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Figure 1- Location of the study area in the Semnan Province and Iran.

&



Vfey UM} SYO UJLJ db)w Ai db)w AR §2)9°

Rlie 3 S ey ol Gblze 5l S el o) s )8
slaiges L olyoa gy (b ol (nimed il “ S
355 atd (9> < L]y odd (andll pgal SasS selss
dgdee I Sy Gl g odiaso IS o ool
sl pé slagdyy | (S emas 8D (V00 (i)
OO pbxie 028 4 Gl g Sl pgal il
Olge obsy cpl b (YA Dl g eSS 55l aesl
ety (295 > 3909 oAl (Bl I (A Cnoy
Sobsy Jl S b agly AE ganailb By, b
Heobay cnl 2 el lojlale sl pgar il (gunadlo
4 lite gl Jusy o Cowd gy dn e agly S
< 3980 03ldtl (o) (pl (Sloj 948 o0 o3l (1L il
Ol blae 4o Lo, g wlodd  oxiwly lSal a4y Cans aosl
b9y VAT e g 59yS) Wt wlu pus g3l 5 )93
ik (ganaib (hg) S (il Ml ] STy canail
Lo i 4 b Ly 35 sl (ol 33151 5 45
Jloinl sl yieS" 2151y a2 52 (Bo) cnl ) S (o 03litl
Sl b sladusy oo ol il oSy canled
5 99) B (st wlbis Slil Sl 5l iy
bl iy & ke LL (o5l WCAJ (Voo ¥ ol Ken
21y 95 5l cwec )] S ko (VAQY LKen ¢ 5208 cul
Lkl ol & cwl su LS (ARTh, ARTa )
959 sl 5l olosds cladliy 4 Fub o 1) (gylul
oy wla soly o b 10Ss b doly g cpl S o Sl
3 o] lpl anl o Sigy (Fab) el 4l
Slos Mo 3,5 o 0y i ol & B ART (gla 3L
G 2 ronlil 2gbie 3ol 36 AND Slee L (Q)
Chcusign oS 5 Sl sloadl 5l eolaiwl b liews
Bl oAb by (oBgel (sloodls b calss (sladiges (o>
il duwgas Wlg o Bjgal (cla odls &S il an g
o] 51 a8 wisd g 2lsn (slauSe b g ot (gl oo
2 VN0 (o5 g (5)l5) 39 e okl anail 4l
SAD Gl 09,5 9 & (gorlsd (slrdigad (SiagR ()
Como ooy Slp pgd 09)5 9 sl (Sly0g)S Sy &S

(TN oy g b)) 25 00litl (gl

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

s ETM il si clo lonle cclools j1 tmgds ol 5o
5 ol (g ptegdl) ohagar 5 (Sloj (e ilulia )08
dabis (gly &S wwuib Lab Ll can wdistw opl glaosl
48,5 USGS olL 51 Y0 4 VY L5 9 s, b srdadlas
SRS gl g plolid jslaied (iagh cpl > A0
I sxSora by 23 pbl ol ddlas 5 005k (Lle
e > o815 ey by (olas JSba pishs 5 o
Ml 4 oM > olle (BS (S15 pSojlul
sladiges plomilpw (¥ JS3) 25 plol yie ol ¥eoy> ¥
ToVe=Ae g FeVe XomFe (S15 09,5 aw ;> osd cudldy
4usliS sdbey o )L\)LT (o b (slao,lus u»Lwl »
a9 pndd D Ll (p Pewlie el jslaleds LSS
sl (adls Lol pb 4 (ol I eslojlgale sy gas
S 5 &S ab eolawwl (OIF | optimum index factor)
(s puo) LS o (s3> leMbl 8Ll oy 1y Wb 4w
sl g ol 3 (Ve elyggle 5 VO GlSen 4
S bl (Stusen cops g jkae Syl j1OIF doslx

(VN s 05 ooliol ) dla),

OIF = ¥SD/¥CC (")

S5 Bk aw glajlee Glodl ggee SDY
ol b dw la Siuod o pd 3lao )18 ggame :CCY,
soatedy 5 oddplbul slagtagh dby (ivgk ol
rped glavl bl e @l g e
cllo 05 (bl hypSis gl 3 ETM caod
ETM slest pls ) R-G-B) sl oSy
)I}é‘fh):’ ).) O;B; LSLEO?)? ).) (A 9 \4 c; A} “: ¢ Y’ sY c\)
&S iy argr Wb (Y Jgas) s edlazel ILWIS 3.3
56 OIF 55151 s RGB jl cuSp 2 3 sk ey
8 55 sl ey el 3 (Vo oA Ll 9 55) ol
ol ganadlo by iy 5l Gl 08w (sabaiy

A5 ookl (6518 cooc)] g dds cleMbl ]Sy
sl v Glagby) Jl S pledy Jby oesle )
b glpl jghteas (dhlgple (lajygal ganail



03wl by o (a0 e 53 (et (S y0 iR (2l g (oo 2

oadanllas dilaie ;3 619 paiges LU i 9 Slly b S glgil ¥ JSb

Figure 2- Types of desert pavement and map of sampling points in the study area.
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Table 1- list of gang groups used (Qaid and Basavarajappa 2008; Sarmasti et al. 2013).

