
Estimating the snow water equivalent from snow depth data 

By T. Jonas*1 and D. Marks*2 / October 2016 
*1WSL-Institute for Snow and Avalanche Research SLF, Davos, Switzerland  
*2USDA Agricultural Research Service, Northwest Watershed Research Center, Boise, Idaho 
 

Introduction 

This article deals with a very basic problem in snow hydrology: how to estimate the snow water 
equivalent if only snow depth data is at hand. While snow hydrologist may instantly think of many 
ways how to solve the problem, this article is intended to guide students, practitioners, and scientist 
who only deal infrequently with snow data. So is this article for you? The table below summarizes 
typical situations in which different methods to estimate the snow water equivalent are useful. 

Situation What to do This article 
You have a met station that 
includes a snow depth 
sensor 

Run a decent snow model using the met data as 
input. You are more likely to get an accurate 
estimate of the snow density if you include 
meteorological information 

… may be 
helpful, if your 
met data don’t 
allow to run a 
snow model 

You have a historic record 
of periodic snow depth 
readings, but except for 
location and date there is 
no further data 

Check out the parametric snow density models 
that are discussed below 

… is for you 

You have a terrestrial laser 
scanner which you use to 
measure the snow height. 
These data need to be 
converted into water 
equivalents 

Take some snow water equivalent measurements 
after scanning. Sample across a range of different 
snow depths. Parameterize density as a function 
of snow depth. If resources and accessibility of 
your site permit, include other physiographic 
controls such as aspect or elevation 

… may give you 
an idea how to 
build your site-
specific snow 
density model 

You need a quick estimate 
of the snow water 
equivalent but have no 
equipment to measure it 
directly 

Take snow depth measurements instead and use 
the parametric snow density models that are 
discussed below 

… is for you 

You have returned from a 
snow survey. While you 
have taken hundreds of 
snow depth 
measurements, snow 
water equivalent was 
measured only occasionally 

This situation is similar to the above scenario with 
the laser scanner. Use your occasional snow 
water equivalent measurements to infer an 
average snow density that is representative of 
the conditions during your survey. If you have 
enough data, consider parameterizing density as 
a function of snow depth. 

… may give you 
an idea how to 
build your site-
specific snow 
density model 

You have daily snow depth 
data which you need to 
convert into daily SWE data 

Only one of the snow density models described 
below is up for the job, make sure to use the right 
one 

… is for you 

Many of the above 
situations apply every now 
and then 

You are a snow hydrologist, or you need to 
become one ;-) 

… might be a 
starting point 

Table 1: Typical situations in which methods to estimate the snow water equivalent might be useful. 



The essentials 

The snow water equivalent (SWE) represents the amount of water that is contained in a snowpack. 
Using SI units, it is measured in kg/m2, which can be thought of as the weight of the meltwater per 
square meter that would result if the snowpack was melted entirely. SWE can be inferred from snow 
depth (HS) if the snow density (ρ) is known as 

SWE = HS ⋅ ρ ,                                                                             (1) 

where SWE is in kg/m2, HS in m, and ρ in kg/m3. While snow is not a homogenous matter and snow 
density can vary within the snow pack, for the purpose of this article ρ shall represent the bulk 
density of the snowpack.  

 
Figure 1: Snow water equivalent, snow density and snow depth for seasonal snow in the Swiss Alps. 

The data in Figure 1 demonstrate, for seasonal alpine snow, that SWE and HS feature a strong 
correlation. Fitting a power law to the data shown in Figure 1 results in 

SWE = (60.1⋅HS0.89+237)⋅HS                                                               (2) 

This could be seen as a first simple approach to estimate SWE from HS (see Jonas et al. 2009 for 
further details). Density, on the other hand, shows a pronounced variability at low snow depths, 
which suggests that snow density should not be estimated from snow depth alone. The density of a 
seasonal snowpack typically increases over the course of the season due to settling and ripening. 
Accordingly, snowpack density for a given location often follows the above trajectory (Figure 1, blue 
arrow): low density and depth during early snow-up, mid density and high snow depth during peak 
winter, and high density and low snow depth towards the melt-out.  

Note that the above consideration may not necessarily apply to other types of snow; in regions that 
are too warm to maintain a seasonal snow cover, snow occurs, if at all, only episodically. And snow in 
the tundra will feature systematically different properties if compared to snow in maritime climate. 



