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The effect of different management scenarios on quantitative changes in
water resources of Balekhlichai river watershed and Ardabil plain aquifer
using MODSIM model
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Abstract

The use of optimization-simulation tools is one of the effective approaches that can play a significant role in analyzing water resources management
scenarios. In this study, using MODSIM water resources planning model, the effect of different management scenarios in water scarcity conditions on
water allocation planning in Balekhlichai river catchment and also the water level of Ardabil plain aquifer was investigated. Calibration and validation
of the model were performed by considering the surface flow hydrograph of the basin outlet and the aquifer hydrograph using the data of the statistical
period 2000-2014. Then the return flow coefficients were estimated by trial and error. The values of root mean square error and Nash-Sutcliffe
efficiency coefficient in the calibration and validation period indicate the good performance of the model in simulating surface and groundwater flow
and water balance components of catchment. After ensuring the accuracy of the model simulation, various management scenarios including
population growth scenario (S), irrigation efficiency change (gl) and cultivation pattern and irrigation efficiency changes (S,) were examined. The
results showed that under scenarios S, S; and S,, the groundwater level drop will be equal to 8.41, 3.36 and 2.31 meters, respectively. Also, under
scenarios S, S; and S, the percentage of agricultural demand supply in the Yamchi irrigation network from the reservoir will be equal to 38, 43 and 48
percent, respectively. Therefore, by applying water resources management scenarios, it is possible to prevent a sharp drop in the water level of the
Ardabil plain aquifer in the future years and take an effective step in balancing groundwater.

Keywords: Allocation, Simulation, Surface and groundwater, Yamchi irrigation network.
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Table 1. Average rainfall on the Ardabil aquifer during 2000-2014

Month Jan Feb Mar Apr

May

Jun

Juu Aug  Sep Oct Nov Dec

Rainfall (mm) 185 20.9 353 298

51.2

28.6

10.5 6 225 354 377 243

Table 2. Mean annual flow of hydrometric stations in the study area during 2000-2014

Hydrometric Elevation Geographical location Mean annual
stations (m) X Y flow (1000 m®)
Yamchi 1584 239870 4213646 65265
Pole-almas 1440 253668 4226572 27447
Samian 1290 259495 4251608 59332
Gilandeh 1332 269237 4243334 24531
Anbaran 1550 276429 4263707 1968
Namin 1459 280441 4256377 2490.8
Soula 1352 280300 4251763 3484
Nanakaran 1350 284049 4250056 2438
Aladizgeh 1347 289176 4239989 5855
Eril 1375 287731 4233329 6613
Kouzetopraghi 1394 269078 4222326 4713
Noran 1423 254360 4235418 9242
Amoghein 1385 253094 4237446 5840
Barogh 1410 252378 4243283 4865

Table 3. Groundwater withdrawal through Wells, Springs and Qantas (1000m3)

Resource Month
type Jan Feb Mar  Apr May Jun Jul Aug Sep Oct  Nov  Dec
Well 2686 2751 2593 4630 26116 51033 48840 12668 2738 2508 2765 2420
Spring 80 88 90 72 59 48 51 39 29 80 67 88
Qanat 623 623 604 644 643 643 643 643 643 623 623 624
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Table 4. Calibrated parameters of the MODSIM model

Percentage of return flow from the Percentage of return flow from the Percentage of return flow from the

Parameter L . . . . .
drinking section agricultural section industry section

Value 0.75 0.25 0.7

Table 5. Statistical evaluation indicators of model simulation

Resource Type Calibration Validation
RMSE NSE RMSE NSE
Surface water 1.37 m’/s 0.87 1.06 m*/s 0.61
Groundwater 0.35 m 0.93 0.44m 0.9
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Figure 3. Comparison of observed and simulated surface flows at the basin outlet (a: calibration and b: validation)
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Table 6. Water demand of different consumption sectors (1000 m*/month)

