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4- Kataoka’s criterion
5- Danjiangkou reservoir

Wl By ne  xd L9, asdl iy i0)d Sod jle 4 (VF) 8,5
b sl ol Bpime 13 (S (gy30,00 9 oloily VL L >
2 G ST egiyplas’ pise Logase Gl la i slajls
Ay par—asS 5 ol plie Cople plpls ol salgs lusl
o )3 1l (459U dnogs el 29290 65,5US o)l Ol e
P Ceeinpis gl Joym 0,5 )18 425 3)90 ladhate o o
5,15 blo) 0S5 b 48 3,15 353 (WRS) U gl s el
2 558 olel Ol i gy parass g b oo i oS
2 Caeizpie Bld plply 9b 53500 (il (Bl Ll s
9 St ol sl fge gy S (Siluding ik Slab)
(FY 9 0) Canl (659l Ol wlio amass gl (53,5 oslg

Ol e par—ass 4 Sldllas 5l ool p3 cla Lo )
X XFAY A5 D VY Slaslyy Caarspis bld b sl iS
Slals yogd (Solal (55254005 Clny o Jae cul o 51(V0 9 1)
o olye @ ol pls i Bl 3 T(ITSP) b
(Y 9 YY ) cunlosds as bl Casispae b oalayly 10 Sae SuSS
Alael b ((S3)b 9 Sllgy aile) dolas slayol )b ITSP Juo 5o
Vb g omb s> (Bly Blwe 3 &S Jbp> g B ol lojle
Gl a0 a8y )51 Cusdty (abab olie ©y900; (5] o030
Hgd 458 pazde Jlinl @je b (Bolal glapite ©)p0h
Sy 5355 sancss & sl sl o3 1] 2 ITSP ylsogdle
Colod) Glizebl Cubl Wlgs oo (w4 cplply g cl (5
byly b )3 1) i gloCudgaoe (a8 Sy b plwr
RISy 020 S ol By dom 5> am Ll CapabaBpue
Sinytoliyy (SS5 (¥) 395 L) Ly il e ITSP il
s codgiome 45wl )] piliime a5 T(CCP) Luils codgdne
Mo g 4y o6 i 03]y e Jloin] psla v
GBSy 3,8 uSaia 3 ITSP 1S53 Gy 5 (1 +) sl 3
el 28T 55 A3l e 80l B b L Lag o 5 closilly
Gan gl 5 a8 ook glpd Bl el ecsdlgo ouiz 5o (YF)
S a (Solay Bua s lp Tl Hlae 5l lg5 o )15 3934
2098l 3,09, Kol (10) 55 edlitul (a5 Joles
Sy 13 5L Jlao g CCP L ITSP pleal ( Blsua ol b alal,
o8 52855k 50 b (655l Ol gl parass ol o2l
Sl )3 a2 o (Jass Sy g (Bolay sl
ol (5y5lS

warass w0l 98 IS e a8 il o3y Lits dy5
bt oo Lol 33,5 xiiye (g3g05 b ulgs o o wlio aiugo

1- Water resources system
2- Inexact two-stage stochastic programming
3- Chance constrained programming
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2- Uncertainty-based Interactive Two-stage Stochastic
Programming
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1- Water Resources System
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Figure 1- Conceptual Framework of agricultural water resources allocation and risk evaluation under uncertainty




VPO olwi gl pogo (Holai (533 yaeby Juo 1 oolisw! b ©T gues w5 (U3l el § O o>

fi = Q)Hc\a u1 .)9.:.05 ul)m 99— le_w UITSP J.\n
4\—'°l—’)—’ 9 Slmthopt [ i;nthopt’ Lmth opt] [fopts fopt]
U)}__.od_: LS)’)“—"L’)J d.&] 61)3 ul 4_»_»_@_) u&a_.‘a}r_a

