Journal of Geography and Environmental Planning, Vol 31, No. 2, Ser No. (78) ) Summer 2020 1

Groundwater Potential Assessment Using Sentinel 1 Radar Data Processing
and Multi-Criteria Decision Analysis (MCDA) Technique
(Case Study: the Sirjan Catchment)

Ali Mehrabi'*, Sadegh Karimi?, Majid Safipour®
1- Assistant Professor, Department of Geography, Shahid Bahonar University of Kerman, Kerman, Iran
(*Corresponding Author Email: mehrabi@uk.ac.ir)
2- Assistant Professor, Department of Geography, Shahid Bahonar University of Kerman, Kerman, Iran
3- MA Student of Environmental Hazards, Department of Geography, Shahid Bahonar University of Kerman,
Kerman, Iran

Introduction

Groundwater resources are an important natural resource for domestic, agricultural, and industrial
use. Today, due to the population growth as well as agricultural, and industrial development, the demand
for groundwater use has increased dramatically. Climate changes, repeated droughts, and the risk of
surface water pollution as a result of human and industrial activities are other important factors in the
human interest in using groundwater resources. However, the unplanned use of groundwater disrupts the
natural nutrient balance of aquifers. The accumulation and movement of groundwater in an area depend
on various factors such as geology, tectonics, soil type, geomorphological characteristics of the region,
drainage pattern, land use, and the relationship between such factors. The tectonic factor is one of the
most important factors in the concentration of groundwater resources. Earth faults and fractures, known
as tectonic faults, cause more and more surface water to penetrate into the earth's crust and feed the
groundwater aquifers. Therefore, the identification of tectonic faults is one of the important cases in the
study of groundwater resources. Kerman province, and especially its northern and northwestern cities,
due to the increasing expansion of pistachio orchards, has faced an increase in the extraction of
groundwater resources and water scarcity is one of the most important problems in the region. Sirjan city
is also one of the areas that needs the identification of new groundwater resources. Therefore, in this
study, an attempt has been made to process Sentinel 2 multispectral images and Fuzzy-AHP methods,
which are among the multi-criteria decision analysis techniques. The maps of the various factors
influencing the creation of groundwater aquifers have been prepared in the GIS environment. The maps
were weighed and combined to identify suitable areas with good potential. The main difference between
this method and the AHP method is the difference in the method of weighting criteria and options so that
in this method, the weighting is done as fuzzy.

Methodology

The textural analysis consists of quantifying the different gray levels of the image in terms of roughness
and their distribution. The contextual analysis technique makes it possible to highlight image dissimilarities
or homogeneous zones. There are several methods for textural analysis including structural, statistical,
study-based methods, and fractal methods. In this study, a statistical approach known as Grey Level Co-
occurrence Matrix (GLCM) proposed by Haralick (1979) was adopted. It allows the identification and
selection of the parameters that best define the elements from the measurement of the gray tone
distributions. The factors are the mean, variance, homogeneity, contrast, dissimilarity, entropy, second
moment, and correlation. These factors have many applications in geological and topographic studies. In
this study, these factors were used in the analysis of the main components and then in the filtering operation
to extract tectonic faults. Lineaments are related to fractures and lithological boundaries and in some cases
to geomorphic relief. Thus, lineaments appear on the image with a tonal difference. The Fuzzy-AHP
method was first proposed by Chang (1996, p. 649).

Discussion

The textural analysis was performed on the Sentinel 1 radar image of the study area. The result
were 8 images of different co-occurrence indices. Figure 3 in the text shows the images mean,
variance, homogeneity, contrast, dissimilarity, entropy, second moment, and correlation. In order to
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extract tectonic faults, the analysis of the principle components on eight co-occurrence factors was
performed. Since the first principle component contains about 90% of the image information, it shows
the major structural features of the image. In order to reduce the noise and increase structural
information as much as possible, the first main component was multiplied. In order to extract tectonic
lines, the oriented filter was applied to the conjugate image of the first main component at zero, 45, 90,
and 135 degree angles. In this way, the north-south, northeast-southwest, east-west, and southeast-
northwest directions were highlighted, respectively. Figure 6 in the text shows the effective factors in
the potential assessment. In order to achieve the final map of the potential of groundwater resources in
the fuzzy hierarchical method, each criterion must first be weighed and merged accordingly. Table 2
in the text shows the binary comparison matrix of criteria. Accordingly, the lithological criterion with
a weight of 0.378 has the most effective factor and the vegetation criterion with a weight of 0.043 has
the least effect on the concentration of groundwater resources. About 3 percent of the study area is in
the very good category (228 square kilometers), 11 percent in the good category (836 square
kilometers), 52 percent in the average category (4016 square kilometers), 29 percent in the low
category (2252 square kilometers), and 5 percent in the very low category (396 square kilometers).
Very good and good areas are mostly in the foothills to the highlands of the study area.

Conclusion

The results of the grey level co-occurrence matrix method show the capability of this method in
extracting tectonic lines. In addition, the higher spatial resolution of the Sentinel 1 radar images than
the available optical images makes the separation and detection of tectonic lines better. By combining
the effective layers in the concentration of groundwater, the study area was potentialized in terms of
the existence of groundwater reserves. The results show that about 14% of the study area has good
potential (mostly located in foothills and within calcareous and alluvial rocks) in this area. Due to the
declining quality of water resources in existing wells, the identified areas with a good and very good
potential can be explored specifically for new water resources.

Keywords: Potential Assessment, Groundwater Resources, Remote Sensing, Fuzzy-AHP, Sirjan
Basin.

References

- Agarwal, E., Rajat, A., Garg, R. D., & Garg, P. K. (2013). Delineation of Groundwater Potential
Zone: An AHP/ANP Approach. Journal of Earth System Science, 122(3), 887-898.

- Andualem, T. G., & Demeke, G. G. (2019). Groundwater Potential Assessment Using GIS and
Remote Sensing: A Case Study of Guna Tana Landscape, Upper Blue Nile Basin, Ethiopia.
Journal of Hydrology: Regional Studies, 24,100610.

- Azadikhah, A., Bouzari, S., Yassaghi, A., & Emami, M. H. (2015). Formation of Extensional Basin in
Internal Part of the Zagros Orogeny in West of Sirjan, Iran. Open Journal of Geology, 5, 821-827.

- Baharvand, S., Rahnamarad, J., & Soori, S. (2016). Delineation of Groundwater Recharge Potential
Zones Using Weighted Linear Combination Method (Case Study: Kuhdasht Plain, Iran). Journal
of Geotechnical Geology, 12(2), 119-125.

- Celik, R. (2019). Evaluation of Groundwater Potential by GIS-Based Multicriteria Decision Making
as a Spatial Prediction Tool: Case Study in the Tigris River Batman-Hasankeyf Sub-Basin,
Turkey. Water Journal, 11, 2630.



Journal of Geography and Environmental Planning, Vol 31, No. 2, Ser No. (78) ) Summer 2020 3

- Cesar, S., Hedwige, C., Guimolaire, D., Ernestine, M., Etouna, J., Njandjock, P., & Nyeck, B.
(2018). Radarsat-1 Image Processing for Regional-Scale Geological Mapping with Mining
Vocation under Dense Vegetation and Equatorial Climate Environment, Southwestern Cameroon.
The Egyptian Journal of Remote Sensing and Space Sciences, 21, S43-S54.

- Chang, D. Y. (1996). Applications of the Extent Analysis Method on fuzzy AHP. European Journal
of Operational Research, 95(3), 649-655.

- Chang, J., Tian, J., Zhang, Z., Chen, X., Chen, Y., Chen, S., & Duan, Z. (2018). Changes of
Grassland Rain Use Efficiency and NDVI in Northwestern China from 1982 to 2013 and Its
Response to Climate Change. Water Journal, 10(11), 1-20.

- Chaudhry, A. K., Kumar, K., & Alam, M. A. (2019). Mapping of Groundwater Potential Zones
Using the Fuzzy Analytic Hierarchy Process and Geospatial Technique. Geocarto International
Journal, 14(3), 117-127.

- Das, S. (2017). Delineation of Groundwater Potential Zone in Hard Rock Terrain in Gangajalghati
Block, Bankura District, India Using Remote Sensing and GIS Techniques. Journal of Modeling
Earth Systems and Environment, 3(4), 1589-1599.

- Domingos, P., Sangam, S., Mukand, B., & Sarawut, N. (2017). Delineation of Groundwater Potential
Zones in the Comoro Watershed, Timor Leste Using GIS, Remote Sensing, and Analytic
Hierarchy Process (AHP) Technique. Journal of Applied Water Science, 7(1), 503-519.

