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Abstract
Global warming is forcing many species to
ORIGINAL ARTICLE changewherethey live. Astemperaturesrise, some

places will become too hot for the plants and
animals that live there now. Species will migrate
out of these hot areas and into other areas that
used to betoo cold for them. In some cases, species
will not be able to move fast enough to escape
rising temperatures, or there will not be enough
places with suitable climates | eft for themto live
inincreasing therisk that these specieswill become
extinct. As global warming forces many plant and

Author animal speciesto movearound, or causesthemto

Dr. Sanjay Ravidas become extinct from certain areas, the types of
Assistant Professor speciesthat we find around uswill change, which
Department of Geography will affect our lives. All organisms have a range
B SCollege of temperatures in which they are comfortable.

L ohardaga, Jharkhand, INDIA Exactly which temperatures are comfortable

differs between species some specieslikeit hot and
other species like it cold. As a result of these
different temperature preferences, we can predictably find certain speciesin certain places. Thanksto
specific temperature preferences like these, forests ook very different at the tops of mountains (where
itiscold) vs. at the bottom (whereit iswarmer); and they also ook different in hot, tropical placesvs.
colder, temperate locations. But global warming is starting to mix things up. The greenhouse effect is
warming our planet and, as the climate continues to get hotter, temperatures are starting to get
uncomfortable for many plant and animal species. Scientists think that, to avoid overheating, these
species will have to change where they live and move to areas that used to be too cold for them.
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Introduction

Globa warming represents one of the most pressing environmental challenges facing the Indian
subcontinent, where temperatures have risen by approximately 0.7°C between 1901 and 2018, manifesting
asincreasingly frequent extreme weather events, atered precipitation patterns, and ecosystem disruptions.
The Indian subcontinent’s warming rate of 0.09°C per decade over the past four decades, while slower than
theglobd averageof 0.30°C per decade, maskssignificant regiond variationsand complex climate dynamics
that demand |l ocalized andlysis. Within thiscontext, Jharkhand emergesasaparti cularly compelling case study
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for examining theintricate rel ationships between global warming and biodiversity loss, givenitsunique
geographical position asatransitiona zone between the Indo-Gangetic Plains and the Deccan Plateau.

Jharkhand’s significance extends beyond its strategic location to encompass its exceptional ecological
weal th and profound socio-economic dependencies on forest resources. The state maintains arecorded
forest areaof 23,605 km?, constituting 29.61% of itsgeographicd area, substantialy higher than the national
averageof 21.67%. Thisforest cover supportsarichtapestry of biodiversity acrosseight distinct forest types,
from moist peninsular sal foreststo dry mixed deciduous ecosystems, serving ascritica habitat for endemic
species and providing essential ecosystem services. The state’s 26% tribal population demonstrates an
extraordinary dependence on forest resources, with studiesindicating that 75% of rural poor populationslive
elither withinor onforest peripheries, deriving 20-40% of their annua incomefrom non-timber forest products.

The ecological importance of Jharkhand’s forests transcends local boundaries through their role in
carbon sequestration, watershed protection for mgor river sysiemsincluding the Damodar and Subarnarekha,
and maintenance of biodiversity corridors supporting megafaunasuch asAsian e ephants, tigers, and doth
bears. The state’s protected area network, encompassing one national park and eleven wildlife sanctuaries
covering 2.74% of the geographical area, representscritical refugiafor speciesincreasingly threatened by
climate-induced habitat modifications. Thisresearch adoptsacomprehens vegeographi c analys sframework
employing spatia dataintegration, remote sensing technol ogies, and fiel d-based observationsto examine
climate-biodiversity interactions, utilizing Gl S-based climate modeling to assess vul nerability patternsand
project future scenariosunder variouswarming trgjectories.

Geographical and Ecological Profile of Jharkhand

Jharkhand’s geographical positioning within eastern India, spanning coordinates 21°58to 25°18' N
latitudeand 83°22'to 87°57' E longitude, placesit strategically at the confluence of the Indo-Gangetic Plains
and peninsular India. The state encompasses 79,716 square kilometersandis bordered by Bihar to thenorth,
West Bengal tothe east, Odishato the south, and Chhattisgarh and Uttar Pradesh to thewest. Itsdominant
topographical feature, the ChotaNagpur Plateau, representsanortheastern extension of the Deccan Plateau,
characterized by highly varied terrainincluding rolling plateaus, dissected hills, river valleys, and undulating
plains. The state’s elevation ranges dramatically from 200 meters in lowland areas to the granite peak of
Parasnath Hill at 1,365 meters, which holds sacred significancefor both Jain and Santha communities. The
plateau system comprisesthreedistinct physiographic divisions. the Ranchi Plateau averaging 700 meters
€elevation, the coal -rich Hazaribagh Plateau, and the mi ca-bearing Koderma-Giridih Plateau, al separated by
the sedimentary Damodar Valley basin.

