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Abstract

The operation of reservoirs has become more important due to
the increase in water consumption, the climate change impacts,
and the geography of Iran. In this study, Yamchi reservoir
(Ardabil, Iran) operation is simulated using system dynamics
model in the Vensim software environment. The optimum
cropping pattern is then proposed based on the virtual water
concept, strategic role of products to supply public demands,
increased financial benefits, storage ability (in terms of time),
and water requirement of products. Next the reservoir
operation is assessed in system dynamics model applying the
management policy of the optimum cropping pattern and based
on three kinds of performance criteria including vulnerability,
resiliency, and reliability. The results showed that applying this
policy will decrease the water shortages by 43% compared to
the business-as-usual status for the period 1388-1410 (2009-
2032). The results of sustainability analysis also showed the
increase in sustainability indices by applying the optimal
cropping pattern. Finally the comparison of the results
indicated that the proposed policy were effective and practical
in reservoir operation improvement.
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Fig. 1- Schematic Diagram of the Water Supply and Demand for Yamchi Reservoir (ARWMC, 2013)
(ARWMC, 2013) ol dww yd &1 Lol g ad o aulio Silowd - JS0

Volume 13, No. 3, Fall 2017 (IR-WRR)

v


www.SID.ir

(eoeie ¥gaxe lye cod) Jpame sz g 235
a3l olaid] 450 Ld LY Joda o o &) (slajline ol y

9 Siodley jl o ool (559 ge> gy SeS A g Jlre o 4

dylone S5 51 b sl jlitel 3g45m0 e 45 ol S5 4y oY
S Shs 4 dog b g 29350 slaodly @l dbl wlwly
Slilatel el 0399500 1 (gl sl 045 sl jline Glod &y jaiee
2 Coonl I (Sb gt lael 5 Al jlee lod 4 paie
S gaze woley 3 &5 Ml J5 3)90 Jlne a3 I Jgarme
Sl glaylins jl (S L9 0 QLI ajline plos B b (ol
Y garme olod (sl 1l 4 2l oo silre O i (Jpae
Y guase Gl g (5le O dwle L9y dald] )3 .33,5 i

Wb dalgs ol Jeads 4

Sl 21 -Y-Y-¥
ol 2 058 O glie Cupde 3 sibre O cuanl  aST L
IS dlsis 4 sibre Ol ansbe bl 01 (2 30
w5 390 adg> 5> CulS BB dingy Y gase LBl gla)lre

Ol dulxe cqr SVgamme ol G Alsye cpl > 05 S
gbise (s NETWAT 1581 o5 51 slazial brees oo

asye 3 el s (Daneshvar Vousoughi et al., 2012)
S N0« e+ 3905 53 g)lal 5 (6555l js el sl Slalllas
Ol 298 s 4 (s Jolye )3 Jg 290 00 sk dillate o))
EVIRW) ‘_'):{‘ dﬁ)lf ‘J.,g.))l Cudd Oly‘uj s 9 J:).J)I P oy
ol ol 4Bl s s G 5l g Cariao ao i (6y5liS
O jl oS o gaken Yo 5l L 008 pual pils Jlo 55 e
Voeeee 29 )3 (dime) (e e g )l htyg Slo e oy
o dw opl P I syl e Ny O Mo sl sl

cdilaio jd CulS B &Y pame s 1w NS job 4l
O 33,5 ool LGl piaw (cacudgize bld b g i 540
Jlesl b33 )8 o o WY gase 51 S o cuiS 5 Al pdaw
Sl ()l0L (el e by Jae 3 0ad dl) (66Xl

23,5 o0 byl ey

Y graswe ol -Y-Y
Oliwl (ladlaie OT g (65598 sl lojle o)en b Ll )
byl s b )55k 5 culS ol sdoe Joamo VYl lac goomo ¢ Jusd)|

