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Objective: The zoning of phenomena in order to recognize and evaluate the current
situation as a basis for decision-making is one of the of scientific management essentials of
natural resources. In the management of desert areas to prevent paying exorbitant costs and
making incorrect decisions, strong and well-reasoned methods are needed to understand
the current situation and the development process. Therefore, the main goal of the current
research is to provide a suitable model for zoning the spatial distribution of desertification
risk by using Moora, Aras scoring techniques and the use of geographic information
system in Yazd-Khizrabad sub-basin.

Methods: At first, after determining the working units by geomorphological
method, the importance of indicators in each unit was obtained based on the
Delphi method. Shannon's entropy method was used for the relative importance
of indicators. Then the decision matrix was formed and after weighting, the
potential of desertification intensity was estimated by calculating the desirability
coefficient from Moora and Aras scoring method.

Results: The results of the analysis of both models showed that the land units of Mountain
Agricultural Grounds (MAG) and Plan Agricultural Grounds (PAG) have the highest
desertification potential, which covers 7135 ha (9.11%) of the entire study area and
Quantitative value of desertification potential for the whole region based on the all of
indicators was placed in the middle class (1V).

Conclusions: It is suggested that the obtained results and ranking should be taken into
consideration in the plans for controlling and reducing the effects of desertification and
rehabilitating degraded lands.

Cite this article: Sadeghiravesh, M.H. (2024). Zoning potential of desertification intensity using MOORA and ARAS
scoring models in Yazd- Khezrabad sub-catchment. Spatial Analysis Environmental Hazards, 11 (3), 55-72.
https://doi.org/10.61186/jsaeh.11.3.4

© The Author(s)
DOI: https://doi.org/10.61186/jsaeh.11.3.4

Publisher: Kharazmi University




Spatial Analysis Environmental Hazards, Volume 11, Issue 3, 2024 56

EXTENDED ABSTRACT

Introduction

Zoning phenomena in order to recognize and evaluate the current situation as a basis for
decision-making is a requirement for scientific management of natural resources. In desert
management, given the increasing spread of this phenomenon and the emergence of its
extensive and long-term effects on the environment and human activities, providing
appropriate management methods can reduce the severity and spread of this phenomenon and
prevent the high costs of incorrect decision-making. Therefore, implementation measures in
this field should be based on understanding the current state of desertification of lands and its
future development trend. Therefore, despite the presentation and improvement of new
guantitative methods, for the optimal management of desert areas, methods with less error and
higher reliability coefficient are required. On this basis, the present study aimed to present a
suitable model for zoning the spatial distribution of desertification risk using MOORA and
ARAS scoring techniques and using a geographic information system, and was carried out on
a case study in the Yazd-Khazarabad sub-catchment during the years 2020 to 2021.

Methods
Within the framework of these models, effective indicators were initially identified based on
field and library studies. Then, the working units were determined using the
geomorphological method and the importance of the indicators in each unit was obtained in
pairs based on the Delphi method. Then, the importance of the indicators to each other was
estimated using the Shannon entropy method and a decision matrix was formed. After
standardization, the zoning of the potential for desertification intensity was carried out by
calculating the desirability coefficient using the MOORA and ARAS scoring method in the
Arc Gis software environment.
In the MOORA scoring method, the zoning of the final utility values of each option, or in
other words, the desertification potential of each work unit, was obtained from the row sum of
the components of the balanced decision matrix through equation 1.
Uy = Lj=1ti 1)

In the ARAS scoring method, in order to estimate the desirability, the best possible value for
each indicator (Ao) was first obtained using a questionnaire. Then, these values were entered
into the decision matrix and the ARAS decision matrix was formed.
Next, the dimensionless weighted ARAS decision matrix was estimated from the product of
the weights of the ARAS decision matrix indicators in the corresponding column using
Equation 2.

tj =15 X W; (2)
Finally, through equation 3, the initial score of the options was estimated from the row sum of
the components of the ARAS weighted decision matrix.

Si = Xjt1 tj 3)
After estimating the initial score of the options, by dividing the initial score of the options by
the initial score of option Ao, the final score or degree of desirability of the options was
obtained through equation 4. Since the virtual option was created with the best possible value
for each index (Ao), with the best performances, the maximum value of S will always belong
to this option and will be equal to 1.

U =2 (4)

T S
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Finally, in order to facilitate and accurately analyze data and obtain results, erosion potential
was mapped based on the degree of desirability obtained from both models and using Arc GIS
0.3 Software.

Results

The correlation coefficient of the results from the analyses of both models is significant at the
95% level. Most of the region's lands are affected by desertification of relatively moderate
intensity (111), which includes sand dune lands with vegetation cover (SDPC), clay lands with
vegetation cover (CGPC), industrial lands (IA), bare plain lands with vegetation cover
(BPPC), and appendage plain lands with vegetation cover (EPPC). At the same time, a
quantitative value of desertification potential for the entire region was obtained from the sum
of the indicators in the medium class (IV).

According to the analysis and the results obtained, it can be said that the scoring approach in
assessing the intensity of desertification and preparing zoning maps, considering quantitative
and local indicators, as well as its simplicity and step-by-step nature, considering the
geomorphology method in determining zoning units, the method of weighting the indicators
by group opinion poll within the framework of the same scoring table, the method of
weighting the indicators relative to each other using the Shannon entropy method, and the use
of a geographic information system, is a fast and relatively accurate method in assessing the
intensity of desertification and can be used in future assessments and, if necessary, have the
necessary flexibility by selecting local indicators.

Conclusion

The study showed that the MOORA and ARAS scoring approach in assessing desertification
severity is effective and easy to use. Therefore, it is suggested that in plans to control and
reduce erosion and land degradation, by paying attention to the analyses carried out, this
chaotic situation should be quickly improved and a sustainable structure should be established
in the process of combating erosion. While preventing the waste of limited capital, the success
rate of implementing erosion management plans should increase.

Author Contributions

Preparation and preparation of samples, conducting experiments and collecting data,
performing calculations, statistical analysis of data, analyzing and interpreting information
and results, preparing a draft of the article.

Data Availability Statement
The datasets used and/or analyzed during the study are available from the corresponding
author upon reasonable request.

Acknowledgements
The respected referees are thanked for providing structural and scientific comments.

Ethical considerations
The author has observed ethical principles in conducting and publishing this scientific
research, and this is confirmed by him.

Funding
This article has no sponsor.

Conflict of interest
According to the declaration of the author of this article, there is no conflict of interest.



e Oyl (9Lad Sl
YOAA —OVFF 5y I LS
Homepage: https://khu.ac.ir

[T}
il
L!‘J'JL‘" olK2s

409> 93 30 gilyT 91590 (5ileiel SO0 1 ol b (1503l S Sl sisdigy

T o> —oy

3 V9 o (s Jow

mh.sadeghiravesh@iau.ac.ir :asblly .1yl ¢ bnST yliws G anly oMol 3151 01Ky (¢ 5y9lisS oSl canmn; Lausmo 09,5 .

(XKW LY

o SNt

Cose Slogilo Sl s xS pmoal b Olsis & (95 @39 b)) 5 CELS Hgaie & oy sunaiy 182
slaaiie caby jl opSin plaie @ 5 Sble ladose Copde Gl wdle (b gl (ol
Ol edlion dnwgi L9y g (Jub @og CELS ) (Jaus 5 498 slasty) 4 s Cus b (S el SIS
I odlawl b 2liobly Jlad olad @iy iuaig Car qulie (Jio ) ol iagh ol San ls
Al oo bl pas =35 asgs 1 55 oLl e SleMbl alobs I olatul g oll dyge (5biel slaSuss

2 aoly m 3 o adls Cuanl (Giglghregs Uhgy 4 6 ssly G Sl o 1l 5 tRe3 (R
oo g 05 3y9l s PlS 2981 (bg ) b 4 e o padld Cuonl g sl Cawd 4 (W5 g, (slhse
hoe ilsel (29 jl campllas oo dpwlons b (2lpble ©ad iy cgjloigjse jl a9 85 IS5 wpoad
5500 ol g

5 SudsS (55,5US ol ly 455 L Jue 3 2 5l B S g sladilos ) Jobs gl a8l
Slllas ailaie 51 (10)3 YN 1S VITO o5 3 oo 2ol Jomily (e sy € (285 (555l
=S Ghis) 5331 )8 (1) Lausgto s 0 b lpbly »ib cos ailaia ol oy pidey 04855 1o 1,
ol Cawd 4 (IV) Lawsgio WS 3 njadls ggemme 3l adhaie JS (slp (olpblo Jumsls

@l @l cu 55 bl bl s alioble Sl Gial 5 1S gl o 4 35 e dlaidey (8 S A

5 )5 d g3 3590 odel Cowd 4y (cabAS)

o g4

g3y dldo

VYoV A Bl s U

AR VARV RR A PRV N
NRARTR v P IR

o jlguls

o)

