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Zusammenfassung

Das weltweite Baseline Surface Radiation Network (BSRN) dient der Erforschung des
Klimawandels. Die deutsch - franzddisc Forschungsbasis AWIPEV Ny-Alesund/
Spitzbergen gehort seit 1992 zum BSRN- Metk. An ihr werden meteorologische-
und Strahlungsmessungen durchgefuhrt. §@optischen Beobachtungen werden vom
Norwegischen Polarinstit (NPI) ibernommen.

Diese Arbeit ist die erste ausfiihrliche alyse von Strahlungs — und meteorologischen
Daten, die an dieser BSRN-aibn aufgenommen wurden.

Durch die Unterstitzung des NPI und deswagischen Meteorologischen Institutes
(DNMI) war eine Erweiterung der Koldey-Reihe (1993-2002) in einem grof3eren
Zeitraum moglich.

Fur eine solche Trendanalyse standen Strahlungsdaten1974 bis 1992 sowie
meteorologische WMO Standardwevten 1931-60 und 1961-90 zur Verfiigung. Diese
Langzeit-Datenreihen waren notig um gesicherte Aussagen Uber die klimatische
Entwicklung in Ny-Alesund zu treffen.

In den Wintermonaten Ubten die gralR®ruck- und Temperaturunterschiede von
warmen Luftmassen im Suden und kalterftinassen im Norden einen erheblichen
Einfluss auf das Wettergeschehen in Nyshied aus. Kalte, polare Luft wird mit
Hochdruckgebieten vom Polarmeer nach Seitgbn transportiert. Der Energieverlust

im Winter ist leicht niedriger als deEnergiegewinn im Sommer. Somit liegt die
Strahlungsbilanz mit 1.4 W/m?2 im leicht positiven Bereich.

In der Polarnacht traten starke Temparsthwankungen zwischen 7°C und -35°C auf,
wahrend in den Sommermonaten relativ kange Temperaturen um 5°C herrschten.
Das Jahresmittel der Koldewey-Reihe agtr-5.1°C und ist damit um 0.8K niedriger

als das Jahresmittel der Standardreihe von 1931-60 und um 0.7K hoher als das
Jahresmittel der Standardreihe von 1961-90. Der leichte Temperaturanstieg im
Untersuchungszeitraum kann jedoch nicht da&t Strahlungsbilanz erklart werden, da
diese im Zeitraum 1974-2001 deutlich abnahm. Mdgliche Ursachen fiur die Erwarmung
konnen dynamische Prozesse, wie der vektg&Transport von warmen Luft- oder
Wassermassen nach Spitzbergdar der langer eisfreidibende Kongsfjord sein.

Wahrend der letzten Jahre konnte ein tilgher Temperaturanstieg im Winter
verzeichnet werden; vor allem im Januait einem Anstieg von 5.9K. Zwischen 1915
und Mitte der 20er Jahre war ein Anstieg Wéntertemperatur von 8K zu beobachten.
Seit den 30er Jahren konnten dekadistbenperaturschwankungen der Jahresmittel
festgestellt werden.

Diese periodischen Temperaturscimwangen koénnen auf der unterschiedlichen
Auspragung der Arktischen Oszillation (A®gruhen. Positive und negative Phase der
AO wechseln sich in unregelmaliigentelvallen von wenigen Tagen bis einigen
Monaten ab. Wenn aber das Ph&nomen Jbére und Jahrzehnte betrachtet wird,
dominiert immer nur eine Phasewomit sich auch die dekadischen
Temperaturschwankungen in Ny-Alesund kléren lassen. Bse dekadischen
Schwankungen der Phasen der AO stehen nach SCHULZ (2001) im signifikanten
Zusammenhang mit dem 11-jaleigSonnenfleckenzyklus.

Eine Auswertung der meteorologischerdzen und Strahlungsparametern in einem
Zeitraum von 8 bzw. 9 Jahren ist fur einsfé@tirliche Klimaanalyse zu kurz, es kdnnen
jedoch Trends aufgezeichnet werden. Mit éltistorischer Daten des DNMI sowie des
NPI war es mdglich, klimatische Tendenzen zu erkennen.



Abstract

The global Baseline Surface Radiation Netw@BSRN) serves for the detection of
climate change. Since 1992 the German — French Research Base AWIPEV Ny-
Alesund/Spitsbergen belongso the BSRN. Measurements of radiation and
meteorological parameters and synopticenbations (NorwegiarPolar Institute NP)

are carried out. This is the first extensivelgsis of radiation ad meteorologic data of

this station.

An extension of the Koldewey data ser{@993-2002) with longerm means could be
realized by the assistance of the NRIdahe Norwegian Metwological Institute
(DNMI).

For such a trend analysis the long-term radiation data were available from 1974-1992
and the meteorological WMO normal®31-60 and 1961-90. These long-term data
series are required for secured statemettsut the climatic development in Ny-
Alesund.

