Journal of Water and Soil
Vol. 30, No. 6, Jan.-Feb. 2017, p. 1820-1831

i

(39U ailioo 5 pole) S g O 4y s
1820-1831 . o 1395 widwl— cyots B o louis 30 ul>

So23WS O Skl yawass 53 e N PO PP

tS}‘ };ﬁi 4-@‘9?:5.3)‘9» a) e

Py e Sled =T e ablS Wl
1393/11/14 1 =50 s &b
1395/02/21: % pdy 4 56

2>

2l parass 4 bgye clidlie | il 5 Jad gLl B ws98) llp il s St gl 358 Jlod 53 S5l oyl ase>

Jie L 25 03 dnwg ad (g3 aelp wb g (6550l O Lanass (jlwdigg Jde ol bl e adllas oyl laal I Ll pls
VLS ey e o 5 it 435 3] o (slasbg) b 5 5m lys §l oslial b ST o 5,809, b o yaneass
Floj s phglisebl oo (gl liabl g po 3 Slas lajlas b 355 (la e 23,5 dbl Jolute &)l ) liteyd Jo g (Suizdg) g0l
e b duslio )3 Gilisce (laiitsd o @lio ol el y3 BMS o (sby e (65 ool oy gl i3S 5158 byl 3590 (s pdcutS g
ratles & i S5 M, L5 e yiegllas glis 41,) 5 ST o (sla e golis cym 590 (oS s am3 oo oL |y gose o
s (o5ya0l Jao b auslio ;5 cul BMB] s (ola by p (iee Ll Gan ol a5 ola Jse 1500 (gow |l odd Jools ol (S0
35 i oplie e Jae )3 Ll el da 3 5l 4 Cand byl ool (ljae Cpionen Am3 o dou (lxind oy |y (65 olate yarass
ot 2l Jolsto parass jlaie 4 powye sl o (sl 4 NS oy it (slasby; )18 50 il 13 .28)8 )15 (qus)ye g Jelos 290

D WIS iSu oyl Ol paraast e p beoldy 298 e
O Copie o ol 5 g o)l 5 lie do 2,55 5 aeg S
5 el clos xS Slalllas O aass diwe )3 pdl odws 4

L Lol sl o 48 )8 1S5 5 ooy (0020 (anass (sla oo,
9 S e ol plo (awass 3 laand o olidle il
o ly 25 sl Ol parass Jyee glaby, pdl slaans
S Jo sl gy yt (iine ol e papass slod,Sag)
sl gy g o (IS yelay oids plol Cliuisd oy b Llodls
SIS Aoy gy |y BB s 5,500, p e O e (anass
5 3 )95 p (e sde Jald Jgl s 290 (ganeilo
Ul sla Juo dads oy 3laie ggaze 3 aS 0dgy 8IS 4y las
B! Jo pymnye 2 cslo e Joli s 5o s il o
J> slagbyy it (glodingg porie 2 (siiso Bdos oS LBl 0

ol 0l 031> .)Le(w..q alises ul.«p.u.)

M3 o elo Jao o] janass (gjluatas [ 5ulS sWojly

.

CYRTTY

sl e 3 03 S (Slacd iy pdl (sloand ;3 4 51

3050 )13 o3l 3)90 (6 caslio 05 4 O b ord co (Sl
Jas awsls Jlo obxty (b ol Caner gy (2 28y 3929 L Ll
Ol e Gl el o 435 3)Lka 615 @ 485 3)Lke 2/5
b g |y s O @l 5l Ol (oplp dw Jlastul wares
01335 Gy bame (iSu dagle yol (pl il Slad colyg o &
oy oas Jlasiul Ol seo )y 70 a8 oyl (5 (7) ol
Gyae (5ygtS GhSe 3 oy 90 s9as il 0 g s
Oi Bglans odas sl O jnt Clbyy )3 ey, g e
oi ol il IRl L 5o esl )3 (o g 039 (5555l

oBEils ol wlie wdige 09,5 Hlils g O mlio wiipes 55852 41

ol

(Email: pkazemi@ut.ac.ir e odiwgs = %)
DOI: 10.22067/jsw.v30i6.41396



1821 . o50tes O Sliwl (amass js 31 o slagigy )5

o maw (6,595 s 5 (11) cunl 039 ol Calio
4,5 o g AlSen (63l 5k 0S5, 3l (s35 I gl
b aYls 4los o Jio il (605, L as ool LS
(2) 2905 Jilos 1y o glie parass o laiin (5lSen

