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History of snow-cover observations

https://www.unr.edu/nevada-today/news/2021/libraries-edward-church-papers
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Early observations of snowfall (driven by meteorology)

✼Sédileau (France, 1692) found that the volume of [fresh] snow was 
about five to six times the volume of the melted snow (water volume)

✼Grand Saint-Bernard (Switzerland, 2469 m asl, since ~1848)
o density of new snow ~ 110 kg m-3 , 3000 observations.1862-1881

✼Snowboard: when did it start (Finland winter 1921)?
Lancaster, A.: La densité de la neige, Ciel et Terre, Revue Populaire d’Astronomie, de Météorologie et de Physique du Globe, 49–58, 1888.
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Observation of snow mass (driven by hydrology)

✼Water equivalent of snow cover (from ~1900, James Edward Church)
o snow surveys, snow tubes, …

USDA, W. S. F. U.: Snow survey sampling guide: handout, 
United States Department of Agriculture, Washington DC, USA, 32 pp., 
1984.



 

Observation of snow properties (driven by snow physics)

✼Avalanche formation (from ~1930)
o Snow metamorphism
o Stratification 
➢ (snow profiles, manual and visual observations)

o Formation of weak layers

✼Snow physics (from ~1990)
o Snow metamorphism
o Snow physical properties 
➢ density, specific surface area, liquid water content

o Objective measurements 
➢ snow micro-penetrometer, micro-computer tomography, …

© WSL/SLF, J. Schweizer

© WSL/SLF, https://www.slf.ch/en/snow/snow-as-a-material



Snow stratigraphy

Paulcke, W.: Über die wichtigsten Ergebnisse meiner Schnee- und Lawinen-Forschungen.
In: Snow and Ice, IAHS Publication No. 23, 

International Association of Scientific Hydrology, Edinburgh, UK, 639–665, 1936.
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Timeline of traditional snow profiles for the winter 2017
Weissfluhjoch, 2540 m asl, Davos, Switzerland
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Snow classifications

Bader, H. P., Haefeli, R., Bucher, E., Neher, O., Eckel, O., and Thams, C.: Snow and its metamorphism. 
Snow, Ice and Permafrost Research Establishment, Wilmette, Illinois, USA, 42 of 313 pp., 1954.

Translation from “Der Schnee und seine Metamorphose”, 1939.
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International Classifications
✼ 1954 : The international classification for snow (with special reference to snow on 

the ground)
Schaefer et al., IASH(ICSI) 

➢ To set up a classification as the basic framework which may be expanded or contracted to suit 
the needs of any particular group ranging from scientists to skiers. 

✼ 1970 : Seasonal snow cover: A guide for measurement, compilation and 
assemblage of data 
M. de Quervain [Ed.], UNESCO / IASH(ICSI) / WMO 
A contribution to the International Hydrological Decade

✼ International Classification for Seasonal Snow on the Ground
o 1990 : Colbeck et al., IAHS(ICSI)
o 2009 : Fierz et al., IACS



Guide to Instruments and Methods of Observation
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WMO-No. 8, Guide to meteorological instruments and methods of 
observation (published from 1950 to 2017)
✼ Chapter 6. Measurement of precipitation 

o Section 6.7 Measurement of snowfall and snow cover
➢ 2014 edition, updated in 2017:

The authoritative texts on this topic are the Guide to Hydrological Practices (WMO-No. 168), 
Volume I  and Snow Cover Measurements and Areal Assessment of Precipitation and Soil 
Moisture (WMO-No. 749), which cover the hydrological aspects, including the procedures, 
for snow surveying on snow courses. The following is a brief account of some simple and 
well-known methods, and a brief review of the instrumentation.

✼ WMO Commission for Instruments and Methods of Observation (CIMO,
today SC-MINT) proposed to split WMO-No.8 in volumes

✼ Global Cryosphere Watch (GCW) agreed to develop a volume on cryospheric 
measurements, involving the scientific community through the International 
Association of Cryospheric Sciences (IACS)



 

WMO-No. 8, Volume II – Measurement of cryospheric variables

✼ Chapter 1. General 
✼ Chapter 2. Measurement of Snow 

o First published in 2018
o Coordination with publication of Chapter 3 in 2023
o Ad hoc GCW Snow Watch Team revised and augmented this chapter in 2024.