59“"(5" J‘ob ALmth ,opt VVLmt ,opt SL?nth ,opt

$3031S ol ugaas Sua s

Jae gl 5l ealitl b (55ylaS Ol 2ga8’ Sy 215 (sl
5 s oy coddxie byl o as L5 ) ol e UITSP
O golie (el pans ) L ogi > Ll 45 o a5 dlos
S pdlazel asle ooyt S 4 o)y o igS oo odlar
2,8 o)Ll 06,5k 5 TSy 42 ) Tyl TSy
(YA 59) caslons a3l byl s 4 dald) j> a8

39205 (Glpebol culB) (s pplazel ol o s S sl
Lol ) abais Sy )3 i Cudbge Sl lgis 4
VA) Cosl 0 (s (V) ) S pg0s &S 250 00 iy (2950
Iy

W
1

1
a = 7Z(]—y)

= (v)

Db o 458 a3y liebl bl uSey Sy & bal |
255 ol B =1 — & &jpoh g e dogrre S cnlpli
s Gliebl Gl (S0l @ g yaoliy 381 T (598 Laslg) )
b aghgn misto Sy Zp Ao Sy ;o B g o wlia
Ol t o) ) ol Lol aoslix b0 S 9 oo slahj))
)5 5 0 jho g0 cul 8 0 9 ) pl ol e g
g 0

S ol @l s Gty o 21 s & (5 It
i 5 (1) el Spgi0 2y el gllns o oy St b

(% 93) 2900
. i
= ZW,/ZZ,
r=1 r=1

S RhEiS Sk 6 b kel
&S Srg—o il g a0 sla Bl L eghge yile

(v)

Wy c;‘j @L.o s

4- Risk degree
5- Consistency
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1- Reliability
2- Resiliency
3- Vulnerability
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3- Analytic Hierarchy Process
4 - Principle Component Analysis
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1- Variation Coefficient
2- Fuzzy Comprehensive Assessment
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Figure 2- Net system benefits of Marand Basin under different combinations of probabilities a and g
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Figure 3- Average total agricultural irrigation shortage of Marand basin and system benefit under various scenarios

IS @ pmie o 3geaS’ 181y ogdle g s Jobaia Lo jis
O 9 33,5 o ol jl il y adlsl | g8 els g iy
2 (papads ol Oliee sals Llan a5 sladlio ol Olesle Claal
b 38 bl o0 (5)ygliS Sy

O plio SYLw Larass e a3 o i ol Cpioren
so Goskes [YOIY YAV ] 5l 0y (Slalllas o3gue JS 3 (e
o Gyoakeo [Vo/IY FYIV] g o8 by Cald (g0 )l Cod caso
Osdeo [YYIA FO/A] U lawgio by i (90 )lw Cod caSe
Ol S (oo el Vb ol G ooyl Cod S i
Ooeae VY=Y ADVIV] 3l 55 wojps ol olio YL araasss
oo IYVY AOFIV] 5 oS by a4l Cot o yio
oo VY /Y AF /0] 1 Lawgio o)l i (go0 )l Coti canSo yio
S o e Vb iy 00 (g s 8 S 2o

@00 =005 58,5 )i by 39 Joo g 4o ulowl
5 parvasS Lol e cudgione I (a3 Cgllas Jlais! lgis
Cilisee bl sl (i) 9 (o) 55,9l Ol dilalo 3508
cod (355 9 iy eye Jol ) 5y0 SLalllas 039050 ()Ll
IS 5 oS ol el candts Ol by s ilisee (glags L
ol 0dds o2l L ¥
St b oS smd e L5 UITSP e o 51 ool gl
SOl 5 panass ol (slvoygd yo 08 9 303y i slaole (in
W pfple ol oyl 55 a8 sl o By0 Slelllas 03g9ae ;>
Loles 30 ) S o Cmdg 1> Ol panass lise <lsl3 o
b oS b o ol (pl jo yiiin Ol 25008 4 e &5 Cul
oslizwl b o amass g &k olesly (lial b as” s o ol
Gi9liS O Glols 5 ariasd )lje 0dd 031 drwg Jte



