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ABSTRACT

Changes in land cover and land use due to human activities have left adverse effects on
the environment. The eastern regions of Ardabil province are a clear example of this
phenomenon. The purpose of this research is to analyze spatial and temporal changes
in land cover and land use and its effects on the temperature of the surface of the earth
in Lake Neor. To estimate land use and land cover, random forest models (RTC),
maximum likelihood model (MLC) and support vector machine (SVM) were used and
the efficiency of each was estimated by the Kappa coefficient and it was observed that
the SVM model has the highest Kappa coefficient (0.87) Bands 6, 5 and 10 of Landsat
8 were also used to extract the LST index, and it was observed that the western part of
the lake faced an increase in the temperature of the earth's surface. During the time
period of 2002, 2013 and 2022, significant changes were observed in the water area of
Neor Lake and its nearby vegetation. Barren lands had the largest extent in all studied
periods. Vegetation has increased by 1.04 square kilometers based on SVM model. The
surface area of the lake was estimated as 3.19 square kilometers based on the MLC
model in 2002. The area of the water zone in the MLC model has decreased by 1.56
square kilometers between 2002 and 2022, and this decrease is 0.67 and 0.69 square
kilometers for the RTC and SVM models, respectively.
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Introduction

The use of classification methods is one of the widely used cases of using remote sensing data. Each classification
method achieves different results. The maximum likelihood method and minimum distance are among the most
common classification methods. A major weakness of these methods is that it is difficult to distinguish a complication
that has a small spectral effect difference compared to other complications. These problems have led to the creation of
newer methods. The artificial neural network, support vector machine algorithm, random forest, and maximum
likelihood are some of the methods presented nowadays.. One of the most widely used methods in the separation of
satellite images is the Support Vector Machine (SVM) method presented by Vapnik (1992). In this method, the
classification of data is linear, and the line with the largest margin is used to divide the data. Accordingly, this research
investigates the changes that occurred in the surrounding environment of Lake Neor using three methods, namely the
SVM algorithm, maximum likelihood classification, and random tree, and the efficiency of each was evaluated using
the Kappa coefficient. Moreover, temperature changes were identified using the LST index in the 2002-2022 period.

Methodology

In this research, the Maximum Likelihood (MLC), Random Tree (RTC), and SVM methods were used to investigate
changes in both the water area of Neor Lake and in the cover and use of its surrounding environment. To investigate
the use of the LST index, the Landsat 5 satellite images on July 14, 2002, and Landsat 8 on July 28, 2013, and July 13,
2022, were downloaded from the US Geological Survey website. Seven bands of each image were combined and trained
in the calculations of learning algorithms. Through the trained values, the area was divided into three uses: water area,
vegetation, and wasteland, and analyzed in the relevant algorithms to obtain the output map.

Results and Discussion

In the RTC random forest model, the area of the water zone in 2002 was equal to 3.53 km?,which was reduced to 2.86
km? in 2022. The area of vegetation increased from 2.29 km? in 2002 to 3.85 km? in 2022. The area of barren lands was
accompanied by a slight decrease and reached from 12.61 km? in 2002 to 11.71 km? in 2022. This type of land use
occupies the largest area in the study area. Using SVM as the last learning algorithm in this research, the area of the
blue zone in 2002 was estimated to be about 3.5 km?, which is very similar to the values obtained by the random forest
model in the same year. In 2022, this type of land use has an area equal to 2.81 km?, which is only 0.05 km? different
from the value obtained with the random forest model. The vegetation of this area was equal to 2.42 and 3.46 km? in
2002 and 2022, respectively. Finally, the last type of land use, which is devoted to barren land, has the largest area and
shows the least change from 12.5 km? in 2002 to 12.15 km?, which shows a very slight decrease. Based on each index,
the estimated surface temperature values indicated that the minimum and maximum temperature values were 14.24 and
39.92 °C, respectively, on July 14, 2002, which was the lowest temperature recorded on the surface of the lake. On July
28, 2013, the minimum and maximum temperatures were 17.42 and 40.9 °C, and the minimum temperature showed an
increase of 3.18 °C compared to 2002. It can be seen that the western part of Neor Lake has faced an increase in
temperature.

