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Abstract. The manual snow survey program of the Arc-
tic Research Centre of the Finnish Meteorological Institute
(FMI-ARC) consists of numerous observations of natural
seasonal taiga snowpack in Sodankyld, northern Finland. The
easily accessible measurement areas represent the typical
forest and soil types in the boreal forest zone. Systematic
snow measurements began in 1909 with snow depth (HS) and
snow water equivalent (SWE). In 2006 the manual snow sur-
vey program expanded to cover snow macro- and microstruc-
ture from regular snow pits at several sites using both tradi-
tional and novel measurement techniques. Present-day snow
pit measurements include observations of HS, SWE, temper-
ature, density, stratigraphy, grain size, specific surface area
(SSA) and liquid water content (LWC). Regular snow pit
measurements are performed weekly during the snow sea-
son. Extensive time series of manual snow measurements are
important for the monitoring of temporal and spatial changes
in seasonal snowpack. This snow survey program is an ex-
cellent base for the future research of snow properties.

1 Introduction

Snow is an important parameter in meteorological and clima-
tological research because of its high albedo (0.80-0.90 for
fresh snow), thermal insulation properties and water equiv-
alent (Groisman et al., 1994; Cohen and Rind, 1991). Snow
reflects most of the upcoming radiation back to space and re-
duces significantly the amount of radiation absorbed by the
ground and atmosphere. This surface-albedo feedback (SAF)
is a positive feedback mechanism and has potentially a major
effect in global warming (Hall and Qu, 2006). Snow is a good
thermal insulator. Snow cover slows down soil freezing and
affects the depth of ground frost (Hardy et al., 2001). Snow

cover stores the solid wintertime precipitation and releases it
to water systems during the relative short snowmelt in spring.
Therefore, snow has a large effect on the global water cycle
and ecology, in addition to social aspects, as a water reservoir
(van Dijk et al., 2014; Barnett et al., 2005).

Moreover, seasonal snow cover can be used as a proxy
for monitoring the effects of climate change (Hernidndez-
Henriquez at al., 2015). The most important observed snow
cover parameters are snow water equivalent (SWE), snow ex-
tent (SE) and snow depth (HS). In many applications, remote
sensing is used for global daily observations. However, au-
tomatic weather station observations and manual measure-
ments still have an important role in snow monitoring, espe-
cially in numerical weather prediction (NWP) systems (e.g.
de Rosnay et al., 2014), hydrological monitoring and climate
models.

Many snow properties can be measured automatically,
but manual measurements are still vital for exact observa-
tions of snow structure. Snow microstructure is defined with
such grain-related properties as size, shape, orientation and
bonding (Fierz et al., 2009). Snowpack consists of horizon-
tal layers having varying micro- and macrostructural prop-
erties (Colbeck, 1991). Grain metamorphism changes snow
microstructure, and is driven mainly by varying tempera-
ture differences between air and ground, and the pressure
of the upper snowpack (Colbeck, 1982). Therefore, vertical
changes of macrostructural parameters, such as temperature
and density, are related to the evolution of snow microstruc-
ture. However, the structure of snowpack is very complex
and spatial variations are large even on a small scale (Rutter
et al., 2014; Derksen et al., 2009). Therefore, manual obser-
vations of snow macro- and microstructure have an important
role in the monitoring of temporal evolution and spatial vari-
ations of snowpack.

Published by Copernicus Publications on behalf of the European Geosciences Union.



164

This paper introduces the manual snow survey program,
the long-standing and present-day manual observations of
natural seasonal snowpack, of the Arctic Research Centre of
the Finnish Meteorological Institute (FMI-ARC). Measure-
ments started in 1909 with HS and SWE observations. The
extent of manual snow measurements has constantly grown.
In 2006 regular snow pit measurements of snow macro- and
microstructure began, at first on a smaller scale and later with
additional modern measurement techniques. The Sodankylad
manual snow survey program aims to study the spatial and
temporal variability of snowpack in varying environmental
conditions typical to the boreal forest zone, including pine
and spruce forests, open bogs and lake ice (e.g. Hannula
et al., 2016; Lemmetyinen et al., 2015; Kontu et al., 2014;
Kontu and Pulliainen, 2010). The data set is also important
as a reference for the development of remote sensing instru-
ments (Lemmetyinen et al., 2016b) and interpretation algo-
rithms and models (Leinss et al., 2015; Schwank et al., 2014;
Rautiainen et al., 2014).

In addition to Sodankyli, regular manual snow measure-
ments are made in few places in Europe. Two measure-
ment sites, Weissfluhjoch in Switzerland (Marty and Meis-
ter, 2012) and Col de Porte in France (Morin et al., 2012),
are presented in the literature. Manual snow measurements
have been made at the Weissfluhjoch site since 1936. Regu-
lar measurements include daily snow depth and depth of new
snow, bi-weekly ram sonde measurements, definition of lay-
ers, grain size, grain type, hardness, temperature profile and
SWE profile (Meister, 2009). Measurements at the Col de
Porte site were made in 1993-2011. Weekly snow pit mea-
surements included penetration resistance with ram sonde,
temperature, density, snow type, LWC and grain size (Morin
et al., 2012).

Both Weissfluhjoch and Col de Porte are located in the
Alps in central Europe, at altitudes of 2540 and 1325 m, re-
spectively. The environment of the Sodankyld measurement
site (altitude 185 m) is very different from the Alpine sites.
At the Alpine sites, the duration of daylight is longer and the
Sun’s elevation angle is higher than in Sodankyld, especially
during polar night. Thus, increased solar radiation and higher
air temperature lead to more frequent melting and refreez-
ing events and a shorter snow cover period. The unforested
Weissfluhjoch site has additional effects of wind and slope
compared to Col de Porte and Sodankyla sites. Additionally,
the FMI-ARC data set includes measurements in several sites
in Sodankyld with different land cover types including pine
forest on mineral soil, open peat bog and lake ice, while the
Weissfluhjoch site has gravel cover and the Col de Porte site
has grass cover. However, both of these sites have a longer
time series of snow pit measurements than the Sodankyld
site. All of these sites also have automatic snow and weather
observations.