\#£4 ol glads> yogo Solai (539 yaol pr Juo 3l eolaswl b Ol dgueS S 2Ll ey 9 815 Crame

P 40 g TT1s . 0
}\«,E I ‘ ‘ 1 ‘ MHI " j\/\
D E 35 D%
g = 1
3 = ‘ﬁi =
9 o A
~g 30 2 3%
i ES:
: = 25 )

E s 42
38 20 18
5 2 4 2
%‘; I 15 .
.3 E S—

& 5
13 10

2
1 ‘ 6

0 Iu.“-l n..ul |“.||I“I||I.‘ \I|HHI .H||“.\. el dil _ddildas -7
14710147101 47101 47101471014 710147101 471014710
L M H L M H L M H
a=0.05 ,i » a=0.05 ,L a=0.05,)5)

(0 O S) (oaba (i Ay

W (Y6 O S) e ol 2 saeS

B (0xh O R) i) eanadd dig OV B (YU O1S) (Fie ) ) (oanads A
(Yo O 8) (oatans (i gy

(08 0S) ol ol 258

B (Oab OS) e o) <l a5

B (YL O)S) a2 58

a = Jlin! a9 O ol ©ud @it zhw Cod (5l Wit 3blo 65,0liS O dilale d9m8 5 (anass Lo ¢y jue —F JSWS

0.05

Figure 4- Monthly agricultural water demand, allocation and shortage conditions of different irrigation areas under different
flow levels when a = 0.05
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Table 1- Comparison actual conditions of Maran basin with the results of UITSP
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Annually agricultural irrigation water use (mm3)
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Annual change in aquifer volume
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Percentage change of aquifer volume compared to the actual condition

(L)) s GRS S50
Net system benefit (10'° Rials)
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(s2819) 29290 259 Ak 359
Actual condition  Optimal condition
163.9 156.1
-15.4 -7.6

- +50.4
105.5 128.1
- +17.6

Percentage change in the net system benefit compared to the actual condition
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Table 2- Evaluation index factor classification
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Table 3- Results of water shortage risk evaluation index of Marand basin
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Lower bound

55 Jlods | mlaww
Probability of violating 0.01 0.05 0.1
constraint
ol ous oS busgie Yoo o bege YL oS bwge YL
Flow level Low Middle High Low Middle High Low Middle High
(a).‘s’f"f'ﬂ“' 0.25 0.25 031 028 031 039 033 039 044
Reliability («)
S
(B) S 0.75 0.75 069 072 069 061 067 061 056
Risk (8)
.wi
(X)“”Jf’.“' 0.72 0.51 042 058 043 032 049 043 0.39
Vulnerability (x)
(’1).‘5’[5}1““ 0.35 0.35 038 036 039 036 034 034 040
Consistency (1)
(6) cohyenis s 020 020 032 022 023 031 025 031 039
Resiliency (6)
(CV) Sy 22 26 237 204 238 194 178 217 178 163
Risk degree (CV)
YU oS
Upper bound
L5 o] s
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Risk ()
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Vulnerability (x)
lf.
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Risk degree (CV)
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Figure 5- Water shortage risk evaluation results of Marand Basin under different scenarios (lower bound)
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Figure 6- Water shortage risk evaluation results of Marand Basin under different scenarios (upper bound)



WY holei glado pogo (Holai (535 yaeby Joo 1 oolisw! b ©F gueS w5 (U5l el § O Commu>

