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Preface

Thisreport isasummary of field measurements carried out by NVE in three selected
study areas in Norway during 2002-2004. The work has been carried out within the
projects SnowMan (2001-2004) and Envi Snow (2002-2005).

SnowMan (Snow Parameter Retrieval from Remote Sensing data for Improved
Monitoring and Management of Water Resources) was supported by the Research
Council of Norway under the programme “Overvaking av marine/terrestriske systemer”
(project No. 143540/431).

The project EnviSnow (Devel opment of Generic Earth Observation Based Snow
Parameter Retrieval Algorithms) is supported by the EU commission under the Energy,
Environment and Sustai nable Development programme (EU Contract number EV G1-CT-
2001-00052).

Field work istime consuming and in addition to the authors many persons from NVE
have been involved in collecting the field data.

Osdlo, June 2005

Morten Johnsrud

Director of the Hydrology Department
Sidsel Haug
Head of Section for Glaciers and
Environmental Hydrology



Summary

Snow course data has been collected in Southern Norway in order to investigate the
temporal change in the snow distribution. Field campaigns were conducted at three
different locations, in the Aursunden and Atnasj@ catchments and at the Norefjell test site
Totally seventeen snow courses distributed at different elevations and terrain types were
monitored. At Norefjell the snow course was regularly monitored through the winter
season, whereas Aursunden and Athasj@ were monitored during three succeeding melt
seasons. The study revealed that the skew and the coefficient of variation were generally
higher in alpine terrain than in sparsely forested terrain. The snow distribution alternated
between positive, zero and negative skewed in the accumulation season. At snow
maximum the snow distribution was positively skewed in the apine terrain and
approximately normally distributed in the forest. Anincreased skew with decreasing
conditional snow water equivalent was observed in the a pine terrain during snow melt.



1 Introduction

Knowledge of snow-conditionsis essential for runoff forecasting, power production,
water supply and for studies of climate change. Snow distribution changes during the
winter due to wind-induced redistribution of snow and spatially variable snowfall and
snowmelt events. In spring, this will influence the spatial distribution of the melting
process and thus the dynamics of the spring flood (Alfnes et.al., 2004).

Previous studies have focused on snow distribution at snow maximum (Bruland, 2002
and Marchand and Killingtveit, 2002), changes in snow distribution on an annua basis
(e.g. Johnsrud, 1985), and how terrain parameters (such as altitude, slope and aspect) can
be used to explain the snow distribution (e.g. Andersson and Lundberg, 2002).

Alfnes et. al. (2004) studied the snow distribution during one melt season for the
Aursunden and Atnasj g catchment, while Skaugen et.al. (2004) used the same snow
digtribution data to put forward a model on the dynamical evolution of the spatial
distribution of snow distribution. Andreassen et a. (2004) used the snow distribution data
from atest site at Norefjell and showed that the skewness of the distribution varied
greatly during both accumulation and melting without any clear pattern.

In this report we present snow distribution data from three yearsin three different
locations in southern Norway. One of the main objectives has been to document temporal
changes in snow distribution during accumul ation and throughout the melt season. The
data also serve as ground truth data for the devel opment of spatial disaggregation
methods for precipitation.



2 Study sites

Field campaigns were conducted at three different locations, in the Aursunden and
Atnag @ catchments and at the Norefjell test site (Figure 1). In the Aursunden and Atnag @
catchment field campaigns were carried out during three melt seasons (2002-2004). The
selected test areas were confined to sites with reasonabl e access both in April and May.
At thetest site at Norefjell field campaigns were carried out from November 2002-
February 2004.

Aursunden’

Atnasjs

0 100 Klometrs

Figure 1 Map showing the location of the Norefjell test site and the Aursunden and Atnasjg catchments.

2.1 Aursunden

The Aursunden catchment (N62 4041 E11 27 48 ) has an area of 835 km? and ranges
from 690 to 1553 m a.s.l. (median of 840 m). Theterrainis gently sloping and hilly.
About haf of the catchment islocated below the tree line. The vegetation is birch, pine
and spruce forest as well as swamp and cultivated land. Aursunden drains to the river
Glomma, where discharge has been observed since 1902 (at gauge 2.114 Aursunden).

Snow courses were measured in four selected areas (Storhdmmaren, Vauldalen,
Pikstenhggda and Syndre Langsvola), providing atotal of 11 snow courses at different
locationsin Aursunden (Figure 2). Eight of the snow courses were located in alpine
terrain (above the tree line) at approximately 950 m a.s.l. Three courses were located in
sparse birch forest, dightly below the tree line at 840 —870 m a.s.l. A description of the
snow courses are listed in Table 1.
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b) Pikstenhagda. Locations for the snow
courses Au-6 (2B1-2B3), Au-7 (2B3-2B5), and
Au-8 (2B6-2B7) at Pikstenhggda.
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locations for the snow courses Au-9 (3A1-
3A2), Au-10 (3A3-3A4), and Au-11 (3A5-
3A6) a Syndre Lansvola.

Figure 2 Location of the snow courses in Aursunden marked with coloured lines. Background map is
courtesy Norwegian Mapping Authorities (N50 sheet 1720 | Stuggusjgen and 1720 Il Brekken).

Table 1 Description of the snow courses in the Aursunden catchment.

Course  Asgpect

Terraintype Course Altitude

length (m.asl.)

(m)
Au-1Y  South-West Alpine 1640 950
Au-2?  North-East  Alpine 967 950
Au-3?  Horizontal  Alpine 643 920-950
Au-4? Horizontal  Birchforest 1400 840
Au-52 Horizontal  Birchforest 1400 840
Au-62 Horizontal  Alpine 968 930
Au-7®  East Alpine 1410 930
Au-8%  West Alpine 1520 930
Au-99  South-West Alpine 1430 930
Au-10? North-East  Alpine 1400 930




Au-11? South-West Birchforest 1340 870
Y Aursunden Storh&mmaren, ? Aursunden Vauldalen, ® Aursunden Pikstenshagda,  Aursunden
Syndre Langsvola.

2.2 Atnasjg

The Atnasj@ catchment (N61 5045 E10 47 31 ) is 465 km? and ranges from 701 to 2114
m as.l. (median of 1186 m). The catchment drainsto the river Atna, where discharge has
been observed at gauge 2.32 Atnas g since 1916. It has a more alpine characteristic with
steeper mountain hills than the Aursunden catchment. About 15 percent of the catchment
islocated below the tree line. The vegetation is mostly pine forest with some swamp and
cultivated areas. Snow courses were measured at five elevation levels,

800, 900, 1000, 1100 and 1200 m a.s.l., on awest sloping hill (Figure 3 and
Table2).
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Figure 3 Location of the five snow courses at elevations from 800 to 1200 m a.s.l. in Atnasjg.
Background map is courtesy Norwegian Mapping Authorities (N50 sheet 1818 IV Atnsjgen).

Table 2 Description of snow courses in the Atnasjg catchment.

Course  Aspect Terraintype Course Altitude
length (m.asl.)
(m)

At-1 West Pineforest 900 800

At-2 West Pineforest 650 900

At-3 West Alpine 1230 1000

At-4 West Alpine 1980 1100

At-5 West Alpine 2240 1200




2.3 Norefjell

The Norefjell test site (60°15@1, 9°30&) is located in southern Norway 110 km north-east
of Oslo (Figure 1). A fixed 2 km long profile was established at about 1100 m a.s.l
(Figure 4). The profile is above the tree line.
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Figure 4 The test site at Norefjell. The 2 km long snow course is marked in green.
The background map is courtesy Norwegian Mapping Authorities (N50 sheet 1715 Il FlI&).
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3 Methods

3.1 Timing of field campaigns

In Aursunden and Atnag g the campaigns started approximately at snow maximum and
continued towards the end of the melt season. Three campaigns were carried out in 2002
and 2003, sampling eleven snow courses in Aursunden and five snow coursesin Atnag@.
In 2004 four campai gns measuring three of the snow courses in Aursunden and three
campaigns in Atnasj@ were carried out. This change in the sampling setup was made in
order to follow the temporal change during snowmelt more closely. The timing of the
field campaignsin Aursunden in relation to SWE recorded at a snow pillow located at
830 m altitude, next to the snow course Au-4, is shown in Figure 5. The field campaigns
in Atnag g were carried out immediately after or ahead of the campaigns in Aursunden.
Since the snowmelt period ceasing earlier in Atnagj@ than in Aursunden, the last
campaign was skipped in 2002 and 2004 in Atnas @.

Field campaigns

600 - 2002 /2003 /2004
g 500 -
£ Vauldalen
E 400 snowpillow
g 830 ma.s.l.
= 300
)
3
c 200
g — 2002
3 = 2003
c 100 - M
G Maximum
—— Median
Minimum
0 .

sep okt nov des jan feb mar apr mai jun jul aug

Figure 5 Snow water equivalent (SWE) observed at the Vauldalen snow pillow (GLB Water Management
Association) located in the Aursunden catchment. Statistics are calculated for the period 1987 — 2000.
Timing of the field campaigns 2002, 2003 and 2004 are shown with arrows.

