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Abstract

Indigenous people are often considered victims of climate change impact rather than agents of 
adaptation. Emerging studies in Africa have shifted the attention to indigenous knowledge (IK)  
to support the development of effective climate change adaptation strategies. This study adopted  
a systematic literature review methodology to analyse the following: (i) characterization of IK,  
(ii) potential of IK for knowledge co-production, (iii) IK for climate change causes and impact 
identification, (iv) IK for formulating and implementing climate change interventions, and  
(v) documentation and conservation of IK as a resource for climate change adaptation. Results 
show that there is no consensus on the definition of IK. However, certain identical elements in the 
available definitions are relevant for contextualization. IK has been useful in the formulation of 
different climate change adaptation strategies: management practices, early warning, and risk and 
disaster management. IK has the potential for knowledge co-production relevant for developing 
robust adaptation measures. Weather and climate services remain a critical area where IK and 
scientific knowledge (SK) are integrated to enhance forecast reliability and acceptability for local 
communities. IK is disappearing because of modernization and rural-urban migration, changing 
landscape and shifting religious beliefs. We suggest the need for more research into the complexity 
of the IK, proper documentation and storage of IK, and developing effective approaches to integrate 
IK with SK such that it is well received among researchers and policymakers. While doing this, it is 
important to maintain the unique features that distinguish IK from other forms of knowledge.

Keywords: climate change, indigenous knowledge, co-production,  Africa, climate services

Review Methodology: This study is the result of a systematic review of articles indexed in the Scopus database. It followed the three 
main processes of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines: identification, 
screening, and eligibility. The criteria for the search include journal articles publish only in English and for the period between 2000 and 
2020 within the region of Africa. Based on the emerging themes and the dimensions of scholarship on the subject, we crafted five main 
research questions that examined the role of IK in climate change adaptation in African and presented results in a way that consistently 
answer the questions.

Introduction

Indigenous people and their knowledge have an important 
role to play in responding to societal challenges. For several 
millennia, indigenous people have utilized their long-term 

generated knowledge to sustainably explore and adapt to 
their environment for survival. It is exactly this knowledge 
that has protected them from current and previous 
environmental uncertainties that threaten their existence 
[1]. Indigenous people form unique social and cultural 
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groups that share collective ancestral ties to the landscape 
and natural resources that are inextricably linked to their 
identities, cultures, livelihoods, and their physical and 
spiritual well-being. They maintain and speak languages that 
are different from their official national language and have 
customary leaders and organizations different from what 
is known in mainstream society or culture [2]. While the 
way of life of many indigenous people keeps on eroding, it 
is estimated that there are approximately 476 million 
indigenous people across the globe, constituting over 6% 
of the global population and accounting for about 15% of 
the extremely poor [2]. In Africa, the number of indigenous 
people is estimated to be around 50 million [3].

Many indigenous people, especially those in Africa, are 
faced with multiple challenges, including illiteracy, scarcity 
of land and resources, marginalization, and poverty, which 
necessitate the need to support them to improve their 
resilience and livelihoods [3]. In Africa, indigenous peoples 
are often not formally recognized as custodians of their 
lands, territories, and natural resources, and public 
investments in basic services and infrastructure for 
indigenous people are inadequate. For several reasons 
including their level of illiteracy and poverty, indigenous 
people face multiple barriers to participate fully in the 
formal economy, political processes and decision-making, 
access to justice, and adaptation planning and 
implementation. This legacy of inequality and exclusion has 
made indigenous communities more vulnerable to the 
impacts of disease outbreaks and natural hazards including 
climate change [2].

Climate change impact remains an important factor 
exacerbating these challenges [4]. Globally, climate change 
remains an unprecedented challenge of our time. The 
environmental, social-economic, and agricultural sectors of 
many countries are at risk, yet, not every country and 
people have the capacity to deal with climate change 
impact [5]. The unpredictability of weather and climatic 
conditions in addition to extreme events, such as violent 
storms, droughts and floods pose serious risks to poor 
indigenous communities [6]. Ironically, indigenous people 
who have not participated in industrial activities are 
disproportionately affected by the impact of climate 
change [7].

Indigenous communities have long been recognized as 
particularly vulnerable to the impacts of climate change 
because their livelihoods, culture, spirituality and social 
systems largely depend on their immediate environment 
[8]. This is especially so in many countries in Africa where 
food production, for example, is predominantly rain-fed; as 
a result, the dependence of indigenous people on 
agricultural livelihoods is negatively affected [9]. Indigenous 
people located in areas exposed to severe climate change 
are often diverse in cultural backgrounds with different 
languages and origin in addition to peculiar indigenous 
knowledge (IK) about their environment. These people 
have over the years developed IK that helps them manage 
their exposure to environmental changes. According to 

Ajibade and Eche [8], they possess knowledge on practices 
such as agriculture, fishing, hunting, foraging and the use of 
medicinal plants. Also, indigenous people have long-term 
knowledge on managing the impact of climate change and 
may have to offer valuable knowledge to learn from for 
future adaptation to climate change. For example, 
indigenous African farmers have developed a systematic 
approach to gathering indigenous ecological knowledge 
for predicting weather and seasonal climate for decision-
making about climate variability and change problems 
[10–13].

Following the typology of climate change adaptation 
used by Smith et al. [14], IK contributes to almost all types 
of adaptation. First, concerning timeliness and intent of 
adaptation to climate stimuli, IK is used to formulate 
autonomous adaptation measures in response to climate 
impacts. For example, indigenous farmers respond to 
changing precipitation patterns by changing crop variety, 
planting/sowing or harvesting dates [15,16]. IK, when used, 
contribute to the formulation of planned adaptation 
measures which are conscious policy options aimed at 
altering the adaptive capacity of a system (e.g., agricultural 
system). For instance, feedback from indigenous people 
helps in deliberate crops selection and resource 
distribution across different agro-climatic zones [17]. 
Secondly, for spatial and temporal scope, form and extent 
of change, IK-based adaptation measures are mostly 
developed to manage local communal problems rather 
than regional and national and could be long term and 
short term taking the form of simple behavioral changes 
[18] to major structural changes such as land-use changes 
to improve yield [17].

Arguably, IK can provide insight for effectively dealing 
with greater challenges of climate change [19, 20]. Despite 
the benefits, the unique knowledge and experiences of 
indigenous people remain largely underutilized in the 
planning and implementation of adaptation interventions 
[21]. For example, according to Makondo and Thomas [21], 
the IPCC acknowledges the importance of including IK in 
adaptation interventions, yet engagement of indigenous 
people was largely ignored and limited in scope in its 
fourth and fifth assessment reports. The authors also 
indicate that the suggested adaptation interventions 
although designed for the most vulnerable including 
indigenous people, in particular, IK holders or experts are 
mostly neglected. Therefore, although greatly impacted, 
knowledge held by indigenous communities is rarely 
considered in academic, policy, and public discourses on 
climate change [22].

