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QUIF Gi(HEBBHLD

Qeomiensuien  aumismtenr  elfl@GLrels  &mylwimy  BEIOTer  Heoswer  LITGHFHIH6  LIGemLOL
Curemeuullsd GBI SHHHS  LOTBBRIGST  gBULBeTeNHTe0  SBMIFHID &1  LgFdlenenmsi
FBf S leenen. RbH OTBBLD CLIHLUTEID HSBFLOUIOTEHSED, LDSHETOHTeNS aUsTIFS, HlevBTiLmas,
LI(heUSBTe0  LoTRILT(HE&6T WBmID SL6v WL L 2 wje Curem SmyeuiaenTed gBLBSmeT. S6Bennm
PauysHa OFleudB@&GD, Seopemsuulss udFenwoll Gumeney UFLLIed gBULL  TBBHBHET  DieTeneull
uglumile] OFWeusdB@ 1993, 2003, 2013 wwBpd 2023 oo pewihEefen  CFwuBenssCaTel
ULMISemen @bsd pule] UWSLGSHSHISSBH. Dbd pUielen (pHeiienld CHTHEID He0LPsn6n HEHifl6i
S HHIQUDTEN  [HBJLLB  LITILISHET OBHID DHS FIHOHTeNd DL THH UHWNBOBE  H(HEHH 60
OaremiB, @I L  sTeoliu@dHuied seorpensiiullest LgGemol  CuTFenauulled MU L OTHBBRIGSE6
SleneyfAHWTS I [HeUSHTEGLD. LgenowTen G Miberer  ellengoumest SPGB E — SHTJE0ILDT60T
sryelidenenll  LfbHOETeTaugh OBHID HaufsHhd OFuleud Hensowmen BSIUUB HiauTssHHBE
WPHAWTEH.  HTU] SLJHFH IBphrEmeTl uBpsiul elifleuterr LGLUTWImeN  GLoBGST6TSBS,
@bs e Guisoumssiul L Caupur® sreuy i Lausnen (NDVI) mi ubensi LwsiLb s aidlama.
1993 (wHev 2023 suenyuieomsn OQFUIBMHHCHMENT HIel, HTeugli CuTJener TBBRIGeMET GUITHE ST
OBDID QIGEIRIBHENET DIEDL_WITOTID HT6wl HlsewIoTd QFwIeoTSSILIL B UGLUTUIe|] GFuwiubGasimg.
NDVI w@liyseien uglumuie) 1993 1psHed 2023 eueny SHreugll LPliiled GBI SHHH DiFH S IenL
CeuellLBSHAGBH.  GUlluTs, 1993 apHev 2023 euewy  Hreugll  Gunfenenwitengl  3.3%
P BfSHHieTeNH. QbH awenj&Fd alasmssT DABSHBHS HFTUISHIG6T0 Ffleneuds &L (Haleme.
iETaugl, 2003 (paHed 2023 H@ GeLulsd 1.8% DsHdH GHoBeusHLbHIsTeNg. Psumed 2013 (H&H6v
2023  euemgulevmest  HTeVHL L HFH60,  STeuJmIBaTen  UFlled  @pliurs 4.2% 2 _wijeme
QeueILGSHBHIPHBH. RBBHT  (WHAWIOTS  LsvOleueds  oBmid et B GHmLL midbeer
alflouTdhEID  (OBUWITET  (LPHTDIDSHHIO  BLIQHMBH6T,  SHTUFUBUTTeme  GMISHEHI LD w6t 6s
AP IL6WITE], SIVRIBTISH  SHTOUJEIG6T BHTen BT LD, BF eump SHreujmisefles  SiFHsRlIL,
SITFTRISHH6M LW suetaiuisd HILLMIS6T 6TaiiLen SHTJmGeNTG0. Rbd HewiBLIglLSH6T QHTsiTend
QUGUUTEMTH6T, BEIULUB S LIOGUSITEHST 1OBRID HBBIFSHIN60 TeleoJHensbsTen Hmalwimer NDVI
(pempuielr GFwILSHBenen 6TBSHHIHHT BHemen. LFwOll CumFeneuwiTengdl BBIULB DiLlal®moHaluler
UTSHBIONEN  HTHBMIBN6NSH HemibHaD, S0Pl LITEHFHEH Hleweouwlmes LITGHISTIL]  LDBEID
Gubum’ swL. o BAIGHSOD cpGeorumul  Heweouihmelenr (pohHuldh BCHemauenuwl RbH 6
UEOIL|BISHIS HBH.

BOFOFIBEET: LiFemiols CUTfewel, BBTJIOUNDTESHLD, WEHMEHTmS euemjsd], NDVI, smmss w0
BluiGs6LI16V.
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Abstract

Significant changes in green cover have heightened environmental concerns at Kalmunai, a coast on Sri
Lanka's Bay of Bengal. Rising sea levels, landfilling, urbanization, population growth, and seasonal
changes are all major contributors to this change. This study examines the degree of green cover change
in Kalmunai using satellite imagery from 1993, 2003, 2013, and 2023 in order to allay these worries.
This study's main goal is to quantitatively evaluate Kalmunai's changes in green cover during the given
time period while taking into account the town's distinctive urban features and dense population.
Sustainable urban management depends on identifying and resolving the issues causing the quick
disappearance of green spaces. The Normalized Difference Vegetation is used in the study. The study
does an extensive analysis of changes in vegetation density using the Normalized Difference Vegetation
Index (NDVI) technique. Trends and patterns in changes in green cover are found by carefully
processing and analyzing satellite data from 1993 to 2023. The vegetation cover increased significantly
between 1993 and 2023, according to the examination of NDVI measurements. In particular, the amount
of green cover increased by 3.3% between 1993 and 2023. The following decades, however, saw a drop
in growth rates, with a 1.8% drop from 2003 to 2023. There was a notable 4.2% increase in vegetation
cover between 2013 and 2023, which was mostly caused by the growth of terraced gardens and
grasslands as a result of good management practices, public awareness of vegetation, a preference for
ornamental plants, an increase in aquatic plants, and new government forestry initiatives. These results
demonstrate how useful the NDVI approach is as a tool for environmentalists, urban planners, and
legislators. The study highlights the pressing need for calculated actions to lessen the negative effects
of urban growth on green areas and to ensure their long-term preservation and improvement in
Kalmunai.
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o sualomegl Hileommed Gl BeTenensll Gumev Usemowimed GUTTHSUILL Belengl. SibdH eauemauiev,
L&D  6T6LIGI  LDJMIG6NT, LSTH6NT, LBdeT  GUTEB STaUImisel Hedmhd @b UGHH DleLevgl
FBOIUUBSHmS  GBISHEBSEHI. LUS@WTS SHULSI 618ILUS @(h BTG SUBNE FHIPMEOU|D DIFHeT
QUTRIGEMETUILD SIH6T  Glgdselar Crmeaduigbmed UTHISTILSH D LG BUUSEID 66lalene]
SIHEMB  CaTewiBoeengl eaeuset LydHusiiiugtgd (Bronte McClelland, 2023). @semgtient ulled
SIS BSIOWIOTSSLD, FOIHLSHTMS 6uenJ&Fd, Hleoll LwWeUTL G IBBLD, M&ESHeSTHL  Burems
STJEUIRISETENTe0 2 _suadenaled LG GCUITmel GHmBSSLILIGUST GgBUBLD  SHTeUHme0  LDTHBHBLD
Gureii el UTHHLTET  aleneTa|semeT (GHMBLLSBITE SBETOHH0 LFiend  GumFeneuuiesr
SuFWSMS 2 _eihH 2 60d HTGH6T 6ol i WJmIEeT HHWD SHULMS6T, Saly eleusFTuild, &Hped
uTgIETIL CaEmeTensseT GUTES HLalghmaHefam e ugiemn Gurymel SIHSFLTL SiJaId Hllg
AUGBASBH. Bbs eumauisy, usFmLl UGHH @b HITUSHHDBG agrefuns 2.3 Fpeisd
P sfsaeTeng.  Qaupfled Femm (11%) wpmid @hAHwr  (7%) (peeianiuied o elener.  SEIT6D
oGmuiw g@ewd  (5%), fdlh (4%), gerowr (4%), auervdCredwm  (3%), 9i6wfsst (3%), wBBID
Qwsd8sr (2.5%) endweneu FyTafld@ Ged 2 senHmer BTFT CFULBMBEBHTET  HIalerL md
sew_pfwiiin’ Geteng  (Magnus Aschan, 2021).

