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COMMENT
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ABSTRACT
Extreme weather due to climate change often disproportionately affects the weakest members of society.
Agricultural insurance programs designed specifically for smallholders in developing countries are
valuable tools that can help farmers to cope with the resulting risks. A broad range of methods
including household surveys, experimental games, and agent-based models have been used to assess
and improve the effectiveness of such climate insurance products. Furthermore, process-based crop
models have been used to derive suitable insurance indices. However, climate change raises specific
socioeconomic and environmental challenges that need to be considered when designing insurance
schemes. We argue that, in light of these pressing challenges, some of the methodological
approaches currently applied to study climate insurance reach their limits when applied
independently. This has fundamental implications. On the one hand, not all undesired side effects of
insurance can be detected and, on the other hand, insurance indices cannot be derived sufficiently
well. We therefore advocate a sound combination of different methods, especially by linking empirical
analyses and modelling, and underline the resulting potential with the help of stylized examples. Our
study highlights how methodological synergies can make climate insurance products more effective
in supporting the most vulnerable households, especially under changing climatic conditions.
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1. Introduction

Climate change is expected to alter the likelihood and severity
of extreme weather events such as droughts and floods (IPCC,
2018). This poses a particular threat to poor households in
developing countries that are engaged in agriculture (Halle-
gatte & Rozenberg, 2017; World Bank, 2009). Agricultural
insurance products specifically designed for the needs of small-
holder farmers, known as microinsurance or inclusive insur-
ance, are seen by many as a promising tool for managing
disaster risks. The International Panel on Climate Change
(IPCC), for example, has stressed the need for risk-sharing
and risk-transfer mechanisms such as insurance as a climate
adaptation mechanism (IPCC, 2012). Similarly, the United
Nations Framework Convention on Climate Change
(UNFCCC) has pointed out the importance of insurance for
addressing effects of climate change in their Warsaw Inter-
national Mechanism for Loss and Damage (UNFCCC, 2013).
However, to design climate insurance products effectively
from a socioeconomic as well as environmental perspective,

unintended side effects must be addressed (Kraehnert et al.,
2021; Müller et al., 2017). Furthermore, to avoid low accep-
tance rates, especially in the case of agricultural index insur-
ance where payouts depend on exceeding or falling below a
threshold derived from rainfall or vegetation data (Benami
et al., 2021; Brown et al., 2011), the mismatch between actual
losses from a weather shock and insurance payouts received,
commonly defined as spatial basis risk, must be minimized
(Clement et al., 2018).

Researchers currently use a wide range of methods, includ-
ing household surveys, experimental games, and agent-based
models, to assess the demand for and impact of climate insur-
ance and to identify its shortcomings and unintended side
effects. These assessments contribute to an understanding of
insurance products needed to improve insurance design. In
addition, process-based crop models are used to assess crop
yields and derive suitable insurance indices. Although these
models can offer a variety of insights into climate insurance,
they do reach their limits in some respects. The econometric
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analysis of household surveys, for example, allows researchers
to draw inferences from large samples representative of the
population. However, such surveys, and household panel sur-
veys in particular, from which conclusions can be drawn about
the impacts of potentially changing external conditions, are
time- and cost-intensive. Potential effects of insurance on
behaviour can often become apparent only at a later stage
and can thus be taken into account for insurance design
only belatedly. Experimental games, on the other hand, are a
valuable tool to assess specific behaviour, but they usually
include only a small number of individuals and, unless the
same experimental design is replicated in different contexts,
the results are difficult to generalize. In particular, when the
design of insurance policies is assessed based on decisions of
a few hundred individuals, one needs to be cautious to make
general statements for entire countries or regions. Modelling
approaches allow researchers to overcome time and space
constraints of household panel surveys and experimental
games: Agent-based models that can include human
decision-making in detail, however, depend heavily on the
availability of data to validate model assumptions. Process-
based crop models, which cover biophysical aspects of crop
yield dynamics and agronomic management information to
derive insurance indices, on the other hand, do not account
for human behaviour explicitly.