2—29 ASJ.m.)u.o u‘-—“’ adlao Oﬁ‘ )'1 J._.@b @L.; Egome 5> ubw 9 dﬁf%ﬁ
I8 awliol bl o Wige Sllllas 0390w j3 (6,00 500 500 D950
Oiliel 4 e o pde sl jhgy ule ColS Cyso jd g 3yl
sl opl &S 0 banles suejp ol mbe 5l gl pe e ol i
@l orizmen bl Jlis &1 glygel e M (133 e R | L
ol Jad bl p0 aedy o L ol dgreS Sy (2bj) bdl'\léf )ipﬁ g r)' > e)/y .@y I:W uhele
S Wllao 03g45xs )3 Sonsy gt (S (sl L (g1l 2o Sorbabpac OrTen 5 4855 A 2 dncadgione 2 o0 s
S S pamuad sloals 35 elgil 1 0,8 o Jlas o Bolay slayl,S
G0y 5 emass xd Wgy doldl &g 13 1 09 0 Aoy o "”W@/uﬁ “Lybgadg")%dﬁ)
e st o ol g e A Je Lalje jl %00 (o 5500 (5w 3l A8 o ol abog o
; ‘ e 4 bype slacusbipse &5 o)) 1 Gl &5 el ol (ool
2 oo ydyd G el Glie yeid g (65)9UiS @Y guame Lo e (sl ] oo 3 O L w) e cslo ol
CJa.wA.g9b.)‘.) 9)"""""““" Cg]a.w&‘w@]thL» QRTwe (& )u‘l::)%JuL:‘u"?*T .]' S yol)l
45 359, cpl Al 8 Sy 55 (oo B ye) YU b S R St £ ks s U S bed
uasuie bushisic &S 4l 51 s g 098 0 J> (g5lwdigy Jde
Ol e an a5 395 o Sl eMb] 0aiS' By e ya 4 BA
Oty 9o gy d9eeS b i Bly 3 9 S o Bl

vanass gl Cusinpis g b g ls S dalllae oyl o
Cawl 05 031> Wy u] .)91.05 k-{ua%) u.’l)))‘ 9 dj)9‘.~3§ ui é»l.m

i 3 392> g0 Slacuablpse JolS jolody dBlban g g2 jle

Ol wle copie lp i Slalidl g el Slyso g o Kye

Lags 1y Sldlles 035000 opl (o0l iaiBl Slo g g liSale, w
el 093l9) LRl 4 drgi b 39S 0 dleidy cplplh S (o
O glie 4 (e i ol g0 0l 5 ()il (58 9
GBS G pae 4 Ol gl (arass 4 card 1l g 395 oy 5
ole g pte by b (5laS i pas YL il
2 g od yide (3Ll dgw o Uapdy )0 (65 cng
Elel31 3561 L cppimed g g9y ol oy b B LS o, e
Y gamo C S e G122 o o Y
d9u0) ey (Solel g s> Jlo e 1 g 2l o8 4 plie 1)
Iy adhaio > Ol 3gae8 ,Liid g5 o (LB y—sao o a5ly yo oI5l 4
35 6oy e 4t 9 50k ©)ge 439290 plia g 02l ialS

255 Copdely ol 13 Ol 2geS S

5 9 il Al 095 sl pe; 9y p (ol d)l.;\fdg.l.o)_w G

03950 ;3 diBlide el g l> 2,5 L LS 290 o 1y D65 g5
Cod LS).)Sl—"::S u‘ .39.:.45 M) u_:l;))l E.E_w 9 dlo)‘l.g G yg—o
Dy o0 bl Codgazs 5l Jast g by i alisie polaw

ol Byae (35250) (Bl Ll 3 5 parass dlste @l alic
A3 g0 ol |y aliaswgs gzyle 3,5 bl ((gy5liS

&l

1- Askew A.J. 1974. Chance-constrained dynamic programming and the optimization of water resource systems. Water
Resources Research 10(6): 1099-1106.

2- Bohle C., Maturana S., and Vera J. 2010. A robust optimization approach to wine grape harvesting scheduling.
European Journal of Operational Research 200(1): 245-252.