«lioble

R I
il aludos Hls b
«wsilel sla e

Urs

Sblpas =35 joul asgs ;50 whl g Lo (oiliel (slaJae 5l ool b olioble ©ad Jawily (caiding (VET) Cpus dee (g, (Sdlo dliwl
https://doi.org/10.61186/jsaen.11.3.4 ¥¥-00 () \\ oo <liblsio  lad flor

QO

BY NC

‘_;o;)‘? oKishy :)A:)u




JEeF o oylosis o)) 0,90 o samo Slpbloo (o ldd Judori oF

LVR YT
slocdld g (ol @l jl 56 Cgbye de S g SUS dod (SiS (Sl (8l 055l cusile LlBLL
baome ((S0jlsS1 e wily 5 g gaed oy ool VAT oo Jlo Lol 3 aligble b ojile (yesleS) (Sl
St iS5 gy BB i g ol ans (gl o8 Cul (it L olyen Voane 5 0l oo Slor (slaa] —(oolaidl §
oS & glg e Jelgs ol cnl e 5l adlipe YU loj 5 SIS (g atels b ol S1E degeze ol sl e
5 st Ol ® VY ()len 5 "5 90gl) () E55 9 (LS SR S 0 ¥ 9 (SN w3y 2 e S
(o g o Sl GEalS (SB (ool Jials g (655l ] (658 aodh 2l 5 aailag, b (ool
5 SEeb) o b Ly Splee g 588 il ¢ Sludl codls (slajadls (ials wuied 390 o 5 (oS sble Liul38)
ok el sk 4 lpbly Glapsile 5 la)gsls 31 L daly > @8 a4 5l ejgpel culply (YO Ko
dnwgi g (VoVe o Slga)S VoV (e odlid g (6yaa) oo (lusl Jid g jule Sbly Bble Copie jlub ol
bol YN0 (e 5 T meY) Cunpgpd il slaslide 3 oy cul ebsyl ly LSS BB g (ale sl

[YVF o) lSam 4 0l
Oy elor el a8 )5 g0 ol gaw 53 (93b) Sl (et a8 Slle 4 Cans Bble (2L aej 5
& ool o)) 4t 4 Jao (FAOIUNEP) VAAY Lo 5 olicble cybopddds 5 o) sl (slotie ks
i)l G AW (hlSan 5 7S 8) VY Jlo )3 Lg)l gmeS bausgs ®pgllae b allynse dilaie > ol bl
Poedgl) 1A0) Jlo 3 SB e 5 LMLl Ml i 550 6550 L T30uMS b o o )3 S 55 g Gl b
bsgs “agul Jo b bl (B35 i g g o il o)Skes Jl b ST a5 Dbl gy (VAR (e
Jro bl e Cuj Combes Jao (VY el g i) gAY Sl 53 Jlo lojls ) lapme 4l
» de lojl g LADA Jao | TSt (23] )5 e <58 (2b5)) A o 33 gl (ygpmneS” Lawss ESAS
lowgs Desert links 15bls obj)) o5gp (VoY hlKan ¢ T Solags -0 M oie—UeS g JS 5 L) Voo Y Jlo
sladle (b )3 byl grareS Lawgs DE SUIVEY ol5bly aallas 039 9 Verd (JIV- o) (slaglo (b )3 byl (ygmneS
(VA e i) Vo) —Yeed

Caa HICD L Vplnl o I3l cud g g9 s Jao (gplee 5 (oola] WYF Jlo 3 55 (Lo o
Jole slea Jold l5ble ) Fhe slne cudin (hg) nl )3 0535 By lpl 2 2l alplle ©ud g gy sanadb
& s8] (G5loil 5 SRSl ol 5 S 50 il d ©0d Bl 5 208 gy Sl Jule oz 5 oes

'~ UNCCD

2 - Odorico

3 - Rayegani

*- Lamchin

5 - Mediteranean Desertification and Land Use (MEDALUS)
¢ - Kirkby

7 - Global Assessment of Soil Degradation (GLASOD)

8- Oldeman

9

- Assessment of Soil Degradation in South and Southeast Asia (ASSOD)
10 Van Lynden & Oldeman

11 - Environment Sensitive Area to Desertification (ESA)
12 - Land Degradation Assessment in Dry lands (LADA)
13 - Nachtergaele & Licona-Manzur

14~ Koohafkan

15 - Iranian Classification of Desertification (ICD)



oV G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

g wolaid)) Liun &S 5 oy Udes Jolse opl obj)l cga odd 4l (clajlao cind b)) S5 235kiel b,
yohate & LSen 5 wiiu gl wg MICD® 1l o Slioble ©ud g g9 sdvaib ail buw Jio WAY Jlo
s Gsnad 5 ol el oS (sizdide 3 iy b & P11 il ()55 e 41 dCD Jao 23kl 5 (55l
P 0,5 obiobly Gllas g Glolidl g S 5 alS Jidie cuyod (yinlwyd blas ;o S Cuoglio couwd ( Suid 090
ozl ¥ U o oojliel aiely I laascie o OMA] ials jelaie 4y Ve U v ole adiliel aiely sbs 4 b e
3 Sl Jolgs & (Bl gy g Bblie )3 F sas 3 aee Jelge s I ey €8 jslaie 4y LD (a5 A0
2l g L;:\)ULL.» Nl e Jolse mpw Mas )5 pl b g 5,0 Gy c;‘.,;.'éb L Jos opl &S 1 Do d)b-’? 5,185
b Jolgs Sl b SLsl Jelge yao slitel sblie ol 3 cplplis @pe YU Ty (o 2licble @03 yal nl g 0uiS (0
(Vo0 ) en g (gaanl Vv o ¥ iy ol YooY ) Sa g loling) b s ol 3blo o C)T 7 VISOPR I PO
e 5 <3Ls Gaa L (IMDPA) 5 olly ity (2b3)) Slnl Jae oogllie Jo @ozile )3 WAY Jlo
2988 (b Slapy G )3 (Bl 0B A 5 (o k)l gt Wl g liobly gl g ke
w5 ) ol ye5 oKy aubs wulio a8l g yguiS (g )b 5wl g @lye dedSin lojls SB g &l jgel Ciglas (g,
5 il 5 ob) el b esjpsliS (LS (idsy S5 ulilinme el Jlino A e ol 1 N5 (g2 5 e
hioble Jewils objyl jobaie 4 a3 ls Y0 .05 43,5 a5 13 (gilo b g Caio g clainl g (oolasdl Plue (o)l
(2jltel o 230ye5 53 g g (3jltel (sllad (13,8 JBho jslaie 4 (hg) cpl )3 D 4B)S I 5> LSS lawgs
Oead g b 0dlpd Ly (o) Gluslie a4l g (oSl dlide Jlidlo s Jao cpl 0y &) (MNT) a8l arwgs (go0e
NV (sopmd g osdolo VY (gionl 5 (iadolo) Cuol oad odlitwl laciglad Jyuus 298 jolaie 4 ()5 3Ll
P b g Slal Jelge SS& Sl pas (039 il g8 (b5 lad daadld (39 (S 9 (o
Olizzen (Jg 48 &liye (63L] 3935 U (coginST Jao 0329 41 g gim slade )3 (adly cpl Wiz 2 008 g lags S aonss
4 hitod 4 e pol oyl oS Wb ed 4B S 5y Sl Ll slml )3 e 4 i ol gyl g g 4B S k5
sy Bolo) Lol sloailge s Jao dY0F by (o) Topls asil Jae YAY (oliSan 5 gy (Boko)
Coatl g o &) Cond o pasls Coglyl clie o 1y dibaie il b 2ol Jadly o 0l 2 0gMe g 2idg: (oo
6B clamglad il oasl Codgaze a3y eShe (clabgy Jbe cpe 3 .095,S o 35900 ()8 Sy o 3 (a3 ls ya
Sl ) 5 sgpm 4 3l & o g At oo 5 3806 (5B 0)lgen (iBly (slaosy & Ll Sl N0dg S eranad
(2 g Bl) bl oo Sl by 4 5S35 5 S Bly Gpgo 4 (536 Blate 3,1 S (s S e § sl a),8)

L. Modified Iranian classification of desertification (MICD)

2 - Iranian Model of Desertification Potential Assessment (IMDPA)
3 - Shanons Entropy Model

