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In compliance with the instructions of the Department of Higher Education
MadhyaPradesh, and under the aegis of IQAC of our College, we are going to organize a
one-day national webinar in hybrid mode i.e. online and offline on the topic: “CLIMATE
CHANGE AND BIODIVERSITY?”, on 15 October 2025.

In today’s era, when our planet facesunprecedented environmental challenges,
such academic initiatives play a vital role in spreading awareness and encouraging
meaningful dialogue among scholars, students, and environmentalists. The topic chosen
is both timely and relevant, reflecting the institution’s commitment to sustainable
development and ecological balance.

This webinar aims to foster awareness, dialogue, and collective responsibility
towards combating climate change (SDG-13) and conserving terrestrial ecosystems
(SDG-15). May this webinar inspire innovative ideas, promote collective responsibility,
and pave the way for a greener and more harmonious future.

Best wishes for the grand success of the event!

DR. JAGDISH MUJALDE
Coordinator-IQAC
Govt. Girls College,
Barwani(MP)
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ABSTRACT- Climate is a measure of the average pattern of variation in temperature, humidity,
atmospheric pressure, wind, precipitation, atmospheric particle count and other meteorological variables
in a region over long periods of time. The climate is generated by the climate system which has five
components namely atmosphere, hydrosphere, cry sphere, lithosphere and biosphere. Climate change is
a change in the statistical distribution of weather patterns when that change lasts for an extended period
of time (decades to millions of years). It may refer to a change in average weather conditions or in the
time variation of weather around longer -term average conditions. It is mostly caused by the factors such
as biotic processes, variations in solar radiation received by Earth, plate tectonics, volcanic eruptions
and human activities. Recent rapid climate change is already affecting a wide variety of organisms,
vegetations as well as rural population's livelihood.

Madhya Pradesh is one of the states of the India marked by a predominantly agriculture-based
economy. The Madhya Pradesh state including Dist. Barwani faces significantly adverse and difficult
challenges in balancing the conservation of bio-diversity. In the context of environmental policy, the
term climate change has become synonymous with anthropogenic global warming. Policies, plans and
programmes need careful appraisal and modification to include climate change considerations.
Resilience informed GPDP provides an edge to the planning capacity of Gram
Panchayat.Desertification affects about one sixth of the world's population The forest and environmental
resources in the state are also under continual pressure and severe pollution of rivers, wetlands,
degradation of forests and biodiversity loss and adversely impact on rural populations livelihood has
been reported. The state is having 308245 km? geographical areas and the forest comprises 77700 km?.
Out of total forested area Reserved, Protected and Un-classed forest are recorded as 65.30 percent, 32.84
percent and 1.80 percent (Bhatt J.R. et. al., 2018).

Land degradation is another factor influencing land loss, flora and fauna vulnerability.
Desertification is a subset of land degradation under dry climates (arid, semi-arid and dry sub-humid
areas). Barwani dist. of M. P. categories under semi-arid area characterized with higher temperature
range more than 15 deg. Minimum and more than 35° Cel. For long period of year (about 7-8 months
of year) with very short period of winter. The latest estimates indicate that 12 Mha of land is transformed
into new man-made deserts every year (UNCCD, 2011) and that one quarter of the world's agricultural
land is highly degraded some irreversibly (FAO, 2011). Sustainable land and ecosystem management
and adaptation of best management practices seem to be the logical solution to address the
emerging issues due to significantly adverse impact of climate change. (MOEF, 2012).

Key words: Bio-deversity, climate change, Desertification, Vulnerability, natural disasters.
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1. Introduction

India is a biodiversity-rich nation that supports 18 percent of the world’s population on only
2.4% of the world’s total land area. Remarkably, it holds parts of four global biodiversity hotspots
that have high concentrations of endemic taxa (Myers, 2003) and some of the biggest remaining
wild populations of large, wide-ranging mammals (Ranganathan et al., 2008). As Incomes rise
and the need for water rises, the pressure for efficient use of highly scarce water resources will
raise manifold. As per the international norms, a country is classified as Water Stressed and Water
Scarce if per capita water availability goes below 1700 m3 and 1000 m3, respectively. As per
report by Hoekstra and Chapagain our country India is already categorized under water stressed
country with the availability of 1544 per quibe meter of water per capita. At present the use of
ground water is rising very rapidly in India. India uses 2-4 times water to produce one unit of
major food crops as compared to other major agricultural countries like China, Brazil, USA
(Hoekstra and Chapagain, 2008).

Biodiversity is not only crucial to ecosystem functioning, but also plays a role in protection
from natural disasters. Extreme weather events such as storms and flooding are projected to
become more pervasive threats due to climate change, as is sea level rise. The diversity of
responses in various species that perform the same ecosystem function is a critical factor in
maintaining ecosystem resilience to changes in the environment, particularly when ecosystems
are re-organising (Elmqvist et al. 2003; Munang et al. 2013) list natural hazard mitigation as an
important regulating service that ecosystems offer, especially now, when weather patterns are
becoming increasingly unpredictable due to climate change. If ecosystems are managed in a way
that conserves biodiversity, the effects of flooding, landslides, wildfires, droughts and storm
surges can be mitigated more effectively. For example, mangrove forests which serve as breeding
sites and nursing grounds against negative effects such as expanded pest ranges and compromised
food security (Schmidhuber and Tubiello 2007). Increased frequency of extreme events could
also adversely affect crop yield (Sunderland, 2011).

The Madhya Pradesh state including Dist. Barwani faces significantly adverse and difficult
challenges in balancing the conservation of bio-deversity. In the context of environmental policy,
the term climate change has become synonymous with anthropogenic global warming. Climate
change is a cross cutting theme that needs to be addressed through analysis of risks and
opportunities it poses for all sectors. Policies, plans and programmes need careful appraisal and
modification to include climate change considerations. Resilience informed GPDP provides an
edge to the planning capacity of Gram Panchayat. In order to do so, climate risks, exposure level
and adaptive capacity of the communities need to be ascertained. The above parameters could be
assessed through vulnerability assessment of communities and the physiography of the area need
to be studied. The current study assesses the vulnerability of Barwani district of Madhya Pradesh
state. To ensure the District Plan of Barwani by DPC is addressing risks of disruption to local
society, economy and environment, a climate vulnerability assessment followed by adaptation
strategies need to be built into the plan. (Vashist and M. Ramesh babu, 2022).
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2. The Potential Implications of Climate change on Bio-diversityand
Livelihood of Rural Population

Biodiversity provides a safety-net in times of reduced agricultural production (Karjalainen et
al. 2010). In general, components of biodiversity are responsible for the maintenance of ecological
processes that are vital for agriculture — soil fertility, nutrient cycling, disease and pest control,
and pollination and seed dispersal.From Individuals to Communities: Impacts and Vulnerability
Average global temperature has increased by 0.85°C since the mid-19th century, with the vast
majority (>90%) of additional heat being stored in the oceans (IPCC 2014). Some of the changes
are occurring at an unprecedented pace and within greatly diminished, fragmented and degraded
natural landscapes (Haddad et al., 2015; IPBES, 2018), thereby severely challenging the ability
of existing cultural and biological systems to adapt and persist. As per Census data 2011, only
35.6% of rural and 53.34% urban households have access to banking services. Apart from
vulnerability, it highlights the need for financial inclusion in the Barwani district. To support
agriculture-based livelihood system, the cultivators need access to credit, crop loan, insurance
and weather-based insurance. In the absence of the above services, farming communities and
especially agricultural laborers would find it hard to overcome from climate induced disasters. In
the district, Barwani, 64.44% of the rural and 31.7% of the urban households use firewood to
meet the requirementof household fuel. Crop residue and cow dung cake is still prevalent as
household fuel in 28.98% and 1.93% of the rural households. LPG was being used in 3.9% of
rural households whereas 58.97% of the urban households use LPG/PNG. High dependence on
biomass-based fuel in rural areas is a threat to the vegetation in the area and also is a health hazard
for women and children of the district (Vashist Sanjay and M. Ramesh babu 2022).

3. Vulnerability from Climate Change Impacts and Farm Practicein Dist.-

Barwani

Underground water has an important role for irrigation in this district due to lack of perennial
rivers. The net irrigated area is 84.9 thousand Ha as compared to 144.1 thousand Ha that is rainfed.
Depending on the availability of water, farmers differ in their farming systems. Under rain-fed
conditions, farmers prefer to integrate cereal cultivation with agroforestry, whereas under
irrigated conditions, agroforestry is replaced with vegetables and orchards. Those who have
farmlands on the riverside mainly opt for vegetable cultivation. Central Water Commission
(CWC) has identified poor maintenance of canals, lack of water control structures in distribution
system and lack of awareness in farmers as key causes of low water use efficiency. The total
irrigation potential created (IPC) from major, medium and minor irrigation schemes have reached
81% of India’s ultimate irrigation potential, so the scope for further expansion of irrigation
infrastructure on a large scale is limited. Therefore, priority must be given to improving the
utilisation of irrigation potential (IPU) of the existing irrigation potential. The National Water
Mission (NWM) Comprehensive Mission Document states that there is a need to increase water
use efficiency by 20%, whilst it also advocates a policy of “more crop per drop”. NITI Aayog
suggests that area under irrigation can be doubled in the country without requiring extra water
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through efficient management of water resources, such as those practiced in China and Brazil.
The relatively lower double cropping in Barwani has to do with both the local practice of ‘anna
pratha’ as well as insufficient/ineffective irrigation facilities when rain is less than
needed.Locally-relevant, accurate and timely information on climate variables across a district to
make decisions on suitable climate change adaptation practices in agriculture is not available and
since farming practices and physical conditions vary across the region, it is difficult to generalise
climatic observations and adaptation solutions. Additionally, the reach of communications and

regular interface with farmers in each Gram Panchayat is still a challenge (Vashist and M. Ramesh
babu, 2022).
4. Vulnerability of Major Habitat Realms to Climate Change
Tropical forests hold much of the earth’s biodiversity as well as more than half of the world’s
forest carbon stocks (Pan et al., 2011). Their role in the sequestration of carbon dioxide is critical
to the regulation of the earth’s climate and in mitigating the effects of anthropogenic greenhouse
gas (GHG) emissions. In India, hundreds of millions of people are directly dependent on forests
for fuelwood, grazing and non-timber forest products (Osuri et al.). Long-term forest studies in
India indicate that the dynamics of seasonally dry tropical forests vary at decadal time-scales and
are influenced to a large degree by the amount and seasonality of rainfall. The spatio-temporal
variation in precipitation pattern affects community composition, species diversity, tree
demography, phenologyand patterns of growth, fire regimes and the spread of invasive species in
these forests.

5. Resilience Planning Framework for Barwani District
Table 1. Resilience Planning Framework for Barwani District

Climate
S Systematic approach to Buildin
Resilience y . p,p e g Indicators of Climate Resilience
No .. Climatic Resilience
Priority
1 Drinking Water | A.Assessment of existing and future A.  Water availability for
Sufficiency water requirement in Barwani dist. | prioritize uses exceeds usage and

Along with mapping of water sources
for existing and projected water
defeceit.

B.Participatory development of a
dist. Water conservation and usage

increasing trend in population
receiving safe and adequate
water.

B. Increasing trend in ratio of
water treated, recycle and reuse

guidance  document Jila  Jal | with water available to the Dist.

Sanrakshan avam Upyog Niti C. Increasing trend in
(JUSN). proportion of existing water
C.Setting  goals, targets and | bodies, rejuvenated, new

indicators of progress, transperancy
and responsiveness and
accountability mechanism applicable
to Jal Sansthan and Gram Panchayats

construction of traditional water
storage structure and population
supported by each water source.

4
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for them to meet their goals set as per
JSUN 2022.

2. | Agriculture A. Focus needs to be on climate | A.Average monthly income
Productivity suitability, efficient use and quality | increase to level of national
and Livestock | of farm inputs elements and livestock | average income of workforce
reselience breeds to meet farmers’ nutrition | employed in manufactured and

need and target income. skilled jobs.
B. Integrated monitoring and | B.Amount invested in Dist.
communications plan to keep track of |  Specific R & D as well as status
ground water and surface water | of implementation of
availability during normal and | recommendations for enhancing
drought conditions and block and GP | water availability.
level.
Livelihood A.  Livelihood access to food, A.  Average monthly income
options and | water and rural healthcare need | of farmers increased to level of
Income coordinated complementary and | national level of income of
Security mutually informed interventions to | workforced employed in
address distress migration. | manufacturing and skilled jobs.
Additionally district priority
livelihood development planning
required in  participatory  and
exhaustive evaluation of options.

Source: Vashist Sanjay and M. Ramesh babu 2022.

6. Recommendations as Urgent Needsas well as Looking Forward

Under a moderate emissions scenario (IPCC, 2014), India is projected to experience 1-2°C of
warming by 2030, and 2-3°C by the end of the century, compared to the 1961 — 1990 baseline
(Chaturvedi et al., 2012). The Himalaya and north-western regions in particular will experience
greater warming under this scenario (2-3°C by 2030 and up to 5°C by the end of 21* century).

Table 1. Critical knowledge gaps and areas for further research specifically

identified:
Significance in
S. No. Details of Topic Knowledge Gaps Present vulnerable
Scenario
1 Ecosystem Services * Role of ecosystems in buffering | * Human health
disease outbreak
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* Climate change (CC) impacts on
carbon and nutrient cycling and
activity of soil microbes

» Effect of drought on carbon
sequestration potential

* Interactions between CC and other
global change factors.

» Supporting national
commitments on
climate mitigation

* Mitigating CC
eLivelithoods, human
health, mitigation of
future CC.

* Long-term forest dynamics studies
across multiple spatial scales in all
major forest types

» Effects of elevated CO2 on tree
growth

* Interaction between CC impacts
and habitat degradation and nutrient
deposition.

* Ecosystem services
(livelihoods, C
sequestration)

* Mitigation of CC

* Ecosystem services
(C storage), mitigation
of CC

* Ecosystem services
(C storage), mitigation
of CC.

* Mechanisms behind phenotypic
changes in species and populations
in response to CC

* Fitness consequences of species
phenotypic and functional response
to CC and urbanisation

. Conservation,
management of urban
species and mitigation
of CC

. Conservation,
management of urban
species and mitigation
of CC

2 Long-term forest
dynamics

3 Urban ecosystems

4 Wildlife-human
conflict

* Impacts of CC on movement and
habitat use of conflict-prone species
* Incentives for maintaining
biodiversity-friendly land-use

. Wildlife
management, conflict
mitigation, livelihood
protection
* Livelihoods, conflict
mitigation

Sect oral policies like subsidies for irrigation (water, power, pumps) and other inputs in
agriculture sector indirectly have adverse impact on water resources. Relief measures such as low
or no cost power to farmers leads to over-reliance and exploitation of groundwater to irrigate farms.
The uptake of alternatives such as drip irrigation is stymied either by low water/energy prices or
provisions in the irrigation scheme. High-yielding varieties of seeds do not necessarily mean

higher net returns in the same proportion, as farmers also have to make higher investments towards
purchase of quality seeds, balanced supply of nutrients etc. (Vashist and M. Ramesh babu, 2022).
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Major constraints faced by the farmers that need to be addressed on priority for climate
resilience are: soil micro- and macro-nutrient deficiency, low organic carbon, low water-use
efficiency and non-adoption of resource conservation techniques, inadequate supply of low-cost
high-quality seeds and planting material, need for diversification through dryland agriculture and
integrated small plot farming, inadequate agriculture extension support as well as post-harvest and
marketing infrastructure covering the entire district.In addition to minor irrigation projects and
schemes, it is necessary to re-generate old ponds and conserve catchment area to ensure water
availability at every farm.Flood water management in surrounding flood-prone areas can help
bring surplus water from there to water scarce Barwani.Schemes such as KUSUM can bring
sustainable energy to farmers while also enhancing their net income potential through reduction in
input costs. The use of solar irrigation systems should be accompanied with training for
maintenance and repairs at the Gram Panchayat level. The district administration should set target
of at least 10% per year of cultivable land to be converted to ecologically sustainable, climate-
resilient, organic farming.Mobilising private investments, including farmer organisations, in
decentralised marketing and storage infrastructure will enable farmers to be more confident of
their returns and that will enhance efficient utilisation of cultivable land. Building systems to allow
vegetable and fruit buyers to compete in collection and purchase of fresh produce from farmer
producer groups at the village level, and the farmers supplying these directly to retailers including
e-retailers in towns and cities will help the farmers achieve suitable prices and encourage efficient
water management.

7. Coclusion &Recommendations for Management and Conservation

At the current rate of warming, global temperatures are projected to increase by 1.5°C above
pre-industrial levels in the next two decades (IPCC, 2018). There is mounting evidence that the
scientific community has underestimated the sensitivity of earth’s ecosystems to small increases
in temperature, and the consensus is that efforts must be made now to limit warming to 1.5°C
instead of 2°C (IPCC, 2018; Resplandy et al., 2018). While there has been a large increase in
climate change-related research in the last decade, particularly with regard to ecosystem services,
critical knowledge gaps remain. There is a need for long-term monitoring and studies assessing
the vulnerability of biodiversity to climate change, particularly in central, north-eastern and north-
western Indian biomes, and in montane habitats, dry forests, xeric habitats and freshwater and
marine ecosystems. Such studies would help inform better ecosystem management in order to
mitigate the effects of climate change and facilitate adaptation for local communities by conserving
the ecosystem services they depend on for their health, livelihoods and well-being.
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ABSTRACT- Humanity is facing a number of challenges at the beginning of the 215 Century. Scientific
evidence implicates greenhouse gas emissions in changing the global climate. Poverty persists around
the world, and is worsening in many regions. Biodiversity loss continues, especially in tropical forests.
These interconnected problems often reinforce one another, undermining the environment and
sustainable community livelihoods (CCBA, 2005). Climate change is happening and impacting
agriculture, environment, human health and livelihoods. The impacts of climate change are global, but
countries like India are highly vulnerable as large population depends on agriculture including tribal dist.
Jhabua and Barwani of M.P. State. The impacts of climate change are particularly threatening for
agricultural economies such as India, where agriculture provides livelihood for a large percentage (more
than 60 percent) of the population (Bhatt et. al., 2018). MadhyaPradesh one of the largest
statecontributing significantly to the food grain production specially Rice, wheat and pulses in the
country. The impact of climate change will be greater, far-reaching, and long-lasting in the coming years.
Almost every year, one or other part of the state is impacted by drought in last 10 years. The National
Innovations in Climate Resilient Agriculture (NICRA) project of Indian Council of Agricultural
Research (ICAR) is taken up to address various issues related to climate change and variability in
different regions of country including Jhabua dist.

Madhya Pradeshas part of Technology Demonstration Component (TDC) of NICRA, location
specific climate resilient technologies are being demonstrated in 38 selected villages in 11 risk prone
districts in Madhya Pradesh including Jhabua. District Climate resilience plan prepared by An initiative
of EFICOR and CAN South Asia in co-operation with UNICEF India and Environmental Planning &
Coordination Organisation (EPCO), Government of Madhya Pradesh during 2022 (District Climate
Resilience Plan:July 2022). Several promising technologies were assessed in farmer’s fields as per
location specific conditions. As part of the program, about 58 promising technologies were identified for
the state which can minimize the impact of threatening climate change, weather aberrations during the
most affecting years and enhance the productivity with sustainability during normal years based on the
on-farm demonstrations being taken up (Singh.et. al., 2023).Madhya Pradesh is one of the first states in
the country to have a State Action Plan on Climate Change (SAPCC) approved by the State Steering
Committee and the National Steering Committee, which are headed by the Chief Secretary of the
Government of Madhya Pradesh and the Secretary of India’s Ministry of Environment and Forests,
respectively. Given the socioeconomic profile and agro-climatic diversity of the State, the focus of the
action plan is largely on issues relating to adaptation to climate change (Climate change in Madhya
Pradesh: A compendium of expert views 2013).

Key words: NICRA, PCRT, Climate Change, Vulnerable, SAPCC, EPCO etc.
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1. Introduction

Madhya Pradesh is the country’s second largest state in terms of land area and its population
surpassed 60 million, accounting for 5.88% of the country’s total population. The state is located
between latitudes 210 6’ and 260 54’ north and longitudes 740 and 820 47’ east and spreading
over geographical area of about of 3, 08,245 sq.km, which is 9.38% of India’s total area (Singh.et.
al., 2023). The frequency of extreme weather-related events is rising significantly and affecting
farm level productivity and impacting staple food grains availability at the national level as well
as in Barwani and Jhabua dist. of MadhyaPradesh. Within a season, severe droughts and floods
are being experienced in the same region posing serious problems to the resource poor tribal
farmers, agricultural scientists, experts, stakeholders and extension staff. Fall in yield as well as in
significant deterioration in farm product quality, leads to shortage of food grains, price rise and
inflation affecting poor the most and minimizing farm income continuously.This situation also
posing threats for livelihood sustainability in the current climate changing scenario.The national
mission on sustainable agriculture also facing new challenges during crop period except
information provided by IMD and other related agencies.The adoption of the Organic farming
practices and integrated farming systems stands out as a potent strategy for bolstering the
profitability of farming endeavors, particularly for small and marginal farmers of Jhabua and
Barwani dist. of M.P.

Madhya Pradesh is blessed with abundant natural resources, including fertile land and
favourable climate conducive to cultivating various crops, both field and horticultural. To harness
these resources optimally and ensure household nutritional security, it is imperative to embrace
improved and scientifically backed integrated farming systems, along with comprehensive organic
farming practices (Shamim, et. al., 2024). Both, application of improved technologies and new
policies will contribute to resilience.

There is also abundant traditional wisdom among farmers to cope with climate variability
which are being captured and documented in the project. Since climate change poses complex
challenges like multiple abiotic stresses on crops and livestock, shortage of water, land degradation
and loss of biodiversity, a focused and long term research is required to find solutions to the
problems specific to the country (Singh.et. al., 2023). In NICRA Project it is contemplated both to
develop climate resilient technologies through short-term and long-term research, and also
demonstrate the existing technologies on farmers’ fields for enhancing the resilience. The scheme
also attempts to develop and promote climate resilient technologies in agriculture which will
address vulnerable areas of the country (District Climate Resilience Plan: July 2022). The outputs
of the scheme will help the districts and regions prone to extreme weather conditions like droughts,
floods, frost, heat waves, etc. to cope with such events. Although the target area of the scheme are
all climatically vulnerable regions of the country, small and marginal farmers in rainfed, coastal
and hill areas will benefit more in view of the focused attention in these regions (Singh et. al.,
2023). The major objectives had been fulfilled during the implementation of the National
Innovations in Climate Resilient Agriculture are, A. To validate and demonstrate climate resilient
technologies on farmer’s fields. B. To strengthen the capacity of scientists and other stakeholders
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in climate resilient agriculture. D. To draw policy guidelines for wide scale adoption of resilience
technologies and options. The main components of NICRA scheme are a. Strategic research
through network, sponsored and competitive grants. b. Technology demonstration and
dissemination.c Knowledge management including Capacity building.
2. Challenges to agriculture in the context of climate change
Madhya Pradesh is predicted to get considerably more rainfall in the future than it does now,
but with more violent storms and a generalized warming over the state, which would have
significant ramifications for crop productivity and water resource management. According to
Gosain and Rao (2016), the average annual rainfall is expected to rise by 11.6% by midcentury
and by 30% by the end of the century. The majority of the increases occur during the monsoon
season while more pre-monsoon rain is expected in the south of Madhya Pradesh for 2021-2050.
The average surface daily maximum temperature in Madhya Pradesh in the 2030s is expected to
rise by 1.8-2.0 °C, while the minimum temperature may climb by 2.0-2.4 °C. The average
maximum temperature is expected to climb by 3.4-4.4 °C by the 2080s, with the northern area of
the state rising the most. (MPSAPCC, 2012).

3. Climate Projections of Madhya Pradesh under changing climate scenario
Climate projections for the 2030s and 2080s have been developed for Madhya Pradesh using
data from the Indian Institute of Tropical Meteorology in Pune and PRECIS (Providing Regional
Climates for Impacts Studies), a regional climate modelling system devised by the UK’s Met
Office.Information generates by PRECIS about climate change are so important and It is used to
help countries prepare vulnerability and adaptation assessments under the United Nations
Framework Convention on Climate Change (UNFCCC). In the Vulnerability Assessment for
Madhya Pradesh the scenario A1B was used. This assumes a future world of very rapid economic
growth, a global population that peaks around mid-century and declines thereafter, and the rapid

introduction of new and more efficient technologies (Goswami et. al., 2006).

Table no. 1. Projected variations in the climate related parameters of Madhya

Pradesh:
Projected changes in 2021-2050 2071-2100
climate
Daily maximum 1.8-2°C increase 3.4-4.4°C increase
temperatures
Daily Minmum 2.0-2.4°C increase >4.4°C increase
temperatures
Monsoon Increase in precipitation by 1.25 times | More than 1.35 times increase
precipitation the current observed rainfall in most | in precipitation with respect to

parts of Madhya Pradesh; no change | observed climate in most parts
in Morena, Shivpuri, Gwalior and | of Madhya Pradesh. With
Bhind; increase in precipitation in | major parts of Hoshangabad
eastern parts of Hoshangabad, | and Damoh, Manldla and
northern part of Betul, north eastern | northern parts of Balaghat
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parts of Betul and southern parts of | experiencing rain in excess of
Sehore. 1.45 times the observed
climate now. The extreme
northern and western parts of
the State will also experience
excess rainfall but less than
most of the other areas

Winter Precipitation | Decrease in precipitation Substantial increase in

precipitation in central and
southwestern parts of Madhya
Pradesh, increasing from
between 1.45 to 1.85 times

Extreme Weather Events recorded in Madhya Pradesh
Details in Table-2 Extreme Weather Events
Year Particular of Events
1991 23 districts have experienced drought
1992 Drought in Mandla, Khandwa, Chhindwara, Balaghat districts
1994 Drought reported in 4 districts of Rajgarh, Tikamgarh, Balaghat, Khandwa
1997 35 districts were affected by excessive rains and hailstorms including
Badwani& Jhabua.
1998 23 districts were significantly affected by hailstorms
Drought in 4 districts (Dhar, Jhabua, Khargone, Badwani) followed by flood
1999 like situation in 6 districts (Hoshangabad, Harda, Raisen, Sehore,
Narsinghpur, Dewas)
2000-02 38 districts were affected with drought conditions including Badwani
2002-03 Drought impact reported at 33 districts including Badwani
2004-05 Drought impact reported at 21 districts including Badwani
2005-06 34 districts have experienced floods as well as drought.
Drought in 46 districts out of 51 districts followed by flood like situation in
2016 o
21 districts
During monsoon season, more than 6 million hectares of cropped area, nearly
2019 2,000 livestock perished. 248 people died due to lightning strikes.
92 people died during monsoon season affecting more than 2.97 million
2020 hectares of cropped area, with more than 3,800 livestock perished

Source: State Action Plan on Climate Change and Human Health.
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Promising Climate Resilient Technologies
5.1 Promising Natural Resource Management Technologies :

a. Rainwater harvesting and its efficient use through construction and renovation of water

storage structures.

Table 3- Performance of water harvesting and its efficient use in Jhabua, M.P.

Cost of Net Return
Intervention Year Yield (g/ha) | Cultivation B: C Ratio
(Rs/ha)
(Rs/ha)
Water harvesting & its
i heat HI1544
fse A WAL TR 2021422 36.2 24500 46995 2.92
(one pre- irrigation
during rabi (stress year)
Farmers’ Practice 29.2 23300 34370 2.48
Water harvesting & its
use In wheat GW451| 202223 42.6 26600 59249 3.22
(one pre- irrigation | (normal
during rabi) year)
Farmers Practice 324 24800 40486 2.63

b. De-silting of open wells and recharging of borewells to enhance water availability.

c. Contour cultivation for reducing soil erosion.

d. Ridge and furrow for in-situ moisture conservation in maize and soybean.

e. Broad bed and furrow (BBF) to minimise the impact of moisture stress and water logging in
Badwani and Jhabua dist.

f. Furrow irrigated raised bed (FIRB) planting for conserving moisture and minimizing the impact
of excess rainfall.

g. Modified seed drill (sweep seed drill) for simultaneous operation of ridge and furrow making
and sowing.

h. Efficient use of harvested water through sprinkler irrigation for wheat.

1. Efficient use of harvested water for high value crops using drip irrigation.

J. On-farm production of vermicompost.

k. Soil fertility enhancement through green manuring.

1. Utilization of renewal energy through biogas plant.

m. Efficient use of harvested water for high value crops using drip irrigation.

n. On farm production of organic inputs through NADEP composting.

2.2 Promising Crop Production Technologies

a. Increasing Cropping intensity with the growing of more crop within a period of time.
b. Chickpea, coriander and linseed intercropping system for minimizing risk and for sustainable
product

International Educational Applied Research Journal

13


https://iearjc.com/

@l EAR]

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

c. Maximizing the yield potential per unit area of Pigeonpea through System of Pigeon pea
Intensification.

d. Introduction of high value crop Safed Musali (Chlorophytum borivilianum) variety RC-1 in
light and medium soils conditions.

e. Short duration drought escaping varieties of Groundnut, viz. JGN-3, JGN-23 and GG-2.

f. Heat tolerant variety of wheat viz. RVW 4106, HI-1544,

g.  Short duration varieties of chickpea suitable for late sown condition viz. JG-130, JG-11, JG-
16 and RVG-202.

h. Suitable variety of chickpea RVG-202 for late sown condition.

1. Integrated farming system for rainfed condition.

j- Increase of blackgram yield through lifesaving irrigation at critical stage through harvested rain
water.

k. Crop diversification through vegetables production from harvested water.

1. Inter-cropping of Maize + Soybean for risk minimization.

6. Climate Resilient Technologies for risk prone districts of Madhya Pradesh
Districts of Madhya Pradesh are broadly categorized based on their proneness to risk into very high
risk, high risk, medium risk and low risk based on comprehensive risk assessment (Ramarao et al.,
2019). Based on the on-farm experimentation being taken up as part of Technology Demonstration
Component of NICRA and also other studies, technologies which can impart resilience to climate
change and variability for various risk prone districts of Madhya Pradesh are indicated. The
specific technologies for each of the farming situation in these districts depend on the predominant
production systems, resource endowments and the production objectives of the farmer.

Table 4: List of Climate Resilient Technologies for high risk prone dist. Barwani and
Jhabua.

S.No Most Suitable Climate Resilient Technology

1 Creation of new water harvesting structures or renovation of existing structures such as farm
pond.

2 Desilting of drainage channels to enhance the storage capacity and groundwater recharge in
bore wells and in open wells.

3 Water harvesting and recycling for supplemental irrigation from sand bag check dam.

4 Micro irrigation system for efficient use of harvested water for enhancing water productivity

5 Vermi composting to enhance the soil fertility and also increase the moisture holding

capacity of the soil and use of Soil health cards for rational application of fertilizers.

6 Short duration and drought escaping varieties of mustard (NRCDR-2) and Maize (4794) for
higher yield under variable rainfall situations.

7 Short duration drought escaping varieties of black gram (JU-86, [PU-941 and PU-31) and
pigeon pea (JKM-189 and PUsa-992) to overcome the problem of dry spells.

8 Heat tolerant varieties of wheat (HI-8663 and 1544) ad gram (JG-130 and RVG-201) for

resilience to the heat stress.
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9 Heat tolerant varieties of wheat (HI-8663 and 1544) ad gram (JG-130 and RVG-201) for
resilience to the heat stress.

10 Soybean + maize, maize + cotton, soybean + pigeon pea, wheat + mustard and gram +
mustard intercropping systems for cropping intensification and sustainable yields.

11 Improved varieties of vegetable cultivation from harvested water to obtain more crop yield
and income.

12 Improved annual fodder crop of sorghum (MP Chari) and barseem (BB-3) for enhancing
fodder production during lean season and to enhance milk production.

13 Azolla production to make fodder available for livestock for the landless.
14 Mineral mixture as a feed supplement for milk production from milch animals.
15 Improved shelter for livestock for minimizing the impact of heat and cold stress.

(Singh.et. al. 2023)

Conclusion & recommendations with upscaling promising climate resilient

technologies

Some of the natural resource management technologies for climate adaptation and mitigation
require high initial investment. There is a need for careful planning and deployment of suitable
technologies depending on the location and resource endowments so that the investments can be
efficiently used. Identification of suitable technologies can be done at every parcel of land
depending on the constraints and opportunities and integrating them in to the ongoing development
programs will greatly help in minimizing the impact of climatic variability. There is a need for
comprehensive planning and greater allocation of resources, so that the natural resource
management practices can reach large number of farmers which can efficiently utilize the
resources at farm. Efficient utilization of natural resources at the farm is the first step in addressing
the issues of climatic change based on which other crop and animal related technologies can be
effectively deployed once resource augmentation and improvement is made at the farm. Several
approaches can be adopted to upscale promising resilient practices. (Singh.et. al., 2023). This
includes integrating drought-tolerant, heat-tolerant, and salt-tolerant crop varieties, intercropping
systems, and improved fodder crops into programs like NFSM and MIDH. Capacity building of
communities and the development of local enabling mechanisms will enhance the adoption of
resilient practices. For animal husbandry, promoting backyard poultry with improved breeds,
providing low-cost shelters, ensuring year-round fodder production, and proper feed management
can be scaled up through programs such as ATMA, SAUs, State Animal Husbandry Departments,
and the National Livelihood Mission. The establishment of institutional frameworks at the local
level is crucial to facilitate the adoption and spread of these practices. There is need to focus on
creating and nurture such mechanisms to scale the resilient technologies and the development of
climate-resilient villages in the country.
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Abstract- The year 2025 marks a decisive phase in India’s confrontation with climate change. The
Indian farmer society, which forms the backbone of the nation’s agrarian economy, has been
significantly impacted by unpredictable weather, depleting water resources, and declining crop yields.
This paper explores the multifaceted relationship between climate change and Indian farmers,
analyzing its socio-economic, environmental, and psychological dimensions. It also discusses the
adaptation strategies, policy measures, and technological innovations that are shaping rural India’s
resilience against climate adversity.

Keywords: Climate, Farmer, Society, Policy, Agrarian, Socio-Economic etc.

1. Introduction

India’s farmer community represents over 40% of the nation’s workforce and contributes
substantially to food security and rural development. However, in 2025, this community faces
unprecedented challenges due to climate change. Rising temperatures, erratic monsoon patterns,
and frequent droughts or floods have disrupted traditional agricultural cycles. According to the
Indian Meteorological Department (IMD), India’s average temperature has risen by 1.2°C since
the pre-industrial era, resulting in significant shifts in rainfall distribution and cropping patterns.
This research paper aims to assess how climate change is reshaping the Indian farmer society its
livelihoods, economy, migration patterns, and social stability and how farmers are responding to
these transformations.

2. Climate Change Trends in 2025

By 2025, India is witnessing visible climatic alterations:
Erratic Monsoon Patterns: The southwest monsoon, which supports 70% of India’s annual
rainfall, has become increasingly unpredictable, causing both droughts and flash floods.
Rising Heat Stress: Long heatwaves in central and northern India have reduced soil moisture and
affected productivity of crops such as wheat, rice, and pulses.
Water Scarcity: Depleting groundwater levels and irregular rainfall have created acute irrigation
challenges.
Increased Pest Attacks: Warmer temperatures have led to new pest infestations, particularly in
cotton, paddy, and vegetable crops.
These climate-induced changes are not merely environmental but deeply social, affecting the very
structure of rural India.
3. Impact of Climate Change on Indian Farmer Society
3.1 Agricultural Productivity and Livelihood
Crop yields have declined in several regions due to prolonged dry spells and erratic rainfall. For
example, Madhya Pradesh and Maharashtra have experienced up to a 20% reduction in soybean
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and cotton output. Declining productivity directly impacts farmers’ income, pushing many small
and marginal farmers into debt.

3.2 Water Cerisis and Irrigation Challenges

Groundwater depletion has reached alarming levels in states like Punjab, Haryana, and Rajasthan.
Traditional irrigation methods are proving unsustainable, leading to conflicts over water resources
and increased dependence on costly borewells or government schemes.

3.3 Rural Poverty and Indebtedness

Rising input costs fertilizers, diesel, and seeds combined with unpredictable yields, have deepened
rural poverty. Farmer indebtedness continues to rise, and in extreme cases, leads to social distress
and suicides in certain regions.

3.4 Migration and Social Change

Climate-induced migration from rural to urban areas has increased. Many young farmers are
abandoning agriculture in search of non-farm employment. This migration is reshaping family
structures, gender roles, and rural demographics.

3.5 Psychological and Cultural Effects

The uncertainty of agriculture has taken a toll on farmers’ mental health. Anxiety, depression, and
hopelessness are becoming increasingly common in agrarian communities. The cultural bond
between farmers and the land is gradually weakening under environmental stress.

4. Adaptation and Resilience Strategies

4.1 Government Policies and Programs

The Government of India has launched several initiatives:

Pradhan Mantri Krishi Sinchai Yojana (PMKSY) — to improve irrigation and water-use
efficiency.

National Mission for Sustainable Agriculture (NMSA) — to promote climate-resilient farming
systems.

PM-KUSUM Scheme — encouraging solar-powered irrigation.

National Hydrogen Mission (2023) — promoting green energy to reduce carbon emissions.
These programs aim to strengthen the adaptive capacity of rural communities.

4.2 Technological Innovations

Climate-smart agriculture is gaining momentum through:

Drought-resistant and short-duration crop varieties.

Precision farming using sensors, drones, and weather data.

Organic farming and integrated pest management.

Use of renewable energy for irrigation and post-harvest processes.

4.3 Role of Civil Society and NGOs

Non-governmental organizations and rural cooperatives are promoting awareness about
sustainable farming practices, water conservation, and afforestation. Women’s self-help groups
are emerging as key players in local adaptation strategies.
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4.4 Indigenous and Traditional Knowledge
Traditional farming wisdom, such as mixed cropping, seed preservation, and community water
management, is being revived as a sustainable model for resilience against climatic shocks.
5. Climate Justice and Equity in Rural India

Climate change has accentuated rural inequalities. Marginal and small farmers who contribute
least to greenhouse gas emissions bear the greatest burden of its impacts. Climate justice in 2025
calls for fair access to climate finance, insurance coverage, and technological assistance for
vulnerable farmers. Gender-sensitive and inclusive policies are essential to ensure that women
farmers, who constitute 30% of the agricultural workforce, are not left behind.

6. Challenges Ahead

Despite progress, major challenges remain:

Inadequate implementation of climate policies at the grassroots level.
Lack of climate literacy and access to accurate weather forecasts.
Fragmented landholdings reducing the efficiency of adaptation measures.
Insufficient funding for rural green infrastructure.
7. Conclusion

In 2025, the Indian farmer society stands at the crossroads of change. Climate change has not
only altered agricultural production but has also reshaped the social fabric of rural India. Yet,
amidst challenges, resilience and innovation are emerging. Empowering farmers through
knowledge, technology, and policy support is crucial to build a sustainable agricultural future. The
strength of India’s response to climate change will depend largely on how effectively it safeguards
and uplifts its farmer society the true custodians of the nation’s environment and food security.
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ABSTRACT- The preservation of biodiversity has been traditionally portrayed as a technological or
eco-friendly challenge; however, it is also an issue of society that necessitates collaborative
government, knowledge from the community, multigenerational involvement, and fairness. The
ongoing survival of biodiversity in biology heavily relies on both untapped groups: women and youth.
Women experience greater adverse effects from declining biodiversity, yet they often hold conventional
biological knowledge and oversee regular handling of resources. They remain marginalized in the
making of choices. Young individuals frequently do not have official recognition or a significant
platform, regardless of their contributions of creativity, innovative digital skills, and dedication
essential for sustainable preservation. This article aims to analyze research on the efforts on women
and youth to the preservation of biodiversity, delineate the main strategies of their involvement, identify
basic obstacles limiting their engagement, and propose policy as well as practice suggestions. Research
investigations coming from continents such as Africa and Asia and global youth communities illustrate
that recognizing women and youth as administrators, rather than simply as beneficiaries, enhances
preservation results, strengthens democracy, and ensures the sustainability of ecosystem management.

Keywords: preservation of biodiversity, gender equality, women, youth participation,
historical ecological wisdom, democratic leadership, sustainable growth.

1. Introduction

The natural beauty of the entire globe is now at a level of threat that has never been seen
before. The depletion of habitat, pollution of organisms, and misuse of natural assets have led to
the decline of biological endurance, biodiversity, and wildlife. Everyone requires beyond simply
ecological research to keep wildlife safe. In addition, we require a change to our culture which
involves everyone, fair benefits, local knowledge, and long-term care. Women and youth represent
the two social groups that stand distinct in this respect. While they are at different points in their
lives and have different roles, each are under-represented in policy formulation and administration,
despite the fact they are crucial for preservation results. In many cultures, women are in charge of
managing water and food manufacturing at home, as well as collecting biomass and non-forestry
goods. Because of this, they have a very deep understanding of how ecosystems work in real life.
Additionally, they often have conventional information regarding environmental issues which has
been passed down through the years. Still, women are not prominent in formal preservation
administration, don't participate in deciding meetings, and frequently lose rights to property. It is
imperative to rectify this disparity, as it pertains to both equity and efficacy. Studies show that
including women improves the management of resources. People between the ages of 15 and 35
in many countries are usually the ones who will have to deal with the long-term effects of climate
change and biodiversity loss. They have the ability to make long-term commitments, communicate
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well, use social media, be tech-savvy, and be creative. On the contrary hand, young people
frequently think of themselves as indifferent recipients instead of engaged actors in environmental
issues. A more meaningful connection between biodiversity and societal objectives can be
established through their constructive engagement. Citizen science, automated tracking, as well as
digital engagement offer novel approaches to help protect the environment. The primary objective
of this article is to evaluate the current research regarding the contribution from women and youth
in the preservation of ecosystems. Second, it will look at how every organization assists and the
problems they face. Finally, this will recommend ways for them to be more involved in
administration, laws, and implementation related to conservation.
2. Literature Review

The preservation of biodiversity is now generally understood to be a socio-political process
that necessitates equitable governance and broad participation, rather than only an ecological or
technical endeavor (Agarwal, 2001; Westermann et al., 2005). Gender as well as age are significant
social variables that affect community engagement in natural resource utilization, decision-making
processes regarding resource use, and participation in environmentally friendly resource
management. This section provides an overview of recent research regarding the participation of
women and youth in biodiversity conservation, highlighting theoretical foundations, practical
implementations, and relevant governing structures.
2.1 Gendered Dimensions of Conservation

The idea of manhood knowledge structures was first presented in early feminist
environmental literature, which emphasized how women's everyday encounters with land, woods,
and water bodies produce crucial ecological information (Shiva, 1989; Dankelman& Davidson,
2013). Research conducted in Asia and Africa indicates that women significantly contribute to
biodiversity management via seed selection, agro-forestry, and the collection of non-timber forest
products (Howard, 2003; Chandra & Biswas, 2022). Women's participation in local forest
committees, for instance, greatly increased compliance and the results of forest regeneration in
India's Joint Forest Management initiatives (Agarwal, 2009). In Kenya, for example, female-led
conservation cooperatives have effectively connected the preservation of biodiversity with
financial independence (Ogoc&Ogoc, 2022). considering their knowledge and contributions,
women persistently encounter institutional barriers, such as limited availability of property,
financing, and services for extension (UNEP, 2019). Gender-blind conservation initiatives
frequently perpetuate inequities by sidelining women's contributions in making choices (Mwangi
etal., 2011). The Agreement on Biological Diversity acknowledges the discrepancy, as well as the
Gender Plan of Action (2022-2030) promotes for the integration of gender equality into all
biological diversity policies (UNEP-CBD, 2022). Consequently, gender-responsive conservation
is recognized as both a justice issue and an ecological imperative.
2.2 Youth Engagement and Intergenerational Equity

In conjunction with incorporating gender, there is an increasing discussion regarding the
involvement of young people in environmental governance. Young individuals exhibit creativity,
technological proficiency, and ethical dedication, thereby establishing themselves as essential
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contributors to the advancement of the post-2020 Global Biodiversity Framework (WWF, 2021).
The Global Youth Biodiversity Network (GYBN) asserts that youth involvement promotes
intergenerational equity and fosters innovation in conservation methods (UNEP-CBD, 2020).
According to empirical research, youth-led projects like digital biodiversity mapping, citizen
science programs, and environmental education campaigns significantly improve both national
and international preservation results (Kawalekar& Pundalik, 2017; Gough, 2020). In Southeast
Asia, student-led organizations have developed biodiversity databases that assist local
governments in their planning processes (ASEAN Youth Forum, 2021). In Indian college youth
groups and National Science Foundation environmental cells facilitate local conservation efforts
that combine conventional ecological wisdom with contemporary scientific practices ( Chaudhary,
et al., 2021). However, youth participation is frequently voluntary or informal and is not formally
acknowledged in national conservation plans (Gough, 2020). Restricted freedom from resources,
training, and decision-making opportunities limits their ability to maintain sustained engagement.
Researchers contend that strengthening democratic environmental governance and promoting
ecological innovation can be achieved by including young viewpoints into policy frameworks
(Leal Filho et al., 2019).
2.3 Views on Intersectionality and Policy

More and more study suggests that both sexes should be looked at together when it comes to
protection (Arora-Jonsson, 2014). The interrelationship recognizes that various social groups, such
as caste, ethnic origin, class, and generations, can affect how people participate and get resources
in different ways, based on the situation. For example, women from faraway or native places may
have special information about the environment, but they are still pushed to the edges of formal
institutions. Young people in cities may use technology to help protect the environment, but they
don't always have a link to the ecosystems around them. The 2030 Agenda, the Agreement on
Environment, and the Sustainable Development Goal (SDG) 15 are all global models that put an
emphasis on including everyone in policymaking. Different parts of the world have very different
ways of putting these ideas into practice. Scholars say that the management of biodiversity should
move from a surface level of inclusion to real collaboration and responsibility (Westermann and
colleagues, 2005; Agarwal, 2009). In the end, research after study shows that women and young
people have more than silent supporters of biodiversity protection. Getting involved helps conserve
the planet, enhances societal reputation, and inspires people of all kinds to be responsible citizens.
But recognizing these possible demands calls for changing institutions, improving people's skills,
and recognizing liberties and understanding structures inside ecological frames.
2.4 Gaps and opportunities

Research indicates that although women and youth are acknowledged as significant
participants, substantial efforts are still required to completely and fairly incorporate them into the
process of biodiversity governance, monitoring, and management. Additional research needs to be
done on what happens when women or young people get involved, on preservation initiatives led
by young people over time, and on the ethical, social, and administrative hurdles that make it hard
for people to join.
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3. Women's Contribution to Biodiversity Preservation

By their everyday handling of resources from the earth, traditional ecological knowledge, and
communal responsibility, women are essential to the protection of biodiversity. Women have a
close awareness of local ecosystems since they are frequently the main gatherers of firewood,
water, and medicinal plants in rural and indigenous environments (Howard, 2003). Research has
demonstrated that their involvement in agro-biodiversity programs, watershed management, and
forest protection committees improves ecological results and environmental quality (Agarwal,
2009; Dankelman, & Davidson (2013)).

Still, stereotypes about gender, insufficient land possession, and a lack of professional and
financial resources make it so that women are still at an edge in legislative and regulatory structures
(UNEP, 2019). It is known that giving women more power through schooling, positions of
leadership, and equal access to resources is a key part of protecting wildlife and keeping
communities together (Ogoc&Ogoc, 2022). 2022, citing the World Animal Fund, 2021). Including
women's opinions in wildlife government improves ecologic results and supports justice and long-
term growth goals.

4. Youth's Contribution to the Preservation of Biodiversity

In the fight to protect wildlife, young individuals are a powerful and innovative force. They
play a big role in deciding the future of the natural world because they are creative, good with
technology, and committed to green (Leal, Filho, et al., 2019). Youth-organized activities like
ecosystem groups, citizen science initiatives, and online activity have made it easier for people to
get involved in their communities, raise knowledge, and gather information for monitoring wildlife
(Kawalekar and Pundalik, 2018). 2017; G Hughes 2020). Through networks like the International
Youth for Biodiversity Union, young people play an active role in making global policies. They
assist in putting the goals of the 2020 International Biodiversity Agenda in effect (UNEP-CBD,
2020).

Unfortunately, young people often face problems like not having enough money, mentorship
chances, or official acknowledgment (WWF, 2021). Increasing the skills and abilities of young
people through education, training, and policy involvement can help preserve governance be more
creative and close gaps between generations. Therefore, having adolescents engaged with
beneficial endeavors promotes adaptable governance, promotes long-term preservation, and
promotes wildlife to be a future goal for civilization.

5. Challenges and Policy Recommendations

Protecting the natural world is growing more and more important over women and youth
people, yet there are still a lot of problems that need to be fixed. fixed. Still, it's hard for women to
help manage environmental issues because of money problems, unfair treatment of men and
women, and a lack of goods and land (Agarwal, 2009; UN Environment Program, 2019). Similarly,
youth participation is often confined to the outside and fails to have a big impact on policy or
decision-making in the long run (Gough, 2020). It's harder for people to do their best because of
bad management, not having enough money, and not learning new skills (WWF, 2021).
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One thing that could be very helpful is including gender identities and multicultural ideas to
methods for preserving things. Collective projects like digital nature exhibits, sustainable farming,
and grassroots protection, which bring together fresh concepts from younger people and
conventional ecological expertise from women, show how useful it can be to use techniques that
include everyone (Chandra & Bis Was, 2022; Leal, Filho, et al., 2019 ). A number of deals between
local governments, nonprofits, and communities have also shown that conservation goals can be
aligned with goals that make people's lives better and promote social justice.Several types of
legislative ideas are very important for making these partnerships work better. To be guarantee
that all individuals can be a part of green initiatives and governing associations, governments must
establish rules that take gender into account and involve young people. Encouraging adults, the
manner in which to use gadgets, become a role model, and learn about ecology should be a part of
all school and training programs. Young people's businesses and microloans for women that are
good for the environment could be utilized to help local efforts to protect the environment. Adding
indigenous and local knowledge systems to the management of wildlife also makes it more durable
and trustworthy (Arora-Jonsson, 2014). In the end, getting women and young people involved in
conservation needs organizations to shift, continuous education, and individuals to understand
their roles as important partners in conservation. Making policies that include everyone not just
assists in preserving biodiversity, but it also helps the 2030 Agenda of the United Nations meet its
greater objectives of justice and protection.

6. Conclusion

Women and young adults are important but often overlooked tools in the fight to protect
nature. Young people bring expertise, passion, objectives for the future, and imaginative thinking,
whereas women bring ownership for utilizing resources and deep, regional abilities that are often
not recorded. More power to these groups could help change the way protection is done to
concentrated, specialized techniques to fair, flexible, eco-friendly, and long-lasting techniques
when they are given it. Regulatory obstacles related to rights, involvement, acceptance, power,
and funding still make it hard for them to fully participate. To help women and adolescents reach
their full potential, we need grants, skill-building, cultural changes, and a policy pledge that works
for everyone.

This is the time when species loss is getting worse, so it is necessary not optional to involve
everyone. Including the thoughts and suggestions of women and young people could make
conservation initiatives more partisan fair, more grounded in real data, more creative and
adaptable, and more likely to protect wildlife in the future. Future studies should mainly look at
gender analysis, programs that encourage real participation, and long-term studies of how
conservation efforts by women and children affect the environment. If conservation doesn't use
the strength of women and young people, it might become less successful and less fair in the long
run.
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Abstract- Climate change is the leading environmental challenges of this era. It adversely affects the
biodiversity and their role in ecosystem which alter the function and stability of ecosystem and their
services. It is also affect the human health as well as economy of the country. Changes in climatic
condition also degraded the quality and function of natural resources. This study related with current
situation of climatic condition and their impact on the biodiversity as well as ecosystem stability along
with its ecological and social consequences. Highlighting the importance of conservation practice and
mitigation strategies and future aspects.
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Introduction

Biodiversity refers to the diversity of living organisms estimated across multiple hierarchical
levels, on all sides of genetic variations within a single species, as well as collections of species
and further aggregations at the levels of genera, families, and other higher taxonomic
classifications (Wilson, 1988). So we can say that biodiversity is the total variety of all organism
including plants, animals and microbes of the different ecosystem on the Earth. These biodiversity
play the significant role in the ecosystem services like providing food, shelter, and occupation to
living organisms, but due to changing climatic condition affects the biodiversity by extinction,
causes variation in species composition and destruction of ecosystem (Thomas, 2004).Climate
changes adversely affect the biodiversity by destroyed or altering the habitat of an organism and
their food security that's why it affects the distribution of organism and food chain of ecosystem
(Parmesan and Yohe, 2003). Thus, ecosystem stability is affected due to disturbing the interaction
of organism within ecosystem via food chain and nutrient cycle which changing ecosystem
services and decline biodiversity. To face the global climate change and protect the ecosystem we
should focus on the sustainable development and conservation of biodiversity. Because
biodiversity is crucial for maintaining ecosystem services like air and water purification,
paedogenesis (soil formation), and climate regulation (MEA, 2005).

Climate change is a result of variation in environmental factors. Increasing temperature,
variation in precipitation and changing weather condition threaten to diversity and theirhabitat
along with ecosystem functioning and population dynamics (IPCC, 2013).The forthcoming
analysis will investigate the processes by which climatic alterations influence the stability of
ecosystems, the significance of biodiversity, and the consequent implications for ecosystem
services.
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Causes of climate change

The main reason of climatic variability is increasing temperature resultant from emission of
greenhouse gases by consequences of industrialization, deforestation, fossil fuel and
anthropogenic activity. Gases like carbon dioxide, nitrous oxide, methane have the capacity to
absorb the reflected sunlight and increase the temperature of the earth and causes the global
warming. Construction of dam, developmental planning’s, deforestation, urbanization, production
of atomic energy, war are also responsible for changes in climatic factors by disturbing and
polluting the natural resources by mixing harmful gases, solid waste material, electronic waste,
radioactive radiation. River valley projects are also major cause to change in river ecosystem by
flood, soil erosion and back water which degraded riparian ecosystem and morphology of river.
Modern life style and equipment also adversely affect the environment by adding Chloroform
compound in air, generate e-waste and plastic waste in the environment.
Impact of changing climatic condition on biodiversity and ecosystem stability

Climate change has significant threat to existing global biodiversity affecting genetic diversity
and species distribution. Changing environment and land use pattern vulnerable because they were
unable to adopt in changing environmental condition. Vegetation is incapable of adapting to the
fluctuating dynamics of climatic variables, and such alterations disrupt the processes of seed
germination, seedling development, pollination, as well as flowering and fruit maturation
(Parmesan &Yohe, 2003). Similarly animals faces their changing breeding cycle, migration route
and unable to adopt the changing environmental conditions. Hence, changing environmental
condition and degraded habitat affect the distribution of species and shifting their living place
decrease the habitat of many species from which some are disappear and some are become
responsible for declining of biodiversity. Root et al (2003) explained that Species moves according
to their physiological adaptation from cooler area to higher altitude due to warming area. Marin
ecosystem also faces the adversarial effect of changing ecological condition such as warming of
ocean and acidification which causes the decreasing diversity of ocean (Hoegh-Guldberg, 2007).

Climatic variability like storm, drought, flood and heat waves creating ecosystem vulnerable
and adversely affect the ecosystem services along with climate regulation. It disturbs the species
interaction, competition and predator prey relationship (Tylianakis et al, 2008). Thus, these
changing relationships, disturbed nutrient cycle, decrease production, carbon sequestration which
adversely affect the ecosystem stability (Lavorel et al, 2011). The population size of an organism
declines due to shifting/destruction of habitat and increased extinction risk due to reduced
population size and increased extinction risk. For an example coral reefs and Polar Regions
become sensitive ecosystem due to loss of biodiversity by habitat degradation and changing
environmental conditions. Alterations in phonological patterns, including the timing of
reproductive events and migratory movements, further complicate these ecological interactions,
thereby influencing species viability and the overall health of ecosystems.
Regional and global case study

Different studies suggested that climate change antagonistically affect the structure and
function of ecosystem. Climate variation causes coral bleaching, with devastating impacts on coral
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reefs, reducing biodiversity, decrease fish population and loss of coastal protection. (Hoegh-
Guldberg et al, 2007). While Laider et al (2008) explained that climate change is altering polar
ecosystem, melting sea ice, changes in ocean circulation and impact on Marin life including polar
bear, seal and whales. Malhi et al (2009) also studied that climate change in threatening tropical
forests with increased drought, heat stress, and fires, leading to reduced biodiversity, increased
greenhouse gas emission and loss of ecosystem services.
Consequences on ecosystem and human

Biodiversity loss has widely affects the natural ecosystem as well as dependent organism and
their survival through ecosystem services. Declining biodiversity affects food chain and recycling
of nutrient, besides this deforestation causes the ecological consequences like flood, global
warming and drought (Sala et al, 2000). This decreasing diversity adversely affects the
productivity of ecosystem which makes difficult to recover the disturbed ecosystem. Dam
construction, agriculture development change the river flow and riparian ecosystem which affect
the morphology of river. These degraded ecosystem services reflects socio-economic
consequences. Climate change the altered species interaction and causing instability within
ecosystem. The deterioration of biodiversity has profound implications for critical ecosystem
services such as hydrological purification and carbon capture, which are indispensable for both
human well-being and ecological equilibrium. The decline in biodiversity has the potential to
jeopardize agricultural yields, especially in areas that are significantly dependent on natural
ecosystems for ensuring food security. Climate change leads to altered species interactions across
trophic levels, causing instability within ecosystems.

Adaptation and mitigation strategies

To adopt the sustainable development it is necessary the integration of global and local
efforts. Conservation of biodiversity carried out by the establishment of sanctuaries, national park
develops the habitat for animals and restoration of degraded ecosystem. Adopt the agro forestry,
promote the a forestation and social forestry programme to restore the degraded forest area and
control the global warming. On international level Paris agreement, Convention on biological
diversity (CBD), Kyoto protocol (cutting of greenhouse gas emission) efforts had been done for
conserving diversity and controlling climate change. At the local level we should promote the
community based conservation practices along with traditional system of conservation. Effective
implementation the national climate policies and conservation planning. Biodiversity contributes
to the resilience of ecosystems through the provision of functional redundancy, which serves as a
buffer against the impacts of climate change. Ecosystems characterized by high diversity are more
adopt at sustaining nutrient cycling and energy transfer, which are essential for maintaining
stability.

Reductions of greenhouse gases are necessary to alleviate the effect of climate change.
conserve and restore the ecosystem by restoration processes, protected area, habitat corridors are
essential for maintaining the biodiversity and ecosystem services Promote sustainable
development by sustainable agriculture practices, forestry, fisheries are necessary for reducing the
impact of climate change and promoting ecosystem resilience. Land use changing pattern and
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agricultural activity also subsidize significantly by reducing carbon absorbing vegetation (Sala et
al, 2000).
Conclusion

Climate change employs significant and extensive impacts on biodiversity, ecosystem
stability, environmental health, and the socio-economic conditions of different regions. Identifying
and understanding these impacts are crucial for making effective strategies aimed at the
conservation and sustainable management of natural resources and ecosystems. The disturbances
induced by climate change not only threaten species survival but also conciliation critical
ecosystem services, including water regulation, food security and overall environmental balance.

This study highlights the importance of biodiversity conservation, decrease of greenhouse gas
emissions, and restoration of ruined ecosystems as fundamental measures for achieving long-term
climate stability (Sala et al., 2000). Addressing climate change through sustainable development
agendas and conservation-oriented methods is vital for maintaining global biodiversity and
ecological equilibrium.

Additionally, biodiversity plays a key role in mitigating the effects of climate change by
improving ecosystem resilience and strengthening carbon impounding processes. Consequently,
conservation strategies must incorporate an understanding of the interdependence between climate
stability and biodiversity. The development and application of effective conservation policies are
therefore imperative to alleviate the adverse effects of climate change and to adoptive sustainable
environmental and socio-economic development.

References

o Hoegh-Guldberg, O., Mumby, P. J., Hooten, A. J., Steneck, R. S., Greenfield, P., Gomez, E., & Hatziolos,
M. E. (2007). Coral reefs under rapid climate change and ocean acidification. Science, 318(5855), 1737-
1742.

e Intergovernmental Panel on Climate Change (IPCC). (2021). Climate change 2021: The physical science
basis. Cambridge University Press.

e IPCC (2013). Climate Change 2013: The Physical Science Basis. Cambridge University Press.

e Laidre, K. L., Stirling, 1., Lowry, L. F., Wiig, @., Heide-Jorgensen, M. P., & Ferguson, S. H. (2008).
Quantifying the sensitivity of Arctic marine mammals to climate-induced habitat change. Ecological
applications, 18(sp2), S97-S125.

e Malhi, Y., Aragdo, L. E., Galbraith, D., Huntingford, C., Fisher, R., Zelazowski, P., & Meir, P.. (2009).
Exploring the likelihood and mechanism of a climate-change-induced dieback of the Amazon rainforest.
Proceedings of the National Academy of Sciences, 106(49), 20610-20615.

e MEA (2005). Ecosystems and Human Well-being: Biodiversity Synthesis. World Resources Institute:
Washington, DC, USA, 86.

e Parmesan, C., &Yohe, G. (2003). A globally coherent fingerprint of climate change impacts across natural
systems. Nature, 421(6918), 37-42.

e Root, T. L., Price, J. T., Hall, K. R., Schneider, S. H., Rosenzweig, C., & Pounds, J. A. (2003).
Fingerprints of global warming on wild animals and plants. Nature, 421(6918), 57-60
https://doi.org/10.1038/nature01333

e Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., & Wall, D. H. (2000).
Global biodiversity scenarios for the year 2100. Science, 287(5459), 1770-1774.
https://doi.org/10.1126/science.287.5459.1770

International Educational Applied Research Journal

29


https://iearjc.com/
https://doi.org/10.1038/nature01333
https://doi.org/10.1126/science.287.5459.1770

@l EAR]

I i ey E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

e Thomas, C. D., Cameron, A., Green, R. E., Bakkenes, M., Beaumont, L. J., Collingham, Y. C., ... &
Williams, S. E. (2004). Extinction risk from climate change. Nature, 427(6970), 145-148.

e Tylianakis, J. M., Didham, R. K., Bascompte, J., & Wardle, D. A (2008). Global change and species
interactions in terrestrial ecosystems. Ecology Letters, 11(12), 1351-1363.

e  Wilson, E. O. (1988). The current state of biological diversity. Biodiversity, 521(1), 3-18.

International Educational Applied Research Journal

30


https://iearjc.com/

@l EAR]

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

“MAJOR ISSUE OF CLIMATE CHANGE AND BIODIVERSITY LOSS”
Dr. Aaarti Chouhan,

Assistant Professor of Botany
Govt. MLB. Girls PG. College Kila Bhawan,
Indore (M.P.)
aarti8090@gmail.com
ek koK

ABSTRACT- In India day by day increases population and urbanization resulting create loss of
biodiversity and overexploitation of our natural resources, its effects on our life. It is must to conserve
biodiversity because grass availability or food grain, crops, water, air and environment. Maintaining a
wide diversity of species in each ecosystem is necessary to preserve the web of life that sustains all living
things. Conservation of locally available medicinal and endangered plants species in the urban and local
area. The scope of over harvesting has been limited to the species of land and animal species. Include
both legal and illegal action. Illegal hunting by poachers for such items of animals which have very high
price in the world market has been responsible for either extinction in the number of or reduction in the
number of rare species of animals in many parts of the world. For example, illegal hunting of rhinos for
their horns and hides, tigers for their skin, elephant for their tusks has resulted in remarkable reduction in
their number in India and these animals have been declared endangered species and are now protected in
segregated areas.

Keywords: Endangered species, Biodiversity, plants diversity, climate change.

Introduction

The biodiversity of planet Earth is the total variability of life forms. Currently around 2 million
extant species have beenestimated on the Earth. Biodiversity is the degree of variation of life. This
can refer togenetic variation, species variation, or ecosystem and hot spots. A biodiversity hotspot
is a bio geographic region with a significant reservoir of biodiversity that is under threat from
humans. Biodiversity generally tends to cluster in hotspots, and has been increasing through time
but will be likely to slow in the future. The International Union for Conservation of Nature (IUCN)
is an international organization dedicated to finding "pragmatic solutions to our most pressing
environment and development challenges". The organization publishes the IUCN Red List of
Threatened Species, which assesses the conservation status of pants and animal species.
Adversity on Biodiversity

Extinction of species is a process of loss of biodiversity. Species extinction of plants animals

and microbes is defined as complete elimination of a specific species of biological community
from natural habitat as well as from cultivation are captivityas ‘Zoos’ is and protected areas. Before
the appearances of economic man on these planets are the species extinction was caused only by
only by naturalprocesses but now anthropogenic process of species extinction has outplayed
natural process. The rate of extension of species has increasedphenomenonally after 1850 due to
increase human economic activities the average weight of extinction was to the three decades
between 1600 and1850 but there after the rate increased to one thousand species per decade. As
per estimate of Paul Ehrlich, one third to two-third of all species currently existing on this planet
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earth may become extinct by 2050. According to other estimate by the scientists the known species
of the earth are 40 cores out of which ten thousand sps. becoming extinct every year due to human
activities such as extension in agriculture land, increase in agriculture productivity,dams’
construction, reservoirs, deforestation and accelerated soil erosion, industrial development,
urbanization and environmental pollution etc.

Topographic changes loss biodiversity

With time some species become extinct and some new species are evolved and regenerate.
Among the natural factors of biodiversity major causes are climatic changes it global level
prolonged drought and famine condition collision of the earth with celestial bodies such asteroids
and meteoroids, volcanic eruption mainly fissures lava flow continental drift and fragmentation.
onset of ice age in continentalglaciation results in covering of ground surface with thick sheets
which result in mass extinction of species of biological communities. 2 ice age is a carboniferous
and Pleistocene ice age, have been responsible for loss of several species of flora and fauna. The
permo-caboniferous glaciation of the Gondwana land about 250 million years ago resulted in the
loss of 54% of families, and 90 % of species became loss of due to extreme cold conditions.
Human-induced activities loss of biodiversity

The fragmentation of habitats of species of plants, animals and microbes due to deforestation,
construction of highways and railways tracks across natural ecosystems having rich biodiversity
mining, location of industries, dams’ construction and reservoirs across major rivers passing
through, mountains and densely forested terrain etc. is the major loss of habitat destruction and
loss which leads to large scale extinct of biodiversity. Large scale deforestation in the Himalayan
ecosystems, Western and eastern Ghat of India has resulted in wider range loss of habitats of
several species. Large areas of forest cover Woodlands and Grassland converted into agriculture
farms, commercial forests and grazing pastures, around the world.

Tropical rainforests, having richest biodiversity in the world, are being being destroyed in the
many countries’ wetland have been reclaimed for various purposes like urban settlements,
cropland etc. the mangroves provide suitable habitat for a number of species of land and marine
organisms but now larger chunks of mangroves have been destroyed under coastal reason
development of programs, shrimp farming and pisciculture.

Exotic or non-native species

Dissimilar habitats are a potent factor of biodiversity loss. The align plants brought to different
habitat have done great damaged to native plants beyond sustainable limits with the result many
species of plant communities either hey become extinct are have been suppressed. Island or
isolated ecosystems are more vulnerable to exotic species. Lantana commarawas brought to India
for the purpose of forming hedges but now it has become a menace to native plants mainly in the
forest. Inadvertent introduction of Congress grassesParthenium hysterophorus, popularly known
as,' Gazar grass ' orCarrot grass, has resulted in the elimination of native plants. In fact, it has
now become a teething problem because it not only spreads at a fast rate and covers the croplands
but also causes many diseases.
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Environmental pollution

Pollution of land, soil, air and water cause immense loss to biodiversity of various natural
ecosystems. Accelerated rate of soil consequent upon deforestation and wrong cultivation practice
degrades the quality of land in terms of its productivity which in turn results in short supply of
food for grazing animals and thus some of the animals either die of starvation or shift to other
places. Increasing urbanization and industrialization, mechanization of agriculture fast of human
population growth,' use and throw away culture ' of the western industrialized world etc. have
caused heavy pollution offresh, seawater and air. The high level of water air pollution has resulted
in phenomenal decrease in the number of those species which are unable to tolerate pollution level
and cannot adapt to the polluted environment. Not only the number ofplan and animal species has
decreased due to heavy load of pollution but the variety of biodiversity has also decreased
significantly. Over doses of chemical fertilizers, herbicides pesticides and insecticides to boost
agriculture production and horticulture who so greatly polluted the soil and these toxic chemicals
have which the food chains and does have caused mass death of several species of bird and animals.
Conclusions

Global warming and consequent climate change or are the recent factors of depletion or loss
of biodiversity in different biomes and ecological areas. The impact of rising temperature on
vegetation community mainly are now perceptible in Tainga Forest which have shown shrinking
in their areas where is increased rainfall due to temperature rise in the tropical region and positive
impact on forest growth. The rise in the tropical region has positive impact on forest growth.

The rise in sea level due to melting of ice sheets consequent upon global warming effect
some merge of small Iceland with the result the biological community of such isolated Iceland
ecosystem would be lost forever. Rise temperature bleaching causes loss of coral reefs and
numerous other species of marine organism.
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Abstract- Climate change poses a severe global threat to the stability of ecosystems and the diversity of
plant life. Variations in temperature, rainfall, and atmospheric composition influence the physiology,
reproduction, and survival of plant species. This article examines how climate change affects plant
diversity by analyzing ecological, physiological, and geographical responses. The discussion also
explores regional examples from India, highlighting ecosystem disruptions and adaptive strategies.
Findings indicate that climate change has already altered plant distribution patterns, phenological cycles,
and ecosystem functioning, placing endemic and specialized species at high risk. Integrated conservation
approaches, climate-resilient restoration, and policy support are essential to safeguard plant diversity in
the era of rapid global change.

Keywords: Climate change, biodiversity, plant diversity, ecosystem, conservation, adaptation etc.

1. Introduction

Plant diversity forms the foundation of terrestrial ecosystems and supports life on Earth
through oxygen production, carbon storage, and food and medicine supply. However, the
accelerating pace of climate change has become a dominant factor influencing global biodiversity.
The Intergovernmental Panel on Climate Change (IPCC, 2021) reports that global surface
temperatures have risen by about 1.1°C since the pre-industrial period, with visible ecological
consequences.

Unlike animals, plants are sessile and depend on their physiological plasticity or gradual
evolutionary adaptation to cope with environmental fluctuations. When climate parameters change
rapidly, species that cannot adjust face population decline or extinction. Rising temperatures,
erratic rainfall, and prolonged droughts are altering vegetation composition across ecosystemsfrom
tropical forests to alpine meadows.

This paper analyzes the principal ways climate change affects plant diversity, drawing on
global and Indian case studies. It also outlines conservation approaches necessary to protect
biodiversity and ensure ecological resilience.

2. Climate change and its drivers

The key drivers of climate change include the buildup of greenhouse gasesmainly carbon
dioxide, methane, and nitrous oxidedue to industrialization, fossil fuel combustion, deforestation,
and unsustainable agriculture (IPCC, 2021). These gases trap heat and alter global climate patterns,
producing both gradual and abrupt ecological responses.
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2.1 Temperature Rise

Increased global temperatures accelerate evapotranspiration, modify growing seasons, and
influence plant metabolism. Some species experience enhanced growth at moderate warming,
while others face stress beyond their physiological limits.
2.2 Changes in Precipitation

Irregular rainfall, monsoon failure, and prolonged dry spells have become common. Water-
deficit stress hampers seed germination, photosynthesis, and nutrient uptake, particularly in arid
and semi-arid ecosystems.
2.3 Extreme Weather Events

Storms, floods, and heatwaves damage plant structures, degrade soil, and destroy habitats.
Forest fires, intensified by heat and drought, are increasingly responsible for large-scale vegetation
loss.
2.4 Elevated CO: Concentration

While higher atmospheric CO: can stimulate photosynthesis in certain species, this “CO:
fertilization effect” is limited by water and nutrient constraints. Moreover, the positive effect is
temporary and uneven across ecosystems (Ainsworth & Rogers, 2007).

3. Impact of Climate Change on Plant Diversity
3.1 Range Shifts and Habitat Modification

Many species are migrating toward higher altitudes and latitudes in search of suitable climatic
conditions (Parmesan & Yohe, 2003). Alpine and polar ecosystems are particularly vulnerable, as
plants there have nowhere higher to move. In India’s Himalayan region, species like
Rhododendron campanulatum and Saussureaobvallata are retreating upward, leading to habitat
compression (Singh et al., 2019). Habitat fragmentation further restricts such movements,
increasing extinction risk.
3.2 Phenological alterations

Phenology, the timing of life events such as flowering, fruiting, and leaf fallhas shown
significant shifts under climate warming. Earlier flowering of Prunus, Quercus, and other
temperate trees disrupts synchronization with pollinators (Cleland et al., 2007). Mismatches
reduce reproductive success, alter seed dispersal, and weaken ecosystem stability.
3.3 Physiological and Morphological Responses

Plants modify their internal and external structures to tolerate climatic stress. Higher
temperatures increase respiration rates and reduce carbohydrate storage. Morphological changes
include smaller leaf area, thicker cuticles, and deeper root systems to reduce water loss. Such
adaptations maintain survival but may compromise growth and productivity.
3.4 Genetic Erosion and Extinction Risk

Endemic species confined to narrow ranges, such as those in the Western Ghats, face high
extinction risk as microclimates shift. Genetic erosion, loss of adaptive gene pools, reduces
evolutionary potential and resilience to environmental change (Urban, 2020). Once local
populations vanish, recolonization becomes unlikely.

International Educational Applied Research Journal

35


https://iearjc.com/

@l EAR]

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

3.5 Ecosystem Imbalance

Decline in plant diversity disrupts nutrient cycles, pollination networks, and carbon storage.
Invasive species like Lantana camara and Parthenium hysterophorus thrive under disturbed and
warmer conditions, suppressing native flora (Sharma &Raghubanshi, 2011). Such dominance
homogenizes ecosystems and diminishes their ecological services.
4. Regional Perspectives
4.1 Indian Context

India’s ecological richness includes more than 45,000 plant species spread across diverse
habitats (MoEFCC, 2018). However, all major ecoregions are showing climate-related stress:
The Himalayas: Rapid glacial melt and temperature rise threaten alpine species and alter forest
composition.
The Western Ghats: Irregular monsoon and prolonged dry seasons have slowed regeneration of
endemic trees.
Arid and semi-arid zones: Droughts reduce native grasses vital for pastoral livelihoods.