In winter the differences between warm iasses from the south and cold air masses
from the north influence the weather lWy-Alesund. Cold and dry air is brought to
Spitsbergen by high-pressure areas from the polar sea. The energy loss in winter is
slightly less than the energy gain in suemnThe annual mean energy budget is positive
with 1.4 W/m2,

During the polar night, the temperatureowed variations between 7°C and -35°C,
while in the summer months the temperatuwere constant about 5°C. The yearly
mean temperature of the Koldewey data sesieS.1°C. It is 0.7K higher than the mean

of the 1961-90 normal and 0.8kwer than the meawnf the 1931-60 normal. A
significance of this tempature trend could not bednd. The budget decreased during

the years 1974-2001 and cannot be the reason of this slight temperature rise. Possible
causes for the warming could be dynamiogaisses like an extended warm air- and
water transport. ”

A clear temperature rise dag the winter months of thatest years was found while
especially in January whetiee averages increased t0PK. Between 1915 and the mid
1920ies a rise of the winter temperatures of 8K was observed. The decadic variations of
the temperature trends are obvious since the 1930ies.

These periodic temperature fluctuations may be based on the different extend of the
Arctic Oscillation (AO). These phases altat® in irregular intevals reaching from a

few days to some months. But where tbhenomenon is watched over years and
decades, there is always one of the stdt@minating, which may explain the decadal
fluctuations of the temperature. These detadriations of the phases of the AO are
standing in significant relainship with the 11-year cyclaf high and low intensity of

solar activity.

The evaluation of the meteorologic - and aidin parameters in the observation period

of 8 and 9 years gives some trends but ibésshort for a detailed climatologic analysis.
Nevertheless, by using histagicdata of the DNMI and ghNPI, climatologic trends
could be estimated.
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1 Introduction

The German polar science wasirided in 1868/69 with the firarctic scientic voyage by
Carl Koldewey with the Norwegian vessel ,,Greenlaridtiring his voyage he was able to
reach the west-coast of $tiergen at a latitedof 81°05 north (LANGE 2001). Ny-
Alesund (78°55’ N, 11°56’ Ejvas used as the point départure for Roald Amundsens,
Umberto Nobiles and Lincoln Ellsworths ftig over the Northpolevith the Zeppelin
.Norge“ in 1926, which madéhe place world famous. €Norwegian Kings Bay Kull
Komp. started coal mining activity (BDAL 1998) in 1916. Sice the mid 20ies
meteorological observations have been eutadken, but not on aegular basis. Two
scientific excursions to Ny-Alesundna its surroundings we performed by the
Nationalkommitee fur Geodasie und GeopkyéNational Commitee for Geodesy and
Geophysics” of the gdademy of sciences of the GDR)ride in 1962-&. During these
scientific missions, several meteorologicglaciological, cartogghical and radiation
measurements were doaround the glaciers Kongsbreerd Midre Loventeen. (National
Committee for Geodesy and Geophysicstlud GDR 1962, 1965/66 However, the
recordings were only k&n over a short period and couldt be used fothis evaluation.
Irregular meteorological measurements wadse taken by the KirggBay Kull Komp. and
ESRO (European Space Resedbthanisation) Telemetry &ton between the years 1950
and 1953, as well as in 196hd 1968 respectivel Since 1969 regulameteorological
observations were taken by tHerwegian ESRO-stain, situated abaud,7 km southeast
of Ny-Alesund. The measurement prograenmwas continued 974 by tle Norsk
Polarinstitutt (Norwegian PRarinstitute) which matains a permanénstation in Ny-
Alesund since 1968 (F@RLAND et. 1997). In 1988 the Germamctic station in Ny-
Alesund was set up. It was named after the first German arctic polar scientist, Carl
Koldewey. Since 2003 ¢hstation is called German — FcbrResearch Ba AWIPEV. At
this station, atmospheric, baglic and geophysical search is carried owvithin the scope
of continious observations or short-termed campaighise station pays special
concentration to the researoh the atmosphere by launch rawin- andozone sondes,
performing radiation measurements and thecspscopic detection @aferosols and trace
gases. Two global nebwks for the exploration of theadal change are a central for the
atmospheric long-term obsenats: the NDSC (Network fobDetection of Stratospheric
Change) and the BSR({Baseline Surface RadiatidNetwork) (LANGE 2001).

The decrease of the polar ozone layiee, melting of polar ice, the anthropogenic
influence of the atmosphere with aerosols and greenhouse gases are only a few of the
topics in climate research, which can be stlidieinternational coggration only. In order
to make global comparisotise evaluations for the instruments and measurement methods
global standarddiave been created. Therefore WNerld Climate Research Programme
(WCRP) in cooperation witithe World MeteorologicalOrganization (WMO), the
International Council of Scientific Unions (ICSU) and the Integovernmental
Oceanographic Commission (IOC) of tRdNESCO founded the Baseline Surface
Radiation Network (BSRN) in the field of radiion research at the end of the 80s. The
concept of BSRN was developed for the obson of climaticchange and for the
validation of satellite data. 8pial interest is focussed the net radiation balance at the
earth’s surface and thadiation transfethrough the atmosphere. & hetwork guarantees a
homogeneous, continuous anaideterm measurement of meteorological parameters and
radiation data as well as it gives the possybiiit record the globaidiation field and to
detect its changes.