4 - Decision Making and Selection prossese



JE1 o o ylowis o) 0,99 ( axo ol pblio oy lad Sl OA

5 T B (VW) T SliegS csandiyy B 4 olowd plate 4 1 (Ve et gl VN0 ) K o' Kl Y0 VF
O (VYY) Goped 9 by Bolo (VN ghlSen 5 Bgy (Balo (YIR) oen 5 Psy i Mo (Y1]) oS
365,5 aliobly sbs byl 4 Pl 65 Loey & Y010 Sl 3 (YD) o, Kan o7 Silg o VF+) b A5 cla L
2 okl ©ud a5 (o S 9§ 98 Ay el ple bl nl ) Cueal 4 g b alnl
P g g G gyl linebl Coy g 1S b b (o bahyy @l 3 (w limes 3 sl (b
s LSS i sdirtigg o conlie Jio ) 3l ingsy ol Gan 5y ol ) el SVl gl @ s
CSs aalllas b jolaie cpl ay il o (oolye dlideo Sl b g pdy Gllasil g (08 ¢ 09 cpols Gygo 4y ol50bLs
eslatwl b olible ol Jadls ganains byl ol sandiny (SO plo g ol plal a4 SlBbls L3l
G gdnaigy des g Sbly bl Cupie 4 baye Plus oje 10 jo50e (sl Jao 5,8 5 (gl abls gun a5 Cuwl
&S gxe ol 4 sl e gilel 3,505, syl SST oyl s sanlie )z j0 dn g ol JSb 0 4 Ll50bLs

Ol 555 Egeme 1 53902 4 amd o s 4038 & Cngllae @l S ke silitel (939y9 slaodls 4 arg L
S ol 4235 i3 (S el GBS 2 HB | S5 al eadle o paSls aled (535 a3 3 L 48
(oo g obl)‘ Lg).éao‘) el 035 o3l )L.w OT )" F?J“ calise Lgbzso)'p 2 Jo.c P Oﬁ‘){t{ o J.Q(w OT Sluslxe

(VYY ( SV

93 wlia (g 5

axdllan 8590 LS o> 9 306 .

S3eskS Vo S VAYA: Joleo iy b oS adle (5305 )i sl adgs ) (ot ollpas =35 adg>
YY U adds ¥O g oo YY) g By Job adBd Ve g )0 OF U adds A0 g ao )0 OV oldl i Cuxdgo 10 D o oy
5 S o Sl | St Gy (31 1y el cliel Caand () JS5) ol 48,5 15 Jlad 2 4853 10 5 42
1 Bias dilaie S5 mlio (V)8 (ji50 2)0 5 i pd) B3 e LSS doyd AP Lagio cad b 5318 ol Sligus,
45 Sea)l gy w5 5 Sea Sl ) il 4 wdloe 50l 03) 05 5 " gl b bl o)l slaS e,
slod (xSl b ol s 1YY () lSam 5 sl 0)8) 0,13 i 55 5 3k g o b ald b cow
YIVD sl JBlas 1SShe g oSl as > YASY dlale glod (sla piSlas 1Sko) o Sl a3 VO/VY dlale lawgio
g s blpd > adlate ol oad 2ol (plogy gy slue 2 cpiankes IVY WVl (Su5)L (:5ke g (o], Sle 42 )
DSl Sy NS S ely S (glawle (slaag 1y ddlaie L5l LS VYAY'S dgus 98 o sdbaib  Sbls 5wl
odind (LIS &S )08 o0 miin & (plilu)d g (00)55 slaojlud) glgil b dilate Jlod 53 LS AAYY Jole iews L

1~ Wang

2 - Meixner

3 - Koohbanani

* - Bidgoli

> - Silakhori

- Wang

- Scoring Approach
- Entisols

- Orthents

10~ Gharachelo

- Erg

© o 9



o4 G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

gy Bolo) casl o3 cpl 53 lBble ad b3 a3 eaiiS ol g dilaie 53 oLkl ol ks 51 Lol Mals’ cumsg
(7YY

r T
T T .- gt =
S4°0'0"E S4°S'0"E S4°100"E  54°15'0"E - Z& ‘?@&t 'fj{nt?'\ )
& 2 - S o
3 g + o & 22 .
& &
& &
) ‘sl.»..hl)
L J r Wt g ® Zxaz 351
z 1 S TR oS | < i 3Slsm
2 L. SR ;‘, : - ol ol
g . % (J_—::\\j
@“ N R kol ol
,}}w;he#-‘// “::T.‘L“E 2 ——
4 2 - St sl e
z £ - L i |ﬂ| e e
g - b G
: Kl s
L = sz 5
o« y \ RGB  ¢lolsale pguas
153 -
i z e /\ - Red: Band_5
5] 5 g N\ = i
g 2 ? /\L,/ . { Green: Band_§
£ = S A
B - 4\ ~ - Blue: Band_7
e\ .
P
2
e
@
S
i S©00'E S4°S0'E SAC100'E S4°150'E
- Kil 4
5 5 5 5 e ———n K 011 €1
0 255 & 10 15 20 25 S5 100 10 200”""‘ =
. J

Ol 5 352 Oliasl 3 U1 232 330l adbgor 25 Cumbyo ) S
5 Ghgy g oot .Y
5l oa Juols Sledb it B 45 3550 leMbol  lsn (sla uSe ol imgss ol 5 odlitl 5,50 Sledb] gilio
5 055 )y S o ol > leMbl ] 48 a8l e b Sl 5 eslasle sl 5 k] 5 Shise cllaa
(V220 S Sun) 8,5 )18 ookl 3yg0 ¢ wyp dyg0 Jlue (Shg g HLESSE ©)u8 5 B 4 dngi b leMb )]
Sl e Glgin 45 25,5 (TIN) i latel 45 as 4 pladl g cagsy ATC MaP Laoxa ;3 dibaio (1S 905 4
(ol (o) (SBALE 0ld agd SAdE Cogxyl> )3 Lupw Ll oo (SF95,0p )] (i wud Clib sladids ags
Voo T o ped e JB (639 08) dal Cawty VBe e+ i B 3 0y g (wliSB (Golgdpe LS by,
<65 L8 byl 090 s 0t g (JUidl g Cundy e 1515 Jold sloial —(ooladl plio pol> 2l Hslate
9 9o b (b Julowi bl dbumain (gilodingy (shiaing STl Gt cpl ) (Yo et (oSen 5 by, (Bolo)
oS sl ol JUs & sjlitel 5,9, sl o " ilitel 5,509y syl eSS el b oslinl 2 ulyl b re o (2L
S 60y9lp 45 dmd s 405 a4 Caglhe @b Gy e silitel (b Jolhe (b (9399 slaodls 4 v L
2,8 sy kel polil 1) a3 Gl Ll 53 9 28l apadld plos )3 4 i85 ol 5 Slas degoone
G0 w1y i N —Y
O ygale 4 wlie Cgxly den Sl LSl 3V (gilel 5,509, b sladde 4 saiainy cllilB obol polate 4
2y Pl Ghmggy cal )3 098 e sy oo sl 4y (0 e S e (S52)200 5 Lol JB o a5 laasly b ()8 (slaay
3)50 L3998 y0555 (sloslus ) g s Il jolate cpl ay (Ve oA cgaenl) AD (5555850855 (b9, j B slaanly SSas
)] g Car b sy (29390 gy o 4 Pl ol 4t 4 g o)l ) sl 3l S e g S 18 ()

! - Hiscock
2 - Triangulate Irregular Network (TIN)
3 - Demers

4 - Multi —Objective Optimization on the basis of Ratio Analysis (MOORA)
5 - Additive Ratio Assessment (ARAS)
6 - Scoring approach



JEeF o oylosis o)) 0,90 o samo Slpbloo (o ldd Judori <

S8 LS idgy add 8T o b e dlsye 0l gl Sledbl sl gl oM 5 oyl adds b
(¥ JS8) 1 S5 lllas CBlanl oy gy Sunly 033153 ¢S slaioly ki 43 b8 IS

54°0'0"E 54°5'0"E 54°10'0"E 54°15'0"E z
- L L y P e
S
® ez 35150
- oaloly
=
g L& —— Lot ol 5
= & N o |
g & PAG 2 ($50kas LB
| |BEP et Slasl] e ot
]— EPPC LS (2 L slail) o cns
- BPPC ol i b o cuts
rd
s | I A e (s
g I [svG S lnsS (g
MGPC (LS (idp U olinss 21
] BCG S T [
=
z | & | |cePc AL At by )
s
21 | BSD 2 o) e sla 4
= [T1[sDPC AL s bl amle sle oS
v s, 31
z N
z s
A ; Fz i
s v v . v = — /S
- 54°0'0"E 54°5'0"E 54°10'0"E 54°15'0"E \
Kil
o 25 5 10 15 20 25 30 >

10U 4 i Gblo ¢ pdeanT (303 39 g0 GBS ot Y-
oledylas 9 Ay gy @ L;Lge (labuls 5 Sl Oldlas § anb ple obs)) ol caws 4 Sledbl 4l
() Jga2) 85 o 2liblo )3 ge paSlE Y ((2g)S

Wl allie 45 150Uk s, 43 Jge B aALS Y Joda

SB g =YY

(eM) (e ol aw Gos—))

(mm) &¥lo (3L 5:ke =)

