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Abstract

Thepresent.study .monitors.the interrelationship .of iNormalized .difference .vegetation .index
«(NDVI) .withland isurface itemperature .(LST) .in:Mevasi .forestin .Nandurbar .district, ;Maharashtra,
sIndia, using ;Landsat .satellite .sensor .for ithe iseason .0f 2013 sand .2021. .Climate .change .is .caused
sby sglobal :.warming .due ito ;human .activities .that .contribute ito .greenhouse .gas «(GHG) .emissions.
sLand-based ;human .activities .result.in .changes.in.dense .vegetation, .especially .forest.stands .to .land
scover \with :low .vegetation .density..Remotely .sensed .multispectral .data .from .Landsat-8 iis shighly
suseful.in.vegetation.change :analysis.based.on.remote.sensing indices .and temperature .parameters.
NDVI (Normalized .Difference .Vegetation .Index)-LST .(Land .Surface .Temperature) .relation .is
«essential .to sunderstanding ithe .climatological .effects .on .vegetation .on iregional iscales. . Threshold-
based classification .has.beenusedto.realize ivegetation .change :in.multi-temporal .studies.Similarly,
iin ithis istudy ;\NDVI ibased .classification ihas .been .applied ito ;understand ithe .change .in ithe .area
«covered by ivegetation .and .waterbodies. .Overall, .a .weak .negative .correlation . «(r .= :0.647) iiwas
iifound :between :NDVI-LST .and .observed ithat .our .results .based .on .correlation .analysis .reaffirmed
sprevious findings for .LST-NDVI .relations ;in isemiarid .regions.
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Introduction

Forests sare ssignificant «in iclimate ichange imitigation imeasures ibecause ithey iabsorb
iCarbon idioxide sand itransform it sinto «a inew «dimension .for itrees. i:Loss .of iforest icover,
sreduction .in forest .area, «or iforest idegradation iresult iin igreenhouse igas iemissions,
sreducing ithe .forest's squality .as «a irenewable .resource. (Achmad et al.,2020). Even .on
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iregional iscales, iNDV I i(Normalized iDifference iVegetation iIndex) ihas ibeen iused ito istudy
ivegetation iphenology ichange. ildentifying iclimatological sand ienvironmental iinfluences .on
sinter-annual s;and sintra-annual «variations «in .vegetation scover iis icritical. :-Because .vegetation
ihealth sand ssoil shumidity .are .directly related, {NDVI sand iLST (Land iSurface
«Temperature) .analyse vegetation sconditions :in ssemiarid sand sarid iregions (e.g., sdrought
iconditions). «The irelationship ibetween iNDVI iand «LST, ion .either shand, iis iseasonal, iwith
ia alarge iyet inegative irelationship iobserved iduring «in ithe isummer imonths.

(Fenshot et al., 2009). n icontrast, «a spositive icorrelation swas ifound .in ithe swinter
smonths (Sun et al., 2007). Multi-temporal sanalysis ibased .on :\NDVI .and iLST iis «preferred
10 sunderstand ithe sadverse affects iof idesertification ion ivegetation .icover ibecause ithe
icombined iuse of iboth iwould :allow :a ibetter sunderstanding :of ichanges iin ivegetation,
iioccurring iiin iivarious iiregions. iiFor iieg, iINDVI iivalues iiwill iibe iisteadier iiand
iialmost sunvarying «in «arid iregions, :b) «Semiarid iregions .will isee shigher :NDV1 :when ithe
stemperature .is slower, «and ic) iIn itropical iregions, iNDV 1 ivalues iwill ichange iassociate ito
stemperature «(Julien et ial., «2011). sFurthermore, idirect ialbedo ipresent ivalue .of ithe ifuture
ican «be sused ito shighlight «differences sbetween ivarious icover itypes.