Agricultural demand

. . Ardabil plain Yamci irrigation network
Month City demand Environmental demand Current situation Scenario S; Current situation Scenario S;
Jan 5500 2672 0 0 0 0
Feb 5898 2242 0 0 0 0
Mar 5500 3241 0 0 0 0
Apr 5785 1514 0 0 0 0
May 6458 2077 40901 30346 11729 8150
Jun 6525 5060 42030 31184 17131 12153
Jul 5919 3496 29984 22246 17218 12470
Aug 5583 1379 23546 17470 12126 8830
Sep 5449 1037 2620 1944 1207 888
Oct 4978 2016 105 78 47 36
Nov 4440 1859 0 0 0 0
Dec 4910 856 0 0 0 0
Sum 66943 27449 139186 103268 59458 42527
Table 7. Percentage of area under cultivation of major crops in the study area
Study region Situations Crops
Potato  Wheat Barley Forage Beans Canola
Ardabil plain Current situation 27 46 18 7 2 0
Change the percentage under cultivation 20 40 18 7 2 13
Yamchi irrigation network Current situation o 40 30 5 10 15 0
Change the percentage under cultivation 30 25 5 10 15 15
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Figure 4. Agricultural demand supplies for Yamchi irrigation network under different scenarios
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Figure 5. Groundwater level fluctuations under different scenarios

& 5 domd
S Lol Cgx MODSIM e 51 tass cnl 5o
5l el abtsgy o3 s O Lanass la gl
Sl 5 el Sl e A ealinad sl s Q\y}_ﬂ
Gl atla 5l eslizad L OT @35 oy p 5 e o
Cope e (slagsln Slp sld 4 Jde (s3]
Lol el Olge 3l 0L b s Ll oo b
Sl sl 53 S Ao 3l ey (oll a3 g35lS
Cemed 5 o3 BN AT XA s (S 5e S 5SS
i sy s Ol s ey ol Il
Oledl Olg e 5 dalys e YA 5 YA AEY L
g 2SS ek 5 g Solel ek 5 3 500
sk S Ao 3l (g5 5liS slols JAL Loy ol
adte s 2l b 5t sLE3 Jlesl 51l )
Shestiad LI 58 aale 6,8 5 Olpl adsa
g S 5 oslis Al Sl 53 s laesed
oS OLLS L ol oSl 5 ey LS S 5
of dsles L= 3 5 flf U5 oo a5 OB s
Gt EPWIRGE e B PRI SRS VP PVIGIN- R WS O
MBS (e s b Omed) fond il o
Sdle s oasliS ol ol spd ks &S sl SB

/
u’/t S

-

Cilises glaole 3 e o] ch 5l Ol

el STl K dsb s Ol adss 5 wiis Sl
ol sl Sshpe edalin (0) IS5 3 &S jsboles
ol s (ST gdle (b S sl s ss 2
o3 il Stls p Olsen Sl OT JLises 5 Comecr
53 Y0/ 515 5l aS (g shbas (il dalgE Js5 e
Yoe Jdle 53 YWAVYA 515 a0 (T9VA L) 653 gl
B tjla G2l gk w\@u‘éb); Ay dal
Si ool 53 3ged dalgr il e AEY e o]
5 SIS e s s ool Sl eslid e
s 2l 5l als (ol sl il
Sy ol o 5o ol Sl 1 5 eslal (L)
BINPL c)‘-“ b opl d gd e WSk
Jle 55 2 APYYFY & YA Jle s 2 VYYOMQ
A IS VS S S GV VUSSRV PR B5 2
ekl &g o DS LSl Al g, e
sob) ST gladle js eSS i 5 s bl
Aalt e YV ol fend s o e 31 e (S,
om 02 G L3158 Oge oS ke ol o
Li- Cgr 0 S Ll mpde cilihe slag sl

S e sy se s S ) ;_jdabd

| < ru

oo f)l:.w.ajl 3 aJL«ﬁl \\ 0593

ayy



10.

11.

12.

13.

14.

15.

U der (G5 sl mlpls o] 23 B

management in the Jordan River Basin. Water
and Environment Journal, 27(4), 495-504.
Fazlali, A., & Shourian, M. 2018. A demand
management-based crop and irrigation
planning using the simulation-optimization
approach. Water Resources Management,
32(1), 67-81.

Fowe, T., Nouiri, I., Ibrahim, B., Karambiri,
H., & Paturel, J.E. (2015). OPTIWAM: an
intelligent tool for optimizing irrigation water
management in coupled reservoir—groundwater
systems, Water Resources Management,
29(10): 3841-3861.

