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ARTICLE INFO ABSTRACT

JEL classifications numbers: There is increasing recognition that individuals have larger roles to play in reducing greenhouse
D10 gas (GHG) emissions. As such, we conduct a systematic literature review to consolidate existing
D6 evidence, and examine which factors are most important in driving individuals’ and households’
gzé climate adaptation and mitigation behaviors in developing countries. A comprehensive literature
054 search yields 58 empirical studies, and 158 usable analyses with which we conduct a vote-
Keywords: counting exercise. We first find evidence of climate inequality as adoption of adaptation be-

Climate change haviors are strongly driven by income. Furthermore, this inequality is likely to exacerbate as most

Climate inequality adaptation behaviors (e.g., air-conditioners) emit high levels of GHG. A second major observation

Low- and middle-income countries is that education and environmental knowledge (rather than income) are more important drivers

Climate mitigation and adaptation for climate mitigation behaviors. The two findings mean that in order to reduce climate
inequality, policymakers should target and assist vulnerable population according to their ability
to adapt, and also implement more intensive educational outreach and information campaigns to
encourage individuals and households to adopt GHG mitigation activities.

1. Introduction

Ever since the United Nations Framework Convention on Climate Change was established in 1992, policymakers worldwide have
been trying to coordinate greenhouse gas (GHG) emissions cuts. Starting with the Kyoto Protocol in 1997 to the yearly Conference of
the Parties meetings, attempts to reduce GHG emissions have mostly been unsuccessful as global GHG emissions are 60% higher now
compared to 1990 — when the first Intergovernmental Panel for Climate Change report was published (Clémencon, 2016; Harris, 2007;
Rosen, 2015; Stoddard et al., 2021). As skillfully summarized by Stoddard et al. (2021), failure to mitigate is mostly due to vested
interests that exist within governments and corporations.

In turn, there are now increasing calls to re-focus efforts toward the grassroot level (i.e., on individuals and households) to pursue a
less carbon-intensive lifestyle (Stern, 2021; Stoddard et al., 2021). Such an approach makes intuitive sense as individuals and
households are responsible for 17% of carbon dioxide (CO2) emissions worldwide (Nejat, Jomehzadeh, Mahdi, & Gohari, 2015). Being
the final consumer, the public is also indirectly responsible for emissions in the transportation and industrial sectors (Geng et al.,
2017). In this regard, effective reduction in GHG emissions depends crucially on inducing behavioral changes in the public to reduce
their carbon footprint (Scannell & Gifford, 2013).

However, shifting the responsibility of GHG mitigation to the public does not mean that earlier dilemmas will dissipate.
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First, just as there exists misalignment between emitters and responsibility of mitigation at the macro-level, similar inequality exists
for individuals (Cazorla & Toman, 2001; Sturm, Pei, Wang, Loschel, & Zhao, 2019).! This is especially true as GHG emissions are
typically highly correlated with income and socioeconomic status even at the individual level (Nielsen, Nicholas, Creutzig, Dietz, &
Stern, 2021; Salo, Savolainen, Karhinen, & Nissinen, 2021). Similarly, in the manner that richer countries can better insulate them-
selves from climate change, climate inequality is also manifested through impacts for individuals as there are conclusive evidence
showing that wealthier residents can better adapt to climate change through costly investments in protective or defensive expendi-
tures, e.g., air-conditioners, water, heating, migration, etc. (Hoffmann, Sedovd, & Vinke, 2021; Li, Pizer, & Wu, 2019; Qin, Chen, Tan-
Soo, & Zhang, 2022; Rode et al., 2021).

Second, just as countries have a battery of policy options with respect to climate change (e.g., reduce greenhouse gases emissions,
strengthen coastlines, etc.), there are also many ways in which individuals or households can react toward climate change. For
instance, they can choose to engage in climate mitigation behaviors by adopting carbon-friendly behaviors such as switching to public
transport or electric vehicles, consuming more plant-based food, recycling and reducing overall consumption. Osberghaus and Demski
(2019) found that German households that were previously exposed to floods showed more interest in purchasing electricity from
renewable sources. On the other hand, individuals can also elect for climate adaptation actions to better protect themselves from
adverse impacts of climate change or extreme weather events. For example, Auffhammer (2014) showed using aggregated data that
ownership of air conditioners increases in Chinese cities that had abnormally hot summer in the preceding year.

Toward this end, individuals protecting the environment (mitigation) or protecting themselves from the environmental harms
(adaptation) is not a new phenomenon as many disciplines and fields (most notably, environmental economics) have introduced
frameworks to examine such behaviors in the context of issues such as pollution and forest conservation (e.g., see Champ, Boyle,
Brown, and Peterson (2003) for an overview of such methods and framework). Even though there are many insights from existing
literature into the interaction between individuals’ behaviors and their environment, an important point of departure is that threats
from climate change are different from other environmental harms in several ways.

First, unlike air pollution and most other environmental problems that pose health threats, the harms from climate change are not as
directand immediate (IPCC, 2014a). As such, the decision-making process of individuals may deviate from conventional models predicting
adoption of protective measures. Second and related, there are many controversies behind the science of climate change, ranging from
causes to the extent of impacts (Hess & Maki, 2019; Paavola & Adger, 2006; Pidgeon, 2012; Scruggs & Benegal, 2012). Taken together with
the first point, this means that the motivation behind individuals’ responses to climate change may largely depend on one’s inherent
knowledge and preferences. Third and importantly, a distinction between climate change and other environmental problems is that in-
dividuals can choose to either lessen their impacts via reducing carbon footprint or alleviate the impact on climate change on themselves.

As both sets of behaviors are resource intensive and have diametrically opposite outcomes on climate change, it thus becomes an
important policy question to understand the drivers or motivations behind them.

In this regard, the purpose of this study is to conduct a systematic review of the motivations behind individuals’ and households’
climate mitigation and adaptation behaviors toward to climate change, with a specific focus on developing countries. There are several
reasons why such a study is sorely needed.

