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Snow pillows: Use and verification

R. V.Engeset, H. K.Sorteberg & H.C.Udnæs
Hydrology Department, Norwegian Water Resources and Energy Directorate, Oslo, Norway

ABSTRACT: Snowmelt yields a substantial contribution to spring floods in Norway. The most severe floods,
such as in southeastern Norway in 1995, are fed from snowmelt over extensive snow-covered high-mountain
areas. To monitor the temporal evolution of the snow mass during winter and spring, a network of 23 snow
pressure pillows has been established in Norway, covering 58°N-71°N, 6°E-28°E, and 30--1400 m a.s.l.
Hourly data are supplied twice daily to national authorities. To investigate the performance of the snow pil-
lows, manual snow surveys, a snow accumulation-ablation model and nearby meteorological data were ana-
lysed for the 1998-99 winter and spring periods. The results suggest that snow pillows and the snow model
represent the accumulation period well. During the melt period, both the snow pillows and the snow model
produced dala in agreement with manual surveys, but at a lower accuracy than observed during the accumula-
tion period. Problems with ice/crust layers and internal forces were pronounced during freeze-melt cycles.
Reduced performance was also observed when the amount of snow was either very high or very low, due to
increased disturbance from wind, solar radiation, local topography and internal forces in the snowpack. Snow
melt and refreezing were simulated fairly well, but factors not accounted for in the model reduced its accuracy
during the melt period. The model could be used to identify periods when the snow pillow showed artefacts
related to wind transport of snow and changes in internal forces caused by freeze-melt cycles.

I INTRODUCTION

The environment in most Norwegian river-systems
is strongly influenced by the snow conditions since
snowmelt runoff often gives a substantial contribu-
tion to floods in many regions. Droughts and power
production shortages are also possible results from
extreme snow situations. Knowledge of the snow-
conditions is also useful for hydropower companies,
water suppliers and studies of climatic changes.
Other areas of application of snow pillow data are
snow avalanche forecasting and research.

NVE is responsible for national flood warning
and runoff forecasting in Norway. To forecast the
runoff, the HBV-model (Bergstrom 1976, Bergstrom
1992) is used. The model simulates snow accumula-
tion from observed precipitation and temperature,
and the mel ting by a degree-day method. This
method has proved useful in runoff-simulations in
Sweden (Lindstrjm et al. 1996).

Observations of temperature and precipitation are
limited, especially in mountainous areas. Further-
more, observed precipitation is usually less than true
precipitation due to wind-effects (Førland et al.

1996). For this reason a network of 23 snow pillows
(Sorteberg 1998) has been established to get more
accurate information about the snow water equiva-
lent (SWE).

Earlier studies show that snow pillows gi ve an
accurate point-estimate of the SWE (e.g., Beaumont
1965, Ker 1976). Some problems with the tech-
nique have been reported (Tollan 1970, Tveit 1971,
Andersen 1981), mostly related to ice and crust for-
mation.

The objective of this work was to evaluate
whether the new snow pillows are reliably measur-
ing the SWE under different climatic conditions and
locations, and to investigate whether a snow model
could simulate the temporal variation in SWE at
each pillow.

2 STUDY AREA AND DATA SETS

NVE has a regional network of snow pillows, in
which l 9 stations were operated during the 1998-99
winter. To determine the evolution and decay of
SWE during the winter and spring, the stations are
placed at elevations and locations in the country,
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Figure L Snow pillows operated by NVE during the winter
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m a.s.l.) are shown.
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Figure 4. Duge Værstasjon. Observed SWE and simulated
SWE and LWC. Standard deviation of SWE surveyed manu-
ally from profiles are shown with error bars. Note that LWC
has been scaled by a factor of l 0.
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I -
' al interest to the national flood forecastingwhir are o· The stations are deployed between 58 N-

service. h ] · · al71'N and 6E.--28E, and cover t  e e.evaton 1terv
36-1400m a.s!I. (Fig. D)..

The first snow pillow 1nNorway was deployed m
1967at Kyrkjest»lane, during the International Hy-
drological Decade (Andersen 1981, Furmyr & Tol-
s 1975,'Tollan 1970, Tollan 1971). Subsequently.

1 
tions were installed at Grosel m Telemark (1971)

::d Brunkollen in Brum (1983), (Atteras 1991,
Myrobo 1994). Additional 11 snow pillows were de-
ployed in 1997 and 5 in 1998 (Tab. l).