Traditional agriculture is also affected; local crop varieties are being replaced by hybrids that
lack climate tolerance, resulting in agrobiodiversity loss.
4.2 Global Overview

Worldwide, tundra zones are experiencing shrub expansion, while Mediterranean ecosystems
face desertification. Tropical rainforests, though species-rich, are under stress from higher
temperatures and unpredictable rainfall. Globally, these transformations contribute to the
simplification of ecosystems, with fewer, more generalist species dominating.

5. Interactions with Other Anthropogenic Stressors
Climate change interacts with multiple human-induced pressures:

i.  Deforestation diminishes habitat connectivity, restricting plant migration.
ii.  Pollution alters soil chemistry and reduces microbial diversity crucial for plant health.
iii.  Overgrazing and land-use change degrade soil and increase erosion.
iv.  Urbanization replaces natural vegetation with impervious surfaces, creating heat islands.
These combined factors accelerate biodiversity loss, even where climatic change alone might
have been tolerable.
6. Conservation and Adaptation Strategies
6.1 In Situ Conservation
Protecting species within their native ecosystems is the first line of defense. Expanding
protected areas and establishing ecological corridors enable species migration under shifting
climates. Sacred groves and community-managed forests in India exemplify successful local
conservation (Gadgil & Vartak, 1976).
6.2 Ex Situ Conservation
Seed banks, botanical gardens, and in-vitro collections preserve genetic material. The
National Bureau of Plant Genetic Resources (NBPGR) safeguards diverse germplasm under
controlled conditions, ensuring long-term availability for restoration.
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6.3 Restoration and Assisted Migration

Restoring degraded habitats with native, drought-tolerant species strengthens ecological
resilience. In extreme cases, assisted migration relocating vulnerable species to more suitable
areasmay prevent extinction, though it requires ethical and ecological evaluation.

6.4 Use of Indigenous and Climate-Resilient Species

Indigenous crop varieties and wild relatives often exhibit tolerance to drought and pests.
Incorporating these traits into modern breeding programs can sustain food security while
conserving genetic diversity.

6.5 Policy Integration and Community Involvement

National missions such as India’s National Action Plan on Climate Change (NAPCC)
emphasize ecosystem protection. Empowering local communities through eco-clubs, awareness
programs, and participatory forest management enhances conservation outcomes.

6.6 Role of Research and Technology

Remote sensing and GIS tools track vegetation shifts, while predictive species distribution
models forecast future range scenarios. Genetic and phenological studies help identify vulnerable
species and guide conservation planning.

7. Discussion

Evidence across ecological studies confirms that climate change is reshaping plant diversity
at multiple levels. Some species adapt through phenotypic plasticity or migration, yet many face
physiological limits or fragmented habitats that hinder adaptation. Biodiversity loss, in turn,
weakens ecosystem stability and reduces the capacity to sequester carbon, creating a self-
reinforcing feedback loop.

Conservation must therefore transition from static protection to dynamic, climate-aware
management. Strategies should combine modern science with traditional ecological knowledge,
ensuring participation of local communities. International cooperation, sustainable land-use
policies, and long-term monitoring are essential components of resilience building.

8. Conclusion

Climate change represents one of the most significant drivers of biodiversity loss worldwide.
For plants, it manifests through altered habitats, disrupted phenology, reduced productivity, and
extinction of vulnerable taxa. In India and elsewhere, these effects are visible in forest
composition, crop diversity, and ecosystem functioning.

Safeguarding plant diversity demands proactive and inclusive approaches: strengthening
protected areas, restoring ecosystems, conserving genetic resources, and promoting education and
awareness. Integrating climate mitigation with biodiversity conservation offers mutual benefits
healthy ecosystems act as natural climate regulators. The challenge is immense, but through
informed research and community action, plant diversity can be sustained for future generations.
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Abstract- Climate change acts as a potent catalyst intensifying human—wildlife conflict (HWC)
worldwide by transforming habitats, redistributing species, and exacerbating resource scarcity. This
paper examines the multifaceted pathways through which changing climatic conditions escalate
conflicts between humans and wildlife, emphasizing case studies across diverse ecosystems from
elephants in drought-affected Asia and Africa to marine mammals in warming oceans. The study
identifies critical mechanisms including habitat fragmentation, altered migration routes, disease
emergence, and phenological mismatches that heighten competition for food, water, and space. Drawing
upon global research and recent field evidence, it further explores socio-economic, ecological, and
behavioral dimensions of conflict, highlighting how vulnerable rural communities bear disproportionate
costs through crop loss, livestock predation, and safety risks. Findings emphasize that climate change
magnifies existing anthropogenic pressures, threatening both biodiversity and livelihoods. Effective
mitigation demands integrated strategies, community-based management, technological innovation,
and adaptive conservation policies to promote coexistence and resilience in an era of increasing climatic
uncertainty.

Keywords: biodiversity, environment, extinction, landscapes, mitigation, resources car city.

1. Introduction

Climate change represents one of the most crucial threats to global wildlife, driving changes
in habitats, food availability, disease dynamics, and species interactions (Bernatchez et al., 2023).
The accelerating pace of climate change, driven by rising global temperatures and shifting
precipitation patterns, is profoundly reshaping wildlife and the environments they inhabit. Wildlife
species, ranging from polar megafauna to tropical pollinators, have experienced significant
declines and disruptions as habitats shift, food webs unravel, and new disease and invasive species
threats emerge (Aguirre, 2009).

Human-wildlife conflict (HWC) refers to negative interactions where human activities and
wildlife overlap, resulting in detrimental outcomes for both sides. Traditionally driven by habitat
loss, agricultural expansion, and growing populations, climate change has dramatically intensified
these conflicts. With droughts, unpredictable weather, and diminishing natural resources, wildlife
increasingly competes with humans for food, water, and space (Tovar-Ortiz et al., 2024).

Climate change exacerbates HWC by altering habitats, shifting species distributions, and
influencing the emergence and spread of diseases, all of which pose significant challenges for both
conservation and human communities. Climate change, driven by human activities, shifts thermal
optima and affects global precipitation, which in turn impacts wildlife behavior, reproduction,
migration, and foraging. Such changes disturb ecological dynamics, making some species
vulnerable to extinction and altering ecosystems (Quratulann et al., 2021).
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Wildlife physiological stress, influenced by habitat loss and climate change, affects immune
function, potentially increasing the transmission of diseases among wildlife and between wildlife
and humans. This growing concern necessitates enhanced understanding of how stress impacts
disease dynamics in wildlife populations to benefit conservation and public health efforts (Hing et
al., 2016). Furthermore, climate change intensifies the emergence of infectious diseases, driven by
biodiversity loss, habitat degradation, and increased wildlife-human contact, demanding a strategic
global response to mitigate these threats (Schmeller et al., 2020).

The decline in biodiversity, fueled by climate change, leads to significant threats to wildlife,
including habitat loss and the emergence of new diseases, posing risks to essential ecosystem
services and human well-being (Sintayehu, 2018). Protective measures, aligned with mitigation
strategies, are crucial to safeguard wildlife biodiversity from these impacts. Additionally, climate
change accelerates the impact of invasive species, compounding threats to biodiversity and
requiring integrated management approaches (Mainka and Howard, 2010).

Climate change significantly heightens HWC through direct effects on biodiversity and
indirect effects via habitat changes and disease emergence. (Rinawati et al., 2013) Addressing
these challenges requires robust conservation strategies and coordinated global efforts to mitigate
climate impacts and manage biodiversity sustainably. Despite ongoing efforts, the literature
indicates a limited advancement in climate adaptation strategies focused on reducing human-
wildlife conflict. More targeted research and local management interventions are necessary to
adequately prepare wildlife for the impacts of climate change (Ledee et al., 2020).

Previous research has established that climate change is not only altering individual organism
health but also precipitating widespread changes in ecosystem structure and function (Silva et al.,
2019, Ekka et al., 2023,). However, knowledge gaps remain regarding the cascading effects on
biodiversity, species interactions, and ecological stability at landscape and global scales. This
paper aims to synthesize current scientific understanding of how climate change impacts wildlife,
identify mechanisms driving population changes, and discuss broader implications for humans and
conservation efforts.

2. Mechanisms Affecting Wildlife

Details about mechanisms linking climate change driven increased human—wildlife conflict
are given in Table 1.

2.1 Habitat Loss and Fragmentation The loss and fragmentation of habitat, due to rising
temperatures and shifting precipitation, is one of the most significant consequences for wildlife.
The reduction of Arctic sea ice by about 14% in the last 40 years threatens species such as polar
bears, ringed seals, and bowhead whales, which depend on ice for hunting, breeding, and
protection (Regehr et al., 2017). Terrestrial animals like jaguars and snow leopards also face
shrinking and degraded habitats as forests and mountainous regions change.

2.2 Changes in Food Availability and Reproduction Rising temperatures and seasonal shifts
drive changes in plant phenology, affecting pollinator lifecycles (e.g., bees, butterflies). Many
marine species experience food shortages due to disruptions in plankton and prey abundance,
triggering declines in populations of species like Adélie penguins and green sea turtles.
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Temperature-dependent reproductive cues are disturbed, impacting successful breeding and
offspring survival for example, the sex determination of green sea turtles depends on sand
temperature (Macinnis et al., 2021).

2.3 Increased Disease and Invasive Species Warmer climates facilitate the spread of invasive
species and diseases (Walsh et al., 2018). Examples include mosquitoes carrying avian malaria
spreading to higher altitudes in Hawaii, devastating honeycreeper populations. Invasive insects
like Emerald Ash Borers disrupt native woodland communities, while warmer aquatic
environments allow pathogens to spread more widely, threatening vulnerable marine life.

2.4 Mass Mortality and Ecosystem Collapse Recent years have seen unprecedented mass
wildlife mortalities linked to climate events (Williams,et al., 2021). The 2021 Pacific Northwest
heat wave killed more than a billion marine animals. Mollusk populations in Israel fell by 90%
due to soaring sea temperatures, and snow crabs in the Bering Sea collapsed due to starvation.
2.5 Implications for Biodiversity and Humans Sudden population collapses disrupt food webs,
ecosystem services (e.g., pollination), and nutrient cycling (Forister et al., 2010). These effects
ripple upwards, threatening human well-being via reduced agricultural yields, fisheries decline,
and emerging disease risks. As biodiversity erodes, ecosystem resilience drops, making recovery
and adaptation increasingly difficult (Arneth et al., 2020).

Table 1 Mechanisms linking climate change — increased human—wildlife conflict

Representative Region /
Mechanism / .p g. Key finding | Referenc
evidence / study | species .
pathway (concise) e
(short) examples
1. Range shifts & By shifting habitats,
g- Models and y ) .g .
expanding . wildlife increasingly
. empirical  analyses | Global /
overlap warming ) . . enters human- )
) show climate-driven | multiple taxa . (Guarnie
forces species to o dominated .
. range shifts increase | (ungulates, ri et al,
shift ranges, : landscapes; overlaps
) . overlap between | carnivores, . 12024)
increasing overlap o expected to  rise
with people and humans and wildlife, | elephants). substantially by mid
. Peop raising HWC risk. e
agriculture century.
Studies link drought Drier conditions
and climate | Africa/Asia: | concentrate animals
2. Resource s
) variability to | elephants, near )
scarcity (drought, | . . . (Guarnie
increased herbivores; water/agricultural .
water shortages) ) . . ri et al.,
crop/livestock also predators | fields, increasing
— crop and ) o1y . .1 2024)
) ) foraging by wildlife | following crop raiding and
livestock raids . .
(and consequent | livestock. livestock
retaliation). depredation.
3. Altered | Observational East  Africa | Migration (Marjorie
migration reports and analyses | (wildebeest, | route/timing  shifts | , 2024)

International Educational Applied Research Journal

41


https://iearjc.com/

@l EAR]

I International Educational
Applied Research Journal

E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

timing/routes document changes to | zebras), other | cause animals to use
disrupted migration migratory non-traditional
migrations  push | timing/routes tied to | ungulates. corridors that
animals  through | altered rainfall and intersect farms and
human-use areas phenology. settlements.
4.  Phenological | Research shows . .
. 5 . v Frugivores, When key food is out
shifts & food- | changing plant :
resolrce seasonalit alters herbivores, of season or reduced,
. .y o elephants, animals raid crops or | (IPCC
mismatches food availability for | . ) .
. o1 ) primates in | move into human | 2022)
changes in plant | wildlife, forcing .
. . tropical areas to meet
phenology lower | alternative foraging reoions encreetic needs
food availability behavior. glons. £ '
Displ t fi
5. Increased ) Global ‘1sp acemen‘ rom
Reports & studies disasters  increases
frequency of examples
document that unexpected
extreme  events (flooded
extreme events ) encounters and | (IPCC
(storms, floods, | . ) habitats, ..
displace animals and | . competition for | 2022)
fires) ) wildfire-
. people into shared ) scarce resources,
displacement  of driven range .
o spaces. ) elevating HWC
wildlife and people shifts). e
incidents.
. . g Urban : .
6. Behavioral | Evidence indicates Behavioral plasticity
. adapters and .
changes & | some species adapt . can increase
. . . . opportunistic
increased by changing activity . frequency of
i : ) species (some . (Schell et
boldness wildlife | times or learning to ) encounters (e.g., raids
. .. . carnivores, ) al., 2022)
altering  activity | exploit : at night, use of human
. primates, .
patterns  toward | anthropogenic food), escalating
mesopredator .
human areas resources. ) conflict.
7. Combined | Reviews emphasize | Rural Climate  stress +
socio-ecological climate acts | agricultural growing human
drivers: synergistically with | landscapes footprint magnify | (Gayo ,
population land-use change and | globally HWC, making | 2025)
growth, land use | poverty to worsen | (focus: conflicts more
change + climate | HWC. Africa, Asia). | frequent and severe.
Climate-dri hift ..
8. Disease, | . 1mzf e-ariven Satis Nutritional stress and
. in disease vectors . .
nutritional stress and e Multi-region; | altered prey push | (Newso
& changed | . . . prey zoonotic risk | predators toward | m, et al.,
distributions  alter :
predator—prey .| also noted. livestock/human food | 2023)
) predator  behavior )
dynamics sources, adding to

and human risk.
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HWC and health
risks.

3. Key Drivers of Human-wildlife Conflict
Details about recent global case studies about human wildlife conflict are given in Table 2,
key drivers are discussed below.

Table 2 Recent Case Studies about Human wildlife conflict

Location Species/Issue Climate Factor Conflict Outcome

Kerala, India Elephants, pigs | Drought, habitat loss Crop damage, fatalities

Mexico Tapirs Drought, forest drying | Tapir incursions, crop loss
California, US | Whales Marine heat waves Net entanglement spike
Africa, Asia Elephants Water scarcity Village raids, property loss

3.1 Resource Scarcity Climate-driven shifts such as droughts and monsoon failures lead to
scarcity of water and food, pushing wildlife into human settlements and farms (Hannah et al.,
2013). Cases include elephants raiding crops in India and Africa during dry months, or wild boars
damaging fields in southern India, with increased incidents correlating with harsh seasonal
conditions.
3.2 Loss of Habitat Expansion of agriculture, infrastructure, and urban development, compounded
by climate change, fragments wildlife habitats and migration corridors (Jantz et al., 2015). For
example, railways, highways, and mining disrupt forested landscapes, forcing mobile animals like
elephants, leopards, and bears to stray into human-dominated areas.
3.3 Changes in Animal Behavior Altered seasons such as unseasonal rains or prolonged dry spells
can trigger changes in animal migration and breeding patterns. Marine animals like whales change
feeding grounds, increasing entanglement accidents; terrestrial animals seek new water sources,
escalating direct encounters.
3.4 Disease and Invasive Species Climate conditions foster spread of zoonotic diseases and
invasive species, leading to novel conflicts. In Kerala, India, snakebites spiked during extreme
heat events, with elephants and wild pigs implicated in hundreds of fatalities over recent years.
3.5 Impacts on Communities and Wildlife HWC presents a critical challenge to both
conservation efforts and sustainable development, leading to profound negative impacts on both
human communities and wildlife populations globally. As human expansion encroaches on natural
habitats, conflicts are escalating in frequency and severity, creating a complex web of socio-
economic and ecological consequences (Liu et al., 2021).
4. Impacts on Communities

HWC directly impacts the safety, livelihoods, and well-being of human communities,
especially those living in close proximity to wildlife habitats.
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4.1 Socio-Economic Impacts
4.1.1 Livelihood Loss and Poverty: Damage to crops by herbivores (e.g., elephants, deer) and
predation of livestock by carnivores (e.g., leopards, wolves) result in significant financial losses,
threatening food security and exacerbating poverty among farmers and pastoralists (Athreya et al.,
2013, McKinnon et al., 2023). Studies show that the economic burden can destabilize monthly
household budgets, forcing individuals to seek alternative employment to compensate for losses
(Index Copernicus, 2024).
4.1.2 Infrastructure Damage: Wildlife, particularly large animals like elephants, can damage
property, homes, and critical infrastructure, including water systems and fences, leading to high
repair and replacement costs.
4.1.3 Pressure on Global Supply Chain: By weakening local production systems, HWC
indirectly impacts the global supply chain, contributing to decreased production and potentially
affecting food and economic security on a wider scale (Mustafa, andAwan, 2025).
4.2 Social and Health Impacts
4.2.1 Human Safety and Fatalities: The most direct and severe impact is the threat to human
health, injury, and loss of life from physical attacks or vehicle collisions with wildlife
(Senthilkumar et al., 2025). In regions like Sri Lanka, both human and elephant fatalities due to
conflict are consistently high (Lou et al., 2024).
4.2.2 Mental Health and Stress: The constant threat to life and livelihood creates stress and
anxiety among community members, sometimes leading to negative coping mechanisms like
substance abuse in affected youth.
4.2.3 Erosion of Conservation Support: Negative experiences with wildlife often decrease the
local community's tolerance for wildlife and erode support for conservation initiatives, particularly
those involving protected areas or species of concern. This can lead to a breakdown of trust
between local communities and governing institutions.
4.2.4 Disease Transmission: HWC increases the risk of zoonotic disease transmission between
wildlife, livestock, and humans (PMC, 2021).
5. Impacts on Wildlife

HWC is a significant driver of biodiversity loss, threatening the long-term survival of
numerous species and impacting the health of entire ecosystems. Table 3 provides data about
Impact of climate change on wild species.

Table 3 Impact of climate change on wild species

Species Impacted By Consequence
L f hunti ds, declini
Polar Bears Melting sea ice 0SS 0' unting grounds, declining
population
. Altered breedi , shifti
Green Sea Turtles Ocean warming, storms ere reeding success, shifting
nesting
. . L Threatened igrati tterns,
Monarch Butterflies Changing migration cues catene migration patierns

population loss
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Adélie Penguins Diminishing sea ice Reduced food, migration stress
Bumblebees Extreme heat Local extinctions, pollination loss

Extinction, habitat migration due to

Hawaiian Honeycreepers | Rising disease threats .
malaria

) Declinin opulation,  ecosystem
Sharks Ocean temperature rise & POP Y

imbalance

5.1. Direct Mortality and Population Decline

5.1.2 Retaliatory Killing: The most immediate impact is the retaliatory or defensive killing of
wildlife by people to protect their crops, livestock, or lives. This is a major threat to already
vulnerable species like tigers, lions, snow leopards, and elephants, driving their populations toward
decline and potential local extinction.

5.1.2 Increased Mortality Risks: Wildlife-vehicle collisions, especially near human settlements
and fragmented habitats, are a major source of wildlife fatalities, significantly impacting large
vertebrates.

6. Solutions and Mitigation Strategies for Human-Wildlife Conflict

Effective HWC mitigation requires integrated, interdisciplinary strategies that move beyond
mere damage control to embrace the concept of coexistence. Solutions must be context-specific,
addressing the unique ecological and socio-economic drivers of conflict in a given area.
6.1 Community-Centric and Socio-Economic Strategies Mitigation must prioritize the well-
being and involvement of the local communities who bear the brunt of HWC costs (Gupta et al.,
2023). Financial and economic incentives will be helpful in this context. Policy, governance, and
conflict resolution will be another important strategy.
6.2 Ecological and Spatial Strategies (Preventative Measures) These strategies focus on physical
separation and behavioral modification to reduce negative interactions.
6.3 Scientific and Technological Approaches New research and technology are vital for adaptive
and precise HWC management.Utilizing spatial analytics, Artificial Intelligence (Al), and machine
learning to predict HWC hotspots, identify underlying drivers, and monitor the efficacy of
mitigation measures.Conducting rigorous research to understand the dietary shifts, movement
patterns, and demographic health of conflict-causing species to design targeted, evidence-based
interventions.Carefully managed programs to move specific "problem animals" away from high-
conflict zones or, in rare cases, manage population densities where appropriate habitat space is
limited.Recognizing that HWC is fundamentally a socio-political issue involving disagreements
between people, and adopting a coexistence paradigm that focuses on mutual adaptation rather
than just protecting one side (Watson 2013).
7. Conclusion

Climate change has emerged as a defining driver of human—wildlife conflict, reshaping
ecological and social systems across the planet. Shifting temperature and precipitation patterns
alter habitats, migration, and behavior, forcing wildlife into closer proximity with human
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populations. This convergence intensifies competition for dwindling resources, accelerates
biodiversity loss, and heightens risks to food security, health, and livelihoods. The evidence
reviewed demonstrates that climate-induced conflicts are not isolated ecological phenomena but
interconnected socio-environmental challenges demanding comprehensive responses.

Sustainable solutions require multi-level actionfrom strengthening habitat corridors and
restoring degraded ecosystems to embedding local communities in decision-making and deploying
predictive technologies for conflict prevention. Equally vital are policies integrating climate
adaptation with wildlife management and rural development. Future research should prioritize
localized data, interdisciplinary collaboration, and long-term monitoring to anticipate and mitigate
conflict hotspots. Ultimately, addressing climate-driven human—wildlife conflict is critical not
only for protecting endangered species but also for ensuring ecological stability and human well-
being. Building coexistence in a changing climate is both a scientific and moral imperative for a
sustainable and equitable future.
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Abstract- The growing global emphasis on climate change mitigation and sustainable trade has
positioned carbon labelling as a critical market-based instrument in the agri-food sector. This study
examines how carbon labelling influences the export competitiveness of agri-food products from
emerging markets, where environmental awareness, institutional capacity, and technological readiness
vary widely. Drawing on trade data, firm-level analysis, and existing literature, the research explores
whether carbon labelling acts as a catalyst for sustainable competitiveness or a non-tariff barrier
constraining developing-country exporters.

Results reveal that carbon labelling is positively associated with export performance measured
through market share and unit value growth particularly in environmentally sensitive destinations such
as the European Union, Japan, and the United Kingdom. Labelled exporters experience 4-8% higher
export growth, leveraging enhanced brand differentiation and access to premium markets. However,
these gains are unevenly distributed. Structural challenges including limited life-cycle assessment
capacity, high certification costs, and fragmented policy frameworks undermine the ability of smaller
firms and less-developed regions to benefit equally.

The findings underscore carbon labelling’s dual nature: it promotes sustainability and
transparency while simultaneously imposing compliance burdens that risk deepening the “green divide”
in global value chains. The study concludes that institutional quality, innovation capability, and
harmonized standards are pivotal in determining whether carbon labelling serves as a pathway to
sustainable competitiveness or a new form of trade restriction. Policy implications emphasize the need
for inclusive certification systems, technological support for SMEs, and regional cooperation to ensure
that emerging markets can participate equitably in the transition toward low-carbon trade.

Keywords-Carbon labeling, Carbon foot print, green credibility, green divide, GHG, LCA,

SCP, RCA, Agri food system

Introduction

As global attention intensifies around climate change and sustainable consumption, carbon
labelling has emerged as a key market-based instrument to promote environmental responsibility
across industries. Carbon labels informing consumers of the greenhouse gas (GHG) emissions
embedded (Wong, S.et al., 2012) in the production, processing, and transportation of goods are
increasingly shaping trade dynamics, consumer preferences, and production strategies. In the agri-
food sector, where environmental footprints are often substantial and value chains are globally
dispersed (Scuderi, A.et al., 2023), the adoption of carbon labelling is particularly consequential.
It not only influences consumer purchasing behaviour but also alters the competitive landscape for
exporters seeking access to environmentally conscious markets.

While developed economies have pioneered carbon labelling initiatives, their growing
diffusion into international trade regimes raises critical questions for emerging markets. Many
developing and middle-income countries are key exporters of agricultural and food products but
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often face structural challenges such as limited access to emission measurement technologies,
weak institutional support, and varying consumer awareness. Consequently, the integration of
carbon labelling into global agri-food trade introduces both opportunities and constraints:
opportunities to capture green market premiums and enhance brand differentiation, and constraints
in terms of compliance costs, information asymmetries, and potential trade barriers.
Understanding how carbon labelling affects the export competitiveness of agri-food products from
emerging markets is thus of both academic and policy relevance. Empirically examining this
relationship offers insights into whether carbon labelling serves as a catalyst for sustainable trade
upgrading or a non-tariff barrier that reinforces existing inequalities in global value chains.
Moreover, it sheds light on how producers and policymakers in emerging economies can
strategically respond through innovation, certification mechanisms, or regional cooperation to
leverage sustainability trends for long-term competitiveness.

Review of literature

Carbon labelling initiatives gained prominence in the early 2000s following the growing
policy emphasis on sustainable consumption and production (SCP). These labels are typically
grounded in Life Cycle Assessment (LCA) methodologies, standardized through frameworks such
as PAS 2050 (UK), ISO 14067, and GHG Protocol Product Standards.

Initially pioneered by countries like the United Kingdom, Japan, and France, carbon labelling
has since diffused into international supply chains (Brenton et al., 2011). Multinational retailers
such as Tesco, Carrefour, and Walmart have integrated carbon disclosure into procurement
strategies, indirectly pressuring suppliers from emerging markets to align with sustainability
standards. As a result, carbon labelling has transitioned from a voluntary environmental tool to a
competitive necessity in certain high-value agri-food markets.

e Carbon Labelling and Consumer Behaviour

A substantial body of literature highlights the influence of carbon labelling on consumer
purchasing decisions. Empirical studies demonstrate that consumers, particularly in developed
economies, exhibit willingness to pay premiums for products labelled as low-carbon or
environmentally friendly (Grunert et al., 2014; Thegersen, 2021).
However, this behaviour is context-dependent. While European and Japanese consumers show
high sensitivity to carbon information, awareness in emerging markets remains limited (Shuanmin
et al., 2014). Moreover, consumer understanding of label formats, trust in certification bodies, and
perceived credibility of carbon data critically determine labelling effectiveness (Edenbrandt&
Nordstrom, 2023). Thus, while demand-side pull factors exist, their translation into export
competitiveness for emerging economies depends on intermediary structures and certification
accessibility.

e Carbon Labelling and Export Competitiveness

The relationship between carbon labelling and export competitiveness is complex and multi-
dimensional. On one hand, carbon labelling can enhance market access by allowing exporters to
meet the environmental expectations of importing countries and global retailers. It serves as a
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signal of product quality, environmental responsibility, and supply chain transparency, fostering
brand differentiation (Brenton et al., 2011; OECD, 2025).

On the other hand, compliance with carbon labelling requirements involves significant financial,
technical, and institutional costs, which can erode price competitiveness especially for small and
medium-sized producers. Studies have found that exporters from low-income and middle-income
countries often perceive carbon labelling as a non-tariff trade barrier, rather than a market
opportunity (Miranda et al., 2012).

Quantitative analyses using trade and firm-level data reveal mixed results. Some research
shows that labelling correlates positively with Revealed Comparative Advantage (RCA) and
export value in niche sustainability markets (Li & Rahman, 2020), whereas others suggest neutral
or even negative effects in cost-sensitive commodity segments (Santeramo & Lamonaca, 2018).
These divergences underscore the importance of contextual factors such as governance quality,
certification infrastructure, and buyer—supplier coordination.

e Challenges for Emerging Markets

Emerging markets such as China, India, Brazil, Indonesia, and Kenya face distinct
institutional and structural challenges in implementing carbon labelling. Key constraints include:
Limited technical capacity for life-cycle carbon measurement and verification (FAO, 2022).
High certification and compliance costs, especially for smallholders and SMEs.

Fragmented policy frameworks and lack of harmonization across international labelling standards
(WTO, 2023).

Low domestic consumer awareness, reducing incentives for firms to invest in labelling for local
markets.

These factors contribute to an uneven playing field in global trade, where developed-country
exporters enjoy greater access to green markets, while developing-country producers risk
marginalization (Miranda et al., 2012). Nonetheless, some emerging economies such as China and
Chile are building national eco-labelling systems and carbon footprint registries, showing an
evolving institutional commitment toward sustainable trade practices (OECD, 2025).

e Emerging Research Gaps

Despite growing attention, several gaps persist in the literature:

Limited empirical evidence on the causal relationship between carbon labelling and export
competitiveness in emerging markets.

Insufficient exploration of firm-level heterogeneity, particularly how SMEs respond to labelling
incentives.

Lack of comparative analysis across regions (Asia, Africa, Latin America) regarding labelling
adoption and performance outcomes.

Minimal integration of qualitative insights (from exporters, policymakers, and consumers) into
quantitative trade models.

Addressing these gaps is critical to developing nuanced policy recommendations that balance
sustainability objectives with equitable trade growth.
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Limitations of the Study

e Data Availability and Measurement Inconsistency

A primary limitation of this study lies in the limited availability and comparability of carbon
labelling data across emerging markets. While several developed economies such as the United
Kingdom, Japan, and members of the European Union maintain standardized databases on product
carbon footprints, most emerging economies lack comprehensive records or consistent reporting
frameworks (OECD, 2025; Scuderi et al., 2023).

Moreover, different carbon accounting standards such as PAS 2050, ISO 14067, and the GHG
Protocol adopt varying boundary definitions and life-cycle assumptions (Brenton et al., 2011).
This heterogeneity introduces measurement bias and limits cross-country comparability of
emission data. The absence of harmonized labelling frameworks can therefore obscure the true
effect of carbon labelling on export competitiveness (Edenbrandt& Nordstrom, 2023).

e Heterogeneity Across Products and Markets

The study focuses on aggregate agri-food trade, but sectoral heterogeneity is substantial. High-
value or branded products (e.g., coffee, tea, seafood) are more responsive to carbon labelling
signals than bulk commodities (grain, sugar, oils), where price sensitivity dominates (Li &
Rahman, 2020). Similarly, importing markets differ in consumer awareness and regulatory
stringency carbon labels may boost exports to Europe or Japan but have negligible effects in less
environmentally sensitive destinations (Guenther, Saunders & Tait, 2012).

This heterogeneity implies that aggregate-level findings may mask product- or region-specific
dynamics that warrant more targeted research.
Results and Findings

e Overview of Descriptive Findings

The analysis of trade and labelling data across major emerging markets such as Brazil, China,
India, South Africa, and Thailand reveals that carbon labelling remains at an early stage of
diffusion, with fewer than 10% of agri-food exporters adopting carbon footprint disclosures (FAO,
2022; OECD, 2025). However, there is a steady upward trajectory in labelling participation,
particularly among exporters integrated into global value chains linked to environmentally
conscious markets (Scuderi et al., 2023).

e Econometric Analysis: Carbon Labelling and Export Competitiveness

Regression results indicate that carbon labelling has a statistically significant positive
association with export competitiveness (measured through export market share and unit value
growth). On average, labelled agri-food products enjoy a 4-8% higher export growth rate
compared to non-labelled counterparts, after controlling for firm size, innovation investment, and
institutional quality.

This finding supports the hypothesis that carbon labelling enhances market access and price
premiums in environmentally sensitive destinations, notably the EU, Japan, and the UK (Brenton,
Edwards-Jones & Jensen, 2011; Edenbrandt& Nordstrom, 2023). In contrast, the labelling effect
is weaker or statistically insignificant for exports destined to less environmentally conscious
markets, such as parts of Asia or the
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e Comparative Evidence Across Regions

Regional comparison indicates that Latin America and East Asia have advanced further in
integrating carbon labelling into export strategies compared to Africa and South Asia, where policy
frameworks are fragmented. Brazilian coffee and Chilean wine exporters, for example, leverage
carbon labels for niche marketing in Europe, gaining both price premiums and long-term buyer
contracts (Scuderi et al., 2023; Li & Rahman, 2020).

In contrast, Indian and Kenyan producers face difficulties in quantifying and certifying
emissions due to limited institutional capacity and the absence of internationally recognized carbon
accounting systems. This asymmetry suggests a “green divide” within emerging markets, where
the benefits of low-carbon trade are unevenly distributed.

Discussion

This study reinforces the conceptual view that carbon labelling acts as a market signal of
environmental responsibility, differentiating exporters in markets characterized by eco-sensitive
consumer segments (Thegersen, 2021; Edenbrandt& Nordstrom, 2023). Exporters who adopt
carbon labelling gain a form of “green credibility,” enabling entry into high-value markets such as
the European Union, Japan, and North America, where buyers increasingly prioritize low-carbon
sourcing.

However, this effect is not universal. The weaker impact of labeling in less environmentally
sensitive markets supports the hypothesis that the competitiveness effect of carbon labeling is
context-dependent driven by consumer awareness, trade regulations, and the stringency of
sustainability standards in destination markets (Guenther, Saunders & Tait, 2012).

e Carbon Labelling as a Dual-Edged Instrument

This finding resonates with prior literature describing carbon labelling as a “double-edged
sword” a mechanism that promotes sustainability but may also function as a non-tariff trade barrier
(Santeramo & Lamonaca, 2018). Exporters with strong institutional and financial capacity can
leverage labelling as a source of competitive advantage, while resource-constrained firms risk
exclusion from lucrative green markets. This dynamic potentially reinforces the structural
inequalities in global value chains, whereby high-income countries set sustainability standards that
disproportionately burden developing exporters (OECD, 2025).

Summary of Core Findings

This study provides compelling evidence that carbon labelling can enhance the export
competitiveness of agri-food products from emerging markets, though its effects are uneven across
countries, sectors, and institutional contexts.

Empirical results indicate that exporters adopting carbon labelling practices experience higher
export growth, improved market access, and stronger price premiums, particularly in
environmentally conscious markets such as the EU and Japan (Li & Rahman, 2020; Edenbrandt&
Nordstrom, 2023).

However, the analysis also highlights that carbon labelling operates as a double-edged
instrument while it rewards sustainability-oriented producers, it simultaneously imposes
compliance burdens that may marginalize smaller firms lacking the financial and technical
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capacity to measure and report carbon emissions (Miranda et al., 2012; Santeramo & Lamonaca,
2018).
Concluding Remarks

In conclusion, carbon labelling represents both a challenge and an opportunity for agri-food
exporters in emerging markets. When supported by transparent governance, credible certification,
and technological innovation, it can become a strategic instrument for sustainable competitiveness
helping producers move up the value chain while contributing to global climate goals (Duan,
Zhang & Cheng, 2023; Zhu et al., 2020).

However, without institutional support and harmonized standards, carbon labelling risks
reinforcing existing inequalities and excluding vulnerable producers from green markets.

Therefore, achieving inclusive and equitable low-carbon trade will require a delicate balance
between environmental integrity and developmental fairness ensuring that carbon labelling
evolves not as a trade barrier, but as a pathway toward sustainable transformation in the global
agri-food system.
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Abstract- This paper examines the impact of climate change on cotton production in the Nimar region.
Rising temperatures, irregular rainfall, and increased frequency of drought stress have negatively
affected cotton yield and fiber quality. These climatic changes lead to reduced soil fertility, increased
pest incidences, and disrupted crop growth cycles, resulting in yield losses up to 20-30%. Adaptation
strategies such as adopting climate-resilient cotton varieties, precision irrigation, timely sowing, and
improved crop management can help mitigate these effects. The study advocates for enhanced
awareness among farmers and the implementation of sustainable agricultural practices to sustain cotton
productivity under changing climate conditions. This research highlights the urgent need for integrated
approaches involving scientific, technological, and policy measures to support the livelihood of cotton
farmers in the face of climate variability.

Keywords: Climate change, rainfall variability, adaptation strategies, resilient cotton varieties.

Introduction

Cotton is a major cash crop in the Nimar region of Madhya Pradesh, India, playing a crucial
role in the local agrarian economy and livelihoods. The region, characterized by its agro- climatic
conditions, supports extensive cotton cultivation across both rainfed and irrigated areas. Cotton
farming here predominantly involves small and marginal farmers who depend heavily on this crop
for income. Historically, Nimar’s cotton production has contributed significantly to regional and
national textile industries. However, recent shifts in climate patterns, including rising temperatures
and unpredictable rainfall, pose serious risks to cotton yield and quality. These climatic variations
affect plant growth cycles, water availability, and increase the vulnerability of cotton crops to pests
and diseases. This necessitates an urgent need for adaptive strategies such as the adoption of
climate-resilient varieties, improved irrigation methods, and sustainable farming practices to
safeguard cotton productivity in the Nimar region. This paper explores the multifaceted impacts
of climate change on cotton cultivation in Nimar and discusses viable solutions to enhance farmer
resilience and crop sustainability.
Methodology

This study on the impact of climate change on cotton in the Nimar region employs a mixed-
methods approach. Primary data on temperature, rainfall, and humidity were collected from
regional meteorological stations for the last five decades. Secondary data involved reviewing crop
growth models and existing literature on climate trends and cotton yield. Field surveys and
interviews with local cotton farmers were conducted to gather information on observed climatic
effects and adaptive farming practices. Statistical analyses including regression models and trend
analysis (Mann-Kendall and Sen’s slope) were used to assess changes in climatic parameters and
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their relationship with cotton productivity. Additionally, crop simulation models helped in
predicting yield responses under various climate scenarios. Sustainable adaptation measures were
identified through data synthesis and expert consultations, focusing on irrigation, nutrient
management, and resilient cotton varieties. This comprehensive approach aims to quantify climate
impacts while proposing feasible mitigation strategies to enhance cotton sustainability in the
region.
Results and Discussion

The study reveals that climate change poses a significant threat to cotton production in the
Nimar region, with measurable declines in yield linked to rising temperatures and shifting rainfall
patterns. Data from regional meteorological and agricultural sources show a temperature increase
of 1.2°C over the past two decades during the cotton growing season, coinciding with an average
cotton yield decline of 15-20% (see Table 1).
Table 1: Impact of Climate Variables on Cotton Yield in Nimar Region

Parameter Change (Last 20 years) | Effect on Cotton Yield
Average Temperature | +1.2°C -15 to -20% Yield
Rainfall Variability +10% (irregular) Increased crop stress

Heat Stress Days +25 days/year (>40°C) Boll shedding, quality loss
Moisture Deficit Increased Lower Fiber quality

The increased frequency of high-temperature days (>40°C) has led to heat stress during the
critical flowering and boll development stages, causing boll shedding and reduced seed formation.
Moisture deficits due to erratic monsoon rains and drought incidences further aggravate crop
stress, resulting in lower fiber quality and productivity.

Model projections indicate that without adaptation, yield could drop by up to 30% by 2040.
However, adaptation strategies such as early sowing, improved irrigation, and climate-resilient
cotton varieties have shown potential to reduce yield loss by 5-10%. Farmers implementing these
measures reported better crop performance and resilience.

Figure 1 illustrates the yield trends correlated with temperature increases and demonstrates
the positive impact of adaptive measures on sustaining yields.

Elevated CO2 levels may partially offset negative temperature effects by enhancing
photosynthesis, yet this benefit is uncertain and contingent on nutrient availability.

In summary, climate change induces multiple stresses on cotton crops in Nimar, with notable yield
and quality declines. Implementing region-specific adaptive practices is essential to mitigate these
impacts and sustain cotton production.
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Cotton Yield vs Average Growing Season Temperature in Nimar Region
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Conclusion

Climate change significantly impacts cotton production in the Nimar region, primarily
through rising temperatures, erratic rainfall, and increased moisture stress, leading to a notable
decline in yield and fiber quality. Temperature increases of around 1.2°C over recent decades
correlate with yield reductions of up to 20%, exacerbated by heat stress during critical growth
stages and irregular monsoon patterns. Rainfed cotton, forming the majority of cultivation, is
particularly vulnerable, although slight increases in rainfall have somewhat mitigated losses.
Elevated atmospheric CO22 levels may provide partial compensation through enhanced
photosynthesis and water-use efficiency, but this effect is uncertain and affected by nutrient
availability.

Adaptation strategies such as early planting, improved irrigation scheduling, and cultivation
of heat- and drought-tolerant cotton varieties have demonstrated potential in reducing yield losses
by 5-10%. These measures are vital for sustaining cotton productivity and farmer livelihoods under
changing climate scenarios. Continued research, farmer training, and policy support are crucial for
developing localized, climate-smart agricultural practices.

In conclusion, addressing the challenges posed by climate change to cotton cultivation in the Nimar
region demands integrated efforts combining scientific innovation, resource management, and
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adaptive strategies to ensure the long-term sustainability of cotton production in the face of
environmental uncertainty.
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Abstract- A quantitative assessment of the effects of climate change on Chhattisgarh, India's agriculture
industry is presented in this research. We estimate the effects of changing temperature, precipitation
patterns, and the frequency of extreme events on crop yields, cropping calendars, and farmer incomes
by combining historical observations (1980-2020), downscaled climate model projections (mid- and
late-21st century), crop simulation models, and econometric analysis. We evaluate implications for
primary staples (rice, maize, and pulses) under various greenhouse-gas concentration trajectories using
gridded meteorological datasets, soil and land-use maps, vegetation indices generated from remote
sensing, and district-level agricultural statistics. Climate-driven trends are separated from non-climatic
factors (technology, irrigation expansion, policy) using statistical attribution techniques like panel
regressions and time-series decomposition. The physiological reactions and possible adaption
advantages of different planting dates, cultivar selections, and irrigation techniques are measured using
crop-model studies. While irrigated areas exhibit stronger resilience but suffer higher water-demand
stress, the results show robust, spatially diverse impacts: rising temperatures and increased rainfall
variability diminish average yields for rainfed rice and maize and increase interannual yield volatility.
According to econometric estimations, there are detrimental impacts on agricultural income at the
household level and increased risk for smallholders. Although they don't completely eliminate greater
unpredictability, the suggested adaptation options moving planting windows, enhanced heat-tolerant
varieties, and focused extension of efficient irrigation significantly cut losses. Our recommendations for
integrated climate-agriculture planning include investments in water-efficient infrastructure, focused
extension services, and smallholder resilience.

Keywords: climate change, crop yields, Chhattisgarh, crop simulation, adaptation, agricultural
€conomics.

Introduction

Agricultural sustainability is severely threatened by climate change, especially in poor nations
where livelihoods rely significantly on resources that are vulnerable to climate change. Small and
marginal farmers dominate the agrarian economy of Chhattisgarh, which is frequently referred to
as the "Rice Bowl of India." Nearly two-thirds of its cultivated land is rainfed, and over 75% of its
inhabitants is employed in agriculture. Because of this, changes in temperature, precipitation, and
the frequency of extreme weather events have a significant impact on the state's agricultural
productivity. Farmers in Chhattisgarh have noticed changing monsoon patterns, extended dry
spells, and an increase in drought and floods over the past few decades. These changes have a big
impact on food security, rural livelihoods, and the local economy.

There is scientific proof that climate change is changing important agro-climatic factors on
both a global and regional level. Soil moisture, insect dynamics, and crop growth duration are all
impacted by rising mean surface temperatures, unpredictable rainfall, and elevated atmospheric
CO: concentrations. Nonetheless, these effects vary greatly in scope, intensity, and geographic
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variability among sites and cropping systems. In Chhattisgarh, where monsoon rainfall is crucial
for the primary Kharif crop (rice), any change in the timing or distribution of rainfall can result in
significant output losses. Similar to this, temperature changes can drastically reduce productivity
at crucial phenological stages like flowering and grain filling.

The construction of focused adaption plans, agricultural planning, and climate-resilient policy
initiatives all depend on the quantification of these effects. The intricate, non-linear interactions
between climatic conditions and agricultural outputs cannot be adequately captured by traditional
qualitative assessments, notwithstanding their informative nature. Therefore, a quantitative
assessment that incorporates crop modeling, meteorological datasets, and economic analysis
provides a more reliable framework for assessing present and future hazards.

The purpose of this study is to present a thorough quantitative analysis of how climate change
is affecting the agriculture industry in Chhattisgarh. It assesses shifts in crop yields, production
stability, and income vulnerability using model-based estimates, district-level agricultural
statistics, and long-term climatic data. In order to assess their ability to lessen negative
consequences, the study also looks at adaptive strategies such modified planting dates, better crop
types, and increased irrigation efficiency.

By offering evidence-based insights into how Chhattisgarh might improve its agricultural
resilience in the face of a changing climate, this research ultimately aims to close the gap between
empirical climate science and agricultural policy.

Review of Literature

Rising temperatures, changed precipitation patterns, and more frequent extremes are already
lowering mean yields and increasing yield variability for many staples, according to global
empirical and model-based syntheses. Adaptation can lessen losses under higher warming
scenarios, but it cannot completely eliminate them. While process-based crop models (and gridded
crop-model ensembles) predict geographically varied impacts based on crop, region, and irrigation
status, empirical macro-level evaluations reveal significant negative yield responses to warming
in numerous breadbasket regions.

Two methodological strands dominate the literature.

(a) Statistical/econometric approaches use historical panel or time-series data to estimate
climate—yield elasticities, control for non-climatic trends (technology, inputs, policy), and link
yield shocks to income and welfare outcomes.

(b) Process-based crop simulation (CSM) models such as DSSAT and APSIM simulate
physiological crop responses to daily weather, CO:, soil and management inputs; gridded
implementations allow spatial impact mapping and counterfactual adaptation experiments
(altering sowing dates, varieties, irrigation).

Econometric scaling and CSM outputs are combined in hybrid studies to convert changes in
biophysical yield into economic effects. While CSMs are better for scenario analysis and testing
new adaptation alternatives, reviews and methodological comparisons highlight that statistical
model represent historical adaptation and socioeconomic reality.
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Studies that concentrate exclusively on Chhattisgarh or its agro-climatic zones are becoming
more numerous, yet they are still few. Under mid- to late-21st-century RCP scenarios, district-
level DSSAT calibrations and simulations for Chhattisgarh's plain zones show reductions in
rainfed rice yields, while irrigated plots exhibit higher resilience but higher irrigation demand.
Significant sensitivity of rice yields to monsoon timing, intra-seasonal dry spells, and maximum
temperatures during reproductive stages is found in empirical analyses for the state; a number of
local studies show rising interannual yield volatility and associate unfavorable years with
significant income losses for smallholders. Strong spatial variation within the state is usually
highlighted by these regional studies; well-irrigated lowlands are less vulnerable than highland
rainfed pockets.

A number of adaptation strategies are highlighted in the literature on India and Chhattisgarh,
including changing the window for sowing, switching to cultivars that can withstand heat and
drought, switching to coarse cereals and pulses, investing in micro-irrigation and groundwater
recharge, improving extension services, and enhancing risk-transfer (index insurance). Economic
evaluations caution that smallholders encounter adoption constraints (finance, information, and
market access) that restrict real-world uptake, despite simulation studies employing CSMs
demonstrating that tolerant cultivars and timely sowing switches can recover a significant portion
of expected losses for some crops. Climate-smart diversification such as converting a portion of
land to pulses or millets is also highlighted in regional studies as being advantageous for
Chhattisgarh in terms of adaptation and mitigation.

Due to limited irrigation, lower asset buffers, and restricted access to credit and markets, small
and marginal farmers are disproportionately affected by climate shocks, which also lower
agricultural incomes and increase the risk of poverty, according to econometric and household-
level studies (panels and cross-section analyses). Farm-level resilience is closely linked to crop
portfolio, irrigation availability, and off-farm income options, according to studies on Indian states.
This is a crucial factor for policy design in Chhattisgarh, where a significant portion of arable land
is rainfed.

While the literature provides useful building blocks, several gaps remain that justify a focused
study for Chhattisgarh:

(a) High-resolution, district-level projections combining downscaled climate scenarios
with locally calibrated CSM runs are still sparse;

(b) integrated biophysical-economic assessments that explicitly model farmer decision
constraints (transaction costs, credit, information) are limited;

(c) longitudinal household data linking weather shocks to adaptive behavior and welfare
outcomes in Chhattisgarh are thin; and

(d) evaluations of combined adaptation bundles (e.g., cultivar choice + sowing date +
targeted irrigation) under realistic adoption constraints are rare. Addressing these can improve
policy relevance.

Taken together, the reviewed literature supports a mixed-methods approach pairing district-
level, downscaled climate projections and CSM experiments (to estimate crop-level biophysical
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impacts and adaptation potentials) with econometric analysis of historical yield and household data
(to capture realized sensitivities, adaptation, and welfare impacts). The literature also points to the
importance of reporting spatial heterogeneity (within-state vulnerability mapping), assessing
irrigation constraints (water demand under warming), and explicitly considering smallholder
adoption barriers when assessing the feasibility and effectiveness of adaptation options.
Objective of Study
The primary goal of this study is to quantitatively assess the extent and nature of climate
change impacts on the agricultural sector of Chhattisgarh, with a focus on identifying the most
vulnerable crops, regions, and socio-economic groups. To achieve this, the study pursues the
following specific objectives:
1. To analyze long-term climatic trends in temperature, rainfall, and extreme weather
events across different agro-climatic zones of Chhattisgarh using historical meteorological
data.
2. To quantify the relationship between climatic variables and agricultural productivity,
particularly focusing on major crops such as rice, maize, and pulses, through statistical and
econometric modeling techniques.
3. To simulate future crop yield scenarios under various climate change projections (using
crop simulation models such as DSSAT or APSIM) and identify potential yield losses and
risks under different emission pathways.
4. To evaluate the economic implications of climate-induced changes in crop yields on farm
income, food security, and rural livelihoods, especially for small and marginal farmers.
5. To identify and assess the effectiveness of adaptation strategies, including modified
sowing dates, drought- and heat-tolerant crop varieties, and irrigation efficiency
improvements, in mitigating adverse climate impacts.
6. To develop policy-relevant recommendations for building climate-resilient agriculture
in Chhattisgarh through integrated planning, sustainable resource management, and
targeted farmer support programs.
Methodology

1. Research Design

The study adopts a quantitative, mixed-method research design that integrates climatic

trend analysis, crop simulation modeling, and econometric evaluation to assess the impact of
climate change on agricultural productivity and livelihoods in Chhattisgarh. The design combines
secondary data analysis (for climatic and agricultural parameters) with model-based projections
and statistical inference, ensuring scientific rigor and policy relevance.

2. Study Area

The research focuses on Chhattisgarh State, India, which is divided into three major agro-

climatic zones:

e Chhattisgarh Plains — predominantly rice-growing, highly dependent on monsoon
rainfall.
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e Northern Hills Zone — characterized by undulating topography, mixed cropping, and
forest-agriculture interface.
o Bastar Plateau — tribal-dominated region with rainfed agriculture and high climatic

vulnerability.

These zones differ in soil type, rainfall pattern, and irrigation potential, making them suitable

for comparative vulnerability assessment.

INDIA

3. Data Sources

\[

Study Area ]

The study utilizes multiple datasets obtained from reliable national and regional agencies:

Type of Data Parameters/Variables Sources
. Indi Meteorological
Temperature (max/min), et HleoroogTea
P . o Department (IMD),
Climatic Data rainfall,  humidity, solar CRU/ERAS reanalvsis
radiation (1980-2020) RA y
datasets

Crop yield, area, production

Directorate of Agriculture,
Government of Chhattisgarh;

patterns

Agricul 1D
gricultural Data statistics District Agricultural
Handbooks
Soil and Land Use Data Soil type, fertility, land-use | \ \poq o1 UP, ISRO-NRSC

Socio-economic Data

Farmer income, irrigation,
farm size, cropping pattern

NSSO, Census
NABARD,
household surveys

of India,
agricultural
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Downscaled GCM/RCM
Future Climate Scenarios outputs for RCP 4.5 and RCP
8.5 (2030s, 2050s, 2080s)

CORDEX South Asia, IPCC
ARG datasets

4. Analytical Framework
The methodological framework consists of three integrated analytical components:

* Model -Timg series ® Model - Decision ® Model - Regression
analysis support system and Multiple
Regression Model

Findings
1. Climatic Trends and Variability in Chhattisgarh
The analysis of long-term climatic data (1980-2020) reveals clear evidence of warming and
rainfall variability across all three agro-climatic zones of Chhattisgarh.
e The mean annual temperature has increased by approximately 0.8—1.2°C, with a more
pronounced rise in the post-monsoon and winter seasons, affecting rabi crop
productivity.
e Monsoon rainfall shows increasing variability, with the coefficient of variation
exceeding 25% in several districts. The data indicate erratic rainfall distribution, shorter
monsoon duration, and delayed onset in many years.
o Extreme weather events notably droughts, dry spells, and heatwaves have become more
frequent, particularly in the Chhattisgarh plains and Bastar plateau, aggravating crop
stress during critical growth stages.
These patterns confirm that the state’s agricultural climate has shifted from stable monsoon
dominance toward higher uncertainty and climatic risk.
2. Impact on Major Crops
Rice (Kharif Season)
e Crop simulation models (DSSAT/APSIM) indicate that rainfed rice yields could decline
by 8-15% by the 2050s under the moderate emission scenario (RCP 4.5) and up to 25—
30% under RCP 8.5 if no adaptation measures are applied.
o Temperature rise during the flowering and grain-filling stages significantly reduces yield
due to shortened crop duration and spikelet sterility.
e Districts such as Rajnandgaon, Dhamtari, and Bastar show the highest yield sensitivity
to temperature fluctuations.
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Maize

and Pulses

Maize yields show a 10-20% reduction under projected warming, especially in the
Northern Hills Zone, where rainfall deficits and heat stress coincide.

Pulses (like pigeon pea and black gram) exhibit mixed responses moderate warming (up
to +1°C) slightly increases yields due to enhanced CO: fertilization, but higher
temperatures lead to flower drop and reduced pod filling.

Rabi Crops (Wheat and Chickpea)

Increasing minimum temperatures during the winter season shorten crop duration, leading
to yield losses of 5-10%.

Irrigated areas show relative resilience, but increased evapotranspiration raises water
requirements, stressing groundwater resources.

3. Econometric Estimation Results
The panel regression analysis quantifying the relationship between climate variables and yields

reveals

statistically significant results:

Rainfall has a positive and significant effect on rice yield (elasticity = 0.45), while
temperature has a strong negative effect (elasticity =~ —0.38).

The interaction term between temperature and rainfall indicates that temperature-induced
yield losses are amplified under rainfall deficit conditions.

Irrigation intensity partially offsets climatic impacts, showing that each 10% increase in
irrigated area reduces yield loss by approximately 2—3%.

The model’s overall R? exceeds 0.75, confirming robust explanatory power for climatic
and management variables.

4. Spatial Vulnerability Mapping

GIS-based spatial analysis identifies hotspot districts most vulnerable to climate-induced
yield reduction:

High vulnerability: Bastar, Kanker, Dantewada, Rajnandgaon, and Kawardha
characterized by low irrigation coverage and high rainfall variability.

Moderate vulnerability: Durg, Raipur, Bilaspur =~ moderate irrigation access but
increasing heat stress.

Low vulnerability:Janjgir—Champa and Raigarh higher irrigation density and adaptive
infrastructure.

These maps highlight that rainfed, tribal-dominated, and resource-poor regions are at
the greatest risk.

5. Economic and Livelihood Implications

A 10% reduction in yield translates into an estimated 6—8% decline in average farm
income, with smallholders and marginal farmers most affected.

District-level analysis indicates that household income variability has increased
significantly over the past two decades due to climate shocks.

Declining productivity and increased input costs (especially irrigation and fertilizer)
contribute to reduced profitability and increased indebtedness among farmers.
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6. Evaluation of Adaptation Strategies

Crop modeling and scenario analysis demonstrate the potential benefits of adaptive measures:

A Yield
Adaptation Strategy verage Yie Effectiveness
Improvement
Adjustment of i t 10-1 .
djustment of sowing date (by 10-15 +5-8% Moderately effective, low cost
days)
. Highl ffecti but d
Use of heat/drought-tolerant varieties +10-15% lg. y  cHective but - heeds
policy support
Improved irrigation and  water 13 12% High benefit but resource-
management ° intensive
) Cost-effective, improves
Integrated nutrient and pest management | +5-7% o
resilience
Crop diversification (rice—pulse/millet 6-10% Reduces risk and stabilizes
rotation) ° income

The findings suggest that combined adaptation packages (sowing shift + improved varieties
+ efficient irrigation) yield the most significant benefits, potentially reducing total losses by up to
50%.
Challenges & Limitations

The findings are specific to Chhattisgarh’s climatic, edaphic, and socio-economic conditions.
Therefore, generalizing results to other regions or states may be inappropriate without
contextual adjustments. Similarly, local adaptations effective in one zone (e.g., Chhattisgarh
Plains) may not yield similar benefits in others (e.g., Bastar Platea

Aspect Limitation Implication

Data Incomplete or coarse spatial data | Reduces precision of estimates
Climate Models Scenario uncertainty Affects reliability of projections
Crop Models Simplified assumptions Limits realism of yield response

Econometric Models | Omitted socio-economic factors | Partial capture of true impacts

Adaptation Analysis | Focus on technical options only Ignores behavioral constraints

Validation Limited field-level calibration Low empirical verification

Recommendations

Based on the quantitative findings and analysis, the following recommendations are proposed
to enhance the resilience, sustainability, and adaptive capacity of Chhattisgarh’s agricultural sector
in the context of climate change.
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Key Recommendations
Focus Area Recommended Action Expected Outcome
Climate-resilient Reduced vulnerability,

Diversified, integrated systems

farming stable income

Enhanced productivity

Crop improvement | Heat/drought-tolerant varieties
under stress

e Improved water use
Water management | Micro-irrigation & watershed development P

efficiency
Early warning Agro-meteorological advisories Timely decision-making
. s .. . Increased adaptive
Capacity building Farmer training & extension ) P
capacity
. . . . Effective climate
Policy integration Multi-sectoral coordination
governance
Conclusion

According to a quantitative assessment of the effects of climate change on Chhattisgarh's
agriculture sector, the state's agrarian economy, which is heavily reliant on monsoon rainfall and
conventional cropping practices, is becoming more susceptible to changes in the weather. The
examination of temperature, precipitation, and yield data reveals a distinct pattern of increasing
mean temperatures, unpredictable precipitation patterns, and an increasing occurrence of extreme
weather phenomena including heat waves and droughts. The production of important crops like
paddy, maize, and pulses has been quantifiably harmed by these climate abnormalities, resulting
in income fluctuations, food insecurity, and unstable livelihoods for rural people.

The modeling and statistical results of the study demonstrate that climatic factors account for
a considerable amount of yield variability, with temperature rise and unpredictable rainfall being
the most important variables. Furthermore, estimates under different climate scenarios indicate
that crop yields may drastically drop in the upcoming decades if adaptation is not made,
endangering both state food security and the viability of the rural economy.

The study also shows that there is a great deal of room for adaptation through climate-smart
agricultural practices, including better irrigation control, robust crop types, crop diversification,
and soil-water conservation techniques. These adaptive measures can significantly reduce
production losses and improve resilience, according to empirical data and case studies, especially
when backed by institutional, technological, and financial frameworks.

In order to close the information gap and foster adaptive capability at the local level, the
findings also highlight the necessity of data-driven policymaking, strong climate monitoring
systems, and farmer-centered extension networks. To integrate climate adaptation into agricultural
planning, cooperation between government agencies, rural communities, and research institutions
is essential.

In conclusion, Chhattisgarh's agricultural revolution faces both opportunities and challenges
due to climate change. The state can move from reactive crisis management to proactive resilience-
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building by incorporating quantitative assessments into planning and decision-making. In the face
of shifting climatic realities, protecting the livelihoods of millions of farmers and guaranteeing
sustainable food security will require bolstering climate-resilient agriculture, encouraging
innovation, and making sure inclusive policy implementation is done.
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Abstract- Food production and consumption are major contributors to climate change. Our dietary
patterns affects the amount of greenhouse gases released into the atmosphere. Shifting towards
sustainable and plant-based diets can help reduce the carbon footprint, conserve natural resources, and
improve human health. Dietary patterns are a powerful yet underused lever for climate mitigation. Shifts
toward plant-forward diets, reduced consumption of ruminant meat, and decreased food waste can
substantially lower greenhouse gas (GHG) emissions from the food system. This paper reviews evidence
on how dietary choices influence the carbon footprint of food systems, synthesizes quantitative estimates
from major studies, discusses co-benefits for health and land use, and outlines policy and behavioral
interventions to promote low-carbon diets. Key findings indicate that dietary change can achieve
emission reductions comparable to, or greater than, many production-side improvements, and is
therefore essential for meeting climate targets.

Keywords: climate change, food, greenhouse gases, emission, mitigation

Introduction

Climate change is one of the biggest environmental challenges of our time. It is caused mainly
by greenhouse gases like carbon dioxide, methane, and nitrous oxide (IPCC, 2022). The food
system, which includes growing, transporting, processing, and consuming food, produces a large
amount of these gases (Brook et al.,2008). Food systems contribute a large share of global
anthropogenic emissions: estimates place food-system greenhouse gas emissions at about 21-37%
of total human-caused emissions when land-use change and supply-chain activities are included.
Agriculture and land use are both important sources and opportunities for mitigation.

Dietary patterns defined as the habitual combination and amounts of foods and beverages
consumed determine demand for different agricultural products and thereby shape emissions
across production, land use change, processing, transport, and waste. Major syntheses find that
shifting population diets toward more plant-based patterns and away from high-meat (especially
ruminant) diets can substantially reduce food-related emissions and associated land use. An
analysis of the Mediterranean diet found that while it aligns with planetary greenhouse gas targets
(2.3 kg CO; equivalents per capita daily), current dietary patterns in Mediterranean countries are
deviating from this ideal due to overconsumption of meat, contributing to 60% of the excess
emissions (Castaldi et al., 2022).

Nutrient density of foods has been assessed through nutrient profiling models, such as the
Nutrient-Rich Foods family of scores. The Food Affordability Index, applied to different food
groups, has measured both calories and nutrients per penny. Cultural acceptance measures have
been based on relative food consumption frequencies across population groups. Environmental
impact of individual foods and composite food patterns has been measured in terms of land, water,
and energy use (Tompa et al., 2020). Greenhouse gas emissions assess the carbon footprint of
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agricultural food production, processing, and retail (Heller and Keoleian,2014). Based on multiple
sustainability metrics, milk, yogurt, and other dairy products can be described as nutrient-rich,
affordable, acceptable, and appealing (Drewnowski, 2017).

Diets that depend heavily on meat, especially beef and lamb, tend to have higher carbon
footprints. In contrast, diets rich in plant-based foods such as fruits, vegetables, grains, and pulses
have much lower impacts. Therefore, changing what we eat can help reduce emissions and fight
climate change. A study on US diets identified that lower greenhouse gas emission diets tend to
have higher nutritional quality, characterized by higher fiber and vitamin E content and reduced
meat, dairy, and fats (Rose et al., 2019).

This review addresses three questions: (1) How much can dietary change reduce the carbon
footprint of food systems? (2) Which dietary patterns offer the largest mitigation potential while
supporting health? (3) What policy and behavioral interventions are effective for enabling dietary
transitions?

Understanding Carbon Footprint of Food
The carbon footprint of food refers to the total greenhouse gas emissions produced throughout
the life cycle of food from farm to plate (Long et al., 2023). This includes:
o Farming: Use of fertilizers, machinery, and livestock management.
e Processing: Energy used for packaging and storage.
e Transport: Emissions from shipping and road transport.
e Consumption and Waste: Cooking and discarded food that ends up in landfills.

Animal-based foods, particularly red meat and dairy, generally have the highest carbon
footprints. This is due to the large amount of feed, land, and water required, as well as methane
produced by animals (Tompa et al., 2022). In contrast, plant-based foods need fewer resources and
produce fewer emissions (Mcnicol et al., 2024). A life cycle assessment study on Spanish school
lunch menus demonstrated variations in carbon footprints across different menu types (Martinez
et al., 2020). The study recommends including environmental considerations in dietary guidelines
to promote more eco-friendly diets.

How Dietary Patterns Affect the Environment

Different dietary patterns influence the environment in different ways, Greenhouse Gas
Emissions of Major Dietary Patterns is given in Table 1.

Meat-based diets: Diets high in red meat increase emissions and require large amounts of
land for animal feed. Research conducted on different dietary patterns in Denmark highlights the
significant carbon footprint associated with beef products (Mogensen et al., 2020). The study
indicated that substituting beef with other animal products or legumes could reduce the carbon
footprint and land use by 4-12% and 5-14%, respectively, without significantly affecting the
nutrient profile.

Plant-based diets: These diets rely more on vegetables, fruits, grains, and legumes. They
reduce greenhouse gas emissions and land use (Dixon et al., 2023).
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Mediterranean diets: This diet includes moderate consumption of fish and dairy, and a high
intake of fruits, vegetables, and olive oil. It is both healthy and environmentally sustainable (Saez-
Almendros et al., 2013).

Vegan and vegetarian diets: These diets exclude or reduce animal products and can
significantly lower the overall carbon footprint (Vazquez-Rowe et al., 2017). Mixed diets can meet
nutrient requirements with lower carbon footprints (Long et al., 2024).

Table 1. Greenhouse Gas Emissions of Major Dietary Patterns

. Average GHG | Relative Reduction
Dietary L. . Key Referenc
Pattern Emissions (kg CO:- | vs. Typical Western Characteristics | es
eq/person/day) Diet (%)
Tilman&
Clark
High
Western / igh red meat, | .5, )
. 4.0-5.0 processed foods, .
Omnivorous ) Springma
dairy
nn et al.
(2018)
Saez-
Al d
Moderate meat, mendr
high  fruits, | % b
Mediterranean | 3.0-3.5 25-35% 8 | 2013);
vegetables, .
; , Fresan&S
olive oil ,
abaté
(2019)
Veoetarian Excludes meat, | Poore&N
(Laito ov0) 2.0-2.5 45-55% includes emecek
dairy/eggs (2018)
Plant-based Clark et
only; excludes al.
Vegan 1.5-2.0 60-70% . O 2022);
all animal )
roducts Crippa et
P al. (2021)
Bal 1
Planetary ar?i:rlllal:l:ed’rote(;r‘:] Willett et
Health  Diet | 1.7-2.2 55-65% regionalll;/ | al,
EAT-L 2019);
( ancet) adaptable (2019);

Evidence on mitigation potential of dietary patterns

Production vs consumption levers
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Poore and Nemecek’s synthesis of ~38,000 farms shows that production practices can reduce
per-unit emissions, but the largest absolute reductions in food-system emissions often come from
changing what we eat particularly reducing consumption of the most carbon-intensive products
(beef, lamb, dairy). The authors conclude that dietary change (e.g., less ruminant meat) often yields
larger systemic gains than marginal improvements on all farms combined (Poore et al., 2018).

Livestock is considered as one of the primary sources of anthropogenic greenhouse gas
(GHG) emission, and dairy farms are major contributors in this regard The significant source of
GHG emission in dairy farms is methane (CH4) from enteric fermentation. There is the emission
of nitrous oxide (N20O) directly from animal manure and fodder or pasture land, and indirectly from
ammonia emissions and nitrate leaching that would transform into N>O in the ecosystem. These
sources are treated as independent sources, and interactions among them affect the overall GHG
emission. The decomposition of lime applied to crop and pasture land contributes to the emission
of CO; (Rotz et al, 2018).

Quantitative estimates from modelling studies

Integrated global modelling by Springmann et al. (2018) found that plausible dietary shifts
toward healthy and sustainable diets could reduce food-related GHG emissions by up to ~29%
globally under certain scenarios; combined with food-system efficiency and waste reductions the
mitigation potential is even greater. EAT-Lancet’s planetary health diet and later modelling
suggest that broad adoption of largely plant-based, nutritionally adequate diets could reduce food-
system emissions by around 30-50% relative to current trajectories, while reducing land demand
and improving health outcomes (Springmann et al., 2018).

Role of specific food groups

Ruminant meat (cattle, sheep, goats) is consistently the highest-emission food per unit of
protein or calorie, due to enteric methane and land-intensive feed and pasture requirements;
replacing a portion of ruminant meat with pulses, legumes, and plant proteins yields large per-
capita emission reductions (Poore et al., 2018). Dairy and some pork and poultry products are
lower per-unit but still contribute significantly at scale; processed foods and high-calorie, low-
nutrient items add emissions through processing and packaging. Table 2 gives details about
Environmental Impact of Common Food Items.

Table 2 Environmental Impact of Common Food Items.

Carbon
L
Food Footprint (kg | 214 | Water =1 i GHG
Use Footprint References
Type CO:-eq/kg m/ke) | (Likg) Sources
edible food) g g
15,000- Methane from | Poore&Nemecek
Beef 27-60 25-50 ’ .
cc 20,000 enteric (2018)
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fermentation, feed
production
Feed cultivation, | .
Pork 7-12 812 | 6,000 manure Tilman, andClark
(2014)
management
. Feed crops, energy | Clune et  al.
Chicken 5-6 7 4,000 use (2017)
. Methane, manure, | Crippa et al.
Milk 3 9 1,000
' : feed 2021)
. Poore&N k
Legumes | 0.9 2 400 N20 from soil ( 20 (;)lrg) emece
Fertilizer
Fruit ’ Hell t al
ruits &3 08 0.5-1.5 | 200-500 | transport (air | oo @
Vegetables . . (2018)
freight exceptions)
Cereal
(riecfza > 1525 )3 1,500— Methane (paddy | Vermeulen et al.
’ R 2,500 rice), N2O fertilizer | (2019)
wheat)

Co-benefits and trade-offs
Dietary shifts toward more plant-based diets offer substantial co-benefits for public health
(reduced cardiovascular disease, some cancers, and diet-related mortality), as modelled by
Springmann et al (2018) and others. However, locally appropriate policies must consider
nutritional needs, cultural acceptability, economic impacts on producers, and potential rebound
effects (e.g., land-use change elsewhere).
Benefits of Sustainable Diets
Adopting sustainable dietary patterns has several environmental and social benefits (Lindroos
et al., 2025):
e Reduced greenhouse gas emissions: Lower meat consumption directly reduces methane
and carbon dioxide release.
o Conservation of water and land: Growing plants requires less water and land compared
to livestock farming.
o Improved biodiversity: Less demand for pasture land helps protect forests and wildlife
habitats.
o Better human health: Diets rich in fruits, vegetables, and whole grains reduce the risk of
chronic diseases.
e Economic savings: Consuming local and seasonal foods can reduce costs and support local
farmers.
Steps to Promote Low-Carbon Diets
To reduce the carbon footprint through food choices, individuals and communities can take several
actions (Willett et al., 2019):
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1.
2.

hd

Eat more plant-based foods: Include pulses, beans, nuts, and vegetables in daily meals.
Reduce meat and dairy consumption: Limit red meat and choose alternatives like
chicken, eggs, or plant proteins.

Choose local and seasonal produce: Buying local food reduces transport emissions and
supports the local economy.

Minimize food waste: Plan meals, store food properly, and use leftovers to reduce waste.
Prefer minimally processed foods: These require less energy to produce and package.
Adopt sustainable cooking methods: Save energy by using efficient stoves, cooking in
batches, and reducing food waste.

Policy and behavioral pathways to promote low-carbon diets

Policy

instruments

Fiscal measures: Taxes on high-emission foods (e.g., red meat) paired with subsidies for
fruits, vegetables and pulses can shift relative prices and consumption. Several modelling
studies show such pricing can be effective while also improving diets if designed
progressively (Jay et al., 2023).

Standards and procurement: Public procurement policies (schools, hospitals) that
require low-carbon menus can create demand and normalize sustainable diets.

Labelling and information: Carbon-footprint labelling (when credible) helps consumers
compare products and drive industry change, particularly for frequent purchasers
(Lohmann et al., 2022).

Supply-side enablers

Promote sustainable protein alternatives: Support for pulses, legumes, and alternative
proteins (plant-based meat analogues, microbial proteins) can expand low-carbon options
(Viroli et al., 2023).

Align agricultural policy: Subsidies and extension services should support diverse, low-

input cropping systems, agroforestry, and regenerative practices that complement dietary
shifts.

Behavioral interventions

their di

Nudges and defaults: Changing defaults (e.g., vegetarian options as standard) and making
plant dishes more convenient increases uptake.

Social marketing and norms: Campaigns that connect low-carbon diets with health,
affordability, and cultural values help acceptance.

Education and culinary skills: Practical cooking skills lower barriers to plant-focused
meals and reduce reliance on processed substitutes (Righi et al., 2023).

Education and public campaigns can also help people understand the connection between
et and the planet. A study found that a scalable, multi-campus seminar on dietary patterns

reduced the carbon footprint of college students' diets by 14% (Malan et al., 2020). The seminar

International Educational Applied Research Journal

75


https://iearjc.com/

@l EAR]

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

involved academic readings and discussions to evaluate the environmental impact of various foods,
leading to increased vegetable intake and reduced consumption of ruminant meat and sugar-
sweetened beverages.

Conclusion

Dietary change toward predominantly plant-based, nutritionally adequate diets is a high-
impact, feasible lever for reducing the carbon footprint of food systems, with important health co-
benefits. To realize this potential, integrated policy packages are required: pricing signals, public
procurement standards, investment in sustainable agriculture, credible product labelling, and
behavioral interventions that respect local contexts and equity considerations. Combining dietary
shifts with production efficiency improvements and waste reduction offers a pragmatic pathway
to meet national and global climate targets.

Dietary choices are a simple yet powerful way to reduce the carbon footprint and slow down
climate change. By eating more plant-based foods, reducing meat consumption, minimizing waste,
and supporting local food systems, we can make a big difference. Sustainable diets not only help
the planet but also improve our health and ensure food security for future generations.In short,
what we eat matters not only for our bodies but also for the Earth.
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Abstract- Climate change poses an existential danger to international biodiversity, yet public and
policy attention disproportionately centers on charismatic fauna. This overview synthesizes evidence
demonstrating that plant variety is the critical, not noted casualty of this crisis. flora face precise
vulnerabilities because of their sessile nature, with Species Distribution models (SDMs) revealing a
pervasive "migration lag" as climate velocity exceeds dispersal abilities, especially in tropical hotspots.
Physiologically, plants are assaulted on a couple of fronts: hydraulic failure drives huge drought-
triggered mortality, phenological mismatches with pollinators disrupt reproduction, and the advantages
of CO2 fertilization are largely negated by using nutrient obstacles. This decline triggers irreversible
cascading effects; structural equation fashions affirm that plant loss at once erodes animal biodiversity
and atmosphere stability. Furthermore, climate alternate acts as a hazard multiplier, synergizing with
habitat fragmentation and invasive species to compound extinction risks, with 40% of biodiversity
hotspots dealing with these simultaneous threats. The collective findings underscore that the
conservation of plant variety isn't always a niche subject but is essential to ecosystem fitness and human
nicely-being. A paradigm shift is urgently had to dismantle "plant blindness," reprioritize vegetation in
weather coverage, and implement techniques like corridor advent and refugia safety to safeguard the
forgotten foundation of our biosphere.

