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Abstract. Indigenous Knowledge (IK) systems offer valuable insights into 
local environmental patterns and climatic changes, yet they remain 
underutilized within formal scientific frameworks. This study synthesizes 
findings from integrative approaches combining IK with scientific 
knowledge to enhance climate resilience. Utilizing a review of literature 
sourced from Web of Science, Scopus, and Science Direct, the paper 
identifies key areas where IK significantly augments scientific 
understanding of climate phenomena. Findings suggest that hybrid 
knowledge systems improve the accuracy and acceptance of climate 
forecasts, empowering local communities and enhancing adaptive 
capacities. This synthesis underscores the need for creating inclusive 
frameworks that respect and integrate diverse knowledge systems for 
sustainable climate resilience. 

1 Introduction 

Climate Indigenous and local knowledge systems have played a critical role in 
predicting extreme weather events for centuries [1]. These systems, rooted in the observation 
of natural indicators such as animal behavior and plant phenology, have enabled communities 
to anticipate and prepare for climatic changes and disasters [2; 3]. Accumulated over 
generations, this empirical knowledge has equipped communities with effective strategies for 
natural resource management and environmental adaptation [1]. Indigenous Knowledge (IK) 
encompasses a cumulative body of knowledge, practices, and beliefs developed through 
long-term interactions with natural environments [1]. This knowledge includes traditional 
weather forecasting, ecological indicators, and adaptive strategies that are passed down orally 
and through cultural practices [4; 5]  IK is inherently place-specific and deeply embedded 
within the cultural, linguistic, and ecological contexts of the communities that maintain it 
[6;7]. 
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The significance of IK lies in its ability to offer context-specific insights and 
practical strategies for managing natural resources and adapting to environmental changes. It 
plays a crucial role in seasonal climate forecasting, disaster risk reduction, and sustainable 
agricultural practices [8]. IK enhances the effectiveness of climate information services by 
providing locally relevant and accessible forecasting information, which supports community 
resilience [9;10]. Integrating IK with scientific knowledge has the potential to improve the 
reliability and acceptability of climate predictions, thereby supporting informed decision-
making and sustainable development [11]. Despite its recognized value, IK often remains 
marginalized in mainstream climate change adaptation efforts. There is a pressing need to 
systematically analyze and synthesize existing research to understand how IK contributes to 
the prediction and understanding of extreme climate events, emphasizing its importance in 
contemporary environmental management [12; 13]  

This literature review aims to bridge the gap between indigenous and scientific 
knowledge systems, promoting a more integrated and holistic approach to climate adaptation. 
By systematically analyzing the contributions of IK to the prediction and understanding of 
extreme climate events, this review underscores the critical role of IK in enhancing 
community resilience and informing sustainable resource management practices [14; 15]. 
The guiding research question for this review is: "How have indigenous knowledge systems 
historically and currently contributed to the prediction and understanding of extreme climate 
events?" The primary objective is to systematically analyze and synthesize existing research 
on how IK contributes to the prediction and understanding of extreme climate events, with a 
focus on its practical applications in contemporary environmental management.  

2 Method and Materials  

To carry out a thorough literature review on Indigenous knowledge systems related to climate 
prediction, specific keywords and Boolean operators were employed (as shown in Table 1): 

Table 1: Keywords and Boolean Operators Used in the Search 

Keywords Keywords Operator 
Indigenous 
knowledge 

("Indigenous knowledge" OR "traditional knowledge" OR "local 
knowledge" OR "traditional ecological knowledge") 

Climate 
prediction 

("climate prediction" OR "weather forecasting") 

Extreme weather ("extreme weather" OR "climate events" OR "natural disasters") 

Combination Search String Used in Databases: 

("Indigenous knowledge" OR "traditional knowledge") AND ("climate prediction" OR 
"weather forecasting") AND ("extreme weather" OR "climate events" OR "natural disasters") 

The identified keywords and Boolean operators were applied to these databases to 
find relevant studies. The search focused on peer-reviewed journal articles, conference 
papers, and theses published in English. Articles were included if they specifically discussed 
Indigenous knowledge systems in the context of climate prediction. Priority was given to 
articles published within the last 20 years to ensure the inclusion of the most current research 
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[15]. The search results yielded 3 papers from Web of Science, 12 from Scopus, and 135 
from Science Direct (Figure 1). The next step was the screening process, where titles and 
abstracts were reviewed based on the inclusion criteria to identify relevant studies [15]. 
Articles that met the initial criteria underwent a full-text review to ensure they addressed key 
areas, based on the following five questions, with responses categorized as "Yes" or "No". 
This review process confirmed the relevance and quality of the selected studies [16]. Papers 
were classified as high quality (5 Yes answers), moderate quality (4 Yes answers), or low 
quality (3 Yes answers or below). A total of 90 papers were excluded during this step.  