No Band group Band Group

1 Visible Visible

2 Visible spectrum, near infrared, mid infrared VNIR+SWIR

3 Visible bands, near infrared, thermal infrared VNIR+TIR

4 Mid infrared, thermal infrared, near infrared SWIR+TIR

5 Visible, near infrared, mid infrared, thermal infrared VNIR+SWIR+TIR
6 Near infrared, mid infrared, panchromatic SWIR+Panchromatic
7 Visible spectrum, near infrared, mid infrared, panchromatic VNIR+SWIR+Pan
8 Visible spectrum, near infrared, panchromatic VNIR+Pan

9 Near infrared, mid infrared, thermal infrared, panchromatic SWIR+TIR+Pan
10 Visible spectrum, near infrared, thermal infrared, panchromatic VNIR+TIR+Pan

Candly )3 a5 wal Sy 5l oy ol 4 baye
AR sladib ci Jg sl )5 o Al 4 bgye (Gne;
Seascls glad 5 sndaisled slas Wloods (gauadls
_ ()
Ce=1-UA

Oe=1-PA (v)

ol oaidis clhs (0@ susails cls :Ce
09 P S Slads Colus duo > g Colus (0,8 asuiio gy
el SleMb] Blebs jl oozl b snsadlas dikate by
orindy cloass Arc GIS 10.2 )le s oo )3 4
51 odlazwl L TIFF/GEO TIFF gk S5 LJB
L5 s )by JS 4 Raster to Polygon sl
Pl 5 Al bl 35S jl dib b colue
JSs LB > ool canday slaaiss clp culie (>9y5

b Bl (B30t GBS )3 S 9 S e,

Ol o8BS glgil ganatd g 5jlwlas
Sl slagp S elgl pasts 5 gjlulie jslaied
EDRISI Selv+a syl Ble 5 SaS b gy o515 s
oylgale jl ETM  saiotiw (slapgns ¢ ENVI 4.5 4
Dy ool wabcly cabaid o) gl cusdd
SleMbl ol)81g (b wolj dud ¢ e A (lusidy
claco sl oslatul b i odlatwl (656 cwos)] 5 Lab
P oSy Coo g S Cono LS (JolS Cons
op 9 dmlie abaib cous bl cunaib by,
JeSis b gl Joio gy o sl comimen A5
booadgandib dib pa gollas 55100 ¢ plo oyl p> D
301 olgce ol > &S e e ol yiles nej Casdly
sdalie )Sod wlib (o) aib S (J510) (58,5 1,8 olosl
o gdadt b Cuoyd gladids dopd dhad L lo ylad S
u?“") ol dtsleS (glallas 53l ‘Oi dlzsz}Lu oo 9 Ca

Sl )8 3 as Ll jl g o IS como byl Lo
oalaiwl LS (e bl ) cunl ppe ginddl Cono duslis
Gl S JusSy Olgse a3l cnl > dpj oedie
d‘.\ud&...‘o ;gu l.s d.m.sl.o.n 2 ‘) d.&.ud&...lo&.am ‘Llf w)..o
ool S5y MolS o Sy a8 ) ol Slols
odlazwl L w).w u;l J.Suﬁ du.u.il.'?bo 1) (.\.wl.: onJ.ud&Jo

(¥ % alysle) 15 dulna ¥ o

(v)

ol el BB 38le5 PC osdosalin wy PO

2o ) JuSy S a8 Jlein] in 0aiSulg cono
Cono g Cusl Bl (o) 59y )0 b plen > sanadb
O3 Sy P patude dib Sy &Gl Sl g )
‘_',.3.1 FRRRCH AW P WX Vere- N 2 poal (ggy did len
5 oS Mg Como O o ¥ slralaly | odlatl b iagh

ta (¥)
PA =—x100

ga

ta ()
UA=—x100

nl

s A wuSaly cowe lp @ dab cés PA
slisiia (A dib s ol ganddb oo sl JuSy
aib 8y oy UA (o) cusdly pa dab cla Juss
ao A A sl JuSo Dl MY (p)S Cono slp @

