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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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Zarrine River

Figure 1. Location of the Zarrinehroud watershed, Lake Urmia, West Azerbaijan, Iran
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Generating a total reservoir storage volume (Smax-new)
using the IWO algorithm
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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

No

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

Figure 2. The workflow of the methodology steps
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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
—— Modeled Observed
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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 9824 100.00 9990 9566 9292 7141 7148 42.03 100.00 81.90
Tabriz_Dom 8156 90.85 100.00 100.00 100.00 97.41 94.67 79.93 4730 2278 4961 72.28
Saghez_Dom 81.61 90.89 100.00 100.00 100.00 97.42 94.67 79.95 4735 2285 4967 7234

Miandoab_Dom 81.59 90.87 100.00 100.00 100.00 97.41 9467 79.94 4733 2282 4964 7231
Fishing industry 5122 69.82 99.45 100.00 100.00 94.87 9186 6555 4560 4690 4590 43.90
Environmental 81.20 90.60 100.00 100.00 100.00 96.10 91.60 69.10 34.60 1520 4840 71.90
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Table 4. Values of parameters for the IWO algorithm

Gfinal Ginitial N NOSmax Pmax Pinitial iter itermax Parameter

0.001 0.05 2 0-5 10 5 70 200 value

8382 E
83.81 1 B
838 b
83.79 ]
83.78 7
83.77 B
83.76 [ 5
83.75 b

83.74 ]

Net Present Value (Milliarde Toman)

83.73 E

83.72 ]

1 i L ' ! 1

0 10 20 30 40 50 60 70
Iteration

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 98.82 91.25 88.18 83.15 75.02
Tabriz_Dom 100.00 100.00 100.00  99.29 96.00 9391 93.04 8829 8698 829 7253 69.86
Saghez_Dom 100.00 100.00 100.00  99.30 96.00 9392 93.07 8831 8699 8298 7255 69.90

Miandoab_Dom 100.00 100.00 100.00  99.29 96.00 9391 93.04 8829 8698 8296 7253 69.86
Fishing industry 100.00 100.00 100.00  99.30 96.00 93.92 93.07 8831 8699 8298 7255 69.90
Environmental 100.00 100.00 100.00  99.29 96.00 9391 93.04 8829 86.98 8296 7253 69.86

Table 6. Reliability index (Percentage) for fulfilling demands with dam height increase

The reliability index (Precent) without ""The reliability index (Precent .
Demand an increa)ée in res(ervoir hzeight with an increase i)r/1 reserv(oir heigr)lt." Percent increase
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

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 — BiasRa”k = wvpg— Overall Rank
HadGEMZES 017 036 098 210 1 1 1 1 1
CSIRO-MK3-6-0 030 062 001 045 2 3 2 2 225
EC-EARTH 053 069 019 067 3 2 3 3 275
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Figure 7. (I) Comparison of monthly average minimum temperature (Tmin), (1) maximum temperature (Tmax),
(1) precipitation (Pr), and (1V) 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 53.40 97.00 81.80
Tabriz_Dom 79.10 8790 97.00 97.00 9540 9110 8890 79.10 63.10 3720 49.70 69.70
Saghez_Dom 79.20 88.00 97.00 97.00 9540 9110 8890 79.10 63.10 37.20 49.70 69.70
Miandoab_Dom 79.10 8790 97.00 97.00 9540 9110 8890 79.10 63.10 3720 49.70 69.70
Fishing industry 7130 7810 9630 97.00 9400 8950 84.60 77.10 59.30 5150 56.80 51.20
Environmental 79.10 8790 97.00 97.00 9540 91.10 8890 79.10 63.10 37.20 49.70 69.70
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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 78.90 8340 90.20 9200 8720 8590 83.00 7810 71.80 50.60 9200 77.60
Tabriz_Dom 7500 8340 92.00 9200 9040 86.40 8440 75.00 59.80 3530 47.10 66.10
Saghez_Dom 7510 8340 92.00 9200 9040 86.40 8440 75.00 59.90 3530 47.10 66.10

Miandoab_Dom 75.00 8340 92.00 9200 9040 86.40 8440 7500 59.90 3530 47.10 66.10
Fishing industry 68.70 69.23 9530 9560 89.10 8530 8220 73.10 46.70 4040 4540 49.10
Environmental 7500 8340 92.00 9200 9040 8640 8440 75.00 59.80 3530 4710 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