- Haralick, R. M. (1979). Statistical and Structural Approaches to Texture. Proc. IEEE, 67(5), 786—
804.

- Helena, B., Pardo, R., Vega, M., Barrado, E., Fernandez, J. M., & Fernandez, L. (2000). Temporal
Evolution of Groundwater Composition in an Alluvial Aquifer (Pisuerga River, Spain) by
Principal Component Analysis. Journal of Water Resources, 34, 807-816.

- Jain, A. K., & Tuceryan, M. (1992). Texture Analysis. Chapter 11 in the Handbook of pattern
recognition and Computer Vision by C. H. Chen 1992, 315.

- Javhar, A, Chen, X., Bao, A, Jamshed, A., Yunus, M., Jovid, A., & Latipa, T. (2019). Comparison
of Multi-Resolution Optical Landsat-8, Sentinel-2, and Radar Sentinel-1 Data for Automatic
Lineament Extraction: A Case Study of Alichur Area, SE Pamir. Remote Sensing Journal, 11, 778-
789.

- Jenifer, M. A., & Jha, M. K. (2017). Comparison of Analytic Hierarchy Process, Catastrophe and
Entropy Techniques for Evaluating Groundwater Prospect of Hard-Rock Aquifer Systems. Journal
of Hydrology, 548, 605-624.

- Khosroshahizadeh, S., Pourkermani, M., Almasian, M., Arian, M., & Khakzad, A. (2016). Lineament
Patterns and Mineralization Related to Alteration Zone by Using ASAR-ASTER Imagery in Hize
Jan-Sharaf Abad Au-Ag Epithermal Mineralized Zone (East Azarbaijan—NW Iran). Open Journal
of Geology, 6(4), 232-250.

- Lee, S., & Lee, C. W. (2015). Application of Decision-Tree Model to Groundwater Productivity
Potential Mapping. Journal of Sustainability, 7, 13416-13432.

- Masoumi, F., Eslamkish, T., Abkar, A. A., Honarmand, M., & Harris, J. R. (2017). Integration of
Spectral, Thermal, and Textural Features of ASTER Data Using Random Forests Classification for


http://link.springer.com/journal/13201
https://doi.org/%2010.4236/ojg.2016.64021.

4 Journal of Geography and Environmental Planning, Vol 31, No. 2, Ser No. (78) ) Summer 2020

Lithological Mapping. Journal of African Earth Sciences 129, 445-457.

- Oh, H., Kim, Y., Choi, J., Park, E., & Lee, S. (2011). GIS Mapping of Regional Probabilistic
Groundwater Potential in the Area of Pohang City, Korea. Journal of Hydrology, 399(3-4) 158-
172.

- Pourtaghi, Z. S., & Pourghasemi, H. R. (2014). GIS-based Groundwater Spring Potential Assessment
and Mapping in the Birjand Township, Southern Khorasan Province, Iran. Hydrogeology Journal,
22(3), 643-662.

- Rajasekhar, M., Raju, G. S., Sreenivasulu, Y., & Raju, R. S. (2019). Delineation of Groundwater
Potential Zones in Semi-arid Region of Jilledubanderu River Basin, Anantapur District, Andhra
Pradesh, India using Fuzzy Logic, AHP, and Integrated Fuzzy-AHP Approaches. Hydro Research,
2,97-108.

- Sukumar, M., & Selva, M. S. (2015). Discriminating Lineaments from the Aster Image by Analyzing
the Object Properties. International Journal of Advanced Technology Energy Sciences, 3(1),
2348-7550.

- Tseng, M. L., Lin, Y. H., Chiu, A. S. F., & Chen, C. Y. (2008). Fuzzy AHP Approach to TQM
Strategy Evaluation. IEMS Journal, 7(1), 34-43.


http://www.sciencedirect.com/science/journal/00221694

e (Sl g Ll aer

) oTE as TR Y ol VA Ll ) Il
oy Wl gy

YFANATY 2k 5 T4 Y o s

9\ J..::..w sy slaesls u."o}b,; Sl eslazwl b 23S g'j @l:.a J.:“ql:g &li}j
(MCDA) o jlmsiz (5,8 praiss 50T KasSs

£ .

Obr o 3 pl Ao g 1 g5 & god

1l Dl S Ol S ol g o8l (Sl p ke 5 Slpol eSS (54 5 4l 5 WA 055 okl S o
mehrabi@uk.ac.ir
Olpl Bl S Ol S ol dogd o8l (545 53200005 5 LA 058 skl (e S B3l
karimi@uk.ac.ir
Ol Ole S (0l S faaly doged oSl (s Sl blies byl wlid S (g omils ) gy oo Ao
safipour@gmail.com

oS>

e b il hanss cpl 5l bia ol oS O by S s 3bbe 31 S5 0l S Ol 53 w3l Ol e 3 4l 45
Slaslylast plalis jpbiaay tagiy ol )3 e dd BIS 55 0s ) o (GacesS Sl eslinad b 4 s ol 53 e 3
ATt Ly ans ol 3 s sl ) it (50815 usloas 31w 3 o i 1S5 s g oo 31 (S0 (S 5S
M ol (58 il s (nSole Jold (s ST laplS sl ssen g ile 4 b sla il 4 5 il
Gl il e s (55 g Sl S ot b o 3 s Lo ol slaadl o o Sian 5 456 Cnd o ¢ 05 5]
5 S5 Cilie |l ‘fﬁcu ol el e s (il (S SS 6l et YAY Sl o
(Gl T (ST (S0 ¢ S 58S slmal o (ST, 00N el s 5 O bl LSTE5 1 S5e (S0550 505500
FUZZY- 55 ol sy laslin o 3l LS5 5l s a8 GIS Lases 55 LS is 5 b ubia K
3 4 Ol o b e 5 1 il B2 a3 3 Gl 5 a3035 aide slawY AHP

AT s o S YA g oo il gy 0 s 5 2 il Bl a3 53 5me el ol
Byt el (o 2o S YAN) Ciomd (st 5 (0 2 S TYOT) lond (mj0 20 5k £007) a2 (0 20 kS
s S el da g Gl oSG Sl il eslanal (glodalice ol Yo (glacsls 5l =l el Jskieas
A 350 Moy VYTY 5 Lo s AY/YY L5 5 4 (o5 5 o Sline s sdeliiisn

Ol e 2= FUZZY-AHP o5 51 o (e s o] b ol el g dS glae3ly

I3 je ok 5%
Copyright©2020, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and
share it with others as long as they credit it, but they can’t change it in any way or use it commercially.

Doi: 10.22108/gep.2020.122611.1292



https://gep.ui.ac.ir/article_25053.html

AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i Y

VRV

s @ oi el el mlio 5 (55,5L5S (S G ilan 53 eslizal sl ge b e 51 (SC e 5 ol I~
el 4l 5l g St b e s ol Sl esliad SlolE (e 5 355 S (e A
g 5 Sl Sa e fomts b ol (591 o 5 0 Gl S alpaac] Sl
Il o Lt A0 (3) 35 e s a5 o i Sl eslinad a4y Ly B8Me 53 age Jalse SO
slacl s ~ oS XS o e Ol oo i b LI55 Uabs ey ol 51 (6 puaeb s s3lizu
adlin (S350 55 a5 S g5 (SO ST (lidipe) i e Jelse o alaie S 53 e
Y AT DS 5 315 503 ol Jalse cpl o LU 5 ey 6008 5 5585 oS

gl Sl RSl 5 o oSl 25 Dl e 38505 2 Ji5e Jolse o soen 51 GG oS50 Juls
s 5 ey slaan¥ 0505 4 e ST i e 3 o se (S ST slae ke Olsie b e
ST b 53 e bolse 5SS (ST slaelshat GLulid oyl ) S e ead 5 T (slae i
S S PSP

Sukumar and Selva, ) ¢l a3 § el lale opl plolis K 5n (9305 Hso 51 o la i3 0 5SU
ralas l_@j N L_.;J.a., 45 (2015: 34; Khosroshahizadeh et al., 2016: 232; Javhar et al., 2019: 778
saias0lis doder Slalllas o5 sl 31 tiles S eslinad S 555 slasletle g3lasll gl (So 5 5 b
s =l s (Cesar et al, 2018:43) coul S ST slasylghas oy 5 55 (golaly slaesls Sy 054 i
i oslind e Likaie (gla S 5 la SaeSs ) s olulid gl slas ol