(Ve hlen 5 5l) wubli oo sinadlo
0Bl g odbdidleS (sllas 43 03 ol Coms g3 bl p
2 Como bl oS sabaiileS glad b duslbxo
P& ol b Sy I gho)y Jole 0l o dlbre
ool oS il Jg o395 i o dilo 4y (3l >
odscdls clbd ol aBS o wb dab ol o,

O



U’/"/{TU’ f‘j"}j

Bl g Y=F—F by (hlb oS5 e oo g
358 ogdle 09,5 53 &S e VIYD Collae (adls Jals
sasls o bl j) g (VNIRSTIR) e b e
3L g ol sl )3 39390 cleMbl 5515l sumsylis OIF
dol Candds 03pal a3 ls 1 gl slaady )3 50,8 yeole
AR 0l 4 bS5 o e85 0L jlee Byl 030l L)
R I e S
e 9 351 508 (gl Ll 3 ey oMbl ik OIF
so ordadlae dihis bpSie e o Lesls
9 Sl S35 je 8 gl (I sl S 5 5l g
b (VNIR+TIR+Panchromatic) sleg,Sib
9 V=5 U85y el yine o el sty sl S

Dy ¥ gw) 30 999 £A/YA uﬁh‘o ua>lm JALC— 3}‘).51

3ol b gl (3w e )3 (Slly S0 8 (20l g (o 52

2 dab e ) aidis g (s wple (o dilb
TN hlSed 5 patas]) amd o bt |y (L Ly lo
NPy b )3 (o) o SlKe siuaing AdE bl

A5 vy ArcGIS 10.2

e

=W
wollas (oS Jolo it o pslilons gl ol
Lk 2 ETM (laosly (3 (S oluS 5 gaas)
5 il b S oSl 8L il wlie slajiag
Fo & e G lyud b Sileg, S sl S
S5 VA 5l edel canday ol b edlitul (cyie VO g
o s Gl il a0 LB Y et 0 i sl
dihie bl (28K ilolia 5 pards Gl (Jo>

el p3lh Jole ¢l RGB il oS i (2 e -V Jgoa
Table 2- The best optimal RGB band combinations.

NO. Band False band The optimal index is
group composition desirable
1 3 3-4-6 71.45
2 3 1-3-6 70.37
3 3 1-4-6 74.37
4 10 3-6-8 69.78
5 10 4-6-8 69.29
6 3 2-4-6 68.94
7 10 168 68.62
8 3 2-3-6 68.41
9 5 1-5-6 67.53
10 10 2-6-8 66.07
11 3 1-2-6 65.71
12 9 5-6-8 65.38
13 9 6-7-8 64.13
14 4 5-6-7 56.81
15 2 1-4-5 51.18
16 2 3-4-5 49.80
17 2 1-3-4 49.20
18 2 1-4-7 48.40
19 7 3-4-8 48.36
20 6 5-7-8 48.31
21 2 2-4-5 48.15
22 2 3-4-7 47.86
23 7 1-4-8 46.61
24 7 1-5-8 45.71
25 7 2-4-8 45.60
26 7 1-3-8 43.65
27 8 1-2-8 42.68
28 7 2-3-8 42.47
29 1 1-2-3 42.23
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Table 3- Accuracy coefficients of producer, user, kappa, overall accuracy and area of each class
in Support Vector Machine (SVM) method.

Classes The authenticity User validity Kappa  Overall Area Area
of the manufacturer accuracy (percentage) (hectares)
rocky outcrop 92.73 96.23 82.84 88.55 1.18 564.1
20-40 94.44 100 80.49 86.98 4.86 19449.2
40-70 75.86 88 95.28 96.85 41.57 19789.4
70-90 92.86 75.36 95.99 97.33 16.37 7795.4
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Figure 3- Distribution map of desert paving types based on Support Vector Machine (SVM) method.
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Figure 4- Distribution map of desert pavement types based on Neural Network method.
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Table 4- The accuracy coefficients of producer, user, kappa, overal accuracy and
area of each class in the neural network method.

Classes The authenticity User validity Kappa Overall Area Area
of the manufacturer accuracy (hectares) (percentage)
rocky outcrop 100 79.71 38.50 60.38 1244.9 2.61
20-40 100 72.97 46.48 63.08 25221.8 52.98
40-70 62.07 46.75 82.96 90.32 20908.4 43.92
70-90 5.36 100 80.32 86.82 222.8 0.46
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Table 5- The accuracy coefficients of the producer, user, kappa, overall accuracy and
area of each class in the Spectral Angle Map (SAM) method.