At Nor efjell the aim was to measure the temporal changes throughout a whole winter
season. However, the winter started earlier than expected in 2002 with heavy snowfalls
aready in October. At the first campaign the snow depth was 80 cm in average.
Therefore, it was decided to supplement the time series with measurements the following
winter. The snow course was measured every one to three weeks. The basic plan was to
measure once aweek during early accumulation and snowmelt, and every second week
during midwinter. However, if the accumulation or snowmelt since the last campaign was
small, the measurement was postponed one week.
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3.2 Snow measurements

The parameters snow depth and density were measured manually along the snow courses
(Figure 6). Snow depth was measured every 10™ metre (every 20™ metre on the forested
courses in VVauldalen) using a snow probe with marks every 10 cm. In general, two snow
density samples were collected on each snow course, one representing approximately
median snow depth and one representing shallow snow depth. When the snow conditions
was expected to be relatively homogeneous, for example in the forest and late in the melt
season, only one density sample was taken. During the first campaign in 2002 one or two
extra density samples were collected at some of the snow courses. Density samples of the
snow were collected verticaly from the snow surface to the bottom of the snow package.
A stainless steel cylinder with a known diameter was used to collect the snow and the
length and the weight of each sample was measured. The snow density was then
calculated for each snow cylinder along with aweighted average over the total snow
depth to give the density of the snow package.

Figure 6 Monitoring of snow depth (left) and snow density (right) at Norefjell.
Photos: Eli Alfnes and Liss M. Andreassen
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Snow temperature was measured in the snow density pits during the first two campaigns
in 2003 and 2004. The temperature was measured every 25 cm starting 2 cm below the
snow surface yielding avertical profile of the snow temperature.

In addition to manual snow measurements, ground penetrating radar using a Noggin500
was tested at Syndre Langsvola at the first campaign. The transition between snow and
ground was hard (partly impossible) to detect because snowmelt had started. Thus the
dielectric constant was dominated by liquid water, hiding the reflector at the interface
between snow and ground. The resulting radar profileis not included in this report.

The temporal change of the snow pattern was also documented with digital photographs
taken at fixed points and directions.

3.3 Positioning the snow courses

The snow courses were positioned using handheld GPS receivers with an accuracy of 5
m. In Aursunden and at Norefjell the snow courses followed straight lines between
marked positions. The start and end points as well as the break points in between were
marked with bamboo sticks. In Atnasj@ the snow courses was located at fixed elevation
(following the terrain formations). The measurements have been collected this way since
they started in 1987. Therefore, it was chosen to use the original pathsin order to get
comparable results. The snow courses are marked with a stainless steel pole on the middle
of the snow course and GPS-positions mark the end points.

Theterrain elevation along the profiles in Aursunden and at Norefjell was monitored

using DGPS (differential geo-positioning system), see Figure 7. The position was tracked
every 2™ second, yielding eight to twelve measurements per ten metres.

Figure 7 DGPS (differential geo-position system) measurments of the terrain elevation along the snow
course Au-7 at Pikstenshggda in Aursunden. Photo: Eli Alfnes, August 2002.
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3.4 Analyses

Snow water equivalent (SWE) was cal cul ated from the snow depth samples and the
average snow density for the snow course. Statistics of the snow distribution, with and
without conditioning on snow, and atwo parameter gamma distribution was cal culated
from the SWE values. An estimate of the snow covered area was calculated as the
fraction of snow depth samples conditioned on snow divided by the total number of snow
depth samples along the snow course. More information about the statistics of the snow
course datais given in the appendix (chapter 7.2).

14



4 Results and discussion

4.1 Aursunden

Three years of snow course data during the melt seasons 2002-2004 were collected in
Aursunden. Each year the first campaign was carried out approximately at snow
maximum. Thiswas followed by two subsequent campaigns during snowmelt the first
two years and three campaigns the third year.

The amount of snow was 116, 101 and 91 %, respectively for 2002, 2003 and 2004, of the
median snow maximum (observation period 1984-2000) (Figure 5). The average snow
depth, at the first campaign each year, was 110, 93, 92 cm, respectively, in the alpine
terrain and 125, 99, 122 cm, respectively, in the birch forest (Table 3). Snow density was
relatively high the first year with an average of 414 and 383 kg/m® in the alpine and
forested terrain respectively. The following years the averaged snow density at snow

maxi mum was 344 and 389 kg/m® in the al pine terrain and 302 and 386 kg/m?® in the birch
forest, respectively. Remark that only three of the eleven snow courses was monitored the
third year.

Table 3 Temporal variation of snow properties in the Aursunden catchment.

Alpine Forest

Year-Week SCA Snow SWE  Density SCA Snow SWE  Density
(%) Depth(cm) (mm)* (kgm® (%) Depth(cm) (mm)* (kgm?)

2002-15 90 110 503 414 100 125 484 383
2002-18 79 83 458 450 95 80 374 440
2002-21 29 22 351 506 46 18 186 536
2003-13 98 93 329 344 100 99 300 302
2003-19 67 63 431 461 89 63 287 409
2003-22 24 17 333 503 37 16 194 456
2004-15 " 97 92 367 389 100 122 472 386
2004-18 ' 53 47 399 448 96 71 333 452
2004-19 " 33 34 476 476 87 44 229 445
2004-20 ' 15 11 394 504 24 10 200 473

¥ Average snow water equivalent conditioned on snow.
T Only three of the eleven courses (Au9, Aul0O and Aull).

In the first year, the SCA was 90 % in the apine areas at the first campaign (Table 3).
Some snowmelt had occurred ahead of the first campaign this year. This had formed
some snow free spotsin the alpine areas due to the highly non-uniform snow distribution.
However, according to the snow pillow records, most of the melt water was still in the
snow package. Thus, the effect on the conditional snow distribution was probably small
in the alpine areas and insignificant in the forested areas. The following two years the
first campaign was carried out dightly ahead of the snow maximum and the SCA was 98
and 97 % respectively. The corresponding SCA value in the birch forest was 100 % all
three years. An example of the change in the spatial distribution of SCA isshownin
Figure 8.
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Mean SWE conditioned on snow (excluding the zero values) showed alarge variation
between the various courses (Figure 9 and 10, Table A4). The northeast exposed snow
courses had generally larger SWE than those facing southwest. The standard deviation
was higher in the alpine terrain than in the birch forest. Also the skew was generally
higher for the apine than the birch courses and the CV (coefficient of variation) showed
dlightly higher values in the apine terrain than in the birch forest. The differencesin the
statistical properties above and below the tree line are probably cased by larger wind
induced redistribution of snow in the apine terrain. One of the birch course, Au-11, had
statistics similar to the alpine courses. The main difference between Au-11 and the two
other birch courses was that Au-11 was located along a hill dope whereas Au-4 and Au-5
werein aflat area, and furthermore that the birch forest was dightly denser at Au-4 and
Au-5 than at Au-11. Thus, the Au-11 course might be more exposed to wind drift than the
two other courses, and thereby get a signature similar to the al pine courses.

Averaging over the alpine courses, an increase in conditioned SWE is seen in some cases
as the melt proceeds (Table 3). Thisis due to wind transport of the snow creating
snowdrifts and filling local terrain depressions with snow. As snow melt proceeds, the
areas exposed to wind erosion get snow free rapidly whereas the snow remains for a
longer time in the deposition areas. In the birch forest, where wind erosion is much more
moderate, the snow is more evenly distributed and the conditional SWE gradually
decrease as snowmelt proceeds.

Anincrease in skew with decreasing conditional SWE was seen for most of the alpine
courses (Figure 11), except for Storhammaren (Au-1 —Au-3). A similar tendency was
seen for the birch course at Syndre Langsvola (Au-11). The birch coursesin Vauldalen
(Au-4 and Au-5) and the alpine courses at Storhammaren showed no correlation between
skew and conditional SWE

16



2003-03-28

2003-05-10

2003-05-27

Figure 8 Development of the snow covered area in the Aursunden catchment during the melt season 2003. The photos are taken in South East direction from the Au-1 snow course.
Photos: NVE
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Figure 9 Conditional SWE at the alpine snow courses; mean value, / standard deviation (vertical error
bars), x median value, -- --CV (coefficient of variation) and — — skew. Zero values are excluded from the
statistics.
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Figure 11 Skew as function of conditional SWE at the birch snow courses; 2002 (X), 2003 ( ) and 2004 ( ).
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Figure 12 Skew as function of conditional SWE at the birch snow courses; 2002 (X), 2003 ( ) and 2004 ( ).

Temperature profile in the snow pits in Aursunden at the first campaign in 2003 is shown in
Figure 13. The profiles reveal snowmelt in the upper part of the snow layer, while the deeper
parts are still frozen. The temperature two centimetres below the snow surface ranged from -3.5
to 0.5 C°. Thewide range at the surface is primary an effect of the time of the day and the
temperature during the previous night. The isolation effect of the snow is nicely illustrated by
the increase in temperature with snow depth. At the following campaign the temperature
profiles was vertical at zero degree, except for some of the profiles which had up to 0.2 degrees
at the snow surface. Temperature measurementsin 2004 showed similar results.
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Figure 13 Temperature profiles in the snow pits in Aursunden at the first campaign (week 13) in 2003.