Another aim of BSRN is tmonitor local and regional tendencies in the radiation flux at
the earth’s surface. Many clin@thanges can be gained with changes in the radiation



field. In 2004 the networkncludes 36 operatingtations, 4 pending stations and 2
candidating stations. The stations are diste@wall over the world ill climate zones 79°
north to 90° south and from 15&est up to 168° east. The dperational stains regularly
measure meteorological parameters anctiadi data in higtemporal resolution.

All of the data collectelly the stations are @rieved in the BSRNdata base, currently
maintained by the WCRP at the ETH zitwri(McARTHUR 2000). The BSRN-website
(http://bsrn.ethz.ch) gives good overview over @ry single station and provides some
more general informatioof the network, the organisat®behind and itpublications. It
also offers the chance to ordetadftom the network for analysis.

The German — French Research BAYYIPEV at Ny-Alesund,Svalbard joined the
BSRN in 1992. The instrumentgcording frequencies and datantrol, are determined by
guidelines defined by eoordination group of the BSRN and the WMO. The Koldewey-
Station data is firstly includeid the databank of the Meteaogical Information System of
the Alfred-Wegener-Institutes (MISAWI) where the data are teatedl validated with
WMO-standards, before it is transferredrie BSRN-data bage. Chapter 3.2).

This work is based on tidata of the BSRN-staii in Ny-Alesund. Iis aimed to examine
the changes of the meteorological parametedsthe radiation data between the years 1993
and 2002. Long-term data rowgere included in afer to detectlimatic changes in Ny-
Alesund. The analysis is carried out with théphaf the meteorologal data base of the
Alfred Wegener Institute ,MISAWI".



2 Regional Climate of Svalbard

2.1 Geographic Location

Spitsbergen is the biggest island of the Svalbard archipelago which is politically
controlled by Norway. Svallbbd has an extensn between 74° - 81fiorthern latitude

and 10° - 35° eastern longitude (s. Fig. 2.1).

Spitsbergens landscape is domi-
nated by glaciersral the continuous B P Kvitoya
permafrost. The cmnges of polar oY Ml u~—0 =
day and polar night determine its
climate. The ecology of these
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climatic change; therefore the i AL e
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is of special interest. Bellsund—. | J _ \Edgeeya
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According to the definition by e
KOPPEN a polar climate is given
when the mean temperature of the ,

warmest month is less than 10°C G v o 5 100km
Within the ,treeless polar climates* . 0 50 100mi

Bjernoya -
(E) he has made more differen- :

tiations with the ice C“m_ate (EF), Fig. 2.1: Overview over the Svalbard archipelago
where th? temperature sinks undefweh1] source: CIA World Factbook 2001)
the freezing point and the tundra

climate (ET), where the mean temperaturatdeast one month is above 0°C. Svalbard
Is situated far within the 10°C July-Isotherstill the temperature rises in one month at
least above the freezingpint. Svalbard is assigned tloe polar tundra climate zone
(ET) according the KOPPEN-classiftmn (FGRLAND et al. 1997, LAUER 1993).

2.3 Ocean Currents, Air-mass Transport and Polar Sea-ice

The climate of Spitsbergen is determin®dthe high air pressure areas of Greenland
and the Arctic Ocean as well as by a deegsgure area near laed (FGRLAND et al.
1997). Westerly and south-westerly windesminate between Iceland and Norway
which bring mild air towards Svalbard. In the Northeast of Svalbard the air masses are
transported anti-cyclonically with eastedynd north-easterly winds. This is the reason
for high temperature differences of up to GGft Svalbard in witer. (HISDAL 1998).

The most important ocean current thafluences Svalbard is the warm ,West-
Spitsbergen current®, a side-arm of the Gaiteam, which is coming from the south and
determines the climate especially in thestvef Svalbard. It @ates the northernmost
pack-ice free place of the world northwestSoflbard. Cold Arctic Ocean currents pass
Spitsbergen on their way to the south inwhest along the coast &reenland and at the
eastern coast of Svalbard.

The warm ,West-Spitsbergen current”, desarm of the Gulf-stream, and the mild air
masses cause a relative warm climate int&rdl The mean winter temperature of the
western Svalbard stationfjrd Radio is about 20°C Hher than the one at the
Canadian station Isachsen, which isatéal at the same latitude (HISDAL 1998).



The course of the polar se& rim shows an obvious shifiorthwards in April of the
years 1866, 1966 und 1995 (s. Fig. 2.2).

