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Extended Abstract

Background: Protection, exploitation, and sustainable management of watershed resources are
priorities in meeting the needs of the growing population. Damage to natural resources leads to
irreparable effects, such as severe floods, soil erosion, and, as a result, human and financial losses.
Therefore, on the one hand, it is necessary to implement programs for the protection and
restoration of natural resources. On the other hand, the lack of credits and economic, technical,
and time limitations in different watersheds cause management measures to be taken in parts of
watersheds that have more sensitive conditions than other areas. Based on this, prioritizing
different areas of a watershed based on the severity of the problem is a valuable tool for the
government in preparing regional development strategies. However, it is necessary to use an
appropriate approach to make a management decision, considering the opinions of all
stakeholders and reducing expert opinions. However, this issue of the watershed area has received
less attention. In this regard, game theory has been used in the current research for the comparative
prioritization of second-order watersheds in the country due to the reduction of the effect of expert
opinion. The results of this research will help policymakers, managers, and decision-makers in
the comprehensive management of watersheds in the country and the conservation of water and
soil resources. Achieving detailed and operational approaches on operational scales requires
extensive research on a larger scale and in sectors or watersheds with high management priority.
Methods: Some 44 national and accessible climatic, human, hydrological, and natural criteria were
initially selected for the comparative prioritization of the country's second-order watersheds. Next, the
values of study criteria were extracted for each watershed of the second category, and the necessary
scaling was done according to the nature of the criteria and the type of their effect on the performance
of the watersheds. The statistical measure of the variance inflation factor was used to eliminate the
internal correlation of the study criteria. In this regard, 26 criteria were finalized for comparative
prioritization. The Condorcet approach was used for comprehensive comparative prioritization,
considering 26 criteria in the next step. In this regard, the values of the final criteria were ranked in 30
watersheds. In this regard, the watershed with the best condition in terms of the study criteria was
ranked first, and the watershed with the worst condition was ranked last. This procedure was
considered for all the study criteria. After ranking the watersheds by considering the criteria, a
comparative prioritization was done between the second-order watersheds in the country, and the
watersheds with the highest and lowest ranges in pairwise comparisons were identified as low and
high-priority watersheds, respectively.

Results: The 30 watersheds of the country have been ranked first to fourth among the 26 study criteria
at least once. In this regard, the Jarahi and Zohreh Watershed, with three points, and the Daranjir and
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Saghar Desert Watershed, with 54 points, respectively, have the lowest and highest points and the
worst and best conditions according to the 26 final criteria. Examining the condition of the Jarahi and
Zohreh Watershed showed that this watershed could be in a better condition regarding drainage
density, specific erosion, and the density of order 4 streams. On the other hand, the condition of the
Daranjir desert is better in the naturalness index, recharge volume of groundwater, carbon monoxide
concentration, density of stream ordered 4, migration, specific erosion, population, and human outflow
than the majority of watersheds. According to the study criteria, the status and functional conditions
of the Jarahi and Zohreh Watershed in the southwest, the Hamon Jazmurian Watershed in the
southeast, Bandar Abbas and Sedij Border Watersheds in the south, the Central Desert and Abarghou-
Sirjan Desert Watersheds in the center, Urmia Lake, and the Sefidroud and Haraz Watershed in the
northwest are weak in comparison with the other watersheds and should be given more attention.
Based on the results, the watersheds of Jarahi and Zohreh, with three, and Deranjir desert, with 54
points, respectively, have the least and the most points and have the worst and the best possible
conditions. Based on the obtained results, various variables are effective in prioritizing the country's
watersheds, which requires a detailed and scientific evaluation of their individual effects on the
performance of watersheds. The results of this research can contribute to allocating funds to provide
management solutions and conducting detailed implementation studies on larger scales and smaller
watersheds.