Domestic Industry
Demand Demand
"ANN Model Output as | l l
i Inflow to the Yamchi | - i
! Reservoir by Applying jms) Dynamic Model of ﬂ Total Demand Determination ‘_ Environmental
i Climate Change Impacts | Yamgchi Reservoir Demand
! on Weather Date ; I
‘ Agriculture Demand ‘
Assessment of Policy Yes Arable Crops in Crop g?::;g__l: R;;Z]i
sustainability the Case Study Stora_g_e - z b
Capability eman
Simple Weighted - l l
Method to Select —b{ Improved Scenarios }0— —‘ Crop Selection Criteria ‘
the Crops I
Major Crop | | [ Virtual Water
| : — Requirement for Each
Optimization Process Selective Crop Determination ‘ in Water-filled Crop
l Seazon
Financial
Optimum Crop Pattern ‘ Profit

Fig. 2- Flowchart of the Study
G g Y U

Volume 13, No. 3, Fall 2017 (IR-WRR)

\c


www.SID.ir

Table 1- Criteria and Value of Each Criterion
slame g2 kel ol g ylume =) Joua

Range of

Weight of

Criteria Value Criterion Definition
Virtual Water for Each Crop 1-9 4 The higher the virtual water, the less the Value
Strategic Role in Providing 15 5 The more the Crops meet the Basic Public
Public Demand needs, the more the Value
) . i The Higher the Economic Efficiency Results,
1-10 3
Financial Profit the Higher the Value.
Products with more Storage Capacity have more
Crop Storage Capability 1-5 3 Privi ge Capacity
rivileges.
Major Crop Requirement in 13 5 The Value Determined Due to the Crop Water
High-Water Season Requirement and Seasonal Irrigation.
‘5).“ ”..Q ) _‘*‘_‘-’_" uYya:m CuiS )_:) c‘a.u: 9 .))_g.lo.c JQM)H PR PN

SV gane CulS pj ding e ge pslale & yp onl
Silwaings lyp sl ord odlainl s gilwdigg o
Oloie 4 g dusbro (oolaidl Ll dgw @b ddlaie culS oSl
dle lacodgame .l ord iy silwdige Bus &b
NS e S pj gaw Sl g Jle Jold giloaig
odd 033 Larass Ol plie (i 15 Codgiome g Y g
S g 2 o)l Cod it 5 e JS 5 (65p9ltS Sl
) (F) el b (55,98 51 Jools 330 (s3lutigs Jan L3

WG] 005
Max B(x) = Max Y i, (b; Y; — C)A;
Subject to:
Aimin < Aj < Ajmax (¥)

4
Z Ai < ATotal
i=1

4

Z Ai- Wj < WTotal
i=1

S5 odos (59,8 Cunsd 0l o i 0 Ay oY £ B(x) by
3,8dee (Jb)) M au i (b)) 2l 39— (Jb)) Jpae
Jlw 3 (Se) 0ad cutS ¥ game 55l cuiS 55 daw
Oopzen bl Jed)l pll 0 Jeese s
S BB aaw Sl 0aiS slo Wrorar s Wi Aimin Aimax
2 aSayia) olS ol 5l iSa) cuiS” B s Sl (1S2)
($539W8 s & VL (Caaie) amass BB Ol S g (e
P9 Ko g dilale jl JBls el Ban b bl o
290 oMbl 4y dagi b Jpaze 1 sl Gl p ljle Y gazce
P eSSl g e i lels)S Gl g adlais o
ol g el ond )8 L gl dlue slacydeime

4SS bl coograghe 5 Jm) cusy p cuiS L
J—L8 Yo gl Ol o 5 01 g (2ol A
My Sl ) by, I oedlatd L s
(Rouhani et al., 2009; Hoekstra et al., 2011; Dehghan
5l ol sy jd cwl S5 4 p;Y Menshadi et al., 2015)
bl 248550 )3 (453l Y e 355 (sl s3lome ol psre
calipads Jole cplplo wul oud odlitul ¥ game I 5L
Sl sl B Gl 4 Jpame as e o] plo sl

23,5 o oke
VWC = oY ()
CJ
o Yj=1 Ycj*XAcj
Y, ’ Y
¢ TAcj (v)

