



Indigenous traditional ecological knowledge for mitigating climate change hazards: Resilience from the Roots.
ABSTRACT

India is the top most country in human resources which displays its wealth of diversity in religions, cultures traditions, belief systems, fairs, and festivals, being a developing country rapid urbanization, industrialization, and deforestation activities are at the peak and are the consequence of growing population occurred at the cost of the environment and ecology, contributes to the global existential emergency of climate change. There is urgent need of understanding the importance of ecological services and putting efforts to respect and preserve them, along with finding solution for the climate changes. Technological inventions also have some limits in case of climate change mitigation. Many of the traditional ecological practices, indigenous knowledge and believes in the society can significantly contribute to this climate change issues. Thus, in present chapter Indigenous and Traditional Ecological Knowledge is discussed on developing country perspectives for climate change mitigation.
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1. INTRODUCTION

India being the country with the largest human resources in the world with a population of more than 142.86 crore people according to the 2023 estimation which covers nearly 17.76 % or one-sixth of the world’s population, that displays its wealth of diversity in religions, cultures traditions, belief systems, fairs, and festivals. As India starts from the mountains of the Himalayas in Kashmir to the Kanyakumari Sea coast and from the Rajasthan Thar deserts to the humid forests of the northeast, India, it represents majority of biomes and biodiversity too (Singh and Singh, 2022). But being a developing country rapid urbanization, industrialization, and deforestation activities are at the peak and are the consequence of growing population. Thus, day-to-day weather variability is a common topic of discussion everywhere because of its direct, local and instant effect on daily life. From fast few years expanding population and their demands have caused environmental changes which had reached beyond localities and regions to become global. That is why we are witnessing growing awareness of issues like greenhouse gas effect and depletion of ozone layer. 
Local temperature is one among the climate change we have seen; another one is deforestation, an unorganized expansion of the settlement areas, rise of industries and mining activities occurred at the cost of the environment and ecology, contributes to the global existential emergency of climate change. (Sahai, 1998; Pandya and Didwania, 2021). Thus, there is urgent need of systematic study, documentation, analyzing, and conservation is necessary. As long as the services for supporting lives are considered free, they are not valued in current market systems. But need of understanding their importance and putting efforts to respect and preserve the ecological services is necessary along with finding solution for the climate changes that was already done by some of the technological impacts. 
2. Ecosystem and Ecological Services 

EP Odum stated "The totality or pattern of relations between organisms and their environment," is ecology. And “A biological system composed of all the organisms found in a particular physical environment, interacting with it and each other” is the ecosystem. History of ecology comes by the practical interest of the early human in primitive society, where all individuals tried to know and to explore their environment. That includes understanding of the forces of nature and the organisms like plants and animals around them for their survival. Which we have got the evidence of using fire and other tools to modify the environment from the ancient civilizations. Even though technological achievements made humans to depend less on the natural environment for their needs, still we continuing our dependence on nature for air, water, food. This of ecosystem services encompasses the delivery, provision, production, protection or maintenance of a set of important goods and services that people perceive includes seafood, timber, biomass fuels, forage, natural fibre, industrial products and pharmaceuticals, other services like maintenance of biodiversity and life-support functions, with this nature is providing us many services like waste assimilation and recreation and intangible aesthetic and cultural benefits. (Fig. 1). 


The definition of ecosystem services can be in myriad ways dependent on scale and perspective. Humans have taken ecological services for granted, by assuming natural resources and services are unlimited and some of them could be replaceable by technological innovations. But necessities like oxygen and water may be recyclable but not be replaceable. A typological describing, classifying and valuing ecosystem functions of goods and services is recently being developed, even though ecosystem services fall outside the sphere of markets and tend to be `invisible' in economic analyses. The monetary value of 17 ecosystem services ranges from US$16–54 trillion per year (Odum and Barrett, 1971; Costanza et al., 1997; Chee, 2004; Tsujimoto et al., 2018). 
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Fig. 1. Approaches for exploiting ecosystem services for climate change mitigation.