Classes The authenticity of the ~ User = Kappa Overall Area Area
manufacturer validity accuracy (hectares) (percentage)
rocky outcrop 61.82 7727  56.14 70.88 3069.7 6.44
20-40 92.59 9091  37.66 58.53 29947.5 62.91
40-70 62.07 46.75  82.74 88.70 11085.3 23.28
70-90 46.43 5532 7341 82.19 3495.7 7.34
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Figure 5- Distribution map of desert pavement types based on the Spectral Angle Map (SAM) method.
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Table 6- The accuracy coefficients of producer, user, kappa, overall accuracy
and area of each class in the Spectral Information Divergence method.

Classes The authenticity of the User Kappa Overall Area Area
manufacturer validity accuracy (hectares) (percentage)
rocky outcrop 56.36 62.00 30.65 54.36 3450.5 7.24
20-40 51.85 75.68 20.60 52.50 25380.8 53.32
40-70 58.62 38.20 55.93 70.90 15597.4 32.76
70-90 33.93 40.43 51.38 66.90 3169.5 6.65
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Figure 6- Spatial zoning map of desert pavement types based on the Spectral Information Divergence (SID) method.
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Table 7- The accuracy coefficients of producer, user, kappa, overall accuracy
and area of each class in Fuzzy Artmap method.

Classes The authenticity User validity Kappa  Overall Area Area

of the manufacturer accuracy (hectares)  (percentage)
rocky outcrop 92.72 85 81.68 84.16 878.9 1.84
20-40 81.39 97.22 82.63 88.93 23729.5 49.64
40-70 94.44 91.89 95.34 97.46 12595.5 26.46
70-90 83.0 81.48 94.67 96.45 10494.1 22.04
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Figure 7- Spatial zoning map of desert pavement types based on fuzzy Art amp method.

uly Couonl 055l 5 050l (e Bble Sl
5 SB byls & Wy e o Jlessl bY a5 conl bislyon
2 A3k bﬁg/w ‘S’L&])» dilaie 9 dlo)b.blo Lgl!bo.)‘.) ‘[v-b‘
Siggon 8 (VoY) (oo dogey obplosl slagimgly
ople 5 e sl S e (Ve A) Ll lgle
B ol 5l S el Cunday Y-¥—F b4y Sl 308
o 08U @l S g )b (Smlen imghy cnl b
caibp sloj ol 5 (e8] CMS! Joas b jingh
5 ot ((Sojd Glacuosad wlgale dhwoas L]
dilaio )3 d9290 sAS)le 03 5 (e GBUSS S
sl gy s sdomiw dlas LS sl Jols Lol
Sl 9 )9 cL}oaé sdlb)]}b'ﬁ dl.b);yaa &y ol
o )0y (i g allas 50l (oo day gl cdl )

& 5 4ot 9 Gy
Sl cellae aalatwl (glp gul CuS 5 pying Hasds
S 3 oy Bl .l Ciyg s S abiin slaodly
ol fSCEg g JSde pgal el daolie b ol
0adls Jolo ol 4y (ole 5l 008y (09, L Olg5om ccnlple
@3l e85 oy cwbe g slp (OIF) ol
Pl us 9 O () paal Cn ke dbml jolateds
2V olycgsle) 5,8 oolitul (pogb) (sanadl (gl Lol
ol i ogllas el Jolo (65,84 @l Giogh cnl
S il g paseds (lp 8l S o i &S
Ly T-F5 (gl S 5 Sl iz i L
5 Se 09,5 55 &S s VD Cogllas Lasls ole 55l
@b b asl ol oe (VNIR+TIR) 5)ls 0,8 9ole
78 ogdle Sb i2)S ()15 a5 (VAW elyigsle (ingh

&



U’/’/TU’ f&}?

o515 b o S dib (536 oyl g, 5 Gty Sy
Ol 08 cuS 1y ssasled (glad i o VoA
@ oyl by o lalbre laJeddl)gies S
LgLM.L‘JoQbyfdb&&gjld%w)addydmﬁf
w51 b 08 dib 4 olidl JSday dog) bgye ;S0
My owdle (gla by, copmimen bl olaid] 7 Ve-ae
odbdle glbs (laojlul a8 (53 e 5 oty
FspeS dop dagb) 5N b dulie ) gm ih |,
S gladil 4 g bape dib S 4 & b Sy
Do) P asinadb gy jide )l olais]
3)51)4. s eSS W suscdis glas sy (mas 8
g 0224135 (slallad @ bgje (gla oo (S joboe 03
gy 3l oddadlae dilate (> ganadb o5, O 40 sdilis
Bnd s (Sanles (l )5 o (ilse) (Sales L jis
il dl)-f ool Cowddy sllas 3510 &S DOy u.ueb u.:‘
A5l o oglite anaib lagdgy glgl ) eSS
JoR8 gdle «Sye Sl (hngh nl @l B 2 pinen
03,8 dbml ) O () S e il g S
Oble (B pasds g8 (Sl 08 opdle SL g
2 eonmen b (93b5 Cpenl liaw o S dilaie
15 bl sla b it @l w815 oy ETM glaosls
251 50 bl 0sSUsS elyl alolid g (sjlolax

