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This study compared three different snowmelt scenarios using a monthly water 

balance model in the Taleghan-Alamut Basin in north of Iran. Three scenarios 

were tested in this study: a temperature-based, a net radiation-based, and an 

energy balance-based. Remote sensing data were utilized to mitigate the 

challenges of modeling snowmelt in a basin with limited ground information. 

The calibration and validation processes were carried out in a two-stage 

method. First, snow modeling was conducted grid-based throughout the basin, 

and the model parameters were validated. Using snow cover observed by the 

MODIS sensor, the model dispcipancy between computed and observed snow 

accumulation was calculated by comparing the percentage of to the calculated 

snow storage in each cell of the basin. In the second stage, the other model 

parameters were calibrated as a lumpt hydrologic model across the basin. 

Ultimately, the net radiation-based and energy balance-based models showed 

superior performance compared to the temperature-based model. During the 

validation period, the Kling-Gupta efficiency metric for the temperature-based 

snowmelt model was 0.72, while for the net radiation-based and energy 

balance-based models were 0.78 and 0.86, respectively. Additionally, the 

correlation coefficient between MODIS snow cover data and snow storage 

calculated in the three models ranged from 0.62 for the energy balance-based 

model to 0.72 for the temperature-based model. According to the results, the 

proposed methodology is suitable for assessing snow budget and the snow 

hydrology in mountainous areas with limited data availability.  
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Figure 1. Digital Elevation Model (DEM), Rivers, and Hydrometric Stations in Taleghan-Alamut Basin 
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Figure 2. Research methodology  
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Table 1. Four behaviours in a cell with respect to snow presence ditection 
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Table 2. Evaluation criteria for the land raster climatic data produced by PRISM 

Evaluation criteria  

KGE (%) R2 
(%) MAE (mm) Climate variable 

0.89 0.81 7.9 Precipitation 

0.98 0.97 1.3 Air temperature 

0.87 0.8 37.6 Evaporation 
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Table 3. Water balance model performance evaluation criteria and snow error in calibration and verification periods 

for different snow melt scenarios 

Snowmelt  

scenario 

Implementation 

method 

Evaluation criteria 

Verification  Calibration 

snow 

error 
R2 NSE NMSE P-bias KGE 

snow-

error 
R2 NSE NMSE P-bias KGE 

Temperature 

based 

a 0.09 31.83 13.01 0.85 1.89 0.56 0.08 42.8 37.22 0.62 2.34 0.64 
b 0.11 60.87 57.11 0.42 3.58 0.78 0.13 73.26 67.11 0.29 0.42 0.8 

c 0.11 62.52 37.23 0.61 5.74 0.72 0.11 71.88 52.09 0.28 1.3 0.81 

Radiation- 

based 

a 0.08 26.31 10.79 1.08 6.51 0.4 0.08 31.71 24.49 0.75 2.48 0.53 

b 0.12 63.79 59.92 0.39 8.25 0.77 0.16 76.12 73.77 0.26 0.31 0.87 
c 0.11 67.4 63.25 0.36 8.31 0.79 0.14 81.23 80.92 0.19 2.57 0.9 

Energy  
balance 

a 0.11 54.23 52.39 0.46 7.49 0.7 0.14 59.07 50.03 0.49 10.04 0.75 

b 0.15 73.99 72.59 0.27 0.99 0.86 0.21 76.12 74.46 0.25 1.5 0.87 

c 0.11 76.03 75.53 0.24 3.34 0.86 0.16 75.78 72.65 0.27 0.33 0.88 
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Figure 3. Comparison between observed and estimated streamflows in a) temperature-based, b) radiation-based and 

c) energy balance scenarions (2001-2015) 
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Figure 4. Variations of total streamflow components including snow melt runoff, surface runoff, base flow, actual 

evapotranspiration and soil moisture variations estimated by the energy balance-based model in the validation period 

(2013-2015) 

  

  
(a)  
  

 
(b) 

Figure 5. Mean monthly average error a) over estimation and b) under estimation of snow cover in Taleghan Basin 

during 2001 to 2015 for energy balance scenario (implementation method c) 
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Figure 6. Comparison between snow accumulation (circle markers) and snow cover (line) during 2001 to 2015 

estimated by temperature-based (top), net radiation (middle), and energy balance (down) models 
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Figure 7. Comparison between performances of temperature-based, net radiation, and energy balance scenarios 

(implementation method c): a) Surface runoff from snow melt, b) soil moisture, c) snow accumulation, d) snowfall, e) 

rainfall, f) surface runoff, g) base flow, h) actual evapotranspiration. Monthly mean values in 2001-2015 are presented 
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