The past decades have, however, seen a growing interest 
in the potential role of IK in managing climate change 
impacts and uncertainties [23]. This paradigm stems from 
the recognition of both the increasing threats of climate 
change and the value that IK has for impact identification 
and adaptation [6]. Some scholars have explored the value 
of IK in natural resource management, water resource 
management, fisheries and aquatic conservation, and risk 
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and disaster management, and health [24–28], while others 
looked at IK application for weather and seasonal climate 
forecasts [10, 29–32]. However, the interest in IK in recent 
times is challenged by the gradual disappearance of the 
knowledge among indigenous communities. Mafongoya 
and Ajayi [33] consider the fading away of IK a tragedy in 
that IK remains a social capital for poor indigenous people 
who relied upon their knowledge for food production and 
to ensure survival. For example in Zimbabwe, IK served as 
a social capital that enabled the necessary communal 
participation, networking, and responsibility led by 
traditional chiefs to gather and store food crops in 
anticipation of indigenously predicted droughts.

Many studies have focused on the use of IK for climate 
change adaptation but insufficient studies have performed 
a systematic review of the existing literature. Shaffril et al. 
[4], for example, focused on indigenous people in the Asia 
Pacific regions. To the best of our knowledge, no systematic 
review of the subject has focused on Africa as a whole. 
Therefore, given the arguments above, and the fact that 
climate change impacts are very important for indigenous 
people in Africa, we studied the role of IK possessed by 
indigenous people in addressing climate change 
uncertainties. To do this, we synthesized the most recent 
works on IK and climate change through a systematic 
review of existing literature focusing on two main 
objectives: (i) improve understanding on the use of IK for 
climate change adaptation; and (ii) contribute to climate 
change adaptation policy debates by identifying the 
potentials for co-production of knowledge through the 
integration of IK with scientific knowledge for decision-
making under climate uncertainty. Here, we focus on 
climate change impacts on agriculture production and 
livelihoods [5, 34].

Methodology

Review protocol and research questions

This study draws upon a collection of evidence of IK’s 
utility through a systematic review of literature indexed in 
the Scopus database. According to Robinson and Lowe 
[35], traditional literature review approaches are often 
incomprehensive and encounters reviewer bias; therefore, 
it is vital to review past literature using the systematic 
review approach. Scopus database is one of the leading 
repositories of latest and relevant research articles with 
special advance and comprehensive search functionality 
that provides access to multidisciplines [36].

In a recent extensive systematic review without 
geographic or date restrictions, Klenk et al. [37] identified 
the main research themes on local knowledge in the 
climate adaptation literature. These themes include 
reflexive questioning of IK, IK as a perception, response/
adaptive capacity, as co-produced, as a scientific benchmark, 
integrating IK with other forms of knowledge, barriers to 

scaling up IK, community impact, loss of IK, and IK as a 
priority. In addition to these themes, scholarly work on the 
subject can be summarized into three main dimensions: 
first, providing evidence to back the occurrence of climate 
change and elaborating its implications at the local level 
among vulnerable groups [30, 38–40]; second, helping in 
the development and implementation of adaptation actions 
at different levels [41–44]; and third, promoting indigenous 
people’s rights and sense of ownership for adaptation 
projects [23]. This review is therefore structured to 
provide a synthesized view of IK and climate change 
around these three dimensions and further elaborate on 
the need for co-production of knowledge through the 
integration of IK with scientific knowledge for climate 
sensitive decision making. Based on the emerging themes 
identified by Klenk et al. [37] and the three main dimensions 
of scholarship on the subject, we crafted four main 
research questions that examine the role of IK in climate 
change adaptation in African. Following the stepwise 
approach depicted in Fig. 1, this study aims at answering 
the following research questions:

1. How is IK understood in different contexts and spaces?
2. What are the potentials for co-production of knowl-

edge through the integration with scientific knowledge 
for decision making?

3. How has IK been utilized for climate change adaptation 
in the African space?

4. How is IK used for formulating and implementing cli-
mate change interventions?

5. How can IK be documented and conserved as a re-
source to manage climate change?

Conceptualizing IK by examining its origin and the various 
ways in which it has been referred to or applied with 
particular interest to climate change is essential for 
understanding the context. IK has been widely used and in 
most cases operationalized under different context and 
school of thoughts. Moreover, different people have 
different sets of IK that may differ from one community to 
another. Also, co-production of knowledge between 
scientists and indigenous people although not new is 
receiving greater attention in recent emerging literature. It 
is argued that such integration has value for developing 
adaptation strategies and early warning systems, for 
example. Making a case for co-production of knowledge to 
manage climate change remains an interesting trajectory 
to pursue effective uptake of innovations that improve 
resilience against climate change. Unraveling the various 
dimensions in which scholarly work on IK has been 
performed across Africa consolidates the relevance of the 
subject and in addition to existing opportunities. 
Scholarship on IK and climate change is rather extensive 
and requires detail and more guided organization of the 
outcomes. Some researchers and policymakers remain 
skeptical about the inclusion of indigenous knowledge in 
scientific and policy-making discourse for several intrinsic 
and extrinsic reasons [46]. The need to evaluate existing 
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ideas on how to promote and safeguard IK for societal 
benefit remains vital, otherwise, IK may be completely 
eroded over time.

Literature search

The methodology used for the literature search is similar 
to that of Moher et al. [45] and Shaffril et al. [4]. The 
methodology followed three main processes for the 
systematic search of literature: identification, screening, 
and eligibility.

Identification
We performed an electronic search of the literature in 
Scopus on the 21st July 2020. Here we focused on key 
terminology and their synonyms and related terms. Table 1 
shows the search strings and documents yielded. The 

criteria for the search include journal articles published 
only in English and for the period between 2000 and 2020 
within the region of Africa. Papers published in other 
languages and before the year 2000 were excluded in the 
search. We focused on the period 2000–2020 in order to 
obtain a broader overview of the literature on the subject. 
In cases where the combination of keywords such as 
“climate change,” Scopus uses Boolean operators such as 
OR and AND functionality for the search.

Screening
The authors screened all 1009 gathered articles in stage 3 of 
the identification process by first checking and removing 
duplicates and then carefully reading the titles and abstracts 
to remove nonrelevant documents. We focused on articles 
published in English to ensure better first-hand understanding 
of the content. The screening resulted in 157 articles which 
were related to IK and climate change in Africa.

Figure 1. The PRISMA flow diagram detailing the process for systematic review (adapted from Moher et al. [45] and 
Shaffril et al. [4]).
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Eligibility
Further, the full text of potential documents was examined to 
select the most eligible articles. Following the suggestion of 
Kitchenham and Charters [47], we evaluated the 157 screened 
documents against the research questions as mentioned in 
section “Review protocol and research questions.” In all, a 
total of 77 papers were obtained after the eligibility. We ensure 
that selected articles have substantially engaged the subject of 
study. All 77 papers are listed in appendix.

Data collection

Using a standardized data sheet in MS Excel, relevant information 
was extracted from the selected papers. To ensure the quality 
of data extracted, the content of each article was ranked (low, 
moderate, and high) based on the recommendations of 
Petticrew and Roberts [48]. As performed by Shaffril et al. [4], 
only articles categorized as high and moderate were analyzed. 
The ranking was based on the experts’ evaluation of the 
methodology and content of the articles. In the datasheet, 
general information on the aim, methods, and results of the 
studies was compiled. Analysis and presentation of the results 
are structured in line with the research questions.

