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Abstract
Farmers’ perception of climate change is crucial in adaptation intention and process. However,
farmers’ perceptions may not be timely, accurate and systematically consistent with the direction
and significance of observational records. Although some research compared farmers’ perceptions
and climate data, little attention has been paid to comprehensibly analyse both data sources
discrepancies based on empirical studies results. By combining bibliometrics and a systematic
review approach, we identify which approaches are used to compare perceived and observed data,
how both patterns have been mutually evolved, which factors determine their (in)consistency, and
if their accordance and robustness affect farmers’ adaptive capacity. We analyse a portfolio of 147
papers collected from the Scopus library catalogue since 2000. The bibliometric analysis was
coupled with an exploratory analysis of 98 papers selected from the original portfolio. The
literature is extensive, fast-growing, and spans several disciplines. We identify four consolidated
research lines: (a) perceived risk and farmers’ adaptive capacity nexus, (b) crop vulnerability due to
temperature increase and erratic rainfall patterns, (c) forecasting use and influence in farmers’
decisions, and (d) climate change awareness conditioning farmers’ profiles. Nonetheless, we
observe some research gaps: (a) a conceptual mismatch in ‘normal pattern’ or ‘drought’ meaning,
(b) poor or limited data from meteorological stations, (c) overlook or oversimplification of local
knowledge in describing perception, (d) farmers’ memory weaknesses to keep track of climate
alterations, and (e) a geographical dissonance in favour of Global South regions. Our
science-metric study also reveals some research questions to be consolidated: Can the perception of
extreme events increase climate change awareness? Can greater awareness reduce discrepancy with
observed data? How do heuristics and socio-psychological filters influence farmers’ awareness and
interpretation of climate data? We suggest putting major efforts into reinforcing these research
lines as part of a novel domain-dependent trend to reduce the discrepancy.

1. Introduction

Climate change is arguably the most severe and com-
plex challenge facing today’s society (Feulner 2017),
a cross-cutting issue affecting many sectors and con-
nected to other global challenges, such as the twin
challenge of promoting sustainable water use and
ensuring food security (Jagermeyr 2020). Agricul-
tural systems, the most vulnerable economic sec-
tor to climate and natural conditions, are adversely

influenced by climate change through increasedwater
stress, change in run-off patterns, seasonality fluc-
tuation, and temperature variations (Konapala et al
2020, Tabari 2020). To deal with these threats, farm-
ers continuously make changes in their practices,
including crop diversification and introduction of
resistant varieties, adjusting planting dates, increas-
ing organic fertilizers (Aggarwal et al 2019), ensuring
soil and water conservation techniques (Bagheri and
Teymouri 2022), reducing cultivated area, promoting
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contour farming (Diallo et al 2020, Khanal et al 2021,
Li et al 2021), subscribing risk transfer mechanisms,
such as insurance coverage (Surminski and Oramas-
Dorta 2014) or incorporating climate services to assist
decision-making (Tall et al 2018).

Farmers’ ability to respond to extreme events and
climate variability builds on their vulnerability (Khan
et al 2021), which depends not only on their exposure
to climate change but also on their adaptive capacity
and resilience (Afkhami et al 2022). Previous research
has examined climate change’s perceived impacts
and identified factors influencing farmers’ adaptive
response, including socio-economic, technological,
institutional, cultural, and psychological predictors
(Le Dang et al 2019). As farmers are part of the com-
munity, most of their opinions and attitudes regard-
ing climate change awareness and weather perception
can match the publics’ experiences and judgements.
For example, by identifying short-term weather pat-
terns such as high temperatures, rainfall variabil-
ity, and an increase in exposure to extreme weather
events (Ray et al 2017, Howe et al 2019a, Reddy
et al 2022), the psychological distance between cli-
mate change and construal level theory to under-
stand how individuals see climate change and which
is their predisposition to accept risks (Brugger 2020),
how perceived extreme events might shape public
engagement (Ettinger et al 2021) or those factors
determining weather patterns as either normal or
abnormal according to past experiences and future
expectations (Moore et al 2018).

Some studies also identified the mismatch
between perceived impacts and risk management
strategies (Duong et al 2019) in specific contexts and
regions, like Africa (Gbegbelegbe et al 2018,Muchuru
and Nhamo 2019) and Asia (Shaffril et al 2018). High
adaptive capacity imparts resilience to farmers, being
more likely to maintain the desired state or commu-
nicate about a favourable transformation when the
current state is untenable or undesirable (Lockwood
et al 2015). Existing literature argue that farmers’
responses to climate change impacts require tech-
nologically appropriate interventions with instru-
mental measures (informative, innovative or eco-
nomic) (Wright et al 2014, Cruz et al 2021) but, most
importantly, a better understanding of their percep-
tions and attitudes, including decision behaviour, as
climate change becomes a matter that human beings
need to comprehend and react to (Arbuckle et al 2013,
Azadi et al 2019, Tiet et al 2022). For example, recent
studies reveal how climate change awareness influ-
ences adaptive capacity by considering farmers’ gen-
eral agreement on some observed changes in weather
patterns, such as the increase in temperature and
changes in rainfall patterns (Ado et al 2019, Talanow
et al 2021, Voss 2022, Yarong and Minpeng 2021).
Other studies tested how farmers who consider that
climate change is occurring and is human-induced
were more likely to perceive temperature increases,

severe drought, heatwaves, and changes in rainfall
(Niles and Mueller 2016).

Social and behavioural sciences have discussed
and debated associative processing methods and the
nature, extent, significance, and influence of per-
sonal extreme weather experience over the past dec-
ade to understand how it affects adaptive capacity
(Marlon et al 2018, Ogunbode et al 2019, Brugger
et al 2021, and reference therein). Local perceptions
provide important baseline information for under-
standing individual exposure to climate risks, which
are essential for effective policy formulation and
implementation (Guodaar et al 2021). Perception is
derived from and reinforced by farmers’ daily sens-
ory observations of experienced physical conditions
and their local memory. However, considering local
climate change, the weather’s natural day-to-day vari-
ability can make it difficult for farmers to detect
long-term trends (Habtemariam et al 2016), leading
to divergent perceptions of climate change. Further-
more, observations are spaced over time, and indi-
vidual and collective memory of past events can be
faulty or uncertain (Song et al 2021), distinguish-
ing between knowing facts (semantic) versus reliving
events or experiences (episodic) (Plate 2017). Con-
sidered within this broader context, the conventional
approach to climate change tends to be semantic (e.g.
what is a 1 in a 1000 year event?). In contrast, nar-
rative and storyline approaches tend to be episodic
(e.g. have we seen this before? And if so, what might
the next event be like?) (Shepherd et al 2012). Con-
sequently, perceived changes may not always reflect
reality, and climate events or trends may be misin-
terpreted or wrongly remembered for various reas-
ons. In this line, Krishna-Bahadur et al (2020) argue
that a reliance on subjective perception data alone
could limit the reliability of information obtained due
to local subjectivities and heuristic biases, hence, the
need to integrate such data with objective scientific
evidence.

Timely and accurate perception is an import-
ant determinant of farmers’ intentions and adapta-
tion actions. According to Abid et al (2019), accur-
ate perceptions mean that farmers’ perceptions are
consistent with the observed historical trends, while
underestimated perceptions are those discordantwith
the climate data records. However, farmers’ per-
ceptions may not be systematically consistent with
the direction and significance of observational data
(Sutcliffe et al 2016). Reasons explaining these dis-
crepancies can be related to limitations of specific
data sources and methods: an irrelevant choice of
the study period, a set of imprecise survey questions
about climate change perception, the use of a single
inappropriate meteorological dataset and/or irrelev-
ant definitions of meteorological indicators can con-
tribute to introduce biases (de Longueville et al 2020).
Marchildon et al (2016) hypothesized that differ-
ences between perception and the climate records
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could be traced down to three main reasons related
to farmers’ behaviour. Firstly, human beings focus
on the ultimate impact of extreme weather events
(e.g. droughts, floods, excessivemoisture) rather than
on the event itself, and this motivates a gap in time
between any extreme or prolonged weather event and
the impacts this may have on the farmers’ activity
(e.g. crop production). Secondly, individuals work
and live in small-scale environments subject to highly
localized climate factors, while climate data records
are often calculated on a more extensive spatial
basis, unable to reflect local conditions accurately
(Boissiere et al 2013). Finally, the temporal period
for which observed data are averaged can differ from
the references in individuals’ memories (Hamilton
and Stampone 2013). According to Eitzinger et al
(2018), mismatch between observations and memor-
ies is partly due to two key facts. First, most farm-
ers do not differentiate between weather and cli-
mate and cannot distinguish climate variability from
climate change. Second, they still perceive climate
change’s likelihood of affecting them and their activ-
ities directly as low. Likewise, some authors argued
that when deciding on adaptation, farmers tend to
relate possible actions to probable consequences lin-
early without considering delayed and unexpected
feedback loops, nonlinearities, and abrupt changes
(Alley et al 2003, Weber 2006).

While poor perceptions may lead to maladapt-
ation and increase farmers’ vulnerability to climate
change, disregarding farmers’ knowledge could limit
the adaptation responses to climate change impacts
(Habte et al 2021). An increasing body of research
provides additional analysis from empirical results
contrasting farmers’ perceptions and meteorological
records, such as rainfall and temperature records
(Cobbinah and Anane 2016, Yamba et al 2019). Most
of them suggest that comparing scientific evidence
with farmers’ perceptions and incorporating their
knowledge into climate change adaptation strategy
design is fundamental to farmers’ adaptive capacity
(Mkonda et al 2018).However, little research has been
paid to collecting and contrasting data from empirical
studies to comprehensibly check which lessons can be
learned from the analysis of (in)consistency between
farmers’ perceptions and climate data records. To
the best of our knowledge, just one review from
Foguesatto et al (2020) takes a similar approach but
limited to 18 studies located in Africa and Asia, duly
reviewed according to their convergence/divergence
between meteorological records and farmers’ percep-
tion and focused on expected utility maximization
(e.g. farmers’ well-being) and availability heuristic
(e.g. farmers’ memories).

Our study aims to fill this literature gap by consid-
ering amuch larger set of studies and pursuing amore
comprehensive set of objectives, namely analysing
which driving factors are used to compare perceived
and observed data, investigating how both patterns

have been mutually evolved, assessing which factors
determine their (in)consistency, and if their accord-
ance and robustness affect farmers’ adaptive capacity.
A threefold research question is addressed: (a) What
is the current publication trend at the global scale
comparing farmers’ perceptions and climate data in
terms of emerging research learnings and gaps? (b)
What is the intellectual structure of farmers’ percep-
tions compared to key messages from climate data?
And (c) how do farmers’ (in)accuracy in identify-
ing climate change impacts influence climate change
awareness, perceived impacts, and adaptive capacity?
Our hypothesis is that information answering these
questions is scattered. For instance, it is not apparent
which knowledge gaps on farmers’ perceptions and
narratives exist (e.g. whether empirical studies cover
the full spectrum of farmers’ behaviour at socio-
economic, environmental, cultural or psychological
level). Likewise, which climate data have been used
to cover natural risks and extreme events, and most
importantly, which range of extreme events have been
considered from farmers’ perception construct. Fur-
thermore, how climate change impacts are hidden
in the underlying meteorological data (e.g. if using
monthly or annual data limits the detection of poten-
tial changes in daily patterns, or if normal and optimal
values are considered in terms of amount, timing,
duration, intensity, and region-specific distribution).
Moreover, it is unclear whether the geographical
cover of empirical studies is exhaustive and whether
the results can be translated into other geographical
contexts. Reflecting on these gaps, the question to
be asked is not which of the two sources (farmers’
experience or instrumental records) is more accur-
ate but how both could be exploited and combined
to improve farmers’ resilience and adaptive capacity
when addressing both agricultural constraints and
climate risks at the local level (Lee et al 2014).

2. Methods and design section

We conducted systematic mapping based on bibli-
ometric analysis and literature review to screen for
papers studying cases where climate change farmers’
perceptions and climate observed data are contrasted.
Bibliometrics is an analytical and mapping method
to quantitatively assess the linkages and impact of
scientific publications for tracking progress and tra-
cing knowledge of a research field (Chakraborty et al
2021). Systematic literature review (SLR), based on
exploratory content analysis, provides a concept-
driven approach that allows us to take stock of the
field, the strength of evidence for frameworks, and
what avenues are open for future research (Clark
et al 2021). Their combination ensures the structural
and methodical nature of a systematic review (Badi
and Murtagh 2019) and accomplishes the four-step
method suggested by Koberg and Longoni (2019),
in which material selection, descriptive analysis,
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category identification, and material evaluation must
be achieved. What is common to both tools is
their ability to simplify the dynamic and complex
linkages between different papers and their associ-
ated information and to entail visualization of their
knowledge structure using data reduction techniques
(Moral-Munoz et al 2019).

2.1. Research question(s)
The main challenge facing literature comes from
combining a ‘subjective’ or ‘imperfect’ issue (farm-
ers’ perception and behaviour) with an ‘objective’
or ‘perfect’ issue (meteorological and climate data)
(Hornsey et al 2016). What is of interest here is
if both issues can be measured and contrasted and
how the literature has been able or not to address
this challenge. Most of the literature starts asking if
data based on farmer experiences of temperature and
rainfall variability differ from meteorological station
data, and if so, why. Our goal is to deepen farmers’
notions and narratives of ‘normal’ and ‘abnormal’
weather or climate by contrasting examples where
discrepancy between perceived climate change and
meteorological data could explain different farm-
ers’ behaviour regarding the intention to adapt and
(mal)adaptation. We focus on three main research
questions. The first will be addressed from bibliomet-
rics, while the other two will be responded to from a
literature review:

• RQ1: What key topics and dynamic trends can be
identified globally by comparing farmers’ percep-
tions and climate data in terms of consolidated and
emerging research learnings and potential gaps?
Which research framework considers the authors
profile, main sources, affiliated countries and insti-
tutions, methods, keywords, and leading themes?

• RQ2: What is the intellectual structure of farmers’
perception in contrast to key messages from met-
eorological data? Do climate data records support
farmers’ perceptions? Which strengths and weak-
nesses of perceived and observed data can be identi-
fied? How can both pieces of information be meas-
ured and contrasted?

• RQ3: How farmers’ (in)accuracy in perceiving cli-
mate change can influence their adaptive capacity?
Is there a typical pattern according to farmers’ pro-
files?What are the rationales behind these patterns?

2.2. Protocol
To ensure high reproducibility in the reviewing pro-
cess, the methodology for this work was guided by
the checklist of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA), which
suggests the sequential workflow for reporting an
SLR (Page et al 2021). The protocol was applied to
provide comprehensive assimilation and synthesis of
the current evidence base for field-based studies of
farmers’ perception versus climate data. It explains

Figure 1. PRISMA flowchart of the SLR and BA protocol
for data retrieval and analysis process.

how the literature corpus has been selected, the cri-
teria used to extract the data, the conducted ana-
lysis, and the interpretation of the results (Viguié et al
2021). This protocol sets out to reduce the possibility
of bias while providing better transparency and rep-
licability (Croijmans et al 2021). Each step is elucid-
ated below, and a summary of the protocol is presen-
ted in figure 1. First, we chose search terms related to
the research questions based on inclusion and exclu-
sion criteria determined by the query string. We con-
ducted an article search and vetted titles and abstracts
on inclusion criteria. Finally, we judged papers from
titles and abstracts review as eligible for the biblio-
metrics analysis. However, further examination of the
papers’ full text is needed for the exploratory content
analysis, and potential papers must report case stud-
ies correlating farmers’ perceptions and climate data.

2.3. Query strings
We retrieved data from the Scopus library cata-
logue as a large and multidisciplinary search system
(Gusenbauer and Haddaway 2020, Das and Goswami
2021) with a broader bibliometric scope and most
current data than Web of Science (Chadegani et al
2013). The search query contains four conceptual
pillars (including related terms) to analyse if farm-
ers’ perception of climate change corroborates with
empirical evidences of climatology: (a) farmer, (b)
meteorological/climate/climatic, (c) perception, and
(d) adaptation. We chose to search for the inclusion
of the terms in both title, abstract, and keywords.
The review process followed a screening and inclusion
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criteria in which results are filtered by period (from
2000 to 2021, as 11 of the 12 warmest years over
the last four decades have occurred since 2000
according to the Copernicus European State of the
Climate reports), language (English), type of public-
ation (limited to articles and reviews, while exclud-
ing grey literature and other sources of local and
practitioner knowledge), and core collection (no sub-
ject area restriction). The conceptual pillars served
as the basis for a general Boolean search query:
TITLE-ABS-KEY ( farmer) AND (meteorological data
OR climatic data) AND (perception OR perceived)
AND (adapt∗) AND (LIMIT-TO (DOCTYPE, ‘ar’)
OR LIMIT-TO (DOCTYPE, ‘re’)) AND (PUBYEAR
AFT 1999) AND EXCLUDE (PUBYEAR,2022)) AND
(LIMIT-TO (LANGUAGE, ‘English’)).

2.4. Study selection
The search was conducted in September 2021 and
executed by the first author from Italy through the
library service of Politecnico di Milano. The search
retrieved a total of 695 results. Not all papers were rel-
evant, and the first filter process excluded any studies
that did not include three of the four conceptual pil-
lars in their title. After this initial screening, we under-
took an additional screening process to abstracts
to ensure papers contained specific and sufficient
background on farmers’ perceptions and meteoro-
logical data comparison and support. In this step,
we excluded those papers with no reference to met-
eorological or climate data, those limited to tech-
nical data, or those focused on theoretical andmodel-
based analysis. Thus, data extraction included two
initial screening questions: (a) Is the abstract provid-
ing relevant information and discussion about cli-
mate change impacts and observed data? (b) Are there
explicit experiences and case studies focused on how
perceived and observed data consensus affect inten-
tion to adapt or the type of adaptation measures
applied?