AT S ale sl ats a8 S LS an e 5 O wlie o il ol e (slaJhp 5 0586
Jie 5 (Lee and Lee, 2015: 13416) (e 53 sy «(Helena et al., 2000: 807) (PCA) Lol slaad e
Ale el bl lacsiss e i oS (Pourtaghi and Pourghasemi, 2014: 643) L s S,
el il 5y lrteay ool (L6 5 GBlid (e wosl (sla i ) Sk e sbmair (68 ol LT ST
.(Jenifer and Jha, 2017: 605) 2 45 . 3 S L ;3 ol Glaal gl il

oslial 355 bl 53 hun) 5 Ol cmsbio il Sl bl pasts 1, GIS 5l abs 01 iy,
rados 3l cles S

oo S el U edil a3l 335 53 |y s 2 ol e b il OYAY) 01 5ol
Sl g0 (i =l 03 bl 2 Sge Jelse Lleals el GIS James 3 (G35 arld Glhsen
AN @L:.I el o 4 § a5 s addaie o g (oS Cons &aM Ol sen ¢ gl yaa s
(s ol el 5l o s el e s ol sl b bl 53 eddsl gy sl o35 sasOL
Ll S8 5 SLL Y 05 L

1. Multi Criteria Decision Analysis (MCDA)



s OLHKen 5 ol g Je 63y slesls (55ls 5l eslazal b w5 ui cL.a Jeily 2b35)

Sy o Ol ot Olial OlaeS wdBls 53 1 s s o e b el OF4Y) OG5 (6 1l
Sl gl sl (sl adlie Sl 5l A3 00 50 sdelisay gl elal L3l plnil 3l el s
U Ol 03,85 s e s ol 3 m s b eddoslinal S 5ol s sk ket el e
ol w8 S plesa Jelse 51 S5 e laNO s sl

GIS (LacsisG 3l aslil L 1) pllay =35 pals ol Ao s ol e (YAY) (g 5 o)
GlaSalb s, s 5l e 3 ol i Al il 03 55L 5 S 0L T8 b L8 b feily
WDl SRR 95 83 5dms 53 3 g 50§ SIS WIS, Dlige 5 sl sa

J=l 6J—~§¢-~—~w Sy Sheslial L1 sl =y &b e s gl OYAY) 0L 5 3 gdte
o G el adlae Comle 5l o3 Ve s T ey S el 38 o ey 5 eadede
P R

Seslial by e 5 O il Blodas 1 5005 St g 01 255 (1740) OS5 i ol
ladeily 53 L A8 op fhe (ldome s PO el 52 @S bl i Sl il S WS )
el il Slelis)l 5 65 5158 Slguy p (owas 25 o 3L &ggpéugﬁp)u@gi@u
sl S iy oy il sla SanSE Candy 5 S iSO glaosl gl ele o asn opl s wlivde

el ety 5 slezel LB Jue GIS Lo 53 JSlsl 3 cond Jie 5leslanad L (1747 01K 5 515 SL 3
L3S sl 35380 =Usl s s ) ol b

LS s o3l L 1 08 Sl e ey o b ol oty (V1)) 01San 5 ol
Cr e SL LY e sl A3 VI i sdlalisay A58 &35 5l 0L s sl plowil o Ldl ae
ol adlate OF a3 5 o s b Jouily 2 1 31 o a8 gl 5

ez ety (Ot i 5 558 (6 U0 Akt 5 (SIS il gl 3 5l eslizad L (Y™ T0las 5 U181
Ct et el adlaie Cmlee 513 YO 3 s sls QLIS ey nl gl sl plnil 1y e 3 slaod
s wns 5 2l 5 g

‘JCL‘*‘ (o palades o a5 GIS (s 5 e Sl estial L (TAV) "0l 5 e sKie s
Jloms 53 wly 58T s il iy 535 b el U 3555 558 3 @315 ansesS Ld i e
2l o o Jeily adlaie 2

.Ohetal.

. Pohang

. Agarwal et al.

. Onaoi

. Domingos et al.
. Comoro



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i ¢

S5 55 ol ety L IWS 8 Jlomd i 5 2wl GIS SRS el Ly (Y1) ' s
B3 Gaseld ol Sl e ol el gl 1) Sl Kav 51 o LS55 (glaos s
D350 hAmeS 5 Grall s 4 0T 8 b 5 Jlad slalliw s 5> ol jsba 5 Ol S Sl o
31 el 3 gmaS 5l s o310l ) Gy SR bl cal e 5 T e 51 cdls iy slagl
Sl b bt s oS ool bl cpl 51 S5 Ol o Ol g o o Dot 4 adlaie 3 e S Lane
O et ol s a5ls 1 Sl eslinl Ly edd aw las i 0l 53 ) cpl 3 easls LS Ll s 5
Boe 53 (ol oslnedr (S el U eSS 51 S o5 FUZZY-AHP 5y, 5 Y v b
SLI3 5 e bl 358 Gl 5 23035 s i b 2l oo i sl S50 Cilisie ul e 224 GIS
5ol pslas sleslinal 53 rasiy ool 6osls Lad lelid (e s of 8,3 Blda) o il
Ot BB s A Comd S Sl (5L S pealid 25 Sl eslitad iomen 5 Y fimie ) e

RO R N XY

SRR 83 gdoee

EV' 5 55 Jb 05 YU B 08% 5 oV Ll as Slaies 53 5 Ol S Olal 8 55 Ol ol 455
35 Ol s S S 4 8 S Sl ade ol (0 K)ol 4 S 515 Jls 50 VA% 5 0A L YA
Wl 0 0 s S VYA ) i g Sl 35 oo e (555 50 Ol SLitsT i oS w0 G5 Jled Cea
i s 15 0T deoys W 5 GllasS 1 o3 10 ¢ Slan S Gblia 1) [ia g5 53 5o Sl Aos YO 550
L;LAMQQHJ.wle:lswwéu@bo&ﬂ@:ﬁJﬁydagfq&uiuiﬁ..u;da
dolb b oo 5 0,8 2l Sty 53503505 (6 pdud e G 5 ae i 5 ol wlscid s b Jls
Calis b o JalS Cls (6 b 5 0 pd g feS D kb s dia (M sy sla e Sl (8
Blas o oo a5y ol G b oy cul Gble plu 5 iy Clds O 5 (B0 s Caed )3 6 i
(A0 NYAY (clis als g sl ) Ao e

j\euubﬂqwu,w\;;D‘wl@”u:sg;@ﬁqwéuﬂ@w\;@;\st,_.jjt

AN Ol S (gladlae O slgo oS ,2) 33 g g SUFL 03 940 (5555US SIS o el ) o b

! Das



0 OL\Ker 5 sl ui.ﬁ Solsly sWresls gbjbﬁ, 3 eslaal b Sy ui cL.a J....,.;L‘.; cﬁL33J|

(148 OB LK) a s 3o gdome Candge ) S

sddoslaul glrosls
PSP 5 o glaaii 5 abdtir 5 gill) Gloslsale slaeslsas sazma 5 S 5 hass cal 0
R e S Jold Gloslsale nsad (e 53 5l ane ol sl 4 S w4 e Glal 4 slaes
L Image Je 655 5ISLC s 3 L Ll olas Ol sl SOyuZ 551 5als Sentinel 1t & by e gl
Sentinel 2 saee v o by o abiio gl e G5 Y04 Y VY Fob & b o VV 0l 3
(s oLl ENVI 5 SNAP 6 sla il 5 51 eslinal Ly b Julowi 05 eslinad Y& V5 YV )6 oy by
S5l e SIS SIS 2,8 LSRTM g5 51 (a5 ol 55 sddeslizl o gh; oLl Jia (pioeas
Joole i 5l sy ol 53 sls (S ikt 59535050 5 3P belse 4 s s &b
LS i S0k Sl a1 e o SIS lael it i e ol S b

Ssd ol Y a A g i 5 Cuaale 4 aslsl s S eslanl

(o b K

SOl Olie 5 adsl (5 i 53 oo 28 (3l 5 ol il 0T a4 aly Sloo gt 5 S ¢ 5
L aidate ols S &548 tass ool > (Baharvand et al., 2016: 121) &S o Lol bKws 513 55 sl )



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i 1

SEFK slae )l gl

5T e Sl b sl sl s (e o 5o (St 5 b o) (S5 555 (sl sl
3 s Al mle S N8 T 5 e sl Jolge Sl eines 0503 03 Fiml BB e 4 0T &S >
Slaoylsles N g 5yl tass ool 5> .(Andualem and Demeke, 2019: 100610) W 5 o a3 S oS
S G a5 A ezl slal (g5 slacgr b Jlast ) s (golsly slias b IUT i, 5l (SO sS
53 Line Density 151 51 eslial Ly (slejlshast o515 808 ol el (subay oyt 3 sdisly g, o E
el e Vol ol S S8 o, 08 0 4 ANCGIS L