GRS WTETH @(F Oeulll WL HauTsh  STen LGS0  HTHE6, Ls0Geuelser, oIl
BloVmIEeT, aleudTul BleomiseT SLBWB6T STUSOTES DIHIDHHIGTENSEI. LDMEVEET (LPH6D HLBHEM]
oy  BevminsulsT  SIMaTHEH UGHBNID UFmD  UIhHS  lfibSHeTeNH. DbhH  UmBUN6,
Bevmimsuiey 1990 Bmid 2000 && Geuled, ggrafwns 1.14% euert upnied  THEBID
giul_BeTenal. ©& 2000 wBmId 2005 && Beniuled, euer wIBB aldsd GHSG 1.43% eauany
IFHFfHFleMeNg.  QTHSoTE, 1990 - 2005  ewiBHerten 17.7% BB HEHIeTengl.
B mpHHBUTHeID, 1990 ®eflesr (W9alledBhal (WHeTenLWITE auet IO aldsib 35.0% Gmpbaleens
(Srilanka Forest Department Report, 2005). &158&1®, Biged UaGam I 1alHHE HL aUIQHMBHEN
BB gemerwl ey CFUBLTGSET STTeNIoTS STHS6T6T  eTanieanibmaulsd Hev  GHMMBLILSS6T
gBuUL_Beitern GuTHaID, 16% cued] HTHEMNGT SieTe] HFFLIDTS GmBauenL walsvensv (Presidents
Office Report, 2023).

ey UgGsawrer  seuwener  LIJBsFwomeik  aumisTen  alflGLT  sLBsmIw  CohTas
SIMOHSIGTNHENTL @I STHH6N, LevGleueiisslt, FImlevmiseT GuTaBsuTBTe o Ul & Lp6Venest
CarewiL LIJCsHs0ms STEIILGASBH. DbHS UMBUND, S0P LIJEHFLOTERIH LGV LIS SHemer
2 aenLSHUNBLILSTe0 LesCaupl Hlov Sibgmisemen OFTengBLlLCHTH FAISH0SHTMSE DS S,
GWIBUY CBHFe0, BSILWITESSIH 6 HTHEHLD, HeoluBpraGemns Cureais aryeaisented @ LFCHs
ugenorl  Gumyeneuuled BB  gBUGHaBE (Naja & Kaleel, 2019). @gear  aleerneuns, G
MrBsasHdled L  GLmseisd  HTaug  Cuimeuwmeigd — SmlgdbGHmphaleTer  Gumdbdlenen
CamemneBlLSIL 61 LebCouml & pelwed LIT&FHenensemenid 61&TCHTSHEoUambTgLISTHLDGTONSI. DbDH
alemauley, @ BsssHdled ugsemwpuled gBUGBL rBphisefener LHIIG CFueuglsd LOBBID
el UgCassb BSIULBLTEAD FaIFQFHSleUTEISH DIHBLOTHISTHOLD STOTLILIGEISHENT0 S
UGSHUTed uFemd CBHTLIUTET SLU16 SleUFWIDTS SIGHLOS GBS

@aaurwiales LysTen Gpréswons  sremiliubeaugs Seowenel LIFCsssHdled ugemw  Gumfeneuuied
gmuBL LIRBSHHmer  UGLUTUIe CFUIusTGHD. SISHILT  Seleurwiailer Henew GCHTHHLOTS
AUBsssHPHed  usemwol  Gureeuuled  OTBBL  gBULG  UHEUSBEHTET  HTJCRIRISEN6I
SHEHILPUSTHAD STRILILIBHS SIBS.

2. Qevsalw Wenmule)

SBCUTMSH W 2 _6uFHD BBJOWITSSHMmS CHred (paiBar GFsausbTed LGl GUTTmel &empBab
oI5 FMhe LrsFdameaisend o susenaled s(pbHSHIeTeNHaT SlglitlenLuied BHHemeolilsh CHTLTUTS
Fev U165 &L_(HemJ&H6IT, BL_(HeDH6IT, FehFlen B BN 6TGOTLIGOT QeueulL_r1L(HeiTermeor.
SleleurprereuBpledhhal DeleuTuleybETer Flev HHeU6LH6T HFLLLILIL BTNl

Akakpo et al., (2023) syuiieureng BESIILB  alflouTdhssE6  SITERIOTS BESIUILB L&D  DHBBID
AUMDEHMBSH HIHHMBG GBUBL FHEHeoHenen UBBIUID Feps-QUITHETTSHTYT LIGTLISH6, BHBTLILB LISeno
LEWILS6T BEID  (PphHwsHHeUd, BSJUUB LS (PSTaLHSHaID LBHpId SHirbied uppu



&HHBHIHBmN CHefleyuBSHHIMCHTH BHTULUB UFienemu! GbLBSHSHINSH FHLGISBHTET LDSHSH6N 66T
al(pliuGms aleNdb@d WIflaamen Suymul oo UGLUUTWI®] UWeTUBSSUILL BelTengl.  HHBOUTSHI6TEN
80% pa&JLILDB USemDE6T QUHLOLTEID HBTHS 6 MmOWLILGSHUND DIHLOHBICTETET 6TeILMSBULD, b
ugemll  UGHselel SILJHFH  BEID  USI(pEHHETemUTET  Hewey  @eUGeUT(hH BT S 60
LOTeUL L RISEMEID eSS WLTFIONS 2 IIlILl LGl GTSILMSWD U6 (Pa|HeT GleuellLI(sgIe emer.
Qurgiosseier LRGCHBL GHoBaurs SUusTas o aulubheuCasT® o _6iTEhJ  FeLpSHRIEThL 60T 6ot
PDIUaT  &HSIMIPLIL], SHeval [Heveo LBEID BESIULB Usem  Gbumiged osemer  FHUTL L
UEMILILSBE LSFmOWITSSHSH T BaitenoseT LBBiul Sipfle) GubLGHsLiuL. Geuemi(hLb.

Kuroda & Sugasawa (2023) eteii3  spu1e), SILJhS UGHMD®W  (YBISTHSE6T BB STHE6T) il
fapiw usemouler (O LOJEIS6T WBEBID LSTH6T) HTHSHMmeS ITUIHGBEH. 2 Wi Cgeie|shamesr
O memL CrwmamasCameir UL 166l (b B&SJLILDB LIgi6DLOWIT 60T BL Hma
SIL WIS (HeTeNCHTH LiIsGienoenl Siewigul LiGHaeied Garsgisbseis allensy oiglsfoad amm
98s WD OFTMeaITHH0 FHABBW usm STEILGHL HLFESaId 6lened (GHMBHIHITOTSI.
CaTdhml  UamSHeT  LBDID  SEUILSHer  Suglientuied BSIUIYB UG  GBILILIL SBHHH6M6]
Ue(paHseemo Bmlumsd Bbhs ule] OeueflLbSHHIS B!

B 60, BB MIBH6IT 63T LIGi6mLOULIT 60T B miserer Fmpiiy, (P& WSHHIAID (LP(LREMLOWITES
TBSHHISHTLLILLBEToNg.  BSIULB  auTpHamsuila  SHrdHend GCbuBsHs USFmowmer G Hise6l
WPSHWIOTET  QSFWIGLD  aTHLDS  Beileutule) FBIHAmH. GCaIDd SHTEVHEMeD  QIMIG (LMD,
THUBSHSHISH60 BBID OeuslTend SUGULTE CuUTEB SFBBIFS60 Sl CFeneUBemeT 6ULDMKIE6MH6T
fPGULD  BIENEN OGNS  [HELAUTIDAGE LmiGeTedlamer. Slugmwwnel S miseT BSILIUB  Geuliug
SHOUBMETH (GHMBHHAD HBTOWIDTESILLL.  GPeJeL G6M] Heysemen o (HaUTHHa|ld 2 Ha|H s
BSTULDB LLBISTHHET HBIRISEHHE CUTHETTST] WHIML 6UPHIGS Imet. SHieUBle SI(HBTEMLOUTD
o sifen OFTsaIbsellar WLHI DHBfHH6TNH. BSIHISMNET STVHMEL LOTBBHHBS BSILILDB
STUTHISET SgLILIENL L LRISTBBIS DT LGl LUGHS6T oBB BHIJUUD Gl MSmens ST Igevid
GmBHS GauliPenevenws o ey (wigujb (Arellano & Roca, 2022).