The measurements of the Sodankyld manual snow survey
program have been exploited in several studies. Leppénen et
al. (2015) compared manual snow microstructure measure-
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ments to a snow model. Snow pit data were used in the de-
velopment and validation of a new method to measure SWE
by differential interferometry (Leinss et al., 2015) and a new
ground-snow radiative transfer model at L-band (Schwank
et al., 2014). They were also applied in the monitoring of
soil processes (Rautiainen et al., 2012), in the retrieval of
snow density and ground permittivity from L-band radiom-
etry (Lemmetyinen et al., 2016a) and in the study of sea-
sonally and spatially varying snow cover brightness temper-
ature (Lemmetyinen et al., 2015). Cheng et al. (2014) applied
lake ice measurements to validate buoy-based measurements
of lake snow and ice thicknesses. Moreover, snow pit and
lake ice measurements were applied by Kontu et al. (2014)
to study the effect of snow and ice-covered lakes and wet-
lands to microwave brightness temperature simulation accu-
racy. In addition, Kontu and Pulliainen (2010) used the snow
pit measurements to simulate a time series of brightness tem-
peratures and compared the results to spaceborne microwave
radiometer measurements. Salminen et al. (2009) studied the
reflectance spectra of snow-covered ground in different snow
conditions in order to assess the feasibility of satellite sensors
to mapping of snow-covered area in boreal forests. Meinan-
der et al. (2008) found a diurnal decrease in snow UV albedo,
and explained this by daily metamorphosis of the snow sur-
face.

The measurement sites as well as the measurement tech-
niques, instruments and error sources of each parameter are
described in Sect. 2. Section 3 presents the data sets, lists the
measurements and sites in each set and describes the mea-
surement protocols. In addition, some examples of the data
are shown. Section 4 summarises the data availability, and
Sect. 5 is the summary of the paper.

2 Measurement sites and methods
2.1 FMI-ARC station

Sodankyli is located above the Arctic Circle in the boreal
forest zone, and its snow conditions fall in the taiga class
(Sturm and Holmgren, 1995). The FMI-ARC station is lo-
cated in 67.368° N, 26.633° E, 7 km south of the Sodankylad
town centre. A map of the research station area and surround-
ings, including the manual snow measurement sites, is shown
in Fig. 1. The station is a member of the WMO (World Mete-
orological Organization) Global Cryosphere Watch network.

The manual snow measurement sites, with short listings
of their automatic measurements, are presented in more de-
tail in this section. FMI-ARC also hosts other snow-related
automatic measurement sites, which are presented in more
detail in this special issue, such as the micrometeorological
mast (Kangas et al., 2016), the road weather station (Suku-
vaara et al., 2016), the UV measurement field (Meinander et
al., 2016; Mikeli et al., 2016), the distributed soil moisture
and frost stations (Ikonen et al., 2015) and the optical lab-
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oratory (Lakkala et al., 2016). In addition, a 7-year data set
for driving and evaluating snow models has been collected
by Essery et al. (2016).

In the 100km x 100km area around FMI-ARC (Fig. 1a,
referred to as “the Sodankyld area” later on), the most com-
mon land cover types in Corine Land Cover 2006 (Torméa
et al., 2008) are coniferous forest on mineral soil (32 %),
open peat bogs (23 %), and coniferous forest on peatland
(8 %). The FMI-ARC (Fig. 1c) station area covers conifer-
ous forests and open areas on mineral soil, as well as open
peat bog.

Based on the 30-year (1981-2010) meteorological statis-
tics (Pirinen et al., 2012), the first snow typically falls in
Sodankyld in October, while snow melt-off takes place in
mid-May. The snow maximum of 79 cm in average occurs
in late March. Monthly mean air temperature is below 0 °C
from November to April, and the yearly mean temperature is
—0.4 °C. Measured air temperature varies between —49.5 °C
(January 1999) and +30.9 °C (July 1988). Mean yearly total
precipitation is 527 mm and monthly mean wind speed above
treetops is between 2.5 and 2.9 ms~!.

In addition to the 30-year wind speed averages, a wind
sensor (WAAZ2S5 by Vaisala, Helsinki, Finland) at 18 m height
(above treetops) at the micrometeorological mast site about
170 m from the intensive observation area (IOA) area mea-
sured an average wind speed for 10-year period (2006-2015)
of 2.2 ms~! with a standard deviation of 1.26 ms~!. Another
sensor (Ultrasonic Anemometer 2-D by Thies Clima, Got-
tingen, Germany) at 1.5 m height in a forest opening about
500m from the IOA area measured a 2-year (2014-2015)
mean value during the snow season from mid-September to
mid-May each year of 1.17ms~! with a standard deviation
of 0.56ms™!. These measurements highlight the very low
wind speeds in the forested areas and the forest openings of
the FMI-ARC station.

Synoptic weather observations have been made in So-
dankylé since 1908 (Tietdviinen et al., 2010), first in the town
centre and since 1913 at the current research station area. To-
day two institutes share the station: Sodankyld Geophysical
Observatory (SGO), which was established in 1913 as Mag-
netic Observatory and is presently part of the Oulu Univer-
sity, and FMI observatory, which was established in 1949 and
continues the meteorological data records at the site.

2.2 Measurement sites

This section describes the manual measurement sites in al-
phabetical order. Maps with locations of all the measurement
sites are in Fig. 1. Photos from most of the measurement sites
are in Fig. 2.

2.2.1 Airport

The airport site is an open area on mineral soil located on the
premises of Sodankyli airport about 3 km north of FMI-ARC
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Figure 1. Maps of (a) the 100km x 100km area around FMI-ARC
station, (b) the FMI-ARC station and surroundings, and (c) a close-
up of the FMI-ARC station area with the manual measurement sites.
In (b) and (c), individual measurement locations of the snow course
are marked. The legend and colour scale of maps (a) and (c) are
the same as in (b). All the maps are in orthographic projection. The
background of the maps is Corine Land Cover 2006 aggregated into
five general classes.
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Figure 2. Snow measurement sites: (a) airport, (b) bog site, (c) forest site, (d) IOA, (e) Lake Orajarvi.

(* in Fig. 1b). The vegetation on the area is heather, crow-
berry and lichen, which are sparse and typically 10-15cm
high (Fig. 2a). There are no automatic measurements on this
site. HS (from fixed stakes) and SWE have been measured
every 5 days in January and March since 1972. The site was
chosen for measurements since it is one of the few large open
areas on mineral soil closed from public in the vicinity of
FMI-ARC.
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2.2.2 Bog site

Open peat bogs are the second most common land cover type
in the Sodankyld area with a coverage of 23 % (Corine Land
Cover 2006). The manual snow measurement site was estab-
lished in 2009 on an area that already hosted automatic UV
measurements. The bog site (+ in Fig. 1b, c) is located about
1 km northeast from the main snow measurement site IOA.
The bog site is a moss-covered peat bog with low vegetation
(grass and twigs) as shown in Fig. 2b. The water level varies
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due to precipitation and time of year; every spring during and
after snowmelt the bog site is completely submerged, but the
autumn conditions might range from completely submerged
to completely dry. Typically snow accumulates over a smooth
ice layer, which is infrequently penetrated by low vegetation.
Wind redistributes snow and levels the snowpack surface.
With direct sunlight it adds evaporation from the snowpack
and hard crust layers are formed easier to the snowpack sur-
face than in forested areas.