3- Chen C., Huang G.H., Li Y.P., and Zhou Y. 2013. A robust risk analysis method of water resources allocation under
uncertainty. Stochastic Environmental Research and Risk Assessment 27(3): 713-723.

4- Chung G., Lansey K., and Bayraksan G. 2009. Reliable water supply system design under uncertainty. Environmental
Modelling and Software 24(4): 449-462.

5- Dai 2.Y., and Li Y.P. 2013. A multistage irrigation water allocation model for agricultural land-use planning under
uncertainty. Agricultural Water Management 129: 69-79.

6- GuW.Q., Shao D.G., and Jiang Y.F. 2012. Risk evaluation of water shortage in source area of middle route project for
South-to North water transfer in China. Water Resources Management 26(12): 3479-3493.

7- Guo P., Huang G.H., He L., and Zhu H. 2009. Interval-parameter two-stage stochastic semi-infinite programming:
application to water resources management under uncertainty. Water Resources Management 23(5): 1001-1023.

8- Haiyan W. 2002. Assessment and prediction of overall environmental quality of Zhuzhou City, Hunan Province, China.
Journal of Environmental Management 66(3): 329-340.

9- Hashimoto T., Stedinger J.R., and Loucks D.P. 1982. Reliability, resiliency and vulnerability criteria for water
resources system performance evaluation. Water Resources Research 18(1): 14-20.



VFer oyl (¥ o ylod (FO alor «(55)9liS arwgi g olasdl 4y s VY

10- He L., Huang G.H., and Lu H.W. 2008. A simulation-based fuzzy chance-constrained programming model for optimal
groundwater remediation under uncertainty. Advances in Water Resources 31(12): 1622—-1635.

11- Homayounifar M., and Rastgaripour F. 2010. Water allocation of Latian dam between agricultural products under
uncertainty. Journal of Agricultural Economics and Development 24(2): 259-267. (In Persian with English abstract)

12- Huang G.H. 1996. IPWM: An Interval Parameter Water Quality Management Model. Engineering Optimization 26:
79-103.

13- Huang, G.H., Loucks, D.P., 2000. An inexact two-stage stochastic programming model for water resources
management under uncertainty. Civil Engineering Systems 17(2): 95-118.

14- International Water Management Institute. 2000. World water supply and demand. International Water Management
Institute, Colombo, Sri Lanka.

15- Kataoka S. 1963. A stochastic programming model. Econometrica 31(1): 181-196.

16- Li M., and Guo P. 2015. A coupled random-fuzzy two-stage programming model for crop area optimization—a case
study of the middle Heihe River basin, China. Agricultural Water Management 155: 53-66.

17-Li Q. Q., Li, Y. P., Huang G. H., and Wang C.X. 2018. Risk aversion-based interval stochastic programming approach
for agricultural water management under uncertainty. Stochastic Environmental Research and Risk Assessment 32(3):
715-732.

18- Li W., Wang B., Xie Y.L., Huang G.H., and Liu L. 2015. An inexact mixed risk-aversion two-stage stochastic
programming model for water resources management under uncertainty. Environmental Science and Pollution
Research 22(4): 2964-2975.

19- Li Y.P., Liu J., and Huang G.H. 2014. A hybrid fuzzy-stochastic programming method for water trading within an
agricultural system. Agricultural Systems 123: 71-83.

20- Lu X., Li L.Y., Lei K., Wang L., Zhai Y., and Zhai M. 2010. Water quality assessment of Wei River, China using
fuzzy synthetic evaluation. Environmental Earth Sciences 60(8): 1693-1699.

21- Magsood 1., and Huang G.H. 2003. A two-stage interval-stochastic programming model for waste management under
uncertainty. Journal of the Air & Waste Management Association 53(5): 540-552.

22- Magsood I., Huang G.H., and Yeomans J.S. 2005. An interval-parameter fuzzy two-stage stochastic program for
water resources management under uncertainty. European Journal of Operational Research 167(1): 208-225.