Results and discussions

Characterizing indigenous knowledge

Results show that indigenous people in Africa like those in 
other parts of the world are explicitly good custodians of 
their environment. Over a long period, they have assimilated 
detailed knowledge about the functionality of their 
immediate environment through experiences, insights into 
nature and society relationship, and communal and 
institutional practices developed by keen observations, 
monitoring, innovation, practice, and experimentation. For 
several generations, the accumulated IK is orally passed on 
for the survival of society [49, 50]. In context, IK encompasses 

local agro-environmental indicators, technical knowledge, 
and socio-cultural and historical information used as a 
response to various challenges [51]. IK can be defined as 
knowledge posed by a group of people living in a particular 
geographical area [52]. Berkes et al. [53] explained it as a 
cumulative body of knowledge, practice, and belief, evolved 
by adaptation processes and handed down through 
generations by cultural transmission, about the relationship 
of living beings (including humans) with their environment. 
Mafongoya and Ajayi [33] also view it as know-how that is 
generated by several generations to guide their understanding 
and interactions with their surrounding environment. In 
short, IK is borne out of the long-term experience and 
experimentation of adjusting to environmental changes 
using indigenous techniques and methods.

The literature reveals a growing recognition for IK 
among researchers and policymakers because of its 
potential to contribute to the promotion and sustainability 
of development activities. Nonetheless, agreement on the 
definition and conceptualization of IK remains limited; 
several researchers have suggested different labels and 
competing definition for it [33, 53–55]. First, it is tagged by 
different names: local knowledge, traditional knowledge, 
farmers’ knowledge, traditional ecological knowledge, 
ethnoscience, folk knowledge, rural knowledge, and 
indigenous science [33]. In this study, however, a closer 
look at the titles of the 77 selected articles show only four 
different names have been used: indigenous knowledge 
(n = 52), local knowledge (n = 10), traditional knowledge 
(n = 7), traditional ecological knowledge (n = 2), and titles 
with unrelated terms (n = 6). Although these terms may 
have different connotations, they are often used 
interchangeably throughout the literature. Nonetheless, IK 
remains the dominant terminology used in the searched 
literature. Similarly, Ngulube and Onyancha [56] performed 
a more extensive search of the terminology, in general, 
using an informetric approach and found the term IK to be 
the most used with about 3663 publications followed by 
traditional knowledge used in 3015 publications.

Table 1. Search strings and results.

Stages Search string Documents yielded

1 ((TITLE-ABS-KEY (“indigenous knowledge” OR “local knowledge “OR “traditional knowledge 
“OR “farmers knowledge” OR “indigenous forecast” OR “traditional ecological knowledge” 
OR “indigenous science” OR “ethnoscience” OR “rural knowledge” OR “folk knowledge” OR 
“ancestral knowledge” OR “ancient knowledge”) AND PUBYEAR >1999))

20,211

2 (((TITLE-ABS-KEY (“indigenous knowledge” OR “local knowledge “OR “traditional 
knowledge “OR “farmers knowledge” OR “indigenous forecast” OR “traditional ecological 
knowledge” OR “indigenous science” OR “ethnoscience” OR “rural knowledge” OR “folk 
knowledge” OR “ancestral knowledge” OR “ancient knowledge”) AND PUBYEAR >1999))) 
AND (climate AND change)

4237

3 (((TITLE-ABS-KEY (“indigenous knowledge” OR “local knowledge “OR “traditional 
knowledge “OR “farmers knowledge” OR “indigenous forecast” OR “traditional ecological 
knowledge” OR “indigenous science” OR “ethnoscience” OR “rural knowledge” OR “folk 
knowledge” OR “ancestral knowledge” OR “ancient knowledge”) AND PUBYEAR >1999))) 
AND (((climate AND change)) AND (Africa)) AND (adaptation) AND (LIMIT-TO 
(LANGUAGE, “English”))

1009
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Second, IK is differently defined in the different strands 
of literature suggesting that IK is context-specific. A closer 
look at the broad nature of available literature suggests 
that there is not a single definition of IK due to the varying 
viewpoints and circumstances upon which it is utilized. The 
different perspective and academic backgrounds of the 
authors and the multidisciplinary context of IK contribute 
to the varied definitions and terminology that exist on the 
subject. However, what remains visible is the unique 
similarity in the definitions. A unique feature that runs 
through all definitions is an accumulation of observations 
and experiences, which are orally transmitted or via 
demonstration, and continually dynamic in nature [56, 57]. 
In most cases, the use of different terminology arises when 
scholars attempt to translate this knowledge into western 
terms [58]. In an attempt to conceptualize IK, Ngulube and 
Onyancha [56] argue for the need for a framework that 
captures the main characteristics of IK rather than focusing 
on finding an all-inclusive definition.

The context-specific nature of IK and the fact that it is 
generated by local people offer different opportunities for 
sustainable climate change adaptation governance, 
emphasized by the IPCC [59–61]. The knowledge, skills, 
and experiences of indigenous people are key in shaping 
sustainable climate interventions and meeting the needs of 
the most vulnerable. In that, interventions developed based 
on IK will maximize community level ownership and 
ensure a more transparent and engaging process that 
captures the ideas and opinions of local people. Beyond 
the terminological and definition question is the attempt 
to differentiate IK from scientific knowledge (SK) 
[10, 11, 13, 44, 62, 63]. Summarizing, the existing literature 
considered IK as a body of knowledge of people living 
close to nature and generated over a period of time 
through experiences and experimentation, often passed 
on from one generation to another, while SK is generally 
understood to involve western technology or techniques. 
SK and IK are distinctively considered to be respectively 
global and local in nature. Further, IK is qualitative and 
limited to specific geographic locations compared to SK 
that is more quantitative and universally applicable. Yet, 
both remain dynamic and evolving through innovation and 
experimentation [62]. Thus, indigenous people continue to 
adjust their IK to improve resilience against environmental 
changes including droughts, floods, disease, and pest 
infestations among others even if it requires that they 
include SK [13]. Therefore, the ability of indigenous 
populations in Africa to cope with environmental hazards 
including climate change is evidence of the applicability of 
IK since it remains the basis upon which local-level 
communication and decisions, especially in agriculture, are 
built [57].

The differences between IK and SK present an 
opportunity to view the world from two different angles. 
However, it is vital today, more than ever, to recognize that 
the world as it is, cannot resolve its challenges including 
climate change by isolating knowledge systems. Both 

knowledge systems need to complement each other. One 
area where the divide between IK and SK has been bridged 
is climate information services. It has been recognized that 
both knowledge systems have different benefits and that 
integrating them can produce weather and seasonal 
climate forecasts that are locally relevant and better 
trusted [13, 23, 64]. Moreover, attempts have been made 
to quantify indigenous people forecasts and present them 
in a format that could be easily integrated with scientific 
forecasts [65, 66].