NDV1 .has salso :been sused ito sprepare sland icover iclassifications .at ithe scontinental
s«and sglobal ilevels isince smultitemporal iINDV1 idata ibased ion iseasonal :and sinter i- sannual
avariations ican sproduce ivalid iand ireliable iresults.(Defries et al.,1994).This iis ibecause ithese
avariations ican ibe «observed .due ito «climatic «variability .or sactual i«change «in sland icovers «
«In saddition, schanges «in wvegetation .cover .can .be .directly .observed by :NDVI .as ithe
icorrelation ibetween ivegetation icover sand iNDV 1 iis ivery ihigh. iEven imoderate iresolution
isatellite simagery «effectively sunderstands sand simonitors ivegetation icover idynamics. :Given
ithat srainfall «distribution sand .other iclimatic iparameters .are iconstant «and uniformly
«distributed geographically, «a smultitemporal iresearch sbased .on \NDVI ican .potentially
sidentify ivegetation icover idegradation idue ito itropic iforces iover itime (Jacquin et al., 2010).

Land ssurface stemperature «(LST) iis iconsidered :an iessential sparameter iin sanalyzing
ithe .exchange of icomposed imaterial, ienergy .balance, .and ibiophysical sand ichemical
iprocesses of ithe iland isurface  (Tomlinson et al., 2011).In isemiarid iregions, ithe :NDVI
«and «LST varies iboth ispatial sand stemporally. iNDVI iis iminimum iin ithe sadvent :of ithe
ssignificantly ilower-than-average iprecipitation sannually, iseasonally idrops ito ilowest iin ithe

ndry ssummer sand uspatially ithe iNDV 1 :has nvariations, i€.J., iNDVI itends ito ibe nhigher iinithe
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arural sarea. \Whereas i\LST-NDVI .relations .vary iseasonally, soverall, it shas :a iweak sand
inegative .relationship; showever, iNDVI irises iwith «LST in winters. Also, iin aall ithree
ssemiarid iclimatic sseasons, ii.e., ssummer, swinter, ;and sautumn, idaytime iLSTs sare slower iin
idensely sbuilt-up sareas. (Rasul et al.,2016) ln isemiarid iclimates, ithe irelationship sbetween
sprecipitation .and .average syearly :\NDVI is ipositively icorrelated, iespecially «in ithe \growing
iseason. «So it «is sinferred ithat iprecipitation scan ibe ithe imain idriving ifactor iin idecreasing
iNDV| ias irecurring «droughts sand .climate ivariability shave icaused :an sannual ireduction in
iNDVI, sespecially «in ishrublands iand icroplands. sAlthough sprecipitation is ssignificant,
stemperature .changes ican .have .a .direct .effect .on .vegetation, :as .strong inegative

icorrelations ibetween itemperature sand iNDV I ihave ibeen ifound iin ithese iregions iduring ithe

ihave .an sinfluence .on .LSTs; «for .example, «if sirrigated sagriculture sand .forest .covers .are
sSubstituted sby .built-up «areas sover itime, sair sand :land .average stemperatures «will sincrease.
Inaacontrast, «if ibare isoil icover ichanges ito san surban iarea, ithe saverage :LST .of ithat iregion
ican idecrease; ithus, ivegetation sand surban isprawl ican sboth ireduce iLSTs ion .a ilocal iscale
«even ithough vegetation shas .a «cooling .effect .through itranspiration, ishadows, and
srainwater saccumulation, «whereas «urban .region .can .play .this irole ibecause .of ithe .erath
ssurface « sand icategory «of imaterial ithat imakes iconvection imore ieffective ithan ibare isoil ior
irocky :areas. i(Rasul .et :al.,2017).

This .analysis «performs .a .bi- itemporal :NDVI sand iLST .vegetation .cover .change
s«andiregression comparison susing «QGIS :3.22 :Open :Source :Environment iin :\Mesavi :Forest.
#Also, ithis itimeframe «was ichosen ito iobserve ithe ipost iscenario «of ithe sAsiatic sLion icensus
2015, swhich ioccurred iin ithe ipost-monsoon iperiod :between i2013 iand 2021 in ithe imesavi
«forest . \We ibelieve ithat shigher .LSTs shave .a imajor simpact .on .vegetation icover. . This
aresearch «will ilook .at ithe smost irecent ichanges «and show ithey .affect .various .vegetation
icover itypes, itaking sinto :account idiverse iconservation :areas, surban .settlements, .water
ibodies, sand iother iland isurface ifeatures.