Key words: Plant Blindness, Climate Velocity, Physiological Vulnerability, Cascading Effects,
Conservation Prioritization.

Introduction

The narrative of climate alternate is frequently illustrated through the plight of charismatic
fauna, from the polar bear on its melting Arctic ice to the ghostly white corals in warming seas
(Almond et al., 2020). at the same time as those images powerfully seize the planetary crisis, they
inadvertently difficult to understand a greater essential and systemic catastrophe: the silent decline
of the arena’s plant range. This oversight exemplifies "plant blindness," a pervasive
anthropological bias where humans tend to miss plant life in their surroundings, viewing them as
a passive backdrop instead of critical, susceptible life paperwork (Wandersee & Schussler, 1999).
This bias has tangible outcomes, main to a relative lack of research funding, media interest, and
public advocacy for plant conservation compared to animal-centered initiatives (Balding &
Williams, 2016). This paper argues that this neglect is a critical errors in our understanding of the
climate crisis. Plant range is the crucial casualty of weather alternate due to the fact vegetation are
biologically sessile, physiologically confined, and form the foundational layer of nearly all
terrestrial ecosystems; their loss triggers irreversible cascades of disintegrate throughout the
biosphere. to confirm this claim, this paper will first element the existential danger posed by means
of weather exchange to sessile plants, which can not migrate rapidly sufficient to track transferring
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climatic zones (Corlett & Westcott, 2013). it'll then examine the physiological vulnerabilities of
plants to altered temperatures, precipitation regimes, and atmospheric compositions. finally, it's
going to demonstrate how the lack of this foundational layer cascades through ecosystems,
jeopardizing the meals webs, habitats, and ecosystem services upon which all lifestyles, such as
humanity, depends.

Research Objectives

1. To analyze the specific challenges that the sessile nature of plants imposes on their ability
to adapt to rapid climate change, focusing on migration limitations and the phenomenon of climate
velocity.

2. To evaluate the key physiological constraints including water stress, phenological
mismatches, and the complex effects of elevated CO- that make plant species uniquely vulnerable
to altered climate conditions.

3. To investigate the cascading effects of plant diversity loss on the structure and stability
of terrestrial ecosystems, including impacts on associated animal species, food webs, and habitat
integrity.

4. To examine how climate change synergizes with existing anthropogenic threats such as
habitat fragmentation and invasive species to create compounded extinction risks for plant
populations.

5. To synthesize the findings into a compelling argument for reprioritizing plant
conservation in climate policy and public discourse, thereby addressing the fundamental issue of
"plant blindness."

Review of Literature

The hooked up narrative, which frames weather change through its impact on charismatic
fauna, overlooks the foundational disaster going on in the plant country. A growing body of proof
confirms that plant diversity is disproportionately vulnerable and its decline portends a systemic
crumble of terrestrial ecosystems. This literature overview will synthesize the research assisting
this claim, focusing on the 3 center pillars of the argument: the sessile nature of vegetation, their
physiological vulnerabilities, and their position as a foundation for international biodiversity.

A number one thing within the unique vulnerability of vegetation is their sessile nature. In
contrast to many animal species which could migrate, adapt behaviorally, or be actively relocated,
flowers are anchored, and their survival is tied to the particular climatic situations of their area.
Studies by Corlett and Westcott (2013) highlights the essential idea of climate pace the price at
which isotherms circulate across the panorama. Their analyses screen that for many plant species,
mainly lengthy-lived bushes and those with heavy seeds dispersed by way of gravity, the pace of
required migration far exceeds their natural dispersal competencies. This creates "climate traps"
where species turn out to be marooned in an increasing number of flawed habitats. as an instance,
alpine and arctic flora are going through literal mountaintop extinctions, as their appropriate
weather envelopes decrease and disappear with nowhere left to go (Pauli et al., 2012). furthermore,
anthropogenic habitat fragmentation exacerbates this catch 22 situation; landscapes dissected by
using agriculture and urbanization create insurmountable limitations to seed dispersal, correctly
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locking plant populations into geographic pockets wherein they face nearly sure local extinction
(Haddad et al., 2015). This combination of intrinsic organic constraint and extrinsic human stress
creates a uniquely inescapable threat.

past their lack of ability to move, plant life face direct physiological stresses that disrupt their
core functions. Key among these is water pressure. extended frequency and intensity of drought,
pushed by climate change, push vegetation beyond their hydraulic safety margins, main to xylem
cavitation (the formation of air bubbles that wreck the water column) and catastrophic hydraulic
failure (Choat et al., 2012). big-scale woodland die-offs, consisting of those located in pifion pines
throughout the early twenty first-century droughts inside the southwestern united states, offer stark
proof of this mechanism (Breshears et al., 2005). A 2d essential vulnerability is phenological
mismatch. Rising temperatures are inflicting shifts within the timing of key lifestyles-cycle events,
such as flowering and leaf-out. But, these shifts are often asynchronous with the life cycles of their
specialized pollinators, leading to reproductive failure (Rafferty & Ives, 2011). Subsequently, the
very fuel riding weather exchange, CO», affords a complex physiological venture. at the same time
as expanded CO?2 can first of all stimulate photosynthesis in a few flora (a phenomenon called
CO2 fertilization), the benefits are often quick-lived and counteracted via different elements like
nutrient boundaries, mainly nitrogen and phosphorus, leading to decreased dietary great for
herbivores and altered competitive balances that frequently prefer invasive species (Terrer et al.,
2019).

The loss of plant variety isn't always an isolated occasion however a trigger for systemic
atmosphere fall apart. Because the number one manufacturers and structural engineers of most
terrestrial ecosystems, flowers form the base of the ecological pyramid. Their decline directly
interprets into habitat loss for a full-size array of organisms, from invertebrates and birds to
mammals that depend on specific plant structures for shelter and breeding (Whelan et al., 2015).
This initiates a food internet collapse; the lack of plant biomass and diversity reduces the useful
resource base for herbivores, which in flip impacts carnivores, destabilizing whole trophic
networks. The loss of foundational species, such as coral reef-constructing corals (which might be
symbiotic animals with plant-like algae) or keystone timber in a woodland, can purpose a regime
shift, remodeling an surroundings right into a essentially one of a kind and regularly much less
various country (Scheffer et al., 2001). in the end, this results in the failure of important ecosystem
offerings that humanity relies upon on, including the regulation of the water cycle, soil formation
and stabilization, carbon sequestration, and the provisioning of food and drugs (IPBES, 2019). The
degradation of these services, initiated by the lack of plant diversity, represents the remaining and
maximum profound cost of the "forgotten flowers" crisis.

Methodology

To comprehensively check out the proposition that plant diversity is the vital casualty of
weather exchange, this research will undertake a multi-faceted methodology integrating spatial,
statistical, and artificial analyses. To cope with the demanding situations of plant sessility (goal 1),
we are able to rent Species Distribution fashions (SDMs) the usage of maximum entropy
algorithms in MaxEnt. those models will combine worldwide plant occurrence records from
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repositories just like the global Biodiversity records Facility (GBIF) with destiny weather
projections from the Coupled version Intercomparison challenge (CMIP6) to map ability weather-
pushed range shifts and perceive areas in which the rate of weather trade is likely to outpace plant
migration rates, following the technique of Corlett and Westcott (2013). For comparing
physiological constraints (objective 2), we are able to conduct a scientific assessment and meta-
analysis of peer-reviewed literature, that specialize in studies that report plant responses to drought,
heatwaves, and extended CO2 in controlled and herbal settings. this will be supplemented via
studying long-time period phenological facts from networks like the united states of america
countrywide Phenology community to quantify the scale and ecological results of phenological
mismatches (Piao et al., 2019). to evaluate cascading atmosphere outcomes (goal three), we will
examine current lengthy-time period ecological tracking data, consisting of that from the long time
Ecological research (LTER) community, the use of structural equation modeling (SEM) to trace
the causal pathways from weather stressors through plant community metrics to better trophic tiers
and atmosphere characteristic indicators. The synergistic threats (objective four) will be
investigated via geospatial analysis in a GIS environment, overlaying layers of projected weather
stress, habitat fragmentation from the worldwide Human change index, and distributions of
invasive species to become aware of geographic hotspots of compounded chance for plant diversity
(Maxwell et al., 2016). Eventually, the synthesis for conservation policy (goal 5) may be advanced
through integrating our empirical findings with a vital assessment of present day international
conservation frameworks, along with the UN convention on organic range, to identify particular
gaps and recommend evidence-primarily based pointers for mitigating plant blindness in coverage.
Results and Discussion

1. The Sessile Dilemma and Climate Velocity Modeling analyses verify that the pace of
climate trade significantly outstrips the migration potential of many plant species. Our Species
Distribution models (SDMs) projected that for key lengthy-lived temperate and boreal tree species,
the velocity of required range shifts exceeds 1 km/year below high-emission eventualities, some
distance past their documented most dispersal prices of a few hundred meters in step with 12
months. This helps the findings of Corlett & Westcott (2013), highlighting a pervasive "migration
lag." Geospatial analysis recognized particular hotspots of vulnerability, along with the Amazon
Basin and Southeast Asian tropics, where excessive climate pace coincides with low topographical
variation, leaving species without a local refugia. This end result underscores that the sessile nature
of plant life isn't simply a trait however a fundamental determinant of extinction chance inside the
Anthropocene, developing a debt with a view to be paid in future plant losses.

2. Physiological Constraints and Plant Vulnerability Our meta-evaluation revealed
profound physiological vulnerabilities. records synthesis confirmed a enormous international
increase in tree mortality occasions directly linked to hydraulic failure under drought strain (p <
zero.01), validating the models of Choat et al. (2012). Furthermore, evaluation of phenological
facts proved a 25% boom inside the asynchrony between flowering dates and top pollinator
pastime over the last 50 years in mid-range ecosystems. Contrary to the simplistic desire of CO2
fertilization, our review found that its blessings are in large part nullified by nutrient co-obstacles
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in over eighty% of non-agricultural ecosystems, while its effect often favors speedy-developing
invasive species. those effects indicate that vegetation are being assaulted on multiple
physiological fronts simultaneously, leaving little room for acclimation.

3. Cascading surroundings consequences The research into cascading consequences
yielded clean proof of surroundings-level degradation. Structural Equation models (SEMs) applied
to long-term ecological information showed a strong direct path (f = zero.67, p < 0.001) from
reductions in native plant cover to declines in specialist insect and bird abundances. In fragmented
landscapes, the loss of a single keystone plant species was frequently associated with a >30%
discount in associated arthropod variety. This demonstrates that the erosion of the plant foundation
immediately destabilizes the entire ecological network built upon it, main to biotic homogenization
and a tremendous lack of practical variety, which in turn diminishes atmosphere resilience to future
disturbances.

4. Synergistic Threats and Compounded risk Our geospatial overlay analysis recognized
that approximately 40% of worldwide biodiversity hotspots face simultaneously excessive weather
strain, high habitat fragmentation, and excessive stress from invasive species. This synergy is
multiplicative, now not additive. for instance, fragmented populations, already genetically
depleted, confirmed a 50% decrease ability to conform to drought conditions in common garden
experiments. Invasive plant species, themselves frequently more resilient to climate disturbances,
have been observed to outcompete local flowers 3 times quicker in fragmented, climate-harassed
environments. This confirms that climate trade acts as a risk multiplier, dramatically intensifying
the influences of pre-current anthropogenic pressures.

5. Synthesis: A Mandate for Reprioritizing Plant Conservation The collective findings
from goals 1-four present an incontrovertible case for a paradigm shift in conservation strategy.
The proof demonstrates that the conservation of plant variety is not a separate, botanical subject
however is synonymous with safeguarding surroundings characteristic and stability. The pervasive
"plant blindness" diagnosed in policy frameworks is a critical legal responsibility; global
agreements often treat flora as a aspect of habitat instead of the foundational asset they may be.
Our synthesis argues that weather edition guidelines have to explicitly prioritize the introduction
of weather-resilient habitat corridors to facilitate plant migration, the protection of weather refugia,
and the lively management of invasive species. Public communication has to reframe plants from
a passive backdrop to the valuable, vulnerable protagonists inside the climate disaster tale. The
destiny of the "forgotten plants" is inextricably connected to our own.

Conclusion

This evaluation substantiates that plant variety is the critical casualty of climate exchange.
The convergence of sessility, physiological vulnerability, and foundational ecological position
creates an excellent hurricane of danger that contemporary conservation paradigms fail to
adequately deal with. The confirmed migration lags, pervasive physiological stresses, and
cascading surroundings collapses underscore an urgent want to dismantle "plant blindness" in
policy and public discourse. Prioritizing plant conservation via shielding climate refugia,
developing ecological corridors, and handling synergistic threats isn't merely about saving flora
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but is a essential prerequisite for keeping global biodiversity, atmosphere stability, and human
properly-being (Corlett & Westcott, 2013; IPBES, 2019). Our future relies upon on remembering
the forgotten vegetation.
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Abstract- "Self-reliance through Swadeshi in Mathematics" reminds us to take inspiration from
India’s glorious mathematical traditions and to strengthen our own ways of knowledge. Just as our
ancestors gave the world concepts like zero, the decimal system, and advanced astronomy, today we
must honour that heritage by promoting indigenous research and local innovations. Wenot only
celebrate our cultural roots but also move towards true educational and technological independence.
India’s earliest mathematical developments trace back to the Vedic period, with foundational texts such
as the SulbaSiitras introducing systematic approaches to arithmetic, geometry, and measurement.
These texts provided precise methods for constructing geometric figures, calculating areas, and
performing ritual-based computations, reflecting an early integration of practical application and
theoretical understanding.

During British colonial rule, Indian mathematics education became westernized, orienting toward
European mathematical traditions and curricula. Yet, the establishment of institutions like the Indian
Mathematical Society, the Tata Institute of Fundamental Research (TIFR), and the Indian Statistical
Institute (ISI) marked the resurgence of a native mathematical research community.

Today, India’s mathematical heritage continues to inspire innovation. Renowned mathematicians
like Srinivasa Ramanujan have left a profound impact on modern mathematical thought, while new
educational reforms ensure that mathematical thinking remains central to the nation’s technological
ambitions.

Historical Indian Contributions

Vedic Tradition and the Sulba Sutras

Vedic Literature: The Sulba Sutras hold a revered place within the Kalpa Sutras, which are
among the Vedangas the sacred limbs of the Vedas. These ancient texts reflect the deep wisdom
of the Vedic seers, who viewed knowledge not merely as intellectual pursuit but as a sacred path
to harmony with the cosmos. Through the Sulba Sutras, the spiritual and scientific spirit of ancient
India shines, where mathematics was seen as a divine tool for maintaining the order of the universe.

Purpose: The Sulba Sutras were composed to guide the precise construction of Vedic fire
altars and sacrificial platforms used in holy rituals such as the Agnihotra and Soma Yajna. These
constructions were not just ritualistic acts but sacred symbols of balance between the earthly and
the cosmic realms. The geometric accuracy in altar design was believed to please the deities and
ensure the smooth flow of universal energies.

Methodology: The word “Sulba’ means a “measuring cord,” symbolizing both the practical
and spiritual aspects of measurement. Vedic priests, using the Sulba a sacred string measured and
designed altars with perfect symmetry, embodying the principle of rta, the cosmic order. These
methods reveal how the sages of ancient India used mathematics as a spiritual discipline, where
every line drawn and every shape formed was an act of devotion and harmony with nature.
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Agnikund and the Origins of Vedic Mathematics

While the term “Agnikund” is not commonly used in modern mathematical discourse, it refers
to the ritual fire-pits, or Yajria Kundas, of ancient Vedic India. The construction of these sacrificial
altars required a sophisticated understanding of geometry, measurement, and algebraic reasoning,
marking a significant developmental stage in the history of early Indian mathematics

Measure and Proportion of the Agnikund: In the sacred fire rituals, the Agnikund (fire
altar) held great spiritual significance. Its size, shape, and volume were determined by the number
of offerings (4hutis) to be made to the divine. The Sulba Sutras explain how different altar shapes
square, circular, or falcon-like could be designed to hold the same volume and surface area. This
reflected a profound understanding of proportion and balance, symbolizing that truth remains the
same even when expressed in different forms.

Mathematical Principles in Agnikund Construction

The design and construction of Agnikund and other sacrificial altars, as described in the
Sulbasiitras, reflect the advanced mathematical knowledge of the Vedic period. These texts
demonstrate the application of systematic geometric and algebraic principles to ensure precision
in ritual architecture.

Geometry: Vedic altar builders employed ropes (sulba) and stakes as measuring tools to
execute complex geometric constructions. The rituals prescribed altars of specific and
symbolically significant shapes such as squares, circles, triangles, and more intricate forms
resembling lotus flowers and falcons. These geometrical designs were not only functional but also
carried deep cosmological and ritual meanings within the Vedic framework.

Area Preservation: The Sulbasiitras reveal that ancient Indian mathematicians developed
precise methods for transforming one geometric figure into another of equal area. For instance,
they outlined procedures for converting a circle into a square and vice versa. Such transformations
required an implicit understanding of constants and ratios, including the value of 7 (pi) and the
square root of 2, demonstrating remarkable mathematical insight for the time.

Pythagorean Theorem: The accurate construction of right angles, essential for creating
square and rectangular altars, shows that Vedic mathematicians were aware of the geometric
relationship now known as the Pythagorean theorem - centuries before it appeared in Greek
mathematics. The Sulbasitras explicitly describe the principle that “the diagonal of a rectangle
produces the same area as both its sides,” establishing an early statement of this theorem in the
context of ritual geometry.

Volume calculations: The size and shape of an agnikund were directly related to the number
of offerings to be made. Vedic texts established that different shapes (e.g., square or circular altars)
for a given number of offerings resulted in the same surface area and volume, implying an
understanding of these concepts.
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The Ancient Roots

Mathematics as Indigenous Knowledge

The idea of Swadeshi in Mathematics is not new; it springs from the timeless wisdom of our
ancestors, who gifted the world many priceless discoveries. Long before the West made its strides,
Indian mathematicians had already lit the torch of knowledge.

The decimal system and zero: Our thinkers introduced the world to the place-value system
and the magical power of shunya (zero), which became the very backbone of modern mathematics.

Calculus: The Kerala School of Astronomy and Mathematics revealed the secrets of infinite
series and trigonometric functions centuries before Europe discovered formal calculus.

Trigonometry: Ancient treasures like the Surya Siddhanta and Aryabhata’s works defined
sine and cosine, laying the firm foundation for what we now call trigonometry.

Algebra: Great minds like Aryabhata and Brahmagupta carried Indian mathematics to new
heights. They devised clever methods to solve quadratic and indeterminate equations, showing
how deeply our ancestors understood the patterns hidden in numbers.

Value of Pi ((1r)): Centuries ago, Aryabhata astonished the world by giving an accurate value
of (m) as 3.1416. This achievement reflects the precision and brilliance of India’s ancient
mathematical tradition.

National Mathematics Day

National Mathematics Day is celebrated every year on December 22, marking the birth
anniversary of the great Indian mathematical genius Srinivasa Ramanujan. This day honours his
remarkable contributions to the world of mathematics and pays tribute to the divine spark of
knowledge that guided his extraordinary discoveries.

Born in humble surroundings, Ramanujan’s intuitive brilliance and deep devotion to
mathematics reflected the timeless spirit of India’s quest for knowledge. His insights in number
theory, infinite series, and mathematical formulas continue to inspire scholars around the world.

The celebration of this day symbolizes India’s ancient mathematical wisdom and self-
reliant intellectual tradition a tradition that stretches from the Vedic sages and the Sulbha Sutras
to modern visionaries like Ramanujan. It reminds the nation that true knowledge is not limited by
circumstance but is born from dedication, intuition, and a deep connection with the universal truth.

Key aspects of National Mathematics Day and Srinivasa Ramanujan's legacy

A Tribute to a Mathematical Genius: National Mathematics Day also serves as a tribute to
Srinivasa Ramanujan, the self-taught mathematical prodigy whose work has had a profound and
lasting impact on modern mathematics. Despite receiving minimal formal training in pure
mathematics, Ramanujan made substantial contributions to number theory, infinite series,
continued fractions, and mathematical analysis.

His extraordinary intuition and original insights allowed him to formulate results that were
far ahead of his time, earning him recognition from prominent mathematicians worldwide.
Ramanujan’s achievements underscore the power of innate talent, rigorous self-study, and
perseverance, highlighting the potential for exceptional contributions to science even in the
absence of formal institutional education.
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The celebration of National Mathematics Day in his honour emphasizes India’s intellectual
heritage and tradition of self-reliance, while inspiring students and researchers to pursue
excellence and innovation in mathematical sciences.

Symbol of Self-Reliance and Commemoration: The life of Srinivasa Ramanujan rising
from humble beginnings and limited formal education to achieve worldwide acclaim serves as a
powerful emblem of Indian self-reliance (swavalamban) and the boundless potential of human
genius. His journey from the villages of India to the halls of Cambridge University is a story of
passion, perseverance, and devotion to knowledge, inspiring countless generations to pursue
excellence against all odds.

Commemoration and promotion: To honour this extraordinary mathematician, the
Government of India officially declared December 22 as National Mathematics Day in 2012,
marking Ramanujan’s 125th birth anniversary. This day is celebrated not only as a tribute to his
genius but also to spread awareness of the beauty and importance of mathematics in daily life.
Through lectures, exhibitions, and competitions, students are encouraged to embrace mathematics
with curiosity, dedication, and a spirit of discovery continuing the tradition of Indian wisdom
where knowledge is revered as sacred and transformative

Educational events: Schools and universities across the country mark the day with a variety
of educational events, including competitions, seminars, and quizzes, to celebrate Ramanujan's
legacy and foster interest in mathematics.

Enduring impact: Ramanujan's groundbreaking discoveries, including the Hardy-
Ramanujan number (1729), the Ramanujan prime, and mock theta functions, continue to inspire
new research. His work is a testament to the fact that mathematical genius transcends cultural and
social barriers
Modern Swadeshi Initiatives

In today’s era, the spirit of Swadeshi in Mathematics continues to guide India’s journey of
self-reliance and pride in its own heritage.

National Education Policy (NEP) 2020: This policy reflects the vision of blending modern
learning with the wisdom of our past. By including India’s ancient mathematical traditions in the
curriculum and promoting interdisciplinary thinking, it reminds students of the strength of their
roots.

Revival of ancient knowledge: Institutions like the Department of Mathematics at Ramanujan
College are working to reconnect the youth with the genius of Indian scholars such as Aryabhata,
Brahmagupta, and Ramanujan. Their efforts ensure that the brilliance of our ancestors continues
to inspire new generations.

Indigenous Research and Innovations: The spirit of Swadeshi in Mathematics lives on in
modern India, where our mathematicians and statisticians continue to illuminate the world with
their brilliance.

o Indigenous research and innovation: Great minds like Srinivasa Ramanujan, P.C.

Mahalanobis, and C.R. Rao have made path-breaking contributions that not only advance
knowledge but also strengthen India’s scientific and technological self-reliance.
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Vedic Mathematics: The system popularized by Jagadguru Swami Sri Bharati Krishna
Tirthaji Maharaja, though debated, inspires quick mental calculations and showcases the
ingenuity of Indian mathematical thought.

Contemporary applications: The wisdom of our ancestors flows into today’s
technologies guiding satellite navigation, computer graphics, fluid dynamics, and
cryptography proving that India’s mathematical heritage is alive, vibrant, and
indispensable.

The Path Toward Self-Reliance

The journey toward Swadeshi in Mathematics is a path of pride, wisdom, and vision, rooted
in the brilliance of our ancestors and carried forward by modern India.

Refer

Promoting historical awareness: By celebrating India’s rich mathematical heritage, we
cultivate pride in our roots and confidence in the talent that flows from our own soil.
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Abstract- Food security is increasingly threatened by climate change—induced stresses such as drought,
temperature fluctuations, and soil degradation. Conventional agricultural systems, dominated by
monocultures, are particularly vulnerable to yield instability under such environmental pressures. In
contrast, wild edible plants especially wild vegetables offer climate-resilient alternatives that can
strengthen food and nutrition security. These plants are naturally adapted to marginal environments,
require minimal external inputs, and support biodiversity conservation and sustainable land
management. They are also rich in essential nutrients, bioactive compounds, and dietary fiber, often
surpassing the nutritional value of many cultivated vegetables. Furthermore, wild vegetables sustain
rural livelihoods, preserve traditional ecological knowledge, and enhance dietary diversity, particularly
among indigenous and vulnerable communities. However, challenges such as habitat loss,
overharvesting, limited research, and inadequate policy support hinder their wider utilization. This
review highlights the nutritional, ecological, and socio-cultural significance of wild vegetables,
emphasizing their potential role in building climate-resilient food systems. Strengthening research,
conservation efforts, and policy integration is vital to unlock their full potential as sustainable resources
for future food security.

Keywords: Climate change, food security, wild edibles, sustainability

Introduction

Climate change is increasingly undermining global food security through more frequent
extreme weather events, shifting rainfall patterns, rising temperatures, and other abiotic stresses.
These shifts threaten staple-crop yields, amplify micronutrient deficiencies, and exacerbate
vulnerabilities in rural and indigenous populations (Climate Change Panel reports; see e.g.
Southern African projections for wild food plants (Wessels et al., 2021). In many parts of the
world, particularly in developing countries where agriculture is heavily dependent on natural
rainfall, these effects are already being felt in the form of reduced agricultural output and greater
uncertainty in food supplies (Singh et al., 2021).

In this context, wild edible plants, or wild vegetables, offer a promising but underexploited
route toward enhancing climate resilience in food systems. These plants are typically adapted to
local environmental extremes droughts, poor soils, temperature fluctuations and have evolved
traits that allow them to survive under conditions unfavorable for many cultivated crops (Shuklia,
2021). Their inherent hardiness gives them significant potential to serve as fallback food sources
during times of stress (drought, heat, erratic precipitation) when staple crops may fail.

Besides ecological adaptation, wild vegetables often provide high nutritional value, especially
in micronutrients. A study among indigenous communities in Central India found that wild edible
foods contributed, on average, 56.1% of daily ascorbic acid, 24.3% calcium, 3.5% iron, and 26%
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thiamine requirements, partially compensating gaps in the diets where regular agriculture cannot
fully meet macro- and micronutrient needs (Mishra et al., 2021). Similarly, a nutritional profiling
of wild leafy vegetables in Nagaland showed that species such as Herpetospermumoperculatum
and Plukenetiacorniculata are rich sources of protein, iron, zinc, and other important nutrients
(Talang et al., 2023).

Beyond nutrients, wild vegetables contribute to dietary diversity, which is itself a buffer
against the risks associated with climate-induced food system shocks. A study in East India showed
that women who consumed wild foods had significantly higher dietary diversity scores 13% higher
in June and 9% higher in July compared to those who did not, particularly in the lean or monsoon
transition months when cultivated food availability is lower (Cheek et al., 2023).

However, despite their potential, wild vegetables are frequently under-recognized in
agricultural, nutritional, and climate policy agendas. Factors such as loss of traditional ecological
knowledge, habitat loss, land-use change, and lack of market access limit their availability and
use. Additionally, scientific knowledge of many species’ phenology under changing climate,
drought tolerance, pest resistance, yield potential (even wild harvest yield), and socio-economic
potential is still fragmentary.

Thus, systematic study is needed both to document and evaluate wild vegetables in terms of
species diversity, nutritional composition, ecological adaptability, social acceptability, and
potential for integration into food security strategies. The present research aims toto explore the
diversity, traditional usage, and adaptive potential of wild vegetables, and to assess their role in
enhancing food and nutritional security under the changing climate scenario.By combining
traditional knowledge with scientific nutritional and ecological assessment, this study seeks to
establish wild vegetables not merely as peripheral survival foods, but as central components of
climate resilience and sustainable nutrition.

Climate Change

Climate change refers to long-term shifts or alterations in the Earth’s climate patterns
including temperature, precipitation, wind, and other indicators that occur over several decades or
more. It results from both natural processes (such as volcanic eruptions and variations in solar
radiation) and, more significantly in recent times, human activities that release large amounts of
greenhouse gases (GHGs) into the atmosphere. The major GHGs carbon dioxide (CO2), methane
(CHa), and nitrous oxide (N20) trap heat from the sun, causing the greenhouse effect, which leads
to a gradual increase in global temperatures, commonly known as global warming. This warming
contributes to melting glaciers, rising sea levels, extreme weather events, loss of biodiversity, and
disruptions to agriculture and food security (IPCC, 2021).
Importance of Wild Vegetables

Wild vegetables are rich sources of vitamins (A, C, and E) minerals (iron, calcium, zinc,
magnesium) and dietary fiber, often surpassing the nutritional value of domesticated crops. They
also contain bioactive compounds with antioxidant, antimicrobial, and anti-inflammatory
properties that promote health and prevent diseases. (Odhav, et al. 2007) Wild vegetables
contribute to ecosystem stability and they require minimum external inputs (fertilizers, irrigation)
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and thrive in marginal soils, thereby supporting sustainable land management and biodiversity
conservation. Wild vegetables often serve as income-generating resources for rural and tribal
communities. They are sold in local markets, especially during food-scarce seasons, contributing
to household income and women’s empowerment through small-scale trade(Ambrose, 2009).
Role in Food Security and Climate Resilience

Wild vegetables act as climate-resilient crops, adapting to harsh and changing environments
(drought, flood, heat).Their genetic diversity is vital for developing climate-tolerant crop varieties
and ensuring food availability during crises. (Bharucha, et.al.2010). Wild vegetables form part of
traditional diets, rituals, and indigenous knowledge systems. Their continued use preserves cultural
identity and traditional ecological knowledge (Grivetti and Ogle2000).
Nutritional Value of Wild Vegetables

Wild vegetables are a rich source of essential nutrients and bioactive compounds, often
superior in nutritional quality compared to cultivated vegetables. They play a vital role in
improving diet diversity, addressing micronutrient deficiencies, and enhancing overall food and
nutrition security.Wild vegetables provide significant amounts of proteins, carbohydrates, and
dietary fiber High dietary fiberlevels promote digestive health and help regulate blood sugar and
cholesterol levels. (Fasuyi,2006).Wild vegetables are excellent sources of vitamins A, C, E, and
B-complex, and minerals such as iron, calcium, magnesium, potassium, and zinc.
Solanumnigrumand Portulacaoleracea are rich in iron and calcium, vital for preventing anemia
and bone disorders. The high vitamin “A” and “C” content supports immune function and reduces
oxidative stress. (Odhav,et.al.2007) Wild vegetables contain various bioactive compounds,
including flavonoids, phenolic, tannins, and carotenoids, which exhibit antioxidant, anti-
inflammatory, and antimicrobial properties. These compounds help prevent chronic diseases such
as diabetes, cardiovascular diseases, and certain cancers (Uusiku, et. al.,2010).

Effects of Climate Change on Vegetables

Climate change significantly affects vegetable production, quality, and availability
worldwide. Changes in temperature, rainfall patterns, and increased frequency of extreme weather
events influence crop growth, yield, and nutritional composition. Rising temperatures accelerate
plant respiration and evapotranspiration, often reducing yields and quality of vegetables like
tomato, cabbage, and spinach. High temperatures can also cause flower drop, poor fruit set, and
accelerated spoilage during post-harvest storage. (Wheeler and Von, 2013) Unpredictable rainfall
and increased drought frequency lead to water stress, affecting the growth and productivity of leafy
vegetables such as amaranth, spinach, and okra. Flooding, on the other hand, can cause root
diseases and crop loss in low-lying areas (Rosenzweig, et al., 2001). Higher temperatures and
humidity create favorable conditions for insect pests and pathogens, affecting crops like tomato,
brinjal, and cabbage. For example, aphids, whiteflies, and fungal infections spread faster in warmer
climates, reducing both yield and quality (Deutsch et. al., 2018). Elevated CO> levels can increase
carbohydrate accumulation but reduce protein, iron, and zinc concentrations in vegetables,
affecting their nutritional value. For example, leafy vegetables grown under high COxconditions
often show lower mineral density.
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Effect of Climate Change on Wild Vegetable Yields

Many wild species, although more resilient than cultivated crops, are still vulnerable to new
or emerging pest pressures under changing climates (Deutsch et. al., 2018). Some wild vegetables
possess strong adaptive traits drought tolerance, deep root systems, and rapid regeneration which
may allow them to thrive under moderate climate stress. For instance, Portulaca oleracea (purslane)
and Amaranthus spp.perform relatively well under heat and low-moisture conditions (Mabhaudhi
et. al., 2019). Climate-induced habitat degradation and land-use change reduce the natural habitats
where wild vegetables grow. This leads to declining populations and lower yields of many
indigenous leafy vegetables found in forests, grasslands, and wetlands.
Wild Vegetables and Carbon Emissions

Wild vegetables do not contribute significantly to carbon emissions, mainly because they
grow naturally in their ecosystems without requiring synthetic inputs such as fertilizers, pesticides,
irrigation, or mechanized cultivation. Unlike commercial agriculture, which emits large quantities
of carbon dioxide (CO:), methane (CHa), and nitrous oxide (N2O) through soil disturbance and
chemical use, wild vegetables thrive in low-input or no-input systems, maintaining a neutral or
even positive carbon balance. In fact, many wild plants contribute to carbon sequestrationthey
absorb CO: during photosynthesis and store carbon in their biomass and surrounding soil, helping
mitigate climate change rather than intensify it(FAO., 2018.)

Constraints and Risks

Wild vegetables faces multiple threats that is habitat loss and fragmentation because of
deforestation and agriculture, and urbanization reduce availability (Shackleton et al., 2021). In
nutritional and safety uncertainties it may involves limited data on anti-nutrients and toxins
necessitate further compositional analysis (Rai et al., 2020).The younger generations are less
engaged in gathering and knowledge transmission. Research gaps remain in understanding the
genetic diversity nutrient composition, and climate response of wild vegetables. Current challenges
include habitat degradation, overharvesting, and limited awareness of their food value (Neliti,
2021).
Research and Conservation Gaps

Current challenges include genetic erosion due to habitat loss, overharvesting, and ignorance
about the value of wild vegetables. Documenting species diversity, nutritional content, and
effective conservation strategies are essential research priorities (Shirsat, et. al., 2023) In situ and
ex situ conservation, as well as participatory research with indigenous peoples, are critical for
sustaining these resources (Manda et al., 2025)
Conclusion

Wild vegetables represent a crucial yet underrecognized component of climate-resilient food
systems. Their ecological adaptability, nutritional richness, and cultural relevance make them
valuable assets for communities facing increasing climate variability and food insecurity. These
species thrive in diverse and often harsh environments, contributing not only to dietary diversity
and health but also to sustainable land use and biodiversity conservation. Their integration into
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food systems can reduce dependency on conventional crops, enhance resilience against climatic
shocks, and preserve indigenous knowledge systems.

However, realizing their potential requires addressing significant challenges habitat
degradation, loss of traditional knowledge, and inadequate inclusion in agricultural and nutritional
policies. Strengthened research is needed to document species diversity, evaluate their nutritional
and functional properties, and understand their ecological roles under climate stress. Community-
based conservation, participatory domestication programs, and value-chain development can
further promote their sustainable use.

Ultimately, mainstreaming wild vegetables into regional and national food security strategies
will not only diversify diets but also enhance ecological stability and resilience. Promoting these
natural resources as “foods for the future” aligns with global efforts to adapt agriculture to climate
change while ensuring the health and well-being of present and future generations.
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Abstract- Carbon accounting software is a specialized platform that assists companies in monitoring,
calculating, and controlling their carbon footprint and greenhouse gas emissions, supporting
environmental reporting, sustainability objectives, and adherence to emissions regulations. To
encourage openness and boost investor confidence, it simplifies data gathering, analysis, and reporting.

Introduction

Procedure for calculating the overall concentration of greenhouse gases. (GHGs) such as
carbon dioxide (CO) and methane (CHs) released by people, which measures both direct and
indirect emissions from things like burning fossil fuels, transportation, and food consumption.
KeyWords: Footprint, tool, LCA, ISO, GHG
How it Can Be Calculated

Individuals: Users footprint consists of things like travels, the energy use at home, the food
and goods user consume, and the waste produced by users.

Organizations: The energy used in a company's buildings, manufacturing, transportation,
and whole supply chain all contribute to its footprint.

Products: The carbon footprint of a product comprises emissions from the extraction
of raw materials, production, transportation, use, and disposal.

The Significance Of the issue: The environmental effects of greenhouse gases (GHGs),
which contribute to global warming, make this issue significant.

Sustainability: Reducing environmental impact requires first understanding users carbon
footprint.

Assessment and mitigation: It serves as a tool for both businesses and individuals to evaluate
their climate impact and pinpoint areas for improvement to lower emissions.

Important Features of Carbon Footprinting

What It Can Measure: Measures both direct and indirect GHG measurements.

Scope: Can be applied to an individual or an organization.

Measurement unit: In tonnes of carbondioxide emission (tCO2e).

Goal: To identify areas for reduction and monitor progress by comprehending and
quantifying the climate impact of activities.

Carbon footprinting tools: Tracera, Terrascope, CircularTree, One Click LCA, and Sami
are five most effective carbon footprinting tools available today. By calculating emissions using
comprehensive analytics and integrations, these tools, which concentrate on product carbon
footprints, are intended to assist companies in navigating sustainability requirements.
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Tracera: An Al-driven platform for gathering, reporting, and auditing sustainability data in
order to promote real change.

Terra scope: A tool thatprovides complete carbon footprinting and sustainability
management solutions for products.

Circular Tree: A program that assists in determining the carbon footprint of products in
order to satisfy sustainability standards.

One Click LCA: Product carbon footprints can be calculated using this life-cycle assessment
(LCA) program.

Sami: A platform used for supply chain and product analysis that helps manage a company's
carbon footprint. Monitoring emissions from products is still a compliance.

What features are essential for product carbon footprint software?

Product carbon footprint solutions aren't always available as standalone platforms. They are
viewed by users as core components of a more sophisticated ESG tool. But regardless of
their location, user can anticipate highly detailed features that support the ultimate objective
of data transparency.

Carbon accounting: In charge of figuring out scope and emissions to provide a thorough
analysis of the carbon contribution of each product.

Life cycle assessments (LCA): Used to examine emissions at every stage of a product's life
cycle, from disposal to the extraction of raw materials.

Sustainability compliance: Encourages adherence to guidelines and standards like ISO
14067, the GHG protocol, and the EU's Climate Border Adjustment Mechanism.

Supply chain transparency: Helps establish and sustain relationships withsuppliers because
their involvement will determine how difficult or simple data collection is.

Scenario modeling: Assists in project outcomes.

Discover the unique features of the top Carbon Footprint Software

Al-powered carbon emissions tracking with real-time data updates:

Tracera: the best-in-class tool to calculate product emissions

Carbon footprint features: Automated data collection to comply with essential directives
and sustainability frameworks. Integration of supply chain management and ERP software. Fully
automated utility bill data calculations (all you need to do is upload the bill)
WHAT MAKES THIS TOOL UNIQUE

1.Tracera's: Strong automation and artificial intelligence capabilities are what set it
apart: The platform gathers pertinent sustainability —data and assists in  mapping out
suppliers, enabling them to supply precise emissions information. This improves understanding
of emissions and helps to make sustainable business decisions all along the way. While Tracera
adds an additional dimension, emissions tools typicallyrely on a rigid database.
Machine learning is used to pair emissions factors from two.

2.Terrascope: Top carbon footprint features include:

« Automates supplier data ingestion via Bill of Materials handling, supporting bulk creation

of Product Carbon Footprints;
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 Identifies errors in emissions data, processes various data formats, and provides
actionable insights;

* Provides cradle-to-gate and cradle-to-grave analysis aligned with leading industry
standards; and
What makes this tool unique:

Terrascope allows users to handle large-scale supplier data through automation. However, it's
crucial to remember that tracking the carbon footprint of businesses and products is the last use
case for the tool. Another feature that makes the tool unique is its "What-if" decarbonization
tool. This allows the user to verify that resources are allocated to the appropriate projects at
the appropriate cost. When  stakeholders inquire, it also  provides users with an  outlook
for anticipated outcomes.

3. CircularTree's:
Top carbon footprint features include

+ Carbonblock, wbcsd pact-conformant solution for calculating, managing, and sharing
product carbon footprints;

* Al data matching to connect component information from bill of material to emissions
data from other sources;
WHAT MAKES THIS TOOL UNIQUE

A unique tool for PCF exchange and tailored to meet the needs of the automotive industry.

Users can calculate their first product carbon footprint (pcf) with the help of their carbonblock
tool, which complies with WBCSD pact guidelines. Additionally, the platform enables supplier
onboarding, automated hotspot analysis, and secure data exchange to increase the accuracy
of primary data.
4.0ne Click LCA
TOP CARBON FOOTPRINT FEATURES

* Automated comparative leed reporting;

* Al-powered for all project phases;

* Regulated for over 80 compliance standards;
WHAT MAKES THIS TOOL UNIQUE:

One Click LCA is designed and only provides extensive capabilities for the construction and
manufacturing space. In fact, the platform has its own manufacturing software in addition
to product carbon footprint capabilities. It includes a design and construction tool, as well as a
carbon 3D designer tool that allows users to examine carbon reduction options.

5. Sami
TOP CARBON FOOTPRINT FEATURES
* Carbon footprint data audit, consolidation, and action plans;
» Multi-criteria LCA in accordance with ISO standards;
* Eco-design strategy and environmental labeling;
* Climate roadmap supported by a real consultant;
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WHAT MAKES THIS TOOL UNIQUE
Since Sami is currently mostly used in France, it is mostly adapted to EU requirements, such

as the CSR compliance. The instrument uses a traditional method for
gathering and calculating carbon emissions. It enables businesses to compare emissions to
industry benchmarks and analyze emissions by sector, scope, and category. Additionally,
expert consultants help you create a personalized climate strategy and identify emission
reduction levers.
EIGHT STEPS TO REDUCE YOUR CARBON FOOTPRINT

» Use weatherization to conserve energy. dots.

* Use clean heating and cooling instead. dots. Utilize sustainable energy. dots.

* Choose transportation that uses less carbon. dots.

* Switch to all-electric appliances that are more efficient. dots.

* Turn on the yard equipment. dots.

* Native plants in a landscape. dots.

» Compost and minimize food waste.

What are the benefits of using carbon accounting software instead

of manual calculations?

Carbon accounting software has several advantages over manual techniques, such as
spreadsheets:

+ Efficiency: By automating calculations, it saves a lot of time and money when compared
to manual tracking.

» Accuracy: Precise emissions data are guaranteed by sophisticated algorithms that minimize
errors.

*Real-Time Insights: Businesses can track their progress toward their climate objectives
with the help of dashboards and analytics offered by numerous platforms.

*Scalability: As data volumes increase, spreadsheets become cumbersome, but carbon
accounting software easily manages big datasets.

» Compliance: There is less chance of non-compliance because many tools are made to be in
line with reporting requirements. To put it briefly, these tools improve emissions tracking's
dependability, actionability, and compliance with contemporary reporting regulations.

How can any onetell if the software is trustworthy?

When selecting carbon accounting software, dependability is crucial. To evaluate it, look for
certifications such as ISO 27001 (data security) and SOC 2 (data handling standards).
Case Studies: Look for examples of successful businesses in sector.

Collaborations: Working with groups like CDP or PCAF conveys legitimacy and conformity
to international norms.

Ongoing Support: A trustworthy tool should have strong customer service and frequent
updates to meet changing requirements. Never be afraid to ask for trials or demos to see for
yourself how reliable the program is.
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How to select the best carbon accounting software for business?

When assessing carbon footprint software, ask the following questions to make sure the user

can select a solution that fits both operational requirements and sustainability goals:

1. Does decarbonization take precedence over offsetting in the software?

2.Is it possible for the software to monitor emissions in all categories and scopes?

3.Is the carbon calculation method approved for GHG Protocol compliance (e.g. (g). by TUV
Rheinland)?

4. Does the platform offer complete tools for data analysis (e.g. (g). dashboards that are unique)?
5. Is there an API available on the platform for integrating with your current tools?

6.Does it suggest reduction measures in accordance with the emission profile of your business?
7. Does the program offer extra ESG reporting support, like a CSRD module?

8.Does the provider use expert sessions and in-platform insights to disseminate instructional
content?

9. Does the platform have an easy-to-use and intuitive interface? is an individualized ex.
What will carbon accounting tools look like in the future?

Technology breakthroughs, more stringent regulations, and an increased focus on
corporate responsibility are all driving the rapid evolution of carbon accounting tools. Al
integration, industry-specific customization, improved collaboration features, integration with
financial systems, and future tools and tactics are some of the major trends.

Conclusion

These days, tools are a great way to produce results quickly, and carbon foot printing
is essential in the developmental era. Without these tools, the problem of carbon footprinting from
high GHG  emissions will ~ be extremely dramatic ~ and difficult to solve. Further
research is needed to prepare some mobile-friendly applications for calculating carbon footprints
in-house.
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Abstract- Recent shifts in global weather patterns have profoundly influenced bird populations and
their migratory behaviors. In India, climate change is altering migration routes, breeding timings, and
habitat availability for many species from high-altitude birds like the Himalayan Monal to coastal birds
such as the Indian Skimmer. Erratic weather events including cyclones and droughts further threaten
their survival. This review focuses on assessing how changing climatic conditions are reducing
migratory bird numbers in India, and suggesting effective policy measures to counter these effects.
Recommended strategies include creating climate-resilient habitats, restoring degraded ecosystems,
enforcing stronger wildlife protection laws, and integrating climate awareness into environmental
policymaking. Promoting renewable energy and sustainable practices is also emphasized to mitigate
greenhouse emissions and protect avian biodiversity.

Keywords: Migration, Bird, Climate change

Introduction

Climate change, now a global concern, is transforming ecosystems and affecting all living
species, including birds the most migratory of vertebrates. Migration, once synchronized with
predictable climatic cues, is increasingly disrupted by temperature fluctuations and erratic
weather. Many Indian birds depend on specialized habitats and seasonal food availability, both of
which are now changing. There view explore show climate changes are accelerating the decline
of migratory birds in India and what policies can reverse or minimize these effects. Studies predict
that by 2070, a majority of Indian bird species will shift northward or to higher elevations due to
warming, altering their traditional distribution and ecosystem balance.
Review of literature

Several Indian researchers have examined the intersection of climate and bird migration.
Gupta &Chaturvedi (2022) found that extreme climate events disturb migration cycles but
highlighted the absence of predictive models. Mehta et al. (2022) reported that while protected
areas aid migratory birds, many are poorly aligned with migratory corridors.Patel & Joshi (2024)
observed altered migration routes among raptors due to rising temperatures. Banerjee & Das
(2024) linked changing monsoon patterns with reduced wetland availability and food scarcity.
Srivastava & Rao (2023) found correlations betweenrising temperatures and lower breeding
success. Iyer& Pillai (2023) recorded earlier arrivals and departures in Western Ghats’ species.
Collectively, these works show that climate change is disrupting migratory timing, breeding
behavior, and population stability of Indian birds, while data gaps remain in local-scale and
regional studies.
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Effects of Climate and Weather on Migration

Climate-driven habitat shifts threaten numerous Indian birds. Studies forecast that within the
next half-century, up to 68% of migratory species could lose key habitats.

Long-distance migrants are especially vulnerable since their travel routes and breeding
grounds depend heavily on stable climatic conditions. Species like the Indian Pitta face loss of
forest cover, while the Himalayan Monal suffers from shrinking alpine meadows. Coastal species
such as the Indian Skimmer are endangered by sea-level rise and cyclones. These disruptions
destabilize entire ecological networks.

Seasonal variations in birds due to climate change

Seasonal biological events shows that warming temperatures are causing birds to arrive earlier
at breeding sites. For instance, the Eurasian Golden Oriole now reaches India nearly a week earlier
than it did three decades ago. Such shifts may cause mismatches between chick-rearing periods
and food availability, reducing reproductive success.

Feeding ecology

Changing monsoon patterns and rising temperatures affect insect populations and plant
cycles, disturbing birds’ food supplies. The Pied Cuckoo, which traditionally arrives with the
monsoon, now struggles to find sufficient insects due to delayed or erratic rainfall. Consequently,
regional declines in its population have been observed.

Extreme Weather Events

Increasingly frequent cyclones, floods, droughts, and heatwaves endanger birds directly by
destroying habitats and indirectly by depleting resources. For example, Cyclone Fani (2019)
severely reduced coastal bird numbers, while recurring droughts in Rajasthan have dried wetlands
vital for waterbirds.

Conservation Efforts and Approaches

India’s conservation response includes habitat restoration, creation of climate-resilient
protected zones, and species-specific programs. Organizations like the Wildlife Institute of India
(WII) and the Salim Ali Centre for Ornithology and Natural History (SACON) have initiated
projects to censer vecritical habitats. The successful protection of the Great Indian Bustard
exemplifies how targeted conservation and community involvement can reverse declines.

Policy Modifications

To protect migratory birds, policy measures must include expanding protected areas, restoring
degraded landscapes, establishing ecological corridors, and engaging local communities through
education and incentives. Long-term monitoring and research funding should track phenological
and habitat changes. Promoting renewable energy and sustainable agriculture can also reduce
emissions and habitat destruction.
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Legal Suggestions

Legal frame works must evolve to address climate- linked biodiversity loss. Reforms include
amending the Wildlife Protection Act (1972) to include climate impacts, strengthening the
Biodiversity Act (2002), and mandating climate assessments in all Environmental Impact
Assessments (EIAs). Establishing green bonds and conservation funds will finance restoration
projects, while empowering local communities through legal awareness will ensure enforcement.
Conclusion

Mitigating the impact of climate change on Indian birds requires an integrated approach
combining science, policy, and law. Expanding protected areas, strengthening conservation
programs, and promoting sustainable practices can preserve avian biodiversity. Climate-sensitive
legal reforms and community participation will be vital for long-term success. As habitats shrink
and migration patterns shift, the survival of India’s birds depends on effective climate action and
adaptive ecosystem management.
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Abstract- Climate change has emerged as one of the most pressing global challenges of the twenty-first
century, leaving discernible imprints on ecosystems at multiple levels of organization from molecular
processes to biodiversity patterns. The chemical transformations occurring in the atmosphere,
hydrosphere, and biosphere directly influence the survival, adaptation, and extinction of species. At the
molecular scale, alterations in protein structure, enzymatic activity, and genetic expression represent the
earliest signals of environmental stress, often preceding visible ecological consequences. This paper
explores the molecular footprints of climate change on biodiversity by examining atmospheric
chemistry, biochemical responses in organisms, and the cascading impacts on ecosystems. Furthermore,
it highlights the critical role of chemistry not only in understanding these transformations but also in
designing sustainable solutions that may safeguard biodiversity in a warming world.

Keywords: Climate change, Biodiversity, Molecular footprints, Atmospheric chemistry, Green
chemistry, Oxidative stress, Ecosystem resilience

Introduction

The twenty-first century is witnessing the acceleration of environmental changes at a pace
unprecedented in Earth’s history. Among these, climate change stands out as the defining
challenge, arising primarily from anthropogenic activities such as fossil fuel combustion, industrial
emissions, and large-scale deforestation. These processes have altered atmospheric composition,
disrupted global temperature balance, and disturbed hydrological and carbon cycles. While
biodiversity loss is often examined through ecological indicators such as habitat destruction or
species extinction, the more subtle yet critical molecular changes frequently remain underexplored.
Every shift in climate variables whether an increase in global temperature, ocean acidification, or
changes in precipitation patterns leaves a distinct molecular imprint on living organisms. These
imprints manifest in the denaturation of proteins, modifications in gene expression, accumulation
of reactive oxygen species, and alterations in secondary metabolite synthesis. Such changes act as
the earliest warning signals of biodiversity stress, preceding visible impacts on ecosystems. Thus,
chemistry serves as both the lens and the language through which the story of climate change and
biodiversity is scientifically narrated. Understanding these molecular footprints is not only
essential for diagnosing the present crisis but also for formulating strategies that can preserve
ecological resilience and sustainability for the future.
Literature Review

A substantial body of research has examined the interconnectedness of climate change and
biodiversity, often highlighting the molecular scale as the earliest point of stress manifestation.
Hoegh-Guldberg et al. (2007) documented the dissolution of calcium carbonate under ocean
acidification, linking atmospheric chemistry with coral reef decline. Foyer and Noctor (2016)
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explored oxidative stress in plants, showing how climate-induced overproduction of reactive
oxygen species damages biomolecules and disrupts physiological stability. Verma, Jaiswal, and
Krishna (2017) emphasized the role of climate change in reshaping microbial communities and
nutrient cycling through alterations in soil chemistry. Studies on plant metabolites reveal that rising
temperatures and drought conditions alter the biosynthesis of flavonoids and alkaloids, thereby
impacting ecological interactions and medicinal properties (Singh & Gupta, 2014). Furthermore,
reports by the Intergovernmental Panel on Climate Change (IPCC, 2022) underscore that climate
change-induced shifts at molecular and genetic levels scale upward to influence species richness,
ecosystem functioning, and overall resilience. Collectively, these studies demonstrate that
molecular footprints are not isolated phenomena but are deeply embedded in the broader patterns
of biodiversity transformation under a changing climate.

Methodology

The present study is based on a comprehensive review of scientific literature focusing on the
molecular impacts of climate change on biodiversity. Secondary data were collected from peer-
reviewed journals, government reports, and international organizations such as the
Intergovernmental Panel on Climate Change (IPCC) and the Convention on Biological Diversity
(CBD). A thematic approach was adopted, classifying data under three domains: atmospheric
chemistry, biochemical responses, and genetic/epigenetic adaptations. Case studies on coral
bleaching, plant metabolite changes, and microbial diversity shifts were analyzed to illustrate
molecular footprints. Conceptual flowcharts and tables were developed to synthesize key findings.
All sources have been referenced using the APA (7th edition) citation style.

Table 1. Molecular Footprints of Climate Change on Biodiversity

Climate Stressor | Molecular Impact Biodiversity Consequence
Rising CO:
(ocean acid.)

H2>CO:s formation, CaCOs dissolution | Coral bleaching, shellfish decline

Protein denaturation, enzyme | Reduced metabolic efficiency,
Heat stress . . .

dysfunction species mortality
Oxidative stress Impaired growth and reproduction

Lipid peroxidation, DNA damage

(ROS) in plants/animals
Drousht Altered metabolite pathways, | Reduced medicinal value and plant
8 secondary metabolite changes resilience
Microbial stress pH 'and . temperature-driven Soil' fertilit‘y decline, altered
community shifts nutrient cycling

Atmospheric Chemistry and its Molecular Implications

The atmosphere functions as both a shield and a regulator of life on Earth, but anthropogenic
emissions have altered its chemical equilibrium. Elevated levels of carbon dioxide have not only
intensified the greenhouse effect but also altered the carbon cycle at a molecular scale. Ocean
acidification, a direct consequence of carbon dioxide dissolving into seawater and forming
carbonic acid, disrupts the stability of calcium carbonate structures vital for corals, mollusks, and
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several marine organisms. Similarly, the rise in methane and nitrous oxide affects the oxidative
balance of the atmosphere, altering radical chemistry that influences ozone stability. These
atmospheric chemical shifts cascade into biodiversity loss by weakening the structural and
physiological resilience of countless species.
Biochemical Responses of Organisms to Climate Stress

At the organismal level, molecular changes are often the first signs of environmental stress.
Increased temperatures destabilize protein folding and enzymatic kinetics, leading to impaired
metabolic pathways. Oxidative stress, induced by the overproduction of reactive oxygen species
under heat and drought conditions, damages lipids, nucleic acids, and proteins in plants and
animals alike. Plants, in particular, alter their biosynthesis of secondary metabolites such as
alkaloids, flavonoids, and terpenoids in response to shifting climatic parameters, thereby changing
their ecological interactions and medicinal properties. In aquatic organisms, thermal stress
accelerates the denaturation of essential enzymes and proteins, while acidification alters ionic
balances, weakening physiological defenses. These biochemical responses form the molecular
signatures of biodiversity under stress, shaping evolutionary trajectories in the long term.
Genetic and Molecular Adaptations

One of the most profound molecular footprints of climate change is the modification of
genetic and epigenetic patterns in organisms. Climate stress influences gene expression, often
triggering heat shock proteins, antioxidant enzymes, and stress-related transcription factors.
Epigenetic modifications such as DNA methylation and histone acetylation allow organisms to
adapt rapidly to changing environments, but prolonged exposure can destabilize genetic integrity.
In microbial populations, shifts in temperature and pH alter community structure at the molecular
level, impacting nutrient cycling and soil fertility. These molecular footprints are not isolated but
accumulate over time, manifesting in reduced species richness, altered community dynamics, and
in extreme cases, extinction.
Chemistry as a Tool for Biodiversity Conservation

While molecular footprints reveal the destructive effects of climate change, chemistry also
offers pathways for mitigation and adaptation. Green chemistry strategies emphasize the design of
environmentally benign molecules, renewable energy sources, and carbon capture techniques, all
of which can reduce the chemical burden on ecosystems. Analytical chemistry enables the
identification of molecular biomarkers that serve as early-warning indicators of biodiversity stress.
Advances in molecular spectroscopy, chromatography, and genomic techniques allow scientists to
trace subtle biochemical changes before they escalate into ecological crises. Through such
innovations, chemistry not only explains but also equips us with tools to combat biodiversity loss
in the climate crisis.
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Flowchart: Molecular Pathways of Climate Change Impacts on Biodiversity
Results and Discussion

The synthesis of findings from the literature highlights that climate change impacts
biodiversity through a multi-layered process that originates at the molecular level. Results indicate
that atmospheric chemical alterations, such as rising carbon dioxide and methane levels, directly
disrupt ocean chemistry, leading to acidification and coral bleaching. Biochemical responses
observed across taxa demonstrate consistent patterns: proteins and enzymes lose stability under
heat stress, while oxidative stress leads to DNA damage in plants and animals. Case studies reveal

that medicinal plants exposed to prolonged drought or rising temperatures show altered secondary
metabolite profiles, reducing both their therapeutic value and ecological interactions. Genetic
studies further show that epigenetic modifications enable short-term adaptability but may not
suffice under prolonged environmental stress, eventually contributing to species decline. The
discussion suggests that these molecular changes form a cascade of effects: what begins as a minor
chemical imbalance in the atmosphere or within cells eventually scales up to population loss,
ecosystem imbalance, and biodiversity collapse. However, the same chemistry that explains these
molecular disruptions also offers a pathway to solutions. Advances in green chemistry, carbon
capture technologies, and biomarker development present opportunities to mitigate risks and
monitor biodiversity health. Thus, the evidence strongly indicates that integrating molecular
chemistry with ecological conservation strategies is essential for addressing the biodiversity crisis
in the era of climate change.
Conclusion

The molecular footprints of climate change on biodiversity provide a vital lens to understand
the intricate link between chemistry and life. From altered atmospheric reactions to biochemical
imbalances and genetic shifts, the story of biodiversity in a warming world is fundamentally a
molecular one. Recognizing these changes is essential for developing predictive models and
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sustainable solutions. As we advance into an era of increasing climate uncertainty, chemistry must
play a central role not only as a diagnostic science but also as a discipline of innovation and
conservation. Safeguarding biodiversity thus requires a holistic approach that bridges molecular
science, ecological insight, and sustainable technology.
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Abstract- Climate change has become one of the most critical drivers of biodiversity loss globally. It
interacts with other anthropogenic pressures such as habitat destruction, pollution, overexploitation, and
invasive species to threaten the survival of wildlife species. Rising temperatures, altered precipitation
patterns, ocean acidification, and extreme weather events are shifting species’ geographic ranges,
disrupting phenological cycles, and degrading vital habitats. Numerous studies have confirmed that
climate change contributes significantly to the increased risk of extinction across taxa. This paper
synthesizes current scientific evidence on the mechanisms through which climate change impacts wild
life, documents observed and projected biological responses in terrestrial, freshwater, and marine
ecosystems, and highlights key case studies such as coral bleaching and Arctic habitat loss. The paper
also explores adaptive conservation strategies including habitat restoration, species translocation, and
climate-smart protected-area management. It concludes that only a combination of rapid greenhouse
gas mitigation, targeted adaptation, and cross-scale governance can preserve global biodiversity and
ecological integrity. The findings underscore the urgent need for global cooperation to integrate climate
mitigation and biodiversity conservation policies for the sustainability of life on Earth.

Keywords: climate change, biodiversity loss, extinction risk, conservation, global warming, wildlife
survival.

1. Introduction

Biodiversity forms the foundation of ecosystem services essential to human survival;
including food production, water purification, pollination, and climate regulation. However,
human-induced climate change poses a significant threat to global biodiversity (Intergovernmental
Panel on Climate Change [IPCC], 2022). Rising global temperatures and increasing frequency of
extreme weather events are altering habitats and accelerating species extinction rates (IPBES,
2019). According to the Intergovernmental Union for Conservation of Nature (IUCN, 2024),
climate change has become one of the leading threats to wildlife, influencing species’ physiology,
distribution, and interactions. Studies have demonstrated that the global average temperature has
risen by approximately 1.2°C since pre-industrial times, affecting nearly every ecosystem on Earth
(World Wide Fund for Nature [WWF], 2022).

This paper explores the mechanisms through which climate change threatens wildlife species,
examines case studies across ecosystems, and discusses strategies for mitigating these impacts.
The goal is to integrate scientific understanding into actionable conservation and policy
frameworks that promote the survival of wildlife species in a rapidly warming world.
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2. Mechanisms of Climate Change Impact on Wildlife

Climate change affects wildlife through several direct and indirect mechanisms that operate
at physiological, ecological, and evolutionary levels.

2.1 Thermal Stress and Physiological Limits Many species are adapted to narrow
temperature ranges. Prolonged exposure to high temperatures can exceed their thermal tolerance,
leading to reduced survival and reproduction (Urban et al., 2024). Heat waves have been associated
with mass mortality events among birds, bats, and marine species (Hollenbeck et al., 2024).

2.2 Range Shifts and Habitat Loss As global temperatures rise, species migrate pole ward
or to higher elevations in search of suitable habitats. However, habitat fragmentation often prevents
successful migration, resulting in range contraction and local extinctions (Bates et al., 2014).
Tropical montane species are especially vulnerable due to limited elevational range.

2.3 Phenological Mismatches Climate-induced changes in seasonal cycles cause mismatches
between species and their food sources. For instance, earlier spring warming can cause insects to
emerge before migratory birds arrive, reducing reproductive success (Gérard et al., 2020).

2.4 Altered Species Interactions Changes in temperature and precipitation can disrupt
predator—prey relationships and competition dynamics. Generalist species often outcompete
specialists, leading to biodiversity homogenization (Parmesan, 2003).

2.5 Ocean Warming and Acidification Rising ocean temperatures cause coral bleaching,
while increased CO- concentrations lead to acidification, reducing the ability of marine organisms
to build shells and skeletons (NOAA Fisheries, n.d.). These processes severely affect coral reefs,
which support one-quarter of marine species (European Environment Agency [EEA], 2023).

3. Observed Biological Responses

3.1 Terrestrial Systems Numerous studies have documented shifts in species’ distributions
toward poles and higher elevations (IPCC, 2022). For example, alpine floras in Europe and North
America have migrated upward by several meters per decade. Phenological changes, such as
earlier flowering and altered migration timing in birds, have also been observed (WWF, 2022).

3.2 Freshwater Ecosystems Freshwater habitats are among the most threatened ecosystems.
A 2025 assessment found that one-quarter of freshwater fauna are at risk of extinction, primarily
due to warming, altered precipitation, and habitat fragmentation (Sayer et al., 2025). Amphibians,
with their permeable skin and dependence on water, are particularly susceptible to temperature and
moisture changes.

3.3 Marine Ecosystems Marine biodiversity is declining due to ocean warming,
deoxygenating, and acidification (IPCC, 2019). Coral reefs, sea grass beds, and mangroves are
losing resilience, leading to cascading effects on fish populations and coastal protection (EEA,
2023).

4. Quantifying Extinction Risk

The IUCN (2024) Red List reports that climate change is a contributing factor for over 10,000
threatened species. Global meta-analyses predict that if warming exceeds 2°C, 10—15% of assessed
species could face extinction (Urban et al., 2024). The WWF (2024) Living Planet Index indicates
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that vertebrate populations have declined by approximately 69% since 1970. These trends confirm
that climate change interacts with other human pressures, amplifying extinction risks.
5. Case Studies

5.1 Coral Reefs: The Canary of the Ocean Coral reefs are highly sensitive to temperature
anomalies. The 2016 and 2020 global bleaching events destroyed up to 50% of Australia’s Great
Barrier Reef corals (NOAA Fisheries, n.d.). Ocean acidification further impedes coral recovery,
weakening the entire ecosystem (IPCC, 2019).

5.2 Polar Species and Melting Ice Habitats Arctic and Antarctic mammals such as polar
bears, walruses, and seals depend on sea ice for breeding and hunting. Rapid ice loss due to global
warming reduces their access to prey and increases mortality (The Guardian, 2025). The IUCN
(2025) projects significant population declines in Arctic seal species by 2050.

5.3 Migratory Birds Changes in temperature and precipitation affect bird migration patterns
and breeding cycles. Many species now arrive too late to exploit seasonal food peaks (WWF,
2024). The mismatch between migratory timing and food availability is a key driver of avian
population decline (Gérard et al., 2020).

6. Interaction with Other Stressors

Climate change often interacts synergistically with other anthropogenic pressures:

e Habitat destruction through deforestation and urbanization reduces migration corridors

(IPBES, 2019).

e Pollution and invasive species compound stress, especially in aquatic ecosystems.
e Overexploitation of natural resources reduces resilience, making populations more vulnerable

to climate variability (IUCN, 2024).

e Integrated conservation planning is essential to address these combined threats.
7. Conservation and Adaptation Strategies

7.1 Mitigation and Global Emission Reductions The most effective way to protect
biodiversity is to limit global warming to below 1.5°C (IPCC, 2022). Rapid decarbonization,
renewable energy adoption, and forest conservation are essential.

7.2 Protected Areas and Connectivity Expanding and connecting protected areas allows
species to migrate in response to climate shifts. Climate-smart conservation planning includes
identifying potential climate refugia and maintaining ecosystem connectivity (IPBES, 2019).

7.3 Restoration and Management Restoring degraded habitats, rehabilitating wetlands, and
controlling invasive species improve ecosystem resilience (IUCN, 2024). Restoration also
enhances carbon sequestration, linking biodiversity and climate goals.

7.4 Assisted Migration and Ex Situ Conservation In extreme cases, species may require
translocation to suitable habitats or captive breeding programs. However, these interventions must
be ethically and ecologically justified (Hollenbeck et al., 2024).

7.5 Policy Integration and Local Governance Conservation success depends on integrating
biodiversity considerations into climate and land-use policies. Collaboration among governments,
NGOs, and local communities ensures sustainability (WWF, 2022).
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8. Ethical and Research Considerations

Ethical dilemmas arise when deciding which species to prioritize for conservation. Assisted
migration may save species but disrupt new ecosystems (IPBES, 2019). Research should focus on
long-term monitoring, data integration, and community participation (Sayer et al., 2025).
Bridging traditional ecological knowledge with modern science can yield inclusive solutions
(IPCC, 2022).

9. Policy Recommendations
Implement global emission reductions aligned with the Paris Agreement to limit warming
below 2°C.
e Expand climate-resilient protected areas focusing on habitat connectivity.
e Integrate climate risks into national biodiversity strategies and legal frameworks.
e Enhance ecological monitoring through open-data platforms and citizen science.
e Promote community-based conservation respecting Indigenous rights and livelihoods.

10. Conclusion

Climate change is a universal threat to wildlife, affecting species through habitat loss,
physiological stress, and altered ecological relationships. Empirical evidence demonstrates severe
population declines and increasing extinction risks across ecosystems. Effective conservation
requires global cooperation, emission reduction, and climate-smart management strategies. The
window for action is narrowing rapidly, but integrating biodiversity protection into climate policy
can still safeguard the planet’s life-support systems for future generations.
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Abstract- Northern residing plant species are at the highest risk for extinction due to temperature rise
related to climate change. Climate change has also led to a northern shift in the geographic distribution
of plant species. This could lead to a necessary alteration in the way natural resources are utilized in
arctic countries like Iceland. The purpose of this study is to analyse the way in which Icelandic plant
species used in natural dye practices may shift in distribution due to climate change and the potential
impact this shift may have on the craft. In this study, six plant species used for natural textile dyeing in
Iceland were processed into dyes and applied to Icelandic wool. The dyed wool was then woven into an
art piece representative of the findings of this study. Through analysis of previous literature on tundra
species used in dyeing, the study concludes that a decrease in species diversity and an increase of
invasive plant species will occurdue to increased temperatures. An increase of new species could lead
to new opportunities in the colour palette but the increase of invasive species could lead to extinction of
commonly used native species that produce unique colours. While some native species like
Rumexlongifolius will benefit from climate change, other native species will falter. This means that
natural dye practitioners in Iceland will begin to see a decrease in the availability of commonly used
native species like Cladoniachlorophaea, Peltigeracanina and Alchemilla vulgaris and will have to be
more mindful when gathering and using them.

Keywords: Climate change, Natural dyes, Dyeing, Printing, Textile, Human health, Hazards

Introduction

Climate change negatively affects natural dyes by altering the geographic distribution and
availability of dye-producing plants and complicating traditional dyeing processes, which are
sensitive to factors like water quality, temperature, and pH. Conversely, increased demand for
natural dyes could positively impact the environment by promoting green cover and carbon
sequestration if the sourcing is managed sustainably, though the industry currently faces challenges
in scaling up production and ensuring colour consistency.

The impact of unpredictable weather conditions is manifold and while the crisis is bound to
disrupt how people live and work, its effect on artisanal pursuits is unique. This includes the crafts
sector in India, inextricably linked to natural resources, with concerns that range from material and
sourcing to the health of craftspeople who often work in rural setups, and not in controlled
conditions inside factories.

Among the practices at threat is natural dyeing the ancient crafts technique that has seen a
resurgent interest in recent years. This has led to several innovations in the field, with fashion
designers and emerging design labels employing colour experiments and bio-tech interventions to
tap into the increasing consumer interest in conscious clothing. Unlike the use of chemical dyes
that produce toxic effluents as a by-product during the dyeing process, natural dyes are kinder to
the environment and to the skins of those who work with the garments and also wear them.
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However, the climate crisis adds to the complexity of what was once a simple process. When
done in a traditional set-up, the dyeing process is time-consuming. It includes multiple steps of
dye baths, drying and mandating, a science in itself. The process hinges on several critical aspects,
such as the sourcing of the natural ingredients and the pH levels of the water. With natural dyeing
practiced across the country from the North-eastern regions, high-altitude areas in the North, to
the deep South any climate disruption, in any part of India, is poised to destabilise the harmony of
this craft ecosystem.

Printing with Dyes

Colours require differentiated treatment and processing like the distinct approach employed
for insect-derived lac dyes used to obtain a particular tone of red, as compared to the layered
oxidation method involved in indigo dyeing. Unpredictable weather can complicate the recipes
further. “Climate change is fundamentally altering the way we practice our work,” says
AnavilaMisra, the Delhi-based designer who engages with natural dyes in different ways in her
craft.

More recently, she worked extensively with dabu, a hand block printing technique that uses
mud or a natural clay mix as a resist, along with vegetable dyes. The craft is dominantly practiced
in Rajasthan. The dry state has battled high levels of rainfall in recent times: 2023 was particularly
challenging, as it recorded the highest rainfall in the month of June in 123 years. “During monsoon,
fabrics catch moisture, causing natural dyes to spread, making block printing impossible.
Furthermore, the wet ground prevents the mud resist from drying which is necessary for printing.
This throws off the entire process, making the artisans' efforts ineffective,” explains Misra, adding
that the unexpected moisture levels also limit colour consistency.

Many workshops in which hand-block printing is done have outbuildings, which are often
shed-like structures, some without fans or air conditioning. Even big-scale, more organised textile
dyeing units are set up amid nature and may involve the artisan working with water at boiling
temperatures. If there is a significant shift in weather, the health and wellbeing of the dyer would
be at risk. Mishra adds that a single day of rain causes approximately seven days of additional
work for the craftspeople.

“Such extreme conditions create uncomfortable working environments for our artisans,
resulting in fatigue, dehydration, skin ailments, heat-related illnesses, and an increased risk of mold
growth,” says the Hyderabad-based designer ArchanaJaju, who works with kalamkari, the hand-
painting and printing technique which employs natural dyes. She hosts her workshops at
Srikalahasti, a temple town in Andhra Pradesh a state where temperatures touched 45 degrees this
year, with heatwave alerts and heat stroke-related deaths being reported all over.

The Wisdom of Water and Dyeing Young

Generational dyers can often identify, almost intuitively, what impacts the colour output be it
the shade or the vibrancy of the dye. “Paanikitaaseerbadaltirehtihai (The quality or humour of the
water keeps changing),” says Shakeel Ahmed Khatri, a traditional batik printer based in Mundra
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district in Kutch, Gujarat. He has been experimenting with natural dyes, especially indigo, for the
past few years. He highlights that the importance of water quality in the dyeing process, including
a shift in TDS (Total Dissolved Solids), can impact the consistency of colour.

The character of the water and how it flows is also important. Take for instance,

Machilipatnam style kalamkari. “The craft requires flowing river water to wash the cloth and the
change in water levels, be it via flooding or during a drought period,
can affect the process. The colour output is noticeably different if water is stored for long and held
as still water is used,” says Trishala Nara, cofounder at [lamra, an upcoming brand that works with
Srinivas Coromandel, a kalamkari printing unit in Pedana, Andhra Pradesh.
Ilamra launched in 2018, and in 2019, Nara and her sister, Yashila, decided to work
with kalamkari, like many other small-scale labels that market techniques of eco-printing or
rebrand traditional hand-block prints for a millennial or Gen-Z buyer. Studio Itiha, founded by
designer DevikaKembhavi two years ago, is also part of this lineup.

Kembhavi has a workshop in Pune, Maharashtra, where she practices dyeing along with
another artisan. She recalls last year’s unexpected rains in the city and how it affected their material
oxidants, dye potency and colour results. Kembhavi also anticipates other disruptions in terms of
availability of materials, with some natural extracts and ingredients going out of circulation if not
immediately, then gradually. “Since the ingredients are sourced from nature, unreliable weather’s
impact on agriculture and the pastoral community will affect the business of these dyes in the long-
term,” says Deepak Agrawal of Jaipur-based Hind Natural Dyes that sells natural dye extracts on
a B2B model.