Co-production of knowledge for climate change 
adaptation

The published literature shows a growing trend that 
encourages a paradigm shift from a one-directional top-
down approach where knowledge is solely sourced from 
scientists for the development of climate adaptation 
strategies to a two-directional bottom-up approach that is 
participatory and people centered. It is argued that the 
latter compared with the former ensures uptake and 
better utilization of adaptation information by indigenous 
communities [37,  64,  67]. The discourse on knowledge  
co-production encourages the involvement and inclusion 
of knowledge from indigenous people and relevant 
stakeholders in addition to researchers or scientists. 
Scholars on the subject have suggested that co-production 
should run through the entire research and development 
process. It emphasizes the need to co-define the problem, 
co-design, and co-create the solution. Ideally, knowledge of 
indigenous people must be included in the formulation of 
research questions, data gathering and analysis [13, 23, 64]. 
Therefore, co-production in climate change adaptation 
can be defined as the engagement of scientific and 
indigenous knowledge in designing, creating, and producing 
climate change adaptation interventions to address the 
complex problem of climate variability and change in a way 
that recognizes and uses the expertise in a balanced 
manner.

The advent of co-production has increased the 
possibilities to use IK because of its ability to make 
indigenous communities the center of developing 
adaptation measures. However, a common challenge that 
precludes the agenda of co-production is the fact that IK is 
portrayed to be at odds with SK, in that IK varies in scope 
(spatial and temporal scale) and is qualitative in nature, 
making it incompatible with SK. IK is also under pressure 
from the global environmental change that results in rapid 
changes in landscapes that harbor indigenous ecological 
indicators used for local decision-making. Also, the frequent 
occurrence of extreme events remains unpredictable using 
IK because they fall outside the experiences of indigenous 
people [68]. Finally, the rapidly changing socio-economic 
conditions continue to trigger a massive exodus of 
indigenous people to urban areas which consequently 
erode IK over time [52].
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However, the existing literature presents clear 
arguments to support the relevance of including IK in 
climate change adaptation [13,  63,  64,  69,  70]. These 
arguments can be structured into three lines of thinking. 
First, indigenous people know their area and have a better 
understanding of the problem they face (the frequency, 
severity and impact) and must be the first point of contact 
with regards to designing effective solutions. Second, the 
amount of knowledge possessed by indigenous people has 
served them well in the past to adapt to critical 
environmental challenges including climate change. 
Experiences derived from long-term use of IK will serve as 
a good foundation for developing new strategies to 
improve their resilience and improve the acceptability and 
uptake of such strategies in the field by smallholder 
farmers. Third, the inclusion of IK in the design and 
implementation of climate change adaptation project will 
increase the uptake of such innovations. Co-production 
can create a sense of ownership of innovations among 
indigenous people. Furthermore, IK offers researchers 
insight into understanding the contexts and needs of 
indigenous people.

Given the above benefits of IK, scholars are increasingly 
using co-production to integrate IK and SK in the 
development of early warnings including climate services 
[13, 44, 63, 71]. The integration of IK with SK is perceived 
to build upon the strengths of both knowledge systems 
and reduce existing weaknesses. Consequently, some case 
studies have suggested guiding frameworks for best 
practices in enhancing integration of IK and SK. For 
instance, using a participatory approach in Papua New 
Guinea, Mercer et al. [62] proposed a framework as an 
important initial step in which relevant IK and SK may be 
integrated to reduce a community’s vulnerability to 
environmental hazards. Also, Ebhuoma [69] found that 
although indigenous farmers in the Delta state of Nigeria 
rely on IK, future climate variability could overwhelm their 
ability to use this knowledge for weather and seasonal 
climate forecast. The authors proposed a framework 
underpinned by the multiple evidence-based approaches, 
which aims at providing a step-by-step guide on how 
seasonal climate forecasts from scientific models can be 
integrated to compensate for the limitations of IK. Other 
case studies have moved a step further to implement the 
integration by employing ICT approaches. Examples of 
such cases are Masinde [72, 73] who designed an innovative 
drought early warning system that integrates IK and SK 
using information technology and indigenous knowledge 
with intelligence. Nyadzi et al. [10] and Nyadzi [64] also 
proposed and implemented respectively an integrated 
architecture of hydroclimatic information services that 
combine IK and SK to improve the reliability and 
acceptability of climate information services, to reduce the 
challenges of climate variability rice farmers in Ghana face.

While the existing literature agrees on the value of 
integrating IK and SK, the discourse on the potential 
problems are hardly discussed. A number of factors are 

likely to affect the capability of IK and SK integration. First, 
to achieve a meaningful integration of IK and SK, power 
relations remain an important issue to consider. Unequal 
balance of power during the process of integration and 
co-production could result in apathy of the knowledge 
sharers who might feel less powerful. Equal opportunities 
must be given to all knowledge holders without the 
attempt of one knowledge system dominating the other, as 
it is the tendency for SK to do so. In addressing power 
imbalances in co-production, Vincent et al. [74] argue that 
power dynamics, if not adequately managed, will impede 
the effectiveness of co-production and pose risks for long-
term sustainability. Second, integrating IK and SK requires 
that indigenous people and scientist continue to learn and 
improve their experiences in knowledge acquisition, 
interpretation, storage, and sharing. The inability of IK or 
SK to lose its potency will affect the outcome of the 
integration. This is especially a concern for IK as it keeps 
eroding. Third, for effective integration of IK and SK, there 
is need for knowledge platforms that ensure that retrieving, 
storing, and sharing knowledge are done in a way that 
ensures faster transfer and universalization of the 
knowledge. Information and communication technology-
enabled platforms have such capabilities. For example, 
Nyadzi [75] utilized Sapelli mobile app to collect IK in a 
form that allows integration with SK. Fourth, the choice of 
methods to integrate IK and SK can preclude the success 
of the integration. Selected methods must be responsive 
and flexible enough to capture and handle both knowledge 
systems in a manner that does not affect their distinct 
characteristics. Indigenous communities, for example, have 
complex societal organizational structures and values that 
influence their knowledge. When these are not properly 
handled, the anticipated benefits from the integration 
could be hindered. Finally, not all knowledge holders are 
motivated to share knowledge. Incentive systems remain 
central to ensuring that knowledge sharers are rewarded 
for taking the time to observe, record, generate, and share 
new knowledge. Moreover, incentives can determine flow 
and access to knowledge for integration.

IK for climate change causes and impact 
identification

Given the relevance of climate change awareness in 
building a resilient society, several scholars have attempted 
to document at the local level the knowledge of indigenous 
populations on climate change [43, 76–78]. Often, scholars 
argue that the lack of awareness is a significant barrier to 
climate change adaptation in developing countries including 
those in Africa. Results from several studies have shown an 
overwhelming awareness of climate impacts among 
indigenous communities. Indigenous people may not 
understand the concept of climate change or global 
warming but have accumulated IK about the changing 
climatic conditions and its effect on their livelihood. 
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Akinyemi [76], for example, reports that majority of 
indigenous people in selected communities in Botswana 
perceived drastic changes in the climate. They observed a 
decrease in rainfall and increase in wind strength increasing 
air temperature or heat, increasing drought conditions and 
drying rivers which have resulted in an increased frequency 
of hunger, human, crop, and animal diseases. Similar 
observations were made by Gyampoh et al. [43] and in 
addition, the authors report that indigenous people within 
the Offin Basin in Ghana also perceived an increase in 
sunshine intensity and seasonal changes in rainfall patterns.