From our point of view, the potential of each of these
methods to contribute to a better understanding of climate
insurance products – needed for a more appropriate and sus-
tainable insurance design as well as for direct improvements of
insurance indices – could be considerably enhanced by com-
bining them. Mixed-method approaches that link quantitative
and qualitative techniques have already been advocated in the
context of microinsurance (White, 2014). We reinforce this
demand by proposing a combination of modelling and empiri-
cal analyses. In this article, we (1) explore strengths and limit-
ations of current approaches to assess the effectiveness of
climate insurance products and contribute to the improve-
ment of their design and (2) underline the potential of combin-
ing different methods with three stylized examples that address
current challenges for insurance products. With these
examples, we illustrate how a more holistic approach can be
beneficial to advance an appropriate and sustainable insurance
design. We conclude with recommendations on how to
achieve such methodological synergies.

2. Strengths and limitations of current methods to
evaluate insurance design

Below, we provide brief descriptions of four methods used to
identify unintended social and environmental side effects of
insurance products or to develop appropriate insurance indices.
We focus on the econometric analysis of household surveys,
experimental games, agent-based models, and process-based
cropmodels, as they illustratewell the rangeofmethods currently
beingused. Importantly, themethodsdiscussed arenot exclusive;
analytical models, Bayesian Belief Networks, and qualitative
research, for example, may be similarly useful for understanding
the effectiveness of insurance and improving its design.

2.1. Econometric analysis of household surveys

The econometric analysis of household surveys has been used
to study drivers of the demand for agricultural insurance
among farmers in India (Cole et al., 2013; Mobarak & Rosenz-
weig, 2012, 2013), Ethiopia (Dercon et al., 2014), and Ghana
(Karlan et al., 2014). In addition, the impacts of agricultural
insurance ex ante, i.e. before an extreme weather event
occurred, on the investment decisions of farm households
were quantified using household survey data (Cai, 2016; Cole
et al., 2017; Hill et al., 2019; Hill & Viceisza, 2012). A related
field of research assesses whether indemnity payments from
index insurance help farmers to recover from losses. Studies
quantifying these ex post effects of agricultural insurance
based on survey data have focused on Kenya (Janzen & Carter,
2019; Jensen et al., 2017), Mongolia (Bertram-Huemmer &
Kraehnert, 2018), and Bangladesh (Hill et al., 2019) and
cover changes in consumption behaviour, agricultural pro-
duction practices and livestock sales.

Household surveys are an essential source of information
on the well-being and behaviour of individuals. The sample
of households surveyed is ideally representative of subgroups
and geographical areas of the population of interest and is
usually based on census or administrative data. Household
surveys may address a variety of different objectives. These
range from documenting the living conditions of a target
population to estimating the impact of development programs
and policies on households’ well-being (Grosh & Glewwe,
2000). Cross-sectional surveys that are implemented with
similar questionnaire design over several years allow research-
ers to monitor how living standards change over time. House-
hold panel surveys in which the same households are traced
over time are particularly informative for policy design.
When analysed with econometric methods, household surveys
are a key source for establishing a cause and effect relationship
between policy-relevant variables and household-level
outcomes.

Despite these major advantages, household surveys are also
subject to limitations. Depending on the level of representa-
tiveness and, in turn, the sample size, implementing household
surveys – and especially panel surveys – can be expensive. Fur-
thermore, the amount of information that can be recorded in
household surveys is constrained by the time respondents
readily devote to a survey interview. There is also a limit to
the level of detail that respondents can be asked to recall.
While major events in life are usually remembered well, indi-
viduals typically find it more difficult to recall income streams
retrospectively (Wooldridge, 2012). Moreover, some infor-
mation can hardly be recorded at all, such as inherent abilities,
skills, or work attitudes. Finally, specific mechanisms that drive
behavioural changes are difficult to detect with survey data
alone.

2.2. Experimental games

In the context of insurance, experimental games have been
used primarily to study whether formal insurance crowds
out grassroots risk pooling. Such experiments have been con-
ducted in laboratory settings (Lin et al., 2014) and at field sites
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in the Philippines (Landmann et al., 2012), Ethiopia (Ander-
berg & Morsink, 2020), and Cambodia (Lenel & Steiner,
2020). Similarly, at a field site in Uganda, Cecchi et al.
(2016) studied whether formal insurance crowds out social
capital, operationalized as donations to a public goods game.
In addition, to assess the demand for insurance and to ade-
quately design insurance products, researchers have started
to adopt an approach known as ‘gamification’ (Hernandez-
Aguilera et al., 2020b), which is the use of game design
elements in non-game contexts (Seaborn & Fels, 2015). For
instance, Norton et al. (2014) assessed demand for index insur-
ance among farmers in Ethiopia by using a game in which
people could allocate money across different risk management
options.