My a9l Gloe (5psld iS5 lgiee plsl e
Slyice obj b g (2ldd z9og b hjlgale (sla g
o) Sd g bl g alolid (ly gaiedyl )l
il ¢l ol degl lgil g o5 B S At g il
ol (Blbcs ) ope sl Sy 9 o)l sl 5l adaie
g Copde Jluo 5l (g)lun dinej 3 Ly oS oyl 00
ARl ogde Sty A8l Medgw (Jaxe 53yl
oS 5 Sladyy (PSS 1 e (g3l (sl b,
Siloliz @38 b slbosiomis (sla gl by (iS58
S ppmen (Sleogad (3 SBLd 5 g b g Sl
Do sl dids cladias dps o U g ol el
sl s by

3ol b gl (3w e )3 (Slly S0 8 (20l g (o 52

oddodliiwl gauail gl ybg) 50> (sow | .l )L\f).:.sb
b Jesdlygios (Saome g gledblo a5l plag cnl
iy g 3)Sles bl Gln gpcnlil ag Cgline oa
Wl sl Jol8’ como 9 LS (slaca po ondoslitul (sla i)
5! W Canddy (gdndab zuld cdd glacg o b dulxe
Sl asg bbb lis |y oyl eadbeslaw] gla o),
by plos sl ol oslial blpd 103 5 ol daadls
ooy dgge AWM byl pl (0 eplply 0g s
@y (S by, lambee gladedl)giss 4 s
Ul5 03,00l (sl b9y ) (slaswlone Joallygion K0 ol
il e 8 S ()55 BsS Sladil (gilubir ) oL
sl (b )il 4 plaadl 85 Gl e (S s gba
ol by LS 1y (ool By Loyd ba by ded 43 Dy
5 Sl Slgls (VAAY) (gyna slatnggy @b b el
Oher 5 s (VYY) Gl 5 S35 (VYF) oo
ol 3 2l (Kales (VVY) oen 5 (23 9 (V2YV)
slogby, 3l edal Cunsay LS (slacyps olal 2 gy
s (FFIAY) (656 )] ((+0/AD) luids Yoy pwile
SleStb] )81y 5 (AVOY) i 40513 £ (\V/00) wuae
Ulg oyt 03yl Sy cuipa (YV/0) b
ey oble (AL 568 dab il (gilule )
5 Ol Dby oedle guuadl glabgy i lew
il (cly 1) LY s cuptde cuiia @3B qu)l
i 38 JolS Como g LIS oy (pyieS 0 S
@Sy 5 (il agl) A (s 3D slabg) 4 by
lan 5 bl cloasl b gl oyl g i Sl
sladabl )l Slgen (Voo A) hlSen 5 (190803 5 (V- 1)
Moy osdle sty ple Sl &S b plis o Kdmegy ol
Moy odle gy Jleis] (pyidn g (vas ASud (ol
& bl 1y Cs oy 4 AFND JolS como b iy
il (3 o JuSy | o0l 20y &S 0 o SOl
o)) sla oy, 50 ods atiled slalas ¢ pisten ilod
g2 yS gy ;o b dwslie )3 bty jp (ple 5 (56
oSy ginailo 53 030li (sla ) 3L j (2Ulg5 )il oS
Oesle slaghy) ) sl 393 4 by sbganail )



VF oY Glimo; IFD by (g05lowi F (68 Lo YV (50,90

Adelsberger K, Smith R, Jennifer R. 2009.
Desert pavement development and land-
scape stability on the Eastern Libyan Pla-
teau, Egypt. Geomorphology, 107 (3-4):
178-194. https://doi.org/10.1016/j.geo-
morph.2008.12.005.

Ahmadpour A, Soleimani K, Shokri M, Ghor-
bani J. 2011. Comparison of three common
methods in supervised classification of sat-
ellite data for vegetation studies. Journal of
Applied RS and GIS Techniques in Natural
Resource Science, 5 (3): 77-89.