2.1  Snow pillow observations

Th type of snow pillow operated by NVE is
equippedwith plasuc bags filled with anti-freeze
liquid. The new pillows have a diameter of 2 m and
register the overburden pressure from the snow us-
ing a pressure sensor. The old pillows use a floating
device and have a diameter of about 3.7 m (stations
8.5 and 16.232), see Soneberg (1998, 1999) and
sundøen (I 997). Snow pillow data are sampled
every hour and automatically transferred to NVE
twice a day.

2.2 Meteorological observations

Meteorological data from weather stations operated
hy the Norwegian Meteorological Institute (DNMI)
arc used ror the snow simulations (Tab. l).

During the winter 1998-99, temperatures were
around 0C at low elevations in paris of southeastern
and western Norway. At high elevations of south·
ca.slem Norway snow condition were normal, with
more  snow than usual in the southwestern moun-
tains Troms, Nordland and Trøndelag had less snow
than usual. Finnmark in northern Norway had a long
and very cold period. For example, Karasjok ob-
served a temperature of -512C on 28 January (the
mm,mum value for the period from 1888 to present
is-51 4C). In most parts of the country, a long and
mild period occurred in April and gave an early start
to the snowmelt. Due to the early stan the snowmelt
period was longer than normal, which reduced flood
risk.

3 METHODS

3 [ Snow measurement

\t.nual ,now surveys were conducted at each snow
pillow sitc on a monthly basis from January 1999.
The observations included:

• our sno» depth samples around each pillow
• '"' en,, ,now depth samples along two crossing

prohles uf 50 m

• vcrucal snow density profile near the pillow

• vertical profile of snow moisture, stratigraphy
and ice layers

• ground frost
•  snow covered area

3.2  Snow model

The snow model simulated accumulation, usino
wind-catch and dislocation corrected precipilatio;
observed at the nearest synoptic weather station. The
model separated precipitation as snow from rain us-
ing observed air temperature. Snowmelt was mod-
eled using a degree-day approach (Bergstrom 1976,
Bergstrom 1992, Engeset & Schjdt-Osmo 1997), as
data for the parameters required by energy-balance
models were not available. Liquid water and re-
freezing were also simulated. The accumulation-
ablation model used precipitation and air tempera-
ture as input variables. Internal variables were used
for separating rain from snow using a fixed thresh-
old, and fixed temperature-dependent thresholds
were used to identify snowmelt and refreezing.
Snowmelt intensity was specified by a time-varying
variable, and refreezing intensity was fixed. The
state variables described snow water equivalent and
snow liquid water content, and were updated on a
daily basis. The model also simulated water yield
from snowmelt and rain. Studies have indicated that
the model performance may improve by introducing
other climatic parameters such as radiation (e.g.,
Kustas et al. 1994) and air humidity (Lindstrom et
al. 1996).

4 RESULTS AND DISCUSSION

A total of 19 snow pillows were investigated. For a
comprehensive project report see Engesel et al.
(2000).

The results from five pillows are presented in
Figures 2-6, which include snow pillow observa-
tions, manual snow surveys and results from model-
ling of snow accumulation, ablation and liquid water
content. These graphs represent snow and climate
variability at the investigated sites. Figures 2 and 4
represent areas with deep snow (maximum SWE
higher than 500 mm) and Figures 3, 5 and 6 repre-
sent areas with shallow snow (maximum SWE less
than  150  mm). Relatively stable below freezing con-
ditions prevailed during the accumulation period at
the pillows shown in Figure 2 (much snow) and Fig-
ure  6  (little snow), while a series of melt-refreeze
cycles occurred at the pillows in Figure  3  (little
snow) and Figure 4 (much snow). Figure 6 shows
the effects of wind in the accumulation period and
the effect of increased melt due to high solar energy
input in the spring.
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4.1  Accumulation

Good correlation was found between measurements
of SWE near the pillows, model simulations of SWE
and SWE at some pillows as illustrated in Figures 2
and 4. The relative deviations between SWE from
manual snow surveys near pillows and SWE from
pillows are presented in Figure 7.

In  the beginning of the winter period the correla-
tion between SWE observed near the pillow and by
the pillow was good for most stations, especially in
areas where few, if any changes in the air tempera-
ture around 0°C occurred, e.g., Sognefjelshytta,

Maurhaugen-Oppdal and Tamokdalen (Fig. 7). Un-
der such conditions, a relatively homogenous snow
pack was developed. without ice- and crust-layers.
The modelling also indicated good correlation with
pillow values in under these conditions.