1555 5 (olewd dlgo ¥ uisle 51 oalizwk-YY

() (pLS by w5151V

(M/s) s ey (:SSlo—Y

WP Cope g ctS (gSIHTY

(/) Joxtl glaby S 55\

(PIET)) _Suis Lasli-Y

(PO J)Lun—“\‘

(AU/100 day) &1y 3y cod lo—VF

S csl-¥

() g Y0 | (39290 pl3/ &1y cudylb)pls jLis-Vd | (EC-mmhos/icm) SB (¢ )si-0
() Jbzskys el g iV (inlh) S iSas-s

(NJKM?) o G 3g)gn o51,5-YY

bl ()Y

(cm) S Gos—V

2l )8 pi-VA

() @kl 2l s=IA

(%) cad=h

Cuy5 ol 5l BT

)bl e

(ol ) pial i1

oS b &y 3, s Y+

i &l daw SialS-Y-

(EC-umohs/cm) ol (¢ 9V

2 Soglin 4 spes 5 oyid g il ony b blo)l ol e as lapadls ol Dbl jglaie 4

s sgte 4 VeV e ohgy (Bolo VNN (hlSen 5 (hg) (Bolo) ©8)5 )18 Hla e ploj g auje 55l 93 ogxle
o sl o Gh))) b )y VU jhe I (o ety gasls el i)l (98 Caa e g (955 el
st gred 2ol S el omle o)) g 2k 2l dsly Clien st V O35)) g e Siles

(Voo ey Boleo) (Y o)

oty e 43 gl (25 (55,1 9 FWllae dilaie p3 (5oLl 3148 )3 Fge S ASLE Y oo

-8 =) -8Y =+ /Y0 -IYs -+ /o i okl » se clasls | ojles
<b- do=\-- YeomNde > \o- (Mm) &Yl )b :Sike \
>Y/o N T-0/0 <y (M/S) sk sy (pSibo Y




#9 G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

<IVE =) <[0Y =</ DATEIE AL @hiobls » s laasls | oyleds

A9y 2 ol s | 0L Sl e | lawgie (LSl e | o8 ()] fopunds
b pac g oS cold b bsgie collb L S j dmg b Sog8 Gledad 4 LSl s | Y

o=hi e gyls = sl Syl =i slasgls =i sla syl

ool des jlwas ad )3l o lS e LB ;'j o L S cov el sl p ol gla sl
5 oleln)) Mo Clas & Slalllao dilate 1 LS 13y 5 SB Giloyd a5 Sl skl b plsie 4 jede
A ey dd dib lon 4 VLo ik Sk Lasli s ol o(YOF o))

(Ulsy 5 55 5w Slade Byl 3l Candylis 48) TolS oytins > SB 3 35250 Ol iny 2ell (S50 3590
03l 5l aghs ol 53 culply Al e (LS GRSg M) g Casb) is ) S Candy I (63b) bes leMbl siejls
5 ) (PIETp) eVl sty (3505 5y & 4Vl (3 Copmd I cantijlis (i3 [adli .l ool FAO (S
(Yerd el )San 5168, VoY o San

O ol 3 Sdpdy ©yge (VY (guasl g polal) TLRILER (39 jl oslatul b ool Salojd cupmdy (o)
SB Cymdg b Cundy g ooy (giiby (g 9 (2] SIS (ol S (men (3L Giale$ 2l 85 Sge el
@ S g Copte (SB aw (olu (o JSb (SB Cugb, (aLS Gy gU Moy g g9 ol e Gy g
(8)S )3 dogi )90

C St dlos 5l el iz 45 8,815 oolitel 390 (Vo)) ccston) TP.SLAC oy il vt i) sl
85 )8 rgi 3y50 w3 530) g (AL Libsy (595 e «oUlg qualdl (SB (i

i ozl (AU) ol 15ly 31 4asl ol 35l polit & el ST inluyd Liall o 31 i sl 1081 donats
(YO cpadio) 45 dswlons baply g &y 00 JUil (15 Glwe o (ol S5l Gimgly cnl

(AL Candl & Jtasist) 55 415 o 33 ASLE o Canntdl (ot Y'Y
Jos @ aag b oliobls suls p 5l cas 5l g)8asly o 0 (asli o cacnl daosly s ple LSS b asldl jo
(¥ Jgae) €855 )15 (b)) 0,90 o I o (ol )3 (Y gie) lappadli (ool

(F) L as b S8 (5,5 slaualy 6,185, .Y Jgus

T™U, Indicator

|1 |2 IN
™ U1 I 2 [§IN
T™MU, l21 I22 Ian
™ UM I'm1 I'nv2 I'mN

TaPls 2987 gy 31 00li! b o ) Cumd o> Lo Cuodl s F—Y
A ) (VAFA T L) il 299 1 2418 bags b gl Wb e MleMbl ()55 3l ord 418,55y oS 6l g9y5] Jse
sy ol (golne oMol (6955 53 5 (V) (ol od g TSo,60) sl i 5> ol homio jlme (95]
Mg oISy ©yge 0 Glisbl pie (] & 55k 4 (Pi) WS Jloinl @iy K lawg odd ol ekl pac i

(Ve )5 g (Slosko VoWV o pasl) 0L ™ 555 Slolyd @jgr &S Cunl (63)lge Iyt s

'~ Greco

2 - Shannons Entropy
3 - Shannon

*+ - Bednarik



JEeF o oylosis o)) 0,90 o samo Slpbloo (o ldd Judori 7Y

ool 3 4S8 ool 350 pole il glaojes 5 (Sl dmwg (gAbdAS) Hokile & baos oS 9yl Je
& Comd (5 sloasly 9581 (¥ ga2) cosl ojlloy (ule o & Ayl (6 maenas G ple S5 5l e by
¥ Jg2) 0,5 oo S5 ol s 93 (il g 00 daslons V] 5l o a8 L
Eij = rij X Inrij ;Vj alaly ()
2 Cns g ly o Sl i Mie =Ty padls e & Cuns g oly o 90 = By sl ol 3
e liyn & s S a2ly o oy (Sig ylde o @)W = INTj 9 jaSLs

Lad s &) Comad g5 glasnly (95T i Flo L5

Indicator
TMU;
Iy I, In
T™MU, En Ei Ein
TMUZ E21 E22 . EZN
TMUp Em Emz Emn
Aailge )5l o > a3l u‘?)“j E g sl ()5 aslg :TMU : Joas (ol 5o

Do oo duwlboe ¥ dlaly (Ej) > )lxo ‘_;3.9);31 EVR I
E] = —KZﬁl(rU X lnrij) 4\]:»‘) (Y

1

Ml o (5 slansly dlawi oy yo pi )T = INM ol oo =K idbdlee opl 5o
2 @bl ol 2 () dbgiye pasls S o (e o 29500 dslone ¥ eyl 51 (N Bl0l a2 0) o casld] >
ud) Lg)lf db’»b &S Col Oi (oD uLu.u ¢.A.wl.’ )‘45 LSA”L» (80D dﬁfoﬂ,\ﬂ ﬁ.)L'oLo 4> ) .J)b @‘)uu” J.ul)s

b ptals ojlul plen 4 b alipbl 0l ) pasls o] GiE 10 G S0uSe b Gl ol jasls o s ]

d=1-E ;Vj b (¥
D)5 oo duwle B dlayly 3l o yad bl 50l Jlade
- _Y . ;
itsma Y el

Sl S bl b ok S menas Hhas 3y90 (slayadli (cly odel Cawd 4 ligl Eaeme a5 Cunl S 4 p5Y
YW =1-(j=12,...n); abal, (5

5 31) 2 35 1) (2lioble 2013 ) GBS ot 305 1) (3 e o eadld (bgy onl slise 2 peole Sl 4
(0 Jgas) (V2% )31 AAFA & ygilis ¥V codlj oy

(NDM) 0 30L0 5 & 305 i s sibo JuSi .H—Y
o ple QB 55 (W) w2 4 Cans baylime Camnl g (1) jlze jo slue p ()5 ladsly Coglgl (559 polie ds e pl

(B Jgao) <85 S (Y gda) (68 mmnad (IS

(NDM) 50l 55 (5565 oussi pm 5o -0 g

! - Shannon
2 - Normalized Decision Matrix



40 G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

Indicator

TMU; Iy I In

W1 W2 WN

TMU, I I rN

TMU, I1 I N

TMUw 'm1 'm2 MmN
Jloy (Sjg Jaie=Pjj g slxe lsis = C lajlrs sli = Neladpalyl b 4y 5 sl = M s yilo ol o
il o S o S dbgyn slone 4y sl 445 0 oS

