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Abstract

In this study, the possibility of snow estimation using the
snow-rain phase separation models which usually is integrated
into the snowmelt models or in the numerical weather
prediction (NWP) models are evaluated for the Zagros region,
Iran. For this purpose, daily precipitation (rain and snow) and
temperature data from 36 weather stations distributed over
Zagros having data records over the period 1951-2015 is used.
The performances of the snow-rain phase separation models in
accurately predicting the phase of precipitation at the studied
stations were evaluated through constructing contingency
tables between predictions and observations, and eventually
evaluating the results using a set of statistical skill scores. A
statistically significant relationship was found between the
phase of precipitation predicted by the models and the snow
occurrences observed at all selected stations. The USACE,
Pipes and Quick, Hyperbolic tangent function and Kienzle
were found as the best models, while the Mccabe and Wolock
model and the Brown model resulted in the weaker predictions
based on the maximum and minimum temperature. The snow-
rain separation temperature threshold at the selected stations
varied from -1.7 to 5 degree Celsius, nonetheless, between 0
and 2 degree Celsius in more than 75% of the stations. It was
also found that the temperature range within which both snow
and rain can occur simultaneously varies among stations, but
in most of the stations it is between 9 and 13 degrees Celsius.

Keywords: Snow-Rain Phase Separation, Snow-Rain Phase
Temperature Threshold, Snowfall Temperature Range, Snow
Depth Prediction, Snow Melt Models.
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Fig. 1-a) Geographical location of mountainous region of Zagros over the topographic map of Iran, b)
spatial distribution of 178 stations in the region, c) spatial distribution of 140 stations with daily snow depth
records, d) spatial distribution of 60 stations with more than 20 years of daily snow depth records, e) spatial

distribution of 36 stations having long-term suitable snow depth records and f) spatial distribution of 7

stations used for inter-comparison of the models
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Fig. 3- Proportion of snow occurence versus daily mean temperature at Sanandaj station, estimated using a)
the Kienzle and b) the hyperbolic tangent function approaches. In the left panel the curve in blue shows the
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rain and snow can occure simulstaniously in the selected stations
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Table 2- The snow-rain separation temperature threshold (Tt) and the temperature range (Tr) in which both

Station Tt Tr Station Tt Tr Station Tt T, Station Tt Tr
Golpaygan 0.3 135 Daran 0.9 12 Borujen 1.3 14.8 Kermanshah -1.3 116
llam 0 10.5 Sardasht 3.1 13.9 Aligudarz 0.1 121 Khorramabad -1.7 8.5
Kangavar -0.2 113 Eqlid -1.2 11.8 arak 0.3 15.5 Sanandaj 0.1 108
Mahabad 07 101 Hamedan ;o 134 Abadeh 01 144  Shahrekord 14 132
(Airport)
Zarrineh 26 108 Bsamaba 5005 pouierd 04 132 Zanjan 1 10
d-e-Gharb
Shiraz -0.3 7.3  Piranshahr 1.7 13 Marivan 13 10 Malayer -02 101
Sararud -0.1 94 Sagez 1.2 10.5 Ravansar -0.5 10.6 Qorveh 1.3 105
Khorramdareh 15 115 Yasuj 0.1 94 Takab 11 8.8 saveh -04 87
Khodabandeh 2.7 15.3 shahreza 0.6 10.4 Kuhrang 5 155 Zargan 0.4 7.8
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Fig. 5- a) The numbers of stations vs the computed snow-rain separation temperature threshold (Tt) and b)

temperature range (Tr)
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Fig. 6- Relationship between the elevations of the stations and a) the computed snow-rain separation
temperature threshold (Tt) and b) temperature range (Tr)
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ig. 7- The computed values of PC, POD, FAR, CSlI, ETS, KSS and HSS skill scores of different
precipitation phase detection models at the selected stations
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Table 3- The computed values of Frequency Bias Index (FBI) skill score relative to different precipitation
phase detection models at the selected stations

oo (ol ! 43 1)L 51 B 5B o lwld il s Jaw FBI asvuw p3lio Y Jgao

McCabe USACE Tangent Pipes Motoyama Kienzle Brown (Mean) Brown (Max, Min)

Arak 1.94 0.98 1.14 1.01 1.04 1.02 1.29 2.33
Hamedan 3.00 1.02 1.13 1.03 114 1.13 1.24 2.25
Kermanshah 1.57 0.58 0.76 0.77 1.25 1.24 1.20 3.51
Khoramabad 1.61 0.72 1.16 1.27 4.05 3.95 3.17 34.00
Sanandaj 1.87 0.80 1.02 0.88 1.04 1.02 1.26 341
Shahrekord 2.67 1.09 1.28 1.16 1.23 1.21 151 4.06
Zanjan 2.58 0.90 1.03 0.93 0.98 0.97 1.19 2.32
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