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Abstract

There is emerging evidence of the important role of indigenous knowledge for climate change
adaptation. The necessity to consider different knowledge systems in climate change research has
been established in the fifth assessment report (AR5) of the Intergovernmental Panel on Climate
Change (IPCC). However, gaps in author expertise and inconsistent assessment by the IPCC lead
to a regionally heterogeneous and thematically generic coverage of the topic. We conducted a
scoping review of peer-reviewed academic literature to support better integration of the existing
and emerging research on indigenous knowledge in IPCC assessments. The research question
underpinning this scoping review is: How is evidence of indigenous knowledge on climate change
adaptation geographically and thematically distributed in the peer-reviewed academic literature?
As the first systematic global evidence map of indigenous knowledge in the climate adaptation
literature, the study provides an overview of the evidence of indigenous knowledge for adaptation
across regions and categorises relevant concepts related to indigenous knowledge and their contexts
in the climate change literature across disciplines. The results show knowledge clusters around
tropical rural areas, subtropics, drylands, and adaptation through planning and practice and
behavioural measures. Knowledge gaps include research in northern and central Africa, northern
Asia, South America, Australia, urban areas, and adaptation through capacity building, as well as
institutional and psychological adaptation. This review supports the assessment of indigenous
knowledge in the IPCC AR6 and also provides a basis for follow-up research, e.g. bibliometric
analysis, primary research of underrepresented regions, and review of grey literature.

1. Introduction

Adapting to climate change presents a major soci-
etal challenge, made all the more difficult by the
uncertainty of future impacts and issues surround-
ing climate justice. Knowledge systems and practices
of Indigenous peoples are recognised as a ‘major
resource’ for climate change adaptation (Adger et al
2014), but they have not been used consistently in
adaptation efforts and have often been neglected in
policy and research (Adger et al 2014, Jones et al
2014, IPCC 2014b). In order to support an adequate
engagement with the existing and emerging research
on indigenous knowledge in the Intergovernmental

© 2020 The Author(s). Published by IOP Publishing Ltd

Panel on Climate Change (IPCC) assessments, this
paper provides the first systematic global evidence
map of peer-reviewed literature with evidence con-
cerning indigenous knowledge on climate change
adaptation, including a synthesis of geographic and
thematic gaps and clusters.

The IPCC Special Report on Global Warming of
1.5 °C lays out the enormity of the challenge we face
in limiting temperature rise to levels that are less dan-
gerous to life (IPCC 2018b). Yet even if all parties
to the Paris Agreement were to meet their Nation-
ally Determined Contributions, global temperatures
could still rise to over 3 °C above pre-industrial levels
(UNEP 2019). The United Nations Conference of
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Parties in 2021 (COP26) will be a sobering review
of progress made and the steps needed to avert cli-
mate catastrophe. Even with future deep cuts to emis-
sions, changes that have occurred and are occur-
ring in the climate system will continue to impact
human and natural systems, especially vulnerable
and marginalised populations (IPCC 2018b). This
means that effective adaptation to climate impacts
will become increasingly important. Unfortunately,
UNEP’s adaptation gap report finds a growing gap
between countries’ preparedness for climate change
and the actual measures needed to prepare com-
munities for a future of increasing climate risks
(UNEP 2018).

The higher the diversity of adaptation approaches
in our repertoire, the greater our chances of find-
ing responses that fit a particular situation. The
value of diversity for decision-making has been long
recognised in the literature on resource manage-
ment (Berkes 2009, Norstrém et al 2020, van Bavel
et al 2020). Likewise, in the IPCC’s fifth assessment
report (AR5), the utilisation of different forms of
knowledge together with existing adaptation prac-
tices was recognised by both the climate research
community and governments as not only increas-
ing the effectiveness of adaptation (IPCC 2014b) but
also critical for ethical and sustainable adaptation
practices (Nakashima et al 2012, de Coninck et al
2018).

One such type of knowledge is indigenous know-
ledge. Indigenous knowledge refers to the under-
standings, skills and philosophies of Indigenous
peoples, developed through long and multigenera-
tional histories of interactions with the natural world
and adapting to highly variable and changing ecolo-
gical and social conditions including colonisation and
globalisation (Adger et al 2014, UNESCO 2017). Des-
pite the finding that indigenous knowledge has not
been widely utilised in formal adaptation efforts by
governments and has often been neglected in policy
and research (Adger et al 2014, Jones et al 2014, IPCC
2014b), the AR5 does not explore the reasons for this
omission. Despite this neglect, Indigenous peoples
themselves have long recognised the importance of
their knowledge systems for managing change (Ford
et al 2020).

Various reasons have been proposed for this omis-
sion, including the positivistic framing of the IPCC,
perceptions of indigenous knowledge as being of
lesser value and legitimacy than knowledge deriving
from dominant societies and cultures, and because
some of the underlying belief systems and environ-
mental ethics are at odds with capitalist economic sys-
tems. A further reason could be the accessibility of
indigenous knowledge to scientists and policymakers
involved in generating IPCC reports—how it is rep-
resented and discussed, and the associated lack of
indigenous knowledge holders in IPCC assessment
reports (Ford et al 2012b, 2016).

J Petzold et al

The literature dealing with indigenous knowledge
and climate change adaptation in IPCC reports is
heterogeneous and mostly generic (Ford et al 2016).
This may contribute to the lack of consistency in its
assessment to which the AR5 refers. The recent and
ongoing IPCC special reports in the sixth assessment
cycle acknowledge and highlight indigenous know-
ledge within their specific contexts (e.g. with a focus
on Arctic communities, fishers, small islands, sustain-
able land management) (de Coninck et al 2018, Hurl-
bert et al 2019, Meredith et al 2019). Nonetheless, a
consistent integration of the growing body of research
on indigenous knowledge remains an important task
for the upcoming ARG.