Various methods have been proposed to investigate land use and land cover changes, including SVM, random forest,
and maximum likelihood models. Therefore, the above methods were used in this research to estimate the trend of land
use changes in the area of Lake Neor for the years 2002, 2013, and 2022. The results showed significantly similar values
estimated by the SVM and random forest models. For example, the amount of water area in 2002 in the SVM model
was equal to 3.5 km?, which was estimated to be equal to 3.53 km? in the random forest model, with a difference of
only 0.03 km?, while the model estimated the maximum probability of this amount to be about 3.19 km?. The water area
decreased and the vegetation increased in all models, and the largest increase was observed on the southern shore of the
lake. Barren lands with the largest area have seen the least changes. The results show that the surface of the Neor Lake
is decreasing in the southwest and northeast parts.
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Figure (1): Location of the studied area in the Neor Lake area
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Figure (2): False color images resulting from the combination of 7 bands in the years 2002, 2013 and 2022
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Table (1): Characteristics of the bands used by Landsat 5 and 8 satellites

T Jsb | SSw g Wb | 6yl peas &l odizias
& Fa¥e | ) b ARRATRAZAN 0 cewsdd TM
o 8 s ¥e | Yl
S35 ye58 9ol Fe¥e Tl
obsS zoe jo b Ogobe So ¥ | B
sl Fe Ve | Pl
obsS zgo 3058 Ogole PR I AU
Jolo lé g0 5 Se¥e |y sl YT/ VIVA A cwad OLI
! I YeYY/-YNY
0,8 yo Yo ¥ .k
S50y e,8 ygole JAR O &b
obsS zgo 3058 Ogole SVl
Sl S b

\Y%



)9 Al s goge LLedolal JSoa it yodl b Jue (1)l oy

BG»L..MM.’;) w|)‘9.a.w‘ 6)1.0] Lg)jél.) d..»).L:.:)O).:}‘ 6[.@ s.,«.‘)).w.u u,uL.u‘ﬁﬁOéy u)L’aJMLgrfDLWuSJSVM Ju\A
&y 69, p oladss 51 Sy aiols drngl 5l sl o add sl 1) SVM Jaw (V390) SCaly o) 55,65 (YY) 2V e e v ol
Wl y oo Slas |y Slads 1o 10 5 00,5 pred (6 05 peedl Zobaw 4 1) Slid Jow cpl &l oads 35 e SVM Jow 250,
Tile 3 6949)0S oo g5l iy 1) Glab (gilulaz anls b sols (pl .l LS 0,50 (o390l sl ools SVM (gl > sl
la> oogaze SOy Glei oo 1) s e (s oogae L Sl STy, (RBF) el 4y b Ol oolatal b (VAT Y- 0 F
o el )l ol 51 (SO el talyl g0 oulats pilice RBF LSVM ijsal (YYY 2V 0¥ ()] San 5 Silga)oged pum 5 (as o0
JrsS g 00,8 18015 Lijeel glas yailu, J8los & 5 cols> Comlas Sl 2Slas 4 oo Jols a5 Cowl (g5l olaie el )b
S e

