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4. Land Use Land Cover Dynamics Using
Remote Sensing and GIS Techniques in
Western Doon Valley, Uttarakhand, India

4. JInHaMHKa MOYBEHHO-PACTUTEIHLHOIO
NMOKPOBA C HCNOJb30BAHNEM METO/I0B
JMCTAHIUOHHOTO 30HaAupoBanus u 'NC B
3anaaHoi noauHe /AyH, Yrrapakxaun,
HNnnusn

Abstract

AHHOTANUA

Land use land cover (LULC) change analysis
emerged as one of the most significant factors,
which assist decision makers to ensure
sustainable development and to understand the
dynamics of our changing environment.

TeopeTnueckuit aHanm3 W3MEHEHUH
MoYBEeHHO-pacTuTensHOro mokposa (LULC)
CTaJl OJHUM U3 HauboJyiee BaKHBIX (PAaKTOPOB,
KOTOpbIE MOMOTAIOT JUIAM, TPUHUMAIOIIUM
pelieHus, o0ecneunTh YCTOWYUBOE Pa3BUTHE
Y MOHATh JIMHAMUKY Halleld U3MEHSIOUIEHCA
OKPYKaIOIIEeH CPebl.

An integrated approach of remote sensing and
GIS has been used to study the land use land
cover dynamics of the Western Doon Valley,
Uttarakhand.

KomMmnekcHbId  moaxon — JUCTAHIMOHHOI'O
30HIUPOBaHUS W TEOMH(DOPMAIMOHHBIX
cuctem (GIS) ucnonb3oBancst ans U3y4eHUS
JMHAMUKH ITOYBEHHO-PACTUTEIBLHOIO IMTOKPOBa
B 3anajHou nonuHe JlyH, mrar YTrapakxasmu.

Landsat satellite imageries of two different
time periods, i.e., Landsat ETM + data of 2001
and 2010 were acquired and used to quantify
the land use land cover changes in the study
area from 2001 to 2010 over a period of one
decade.

CnyrHukoBeie cHuUMKHM «Landsat» 3a 1Ba
pasnanHx Hepnona BpeMeHI/I, T.C. HAHHBIC
«Landsat ETM +» 3a 2001 1 2010 rosl, 66u1H

nonyquH nu HNCITOJIb30BAHLbI JJI
KOJIMYECTBEHHOU OIICHKH N3MEHEHNHN
I104YB eHHO-paCTI/ITe.HBHOI‘O HOKpOBa B

uccinenyemoM paitone ¢ 2001 mo 2010 rox B
TCUCHHUEC OAHOI'O ACCATHUIICTHAI.

ERDAS Imagine 10 software has been used to
carry out the supervised classification using a
maximum likelihood technique.

[Tporpammuoe obecrieueHne «ERDAS
Imagine 10» OBUIO HCIONBH3OBAHO IS
IPOBEICHUS KOHTPOJIHPYEMOI

KJIaCCI/I(bI/IKaI_[I/II/I C HCIIOJIBb30BaHHEM METOOA
MaKCHMaJIbHON BEPOSTHOCTH.

The images of the study area were categorized
into five different classes, viz., agricultural

N3obpaxkenuss ucciegyemoil obnactu ObLTH
pas3zeneHsl Ha MATh PAa3IMYHBIX KIIacCOB, a

land area, settlement area, forest cover area, | UMEHHO: IUIOIIA/b CEILCKOXO3SIHCTBEHHBIX

wasteland area, and water body area. yroaui, IUIOINAAb HACEJIEHHBIX ITYHKTOB,
miomangb  JECHOro  IIOKPOBa, 101 AIb
MYCTBHIPEH U TJIONIAb BOAOEMA.

The result indicates that during the decadal | Pesynbrar moka3piBaeT, YTO B TCUCHHUE

period, the agriculture forest and settlement | necsatunernero nepuoja IUTOINAIb

area have increased about 6.22% (i.e., 25.19
km2), 0.30% (i.e., 2.66 km2 ), 2.17% (20.47
km2 ), respectively, while area under other
land categories such as wasteland and water
bodies have decreased about 6.16% (i.e., 22.67
km2 ) and 252% (i.e., 0.22 km2 ),
respectively.

CENIbCKOXO03SHCTBEHHBIX JIECOB U HACEIICHHBIX
IIYHKTOB YBEJIMYMJIACh NPUMEPHO Ha 6,22%
(T.e. 25,19 xm2), 0,30% (t.e. 2,66 kMm2), 2,17%
(20,47 kM2), COOTBETCTBEHHO, B TO BPEMs KaK
TUTOMIA/Ib TIOJ] APYTUMHU KaTETOPUSIMH 3€Meb,
TaKUMH KaK IyCTOIIM M BOAHBIE OOBEKTHI,
COKparuiach NpUMepHO Ha 6,16% (T.e. 22,67

kmM2) uw 252% (te. 0,22  xM2),
COOTBCTCTBCHHO.
The Shuttle Radar Topographic Mission | Ins  ompeneneHusi  aHaiM3a  CKJIOHOB

(SRTM), digital elevation model (DEM) data
have been used for determination of slope
analysis and it is found that most of the LULC

UCTIONIB30BAIMCh JAaHHBIC MU(POBOM MOAETH
penbedpa (DEM) U PaguoSIOKAlMOHHOMN
tonorpaduueckor muccuu mattia (SRTM), u
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changes have occurred in the area where slope
percentage was in nearly level to gentle
categories.

ObTO  OOHApYXKEHO, YTO  OOJIBIIMHCTBO
n3MmeHeHni «LULC» mpousonuio B paiioHe,
I TPOLEHT YKJIOHOB JOXOAWUT IIOYTH [0
YPOBHSI IIOJIOTUX KAaTETOPUH.

The accuracy assessment and Kappa
coefficient of both data sets have also been
determined and found that in the 2001
accuracy assessment was 85.35% and in 2010
accuracy assessment was 89.59%.

OneHku TouyHOCTH B K03 dunmentoB Kamrmbr
o0oMx HabOpPOB JaHHBIX TaKXKe OBUIH
ompeiesIeHbI U OBLIO ycTaHOBIIEHO, 4To B 2001
rojly OoIleHKa TOYHOCTH cocTaBisiia 85,35%, a

B 2010 romy olEeHKa TOYHOCTHU COCTaBJsijIa
89,59%.

The technique used in the study shows the
importance of digital data-based change
detection techniques for the nature and
location of a change in the study area.

Mertoa, WuCHONB3yEeMbId B HCCIIEIOBaHUH,
ITIOKA3bIBACT BAXHOCTH LII/I(prBBIX METOA0B
0OHapy>XeHHSI N3MEHECHUI Ha OCHOBE JaHHBIX
JUTSt XapakTepa Hu MECTOIOI0KECHUS
W3MEHEHUH B UCCIIEAyeMOr 00J1acTH.

Keywords: Land use land cover — Change

KitoueBbie cnoBa: ITouBeHHO-pacTUTENBHBIN

detection — Landsat data — Kappa coefficient — | mokpoB — OOHapykeHHe HW3MEHCHHHA —

Accuracy assessment CnyrtHukoBele jgaHHble — KoadduuueHnt
Kamma — Ornenka ToYHOCTH

4.1 Introduction 4.1 Benenue

Human beings are one of the most destructive | Jlromu ~ sBOsiOTCS ~ OAHM M3 CaMBbIX

agents of nature who continuously changes and | paspymmrensHbix  (akTOpOB  MPHPOIHI,

modifying the landscape depends upon its | koTopbie MIOCTOSTHHO U3MEHSIOT u

suitability for survival and wellbeing.