Study Area

The istudy iregion sincludes itwo itehsils, sAkkalkuva iand iTaloda, :in ithe iNandurbar
sdistrict «of iMaharashtra, «India, «with igeographic icoordinates :of :21° 30" sand i21° 54" iN
slatitude wand 73° 48" iand 74° 24'E .longitude. .lt icovers .an .area «of :1358.21 ikm2.
sAccording ito ithe :\KOppen «Geiger iclimate iclassification smap, ithis sregion :has «a {Hot :Semi-
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arid iclimate «(Bsh) «with ihot, «dry isummers iand imoderate iwinters i(Peel iet :al., «2007).
sAdditionally, ithisiregion iis.part iof ithe isAgro-ecological iregion ino.6.1, iwhich iencompasses
ithe sDeccan Plateau, sMaharashtra .Plains, ;and :Satpura smountain .and :hilly .region. «A :hot-
semi sarid sregion icategorizes iby imoderately «deep :black isoils sand ishallow «dep ssoil (Mandal
et al.,2016).
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(a) Fig.1 Study area map of Mevasi Forest in Nandurbar District.
Moreover, ithis istudy sregion :lies swithin ithree smajor sagro-climatic .zones of

ithe \WesternGhat:Zone, :all .of iwhich .are .characterised .by :adry :sub-humidclimate.
iThe .region's .vegetation is .classified .into «Tropical ithorn .forest .and .patches .of «dry
sdeciduous .forest. «The iregion's «vegetation .is .classified «into «Tropical ithorn .forests .and
ipatches «of Dry ideciduous iforest (Champion et all., 1968). The :Average sAnnual
iPrecipitation «is 712 smm ifor :Akkalkuwa sand i599.8 imm ifor iTaloda itehsil iof iMesavi
«forest.in:Nandurbar .District. :;Average :Daily {Max. .Air temp. :Akkalkuva iis :32 «°C sand .for
iTalodais35:°C, \whereas ithe sAverage :Daily :Min. .air itemperature. .For :\Akkalkuwa iis 21
°C sand «for i Taloda «is 26 °C. sAlso, ithe irelative shumidity .of :Akkalkuwa iis :51% «and .of
iTaloda s 59% ( Indian Metrological Department, 2020).
Metholoogy and Database
Datasets

The .datasets iused iin ithis istudy iwere ifrom ithe i\USGS iLandsat isatellite iLevel-1 iData
iProduct, iwhich iconsists iof iraster iimages :of imultispectral iimage idata iin ithe i.form iDigital
iNumbers (D.N.) .i.e. iFor .a bi-temporal icomparison, .pixel ivalues ifor ithe :December
imonths sof 2013 sand «2021 «were sused. :Band 4 «(Red), « :\Band 5 «(Near-Infrared), .and .Band
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10 W(Thermal iInfrared . i1) swere ;utilised ito icreate i{NDVI sand iLST smaps :in ithis istudy.
iBands 4 sand 5 ihad a ispatial iresolution «of «30 im, iwhereas i:Band i10 ihad ia iresolution iof
100 :m. sUsing ithe ivector sboundary .of ithe itwo tehsils :of ithe iNandurbar :District sindicated
«earlier, wrequired sgeo .rectification, smosaicking, «and isubsetting «were .performed .on .all
araster .images sused in ithis sanalysis.
NDVI Computation

Band 4 sand iBand i5 iare sused ifor icalculating iNDV1 isince ithe iratio «of ithese ibands
1S applied. «The :sNDV1 iis sa «dimensionless squantity «with .values sranging ifrom «+1 ito «-1. alt
sranges «from 0 ito «1, «signifying ssparse ito «dense .vegetation, salthough wvalues iless ithan 0
sindicate «a icomplete ilack .of iflora, irepresenting iwater :or sice. ilt's icomputed iusing Eq.