First and most importantly, climate inequality is fast emerging as an important consideration as it becomes increasingly clear that
the impacts of climate change are distributed unevenly across the socioeconomic spectrum (Islam & Winkel, 2017). Put differently,
individuals and households that have the economic means and knowhow to adapt to extreme weather and changing climate are less
impacted by climate change. As such, uncovering the broad population factors and trends behind adoption of climate adaptations can
help governments better identify and assist citizens vulnerable to climate change.

Second and related, our dual focus on adaptation and mitigation behaviors introduces a previously unconsidered dimension to
climate inequality. That is, to the extent that climate adaptation helps insulate one from the adverse impacts of climate change, they
also emit considerable GHG emissions to exacerbate the problem (Auffhammer, 2014; Li et al., 2019). Conversely, while climate
mitigation behaviors do not offer direct protection, they help reduce the likelihood of severe climate change. This situation depicts
moral hazard where individuals and households are skewed toward behaviors and actions that increase risk for others. Policymakers
can design interventions and program to help channel more people toward climate mitigation if they have clearer understanding of the
driving factors behind these behaviors.

Third, we gather and summarize evidence from developing countries because even though the effects of climate change are
projected to be worst in these parts of the world, there are relatively fewer studies focusing on them (Chinowsky et al., 2011; Ford,
Berrang-Ford, & Paterson, 2011). According to latest available data, there were over 9000 and 10,000 publications on climate change
specific to North America and Europe for the period of 2000 to 2010. On the other hand, Asia with around 60% of the world’s
population has around 8000 publications for the corresponding period (IPCC, 2014c).? In this regard, a review of research from lower-
and middle-income countries will help consolidate the current thin and scattered evidence, and redirect future research efforts toward
noticeable knowledge gaps.

Lastly, to the best of the authors’ knowledge, even though there are two existing reviews of research on climate adaptation, our
focus differs from theirs’. A systematic review conducted by van Valkengoed and Steg (2019) examined factors motivating climate

! For instance, it is estimated that around 86% of historical cumulative CO, emissions from 1750 to 2020 is accounted by high-income and upper-
middle income countries. Source: https://ourworldindata.org/contributed-most-global-co2. Last accessed: 8 May 2022.

2 In a later section, we will also conduct an algorithm search of existing studies conducted in developed countries, to highlight the disparity in
research output across these two regions.
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adaptation behaviors. In that review, the authors summarized 106 set of results (from 90 papers) across 23 different countries to
examine how 13 motivational factors relate to various adaptation behaviors. However, the authors define adaptation as any behavior
or intention that reduces the impacts of climate-related hazards, when it is well-known that there is a large behavior-intention gaps in
pro-environmental behaviors (Carrington, Neville, & Whitwell, 2010). In addition, that review did not distinguish between stages of
economic development (developed or developing countries), and actors (farmer or household). These are important points of
consideration due to different response strategies across different sets of stakeholders in various underlying economic conditions. A
second review by Noll, Filatova, and Need (2020) instead summarizes factors motivating individual flooding adaptation from 25
countries, and more than 50 publications. Although that review focused on actual household behaviors, it only considered flood
adaptation. A central point of differentiation from this study is that they paid more attention on the effects of locational-culture
characteristics, and rarely discussed individual characteristics. In summary, this review fills a void in the literature as we systemat-
ically summarize rapidly accumulating evidence on factors behind adoption of climate mitigation and adaptations behaviors in
developing countries settings.

Following an extensive search, and careful curating of unrelated studies, we end up with 28 and 30 studies (72 and 86 analyses
respectively) for adaptation and mitigation behaviors respectively. We apply separate vote counting exercise to each set of literature,
and arrived at the following main findings.

First, across both sets of literatures, the most widely included variables are socioeconomic factors (e.g., education, income, age, and
gender). While these variables generally affect adoption of climate adaptation and mitigation in expected ways, there are important
dichotomies between them. We observe that climate adaptation behaviors are more readily affected by income whereas climate
mitigation behaviors are more responsive toward education. The implication of the former is that climate adaptation is not only an
outcome of climate inequality (since only those with the necessary economic means to adapt can lessen their impacts to climate
change), it can potentially exacerbate current uneven distribution of impacts as many adaptation behaviors (e.g., air-conditioners)
have high carbon footprint. On the other hand, the latter confirms that more intensive information campaigns and interventions
can lead to more adoption of climate mitigation behaviors by individuals and households.

Second, even though there are relatively fewer studies that included environmental-related variables, we can still discern its overall
trend. Our observation corroborates the first finding as variables representing knowledge of climate change and past experiences of
extreme weather matters more for adoption of climate mitigation behaviors. However, given their importance in driving behaviors, it
is still concerning environmental-related variables are mostly ignored. As such, it is useful for future research to standardize data
collection method to objectively assess individuals’ environmental knowledge and perception. Moreover, there already exist “big data”
sources (e.g., historical weather data from satellite sources) that can readily attribute past experiences of climate change.

The rest of the paper proceeds as follows. The next section describes our search process, and the vote-counting procedure. The third
section contains results, and its corresponding discussion. Lastly, we conclude with research and policy implications in section four.

2. Methodology
2.1. Literature search

The central purpose of this study is to consolidate current evidence on drivers of individuals’ climate adaptation and mitigation
behaviors in developing countries. We begin this process by applying two sets of Boolean search queries to three academic databases:
Google Scholar, Web of Science, and Scopus:

i) ((climate change OR global warming) AND (mitigate* OR mitigating* OR mitigation*) AND (developing country* OR lower-
income OR middle-income OR LMIC*) AND (human* OR individual* OR household*) NOT (agriculture* OR farm*))

ii) ((climate change OR global warming) AND (adapt* OR adapting* OR adaptation*) AND (developing country* OR lower-income OR
middle-income OR LMIC*) AND (human* OR individual* OR household*) NOT (agriculture* OR farm*))

The first part of the search algorithm restricts to studies that focus on climate change. We include “global warming” as a substitute
as this phrase has been commonly used to describe rising temperatures or changing weather or climatic conditions (Benjamin, Por, &
Budescu, 2017; Zaval, Keenan, Johnson, & Weber, 2014).

