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Abstract

In this study, changes in temperature and precipitation is
calculated in two periods of 2020-2039 and 2040-2059 with
the composition of the weighted average of seven climate
model output under three emission scenarios. Then, discharge
into the Jamishan dam was predicted in IHACRES daily
model under the effect of climate change. Based on the
results of the simulation scenarios of status quo and climate
scenarios in  WEAP model, applicable management
alternatives to the region in each scenario were simulated
again. In regard of maintaining the sustainability of the basin,
social, economic, and environmental criteria were considered
and to assess each criterion a number of indicators were
calculated. In order to prevent the effect of personal opinions
the numerical objective weighting methods were used to
reach the preferred alternative. Finally three dimensional
matrix of scenario- alternative-index was solved by Multi-
criteria decision making methods. In overall, the results of the
climate change showed that the annual precipitation and
temperature are decreased and increased, respectively. The
results of multi- criteria decision making showed that in S1
scenario the alternatives 6 and 2 were the best. In the period
of 2020-2039 and under all three scenarios the alternatives 4
and 6 were the best.In the period of 2040-2059 the
alternatives 4 and 2 in scenarios A1B and A2 and alternatives
4 and 6 in scenario B1 were the best.

Keywords: Climate scenarios, Watershed Sustainability,
IHACRES, WEAP, Management Alternative, Multi-criteria
decision making.
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Table (1) Current and proposed cropping patterns
Ao (63 CuiS SN > Jgmatw p2 CulS aoyd - Jgs

Crops C1 (current situation) We(a:tgr(:\él(;rlllirrzlrjnrgnts) C3 (The highest income)

Wheat 25 30 15
Barley 25 25 15
Maize 6.7 4 4.1

Corn forage 0.7 2 0.4
Alfalfa 4.3 3 2.6
Soya 94 0 5.6
Rapeseed 0 10 0
e e ; b
Beet 135 6 15

Pea 3.2 5 3.2
Orchards 5 5 15

Grape 4 5 141
Summer Vegetables 0 0 15

Table (2) Description of the proposed options
SOl dlny (SB35 £ -F Jgi>

Options Crop Possible development Lapd_areg with pressurized ITar_1d area with surface
pattern land (ha) irrigation system (ha) irrigation system (ha)
1 C1 0 2000 3050
2 C1 1300 6350 0
3 (67 0 2000 3050
4 C2 0 5050 0
5 C3 500 2000 3550
6 C3 2000 7050 0
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(ASCE, 1998) e (¢ 5y ylizabo!

(number of satisfactory C¢ values) ((b)

RE(c) =

(total number of simulater periods)
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Table (3) Indicators of ssustainability sssessment
Silub by g ad Ll Y Jgas

Criterion Index Definition
Water allocation equity index Indicates coefficient of variation of the ratio of supply to demand in
(CV) all agricultural applications
Indicator of water scarcity for Indicates amount of annual water scarcity in agriculture (million
agriculture(IWD) cubic meters) that showes dissatisfaction of farmers
Social Reliability of agriculture (RE The number of times the ratio of supply to demand for agricultural

demands is between 0.6 and 1 divided by the total time steps of

(Agri)) simulation period (ASCE, 1998)
- . The number of times the ratio of supply to demand to the needs of
Rellablllty(?;é)n)dustry (RE industry is equal to 1 divided by the total time steps of simulation

period (ASCE, 1998)

Environmental reliability (RE

Environmental (Env))

The number of times the ratio of supply to demand to the needs of
environmental is equal to 1 divided by the total time steps in

simulation period (ASCE, 1998)

WER Indicator

Ratio of surface water allocated to agricultural land to available
surface water sources based on the average annual volume

Economic Benefit-cost ratio (B/C)

Represents the ratio of total income (income from cultivation) to the
total cost (total cost of investment and operation and maintenance)
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Fig (6) Temperature changes in each scenario 2020-
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Table (4) Calibrated parameter values in IHACRES model
IHACRES Jo (s yiol b 80w 8 pd S p3lio —F Joun