Automatic observations of HS (SR50 by Campbell Sci-
entific Inc., Logan, Utah, USA), SWE (Gamma Water In-
strument by Astrock, Sodankyld, Finland), broadband albedo
(CMAI11 by Kipp & Zonen, Delft, Netherlands), snow
temperature profile (13 pcs. 107-L by Campbell Scientific
Inc., Logan, Utah, USA), air temperature (PT100, Vaisala,
Helsinki, Finland), relative humidity (HMP155, Vaisala,
Helsinki, Finland), soil frost (15 pcs. of SEC sensor by LIS-
TEC, Isen, Germany) and soil dielectric constant, electric
conductivity and temperature (9 pcs. of 5STE by Decagon De-
vices, Pullman, Washington, USA) are made. More details
about instrumentation (description, coordinates, sensor types
and data availability) can be found from http://litdb.fmi.fi/
peatland.php. Manual snow pit measurements were made
regularly (2—4 times per month) in 2009-2015. After 2015
SWE is measured manually only occasionally for calibration
of automatic measurements.

2.2.3 Sodankyli snow course

The Sodankyld snow course (dots and circled dots in Fig. 1b
and c) is a 4 km route in the vicinity of the FMI-ARC station
crossing forested and open areas on mineral and organic soil.
The Sodankyld snow course has 80 HS measurement loca-
tions, out of which 5 are in forest opening, 10 in pine dom-
inated forest, 23 in spruce dominated forest, 5 in broadleaf-
dominated forest and 37 in bog. The snow course has been
measured regularly since 1959.

2.2.4 Forest site

The forest site is in a sparse pine forest on mineral sandy
soil located in the FMI-ARC station area (o in Fig. 1b
and c). Coniferous forest on mineral soil is the most com-
mon land cover type (32 %, Corine Land Cover 2000) in the
Sodankyli area. The ground is covered with lichen (Clado-
nia rangiferina), lingonberry, cloudberry and moss as shown
in Fig. 2c. The area has been fenced since 1958 allowing
the lichen to grow undisturbed by reindeer. HS (from fixed
stakes) and SWE have been measured every 5 days in Jan-
uary and March since 1972. There are automatic soil temper-
ature (109-L by Campbell Scientific Inc., Logan, Utah, USA)
and short- and longwave radiation (CNR4 by Kipp&Zonen,
Delft, The Netherlands) measurements at the site. Until 2014
there were automatic flux measurements of CO; (LI840 from
Li-Cor, Lincoln, Nebraska, USA) and CHy (G1301 from
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Picarro Inc., Santa Clara, California, USA). More details
and data of the automatic measurements can be found at
http://litdb.fmi.fi/lichen_fence.php.

2.2.5 Intensive observation area

The main present-day measurement site is the [OA (square in
Fig. 1b and c). The IOA consists of a forest clearing (diame-
ter about 40 m) and the sparse pine forest around it as shown
in Fig. 2d (lower). Vegetation in the opening is mainly very
low lichen (< 2 cm) and some heather (~ 10 cm) as shown in
Fig. 2d (upper). Pine saplings are removed from the measure-
ment area. The soil is composed of sand (70 %), silt (29 %)
and clay (1 %) with a thin organic layer on top. The open-
ing is shaded from most of the direct sunlight and protected
from the wind by the forest surrounding it. As described in
Sect. 2.1, mean wind speed on a similar forest opening at
1.5m height is only 1.17ms~!'. Wind has a minimal effect
on snow accumulation, and there is almost no snow redistri-
bution by wind.

The measurement site was established in 2006 and today
it hosts numerous automatic measurements: snow tempera-
ture profile (13 pcs. of 107-L by Campbell Scientific Inc.,
Logan, Utah, USA), HS (2 pcs. of SR50 by Campbell Sci-
entific., Logan, Utah, USA), precipitation from distrometer
(Thies Clima, Gottingen, Germany), brightness temperature
with microwave radiometers (1.4 GHz from ELBARA-II by
GAMMA Remote Sensing and Consulting AG, Giimligen,
Switzerland (Schwank et al., 2010) and 10.6, 18.7, 21, 36.5,
89 and 150 GHz from RPG-8CH-DP and RPG-4CH-DP ra-
diometers by Radiometer Physics GmbH, Meckenheim, Ger-
many), broadband albedo (CMA11 by Kipp & Zonen, Dellft,
The Netherlands), spectral albedo (Field Spec pro JR by An-
alytical Spectral Devices, Boulder, Colorado, USA), SWE
(SSG-1000 by Sommer Messtechnik, Koblach, Austria), air
temperature (2 pcs. of PT100, Vaisala, Helsinki, Finland), air
humidity (2 pcs. of HMP sensor, Vaisala, Helsinki, Finland),
soil moisture and temperature (8 pcs. of Hydra Probe by
Stevens Water Monitoring Systems, Portland, Oregon, USA),
soil moisture (5 pcs. of ThetaProbe by Delta-T Devices,
Cambridge, UK), soil temperature (2 pcs. of QMT103 by
Vaisala, Helsinki, Finland) and soil dielectric constant, elec-
tric conductivity and temperature (9 pcs. of STE by Decagon
Devices, Pullman, Washington, USA). More details about
instrumentation (description, coordinates, sensor types and
data availability) can be found at http://litdb.fmi.fi/ioa.php.
Snow pit measurements have been made regularly (2—4 times
per month during the snow season) since 2006. The IOA
snow course (HS from fixed stakes) has been measured to-
gether with the snow pit since 2009. Most of the automatic
measurements, as well as the manual snow pits, are located
in the forest clearing. In addition, several measurement cam-
paigns have been performed at the IOA with variable instru-
mentation for snow measurements.
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2.2.6 Lake Orajirvi

Water courses and water bodies cover 3 % the Sodankyla area
(Corine Land Cover 2006). Lake Orajérvi is located 10 km
east from FMI-ARC (Figs. 1b, 2e) and it is the closest lake
to FMI-ARC. The measurement site on the lake is fixed, it is
400 m from the nearest shore and away from the snow mobile
tracks crossing the lake.

Times of freezing and melting of the lake depend on air
temperature; the lake usually freezes in December and melts
in April, but the dates are not recorded. Freezing depends on
the amount of snow fall during the process; if air cools be-
fore any heavy snowfall, the ice gets thick quickly, but heavy
snowfall on thin ice slows down the ice formation. Typically
water rises through cracks in the ice during the winter and
refreezes over the solid ice. Snow is affected by strong sun-
light in the springtime, strong (compared to e.g. the IOA)
wind, the large temperature gradient between ice and air due
to very shallow snowpack and water on ice. Snow on lake ice
is quite heterogenic: wind-driven dunes, snow mobile tracks
and water on ice are quite common. Thus, the representative-
ness of the snow stratigraphy measurements is problematic.