Candidate papers that partially or totally met
these criteria were assessed for bibliometrics and
included in the full text screening step. Conversely,
papers in which screening questions are limited to
paper’s problem definition or hypothesis formula-
tion or papers that synthesized farmers’ perceptions
of climate change impacts without explicitly emphas-
izing tangible responses and comparing meteorolo-
gical data were excluded from the full text analysis
selection process. At this point, geographical repres-
entativity (to provide an overview of similarities and
particularities among regions) and empirical studies,
including survey samples (to check farmers’ percep-
tion narratives consistency with climate data), were
considered. Contrary to what was understood from
the title and abstract screening, upon reading the full
text, it became clear that the content of some studies
did not fit the criteria of our review. Consequently,
these studies were disregarded in the further work.

2.5. Data management and analysis
We imported all bibliographic data and publication
meta-data directly from the Scopus database. The
selected literature was analysed using quantitative
(univariate statistics) and qualitative (content ana-
lysis) methods. The results are presented and dis-
cussed in two ways. Bibliometrics of search out-
comes builds the first part to inform about the extent
and evolution of available knowledge, specific char-
acteristics of the research field, and the interactions
between research gaps and outcomes. In the second
part, an exploratory content analysis from selected
studies is presented and discussed to give a qualitative
impression of themost relevant topics and the dimen-
sion of scientific dissensus.

For the bibliometrics, data has been analysed by
combining two main procedures: performance ana-
lysis and science mapping. According to Rosato et al
(2021), performance analysis provides data about the
volume and impact of research using a wide range
of indicators and techniques (e.g. word frequency,
citation, and counting publications by a unit of ana-
lysis). Science mapping, meanwhile, provides first
and second-generation relational indicators to cre-
ate a spatial representation of how different elements
relate to one another. We used the R-tool biblio-
metrix with the VOSviewer software (version 1.6.17)
(Aria and Cuccurullo 2017) to complete the scien-
tometric assessment. VOSviewer is a tool developed
in Java and used to create, visualize, and explore
maps based on network data and taking a distance-
based approach to visualizing a network of clusters
in which nodes represent different elements duly
organized according to their orders of magnitude
(from higher to lower values) (van Eck and Waltman
2020). Following recent studies, such as Secinaro et al
(2020) or Wu et al (2021), the contents of biblio-
metric analysis are divided into the following three
sections: (a) basic dataset analysis: including an ana-
lysis of papers production, most relevant authors
and organizations, core sources, and countries; (b)
research hotspot analysis: local and global citations,
keywords co-occurrence analysis and word dynam-
ics, thematic structure, and (c) research frontier ana-
lysis: co-authorship, co-occurrence, and co-citation
clustering.

We carefully read and categorized the selected
literature corpus for the exploratory content ana-
lysis to identify core themes and top-level concepts
previously identified through bibliometrics and dis-
cussed according to case study contributions (Pizzi
et al 2020). Each paper was coded, tagged, and later
grouped into clusters, with papers allowed to be part
of more than one cluster. Concerning the coding and
tagging procedure, relevant parts of the text were
selected and labelledwith keywords representing their
content, contributing to the taxonomy, and redu-
cing biases from a rigidly pre-set system (Caputo
et al 2016). The taxonomy consisted of five categories
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able to address RQ2 and RQ3: (a) measurable tools
and data, (b) farmers’ perceived impacts and covered
extreme events, (c) climate data records regarding
temperature and precipitation patterns, (d) accuracy
between perceived and observed data, and (e) farm-
ers’ adaptation measures.

3. Results—bibliometrics

The following three sections present the bibliomet-
rics analysis in detail. First, we synthesize the main
dataset information (section 3.1). Then, we analyse
the trends of publications considering authorship and
sources (section 3.2) to highlight the most relev-
ant authors, collaboration network, and core journals
through co-occurrence and network analysis. Finally,
in section 3.3, we identify and harmonize keywords’
structure and topic clusters through burst detection
while revealing the main themes from the conceptual
structure of farmers’ perception and observed data
comparison.

3.1. Main dataset information
The collection comprises 147 papers retrieved from
the Scopus database. Of them, 92% of papers were
published after 2013, and 2021 was the most pro-
ductive year, also considering that our analysis was
incomplete since we stopped the selection on 30 June.
Figure 2 shows how the number of papers dealing
with our subject is sharply increasing over time, with
78 papers published in the last three years, com-
pared to 69 in the nineteen years between 2000 and
2018, with fewer than three papers in each year in
the first decade of the analysis. Sharp increases can be
observed in 2017 and 2019, just after the years of the
Conferences of the Parties, in which the Paris Agree-
ment was signed, and a rulebook was fixed.

Papers are co-authored by more than 500 authors
and published in about 70 journals. The sample
includes few single-authored papers but a high co-
author ratio (an average of three to four co-authors
per paper) (table 1). Furthermore, it can be noted
how keywords frequently used in a paper’s references
list (named keywords+) almost double the authors’
keywords included in the papers. The overview also
reveals the dominance of co-authored papers cited
after three years of publication.

3.2. Authorship and sources
The collection was published by 547 authors from 54
countries, the most relevant being the United States
(47), Ethiopia (39), and China (34) (figure 3). How-
ever, this top 3 ranking partially changes when limit-
ing the analysis to the corresponding author’s coun-
try: China runs first (leading 14 papers), followed
by Australia and the United States (13 papers each).
United Kingdom, Germany, and South Africa com-
plete the list of authors’ countries appearing in more
than 20 papers. Likewise, the highest co-authors’

collaboration is exemplified in three main clusters,
where the one co-led by the United States (Joshi et al
2019) and Australia (Jamal et al 2021) is the most
relevant in terms of geographical interdependence,
and, together with the cluster led by China and Ger-
many (Abid et al 2019, Sorgho et al 2020), make most
than one-third of the collection since 2018. China
has the maximum number of single country papers.
In contrast, Australia’s multiple country publication
ratio is higher—exemplified through significant col-
laborations with Bangladesh or Indian institutions to
address case studies in Global South regions (Hasan
and Kumar 2020, Nidumolu et al 2021).

Papers reported comparison among farmers’ per-
ceptions and climate data across all global regions,
with the greatest number of papers providing case
study analysis in Africa (52% of papers) and Asia
(37%) (figure 4). Few publications were focused
on North and South America (6%), even less on
Oceania or Europe (<1%). Africa and Asia’s reports
are dominated by literature from southern and east-
ern Africa (Ethiopia, Kenya, and Tanzania) and South
Asia (Bangladesh, Nepal), with limited case stud-
ies from the northern, central, and western regions.
Consequently, farmers’ perceptions and climate data
comparison are concentrated in case studies from
Global South regions.

According to Lotka’s Law on author productivity,
most authors (512, 94%) have written just one paper,
while the rest have written from two to four papers.
Author influence was considered in absolute terms
instead of in a fractionalized form. This means that
an author is given full credit for publishing a paper
irrespective of the number of co-authors who sign the
paper. The most productive authors are Ayal (Cen-
ter for Food Security Studies, Addis AbabaUniversity,
Ethiopia) and Kumar (School of Environmental and
Rural Science, University of New England, Australia)
with four papers each, followed by Cuni-Sanchez
(Department of Environment and Geography, Uni-
versity of York, United Kingdom), Hasan (Depart-
ment of Agricultural Extension and Rural Develop-
ment, Patuakhali Science and Technology Univer-
sity, Bangladesh), and Radeny (International Live-
stock Research Institute, Kenya) with three papers.
The majority of the top 10 most relevant authors
concentrated their activity between 2017 and 2021,
coinciding with when 73% of the papers were pub-
lished. Two institutions, the Addis Ababa University
(15 papers) and the University of Nebraska at Lin-
coln (12 papers), lead the 289 institutions’ ranking
on the number of published papers, although the
vastmajority of authors’ institutions (78%) published
just one paper. It is newsworthy that authors from a
dozen institutions—mainly European (e.g. Amster-
dam, Goteborg, Reading, Ghent)—published four or
more papers focused on Africa and Asia case studies.

Details on the co-author’ disciplines background
were extracted from the affiliation data source to
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Figure 2. Authors’ output by annual production.

Table 1.Main dataset characteristics.

Main information Description Value

Papers Total number of papers 147
Sources Frequency distribution of sources (journals,

books, etc)
73

Timespan Years of publication 2000–2021
Authors’ keywords Total number of keywords 372
Keywords Plus Total number of keywords contained in the

title of a paper’s references list
705

Authors Total number of authors 547
Authors’ appearances Authors’ frequency distribution 589
Authors’ countries Total number of countries beyond that of the

corresponding author
54

Authors’ affiliations Total number of institutions according to the
authors’ membership

289

Authors of multi-authored papers Number of authors in multi-authored papers 540
Papers per author Average number of co-authored papers 0.27
Co-authors per paper Average number of authors who sign a paper 3.72
Collaboration index Co-authors per paper only considering the

multi-authored papers set
3.86

Average years from publication Average number of years for a paper to be cited 3.45
Average citations per paper Average number of citations received by a

paper
18.12

check the level of transdisciplinary research when
addressing the topic (figure 5). After merging original
disciplines from departments and institutions’ names
and considering similarities among research back-
grounds, eight main categories have been defined.
It has been observed that authors carried out 75
papers (51%) from three major fields: Environ-
mental Sciences, Agricultural Economy and Policy,
and Climate Change and Earth Science. The first one
includes sub-topics such as sustainable and socio-
economic development studies analysed by authors
from Ethiopia (Mihiretu et al 2020), China (Mu
et al 2020), South Africa (Rapholo and Makia 2020),

and Bangladesh (Rabbi et al 2021). The second
one considers sub-topics such as agricultural exten-
sion, livestock, rural sociology, or sustainable agri-
cultural systems, and it was studied by contributors
from the United States (Olutumise et al 2021), India
(Ghosh-Jerath et al 2021) and Kenya (Mubiru et al
2018). The last one comprises meteorological ser-
vices and agri-informatics, and the topic was dom-
inated by authors from Bangladesh (Kumar et al
2020), China (Yu et al 2014), South Africa (Akanbi
et al 2021), Nigeria (Gbangou et al 2018), Germany
(Akter and Ahmed 2021), and Norway (Vedeld et al
2020). It is to be noted that some research areas
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Figure 3. Collaboration clusters according to co-authors’ country.

Figure 4. Scientific production from co-authors’ country and countries where research has been carried out.

Figure 5. Co-authors’ main disciplines and scientific approaches.
Note: ‘Others’ category includes specific research areas with less than two authors’ affiliations, such as animal science and

livestock; biosystems engineering; risk management; public health; and urban research. Likewise, some papers have not provided
complete information regarding affiliation or details about the university department or institute of reference.

have been included in two different categories. For
example, although ‘geography’ was considered a full
and isolated category, ‘physical geography’ tends to be
included or combined with ‘environmental sciences’

or ‘climate change and earth science’ categories. Like-
wise, ‘computer science’ and ‘engineering’ are related
to ‘crop science and agroecology’ but also to ‘envir-
onmental science’ categories.
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Table 2. Top 10 documents receiving local (LC) and global (GC) citations.

First author Year LCs GCs LCs/GCs ratio

Meze-Hausken E 2004 24 189 12.70
Simelton E 2013 20 96 20.83
Ayanlade E 2017 15 69 21.74
Osbahr H 2011 14 83 16.87
Rao K P C 2011 13 94 13.83
Alam GMM 2017 11 119 9.24
Ovuka M 2000 11 59 18.64
Ayal D Y 2017 9 36 25.00
Habtemariam L T 2016 8 33 24.24
West C T 2008 8 123 6.50

Figure 6. Time evolution of local and global citations per year (a) and mean total citations per year and document (b).
Note: The year 2021 has been included although data was limited to those papers published until June.

Regarding the citation analysis, we can distin-
guish between local and global citations. A local
citation analysis represents how many times other
papers within the network have cited a paper, while
a global citation shows the overall Scopus citation of
the paper. Table 2 illustrates the top 10 papers col-
lecting local and global citations. Considering global
citations, the whole collection was cited 2664 times,
126 papers (86%) were cited at least once, while 16
papers (13 of them published after 2013) received at
least 50 citations. The top 3 most cited papers are
those led by Meze-Hausken, working in an Ethiopian
case study (Meze-Hausken 2004, 189 citations, 10.5
citations/year), West, focused on Burkina Faso (West
et al 2008, 123 citations, 8.8 citations/year), andAlam,
studying the Bangladesh context (Alam et al 2017,
119 citations, 23.8 citations/year). Likewise, the col-
lection accumulated 259 local citations distributed
in 61 papers (42%), half published after 2016. The
paper byMeze-Hausken (2004) runs first after receiv-
ing most local citations (matching with its first place
in global citations), followed by Simelton et al (2013)
and Ayanlade (2017), both focused on African case
studies.

A difference in authors’ order considering local
citations and global citations can be identified and
indicate that farmers’ perceptions and climate data
comparison has also gotten the attention of other dis-
ciplines and regions beyond the collection. Addition-
ally, the ratio of the local and global citations for

the whole collection is 9.72. However, eight of ten
most cited papers exceed that ratio, while 65 papers
(44%) were not cited at the local level but the global
level, explaining some internal inconsistency regard-
ingmutual recognition between the collection. Except
for the works by Meze-Hausken (2004), West et al
(2008) and Ovuka and Lindqvist (2000), most of
those highly cited papers got published in the last
ten years window, i.e. 2011 and beyond. Figure 6(a)
shows the evolution of local and global citations per
year according to the number of papers published.
The parallelism between an increase in citation and
publication ratios can be identified between 2013 and
2017, but after that, the number of papers increased
although global citations decreased. The high number
of citations collected in papers published in 2017 can
be explained by the reduced options of recent papers
to cite more contemporary papers, as the papers
which were published after 2017 had not got enough
opportunity to get the citations. Interestingly, this
tendency can be shown in figure 6(b). We found that
the mean of total citations per document decreases in
the second ten years window as expected due to the
increase in the number of papers published. However,
the mean of total citations per year tends to stabil-
ize at three to seven citations per year for the whole
collection.

According to Bradford’s Law, the collection has
been published in 73 different sources, seven iden-
tified as core journals (table 3). Our analysis reveals
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Table 3. Core journals according to Bradford’s law.

Sources Active since Topic Papers Local citations

Climatic Change 1977 Climate change and variability 13 103
Climate and Development 2009 Climate change human

dimensions
10 89

Climate Research 1990 Climate and society
interactions

7 35

Sustainability 2009 Sustainable development 7 39
Climate Risk Management 2014 Climate variability and

policy-decisions
6 28

Environment, Development
and Sustainability

1999 Environmental impacts of
socioeconomic development

5 25

International Journal of
Climate Change Strategies and
Management

2009 Policy-making on climate
change

5 10

that 36%of the papers have been published in the core
journals, two of which published ten papers or more
(Climatic Change and Climate and Development).
Journals are mainly indexed in Meteorology and
Atmospheric Sciences, and Environmental Sciences
categories. Thus, the main contributions to the field
have been published in climate journals by cov-
ering different points of climate change, combin-
ing physical (e.g. weather variability) but, above
all, social issues (e.g. human dimensions, society
interactions, socio-economic development, policy-
making). Otherwise, a transdisciplinary approach is
considered in a couple of journals mainly focused on
how climate change interacts with sustainable socio-
economic development. The most cited sources also
publishedmore papers (Climatic Change andClimate
and Development), plating a central role within the
scientific debate.

Source dynamics highlighted an increasing
interest in comparing farmers’ perceptions and met-
eorological/climatic data, although no common pub-
lication pattern was observed among core journals
(figure 7).Most journals published their first paper in
2013 or afterwards, experiencing further growth after
2018 (e.g. Climate and Development, Sustainability).
Likewise, the two oldest journals—Climatic Change
and Climate Research, both included in top 3 core
journals—published papers before 2005, while others
published their first paper after 2019 (e.g. Environ-
ment, Development, and Sustainability). Publication
increase after 2016–2017 can be related to the call
for special issues conducted by all journals except
Environment, Development and Sustainability. Their
topics include climate change impacts and responses
to increase adaptive capacity (especially in arid/semi-
arid and hotspot regions), calls to move the mitiga-
tion and adaptation agenda forward, and emerging
technologies and win-win solutions from scaling up
climate services.

3.3. Keywords and themes
Despite common traits between topics, multidiscip-
linary study fields such as climate change require deep
literature analysis to develop new integrated insights.
Thus, we performed a keyword analysis to evaluate
the specifics of the debate on discrepancy between
farmers’ perceptions and observed climate data. The
first step in keyword analysis requires attention to the
title as themost-read part of a paper.Most researchers
scanning a list of papers are unlikely to click beyond
the title to access the abstract or the full text. Like-
wise, the title is the mechanism to transmit the mes-
sage and relevance of the study, and titles must be
concise, accurate, and balanced in their presentation
of the required aims and expected results. Figure 8
shows the trending topic of the top 5 most used one
keyword and two keywords according to the papers’
title. As expected, comparing both dimensions high-
lights less frequency in using two keywords, although
three match the top 5 one keyword sample. Further-
more, adaptation measures and meteorological data
are only assumed in titles when two-keywords pat-
terns are considered. It is interesting to note how
the highest difference between the first and the last
appearance of one keyword is for the ‘farmer(s)’ term
(eight years), followed by the term ‘variability’, while
the two keywords patterns show less temporal dis-
tance among all the topics (two to four years) except
for the ‘farmers(s) perception(s)’ issue. Most of the
two keywords topics appeared for the first time in
2017, accumulating the highest citations. This could
explain the motivation to replicate similar titles in
more recent papers (post-2018) and, consequently,
contribute to reducing the gap between keywords’
first and last appearance.