MonudumpyoT nanamadra B 3aBUCUMOCTH
OT €ro MPHUTOJHOCTH [UISl BBDKMBaHUS H
0J1arOnoIyHs.

Since the history of human being the land
surface have witnessed the many changes in
the form of national boundary barrier, great
walls, embankments, urban planning,
industrialization,  settlement  agricultural
practice etc.

C caMoro HayaJia UCTOPUH YEJIOBEUECTBA Ha
HOBerHOCTI/I CYI_HI/I HpOI/ICXOI[I/IJII/I
MHOTOUYHCJICHHBIE  W3MEHEHHSI B  BHUJE
TOCY/IapCTBEHHOTO TMOTPAHUYHOTO Oapbepa,
0OIBIINX CTEH, HaOEPEKHBIX,
rpagoCTPOUTEIIBHOMN JICSITEIIbHOCTH,
WHIYCTpUAIU3alHl, CEIbCKOXO03IMCTBEHHOU
NCATCIIBHOCTU HACCIICHHBIX HyHKTOB nuT.O.

Human alteration of a landscape from natural
vegetation to any other use typically results in
habitat loss, degradation, and fragmentation,
all of which can have a devastating effect on
biodiversity.

AHTpONIOreHHOEe H3MEHeHue JaHgmadra ¢
€CTECTBEHHOW pPaCTUTEIBHOCTHIO Ha It000e
JPYroe MCIOJIb30BaHUE OOBIYHO MPHUBOAMT K
norepe cpeapl OOWTaHUs, HAerpajgaluil |
(dparMeHTanMM, KOTOpbIE MOTYT OKa3arb
paspymurensHoe BO3JICHCTBHE Ha
O6uopazHooOpasue.

The changes in land use/land cover represent
an important part of the global change
affecting the environment.

M3MeHeHHs B 3eMIIENOIb30BAaHUN/TIOUYBEHHO-
pacTUTEILHOM IOKPOBE MPEACTABISAIOT COOOH
BRXHYI0 4YacThb TIJIOOQJIBHBIX HW3MEHEHHUH,
BIIMSIIOLINX HA OKPY/KAIOIYIO CPELY.

These changes occurred by altering (increasing
or decreasing) the number, structure, or
conditions of the elements in the satellite
image over various spatial and temporal scales
(Stow et al. 1990; Sreenivasulu and Bhaskar
2010).

OTU W3MEHEHHUS NPOUCXOIWIH B pe3yibTare
MOCIIE0OBATEIHHBIX U3MCHEHHH (YBETUYCHUS
WIM YMEHBIIEHUS) 4YHCIia, CTPYKTYpbl WIH
YCIIOBHH 3JIEMEHTOB Ha CITyTHUKOBOM CHUMKE
B DPa3IUYHBIX  MPOCTPAHCTBEHHBIX  H




BpeMeHHbIX MacmrTabax (Ctoy u apyrue -
1990; HlpunuBacyny u bxackap - 2010).

Although, quantifying, monitoring, and
evaluating the spatial and temporal dynamics
of the land use land cover is quite critical for
better understanding many of the Earth’s land
surface processes (Midekisa et al. 2017).

OpnHako KOJINYECTBEHHAsI OLICHKA,
MOHUTOPHUHI M OLEHKAa MPOCTPAHCTBEHHOWU U
BPEMEHHOH JUHAMUKH IIOYBEHHO-
PacTUTEIBHOIO IIOKPOBAa HMEET pEIIaIoLIee
3HA4YEHUE JJIs JIy4yIlero MOHMMaHUs MHOTHUX
IPOLECCOB  HAa  IOBEPXHOCTH  3eMIH
(Mupekwuca u npyrue - 2017).

Besides this, to understand these changes
allow us to quantify and monitor trends in
agriculture (Ramankutty and Foley 2011),
freshwater resources (Costa et al. 2003), forest
cover (Hansen et al. 2014), and disease
transmission (Patz and Norris 2004; Midekisa
et al. 2014).

Kpome Toro, moHmmanue >THX H3MEHEHUH
MO3BOJIIET HaM KOJMYECTBEHHO OLICHUBATh U
OTCJIEKUBATh  TEHAEHIMH B  CEIICKOM
xosstiictBe (Pamankyrru and ®omeit - 2011),
npecHOBOHBIX pecypceax (Kocrta m apyrue -
2003), mecHoM MokpoBe (XEHCEH U JIpyrue -
2014) u pacnpoctpanenuu 6osesneii (I1ar3 u
Hopuc - 2004; Munekuca u apyrue - 2014).

Moreover, we are aware that land conversion
is the greatest cause of extinction of terrestrial
species, of which particular concerns are
deforestation, expansion of urban centers,
industrial expansions, major roads, and
railways network corridors have really created
a great impact on the ecology and survival of
many species that previously existed (Tripathy
et al. 1996).

Bonee toro, Mbl 3HaeM, 4To nMpeoOpa3oBaHKE
3eMeIb  SIBJIISIETCSI OCHOBHOM  MPUYHUHOU
BbIMHUPAHHUA HA3CMHBIX BHUIOB, U3 KOTOPBIX
0co0yr0 03a00YE€HHOCTH BBI3BIBAIOT
I[eﬁCTBHTeHBHO 60.HBLHOC BIIMSTHUEC
HCYE3HOBEHHUE JIECOB, PACILIUPEHHE TOPOACKUX
LCHTPOB, IMPOMBIIIJICHHOC paciiipCHuC,
BO3BEJICHUE KPYIHBIX AaBTOMOOUJIBHBIX H
JKEJIE3HOJJOPOKHBIX CETEBBIX KOPUAOPOB Ha
9KOJIOTHMI0 W BBDKMBAaHME MHOTHX BHJIOB,
KOTOpBIC CylmiecTBOBaM paHee (Tpumarnu u
npyrue - 1996).

Large number of researchers around the world
are monitoring these changes of land use
which is a product of interactions between a
society’s cultural background, state, and its
physical needs on the one hand and the natural
potential of land on the other, so that better
understanding can be made among man,
nature, and natural resources (Balak and
Kolarkar 1993; Chaurasia et al. 1996; Agarwal
et al. 2002; Jasrotia et al. 2012; Jasrotia et al.
2013; Taloor et al. 2018).

bosbiioe yucno wucciaenoBareneid BO BCEM
MUpE CHeAsST 3a STUMH HU3MEHEHHUSMHU B
3eMJICTIONIb30BAHUN,  KOTOpPBIE  SIBIISIOTCS
MPOIYKTOM B3aMMO/JICHCTBUS MEXY
KYJIBTYPHBIM (DOHOM, TOCYHapCTBOM U €ro
GU3MYECKUMH TIOTPEOHOCTSAMH 00IIecTBa C
OJIHOU CTOPOHBI, U IPUPOAHBIM MTOTCHIIUATIOM
3€MJIH C IPYTOMH, JIs1 TOTO YTOOBI MOKHO OBLITO
JAy4llle TOHATH 4YeJNOBEKa, TMPUPOAY W
npupoaubsie pecypebl (bamak u Komapkap -
1993; Kaypacus u npyrue - 1996; Arapsan u
npyrue - 2002 rox; XKacporuss u npyrue -
2012; Xacporus u apyrue - 2013; Tanoop u
npyrue - 2018).