The site has no automatic measurements. Ice measure-
ments (ice depth, ice layers and HS) have been made reg-
ularly (once or twice per month) from three fixed sites since
2008. Snow pit measurements were made regularly (once or
twice per month) in 2008-2014.

2.2.77 Sounding station

The sounding station was built in 1949 when the FMI obser-
vatory was established, and it is the heart of meteorological
observations in FMI-ARC (x in Fig. 1b and c). The area is
mostly open with some sparse coniferous trees on mineral
soil. Manual surface synoptic observations (SYNOP) obser-
vations, including daily snow depth, have been performed
at the weather station next to the sounding station since
1949. Today there are numerous automatic measurements at
the site, including an automatic weather station, solar radia-
tion measurements and greenhouse gas column observations,
which are described at http://litdb.fmi.fi/soundingst.php.

2.2.8 Tanhua snow course

Tanhua area is located 50km northeast of FMI-ARC
(Fig. 1a). The land cover is similar to FMI-ARC station with
coniferous forests on mineral soil and open peat bogs. Tan-
hua snow course has 80 measurement locations, out of which
6 are in forest opening, 41 in pine dominated forest, 4 in
spruce dominated forest and 29 in bog. In 2009-2014, FMI
measured a 4 km long snow course in Tanhua monthly during
a measurement campaign related to ESA CoReH20 satellite
mission preparation. The area was chosen from the planned
satellite flight track.
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2.3 Measurements and instruments

This section defines the measurement protocols for each pa-
rameter and instruments used in each measurement. The
measurement locations and years are listed for each param-
eter in Table 1. The availability of each data set is listed in
Table 3.

2.3.1 Density and SWE
Bulk density and SWE

Bulk SWE and density is measured with a Finnish type snow
tube (originally Melander and Korhonen, 1923; more details
in Finnish in SYKE, 2015). It is made of black plastic tubing,
and is 70 cm high and 10 cm in diameter. There is a remov-
able lid with a handle on one end of the tube, and the other
end is re-enforced with a sharpened metal ring. Each tube is
paired with a scale and the pair is calibrated to show SWE
directly. A centimetre scale on the outside of the tube allows
for the measurement of HS for density calculation.

The tube is first weighed empty to check the calibration
(e.g. if several measurements are performed, some snow
might be stuck in or on the tube and cause an offset). The
tube is pushed vertically into snow until it hits the ground.
Snow depth is recorded. Snow is removed from around the
tube to allow a small flat shovel to be slid below the tube
and used to seal the bottom when the snow sample is ex-
tracted. The tube is turned upside down, cleaned of any snow
on the outside and vegetation inside, and weighed (Fig. 3b).
The scale shows SWE directly. The offset is subtracted from
the measured SWE. If there is more than 70 cm snow, several
samples are taken on top of each other and weighed sepa-
rately.

Vegetation and ground surface clearly affect the accuracy
with which all the snow and only the snow (i.e. no vegetation
or soil included) can be sampled. This can be minimised by
the selection of the measurement site. The systematic error of
the tube and scale is minimised by regular calibration mea-
surements using standardised weights. In calibration mea-
surement, the zero position of the scale can be tuned with
a screw. The tube and scale are calibrated as a pair.

Profile with samplers

Density profile is measured similarly, but using a smaller
sampler. Until 2014, the wedge-shaped RIP 2 cutter (Snow-
metrics, Fort Collins, Colorado, USA) was used (Fig. 3c).
Since 2015, a self-made box sampler (Fig. 3c) has been used.
The self-made box sampler is a rectangular frame open at
both ends. It has a handle on one end. Both samplers are
10cm x 10cm x Scm (total height of the box sampler, max-
imum height of the wedge sampler).

Density profile is measured in 5 cm steps beginning from
the closest 5 or 10 cm below the snow surface. The bag or
bucket used in snow weighting is first weighed empty. The
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sampler is inserted into snow pit wall horizontally and per-
pendicular to the wall. The sampler is sealed; the RIP 2
cutter has a flat metal plate lid, while the box sampler has
a rectangular frame that seals both ends. Snow sample is
extracted and all snow is cleaned from the outside of the
sampler. The snow sample put in a plastic bag or a small
bucket, and weighed. Either mechanical or digital scale can
be used. The mechanical spring balance (Pesola AG, Schin-
dellegi, Switzerland) is more reliable in very cold conditions,
while the digital one (OCS-1, Shenzhen West-Boao Science
& Technology Co., Shenzhen, China) is easier to use. The
whole snow profile is sampled and weighed in this manner.

Successive samples are not taken directly on top of each
other, as snow might be disturbed from previous sampling,
but the samples form a checkerboard pattern. Vegetation af-
fects the measurement accuracy of samples from close to
the ground. Problems with sampling occurs also in light new
snow at top of the snowpack. Hard crust layers are difficult
to penetrate with the sampler. On the other hand, keeping
large coarse grains inside sampler is tricky. In those cases,
occasionally successful sampling is not possible. With the
RIP 2 cutter, snow escapes easily from the sampler especially
if there are thin ice layers mixed with soft snow in the sam-
pled layer. In addition, the pit wall has to be very smooth and
the sampler needs to be inserted absolutely perpendicular to
the wall to extract a good snow sample. These error sources
are much smaller when the box sampler is used. Another pos-
sible error source is not weighting all the sampled snow (e.g.
some of it stays in the sampler). This could be avoided by
weighting the whole sampler with the snow, but in this case
there is a bigger possibility of weighting additional snow that
is, e.g., stuck on the sampler. One possible error source is
having some snow from previous measurements already in-
side the sampler. These error sources are minimised by care-
fully cleaning the sampler and weighting bag or bucket be-
tween and during the measurements.

There is a difference between densities from the wedge
and box samplers arising from the fact that snow is not ho-
mogeneous. Both of the samplers are 5 cm high, but when the
box sampler gives an average density for the sampled snow,
the wedge-shaped one gives a weighted average: most of the
sampled snow is from the bottom of the sampled layer. In a
homogeneous snow layer the difference is small, but as the
vertical variation in the snowpack increases (i.e. the thinner
and more varied the layers are), the difference between the
samplers increases.

