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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 (S1) and cultivation pattern and irrigation efficiency changes (S2) were examined. The 
results showed that under scenarios S, S1 and S2, the groundwater level drop will be equal to 8.41, 3.36 and 2.31 meters, respectively. Also, under 
scenarios S, S1 and S2, 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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Figure 1. Geographical location of the study area 
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Figure 2. Schematic of water consumption and resources in Yamchi basin in MODSIM  
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Table 1. Average rainfall on the Ardabil aquifer during 2000-2014 
Dec Nov Oct Sep Aug Jul Jun May Apr Mar Feb Jan Month 

24.3 37.7 35.4 22.5 6 10.5 28.6 51.2 29.8 35.3 20.9 18.5 Rainfall (mm) 

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

Mean annual 

flow (1000 m3) 

Geographical location Elevation 

(m) 

Hydrometric 

stations Y X 

65265 4213646 239870 1584 Yamchi 
27447 4226572 253668 1440 Pole-almas 

59332 4251608 259495 1290 Samian 

24531 4243334 269237 1332 Gilandeh 
1968 4263707 276429 1550 Anbaran 

2490.8 4256377 280441 1459 Namin 

3484 4251763 280300 1352 Soula 
2438 4250056 284049 1350 Nanakaran 

5855 4239989 289176 1347 Aladizgeh 

6613 4233329 287731 1375 Eril 
4713 4222326 269078 1394 Kouzetopraghi 

9242 4235418 254360 1423 Noran 
5840 4237446 253094 1385 Amoghein 

4865 4243283 252378 1410 Barogh 

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

Month Resource 

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

2420 2765 2508 2738 12668 48840 51033 26116 4630 2593 2751 2686 Well 
88 67 80 29 39 51 48 59 72 90 88 80 Spring 

624 623 623 643 643 643 643 643 644 604 623 623 Qanat 
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Table 4. Calibrated parameters of the MODSIM model 

Percentage of return flow from the 

industry section 
Percentage of return flow from the 

agricultural section 
Percentage of return flow from the 

drinking section Parameter 

0.7 0.25 0.75 Value 

  

Table 5. Statistical evaluation indicators of model simulation 

Validation Calibration 
Resource Type 

NSE RMSE NSE RMSE 

0.61 1.06 m3/s 0.87 1.37 m3/s Surface water 

0.9 0.44m 0.93 0.35 m Groundwater 
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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 m3/month) 

Agricultural demand    
Yamci irrigation network Ardabil plain 

Environmental demand City demand Month 
Scenario S1 Current situation Scenario S1 Current situation 

0 0 0 0 2672 5500 Jan 
0 0 0 0 2242 5898 Feb 
0 0 0 0 3241 5500 Mar 
0 0 0 0 1514 5785 Apr 

8150 11729 30346 40901 2077 6458 May 
12153 17131 31184 42030 5060 6525 Jun 
12470 17218 22246 29984 3496 5919 Jul 
8830 12126 17470 23546 1379 5583 Aug 
888 1207 1944 2620 1037 5449 Sep 
36 47 78 105 2016 4978 Oct 
0 0 0 0 1859 4440 Nov 
0 0 0 0 856 4910 Dec 

42527 59458 103268 139186 27449 66943 Sum 

  
Table 7. Percentage of area under cultivation of major crops in the study area 

Crops 
Situations Study region 

Canola Beans Forage Barley Wheat Potato 
0 2 7 18 46 27 Current situation 

Ardabil plain 
13 2 7 18 40 20 Change the percentage under cultivation 
0 15 10 5 30 40 Current situation 

Yamchi irrigation network 
15 15 10 5 25 30 Change the percentage under cultivation 

  

 
Figure 4. Agricultural demand supplies for Yamchi irrigation network under different scenarios 
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Figure 5. Groundwater level fluctuations under different scenarios 
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