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Extended Abstract

Introduction

Estimating the water balance is a key factor in water resource management and environmental planning. The main objective
of this study was to evaluate the efficiency of the SWAT model in determining the water balance components of the region.
The water balance refers to the equilibrium between water inputs and outputs in a specific area, including factors such as
precipitation, evaporation, runoff, and water withdrawal. The most important elements of the water balance from the
perspective of water resource management are precipitation, evapotranspiration, surface runoff, groundwater flow, and lateral
flow. A correct understanding of this balance can help optimize water resource use, predict climate change, and assess human
impacts on ecosystems. Given the increasing population and the growing need for water, accurate estimation of the water
balance has become crucial for informed management decisions and sustainable development in the agricultural, industrial,
and urban sectors. Therefore, dynamic and coherent planning, along with the implementation of appropriate management and
conservation measures, is essential for the optimal use of the country's water and soil resources. In this context, employing
mathematical models and field data can enhance the analysis of water resource status and future planning. Today, hydrological
models are utilized to study and plan for the sustainable and effective comprehensive management of watersheds. An example
of a physically based hydrological model is SWAT, which simulates large-scale processes and monitors them based on the
characteristics of the watershed and its climatic conditions.

Materials and Methods

In this study, to model the hydrological conditions of the Kowsar Dam basin using the SWAT model, we first
imported a digital elevation model with a resolution of 30 meters into the model software environment
(ArcSWAT). The output location was then specified, and the watershed boundary was established. Next, we
overlaid land use, soil, and slope class maps to obtain hydrological response units (HRUs) for the region. At this
stage, the basin was divided into 35 sub-basins and 184 HRUs. To run the model, we utilized daily climatic data
from the meteorological stations, which included precipitation, maximum and minimum temperatures, and
relative humidity. The model was calibrated using the SUFI2 program, based on the data from 2007 to 2019.
Initially, to identify the parameters influencing runoff in the region, a sensitivity analysis was conducted using the
One Parameter at a Time (OAT) method, which helped identify the sensitive parameters for model calibration. By
implementing the SUFI2 algorithm, we determined the optimal values for these sensitive parameters. Model
validation was carried out using the modified parameter values obtained during the calibration stage. To evaluate
model performance during both the calibration and validation phases, we used the coefficient of determination
(R?) and the Nash-Sutcliffe coefficient (NS).

Results and Discussion

The results showed that the SWAT model simulated the water balance components of the Kowsar Dam watershed
with acceptable accuracy. For this reason, the values of the R? (0.55-0.62) and NSE (0.54-0.6) indices were
relatively high. Based on the results, it was also determined that in the studied basin, most of the precipitation
occurred in the fall and winter seasons, with the maximum occurring in November and the lowest precipitation in
June. The amount of surface runoff in November gradually began with the onset of autumn and winter
precipitation, so that the highest amounts of surface runoff were observed in November and February. The
temporal changes in base flow throughout the year showed that its highest amount was related to late winter and
its lowest amount was related to October. Actual evapotranspiration gradually increased from November with the
onset of precipitation, so that from late winter, as the weather warms up, the actual evapotranspiration rate
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increased and reached its maximum in May. In relation to potential evapotranspiration, unlike actual
evapotranspiration, this parameter would increase with increasing temperature and decreasing precipitation. The
lowest potential evapotranspiration rate was in January due to the sharp decrease in temperature in this month,
and the highest rate was in early summer, that is, July.

Conclusion

By implementing the SWAT model in the Kowsar Dam basin, we were able to simulate the monthly flow for the
studied period. Statistical comparisons of this modeling demonstrated acceptable results. The comparison of the
simulated and observed hydrographs showed a good correlation according to the Nash-Sutcliffe criterion.
Therefore, we can conclude that the SWAT physical model performs acceptably in the Kowsar Dam basin, based
on the simulation results. By comparing the appearance and statistics of the observed hydrograph with those of
the simulated hydrograph, we found a high similarity between the two during the study period. There is good
agreement between the hydrographs regarding important characteristics such as peak discharge, runoff volume,
and time to reach peak discharge. Overall, the results indicate that the SWAT model has the ability and acceptable
accuracy to simulate the monthly runoff discharge of the Kowsar Dam watershed. In this study, the model's
calibration and validation results showed its efficiency in estimating the water balance in the Kowsar Dam
watershed. The final results showed that on average, about 51 percent of precipitation entered the atmosphere as
evaporation and transpiration, about 21 percent as surface runoff, 5 percent as lateral flow, and 16 percent as return
flow directly into waterways. In total, about 26 percent of water entered the soil layers and the aquifer. The results
indicate the effectiveness of the SWAT model in simulating the water balance of the Kowsar Dam watershed.
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Figure 3. A. Digital elevation model, B. Stream network, C. Soil map, D. Land use map, E. Sub-basin map of the Kowsar dam watershed
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Table 2. Characteristics of meteorological stations in the study area