Profile with SnowFork
Measurement with the SnowFork is described in Sect. 2.3.4.
2.3.2 Grain size and type

Grain size E of a layer is defined as “the average size of its
grains”, and the size of a grain is “its greatest extension mea-
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(a) (b)
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(c) (d

Figure 3. Photos of snow pit measurements: (a) tool for ice thickness measurements, (b) bulk SWE measurement with SWE tube, (¢) box
sampler and wedge sampler for density profile, (d) camera and stand for macro-photography, (e) two examples of snow grains on 1 mm grid,
(f) SnowFork, (g) IceCube, (h) snow sample preparation for IceCube, (i) temperature measurement, (j) determining layers with brush and

(k) definition of grain size and type in field.

sured in millimetres” in Fierz et al. (2009). Grain type de-
scribes shape and/or origin of a snow grain. Both parameters
are defined for each layer in the field according to definitions
by Fierz et al. (2009). In addition, macro-photographs of
snow grains of each layer are taken against a | mm reference
plate (by Sear) using a digital camera (resolution 3648 x 2736
and focal length 28 mm or resolution 3072 x 2304 and fo-
cal length 10 mm) and self-made illuminated stand (Fig. 3d)

Geosci. Instrum. Method. Data Syst., 5, 163-179, 2016

from every layer in the snowpack. Layer detection is de-
scribed in Sect. 2.3.7. Typical grains from each layer are pho-
tographed so that the grains are separated on the clean and ice
free plate as well as possible without breaking them (Fig. 3e).
Three photographs are taken from every layer to ensure suc-
cess of photography and to have mildly differently orientated
grains in all photographs. Photographs of different layers are
separated by an empty photo.
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Post-processed grain size and type are estimated visually
from the photographs on computer screen. Largest extent of
an average grain and average largest grain (snow grain size E
and size of the largest grains En;x, Fierz et al., 2009) are es-
timated with 0.25 mm resolution. It is possible to measure
the size of a single grain with a much higher resolution, but
practise has shown that error arising from multiple observers
defining the average value for a layer is of this magnitude.
Grain type estimation is based on classification by Fierz et
al. (2009). Mostly used morphological grain classes are pre-
cipitation particles, decomposing and fragmented precipita-
tion particles, surface hoar, rounded grains, faceted crystals,
melt forms and depth hoar. The subclasses are listed by Fierz
et al. (2009).

Main error sources are related to choosing and setting up
the grains from snowpack to the plate and visual estima-
tion of the snow grains. Estimation of grain size from the
photographs is exposed to error from separating grains from
clusters and positioning grains so that it is possible to es-
timate the largest extent. Visual estimation is also sensitive
to observer-related bias. Advantages of post-processed grain
size related to direct visual estimation of grain size and grain
type in the field are the possibility of having a more accu-
rate image than the with bare eye or magnifying lens, and the
repeatability of the estimation. The measurement errors are
described more closely by Leppénen et al. (2015).

2.3.3 Ice thickness

Ice thickness is measured with a wooden snow depth probe
(Sect. 2.3.5), which has a small metal plate attached perpen-
dicular to the probe at the O cm level (Fig. 3a). Thickness is
measured by inserting the probe in a drill hole, attaching the
metal plate below the ice, and reading the height of the ice
surface level from the centimetre scale (Fig. 2e).

If the water surface level is higher than the ice surface, it
is very difficult to read the ice thickness from the probe ac-
curately. However, this situation is very rare. Another source
of measurement errors is a bent metal plate, but this problem
is easy to check and fix before performing the measurement.

2.3.4 Liquid water content

Liquid water content (LWC) describes the amount of lig-
uid water in the snowpack, and can be derived, e.g., from
the electrical conductivity of snow. The SnowFork instru-
ment (Toikka Ltd., Engineering, Espoo, Finland) (Sihvola
and Tiuri, 1986, Fig. 3f), measures the dielectricity of snow
between two metal rods. The resonant frequency, attenuation
and 3 dB bandwith are recorded, and inserted into equations
by Sihvola and Tiuri (1986), which are used to derive density
and LWC through real and imaginary parts of permittivity.
Measurement procedure includes calibration measurement
in air and measurements from snowpack every 10 cm. Snow-
pack is measured by pushing the metal rods of the Snow-
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Fork horizontally and perpendicularly inside the smoothened
snow pit wall to the desired height. Output values (attenua-
tion, 3 dB bandwidth and resonant frequency) are recorded
from the screen, and subsequently the instrument is ready for
the next measurement. It is also possible to get density and
LWC directly from the SnowFork, but the equations it uses
are less accurate than the full equations by Sihvola and Tiuri
(1986).

The equations used in deriving the density and LWC from
the dielectric measurement assume that the surrounding ma-
terial is homogeneous. There are two frequent cases, where
this assumption is not valid: (1) at the surface and bottom
of the snowpack close to air, ground or vegetation, and (2) if
there is air around the rods (from the user moving the rods too
much especially in very fluffy surface snow or large depth
hoar crystals). Any metal objects (e.g. thermometer) close
to the SnowFork cause errors, and must be removed before
measurements. Another small error source is the fact that
snow densifies when the rods are inserted. A comparison of
the SnowFork and sampler densities (unpublished) showed
that on average, the SnowFork gives 40 kgm™> lower densi-
ties than the wedge sampler. In addition, the frequency mea-
surement accuracy of the SnowFork is not enough to deter-
mine very low moisture contents (less than ~ 1 %). An error
in the measured height depends on the horizontal levelling of
the SnowFork during the measurement.

2.3.5 Snow depth

HS can be measured either by a fixed stake or using a man-
ual probe. In both cases, the instrument is the same wooden
stake with 1 cm graduated scale (Figs. 2c, 3j). The cross sec-
tion of the stake is 3cm x 3cm. A fixed stake is fastened
in a vertical position with the 0 cm mark at ground surface
to another smaller stake that is pushed into ground. Typical
measurement errors are induced by a small pit or a pile of
snow formed around the stake. This is minimised by remov-
ing the possible pile and estimating the true snow surface
depth around the stake. Another error source is vegetation
growing around the stake. However, lichen and moss grow
very slowly and the error can be reduced by removing them
from the stakes.

If the stake is used manually, the probe is pushed through
the snow until it hits ground. Ground is recorded as 0 cm for
HS. Measurement errors are caused by hard ice layers or veg-
etation that prevent the probe from hitting ground. These are
minimised by repeating the measurement 3 times.

2.3.6 Specific surface area

Microstructural parameter specific surface area (SSA) is
the ratio between surface area of ice and its mass in the
snow sample (Legagneux et al., 2002). The IceCube instru-
ment (A2 Photonic Sensors, Grenoble, France) (Fig. 3g, h)
(Zuanon, 2013) is similar to DUFISSS presented by Gallet
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et al. (2009), but it uses only 1310 nm wavelength laser for
reflectance measurements. Measurement procedure includes
calibration, snow sampling, measurement of the snow sam-
ples with the instrument, and conversion of measured values
to SSA with software. Calibration is made by measuring six
differently shaded calibration standards; results are inserted
afterwards to the software with measurement results.