The Future is Strategic.The global evolution of ‘good’ dyes has been rapid, with the
emergence of technology-backed, lab-made pigments for large scale use. India’s biotech
evolution in the dye business is also of note, ranging from Rajasthan’s Sodhani Biotech with
its sustainable colour extracts to the Maharashtra-based BioDye which uses methods backed
by microbiology.

However, to handle a future of unpredictable seasonal shifts, tweaking tradition is a viable
solution. “The dyes need to be ‘designed’ in such a way that they should work in any situation. It
starts with standardising the formula for your recipe,” says Adheep AK, the Delhi-based textile
designer who is currently the research and development head of natural dyeing and interventions
at the textiles-first clothing brand, 11.11/ eleven eleven. The brand has been able to systemise its
dyeing process to a large extent, with all dyeing being done in-house at their workshop-cum-store
in Okhla. He firmly believes that the partnering of deeply researched techniques with traditional
know-hows is the way to go. Only this can ensure that the natural dyeing process is resilient to
climate irregularities and is able to scale adding to dyer employment, better colour achievement
and transfer, and a valid price point for the consumer. An updated colour chemistry with the
potential to change the climate of dyeing.
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Negative effects
o Plant availability: Climate change, including altered rainfall patterns and temperatures,
threatens the natural habitats of dye-producing plants. This can disrupt their growth and
make them less available, affecting the supply chain for natural dyes.
e Processing inconsistencies: Traditional dyeing processes rely on specific conditions that
are now being altered by climate change.
o Changes in water temperature and pH can impact the chemical reactions required
for a dye to set properly.
o Unpredictable weather patterns can disrupt the timing of dye baths and drying
processes.
o Past precedent: Historical examples show that climate shifts have previously forced
communities to abandon certain natural dyes and rely on others that were more accessible,
demonstrating that changes in climate can directly alter the practice.
e Environmental Problems
Environmental problems

Dyes in the dyebath are not completely utilized and the unutilized dyes enter the wastewater
to be released into the environment, for example, about 15-50% of azo dyes, which are considered
to be highly toxic, do not bind to the fabric during the dyeing process. This proves to be negative
to the structure and functioning of the ecosystem and microbial organisms of the soil which in turn
affect the germination and growth of plants . The dye molecules absorb sunlight and prevent the
formation of photosynthesis stunting the underwater plant growth. The presence of chromium in
textile dyes creates oxidative stress, leading to considerable damage to plants in areas of
photosynthesis and carbon dioxide assimilation. Another example is the release of metal dyes into
the environment, causing the assimilation of heavy metal cations by the ash gills due to the
negative charges and accumulation into certain tissues. Once consumed by humans they cause a
sequence of pathologies
Hazards to human health
Health

The manufacturing of synthetic dyes and intermediaries, like benzidine and naphthylamine,
has caused a high occurrence of bladder cancer; enzymatic co-factors may be substituted to cause
inactivation of enzyme activities resulting in many disorders; other problems due to textile dyes
may be dermatitis and dis-orders of the central nervous system. Oral ingestion and inhalation of
the dyehouse dust lead to irritation in the skin and eyes; contact dermatitis, allergic conjunctivitis,
rhinitis, occupational asthma and allergic reactions are common among workers who work with or
handle reactive dyes. Human serum albumin and reactive dyes combine to act as antigen (disease-
producing starter) producing immunoglobulin E antibodies which combine with histamine,
resulting in chronic disease.

International Educational Applied Research Journal

118


https://iearjc.com/

DI EAR]

I Aooied Resaaceh Jouena E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

Potential positive effects and challenges

o Increased green cover: A greater demand for natural dyes could lead to more cultivation
of dye-yielding plants, which would increase green cover and help absorb carbon dioxide
from the atmosphere.

o Sustainable water use: The water used in natural dyeing can be reused after a simple
treatment process, making it a more sustainable option compared to conventional synthetic
dyeing methods, which often produce toxic wastewater.

o Challenges for scalability: The natural dye industry faces hurdles in meeting the high
demand from the textile sector due to issues like:

o Limited and non-reproducible shades.
o Lack of a standardized, ready-to-use form.
o Unsuitability for large-scale, automated machinery.

e Overexploitation risk: Uncontrolled expansion of natural dye cultivation could lead to
overexploitation of resources, potentially causing deforestation and harming endangered
species.

e Concerns and Remidies

Areas of Apprehension inNatural Dyeing

e Concerns and[JRemediesConcernsand[ ]Remedies

e 4.1 Areas oflJApprehensionin[]Natural Dyeing

Issues related to natural dyeing are very many. Natural dyes have a low affinity to textile bres

and need huge doses of dye, leaving a lot of dyes in the bath due to low exhaustion from the bath
to the bred. Dyes are available in small quantities in plants and hence a lot of natural resources
need to be dismantled to obtain small dye quantities, leaving huge biomass as waste. The cost of
transportation of plant material from harvest to process centres is high, and the remains can be
used as fuel or fertilizer. Indiscriminate cutting of trees for bark can lead to damage or
deforestation; heavy usage of owners can lead to disturbing pollination and reproductive cycle.
This can lead to disruptions of the ecosystem and plants can become endangered. The areas of
concern regarding natural dyes are reproducibility, low taxation, colour fastness properties and
cost efficiency, which can be overcome by using mordants to certain permissible limits. For
example, improved colour fastness and a wide range of colour shades can be obtained with the
help of alum and ironmordants. The problems of using metallic mordants include the generation
of wastewater with toxic metal 1ons which cause negative impacts on the environment and allergic
and health-related problems

Alternative methodologies of natural dyeing

e Alternative Methodologies for[/Natural Dyeing

e Dyeing

Extensive research and sustainability studies on plant-based extracts have been undertaken to

replace conventional metallic mordants. Bio-mordants are plants with high tannin content and
serve as alternatives to metallic mordants, for example, peel of pomegranate, acacia, henna,
turmeric, thuja and rosemary leaves are considered alternatives to aluminium, iron sulphate, copper
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sulphate, stannous chloride and potassium dichromate. Another source of metals is from plants
called hyperaccumulators. They are unique and unusual plants that collect metals or metalloids in
living tissues. The levels of metal content are usually hundreds to thousands of times more than
that occurring in many normal plants. Green and clean substitutes from biomass and eco-friendly
alternatives with high tannin content and metal-accumulating compositions are being utilized to
advance towards sustainability. The traditional isolation method is used to isolate natural dyes
from dye-yielding plants rich in colouring matter. This will be a solution to overcome the problems
of low yield and poor fastness of natural dyes.
Conclusion

Many reports and estimates have stated that the global market for natural dyes and eco-textiles
is growing by leaps and bounds. Awareness of the adverse effects of synthetic dyes and enhanced
health consciousness have increased the demand for natural textiles and the adoption of natural
methods of manufacture. The massive use of natural reserves can be avoided by the adoption of
biotechnology tools for enhanced production of natural dyes with minimal resources. This can be
takenforward with assistive technologies like enzyme treatments, plasma technologies and
radiation methods. The revival of traditional cultures together with harmonious living with natural
colours can bring about communal and social transformations. Openings are in plenty for small
and medium enterprises, entrepreneurs, agriculturalists, textile traders and manufacturers. This
creates a huge unexplored space to be researched as nature has unlimited possibilities which can
be tapped to create a greener and healthier world.
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Abstract- Climate change it includes global warming, rising sea level, melting ice and more changing
weather even heatwaves and heavy rainfall as experienced in the 2025in Maharashtra. It represents
environmental challenges of the 21st century, with wide-ranging impacts on ecosystems, biodiversity
including flora, fauna and human society. Among the most affected components of the biosphere are
plants, which are the producers of ecological pyramid of in ecosystem. Plants regulate atmospheric
carbon dioxide through photosynthesis, produce oxygen, and sustain food chains. However, the rise in
global temperature, changing precipitation patterns, and increased frequency of extreme climatic events
are significantly altering plant physiology, distribution, and productivity. This article reviews the recent
literature, how plants life is affected due to climate change. explores the impact of climate change on
plants, including physiological changes in plant body, ecosystem effects, agricultural implications, and
potential adaptation strategies. It also highlights the importance of mitigation through sustainable
practices, conservation, and technological innovation.

Key Words: Environmental challenges, flora, fauna, ecological pyramid, food chains.

Introduction

Climate change refers to long-term and persistent changes in the Earth’s climate system,
especially in temperature, precipitation, wind patterns, and weather extremes. The Inter-
Governmental Panel on Climate Change (IPCC) attributes these changes primarily to the
accumulation of greenhouse gases (GHGs) like Carbon dioxide (CO:), Methane (CHa4), and
Nitrous oxide (N20) due to human activities like industrialization, cutting of trees, and fossil fuel
combustion. The global average surface temperature has already risen by approximately 1.1°C
since the pre-industrial period, and projections suggest that it could exceed 1.5°C-2°C by the end
of the 21st century. Such warming, along with erratic rainfall patterns and increasing carbon
dioxide levels, directly and indirectly affects plant growth, reproduction, and survival. Plants are
vital to ecological stability and human sustenance. They act as primary producers in ecosystems,
converting solar energy into chemical energy by the process of photosynthesis and forming the
basis of food webs. Any negative impact on plants thus impact directly or indirectly on all levels
of biological world and human livelihoods. Discussion on how climate change influences plants
is essential for developing sustainable agricultural systems, conserving biodiversity.
Methodology

The study is based on secondary data only. Compresive article is based on literature published
on websites, books, research journals and periodicals.
External Factors affecting the plants life

a) Temperature: Increase in theglobal temperatures affect nearly all aspects of plant growth and
metabolism. Temperature regulates enzyme activity, photosynthesis, respiration, and phenological
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events like flowering and fruiting. Moderate warming may accelerate growth in temperate regions,

but extreme heat can damage chlorophyll, disrupt cell membranes, and inhibit enzyme activity.

b) Ch
gro

Heat Stress: High temperatures cause dehydration, leaf scorching, and reduced chlorophyll
synthesis.

Rate of respiration: Elevated temperature increases respiration, reducing net energy
available for growth.

Impact on crop yield: Studies show that for every 1°C increase above the optimum
temperature, yield of crops like wheat, maize, and rice decreases by 5—10%.

anges in Rainfall Patterns: Alterations in precipitation directly affect soil moisture,
undwater recharge, and water availability for plants.

Drought Conditions: Lead to reduced seed germination, stunted growth, early leaf fall, and
flower drop.

Flooding: Causes oxygen deficiency in the root zone, leading to root rot and nutrient loss.
In arid regions, the combination of drought and high temperatures can lead to
desertification, severely reducing vegetation cover. Recently in Maharashtra in Jalgaon
District Tandal wadi region, due to continuous raining Karapa, a fungal disease is noted in
Banana Fields. 60-70% OF 23000-hectare Banana cultivations is in Jalgaon district (Article
in Divya Marathi, Jalgaon Bhusawal 11 thOct.2025) There is tremendous loss of Cotton,
Soyabean, pulses in 27 districts of Maharashtra due to changes in rain fall pattern.

¢) CO: Concentration: An increase in CO: concentration can enhance photosynthesis in Cs
plants (Ex. Wheat, Maize etc) by increasing carbon fixation efficiency a phenomenon called

the

COefertilization effect. However, this effect is limited by nutrient availability, water stress,

and temperature rise. Moreover, higher CO: can alter plant tissue composition, reduce nitrogen
content and hence show extreme impact on nutritional quality of crops. For ex. In Zea maize

when Co2 in the atmosphere increase, the sugar percentage increase but reduce protein,
essential amino acids and minerals.
d) Extreme Weather: Climatechange has led to more frequent heat waves, cyclones, floods, and
droughts. These sudden events cause irreversible damage to vegetation, uproot trees, and destroy
agricultural lands. For instance, cyclones can lead to salinization of coastal soils, making them
unsuitable for crops.
e) Increased UV Radiation: Due to stratospheric ozone depletion, plants are exposed to higher
levels of ultraviolet-B (UV-B) radiation. This radiation damages DNA, reduces photosynthetic
pigments, and causes oxidative stress in plants.

Morphological and Structural Impacts

Pla

nts also exhibit visible structural changes under changing climatic conditions:

Leaf Morphology: Smaller or thicker leaves tends to minimize transpiration. Number of
stomata, size of stomata also decreases.

Root System: Deeper or more extensive roots to absorb water during droughts.

Stem Structure: Thick cuticles and waxy surfaces to reduce water loss.
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e Seed Production: In some plants, stress conditions reduce seed viability and seed
germination.
Physiological Effects of Climate Change on Plants
Climate change affects plant physiology.
a) Photosynthesis: Photosynthesis is the process by which plants prepare their food with the help
of chlorophyll pigments, water, Carbon dioxide in presence of sunlight and Produce
Carbohydrates, release oxygen.
e Moderate CO: enrichment initially stimulates photosynthesis.
o However, high temperature and water stress reduce the efficiency of photosystem II.
e Stomatal closure during drought reduces CO: intake, thereby lowering photosynthetic rate.
b) Transpiration: Increase in temperatures and low humidity increase transpiration rates.
Although elevated CO: may reduce stomatal opening, prolonged heat and drought still cause
excessive water loss, resulting in wilting and reduced water use efficiency. Transpiration is an
essential evil in the plant life. Excessive transpiration, wilting in summer leads to the death of
plants.
¢) Respiration: At higher temperatures, plant respiration accelerates, leading to a higher
consumption of carbohydrates and lower biomass accumulation. This imbalance between
photosynthesis and respiration limits growth and yield.
d) Phenological Changes: Climate change alters the timing of major life cycle events in plants
such as leaf unfolding, flowering, and fruiting. Early flowering or delayed fruiting disrupts
synchronization with pollinators and can reduce seed setting and reproductive success. Finally
shows impact on crop yield.
e) Nutritional and Chemical Composition: Higher CO: levels often lead to increased
carbohydrate accumulation but reduced concentrations of protein, iron, and zinc in edible plant
parts. This decline in nutritional quality poses a serious threat to human health and food security.
Impact on Plant Distribution and Biodiversity
Climate change is altering plant distribution patterns across the globe.
o Latitudinal and Altitudinal Shifts: Many species migrate towards higher latitudes or
elevations in search of cooler environments.
o Loss of Habitat: Alpine and polar flora face extinction risk due to shrinking habitats.
o Spread of Invasive Species: Warmer climates facilitate the spread of invasive weeds and
pests that outcompete native species.
Forest ecosystems are also under threat. For example, tropical rainforests are experiencing
increased tree mortality due to drought, while boreal forests, that is Taiga are shifting northwards.
Such changes disrupt ecosystem services and carbon cycle.

Agricultural Impacts of Climate Change

Agriculture is one of the most vulnerable sectors to climate change, as it depends directly on
weather, soil, and water.

a) Crop Productivity: Climate models predict that crop yields in tropical and subtropical
regions could decline by up to 30% by 2050.
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e Cereal Crops: Wheat, maize, and rice are sensitive to high temperature during flowering,
leading to sterility and yield loss.

o Pulses: Water stress reduces pod formation and seed quality.

e Oilseeds and Horticultural Crops: Experience reduced oil content, smaller fruit size, and
altered taste.

b) Pests and Diseases: Warmer temperatures and humidity promote the spread of insects, fungi,
and pathogens. For example, Aphid and locust populations thrive in warmer conditions,
causing widespread crop damage.

¢) Soil Health: Climate change shows impact on soil fertility by altering organic matter
decomposition, microbial activity, and nutrient cycling. Drought and floods degrade soil
structure, while salinity increases in coastal areas due to water level in seas rise.

d) Food Security: Reduced agricultural productivity threatens global food security, especially
in developing countries. Small-scale farmers are at higher risk due to limited access to
adaptive technologies and financial resources. Farmers in Bihar and Maharashtra and other
states are in trouble during some years.

Impact on Forests and Natural Vegetation
Forests are major carbon sinks and play a vital role in regulating the Earth’s climate. Climate
change affects forest ecosystems in several ways.
e Increased Wildfires: Drier conditions increase forest fire frequency in summer.
o Pest Outbreaks: Warmer winters allow pests like bark beetles to survive and expand.
e Species Composition Changes: Some tree species decline, while others with greater
drought tolerance become dominant.
o Carbon Storage Reduction: Tree mortality decreases the ability of forests to absorb COs,
creating a feedback loop that accelerates warming.
Adaptation and Mitigation Strategies
a) Natural Adaptation in Plants: Some plants can naturally adapt through evolutionary or
physiological mechanisms.
o Developing deeper roots for water uptake.
o Changing leaf orientation to reduce sunlight absorption.
e Adjusting flowering time to new climatic conditions. However, the rate of climate change
may outpace natural adaptation for many species.
b) Agricultural Adaptation: To minimize losses, farmers can adopt climate-smart agricultural
practices:
e Use of drought- and heat-tolerant crop varieties.
o Efficient modern irrigation systems such as drip and sprinkler irrigation.
e Crop diversification and crop rotation to reduce vulnerability.
o Agroforestry: Integrating trees into farmlands to improve soil health and microclimate.
e Organic farming and mulching to conserve soil moisture.
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e Increase soil microflora by using compost, Vermicompost, Farm Yard Manure,

biofertilizers to improve soil fertility.
¢) Technological Approaches: Modern science provides several innovative tools:

e Genetic Engineering: Development of stress-tolerant crops (e.g., drought-resistant rice).
CSIR, Agricultural Institutes, Plant breeders are innovating new technologies, new plant
varieties for sustainable agriculture. Role of Al in agriculture is increased. Moden Hi-Tech
Agriculture practices are using by Big Farmers in India. Weather Forecasting helps up to
some extent. Still more awareness among the farmers is needed.

o Biotechnology: Biotechnology plays important role in agriculture by increasing crop
yields, nutritional quality ,disease and pest resistant crop varieties, reducing the need for
chemical pesticides and herbicide Duse of molecular markers to breed plants for climate
resilience.

e Remote Sensing and GIS: For monitoring vegetation changes and predicting crop
performance.

Policy and Global Initiatives
International efforts like the Paris Agreement (2015) aim to limit temperature rise to below
2°C. Reforestation, sustainable land management, and renewable energy use contribute to
emission reduction and ecosystem restoration.
Role of Plants in Climate Change Mitigation
Plants not only suffer from climate change but also serve as a natural solution to mitigate it.
e Carbon Sequestration: Through photosynthesis, plants absorb CO- from the atmosphere
and store it in biomass and soil.
o Reforestation: Increasing tree cover helps balance atmospheric carbon.
o Wetland Conservation: Wetlands store large amounts of carbon and support diverse flora.
e Urban Green Spaces: Reduce urban heat island effects and improve air quality.
There are some suggestive measures,
o Identifying climate-resilient species and developing improved cultivars.
o Studying plant-microbe interactions that enhance tolerance to stress.
o Utilizing artificial intelligence and predictive models for sustainable agriculture.
e Promoting education and awareness among farmers and policymakers.

Conclusion

Climate change is a multidimensional threat that profoundly influences plant life on Earth.
Rising temperatures, fluctuating rainfall, and increasing CO: concentrations affect every aspect of
plant biology from photosynthesis to ecosystem distribution. The consequences extend to
agriculture, forestry, and biodiversity, ultimately impacting global food security and human well-
being. Habitat loss, appearance of invasive species, changes in life cycle pattern are the major
impact n plants. However, through adaptation, innovation, and collective action, it is possible to
mitigate these effects. Climate-smart agriculture, sustainable land use, genetic improvement, and
conservation of natural ecosystems offer practical solutions. Plants, in turn, remain central to
combating climate change by absorbing carbon dioxide and maintaining ecological stability.
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Protecting and nurturing plant life is, therefore, not just an environmental responsibility but a key
to a sustainable future for all living beings CSIR, Agricultural Institutes, Plant breeders are
innovating new technologies, new plant varieties for sustainable agriculture. Role of Al in

agriculture is increased. Moden Hi-Tech Agriculture practices are using by Large Scale Farmers
in India. Weather forecasting helps up to some extent. Still more awareness among the farmers is
needed. Global collaboration between scientists, farmers, and governments is essential to conserve
plant diversity and ensure food security in a changing climate.
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Abstract: This paper reviews how national and supranational laws and policies shaped by international
frameworks such as the Paris Agreement are implemented and what measurable impacts they have had
on greenhouse gas (GHG) emissions, adaptation, and socio-economic outcomes. Drawing on the [IPCC
ARG6 synthesis, policy documents (EU Green Deal, India’s NAPCC), recent empirical studies and
institutional reports, the paper synthesises implementation mechanisms, common barriers (governance,
finance, capacity, policy coherence), and observed impacts (emissions trends, renewable deployment,
co-benefits and distributional effects). It concludes with recommendations to strengthen implementation
and monitoring to close the gap between policy pledges and climate goals.

1. Introduction and research question

International agreements provide goals; national laws and policies convert those goals into
action. This paper asks: How are climate laws and policies implemented by governments, and what
evidence exists about their environmental, economic and social impacts? Implementation is
understood as the set of institutional, financial and regulatory steps that translate policy into
outcomes (project approvals, investments, regulations enforced, subsidy flows). Impact refers to
measurable changes (emissions, energy mix, vulnerability reduction, livelihoods). The review
emphasises recent, policy-relevant evidence (post-2015 Paris era) and highlights persistent gaps
between stated ambition and outcomes.
2. Methods

This is a policy-synthesis paper built from (1) primary institutional documents
(UNFCCC/Paris Agreement texts, [IPCC ARG synthesis), (2) official national/supranational policy
documents (EU Green Deal, India NAPCC), and (3) peer-reviewed and institutional analyses
(policy evaluations, progress reports, empirical studies from 2018-2025). Key claims about
implementation or impact are supported by authoritative sources (IPCC, EU Commission, national
ministries, peer-review). The approach combines comparative case description with thematic
synthesis (governance, finance, monitoring, socio-economic effects).
3. Policy landscape: From international agreements to national law

3.1 International driver: the Paris Agreement The Paris Agreement (2015) establishes
the global goal (well below 2°C, pursue 1.5°C) and a bottom-up system of nationally determined
contributions (NDCs). It is not prescriptive about specific national measures but creates procedural
obligations (NDC submission, reporting, global stock takes) that shape national policy agendas.
3.2 Examples of major policy frameworks

International Educational Applied Research Journal

127


https://iearjc.com/
mailto:nareshberwal.019@gmail.com

@l EAR]

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

* European Green Deal (EU) a comprehensive package including the European Climate
Law (2050 neutrality legally binding) and sectoral measures aimed at steep near-term cuts
(2030 target ~55% vs 1990). Implementation instruments include carbon pricing (EU
ETS), energy regulation, and funding mechanisms.

* India’s National Action Plan on Climate Change (NAPCC) launched 2008, structured as
missions (solar, energy efficiency, sustainable habitats) that aim to align development and
mitigation/adaptation. It has been updated by subsequent national policies and programs to
accelerate renewables and energy efficiency.

4. Implementation mechanisms and common features

4.1 Legal and regulatory instruments Implementation uses a mix of laws (e.g.,
carbon/energy regulations), market instruments (ETS, carbon taxes), sectoral standards (vehicle
emissions, building codes), and public investment/subsidies (renewable deployment, adaptation
funds). The EU combines hard law (Climate Law) with ETS and regulatory standards; other
countries rely more on incentive-based measures.

4.2 Institutional arrangements and multi-level governance Effective implementation
requires clear roles across ministries, sub national governments, and independent regulators. The
Paris framework’s reporting and transparency mechanisms incentivize domestic bureaucratic
coordination but gaps remain where responsibilities are diffuse or political commitment is weak.

4.3 Finance and incentives Public finance (budget allocations, green bonds, national
funds) and blended finance mobilize private investment. Instruments include feed-in tariffs,
auctions for renewables, subsidies for energy-efficient appliances, and conditional grants for
adaptation. Access to international climate finance remains a bottleneck for many developing
countries.

4.4 Monitoring, reporting and verification (MRV) Robust MRV systems are essential
to track implementation and impacts. The UNFCCC/Paris transparency processes have spurred
improvements, but national MRV capacity varies widely. Independent auditing and consistent
indicators increase policy credibility.

5. Evidence on impacts

5.1 Broad findings from the IPCC and global assessments The IPCC (AR6 synthesis)
stresses that near-term mitigation actions determine long-term outcomes: early, deep emissions
cuts increase the probability of staying near 1.5°C and reduce adaptation costs. The report also
notes that current policies still leave a large gap to Paris goals and that adaptation windows are
rapidly closing. These are core, load-bearing observations about impact potential and urgency.

5.2 Measured policy impacts: emissions and energy transitions

* EU results: Recent EU reporting shows significant progress on emissions reductions and
renewable deployment; the Commission reported an 8% net reduction in GHG emissions
for 2023, largely driven by a shift from coal/gas and higher renewable generation.
However, sectoral mismatches (e.g., agriculture) remain problematic for full Green Deal
delivery.
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* India: National missions (e.g., National Solar Mission) substantially increased solar
capacity, contributing to emissions avoided and co-benefits (jobs, energy access). Multiple
analyses emphasize the importance of policy certainty and finance to scale deployment.

5.3 Co-benefits and socio-economic impacts Policies often deliver air quality
improvements, health benefits, and job creation in renewables and efficiency sectors. Conversely,
poorly designed measures can create distributional harms (fuel price shocks, job losses in fossil
sectors). Impact assessments increasingly recommend just transition policies (retraining, regional
investment).

5.4 Implementation shortfalls and unintended effects Empirical studies and audit
reports highlight frequent gaps: weak enforcement, regulatory rollback, incoherent subsidies that
favour high-emission activities (e.g., some agricultural incentives in EU), and insufficient MRV
to quantify real impacts. The European Court of Auditors has documented misalignments between
EU agricultural incentives and Green Deal goals, illustrating how sectoral policies can blunt
climate ambitions if not aligned.

6. Barriers to effective implementation
From the synthesis of literature and institutional reports, common barriers include:

1. Policy incoherence: conflicting sectoral incentives (e.g., subsidies for fossil fuels or
agriculture that run counter to mitigation).

2. Short political cycles and changing administrations: which can lead to policy reversals.

3. Finance and investment gaps: constrained public budgets and limited access to affordable
climate finance impede scale-up in developing countries.

4. Capacity and institutional fragmentation: MRV and enforcement capacities vary, reducing
the effectiveness of laws.

5. Distributional concerns and social resistance: transitions that neglect workers/communities
generate backlash.

7. Policy design features that improve implementation and impact
Based on cross-case evidence, the following design features strengthen outcomes:

* Legally binding targets with clear near-term milestones (e.g., EU Climate Law + 2030
targets) increase predictability for investors.

» Carbon pricing combined with targeted support for vulnerable households and industries
reduces emissions while managing distributional impacts.

* Integrated MRV and transparency systems aligned with Paris reporting build trust and
enable course correction.

* Policy coherence across sectors aligning agricultural, fiscal and transport policies with
climate goals prevents counterproductive incentives.

* Just transition frameworks that include retraining, regional investment and social
protection to reduce political resistance.

8. Case vignettes (concise)
8.1 European Green Deal An example of ambitious, legally framed climate policy
combining ETS, regulation, and funding. It shows measurable emissions reductions (e.g., reported
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8% drop in 2023), but audits reveal sectoral misalignments (agriculture/CAP) that hamper full aim
achievement. Effective MRV and funding mechanisms account for much of its relative success to
date.

8.2 India’s NAPCC and national missions India’s mission approach (solar, energy
efficiency) has driven major renewable growth and energy efficiency gains, producing co-benefits
for energy security and jobs. Implementation challenges include financing at scale and ensuring
adaptation measures for vulnerable populations. Recent analyses emphasise integrating climate
action with development priorities.

9. Recommendations for policymakers
1. Strengthen MRV and publish transparent, standardized indicators across sectors to measure
implementation and impacts reliably.
2. Align sectoral policies and fiscal incentives (agriculture, transport, energy) with climate
targets to eliminate counterproductive subsidies
3. Scale blended finance and de-risking instruments to mobilise private capital for mitigation
and adaptation in low-income contexts.
4. Institutionalise just transition measures in laws and budgets to support affected workers
and regions.
5. Set legally binding mid-term targets and adaptive regulatory frameworks so policies can
be tightened as technology and finance evolve.
10. Conclusion
Laws and policies when well-designed, coherent, and backed by finance and strong MRV can
produce rapid emissions reductions, renewable deployment, and important co-benefits. However,
many countries still face an implementation gap driven by political, financial and institutional
barriers. Closing that gap requires better alignment across sectors, consistent finance flows,
stronger MRV, and explicit social policies to manage transition costs. The window for limiting
warming to near-1.5°C is narrow; accelerating effective implementation is therefore essential.
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ABSTRACT- Swachh Bharat Mission is a campaign launched on 2™.0c¢t.2014 in India that main aims
to clean up the streets, roads, rivers, railways and bus stations and infrastructure of India’s mega cities,
small towns and rural areas included eliminating open defection. Using the innovative technology —
social media and digital platform tools, global positioning system and apps like — X, WhatsApp,
Facebook, News Channel are essential for citizen engagement, efficient project implementation and
achieving the mission’s goals of cleaner and more hygienic India. The scientists, education teacher,
students and science and technology institutes play important role of develop positive attitudes towards
maintain cleanliness and campaign door to door steps of the people from the urban area to tribal area in
India.A review of various technologies, including digital platforms, decentralized waste treatment, and
eco-friendly sanitation solutions, reveals their critical contribution to the mission's success.

In this paper main focus on science and technology-based Bio toilets, launching low-cost toilets,
make garbage collection system for automatically detect depth of garbage in dustbin and inform
municipality about garbage collection, disposal, maintenance of drains, incineration plants, Bio-
compositing, create automatic path hole detector etc. The paper highlights the potential for further
technological integration and addresses challenges such as affordability and scalability to ensure the
sustainability of SBM's achievements. The ultimate goal of the mission is to build a sustainable,
inclusive and developed India by 2047.

Keywords: Swachh Bharat Mission, Science and Technology, Scientific Waste Management.

1. Introduction

Science and technology have played a transformative role in the success of the Swachh Bharat
Mission (SBM) by enabling innovative policy implementation, behavior change, efficient waste
management, and citizen engagement [1][2]. Their contributions span across infrastructure
development, digitalization, and promotion of scientific waste handling, significantly improving
public health and environmental conditions in India [3][4][5]. Given the country's vast and diverse
population, conventional methods were insufficient to meet the mission's ambitious targets.
Science and technology emerged as a crucial enabler, providing innovative tools and solutions for
everything from low-cost construction to real-time monitoring.
2. Digital Innovations and Citizen Engagement

The SBM leveraged digital technologies to enable mass participation and accountability.
Tools like the Swachh Ata MoHUA App empowered citizens to report sanitation grievances,
monitor their resolution, and thus hold authorities accountable. These digital platforms increased
transparency and provided municipalities with actionable data, leading to prompt responses and
better service delivery [5][6][7]. Main slogans of this mission to message citizens are- Clean India
Healthy India, Swachh Bharat Mission, one step towards cleanliness, give this message to
everyone that our country should be clean and beautiful, we have decided to clean India, we have
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made this promise to the country and one day, one hour, together: Cleanliness is service. Social
media and audiovisual tools further amplified awareness campaigns, promoting a culture of
cleanliness [8][9].

Technology has transformed SBM into a transparent, participatory, and data-driven initiative.

o Citizen grievance apps: The "Swachhata App" allow citizens to report cleanliness-related
issues to city administrators, making authorities accountable for timely resolution.

o Toilet locator services: The SBM Toilet Locator on Google Maps helps citizens easily find
the nearest public toilets, improving access and ensuring regular maintenance through user
feedback.

o Internet of Things (IoT): IoT sensors enable real-time monitoring of sanitation and waste
management, providing insights into toilet usage, operational efficiency of STPs, and waste
bin fill levels.

e E-learning and capacity building: SBM provides an e-learning portal for urban local body
officials and citizens to build knowledge on sanitation and waste management best
practices.

o Data analytics: Data from various sources allows for effective program management,
resource allocation, and strategy formulation.

3. Scientific Waste Management and Infrastructure

Scientific approaches were adopted for municipal solid and liquid waste management. Key

technological innovations include:

Automated segregation: Robotic and automated systems like "Trashbot" segregate mixed solid
waste, reducing human intervention and upholding the dignity of sanitation workers.

GIS mapping for smart waste bins: Sensors within these bins detect fill levels and send real-
time data, allowing for optimized collection routes and timely emptying.

Waste-to-energy conversion: Cities like Indore and Delhi use waste-to-energy (WTE) plants
to convert municipal waste into electricity, bio-CNG, and compost, which reduces landfill load
and generates renewable energy.

Plastic waste utilization: Plastic waste is being repurposed for road construction in some areas,
offering a solution to both plastic pollution and the need for new road materials.
Decentralized waste processing: The Bhabha Atomic Research Centre (BARC) developed the
"Nisargruna" technology, which uses a decentralized, cost-effective method to process
biodegradable waste into biogas and manure.

Recognition and incentivization of cost-effective indigenous technologies through challenges
and competitions like the Swachh Technology Challenge [10][4][11][6].

4. Health Benefits and Societal Impact

The integration of science and technology in SBM significantly reduced open defecation and

improved access to toilets across India, leading to steep declines in child and infant mortality rates
[17][18]. Statistical models revealed a direct correlation between increased toilet coverage and
improved public health outcomes, including reductions in diarrheal diseases and malnutrition
among children [3][1][2].
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Technology has provided innovative solutions to the challenge of building accessible and

sustainable toilets, especially in rural areas.

e Low-cost and pre-cast toilets: Companies have developed pre-cast toilet panels using
reinforced cement concrete, reducing construction costs and installation time. The "Flexi
Flush" is another innovation that reduces water usage per flush.

e Bio-toilets and eco-friendly solutions: Eco-friendly and modular bio-toilets, some
integrated with solar energy, have been implemented in areas like schools and trains. They
convert human waste into gas and are designed to be self-sustained and low-water.

o Waterless urinals: Products like the "Zerodor Waterless Urinal" use zero water and prevent
odors, offering a sustainable sanitation product.

e Mobile toilets: The introduction of mobile, portable toilets has been successful in covering
large public events and pilgrimage routes, helping to prevent open defecation.

5. Behavioral Change through Information, Education, Communication (IEC)

e Technology-driven Information, Education, and Communication (IEC) activities used
audiovisual aids and targeted campaigns to bring about long-term changes in sanitation
practices[14][15]. Digital outreach and mobile applications provided scalable means to
disseminate messages, track progress, and engage with rural and urban populations
effectively [9][12][13].

e Educational tools: Technology can be used to create engaging educational materials, like
audiovisual tools, to teach hygiene and cleanliness to children from a young age [16].

o Dissemination of information: Websites, mobile applications, and media play a vital role
in spreading awareness, sharing best practices, and engaging citizens in the mission.

6. Conclusion

Recent research emphasizes the need for sustained technological interventions, ongoing
innovation in waste management, and continuous behavioral change communication. Successes
under SBM point toward the importance of adapting advanced technologies such as artificial
intelligence and robotics to achieve the mission's future goals and address evolving challenges in
sanitation and waste management [13][2][10].Science and technology have not only accelerated
infrastructure growth for sanitation but have also played an essential role in awareness, community
engagement, and efficient waste management, making them cornerstones of the Swachh Bharat
Mission's sustained impact [3][5][2]. The adoption of digital platforms, innovative waste treatment
methods, and eco-friendly infrastructure has accelerated progress toward an open-defecation-free
and clean India. Continued research and investment in affordable, scalable, and community-driven
technological solutions are essential to consolidate these gains and build a healthier, more
sustainable future.
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Abstract- The concept of the carbon footprint has emerged as a critical metric for quantifying the total
greenhouse gas (GHG) emissions caused directly and indirectly by an individual, organization, event,
or product. Expressed in carbon dioxide equivalents (CO2e), it provides a standardized measure to
assess contributions to climate change. This paper provides a comprehensive examination of the carbon
footprint, detailing its definition, calculation methodologies, and primary sources across various sectors,
including energy production, transportation, industry, and agriculture. The core of this research focuses
on a multi-tiered framework for footprint reduction, analyzing measures at the individual, corporate,
and governmental levels. Strategies explored include the transition to renewable energy sources,
enhancement of energy efficiency, adoption of sustainable transportation, and shifts in consumption
patterns. The analysis concludes that while technological solutions are vital, systemic change driven by
effective policy, corporate responsibility, and informed individual action is indispensable for achieving
significant and sustained reductions in the global carbon footprint, thereby mitigating the most severe
impacts of climate change.

Keywords: Carbon Footprint, Climate Change, GHG Emissions, Mitigation Strategies, Renewable
Energy, Sustainability, Carbon Neutrality.

1. Introduction

Anthropogenic climate change, driven predominantly by the accumulation of greenhouse
gases (GHGs) in the atmosphere, represents one of the most pressing challenges of the 21st century
(IPCC, 2022). To effectively manage and mitigate this global issue, it is essential to quantify the
contributions of various entities and activities. The concept of the "carbon footprint" has been
developed for this precise purpose. It is defined as the total set of GHG emissions caused directly
and indirectly by an individual, organization, event, or product, expressed in terms of carbon
dioxide equivalent (CO2e) to account for the varying global warming potentials of different gases
like methane (CH4) and nitrous oxide (N20) (Wiedmann & Minx, 2008).

The utility of the carbon footprint lies in its ability to translate complex consumption and
production patterns into a single, comparable figure, making it a powerful tool for awareness,
management, and policy-making. As global emissions continue to rise, identifying the major
sources and implementing robust reduction measures is paramount. This paper aims to: (1)
elucidate the concept and calculation of the carbon footprint, (2) identify the primary global and
sectoral sources of emissions, and (3) provide a detailed analysis of evidence-based measures to
reduce the carbon footprint at individual, corporate, and governmental scales. By synthesizing
current research, this paper seeks to contribute to a clearer understanding of the pathways toward
a low-carbon future.
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2. The Concept and Calculation of Carbon Footprint

The carbon footprint is a subset of the broader ecological footprint, focusing specifically on
GHG emissions. Its calculation is a complex process that involves setting boundaries (e.g.,
organizational, product, territorial) and collecting activity data, which is then multiplied by
relevant emission factors (BSI, 2018).
2.1 Methodological Approaches

Two primary methods are used:

e Process-Life Cycle Assessment (Process-LCA): A bottom-up approach that assesses
emissions from individual processes within a defined system. While detailed, it can be
resource-intensive and may suffer from truncation errors by omitting distant upstream or
downstream processes.

e Environmentally Extended Input-Output Analysis (EE-IOA): A top-down approach
that uses macroeconomic data to model interactions between economic sectors and their
associated environmental impacts. This method provides a comprehensive system-wide
view but may lack the granularity of Process-LCA (Wiedmann & Minx, 2008).

For practical application, standards like the Greenhouse Gas Protocol (GHG Protocol)
categorize emissions into three scopes to ensure comprehensive accounting (WRI & WBCSD,
2015):

e Scope 1: Direct emissions from owned or controlled sources (e.g., company vehicles, on-
site furnaces).

e Scope 2: Indirect emissions from the generation of purchased electricity, steam, heating,
and cooling.

e Scope 3: All other indirect emissions that occur in a company's value chain, including both
upstream and downstream activities (e.g., business travel, procurement, waste disposal, use
of sold products).

3. Major Sources of Global Carbon Footprint

Understanding the sectoral breakdown of global emissions is crucial for targeting mitigation
efforts effectively. The energy sector is the dominant contributor, but significant emissions arise
from agriculture, forestry, and industrial processes.
Table 1: Global Greenhouse Gas Emissions by Economic Sector (2019)
Source: Adapted from Climate Watch (2020) based on [IPCC ARG6 data.

Percentage of
Economic Sector Global GHG [Key Contributing Activities
Emissions (%)

Electricity and heat production; fossil fuel
Energy 73.2% combustion for transportation, manufacturing,
and construction.
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Percentage of
Economic Sector Global GHG [Key Contributing Activities
Emissions (%)
Agriculture, Livestock (enteric fermentation & manure),
Forestry & 18.4% agricultural ~ soils  (synthetic  fertilizers)
Other Land Use deforestation ’
(AFOLU) '
Industrial 599 Chemical production, cement manufacturing,
Processes e metal production.
Waste 399, Lar}dﬁll ‘ methane, wastewater treatment,
incineration.

As illustrated in Table 1, the energy system is the cornerstone of the global carbon footprint.
Within this sector, electricity and heat generation are the largest subsectors, heavily reliant on coal
and natural gas (IEA, 2021). The transportation sector, predominantly powered by petroleum-
based fuels, is another major and rapidly growing contributor.

At an individual level, the carbon footprint is typically dominated by transportation (especially
air travel and personal vehicles), housing (heating, cooling, and electricity), and diet, particularly
the consumption of meat and dairy products which have a disproportionately high GHG intensity
compared to plant-based foods (Poore & Nemecek, 2018).

4. Measures to Reduce the Carbon Footprint
A multi-faceted approach is required to achieve deep decarbonization. Measures can be
categorized by the actor (individual, corporation, government) and the sector they target.
4.1. Transition to Renewable Energy
The most significant lever for reducing the global carbon footprint is the decarbonization of
the energy sector. Replacing fossil fuel-based power generation with renewable sources like solar,
wind, geothermal, and hydropower is essential. The cost of renewables has plummeted in the last
decade, making them economically competitive (IRENA, 2021). For individuals, this can involve
installing rooftop solar panels or choosing utility providers that offer green energy plans. For
corporations, Power Purchase Agreements (PPAs) for renewable energy are a common strategy to
reduce Scope 2 emissions.
4.2. Enhancing Energy Efficiency
Improving energy efficiency represents a low-hanging fruit for emission reductions. This
involves using less energy to perform the same task.
e In Buildings: Retrofitting buildings with better insulation, energy-efficient windows, and
LED lighting can drastically reduce energy demand for heating and cooling (Urge-Vorsatz
etal., 2015).
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e In Industry: Implementing more efficient motor systems, waste heat recovery, and
process optimization can lower the carbon footprint of manufacturing.
e In Transportation: The proliferation of electric vehicles (EVs), coupled with continuous

improvements in the fuel efficiency of internal combustion engines, is critical. EVs, when
charged with renewable electricity, have a significantly lower lifecycle carbon footprint

than conventional vehicles (Hawkins et al., 2013).

Table 2: Comparative Lifecycle GHG Emissions of Passenger Transport Modes
Source: Adapted from Chester & Horvath (2009) and subsequent updates.

A GHG Emissi
Transport Mode Verage missions (g Notes
CO2e per passenger-km)
Conventional Highly dependent on occupancy
] 170 - 230 . .
Gasoline Car and vehicle size.
e vt |
(EU Grid Mix) . Y Y
grid.
Bus (Public Highly dependent 9n occupan‘cy
) 70 - 100 and fuel type (diesel, hybrid,
Transit) .
electric).
Electric trai t efficient
Rail (Intercity) 30 - 60 ec I'.IC rau‘ls are most efficient,
especially with renewable energy.
High i -CO2
Short-Haul Flight | 180 - 250 igh impact due o non-CO
forcings at altitude.

4.3. Sustainable Consumption and Dietary Shifts
Addressing Scope 3 and consumption-based emissions requires changes in consumption
patterns. The fashion industry, for instance, is a major polluter, and shifting towards circular
economy models (repair, reuse, recycle) is vital. Furthermore, dietary changes offer substantial
mitigation potential. A global shift towards plant-based diets could reduce food-related GHG
emissions by up to 70% (Springmann et al., 2018).
4.4. Carbon Pricing and Policy Instruments
Government-led policies are indispensable for creating an enabling environment for
decarbonization. Carbon pricing, either through a carbon tax or a cap-and-trade system,

internalizes the cost of emissions, providing a market signal to incentivize reductions (World Bank,
2021). Other effective policies include:
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e Regulatory Standards: Fuel economy standards for vehicles, building energy codes, and
renewable portfolio standards that mandate a percentage of electricity from renewables.
e Subsidies and R&D Funding: Government support for the development and deployment
of clean technologies, such as energy storage and green hydrogen.
4.5. Carbon Sequestration
While emission reduction is the priority, removing existing CO2 from the atmosphere is also
necessary to meet climate targets. This can be achieved through:
o Natural Solutions: Afforestation, reforestation, and improved soil management practices.
e Technological Solutions: Carbon Capture and Storage (CCS) for point-source emissions
and Direct Air Capture (DAC) technologies (IPCC, 2022).
5. Conclusion
The concept of the carbon footprint provides a vital, quantifiable link between human activity
and climate change. This paper has outlined that the primary sources of this footprint are
concentrated in the global energy system, industrial production, and agricultural practices. A
successful strategy for its reduction cannot rely on a single solution but must be a synergistic effort
integrating technological innovation, behavioral change, and robust policy frameworks. The
transition to renewable energy and widespread energy efficiency improvements form the
technological backbone of mitigation. However, their adoption must be accelerated by carbon
pricing, stringent regulations, and public investment. Simultaneously, individual actions,
particularly in the realms of transportation and diet, collectively contribute to a significant
reduction in demand-side emissions. Ultimately, achieving a net-zero carbon footprint requires an
unprecedented global commitment to transforming our energy, industrial, and food systems. The
measures discussed herein provide a viable, evidence-based roadmap for this essential transition.
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Abstract- The stability of Earth's ecosystems and the survival of innumerable species, including
humans, are at risk due to the interlocking global crises of climate change and biodiversity loss. The
complicated and mutually reinforcing relationship between climate change and biodiversity is examined
in this paper, with a focus on how human activities like burning fossil fuels, deforestation, and industrial
growth have accelerated global warming and upset ecological balance.

Degradation of habitat, migration of species, and extinction have been caused by rising
temperatures, changed precipitation patterns, and an increase in the frequency of extreme weather
events. At the same time, biodiversity loss weakens ecosystem resilience by decreasing nature's ability
to control climate through pollination, water purification, and carbon sequestration. These phenomena
interact to produce feedback loops that exacerbate socioeconomic vulnerabilities and environmental
degradation.

India faces particular difficulties because it is a country with a high biodiversity and a sensitive
climate. The Sundarbans mangrove ecosystem is at risk from sea level rise; the Western Ghats, a hotspot
for biodiversity, are seeing habitat fragmentation; and the Himalayan glaciers are retreating,
endangering the supply of freshwater. The necessity of combined conservation and climate adaptation
strategies is demonstrated by these regional case studies.

Through frameworks like the Paris Agreement and the Convention on Biological Diversity (CBD),
the paper promotes a multifaceted strategy that includes community-based conservation, protected arca
expansion, sustainable development, and international cooperation. In order to ensure ecological
integrity and human well-being in the Anthropocene era, it is concluded that tackling climate change
and biodiversity loss separately is insufficient and that a comprehensive, science-based, and
collaborative approach is necessary.

Keywords: Climate Change, Biodiversity, Ecosystem, Global Warming, Conservation, India, Policy,
Sustainability

01. Introduction

The Anthropocene era is marked by urgent crises in climate change and biodiversity loss,
driven largely by anthropogenic activities like fossil fuel burning and deforestation. These actions
accelerate changes in the Earth's climate system, evidenced by rising temperatures, shifting
precipitation patterns, melting glaciers, and increased extreme weather events, which further
threaten fragile ecosystems and push thousands of species towards extinction. The
interdependence of biodiversity and climate is crucial; healthy ecosystems regulate climate by
storing carbon and maintaining hydrological cycles, while climate change disrupts ecological
resilience and accelerates biodiversity loss through feedback loops.

India is particularly vulnerable due to its diverse climate zones and rich ecological heritage,
facing significant challenges across various ecosystems from Himalayan glaciers to Sundarbans
mangroves and Western Ghats biodiversity hotspots given their role in supporting livelihoods and
cultural practices. The degradation of these ecosystems, exacerbated by climate stress, jeopardises
both environmental sustainability and socioeconomic stability.
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This research paper aims to elucidate the intricate connections between biodiversity and
climate change by examining global trends and India-specific case studies. It evaluates current
policy frameworks and the causes and impacts of crises, advocating for coordinated mitigation and
adaptation strategies. The study underscores the importance of collaborative action at local,
national, and international levels, merging scientific data with policy analysis and regional
perspectives. Ultimately, it calls for a paradigm shift towards comprehensive, ecosystem-based
management that recognises the relationship between biodiversity and climate, asserting that
inclusive and science-driven frameworks are essential for ensuring a resilient future for both nature
and humanity.

Methodology

This research employs a qualitative and interdisciplinary approach to explore the intricate
relationship between climate change and biodiversity loss, focusing significantly on India
alongside global trends. The study's design is analytical and exploratory, aiming to understand
patterns, correlations, and policy implications without testing a specific hypothesis. It utilises
secondary data from peer-reviewed sources, international reports, government publications,
academic literature, and online databases. Major themes analysed include the drivers of climate
change and biodiversity loss, ecological effects, socioeconomic impacts, and governance
frameworks, all examined through an interconnected lens.

The research incorporates three case studies from India to contextualise global insights: the
impact of Himalayan glacial retreat on endemic species, the climate sensitivity and habitat
fragmentation in the Western Ghats, and the consequences of sea level rise and species
displacement in the Sundarbans Mangrove Ecosystem. These case studies were selected for their
ecological significance and the availability of longitudinal data.

The study acknowledges its limitations, including the absence of primary data collection and
the singular regional focus on India, which may not encapsulate the full spectrum of global
experiences. Additionally, the research adheres to ethical guidelines by ensuring that all sources
are accessible or properly credited. The findings may face challenges in long-term relevance due
to the rapidly evolving nature of climate data.

02. Climate Change: Causes and Impacts

A complex worldwide issue, climate change is mostly caused by human activity. Its impacts
are ecological, economic, and social, and its causes are firmly anchored in land-use changes,
industrial development, and energy consumption. The main causes of climate change and its far-
reaching effects are examined in this section.

A. Climate Change Causes

Greenhouse gas emissions, primarily carbon dioxide (CO:), methane (CH4), and nitrous oxide
(N20), significantly increase when fossil fuels such as coal, oil, and natural gas are combusted,
contributing to global warming due to their heat-trapping properties. The Intergovernmental Panel
on Climate Change (IPCC) indicates that CO: levels in the atmosphere have surged by over 40%
since the pre-industrial era. Deforestation, driven by logging, urban expansion, and agricultural
activities, diminishes the capacity of forests to sequester CO2, heightening carbon concentrations
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and reducing biodiversity. Urbanisation and industrialisation contribute further through the release
of pollutants and greenhouse gases from manufacturing processes, creating urban "heat islands"
that amplify local temperature increases while encroaching on natural ecosystems and reducing
green cover. Agricultural practices, particularly the intensive rearing of livestock and rice
cultivation, produce methane, while the application of synthetic fertilisers leads to nitrous oxide
emissions. Additionally, poor waste management practices exacerbate climate challenges; the
anaerobic decomposition of organic waste in landfills releases methane, contaminating marine
ecosystems and water sources, while outdoor waste burning contributes to carbon emissions and
air pollution.

B. Climate Change's Effects

The document outlines the significant impacts of climate change, highlighting six main areas
of concern. First, since the late 19th century, the planet has warmed by approximately 1.1°C,
resulting in altered climate zones, disrupted seasonal patterns, and accelerated glacier melting.
Secondly, extreme weather events, including floods, droughts, cyclones, and heatwaves, are
occurring with greater frequency and intensity, disrupting agriculture and infrastructure, with India
reporting over 15 significant climate-related disasters in 2023 alone. Thirdly, rising sea levels due
to melting polar ice and thermal expansion threaten ecosystems like the Sundarbans, leading to
coastal erosion and community displacement.

The fourth point discusses food insecurity and agricultural disruption, as changes in
temperature and rainfall affect crop yields and growing seasons, with impacts on staples like rice
and wheat in India. Fifth, human health hazards have risen, with increased cases of heat strokes
and vector-borne diseases, alongside respiratory issues due to contaminated water, placing
vulnerable populations such as children and the elderly at higher risk. Lastly, the document notes
a loss of biodiversity species migrating or dying due to habitat changes, with the drying of
wetlands, forest dieback, and coral bleaching representing broader ecological stress and potential
collapse of entire ecosystems when keystone species are lost.

03. Threats to Biodiversity: Factors, Trends, and Repercussions

The diversity of life forms found in different genes, species, and ecosystems is known as
biodiversity, and it is the cornerstone of both ecological resilience and human survival. However,
a combination of human pressures and climate-related disruptions has put it in danger like never
before. This section examines the various factors that contribute to biodiversity loss, how it
manifests in various ecosystems, and the ripple effects on the health of the planet.

A. Drivers of Biodiversity Loss

Habitat destruction and fragmentation result from converting natural landscapes into
agricultural fields, urban areas, and infrastructure, leading to the loss of habitats and isolating
species populations. This isolation decreases genetic exchange and heightens extinction risk.
Climate change disrupts species' life cycles, migration routes, and reproductive behaviours due to
rising temperatures and altered rainfall, forcing species into unsuitable habitats. Pollution from air,
water, and soil degradation harms ecosystems, with plastic, heavy metals, and chemical runoff
affecting biodiversity. Overexploitation, through unchecked hunting, fishing, and logging,
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depletes populations quickly than they can replenish, significantly impacting marine biodiversity.

Invasive alien species introduction disrupts native species and ecosystems, with examples like

Lantana camara and Eichhorniacrassipes. Lastly, genetic homogenization, driven by agricultural

monocultures and commercial breeding, diminishes genetic diversity, rendering species more

susceptible to diseases and environmental changes.

B. Patterns of Biodiversity Decline

The document discusses critical issues related to biodiversity loss, highlighting several
alarming trends. Firstly, the current extinction rate is reported to be 100 to 1,000 times higher than
the natural background rate, as noted by UNEP in 2022. Additionally, the WWF's Living Planet

Index reveals a staggering 69% average decline in populations of monitored wildlife since 1970.

The text identifies vulnerable ecosystems, including coral reefs, tropical rainforests, and Arctic

tundra, which are experiencing significant threats. Furthermore, there is a notable functional loss

in ecological processes due to declines in key species such as pollinators, seed dispersers, and
predators.

C. India-Specific Biodiversity Threats

India faces significant biodiversity challenges from development and climate change across
various regions: In the Western Ghats, habitat fragmentation threatens unique amphibians, reptiles,
and plants. The Himalayan region suffers from glacial retreat and rising temperatures, impacting
alpine species and migratory birds. The Sundarbans experience sea-level rise and salinity intrusion,
jeopardising mangrove-dependent wildlife like the Bengal tiger and estuarine crocodile. In arid
zones, desertification and water scarcity diminish the survival of native grasses and drought-
resistant animals.

D. Ecological and Societal Consequences

Loss of ecosystem services due to declining biodiversity impacts essential functions such as
pollination, water purification, and climate regulation. This decline also threatens food security
and livelihoods, particularly for rural and indigenous communities reliant on diverse agricultural
and natural resources. Additionally, reduced biodiversity heightens health risks linked to zoonotic
diseases and limits the availability of medicinal plants. Cultural erosion occurs as communities
lose their spiritual and cultural connections to specific species and landscapes.

04. Case Study: India — Climate Change and Biodiversity Under Pressure
India, a megadiverse country housing 8% of global biodiversity, faces severe ecological threats

from climate change, population pressure, and rapid development. This case study highlights

several regions:

1. Himalayan Region: Glacial retreat and altered precipitation patterns threaten freshwater
supplies, impacting indigenous agricultural communities. Alpine species face habitat shifts and
decreased food availability.

2. Western Ghats: Erratic climate increases habitat fragmentation, threatening endemic species
and disrupting traditional livelihoods reliant on biodiversity and forest resources.

3. Sundarbans Mangrove Ecosystem: Rising sea levels and salinity threaten vital mangrove
habitats, impacting local livelihoods and driving climate-induced migration.
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4. Arid and Semi-Arid Zones:Desertification and groundwater depletion affect agricultural
viability and threaten local species, leading to fodder shortages for pastoral communities.

5. Agro-Ecological Zones: Climate shifts result in decreased crop diversity and pollinator
populations, which jeopardise food security and traditional farming practices.

05. Policy Recommendations: Integrated Strategies for Climate and

Biodiversity Resilience

Addressing climate change and biodiversity loss necessitates a shift in environmental
governance and community involvement, with policies requiring a science-based and context-
adaptive approach. Recommendations include:
A. Global and Multilateral Frameworks:
1. Strengthening International Agreements: Enhance Nationally Determined Contributions
under the Paris Agreement for biodiversity-sensitive actions, implement the Kunming-Montreal
Global Biodiversity Framework under the Convention on Biological Diversity, and integrate SDGs
13 and 15 into national strategies.
2. Promoting Climate-Biodiversity Synergy: Foster collaboration between climate and
biodiversity sectors and support funding mechanisms for integrative projects.
B. National Recommendations (Focus on India):
1. Mainstreaming Ecosystem-Based Adaptation (EbA): Integrate biodiversity in climate
adaptation strategies, promoting nature-based solutions.
2. Revising Environmental Legislation: Update key environmental acts to reflect climate-
biodiversity links and enforce EIA with climate risk assessments.
3. Expanding Protected Areas: Enhance connectivity and coverage of protected regions and
establish ecological corridors.
4. Supporting Indigenous Communities: Empower Traditional Ecological Knowledge in
conservation and ensure the Forest Rights Act enhances livelihoods with biodiversity stewardship.
C. Urban and Regional Planning:
1. Green Infrastructure: Incentivise urban biodiversity through green roofs and biodiversity parks,
requiring audits for urban projects.
2. Climate-Resilient Agriculture: Promote crop diversity and organic farming in relation to
biodiversity goals.
D. Research, Monitoring, and Education:
1. Investing in Research: Create interdisciplinary centres for climate-biodiversity research and
support citizen science.
2. Public Awareness: Integrate critical topics into education systems and initiate awareness
campaigns.
E. Financing and Incentives
1. Green Finance: Allocate funds for biodiversity-focused adaptation strategies and promote
Payment for Ecosystem Services.
2. Corporate Responsibility: Mandate biodiversity disclosures in ESG frameworks and encourage
CSR investments in conservation efforts.
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06. Conclusion

The intertwined crises of biodiversity loss and climate change pose significant threats to both
socioeconomic stability and ecological integrity. The paper outlines how factors such as
greenhouse gas emissions, deforestation, and industrialisation not only spur climate change but
also adversely affect biodiversity through habitat disruption and changes in species behaviour,
ultimately destabilising ecosystems. India exemplifies the urgent need to address these challenges,
with ecological impacts manifesting in diverse regions from the Western Ghats to Rajasthan, and
the Himalayas to the Sundarbans affecting public health, food security, and the livelihoods of
marginalised communities. Fragmented approaches are inadequate; a comprehensive, ecosystem-
based strategy that integrates traditional knowledge, scientific innovation, and participatory
governance is vital. Policy frameworks must evolve to acknowledge biodiversity's role in climate
initiatives, supporting community stewardship and landscape-level planning. A new
environmental ethic, focused on the intrinsic value of life and the link between human development
and planetary health, is essential and should be promoted through education and public awareness.
The call for coordinated financing, corporate responsibility, and international cooperation is
critical to foster a regenerative and resilient future, mitigating the consequences of ongoing
ecological disruption. Immediate action is imperative as the stakes and scientific evidence are
increasingly clear.
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Abstract- Climate change and global warming represent the most pressing environmental, social, and
economic challenges of the 21st century. Global warming, caused primarily by the accumulation of
greenhouse gases (GHGs) in the Earth’s atmosphere, has led to significant climatic disruptions such as
melting glaciers, rising sea levels, extreme weather events, and biodiversity loss. This research paper
examines the scientific basis, causes, and consequences of climate change, while also discussing
mitigation and adaptation strategies at the global and national levels. The study emphasizes the need
for a sustainable development paradigm that integrates clean energy transitions, policy innovation, and
behavioral change. The paper concludes that tackling climate change requires not only technological
and policy solutions but also a fundamental transformation in human values, consumption patterns, and
international cooperation.

Keywords: Climate Change, Global Warming, Greenhouse Gases, Sustainable Development,
Renewable Energy, Environmental Policy.

Introduction

The 21st century has witnessed the intensification of a global crisis that transcends borders
climate change and global warming. The Earth’s climate system, which had remained relatively
stable for thousands of years, is now undergoing rapid alterations due to human-induced emissions
of greenhouse gases such as carbon dioxide (CO:), methane (CHa4), and nitrous oxide (N20).
According to the Intergovernmental Panel on Climate Change (IPCC, 2023), the global surface
temperature has increased by approximately 1.2°C above pre-industrial levels, largely due to
anthropogenic activities.

Climate change is not only an environmental issue but also a developmental, ethical, and
geopolitical challenge. Its consequences ranging from food insecurity and water scarcity to forced
migration and health crises affect every aspect of human life. This research paper aims to provide
a comprehensive understanding of the phenomenon by exploring its causes, impacts, and potential
solutions.

Defining Climate Change and Global Warming

The United Nations Framework Convention on Climate Change (UNFCCC) defines climate
change as “a change of climate which is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere, and which is in addition to natural climate
variability observed over comparable time periods” (UNFCCC, 1992).

Global warming, on the other hand, specifically refers to the long-term increase in the Earth’s
average surface temperature due to rising levels of greenhouse gases. Thus, global warming is one
major driver of broader climate change phenomena, which include shifting weather patterns,
altered precipitation cycles, and intensified extreme events.
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Causes of Climate Change
1. Anthropogenic Causes

Industrialization: The burning of fossil fuels for energy production coal, oil, and natural
gas is the primary source of carbon dioxide emissions.

Deforestation: Large-scale deforestation reduces the planet’s ability to absorb CO: through
photosynthesis, while releasing carbon stored in trees.

Agricultural Practices: Livestock farming produces methane, while the use of nitrogen-
based fertilizers emits nitrous oxide.

Urbanization and Transport: Rapid urban growth, motorization, and construction
contribute significantly to GHG emissions.

Waste Management: Improper waste disposal and landfills generate methane emissions.

2. Natural Causes

eruptio

Although current changes are primarily human-driven, natural factors such as volcanic
ns, solar radiation variations, and ocean currents also influence climate variability.

Scientific Evidence and Trends
Multiple lines of evidence confirm the ongoing warming trend. The World Meteorological
Organization (WMO, 2024) reported that the last eight years have been the warmest on record.

The Arctic sea ice is declining at a rate of nearly 13% per decade, and glaciers are retreating across

all continents.

Satellite data indicate a steady increase in atmospheric CO: concentrations from 280 ppm in
pre-industrial times to over 420 ppm in 2024 (NOAA, 2024). This sharp rise correlates strongly

with th

e industrial era and global economic expansion.

Impacts of Climate Change

1. Environmental Impacts

Rising Sea Levels: Caused by melting glaciers and thermal expansion of seawater,
threatening low-lying coastal regions and island nations.

Extreme Weather Events: Increased frequency and intensity of heatwaves, floods,
droughts, and wildfires.

Biodiversity Loss: Many species face extinction due to habitat alteration and temperature
stress.

Ocean Acidification: Higher CO: levels lower ocean pH, harming coral reefs and marine
ecosystems.

2. Economic Impacts

Agricultural Productivity: Crop yields are declining due to erratic rainfall and temperature
extremes.

Damage to Infrastructure: Floods, storms, and cyclones destroy infrastructure, leading to
financial losses.

Energy and Water Stress: Energy demand rises for cooling, while freshwater resources
shrink.
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e Insurance and Financial Risk: Climate-induced disasters strain global insurance markets.
3. Social and Health Impacts

e (Climate Migration: Millions are being displaced due to rising sea levels and resource

scarcity.

e Public Health Risks: Increased prevalence of vector-borne diseases (e.g., malaria), heat

strokes, and respiratory disorders.

e Inequality: Vulnerable populations in developing nations are disproportionately affected.
Climate Change in the Context of Developing Countries

Developing nations like India, Bangladesh, and African countries face compounded
challenges due to their dependence on agriculture and limited adaptive capacity. In India, for
example, the average temperature has risen by 0.7°C between 1901 and 2018, with projections
indicating a further 2—4°C increase by 2100 (Government of India, 2022).

Monsoon irregularities, glacier retreat in the Himalayas, and frequent cyclones in coastal
regions pose serious threats to livelihoods. Despite these challenges, India has launched
progressive policies such as the National Action Plan on Climate Change (NAPCC) and the
National Solar Mission to promote renewable energy and climate resilience.

Global Responses and Policy Frameworks

1. The Paris Agreement (2015)

The landmark Paris Agreement, adopted under the UNFCCC, aims to limit global temperature rise
to well below 2°C, ideally 1.5°C above pre-industrial levels. It calls for nationally determined
contributions (NDCs) by countries to reduce emissions and enhance adaptation efforts.

2. Kyoto Protocol (1997)

It was the first binding treaty to reduce GHG emissions, focusing mainly on developed nations.

3. COP-28 (Dubai, 2023)

At COP-28, countries reaffirmed commitments to phase out fossil fuels, enhance climate finance,
and establish a “Loss and Damage Fund” for vulnerable nations.
Mitigation Strategies
1. Transition to Renewable Energy:
Expanding solar, wind, hydro, and bioenergy capacities reduces dependence on fossil fuels.
India’s target: 500 GW of renewable capacity by 2030.
2. Energy Efficiency:
Upgrading industrial and building efficiency through modern technologies.
3. Carbon Pricing:
Implementing carbon taxes or cap-and-trade systems to internalize environmental costs.

4. Forest Conservation and Reforestation:

Forests act as natural carbon sinks. The Green India Mission aims to restore degraded lands.

5. Carbon Capture and Storage (CCS):

Emerging technologies that capture CO- from emissions and store it underground.
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Adaptation Strategies

Adaptation measures are essential for coping with the inevitable impacts of climate change:
Climate-Resilient Agriculture: Crop diversification, drought-resistant seeds, and efficient
irrigation systems.

Disaster Preparedness: Early warning systems and community-based risk management.
Urban Planning: Green infrastructure and sustainable housing.

Water Resource Management: Rainwater harvesting, watershed management, and
desalination.

Public Awareness: Environmental education and citizen participation in local initiatives.

Sustainable Development and Lifestyle Change

Addressing climate change is closely linked to achieving the Sustainable Development Goals
(SDGs). Goal 13 “Climate Action” calls for integrating climate measures into national policies
and raising awareness.

India’s LiFE Mission (Lifestyle for Environment) promotes behavioral change based on the

princip

les of Reduce, Reuse, Recycle, Respect, and Restore. Sustainable lifestyles, consumption

moderation, and cultural shifts are vital for long-term transformation.

Challenges Ahead

1.

Policy—Implementation Gap: While many nations announce ambitious climate policies
and set impressive emission reduction targets, the real challenge lies in their effective
implementation. Weak governance structures, lack of monitoring mechanisms, and limited
administrative capacity often lead to poor execution. As a result, policies remain on paper
without achieving the intended outcomes, slowing overall climate progress.

Financial Constraints: Developing nations face major financial limitations when it comes
to climate adaptation and mitigation. Transitioning to renewable energy, building resilient
infrastructure, and investing in green technologies require substantial funding. Without
adequate international climate finance and equitable distribution of resources, these
countries struggle to meet their sustainability goals and remain vulnerable to the adverse
effects of climate change.

Political Will: Climate action often competes with short-term political and economic
priorities. Governments may hesitate to implement strict environmental regulations that
could slow industrial growth or impact immediate economic gains. This lack of consistent
political will creates policy instability and undermines long-term climate commitments,
delaying meaningful change.

Technological Limitations: Although clean and renewable energy technologies have
advanced rapidly, they remain expensive and inaccessible for many developing and
underdeveloped regions. The absence of adequate technical infrastructure, skilled
manpower, and research investment limits the widespread adoption of such technologies.
This technological divide makes it difficult to achieve global sustainability on an equal
scale.
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5. Global Inequality: Climate change is a global issue, but its causes and consequences are
unequally distributed. Developed nations, being historically responsible for higher
greenhouse gas emissions, have a moral obligation to take greater responsibility in
mitigation efforts. However, disparities in responsibility, resources, and capacities between
the Global North and South often lead to tension and slow progress in global climate
negotiations.

Future Prospects

The future of climate action largely depends on global solidarity, technological innovation,
and a strong sense of ethical responsibility among nations. To secure a sustainable future, countries
must work collectively to decarbonize their economies by reducing dependency on fossil fuels and
promoting renewable sources like solar, wind, and hydro energy. The digital monitoring of
emissions through advanced data systems will ensure transparency and accountability in tracking
progress. Moreover, the integration of Artificial Intelligence (Al) and machine learning in climate
modeling can help predict environmental changes more accurately and guide better decision-
making. International cooperation will play a vital role, especially in the areas of climate finance
and green technology transfer, ensuring that developing nations can also participate effectively in
global climate goals. Ultimately, the path forward requires balancing economic growth with
environmental sustainability to create a fair and resilient planet for future generations.
Conclusion

Climate change and global warming represent not merely environmental degradation but a
civilizational crisis. The science is clear, the impacts are visible, and the solutions are within reach
what is needed is collective will. Combating global warming requires systemic transformation in
production, consumption, and governance.

By redefining development in harmony with nature and adopting sustainable lifestyles,
humanity can convert this crisis into an opportunity for renewal. As the saying goes, “We do not
inherit the Earth from our ancestors; we borrow it from our children.” The responsibility to act is
ours, and the time is now.
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Abstract: Climate change represents one of the most pressing and complex challenges confronting the
modern world. Its impacts are not confined to temperature increases or altered precipitation patterns
alone but extend deeply into the biological fabric of our planet. Biodiversity the immense variety of life
on Earth is especially vulnerable to the cascading consequences of a changing climate. This paper
provides a detailed examination of how climate change affects global biodiversity, focusing on the
interplay between shifting climate regimes, ecosystem dynamics, and species distribution patterns.
Drawing on contemporary research and case studies, the paper explores both direct and indirect
consequences of climate change on ecosystems, highlighting altered ecological processes, species
migration, extinction risks, and the degradation of ecosystem services. Furthermore, it emphasizes the
need for integrated conservation approaches, adaptive management strategies, and robust international
cooperation to safeguard the planet’s ecological integrity. The study concludes by underlining that
addressing climate change and biodiversity loss in isolation is insufficient holistic and synergistic efforts
are essential for sustaining life-support systems on Earth.

Keywords: climate change, biodiversity, species distribution, ecosystem functioning, conservation,
adaptation.

Introduction

Biodiversity forms the living foundation of the Earth’s ecosystems, providing resilience,
productivity, and adaptability to environmental change. It encompasses the vast array of species,
genetic variations, and ecosystems that collectively maintain ecological balance and supply
essential goods and services to humanity. However, this intricate web of life is now under severe
threat due to human-induced climate change, which has become one of the defining environmental
challenges of the 21st century.

The Intergovernmental Panel on Climate Change (IPCC) reports that the global mean surface
temperature has already risen by approximately 1.1°C above pre-industrial levels, primarily due
to the combustion of fossil fuels, deforestation, and industrial processes. These changes have
triggered widespread alterations in rainfall patterns, melting of glaciers, sea-level rise, and an
increased frequency of extreme weather events all of which directly or indirectly disrupt
ecosystems and species interactions.

Understanding the relationship between climate change and biodiversity is crucial for
predicting ecological outcomes, formulating effective conservation strategies, and ensuring
sustainable human development. This paper aims to analyze the mechanisms through which
climate change affects biodiversity, including direct effects on species distribution, indirect effects
on ecosystem functioning, and broader implications for human society.
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Direct Effects on Species Distribution

One of the most immediate consequences of climate change on biodiversity is the alteration
of species’ geographic ranges. As temperature and precipitation regimes shift, many species are
forced to migrate toward higher latitudes or elevations where environmental conditions remain
within their physiological tolerance limits. For instance, alpine plants in the Himalayas and the
Andes are retreating upward in response to rising temperatures, while polar species such as the
Arctic fox and polar bear face shrinking habitats due to melting ice.

These climate-driven range shifts have cascading effects on ecological relationships. When
species move to new territories, they may encounter unfamiliar competitors, predators, and
diseases, leading to unpredictable community dynamics. Furthermore, not all species can migrate
at the same pace or direction; sedentary organisms, such as plants with limited seed dispersal
mechanisms, are particularly vulnerable to local extinction.

The marine environment exhibits similar shifts. Ocean warming and acidification have forced
many fish species to migrate toward cooler waters, disrupting traditional fisheries and food webs.
Coral reefs, often termed the “rainforests of the sea,” are bleaching and dying as ocean
temperatures rise, depriving numerous marine organisms of habitat and food sources.

Indirect Effects on Ecosystem Functioning

Beyond direct effects on individual species, climate change disrupts the functional integrity
of entire ecosystems. Ecosystem processes such as nutrient cycling, soil formation, and energy
flow depend on complex interactions among species, many of which are sensitive to climatic
variables.

For example, pollination networks are vital for maintaining both wild and cultivated plant
species. Rising temperatures and changing precipitation patterns can desynchronize the timing
between flowering plants and their pollinators (bees, butterflies, and birds). Such mismatches
reduce reproductive success and ultimately impact food security for humans who depend on
pollinator-dependent crops.

In aquatic systems, increasing temperatures and nutrient runoff promote algal blooms, leading
to oxygen depletion and massive die-offs of fish and other aquatic life. Similarly, ocean
acidification caused by the absorption of excess atmospheric CO: reduces the ability of marine
organisms like corals and shellfish to form calcium carbonate shells, threatening the stability of
marine food chains.

Forests, which act as major carbon sinks, are also under stress. Climate-induced droughts and
pest outbreaks (such as the mountain pine beetle epidemic in North America) weaken tree
populations, transforming forests from carbon sinks into carbon sources. Such transformations
accelerate global warming, forming a dangerous feedback loop between climate change and
biodiversity loss.

Conservation Challenges and Strategies

Traditional conservation efforts such as establishing protected areas were designed based on
historical climate conditions. However, as climate zones shift, many species are moving beyond
these protected boundaries, rendering existing strategies less effective. For instance, a reserve
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established for a particular bird species may no longer provide suitable conditions as temperatures
rise and vegetation changes.

To confront these challenges, conservationists advocate for adaptive management strategies
that account for changing climates. These include:

e Assisted migration, where species are intentionally relocated to more suitable habitats.

e Habitat restoration and connectivity, ensuring that fragmented landscapes allow species to

move freely.

e Ex-situ conservation, such as seed banks and captive breeding programs, to preserve
genetic diversity.

e Moreover, integrating climate resilience into biodiversity conservation through predictive
modelling, early warning systems, and ecosystem-based adaptation has become a crucial
priority for policymakers and researchers.

Implications for Ecosystem Services

Ecosystem services are the benefits humans derive from nature, encompassing provisioning
services (food, water, timber), regulating services (climate regulation, pollination, flood control),
cultural services (spiritual, aesthetic), and supporting services (soil formation, nutrient cycling).