3 Ay a4l L;R&ﬂj_:ﬁdb\)_pdfﬁjSngdﬁ%bﬂ):w)lﬁmﬁuﬁLw,a)';_,.:.i
S S o i (g i DLzt sl 1 ST oS ot b bl 3,15 3L Sl iad 5 ST b ety
‘¢ sbwas (Andualem and Demeke, 2019: 100610) s 5 3 oo ol sl Liss 5 Oz 348 Eeb Ll oyl

S ealed L;JJ.AV' SRTM jw)\ ‘5@}5) JJA )\ g_,..:..;': i

slaal 5 oS5
S teeal O sl SBLEST 5 b iy 53 b s oo Sege 3 SC Ol (50500 5 Sl
S ndsi Ly laalpl (S15 W ps o e w3 Ol B S0 IRS mlie o Sge 31 SG daaal T o o
Y0 ¢ Sl 5 e y) 35 e iy CUlg, ABL i (S15 s a els e sSiae b Ol gl S
Nl darsme 3 5 e ta Yoro s 3180 5 0B o, 5l Laaal ol At anl 5T oS1 5 25 A sltes,
oAb s 4 ATCGIS Lo 3 Point Density il 51 eslacal U glaal 1 oS5 Ak a2 .8, AICGIS

el g Wil S S

Lk

Sl U s o bl b Sk BLi ol (SWL cailan a3 5 O30S el 51 e
L ey Baos 4 oS358 T Olsee  Jolse ol 350 S8 s ALS b (595 (DS s Osx
e3lial s o, 30l & bsye (UL slaesls 51 0Lk 128 g shiaa (7 790 Slade 5 o))
I3 3 Olgr ks LLE (gl (Sl ke 228 S ep 2oy ol ool s a8 'L ula 5l o5 s
el e Yor ( SLL o Sle il Sy S8 ol ol 03,5 W5 YN B Yerr gladle

! https://giovanni.gsfc.nasa.gov/giovanni


https://giovanni.gsfc.nasa.gov/giovanni

\ OLHKen 5 ol g Je 63y slesls (55ls 5l eslazal b w5 ui cL.a Jeily 2b35)

P i

Lol sloml 55 )15 6,0 5 el o Glalia b S50 sy 5 65 (U1 4 a5 L adkee G aLS [ty
e STl S g 3 ohga S 5 Sistang bl s a4 a5 Lol 50 sl Seed 5
WHSen 5 S8 ) Sl GaoS o5 o Sl o Ll (oS (il 35 ol 35d0mn
sl oy ((NDVID) alS iy el Jlasl 3leslinad b jiass dikie alS iy A5& (6 )T4)
el e Ve AlS i BB Sy SSE D, gl Al T e b

bl 5 sl psbas B3l s
Slvesly s IS 5 yban 5 SpSS (ues s O mlie sl 5 S 500 el o Sege 31 SS oS Ll
ol L S (o boay st oslind \ o 605 usbiat a1 51 e 0 g hitens o) S0 55
ssean ol et i 55 (5Ll adlaie SO sSO Slaeslshat G sal (655 bl sl Al Jlesd
Sla s aelsl 3 o8 A oslind ¥ ot il s 55, NDVI Laxls Jlas) 31 LalS ity 488 b

Juj.JaLga o)‘b CJ.JJ o..X..iJL:

O]

ST ol ol 0T 35 5 5 623 Ol ol bl @Sl (slaelS (3l oS o 58 el T
G i b e gl G 3 3 ge (S b osline bl (ilaata o g Glae) low 5 4
Jainand ) JLS 3 iy 5 Lap b dadlles o e B eolal bl sy Jals e,ls 55 2L 30T (sl
(14V8) F Sl T g et (slaplS sl ssen il LT i, Sl s cnl s (Tuceryan, 1992: 220
(28 SoS e 53 1) A8 o a8 S el B ) e )l QS Ll OIGL ag) cnl Al eslind
Sukumar and ) cwl sdd eslanal oalid ey caliee Oladllas 53 Sy ol 510 eSU S o Wl (g xS S
el )3 A pldl ENVIf 53l 3 Lames )3 GLCM 35, sl 1 (Selva, 2015: 2348; Celik, 2019: 2630
Jold s 55 d e slol Gl slial ) gods il Bl 550 5 sSUB A (loslpale slal 655 s ol
(PP FRNN DGO [ VNV IR L CONIPE JURP PR I CIPCS [0) e SR JC SR F PR S W
Glaadlge SJUT 53 Ly sS ool 51 iass cpl 03 ajls 315505 5 wbidipmey Slllas 53 (3l glas 28
A oslinal (S S slaelplas ol gl gl p S ik Sldes 55 e 5 o]

5 e 5 ke (S gladsly o 5 e sl Sl 2 shan s Jladil sl e dle (ST glas e

! Normalized difference vegetation index

2 Textural Analysis

® Grey Level Co-occurrence Matrix (GLCM)
* Haralick



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i A

U'?-_'J| .,\.')_.S:u_nu.bh&.n C,...u‘ji..s_g UJM L: 6\0)‘%& ﬁ.ﬁw X5 uﬂ‘flﬁ: ‘Juj.&& &.&)}A}j} LSLALSJ""L'
s Sl S A SSS ol 45 el s 5l o 3 3 g g 550k plalid slag 5 S
Khosroshahizadeh et al., 2016: 232; Masoumi et al., 2017: 2286; ) Jlesls Cws 4 (s g Tl S e
S b &S il gslome o Sy plabis bl K 2ls 55 sbue (Chaudhry et al., 2019: 117

el 0313 @, el S rS= Lgbﬁr@ BERT g

NDVI _asls
51 i slacs o3l 5l eslizad b a8 ol K318 a3l Lanls 4 (NDVD) alS iy jasls

=V e kaals 53 e g pslie (els cpl 55 (Chang et al., 2018: 1) us o oojlal alS iy 35 5o
B Do pmis o L ol Sl E i e 53 5 el by 5L s ls ol S5l il 534
B0l Sio Sl S S5 palie 5 (S s Dok e 30l e slie (LS 35 550 Bas 0Ll
b s el g g R (SISl e s Pl e a S S pe pd ol (LS g sl

AT Cos 4 gl g saze 5 (NIR) T35 303 0sle 5 (RED) o3 (slasily juslie OVl w51 2L
(MCDM) ¢ mskizr (5 8 poondti PAHEERES;
Eaise O 33 fhe 5 855 il laslnn ) cclizis lo s 50 53 (6 S e Sla b 3 S
355 sy ol el ol ealinal 5 1 ob o lradis Lgﬂfwj;ui ST ol sy sshe s ol
Gl o 5, (AHP) sl salude dos sy tile sl Cilises (la 355 Sl glas gamme s ol
Sl 6L 5 (slmalanda o h) G Sl sy cpl ps sdlie la i) GG 5 (636 h, (ANP)
(s o) el 5 Sz sl e sslinal nad 5 O b el el 53 e il Glaslas
o Lalne OLsal by il s 5 O e b Ll l s S0 5 G35 (mdly slajlas s
O35 e (S el Al b Lol o Sgn 51 cnl 2 esdle 05 5L (i dande desns IS R
DL o 5 i At o il Loiis 55 o 0l Lajlons 40 85 laliss oS (6 sbay snlaslons
Laslns 055 et 8l b sla sy 3500 (S cosln S35 L 055 ot @ ol 5 4520 S35 L as o
i Sline [ SOUSS 51 gk kb estinad Slal «ods Ol Blodas ba g, cpl a5 bl 515 5,05 542

"U‘JLfi:“”‘fo‘J;M Coslgl 4 as05s o, bkl

Fuzzy-AHP %,

! Chang



4 OLHKen 5 ol g Je 63y slesls (55ls 5l eslazal b w5 ui cL.a Jeily 2b35)

Sllis o 5le 5 ol (5L S pmar 23055 o (ol 534S Gosba tmlaay 55 Lolas 23055 65
L3 lpealandes Jlos (555 53 eddioslinad (56 (sla ol ) sdr 558 0 Ol (S50 ppoas (29250
i b bl palia leslin ol U ol pea il Lo sl 3 Fuzzy-AHP 2y, 55 cpl pls cdas oo OLLS
J>1,+ .(Rajasekhar et al., 2019: 100) 533 .o o3ls an 5 (556 slad 4 (530 slael o394 5 (5L slaas samma
Wl 25 Ol o sl RS 5 T e ol el sl (B cnl

(Tseng et al., 2008: 37) Fuzzy-AHP &5, ;5 bylas 23035 42 ,b ) Jsue

S5 el e S 56 slasl A3 $lr S mlde
(1,1,1) (1,1,1) ol be
¢ 1.2) G 12) s 0 b e
12 3 SO
G731 (15:2) St bl
212 3 5 .
(E’E’E) (5,2:5) s
121 5 . .
(g!giz) (2’513) JJV‘QJ ‘51'"}
212 5 7/ . <
G G329 st 28