Scholars have attempted to corroborate indigenous 
people perception of observed changes in climatic 
conditions to the scientific meteorological recordings. 
Results of these validation analyses show that observations 
by indigenous people are consistent with meteorological 
recordings [43, 76, 77, 79, 80]. Aside the climate change 
detection, IK also offers valuable information regarding the 
causes and consequences of climate change in specific 
communities. IK attributes the causes of climate change to 
both human actions and divine intercessors: the power of 
God and ancestral spirit [21, 39, 49, 57, 81, 82]. While the 
human cause is linked to the larger climate change 
discourse, the divine cause can also be indirectly connected 
to humans. Mekuriaw [83], for example, argues that for 
indigenous people to believe that climate change is a sign 
of God’s punishment due to human disobedience indirectly 
supports the arguments for anthropogenic causes of 
climate change. Certainly, the lack of stewardship as a 
result of human’s destruction of nature though seems to 
fall under God’s divine authority is also a cultural way of 
attributing causes to human actions. IK does not only claim 
to perceive changes but also supports its claims with 
tangible examples that champions the reality of climate 
change and drives the debate against climate skeptics [83]. 
IK also provides several illustrations to elaborate these 
changes in rather simple ways that SK strives to achieve via 
countless laborious processes and the use of complex 
technologies.

Different groups of indigenous people have clear ideas 
on how climate change is impacting their livelihood. While 
the majority of the studies focused on crop farmers 
[43, 75, 78, 79, 84, 85], several scholars have also examined 
climate change impact from the perspectives of pastoralists 
[49,  86–89] and fishermen [49,  90]. Whether growing 
crops, rearing animals, or fish, indigenous people identify 
drought and flooding as the two main effects of climate 
change that hamper their livelihood. Specifically, among the 
coastal communities in Ghana, fishermen reported that 
flood resulting from heavy rains decrease visibility and 
make water inaccessible due to the fear of drowning [90]. 
Pastoralist in southern Ethiopia reports that increase in 
droughts triggers a reduction in water and pasture 
availability that results in decreased livestock productivity, 
death of livestock, conflicts as a result of boundary 
trespassing for pasture, and in some cases, school drop-

outs due to communal migration [91]. Also among rain-fed 
farmers in Africa lies the challenge of predicting the 
weather or seasonal climate for farm decision-making: 
decrease in rainfall results in loss of seeds, crop failures, 
and low yields [42, 43, 88, 92].

IK for the formulation and implementation of 
climate change interventions

The available research has provided strong evidence 
supporting the role of IK in enhancing the resilience of 
indigenous communities in the face of climate change 
[23,  42,  71,  91,  93]. Indigenous people possess unique 
know-hows to offset the negative impact of climate 
sensitive challenges [10, 51, 63, 88]. The application of IK 
for responding to climate change in agriculture has been 
reflected in terms of farm management practices, early 
warning, and risk and disaster management.

Indigenous farmers in Africa consider their IK on farming 
systems and practices to be effective in managing climate 
change. This is because the use of IK is relatively inexpensive 
and depends more on local materials and indigenous 
varieties, and compared to modern scientific farming 
systems and practices, it has fewer side effects. To make 
farm management practices, more effective scholars 
recommend the incorporation of IK into modern farming 
approaches to protect African agriculture systems from 
climate shocks and improve productivity [94–96]. Mugwisi 
[57] reports the use of IK in different aspect of agriculture: 
animal science, fisheries, soil science, crop science, and 
postharvest storage. For instance, IK is used in animal 
husbandry and crop science to manage pest and diseases. 
Soil fertility and soil water conservation methods (such as 
mixed cropping, mulching with livestock droppings fallen 
leaves, etc.), seed preservation, and weed control methods 
of indigenous people all stem from IK. Kwoyiga and Stefan 
[97] found that IK also helps farmers to locate groundwater 
points and determine the source and timing of groundwater 
recharge for irrigation. For instance, they use the presence 
of shrubs, broom plants, trees (Ficus gnaphalocarpa), thorns/
thorn grasses, and black ants to indicate groundwater 
availability. In some cases and based on farmers IK, 
indigenous people classify soils into agricultural and 
nonagricultural purposes based on soil physical properties. 
Napogbong et al. [86] studied indigenous adaptation 
strategies of Fulani herders in North-Western Ghana and 
found that cattle herders use different strategies including 
cattle stress management (siting kraals near or under 
trees, building bigger kraals, and formatting sub-herds for 
differential stress management), mobility (linear but 
unidirectional movement, nonlinear/irregular movement, 
circular movement, and migratory movement), different 
sources feed (pruned branches and leaves of tree, crop 
residue, and sprout grasses), and division of labor (among 
members of household based on gender and due to 
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increased workload resulting from drought induced food 
shortage) to address the vulnerabilities of their livestock 
to climate change. In Ethiopia, Mancini et al. [55] understudy 
several traits farmers use to select better wheat varieties 
based on their IK. Combining farmers identified traits 
(seed color, weight and size, tillering capacity, spike quality, 
amount of flour seed produce, etc.) with metric traits, 
researchers were able to improve the selection of 
improved wheat varieties.

For early warning systems, farmers have developed 
special techniques for gathering, predicting, and interpreting 
certain indicators to anticipate the weather or seasonal 
climatic conditions for farm decision-making [10, 51, 98–
105]. The long-term experiences of indigenous communities 
in Africa through the interaction with their immediate 
environment have enabled them to identify certain 
indigenous ecological indicators that are explored to 
predict the weather and seasonal climate. Research has 
revealed that indigenous people have a more favorable 
perception about the reliability of IK in weather and 
seasonal climate for local decision-making and are more 
inclined to use it rather than scientific meteorological 
forecasts [11,  78]. In general terms, African indigenous 
people rely on behavior and appearances of certain insects, 
animals, and plants, meteorological indicators and 
astrological bodies for forecasting the occurrence of daily 
rains, and at a seasonal level, the onset, cessation, intensity, 
and distribution of the rains. While the interpretation of 
certain indicators is the same across several communities, 
others remain peculiar to a particular locality. For instance, 
the use of dark clouds to predict heavy rainfall few hours 
before they occur is the universally held knowledge also 
used by indigenous communities. In addition, the appearance 
of ants and rapidly increasing size and quantity of ant 
mounds to predict good rainy season are common in most 
communities. Meanwhile, using Turbid color inside the intestine 
of an animal to predict above normal rain/flooding and cow 
returning home after grazing refusing to go close to its calf to 
predict drought is only identified with indigenous pastoralists 
in southern Ethiopia [84,  88,  91]. Also, Nyadzi et al. [75] 
found that the same indigenous ecological indicators are 
used for both weather and seasonal predictions, depending 
on the signals they exhibit. However, dogs (Canis lupus 
familiaris), reptiles (such as snakes—family colubridae), stars, 
and trees (such as baobab trees—Adansonia digitate) are 
used only for seasonal climate forecast, while soil texture, 
for example, is used for short-term weather forecast only. 
There is also evidence in the literature that suggests that 
the skill to forecast depends on age and personal 
experiences [64, 94, 106]. Given the overwhelming evidence 
on the efficacy of these indicators, researchers and 
policymakers have begun to embrace IK in weather and 
seasonal forecasting at the local level [33, 53–55, 74].