Second, the following part of the search query pertains to the behaviors under review in this study, and is the only portion that
differs between the two algorithms. Specifically, i) is used for retrieving studies on mitigation behaviors whereas ii) is for climate
adaptation. Toward this end, we include each type of behavior as a verb, and two other versions where common suffixes are added.
Even though there are a multitude of mitigation and adaptation behaviors that individuals and households can undertake (e.g.,
adoption of air-conditioner, adoption of electric vehicles), we elect to not search each behavior separately. The main reason being that
there are many behaviors that fall under the category of climate adaptation or mitigation behaviors, and search outcomes can easily
become unmanageable if we attempt to include all behaviors-type separately. Moreover, if these behaviors are adopted or practiced in
response to climate change, then it must also be the case that the article would contain the keywords “adapt” and/or “mitigate”.

Third, to fit with the theme of this review, the next part of the search algorithm ensures that we are only picking up studies from
developing countries. We additionally include “lower- and middle-income” to capture other modes of describing developing countries.

Fourth, the last two portions of the algorithm relate to the target of investigation. The inclusion of “individuals” and “households” is
self-explanatory. However, an earlier search attempt yielded many studies on agricultural practices designed to combat climate
change. As such, we add the last search term to exclude any studies that pertains to agriculture or farm-related topics.
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Panel A of Fig. 1 shows the outcome of the literature search for climate adaptation-related studies. The search algorithm initially
recovered 1101 studies across the three academic databases (i.e., Google Scholar, Web of Science, Scopus), of which 17 are duplicates.
To refine the selection of 1084 unique studies, we first read the abstracts to exclude studies that are not on climate change and/or
adaptation behaviors (502 studies), and not conducted in developing countries settings (381 studies). Specifically, we look out for
studies broadly covering climate-related hazards, including floods, heatwaves, vector-borne diseases, land/mudslides, drought,
(tropical) storms and wildfires.

This pass-through yield 201 studies which we examine in greater detail. Of these, we further excluded 133 studies that did not focus
on actual individuals’ behaviors (e.g., Osberghaus and Demski (2019) found that residents that experienced floods are more likely to
search for information on electricity generated by renewable sources), and 40 studies that did not provide statistical or econometric
evidence. Toward this end, adaptation behaviors are defined as any actual behavior that reduces the impacts of climate-related
hazards, including preparatory action (e.g., having an emergency kit or moving furniture), purchasing insurance, evacuating from
climate-related hazards, and migration. Similarly, mitigation behaviors are defined as (actual rather than intended) actions that reduce
one’s carbon footprint (e.g., adoption of electric vehicles, purchasing carbon credits). Lastly, statistical or econometric evidence are
defined as empirical analyses that examine the relationship between adaptation (or mitigation) behaviors and at least one motivational
factor. These evidence needs to be accompanied by the estimated coefficient, standard errors and/or p-values.

In all, we arrive at 28 studies that provide individual- or household-level quantitative evidence on climate adaptation behaviors. As
some of the studies contain more than one analyses (e.g., sub-sample regressions, different types of climate adaptation behaviors), we
count each analysis separately and reach a total of 72 analyses.

Using the same process, we end up with another 30 studies and 86 analyses that focus on climate mitigation behaviors (Fig. 1, Panel B).*

Lastly, to highlight the difference in research attention toward developed viz-a-viz developing countries, we apply the same search
algorithm to retrieve studies conducted in the former settings (Fig. A1). The same search criteria yield 83 and 91 studies respectively
for climate adaptation and mitigation behaviors in developed countries, thereby underscoring the disparity in current knowledge base
across different parts of the world.

2.2. Vote counting approach

Our main analytical approach for synthesizing current literature is vote counting.

While meta-regression is another commonly-used method in systematic reviews (e.g., Wolf et al., 2014), we elect for vote counting
here as the former approach is most suitable where the outcome of interest is aggregated at a population level. For instance, meta-
regression would be appropriate if we are instead reviewing the prevalence of adoption of climate mitigation or adaptation behav-
iors at a country- or city-level. In that case, we would use overall prevalence levels as the dependent variable in the meta-regression,
and various locational- and study design- attributes as the covariates. However, because we are reviewing micro-level studies, there are
no natural candidates for the dependent variable in a meta-regression.

On the other hand, vote counting, while simple, can effectively summarize the effects of variable across the entire literature. Due to
its intuitive approach, vote counting has also been utilized widely in systematic reviews of environmental topics (e.g., Lewis & Pat-
tanayak, 2012; Mazumdar, Learnihan, Cochrane, & Davey, 2018; Pullin & Stewart, 2006).

The vote counting method is implemented in the following manner. First, for each regression or econometric analyses where
mitigation or adaptation behavior is the dependent variable, we list out all the explanatory variables used in the model. Second, from
the list of variables, we group the similar ones together to generate a list of unique variables across all studies. To ensure sufficient
comparability, we only include variables that have been used in at least five analyses. Third, we compile the outcome of each variable
by counting the number of times the coefficient turned up positive, negative, statistically significant, and so on.

In all, this exercise will yield a summary of the estimation outcomes of each factor across all the studies in which they are included.
If a variable or factor mostly have statistically significant outcomes of the same direction, then it is concluded that there is evidence for
its effectiveness, and vice versa(Bushman & Wang, 1994).

2.3. Publication trends

To gain a broad overview of the studies included in this review, we first summarize their background information across three
dimensions.

First, Table 1 shows the locations of these studies. The vast majority of studies (around 66%) are conducted using data from Asia. This is
an understandable location choice as, on a continent basis, Asia accounts for the most GHG emissions (BP., 2021). However, as Asia is a
large continent, it is useful to delve deeper into which parts of Asia are most of these studies originating from. Toward this end, China and
India, being the two largest countries in the world, account for most of Asian research studies. Southeast Asia is another popular location for
research in Asia (17%) as they are highly vulnerable to the effects of climate change (Nitivattananon & Srinonil, 2019). On the other hand,
studies from African and South American countries are relatively under-represented at around 22% and 12% respectively.

Second, we plot studies by their publication years (Fig. 2). Across both adaptation and mitigation studies, this literature started
circa 2010, and has a consistent upward trend signaling increasing attention and data availability to study these topics.

3 See Table Al for list of studies included in the systematic review.
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Table 1
Countries in which studies are based on.

