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CALCULATION OF SNOW DEPTH AND SNOW WATER EQUIVALENT  
 

Outline 
 

Snow Depth is defined as the combined total depth of both old and new snow on the ground. Direct 
measurements of the depth of fresh snow on open ground are taken with a graduated ruler or scale 
(WMO, 2008). 

The water equivalent of a snow cover is the vertical depth of the water that would be obtained by melt-
ing the snow cover. The standard method of measuring water equivalent is by gravimetric measurement 
using a snow tube to obtain a sample core (WMO, 2008).  

The evaluation of measured snow cover records at the level of CARPATCLIM area has led to the conclu-

sion that there is a lack of reliable and continuous measured data at the level of the meteorological sta-

tions of the region and is insufficient for estimating connected variables such as Snow Water Equivalent 

and Snow Depth. In order to address this gap, a snow cover model employed operationally at ZAMG , 

was applied to generate a 0.1° latitude/longitude grid of daily mean snow cover and corresponding es-

timated water equivalent and  snow depth simulations. The applied model is based on pre-finished 

CARPATCLIM grids of mean air temperature *°C+, precipitation sum [mm] and relative air humidity [%]. 

They are processed by the snow cover model regarding three main parts accumulation of snow cover, 

ablation of snow cover and transformation of SWE to snow depth. 

Calculation methodology 

 
Input: 

– daily grids of mean air temperature *°C+, precipitation sum [mm] and relative air humidity [%]; 

– output grids of SWE, snow depth and snow temperature of the previous day, which in turn are 
used as input variables for the actual day. 

 
 

1. Parameters 

Five parameters, four seasonally constant ones and one seasonally variable parameter, control the day-

to-day build-up and degradation of snow cover: 

 The critical melting temperature (Tmc = 0 °C) accounts for the threshold beneath which all precipita-

tion falls in solid form. 

 The critical temperature (Tc = 0 °C) specifies the temperature above which all precipitation falls in 

liquid form and cannot be used for snow cover build-up. It most importantly steers snow accumula-

tion. 

 The cooling factor (Acool = 1  mm/(°C*d)) accounts for thermal loss of the snow cover in the case of air 

temperature lying lower than snow temperature. 
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 The snow cover layer boundary (lb = 200  mm) separates the snow cover into two for the calculation 

of the snow cover’s thermal properties. If the total SWE is smaller than the layer boundary, only one 

layer is existent. 

 The degree day factor (Amelt = 1 to 8 mm/(°C*d)) determines the amount of melting water that incurs 

per degree day and therefore controls snow ablation. Contrary to the other parameters it varies over 

the year in a sinus wave reaching its minimum on December 21st and its maximum on June 21st. 

 

2. Processes 

The processes which are included in the snow cover model are now described in their main outlines. 

Generally, fresh-fallen snow denotes the additional snow amount of the current day of calculation 

(“today”, suffix -t ), whereas old snow denotes the pre-existing snow amount of the previous day 

(“yesterday”, suffix -y). 

 

2.1 Accumulation of snow cover 

 Using the input variables air temperature, precipitation and relative humidity, the SWE of fresh-fallen 

snow is calculated via wet-bulb temperature which is a better indicator for the type of precipitation 

than temperature itself (fig. 1). 

 Air temperature determines the snow temperature of fresh-fallen snow as well. 

 The sum of the SWE of old snow and fresh-fallen snow makes the preliminary SWE after accumula-

tion. 

 The mean of the temperatures of old snow and fresh-fallen snow weighted by their respective SWE 

produce the preliminary snow temperature after accumulation. 

 

 
Figure 1. Scheme of processing steps for the simulation of snow cover accumulation. 
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2.2 Ablation of snow cover 

 Preliminary SWE and preliminary snow temperature after accumulation are used to calculate the 

preliminary cold content (fig. 2). 

 With the aid of air temperature the amount of potential melt or effective cooling respectively is spec-

ified. 

 The preliminary cold content and potential melt/effective cooling together determine the amount of 

effective melt and decrease of cold content (if air temperatures are above melting temperature) or 

the increase of cold content (if air temperature is below melting temperature). 

 Effective melt subtracted from preliminary SWE gives the final output variable SWE. 

 The cold content applied on the final SWE allows the calculation of the final snow temperature. 

 

 
Figure 2. Scheme of processing steps for the simulation of snow cover ablation. 

 

2.3 Transformation of SWE to snow depth 

 For the calculation of the depth of fresh-fallen snow, the SWE of fresh-fallen snow is used considering 

the settling by degrading transformation (i.e. breakup of snow crystals) which depends on air tem-

perature and the density of fresh-fallen snow (fig. 3). 
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 For the calculation of the depth of old snow, the old SWE is used considering the settling by degrad-

ing transformation, which depends on air temperature and the density of old snow, and the settling 

by the weight of the fresh-fallen snow, which depends on air temperature, the density of old snow 

and the SWE of fresh-fallen snow. 

 The snow depths of fresh-fallen snow and old snow are added up to the final total snow depth. 

 

 
Figure 3. Scheme of processing steps for the transformation of SWE to snow depth. 

 

For more information please consult D2.9 – Final report on the creation of national gridded datasets, 

per country  

 

Output: 

– daily output grids (0.1° x 0.1° DD (≈ 10 x 10 km)) of Snow Water Equivalent [mm], covering the 1961 
(October 1st)–2010 (December 31st)* time interval ;  
– daily output grids (0.1° x 0.1° DD (≈ 10 x 10km)) of Snow Depth [cm] covering the 1961 (October 1st)–
2010 (December 31st)* time interval. 
 
* The model is carried out for hydrological years. For the CARPATCLIM project, it is initiated on October 
1st of every year from 1961 to 2010 (setting all snow cover variables to zero on that day) and runs unin-
terruptedly until September 30th. Due to the missing of the first part of the hydrological year 1960/61, 
calculation starts with the season 1961/62 and covers the almost 50 years from October 1st, 1961 to 
December 31st, 2010. 
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