In response to this knowledge gap, we apply a
systematic scoping review methodology to generate
an evidence map that comprehensively engages with
the existing and emerging research on indigenous
knowledge. We seek to understand the geographical
and thematic distribution of this research and ask
the question: How is evidence of indigenous know-
ledge on climate change adaptation geographically
and thematically distributed in the peer-reviewed lit-
erature? In examining this overarching question, we
also investigate sub-questions, including:

e Whatis the typology of publications in which peer-
reviewed papers are published?

e Which regions and populations are represented,
and to what extent?

e How is indigenous knowledge defined and concep-
tualised?

o Which aspects of adaptation are included?

e Which attributes of indigenous knowledge are
drawn upon, and for what purpose?

e In what way, if at all, is indigenous knowledge
combined with scientific knowledge?

The evidence base for this topic is suitable for
a scoping review since there is a growing range of
literature available from various disciplines. Recent
reviews relevant to the topic have a relatively nar-
rower scope and/or specific thematic focus (see also
Salick and Ross 2009), for example, on indigen-
ous research methods (Drawson et al 2017), indi-
genous knowledge coupled with scientific know-
ledge (David-Chavez and Gavin 2018, Makondo and
Thomas 2018), local knowledge (Reyes-Garcia et al
2016, Klenk et al 2017), specifically regarding mitiga-
tion (Brugnach et al 2017) or health (Mcdonald et al
2010), or focus on specific regions such as the Arctic
(Ford and Pearce 2010, Ford et al 2012a). Most public-
ations on indigenous knowledge deal with case stud-
ies or specific geographies, such as Arctic communit-
ies, aboriginal populations, pastoralists, and small
island communities (Ford et al 2020).

While indigenous knowledge can be understood
at its most basic as the knowledge of Indigenous
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peoples, there is no single internationally accep-
ted definition of Indigenous peoples, and indigen-
ous groups are themselves heterogeneous. The AR5
Glossary identifies indigenous groups’ common char-
acteristics, such as: residence within or attachment
to geographically distinct traditional habitats, ances-
tral territories, and their natural resources; main-
tenance of cultural and social identities, and social,
economic, cultural and political institutions separate
from mainstream or dominant societies and cultures;
descent from population groups present in a given
area, most frequently before modern states or territ-
ories were created and current borders defined; and
self-identification as being part of a distinct indigen-
ous cultural group, and the desire to preserve that
cultural identity (IPCC 2014a). There are overlaps in
meaning between indigenous knowledge and local,
traditional and community knowledge (Nakashima
et al 2012, Naess 2013). In the following section, we
provide definitions for indigenous knowledge and
Indigenous peoples, as used in this review.

The paper provides an updated and global review
of the peer-reviewed literature on indigenous know-
ledge and climate change adaptation across disciplin-
ary boundaries and geographies, and identifies know-
ledge clusters and gaps. As such, the review is tar-
geted to support the IPCC assessment by presenting
global evidence of indigenous knowledge on climate
change adaptation, consistent with the aim and other
papers in this Focus Issue. In so doing, we hope the
review will support policymakers and practitioners in
applying and engaging with indigenous knowledge to
improve adaptation efforts.

2. Methods

For this scoping review, we build on the principles of
the systematic map methodology (James et al 2016,
Haddaway and Macura 2018) to describe the state of
knowledge and map the available evidence of the role
of indigenous knowledge for climate change adapta-
tion in academic journal articles, book chapters, and
conference papers. Scoping reviews are an established
method for evidence synthesis, and are also increas-
ingly applied in climate change adaptation research
(Berrang-Ford et al 2015). The objective of scop-
ing reviews is to provide a broad overview of the
literature on a specific topic and identify patterns,
trends, knowledge clusters, and gaps. In contrast to
non-systematic approaches, their methodology for
screening, selecting, and extracting data is transpar-
ent, allows for a highly comprehensive set of literat-
ure, creates the baseline for tracking progress on an
identified gap, and aims at minimising researcher bias
(James et al 2016). While a scoping review approach
usually does not include a critical appraisal of indi-
vidual studies’ results and their impacts, it is ‘par-
ticularly valuable for broad, multi-faceted questions’
(James et al 2016), and provides the basis for in-depth
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follow-up research on specific subsets of the identified
evidence.

The methodology for this scoping review is
explained in the following sections and with addi-
tional details in supplementary data 1 (available
online at stacks.iop.org/ERL/15/113007/mmedia).
The full dataset and results of the evidence map can
be found in the evidence map database (see supple-
mentary data 3).

2.1. Scoping
The scoping of the review is based on the cover-
age of indigenous knowledge in recent IPCC reports,
including AR5 and SR1.5, as well as selected review
articles with direct relevance to the research ques-
tion (Nakashima et al 2012, Reyes-Garcia et al 2016,
Brugnach et al 2017, Drawson et al 2017, David-
Chavez and Gavin 2018). The scoping study lays the
foundation for the development of the search strategy
(see table 1) and definition of key terms (see table 2).
A pilot search in the Web of Science Core Collec-
tion gave 1689 results (search string: TOPIC: climate
change OR global warming OR climate variability
AND TOPIC: adaptation OR mitigation OR response
AND TOPIC: indigenous knowledge OR traditional
knowledge OR local knowledge), after which further
search terms were added to the search string.

