanisms and causal pathways from climate change to
the development of adaptive capacity remains an open research need.

Yet, sufficient information is available to confine the levels of adaptive capacity that
are assumed in various exercises to plausible levels. As Zommers et al. (2020) observe,
the scientific robustness and credibility of expert elicitation underlying the burning embers
diagrams have increased over the assessment cycles, and AR6 builds upon these improve-
ments. Implementing a consistency check for plausibility of adaptive capacity assumptions
as we propose would further add to these recent improvements.
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