Researchers around the world have started to
monitor land use land cover changes by
involving traditional surveys and inventories
from the nineteenth century.

I/ICCHGI[OBaTeJII/I BO BCEM MHPC Haydalu
OTCJIC)KHUBATh U3MCHCHUA ITOYBCHHO-
PACTUTCIIBHOTO IMOKpOBa, HCIIOJIb3YA

TPAAUIIMOHHBIE METOIBI OOCJIEeIOBaHM, a
TaK)Ke KaJacTphl JIEBATHAAIIATOTO BEKA.

With the passage of time and an enhancement
in the technology, remote sensing and GIS are
quite advantageous as it is economically
billable and time saving for micro to macro

C TedyeHreM BPEMEHHU M COBEPIIICHCTBOBAaHUEM
TCXHOJIOTUHU JUCTAHIIMOHHOC SOHI[I/IpOBaHI/Ie nu
I'MC craHOBITCS BEeChbMa  BBITOJHBIMH,
HOCKOJII:Ky OHU DKOHOMHYECKH BBITOAHBI H
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scale LULC changes with geographic spatial
information (William et al. 1994; Yuan et al.
2005; Xiao et al. 2006; Shalaby and Tateishi
2007; Noor et al. 2008; Prakasam 2010; Friedl
et al. 2010; Dong et al. 2012; Giri et al. 2013;
Yan and Roy 2015; Xiong et al. 2017).

SKOHOMST BpeMs Ha MUKPO- U
makpomacmTabusle u3MeHeHuss «LULCy» c
reorpaguueckon IIPOCTPAHCTBEHHBIM

unpopmupoBanueMm (Bumbsim u apyrue -
1994; An u npyrue - 2005; Csio u gpyrue -
2006; [Manaber u Tarteiimu - 2007; Hyp u
npyrue - 2008; Ilpakacam - 2010; ®penn u
npyrue - 2010; onr u npyrue - 2012; I'npu u
npyrue - 2013; An u Poit - 2015; Cen u gpyrue
- 2017).

The classification of the image is not
completed until its accuracy assessment is not
assessed although, the applications of LULC
classification is increasing day by day with the
enhancement in remote sensing technology
(Congalton and Green 2008; Martellozzo and
Clarke 2011).

Knaccudukamms M300paKCHUS HE
3aBepuiaeTcs 10 TeX IMOop, MOKa He Oyxaer
OIICHEHA OIEHKA €T0 TOYHOCTH, JAXKE C YIETOM

TOrOo, qTo HpI/IMeHeHI/Ie KJIaCCI/I(bI/IKaI_[I/II/I
LULC pacrer ¢ KaxIbIM JHEM C
COBepH_IeHCTBOBaHI/IeM TCXHOJIOI'1

JUCTaHIMOHHOTrO 30HAMpoBaHus (KaHranton
u I'pun - 2008; Mapremnouno n Knapk -
2011).

In recent years, there has been tremendous
increase in the availability of high performance
cloud computing such as the NASA Earth
Exchange (NEX) platform which allows the
processing and analysis of NASA earth
observation data (Nemani 2011), Amazon
Web Service (AWS) also now provides access
to the Landsat data archive, enabling analysis
of this dataset on the cloud.

B mocnennue roasl HaOIIOJAETCS OTPOMHBIN
poct JOCTYITHOCTH
BBICOKOITPOU3BOIUTENbHBIX 00JauHbIX
BBIYUCIICHUH, Takux Kak ruiatpopma NASA
Earth Exchange (NEX), xoTopas mo3BojsieT
oOpabaTbiBaTh W aHAJIW3UPOBATH JaHHBIC
Ha0moaeHus 3emin «NASA» (Nemani 2011),
Amazon Web Service (AWS) Takxke Tenepb
MPEOCTaBIsAEeT JOCTYNl K apXWBY JaHHBIX
«Landsaty, mO3BOMNSS aHATU3UPOBATH OTOT
Ha0Op JaHHBIX B OOJIaKe.

In the recent times, Google Earth Engine
(GEE) has enhanced the scientific capability to
explore and analyze as it is a new high
performance computing platform which gives
access to a vast and growing amount of earth
observation data.

B mnocnennee Bpemsi Google Earth Engine
(GEE) pacmmpui HaydHbIE BO3MOXHOCTH JIJIsI
W3YYCHUS M aHAIM3a, TOCKOJBKY 3TO HOBas
BBICOKOTIPOU3BOMTEIbHAS BBIYMCIUTEIbHAS
mwiarpopma, KOTOpas JaeT JOCTym K
OTPOMHOMY W  PacTymeMy KOJUYECTBY
IAHHBIX HAOIOAEHNS O 3eMIIE.

In the recent times, Google Earth Engine
(GEE) has enhanced the scientific ability to
explore and analyses of the earth surface, as it
IS a new high-performance computing
platform which gives access to a vast and
growing amount of earth observation data and
also the processing power to analyze these data
at planetary as well as micro-scale (Midekisa
et al. 2017).

B mocnennee Bpemsi Google Earth Engine
(GEE) pacmmpmin HaydHBIE BO3MOXHOCTH 10
HICCJIEJOBAHUIO u aHaIuzy 3eMHO
MOBEPXHOCTH,  IMOCKOJBKY  3TO  HOBas
BBICOKOIIPOU3BOIUTENbHAS BBIYUCIUTEIbHAS
mwiarpopma, KOTOpas JaeT JOCTym K
OTPOMHOMY M  pacTylleMy  KOJIUYECTBY
MaHHBIX HaOmIOmeHWs 3eMiu, a TaKKke
BBIUMCIUTENIbHYIO MOIIHOCTh Ul aHalu3a
OTHX JaHHBIX Kak B IUIAHETApHOM, TaK W B
MukpoMacmrtabe (Mwugekuca u apyrue -

2017).
The main objectives of the present study are to | OcHoBHBIMHE 3aauaMu HACTOSIIIETO
examine the land use/land cover temporal | uccienoBanus SIBIISIFOTCS U3y4YCHUE
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changes during 2001-2010, determination of
accuracy assessment, kappa coefficient, and

BPEMEHHBIX W3MEHEHUHN
3€MJIGHOJII>3OBaHI/I}I/HO‘IBeHHO-paCTI/ITG.HBHOI‘O

role of slope in land use land cover change | mokpoea B Teyenme 2001-2010 rr.,

dynamics. oIpe/ieTICHNe TOYHOCTHOU OLICHKH,
kod(ddurmenta Kanmer m pomm ykioHa B
JUHAMHUKE N3MCHCHUA IIOYBE€HHO-
PAaCTUTENBHOTO TTOKPOBA.

The study also highlights the importance of | B wuccienmoBanun Takke aKIEHTHPYETCS

digital change detection techniques for the
nature and location of change in the Western
Doon valley.

BHHMaHHUE Ha BAXKHOCTH ITU(POBBIX METO/IOB B
OoOHapyXeHUH HM3MEHEHHH JUIs XapakTrepa H
MECTOITOJIOKEHUSI ~ CIOBUITOB B JOJMHE
3anaanoro /lyHa.

4.2 Study Area

4.2 O0JacTb HCCJIEeI0BAHUSA

The Western Doon valley lies between latitude
30° 14'1" to 30° 30'51" and longitude 77° 38’
05" to 78° 05" 50" covers the total area of
898.33 km2 (Fig. 4.1).