S Jlo g odd CulS Jpaze g5 0llS Gl i 4 g €
?c,j Y gamo (gilre ol e VWC; sl Jopaxs
g ol 5k CWR; ‘(ton/ha) Jyaze o 5 Sles Lawgis
Jyae o 3Skes Yo (M) Usame jo sly ailaio
TAcj 5 (ha) dilaio o Jpaoo ot ) o Acj (FO7/)

Al (o (ha) ddlaie cuiS ;5 pdaw JS

o3l (39 o gy ~V-T-Y
go & 0w (S5 gex By) 5 (Fi) auss » jlael (5:50ke
i)l i lme 203 51T 4038 g ol )3 48 35 e Gl o Alas
S J ke o )00 Bk 1wl by )lae Slass N g 551> @5 010l

by ol 4 s 39

_ Zaway v)

F

n
j=1Yj

Volume 13, No. 3, Fall 2017 (IR-WRR)

I


www.SID.ir

Sl Cage Oples g e g Sye g g3 spole b o
Al )Y g Cumex HlSlo )0 4ol 4 &S Wad o Coume o Ly

20,5 o ju ol ol o8l 4 e

Crop Pattern Change
+ >
Improved Crop Water
Scenario Requirement
A
2
+
Water Agriculture

Shur[ag:\_//]}em“d
J\

Climate Change
Impact

Fig. 3- Causal Loop Diagram of Agriculture
Demand

S329UiS Of 5L Jolkao g s alls Y JSS

A WM Jlo 4l clls 3 Gpne 4 Sl 5 duopd V/FY
St epd oamen 9 58 b Gl oy 5 3 WY e
Js)) il (glaglaie O o)lsl SleMbl olul s V/E 4l
ol 0 48,5 Las 5 (Abran Consulting Engineers, 2013)

ol ods iy o (F) Ay b ot o] lolis lade
Wp = P.q.PF *)
43‘).,.» G‘;)J.AA k&u L.,u)..o IXWie uL) Uiy :WD 9P‘q PF

Bl gm0y Sl 5 Sl £ Cmateg b (STl 4 b

o o Lol —Y-)_Y_Y

Sl oohl (oylsposee olpte Ohlebl oluly wuio Lol
ol e 15 salgs ST VEe el ] o) il sleiase
3l 18155 il ecaaia (e Sy YL i i

g Conn 5 1 GUSWES —F—Y-F-Y

Sy 1 e Ggelym sladllae wosd bl (sla)y (Bl
Oy dallan 3)90 dw Cuwd by g ddge sladilhg) laome
Ol Gliee (Zuyb srosly ywyiwd jd SleMbl g 5 Cuwl 48,55
so0lie 3o cpl 50 cplply Bl et 35 ol (gilwla,

00,8 bld e b pleis 4 (So)b

Lol 04 o3laiw] oo O PWEL

0 5l Sl ey Shigr silwd e Y=Y

ol flo b (orob b s (2l S drwgi i ol )
B b gy cp) 53225 o0 oS s slo e 2 g Lo
dllas 3)90 ddg> )3 39290 dawg Syl g il (pg
asg Jao ol ons Sl Jue )b 381 et 4 VFYe Lo
s e g o 29308 Ol Gl (Lol Jao o5 ds Jolis (2xely
il e

ol Lol Juo 55 -)-Y-Y

S pioe ey Jaliel dw asg sl Ol Lol Jas 5
2 dlioe e Cuiiliny Coatio Sl oy Sl «s5y0las
D35 oo o puls by Jie 5 51 S cdala]

Ga9Lis of slols —y-)-Y-v

e 5,00 a5 > ol Sl kel il Ol Lol
wgame ol 5l S 5 e Jao 5 cal 2 Adlis
2 5o Jolse e 4 2 b el s b 5 olel e
Al g3 5 catS oSl o Blod ¢35l Sl (gLl
Jao 5l odel sty cutS ahgy 5581 g b iS5
slold e wlibl bl oas a)S Jlas o o gjlwdigg
hapte ol o b e Gl O 2908 (5o s psltS
Ol 4 deg b g Sl jyoliS Lol il cax