Ll alblo 5 b il 0 bg e olad glaesls adljle g olal 5 olab glassls oKL cxle )
Sy 3 Gl sladae LB s

ol il slaaY Sl edanie slaaidl ol saal Jals oS aesls J35ls 5 A e Y

Sl SaS L ) sl e Sl 15 slsl 68 L 5 dlie e Sl LSS Y
(il ol Glaanls i eSS (53 Dot SOUSG @ S el e el 55055 OB ,S e
Ol pam Al 3o 5 L s a3 Slie 53 430 o a8 Bl Ole OF Ul &l 3o 4 st e (5306 sl
3ams Lajlae o wli )8 Ol s bl dd e bl aesie Ve slaey cpl ps Cala e a3 ST
Syt Sl pa Slg 055 ) sl (30 slel el 5 anslis

(28 035 0ls 2 dslns 5 55 demlis gla s le 53 baay B 5 Laslas 05 dsnlns

e el Bl S Jalse 5l S e (58 AR A 5 Cusae w8 elal (56 sae B s S
SR i b i ol Ol bl el OF iy pos (SS58r 5 Ly pie b Lo 3L &k s Eals
O laase samn 5 ay oo o d pome ol GhaS B3 330l o e i ol S e s i o5 3
i 2l abdely 2 Sse Jalse 51 a slaatds st Sy pde il Sl eslial L Jtash opl 53 Sl
Llods Lo 36 slaaiss «



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i Ve

Wl s 5 w5 gy slaadl
by peas MOl s ol ha i adlaie 4 s o) ot (G535 sl 555 3L Y
(Rl (1SS sl (SSle Gl sSB s by e gl T ISKE s S 4 il I gyen sla, 55
o (S SS slnel ot sl [y laeay sy b e e dys  (Siees 5 sl Candge g 5T (M
oot B a5t o el i e ol laad fe o A il sl g0 5 5SBA () ol slaad 5o
U ssd ol ol il e 4 Lol 5l g plnil g Waosls (il s e sladily [ Soan 1alS
s e 0L g A1y e oltle sdes sla S s amyn o)l s 1) s sad Sledbl Ao s

Sy ot S 53 Jyl ol ddlge (o ltle ledbl iy am s il 8 RalS ) shtea,



1 O, Ken 5 e e G131y slasls GE51s 3l sl b (imd 5 o pebie Jedly a5

(@)

(Lo o - .- oy —

i

Ca-:-'j‘,ﬁ :g ‘d&ﬁfﬂ :f cdw‘ e cw\.; :d c&l};&' :C ‘w.n.l)“’ :b c&iﬂ:ﬁ :a Zb'%})rﬁ ‘_;l.ca)_,:SU Yy JS.Z
(W4 O K,K) uf:.m h s ag6

o Llas e sbcer Js sl ol Ad 5 T3 25 S5 (S 5SS slae )l slast C‘f*ﬂ‘)}b“:’
uy—éﬁJWch—gwém‘)béuerla}%}Mcbw‘ﬂt&;db&‘&)a \VO}Q' &0
55 S5 Sme st Syl (8 JS8) K33 ilensl i Jlad - g 5 b B e
dw‘w)@a.ubbu_"hfb-up)‘j&)‘éjwq‘Mdf&w‘owd)‘fﬂﬁﬂjw&j))|6|s.hr>m
gl ‘J}ﬁm&?“bﬁk}fﬂ}p)‘ J\ib‘\s.,bj.ﬁ:g;a d)b)}b szj) d‘)bﬁuuwu}hobb Aile
Jgﬁil‘)b o.l..;ﬁj.«.at rb?l.:bjj (0 J&L)M&Lﬁlu ‘-s_i:.;jigj Z)\j.b-w\ﬂ J‘J\.’J QMLS)‘KJZL:BJ:{}LAJ 6}))‘
lao sl sl js o= 3,09 3.5 - o f dld ;.JL'L;‘A@.;-};@JEJ 349 s kasolis 0
4..&)9.&)3OJ_LSJ_A.Géaj_:gs6L_A‘5J:.:@b%)‘ﬁbi‘fﬁ_ﬂ‘@j)w‘éw‘%&ﬁ
3413 Glssen 0T L 5 ol (Azadikhah et al., 2015: 821)



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i

360000 370000

a5 VWO i cam 340 € am 5 80 1D s a8 bl b sy sl 2 Jles! Sl polas G ged 8 JSSS
(V¥4 OB, %)

Golsly sWesls (5,108 Ald 5 b HIUT Aot )3 sddag ¢ iy ki K55 lae )l gl 42k 0 S
(¥4 OB W, K) Y s



Yy OL\Ker 5 sl ui.ﬁ Solsly sWresls u:5|°ﬁ, 3 eslaal b Sy ui CL.« J':““‘L:.’, ‘;.li})'

A Slastins 5 Joolye il s 15 S i o ety Sy o) ool Stsl 31 S Sl 4 4

LS gy i 534S jsbiles b o 5 GIS Lo 53 4l &y goty Culghns 5 s eiind ] e S S
ol sy B il o S5 s jlme 5 A 55 S eslanul FUZZY-AHP ) 5l aie ol 5s s Ol 50
SEST s il o (36 otk 05 55 uni a3 T b fenily oleh A58 0 ol shien 545 e
N Jsdor sl b )l8 S 23055 5 23955 Alie SOe 35 el il OF ol 5 83055 Wl
sl bl Lajlms 5353 delio 5 Jodows ans Jsdr 3 s o 0L ) baslns o939 Alie Ly jile
5 S50 et VA 055 b pla S s bl al el 0 daloms 55 ke 8 L8 035 ) s 30

A € o R D)l Ko R85 18 8 e 5 O s 5 505 IS ST i (gl lons 25 N IS

(¥4 DEL,K) LS iy 22 i slanl 5T o515 425 € (Ka 5 (glae gl o515 128 i 3l



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i

(18 OB W,K) bajlre (99395 Aslis o 5lo .Y J g

s 055 | i S o S| Gl (S5 | gl oS5 | LS ray L#S6
0043 | (39 | €33 | @3 | G2) (15:2) (L11) | o
0092 | G32) | 23) | G2) | (122 (1,1,1) CR1) | sl
0066 | (223) | (G2 | (122 | (11 ¢2) Gl | s 15
0150 | (2 | (122) | (1,11 Go1) X i St
0271 | (152) | LD | Geb) | G | Ge) | Ged -
0378 | (LN | Gl | Gz | G5 | G659 | G5 | o

o s 55500 o oslize U5 Ol L alasbine 3 555 0555 53 03 el lasbins 51 S a o Ll
iglie o 5Le ainl 53 st 283055 5 amalie o353 S son 35 TSI a b (ls e
53 Lajbae 51 n Sledda g (6305 laadd (ALY slad ) a4y a8l lajlas &an (sl 9550
2pdpe edd VS

ol o e 5 A S 3 4 35 e e ol g S Slre ol slaslns
PR G S W = SRide 83 gdmme 53 3 42 4 6uwu@ Clj,.\ Sad g odsd ald pl j3 aS Hsbolea
Helena et al., 2000: 810; Baharvand et al., 2016: 123; Chaudhry et ) o.).,ifled\ Olallas 5 bis )8 ol s
e 4 OF 3l ey sl 3T Ol e S 505 Bl alid S ¢ 5 0n g s e 0L (al,, 2019: 120
S 03 Swd slang 5 55 53 (ol G i e 10 IS8 5 e Smanle o Sl gy e
JS8) 355 o o 4 0y ailate Wl S B bl pl N ege B e ) S 354
Gbes ;s Db 4 G 5 o5 BB 4 035 (i (A05 5 29993 healie A e 3wt ys (VA
ez a5 /YA O35 bl Slomas ay ool Shne & bisiye 29353 Aeglie oy 5l 3 3,8 e
F ) 3,8 o slas +/02) O35 Sad laaigs

(¥4 OB W) wbaKow Jlns 09595 &wlis w5l ¥ J gt

ke 05 ] Sal K LS 5 Kvanls | 5555 5 bl | S i i
0091 | (32) (2.33) C22) (112) 1,1,1) el gy
0.145 | (253) C2.2) (132) 1,1,1) Ga1) G555 5 bl
0199 | G2 | (l2) (1,1,1) G1) Coa) | LSS s Senls
0246 | (122) | (1,1.0) Ga1) Csa G2 Sl Ko
o |G| GEv | G | G |G| =