2.2. Searching and selecting publications

The topical search (title, abstract, and keywords) for
this review was conducted in three databases: Web
of Science Core Collection, Scopus, and CAB dir-
ect (see supplementary data 1, section 1 for the full
search string). Additionally, we hand searched the
IPCC WGII AR5 reference list for relevant publica-
tions on ‘indigenous’ issues. There was no time period
limitation for the inclusion of publications. Mono-
graphs and grey literature were excluded, since they
would compromise the systematic nature of a scop-
ing review. Full texts for books are more difficult to
retrieve, and they—similar to grey literature—usually
have a very different structure compared to journal
articles, book chapters, and conference papers, mak-
ing it more difficult to systematically extract the actual
empirical evidence on adaptation.

Related to the ‘Population, Interest, Context’
(PICo) framing that defines the key compon-
ents of the research question and search strategy
(see table 1), inclusion criteria were defined as pub-
lications that are:

e Studies to include indigenous knowledge sys-
tem(s) (e.g. traditional ecological knowledge, nat-
ive science) from indigenous community(ies) (see
David-Chavez and Gavin 2018), either by self-
definition or according to the working definition
(see table 2)

e Explicit climate change adaptation context, i.e.
dealing with human adaptation to climate-related
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Table 1. ‘Population, Interest, Context’ (PICo) framing for this review.

Population (P)

Interest (I) Context (Co)

Indigenous populations

Any empirically documented
climate change adaptation
responses across the globe

Observed/documented human
adaptation responses to climate
change

Table 2. List of working definitions for key terms of this review.

Key term

Definition

Indigenous populations/
Indigenous peoples

Indigenous knowledge

Climate Change

Adaptation

‘Indigenous’ should be understood to reference a community of peoples sharing
intergenerational ancestry and cultural aspects with original (pre-colonial) occupants
of ancestral lands in a specific region of the world. Within this definition, membership
to an Indigenous community should be understood as a sovereign right established both
through self-determination and community acceptance (Anaya 2004).

Indigenous knowledge refers to the understandings, skills and philosophies developed by
societies with long histories of interaction with their natural surroundings. For many
Indigenous peoples, Indigenous knowledge informs decision-making about funda-
mental aspects of life, from day-to-day activities to longer term actions. This knowledge
is integral to cultural complexes, which also encompass language, systems of classifica-
tion, resource use practices, social interactions, values, ritual and spirituality. These dis-
tinctive ways of knowing are important facets of the world’s cultural diversity (UNESCO
2017).

Climate change refers to a change in the state of the climate that can be identified (e.g.
by using statistical tests) by changes in the mean and/or the variability of its properties
and that persists for an extended period, typically decades or longer. Climate change
may be due to natural internal processes or external forcings such as modulations of the
solar cycles, volcanic eruptions and persistent anthropogenic changes in the composition
of the atmosphere or in land use (IPCC 2018a).

The process of adjustment to actual or expected climate and its effects, in order to mod-
erate harm or exploit beneficial opportunities (IPCC 2018a).

environmental changes (Berrang-Ford et al 2011).
‘Climate-related environmental research’ includes
knowledge systems and biocultural relationships
humans hold regarding long term weather pat-
terns, their environmental impacts, and environ-
mental adaptation in a particular place (see David-
Chavez and Gavin 2018).

e Original field studies

e Published in English, French, German, or Spanish'

Accordingly, papers not dealing with indigenous
populations or climate change adaptation (e.g. focus
only on impacts, only on perception of change, or
mitigation, i.e. human interventions to reduce emis-
sions or enhance the sinks of greenhouse gases (IPCC
2018a)), as well as review articles, discussion papers,
or commentaries, are excluded. Studies are excluded if
there is insufficient information on whether the pop-
ulation and their knowledge systems that are stud-
ied can be considered as ‘indigenous’ according to the
working definition (see table 2).

The screening of the evidence was done in a two-
step process, with double-screening, i.e. two reviewers

1According to researcher capacity at the search stage, only Eng-
lish keywords were used for the database search. However, it was
possible to consider the limited number of French, German, and
Spanish publications that were found through this search during
the review stage.

in parallel screening titles and abstracts and resolv-
ing conflicts. The full-text screening was done only by
the principal reviewer. A full list of included literature
and reasons for publications excluded at the full-text
screening stage can be found in supplementary data 3.
The screening was facilitated by using the web-based
tool Covidence. Reviewers who have authored pub-
lications to be considered within this review have not
been involved in inclusion decisions.

2.3. Coding and data extraction

The data extraction was done through coding the
individual publications according to a set of subcat-
egories on metadata, geographic, and thematic distri-
bution. The individual codes for the geographic and
thematic distributions build on concepts from cli-
mate change- and Indigenous people-specific literat-
ure (see supplementary data 1, section 2, for the full
list of codes and labels). The coding and data extrac-
tion were done using the web-based tool SysRev.