Observed ice- and crust layers did not always in-
fluence the rcgima1ions of snow accumulation at the
pillows, e.g., Duge Værstasjon (Figs 4 and 7). At
Duge, both modelling and the measurements agreed
fairly well with the pillow observations.

Under some circumstances the values differs a lot
between models, pillows and snow measurements.
In  areas with changes in the air temperature around
0C, ice- and crust layers forms frequently, and den-
sity measurements were thus difficult to conduct.
Also, at some stations snow depth and density to the
ground were difficult to measure, since thick ice-
layers existed (e.g., Hovden and Kyrkjestølane).
Problems were also encountered during measure-
ments as a result of ice- and crust layers. This meas-
urement error is well known and several investiga-
tions and descriptions of the topic are recorded, e.g.
Bader et al. (1954), Goodison et al. (1981), Ramsli
(1981), Kuusisto (1984).

The manual surveys indicated that in areas with
continually shifts in air temperature around 0C, the
freeze-melt cycles induced large changes in the
snow pack. The snow pack was in periods wet and
ice-/cruster layers were formed. At Fjalestad (Fig.
3), the snow cover was thin and the snow pack was
influenced by temperature variations. Results from
Fjalestad (Fig. 3), Hovden and Grasdalen indicated
that large deviation between snow pillow and man-
ual observations occurred under such condition (Fig.
7). The explanation could be that the water in the
snow pack froze and ice-/crust layers were formed .
These layers could influence the snow at the pillow
by relief of the weight, like as a bridge. In such a
case, the pillows will underestimate the real snow
water equivalent. Earlier studies describe similar
problems (Furmyr et al. 1975, Tollan 1970, Tolla
1971, Tveit 1971, Tveit 1975). A decreru,e in o',
served SWE was observed at several pillows at ter.
peratures far below OC. This normally occurrc.
when periods of snowmelt were succeeded by a cola
period. An example of this is shown for Duge Vær-
stasjon from 15 to 17 January 1999 (Fig. 4), where a
reduction in SWE of 300 mm was observed. These
artefacts were not simulated in the model.

Wind has been a climatic factor that influenced
snow pillow values, in particular for pillows ele-
vated above the ground (similar problems are de-
scribed by Furmyr et al. 1975, Tollan 1970). Wind
led to snowdrift and may have caused additional
snow accumulation or removed snow from the pil-
low. It is not unlikely that snowdrift has caused sud-
den changes in addition to melting or precipitation.
It was for instance registered a decrease of about 20
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mm in SWE at Siccajavre between 15 and 16 Janu-
ary, which the model did not simulate (Fig. 6). Sud-
den increases were observed I December 1998 (20
mm) and 14 February 1999 (30 mm) probably due to
accumulation by snowdrift. Strong wind was ob-
served by the weather station in the area and the low
temperatures suggest that the snow was dry. Differ-
ences in observations at pillows and model simula-
tions are also caused by catch loss at the precipita-
tion gauge. This is in particular pronounced during
strong wind and snow precipitation, when gauge ob-
servations are known to underestimate the actual
amount of precipitation (Furmyr & Tollan 1975,
Killingtveit & Selthun 1995, Forland & Harstveit
1996).

In some situations, rain has been interpreted as
snow or vice versa in the model, mainly due to in-
correct threshold temperature for snow-rain classifi-
cation The threshold temperature is a constant value
in the model but will in fact vary under different at-
mospheric conditions (Skaugen 1998). At Fjalestad,
an overestimated accumulation in the beginning of
the winter resulted in an overestimation of the
simulated values the entire winter.

4.2 Melting

Only a few snow measurements were carried out
during the melting period. Also the melt season is
considerably shorter than the accumulation season.
Earlier investigations indicated large changes in the
snow during the melting period (Male & Gray 1981,
Bengtsson 1982, Killingtveit & Salthun 1995).
Manual surveys at a higher temporal frequency are
required for assessing the snow pillow and model

Table L Snow illow and weather station details.
NVE snow pillow (m a.sL) Obs. D9Ml ether station Dist»ce