Al-Ahmadi FS, Hames AS. 2009. Comparison
of four classification methods to extract land
use and land cover from raw satellite imag-
es for some remote arid areas, Kingdom of
Saudi Arabia. JKAU, Earth Science, 20 (1):
167-191. http://dx.doi.org/10.4197/Ear.20-
1.9.

Alavipanah SK. 2005. Application of remote
sensing in earth sciences, Tehran University,
268 p. (In Persian).

Alavipanah SK. 2000. Evaluating the per-
formance of Landsat TM satellite spectral
bands in studies of Iranian deserts, Journal
of Natural Resources of Iran, 53 (1): 67-78.
(In Persian).

Amini S, Saber M, Rabiei-Dastjerdi H, Homay-
ouni S. 2022. Urban land use and land cover
change analysis using random forest classi-
fication of landsat time series. Remote Sens-
ing, 14 (11):(1-23). 10.3390/rs14112654.

Arkhi S. 2014. Comparing accuracy of artifi-
cial neural network, Support Vector Machine
and maximum likelihood Algorithms for
land use classification (Case study: Dashat
Abbas arid region, Ilam Province, Grazing
magazine). 1(2): 30-43. (In Persian).

Brian WS, Qi C, Michael B. 2011. A com-
parison of classification techniques to sup-
port land cover and land use analysis in
tropical coastal zones. Applied Geography,

U’/'/TU’ f&}}

31(2): 525-532. https://doi.org/10.1016/].
apgeog.2010.11.007.

Cengiz O, Sener E, Yagmurlu F. 2006. A satellite
image approach to the study of lineaments,
circular structures and regional geology in
the Golcuk Crater district and its environs
(Isparta, SW Turkey). Journal of Asian
Earth Sciences, 27 (2): 155-163. https://doi.
org/10.1016/].jseaes.2005.02.005.

Chander G, Markham BL, Helder DL. 2009.
Summary of current radiometric calibration
coefficients for Landsat MSS, TM, ETM+,
and EO-1 ALI sensors. Remote Sensing of
Environment, 113(5): 893-903.

Chen J, Zhu X, Vogelmann J. E, Gao F, Jin S.
2011. A simple and effective method for fill-
ing gaps in Landsat ETM+ SLC-off images.
Remote Sensing of Environment, 115(4):
1053-1064. https://doi.org/10.1016/j.
rse.2010.12.010.

Debdip B. 2013. Optimum index factor (OIF)
for Landsat data: A csase study on Barast
town, west Bengal, INDIA. International
Journal of Remote Sensing and Geoscience
(IJRSG), 2 (5):10-17.

Dixon B, Candade N. 2008. Multispectral land
use classification using neural networks and
support vector machines: one or the other,
or both. International Journal of Remote
Sensing, 29(4): 1185-1206. https://doi.
rg/10.1080/01431160701294661.

Fatemi, SB, Rezaei, Y. 2005. Basics of Remote
Sensing, Azadeh Publications, 265 p.

Fathizad H, Fallah Shamsi R, Mahdavi A,
Arkhi S. 2015. Comparison of two classifi-
cation methods of maximum probability and
artificial neural network of fuzzy Art map
in making Range land cover maps (case
study: Range land area of Doviraj area,
Dehloran). Iranian Journal of Range and
Desert Research, 22 (1): 59-72. https://doi.
org/10.22092/ijrdr.2015.13223.



ot s . . s .
o’/!,(’, ’(ﬂu/"f el b ylionsr 3wy 53 Sy (51 i o3 ol g (oawy 2

Foody GM. 2004. Thematic map compari- Kjanian M.K. 2014. Studying surface prop-

son: Evaluating the statistical significance
of differences in classification accuracy.
Photogrammetric Engineering and Remote
Sensing, 70 (5): 627-633. http://dx.doi.
org/10.14358/PERS.70.5.627.

Friedl Mark A, Woodcock Curtis E, Olofsson P,

Zhu Z, Loveland T, Stanimirova R, Arevalo
P, Bullock E, Hu KT, Frimpong Bernard F,
Koranteng A, Atta-Darkwa T, Junior Opoku
F, Zawita-Niedzwiecki T. 2023. Land cover
changes utilising Landsat Satellite imageries
for the Kumasi Metropolis and Its Adjoining
Municipalities in Ghana (1986-2022). Sen-
sors, 23 (5): 1-20. 10.3390/523052644.

Ghanbari A, Feizizadeh B, Ayyed AM. 2023.

Evaluation of land use changes with an em-
phasis on the water scarcity impacts and
using remote sensing and GIS (Case study:
Babylon Province, Iraq), 3 (7): 120-144.
10.22034/rsgi.2024.57669.1054. (In Per-
sian).