Continent (number of studies) Countries (total number of studies)

Countries (climate adaptation

Countries (number of climate mitigation

studies) studies)
China (9) China (2) China (7)
India (6) India (3) India (3)
Asia (38) Southeast Asia (10) Southeast Asia (3) Southeast Asia (7)
Pakistan (4) Pakistan (4) Pakistan (0)
Others (9) Others (4) Others (5)
Ghana (3) Ghana (2) Ghana (1)
Africa (13) Kenya (3) Kenya (2) Kenya (1)
Others (7) Others (5) Others (2)
South America (2) Chile(1), Ecuador(1) Chile(1) Ecuador(1)
North America(3) Mexico(3) Mexico(1) Mexico(2)
Europe(2) Serbia(1), Lithuania(1) Serbia(1) Lithuania(1)

Third, we categorize studies according to the broad disciplinary field of the journals in which they are published (Fig. 3).* We see
that vast majority of studies (53%) are published under journals in the field of “environmental studies”. Even though the remaining
studies are evenly distributed among various disciplines with no clear second place, several related disciplines (e.g., business and
economics, business and finance, economics, demography, development studies) can be combined to form a larger category of social
sciences (around 19%).

3. Results and discussions
3.1. Vote counting for climate adaptation behaviors

Using the vote counting procedure described in Section 2.2, we end up with a list of 12 variables that are most commonly included
in studies examining motivations behind individuals’ adaptation behaviors. These 12 variables can be broadly categorized as socio-
economic status and environmental-related, and the results of the vote counting exercise are collected in Table 2.

The first observation we make is that educational level and age are the most used explanatory variables in climate adaptation
studies where they are found in around 75% of analyses. Even though the effects of education are mostly positive (42 out of 54 in-
stances), they only returned statistically significant coefficients in around 57% of the analyses where they were found positive. On the
other hand, the effects of age on climate adaptation behaviors are more varied as 21 analyses (38%) returned negative coefficients.
Similar to education, the relationship between age and adoption of climate adaptation behaviors is not particularly strong as only 56%
of the positive coefficients are statistically significant.

Second, income, gender, and household size are also commonly-used variables as they are found in around 46%-58% of analyses.
Of these, the effects of income are unequivocal as almost all (87%) studies found that income is positively correlated with climate
adaptation behaviors, and 70% of the coefficients are statistically significant. In contrast, the manner in which gender and household
size affect climate adaptation behaviors is less telling as their estimated coefficients are split somewhat evenly between positive and
negative, and on either ends of statistical significance.

The next tranche of socioeconomic variables are home ownership, marital status, and residence size. These variables are sparsely
found in around 14%-17% of analyses. Of these three variables, home ownership stands out as 90% of the included analyses returned
positive coefficients. Moreover, they collectively showed a strong relationship with climate adaptation behaviors as 67% of them are
statistically significant.

Fourth, we turn out attention to environmental-related variables. As a whole, perhaps partly reflecting the difficulty of accurately
measuring these covariates, they are less used in comparison to their socioeconomic status counterparts. However, whenever they are
included, the direction of their effects on adaptation behaviors is consistent. Prior experience of climate change and extreme weather
events (e.g., droughts, heatwaves, and torrential rainfall) is the most included of this sub-category at around 44.4% of all analyses. We
see that respondents with such experiences overwhelmingly adopt climate adaptation behaviors (30 out of 32). Moreover, more than
75% of the estimated coefficients returned statistically significant results. Self-assessed knowledge of climate adaptation measures, and
perception of impacts of climate change are only found in around 15%-24% of analyses. However, when included, their effects are
mostly positively related with adaptation behaviors.

3.2. Vote counting for climate mitigation behaviors

In this sub-section, we focus on climate mitigation behaviors where we similarly begin by generating a list of variables commonly
used in the selected studies. By using the same selection process, we end up with a list of 13 variables that are also broadly grouped as
socioeconomic and environmental-related. The results are collected in Table 3.

The most widely included variables are educational level and gender, at around 53%. For the former, education predominantly

4 To ensure consistent definition, we obtain disciplinary field of each journal from Web of Science.
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Fig. 3. Number of studies by journal’s disciplines.

yields positive coefficients at around 88% of included analyses. Moreover, their estimated effects are mostly statistically significant at
79% of analyses. On the other hand, gender shows no discernible trends as its coefficient are evenly split between positive and
negative. Interestingly though, the coefficient is mostly statistically significant when estimated as negative, i.e., males are less likely to
engage in climate mitigation behaviors.

The next group of variables are income, age, and marital status (included in around 30%-40% of all analyses). Of these variables,
the effect of income on climate mitigation behaviors is most consistent where they are positive and statistically significant in 47% of
inclusions. In comparison, the effects of age and marital status are less remarkable as they straddle rather evenly between positive and
negative, and statistical significance. Religion and internet usage are the least-used socioeconomic variables as they are found in
around 10% of analyses. While the effects of religion on climate mitigation behaviors is unremarkable, internet usage is unequivocally
positive and statistically significant.

There are relatively more variables representing different aspects of environmental knowledge in climate mitigation studies. Of
these, the two most included are “climate responsibility” and “climate knowledge” at around 35% of all analyses. The former measures
the extent to which respondents agree it is their personal responsibility to combat climate change, and the latter captures their topical
knowledge in climate change. Not surprisingly, both variables return positive coefficients in most cases. In around 78% of analyses,
respondents with higher sense of personal responsibility on climate change are more likely to engage in mitigation behaviors. Simi-
larly, “climate knowledge” returned positive coefficient in 90% of analyses where almost all are statistically significant.