Conclusion: In the current research, the set of influential and available variables in watersheds has
been used for comparative prioritization. It should be noted that because the comparison in the
Condorcet approach is based on pairwise comparisons, Jarahi and Zohreh and Daranjir Desert
Watersheds are the sub-watersheds that have experienced the highest and lowest losses, respectively,
in the pairwise comparisons between the other sub-watersheds in the criteria as mentioned above.
Therefore, the prioritization results will be reliable when the relevant manager is fully aware of the
prioritization process, the type of criteria, and the purpose of the present study. Naturally, the results
of the scale used in the current research need to provide the possibility of preparing and compiling
executive plans for watershed management in the country. However, they provide a reasonable basis
for focusing the attention of the departments and organizations in charge of protecting the country's
water and soil resources for policy-making and planning on a national scale. It also provides detailed
and goal-oriented studies on a large scale in high-priority watersheds. However, more extensive
research is recommended with other prioritization methods based on game theory and similar
approaches based on technical criteria.
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National scale
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Figure 1. An overview of Iran's Second-Order Watersheds
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Table 1. The list of Iran's Second-Order Watersheds
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Figure 2. Primary criteria and indicators in the evaluation of the comprehensive prioritization of Iran's Second-Order Watersheds
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Figure 2. Continued. Primary criteria and indicators in the evaluation of the comprehensive prioritization of Iran's Second-Order

Watersheds
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Table 3. VIF values of the criteria used to prioritize Iran's Second-Order Watersheds
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Table 3. Continued. VIF values of the crlterla used to prioritize Iran's Second-Order Watersheds

VIF VIF
Varlable Varlable
100.71 s pasls 9.86 @S Cab sl
Interference mdex Naturallsm index
s 50l Colue 4 degion (clacuss Colus Cuus
176.45 9% 02> 6.49  The ratio of the area of the forbidden plains to the area
Continuity mdex of the watershed p
165.50 TSI el 4.66 o5 Ghabod
Fragmentation index Special erosion
127.43 oW ga Lasls 7.60 Palmer JloSiis s ls
Shannon diversity index Palmer drought index
1617.00 Opld GBSy padld 19.52 s Cagb
Shannon umformltv mdex Surface moisture
Jrpeicp S5 sl
42013 Spot den51ty mdex 1247 Salinity index
121 SE by 960.30 gexs pasld
; Soil erosion _ Aggregation index
212 )..:ul L»LMA;OA.SI)?‘ d].mc)]a Colue Cuws 1.30 ).301 o4 o..\.? WLl Coxax ul)..A
The Iatlo of the area of implemented projects to the area of the watershed The amount of population added to each watershed
1.96 \ Colus 4 (b mlio ondpbol Ol colue Cons 1.32 55 %)l gle jl Sl bl

The ratio of the area of natural resources studies to the watershed area

Human extraction of groundwater resources

s Sis & i ol (Tafangchi Mahyari et al., 2021)
2938 ©plee Gl 25 01y BB (ke a9 (e
Aab WA YA 0y90
S 3o U5 oS W)l SlopgS Cumdy (o
slocals bty 5 ol Lalyd bl oy ) 51
W L}’I » ..\:)‘.) .)9>9 lm ] L;ul.w‘ u;hbu9‘m L;la.o:.ow»)
S5y g 0950k d“b)e.ef 4 Cand O pS g ponl)d S
loals oxly nsS )3 el b W) sy bl
WS gio op)S Clale o ey ol aix <uJ1)§w.‘o 09>
5 Cumex oy lalw ple F 4 b gbaalyl (515
Candg jsolp) 503 b awlie il (295 cbp
o YL sled M sl b diad o ol 1y (g gllae
Ol i) lame Copde )3 sdes il Wl g8
b g oo odbliie poliie Cumdy 8 g oS 5> il adlaio
;N sz )b Cuns omen (Al gloylae & gl oyl
@ b gl Sllas Colue Cons vl Colue 4 ord
265 A o Cundg dod OS] 5 Lol d sl colu
ol gogllasl oyl
& poles (3] G d2 ST 0ol pgS (ogad )
Olise bl el a3zl )§i>')'l S peS oyl ik,
aie (pl il 56 sl can il ks S ke,
slcdld ials eoen Sl by Cuenl sximd i
ol obpsul clagzyb dgms g odls o pie ¢ Sl
5 woip) ol LIS 3 Gnd 5 daodls W51 wbcblos
o Cyple pis Gygo 5D & Nad o odblie  LiSa;
Oen (Al (slajlas )3 (530 265 503 (S I g
0315 (il yd cjusul pdaw &y Slusl s ol s s
b gl Cllas § O plie wadcbls sble Colue
2 byl gy a8 oy o Yty ol Casliols 5358 ol bl