Ghazaie H, Azizi Z, Aghamohammadi H. 2023.

Analysis of satellite plant spectral indices in
the detection of health stress in pistachio or-
chards, Pistachio Science and Technology. 7
(13): 21-37. (In Persian).

Hussain S, Lu L, Mubeen M, Nasim W, Ka-

ruppannan S, Fahad Sh, Tariq A, Mousa
BG, Mumtaz F, Aslam M. 2022. Spatiotem-
poral Variation in Land Use Land Cover in
the Response to Local Climate Change Us-
ing Multispectral Remote Sensing Data.
Land, 11 (5): 1-19. https://doi.org/10.3390/
land11050595.

Jensen JR. 2011. Introductory digital image

processing: a remote sensing prospective.
Prentice-Hall, series in geographic informa-
tion science, PP: 1-164.

Kaviani Ahangar S, Mahdavi R, Zehtabian G,

Gholami H, Chapagain A K. 2024. Moni-
toring of vegetation and land use changes
process using Landsat data (Case study:
Sarvestan Plain). Applied researches in Geo-
graphical Sciences. 24 (72): 327-340. http://
dx.doi.org/10.52547/jgs.24.72.327.

erties of desert pavements and their rela-
tion to soil properties and plant growth in
Hajaligholi playa, Iran. Arabian Journal of
Geosciences, 7(1):1457-1461. https://doi.
org/10.1007/s12517-012-0738-8.

Luo J, Wei YD. 2009. Modeling spatial varia-
tions of urban growth patterns in Chinese
cities: the case of Nanjing.-Landscape and
Urban Planning, 91(2): 51-64. https://doi.
org/10.1016/j.landurbplan.2008.11.010.

Mokhtari MH, Najafi A. 2015. Comparison of
support vector machine and artificial neural
network classification methods in extracting
land uses from Landsat TM satellite images,
Journal of Agricultural Sciences and Tech-
niques and Natural Resources, Water and
Soil Sciences, 19 (72): 35-45. (In Persian).

Nasiri A. 1997. Evaluation of several spatial
and spectral classification algorithms in the
preparation of land use and land cover maps
from remote sensing data, Master’s thesis in
remote sensing, Tarbiat Modares University.
97 p. (In Persian).

Niazi Y, Akhsati MR, Malekinejad H, Hos-
seini Z, Morshedi J. 2010. Comparison of
two methods of maximum likelihood clas-
sification and artificial neural network in
the extraction of land use map, a case study,
Ilam Dam Basin, Journal of Geography and
Development, 8 (20): 119-132. (In Persian).
https://doi.org/10.22111/gdij.2010.633.

Potter Ch. 2016. Mapping changes in desert
pavement surfaces of the lower Colorado
Desert of southern California using Landsat
time series analysis. International Journal of
Advanced Remote Sensing and GIS, 5 (6):
1747-1754. https://dx.doi.org/doi:10.23953/
cloud.ijarsg.57.

Qaid Ali M, Basavarajappa HT. 2008. Applica-
tion of optimum index factor technique to
Landsat-7 Data for geological mapping of
north east of Hajjah, Yemen. American-Eur-
asian Journal of Scientific Research 3 (1):
84-91. Corpus ID: 55355421.

O



- & &
VEoF Gl VFO oaly 50,k oF (50 k0ws X'V (52,9 IR B
G ?

Rezaei Moghadam MH, Saghafi M. 2006. The modares.ac.ir/article-21-8982-en.html.

research on the geomorphologic evaluation of  voyugefi S, Taze M, Mirzaei S, Moradi HR,
Kahak Playa in south Khorasan Province based Tawanger Sh. 2011, Comparison of different

on using satellite images and fuzzy logic meth- classification algorithms of satellite images in
ods, Journal of Geography and Development, 4 the preparation of land use maps (Case study:
(8): 43-60. (In Persian). Noor City). Journal of Application of Remote

Sarmasti N, Fathi MH, Ayase F, Bigipour Motlaq Sensing and GIS in Natural Resource Sci-
F, Suzandeh F. 2013. The application of the op- ences. 2(2): 15-25. (In Persian). http:/isj.iup.
timal index factor technique of ETM Landsat ir/index.aspx?pid=95744&jid=186.