The sea-ice conditions in front ofethwest-coast of Sphergen depend on the
influence of the warm and cold ocean cutsein the seasonal change. The sea-ice rim
reaches its maximum extension in Apaihd its minimum extension in September
(VINJE 1984). Between February and Apriletiirjords of the west-coast regularly
freeze and cause a slightntimental climate in theinner-fjord-areas“(HANSSEN-
BAUER et al. 1990, HISDAL 1985).
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Fig. 2.2: Ocean currents and polar sea-ice rim (April) grey line: 1866, dashed: 1966, dark: 1996) in the
Svalbard region (VINJE 2000)

2.4 Local Climate of Ny-Alesund

Ny-Alesund is located at 78°55' northern lat#uand 11°56' eastelongitude and is the
northernmost steady settlement of the earth. The village is situated in the north of the
Braggerhalvaya (Braggeeninsula) and borders directiy the Kongsfjorden (Kingsfjord)
in the north (s. Apendix A2). In tle south of the village the 554 high Zeppelin mountain
shades the place for sevesaeks in spring and fall.

In the southwest the namigdgg glacier of the peninsuléhe Braggerbreen (norw.: Breen
= glacier) mouths over thBayelva-runoff in tle Kongsfjord. The Zgpelin mountain
covers the village from the influence of BBezggerbreen. Atut 15 km east, at the end of
the Kongsfjorden the Kongeeen calves into the fjord enlength of 10 kms. This glacier
has with the fjord the most important clinsainfluence on Ny-Alsund. Cold catabatic
winds with mainly high velocities carry snow, dust and saltwater particles towards the
mouth of the fjord. S@ snow dunes in N-S-directioaround Ny-Alesund and low snow
heights close to the glacier shtive evidence of these winds.
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Fig. 2.3: Climate (temperature and precipitation) of Ny-Alesund according the WMO normals of 1961-
1990

On the Kongsfjord a tbk and closed ice crugs only developed ralse mainly caused by
the warming of the ,West-Spitsbergen curreiittie winterly snow oger of about 1 m is
totally melting during only a few weeks in Juiiée soil is characterized by a thaw layer
from a few decimetret a meter in the somer months (RTH and BOIKE 2001). Still
the soil keeps frozen until a depth of a feWd i@ all year round (LIEZL in BOIKE 2003).
The highest temperatureshy-Alesund according the WM@.961 - 1990) normals were
reached in Julyrad the lowest in Awuary (s. Fig. 2.3). In th period the average annual
temperature was at -6,3 °C and the meamanprecipitation aB85 mm/a. The months
with the most precipitation arMarch and September with 48d 46 mm, which mainly
falls as snow. The lowest amounts of precijitawere measured in May and June with 18
mm average, which is mainly rain. Betwee@3.@nd 1996 have beehserved: 25 % rain,
44 % snow and 31 % a mixture of snow and.rRiain and snow castcur in every month
of the year. According BLUMEL, EBERLE2001) and the WMO normals for Ny-Alesund
between 1961 - 1990 an everegipitation balance coulde found between the summer
months (May — October) with85 mm and the winter montigslovember - April) with
191mm. The evaporation is much higher ttt@ precipitation during the summer months.
An exact precipitation measurerm&very complicated in #se latitudes, loause snowfall
and snowdrift often occurs tadper (FGRLAND etal. 1997, 2000).



3 BSRN Site Ny-Alesund

3.1 Measured Quantities

The BSRN-station (Baseline Sace Radiation Network) Ny48sund recordsadiation and
meteorological data within the worldwide netlk organized by th&/MO. The components
of the station are the radiatistation, a ceilometer, a metelogical tower ad the lainching
facility for rawin and ozone sondes. The location of the omgwes stations is shown in
Appendix 3.
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Fig. 3.2: Measuring instruments and measured vabfe¢ke the BSRN-Station in Ny-Alesund
(KOENIG-LANGLO 2002)

The radiation data are recorded sincd" Zugust 1992. The measurements of the
meteorological tower with sensors for tengiare, air pressure, relative humidity and

wind started one year later in summer 1993thim first phase the measurements were
recorded with a time resolution of one-miewnd data storage as 5-minute averages.
Since 1998 a new data acquisition system made a sample time of 2 seconds and an



averaging period of one minute possible. Tristruments of the BSRN-station and their
relevant measurement parameters are shown in Fig. 3.2.

3.1.1 Radiation Measurements

The radiation site (see

Fig. 3.3) accommodates

upward and downward

directed pyranometer to

measure the global

radiation, short wave g;;g;;gvgajf

reflex radiation as well

as filtered short wave

radiation (that contains

the wavelength range

from 530 to 2800 nm

[OG8-orange glass filter]

and the range from 695 Fig. 3.3: Radiation site in Ny-Alesund

to 2800 nm [RGl-red

glass filter]). The instruments for the filtershort wave radiation do not belong to the

BSRN network; their data are used by the Alfred-Wegener-Institute for specific

computations only. Furthermore, thadiation site includes a pyrgeométddirected

downward) to measure of long wave thermatgoing radiation of the earth surface, a

Solar 117 to measure the sunshine duratiomva#l as an UV measuring instrument. An

upward directed pyranometer for

R the measurement of the diffuse

heets e o e short wave radiation and a

upward directed pyrgeometer to

N o e measure the long wave

incomming radiation (counter

-~ e radiation) (see Fig. 3.4) are

installed at the solar tracker. Both

instruments are protected by

shading balls from direct solar

“ea

Longw. Counter Rad.