09380 W (S oo ud gilo LSl P
Y alaly) 3,90 s 1) 05 gig0 e le § 0 o paSld (59 )0 1) e L lo sloadlgo
tyy =1ij X Wj e, (¥

1390 S5 31 0l b 5k 42 VY
1,8 LI Ve oF Jlo 37 ulSadlgly o5l 1y 1hge ST by (s Julos lisl p dbamin (g 5loding S5

(Ui ) 4235 o2 Canglbao s @

preadl g ple s ddlge (gilaw goere Gl Bsly 2 lBlle el Sile 4 b S ol gl
(A dasly) 0 Jols (19590

Uy =Xty abal, (A

v T S35 ooliint b o igs A—Y
Ot 3 S S5 ol 0 )8 YN o o TSy g uilSandlgly |y ol b a3 s b)) S
S &S 39 e odlitel bues olalase gy 5 ol 4035 cpyite SBl gly o)bandin (6 proal (sl bs,
o> e 30,8 gl sl 1y Cangllas oty ponal G lo 3l i sd g sl B LIL gl )3 iy 5 (sl Copgllas
a5 ol & Comd (golpos (lopadls (gl & cunl (a5 (gilome a3 D9 315 (gilre Al jS STl
il g

(Ao)pas Ui s (12 (o jlado (n i oS ®

3 g 2 ool Aol 5l pasls lade (i (Sike 4 b (Un()) Xj pasls polie cpyine 29l okt 4
WS e |y (A)pasls o sl e e ke 45 A5 aulys (LBYO (o)lel axels S) atlate 4 Ll laasce
4 Caglhae a2y o )3 &S sl (gylde oaimd (L Ao S job a dd 3yl joSde plie (655 (pSle b e
(Aaal) by (o 2oy Voo b ) G 365 S il

Ai(Ap) = 1.0 oy (4

s a3 51 1) ((2lioble pa3ls Mie) g9o50 ol (lie (npislhee &5 35 00 S8 (b o G g 5l ()
(Yord ES5e¥ 20 (o)) em g TuKo ¥ VY (0 paol) Siles oo atiie B85S

oyl o (e e oS5

- W.K. M. Brauers
2-E. K. Zavadskas
3 - Z. Turskis

* - Maged

5> - Zak



JEeF o oylosis o)) 0,90 o samo Slpbloo (o ldd Judori 7Y

Sls Ao 4 lsie & s e Jlal Cls 1y o olie o5 & 4 (Ao)oasls b (sl (See o (it
285 U8 il paeal uile 5 05 e e

(£57) 09390 ot st o] peonsd o il JSts o

ol Cawd 4y Jblie g )3 el prenal G yile slapadls (59 wpalols 1l gige da (o paenal (u yilo
(e o)
i = Ty X W e (1
(S:) gl Cavglae a5 @

A5 2505 ol gie e L ile sladilge (oo gezme oty S adgl sliel V) ahslas 3sllas
Si = Xt t; abaly (V)

ij

R Cungllo

aa) del s & Wi Camllao 43 b ol jhital <A 43S adg) jlitel yy s 5 4l jhitel ommns b doldl o
oylyen cplpli g 0ad Sl ladSlos (30 b (Ao)padld yo (sly (Sae Jlake (g (ilome 435 oS bl 51 (VY
39 0l ol g 48 cpl 4 Blate S e oyt

U = abal, (VY

=3
S GG Ak dugd AT

lasly (halod Jouln b Cagllas a3 e p ls @ (oliwd 5 lodls Loy ajod )3 cd y cdgru pslaie &
5 talioyd el lime (sl 40 pLi3I ATC GlSas 158l p i 1 ooliel L 5 oly] 5 Lge e g3 o 51 Jols (6,15
o9 3 sbasl

4 Pl (Y i) doly (el ) el (6)3805)) 5 (2lioble 1ul8 5 Fse slapadls s Sl gy Biiod Slodl Gillas
(7 Jgs2) 28 b yadls SS& 4 )8 sasely (b))l

ol B US54 (5,5 sy 5] cmend T Jgu

31y o b sy Sl Yl Lasio S5, M) sts
5 SIS < & fe SN

e PO e V (TMU) (¢S
A -I¥A /o (BMG)
A -I¥A Iss (MGPC)
-ISA IFA -Jos (MAG)

proecl le Sy (slmosly & Sloj a5l (gils g8l (B, ) eslitl b laasls ISy pe gl e
059y ool b (VWY gm0l ol yiwlio ofisl (ol slp ol (9l (bg) il odd (asiiie JalS jobo 4 (5,5
Aol Conts ¥ g glae pols claodly SeS'L olioble loyadls s cuonl

0ad L 2 29,8 Cavglhro S las ydlie —dUT pad dilaie (50 Ll 31055 45 Hge (RS LS Cad] b (omud (439 Y gaa

Up w5.‘5| Wj dj Ej @l)ubb » ).154 Lglb ua>L.u b)Lwi'
-IAY Y\ —o[-¥\VD A R TAZR (MmM)aYlo )b :Sike \
-/aY ¥ —/VVESN —o YV VY APYYA (MIS)sly e por 5o Y




0 G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

Un ool W, d; Ej Shoble 2 fee slo (asls | o)leds

e A -[-ay.ay 1653550 EPTYD

So g8 Clalad &y S]] Y.

da sl Ql)‘9| 9 (V J9A>) 3t ,_5&7»19 » b adls (63855 oyl sosls I edlatwl b alsye opl 4o
(A Jgiz) ©8)5 S maoad o yle

S8 S soly 215Uk Sl (605 ol 2 Sl A Joi>

(1) a3 ls
5| s 2l ety Sl SVl Lawgzo S5l ()=
YV (TMU) ¢ 5]
Jar-ay —INEEY YN (TMU) 5,515
o/ </¥A -0 (BMG)
[N AN -I55 (MGPC)
-ISA -J¥A Y (MAG)

dn g el o ple LSS jolaie 4 (Adgd>) ()18 laasly o3l Juwily (6 maenal (o ple LSS 51
Caeal Coys oo 4 1y (FJgae) (Mif) 2l bl Bd 5l ()8 asly pa y5 jasls ja (5551 Ve ablse I () Slo5 019590
(Asi2) 8,5 S Sl (19j90 S el i le 5 mibs) (Vgz) (W) aslis ] s

S35 sty (5l Jawily (S5 (19590 (S5 aowad i lo A Jgs

U 1) L Sl Yl Lagio , S5, Wosts
i o)) oS ol ce pw oSl & o (S5l

=2 o N 9o (SN, ¥ (TMU) 555
AN 0% ofeeeay —+/+ 00 —efeNeEY (BMG)
AT oeeeay VR L fey (MGPC)
5 5YY LYY VRIS BVRTH MAG)

ol Job (y9590 o)l ol ggeome Sl e lplle @il (il b (Ui) oles cangllae dyge Jio 3k 52 aaldl )
(A992) 25 dplons ()5 515 0 S8 4 W ablae slie 1 5

S g el 3l oolatwl b Il o saiog lodl mllae (l)l Jae b 5 ol3ble ©ud Jawily duole jskaie 4
A 35 aabl ;b ay9ln (Ao)  Xj Ladls sl See e ity o Sllllae ddlaie 4 Wil puawstie | ale
(Ve Jsin) 28,5 JS (oly] e g ilo g 45 (A Jgio) e mailo 35 008 Juol> (glome

ol 65 pouai g yilo N+ Jgaz

«(l) Jasls
ol s sy 5:Sbe | 4Vl bwgio (5550
V (TMU) 551
./.ay.qy AN ) —+/+Y\Y0
-[5A .oy - AN TMU,
o/ <A .10 (BMG)
o/ <A .Is5 (MGPC)
N2 <I¥A NI (MAG)

2 ladilse iy palol 5l dblas Glle Gol)] Ggige e le Ve Jsi2) S el (il S5 ) oy

(VY Jgiz) 15 250 jblize slalne (559 53 (5 slasolg



1Fer Y oylaids )) 0,90 o Aamo Ol pblio (o las fdxi

55

T 59390 (6305 i (o Flo N) Jgux

«(l) jasls
Ui Si 2l b e bogte Sk YV (TMU) 55y
) - [SYOVY .5 .JaY —o /YT TMU,
<NAVESA AN of+eaqy —/ 00+ —ofeNeBY (BMG)
AYOAS o[+ AVYY ofeeaqy —/ 00+ —[NEY (MGPC)
NS TN <55V L[o5YY- —fe 000 —/+N4 (MAG)

soaie 4 oles 3 9 (VY abaly) a3 Jols )l 9590 e sladdlge (sylaw ggenxe I (Si) adgl Cugllae g
Cglhe y (Si) 5y 3lg o adgl Cungllan VY dhles Billas lpbly ud Jouily G)ln b (Ui) oo cangllae 391
(V) Jgaz) A5 epunds (So) Ao a5 4yl

oS bl (lllas ailaie (ol (gabaing 4kl 4t g Gl il o513 51 (o) (slassly (ganas) pslaio 4
@l (hed 9 (bl ) Cggu polaite 4y oS M gy (S 31 6y 0l 3y9lp ol b sl slag b))
Jot> lae Jae 93y (slayy g (shiaib lio gobamw 1 ubie Sl slaciglis (pls lis 5 od 5,40
L gdndab daw can () Jldlas ddlais 3 lEblo cas L8] slasil Y