e 295 & 9 o ) St Gllas lalre (g

e 3 Cadld 3l JiSue g gl ol 4 ol (Sl b
Coluo dures i (slae ululy 550] ) Cuxdg bl
JocSits [asli 5 S Lasls wus cbls bl
o555 e Camsg ) )5S (Sl e & syl
sl g andedlis gblis Colus 36Vl oy e osg ol b
Coluo 4 38w Colus Cus g sl e o o SCaub
o b Lo clallas o o J) e YU 3] ) adlaio
Rl bl (e it o5 o 50l o0l 3 3 o
Aoy Jidy (6938 i Bblie Colua g SB il
slasline (ol 2 hygofle (igels g Loy (pgale Cumdg ()
e LI )3 Moot gl g 45 A3 oo s sllllns
e > Sl g (lygeiler Cigale g JiSdia pgala Sl Slallas
nl ] WS15 e cliglne Bl ) el ] g bl
2 9 ol 055 Sl (il (Sioloyd o F a5y b (sladalyl g ool
Lld Jf sem g el sl (blae slages] s,
485 B St g (el el Copsloe 3 35 agi gl
Olzsh 350l 3 Gllas Jlae V5 pdlho s 9000
P degion BCLEY Cauwg g s OI}}@ a5 aad o i =
(2l Saus (23S cuwl o ool ple & Cuws ool oyl
2 dilato oyl > Came (e iz 5 ¥ 45 b slodnll o515
i 50 g ) b (st Camdg gl 481 L dlio
(ISt (geln (slajsul b (g el ool ©plee
9 obp (Jo ol b 5t yonls 255 g ey (gl
oS B clale g piled (e (JuS g ol w815 Sl
Jolog g by S 035 ¢ poliy 3529 ity Wl 550l oyl 13 duuSTgige
BVl el M Sy )i gl s
elag b 5 las Colus Cand ¢z A3l S iwSsise
3wl 58S SWlas dbb).‘»?u“ ;,ch 3l ):.'xg\ ool el plosl
sy gl sl g ldlas GLIEIL o8 39, o il g ypon
o LI L oizen M (8 S Gl B o anb glo b
dibio p Gl (295 o B eloin] el g a0



vy

O 5 (Bolo Lo e s

VEF /Y 0 )los /pmd s Jlo a0l 0595 o e 4ol g

Mt gLiSal, Wlgie sShe slajsal o )
Sl 0gMe (Masoomi ef al., 2020) w5l (s5buw
xS 5 i 2l oy S Syt Sl s
s S epgd o) gl 3 pegada ol 4y culby
Sod a2l g dls o) g (2l S5 o)l o) Sl
A dalsd eejnj Sl aw ) giae Cl G
abl g loj cusiSL (Akbarzadeh & Nikoo, 2022)
sl )3 5290 slaarlyd 5 ol gobe grge bl
b oy S 0 byl calise clodd &l)l 5 Mg oSS
slajloe &5 )5 don g oo el ply g0 Al (Sae
b o yze Sl Gludl g ool Jelge poguat e il
ol ihslazsl byl o Slos pined g B jlopg Gloss 5
AYdle (o pod sl piilinaod glis g uej & 2>
6ol Ik dngs (sl 3 Jsol (sla)lSal,y )] g o 4
Faal Jalali ef al., ) 39 0 A5 plbolinl g (5y9d

(2021

cbli> gl Gbgb cosli & oy drg Aol adaia ()

b d)b}*%‘ w C.'A.s)_#..\‘og L;-.mlo ols
Condorcet 3)5\39) 5 eolawl b )9§_\,a L;Lm)pql dequin‘
SWlas slajsol Coglyl g el opdy yg0 il 598
Jtel o Sleel OF byl g8 gl 5 o S Slael YL
oS jliel doym ¢ ybgy cpl 3 Wlooly olaisl des 4 1,
$ &S Hob plen 1N sl Saudg ] o bulps sl oS
Lulyd ot oy g (2l el cusl ond )] 5.0 Joue
el 055 p kb ey J sl neS sl S,
Sadeghi ) oS 5 (Bslo imgh )3 0ad plol slo )y
35 598 pgd 03y slapsol oM sl (et al., 2023
sl & Cand o5 L8 (gl il ol & K e ol
o..\.‘»u..w.)l:)w)»)ﬁ.\am‘wm |).m w“.m).oul

Slae slo)lxo ydlie oluly HgiS GBY- clajsol (canas, —F Joso
Table 4. Ranking of 30 watersheds of the country based on the values of the study criteria