In this line, we have analysed the content of the
abstracts using the keywords+ function to harmon-
ize the keywords authors used within their papers
while considering those keywords from titles included
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Figure 7. Core source dynamics according to the number of papers published and related special issues.
Note: Climatic Change (SI 2018: responding to climate change: studies in intellectual, political, and lived history; SI 2020:
win-win solutions to climate change); Climate and Development (SI 2017: climate adaptation: marginal populations in the

vulnerable regions); Climate Research (SI 2016: drought in Central Europe: from drought response to preparedness);
Sustainability (SI 2019: emerging technologies and solutions for the sustainable climate change challenges); Climate Risk

Management (SI 2017: useful to usable: developing usable climate science for agriculture; SI 2018: scaling up climate change
services for smallholder farmers: learning from practice); International Journal of Climate Change Strategies and Management
(SI 2017: managing organizations for climate change mitigation and adaptation: moving the agenda forward; SI 2020: climate

change impacts and adaptation in arid and semi-arid regions).

Figure 8. Top 5 trend topics considering the most used one keyword (a) and two keywords (b) in papers’ title.
Note: Two keywords, ‘data’ and ‘study’ have been deleted from the list due to their lack of meaning in terms of content analysis.

The term ‘farmer(s) perception(s)’ results from combining singular and plural words.

in their references list. The analysis reveals that 705
keywords were used within the papers, generating
1745 co-occurrences. However, only 225 appear at
least two times on the list. Since the distance between
twonodes is inversely proportional to the similarity of
the keywords, the nodes with a higher co-occurrence
rate remain close to each other. Using VOSViewer
for visualization, figure 9(a) represents the keywords
co-occurrence map in a density mode and considers
five as the minimum number of co-occurrences. Two
topics, ‘climate change’ and ‘perception’ accumulate

more than 10% of the total co-occurrences. To com-
plete the top 5 of the highest link strength between
keywords, we identified three topics related to farm-
ers’ activity and behaviour: ‘agriculture’, ‘adaptive
management’, and ‘rainfall’.

Conversely, terms like ‘meteorological data’ or
‘weather’ are less relevant and located in a second-
ary scope. As figure 9(b) demonstrates, these five
topics are the driving factors explaining the net-
work analysis. The interlinking lines between these
keywords represent the strength and relevance of
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Figure 9. Keywords co-occurrence analysis of author keywords with a threshold of five occurrences in (a) density mode and (b)
thematic clusters.
Note: Keywords related to methodological issues (article, questionnaire survey, trend analysis, comparative study, strategic
approach, surveys, data set, spatiotemporal analysis) have been deleted to focus on conceptual terms.

Figure 10. Factorial analysis of keywords+.

the nodes. The outcome was expected because these
keywords are quite common when considering farm-
ers’ behaviour regarding climate change impacts.
However, there are other significant combinations,
including ‘crop production-meteorological data’ or
‘meteorology-farmers’ attitude’ that point out how
researchers are interested in contrasting perceived
and observed data by deepening climate change farm-
ers’ awareness, farmers’ profiles regarding gender or
age as driving factors of climate change adaptation,
or climate variability affecting specific crops (e.g.
maize).

Furthermore, network analysis revealed the exist-
ence of four major thematic clusters, combining dif-
ferent keywords that, once grouped into the same
thematic cluster (identified by colours), means the
keywords are more likely related to the same topic.
The red cluster focuses on adaptive capacity and per-
ceived impacts; the green cluster includes farmers’

sociodemographic profile and awareness regarding
climate change impacts; the blue cluster analyses
farmers’ vulnerability in terms of crops production
affected by rainfall and temperature variability; and
the yellow cluster details how decision-making pro-
cesses can be conditioned by weather forecasting
information.

The co-occurrence network can be complemen-
ted with factorial analysis to map the conceptual
structure of a research framework, identifying how
close or distant specific research areas previously
identified in figure 9(b) are. The parameters applied
in the factorial analysis included dimensionality
reduction techniques, such as multiple correspond-
ence analysis, with keywords in the core of the ana-
lysis, and applying automatics clustering and a max-
imum number of terms of 100 keywords. Figure 10
describes variability among the correlated keywords
with the potentially lower number of unobserved

12



Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

keywords (factors), aiming to identify independent
latent keywords. In other words, we wanted to reduce
the number of keywords in the data records to high-
light those closer when comparing farmers’ percep-
tions and observed data.

In our analysis, two differentiated groups are
observed. The red cluster groups together a large
number of keywords ranging from those related
to observed data in the climate system (e.g. cli-
mate change, weather forecasting, meteorological
data, climate variability, precipitation, extreme event,
drought) with agricultural issues impacted by cli-
mate change and influenced by farmers’ experience
(e.g. crop production, farming system, soil mois-
ture, adaptation strategies, decision-making). The
cluster also highlights the relevance of both issues
at a geographical scale, especially for Global South
regions (e.g. Bangladesh, Burkina Faso, India, Ghana,
Nigeria). Despite its complexity, the larger size of this
cluster indicates that 47% of the co-occurrences are
based on these keywords to scientifically influence the
comparison of (in)consistency between perceived and
observed climate change impacts. On the contrary,
the blue cluster is based on terms related to farmers’
profiles (socioeconomic drivers such as gender, age,
education) that could influence farmers’ behaviour
regarding climate change adaptive capacity.

4. Results—literature review

Content analysis was comprised of five sections. The
first one (section 4.1) identifies the qualitative tools
used to deepen farmers’ perceptions and the nature
of data used as meteorological records. Afterwards,
sections 4.2 and 4.3 summarize the main outputs
from farmers’ perceptions and climate data records
considering temperature and precipitation patterns
and related extreme events. Finally, accuracy between
perceived and observed data is analysed in section 4.4,
while adaptation measures promoted by farmers are
considered in section 4.5.

4.1. How perceived and observed data are collected?
The collection uses three qualitative tools to deepen
farmers’ perceptions: surveys, semi-structured inter-
views, and focus group discussions. The survey is the
most used tool (89%), while about half of the studies
use semi-structured interviews (49%) or focus groups
discussion (52%) to deepen farmers’ perceptions. As
tools are not mutually exclusive, two-thirds of the
papers combinemore than one tool to gather inform-
ation and cross-check the information collected dur-
ing the survey (Hasan and Kumar 2019, Bhandari
et al 2021). Consequently, some papers adopt a con-
current multistage sample design to include differ-
ent sample participants such as farmers, stakehold-
ers, and key informants (e.g. development agents,
experts, community members) to increase parti-
cipatory appraisals (e.g. Baul and McDonald 2015,

Ayal and Leal-Filho 2017). However, survey sampling
with mixed open- and close-ended questions and
heuristics provides few details of the qualitative back-
ground on farmers and farming characteristics. Less
than half of the sample (45%) consider information
on social issues (e.g. age, gender, education), while
just over a third (37%) provides farming information
(e.g. farm size, crops, farming experience). Neverthe-
less, a dominating farmer’s profile can be identified:
a man (mainly from Ethiopia), aged about 45 years
on average, illiterate or with primary studies, small-
holder (<2 ha) cropping maize, wheat, or rice, and
with nearly 20 years of farming experience.

Climate data is mainly focused on temperat-
ure and precipitation time series collected from
national meteorological services and/or meteorolo-
gical/synoptic stations near the case study(ies) loc-
ation(s). Inter-annual time series and intra-annual
daily, monthly, and seasonal temperature and rain-
fall patterns, including minimum and maximum
monthly temperature, are commonly used.Despite its
importance in terms of relative humidity, fog is not
recorded by most meteorological stations (Batumike
et al 2022), and daily fog data is only considered in
a few studies (e.g. Cuni-Sanchez et al 2019). Precip-
itation data is used as total precipitation (mm) in a
given time (month, season or year), while temper-
ature (◦C) data is used as mean averages (Le Dang
et al 2014, de Longueville et al 2020). This adop-
tion tends to be made as farm production is more
sensitive to total precipitation than its mean, while
means of temperature are often used to describe cli-
mate change patterns. Regarding the time horizon for
the analysis, 85% of the sample collects data from
30 years or more, while some papers report a time
horizon shorter than 15 years (Moroda et al 2018,
Awazi et al 2020, Melvani et al 2020). Authors such as
Imran et al (2020) justifies this moderate time hori-
zon because it facilitates comparisons by farmers who
experienced weather events and their impacts directly
during the same horizon. This is positive to establish
a virtual benchmark for perceiving climate. Likewise,
some papers discern between temperature and pre-
cipitation periods, being the last more extended (e.g.
Mulenga et al 2017, Tarfa et al 2019, Dakurah 2021).

4.2. Which climate risks are perceived by farmers?
One in five papers directly ask about the perception
and awareness of changing climate (Hitayezu et al
2017, Hein et al 2019, Hundera et al 2019, Mbwambo
et al 2021). Most farmers have noticed some abnor-
mal changes in their local climatic patterns or anom-
alies over the last decades (Brüssow et al 2019) or the
past few years (Cullen and Anderson 2017, Dadzie
2021). Even though some papers recognize that farm-
ers did not understand the term ‘climate change’ or
‘global warming’, they can comprehend the changing
weather patterns in the last decades (Panda 2016).
Thus, some papers provide evidence that the farmers
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Table 4. Dimensions and statements according to farmers’ perceptions.

Dimension Statement Sample Examples

Temperature Increased temperature 93% Hou et al (2012), Baul and McDonald (2015), Gichangi
et al (2015), Alam et al (2017), Alemayehu and Bewket
(2017), Bekele et al (2018), Limuwa et al (2018), Moroda
et al (2018), Hasan and Kumar (2020), Kom et al (2020),
Behailu et al (2021)a

Increased number of warm
days/longer summers/dry
spells

14% Baul et al (2013), de Longueville et al (2020)b

Increased length of the dry
season

11% Ameyaw et al (2018)b

Precipitation Decreased precipitation 76% Hou et al (2012), Baul and McDonald (2015), Ojoyi and
Mwenge-Kahinda (2015), Wako et al (2017), Bekele et al
(2018), Limuwa et al (2018), Moroda et al (2018), Awazi
et al (2020), Kom et al (2020), Behailu et al (2021),
Bhandari et al (2021), Habte et al (2021)a

Erratic precipitation/high
variability

50% Baul et al (2013), Baul and McDonald (2015), Gichangi
et al (2015), Hasan and Kumar (2019), Joshi et al (2019),
Mihiretu et al (2020), Mijiddorj et al (2020), Behailu et al
(2021), Guodaar et al (2021), Mavhura et al (2021),
Nyangau et al (2021)a

Delayed or untimely
rainfall/rainy season has
shifted

44% Dhanya and Ramachandran (2016), Kom et al (2020),
Akanbi et al (2021), Bhandari et al (2021), Guodaar et al
(2021), Mavhura et al (2021)a

Decreased length of the wet
season

19% Baul et al (2013), Ameyaw et al (2018), Kom et al (2020)c

Extreme events Increased droughts
frequency and severity

52% Ashraf and Routray (2013), Gichangi et al (2015), Dhanya
and Ramachandran (2016), Alam et al (2017), Wako et al
(2017), Bedeke et al (2018), Bekele et al (2018), Limuwa
et al (2018), Mubiru et al (2018), Akanbi et al (2021),
Behailu et al (2021), Guodaar et al (2021), Mavhura et al
(2021)a

Increased floods frequency
and severity

26% Alam et al (2017), Joshi et al (2019), Yamba et al (2019),
Mijiddorj et al (2020), Guodaar et al (2021)c

Note: Examples have been selected according to the highest agreement levels among farmers’ perceptions.
a Respondents’ perception above 90%.
b Respondents’ perception above 80%.
c Respondents’ perception above 70%.

can identify subtle climate changes and distinguish
between increased natural climatic variability with
past scenarios (Akter and Ahmed 2021) or consider
climatic changes more than isolated climatic anom-
alies (Ameyaw et al 2018). However, authors such as
Chen and Whalen (2016) suggest that farmers may
have difficulty synthesizing and isolating the effect of
climate change on their livelihood. The reason why
is because agricultural production results from many
interacting factors (i.e. soil fertility, input availability,
land use, agricultural policy), and it could be challen-
ging to disentangle climate change and climate vari-
ability as both have local impacts (Darabant et al
2020). Consequently, deeper analysis was split into
three dimensions according to temperature, precip-
itation, and extreme events patterns and additionally
explored by nine main statements (table 4).

The increased temperature was perceived by
more than 90% of the sample, especially related
to the mean summer temperature. However, some
papers distinguish how winters were getting warmer

(Hou et al 2012, Baul and McDonald 2015, de
Longueville et al 2020, Mijiddorj et al 2020, Guodaar
et al 2021), an increase in minimum temperatures
for most months and seasons (Cuni-Sanchez et al
2019) or rising temperatures even in months that
are supposed to be cold (Dadzie 2021). Farmers also
identified an increased number of warmdays (includ-
ing longer summers and dry spells) (Gbangou et al
2018, Brüssow et al 2019, Rapholo and Makia 2020)
and an increased length of the dry season, even con-
sidering an escalation in the number of consecutive
dry days (Roy et al 2021), heat increase during the
regular dry season between June and August (Osbahr
et al 2011) and more common dry years (West et al
2008). Interestingly, some authors suggest how farm-
ers are finding it difficult to differentiate between a
change in the signal (increasing temperature) and
noise (temperature variation) (Elgin-Stuczynski and
Batterbury 2014).

Although some papers argue how monsoon rain-
fall has become more intense during the last decades
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(Panda 2016) or how rainfall patterns significantly
increased at the regional scale (Rabbi et al 2021),
decreased precipitation is voiced by farmers in three
out of four studies. Most of them focus on the annual
mean rainfall values (Alam et al 2017) and seasonal
rainfall standards, such as summer rainfall (Traore
et al 2015, Sutcliffe et al 2016, Habte et al 2021). How-
ever, changes in precipitation levels are considered
more controversial, and some papers discuss how
farmers’ perceptions could distinguish between the
nature of rainfall trends at annual and seasonal levels
(Ayal and Leal-Filho 2017). Farmers who observed
drier field conditions and crop stress may conclude
that a decrease in precipitation caused these condi-
tions, even if changes in rainfall patterns were not dir-
ectly observed. Consequently, farmers tend to view
changes in precipitation through the lens of crop
water needs and crop response (Chen and Whalen
2016, Dadzie 2021), thinking about rainfall as a pro-
cess rather than a quantity (de Longueville et al
2020). This fits well with a utilitarian perspective for
which farmers’ perception of declining rainfall tends
to reflect its livelihood impacts in terms of a decline in
agricultural production and food security, which are
also caused by factors other than climate change, such
as the limited use of farm technologies and innova-
tion (Etana et al 2020).

However, for authors such as Baul andMcDonald
(2015), there is no permanent trend perceived in rain-
fall patterns because they are erratic or unpredictable.
About half of the sample agrees with this statement by
consistently referring to changes in the onset and off-
set (cessation) of rainy seasons (Shameem et al 2015,
Kabote et al 2017,Mulenga et al 2017). Likewise, rain-
fall outside of rainy seasons is perceived to be more
frequent (Le Dang et al 2014), while decreasing rain-
fall is registered during the wet season (Simelton et al
2013, Sutcliffe et al 2016), affecting the expected crop
cultivation period (Chaulagain andRimal 2019). This
delayed or untimely rainfall, expressed as rainfall vari-
ability, reverts into an increasing pattern of extreme
events. These events are maximized when increased
temperatures and decreased rainfall patterns coexist
in a specific season (e.g. summer), as occurred in 62%
of the sample. Consequently, droughts and floods are
mainly perceived as top risks for crop production dur-
ing the summer (Nnadi et al 2019).

In general, farmers perceive drought risk above
flood risk in terms of increased frequency and sever-
ity, obtaining significant internal consistency among
the samples (90% vs 70%, respectively). According
to Darabant et al (2020), farmers perceive extreme
events, such as droughts or floods, as more import-
ant than mean temperature and precipitation due to
their major impact on crop production. The impact
on the livelihood counts, rather than the cause, in
defining drought and flood risk from the farmers’
viewpoint (Meze-Hausken 2004). Thus, some farm-
ers identify secondary climate patterns impacting

their crop production, such as shortening fog dura-
tion (Etana et al 2020, Batumike et al 2022) or the
decreased average number of rainy days andwet spells
(Ngoe et al 2019, Rapholo andMakia 2020), while the
increased frequency of strong winds (Hou et al 2012,
Mijiddorj et al 2020) and increased frequency of dust
storms and hail storms (Yu et al 2014, Mulenga et al
2017, Joshi et al 2019, Kaganzi et al 2021) are con-
sidered as secondary extreme events.

4.3. What about climate data covering extreme
events?
Meteorological data focus on two dimensions (tem-
perature and precipitation patterns) and five second-
ary statements. A general tendency to increase tem-
perature and decrease rainfall has been confirmed,
being the leading indicators of climate change (Paudel
et al 2021). However, while the analysis of tem-
perature records tends to show maximum temper-
atures increasing, a decline in rainfall amount is
not so apparent or severe (Weldegebriel and Prowse
2016). About three out of four papers (76%) con-
firm an increase in temperature patterns, with par-
ticular focus on the summer period, while only 7%
of the sample considers the increased number of
warm days, longer summer seasons or dry spells.
Some papers also include rising winter temperatures,
counting a threefold increase in average minimum
daily temperature compared to the maximum (Chen
and Whalen 2016). Likewise, climate data recognizes
a faster growth in the minimum temperature during
winter than in summer (Baul et al 2013, Ayal et al
2021), or how the winter temperature can reflect a
sharp increase in temperature across different crop-
ping zones (Imran et al 2020). Conversely, climate
anomalies for maximum and minimum annual tem-
peratures cannot be defined as a trend, suggesting a
non-stable warming pattern to compare farmers’ per-
ceptions (Limuwa et al 2018).