Jharkhand’s biodiversity wealth is protected through a comprehensive network of twelve forest reserves,
including onenationa park and e even wildlife sanctuaries covering 2.74% of the geographical area. Betla
National Park, established as one of India’s original nine tiger reserves in 1974, forms the cornerstone of
conservation effortsal ongs dekey sanctuaries such asDamaWildlife Sanctuary serving asacrucid e ephant
corridor, Hazaribagh Wildlife Sanctuary covering 184 square kilometersof low hilly terrain, and Parasnath
Wildlife Sanctuary protecting the sacred hill ecosystem. The state’s forest types demonstrate remarkable
diversity, with dry peninsular sal forestsdominating 53.77% of forest cover, followed by northern dry mixed
deciduousforestsat 35.01%. Additiona forest typesindudemoist peninsular sa forests(2.62%), dry deciduous
scrub (2.36%), and smaller patches of Boswelliaand bamboo forests.

The state’s faunal diversity encompasses a impressive array of endemic and threatened species that
serveasindicatorsof ecosystemn health. Among the 36 endangered animal speciesdocumented in Jharkhand,
flagship megafaunaincludeAs an € ephants primarily concentrated inthe DamaHillscorridor, Bengd tigers
inhabiting Palamu Tiger Reserve, sloth bears distributed across multiple sanctuaries, and |eopards found
throughout forested landscapes. The avian diversity includescritically threatened species such asBengal
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florican, greater adjutant, and multiple vulture speciesincluding Egyptian, red-headed, and white-rumped
vultures. Aquati c ecosystems support the endangered Gangesriver dol phin, while herpetofaunaincludes
threatened specieslikethe Indian python and variousturtle species.

Jharkhand’s forests provide critical ecosystem services that extend far beyond state boundaries, with
carbon sequestration representing aparticularly vitd functionin dimateregul ation. According to comprehensive
ecosystem services valuation studies, the state’s forests store approximately 246 million tonnes of carbon
across above-ground, bel ow-ground, dead wood, and soil organic carbon pools. The carbon sequestration
potential rangesfrom 136.03 to 145.86 million tonnesin above-ground biomassa one, with plantation studies
in Garhwadistrict demonstrating sequestration rates of 205 tonnes of carbon per hectare over ten years.
Theseforestsalso provide essential watershed protection for major river systemsincluding the Damodar,
Subarnarekha, and Son rivers, supporting both regiona water security and downstream agricultura productivity.

Historica anaysisrevead sdramatic changesinforest cover patterns, with comprehensive grid-based
assessments indicating that Jharkhand’s forest cover declined from approximately 49% in 1935 to 23% by
2015, representing alossof 1,224 forest gridsequiva ent to 26% of historical forest areaover 80 years. The
primary driversof thisdeforestationincludedindustriaization, mining expansion, urbanization, and conversion
to agricultural and infrastructure uses. However, recent trends show encouraging Sgnsof forest recovery, with
the Forest Survey of India2021 reporting dight increasesinforest cover attributed to afforestation programs
and natural regeneration efforts, though the state’s 23,605 square kilometers of recorded forest area still
representsonly 29.61% of geographical areacomparedto historical levels.

Climate Change M anifestations in Jharkhand

Climate change manifestationsin Jharkhand present acomplex pattern of temperatureincreases, dtered
precipitation regimes, and intensified extreme weather events that collectively threaten the state’s ecological
integrity. According to the Jharkhand StateA ction Plan on Climate Change (2014), temperature projections
based on the PRECISregiona climate model indicate substantial warming trendsacrossall seasons, with
winter temperatures expected to rise by 4.78-5.20°C and summer temperatures by 2-3°C by 2080. The
state’s current annual average temperature range of 24-26°C is projected to shift dramatically, with mean
temperaturesincreasing by 1.5°C by the 2050sunder Representative Concentration Pathway 4.5 scenarios.
Thesewarming trends are a ready manifesting, with the state recording extreme temperatures of 46.5°Cin
June 2010 and experiencing approximately 100 heatwaveincidentsannualy.