Fig 1: Flow chart methodology. 

From the remaining papers, data were extracted on the Indigenous community 
studied, the type of climate event, the predictive knowledge used, outcomes, and any 
integration with modern systems [17;18] methodological rigor and credibility of the studies 
were assessed using a standardized tool specifically adapted for Indigenous knowledge 
research, ensuring the reliability and validity of the findings [10;18]. A total of 59 papers 
were selected for inclusion in this literature review, comprising both high-quality and 
moderate-quality studies. A thematic analysis was conducted to synthesize insights from the 
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selected studies, emphasizing the impact of integration on forecast accuracy and community 
preparedness. 

3 Results and Discussions 

Indigenous communities across various regions have long relied on observing animal 
behavior as a critical method for predicting weather patterns and extreme climate events 
(Figure 2). 

 
Fig 2: Indigenous Weather Prediction Methods. 

Indigenous communities worldwide rely on animal behavior to forecast weather 
patterns and extreme climate events. For example, in Fiji, Vietnam, and the Philippines, sea 
birds flying inland or wasps building nests low signal an approaching cyclone, prompting 
communities to secure homes and stockpile resources [6]. Similarly, in Zimbabwe, early bird 
migrations or restless livestock predict droughts, guiding farmers to conserve water and 
adjust planting schedules [7]. In Bangladesh, ants move eggs to higher ground and frogs 
frequently forewarn heavy rainfall or cyclones, prompting pre-emptive action to protect 
homes and crops [5]. In the Rwenzori region of Uganda, ants moving eggs or dragonflies 
flying low indicate the rainy season's onset, leading to preparations like planting and securing 
water resources [8]. The Badeng in East Malaysia interprets unusual animal activities as 
weather shifts, allowing them to adapt their agricultural practices [5]. 

 
In Zimbabwe, bird calls and livestock behavior help predict the rainy season or 

droughts, encouraging farmers to plant resilient crops and prepare livestock shelters [19]. 
Similar practices are observed in Bangladesh and Limpopo, South Africa, where ants, birds, 
and livestock behavior are used to predict rainfall and drought [17]. In Ethiopia and Brazil, 
observing bird migration and livestock behavior signals seasonal changes, aiding 
communities in water conservation and crop management [14]. In Kenya and South Africa, 
unusual bird and insect behavior warns of storms and rainfall, prompting agricultural and 
structural preparations [21]. 

 
Plant phenology also plays a crucial role in Indigenous climate prediction. In 

Zimbabwe, early flowering signals the rainy season, guiding crop selection and water 
conservation [7]. In the Indian Sundarbans, flowering patterns and animal behavior predict 
floods, leading to flood-prevention measures [4]. In Uganda’s Rwenzori region, early leaf 
shedding forecasts drought, prompting water storage efforts [8]. The Badeng in Malaysia 
observes off-season flowering as a sign of unusual weather, adjusting agricultural activities 
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accordingly [22]. Similar practices are observed in Ghana, where flowering patterns help 
anticipate floods and rainy seasons [23]. 

Celestial observations also aid Indigenous weather prediction. In Zimbabwe, the 
moon’s brightness and star positions signal drought or rainfall, guiding farmers’ decisions 
[7]. Ugandan communities similarly use star alignments to predict the weather, enabling 
agricultural preparations [8]. In China and South Africa, communities use the moon phases 
and stars to forecast floods and extreme weather [9]. These celestial cues are widely used 
across Brazil, Kenya, West Africa, and Bangladesh to predict seasonal shifts, allowing 
communities to adjust their farming and water management practices [20; 21]Indigenous 
peoples also observe atmospheric and oceanic patterns. In the Sundarbans and Uganda’s 
Rwenzori region, cloud formations and wind shifts indicate storms or floods, prompting 
defensive actions [4; 8]. In Zimbabwe, changes in wind and cloud patterns mark the start of 
the rainy season, guiding agricultural preparations [19] as explained in Table 2. 