Jonuna 3anagHoro JlyHa JEXHUT MeEXIy
mpoToit 30° 14'1" no 30° 30°'51" u monrortoii
77° 38" 05" no 78° 05’ 50" 3aHMMaeT oOIIyIO
miomans 898,33 kM2 (puc. 4.1).

The Western Doon valley is an intermountain
valley that lies between two intermittent ranges
of the Himalayas.

3anagnas nonuHa JlyH mpezctaisier coOoid
MEXTOPHYIO JIOJHMHY, KOTOpas JIEKUT MEXITY
JIBYMsI IPEPBIBUCTHIMH XpebTamu | umanaes.

It is bounded on all sides by mountains, with
one range running from the west to the east in
a semicircular arc; and one running at the south
from Paonta Sahib to Haridwar.

OH orpaHu4eH cO BCEX CTOPOH TOpaMH, C
OJTHUM XpeOTOM, HIYIIMM C 3ama/ia Ha BOCTOK
MOJIYKPYTJION Iyroi; U OJWH, UAYIIHUN Ha I0Te
ot [TaonTta Caxub no Xapuasapa.

The valley also forms a watershed between the
Yamuna and Bindal River in the systems.
Doon or Dun is a local word for valley,
particularly an open valley in between the

JlonuHa Takke oOpa3yeT BOAOpA3IeNl MEXAY
CJI0’)KEHHBIMU pekamu SImyHa u bunnan. Jloon
i JIyH - 3T0 MeCTHOE €J10BO, 0003HaYaro1Iee
JIOJIMHY, OCOOCHHO OTKPBITYIO JOJIUHY MEXIY

Siwaliks and higher Himalayan foothills. CuBanukamu u Oonee BBICOKUMHU
npearopbsamu I umaaes.

The average annual rainfall is 2200 mm out of | CpenneronoBoe KOJINYECTBO 0CaJIKOB

which 1700 mm is monsoonal. Geologically, | cocraBmsier 2200 MM, u3 KoTopbix 1700 MM -

Western Doon valley is an asymmetrically, | mycconnbie. I'eonmornueckun JIOJIMHA

longitudinal structurally synclinal valley | 3anagnoro Jlyma mpexacraBiser  co0oi

formed of Siwalik rocks of sedimentary origin
having the trend of the northwest to southeast
of Upper Tertiary Age (Jasrotia et al. 2018).

ACUMMETPUYHYIO, TPOJOJIBHYIO CTPYKTYPHO
CHUHKJIMHAJIBHYIO JIOJIMHY, OOpa30BaHHYIO W3
HOpOJ TOPHBIX cucTeM CHBAIMK 0CAJ0YHOTO
IPOMCXOXKACHUS, UMEIOIINX YKJIOH C CEBEpO-
3amajia Ha IOT0-BOCTOK BEPXHEr0 TPETHYHOTO
Bo3pacra (/Ixacropus u npyrue - 2018).

4.3 Materials and Methods

4.3 MaTtepuajbl 1 METOAbI

The present study was carried out using the
various primary and secondary data.

Hacrosimee wucciieqoBaHie TPOBOJMIOCH C
HNCITIOJIb30BAHHUECM pa3J'II/I‘IHBIX HepBI/I‘IHBIX nu
BTOPUYHBIX JIAHHBIX.

These include Survey of India (Sol)
topographic sheet of 1:50000 scale.

K HuM ortHocuTcs TOmOrpauuecKui JHCT
Survey of India (Sol) macmra6a 1:50000.

Landsat ETM + satellite images of Western
Doon Valley were acquired for 2001 and 2010,

CnyrHukoBele cHuUMKH ~Landsat ETM+
3anagHoi nmonuwHBl JIyH OBLIM TIOJYYEHBI




respectively, with the spatial resolution of 30
m

coorBercTBeHHO 3a 2001 m 2010 romer ¢
IIPOCTPAHCTBEHHBIM paspemieHneM 30 m.

These datasets were obtained from the Global

Ot HAOOpHl JaHHBIX OBUIM TIOJIYYCHBI W3

Land Cover Facility (GLCF) an earth science | I'mo6ansaoro donma MTOYBCHHO-

data interface. pactutensioro  mokpoBa  (GLCF) wm
uHTepdeiica TaHHBIX HAYK 0 3eMIIe.

To find out the changes, Landsat ETM + data | UtoObl  BBISCHUTH  H3MCHEHHsS, JaHHBIC

of 2001 and 2010 were geo-referenced and | Landsat ETM + 3a 2001 u 2010 roas Obu1H C

supervised classification was used tO | reoJorHUCCKUMHU CCBUIKaMH, a

determine the change detection analysis by | konTponupyemas KJIaccupuKanus

using the maximum likelihood algorithm in
ERDAS Imagine 10 software.

VICTIOJIB30BAJIACh JUIS OIPEICIICHUSl aHaln3a
OOHapy)XeHHsI U3MEHEHHI C MCIIOJIb30BaHHEM
aITOPUTMa MaKCUMAaJbHOW BEPOSTHOCTH B
nporpammuoMm obecrieuennn ERDAS Imagine
10.

The supervised classification depends on the
accuracy of the user, techniques, experience,
and accuracy of his optical capability to define
and detect the different signatures among the
various patterns in the satellite images.

KonTponupyemas kinaccupukaius 3aBUCUT OT
TOYHOCTH I10JIL30BATENS], METOMOB, OIBITA H
TOYHOCTH €ro ONTHUYECKOH CIIOCOOHOCTH
ONpeNeNATh W OOHAPYXKHBATh Pa3INYHBIC
CUTHATYpbl CPEIU Pa3IMYHBIX IATTEPHOB HA
CIIYTHHUKOBBIX CHMKaXx.

Spectral information represented by the one
spectral band is used to classify each
individual pixel.

CriextpanbHas UH(OpMaIys, peIcTaBIeHHAs
OJHOM CIEKTPaTIbHOMN MOJIOCOM, UCTIOJIb3YETCS
JJISL KJIaCCI/I(bI/IKaI_[I/II/I KaXa0ro OTACIbHOIO
MUKCEJIS.

The Arc GIS 10 software was used for the
integration of spatial data and the preparation
of thematic maps.

[Iporpammuoe obecnieuenne Arc GIS 10
HCTIOJIF30BATIOCH TSt MHTETpaluH
MPOCTPAHCTBCHHBIX HOAHHBIX W TIMOATOTOBKU
TEeMaTHYECKHX KapT.

Adequate field checks have been made before
finalizing of thematic maps.

[Tepen 3aBEpIICHUEM paboThI HaJ
TEMAaTUYECKUMU KapTaMH OBUIM TPOBEICHBI
Ha/JISXKAIINE YaCTHBIC TPOBEPKH.

Slope map was prepared from SRTM, DEM
data to envisage the role of slope in landscape
change dynamics.

Kapra ckioHOB OblTa TOATOTOBJICHA Ha
ocHoBe jgaHHbIX SRTM, DEM, 4t00BI
NPEICTaBUTh pPOJb CKIOHA B JMHAMHUKE
W3MEHEHUs JaHamadTa.

The approach used in the present study is
shown in Fig. 4.2.

ITonxon, WCHONL30BAaHHLIA B  HACTOSIIEM
WCCIICIOBAHNY, TTIOKAa3aH Ha puc. 4.2.