ObhsCadwraler e &G SwHHITaler evmET.  FomeaiFulear  sLGemy  HTeuy  SOILTSHI
LOTBREISTNENET DUSTRIILSTS DEm Spuialsd 2008 wB@Id 2016 Heolur sreayset NDVI
LHILEmeN HMISHL  LWLSILGSSILIL L SHIL 65T SLBEHMI UGHUled SHTauy SILTHenut gL
BeoliuLmisem  wpmid NDVI qpenp  eteiiuen  LwSLGSSUILL (BeiTenienr. @EIG  SILTSHSHuled LoTBBLD
gBULLMDGE FHILL HemseT LT GMBISTS IBBLUULL S, SfSSTH FHIIL| [He LOJHRISEN
Qau lpuig GurelB Mevll LWETUT G WTHBBHISGeT SMyeuonGd ol HHEHEBTy (Sumatera, 2019).
SI6xBuTev  QUITHLUTILD BSIUILB UGSHuled LFmD GHmpaydhd SLLLULGSH SN alfleurdasid,
ST Beuen  syewiLedemed gBULL  SHfla Heo SiFSfly,  GHombs wenwpeipsFd  Gumeirset
sMyenmisaTTs Semndamer (Begum et al., 2023).

Koricho & Song (2021) seyuieureng  ebHGumilwmeled GCaHIbOSBESILT L HEIHIGeTNed LI
o sl Lemwlien Smuibg CubuBsHaiunsBsTes CuBOsTeTemiulL &l. e cpeold Fev LGS H6l
BOG LGMLWTAIIWLTSD B&iaid  Hev  UGH GoBbHSHeTey UFmD BTN HTHLD
STRLUGHOBSH. DbH pUIUTEIH USFDD GHOBaUTS 2 6en  LGHefled (paTenndHHioudaet
Sudwb uBp CuEHHAIBH. DISHILET 2004 oD eI @bHHWL GUIHHRISL6D LLSDLUD  LoBH3ID
el gBubSHW CFapdFBel B Cung FCsuiea sLBaamil uGHulsd STeuy SILTsHauisd
giul L rBprismer opule] QFuiw OLIl QeswBamasGamel LLMseT LWELGSSILL BeiTengl. @mig
sy ILJshHuied giur L wrpprisamen e gl NDVI (Normalized Difference Vegetation Index)
ugLumuiey, Ueteflaleuy (emmaser LWETLGSSIILL Beitenenr (Farhan & Setiaji, 2023).

BBILILBHIG6MN6  SToUThIS6T SeveuTHSH BSIULUB Geulingh Hmeu BpeausBE LRisaiiuCHt®
GWmLUTTTSEDSG Ol DI(PS5HH5mS FSfESHams.  Coeld, @ er HThsbd  CHTuBB
Saem, @BLLSE PGS SBEH. 6B, BSHILUUB OQauliubmdHd  GmBdHd, (GBIUUTS
BBTIOUWIDTHSHE, 1OTEIL afluishd QaIlIDUIDTSHM, Gallil Diemevselle HHTCae Salyid) Lduleumnses
Uelietenlls@ eidlgmes  seld@lh o SHse1 CoHameulibdeamear. Qbs LHUUTLIAND, LSO
SIFHEfHs 2 6l Lenlilsd GoBosmsien GCouswigwl (LPEHTENOSHHIN BLOUGHMBHET LBK  SHeveTLd
Grausaidama (Wong et al, 2021). 9psaimaulsd, (POBUITET  (IDSTDDHEHIO!  HLUIQHMBDHE,



STauBumyenel  @PNHSH EBEHEHG ANOLILEITa] 6UPBIGE, DITFTRISSHHE LS  elaraiulsd
FHULRFeT, Gomienl  wmgliuuijFosuimsuimer  SiIFSflibsH0  CUTEIB  BLOIQHMSB  CLPEOLD
sreurliIBuTyeneuulener LTHIBTHS Wigub (Begum et al., 2023). @ppaiinm usemoules SmLilane
ugLuTWe] QFweusBsta GIS (papseflensr LWETLGSSHISEBH. Bhi@ DJBIG6T, LSHIE6T LoHEID
U mpaiiuys Smliyssamen el wirenmistear GIS Application uwesGssLLL Betengl (Avdagic et
al., 2023).

3. Sie] (wenmuiuwied
3.1 gue HpCxaD

SpsBHlevmimauier GCger S LIPCHFHHeT SIDLITEND  LOTEULL SHAGVIETET  SH6O(LPEHENT  LOTHEJLOTETSH]
AL oBeuThIE 7° 25 007 #wde OpLLmmEg 81°49° 007 @mLuled SimbHSIeTeNE. B Hment
yalulwed fahums Gpra@ld Curgl, el &8s - WL dsenliy wreul LD, HpsH6sH - eukisten alfiGLm,
Canls - ostargHey LII6ss gFou, GComBs - gbwrhaens, Brealsaeed LIT6samisemern
OB TEmTL DLOHSHIGTET ).

HEO(LPEMET  LOMBBTIOTETEH  LOSILILL L. LG HHemend OEBTamng(hlLHemmed OiGl L6  SHBH3IFHLD60
SIMIDLILSHET OBBID  GUETOTET  &HEOTFFTY UTFOUFWID OFTeni. @f LIpCHFiond  HTewilIL{h S @Bl
ObH amsuied, @IITCxHFsHer Beoliuglimerd  &LGeony  FoOeuefldenenuild o _wiFiomer
UGHBmenld OBTemi(BelTengl. @eneal LDewIeL Henmbdh Sl BHEMIH6IT, FIH6VRIS6T OBBID BHBIUILMB
LDGITL_6URIB6NTS  HTeRILBaICHTH L6 iy wB@IDd Beoprlyms CUTSIBaIBBTEL  Bemel
SHMBIFFHLD60 OTHBBRIBEHHE DLeTTHEmar. DIHCHTH, BUIIpGhaiomeaig amsTen alflGLTaled gBLBLD
LHeULDeDIpUT6T HTHBSHHTL FILOTET OBEMID UB6HTL. GEULILIDERIL 60 HTeVHemeVeNl DIEILIONSE GHTBEI.
BSTLILM Hleoliugliy, &uidpliy, sueniisd WwBBID CHTHOHIMNNB LKL URIST, DISHS DD CHTMS
SILTHHEG  Osmewi  LIJCspsons  sTewilLBauseimed  QuTmetsTy  fHwns Ceusons
BSTOWIDTHUIGTONS.  BFHIM60  LGmWTer @ misemem  ugmofliugled  ueoBeuml — Feumedsei
T HTOBTETH BIBII.

soo(pemen  LMpBsad  LevBeumpl  HTeuTmiSeT  OBEID  elvmdaImsmend  CaTauiheTend.  BHlev
SANSHBHIOUOTET SHICWMT SHTEUTHIS6T LOBHBILD LIBemeUS6T 26Nl BiGHHeimer. DHCHTH, 26T
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Felam U BHOWTHS HCITHAWID OBBID  BHevevdhHearemnemul Guamieugled LeLeUIT  LBHID
GUBOSTGHUIE  Bomeusamen  AIPRIGAIHID  BETHHMGH6T o 6tem  uUFewol  GuTeneu
(WPSHHEWOTHSTBHI. EGIUTBTERT HBBIFHLED (PohEHWGHHIaID RHHHEUTHID HeoF FIiey, LigGemLOWITET
@ risefer Gl GUTSIB FauTedEHmeN 6THTOBTETH @M. S IUTBTET LOTHBBRIGSEN6T AL BHeuens
By e CrTeswrsd OC@TamnBeTend.

UL 01: suierniyGsaib
Source: 10.8 GQueeuTpellenar LIWELGSHE Semlafumed euenFWILILL (BeiTeng).