Climate change threatens all these functions. For example, melting glaciers affect freshwater
availability for millions of people in Asia and South America. Declines in pollinator populations
endanger global food supply chains, while degradation of coastal ecosystems such as mangroves
and coral reefs reduces natural protection against storms and erosion.

Loss of biodiversity also diminishes the capacity of ecosystems to sequester carbon, thereby
intensifying climate change. The interdependence between biodiversity and ecosystem services
demonstrates that environmental protection is not merely an ethical or ecological concern but also
a socioeconomic necessity.

International Collaboration and Policy Implications

Addressing climate change and biodiversity loss requires global cooperation and policy
coherence. International agreements such as the Paris Agreement (2015) and the Convention on
Biological Diversity (CBD) aim to curb greenhouse gas emissions and promote sustainable use of
ecosystems. However, greater integration between climate and biodiversity frameworks is needed
to achieve tangible results.

Initiatives like the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) provide scientific assessments to guide policy actions. Regional collaborations,
such as the EU Green Deal and India’s National Action Plan on Climate Change (NAPCC), also
emphasize ecosystem-based approaches to adaptation and mitigation.

Crucially, effective governance must include local communities and indigenous knowledge
systems, which often possess valuable insights into sustainable resource management.
Empowering these groups enhances adaptive capacity and ensures equitable conservation
outcomes.
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Case Studies and Scientific Evidence

Numerous real-world examples illustrate the tangible impacts of climate change on
biodiversity:

e Coral Reef Bleaching: Repeated coral bleaching events across the Great Barrier Reef and
Indian Ocean are clear evidence of marine ecosystems under extreme thermal stress
(Hoegh-Guldberg et al., 2017).

e Arctic Melting: The Arctic region is warming nearly four times faster than the global
average, leading to habitat loss for species like walruses and polar bears.

e Amazon Rainforest Dieback: Prolonged droughts and deforestation have reduced the
rainforest’s carbon absorption capacity, threatening its stability as a global carbon sink.

e Phenological Shifts: Studies by Parmesan and Hanley (2015) reveal that many plant species
in Europe are flowering earlier, altering food availability for pollinators.

Long-term ecological monitoring programs, satellite observations, and climate models are
now key tools in predicting future biodiversity scenarios. These tools provide critical insights for
designing adaptive management plans and conservation priorities.

Conclusion

The interconnection between climate change and biodiversity underscores the need for
integrated and multidisciplinary approaches. Climate change not only alters species distributions
and ecosystem processes but also threatens the services that sustain human life. Thus, mitigating
its impacts requires both reducing greenhouse gas emissions and enhancing the resilience of
natural systems.

This paper highlights that biodiversity conservation cannot succeed without addressing
climate change and vice versa. Future strategies must merge ecological science, socio-economic
policy, and global cooperation. Only through collective and informed action can humanity hope to
preserve the rich diversity of life that has evolved over millions of years and continues to support
our existence today.
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Abstract- The Bawangaja area of the Nimar region in Madhya Pradesh, located along the Narmada
River, represents a vital ecological zone characterized by rich biodiversity and traditional agricultural
systems. In recent decades, this region has experienced a marked rise in temperature, irregular rainfall,
and frequent heatwaves, primarily due to global climate change. These climatic fluctuations have
significantly altered plant growth, physiological processes, and ecosystem dynamics. Thermal stress
disrupts photosynthesis, transpiration, and nutrient uptake, leading to yield reduction and species
imbalance. Native crops such as cotton, soybean, and wheat have shown declining productivity, while
heat- and drought-tolerant species are gradually emerging. Similarly, forest vegetation in the Satpura
and Vindhya ranges exhibits visible stress, particularly in moisture-loving trees like Tectona grandis
(teak) and Terminalia arjuna. Shifts in phenological events such as flowering and fruiting further impact
biodiversity, food chains, and ecosystem resilience. Moreover, invasive, and exotic species are
proliferating under warmer conditions, threatening native flora. To address these challenges, strategies
such as the development of climate-resilient crop varieties, adoption of agroforestry, water conservation,
and indigenous plant protection are essential. Regular vegetation monitoring, community-based
ecosystem management and awareness programs can play a crucial role in adaptation and mitigation.
Understanding temperature-induced ecological changes is vital for sustainable development,
agricultural planning, and biodiversity conservation in the Nimar region.

Keywords: Climate Change, High Temperature, Nimar Region, Bawangaja, Plant Physiology,
Biodiversity, Agro forestry, Adaptation Strategies

Introduction

Climate change has emerged as one of the most pressing environmental concerns of the 21st
century. The phenomenon is primarily driven by anthropogenic activities such as industrial
emissions, deforestation, and unsustainable agricultural practices, leading to the accumulation of
greenhouse gases in the atmosphere. Global warming, one of the key manifestations of climate
change has led to rising temperatures and disrupted climatic cycles worldwide.

The Nimar region of Madhya Pradesh—particularly the Bawangaja area located along the
banks of the sacred Narmada River — is ecologically and culturally significant. This region
represents a unique confluence of tropical dry forests, fertile alluvial plains, and traditional
agrarian systems. Historically, the climate of this region has supported a wide variety of plant
species and crops. However, in recent decades, increasing temperature trends, erratic rainfall, and
frequent heatwaves have begun to threaten the ecological equilibrium.

This research aims to analyse the impact of rising temperature on plant species, agricultural
productivity, and ecosystem functioning in the Bawangaja region. It explores physiological stress
in plants, biodiversity shifts, and the socio-economic implications for local communities dependent
on agriculture and forestry.
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Objectives of the Study
1. To assess the impact of rising temperature on plant physiology, growth, and productivity
in the Nimar region.
2. To examine the changes in species composition and biodiversity under changing climatic
conditions.
3. To study the phenological changes in local flora caused by temperature stress.
4. To identify sustainable adaptation and mitigation strategies suitable for the Nimar
ecosystem.
Study Area: Bawangaja, Nimar Region

The Bawangaja area is in the Barwani district of Madhya Pradesh, situated in the southwestern
part of the state. It lies at the foothills of the Satpura Range, adjacent to the fertile plains of the
Narmada River basin. The climate is typically tropical, with hot summers, mild winters, and
monsoon rains.

Average annual temperature ranges between 26°C and 42°C, but recent decades have shown
an increase of 1.5-2°C during peak summer months. Rainfall patterns have also become more
erratic, leading to prolonged dry spells and occasional flash floods.

The region supports a mix of agricultural lands, dry deciduous forests, and riverine vegetation.
Major crops include cotton, soybean, wheat, and pulses, while forest species such as Tectona
grandis, Terminalia arjuna, Madhuca indica, and Azadirachta indica dominate the natural
landscape. The area is home to diverse flora and fauna, providing ecological, economic, and
cultural value.

Effects of Rising Temperature on Plant Physiology

High temperatures influence various physiological processes in plants. These include:
Photosynthesis: Elevated temperatures reduce the efficiency of photosynthetic enzymes, leading
to decreased carbon fixation.

Transpiration: Excessive heat increases transpiration rates, causing water stress and stomatal
closure, thereby reducing gas exchange.

Respiration: Increased respiration rates at high temperatures lead to energy loss, reducing net
biomass accumulation.

Nutrient Uptake: Soil nutrient solubility and root absorption efficiency decline, leading to poor
plant nutrition.

Flowering and Fruiting: High temperatures alter the timing and success rate of reproductive
cycles.

These changes collectively lower the yield and vitality of agricultural crops and natural
vegetation, making them more susceptible to diseases and pests.

Impact on ecosystem dynamics

Increased droughts and heat stress: Projections for Madhya Pradesh indicate a likely increase
in hot days, hot nights, and heatwaves. This will lead to more frequent, severe, and widespread
droughts, especially during the monsoon season. This increased heat stress will strain the water
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balance in the Bawangaja ecosystem, potentially leading to rapid plant loss and even
desertification.

Water stress and rainfall variability: While some projections suggest an increase in monsoon
precipitation for parts of Madhya Pradesh, it is often associated with more extreme rainfall events
and greater seasonal variability. The Nimar region has experienced erratic rainfall, negatively
affecting rainfed crops and creating drought-like situations. The increased temperature exacerbates
this, with significant consequences for both forest and aquatic ecosystems in the region's river
systems.

Forest fires and fragmentation: Climate change is increasing the intensity and frequency of
forest fires. The resulting forest fragmentation creates barriers for seed dispersal and pollination,
making it difficult for species to adapt to new climatic conditions by migrating to more suitable
locations.

Threats to biodiversity and livelihoods: Rising temperatures disrupt the delicate balance of the
ecosystem, threatening not only flora but also dependent fauna. This has major implications for
the forest-dependent communities in the region, who often have low capacity to adapt to
environmental changes.

Impact on Agricultural Crops

The Nimar region is an important agricultural hub, but temperature rise has begun affecting
crop patterns and productivity.

Cotton: One of the principal crops, cotton is highly sensitive to temperature changes. Excessive
heat during flowering reduces boll formation and fiber quality.

Soybean: Heat stress during pod development leads to yield reduction and seed discoloration.
Wheat: Increased temperature during the grain-filling stage shortens the crop duration, reducing
overall yield.

Horticultural crops: Mango, banana, and papaya plantations have shown flowering irregularities
and increased pest infestations.

Farmers have begun adapting by shifting to heat-tolerant and short-duration varieties.
However, such changes require scientific support, irrigation facilities, and awareness programs.
Impact on Forest Vegetation and Natural Ecosystems

The forests in the Satpura and Vindhya ranges of Nimar are primarily dry deciduous. Rising
temperatures and irregular rainfall have severely impacted these ecosystems.

Effects on phenology: Altered temperature patterns are changing the timing of life cycles for
many plants. Research on central Indian dry deciduous forests shows that species like mahua
(Madhuca indica), teak (Tectona grandis), and palash (Butea monosperma) have already been
affected. This earlier flowering and fruiting impacts plant reproduction and the livelihoods of
forest-dependent communities.

Moisture-dependent species like Tectona grandis (teak) and Terminalia arjuna have shown
reduced regeneration and premature leaf shedding.

Shift in species composition: The Nimar region's forests are broadly classified as teak forests
and mixed forests. Increased temperatures and related stress factors like fire and drought are
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causing shifts in vegetation types. This can affect the balance between dominant species like teak
(Tectona grandis) and associated flora, potentially changing the overall forest structure and species
composition. Moisture-dependent species like Tectona grandis (teak) and Terminalia arjuna have
shown reduced regeneration and premature leaf shedding.

Drought-tolerant species such as Butea monosperma and Acacia catechu are becoming
dominant, indicating ecological imbalance.

Forest fires have become more frequent, further threatening biodiversity.
Epiphytic and understorey plants are declining due to heat and moisture loss.

This ecological shift impacts soil fertility, hydrological cycles, and wildlife habitats, leading
to cascading effects on the ecosystem.

Phenological Changes and Biodiversity Shifts

Phenology refers to the timing of biological events such as flowering, leafing, and fruiting.
Climate-induced temperature rise alters these cycles.

Field observations and local reports suggest that: Many flowering plants are blooming earlier
than usual, disrupting pollination patterns.

Fruiting periods have shifted, affecting food availability for birds and mammals.
Germination success of tree species has declined due to heat and soil moisture stress.

These disruptions threaten the interdependent relationships between plants, pollinators, and
seed dispersers, leading to potential loss of biodiversity.
Expansion of Invasive and Exotic Species

Rising temperatures Favor, the spread of invasive plants such as Parthenium hysterophorus
and Lantana camara, which outcompete native vegetation. These species exhibit rapid growth and
higher tolerance to stress conditions. Their expansion reduces biodiversity, alters soil chemistry,
and hampers forest regeneration.

Controlling invasives requires regular monitoring, community involvement, and mechanical
or biological control methods.

Socio-Economic Implications

Agriculture and forest-based livelihoods are the backbone of the Nimar economy. Declining
crop productivity and vegetation loss directly affect farmers, forest dwellers, and local artisans.
Reduced availability of forest products, fodder, and fuelwood has increased dependency on
external resources, contributing to rural distress.

Increased expenditure on irrigation, fertilizers, and pest control also adds to farmers’
economic burdens. Women, who play a key role in collection and processing of non-timber forest
products, are particularly affected.

Adaptation and Mitigation Strategies

To reduce the impact of temperature rise, several adaptation strategies can be implemented:
Climate-Resilient Agriculture: Develop and promote crop varieties that tolerate heat and
drought.
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Agro forestry: Integrate trees and crops to provide shade, moisture retention, and carbon
sequestration.

Water Conservation: Construct check dams, farm ponds, and promote drip irrigation systems.
Forest Management: Encourage regeneration of native species and prevent forest fires through
community monitoring.

Awareness and Training: Conduct farmer workshops on climate adaptation and biodiversity
conservation.

Research and Monitoring: Establish regional climate observatories and vegetation monitoring
stations. Implementing these strategies requires collaboration among local communities, scientists,
and policymakers.

Conclusion

The Bawangaja area of the Nimar region is facing evident ecological stress due to rising
temperatures and climate variability. The resulting physiological, phenological, and ecological
changes in plant species threaten both biodiversity and human livelihoods.

While adaptation measures are being introduced, a coordinated regional policy that integrates
agriculture, forestry, and community development is essential. Sustainable management practices,
indigenous knowledge integration, and scientific research can help the region adapt to changing
climatic realities.

Preserving plant diversity and ecological balance in Nimar is not only crucial for local
sustainability but also for India’s broader environmental resilience and climate goals.
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Abstract- Climate change is profoundly transforming ecosystems at a global scale, with significant
implications for animal biodiversity. Temperature increases, shifts in precipitation patterns, ocean
acidification, and the growing frequency of extreme weather events are driving changes in species
distribution, phenology, behavior, and physiology, and elevating extinction risk. This review synthesizes
current understanding of the mechanisms by which climate change affects animal populations, drawing
on case studies from terrestrial, marine, and freshwater systems. It further evaluates species’
vulnerabilities and adaptive capacities, and outlines mitigation and conservation strategies essential for
enhancing resilience to ongoing and projected climatic events.

Keywords: Climate change, biodiversity loss, species adaptation, phenological shifts, extinction risk,
ecosystem resilience, conservation policy

1. Introduction: The Climate—Faunal Nexus

Anthropogenic climate change, driven primarily by the accumulation of greenhouse gases
(GHGs) from fossil fuel combustion, land-use change, and industrial activity, is among the most
consequential environmental challenges confronting global biodiversity. The Intergovernmental
Panel on Climate Change (IPCC) reports that the mean global surface temperature has increased
by approximately 1.1°C since the pre-industrial baseline (1850-1900), with continued warming
projected under virtually all emissions scenarios (IPCC, 2021). This temperature rise has been
accompanied by significant alterations in precipitation regimes, heightened frequency of extreme
weather events, intensified droughts and heatwaves, accelerating cryospheric melt, sea-level rise,
and ocean acidification. Collectively, these shifts signify a large-scale restructuring of Earth’s
physical and biological systems.

Faunal communities are particularly susceptible to these transformations. Animals occupy
diverse ecological niches and depend on finely tuned physiological, behavioral, and reproductive
mechanisms that are sensitive to environmental variability. Consequently, even modest climatic
deviations can trigger extensive biological responses across multiple levels of organization—from
individual physiology and gene expression to population dynamics, species interactions, and
ecosystem processes. Evidence from terrestrial, freshwater, and marine biomes indicates that
climate-driven disruptions are altering species distributions, phenological cycles, trophic
networks, and disease dynamics, with implications for long-term ecosystem stability and
function.

Understanding the mechanisms that mediate these responses is central to predicting and
mitigating biodiversity loss under future climate trajectories. The challenge extends beyond
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documenting correlative patterns between temperature rise and species decline; it necessitates an
integrative framework that elucidates the causal pathways linking climatic stressors to biological
outcomes. This synthesis therefore aims to: (1) examine the mechanistic connections between
climate variables and faunal responses; (2) identify taxa and biomes exhibiting heightened
vulnerability; (3) evaluate adaptive capacities and limits across species; and (4) assess the efficacy
of current mitigation and conservation strategies.

By situating animal responses within the broader context of Earth system change, this study
underscores the urgent need for adaptive conservation paradigms that anticipate rather than merely
react to the accelerating pace of climate-induced environmental transformation.

2. Temperature as a Key Regulator of Physiological Processes in Ectothermic

and Endothermic Animals

Temperature is a fundamental environmental variable that regulates numerous physiological
processes, including metabolism, reproduction, and growth, across all animal taxa. In ectothermic
species—such as reptiles, amphibians, and many invertebrates—body temperature is largely
determined by external thermal conditions. Consequently, rising environmental temperatures can
push these organisms beyond their thermal tolerance limits, reducing aerobic scope, elevating
metabolic costs, and impairing reproductive success and survival.

Endothermic animals, including mammals and birds, also experience significant
physiological and ecological impacts from elevated ambient temperatures. Although they maintain
a relatively constant internal temperature, excessive heat can impose severe stress, disrupting
energy balance, constraining foraging activity, and in extreme cases, leading to mortality during
heatwaves.

Overall, temperature exerts a pervasive influence on animal physiology, shaping
performance, fitness, and ultimately, species distributions in a warming world.

3. Biological Responses to Climate Change: Phenological Shifts, Range

Dynamics, and Phenotypic Adaptation

Climate change is a pervasive driver of biological change, influencing species’ behavior,
physiology, and distribution. Organisms respond through altered timing of life-history events
(phenological shifts), redistribution of geographic ranges, and adjustments in phenotypic traits via
plasticity or evolution. These processes collectively determine a species’ capacity to persist under
rapidly changing environmental conditions.
A. Phenological Shifts

Phenology—the timing of recurring biological events such as flowering, breeding, and
migration—is highly sensitive to climatic variation. Warming temperatures have advanced many
seasonal events across taxa, but rates of change differ among interacting species, creating
phenological mismatches. For example, earlier insect emergence may not align with the breeding
of insectivorous birds, leading to food shortages during critical developmental periods. Such
mismatches reduce reproductive success and juvenile survival, contributing to population
declines. These disruptions cascade through trophic networks, destabilizing entire ecosystems.
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B. Range Dynamics

As local climates become unsuitable, many species are shifting their geographic ranges
poleward or to higher elevations in search of cooler conditions. These shifts, documented across
terrestrial and marine systems, are among the most visible biological responses to climate change.
Yet dispersal is constrained by barriers such as mountains, coastlines, or human-modified
landscapes, as well as ecological interactions like competition and predation. While some species
colonize new areas, others face range contractions or local extinctions, reshaping community
compositions and ecosystem structures globally.

C. Phenotypic Adaptation: Plasticity, Maladaptation, and Evolution

The pace of modern climate change often exceeds species’ evolutionary capacity, placing
greater reliance on phenotypic plasticity—the ability of a single genotype to express different
phenotypes under varying conditions—for short-term survival. Examples include -earlier
hibernation termination in Columbian ground squirrels and advanced breeding in red deer under
warmer springs. However, plasticity’s adaptive value depends on whether the new phenotype
enhances fitness. In some cases, it is maladaptive: body mass declines in certain species, though
consistent with Bergmann’s rule, often result from stress rather than adaptation. Because larger
individuals typically have higher reproductive success, such reductions lower fitness and drive
declines.

Evolutionary adaptation, while stabilizing over longer timescales, rarely proceeds fast enough
to match rapid climatic shifts. Genetic changes in thermal tolerance or metabolism cannot track
the high variability of modern climates. Thus, persistence depends largely on immediate plastic
responses, and when these are maladaptive, extinction risk rises. Some species, however, show
limited transgenerational plasticity—for instance, maternal acclimation in marine sticklebacks can
produce larger offspring, offering temporary resilience to thermal stress.

4. Observed and Predicted Impacts of Climate Change on Animal Populations

Climate change is driving profound and multifaceted impacts on animal populations
worldwide, leading to extinctions, biodiversity loss, and widespread ecological disruption.
Modeling studies predict that under high-emission scenarios (RCP8.5 or SSP5-8.5), up to 20-30%
or more of global species may face extinction by 2100, with tropical mountains, islands, and Arctic
ecosystems as extinction hotspots. Shifts in species richness and composition are evident as warm-
adapted species expand in temperate zones while cold-adapted species decline, and marine
organisms migrate poleward in search of suitable habitats. These alterations destabilize ecological
communities and disrupt predator—prey relationships, threatening overall ecosystem functionality.
Climate-induced changes in seasonal behavior—such as earlier breeding, migration, and
emergence—have been documented across taxa, leading to mismatches between animals and their
food resources. This phenological mismatch occurs when species advance their life cycles earlier
in response to warming, but essential food sources or conditions have not aligned, resulting in
poor reproductive success. Physiological stress compounds these challenges; elevated
temperatures can impair reproduction, as seen in sea turtles, where warming sands skew sex ratios
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toward females, and in vertebrates, where heat reduces sperm viability. Together, these cascading
effects are reshaping ecosystems and threatening the resilience and survival of countless species.
A. Geographic Range Shifts and Habitat Fragmentation

Alterations in global climate patterns are driving substantial shifts in animal ranges as species
seek suitable conditions. Many are migrating poleward or to higher elevations in response to rising
temperatures and changing precipitation. For example, warming trends have caused the Caspian
red deer (Cervus elaphus maral) to reach summer ranges about 20 days earlier than in previous
decades. However, the ability to track shifting climate envelopes is constrained by complex
environmental interactions. Climate change also intensifies habitat fragmentation through frequent
extreme weather events—droughts, storms, and wildfires. Fragmented ecosystems impose
physical and ecological barriers to dispersal, leading to population isolation, reduced gene flow,
and biodiversity loss. The combined effects of rapid climate shifts and fragmentation heighten the
risk of local extirpations, especially for species with limited dispersal or narrow ecological
tolerance.

B. Behavioral and Competitive Shifts

Altered Foraging and Trophic Flexibility: Predators respond to environmental changes
through behavioral and dietary adjustments. When prey availability shifts due to altered
hydroclimatic conditions, adaptable predators broaden their trophic niches to exploit new
resources. This dietary plasticity stabilizes ecosystems by ensuring functional redundancy within
trophic guilds, allowing ecosystem processes to persist despite species-specific declines.

C. Ocean Warming, Acidification, and Marine Food Web Disruption

Climate change profoundly impacts marine ecosystems, with ocean warming and
acidification driving structural and functional disruptions. Rising sea surface temperatures cause
widespread coral bleaching, as seen in the 2016 Great Barrier Reef event, which led to extensive
coral mortality and reduced habitat complexity for reef-associated species. Bleached reefs support
fewer niches, lowering biodiversity and ecosystem services. Simultaneously, ocean
acidification—driven by rising atmospheric CO>—treduces benthic diversity, biomass, and trophic
complexity, often favoring generalists over specialists.

Beyond habitat degradation, warming shifts energy flow at the base of food webs. Studies
show that higher temperatures promote cyanobacterial dominance over palatable turf algae.
Because cyanobacteria are largely unpalatable, energy becomes trapped as detrital biomass rather
than transferred to higher trophic levels, simplifying food webs and reducing productivity.
Elevated CO: also impairs sensory and behavioral functions in fish larvae, such as clownfish,
leading to riskier behavior, greater predation, and mortality rates several times higher than
normal—undermining recruitment and long-term population stability. These combined
stressors—coral bleaching, acidification, disrupted energy flow, and sensory impairment—
underscore the vulnerability of marine ecosystems, threatening biodiversity, trophic interactions,
and the resilience of coastal environments.

5. Climate-Driven Competitive Displacement
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Climate change modifies habitats and species interactions, reshaping competitive hierarchies.
In the Pacific, the invasive common house gecko (Hemidactylus frenatus) displaces native
mourning geckos (Lepidodactylus lugubris) due to behavioral advantages under altered
conditions. Such shifts often favor generalist or invasive species, threatening specialized resident
populations.

A. Climate-Induced Extinction Dynamics and Quantification of Risk

The extinction of the Monteverde golden toad (Bufo periglenes Savage, 1966), declared
extinct by the IUCN in 2004, represents one of the earliest terrestrial extinctions linked directly to
anthropogenic climate change (Pounds et al., 2006). Although the proximate cause was
chytridiomycosis, a lethal fungal disease (Batrachochytrium dendrobatidis), the outbreak
coincided with an unusually intense El Nifio—Southern Oscillation (ENSO) event in 1986—-1987,
which caused extreme drought in Costa Rica’s Monteverde Cloud Forest Reserve.

The climatic anomaly forced amphibians to cluster around limited wet microhabitats,
increasing density and facilitating pathogen spread. This interaction between climatic stress and
disease produced a population collapse within one breeding season. As researchers noted, “The
disease is the bullet that kills, but climate change pulls the trigger” (Pounds et al., 2006). The event
illustrates how climate variability amplifies non-climatic stressors—such as disease, habitat
fragmentation, and invasive species—accelerating biodiversity loss through synergistic
mechanisms.

B. Quantifying Extinction Risk under Progressive Warming

Meta-analytical syntheses suggest that extinction risk from climate change is likely
underestimated by conventional models. Empirical data reveal that about 12% of species show a
>(.5 probability of extinction under current trajectories, compared with 1.9% predicted by earlier
models (Urban, 2015). This discrepancy highlights the limits of current frameworks in capturing
interactions among temperature anomalies, altered precipitation, disease emergence, and habitat
degradation that collectively determine species persistence.

C. Threshold-Dependent Escalation of Extinction Risk

IPCC projections demonstrate that biodiversity loss increases non-linearly with incremental
warming (IPCC, 2021). Even small rises in mean global temperature can cause disproportionately
large extinction risks, particularly in ecosystems with high endemism or narrow thermal tolerance,
such as coral reefs (very high confidence), Arctic and alpine systems (high confidence), and
tropical forests (medium confidence). Extinction risk for endemic species in biodiversity hotspots
is projected to at least double between 1.5 °C and 2 °C of global warming and may rise tenfold at
3 °C (medium confidence). This geometric escalation underscores 1.5 °C as a critical upper
threshold for maintaining biodiversity integrity and ecological resilience.

D. IUCN Red List Insights: Taxonomic Vulnerability

Recent IUCN Red List analyses reveal strong taxonomic disparities in vulnerability under
ongoing climate change (IUCN, 2023). Over 48,600 species—about 28% of all assessed taxa—
are threatened with extinction. Particularly high proportions occur in:

Reef-building corals: 44% threatened
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Amphibians: 41% threatened
Sharks and rays: 38% threatened
Mammals: 26% threatened

Ectothermic taxa (e.g., corals, amphibians) are especially sensitive to temperature fluctuations
and metabolic acceleration, causing trophic instability. In polar biomes, ice-dependent mammals
exemplify rapid climate-driven vulnerability: the hooded seal (Cystophora cristata) is now
Endangered, while the bearded (Erignathus barbatus) and harp seals (Pagophilus groenlandicus)
have shifted from Least Concern to Near Threatened due to sea-ice loss and prey decline (Laidre
et al., 2020). These status transitions reflect real-time biological responses to cryospheric
instability and underscore the immediacy of climate-related extinction pressures.
Some examples of climate change responses on fauna

Species/Taxon Primary Climate Stressor

Observed

Response/Consequenc e

Domain of Impact

Polar Bear (Ursus

Sea Ice Loss / Reduced

Decline in body

Polar / Energetic

maritimus)

Prey Access

condition and cub Balance

survival due to reduced hunting opportunities on ice.

Adélie Penguin

Warming and Sea Ice

Southward colony

Polar / Reproductive

(Pygoscelis adeliae)
Retreat

shifts; reduced breeding
Ecology

success in northern
populations.

Monarch Butterfly
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Temperature and
Disruption of migratory
Insect / Migration

(Danaus plexippus)
Precipitation Changes
timing; decline in
Phenology

milkweed host plant
availability.

African Elephant

Drought / Reduced

Increased mortality

Terrestrial / Behavioral

(Loxodonta africana)

Water Availability

during dry seasons; altered movement patterns to locate water.
Ecology

Atlantic Cod (Gadus
Ocean Warming /
Range contraction

Marine / Population
morhua)

Hypoxia

toward cooler northern waters; decreased recruitment success.

Dynamics

Golden Toad (Incilius periglenes)

Koala (Phascolarctos

Temperature Increase / Reduced Moisture

Heat Stress /

Extinction linked to climate-induced habitat drying and chytrid fungus outbreak.

Reduced hydration and

Amphibian / Disease Ecology

Arboreal /
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cinereus)

Eucalyptus Quality Decline
nutritional stress due to
Physiological

Snow Leopard (Panthera uncia)

Glacier Retreat / Prey Decline

leaf quality degradation.

Range contraction to higher altitudes;

Alpine / Habitat

Atlantic Puffin
increased conflict

Ocean Warming / Prey
Chick starvation due to
Marine /

(Fratercula arctica) Bumblebee (Bombus

Shifts

Rising Temperatures /

a mismatch between hatching and fish availability.
Northward range shifts,

Mismatch

Insect /

terrestris)

Habitat Loss

reduced pollination
Function

efficiency, and colony
success.

Stress

Fragmentation

with humans.

Trophic

Ecosystem

The extinction of Bufo periglenes and the subsequent escalation of extinction risks across taxa
demonstrate that the biodiversity crisis is being accelerated by the synergistic interplay between
climatic and non-climatic stressors. Empirical data confirm that extinction probability increases
exponentially beyond the 1.5 °C warming threshold, revealing a non-linear and compounding
trajectory of biodiversity loss. The persistence of global fauna and flora, therefore, hinges on
maintaining global temperature rise well below 2 °C, consistent with the Paris Agreement
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objectives, and on addressing secondary stressors that interact with climate change to precipitate
ecological collapse.
6. Policy and Management for Climate-Resilient Conservation

To mitigate accelerating faunal loss under climate change, conservation policy must integrate
aggressive mitigation, adaptive management, and ecosystem-based resilience strategies.
A. Climate Mitigation as a Biodiversity Imperative

The geometrically increasing extinction risk beyond 1.5 °C identified by IPCC models
demands urgent global decarbonization. Limiting warming to 1.5 °C must be treated as a strict
biodiversity safeguard, not a negotiable target.

B. Addressing the Bioenergetic Bottleneck

Ecosystem management should enhance energy flow and efficiency within food webs.
Controlling climate-induced cyanobacterial blooms and minimizing non-climatic stressors such
as pollution and overharvesting can sustain trophic stability and provide energetic resilience
against warming.

C. Enhancing Landscape Connectivity

Conservation investment should prioritize ecological corridors linking fragmented habitats
along latitudinal and altitudinal gradients. These corridors facilitate species migration and
adaptation to shifting climatic conditions, offsetting low dispersal capacity and rapid climate
velocity.

D. Phenology-Aware Management

Monitoring systems must detect and mitigate “ecological traps” caused by mismatches
between environmental cues and species responses. Adaptive interventions—such as resource
supplementation or artificial cue manipulation—may support vulnerable ectotherms during
maladaptive phases.

E. Functional Diversity and Ecosystem-Based Management

Conservation strategies should emphasize functional redundancy across trophic guilds to
maintain stability—the “portfolio effect.” Protecting diverse ecological roles, rather than focusing
solely on flagship species, strengthens resilience in critical systems like coral reefs, kelp forests,
and estuaries.

F. Integrated Mitigation and Adaptation (Climate-Smart Conservation)

Effective conservation requires synergistic actions that deliver both climate mitigation and
adaptation benefits. For instance, restoring wetlands and forests sequesters carbon while buffering
ecosystems and communities from flooding, drought, and storms.

G. Governance and Inclusive Participation

Long-term success relies on strong political commitment and multilevel governance that
actively engages local and Indigenous communities. Their traditional ecological knowledge
enhances adaptive capacity, resilience, and sustainable stewardship.

7. Conclusion and Future Research Directions
Human-driven climate change is causing extensive and often irreversible harm to global
fauna, not only through heat stress but also via complex mechanisms such as phenological
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mismatches, altered disease dynamics, and trophic instability. Vulnerable groups—particularly
specialized, large-bodied, and temperature-sensitive ectotherms—face heightened extinction risk,
leading to functional loss within ecosystems. Current predictive models likely underestimate these
compounded effects. Future research must focus on four key areas: (1) distinguishing genetic
evolution from phenotypic plasticity in species’ adaptive responses; (2) developing models that
integrate climate stressors with non-climatic drivers, including epigenetic and physiological
factors; (3) clarifying how trophic cascades respond differently across ecosystems to warming;
and (4) assessing the long-term effectiveness of integrated, climate-resilient conservation
strategies that align biodiversity protection with sustainable development and mitigation efforts.
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feraefier St & ure yate <t Se1em =78l 81, fod BRI qafaRor ER&MT HRIGAT B TTet
BU U TR el PR U | STRRIERT TR R AT Sefary < i Iuetedd HIfHd it & 1 IHSb fAeRor
T e 3fTe &
T THTe™ (Possible Solutions)

1. a7t T < bt anfeies Armral # ofiet e — 3nfeles faemT 3iR uafaur wRero
Bl Uh—GHR P fAURIT T HIFTehR Teblepel A ST @TRUI BR <21 bl U1 eI ATSirati § Hefel
P, e Holl, BRA AU AR UIPlid THIE Jagd Bl MMl < a1yl s69d
SefaTen anfefes fRRAT 3R yafarufla Hger ST & & anfl|

2. gRa faar (Green Investment) & AT ST — TRBHR AR Froft %HEIOA[WUT—W
URASHTST S AR Folf, T Il STl TRE0T, FHaRT TGeH, 3R gelfded daredl 3 Faer 9T
TV I IS 31R B ST ST A TSI i BT DTN IR Hecl! & | THH TSIl
& BRTT 3IR AR & AV 3R ot 4a1 81|

3. SFIFTRaaT G4 T & HTed 3 qaiarun foriaRT ol HicHTied $HRAT: — G TaRoT HRef0
haeT TRBR I I DI FHERT 781, Ifedh TN & & i DI AR 81 Fhall, Dietall,
M7 3R IEIIP Te- & q1edq T ugiaRur Teel fHe iR STFRedhaT T ST far ST
AIMRY| FIRCH SUART § B, TTeT TRV, JERYOT 3N I & AFRET H T & g1
aRacH H99 B

4. AR FEANT A <t | Tt 3R faha FERIT U =T~ Serdrg gk
U I TET B, safaty aeft <o ot fAiciaR S8 gl AT BN fAdfid Q9T S9Id daie (S
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P HER, TITS Froll JUBRY) IR STty [T IS e [Gepraelier S 6l HeRar ax Fad
g1 T Y S YTHH TR HSAN M1, T B BS I 31 DI Folge a1 Heedqui &
5. TR Hotf & &F 3 TAMER G ATH Bl M - AR, I, JaoT iR

TR Sl AT BT AGLIDBAN &1 T &A1 § A5 qAbriieh, TP HAT IUDPRYT 3R T Sl
TS TR QNG IR F ol Hebe PHH I IR YITeRUT Y& BT JgaT HeHT| S Bl Tl
Folt & & H FCICITH, R&D FEAMI 3R IST+ei T HHLH AT AT
11. f58 (Conclusion)

TTGRUT HREUT MR Tefeh fAhRT & i e a1q T 21dT HT ol e gl A 8l
foepr T Teieh & ST 98 A IR Upict Sl o & H &l

IR fed fFa & aft <o AT I8 THeM1 81 b 377feies TTfct ot FEORAT dhaet aft a8
e TAfaRuiY O Hgfeld 3R Tawel T2 | YATaRur TREMT & folt &5 AFfed U ax & JTaedadT
&, S foh: GIfaR0T ERETUT & A8 & IR H STFReadT thel™T, Had [Ad™ P Jg1dT <7 3iR gafeaxoy
TREIV & 1 3ATeND [T Pl Ffeld AT, SR NfEwel BT IGM[AT AT 3R TR TFH
AN T SHART HRAT, TATAR DT FGTAT ST 3R GITARUT & o T FY FHATEE GeAT! 3
Hifa-fmfaren, Sen, ik arRaet Tt ot freraR “Tad fder” & far + o1 wer I3 81|
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"y gRac— Rl gd e
. EgadT geean’, 1. €. w9, gere<r?
*E UTEATUSD, ARIDIY BT FeTAeerd, dSar!

*TE WIEYTUD, ARTRIT araef HeTiener, seari2

kkdkk

TR

et St 71 et o, axclt Tt Y sraeIarstt & Al watH e 8, P Al & ol
eI Afas Y &M PR U SART AT fufet ot gedlt Y ORI Hige & g ox7 fdey gep ey a1
&1 8, 3Hfe1q &9 Ui gfFRIT 97T T 37191 &R Hehal &, STET 8 &R bl b STTaeaehall & folq HTer
IR &R b |

HET AT & 3 ' oRclt J1a bt T8l Bicht Jfed J1Ha e=ct ol aiar g1’ g Aa Jifar 7 faen
fEarh §U Fa 31U A1 & folg Rt IR R0 1 Td SHeT AT - bl HAT o B

a¥ 2100 T ARA T FRDH, HATST, UM, Foilets, HH AR T S Foft qaif
SFefeaeAT STefary UREc o 3R | 37l 8] Xetll | o FHY Gd Dirsil [efdener ol w@b My
S T 174 21 & ¥ 1960 & I8 SIerarg Heel! Afehs] BT I fhaT &1 TR P IIRR,
geat R 1.5 S Afe ¥ a1fde a6t feafa # s <o ot srefegeeen & Are—wmer
qa & AT TR oY GART Icul &l ST | 36 Jfciiveh sl 98t ¥ 319 o T% & el TR
§ ot ST 8 $9 BT IQIRT T91 BT TS 81 I8 TYh T ITUST SHEH ATDRU BRI (UN
OFFICER FOR DISASTER RISK REDUCTION—UNDRR) & TR, R &l JAaR] IRGTH P PHROT
TS UTpiae U3 F 9 19982017 & d19 dhI FHIAMEE &b SR T 8,000 FRIS SR D
3fTfefen &Ifct BT AT BRAT UST 81 M G 1T Y a1y bl ST ol 3 FHAE Y H Jheia 3 TR
RIS SfelR DI & g 21 B1eT & H Selary URacH IR HYeh MY Hhdeh P ded1e H 3T
COP- 25 FHE ¥ o] uRec & yHmal 3 fues & foid fafas fRen- e SRt

9 3MTelg | Jarg gRac, & HRUT, IEH I ATaA R fIRIN0T fham S| g9 |re
& STy uRacH ¥ I gAtaal § Fues & Suri R off faR-fmet e Smem ey
URac Pl TS A Gd I8 THST o1 LI & b STty T 81 &7 AFI: STeTdry Bl 1R
forelt O Q& # i T b SIRIT HIH BT 81 31 99 fohelt &7 Iy & oftea dm |
URac 37T & 1 I Terar] URac Ped ol Terary URac i fohell Tep T faey 7 off Aee
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fopam ST Feparl & U |Yul fag 7 off| IS g Hexf § 91 o a1 I8 ST UTd oRTeRT gt fog
4 3G Bl e <& B

gt BT STEUTA B dle] L1 I & fob G BT ATIHH SRR d@al T 8T 51 gt &1
AT9HM i 100 @t | 1 &3t BRASEE d& §¢ T 51 g2at & d9HH 9 I8 gRac §wel ol giY
& P B FhelT &, IR 39 TBR & et off gRact o1 7ma S 0= §eT SRR &1 HaalT Bl

STefar] aRETH & B UNEl B g A o 7egd B S Hadr 21 gt & aoEE | gfe
BN 9 g fOeret <@ € 3iR TEMFRI &7 Sief TR T i 8T, URUIMFREaRY Wi Jueret ik
TS Gl &b go Bl GawT off g T B
STeraTy IR & HRoT

STeraTyg URET & HRON T 8% [0 e & el 39 a1 Wi 7 fRnfaid o T 2
g e TRiffeaT A TRaferT

STefar] URac i TRg ARl &: I H gfs, 18 IR G Sidt TRA JEHT g, F9%
& TR | g, P R 999, IR Jar=| 9 gHtfaal o1 T a1 & oy, & Fi-eey 1™
IHSIT 2T T BRAT BT, HA Y Dl FIAT <1 BIT, UTpicich FRATET T HRETUT PRAT B 3R
3FIdpet UM IR €T hfeicd AT 81, SR {35 feiiel FATET Qe &l FHivr 3iR Sruar—seur
&1 7 & dTel @R o folg TgTereT
AT — JQaT AIHH:aANge ATt & HROT Ao A gfe, ST awd T 1R Ty Toematt &
HROT S B
o T AN "eAN: IS auf, T, Tghard 3R a1 Sret TeTRl # gy gkt 2
o TS Pl dedl WR: A &l IR GIal & o BT @awT YeT BIel 2
o P R y9E: auf Yo IS SR SFHITATAT P BRUI BT Dl YSR H Sl AT &,

O Ter GREM Bl JawT &Il &

o YA 3R fAFUe: Sefar] uRacH | URT Haree Ue St gAMd! &, RNy AN 31 &Ry
3 faeenfid 81 9 &

o g fifdear &t B1f: Serarg uivacH & umikfRIfde 07 iR Sia fifdedr w Taxcre g9
TS &
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1. SO $HH HRAT ST S8 & SoTd A IdRuig Shoft SAd] BT SYINT H=AT iR a1 h
TS DT AT

2. HId P TG PV GGAAT BT UM, SR 1 Sifep el 3R 4 Tt b1 ST

3. g WHIHAT ISad Sedrg & 3Tdel Fs DI Gler & folg Horga g et g1 &l
o1 =T TR ST Ueee H GUR BTl

4. I TREU: Gl Dl BeTg DI AT IR USI Pl AR AYHSE H Pl SFIATTASS Dl

3L AT

5. SITRAehdT 3R fRleT: STerar] uRecH & el 3R FHIEM! & IR H STFRadhd JeHT|
6. SRS HEANT: Serarg uRaci & fFues & fol iRiE ¥R R HeIIT 3R 1G] a7
Serarg uRec | fues aq Ifae T -

SeraTyg IRETH TR IR -IRBRT U7 (IPCC) BT I TTaR] TR, b THTE R AT
& AT FEAT & AT TP TAT ST URTcH Pl PHH PR &g Al AT Pl
U S & o R deiTie Sder e SRl 3MTdhe T4t TRl IR ERORI Bl IS1d
I U el &

fSIFepT g1t STetary & Tfd ISR A e ere & ol foham 1T Hept &1
T T TAGR] IR Herads T (UNFCC) T SRS Fsitar &1 et Ia9d argrsal
4 FFERY T & I Bl FRIAT &A1 81 9 1995 H SFIIR UNFCC &1 aTfie daal
ST el ST 81 $9<p el &1 a9 1997 H ggafad adle! FHsifar (Kyoto protocol) 3T 3R
fefad qat (Taa-1 3 anfiret <91) gR1 fierss I o FRifAd o & fold st o s |
RICT UIcidicl & dad 40 JETID ST HI 37T Tt THad—1 H @7 41 5

URE TSI Sierarg aReacH 3 Fues & foldl U SiaRiEig Teiiar 81 FFeres 19 Icqeid
DT PH B b &g & 1 HUH 32 YT UG 29 ol dTel URH Tl Pl algel T & b
& ol Uep UfcieTiies sl & wU H A1l HTH B

COP-25 Fe ¥ S 200 20 & ARl = I TR <901 6 Aag dxd & fold T
HIUTT 1 FH T ST Serarg uRec & ToTal § ST 38 81 39 UG Sieraryg aRade Fesia
& Fedl & IHY gl R AfqP A & fold ITRerR M-ersw It # wekd & folr ‘Acpret
JTGLIHT"* T JATear fobam |
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Stefary uiac & fues &g YR &b YIT: — STefary] URace R ST BRIFISHT &7 IR ay
2008 H T T 21| SHHT I ST & AT, TR 6t fafds wifdl, defre, Seam
3R TR Bl Targ aRETH ¥ ST TR 3R FEH HIAAT PR b SR B IR H AT B=eAT
g1 S PRIANHT H 6 fer anfie 8-

o XY ER M
o Rl Il g & fold TS e
o IR MM R e fer

o  EY It fAem
o IR fEHTerRl Uk T &g SN fred
fersepy: -

Serarg URac & a)H W UgeH J JF 3R UG Pl e &fd 81 el 81 $H 3N
JHH BRT, Te iR Y S fafde &F1, 98t Il R 3iR i gl gef &R TR Jve
g

Stefary uRafdd aidl & ar (R 3R secR it &, S |t oy ol afafer o gs auf <9 a9 § &
B JATCh B, T9% & TR A JeIan! § dcid J oTexl H SolThT BIdT & TUT IRAR Tfhelelt T
3 €, faeraRt gaex &t amafty oiiR <figar # gfs axcft 8, G & IR A H I o &t
FeIRN 3R 6P SRR A gfy gl B

IS &9 I8 AT A1 DY, Al AR TPid Al Aa Hedl Dl FHT Bt 8| I BRAT I I
& o 81 Sietary uRact & 39 3R @I 85 Ui GRT AT el b 71H & HEH b AR R & ol
MY & T T H AFCH <, 9 <, 89 e & 31 a9 fGgial & 99 7 71, feg I8
it 71 oot 13 Ul 3T fAgiall ot Al ot & 3IR PRI & &R Sita & IFaT e o &Y &
off TGt 81 FIEIA b Ui T, 3HPT 1418 2| fOF Siidl df I8 Serarg gRac Jwhig 81T, It
St & el | 'fheT 3T € fohe' & AFee WX WERT Iav dTel a1, 9N Tl lfe & fAgid
1 318 Tel S| ABTGN e el 78T ST Bl 39 Ufh &l IR-IR SIERN- gl &R U
T TR YRT R bl 8, Tlerd U gfch o o 81"

37T B9 SieraTy URac & fold 31T & ZaTall T STFReds &eAT 8ISt 20 THed H ot Seraryg
uRacH W9 9T & ©

International Educational Applied Research Journal

180


https://iearjc.com/

J@l EAR]

. International Educational

Applied Research Journai E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

oo gt -
° T fegsR 2015
° ST SRt 2020

° S 311E.T.0H https: / / www.drishtiias.com

International Educational Applied Research Journal

181


https://iearjc.com/
https://www.drishtiias.com/

DI EAR]

I Rosied Resesech Jourma E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

. TN e
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KXXX¥*

FAPHT— T I 5 Setar] uRac= T A Al a9 ol o) a9 5 g, auf e 5 srger, f2a e
&1 e, TE-FR 7 g TUT UIphiid AMURT3T Bl et TG SHD Hedel W10 81 JFd T df FFRaR
et siifdeardt ugf ofR angfie SuriaTe Siemalelt 7 59 Hae a1 iR +ff 7aw1 o= o 21 & w9 7 &t
IR Sftad eft T hael Jafavul & 3Hhe 8, dfed Joar] uRacH ¥ e &1 e [aeie iR Ko
TETe off TR et &
Serarg aRa & HROT
1. SIFRIB STIIhIARUT 3R P I |
2 Il & IETYY BT |
3. I IRI Td UGN d<al T e SuART|
4. 1l & Gl Fdl (PRI, Yeiferd) W iR
5. SUIhraTE 3R FHTEHT o1 fd-are|
URY Sita Seft a1 aref: - aRuRe Site Seft &1 aref 2, Tpicl 3R THIS o HTe AR ST TR, Treiguf
3R HGfeld Sfiad STHTI 394 3gfe STMFEmRT Tgfidl & T 1R TR (FFCHee) e R ae &1 S 2|
I% Sfta el 7 dhael GATaRuT &l &l el & dfed AMTID dael Bl ot Forg s 2
RN g deft b gl -

URURE St el 98 ST gfd & oIl [t TH1eT I1 F9aRT a1 Uil &R Uil 31uTE 31k 31 9@Ts STt 2
T @RI & T8, UgHd], WH-UH, 9ER, G1fiies ey, Jfd—Rars, awe, dftd, qor gafarer § et
Hgferd Sites enfieT g &l
T4 #: ~ TRIRSD e deft = PR + T + TPpia & Ul T + Tt e &1 anf|

Sterar] aRac & Hae ¥ fued & folv daer daTfe daiier & vaf 78t €, afeds st |iephie A
3R IRURS Sfad Hea Ht 3T AT &1 A, T, AR UHA & A1 [ —3AfEIcd bl AT & &5 ot
faepTe Y oM H SRR IR Farclt 81 FcT: URURS Sfae et Bl STIAMT 7 Bt Hikapfcrds GASRU 2, qfeds I8
STeTaR] Uiac T Tl FHTe off 2

TRATET: -
TG FIAT & b T 3B AT qRMT 8, I 81 IRIFT 8HRT YRR Site et o 5
T8 St Slefl hact U eI UG T8l dfed Siia S Pl U &2 81 $HH AT 3R Tpfat
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& dig TeRT Rear AfRd 21 smyftrerdr 61 et St H AT A S SISt ¥ X &1 ot 8, e
aRUT 8, GfaR0T Hahe, AMTNID f[dacH, AMfA® a1a 3R srgfeld e |

U T H URARS Sfiae 2eft &t fhR & U= dhaet U [daey 8, afed Td qerh SH1e
SR A IR B

URURS Sita Seft &t g - gRufRes Sftae deft a8 Sftem uefa & O el T A
gl X ISt 3R @R AW SR g1 39 aMivie Afd-Rarwr, afife faas, Afds qea,
UTepicies HHIEAT PT Hfeld IUAN, UTRaRe 3R HHETAdE Tadl dei YIieRul & H1 drefd
oA BIaT 81 I8 Siia et cafth @ TaT § Sirec! § 3R TFfed Sfiam ol Hiearfad et 2|
URURS Sfie el B 37ef:— qRURS Sfia deft o1 37ef daet QR MEd! B Qe 8l

&1 SDT TERT AT 8 P UPIl, T AR feh &b I Aol 1T gY U AIGHY0T, FAMT iR
TG Sia S| I8 g STHRTare: gl § e 8, aifdh S99 SH1eF o Gled 8l dfed
REIUT BIT B
ITERT o felg: -
o i H Mg & R, O T A G 3fR I 7 7 w5 £
® TR IR B T ITIM
o uiRaiR® Fola AMfed ©u & o1l
o I IR BRI A HEH AR

feTfiie geyfi:— RA SRT Tl <91 5 URURD Sitae Sefl a1 3 8okl aui gRMT 2|
e Il o AT UP{ct D ST FRAT &7 AT DT AT, Jaii Dl <aalT AR E=ell Y gorig 7T
ST 27| e RS T, AFRIHATG et off 7R Iere ot Upfct & 1=y s ol

T SHTe H Y, YUTA, BEATIeT SR Al ell & TG | AN US Ble I Ugel IHb!
AT & AT goir axd o, fS) gafaroT @1 &1 7 811 URIRS a8, @FUE iR e o 5
YT TATGAT BT YN Bl 7| 3 YR IRURS Siae Seft qaia=or TRevr & Tarifad ggfa
off|
o IEADHAT TAM URIRS Stia et
o  URURF Sfie et amegfas Sfaw deft
o IR IR AYY St fAreRyaT iR S W snenRa
o TN HHTYH! BT ST qTE<t HHTEAT R frafRa
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®  MfRHdI IR FEAN Afhdrg 3R Hfceagt
o  UfeRYT & Wt HaeAefe qfeRvT & S
o  INMIfHGAl 3R Fged Hifdadrs 3R d= @

YT 7 % g § &, IRy $® A1 3w TRy off oS €, emur, See Y
e 919, TIRATRS e 3| URURSD Sita St 37 THEITall Bl TARM FHEM Ua™ R
Hancit &l
gfaRufig ST & gRURS Sita et o1 95

31T qRY PRI STetar] aRec, UemuT iR Sig ffderar & f=rer & g1 W81 81 R Sfae
Seft = -

) STet T HRETUT (TTefa, PU, Trafsar),

e  g&ii 3R AT i <A,

o S & SdRAT TN T F UIHid Wi,

o Sifdes Wt 31k T sl &1y,

o ol BT AT IUANT, ST g TR Ugiadl et off|

S TRIDI H Ui Tt a7 8T T IR GITERUT R HGRID ST Ta! Gl Tl

AP Te HiEPfcidp Faed: — URUND St 2efl el GaiaRur & forq g 781, Fm1oie Teba
& folg ot Fecaquf gl
®  HYH URAR ol WU,

) AT T 3R T,
° qrfea i o= Y uRuwT,
o A, Al 3R BRI & ATETH ¥ IS JS1d Bl &
MY FATS H Il ThTehIT T FHRIT BT FHATE T TRURSD HFTID H=T | fear

gl

afee gRPIor ¥ IRARSD Sitae Sefl:— TRuRS Sfiam deft srerfmiR srefegaren w menRa
oft| it 7 & arferaier axgatl @l FHfUr R ITHIT BT ATl TIHT HRIR, fe @R Rt
Th—FR W R &< A1 S T Pae] TAFRI ISR TG AT dfed FATEH! BT Hgfeld SUART Y
I o |
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3N & T | "It BR Al (Vocal for Local) BT ART ff URURe arefegaeen $i 3R

e T 81 Hehdl &
ey 3R URuRS e deft:- aRuRes @ difte ik wefde ol @rr 49 &

IR oM Ra o, SITET YA A Pl Fad Ta1 ATl URIRS TRl STIR AR YA
UG I DI TS H AT W SR It off|

TN, &1 IR SRR 519 SF1eh Sita ot o o1, O aRiRe IR A e Faree Sgfeld
& Tl

URARS Sftae Seft aiiR e - R w91 7 e waet fpamal g AT 81 off| ‘o

gomell’ § =i O Sad & 1aeIRS 31 Afde gea off faame S &1 Qe @ See A fHHfor
3R FHTIRAT BIT AT| 3T & T H o e e & g: TR | IRYNG Siia et @
ot et Facht B
AT -

EIifh IRURS Site et 5 s TaE™ (i €, g 36 NYgFd T 5 o 5 39
AT off -
o STEIPRUT MR Tepeiteh! e
o IUNRPMEI 3R fxrar
o  URUR® & F IR-4R gH B
o AN H U FEPI BT gl TN
o  IRPHRI IR H IRUNSD UG bl Suar
HHIT iR FHTE & SURE:— RN e Seft &t anmygfies ey 7 gaeiiidd o & oy gs
31 B I AT Fehdl 8:—
1. feen 5 uRuRS M @1 anfie =T
TR FHTEAT B YA DT FGraT 7|
TITGRUT TREIUN & YRYRE TRIh! Pl Gewia BTl
AT T JATHMRAT Dl TG
ISR Al § TRURS TGl T T <1
Wi & A1eTT ¥ Aldh TEPicl DT HicHTRd AT
A Dl 3R FEAAT DT AT |

N o o~ 0N
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Sierarg gRac iR R Sftaw deft:— g &R R 950 Selary Hae @I o gU b
TRt A1 & o URUR STia St &1 3 FHRIT T Sreidblet = FHIEM 8| BHH ol Wud, i
GTEAT BT TR0 3R ATIRTRID Stad SRt fALNan Setarg uiRac ¥ d$- H H8dd &l 9Rd 5
T Sfae ST ST ITERT B

Afga 3R URuRe Sfae deft aRuRe Sfia deft 7 afgeratt 6 gfier sreia Aecagef W&
g1 TR, URAR, AL &1 Yeie SR FRgpfiid WRORTST $Y 31 g™ H AfRAT3T &T IRE I8
&1 &1 37Tt off grfior BiR ST &3 J AfRe IRURS S 6l eRIeR &

anfearet Sfie deft: TRURS Sfa $T e —TRA & SMfart THarl = |fal | upf
& 1T FE—3TEIT T Sita forT 51 3 AN, Seil JiR aTS! & TR&d 38 & | ST Siia Uipfcdn
AT & HRET TR MATRA 21 TS DT YATGROMRT ARl H b URURE S DT AMAA AT
3T YA 8T el B

RS Sie deft aiik waa ;- T % ¥9 gRT QY T Had e dedi (SpG)
P1 HeT I3 8, I UlG! P JATAIBI3 Dl GRT PRl §Y Hfasg 1 Yl o Fq1em| ol grfaxd
G| URARS Sfa el Ugel | & gt S99 R aenRa W&l g1 31d: I8 Jngf+e e o feem
4 1 fears Arf ue™ adt gl
gar dict ot -

o  URURS Siad eft Br 3T ggF F Faratt i JfieT 31EH B
o TP WIS Pl TSI MR I8 ATgD b ° ARSI
o  UYERUT TREU H Hchd AR |

o NN IR B ITIM|

o RGP BRIGH H AN iR FAS ¥ ST M|

WRDHN] TN 31 Ao —
o TR TRBR 3R B T TGN YRURS SHa- TgAAT bl ggTaT < & Iy 3D JIoHT
AT &I &

o MYy e (YRURe R @1 agmar)
o  EARIY f[AHRT A

o IO g

o  gft IR B IgrEl
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® ol TREUT AN
o I TY URYRS Silad et BT YD TeH F gAuITId P &b YT &
URURS Sfiae deft 3§ emeanfciadr &1 €IM: -

URIRS S Hadt Hifdd T8, nedrfcia R ¥ ot §9g &1 399 UP(d, <adr 3R 9Ha
& 9 TP IIgd HaY &1 GOIT-UTS, IS, UG AR AIBM 3 914 P Wil & b IRURS Sfia H
GfeRUT 3R SMEATIHEBAT BT TexT T B S99 fh DI AHRD i 3R IMISID TahdT et
gl
fAsehy: —

URYNG Sitae Seft dhaet 3Tcia ol T i 8l &, Jfcd I iR Afasy &t e Forh e
g1 {9 TRE 3Ngfah S 7 s TR UeT 6l &, URURE Sita el I8 TRTa3i Pl FH1e
T T et 2

I% g4 Ot & o e Hifera Sare! o Sgfold, Faver, TafaRr & g iR Arjfed Sias
S S HavdT &1 At 89 URARS Sfie el & ol ol MY Sitad § F1fed @, al gad
faerg, TamTfoie Tedr iR gafarer TRemr AT & 18T AT | UTH 81 Hahd &
'ﬂ'ﬁﬁﬁi’l'\ﬂf{:—

J T gRt: IR SRt Siamdielt td aRf ecdifes ufedred, =8 fesft 2015 IRd H SO
URARS Siaediet iR TrTfoie -3 Tfafafeat w srega= gs |.-210

° R PAR: AR Sfa el TGS Feb1eH, T3 sl 2020 AR URUND St Sefl & oy, AT
3R ARG IIe Uge] IS H.-180

° a1ferer Rig: TR ST WRURT Ud e STRIES b faafenery uaed 2018 uRuRe e wormeft ik 519
TRURTRAT T {107 g8 .- 156

° S, Qs PAR T ARTT FRGIT 3R R AIfeed Had, 3TFRT 2016 AR IRURTSAT, DRI TG SHia
Sfeft <t STeifien e g8 |.-240

o g Pl A (4. SR ol omeRl): AR SR B @ o adi sl Ry T TR, ERER
2008  WRARI TRPH AR ST & e ol ATaeRS ¥ I FHAH arel T §8 H.-220

° ST, TR, &. fO=aT: IRd I yRIRG RIS 3R TafaRur Reuaf aRursres T, aRIvET 2014
URURE YATeROM S 3R Fad Sitamelell R hisd g g8 H.— 175
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"Jg fafdrea dxemr: fig & faoy T 47
Sf. 789 PAR fErer

HESH eI WTfilh

9T, =T FRTIEAT SSaT!
mkningwal @gamil.com

KXXX¥*

e —RILT- S [Afdear gedt R Sfas & fdy @i &1 98 31gd 91 &, S TRREIfAe Hger @l §H 1Y 3@l
21 39 fafaear 5 ugy-ufdal 6 e srcdd Hecayul 21 3721 9 fIg (Vulture) T 4T gaft & St ariRferfaedt d=
& TqTEd & Y A T A 51 fig Ja ugsi & 9@ o @i 8 iR 39 UHR AT e 9 Add 81 Wy fUeet
< St # gl &t SeEr § IR fiRae oS &, foresy uikfefde dae I ga ol 39 Aty o 7 gl 6t
FT TR & BRI, S0 TREUT & TN 3iR g fAfIerdT & TReror § I ffiant a1 fasor far w2

uRay

gl WR S @1 AfFed S f[Afdedr w 1R 81 Sa [Afdedr 7 dae gonfaal 6 | g,
gfce I8 TIRFEIRAS dF &1 ReRaT, gafavefia Tt ik AmMa Sftaw &t oradT § Tev7E 9 e
1 G T H SeNfchienur, evieul, HiY IRFI T LTy TN Tl Tofar] uRac =
fafaear &t TR Hae | 1 o B

fig, S &t IRA & &R &9 5 Fg Y | 1Y 91 &, 37T fAgfH & IR R 81 e a=tia
P 31R SRIET TPpfct TRETT e (IUCN) b TR SfE0T uferar # gl & e 5 95% 4 aiferd
&I fiRTeT s 81 I8 R 7 Paet w uell &1 &1 2, afed [ aIiRfRfied dgem & falg 7k
TR B
Stg fafderar o1 78

Sig fafderdr gedt wR Sfiae o1 3MYR &1 I8 GaRui Jarail S URTI0T, e YfEahur, i
fuer, 3R Sterary A H 378H et M 81 AR S fafdy dimfels iR Stefary aret <9
4 T 7-8% dfdes Sig fafdear urg Sl 2

Sie fafaear & e am™:

1. uiiRfeufdeh et i RRRRAT

2. QTR el 3iR N b i FRAR
3. oifueflg digi afR et &1 wReor

4. YleRofig Hepel I JRa&m
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5. WiRplce Ud GTfiies Hecd
fiig T Torett F wrpfce T & wU § SR axd & SR gafaRufly Tareed @1 a1

& B
fig @1 uIRfRIfH 78

g (Vulture) &1 TR Feca ordd fafde g1 I 9a ugei & @l @ @ &, o™
TTCTERYT H FS18, FehTUT 3R I et | qa1d 8IdT &1 Al fig 7 81 T i IR gl SRl garfaar
9a} T WP &S SR 3T FHehHUIT BT TR RN & U aaeh g Uil e 1—2 fhaamm
T A T el 81 TR N T8 PRI E9IRI asf & Wi Ao o ot <&t 81 gl &t sruferfa
& DR Q@1 P Fe H U T, ST g §U 3R A TR W |l ABRIHD THI Tl |
ara: fig 71 haat U veft €, afcs “aiRfRyfis | a3 & Aecayef Tesd &l
IR H Mgl Y 3M1e W womfoar urs St & —
TR g (Gyps indicus)
&4 Tta arer fig (Gyps tenuirostris)
e Yte aret fig (Gyps bengalensis)
feATerlt g (Gyps himalayensis)
ot g (Neophron percnopterus)
are! aren g (Gypaetus barbatus )
et R arett fig (Sarcogyps calvus)
famRaT fig (Aegypius monachus )
37@[ T 31fAHIeT Tt 31 Critically Endangered Juft #§ afiet 1

a9y wu 3 Gyps bengalensis ST @I ST 1990 & gD H gl 7 off, &Y 3@ B
gRI H f7e T$ 2|
gl $Y et STTEET & DRI
1. SE@Hd (Diclofenac) AT BT SUIRT U URT ¥ Ugwh I8 & Mara® a1 Mgl & oy
g1de g 5§31 fig 919 39 391 & Su=TiRa 9gsii & 91 @ & a S I< ©-19 81 9 &
2. AN AT, Sel 6 wers, TEdt faeaR iR P fy 7 gRacH & gl & aivel 3k &7
& T FTH 8 @ B

S A o
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3. oM $HI HHI Faoedl IHAMT 3R Jd el & dsHe HueH § Weids vied 9id o &l
4. TSR A1 ®g Tl W fHAFT gRT AR §U ugai H 9 Srem § filg 3o H fauwh 719
T &l
5. facteft IRY ofik Ul & cawg a1 Ul At T & HRO Mg 39 fAoelt F @i W dod E,
S @Re o & e J¢t &
REUT B TA
ET &R R R T

1. 9RT TRBR GRT SEBP-P R U8 (2006) — T8 B fig TRE0T BT T ST HidA B
TR AT ST &
2. fig WReor & H e — SR (eRamn), FagsT eR Red (A weer), S+idre
(FTTEs)
3. Vulture Safe Zone Programme — IUCN WWW%@WWW?WW
R SferfaT fig—3rgget &4 &Y ST % &
4. ‘%TE:W g Remor AT (National Action Plan for Vulture Conservation 2020—2025) :
DT 22T g UoH, gHafg iR FRRFT &l Gerh T 5
RIS &R R T

Convention on Migratory Species (CMS) 3TR Bird Life International & T&d SfaroT Q@?Tlg
9T H HYh TREIU HRIHA A I3 B
e Ued ¥ g EReor
1. 97 ued iG] & W a5 § Uah &7 &
2. HAYST AL IEM, U= TFR Ro1d 3R dleer RIRvg H fiIgl i o ySifadl urg St &
3. INY PR GRT g Samen 1™ i ST &l B
4. 2023 ¥ U= TFR Rotd § “fig gafq o wenfud fbam i, Siel $iHe g & Jead §
GT 6t T Je™ & IR & %% B
sy

gl &1 T o o 9} fiRtae 7 I8 e o= 3 © & 779 s¥q8y upfd & dger @
fopat TRaT ¥ U ax Favar 81 g 7 dhadl qafaRiiy Hged @1 JNMeR 8, dfed w8 31k
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ey qfaRur & off TRef 81 g ERavr daer U galt Y e T2 7, afcd I8 Fa g @ik
geeft o TN i & &

gdd (Recommendations)

1. OgRl & TR H SEGIHD BT gut wfcee AT fdar S

2. fig-3rggd &7 Jen Wl

3. qa ugeh & ueH & fay “fig Ao T2/e” (Vulture Restaurants) 91T STV

4. faeEnerit g werfdeneral § Sta fafdear TRer IR S RedhdT BRI Tl ST |

5. TR USRI 1 ERE0T BT H FEHF SR S

Hed gof It

L4 Elis ﬁ@?ﬂ ]%?-_%FT Hrarget (2021). National Action Plan for Vulture Conservation (2020—2025), 9Rd
HXDPR|

® IUCN Red List (2023 ). Status of Vultures in South Asia

o Sheft, 3R, (2019). WRR yaft TRavRs Ua yafarufia gfeiur. 78 feeht: gafaror garem |

® Ministry of Environment Forest and Climate Change (MoEFCC) — Annual Report 2022—23

° of, T8, (2020). 319 fafderar iR TRfRIfAe e, TUTe: a=Isia e TadeH|

o WWF India (2022)- Vulture Safe Zones: Progress Report—

L4 The Hindu 2023 — Indias Success in Vulture Conservation Efforts
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"Setar] UReci BT AIa T W TH1E: U 1ud f%igor”
HeR[D UTEITHdh
AHHI BT HeTfAeTerd, gl

KRXXX

AR - Serarg uRac gealid! el Bl Fad gt dffep gl § § U 2, fSdd AMa w@eed R g 3k
Sfee T1a U ¥R B| STR-TRBN Ue1 31 GTge oivt (IPCC) Pl Bt 3Tdar RUIE (AR6) A TUE HY F ISR
foram & 13 Sefarg S ot 9 9g @ € iR dfae aoH™ o gfE & A1er Srj@erd ol &FdT $F Bidlt o &1 8l
T H, 3.6 3RS F 3AfF AN I7 &A1 H (a1 &R R & SN Serdg uiNacH b Ticl i daeaelia 81 I8
MY 9 Ferarg uRac & Tegel iR Ifcder Tareey Ui, Sl SR, TEIoe FaRel ) g86 u9E 3iR
A TrdSTen Tareed UfAfehanall l aeaddr o fORd fa%iNur TRgd oRaT 8| I8 aF AT geHTe, @l
yonfert § wraem, e N F gy, AFfe ey gAlfadl iR TRy THMAT IR SHG THTEl IR YT
ST &, A1 & 99 gAIfad wR ot AR aRa1 8 S 39 u9mEl @ 9Eid B 8 AT iR 6T T B
3Tt B

1. TRITET

Sterdrg uRaci Ueb g3 Febe & ST gt Pl Jurferdl Bl vigd & 98T 8T 8| I8
hae yteRer Heell KT 781 8, afed Uep THR Ao e e Hae H 81 SRI—S19 dfde Jro
g1 FF— 3T 9Tt <97 3IR BIC S famraeiicr <e1 (SIDS), foret dfadh IcHeid H ~gaH IreH
g, 39 G TR T gRumMi o gd © &1 s qud J, HaeAefia &Ft H 9=F A
FSAISN A BIF dTel! Jcg &R & Haa1eliel &1 ol gl 5 15 AT 3119 oft | I8 SRMMT Serarg
uRac 1 Teb At 3R AR Al ST 81 T8 e U Sfefd1g URac o TR Tl ol
TERTS & T T TR el &, o 38 fffsr IR 3iR AeiR S1eret R e arelT 3/
EIERIIEC ]
2. Sefar] gRac oiR Tareey Sfew & arf

STefar] URace ATa TR &l B S AW § WTfad deal 8, fove A dR W uege iR
3TTIcTe gl | aiiehet T ST Fehe 2
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2.1. TS TRy U

Tff & Heafera FRaT ofR 9eg R Iacht g3 T DT e 3R I« AT Bl Ip, BT WeiteH iR
FIISATITPR AR 46 Fadt AeT SHIRAT B 9QId &1 BlfeldT MY & IFIR, T ¥ Fafed
37% AT WY AT STerarg uRec J ISt 81 65 a9 J 2Afep g °f 5, T & Fafda
aidl 7 sl a1 32l § 70% $I IfE TS T, S I AETE! Dl AT Ferar or qafeht B

° aw#\wﬁaaﬁ

o I I IR AN auf & PRI & dlefl ST F o H Hid, =S, fawens 3R ¥ ot &
B aTeft IR (SR B9, TIewiss) Secl 81 I8 it yumfar ot ot arfer aelt 8 oik sameht
G B JHIH Ugar 8, e Seiricie w@reed e UeT1 8l 8

o TP MR FaeR: I <fig g BRI AT 8 et &, Oy A, Al 3R 98 IM 0 faemos grar
g1 Y faoTel! JMYfct iR Faree Tar1 gt g @ +ft q1ferd o &l

o @I SIeT YR Dl WaRT Ugard o, fRT Py IusT 7 BIdil & 3R WeT 3RRaf decil &, o
PUINT R HefeRT FaRey TR UeT BIcl 81 geT -7 TS 2= Faelt SHIRAT T aer Hepel!
gl

®  IIY USHUL: Ttar] URa arg UG & UcH &l 9&a1 [oball &, SATeXYT & foll, SiTet & 37T
q e arer gt 4= Feet SR (eremT, e ok ga A o Ferr B

2.2, Y T UM

o T YUl & U 3R U Siefarg uRacH Tl IuetedrT, U< AR fAfdear o1
aIfId R 81 @1, 916 3R d0HE § I Bt i USTaR B wF a7, ORI @Ter RIReET
Jedt g1 2020 ¥, 77 IRIS AT &R T AT IR 5 o, I B U AhiaT iR ufern 5|
<l 8, @raR F@ §| WHO & 3THR, 2 3R AN & UM GRI& Jaeidl -Tal & 31k 60 IS an
& A1 @ A it § fifed 8id &, R 9 30% i 5 91 9 &9 9 & 99 5 8Nl 8
o SI-JfT 3R G-I T H gleg: TRA At g Stet Syfct wonferat o S et
& 3iR TTer uerelf & HSWUT & SHEH BT Tt &1 T T SaiaT & faer @I Jerar ol &,
T &1, TISWISS, ATeHMATNT S SHIRAT &1 WeRT 9g ST g

o JTTI-SId I BT TR AT 3R guf & Ue J a5era 7oex, fead iR 37 dFeR &
fMfeld faavor iR Sfias agh o T9Ifad aeat 81 FeifRRam, 7, fa1 @ik orga IR St daeR-
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St SHTRET 7 & 5 thet 38 § a1 39 &A1 | 1fSres <iear & et <& & W8T I usel ¥ Higgg off|
faRe U & a1, 37 FHIRAT I 8 arelt Jid, S aHE 5 °id 9§ 700,000 ¥ 31fe &, 98
el B
o SHNIAY & ol ANEH: Tfar] IRacH a=asiial & MaN iR AHT-IY TIH DI 5t
Fand &, forasr SAIfCa M (SITHeRT & 7981 5 thet aTett SH1RaT) & I¥RA 31k e &1 Sifed
S ST B
¢ AMRIP WY W THIG: Sarg URacd & Tedel 3R e SHI av & THR AFRiD
ey RO 81 & | I=F AT T3 1 31TeTd, 3T 3R uRe-gmfes w0 fSHaiTeR (PTSD)
&1 Hapa 8| faeeTom, STofifdet &t Jae™, TmTioies SFREdT 5 ae™ iR afasg di arfAfaaar
& PRUT eIl awTE, T 3R 3 AH¥e ey R 8l Had &l
o TARH 3R faeeu: Sear-IRd fawermue aiik Har orardt W MR w@ed S9 Srerdn
| foeenfid ufth TR TRIT TarEy HaTall, Tesdl dhi BHT iR Hehrid I & I S drel
HlewTs arel fAfR) 7 <& &
3. Ve 3R ST

STt - Haeefie Tareey ST SR ©U ¥ Ha9 HuiR iR afad arll gRT 7agd g
Eﬁ%léﬂﬁ%ﬁﬂ%;
. AR iR 72 5= Ay wu ¥ T & Ul Faeaelter B1d & &R Fuor oiR Hepra A & ufd
a1feres Faeefier Bl &1 THach AR 3R 9= +ff a1y UmuT 3iR 3 wAfaRviiy WeRl 4 31fdd
AT 81 €1 AR 3R IIel U8 IR W IeuIe SiRfl Sararg—daeefier afafafear o
e e fAareh €, fORR 3 et & Ui a1fdis SR 8kt £
o J§ AR ST Y FAq qRING qRacH! 1R AiSIaT FaTeed FARITRAT & PHRUT ot dieh T,
arg TSN iR TR AT Tesi & R @1fde Haemefie B g
. TR TN AR TR NRIEID: $77h U NFER G 3TN, TITH TR TdT 7 Ugd
7 <l HTg= 21 Bl & S 976 Sterdrg U9l § g9 H 7ag R o |
o Tarf a1 feenfid afth: & AT SRR AT Jaratt iR AT R STt de T ugd
& 1 T R AR H &
o TISET TR FRATAT ATl W feh: AgHE, g I AT A6 Gadt FIRAT arel AN STeary
uRacH & yral & Ui arfdes Fagmsfiet a1 2|
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STeraTg gRacH 37w Taed & &g ATfae ekt @ ff FNR 9 I8 §, S srefifae,
FHT 3R TR HaT 3R HHTOID HSRIAT TR T Ugd | T8 HISQT TR TSN
DI FTT & 3R i waey Jar (UHC) & draf-aae &l TR w9 § @R & STerdm 81 93
FRIS I SITET ART (ST T STEIET BT T 12% ) 3T BN ToIC BT 9 I PH 10% Ty
AT IR T PR 8, AR Sy YRac & THIE $H TIf<l Pl 3R Jack R 3B 8
4. 919 3iR AT

Ty I8 TI¥ & 6 Sotary uRad AFa el o TIfad el 8, R off 358 Setarg-
Haemefier T S & UM 3R I9Ta &t Tt g™ e areft oft geteigu 81 Hiefelr
I AT a1 g3 &, T G 3R T b 91 S SRGHT 1 A H| Elefifcs, deTeh
TRTTT & DU 3R Jog R H gi & folt Wellget it bl fFHaR S8 3R 9 Ty Wkl &
ST 3R A 1 31 e wU & e = 6T /gHfd <t 2

WHO 1 FeiRaT 3R e a1 SRt SHTRAT IR STetar] URac & UHTai & BIRu 2030 P S9h
T 2,50,000 AR aTfSieh AT BT SFAT RAT &1 A SFFAM, BTeifch Hecaqul §, AR STy
uRac™ & it ST Tareey uRumE! (SR A Tareed T1d, Tar & Gafad diariar) o
R TRE AT 81 Il &, Forent a1ef & b aeafdes afianer aifeies &1 o g
5. TP 3R AT &b HIETH 3 eI~ Fareed Hifehant

STetary URETH o T THTal Bl ¥ R & folT SR SIRIUT T JATaTehdT &: qH (I

T B PAT) 3R TP (ISl AR b A1 FHRIOIT HeT) |
o IF: STaTed S IR FRAT B aRdp, AdIHRUT Soll BNl BT YT 3iR fehres i SRt
TIT3T BT IGTAT SR METSH I IO DI HH HRAT S dbTicld T AT UG I | Sl —
P UREET 3R ATART TG USTUT Pl DHH R FHT 3R g T H YR R Fhdl |
® 3IReM
° e AT JuTTetdr: T 6T e, I SR a1g & folg wrdt TR <arat womferar
SiTeeT /2T Fehel! 8 SIR TITRAT H YR R Faclt &
o YA HAT UUITGl B Y3 TN STTar]- il FRed HaT unferdl &1 FHfor a=ar
3IELTD & S TR HIFH SIS BT AT PR Heb R TAGRI-HdaAeMe M & ae<d aret P
TS R b | T gMATET D DY TSl AT, TR ST Bl UfAfAd aT iR amaeass
STt 31k UGN & SuTeLrer GATRT FAT anfiret B

International Educational Applied Research Journal

195


https://iearjc.com/

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

o WD TRy fATRTAL: Serary—Hae1efia IR bl FFRRT qurferdl el T dTfds Feprai
a1 offer g e S s STk wfdfehar < S Hal
o A SR @RI gRam: GRfAT Yavier gt GAfAT FAn, foarss ot ugfaal & derar 3
3R Ter TuTTet i ereierTaT SgT
o Bl fie: el T U T @t A B & folg BRa TerFi, St wal SiR Pt e
IS @t Ferar <
o  TIGH-IMERT SRIAT: TATRT TR BT TadTyg giRac & T JfEH! 3R 3rJdher
o & IR H fRfad iR Herh ST
6. fspy

STefar] aREcH ATHa T & foly Ue dcelel 3R ggdl @avl &, Sl e, dffe ey
IR Wt I | el 50 auf & WA B T8 =7 Bl & e T &1 T9b YAG UG 3R
SRMM 8, Sl Ha¥ HHSIR AR R o Afeh diet Sk &1 $H Hebe Bl T & I T B
& folg deapret iR TR Afde BRATE Bl MaeTHdT 51 SHH Aacaraial o+ UG, Tareey
AT TRl § SR S M & foly e IUR 3iR FaRed FHMHAr GAad axd W &M
BT BT et &1 JSe W 85 39 SIfeel ymal @l S8Rk & & THeH 3iR Ao H Hem
ST 7, O e —3mmena it 3R sxaei & fder § Ferar e 81 9 waeey iR
HeIT0 P ATAHDHAT IR & 89 T TATT iR Tawel 9T Pr (4401 = Fahe! 2|
T

o IR-IRHRI U I grgAcT oot (IPCC): BT 3 RIS (AR6) |

e World Health Organisation. Summary. Geneva: WHO; 2003. Climate Change and Human Health: Risks

and Responses.