4.4 Results and Discussions

4.4 Pe3yabTaThl U 00CYKACHUSA

4.4.1 Slope Map

4.4.1 Kapra orkocoB

The slope is a measure of the steepness of a
line, or a section of a line, connecting two
points and is also one of the indicators of
human development in many cases.

OTKOCOM $SIBIISIETCSI MEPOI KPYTH3HBI CKJIOHA,
WIA Yy4yacTKa CKJIOHA, COEIUHSIOIEH JBe
TOYKHM, a TaKkXKe SBIAETCA OJHUM U3
noKa3aresjel pa3BUTHS YEJIOBEKa BO MHOTHUX
CIIy4asiX.

Level and gentle slope areas are mostly
developed with agricultural activities or
human settlements compared to moderate and
steep slopes.

. PailoHbI ¢ pOBHBIMH U MOJIOTUMU OTKOCAMH B
OCHOBHOM Pa3BUThI CEJIbCKOXO3UCTBEHHOU
JIEATEIIbHOCTHIO UJIU HACEJICHHBIMU ITyHKTaMU
M0 CPABHEHUIO C YMEPEHHBIMU M KPYTHIMU
OTKOCaMH.




The Shuttle Radar Topographic Mission
(SRTM), Digital elevation model (DEM) data
were used to prepare the slope map of the study
area.

Jlannbie PaauOIOKAIIMOHHOMN
tonorpaduueckoit muccun martia (SRTM) u
nudposoit momenu penbeda (DEM) Obuim
WCTIOJIb30BAHBI JIJIS TOATOTOBKH KaPTHI CKIIOHA
HCCIIETyEMOr0 paiioHa.

The derived slope map was classified into
seven categories (Taloor et al. 2017;) such as
nearly level (0-1%), very gentle (1-3%),
gentle (3-5%), moderate (5-10%), steep (10—
15%), moderately steep (15-35%), and very
steep (>35%) (Fig. 4.3).

[Monydennas Kapra OTKOCOB ObL1a
KJacCU(UIMPOBAaHA TI0 CEMH KaTETOPHSIM
(Tanoop u npyrue - 2017), Hanpumep, TOUYTH
poBHbIi  (0-1%), ouenp mojoruii (1-3%),
nonoruii  (3-5%), ymepennsii  (5-10%),
kpyroit (10-15%), ymepenHo kpyrtoi (15-
35%) u ouenb kpyroit (>35%) (puc. 4.3).

It is found in the study by comparing the slope
map with change detection map that most of
the changes were made in the area which has a
level to gentle slope due to human activities
which suggest that anthropogenic activities
play a vital role in changing the landscape
surface in the Western Doon Valley.

B uccnenoBanuu, cpaBHUBas KapTy YKJIOHOB C
KapToil OOHapyXeHusT HU3MEHEHUH, ObLIOo
YCTaHOBJICHO, YTO OOJIBIIMHCTBO H3MEHCHHM
OBUIO CcHeNaHo B pailoHe, KOTOPBIM HMeeT

YPOBCHb J0 ITOJIOTHX CKJIOHOB n3-3a
JACATCIIBHOCTH YCIO0BCKaA, KOTOpasa
nmpearoJaract, qTOo AHTPOIIOTCHHAA

JEATENIbHOCTh WIPAaeT JKU3HEHHO BAXKHYIO
pOJIb B U3MEHEHUH MOBEPXHOCTU JaHAmadTa
B 3aragHou nonuHe [yH.

4.4.2 Land Use/Cover Status

4.4.2
3eMJ1eM0JIb30BAHUS/TIOKPBLITHSA

Craryc

The study area is classified into five major
classes from Landsat TM satellite images of
2001 and 2010 are shown in Fig. 4.4 and Fig.
4.5, respectively.

Uccnenyemast 061acTh KiaacCu(UIIMPOBaHa Ha
MATh OCHOBHBIX KIIACCOB IO CITYTHUKOBBIM
canMkaM Landsat TM 2001 u 2010 romos,
nokazaHHelM Ha puc. 44 u Puc. 4.5
COOTBETCTBEHHO.

The different classes analyzed from the
satellite data are shown in Table 4.1.

Paznuunbie Kiaccel, MpoaHATU3UPOBAHHBIE HA
OCHOBE CIyTHHKOBBIX JIaHHBIX, TOKa3aHbI B
Tabiuue 4.1.

The land use land cover study depicts that there
is a positive growth in agriculture, settlement,
forest cover; negative growth in water bodies
and wasteland (Fig. 4.6).

Hccnenosanue MMOYBEHHO-PACTUTEITHLHOTO
MOKpPOBa TIOKA3bIBaeT, 4YTO HaOIIOgaeTcs
MOJIOKUTENBHBINA POCT B CETCKOM XO3SIIICTBE,
HACCJIICHHBIX HyHKTaX, JICCHOM HOKpOBe;
OTPUIIATEILHBI POCT BOJHBIX OOBEKTOB U
nycteipel (puc. 4.6).

The detail description of the different classes
is given in the following subheading.

[TogpoOHOE omucaHWe pa3IMYHBIX KJIacCOB
IMPUBCACHO B CJICAYIOIICM TOJA3ar0JIOBKC.

Settlement area: Settlement included the area
under residential, commercial, industrial,
parking and transportation facilities. In the
satellite imagery, the class was identified by
blocky appearance, light bluish colored, fine to
medium texture with regular shape and varying
size.

Teppuropus HACEJICHHBIX IIyHKTOB:
HaceneHHblil MyHKT BKJIIOYaeT B ceOs pailoH
oA KAUJIbIC, KOMMCEPUYCCKUE, IPOMBIIIIJICHHBIC,
MapKOBOYHBIE U TPAHCIOPTHBIE 00BEKTHL. Ha
CITYTHHUKOBBIX CHHUMKax KJIaccC 6]:1)'[
UICHTU(OUIUPOBAH MO OJIOYHOMY BHEIIHEMY
BUJY CBETJIO-TOIyOOBATOIO I[BETA, OT MEJIKOU
JI0 CPETHEH TEKCTYpPHI C IPaBUIBLHOU (HopMoit
Y pa3au4YHBIM Pa3MEPOM.




An increase in the settlement area means the
expansion of mankind which has positive, as
well as negative impact on the land it surges.

YBenuueHre MIOMaaN pacceeHUs] O3HavYaeT
JIOJICKOE paCHIMPEHUE, KOTOPOE OKA3hIBACT
KaK TIOJIOKUTEIIBHOE, TaK W OTPHUIATEIHLHOE
BIIMIHUE Ha TEPPUTOPHUIO, KOTOPYIO OHO
oca0seT.

In the 2001 thematic layer, the area covered by
settlement class is 175.07 km2 (19.49%) and
increased 2.17% of the total area in 2010 as
194.54 km2 (21.66%).

B Temarnueckom cnoe 2001 roma miomans,
MOKPBITAasl KJIACCOM ITOCEJICHHH, COCTaBJISET
175,07 km2 (19,49 %) u yBenuuunace Ha 2,17
% ot obmeit mmomaau B 2010 roxy mo 194,54
kM2 (21,66 %).

In the study area, it is found that most of the
expansion in the settlement is in the fringes of
the earlier built up area and generally in the
area with level to the gentle slope.