23- Mardani M., Abdeshahi A., and Shirzadi Laskookalayeh S. 2020. Determining the Optimal Cropping Pattern with
Emphasis on Proper Use of Sustainable Agricultural Disruptive Inputs: Application of Robust Multi-Objective Linear
Fractional Programming. Journal of Agricultural Science and Sustainable Production 30(1): 241-256.

24- Mardani M., Ziaei S., and Nikouei A. 2018. Optimal cropping pattern modifications with the aim of environmental-
economic decision making under uncertainty. International Journal of Agricultural Management and Development
8(3): 365-375.

25- Nafarzadegan A.R., Vagharfard H., Nikoo M.R., and Nohegar A. 2017. Application of interactive interval linear
programming for optimal water and crop area allocation considering virtual water content and socio-economic factors
(Case study: Dorudzan-Korbal Plain). Iranian Journal of Ecohydrology 4(2): 601-613. (In Persian with English
abstract)

26- Onkal-Engin G., Demir I., and Hiz H. 2004. Assessment of urban air quality in Istanbul using fuzzy synthetic
evaluation. Atmospheric Environment 38(23): 3809-3815.

27- Regulwar D.G., and Gurav J.B. 2011. Irrigation planning under uncertainty-a multi objective fuzzy linear
programming approach. Water Resources Management 25(5): 1387-1416.

28- Ruan B.Q., Han Y.P., Wang H., and Jiang R.F. 2005. Fuzzy comprehensive assessment of water shortage risk. Journal
of Hydraulic Engineering 36(8): 906-912.

29- Sabuhi Sabouni M., and Mardani M. 2013. Application of robust optimization approach for agricultural water resource
management under uncertainty. Journal of Irrigation and Drainage Engineering 139(7): 571-581.

30- Sabuhi Sabuni M., Rastegari F., and Kahkha A. 2009. Optimal allocation of Torogh dam water between agricultural
and urban sectors by an interval parameter fuzzy two stages stochastic programming under uncertainty. Economics
and Agriculture Journal 3(1): 33-55. (In Persian with English abstract)

31- Safavi H.R., and Golmohammadi M.H. 2016. Evaluating the water resource systems performance using fuzzy
reliability, resilience and vulnerability. Iran-Water Resources Research 12(1): 68-83. (In Persian with English
abstract)

32- Singh A. 2015. Land and water management planning for increasing farm income in irrigated dry areas. Land Use
Policy 42: 224-250.

33- Tabriz Regional Water Organization, Department of Equipment and Development of Agricultural Irrigation
Networks. (2019). Selected Water Resources Data, Unpublished result. Tabriz, Iran.

34- Wang Y.Y., Huang G.H., Wang S., Li W., and Guan P.B. 2016. A risk-based interactive multi-stage stochastic
programming approach for water resources planning under dual uncertainties. Advances in Water Resources 94: 217-
230.

35- Yang L., Li A, and Bai H. 2011. Using Fuzzy Theory and Principal Component Analysis for Water Shortage Risk



WO olwi gl pogo (Holai (533 yaeby Joo 1 oolisw! b ©F SgueS w5 (U35l el § O Commmn>

Assessment in Beijing, China. Energy Procedia 11: 2085-2092.

36- Zhang C., Yue Q., and Guo P. 2019. A Nonlinear Inexact Two-Stage Management Model for Agricultural Water
Allocation under Uncertainty Based on the Heihe River Water Diversion Plan. International Journal of Environmental
Research and Public Health 16(11): 1884.

37- Zhang N., Li Y.P., Huang W.W., and Liu J. 2014. An Inexact two-stage water quality management model for
supporting sustainable development in a rural system. Journal of Environmental Informatics 24(1): 52-64.