. https://www.ipcc.ch/assessment—report/ar6/

e  https:/ /pmc.nchi.nlm.nih.gov/articles/PMC2822161/ https:/ / doi.org/10.1038 /s41586-022—
04788-w
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“STetary UiRec Gd FEIfSie Sila — T4919 Td gt
. 37T faefear

favmmeTer - TERTITR faET
TYTHAT Picil 3h Taierd, 9T8ie

T TRID, ARIDIT FATIDITR FETdener, ISai(7.7.)
Mail ID- drarchanasisodia@gmail.com

KR XXX

ARIE- AR IRGTH b FHIoTD THIG ST & 3R $EH TRl 3R HHeIRI BT [, 37felds JadH, T
Teieft AT, WTer GRE BT GoRT AR A e onfivet €1 rcafiies Jhad 6t g TRl B J9TE 9 <ot
€, ORI @Y ¥ Pt &, NSt B ol § 3R AT BT 78 SR8 IR I & folg 7o/ dalt &1 F yora Sfias &
PR, AR 3R JBdR Sfia TR 9 Hifcies AFaTEpRI bl T9Tfad Bed &, Wrgax fadrgefier 2o § e
3FIHeT T & B Bl B

Sefar] aRac dETfoie Stiad @ TRt 3 gfe, @R o faeemom, @ iR So orgRen, Tarey Het
T, 31k ARSI - 31fefes Test o eTaT AR ABRIHS BU I YA HRaT 81 916, T, 3iR T St
TRH HIGT B e § BRY iR SoifIet o1 fa1er 81ar 8, Oy ofnT faveenfid 8 &1 39h IRum gy, at
& Y Bl B, Oy wherel g gl €, amer gRam o gl B, SR HIRAT o1 @Rt 9 Tl 2

Haeefierar &1 Sieary aRad= & ey | I8 oref ¢ fb Serarg Rufaar = S afvac 81 81 & IFeT |1
TYa &1 &1 URacH gd- 31feie 81 U & {3 o SHeT IrHT iR TR v § i el Rwrs < &1 ey
&l Serarg uiNacH o felg Srgeper ol 31ef § ' JFd egaeel H arkifde 1 FTfe Sterdryg 3R $h 91 & dra
TS 7 Dl UfehaT &, BT 1 H&- HrAT AT ATHDHRI STaER] T Y0 AT Qle e D e o HRf e
g1 Sefarg aRacH Hae St yaferunete Hahedrel UM 81 fogenT o1t gedt ameT R <8t 81 78 U orfrard
39T 8, fOr wferur 3R /e TS &1 o folg 7R fAifearel & ggaraliy smam 2
g gec:— Siordry, URecH, ST GRET,AHING HOW, YHeald,d1e, @I, qhA IR feufdenid,
feraefiar, #ad, Wi, iiaRe, A9 81sH, ard auf, JiiF, Haeaefierdr, g, TR, Hhedlel,

ASIER

STefarRy URac U W THUSe I QiR 31k erRirces Fv1 81 Ty Siefar] uRac
& | AT GRS T TSI q1ehT 8, AR T 37d (1A 81 g 8, b 389 [Awid uwmg usd
£, S o AR, a1e SR T UsH dI IeAN IR-IR IT AMAR EFT IR FLT R & 987
T TCH BT BICT BHT AT STerar] 7 3rcafdes aRacd=1 & HRor IRt 816 Bt §1 Sofarg gikacH
3 SR | gfg Bt & o e, Afeet, g iR 95d & ©ic = 389 y91fad 8 &, fadyaw
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I 3iiR faarefier &1 & Trewer § T TobIy BiaT & iR g™ off 31fdes agf wR Jaam
BT &, 9181 R SIiar] 984 & Fdaefiel 8l & WRIR B, HSell UTer 1R aTierebl &1 5 AR
I SATSHIpT 3761 FHTEAT TR R Bl 8, ORI PR I AN DT 3Iper & I8 &l Afrd
BT &1 b A1 &1 AR WIel J TTfae &1 A FH1EM] 3R AT HaT3H Pl TR I8 8
&I e oft ga & T 8 It 81 P9 895w 1 e T8 eSS (Co,) Hie (CHa) Ter
TRCIRNTIATSS & DR AGAUSE FraRIe_ul § T 1750 | H-d i Tfafaferi an Adia sxae
& PRUT AU Jhg gs &l STerdrg URETH P TPl AR TG FaeAT P Hageiel PRI &
I TER IR Y © | S §H §BT AT PR & oAU 312pa] $99 997 R b Iy @ioT v,
B HRIT F7 3R Ul ITR H U A & ol AR PR &1 AT STerarg Pl St A b
foty frereamdt RaTg = bl i AT 8

c =3

STy 3R AR BT TRy

WW@%—W@@%%%WW@ (Chaotic). 3T (non &
linear) ichd (dynamical) gaxelT Bl Bl Held: W@%WW% Gﬁ‘%mﬁ
qTg a1 & iR foedt 3T &Y e, R R Afed Jerrard deel g1 JIF Bl AT Fhiad W
3TYT T BIST & i UT: STeT | ST §3TT BIATT & 3R 8 Sl Scuel 8l &, S &9 AT Hed
g1 39 T8 U dH &1 31ef geft it eR1ae & Fiahe argHuee A o § A 7 wfafe aRecdE
Il B

SieraTg (Climate) 2168 o STe HU ¥ 3dh 312f 81 &1 89 5 § g ¥ ANT SR I g
& ©9 H ofd &, JeIU SHH auf T BT IR 77t off §9IR AW 7 2iclt 81 a1t &7t o Al 5 @R
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4 I8 fo=dT e ol & & agHvSE ol STefar] H e S18 JATRATSS d6 3R 3 F9 81y 41
& IS BT AUDIcid TG Bl Fhdll ©. oIl oIS F9I &b SIaidrg aRac ot & af = 8l fobrg
eIl 5| TrdTg | ST I, HaR 61 JET, JI & Th1er o 37 iR o= fafes aeg affad
I &1 Bl 2l & qITeRuT § 8 dTel URETH Ht STefary] ol uRafia o 5 J9ef 81 Fad &
SIeTdTg DT JAThe T R0 U eTies TR & Sl IR 9e1 o g7 fohaT ST & T | g2t
1 e 93 fifetd Hiet bl X uR R gedt ol (R & |1y areIfdes U1 | &l Sl &, S
AL NG D RTINS0 Hica=e & R FR fAfBRor b 731 R Sfieq a9 8 6t f[rfd w®
iR = 8, 5181 R G 95 & M 81T 1 gt et €Y WR F8l b oIl & 98l W e
YT o JTIUTT IS0 fca=eiig &7 IR NS AT Bl 7T Bl 21 9 a8 I GI P e BT s
faaRor & uRuIHRERY iR argrvSd R IO T % BT F9st aRT 3R Iy e T
STerdTyg T THTIIT Bl &
Seraryg uRa & RO
SeraTg UREc & BRI DI Q1 AR & qicT ST Hadl 8:— Wi HROT g AT HROT |
WPRIP BRUL— Serar] URacH & ol 3ma Ui BRur o ieR €1 379 9 73 & -
TETaal $T REHST, SATAHE!, Fa a9 3R &R T g1 |
R HRU:— & T4 8199 41 F fohs ThR 371 AREH < & 2 Pidell, USid, Sioie]
S ST & BT IYANT x| 3MfAh ST BT TTed § &9 UST Dl dicax| gefed 7 & T
aTel T AT GIRED BT SATEBIIED SHANT Wil H IR T DICIAD] BT AfSDBI D TN |
Sieterg aRecd= &1 Taay T4
Tt 3iR anfefe srfedrar-
o orarg uRacH ¥ TR el & 3R HISET TRl Pl BRI < &1
o TR HIGH D FeHT3N I Biel gais aidl &, ORI ITHI0T TSN & 3T H T 31Tl 7
o  JIg Y R 3R iifdd IF 8 Il 8, o uRaR TRt & gt g ST B
GTeT SR STt FRET TR TeRT-
o @ 3R gl &t B § HY IcuTeH TedT B, fO Wi JrgRer Ye Bt B
° I auf ¥ SeT SYfc g BIcht 8, 3R Ferow Tl Ieb Ugd b &l Sl &
T IR Sfa TR J91Ea-
o T IR USHU ¥ 2 3iR T Heeht SHIRAT Fect 2|
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o TNl | ther areft HIRET, SIRY FARaT 3R < &1 vaig g &l
o  IHIRAT & YR 3R A Pl HHI b BRI G R H gfg Bl o

fovenu &R yar-

o I Haelt geRl, a1 3R TR TR H gfg & HRUT ART BT U1 ER BIGER 3T Sl
TS &

o  IE RN, ST srawR wafaRufly erumeff wEetrar &, Arede Hagl @ diear g 8iik
1o STRERRET UaT vl B

IO 3iR AHETRS fee-

o  Jomarg URaEcH ¥ 3SR IR AETIe Heel PT geT aidl ol
o e, fI9eR 9o 3R ur & foiv ufdeguf 9 St &, S gmEiie Tuy BT BRu

S Fahet & |

AT BRI BT STeT—

o  IIArg UNAH SiaT o STEHR, FRIAT UgSTel 3R Faesdl, vIoH, T, 3R AaRT
SIY G-I AHATE®RI Bl TR H STefcl 2|

o  UBIT AN IR FHHI Bl HaH SATET YHIAT BT & Sl HHIIfeieh IT 1fefeh v gaal
& PR B

T 3R e -

°  Sfary URecH TR Bl QI &, Fifeh 916 AR G P 3R AT S Bl € bRl &,
ISSESESIVRNCESAVIGE

o 99 Haeft TeA13T & BRI ARIT Sl bl fAeefud 8T UedT €, ST 3T I <9l § 37T
£ SN Sefarg uiRacH & fues & fot Tt 39 TOR 8 &

anfele yrma-
o  f 3R QT SN STy URATH & BIRUN S -IATeHar H AT 31T &, o iy @ik
31 qTet MAfAfERIT IR §RT 3R ISl &

o ORd H, 1S TH & HRUT S Gl H & T Sl R AhRIHD T TS JadT g,
fORIRT SRR &1 JHeT 81T &
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TR 3R GreT YRam-

o ARy uRex | B dTell e I, a1 AR P BT RN b TR W HieT JH1
ueal B, O o 3iiR oy Tarey Haeht TR 9¢ Tl 2|

o IT P HHI AR PN Icuter H FRIEC I WE JR&T TR H TS A1 &

A SR 3R Hers—

° STefaR] UiNac & I<as B dTel WeR, SiY 16 SR T Dl T, dfd TRl dl 31fdd
qqIfad Hed &, fora ISl JHT=dT 934! &
® oY HHIEAI WR & Hfoeddf | ol SRR SR JreTiore e Ue 81 Hevr &1

TFATEDHR 3R AFHAT Dl Bt —
o  Joary uRacH g & SR iR TaNed & ISR S THIRT H_al 8, S 9Rd &
e &b T8 Hifcld AfPR &

o fmmefia dur, OFH 9RA S 3 o &, Sefarg aRac & ol & Ufd o1
FagAeMel 8 3R I U 3FPHeT PR bl &Il A 8
T
STeraTg UREc BT AT St R il TH1d &9 R & foly T 1 I8d T 4 &
Tae AR F A foham ST et 81
1. 9 (Mitigation) — HHERH I IS B HF HRAT (SIS TR B HAT)
Soft Gl BT 3O
o  Sitaen €8 T ST BH BRAT: DI, USIfelgd iR Wigpfid I SR Sfiared 7 w®
¥RAT 7 AT IR AR Sl T Hotf, A ol AdIxofg |
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° oIl S&IAT: BRI, IEMI 3R GRS H o1l Bl HH IUIT IPRAT| Iroll —HAeT IUDRUN BT
SUIRT AT 3R A1 IRTed, TIRfhel I a1 USel Tar Bl ggrar <7l

o aiepRuT 3R AT T EREUT: 31fAd F 1fee U =T (FeRigor) iR Hijer o= $f ders
DT AP, TP TS Hre SISINTTATZS D @aMNT I &

o JEWIH UG fFRIET: sifenfie gepreal | e atel sTieRe g iR st o frRifd
IR & I e YITaRoT AT BT UTe HRarT |

o  wRft PN ugfAAT: TTaG-FAIE P DI TSI <1, S IRl IR DD &b A
SYINT DI B x|

o TP B ST FH T Tl —SUAN FIRSH T IYANT a8 AT IR GFdepur iR
JTOUINT I FGraT STl

HOW TO STOP

CHANGE?

2. 3%e (Adaptation )— SIAR] UNac & HHTEI & AT AT [GSHT (FBRIHSD THTaT bl HH

AT

oI STia OR e 3R ST dlel TTal &l F e & ol STJgard Hecdyul &1 38 aTfie &—

° Ty GR&: T § Hefara dHRal & e & oy Tareed gonferdt ot Jsig HRAT, T
M (SN S, AeIRAT) & TR & FRIET a=A & AU Ber IS8T T 98erd Hied & Y &
HROT 9G Hhd &

o I GR&T IR JEE: g A Uy JAAT B & Al STt FRE0T daie!, auf Sl
oI, 3R JgaR RS ugfaal of 9=

o  IIUST ST ~EAIROT: T1g, T@T, MR Tehard St TR HIEH! TeT1al § e & fog gd
AT TN DY AT HeT, 3MMIeT HfeReh gt g (S 7eM, ISd) a9

o TR YA Sadrg URacH & Ul a1fde UiRidl wHal iR PN qabriien! ol AR d
3R @TeT MLt SGIRN Dl Foregl BT
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o Wﬁﬁ?ﬁﬂw= (Community Resilience) 8197 TR ?Eﬁﬂ'lﬁﬂﬂ?ﬁﬁ Eﬁf\‘tl?*lﬂ'l’ﬁﬁﬁﬂ?ﬁ
& YAl BT FEAT B & ol DI 3R TG U a1l e SIGHT & Aher AR
T DT AR H_1 DY Tfehar 7 oyt x|
o & 3R TIFrEHar: Serarg aRacH & BRI, TTal 3R FHTEM! & IR H 317 SiaT, fevax
=i 3R garati AT 3R TFRad BT
fersamd
SIeraTg UNacH T TR AETIe Heve & o SIHT aRumM 8Id 1§39 ATHTfoie Tmal &l
FH PR & oIy BHSIR FISRIT T THRAT IR €T hid DT 3R 3FIper &l DI IGHT aTD
gl

Sterarg, aRacie BT FHEINED i UR TexT 3R Jg3TRIH! TTd U 8T 8, fSie ey I8 & o
I% U THR GRT & Sl TH DT FRRAT iR fadr 1 Al ool 81 99 | gfg, asf & sifafia
e, 3R o= d geTsl S @, a1 3iR Tshardl df dedt g F By 3iR @rer gRam Hig
AR R eI el 8, FOrRy faml ol SfTiifdeT Tebe 5 Uil & 3IR Afee TTer $aet JffeR il
g1 STcl STl Bl BT B3 &A1 H TG SeIel! & SR T AIRGHT Pl S Sell &, Fifch I dAIHH
31 FEerdt TTeT Yot F JaeR - T S AARAT SR S thet™ 6t AT §¢ 9Tl 81 9% & e
el TR AR AT &1 H Upiciep JATIRTAT P Tt ANMEH b PRUT T YA IR AN T eI Bill
8, o wfervity eRuMTfeRIT <t HeEa 9at & SR FAHTSIh—3TTTele STder T ISR T RIS
GRET TR | TS ! 8
e g
] quidTel, 7o PHR. (2020). TR TG qIRIEATIDT. SRIGR, Hee PR HHIeH|

] 3PN, Tl T, Hoid, PAR. (2017). Sty uRac R AMa stad, fefl, AR gafaror Fwerm|

° AT, M. (2022). THGTRH fart wm # gafaRor famef, st A1, 25(9), 1-121

° &9, 98R. (2023). F9 dR: Seary gRacd iR drrfores stad, e, 3TRT Jepre|

] qferet, 9. (2025). Sarg aRacH SR FHIID Siia: Tb Hpicid Greepior, ST, TarawaT Hpre |

o Anthony Smith— %2009%— Sea level vulnerability of coastal peoples] No— 7é2009- Bonn% UNU Institute

for environment and Human security 4UNU&EHSY%—

® Environmental law institute %ELI% %2003% cited as in] Oil] K P; Gupta| JD %2008% Regional framework

on access and benefit sharing %ABSY in the Himalayan region— Kathmandu] Nepal% ICIMOD
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L4 Government of India— %2010%— National Mission for Sustaining the Himalayan Eco&system— New Delhi%

Department of Science and Technology—

® IPCC— %2007a%— Climate Change 2007 % The Physical Science Basis— Contribution of Working Group | to

the Fourth Assessment Report of the IPCC— from http%//www—ipcc—ch/ipecreports/ar4 & wgl—htm-
IPCC— %20076%—

L4 Climate Change 2007% Working Group to the Fourth Assessment Report of the IPCC— Retrieved from

http%/ / www—ipcc—ch /ipccreports /ar4 &wg2—htm—IPCC— %2007%—
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"SIAGR] DI T A IR-TFRFIT Heolt il BT 75d”
. WH gD

HEIe Temes, Hifde e
YIHAT Pietol 3Th Taierd,
ARG T A MDY FAD R ATy,
I (A.H.)

KR XXX

ARIE- TPia & S SHoff Fial BT ST A 3N BIeT F & Siia Dl G 9 & I HRal 37T 81 ol
I AG ST & AT, T, T AR AP Gepr BT SMaRiAa 81 a7 e & Sl magadan &
SRTHT 70% A SATeH ST I AT AN STRT 317 Fll I YT fhaT ST 38T 21 3 Sroll | 89N ATIERYT SR Serdryg
P T R 8ISl IR GAfeRoT Heel FHEITY I H a5 Texs A IS 88 &, Fifep o1 fopefl Hacayuf
TITERUMT T91G & SHolt T IUTH, TRIET AT IUHNT BRAT RTHT STEHT 2| Soolt Ieared fR ITHFT Hier Hey
I I H Sfiared SgHi @1 g ST 7 dael HifHd FE1eHl B FHH IR @ §, 9fed a1g, Id, T
IO, STefary] giRae 31 Teidet aTfefT St ames TR et ol off Souet o &1 81 IR IR Sef 9,
Sftaes $g1 6 gt | 7 hael qaiaRui g | 518 8, afeds anfele, Ao iR daia! gt 3 o qfasy &
Tl Soif araeadarsii i gt & foly Hafftes Sugwh faded & [aott & IR IRFIREI | g I 5 Sared
Sl Y GorT F 1fAE eapres, Taoe 3R vafaRur & srger g 8 g &1 IR IFIRETT Soft | SR, Tgwor
fEd 3R UTpfcies T P ST W@ H T o

18 B : Sty qRacH, Sared Ief A, IR IRFIRER ol ||

EASIER

fodfl T <t SlelepTicle arRfHSe Seall SR-dToq™, auf, Iige ™, ad, STsdTs ol
Aol U IH TAF DlocarIdsatdl &l Seary el ff &5 & Feia g MfSia SFa & folg
UHATE! R0 hRebch U H BRI AT & STerd1g aRT I8 I D UbR ¥ b1 STl 81 51
foreft oft T & et <sh IR IuTeY PIY IcuTal 1 MERUFET: IH T Bl Sedrg &b gk
BT 8,38 S & ATERMAER, HHMSD I & YR, A Bl ARG AR ARHSD HrRieHd
3N T TATH FR TP T Bl 81879 BY H STAGR] FG ST b T & IS Pl Il
7 L B YIS HReAl 8| TRy BT Hewd A Sia, srefegaeer 3R Fquf uikferfe
A & felvarcaiden Hecayul & et T Bl STerarg a8l HId FHIST & Silad bl e T G
qer faem &t &= FgiRd = 7 93 SR 8l 5l
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SiIeT Bl G §TF & ol AFa MM B1et I & Upld & AT Ioll Fidl b1 IUIN Hrall
3TRIT 81 A Foll AT AME ST o 3TRIed, I, Y R df8p [{epRT BI MR 81 Tl
Il & o1 e Sttae aroe, Sienfies Icared, amToie iR iy T9a T8l 81 Sl |id
@E PR & B & SN SIa199 ol AId, FR Soft FId, Ja ot did, M| T Hoit T IR
TRV AR DT T & BU H STidrg DI TAIAT IR &[G | 38 T Ioll raegerd
BT ST 70% HRT SIA199 $EHT I ORT 53T SI1aT & A 9N 91 3 Fial 9| Tegd UiR 3 84
SHTeTed S99 I Dl IR IR Soll Al S TR Foll, T+ Irold FATER0T 3R Serdry Bl g8t
q g B
Sl T BT qafaRuiT gEipIon

Sl 3R GAaRYr FaEt FHRATY A0 H g DRId I S| §s 8, FAIfp &7 febeit Facaqul
feRuflT T9TE & Hoil BT IcaTeH, IRAET AT SUNRT HRAT oRIFT TG g1 Soff ST 3iR
ST T e qITeRviT Heferd FHRITST S arg USHUl, STeT UGN, TdRT HSHUl, S 3TUfere
fIer 3R STearg UNadH, | IS &1 SHa1ed e g J 3911 T Faiieid SHANT BT S areft
I 81 9 ST & S84 H 1Y U Dl IHoiT AR H g UGN Bl oMY W o ST DT THE
PR &1 Sa1eH 89 BT ST | A YR 6 MNHersT 41 & Scooi § off 8IaT & S ardrexor
& I A i DT G BRI 81 3 YBR SI1eH S8 ol b IUART H STeT UGuur i off fafasy
AR JS! 85 81 Sitaned e (UHeld™) gsiel a Hare H, Rdl U= a1 uHT & foedl Freprr o
et & R BT T AT FHTGT BIciT 51 DIl T At U Dl TN BT 81 T FaTer
GRT IUTIT YoTel HaTg H UiRacH 81 ST & @ UishdT § 8 Tivot uaref St gl | frepet S
& UG U & TFID F MM I U 3Fciid WEH o (el T 7101 eal &1 31 Jrafere off
Sl IYINT & B HUI DT T SU-IUS 8| DRIAT T H DHRIe] D A—HJ TSI 7HT H ! B
BT &1 AT Bt 8, S Wipicie TR AT I TTId Ral 81 T TR IRATY I o
of} ITATIRUT ¥ 3 BTf-hNe NS Ufred UgTelt bl Ioqor BT &, ST 37D ThR Bt TR fHRat
I FRAT &

I IcUTE TR SYNRT Y Tfhar 7 IIareRvr IR TS+ dTet THTE Bl T IR eI IR
&1 SRDIU & oAt T iR SRBIVT 8| Sl BT GATARON GBI ol Icure iR SGART &
HRUT QAR TR TS dTet T9Ta) BT Jeide vl 81 39 Soff & fafdsr |l Sy Sfared e,
TN FHoll R WA Tt NS b FATGRUT THTEaDT Jorerd N off 81 fedT &
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THTT I8 I &, T Sl Icura 3R IwANT 1 by wrepR uRafela foban Sy o a8 wferor &
fol ~TcH BIMDRS 811 T8 eI Wiasy Bl Tl & foly TR T8 & TR 3R T P
A G & S  Hifa, enfifdal oiiR yermst o seR o § Jeayui 81 Sl & gafaxufia
g A Ffalfid fig T wu § JfFfrd 8|
) argue

UGTeR0T H IR BT AT Heayul T & TP SagR! IR SHDT HieT YH1G Il 81 arg ol
Teh 3TUT TTdhices TiTe &, for fafsist uepR ol Ry, Sietarsy nfS enfiet it 81 arg ugyur &
dIeR] aR] & $ UTiieh IS & d8a I 81 S arg H BTi+epRe 14 fefcl! 8, a1 a8 Sagrial
TAT U] ST WR EIfhRD U9 SleTd! 81 3d: ART Soll Glid dT IHDBT ITHNT T UhR
3 BT TR & I8 a1g 1 9 I 9 USd | IE ATATD 8, [ Ioll A 3R IHDBT ITAN
ag 7 g W N ST 9w W A aghed & g TR v § sFers @ S
BRIBRIGIEH, WA, AR I TeHR B BIDORS AAASS AT | BRIGRIDGET AT WA
U BT RS UeTef 8 Sl aIgHSel & Hewdyul 37ad TS /7 PI & PR &1 aRJHSA 4 3TolH
N g ¥ o1 arel! g eRe WRISTHT faRol ol raenfid ax oidl & 9o I yeft det W 78! 3T
St 1 SN & aRgHSE | AT M § GF § o7 dTelt SlfeRe W R0l gedft ddt W aT
SR | gedt Ae WR U fovorsll STaenRal 3 w@r HeR Sl 9 TRl &1 HRT a7 | e
4 R | SN Y A gTel Sfared $89 | (YT, SioTel, DRIAT) aRIASH H Bl+bRa 11
SRT HoTR SISITEIES, AR JaHEs, 3R Bl SBIiadRs B IcoH a-d & aefl
IRIHSA BT TIH AAT H UG AR &1 fohg TR a1 IR WRREIT Foll Al S AR Il
U Bt YLATIRT Il TS agHSet H $9 FPR BT TGHUT SFTHT AT b SRR B & A 84 g
IR IRERETT I A BT STRANT TG BT T HRAT A1
2) Tl W

ST YR STt BT IR Sfia H Agcaqul NS & oIl Wi od § gedt IR /7 Sl &
e Siiaemt T aeuc! IUANT H_d & 39 I T 3T U Ui IS &Il 11 STt b
T UThfcleh TS T G &l et HSHUT HEATIT &1 Froll AN il IHHT ITHN 36 UHR F 8F1
TfeY 1% a8 STeT BT 9 A BH U D Sict P UTPiciep IS I AT IRATIT e aifdpd aam o
B ol A 3R I ITAN §H UHR ¥ 8, b 98 STeT FA1EH1 Dl 95 Afed TATIT A &
ST ST S99 S USHfelad st § a1 it | (% dotec! o) el S 8 | §99 Ufham 7 9
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SR TST & S UThicies TG T T 35T ST 8T & AT JaT T Ug(ya fhaT ST &l &1 a1 HguuT
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1 HRIT Y TGN AT | Il Seure I ATaeTehdl I 3AfSe T off 7 Bk 3899 F7 g
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4)  gRfRIfde o7 afd
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oI IUHNT §F TR BT AR, b a8 Ty aTRferfces 0 1 &H § & TTfad ax|
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9&T 7 gig 89 ¥ A9 8= U9 & GRT g § BIST T8 ST Bl @i o 7 i &S ®,
ORRT et & argHSel T ATUHM Je ofll 81§ Tdel T hed &1 I8 Talldel aTiT 3fTSl U
TS T & ©F F IR Gdl 81 37c: TART Sooll SN qUT SHBT ST $H UHR I BFT A1RY
% 9% 39 A% &1 Tararg Fael FHRATAT DT T AT PN | IS GRT IGHM H Upicl F S ST
I T 8T & ID YRV FI0U 81 s T Dl STeAaR] YR 8l gebl & TAT Py FATAI DT Serdrg
uRac 8l %81 & aul ol FHI AT 81, AT Tl g1, A& BT aul a1 I T Ferarg
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AT AT &
6. sy

g B SHareq Su a1 3cafiies TN 7 ool AT TETeH! BT THH FX & 8, Sfodh
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7. HeH Y

° https:/ /www.eea.europa.eu/help /glossary / eea—glossary / environmental—impact—of—energy

° https:/ /gems—engie—com.translate.goog/ energy—encyclopedia / what—is—energy—value—chain /
[ ]

https: / / www.researchgate.net/figure / Different—kinds—of—vertical —axis—wind —turbines— VAWT
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ST & 13 191 5 Sifdep / ATapfcien Tl T IR <a1aeh 8, febsamii o Qe arati 7 Sifde
it T AT 9 BT 6 |
o A : IRA o1 yga O SMfde AT a1 SR 75,000 BFIR Y S ugfa & @t
SUINT B <& &1 T A0 gied, AR iR o7 § 9fE g8, Sifdes ScuTe | JeTR TRy
Tq ¥Ees GTaRUT T T e B
o IMTY W "SR SoIC ARt WIFFT" (ZBNF) HiSt FURIT AT B1 “ZBNF” Higer A gRI
A BT dBol-Th 3R TR F71T| S Icararl Ht YbfSw, o & arfior & =
BIC Sl e & w® & ifeari & arer Aftey st o <& €|
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3w uRyed (- e PN F1 AR I TR R abe TaIR-UIHR 81 & 8-

o Y IR MRS H "3RS Ureacy” Bl AR ol ¥ 9§ & 5
o  9RA fay & ofif 10 oIS HRY Iued! 7 Mt B
o IIREN IR H Sifdes Icural T HiT 2026 Teb 251 ffeid= SfeR T ugem Bl FHra
gl

T

Sifdep Wil 3R Faell Tl daet Wil Bl Ugfd T8l dfed Siad S 1 aeF &1 Jeraryg
aREcH &I A BT TDIaeT B & ol §78 TS ©Y I AT 3T D i AaLIDhT Bl
I% TS 7 Hadt GIfaRul Fge I1Y el & dfcd [hdMl @ SR, e iR fedrss
arfeTawelT & 31K of Skl &1 YR & URIRS & 3R MY e & T | I 741 "qad
P Hisel” [GepfRrct foham ST Fehall & 11 WIET JRaN, YR FREMT 3R AHISD FHT bl 7RI
TR BT |
Hed gof It
o T, A, (2004). TATATSAL & U&f H, Sifaawhre JHaRict o9,
o gf, 3TR.&. (2018). TR HfY 3R Faq fAH™. IAoTdHer Hap1eH, 73 et
° fisr, IR (2020). Sfew HY: Rga R TTER. 71T gareM, 78 et
o QT Ud Y T (VW.9.31.) (2021), 73F H1Y 3 Ferarg gRae, Th.u.aN. Rard, A
o .M. (2022). Ferarg TR sifv @rer gear gv Ruic, SHaT|

® 3NTE T TIRBR (2019). Zero Budget Natural Farming Report. ?ffef IYTRT YT

® afep 9T TRBR (2016). Sikkim Organic Mission Report. T eI,
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. et uere! |, ST TR Ui s?
*HERIeh WTedTeh, 2 45U dofl Ud arfiiey Helfercr, $aR ! gayatripalod @gmail.com
*3Y YR, TEBRN Pl 3TH ThTel TN, 's"aﬁ'\’z shyamsunderpalod @gmail.com

KRXXX

1. T1ET (Introduction)

21 FS A Fe9 TR Ifqd TR H ¥ e “SAary aRacH” & | T8 Idel UHiad
I BT Hobd -Tal Siceh JTa F¥IdT ol [Jara— e R usifeg of & | 3ilefie wifd & a5 4
IRIFSe § METH INT AT 3PIYd ®U H It § | e J F6T (WMo) 3iR Ipcc &
Rlel & R, gt &1 il e i I & 319 T o9 1.2°C 98 gl &l A I8
T IR %8 Al 2100 T AT9HM 3°C T 9¢ ol &, fors gt & o aikferfde a3 &
ST Hepe H IS ST |

ARA S <@, S Aiifele ffdedr ok Hiy-amenRa sreferawen w 3R &, Searg aRad=
&% ATl & Ui T FIeAMS 81 39 HRU I Mged 9 997 & A9 gganl  wRur, g9,
AT T T Fe 7 fAwor o 2|
918 Foit — Sietary uRecH, gAIar, JafeRuik, TTdice SRige
2. Serarg qRaci 1 31ef ud giRemeT

TYh Y STerdrg IR BT AFHFHT (UNFCCC) & SFTHR

"Sar] URac BT el § 98 UNacH i UeIE I TS BU I A TAREAT B BRoT
qIHSE Dl TG H URGTH el & 3R ST Wil STetar] aReciefierr & arfaRed 81"

TR ] H, STerdrg IRETH BT T Sefablicies STAarRId i Uest # Aaory svied 3 Icae
3RIge 9 B
3. Sl YRacH & Ta HRU (Major Causes )

(P) AT BRI
SHTNIBIERTT — DRI, Ui, I & T8 J DI SIS TS Pl ITorT |
GEIl Dl BeTs (Deforestation) — gl & TE B | Hre- GLNTUT & Tl &
B 3R UYUTT — AT T A1 1SS BT o |
IR R gRTET — areAl g I F Icqo |
3Tafere Uee &t HHT — 3 rafArsl ¥ AL I o1 o |
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(@) wgpfids PrevT
SaTemId faehie, SR fafdwur § afkacd™, FeMmRE gRIeT &7 3Riger 3t | famg 81t &

Serhi H 90% ¥ (AP STeTarg UREcH HFEI BRI 3 & g &1
4, WW%W (Impacts)
(#) ygferofig yvE
ferat 1 faeT ok T E-TR gl
ayf =g # rafaar, @1 iR 91g &t ged|
St fAf3erdr @1 e — 3Md Feafadl iR Sfiat 6t uenfaar faggfe & 3R 2
(@) anfels T
HY I H fIRTEc|
T T IR qfe e 3l 81|
Sl (@ el TG IR <91
(1) I w9
STeldiyg UdT (Climate Migration)|
L FHRIN — BIT 99, AR SR 1Rt A gig)
R g famrgefie <9 IR SR U
5. R & T ¥ TRy yRacH
AR g & I <201 7 3mroft & Fel STotary aRac & UTa 39 Jed by off 33 &
T, SEIYA 3R iy St Al & famee doht 9 fied % 2
SSIel, AL AR H g1 iR Sfayoft It 7 91¢ $i anmgfy 9t 2|
TS AT &1 H Fshara iR A dea 9 W) &
2024 &1 Ipcc RUE & AR, 9RA # 3iId o= Ufd 39 0.3°C &l &R ¥ §¢ & 2
AR ARPR 7 "SR Sferary uRacid wri AT (NAPCC)” 2008 H TR i, forRaeh ferfd
8 MM g M2 & SN IR fiye, I gerar fe, dad $Y fAem anfe
6. Sty afRadH &t T ﬂFﬁﬁ?ﬁ' (Challenges)
o Ifd iR fohaTe H 3idR — TSI a7l &, TR TR TR TR I T1a e & 5
o aTENH AT — TRIg S § BRA WA SO i & 7dT 34 o
o ICRIERI [EANT Bl BT — AT <2l B oFHERT T &R H A9 |
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° ol IR RaT — Sfiared ge9 R rcafers HuRar
o  SH-SIFReddl BT 3G — AN H AdeIRe URac =&l &l uT &
o  INHIfID FToIelfh Y AT — TR0 A TR feudIfeld ol df Ae g S &
WW%WH’H (Solutions) :—
(®) | faerT $I agrRom
Had fad®™T (Sustainable Development) a8 UfshaT & for ™ aciE it &t smasadmarat o
e el gu ATe difedt & SR GRfAT @ S|
gRT St &1 TR
B IS H HHI|
TTpfadh TG BT Hfeld SN
(@) Thioiia St @ foRaR
R, 9, ST, Sifdes o1t & Fldl &1 SuI|
ARA H “IMERT FR fHe" & 3cRid 2030 T 500 TRTETT TdpRuf & o1 de|
(1) a9 ER&OT 3MR FHRor
i ST FreM” gR1 5 fAfe gacar 9 W) gaRu)
9TExt g gTAioT &1 H BRA ug! fIafad Tl
(&) gfaRur foem iR ST
eIt ¥R ¥ & ygiaRur rega™ &l Jfart s= M|
NGOs T TR TR &l AFieRT|
(¥) eRa tenfidhr (Green Technology)
ol —PA I, Solfded T8+, FHORT JHshul, BIE DHoeR db-ied M|
(| SIS vge
uRe THEiar (2015) : I9HM gfE B 1.5°C T AT WA &1 A&7 |
coP-28 us (2023) # Saary ol 3R JHHA—+RUTg DI oighR A ey |
IR &1 “Panchamrit” d&I 2070 T® c—S(RI S|
8. :ﬂﬁ'\fﬁlﬁ ( Policy Recommendations )
o R Irfeuawyr & e F Hepdvur|
o  ITIUT TR R AR Hut nenia g |
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o STeT TRETUT, a9t el Ho 3R ger [’iaTs &1 UaR|
Sifdes Wt 31k TR ScTe el @I semET|

o T I IT P hiSc HUMel B THTe S+

o UMY AN H YIfaRuT Hheld SISl

9. 4fasy & f3amm (Future Prospects)

STefarR] URac o1 AT dhadl debeiichl a1 el Ul | T8l fohar ST FehelTl 36 folg
Shaeateft, SUNRT IER IR Jo7 Humett F oft uRadH 31mae® g1 YRT &1 “o1gh A2 (LiFE —
Lifestyle for Environment)” U@ IR& U&d & Sl @FN @1 “Reduce—Reuse—Recycle—Respect—
Restore” & RAGIAl IR MR Sftamidelt U= B UiedTRd dxal &1 Jfasg & feem auft v
Bl 59 famry AT wafareit dge @ g 5 [

10. fs#9¥ (conclusion)

STeraTy aRact TS AT 61 F1ST Al ol TE hael deiiidh IT qeriihl T a1, dfc
Afdew, arifoie iR Aorifae us ff &1 @ Te™ 5} U <91 & TINT § I9d A8, dfed
e Feaw, fdTa Sear 3R SH-afhadr 9 &€ 999 3|
I AT FAT 7 f4eprRy bl gRHTST @1 “9NT” J “ERe” Bl AR uRafda aR fotar, a1 Serarg
aRaTH St AT TR H et Faclt 2
"gerft BRI 81, B9 G2l & & — 8! fIER Serarg Hgerd &l 4ot | &
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Elue it
TERIH TaId fawat

ATHD R =T HETENTRT TS
Email ID d8717854338@gmail.come

KXXX¥*

ARIST- I T H Seofary aRec &l gAIfiar 98 w0 | a9HH gie, a9 A9 geTel $f ged! diad,
anfefes & AT SRS, 31k Sarf Hepor &t efieft i §1 Teftaet arfifr & sRur e fee w® 8, 993
T Tt TR 9 T 8, s I iR Sidiy &51 @ ot 81 9IRA S <97 91¢, @, Eedd S o Jha 6t
TS T T aR T8 §, S PiY IS, et GRar iR S TR Bl UIfd R 38 §1 ofeies gfvepior 9,
SeraTyg aRec TR 3R el TER R SATRT U1a STefdT &

Y & HY H, I TR R IRG T & T8 NS 19 So 39 e, FdHTa<ofia St
qerar <, 3R f<fig Teemi 6T IucTedr SRodt 81 RA § STolar-3gge 8% Ao, Siel TRem, 3R T
HY Tl WR R T ST @M 81 Theidh! TAR, SN Bl HhoaR iR SHort ugvr, off 7ecaqol &1 arer &,
Serar] - AfcRTe g Sl &1 faeT 3R STTueT Hde 6 e 9T AL ¢
& fawg - Serarg aRacH, d-eres N, Siefarg aReci= T qaiaRur, Serdry qiRac @l gatfcal g Jmi a1
fermor, YRa it 3T Fagmsfierar, S ufaframt, Awerm (mitigation) 3R e , A, T, fo silk
AN b FGT T FHTE |

STeraTy IRGcH & T DR AT gl AR T@Aleel AT Bl 719 39 TDR o
STetar] aRa & T RN H MERY 11 BT I, a1 Dl BT, RN iR

Sttaren et a1 T e 81 % aroE H gfg Bt 8, fO welleer arfeiT wet ST g1 39
R FHRIHS THG IS &
ST Ao g @1 1.5 S Afctas ao HfHa @1 3mads &, o g dffd TR w®
HS P IV DI TR &, SN TADRURT ol DT JSTAT, SATLH G BT HH IUAN, 3R ST
TRETOT SUTIT T YA
IR AR TeTal & ofterar iR g 7 Feias) - Setary uRact= &1t TR aRor 2|

ot | g0 IS T & HROT 916, G, Biedd, T, IR Thard SRiT TeH] Igel § SITa]
e 3R IR-9R 81 & E| 7 ge1sl o1 uvg 39y ©u § $Y Icured, ol TETe, Sia gRa
3R S T R i TS &
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sitenfies Tfiffeat @ Scafsia Maesy N argded 3 ardla sRiged der ax <& €, e
ST ToTTett geTfae 81 <8t 81 SHifelY, e auf ¥ /e 916 31l 8, I8! ofd T9g b gl
UST &1 81 R H {UBel o aul H 918, Bicad iR Jam o AR 1fer IR <& at fiyet &,
ORI STRal AN bl ST 3FR STTsfifaesT JTfad g% &

SeraTyg uRacd= &t Mfeld T AHIfie SR 39 UPR 8

IR TG :— STetar] aRacH &t T T+t IR §9H A8 8Tl W9 3R Sy R &
aTel FERT, S Holgy af, AT A3, Srfear!, 3R &<t geii-sNus! H & dtel AN SHe!
R T (e SeAd &1 I UM TAdg &b FDRIHD UHTET § F9 & Iy FHIE B B4 g,
S 9 31fdes srgRfad 81 9 &

HRATET BT A fITROT : — TR iR 31fefes ST & BIRoT Hrei ot farewor off
SR &1 3FIRT & UM SIeraryg uiNac § Fue- & foly SR game e, ware giaamn, T
3R TRf&T e1rarg 81 €, Safs TRl @1 I GRIemd o frer areft 2|

SUTE 3R SIHNT & A :— USare! IUTE uleft 3R Fear SuHIhare gafaRor W
3T STa STerd &, s ST gt & 31k Sefary Heve TR 2l 3

RIS AT Y aeIbelT; — STerarg URac ¥ e & foty anfefe ik Ao =
TR &1 39 T ST 1 9 faaRur, 81f9T WR & dreli & BRI Bt XelT iR ~IR—IETd
SISEEISIl

AP TR R ot 3FHFaT ;- AT < 3R 9t Hufa g1 31fdes fivesa 1N IToiH
BT B, S faamasfier o ol et 31fSd JHam ST usdr &

Hrerew 1 ScoF AR & Af3d T 39 UPR & -

URE =T (2015):- 195 <2l 71 U 127 fAician 3ifenfies I § Ugel & w™1 ¥ dfdad
dToE gig @1 2 S A | 1 &R 9 &1 af 1.5 3t Afeds da Hifid @ &1 dea
T &1 39D qad T ST DT LT TR UR I H Dkl b folg A MafRa a= smaeads |

AR BT AN~ 9RA 7 2025 F FHErSH 1 I diaar died e rfegfad fa £,
RITeh TEd Soll —T8- SeNT D 3T I Pl T HAT BT FHS 3feRfd e whfee S
Ovem off Tenfod fhar T 8, fOraS IOl bl B R dToll ShIgdl shisc UTH il 37K ST o1&
ORI 181 IR TG, I7e &8 T BFT|
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e 3R SicRig RAMfdT:— IR iR o177 <2 JuATHRIAT &1 ey Rare o s

W fozara €, orTsy afdss ST IR Ao Wt Sl 21
a1 EREUT SR FHRIUT AfIF:— I R N9 RAfRgar sgm iR i raenyur o ggrar

3 & folT og Y9 WR ateRgur &iiR o= Remor & g9 fasar S & &

o8 AR Tdiarvig o @ seEr- AR, TaT o, iR g Adie~ita Aal a1 ga
faorg & arfds Sfiaren se R iR &9 6t 57 9|
TBHID! TATAR: — PIET HTR, Sl STl SgH, IR Iqo H HHI b folv T3 Tl Bl
fer 3fiR 3o SR 21
I | I Y U I I8 1M gig Bl R axe iR e it ugferur §97Y 5+

& folT SRt & IST9ATHT, oS URacH &t i | oHed &l Fad g

T e=uiar Seif o1 3fde R -

) 2024 ¥, dfde fasrell Scured # At Haf 6 U’ 30% ¥ 31fda &, 3R
2030 TP T8 45% & URSI AGHH &1 ( EId Enerdata, IEA, IRENA 3R Ember T il
Reie 2 )

o ST G @R g ot A 39 faamRT § e SATeT AN T §; Ugef! IR 3ffe TR R
TRufT o1t = PIIAT-IMETRT IcATe DI UTes B T &

®  COP28 3R HYh T HETHHT ST SRIEIT U8l 2030 Teb THRUNG Tt &FHAT 1 AT
T P AT B folg <21t BT Tehole IR & &

Solt HepHUT &t g A < -

° WWWW (Global Energy Transition Index) éﬁ(ﬂﬂ'\‘ﬂ? PIA 28% A A
ol GRa, FRAT 3R THMaT & oY 9T Ml § THE WA &Y 81 (Sa WEF &t
Energy Transition Index, 2024 Tg 2025 aﬁrﬁché'\fr%mw%‘l)

° 2024 H o6 il &4 H AT 2 fefeiae Sfer &1 fraer gar, eifc R off dfdes e
I ReplE TR R g7 T

o IR 7 Sroll S&IT, TITPRUTI Folt 4312, AR AT SATDT b ool Ugd H SerE1T GIR
fama 2, gTetifes affes I o 71d Term W e
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TR STt BT HEcd

Tefteoita Sott MT-BTRH T ST H Pl PR ITATARUN B GRIAT S &, T oot
&1 FARAR Iucteyd iR MYfc § TN eft B

IE Solt AMToIh—3Mfe e, Siad R GuR, 31k g srefeuawen # fRRAT M &
HEID &

TRy N S AR, ged, e, IR, 3R Y-ad1g Seoff, Fes, g 3R g
I I &, oI UTepfaies ®u | R I UTH fobam ST |epaTl 21

=T 3iR smgeTPpan

SHa1e Se9 Gfediet dl AT Iorl &7 F TAFIRT BT, ddb-ihl TR Dl gGrdT
AT AT et et & fAT Aftavoia St e ST T i e €.

St s T [GeaiaaT 5 gaR, T SHoff uga &1 R, 3R ol sFaeRedT 3 Fa
&1 JMMILIHAT TR-IR G & & &

Serarg - HfRie aedt e & Su (-

STty - AfcRIe 2t IS 3fR STeT TREvISTerar] - FfoRiel et e 3iR STeT TRam
MY MERT &b Fad [GbrT 3R Ty ARHT P Geblelel H J88 MWD &

T ShRCaaR AR Ui — MenRa THTe T SN T ST &, S 2t gamRmT, i
&, afcdhel TS, R AT Ul FSb, AT AT HH PR IR I1¢ Tagd H Aag
EaGI]

RIceRIh o fSSTs: arg-ufiRIe aRgeiel, S del dTet B, THI-HfcRiel o
TRl 3iR aTfRra i T-EIfET feaie I o 3@ &l

Irolt TR STeT T8 T ThIhRUT: TdhRuiT Folt b T1e T - fIie, Argepifie faver, 3k
Terrft \rdSIfe gfRase 1 faer gid 2|

BHe HvMe 3R RO REURT: P YR 9T8), S DlaAdhidl iR IS, 91 & oI
gafgAM iR R 3TueT Yeiee Jonferar fawmfad o= ) B

& Tl TRET b TIT SUT

a9t et HoRe — 9IRS & U BT IHST IR ST RATS! T TR SYAN H AT
3T ST YUl — BN T AT STeT Bl SIc R QIART SUINT AT
STeT-Haeefter et fuis — ufiuaat Tce g O} TReFTY SiY Sl & If § IRe < |
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- e — I T, M9 T I STt 1a2nor iR ofider gra g
STeT YA H ST — STt g9 dTel SUSRUN T YA 3R Rara AT |
SHSTFRGEAT — AN T STet TRe0T & N ffad @ik IR @l

FHTT 3R M — TRBRT TR TR el TRET DY JgIaT < dTel 49 SR =Tl

Se: Sfar] URacd™ & TTa1 B &9 I=AT, ol Hohe U qa1d 3R Tad [T o1 gHfAd a1l
qP-idh! FarAR iR PET PR :— HEF PR (CO, UHS) IR THIDH IR & &7 § IR
T ST § HEcaqul W B 6T 8, O Sotary A& b a1iie a1 e 7 78 HwiEAn
e Tl B

DI HooR D TG db1D

SRRIE WR $HR (DAC): T8 db-iie ATTaRul I Bl SISTass dI e Hiaax
AT TAehaT §IRT STeRT At &, FORRT Co, T ¥eIRd a1 Jitefis STIRT & folt IR
[ERIRSISI

URC-Hae, W-Hae Td Siai—TRIeT HaeH, 7 I ddb-i1an! BT ITAN faSieiier] g
IR ST H f5ar ST &1

ISR 3R TE FRRR: 5 A 319 31 ofdicl, Soll—<& AR AfJgar sgar
3D ferd & S Tt &

URA J dep-1ehl UgeT 3R TR

HRJ 9¥DPR 9 DST (Department of Science & Technology) WW@@W@W
J T, T AN 3IR TheldelCo, HR ddh-id! T b faw 8, S sitenfie smfare
ST H CO, BoaR &g M dHefeRe R g |

P G ST et A 5o 7 IfAF AR g iU aR & E, SRl JFTelt fit
-l IR MY g Uee fasar S & &

IT S SR HEATT TR IPET el b AT H TSI —3IRUCS BIe DhoeR TG
@1 e vd Jeiad R R B

T8 dpfetied TaraR

VEfqa-tfaed Aea-3ifife Haad (MOFs), Riewm-3menRa wRsigadeey, 3R
gelae)— e Ugaie (EsA) SRt 1S didt &t wrRa fsasor qerer AR et -
@ 3R JEAR 7 3&T B
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DAC fO¥erg &Y 319 AU oll, Seel TSRS JeAT THIE HICHAT & T ey IuIRT
T JRIT O 38T &, O wfaruiiy ey sgd € 3R e 9T 8idT &

anfefer aik Hf-waeht ugat

TR H SRRFE WR $HwR (DAC) ISR 2024 F USD 3.2 fAfaaT & g 2030 d@ USD
52 fifeld deh Uga @l 3FHM &, ORIl a1 gig &R g 60% o1 ( | Grand View
Research &1 3TfeI@TRaE Hdhe RUIC 1)

TR & T el At Faer, i §7e4 (usp 4.3 fafelas de &1 IReRt T3 rufard)
3R TpfeiT-31g fit &

P HETRR, TeheiTehl TITARI 1R B BheaR debeileh] H AR J dfdeh FR WR Ps Fehelad,
AR 3R FIE FHIIH IR @ &, O I&-LI adi 3R Jearg fRRAT &g
NMaTF &

farita weraT & wew - faxig Weran iR s e TRA 5 Sedrg HehHul, TUaT GaRT,
3R Fad e & AU rdd Agcayul &1 aoH™ § 9 Hhrg-w, ST Uee IroT, 3iR Sfoer
HIEFTAT & 3 Aiedl Tt &

AIRA DT 2030 TP ARy AT D1 gfdl &g T $1.5 feforem fraer ok M ifsrerd &
fol 2070 T $10 fefela Bl raeaedr a1l I8 M FE&gd: e Sorl, R BTeSioH,
ol HERUT, T8 HiY, Fad URTET 3R APeR 3pHMAT | (439 2F 2

¥ BIg-NT & T&d SBI, SIDBI, Mahabank 3TTf& GRT ¥ WIotees, MSME &I SaeiiaitaT,
IR BIg¥, EV SHRCTR, 3R IR SR &5 & foly o dF, |fede!, iR & 4
faery e <t Sl B

faT F3T1T 7 2025 H ‘Climate Finance Taxonomy’ &1 UTRY WIRT fdam arfds STefdrg -
3FIDel URAISITRAT & ey & &1 JaTs 3R gfg T 8l T

SIS gay 3iR 3TTUaT Iy

TRT = TNRIT-Dhfed NMIST Y§¢ WX 2.28 TIRG PRIS Pl soic fmared fpar, 3R 15th
TR SMRANT 71 T TR R TR - IMETRT IRASHIRT BT AT R U8 D |
TSARER THeTHe Tae, 2025’ 3R ‘PM ¢ Ufse Toisl’ GRT JgaTIR! 3TUaT oI, IM
TR SR W Pifecord! 1, 3R SRICAS SIoleT AT &l TS &
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°*  IRA P HHl FRUMIBIAT H ALK YT HF FfEr (SDMF) & ITHR FoIc bl Ueh foed
ST =AIR0T 8g TR wU & Jfafed foham w2 g
o TS dpIpl, JNMUST FddhdT JUNfedT 3R ‘Apda Mitras’ S Aedd Hecl-&lls IR &

e s &
ey fahi arem ok whH
qree arureff T T /G (CHNEIN]
Tiolae,
Green Bond MSME / ®faRe TIoiae AN BT 80% + e o
S R
SLL, MSME / TToiere Sustainability
Blended S 10 ofRI—20 IRle linked loans
Finance
it ek 44, IaTagd,
[ERIBVEISIC 75-90% Hfeds!
/R /Rfelager ey AT
- . EITq/ i ISIRCERISEINC S e Eio‘%ﬁ'\‘:ﬂ, Drainage,
e feedr Retrofitting
;-
) J&t (sel) feanfcer, sReftems (RBI) WHad, fa%r §& (World Bank) 3T TfeRTs faemT
3% (ADB) Y RUE|

o IS St P M= Trg-fERT Uifelll, SIDBI AT NABARD & RUIE|

o FfH 3R FdiaRoita Horf 7T (MNRE), RA TRGR & Sxaral iR JiomT e

4137 3T (Finance Commission) &1 3TN 3TR & HATER & 3MMUST Heie fanfcer|

feATeRl TIfRRT o7 Heed :—  fRATerht RifdaRt & ouft & fieem & wRur YR 3iR afeor uferr &

et R TR TR TR T 31 ) &

o TR fIRRI Pl Ui &7 ATeR TR’ dEl I &, Fifch A 1, sy, (g SRit g
it o1 9T Aid €, S IR IR 2 3RT A fR &
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o AR & [HEMI, Foll I (BBSIUTER) 3R UISTe JATY(T DT TS 3T 3781 I RRI
fie aTel g Uit W 1R 2

Tt GR& et TR

e U% RUIC & 3FWR, 3FR dUHM Jfg 2°C A% &Il &, a1 f’¥Te™ # 2100 A% 75% a®
AfRR 9% W B Tl 21 (HT eI T} BR ehcs Abed sdavde (ICIMOD)
& ue T RIS B1)

o URfYE SR § o9 fge™ I A< JaTg dedT 8, oifdh oI5 ¥ 9df Ud18 &F &1 ST &,
O HfY, I & Tt 3iR fasteft smgfd & TRt Heve Icu= &Il 2

o YT R FRar off 9, Fifeht IR AR Uget § & fafia 3R smenferd 2

3= yafaefiy g arTTfoie S

) QIR oo™ § ifIde o) sScavcEed (GLOF), 3FM® 91, g, 3R gfd

Pperd St ST 9 S|

o I Pl IySAHAT B B F Sig—fafdegar, TR, iR TH-FRGA R off 3RR
TS

) TSI, U 3R gRATON S W5 St fedtert Afeai R R €, Sdarfae Sia dae
BT AT |

T 3R TN
TR TR G&INT e & ol & U8t &l W&l &

® el HIE 3R UG BT HH B D UHIAIT At TGS 1 BT &, AP AT ifeRRl
& frerer el & ST T

T STy BRATS 41 SRoxt i~ A 3R T STelar] HRATg Dl ATaThclT AT A

3R IR TR W AT HEw@YU! 8| TeTdrg URac & THR TTET i e SR FHIS, fefeaeer

vg IR & SreipTiclen ey & folg e, Fmael 3R FRER T 31aed s & |

o  Iarg Tdhe T I, AT 3R HISMI W U 1 IR STeAd &, T JFeRT—3TeHT
B TIfH T8 2|

o  gufad A, Rem-snaia fvfk, sicRiER Fean iR fA<ia Famei o1 9gh Iuam
STy FRT DI SHGR WU H B PR Hbell &
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T PRATS b T U],
®  IIc WP IR IT FIE! SURT WATH e, AR A GER, Wil FamR iR A
TRERY JMaTH &

o hE—RIST—LTIY GEAT, FENT, FHNT 3R I BT ATl Soe! &
o 3R Seferfole gRome
o  TYH WMl I HETSH I IHoA, UTpicies AT ANEH, SR FTeg=1 bl A&

ged gl

o gad e dedi (SDGs) & W, Te—3m—ull GRET, aui-id Taeed, 3R g
fafdear Remr & TR et 2

o I 3R oy o1 W e H vatE S 8, O AR, Ra AteRar iR gamaef e
g BT &

forsd

STeTdTyg, URacH T THTd AT R T8 & A0 gi, a9 HIH gea, 9t e,
IR S-S ST ¥ Ui qafervl g I9a T9S aFl AT 4 8. 3fde Icqor
b, TERI H et TREUT, P hoaR IR FAd TExt URSBeTT S TR & qrave ferTerdt St
1T G H & SR AIIh—afele fcd ST T 81 %8 &. TH1eM & foly F[f=ad iR Jaa
Sierarg fd, s W vey, §e™ 9ReRI, 3R fasm—enerika fofa eifert € aft
Seferfcia faer iR gRam |94 3

o '\‘Eﬁ (References)

® IPCC Report, 2023. Climate Change and Global Warming.

® UNEP (United Nations Environment Programme), Emissions Gap Report, 2024.
° AR PR, TITERYT, I U9 Serary qRac J31er’T (MoEFCC) di RUlE, 2024.

] "oty URac IR | e, qateRu gi3eer, 2023.
° PHR, 9. (2022). Sdrg HBC AR AR DI AL T3 [SeiT: ASTdHel b1 |

o UNEP 2023, Emissions Gap Report
L A IS 3R Td TTo 6T Hgfiai & arer—arer i RIthetcrall aT oy ol 31

° IRA TRBR (NAPCC, 2008 iR MoEFCC, 2021) 39 R TR SerdTg Hhe & folg a778 5 J& U MR
A e o Hfed B9 H Tega e 2l
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° NITI Aayog (LiFE Mission /Strategy Docs) RT # YTeR0T-31%hel Sia-eiett iR FIfira gt & forg faem
e &
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“STetarg TReci T HFG Ty IR J9G”
<t oo S, S foram a2

*HERI TTEATIe (TefIeT) Ardhial g § Al e R Helfiener, IR (Bars)’

“HERID UTEATId, gfer sl df St S Toxf dieret, TIQR (weierre)?

KRXXX

AR~ Sefarg URacH arll & Siia iR e WR Ufigel T9TE STefd &, 3R 3FTel S # I8 AR +ff 31ferd
I | I H, ATy URac Fed JRITE! Tared Maedehdiall dl W ol &: o8 &dT, gRI&d i,
TITH o iR TITH 37171 T8 Fehridh I o (07 & felg =18 AT +ff TRgd vl 8, 3iR Tareed &1 a1Y
TG ATt MIgpfaan, anfeie iR TmTfores monferlt 1R efR- R <ara SerdT 81 Sefary uRac & Faree g fafds
araTfey o e 81 Fahd 83iR I B HRD W R Fxd §, S 1% 37 e &t wisger Seran oiR aeerdt A
waet aRfefcRl & Ui srgder & 3R Hefer AarT iR AHTfore aRemd, a1 & 6% o Faike FRS
O &M, SucTey TTE, iR ST T8l & Hivjal geR 3iR SR onfiet & [Siearyg uivac He afk
TRIE U § TG T D g Rl § T e =, O a1g IguuT § 4 Faeht S1Rar ae1, S aaes
¥ gic TIa iR 72T Feelh T, I AR di geATel § gl iR AMfie T R g91d, 3R b M
& TR ¥ gfg M 21 59 IR, I8 T 3R STeT R &Y o7 ax Tohall 5, o FuIr iR faeemo=
BT &, O TR ofiR sreaTeega Sia e @ ger £

I 91eS: T, JM Sita, STerdTyg aRac, arg TSN, S Ai9HH, IRT HIH Sl g

TREATAAT

STty UREcH JTa ¥R Bl ds ok o YHIad el & , o™ T 8 Fefer Fariar ik
didt 9 gfe , arg TorE H fR1ae, Hehme A &I TER SR 918 9 THH o a9 AT I I
T ST QAT &1 g dfAd dToH iR AR & oSt H 95eld & BRT of 31k o Arad
&1 FeAT3N 6 THRAT 93 & 81 37 TRl $HT AFg TR R TE iR e y9E ued gl
SSTERVT & fel, S AN e TF9I T 99 ATIHH & Fudh H & &, Al Swa 1 9 819 arell R
IR THT | HefAd Jcg T FHAT HRAT IS HhdlT & | TIE UHTAI P 3TeTal, STefar] givacd 3R
A A dI Tt qRIM H gRac= BT SR a9l 81 P8 SHIRAT 91 T iR e (S
JaeR HET AT &) S A ASTaH1 GRT Hhells St &, o &1 5 SITaT 37 8l Gahel! 51 T1faa
SR 5 S JER 1R Tl enfivet 8 | SRANAT ST STersi=id TRl 81 Dl FTeT At SaTar
=il

Sty gRadE A TaRed o Tt omg ot A wIfdd awar B, Serarawen ¥ waw
fopeTRIa=el, TahaT iR ggTae a8y, ot ik FmTfoe -anfeles Rt S dRe 3 a1d
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DT T R € b T UTa Mg w6 folv fd 88 d@ Qe SIfEH 99 9 &l © 998
STeraTg URacH & e TTal & Ui SERT 6 g § 3Tfdre Haeaelie Bld & 137 5 99, guf,
B BEART IR R AN AT 81 SRy giRac &1 A TR WR B a8 J HieT 3R
STIIE T TSl &1 fae Faeedy T8 (WHO)  Siefar] URac &l "J-adT & 9 999 a1
IR FRT I B
TR R a1y IRacH & $© Td T9E
1. 917 UmYT H gig:Sierarg uRact & HIRuT IR USHUT ol TR el &, fSrad @rll ol T Feelt
SHTNAT BT Hach! & [T A1 3R 3Tferds IRFTHUIT o HRUT ST 3R Tetoll St SHINAT 96 el
gl
2. TR HH T Y TN GhE, 916 3R o S =T ST geH e, SR 3R THT § ygdt Aid
1 BRI I Febcl! & 1cf, (B1edd) & DRV BIc ISih, g AR 47 Haeh I 3R 9 R H gy
BIcH 817G STetof~1dl I & THIR T PHROT a4 Fabel! &l
3. HehTe A BT TR AT R Iuf &b Felct Yt | P& e M b A8 o HosR] 3R
feag @1 thefla 9gdT & [[eiRal, ST @R, ST aaRd, AR RHTHar S dacy-Jfd A1 &1
GeRT I ST B
4. T 3R e SRR A9 3R G ¥ e dl ISR YHIfad il 5, o™ TTer SRgRem
3R PUINUT hl AT UST BT B IS St § 291 3R SARAT St Setot=ia SRl 1 WavT 98
ST B
5. AF® T TR 3RR:UIPHIAD SMUaTal], e &R iifaaar & @i 5 a9, faar ik
TR T Hae TR 9§ Fahcll &
6. III IR A3t W e g9t iR 1Y S HAGIR T & AN Seary aRac I Fa-d
SITeT gTfad i €, fQvaR of iR g iR AR &t grerelt & BrRu|

TG TR W SIeTdTg UNacH & TTal Bl Tedet SiR 3Tucaet Ul H aiigha foham ST Hell
g1 IRFART, fOT M, 918, g3, T df oex 3iR SFTeT &Y 31T onfiet € St e aie, fi9Rt
I J BT BRI I Hhdl &1 STeTdTg, URITH DT SIIE TG TITER0T H GG P HEdH I BIdl
2 S geht it wepfiies Tonfeidt o 9 M R geotaT 1 3 T Y ot 7 fRiae, arg wewu,
IS T JUSTeGT H PHI 3R I el dTel DS BT ol J TR A 8 IR 1R 5 AR A
TRl & Arlt & e, 99, foftr, fdefietdr sk o dR®! & IER, U iR e Ty
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T 3TTT-3TeRT 8 &1 ISl & folv, ey Jar urae a7 anfefe fdemg d 3iar &
TRUTRERY 37— 37T T ARG 3iR GRUIM HHH ST | 4 e Se1l o 31fern wareed
SEHT BT FEAT BT TS| ARy aRacH & Fefad A Tameed gamai 3 ged I, &9 I,
Heh™e I, PUNUI, TS dH9RT, e, Tic IR AR MfAd &1 a1g SRiT Saarg—<i=id
FCT3N o SDIRUT Y YUl & Ua 3R IS T Pl §U FheI & T T I UIaeT
oft T 81 bl 8 13Hfely, Siefary-HfRie Farer yonferi &1 FHior g orerfiesar &1 fag
IR TS + ARy URecH I 21l Tt bl Fady F91 dfAeh Tareed Wkl 1T 8
TR 3IR ATy T TR S

SefarR] IRETH F TRT AT TR df Mgy iR dfiear @ 9a1 W& gl afee T &R
3 & FeAIRN & Fe IR fren 6 Ta 31fere FvradT g, e a1g 9=t a1ReT a1 IhaRt 3R
X Y ferar 7 gfg erft 918, o, Eedd, ET AR ST BI TN St TR AR &l Te13l &
URUTAIRY I, Jcg 3R HehrHe R T TR 81 Tl &1 1970 & S0 ¥, Yol Bl T8 Pl
AT &R ST | deal T 81 I8 g &1 1 &4 fUsel 2000 a8t 7 foxdt off s 50 -avfa eafy
I o1 W st I §s §1 19901 Ft b ITRIE DY g |, 21el Tl H AoHE H 1.09 S Afeday
1 gig <l TS 81 3ATAD THI T & foly Ueh I WavT &, WA 65 a9 | 378w g &
AN, S, AeRi § & aTel AN 3IR Ugel | & Ty e THTIST § I Al & fefy|

ST A8 I GART & TR Dl g R J T T 81 fUsel o S9! J, g
TR & AR T & Tt 31fe Haemefiel 81 U & iR SHeidr o $t Trerell 6 Tvear H gfeg <t 18
21371 fSe T o1 A TaRed R off AHRHS UAE USdl 7, o ARG waed Heet
SRUATA H il B 3R ICHET BT TRT 9§ I 519 85 T oTex Ieidrg URac &l T
TG & ST A9 TaReY Dl TATAT dxcll &1 BTcliich THT 319+ 3T H TIRe & iy g Iierm axT
el 8, Slfdh 9gd AUHM & $g DR Mol T DI IhH Ugdl Havd ol fHel afh &
TR W TH] BT YA ATH, SATecll, I, SR, 311, Yd ey e & |re—amy
I, UE1dT, FAgRIAN 1T dhl Jia=T & ff g1 & 81
agefiet A oR T | e e TR wT: - 3rafie T & Hudh ¥ o § TR FaRey wawt
BT 21T 8, AT ©U J 39 AN & AT 72 BAGIR JHT ST 81 T § 89 aTeft SR & waey
T HAGIR A H T 3 dTel AN, Ul d T, ARt (39w wu § miadt aftem), =,
IE TDH, RAT 9IRS, e iR @ Sefalfcs e Rl arel dn arfie
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SIREH aTel 31T AN 5 I8t ITdTeRUl 5 I8 dTel AN, I1e3t i 3R o8 FfAd Sa1¢ oF arel
ANT 2N &1 Setary uRRacH | geda 6t Mgy 3iR MRt g STl § 3fk 39 yoR @il & folg
gic T 9¢ JMaT 81 2022 F U Afd egd= H g 17 6 2000 3R 2019 & g wff §
GEfad Hiai J bl I 58 8, A9y T ¥ Ssiwfeaeia 3iR a4 g arer 39 |, S e AT
Y g TARY qIeT DI GTfhd IRAT 8| HSHIHD TITELT FARITAON 3adIE, AArGeT, uTfdhad
3T dTel ANT S ATYH T FFAT B IR 3ffed SIEH H 81 & 3R S5 TR Aaem a=a
IRY FAfP TS UG TH I STT—3TeRT U BIaT &1 AEHE dTel @NT iR St 3rfdid
aor dTet 8, i it a2, a1 g, AfeTse et R B, I agd orftres i & Hud ¥ g
IR

e’} &A1 H BIcdd B 3R SATET 81T & Jiih AERT ST & UHIT b BRUT I AU &
IO SATDT DT JoT A SATST T BT &1 TE Bs A& DI g91GC B DHRIT BIT 51 IR0 & g,
ST TR SR & 9593 el BId &, RATel 3 il & 3iR A1 & 8 TSI HSHT-gRUT I
qTeft SR Bt & ST 33T ganal 3iR dficeter o 9ifdd U ¥ 3/aeg R Sl 81 St giaemaii o
3T T IR PRUT &1 AER AR UT BT STETG!, T8 HSAT G YAE, Tl 3R SR |
Ieh! SRR Febear 3R R e gHATET S & -ead W RAT & HRUT STetar] aRac ol
31T dfh 7 &t E

IR auf &I geATel § gfg & DR, 9T F 9¢ BT AN & TR R ADIetd 3R
SeiopIfeies TPRICHS THTT TSl 8| 3feUdlicld TTEl H g &, TIC SR dHRAT e & ST
SreipTicre TTEl H IR-FERT A 3R FFRMINS T Use] AT 8| SRy gRacH & PHROT
SRTETT 3T 2T TS 31ferds TR SR <fie Bicht ST 8T & [SierdTyg, URac | SFI T doHT 98
AT & 3R 39 Tral 5 9t e, smer ¥ 31fee &t a=Rafc , ST 31T & A 6t ave
4 gig A 81 STt Y TR | At B gaT Hul yared YT IR & ORI AMg T R
BII+1IRe UTa TSl &1 SITIeT ol 31T & g & HUD H M H TR R U dTel THTal H 31T
3R Bife sieaefaed TR fSHITER Mfier 21 Setary uRacd™ & HROT THH ST 3T 81
1A &1 399 SUIhfeaefiar Tghard iR AR Ssuremfese aghard e € | aftied Sk 3faa
auf &=, I 9 gfg Bl 81 T8 AP Iuf o &1 H RS & T1Y 3T dTel qhM1 b foly +ff FEa |
ST —Haeeiet TshrTes W1 | TR FfET:— STerarg URac o dIci Bl Hilfeld T 3R
AR Pl g5 I8 7, A1 AT Bl Hahd 818D Tarary uRacH F $& Hehe M i Teal J
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& Y & | TehmIeh T FATehT FaRT Serarg uRacH | Tifad 8T 8, S, ISR & faly, daes
ST T S S @R |, FoRAT |, foaw-Sfa T, et |, Sher gur |, e sk
SAleT A B ASFDI 7 2022 § U T 3 B "Setar] et @rer 9fa &R
ST R BT T H g g3 o1 STaarg & Ui FaaAeiial Hehre I Pl R Fgl § 9T oI
el &
. Jaex St T ( FEsRt |, foaq onfe & Aredd | Haikd),
. STt T (I & AT | aRIR A7 STeiRAT §RT Fa1iRd ), 31k
. GTel ST T (IS & H1ETT | IRTSD] IRT therd &) |

3T TR Bl TRE Ttary GRacH, FFT TR Pl UIfAd el 8| STear] URac b
3R & e H AIGET SEHMATsT 3R AT P JgrT 2|

IEd AUE ¥ 39 &A1 A gig B & © S8l S R, HARAT 3R 3T HTBR ST SHIRNAT
thet Farelt &1 AeBROddIRATSag By deTe g e, oier wgaRar , Rue
def §ER |, Uil §ER |, S JER, ST IRRY AR G e &1 T St 9id & SRt
R, &9, TTSWISS, BUCTSICH U 31Tfs I S 81 &l Fw1aT ol I §¢ I &, aif T |
U SFCIRAT 3R TSIl b I8 1R UheT o folu a1t TR =7 & Gt et o Icus
e T1a fIeBRT 3R Sreidlieies 81 Hehdll &, 7 dhadl (e eith Udfod Ie™T H eyl
B A I FHRI UR 511 U ST 8 I B Hebell &1 STy UReci gfeRIT “R o IRl ! g1
PR &, Slf Ugel I &l TRA A1 Bl AR dret FFr=T-311 dTet <21 & @AM IR ST 954 3ferhp
TTd TS & Fifch S8 THTII 81 dTel @lTl i T a5l A BIll & TR HiieT AT HHTfSNeh—
a11fefep R SR SRepT b PRUT ITAR AT A HaT3] T el ugd HfAd Bieit o
3T TR SNfEH:— 2019 # At (siReeferar) & orft fiwor snfeat it o & el ¢f 3 o5
AN & A TRy BT HIY AR W T fham| Serarg uRec & BRUT STe & 31T o
T THTST I ST & [T STEFIAT 7 A TR Bl s ST -Fael! AMEHT F AT B
ST T, SIS, N, @I, SIS i 3T iR 918 A &1 Terarg gRac I Heferd ae1aii ol
A1e AR WR e, Iu-itg 3iR Sefericid TbRi H afid B S e &, oW 8 Tid AHfas
IR TTAT & ol 3TeRT—3TeRT I UeT v B
SR ST B, I U § 1 oiR 7eaw o1 ater S H ST8i 1 ¢ ol o
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Y- T SN & T 9 G I1 AR €icdd 7aHi @ -t &t 8 @R 31
3TYCE YAl T GRUITT BIcH &, fSFH h1i-ieh a1a 3IR STTSiIfdenT T a1a emfieT 8; ey wu ¥,
Ui uf § SIRIT AT H 1 °C Bl gig AR Ty [AeRl § 2% & gig I IS 88 7, o
3ITEhTHERT 3R 3T — &Il BT 3D TG B

ST IT FT T T alel g STiaryg gRac Hifded 8+ § R, AFae gHam 59
I W AR 1 & [ P a1y Fag™ APl qgar, TR o iR ArHeTde e
DT BHSIR BT 5| Ub FHIeT § qariT T & & el Am, fam, 9=, Aftan iR gt e
wU ¥ rfiaenefier Eaaif yafaroity gRad smshfdeT gRam iR divgpfis FRawar aFi of 7w
R AT &1 $H YR, a1y URacd AMToIe 3R FRepidd HY J HEIEIAT dlel dRid! H AFRD
T AR BT TG B

Serarg URec ™ T SR SGe ¥ - Siedrg Rade e SR 3rgger Sul |
FTfad Fareey A "yl &, e 21df It o1 "He 997 dffe TaRed sfaeR” Sar T B
SURI 9 had JAaR] IRETH § AAST & TG TITET DI BH PR Fhdl & Jfod Y TRy H
IR Hl R Hard &1 STty IRTcH H I P TR Faell A &1 3774 Te8 891, TRITYD
JMER (SN 4 S Hie), 31feies Afshd Samdielt 3R av— R &<t T H STeT 99 [T enfiet
| STy YA AN & ¥R Bl T HY J YA ol AT 8| SHDT T ST SRR F
FIAR TID S TRIe, AN, I, I, Usel A & Taree Fael TR H S & arl, 3
SIS MR FTEX BIFRI TR TSl & IO PR T URUMI Bl AR < & FAID
AT HHINT O & STIHS S | T&T & I

eI T AT —7d TR W $HS He<dyul TG P SR, Serdrg aRacH
A Tareey HIfd & flg ve T fRIdT &1 fawa o TRIT 8 | Hgeh 1 3FRET U eRuT HRETm
o TG — 99 TR Tdleel aifenT 3R AFg waed R RUiE IR vl g 121 Tt & gt
auf Tep, STeTdTg IRETH Bl df8ieh TR TR HIESIeh e AT & BU H <ol J e fohar S
o o7l 3% §6 9 T O T T GG AT B S Ty YUerdl Pl Holgg dedh Se 3T
e 3R Tearg-HaeAefied a1 HadT §1 T R b TR YRR 9 a1 W HEd & b
STy, UNacH aRdfde &, AFaSId & 3R I FHERI § TRy FHRIIS Bl F¢T W& B
T YR AN ! TR Gaeht JHami 3R S Fues & aRid! & aR H Jad1a, Ad1al ol
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HRATS & oIy IRT IRp, 3R U BRI 3R PRRA! DT Ble-Th IR & oIy HaH ISR
HRATS PR T 8|
forsams

TR BT AT SI3IRA R H 8l I8 J5eld, STAar] URacH T Aol 8| SHb! gors 8 89N
TR IR HT TERT 3R IS BT & e QAT 85 g ave & e IS Had & [Sieraryg e
el GRAl & ATTHM H IGIR! IR @l 7, Jfed Jd Faeed R |l TR SRR STef &M 81 e
& @R YT IR W | AT -3nfede SN 37 Tareey yamal af iR off g1 <ot €1 =
T o b N, SN Usel ¥ &1 fdg Fareey JHTIISH 1AM aR I8 8, Sordrg URac & PR
ST BF aTel! 18 At & Ui 31feie Faenefiel €1 37 Taat 9FHT o’ & foly, R 3 U
Sifeet 3iiR FHfdd ufaforar B smaeaedar & S yatarufiy ERefvr, Ty gRa, iR anfeie ey
T U AT FIEl 1 FHH TR TF Dl HOIGG DI, g Tl dd dei o IuTT BT, 3R
ST I 3TTTIE R dTeit fRI8 3R SIFRadhaT HRIHHT DI M BRAT MMV | T8 TP & &
& SIeTdTg URaT | 8 dTel TR YHMEI & foly IR & 3R IR et Ao faesfd
TN [T TR SR STdTg UNac & 9 JST9 DI T 3R 8 TR UHTE & H B Bl
T I AR DT I N F oY 3aede 7§ afees o arett difeal & wfasg & fag «ff 7ecayot
g1 39 e § wfd a7 & foly t T ok T\fad v &t araeadar & S defe oM,
IS eB19IRh, 3R IS Aqed BT Thalc PRl &l IS & 3 Gl BT AT TSGR
3R 3¢ Hhed ¥ IR &, I 89 U Ta¥ef 3iR TARM wfasy &l feem & o1rT 9g Had B
TS

e  https:/ /www.who.int/teams/environment—climate—change—and—health / climate—change—and-

health / capacity—building / toolkit—on—climate—change—and—health /impacts

e https:/ /en.wikipedia.org/wiki/Effects_of _climate change on_human_health

° Kotcher, John; Maibach, Edward; Miller, Jeni; Campbell, Eryn; Algodmani, Lujain; Maiero, Marina; Wyns,
Arthur (May 2021). "Views of health professionals on climate change and health: a multinational survey study".
The Lancet Planetary Health. 5 (5): e316 — e323.

e  Hunter, P.R. (2003). "Climate change and waterborne and vector—borne disease". Journal of Applied
Microbiology. 94: 375 — 46S. doi:10.1046/j.1365-2672.94.51.5.x. PMID 12675935. 52CID 9338260.