Four out of ten (44%) of the sample agree about
a common pattern of decreasing rainfall amount
(Yamba et al 2019, Zhang et al 2019), including
a reduction in the average number of rainy days
(Limuwa et al 2018), while studies in which climate
data corroborates an increase of rainy days (Hundera
et al 2019) or winter precipitation (Chaulagain and
Rimal 2019) during summer are less abundant. How-
ever, some studies (41%) characterize rainfall pat-
terns as erratic, unpredictable, with highly dispersed
rains, or onset and cessation rains (Meze-Hausken
2004, Kabote et al 2017, Mkonda and He 2017),
especially when considering geographical contexts
affected by the monsoon season (Joshi et al 2019,
Melvani et al 2020). In addition, a decreased length
of the wet season is observed in some papers (9%),
especially regarding the number of consecutive wet
days (Muthuwatta et al 2017). This high inter-annual
precipitation variability is considered for its potential
impact on agricultural production since the amount
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and distribution of precipitation in a given sea-
son/year determines the success or failure of crop pro-
duction (Ashraf and Routray 2013).

Temperature and precipitation patterns are
mainly analysed as basic useful information sources
through annual and seasonal data. However, some
papers also include monthly data to emphasize which
months can confirm climate is changing (Imran et al
2020). On this wise, relevant fluctuation in the aver-
age monthly rainfall is identified, but this monthly
average tends to be higher in the rainy season than
in the dry season (Awazi et al 2020). Furthermore,
precipitation trends determine remarkable fluctu-
ations between nearby meteorological stations (Abid
et al 2019, Akanbi et al 2021). In this direction, most
papers outlined how climate data is conditioned by
limited, insufficient or underperforming availabil-
ity of weather stations and missing records (Etana
et al 2020, Makame and Shackleton 2020), becoming
necessary to input and compare missing observations
with the records of nearby meteorological stations of
similar latitude (Mulenga et al 2017, Mavhura et al
2021). In some papers, identifying spatial micro-
climate differences could be challenging as weather
stations are limited in number and unevenly distrib-
uted (Etana et al 2020).

Interestingly, some papers include the trend line
of past climate events (Dhanya and Ramachandran
2016). However, few studies checked how instru-
mental records could be used for characterizing
extreme events behaviour. An interesting example is
a Ghanaian research carried out by Ameyaw et al
(2018), in which climate data was used to identify
an increase in dryness periods, indicating that the
area witnessed its worst drought during the referred
period of the study (1970–2017). Likewise, climate
data confirms the frequent occurrence of strong
winds and sand-dust storms in Northern China,
according to the research carried out by Hou et al
(2012), while an increase in the frequency of intense
rains (floods) is identified byMijiddorj et al (2020) in
its Mongolian research.

4.4. Which level of accuracy between perceived and
observed data?
Farmers’ perceptions of changing climate are mostly
consistent with the historical climate trends con-
sidering three statements: increased temperature,
decreased precipitation, and high variability (erratic,
delayed or untimely) in rainfall patterns. However,
accuracy is not homogenous: the highest level derives
from increased temperature (79%), while decreased
and erratic precipitation are recognized by about one-
third of the sample (36% and 34%, respectively).
The highest accuracy in terms of increased temper-
ature can be aligned with the fact that this state-
ment possesses far less inter-annual variability and
needs fewer parameters to assess its change than pre-
cipitation patterns (Hou et al 2012, Dakurah 2021).

Therefore, farmers can perceive temperature trends
more accurately than rainfall trends (Guodaar et al
2021). Although perceived data obtains the highest
recognition from the sample than observed data, their
comparison highlighted how: (a) increased temperat-
ure is the impact which is both most perceived and
most observed; (b) decreased precipitation displays
the most significant discrepancies between perceived
and observed data (32% of disagreement between
both samples), and (c) high variability in rainfall
patterns accumulates the slightest difference between
perceived and observed data (9%). However, the con-
vergence and divergence between each statement are
strongly influenced by the agro-ecological contexts
in which farmers undertake their farming activities
(Etana et al 2020).

According to Behailu et al (2021), the discrepancy
between farmers’ perceptions and meteorological
records is mainly observed in the summer and annual
rainfall trends. In some cases, observed data confirms
a significant increase in mean annual temperature
but no significant change in annual rainfall, although
farmers perceive both patterns. Some authors hypo-
thesize that this leads farmers to irrigate more due to
their perception that the changing temperature and
precipitation regime is increasing crop water stress
(Chen and Whalen 2016), being influenced by the
performance of theirmain crops (Rao et al 2011). The
same pattern is followed when the high temperature
coincides with the lowest level of precipitation, sug-
gesting that the farmers’ strong perception of temper-
ature increase might have been related to increased
evapotranspiration rates (Limuwa et al 2018). Other
papers report a change in the total annual precipita-
tion volume not confirmed by climatic observations,
while observed data ensured progressively increased
annual days without precipitation and a longer dry
season withmore substantial precipitation than usual
(Brüssow et al 2019).

Conversely, some papers confirm how farmers
perceive abnormal rainfall concerning timing and
distribution instead of confirming a decrease in pre-
cipitation (Dakurah 2021). The reason is twofold:
rainfall variability has worse consequences for pro-
duction plans (Alam et al 2017), and high levels of
rainfall fluctuation make the start and the end of
the farming season hardly manageable, even hamper-
ing farmers’ local knowledge (Awazi et al 2020) or
applying traditional forecast systems where microcli-
mate makes meteorological data less reliable (Etana
et al 2020). Furthermore, differences in accuracy
between decreased and variable precipitation can
be motivated by divergence in occurrence. While
decreased precipitation is considered a medium-long
term and forward-looking phenomenon, precipita-
tion variability is related to short term and one-time
phenomena (Ayal and Leal-Filho 2017). In this sense,
farmers often overestimate the frequency of unfa-
vourable weather events and might confuse changes
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Figure 11.Main adaptation measures implemented by farmers.
Note:% based on 45 papers (46% of the sample).

in rainfall with changes in the sensitivity of the crop-
ping system (Traore et al 2015). For example, in
drought years, farmers with less irrigated cropland
could not obtain adequate water resources, leading
them to be more likely to perceive a decrease in pre-
cipitation (Wang et al 2020).

Few papers provide accuracy analysis for each
statement, combining an increased temperature, a
decreased precipitation, and high variability in rain-
fall patterns (Ayal and Leal-Filho 2017, Kom et al
2020, Akanbi et al 2021), while three papers are
unable to prove accuracy in any of the statements
between perceived and observed data (Awazi et al
2020, Linke et al 2020, Mijjidorg et al 2020). About
one-third of the papers circumscribes accuracy only
in terms of increased temperature, while 13% con-
firms accuracy in decreased precipitation. Only the
Kenyan study by Cuni-Sanchez et al (2019) was
focused explicitly on erratic rainfall accuracy. Some
papers concur an increased temperature and reduced
precipitation, while one in five accurately identifies
increased temperature combined with erratic pre-
cipitation behaviour. Finally, only four papers prove
accuracy as a combination of decreased and highly
variable precipitation (Ovuka and Lindqvist 2000,
West et al 2008, Gbangou et al 2018, Yamba et al
2019).

4.5. Which adaptationmeasures are implemented
by farmers?
Most papers confirm that farmers are aware that the
sustainability of their current livelihood and tradi-
tional cropping system is under threat due to chan-
ging temperature and precipitation patterns (Shah
et al 2021), asking for a change in farm practices
to design effective adaptation measures (Cullen and
Anderson 2017). As a common trend, farmers tend to
invest (limited) resources into climate change adapt-
ation measures depending on whether they perceive
risk and how they think it will affect their livelihood
(Chen and Whalen 2016). Furthermore, receiving
weather forecasting information contributes to pro-
moting adaptation (Akter and Ahmed 2021), while

farmers’ experience determines the heuristics of
adaptation. Some papers briefly analyse this point.
For example, Ceci et al (2021) prove that farm-
ers attending at least primary school appear to be
more inclined to implement adaptation strategies
and participate in different development and natural
resource management initiatives. On the contrary,
linking climate variability to non-rational issues (e.g.
God’s punishment) could reduce the likelihood of
action, as farmers see this as out of control (Ashraf
and Routray 2013, Makame and Shackleton 2020).
Additionally, lack of access to supplementary water
resources, credit facilities, or extension services is the
most important barrier to climate change adaptation
(Teshome et al 2021).

About half of the papers (46%) provide enough
background on farmers’ adaptation measures to
cope with climate change impacts. Farmers mainly
implement 16 adaptation measures, grouped into
five categories: crop production, crop management,
water and soil resources, livestock, and diversification
(figure 11). Introducing new drought-resistant crops
(67%) is the leading measure, followed by adjusting
planting dates (55%) and applying water conserva-
tion techniques and rainwater harvesting (49%). Not
surprisingly, farmers who perceive an increasing tem-
perature trend are more likely to apply supplement-
ary irrigation and use drought-resistant crop variet-
ies (Hou et al 2015). Likewise, erratic rainfall and
recurrent droughts motivate farmers to shift from
water-intensive crops (e.g. maize, rice, cotton) and
pulse crops (e.g. beans, peas) to vegetables, fruits,
and other cash crops productions (Ayal et al 2018,
2021). Adjusting planting dates is applied to copewith
the adverse effect of extremes events, such as sea-
sonal floods and droughts and storm surges (Akter
and Ahmed 2021). Independent variables such as age,
gender, crop type, and farm management signific-
antly influence the use of changing planting dates as
an adaptive response (Akanbi et al 2021). If changing
planting dates is not enough to ensure adaptation,
farmers promote crop diversification to enrich an
integrated crop-livestock farming system which is
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more risk-averse than a specialized or monoculture
system (Zampaligre et al 2014).

Increasing use of organic and mineral fertilizers
is promoted as input for crop management due to
its nature as climate-smart integrated soil fertility
management practice, allowing greater productivity
and agronomic efficiency (Ceci et al 2021). Some
farmers also recognize agroforestry and tree plant-
ing as innovative and effective water conservation
techniques that could also maintain crops’ ecolo-
gical integrity while saving supplementary irrigation
(Ojoyi and Mwenge-Kahinda 2015). However, some
papers recognize the lack of training and funds to
promote agroforestry practices and soil conserva-
tion techniques (Batumike et al 2022). Alternatively,
farmers expand cropland after reporting a decrease
or failure in crop production motivated by dry
spells or increased pest prevalence after flood events
(Batumike et al 2022). On some occasions, expand-
ing cropland can reduce large livestock (Baul and
McDonald 2015), even bringing to livestock selling
(Cuni-Sanchez et al 2019). Insurances are also con-
sidered, although some papers mention the complic-
ated process for the farmers to understand their bene-
fits when extreme events occur (Panda 2016). The last
option is to apply livelihood diversification strategies,
such as investment in off-farm activities or seasonal
migration (Bedeke et al 2018, Yamba et al 2019).
Diversification outside agriculture may occur either
as a deliberate household strategy (by design) or as
an involuntary response to a crisis (by default). The
former usually involved non-farm activities in man-
ufacturing or service sectors, whilst the latter often
included piecework on other farmers’ land or har-
vesting natural resources (Weldegebriel and Prowse
2016).

Interestingly, some papers analyse how accur-
acy between farmers’ perceptions and climate data
affects farmers’ adaptation intention. Overall, accur-
ate perceptions correspond to stronger adaptation
intentions, while underestimated or low perceptions
result in weaker adaptation intentions (Abid et al
2019). For example, farmers who perceive rainfall
changes adapt to climate change more readily than
those who perceive temperature changes (Ochieng
et al 2017). Other papers analyse how a combina-
tion of risks can determine which specific adaptation
measures are applied, as illustrated in the Nepalese
study by Budhathoki and Zander (2020), in which
farmers who perceived rising temperatures and more
erratic rainfall applied three adaptation strategies:
better water management practices, use of pesticides,
and growing early maturing varieties.

5. Discussion

We identify some consolidated research areas after
discussing primary insights from bibliometrics and
exploratory content analysis combination. Likewise,

multiple research gaps and associated narratives ask
for new research opportunities.

5.1. Consolidated and to consolidate research areas
The bibliometric analysis highlights some consolid-
ated research areas while offering further research
topics with potential for consolidation. Among the
consolidated research, we distinguish the hybrid
nature of the sample combining physical (climate
variability) and social (perceived impacts) issues.
From the core dataset and the co-occurrence map,
we identify general concepts such as ‘climate change’,
‘perception’, and ‘adaptive management’ being topics
at the genesis of the domain, while other keywords
such as ‘weather’ or ‘meteorological data’ remain
in the background. Most of these topics are cir-
cumscribed in the thematic analysis to distinguish
four main consolidated research areas: perceived risk
and its effects on farmers’ adaptive capacity, crop
vulnerability according to temperature increase and
erratic rainfall patterns, forecasting use and influ-
ence in farmers’ decisions, and climate change aware-
ness considering different farmers’ profiles. The co-
occurrence network confirms these research areas as
those with greater coverage concerning the number
of keywords’ occurrences. However, the exploratory
analysis does not recognise the same relevance in
each area (e.g. only one in five papers directly asks
about farmers’ climate change awareness). As seen
in figure 9, keywords related to extreme events such
as ‘drought’, ‘rain’/’rainfall’ or ‘climate variability’
have been more investigated than subjects character-
ising farmers (e.g. age, gender) or farming (e.g. live-
stock, crop production). The factorial analysis delves
into this point by identifying a dual behaviour of
the consolidated research. On the one hand, the blue
cluster exemplifies the isolated nature of that research
focused on farmers’ profiles, while the red (and
most relevant) cluster can compile more exhaust-
ive research combining a triple-loop approach: (a)
observed data (extreme events and weather patterns),
(b) impacts on crop production (especially regard-
ing temperature and precipitation variability), and
(c) adaptation measures (strategies at the local or the
regional scale). The exploratory analysis corroborates
the relevance of the red cluster as less than half of the
sample deepens on farmers’ profiles when analysing
extreme events effects. Likewise, bibliometrics and
exploratory analysis highlight consolidated research
in terms of drought and flood risk analysis, which
are more commonly addressed than temperature and
precipitation variability due to their direct and sig-
nificant impact on crop production and farmers’
livelihood.

However, some research topics remain open to
be consolidated in future research. For example, the
density mode co-occurrence map demonstrates a low
co-occurrence rate between ‘climate change + per-
ception’ and ‘awareness’. Nonetheless, the literature

18



Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

has demonstrated how farmers’ awareness of cli-
matic variations combined with an accurate percep-
tion is imperative to scale their ability to mitigate
the effects on farming activities and as the prelimin-
ary step to increase adaptive capacity (Mustafa et al
2019, Akano et al 2022). This opens the door to
new research questions. For example: How much
does the perception of extreme events influence cli-
mate change awareness? Can greater awareness reduce
discrepancy with observed data? Even more strik-
ing is the lack of literature explicitly studying why
decreased precipitation displays the most significant
discrepancies between perceived and observed data,
as confirmed by the exploratory analysis. Conduct-
ing studies that interconnect climate change aware-
ness and perception of precipitation patterns as com-
plementary research fields will likely create extensive
opportunities to elucidate the discrepancy between
perceived and observed data.

Likewise, it is somewhat surprising that the lit-
erature tracking progress on main adaptation meas-
ures tends to ignore heuristics influencing adaptation
action, despite heuristics becoming part of the way
things are done and absorbed into tacit knowledge
and pathways, passed on through training and exper-
ience (Nalau et al 2021). As individuals, farmers are
not ‘blank slates’ receiving information and evaluat-
ing climate change experience: their attitudinal and
behavioural response results from how that experi-
ence is interpreted and appraised (Hamilton-Webb
et al 2019) according to different socio-psychological
filters, such as religion, emotions, memories, world-
view, ideology, political orientation, activism, com-
munication and information networks, social inter-
dependence, or spatial geography (Howe et al 2019a,
Dietz 2020, Ruiz et al 2020, Brosch 2021, Mackay et al
2021, Mallappa and Shivamurthy 2021). Our science-
metric study reveals that most of these factors—
including climate change scepticism or uncertainty
(Howe et al 2019b, Poortinga et al 2019) remain
timely or geographically underexplored in current lit-
erature. Consequently, we suggest to putmajor efforts
to reinforce heuristics and socio-psychological per-
spective when perceived and observed data are com-
pared as part of a novel domain-dependent trend to
deepen farmers’ profiles, as it is the less dominant
research cluster according to bibliometrics results.

5.2. Main research gaps
Although the existing research results are very rich,
the research data are relatively extensive, and the
research methods are also diversified, we identify five
main research gaps made as arguments for whether
or not the perceived and observed climate data are
dissonant.

5.2.1. Conceptual gap: meaning deviation
The conception of weather and climate patterns is not
homogeneous. For example, the study carried out by

Meze-Hausken (2004) identifies a mismatch between
how farmers define ‘normal’ weather patterns and
how it affects their comparison with climate data. In
this regard, some farmers define ‘normal’ rainfall as
sufficient rainfall in amount and distribution over
time and space to meet the needs of specific liveli-
hoods, that is, satisfactory crop and pasture growth to
enable economic security (Ovuka and Lindqvist 2000,
Ochieng et al 2017, Makuvaru et al 2018). This means
that when judging changes in rainfall, farmers’ time
frame tends to be the period when rain is expected for
planting (Etana et al 2020). Consequently, ‘abnormal’
is applied as long as farmers donot fit their agriculture
calendar or they donot obtain the expected crops pro-
ductivity (Limuwa et al 2018). Furthermore, farmers
can perceive ‘normal’ those rainfall patterns in which
precipitation was exceptionally good, which entails
a deviation from the ideal (not the most dominant)
pattern. This deviation may conflict with meteorolo-
gical data, considering large and total events, physical
parameters, and climate conditions (Hundera et al
2019). To address this gap, some authors propose to
consider ‘normal’ as well as ‘optimal’ rainfall not only
in terms of quantity but concerning timing (seasonal
occurrence, delays in start of rainy season, occurrence
of crop demand), duration, amount, intensity, and
region-specific distribution (Meze-Hausken 2004).
However, this information is not usually detailed by
available data from meteorological stations.