period (m a.s.L) pillow-
weather

station
flu}

2 382 Sognefjellshyta 1435 1998- 55290 Sogm:fjell 1413 0

157:l0Bnlt.1664 40

2 592 Foks tua I CXX) 1997- 16610 Fokstua 972 I

850 Brunkollen Klima 370 1983- 18960 Tryvsthgda 528 IO

12.142 Bakko 1020 1998- 25590 Geilo 810 20

16.232 14 Groset 990 1971- 31620 Mosstrand 977 10

19.53 Fjale.stod 330 1998- 37230 Tveisund 252 I5

21,6 Hovden 855 1997-9 40880 Hovden 836 0

26 67 Duge Varstasjon 760 1997- 42920 Sirdal-Tjrhom 500 25

62. 21 Reimegrend595 1997- 51590Voss 125 I5

51800 Mjelfjell 695 s
73.11 Kykjest»lane 1000 1967- 54120 Lerdal 24 35

88 21 Grasdalen 935 1997- 60500 Taljord 15 30

121.2 Murhaugen-Oppdal 660 1998- 66770 Oppdal-Maurhaug. 668 0

139 4 Namsvatn tunnel Vek- 1997- 77420 Majavatn 339 30
Leren 460 77750 Susendal 265 65

77550 Fiplingvaun 370 40

164.12 Storstilla nf Balvamn 565 1997- 81680 Saltdal 81 30

196.6 Tamokdaken 230 1997- 91300 0eren 12 20

89350 Bardu.foss 76 45
212.10 Masi 272 1997- 93300 Solovomi 374 20

212.23 Siccsjwe 385 1997- 93900 Siccasjsvre 382 0

213 7 vre Lzirbotn 190 1998- 93140 Aha lufthavn 3 20

234.9 Skippagun 35 1997- 96800 Rutefjelbma 9 30

performance properly. This is a very important pe-
riod to monitor for flood forecasting.

In general, snow surveys observed higher SWE
values than recorded by the pillows. Relative devia-
tion is large by several of the pillows during the
melting period compared to the winter period (see
Fig. 7). During the melting, density measurements at
some stations were taken in very wet snow, under
circumstances that probably were unrepresentative
for the snow wetness and density at the pillow. This
could apply to all sites, and in particular uncertain
results were recorded at Hovden and Kyrkjestolane.

In general, the model results show good correla-
tion with the pillow observations (e.g., Figs 4 and 6).
Nevertheless, at some stations, the models show too
little or a slower melting compared to the pillow.
Observed melting may be more rapid than that
simulated, due to high solar radiation not readily de-
scribed in a degree-day model. Including a radiation
component may in these cases improve the model
performance (Bengtsson 1976, Kustas et al. 1994).
Under conditions with high insolation and old snow
with a low albedo, high melt intensity is expected
(Male & Gray 1981, Ramsli 1981) and such effects
are not simulated well in the degree-day model, as it
simulates snow melt as a function of temperature
only. This effect is probably highest at pillows at
high elevations and in northern Norway. In these ar-
eas melting commences relatively late and high in-
solation values are experienced on clear days. This
effect was seen at Bakko, Groset, Kyrkjestølane,
Masi,  Siccajavre, Øvre Leirbotn and Skippagurra.
The pillow values at Hovden and Grasdalen show
slow melting, and the snow measurements and
model results correlate poorly with pillow observa-
tions. The reason for the late melt could be a thick
ice layer covering the pillows.

4.3 Liquid water content and refreezing

Simulations of liquid water in the snow pack were in
agreement with the qualitative manual observations
at several snow pillows, see for example Sognefjell-
shytta (Fig. 2) and Fokstua.

Occasionally, liquid water was simulates when
observations showed that the snow was dry. An in-
correct temperature elevation-correction could ex-
plain this, e.g. see Grasdalen (Fig. 5), Namsvatn
tunnel Vekteren and Maurhaugen-Oppdal (Fig. 6).

In areas with great variations in the temperature,
liquid water was observed to decrease slowly by
during periods when the temperature fell. This was
seen at Fjalestad (Fig. 3), Hovden and Reimegrend.
The refreezing appears to have been underestimated
in the model. However, no quantitative observations
were available for a detailed analysis of the model's
performance in terms of liquid water simulations.
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5 ASSESSMENT OF SNOW PILLOWS 6 CONCLUSIONS

The manual snow surveys indicated no malfunctions
at the snow pillows when the snow was dry and
there were no icing and crusting. Icing and crusting
lead as expected to problems at some of the snow
pillows. These problems were particularly pro-
nounced at temperatures fluctuating around 0°C
when subsequent freeze-melt cycles occurred. The
snow model was useful to detect these sorts of
problems and it seemed clear that temperature meas-
urements are required to assess the quality of the
snow pillow observations, e.g., Duge (Fig. 4).