Table 2: Key reference preparation action and validation/accuracy of the prediction method 

Author Region/ 
Community 

Prediction 
Method 

Extreme 
Weather 

Preparation 
Actions 

Validation/Accuracy 

[6] Fiji, Philippines, 
Vietnam 

Animal 
behavior 
(sea birds, 
wasps, 
spiritual 
signs) 

Cyclones, 
Typhoons 

Secure 
homes, 
stockpile 
food, 
activate 
emergency 
plans 

Integrated with 
modern climate 
adaptation programs 
(Fiji) 

[7]  
 

Zimbabwe Animal 
behavior 
(birds, 
livestock), 
plant 
phenology 

Drought, 
Rainy 
season 

Adjust 
planting 
schedules, 
conserve 
water, 
select 
drought-
resistant 
crops 

Combined with 
scientific forecasts 
(Matobo, Mbire 
Districts) 

[5] Bangladesh Ant 
behavior, 
frog calls, 
bird 
movements 

Rain, 
Cyclones 

Reinforce 
homes, 
adjust 
planting 
schedules, 
protect 
livestock 

Success in Cyclone 
Jawab Prediction 
Via Hybrid 
Forecasting 

[8] Uganda 
(Rwenzori 
Region) 

Ant, 
dragonfly 
behavior, 
cloud 
formations 

Rainy 
season 

Prepare 
fields, 
secure 
water 
resources, 
adjust 
planting 
schedules 

Integrated with 
community 
knowledge and 
scientific data 

[4] India 
(Sundarbans) 

Plant 
phenology, 
animal 
behavior 

Floods, 
Heavy rains 

Strengthen 
homes, 
create 
barriers, 

Enhanced resilience 
with combined IK 
and meteorological 
data 
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prepare 
emergency 
supplies 

[22] East Malaysia 
(Badeng) 

Forest 
animal 
behavior 

Unusual 
weather 
patterns 

Adjust 
agricultural 
activities, 
prepare 
homes 

Traditional methods 
validated by 
community 
resilience 

[19] Zimbabwe 
(Chiredzi 
District) 

Bird calls, 
tree 
sprouting, 
cloud 
patterns 

Storms, 
Rainy 
season 

Adjust 
crop 
variety, 
reinforce 
structures 

High accuracy 
through combined 
IK and local 
meteorological 
systems 

[24] Vietnam (Bac 
Kan) 

Animal 
behavior 
(frogs, 
birds), cloud 
patterns 

Rain, 
Windstorms, 
Floods 

Adjust 
planting, 
strengthen 
homes, 
ensure 
water 
storage 

Integrates traditional 
forecasting with 
modern irrigation 
systems 

[17]  Bangladesh Bird, frog 
behavior, 
celestial 
observations 

Floods, Rain Adjust 
agricultural 
practices, 
protect 
against 
floods 

Successful hybrid 
forecast system 
implementation 

[21]  Kenya, South 
Africa 

Bird 
behavior, 
celestial 
observations 

Rainfall, 
Extreme 
weather 

Reinforce 
homes, 
adjust 
planting 
schedules, 
protect 
livestock 

High reliability 
integrating IK with 
scientific forecasts 

One of the most prominent trends in these case studies is the increasing integration of 
Indigenous Knowledge with modern meteorological data and climate adaptation strategies. 
This combined approach has not only enhanced the accuracy of weather predictions but also 
improved community preparedness and resilience [15]. As demonstrated in Bangladesh 
during Cyclone Jawab [5] and in Zimbabwe [7], the integration of IK and modern scientific 
data has led to more accurate and trusted predictions. Communities using both systems could 
take timely actions to reinforce homes, adjust planting schedules, and protect food supplies, 
which significantly mitigated the impacts of extreme weather. A notable pattern is the 
documentation of IK and the formalization of these systems into broader climate adaptation 
strategies. In some regions, like Zimbabwe [19] and the Pacific Islands [17], there has been 
a growing effort to combine local knowledge databases with scientific forecasts to increase 
community resilience to climate change. 