Measurements are made from every 3cm from whole
snowpack. Snow is collected from certain height of the snow-
pack to 2.45 cm high and 6 cm diameter sample holder with
a spatula or a sampling tool provided with the instrument.
Very light snow (e.g. fresh snow) needs compaction to avoid
reflection from the bottom of the sampler holder instead of
the snow. The surface of the sample is smoothed and broken
grains are removed with a spatula to avoid additional scatter-
ing of the laser. Sampling of very coarse grained snow or ice
layers is difficult, because the sample surface should be even
and smooth. The outside of the sample holder has to be clean
of snow. The measurement is made by inserting the prepared
snow sample into the instrument under the laser, and read-
ing the corresponding voltage from a screen. Afterwards a
software provided by the instrument manufacturer is used to
convert the measured values to SSA. A logger, which records
and shows SSA values directly in the field, is also available
from the manufacturer, but it is not in use at FMI-ARC.

Measurement errors originate mainly from the sample
preparation (e.g. packing of the snow to sample holder,
smoothing of the sample surface, and height of the sample).
The orientation of snow grains in the sample affects the ob-
served reflectance; therefore, slightly different results can be
measured by rotating the sample during measurement. Suc-
cessful calibration measurements are also needed for accu-
rate results. A further discussion of error sources is presented
by Leppinen et al. (2015).

2.3.7 Stratigraphy

Horizontal layers of the snowpack are defined from
smoothened snowpack wall from visual appearance and dif-
ferences of hardness, wetness, grain size and grain type with
the help of a paintbrush (for removing very soft layers,
Fig. 3j) and tooth picks (for detecting thin hard layers). Grain
size and type, hardness and wetness are estimated with a
hand scale for every layer as described by Fierz et al. (2009).
Grain size and type are estimated visually against the same
I mm reference grid, which is used for macrophotography
(Sect. 2.3.2 and Fig. 3k). Upper heights of the layers are
recorded with accuracy of 5 mm and marked with toothpicks.
Completed layer profile in snowpack is photographed.

Most of the errors related to the stratigraphy originate
from inhomogeneities of the snowpack. Layer interfaces are
not always clear, instead the snow structure might change
gradually. Occasionally, layers are not continuous or a layer
includes inhomogeneous spots inside it, which cannot be
recorded as separate layer. Errors are also related to the
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used accuracy, very thin layers might not be recorded sep-
arately. There are also observer-related biases in layer defini-
tion and estimation of layer properties with hand scale. Espe-
cially, hardness is related to power, which is used for pushing
hand, four fingers, one finger, pen or blade to the snowpack.
Grain size estimation also depends on the observer. There-
fore, stratigraphy is defined by one person for a snow pit.
The discussion of error sources is presented by Leppénen et
al. (2015).

2.3.8 Temperature

Temperature is measured with TH310 thermometers (Mil-
waukee Electronics Kft., Szeged, Hungary). The thermome-
ter is first cooled in air and air temperature is recorded. The
~ 10cm long probe of the thermometer is inserted com-
pletely horizontally and perpendicularly into snowpack and
left to reach thermal equalisation for a few minutes until the
reading does not change anymore (Fig. 3i). Measurements
are made every 10cm from snowpack starting from snow
surface towards ground, also ground surface temperature is
recorded. Snow surface temperature is measured by insert-
ing the thermometer probe under the uppermost ~ 5 mm of
SNOW.

One error source is the height and angle at which the ther-
mometer is inserted into the snowpack. Surface temperature
has an error related to amount of covering snow. When the
Sun’s elevation is high enough, solar radiation may have an
effect on the temperature in the uppermost measurements.
Ground surface temperature has an error related to the posi-
tion of the thermometer tip, as measurements inside vegeta-
tion (lichen and moss) or soil are different from snow. Ther-
mometer needs to be calibrated for correct results.

3 Data sets

This section describes the data sets and lists their measure-
ments and sites.

3.1 Snow pit

Snow pits have been measured at the IOA, the bog site and
Lake Orajdrvi (Sect. 2.2.5, 2.2.2 and 2.2.6, and Fig. 2). The
observation years with different instruments and measure-
ment sites are presented in Table 1. Main problems in mea-
surements are the duration of day light in mid-winter during
the polar night, very cold air temperature in mid-winter and
positive air temperature in spring. Measurements are made
usually in the morning (while it is still cold) or midday (to
have enough light). Air temperature limit for measurements
is —25 °C; if the weather is colder, measurements are shifted
to another day. The bog site and Lake Orajidrvi become im-
passable in the melting period, and therefore those measure-
ments are usually finished before the measurements at the
I0A.

www.geosci-instrum-method-data-syst.net/5/163/2016/



L. Leppiinen et al.: Sodankylid manual snow survey program

3.1.1 Procedure

At the beginning of the measurement day, instruments that
need thermal stabilisation are moved outside for cooling. All
equipment is gathered on a sledge and transferred to the mea-
surement site where they are kept in the shade to avoid warm-
ing. Snow pit measurements are made by 2-3 observers at
a time. Snow pit observations are made on same fixed ar-
eas to allow for the comparison of measurements between
years. Snowpack is disturbed as little as possible, and pas-
sage to the measurement areas is limited to one track. A new
snow pit is dug at least ~ 50 cm away from the old ones to
avoid changes in the snow structure due to previous pit mea-
surements. This introduces spatial heterogeneity in the mea-
surements, but is unavoidable due to the destructive nature of
the measurements. Spatial variability is unaccounted, but the
snow pit sites were chosen to be flat without large vegetation
or topography variations. The removed snow is placed on al-
ready used areas, and the snow surface is levelled after the
measurements.

The examined snow pit wall is in the shade to avoid tem-
perature changes and melting caused by solar radiation. The
wall is smoothened with a shovel or a metal plate. Measure-
ments are commenced immediately after digging the pit to
avoid additional metamorphism. A snow pit measurement
includes photography of the surroundings (landscape, sky,
snow pit area, ground), temperature profile (10 cm interval)
simultaneously with the definition of horizontal layers and
stratigraphy, density and LWC profile (10 cm interval) with
the SnowFork, density profile (5 cm interval) with a sampler,
bulk SWE, SSA profile (3 cm interval) and HS in presented
order. The number of measurements included in the snow pit
has increased; in 2006 only HS, temperature profile, grain
sizes and stratigraphy were recorded. In 2015 a new protocol
defining the order and placement of the different measure-
ments in the pit was defined (Fig. 4). This insures that grain
size and SSA measurements are made next to each other, as
well as SWE and density measurements. At the end of the
measurements, a photograph of the filled notebook is taken.
Afterwards all equipment are dried, batteries are reloaded
and data is digitised and stored.