Ol e ¢y opylie OS] o sl Jdo puils iz )
Plste Oyl o)lie s g (Saiadygeidl (VI y)lita pd (415
sy oo 4y 0 00 drwgd as yuf gilwdips o Jde B
B rz y90 35 Jae ol g5 slitS o panass jluaie Jie
U slaJie ohlS dulio 5 byl adlle oyl 5l oam b5
SO zand lalisl ol sle Jolaie yonass ;> OS]
WS > sl iy on d290 SBMS! ()1 3 5 500l 459>
el Ol janass ) powye slagsdy) 9

g, 9 2lge
dadllos oy g0 dllaiia

Ol 3l (Byd Jlod 4l i 3 &8 S5l pl 4o
Job a>yd 59-04 1 54-00 Sl Claiw o o bp b
A ol ond @ly Jlod (o,e as > 38-17 15 36-58 4 5,5
o Ceawd ol g GVl laalyd cpy OB 3gng Jubd
&5t (A s 55 5]l gl O apass
a9 5 )35 by sl ase | pisu plase ol ol
d9y2 0 5 39)hdS ($3S o oS (LSS Wlsgy ol ades
585 847036 g ol ;5 1385 Jlo 15 (Slo Comer a3l o
o=liccul jaiS S Caren diopd S Joleo Ly oS Cowl 009
a3 S oy S S Colue jlaoy 16 deu uincen ase>
(39S el Slogunds ) g 0391 @oye yioghS 26791 Jslae o
h oldS 5 Jlod ol S (598, Gl b slag il | alaisy
(1 JS8) 25 o Jals

olaitgd Lyl Slie ol ddgs Cund by 3blie dany
Lol an L a8 595 o0 (dur (i 0] )d g 0390 adg Caund VL
JLs o eoamie oliblio cwowdVU ) dxwg slag b sl )
Ss=2sbl s Sl opes Jd> 4 adllae ] 308l (g5 JSS
) Bylaas o8 g ases 5 colus jl ao ) ase
S Opgm Jabplul S 5 30,0llp ol asse
Ol oad a8 )3 a5 > b8 yliel b cold, 4o Ml
M5 31 48 Cad ity lod llS ol 51 psbate lio ol
sl oA oS5 (695 9 (o (lulyp il 3

3 2 1

cew g Jolsio oylud ¢ (Suisdg)seih YIS ¢ i (M3

. . . 4.,
il o 398 sl gy dlos I Bl

bl )l (yomen Sl atwd slaghg; YL (a8 929 L
olsal g glaand e Joolas LSl alonl o G145 (6)5 55 5
pae il il s b sollay )3 (and 2939 calisee glacuwluw
9 355 SleMbl 3905 yehaie ,d Ll LUlyy pae 35 g sl
Cnglae J1alS carge ccund JIo)55 5 iy ool 5l a5 S
ol odd Jos clad )18 55 Ll