3. Implementation of technologies and climate change: 

India's modernization, perspectives have been critically impacted on the environment because of the structural-functionalism and historical materialism. Technological socio-economic benefits are usually proportional to their scale of application and their rewards are earned almost instantaneously. The problem, however, is that the "disbenefits", in terms of ecological degradation, and are demonstrated on relatively slow time scales, often very nonlinearly with the measure of applications. Different technologies may develop and affect future environments. There are many instances describing these modernization and technology made negative impacts from the environment point of view. To name some, biotechnology methods and bio industrial products have their vast applications in diverse domains such as health care and pharmacy, chemicals industry, agriculture and the food industry, production of energy, and environmental control and conservation; but risks linked in the health care and pharmaceutical industries are essentially dangers linked to problems of confinement, food industry also presents the same risks; to illustrate this fact, currently micro-organism-derived proteins competing now directly with animal proteins. 
This evolution implies a decrease in animal production of meat in coming days. Secondly in agriculture of modern days can’t escape out of using Nitrogen fertilizers. Haber-Bosch process is the modern technology used to reduce nitrogen to ammonia, highly energy consuming process the increasing demand will increase the rate at which costly non-renewable sources of energy are depleted, produces large quantities of air pollutants. Excess amounts after the plant assimilate the nitrogen content form the fertilizers in the form of minerals, leach rapidly from soils, causing serious concerns like increasing concentrations of toxic nitrates in water supplies and also leads to eutrophication of rivers and lakes. At present fertilizers, pesticides, and herbicides are responsible for pollution of ground waters, rivers and coastal waters. Modification of ecosystems by increased nutrient inputs for human needs may cause increased plant pathogenicity. Industrial processes for the fabrication of materials caused the air pollution as well as water pollution (Joly and Bandelier, 1988). 
To illustrate another, the choice of specific modernization has made use to face this pollution and global warming issues in India. For example, mode of transportation has dissimilar characteristics that directly or indirectly influence economic and environmental performance. The transportation is the major sector, contributing a substantial share of carbon emission in supply chain is a well-known fact. And this transportation sector alone responsible for 19.2% carbon contents emission, which is having the capacity to reduce 4% impact, by proper implementation of preventive measures (Pal et al., 2023). 
4. Global technologies in climate change mitigations and their limitations 

Human basic needs include lighting, cooking, space comfort, mobility and communication and to serve productive processes, require energy services, hence global use of fossil fuels like oil, gas and coal has increased for energy supply, lead to the rapid growth in carbon dioxide emissions. There are multiple ways to lower these greenhouse gas emissions from the energy system while still satisfying the global demand for energy services. Some of the possible ways are energy conservation and efficiency, fossil fuel switching, renewable energy, nuclear and carbon capture and storage were assessed. There are several types of renewable energy, which can supply thermal energy, mechanical energy and electricity, as well as produce fuels. These renewables satisfy multiple energy needs. But these sources are dependent on the climate, global climate change in many cases that will affect the renewable energy resource base. And the costs with challenges of integrating increasing shares of renewable energy into an existing energy supply system depend on the current share of renewable energy, the availability and characteristics of renewable energy resources are the limitations (Mitigation, 2011). 
Electric vehicles might be a promising option to achieve decarburization objectives, energy security, improved urban air quality and to increase energy efficiency and this may contribute to halving the use of conventionally fueled vehicles. But there is a need for high potential electrified vehicles for achieving climate change mitigation, resources management and air quality control. The adoption of these ecofriendly implications and electro-mobility in urban areas are still marginalized due to economic and political barriers. Electric vehicles running only on electricity have zero tailpipe emissions, but electricity is produced by burning coal in some country again lead to indirect problems. This holistic mobility impact only works with the people who are supported by the infrastructure (Nanaki and Koroneos, 2016). 

Likewise, the technique of using biochemical platform for the production of biofuel that is ethanol and value-added compounds like antioxidants from grain and tree-pruning was found successful but it has damaging consequences for soil carbon sequestration, nitrate pollution, nitrous oxide emissions, biodiversity and human health. While thinking about reservoir water treatment, supply, and maintenance of city water lines to supply each building to meet our daily water demands, which looks costly to use. Thus, moved to ground water which is available within the 200 m energy line purified by natural processes by aquifers, can be pumped. But most severe consequence of this adoption leads to excessive groundwater pumping, loss of water supply, poor drinking water quality, degraded surface water systems, high cleanup costs, high costs for alternative water supplies, and potential health problems (US Environmental Protection Agency, 2015; Hossain, 2017). 
Another technology is Carbon capture and storage is a promising technology potential with decarbonization approach to be applied to the power as well as to the industrial sectors which separates capturing CO2 gases from fossil fuels such as coal, oil or gas. There are many drawbacks associated with this technology of carbon capture and storage, such as safety in relation to secured storage and the possibility of leakage. Many negative impacts may happen from onshore storage locations by accidental leakage.  Other issues like public acceptance, high deployment costs are there hence technology is yet to be proven (Fawzy et al., 2020).
5. Traditional and Indigenous Ecological Knowledge 