\o OL\Ker 5 sl ui.ﬁ Solsly sWresls dﬁjbﬁ, 3 eslaal b Sy ui CL.«: J'.““L", ‘;.li})'

ol 630 L € ot (930 228 D (wbd K 125 Atk sl b 33650 slaats Y K3

(148 DEL,K) Al iy (30 228 0 cglaal 5T oS15 (530 025 8 ( (SE S5 slao il oS1 5 (550 42

4S ol b g i s s Gldeily S S Jelss SIS G e et LS
.MJJALSJ)Mﬂjﬁjgiéuw@d));Aﬁ@%&hgib_}éj‘xil{}dchb%Qﬁ
\‘UHL&&@\OMM@@ekwdb\&f:@)ﬁh}wc%wal;@)sé)}laum

.JJ}@@OJ.:J/\UC LSLAJ_}J\Q-)JAsJJ‘oM dbe)}deﬂ;A}.‘L Q)MW@ﬁwﬂjﬁ)uT



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i

(¥4 OBW,IK) o jlirs (29393 Aslie oo jlo & J g

sl 03 Y A 11y VY Y. > (deo3)
0.137 3,5 3,5 3 1 3 > Yo
(E'Z’E) (51215) (11512) (El 1!5) (11 1!1)
0.169 3,5 3 1,3 _
(E'Z’E) (11512) (El 1!5) (11 1!1) (;l 1!2) T
0.178 3 1.3 3 12 _
(15.2) 13 (1,1.1) G 1.2) G T
0.219 1,3 3 2 212 A
G 1) (1,1,1) G 1.2) G531 o513
0.298 3 12 212 212 c =Y
11y | G12) Ga) G3a) G3a)
(\va4 40@43)&3) U’:')L.’ JEM WRLEE 3..\.3'\.&& wj\.n .0 JJ.\?
=\ 05 \Ye —V0e qv -\ Y -4 Yo e - (o) S0
0.126 . R s L s v
G2y | (132) (1;:2) G 1) (1,1)
0.174 X ; . R
(152) (152) ;15 (1,1.1) G 12)
0.204 3 1.3 3 12 ARERY
(11512) (E! 115) (11 111) (E! 112) (51511)
0.236 1.3 3 g, 12 qr =\Ye
(E! 1’5) (1! 111) (E! 112) (515!1) (E’E'l)
0.258 3 12 12 212 YYr Vo
L1y | G112 | Gi Gal) ¢33
(¥4 (GBW,K) (gle,l sl oS15 obra (29393 Aemlis s Sl T\ gt
EVHRSY Y e/t Y Sy Y —aY — Sleslshast oS3
5 7 5 3 v —
0181 (51315) (31275) (_l 1!5) (11 111) a
5 3 O
0214 (23) G 13) (1,1.1) (; 1.2) e
1 3 3 21 /Y =Y
0.231 G 1) 1,1.1) G.12) G52
3 212 212 VANERYI2
0.257 (1,1,1) G 12) G373 G339
(¥4 B w, ) glaal 4T 0S5 Slrs (25393 dlie 5l Y
sl 05 VA=Y ARSYA A=\ o/t =v/A Co/t slaal 1 o515
0.035 5.7 5 3.5 1,3 VA=Y
G35) (2:3:3) G25) G 1) (1,1,1)
0.105 5 3,5 1 .3 -
(253) (;:23) G 1) (1,1.1) G 12) T
0.246 3,5 1.3 3 212 VA -
C22) G 1) (1,1,1) ¢ 12) e s A
0.285 1,3 3 212 121 V/E =
Gl | LD G 1.2) Gz3) () S
0.332 3 212 121 212 v/t
(1,1,1) (E’ 1,2) 523 3572 >3




Vv

f)‘)&aﬁj&b@&.ﬁ

G131y slasls GE51s 3l sl b (imd 5 o pebie Jedly a5

(\vas cblf.l})lg.;) L;N:f U’:"";Ji )L:.v.a (£959> z...a.\.&a w;lﬁ A d}.b-

ELINSY 0 ¢ v Y \ A sy
0035 | G33) | @23 | G2) | Gl | @11 ‘
0105 | 223) | €29 | G1) | w11 | G12) v
0246 | G239 | G1d) | w11y | G12) G332 v
0285 | G1) | a1 | GL2 | G5 EEE ¢
0332 | 1) | GLD | G5 | G639 | Gis °

HSam ples Oos st ol oo e e L 1) Spn ol 055 5 Laslire s daslne 055 4 Jotr
R 2 &j Joly 28 g sl .l s dal s 4 Dbas 25 035 03 ol Sl 055 o b labias 5
Seslial U 5 Goils SuS, L GIS Lams 5o (3l (Sljedhads (555 @ ol 23055 5 el sbaalis pla
ssbolen das e OLE 1) e ol il 28 A K510 gauaib sddol 858 (oS gduaid i,
(o g ke A 0 i 8 pdoee (el 5 O el Bl o e eys KB cpl s S
(g o hS YYA) ot et Gab 1) mgsy 8o suome 51 o 10 Y o gdm 550 s el oS It 5 oS el g2
YYOY) nd 1) o3 YA (o o kS 8007 Lo gia 1) s 55 OF (o e s AV gt | s 3 )Y
s s sk gl s e o LS (e ma S TAN) cins J 1) Ao 0 5 (e e kS
Lot Bl adlie glesln S sl i s Al

Sy 85 5de 53 3 ge Slaaedr 5 lalr o3 5 Vb Sl edday el U aeelons sl
il 53 el W S el sl @ Lalsr G5S Cands e s 4SS 3 &S sb0kes L eslinl
Elad s ey b i poelr Y00 changte &b 53 ol Ve (o8 il bl ool VY (oS L
ol adl> T liad (65 8 Ol 5 (00 (el Sl )b D13 o A il b s ) ol adl>
Loy Dl pls 53 S 5 sbe 4 LE e

el 8 LD L sledalie sleals 51 Juol (sloesls oy gl plonil OISl 5 iSen bais  sliinny

w3 04 GIS bse 3 ol ol L;xq@r.q)ﬂ\j\mu:ﬂ\li@ab; Soss 5 2 Olime < swo 3 ;.j



AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i \A

FINOTY e (29) oS e Bl e Koo B Ve 58 5 36 R AV0 i (23) oS b
O o= 5 4l I VTV e 03) b ste (e Bl e S VoY (650 5 4l
S O A G o a0 TV G 29) 3L (e Bl epag S 00T
a Bl g See Ar e eV e s (68 5 4l I VYT ey 00) 0l b 5 G sle
23S A e s Pl Jemily RAE (555 5 L Sl

i Ok U sledalie slealr (5555 5 23 4 by ye sla IS dglie Sl adelsay sl S ke
Leale (o33 5 o @ by e (sbosls gl o 5 a0 deo s VITY s AY/PY s Sl 0L ¢ iun s ol il
DLt i ol 5l Jolm il e SO0 500 sladpis) )18 e O Jomily Db L bLS,I s
Sl SAl Gl (555 O 1 5 e ST 1 i 0 5 o e el L (slaes o das e
RSO PR W

Loy sl 5ol (bl Kos s alia slajtags mbi b Jtash ol 53 sdel e mls Al
St 53 e s 2ok Jely b bl e als ness O mbie plalid 3 oslaedir (5,8 vaad
Chaudhry etal.,) dues Gdae ST glacKw 5 5 00 Gbls 5 fass ool 5l Jol> 2l sl b ey
sl (6 S el i Sl eslizal b (T418) 'Sl 4508 sl (2019 6; Rajasekhar et al., 2019: 102
Wl L sl ol Ly it 408 S o e Lol et gy 1y 455 g S5 Bbtn gy 05~
38 e o sy O Bl kg (5, Lo

5o Jeily Ll on o m 5o slealy i 00585 05 s ain 8 JSE 55 45 (6 K00 £ 0 5
5 el i e sl 5 aliond 5o 4yl alosl e )ls dkin Vs ¢ 50 s ol il alin s L LS
Uiles S n ol i 4 o8 e 53 01555L8 oSyl b el o3 o By 5 ke e o oy W w2308
o L o e a3 5 Talae 5 el 423l w50 sl (61 s Tl o &S
Sla iy ol Litalas 5 o ils aeze Jome ool 5Tl 8ol JUESl o e b Wles S bl sl

Sl dalg s Lg/.:g_g@Lﬂ‘flw\,>y>y\f¢w¢gé)§)£)>pszj_;QJ;

L. Celik
2 Tigris River



O 5 ol o oty slaosls 331 5 eslinal b e 5 O e oty (2b5)

(W44 (0, 0) (ol 039 5 Wolae s 5 sl 035 8 Jgar

Fuzzy-AHP
Sl Dl

=l 0l SIS RST) shxe O35

0.035 0.091 S A

0.055 0.145 SE S5 5 ol

0.075 0.199 0.378 eSS 5 Svanls S
0.093 0.246 Sal KL

0.105 0.279 ]

0.037 0.137 > Y.