Experimental games are used to learn what choices people
make in specific, well-defined situations and which factors
drive these choices. Games can contribute to our understand-
ings of individuals and groups by mimicking the actual
environments where policy interventions will take place (Her-
nandez-Aguilera et al., 2020a). In most experimental games,
participants are first endowed by the experimenter with a
fixed amount of money or another easily shared resource,
such as small packages of food, and are then asked to decide
how to allocate this resource given a specific context. Because
experimental games can be conducted in laboratory and field
settings located in any society in the world, they can yield use-
ful insights not only into behaviour but also into local cultural
models (Henrich et al., 2004).

One weakness of the game method is that a researcher’s
choice of a game and its usefulness for addressing the research
question at hand depends on the researcher’s understanding of
the local cultural context; in turn, researchers’ design choices
can interact with the cultural contexts that subjects bring to
an experimental game. Indeed, small variations in the game
design have been shown to affect results considerably (Della-
Vigna & Pope, 2019; Landy et al., 2020). Another drawback
is that it can be difficult at many field sites to obtain large
sample sizes, particularly if the game takes a long time to
play or requires participants to play simultaneously. Specific
cultural contexts and small sample sizes make it difficult to
generalize the findings. Furthermore, although games aim to
map realistic situations, participants might not behave as
they do in their everyday life, but rather as they think they
should (Quidt et al., 2018; Zizzo, 2010).

2.3. Agent-based models

Agent-based models (ABMs) have been used to analyse poten-
tial long-term effects of index insurance on the sustainability of
rangeland management (Müller et al., 2011) and resulting pas-
ture conditions (John et al., 2019). In other studies, the effec-
tiveness of insurance through informal risk sharing (Aktipis
et al., 2011, 2016; Campennì et al., 2021; Hao et al., 2015)
and impacts of combining formal and informal insurance
(Will et al., 2021) have been investigated.

ABMs are simulation tools that focus on individual actors,
such as humans, households, firms or institutions. Interactions
among such agents and their interaction with their environ-
ments are explicitly modelled (Bonabeau, 2002; Railsback &

Grimm, 2012). Agents can differ in their characteristics, i.e.
they can be heterogeneous in their attributes and decision
rules. Based on the prescribed rules and micro-level properties,
emergent temporal dynamics such as the spread of an inno-
vation or collective behaviour can be observed on a macro-
level. ABMs can be used to systematically disentangle the influ-
ence of different factors by including and excluding environ-
mental features or aspects that impact individual decision-
making. Furthermore, they have few time and space con-
straints: Results can be obtained for large regions, which
would require large financial resources if empirical methods
were used. In addition, ABMs can simulate long-term effects
of new policies or altered climatic conditions on a time scale
beyond what can be detected with empirical observations.
Apart from such explorative analyses, ABMs can also take a
backward perspective and help uncover relations that cannot
be fully explained empirically. This so-called pattern-oriented
modelling can be used to test assumptions about human
behaviour, which can then be compared to observed results
(Grimm et al., 2005).

As is true of every other modelling approach, ABMs are
only a simplified version of reality, which has to be taken
into account when drawing general conclusions. Furthermore,
ABMs can easily become complex when many influencing fac-
tors are included, which can make it impossible to derive cause
and effect relations. In addition, model outcomes crucially
depend on assumptions that require careful calibration with
real-world data that is often not available. Moreover, although
the explicit integration of human behaviour is one of the
strengths of ABMs, the theoretical basis of the decision-mak-
ing frameworks used in such models is often quite simplified
(Groeneveld et al., 2017; Schlüter et al., 2017).

2.4. Process-based crop models

So far, mainly weather indexes (Dalhaus & Finger, 2016),
remote sensing satellite vegetation indexes (Enenkel et al.,
2019), and statistical models (Conradt et al., 2015) have been
used to quantify crop yield losses. However, there is a growing
interest among governments and insurance companies in pro-
cess-based model assessments, for instance in India (Arumu-
gam et al., 2020).