Next, “climate concern” and “perceived impacts of climate change” are featured in around 14% of all analyses. Their relationship
with climate mitigation behavior is consistent with earlier findings as respondents that i) show more concern on climate change, and ii)
assess higher levels of danger from climate change are much more likely to engage in climate mitigation behaviors.
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Table 2
Vote counting exercise for studies on climate adaptation behaviors.
Motivational factors Negative coefficient Positive coefficient Total
inclusi
Statistically Statistically Statistically Statistically felusions
significant insignificant significant insignificant
® (i) (iii) (iv) W)
Income level 0 5 23 10 38
(100.0%) (69.7%) (30.3%) (52.8%)
Educational level 8 4 24 18 S4
(66.7%) (33.3%) (57.1%) (42.9%) (75.0%)
5 10 12 15 42
Gender (1 =male) (33.3%) (66.7%) (44.4%) (55.6%) (58.3%)
Ace 7 14 19 15 55
. . 8 (33.3%) (66.7%) (55.9%) (44.1%) (76.4%)
Socioeconomic
variables Household size 5 1 8 ° 33
(31.3%) (68.7%) (47.1%) (52.9%) (45.8%)
. . 1 4 1 4 10
Marital status (1 = married) (20.0%) (80.0%) (20.0%) (80.0%) (13.9%)
House ownership 0 1 6 3 10
(1 = own house) (100.0%) (66.7%) (33.3%) (13.9%)
Residence size ! 8 8 12
(100.0%) (27.3%) (72.7%) (16.7%)
Perception of climate 1 1 6 3 11
change impacts (50.0%) (50.0%) (66.7%) (33.3%) (15.3%)
Climate change experience 2 23 7 32
Environmental-related (self-assessed) (100.0%) (76.7%) (23.3%) (44.4)
variables Adaptation knowledge 1 12 4 17
(self-assessed) (100.0%) (75.0%) (25.0%) (23.6%)
. 5 5
Perceived efficacy (100%) (6.9%)

Notes: The integers in top row of each motivation factors indicate the number of studies corresponding to nature of its regression coefficient (i.e.,
positive or negative, and statistically significant or not). The percentages in parentheses in Column (i) and (ii) respectively corresponds to the
proportion of studies that are statistically significant, and insignificant for negative coefficients. Similar interpretation applies to Column (iii) and (iv).
The percentages in parentheses in Column (v) refer to the proportion of studies where each motivational factor is found.

3.3. Comparison of effect sizes

A distinctive shortcoming of vote counting is that it does not take into account of effect sizes. That is, even though a variable may
have overwhelmingly positive (or negative) coefficients, it’s effect on the outcome of interest may be smaller compared to another
variable with fewer positive coefficients due to the latter having larger-sized coefficients. In this sub-section, we standardize and
transform coefficients from each study, and compare their magnitude to assess which variables play larger roles in affecting climate
mitigation and adaptation behaviors.

To ensure comparability, we first standardize the estimated coefficient from each study by using the following formula®:

o,
B a = —P 1
/ x,std 6)‘/ X ( )

Py is the coefficient retrieved directly from the study, and oy and o, are respectively the standard deviation of variable x and the
dependent variable y.°

This transformation ensures the variances of both the dependent and independent variables are equal to one, and are thus com-
parable across different studies.

The standardized effect sizes for climate adaptation studies are plotted in panel A of Fig. 4.

First, despite their lower inclusion rate as observed in the vote-counting exercise, environmental-related variables mostly have
large impacts on adaptation behaviors. Among them, “previous experience with climate change” have the largest impact where a one
standard deviation increase is positively associated with a 0.3 standard deviation change in adaptation behaviors. The sole variable
with statistically insignificant effects is “perceived impacts of climate change”, unlike its vote-counting outcome. Second, among the
socioeconomic variables, house ownership and income have the largest effects at around 0.28 and 0.17 standard deviations
respectively.

We now turn our attention to effect sizes for climate mitigation studies in panel B of Fig. 4.

Similar to climate adaptation, we see that environmental-related variables have mostly large impacts on behaviors. Of the four most

5 See Appendix 1 for a derivation of Eq. (1).
6 There are some studies that only offered correlation coefficients. For such cases, please see Appendix 1 for detailed exposition of how stan-
dardized coefficients are derived.
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Table 3
Vote counting exercise for studies on climate mitigation behaviors.
Motivational factors Negative coefficient Positive coefficient Total
Statistically Statistically Statistically Statistically inclusions
significant insignificant significant insignificant
Income 8 6 16 4 34
(57.1%) (42.9%) (80.0%) (20.0%) (39.5%)
Educational level 3 3 33 9 48
(50.0%) (50.0%) (78.6%) (21.4%) (55.8%)
Gender (1 = male) 20 4 7 14 45
(83.3%) (16.7%) (33.3%) (66.7%) (52.3%)
Age 9 7 9 10 35
(56.3%) (43.7%) (47.4%) (52.6%) (40.7%)
Socioeconomic Household size 6 8 3 2 19
. (42.9%) (57,1%) (60.0%) (40.0%) (22.1%)
variables Marital status 5 6 13 s 39
(1 = married)
(45.5%) (54.5%) (61.9%) (38.1%) (43.0%)
Location (1 = urban) 1 2 14 3 20
(33.3%) (66.7%) (82.4%) (17.6%) (23.3%)
Religion (1 = yes) 1 2 6 9
(100.0%) (25.0%) (75.0%) (10.5%)
Internet usage frequency 8 8
(100.0%) (9.3%)
Climate concern 1 0 8 3 12
(100.0%)) (72.7%) (27.3%) (14.0%)
Climate knowledge 3 22 5 30
. (100%) (81.5%) (18.5%) (34.9%)
Environmental-related . .
variables Climate responsibility 7 19 6 32
(100.0%) (76.0%) (24.0%) (37.2%)
Perception of climate
change impacts 1 9 2 12
(100.0%) (81.8%) (18.2%) (14.0%)

Notes: The integers in top row of each motivation factors indicate the number of studies corresponding to nature of its regression coefficient (i.e.,
positive or negative, and statistically significant or not). The percentages in parentheses in Column (i) and (ii) respectively corresponds to the
proportion of studies that are statistically significant, and insignificant for negative coefficients. Similar interpretation applies to Column (iii) and (iv).
The percentages in parentheses in Column (v) refer to the proportion of studies where each motivational factor is found.

commonly-included variables, “climate knowledge”, “perception of climate change impacts”, and “climate responsibility” have the
largest impacts at around 0.25 standard deviations.

As for socioeconomic variables, a point of departure from the vote counting exercise is the effects of income compared to education.
The vote counting exercise showed that education plays a larger role in promoting individuals’ and households’ climate mitigation
behaviors. However, the reverse is true when effect sizes are computed as income has a slightly larger impact (0.19 std. dev. vs. 0.17
std. dev.). A somewhat unexpected finding is that frequency of internet usage has by far the largest impact on promoting climate
mitigation behaviors at around 0.6 standard deviations.