‘Drought’ meaning is also discussed, especially
to distinguish between agricultural and meteoro-
logical droughts, although most studies have not
figured out this issue when asking farmers about
drought risk (Sutcliffe et al 2016). Broadly, farmers
link ‘drought’ years to past seasons involving par-
tial or total crop failures due to high variability in
precipitation patterns and season temperature imbal-
ance (Brüssow et al 2019). This high variability can
motivate misperception and inconsistency between
perceived and observed data. Consequently, authors
such asMeze-Hausken (2004) argue the need to delve
into the type of drought affecting irrigated territories,
differentiating between meteorological, agricultural,
or hydrological drought. This approach seems partic-
ularly useful in contexts in which different drought
types coexist. Along this line, some studies discuss
how different drought types affect irrigation patterns
and how farmers’ vulnerability differs even facing
similar drought characteristics in terms of intensity,
duration, or spatial distribution (Osbahr et al 2011).

5.2.2. Information gap: meteorological and heuristics
bias
Farmers’ perceptions are built by their observations of
climatic conditions and the climate information they
receive from different sources. Some studies argue
that limited access or inaccessibility to information
might be partly responsible for wrong perceptions
(Rapholo and Makia 2020) and farmers’ adaptation
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intentions (Abid et al 2019). On some occasions, lim-
ited or lack of information are related to poor quality
data from meteorological stations. Studies use either
station-based or downscaled data to generate climate
trend analysis. However, most studies recognize lim-
itations in the station-based data, including missing
values and measurement errors (Esayas et al 2019,
Budhathoki and Zander 2020). Likewise, some stud-
ies inform about the lack of meteorological stations
near the case study and how this affects accuracy
(Zampaligre et al 2014, Kabote et al 2017), so farm-
ers should essentially pick and choose helpful inform-
ation to compare with their own experience (Muita
et al 2016). This point is crucial because farmers’
perceptions are more likely to be similar to climate
data from the nearest meteorological stations, which
requires beingmore cautiouswhile interpreting farm-
ers’ perceptions at a larger geographical level (Panda
2016).

Consequently, some studies include a brief ana-
lysis of how farmers collect information. For example,
what is the media stories’ role, and how do cli-
mate change headlines affect farmers’ behaviour? (de
Longueville et al 2020), what about farmers’ associ-
ation to reduce individual misinformation? (Akanbi
et al 2021), or how access to climate information
and early warning systems can help improve farmers’
decision-making? (Esayas et al 2019). Furthermore,
authors such as Dakurah (2021) recommend ana-
lysing climatic data beyond inter-seasonal climatic
events to include intra-seasonal climatic events as the
latter is more critical to farmers: within every season,
farmers are worried about when is it going to start to
rain, how long will the season be, or if dry spells will
characterize the season. Despite widespread climate
change literacy, farmers prefer to use personal obser-
vations over meteorological forecasts (Kaganzi et al
2021), so there is a need to ensure conclusive commu-
nication procedures of forecasts to bring them closer
to farmers’ local knowledge.

5.2.3. Cognition gap: perception description and local
knowledge
As a cognitive process, perception analysis requires
primary data from participants, both individually
through interviews and surveys and at the community
level through focus groups. Diversity in approaches
can be used to address farmers’ perception ana-
lysis, understand what constitutes a climate risk, and
determine their effects on farmers’ beliefs and beha-
viour. Some studies identify the lack of attention to
‘perception’ description as the reason for discrep-
ancy between perceived and observed data (Simelton
et al 2013). In most cases, studies discuss their
conceptual heterogeneity, arguing that the diversity
of definitions cause farmers’ misunderstanding and
inaccuracy when interpreting climate patterns. This
was partially explained by the fact that ‘to per-
ceive’ (and its derivative, ‘perception’) has two subtly

different meanings in English: (a) become aware of
(something) using one of the senses, especially that
of sight and; (b) interpret or regard (someone or
something) in a particular way. In this regard, the
reviewed collection essentially understands the per-
ception of climate-related risks as ‘climate risk aware-
ness’, including a limited description of what means
‘perception’ or a broader concept (‘risk perception’)
and which drivers influencing the most from a social
dimension (Schneiderbauer et al 2021).

Interestingly, some studies try to address this
issue from local knowledge and experience, which
can play an important role in improving the value
of complex parameters, including seasonal climate
forecasts, which means potentially increasing farm-
ers’ resilience to face variability in rainfall or droughts
(Mulenga et al 2017, Streefkerk et al 2022). However,
various studies overlook or oversimplify the under-
standing of ‘perception’ from local knowledge, espe-
cially in indigenous communities, due to difficulties
translating local cultures and worldviews into sci-
entific parameters.

5.2.4. Time frame gap: recent and unnoticed events
Most studies determine that farmers’ perceptions are
shaped by short-term variability of climate para-
meters and the frequency of extreme events rather
than slow long-term changes in average conditions
(Darabant et al 2020). That is, farmers generally
tend to remember extreme weather events occur-
ring in the recent past better than gradual climate
trends (Brüssow et al 2019). Similarly, it is commonly
believed that farmers’ memory is unlikely to keep
track of climate alteration events reliably over a long-
time frame (Ceci et al 2021). So, farmers are likely
to have forgotten how the climate was, and their per-
ceptions are somewhat shaped by recent events (Bud-
hathoki and Zander 2020). Some sampled studies
delve into this issue. For example, Hou et al (2012)
conclude that farmers remember details nomore than
three years back in time, while Meze-Hausken (2004)
determine how farmers’ memory tends to highlight
those extreme events (i.e. drought) causing direct and
irreversible impacts (e.g. farmers forced to migrate
due to starvation). Other studies (Bedeke et al 2018)
go one step forward, asking how to ensure that when
farmers respond to the 10–20 years framework, they
are not thinking in the short term. Certainly not
a trivial issue if we consider that some studies use
concurrence between perceived and observed data
time frames to analyse intermediate years accuracy
(Mulenga et al 2017).

5.2.5. Geographical gap: Global South dominance
Climate change adaptation is a global phenomenon,
but adaptation possibilities are highly case-specific.
It is not surprising that a significant fraction of the
papers is carried out at the local scale. However, it
is striking to see from the bibliometrics analysis that

20



Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

large fractions of the world are not studied in the lit-
erature. Our bibliometric results show an unbalanced
geographical distribution of case studies, focusing on
the Global South and low-income countries (mainly
from southern and eastern Africa and South Asia),
leaving high-income regions unrepresented (such as
the United States or European region). While the
applied methodology could influence this, it could
be as a result of research priorities of different coun-
tries, availability of funds, etc, even revealing the lim-
its of the available literature, as identified in similar
research on climate change impacts and energy pro-
duction nexus carried out byViguié et al (2021). Con-
sidering that many countries are yet to fully delve into
this topic, we should wonder whether the current lit-
erature, as a whole, presents a systematic bias leading
to an under-estimation of climate change perceived
and observed data.

There is a substantial lack of connection between
research areas to be consolidated and the nature of
the research gaps identified in the current literat-
ure. Future research should pay more attention to
their interaction to prevent these gaps from per-
petuating. On this basis, we mention three aspects
to promote closer synergy in future research dir-
ections. Firstly, define climate patterns (e.g. ‘nor-
mal’ and ‘abnormal’ meaning) before contrasting
perceived extreme events and climate change aware-
ness nexus. As a result, the conceptual gap will be
addressed while promoting farmers’ local knowledge
will face the information gap. Secondly, to promote
heuristics and socio-psychological analysis in which
‘perception’ meaning can be clearly defined and sub-
sequently discussed considering farmers’ capacity to
discern between perceived impacts in the short- and
long-term. Consequently, both the cognitive and the
time frame gaps will be achieved. Finally, upcom-
ing research should promote these research direc-
tions from a Global North perspective to reduce the
geographical gap and facilitate spatial contrast more
exhaustively.

6. Conclusions and future research

Research contrasting climate change perceived and
observed data is diverse and fast-growing, illus-
trated by an inherently interdisciplinary approach
and addressed by multifocal analysis. Bibliometrics
highlighted four consolidated research lines: (a) per-
ceived risk and its effects on farmers’ adaptive capa-
city, (b) crop vulnerability according to temperature
increase and erratic rainfall patterns, (c) forecasting
use and influence in farmers’ decisions, and (d) cli-
mate change awareness considering different farmers’
profiles. However, it can be deduced from the sys-
tematic review that perceived data could not replace
observed data (and vice versa) in advancing research
because each source presents numerous limitations.

Still, at least five main research gaps coexist and
remain partially inconclusive: (a) a conceptual mis-
match affecting key issues such as ‘normal pattern’
or ‘drought’ meaning, (b) poor or limited data from
meteorological stations, (c) overlook or oversimpli-
fication of local knowledge in describing perception,
(d) farmers’ memory weaknesses to keep track of
climate alterations, and (e) a geographical disson-
ance in favour of Global South regions. They thereby
question whether our current research trends provide
enough understanding of accuracy between climate
change perception and climate data. This opens the
door to new research questions, such as how climate
change awareness influence observed data accuracy
(especially in terms of precipitation patterns) or how
studies can incorporate heuristics when focusing on
farmers’ profiles analysis. Bibliometrics and explor-
atory analysis confirm that farmers’ perception is
complex and not necessarily captured by one meas-
urable variable, or conversely, farmers’ perception
focuses on one aspect while the assessment should
be more integrative. Famers’ perception depends on
climate variability and experience in extreme events
captured in their day-to-day activity, but climate sci-
ence is vast and complicated, covering a wide range
of topics. Furthermore, farmers do not usually retain
quantitative measures of climate parameters (e.g. the
amount of rainfall received during various seasons).
However, they have a good grasp of general climatic
conditions, especially concerning those variables that
significantly impact crop performance (rainfall vari-
ability and extreme temperatures). Consequently,
if addressed regularly, farmers’ perceptions studies
could provide a qualitative database to become a
proxy that supports or validates instrumental climate
data time series, especially when the latter is unavail-
able, of low quality, too short and/or only collected
on recent periods. Most importantly, the combina-
tion of perceived and observed data sources could
generate recommendations for the design and test of
adaptation policies better tailored to climatic con-
ditions and crops production requirements but also
provide mechanisms to distinguish between farm-
ers’ exposure, impacts, and sensitivity to climate
change, which is the base to increase their adaptative
capacity.

Data availability statement

No new data were created or analysed in this study.

Funding

This paper has been developed under the funding
received from the European Union’s Horizon 2020
research and innovation programMarie Sklodowska-
Curie Individual Fellowship, Grant Agreement No.
832464 to the first author.

21



Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

ORCID iDs

Sandra Ricart https://orcid.org/0000-0002-5065-
0074
Andrea Castelletti https://orcid.org/0000-0002-
7923-1498
Claudio Gandolfi https://orcid.org/0000-0001-
7774-1841

References

Abid M, Scheffran J, Schneider U A and Elahi E 2019 Farmers
perceptions of climate change, observed trends and
adaptation of agriculture in Pakistan Environ. Manage.
63 110–23

Ado A M, Leshan J, Savadogo P, Bo L and Shah A A 2019 Farmers’
awareness and perception of climate change impacts: case
study of Aguie district in Niger Environ. Dev. Sustain.
21 2963–77

Afkhami M, Zahraie B and Ghorbani M 2022 Quantitative and
qualitative analysis of the dimensions of farmers’ adaptive
capacity in the face of water scarcity J. Arid Environ.
199 104715

Aggarwal P, Vyas S, Thornton P and Campbell B M 2019 How
much does climate change add to the challenge of feeding
the planet this century? Environ. Res. Lett. 14 043001

Akanbi R T, Davis N and Ndarana T 2021 Climate change and
maize production in the Vaal catchment of South Africa:
assessment of farmers’ awareness, perceptions and
adaptation strategies Clim. Res. 82 191–209

Akano O, Modirwa S, Oluwasemire K and Oladele O 2022
Awareness and perception of climate change by smallholder
farmers in two agroecological zones of Oyo state Southwest
Nigeria GeoJournal (https://doi.org/10.1007/s10708-
022-10590-y)

Akter S and Ahmed K R 2021 Insight and explore farming
adaptation measures to support sustainable development
goal 2 in the southwest coastal region of Bangladesh
Environ. Dev. Sustain. 23 4358–84

Alam GMM, Alam K and Mushtaq S 2017 Climate change
perceptions and local adaptation strategies of hazard-prone
rural households in Bangladesh Clim. Risk Manage. 17 52–63

Alemayehu A and Bewket W 2017 Smallholder farmers’ coping
and adaptation strategies to climate change and variability
in the central highlands of Ethiopia Local Environ. 22 825–39

Alley R B et al 2003 Abrupt climate change Science 299 2005–10
Ameyaw L K, Ettl G J, Leissle K and Anim-Kwapong G J 2018

Cocoa and climate change: insights from smallholder cocoa
producers in Ghana regarding challenges in implementing
climate change mitigation strategies Forests 9 742

Arbuckle J G, Morton L W and Hobbs J 2013 Farmer beliefs and
concerns about climate change and attitudes toward
adaptation and mitigation: evidence from Iowa Clim.
Change 118 551–63

Aria M and Cuccurullo C 2017 Bibliometrix: an R-tool for
comprehensive science mapping analysis J. Informetr.
11 959–75

Ashraf M and Routray J K 2013 Perception and understanding of
drought and coping strategies of farming households in
north-west Balochistan Int. J. Disaster Risk Reduct. 5 49–60

Awazi N P, Tchamba M N, Temgoua L F and Avana M-L T 2020
Appraisal of smallholder farmers’ vulnerability to climatic
variations and changes in the Western Highlands of
Cameroon Sci. Afr. 10 e00637

Ayal D Y and Leal-Filho W 2017 Farmers’ perceptions of climate
variability and its adverse impacts on crop and livestock
production in Ethiopia J. Arid Environ. 140 20–28

Ayal D Y, Radeny M, Desta S and Gebru G 2018 Climate
variability, perceptions of pastoralists and their adaptation
strategies. Implications for livestock system and diseases in

Borana zone Int. J. Clim. Change Strateg. Manage.
10 596–615

Ayal D Y, Tilahun K, Ture K and Zeleke T T 2021 Psychological
dimensions of climate change: perceptions, collective
efficacy, and responses in Berehet district, north Shoa,
Ethiopia Clim. Change 165 32

Ayanlade A, Radeny M and Morton J F 2017 Comparing
smallholder farmers’ perception of climate change with
meteorological data: a case study from southwestern Nigeria
Weather Clim. Extremes 15 24–33

Azadi Y, Yazdanpanah M and Mahmoudi H 2019 Understanding
smallholder farmers’ adaptation behaviors through climate
change beliefs, risk perception, trust, and psychological
distance: evidence from wheat growers in Iran J. Environ.
Manage. 250 109456

Badi S and Murtagh N 2019 Green supply chain management in
construction: a systematic literature review and future
research agenda J. Clean. Prod. 223 312–22

Bagheri A and Teymouri A 2022 Farmers’ intended and actual
adoption of soil and water conservation practices Agric.
Water Manage. 259 107244

Batumike R, Bulonvu F, Imani G, Akonkwa D, Gahigi A, Klein J A,
Marchant R and Cuni-Sanchez A 2022 Climate change and
hunter-gatherers in montane eastern DR Congo Clim. Dev.
14 431–42

Baul T K and McDonald M 2015 Integration of indigenous
knowledge in addressing climate change Indian J. Trad.
Knowl. 1 20–27

Baul T K, Ullah K M A, Tiwari K R and McDonald M A 2013
People’s local knowledge of climate change in the
Middle-Hills of Nepal Indian J. Trad. Knowl. 12 585–95

Bedeke S B, Vanhove W, Wordofa M G, Natarajan K and van
Damme P 2018 Perception of and response to climate
change by maize-dependent smallholders Clim. Res.
75 261–75

Behailu G, Ayal D Y, Zeleke T T, Ture K and Bantider A 2021
Comparative analysis of meteorological records of climate
variability and farmers’ perceptions in Sekota Woreda,
Ethiopia Clim. Serv. 23 100239

Bekele B, WuW, Legesse A, Temesgen H and Yirsaw E 2018
Socio-environmental impacts of land use/cover change in
Ethiopian Central Rift Valley lakes region, East Africa Appl.
Ecol. Environ. Res. 16 6607–32

Bhandari R, Neupane N and Adhikari D P 2021 Climatic change
and its impact on tomato (Lycopersicum esculentum L.)
production in plain area of Nepal Environ. Challenges
4 100129

Boissiere M, Locatelli B, Sheil D, Padmanaba M and Sadjudin E
2013 Local perceptions of climate variability and change in
tropical forests of Papua, Indonesia Ecol. Soc. 18 13

Brosch T 2021 Affect and emotions as drivers of climate change
perception and action: a review Curr. Opin. Behav. Sci.
42 15–21

Brugger A 2020 Understanding the psychological distance of
climate change: the limitations of construal level theory and
suggestions for alternative theoretical perspectives Glob.
Environ. Change 60 102023

Brugger A, Demski C and Capstick S 2021 How personal
experience affects perception of and decisions related to
climate change: a psychological viewWeather Clim. Soc.
13 397–408

Brüssow K, Gornott C, Fasse A and Grote U 2019 The link
between smallholders’ perception of climatic changes and
adaptation in Tanzania Clim. Change 157 545–63

Budhathoki N K and Zander K K 2020 Nepalese farmers’ climate
change perceptions, reality and farming strategies Clim. Dev.
12 204–15