An important well-documented benefit of IK is the 
management of risk and disasters. Results show that 
indigenous communities in different parts of Africa have 

explored their IK in diverse ways to design disaster 
management strategies [42, 46, 72, 107–113]. Indigenous 
communities have coped with extreme weather conditions 
and natural hazards that result in droughts, floods, and 
storm damages by fortifying or building appropriate 
homestead fences and walls for protection. In an attempt 
to document the role of disaster risk reduction in South 
Africa, Muyambo et al. [114] conclude that IK remains an 
essential part of adapting local agriculture and contributes 
to resilience against disasters. Worth mentioning is the use 
of IK for climate risk assessment. IK has proven relevant 
for vulnerability assessment and reinforces the need for 
adaptation in the face of climate-related disasters [115]. 
For example, File and Derbile [115] utilized participatory 
approaches to gather perception data that allow analysis of 
changes in how the past and present generations are at 
risk to sunshine, temperature, and wind. The use of IK 
alongside SK in improving early warning systems to make 
decisions that reduce climate risk and disaster is 
increasingly gaining momentum. Masinde [116] reported 
that the need to integrate IK into disaster management 
systems has been seen as relevant yet to achieve this 
remains a question unanswered. Building upon this 
knowledge gap, the authors developed and tested an 
innovative drought early warning system for sub-Saharan 
Africa where IK and SK are integrated [72].

Promoting and conserving IK for climate change 
management

The trend as identified in the literature indicates that IK 
remains a significant source of resources for responding to 
climate variability and change especially at the local level. 
Despite its benefits, the future of IK remains critical in the 
sense that it faces apathy among young people and more 
so by scientists and policymakers [85,  88,  117]. Critical 
factors that inherently drive IK loss in indigenous 
communities in Africa include (i) modernization and rural-
urban migration [82, 85, 98, 118]; (ii) changing landscape 
due to climate change and land use [88, 117]; and (iii) 
shifting religious beliefs [39, 119]. Continuous erosion of 
IK threatens the ability of indigenous people to respond to 
climate variability and change.

Although the literature on IK is continuously growing, 
much work is still required to provide insight into the 
relevance of IK in responding to climate variability and 
change [71,  118,  120]. Throughout the literature, it is 
noticeable that IK is still handled in general terms with 
limited effort to go beyond identifying existing IK and its 
uses in indigenous communities. Studies that critically 
engage the complexities of the subject are often absent. 
Ford et al. [121] evaluated how IK is included and captured 
in the IPCC assessment and observed that although 
reference to IK has increased from the AR4 to AR5, the 
subject remained generally limited in scope and length.
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IK in Africa, generally, lacks organized documentation. 
The mode for transmitting IK to the next generation in 
Africa is still orally performed without proper records and 
storage. This causes a challenge of losing IK since the older 
generation is unable to pass on this rather important 
knowledge to their young ones in a formally documented 
format for easy access in the future. Without proper 
documentation, it will be difficult to make a case for IK 
mainstreaming into the development of climate adaptation 
strategies [85]. To ameliorate this problem, Tanyanyiwa 
[122] for instance advocate for the inclusion of IK into 
teaching curriculum of schools. The author argues that 
shifting the existing teaching/learning curriculum based on 
western science to include IK will result in an education 
that offers a holistic understanding of all knowledge 
systems and allows young people to perceive IK as a 
legitimate source of knowledge that is complementary to 
SK. Orlove et al. [30] already identified the openness to 
incorporate IK into formal education in southern Uganda. 
The authors observed that certain terminologies (such as 
“nimbus” meaning rain-bearing clouds) used my indigenous 
people were as well thought in schools. In studying the 
extent of IK in extension services delivery in Nigeria and 
South Africa, Kolawole [96] observe that despite the 
abundance of IK in both countries, there were low level of 
IK used by the extension services and therefore suggest 
that extension services delivery should explore and 
include more of IK to improve agriculture productivity.

The qualitative nature and the presence of presumed 
spirituality of IK that is absent in SK have created a bad 
reputation among policymakers and scientists who view IK 
with much skepticism. Meanwhile, despite the interest in 
SK, indigenous farmers have difficulties embracing it 
because of the absence of a sense of ownership and lack of 
trust due to unreliability in the information provided and 
inability to meet needs. The cynicism of climatologists and 
meteorologists toward farmers’ IK and vice versa limits 
the opportunity for integration. Scholarly works on the 
subject mainly focus on identifying existing IK used by 
indigenous people and how they are utilized for building 
resilience. Studies that attempt to evaluate IK used a rather 
social qualitative approach to solicit farmers’ opinion 
about the quality of IK [63, 76, 77, 85]. In a recent study, 
Nyadzi [64,  65] utilized a binary forecast verification 
method (World Meteorological organization’s acceptable 
forecast verification measure) to quantitatively determine 
the accuracy or skills of indigenous forecast in Ghana. The 
author also proposed and tested an Integrated Forecast 
Probability (IPF) method that quantitatively combined 
indigenous and scientific forecast (at both daily and 
seasonal timescale) into a single objective and improved 
forecast that is more reliable. The author concludes that 
there is the need to develop methodologies that collect 
indigenous forecast in a manner that can be analyzed 
quantitatively and when this is achieved there is the 
likelihood to improve the perception of IK in the scientific 
community. The question that remains unanswered is 

whether the attempt to re-contextualized IK might not 
result in the loss of its intrinsic value.

Conclusion and recommendation

This study systematically draws from the existing literature 
to provide insight into the discourse on the role of 
indigenous knowledge (IK) in managing climate variability 
and change in Africa. In general, findings show that 
indigenous communities in Africa possess unique 
knowledge for managing climate variability and change. 
Although this knowledge is perceived as complex and 
sophisticated and often overlooked by scientist and 
policymakers, it has helped in building the resilience of 
indigenous people against disasters for several generations. 
Following the examining themes and emerging issues 
across the literature, the study prioritizes five main areas 
structured into research questions as elaborated in section 
“Review protocol and research questions.” Several 
concluding points and recommendations are derived from 
this research:

There is no agreement on how IK is defined and it has 
been referred to using different terminologies. Lack of 
consensus about what IK meant to different people of the 
different scholarly background has limited its applications. 
For instance, Ford et al. [121] examined the inclusion of 
indigenous knowledge and experience in IPCC assessment 
reports, and argue that reviewing and assessing the state of 
knowledge for the report is not a value-neutral role 
despite the moderation by external reviewers. The process 
is influenced by some factors including the author’s 
disciplinary background. This affects what is included or 
excluded, how knowledge is framed and argued as well as 
the amount of space allocated to each topic and the style 
of writing. A critical look at the available definitions 
suggests that certain elements remain valid when 
conceptualizing IK. First, IK originates from indigenous 
people who live close and interact with nature. Second, IK 
stems from past observations and experiences accumulated 
by indigenous people over several years. Third, it is largely 
preserved by oral transmission from older to younger 
generation. Therefore, instead of pushing for a single 
established definition of IK, we should focus on the 
common elements that offer an opportunity for mutual 
grounds to develop an elaborated context that builds on 
the unique features of IK.