b gl il o aalllas ol f1a5 5y5 0 a8 S0 A
oy 3aBs leMbl ogei jolaie ISl JJay 5 0390 (g 5lodinge
S aes cnl allon et Canle 329 b Cusl 1355 0 (s 55
slcuenl dd U laaisd 1 g0 jalaie Sl Jdo & o b,
Sheacul oagy ) Siaghy dogi 85 )0 3] glaany )b il
Jio drwg 4 (JleS o i) oyl ) ol plov] wlddss ales
Lo 5 ool 39 s sl 55 5 i S
9 SjSe )5S 93 (o S e e slac] (gl el
(4) 5905 o)Ll 1 ploc] JguS 5 Jguus b Lawgi 45" sdoio VL]
Jo sladace | lSen 5 Yaus8 ueipiol o pte con
(Swindgyg0udl = eYLS )Late e (i o Lite pue M S
J Sl obess @)l )it g ISy ()l
o390l 5l oS 9le 5 (weinj ol @lie jl s )b o e L
DA ot 33 (6 pSed ddlllas (1) 5,8 ealitul Ll oy
e Olsiny (53)9US g Camto oy slasis L 090 Ol b
OolEe e gy 3l oolainl b G380 iisy sblo 5l S p0 &aid
San 5 YL L sy LindgaaS (53ko il Gan g 5 Lt
sl L) slagiy silosinge G598 Geios 52 (9) by plov
2 L5 s 9 <85 JL8 sy 2)90 Al Sl K ()
B0 Jas ol bty paitae 3ILE, L leaind Coglsl polis oS

ol o0 o Ol e parass (o 4o drug (586
oz US> (slaihy, S spSone b juplase o
Bl Sy Jo s iay 4 29a5e g 6dgr Hlou cudiS]
Fapl adg 3 BMS] Jo (ly o3lig )5 sl o3y ol 4 i
3905 03l (KSyg J> (o) 5l weldl s baalpd ) (39l 53
slecle Wy cage () cnl ) (39 BaD b G
20d gy biwl p aBl janasd cull polie & Cuws (Jolile
L B! o Jae 2L S0k & osd gl JB ppl asg

=

buly s 3 pogmasy ol mlie japass ) (Sl J> by,

1- Non-Symmetric Nash Solution
2- Kalai-Smorodinsky

3- Equal Loss Solution

4- Area Monotonic Solution
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Figure 1- General Location of Atrak water basin
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Table 1- Long-term average of available water for agricultural use (MCM)

oo Ao ol BT s e Wl oedged Cudgud)l S 5 M el e
Month  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Total
obls 18 27 31 30 38 70 85 76 28 10 17 13 443
Khorasan
s 4 8 10 7 9 20 29 27 10 2 18 12 156
Golestan
(G o (yguln) S 51 adgp 55 giud bl (559U 5l =2 Jgar
Table 2- Agricultural demands of provinces in Atrak basin (MCM)
oo Ao ol BT s e Wl oedged Cudgud)l S 5 M el e
Month  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Total
okl 22 9 6 3 4 14 57 133 180 149 134 79 790
Khorasan
Y 12 26 4 4 7 23 66 98 53 51 46 30 420

Golestan
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Figure 2- Available water in Khorasan and Golestan for 41 years time series
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Figure 3- Long-term average of agricultural deficit in provinces in several water allocation models
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Table 3- Comparison of water allocation models in terms of sustainable indices
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Figure 4- Long-term average of annual agricultural supply in terms of variation of provinces weights in Nash solution
method
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Figure 6- Long-term average of reliability variation in agricultural supply at provinces in terms of variation of provinces
weights
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Introduction: In spite of improving the water productivity due to development in water infrastructure
systems, population increasing causing the water withdrawal is triple in the last fifty years. In this situation
competition on water consumption especially in the agricultural sector which is the biggest consumer in the
world and also in Iran is a severe problem. Water allocation has been assessed widely in the recent past.
Additionally, several studies have explored methods to incorporate conflict resolution methods in water
allocation. In a general classification, there are two types of methods. One is the method based on game theory,
graph theory and general models based oncooperative game into a category that has the ability to consider the
stakeholder preferences and assess the several scenarios under specified policy. Although this type of methods
iseligible to cooperate the stakeholder in modeling but due to their weakness on considering the information on
details and their limitations in adoption with changes caused from uncertainty, they are not popular in practical
cases. Another type of conflict resolution method which is eligible to considering more detailed information of
systems has the optimization approach basically, has the most interests between researchers. There is namely the
Nash bargaining solution, the Kalai-Smorodinesky solution, the Equal loss solution and the area monotonic
solution. There are several studies which areapplied these methods to investigate about groundwater (5, 6
and10). There are a few applications of water resource allocation models which is incorporated with conflict
resolution methods in Transboundary Rivers nowadays and restricted to game theory related methods (1 and 2).
The aim of this study is the assessment of the application of conflict resolution methods such as symmetric and
non symmetric Nash solution, non symmetricKalai-Smorodinesky, non symmetric equal loss solution and finally
the area monotonic solution in water allocation between beneficiary's provinces in Atrak basin. The
performances of these methods are compared with each other and also with the common water allocation model.