LT pas adliio o (o811 Gl 8 Jmuiliy (soaiiab VY Jgu

ol S by J N ) Sl jasls | b
()o s (ha)eo s ()aor | (ha)eolu - St el et
/A FAYAIYD -IA SV [ N<--/\0 (325) 1)1
/40 VSV -0 o/¥ £\AY/FA I — NSNS -/ oS
£Y/0V PRFYA/00 SYIVY FAOVF/10 i e OSN S /e | Lagie by
YVI5 YASVV/E YY/-0 WYSSIY Y JO<N < N0 Lsgio
VYA ayya/aa - - Vv N0 <N; < -/¥ L4 T
- - - - VI Y0 <N; < /Yo e
U VAYA/AS /) YWalAs | Vil N; >« /Yo L s

o5 (320) ] 615 LS5 Sl ) Ss 53 015 dpulone (ol Jeuslty & 425 b 851y 50 Y s il

Bl L)l slaasly all (g9 p coles ) &S E)S I8 LAd (LA g Ll wid s dawgie dawgle liws

Lo )3 Maee v ooy o)l 5 ge Jao (sliso 2 (o3l slasil Jusly alos 4 Sy il (ol slasols
(¥ 9 Y oo JSi) ael cuss 4 Arc Gis



4% G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

. 1007k E E 0"E 100"E 1 z
' - —
WL gleialy
anax e ) z e
& S & Iy p— "’MM,’
,: i
2 fansgza bl = z fasgza s
£ o | [£ .
E sty = o AR
b ':;;' Py /
; s
& a LIE N & \
= W % —
= - A
- \
¢ - B
,; - GorE 4eS0E S4PI00°E e
25 {
ool Jse bl 1 1150k s Jewilly £ S ygo Jo bl ol ULy ol Jamwsilis Y S5

(F o ¥ lodss g Wdsaz) ol g Lge Jae 99 5l oo (ool sl (slaaids 5 gunail Jgir 4 2295 L
L {PAG) > (53ysiS bl 5 MAG) s (5isliS il cslossly (Jao 59 5o 55 o8 355050 elindlo
5 1blioe 2kl Jeasly (o yide a1y &5 28,5 S VIEL il (s o) )3 @i 4 (o8 slastil o pien
Sllls dilais 45 3o 3Lt ge Jio jl ol zols sl Sy o 1, Sllllas dibate S 51 (aoys A/VY) ks VIO
o dilate Sl ) (oys YY/40) LS WYESIY b e 5 adlse (V) 8 G 5 (V1) s I3l 5 o)l
oM 53 (103 B/F) HLS FAOY/EA s Lo by T oS 5 (Ao > SYIVY) 1S ¥RVVF/ND clausgio by IV oS
s m dlaly ol 3 (¥ UK 90 i) 355 18 phT alioble b T GodS 55 (aops </A) JiSe VAT 5 o8 LI
Jo o 3 sl o gine 103 A% s )3 Gal)] o 5l ol gl b dyge Jao 5l ol gl (e (Staad g
o il 50 hge Jio ailen dis o wl)] e gols sy adlllas 45 a5 (6yeb 4 coml glie od 39l i lab
oS ys ddlaie Sl (0o)d VV/VA) HESe AYVA/A b cpe 0 il oo (V) s ol5LL 51 g)le Sllas ddlais
LTE (o) )5 (3o ¥Y/BY) SLSa YYYYR/A0 dawsio b IV M8 )3 (1oys YV/E) )i YASWW/F s bws LV
BT il b 1 oM 53 (30> ¥/AQ) Sl YAYAIYD 5 o8 L 1 LodIS 55 (1oyd ¥/+0) ,liS YASY/ -0 clausgio Lious
(F US89 WY Jgaz) 29800 (sl

3 Slllas dadhio colue 5l aop AN ()l g hge Jse 95 o 5l end Jols ol aY olol p o IS b 4
il 586 ot 203 BV 9 FY ks b Jie iy 4 dilate ol i )b 518 aliobly 5ad Lls s o e
oo a8 g3l (IA) ixio 3l (SDPC) (ol i b (glawle cloag o)) Jols a8 5,05 5 Lawgie o o
S Bl Jo e 2 g Sgdie (BPPC) (alS (g b cod jw cudd 3l 5 (EPPC) ol (g b 5l
ol Cand 4 IV | Lawgio (oS 0 b jadld ggemme jl dilaie IS ol ol50bl Jemilsy

Bolgiing 9 (5 5 amd
mdigg A AS polate 4« (pl S e Ll (b mlie Hluk Cupde 23 1) et (B 0jgyel 2li0ble s (2L
S pgo sodos I ol gl b esliul (ulyl g 150 silitel Jao a5 sllpas cuss )5 alipbls s sa
“obl Jedly cpyide 221y (PAG) (83 5))sliS (o3l 5 (MAG) SliwnsS (65)5liS” (ool slassly o sl (lis
Janily (oS 550 b e 50 9 3500 )13 () bawgio biwd ol3ble 30 o ddlaie ol oy iy il 0 25

el Cawd 41V L buwgie (oS )3 by sl Egoomo | dilaie S ol ol3blo



1Fer Y oylaids )) 0,90 o Aamo Ol pblio (o las fdxi or

b bl 5l ol s el oo @al8 ) @l (el duolie (Sl & Slalllas adlate (39 LSy S 4
alor ) dilate )3 odpm) pbol 4 (anainy e jl Job @l b o)l g ge sas iy slaJie j) Jobs ool
Jie csbol sloailge oo Jao (sl (58T Jao ame Cans Spdgml Joo Bl dnug go08 (o5t Jao
@l o3k 2> b o ab odalie 9 €85 )15 auglie 3)90 (5B uanl Jdo g gy (5B Jhe dadll dix Cupgllas
$509uS 2l g (PAG) (18> (55,5laS” (o)l saasly (Jao (id po )3 &5 (dne cpl 4 85 Slyeon o2 b Jol>
9 hoe Jo 93 il Job> bt (Staren o pd eimen il liobly Jeily (ppide s2ly (MAG) Sliwass
Gl oo ol b duglie )3 9 00yd A% o 3 (ygudgr (5B Jdo 5 aadll dix Cupgllan (5ild (o5l Jae b )
s Jao ) e olibly ud colps b dwlis (0 g Canl )b xe 0oy W0 paw » (EVI) Jaowe sy oy
o WS 1) (e (Stsor (656 Gl Jao g ol slaadse (Lo Jao (MNT) aidl dnngs (30 copiasts
g ly olide )3 apadld (a3 55l 5 2licble » Sge lapadls Sl g g9 (2 GleSe pésle cplplh i
o b odel canday (o3de sla b)) bl pas ddaie )5 ond plosl Sladllae p3 by yadls slue p laasly HluSs (6138 o5
8l Gl slacib 3 1y oS slobil 45 cnln by 5o o b Jte Canlo 4 diusly Glas yol o) il V5]
ol glive gy o 3 ool ) gie Sk calps b o8 slais)) cglite ganail b 4 ppien g S0
s e 5 s5b Jsol g haie (slive p 45 9 &) ol ol p3Y 1 0bl e ode] Cawd 4 slabyl boss
Sl 2l 9 (2955 Coge @ 2lpble Cab ity wilize glaJse lawg adlate po )3 0ad Gl @ Gbe I Jate
5 S9S cOopmid 0g I3 GRV by diilen ) (2935 (635 maead ) xS sy @y jl 3980 dlaidiy dlaaly el )3 398
9 65l Sl 205 By sliie 4 grex (BBlyi Su 4 (qwyiod pslaie 4 Cuslio olasby) oS (o g )9k
b 2oble ©ad gabdiy 4dE e g 09 odliiul (il o B9yt (oS dsgezme Syl sabcagyl (4 5Lub
9 @)l pudy Glebl oo

4t 9 @lpble ©d L)l » iltel 3,505, @S CE e 0dd ol bt g 4B)F ©jg0 Jlov 4 g b
5 ol g sty g (Sole > 4 primen 5 eagt 5 (o8 slapadls (B85 B 0 4 argi b by 4B
Joe compl 3 (295 (2l b laadls 4 (s ()jg ) sdnaing sadsly w3 (Gls8 0055 b9y (58S
bl cledol alebo 51 odlizal 5 ol 9,5l B9y 3l wp & Comd ol (B30 s ol (B3l
o 13 5 25 58 odlizl 390 T syl 3 Hlgie 5 cul 2IBble ks b)) 3 D b g e LB
8l andly 1) p5Y g pdylasl cog slapadls Ll b py))