3.2 gyey Gsafily wemms
321 Geuwdiurg zsntgd (Satellite Imagery)

40 aupL HTeULILIGHUTeL Lgemoll CuUTTeneuuied gBULL LG GBLLEMmeT LiGLUmile] Gauiw
1993, 2003, 2013 w@Embd 2023 Gures BHISEIE SpeniBseien; Landsat uLmiser wjenemG L eroGLL 6D

yalulwed syuie) (USGS) eidsmyje Semeanugsensdledmbag (earthexplorer.usgs.gov) ugdelpaasid
Gt L g).

oI’ Leuenesr 1 : Landsat Qauiogdiiu b Hyey eluysisen

Year Image Type Date Cloud Type
1993 Landset - 5 07.04.1992 5%
2003 Landset - 7 13.03.2003 5%
2013 Landset - 8 24.09.2013 5%
2023 Landset - 9 05.04.2023 5%

Source: 929 Led Fryalenen (Digital Data) LwWSTUGSHS DLUICUTETTSHETT60 CUEDFUILILL LS.

3.2.2 Cropping Image

Obs opuialed GCBOGTTEMILGL (WETOFWLTES GFweOIamBEaiey g Cropping Image MFK;.
Cropping Image eiaiug oumuiFd ugHde giu ULNuGHow & GrUGSE UG HaHIams
Crroaonsd OCETaHIBTNS. FmBHVTH, Gl (BHed CFWeTESD UGUUTWIAIBEG LMISeMNEH GBS
Qurgieurs,  Landsat uLggreler oene  Quflwenaled o etengl. e@Gal, &HF CFuIdIPD
uLlu@GSenw  Gurgiomes  Sjemeund  ABY HJey OFwWed SHeHHer BCurdh Hevereusds Hmenen
GHMBHGLD.

3.2.3 Normalized Difference Vegetation Index (NDVI)

@bs opleled 1993, 2003, 2013 wB@ID 2023 b IGH6ND aESBILLL  QFWBDSECHT6N
uLmisefler  ougliuenLulsd e GPILILL ugdHulsd o sften  Hmeugls  Gumeney  THBBEISE 65T
uGLUTUIaIGSE UWaURSHSILUGBL  (waaemw  (enpwitear NDVI QLeofledst  wBmib  gmerdol GLm
Gume oyleysefled @H @@ WHUILES SHal 6Bl Fnplll LGl 6T cLpeOD GUTeOTBHl SHTeuy
Bensvenodemen  Ufihg 0@memeuCasm®  oiFaT SBOUTMSW  Heneven! SHeHISTemldbEHaD  DIH6T
aFHIHTEID UBBW SHenllisemen 2 (hauTdsad o Hadeamal. Wiluler Gumuriiiso; NDVI gierg
STAUT eUTDHMEUINT SILTHS LBpId @@Ly uBpslw Hieuenilelsamen aPRIGLD FHTougd GBuiLrs



CFwetLGHaBg. DSHI 6, s NDVI sragmiseie Lsmbamul Senall LwaLBGaCHTH SHTeuy
SILTSHHeowl LfibsH0sTaausB@l STeuy Crmesduihdled gBUbBLD TBBRiGameT S IIGaISBELD
LWIEIeTeN&TEd @@ . urgbuflul uresllufsd  deniy (R) wimpid  omdaeien  omsdeauliy (NIR)
wAIBEHEG oL Cuwmear  aldsione NDVI sansd lugdamas. @ns NDVI el sanils
Femum e SigliuemLuiGe samidshaemen GuBosteTdama. et @& psv CFuBamnssBsTern
Frevel HTeuy GBUiGseTTE LTBHBIS GBS

NIR — RED
NDVI= ——— NIR — Reflectance value of infra — Red band

NIR + RED

RED — Reflectance value of the Red band

NDVI gwemwm_meng NIR 860 @miba Red band ;s sfida eumd Gumiotardeangs NIR
o a1 Redband 3 ani'i9 eu@pid QUBIOTETSHFHTEO UGSILGHET oD GUBLILGH GBS

Landsat uL misepsatar NDVI ;s sansdll  uweaGsHsiuGw; Band st Caumiul Leer. Sbs
spuiefeo;> Landsat 5, Landsat 7, Landsat 8, Landsat 9 Guneiis Band &6t LwieLBSHSILL L e, S&eiLilg,
Landsat 5, Landsat 7 QewBemssGsmer UL misensstar NDVI msé sansdl Band 4 — Band 3 / Band
4 + Band 3 eignib  Fweum@io  Landsat 8, Landsat 9 QewibenasBaten UL kisehbstear NDVI mé
senisbdL Band 5 — Band 4 / Band 5 + Band 4 etenitd  Foeiiun@Gid LWeTLIGSSLILIG S se.

3.2.4 suuiey enflapens (Research Procedure)




[ Landsat 5 TM 1993 ] [ Landsat 7 ETM 2003 ] [ Landsat 8 OLI 2013 ] [ Landsat 9 TIR 2023 ]

A A A A

——> | Data Pre-Processing (Re-Projection, Geometric & Atmosphere
Corrections, Laver Stacking and Subsetting)

CLIP (KMC AREA)

v

[ Raster Calculator (NDVI) ]

v ‘1’

[ Composite BAND ] > Reclassifying
Natural Break — 5 Classes

v

[ Raster to Polygon ]

v

Classes Extraction (SO KM) and Export

v

Area Calculation (%)

UL 2: sypuielen auld(penmsenend STL_ B uTwiFgFso CaTl(h elendsliuL LD

seo(Lpementll LITCsasHFHe BHarouwinmHedlsn Llearareamniuled Sreurlt CUITemel LOTBBMIGSEMm6NT H6wILsl660
Band Composite wuLBiseT 60 HETEOOHMET PRGBS BT, BbH  [HETENIDHET  [HBFLOUILDTEH60
sMyewilonsd  Hreugll Gumfeney LOTBBRIGSeNer ST g BEBID LGLUTUWIGY FTETBISN6T  6ULDHIE S eTBen.
Band Composite e pPpsevenes BAND semenn @hBidmenibHSiBeat. Seneal ihded 2 66l oi%
ol eugbLiled o sffeniedey 2 UL B FHTau] UCITEHUSHHSH DIHE 2 _ewifHpen CHTwILGl.
Ba uBapl euemEWITET BleolILTLILSEhEEG BemLuled LUTGUTG STLBL FHsener GbLbBHHISSBSI.
BSTLILBHIS6ML (Lpsiieiensouilsd HTauy OTBBEIGM6T 61elHTE HWILBIU 2 56 BBl

33 Sreyu uGLUTUley

Frajll uGLuTWemwieuTendl Sueourdsiul L Geaupium®  Smeuy  uGlumiley iU Leuenesruileir
ugliumwie] NDVI ewwr 1993, 2003, 2013 wBpid 2023 Suewiheehdd Samluled HevLpenell
MyCapasHded sTaurhded gBuUlL  TBpBhismen  ouTuieugsBg NDVI wpepuied — smemriu®d
FoaUTLgeneT  LweLBsHd  CumBosteteniu@damg. Guwaib, @hs UGSUUTUIR] SHTeUTRISer 6
LOTBRBRIGET UBBlw  Hlewenipleydmens OuUB o SHejeugll af  STeughiseier SCITHEWD  LOBBID
UTSISTIL S FweuBens Slenail  LIwIeLIBGS GBS

United States Department Of Agriculture asmogi g, “Gueourssiiul L Ceaumun®  Sreuy
oI Leuenewnt (NDVI) erasiugy Bleotigiinied o eiten  sraugmibeien oieney wpmib effubdear Senail
&I, Buaid, NDVI @1 ghamibd Seolill ULBISeT Geupid Loewienied(bhdl LFMTFH SHTeUThIGm6NT



e eeflanes CaupubsHHs &M BausBasTs o Heutdsliul Lear. Gurgieuts, NDVI wdliysst -1.0
waHev 1.0 suemyuied EmIB@SWD. CamEeT WLBBID HemJd GUBILUG 61HT0mB HUILHNTES E(HHGLD.
Ceumpl Wt Lmeduid OFHTLSHD CHIwens WHHenTs SHbGL. DifisTer sTaugmisst (0.1 - 0.5)
W SILTSHWTer uFmF sraugmseT 0.6 euengwms NDVI et oi8s Gpjwenp  odliser

ST ILIBLD.”