Caputo A, Pellegrini M M, Dabic M and Dana L-P 2016
Internationalisation of firms from central and eastern
Europe Eur. Business Rev. 28 630–51

Ceci P, Monforte L, Perelli C, Cicatiello C, Branca G, Franco S,
Diallo F B S, Blasi E and Mugnozza G S 2021 Smallholder
farmers’ perception of climate change and drivers of

22

https://orcid.org/0000-0002-5065-0074
https://orcid.org/0000-0002-5065-0074
https://orcid.org/0000-0002-5065-0074
https://orcid.org/0000-0002-7923-1498
https://orcid.org/0000-0002-7923-1498
https://orcid.org/0000-0002-7923-1498
https://orcid.org/0000-0001-7774-1841
https://orcid.org/0000-0001-7774-1841
https://orcid.org/0000-0001-7774-1841
https://doi.org/10.1007/s00267-018-1113-7
https://doi.org/10.1007/s00267-018-1113-7
https://doi.org/10.1007/s10668-018-0173-4
https://doi.org/10.1007/s10668-018-0173-4
https://doi.org/10.1016/j.jaridenv.2022.104715
https://doi.org/10.1016/j.jaridenv.2022.104715
https://doi.org/10.1088/1748-9326/aafa3e
https://doi.org/10.1088/1748-9326/aafa3e
https://doi.org/10.3354/cr01628
https://doi.org/10.3354/cr01628
https://doi.org/10.1007/s10708-022-10590-y
https://doi.org/10.1007/s10708-022-10590-y
https://doi.org/10.1007/s10668-020-00778-y
https://doi.org/10.1007/s10668-020-00778-y
https://doi.org/10.1016/j.crm.2017.06.006
https://doi.org/10.1016/j.crm.2017.06.006
https://doi.org/10.1080/13549839.2017.1290058
https://doi.org/10.1080/13549839.2017.1290058
https://doi.org/10.1126/science.1081056
https://doi.org/10.1126/science.1081056
https://doi.org/10.3390/f9120742
https://doi.org/10.3390/f9120742
https://doi.org/10.1007/s10584-013-0700-0
https://doi.org/10.1007/s10584-013-0700-0
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.ijdrr.2013.05.002
https://doi.org/10.1016/j.ijdrr.2013.05.002
https://doi.org/10.1016/j.sciaf.2020.e00637
https://doi.org/10.1016/j.sciaf.2020.e00637
https://doi.org/10.1016/j.jaridenv.2017.01.007
https://doi.org/10.1016/j.jaridenv.2017.01.007
https://doi.org/10.1108/IJCCSM-06-2017-0143
https://doi.org/10.1108/IJCCSM-06-2017-0143
https://doi.org/10.1007/s10584-021-03033-z
https://doi.org/10.1007/s10584-021-03033-z
https://doi.org/10.1016/j.wace.2016.12.001
https://doi.org/10.1016/j.wace.2016.12.001
https://doi.org/10.1016/j.jenvman.2019.109456
https://doi.org/10.1016/j.jenvman.2019.109456
https://doi.org/10.1016/j.jclepro.2019.03.132
https://doi.org/10.1016/j.jclepro.2019.03.132
https://doi.org/10.1016/j.agwat.2021.107244
https://doi.org/10.1016/j.agwat.2021.107244
https://doi.org/10.1080/17565529.2021.1930987
https://doi.org/10.1080/17565529.2021.1930987
https://doi.org/10.3354/cr01524
https://doi.org/10.3354/cr01524
https://doi.org/10.1016/j.cliser.2021.100239
https://doi.org/10.1016/j.cliser.2021.100239
https://doi.org/10.15666/aeer/1605_66076632
https://doi.org/10.15666/aeer/1605_66076632
https://doi.org/10.1016/j.envc.2021.100129
https://doi.org/10.1016/j.envc.2021.100129
https://doi.org/10.5751/ES-05822-180413
https://doi.org/10.5751/ES-05822-180413
https://doi.org/10.1016/j.cobeha.2021.02.001
https://doi.org/10.1016/j.cobeha.2021.02.001
https://doi.org/10.1016/j.gloenvcha.2019.102023
https://doi.org/10.1016/j.gloenvcha.2019.102023
https://doi.org/10.1175/WCAS-D-20-0100.1
https://doi.org/10.1175/WCAS-D-20-0100.1
https://doi.org/10.1007/s10584-019-02581-9
https://doi.org/10.1007/s10584-019-02581-9
https://doi.org/10.1080/17565529.2019.1612317
https://doi.org/10.1080/17565529.2019.1612317
https://doi.org/10.1108/EBR-01-2016-0004
https://doi.org/10.1108/EBR-01-2016-0004


Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

adaptation in agriculture: a case study in Guinea Rev. Dev.
Econ. 25 1991–2012

Chadegani A A, Salehi H, Yunus M, Farhadi H, Fooladi M,
Farhadi M and Ebrahim N A 2013 A comparison between
two main academic literature collections: Web of Science
and Scopus databases Asian Soc. Sci. 9 18–26

Chakraborty K, Mukherjee K, Mondal S and Mitra S 2021 A
systematic literature review and bibliometric analysis based
on pricing related decisions in manufacturing J. Clean. Prod.
310 127265

Chaulagain D and Rimal P R 2019 Coping mechanisms of local
people to mitigate climate change impacts on water
resources in Kailali District-Nepal Int. J. Sci. Technol. Res.
8 117–21

Chen D and Whalen J K 2016 Climate change in the North China
Plain: smallholder farmer perceptions and adaptations in
Quzhou County, Hebei Province Clim. Res. 69 261–73

Clark T P, Smolski A R, Allen J S, Hedlund J and Sanchez H 2021
Capitalism and sustainability: an exploratory content
analysis of frameworks in environmental political economy
Soc. Curr. 9 159–79

Cobbinah P B and Anane G K 2016 Climate change adaptation in
rural Ghana: Indigenous perceptions and strategies Clim.
Dev. 8 169–78

Croijmans L, de Jong J F and Prins H H T 2021 Oxygen is a better
predictor of macroinvertebrate richness than
temperature—a systematic review Environ. Res. Lett.
16 023002

Cruz G, Gravina V, Baethgen W E and Taddei R 2021 A typology
of climate information users for adaptation to agricultural
droughts in Uruguay Clim. Serv. 22 100214

Cullen A C and Anderson C L 2017 Perception of climate risk
among rural farmers in Vietnam: consistency within
households and with the empirical record Risk Anal.
37 531–45

Cuni-Sanchez A, Omeny P, Pfeifer M, Olaka L, Mamo M B,
Marchant R and Burgess N D 2019 Climate change and
pastoralists: perceptions and adaptation in montane Kenya
Clim. Dev. 11 513–24

Dadzie S K N 2021 Farmers’ perception of climate change
compared with objective data: evidence from the central
region of Ghana Clim. Change Econ. 12 2050015

Dakurah G 2021 How do farmers’ perceptions of climate
variability and change match or and mismatch climatic data?
Evidence from North-west Ghana GeoJournal 86 2387–406

Darabant A, Habermann B, Sisay K, Thurnher C, Worku Y,
Damtew S, Lindtner M, Burrell L and Abiyu A 2020
Farmers’ perceptions and matching climate records jointly
explain adaptation responses in four communities around
Lake Tana, Ethiopia Clim. Change 163 481–97

Das S and Goswami K 2021 Progress in agricultural vulnerability
and risk research in India: a systematic review Reg. Environ.
Change 21 24

de Longueville F, Ozer P, Gemenne F, Henry S, Mertz O and
Nielsen J O 2020 Comparing climate change perceptions
and meteorological data in rural West Africa to improve the
understanding of household decisions to migrate Clim.
Change 160 123–41

Dhanya P and Ramachandran A 2016 Farmers’ perceptions of
climate change and the proposed agriculture adaptation
strategies in a semi arid region of south India J. Integr.
Environ. Sci. 13 1–18

Diallo A, Donkor E and Owusu V 2020 Climate change
adaptation strategies, productivity and sustainable food
security in southern Mali Clim. Change 159 309–27

Dietz T 2020 Political events and public views on climate change
Clim. Change 161 1–8

Duong T T, Brewer T, Luck J and Zander K 2019 A global review
of farmers’ perceptions of agricultural risks and risk
management strategies Agriculture 9 10

Eitzinger A, Binder C R and Meyer M A 2018 Risk perception and
decision-making: do farmers consider risks from climate
change? Clim. Change 151 507–24

Elgin-Stuczynski I R and Batterbury S 2014 Perceptions of climate
variability and dairy farmer adaptations in Corangamite
Shire, Victoria, Australia Int. J. Clim. Change Strateg.
Manage. 6 85–107

Esayas B, Simane B, Teferi E, Ongoma V and Tefera N 2019
Climate variability and farmers’ perception in Southern
Ethiopia Adv. Meteorol. 2019 7341465

Etana D, Snelder D J R M, van Wesenbeeck C F A and de Cock
Buning T 2020 Trends of climate change and variability in
three agro-ecological settings in Central Ethiopia: contrasts
of meteorological data and farmers’ perceptions Climate
8 121

Ettinger J, Walton P, Painter J, Osaka S and Otto F E L 2021
“What’s up with the weather?” Public engagement with
extreme event attribution in the United KingdomWeather
Clim. Soc. 13 341–52

Feulner G 2017 Global challenges: climate change Glob. Challenges
1 5–6

Foguesatto C R, Artuzo F D, Talamini E and Machado J A D 2020
Understanding the divergences between farmer’s perception
and meteorological records regarding climate change: a
review Environ. Dev. Sustain. 22 1–16

Gbangou T, Sylla M B, Jimoh O D and Okhimamhe A A 2018
Assessment of projected agro-climatic indices over Awun
river basin, Nigeria for the late twenty-first century Clim.
Change 151 445–62

Gbegbelegbe S, Serem J, Stirling C, Kyazze F, Radeny M, Misiko M,
Tongruksawattana S, Nafula L, Gakii M and Sonder K 2018
Smallholder farmers in eastern Africa and climate change: a
review of risks and adaptation options with implications for
future adaptation programmes Clim. Dev. 10 289–306

Ghosh-Jerath S, Kapoor R, Ghosh U, Singh A, Downs S and
Fanzo J 2021 Pathways of climate change impact on
agroforestry, food consumption pattern, and dietary
diversity among indigenous subsistence farmers of Sauria
Paharia tribal community of India: a mixed methods study
Front. Sustain. Food Syst. 5 667297

Gichangi E M, Gatheru M, Njiru E N, Mungube E O,
Wambua J M and Wamuongo J W 2015 Assessment of
climate variability and change in semi-arid eastern Kenya
Clim. Change 130 287–97

Guodaar L, Bardsley D K and Suh J 2021 Integrating local
perceptions with scientific evidence to understand climate
change variability in northern Ghana: a mixed-methods
approach Appl. Geogr. 130 102440

Gusenbauer M and Haddaway N R 2020 Which academic search
systems are suitable for systematic reviews or meta-analyses?
Res. Synth. Methods 11 181–217

Habte A, Mamo G, Worku W, Ayalew D and Gayler S 2021 Spatial
variability and temporal trends of climate change in
Southwest Ethiopia: association with farmers’ perception
and their adaptation strategies Adv. Meteorol. 2021 3863530

Habtemariam L T, Gandorfer M, Kassa G A and Heissenhuber A
2016 Factors influencing smallholder farmer’s climate
change perceptions: a study from farmers in Ethiopia
Environ. Manage. 58 343–58

Hamilton L C and Stampone M D 2013 Blowin’ in the wind:
short-term weather and belief in anthropogenic climate
changeWeather Clim. Soc. 5 112–9

Hamilton-Webb A, Naylor R, Manning L and Conway J 2019
‘Living on the edge’: using cognitive filters to appraise
experience of environmental risk J. Risk Res. 22 303–19

Hasan K and Kumar L 2019 Comparison between meteorological
data and farmer perceptions of climate change and
vulnerability in relation to adaptation J. Environ. Manage.
237 54–62

Hasan M K and Kumar L 2020 Meteorological data and farmers’
perception of coastal climate in Bangladesh Sci. Total
Environ. 704 135384

Hein Y, Vijitsrikamol K, Attavanich W and Janekarnkij P 2019 Do
farmers perceive the trends of local climate variability
accurately? An analysis of farmers’ perceptions and
meteorological data in Myanmar Climate 7 64

23

https://doi.org/10.1111/rode.12815
https://doi.org/10.1111/rode.12815
https://doi.org/10.5539/ass.v9n5p18
https://doi.org/10.5539/ass.v9n5p18
https://doi.org/10.1016/j.jclepro.2021.127265
https://doi.org/10.1016/j.jclepro.2021.127265
https://doi.org/10.3354/cr01407
https://doi.org/10.3354/cr01407
https://doi.org/10.1177/23294965211043548
https://doi.org/10.1177/23294965211043548
https://doi.org/10.1080/17565529.2015.1034228
https://doi.org/10.1080/17565529.2015.1034228
https://doi.org/10.1088/1748-9326/ab9b42
https://doi.org/10.1088/1748-9326/ab9b42
https://doi.org/10.1016/j.cliser.2021.100214
https://doi.org/10.1016/j.cliser.2021.100214
https://doi.org/10.1111/risa.12631
https://doi.org/10.1111/risa.12631
https://doi.org/10.1080/17565529.2018.1454880
https://doi.org/10.1080/17565529.2018.1454880
https://doi.org/10.1142/S20100078205001532050015-1
https://doi.org/10.1142/S20100078205001532050015-1
https://doi.org/10.1007/s10708-020-10194-4
https://doi.org/10.1007/s10708-020-10194-4
https://doi.org/10.1007/s10584-020-02889-x
https://doi.org/10.1007/s10584-020-02889-x
https://doi.org/10.1007/s10113-021-01749-3
https://doi.org/10.1007/s10113-021-01749-3
https://doi.org/10.1007/s10584-020-02704-7
https://doi.org/10.1007/s10584-020-02704-7
https://doi.org/10.1080/1943815X.2015.1062031
https://doi.org/10.1080/1943815X.2015.1062031
https://doi.org/10.1007/s10584-020-02684-8
https://doi.org/10.1007/s10584-020-02684-8
https://doi.org/10.1007/s10584-020-02791-6
https://doi.org/10.1007/s10584-020-02791-6
https://doi.org/10.3390/agriculture9010010
https://doi.org/10.3390/agriculture9010010
https://doi.org/10.1007/s10584-018-2320-1
https://doi.org/10.1007/s10584-018-2320-1
https://doi.org/10.1108/IJCCSM-03-2013-0039
https://doi.org/10.1108/IJCCSM-03-2013-0039
https://doi.org/10.1155/2019/7341465
https://doi.org/10.1155/2019/7341465
https://doi.org/10.3390/cli8110121
https://doi.org/10.3390/cli8110121
https://doi.org/10.1175/WCAS-D-20-0155.1
https://doi.org/10.1175/WCAS-D-20-0155.1
https://doi.org/10.1002/gch2.1003
https://doi.org/10.1002/gch2.1003
https://doi.org/10.1007/s10668-018-0193-0
https://doi.org/10.1007/s10668-018-0193-0
https://doi.org/10.1007/s10584-018-2295-y
https://doi.org/10.1007/s10584-018-2295-y
https://doi.org/10.1080/17565529.2017.1374236
https://doi.org/10.1080/17565529.2017.1374236
https://doi.org/10.3389/fsufs.2021.667297
https://doi.org/10.3389/fsufs.2021.667297
https://doi.org/10.1007/s10584-015-1341-2
https://doi.org/10.1007/s10584-015-1341-2
https://doi.org/10.1016/j.apgeog.2021.102440
https://doi.org/10.1016/j.apgeog.2021.102440
https://doi.org/10.1002/jrsm.1378
https://doi.org/10.1002/jrsm.1378
https://doi.org/10.1155/2021/3863530
https://doi.org/10.1155/2021/3863530
https://doi.org/10.1007/s00267-016-0708-0
https://doi.org/10.1007/s00267-016-0708-0
https://doi.org/10.1175//WCAS-D-12-00048.1
https://doi.org/10.1175//WCAS-D-12-00048.1
https://doi.org/10.1080/13669877.2017.1378249
https://doi.org/10.1080/13669877.2017.1378249
https://doi.org/10.1016/j.jenvman.2019.02.028
https://doi.org/10.1016/j.jenvman.2019.02.028
https://doi.org/10.1016/j.scitotenv.2019135384
https://doi.org/10.1016/j.scitotenv.2019135384
https://doi.org/10.3390/cli7050064
https://doi.org/10.3390/cli7050064


Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

Hitayezu P, Wale E and Ortmann G 2017 Assessing farmers’
perceptions about climate change: a double-hurdle
approach Clim. Risk Manage. 17 123–38

Hornsey M, Harris E, Bain P and Fielding K S 2016 Meta-analyses
of the determinants and outcomes of belief in climate
change Nat. Clim. Change 6 622–6

Hou L, Huang J and Wang J 2015 Farmers’ perceptions of climate
change in China: the influence of social networks and farm
assets Clim. Res. 63 191–201

Hou X-Y, Han Y and Li F Y 2012 The perception and adaptation
of herdsmen to climate change and climate variability in the
desert steppe region of northern China Rangel. J. 34 349–57

Howe L C, Maclnnis B, Krosnick J A, Markowitz A M and
Socolow R 2019b Acknowledging uncertainty impacts
public acceptance of climate scientists’ predictions Nat.
Clim. Change 9 863–7

Howe P D, Marlon J R, Mildenberger M and Shield B S 2019a
How climate change shape climate action? Environ. Res. Lett.
14 113001

Hundera H, Mpandeli S and Bantider A 2019 Smallholder
farmers’ awareness and perceptions of climate change in
Adama district, central rift valley of EthiopiaWeather Clim.
Extremes 26 100230