Detailed description of the parameters, used instrumenta-
tion and measurements are in Sect. 2.3. Photographs of mea-
surements and equipment are presented in Fig. 3. For all mea-
surements, 0 cm HS is the ground.

3.1.2 Example data

There is a large amount of data from snow pit measurements
from the last 10 winters. Therefore, only some examples of
the data set are presented here. Density measurements and
temperatures from different snow heights are presented in
Fig. 5 from the IOA in 2013-2014. Density measurements
with the SnowFork are usually smaller than measurements
with the sampler or SWE tube. The average from density
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Figure 4. Snow pit measurements have been made with this plan
since 2015. Measurements are made in numbered order.

sampler does not necessarily include the whole snowpack,
as the surface layer of < 5 cm thickness is not measured, and
some snow types are very difficult to sample with the cut-
ter (e.g. hard crust layers, fragile depth hoar, soft fresh snow
or slush). This explains some of the differences between the
SWE tube and density sampler. In a typical temperature pro-
file, the warmest snow is at the bottom (0 cm). However, the
temperature of the snow surface is highly dependent on air
temperature. Typically the coldest point is close to the sur-
face (30 or 50 cm depending on HS).

HS and SWE from the three pit sites in 2006-2015 are
presented in Fig. 6a and b, respectively, and compared to the
snow course measurements. HS and SWE are largest at the
IOA and smallest at Lake Orajérvi. Maximum yearly HS var-
ied 65-106 cm at the IOA, 54—-80 cm at the bog site and 23—
44 cm at Lake Orajirvi. The HS and SWE at the bog site typ-
ically fall between the error bars of standard deviation of the
measurements at the snow course, while the IOA has more
snow and Lake Orajdrvi has less snow than the snow course.

3.2 Snow courses
3.2.1 Long snow courses

Finnish Environment Institute (SYKE) maintains a network
of 140 snow courses in Finland. Snow course measurements
of SYKE and FMI began in the 1930s. Usually, there are 80
HS measurements made at regular intervals (50 m) along a
4km course, and, in addition, 8 of these locations are cho-
sen for SWE measurements so that each land cover type has
at least one SWE measurement, and the most common have
several measurements. The locations of the courses are se-
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Figure 5. Example data from 2013 to 2014 snow pits at the IOA. (a) Densities from different instruments (average of density sampler profile,
average of the SnowFork profile, and SWE tube). (b) Temperatures from different depths.
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Figure 6. Time series of (a) HS and (b) SWE measurements from 2006 to 2016 from the Sodankyld snow course and from the three snow
pit sites. Mean values of all measurements from the snow course with error bars of standard deviation are shown. For snow pits, the mean of
three measurements is shown.
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lected for good coverage of the terrain, vegetation and land
covers typical to the area. The main use for the snow course
data is river runoff forecasting, and therefore the courses are
located in the major watersheds. The measurement locations
are classified into six categories: open area, forest opening,
pine-dominated forest, spruce-dominated forest, broadleaf-
dominated forest, and open bog. The classification of each
location is made on the field when the course is established
(or when there are major changes in land cover, e.g. a for-
est is cleared). The snow course measurements represent the
variation in general snow conditions on the area and in each
category.

One snow course has been located around FMI-ARC sta-
tion in Sodankyli (Sect. 2.2.3) and measured by FMI person-
nel since 1959. The snow course is measured in the middle
of each month; before 1991 only in January and March, and
beginning in 1991 every month during the snow season. In
1991-1996 the course was additionally measured at the turn
of the month. Moreover, in 2009-2014 FMI-ARC measured
the Sodankyld snow course and an additional course in Tan-
hua (50 km northeast of Sodankyli, Sect. 2.2.8) at the turn of
the month during a measurement campaign.

Both the Sodankyld snow course and the Tanhua snow
course include 80 HS and 8 SWE measurements at fixed
sites with regular intervals along a 4 km course. The course is
measured using a snowmobile, skis or snowshoes, and mea-
surements are made as described in Sect. 2.3.1 and 2.3.5 from
the sites marked in GPS and in the field.

3.2.2 Short IOA snow course

A short HS course with fixed stakes is located at the IOA.
The snow course consists eight stakes in open area and nine
stakes in forest. The snow course has been measured together
with the IOA snow pit (2—4 times per month) since 2009 at
open area and since 2011 at forest. The reading of a fixed
stake is described in Sect. 2.3.5.

3.2.3 Example data

The averages and standard deviations of HS and SWE mea-
surements of the Sodankyld snow course in 2006-2016 are
shown in Fig. 6 together with the snow pit measurements.
The measurements are analysed in Sect. 3.1.2.

3.3 Lake ice observations

Lake ice observations are made in Lake Orajirvi (Sect. 2.2.6)
and measurements include ice thickness, ice layers and HS
on ice. The measurements were began in 2008, and in 2008—
2014 an additional snow pit was measured at the first drill
site. However, due to the high variability of snow depth and
stratification on lake ice, the snow pit measurements were
finished because of issues with representativeness. A pho-
tograph from the ice thickness measurements on Lake Ora-
jarvi is shown in Fig. 2e. Lake ice observations are only made
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when the ice is thick enough to allow for safe passage. Thus,
the first ice in the autumn and the melting ice in the spring
are not measured.

3.3.1 Procedure

Ice thickness and HS are monitored around three permanent
spots 20 m apart. Each time, a new drill site with untouched
snow is chosen close to the marked spot. Three HS measure-
ments are made at each spot with a manual probe around the
drill site (see Sect. 2.3.5). Then snow is removed from the
drill site. A hole is drilled almost through the ice. The thick-
nesses of layers of hard ice and softer snow-ice (frozen slush
and snow), as well as possible water layers inside the ice, are
detected by testing the hardness of the layers with the metal
plate of the ice thickness probe and by visual inspection. The
hole is drilled completely through the ice, and ice thickness is
measured, as described in Sect. 2.3.3. Also the level of water
surface from the bottom of the ice is recorded.

3.3.2 Example data

Ice thickness and HS on ice observations are summarised in
Table 2. Maximum measured ice thickness varied between
60 and 76 cm, while maximum measured HS varied between
19 and 43 cm.