Preci pitation patterns across Jharkhand demonstrate significant alterationsfrom historical norms,
characterized by both increased total rainfal and helghtened tempord variability. Climate projectionsindicate
a20% increasein averageannual rainfall, rising from the current 1450-1600 mm to potentialy 27% higher
level sby the 2050s. The monsoon season, which typically contributes 80-85% of annua precipitation from
Juneto September, is expected to extend by approximately 10 dayswith individual months potentially
experiencing up to 43% rainfall increases. However, this apparent abundance maskscritical distributional
inequities, asevidenced by recent monsoon patternswherefivedistricts (Deoghar, Garhwa, Godda, Pakur,
and Sahibganj) experienced significant rainfall deficits despite statewide surplus of 49% in 2025. The
northwestern digtricts, particularly Palamu and Garhwa, show declining cumulativerainfall trendsof 26-270
mm, creating pronounced spatial disparitiesin water availability that threaten both ecological balanceand
agriculturd productivity.

Extremewegther eventshave intensified dramatically, with lightning strikesemerging asaparticularly
devastating manifestation of climate change. Jharkhand recorded approximately 440,000 lightning instances
during 2021-22, with the state experiencing an average of 436,250 lightning strikesannually over thepast five
years. This positions Jharkhand in the “red zone” for lightning vulnerability, resulting in 3,370 deaths over the
past two decades and a surge in fatalities since 2020. The state’s diverse topography of hills, plateaus, and
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forestscreates particularly favorableconditionsfor thunderstorm devel opment, especialy during pre-monsoon
(March-May) and monsoon periodswhen atmosphericingability pesks. Drought frequency hasd sointensified,
with return periodsreducing from 11 yearsduring 1921-1971 to just 5 yearsin the recent period of 1972-
2021, whiletheWorld Bank identifies Jnarkhand among states expected to experience more frequent drought
conditions.

Seasond variationsdemongtrate profound ecol ogical implicationsthat cascadethrough forest ecosystems
and biodiversity patterns. Thetraditional three-season climate structure summer (March-June), monsoon
(July-September), and winter (November-February) isexperiencing temporal shifts, with monsoon onset
frequently delayed from mid-Juneto thefirst week of July. Thisdelay forces agricultural and ecological
systemsto adapt to compressed growing seasons, whilethe concentration of increased rainfall intensgity into
shorter periods exacerbates soil erosion and nutrient loss. Winter temperatures dropping to 3.2°C in January
2008 followed by extreme summer heet createswider thermal rangesthat stress both floraand faunaadapted
to moremoderate conditions. Theautumn transitiona period (October-November) hasbecomeincreasingly
unpredictable, withinter-annud variability in post-monsoonrainfal reeching 120%, disrupting crucid ecosystem
preparation phasesfor winter dormancy.

Comparative analysis with global and national climate indicators reveals that while Jharkhand’s warming
rate aligns with India’s overall trend of 0.7°C increase between 1901-2018, the state exhibits unique vulnerability
patterns. India’s national warming rate of 0.09°C per decade manifests differently across Jharkhand’s diverse
geographical zones, with the ChotaNagpur Plateau experiencing more pronounced temperaturefluctuations
due to its elevation and topographical complexity. The state’s greenhouse gas emissions trajectory shows per
capitaemissionsrising from 2.10 tonnes CO2 equivaent in 2005 to 3.12 tonnes by 2018, exceeding national
averagesand contributing to localized warming effects. Thispattern reflectsboth industria devel opment and
deforestationimpactsthat amplify global climatesignalsat theregiond leve.

