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Formation, Water Located in the arid and semi-arid belt of the world, including Iran, are facing a water
Resources Exploration, crisis. On the one hand, the decrease in rainfall, high evaporation and irregular
AHP, ANP, South distribution of surface water resources, and on the other hand, the rapid growth of
Khorasan, East Iran. population and agricultural development, make the exploitation of groundwater

resources increasingly important. The growing trend of South Khorasan Province in
recent years on the one hand, and the location of this province in the arid and semi-arid
region on the other hand, make it more necessary to adopt sound water resource
management strategies in this region. One of the water resource management strategies
is to identify water areas with different potentials and exploit them according to their
capacity.

Methodology

This research was conducted using field, library and documentary methods. In this
research, based on the degree of importance of the parameters affecting the
development of karst water resources in South Khorasan Province, 9 important factors
were selected, including lithology, distance from the fault, climate (rainfall and

Receive: 2025/09/08 temperature), altitude, slope, distance from of river, slope direction and land use. The
Accepted: 2025/12/01 parameters were evall}ated using two AHP and ANP models. Based on.ﬁeld studies and

) expert opinions, the lithology parameter was considered as the most important factor,
Published: 2026/09/23 followed by distance from the fault, in the exploration of karst water resources in South

Khorasan Province.
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Results and Discussion

The final map of karst water resources potential was obtained using 9 layers by combining the weights obtained with
each layer and overlapping them using the Raster Calculator command. Based on the theoretical principles of karst and
field observations, the map of karst water resources exploration in the study area Using both the Analytic Hierarchy
Process and Network Analysis models was classified into five classes: very high, high, medium, low and very low
potential.

Conclusions

The results showed that in the AHP method, 42% were in the very underdeveloped category, 32% in the underdeveloped
category, 17% in the medium category, 7% in the high development category, and 2% in the very high development
category. In the ANP method, 42% were in the very underdeveloped category, 33% in the low development category,
17% in the medium category, 6.5% in the high development category, and 1.4% in the very high development category.
The results of the study showed that by comparing the efficiency of the two methods using the validation with the well
and spring layer, the ANP method has a relatively better validity, because after overlapping, using the quantitative
method, a greater number of wells and springs were placed on the developed and highly developed karst areas.
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Table (1): Paired comparisons in the analytic hierarchy process (Saati, 1980)

—

2l

Lwge B ply o

sl b Lavgie

oL
3k (b b ol o
3L k=
obj ooldl3s8 b oy s oy

ol oolad 3e8

ol > <|vo|eo|w|1| =

(ANP)aSats Jalos s,

45‘5’5 2 (Byme el I pwlogs Jawgs oS Sl (AHP) gl poalides Jodod (g, (a8l (35S (ANP)aSLS Ll b
e T i
52805 a5 s o lne 6}5&““‘-’ alies o 50 51,500 Ol a4 il oo pol 3 1) laasy 55 glajlns le (S90Sl
el (55950 ANP Sl oolasnl 3 )l385 1 50085 5 ey 570

il gz 4 @Sl o by, (el S e

1 .Saaty & Vargas
51



\f'b};lg_ FA .eJLz..'Z L\Y.OJ}JL‘_;j‘,j}é)}ﬂ};j})uL“ﬁ

Lo e e By, 5 5 o35 5 o lom ) o ome s loaigs Lulis 6y oty alies 5L Jon 3

gy opais 0 Bl Oal U ogd oo plol badliss o o0 5 4lied SO 9,0 10 o2 baslas [Lepl LICAHP alic : >g) anlin .o
.59“ S o )i‘)..b e

b e co lis 1) Al ol plod bl )l a5 F )5 e ple S By (25 sleaslin mli e il pl LSS 2

93,550
Wll W12 WlN
Wy Wy, Wian

Wi Wyz o . . Wyy
059 0 (lad U ogd oo Jowd 0> e lepl & e (G359 o Flepl & adgl s Sl pl e Slepl (g3l Jlo i g (R0(y59 0

Ll S s 43S s oy osolas W2 amss
Woslime — s o0 WK ® P} P 20 )

il iS5 g oo Sl (39 2 YL ell 2 43S e 5 Asmele a5 e 59 «Zaled ) i anS Sl
ol dlids gl @ oSl 630 dlws 4 o,las Wiz (6 S el I SO lgie 4 [ ANP (glasSils Jdow (6 05 el b
>, Super Decisions |33l ¢ 5 5| ANP g, sl Jdow aloel gl iy cpl 50 (Yo V) (G0l Sl g (wlo)aicdy oo ogups
sl asa bay 58l L g and abg o Y ali ;o 5 dewle 5l o 050,5 colaiul (Yo - #) ) Kan 5 sielo Jawgs ool