Materials and Methods: In the last decades, Atrak river basin located at the eastern north of Iran, shared
between three provinces; Razavi Khorasan, northern Khorasan and Golestan, has a tense conflict between
upstream and downstream beneficiaries. It is predictable that this conflict will be more tense in the near future
due to development of upstream and increasing the water withdrawal. Because of the venial role of the Razavi
Khorasan province in the Atrak basin, this province is considered as a coalition with northern Khorasan. Related
data for 41 years time series and other information were gathered. Due to Hydrology studies, wet and dry periods
in the two regions have not differences. As a fact that the main problem of water allocation belongs to the
agricultural sector and it is the biggest consumer in the region, supply of the municipal, industrial and
environmental requirement is assumed.To begin, a linear programming model is developed to optimize the
agricultural water resource allocation using the LINGO® which is a comprehensive tool designed to make
building and solving Linear, Nonlinear (convex &nonconvex/Global), Quadratic, Quadratically Constrained,
Second Order Cone, Stochastic, and Integer optimization models faster, easier and more efficient. In the second
place, conflict resolution methods such as symmetric Nash, non symmetric Nash, Kalai-Smorodinsky, equal loss,
uniform area solutions are applied as an object function of water allocation models one by one. In all of these
methods the stakeholder preferences should be defined with their weights in the object function. Moreover, the
mentioned models are assessed with performance criteria such as reliability in time and in volume and also the
resiliency.

Results and Discussion: Comparison of the results of 4 water allocation models using conflict resolution
methods besides the common water allocation model using LP is shown in the figure 3 which shows the
differences between models in mean of Agricultural water deficit in both provinces separately.

1 and 2- Ph.D. Student and Associated Professor Water Resource Engineering, University of Tehran
(*- Corresponding Author Email: pkazemi@ut.ac.ir)
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Figure 3- Mean of long term of agricultural deficit in different models

As mentioned before water allocation models are evaluated with performance criteria and the result is
revealed in the table3.

Table 3- Comparison of conflict resolution models using the performance criteria

Reliability in time Reliability in volume Resiliency
(%) (%) (%)

Goles Khor T Goles Khor T Goles Khor T

tan asan otal tan asan otal tan asan otal
LP 100 20 26 100 31 55 100 18 23
Nash 41 34 36 57 54 55 38 33 42
Kalai 32 37 29 50 54 53 25 38 31
Loss 12 39 34 41 57 52 11 40 37
Area 59 12 8 64 17 34 41 14 9

It is clear that models which have the Nash, Kalai-Smorodinesky, Equal Loss, Area Monotonic solution as
the object function produce an equitable allocation between two stakeholders in comparing with the LP.

Conclusion: Without better management in agricultural water in the future which is treated by increasing
population and changing the climate, growing conflicts between stakeholders are expected. In this study
application of conflict resolution methods in water allocation models in Atrak basin is considered. Comparison
of models in terms of their performance to allocate water equitably between two beneficiary provinces is
appraised. Results revealed that the conflict resolution methods have the same action in water allocation in
general though; the Nash has desirable results than others. All the conflict resolution models have the better
performance in general in comparison with the common water allocation model using the linear programming.
To conclude, the dependencies of results to provinces weights are appraised. Application of conflict resolution
methods are proposed instead of common water allocation models without stakeholder's preference consideration
due to water allocation between several stakeholders equitably.
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