Lastly, one central concern with systematic reviews is the risk of publication bias where scientific journals tend to only publish
papers with large effect sizes, and statistically significant coefficients. In turn, this bias may skew the true picture of the factors
affecting adaptation and mitigation behaviors. We assess the occurrence of publication bias by plotting the standardized effect sizes
against their standard error (Fig. 5) (Egger, Smith, Schneider, & Minder, 1997). Each dot in Fig. 5 represent the effect size for one
variable, and they should ideally be symmetrically distributed on either sides of the x-intercept, and have varying levels of statistical
precision. Panel (a) of Fig. 5 shows that the standardized effect sizes for climate adaptation behaviors are mostly concentrated in the
upper part of the funnel plot, and symmetrically distributed on either side. Panel (b) of Fig. 5 shows similar trends for climate miti-
gation. In summary, there is no strong evidence to indicate that publication bias influenced the observed effect sizes in the current
analyses. Discussions.

The vote-counting exercise and comparison of effect sizes conducted across the two separate literature on climate mitigation and climate
adaptation behaviors in developing countries reveal several important insights on the motivating factors behind each type of behaviors.

First, across the two types of responses toward climate change, it is evident that existing studies place outsized attention on the
influence of socioeconomic factors compared to environmental-related variables. The lack of focus on the latter is contrary to findings
from related literature. For instance, both Zanocco, Boudet, Nilson, and Flora (2019) and Hart, Nisbet, and Myers (2015) found using
stated preference surveys that respondents with more knowledge of climate change, and experiences of previous extreme events tend
to have larger willingness-to-pay for climate change mitigation policies. Moreover, compared to socioeconomic status, environmental
knowledge or concern are more pliable by policies such as information or education campaigns (Schafer, 2012).

Second, we observe two important dichotomies between the various socioeconomic factors. First, the impact of income on adaptation
behaviors is unequivocally positive whereas it is not for mitigation behaviors. This finding is despite both climate change responses are
financially- or resource-intensive for individuals or households. Second and conversely, education has a slightly different relationship as
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Fig. 4. Standardized effect sizesNotes: The x-axis represents the standardized effect sizes as defined in the section 3.3, and the y-axis represents the standard error of standardized effect size in the
original studies.

Notes: The standardized effect sizes are computed by multiplying regression coefficient for each motivational factor with the ratio of its standard deviation to that of the dependent variable (see
Appendix for derivation of formula).
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even though this variable mostly shares positive relationship with adaptation and mitigation behaviors, it is statistically significant in
52% of all positive coefficients for the former and 82% for the latter. These two findings highlight key differences between the decision-
making process of adaptation vs. mitigation. For starters, they show that unlike for adaptation behaviors, financial resources are not a
sufficient condition to convince individuals or households to undertake climate mitigation behaviors. Similarly, even though education
ishighly correlated to income, the fact that both variables have differing impacts on adaptation and mitigation highlight that adoption of
climate mitigation behaviors is more of a cognitively-involved process. The large effect size of “internet usage” corroborate this finding
that education and outreach plays an outsized role in promoting climate mitigation behaviors (Qin, Liu, Su, Fei, & Tan-Soo, 2022).
However, it should also be noted that the effects size comparison showed that income and education have roughly similar magnitude in
affect climate mitigation behaviors. One plausible explanation is that income and education jointly affect climate mitigation behaviors.

Third, even though environmental-related variables are scarce in both sets of literature, and not entirely consistent for direct
comparison, we can still discern some differences in how they affect each type of behaviors. A stark observation is that across all
environmental variables, around 53% and 67% return positive and statistically significant relationship with climate adaptation be-
haviors and mitigation behaviors respectively. This difference in the importance of environmental knowledge driving behaviors once
again confirms that adaptation and mitigation are formed by different motivations. In particular, prior experience with extreme
weather is a main driving factor for adaptation behaviors whereas sense of responsibility and concern for climate change are main
important drivers for mitigation behaviors.

In the remaining of this section, we attempt to explain why there are differences in the driving factors behind adoption of climate
adaptation and mitigation behaviors.

First, while adaptation behaviors are mostly actions taken at the individual-level to alleviate the personal impacts of adverse climatic
events, mitigation behaviors are taken by individuals to reduce the global odds of adverse climatic events (Kane & Shogren, 2000). As
such, the public goods characteristic of climate mitigation behaviors makes them susceptible to the risk of free riding. In turn, it is more
likely that individuals with sense of responsibility and concern for environmental outcomes will engage in mitigation behaviors.

Second, another key difference is the temporal lag between actions and outcomes. Mitigation behaviors usually provide global
benefits in the future whereas adaptation provides immediate- or medium-term benefits. Based on the above differences, the following
mechanisms might explain the different effects of different environmental-related variables on adaptation and mitigation behaviors. In
this regard, theories and framework from environmental economics and behavioral psychology suggest that individuals will seek out
immediate relief when faced with adverse climatic events (Bockarjova & Steg, 2014). For instance, Auffhammer (2014) and Li et al.
(2019) both found that residents in China purchase or use air-conditioners (i.e., climate adaptation behaviors) at a higher frequency
during periods of high temperature. In contrast, because mitigation actions cannot readily reduce adverse impacts, experience with
extreme weather is a main driving factor for adaptation behaviors rather than mitigation.

4. Conclusions

In this study, we conduct a systematic review of the literature that focuses on individuals’ and households’ adoption of climate
mitigation and adaptation behaviors in developing countries. Such a review is timely and important for several reasons. First, due to
failure to coordinate meaningful reduction in worldwide GHG emissions, there are now increasing calls on individuals and households
to lessen their carbon footprint (Stern, 2021; Stoddard et al., 2021). However, just as countries have their set of macro-level concerns,
individuals are governed by unobserved decision-making processes. As such, this review study gathers the thin and scattered literature
to summarize existing findings. Second, it is now widely acknowledged that the effects of climate change are likely to be unevenly
distributed across countries (IPCC, 2014b). However, less is known if it is also the same within each country (Islam & Winkel, 2017). In
this review, we examine if there are groups of population that are better equipped to adapt or protect themselves from climate change.