2.4.TPCC AR5 review

We conducted an analysis of journal disciplines
(according to the Essential Science Indicators by Web
of Science) of all papers cited in the IPCC WGII Part A
and B contribution to the fifth assessment report and
listed in the ESI Web of Science in order to put the sys-
tematic literature review directly into context of the
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Records identified through database searching:

Records identified through other sources: IPCC

= Web of Science Core Collection, Scopus, CAB Direct WGII ARS
3 (n = 2440) (n=105)
(1}
L
v
Records after duplicates removed | Duplicates
(n=1759) (n=776)
i
Records afii:;::lei:gnd abstract | Excluded titles
(n = 395) (n=1364)
!
o0 Articles retrieved at full text Unretrievable full texts
= (n=384) (Not accessible, n =11)
3
= v
v
Articles after full text screening N Excluded full texts, with reasons
(n=236) (n=148)

+52 Lack of evidence on adaptation
responses

+ 40 Secondary research, review, or
unsupported publication type

+19 Not climate change focused

+ 20 Not dealing with knowledge
systems

+ 16 Non-indigenous population or
insufficient information on population

*1 Unsupported language

database and narrative synthesis
(n=236)

)
@
(1]
=
=
[=
>
(2

Articles included in the evidence map

Figure 1. ROSES (RepOrting standards for Systematic Evidence Syntheses) flow diagram (after Haddaway et al 2018).

IPCC assessment and compare the potential discip-
linary bias (see supplementary data 2).

2.5. Limitations

Being a scoping review with the aim of broadly
describing the evidence base, the paper has a num-
ber of limitations. Many of these limitations reflect
our global focus and the associated trade-off of depth
vs breadth, and inevitably we will not have cap-
tured all the relevant literature; this underscores the
importance of future research to explore the find-
ings in greater detail for specific regions and pop-
ulations. Due to our focus on evidence of indigen-
ous knowledge on climate change adaptation, we
explicitly excluded studies on mitigation. Moreover,
we excluded studies dealing only with the percep-
tion of climate or climatic change with no refer-
ence to adaptation. Regarding methods, more search
terms identified at advanced stages of the review,
such as ‘indigenous science’ or ‘ethnoscience’ could
have produced more results. Due to researcher capa-
city and time constraints, we focused the coding on

key indicators of interest for geographic and thematic
distribution. Additional codes such as on landscape
type and research methods would give more detailed
information on the case studies and research back-
ground. Furthermore, the evidence base of our evid-
ence map is limited due to the exclusion of further
databases, monographs, grey literature, and publica-
tions in other languages than English, French, Ger-
man, or Spanish. For this scoping review, we did not
include a separate validity and consistency check dur-
ing the stage of coding and data extraction. However,
this is a step that is more important for full system-
atic reviews that include a critical appraisal of study
results.

3. Results

After the database search, title and abstract screening,
and full-text screening, 236 publications were con-
sidered for review (see figure 1) and included in the
evidence map database (see supplementary data 2 for
the full list of publications included in the review, and
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Publications per year
n=236
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26 25
23
20
18 18
7 16
9 9
6
1T 1 1T 1 1 1 1
_“ ; N BN —_-
1995 2000 2005 2010 2015 2020
Figure 2. Number of publications per year focusing on indigenous knowledge and climate change adaptation (publications in
2020 were included until July).

supplementary data 3 for the evidence map database,
including all results and codes for the review analysis).

3.1. Typology of publications

Of the 236 publications reviewed, 210 are published
in academic journals, 21 as chapters in edited books,
and five as conference papers. The earliest publication
was published in 1994. However, most publications
were published between 2010 and 2020, with between
9 and 42 publications per year (see figure 2).

Journals with the highest number of publications
are the Indian Journal of Traditional Knowledge (14
publications), Climatic Change (12), Jamba-Journal of
Disaster Risk Studies (9), and Climate and Develop-
ment (8). The Indian Journal of Traditional Know-
ledge (IJTK) is a relevant journal for topics regard-
ing indigenous knowledge, and besides focusing on
Asian studies, also covers case studies from other con-
tinents. In fact, four of the 14 publications published
in the IJTK are about African case studies (Ethiopia,
Zimbabwe, and two in Uganda). However, the IPCC
WGII AR5 includes only references to four publica-
tions from this journal.

The journal discipline (according to the Scimago
Journal & Country Rank database; see figure 3) most
frequently represented is environmental sciences (133
publications), followed by social sciences (97), earth
and planetary sciences (50), agricultural and biolo-
gical sciences (36), medicine (22), and health profes-
sions (14). However, within these broad categories,
multiple disciplines per journal are possible. Among
edited books, the book series Climate Change Man-
agement is most represented (five chapters).

The top 10 keywords (excluding ‘climate change’,
‘knowledge, ‘indigenous knowledge’, ‘traditional
knowledge, ‘traditional ecological knowledge’,
‘adaptation) ‘climate change adaptation’) for the
publications that included them are (see figure 4):
Vulnerability (37), Resilience (35), Adaptive Capacity
(18), Agriculture (17), Drought (16), Food Secur-
ity (15), Management (15), Perception (13), Impact
(13), and Community (13).

3.2. Geographic distribution

Most publications focussed on African case studies
(92), followed by Asia (75) and North America (26).
Some countries dominate the case studies within their
respective region, such as Zimbabwe (17) and Kenya
(12) in Africa, and India (23 publications, which is the
highest number of publications of a single country),
Nepal (11), and Bangladesh (10) in Asia. The North
American case studies are mainly located in Canada
(17 publications) (see figure 5).

Overall, most studies are located in tropical cli-
mates (92), followed by temperate (78), dry (47),
continental (29), and polar climates (10) (after
Koppen-Geiger climate classification; see figure 6).
Going into more detail, the most common climate
zones are ‘Aw: Tropical savanna climate with dry-
winter characteristics’ (53), ‘Cwb: Dry-winter sub-
tropical highland climate’ (37), and ‘Cwa: Dry-winter
humid subtropical climate’ (30).