B uccnenyemoii 06iiacT yCTaHOBJIEHO, YTO
OoJbIasi 4acTh pacIIMpeHUs] B HACEIEHHOM
NyHKTE HaXOAWTCS Ha OKpauHax paHee
3aCTPOEHHON TEPPUTOPUU M, KaK MPABUIIO, B
paiioHe ¢ YPOBHEM K MOJOTOMY CKJIOHY.

Agriculture land area: Agriculture appears
light pink in the FCC image characterized by
the shades of red color and textural variability
including the areas cultivated with various
cultures of corn, wheat, barley, oat, potatoes,
tea plantation etc.

Iltomane CcenbCKOXO3AUCTBEHHBIX YTrOIUN:
CenbCKOE  XO3SHMCTBO  BBITJIISAUT  CBETJIO-
PO30BBIM Ha M300pakeHUu N FCC,
XapaKTEPU3YIOMMUMCS OTTEHKaMH KPacHOIO
BETa U  TEKCTYPHOW  HM3MEHYUBOCTHIO,
BKJTIOYAs paiioHBbI, KYJbTUBUPYEMBIE
pa3IuYHBIMU KYJIbTypaMu KYKYpPY3bl,
MIIIEHUIIBI, SYMEHSI, OBCa, KapTo(des, YaiHbIX
rantauuit u T. 1.

In the land use classes of 2001, the agriculture
land covers area covers 131.31 km2 (14.62%)
of the total area whereas in 2010 this
agricultural land covers 187.19 km2 (20.84%)
of total area with an increase of 6.22%.

B ximaccax 3emiienonn3oBanus 2001 ropa
IUIOIIaJb  CEJIbCKOXO3SIMCTBEHHBIX  YrOAUU
3anumaer 131,31 km2 (14,62 %) ot oOei
miomaay, Ttorna kak B 2010 romy ¢
YBEIIMYECHUEM Ha 6,22% 9TH
CEIbCKOXO35UCTBEHHBIE YTOAbsl 3aHUMAIOT
187,19 xm2 (20,84 %) ot o0mieit ruionam.

The increase in agriculture due to population
pressure and availability of a large amount of
fallow land in the Western Doon Valley.

Poct cenbckoro xo3siictBa  00yCIIOBIICH
neMorpaduuecKum BO3JENCTBHEM u
HaJIU4YHEM 0O0JIBIIOro KOJHNYECTBA

BCMaxaHHbIX 3€MeJIb B 3anaaHoi nonuue JlyH.

A certain portion of the forest land is also
converted into the agricultural land by making
the reckless cutting of the trees in the area
adjoining to the water bodies.

OrnpenenieHHast 4acTh JIECHBIX YTOJUN TakxkKe
MPEBpAIAECTCS B CEIbCKOXO3AMCTBEHHbBIE

yroipss myTeM 0e3paccyqHOH  BBIPYOKH
JIepeBbEB B paiioHe, MpHIETalomeM K
BOJOEMaM.

Forest cover area: Forest cover includes the
evergreen forests, deciduous forests, mixed
forests, shrubs (hazelnuts, willow trees) open
forest in the study area.

[lnomane jiecHOro mokposa: JIECHOU MOKPOB
BKJIIOYaeT B ce0si BeYHO3ENEeHbIe Jieca,
JUCTBEHHbIE  JIeca, CMELIaHHbIE  Jieca,

KycTapHUKH (DYHIYK, UBBHI).

Open forest is identified by dull red-greenish
color in false color composite (FCC), the dense
forest bright red color, deciduous forest shows
light gray color in the image.

OTKpBITBHIA JIECHON TMOKPOB B HCCIEIYyEMOU
30HE HACHTU(PHUIMPYETCS TYCKIBIM KpacHO-
3€JICHOBATHIM B KOMIIO3UTE HCKYCCTBEHHOIO
usgera (FCC), rycroil nec spKo-KpacHOIo
I[BETA, JIUCTBEHHBIH JieC MOKa3bIBAE€T CBETIIO-
Cephlii IIBET HAa N300PAKEHUH.




A complete stretch from southwest to
southeast covered by the forest cover and there
major patches of forest are lying in the central
parts of the study area.

[TonHpIi y4acTOK C IOro-3amajga Ha IOTO-
BOCTOK HOKpBIT JICCHBIM HOKpOBOM, n TaM
OCHOBHBIE  YYacCTKM  Jieca  JIeKaT B
[EHTPAJIbHBIX YaCTAX MCCIIEyeMOl 00IacTH.

In 2001, LULC the area covered by the forest
cover was 89.56 km2 (9.97%) and in 2010 it
increases t0 92.22 km2 .

B 2001 romy mmomaab, MOKPBITas JECHBIM
MOKpPOBOM, cocTaBisiia 89,56 km2 (9,97 %), a
B 2010 roxy oHa yBenuuuBaetcs 10 92,22 km2.

Itis also a well-established fact that despite the
increase in population pressure and an increase
in the agriculture growth in the Western Doon
Valley forest cover has a positive growth.

COOTBETCTBEHHO XOpOILIO TMOHATHO, 4YTO,
HECMOTpsI Ha YBEIMYCHHE JAeMOrpaduIecKoro
BO3JICUCTBUS U YBEJIIMUEHUS POCTA CEIHCKOTO
XO03SI1CTBA, JIECHOM MOKPOB JI0JMHbBI 3araIHbINA
JIlyH UMeeT MOJI0KUTEIbHBIN POCT.

Wasteland area: The wasteland appears light
white in FCC and fine to medium texture
covers including the uncultivated agricultural
lands, fallow land, pasture, arid land with short
vegetations, stony and rocky land with no
vegetation cover.

[Tycteipn: IlycThiph OTOOpaskaeTcs CBETIO-
oenbiv B FCC ¢ MenkumMu U CpeaHUMH

TEKCTYPHBIMH HOKPBITHSIMH, BKJTFOYAs
HeoOpaboTaHHbBIE CEJIbCKOXO03SHCTBEHHBIC
yrojbsi, BCIAaxaHHbIC 3EMIIM, MACTOMIIA,
3aCyIUINBBIC 3eMIIH c KOPOTKOMU

PACTUTCIIBHOCTBbIO, KAMCHUCTBIC U CKAJIUCTBIC
3emMiu 0e3 PACTUTCIILHOT'O ITOKPOBA.

The wasteland in the study area has been
decreased over the period of 2001 to 2010 by
6.6% which is a positive trend in human
development.

3a nepuoa ¢ 2001 mo 2010 rox xKoamMyecTBO
IIyCTBIpEN B HCCIIENyEeMOM patioHe
cokpatwiocb Ha 6,6 %, 4YTO sABISETCA
MOJIOKUTENBHON TEHACHIMEW B Pa3BUTHUHU
YeJI0OBEUYECKOro ITOTEHITHAIA.

In the Western Doon valley, the wasteland area
was mixed with agriculture and settlement and
it maybe further reduced with temporal
changes in the future course of time.

B nonune 3amagnoro JlyHa mycThIpb ObLI
CMEIIaH C  CEIBCKMM  XO3SMCTBOM H
HACEJICHHbIMU ITYHKTaMH, U OH, BO3MOXHO,
eme OoJiblIe COKPAaTUTCA C BPEMEHHBIMU
U3MEHEHHUSMH B OyTyLIeM.

In the study area, the wasteland has been
converted into agriculture land, settlement, and
forest covers.