0.045 0.169 \Y -Y.

0.048 0.178 0.271 1oy ot
0.059 0.219 Y

0.080 0.298 =

0.019 0.126 oy

0.026 0.174 Yo

0.030 0.204 0.150 P 4 5% Sk
0.035 0.236 T

0.039 0.258 \Ye —Voo

0.012 0.181 A

0.014 0.214 VARYA

0.066 Sl sl o513

0.015 0.231 Y - Y

0.017 0.257 A3

0.003 0.035 VA=Y

0.010 0.105 VARSYAL

0.023 0.246 0.092 VA =\/Y slaal 51 o815
0.026 0.285 /8 —+/A

0.031 0.332 -

0.002 0.035 \

0.004 0.105 Y

0.011 0.246 0.043 Y o
0.012 0.285 3

0.014 0332 0




AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i

(¥4 OB W,K) ) 25 Dl Jomily 228 A S

(YA DS gladlate O ol S5 18) o) 25 D ol A28 (555 39 50 slgplr Conmige A IS5



A

bbu;mbj uﬂf? uh>

G131y slasls GE51s 3l sl b (imd 5 o pebie Jedly a5

(YA b S (gladhie of Pl OS5 J8) armione s sddesliul slgal> Sledbl N J g

Vo V¢

'Y

'Y

Al Ve

q

A

\4 a1

0 ¢

Y Y

\

ol ol

Y AR

A%

Yo

Vv Ye

\o

Vo

Y Yo

YA 4

\V 1)

'Y

BV
(st

VA« VA

Yoo

o+

oVer | aYes

Yeos

Vau

RGN T WO

YWY foen

YA+ e

are .

EC
o 335)

x

el

v

YA

YV

¥ Yo

\§2

Yy

YY Y

o 8 les

Yv AR

\§

AR

Y4 AR

Y

AR v

YA Yy

\§2 AN

2 A
(et

\Wer | Voo

OA

Yo

Voo | g¥e

Ve

AVs | ars

qo. VQee

Olee | YVeu

Voo

EC
09 58)
n

(o il

iy D Jeily Slab b ale )08 5 20 Sladb Aulie )l fols gl S 5l Y Jgde

el el Slib

T B R s e Caa
oS Y \ . . . Y
oS . oy . \ . A
L b Lo g ' \ %0 . g 1
leals sbs . \ . A \ \K
5 o : : ~ : * J
fsoores Y Ve 0 4 ¢ Y
Seeind D Jeily Db
el B b g s o b o
rf b . . . Y Ok \
s : . ) Vi \ q
Gopi lib | g ~ : Ya \ - v
PENES sbs \ e . \ . A
sbj Y \ . . . Y
¢ soms s v s X 1 Y

i D ey SEb  lals (5)5d 5 o3 Sk Lkl sasolss ¥

cosliand 6J'3§("3w HUT ST a8 35 o IVl i Eas ol Lo edelsa b gl

el Ldr s o] sl plelid slp Ol 5 pdiOlan! 6,15 Fuzzy-AHP L




AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i YY

S 4ot
6u0)|j_k}djw‘)bgﬁj)w‘%bl§)‘dmszleb-éur@b\%j)rﬁwﬁu&j)J‘yl}-@L’b
615_:).1)\_@4_3@_*@\ J“‘.‘.:“—”’LSJ‘J‘)J:’JMJ&“w&)ﬁdbfﬁ%‘w‘j’°}w SJJ\:JQJ);.Q
u_j\)‘d‘)_?@&‘fb‘}jﬁf@‘%kéﬁ}&LSL&A)‘}JG}-&LMLJJWW\AMQPLJ@JIMJJJ

25 eslatal alie Oldlas 5y 55 slas

by i O 3 sy Bladday (i S sdme o s O S a3 S5 Y 3
S 5o bl ol aS ssls Wil 53 s Jeesly a3 gdone Sl I Aoy VE s gd das e 0L @L:.'. e
Lee and Lee, ) s LSl—“u-*“JJ—l Doledd @7\) ijf-']) v_iﬂ Lgl.m_i'w; 09,5 9 Lg\au“l.;.a)S R{EYE PRI
2015: 13416; Domingos et al., 2017: 503; Rajasekhar et al., 2019: 97; Andualem and Demeke, 2019:

AN O Sl e i b a |y Ca e glay o8B Al 55 s Ol Fuzzy-AHP u:;,)él?uﬂj\
kb 0 g Jlal O soa Jlae a8 4D pd 050 sl eyl Oy sty Dlab n e 558 e Eel S e
H}) LL’LAM ol U’i’jj J\)\SJ\;‘;A P BeS) uicuggwb)b J;)) U’" JJ{JLSV\.&EWaFuzzy'AHP
pou&uuéummcsﬁydwg&T@uqﬁ@sﬂls@@):t{.w\éﬁsfm@f\ﬁég;@
st o e el sl 1y BLEST s O g A 5 o ey

sl

s S esliil L e 25 o mbie (gl el (VYA (i sy g5 o BIS (05805 cOla ¢ i ol
Ol g «SSbe g5 Jislan ol g Bl 85 gdoms 53 (63 90 aalllas GIS Lo ;5 Sy esld S
AV 2) S oyl et ol

SAHP Jos 5l esliial Ly 20355 2 b (b Jowdly (O07AT) e s (S g sm SB35 ¢ o)
A8 5ol OV 855 el 5 Wlar &t plany —35 8L ol s g 163, 90 aalllas (GIS K
Noq —\¥q

s sy OAKs ks (a5 D b Jommily (2350 0740) (o S ¢ Slerkos oo (o
g 5 oo &t te s lnedtizr (6 S el ST 5 03lil b 3 51 Ghomies 5 Lo oMb
YAV X0 e Ve bs bl gl el

L i Bl b Jeesly L(W40) lgr ¢ 55 el cdim 5 sy (e daies pilde LS
=) laad g 165 5 Anlllas ¢ LSl a SleMb s s 53 (G145 ki sl 51 0Lt

FAQ YV X S 5lad F 5553 (S350 55T & 00 s b 4 e



Yy OL\Ker 5 sl ui.ﬁ Solsly sWresls u:5|°ﬁ, 3 eslaal b Sy ui CL.« J':““‘L:.’, ‘;.li})'

ol sl L Slllas islee Ol O Glase LOYAA) Olo S gladlare O olg o5,

\a. W30S ui c\_w JQJ?.JL‘Q YY) Lo joess (63, 5iS s, (S e c(..létf cOJ'-<J) cvﬁﬁﬁ géﬁL@
.Y' -\ c-\ Z)Lwi' c\ ZJ}J cwﬂaﬁ LSJJ{)\S wuw)

c))_.s (al_:.s omb Q‘)L_JMA‘ td‘}@-." ‘v—’b‘i &:)\%' c(d'o.:éjﬁj 6\.&91) g:JI G\JA K) O.:.A)' (\YA0) > gawo IR W)
TS ) A\

J‘ s 9 o= C;..fa‘.:ﬁ a 4.‘3-_93 b QL‘{-J?«: S d 6};.}1;’?«1 By (YYFaY) 4‘_5_1.9 4¢J>L;ahi o] AJ\J'“.':U,AL:.G
.q-\—/\o ‘\/ 8)[.4.\.: LY‘ 3)}) cd‘dj.b...d—éjeﬁ:a u.:u“lﬁ]j L’:ﬁ‘ja} 44&}.& ‘;::.djﬂ} H_)T ZJ.&...:

(\qu-\) cJ_JL’ ‘)j—’d*—*”L‘*-é-b ‘wl‘ﬁ ceJ‘jfE;- M_A.jﬂb ‘CDD a.l_:.a‘ aﬁ».?-) LL—«JL‘ 4J_9u,:u\3 L\J.«M ab\}sdb}é
(8l o e Jame (6la e 1 ealinl b 55 S -U51 cds ey 05 2 mle 2 fesily
YA =AY Y SJLA.:« A 3)_5: ‘v.s.wlé GL'..A)J JL&‘JO Sl RJLAL,:}))J)'\ U’:“’w

g:JT @\—Lﬂ ‘;3\_3‘}1_.-.5% (W"\Y‘) cCJALM: ‘LFUL_) Z)‘)&lﬁ ‘6.)\.@.& ccw‘ L‘-;Lp J\.:.w cwj.)wj\ ‘LS'LG'“ ‘fLSJ‘-::U
C—ds b > 163, 90 anlllas (GIS Laoes js (51 paede low dffs'*"*“ Jde jleslimal b gwe )
‘J.?‘)J—"” wLﬂT BE (GIS 909> )‘ W) &Lw J.:l?J zﬁm LSLAJJ\A 3;?)[5 ‘-;LA L);_.v.l».h ¢bls.>)| .5}_1
Yoo g Ay el a1 oKl