The vast majority of publications includes studies
in rural settings (193), followed by ambiguous settle-
ment forms (32), i.e. those that could be considered
to be either rural or urban (see Satterthwaite 2016),
six publications with rural and urban settlements, and

6
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Publications per discipline
n=236

Environmental Science

Earth and Planetary Sciences

Agricultural and Biological Sciences

Medicine

Health Professions

Energy

Economics, Econometrics and Finance
Arts and Humanities

Multidisciplinary

Business, Management and Accounting

Engineering
Biochemistry, Genetics and Molecular
Biology
Figure 3. Distribution of publications per disciplines (according to journal disciplines as listed in the Scimago Journal & Country
Rank database).
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Figure 4. Wordcloud of author keywords (excluding ‘climate change’, ‘knowledge’, ‘indigenous knowledge’, ‘traditional
knowledge, ‘traditional ecological knowledge’, ‘adaptation) ‘climate change adaptation’; produced with www.wordart.com). Top
ten keywords in green.

five with only urban case studies (see figure 7). The referred to them by their type of livelihood or made
urban case studies are located in sub-Saharan Africa  generic references such as islander or villager (see
(Ghana, Namibia, Ivory Coast, Zambia), Asia (India, figure 8).
Philippines, Iran, Myanmar, Vietnam), and one in a
Small Island State (Fiji). 3.3. Concepts used

The publications referred to Indigenous peoples  First, we looked at terminology and definitions of
in a variety of ways. The majority of publica- indigenous knowledge. As noted earlier, the distinc-
tions did not provide the name of the Indigenous tion between indigenous knowledge and other forms
peoples that were involved in the field study, but ofknowledge such aslocal or traditional knowledge is
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North America: 11%

Small Island States: 6%
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Australasia: 5% | ~
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“ Location of case studies I Percentage of publications per region |

Number of publications per country
[Jo[J1-3[J4-6[17-9010-12 [l 13-15 M '6-18 |l 19-23

Figure 5. Global distribution of publications. Each yellow dot represents a case study (for single-study research or multi-study
research with case studies comparing different regions) or a case study region (for multi-study research of a specific district or
region the dot location is either the region capital or central point). The green shading indicates the number of publications per
country.

Climate groups
n=236

(A) Tropical / megathermal climates
(B) Dry (desert and semi-arid) climates
(C) Temperate / mesothermal climates
(D) Continental / microthermal climates

(E) Polar climates

Figure 6. Distribution of publications across climate groups (after Koppen—Geiger climate classification).

Type of settlement

rural and urban (2.5%) urban (2.1%)

ambiguous (14%)

rural (82%)

Figure 7. Number of publications per type of settlement (after Satterthwaite 2016).
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Indigenous people
n=236

Named Indigenous peoples
Farmers & agropastoralists
Pastoralists, herders &ranchers SWi
Fishers, hunters & gatherers

Generic, e.g., villager, islander 1z

other types, e.g. pastoralists or islanders.

Figure 8. Number of publications per Indigenous peoples. Note that ‘Named Indigenous peoples’ may also include one of the

Terms and concepts
n=236

Indigenous knowledge 15
Traditional knowledge
Local knowledge 48

Traditional ecological knowledge [ek

Other 38

‘

Figure 9. Number of publications per terms and concepts for indigenous knowledge used in publications.

not always clear (Nakashima ef al 2012). The publica-
tions included in this review also use a range of terms
and concepts to describe indigenous knowledge. The
most commonly used term is indigenous knowledge
(151 publications). However, the terms or concepts of
traditional knowledge (68), local knowledge (48), and
traditional ecological knowledge (39) are also used
in many of the publications dealing with Indigen-
ous peoples and their knowledge systems. In some
cases, different concepts are used in the same paper,
e.g. traditional knowledge and indigenous know-
ledge (e.g. Negi et al 2017), or indigenous know-
ledge and local knowledge (e.g. Kpadonou et al 2012).
Moreover, other concepts such as Inuit knowledge
(Ford et al 2006), aboriginal knowledge (Newton
1995), traditional environmental knowledge (Janif
et al 2016), indigenous technical knowledge (Rautela
2005), ethnoscience (Jerie and Matanga 2011), or
local wisdom (Sulistyawati et al 2017) were also
used—these are included in the category ‘Other’
because they are less widely used in the literature
and/or are regionally specific, in contrast to the more
commonly used terms (see figure 9). More than half
of the publications (119) do not provide definitions
of indigenous knowledge or any of the other concepts
used.

Next, we considered in what way indigenous
knowledge was combined, if at all, with scientific
knowledge. Most studies (120) focus only on the role

of indigenous knowledge for climate change adapt-
ation. However, many studies (116) also analysed
indigenous knowledge in combination with scientific
knowledge for adaptation, among other purposes,
for the improvement of weather forecasting (e.g.
Kalanda-Joshua et al 2011), warning systems (e.g.
Paul and Routray 2013) and of farming/land manage-
ment (e.g. Newsham and Thomas 2011).

3.4. Indigenous knowledge and adaptation
Adaptation refers to the process of adjustment to
actual or expected climate and its effects, in order
to moderate harm or exploit beneficial opportunit-
ies (IPCC 2018a). The publications included in this
review cover adaptation to a range of climate impacts
or hazards. More than half of the publications refer
to drought (120), followed by precipitation change
(116), flood (84) and air temperature change (52) (see
figure 10).