B e gl drg 4 olted oz ) S alop pslate & ST slagl)) 0 Wl Jols s K sk 4
Sreoae 50 4 |y 3ble cpl Glansls GlapiumsS] dagoliSalo s 035531 (55 Hlul (reds 2 0gde b 43S
4 4Bl olail dgaoe dloyw g CULI A aad o 1) Gl cpl Sble sble flpie 4 S B )b a8 cbles
OBy e Sl gl @l 4 plies pes B I 4 juin caslus b @ble 3 1) Skl W) S8 ekt
olys @ 2lioble 2 e laysSlh 4wl ;03 Bble 3 Jao (pl 35 jolate 4 ST (65 S5l (o loaslopus
253 156 bbb 1213 )5S o (S Sloges & ppizen § 42 oy ©yge 4 (S plaml slopasls

S ol Mo

sl 320390 3890 (nl 5 03305 Caley onle gy nl 5l g plol 3 ) BT Sl o
Ll QbW ¢ &yl

o5 g o dmodls (g ylol s g 4555 aliwlne plouil daodly (65913,5 5 Lialejl plovl dadiges (gjlwoslel 9 ans
i iy 48 @l 5 Sledb



74

G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

&b oyl
D)5 wdlie oyl dlie ol ot g el Lo
b o>
25 Jle ol psls alio
S b
29dien ()l ale g (o) Lo ks Byl bl 4 pyee il ]



Il o oplaid o)1 0,90 o anro ol pblio oy Las Juloni \z

References

Abrisham, E. (2004). Evaluation and mapping of desertification condition in Fakhrabad--Mehriz
region with the FAO-UNEP and MICD models. (M.Sc Thesis), University of Tehran. Tehran, Iran
(in Persian).

Ahmadi, H. (2011). Applied Geomorphology, Water Erosion. University of Tehran, Tehran, Iran (in
Persian).

Ahmadi, H. (2012). Applied Geomorphology, Desert-Wind Erosion, University of Tehran, Tehran,
Iran (in Persian).

Ahmadi, H. E., Abrisham, M. Ekhtesasi, R., Jafari, M., and Gokarian, A. (2005). Evaluation and
mapping of desertification condition in FAKHRABAD-MEHRIZ region with the ICD and MICD
models. BIABAN, 10(1-1), 37-50. https://doi.org/10.22059/JDESERT.2005.31880

Ahmadi, H., Zehtabian, G. H., Jafari, M. Azarnivand, H. (2006). Iranian model of potential
desertification assessment. Faculty of Natural Resources, University of Tehran, Tehran, Iran (in
Persian).

Asgharizadeh, E., and Mohammadi Balani, A. (2021). Multi-attribute decision making techniques.
Publication of Tehran University, Tehran, Iran (in Persian).

Asgharpour, M. J. (2017). Multi-Criteria Decision Making. Publication of Tehran University, Tehran,
Iran (in Persian).

Aslinezhad, N., Pahlavanravi, A., Basirani, N., Ebrahimi, M., and Kharazmi, R. (2014). Assessment
of land degradation and desertification with use of IMDPA model (Case Study; Chah-hashm
Plain, Iran). International journal of Advanced Biological and Biomedical Research, 2, 2644-
2650.

Azar, A. (1999). Development of Shannon Entropy Method for Data Processing in Content Analysis.
Alzahra University Journal of Science, 37-38, 1-18 (in Persian).

Azar, A., and Faraji. H. (2016). Science of fuzzy management. Mehraban press, Tehran, Iran.

Azar, A., and Rajabzadeh, A. (2017). Applied Decision Making with an Approach of Multi-Attribute
Decision Making (MADM). Publication of Negah Danesh, Tehran, Iran (in Persian).

Bakhshandehmehr, L. (2008). Quantitive assessment of desertification present status in east of Isfahan
and a regional model development with emphasis on MEDALUS method. M.sc. Dissertation,
University of Isfahan (in Persian).

Bednarik, M., Magulova, B., Matys, M., and Marschalko, M. (2010). Landslide Susceptibility
Assessment of the Kral Ovany-Liptovsky Mikulas Railway Case Study. Physics and Chemistry of
the Earth, 35(3-5), 162-171.

Bidgoli, R. D., Koohbanani, H., Yazdani, M., and Dashti Amirabad, J. (2019). Risk assessment of land
destruction and desertification severity using fuzzy method (case study: Miyandehi, Khorasan
Razavi province), lranian Journal of Range and Desert Research, 25(4), 877-887.
https://doi.org/10.22092/ijrdr.2019.118620 (in Persian).

Demers, M. N. (2009). Fundamental of Geographic Information System. Fourth edition, John Wiley&
sons, Inc. New York, United States.

D’Odorico, P., Bhattachan, A., Davis, K., Ravi, S., and Runyan, C. (2013). Global desertification:
Drivers and  feedbacks. Advances in  Water Resources, 51, 326— 344.
https://doi.org/10.1016/j.advwatres.2012.01.013

Ekhtesasi, M. R., and Ahmadi, H. (1997). The Experimental Method to Estimate the Wind Erosion
Sediment. Iranian Journal of Natural Resources. 51, 13-25. (in Persian)

Ekhtesasi, M. R., and Mohajeri, S. (1995). Classification of the Type and Severity of Desertification in
Iran. Proceeded In 2™ National Conference on Desert Areas Issues, Kerman, Iran (in Persian).
European Commission (EC). (1999). Mediteranean Desertification and Land Use (MEDALUS).

London, England, MEDALUS office.

FAO\UNEP. (1984). Provisional Methodology for Assessment and Mapping of Desertification. Rome,
Italy, Food and Agriculture Organization of the United Nations, United Nations Environmental
Program.

Gharachelo, S., Ekhtesasi, M. R., Zareian Jahromi, M., and Samadi, M. B. (2021). Evaluation of
current condition of desertification using 1.C.D Model, case study: Khezrabad, Yazd. Iranian



https://doi.org/10.22059/jdesert.2005.31880
10.22092/ijrdr.2019.118620
https://doi.org/10.1016/j.advwatres.2012.01.013

A G0 @b |y ol g hse (silciol (sloJbo jf ooliiw] b iy blo cod ewnilly (sdodigy

Journal of Range and Desert Reseach, 17(3), 402-420.
https://ijrdr.areeo.ac.ir/article_102934_6cfa67e0e102171340470f1e0beff691.pdf (in Persian).
Ghohroudi Tali, M. (2004). Application of Arc View in Geomorphology. Tarbiyat moalem University

Press. Tehran, Iran (in Persian).

Greco, M., Mirauda, D., Squicciarino, G., and Telesca. V. (2005). Desertification Risk Assessment in
Southern Mediterranean Area. Journal of Advances in Geosciences, 2, 243-247.
https://doi.org/https://doi.org/10.5194/adgeo-2-243-2005

Hiscock, K. M., Lovett, A. A., Brainard, J. S., and Parfitt, J. P. (1995). Groundwater Vulnerability
Assessment: Two Case Studies Using GIS methodology. Journal of Geological Society, 28, 179—
194.

Jafari, R., and Bakhshandehmehr, L. (2016). Quantitative mapping and assessment of environmentally
sensitive areas to desertification in central Iran. Land Degradation and Development. 27, 108-
119. https://doi.org/ 10.1002.1dr.2227

Kardavani, P. (2010). Arid areas, climatic features, drought causes, water issues, |. Publication of
Tehran University, Tehran, Iran (in Persian).

Kirkby, M. J., Abrahart, R., McMahon, M. D., Shao, J., and Thornes, J. B. (1998). MEDALUS soil
erosion models for global change, Journal of Geomorphology, 24, 35-49.

Koohbanani, H., Dashti Amirabad, S., Nikoo, J., and Taya, A. (2017). Desertification-intensity zoning
through Fuzzy-Logic approach: a case study of Deyhook-Tabas, Iran. Quarterly journal of
Environmental Erosion Research, 7(1), 35-49.

Koohafkan, A. P., Lantieri, D., and Nachtergaele, F. (2003). Land Degradation Assessment in
Drylands (LADA) guidelines for a methodological approach. Food and Agriculture Organization
(FAO), Rome, Italy. www.fao.org/ag/agl/agll/lada/bckgrdocs.stm

Lamchin, M., Lee, J. Y., Lee, W. K., Lee, E. J., Kim, M., Lim, C. H., Choi, H. A., and Kim, S. R.
(2015). Assessment of land cover change and desertification using remote sensing technology in a
local region of Mongolia. Advances in Space Research, 57, 64-77.

Maged, E. G., Chang, L. M., and Zang, L. (2005). Utility- Function Model for Engineering
Performance Assessment. Journal of Construction Engineering and Management, 131(5), 558-
565.