Preparation for extreme weather events in Indigenous communities is closely tied to the 
predictions made using local knowledge (Table 2). A key pattern is that preparations are often 
region-specific, based on the local environmental context, types of extreme weather expected, 
and the resources available to the community. Farmers in regions like Zimbabwe and 
Vietnam adjust their planting schedules, conserve water, or select drought-resistant crops in 
response to the predicted weather conditions. These agricultural adjustments are critical in 
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mitigating the effects of extreme weather on food security. For instance, when drought is 
predicted, planting resilient crops and conserving water are immediate actions taken [7; 21]. 
Reinforcing homes, preparing shelters, and securing livestock are common forms of 
preparation when cyclones, storms, or floods are predicted. Communities in Fiji, the 
Philippines [22], and East Malaysia [25; 26] frequently rely on these strategies to protect both 
human life and property during extreme events. Water conservation measures are frequently 
employed in regions prone to drought, such as Zimbabwe, Bangladesh, and Kenya. Whether 
it involves creating small-scale irrigation systems or collecting rainwater, these methods are 
crucial for mitigating the long-term impacts of drought and maintaining agricultural 
productivity. 

A significant pattern emerging from the data is that IK systems are not static. They 
evolve in response to changing climate conditions and technological advancements. 
Indigenous communities are adapting their practices to cope with the increasing intensity and 
frequency of extreme weather events, often by incorporating modern scientific insights 
without abandoning their traditional methods. In many regions, the continuity of Indigenous 
Knowledge is sustained through the transfer of knowledge from elders to younger generations 
[5; 4]. This not only preserves the accuracy of IK predictions but also ensures that traditional 
practices remain relevant as part of broader climate adaptation strategies. The final trend 
observed is the enhanced resilience of communities that effectively use a combination of IK 
and modern forecasting methods. Communities with stronger social cohesion and well-
established systems of knowledge sharing tend to demonstrate higher levels of preparedness 
and resilience in the face of extreme weather events. This is evident in case studies from 
Zimbabwe, Kenya, and the Pacific Islands, where communities have successfully reduced 
the impact of climate disasters through proactive measures informed by IK [19; 21].  

Indigenous Knowledge systems play a critical role in accurately predicting extreme 
weather events and enabling communities to prepare and adapt effectively. The patterns 
identified highlight the importance of regional specificity, integration with modern science, 
and community-based adaptation measures. As climate change accelerates, it is clear that the 
most successful approaches to mitigation and adaptation will likely come from the fusion of 
Indigenous Knowledge and modern meteorological practices, ensuring that communities are 
both empowered and resilient in the face of increasingly unpredictable and extreme weather 
conditions. 

4 Conclusion 

This review has thoroughly examined the role of Indigenous Knowledge (IK) in 
predicting and understanding extreme climate events, with a focus on its practical 
applications in modern environmental management. The findings confirm that IK, which is 
based on long-term observations of natural indicators, provides highly accurate and trusted 
predictions that significantly contribute to community resilience. Despite its proven 
effectiveness, IK is often overlooked in mainstream climate adaptation strategies, primarily 
due to challenges related to scientific validation, standardization, and cultural differences. 

The review highlights the critical need to integrate IK with scientific knowledge to create 
more robust and contextually appropriate climate adaptation strategies. Hybrid forecasting 
systems that combine these two approaches have been shown to improve both the accuracy 
of forecasts and the preparedness of communities. Policymakers must prioritize the scientific 
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validation of IK, address cultural barriers, and support adaptation initiatives that are led by 
communities. Developing inclusive policy frameworks that promote ongoing collaboration 
and knowledge exchange between Indigenous communities and scientists is vital for 
achieving sustainable climate resilience. 

 
Future research should focus on developing systematic methodologies to incorporate IK 

into scientific models, including training programs for scientists to better understand and 
apply IK. Additionally, there is a pressing need to document and preserve IK to ensure its 
continuity for future generations. Collaborative research efforts that involve Indigenous 
communities in the co-creation of climate information will further enhance the resilience of 
both local and global communities to climate extremes. This integrative approach will ensure 
that climate adaptation strategies are not only scientifically rigorous but also culturally 
relevant and effective. 
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