Journal of Agricultural Economics and Development $39LS Aruwgi g oLl 4y 5l

Vol. 35, No. 2, Summer 2021, p. 161-178 gﬁmﬁ YV-IVA Lo AF s ol ¥ o)lods VO ol

Water Shortage Risk Assessment Using an Interactive Two-stage Stochastic
Programming Model (Case Study: Marand Basin)

J. Hosseinzad'!*- M. Raei?
Received: 06-03-2021
Accepted: 18-05-2021

Introduction: In recent years, the problem of water scarcity is becoming one of the most challenging issues
with the economic development and population growth that have involved many sectors due to its importance and
economic status and has received increasing attention from governments and international research organizations.
This emphasizes the need for optimal allocation of mentioned resources to balance socio-economic development
and save water. Therefore, the aim of this study is to develop an uncertainty-based framework for agricultural
water resources allocation and calculate the amount of water shortage after allocation and also risk evaluation of
agricultural water shortage. The developed framework will be applied to a real case study in the Marand basin,
northwest of Iran. Perception of the amount and severity of risk on the system can be a good guide in the optimal
allocation of resources and reduction of damage.

Materials and Methods: Since various uncertainties exist in the interactions among many system components,
optimal allocation of agricultural irrigation water resources in real field conditions is more challenging. Therefore,
introduction of uncertainty into traditional optimization methods is an effective way to reflect the complexity and
reality of an agricultural water resources allocation system. Among different methods, inexact two-stage stochastic
programming (ITSP) has proved to be an effective technique for dealing with uncertain coefficients in water
resources management problems. ITSP is incapable of reflecting random uncertainties that coexist in the objective
function and constraints. Considering the risk of violating uncertain constraints and the stochastic uncertainty of
agricultural irrigation water availability on the right hand side of constraints and uncertainties related to economic
data such as the revenue and penalty in the objective function which are expressed as probability distributions, the
CCP method and Kataoka’s criterion are introduced into the ITSP model, thus forming the uncertainty-based
interactive two-stage stochastic programming (UITSP) model for supporting water resources management. A set
of decision alternatives with different combinations of risk levels applied to the objective function and constraints
can be generated for planning the water resources allocation system. In the next step, on the basis of results of
UITSP agricultural irrigation water shortage risk evaluation can be conducted by using risk assessment indicators
(reliability, resiliency, vulnerability, risk degree and consistency) and the fuzzy comprehensive evaluation method.

Results and Discussion: A series of water allocation results under different flow levels and different
combinations of risk levels were obtained and analyzed in detail through optimally allocating limited water
resources to different irrigation areas of Marand basin. The results can help decision makers examine potential
interactions between risks related to the stochastic objective function and constraints. Furthermore, a number of
solutions can be obtained under different water policy scenarios, which are useful for decision makers to formulate
an appropriate policy under uncertainty.

The results show that the dry season, i.e., July, August and September are the peak periods of water allocation
and demand in Marand basin, which in these months, despite the higher water demand, the amount of water
allocation in the current situation is less, which leads to more water shortages in these months. However, the results
show that by increasing the efficiency of irrigation and water allocation using the developed framework, the
amount of agricultural water allocation and demand is almost balanced and in addition to reducing water shortages,
it leads to control over extraction from wells. Also, the goals of the regional water organization, which is reducing
the amount of water allocated in the agricultural sector, will be achieved. Comparison with actual conditions shows
that the allocation of water resources using the developed framework reduces water shortages while allocation
becomes more efficient. Furthermore, the net system benefits per unit water increase which will demonstrate the
feasibility and applicability of the developed framework. Results of evaluation of agricultural irrigation water
shortage risks indicate that the water shortage risks in the Marand basin are in the category of serious or critical
risk level. Therefore, if the current trend of allocation and exploitation of water resources continues, with the
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population growth, climate change, increasing demand for agricultural products and changing the probability of
available water in the future, the water shortage risk would increase to the unbearable risk level. The continuation
of this process threatens all investments and economic foundations of this study area. Therefore, the risk of water
shortage in the future should be managed by improving the water-saving technologies and also changing the
cultivation pattern to drought resistant crops.