25 o S5t it dils S o8 i L ol 2918
20,5 o duole 0 dlaly 5l eolaiol b (65,58 50
Wy = ZiL, M )
2 melBl s (36 aiS Gy i 4 W g widy d; LG
st S Y guasms it 5 s o)l] o]y (Y guao
adllas olol il (6jygliS 5l S Hlade 5 &Y gace
Sl 3155 (65y9liS OV g T 5l cailaio )5 48 )5 & jg
.(Zarghami et al., 2015) ¢l aalgs 158l 0o yd & (ould] jouss

i o Lo -Y-)-Y-Y

9 5 2 ) & Gpas dlpw anor i | Slie oy s
b ldye (Jol e Comer Adl o olo g dilig) S oy
Ol ol il e cumen Ll38l L g Al o oy T 5

Volume 13, No. 3, Fall 2017 (IR-WRR)


www.SID.ir

Industry
Demand

w35 Jdo 3 -Y-Y-Y

B e N =

Spill Domestic
Demand _
L * *Environmental Total W
Seepage Yamchi Totsnl “in_ter + ';ﬂ afer
— Reservoir URPLY
Yy Water
Shoratge
pusion S}
Population Applying
Inflow Growth Agriculture
i — Scenario
Evaporation e Agriculture
o " . Demand
Climate Change
Impacts
Fig. 4- Causal Loop diagram of the System
Jae S5 0 pSls Jolro g e 5405 -F S0
Area — Temprature
Evaporation
+ Rate +
+ Climate Change

Level

Yamchi
Reservoir

Min Storage

Max Storage

Fig. 5- Causal Loop Diagram of Yamchi Reservoir
Operation

ol s (35w d,Sdos  Jokro g Cle dlls -0 JSSG

Jw (rwioue -F-Y

2 oS ooby by gl gl s b ysie (ooled e 5l g
S oolitel b (A JSi5) g 55 Jloges e y2j pn cslogial
oy 2Bl o0 1S ed (Silo e Lo S5 a5 VENSIM 381 6 5
A5

do Jdo  oie Ol paw bl (Jae 5,Shes b)) <l
04335 dunlio abBly polio b Jao uls g 0nd (gilwdnd (ool
oawous WAY=IYAR 5u,l slaosls b el duw Jdo sl
Jie 0,80es obj)l jolaie 4 e o olis 1y odd (gjlodunis
—OH ke 9 RZ e Sl el s g (gilodnnd

(Ashofteh et al. 2014) col sas odlatw! eSSl

S (295 3l oodal Ol 9 Sl lipe iy e e
Sy b waldl s 3] 55 Ao ()30 0 (9399 Ol Ablse
B> cgjpen D jlado (ol Sajls S 4 a2 95 b (edaS (b y>
Gy Jhe p e e & @399 by jle 5 (jFe 0
sras 4 Jho I elil b e (g39)9 3,50
b e i gl onizzen g palll s Olst Jlesl L
135 Jlael Lzl d (sbgy Jio 5 USBR sl 5l oslizal
Jelre g e ddls osimd oLis & S (Zarghami et al. 2016)

Al (Freb o 5 4 by

yi :,,os Jo ») —-Y-y-y
Iy ol 358 yuio b Lol g Ol el oy bl ¢ Jae ol
°"\‘”w)”>9"°5)“MLU]U‘“°L9LOL°JU“dM“>]5>J)§U°
o Gpuno g dd,e 5o ol oMo Olyss 550 olse .l
oy L5 £ S 5 Ol 39S Jde Jokao g e dils sl o

ol 005

Ol 39008 Jo po 5 - F-Y-Y
By Ol dseS yuie b Lol 5 OF el o abaly (Jio ol o
oy L & IS5 p3 O 3gaeS Jae Jolre g e ails il o

ol 045

Volume 13, No. 3, Fall 2017 (IR-WRR)