. F R L .
T(w) (Basin constant L (Humidity threshold P (Soil
o (Temperature  (Reference :
drying time) adjustment) _temperature) for runoff) moisture)
55 0 20 0 1

Table (5) Requires irrigation cropping patterns in each scenario for each period (thousand cubic meters per
hectare)

(5682 55 xSl o 152)0,95 12 45 525l 2 (1l @ Sl GagS! (5Ll 5L Glime =0 Jgo

Base Priod 2020-2039 Period 2040-2059
Period

Crop pattern Irrigation systems and irrigation efficiency - AlB A2 Bl AlB A2 Bl
C1 (current Pressurized irrigation system efficiency of 50% 7.3 7.8 72 83 9.3 7.9 8.9
situation) Surface irrigation systems efficiency 30% 12.2 13.0 120 138 155 131 148
C2 (Minimum  Pressurized irrigation system efficiency of 50% 11.9 124 115 129 131 117 134
. quir"‘gar:qe; ) Surface irrigation systems efficiency 30% 199 206 192 215 219 194 224
C3 (highest Pressurized irrigation system efficiency 50% 8.9 9.3 87 99 106 91 104
income) Surface irrigation systems efficiency 30% 14.8 156 144 164 176 152 173
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Fig (6) Results obtained from the index in S1 scenario
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Environmental indicators Social indicators E_co_nomic
indicator
- IWD . .
Option  RE(env) WER (MCM) CV  RE(ind) RE(agri) B/C

1 0.88 0.67 23.36 0.16 0.88 0.92 0.71
Continua 2 0.90 0.61 3.65 0.12 0.88 0.96 0.76
tion of 3 0.83 0.75 4128 0.24 0.78 0.85 1.25
current 4 0.88 0.68 8.47 0.16 0.83 0.93 1.43
situation 5 0.85 0.67 471 015 0.88 0.94 0.69
6 0.90 0.60 301 0.14 0.89 0.88 0.84
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Table (7) The results of each scenario in the period 2020-2039

Environmental S Economic
indicators Social indicators indicator
Option  RE(env)  WER (,\'Avglt\)ﬂ) CV  RE(ind) RE(gr) BIC
1 0.63 0.73 21.52 0.28 0.64 0.73 0.57
2 0.65 0.69 16.42 0.24 0.65 0.84 0.69
ALB 3 0.66 0.75 37.13 0.34 0.66 0.67 1.00
4 0.73 0.65 14.37 0.20 0.73 0.92 1.43
5 0.60 0.76 19.77 0.28 0.60 0.75 0.57
6 0.60 0.71 14.82 0.23 0.60 0.91 0.74
1 0.71 0.71 15.63 0.24 0.68 0.80 0.61
2 0.74 0.67 11.39 0.20 0.71 0.91 0.76
A2 3 0.72 0.75 29.19 0.30 0.70 0.75 111
4 0.79 0.64 8.88 0.16 0.77 1.00 1.43
5 0.67 0.74 13.59 0.23 0.65 0.83 0.62
6 0.69 0.68 10.01 0.20 0.67 1.00 0.74
1 0.69 0.76 22.69 0.28 0.66 0.74 0.57
2 0.770 0.70 17.96 0.25 0.67 0.75 0.62
B1 3 0.70 0.77 37.00 0.33 0.68 0.73 1.09
4 0.78 0.68 13.46 0.19 0.75 0.85 131
5 0.63 0.80 18.71 0.26 0.60 0.78 0.59
6 0.65 0.74 13.85 0.22 0.61 1.00 0.74
Table (8) The results of each scenario in the period 2040-2059
YoOR-Ye¥e 2590 10 923l 2 13 b ad Ll dnwlowe gl -A Joua
Environmental e Economic
indicators Social indicators indicator
option RE(env) WER IWD(MCM) CVv RE(ind) RE(agri) B/C
1 0.63 0.78 28.14 0.29 0.60 0.68 0.53
2 0.64 0.73 22.12 0.25 0.60 0.79 0.65
ALB 3 0.66 0.77 43.63 0.36 0.63 0.64 0.96
4 0.71 0.69 18.82 0.22 0.67 0.84 1.30
5 0.65 0.79 29.42 0.31 0.58 0.65 0.50
6 0.63 0.76 22.64 0.26 0.58 0.88 0.70
1 0.68 0.58 18.53 0.26 0.63 0.83 0.64
2 0.71 00.54 13.92 0.22 0.66 0.85 0.70
A 3 0.70 0.60 30.67 0.31 0.67 0.70 1.04
4 0.78 0.50 10.47 0.18 0.75 0.93 1.43
5 0.65 0.59 18.71 0.26 0.61 0.77 0.58
6 0.66 0.55 14.02 0.23 0.62 0.91 0.74
1 0.65 0.81 24.93 0.29 0.61 0.72 0.56
2 0.68 0.76 19.29 0.24 0.63 0.85 0.70
B1 3 0.69 0.80 43.52 0.35 0.65 0.68 0.75
4 0.77 0.70 18.53 0.22 0.72 0.84 1.30
5 0.64 0.84 24.19 0.29 0.59 0.72 0.55
6 0.64 0.79 18.30 0.24 0.59 0.90 0.74
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Table (9) Weights obtained by weighting methods for each scenario
9250w 2 (sllay (B339 SR, 5l ool Cuwy b9 -4 g