Process-based crop models include biophysical plant and
soil processes such as the growth of above- and below-ground
biomass as well as water and nutrient flows in the plant and the
soil to calculate interactions between environment and crop
development (Boote et al., 2013; White et al., 2011). Due to
their plant physiological algorithm, the models can capture
effects such as extreme temperatures, dry spells, or shifts in
the growing season that have not been observed in the past.
Hence, these models can be used for quantifying yield and
environmental effects of adaptation measures and for project-
ing future periods or other environments, which is particularly
interesting in the face of changing climatic conditions (Lobell
& Asseng, 2017; Rötter et al., 2018; Wallach et al., 2016). Since
process-based crop models can provide information on yield
losses immediately after the harvest, they can be used for
risk assessments and adaptation planning (Challinor et al.,
2018; Webber et al., 2020). This is highly relevant for insurance
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indices, in particular in developing countries, where crop yield
information is not available and/or too expensive to collect
because of remotely located fields. Furthermore, the process-
based organization of the model allows researchers to dis-
tinguish between weather- and management-attributable
influences on crop yields, which is crucial for the design of
insurance indices because only weather-induced losses should
be covered by the insurance product (Arumugam et al., 2020).

To feed process-based models, information about weather,
soil and management information is needed. Weather infor-
mation is available on a global scale informed by weather
stations, satellite observations and weather models. Soil data
are also widely accessible from global or regional soil maps.
However, there is often little information about management
practices and underlying drivers of management decisions
(Asseng et al., 2013; Folberth et al., 2019; Wang et al., 2019).
In particular, responses of farmers to changing environmental
and economic conditions are often not known. This lowers the
ability of process-based crop models to capture and reproduce
accurate crop yields, especially in developing countries where
the range of management practices differs highly across
space, time, and farmer groups.

3. Synergies between different approaches to
improve climate insurance

To overcome some of the individual limitations of the different
methods, a holistic approach that couples several approaches
could be beneficial. To show how a combination of methods
can be used to address pressing challenges of climate insurance
design, we provide three examples that focus on unintended
(1) social and (2) environmental side effects of insurance
uptake and (3) the appropriate derivation of insurance indices.
We suggest approaching these challenges by linking empirical
analyses that provide grounding in reality and models that
reduce this complex reality to a limited number of key vari-
ables and processes. We use the first two examples to elaborate
on combining household surveys, experimental games, and
ABMs, mediated by the use of econometric methods; with
the third example, we show the potential benefits of integrating
empirically-parameterized ABMs into process-based crop
models.

3.1. Interplay between empirical data and ABMs

The general insights from household surveys and specific
hypotheses tested using experimental games provide excellent
bases for specifying the parameters and decision-making rules
in ABMs. While econometric analyses of household surveys
can be used to parameterize individual household character-
istics such as income, social relationships, insurance status,
and environmental conditions (Smajgl et al., 2011), decision-
making in ABMs can be based on inferences drawn from
small-scale experimental games with the same decision space
(Smith & Rand, 2018). The outcome of ABMs can, in return,
help refine experimental research if, for example, specific fac-
tors are found to have a large influence on the model outcomes
and more precise empirical information is needed to further
understand these aspects (Chávez-Juárez, 2017). There exist

successful examples of such back-and-forth approaches.
Cronk et al. (2019), for instance, designed a two-player game
to study risk pooling in a laboratory based on earlier ABMs
of risk pooling in dyads (Aktipis et al., 2011, 2016). The results
from the game and ABMs were then used to inform the design
of additional experimental games (Claessens et al., 2021).