‘Cloud Ceiling

""l'_ radiation.
| . s The direct solar radiation is
‘-s‘-\ measured by the Normal

Incidence Pyrheliometer (NIP),
Fig. 3.4: Solartracker and ceilometer which is installed laterally at the
solar tracker. The adjustment of

the biaxial solar tracker is calculated bgmputations of the sun position (passive
mode).

Small deviations from the computexin position can be corrected with a 4-
guadranten-diode (active mode) (MCARTHUR 2000?). A ghatometer is installed at
the solar tracker in order to measure the optical thickness of atmospheric aerosol. The
data of the sun photometer do not enter the BSRN database yet, although they are part
of the BSRN strategy.



Pyranomete(Fig. 3.5): Pyranometers are used
to measure diffuse raation, reflex radiation
and global radiation fluxes. The radiatio
heats a blackened receiving area, which
protected against weather influences by
glass dome (McARTHUR 2060 The
pyranometer CM11 converts the temperatur
rise at the black surfaceersus the instrument
body using a thermopile into a thermo
voltage.

The CML11 is spectrally sensitive within the
range of 0.3 — 3fn which covers the full g, 3.5:pyranometer (global radiation)
solar spectrum. A white screen prevents an
overheat of the equipment. Additionally, a fan is mounted in the instrument to avoid the
deposition of hoarfrost and weas well as the heating tfe dome. The instruments for
the measurement of the diffuse radiatiand global radiatiorset up in an upward
direction. A downward directed pyranometer the measurement of the short-wave
reflex radiation, is instalte at the radiation station. €hmeasuring deviation of the
instrument is indiated with approxr 2 % (Kipp & Zonen CM11 technical manual, VDI
3786/5) .

Pyrgeomete(Fig. 3.6): The Precision Infrared
radiometer (PIR) is used for the separate
measurement of long-wave emitted radiation ;
and counter radiatioriThe long-wave rate of
radiation penetrates rtbugh the dome, and is

measured by absorptiaf the radiation on a ; °
black surface with a thermopile. The - - owr ——
pyrgeometer operates in a wavelength range of B -

4 — 50 um where the measuring devation is
approx. r1 % (Eppley PIR technical manual,
McARTHUR 2000). The long wave emitted >
radiation is meased with a downward
directed pyrgeometer (see Fig. 3.3) while the
counter radiation is measured at the soldfig.3.6:Pyrgeometer (longwave emitted
tracker with an upward directed pyrgeometefadiation

that is shaded against @it sunshine (see Fig. 3.4).

Sunshine detectofFig. 3.7): The sunshine
detector Solar 111 is adjted in a way that the “N
instrument axes corresponds with the
geographical latitude oNy-Alesund (78.92°).
The instrument contains 6 solar cells, around
which an aperture rotates. Because of this
rotation the aperture always covers a sma
section of the sky, and the solar cell outp
within this section is reduced. During sunles
days the changes in thetput signal are small. - ==
Is the sun located in the covered segment, thﬁg 3.7 Sunshine detector
output signal of the solar cells is reduced to the




entire portion of the direcgtradiation. The amplitude of the resulting impulse is the unit
for the direct insolation power and can benpared with an adjustable threshold value
(Haenni Solar 111 technical manual). Thdatd 11 is equipped with a heating and a
thermostat, to protect the instrument fréni@ezing under these harsh Arctic conditions;
the measuring deviation lies aR %.

Normal Incidence Pyrheliometer (NIRfrig. 3.8): The Normal Incidence Pyrheliometer
measures the direct solar radiation in thedence angle of theus within a spectral
range of 0.3 — 3 um. The radiation peatds the instrument through a 1 mm thick
infrasil window (quartz glass) in an apedttube and is absorbed by a black receiving
area. The increase of tearpture in opposition to
the instrument temperature is converted into a
thermovoltage by a thermidg and recorded as a
measuring signal. The incident radiation is
measured within an entry angle of 5°. At both
sides of the tubus flanges are mounted, which
make an exact alignment towards the sun possible.
Malfunctions may arise by contamination of the
window as well as by deposits of dew and hoar
frost. The NIP at the station in Ny-Alesund belongs
| to the WMO first-class standards with a measuring
Fig.3.8: Normal Incidence devation of r 2 %. Because of the temperature
Pyrheliometer (NIP) sensitivity of the NIP (temperature range <-20

+40°C), it is removed from the solar tracker during
the polar night and only reinstalled witeturn of the sun (see Fig. 3.4) (Eppley
technical manual, VDI 3786/5).

3.1.2 Meteorological Measurements

Temperature, wind direction and wind velycare measured at the meteorological
tower in a height of 2 m and 10 m, whilee relative humidity is only measured in 2 m
height. The sensors are installed on instmim®lders in a way that they are not
influenced or shaded by the tower. The meteorological tower is located approximately
100 m southwest of the radion site (see Fig. 3.9).