OI15CHTB, Hel® oMlwiu’ L BB  ugeersll  UweLGSSIUGD NDVI asiug  uFemss
FHTauImIEmeT SlenalBeusmaTer eleflul OBBID LwWeleTen GBUILTG0. Bg Fallll] SIEn6eVhHeThIS6N 60
&BemGymiled o MlehFHVIL 65T SIHF TN DBFF AU DIMEIHETRIGHMND LFMF BemevF FlHmenev
BuieoLns@gdemal. “NDVI @61 wdiy eugby -1 (1pHev 1 eueny o sitengl. BgHed NDVI e s18)joenm
WHILB6T (SIS U WFHIYB6T -1) SHewienihed @SHBEGD. LRWSHBES GCBbSBLOTEN
wAHIYE6T (0.1 (WpHe0 0.1 eueny) QUTHIAITS LTemM, Loewed Dlevevdl Uealulen SHflal LG sendE
RHHHHGWD. GOBHSD, CHIwemB LHILSET LT BDID Levbsusiamwds @Gulddeamer (Gamymuinms
02 wssv 04 ouemy), SIFS LFHLYSET WOSWTRT OBBID  CEUILLDEHIL6Y  LDMPSHST(HEHEM6TS
@iedeamer (sentinelhub, 2017).

NDVI (penpwineng smeugmisel @enimdFwmisuier Lig, Oeuei@auml eugbl) wgllsenmer -0.1, -0.09,
0.14, 0.06, 0.28, 0.35 wmmd 0.5 GuramBauBens ST (BHamas. G eamew NDVI eyl s
amalILGHS ouieameiey Natural breaks (jenks) apempuienr NDVI Class Range @6t LweaLIGSHSLI
uedema (Perminder Singh & Ovis Javeed, 2021). erew@eu, Perminder Singh & Ovis Javeed
aTaTLeTH6 @b wimelle &merolly Hafler mleoliugliy wrBpriseier gl ulsomer NDVI w6
spuialed NDVI euenguLgensg euensliu®GsHs LwauGhEw Natural breaks (jenks) penpulener Sbs
suiallsd NDVI eupibuysenents  euenslIUBHS UWUGSHSL UL [BelTengl. @& 6ImidbeT  Siuie|ll
MpCapas et Healdgleuwnmear CHameuse LOBEID LewiLHenenll GeuefliliLGeHs CUTHSHHIOTE 2 6/T6Ng).

Sl Leuement 2: BHevddbg Gurmssiorer NDVI Bip supibyser (Colour Ranges)

augLi (Class) NDVI Colour Ranges
B Hlenevse6it Feuli BHIBLD
S(;-L(J)rge: Fflg mleold G&FbwehgeT BB AICGIS
' Guleiy ugd IDEh& 6T [BIBID
Sfl ST SHTeuTl LGS Geuefl] LFmMF HIBLD
SILT STeugll LG SILT uFmgF HIBLD

QeToLmHenenll LWETUBSHSH 2 (HeuTdslILL L Sl

4. LGUUTUIGYD SHEVHSIENTLITL GOILD

41 seowpemen LNPBHFHHlerr 1993 — 2003 s syewiBasenbsTar NDVI Ligliumuiey



NDVI auenguLionesig Bp Siemenaill LWSTLGSHS STeugmiseflles S JHd Benevenuid ST HE GBS
BOFRIG SILT UFmF (PHev QFIDOEHF6T LOBEID Faull] BHBmiseT 2 6Tell L L6 HBHIE6T auemIuieomer
B eugibysen; (Colour Range) o eienedr. ©6l udJLLSHO SILT LFDF HBHHe0 ST LLILGLD
ugHser 2 _wiy NDVI ndiisefenear GsmeniBeengl. oibd auemauled, SILT LFmF BBsHHed S dl
UBSSIUBILH LML LUGHFemen  GUlesHasg. DSCHTH, @6l euemIULSHH60 Oouell] LFmTF
BBl uGHB6T SifigTar HTeuy LHLILEmeNs GUEHGBH. Beneu Bl LITORSSILILL  eleuaTul
Blevld, LISTE6T, S0l SHTeugmiser, GFpliumer Leobeeflsst o 6efll L oI JHH GmmBhHe SHTeuyL
UGHenwid GCBTemigmhobHe0TD. DICHBUT6, EhaeT MMLLGSHHeMTe0 ST LLLBMS BEHI LiGHmuldh
GBsdas 9CxCaemem OFDILEHF6T BB UGHHeMTe0 ST AUUGSHSILBIS STUTLOBB D606V
Ffld MeoliuGHenwids GBladammal. Guwsbd, ol HBSHH0 STEIUILGL LGHBT  HIH me0HMeNTs
GBS eTBe.
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UL 3: seopenell LIF8sFHdlen 1993 — 2003 b siemibaehsatar NDVI suenyuL b

b umauisd, seorpemer LICsasHHed 1993 Heit NDVI suenguL $dle0 LSS  LIGHWTIHI
WPSHEMOWITS QFDEhF6T HiBSHHevd, Fpfiweney ehael, Ceuell] LUFmF BHBSHHID 2 6ilengl. BhiG
OFbEhFeT HBLOTEIHI STEUTLBB Dievevdl SflgF Mool LGHulemenub dpflulene] LoEhFelT HIBLOTEISHI
FBUSHe0 GUWIBLY UGHSMTS o2 (haurdw UGHWUTGWD. DHCHTG Oeually uFemg HIBLOTEISI
GmBhHDHeTUTT DIfISHTET HTOUThIBMm6eNS QBTERNIL LGHWTHS STanlILGH GBS, SeleuTBrd, SpdEL
UGSHUled SIFH6me| WEhF6lT HIBIPL WSS GMBHDNe GFDEHF6T BB STERIILGHOBH. DibHD
alemalley, oFHsene] GUIGBLY uGHseEpd Wad GHoBhdHerey SHflg Heoll  LGHSamenud
Carenieengl. DI8x58ume, QBB UGDHnw CHTHH ML HIFHH6Me| DILT LUFMHF HIBLOTTH DL JHSH
STeuglBumyeneusd OQSTemNiL LGHWTSWD. Beveu dpfiweney euarll LG, euweoGeuafser, Leboeueaseir
CamewiL  SILIHS UFFmwl LUGHWTSLD. Goed, ey PiBsmes Osrew GComE LGSHwTearg
BiBleevsmend @Gnlddama. Semen Marandi Kulam, Vidnai Kulam, Periya Kulam, Alvan Kulam,
Diriline Kulam Gumeim fpflwr $8ypha 1Mi8ssbmaud GsTewi.  uGHWTGD. AHCHTH, WHHw
UGHWTHIH DIFH6N6e WehFel LBEID Fpfwerney SILT UFHF HBL UGSHWTeL STEAUILGSHIL
UB6US BSTUGH WD HBHSHeNe] STeUFLIGLTTmeusnWILD CETewIL  LiGHWm@GLb.



by saacd Ufe0sb0sslu’ L NDVI sre) uLb 3 e arlduuGssiul Berengl. Seleummrs, 1993
b SLenge0 Hev(penet LITCHFHH e BiBleneowimang 1.2 &5 urliuemaled STeo LGS Bl B
Guorshsiuginisd 5.5% gu@b. Guuidpliyl ugHuneig 8.4 &b b STEIILGHEBS. B
OTeEsHH 37.5% uab. 9156s1H, SHfle Heow; 4.5 &6 uFlueTmel o 6oL sdwg. Bl
OTeBHHv; 19.8% suaw. Gweubd, HTeurlt CumFemeuuied 4.7 &6 UFlTed SIfiBTen HTEUTEISEHLD
3.6 &8 upiied SILJhs SHTauThEEHD OETanherang. el Orsgh urinisd 21.1% , 16.1%
FHOD BT LB BB

F(HBBOTH, 1993 b ewnged Heopena LIT8HaHHe Qords UrliLenalsd SreugmiseT 37.2%
oG, Goab, 628% [Heod  FHTAUILBB < UGHBMTGSL. BhIG  5.5%  HiBleneosemer
OFmTewT(BeTeNHI( DI L alenesor 3).