Locd dimatevulnerability assessment reved sdistinct district-wise patternsthat informtargeted adgptation
strategies. Using composite vul nerability indicesthat integrate exposure, sengitivity, and adaptive capacity
indicators, northern and northwestern districtsincluding Palamu, Garhwa, and parts of Ranchi demonstrate
highest vulnerability scores dueto combined rainfall deficits, temperature extremes, and limited adaptive
infrastructure. The Forest Vulnerability Index mapping identifiesdistri ctswhere forest-dependent popul ations
facegreatest climaterisks, with tribal-dominated areas showing heightened sensitivity dueto their dependence
on climate-sensitiveforest resources. Eastern districtslike Pakur and Sahibganj, despitereceiving higher
absoluterainfall, show vulnerability to extreme preci pitation eventsand flooding, whilecentra plateau districts
face unique cha lengesfrom mining-induced landscape modificationsthat exacerbate climateimpacts. This
gpatid heterogeneity indimatevulnerability necessitates| ocati on-specific conservation and adaptation Srategies
that account for both biophysical exposure and socio-ecological sensitivity across Jharkhand’s diverse
adminigrativeunits,

Direct Impacts on Flora

Climate change has precipitated extensive transformations in Jharkhand’s flora, with the most alarming
manifestation being widespread land degradation affecting 68.98% of the state’s total geographical area.
According to the Desertification and Land Degradation Atlas (2021), Jharkhand leads the nation in
desertification extent rel ativeto total area, with 5.4 million hectares affected by variousformsof degradation.
The primary mechanismsdriving thisdegradationincludewater eroson accounting for 50.64% of the damage,
followed by vegetation degradation contributing 17.30%, while anthropogeni ¢ factors such as urbani zation
and settlements haveintensified the degradation process. Thiscomprehens ve landscape-scal e degradation
imposes an estimated annua economic cost of $218.7 million, representing approximately $6.6 per capita
annually, and reflectsthe collapse of ecosystem integrity acrossvast forest areas.
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Species composition shifts represent one of the most visibleindicators of climate-induced forest
transformation, particul arly affecting economically important tree speciesthat form the backbone of forest
ecosystems. The sal (Shorearobusta) forests, which historically dominated 53.77% of Jharkhand’s forest
cover, have experienced significant decline, with numbers decreasing by approximately 18% between 2015
and 2023. This decline particularly affects sal’s important associates including asan (Terminaliatomentosa),
karam (Adina cordifolia), and dhaura, which collectively formed uniform forest stands acrossthe Chota
Nagpur Plateau. The mahuatree (Madhucalongifolia), revered as the “Tree of Life” by tribal communities,
faces saverediress, with traditiond flowering and fruiting seasonsbecoming increas ngly unpredictable. Studies
document reduced mahuaflower production from 90 quintal s per seasonto just 18 quintalsin affected areas,
forcing collectorstowak farther distancesto gather increasingly scarceflowers. Thesecompositiona changes
cascade through forest ecosystems, fundamentally altering habitat structure and resource availability for
dependent wildlifepopulations.

Phenol ogical changesin economically important forest species demonstrate profound disruption to
seasonal cyclesthat have remained stablefor centuries. The mahuatreein Palamu Tiger Reserve shows
sgnificant phenol ogica shifts, with flowering and fruiting periodsadvancing frommid-March to mid-February.
Thistempora displacement occursduring peek agricultura activity when farmersareharvesting crops, creating
labor conflictsand reducing collection efficiency for tribal communitieswho depend on mahuaflowersfor
livelihood. Unseasond rainsduring March-April flowering periods destroy delicate mahuaflowersthat fall
naturally overnight, while cloudy weather prevents proper drying, causing flowersto turn black and become
susceptibleto insect infestation. Tendu leaves (Diospyros melanoxylon), crucia for bidi manufacturing and
tribal income, experiencereduced growth and quality dueto surfacewater body drying and drinking water
shortagesthat affect leaf devel opment. Other economically vital speciesincluding lac-producing treesand
gum-yielding speci es show declined productivity, with lac yield reducing by 8% annual ly during 2007-2011
and gum quality deteriorating from clear to poor-quaity black gum dueto temperaturevariations.

Forest firefrequency and intensity have esca ated dramatically, driven by the confluence of increased
lightning strikesand prolonged dry conditions. Lightning-induced fires have become particularly problematic,
with Jharkhand recording 440,000 lightning i nstances during 2021-22 and averaging 436,250 strikesannualy
over five years. The state’s diverse topography of hills, plateaus, and forests creates optimal conditions for
thunderstorm devel opment, especidly during pre-monsoon and monsoon periodswhen atmosphericinstability
peaks. Temperature extremes and extended dry periods create abundant fuel loads, with vegetation drying
earlier at lower el evations dueto higher temperatures and reduced precipitation. The Mediterranean fire
regime pattern emerging intraditionally tropical deciduousforestsindicatesfundamental climate-driven
ecosystem trangtions, asfirereturn interval sdecrease and fire seasons extend beyond historical norms. These
firesnot only destroy standing vegetation but a so eliminate seed banks and soil organic matter, severely
compromising forest regeneration capacity and accel erating desertification processes.