Imran M, Shrestha R P and Datta A 2020 Comparing farmers’
perceptions of climate change with meteorological data in
three irrigated cropping zones of Punjab, Pakistan Environ.
Dev. Sustain. 22 2121–40

Jagermeyr J 2020 Agriculture’s historic twin-challenge toward
sustainable water use and food supply for all Front. Sustain.
Food Syst. 4 35

Jamal M R, Kristiansen P, Kabir M J, Kumar L and de Bruyn L L
2021 Trajectories of cropping system intensification under
changing environment in south-west coastal Bangladesh Int.
J. Agric. Sustain. (https://doi.org/10.1080/14735903.
2021.1975436)

Joshi A, Farquhar S, Assareh N, Dahlet L and Landahl E 2019
Climate change in Lamjung District, Nepal: meteorological
evidence, community perceptions, and responses Environ.
Res. Commun. 1 031004

Kabote S J, Mamiro D P, Synnebag G, Urassa J K and Mattee A Z
2017 Perceived and measured climate variability and change
in semi-arid environments in Tanzania: experiences from
Iramba and Meatu Districts Int. J. Environ. Sustain. Dev.
16 1–24

Kaganzi K R, Cuni-Sanchez A, Mcharazo F, Martin E H,
Marchant R A and Thorn J P R 2021 Local perceptions of
climate change and adaptation responses from two
mountain regions in Tanzania Land 10 999

Khan N A, Gao Q, Abid M and Shah A A 2021 Mapping farmers’
vulnerability to climate change and its induced hazards:
evidence from the rice-growing zones of Punjab, Pakistan
Environ. Sci. Pollut. Res. 28 4229–44

Khanal U, Wilson C, Rahman S, Lee B L and Hoang V-N 2021
Smallholder farmers’ adaptation to climate change and its
potential contribution to UN’ sustainable development goals
of zero hunger and no poverty J. Clean. Prod. 281 124999

Koberg E and Longoni A 2019 A systematic review of sustainable
supply chain management in global supply chains J. Clean.
Prod. 207 1084–98

Kom Z, Nethengwe N S, Mpandeli S and Chikoore H 2020
Climate change grounded on empirical evidence as
compared with the perceptions of smallholder farmers in
Vhembe District, South Africa J. Asian Afr. Stud. 55 683–98

Konapala G, Mishra A K, Wada Y and Mann M E 2020 Climate
change will affect global water availability through
compounding changes in seasonal precipitation and
evaporation Nat. Commun. 11 3044

Krishna-Bahadur K C, Elliott V, Seng R, Pomeroy R S, Schenkels J
and Fraser E D G 2020 Evaluating community fishery
management using Fishers’ perceptions in the Tonle Sap lake
of Cambodia Environ. Dev. 33 100503

Kumar U, Werners S, Roy S, Ashraf S, Hoang L P, Datta D K and
Ludwig F 2020 Role of information in farmers’ response to

weather and water related stresses in the Lower Bengal Delta,
Bangladesh Sustainability 12 6598

Le Dang H, Li E, Bruwer J and Nuberg I 2014 Farmers’
perceptions of climate variability and barriers to adaptation:
lessons learned from an exploratory study in VietnamMitig.
Adapt. Strateg. Glob. Chang. 19 531–48

Le Dang H, Li E, Nuberg I and Bruwer J 2019 Factors influencing
the adaptation of farmers in response to climate change: a
review Clim. Dev. 11 765–74

Lee D R, Edmeades S, de Nys E, McDonald A and Janssen W 2014
Developing local adaptation strategies for climate change in
agriculture: a priority-setting approach with application to
Latin America Glob. Environ. Change 29 78–91

Li W, Ruiz-Menjivar J, Zhang L and Zhang J 2021 Climate change
perceptions and the adoption of low-carbon agricultural
technologies: evidence from rice production systems in the
Yangtze River Basin Sci. Total Environ. 759 143554

Limuwa MM, Sitaula B K, Njaya F and Storebakken T 2018
Evaluation of small-scale fishers’ perceptions on climate
change and their coping strategies: insights from Lake
Malawi Climate 6 34

Linke A M, Witmer F DW and O’Loughlin J 2020 Do people
accurately report droughts? Comparison of
instrument-measured and national survey data in Kenya
Clim. Change 162 1143–60

Lockwood M, Raymond C M, Oczkowski E and Morrison M 2015
Measuring the dimensions of adaptive capacity: a
psychometric approach Ecol. Soc. 20 37

Mackay C M L, Schmitt M T, Lutz A E and Mendel J 2021 Recent
developments in the social identity approach to the
psychology of climate change Curr. Opin. Psychol.
42 95–101

Makame M O and Shackleton S 2020 Perceptions of climate
variability and change in relation to observed data among
two east coast communities in Zanzibar, East Africa Clim.
Dev. 12 801–13

Makuvaru V, Murewi C T F, Dimes J and Chagonda I 2018 Are
smallholder farmers’ perceptions of climate variability and
change supported by climate records? A case study of Lower
Gweru in semiarid central ZimbabweWeather Clim. Soc.
10 35–49

Mallappa V K H and Shivamurthy M 2021 Factor influencing
fishery-based farmers’ perception and their response to
climate-induced crisis management Environ. Dev. Sustain.
23 11766–91

Marchildon G P, Wheaton E, Fletcher A J and Vanstone J 2016
Extreme drought and excessive moisture conditions in two
Canadian watersheds: comparing the perception of farmers
and ranchers with the scientific record Nat. Hazards
82 245–66

Marlon J R, van der Linden S, Howe P, Leiserowitz A, Woo S H L
and Broad K 2018 Detecting local environmental change:
the role of experience in shaping risk judgments about
global warming J. Risk Res. 22 936–50

Mavhura E, Manyangadze T and Aryal K R 2021 Perceived
impacts of climate variability and change: an exploration of
farmers’ adaptation strategies in Zimbabwe’s intensive
farming region GeoJournal (https://doi.org/10.1007/
s10708-021-10451-0)

Mbwambo S G, Mourice S K and Tarimo A J P 2021 Climate
change perceptions by smallholder coffee farmers in the
Northern and Southern Highlights of Tanzania Climate 9 90

Melvani K, Bristow M, Moles J, Crase B and Kaestli M 2020
Multiple livelihood strategies and high floristic diversity
increase the adaptive capacity and resilience of Sri Lankan
farming enterprises Sci. Total Environ. 739 139120

Meze-Hausken E 2004 Contrasting climate variability and
meteorological drought with perceived drought and climate
change in northern Ethiopia Clim. Res. 27 19–31

Mihiretu A, Okoyo E N and Lemma T 2020 Small holder farmers’
perception and response mechanisms to climate change:
lessons from Tekeze lowland goat and sorghum livelihood
zone, Ethiopia Cogent Food Agric. 6 1763647

24

https://doi.org/10.1016/j.crm.2017.07.001
https://doi.org/10.1016/j.crm.2017.07.001
https://doi.org/10.1038/nclimate2943
https://doi.org/10.1038/nclimate2943
https://doi.org/10.3354/cr01295
https://doi.org/10.3354/cr01295
https://doi.org/10.1071/RJ12013
https://doi.org/10.1071/RJ12013
https://doi.org/10.1038/s41558-019-0587-5
https://doi.org/10.1038/s41558-019-0587-5
https://doi.org/10.1088/1748-9326/ab466a
https://doi.org/10.1088/1748-9326/ab466a
https://doi.org/10.1016/j.wace.2019.100230
https://doi.org/10.1016/j.wace.2019.100230
https://doi.org/10.1007/s10668-018-0280-2
https://doi.org/10.1007/s10668-018-0280-2
https://doi.org/10.3389/fsufs.2020.00035
https://doi.org/10.3389/fsufs.2020.00035
https://doi.org/10.1080/14735903.2021.1975436
https://doi.org/10.1080/14735903.2021.1975436
https://doi.org/10.1088/2515-7620/ab1762
https://doi.org/10.1088/2515-7620/ab1762
https://doi.org/10.1504/IJESD.2017.080836
https://doi.org/10.1504/IJESD.2017.080836
https://doi.org/10.3390/land10100999
https://doi.org/10.3390/land10100999
https://doi.org/10.1007/s11356-020-107584
https://doi.org/10.1007/s11356-020-107584
https://doi.org/10.1016/j.jcleprod.2020.124999
https://doi.org/10.1016/j.jcleprod.2020.124999
https://doi.org/10.1016/j.jclepro.2018.10.033
https://doi.org/10.1016/j.jclepro.2018.10.033
https://doi.org/10.1177/0021909619891757
https://doi.org/10.1177/0021909619891757
https://doi.org/10.1038/s41467-020-16757-w
https://doi.org/10.1038/s41467-020-16757-w
https://doi.org/10.1016/j.envdev.2020.100503
https://doi.org/10.1016/j.envdev.2020.100503
https://doi.org/10.3390/su12166598
https://doi.org/10.3390/su12166598
https://doi.org/10.1007/s11027-012-9447-6
https://doi.org/10.1007/s11027-012-9447-6
https://doi.org/10.1080/17565529.2018.1562866
https://doi.org/10.1080/17565529.2018.1562866
https://doi.org/10.1016/j.gloenvcha.2014.08.002
https://doi.org/10.1016/j.gloenvcha.2014.08.002
https://doi.org/10.1016/j.scitotenv.2020.143554
https://doi.org/10.1016/j.scitotenv.2020.143554
https://doi.org/10.3390/cli6020034
https://doi.org/10.3390/cli6020034
https://doi.org/10.1007/s10584-020-02724-3
https://doi.org/10.1007/s10584-020-02724-3
https://doi.org/10.5751/ES-07203-200137
https://doi.org/10.5751/ES-07203-200137
https://doi.org/10.1016/j.copsyc.2021.04.009
https://doi.org/10.1016/j.copsyc.2021.04.009
https://doi.org/10.1080/17565529.2019.1697633
https://doi.org/10.1080/17565529.2019.1697633
https://doi.org/10.1175/WCAS-D.16.0029.1
https://doi.org/10.1175/WCAS-D.16.0029.1
https://doi.org/10.1007/s10668-020-01141-x
https://doi.org/10.1007/s10668-020-01141-x
https://doi.org/10.1007/s11069-016-2190-7
https://doi.org/10.1007/s11069-016-2190-7
https://doi.org/10.1080/13669877.2018.1430051
https://doi.org/10.1080/13669877.2018.1430051
https://doi.org/10.1007/s10708-021-10451-0
https://doi.org/10.1007/s10708-021-10451-0
https://doi.org/10.3390/cli9060090
https://doi.org/10.3390/cli9060090
https://doi.org/10.1016/j.scitotenv.2020.139120
https://doi.org/10.1016/j.scitotenv.2020.139120
https://doi.org/10.3354/cr0227019
https://doi.org/10.3354/cr0227019
https://doi.org/10.1080/23311932.2020.1763647
https://doi.org/10.1080/23311932.2020.1763647


Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

Mijiddorj T N, Alexander J S, Samelius G, Mishra C and Boldgiv B
2020 Traditional livelihoods under a changing climate:
herder perceptions of climate change and its consequences
in South Gobi, Mongolia Clim. Change 162 1065–79

Mkonda M Y and He X 2017 Are rainfall and temperature really
changing? Farmers’ perceptions, meteorological data, and
policy implications in the Tanzanian semi-arid zone
Sustainability 9 1412

Mkonda M Y, He X and Festin E S 2018 Comparing smallholder
farmers’ perception of climate change with meteorological
data: experience from seven agroecological zones of
TanzaniaWeather Clim. Soc. 10 435–52

Moore F C, Obradovich N, Lehner F and Baylis P 2018 Rapidly
declining remarkability of temperature anomalies may
obscure public perception of climate change Proc. Natl Acad.
Sci. 116 4905–10

Moral-Munoz J A, López-Herrera A G, Herrera-Viedma E and
Cobo M J 2019 Science mapping analysis software tools: a
review Springer Handbook of Science and Technology
Indicators ed W Glanzel, H F Moed, U Schmoch and M
Thelwall (Cham: Springer) (https://doi.org/10.1007/
978-3-030-02511-3_7)

Moroda G T, Tolossa D and Semie N 2018 Perception and
adaptation strategies of rural people against the adverse
effects of climate variability: a case study of Boset District,
East Shewa, Ethiopia Environ. Dev. 27 2–13

Mu L, Fang L, Liu Y and Wang C 2020 Identifying barriers and
enablers for climate change adaptation of farmers in
semi-arid North-Western China Sustainability 12 7494

Mubiru D N, Radeny M, Kyazze F B, Zziwa A, Lwasa J, Kinyangi J
and Mungai C 2018 Climate trends, risks and coping
strategies in smallholder farming systems in Uganda Clim.
Risk Manage. 22 4–21

Muchuru S and Nhamo G 2019 A review of climate change
adaptation measures in the African crop sector Clim. Dev.
11 873–85

Muita R R, van Ogtrop F, Ampt P and Vervoort R W 2016
Managing the water cycle in Kenyan small-scale maize
farming systems: part 1. Farmer perceptions of drought and
climate variabilityWIREs Water 3 105–25

Mulenga B P, Wineman A and Sitko N J 2017 Climate trends and
farmers’ perceptions of climate change in Zambia Environ.
Manage. 59 291–306

Mustafa G, Latif I A, Bashir M K, Shamsudin M N and DaudWM
NW 2019 Determinants of farmers’ awareness of climate
change Appl. Environ. Educ. Commun. 18 219–33

Muthuwatta L, Perera H P TW, Upamali-Surangika K B N and
Premachandra WW 2017 Trend and variability of rainfall in
two river basins in Sri Lanka: an analysis of meteorological
data and farmers’ perceptionsWater Int. 42 981–99

Nalau J, Torabi E, Edwards N, Howes M and Morgan E 2021 A
critical exploration of adaptation heuristics Clim. Risk
Manage. 32 100292

Ngoe M, Zhou L, Mukete B and Enjema M 2019 Perceptions of
climate variability and determinants of farmers’ adaptation
strategies in the highlands of Southwest Cameroon Appl.
Ecol. Environ. Res. 17 15041–54

Nidumolu U, Adusumilli R, Tallapragada C, Roth C, Hochman Z,
Sreenivas G, Reddy D R and Reddy V R 2021 Enhancing
adaptive capacity to manage climate risk in agriculture
through community-led climate information centres Clim.
Dev. 13 189–200

Niles M T and Mueller N D 2016 Farmer perceptions of climate
change: associations with observed temperature and
precipitation trends, irrigation, and climate beliefs Glob.
Environ. Change 39 133–42

Nnadi O I, Liwenga E T, Lyimo J G and Madukwe M C 2019
Impacts of variability and change in rainfall on gender
farmers in Anambra, Southeast Nigeria Heliyon 5 e02085

Nyangau J O, Mohamed J H, Mango N, Makate C and
Wangeci A N 2021 Smallholder farmers’ perception of
climate change and adoption of climate smart agriculture

practices in Masaba South Sub-county, Kisii, Kenya Heliyon
7 e06789

Ochieng J, Kirimi L and Makau J 2017 Adapting to climate
variability and change in rural Kenya: farmer perceptions,
strategies and climate trends Nat. Resour. Forum 41 195–208

Ogunbode C A, Demski C, Capstick S B and Sposato R G 2019
Attribution matters: revisiting the link between extreme
weather experience and climate change mitigation responses
Glob. Environ. Change 54 31–39

Ojoyi M M and Mwenge-Kahinda J-M 2015 An analysis of
climatic impacts and adaptation strategies in Tanzania Int. J.
Clim. Change Strateg. Manage. 7 97–115

Olutumise A I, Ajibefun I A and Omonijo A G 2021 Effect of
climate variability on healthcare expenditure of food crop
farmers in Southwest, Nigeria Int. J. Biometeorol. 65 951–61

Osbahr H, Dorward P, Stern R and Cooper S 2011 Supporting
agricultural innovation in Uganda to respond to climate
risk: linking climate change and variability with farmer
perceptions Exp. Agric. 47 293–316

Ovuka M and Lindqvist S 2000 Rainfall variability in Murang’a
district, Kenya: meteorological data and farmers’ perception
Geogr. Ann. A 82 107–19

Page M J, McKenzie J E, Bossuyt P M, Boutron I, Hoffmann T C,
Mulrow C D and Moher D 2021 The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews BMJ 372 71

Panda A 2016 Exploring climate change perceptions, rainfall
trends and perceived barriers to adaptation in a drought
affected region in India Nat. Hazards 84 777–96

Paudel B, Wang Z, Zhang Y, Rai M K and Paul P K 2021 Climate
change and its impacts on farmer’s livelihood in different
physiographic regions of the trans-boundary Koshi River
Basin, central Himalayas Int. J. Environ. Res. Public Health
18 7142

Pizzi S, Caputo A, Corvino A and Venturelli A 2020 Management
research and the UN sustainable development goals (SDGs):
a bibliometric investigation and systematic review J. Clean.
Prod. 276 124033

Plate L 2017 Climate change and the metamorphosis of memory:
a response to Stef Craps Parallax 23 493–7

Poortinga W, Whitmarsh L, Steg L, Bohm G and Fisher S 2019
Climate change perceptions and their individual-level
determinants: a cross-European analysis Glob. Environ.
Change 55 25–35

Rabbi S E, Shant R, Karmakar S, Habib A and Kropp J P 2021
Regional mapping of climate variability index and
identifying socio-economic factors influencing farmer’s
perception in Bangladesh Environ. Dev. Sustain. 23 11050–66

Rao P C, Ndegwa W G, Kizito K and Oyoo A 2011 Climate
variability and change: farmer perceptions and
understanding of intra-seasonal variability in rainfall and
associated risk in semi-arid Kenya Exp. Agric. 47 267–91

