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Figure 1. Location of the Zarrinehroud watershed, Lake Urmia, West Azerbaijan, Iran
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WEAP Model
-Time and Year Setup
-GIS Files

-Draw Rivers and Diversion

Generating a total reservoir storage volume (Smax-new) using
the IWO algorithm -Demand and Supply Nodes

v

-Reservoir

-Transmission and Return Links

l

Running the WEAP model for the previously determined Smax-new and
calculating the water supplied to consumers (wi)

l

Calculate the current Net Present Value (NPV) and cost values, as well as the
.objective function, for the new wi and Smax-new

Has the objective function converged to a constant value?

Yes l

Introducing Smax-new as the optimal reservoir storage volume and
determining the changes in dam height increment based on Smax-new
.using the volume-height curve

v

Assessment of climate change impacts and sensitivity
analysis.Climate Model
EC-EARTH
Emission Scenario
SSP1-2.6, SSP5-8.5

Figure 2. The workflow of the methodology steps
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Figure 3. Configuration of Zarrinehroud river in the WEAP
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Table 1. Downstream demands of Zarrinehroud dam (Water Consulting Engineers and Sustainable

Development 2013)
Demand site Area Water Annual Irrigatio
(ha) requirements requirement n efficiency
(m¥/ha) (MCM)
Saghez Domestic - - 40
Tabriz Domestic - - 314
Miandoab Domestic - - 115
Fishing Industry - - 140
Agriculture 6124 11918 730 49
7
Environmental - - 126
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Table 2. Calibration and validation results of the WEAP at the Nazam abad station

Calibration (1983-2019) Validation (2019-2021)
NS 0.86 0.78
R, 0.81 0.75
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Figure 4. Comparison between simulated streamflow by WEAP and observed data
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Table 3. Coverage of fulfilling demands (Percentage) in different months under current conditions

Demand Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Agriculture 84.02 89.89  98.24 100.00 99.90 9566 9292 7141 7148  42.03  100.00 81.90
Tabriz_Dom 81.56 90.85 100.00 100.00 100.00 97.41 94.67 79.93 47.30 22.78 49.61 72.28
Saghez_Dom 81.61  90.89 100.00 100.00 100.00 9742 9467 7995 4735 2285  49.67 72.34
Miandoab_Dom 81.59  90.87 100.00 100.00 100.00 9741 9467 7994 4733 2282  49.64 7231
Fishing industry 51.22 69.82 99.45 100.00 100.00 94.87 91.86 65.55 45.60 46.90 45.90 43.90
Environmental 81.20  90.60 100.00 100.00 100.00 96.10 9160 69.10 3460 1520  48.40 71.90
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Table 4. Values of parameters for the IWO algorithm
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Figure 5. NPV value after calculating the optimal increase in Zarrinehroud dam height
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Table 5. Percentage coverage of downstream demands in various months with dam height increase

Demand Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Agriculture 100.00  100.00  100.00 100.00 100.00 100.00 100.00 9882  91.25 8818  83.15 75.02
Tabriz_Dom 100.00  100.00 10000  99.29 96.00 9391  93.04 8829 8698 8296 7253 69.86
Saghez_Dom 10000  100.00  100.00  99.30 96.00 9392 9307 8831 8699 8298 7255 69.90
Miandoab_Dom 100.00  100.00  100.00 99.29 96.00 9391 9304 8829 8698 8296 7253 69.86
Fishing industry 10000 100.00 100.00  99.30 96.00 9392 9307 8831 8699 8298 7255 69.90
Environmental 100.00  100.00  100.00 99.29 96.00 9391 9304 8829 8698 8296 7253 69.86
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Table 6. Reliability index (Percentage) for fulfilling demands with dam height increase

The reliability index "The reliability index
Demand (Precent) without an increase  (Precent) with an increase in . Percent
in reservoir height reservoir height." nerease

Agriculture 85.62 94.70 +10.61
Tabriz_Dom 75.43 92.31 +22.38
Saghez_Dom 90.60 96.15 +6.13
Miandoab_Dom 75.43 92.31 +22.38
Fishing industry 75.43 92.31 +22.38
Environmental 75.00 92.00 +22.67
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Figure 6. Sensitivity analysis of Zarrinehroud dam height increase
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Table 7. Selection of the superior climate change model by comparing precipitation estimates with historical

Data from the Zarrinehroud station (1983-2014)

AOGCM WPG R? Bias NSE = — Rank NS OF‘{’:;ak"
HadGEM2-ES 017 036 098  -219 1 1 1 1 1
CSIRO-MK3-6-0 030 062 001 045 2 3 2 2 225
EC-EARTH 053 069 019 0.67 3 2 3 3 275
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Figure 7. (I) Comparison of monthly average minimum temperature (Tmin), (11) maximum temperature
(Tmax), (111) precipitation (Pr), and (1) streamflow (Q) between the base period and future period as simulated by
EC-EARTH model under SSP1-2.6 and SSP5-8.5 scenarios
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Table 8. Coverage of fulfilling downstream demands (Percentage) under the climate scenario SSP1-2.6 with

increase in height (Optimistic Scenario)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Agriculture 8320 88.00 9510 97.00 92.00 90.60 8750 8240 7570 5340 97.00 81.80
Tabriz_Dom 79.10 87.90 97.00 97.00 9540 9110 8890  79.10 63.10 37.20 49.70  69.70
Saghez_Dom 79.20 8300 97.00 97.00 9540 9110 8890 7910 6310 37.20 49.70  69.70
Miandoab_Dom 79.10 8790 97.00 97.00 9540 9110 8890 79.10 63.10 37.20 49.70  69.70
Fishing industry 7130 7810 9630 97.00 94.00 8950 8460 7710 5930 5150 56.80 51.20
Environmental 79.10 8790 97.00 97.00 9540 9110 8890 7910 6310 37.20 49.70  69.70