Invasive speciesproliferation represents anincreasingly severethreat to nativeflora, particularly in
wetland ecosystems where climate-stressed native species cannot compete effectively. Water hyacinth
(Eichhornia crassi pes) has become the predominant invasive aquatic plant, capabl e of multiplyingup to
48,000 timesin asingle season under favorabl etemperature and nutrient conditions. Thisspeciesthrivesin
Jharkhand’s increasingly eutrophic water bodies, where elevated temperatures of 30°C create optimal growth
conditionsallowing biomassaccumul ation rates of 10 kg/m? under nutrient-rich conditions. Savinia(Salvinia
molesta) and other invasiveaqueatic plantssimilarly exploit degraded wetland conditions, forming dense mats
that block sunlight penetration, reduce dissolved oxygenlevels, and € iminate native aquati c vegetation. The
proliferation of theseinvasi ve speci es creates cascading ecol ogical impacts, disrupting aquatic food webs,
reducing biodiversity indicesin termsof speciesrichnessand evenness, and compromising water quality
through increased evapotranspiration and atered hydrol ogical balance.
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Theimpact onmedicina plantsand traditiona forest productsrepresentsacultural and economiccrisis
for tribal communities who have depended on forest resources for millennia. Jnarkhand’s rich medicinal plant
diversity, encompassing over 170 species from 58 families recorded in protected areas alone, faces
unprecedented pressurefrom climate-induced habitat modifications. Traditiona knowledge sysemsdocument
extensveuseof forest plants, with 85% of documented specieshaving medicind utilitiesand spedific gpplications
for women’s health issues affecting 48 species used for gynecological disorders. However, climate stress
reducestheavailability and potency of key medicind plants, whilehabitet fragmentation limitsaccesstotraditiona
collectionsites. Thedegradation of minor forest products(MFPs) includingmedicind plants, wild ediblespecies,
and craft materia sthreatenstribal food security and traditiona knowledge systemsthat have sustained forest
communitiesfor generations. Thisknowledgeeros on occursasyounger generationsmigrateto urban areasdue
to reduced forest productivity, bresking theintergenerationa transmission of ethnobotanica knowledge.

Vegetation degradation patternsrevea systematic ecosystem breakdown acrossmultiple scaes, from
individud treemortdity tolandscape-leve forest trandtion. The 17.30% of land degradation attributed directly
to vegetation | oss representsthe visi ble manifestation of deeper ecologica disruption involving soil-plant-
water interactions. Mining-induced |andscape modifications compound climateimpacts, creating degraded
patches where natural regeneration fails and invasive species establish dominance. Forest productivity
measurements show declining biomass accumul ation rates, reduced seed production, and compromised
regeneration successas seedling mortaity increasesunder stressconditions. Thetraditional forest management
sysemspracticed by triba communities, including controlled burning and s ectiveharvesting, becomeinaufficient
to maintainforest health under intensified climate pressure, necessitating adaptive management strategiesthat
integratetraditional knowledgewith scientific gpproachesto ecosystem restoration and climateresilience.

Direct Impacts on Fauna

Climate-induced habitat dterationsand ecosystem disruptionsin Jharkhand have preci pitated S gnificant
declinesinfauna populations, especidly among largemamma sthat serve askeystonespecies. Asan e ephants
(Elephas maximus), once widely distributed across the Dalma Hills and Dalma—Barbil corridor, have
experienced popul ation declines of 12% between 2010 and 2020, with census countsdropping from 167 to
147 individua sdueto habitat |ossand reduced forage availability. Similarly, Bengal tigers (Pantheratigris
tigris) in Palamu Tiger Reserve, Jharkhand’s sole tiger reserve, have seen their populations diminish from an
estimated 50 individua sin 2015 to 38 in 2023, corresponding to a24% decline attributed to shrinking core
habitat and prey depletion. Sloth bears (Me ursus ursinus) and Indian leopards (Panthera pardus fusca)
face comparable pressures, with both species showing population decreases of 15-20% over the past decade
across multiple sanctuaries such as Hazaribagh and Dama, as measured through cameratrap surveysand
snare-removal records.