B wuccmenyemoii o0iactu  MyCTBIph  OBLT
npeoOpa3oBaH B CEIBCKOXO3AWCTBEHHBIC
yrolibsi, HACEJCHHbIC TYHKTBI H JIECHBIE
MTOKPOBEI.

In 2001 the area cover by this class was 169.03
(18.82) which decreases in 2010 as 113.67
(12.65%) of the total study area with a negative
growth of 6.16%.

B 2001 rogy miomianas, oxBaTbiBaeMasi 3TUM
KJaccoMm, coctaisiia 169,03 km2 (18,82 % )u
ymenbmaercas B 2010 rogy Ha 6,16% mo
113,67 km2 (12,65%) ot o01ieit uccienyemMon
TUIOUIA/IH.

Water bodies area: The water bodies appear
cyan in color and light dark in deep water
conditions.

Itomane BomoemoB: BomoeMbl KaxyTces
rogyObIMM TIO IIBETY M CBETJIO-TEMHBIMU B
TITyOOKOBO/IHBIX YCIIOBUSIX.

The Yamuna and the Bindal are the two major
rivers fallows in the Western Doon Valley with
a large number of seasonal tributaries that joins
them from all over the study area.

SImyna wu  bungan  ABISIOTCS  ABYMSA
OCHOBHBIMM PE€KaMHU B 3alaJHOW nonuHe JlyH
¢ OONBIIMM  KOJUYECTBOM  CE30HHBIX
MPUTOKOB, KOTOPbIE MPUCOEAUHSAIOTCS K HUM
CO BCEH ucciemyeMoit 00IacTu.

The Yamuna flows in the western side of the
study area as northeast to the southwest
whereas Bindal flows from northeast to west.

SIMyna  Teder B 3amagHOM  4acTH
HCCIIEyEMOT0 pailoHa C CEBEpO-BOCTOKA Ha
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I0r0-3aIma/l, Toraa Kak buuman reyer ¢ ceBepo-
BOCTOKA Ha 3aI1al.

In the land use land cover maps, the area
covered by water bodies was 333.37 km2
(37.11%) in 2001 and 310.70 km2 (34.59%) in
2010 showing a negative growth of 2.52% over
the period of 2001 to 2010.

Ha kaprax mouBeHHO-paCTUTENHLHOTO MTOKPOBA
IUIONIA/lb, TOKPBITAss BOJHBIMU OOBEKTaMH,
cocraisina 333,37 km2 (37,11 %) 8 2001 rony
u 310,70 km2 (34,59 %) B 2010 roxy, moka3as
OTpULIATENBHBIN pocT Ha 2,52 % 3a nepuon ¢
2001 mo 2010 roa.

4.4.3 Accuracy Assessment

4.4.3 OueHKa TOYHOCTH

Accuracy assessment has become vital with
the passage of time as remote sensing
techniques emerged as one of the most
powerful tools in the classification of land use
land cover.

C TeueHHEM BpPEMEHHM OILIEHKA TOYHOCTHU
npuoOpena >KMU3HEHHO BaKHOE 3HAYEHHE,
MOCKOJIbKY METObI JUCTAaHLIMOHHOTO
30HAMPOBAHUS CTajll OJAHMM U3 Haumbosee
MOIIHBIX ~HHCTPYMEHTOB  KJIaCCHU(DUKAINH
MOYBEHHO-PACTUTEIHLHOTO MOKPOBA.

This process defines the degree of coherence
of the classified image with the ground truth of
an image classification of samples reference
images used for analysis.

OTOT  mpouecc  ONpEeAensieT  CTENEHb
COTJIACOBAHHOCTHU KJIacCU(UITMPOBAHHOTO
U300pakeHHs € OCHOBHOH MCTHHHOCTBIO
Kinaccupukanuu  M300pakeHU  00pas3IoB
ATAJIOHHBIX U300PAKEHUH, UCTIONB3YEMBbIX JUIS
aHaym3a.

The accuracy assessment usually evaluates the
effectiveness of classifiers with the help of
statistical significance computation of overall
accuracies.

OLIGHKa TOYHOCTHU OGBI‘IHO OLCHUBACT
3 PEeKTUBHOCTD KJIacCU(DUKATOPOB c
IIOMOIIIBIO CTaTUCTUYCCKOU 3HAYUMOCTHU
BBIYHMCIICHHSI OOIIe TOYHOCTH.

A considerable number of references (pixels)
are taken from the classified image and made
a field check visit to evaluate the correctness
of the classification process.

3HAYUTENBHOE KOJIMYECTBO CCBIJIOK
(mukceneit) B3SITO M3 KIACCU(PUIIMPOBAHHOTO
U300paKeHusl, a TakKe ObUI TMPOU3BEICHA
BBIC3THAS poBepKa TSt OLICHKHU
MPABIJILHOCTH Tpoliecca KIacCuPUKaIiu.

The kappa coefficient ranges from 0 to 1;
values higher than 0.7 is considered
acceptable, while those equal to or lower than
0.4 identify a very low correlation between the
classified image and the ground truth as a
reference available images and maps of the
respective time period.

Koaddunuent Kanmer konedbnercs ot 0 mo 1;
3HAYCHUS BBIIIIC 0,7 CUHMTAIOTCS
NpUEMJIEMBbIMH, B TO BpeMsl Kak 3HAa4Y€HUS,
paBHble unu Huxe 0,4, onpenensioT OYEHb
HU3KYIO KOPPEJISILIHIIO MEXIY
KJIacCU(UIIUPOBAHHBIM ~ U300paKEeHHEM |
Ha36MHOM MCTMHOM B KayeCTBE CIIPABOYHBIX
JIOCTYITHBIX M300paKeHUIA u KapT
COOTBETCTBYIOIIETO MEPHOJIa BPEMEHHU.

This process was supplemented with previous
knowledge and ground checks.

DTOT mporiecc ObUT JOTMOTHEH MPEIbLTYIITUMU
3HAHUSIMHA U HA3€MHBIMH IPOBEPKAMH.

In the present study, the overall accuracy of the
different classes was achieved 85.35% and
kappa coefficient 0.88 for 2001 dataset
whereas for the data set of 2010 the accuracy
was 89.59% and Kappa coefficient was 0.91
(Table 5. 2).

B HacTos1eM ucciiefoBaHUU 00111as TOYHOCTD
pPa3IUYHBIX KJIACCOB ObUIa JOCTUTHYTa Ha
ypoBHe 85,35%, a koadunuent Kanmsi - 0,88
utst Habopa naaHeix 2001 rona, Torna Kak Juist
Habopa manHbix 2010 roma TOYHOCTH
cocraBmia 89,59%, a koapdunment Kanrmer -
0,91 (tabmuma 5.2).

4.4.4 Change Detection

4.4.4 O0Hapy:KeHUe U3MEHEHH

Based on the post-classification comparison
(PCC) method was applied to change detection

Ha ocHoBe meToza noctkiiaccupukaoHHOTO
cpapaenust (PCC) Obul mpuMEHEH aHalu3
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analysis, which is recognized as the most
accurate change detection technique, detects
LULC changes by comparing independently
produced classifications of images from
different data sets.

0OHapy>XeHHSI N3MEHECHHM, KOTOPBIA TTPU3HAH
HanOosiee TOYHBIM METOJIOM OOHApYKEHHS
W3MEHEHUH, KOTOPBIi 0OHapy>XHBaeT
m3meHenns LULC  nyreM  cpaBHEHHs
HE3aBUCHMO NTPOU3BEICHHBIX KIacCu(UKaIUi
n300pakeHMi U3 pa3HbIX HAOOPOB JaHHBIX.