Meixner, O. (2009). Fuzzy AHP group decision analysis and its application for the evaluation of
energy sources. In 10th International Symposium on the Analytic Hierarchy/Network Process,
Pittsburgh, USA (Vol 29).

Moghadam, M. (2012). Rangelands & Range Management. Tehran University Press, Tehran, Iran (in
Persian).

Nachtergaele, F. O. F., and Licona-Manzur, C. (2009). The Land Degradation Assessment in Drylands
(LADA) Project: Reflections on Indicators for Land Degradation Assessment, the Future of
Drylands, January 01, 327-348

Oldeman, L. R., Hakkeling, R. T. A., and Sombroek. W. G. (1991). World Map of the Status of
Human Induced Soil Degradation. ISRIC/UNEP, Wageningen, Netherlands.

Rayegani, B., Zehtabian, G. H. and Barati, S. (2013). Surveying of Iranian Model of Desertification
Potential Assessment. Iranian Journal of Applied Ecology, 2(4), 73-99 (in Persian).

Sadeghiravesh, M. H. (2014). Zoning the potential of desertification hazard using the MADM
approach and Shannon entropy model in the Khezrabad region, Yazd province. Iranian Journal of
Soil Research, 28(3), 572-588 (in Persian).

Sadeghiravesh, M. H. (2016). Zoning the potential of desertification hazard using the principal
component analysis model in the Khezrabad region. Journal of geographic space, 16 (56), 241-
261. http://geographical-space.iau-ahar.ac.ir/article-1-729-fa.pdf (in Persian).

Sadeghiravesh, M. H. (2020). Desertification hazard zoning using Multi-Attribute Utility Theory
(MAUT) model. Environmental Recerches, 10 (20), 177-194 (in Persian).

Sadeghiravesh, M. H. (2023). Sensitivity analysis of combat desertification strategies in Fuzzy
environment in Yazd-Khezrabad sub-catchment (Sadug County). Journal of Watershed
Management Research, 13(26): 203-214. https://doi.org/10.52547/jwmr.13.26.203 (in Persian).



https://ijrdr.areeo.ac.ir/article_102934_6cfa67e0e102171340470f1e0beff691.pdf
https://doi.org/10.5194/adgeo-2-243-2005
10.1002.ldr.2227
http://www.fao.org/ag/agl/agll/lada/bckgrdocs.stm
http://geographical-space.iau-ahar.ac.ir/article-1-729-fa.pdf
http://www.iraneiap.ir/article_108559_en.html
http://www.iraneiap.ir/article_108559_en.html
http://dx.doi.org/10.52547/jwmr.13.26.203

1Fer Y oylaids )) 0,90 o Aamo Ol pblio (o las fdxi \Al

Sadeghiravesh, M. H., and Ahmadi, H. (2014). Zoning desertification Potential risk in Abozydabad
region by using modified numerical taxonomy model. Geographical Space, 14(47), 83-99.
http://geographical-space.iau-ahar.ac.ir/article-1-1274-fa.html (in Persian).

Sadeghiravesh, M. H., Ahmadi, H., Zehtabian, G. R., and Rehayi Khoram, M. (2009). Development of
the Numerical Taxonomy (MNT) model to assess desertification: an example of modeling
intensity in central Iran. Philippine Agricultural Scientist, 92(2), 213- 227.

Sadeghiravesh, M. H., and Khosravi, H. (2012). Zoning wind erosion potential risk in central Iran
using modified numerical taxonomy model. American-Eurasian Journal of Agricultural and
Environmental Sciences, 12 (1), 91-99. https://www.idosi.org/aejaes/jaes12(1)12/13.pdf

Sadeghiravesh, M. H., and Khosravi, H. (2022). Assessment the hazard of desertification using fuzzy
TOPSIS logic in GIS environment, Journal of Environmental Sciences and Technalogy, 24(3),
221-229. https://doi.org/10.30495/jest.2022.64138.5554 (in Persian).

Sadeghiravesh, M. H., Khosravi, H., Abolhasani, A., Ghodsi, M., and Mosavi, A. (2021). Fuzzy logic
model to assess desertification intensity based on vulnerability indices. Acta Polytechnica
Hungarica, 18(3), 7-24. https://doi.org/10.12700/APH.18.3.2021.3.1

Sadeghiravesh, M. H., Zehtabian, G. H., and Tahmores, T. (2012). A vulnerability assessment of
environmental issue to desertification risk (case study: Khezrabad region, Yazd). Journal of
Watershed Management Research, 96 (1), 75-87.

Sepehr, A., Hassanli, A. M., Ekhtesasi, M. R., and Jamali, J. B. (2007). Quantitative Assessment of
Desertification in South of Iran Using MEDALUS Method. Journal of Environmental Monitoring
and Assessment, 134, 243-254. https://doi.org/10.1007/s10661-007-9613-6

Silakhori, E., Ownegh, M., and Soleimani sardo, M. (2019). Assessment of risk and hazard
desertification using Topsis-GIS method (case study: Bashtin, Sabzevar, Razavi province).
Journal of Arid Regions Geographics Studies, 9 (35), 44-59 (in Persian).

Shannon, C. E. (1948). A Mathematical Theory of Communication. Bell System Technical Journal, 27
(3), 379-423. https://doi.org/10.1002/j.1538-7305.1948.th01338.x

Sharifi, M., and Farahbakhsh, Z. (2016). Investigation about temperature and humidity anomalies
between pleistocene and present times¢ reconstruction of climate condition using geomorphic
evidence (case study: Khezrabad-Yazd). Physical Geography Researches, 47(4), 583-605.
https://doi.org/10.22059/JPHGR.2015.56051

Soleimani-damaneh, M., and Zarepisheh, M. (2009). Shannons Entropy Combining the Efficiency
Results of Different DEA Models: Method and application. Journal of Expert System with
Applications. 36(3), 5146-5150. https://doi.org/10.1016/j.eswa.2008.06.031

UNCCD. (1994). United Nations Convention to Combat Desertification. Paris, France, UNCCD press,
https://www.unccd.int/sites/default/files/relevant-inks/201701/UNCCD_Convention_ENG_0.pdF

Van Lynden, G. W. J,, and Oldeman, L. R. (1997). The Assessment of the Status of Human-induced
Soil  Degradation in  South and South East Asia. ISRIC, Wageningen,
Netherlands. https://edepot.wur.nl/287427

Wang, Y., Zhang, J., Guo, E., and Sun, Z. (2015). Fuzzy comprehensive evaluation- based disaster
risk assessment of desertification in Horgin Sand land, China, International Journal of
Environmental Research and Public Health, 12(2), 1703 —1725.
https://doi.org/10.3390/ijerph120201703

Zak, J. (2005). The Comparison of Multi-Objective Ranking Methods Applied to Solve the Mass
Transit Systems Decision Problems. Proceeding of 16th Mini Euro Conferences and 10th Meeting
of the Euro Working Group of Transportation (EWGT). Poznan, Poland: 926-941.

Zehtabian, G. R ., Ahmadi, H., Ekhtesasi, M. R., and Jafari, R. (2002). Itensity Determination of
Wind Erosion in Kashan Area by the Desertification Model. Iranian Journal of Natural
Resources, 55(2),145-157. https://ijnr.ut.ac.ir/article_17300.html (in Persian).

Zehtabian, G . h., Khosravi, H., and Masoudi, R. (2014). Desertification assessment models (criteria
and indices). Tehran University Press, Tehran, Iran (in Persian).



http://geographical-space.iau-ahar.ac.ir/article-1-1274-fa.html
javascript:void(0)
javascript:void(0)
https://www.idosi.org/aejaes/jaes12(1)12/13.pdf
10.30495/jest.2022.64138.5554
doi:%2010.12700/APH.18.3.2021.3.1
https://doi.org/10.1007/s10661-007-9613-6
http://en.wikipedia.org/wiki/Claude_Shannon
http://en.wikipedia.org/wiki/A_Mathematical_Theory_of_Communication
10.1002/j.1538-7305.1948.tb01338.x
10.22059/JPHGR.2015.56051
https://doi.org/10.1016/j.eswa.2008.06.031
https://www.unccd.int/sites/default/files/relevant-inks/201701/UNCCD_Convention_ENG_0.pdF
https://edepot.wur.nl/287427
https://doi.org/10.3390/ijerph120201703
https://sid.ir/en/journal/AdvanceWriter.aspx?str=ZEHTABIAN%20GHOLAM%20REZA
https://sid.ir/en/journal/AdvanceWriter.aspx?str=AHMADI%20HASAN
https://sid.ir/en/journal/AdvanceWriter.aspx?str=EKHTESASI%20M%20R
https://sid.ir/en/journal/AdvanceWriter.aspx?str=JAFARI%20R
https://www.sid.ir/paper/529130/en
https://www.sid.ir/paper/529130/en
https://www.sid.ir/journal/issue/2178/en
https://ijnr.ut.ac.ir/article_17300.html