Meleoroloaical
Tlovers [ 2 ey

=
' Relative
1

Humid__it

- TR SR
I

- . i e e e
Fig. 3.9: Measuring sensors at the meteorological tower in 2 m height (Ny-Alesund in summer 2002)
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Temperature: The temperatures of the BSRNatsbn are measured by resistance
thermometers PT-100 (Thies 2.1265.10), whiegh@otected from direct insolation. Air
is sucked in by a fan and directed towatttss measuring resistor. The measuring range
of the PT-100 is from <-30 °C ta8® with a devation of approximately0,1°C (Thies
2.1265.10 technical manual).

Wind: The wind sensor is a combined equipment of
anemometer and a wind vane (see Fig. 3.10). T
rotations of the anemometare transfered over the ball-
bearing axle of the 3 armup anemometer into a slotted
cylinder. The optically scanned signal produce
impulse frequency, which iproportional to the wind
velocity; it is recorded with a counter. The measuri
range of the anemometemounts 0.3 - 50 m/sec Thefjg, 3.10: Anemometer and
internal measuring deviatioof the set up is aboutd.3 wind vane in 2 m height
m/sec The wind direction is rasured with an low-inertia

metal vane, whose ball-bearindeais connected with a potszmeter. The measured value
of the resistor depends oretphosition of the potgiometer. The measuring deviation of the
wind vane amounts 2 degrees (Thies 4.3323.21 technioahual). In this work the wind
data of the set uare analyzed ia height of 10 m.

Relative humidity: The relative humidity (r.H.) can be measured with hair-
hygrometers or with capacitive humidity nsers. During the installation of the
meteorological tower two hair-hygrometersrevenounted at the 2-m-level, which were
meanwhile substituted by 2 humicap sens¢féie hair-hygrometer of the position 1

(NE exposition) was exchanged by a humicap oh @btober 1999. The exchange of

the second hair-hygrometer (position QE exposition) with another humicap was
realized on July 28, 2002. The time between these changes the second hair-hygrometer
was used to validate the measured data of the humicap sensor.) A big rise of measuring
precesion could be reached after the indtahaof the humicap sensors. To determine

the relative humidity in this report data werged basing on the measuring values of the
humidity sensor in position The values of the instumem position 2 are only used

for comparisons.

Hair-hygrometer:The sensor of the hair-hygrometsonsists of a few hairs that are
streched to a harp. The lengththe hairs alters with temperature changes. Natural hair
used in this instrument degenerates untee dry air conditions. Therefore, the
instrument has to be recalibrated in satdahumid air on a regular basis. The hair-
hygrometers have been regenerated once per month. The values of the hair-hygrometers
are regularly controlled with a Assmapeychrometer. The measuring range of the
hair-hygrometers amounts 10 - 100 % riH.an environment temperature of —35 —

+70 °C with a measuring devation o2 % r.H. (Thies 1.1000.50 technical manual).

Humicap-H-SensorThis capacitive microprocessor-controlled humidity sensor (HMP 233)
can be applied in a range of 0 - 100 Bk with environmentatemperatures —40 80 °C.

This instrument has inérange of 0 - 90 % r.k measuring deviation af1 % and within

a range of 90 — 100 % r.ld measuring deviationaf2 %. The measuringrinciple is based

on a capacity changes by thesaiption of water molecules in a polymer-thin-film, which
aims a thermodynamical balance witheitsyironment (VAISALA technical manual).

Cloud Ceiling: The cloud ceiling is measured by a LIDAR (Light Detection and
Ranging) with a wavelength of 862 nm. Thi®AR is a laser based ceilograph LD-40
and is located about 5 m next to the satacker (Fig. 3.4). It measures in a ceiling
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range between 23 m and 12 650 m hewgitlh a measuring deviation af23 m (at solid
objects). Before the installation of the LD-40 Ceilometer 8nJdaly 1998 the cloud
height was measured with a wavelengt®dl nm by a LD-WHX Ceilometer situated
about 150 m further north. Itange was limited to 3600 nhe increase of the range
could be obtained by an improvement oticg electronics and the selection of the
wavelength. The measuring range of thdooeeter can be limited by precipitation,
vapor, dust or particles in the atmosghglmpulsphysik LD-25/LD-40 technical
manual).

Air Pressure: The air pressure is measured by a digital Digiquarz barometer
(Paroscientific 740-16B), attached in thau®IHouse of the Koldewey station in 11 m
height over the sea level. At a quarz bartané¢he oscillation frequency of a crystal
quartz resonator in a vacuum is changed leyatin pressure. The measured pressure is
led into a springy high-grade steel chamberinto a spring tube which transmits a
power to the resonator and changes theillason frequencyproportional to the
pressure. Characteristic values for thgitdl quartz barometeare indicated in a
pressure measuring range o~QL050 hPa, a measuring deviation 00,01 % and a
resolution of 0- 510° hPa (PAROSCIENTIFIQ002, VDI 3786/16).