When the snow was wet during the melt period,
large differences were seen between the manual
measurements and the snow pillow observations.
This indicated that the snow density or depth varied
in the area around the pillow. The spatial variability
of the snow density was not measured, but this will
be of high priority in the following studies of the
snow pillows. At most of the snow pillows, the
manual snow surveys indicated that the snow pil-
lows were representative for the nearby area in the
accumulation period and less representative in the
melting period, e.g., Maurhaugen-Oppdal (Fig. 5).
These problems could in many cases be related to
the local topography. Local variations in solar expo-
sition would give similar variations in melt intensity.
At pillows with small amounts of snow, high relative
difference between measurements and pillow values
were identified during the winter season (Fig. 7).
Thus the pillows give an uncertain point estimate of
the snow amount under such conditions.

The average SWE from snow surveys along the
profiles correlated well with SWE measured manu-
ally near the pillow. However, great differences
were observed at some places, e.g., Sognefjellshytta
(Fig. 2). To achieve good drainage this pillow was
situated too high and did obviously not represent the
amount of snow in the nearby area. Another pillow,
Hovden, was situated too low compared to the sur-
rounding ground, which reduced drainage from the
pillow during the most intense melting.

Wind-drift seemed to be a problem at some of the
pillows, e.g., Siccajavre (Fig. 6). At this pillow, and
other pillows situated m dry areas, the wind drift at
occasions gave relatively large fluctuation in the ob-
served data during the accumulation period when the
snow was dry. Although relevant, redistribution of
snow under different wind-speeds and directions
were not assessed during this project.

Other problems concerning the reliability of the
snow pillows were human activity and extreme high
amounts of snow (e.g., Grasdalen).

Daily observations of the evolution and decay of the
snow cover, observed as the snow water equivalent
by 19 snow pillows, have been assessed using man-
ual snow surveys on a monthly basis and daily
simulations from a snow model. The results suggest
that both snow pillows and the snow model repre-
sent the accumulation well. During the melt period,
both the snow pillows and the snow made] produced
data in agreement with manual surveys, but at a
lower accuracy than observed during the accumula-
tion period. However, the changes in SWE during
the melt period occurred dunng a rather short time-
span, and manual snow samples should be per-
formed more frequently and from more points in the
vicinity of the pillows to better assess the perform-
ance during the spring. In areas where the  air  tem-
perature was frequently oscillating around 0°C,
problems with ice- and crust layers within the snow
pack were evident and thus the pillows underesti-
mated the SWE at certain periods. Furthermore, pil-
low reliability was reduced when the amount of
snow was either very high or very low, due to in-
creased disturbances from wind, solar insulation, lo-
cal topography and internal forces in the snowpack.

The snow model proved to model accumulation
very well. Snow melt and refreezing were also
simulated well, but the results suggest that factors
noi accounted for in the model reduced the accuracy
of the model results during the melt period. The
model could be used to identify periods when the
snow pillow results showed artefacts related to such
effects as wind transport of snow and changes in in-
ternal forces caused by freeze-melt cycles.

ACKNOWLEDGEMENTS

We would like to thank the people that have contrib-
uted during the fieldwork: Lom Fjellstyre, Laurits
Sønstebø, Torleiv Fjalestad, Torgeir Reime, Lill-
Johanne Myrhaug, Odd Fossmo, Agnar Johnsen, Ei-
nar Pettersen, st-Telemarkens Brukseierforening,
Otra Kraft DA, Sira-Kvina Kraftselskap, Salten
Kraftsamband AS, Nord-Tr9ndelag Elektrisitetsverk
and Oslo Energi Produksjon AS.

The Norwegian Water Resources and Energy Di-
rectorate financed this project by  Vassdragsmil-
joprogrammet 1997-2001,  a research programme on
ri ver environment management.

REFERENCES

Andersen, T. 1981. Automatisk registrering av snocns van-
nekvivalent ved snputer Norsk hydrologisk komit&, rap-
port nr 6.

Atteras, G. 1991. Hydrologiske undersokelser i Grosetfeltet.,
Norges vassdrags- og energidirektorat. Dokument HB no-
Lat Nr 15/91.

50



Bader, H., Haefcli, R., Bucher, E.. Neher, J., Eckel, 0.,
Thams, C. & Niggli, P. 1954. Snow and its Metamorphism.
Snow, ice and perma_frosl research establishment.  Corps of
Engineers, U.S. Army, Wilmetle, Illinois.

Beaumont, R.T. 1 965. Ml Hood pressure pillow snow gage,
33" Western Snow Conference:  29-35

Bengisson, L. 1976. Snowmelt Estimated from Energy Budget
Studies.  Nordic Hydrology. 7.

Bengtsson, L. 1982. Avrinning vid sn6smallning, Observa-
1ioner och analys.  Teknisk rapport, H6gskolen I Luleå
WREL.  Serie A nr 106.