Rapholo M T and Makia L D 2020 Are smallholder farmers’
perceptions of climate variability supported by
climatological evidence? Case study of a semi-arid region in
South Africa Int. J. Clim. Change Strateg. Manage. 12 571–85

Ray A, Hughes L, Konisky D M and Kaylor C 2017 Extreme
weather exposure and support for climate change
adaptation Glob. Environ. Change 46 104–13

Reddy K V et al 2022 Farmers’ perception and efficacy of
adaptation decisions to climate change Agronomy 12 1023

Rosato P F, Caputo A, Valente D and Pizzi S 2021 2030 Agenda
and sustainable business models in tourism: a bibliometric
analysis Ecol. Indic. 121 106978

Roy D, Datta A, Kuwornu J K M and Zulfiqar F 2021 Comparing
farmers’ perceptions of climate change with meteorological
trends and examining farm adaptation measures in
hazard-prone districts of northwest Bangladesh Environ.
Dev. Sustain. 23 8699–721

Ruiz I, Faria S H and Neumann M B 2020 Climate change
perception: driving forces and their interactions Environ.
Sci. Policy 108 112–20

25

https://doi.org/10.1007/s10584-020-02851-x
https://doi.org/10.1007/s10584-020-02851-x
https://doi.org/10.3390/su9081412
https://doi.org/10.3390/su9081412
https://doi.org/10.1175/WCAS-D-17-0036.1
https://doi.org/10.1175/WCAS-D-17-0036.1
https://doi.org/10.1073/pnas.1816541116
https://doi.org/10.1073/pnas.1816541116
https://doi.org/10.1007/978-3-030-02511-3_7
https://doi.org/10.1007/978-3-030-02511-3_7
https://doi.org/10.1016/j.envdev.2018.07.005
https://doi.org/10.1016/j.envdev.2018.07.005
https://doi.org/10.3390/su12177494
https://doi.org/10.3390/su12177494
https://doi.org/10.1016/j.crm.2018.08.004
https://doi.org/10.1016/j.crm.2018.08.004
https://doi.org/10.1080/17565529.2019.1585319
https://doi.org/10.1080/17565529.2019.1585319
https://doi.org/10.1002/wat2.1118
https://doi.org/10.1002/wat2.1118
https://doi.org/10.1007/s00267-016-0780-5
https://doi.org/10.1007/s00267-016-0780-5
https://doi.org/10.1080/1533015X.2018.1454358
https://doi.org/10.1080/1533015X.2018.1454358
https://doi.org/10.1080/02508060.2017.1406784
https://doi.org/10.1080/02508060.2017.1406784
https://doi.org/10.1016/j.crm.2021.100292
https://doi.org/10.1016/j.crm.2021.100292
https://doi.org/10.15666/aeer/1706_1504115054
https://doi.org/10.15666/aeer/1706_1504115054
https://doi.org/10.1080/17565529.2020.1746230
https://doi.org/10.1080/17565529.2020.1746230
https://doi.org/10.1016/j.gloenvcha.2016.05002
https://doi.org/10.1016/j.gloenvcha.2016.05002
https://doi.org/10.1016/j.heliyon.2019.e02085
https://doi.org/10.1016/j.heliyon.2019.e02085
https://doi.org/10.1016/j.heliyon.2021.e06789
https://doi.org/10.1016/j.heliyon.2021.e06789
https://doi.org/10.1111/1477-8947.12111
https://doi.org/10.1111/1477-8947.12111
https://doi.org/10.1016/j.gloenvcha.2018.11.005
https://doi.org/10.1016/j.gloenvcha.2018.11.005
https://doi.org/10.1108/IJCCSM-12-2012-0072
https://doi.org/10.1108/IJCCSM-12-2012-0072
https://doi.org/10.1007/s00484-021-02079-z
https://doi.org/10.1007/s00484-021-02079-z
https://doi.org/10.1017/S0014479710000785
https://doi.org/10.1017/S0014479710000785
https://doi.org/10.1111/j.0435-3676.2000.00116.x
https://doi.org/10.1111/j.0435-3676.2000.00116.x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s11069-016-2456-0
https://doi.org/10.1007/s11069-016-2456-0
https://doi.org/10.3390/ijerph18137142
https://doi.org/10.3390/ijerph18137142
https://doi.org/10.1016/j.jclepro.2020.124033
https://doi.org/10.1016/j.jclepro.2020.124033
https://doi.org/10.1080/13534645.2017.1374519
https://doi.org/10.1080/13534645.2017.1374519
https://doi.org/10.1016/j.gloenvcha.2019.01.007
https://doi.org/10.1016/j.gloenvcha.2019.01.007
https://doi.org/10.1007/s10668-020-01104-2
https://doi.org/10.1007/s10668-020-01104-2
https://doi.org/10.1017/S0014479710000918
https://doi.org/10.1017/S0014479710000918
https://doi.org/10.1108/IJCCSM-01-2020-0007
https://doi.org/10.1108/IJCCSM-01-2020-0007
https://doi.org/10.1016/j.gloenvcha.2017.07.002
https://doi.org/10.1016/j.gloenvcha.2017.07.002
https://doi.org/10.3390/agronomy12051023
https://doi.org/10.3390/agronomy12051023
https://doi.org/10.1016/j.ecolind.2020.106978
https://doi.org/10.1016/j.ecolind.2020.106978
https://doi.org/10.1007/s10668-020-00989-3
https://doi.org/10.1007/s10668-020-00989-3
https://doi.org/10.1016/j.envsci.2020.03.020
https://doi.org/10.1016/j.envsci.2020.03.020


Environ. Res. Lett. 17 (2022) 083002 S Ricart et al

Schneiderbauer S, Pisa P F, Delves J L, Pedoth L, Rufat S,
Erschbamer M, Thaler T, Carnelli F and Granados-Chahin S
2021 Risk perception of climate change and natural hazards
in global mountain regions: a critical review Sci. Total
Environ. 784 146957

Secinaro S, Brescia V, Calandra D and Biancone P 2020
Employing bibliometric analysis to identify suitable business
models for electric cars J. Clean. Prod. 264 121505

Shaffril H A M, Krauss S E and Samsuddin S F 2018 A systematic
review on Asian’s farmers’ adaptation practices towards
climate change Sci. Total Environ. 644 683–95

Shah H, Siderius C and Hellegers P 2021 Limitations to adjusting
growing periods in different agroecological zones of
Pakistan Agric. Syst. 192 103184

ShameemM I M, Momtaz S and Kiem A S 2015 Local perceptions
of and adaptation to climate variability and change: the case
of shrimp farming communities in the coastal region of
Bangladesh Clim. Change 133 253–66

Shepherd A, Jepson R, Watterson A and Evans J M 2012 Risk
perceptions of environmental hazards and human
reproduction: a community-based survey ISRN Public
Health 2012 748080

Simelton E, Quinn C H, Batisani N, Dougill A J, Dyer J C,
Fraser E D G, Mkwambisi D, Sallu S and Stringer L C 2013 Is
rainfall really changing? Farmers’ perceptions,
meteorological data, and policy implications Clim. Dev.
5 123–38

Song S, Wang S, Fu B, Dong Y, Liu Y, Chen H and Wang Y 2021
Improving representation of collective memory in
socio-hydrological models and new insights into flood risk
management J. Flood Risk Manage. 14 e12679

Sorgho R, Mank I, Kagoné M, Souares A, Danquah I and
Sauerborn R 2020 “We will always ask ourselves the question
of how to feed the family”: subsistence farmers’ perceptions
on adaptation to climate change in Burkina Faso Int. J.
Environ. Res. Public Health 17 7200

Streefkerk I N, van den Homberg M J C, Whitfield S, Mittal N,
Pope E, Werner M, Winsemius H C, Comes T and
Ertsen MW 2022 Contextualising seasonal climate forecasts
by integrating local knowledge on drought in Malawi Clim.
Serv. 25 100268

Surminski S and Oramas-Dorta D 2014 Flood insurance schemes
and climate adaptation in developing countries Int. J.
Disaster Risk Reduct. 7 154–64

Sutcliffe C, Dougill A J and Quinn C H 2016 Evidence and
perceptions of rainfall change in Malawi: do maize cultivar
choices enhance climate change adaptation in sub-Saharan
Africa? Reg. Environ. Change 16 1215–24

Tabari H 2020 Climate change impact on flood and extreme
precipitation increases with water availability Sci. Rep.
10 13768

Talanow K, Topp E N, Loos J and Martín-López B 2021 Farmers’
perceptions of climate change and adaptation strategies in
South Africa’s Western Cape J. Rural Stud. 81 203–19

Tall A, Coulibaly J Y and Diop M 2018 Do climate services make a
difference? A review of evaluation methodologies and
practices to assess the value of climate information services
for farmers: implications for Africa Clim. Serv. 11 1–12

Tarfa P Y, Ayuba H K, Onyeneke R U, Idris N, Nwajiuba C A and
Igberi C O 2019 Climate change perception and adaptation
in Nigeria’s Guinea Savanna: empirical evidence from
farmers in Nasarawa State, Nigeria Appl. Ecol. Environ. Res.
17 7085–112

Teshome H, Tesfaye K, Dechassa N, Tana T and Huber M 2021
Smallholder farmers’ perceptions of climate change and
adaptation practices for maize production in eastern
Ethiopia Sustainability 13 9622

Tiet T, To-The N and Nguyen-Anh T 2022 Farmers’ behaviors and
attitudes toward climate change adaptation: evidence from
Vietnamese smallholder farmers Environ. Dev. Sustain.
(https://doi.org/10.1007/s10668-021-02030-7)

Traore B, van Wijk M T, Descheemaeker K, Corbeels M,
Rufino M C and Giller K E 2015 Climate variability and
change in southern Mali: learning from farmer perceptions
and on-farm trials Exp. Agric. 51 615–34

van Eck N and Waltman L 2020 VOSviewer manual for
VOSviewer version 1.6.16 (Leiden: Leiden University)
(available at: www.vosviewer.com/documentation/Manual_
VOSviewer_1.6.16.pdf)

Vedeld T, Hofstad H, Mathur M, Buker P and Stordal F 2020
Reaching out? Governing weather and climate services
(WCS) for farmers Environ. Sci. Policy 104 208–16

Viguié V, Juhel S, Ben-Ari T, Colombert M, Ford J D,
Giraudet L G and Reckien D 2021 When adaptation
increases energy demand: a systematic map of the literature
Environ. Res. Lett. 16 033004

Voss R C 2022 On- and non-farm adaptation in Senegal:
understanding differentiation and drivers of farmer
strategies Clim. Dev. 14 52–66

Wako G, Tadesse M and Angassa A 2017 Camel management as
an adaptive strategy to climate change by pastoralists in
southern Ethiopia Ecol. Process. 6 26

Wang T, Yan J, Cheng X and Yu Y 2020 Irrigation influencing
farmers’ perceptions of temperature and precipitation: a
comparative study of two regions of the Tibetan Plateau
Sustainability 12 8164

Weber E U 2006 Experience-based and description-based
perceptions of long-term risk: why global warming does not
scare us (yet) Clim. Change 77 103–20

Weldegebriel Z B and Prowse M 2016 Climate variability and
livelihood diversification in northern Ethiopia: a case study
of Lasta and Beyeda districts Geogr. J. 183 84–96

West C T, Roncoli C and Ouattara F 2008 Local perceptions and
regional climate trends on the central plateau of Burkina
Faso Land Degrad. Dev. 19 289–304

Wright H, Vermeulen S, Lagandac G, Olupotd M, Ampairee E and
Jatf M L 2014 Farmers, food and climate change: ensuring
community-based adaptation is mainstreamed into
agricultural programmes Clim. Dev. 6 318–28

Wu M, Long R, Bai Y and Chen H 2021 Knowledge mapping
analysis of international research on environmental
communication using bibliometrics J. Environ. Manage.
298 113475

Yamba S, Appiah D O and Siaw L P 2019 Smallholder farmers’
perceptions and adaptive response to climate variability and
climate change in southern rural Ghana Cogent Soc. Sci.
5 1646626

Yarong L and Minpeng C 2021 Farmers’ perception on combined
climatic and market risks and their adaptive behaviors: a
case in Shandong Province of China Environ. Dev. Sustain.
23 13042–61

Yu Q Y, WuW Y, Liu Z H, Verburg P H, Xia T, Yang P, Lu Z J,
You L Z and Tang H J 2014 Interpretation of climate change
and agricultural adaptations by local household farmers: a
case study at Bin county, Northeast China J. Integr. Agric.
13 1599–608

Zampaligre N, Dossa L H and Schlecht E 2014 Climate change
and variability: perception and adaptation strategies of
pastoralists and agro-pastoralists across different zones of
Burkina Faso Reg. Environ. Change 14 769–83

Zhang Q, Cui F, Dai L, Feng B, Lu Y and Tang H 2019 Pastoralists’
perception of and adaptation strategies for climate change:
associations with observed climate variability Nat. Hazards
96 1387–412

26

https://doi.org/10.1016/j.scitotenv.2021.146957
https://doi.org/10.1016/j.scitotenv.2021.146957
https://doi.org/10.1016/j.jclepro.2020.121503
https://doi.org/10.1016/j.jclepro.2020.121503
https://doi.org/10.1016/j.scitotenv.2018.06.349
https://doi.org/10.1016/j.scitotenv.2018.06.349
https://doi.org/10.1016/j.agsy.2021.103184
https://doi.org/10.1016/j.agsy.2021.103184
https://doi.org/10.1007/s10584-015-1470-7
https://doi.org/10.1007/s10584-015-1470-7
https://doi.org/10.5402/2012/748080
https://doi.org/10.5402/2012/748080
https://doi.org/10.1080/17565529.2012.751893
https://doi.org/10.1080/17565529.2012.751893
https://doi.org/10.1111/jfr3.12679
https://doi.org/10.1111/jfr3.12679
https://doi.org/10.3390/ijerph17197200
https://doi.org/10.3390/ijerph17197200
https://doi.org/10.1016/j.cliser.2021.100268
https://doi.org/10.1016/j.cliser.2021.100268
https://doi.org/10.1016/j.ijdrr.2013.10.005
https://doi.org/10.1016/j.ijdrr.2013.10.005
https://doi.org/10.1007/s10113-015-0842-x
https://doi.org/10.1007/s10113-015-0842-x
https://doi.org/10.1038/s41598-020-70816-2
https://doi.org/10.1038/s41598-020-70816-2
https://doi.org/10.1016/j.srurstud.2020.10.026
https://doi.org/10.1016/j.srurstud.2020.10.026
https://doi.org/10.1016/j.cliser.2018.06.001
https://doi.org/10.1016/j.cliser.2018.06.001
https://doi.org/10.15666/aeer/1703_70857112
https://doi.org/10.15666/aeer/1703_70857112
https://doi.org/10.3390/su13179622
https://doi.org/10.3390/su13179622
https://doi.org/10.1007/s10668-021-02030-7
https://doi.org/10.1017/s0014479714000507
https://doi.org/10.1017/s0014479714000507
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.16.pdf
https://www.vosviewer.com/documentation/Manual_VOSviewer_1.6.16.pdf
https://doi.org/10.1016/j.envsci.2019.11.010
https://doi.org/10.1016/j.envsci.2019.11.010
https://doi.org/10.1088/1748-9326/abc044
https://doi.org/10.1088/1748-9326/abc044
https://doi.org/10.1080/17565529.2021.1881424
https://doi.org/10.1080/17565529.2021.1881424
https://doi.org/10.1186/s13717-017-0093-5
https://doi.org/10.1186/s13717-017-0093-5
https://doi.org/10.3390/su12198164
https://doi.org/10.3390/su12198164
https://doi.org/10.1007/s10584-006-9060-3
https://doi.org/10.1007/s10584-006-9060-3
https://doi.org/10.1111/geoj.12178
https://doi.org/10.1111/geoj.12178
https://doi.org/10.1002/ldr.842
https://doi.org/10.1002/ldr.842
https://doi.org/10.1080/17565529.2014.965654
https://doi.org/10.1080/17565529.2014.965654
https://doi.org/10.1016/j.jenvman.2021.113475
https://doi.org/10.1016/j.jenvman.2021.113475
https://doi.org/10.1080/23311886.2019.1646626
https://doi.org/10.1080/23311886.2019.1646626
https://doi.org/10.1007/s10668-020-01198-8
https://doi.org/10.1007/s10668-020-01198-8
https://doi.org/10.1016/s2095-3119(14)60805-4
https://doi.org/10.1016/s2095-3119(14)60805-4
https://doi.org/10.1007/s10113-013-0532-5
https://doi.org/10.1007/s10113-013-0532-5
https://doi.org/10.1007/s11069-019-03620-5
https://doi.org/10.1007/s11069-019-03620-5

	On farmers' perceptions of climate change and its nexus with climate data and adaptive capacity. A comprehensive review
	1. Introduction
	2. Methods and design section
	2.1. Research question(s)
	2.2. Protocol
	2.3. Query strings
	2.4. Study selection
	2.5. Data management and analysis

	3. Results—bibliometrics
	3.1. Main dataset information
	3.2. Authorship and sources
	3.3. Keywords and themes

	4. Results—literature review
	4.1. How perceived and observed data are collected?
	4.2. Which climate risks are perceived by farmers?
	4.3. What about climate data covering extreme events?
	4.4. Which level of accuracy between perceived and observed data?
	4.5. Which adaptation measures are implemented by farmers?

	5. Discussion
	5.1. Consolidated and to consolidate research areas
	5.2. Main research gaps
	5.2.1. Conceptual gap: meaning deviation
	5.2.2. Information gap: meteorological and heuristics bias
	5.2.3. Cognition gap: perception description and local knowledge
	5.2.4. Time frame gap: recent and unnoticed events
	5.2.5. Geographical gap: Global South dominance


	6. Conclusions and future research
	References