Habitat fragmentation emerging from intensified mining activities and infrastructure devel opment
representsaprincipal driver of these population declines. Open-cast coal and iron ore mining operationsin
districtslike West Singhbhum and Saraikela K harsawan have converted over 1,200 square kilometers of
forest land intoindustria zoness nce 2000, fragmenting contiguousforest blocksand severing critical wildlife
corridorslinking protected areas. GI S analyses demonstrate that corridors between Damaand Rajrappa
sanctuarieshavelost 35% of their forest canopy cover, increasingisol ation of € ephant and 9 oth bear popul ations
and heightening genetic bottleneck risks. Road and rail expansion projectsfurther exacerbatefragmentation
by bisecting core habitats, |eading to increased wildlifemortality from vehicle collisions, with documented
fataitiesof 27 e ephantsand 14 tigers on highways between 2015 and 2023.

Asspeciesconfront these dtered landscagpes, migration and movement patternshave shifted inresponse
torising temperatures and resource scarcity. GPStelemetry studieson el ephantsinthe Damaregionrevea a
mean annual range expansionfrom 215 km?in 2005 to 282 km?in 2021 as herds seek cool er microclimates
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and water sourcesa higher elevations. Leopardshavelikewise shifted their nocturnal hunting zonescloser to
human settlementsin cooler hours, reflecting thermal stressavoidance behaviorsdocumented in cameratrap
heat maps. Meanwhile, d oth bearsmigrate earlier in the pre-monsoon season, moving from lowland foraging
groundsto higher-dtitude sal forestsby mid-April instead of May, afull month earlier than patternsrecorded
inthe 1990s.

Aquatic fauna in Jnarkhand’s riverine ecosystems are similarly harmed by pollution and altered hydrology.
The Damodar River, plagued by effluent dischargefrom coa washeriesand stedl plants, recordsbiochemical
oxygen demand levels of 8-12 mg/L double the World Health Organization’s recommended 4—6 mg/L threshold
resulting in 40% reductionsin nativefish speciesdiversity inthelower basin. In the Subarnarekhabasin, heavy
metal accumulation (lead and cadmium) exceeds permissiblelimits, leading to massfish killsand recruitment
falluresamong carp and catfish populations essentia for local fisheries.

Avian migration patternshave demonstrated marked changesover the past three decades. A survey of
ornithol ogists and forest department staff across nine protected areas found that 86.30% of respondents
observed dtered timing and routes of winter migratory shorebirdsand waterfowl, with speciessuch asthe
Siberian craneand bar-headed goose arriving up to two weeks| ater than historica averages. Thesephenologica
shiftsdisrupt nesting synchrony and resource availability for both resident and migratory bird populations.

Humanwildlifeconflict hasintensfied asshrinking habitatsforcelargemammal sinto farmland peripheries.
Incident reportsindicate a58% increasein el ephant crop-raiding eventsfrom 2015 to 2022, resultingin 27
human fatalitiesand 11 elephant deathsdueto retdiatory killingsand train collisions. Tiger incursionsinto
villages near Palamu Reserve have more than doubled since 2018, causing community displacement and
escal ating demandsfor compensati on and trand ocati on programsthat further strain conservation budgets.

Indirect and Cascading Effects

Climate-driventransformationsin Jnarkhand have precipitated widespread ecosystem servicedisruption,
with declines in carbon sequestration estimated at a loss of 12.4 Mt CO, annually and compromised water
regul ation and soil conservation functionsasforest cover diminishesand land degradationintensifies. Foodweb
dteraions follow agpex predator declines, triggering trophi ¢ cascades: rodent popul ationshavetripledin some
sanctuaries, undermining small carnivoreand raptor communitiesand destabilizing ecologicd baance. Altered
communitiesfoster diseaseecology changes, evidenced by rising incidencesof rodent-borneleptospirosisand
scrubtyphusintribal areaswhered oth bear declinesremoved natura rodent controls.

Pollination network disruption emergesas phenological mismatches between flowering plantsand
pollinatorsimpedefruit set in mahuaand Tendu species, reducing seed production by 18% and threatening
agricultura yieldsin adjacent farmlands. Wetland ecosystem degradation exacerbatesthese challenges:
eutrophication and invasvemats of water hyacinth and Salviniacurtail aquatic biodiversity andfisheries, while
encroachment for agriculture shrinksmarsh habitats by 22% over thelast decade. Urban heat idand effects in
Ranchi and Jamshedpur elevate local temperatures by 2—-3 °C, reducing periurban species richness by 15%
and stressing remnant green spaces. Collectively, these cascading impacts impose severe economic
implications for forest-dependent communities, whoseannua MFPincomeshave declined by 24%, exacerbating
poverty and foodinsecurity intribal regions.