3.1.3 Synoptic Observations

Synoptic observations areguar weather observations eg¢rtain time standards by
international valid reguladin key. Wind-, visibility- ad cloud charactéstics, air
pressure, dew point and temperature aterdened with synoptimbservations. The
clouds and visibility are observed by the Negian Polar Institute in Ny-Alesund daily

at 6, 12 and 18 o'clock. Wind and temperatoreasurements are performed in a three
hour rhythm. From these synoptic observations data for cloud ceiling, fog and dew point
temperature were taken for this evaluation (KOENIG-LANGLO 1992).

3.2Data Archiving and Data Processing
3.2.1 The Meteorological Information System of the Alfred Veéedestitute (MISAWI)

The meteorological information system of t&ed Wegener Institute ,MISAWI* is used
for archiving and evaluation of radiatiomdh meteoroligical data. It is based on the
relational database Syd® The database contains thediaBon and meteorological data
from the Koldewey Station since 1992/9%ata from synopticabbservations of the
Norwegian Polar Institute Ny-Alesund sincé"3eptember 1990 as wels data from all
rawin sondes since®3June 1991. Furthermore, all datatioé research esel Polarstern
(since December 1982) and the Neumayer Station (sifft@e®8ary 1981) are collected in
MISAWI too (see Fig. 3.11). Radiation- and meteorctijdata are firstlystored in a so-
called RAD-file at the local workstation and ¢gested for anpbvious mistakes or failures.
Later on, they pass through different tegtimethods to examine the quality and
tolerances of the data. Mogarameters have an uppeddower limits, like the wind
direction have a range from 0° - 360°. Spédimits are used for parameters without
fixed limits, like air pressure and tempen&. Moreover some data are tested for
plausibility (global radiatiors reflex radiation, wind velocity (10 m) > wind velocity
(2 m) etc.. Questionable values are flafjgested in error logs and manually checked.
After the first validation at the station,etldata are sent to the AWI Potsdam via FTP
(File Transfer Protocol) where they get colie® again. Later, the data are imported into
the MISAWI (KOENIG-LANGLO and HERBERL996). In the MISAVI the measured
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data gets completed loglculated values su@s solaaltitude fis) and extraterrestrial solar
radiation using equations of IQBAL (1983) (see Chapter 3.2.3).

Validated data of the BSRN-
data base of the stations Data base of the BSRN

AWI ,MISAWI* > within the WMRC

Id Radiation Monitoring Cent
Ny-AIesund and Neumayer (World Radiation Monitoring Center)
T V\‘\ Station

Automatic validation methods, calculations and
manual examination for correctness

| .

= Georg-von- Polarstern and
Ny Alesund Neumayer other platforms

Fig. 3.11:Scheme of the data recording with the MISAWI

Within the MISAWI the data get automatigaltalidated, manual carcted and dstanding
values filled up with-9999. After the validadn the data are sent tioe World Radiation
Monitoring Center (WRMCVia FTP, see Fig. 3.11.

The data of the MISAWI can be querisdh SQL (Structured Qaery Language). Also a
special user-interface for quéeryg data is provided for usewithout SQL knowledge at the
homepage of the Alfred Wegener InstituteMwawi-bremerhaven.de). A more detailed
description of the MISWI is given by KOENIG-IANGLO and MARX (1997),
KOENIG-LANGLO (1992)as well as KOENIG-LANGLO and HERBER (1996).

3.2.2 Statistic Methods

Measurements took place wightime resolution of appraxiately one measurement per
minute and an avaraging for five minutesidg the period of January 1994 until July
1998. Starting from 1% July 1998 the time resolution of the measurement and
measurement transmission could be suiistly increased by new technology. Since
sufficient measured values were presemd aould be transfered, it was possible to
realize the demand of the BSRND@B) for one-minute-averaging.

These different means were considenedthe analysis byweighting means and
standard deviations. Seven day running reeaere used for theresentation of the
meteorological data of the exemplary y@@01 in order to eliminate extreme weather
situations (see Fig. 4.36). Thenning mean is a ses of average values, which helps to
smooth fluctuations in a dataset, so that tedbecomes better vigbINevertheless, with
this method it is not possible to indicate #moothing values for the beginning and the end
of the time series (MONKA rad VOSS 2002). Regression curves were used for the
evaluations of measuring values and trendyaisafor short- and long-term data sets.

3.2.3 Observation Periods

For the meteorological data the observationgoehas been selected from January 1994

to December 2001. While a period fromntgr 1993/1994 till summer 2002 has been
used for the seasonal analysis. Radiatioalyamns started in January 1993. The year
2001 was choosen to show a daily course during a year. That is why the daily means
were recorded for allalues (see Fig. 4.36).
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Examples for the daily course are giventiwo days with different weather conditions:
a clear day with 24 h sun on"2May 2002 and a covered dejthout a single minute of
sunshine on 29May 2002.