VFF 090 o lass ot ylg 0,490 o sylol 9 of o pto ¥

ST An g g F
plsl IWO-WEAP  ¢iludigy vyl SaS'ay 29545 du dige gl)] Liol38l diolee Ban b aslllas oy
Jao el yd8 51 s 18,5 G ye0 WEAP jl58le 5 SoS'ay Sldllas 0dgame (6 jlwdads Lol gyl 51 o
R o2 dplre b Caledyd b oolitul s dingy gli5)] dnlone jolaiedy (iluding: IWO o5l WEAP
Sl odgume slajls by Mo yd g (gl (a3ls ls g ad 1l Ibasxe WEAP Jus 5w
@ an g L VAAY=Y YY) (o)ll 0)9 Jobo ,d s oLis WEAP Jl38le 5 gy (o5lwand ol .,5 !5l
el ol Sypody Glille odgiome 3 (Jaecim g (5))liS i wopd Sl (i 0y e
eyl Liolisl Jlage ol lis IWO-WEAP (gilwaigs Jdo gl s pd Gl dalge 3508 b g 2545 o3
b oply g gl GBI 29 bl b s (55 bt oo g Wil e PV L pl 29)4)5 e die
lajls (tubsy doyd polie WEAP Jio > i oo (2903 bld L 13,8 35l ooy (psabie VIY/Y
5 jls Lide doyd a8 ol flis Slllas e3gae 1 O el wiaw (6 liveb] el g 63game
ol 39 Gl Lo g0li5 ol 42l 15 blb & s sy i I s pisliseb] pasls
Jae &S pl ddoas ol sladyin Giolisl boob ol G gase cwad (ili8l 5 cole slaasia ils8l
Y gase Caadd liae il 381 L g canl aidly bl Wy duo aune gl il 58] bl asly golaidl as g

ol Al Ldoli8l ig) 35t diagy g)] ¢ Sldllas 03505t )d (g5y5liS

cod g EC-EARTH o8l Jao o JBls slod aiVlo ke ol i pul8l s b)) ol e
Sl 0ygd 3 ol 5 Sl a3, VY SSPL-2.6 (sg,lw y> g 31,5 il a3 VY iSlas SSP5-8.5 \Lisl (gg0 )l
cov g EC-EARTH Lodil Jio 13 8l los alale 5ke cwinpd -l dalss bl (Y+YY-Y-¥+)
10393 5 5 5lo 4 yd +/A+ SSP1-2.6 (cg1,luw y> g 3,5 Slo a3 )3 VY iSlas SSP5-8.5 ,Lis] (gos )lw
<l algs il5al (YoYY-Y-¥+)

e ) | Slllas exguome 13 ()L Gl il I L (el la Jhe (i VLo ggecme
sl gonyliw 5 (SH)L L2l e SSP5-8.5 Ll coy )i EC-EARTH o8l Jao o sy i ubs
ol ol gaemme 0 > o i o Luo £/5 9 YVIV joolie b cudyas ) (S,L ials oy 508 SSP1-2.6
2 Sloye o as ol lis gl asbl )3 0l b 0)9d Ay Cand Dgydiyy; AilBgy AVl 3yel (WSl dalS Wy,
0351 (55,9l Sl el (sl ol i dgmeS oadlil Sl Jlaie I ity 5 Sl bss glis 92 o
@ alind g Sl bes gyl 93 5 50 @S gysboas 2)l JLE (650 Cundy  dg2ge iyl Cund 4 Sllae
sl paalgd 1y Slllas sdgie lajls ibe Lials Loy VWY« o WIFY g denge bl pd cans
iy SSP5-8.5 4 SSP1-2.6 (go,limw ;o (65,0liS” Lisw o &S o i (g pds el (et li ols 8k
Bl Jalgd 3934 39ueS o )d YH/VY o VO/OY

sl 93 2 ) oeldl Sl o5 W05 e sl 33 T 0y siloand @l 1) L (K gy
)l pl3El sl ansly ddlaie Cunj baze 5 (6500l S g ()5 Sl Al o alinn 5 Alabes

) o o ()98 (ol bl ysd SIS L bl jslaied; e



yyv Ol Rad g og pd Mol [/ ene 505, 5/ 03liw] U g iy j iR s (MRS dingr £WT,) i[5S pnnd

Lowigs .0
1. Roseires
2. Fariman
3. Songyue
4. Water Evaluation and Planning System
5. Colony
6. Nonlinear Modulation Index
7. Net Present Value (NPV)

D)l 095y B g bawgi a8l (5l AigS zun

&‘p 0;

Abushandi, E., & Merkel, B. (2013). Modelling rainfall runoff relations using HEC-HMS and IHACRES
for a single rain event in an arid region of Jordan. Water resources management, 27, 2391-24009.