Bergstrom, S. 1976. Development and application of a concep-
tional runoff model for Scandinavian catchments.  Departe-
ment of Waler Resources Engineering. Lund lnslilute of
Technology.  Bulletin Series A No. 52.

Bergstrom, S. 1992. The HBV-model - its structure and appli-
catoins.  SMHI RH no. 4.  Norkoping, Sverige.

Engeset, R., & Schjød1-Osmo, 0., 1997. Retrieval of snow in-
formation using passive microwave data in norway. Proc.
EARSL Workshop Remote Sensing of Land Jee and Snow,
17-18 April 1997, Freiburg, Germany.

Engeset, V.R., Sorteberg, K.H  &:  Udnas, H-C. 2000. Nosi, -
utvikling ac NVEs operasjonelle snøinformasjonstjeneste.
Norges vassdrag- og energidirektorat.  Dokument nr
112000.

Furmyr, S. & Tollen, A. 1975. Resultater og erfaringer av
snøundersøkelser i Filefjell representative område 1967-
1974.  Den Norske IHD - komite. Oslo.

Førland, E,J,, Harstveit, K. & Lystad, S.L. 1996. Estimering av
snøakkumulering og snøsmelting. DNMIKlima.  Rappon nr
12/96.

Goodison, E.B., Ferguson, L.H. & McKay, G.A. 1981. Meas-
urement and data analysis, in Gray D.M, Mule D.H.  Hand-
book of snow. Principles, Management & Use. Pergamon
Press: 191-274.

Kerr, WE.1976. Snow pillow experience in a prairie (Alberta)
environment. Poc. 44 Annu. Meet. West. Snow Conf.: 39.-
47.

Killingtveit, Å.  & Sazlthun,  N.R.  1995. Hydrology, Volume no
7 in Hydropower development.  Norwegian lnsJilule of
technology, Trondheim.

Kuusisto, E. 1984. Snow accumulation and snowmelt in Fin-
land.  Publications af the water research institute 55.

Kustas, P.W & Rango, A. 1994. A simple energy budget algo-
rithm for the snowmelt runoff model.  Waler resources re-
search  Vol. 30. No.5: 1515-1527.

Lindstrom, G.. Gardelin, M., Johansson, B., Persson, M. &
Bergstrom, S. 1996. HBV-96. -En areellt fordelad modell
for vattenkraf1hydrologin. SMH/ RH. NR  12.

Male, D.H  & Gray. 1981. Snowcover ablation and runoff, in
Gray D.M, Male D.H.  Handbook of snow. Principles, Man-
agement & Use Pergamon Press: 360-430.

Myrab, S. 1994. Sælerbekken forsøksfell.  Norges vassdrag-
og energidirektorat.  Rapport 2/1994.

Ramsli, G. 1981. Sno og snøskred.  Universitetsforlaget Oslo-
Bergen-Tromsø.

Skaugen, T. 1998. Studie av skilletemperatur for snø ved hjelp
av samlokalisert snøpute, nedbør- og temperaturdata.  Nor-
ges vassdrag- og energidirektorat.  Rapport l l /1998.

Sorteberg.  K.H.  1998. NVEs snwputer vinteren 1997-98.  Nor-
ges vassdrag- og energidirektorat. Rapport 27/1998.

Soneberg. K.H. 1999. Snø, Informasjon om snøputene. Hy-
drologisk mtinedsoversikt Olaober  J 999, Norges vassdrags-
og energidirektorat  29-32.

Sunden, K. 1997. Snøputa, en sensor for måling av snølaget,;;
vekt.  Hydrologisk månedsoversikt Mars 1997, Norges
vassdrags- og energidirektorat:  20-21.

Tollan, A. 1970. Experiences with snow pillows in Norway,
Bulletin of the International Association of Scientific Hy-
drology  XV,  2-611970: 113-120.

Tollan, A. 1971. Determinations of areal values of lhe water
equivalent of snow in a representative basin. Nordisk Hy-
drologisk Konferens Stocholm 1970.  Vol li: 97-107.

Tveit, J. 1971. Temperatureffekter ved ei snøpute.  Nordic  /HD.
Report No1: 49-65.