Thelocal topography of the terrain at the snow courses are shown in Figure Al and A2 in the
appendix. The terrain elevation along the snow profiles was approximately normally distributed.
No relation between the distribution of the local topography and the snow distribution was
found.

4.2 Atnasjg

Field campaigns were carried out in Atnag @ directly ahead of or after the campaignsin
Aursunden. Two campaigns were carried out in 2002 and three in 2003 and 2004. The climate
in Atnag @ is dryer than that of Aursunden. The catchment receives less snow and the melt
season is shorter. The last campaign in the first and third year was omitted because very little
snow was left in the catchment.

The snow accumulation in the sub-catchment Storbekken was 71% of the average value
(observation period 1987 — 2000) in 2002 and 79 % in 2003. In 2004 the average SWE was
approximately normal at snow maximum. However, the SWE was larger than normal in the
upper part of the catchment (1000-1200 m asl.), probably due to |ess redistribution of snow than
usual during the winter. The average snow depth, at the first campaign each year, was 36, 48
and 62 cm, respectively, above the tree line and 30, 69 and 57 cm, respectively, in the forest
(Table 4). Asin Aursunden, the snow density was relatively high at the first campaign in 2002
with 434 kg/m?® and 338 kg/m® in the al pine and forested terrain respectively. The following two
years the snow density was 351 kg/m® and 358 kg/m® above the tree line and 264 kg/m® and 285
kg/m® in the forest at snow maximum.
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SCA was 51, 78 and 93 % above the tree line and 65, 96 and 95 % in the forest at the first
campaign each year respectively (Table 4). The relatively low SCA values combined with the
high densities at the first campaign in 2002 indicate that snowmelt had occurred ahead of this
campaign. The high SCA value at snow maximum in 2004 compared to 2003 supports the
assumption of less redistribution of snow due to wind erosion in the upper part of the catchment
that year. The diverging distribution of the snow could also be caused by a stronger vertical
precipitation gradient than normal. Both the SCA in the forest and the snow densities indicate
that the timing of the first campaignsin 2003 and 2004 were close to snow maximum. The
changein spatia distribution of the SCA during the melt season isillustrated in Figure 14.

The conditional SWE decreased from the first to the second campaign in 2002, both in the forest
and in the alpine terrain (Table 4). In the following two years an increase in conditional SWE
was seen in the alpine terrain throughout the melt season, whereas it decreased in the forest.
Thisis similar to the observationsin Aursunden and is probably caused by wind induced
redistribution of the snow. As melt proceeds most of the area becomes snow free whereas
relatively large amounts of snow remain localy. The conditional SWE values, averaged over
the alpine and forested terrain, varied from 215 to 306 mm and 156 to 189 mm, respectively, at
snow maximum (Table 4). The corresponding unconditional SWE values were 156 — 222 mm
and 101 — 182 mm in the alpine and forested terrain, respectively.

The conditional SWE showed an increase with atitude and the CV and the skew was generally
higher in the alpine terrain than in the forest (Figure 15). The skew increased with decreasing
conditional SWE above the tree line whereas no correlation was seen in the forest (Figure 16).
This agrees with the results from Aursunden.

Temperature profiles from the first campaigns in 2003 and 2004 are shown in Feil! Fant ikke
referansekilden. and Figure 17. The profiles from 1000 m a.s.l. and higher show that snowmelt
has penetrated only a few decimetres down in the snow pack. Below 1000 m a.s.l. the
temperature profiles have a convex form in 2003. Probably the snow temperature had first rose
to around zero degree during awarm day or period and then refrozen again during a cold period.
Temperature measurements at the following campaigns showed uniform profiles at zero degree.

Table 4 Temporal variation of snow properties in the Atnasjg catchment.

Alpine Forest

Year-Week SCA Snow SWE  Density SCA Snow SWE  Density
(%) Depth(cm) (mm)* (kgm® (%) Depth(cm) (mm)* (kgm?®)

2002-15 51 36 306 434 65 30 156 338
2002-18 76 33 198 457 20 9 121 397
2003-13 78 48 215 351 96 69 189 264
2003-19 40 32 381 462 37 23 178 331
2003-22 18 17 521 523 21 9 177 406
2004-15 93 62 237 358 95 57 171 285
2004-18 31 27 402 456 35 15 169 385
2004-19 21 18 403 491 10 3 134 447

* Average snow water equivalent conditioned on snow.
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2003-03-31

2003-05-09

2003-05-25

Figure 14 Snow covered area in between 1000 and 1200 m a.s.l in the Atnasjgen catchment, facing Rondane in background, during the melt season 2003. Photos: NVE
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Figure 15 Conditional SWE in the Atnasjg chatcment; mean value, / standard deviation (vertical error
bars), x median value, -- --CV (coefficient of variation) and — — skew. Zero values are excluded from the
statistics. Note the different scale on CV/Skew axes for At-1 -- At-2 and At-3 -- At-4.
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Figure 16 Skew as function of conditional SWE in the Atnasjg catchment; 2002 (X), 2003 ( ) and 2004 ( ).
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Figure 17 Temperature profiles in the snow pits in Atnasjg at the first campaigns in 2003 (week 13) and 2004
(week 15).

4.3 Norefjell:

The aim of the campaigns at Norefjell was, as stated earlier, to monitor the temporal changesin
the spatia distribution of the snow throughout awhole winter season. 17 one-day campaigns
were carried out between November 2002 and June 2003, and 9 campai gns between October
2003 and February 2004. The wesather conditions turned out rather different during the fall 2003
compared to 2002. In 2002 the temperature stayed below zero from early in October. A few
small snowfallsin the first half of October followed by alarge snowfall event of approximately
100 mm established winter conditions in the area. In 2003 aternating small snowfalls and melt
events occurred. The snow pack was built up much slower than in 2002 and the snow level of
the first campaign in 2002 (250 mm) was not reached until the end of January 2004.

The snow distribution alternated between negatively skewed, centred and positively skewed in
both accumul ation seasons (Figure 18). Both the skew and the CV were slightly higher in the
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second accumul ation season, probably because of the aternating snowfall and melt events.
During the melt season the snow distribution showed atendency of becoming more positively
skewed. However, large variability in the skew was observed. The CV of the snow distribution
showed little variation during the accumul ation with values around 0.24 in the first season and
0.38 in the second season. A marked increase in CV was observed towards the end of the melt
Season.

20 600
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5 AR R At S5 RN - 200 5 z
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K F % N 100
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8 8 8 ) g 8 8 g8 8 8 8
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Figure 18 Conditional SWE at Norefjell; mean value, / standard deviation (vertical error bars), x median
value, -- --CV (coefficient of variation), — — skew and -— -— skew excluding the highest 1% of the values.

Zero values are excluded from the statistics.

No correlation between conditioned SWE and skew was found during accumulation (Figure 19,
early winter and midwinter). In the spring, during snowmelt, the skew of the snow distribution
increased with decreasing conditional SWE (Figure 19, spring). This corresponds with the
results from most of the alpine snow courses in Aursunden and Atnas @.

Early winter Midwinter Spring
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1.5 1
1.0

X

X

Skewness
Skewness
Skewness
o
o

051 X 05
X X X ’
1 X %8
0.0 0.0 X X 0.0
-0.5 T T T T -0.5 T T T X -0.5 T T T T
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
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Figure 19 Skew as function of conditional SWE at Norefjell. Early winter covers mean snow depth from 22 to
109 cm (October 2003 — February 2004). Midwinter covers mean snow depth from 76 to 139 cm (November 2002
— Mars 2003). Spring covers mean snow depth from 139 to 2 cm (Mars 2003 — June 2003).

Thelocal topography of the course at Norefjell is shown in Figure 20 a. A selection of the
collected snow measurements during accumulation and snowmelt are plotted on top of the
terrain topography (Figure 20 b and c¢). Note that the snow depths are magnified 10 timesin
order to distinguish the snow cover from the ground surface. The thickness of the snow cover
shows some variation at meso scale (10-20 metres). Early in the accumulation season the
influence of the larger scale variability of theterrainis seen. The snow surface seemsto dlightly
smoothen out as accumulation proceeds. Effects of wind redistribution can also be seen,
especialy around 300 metres from the starting point of the snow course. Snowmelt is fastest
aong the south s ope (between 1000 and 2000 metres). Some further smoothing of the snow
surface occurs during snowmelt, especially along the north slope (0-1000 metres).
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Figure 20 Terrain elevation along the snow course at Norefjell. a) Terrain elevation plotted together with the
geographical position of the profile. b) Snow depth along the profile in the accumulation period. C) Snow depth
along the profile during snow melt. NB! The snow depths are magnified 10 times.
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5 Conclusions

Tempora variation in the snow distribution was monitored in three regions in southern Norway.
The skew and the CV were higher above the tree line than in sparse forest, probably because of
more wind induced redistribution of snow in the apine terrain. The distribution alternated
between negative and positive skew in alpine terrain during the accumulation season. Most of
the snow courses located above the tree line showed increasing skew with decreasing
conditional SWE in the melt season. The skew changed also in the forest during the melt
season, however rather unsystematic. No correlation between the terrain surface and the
temporal snow distribution was found.
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7 Appendix

7.1 Terrain elevation in Aursunden

Theterrain elevation along the snow course paths monitored using differential geo-positioning
system (DGPS).