Indigenous people in Africa should be viewed as agents 
of climate change adaptation rather than only victims of 
climate change. Researchers who focused on climate 
change adaptation in Africa have shifted their attention 
to indigenous knowledge as a haven to developing 
effective climate change adaptation strategies. IK plays a 
fundamental role in the climate change adaptation space 
in Africa. IK is very relevant for confirming the 
occurrence, causes, and impact of climate change among 
indigenous people. Indigenous people are aware of 
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Appendix

List of 77 articles reviewed linked to the five research themes.
Theme 1: Characterization of IK
Theme 2: Potential of IK for knowledge co-production
Theme 3: IK for climate change causes and impact identification
Theme 4: IK for formulating and implementing climate change interventions
Theme 5: Documentation and conservation of IK as a resource for climate change adaptation

No. Title Author(s) Themes

1 A Framework For Integrating Scientific Forecasts With Indigenous 
Systems Of Weather Forecasting In Southern Nigeria

Ebhuoma, 2020 2

2 Adaptation To Climate Change Using Indigenous Weather Forecasting 
Systems In Borana Pastoralists Of Southern Ethiopia

Iticha and Husen, 2019 3 and 4

3 Adapting To Climate Change In Shifting Landscapes Of Belief Murphy et al., 2016 5
4 An Effective Drought Early Warning System For Sub- Saharan Africa: 

Integrating Modern And Indigenous Approaches
Masinde, 2014 4

5 An Innovative Drought Early Warning System For Sub-Saharan Africa: 
Integrating Modern And Indigenous Approaches

Masinde, 2015 2 and 4

6 Applying Indigenous Knowledge In Agricultural Extension In Zimbabwe Mugwisi, 2016 1, 3 and 4
7 Characterizing Local Knowledge Across The Flood Risk Management 

Cycle: A Case Study Of Southern Malawi
Šakić Trogrlić et al., 2019 1 and 2

8 Climate Change Adaptation In Rwanda Through Indigenous Knowledge 
Practice

Taremwa et al., 2016 4

9 Climate Change Adaptation: Linking Indigenous Knowledge With 
Western Science For Effective Adaptation

Makondo and Thomas,2018 3

climate change and its consequences although may not 
be able to explain directly what the scientific 
terminologies meant. In some cases, indigenous people 
have heard of the concept via radios and from extension 
officers with whom they regularly interact. The 
perception of indigenous farmers, pastoralist, and 
fishermen concerning climate change is consistent with 
scientific meteorological knowledge offering confidence 
in IK for the formulation of adaptation practices. Results 
also show that IK plays a central role in the formulation 
of different climate change adaptation strategies. IK has 
been applied in three main ways: farm management 
practices, early warning, and risk and disaster 
management. Indigenous people are known to depend 
on their knowledge, because the use of IK is relatively at 
low cost, relying on indigenous materials and varieties 
that have low (if at all) effect on their livelihood compared 
to modern scientific approaches.

The growing advocacy for knowledge co-production 
has directed attention to IK. Several scholars have 
suggested that integrating IK and SK offers a great 
opportunity for improving the efficiency of adaptation 
measures and the empowerment of indigenous people. 
One area where the call for integration is gaining 
momentum is for the development of early warning 
systems such as climate information services. The logic 
behind the call to combine IK with SK is that indigenous 
people know their environment better and have a deeper 
understanding of their problems. Moreover, for several 
years, indigenous people have adapted well to their 

environmental and climatic challenges. Also, integrating IK 
with SK will establish a level of trust and ownership that 
will improve the uptake of climate services. Therefore, to 
ensure effective development of climate change adaptation 
interventions, the underlying knowledge must be based on 
multiple sources including indigenous people through the 
principle of co-production. Additionally, proponents of IK 
have argued that IK provides insight into understanding 
the contexts and needs of indigenous people and therefore 
should be included throughout the process of developing 
adaptation strategies.

Finally, regardless of its enormous value, IK is endangered 
by several drivers including modernization and rural-urban 
migration; increasing population pressure and changes in 
demographic structure in rural communities, and changing 
landscape due to climate change and land use; and shifting 
religious beliefs. Given that the loss of IK will exacerbate 
the negative impact of climate change among indigenous 
people, scholars have suggested the need to study its 
complexity, proper documentation and storage of IK, and 
developing effective approaches to better understand IK 
such that its potential to improve climate adaptation 
planning and implementation in the continent is well 
appreciated among researchers and policymakers. 
Therefore, there is a need for more research, proper 
documentation, and effective methodology to handle IK in 
a way that makes it appealing for the scientific community. 
While attempting to achieve this, we suggest that the 
process should ensure that the unique features that make 
IK valuable are not lost.

Continued
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No. Title Author(s) Themes

10 Climate Change And Variability In Semiarid Palapye, Eastern Botswana: 
An Assessment From Smallholder Farmers’ Perspective

Akinyemi, 2017 3 and 5

11 Climate Change, Local Knowledge And Climate Change Adaptation In 
Ghana

Derbile et al., 2016 1 and 4

12 Climate Trends And Farmers’ Perceptions Of Climate Change In Zambia Mulenga et al., 2017 5
13 Climate Variability And Rural Livelihoods: How Households Perceive And 

Adapt To Climatic Shocks In The Okavango Delta, Botswana
Kolawole et al., 2016 3 and 4

14 Community-Based Environmental Resource Management Systems For 
Sustainable Livelihood And Climate Change Adaptation: A Review Of 
Best Practices In Africa

Kaya and Chinsamy, 2016 1

15 Conceptualizing The Knowledge Of Traditional And Indigenous Commu-
nities Using Informetrics Approaches

Ngulube and Onyancha, 
2020

1

16 Coverage Of Indigenous Knowledge System In Extension Services 
Delivery In Two Regions Of Nigeria And South Africa: A Content 
Analysis.

Kolawole, 2013 4 and 5

17 Fulani Herders And Indigenous Strategies Of Climate Change Adaptation 
In Kpongu Community, North-Western Ghana: Implications For Adapta-
tion Planning

Napogbong et al., 2020 3 and 4

18 Groundwater Development For Dry Season Irrigation In North East 
Ghana: The Place Of Local Knowledge

Kwoyiga Stefan, 2018 4

19 Cultural Values And African Indigenous Knowledge Systems In Climate 
Change Adaptation

Kaya, 2016 4

20 Dealing With Uncertainty: Integrating Local And Scientific Knowledge Of 
The Climate And Weather

Kniveton et al., 2015 1 and 4

21 Diagnosing The Potential Of Hydro-Climatic Information Services To 
Support Rice Farming In Northern Ghana

Nyadzi et al., 2018 2 and 4

22 Do Indigenous Forecasts And Scientific Forecasts Influence Arable 
Farmers’ And Agro-Pastoralists’ Estimation Of Onset And Cessation Of 
Rains? Empirical Evidence From Rwenzori Region, Western Uganda

Nkuba et al., 2019 3

23 Downscaling Africa’s Drought Forecasts Through Integration Of Indig-
enous And Scientific Drought Forecasts Using Fuzzy Cognitive Maps

Masinde et al., 2018 4

24 Framework For Integrating Indigenous And Scientific Knowledge For 
Disaster Risk Reduction

Mercer et al., 2010 1 and 2

25 Local Knowledge In Climate Adaptation Research: Moving Knowledge 
Frameworks From Extraction To Co-Production

Klenk et al., 2017 2

26 Indigenous Climate Information And Modern Meteorological Records In 
Sinazongwe District, Southern Province, Zambia

Kanno et al., 2013 3

27 Indigenous Climate Knowledge In Southern Uganda: The Multiple 
Components Of A Dynamic Regional System

Orlove et al., 2010 5

28 Indigenous Knowledge And Farmer Perceptions Of Climate And Ecologi-
cal Changes In The Bamenda Highlands Of Cameroon: Insights From 
The Bui Plateau