Traditional Ecological Knowledge (TEK) is a key element of the social capital to produce fundamentals like food, health and perceptions of the environment and society. Where design of people centered approach defined as an experience acquired over thousands of years of direct human contact with environment (Berkes, 1993); knowledge passed down in an oral mode, or shared among the resource users (Huntington, 2000); it is also an rational foundation for an indigenous theory and practice of ethics and politics, which is centered on natural places and connection to the that world, which is capable of generating a conservation ethic on the part of those who follow its principles (Pierotti and Wildcat, 2000). An intellectual activity in a wide range of social, cultural, and environmental contexts, practice and innovations that are distinctively associated with many indigenous communities by customary laws, a cultural heritage of the society which preserves and transmits between generations (Harisha et al., 2016). This knowledge depends on spiritual and cultural instructions from time immemorial within an ecosystem of continuous residence and the generations of careful observations (LaDuke, 1994). This TEK covers the relationships between people, animals, plants, landscapes, natural phenomena, and timing of events for activities such as hunting, trapping, agriculture, fishing, and forestry.


Indigenous knowledge is the key source of ideas by creative understandings of local environments which is grounded in diverse. Term indigenous is “to emphasize” the culture of the original people of an area, as opposed to globalized culture and the knowledge meant “to focus”. Again, to refer it, it is local knowledge of indigenous peoples about particular cultural groups. There are contrast things between local ways of understanding and interacting with one's environment versus the dominant things of economic development derived from modern development science. This system represents detailed ecological information. People-centered resource governance approaches underpin the management strategies and fosters the adaptive capacity to environmental variability. Local participation in this way of practice or the modelling is very essential to the accuracy and credibility of the results of such processes and representation projects can take various forms. Local motivations can include concerns with appropriate documentation and knowledge, but also it desires to gain credibility in political forums and influence over key places and resources management decisions (McCarter et al., 2014; Barber and Jackson, 2015).
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Fig. 2 Traditional and indigenous ecological knowledge can be blended harmoniously for implementing global technologies and climate change mitigation.

These two Traditional Ecological Knowledge and Indigenous Knowledge are two closely related and broadly overlapping ones. "Traditional Knowledge" can synonymously use for “Indigenous Knowledge”. Where both of the seeks to understand local knowledge of the land, thus there are similarities but a primary difference is the insight provided by Traditional Knowledge is regarding some new understandings in ecology and resource management, which recognizes that traditions are not static but continually changing and evolving over time, as it supports to innovate, borrow and adapt the traditions to changing circumstances. (Fig. 2). (McCarter et al., 2014; Barber and Jackson, 2015).
6. Traditional knowledge in ethno-science context:  

Traditional ecological knowledge is often an integral part of a culture, and tends to have a large social context. Human-nature relationships tend to be ambivalent; there often is a discrepancy between belief and practice. Origins of Traditional Ecological Knowledge and its Development as a Field The intellectual roots of traditional ecological knowledge are in ethno science (mainly ethnobotany) and human ecology. Much of the indigenous knowledge literature is not about ecological relationships but about other kinds of ethno science, including agriculture, ethnobiology, ethopharmacology, ethno veterinary medicine, and ethnopedology (soils). Some of these areas, for example, traditional practices of water conservation and erosion control, are directly related to ecological knowledge, but others (e.g., ethno astronomy) are less so. The shift of emphasis from the documentation of species used by indigenous groups and their taxonomy, to a consideration of functional relationships and mechanisms, gave rise to the field of traditional ecological knowledge. 
7. Role of traditional and indigenous ecological knowledge in Resource management:

Conventional science and management have failed regarding long-term sustainability, that is why "rediscovery of traditional and indigenous systems of knowledge have developed that seem more sustainable. Traditional resource management systems provided us with experiments in successful living, and drawing upon knowledge of these alternatives will also provide insights and "speed up the process of adaptive management". (Fig. 3). 