:Band :5—B :and .4 (1)
:Band 5+ :Band i4 I

Band :RS-GIS iiPIUgin iof ||QGIS i3.16 swas aused ito ncompute sinstant :NDVI raster

NDVI =

iimages :as it iconverts ithe «D.N. ivalues ito iReflectance ifor iBand 4 sand iBand 5 ito iobtain
iNDVI.
LST Computation
A ifew iprocessing isteps son ithe : TIRS iLevel-1.data, «i.e. :Band :10, «are srequired ito scompute
iLST. :In\QGIS :3.16, showever, :all «of ithese sprocedures .are scompleted ;automatically susing
iRS-GIS iplugins.
a) D.N.and iTOA i(Top «of iAtmosphere) iradiance u(L,). «The ifirst istep iis ito iconvert
iraw iD.N. iinto s« TOA iradiance, :as isshown iin iEq. 2.
Ly = MLy X Qcar + ALyt wuuiiuuvuaiannisunsvin )
Where :sMLA sis ithe sradiance smultiplicative iscaling «factor ifor ithe irespective ispectral sband,
+ALA s ithe sradiance sadditive iscaling ifactor .for ithe irespective ispectral iband, sand «Qcal is
ithe ipixel ivalue ii.e., sD.N.
b) Temperature«(T) «0of iTOA iRadiance ito :At-Satellite iBrightness iEq.3 ishows iwhat ithe
following istage swould .appear :as.

T)\_ = Klzl - 27315m L T T T T T T T T T T T T TR TR TR T T T T T TR T |(3)

ln(LA+ 1)

Where LA is ithe iradiance, iK1 sand K2 aare iprelaunch icalibration iconstants (U.S.
iGeological iSurvey, i2016).
a) Emissivity icalculation ibefore ifinal {LST icomputation sAuthor: «To icompute .LST, iit
a1S arequired ito «calculate iemissivity «(e) «as sshown .in iEq. 4.
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e = O. 004‘PV + O. 986iii LI T T T T O T T T TR R O T T T T TR T T} |(4)
Where iPv iis ithe .vegetation .proportion .and «is icalculated «with ithe shelp .of iscaled iNDVI

i(by susing ithe iNDV I iobtained iearlier) ias ishown iin iEq. 5.

()
Where ithe iNDV1 iis scomputed earlier .per ipixel. i\While, iNDV Inin sand iNDV Imax .are ithe

NDVI-NDVI,pin ]2
NDVImax_NDVImin mo

Pv = [
iminimum sand smaximum NDVI, .respectively. iThe .equation sportion :in ithe isquared
ibrackets iis salso icalled i'scaled iNDVI' i(Carlson i& iRipley, i1997).

c) LST Calculation

_ T)
ST T e ©)

Where, T is the at-satellite brightness temperature, A is the wavelength of the emitted radiance,
p =hxc/j (his Planck’s constant i.e. 6.62607015%10-34 Js , c is velocity of light i.e. 2.99 x 108
m/s and j is the Boltzmann constant i.e. 1.380649x10-23 J K-1) and as mentioned earlier the
emissivity (e) computed using Eq. 4 will be further used to calculate the final LST (Artis &
Carnahan, 1982).
NDVI Derived Vegetation Cover

Thresholding iNDVI ivalues prepare ithe ivegetation icover imaps. «The ithreshold
wvalues .of ithe icover itypes .are sapproximately ibased .on ithe ireference istudies sas smentioned
iin «Table 1. «The ibare iLand ithreshold iwas ibased ion itwo :studies, ione .directly sand ithe
iother sindirectly ibased ion ithe iminimum ithreshold ivalue «of ithe icrop. «Similarly, ithe isparse
vegetation ithreshold iwas sindirectly sbased ion ithe iminimum ithreshold ivalues :of icrops.

Tableil. iNDVI ithreshold ivalues .of idifferent icover itypes.