Sustainability criteria En_vlr(_)nmental Social indicators Eco_nomm
indicators indicator
. Weighting . .

Scenarios methods RE(env) WER  IWD(mcm) CcVv RE(ind) RE(agri) B/C
Continuation of Entropy 0.00 0.01 0.80 0.06 0.00 0.00 0.13
current situation MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14

SDW 0.00 0.00 0.97 0.00 0.00 0.00 0.02

Entropy 0.02 0.01 0.31 0.11 0.02 0.05 0.48

AlB MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14

SDW 0.01 0.00 0.01 0.01 0.01 0.01 0.04

Entropy 0.01 0.01 0.41 0.13 0.01 0.04 0.38

2020-2039 A2 MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14
SDW 0.01 0.01 00.93 0.01 0.01 0.01 00.04

Entropy 0.02 0.01 0.36 0.12 0.02 0.05 0.42

Bl MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14

SDW 0.01 0.01 0.93 0.01 0.01 0.01 0.03

Entropy 0.01 0.01 0.27 0.11 0.01 0.07 0.52

AlB MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14

SDW 0.00 0.00 0.94 0.01 0.00 0.01 0.03

Entropy 0.01 0.02 0.38 0.11 0.02 0.03 0.43

2040-2059 A2 MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14
SDW 0.01 0.01 0.92 0.01 0.01 0.01 0.04

Entropy 0.02 0.01 0.33 0.11 0.02 0.05 0.45

Bl MW 0.14 0.14 0.14 0.14 0.14 0.14 0.14

SDW 0.01 0.01 0.95 0.01 0.01 0.01 0.03
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Table (10) Ranking of the proposed options based on the weights and decision-making methods (S1 scenario)
(S1 g2,0u0) (535 moncti (o309, 9 B39 ol (53 Leduby (SB35 gz =Y+ Jgoo

Entropy MW SDW
Scenario Rank SAW CP Topsis SAW CP Topsis SAW CP Topsis
1 Option6  Option6 ~ Option6 ~ Option6  Option6 ~ Option6 ~ Option6  Option6 ~ Option6
. . 2 Option2 ~ Option4  Option2 Option2 Option4  Option2  Option2 ~ Option2  Option2
Cg?EISrur?etr:(tm 3 Option5  Option2 ~ Option5  Optiond ~ Option6 ~ Option5  Option5  Option5  Option5
situation 4 Opt?on4 Opt?on5 Opt?on4 Opt?on5 Opt?onl Opt?on4 Opt?on4 Optﬁon4 Optﬁon4
5 Optionl ~ Optionl ~ Optionl ~ Optionl ~ Option5  Optionl ~ Optionl ~ Optionl ~ Optionl
6 Option3  Option3  Option3  Option3  Option3  Option3  Option3  Option3  Option3
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Table (11) Ranking of the proposed options based on the weights and decision-making methods (2020-2039 period)
(YeVR=Y Ve 0)93) 5 S paowad (S 1095 9 B39 bl S2Lduby (o 35 (g V) Jgo