Snow density models 

Equation 1 provides context, why a snow density model allows converting snow depth into snow 
water equivalent. Of course, a complex model that can resolve physical processes within a layered 
snowpack will also output the snow density. But here we are after parametric approaches that can 
be used in the absence of supplementary meteorological data that would be required to run a snow 
model (c.f. Table 1). 

One might think that there must be dozens of suitable snow density models available in the 
literature. But in fact, the choice is rather limited. Of those we would like to highlight the work from 
Sturm et al. (2010), which offers a set of easy-to-use snow density models for different snow classes 
available through a single equation with minimum input data requirements. Model (Equation 6 in the 
original publication) and parameters (table 4 in the original publication) are rewritten below for use 
with SI units: 

                                       ρ = ρ0 + (ρmax – ρ0) ⋅ ( 1 – exp( –k1⋅HS – k2⋅DOY/100)) ,                                     (3) 
 
where parameters ρ0, ρmax, k1,and k2 are available from table 2; and DOY is day of the year, which 
runs from -92 on October 1st through -1 on December 31st and from 1 on January 1st through 181 
on June 30th. 

Snow Class ρ0 ρmax k1 k2 
Alpine 223.7 597.5 0.12 0.38 
Maritime 257.8 597.9 0.10 0.38 
Prairie 233.2 594.0 0.16 0.31 
Tundra 242.5 363.0 0.29 0.49 
Taiga 217.0 217.0 0 0 

Table 2: Parameter set for different snow classes to be used with Equation 3. 

All you need to deploy the above snow density model is a snow depth, the date of measurement, and 
the snow class that best represents the snowpack at your site. The model has been developed with 
the snow cover classification system in mind that was published by Sturm et al. (1995). So best to use 
the same classification when drawing parameters from table 2. When applied to snow of at least     
0.5 m depth the model estimates snow density within a RMSE of 65 kg/m3 (see Figure 8 in the 
original publication). 

Alternative models are available from the bibliography below. If you work with data from seasonal 
snow in the European Alps you may find the model presented in Jonas et al. (2009) more suitable as 
it additionally incorporates the effect of site elevation on snow density. Or, if you are to convert 
times series of daily snow depth for a given location into meaningful times series of SWE, you may 
want to adopt methodology presented in McCreight (2014). These authors managed to build a model 
that conceptually differentiates between periods in which snow depth decreases due to settling, due 
to snow melt respectively.  

It is important to not overexploit any of the above models. They were developed with specific 
applications in mind, so carefully read the discussion section of the respective original publications if 
you are in doubt about the model’s applicability in your case. Neither of the above models is suitable 
to explain the spatial variability of density within a small test site. Further, the models will result in 



the same snow density estimate if for a given location the snow depth happens to be the same on 
the same date in two different years. So obviously, these models are of limited use when density is 
heavily affected by extraordinary meteorological conditions or by a previous rain-on-snow situation. 
However, despite all applicable limitations, the above snow density models are surprisingly accurate 
in converting snow depth into water equivalent given their simplicity and their low data 
requirements. 

Cautionary note 

Snow is a wonderful natural material composed of a matrix that is a mixture of air and all three 
phases of water – ice, liquid and vapor. Snow density is a function of the ratio of these materials 
within the snow volume, controlled mostly by the air and ice fractions. New-fallen snow typically has 
a matrix air content that can exceed 90% and therefore a much lower density (i.e. is lighter per 
volume) than old snow.  This is because snow is thermodynamically very active, and is continuously 
changing as it sits on the ground.  As snow ages, the elaborate and very fragile snowflakes that fall 
from the sky rapidly settle and re-form, generally transforming the snow cover from a jumble of ice 
crystals and air into a well-bonded spheroid structure.  The air component of the snow matrix, which 
may have been greater than 90% when the snow fell, is gradually filled in, until it is less than 50%. In 
addition to this natural settling and compaction process, snow density is sensitive to cycles of freeze 
thaw, rain on the snow, topographic and canopy shading, wind scour and drifting.  The number, 
timing, and magnitude of winter storms further complicate the situation.  Because all of these 
parameters are highly variable in both space and time, it is very difficult to estimate their distribution 
and occurrence over even relatively small regions. This paper offers a first cut at estimating snow 
density, by reducing the problem to very few aspects. The methods described are neither intended 
nor suitable to replace investigation of the above processes, their variability and diversity of 
conditions likely to occur in a natural area (e.g. Marshall et al., 1999; Conway and Wilbour, 1999). 
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