Watershed
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 P
3029a-26251112120191817161514131211191715412* 1
30 29 2 2 2 2423 1 212019 2 1716 2 14 13 2 1110 9 2 El20E02 3 * 2 2
30 29 28 3 26 25 24 23 3 21 20 19 3 17 16 3 14 13 12 11 10 9 3 7 3 3 3 * 3 |1 3
4 29 28 27 26 25l 4 4 21 4 19 18 4 4 15 12 sl o9 8 4 4 4 * 3 2 4 4
5 29 28 524 5 5 21 5 19 18 17 15 14 211109 8 7 5 * 4 3 5 5
30 29 28 27 26 25 24 23 21 20 19 18 17 1514 13121110 @7 * 5 4 3 2 1 6
30 29 28 7 7 24 7 7 21 .20 19 18 17 7 147 7 117 9 7 * 77 4 17 7
30 I 28 8.25 2423 8 2119 18 17 16 8 14 13 12 11 10l * 7@ 8 3 2 1 8
30 29 286 9 9 9 9 9 2221 9 19 18 17 9 15 14 13 9 10 o 9 9 9 9 9 9 9
30 29 28 10 26 25 M 10 10 21 EM 1o EEEE 10 10 14 10 10 * 10 10 7 10 10 [lEl 10 10 1 10
30 29 111 11 11 21 11 19 11 17 11 11 14 11 11 * 1Imo1 11 4 11 111 11
30 29 12 12 26 25 24 23 21 12 19 18 17 16 15 14 13 * 11 10 9 12 7 12 12 12 12 2 12 12
13 29 28 13 13 13 13 13-21 13 19 18 17 13 13 14 * 13 11 10 13 13 7 13‘13 14 13 13
14 29 28 14 14 14 14 14 21 14 19 18 14 14 14 * 14 14 14 14 14 14 14 14 14 14 14 14 14
30 15 28 15 26 15 [l 23 15 21 15 1917 16 * 14 13 15 11 10 15 8 7 15 15 15 3 2 15 15
30 29 16 16 16 24 23 16 21 16 19 18 17 * 16 14 13 16 11 10 9 16 4 16 16 16 16
30 29 17 17 17 17 17 17 17 17 17 18 * 17 17 17 17 17 17 17 17 4 17 17 17 17
18 28 18 13 [l 18 18 18 18 19 * 18 18-18 18 18 11 18 18 18 18 18 18 18 3 2 18 18
19 19 19 19 19 19 19 19 19 19 19 * 19 17 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
30 29 28 20 26 20 [l 20 22 21 * 19 18 17 16 15 14 13 12 11l o 20 20 5 4 20 20 20 20
21 21 28 21 21 21 21 21 21 * 21 21 18 17 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
30 29 28 27 26 25 24 23 * 21 22 1918 17 1615 4+l i2 11 1022 8 7 s 4 301 1 22
23 29 28 23 26 23 * 23 21 20 19 17 23 14 13 23 11 10 9 23 7 23 5 23 24 1 23
30 24 28 24 26 24!-24 21-19-17 24-14 13 24 110 9 24 24 24 24-24 24 1 24
30 29 28 25 25 * 24 23 25 21 20 19 18 17 16 15 14 13 25 11 25 9 25 7 25 5 25 25 2 25 25
30 29 28 26 * 25 26 26 26 21 26 19 18 17 16 26 14 13 26 26 9-26.26 26 2 26 26
30 29 28 * 26 25 24 23 27 21 20 19 17 16 15 14 13 12 10 9 8 7 27 27 3 ﬁ- 27
28 28 * 28 28 28 28 28 28 28 28 19 28 28 28 28 12 28 28 28 28 28 28 28 28 28 28
29 * 28 29 29 29 24 29 29 21 29 19 29 29 15 29 29 29 29 29 29 [l 29 29 29 29 29 29 29 29
* 29 28 30 30 30 30 23 30 21 30 19 18 30 30 30 14 13 30 30 30 30 30 30 30 5 4 30 30 30 30

Note: Color cells with stars have similar ranking.
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Table 5. Values and priority values of Iran's Second-Order Watersheds using the Condorcet approach
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19 31 32 5 99)dsks 550l 0j> 4 s O gl 5300 05
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20 32 Sai axlyy ol 05> 5 15 dogyl a2l ) 550l 059>
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Pl 9 OBl 5l o I 0l o
21 35 . 6 18 L)l e 009>
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Figure 2. Comparative prioritization of the status and functional conditions of Iran's Second-Order
Watersheds based on the Condorcet method
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