Ghaffari, H., Rasoulzadeh, A., Raoof, M., &
Esmaili. A. (2018). Estimation of natural
groundwater recharge using WTF method
(Case study: Ardabil plain aquifer). Journal of
Civil  and  Environmental  Engineering,
48.1(90), 43-52. (In Persian)

Jafarpour, Sh. (2017). Investigation of the effects
of climate change on water requirement of major
crops in the Ardabil plain. Master thesis,
University of Mohaghegh Ardabili, Iran.
Jamshidpey, A., & Shourian, M. (2020). Crop
pattern planning and irrigation water allocation
compatible with climate change using a
coupled network flow programming-heuristic
optimization model. Hydrological Sciences
Journal, 66(1), 90-103.

Khoshravesh, M., & Nikzad tehrani, A.
(2018). Evaluation of different scenarios of
water resources management in Talar plain
using groundwater modeling and integrated
water resources systems. Iranian of Irrigation
and Water Engineering, 9(33), 89-101. (In
Persian)

Loucks, D.P., & van Beek, E. (2017). Water
resource systems planning and management.
doi:10.1007/978-3-319-44234-1.

Misaghi, F., & Sadeghiha, J. (2018).
Performance assessment of Nohob dam
reservoir under drought conditions using
MODSIM model. Journal of Water and Soil
Conservation, 25(3), 25-42. (In Persian).
Mardanian, S., Zare bidaki, R., & Abdollahi, K.
(2020). Optimal allocation of water resources in
Khanmirza watershed using WEAP. [ranian
Journal of Watershed Management Science,
14(49), 11-19. (In Persian).

Mohsenizadeh, A., & Shourian, M. (2017).
Optimum water resources allocation planning
at basin scale by integrating MODSIM and
Cuckoo optimization algorithm. Iran-Water
Resources Research, 13(4), 1-16. (In Persian).

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

aye

-

w8 5 Jasss bl glacy sl 5 ) sl
Slpine iy 25 (b5 3l ey o YL
eSS Pl wll 5,8 e WS o
Olyslis ol8en 5 Bnds psliee (55,58 DYy
Nss Uge st lacsles L 6 L2l e el

Loy 2
1. Awash
2. Cuckoo Optimization Algorithm
3. Shuffle Frog Leaping Optimization Algorithm
4. Grey Wolf Optimization
5. Water Table Fluctuation
6. Root Mean Square Error
7. Nash-Sutcliffe Efficiency

Bbe ool
2o 3 g s O s 5 o 5wl (555 4 S s

&b

1. Asghari moghaddam, A., & Kord, M. (2014).
Numerical modeling of the Ardabil plain
aquifer and its management using optimization
of Groundwater extraction. Final report of the
completed research project, Ardabil Regional
Water Company (IWRMC), Deputy of
Research and Technical Affairs.

2. Atashi, M., Davary, K., & Sharifi, M. (2015).
Simulation of integrated qualitative and
quantitative  allocation of surface and
underground water resources to drinking water
demand in Mashhad. Journal of Water and
Wastewater, Ab va Fazilab, 26(5), 23-34. (in
Persian).

3. Berhe, F.T., Melesse, A.M., Hailu, D., &
Sileshi, Y. (2013). MODSIM-based water
allocation modeling of Awash River Basin,
Ethiopia. Catena, (109), 118-128.

4. Campbell, S.G., Hanna, R.B., Flug, M., &
Scott, J.F. (2001). Modeling KLAMATH
River system operations for quantity and
quality. Journal of Water Resources Planning
and Management, 127(5), 284-294.

5. Comair, G. F., Gupta, P., Ingenloff, C., Shin,
G., & McKinney D.C. (2012). Water resources

| < ru



16.

17.

18.

19.

20.

21.

22.

23.

24.

MODSIM s 31 aslial b s )l <uis Ol ggul 5 slr Jodb o5 ©f s (oF Sl i (2 pde ilises (sla 5o sl At

Nikghalb, H., Mosahebi, H., & Alimohammadi,
S. (2012). Application of MODSIM model in
evaluating catchment water development plans.
9™ International Congress of Civil Engineering,
Isfahan, Isfahan University of Technology. (in
Persian).