Conclusion: In this study, an uncertainty-based framework for agricultural water resources allocation and risk
evaluation was developed, including model optimization of agricultural water and risk evaluation of water
shortage. The developed framework is capable of fully reflecting multiple uncertainties. The developed framework
will be helpful for managers in gaining insights into the tradeoffs between system benefits and related risks,
permitting an in-depth analysis of risks of agricultural irrigation water shortage under various scenarios. The
assessment of agricultural water shortage risk based on the results of the optimization model helps decision makers
to obtain in-depth analysis of agricultural irrigation water shortage risk under various scenarios. In application of
the developed framework to Marand basin, series of results of agricultural water resources allocation expressed as
intervals, and agricultural water shortage risk evaluation levels under different flow levels and also different
combinations of risk levels are generated. Comparison between optimal results and actual conditions of
agricultural irrigation water allocation demonstrates the feasibility and applicability of the developed framework.
Results of evaluation of agricultural irrigation water shortage risks indicate that the water shortage risks in the
Marand basin are in the category of serious or critical risk level. Therefore, effective risk management measures
should be taken first for different irrigation areas of Marand basin.

Keywords: Fuzzy comprehensive evaluation, Interactive two-stage stochastic programming, Risk evaluation,
Uncertainty, Water management
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Table 1- The assessment coefficient matrix B of Mrand basin

omb oS

Lower bound

BifaYamaoo1L = WY X Ry 4001, = {0.00,0.00,0.1547,0.3721,0.4732}

Bitena0oim = W X Rifel 1001 = {0.00,0.1112,0.1918,0.3208, 0.4273}

Bifurema,o0.01,u = W X RPN 4001 = {0.00,0.2223,0.1477,0.5249,0.1051}

Bifarema0.0s., = WEWET X REover | 005, = {0.00,0.0247,0.3118,0.3084, 0.3552}

Bifarand00sm = WY X Ry 4 0.05m = {0.00,0.2100,0.1855,0.4312,0.1733}

BLower oosy = WEoWer x Rhower o os.n = {0.0988,0.1482,0.3068,0.3415,0.1048}

Bifarana,o.11 = WY X RiZarer a4, = {0.00,0.1359,0.2565,0.3641,0.2435}

Bifaremaoam = WEWET x Rigver 1 01m = {0.00,0.2100,0.3438,0.3340,0.1122}

BEWeT g0y = WEOWET x REgwer | = {0.1359,0.1559,0.3385,0.3598,0.0100}

YU oS
Upper bound

Rifarand0.01.. = WP X R 1001, = (0.0662,0.1544,0.1191,0.3915,0.2687)

RZI:;;Z;M,O.OLM = WUPPer x RZ’Zf«Zld,om,M ={0.2096,0.0110,0.1582,0.4478,0.1733}

RZI;I;ZW'O'OLH = WUPPET R%f;ﬁ;d,o.oLH = {0.2206,0.0758,0.2460,0.4189,0.0387}

Rmﬁld,o.m = WUpPer x RZ’Zf«Zla,o.os,L = {0.1655,0.0552,0.1798,0.4547,0.1449}

Rifarandoosm = WP X Ry 10 05, = (0.2206,0.0217,0.3348,0.3849,0.0380}

Rm’ﬁla,o.os,a = WUPPET x RZZ;Z;(Z;M,O.OS,H = {0.2206,0.1083,0.3650,0.3061,0.00}

Riframa01 = WUPPET X RPPET o 11 = {0.2206,0.0217,0.3084,0.3881,0.0612}

R%zz;fzrnd,m,M = WUPPeT x Rm’;ffnd,m,m = {0.2206,0.1083,0.3824,0.2887,0.00}

Riforamaonn = WUPPET X RPPET o 1 4 = {0.2491,0.3347,0.3205,0.0958, 0.00}