Practice and behavioural responses are the most
common type of adaptation documented. They are
considered in 166 publications (representing more
than two-thirds of the publications) and involve,
for example, land management techniques, climate-
resilient crops or livestock practices, and mobil-
ity/migration. The next type of adaptation is manage-
ment and planning (109), followed by warning and
observation systems (54) and physical infrastructure
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Climate hazards

n=236

Drought 120
Change in precipitation patterns 116
Flood

Air temperature change 52
Extreme weather 35
Shifting/changing seasons 25
Storm 24
Change in water quality or temperature 21

Sea level rise and wave action
Changes in snow cover, ice sheets/glaciers Nk
Landslide
Wildfire
Other

=] -= N 1)
I} S o s

Figure 10. Number of publications per climate hazard referred to in publications.

(47) (see table 3). The analysis of types of adapta-
tion per region shows that practice and behavioural
adaptation is the most common type across regions
except Australasia and Small Island States, where
management and planning is more often referred to
in the reviewed studies (figure 11).

Finally, we looked at different attributes of indi-
genous knowledge that were drawn upon in the stud-
ies. The most common attribute mentioned is the fac-
tual knowledge about the environment and environ-
mental changes (170), followed by factual knowledge
about the use of the environment (143). However,
governance and social capital (61), and cultural values
and worldviews (61) also played a role in many studies
(see table 4). The analysis of attributes of indigenous
knowledge drawn on for adaptation per region shows
that factual knowledge about the environment and
environmental changes is mostly (in relative terms)
referred to in African and North American studies,
and factual knowledge about the use of the environ-
ment especially mostly in Asian and Central & South
American studies. Cultural values and worldviews are
relatively most prominent in Australasian studies and
governance and social capital particularly in studies
from Small Island States (figure 12).

4. Discussion

The aim of this evidence map was to analyse the
geographic and thematic distribution of evidence of
indigenous knowledge on climate change adaptation
in the peer-reviewed literature to support ongoing

and future assessments and research on this topic.
This analysis includes the type of publications and
disciplinary background, usage of specific concepts
for dealing with indigenous knowledge and its vari-
ous attributes, and an overview of different types of
adaptation.

4.1. Typology of publications

The analysis indicates that the number of published
original peer-reviewed research articles on indigen-
ous knowledge and climate change adaptation has
been growing over time. The typology of publications
by journal discipline by Scimago Journal & Country
Rank (SJR) shows a predominance of publications
in environmental science (35%) and social sciences
(26%) journals, followed by earth and planetary sci-
ences (13%) and agricultural and biological sciences
(10%).

This distribution across journal categories can be
compared with the distribution of articles on climate
change adaptation more generally. The analysis of
journal disciplines (according to the Essential Science
Indicators by Web of Science) of all papers cited in
the IPCC WGII Part A and B contribution to the
fifth assessment report (see supplementary data 2)
shows a similar pattern. Here too, environmental sci-
ences (29%) and social sciences dominate (23%), fol-
lowed by geosciences (20%). Plant and animal science
with agricultural sciences and biology & biochem-
istry form a fourth category (12%) that is compar-
able to the SJR category of agricultural and biological
sciences. This comparison confirms a disciplinary
bias towards environmental and social sciences and
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Table 3. Overview of types of adaptation and examples from the reviewed literature.

Number of

Type of adaptation publications ~ Example

Practice and behavioural 166 Traditional farming techniques (e.g. Swe et al 2015); livestock
practices (e.g. Rybréiten and Hovelsrud 2010); mobility/migration
(e.g. Morrison 2017; Rasmussen et al 2009)

Management and planning 109 Livelihood diversification (e.g. Ayeri et al 2012); management of
grazing land (e.g. Singh et al 2018)

Warning or observation systems 54 Weather and climate forecasting systems (e.g. Balehegn et al
2019); drought forecasting (e.g. Chisadza et al 2013); cyclone fore-
casting (e.g. Paul and Routray 2010)

Physical infrastructure 47 Climate-resilient buildings (e.g. Mercer et al 2012); traditional
temporary flood protection (e.g. Chowdhooree 2019)

Policy and institutional 28 Local institutions, rules and support schemes, food sharing (e.g.
Mavhura 2017; Pearce et al 2010)

Information and research 19 Dissemination and communication of climate information (e.g.
Chambers et al 2019; Gichangi et al 2015)

Capacity building 18 Knowledge sharing networks (e.g. McNamara and Westoby 2011)

‘Green’ infrastructure 11 Local plants for flood protection (e.g. Paul and
Routray 2010); Revegetation of abandoned land (e.g. Tiwari and
Joshi 2013)

Financing 7 Farm loans through microfinancing (e.g. Ebhuoma and Simatele
2017)

Technology 4 Technologies to improve water use (e.g. Paul and Routray 2010)

Other 9 Influencing weather through will and faith (e.g. Boillat and Berkes

2013)

n=236

institutional
B ‘Green” infrastructure

Australasia

Europe

Small Island States

North America 16

Types of adaptation per region

P capacity building [ Management and planning
Information and research

o A ¢ ¢ |
Asia 59 41 15 |4 (10 [8 |

Central & South America 9 -

5 : WR
s Bl

Physical infrastructure [J] Warning or observation systems
'Financing [l Technology Other

Practice and behavioural [l Policy and

Figure 11. Number of publications per type of adaptation per region.

relatively little attention paid to indigenous know-
ledge in the agricultural and biological sciences.

4.2. Geographic distribution

The representation of Indigenous peoples and their
knowledge in climate change adaptation literature has
implications for justice, as well as for the effectiveness
of adaptation efforts.