Paul, W., Labadie, J.W., & Baldo, M.L.
(1997). Environmental impact evaluation using
a river basin network flow model. Proceedings
of the 24™ Annual Water Resources Planning
and Management Conference. American
Society of Civil Engineers, Houston, Texas.
Rasi nezami, S., Nazariha, M., Moridi, A., &
Baghvand, A. (2013). Environmentally sound
water resources management in catchment
level using DPSIR model and scenario
analysis. International Journal of Environment
Research, 7(3), 569-580.

Rasi nezami, S., & Feizi, A. (2018). Achieving
Groundwater Resource Sustainability at
Watershed Scale by Conjunctive Use of
Groundwater and surface Resources. Journal
of Applied Sciences and Environmental
Management, 22(8), 1263-1268.

Razaghi, P., Babazadeh, H., & Shourian, M.
(2014). Development of multi-purpose reservoir
operation hedging rule in water resources
shortage conditions using MODSIMS.1. Journal
of Soil and Water Resources Conservation, 3(2),
11-23. (In Persian).

Rostamzadeh, H., Asadi, A., & Jafarzadeh, J.
(2015). Investigation of groundwater level of
Ardabil plain. Spatial Analysis of Environmental
Hazards, 2(1), 31-42. (In Persian).

Sabzzadeh, E., & Alimohammadi, S. (2012).
Estimation of return flow coefficient from
agriculture using particle cluster optimization
algorithm. Iranian Journal of Irrigation and
Drainage, 6(4),297-305. (In Persian).

Salimi masteali, F., Hafezparast, M., &
Sargordi, F. (2020). Simulation and
optimization of dam operation under changing
cultivation pattern scenario (Case Study:
Harsin dam). [ranian Journal of Soil and
Water Research, 51(1), 1-12. (In Persian).
Sanchez-Roman, R. M., Folegatti, M.V.,

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

aro

25.

26.

27.

28.

29.

30.

31.

-

Orellana, Gonzalez., A M.G., & da Silva, R.T.
(2009). Dynamic systems approach assess and
manage Wwater resources in river basins.
Science Agriculture, 66(4), 427-435.
Schneider, P., Ole sander, B., Wassmann, R.,
& Asch, F. (2019). Potential and versatility of
WEAP software (Water Evaluation and
Planning System) for impact assessments of
Alternate Wetting and Drying in irrigated rice.
Agricultural Water Management, 224, 105559.
Shafaeianfard, D., Koohiyan afzal, F., &
Yakhleshi, M. (2014). Determination of top
option in utilization of water resources using
Weap model and multi attribute decision-
making analysis (Case study: Zaryngol basin).
Journal of Watershed Management, 5(9), 29-
45. (In Persian).

Shafer, J., & Labadie, J. (1978). Synthesis and
Calibration of a River Basin Water Management
Model. Completion Report No. 89, Colorado
Water Resources Research Institute, Colorado
State University, Ft. Collins, CO.

Sharifnasab, A., & Shourian, M. (2016).
Estimation of the inflow to the Urmia lake by
integrating the time series modeling and the
basin's future simulation in two long and short-
term conditions. Journal of Soil and Water
Resources Conservation, 5(4), 1-17. (In Persian).
Shourian, M., Mousavi, S.J., & Tahershamsi,
A. (2008). Basin-wide water resources
planning by integrating PSO algorithm and
MODSIM. Water Resources Management,
22(10), 1347-1366.

Stewart, S., Mahmoud, M., Liu, Y., Hartmann,
H., Wagener, T., & Gupta, H. (2007). Scenario
development for water resources planning and
management. Changes in Water Resources
Systems: Methodologies to Maintain Water
Security and Ensure Integrated Management:
Proceedings of Symposium HS3006, Perugia.
Vonk, E., Xu, y., P., Booij, M.J., Zhang, X., &
Augustijn, D.C. (2014). Adapting multi
reservoir operation to shifting patterns of water
supply and demand. Water Resources
Management, 28(3), 625-643.

| < ru