In the context of insurance, we suggest that a combination
of methods could help determine the interplay between formal
and informal risk-coping instruments (Figure 1). An increas-
ing number of covariate shocks due to climate change may
threaten existing risk-sharing instruments, for instance,
when an entire community is affected by an extreme event
and informal safety nets can no longer absorb the losses (Wos-
sen et al., 2016). At the same time, the introduction of insur-
ance may lead to rising social inequality if insured
households no longer contribute to traditional risk-sharing
arrangements (Anderberg & Morsink, 2020; Lenel & Steiner,
2020). Household surveys can provide information about
characteristics that influence insurance uptake. The behaviour
of insured households can then be tested in experimental
games. Surveys can be used to determine the relevant pool of
participants for these games. While participants in experimen-
tal games typically are randomly matched to simulate risk-
sharing arrangements, in reality the structure of risk-sharing
networks is complex, and the effectiveness of individual risk-
coping depends on their overall structure. Informal protection
varies depending on whether, for example, particularly poor
households are linked to rich households or whether there is
income segregation. Network structures can be revealed with
the help of surveys that include detailed social network mod-
ules. Integrating information on household behaviour
observed during the games as well as network structures of
specific villages in ABMs allows researchers to draw precise
conclusions on the long-term welfare effects of potentially
altered solidarity norms in a society. By using the results of
experimental games and the ABM to refine survey items on,
for example, the actual transfer amount between households,
the understanding of the potential consequences of the intro-
duction of insurance can be further increased. Incorporating
insights on social side effects into insurance design by, for
example, offering group insurance (Santos et al., 2021; Trærup,
2012), can help realize the full potential of formal insurance.

A combination of methods is also a promising approach to
investigate the potentially unintended consequences of insur-
ance uptake on the environment (Figure 2). In pastoralist com-
munities, insurance coverage may eliminate the need to reduce
livestock numbers following a drought (Gebrekidan et al.,
2019) or allow herders to quickly restock after an extreme
event (Bertram-Huemmer & Kraehnert, 2018). While having
a positive impact on households’ livelihood in the short-
term, this may result in overgrazing and pasture degradation,
which increases vulnerability to future extreme events. In agri-
cultural communities, insurance coverage may create incen-
tives to intensify production and, for instance, turn to cash
crops or mono-cropping, which yield higher returns but are
riskier and potentially less environmentally sustainable due
to higher pesticide requirements and lower disease resistance
(Cai, 2016; Cole et al., 2017; Jensen et al., 2017; Mobarak &
Rosenzweig, 2012, 2013). To grasp the long-term effects of

CLIMATE AND DEVELOPMENT 807



insurance uptake on the environment, econometric methods
may be used to infer from surveys how households adapt
their agricultural practices after purchasing insurance. Here,
behavioural changes before a payment-inducing extreme
event (ex ante) as well as once payments from insurance are
made (ex post) are of interest. Complementary experimental
games, conducted in the same empirical context, may reveal
more explicitly how the introduction of agricultural insurance
changes households’ attitudes towards managing the global
commons, e.g. to what extent households shift priorities
between maximizing their own utility and communal welfare.
Social-ecological agent-based models may be used to extrap-
olate from the behaviour observed at the micro-level and
derive macro-level trends in natural resource use under differ-
ent scenarios of insurance design and uptake. The information
available from household surveys thereby allows researchers to
select representative samples for the experimental games and
to parameterize household variables in an ABM. Outcomes
from the model can be used to further refine survey items
and game scenarios when, for example, the model underlines
the importance of considering land-use practices in longitudi-
nal studies. Obtaining a precise picture of potential environ-
mental side effects is crucial for designing sustainable
insurance products, especially when changing climatic con-
ditions that lead to an increased risk of droughts and other
extreme weather events further weaken the state of the natural
resource.

3.2. Interplay between ABMs and process-based crop
models

In order for insurance products to be effective not only under
current conditions but also in the long term, their design
must take into account both changes in climate and adjust-
ments in agricultural practices (Siebert, 2016; Surminski
et al., 2016). Accurate derivation of insurance indices using
process-based crop models requires weather, soil, and man-
agement data. Whereas several long-term climate projections

exist that can be used in agricultural modelling (Asseng et al.,
2013; Folberth et al., 2019; Jones & Thornton, 2013), future
management decisions are much more difficult to predict.
Agricultural practices are highly dependent on a farmer’s
individual psychological and socioeconomic characteristics
such as risk aversion, habits, and openness to innovations.
Furthermore, there is feedback between farming strategies
and global change processes. Farmers might adjust their
crop portfolios or invest in irrigation to avoid losses due to
altered climatic conditions (Collier et al., 2009). In addition,
there might be indirect adaptations of farming decisions
when insurance uptake incentivizes different management
strategies (cf. section 3.1); insurance uptake, in turn, is largely
determined by farmers’ satisfaction with the product (Shir-
sath et al., 2019).

