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4- Kataoka’s criterion
5- Danjiangkou reservoir
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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 (55yltS Ol 2ga8’ Sy 215 (sl
5 s oy coddeie byl cela sl 5 ol e UITSP
O golie 6l s ) G g > ] 45 la a5 dlos
S pdlazel asle ooyt S 4 o)l o g S oo odlar_wl
2,8 o)Ll 06,85k o TSy 42 Tyl TSy
(YA 59) caslons a3l byl s 4 dald) j> a8

39205 (Olpebol €ullB) (s pplazel ol glio s S sl
Lol 5l abais Sy )3 i Cudbge Sl lgis 4
VA) sl 048 (s (V) ) S pg0s &5 250 00 i yo (290
Iy

W
1

1
a = 7Z(]—y)

= (v)

Db o 458 a3y ekl bl uSey Sy & bal |
255 ol B =1 — o &ypoh Gl e dogr e S el
s Gliwebl Cluld (S0l @ g yaoliy 381 T (598 Laslg) )
b aghgn misto Sy Zp Ao Sy Lo B g o wlia
ol T plej 0 ol Lol aogly adbiee SG 5 Hho (lagsh)))
)5 5 0 jho g0 cul 8 09 ) pl ol e g
Dy 0

S ol @l i €ty o 21 s & (6 It
iy (V) alayly yeio 4 Cowl Gallas clls 4 cnSs s

(% 93) 290
. i
= ZW,/ZZ,
r=1 r=1

S hEiS Sk 6 (3gb ke
&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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2- Weighted average principle
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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
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Figure 4- Monthly agricultural water demand, allocation and shortage conditions of different irrigation areas under different
flow levels when ¢ = 0.05
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Table 1- Comparison actual conditions of Maran basin with the results of UITSP

(o 5o iselie) (53,9188 i > (e o] &Vl B pme
Annually agricultural irrigation water use (mm3)

Ob’huj > &Yl ul)-u.v
Annual change in aquifer volume
9290 Eo9 4 Cumd (lyPul o2 i Aoy

Percentage change of aquifer volume compared to the actual condition

(L)) s GRS S50
Net system benefit (10'° Rials)

29290 Edg 4 Capnd lapes AlS g S Aoy

(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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Very Low risk level (1)
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Low risk level (I1)
() boogto Sy o 4010600 0401-0.600  0.401-0.600  0.401-0.600  0.801-1400
Middle risk level (111)
(V)sbs Sens o 56010800  0.601-0800  0.201-0400  0.201-0400  1.401-2.00
High risk level (1V)
(V) sl S s >0.800 >0.800 <0.200 <0.200 >2.00

Very High risk level (V)
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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
Probability of violating 0.01 0.05 0.1
constrain
ol ous oS basgie Yoo oS hege YL oS lwge YL
Flow level Low  Middle High Low Middle High Low Middle High
(@) s piploce] 031 033 047 036 042 050 042 050 0.6
Reliability ()
S
(B) S 0.69 0.67 053 064 058 050 058 050 044
Risk ()
() s 034 021 016 025 019 011 015 01  0.06
Vulnerability (x)
lf.
('1).“’ e 0.36 0.36 035 036 042 042 037 042 051
Consistency (1)
(6)5.’*'”""“:5’* 0.23 0.25 044 028 036 05 036 05 083
Resiliency (6)
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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)
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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}