\%


www.SID.ir

Total Water
Shortage

Total Water

Supﬂi N -

Released
Water

\\_\‘_“_ Environmental

Supply,

\L

-‘-‘___‘___:> Environmental
Shoratge +
‘\..______ Environmental
Demand

("\Tutal Water -4
Demand

Applying

Improved Scenario

. Ariculture
Demand

Domestic
Shortage =

~ Agriculture
Shortage

~  Industry
Shortage

Domestic
Demand

Fig. 6- Causal Loop Diagram of Yamchi Reservoir Shortage
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Table 2- Sustainability Criteria to Evaluate the Dynamic Model of Yamchi Reservoir
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Performance Criteria

Equation

Reliability

Resiliency

Rel =1 —

number of satisfactory values

number of total time series

number of times a satisfactory value follows an unsatisfactory value

Res =

number of unsatisfactory values

_sum of the positive values of difference between satisfactory values and threshold value

Vulnerability Vul =

Sustainability

number of unsatisfactory values

Sustainability = Rel X Res X |1

Vulnerability
Y Vulnerability
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Table 3- Virtual Water for the Selected Crops
S5lme Syl 5 e Y gate Y Jgan

Virtual Mean Water

Crops Water Requirement Performance RS_allesi RPrlce Water Cost Value of
3 3 (kg/ ) ( ial( )/k ) (Rlal(IR)/ 3) Each Crop
( / kg) ( / ha) ha 5 m

Wheat 0.62 2560 4145 14500 23477 0.74
Barley 0.52 1860 3600 9200 17806 0.64
Maize 1.02 6050 5907 9600 9374 0.44
Forage Corn 0.09 4040 43746 1100 11911 0.62
Peas 3.15 3480 1104 22200 7046 0.48
Bean 2.79 2900 1041 21000 7538 0.54
Potato 0.18 5360 29120 3600 19558 0.63
Onion 0.18 5950 32992 2400 13308 0.46
Tomato 0.14 4770 34911 6000 43913 0.51
Watermelon 0.09 3200 36208 3500 39603 0.53
Cucumber 0.23 3500 15125 5000 21607 0.39
Beet 0.18 7970 43327 2700 14678 0.53
Apple 0.62 4960 7953 6600 10582 0.39
Grape 0.99 4840 4907 10000 10139 0.28
Apricot 0.72 4130 5758 10000 13942 0.25
Pear 0.83 4960 5956 4500 5404 0.22
Sour cherry 1.54 4570 2975 8500 5534 0.23
Cherry 1.27 4570 3612 9000 7114 0.25
Walnut 6.64 5760 220000 33140 0.44
Peach 0.76 6890 9061 8500 11178 0.25
Cotton 2.01 5540 2754 25500 12675 0.52
Sunflower 3.37 4290 1272 21500 6377 0.44
Melon 0.17 3710 21791 3500 20558 0.38
Soya 3.61 6580 1824 19700 5462 0.46
Alfalfa 0.89 5540 6197 8000 8949 0.63
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Table 4- Optimum Crop Pattern and the Profit of Each Crop (10° Rials/ha)
(HUS 1Ly (ygebeo) (2eoly 45w C¥ guaeo Aty CulS 525 e 9 39w —F Jgo>

Crops Mean area of Optimum Crop Profit of Mean area of Profit of Optimum
tillage(ha) Pattern(ha) tillage(10°Rials) Crop
Pattern(10°Rials)
Wheat 1750 2000 41116.65 1169.5
Potato 2564 2534 48543.42 55477.94
Alfalfa 390 200 595696.72 58899.41
Barley 352 100 645141 3308.54
Sum 5056 4834 118708.20 118855.39
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Table 5- Reduction in Shortages by Applying the
Optimum Crop Pattern

CuiS int 5571 JLos] L 39005 SIS (300 -0 Sy

Shortages Reduction in Shortages (in
Percent)
Agriculture shortage 48.96
Domestic Shortage 35.72
Industry Shortage 24.6
Environmental a7
Shortage
Total Shortage 43.45
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Table 6- Sustainability Criteria to Evaluate the Management Policies in the Yamchi Reservoir Model
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Scenarios Reliability  Resiliency  Vulnerability Sustainability
Status Quo 0.7681 0.2031 3.7528 0.1407
Optimum crop Pattern 0.8586 0.2051 3.9535 0.1579
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