Combining process-based crop models with ABMs can
help fill this gap. ABMs maybe a powerful tool for the inves-
tigation of land use decisions (Matthews et al., 2007; Parker
et al., 2003; Rounsevell et al., 2014), especially when they
are empirically parameterized (Robinson et al., 2007). Fur-
thermore, insurance uptake can be explicitly modelled as
the adoption of innovations (Kiesling et al., 2012). Here,
the influence of other farmers, as well as additional factors
such as liquidity constraints or education that affect the
insurance decision, could be taken into account (Jones
et al., 2017). ABMs would make it possible to consider how
farmers incorporate various influences into their manage-
ment and insurance decisions (Brown et al., 2017). Providing
these results as input to the process-based crop model would
allow researchers to include management decisions explicitly
in the derivation of crop yields and insurance indices. The
outcome of the process-based model could then again be
used as input for the ABM to further refine long-term projec-
tions (Figure 3). The combined approach would ultimately
improve the design of insurance indices and contribute to
ongoing discussions on the reduction of basis risk (see, e.g.
Li et al. (2021) for a dynamic factor model to forecast crop
yields).

Figure 1. Schematic representation of the interplay between empirical data and ABMs to determine the interplay of formal and informal risk-coping instruments.
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4. Conclusions

In this study, we elaborated on how combining several meth-
odological approaches could help tackle challenges associated
with climate insurance product design. We specifically
addressed the potential benefits of coupling quantitative
empirical and model-based approaches to overcome limit-
ations that arise when applying these methods separately. Of
course, these examples show only a subset of possibilities
where a combination of methods can make a direct or indirect
contribution to insurance design. In addition, there are other
problems, such as cash or credit constraints or a lack of edu-
cation, that cannot be addressed by methodological synergies

alone but that nevertheless play a crucial role in the develop-
ment of appropriate and sustainable insurance products.

To successfully combine different methods, it is important
to clearly indicate which contributions can be provided by
which methods while keeping the limits of each approach in
mind (Jones et al., 2017; Kline et al., 2017; White, 2014). For
example, an issue that needs to be addressed in the context
of microinsurance is the selection of the most representative
time to obtain information on insurance uptake or land use.
While this is also crucial for stand-alone empirical studies, it
is especially important in combination with agent-based
models because the rules of such models that are based on

Figure 2. Schematic representation of the interplay between empirical data and ABMs to quantify the side effects of insurance coverage on agricultural practices.

Figure 3. Schematic representation of the interplay between ABMs and process-based crop models to improve index design.
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these observations are used to make statements about broad
temporal and spatial scales. Furthermore, it must be clearly
communicated how much data is needed for the simulations,
and uncertainties in empirical observations must be accounted
for in the model (Cheong et al., 2012). Additional challenges
that arise for interdisciplinary research, such as establishing
a common language for exchange and allowing sufficient
time for iterative cycles of reflection across all phases of the
research process, should also be considered (Kelly et al., 2019).

In this study, we did not focus on the integration of quali-
tative research, which can add further relevant perspectives
(Millington & Wainwright, 2017; Paluck, 2010; White, 2014).
Since understanding the local cultural process is crucial to
framing specific research questions, the use of quantitative
methods should ideally be combined with qualitative ethno-
graphic approaches obtained through interviews and partici-
pant observation. For example, Cronk (2007) used trust
games to study a Maasai risk pooling system. He selected the
game based on what he learned during a first round of inter-
views and conducted a second round of interviews in light of
the results of the game. In the context of microinsurance,
qualitative methods could be used to assess risk exposure,
risk perceptions, and risk management strategies to gain an
overall understanding of vulnerability particularly under con-
ditions of climate change (Turner et al., 2003).

Overall, we believe that the use of complementary methods
to evaluate the effectiveness of insurance and to elucidate
potential unintended side effects as presented in our study
may improve insurance design and make this instrument
more powerful in supporting the most vulnerable in a sustain-
able manner. Future research projects should strive for such
methodological synergies to tackle the pressing issue of effec-
tively protecting the poorest against extreme events that will
be even more pronounced under climate change.
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