Year of establishment Station type Height Width Length Station name Station code
1984 Evaporimeter 826 3372588 469203 Abchirak 104-22
1976 Conventional rain gauge 1031 3368887 504296 Abdehgah 048-22
1983 Conventional rain gauge 852 3391191 452351 Boyri 116-22
1997 Evaporimeter 1110 3378629 496499 Tljegah 102-22
1981 Conventional rain gauge 801 3406878 459740 Dehdasht 036-22
1996 Evaporimeter 1345 3427618 488033 Dehno 215-22
1960 Conventional rain gauge 740 3358728 478230  Dogonbadan 403-22
1991 Conventional rain gauge 837 3379875 476629 Deal 400-22
1995 Conventional rain gauge 1134 3406657 484715 Sarfaryab 304-22
1981 Conventional rain gauge 650 3395572 474302 Sayedabad 069-22
1984 Conventional rain gauge 2026 3393937 508590 Tasuj 110-22
2000 Evaporimeter 966 3418008 460686 Klacho 049-21
1982 Evaporimeter 707 3389641 477314 Nazmakan 523-22
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Table 3. Range of coefficients of determination (R?) and the
Nash—Sutcliffe efficiency (NSE)

Poor Middle Good Very Good
R?  <0.60 0.60-0.70  0.70-0.80 >0.80
NSE <0.50 0.50-0.65  0.65-0.75 >0.75
n 2
Rz =1— t=1(At - Fl‘) (Y)
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Table 4. Measured and simulated values of selected variables and indicators of the watershed's hydrological balance

Hydrometric Upgtream Avergg§ b?.SiIl Average ﬂpw rate Specific Runoff Baseline
station basin area pr§c1p1tat10n (cubic water flow coefficient . ﬂpw
(hectares) (millimeters) meters/second) (mm) indicator
Sayedabad 60305 520 431 225 0.43 0.67
Nazmakan 101559 750 7.71 239 0.32 0.61
SWAT model
for the entire 242809 580 * 252 0.43 0.51
basin
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Monthly Observations vs Simulations
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Figure 4. Simulated and observed hydrographs at the Seyyedabad hydrometric station (code 22-069), along with evaluation

indicators
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Figure S. Simulated and observed hydrographs at the Nazmakan hydrometric station (code 22-523), along with evaluation
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Table 5. Optimal values of sensitive parameters of the Kowsar Dam watershed after calibration

Optimal parameter value Parameter Row Optimal parameter value Parameter Row
0.11 R SOL AWC 6 -0.04 CN2 1
0.01 V__ALPHA BF 7 1.4 R__SOL BD 2
199.09 V__ GW_DELAY 8 0.93 V-ESCO 3
57.5 V. GWQMN 9 0.68 R SOL K 4
2.15 V__SMFMX 10 -7.45 V__TLAPS 5
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Table 5. Evaluation indicators for model performancefor simulating monthly flow at the watershed’s hydrometric stations

Evaluation Seyed Abad Station - Seyed Abad Station - Nazmakan Station - Nazmakan Station -

index Calibration Validation Calibration Validation
R? 0.62 0.59 0.55 0.54
bR? 0.49 0.45 0.45 0.43
NSE 0.6 0.58 0.54 0.53
PBIAS -12.8 -10.2 0.7 0.66
RSR 0.63 0.59 0.68 0.65
P-factor 0.94 0.90 0.73 0.67
R-factor 1.05 0.94 0.72 0.64
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Figure 6. Various components of the water balance of the Kowsar Dam watershed based on the first simulation of the SWAT model
(units in millimeters)
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Table 6. Monthly average values of hydrological variables for the Kowsar Damwatershed based on the SWAT model simulation

Mon  Rain(mm) Snow Surface Lateral Base Real ET Potential ET
Fall(mm) runoff(mm) flow(mm) flow(mm) (mm) (mm)
Jan 88.54 0.00 18.15 4.55 29.66 24.83 53.22
Feb 92.38 0.00 24.97 5.02 42.88 27.99 58.21
Mar 91.62 0.00 19.11 5.25 44.03 35.62 92.02
Apr 56.38 0.00 6.54 5.29 34.76 46.22 128.94
May 22.88 0.00 1.36 3.64 26.88 59.87 219.64
Jun 0.45 0.00 0 1.27 11.71 30.61 286.99
Jul 1.21 0.00 0 0.46 2.60 7.95 306.69
Aug 4.27 0.00 0 0.27 0.9 6.23 287.46
Sept 2.19 0.00 0 0.18 0.61 4.62 23391
Oct 14.76 0.00 0.05 0.18 0.54 4.77 165.55
Nov 130.32 0.00 33.46 2.55 36.24 21.23 79.34
Dec 80.66 0.00 21.07 4.76 27.49 24.67 60.06
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