To be sent out for external review.

✼ Chapter 3. Measurement of Glaciers
o First published in 2023

✼ Chapter 4. Permafrost : 
o Approved by WMO in 2024
o To be published in 2025, provisional edition available here

✼ Sea ice : 
o Sea Ice Watch is expected to designate a Task Team soon.

https://community.wmo.int/en/activity-areas/imop/wmo-no.8/wmo-no-8-provisional-2024-edition


The glossary includes descriptions from 
27 sources, among other things: 
• The International Meteorological Vocabulary 
• The International Glossary of Hydrology

There are:
• 8 descriptions for avalanche
• 7 descriptions for snowfall
• 13 descriptions for snow
• 6 descriptions for snow cover

Terminology
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Snowfall, snow, snow cover, base surface, …

✼ Atmospheric snow is a hydrometeor defined as a solid precipitation (see WMO-
No.8, Volume I, Chapter 6) → snowfall

✼ Snow is a fascinating material
✼ Snow is a component of the cryosphere, which is part of the Earth system
✼ Snow cover refers to the blanket of snow covering any surface of the Earth and 

includes the concepts of depth and areal extent (see Sturm et al., 1995). 
o A reference horizon, also called base surface, is taken as the interface at the bottom of the snow 

cover
✼ Snow variables are properties of either the snow cover or of a layer within the 

snow cover.

Sturm, M., Holmgren, J., and Liston, G. E.: A Seasonal Snow Cover Classification System for Local to Global 
Applications, J. Climate, 8, 1261–1283, https://doi.org/10.1175/1520-0442(1995)008<1261:ASSCCS>2.0.CO;2, 1995.

https://doi.org/10.1175/1520-0442(1995)008%3C1261:ASSCCS%3E2.0.CO;2


 

Depth of snowfall or height of new snow

✼Vertical depth of freshly fallen snow that has accumulated during a 
specific period, usually of 24 hours, on any surface of the Earth. 

✼ It is important to make a clear distinction between depth of snowfall 
and solid precipitation → location of measurement!

✼Water equivalent of snowfall is the vertical depth of the water that 
would be obtained if the freshly fallen snow melted completely, which 
equates to the new snow mass per unit area.



 

Snow depth or snow height or height of snow

✼Vertical distance from the snow surface to a stated reference level, 
most often the base surface or a reference horizon marked at some 
fixed time.

© WSL/SLF



 

Snow density & bulk snow density of snow cover

✼Snow density is the density of a snow layer of any thickness 
expressed in kg m-3. If the layer thickness equals the snow depth, 
snow density is referred to as bulk snow density (that is, the density of 
the snow cover) and denoted ρs,bulk

© WSL/SLF



 

Water equivalent of snow cover or snow water equivalent (SWE)

✼Water equivalent of snow cover is the vertical depth of water that 
would be obtained if the snow cover melted completely, which equates 
to the snow-cover mass per unit area. It is expressed either in mm w.e. 
or in kg m–2



 

Bulk snow density and water equivalent of snow cover

𝜌s,bulk = SWE/𝐻s (kg m-3),

where:
SWE is the water equivalent of snow cover,
its mass per unit area (kg m-2), and Hs is the snow depth (m)

The bulk snow density of snow cover is defined as:

It is known for long that bulk density of snow cover varies less than snow depth and 
water equivalent of snow cover. 
For example, see Korhonen, W. W.: Über die lokale Veränderlichkeit der Schneedecke, Kleinere Mitteilungen, 
Meteorologische Zeitschrift, 72–76, 1932. (Finland)



 

Further snow variables treated in WMO-No.8, Volume II, Chap. 2

✼Presence of snow on the ground
✼Snow albedo
✼Snow surface temperature
✼Snow temperature
✼Snow cover extent (SCE)
✼Snow surface state
✼Liquid water content, specific surface area and drifting and blowing 

snow are left for future revisions



Short break !



Snow density and water equivalent of snow cover (SWE)

Carroll, T.: A Comparison of the CRREL 500 cm3 Tube and the ILTS 200 and 100 cm3 Box Cutters 
used for determining snow densities.
Journal of Glaciology, 18, 334–337, https://doi.org/10.3189/S0022143000021420, 1977.