Figur Al. Terrain elevation for the snow courses above the tree line in Aursunden.
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Figur A2. Terrain elevation for the snow coursesin located in the birch forest in Aursunden.
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7.2 Statistics of the collected snow course data

The statistics of all the collected snow coursesare given in Table Al to A4. Table Al shows the
snow depths and densities together with the average density for the snow course. Generaly, two
density samples were collected at each snow course, one at alocation of shallow snow depth
(approximately 0.5 meters) and one at a location representing approximately the mean snow
depth (conditioned on snow). At some of forest courses, only one density sample was collected
since the snow was relatively evenly distributed. In cases where very little snow remained, also
only one sample was collected. In afew cases one to two extra samples were collected.

Table A2 summarize the snow depth samples collected every 10" metre (every 20" metre for
Au-4 and Au-5) using a snow probe. The table lists the number of snow depths along with the
minimum, maximum, mean (average) snow depth and the median snow depth conditioned on
snow. In addition the number of zero values and an estimate on the snow covered area (SCA),
numsnow depths- num zeros
numsnow depths

calculated as , aregiven.

Table A3 givesthe statistics, in terms of minimum, maximum, mean (average), median,
standard deviation, skew and the coefficient of variation (CV), of the calculated snow water
equivaent (SWE) values. The statistics are calculated on all snow depth samples (zero values
included).

Table A4 gives the statistics of SWE conditions on snow (zero values excluded). The mean
(average), median, standard deviation, skew and CV arelisted. The parameters and of atwo
parameter gamma distribution fitted to the SWE values of the snow course are also given.

The collected snow course data are stored in NV E’ s database Hysopp (Bre— Sngstrekk) and in
excel spreadsheets on Hfelles on ‘mikke’ (F:) \Prog ekter\SnowProData\Hydr ology\Field\
(see Table A5 for details).
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Table A1 Snow Density Samples

Snow Snow Snow Snow

depth of | depth of | depth of |depth of

density density density density Mean

sample 1 | sample 2 | sample 3 | sample 4 | Density 1 | Density 2 | Density 3 | Density 4 | density
Date (cm) (cm) (cm) (cm) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3)
Aursunden, Aul — Storh&mmaren
09-Apr-02 146 96 352 411 382
01-May-02 |50 109 403 466 434
21-May-02 102 525 525
28-Mar-03 | 69 94 328 358 343
10-May-03 [ 54 73 409 481 445
27-May-03 |44 82 527 474 501
Aursunden, Au2 — Storh&mmaren
09-Apr-02 149 151 314 436 375
01-May-02 |45 127 469 483 476
21-May-02 |57 102 435 496 466
28-Mar-03 [101 140 350 383 366
10-May-03 |93 123 428 490 459
27-May-03 | 55 78 516 498 507
Aursunden, Au3 — Storh&mmaren
09-Apr-02 |35 100 533 399 466
01-May-02 |59 114 466 485 466
21-May-02 [ 19 478 478
28-Mar-03 | 64 65 288 299 294
10-May-03 |56 102 416 431 424
27-May-03 |33 48 473 491 482
Aursunden, Au4 — Vauldalen
09-Apr-02 111 361 361
01-May-02 |63 417 417
21-May-02 | No
28-Mar-03 |98 281 281
10-May-03 | 68 400 400
27-May-03 [ No
Aursunden, Au5 — Vauldalen
09-Apr-02 111 361 361
01-May-02 |63 417 417
21-May-02 | No
28-Mar-03 |98 262 262
10-May-03 |84 370 370
27-May-03 [ No
Aursunden, Au6 — Pikstenshggda
10-Apr-02 |102 103 405 404 405
30-Apr-02 |38 91 355 445 400
22-May-02 |44 508 508
29-Mar-03 |77 113 320 354 337
11-May-03 |51 84 482 506 494
26-May-03 |43 37 480 458 469
Aursunden, Au7 — Pikstenshggda
10-Apr-02 |48 101 208 519 445 488 484
30-Apr-02 |51 162 389 473 431
22-May-02 |43 122 520 580 550
29-Mar-03 |92 161 352 405 379
11-May-03 | 86 123 459 456 458
26-May-03 | 76 113 533 541 537
Aursunden, Au8 — Pikstenshggda
10-Apr-02 |46 144 292 439 365
30-Apr-02 |48 139 317 509 413
22-May-02 | 36 91 525 567 546
29-Mar-03 |69 121 329 349 339
11-May-03 | 78 102 493 475 484
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Table A1 Snow Density Samples

Snow Snow Snow Snow

depth of | depth of | depth of |depth of

density density density density Mean

sample 1 | sample 2 | sample 3 | sample 4 | Density 1 | Density 2 | Density 3 | Density 4 | density
Date (cm) (cm) (cm) (cm) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3)
26-May-03 |39 58 523 493 508
Aursunden, Au9 — Syndre Langsvola
11-Apr-02 |44 60 136 143 403 320 466 455 411
02-May-02 |48 134 399 504 452
21-May-02 |50 108 511 582 547
30-Mar-03 |84 111 358 350 354
11-May-03 | 61 112 425 441 433
26-May-03 |88 60 498 522 510
06-Apr-04 |65 91 381 427 404
28-Apr-04 |67 82 447 468 458
04-May-04 |57 96 456 487 471
11-May-04 |42 85 509 538 523
Aursunden, Aul0 — Syndre Langsvola
11-Apr-02 |50 197 427 423 425
02-May-02 |46 148 443 526 526
21-May-02 |40 100 393 459 426
30-Mar-03 |89 114 329 347 338
11-May-03 |81 120 494 485 490
26-May-03 |67 94 486 541 513
06-Apr-04 |67 110 385 365 375
28-Apr-04 |66 92 426 452 439
04-May-04 |70 91 481 479 480
11-May-04 | 68 89 466 505 485
Aursunden, Aull — Syndre Langsvola
11-Apr-02 [134 141 389 462 426
02-May-02 | 104 122 449 522 485
21-May-02 |96 88 499 572 536
30-Mar-03 |95 195 332 392 362
11-May-03 [ 70 107 413 499 456
26-May-03 |42 59 414 498 456
06-Apr-04 110 127 354 418 386
28-Apr-04 |60 82 442 462 452
04-May-04 | 66 45 439 451 445
11-May-04 | 27 48 464 481 473
Atnasjg, Atl — Storbekken
12-Apr-02 |28 43 307 308 308
03-May-02 |18 379 379
31-Mar-03 |45 51 257 270 263
09-May-03 |28 22 268 313 290
25-May-03 [ No
07-Apr-04 |66 41 276 278 277
29-Apr-04 | No
05-May-04 [ No
Atnasjg, At2 — Storbekken
12-Apr-02 |72 70 362 375 369
03-May-02 |55 415 415
31-Mar-03 |48 105 225 305 265
09-May-03 |51 72 366 379 372
25-May-03 |30 47 393 418 406
07-Apr-04 |65 80 282 305 294
29-Apr-04 |51 34 384 386 385
05-May-04 | 34 43 439 455 447
Atnasjg, At3 — Storbekken
12-Apr-02 |87 71 452 484 468
03-May-02 |75 504 504
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Table A1 Snow Density Samples