Abbasian, M., Moghim, S., & Abrishamchi, A. (2019). Performance of the general circulation models in
simulating temperature and precipitation over Iran. Theoretical and Applied Climatology, 135(3),
1465-1483.

Abera Abdi, D., & Ayenew, T. (2021). Evaluation of the WEAP model in simulating subbasin hydrology
in the Central Rift Valley basin, Ethiopia. Ecological Processes, 10(1), 1-14.

Almazroui, M., Saeed, S., Saeed, F., Islam, M. N., & Ismail, M. (2020). Projections of precipitation and
temperature over the South Asian countries in CMIP6. Earth Systems and Environment, 4(2), 297-320.

Alrajoula, M. T., Al Zayed, I. S., Elagib, N. A., & Hamdi, M. R. (2016). Hydrological, socio-economic and
reservoir alterations of Er Roseires Dam in Sudan. Science of the Total Environment, 566, 938-948.

Banihabib, M. E., Najafi Marghmaleki, S., & Shabestari, M. H. (2019). An Integrated Water Resources
Planning Model for Assessment and Prediction of Environmental Water Supplying Hawizeh Wetland
from In Turkey, Iraq and Iran. Iranian Water Researches Journal, 13(1), 115-126 (In Persian).

Gao, J., Christensen, P., & Li, W. (2017). Application of the WEAP model in strategic environmental
assessment: Experiences from a case study in an arid/semi-arid area in China. Journal of
environmental management, 198, 363-371.

Haddad, R., Najafi Marghmaleki, S., Kardan Moghaddam, H., Mofidi, M., Mirzavand, M., & Javadi, S.
(2023). Improving the management of agricultural water resources to provide Gavkhuni wetland
ecological water right in Iran. Environment, Development and Sustainability, 1-24.

Jakeman, A. J., & Hornberger, G. M. (1993). How much complexity is warranted in a rainfall-runoff
model? Water resources research, 29(8), 2637-2649.

Knoke, T., Gosling, E., & Paul, C. (2020). Use and misuse of the net present value in environmental
studies. Ecological Economics, 174, 106664.

Mehrabian, A. R., & Lucas, C. (2006). A novel numerical optimization algorithm inspired from weeds
colonization. Ecological informatics, 1(4), 355-366.

Mehta, V. K., Rheinheimer, D. E., Yates, D., Purkey, D. R., Viers, J. H., Young, C. A., & Mount, J. F.
(2011). Potential impacts on hydrology and hydropower production under climate warming of the
Sierra Nevada. Journal of Water and Climate Change, 2(1), 29-43.

Omran, M. E., & Abbas, H. (1999). Strengthening, heightening and leakage control measures for an
ancient Fariman dam in Iran. In Proceedings of the 1998 symposium Rehabilitation of dams, ICOLD
66th annual meeting. (pp. 139-149).

Rajesh, K., & Pyne, S. (2021). Invasive weed optimization-based scheduling for digital microfluidic
biochip operations. Integration, 76, pp.122-134.

Schleiss, A. J., De Cesare, G., Franca, M. J., & Pfister, M. (Eds.). (2014). Reservoir sedimentation. CRC Press.



VFF 090 o lass ot ylg 0,490 o sylol 9 of o pto YYA

Sha, J., Li, X., & Yang, J. (2021). Estimation of watershed hadrochemical responses to future climate
changes based on CMIP6 scenarios in the Tianhe River (China). Sustainability, 13(18), p.10102.

Water Consulting Engineers and Sustainable Development. (2013). Update studies of water resources
balance study areas of Urmia Lake catchment area leading to the water year of 2009-2010.
Zarrinehroud Study Area Water Balance Report. (In Persian).

Xue, J., Gui, D, Lei, J., Sun, H., Zeng, F., & Feng, X. (2017). A hybrid Bayesian network approach for
trade-offs between environmental flows and agricultural water using dynamic discretization. Advances
in Water Resources, 110, 445-458.

Yihui, L. U., Shifa, X. I. A., Yuezhen, Y. U. E., & Jiahong, Z. H. A. N. G. (2008). Key technology for dam
heightening of Songyue RCC dam. Chinese Journal of Geotechnical Engineering, 30(11), 1614-1619.