Sy ol plate yalyl ols iigel sla ool jo &y blas 428 ,5 0auol g (Lolgm g 0SB 4 hled S8 00isS eulats el )b
5 Sl ,S slo alisi)d g o |y SVM (sla el )l mals 70 ol arils cillae (g ian b)g0] slo sols b ol S
..\.ml) <? \.\ajj—oiud 9 RBF ‘Lgl A.l.o..‘> ..\.._’> ‘u’_la} &9; )LQ‘> J.AL...: SVM G M 03.0.: oanlie (\QC\A)?;)}’ 9 (Y’ ¢ ’»ng
ool 0als ools lid oy SVolas,o £45 ez ol ool JLSle iS oo Jos 295 4 0,le0 sty 0 RBF g4

k(xi,x;) = x{,x () s ")

k(xi, %) = (vxfx; + r)d,y >0 (V) ! alos i )
k(x;,x;) = exp(—=y||x; — x|,y > 0) (") RBF ¢4 )
k(x;,x;) = tanh (yx{x; + 1) (F) WSgeSw £95 f)

cswdaldl @3ls 11635 po @b K cg5lulgen yialbt o (gly oo ools (jgel LLEXj ¢ b i Slaciiy oy Xi «¥olas ol 4o
wd @lg 10 bl Cond I i milgs jo gl doz iz 4z o Cas d (s Jow > 4l Jow aiie molgs 0 ats sl ¥
sebr il o iy o 5 bl (oo )5 g oud S8 o ialli 1o d oy g 00g wiseSiw 5 6l oz iz sl Joo
D9 o0 SVM cds iolidl el o9 LB
199 g0 43,5 0 0 i Aolee 3l jekaie pl s aes o LS e dib SO W ) Sy
, __ P(WDP(i)

P>W) =) )
LQ‘)" J...u.)l.a LSAW oualine JLQ..}‘ P(W) g9 0092 aslas Sy94 dadlais )Oi &5.95 Jlm}‘ 9 @YL‘M}‘ é»l.s P(l) 5P(Wl) dolzo U"‘ o
Ded oo o3kl 5 doles 5IP(W) acule

P(W) = Xz, PWi)P (D) (9
5 058 oo yl,8 eolaiul 0550 (gile Jlo g sl a5 canl S0l o ps P(W) eS8 g 0olo las 1) olad slass M aoles ol o

X €ELif PIW)>P(JW)forall] #1 )

1Cortes et al 3Foody 5Cristianini, N & Shawe-Taylor ® Burges

2Boser 4Foody and Mathur



V¥ 58b Feuoslodsd)o g0 S399°590959 00

b Slb 4 JuSy 52 055 (o0 Sapm opiite iz (oS @ig 5l Db )0 b ools gj95 a5 090 (o0 (258 i S cnl 5o
50 aids 08l Sy laie 0,8 (18 LIS Lawgs sad Gt aSliw] g y0 Jleas! polie 14l plais! Jlsl o i
3,90 adhaie (ol il g b (6,515 glgil slaws ol jo a5 conl S0l 4 Jleia! wSTas Jow (IS &g, 0sd o0 a8 )T oS
a5 51t o oSy ol )95 o 455,815, ign] sl oSy 15 8 90 lids S 50 51t o 5 005 i
255 oo sl o )5 iz glgil )3 JuSy o oles 50 99 (oo oolitul Al pa (b )lgsS e ple 5 (Sl

i 0595 1 JguB BB Cmo A 5 009 YU odel s 4y uilslg polie ST 0l o 1 BB Slol a4y el C5 50 Joe
5ol asgaze lon ;o (Alise sl dsgerme s Gl )0 4T 355 o Sg mreal S0 I Al glgil IS nl 4l s
gt aib o1 50 a5 o)l 5lai redle glo oy oS5 o5 4 g,y l el gl (6505 sl (LS50 gy el 2 a5
2 S 9 od 48,5 (pSShee (Jiae 4l Joo ppiz s o (o i 5l Sl )3 05T (oo plnil gl dsgeme Djg0 4 Lo
Gl odal ;o 1l b B850 DalS S 4y 0 piite S (ygum S, 9 (G dlb g, SO Glgie 4 Jow opl [l 0,5 o bl
e B oms e 1,8 solatul 0550 (5,50l alyd o ) ol clalasel ( dolar K b, (OVF VVE ) Sen o7 o)
C 50 Joe (V8 Y ) Pl ghasles solaiul b dcgame (om Gl 8l B (g (i 9il)d 5l g oo adgi  alisee sla Jow aliwg
5 ojeel 9l 5l LB SVM Juw 10 .0iS oo Copie |y b paie 5 oS5 SVM Slasiy Jop cuiile Jow O 0 Solas
S oS Comulus 5l e 00018 0ogame 4y G Bolal Cy0 Jow a5 Jb> 0 05l o o ools g5l Jboyi s pladl (o aa b
ol ails g0 o Slae Sy oy il Jow 2S5 Lijeel (sla degemma ;0 ey (pl bl ls 95