Sr NDVI ii iiValue

iiNo Class iiType iiThreshold ii Reference
I i (Bisrat ii& iiBerhanu, ii2018),
0 Water iibodies 0.046 (Dalezios it iial., ii2001)
(Ding iiet iial.,, ii2016)
1 Bare iiLand 0.25 ii(Thorat
et iial., 1i2015)
2 Low iiVegetation 0.35 (Thorat iiet iial., ii2015)
" . (Bisrat ii& iiBerhanu, ii2018),
3 Moderate iiVegetation 0.5 (Dalezios iiet iial., i2001)
4 Dense ii iiVegetation 1 (Dalezios iiet iial., ii2001)
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Result and Discussion

As ishown in iFig.1 .and fig.2, .it.is«confirmed iclearly ithat ithe «2013 \NDVI ivalues
«are ssignificantly slower ithan «2021 \NDV1 ivalues, :as ithe imean :NDV1 .value ifor 2013 iwas
sfound ito:be i0.39:(£0.12:S.D.) sinscontrast ito ithe 2021 :smean :\NDV I .value swhich iwas :0.43
i(£0.12:S.D.). iFor2013, ithe iminimum sand imaximum iNDV I ivalues iwere i- i0.75 :and i0.81,
irespectively. iFor 2021, ithe iminimum sand imaximum iNDV I ivalues iwere i—i0.53 iand 0.80,
arespectively. «In ithe icentral .part .of ithe istudy .area «where ithe {Khardi sand \VVarkhedi . :\River
Basin slies, ithere swas .a iclear «difference .in :\NDVI, isuggesting ithe :significantly .varying

ivegetation icover iwhile icomparing ithe itwo .years.

Mesavi Forest: NDVI (2013 - 2021)

Legend
NDVI: 2013-2021

. N 1

Fig.2 (a) iNDVIiMap iof i2013 & (b) 2021 ifor Mevasi .iForest iin iNandurbar iDistrict.
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Mesavi Forest: LLST (2013 - 2021)

a) = ~ n ILegend
- LST: (in °C) 2013

(b) Legend

LST: (in *C) 2021

Fig.3 (a). «LST :Map «0f 2013 & 2021 wfor Mevasi iMesavi iForest .in {Nandurbar

Mevasi Forest: Corelation between NDV and LST
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Mevasi Forest: Corelation between NDV and LST
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iFig. «4 iLST-iNDVI iScatterplot ifor icompering 2013 iand 2021 :\VValues.

Also, ithe i.LST smaps, «as sshown in fig.3 sand fig.4 ireveal .a isignificant .difference iin
iLSTs swhile sxcomparing ithe itwo .years. «In 2013, ithe smean LST :of ithe .entire .area .was
i24.39 i°C i(£1.9 :S.D.), iwhereas iin :2021, ithe imean iLST iwas i28.3 i°C (2.5 :S.D.). i« This
iclearly isuggests ithat 2013 syear smust shave shigher itemperatures ieven iin iDecember :as it
i1S «almost ithe sonset «of .winter «in ithis iregion.

In Comparison, 2013 .witnessed .a istark «difference .in :LSTs ibetween .different .land
icover itypes ie.g. swater ibodies sand ibarren iareas «in ithe inorth, sin scontrast ito 20121, iwhere
ithe southern central part ihad shigher itemperatures ithan ithe north, and itemperature
idifferences iwere inot ssignificant ias 2013 iLSTs. Our .results iagree with .a .study that
simplies istrong spositive icorrelations :between .LST :and :NDV1 .are sonly iwitnessed iin ithe
swarm simonths, sincluding ssummer. :\WWhen sapproaching ithe sonset iof iwinter (i.e., iDecember
ain sour sstudy sarea), ithe ichange «from inegative ito .positive icorrelation .starts (Sun et all.,
2007). « As sshown «in fig.5. +An .overall iweak .positive icorrelation «(r «= 0.647) «was «found
«for sboth wyears. «In ;addition, ithere iwas :an «even \weaker .positive icorrelation (0.146) ;found
iin 2021 ibetween iLST- NDVI ivalues icompared ito «2013, iwhere :although it iwas .a iweak
inegative i(0.033), sitiwas sstill istronger ithan iin i2021. iMoreover, ias ishown «in fig. 5. iscatter
iplot, ithe iNDV I wvalues «in 2013 :are salmost isnormally «distributed .compared it0:2021, swhich
i1 sslightly positively iskewed .and sshows it :has relatively slower ipositive iNDVI values