Tume et al., 2019 3 and 5

29 Indigenous Knowledge Approach In Maintaining A Livelihood In The Face 
Of Disastrous Climate Change: Case Of Drought In Msinga Villages, 
Kwazulu-Natal

Rukema and Umubyeyi, 
2019

3 and 4

30 Indigenous Knowledge For Seasonal Weather And Climate Forecasting 
Across East Africa

Radeny et al., 2019 3, 4 and 5

31 Indigenous Knowledge Indicators In Determining Climate Variability In 
Rural Ghana

Sulloa et al., 2020 4

32 Indigenous Knowledge Of Rural Communities For Combating Climate 
Change Impacts In West Central Ethiopia

Amare, 2018 3

33 Indigenous Knowledge Related To Climate Variability And Change: 
Insights From Droughts In Semi-Arid Areas Of Former Makueni District, 
Kenya

Speranza et al., 2010 3 and 5

34 Indigenous Knowledge Systems And Indicators Of Rain: Evidence From 
Rwenzori Region, Western Uganda

Nkuba et al., 2020 4

35 Indigenous Knowledge Systems And The Teaching Of Climate Change 
In Zimbabwean Secondary Schools

Tanyanyiwa, 2019 4 and 5

36 Indigenous Knowledge, Global Ignorance? Insights From An Eastern 
Cape Climate Change Study

Apraku et al., 2018 2

37 Indigenous Knowledge, Livelihoods And Government Policy In The 
Okavango Delta, Botswana

Cassidy et al., 2011 3 and 5

38 Indigenous Strategies Used By Selected Farming Communities In 
Kwazulu Natal, South Africa, To Manage Soil, Water, And Climate 
Extremes And To Make Weather Predictions

Vilakazi et al., 2019 3 and 4

Continued
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39 Indigenous Weather Forecasting Systems: A Case Study Of The Biotic 
Weather Forecasting Indicators For Wards 12 And 13 In Mberengwa 
District Zimbabwe

Shoko and Shoko, 2013 4

40 Integrating Indigenous And Scientific Knowledge Systems For Climate 
Change Adaptation In Zambia

Kasali, 2011 1 and 2

41 Integrating Indigenous Knowledge With Conventional Science: Enhanc-
ing Localized Climate And Weather Forecasts In Nessa, Mulanje, Malaw

Kalanda-Joshua et al., 2011 1, 2, 4, 5

42 Integration Of Indigenous Knowledge Systems Into Climate Change 
Adaptation And Enhancing Food Security In Nandi And Keiyo Districts, 
Kenya

Songok et al., 2011 2, 4, 5

43 ITIKI Plus: A Mobile Based Application For Integrating Indigenous 
Knowledge And Scientific Agro-Climate Decision Support For Africa’s 
Small-Scale Farmers

Masinde and Thothela 2019 2

44 Joining Smallholder Farmers’ Traditional Knowledge With Metric Traits 
To Select Better Varieties Of Ethiopian Wheat

Mancini et al., 2017 1 and 4

45 Local And Indigenous Knowledge Systems In Subsistence Agriculture, 
Climate Risk Management, And Mitigation Of Community Vulnerability In 
Changing Climate, Lake Victoria Basin: A Case Study Of Rakai And 
Isingiro Districts, Uganda

Tolo et al., 2014 4

46 Local Institutions And Indigenous Knowledge In Adoption And Scaling Of 
Climate-Smart Agricultural Innovations Among Sub-Saharan Smallholder 
Farmers

Makate, 2019 2

47 Mainstreaming Indigenous Knowledge In Climate Change Response: 
Traditional ‘Rainmaking’ In Kenya

Kwanya, 2014 4

48 Phenological Cues Intrinsic In Indigenous Knowledge Systems For 
Forecasting Seasonal Climate In The Delta State Of Niger

Fitchett and Ebhuoma, 2018 3

49 Reducing Vulnerability Of Rain-Fed Agriculture To Drought Through 
Indigenous Knowledge Systems In North-Eastern Ghana

Derbile, 2013 3 and 4

50 Resilience Of Informal Settlements To Climate Change In The Mountain-
ous Areas Of Konso, Ethiopia And Qwaqwa, South Africa

Melore and Nel, 2020 2

51 Resilience Of The Poorest: Coping Strategies And Indigenous Knowl-
edge Of Living With The Floods In Northern Namibia

Hooli, 2016 4

52 Role Of Indigenous Knowledge In Climate Change Adaptation: A Case 
Study Of The Teso Sub-Region, Eastern Uganda

Egeru, 2012 1 and 3

53 Sunshine, Temperature And Wind Community Risk Assessment Of 
Climate Change, Indigenous Knowledge And Climate Change Adaptation 
Planning In Ghana

File and Derbile, 2020 4

54 The Best Of Both Worlds: A Decision-Making Framework For Combining 
Traditional And Contemporary Forecast Systems

Plotz et al., 2017 1 and 2

55 The Contribution Of Indigenous Knowledge To Disaster Risk Reduction 
Activities In Zimbabwe: A Big Call To Practitioners

Dube and Munsaka, 2018 4

56 The Role Of Indigenous Knowledge (IK) In Adaptation To Drought By 
Agropastoral Smallholder Farmers In Uganda

Barasa et al., 2020 3

57 The Role Of Indigenous Knowledge In Drought Risk Reduction: A Case 
Of Communal Farmers In South Africa

Muyambo et al., 2017 4

58 The Role Of Local Knowledge In Adaptation To Climate Change Naess, 2013 1, 2 and 5
59 The Use Of Indigenous Knowledge Systems For Short And Long Range 

Rainfall Prediction And Farmers’ Perceptions Of Science-Based Sea-
sonal Forecasts In Zimbabwe

Gwenzi et al., 2016 3

60 Seasonal Climate Prediction And Adaptation Using Indigenous Knowl-
edge Systems In Agriculture Systems In Southern Africa: A Review

Jiri et al., 2016 4

61 The Value Of Indigenous Knowledge In Climate Change Mitigation And 
Adaptation Strategies In The African Sahel

Nyong et al., 2007 4

62 The Values Of Traditional Ecological Knowledge Reyes-García 2015 5
63 Towards A Methodological Approach To Document And Analyze Local 

Knowledge Of Climate Change: With Evidence From Rift Valley And Blue 
Nile Basins, Ethiopia

Mekuriaw, 2017 3

64 Traditional And Local Knowledge Practices For Disaster Risk Reduction 
In Northern Ghana

Macnight et al., 2018 4

65 Traditional Ecological Knowledge And Flood Risk Management: A 
Preliminary Case Study Of The Rwenzori

Bwambale et al., 2018 4

66 Useful Traditional Knowledge Indicators For Drought Forecasting In The 
Mzingwane Catchment Area Of Zimbabwe

Chisadza et al., 2013 4

67 Using Traditional Knowledge To Cope With Climate Change In Rural 
Ghana

Gyampoh et al., 2009 3
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