Socio-Economic Dimensions and Community | mpacts

Tribal communities in Jharkhand, constituting 26% of the state’s population, are intrinsically tied to
forest ecosystemsfor subsistence and income generation. Non-timber forest products (NTFPs) such as
mahuaflowers, tendu leaves, and lac serveas primary livelihood sources, with 75% of rura poor households
deriving 20-40% of their annual income from these forest resources. Climate-driven disruptions have precipitated
sharp declinesinNTFPyields. mahuaflower production hasfalen froman average of 90 quintalsper season
to 18 quintalsin severdly affected areas, forcing collectorsto undertake | onger and more hazardousjourneys
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into diminishing forests. Tendu leaf quality hassimilarly deteriorated dueto erratic rainfall and extreme hedt,
reducing leaf size and moisture content, which has depressed market prices by 12% and cut community
earningsby up to 15% annually. Lac cultivation, once astableincome source, hasseen yieldsdrop by 8% per
annum and gumquaity degradefrom trand ucent to blackened, lower-graderesin, eroding producer bargaining
power and reducing wholesal e prices by nearly 20%.

Market-driven changes exacerbate theselivelihood challenges. Commodity pricevolatility linked to
incons stent product quality forcestribal collectorsto accept unfavorable termsfrom intermediaries, often
leading to debt cycles. Traditional knowledge systems—comprising ethnobotanical practices for medicinal
plant identification, sustainable harvest protocols, and community-led conservation rituals—are under threat
asyounger generations migrate in search of adternative employment, severingintergenerationa knowledge
transmission. Documented displacement patternsreved that dimate-induced resource shortageshave prompted
seasond and permanent migration from forest-dependent districtslike Plamu and Latehar, increasing urban
informal labor poolsand straining socia servicesintowns such as Ranchi and Dhanbad.

The broader economictoll of land degradationisestimated at USD 218.7 million annually, equivalent
to USD 6.6 per capita, reflecting lost ecosystem servicesand diminished agriculturd productivity inforest-
fringe areas. Gender dynamics compound vulnerability: women, traditional ly tasked with NTFP collection
and household water procurement, faceincreased labor burdensasforest resourcesbecome scarcer, walking
an additional 3-5 km daily for firewood and medicinal plants. This imbalance heightens health risks and
reducestimeavailablefor childcareandincome-generating activities, perpetuating gendered poverty cyclesin
triba communities.

Conclusion

In conclusion, Jharkhand exemplifiesthe profound interconnections between global warming and
biodiversity loss, whererising temperatures, atered precipitation regimes, and intensified extreme weather
events have directly and indirectly reshaped both flora and fauna. The state’s rich forest ecosystems once
robust carbon sinksand sourcesof diverse non timber forest products now face accel erated land degradation,
speciescomposition shifts, and habitat fragmentation that threaten endemic megafaunaand vital ecosystem
sarvices. Tribal communities, whose cultura identitiesand livelihoods depend on forest resources, confront
declining NTFPyields, eroding traditional knowledge systems, and increasing migration pressures, all
compounded by economiclossesexceeding USD 218.7 million annually. Cascading ecologicdl effects, induding
disrupted food webs, di sease ecol ogy changes, and wetland degradation, further undermineregiond resilience
and humanwell being.

Addressing these challengesrequires an integrated approach that harmonizesclimateresilient forest
management, targeted conservation of keystone species, and sustainablelivelihood alternativesfor forest
dependent communities. Strengthening community based conservation, revitalizing traditional ecol ogical
knowledge, and investing in adaptiveinfrastructurewill be crucial to restoring ecosystem integrity and
safeguarding Jharkhand’s biodiversity. Policymakers must prioritize location specific strategies informed by
district level vulnerability assessments, bolster reseerch on climate biodiversity interactions, and ensuresustained
financid and institutional support. Only through coordinated action can Jnarkhand transformitsecological
crisisinto an opportunity for model climate smart conservation and inclusive socio economic devel opment.
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