Snow Snow Snow Snow

depth of | depth of | depth of |depth of

density density density density Mean

sample 1 | sample 2 | sample 3 | sample 4 | Density 1 | Density 2 | Density 3 | Density 4 | density
Date (cm) (cm) (cm) (cm) (kg/m3) (kg/m3) (kg/m3) (kg/m3) (kg/m3)
31-Mar-03 |55 100 384 350 367
09-May-03 | 57 82 427 455 441
25-May-03 |84 109 542 498 520
07-Apr-04 |42 69 366 359 362
29-Apr-04 |47 76 438 482 460
05-May-04 |52 78 505 502 503
Atnasjg, At4 — Storbekken
12-Apr-02 [79 81 361 431 396
03-May-02 |92 70 440 411 426
31-Mar-03 |47 73 314 355 334
09-May-03 |63 80 452 430 441
25-May-03 | 71 163 519 551 535
07-Apr-04 |36 85 323 372 348
29-Apr-04 [91 65 452 450 451
05-May-04 | 60 86 475 474 474
Atnasjg, At5 — Storbekken
12-Apr-02 |77 73 469 407 438
03-May-02 | 102 69 416 466 441
31-Mar-03 |49 63 353 353 353
09-May-03 |74 55 490 516 503
25-May-03 |42 97 503 526 514
07-Apr-04 |42 62 370 360 365
29-Apr-04 |81 70 468 444 456
05-May-04 | 35 496 496
Norefjell snow accumulation and ablation 2002-2003
21-nov-02 |63 81 339 318 329
03-des-02 99 146 274 313 294
18-des-02 |92.8 101.6 314 335 324
07-jan-03 [ 103 124 361 346 353
21-jan-03 (139 149.1 318 353 335
05-feb-03 | 133 146 304 328 316
18-feb-03 | 149 111.6 376 341 358
11-mar-03 (108 150 330 310 320
18-mar-03 |129 141 345 367 356
31-mar-03 | 150 100 361 338 349
16-apr-03 (131 95 348 375 360
23-apr-03 [ 84 111 401 422 411
30-apr-03 | 100 85 398 438 418
15-mai-03 | 65 117 415 425 420
21-mai-03 |71 57 440 430 435
28-mai-03 |56 30 445 430 437
04-jun-03 |23 368 368
Norefjell snow accumulation 2003-2004
24-Oct-03 |29 246 246
04-Nov-03 |23 40 262 316 289
12-Nov-03 [16 37 299 282 291
27-Nov-03 |50 35 341 270 306
04-Dec-03 |41 50 314 327 321
16-Dec-03 [ 50 50 361 366 364
05-Jan-04 |42 49.5 342 320 331
12-Jan-04 1103 64 306 295 301
03-Feb-04 |88 124 246 199 246
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Table A2 Snow Depth Samples

Minimum Maximum Mean Median

No. of snowdepth snowdepth snowdepth snowdepth
Date snowdepths | No. of zeros | SCA (%) | (cm) (cm) (cm) >0 (cm)
Aursunden, Aul — Storhdmmaren
09-Apr-02 151 27 82 0 390 80 92
01-May-02 | 163 74 55 0 273 42 59
21-May-02 | 165 148 10 0 229 7 65
28-Mar-03 | 167 6 96 0 227 75 76
10-May-03 | 165 79 52 0 217 32 57
27-May-03 | 164 145 12 0 83 5 48
Aursunden, Au2 — Storhdmmaren
09-Apr-02 |94 5 95 0 400 134 137
01-May-02 | 100 14 86 0 351 108 123
21-May-02 |98 48 51 0 243 47 75
28-Mar-03 |99 1 99 0 335 123 118
10-May-03 | 100 19 81 0 284 97 108
27-May-03 | 100 67 33 0 170 22 55
Aursunden, Au3 — Storhdmmaren
09-Apr-02 |65 12 82 0 166 69 81
01-May-02 | 68 37 46 0 159 35 83
21-May-02 | 63 57 10 0 41 2 25
28-Mar-03 | 64 1 98 0 211 77 71
10-May-03 | 66 36 45 0 160 31 57
27-May-03 | 66 61 8 0 71 3 46
Aursunden, Au4 — Vauldalen
09-Apr-02 |73 1 99 0 152 103 104
01-May-02 |57 3 95 0 114 66 71
21-May-02 [ No snow
28-Mar-03 | 138 0 100 45 141 98 100
10-May-03 | 117 16 86 0 122 57 64
27-May-03 [ No snow No
Aursunden, Au5 — Vauldalen
09-Apr-02 |72 0 100 40 260 122 119
01-May-02 |55 4 93 0 173 73 77
21-May-02 [ No Snow
28-Mar-03 | 147 0 100 18 182 94 100
10-May-03 | 119 13 89 0 152 62 70
27-May-03 [ No Snow
Aursunden, Au6 — Pikstenshggda
10-Apr-02 |97 1 99 0 316 103 103
30-Apr-02 |95 0 100 1 218 85 91
22-May-02 |98 76 22 0 100 7 31
29-Mar-03 |95 0 100 17 188 98 100
11-May-03 | 95 12 87 0 176 68 77
26-May-03 | 96 65 32 0 113 11 38
Aursunden, Au7 — Pikstenshggda
10-Apr-02 137 4 97 0 400 151 149
30-Apr-02 144 5 97 0 400 135 132
22-May-02 | 142 75 47 0 270 39 78
29-Mar-03 | 142 0 100 1 464 113 95
11-May-03 | 143 29 80 0 424 88 96
26-May-03 | 137 90 34 0 327 30 74
Aursunden, Au8 — Pikstenshggda
10-Apr-02 1130 1 99 0 365 134 120
30-Apr-02 155 2 99 0 360 105 96
22-May-02 [ 151 98 35 0 273 23 48
29-Mar-03 | 153 0 100 15 345 97 85
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Table A2 Snow Depth Samples

Minimum Maximum Mean Median

No. of snowdepth snowdepth snowdepth snowdepth
Date snowdepths | No. of zeros [ SCA (%) | (cm) (cm) (cm) >0 (cm)
11-May-03 [ 154 25 84 0 350 71 71
26-May-03 [ 153 116 24 0 222 17 51
Aursunden, Au9 — Syndre Langsvola
11-Apr-02 [135 26 81 0 400 88 83
02-May-02 | 142 40 72 0 390 67 63
21-May-02 | 143 110 23 0 255 22 78
30-Mar-03 | 143 10 93 0 374 73 53
11-May-03 [ 143 79 45 0 308 46 91
26-May-03 | 143 117 18 0 156 12 58
06-Apr-04 144 6 96 0 357 81 70
28-Apr-04 142 72 49 0 305 40 56
04-May-04 | 143 101 29 0 275 28 79
11-May-04 | 142 125 12 0 192 10 40
Aursunden, Aul0 — Syndre Langsvola
11-Apr-02 [133 21 84 0 400 122 128
02-May-02 | 140 33 76 0 390 89 79
21-May-02 [141 92 35 0 290 31 62
30-Mar-03 139 1 99 0 421 92 70
11-May-03 [ 141 59 58 0 413 69 85
26-May-03 | 136 96 29 0 285 32 86
06-Apr-04 1138 2 99 0 365 103 83
28-Apr-04 [140 61 56 0 300 55 77
04-May-04 |75 47 37 0 303 39 100
11-May-04 [ 140 116 17 0 208 13 68
Aursunden, Aull — Syndre Langsvola
11-Apr-02 |122 0 100 48 308 148 146
02-May-02 [ 130 2 98 0 250 102 99
21-May-02 134 73 46 0 132 18 30
30-Mar-03 [ 133 0 100 27 200 105 103
11-May-03 [ 134 10 93 0 214 69 70
26-May-03 | 131 83 37 0 125 16 38
06-Apr-04 131 0 100 24 268 122 120
28-Apr-04 [134 5 96 0 199 71 70
04-May-04 [132 17 87 0 199 44 48
11-May-04 {130 99 24 0 104 10 33
Atnasjg, Atl — Storbekken
12-Apr-02 |84 37 56 0 70 19 35
03-May-02 |90 87 3 0 23 0 18
31-Mar-03 |90 1 99 0 109 56 57
09-May-03 |89 69 22 0 58 6 24
25-May-03 | No snow
07-Apr-04 |88 5 94 0 79 42 47
29-Apr-04 | No snow
05-May-04 | No snow
Atnasjg, At2 — Storbekken
12-Apr-02 |87 23 74 0 141 42 51
03-May-02 |80 50 38 0 122 17 37
31-Mar-03 |84 5 94 0 160 82 88
09-May-03 | 82 39 52 0 168 40 67
25-May-03 |82 65 21 0 82 9 42
07-Apr-04 [84 3 96 0 190 72 70
29-Apr-04 |77 50 35 0 105 15 44
05-May-04 |84 76 10 0 52 3 30
Atnasjg, At3 — Storbekken
12-Apr-02 [ 145 74 49 0 194 35 62
03-May-02 134 36 73 0 166 28 23
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Table A2 Snow Depth Samples