7 data in the evaluation of Kashan salt crusts.  zhang X, Zhao T, Xu H, Liu W, Wang J, Chen
The second international conference on envi- X, Liu L. 2022. GLC-FCS30D: The first

ronmental hazards. pp. 1-13. (In Persian). global 30-m land-cover dynamic monitoring
Shayan S, Malamhar Alizadeh, F, Jannati M. product with a fine classification system from
2006. Remotely sensed data efficiency on 1985 to 2022 using dense time-series Land-
landform maps production and its role in en- sat imagery and continuous change-detection

vironmental planning: A case study of Semnan method. Earth System Science Data. 16 (3):

Province/Iran, The Journal of Spatial Planning. 1353-1381. https://doi.org/10.5194/essd-16-
MIJSP, 9(2): 111-148 (In Persian). http://hsmsp. 1353-2024.



e
Watershed Management Research Qj”ur}

Fars Agricultural and Natural Resources Agricultural Research, Education
Research and Education Center ISSN: 2981-2038 and Extension Organization

Investigation and Identification of Desert Pavements in Semnan
Township using Images of the ETM™ Sensor

1 2% 3 4
Harir Sohrabi® , Hayedeh Ara® , Mohammadkia Kianian @ , Amin Salehpour Jam®

1- M.Sc. Graduate, Combat Desertification Department, Desert Studies Faculty, Semnan University, Semnan, Iran
2- Assistant Professor, Arid Land Management Department, Desert Studies Faculty, Semnan University, Semnan, Iran
3- Assistant Professor, Combat Desertification Department, Desert Studies Faculty, Semnan University, Semnan, Iran

4- Associate Professor, Soil Conservation and Watershed Research Ingtitute, Agricultural Research, Education and

Extension Organization (AREEO), Tehran, Iran

Extended Abstract

Introduction and Goal

The process of identifying landforms is a subject that has been studied by many
researchers. All geomorphological definitions are based on the study and identification of landforms.
Understandinglandformsandtheirdistributionisafundamentalneed ofappliedgeomorphologyandother
environmental sciences. In this regard, remote sensing technology, due to the production of
satellite images with high spatial and spectral resolution, can be a valuable tool for identifying and
classifying landforms. Desert pavement is one of the most important landforms in arid and desert
regions. Mapping pavements and their types provides a basis for evaluating the region in terms
of its structural and geomorphological characteristics, which is useful in many environmental
management and planning issues and can be used as a model for similar regions. In this research,
using ETM" sensor data and based on the considered criteria, the characteristics of desert pavements
in Semnan township were identified and classified.
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Materials and Methods

The study area, with an area of 47645.98 hectares, is located in Semnan township. The geographical
coordinates of the region are 28°53' to 43°53' east longitude and 20°35' to 40°35' north latitude. The
aim of this study was to investigate, separate, and identify desert pavement classes as a type of desert
landform using remote sensing and Landsat ETM™ satellite images in southern Semnan. Therefore, by
conducting field surveys and sampling of the study area, the percentage of desert pavement cover density was
measured and the location of each sample was recorded with GPS. Support vector machines, neural
networks, spectral angle maps, spectral information divergence, and fuzzy artmaps were used to
classify desert pavements in Envi 4.5 and IDRISI Selva software environments. Then, the accuracy of each
classification of each method was compared with the training samples using the coefficients of complete
accuracy, kappa, user accuracy, and producer accuracy. Finally, the spatial zoning map of each method was
drawn in the Arc GIS 10.2 software environment.

Results and discussion

In this study, the best band combination for detecting and separating desert pavements in southern
Semnan was the 6-4-3 band combination with an optimal index factor of 45.71 (OIF), which was in
the mid-infrared and visible bands (VNIR + TIR). Based on the kappa coefficient, the support vector
machine (85.05), fuzzy artmap (81.44), neural network (55.17), spectral angle map (53.89), and spectral
information divergence (50.22) methods had the highest ability in spectral separation of different classes
of desert pavements in southern Semnan, respectively. The support vector machine and fuzzy artmap
classification methods obtained the highest kappa coefficients for the classes, respectively, and the lowest
kappa coefficients and complete accuracy were obtained in the neural network, spectral angle map, and
spectral information divergence methods, respectively. Since the classes, bands, and other conditions used
were the same for all methods, the difference in accuracy depended only on the calculation instructions of
the methods.

Conclusions and suggestions

Remote sensing technology, due to the production of satellite images with high spatial and spectral
resolution, can be a valuable tool for identifying and classifying landforms. Preparing a map of desert
pavements and their types is a basis for evaluating the region in terms of structural and geomorphological
characteristics, which can be useful in many environmental management and planning issues. Therefore,
it is suggested that other classification methods based on shear orientation, combined methods, frequency
coverage, images from sensors with better spatial and spectral resolution, and considering characteristics
such as particle diameter be used to be effective in preparing maps of desert pavement layers.
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