Tveit, J. 1975. Anvendt Hydrologi.  Institutt for vas.sbygning,
Norges tekniske hogskole

51



FROM THE SAME PUBLISHER

Izumi, M., T.Nakamura & R.L.Sack (eds.) 90 5410 865 7
Snow engineering: Recent advances  -  Proceedings of the
third international conference, Sendai, Japan, 26-31 May
1996
1997, 25 cm, 650 pp., EUR 121.00 / $142.00 I £85
Snow technology and science; Building and construction en-
gineering; Infrastructure and transportation; Housing and
residential planning; Development strategy in snow coun-
tries.

Bradford, M.A., R.Q.Bridge
& S.J.Foster (eds) 90 5809 107 4
Mechanics of structures and materials  -  Proceedings of
the J6th Australasian conference, Sydney, NSW, Australia,
8-10 December 1999
1999, 21 cm, 780 pp., EUR l05.00 / $110.00 I £70
Topics: Keynote papers; Computational and fracture me-
chanics; Reinforced and prestresses concrete structures; Ad-
vances in design and construction methodologies; Steel
structures; Composite structures; Building and construction
products; Design codes; Environmental loadings; Compos-
ites engineering and new materials; Dynamic analyses of
structures; Structural analysis and stability; Foundation engi-
neering; Optimisation and reliability.

Diaz, Oscar, Gonzålez Palomas
&:  Chnstian Jamet (eds) 90 5809  128  7
Urban transportation and environment / Transport Ur-
bain et Environnement  /  Transpore Urbano y Medio
Ambiente  -  Proceedings of the international conference
CODATU IX, Ma,co City, Mexico,  J /-/4 April 2000
2000, 25  cm,  954 pp.. EUR 95.00 I S99.00 1£63
The main topic "Urban transponatton and environment" is al

the hcan of_thc concerns of the responsible authontes and of
the mtematonal scientific and technical commumty The
authors come from over 40 countries in the world. Then
presentauons cxpr_ess the richness of the works undertaken
with a view to enlighten the great choices to be made in

terms of urban transport. Topics covered: Transport policies
related to environment; Examples of transpon policies;
Methods of choice of a transport policy; Noise, pollution and
other environmental issues; Public transport issues; Pedestri-
ans, two wheels; Transport planning and urban development,
Transport demand management measures; Jnstttuimnal
strcngt_hemng; Fmanc,al aspects - fatcmali11cs; Mobilny and
accessibility - Socal aspects: Technologies- Energy and al-
1cma11vc fuels; Transpon, safety and traffic cngmecnng.

A II books available from your bookseller or directly from the publisher:

A.A. Balkema Publishers, P.O. Box 1675, NL-3000 BR Rotterdam, Netherlands
(Fax: +31-10-413-5947; Tel: +31-10 -4145822; E-mail: sales@balkema)

For USA & Canada: A.A. Balkema Publishers, 2252 Ridge Road, Brookfield, VT 05036-9704
(Fax· 802-276-3837; Tel: 802-276-3162; E-mail: info@ashgate.com)



« 79.

« 80.
« 81.
« 82.
« 83.
« 84.

« 85.
« 86.
« 87.
« 88.

« 89.

« 90.
« 91.

« 92.

« 93.

« 94.

« 95.

« 96.

« 97.

« 98.

« 99.

« 100

« 101.

« 102

« 103.

« 104.

« 105.

« 106.

«  107

utgitt i NVEs Meddelelse/Saertrykk-serie de siste 10r (fullstendig liste finnes på www.nve.no)
« 77. G. Rosquist and G. Østrem: The sensitivity of a small icecap to climatic fluctuations. (5 s.) 1991
« 78. H. Hisdal and O.E. Tveite: Generation of runoff series at ungauged locations using empirical