3.4 Daily HS time series

A daily time series of HS in Sodankyld has existed since
1 January 1911, with the exception of the year 1913 (move
to the research station area), autumn 1941 (World War II)
and autumn 1944 (World War II), which are missing. These
data have been collected from several measurement sites:
in 1911-1912 all the meteorological measurements were
made in the town of Sodankyld. Since 1913, the establish-
ment of the Magnetic Observatory, the measurements have
been made at the current research station area, but the ex-
act location of HS measurements before 1949 is unknown.
Since 1949 HS has been measured at the Sounding station
(Sect. 2.2.7 and Fig. 1). However, the coordinates of the mea-
surement site in the meteorological yearbook did not change
in 1949, so the previous location was not far away from the
current site. Despite the changes in measurement location,
the data set represents the best knowledge of snow depth con-
ditions in Sodankyld. The earliest measurements have been
digitised from meteorological yearbooks.

Last manual synoptic observations were made in Decem-
ber 2008, and afterwards there are only automatic HS mea-
surements available (SR50 by Campbell Scientific Inc., Lo-
gan, Utah, USA) from the Sounding station. The HS time
series, as well as some other automatic and manual measure-
ments, is available at http://litdb.fmi.fi/luo0016_data.php.
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Table 2. Summary of the lake ice observations.

L. Leppénen et al.: Sodankyli manual snow survey program

Year Ice thickness in Maximum measured
mid-January  mid-March ice thickness  snow depth

(cm) (cm) (cm) (cm)
2008-2009 39 64 70 19
2009-2010 45 67 68 43
20102011 50 67 70 29
2011-2012 26 53 60 28
20122013 34 62 70 32
2013-2014 37 60 60 23
2014-2015 51 76 76 30

Table 3. Availability of the data during the time of the paper’s preparation. Different properties of data sets are marked under the data set
column. The updated version of this table with direct links to the data sets can be found in http://litdb.fmi.fi/manual_measurements.php.

Data set Electronically available Availability
Snow pit 2006~ On request
IOA snow course 2009- On request
. http://www.syke.fi/openinformation (averages),
Sodankyld snow course Middle of month 1991= on request (full data set)
Beginning of month 2009-2014 On request
Tanhua snow course 2009-2014 On request
Lake ice observations 2009- On request
Daily HS Magnetic Observatory  1911-1949 http://litdb.fmi.fi/lu00016_data.php
Sounding station 1949-2008
. 1914-1917, 1920-1927, 1941, .
SWE and HS Magnetic Observatory 1445 1943 1951-1953 On request
Airport and forest 1972 On request

3.4.1 Procedure

Snow depth is read from a fixed HS stake as described in
Sect. 2.3.5. Until May 1960, one value per day at 06:00 UTC
was recorded. From June 1960 to December 2008, two val-
ues at 06:00 and 18:00 were recorded, but the 06:00 value
is the daily snow depth. From February 2008, an automatic
acoustic measurement (SR50 from Campbell Scientific Inc.,
Logan, Utah, USA) is recorded every 10 min (10 min aver-
age), with the 06:00 measurement still recorded as the daily
snow depth.

3.4.2 Example data

The daily HS time series is shown in Fig. 7 together with the
HS measurements from the airport and the forest site. Con-
tinuous snow has fallen the earliest on day 261 (year 1998)
and latest on day 348 (year 2000). The last day of snow on
the ground in spring has varied from day 114 (year 1937) to
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day 166 (year 1911). The absolute maximum HS in this data
setis 119 cm (on 6 April 2000).

3.5 SWE and HS time series

There are two long time series of snow density, depth and
SWE measured in Sodankyld: (1) between years 1909 and
1953 at a single measurement site and (2) an ongoing data
set starting in 1972 at two sites. Until 2002, measurements
were performed on the morning of 5th, 10th, 15th, 20th, 25th
and the last day of every month, if there was snow on the
ground. From 2002 onwards there are measurements only in
January and March. The data set from 1909 to 1953 was mea-
sured by the Magnetic Observatory and the exact measure-
ment site is unknown. Measurements from years 1914-1917,
1920-1927, 1941, 1945, 1948 and 1951-1953 are available
in digitised form. The second data set from 1972 onwards is
measured by FMI from two measurement sites: the airport
(an open area, Sect. 2.2.1 and Fig. 2c), and the forest site

www.geosci-instrum-method-data-syst.net/5/163/2016/
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Figure 7. Time series in (a) and (b) HS measurements in 1911-2015, and (¢) SWE measurements every 5 days (only in January and March

from 2002) in 1972-2015.

(Sect. 2.2.4 and Fig. 2d). All SWE and HS measurements
from 1972 onwards have been digitised.

3.5.1 Procedure

Two SWE samples are taken at each site. Until January 1924,
SWE was measured by coring a cylindrical sample of snow
with a tube of 100 cm? cross sectional area, melting the snow
in a covered bucket and measuring the volume of meltwa-
ter. From 1924, a special scale calibrated to show SWE (see
Sect. 2.3.1) has been used to weight the cored snow sample
(Fig. 4e). HS from a centimetre scale on the outside of the
sampling tube is recorded; snow density can be calculated
from HS and SWE.

Since 1976, HS at five fixed stakes (see Sect. 2.3.5)
has been recorded at both sites. In 1972—-1976, there were
9 stakes and two SWE measurements at the airport, and 25
stakes and four SWE measurements at the forest site.

3.5.2 Example data

The HS and SWE from the airport and the forest site are
shown in Fig. 7. The HS at the forest site is comparable to the
daily snow depth measurements, while the HS at the airport is
typically lower; the mean difference between measurements

www.geosci-instrum-method-data-syst.net/5/163/2016/

at the forest site and the airport is 8.6 cm. However, SWE at
the two sites is about the same, the forest site has on average
a 5.9 mm larger value. This means that snow at the airport is
denser than at the forest site.

4 Summary

The Sodankyld manual snow survey program includes man-
ual measurements of natural seasonal snowpack in the north-
ern Finland. Measurements are performed at several diverse
measurement sites at FMI-ARC. The station is equipped
with a comprehensive set of tools for the manual measure-
ments of snow and extensive reference instrumentation for
automatic snow measurements and meteorological measure-
ments. Measurements of HS and SWE have been made since
1909 (available since 1911 and 1914, respectively), and exact
observations of snow macro- and microstructure have been
made and available since 2006 from the snow pits. This pa-
per presents a summary of the collected data sets.

Data availability

The availability of the data is described in Table 3. The de-
tails on how to download the data can be found in http://
litdb.fmi.fi/manual_measurements.php. The digitising of the
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earliest measurements is ongoing and details will be up-
dated to http:/litdb.fmi.fi/manual_measurements.php. The
averages of the SYKE snow course data are available from
SYKE database (http://www.syke.fi/openinformation), and
full measurement data from SYKE on request (details in
http://litdb.fmi.fi/manual_measurements.php).
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