sols 5l eoliiwl L LST o 5 au356 bl (oo Sl (60l dama b T JolS 5 (6551 a3 > S50 sl ooy o (slod oy o
GQLULCC)‘m_i.?jb_mgcfawgljjl.gcpua}‘om(_g);n%o‘))“}Al.o_?j‘silmdbuﬁ”‘o}h“mé‘o)‘}mug)‘ydb
(VoY X oo 5,650 gy bl 5o LST aculors Jo>l o 058 (oo oolaiwl A cavasd ojlgale Vo &l 5 LST avulxs (gl .aiil
20,5 oo dwbre jaodl YL jo sab b polie lal jo jshaie pl ascunl ool ool 758 g 0 (VoY ID L Ge 5 S5
] 00 M;)Ja;)o )3.‘4...4’ L)"‘ ‘_g‘)a ) dJoles

LA = AL+ ML * Qcal )

Al Jlizes slass Qcal 5 V+ &b Iy i oS 5ol g a0 ,eiS B ML« anell YL o ads il LA ddobee ol o
23,5 o0 bas (TB) o)lsale oLy, azp0 polae 4 LA ol 30l polde w0l 0V

x(K2)

(m(33)

TB = VY

Slasl s PV) (ol idiey Camd il oo Ve Wil 6l ol Gyl o0 K2 g KL g o0y olidig, az 0 TB doles ol jo
g (oo damline 5 SYolas bl 55 (B) elaws

2
NDVI-NDVIy;
PV — [ ( mln) ] (\ .)
(NDVIyax—NDVIgin)
1 Breiman 3 Louppe 5 Kafy
2 Denil 4 Thakur et al



25 A Gad saga e $Bobai P o sl b Joo (215 (o)

E = (0.004.PV) 4+ 0.986 YY)

95,5 o0 Jos LST jolas 4y olidg, ax o polas colyd yo

TB

1+(’1'%)1n13]

LST = [ QD)

ks)ﬁ.: \:;\.CJ.A.AJC u_i.:)l.: wl.’ w)@h AN cawadd o)‘}ch Lg‘)" YFYAA wl.’ w).aa R é.bLm L)’“"l) Ty J}Ial aJoles &)"‘)é
il oo oy pd
plad aileS b o po (pl 28,5 )18 b3l 0590 LIS oy 5l eslatnl L SVM s MLC RTC SaSS aw sl (g0 b cds
Sl oy ol 40 S o S polie 5l oo s | IS 8o e ls bl clsle (o g0 a izl polas
LI o po dnlne (gl 00 S8V B jao o 10 LIS oo 0,05 (0,18 Lialejl 0,90 il slallas s 5lo 50 )bl sla
Dg oo oolaiwl p 3 aloles

k = N 3Ty %i=Nfey (i +X49) OY)

N2=3T_ (xip+x4)