Minimum Maximum Mean Median

No. of snowdepth snowdepth snowdepth snowdepth
Date snowdepths | No. of zeros | SCA (%) | (cm) (cm) (cm) >0 (cm)
31-Mar-03 |125 13 90 0 332 52 48
09-May-03 | 126 58 54 0 279 47 67
25-May-03 | 141 113 20 0 164 17 68
07-Apr-04 131 6 95 0 359 67 54
29-Apr-04 1130 94 28 0 268 20 54
05-May-04 | 127 94 26 0 221 22 71
Atnasjg, At4 — Storbekken
12-Apr-02 [ 247 119 52 0 182 30 48
03-May-02 | 199 35 82 0 227 31 21
31-Mar-03 | 208 41 80 0 298 49 43
09-May-03 | 206 135 34 0 244 25 49
25-May-03 | 206 174 16 0 207 15 98
07-Apr-04 | 202 18 91 0 300 67 44
29-Apr-04 | 207 144 30 0 245 29 80
05-May-04 | 204 174 15 0 160 10 63
Atnasjg, At5 — Storbekken
12-Apr-02 [ 244 116 52 0 360 43 60
03-May-02 | 224 60 73 0 400 40 26
31-Mar-03 | 231 82 65 0 441 41 46
09-May-03 | 224 156 30 0 310 25 60
25-May-03 | 224 184 18 0 291 20 101
07-Apr-04 | 228 17 93 0 468 51 36
29-Apr-04 | 226 150 34 0 505 33 76
05-May-04 | 226 175 23 0 374 21 71
Norefjell snow accumulation and ablation 2002-2003
21-nov-02 |199 0 100 4 145 76 79
03-des-02 | 204 0 100 10 211 103 105
18-des-02 | 195 0 100 33 158 100 102
07-jan-03 199 0 100 21 199 103 102
21-jan-03 182 0 100 40 235 127 127
05-feb-03 [ 199 0 100 41 202 126 129
18-feb-03 | 194 0 100 8 212 118 120
11-mar-03 | 200 0 100 24 323 139 139
18-mar-03 [199 0 100 45 190 125 128
31-mar-03 [198 0 100 31 210 116 117
16-apr-03 | 201 0 100 32 218 120 120
23-apr-03 | 201 1 100 0 217 93 92
30-apr-03 {200 0 100 16 180 100 100
15-mai-03 | 199 2 99 0 285 88 90
21-mai-03 | 196 3 98 0 180 67 67
28-mai-03 [ 202 57 72 0 179 33 48
04-jun-03 _ [201 188 6 0 105 2 28
Norefjell show accumulation 2003-2004
24-Oct-03 | 202 2 99 0 67 22 22
04-Nov-03 | 204 0 100 5 70 31 31
12-Nov-03 | 200 1 100 0 74 25 25
27-Nov-03 | 200 0 100 11 76 38 39
04-Dec-03 | 203 0 100 24 138 53 54
16-Dec-03 [198 0 100 11 101 44 45
05-Jan-04 [198 0 100 4 152 47 48
12-Jan-04 | 200 0 100 12 195 74 72
03-Feb-04 [ 202 0 100 8 236 109 110

37




Table A3 Snow Water Equivalent, unconditional

(zero values included)

Date | Mean (mm) | Min (mm) | Max (mm)

| Median (mm) | Std.dev (mm) | Skewness | CV

Aursunden, Aul — Storhd&mmaren

09-Apr-02 | 305 0 1488 351 240 1.24 0.79
01-May-02 [180 0 1185 256 242 1.76 1.34
21-May-02 | 39 0 1202 0 145 5.01 3.73
28-Mar-03 | 257 0 779 259 161 0.64 0.63
10-May-03 [ 141 0 966 254 174 1.27 1.23
27-May-03 | 27 0 416 240 79 2.88 2.92
Aursunden, Au2 — Storhd&mmaren

09-Apr-02 502 0 1499 514 347 0.67 0.69
01-May-02 | 515 0 1672 586 417 0.69 0.81
21-May-02 | 219 0 1131 56 294 1.31 1.35
28-Mar-03 | 452 0 1227 432 278 0.78 0.62
10-May-03 [ 446 0 1304 496 374 0.56 0.84
27-May-03 | 113 0 862 279 203 1.90 1.79
Aursunden, Au3 — Storhd&mmaren

09-Apr-02 324 0 773 377 237 0.20 0.73
01-May-02 | 164 0 741 385 204 0.83 1.24
21-May-02 |12 0 196 0 40 3.68 3.45
28-Mar-03 | 227 0 620 209 119 0.84 0.52
10-May-03 [ 133 0 678 241 184 1.27 1.38
27-May-03 | 16 0 342 222 61 4.01 3.80
Aursunden, Au4 — Vauldalen

09-Apr-02 373 0 549 374 78 0.28 0.21
01-May-02 | 276 0 476 294 100 -0.98 0.36
21-May-02 | No show

28-Mar-03 | 275 126 396 280 46 -0.18 0.17
10-May-03 | 227 0 488 256 120 -0.47 0.53
27-May-03 | No snow

Aursunden, Au5 — Vauldalen

09-Apr-02 442 144 939 430 154 0.95 0.35
01-May-02 | 303 0 722 321 124 -0.25 0.41
21-May-02 | No show

28-Mar-03 | 245 47 477 262 87 -0.58 0.35
10-May-03 [ 230 0 562 259 121 -0.10 0.52
27-May-03 | No snow

Aursunden, Au6 — Pikstenshggda

10-Apr-02 [416 0 1278 415 199 0.67 0.48
30-Apr-02 | 341 4 872 364 180 0.14 0.53
22-May-02 | 37 0 508 0 88 2.86 2.37
29-Mar-03 | 330 57 634 337 115 -0.13 0.35
11-May-03 [ 335 0 869 380 191 -0.07 0.57
26-May-03 | 54 0 530 178 100 2.15 1.87
Aursunden, Au7 — Pikstenshggda

10-Apr-02 [452 0 1227 432 278 0.78 0.62
30-Apr-02 | 446 0 1304 496 374 0.56 0.84
22-May-02 | 113 0 862 279 203 1.90 1.79
29-Mar-03 429 4 1757 360 315 1.88 0.73
11-May-03 [ 404 0 1940 437 395 1.49 0.98
26-May-03 | 160 0 1757 398 314 2.90 1.96
Aursunden, Au8 — Pikstenshggda

10-Apr-02 [488 0 1333 438 258 0.93 0.53
30-Apr-02 | 433 0 1487 397 286 1.20 0.66
22-May-02 | 127 0 1491 0 246 2.56 1.94
29-Mar-03 | 327 51 1169 288 188 1.95 0.57
11-May-03 [ 345 0 1693 344 295 1.55 0.85
26-May-03 | 85 0 1128 259 198 2.92 2.34
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Table A3 Snow Water Equivalent, unconditional

(zero values included)

Date | Mean (mm) | Min (mm) | Max (mm) | Median (mm) | Std.dev (mm) | Skewness | CV
Aursunden, Au9 — Syndre Langsvola

11-Apr-02 | 360 0 1643 341 357 1.61 0.99
02-May-02 | 301 0 1761 282 379 1.83 1.26
21-May-02 | 120 0 1394 0 280 2.84 2.34
30-Mar-03 [ 258 0 1324 188 284 1.48 1.10
11-May-03 | 198 0 1333 394 306 1.67 1.54
26-May-03 |60 0 796 293 149 291 2.49
06-Apr-04 | 327 0 1443 283 298 1.35 0.91
28-Apr-04 (182 0 1397 254 275 1.83 151
04-May-04 [ 131 0 1297 370 274 2.55 2.09
11-May-04 |50 0 1005 209 182 4.26 3.66
Aursunden, Aul0 — Syndre Langsvola

11-Apr-02 |518 0 1698 541 438 0.87 0.85
02-May-02 | 470 0 2052 417 481 1.24 1.02
21-May-02 | 130 0 1236 0 245 2.46 1.88
30-Mar-03 [311 0 1424 235 286 1.63 0.92
11-May-03 | 340 0 2022 414 457 1.72 1.34
26-May-03 | 164 0 1463 439 340 2.33 2.07
06-Apr-04 [387 0 1368 311 316 1.09 0.82
28-Apr-04 [ 241 0 1317 338 307 1.37 1.27
04-May-04 | 188 0 1455 478 335 1.90 1.78
11-May-04 | 64 0 1010 328 181 3.30 2.83
Aursunden, Aull — Syndre Langsvola

11-Apr-02 631 204 1311 621 202 0.98 0.32
02-May-02 | 495 0 1213 480 185 0.97 0.37
21-May-02 |94 0 707 0 139 1.75 1.48
30-Mar-03 [379 98 724 373 96 0.61 0.25
11-May-03 | 315 0 976 317 163 0.44 0.52
26-May-03 |71 0 570 171 119 2.00 1.67
06-Apr-04 (472 93 1033 463 134 0.76 0.28
28-Apr-04 | 320 0 900 316 149 0.82 0.46
04-May-04 | 198 0 886 214 148 1.22 0.75
11-May-04 |48 0 492 156 107 2.53 2.24
Atnasjg, Atl — Storbekken

12-Apr-02 |57 0 215 35 64 0.68 1.12
03-May-02 |2 0 87 0 12 6.65 6.29
31-Mar-03 | 147 0 287 150 55 -0.3 04
09-May-03 |17 0 168 0 36 2.3 2.2
25-May-03 | No snow

07-Apr-04 [118 0 219 122 55 -0.4 0.5
29-Apr-04 | No snow

05-May-04 | No snow

Atnasjg, At2 — Storbekken

12-Apr-02 | 154 0 520 162 121 0.39 0.79
03-May-02 |70 0 507 0 110 1.73 1.57
31-Mar-03 [ 216 0 424 225 105 -0.2 0.5
09-May-03 | 147 0 626 91 176 1.0 1.2
25-May-03 |37 0 333 0 83 2.2 2.3
07-Apr-04 | 210 0 558 201 112 0.7 0.5
29-Apr-04 |59 0 404 0 97 1.6 1.6
05-May-04 |13 0 232 0 44 3.6 3.5
Atnasjg, At3 — Storbekken