Church, J. E.: Snow surveying: Its problems and their present phases with reference to mount rose, Nevada and vicinity. 
In: Proceedings of the second Pan American scientific congress, Washington DC, USA, Dec 1915. 
Washington, Govt. print. off., Washington DC, USA, 496–549, 1917.
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A dataset of 600+ snow profiles

✼At Weissfluhjoch, bulk snow density is
measured bi-weekly since the winter 1937

✼Care was taken to measure the water 
equivalent accumulated from profile to profile 
and thus the 500 cm3 CRREL-cylinder was used

✼Around 2000, the ETH-cylinder replaced the CRREL-cylinder for the bi-
weekly ‘standard’ profiles

✼Starting around 1990, many of these ‘standard’ measurements are 
accompanied by parallel measurements of snow density with smaller snow 
samplers or the electronic Denoth device



 

P.      hn

The instruments used
Large cylinder samplers:

Denoth probe: 500 cm3CRREL1): 500 cm3, ∅ 5.8 cm;
used vertically or/and horizontally

ETH : 3850 cm3, ∅ 9.4 cm;
always used vertically

1) CRREL: Cold Regions Research and Engineering Laboratory

© WSL/SLF© WSL/SLF



 

How well do we measure bulk density of snow cover ?
1996-01-03

𝜌s,bulk (kg m-3)  CRREL: 225 CRREL: 253Denoth: 237ETH: 223

1995-12-28



 

How well do we measure bulk density of snow cover ?
1996-01-031995-12-28

𝜌s,bulk,mean = 235 kg m-3; Δmax = 15 kg m-3 , i.e. ~ ±6 %



 

Comparison of bulk measurements from 4 winters
Snow depth (cm) CRREL ETH Denoth 𝝆𝐬,𝐛𝐮𝐥𝐤 (kg m-3) Δmax (kg m-3) ± (%)

97 225 223 237 228 7 3

100 291 268 280 24 4

109 274 272 273 2 0

119 301 289 284 291 17 3

137 484 483 484 11 1

138 245 231 239 7 3

150 326 311 306 314 20 3

151 278 255 269 23 4

164 269 264 267 6 1

175 399 366 383 33 4



 

Comparison of bulk measurements from 4 winters
Snow depth (cm) CRREL ETH Denoth 𝝆𝐬,𝐛𝐮𝐥𝐤 (kg m-3) Δmax (kg m-3) ± (%)

176 320 303 307 310 17 3

179 444 447 446 3 1

186 309 295 303 14 2

202 342 325 334 17 3

206 315 285 299 30 5

213 301 289 294 12 2

237 352 323 332 29 5

288 311 294 305 17 3

288 367 340 353 27 4



 

Bulk density of snow cover: so, what?

✼The bulk density of snow cover eases comparisons as it does not 
depend on snow depth

✼There is no ‘true’ or ‘reference’ value

✼ In general, different methods or observers will agree within 10 %

✼Each method has pros and cons!



Automatic measurements
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Good, W. and Krüsi, G.: Besondere Beiträge: Ein optoelektronischer Schneehöhenmesser.
In: Schnee und Lawinen in den Schweizeralpen. Winter 1972/73, Eidg. Institut für Schnee- und Lawinenforschung SLF, 

Weissfluhjoch/Davos, Switzerland, 150–156, 1974.



 

Automatic measurements
at Weissfluhjoch
Snow depth, SWE (pillow, scale, GNSS, 
CRS-Snowfox), snow temperatures, 
snow albedo, meteorological variables,
…

© WSL/SLF



 

SWE measurements at Weissfluhjoch over the winter 2023

© SMCC, WSL/SLF, C. Marty



Snow-cover modelling

Fierz, C., Plüss, C., and Martin, E.: Modelling the snow cover in a complex Alpine topography.

Annals of Glaciology, 25, 312–316,

https://doi.org/10.3189/S0260305500014208, 1997.
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Figure 6 from:
Calonne, N., Richter, B., Löwe, H., Cetti, C., Schure, J. ter, van Herwijnen, A., Fierz, 

C., Jaggi, M., and Schneebeli, M.: The RHOSSA campaign: multi-resolution monitoring 
of the seasonal evolution of the structure and mechanical stability of an alpine 

snowpack, Cryosphere, 14, 1829–1848, https://doi.org/10.5194/tc-14-1829-2020, 2020.