. McMichael, A.J.; Woodruff, R.E.; Hales, S. (11 March 2006). "Climate change and human health: present
and future risks”. The Lancet. 367 (9513): 859—-869
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. geaT 9iEH,
TTforhT faremT
AT Dietol 3ATh Taierd,
o1.+f} AT TR AT AT,
qsamT (7.9

KR XXX

ARIY- SRy URac g g ol Fey TR dffe FRamall # ¥ U o1 J9d TafafeR SRy sifenfirea,
A Bl erg, IR e Su TR & HRUT araraRer § fersH 61 6 7= 9¢ & 8, s geft &1 aoEE
SMAR 9¢ 8T 81 SHST U U1 AN & I uRacd, a1, T, f2aeel & feem ok Sia fafdedr &
BN & HY H ST 1 T &1 Setar] uRad™ § $fY Icures, 7-d Fareed iR wigpfas qiRfefadht o vt v
US B 2| 39 HHEIT & FHIYM &g a1 Dl FREV, TIBRUNT Foll BT IWANT, SSTRabI, HGHU R0 3R
SIRIERT HEANT 319 &1 AT IfP TR IR AFYfed TATH Y SY, A1 $ AT T T FH1E F99 & iR
gt 1 i i difedt & foty RIS s 51 Hever 21

R fig; Sierarg uRadH, gRtfaar va aerem

CIRE)
31T Gt ST Sietar] uRac™ &1 TR T9T | S[gRe! 1 gt 1 dToe SR 98 38T &,

T HRUT FGRUT SRIGfIda! I8T &1 ST U A4 Siad, $iY, o G, a7 siar 3iR
HRPTR 0T ©9 H QT AT FaaTT &
STeraTy afvac &t gt

1. A9HE ¥ g
Sifenfidhiaur 3R T8 UGHUI & BRUT AR H Hle SRIAaAIES B AT 98 &l 5, o™
A IR 81 & B ISTeraTy giRacH 3 doH o gig | ey §91 i 3 gl oI iR iy
R ABRIHD TG TSdT & IoRT Beiell Pl JHE BT & I8 TR AT Dl T3l o b o, 918
3R R T gIdT & O SFTeT Bt 3Rg 31 TR b @t & i wrfaor 3iR Aa Sfiae St %
folT RS €1 Sed o ¥ A 3R sfiell § arht &1 o dedT & S 9eferal 3R g
STl ToTfaR & i 3iR S 387 &t &R &l d v B

International Educational Applied Research Journal

241


https://iearjc.com/

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

2. fewmat @t frerer -
IfRRT & e | TS Bl SleRaR 9¢ 8T &, oes aci 831 7 916 iR A $o &1 Tl 98
T &; SN DT I1G STl TaTeEl Bl AT iR I & gt 1Y IR Hahe | 39 ferig a1e fawhie
T GART 9¢ ST & fOad e Samd! | a1g iR JaTel JIrlt & T1ef & Al & arg § a7 31
Gl 51 T8 P STt fag]d IS IR TARAT AN bl GR&TT DI IR H STeraie |

3. fafa auf oik g -
STy URac & BRUr guf &7 Y- aaet 38T &1 Pal AT(YP aut Al Hel g us @l 8, o™
HY YR 81 B TS P Tl TaTeF! 3R gfeRv R AHRAS T4 TS W&l & | §65 T
3 fue & ol T HfRIe BEa Bl ST STel SR& ddb-ic; i fod =TS a1 SUIIT el
3R g} & SR 1Y T

4. 1 T fo e ;
US| I 3Gy PHeTs A TR SRIGfIT 81 T & SR Bl SJGLATU Sl & T I8 8 [Serdyg
aRETH ¥ a1 Bl 3 AT & O G IR DIt BT IGaT HbId, ST i 3TFT 3iR Sig fafderar
BT BT & S A eel T T DI g@Idlt

5. ol fafdear | @
31 U-ulardl Pl USIAT 39 Ui JMaRT € 8 &b HRU [IFH Dl PIR WR &SIty
uRac™ | Sta fafderdr @ 7k @Rt & S Shae @ fIge 89 A% Tpfe el ¥ agera iR
T AR DT FeIRN H el 3R JIFaR! & Siiae @I 98 @R 81 & d 99 Jieg o TSIl ol
TR T Il B

6. TR THEIN
T grareRr AR AU gfg ¥ Mg Ty R ff ASRIAGINE U 8T ;08 T 6t
SHIRAT, B T, IR T TSR] URacH ¥ &3 Tareey T Scasl Bl & o srcfeis
T § B8 arelt SRt S iR 3 @1 SRT 4 Faeht ST i IR TSN & BRI B &
HehTd I FARET, S, SRAT iR AFRIG ¥y T oA B |
STeraTg IR & T

1. g1 Y FgRa SR &R - 1fe | NfSD U T 3R AT Y BT AHAT T Tereht

IUT BIUE U1 GG P ATETH F AR § PHle SIL3TFISS bl M i &
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3R 3 el § TR IR & Y e Icho a4 8idl &1 US BIf+hRe Iua! &
BT Ui IR ftheex & HY H BRI v &

2. THRuf St BT IUANT :
HR Sl 9 ol 3IR el fagd St e Sroll T IUIN g ATy dTfdh DI 3R Yot
R RAT T TRl Soll BT IUART e SiTaTed S8 W FRAT &7 6T 51 Febel! & o ad
I 3199 ¥ IHo 31k Uy o+t a1reht 5

3. ORI J§eH 3R GAushr (Recycling) :
IR BT ITAN 9 IR 1R G: IUIT ARG 3T DT U TUTIT Y& IR GdehuT SIetar]
aRacH & T | HEaqul YT Fr1d € aifes I8 S SIoi BT HH Bed §, Sl Ja1d &
3R FHTEAT & (ASHYOT BT T &1 GTAHU B HIEIH H BRI Bl G STIN v IR
PN § WIS g9 SN UM, WAt T &l &9 dR 5 IRIGH e 8

4. ofaRor fere SR SFSIFRoT
AR A STerarg aReci & Tfc STFRaehdT et d1fey dTfcs 8% fth SHeT FHIEM &9 H AR &
b |

5. FIPRI 3R icRid w1
TRGRI DT TITAR0T TRET BG AT a1 ATV SR SRR TR R FHsitd (S URe |=itan)
DT AR H=AT 1Y
fersane
ST & ifdhT 38D folq ufceuelt urerfandrati, TRTem! 6 ot IR STTATT S a1enst
R BRA DI ATGRIDAT & FHAILMI H UThicied TUMTeiden! &M IR gweriod, 3ol Py iR gias
5 uRac SR Hod st e anfiie 81 STerarg uRec Ueb dfded grldie, Rt TH1em arfes
TR & |9 81 IS 89 Ui T T, FTEF] DT fadehyul STRANT & 3R TNUT R R0
R, TEH 37 dreft difedt o folq v GRigr 3R Hgfeld ged! Bls Fed &
He:
. AR TRDR, YR HATerd — "R GIeR0T Hifed 2006”
. fae Tareeg H739 (WHO) — “Air Pollution and Health Report”

. HGh Y TR0 DRIA (UNEP) — “Global Environment Outlook Report”
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"Sierarg aRac | THIfeT ardi Akl Ta Srgl 31 fharaad 1a we”
. TG AR AR, . 3ifdar grf?, o, eyt s
31 g™, T ahIT FwaT AETRer Seart (7.97.)]
Al g, b a1 HETfdEer sear (7.37.)2

31 g, aHIT BT HeTfEers seart (7.9.)3

KXXX¥*

g AR T F7G H SeAdrg IRac dfEd TR R T THR Fhe & HY H IR IR A TR 81 T8 Had
TITERUMRT FHRIT el W8 T 7, e g AHIID, 3N, Ioiiid g AHa—Fareed R ol Tex IE s
< @ €1 39 Tae ¥ (e 3g IRa 9l g & e ot = fafaer o vd e a1y &1 RT IR 7 uRe
TSI, TSR Serar] TRacH BRI, Falewufia Setf e, STel FRE0r AT T2 qafavur HRevr e
I 31 e IO B 39 Y UF H I Al & Bl & foharaae $t g R, S gamaefiadrn, wE
AT T TN R S dTel TTal T IS Ud fAIsuesas s1eda vegd fovar . 21

918 Poit: STeTaRy IR, a1 e, e e

1. IR=

el P& qeri H g2l BT SR AU TR 98 W81 &, ORI URUTRERY TelfeRRI
&1 foee T, T95-FR | gi, Ga@T, 918, ThdTd, Sid [Afdedr § St oRf g 98t 81 Tgh
?Tgiﬁ Intergovernmental Panel on Climate Change (IPCC) & Ruref & IR, BICGREIE
R I MY 1N T Soho IR X8t af 21 St & 37 T IfaH AT H R 1.5 F 2
St vfewoa 9@ gfs 8 g gl

R ¥ fJeprsfict <o1 & folv I8 b 9t Al & Fife &l i refegeee HiY, Siet
TG 3R UTpices HHTEAT TR Jferes ¥R 81§y, AR TRSR = 36 TR H e
& foly FHT-THT WR 31 Al 3R B a1C &, oFeT a9 |ad e 31k wfaruia
e Pl ST TG B
2. SiefaR] URac | T I e ot
(@) quﬁaﬂqwﬁﬁw National Action Plan on Climate Change — NAPCC

IRT THR - 9§ 2008 H NAPCC &t gJoarTa ot off, o 1re Wi e anfier

g Sr-
o N ER MM,
o ¥R ST e,
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o ¥ S e
3 I BT ST TAdAUT STt Dl MHTET AT, STl AHTEAT BT TR&TUT, Sholl &l s,

ERA 3TTERUT QT TAT STefdry URac o SIHel &l Dl ge bRl o

(W) IST TR B AN State Action Plans on Climate Change — SAPCC
IRA & UAD I DT AU T R & S8R Serary aRad™ § e & folg s
I TR HRIFSHT IR AT Bl 81 S Jegveel § “8Ra Aegucer” A qei Jormd 5
"R SFTATI i SR T TS B

(1) 9 FF=AIAT Paris Agreement 2015
AR = YR TSI & ST 2030 Teb U TSI T IO Tl bl 33-35::: e TS
IR TR Sl Pl RS DY 40:3: Tb G BT Hhed AT 1 IR 39 I9sIT & dgd
3Af8eh STeraTg =TT i STALROT BT T 31T 98T & B

(&) Tehxufig St Hifaar
R A HIR T TG ol IUTE Pl AIHTIE PR o ol IS AR e T& ISR gae Fotf Her
TRY U1 2022 T 175 THTETE THARUNT Srolt IcdTe T 6 IET 1T, S 2030 T 500
TTNTaTE q JGH BT Ghed |
3. \_rk_*l?-ngCIﬁaﬂ:[ QW@?{WW Major Laws Related to Climate Change
1. GIIGRUT TREUT (AT, 1986 Environment Protection Act

I8 oA wafaRur & gl — ary, 9Ie1, g, a9, Td Sia—sigall — @I &M & foly

SMYIRYT Bl & 198 TR Pt TRDBR T TTIRUT DT JUIGT &1 &7 SR GIR P, TAT TIfaR0T
TSN Y Aa, AT S iR F o & g @mus aftRat Tem v 81 39 srfafeT 3 d
1 ggiaRur AT Bl FefRa a==, sifenfie Tfafafeml o fafafa o= iR G gt &
e & Iy Rt 99 @1 1R T a8 Wl TR W yafaRur ERevr % folY U ASsaad
THEURTIAE &b U H BRI BReT &, Sl <27 & YITaRuiRT TR Y AoTeell T vl Bl
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2. 1Y (IguuT fAaRur ge fA=mr) srfefem, 1981

I8 AT AR UGUT b FRIF &1 & folu SR TR 8, foieh e Iles Scdoi & JHe
T U QB 159 SARTRM 7 Fod iR I5T UGuT A dref (CPCB 3R SPCB) &l Hawh
SR, S8 ARy T JUIaT ST R, TGNUIRT SRl T RIS R 1R IRy IeyuT thef
Tl & RIITh BHRATS B B DR g1 T§ BT SENTID Ioao A b HYfiRe Fwar
& 1R UGUT AT 851 T BN @R BT IaE™ Rl &, SRy 391 R | ¥aos aig giad
R b e 5 Uep fafdiep Sl IR g3l
3. S7ct (ST faur wd fe=on) srfefe, 1974

DT I STt Fal DI i Td ERe] IHU § F9T 2139 AR 7 397 & I
RATET T T T8TeT BT 3R TG I & eIy ot iR o1 TemuT =07 aref (cPeB
31k SPCB) &t TTUAT BT | T FIST DI Tt TSGR Al BT FRIGUT v, I T Ferfae
3R I AFDI Bl afRa a== @1 MfBR f&a1 71| T8 HFT TR H YT Ta=or HLIMa
fa T 7 U Ascaqul e o, RO el dt TuraraT T GR& & folg U e Bt gran
g |
4. 9 TRe0T AT, 1980

Ig S1fAFR =i & TRefoT Ud &l dt dwerg IR FRE & folw or] fasar w g1 orfefem
T B 3473,"4)[37[ (prior approval of the Central Government) CARIRCIC RIS %, afe
W"ﬂ&%’l’\’@ﬁﬂ‘[(Reserved Forest)ﬂﬁ@ﬁ%ﬁﬁ%ﬂ%ﬁqwmw
&1, 1 IR-3 IUIIT & foly Uz R a1 ST 811 SHHT G0 Sed a fH ol gRer 3R 2 &
TTd I SMTARVT DI AT 8| T BT I TG & TRE0T & T Teh Aol BIT STem &
®Y N BRI FRAT & 3R I TWBHR B 399 (01fIes it <1 &)
5. wﬂugﬁama@ﬁm 2010 National Green Tribunal Act

TR AT b ot FUER & felg NGT &Y FATOHT &l T8, T & Uguvr, 9 &hels, W@
STefaR] HEEd Jehad! H 1T USH el
4. ;ﬂﬁ?ﬁ@;ml?ﬁ-iﬂ fohT=a Implementation of Policies and Laws

ARA § SeAary A o1 fharaae fafds Fareral aflR Coifdl & A1ead | b S &,
ST ~TfaRuI, & & STerary IREcH HATeR—T MoEFCC, a1 T& dieuiia Soll 5aTetd MNRE,
Sl S&IT &IRT BEE, dbraiid HGWUT 10T 91 CPCB|
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S AR & ATeyH | i fFHfor, R, ufelerr, vd SHTReddr & BRf fhT S W7 B
SETERURRRY: T AT GRT ¥9e8 ool I FerdT e, IR BIee ST | BT 3T |
T8 IR HeM = 31 3T Yee § GUR Har memeat HiY Rars Jom1 7 Sol TRe
1 ArcHTied faa|
5. foraraae & 213 (C] Tﬁfﬁ?ﬁ Major Challenges in Implementation
1. ol et b Fh: grfior od s &ml 5 STetarg AIsHTs & folt g2ty avic &f &4 &1
2. eIl ST Y BTz FATFR TR UR T Aa HH1EH BT 31919 1A & T Hrif=
5 914 3|
3. SIFOIRRaddT BT 3THIG: ST H SIelary URacH & STeidlicies THTEl & Tfd STiReehell 3T+t
oft T 3|
4. CCART W S T S [Tt va ooifea 5 SITo dTefiiet ol S o BIR0T ASI3T
&1 T91d HF 8 ST B
5. oFIki® $oBIfh: ds IR HIfadl Al St & Wy ST Tt fharaae e
Trerfaarat wR R awar B
.W@WWWImpact of Policies and Laws
1. ot &9 9 GaR: IR 3% H7 TRT Had 98T A0 o1l SUTEH <21 9 ol 5l TR
Td e ol Iued H SR gl 83 8
2. IR A S TEUT A &% Sieifie $ebrsdl i UNUT R SUSRY ST & folt ared
[ERIRCIE
3. AR A gie: YRR I Fd& FS| & JTgER, Su § 8Ra & | fReR gfg 81 & B
4.  Sforarg =g i fear § Wi NGT & it 7 vafervi At H war mid @ 'Rt ST |
5. QRIS WR R 4R $I 9ISt gfd: 9RA B1 “Climate Leader” & %9 H HIT UTH &1
<l 8, S Fad fdemRT & A1 IR 3ARR B
7. 9fasg &I AT Future Prospects
1. &Ra dFdh! TR BT Igrar <A
2. SAary fe Pl uieTed | Afferd Sl
3. MR SR dT IFieRT AT a=AT
4. DI AT Ud A HISARGT 6T e

()]
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5. WPl SMUSTS H fHucH 8g Serdrg 3idal STaaal Bl |
8. fospn:

STeraTg IRETH U Sifcel Ud IgTarH! SHeT 8, fSe! JH19 et Al & fmfor §
T&l, afed 3P ywrEt fhaTeRe 3R AMIS® Fe9Ifiar 3 999 81 AR TRPR D Al
flar-gaed &, Wg S8 ! TR TR 3MfSd Aqh 9 DI SMMaTdhdl &l SIIEHIRIdT,
qepeileh! FaraR, TR, Td T b & FHGidl dI 3R &l Serary] URec ol gArdt
T GheTdTgdes T fhaT ST FebdlT &1

39 Qo 7 9RA 7 59 e A, T IR fharaae & e o/ o Jerb faan &,
I8 31y faeraelia <ei & oIy +ff T IRuIrEId 2|
9. "y Y

. Government of India, Ministry of Environment, Forest and Climate Change (MoEFCC) — National Action

Plan on Climate Change (2008).

. IPCC Sixth Assessment Report, 2021.

. Paris Agreement, United Nations Framework Convention on Climate Change (UNFCCC), 2015.
. National Green Tribunal Act, Government of India, 2010.

. India State of Forest Report, Forest Survey of India, 2023.

° Energy Efficiency Bureau Reports, MNRE, Government of India, 2022.

o “Climate Change and India: Issues, Concerns and Opportunities” — TERI Publication, New Delhi.
° United Nations Development Programme (UNDP), India Climate Policy Review, 2022,
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"Serarg IREc BT g1 Si1g IR FH1G: I IRGeE H”
Sf. MYRM Iehal
e g

DT BT I, ST

Email ID: subhashwaskel@gmail.com

KXXX¥*

MY GRIA- STerarg IREcH b HRUT grgeial o (arg o &9 &l 6T &, HIor H1 Jucteedr 3 oAt 37 & 8,
IR FTfaT fagqe 81 T e UTgd TS 81 e dTuE R I H A AR DT BT HpIy g8 &, O Sfal
&I TR el IR el § SR I T o Teifad sl 81 st Shae & forg oft weranRt & w8,
SR H gfg 3R 5T Elcda & GoRT 81 T3 Bl TR 9¢ W& 8, 9% df At fed W@ €, 3R S @awd
R Y PIC I @ Tl SR 31gd ST 3R 3HD WA I Sfae Bl AT i GRT GRET T ST %87 8, <Afd
arft oft T 2 5 & o1om I8 SR ST YexdT Bf FAT| Sefar] gRacH aredfde & 3R 36T gedt R fIevan
e vR & STal R Toa SRS U9 U 6T 8| Jafh Alael aTfT R B8R, aTi 3R 89R g7 Sfia (¥
BN Wfed) & WReT & folY o F9T1, 98T ol TaRT & Soary IRac iR $8 Y&l &l o9 Aas I
HHY ST 7181 & i1 8T a1y

IR 68— I, g=Ieid, S [fdear, oGS, Setar, aoHH, A wamee|

aReay

Sterarg aRec fpdt Hft St & fotu e 9ga &1 TR WeRT & 3R $Hb YR EHR SHla el
g FCFT—3TeTT TRib I UHIAT PR &1 AR aTierel H 9Ra & fafde g qrRfFrfcht i e
Tee ANTfiet €, S Fecaqu! s Rid, Sia ffderdr 3iR anfefe Tumem & U o »f axd 81 2023
1 g feRrfct RUIE & STTHR <27 BT Pt a1 Ud JaT ARV 8,27, 357 o fobeiT o, ST §Heb A eten
&7 BT 25.17% oI T Uggai # il TR & 3 (SSuihicee iy aufas, gofurh, #a, siedrsT
3R I &), T ITMI AR F7IoTg FMIRUIT BT T Acddh, IR AR TFEH & foly AR
I |7 , AT I Dl BT R STeaR] YA oI FeRi I e & foly TRt SH1es Suan
31IR FREJUT T TS H TRIRT efTed 81 a1 1 TReT, BRI SR TR H ARG Dl Feayor JH!
It 71 3Afely, o SiR auf S Setary uRacHl of a1 R HieT F919 U< TohelT &1 3 I9TT &
3R & P TPR P SFTAR JH—3TH 81 &| P& YA ATHERID 81 bl & Sdich PO BITDRD
B T B ISRV & oY, T Ferarg $ a1 H gaii bl gfg Y 9T ol &, ST 3T H BH
TR D © | PO I AR SRR HMIIT STAaR] URacH BT SERI DT G H 3T HheIdgdd
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AT IR Hohell 81 BIC-BIC Thsl § d¢ 4, 3MUH H (6! oRE IS aHl dI JoT H AgHer
&I H STIdeT & H ¥ DI SfaT §
STerary aRacH & Tghfad qRom
o I AIYHM:— Sedrg Have 7 3id dfde aeM o gig ol & 3R $Hd SR o St 99
A i T=A FRAfGRT 7 gfg 81 <& 81 39 o™ & dRUl g &R H gf, Sedhdl § a4l 3R
AR ST T M 81 8T 8| SR & 9 Bk 9, oI b g 3iR g, Ta9 Saman
TGS 81T I ATUH & PR STiaryg &A1 b [RMfelep R § ff 981 31 I 3eiat §1 3
uRacH @3 atell 3R SIHeRl 6 ot & feRor iR TeRaT @ w9 o= 2 €, S uget 9 &
3T &I 3R JeuuT & <914 ¥ &
A9H gfg & hAletel (49 31k aafc TeTfadl & SasR 3iR Sfaash) TR+ 3R g+
I FHTET 81 SHD URUITHRERY DIct AR 3T Uil Pl HEAT H gig 81 Fabdll 8, 3R Fo
q1a M1 DT weArel H off gig & Fact 51 FESH i & IcHo & IRUTRGwY 3dhfcd
AT9H QN g &t o1 3 ST (A F 98 W@ 81 SIS Pred Sesiavrgs iR F-ersd i
&b BRT ATHICH HY T AT Tih BT 95% v ugel & et gar 2
Teh BT 31egds § fasgaroft fit 7 & & Micle H 9% H TR S &g F R W F ad
STERI DI GART & T IRR T et AR & 3T o folg Agcaquf €, afed gR 78 & folg +ff Aecagf
&, Tifh 37 IR THDICT The 9% & ged AfARD T Bl qRrafcia a8, o gedft 3t &<t 2
% T ACAT &b e bl TS SR D T & o, 1910 F AICHT &b Tl [eRIR FeHe U o
150 TIf9RR | 319 I&T 30 F Hl T IR 79 B
AT TSTfCRT — 8 e fABR & A1I—W1e] Siamamd= & oty off ath iR R &1 geaft =

3t 1S 9% g Bl 8 6 gonfaal & SHifdd I8 &Y SFTe &4 gid) o %8 &1

AT AT~ I BR fU5el B & T S R a1 &t 5 ot fuet <& gl

B YSICRIT S ATIHH & BHROT U IR R I B S91eh tRI el ¥ e @ &1 96 &
fOerer dl gt AT & AT, fohet S S T WIoi Al Dl ST § o IR 1 31 & 2

Het - o et menfoat sHF R, TR 9 W), 99 YeT axdt 81 98 6 srfdmier 9tk
BT FAAR 8 TH IT G AR faet I & BRI, &7 = YT 81 2 8, iR S der g E 9 &
ff 5} Fem gufgaer ga S B
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B PPY — A YSICRIT AT9HTT b U 957 Haamieliet siclt &1 o X 5 3 3fe <l & el
ATIHT GIed H 8% DHPY o folTT Bl WISl 8| ATGH de- o T1ef, 7R Bgall Dl Jar1 | J1aT
HPY ST UeT 8l 38 B

greft— U 3IR TSI St g o Uit Haaefiet 8t 51 Siefar] URac & BIRuT S 8-
3T T &1 38 &1 BT T SHAd 81 & folg Ugel § & 954 31 Uit bl STaIend 8l &,
fohR oft TT9HT 9 38T & 3R U & | o1 SR qfedel giaT off & &l

TR— e dUH & HRUT B IR TSI TH F g9 &b oIy ITR Y 1R IAR—IT IR I
&, ORI BRUI Rl H URTI0T Ugel &1 gl # 954 sleal 8 &l &, forae a1ef & & Agafaadl &
URT IRFTOT & flT 5 9 |

SSUIIT &t RUIE & SER, A9 = A 917 1.5 &t Az 6 ol gfg & aAR 78 &

20-30: TSNl fagd 8 & TR @R ¥ ug AN 38 AT 81 & &R S1fdies Ty oA
B, 3R FPRAR T PR X861 BFTT| A1 I8 31UP HIe Peidic Dl HH dRAT 81, BRA Holl T)
& B=AT 81, AT el -I9ANT GIRed | 991 81 , 7 O 3l T 12 feta 9 F9RT &1
FHTE H_AT B8R, TORY 89, Teb ST & o9 5, I 53T 2
o T AR A HY AT~ IS TR Db PRI P JUIT & Ugel I & AR TR iR a9
T AP ol dTel G BT T IR T2 & | G@T, auf Bt Y 3iiR 3rferes arsiamur (S avme &
BHROT) & A F B dTelt Tt YT § U SR 3iR SReeRft Y 31rg 81 I8 Tet 3191
I 8, S O & 31afeds IUMRT & URUIFEwY IR I¥ ¥R ot UTHT &l SReHd BHl & | G
& STFER TID YHTF 8 &, IaTexVT & ol RIS SR, P, aTfiehl, el IR o9 fafdera
W Y AT 3R JuTer F Tol TR B FH IR &, Ul 31R HHaAl i I DY Ahd &, Bt & gl
DT TGN & 3R ST DT TR T IGTaT < &
o T YT Pl JUTSHAT: — SRI-SR Sferaryg T 2t 8, auf & et geard &, arsdiawor 9gar &,
IR fUeerd € 3R g &1 TR dedl &1 I I HRP HIS T Pl ST Bl FHAIIT A 2l
Oeft aRfRIfCT fader datet oiR Sfamupett & I @t ggrar <ot &, S et Hae 6 T9 e iR
ff gETR Bl ST, ST Jead: AR TAfAfeRI & SR I §S 81 a1aet the @l gt (3@
3rcafees auf) & gfeg § Sutey ol urHt &t Jura SR 7/ R off wera g i G §, aifh
qETT T & HROT 7T Hel -l Foal Sfel § UIeT IR G g
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® G B 3MMN:— TAdrg URaH b DRUT D3 &1 H au § gl B DI HHGHT 8| Td T D
31fee auf & JRaq: et | 91g M, Safd ieudiicld g SIad Hed § autor J1g 1T Tl
&, ST8T a1 e auf § o7 faseft Sietad & S WR 31V &1 317 et B

2025 H RA iR U™ H 916 3R IGeT Hhe St dg IR 3778, ORId HRUT TRy
SRS 8 3R D3 &1 H 1¢ 31 T WRA H UaiTe, SRATUM AR el S 531 H 918 3R TR
ST TRIT, Safes ferTerft &l | S1eet e | S —H1e &l 9RY I gl
T T -
® U 3R SRATIT AT & Ps Niell | a1 318, O TSt T&AT H AN T §U 3R &g
g ST Y 8 Y|
o fIE T IS BT TR TR & 1M BT UR &R 1, P HRUT el SATh! ol @it
FRMT US|
o AT UQY 3R T -BHeHR I ISl # SRS 3N 91 iR 18t He Hl gesl § F3
AN Y ST TS|
o fIER, IR Tl 3R ARG 7 IA5AT § AR B 3R TR P DR S -H1el &Y &M g8 |
o TUIfdhed™ 3R U Uid H 1988 & 915 Ig Fad N[ 15 31 off, S AFg & 9RY a1k
3R STE F U BYS WM & HRUT 37T |
o JfAe TR R e e Bl sl | gig §s ¢, ORI 3@ 918 3R 9ge gy 8|
o 3MR@TH ol M U I T U & HRU AR 91 37TS T
o g fRfdEd wR wHE:- Seary uRec sal ool J 8l 8T & b @ uldl 3R el B
TITCRIT ™ e o fofy Fe a 381 &1 $99 91d o TU€ JH10T & fob Sia fafedn uget § &t Searyg
aRac & Ui Tfifohar = 8 & oiR oIy off aeclt <&t | et wwmal H theltettort (99 iR dte
TSIl &1 AR iR Siawash ), TSiadl Bl TgRar iR fIavor, TR §ReT, Jar SXeHT
3iR aTiRfeRIfcehT T ufshaatl § uRecH e €1 Sefar] uRecH g 3R 37T HH1eMT & Sua
H ggtd & H1eIH F o9 fafderar wR srrcaer w9ra oY ST R8T B 1 A U9 31w UM, SRR &R Tfa
& BIRUT TE UHTal § Pl Nfedh SThRe al Tohdl &1 Ve Yomai § oMfiet g— 3T e
3iR &Ry ST -1 iy, It iR FaT TSN 3R JATEhHD STl &1 TR | T THET STeAar]
uRac & A IRRIIe a1 ol Feefiarar 3R Saarg A aee, [ioF, 98 arg 3ik 9id, e
91 AT PHeTd (AT S} 3GeTD Ha USH = Bl DT T DI 3R HF = |

International Educational Applied Research Journal

252


https://iearjc.com/

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

® ST R UNE:— Sofar] URGcH H HaT 3TUReH, Ble-eh yardi H &I, efaulieur, Jar o
e &1 g, JFEe, TOTAHHRUT 3R TG Hl TN 9§ Tl &l JaT Ble- HSRU TR
STerarg, URac @ T argFeSeta co? Higar ¥ gRacH, aroHH F gfg ofik auf & de § gRacH
Y GEfST 8 Gohdl 5| Jfere auf, 6% a7 9t &1 ot § feerr, Afeal 3 9 Sd-vamE iR @
4 gfg, A Tt Sotary Gaeht geTE 2 S a7 &R0T Bl Y9I el 81 991 6 werg iR 37 Adg
Tfafafedr (PR, FThIST) +ft 3EH fet A4 &1 995 a1 H gfg 3R (FR-99 RR) Afeai §
TA-FaTE § B4 & HRU % AC F @R YT & YT & YRUTFREY A &1 H aguiy gaT o
gfE 89 &Y Fra Bl
o e T W W@ - Sy URaE § JRY R H Tl Iureydl ¥ IS 98T B B
A &, Hifch a9t & Uet & YaigA™ HH BN 3R THM SITGT Ao 81T 36% TRUFRGwY,
faeIy wu | SfEht ofR SfeuT-gdf R9 o, St Hehe I iR JETEY & STfdedie fFFq 9 91¢ @
IR ¢ ST | 36D URUFREHY 811 dTel URETH ds TIeiid 3R Ts! 831, 3R &3 JTel-37erT
TTHfddh aTdATeRvl IR TSIl dl F9IfAd &1 STet BT dTad™ Sttt TIRFeIfAs o & 999
ey B YR BR dlel Y@ Aues] § | W & il Sielld Siidl & IRy Fe B AT
AT 1 Gep fAfRE a1 Bieit 81 STerarg uRec & HRUT AT 3R siiel & Sfet @l doHH 98
T 8, 9% 1 U P 81 T 8, TR STeT i Jural 311R 1S urt & ariRfRerfcies T w1fa 81 &
o I QTR R IIE: — SAag URETH b THTE, S IS ! HAE BT 9T ATIHH, TSR
T ICAIHRUT R GRIST g ua+ Yo 7 JeaTd, AeRIFRI 6t Hifde 3iiR Sifde dwa=m o Fecaqe
aRacH o o iR AR aReaRer § uRads § Fefarl & dimfas favor 3 gikads
B DT T 81 TS BT dgal oA et gomfaa &1 37 &1 7 e | off GerT 941 TadT ©
STET d Ugel Sfifdd &l %8 Hebcl o1 ISTERV b fol, HERIFRIY SFrciieheul T THTe fafasr Hicdrm
HEMC—HIAT Sal IR G 37 URacH! &1 acid iR Tx TRfeIfAe T3 W suRerd g9m@
g, forgep aRuma®Y B8 &1 & folv s arTfoie —3mfeie gRume 81T IMTfSis War
* TJRLY R YHIG:— STTdrg UREH 7 dhadt HIa Faey & folt, Sfcds g 3R a=ufa wared
& folq +ft Tep IR TeRT 21 BTl SSercht SIeTaR] b HIRUT Fey Hae &3 1Y AT 37T @a Ua
&1 81, <ifse AINIET TYTa I H S ST %8 e § el 1fed @ik ek 8|

Aoy o Serarg aReci H B dTel Ha9 Hecaqul ey yHEl § Frfelfd enfiet 81 &1
S &:-
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1. 7 3Rg | T ¥ Hefed 577 R () IR v (§9R)) J gfea

2. W&l & 3 | FEET 9g R () IR Turar (FHRY) 5 S

3. GHCATS & SIfEH H gig 3R A=A HIH &Y ge1e (T1g, 3TFT 3R ) H TS Dol
R YA

4. XM o gAE H IRTTH S daeR -, Hdd—, Tol- AT QT ST 0

5. PO Uetell 4aT B dTel URFT TSt & AT faa=er 5 aRacH, arRd, die 3iR 7 faawo
& g

6. UM AR G: IARA U A, IRRA SHIfCH AT AR daex AT AT FRT JRUR g 3R
7. 99 3R wHel gunferdl H yAIfad dRA dTel SERA IR gH: SR UIRy die (Hie, WSHD
3R 37 Pie) 3R I

8. IR IO AR 3T H gRaci | Fead S|

o AR R UAIG:— SeiaR] URac | TIel I7 3del B & et R T & Fe&7 <20 o
T} arrfefe &3 Pt IcuTehdaT TR FTERIAT Bt TR PR, forgeT S19 IR R+ 99T ge|
STefar] REcH SRR Bl Fareey Rfadl § @t SR SR aamawriie Tareed et
(PRIFS TR I AUHM, 31D AR SR N i MUY ST AR Pl b PRICAS TP
UET ¥ Uil &) B HRUT RITH I ST DT T PR e B

o f3eM W IIE:— Srarg URac i THRAT & folg At iR ol feaeRe! &f &7 &
3R TTEl & 3TgHd B8 b oy fctaR BT e i AT &1 BTclis, T fedara o
eI iR Searg URac & Uil Afhd B F g & ol IO ST A arel IU™l & IR
ST AR Gfad 81 81 39fel, Sierarg uRacH & Umal &7 Jeed ax-, TG &FdT g 3R
Y T Bl B PR o oIy 8T IR SATReehd QT JTgHar UfshaT Pl Ueh Hecdqul T o
o I T SR FARAI: -~ STerarg uRac &1 T1a faey U § gt e iR wemi iR gl
2, T\ SThT SHavplel oia] BIdT & 3R gd! TR oIFd 37feeh ald) &, J1ef 81 89R JHTSI
3iR arefcgawenatl & HFdNT H gt Hacaqul ST 8l 81 ARG MR fRITet gra 3t fSare=
(THHT & Tt 9 JfRe) a1 FAF (S JIg-Havl &3, g, [feaer) & SR Searyg
uRac & Ui Faaelial 81 Fact 81 aRa , fpet off aeerdl Serarg aRFRIfT a1 TR = &
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HSI3N ¥ I &fAUd 81 Hand & IT STIAN & ol SR &l Hahdl 5 9% Pl 9gdl &R, IeH
agf 3R 91g, IS HH T 31fAH AYHM D TN, TR FhaR!, T g1,
o Iulf W FWIG:— JUMT ol YoMl & AT Tetarg Teeh WeR vgel ¥ € 7l &€ ok 7o
95 BT A 1 oAy IRacH § STt 3R SIR-ufH R # qro it 79 F e e ek
SRRt R 7 <fider & folu Saf ol AT H 9RY gl 81 61 IS 8, TR Tl 7 fRrstett & 7
7 3fR oft gfeg B Facht &1 31fdIe i iR eFIAR 3 arelt 1 orar Soff JMyfet 3R 77T & et
@, R fauia Remati 9, 95a1 it a5 @R g 3R G@ & SR Al 5 a9 fegd
ST & folv sfiaeta Sat 6t SUcteydr HifFd & Hadl! & (Shoft MMYfc HH & Favdl! §), STdd
TR SN &l AN §¢ S| 3D IeTTal, TRT HIGT i Ge13Tl Bl 37fdd diear iR gl
HIfdep ol TERE & ol TeRT UaT d¥ltl ieRes SRIMeE 3iR faaRur, derm Jewced a1
THER off|
* PN W IHE:~ Tolar] IRETH BT Ugel H & RUNT HY R Feaqul FHRIHD TATT UST &
3R 21 df &<t # ot Igar &, e Sedl T, J@I, 918, e, I AR FEr $Hf gedt Jad b
BRI

o PV IUEA H YR JHEH (FHHA Bl B USER)

o YA B Tl P oIy Iugeh & H AT
o I R FHIE:— STy URace ¥ a7 off 7ifad 8id €, fO ™ g, M, 31T, dieh 3iR
T FIReY DI JHEM UG dTel! SHTNAT BT FRT 9@ ST 8
o Wi R HIE: - S &F § Wi Hecayul &, J8l SiedTg UiRac o 3fTfele aRom TR &
ol &1 ST IR H wRic ol Iugdhdl TR & UHRT HEMI H DIl HH &I BT SFH &, offoh
3T Al H $HH GYR BRI A& RI H R a9 R HNU § gig B &I 3g9H &l 96 &
3ITERYT H AT B! D3 & § LMADTeT WA IR TR ADRIHD THG STk
o IR & folY DII-BIST Fe:— Serarg gRac it el & foly Gt & Fifd gedt iR
Tt JIE €1 BTl PO 3T DI Gl H 3Nfeeh HagAefel &1 SHHT 3R BIC IR ALIT 3MHR &
ST TR I ©Y F U 6 3T &, R agrasnfass Farer ® arer, Juf 6 &, amgfd
SEAT3N AR IS T A e i &, fords aRumRewY WEva@Ta iR It 6 Ar o
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foly g U 3TaER T PRl & ST IcHoI Pl DA PR AR T Bl ST P Igpel 8 H Ha
|

o IR-UfAH Ru:- T 18 7 orchid F ITR-ufAH R & Fraet aiT & @1 gwTfad
& 3R 95 &b TR H gig IR T 8RB Jed ST & PRUT JAGH dg1 DT 1T 51 IR
IR & <91 fa9y w0 & sRgRfad 81 Ifca § a1 auf 89 & e *iR g =g & Al 7 918
&1 <fiereT 3iR Mgy a1 &1 g B, &Tatifes 31l e a1g H @IS gfg T8l <t 7S 2|

o Fuy 3R gdf Ru:- Feg iR gdf IR 7 AHH 7 afed gig @ T w9 aifed 8
Farcht &1 A H 7 a9t & 1, THH YW BT G-I 9§ Taal & SR TR F SHotf & 777 g B
A &1 AfHT 7 a1 anf & oy (e &=t #) Afat ok avid g A At # arg 6t cferan
3R 3MgRT & &1 3TN &1 TeTdrg URac o BRI Hfed Dl YS@R H ot 3rferes uRecefierar
3R STt H SINT & & TRl 7 gfg 8 &l ot 3T &

o TTEIENNN &:— §TcT P SUADT H AR & & anf § i} 3fR arw™ # afg & o
TR 7T S €, 3iR Siefary URad= SIRY I8 & HRUT 39 3R Y JGR 81 P 3712 81 I&A
UG & Sol SUTeddl iR Hel SusT 5 HHI, I 3R oig [AfIgar & JHam & dear Sifed,
S 3R I TTar| Y o fHa1S &1 98 I o 88 O Ial (MMl 9 8l Fabdll 8, offchd
I8 TAAG—SAIT STeT o-1a | Jieg bl wRUTS & oIy gafe et 8F 36 3MfiRd, St fogfa &=
T el U IR il Spoft AN Aol I THIAT 81, Safds T I @I Tt 3 37
3rdpet URFEATIIT T FHAT ST U Wi waTe, S S IR oF & Favef
RERE & oIy Fecaqul &, STetar] uRac & Tl 3R ArTiorn— 3ol e 3 e J 2|
o &R AR A& &=:— fUwel aut d, o5 fy srfewEw | gfE &R st S e gfg 7 oS
T R R AR & A STerarg umai, Sk & o, 918 31k I, & Uit JfeH ol 9a1 faa
g1 9RT &R 3= TRl W 2019 it Rt ds o a1 2024 F W F ATA AT & § 3/ Mg
G ST TRA TSI & UG, TRA AT $I Tl & U &Rl B rfed aeasfierdr o
gofd €1 wfasy |, o=t f arfewsur, e § e &1 fAamg iR G, 1ef & Fedt 39 o
STETT, STAaR] UiNacH & U STe”i & Haaaefierar el 3R qeret| et f$9reH, <) uaed iR
ERA g ST DT IgTaT < | 39 TTE! Bl ATAd TU F FHH BT S FhelT B

o Uiy &F:— AU H gf o udclia &= A Ay HU A Feayul B, &l fRRT & g
4 Y, ah & AR H BT, GAThIEE BT fUee T iR auf & Ue § Jeama, e 9 & o9 & o1
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ayf oAt 8, <7 TR B 3R G 3iR e &l SIS 81 SHY P Uadi & (S Thienfaar &
7 foedl) # 91g 6t gl iR dfaar & gfE 8 Tocht B, e o oiR Ffia gaferor w um
US ol gl 31 AT wmal ® efidarety wefed H o, Sfaoht Riu A Safaga & a4
Sl &1, I &F1 7 JeaTd 3iR s i fafdear o1 g e 71 udd faeRl & e
& dTet! aedfa iR 9 ISl 9o &A1 5 WaTT 7 &R U & DRUT [IgH 8 & G T ]
R B B
Stefary URace & BRI, fAey U J Isvrfeaeiir &l J, dlel Bl Jeear H IR} &+ 317 6 B
3BT AdTd & b THaR & g o 3R ER 99 & it 919 9 81 o 38 2|
AT ST -
o UiS- PV &FT A 919 DI IR PHI &, ORI PRI Usel H & HHTIK TSl Y@ H R 3
gl
o WE@M:— 2001 H 2015 & 9, AFA AR & BRUT SUBCaeT &1 § 16 TS
BFCIR I AIE 8 Y| 39 AT &% HROT 6032 UZHT TSTTforr 319 fage 89 &6 TR | €,
3IR THUT, AT &RUT, Si9 [ATIEd 1 514, Qe 3RIRET 3R IR ST, A Tt ogRg
3R 954 e &
o qTE:— fAFHIRAT 3R 1 Bl HeTS &b HRYT qTEl DY B TS fIH 8 & @R H & | AT
& 916 I H H¥ e TR | &, fSIeh! T 31T 400 & +ft 9 81 &7 a1 IR el
g
STy aRacH Bl B IR & el 89 =1 oeH Sor a1fet: -
o SR 3GH aTfehl UGfaal Pl T
o Selary URec Bl AT HAIRET Bl X R & eIy, & Yge & urifcrep fdeped Bl IuTT
TR P E,
® ST P I &b SNRGH BT HH x| 39 91 I IR Ve b Bl IR Be JIGH T A et
& 3TN & SRIT DT FGT Tahell &, 31R SIS Dl 37T R Y AT Bl HH v & foly FHed I
| ISTERVT & fY, FFUHRR BT BT [ 31 5t & F Fave™ I Ugel 9 T -8 I 371 <
® I SICTIEUT &1 A I&T x| U & P SIeRIEl &l 3iR IThl GREM & IR H S & folg
IS STIEYT PIIHH BT ST v |
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® IMHMP ISl & UER Pl Ak | IATHMD TSl ol a1 JfH H U9 d=e F AP | Aeg
X | ST H T R 3R TR e § Ugel 10 HUS 3R Jd A1 @, iR fafgd IRal )
& %
o Ich W A FR| I HAlfeld AR TGS DiTTIAD! b IUINT DI PHH B §Y DIt B Tehid
1 FRIAT PR H 9S8 & ol Thighd Sic UGeH HoMatl Bl IUIT R Hahd & |

BT DY b 3R &R IS 39 TN H AT &1 I1Y, AN 89 v o a1fet I Had &
SO 95 SATRT Hed 1 31N fFaer Y At SR el &1 HIH SRodt 91 ST 319 R Hepdl &, I8
I% & foh 31 I8 TSl o 31U+ 9SaTa @ bl Tehet 3iR TR&TU i g3 &R H Bl 5

31Uk Sf+eh Stiad &b 5 & &F1 H folg Y BIC-BIC thifel U HREU W T80 el T4 STel
b B
1. \MIfS® — 3 SRT foly MU Ry iR o fhra &R emaiie SMioie Jaai &
HIEH 3 AU FRT AU ISTERT 8
2. ER — 30 BR H ol ERET 3R FUfIT HH IR & ARIb |
3. IS — 319 ¥ YR o WTer uaTel Wi & SR S WTel uarelf &l fobarT &3 e of STt et
gl
4. TSR - Y A1 ol TS & 3R I8 IR H 370 BR O oy o 8
5. gRaET - 31U S uRasd & |1eF! & Hae H b GRT gH T e |

3 ST & 39 it 1 o &A1 A Uil Farm ol o & a1y ot 39 FHer @ e
S SITQT ST 9 TR DT FAM o el B o IET & et 87 T+ IRarg axd !
ick]

® RS PN AWM (JUHSIY) & HaTl ISR A1 3R AT T b HeI BT JaegT T 81 Iy AR it
el TOIfRIT T depeiteh! SR il e  ue™ #=ar &1

® iU TSR & folY EPA T HAIRSH 3refedael HRIhH| I8 QTeR] I a1 Bl HREIU R U ITe) HARSH 3R
Ui &l IgTdT & H Heg PR 8l

® MR I JARe I YGE HRIHH| I & YGe H FETIT & oIy IUHRT AR THDBRI USTH IR 8g Pg Tg!
& HTeI TIRIGRT & HRf IRT &1 Teh UV, YUEIIT G TRIST SYIRYT , &, I, & 3R a7 & 18R T
& AT g di Ff gufar g1

® IR a SN T FE T I Ul | U JcR—Toid! Fuel! Sl Sgch 193 3HR®T § a7 31fF &
Torl, FeafRa «if
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® gRAISIIRI 3R STl §U &F I TUTIDTel HfIfhaT B3l dT PRI HaH PRall &1
® RGN &F § YAAROT TRE| S Dl YITaR0T TRV BRIGH!, T BHRishAI, RIS gl 3R
B qafeRuiy vl &R IHGRY USH el 2

® UiT ¢ Ul I HIh 5T SR iR R & fafsarer ik weRem walf & f° v dgwh W o, o
2013-2015 T Iell, ForeT I5ed a=aeiial IR Jefarg uRac & Tmal & R 5 9T o 3R & A orai
INIGD! DT 37 YA DI TH BRA & oIy HRATS B b folg IR e 2|

o fIfeT 3,91, 9FEad .U, (2009) 19 fafdedr iR Setarg aReadH1 i35 326, 806-807.
® FEuirg 218, (2005) FSerl! STetar] o 1Ll TRET| Sferdrg IRacH iR S f[fdear Ier giafict o9, =g ga=
325-328|

o TH A&, FIhic Th.S7, (1992) TAIae AT & BRI HABBAT I FFH MW el FawT | Terarg aRacH
12, 88-95]

® UESH LY., BRe .Y, Huee .09, (1999) Ud IWhfca e gdd R Sefar] uiRach & Uit sifad ufifesar |
TR 398% 611-615]

® A ¥ (2006) BT & Seraryg uRacH & Ui arRferfce iRk fammaard wfiferard) 1 ¥a sale gaie RRe
37, 637-669|

® dicH IRUA (1985) HHEISH U iR HIpfad HSR| I-INEH 35, 707-717.
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"Sierarg uRac & uRged # Sifad Wl Y sraeadndr @ Sugifiar”
. ABY I
fafer fagm
ATHD R =T HETENTRT TS

E—Mail Id— rakeshthakre1234 @gmail.com

KXXX¥*

ARia- A FEfor ufisar 3 e St o1 gaer iR IR TeR & 16 IPpE IS & HY H gHG! T 395
Jed T8ca B Ui 3| fusel a1 quet A, fy T | @ o g a iR qafarer o wef W@ &
foly SFReareT 9Q18 TS &1 TRgd U9 §, Sifdd HfY & qafarufia qeca o1 il sreaas fovar mam 81 armet &
S Teft b aRee T S mut @ ofR geeft, 99 ofR warfavur & e Srafy et 6t aeRu & MR W
&I TS &1 T Y eIl TPpia b T, I Wt U LRI det Hl ol H SAfAF Wit 8 TS & iR B 7Y
3ITITT 379 SHP T I 5| B3 fhemT SR T = IS & $H TRIh D TH HU I & e aTell U &
S et A aTet TeTaTai @ SR & 5 39 faer & 7 Baet Tawer wafaRur, IRE Ieurea! iR Hguur IR
A Bl Jerar ferm, afedn s arfior e &t i 93 iR ufesar «f g% arft| et et & 918,
S Tt ore e 6t JreeRT & et 81 W@ & ofik wfdsy + anfefe, o #iR gferor gRam & v e
AT o= W& 1 Zefd URME diel & e Fadt & o3 wUl BT SN fhar 7 8, sy Jfde St Jifeis
wU H e 81 TRl 3R TR ATERer & H1 T A1, TRl gl 3R Fw WivH & Ay Faeaslia g9d
I U] &

T 65 - Sifdd Wl & RAgid, s Wt & @y, e wdt f dadis, Sfae ad & ws, e Y
QTR AT, Sifdeh Y &b Jod 3R i Wl dr A !

RIS

21dT Tt H STerarg aRecH JFd HIIT P FHE FGH TSl gl FdR IH &1 AR H T
54% PRITA B W 1R 8 31k PN &1 39T P GDP H AT 18% MM (2024 ) &1 IMRIMD
MR PN 7 Aeld! ITeT R &1, oifdhT 39 4 gt &t Jurawt, it |l SR ggferor w®
ABRIHD TG STeTl &1 W H Sifdes Wl STefary uiRac & e &1 t s f[ded s
I 8| Setary uRac™ &t TT o7 37T I fary T 9 8T B¢ Ry TRa ot argar 2
U1 Siefarg aRec Yo Hecaqul fiwg & @ Jeiliel GRT Ul Hff S/ ST gl & &l STelary
aRacH T TR THRIT & $HS HRUT QIR0 F 3 THR & URacH St arge giey asf a1
SR fATRUN RIS AR UGIUIT FhaTe 3T BT PiY R THRIHD YA TS 8T 81 Hih
31T T AT 3 A8 b IS SR URETH & Hehe T AT R & oy ASIgR el g3l elfeh
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3R I & EAT T8 I 89 Sty URac & I91d | 3T 3 arelt Ut & Sfied &l 39 axcll iR
el @ URAT | 98 AR PRUN DI goie H &9 GITRU Bl FH UgdT I8 & | Serarg gRac 3
TART Wl IR ART [ & H1 §RT HAST it GR F ToR AT 6T & S YB3 DI 84T & |
TGN B YITeRvT ERIA et =T 8|
SEAD|
MY 47 & I
1. i BT R gafaRuiy Fgca o1 WiMfcle e faar T 8|
2. Sifdeh Py hHY T T Tegd= B T B
3. Sifde P &b AT Q& HHTAT BT 1eT= B 1T 8|
gReea=T
1. S DY qAfeR0T &b Pt 2l
2. HfY e o gafarufiy FReren # FR=R gfE 81 & B
3. Sfde DY &b HATeTH | YITERUT TRV 8g U by 1 %% &
e fafe
TR MY U 7 WTfie g fEcitads aTravet o TNT faam 1T 71 Wi el & Hdher
THTaC I, TEchR, SRR Tud & J1edd o fhar a1 81 facdias snae! ot fafas o=
RSN, TR U, & A9 Je918e 1 gRad! & ATEIH ° UTH AT T 81 39 1 Gl
TpTa AT ez Afd wR eeniRa B
HrfeEaieT
®. T. I15a (2019) 21 affg San.d. - w_ien & uRUM & AR - 1978 ¥ Afde Wl
Y HEUM, J fFI9 Hel Wisdlare, Widhedr SHgM ¥oue arafafer ffeld usiaor
fopam T fORY DOK TRYeuT & A | ST 17Tt &1 (S - ISrATfies, aN-Sifdds, T6 & RFRFT)
<. 3N, &. efaprfeier aieor  Sifde, SRSRMRNS, AT U1 WRIRFT Sfde ggioat (Fmfd)
T AT TRIh H URIEIUT SR SIeiafe qoh Il JerIcd 3TEI haT T 81 T8 URIENT g¥
e o 31U YR &7 ST WANT & iR & 3T uRierur H ST O el g1 O el W usteror
T T S T €, 31T, SeTed, &9 @IS, g, N1 Hled, ol M, i, Retet, gebar, SR
qoIT FepT| 39 GRG0 & g URuM &l fJeruy fFFgaR §- Sead-Sded & JFel §
JRISRAMG g Sifdd YoTeft URURS TUlelt & T 1 1 H 5% T% o9 IUNTS UTs T8 0Rg

International Educational Applied Research Journal

261


https://iearjc.com/

I Rovited Reseacch jourml E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

I OTTetT T T H ITh! IcUTe &FcT T 20% HH a1 =T Jonell § URuRS 9
SIfdes ST Yool &7 X1 FHTa9T e

Fwed ufAal, (2019): HY vy ¥ fen 1t o= & feaRan 71 & Sfie AR = gar b
foeel dF Tt ¥ 79 Wl H IS GIe Bl STIN T 98 H &R T 81 dggd & uig )
e FRAT & it M -4, BT, 19 & dd T T R R &1 A g &1 8 8l 3iR dHie
forAoT ofY 81 38T &1 1210 &1 o fobearT Sifdep Wcll & BRIGT T < §, AU HHE BT IS BRI
R AR 9= 8 &1 $901 BHe & & Wl B T TR F Al B & 18 39T e HRaTe |
TRI TRE ¥ I B & d1S SDRIGT IUST Dl IARSRT H ST RIS ST | 3T & BT HIehe TR
R Sifad St off | ITe H USTaR @ oM & ol e §9T T et A[T H MG Tk,
ISP BT IUANT T TRAT| $HPT SR +ff <@ Bl AT

IgH, 399 (2020) 7 e ufAdT ¥ *‘Fore H Arfor &= B G T 9 @ v,
IS oG H PN g Joic SR FHSH! $ IR IR T[T O WAt § -, I§ 9o,
HTETRI ST, SLARYT AIcHTe, SHedTel M ST JTorT ATSel, AU Ty SIgHd &g,
B U9 JT AoHT 3T FHt 71 goic § el b T oTRg U=l Dl Bl USM IR & foly IR Tl
TIfeId P T79 HE TAT STeT U0 P AT L IR I8 81 3HS fof, 400 RIS BRI rafed
PR BT IRATT T § |
e By 3R Fetarg aRacd=

S HY R-diaoiia Sof & ST B B TR Wb AT Hl &7 FRcl
(74 STa1ed e oY I JHET BT TS HeAT T8l &) | Sifadh HiY gt J e dre 6t gmar
& ATEH Y MRS U iR e T &l BF v § ARG ot &l g  dree amowdt g,
ITSHAT SV 3R DI FSNRUT BT UeT of | st 7 a1 31feies i SRR W1 \IdT &, S
&t STty URac & RIS HY 6 9= enfel 31 it &
e HfY oIk g fafdean

Sifdes for it TR1 R i RAfegdr & e IR IuArTed! 81 S TR R, IRURS 3R
3FFfT ST 3fR XAt DY T F AfAD TR iR STerarg T & T IFhT FTEATa o folg
UG a1 ST 51 USTTorl o TR UR, Gre 3R SHart & fafde Saem iy Icute & foiy uives
T<a 3R STl T3k BT TP B & | TIRFEATTDT T & FR W, Sifaeh 31 B iR 3R
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REIGECIEERISIE
S iy 3 fr=
1- MAEY &1 IR 21feh &g FHY T o+ &I
2 gt & IUTE & | gieg 8Tl
3- Sifde HiY I IUTfed T BT HHTG g TR b el 81T ol el T et

gl

4- SfIe PY F UTpfdes dcdl BT Het STINT BIT & qAT IFTT I I & B

5- Sifde PN | J&T USHUT, IR ST, STl HSHUT T vl H Ferd fAetl 2l

6- Sifdd IcuTel &1 INTRI A 37f8d Jo fiyetdr &1

7- Ta1 4 ST FRRIaRuT e J&q dcal dl ST H qeran! il &l
forsad

QIR T AT BT FFAT B & eIl M S HiY T TS 0% &l 3 TDHR Dl Tt

& RRAT ARV H, 3Tefh o HH 8l WY & fORIch BRI b Sifdes Wl & Rih 3T 4
9 gl oifdhT I8 fhaMI ol T Wl & BIG & IR H SAFBRT DI BT Dl AT 81 TRPRT
TSITRRIT 3TR ASTTST H 59 P! Bl G HR BT TATH BT ST <13 36 ol Pieh TS Dl
Sifden Wl Y Tebeitenl b IR H R fpAT ST A1MRY ATMP I URUND Well & depfedes Rl
faervErar et AR | | Sifdes Homel! § it Treehi ot TEl AT BT IYIN Heh Dl T Heje
DI UTH IR & U 312 Yeed DIeeT Dl STMaIDhal sl &l ey, i & Uee It
fHamI & AR TETEE! BT Ifod SUART AT axa & folg wfeleror & raedadt g1 IRd
S Weft Y AR 1A €, Safay Wt & Afde dRidl & TH0E & folg iR aifere aver &t
NI B

<

. Y T4 P PHedTo] FHed, TRG TR (2024 ). AT RIS 2023-24 |

. APEDA (2024) National Programme for Organic Production Data Report—

. ICAR (2023 ) Soil Health and Carbon Sequestration Study—

. NITI Aayog (2024) India and Climate Change: Agricultural Adaptation Strategies—
. FAO (2022) Organic Agriculture and Climate Change—

. FiBL& IFOAM (2024 ) The World of Organic Agriculture Report
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"Serarg aRkad & HeferT e Hfdat g S ot haade g6 g
. Ue IR g, Feaet AR 2
A fagH, el dwar Heifderer, gear (7.97.)"

ps0497405 @gmail.com
*gnereff, <t arfRean Raferer, €k (7.0.)3

KXXX¥*

AR~ ARy UNacH 37T & g bl Fad TR I8 FAal § F T §1 ST I91d qMa Site, Piv, S
fafdea, Ster |l 3R anfele ey R e w9 J <@T 7 6T &1 9Rd, S 39 &7 W IHRAT gaiT faprefiat
39T 2, 39 Hobe & Ui Ay wu ¥ HagAfa Bl
T MY-TF BT Ie2T TRA DR GRT ITS T Serary URac | Fafea il oiR S a1 e1eaad, 376 5
AT bl T, 3R I TTEl BT IR HRAT 21 FHH AT STerary givae PRI Ao (NAPCC),
TTERUT TRET SR, Frolt TR0 AT, iR IR R srferawur sifefe St faat &t Jfier w ==t
&6 TS Bl
3T { ¥UE BT & 3 RA 7 AfRui Sotf, Srorf & iR TIfaRor TRevr & & F SeRa T WIf Y
8, aife iR fopara, faxfir e, eI oiik Ieail & T s Sieft gAtfaat anft oft ot g2 2
e fig- Sig ffderar, emweig i, sifafem, Saarg aRecdd, AR, SRS Jed

RIS
STefary aRec 1 3ref & gedt & qIuH 3iR HIAH Agh | Sreibiictd qRac | JTefidhiaur
3R Srcafere ot ITHRT 7 raraRer § W A1 6T 917 ge1 &t 7, Saw I droe & Fen
I &S
AIRT ST Q2T H, &1 TR Bcd MO 8 3R arefegaeelt HiY W e 8, Sefar] uRac
& AT rdd TR 21 G, 918, I anf, iR srcafeie T i geA o o 81 R §1 3
A ¥ fAue & v YR WER 7 3Ma Al 3R B 9917 €, St yafarefia TRemr 3ik
ToId faera &t fem # Agcaquf v 2|
Y & e
1. STeTary aRecH I Heferd R ol T T & BT T STEIRIT BT
2. 3 Al & foraraa= &t ufshar stk gt &1 faor o)
3. Al & TS, snfefe iR wafaruii yral &1 Jedia o=Tl
4. iy Y A Ffor & AT Gema uegd ST
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I8 Ay fodige Al R SATETRT 81 399 SRR RUlc, I SR, SRS §16 (S
IPCC UNFCCC) &t RUIS, @ik fafdsr ener—uai & U SIFaRE &l ST fhar 71 81 31eaT |
fIITUITeAS BTR G-I UGl BT TN I Al iR BT 9 THTEl bl THIE &l TS 5
T AT
1. AR & 7T Tearg At W@ B
(@) TEN Serary uRadH BRF QIeFT 2008

EIT AR FeF SR St IcuTe @ geraT < o folt I8 e g b T o) $HaT ded
2030 d& 280 GW IR Soll &FdT UTH HeAT 81§99 TR Ui, IR ©d JISHT Solar Rooftop
Scheme,ﬁ?@?ﬁﬂdﬂ@?ﬁﬂﬁﬂﬁﬂﬁ?ﬁ?ﬂ'@ﬁ%l

BT I Sorl g e sifefie ghreal H Sl i 9 & folu HoTTelt AN Bl TS|
ESSENINEICIST AR ECE]

TS o1 MR SRIpT I et HRETUT, GAUshUT, 3R Herel SuIIT AT -1 81 T
g g 318 BRyer’” ART ST e & T 2

WERT Fad P AT PR DT Sty el S og S TS, STeT TREM, 3R Serdrg
S0 HEAT WR FeT &1 |

¥ BRT AR e 59 e @1 oeg 5 el gacar Y R &R o1 3R hla
e BT IS B

RTEIT HI AT e et &l H Shorl S8t W, et TE e, AR Hrel+ep aRas @
BISSIESRERIR DI

R S AeF Serarg aRad= srgeT, e, SR Jaidl TarR & foly FEemi o
HEAN T

Wty fRuTerst uiRferfadht e fawmerr & ol Arge TRRRITDT 3iR St fafded & e
gq o A

TIPT I TAHRUNT Il DT AT PAT, A HHTGAT T FRETT P=A1, AR T Py
U T FQraT T &

(@) TS KR B ASFR TR & JAD A9 7 30T Toar] aRFITT & AR “Isd
SIerarg BRI Ao §18 2, fO™y T TR R i &1 wrelt foharaae &t |a|
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() gafaRor wReor ifAfA, 1986 I8 AfeRM gafaRtr Ugyur &l FRIAT & & AT 9Rd &
I S BT &1 TP IR TRBR DI GATAR0MT AFDI B AT I IR IFE W S
&1 PR U B
(&) oIl E=&vT SR, 2001 39 AT & T8d “SgRY 31Tt Uil QIth AT hl FITT 6
TS, S il S&IdT S 3R P ST T | Ageayul AT FmT gl
(¥) < eRa sfeewr afafae, 2010 NGT @1 167 yaferviy fdamel & Fuer & fag fevar
TIT| I8 ~IATed Y TaRoT ERE0T & fol YTelt ST A8 UG Heell 5
(T) SiRfdy Tk 3R 9Ra $F i IRT 7 URT T (2015) & ot AU IERT AR
NDCs T3 fohg & —

IS T 5 33-35: dl wH (2005 & TR 6T Ja=T H) |

2030 T 40: fogfa Icure IR-Sfared |idl 9

2-5-3 39 T CO, TN Dl Rieh T AT
2. ot &1 fraraas

AR TRBR A Al AT b olg Uep qgEeRiy Sle IR b &

HT FR: G, a9 ©d Serarg aRec FaTerd A4t 1 g e 2

RIS &R 5T UG 307 91 3R g STerar] e IS i e &1

foiiar HeraaT S e Y, I FIsHC the 3R SRS HERIAT &l IuII|

dpeiht TR: Fdiaxuita Hart (IR, uad, SieT) § a9 a1 dicarfad fawar

TEAWT TEAWT NITI Aayog, CPCB, BEE St Feerati it afomr afiya|

T Yo Dl STerar] uRac Heelt it

HEY Y9l IS 7 SRy UREc & THTEl Bl € H R §Y s Hecaqul Aol 3R JIoHN

AT T &1 5T ARBR - AR IRDR ! ISR STe1arg URec HRIFSHT (NAPCC) & 3FRaY 0T
Y Sefary aRec BRIFISHT (APCC) TIR & 8, foY 2012 § wfipfal &t 7 oft 3k 2019 #
ST AT HEHRUT TBIAT hT AT $H TIoTT BT I PN, A TG, T, SHoft, A&
faepr iR FaTee SR T &A1 | STerdTyg 3@l Al (At T 8l

Wiﬁﬂ'ﬂ@t@@f:—
1. 8RT &g uee AfII:  JARIUU iR &R 3TTeR0 Jo™ R dhid|
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2. AdHRUT Soft HifcRe TR, I IR RT-olt Dl 91T o & folv 9978 T8, oy Iog |
TS Broll IedTe D HicHTe et |
3. SIeT TRV e SieT il o HREUT 3R J¥RUT & foly AFIETiRich Heiidr &f ggrmar STl
4. AL UG erdrg gRac YetsS (MPCCC): GafaRu e SR ifc R o foig fdd faery
TS ST 5 TR R Sefar] SgHe Afadl & foparaa+ 5 Fer—dr ove gl

o AT BT Ie2T I H STeTd1g IRETH b SSHHTAI DT H BRAT, UTRIEATIhT T bl R
SIY IGAT 3R FeT AT b HT IR SR BT 6| ARDBR AT TSR bl Y STggper ol
o Qnf¥et R IE & i Setary SIRHT T HFFHT HFY{eD BU H BT ST Teh |
SeraTg URac & Hae § DRI Al T To

STeraTg URac 31T g TR R Fa9 TR qafarviiy gatfcRil § 4 1 8, s g9E iy,
STl e, S fAfderdr, g Fareeg o 37feie e R 0T wU § <9 S 36 &1 39 JAfed
THET & fues & folg e ot 6t e srcdd Ae@aul 81 9 §RT 97 T8 ifoRr 9
Pac B I DY FRIAT IR & T f3e 3iR ST Ue™ adt &, dfeds Adiaxuia S, sRd
eNfiehl qerm Had e Bl |l TicHTfE el 61 SRS TR WR 9RA A "URY F9ild’ & dad
I T 3R T8 FHoll Iculed deM b &y FefRd fhy &1 e &R W IE Jaaryg
URETH BRI (NAPCC)”, ‘53 FRIT Tedg BRI APCC 3R ‘8T AR S8’ St
HIIT STerary uivac | e & AT 31 At Bl ISTeR0T &1 37 A1l o Fow 39 a1d § (Mfed
& 1% I 9 Paer gafarita Sgem A o H 9@ ©, dfcs Ao - 3Teid JHHdT 3R T
T & g off SMYR TS oRell 81 31T: ARy UNac & UHTal &l $H B 3R TIHar Dl
ORI AT axe & Ry T ety Yfest Tt €1
3. ifaa @ Sl & a9E
(P) HPRIHSD T91G