12-Apr-02 |164 0 908 0 227 1.46 1.39
03-May-02 | 142 0 837 86 192 2.08 1.36
31-Mar-03 |192 0 1218 154 189 1.8 1.0
09-May-03 | 205 0 1230 73 292 1.7 1.4
25-May-03 | 87 0 853 0 203 2.5 2.3
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Table A3 Snow Water Equivalent, unconditional
(zero values included)

Date Mean (mm) | Min (mm) | Max (mm) Median (mm) | Std.dev (mm) [ Skewness |CV
07-Apr-04 | 243 0 1301 185 239 2.0 1.0
29-Apr-04 {93 0 1233 0 213 3.0 2.3
05-May-04 [113 0 1113 0 251 24 2.2
Atnasjg, At4 — Storbekken

12-Apr-02 118 0 720 20 159 1.47 1.35
03-May-02 [ 131 0 966 72 183 2.47 1.39
31-Mar-03 | 165 0 996 114 205 1.8 1.2
09-May-03 | 145 0 1076 0 259 2.1 1.8
25-May-03 [ 127 0 1107 0 278 2.2 2.2
07-Apr-04 [232 0 1043 120 276 1.6 1.2
29-Apr-04 1130 0 1105 0 258 2.3 2.0
05-May-04 |46 0 759 0 132 3.3 2.9
Atnasjg, At5 — Storbekken

12-Apr-02 187 0 1577 83 294 2.43 1.57
03-May-02 | 177 0 1765 64 291 2.61 1.64
31-Mar-03 | 145 0 1556 67 219 2.9 15
09-May-03 | 125 0 1558 0 269 2.8 2.2
25-May-03 | 102 0 1496 0 262 2.9 2.6
07-Apr-04 [187 0 1708 117 228 3.2 1.2
29-Apr-04 [ 150 0 2303 0 301 3.2 2.0
05-May-04 | 105 0 1853 0 275 3.5 2.6
Norefjell show accumulation and ablation 2002-2003

21-nov-02 |55 0 165 54 25 0.28 0.46
03-des-02 |90 14 202 90 37 0.47 0.41
18-des-02 |73 0 215 71 39 0.55 0.53
07-jan-03 114 34 208 119 37 -0.06 0.32
21-jan-03 |171 77 442 163 52 1.11 0.30
05-feb-03 | 160 40 367 164 56 0.24 0.35
18-feb-03 | 157 13 503 157 68 1.01 0.43
11-mar-03 | 224 36 587 217 71 0.92 0.32
18-mar-03 | 267 20 580 268 83 -0.02 0.31
31-mar-03 |55 0 165 54 25 0.28 0.46
16-apr-03 |90 14 202 90 37 0.47 0.41
23-apr-03 |73 0 215 71 39 0.55 0.53
30-apr-03_|114 34 208 119 37 -0.06 0.32
15-mai-03 |171 77 442 163 52 1.11 0.30
21-mai-03 | 160 40 367 164 56 0.24 0.35
28-mai-03 | 157 13 503 157 68 1.01 0.43
04-jun-03 | 224 36 587 217 71 0.92 0.32
Norefjell snow accumulation 2003-2004

24-Oct-03 |55 0 165 54 25 0.28 0.46
04-Nov-03 |90 14 202 90 37 0.47 0.41
12-Nov-03 |73 0 215 71 39 0.55 0.53
27-Nov-03 (114 34 208 119 37 -0.06 0.32
04-Dec-03 |171 77 442 163 52 1.11 0.30
16-Dec-03 | 160 40 367 164 56 0.24 0.35
05-Jan-04 | 157 13 503 157 68 1.01 0.43
12-Jan-04 | 224 36 587 217 71 0.92 0.32
03-Feb-04 | 267 20 580 268 83 -0.02 0.31
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Table A4 Snow Water Equivalent, conditioned on snow
(zero values excluded)

Mean Median |Std.dev Gamma distribution
Date (mm) (mm) (mm) Skewness | CV
Aursunden, Aul — Storhdmmaren
09-Apr-02 | 371 351 213 1.83 0.57 0.0082 3.028
01-May- [331 256 240 1.56 0.73 0.0057 1.895
21-May- | 378 341 283 1.67 0.75 0.0047 1.791
28-Mar- 266 259 156 0.71 0.59 0.0109 2.914
10-May- | 273 254 151 1.28 0.55 0.0120 3.277
27-May- [ 233 240 74 0.32 0.32 0.0428 9.991
Aursunden, Au2 — Storhdmmaren
09-Apr-02 | 531 514 335 0.73 0.63 0.0047 2.516
01-May- [599 586 390 0.71 0.65 0.0039 2.361
21-May- 428 349 282 0.72 0.66 0.0054 2.311
28-Mar- 456 432 275 0.81 0.60 0.0060 2.745
10-May- | 551 496 339 0.52 0.62 0.0048 2.644
27-May- [ 343 279 214 0.75 0.62 0.0075 2.586
Aursunden, Au3 — Storhdmmaren
09-Apr-02 [ 397 377 199 0.24 0.50 0.0100 3.980
01-May- [367 385 145 0.44 0.39 0.0176 6.438
21-May- 122 120 61 0.08 0.50 0.0328 3.997
28-Mar- 230 209 116 0.94 0.51 0.0170 3.916
10-May- | 293 241 166 0.64 0.57 0.0106 3.095
27-May- [ 213 222 93 -0.05 0.44 0.0247 5.256
Aursunden, Au4 — Vauldalen
09-Apr-02 [ 378 374 65 0.28 0.17 0.0896 33.927
01-May- 292 294 77 -0.58 0.26 0.0493 14.397
21-May- | No show
28-Mar- 275 280 46 -0.18 0.17 0.1302 35.798
10-May- | 262 256 84 0.24 0.32 0.0372 9.755

27-May- No snow

Aursunden, Au5 — Vauldalen

09-Apr-02 | 442 430 154 0.95 0.35 0.0187 8.258
01-May- |327 321 94 1.39 0.29 0.0374 12.231
21-May- No snow

28-Mar- 245 262 87 -0.58 0.35 0.0326 7.999
10-May- | 258 259 95 0.62 0.37 0.0288 7.421

27-May- No snow

Aursunden, Au6 — Pikstenshggda

10-Apr-02 {420 415 195 0.75 0.46 0.0110 4.642
30-Apr-02 | 341 364 180 0.14 0.53 0.0105 3.596
22-May- | 165 157 116 1.11 0.70 0.0122 2.020
29-Mar- 330 337 115 -0.13 0.35 0.0251 8.282
11-May- |384 380 151 0.45 0.39 0.0168 6.429
26-May- | 166 178 112 1.04 0.68 0.0132 2.195
Aursunden, Au7 — Pikstenshggda

10-Apr-02 | 456 432 275 0.81 0.60 0.0060 2.745
30-Apr-02 | 551 496 339 0.52 0.62 0.0048 2.644
22-May- 343 279 214 0.75 0.62 0.0075 2.586
29-Mar- 429 360 315 1.88 0.73 0.0043 1.853
11-May- | 507 437 379 1.60 0.75 0.0035 1.789
26-May- | 467 398 381 2 0.82 0.0032 1.503
Aursunden, Au8 — Pikstenshggda

10-Apr-02 | 492 438 255 0.98 0.52 0.0076 3.718
30-Apr-02 {438 397 284 1.24 0.65 0.0055 2.390
22-May- 361 262 297 1.48 0.82 0.0041 1.479
29-Mar- 327 288 188 1.95 0.57 0.0093 3.030
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Table A4 Snow Water Equivalent, conditioned on snow
(zero values excluded)