Copyright © 2022, Scholarly Research Journal for Interdisciplinary Studies



Dr. Vasave Mohan Arjun | 16901
(Pg. 16892-16903)

ithan «2013. i This ialso iconfirms ithe iresult iof i2021 iLSTs swhich ishows icooler itemperatures
ithan «in 2013. When icomparing iFigures 6 «and 7, ithe avariation in svegetation icover itypes,
iparticularly in ithe idense ivegetation iclass, iis ssignificant. :Sparse :and :Moderate ivegetation-
covered smore sarea «in 2013 ithan «in 2021. iDense ivegetation ipatches :are ifew sin ithe
2013 ivegetation icover smap. iMost iimportantly, idense ivegetation icover .patches iwere
salmost sabsent «in «2015 .in ithe «\Khardi :River :Basin .area.

Table No .3 Mevasi Forest: sArea.in :Vegetation ichanges

Area iiin iisq  Area iiin iisq

St Class iikm iikm A A
iiNo (2013) (2021) (2013)  (2021)
1 Water iibodies 10.79 9.79 0.79 0.72
2 Bare iiLand 22.66 40.59 1.67 2.99
3 Low iiVegetation 435.73 634.13 32.08 46.69
4 Moderate iiVegetation  793.86 607.85 58.45 44.75
5 Dense ii iiVegetation 95.17 65.84 7.01 4.85
Total 1358.21 1358.21 100 100

Table, 3 ipresents scomparison sstatistics .for ithe .area.As per iTable .2, ithe
iDense ivegetation icover iin 2021 swas :almost :2.16 % shigher ithan «in :2013, swhich
ican i:be :because ithe :\LSTs iin 2013 swere shigher ithan in 2021, sand shigher :{LSTs ican
ibe sdue ito «dryness :or idrought-like sconditions «in ithat .year. « Therefore :2013 ihas iless
idense ivegetation .cover ithan 2021. :\\Water icover :was :lower iby ;almost :20.58 isq. :km
i(0.07%) «in2013 ithan «in 2021. :Additionally, :Bare isoil ;area shad sbeen sreduced ifrom
2013 ito «2021 iby smore ithan :1.32 :%. «This ishows iclearly isignificant ivariations iin
ivegetation icover ibetween ithe itwo :years.

Conclusion

Ouriresults ireveal ithat istrong spositive irelationships ibetween ;L ST iand iND VI
icanonly ibe iseenin.decamped months, ii.e., sinithe swinter. :Positive irelationships .are
sfound «in sour sclimatic .zone, :as swell :as iother izones ithroughout ithe sworld. :Another
snoteworthy ifinding isthat ithe spercentage :of swater :bodies iwas :much :lowerin 2013
ithan «in 2021, simplying sthat idecreasing .precipitation :has :an simpact :on :NDVI
values, sas \well sas sirrigation «in ssemiarid :areas :like sour sstudy .area.

To sovercome ithe :limitations :of ithe ;.LST-NDVI irelationship ifor ivegetation ichange

sstudy, «a sprecipitation ;and sirrigation iscenario ican ibe iincluded ito better sunderstand
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ithe iNDV I irelationship. iFor isimilar ithreshold-based ivegetation icover iclassification,
iwe srecommend susing sseveral sindices ilike ithe iEnhanced \Vegetation iIndex «(EV1) or
iPerpendicular «Vegetation .Index «(PVI), «Vegetation :Health :Index «(VHI), «and
iNormalized :Differences :\Water iIndex (NDWI).
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