I Leuemewt 3: 1993 — 2003 &b sewihaEeileyd sevwenel LIJCxHaHHes1 NDVI wglliysefer LybLsd

aug Ly (Class) NDVI Colour Ranges Area (g5 &.15)
1993 2003
. . St .
B Hlenevseir aulil] BB 12 L6
: O b6 g6t :
Sflg mlevld FIDIDEHF6IT HIBLD 45 49
L .. .
Guleiy UG @& BIBID 8.4 65
SIfl ST STeUTl LGS Geuerll] LFmF HIBLD e o
SILT STeugl LG SILT UFmF BHIBLD 36 36

Source: ArcGIS 10.8 Queourmenenl LWGTUGSHS 2 _(HeUTSSLUILIL L Gl

@semgliLenLuled, 2003 sub siewiboHsTer NDVI suenguLorerg 1993 oub SLewih  euedIUL SH360
Bmbal Fefans CeaupLbeauemsd STaw(QUD. g STeuJmiseaier LFLILT60 DI SETEUTET LOTBBHRISENET
dBSBIS FTLHHIMH. DSHIHTeuTaH ULD 3 60 &TLFUUGSHSU LI BeTengl.

obs amsuied, seowemer LIp8ssshdlev 2003 Her NDVI cusmyuL 860 auL&@l UGHWTeig
(WPSHeenowTer GFDEhFeT HIBLOTETH STeUFoBB Sfld Blevll LGHUIMILLD, &mBHHETEUTET LOEhF 6l
Piporerg FluSHe GUiGll UGHBeMTE o HaTdw LUGHUID, DSHIL 6T dpfuiene) OifiHmer
FHTOUIHIGM6NTDH CBTHIL LUGHWTEHS STRILLGHABSH. BeleumBrs, HwsGL UGHuled SiFlserey
offlsrer Greugls Gumeneuu|d, GBHS] GRUIGLY LGHBEHD Wsd GoBboee] Sila beol
UGdHsememd C@TemiBeengl. SICHCUTe, CFBE& LUGHew GCHThdlemed, SILIHS STeurliCUTemeud
QaTewiL UGHWTGD. Deweu aualll LGS, euwevbeuei®el, Lsboeuslader GaTeRiL SILIHE LGNl
uGHwrb. Cueuld, GCuBE uGHwTaid DFH6eNey BiBleeouleneuyd Sfd HeomsameTuD
GPRGHABH. BP0 WwHHW LGHWTaid SIHHene] SILT wBBID SiflHTer Hreuglt Gumfeneuenwiwd
GoBhHe] Hflg Heoll LUGHulemerud CaTeasiBetensl. Bbd Haaled LNfghosbossiiur L. NDVI ey
UL 3 @60 srlAuuGssIu(Getengl. 2003 gub speih @UlgBsashdlsd BHimemevsear 1.6 &5
OBS BTG GBE. Bd Owrssliugiiie; 7.2% sueb. Smlilaid Hfls Beowreag 4.9 &6
o5 alfleuenLbalemengl. @&l Qorshs Beoliuglileo; 21.7% sye sreIUGHSBEI.  DSHSBIL 6T SLIgL L
uGHwnengl 6.5 &.18 sreaiuGaama. Bg Corshsiugilsd 28.7% sue sreuGa ama. Gosuin;>
6 A5 uriied ofigmer FHTauTEIBEHD 3.6 S5 LI SILJHS SHTOUIEIGEHD ST ILGMCHTH
Bemeu Qorsg LLiiev; 26.4%> 15.9% o b o185 sTew LGS GBS



2003 wppiw; 1993 @t NDVI suenyuLmisendsd el Bw Uil Cpréssh Cumgl GPHUULSadbas
LOTBBRIGMET SDleUBHTeldbs FmguISTUETNCHTH SLbHH 10 SpemBeied smeugls Gumyeneuulsd eBULL
LOTBBRIG®ETLD  &Tew  (Pdamal. seopemear LICsasdled 1993 @1 NDVI  suenpuLgs8led
GRIUAILL aumpLHHe0 FHraugriseiler Grmédwd wBmid urelsd uBBlw Ggefleuter elendssHmas
AUPRIGHIBH. BB 2 6TEHJ HIOEIST Henew LML  HIEHIENIBIESMETUID  QUDRIGS @B HTEU]T
o mpaeier uissalweneoll Lfibs O@merem o sadamsCsTd Bleoll LWIGEILTH, STeUIHIGSET OBBID
STOlICLTHH0  ald  BLANHMBHMNGT  HTHHD — pdlweuBBled  gmBUBL  OTHBBHIGm6TS
SeETeNILSBSTET HUL WHs @GP YeTeflwns Sbs euedyuLd GeuwsduBaamgs (ULD 3).

HHBHOTH, 2003 @0 seopewen LICHFLTRIG SiHeT GoTeHs urinie; 42.3% LG seflsd
sraugmiseilen  alfleurer LFDUMEVE OETaRIYbHbHHIL 6T  BH(peTen 57.7% HTeugoBy LGS Hener
Camewi(eiengl. 1993 &0 @mbam 2003 b ewihsensGeT;; NDVI  suenyuL miseflsd
ST_FAUUBSHSLILL (BeTendHet L, BlgHuled sl Mevwmeng 1.9% sysad sreuy ugtiumerg 5.1%
oEaD  9PBNHHETNCHTE  Gui iy uGHwneigd 8.8% oued  GHombaleTenenioulenetu b
STET(LPLY B BTBSI.

4.2 sevpemenr Ui8sasHden 2013 — 2023 b emibaenssTen NDVI ugliumdey

2013 sub o6 NDVI auenguLomengl 2003 b SewiB  auedILL HHe0(bHEH CaupiLiGealend UL LD
4 geig Ogefleurs ST (GHamg. GHluTs, SUiTCsasHdlsd  HTaurliGurfensuuilsd @ 1bEUMBB
SiFHeneuner oTBBL CuUTEGDHMeT A& GBGHama. sSeopever LTChasHdlear 2013 b SLemi6h
NDVI suenyuL et auls@l UuGHulsd SifHsena] sfla meoll LGHWD SHTeurll Curfeneusnul el
GOBHSHTe GUIGUY LGHmWUD CaTaIB6TeNE. SPsSGU UGHUI Pl Guildli
UGHWUD GoBhHaTe] SHfdF mHeoll uGHomwud wWsd GoBhHane| STeugl  Gumjemeusnuiub
Careni(peengl. OHBGL LGHWTaidH SiFlsenauret Sreuglt Gumensuenwiud GuilbLli Ligamuiub
GuoB@Ll UGHWTEIH BIBHMEVMWULD GLUIBLIL LGH MWD 0STear DieTe] STeugll Gumyeneuenuiu|b
Camewieien oI6s Geouemenr wWHHW UGHwWnang GFBleunereney STeugls GuTemeuenWLD GlpuilHLiy
UGSHemwwb CsTewmiBeTendTes STeLILIBGE GBS

2013 wimib 2003 @1 NDVI euenyuL misendg QeLBw Uil Gpréd@ Gurg 10 eubL &Tev
AL Geuefluisd smeugts Cunemeuuied GHemmallenet Smew (LPRHEBH. DSTeudkl, 2013 b WG
BNCsasdsv piBmevser 1.1 &5 suasd stewniLBaBg. % Qrssiiugiiisy 4.9% sysib.
sfla Peooreig 4.8 i 5 alfluml haemeng. B& Owrshs  Beoluginied 21.1% o5
sTemLLGHoBEH. DASCHTG Sl LGHwTendl 8.5 H.15 sTewiiuGHSBEH. BFH GoTSHSLILFLILT 60
37.7% o5 stewiLGHama.. Guwabd, 5.2 &8 urinled ofFHTer FHraughisend 3.0 &5 Lginied
SILIHS SHTOUIESEHD STLLGUCHTE @emeu  GQordgs uglnilsd  23.2%, 13.1% o2.1b o5
STETLIL(B S B
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UL 4: seopenell LIg8sasdlesr 2013 — 2023 b spemsendstar NDVI eusnyuL b

FHHBHITH, 2013 @60 sev(ener LITCHFSHHe Gondhg ugliled 36.3% ugHseied SHTaurrisee

alifleumenr  LTIDLMeVS OEBTRTQHHSHIL &1 s (psTer 63.7% HTeugoBds LGHHemen  CBTEBIB6TENH.
2003 @60 BmHbHH 2013 oD SWIGEG6TENTe STeOLILGSHUled Mooyl UWeUTH oBHBID SHTeuFL
ugbUedsd LeLGaIMl  IDTBBHIGMET &HTew  (PHEMaE. BluGdHulsd B Bevsowrarg 2.3% susa)d

Frauy  ugiuTeng 6% SuEe|d  GmBhHTCHTH  Hia

Bevorengl 0.6% sysaid  Gouilmin

uGHwrerg 9% ousaId DiFHBfHHieTenenouleneTud STemT(Lolg S eETBG.