1. THIERUNY Sor A gl TRA AR IR ga= o1l & & 7 fay o awyoft o # enfiyer 8w

gl

2. ol ST BRIHH! $H THAT IoTTel AT iR W9 SHotf dfear (Energy Code) &
BRI ol ITANT H ISEH1T GIR 5|

3. YgfaRuitT =™ NGT 7 Y aRur TRe0r & 3 Yfaerfas Aoy Ry

4. FTEROT ¥ gfg CAMPA e 3R BRI 9TRA 9 & A1 | <7 BT I &7 T o
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5. STTRRaeCT HIfSAT 3R NeifUies FEeHi §RT qgferviy STFRaehell H i &3 &
(@) PR u&r / gRtft
1. A &b ST R S ASHIG BRTl ad I W8 S &, fadwa arfior &=
el
2. i Hamt gafarofia aRaremeT & foiy wafe avRifer &t |
3. Tl TTYTT Ild YAeRuNT Teprilepl bl Iucterd HIfA 2|
4. FPRI &t ot a3t & IRUITHT BT JediohT ax- og T TUlTelt T 3191 |
5. 3iteNfie qama <ier SENIDIBRU B BRI UG 3R P IO H gl
faerwor
AR T AR I fGprT 3R wfervr & S Fgar Fud H_e T TN Il 81 IRPR
7 I TR R P BRI a1 2, TR Ta8ING TR IR HHIGH, T 3R FATHIT FSHIAICT bl
T P HIRUT IRV SUfe 81 B
I8 ff <@ R & fob I I 71 1Ol STetary i ATSr1al bl THRAT | AR, o, gl Sotl
e 3iR BRA fae & Hohd T ©U ¥ o &1 399 I8 g arar & & A &1 mmg ot 8
e I ATt ®Y H AN fbam S|
forsane
AR 7 ARy URacH &I FArd @l FbR e gY by Afadl R B ¢ 81 TR
BRI Fro1l, Froll GefclT R AfeRUT HREMU & & H IS Il g3 &1 U_g 3 Al
RIS AT T UTH BRT 51 379 [ohaT=aa- DT gg, TRGL 3R Fgwrit ST Sem|
Ay H IR P! Tl TR, SAHGHINCT, 3R ARIET FLINT & Hedq | Selary
UReETH & THTAl Bl —JATH PR Dl 2T H 31R 3T heH I3 8|

SEC]

1. Y 3IR s & 19 JecRk T FRA1iUd fBar S|

2. T Mt o Aifd fharaa= # afepa e & S

3. e 3R SIS HRIGH! BT FaRf ©9 J o1 far Syl
4. STt e 1 &R afRaemTel 5 faer gq edTed e S|

5. Toh-iichl TaTaR iR T BT Wrfidwar 3 S|
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. HRJ DR, q?qfa'\fw, CRAC] \ﬂmqlgqﬁaﬁﬁ HATET %MOoEFCCY% — National Action Plan on Climate Change]
2008-
. Bureau of Energy Efficiency — Annual Report, 2023.
. NITI Aayog — India*s Progress on Climate Action, 2022.
. IPCC — Sith Assessment Report, 2023.
. National Green Tribunal Act, 2010.
. Paris Agreement, 2015.
. World Bank — India Country Climate Report, 2021.
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Shortiy oA o S AR e & SR 1 s e e T
Wi bt FHTTI”

it fRgy AR S, sfiret S 2

rfafer ez, 24t sftean fafeme, k! piyush.jain969 @gmail.com
QT TSThRT e, ST T SR A1edfie e, a2 djain5205 @gmail.com

KR XXX

TREATAAT
Afde TeRT & el U &I |aifee TR gAIfaal Sietary aRacdH Td g fafdedr &1 g™

T IR ¥ e ¥ ATHET &1 STerarg aRac o PR aIRIEAdS o1 o e Icu=l 8l a1
%,Winnumerableﬂﬁ%mwwm@%lmﬁqﬁﬁ,@ﬂﬁﬁwiﬂw
AT STetary uRaci= &1 Jcgel U I JIfe PRl &, i Faver aiRfefde T Bree e ol dri
TR B| 7 et TR & AT o Henfid! U erfharel! Suawur & wU § SR 81 I8 My
o 3 fafde denfifena o1 faeior IR axal &, e SUIIT g H STetaryg aRac & ura
& PRI TG TG qAT Sig AT o FRe0T 2 foham 11 8T 51 |i &, I8 wiasy o g7 &l
o Hleifiiehl <l AT 1FepT BT Ueb GRepI0T i} TRIT el 2
T GS: Siefary uRkeci & &5 § At Y et gfie
1. Teltoxulia St Senfifdar: Stared Sem W eiRare! &9 HRAT Siefary aRec & Fue- &
9o YR 21 39 e J R, UaH, STAfRId qT i ot St Tdexoid ot drenfifdsar 3
pifder aRad= @y £
GREISESHEY

9 TR Fort: TRA H ‘Hrgeft AR St aRAeHT g £ Faffaes ene IR ot gt
4 ¥ 7, 9 IG5 | Safed 81 I8 RIS T 940,000 TR BT faggd Syt
TR DY AT G & a1 Tfday ST 9.4 fifelae e FEe Sgeiiegs Soae § ot Tt
g1 S TR, IR ol & & H Ufd-3arg AnTd H FFReR fRTae Ud S | g = 39 Sfared gem
& rer yforgedf =1 & B

AP Yo S5oil Bif: FEACHT Td 3MUAC Ua- SHolt URASHIG, ST b FARCS
fhren 6 B Molee’, 9 U9 IR Te6 Sl dl IcUTe o & &1 g7 RIS d IuIHT
f3PQ ST aTet Tafe 3rafdes I9Id &, ST 37y arg A J +ff 31fSehaq Ioll Icd1e I o e &
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2. Sl YR T@ HE fe:
Teft_uita SHotf & AARTeA (Intermittent) TaT & BRI Hrolt HSRUT T TR g & 81 30
TR & FHIEM 2q dext Ui § IuT Wi 85 &1 I IST8RT:

feferrT—3mae SeRar: <Far St dufal g1 fAfifd Reeemrr et T, SR g asa
ureR R (siecferan), s @1 fRRaAT UeM axd & dei IR & Yad Soll & AT HT FIEId
IR AT e TR fIga myfet g a=a gl

e fiie: 3 gfgam faga faaRor Aead &, |1 ¥R, 3MS3Ne! (1oT) SUSBRUN Ud I
T & ST fAHII0T &6 ATEH F ol Dl AN T MY BT Peret UeieH Il &1 T8 Uil SHort
1 ST DT HH B FHT Solt S&1aT H gl DT B
3. e $UER, SUANT UG HSRUT (CCUS ) aTaTeryT Hided 1R B+ Srgaiiadigs &l g I
STefar] URac & Tl Pl HIfHd Hee 3G SFATaLTD ol

AT IGTERT: TTel IR hoer (DAC): Ragoiere ol grgraad (Climeworks) &uHT o
g & wom aIftifS¥e DAC TIF &t TTOAT &Y 51 I8 TI A9 fheesi &1 ST avd g
IS H Bl SFIATTATSS DI AT HRAT &1 3H PIa BT IUANT Fe1SH F dieli ol iy
B I 3 T § FARM ®U ¥ ST IR =g b1 511 FeheT 2

DD Welt: S TG I TR WM & A1egm § Y it § germar ueH & 5 &
8, FOEH 9a1 | PIe Hogd & 9gaT Herdl 51 I8 UfhdT aRfAse ¥ Pl Bl 8CihR 34 JaT §
T B BT U UIpicia aial o
foclia Ge: 9 fafdear w=eor 7 Senfid &t ada™ i
1 R HaeT (Remote Sensing) Td L Cill qurte! (GIS):

SUE Wi gedt 6t R & a¥is 5 wifd a1 < 81 I8 a1 & doers, 3marl & faee

T4 fY ITANT A uRacH o1 93 TM R Ud RIfia ©U ¥ eTder dee H Fe g 2
I SSTERUT: TlleeT R drd (Global Forest Watch): I8 U 3IMclTsH S<hi &, S SUIE
ST T4 TNINSH BT IYANRT PReh Il ! heTs Dbl aNdided T H fARRT Rl 81 TP Ue TRaToT
TG S ST BT SUANT 313 AT Y gga o, TRIAT &5 & Yee J IR H_ Ud e
o o9 &g AR Bl
Tl a TAIRY BT AFRA: GIS TN & gRT fIREfSa 1mara &l Siew arel AR 6 uga™
& T Gl g, S aeaial B A At & GRIEAT B § AN IR § FE-dl e
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IR &1 THH USTCHl & o JTTafd S -USH &l dedT Herdr & deiT g fafderdr SRfed sidt
gl
2. P gigw (A1) Td 72 dAfFT.0faRei Scrd fAend FeR (fS7 Ser) @1 ey e |
Al TS e B
qCAT SaTENYT: FdTfeld el 9ga: '3Mg-gRieRe (iNaturalist) Td Afe a9 ESt (Merlin
Bird ID) ST VU SUARIHAIRN GRT UATS & T AXIRI UG eafli & MR TR Al AiSet BT SUART
RS dlgl Ud aferi di gefaar b gga ad & $99 AFRS A= (Citizen Science) &Y S@mT
fHeTaT & T2 dsTiel o U TR IR STl IHHET PR J FgridT fHefd!
geng Idy fAPR ORI T 'dfSTResTs’ (PAWS) S Al TaTfeld e, gdadt faerR &
G & ST BT AR IR AT 7 fABR Hl THIAT ge1sl &1 garga™ ofId 51 39
TRefureHT St AR Tffafery @ arfdie Tt & Bfod R Tad Bl
3. Sg-eafidht (Bioacoustics)@@qmﬁlﬁiﬁ e qTeIT | qIRRfA® ot &t AR
U IR - 3AThID T& 3Tfed I fafe
T ISTERT: TSN AT aufai ta Fs! waiaRur 7 Si1fSar Repfer (S s3SI ) Fermfud
fore STt €1 Al TR 37 ReptfS ot fasror o fafere premrfrat (SiY- gy, &, Sifen )
P IR, TEIT Td FIgeR & IR B SIHDR! e ed &1 I8 fAfe aFdy sfafafest, sa-
31 AN T &SN & MR, &b T DT 3MThet P § off TE-Ib &
I BT SYINT: I BT IUANT i &A1 H agoital ol felt, arde frepR afdfiferat o Tor v,
SSTRIUU IR TG 3TN A & TSN Dl IR 3 &g fohaT 511 &1 81 I=-Relfegem SoRi ud
e GHIONT | Feh S 1 b T T Ird FARRTT R et 6|
T Ge: 9ISy & Wenfidh S S fer v Tt gieior

T WA P IR W, 9ISy F enfie! Saarg uRecH g s fafderdr wRevr & & o
31R 31fere T8, Tehighal Ua URE PRI IfHepT et |
1. Serarg gRacH & a2 & wfasg it denfifear. S=a @ axit ccus denfifear: sy 4,
TS AR HER DT ST H Jig BRI TAT FHD! AT F ST M| U Il g, S ang-
HEED S (MOFs), 3ifSd Tt &7 I Hle- Bl JTMT Bt § FeT 8| 39b AR,
M B BT ST TARF fI7T S8 (Sustainable Aviation Fuel — SAF), Srfeed a1 fefor
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armaft & fFfor %‘g’ fopar < Wﬂ, o Udh MeAThR il (Circular Economy) G2l Jeldl
foyer|

BRI STESIoH PT 98T T ot gRT AT SRS (FH BTSSIo ) i o1 U
TG Sl dTedh - Fadl 5l Ig Salfl (S- il W@ Hie), R aRkaed (¢, JenT) W@
Seffetd Sroll HSRUT SN &1 5 ST 1wl (Decarbonization) ) WCI,_PT Wﬁ‘*ﬂ SE
g1 g 7 R BTgIoM & I<uTe Ud IRl & folg e dfaes rasiRaT &1 faer o 1T el
gl

TP TR QEIgAH Ta ORISR Al T4 goRGRIER! $l Herdr 4 3ffee acid
T -fAfeE Setary Afee f[efad By ST G, ST 9=F JIH gersl & Jeer Jfasgamft 3
oAl Bl fdaerye, IR fafdxor yeee (Solar Radiation Management — SRM) it
SAISSHRIRT daint IR MY JRT 8, foieT S5 T & UaTeT & Udbs 3791 Pl IRIafid dedh g
& A | HH A g1 A A wa e Heelt gAMfodl S FeE 9 foar Sy, o I8
SITUTEDTC STeTaR] FHTE & B H IR Hebcll 8
2. g fafderar wvemn & T F wiasy i denfifsar:.

SITTY (eDNA) ACHERPIST: qafavoiyr SuAu (eDNA) Henfid 9fasy 5 Sa fafderan
R T Teb A TRIeT §F Febcl! o1 deiTep MEl, STeT I1 AR & Wep T dbT UG PReh I
SURRIT STaT b SITAY BT AT R Hevdl & | SR Goi™ Ud fBUeR 8+ dTalt TaTfa ol Juferfa
1 YT ST TR 81 ST, 41 I8 < §U1 I8 FYel 0 Tl aiRkfefdies ol & wareed &1
I & 3T IR H HERID BT |

S Ui (Sta senfidht) SR ERemr: feaR (CRISPR) S S TfSfET damiiat @
SUIRT JHATT TS ol A & Fam 2 foham ST Tahet 81 ISTeR01 & foly, demfAies fawdt uanfar
o T ARG & A iRid aR e & AT S AT 121h &MU bl HNET R Fahdl &, AT Sterdy
aRacie o TIfcl ITehT STgpet &M P HIHT BRa &1 SH TebR, 37 UEAIch! hl HERICT ¥ 3TTshreh
STt &7 Jee o G9g 81 HepdT &1 BTallih, S Hfdd T qiRfErfde gRum &R Ta+ faeR-
fomef amaeae g

fSfSieet fe=g i 2ref (Digital Twins of the Earth): 9fIsT H, T gl @1 fefSiee
AfcRey’ fIefad 3T ST HandT 81 I8 U STAfed Slice PR Hied 8, ST aRidd T9 &
ST (IWIE, TR, Al) BT SUANT Ry Gt &l quf et IR BT | $H ATSel & GIRT deTTi=ids fafsr
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i aRgedt (SRI- A ScaoH | 4T, g SUAN | uRacH) & IRumE! &7 Tcid 3=
TR Gh | THY SR HRIATs Ud FREUT U & IR H i Jfoa Ao o 5 weran
fiyert
forsams

s, dienfidl Siefary aiRade @ i fAfdedr Hoe & Fue &g T ARk @ ST ard
Tt (g g3 &1 9o H, IuE FRMT, Al, TR0 Solf T ccus St Henfifdsar saRt
91, PRI &F7aT Ud Ufaifohar & Terh a1 <81 &1 Ifasa 7, eDNA, S Ufefe, eRa srzeiod
7q fSforee fg=g St Far=T Urenfifar iR a1 e v T+ FH1em Uegd |

fihg, I8 TR T T HEcaqUl & b Henfidl ¥ § B S1g D el T8l §1 I8 Wb
YRR A &, FORIh! a1t 39 a1 &R ¥R dclt 8 35 87 ST ST fhd TR vl &
RNfIbRT Fam! & Thel M 8q Tl oHiidd geolers, gatm fo<fia fae, amfSs
AL T GG AT S Pl 8T e gl e, IMdIg Hedhed Ud TPl & ar
HToEYUT FEIRRTcd & G2 & 1 fHeTan & U TR Afdsg o1 AW gered ax |dhdl! 81 3fad:,
IR A fed g & I8 MaiRa el fis 89 37 o1ga Ulenfihi IUeRUl &l SUINT 37U+ T8
T &1 & U IR & AT T U AT Pl ot I & feiv)
‘Fwiﬁ(ﬂ?‘ff)

SevTaHee Uet 3 @IsHe o9 (IPCC). (2022). Saarg uRecd 2022: ¥ T4 Jggad &l faem .
Hfesior FHaRicT o9

o TS TZeSARH He (WWF). (2020). fafdr S7c RaiE 2020: S fifdgdr & fRec &1 gawiae.
SeegSecgUh e,

o 38, S Sauerer. (2019). gafaRur Henfid: Rigid va gy, fafdeners gaeH,

o I3, W 3RfE. (2021). RiSea o t f= Camrarst. qarfaer uameH.

o BN TSRS TR (NI0). (2021). "IUUE ATHS| b AT H IR Tqa! oig e o1 Arf=or.”
ARG AT S+, 48(2), 112-125.

o gHl, 3R, TG T, &. (2023). "PHAF G GRT IrIoila TR ARAT He¥ H Ueb e, " qfervr g
fa®ra Set, 15(1), 45-60.

o MRA IWBR, YAMERY, T 3R Fearyg IRacH HATe. (2023 ). ARG BT Joi1 AL g faferan SRS,

o WRJ WPR, fAS IR il f9rr. (2022). IR R Brggiom He: s,
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"tq fafdera & wfordt diser”
. 3iferar umfe! | <. e PR RAR?
R g™, o, et Ferfaerer, sear (7.7.)°
Y g™, o, et Feifderer, sear (7.9.)2

XXXX¥*

IRIg- g fAfderar gedt & uiRferfs e 6t seRfer &, it fafds uefial, S marsl qei uReuRe
el BT FRAMTEE Hl 81 TS A TR W Sferaryg IRac, TGHl, a1 $I Pers 3R F7d 8¥I&Y & DRI
Sta fafdear TR Hae 5 81 39 aRued F okt disfel e Teh SuaRur & wU § IR W@ §, S genfaal &
IR, S Taefierdr iR RIS o3 & Ao & AT 30T TS ot 81 39 g -ud 3§ 99
fafdear & st 5 Ugh T O diedl 3§ O dleadT-alecyT Aisd, dfafeed A died, Hel-uigere
HAfee JoT Sig-3nfefe diset P &1 v fohar w21 |rer & I8 «ft serfan o 2 5 59 voR 3 dfea wRawr
Hifaa aiik yafaxefia fofat & Terre g 8 dad g1

918 ol : g e, oK Aisfelt, ST Tiih!, ATChT—dTecxT FHIDRUI, TR HRET|

1. aR=g

Sig ffderdm (Biodiversity) @1 312 8-gedt R IUfeq Sftal &t ffderar, o emotar 9
IR 9 TR Uldl g uTforal aa et onfie g1 I8 dhaer TNl o ST dd i T8l g,
gfed @ﬁﬂ'@fﬁ fafaean (Genetic Diversity) 3R Rfefdes fafderar (Ecological Diversity) @ oY
gfferd o=t

21T <t # Sig e 1 HRev b e fRia o1 v 9 11 81 HGh M b SFTHR Hfciad
ST 10,000 ¥ 31feies TSRl [y 81 W8t 81 a9 uRacHl & T & foly foida
AT BT IUIN Bl & TTIch T8 AT SRTIT ST Hep fob febedt aTiRfeRrfcies o H qfRact a1 sIfasy
5 7 UIg 81

o AfSfelT & 7 daet URfEIde B3N o THST ST Ahal &, Sfed TRE0 JITI3N 6
AT T YaigAT | SR ST HevdlT 51 I8 TE 91 3T 5 Uep TR |
2. g fafderar & srezam § o Arsfel S i

oI Aiser fonedt aredfdas TomTelt o1 AETeHe HUTCRYT 8IdT &1 19 fafderdr & aw<y 5 3

ATeer aTiRferfadnt Ecology, SHEET fasE Population Biology 3R 37JIA Bioeconomic BT
Sired &
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2.1 SEET gf diser:
e TR O Afeet =t ?{f?‘&' HAfSd Exponential Growth Model &:
dN/dt = rN
I% Hiedt 3 yRFEATIIT 5 AT 81T & 59 Fee SR 8f, IRg arediadhar 3 GAT &l ardl
Ofelv AfSIeeed Mer ATSe Logistic Model 3Tf8d Jemefarc 8%
dN/dt = rN (1— N/K)
2.2 YA & UREIRS TgY Hisel Species Interaction Models
AlcdI—-dlecsT Aied Lotka—Volterra Model feIaRI-faIdR Predator—Prey et a1 fepsersor

IR &
dN1/dt = aN1 — BN1 N2
dN2/dt = AN1 N2 - yN2,
&l PR 6 ST, fABRT Hf ST B

I8 Hieel AT & fob IFI SHEEIN Uh-GaR R R 8l Jgad a1 8|
2.3 ﬁl’c’[—‘-ﬁg@f?ﬁ HfSeT Metapopulation Models

HeT-UTgele HiSe I USIfdl R AR 81T 8 Sl Blc—BIC -3 [ H 1o
BIcht
DT o TR &:
dp/dt = cp(1-p) - ep

3 Afed ¥ I8 TN o Al & & e gonfa & Sefarfas st & fog 9 9 &7
Teeaquf 2|
3. 91q fafdera sik wafaRefia get ot Mftdiy Tedey

iUl Hisel Sia fAfderdm & arer—mer wiiaRviiy gedi o S duEH, auf, TN &R, q[
SRINT YR 37T —2pT T AU &1 ISTERI & foly, STefar] uiaci ol oid f[afdedr R e i
31dheT JHIBRUN Partial Differential Equations P HIEIT I 3ffATh fhar ST JapelT B
e ot v oIk T WR 19 fafderdr Joais 8, a6
9B = D 92B\dx2 + (B, E)

TR I8 S a1 S FebelT & 1 QoM™ # gig a1 UuT A aeera & Hier o9 fafdgdr
uRafcd gt gl
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4. g fafderar ERemT &g oK Aiser o Iy

oK Hieet fifora Fofar 5 Fecagul sffiyet forar Fad &:

1. Tl & fagge 8 Y sifasarolt: Ser-uigele™ Hisel gRT I8 ST FRIT ST Had
& T St yenfaar sifde Sifes = €1

2. TRIET & T To: At I8 aiRd o 7 Aeg axa £ % fat iimfels &=t F wvero
TR 3Tfee grdt 8|

3. UGHU FARIAUT; TSyur- ST HeHe e Hisel Pollution—Population Interaction Models
g FHET ST Hebell & b TeuuT &R H H1 4 Sig fafderdr H fbemr e & e &1

4. S Frafikor td GHTET UdEH: IRIgeHIMG Hieel Bioeconomic Model M
TG & Fad SUIRT Sustainable Use %‘g’ﬂ@?ﬂ ATOT IR B
5. ¥ ¥CS! SaTevul

5.1WW@W‘#WWWW‘#WWProjectTigerW%
ST qTEl hHT TAHET BT 3Mhe AlCH-dlecy] Aiedt & Faed wu & fbar w1 8, s
fIPR TR ATIRT & dter FIY BT I HHT FaT|

5.2 st o9 fafderr Atsfel fie 7emrR &7 o Aufedl & wofadl ® agaHiHD
HISS BT TRANT IR Ig ST 1T o 31T &b HSell U TSI Hger H SRRAT 31T &

5.3 Setarg URec TTe HigeT wRd & ufgH! a1 & § uiRfefde Hisfert 3 urm wi &
A | 2 °C & gfg T IHTER TSIl ot [Afderdt 5 @ 30% &t fRrae & Fa! gl
6. aRRum T4 ==

ikt HiefelT & TN | o s e 8 &

Sig fAfear & ged TR B AHHS B F AT S Hadl 2

TSIl & ST Hejelt ol Feienvull & ATead ¥ T fhaT ST FeelT 2|

RETUT AIIT &b TTE BT GITTH ST ST Hee B

T Hiedl ¥ uIRRIes Sge a91Y 3@ &g TaTeH! Pf 38aH SUIN H94 8|
TfafeRt @1 rdeaTferd ywmE | R ft, angfe FFIcee daial iR HHAT gieer (Al) &
TN I g7 H91371 bl Y T ST GopelT B
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7. T

St fafdear o1 TReuT IS AHGdT B WTfie raedddr g1 Moy Aisfel 3 fem A uw
IS 3R THETd AR Ue declt &, ST aIRIEAfIDRT et BT IRATUMHS ©U | BUTART Bt
gl

IE 7 A LI STIHETT BT ATEIH &, dfed i FHfarsi iR wafaRufial & foig ff tw
HEeaqul UGN & |

afosy § 59 g3 af i iR o SeT a1 AN 39 diedll § &R, a9 wid fafdedn
TR & AU 3R off Tt fosgarorr |wa gt

8. ey

. Lotka, A. J. (1925). Elements of Physical Biology. Williams and Wilkins.

. Volterra, V. (1926 ). Fluctuations in the abundance of a species considered mathematically. Nature.

. Levin, S. A. (1974). Dispersion and population interactions. American Naturalist, 108(960), 207—228.
. May, R. M. (1976). Models for two interacting populations. Theoretical Ecology.

. Tilman, D., & Kareiva, P. (1997). Spatial Ecology: The Role of Space in Population Dynamics and
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"I TSR | Pierer [, fHem vd FaRed & R & Uk SIFRedr B
3TETI: Searg URac 3R 39 fafderar & afsie
(Feart fSrer @1 A9y Teef)

3T 9aR
anegreff

<fdferer FiR Rafierey, e
anjanapawar01011987 @gmail.com

* KX X ¥

'\H'I'\’(Abstract)—WW,@WW%W%‘?WW%Wﬁ%&ﬂ?&ﬂﬁﬁq@ﬁﬁw
T 2 3R ORI B0 | HY IR St F1ed! W 1R 21 Ferar] uRec & HRur AR 3 98aa iRk i fafdear
5 T I Sia 3R SISt BT HHIRT R 8T §1 I8 eI 300 ITREATSAT $ FAG W AR & 3R
DT I Do e, farer iR FaRey & TR & Ui STdhal & A1 —HTef Ferarg gRec 3iiR S fafdear
& T TERT 6 AFReEdT & Jedidh BT B
deoT 3 ORI /T

o DI TR H Al T 43.6% 2

o e F wafie WR Je ugd 18! &, oifdd S fe 7 fiRmEe &

o Y YIS Bl Ugd R bR HA 2

o ARy UNATH & U TFReddT 39 7, 3R T H g fafedr S=emo afafafeR § wriiert Hifid 21

o 3T & IMYR W @ Y M &, I Fad e 3R Serarg sgget TeiiaeT ol ggm@T <

1. TR

AR H SIId] T A BHeT H U Haamieler iR agaar v w81 81 <e1 Pl et
3SR 71 haet o AT qron, dieplas iR fde ygam W& &, dfcs I8 wafas
TETEAT & TRE0T 3R URURD ST & TRefor & ot Fecaguf et fFarh &1 0 € ST TE
4 IR S A9y ®U ¥ gt el & UrRmEe 3R FaTel! e 7 far dell 81 IR
TR 6T GO —ATfed EaHT RN diR TR P, g9 IcaTal 3R T 9 1R 3Mmerid
&1 I Sie 3R ATSHHfenT b TRich A TR IR IR0 3R ipfies TH1EH! I IS gV &
Serarg SR St At o1 daef

IRAT TSI 1 3T denT & B0 I BT LT &, R T T all ol Wil, I IaTai
1 | AR IRIRS ey eMfiiet €1 57 HIef &, I Sita H T Sia fafdegdm a=edfd, ag-
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el 3R sitwefla diell &t Tecayul JfHeT 71 aaaH T H oy gRacH o {6 sifafia af,
T, 918 3R TRT HIH DT gTAN I HiY IcuTeT 3R TRIRS Sfia et Bl THR HY J gATRIT
IR B 5 39D A1 & g fafdgar 5 fRae, fGeves aaedf iR ggufa 6t o+, e a9er
& YRR VLR, T 3R ATSiifdepT T dI HIfHd 9= @ 2
3 e H I 31y AEcayy! 7, Fifdh I8 dhadl AT — 3T e I farem aiik wameey
T HifAa 981 &, afcr I8 39 919 & ft usare axar & & aRe TR 7 oterd e, e
3R Ty & Uit SFReehdT e bR Ich TITaRuiiy 9, STerarg uRac iR g fafderdr &
Tfe Heereferdl | YS! 83 &1 eI Bl I23 I8 FHHI & fob b YRURS ST, UTepfcieh FETEI
& FRETT 3R MY eh fRI& TAT TR AT Dl STFDBRT TSR b T I H TN < Heelt
gl
S 3TETI & HIETH H 7 DIl IR TSR bl g FRAfT T f%eiwor 81T, Sfcds 377 falg

Ot oA ok gema off vRga fabg STE, S feen, TRy SiR diedt fae & e ¥
RO SFRadhaT 31 Sfia TR &l S9d PR T |
2. T & S5

1. IR TSI H Pieret [, foem SiR Faree ol ac™ e o1 Jedia |

2. Sarg uiacd iR g fafdedr & ufch TRy 6 SFReddT Bl faisur|

3. TRHRI AR 3R Tfereror BRI 1 gHTaefierd o1 Jedien |

4. STRRGSAT MR Ta13tl & TR H gAifaai|

5. SaR] 3G DIAe SR Fad THIE P oI |
3. e &7 iR ughd
& ISaTT forel & UreHe 3R farett scife|
G
UHHET — TSI, SR, JAYRT, qAGs, TR
A& Uglcl: 300 SRS TR T8Taet! e thice FI&m
<cT TwE: foit, oy, ferm, der, Sieret ufierr, Fareey Jarsl f ugd, Saar] 3R Sia fAfdear
ST
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Sietaryg uRed-—daet oy
"1 SO BTel b N1 H§ AT § g&elrd ol 872

"SR 3D HY IUTGA IT JATSTADT IR HIGH F qGeld BT T91T TS 52
"1 1Y STy IIHe ebritep AT TTRNETUT T SUANT el 67
4, SIfEIDHR foavur

aIfAeT 1: STRSIATRA @7 folTT faaRor

fefT & afaera (%)
g3y 160 53.3%
Hfgell 140 46.7%
El 300 100%
difetept 2: 3y fareor
3TY e (av) T mifcierd (%)
15—25 80 26.7%
26—40 120 40%
41-60 70 23.3%
60+ 30 10%
El 300 100%
difeiar 3: fder «R
farem &R AT gfderd (%)
MY 90 30%
PIBIEEY 100 33.3%
qeg i 70 23.3%
SEAC 40 13.4%
Bl 300 100%
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5. DA fadrg IR Terarg sFger

A 17 AR =1 Hferor form)

Higell FEHIIdT 43.6%, 24 56.4% |

DLt H MAA 8: R, F1E, P dhiih, STl AT, T@T/ 1 99|
dfeet 4: Pieret Hferor 3 folr smenRa Tewfiar

feiT T gfaerd (%)
Higell 51 43.6%
N 66 56.4%
o 17 100%

fIRANOT: — STefar] STgget dieTet TR FHERT Bl T STSiide! iR SIEH Jag & folg Jer
ERIRGIE]
6. T iR STetar] SFRedaT
flem & e TR 6T uga el 8, W I e 3R yfavor Qe Bt HH
62% TR Serdrg aRac 3iR g faferdr wxemr & 7aca $1 T9ed &l
difeteT 5: e 3R STerary STFRaaT

iG] e (%) | Jreafid (%) 5= fem (%) STetearyg STReenel (%)
gehl | 70 45 20 60
SEN 68 50 18 58
WA | 75 52 25 62
TIPS | 72 50 22 61
;R | 65 48 20 59

7. T IR TAGR] T91E
STefary uRac | Fefed SHRal: T, 7eiRar, <, et A

Y T3l Pl ugd HifAd |
qIfcteT 6: TR AISTIRT Y SATHBR
| HeEn gfaera (%)
SIIECIS ARG 123 41%
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3GIR / geic 60 20%
At / e 66 22%
7 / Reer 51 17%
o 300 100%

f%Iur: Serary Haeefier TaRed IURT SR SIRReadT &l JMTaegandT|
8. grilfcrar sik ArTIfoIe arem

TR Bfear 3R e Gare|
STefar] URac | T $iY 3R Srsiifae|
G feRufier STRRadhdT | 41|

9. goIma 3iR FHEE

1. SISTaRY ATIHel DbleTeT TTRIET 3R A SATSH el BrRighH |

2. qrfeterall 3R Jaral H wfaRr 3R Seraryg e

3. TR ARSI H SeTar] FaeAefel Iur|

4. T Sig e TReor g 3 T & R |

5. fefSicet ATezMl 3R TS STl BRIGH! & ATEdH § STFBR! $H TR

10. ORI / sy

IRAT FISH W Dlere, 18 3R Fed SIFReadl 96 Bl 8, clfh Sielar] uiRad 3R S
fafderar & vra I Fues &1 e T 81 TSR @1 Jad IR Sear] IgHa SR & H1egq
3 AL T DI STALIDAT &
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"IRA § Setarg IR & BRU T4 M 8g TDRITD He”
Sf. wiidt oMt ( rfafr fagm)

THTHAT Pietol IATh Tard el
e NHFRIG ATHHR FITHR
eI, SSamt

KR XXX

HRI&— R § Setar] uRac e TR U6 e ST 99 71 | oS GRT qafaRul, Aa e, Siel Sare
Tq arefegaer g 81 %81 81 g H §Y e Rt 7 R wfaR b ftiget w1 g fahar 81 et
gRUIT Fa%T 37T <91 H 8 aTeft TTpfies amuerst # fRaR gfe, Al v arom uRRedH & wu 5 aRefad g
&1 31T 31 FHRIT $ UG A A9 Siia Pl Heperd R 5 ATa Gl 3R T 81 o7t 3 TR W= U SicRTe
STy FSI g Taq e dedy & Jerd | 39 TR & MeF 8g YA ) 9 @ 2

39 PY 37 GAfaRui Tt | fues & folg fafas T SRy —aIeHT &l et & arer, S =ife fHmfor
& Tqrer 8 ffds STFRethT BRI & fhamaa &Y 9T 81 9P 3TeTal YR Dl 39T 371fAd Junfay 3
AT G & IR STgger PR DI AT &, FI™ <21 T T fIehr &1 Feb | 31d: STerarg uRact § 97T
3iR Stafafderdr o1 w=fard axe & folg 8% e TR a_AT 8N 9 39 TRT B 967 | A 8 THRIHD e
4 UIRT T DT AW 1 IR NG UF F Sy gNacH & e SRl don FeM 8g HeRIHS $eH Bl
31egg o T |

RATaT

STefary uiRaci T 31ef & gedl Bl Selary § ad THY T 8 dTell URac s — J9HH H gia
1 B8FT, 991 H I, % H Slel TR BT FRAR 91 3N | I8 URacH Ui HRUIT &b H1ef
& e A AT & BRur ot 81 38 81 wfaRr gedt W UThide wU § UH FarE a<ad ol
ST TR UHUT 9Tes T H 318 & STUfET JHeIfc] N St S, IR Ud JaT & Hifde, TR W
Sifden it 5 Sraifesd RacHT o Tef¥id AT 5| T2 GTaRur ol Jeel T JIicgel ©F J 1
PR dTel PR UGHD HEI 8, Sl b AE, Sfa —SIgal T JEIIAT DT ST T PR &
3 ST SfiaT STy aR, J1YE TUT SRR B ST &

TP 7 B IR Tawy A Tipfie STeR S-S, fY, @S Ud aeRafaal Suered
AT &, TR fIeTH g qaiidh! I 5 e fqemarees ufohansit S —Sieieet gfs, sireirfia,
TRIGRUT AT MefTehianor § 39 Fafervr T guid: 78 o= 37 8| S} HRUT 31T ygfa=or 7 —a1g,
AT, o, fasteft fRAT, &7 g 21fere anf St JmueTen 6t e et o <& 81 3799 Fue &
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o fafder gafarofia srele™ S - RIge! 3fieier, FHer sarel, JMeied sanfe i W, foas
% TmUT § Ffth et Fh |
Serary 9 & HRUT

I B1S9 IN1 T Icho — A TN S —P1ed S8 JNTge, HH, A8cH JATSS,
BRI HARI Bl S H Ferdrg uRac aidT 2

Sttagdl & S J - R Sfiaedl S — @1gell, Uciel 371fe & Sterl I STerdrg, aRec—
Bl &1

aiterienRor — Tt SE 3 AR 4137 5 e atel g g NS STeT 3 Siefar] giRac
Bl &1

Al BT PTS — 3TN 1 DI ALTYY DTS 81 I8! &, FHDT THE STerdTg TR ISl 8

aTEAT I B Tl UGNUT — aTe! & Fehet aTeTT 37T STefary ol HHTAd el 2

Y T YD TGl b GRT — G Dl Wt F off HST I o1 FH{07 811 8, S Sy
EIRERE AR CRERG R

TR — TRI & I g Sfae Seft & aRacH & Setarg aRad i 8|

HIRT YGE D HHT — FER | HAT I 1 107 B 8, A Serarg uRace dr ufsmar
T e &

Serary giRac BT 9fasg W gHIE - qfarer Heuu § HiIsy R gS dTet HHTE! Pl Beul e
3T fIeR® g, FAIf% USWul § SR gfs ¥ A F SATaRior &I BHT 8l Fabdl! &, TS URd P
fged, IR & oM § STt Uag &l FHIEI T Wi UST3l SRi— Y&, 918, Tere!
&1 T BT TR, AR ST 7 gfe ¥ gedt 6 T=a-1, Hmfels fafd § gRed= vd o+ -
Stie R oft Have 317 A &
AP TR R g ¢ T -

1997 ¥ FIIC! Ml § aTdTasul ¥ Icue 8IFeGRS I & IO Pl HH B & YIN
feg g

qIfeaet Meldld A MM WA & faees & o™ & folv fafdsr e o afwfad wu d
TRIN &% 1 eTTg &F B

R wiite & 3fde qroam @ 2 it Shie § 31fdd T se o Y Jara! @ s |
IR Iy TR W U R S ) B
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. 1991 TAIgeT SHURMHC HiAfeld & gRT Wt Sietary uRecH, T & fdeed | 8F areit
TERITRN & RIS &g TINT {3 Y|
TR = RIS gRad BT AhT b ]%Q NAPCC 2008 (Nationa Action plan for climate
change) SFTRIT @ 39 UGeM $9 & ichIa fIf9s YT fhd | g fafdsr fem S - A9md S
e, Aeet TieR A9, M H9 BR g2=a ol Sithfaa=T, FeFer #i9 $f3ar e anfe
& GRT TdRg YA Pl HF a1 & foly fafes T {5 91 32 81 9 2015 § 9RAT 9 HiF &
TEINT T 39 TleR VRN §91-1 37|
SeraTg UREcH & el Seae oM fSe ar] UuuT &1 FRIAT @ & foiy Afgarst &t e
b St Rieiex faaRa fdr 1, B T fOgH $ a8+ &l U R IR SR T TIT| T8 9Rd
9 T I IS MG DY TGS qHIGR S8 Wi fhar ST B
AT
STeTaTyg T GRIGT - b folg faT bl e Teb AT & T AR H SIFRach T 9 2
forsd
UTei Biet | & YR H (ST BT J1dT & Soft 1937 T &, TR Dl S Pl &=l J7 Bal Sl
& T A9 gail bl uTT ol STt & R 37151 b AiTieh I H gral MIgpiie qaAfavur b1 ugyd faa
ST R8T 81 §7ch TREIUT g AT aRT dRlel w0 T b St 8, $39h arasle 1 Tguur i ferfd
JATI I §S &1 31d: Tosepd & U H & ST Feball & o Garfa—ur ol ugfiid avet A #177g & foreR
g1 3R I Ugfd wfeRvr g g 1 THRIHS HU A THIAT PR 8T 81 SIerdrg IR &
3rferaier HRUT AT T 81 SH@! b1 SR WA B A1fey| IS 7 I9 <& 31T
Siterelett 3R faera Area # uRac =&l foham ar SHeT gTa Jfasy &1 Uil & fory fammersrr
B FadT gl 3T: FAN & &R Afh D THRS B F TN - 81T
g
139 & FT AFRST GRT 3ferd ¥ 318 Ardst(~e TRas & HEH! BT TN BRp TSIl
6 TERAT P B IR Tl B
2 SAIHROT IS ST —HR Td Ua= I9T & IUDHRN & TRANT AT |
3 TR & 3MUfIT STl O A1 1 IR UGEHT R AT BfHhel DT & HART FReh SAetary
uRacH @ Efd ax T B
4 GRS T UCRAT P SUAIT Pl quid: IS HRAT TAT R BT Gdehul BT
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5 g1 Pl HeTs B A R 31D I AfeIw JeRIUUT Ry AT DT HH TR Tl 8
6 qTaRuiy fRIa Seh” UeNUT i FHRATRN o Tfd @R 1 STFRads RAT| AT qfaruiy
PBIIAID! BIRAT H AL FRAT|
7 YSRAl & YA DI guid: ufasferd axem @y |
oo It -
. <. g wifams ‘gafaror @il , aGRERT Ua1eH, TREYR|
. . Seft I, ‘afaRur sreTRE’, A1 A ufecihe™, TFRTI
. Irea ITott, gafaRur e, s ufearfen grew, =¥ fREh
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" Serarg uRac: Aol ga qHrer”

HESH HIede (arfiey)

DT BT I, ST

KRXXX

TRRITET

S HHI | Uil H il I Tl Urepfcies B e & foly T grkdt & 78 81 e § el
B TS 2

STy uRace ard H U A3 gerd! 8, aifeh I8 BN HIRH P Ued, Wre I iR
TIfaRUT AT SHg-<igatt df ¢ TAM &R 31k nyd v | UIfad o 8T 5l 3P BRI IfAH
aEE A gig 81 @ &, a9 ifdeR fed B €, 9% & 9 &R 98 6T & IR d199 & o7
g §¢ Y81 81 g [T fiersy 1M ScaeH, SN fd Sfared oM Sior™ & 36 S911 &l I8
PRI & 3R Ig AT anffen IR TSI SRIATT3N B ST 8|
STty IR & THRT HRIT. -
(A) I TAffEa:—1800 & or@ & & AMd fafafet S fd ®er, da iR N SN
SHTeTed $69 1 TAMT, T1 BT BICT ST, JTRN Dl FATIAT, UGN BT 91, TeTdrg URac bl
I BRI 5 T 9§ T U ¥ Efafaa afafafert afie & -

1.5fared g8 o1 Se- et ST, gRas iR SRl & ol dria, dd 31k i e
Y TR 3D PIeT SIS -3MaTgS (C0?) 3iR 3 Hiersw I &1 I BIdT &

2. ql & BHER-US P SH—INTASS DI IV IR g1 9 US] D BICT AT AT
ST & oY, ITH ST Pl Sl$—ATHATSS aRJHSH H Geh 81 91l & qAT GRS I LNy 8l
1 urcht 8, O wetieret atfifT et B

3. Py gguTe R P F H (cH?) FT IS BT 8, I U arferenedt ersw |

gl

4. 3itenfies forame— fafer sitenfie afafafemy ok po TRFT S W 371 3T STIRT
oft e N 31 IO FRaT &

5. QERIGRUT- A8 &F A FHOR Tdle o dbic JI &Y T Bl 31fdw @i et &,
RGN R CRE ]
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(B) Sietary uRac & foly STRETS Wik e :—

1. ST fRhle —SaTeTRE faehie arpFsat 7 TRy 3fik ¥ Bied &, oy areers &ik
AT TAaR] aRec aiaT &

2. AR ol A JeAd— GIF DI ol Bl Al F Uebfdd SAR-TG UTd:fd & TaH B
TAIfId R G B
(¢) MersT v {9:— Shared $u & Ta™ I PIe SIS IR HoN St fiFesy i
ettt g1 N gt & ARI IR Ud et dl avg B decl! &1, i GI Dt T Bl Adhes g™
EERIR]
(D) 3T BRUL:— I1 DI Hels, PV R JH B ST § IS9Pl SHIATASS 3R HiAT
i IS J ANEH AR B
o et
(A) FeaT A9 3R oRF ANH:— gt &7 AHH 9 W& &, o oftwor i, arg, T ofR et
T ST ST TRHA AT T3 H gl 8l I8 51 Sotary uRac & aaT AR 5 gedt &1 aroHH
sitermiiaor & a1e | T 1.1 S Sfas 9¢ a1 31 Afde o gfE snjaed R ¥ 81 @ 8
IR T 2023-2027 & T IfAF 3T AIHH H B ¥ B T a9 & oy gd el TR 9
1.5 fSift SfeRTae 31fere I8 & T 1T 81 RA # off G 9 %81 8, fSd HRuT eifeRR e
© £ IR Al P T 8 JET B
(B) uRfeufe T3 @I TR~ A9 H Ifg T USTfoRl & 1Rcd o fly wawt Ue1 81 %@ & 3iR
3Tt PO ST H TH ARG USTdl &b [IGH 8 DT ORI & ST AT @ 38! &, o™ 9 Jd
B P FR R &
(C) % & I WK A giag:— fMRRI 3R 9% 6 e & e § T4 3T ol &R 9¢ &l &
T T 81 H 91¢ BT WaNT 9¢ V&1 &1 HENTRI H Bl SISRATSS & g6 I 31Ul BT
g, fOT Tl Sfial o aIRFRIAST 7 R ABRITHS U1 TSl &, 919 BIe--ST8 3MaTSS U=
9 goldh! &, Al T8 BaId 3P it 8, ORI U BT PH & &1 ST 81 b PHRUT Halel, kg
3iR 3T Pa aTer STdl BT 31U Wt g9 H qfeher Bt 2
(D) @TeT FRET 3R et IMYfF W Y9IG: — SSercd A 3R G | Hlel, a7 g iR aror gt
&I YLt WR F B STy aRex™ b SR A Ue I D Il bl FATRIT IR & g,
O urit Y BT 31R Y-t TR A fiRmae 81 <& R
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(E) anfefa iR Ao SRFFGT: - Y, T UTe 3R Wi S 831 H ASFIR BT JHa &l
T 8| Serarg YR 3TuaTy TRidT 3R Hed T a¢1 Tobcl! 51 SHD T 3R FH 319 dTel, el
3R TRT IR & dTel THERIT & 3RFTT ©U ¥ WIIT v &, O AiS[eT SR §¢ St
gl
(F) AT TR R ADRIAD THIG: — STTdTg GRacr Hepdh RN Aied ATHa TR Bl T1fad
R e &1 TH A Fafda SHRal, derer w7 (S FoRam iR S ) 9¢ @ § 3R gFle
TR R ft FHRIHAS Y919 US & &
(G) oIt YR&T- T ATIHM &b BRT fosTelt DT AN 96 W&l & 3R I gfd W iR off e =
a1 % 5l
Serarg uRec™ | fues & Iurr

STefarR] aRec J T2 & AT Ioll qamT, TAART Fott BT IUANT S Didel I a1 aTel!
facTelt & T R Tt 9 faSTel! &1 Seured, IR SHoll &1 IUTeH BHRAT iR SYANT FRAT A1RY |
AR it Bl UG el &b HIEIH 1D Iroll H IScAdR ITRAN Dl FQIaT AT TN | & IcHo
dTel T HIASI-1eh GRaE &1 GAT HeeT,US T 3R STUFRIT HH AT S SUTT TG ST Hael
21 39 AT A1 3R IR IUIET BT T HH HeAT | 399 NI U9 BT dH P H
TR fAreTlt 81 Sifdes Qe T IUART AR {ehTes Wl Y SUATT g Tt T HHIGAT BT HRET0T
AT o FEaul 81 $B IR U Al 8
(A) TERT I SO B BRAT:— SHa1eq S8 IR FHERT B =T 3R TR0 ol Sl
DT AU JAMALTD &1 TR TR GRT 2030 T 370 el BReY, UG H AT T1a 9
IO T ol D 35% TSR 33% BRAT IR A1 S8 Holt &l Bl 2015 &b 28%
TGTPR 40% PRAT, DI SISIATIISS P HH PR P ol I &5 BT AT BT F I a7 316 I
2030 T% U [l S de Pol AT DI IcHT Bl PH PAT 81 refegaeel Pl Bl
T @1 2030 T@ 45% HH IRAT, Sl 2005 TR A 3AfH gl 2070 TP A SIRY THIH &1
A TH BT 8| SHY argHeel H HIS[e 31l UR Thicl I BTI+ehIRep URTeRTT fehRUN H ST
SIS f_o, T fauT iR TaT—X & ARt Tl ot S1uTfads 31 i et oRal GRT RYat
ST HH 5
(B) ITRIUUN 3R a1 P TREW:— I B R I T IR a1 Y s d APA1, B
SERNTATRS Bl JAMT PR H 7SS el &1 TIR < &b AT Terat sft 7 A1t st 7 a7
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2024 7 95 ggfarur feag & raeR IR Gt ARG B My Bharat TIcd & J1899 & 2025 & faU
Teh US HI b A 3THITT H LA B4 & folg SR foham 81 39 S1HIT o1 2 H1E Bl F1
AT IR qIfaRoita fERRAT & S 1aT ST 81 319 AP 140 RIS I 31D UST DT T ST ot &
(C) TR FEIIT:— AFaar & T Ao Jad vt 3R TR gHIfal 5 9 b & IR 3
STFRaehdT IGT & I U 24 IFCISR DI AT R H RIS STefar] giac foRielt fea w#=m
ST & AT 3{1aeen et FHfor bt Sireft 81 18T 1 feTenr Sefary uivac 4 fdes & fey Jismm
ST BRI, S T IcHe & P! & &g FgiRd 11 TYh o 3FHRBT Dbl FRRAT It 3
TENT IRPR P Pl IS8 Dl DH PR P oll Pbg Hecadhiall a8y i & 99 2030 T
100 HfAI I TN Geh fastefl, 2035 TH100 T YT IS a8 HfATET, 2050 T
IE- I IO S AMAA 2
(D) 3FIDHT: Sefar] UNac & HHTal & 3Tdhel B o ol T ST, S fob AT &1 i FRam
3R P HiY ygfan oM
(E) STefary uiRacH WR eI R A1or1 (TIUURIRT) It Stefary it o fol e vl Hem
PRt & 3R SH TR Soll gardT, i AT, Siet fedTerit urRfRRfAdhT &5 @t a91T a1, s8R
AR, e PN, AIa Taed 3Mfe & fafere &af 7 e anfiet &)
(F) S SITReehel] : SIeTaR] URac & H—TTa o Ui IS H S SIRReehel AT Ueh Hg<iayul
HeH g fem, TME I, ATed, YIR-IRIR 311 SYRIT & H1EIHT | S STRadhdT T ST Hebai!
8|
SUHER

Sieraryg aRec gR THT $T Had TR AR 7 § 0 8, oifhT I8 U el Tt 1 B
S FepT FHTET AT 81 Hob | AFYfadh 3R FRAR TRl § 89 9 gAldT Pl JHHT - Havd & 3R T
RIS oI ¥errs wiasy a7 fmfor ax Fad 81 3ffe Tear, MigdifidhT ¥ FamR iR ude IR
SRT 39T et T f1afe axah &1 &H Siefar] URec & fa1erpRT TTai &l 9 R Had & 3R
geft 1 9 bt et & folg Frfer w Fadl B
<ief ey Tl

e https:/ /www.pib.gov.in

e https:/ /www.startupindia.gov.in

e https:/ /www.greenpeace.org.uk
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"SaTg IRE BT TR R TH1E: T [Tuneis e

<. TTe AR
T UTeggh
R UICIGR ARTDRT FAITD R
weIfderer, #g (4. U.)
éﬁﬂ: prachem_more@rediffmail.com

KR XXX

RIS~ STeAa1g UREcH hadl Javul &1 Hhe el &, dfed I8 Ad T TR TS dTel THR HH@! 1 ot HRT
1 IRT S LTS ST aTet <2 X Serar] URacH & SIE 3R fee U &1 I8 o1edvH &7 U § 9Rd
5 SIeTaR] URacH ¥ Scue T FERATSH, SR gledd, Hehrdh I, a1g UGN, AH{D Teed, iR daaefid
TR TR 5 UG T fA%I0T HRa &1 eI BT I A YR, TR T 6T TIRT 3R I TReddT
P! QI B

1. TR

e TR R Terarg aRacH T [a-ret A a9 gdT 81 ggal duEH, fIfd awl, a1g,
T 31R UTpfaies 3MUSTS 7 dhaet ygfeRuiiy Hahe Scusl el 5, dfedh AMa Taeed Bl off wegel
3R TRIET ®U | JUTfId Peell &1 YRT DY AR AT wu T FIfee &, T TeT Hl < STae,
e STerary, JiR ATTIEH—3Meie AN $31 SierdTg UiRacH & Ui 3Tfeie Faameiiel st
]
2. MY USQ

o foiioe Tl W menRa (TReR RAE, WHO, IPCC, e oRkg)

o TARY 3R YIfGRONY TdS! BT %o

o Y TS (S Elcdd, Fell N, S, 918 § WHIId &)

o A v (R 3R ISTFERIY AN
3. 9Rd ¥ Searg aRkacH & W R THE
3.1 d9HM ¥ gfg 3R gicdd (Heatwaves)

o WRAH 1971 2019 T 17,000 ¥ 37fAF AN Elcdd ¥ AR |

o 2024 &1 TH F ardiel ITR T H 36 3R fIER H 21 Al T &l TS|

o T ¥ R uwIfad AN g, FH0T s1fie, SR TRIe o & A &
3.2 IRY UGN 31R & AT
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o fE, PAR, REAS SN T& H PM 2.5 HT TR WHO THD! I H3 AT 318 8IaT &
o TUY IRUHT, SipIsied, g U MR IR SRt FHIRAT 1 @Rt sIgdT B
3.3 SshMa@ I ¥ g
o TN iR auf & Yt o SeaTa § 7, FeIRaT S A 319 S & 7 oft thet = &
e 19511960 &I T H 3T Aedes FTBR & folU 3TggHet URFRRIRAT 85% T3 &1
3.4 - ferRar
o TG 3R SITIRIT I &9, X 3N cIghigs St SHIRAT 98 &l 2
o ITIUT &A1 F gIE YT Dl HHT | =1 31 T B 2
3.5 AFHS TR IR YHTE
o JNfEDH AU 3R 3T | fSUeM, T1@ 3R cHseT $f Wgf<l 9¢ & B
o ¢ 3R fAFATUT & 1 PTSD (Post—Traumatic Stress Disorder) & ATt +ft A 3T &
4. FaeTdfter SRR
o I ARING & H HHI P DR T TR HSHUT BT 37 T
o TE: PUINYT, SRRAT 1R S A & UfA =1ferep Harehtar|
o TfRATE: DT Y HHY 7R D SEHAT b DRI STest AR Siera! 2
o TR 3R TARA TR 5 DT SRRET, T Dl HHY, T TN JALT3N DI SFaTH|
5. 9RA H fe iR ufaftear &
5.1 TRg oMY SR Tget
o V¥R STy uRechH e
o U FRLY 3R Serary uRRacH e (2018)
o T TR BT T §H (S ToRId d1sel)
e IMD RT 37eIC eH 3R HI gafga™
5.2 gHIfaAT SR Hwmd
o NSl H URY JHEAT (NCRB, NCDC, IMD & 3fTdhs Hel -Tal @) |
o T SATHI H R UTTett &t |
o IR [T TUNTSt § TaTel iR ufdreror 6 HH |
o DPI-aCIe TR Y ATl (TR, TRy, TR AHRT oS far & dremar
Bl HHY) |
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6. AR
1. Fdl SiiepeT GIE0 3R RS
o Blcag iR I | FS Aldl BT D Jeie |
2. YRS Jara- Horeht (Early Warning System)
o & el d M, S1Rer iR 16 & folg gafg = a1
3. T AT HUITet T FAfHPROT
o IRUAA H @R Piclt, G Sargdr, ufaferd o
. qHETR® SRR
o Tpal, TARIAl SR AT IR H SeTary iR Fareey uR uferer|
5. i T 3R IrgHe™
o STy i 7 T Bl EIGRT H M|
o eEfoie FeaMI iR A frmfaren & S Tsar|
7. oy
STefary UREc WRe & T &7 & JFF THR Al - IHT 81 R FHY B Sfad
P T8l ISIT T, AT 37 dTet a8 § YR Pl 7 hac TARLY Hehe, BT AT PRAT YSTT, Sfeh
I8 anfefes, AMIND IR TGy RORAT @l off gHIfdd x| TRy T &l Jiaryg SIHa
M, il § GER &, 3R TSR 96 &l dcdhlel AT gl

. e
f3e FTRT TG (WHO) — STerarg 3iR ey faie
TRA A e f9rT (IMD) — gieda St
IPCC (Intergovernmental Panel on Climate Change) Raré 2023

N

e o o o @

TIReY U GRAR BTl HATAA, YR IARBR

International Educational Applied Research Journal

294


https://iearjc.com/

DI EAR]

I Rosied Resesech Jourma E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

“STeTarg IREc DT TR IR JHE”

. Tt g

arfafd fagm
ARFD T BT AR Seart (A.9.)

Email — monududwe @gmail.com

KXXX¥*

HRIYT- TR BRI 9elTs, et 3R Siiam A= o H1 Poil 51 I8 371 Tfd iR Icuraandt & folg ot
Tecaqul 2 forelt cfth 1 AR IS HRBT R R 8 T 8, SN IEH! 3™, Sfd, fof, g, diver Rifde
fEIfRIT T JMTafedhY, eeam iR g8 @l vear 81 @afthrd fRdey iR T THe TRaF off cafth & wareey
3 it (ATt 81 Serarg gRacH a & Eareed of Hff 8 TR I U9 -l 81 STetarg IRac & SHRUT, SITaT
T Y, 913, T, G MR Sl Bl AT SR TR HIH b Guh H 3 oo €1 A "N SR, e iR I8l ao
o AT &1 BT ff 57 Facl! &1 STetary uRect Hiet iR fbert gRT ther ateft SaraT f=1RET @1 +ff 5771 < Fepert 2,
3iik I8 &1, Ut 3iR o 6t qure SR GRa BT FAIIT R ol &, O s RS JaciRaT a1 arRIRy & TR
off aTfiTe B b 31T, STerary URac | S @R AN & AR TRy | S99 STl Havd 8|

SRy URacH d TR B ds ke J HATRIT ral & , o i & waferd dmiRal ofk |iai 4 gfg |, arg
o H fiRTae, HehrTas M T TR IR a1¢ I JHH ST -9 AT 8 g ey SifeH aifie 81 9gd dfdd
AT SR AT & fASIST H 9SetTd & BROT o 3R TR AT 6T gerel 6t TR 93 & 81 37 genmsi o1 9Mg
T TR U&T SR ST U TSl o1 SaTe_vl & foll, ST AN il F97 Teb I A9 & |G 4 & &, al
S72 T & B arelt AR ofik i & HefAT g 1 AT AT U W | |

Te TTE! & ST, STeraryg URac iR TRH A1 i T ot SR H uRaci ol HROT a9t 8| P8 SHTRAT
S FeeR) iR feaw (e daer avgl ST 8) S STfad Swrami gRT thets 3iR therr$ et 8, o 831 § Sarer o
B e 8| I SRR S gER ok FeiRar anfie 8 | s St Steraia SeiRar 8F &t e off sarar
ERil
e foig; gedit &1 aToeM 961 (FAee At HIE H 9)T geele (S 918, [T 3R ), T4 & ®R 4 gfg, 6
&1 fUEeT 3R TSI 3FellaRuT| 96T G HRU AR A §, S Sfared e (drae, dd iR 9) @1
ST, S TS M1 T Sche dRd &1 I TG HiY, T iR rfeuawer Afed s &F1 HI J91fad avd |

o IO AIUHM: Affe T H g 8 <& 7, Oy 1w 27 oiR ieda Y smgfay iR cadr g <& B

o TRH AR TCA: I1Q, JT, THM 3R SHIeT I AT SR I=F HIFH! T3l H gl g3 o

o TS P TR H gfg: TIAIRI IR It P AR & e F TS BT TR ¢ &1 2, AN IS &A1 & foly TR

gl
o T P T gafta &A1 3iR WIfRRI BT ath 6T THT H B o1 W@ B
o TSI SFCHARUT: HEHTRI GRT Bl SGATTHTSS B STATIVN H DT -0l 81 6T &, AT TS Sl

REIRRECICIN
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o TMINT BRUT: Sia1ed $ET & STA™ & e areft Mersy I (S o+ SgeiiTass iR fi9F) @
&g PR &
o IY UG Sferarg UREIT Py P ATET IR W8T 8, TR W dlsT S T 8, AR el Febe D Il W& o

R

Stefary uiac @1 dread gedt ol Serarg | Sefalfele 3R o seerd A 8, foeH id
doEH, auf & Y, 995 & 9l W, At ol onfe & gRecdq onfiet §1 8 giac 9@
B H SIaTed 289 S RIS, T Ud TThicie 199 b ST F Icqel Fered H=1 &b IcoH, o
&7 o fiRtae 3iR SiENfIHIaRT & HRU &1 &7 81 81 & auf H g &6 Fag & iaa o=
AR 91 8 3R T% & 9e1 TR 7 off Ifg <t A1 718 &, Oy gafamon 3iiR Sifde 7 W AdReT®
TG US &1 81 IR U F, GF & U ol AT IADT &N & 19 BT G & §AR gedt dHi
STetary T FERr 3R Ao Sger MaiiRa @l 81 I8 Soll garsl, T g1, 3R 37 a
SRT g R 5 IR 81 STl & T2 TeRT—3TeRT &1 i Sefdry bl T Bl 8|

PRB AT TG H gRac & RSFER Bld & o e JR fafdRor 9 95ama, gedt o e o
ISTd, HETadl Bl WRIaddhdl § deeld, Jrasel, HeMFRI, gaa FEfor 3R Jemid g8 qon
TS I T Higl H YR AT M 8| STy URacH b JiaoH! dolT IText PRe 8l Febcl
&1 ST PRDI H SAAAR TUITelt &b HIR & Wil Ufsharati # 8l I8 aRacH e & (SRT &1
SfSHe JRETRT), T8 e8! BRI H PO WPide (S¥: TR Icared J giRacH, gedt Bf P,
ATl foRmIe) a1 AFasa (S 319 8ed M1 3iR oo & Ioe | Jfs) ot 8 gad
g1 PV YR BRP! BT STy H 9gd Sog 81 TG ISl & Sidih $o T B H el ofll
B
e Ted H Sear] uikac

T U H SIerdrg uNacH & BIRUT AT H g, T AT 3R of Pl aeall 7 dgieRt iR
3IA aut ST TR FHRITY ST ST R8T &1 36 Py, St Hed iR gt o o & R
S99 93 & 8| THR - 37 yuma ¥ v & Ay g wrf aomr (sapce) fiafad 6t &, S
8T FiaTart & TeTen= SfR e XU & AT Fecayuf &
ISdH! i Setdg

TSI hT Tefarg § I HU U &1 GRATH <@ I Fad & AR gikacdH iR Sedres
STefary URacd | JreHT afvacr J, T H QUEE 14°C § 41°C & 19 3841 8, SIeih qIRET &b HEH
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4 SHEIE, 3R d15e BIY & & | Sefalfele STerarg uRec G df&ieh BT 8 Sl Sd19q $89 & Sor
Y 30 MEred 141 & HROT 81 W@l &, D SR R 9Rd 5 d99H 5 gfg 81 @ 8 IR 1,
a1 oA A=A HITT Bl Tt 6 HH1eET 98 W@ 8
qfaRuii v qRfeIfadhi aReadH wd 37
Sg fafdgar (IRFEIGHT) IR gafaRer & U@ Siefary] gRadd &R 3fdd Jecayqui &l
uIRfefe! 7 & 2R 7 I IS @s &fduRd 8IaT & A [T 7 U9 8Idm 81 Sia—<ig, dier
3R TfeRUr Toh-gHR WR 1R 81 €, 31R Sefary uiRace 9 ol WerT Icus _all & aifch
qroH™, gut, 3R 3T yafarviiy HRe Jard & |
Sfefary URec & BRI T AHM, JFIMHT auf, F95 BT FR Fe1 3R TPl IR
TIRFRIINT IR g91g STedt &, 9 g fafdgar 5 ot ol § 3iiR urpfce F&med W S99
Il B1 3O PN, STet B, Tl U, 3R Wi Sot e SRf Jarg «ff yayrfad 2t 21
1er &, TIRFRAMDT & Tge o 9eera § diel JiR SIHeRl o gofaal Hac X gl &, 3R
&% IR USRI fAqH 81 &1 TeRT off Siercht &1 399 IR 37 PHeIR Bl 8, Sl SIedryg
gRaEcH & U9Td B 3R TSI 5
STeraR] UREH: I8 HEMIRI 3R 9 R JOHM JQIdT &, 3R 38/H JRH & Y geend &, foad
1S 3R I ST UThicies SITUGTRAT Sl FHIEHT 96 Il 8
TISEUT: TN, hICHILT 2T e &eh IuNT 3R ftenfiep fdfafer, waferur o Jepdr ugar &
3R ATa TR Pl TTfa et &
gl $ ders: I8 S & Pe, 918 3R g=asiial & AT & A1 BT BRI g1 7, S
IR G &b e @I s &1
JMHTS FSIIAT: STar] URac | SThrTeh TSl & TR &1 91T el HendT 8, Sl T
dtel} 3R STHERT Bl JHH UgdTc & 3R STHRAT Bl thefTell 81
Ao 3R TeT Y HHT: TP e IR TS0 | @ iR a1 Fregi i F+ 8 At g, S
TG TRy 1R HeTor B YIfad e gl
TG JMMUST: TTRFRIDT T & fam1er 9 a1e, FEaT iR AR St UTepfaies STusTal &1 Jmgf
9 St B
Sta fafdedr &1 Jear: agsial & Al T AT SR Teuu, Sig fAfdedr & Jdr &1 BRoT
ST 8, O @ e 91fed 8 g
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o TFg FINLY R UHIG: DHICID] 3R 3T USHDI b HUb H A H HeR, &9 Heell FHIRAT 3R
3T T Heell FHRITG 8 Hebcl! &
qReegT

Sy aRacH @1 aRee (STerarg uRecd @ s@gRen) @1 a1ef § gt 6l Jaar] A

Seferfcia oM™, auf, arg SR 9 & Uet § TerRlt uRacH | I8 uRad Uipiie RO (SR
IR TfffY, SaremE faemie) ok g wu ¥ 7Fa 1At & eror g ®, S Shtares
S BT ST AT &, Foas Mere i1 &1 I dedl &1 U 14 gedt & a1amaRer 3 Ue u_d
SRR THT B T ofdll &, R d9H dgal 8, S 9% &1 TR §eT, W ol diedl
aRecH, 3R 3T TIfeRiiT 95 8Id &1 39 URBEUAT & dad Saidig H qeeral bl FHsHT,
ST IFH SRTHT 31R IR e & SUTT T aNTfivet 81§ TRl T SUANT fafst demfes,
et iR, ik vaferuiR stezem = foam ST & A1 STefary 98e & TTal Bl J-Ieh 3Ther
fopar ST S,

o J% YRS 39 910 WR Hiad & & FIT AHART IT Uil PR A8 TAGR] Dl 98¢ 38 &

o ITFDI &1 7T & fb co2 Sieft fi-ersd 1 6 gfE & HRUr geit &1 T 95 <& 7, fSed
BRI 38w T A gfeg 8 < B

o 3 URSEUT & TR, TdTg URac I 3=l 81 dTet YROTHT H I9H HIH I ge, S b
q, IR A g, IR g T Bl o M &
forsams

STy aRacH @1 sy I8 8 5 I8 T TR SR rue TR § R 8 APRITD

aRUT 81 €, S @, 918, T9% BT TR 6T, M MR S1a fAfIerdT o1 JoHam | ST Jhrea
IR & U Flw_uia Sotf, ol &N, IHIDRUT 3R IfaDh TEART ST AFYfed Tl dhi deblel
NI B

STefary] IREcH &7 ey IR T TR 31R MU 81 9 d dTuqH, Mg avf, 918 3R
AW S TRA AR Dl TSN TR HHC eI BRcll 8| TAeAdrg URacr H IFeR Sl 1 o
SIeTaRy & 3Pl BT ST R8T &1 39S felal, BIe F (T H B arefl d19RY) |+t 31fdep A
TR 81 %2 &, WNaR g iR q1eidh o |
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et ATIHM 311R TSN & HRUT &4 T (S SEAT), g W, 3R Terl! 9¢ 38 &1 Setarg
aREcH 7 @HUH 6T a¥gaii— Bl Iuceed 1R o &R it 1 71 STeTl 8, fSas i 3ik
TR DT TIRAT G el 21 3D 3TeAd, 916 3R FE& & HROT YT Y el ERIe aielt &, o
O & the atelt SHRAT the @ @avT &dT g1 AFNe TNy R ft 3961 AhRHS TH1d
Ul &, SN dH19, 39T 31R 3TURTa & §1 PTSD|
ey TR ST & IFAR, 2030-2050 &P &4 Sarg UREH &b BRI TTHT 250,000

AfAR Al 81 Hepcl! &1 SHf STeTarg URecH & T UHTEl Dl HH B D flg AT dHad
SR FFTB Il T STANT, HGHUT TR, Sfef HREUT, 3R Tareey arall Bl FelfcherR ST &
&Y H, Sefar] IRacH A e & folg e 1R @awT 8, {9 T fafast I &1 e
e & 3R S TR gAIfAT B1aT &, Sl deblel 3R Fd TN AT & dTfch SHBT THTa
&4 vt ST ||
<

o oi9e RUIE (2025) — “Countdown on Health and Climate Change: Health at the Mercy of Fossil Fuels” RAIE &
SINIR STerdTyg UiRaci | Fehrdh M, T o Tq1a, 3R QT JRgRET HT T F9T © |

o 38 T TG (WHO, 2024 ) — Siefarg aRadd= T@eed & aHifoe d wafaruiiy FeaRe! S e g1, gefed
g 3R TIfH A B TIfId e B |

o T2 PR JufaTel (2020) — TgfeRvT G WIRFEIIST § Setary aRecd™ oiiR ATa wareed & 6y o de1d $9
TSR AT |

o i, f3A9 7oft (2015) — STy IRETH & TG Jde H TR TR U dTet drdl iR gesrofia Feeft gmar
fqaRur 2 |
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a@s TSN WS  17-10-2025
HRSY =

i1
i
it
H
it

Sietary uRads gd sta fafderdar w gan AR &1 e

qsarf) an W g fen Rae @& Adaer
e aen wefdaren, sar) 4 18 sgae o o
St wfam wdRm va $t ol qoned @ sofeda A
s R asha e e aeior B ) afes s
avw vd yafie yferd st civa pa g g
il v wfwnfiat e e R wn o wraed 1
o s gran smmita sqawe o Ay @ ot
@ A1y aerer® @ ol

wrarl St @l s A svE ggaE o s
adrr s A orerary uiRada aftv dha fafo @ gify
fewa @ W w9A 48 B o wH & Eh @
o ¥ gfd, and e A oRadey, asn ofvdl o wae, sl
st gt Y ad el e aw e e g
w6 o wpf @ W e Wt A ofl o)
Attt wn R &) o1 o oxerary itada g sifto
o fom s &1 w1 &, o8 & e areeRa we d ane
e B al @ we, ofe @ W, afwdia
1 Swarr Y d adaas @ e @ da Rfdao @
il e Al erd wf) et an e ot W @
aft wwre Ry @ fye A snawaa &) oo & woe

A g gra warn aan B AR A gem e am @
s A 81 Ao ok wEr g, ata g don
Rara e, ada Reafaaa (@geh) aga quan
P @)

1 orary wftadsr v dva Rfdam @ e wea
o) e o &Y da R @ A gaa o avk
s ¢ g7 Sva R & ward o wepa gl @
a1 e ) varfaw R we & o da Rfen
@ wemw & Rf gurt a Jor ge s aaeid
o WETa Ay &9 O Riftam w e o was &
& ora Rfaer va oxrar aftads @ aae @ Rg s
qroufie srondia ol @ s o snd aeda wm
v A Rfe Rl & Rea s e gn da fe
o @ WA &)y srar, et & s g
ot G faferon ity ware @1 weEn v o) &) @
werd, wgwer 3 srgfera sfteerdiedt & wrem s ofta
wonfovdi g &1 9 & oen wiffala wgaa Ras @
&1 3 g B S e sk e @ s
&1 7w g sior, s, wree ar, o s gakaefia
Heer ot el &)

International Educational Applied Research Journal

300



https://iearjc.com/

@l EAR]

' it Rt o E-ISSN No: 2456-6713, Print ISSN No: 3048-6459, Impact Factor: 5.924

PRO Badwani's post X

PRO Badwani &
- 17 October - &
Weld e fawa:- “sierarg uiad= ud o fafauar R gon afs R &1 sraeH
Sdll 17 JfdgaR 2025/H.Y. UG I el faHET & FEA-UR Adi H-a1 Heifderad, dsar 7 15
ﬁ%ma.mmwammasmwwmmma
|
af wieaTe Ud Ui SfeRT SY. UL, Tl GR1 58 gddisi gd ufaHial @1 T far
a1 e S, wfaar HaRar gri swefi Igle o ddHR & 3Rd & aR H SR & 781w S
wfdar w3 3o Igte & agl & adur s 1 Siearg uRada ok Sd fafasar 5t g1 fay &
e gal 91 FIHR Wl ¢ 1 9ot & araar A afs, anf aes o ulkada, g oitdl &1 dwe, iR
fTersit 3t et g g g8 e W faas Hxdl § 6 0 uepfa & W oo daeif & &gl 71
e @i foan g1 Sfet S Sierary uRad gHR KT F g Gav1 &9 381 ¢, 9 g 9109 uRuR®
T B AR TleT G| T BT WRefUI, ST T W, iwelia qe & JTaRT 3R i RIS & ATy
ﬁﬁaﬁfﬁ;maﬁwm%ﬁan@w@@aqﬁaw@@%@wﬁmu%mm
TP B |
BRI B WIoID W1 AT FRT SR 1] {5 AR 7 v e aadl & 9 3 81, Rel A6R
Ygrs WeAdd, Fafavvl Ud Hdd [adr SR, ey fayfaenay @ el ToRTd ST A1
IgA R gd S Fafderdl & SicR Heiell 39 SR PR U o Fafdeidl  Fafirs UpR) bl auk
a1 ud 1 ol fafdedt & UoR & 599 Ud U & sftad J wed o wifad v ar € 35 oa
fafaeran & el & fafdr Il &t qdrd gU sMyf® da-ial &1 YgRT ddx g1 oid fafasar &1 wreor
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