RE W J|J_A L;Lé.h"s @f}ﬁ) ui dg&ut’.& .(\Y4)) ‘J‘Jf’ chJS\ ¢y ‘oJ\)'J.w ‘Q\xs gv.vli...w L;""“j:’.
sl 5 Ol 3 o 135 slep 55 53 Jlah 63590 aalllas AHP 5 (536 il Juto 31 eslisuel |

V=Y s p Aty bl sl o sils 0T 5 26 ladely 5 Of Ol e e iolen sl (s

Agarwal, E., Rajat, A., Garg, R.D., Garg P.K., (2013). Delineation of groundwater potential zone:
An AHP/ANP approach, Journal of Earth System Science, Volume 122, Issue 3, Pp 887- 898.
Andualem, T.G., Demeke, G.G., (2019). Groundwater potential assessment using GIS and remote
sensing: A case study of Guna tana landscape, upper blue Nile Basin, Ethiopia, Journal of

Hydrology: Regional Studies 24 (2019), 100610, https://doi.org/10.1016/j.ejrh.2019.100610.

Azadikhah, A., Bouzari, S., Yassaghi, A., Emami, M.H., (2015). Formation of Extensional Basin in
Internal Part of the Zag-Ros Orogeny in West of Sirjan, Iran, Open Journal of Geology,
Volume 5, Pp 821- 827.

Baharvand, S., Rahnamarad, J., Soori, S., (2016). Delineation of groundwater recharge potential
zones using weighted linear combination method (case study: Kuhdasht plain, Iran), Journal of
Geotechnical Geology, Volume 12, Issue 2, Pp 119- 125.

Celik, R., (2019). Evaluation of Groundwater Potential by GIS-Based Multicriteria Decision
Making as a Spatial Prediction Tool: Case Study in the Tigris River Batman-Hasankeyf Sub-
Basin, Turkey, Water 2019, Volume 11, 2630 p, https://doi.org/10.3390/w11122630.

Cesar, S., Hedwige, C., Guimolaire, D., Ernestine, M., Etouna, J., Njandjock, P., Nyeck, B., (2018).
Radarsat-1 image processing for regional-scale geological mapping with mining vocation
under dense vegetation and equatorial climate environment, Southwestern Cameroon, The
Egyptian Journal of Remote Sensing and Space Sciences 21 (2018) Pp S43- S54,
https://doi.org/10.1016/j.ejrs.2018.05.005.


https://doi.org/10.1016/j.ejrh.2019.100610.
https://doi.org/10.3390/w11122630.
https://doi.org/10.1016/j.ejrs.2018.05.005

AR Bl oY o jled VA ols MY o e (5305000 5 5 Ll i Ye

Chang, D.Y., (1996). Applications of the extent analysis method on fuzzy AHP, Eur J Oper Res 95,
Pp 649- 655.

Chang, J., Tian, J., Zhang, Z., Chen, X., Chen, Y., Chen, S., Duan, Z., (2018). Changes of Grassland
Rain Use Efficiency and NDVI in Northwestern China from 1982 to 2013 and Its Response to
Climate Change, Water, 10 (11), 1689, 2018, Pp 1- 20.

Chaudhry, A.K., Kumar, K., Alam, M.A., (2019). Mapping of groundwater potential zones using the
fuzzy analytic hierarchy process and geospatial technique, Geocarto Internationa, Geocarto
International, VVolume 14, Issue 3, Pp 117- 127, https://doi.org/10.1080/10106049.2019.1695959.

Das, S., (2017). Delineation of groundwater potential zone in hard rock terrain in Gangajalghati
block, Bankura district, India using remote sensing and GIS techniques, Model, Earth Syst,
Environ, Volume 23, Issue 4, Pp 45- 61, https://doi.org/10.1007/s40808-017-0396-7.

Domingos, P., Sangam, S., Mukand, B., Sarawut, N., (2017). Delineation of groundwater potential
zones in the Comoro watershed, Timor Leste using GIS, remote sensing and analytic hierarchy
process (AHP) technique, Applied Water Science, Volume 7, Issue 1, Pp 503- 519.

Haralick, R.M., (1979). Statistical and structural approaches to texture, Proc. IEEE 67 (5), Pp 786-
804, https://doi.org/10.1109/PROC.1979.11328.

Helena, B., Pardo, R., Vega, M., Barrado, E., Fernandez, J.M., Fernandez, L., (2000). Temporal
evolution of groundwater composition in an alluvial aquifer (Pisuerga River, Spain) by
principal component analysis, Water Res, 2000, Volume 34, Pp 807- 816.

Jain, A.K., Tuceryan, M., (1992). Texture analysis, chapter 11 in the Handbook of pattern recognition
and computer vision by C.H.Chen, 1992, 315 p.

Javhar, A., Chen, X., Bao, A., Jamshed, A., Yunus, M., Jovid, A., Latipa, T., (2019). Comparison of
Multi-Resolution Optical Landsat-8, Sentinel-2 and Radar Sentinel-1 Data for Automatic
Lineament Extraction: A Case Study of Alichur Area, SE Pamir, Remote Sens, 11, Pp 778-
789, d0i:10.3390/rs11070778.

Jenifer, M.A., Jha, M.K., (2017). Comparison of Analytic Hierarchy process, Catastrophe and
Entropy techniques for evaluating groundwater prospect of hard-rock aquifer systems, J.
Hydrol, (Amst) 548, Pp 605- 624.

Khosroshahizadeh, S., Pourkermani, M., Almasian, M., Arian, M., Khakzad, A., (2016). Lineament
patterns and mineralization related to alteration zone by using ASAR-ASTER imagery in hize
jan-sharaf abad au-ag epithermal mineralized zone (east azarbaijan—NW Iran), Open J. Geol.
6, Pp 232- 250, https://doi.org/ 10.4236/0jg.2016.64021.

Lee, S., Lee, C.W., (2015). Application of decision-tree model to groundwater productivity
potential mapping, Sustainability 2015, 7, Pp 13416- 13432, Link:
https://doi.org/10.4236/0jg.2015.511070.

Masoumi, F., Eslamkish, T., Abkar, A.A., Honarmand, M., Harris, J.R., (2017). Integration of
spectral, thermal, and textural features of ASTER data using Random Forests classification
for lithological mapping, J. Afr. Earth Sci. Vol 46, No 11, Pp 2286-2289, https://
doi.org/10.1016/j.jafrearsci.2017.01.028.

Oh, H., Kim, Y., Choi, J., Park, E., Lee, S., (2011). GIS mapping of regional probabilistic
groundwater potential in the area of Pohang City, Korea, Journal of Hydrology, Volume 399,
Issue3- 4, Pp 158- 172.

Pourtaghi, Z.S., Pourghasemi, H.R., (2014). GIS-based groundwater spring potential assessment
and mapping in the Birjand Township, southern Khorasan Province, Iran, Hydrogeol. J. 2014,
22, Pp 643- 662.

Rajasekhar, M., Raju, G.S., Sreenivasulu, Y., Raju, R.S., (2019). Delineation of groundwater
potential zones in semi-arid region of Jilledubanderu river basin, Anantapur District, Andhra
Pradesh, India using fuzzy logic, AHP and integrated fuzzy-AHP approaches, HydroResearch 2
(2019), Pp 97- 108, https://doi.org/10.1016/j.hydres.2019.11.006.

Sukumar, M., Selva, M.S., (2015). Discriminating lineaments from the aster image by analyzing the
object properties, Int. J. Adv. Technol. Eng. Sci. 03 (01), Pp 2348- 7550.

Tseng, M.L., Lin, Y.H., Chiu, A.S.F., Chen, C.Y., (2008). Fuzzy AHP approach to TQM strategy
evaluation, IEMS 7 (1), Pp 34- 43.


https://doi.org/10.1080/10106049.2019.1695959
https://doi.org/10.1007/s40808-017-0396-7.
http://link.springer.com/journal/13201
https://doi.org/10.1109/PROC.1979.11328
https://doi.org/%2010.4236/ojg.2016.64021.
link:%20https://doi.org/10.4236/ojg.2015.511070
link:%20https://doi.org/10.4236/ojg.2015.511070
http://www.sciencedirect.com/science/journal/00221694
https://doi.org/10.1016/j.hydres.2019.11.006

