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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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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

Climate variable MAE (mm) R% (%) KGE (%)
Precipitation 7.9 0.81 0.89
Air temperature 1.3 0.97 0.98
Evaporation 37.6 0.8 0.87
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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

Evaluation criteria
Snowmelt Implementation Verification Calibration

scenarlo method SMOW >  NSE NMSE P-bias KGE MOV
error error

NSE NMSE P-bias KGE

Temperature a 0.09 31.83 1301 0385 1.89  0.56 0.08 428 3722 062 234 0.64
based b 011 6087 5711 042 358 0.78 013 7326 67.11 029 042 0.8

c 0.11 6252 3723 0.61 574  0.72 0.11 7188 52.09 0.28 1.3 0.81

Radiation- a 0.08 2631 1079 1.08 6.51 0.4 0.08 31.71 2449 0.75 2.48 0.53
based b 012 6379 5992 039 825 0.77 016  76.12 7377 026 031 0.87

c 0.11 674 6325 0.36 8.31 0.79 0.14 8123 8092 0.19 257 0.9

Energy a 011 5423 5239 046 749 0.7 0.14  59.07 50.03 049 1004 0.75
balance b 015 7399 7259 027 099 086 021  76.12 7446 025 1.5 0.87

c 011 76.03 7553 024 334 086 016 7578 72.65 027 033 0.88
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Figure 3. Comparison between observed and estimated streamflows in a) temperature-based, b) radiation-based and
¢) 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)
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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



AOY S g g SUS e | bl ol (M Juo 515 ypliiods Sy 93 g (sl Sbe 13 (5540 M ] 03l dnsyi

ST W Joo sl S5, Y =Y
b adbarwy (Mo ladse Lol sl (V) S5 50 qawypdjge oyl sonle (IS 51 ob5)1 jslateas
o Mgy g Cul LSS o oM Jde (il ilodnd > gjliw dw jo (IS Mgyl ol dunlie [0S
s Gl oddBodlddrwgs Jdo dw o > 2ld cuslio ,Sles (gbsS Mgy cpl bled o ilaie ([ SNen > 50 dlbale
Sipl oMo g oAl riads oyl 93 polie ¢ Slawle polie Jlai |l joSie (g liw 1> B (g5l e
9% 5 $eS ReFRE SIS 4l 4l gl 5 SB Cusby jlade Liolos (o)l 555 ) R0086 @ (65t LS
9 ol 3l postar ) By ogd Ul g (50 5 slade Jlie 1 9 03, 91 (6551 M 9 (IS a5yl
29l 5593 onlies 93 31 St 1y (e Qg Hlade (5l (Mo ol izen Cusl 03, blod gyl
el opl dyiie  (suw)lasl el (SB cugby g (Bly 5y (gl e 03 deg pas cledy oS o390l

ONW".

temperature based Net Radation Energy Balance temperature based Net Radiation Energy Balance temperature based Net Raciation Energy Balance

(b)

Average of Simulated SnowRunoff(mm)
Average of Simulated SnowPack(mm)

Average of Simulated SoilMoisture(mm)

e o , = ¥ e

ar mar un ul aug oct v e an feb mar apr may jun il aug sep xt nov  dex jar fob mar apr may N ul Sox

Month Month Month
temperature based Net Radiation Energy Balance temperature based Net Radsation Energy Baiance temperature based Net Racaton Energy Balance
g1 3 £
13 £ -]
g (d) €) 5 ()
- 8
E 1 ] e 1
B 4 %
2’ ] [ B
31 3 g
7] B, g
B k- @
> - =
& 8 - o
X < ¢
2

" so
n sep ot nov de an  feb mar apr may jn | dex s
Month Month Voo
temperature based Net Radiation Energy Balance temperature based Net Radiation Energy Balance
3P E4
g2 :
g 2,
g (@) (h)
& 20 @
4 g
O 45 §2
° &
g =
& g°
£ 10 -
7] T
s 7]
@ B 10
g 8
g £
< s
<
> »
jan feb mar apr may jun jul aug sep oct nov de jan feb mar apr may jun jul aug sep oct nov de
Month Month

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, ¢) snow accumulation, d) snowfall, e)
rainfall, ) surface runoff, g) base flow, h) actual evapotranspiration. Monthly mean values in 2001-2015 are presented
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