30,5 as lass> pled (gl a5 O b BlaS)

AHP (g s

Olaase a5V Las] o s GlelS bl jo a5 O plie BLEIST 5 Fae slo el )b (395 Aol dolidw ol jo
(Expert Choice) )l33la 5 3,1y abog o slagyje SeaSo b byl (o295 aolio al> o plonil 5l any .85 )18 o IS (559098 9093
2 Foe ol lolae (2o amlie 5l Jolo culypd Jloges (T guz) 9 (7 Jaz)as 5 paseion la)le 51 SG 50 (59 9 o3
() )19503)058 5 dcslar [+ A (5,55l Lasla oo b ygSde 4580 0 5 1o ol pedludis Ldog g, Gubo oIS O polie BL2ST
abg o &Y ,0 Las & (39 Raster calculator jgiws 3l oolaiwl b ArcGisl0.8 |l38ls 5 5l oolaiwl b jlaas 12 59 s 51 o
bl p osim Ll bl jo a5 O mle BlaasT aiss g 0o )5 alesl KaSo b jlrs o 4 by o slaas g 005 0y

205 ans AHP (3,

52



V8 il cFA o ladi <) ¥.0 08 38085 s S

Table (2): Questionnaire on weighing factors affecting the exploration of karst water resources in South Khorasan Province
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Table (3): Weighting of information layers using the AHP method and applying expert
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Priorities with respect to:
Explore of karst water resources

IIIIII||
| ¥

Litology .352
Distance of fault .226
Distance of River 132
slope .080
tempreture .067
aspect .054
elevation .042
percipitation .026
landuse .022

Inconsistency = 0.08
with 0 missing judgments.
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Figure (3): Coefficients resulting from pairwise comparison of the main criteria effective in determining the potential of karst water
resources according to the analytic hierarchy process.



\f'b};lg_ FA .eJLz..'Z L\Y’.aJJJL‘_;j‘,j}é)}ﬂjj})-L“A

ANP g gl

ol mle Blasst olgie cos  Joko ol Super Decision,|581 o5, (gl a5l &yg0 4 el avslie cg> ANP g, 50
S 5 BlEnFaldly s (wlid ey la el )l les a5 Iaadgs wam al> o )3 b slml (g luly il o w8
1 ol 5 Los oSl mlid o) oS 5 (55l slo il o ass 318 4o o 5 ppoges g |, azil o o3
25d 3l o3l b s 2B 03001 3 S 52 4 (L2116 )1 Lald 9 (BT i)t S 5wt (£l (S8l g ) Al
L sl asis LB o pairwise comparison jgicws l oolaiw! b uw g 23050,5 Jlad e Las g s 455> [Make node connection
45 20,5 Al 00 Jlo i jg0 4 bolns 51 Sy (5 Priority jgiws jlesliiul b ST al> e )0 00 ) dnlie Syoen
L ol slxe 5 Guiceedl b oIV 055 b sigdend e S Sge Slslre Gk el o 00 g] Fojlads Jgax o
b LD Jlre (5 Seal o501 ¥ (5

axfllao g0 adliio yo ol )5 i Jlocl g ANP gy 4 Sledbl slaasy y39:(F) Jgua
Table (4): Weighting of information layers using the ANP method and applying expert opinion in the study area
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Table (5): Area of rock units in percent and square kilometers in South Khorasan Province
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Figure (4): Geological map of South Khorasan Province
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Figure (5): Standardized map of faults in South Khorasan Province. Left side - qualitative and right side - quantitative.
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Figure (6): Standardized map of the province's rainfall. Left side - qualitative and right side - quantitative.
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Figure (7): Standardized isotherm map of the province. Left side - qualitative and right side — quantitative
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Figure (8): Standardized map of the province's elevation classes. Left side - qualitative and right side - quantitative.
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Figure (9): Standardized map of the province's slope. Left side - qualitative and right side - quantitative.
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Figure (10): Standardized map of the province's waterways. Left side - qualitative and right side - quantitative
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Figure (11): Standardized map of the province's slope direction. Left side - qualitative and right side - quantitative.
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Figure (12): Standardized land use map of the province. Left side - qualitative and right side - quantitative.
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Figure (13): Karst water resources exploration map in South Khorasan Province using AHP analytical hierarchy process
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Table (6): Area and percentage of karst development classes using AHP method
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Table (7): Area and percentage of karst development layers using the ANP method
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Figure (13): Karst water resources exploration map in South Khorasan Province using network analysis method
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Figure (14): (Right): Integration and validation of the Birjand city aquifer layer and the karstification potential layer in the study area
using the AHP method.
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Figure (15): (Left) Integration and validation of the Birjand city aquifer layer and the karstification potential layer in the study area
using the ANP method
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