Following an extensive search on three major academic databases, we arrive at 28 and 30 studies on climate adaptation and
mitigation behaviors respectively. Using a vote-counting exercise where we list out commonly-use variables in each literature, and
compare the signs of the coefficients and statistical significance, we arrive at the following findings.

Using these findings, we conclude with the following policy and research implications.

First, we see that income plays a large role in enabling individuals and households to adapt to climate change. This is unsurprising as
protecting oneself from environmental harms is a resource-intensive endeavor (Du, Yu, & Wei, 2020; Li et al., 2019). However, this
relationship highlights that climate inequality exists not only between countries in terms of their (historical) emissions, but also between
different segments or social classes of citizens within the same locations. Lower-income residents that cannot readily adapt to climate
change will be faced with higher mortality and morbidity, lower work productivities, among other adverse effects (Fouillet et al., 2006;
Park, Goodman, Hurwitz, & Smith, 2020; Somanathan, Somanathan, Sudarshan, & Tewari, 2021; Xu, FitzGerald, Guo, Jalaludin, & Tong,
2016). Moreover, just as Tan-Soo, Qin, and Zhang (2018) showed that Beijing residents using air purifiers cause more air pollution, similar
arguments can be applied here. That is, as higher-income residents insulate themselves from climate change, they will ostensibly increase
their carbon footprint (e.g., through the usage of air-conditioners or heaters). In turn, their adaptation behaviors exacerbate climate
change, and adds on to climate inequality. As income inequality is already much higher in developing countries, this means that poli-
cymakers need to channel resources toward citizens in the lower tiers of society and at locations most vulnerable toward climate change.”

Second, even though climate adaptation strategies are needed to protect citizens from the ill-effects of climate change, climate

7 “Global Inequality Data — 2020 update” https://wid.world/news-article/2020-regional-updates/. Last accessed: April 27, 2022.
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mitigation behaviors are the more sustainable approach in tackling climate change. Toward this end, our review shows that ability (i.e.,
financial means) to adapt is not the only driver of mitigation behaviors. Instead, individuals that are concerned about climate change, and
possess stronger sense of responsibility are more susceptible toward mitigation behaviors. Toward this end, governments and NGOs can
play alarge role in cultivating such behaviors by introducing information and education campaigns at various levels. On the same note,
the vast majority of studies in this literature are currently published in journals tagged under “environmental sciences” with much lower
representation across other fields and disciplines. While climate change is inherently an environmental issue, individuals’ and house-
holds’ behaviors are social science topics where models and theoretical frameworks have been developed specifically for this purpose. In
this regard, there is much scope for cross-disciplinary research to better explain, and perhaps even develop new models to understand
individuals’ and households’ mitigation and adaptation response toward climate change (Stoddard et al., 2021).

Third, the literature examining individuals’ and households’ responses toward climate change in developing countries is thin. In
all, we retrieve on average 79 usable analyses for each strand of literature. Although there is an upward trajectory in number of studies
conducted in recent years, the total number still pale in comparison relative to the scale of this issue. For instance, Lewis and Pat-
tanayak (2012) in their review of adoption of cooking fuel — an issue most relevant to the rural areas of developing countries — found
more than 100 analyses. Individuals’ and households’ behavioral responses toward climate change is arguably a highly relevant topic
for the same population, and more. A plausible explanation for this dearth of research studies is the lack of data. This is especially true
for data that depicts actual behaviors. Toward this end, there are novel sources of information that has yet to be fully utilized in climate
change research. For example, Sun, Kahn, and Zheng (2017) used online shopping data to examine the relationship between purchases
of air purifiers and face-masks, and air pollution in China. One can envisage using similar sources of information to examine climate
adaptation and/or mitigation behaviors.

Fourth and related, a commonality between these two strands of literature is that environmental-related explanatory variables are
not as commonly included compared to socioeconomic status. Moreover, even when included, they are mostly self-assessed rather than
through objective measures, and incomparable between different studies. Toward this end, future field surveys should as much as
possible, design standardized objective questions to comprehensively assess participants knowledge or experience with climate change
(e.g., the public health discipline has standardized questions to assess common ailments such as depressions). In the meanwhile, there
are already existing information that can be readily added to analyses. For example, even though “experience with climate change” is
found to have consistent impacts on climate adaptation, they are not commonly included. However, satellite technology has availed
historical weather data for most locations (Bronnimann, Martius, Rohr, Bresch, & Lin, 2019). In turn, we can easily pair these in-
formation with respondents’ location to objectively measure their experience with climate change.
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Data will be made available on request.
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Appendix 1

For exposition sake, we begin with a univariate regression model:
Y=p+pX+e¢ @
Next, we subtract the mean of the dependent variable (Y) from both sides, and substitute 8y using the identity Y = , + 3, X to yield:
Y-Y=Y-BX+pX+e-Y 2)
Following rearrangement, and multiplying and dividing the R.H.S. by its corresponding standard deviation, we get:

Y-Y =p0xX +e 3)

where X" = @ is the standardized transformation of X.

Lastly, we divide both sides by standard deviation of Y to get:

&

v =52+ o)
oy

Oy

By comparing Eq. (1) and (4), we can see that the coefficient for standardized covariate, X*, is equivalent to the multiplication of $;
with ratio of the standard deviation of variable X to the dependent variable Y.
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Table A1

List of studies included in the vote-counting exercise.