Many of the forest communities have got the considerable level of knowledge on the natural resources which they use, can potentially inform scientific communities regarding the approaches of management, either as a source of baseline or can give the data to fill gaps in information that cannot otherwise be addressed or to provide alternative management approaches from which scientists and managers might learn (Dudgeon and Dudgeon, 2003; Rist et al., 2010). There are so many examples of practices of resource management as well as climate change and its mitigation in the traditional and indigenous ecological knowledge like, taboos and sacred areas; the use of watershed units, concept among several Amerindian, Asia-Pacific, European and African cultures to create biogeographic boundary for a terrestrial ecosystem for ecosystem management provides evidence for the existence of ecosystem-like concepts which can be adaptable and some others like use of fire for forest succession management have been abandoned by western management (Dudgeon and Dudgeon, 2003).
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Fig. 3. Relationship of Knowledge-Practice Complex with different attributes of traditional ecological knowledge

Clear sky, dark-colored sky as dark as a crow’s egg, soft, white deep halo around the moon or the sun, low rumblings of thunder, lightning, appearance of a “mock sun”, rainbow in the morning or in the evening, needle-shaped or sword-shaped clouds, and sky overcast with huge, bright dense clouds are reported by Raman (1960) as rainfall indicators. Golakia (1992) reported drought occurrence meteorological observations such as sky with a faint yellow color, crow-colored clouds are observed throughout the day while the night sky remains clear, the velocity of wind is not high during the Mrighirsh constellation and high heat is not experienced during the Rohini constellation, no rain in Adra and no winds occur in Mrighirsh, wind blows from the east during the month of Shrawan and from the south-west during the month of Bhadrapad and wind with velocity on the fifth day of the first fortnight of the month of Shrawan. Pandey et al. (2003) mentioned historical societal adaptations to climate fluctuations that provide insights on potential responses of modern societies to future climate change where they highlighted historical human efforts for construction of rainwater harvesting structures like various types of earthen structures for monsoon rainwater, irrigate fields, and recharge groundwater across regions in response to abrupt climate fluctuations, like aridity and drought. 
8. Indigenous knowledge for conservation of ecosystems in India:


India Meteorological Department’s predictions may not help farmers as it makes long-range predictions for the nation as a whole. But for specific regions, predictions for short range in nature are needed to make choices related to cropping patterns. Thus, farmers in dry regions rely on indigenous meteorological beliefs for monsoon that involved the principles of eminent astronomers and astrologers like Varahmihir, Bhadri, Poet Ghagh and and Unnad Joshi. This results in to select as groundnut (spreading type) and cotton to go in for long duration crops from early showers (Kanani, 2006). Kanani (2006) reported many biological indicators of monsoon in Saurashtra in the western part of the state of Gujarat the tree Cassia fistula is an indicator of rain when it bears bunches of golden yellow flowers, about 45 days before the onset of the monsoon which is a part of “Brahad Samhita” written by Varahmihar. And also reported Madhuca latifolia, Eragrostis cynosuroides with foliage is good monsoon but in case of Bamboo species leads to drought and rat attack.
 Prosopis cineraria foliage and Azadirachta indica flush means drought Zyzyphus mauritiana with heavy flush of fruit means average monsoon. He further reported birds and animal behaviors on rain predictions like sparrow bathing in dust-good rain, kachinda climbs the tree and assumes black-white-red colours-immidiet rain, frogs singing in the initial days of Jayestha-early rain, Batairs singing in pairs-certainity of rain, peacocks cry frequently, bapaiya’s singing early in the morning-rain within a day or two, crows cry at night and foxes at day-severe drought, lapwing bird lays eggs during the night, especially on river banks-heavy rains and Camel keeps facing the north-east direction, goat does not browse, crow scratches its nest-immediate rain.

Sacred groves not only preserve the indigenous biodiversity; it also mitigates the effects of climate change. Rist et al. (2010) compared scientific data with information from traditional ecological knowledge about the sustainable harvesting of a non-timber forest plants, a livelihood importance in Biligiri Rangaswamy Temple Wild life Sanctuary, Karnataka, Southern India, a fruit tree infected by mistletoe was in specific. They evaluated the potential of traditional ecological knowledge for providing innovative solutions to the problem associated with management and concluded that current assessments of sustainable harvesting of non-timber forest product is inaccurate and must adopt and integrate with traditional ecological knowledge. 
Pareek and Trivedi (2011) made a case study on Indigenous knowledge and traditional stories in Rajasthan State, Bhil, Meena, Banjara, Kathodi, Rabaris, Sansi and Kanjar tribal people in India about lightning, clouding, rain, drought, and disaster predictions, effects of weather on crops. They documented indigenous tradition knowledge in those communities for environment management and coping strategies which makes them more resilient to changes by adopting plants as emergency foods during famine, growing several indigenous species of food for utilization, their prediction is by wind direction position of planets, cloud patterns, behavior of birds and animals and changes in plants. They have adopted new strategies to cope with these climate changes like growing new crops like vegetables, fodder and medicinal plants, use of bio fertilizers like vermin culture, storage activities for food grains and fodders, constructions of anicuts and digging and deepening ponds and wells.