2020-2039 Entropy MW SDW
Scenario  Rank SAW CP Topsis SAW CP Topsis SAW CP Topsis

1 Option4  Option4d  Option4 Option4  Option4  Option4  Option4  Option4  Optiond

2 Option6  Option6  Option6  Option6  Option2  Option6  Option6  Option6  Option6

ALB 3 Opt@onz Opt@onS Opt@on2 Opt@on2 Opt@on6 Opt?on2 Option2 Option2 Opt@onz
4 Option3  Option2  Option5 Optionl  Optionl  Option5  Option5  Option5  Option5

5 Option5 Option5 Optionl  Option5 Option3  Optionl  Optionl  Optionl  Optionl

6 Optionl Optionl Option3 Option3  Option5 Option3  Option3  Option3  Option3

1 Option4  Option4  Optiond  Optiond  Optiond  Optiond  Optiond  Optiond  Option4

2 Option6  Option2  Option6  Option6  Option2  Option6  Option6  Option6  Option6

A2 3 Option2  Option6  Option2  Option2  Option6  Option2  Option2  Option2  Option2
4 Option5 Option5 Option5 Option5 Optionl  Option5 Option5  Option5  Option5

5 Option3  Optionl Optionl Optionl Option5 Optionl  Optionl  Optionl  Optionl

6 Optionl Option3  Option3  Option3  Option3  Option3  Option3  Option3  Option3

1 Option4  Option4  Optiond  Optiond  Optiond  Optiond  Optiond  Optiond  Option4

2 Option6  Option6  Option6  Option6  Option2  Option6  Option6  Option6  Option6

B1 3 Option2  Option3  Option2  Option2  Option6  Option2  Option2  Option2  Option2
4 Option3  Option2 Option5 Option3  Optionl  Option5 Option5  Option5  Option5

5 Option5 Option5 Optionl  Option5 Option3  Optionl  Optionl  Optionl  Optionl

6 Optionl  Optionl Option3  Optionl  Option5 Option3  Option3  Option3  Option3

Table (12) Ranking of the proposed options based on the weights and decision-making methods (2040-2059 period)

(Yo=Y ¥+ 2,93) (55 ponad (SB (1095 9 B339 (bl (§3dwley (SB35 (givady —VY Jgu

2040-2059 Entropy

MW SDW

Scenario Rank  SAW CP Topsis

SAW

CP Topsis SAW CP Topsis

1 Option4
Option2
Option6
Option3
Optionl
Option5

Option4
Option3
Option2
Option6
Optionl
Option5

Option4
Option2
Option6
Optionl
Option5
Option3

AlB

Option4
Option2
Option6
Option3
Optionl
Option5

Option4
Option2
Option6
Option3
Optionl
Option5

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Optionl
Option2
Option3
Option4
Option5
Option6

Option4
Option6
Option2
Option3
Optionl
Option5

Option4
Option6
Option2
Optionl
Option3
Option5

Option4
Option2
Option6
Optionl
Option5
Option3

A2

Option4
Option2
Option6
Optionl
Option3
Option5

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option6
Option2
Option5
Optionl
Option3

Option4
Option6
Option2
Optionl
Option5
Option3

Option4
Option6
Option2
Option5
Optionl
Option3

B1

OO WNROOR_WNREROORWDN

Option4
Option2
Option6
Optionl
Option5
Option3

Option4
Option2
Option6
Optionl
Option3
Option5

Option4
Option6
Option2
Option5
Optionl
Option3

Option4
Option6
Option2
Option5
Optionl
Option3

Option4
Option6
Option2
Option5
Optionl
Option3

Option6
Option4
Option2
Option5
Optionl
Option3
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