orthogonal functions in combination with kriging (15 s.) 1993
Ole Fredrik Bergersen, Morten Thoresen, Ragnhild Hougsnaes. Evidence for a Newly Discovered
Weichselian lnterstadial in Gudbrandsdalen, Central South Norway (3 s.) 1993
Tron Laumann and Bjørn Wold: Reactions of a calving glacier to large changes in water fevei. (5 s.J 1993
Hege Hisdal and Ole Einar Tveita: Extension of runoff series using empirical orthogonal functions. {16 s.) 1993
Gunnar Østrem and Nils Haakensen: Glaciers of Norway. (53 s.) 1993
M. Kennett, T. Laumann and C. Lund: Helicopter-borne radio-echo sounding of Svartisen, Norway. (4 s.) 1993
Tron Laumann and Niels Reeh: Sensitivity to climate change of the mass balance of glaciers in
southern Norway.(10 s.) 1994
Arve M Tvede: Discharge, water temperature and glaciers in the Aurland river basin. (6 s.) 1995
• Aars og G. Østrem: Tiden går- vannet rår, 1895-1995 Hydrologisk avdeling i 100 år. (s.) 1995
J. Bogen: Monitoring grain size of suspended sediments in rivers. (8 s.) 1995
J. Bogen, B. Boliken og R.T. Ottesen: Environmental studies in Western Europe using overbank
sediment. (9 s.)1995
J. Bogen, H. Berg og F.Sandersen: The contribution of gully erosion to the sediment budget of the
River Leira. {9 s.) 1995
l. Bogen: Sediment Transport and Deposition in Mountain Rivers. (15 s.) 1995
Tomas Johannesson, Oddur Sigurdsson, Tron Laumann and Michael Kennett: Degree-day glacier
mass-balance modelling with applications to glaciers in Iceland, Norway and Greenland. (14 s.) 1995
Lars Egil Haugen, Herve Colleuille, Tor Simon Pedersen, Østen A. Tilrem og Jon Karlstad: Nasjonalt
markvann. Jord som vannlager. Observasjoner fra markvannsstasjonen As/NLH (S s.) 1996
Peter Jansson, Jack Kohler og Veijo A. Pohjola: Characteristics of basal ice at Engabreen, northern Norway.
(8 s.) 1996
M. Kennett,  C.  Rolstad, H. Elvehøy, E. Ruud: Calculation of drainage divides beneath the Svartisen ice-cap
using GIS hydrolic tools. (6 s.) 1997
Torstein Herfjord, Astrid Voksø og Geir Taugbøl: 72 dybdekart over innsjøer i Trøndelag og Nord-Norge
(170s.) 1997
Stefan Winkler, Nils Haakensen, Atle Nesje, Noralf Rye: Glaziale Dynamik in Westnorwegen - Ablauf
und Ursachen des aktuellen Gletschervorstoes am Jostedalsbreen. (21 s.) 1997
Bjarne Kjollmoen and Gunnar 0strem: Storsteinsfjellbreen: Variations in mass balance from the 1960s to the
1990s.(6 s.) 1997
Arve M. Tvede, Tron Laumann: Glacial variations on a mesa-scale: Examples from glaciers in the
Aurland Mountains, southern Norway. (5 s.) 1998
Michael Kennett, Tron Laumann, Bjarne Kjøl l moen: Predicted response of the calving glacier
Svartisheibreen,Norway, and outbursts from it, to future changes in climate and lake level. (5 s.) 1998
Michael Kennett, Trond Eiken: Airborne measurement of glacier surface elevation by scanning laser al time
ter.(4 s.) 1998
Jack Kohler, John Moore, Mike Kennett Rune Engeset, Hallgeir Elvehay: Using groundpenetrating
radar to image previous years" summer surtaces tor mass-balance measurements. (6 s.} 1998
Ole Schjdt-Osmo & Rune Engeset: Remote sensing and snow monitoring: Application to flood
forecasting. (5 s.) 2000
Rune V. Engeset & Dan Johan Weydahl: Analysis of Glaciers and Geomorphology on Svalbard Using
Multitemnporal ERS-1 SAR Images. (9 s.) 2000
LissM. Andreassen: Comparing traditional mass balance measurements with long·term volume
change extracted from topographical maps: A case study of Storbreen Glacier in Jotunheimen,
Norway. tor the period 1940-1997(10 s.) 2000
Gunnar Østrem & Nils Haakensen: Map comparison or traditional mass-balance measurements:
Which method is better? (9 s.) 2000
R.V. Engeset & R.S. Ødegård: Comparison of annual changes in winter ERS-1 SAR images and glacier
mass balance of Slakbreen, Svalbard. (13 s.) 2000
Kelly, R.E.J., Engeset, R, Kennett, M., Barrett, E.C., & Theakstone, W., 1997 Characteristic snow and ice
properties of a Norwegian ice cap determined from complex ERS SAR. (6 s.) 2000
Rune Verpe Engeset, Hallgeir Elvehay, Liss Marie Andreassen, Nils Haakensen, Bjarne Kjøllmoen,
Lars Andreas Roald, Erik Roland: Modelling of historic variations and future scenarios of the mass
balance of Svartisen ice cap, northern Norway ( 7 s) 2001

R.V.Engeset, H.K.Sorteberg & H.C.Udnæs: Snow pillows: Use and verification Reprint from Proceedings of
the fourth international conference on Snow Engineering Trondheim/Norway 19-21 June 2000 Snow
Engineering Recent Advances and Developments ( 7 s.) 2001

10B

109



l
te? ., ,.

,.
' ' .