Tynsong et al. (2020) reviewed the literature about traditional ecological knowledge by the tribal and other traditional societies in North East India where the knowledge pertaining to species, ecosystems, and their interactions including their sustainable management and utilization in forestry, agriculture, food, fisheries, dye, crafts, and health care are rich. It was found that some of these are at par superior to the resource management practices evolved under modern knowledge. Das et al. (2022) conducted study to understand the sustainable environmental management in a tribal dominated socio-ecological patch of Barind Region of Malda district, Eastern India. They found many types of indigenous ecological belief systems, which were closely linked with conservation of ecosystem and sustainable supply of water, fuel wood, medical plants and other ecosystem services. This study contributed to the understanding of socio-ecological nexus with the lens of indigenous knowledge in tribal dominated ecological landscapes. 

9. Traditional and Indigenous Knowledge for Climate Change


Indigenous communities have long adapted to environmental changes such as shifting rainfall patterns, droughts, floods, and ecosystem transformations. In India, Indigenous practices contribute significantly to mitigation of climate change which can be described as case studies. The ‘Zabo system’ adopted in Kikruma village, Nagaland is an indigenous water management system that combines rainwater harvesting with soil conservation and forest management. It channels rainwater into ponds, which irrigate terraced fields and recharge groundwater. This system enhances water security during droughts and supports biodiversity, contributing to both climate adaptation and mitigation. (Hangshing et al., 2022). “Van Panchayats” and “Community forestry programmes’ at Uttarakhand successfully managed community forests through rules on grazing, harvesting, and reforestation that help to reduce deforestation, restore degraded lands, enhance carbon sequestration, and ensure sustainable livelihoods. (Nagahama and Sharma, 2022).

The “Apatani community” from Ziro Valley, Arunachal Pradesh, practices a unique system of wet rice cultivation combined with fish farming and agroforestry using intricate canal networks for water distribution and maintain bamboo groves for soil conservation. This practice maintains soil fertility, enhances biodiversity, sequesters carbon, and provides multiple livelihoods. (Singh and Singh, 2023). Similarly; Sacred Groves and Community Conservation Strategies adopted at ‘Khasi and Jaintia hills’ (Meghalaya, Kerala, Maharashtra states) acted as micro-climate stabilizers and served as carbon sinks, conserve endemic species, contributing to climate mitigation and adaptation. (Patel and Joshi, 2023). Likewise, there is a shift to climate-resilient millets (e.g., Ragi, Jowar, Bajra) in Deccan Plateau of Karnataka, Telangana, Andhra Pradesh, by Indigenous communities and smallholder farmers due to their low water requirement and resilience to erratic rainfall. (Kumar and Singh, 2025).
10.CONCLUSION

Even though Local Knowledge, Indigenous Knowledge, Traditional Ecological Knowledge, etc. are frequently critiqued in the research literature of the humanities and social sciences, they have contributed a lot in resource management as well as climate change predictions and their and practices made sufficient efforts on mitigation for sustainability. Thus, wester knowledge or the system must integrate with these local, indigenous and traditional ecological knowledge for sustainable practice of resource management followed by climate change mitigations.

The theme of traditional ecological knowledge is important for the consideration of a broad range of questions related to nature-human relations. Different groups of people in various parts of the world perceive and interact with nature differently, and have different traditions of environmental knowledge. Their perceptions and knowledge are in part shaped by their values, worldviews, and environmental ethics - religion in the broader sense. In the exploration of environmental ethics and religion toward an ecologically sustainable society, indigenous peoples and traditional ecological knowledge have attracted considerable attention from both scholars and popular movements. As a knowledge-practice belief complex, traditional ecological knowledge includes the worldview or religious traditions of a society. 
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