China Economic Review 77 (2023) 101879

Literature Author and publication year Country(s) Behavior type Sample Statistical model
setting size
Uganda,
Malawi,
Ethiopia,
Mueller, Sheriff, Dou, and Gray (2020) Tanzania Migration 15,241 Probit
South Africa
Bryan, Deressa, Gbetibouo, and Ringler and General climate adaptation
(2009) Ethiopia behaviors 1756 Probit
General climate adaptation
Rauf et al. (2017) Pakistan behaviors 251 Logit
General climate adaptation
Bakhsh, Rauf, and Zulfigar (2018) Pakistan behaviors 150 Logit
General climate adaptation
Molua (2012) Cameroon behaviors 200 Linear regression
Das (2019) India Evacuation 320 Logit
Reynaud, Aubert, and Nguyen (2013) Vietnam Floor elevation 448 Linear regression
General climate adaptation
Khanal and Wilson (2019) Nepal behaviors 421 Linear regression
General climate adaptation
Owusu, Ma, Renwick, and Emuah (2021) Ghana behaviors 203 Probit
General climate adaptation
Opiyo et al. (2016) Kenya behaviors 302 Probit
Nabikolo, Bashaasha, Mangheni, and General climate adaptation
Majaliwa (2012) Uganda behaviors 125 Logit
Mashi, Inkani, Obaro, and Asanarimam General climate adaptation Kendall’s Tau
(2020) Nigeria behaviors 290 correlation
Koubi, Spilker, Schaffer, and Bernauer
(2016) Vietnam Migration 1200 Logit
General climate adaptation
Yin et al. (2021) Ghana behaviors 369 Logit
Cvetkovié, Roder, Ocal, Tarolli, and General climate adaptation
Dragicevi¢ (2018) Serbia behaviors 2500 Linear regression
Tan, Liu, and Hugo (2015) China Migration 1048 Logit
General climate adaptation Kendall's Tau
Werg, Grothmann, Spies, and Mieg (2020) Philippines behaviors 70 correlation
Ung, Luginaah, Chuenpagdee, and Anticipatory climate
Campbell (2015) Cambodia adaptation 1823 Logit
General climate adaptation
Ngigi, Mueller, and Birner (2017) Kenya behaviors 156 Probit
Gonzalez-Hernandez, Meijles, and Vanclay General climate adaptation
(2019) Mexico behaviors 622 Logit
General climate adaptation
Zhang et al. (2020) China behaviors 536 Logit
Qazlbash, Zubair, Manzoor, Ul Haq, and General climate adaptation
Baloch (2021) Pakistan behaviors 240 Logit
Shah, Ye, Abid, and Ullah (2017) Pakistan Floor elevation 600 Probit
Sharma, Patwardhan, and Patt (2013) India Evacuation 212 Logit
General climate adaptation
Okunola and Bako (2021) Nigeria behaviors 384 Linear regression
General climate adaptation
Rahman et al. (2021) Lao behaviors 360 Logit
General climate adaptation
Meltzer, Dame, and Gabrysch (2021) Chile behaviors 262 Linear regression
Climate adaptation Sam, Padmaja, Kachele, Kumar, and Miiller
behaviors (2020) India Migration 157 Logit
. . . General climate mitigation Structural equation
Rajapaksa, Islam, and Managi (2018) India . 1500
behaviors model
Gonzalez-Hernandez et al. (2019) Mexico General cllmat.e mitigation 622 Logit
behaviors
. e Okaka and Odhiambo (2018) Kenya Conservation behavior 290 Logit
Climate mitigation General climate mitigation
behaviors Masud, Akhatr, Nasrin, and Adamu (2017) Malaysia . 360 SEM
behaviors
NwalJesus, Okokon, and ChukwumaOtum L Purchase of less carbon- .
Nigeria R . 120 Logit
(2019) intensive products
Amoah and Addoah (2021) Ghana General climate mitigation 1648 Logit
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Table A1 (continued)
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Literature Author and publication year Country(s) Behavior type Sample Statistical model
setting size
1 climat itigati
Hong and Park (2018) China General clima .e mitigation 2997 Linear regression
behaviors
. General climate mitigation . .
Gong et al. (2020) China . 10,663 Linear regression
behaviors
G 1 climat itigati
Ifegbesan and Rampedi (2018) Nigeria enerat ciima .e mitigation 1758 Linear regression
behaviors
Chen et al. (2013) China Garbage sorting 5073 Logit
Zhou, Yin, Yuan, and Wang (2019) China Garbage sorting 11,438 Logit
Filippini and Srinivasan (2019) India Less carbon-intensive diet 49,659 Probit
Ponce et al. (2019) Ecuador Garbage sorting 1106 Linear regression
G 1 climat itigati
Rahman et al. (2021) Laos eneral ciima .e mitigation 360 Logit
behaviors
Zeng, Jiang, and Yuan (2020) China General Chmat.e mitigation 8084 Linear regression
behaviors
G 1 climat itigati
Chankrajang and Muttarak (2017) Thailand eneral ctimate mitigation 3900 Probit
behaviors
Bhuian, Sharma, Butt, and Ahmed (2018) Sultanate of Puljchasehof less carbon- 306 Structural equation
Oman intensive products model
Choon, Ong, and Tan (2019) Malaysia General cllmat'e mitigation 101 Structural equation
behaviors model
1dli e .
Halady and Rao (2010) India General ¢ 1mat.e mitigation 58 Structural equation
behaviors model
Masud, Akhtar, Afroz, Al-Amin, and Kari Malaysia General climate mitigation 385 Structural equation
(2015) Y behaviors model
G 1 climat itigati
Lee, Tung, and Lin (2019) China eneral ctima .e mitigation 582 Linear regression
behaviors
Shafiei and Maleksaeidi (2020) Iran General chmat'e mitigation 310 Structural equation
behaviors model
Yusliza et al. (2020) Malaysia General cllmat.e mitigation 79 Structural equation
behaviors model
Ates (2020) Turkey General climat.e mitigation 340 Structural equation
behaviors model
Ar and Yilmaz (2017) Turkey Pul:chase.of less carbon- 335 Structural equation
intensive products model
G 1 climat itigati Structural ti
Liu, Teng, and Han (2020) China eneral cimate mitigation 1174 uctural equation
behaviors model
Biilbiil, Biiyiikkeklik, Topal, and Ozoglu Purchase of less carbon- Structural equation
Turkey . . 335
(2020) intensive products model
Corral-Verdugo, Lucas, Tapia-Fonllem, and Mexico General climate mitigation 200 Structural equation
Ortiz-Valdez (2020) behaviors model
Masud et al. (2017) Malaysia General climat.e mitigation 360 Structural equation
behaviors model
Liobikieneé, Liobikas, Bri d Juks 1 i
iobikiene, Liobikas, Brizga, and Juknys Lithuania Conservation behavior 1007 Structural equation
(2020) model
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