By region, we have shown that a large propor-
tion of the publications are African and Asian stud-
ies and that India, Zimbabwe, and Canada dominate
by country, and accordingly tropical and subtropical

by climate zones. It is difficult to assess how repres-
entative this coverage is of Indigenous peoples across
the world, for two main reasons. Firstly, as we have
demonstrated, in many publications, the Indigenous
peoples that were part of the research are not named.
Secondly, there is no accepted list of all the Indigen-
ous peoples worldwide. However, a comparison of
our results (see figure 5) to the overview of Indigenous
peoples by the International Work Group for Indigen-
ous Affairs (IWGIA 2019) and the spatial analysis of
indigenous lands worldwide by Garnett et al (2018)
suggests some geographical gaps: in northern and
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Table 4. Overview of attributes of indigenous knowledge drawn on for adaptation and examples from the reviewed literature.

Attributes of indigenous Number of Example

knowledge publications

Factual knowledge about 170 Observations of regional precipitation changes (e.g. Fassnacht

the environment and envir- et al 2018); changes in ice thickness (e.g. Newton 1995); know-

onmental changes ledge of cloud and wind patterns, response of plants to temperat-
ure change (e.g. Belle et al 2017)

Factual knowledge about 143 Use of local material for flood/storm protection (e.g. Rasmussen

the use of the environment et al 2009; Hazarika et al 2016); traditional crops and cropping
mixes (e.g. Rankoana 2016)

Cultural values and world- 61 Relationship to land and stewardship (e.g. Golden et al 2015);

views values of reciprocity, collectiveness, equilibrium, and solidarity
(e.g. Walshe and Argumedo 2016)

Governance and social 61 Food sharing networks (e.g. Bridges and Mcclatchey 2009); social

capital networks and informal safety nets (e.g. Mavhura 2017)

Other 2 Traditional clothing (Giles et al 2013) and housing (Fujieda and

Kobayashi 2013)

n=236

Africa
Asia
Australasia

Central & South America

Europe
North America 22
Small Island States 8

Attributes of indigenous knowledge per region

[l Factual knowledge about the environment and environmental changes [Jl] Factual knowledge about the
use of the environment [l Cultural values and worldviews

Governance and social capital Other

22

Figure 12. Number of publications per attributes of indigenous knowledge per region drawn on for climate change adaptation.

central Africa, northern Asia, Greenland, Australia,
parts of South America and Polynesia. These find-
ings confirm the patterns of distribution of evidence
in similar systematic review approaches, e.g. with
respect to clusters in the North American Arctic (Ford
et al 2015), Sub-Saharan East Africa and the Tibetan
Plateau (David-Chavez and Gavin 2018 ) and limited
evidence from Greenland (Ford et al 2014, Canosa
etal 2020).

It is also noteworthy that Indigenous people living
in urban environments are hardly represented in the
adaptation literature—only 11 publications include
urban case studies. The few publications including
urban case studies are all mainly located in Africa
and Asia (in addition to one in Fiji). Hence, none
of the Australasian, South or North American pub-
lications deal with adaptation of indigenous com-
munities in cities, despite a large and growing num-
ber of indigenous populations living in urban areas
(Minority Rights Group International 2015, IPMG
2019).

4.3. Conceptual approaches
We included a range of search terms relating to indi-
genous knowledge and found that multiple terms are
often used in the same paper, for example indigenous,
traditional and local knowledge, and that these terms
appear to be used interchangeably. This reflects the
approach in IPCC reports, where a clear distinction
between these different forms of knowledge is avoided
(e.g. Field et al 2014). Determining what the authors
actually mean by the terms they use is more diffi-
cult because most (119 publications) do not provide
definitions, highlighting a need for authors to more
clearly define what they mean by the terms they use.
More than half of the publications examine
indigenous knowledge only, rather than exploring
how indigenous knowledge is being integrated with
scientific knowledge, or comparing research find-
ings about indigenous knowledge with scientific
knowledge. Given the findings of the AR5 that
indigenous knowledge tends to be neglected or
inconsistently applied in adaptation efforts and that
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integrating such forms of knowledge with existing
practises increases the effectiveness of adaptation,
studies that already integrate indigenous knowledge
with scientific knowledge may be most helpful in
promoting and supporting effective use of indigen-
ous knowledge in policy and practice. This is because
integrating different knowledge systems, with differ-
ing rules of production, acquisition and shareabil-
ity as well as different ontologies, poses considerable
conceptual challenges (Brugnach et al 2017).

There are inherent ethical sensitivities and power
imbalances in collecting and using indigenous
knowledge data in mainstream research contexts (e.g.
see IPHRC 2004, Burnette and Billiot 2015; Briggs
2016). To further the agenda of decolonizing research,
it would therefore be useful if publications were
explicit about the extent and nature of involvement
of Indigenous peoples in the research process. This
includes the production of new integrated knowledge
as presented in the published articles, and whether a
knowledge-sharing process had been agreed (Brug-
nach et al 2017, Drawson et al 2017, David-Chavez
and Gavin 2018). The vast majority of climate studies
using indigenous knowledge have been found to use
an extractive model (David-Chavez and Gavin 2018).
As the number of publications grows, lack of reflexive
research practices that consider how research pro-
cesses can be decolonized is an issue that must be
addressed by climate researchers, academic journals,
and research institutions. ‘Co-production of know-
ledge’ is considered as crucial for understanding the
complex challenges social-ecological systems face
under climate change and addressing these challenges
in a way that serves those who are affected (Norstrom
et al 2020). David-Chavez and Gavin (2018), there-
fore, argue that journals and funding agencies could
improve research standards by requiring reporting
on responsible engagement and providing incentives
for knowledge co-production in climate adaptation
research projects (see also Dilling and Lemos 2011).