In PCC each date of rectified imagery is
independently classified to fit a common land
type schema (equal number and type of land
cover classes).

B PCC «xaxnmas Jgata  UMCIHpaBICHHBIX
M300paKeHHIA HE3aBUCHUMO
KJIacCU(PUITUPYETCS B COOTBETCTBUHU C 0OIIeH
CXeMoHl Tuma 3eMiu (paBHOE KOJIUYECTBO H

THUIIOB KJIaCCOB IMOYBCHHO-PACTUTEIILHOT'O
IIOKPOBA).
The resulting land cover maps are then | ITomyuennsie KapThl MMOYBEHHO-
overlaid and compared on a pixel-by-pixel | pacrutensHoro MOKpOBa 3aTeM
basis. HAKJTaJpIBAIOTCS W CPaBHUBAIOTCA  Ha
TOMUKCEILHON OCHOBE.
The change detection analysis was performed | Ananu3 oOHapy)KeHHsS W3MEHCHHH  OBLI
by using a simple pixel-bypixel mathematical | Beimonsen ¢ wcmonb30BaHHEM — MPOCTOM
combination of images for two different time | nukcenpHO-MUKCETBHOM MaTeMaTHYECKOM

periods.

KOMOWHAIMK U300paKeHUH IS IBYX pasHbIX
HepHOJ0B BPEMEHH.

The change map produced by overlaying the
two classified images assisted in locating the
changes occurring in LULC classes (Fig. 4.7).

Kapra wu3MeHeHuii, moJyyeHHas IyTeM
HAJOKEHUSI  JBYX  KJIACCHU(PHUITMPOBAHHBIX
M300paXeHU, MOMOTrIa HAWTH HM3MEHEHWS,
Haxoasmuecs B kinaccax LULC (puc. 4.7).

The formula used for the calculation of rate of
change has been derived from the formula
(Puyravaud et al. 2003)

dopmyna, ucmonb3yemasi il BBIYHCICHUS
CKOPOCTH HW3MCHEHHUs, Oblla MOJydYeHA W3
dopmynsl ([ToypaBayx u npyrue — 2003):

Where, r is the rate of land cover change, and
Atl and At2 are the forest cover at time t1 and
t2 respectively, In is the logarithm.

A€ I — CKOPOCTb H3MEHEHUS II0YBCHHO-
pacTUTENBHOIO MOKpoBa, a Atl m At2 —
JIECHOW TOKPOB B MOMEHT BpeMmeHu tl u t2
COOTBETCTBEHHO, In —  HarypaibHbIN
Jorapudm.

4.5 Conclusion

4.5 3akaouenue

The study conducted in one of the most
important and vital regions of India located in
the Lesser Himalayas of the Uttarakhand State.

HccnenoBanue npoBOOWIOCE B OJHOM U3
CaMBIX OCHOBHBIX M JKM3HEHHO Ba)KHBIX
peruoHoB Muauu, pacnosnokeHHOM B Mabix
I'mmanasx mrara YTrapakxas/.

The study reveals that the major land use in
Western Doon Valley is the built-up area.

I/ICCHGI[OBaHI/Ie IIOKa3bIBACT, 4YTO OCHOBHBIM

BHJIOM  3€MJICIIONB30BaHUg B  3amagHou
JOJIMHEC I[yH SIBJIACTCA SaCTpOGHHaH
TEPPUTOPHSI.

During one decade, the area under built-up
land has been increased by 2.17% (19.47 km2
) due to the construction of new buildings on
fallow land and wasteland and in the area
adjoining to the river beds which was earlier a
part of water bodies.

B Teuenue onHOro AecCATHIETHS IUIONIA/Ib
3aCTPOCHHBIX 3eMeNb ObLTa yBenr4ueHa Ha 2,17
% (19,47 xM2) 3a c4eT CTPOUTENHCTBA HOBBIX
3IaHUI Ha pacliaxaHHbIX 3eMJISIX M MTYCTHIPSIX,
a TaKk)Ke B pailoHe, PUIIETAIOIIEM K PYCITY PEK,
KOTOpbIE paHee OBUIM YacThl0 BOJHBIX
00BEKTOB.

The agricultural and vegetation land have been
increased by 6.22% (55.88 km2 )

CebCKOXO3SIUCTBEHHBIE W PAcTUTEIIbHBIC
YTOI[I:H GBIJII/I 3HAYUTCIBHO YBGJII/I‘ICHI:I Ha
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tremendously due to population pressure and
high inflation rate during the period of (2001-
2010) in the Western Doon Valley and it is also
observed that most of these changes have
occurred in the area which is flat wasteland and
having slope very level to gentle.

6,22 % (55,88 kM2) u3-3a nemorpaduueckoro
AaBJICHUS WU BBICOKOI'O YPOBHA HH(bHHHHH B
nepuon (2001-2010 rr.) B nonuHe 3amaaHbIid
JlyH, 1 Takke OTMeYaeTcs, YTO OONBIINHCTBO
3TUX U3MEHEHHI MpPOW30IUIO B pailoHE,
KOTOpBIfI SABJIICTCA TIJIOCKUM ITYCTBIPEM U
MMEET 0YEHb HU3KUH YKIIOH JI0 MOJIOTOro.

Another significant fact of the study is that the
water bodies have been decreased by 2.52%
(2.67 km2 ) which is one of the major concerns
for ecology and environment of the Western
Doon Valley where more than 2 lakhs
migratory birds visit annually.

Jpyrum BaxHBIM  (PaKTOM HCCIIEIOBaHUS
ABJIAETCSL TO, YTO BOJOEMBI COKPATHUIUCH Ha
2,52 % (2,67 xM2), 4TO SABISETCS OJHOM M3
OCHOBHBIX MpoOJeM JUIsl 3KOJOTMH MU
OKpYKarolllel cpeibl JoJuHbI 3anaanbiil JyH,
I7Ie ©KErofHO TIOocelmanT Oonee 2 coTeH
TBICSIY IEPETIETHBIX MTHIL.

Although, the forest cover has been also
increased by 2.62 km2 due to the effective and
efficient policies of the administration, which
IS a positive sign for the growth of ecology and
habitat.

XOTs JIECHOU TTOKPOB TaKke ObLT YBEJTUYCH HA
2,62 kM2 Omaromaps A(QQEKTUBHOH H
JIEUCTBEHHOW MOJIMTUKE aIMUHUCTPALIUH, YTO
SIBJISIETCS TOJIOKUTEIBHBIM 3HAKOM JIJIS1 pOCTa
9KOJIOTHH U CpeJibl 0OUTaHUS.

The results of the present study clearly
demonstrated the potential of remote sensing
and remote sensing techniques in deciphering
the changing pattern of land use/cover in a
study area.

PGSY.HBTB.TBI HACTOALICTI0O UCCICAOBAHUSA SACHO
POJEMOHCTPUPOBAIH MOTEHIIUAT
JUCTAHIITMOHHOI'O 30HAUPOBAHUA n €ro
METOJIOB B pacimudpoBKe H3IMEHSIOIIEHCS
KapTUHBl  3€MJICTIONIb30BAHMS/TIOKPOBAa B
HCCIIETyEMOM parioHe.
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