Mean Median | Std.dev Gamma distribution
Date (mm) (mm) (mm) Skewness | CV
11-May- 415 344 276 1.91 0.66 0.0055 2.265
26-May- 350 259 264 1.24 0.75 0.0050 1.762
Aursunden, Au9 — Syndre Langsvola
11-Apr-02 | 446 341 346 1.71 0.78 0.0037 1.66
02-May- 419 282 388 1.62 0.93 0.0028 1.17
21-May- 1519 426 366 1.13 0.71 0.0039 2.01
30-Mar- 278 188 285 1.43 1.03 0.0034 0.95
11-May- 443 394 317 0.86 0.72 0.0044 1.94
26-May- | 328 293 184 1.26 0.56 0.0097 3.19
06-Apr-04 | 342 283 296 1.35 0.87 0.0039 1.33
28-Apr-04 [ 370 254 291 1.21 0.79 0.0044 1.62
04-May- 1448 370 340 1.17 0.76 0.0039 1.74
11-May- 417 209 362 0.69 0.87 0.0032 1.33
Aursunden, Aul0 — Syndre Langsvola
11-Apr-02 | 615 541 410 0.92 0.67 0.0037 2.25
02-May- 567 417 425 1.18 0.75 0.0031 1.78
21-May- | 375 264 285 1.51 0.76 0.0046 1.73
30-Mar- 313 235 286 1.64 0.91 0.0038 1.20
11-May- 584 414 465 1.38 0.79 0.0027 1.58
26-May- | 559 439 419 0.78 0.75 0.0032 1.78
06-Apr-04 [ 393 311 315 1.10 0.80 0.0040 1.56
28-Apr-04 [ 428 338 296 1.00 0.69 0.0049 2.09
04-May- | 505 478 377 0.68 0.75 0.0035 1.79
11-May- 372 328 278 0.76 0.75 0.0048 1.79
Aursunden, Aull — Syndre Langsvola
11-Apr-02 | 631 621 202 0.98 0.32 0.0154 9.73
02-May- 1502 480 176 1.38 0.35 0.0162 8.16
21-May- 186 161 146 1.15 0.78 0.0087 1.62
30-Mar- 379 373 96 0.61 0.25 0.0408 15.43
11-May- 340 317 141 1.09 0.42 0.0170 5.80
26-May- 194 171 122 1.44 0.63 0.0131 2.55
06-Apr-04 (472 463 134 0.76 0.28 0.0264 12.45
28-Apr-04 | 333 316 137 1.32 0.41 0.0177 5.90
04-May- 229 214 135 1.67 0.59 0.0126 2.88
11-May- 200 156 132 0.81 0.66 0.0115 2.30
Atnasjg, Atl — Storbekken
12-Apr-02 | 102 108 52 0.03 0.51 0.0372 3.80
03-May- 56 68 39 -1.29 0.71 0.0357 1.99
31-Mar- 149 150 53 -0.2 0.4 0.0526 7.83
09-May- |75 70 40 0.8 0.5 0.0475 3.56
25-May- | No snow
07-Apr-04 [ 125 130 48 -0.2 0.4 0.0546 6.81
29-Apr-04 | No snow
05-May- | No snow
Atnasjg, At2 — Storbekken
12-Apr-02 | 209 188 90 0.99 0.43 0.0256 5.34
03-May- 186 154 102 141 0.55 0.0178 3.31
31-Mar- 230 233 93 0.1 0.4 0.0267 6.13
09-May- 281 249 146 0.7 0.5 0.0131 3.70
25-May- 177 170 93 -0.3 0.5 0.0204 3.61
07-Apr-04 1218 206 106 1.0 0.5 0.0193 4.20
29-Apr-04 [ 169 169 91 0.8 0.5 0.0206 3.49
05-May- 1134 134 67 -0.2 0.5 0.0296 3.97
Atnasjg, At3 — Storbekken
12-Apr-02 | 335 290 220 0.94 0.66 0.0069 2.32
03-May- 194 113 201 1.83 1.04 0.0048 0.93
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Table A4 Snow Water Equivalent, conditioned on snow
(zero values excluded)

Mean Median | Std.dev Gamma distribution
Date (mm) (mm) (mm) Skewness | CV
31-Mar- 215 174 188 1.8 0.9 0.0061 1.31
09-May- 1381 293 302 1.1 0.8 0.0042 1.59
25-May- 1437 351 235 0.5 0.5 0.0079 3.47
07-Apr-04 | 254 196 238 2.0 0.9 0.0045 1.14
29-Apr-04 | 335 246 289 1.3 0.9 0.0040 1.35
05-May- 1435 357 322 0.5 0.7 0.0042 1.82
Atnasjg, At4 — Storbekken
12-Apr-02 | 227 190 156 1.01 0.68 0.0094 2.13
03-May- 1158 89 190 2.30 1.20 0.0044 0.70
31-Mar- 205 144 209 1.6 1.0 0.0047 0.96
09-May- | 351 216 301 1.0 0.9 0.0039 1.35
25-May- | 556 524 315 0.2 0.6 0.0056 3.11
07-Apr-04 | 255 153 279 1.5 1.1 0.0033 0.83
29-Apr-04 | 427 361 304 0.9 0.7 0.0046 1.97
05-May- 311 299 190 0.7 0.6 0.0086 2.69
Atnasjg, At5 — Storbekken
12-Apr-02 | 357 261 322 1.97 0.90 0.0034 1.23
03-May- | 242 113 316 2.22 1.31 0.0024 0.58
31-Mar- 225 162 238 2.6 1.1 0.0040 0.90
09-May- 411 302 349 1.3 0.9 0.0034 1.38
25-May- | 568 517 349 0.7 0.6 0.0047 2.66
07-Apr-04 | 202 131 230 3.1 1.1 0.0038 0.77
29-Apr-04 | 445 344 372 2.3 0.8 0.0032 1.43
05-May- | 464 352 414 1.5 0.9 0.0027 1.26
Norefjell snow accumulation and ablation 2002-2003
21-nov-02 | 250 260 73 -0.22 0.29
03-des-02 | 303 308 70 0.08 0.23
18-des-02 | 324 331 61 -0.43 0.19
07-jan-03 | 366 361 95 0.38 0.26
21-jan-03 | 426 426 109 0.30 0.26
05-feb-03 | 397 408 81 -0.40 0.20
18-feb-03 423 430 100 -0.21 0.24
11-mar- 445 445 99 0.76 0.22
18-mar- | 446 455 94 -0.39 0.21
31-mar- 406 409 97 0.00 0.24
16-apr-03 [ 431 432 111 0.20 0.26
23-apr-03 | 385 378 110 0.53 0.29
30-apr-03 |417 418 120 0.10 0.29
15-mai-03 | 373 378 133 1.17 0.36
21-mai-03 | 296 291 128 0.50 0.43
28-mai-03 | 201 210 115 0.95 0.57
04-jun-03 1134 103 101 1.48 0.75
Norefjell show accumulation 2003-2004
24-Oct-03 | 56 54 24 0.28 0.44
04-Nov- 90 90 37 0.47 0.41
12-Nov- 73 71 39 0.55 0.53
27-Nov- 114 119 37 -0.06 0.32
04-Dec- 171 163 52 1.11 0.30
16-Dec- 160 164 56 0.24 0.35
05-Jan-04 | 157 157 68 1.01 0.43
12-Jan-04 | 224 217 71 0.92 0.32
03-Feb- 267 268 83 -0.02 0.31
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Table A5 Storage location of the collected snow course data

Field

Station numbers in
NVE's database
HYSOPP

Spread sheets on
Hfelles on ‘mikke’(F:)
\Prosjekter\SnowProData\Hydrology\Field\

Aursunden

2.954.0, 2.955.0,
2.956.0, 2.957.0,
2.958.0, 2.959.0,
2.960.0, 2.961.0,
2.962.0, 2.963.0,
2.964.0

The collected snow course data are stored in

Aursunden 2002\SnowData\2002-04-11_snow_aursunden.xls
Aursunden 2002\SnowData\2002-05-02_snow_aursunden.xls
Aursunden 2002\SnowData\2002-05-21_snow_aursunden.xls
Aursunden 2003\SnowData\2002-03-28 snow_aursunden.xls
Aursunden 2003\SnowData\2002-05-10 _snow_aursunden.xls
Aursunden 2003\SnowData\2002-05-26_snow_aursunden.xls
Aursunden 2004\SnowData\2002-04-05_snow_aursunden.xls
Aursunden 2004\SnowData\2002-04-28_snow_aursunden.xls
Aursunden 2004\SnowData\2002-05-04_snow_aursunden.xls
Aursunden 2004\SnowData\2002-05-11_snow_aursunden.xls

Time series are put together in

Aursunden tidsserier\2002 snow_aursunden_tidsserie.xls
Aursunden tidsserier\2002 snow_aursunden_tidsserie.xls
Aursunden tidsserier\2002 snow_aursunden_tidsserie.xls

Terrain elevation data is stored on
Aursunden elevation\Elevation\Elevation.xls

Atnasjg

2.278.0, 2.286.0,
2.293.0, 2.308.0,
2.309.0

The collected snow course data are stored in

Atna 2002\SnowData\2002-04-15 Snow_Atna.xls
Atna 2002\SnowData\2002-05-03_Snow_Atna.xls
Atna 2003\SnowData\2003-03-31_Snow_Atna.xls
Atna 2003\SnowData\2003-05-09_Snow_Atna.xls
Atna 2003\SnowData\2003-05-25_Snow_Atna.xls
Atna 2004\SnowData\2004-04-06_Snow_Atna.xls
Atna 2004\SnowData\2004-04-29 Snow_Atna.xls
Atna 2004\SnowData\2004-05-05_Snow_Atna.xls

Time series are put together in

Atna tidsserier\2002 snow_atna_tidsserie.xls
Atna tidsserier\2003 snow_atna_tidsserie.xls
Atna tidsserier\2004 snow_atna_tidsserie.xls

Norefjell

12.530.0

The collected snow course data are stored in
Norefjel\Snow_Norefjell_vinter02-03.xls
Norefjel\Snow_Norefjell_hast03.xls

Terrain elevation data is stored in
Norefjell\Elevation-Norefjell.xIs
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