4.4. Thematic distribution

The keyword analysis showed that agriculture,
drought and food security were top themes, along
with perceptions and management. Around half of
the publications dealt with drought and precipitation
change, more than two thirds with practice and beha-
vioural adaptation and just under half with adapta-
tion management and planning. Only very few pub-
lications explicitly focused on health concerns (4),
one of these on mental health, one on ethnomedi-
cine, and none focussed on psychological adjustment
to climate impacts, for example, emotion regulation.
Eco-anxiety and mental wellbeing more generally
are starting to receive more media attention though
it is still an area that is under-researched in climate
science (see Nature Climate Change special issue on
mental health, 2018, issue 8).
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With regards to the attributes of indigen-
ous knowledge, most studies draw upon factual
knowledge—about the natural environment and
how it is changing, and about the use and man-
agement of the natural environment. Factual know-
ledge is embedded in worldviews and can emerge
from the cultural practices of particular Indigen-
ous peoples and communities (Brugnach et al 2017,
David-Chavez and Gavin 2018), but these attrib-
utes of indigenous knowledge feature less often in the
reviewed publications. This seeming imbalance of dif-
ferent attributes of indigenous knowledge considered
in the literature warrants further investigation, given
the history and ongoing legacies of colonial subjug-
ation, discrimination and suppression of Indigenous
peoples and their cultures.

Of the 68 references included in this review pub-
lished before 2013, which could have been included
in AR5, only 21 (31%) were assessed in WGII AR5
Part A or B. With only one publication, respectively,
especially Central & South America and urban stud-
ies are underrepresented in AR5. Looking at the 6566
references in Part A (‘Global and Sectoral Aspects’),
105 references (1.6%) are about indigenous issues.
Of these, 18 publications are original research articles
specifically about observed adaptation (and there-
fore also included in this evidence map) (see sup-
plementary data 2). Hence, future reports, including
the ARG, could draw upon a wider and more diverse
body of literature, especially with respect to the exist-
ing adaptation-focussed evidence in the peer-review
literature. Ford et al (2016) suggest that a more rep-
resentative and meaningful assessment of this body
of literature could be facilitated by creating a dedic-
ated space in IPCC reporting on this topic, e.g. across
chapters, in a specific chapter or even special report,
as well as the engagement of indigenous knowledge
holders and more scholars with expertise on indigen-
ous knowledge as lead authors.

4.5. Critical reflection

The results presented here have limitations in terms
of scope and depth, since only existing journal art-
icles have been examined. Therefore, we do not claim
to provide a comprehensive assessment of all of the
available evidence, since research with indigenous
communities on adaptation matters are also docu-
mented in other formats, such as books and non-
peer-reviewed (grey) literature. Nonetheless, system-
atically mapping the literature in this format has
value, because many assessments (such as the IPCC)
and research projects build on the body of literature
in formal academic publishing. The scoping review
methodology also does not allow for an assessment
of the quality of evidence in individual publications
or the validity of their results. These steps are usually
included as part of the critical appraisal in system-
atic reviews that have a narrower scope and research
question.
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5. Conclusions

The evidence map provided by this scoping review
contributes a variety of outcomes that can sup-
port the assessment of indigenous knowledge in the
IPCC AR6 and potentially also other future assess-
ments (e.g. IPBES) and institutional programmes
(e.g. UNESCO). We provide a systematic and trans-
parent overview of the growing number of academic
publications over time and the evidence of indigenous
knowledge on adaptation across regions, including a
categorisation of the most relevant concepts related to
indigenous knowledge and their contexts used in the
climate change literature, across disciplines.

The evidence map allows us to identify the
strongest clusters in the existing academic literat-
ure on indigenous knowledge and climate change
adaptation. Geographically, these were: rural areas
in the tropics, subtropics, and drylands, especially
East and Southeast Africa and the Himalaya. Them-
atically, there was an emphasis on drought or pre-
cipitation change. The strongest forms of adaptation
represented in the literature were practice and beha-
vioural measures, followed by planning and man-
agement. Gaps in the academic literature that war-
rant further primary research include research in
northern and central Africa, northern Asia, South
America, Australia, and Greenland. Urban areas were
also underrepresented. Nor did the literature strongly
represent adaptation from the perspective of capa-
city building and institutional and psychological
adaptation.

In highlighting knowledge clusters and gaps in
academic publishing we wish to stress the need for
two types of action. For researchers to look at other
forms of publications, including grey literature and
monographs, in further studies that aim at system-
atically reviewing these gaps and clusters, and for
academic publishers to address gaps in their own
journals by pro-actively encouraging other types of
submissions.

Recommendations for further research include
primary research with a focus on specific underrep-
resented regions. For a more in-depth coverage of
existing research, we also suggest an evaluation of
existing adaptation policies that attempt to integ-
rate indigenous and scientific knowledge; and existing
reports or evaluations of how indigenous communit-
ies can be empowered to meaningfully influence
adaptation policy development and decision-making
processes. Such reviews could be complemented by a
systematic bibliometric analysis to uncover disciplin-
ary and research bias. Future primary research with
Indigenous peoples and about indigenous knowledge
should engage with the decolonization agenda, in
order to avoid an extractive approach to knowledge
generation.

Finally, we see a need for international assess-
ments such as the IPCC to consistently assess the
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existing evidence across regions, acknowledge the
diversity of types of adaptation, attributes of indi-
genous knowledge, and include research approaches
with diverse conceptual backgrounds relevant to
indigenous knowledge. Such an assessment of the
evidence base laid out by this evidence map could
be implemented, for example, across the sectoral
and regional chapters in the WGII contribution
to ARG.
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