Snow density, winter 2016,
Weissfluhjoch, Davos, 2540 m

https://doi.org/10.5194/tc-14-1829-2020


Snow monitoring
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WMO GCW Snow Assessment for Winter 2023-2024, 
Northern Hemisphere and Regional Aspects
(Compiled by K. Luojus and the WMO GCW Snow Watch 
Team)

The snow season in the Swiss Alps 2023-2024
Author: C. Marty
Snow depth evolution during 2023/2024 based on modeled1 km 
gridded data for the Swiss Alps (elevation > 500 m) compared 
to the long-term mean. Except for February, the snow depth 
was generally well above average. The gray lines show the 
development for each hydrological year since 1962.
© WMO GCW, SMCC, WSL/SLF



 

WMO GCW Snow

https://globalcryospherewatch.org/state_of_cryo/snowhttps://oscar.wmo.int/surface/#/search/stationClusterReport/8



 

Homogenising manual snow depth series

Buchmann, M., Resch, G., Begert, M., Brönnimann, S., Chimani, B., Schöner, W., and Marty, C.: The benefits of 
homogenising snow depth series – Impacts on decadal trends and extremes for Switzerland, The Cryosphere, 17, 
653–671, https://doi.org/10.5194/tc-17-653-2023, 2023.

https://doi.org/10.5194/tc-17-653-2023


 

HarmoSnow (COST action ES1404)

The “European Snow Booklet” (ESB) 
It is a book of reference for snow measurements, a unique 
collection of information about current operational snow 
observations in 38 European countries and what methods are 
used to perform basic measurements of snow on the ground. 
Numerous institutions of 38 European countries provided detailed 
information on their operational snow measurement networks.
The ESB aims at a better knowledge transfer between the 
scientific community, operational services dealing with snow 
measurements, and the general public with regards to different 
basic snow measurement methods applied in each European 
country. 

Sodankylä (FI), 2018

Anna Haberkorn (Ed.): European Snow Booklet – an 
Inventory of Snow Measurements in Europe, EnviDat, 
https://doi.org/10.16904/envidat.59, 2019.

López-Moreno, J. I., Leppänen, L., Luks, B., Holko, L., Picard, G., Sanmiguel‐Vallelado, A., 

Alonso‐González, E., Finger, D. C., Arslan, A. N., Gillemot, K., Sensoy, A., Sorman, A., Ertaş, 

M. C., Fassnacht, S. R., Fierz, C., and Marty, C.: Intercomparison of measurements of bulk 

snow density and water equivalent of snow cover with snow core samplers: Instrumental bias 

and variability induced by observers, Hydrological Processes, 34, 3120–3133, 

https://doi.org/10.1002/hyp.13785, 2020.

Intercomparison campaigns 

https://doi.org/10.1002/hyp.13785


WMO Measurement Lead Centre:
Snow Monitoring Competence Centre (SMCC)

Davos, Switzerland

© WSL Institute for Snow and Avalanche Research SLF, Davos 
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Scope of the Snow Monitoring Competence Centre

✼ The proposal of a Snow Monitoring Competence 
Centre (SMCC) was developed by the Global 
Cryosphere Watch (GCW) community.

✼ Establish a Competence Centre building on the 
existing mature framework of WMO-INFCOM
Measurement Lead Centres

✼ Provide expertise on in situ snow measurements 
and standards for snow data quality checks 

✼ Connect both measurement and modelling 
experts to raise awareness of each other needs

Traditional
snow profile

SnowMicroPen

See also :
https://community.wmo.int/en/snow-monitoring-competence-centre-davos-switzerland

https://www.slf.ch/en/snow/snow-monitoring/snow-monitoring-competence-centre-smcc-davos/
https://community.wmo.int/activity-areas/global-cryosphere-watch-gcw
https://community.wmo.int/en/snow-monitoring-competence-centre-davos-switzerland


 

Concluding remarks

✼Common terminology and practices are 
required to exchange data reliably 
across disciplines

✼ There is no ‘true’ or ‘reference’ value for SWE
✼New methods need to be validated and their 

limits to be known
✼Homogenisation of snow data series is an asset
✼Snow in the atmosphere, as a material or as a 

cover is fascinating!
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QUESTIONS?



GCW CryoNet cluster Davos

Thanks for your attention!
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