SILLauenewt 4: 2013 — 2023 guib ewiBseied seopemarll LIfCsasdler NDVI gliserie

LIJLDLIGL

augLiy (Class)

B Hlenevdeir

Siflg mlevld

GrUtly UGS
SfiSTen HTeUll LG

SILT STl UG

NDVI Colour Ranges

Feuly HIBLD
Q&FbwehgeT BB
LDEhTF6T [HIBLD
Qeuerll] LFWF HIBLD

SILT uFmg HIBLD

Area (sgy &.16)

2013 2023
L1 1.6
4.8 3.8
8.5 8.0
S22 5.1
3.0 4.0

Source: ArcGIS 10.8 Queaieummenentl LWETLGSHE 2 (HeumdhsIUL L .



BnFuns, 2023 gub gewngesr NDVI suenyuLoneng sBmiFg el Suisbsalwleney Bald Lfbal
CameTudB@ SILLUGHUTD 2 6iTem  HToumideier LTDUH UBSIW (WwhHwwrear Ssealeneo NDVI
uMIULLD - 4 Seid UPRIGHIBEH. DbH eaumsuled, 1993 @e1 NDVI spauneis  Sibs
sTeulIlGHulled FHTaugmisemer Sieney, LTI, STeuy CrmHHWID seaBemB GeuallLbBSHBIH GBS
Bg sTelICUTSH BUBMs BBID el CFsaTsSeammed LedGeauml LOTBBHRIGSMeTS HewT(BH6T6eNDI.
1993 @60 @mbaH 2003, 2013 ey (parBeamdsl BHHL  Curgk  Beotugly  elBCWITSSH 60
GRUILH5HH5 OTHBBEIET @ 1D GUBBIETENS.

OIFTaUFH!, 1993, 2003 wBBID 2013 oD WG SHyausenler 2023 oub e NDVI cuenyul sens
OPTUIISET  cpeold  @hsl  uGHWlE  HTamissT  HTeIBLTSS® ety 2 (Heutd
omBlwenos S (Betener  elaiugl UBSiw  elfleurten Lfigeneo GuB  (pudama. Bbs euemasuien,
2023 o Wi BULNCHFHHer Hev alBHCUTHD DiFsene] LOTHBBHRIGEHSE © L LI [BH6T6ngl.

seo(penen LIT8sashals0 2023 @6t NDVI susnyuL 860 oL Sl LGHWmeand igsereurer Qe
UFmF BIBSHSHID, WEhFeT  HBSHHeD BBID FHflweney GaFbwehaenr o stengl. @rig Geuefly
uFemg Hporerdl STeurll Gumjeneuds OsmeniL LUGHulemenud ehael BIBreigk Gluilmly UGS
BpId fABlwene] OFDLEHFNT HBLTRIG STauroBds Hfa  BHeolluGHWUTGL. DHCHTH, HpEESLl
LUGHUlL SiFHHeney Qeuell] LIFMF HBUPLD GOBHSBHETE] LOEhF6T BB WLBEBID CFDEhFT HB(LPLD
ST ILGHIBH.  ObFH amsuled, H@ena] SHraugll Guifmeald OCHTERIL  LGHBMETUD
G@mBhHSHe| Uil UGHsmenuld Wed GmpbhoHene| Hfla Beoll LGHBEHD CETeBHeiTeng.
156x1H, OB ugGHow CHrTsHamed SiFHsene ST UFmF HBLTAH  DILJbHS
STauTIGUTTeneud OBTERIL LGHWTGW. Beveu Fpfluiene] suerll LGS, suwlevbeueisel, Lebleueasel
CamewiL.  SILJHSH UMW UGHWTGSL. el FiBsmeHs st GCoBE LGSwTag
BIHeNeoHmeNd  GBISHABSHI. WHHW UGHWTardH DiFHHene] Wehdel WBMID Oeuel] uUFHF
BIBmIEeTed &ML UBSHSLILGUS GSLUIGLL WBEDID SiflsTer STl uGHWTEGL. HS5CsTE, S
UGFHuled Wasd GHoDBhHHeme Falll] LBBID SHILT UFMF BHBRISTEL ST AIUGHSL UGS GBS
gl By Blemeuse LOBEILD SILTHSHwmer STeuFtiCurTameumul GBl&EH GBS

SbHeumBUIsy, BT Blenevder; 1.6 &.16 UrliLeTelled STeRILGA GBS @a Corss urliuetalsd 7.1%
SGID. BLbHDH UMHBEHLAT @UIGL Burg 2023 Bev 2.2% oiHsfSHHieTendl. DS, Sl
Blevls LGFwimenigy 3.8 &6 ugtiuenaled 16.9% MFK;. &L bg auemiGaenl el @uiGn Gurg 4.2% 60
GopalmLbaleTengl. 8.0 &.5 urliueraled 35.5% o1F S gL LI LUGHB6T OTBBLOML HHI6TeNH. B
2.2% 915 GopalmLbEgleTengl. 5.1 &.6 sremiuGHeam ifisrer sraugl Gurymel Gwrdhs LFliied
22.7% wn@ld. oI Jhs STeurlt Gumfeaiwimerg 4 & upinied 17.8% suoib. 2013 b SLemenL
UIGD Curs Beamesiged HTeaurlt Guramelwimeardl 4.2% o160 alfleuenL HHieTend).

FHSHOTH, 1993 - 2023 b WG EHSHmLUTD  Seopmal  LICHFHHL  SHTeurLl
GUTTEAIWITENS! LTBPRIBEDHHES ©_6TenTduleenar. DiFHTalg, 1993 v Qrshg Beorgiinie; 37.2%
% STaugll Ul Qasmewie Bleoligliumers 2003 @ed 42.3% 15 oiFsfsHa 2013 §ev; 36.3%
GopaumLba 2023 b emih @a 40.5% g oFsfsHHeTNg. Sl uGHulesr alfleurdsib,
oIFafHH SHflg meo, alflewiey, maior LUITOFWIDS (LPeHB, DIFFTHIS CBTETENDHDH6T, DIPSILTENLD
oI  @6leUTMTe  LOTBBRISEHSEG SmeUBIL T Slewed  SHTeugll  Bumeney  eugeumiH6Ted
LOTBBRISET  6BLHSHSHIH 61360,

2023 oIb SLeulged Bleoll LWeTUT®H, BBILWLTESS BCurdh@Hsel Gumeimer SILLGSH UL euenif&d
SiemLibgleiien CurgId Smeugls Cumemeuwimeiig SIHSFHH UHUMSWD STWI(WQI GBS, G
FBBIFFHLDISSTET  FTHHWIOTRT HTHIRISMT  leMbHABH. Bbd Burd@aefler esuemisFdwmeng
SIIUGHUINGT BBed 105 SHaTmemul ST BaEmE. ASHCHTH, deolpamer L8HF&HH e jdpj;Jtkhd
FBBIFFHLD0 SMOLIHL LTHISTEIOD CHTLIHSHID Guewiayd QHTLT Semismeniliy LOBEBID Bleneoulest
Bl60 (WETMGHFH6U HenL (LPenBEH6Medr (HeBULSHSHIMIDTEHI U6 |BISHHISH OBSHI.
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uLb 5: 1993, 2003, 2013 w@pid 2023 &0 NDVI eu@liy eupibyseflest wplinisd

1993, 2003, 2013 wmmib 2023 b ewiBseiear NDVI eu@liy sugiby ugliued syeysefe Lig, 1993
B BILEGFHUL BUBESUTET FnBIH6T DHDH6N6 2 6em MSLILL BeTengil el GHIILL Slenaisd
FID Hleweowmen HleolIUglient ST lguigl. B&Hed B BemevseT 1.2 &5 uglied o eTener. @GQuilpli]
ugPser 8.4 A s BHHSAH. BFH BB aenjFdomw GHbHamas. Smiiamib, 4.5 &6
Ffla Bleodgler alifleurer LliLene] STeoILGHDBE. LSTH6T oBEBID Levbeuelsaller LIbs Lgly 4.7
S5 ofisrer sragmisaie GBlsHama. 3.6 S5 ugliuene SILIHS STa] LGH MW GHBISH GBI