Lol ;5 s Ol Wl ol 5o 3 oS s e DL Cilisie lacle b onsdome Slasls g Ao s
Al o aseie YulS (ol a6, 50T glaols 45 October G July slaols s f3osm nl 8 pied axlge JalS L3 s
4SS oaxlge IKan by abtag, Jaoee Conn s 3 el (s3lES i pesdle ag; ) albtsy, Ul el
o 53 S pdnoliabl (el GalS (V) 59) Jslier ol kS arlge Al L) dbn s pees ST 1S o0 ol
53 53 eSS shy das e OLE |y e gLl GBI o Sl o35 b1, SSP5-85 5 SSP1-2.6 4 L ;5 (g5,5LiS
L Sladllas ossdoms Slasld il JalS do s WY 5 OY/EY (s 5 a oo g oyl 10 G by 5 Gl 55l
4 SSPE-8.5 5 SSP1-2.6 55l 5 (55,3LiS Lics 53 o8 31 0L (5 diOlabl Gastls il ¢ 3 ,b 5l cils pal
WSl el 3 s 5 35S Aoy YH/TE 51070 LS S

5 alad s sl 53 58 3 eBl Olpas &S s S jasiie s cnl 3 ST ey (luans b bl b S sk
S L ablas skiias d L) Rl LSL adls ailate o Jaes 5 (55LES S o P D LS e Gl
SR RN ST P R et e

Yy



Table 9. Reliability index of fulfilling downstream demands under the climate scenario SSP1-2.6 with increase

in height (Optimistic Scenario)

Demand Rel (Precent)
Agriculture 85.31
Tabriz_Dom 77.93
Saghez_Dom 77.95
Miandoab_Dom 77.93
Fishing industry 75.75
Environmental 77.93

Table 10. Coverage of fulfilling downstream demands (Percentage) under the climate change scenario SSP5-

8.5 with increase in height (Pessimistic Scenario)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Agriculture 7890 8340 9020 92.00 8720 8590 83.00 7810 7180 50.60 92.00 77.60
Tabriz_Dom 75.00 8340 9200 92.00 9040 86.40 8440 7500 59.80 3530 47.10 66.10
Saghez_Dom 7510 8340 9200 92.00 9040 86.40 8440 75.00 5990 3530 47.10 66.10
Miandoab_Dom 75.00 83.40 92.00 92.00 90.40 86.40 84.40 75.00 59.90 35.30 47.10 66.10
Fishing industry 68.70 69.23 95.30 95.60 89.10 85.30 82.20 73.10 46.70 40.40 45.40 49.10
Environmental 75.00 83.40 92.00 92.00 90.40 86.40 84.40 75.00 59.80 35.30 47.10 66.10

Table 11. Reliability index of fulfilling downstream demands under the climate scenario SSP5-8.5 with

increase in height (Pessimistic Scenario)

Demand Rel (Precent)
Agriculture 80.89
Tabriz_Dom 73.91
Saghez_Dom 73.93
Miandoab_Dom 73.92
Fishing industry 70.01
Environmental 73.91
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Abstract

In this study, the combination of the Improved Water Optimization (IWO) algorithm and the Water Evaluation
and Planning System (WEAP) simulation model was employed to investigate the potential increase in the economic
optimum height of the Zarineh Rood Reservoir Dam. The WEAP model's results indicated deficiencies in meeting
the drinking, industrial, agricultural, and environmental needs of the study area under current conditions.
Furthermore, the WEAP-IWO modeling results revealed an economically optimal increase in the height of the
Zarineh Rood dam by 6.3 meters, resulting in a new reservoir volume estimated at 913.4 million cubic meters. By
incorporating this increased reservoir volume into the WEAP model, there was an average 17.76 (precent )
enhancement in demand coverage and water supply system reliability across the study area. Additionally, the study
assessed the impact of climate change on inflows to the Zarineh Rood reservoir for the future period (2022-2040),
indicating an overall decreasing trend in the average annual river discharge compared to the baseline period.
Furthermore, under both the SSP1-2.6 (optimistic) and SSP5-8.5 (pessimistic) scenarios, water scarcity for meeting
agricultural demands in the study area is projected to worsen relative to current conditions. Reductions in demand
coverage and reliability index results for the study area were observed under both SSP1-2.6 and SSP5-8.5 scenarios
compared to current conditions. Therefore, increasing the dam's height to mitigate the effects of climate change
appears necessary.
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