A 00 Wi 88 g )5 cds ( (Sez sllo polis de aigad S slaws oI 5 4 o oo Nodobe ol o

ey g by aisly

S8 ol G5 )4 (55 il by 3 el s 5 el (sl allsh 51 35S Ll s la VG 5 s el
sebie 4y Cewl oailed el jo St (nl Sl 55 o)l Olewl 5,8 )0 &8y H95 azly jo ailond Slie b oy cnl 5l 5 33)ls 55 52
oy oetle glo Jae 5l laail 3 ol 5l e b glod (5034236 1 JUST 50 5 azlyo (ol gy 5o o1 36 5 s 0l (g 2
W35 518 (orp 3590 ey (g 9 S pole (@lulid o S e LIS 5 ool eslitul Jleka iSlas g (Solad S Slaidy
Jolee YooV Lo 6l ol 4y colue MLC Juae jo el 000,58 Jlael Yo¥Y 5 YAV (V0 Y ldlo gl anl g cpl ool
30 2o WY Slaigs cpl colus Ghle 4 .canl oo,y @ e 2ol S VEY 4 V- VY Jlo ;o ol pl g 0950 2o e yoslS /1A
YooX Ul o aupe yioshS VOA 3 oo ol o dLS Lidie Corlucs cansl azbly L2als Yo VY Jlu ;5 auoys AAE 44 Y+ Lo
Ul 3 0oy WISY 4 YooY L, auoyo ABY 51 6,5 £55 ool Cmbice 05)lee 4y o asdly l3il sy ZaskeS YIVO 4
Sl ey o godls g ye8 Azl o (B8 Jled 5 gt (e o Rl nl s (o Gl ]y (a2 ss BB (a8l g e, Y VY
i 3529 ) bl ool azlge Olysd ST L b sl ey G ol j0 sl dign £485 4 Azl yo ol oul S
O VoY Jlo j0 mye sk S \Y/PO 51 aS (g)sb 4 ol ails 60,5 g9 ol & plais] aslllas 5,50 00game ;o Clue
ol 0y Yo XY s o ,2askiS VY/OO

10



VP50 Feoslad Y loy95 5l by se 55,0

VFe¥ 300 Feooylodiadooygo 399995909959 30

YoXY G YooY Gilojojl yo Jloso! 2iSTas Juo bawgs o 891y olite (¥) S

Figure (3): Values estimated by the maximum likelihood model in the period from 2002 to 2022
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Figure (4): Values estimated by the random forest model in the period from 2002 to 2022
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Figure (5): Values estimated by the random Tree model in the period from 2002 to 2022
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Table (2): Values of each land use and land cover for RTC, MLC and SVM models in 2002

SVM RTC MLC 5SS 5
KW Km2 ol KW Km2 Lo KW Km2 oL
V4 Y ARVATN Yoy VIV APAR LS?T g
\YAY Y/fY VY/EY AR AOY \/OA LS Lidg
SYIAY \Y/O FAIEY VY8 Y¥/.8 VYIEO AR
YA Jlo 53 SVM s MLC RTC slo Jus (5152 o3 b ieibay 3 b 65515 51 Sy 2 polie :(Y) Jgur
Table (3): Values of each land use and land cover for RTC, MLC and SVM models in 2013
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Table (4): Values of each land use and land cover for RTC, MLC and SVM models in 2022
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Table (5): The amount of land use and land cover changes in the MLC model in the period from 2002 to 2022

YeoY_YeYYy YTy VY YooV-YeNY¥ sl ey
YNNG -V A ol A
8V ++/34 +IFA AR WY

-/ +[FY A 2L e

VoYY G YooY Gl o3l 0 RTC Joo 5o oo gy 9 b (650l Oy lime :(F)J g0

Table (6): The amount of land use and land cover changes in the RTC model in the period from 2002 to 2022
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Table (7): The amount of land use and land cover changes in the SVM model in the period from 2002 to 2022
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Table (8): Kappa coefficient values for support vector machine, random forest and maximum similarity models in the period from 2002

to 2022
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Figure (6): NDVI values in the study area in the period from 2002 to 2022
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Figure (7): LST index values in the period from July 2002 to 2022
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.Figure (8): Longitudinal profile of the lake surface based on the temperature changes of the LST map in the years 2002, 2013 and 2022
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