@b Semwl] 2003 B0 2 FhHFH STVHMEV, DFFTHISHHE (LPEOBUWITET S L M6, mFLOLIGLITH6H
wyaled gouiL  aleusmu WLBBID euaalued BLalgSmeHelas AFHBHDH euenj&d Lelwiene
USTH6T  oBuid  Ueveuaismens O@meani  oifigmer  Sreugll  Gumyemeiwmeng 6.0 &5 sysead
SILFSHHWTen FHTaughiseie ojene 3.6 &5 sysaid alfleuedl i STTERIOTES DDIOHHEH. DIHHIL 6IT
S Ll UGS 6.5 .18 eusaId GopalamLhaleTangil & Sl Bevworas 4.9 &5 Ea|d dnlguig.
B8 FBBIFHLD FOHmevmW GUISHGBH. BHH Sewwly 2013 B0 HSILWILTES LOBHBID
o sl Lol alflamssd spdluemeal sl L0 LUGHulear aenjFfenw 8.5 &8 symaid Hfla Heoio;
4.8 i oFaId HwmguIGH. USTH6eT oBmId  LeobCaelsmerd Gsmemi.  Sifismer  STeurl
Gunyeweuwitengl 5.2 A8 sypad BHHHer. HSCHTH S _JHHuwines sSragmisele Siema 3.0 &.if
B GHOBHISBH. DI FBBIFH0 FOBHeneouleT LOTBBHIGMENT GHBISHH GBS

2023 peBeardd BHHWOUTH SULGHuled BSIILUB euenfFHenl SleusSTaids (WPoHama. S&
8.0 &.15 auemy alfleuenLbeHg. Hfia Blev alflaundsssdHer Curesg QHTLIHS 3.8 .15 6l guigl. B&l
BleolILweium B Slebevd QuIBensd CFWeOLPeBHaTed gBUGBL LOTHBBRISET STIEUIOTS ENHSHSHEUTLD.
USTHeT oBuIb Lebbsuaiaer 5.1 &.15 Heneownaisbres S HHHET. DLeITe0 SILTHSWITET HTEUIBISET
4.0 15 oua 2013 g semien. el SiFHBFSSleTener. QbsH OTHBBEISET DTFTRIS CBTETENDHHET,
alfliyewriey, wmg i@ wul] GFlens, HeolUWSLTL (B OTBBRIST LHBEBID L6 L BSeTS
BUUGHUIeL euaTFFIWmLHS UHEUSHEITEL HTEUTHIHMNEIT 6UIQEIMLDEEGHD BUIBeNSWIT6T S et dereir
AL almearsamer LITgusisdamal. SHFausd SbhSH [Hev (PETEMWLSHHIUD LoBEBID  SILEGulled
urgIsTiy wpuBdsmer @hs Budbssalwensd Ufihsl OsmeTeug (LpoHSUIDTISI.

5. (pgajey



Ohs uielsd, seopemer LITCHFHH6E BuiBens WOBEXID Tl QFWBLTHSET STeugls ULl e
LOTBBRIGEHHE LIsHTeanorer sryeiln@Gd. Dsemer SlglilmLuwnd stean® @0 rsawreais)
WUEeLWITS  LUGLUTWle] QFliwliuGaasma. B ugdwurerg usdGauml Bleoliuglil] SIDFBISETeT
FTBH6IT, 6ULIcLH6T, 2 L sl Lenli Salmss, @Soyéuny  meolugln] LBE@ID  SHTEUTRIGETTE0
AUMSILGHHUILGHGBH. 1993 b SpewngBamer Gueourer Gaupiun® Hreuy i Leaiewewnt (NDVI)
ugLiumieley Beoliugliurerg 37.2% STaugmisenTed opL LU 9hodHama. 916k Gauemenr 2003 &b
SLETYED . _FhHSGH STEVIHENEV, DJFTRISHH T (LpenBUITen HL L miseT, FPLGUTHIET (Wwigalsd gLl L
aleusmuwl BHBID eueTalwlsd BLAUHMmBHNGT DHEfHDH auengFflulent Smyerons 66T 60
srauriGumimeaineid 5.1% ofsfiss 42.3% o5 o eengl.  ogemed 2013 b ewiB
s LLIUGHBeMer alifleurdsd, ST (heuen Sewiledenmed iUl L Hfla Heo DH I, S6lleuTentged
HewLSaUEUBB wemp afpFfulen Geme CuTems smyeumiseieanmsd STeurliGUTTameaIwTergk 2003
b SpehLesT @UiGd Curgl 6% S0 GHompaimLbd 36.3% SimwbaleTeng. Suiduwrs, 2023
SUD  SLEWIGED (BT (PEHTEMIOGHHI  BLAOUQHMBH6T, STeuliCunTenel GBSHH  LDoHSH6N 66t
allPlIemIfe), SIVRIBTISH SHTUIRIGET BHTer HILLLD, B e6umd STeujmiseler  SIFHSHIL,
SIIFTRISHHGT  LUHw  euaalied HULMseT, Quomienl  wmeluIfFOFiemsulsr SIS,
wreneiseiesr  GuouiFged wB@ID  alevmiGSsINe BT Cuieis  argemmiseiemed 40.5% o
STeuILGHSBE. GPLUTS, 4.2% 160 DIFHBfSHHieTeneno. DHCHTH, 1993 b SLewIBLET @UILIGLD
Gurgl 2023 oub Sewiged  STaugll  GumFeneuwimeigl 3.3% L0 DHEHEHBETIHILT 2003 b
opethLeT 2023 b eyewiowl UG Gursl 1.8% o160 GomeumLbgleengi a1 2013 gyib
OLeThHLET 2023 ouib opeitenl. UG Curgl 4.2% o0 DIHSBHHHIGTEMTNSUID  HTEWI(LPI S STBSI.
Bn meeoulemer OHTLIbHEID CuanieusBd BULITCHFHIHL CHTLFFAWNT HewishTenillil LBBID
HIMELITET [Bl60 (LPHTMOSHHIA HeDL (LpeBEHemen GoBsmeitenm GeuewiBLb.

@6 yuieuTedl Heopswenll LIJCHFHPHeN HSFHH UMD Blev LWSILTG UBBIW  HEHIE0HEN6T

QPRIGCHTEG  @bsd  LIIThHWSHeT  FBBIFSHL  FoBeevsnwl  CuemieudBE — UTHISTLIL
BeOL (enp&Heel Seufluid OHTLIUTS Ui |BIHSHIS TBSHI.

ufibgienyeit

= seopemen LITCHFHHL BSIOWIDTSSe06T  STJeniond LG  Gumfeneuuler omBBHiSeemed
goULL  UTHSWTET  aleneneysamend Hsd FBHS BEIULB SHLLULED BLOIYDHMHBHEN6T
HEDL(LPBLILI(B HS60.

= oyl ugiied gBUEH B GHmBalamer HToSTeTaUSBETS LOTYHEHTL L LUWITFOFLINS LBBID
ugeny o sl Lenwliy Gubur@ GuTEs HleneowTer HEML (LHENBHEN6T 2615 Ee]HSH60.

" FL_BamIL LUGHBeMed LsemwTear LUGHHen FTflauensdd SBHHS HeHILILMS BL6UQHmSHHEN6I
B BTN HH PBIGLBHSIS6V.

» ugsemn Cunfemeuulsd gBULL LoTBBRIGmend SewismeaniliugBate NDVI Gurem fiGwm Ggeaidm
BILLURISMmeT]  LweuGSHS  waHlibsemen GBupbsmeieuGasr®h, Fflwumer GErHHled DSBGFW
BEUTFMEUHENGNT  (LEITEN6USHFH60.

= FHe0pementuiled o eitem LGiend Cuensuuiel LTHISTIHL 2ad@GalluSBETR Fepd FHUTEH LOBBID
allfliemtey (LPWBFHEN6T  6ULDMIEGSH60.
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