3.2.4 Systematical Devations of the Solar Altitude

For the MISAWI the calculation of the solar altitude was done usingpir®ximation of the
solar declination(/) by M.IQBAL (1983). During the ealuations a divergence could be
detected from the data that was deteeahiwith the following approximation equation:
/= (0,006918 — 0,399912cos# 0,070257 sin/- 0,006758 cos 24 0,000907 sin 2/

- 0,002697 cos 34 0,00148 sin 3)/(180/CE (3.11)

where / - solar declination3- latitude

The isopleth-diagramm of the solar altiteu in Ny-Alesund (Fig. 3.16) shows a
maximum before June 21 (solid line). The dediéculated with this equation reaches its
maximum at the beginning of June alreadth the help of the following equation,

sinhg  sin A7Sin ¢ cos/ cosz cos ( (3.12)

wherehs — solar height,Z- hourly angle (WMO 1981) arttie solar calculation programme
~XEphem" it was possible to determine the sizéhe divergence withbout 13 to 16 days. A
correction of this systematical error in the date could not be managed until the end of this
thesis. The divergence as it is shown in Bi§2 bases on monthly and hourly means. The
daily means of the solar height are equahwhe values calculated according IQBALsS
equation and can be used for further calculations.
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Fig. 3.12 Isopleth-diagramm of the solar altitude and solar maximum according IQBAL (dashed line)
theoretical solar maximum on 2dune (solid line)

13



4 Evaluation and Results
4.1 Radiation Field

Radiation measurements are influenced bydldetion field, sunshe duration and cloud
coverage. The solar heightduring the year ishown in Fig. 4.1 whenrhe refraction is not
taken into account. It is showinat the transitional perioddm the polar nighto polar day
starts when the miamum daily heighof the sun (noon) exhes the horizoihe polar day
begins when the minimum solar height (midnjgbiobtained above ¢hhorizon as well. On
21% June the maximum height ofh34.5° is reached. The minimiheight is tdbe noticed
with hs = —34.5° in 21 December. During thegainocts the mean solalevation is reached
at 11.2°. The polamight starts when the maximum soédevation per day stays below the
horizon. From middle tthe end of December the sun doeseven rise during noon above
the -12° where the naugictwilight-zone begins.

The lighting conditions are characted#®y the the solar posith and the orography. The
daily course of the sun dependend on dhegraphy of Ny-Alesund is schematically
presented in Fig. 4.2 feelected days of the year. Aftee sun reached the horizon at noon
around the 19 February (see Tab. 4.1), thdiffuse radiation wins importance and some
days later the diresun radiation as well.

The direct sun radiation will be reduced by the shadow effect of the Zeppelin
mountain up to the end of March. For thetfitisme of the year the sun can be seen
approximately on 8 March. The oro-graphy of the moaitts has the consequence that
in this time the sun appears each mornegween Slatto- and Haavimbfjellet in the
southeast (SE) for a short time only. A fewsldater the sun can be observed between
the mountain summits of the Brgggerbreethim southwest (SW) also in the afternoon.
The sun stays constantly abave horizon in the time from 620" April until 23¢
(26™) August

21.2.-22.10. Sun 23.10.-?0.2.
‘over the horizon : Polar night
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2 @ 2 2 5 =
] = '3 =
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Fia. 4.1: Dailv mean-maxima anc-minima of the solar elevation. acc. IOBAL (1983) for 2(

Y first value with refraction acc. US Naval Obsatory for Ny-Alesundsecond value acc. the
calculations in the database by IQBAL (1983)
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The polar day in Ny-Alesund is about 131 or Ifghts long. From the beginning of
October there cannot luketected any solardetion anymore. Theus sets finby for the

polar night around 22 and 24' October, which staythere for about1b or 124 days (see
Appendix 4.1 Fig. 1 — 12).
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Fig. 4.2: Daily course of the sun dependend on the orography of Ny-Alesund (schema acc. the data of the
US Naval Observatory with refraction)

Tab. 4.1: Important solar data relating the horizaer@ horizon, NN) for Ny-Alesund acc.: US Naval
Observatory; HISDAL and FINNEKASA (1996); IQBAL (1983)

first last polar day polar night
sunrise sunset  begin end begin end
acc. US Naval Obs. 18. Februar 24. Oktober 16. Apr 26. Aug 25.0kt. 17.Fgb.
acc. HISDAL, et al. 18. Februar 24. Oktober 17. Apr 27.Aug 25.0kt. 17.Fgb.
acc. IQBAL (1983) 21. Februar 22. Oktober 20. Apr 23. Aug 23.0Okt. 20. Fgb.

source

Because of the different calculation methotite dates for polar day and polar night
according the MISAWI differ in some days from the dates of the U.S. Naval
Observatory, The calculation of the UNkval Observatory bases on the upper rim of
the sun as well as it includes the refractiomt ttan take up to 0.6° in Arctic regions
(HISDAL et al. 1992). The sun position cdtion according IQBAL (1983), used in
the database, does not take into account {@er)ghe refraction (se€ig. 4.1). Strongly
varying dates for the sun phases are rdfeénethe literature(STONEHOUSE 1989,
HISDAL 1998). The dates specified by HISDAL and FINNEKASA (1996) match
relatively good with the datedetermined by the U.S. Ndv®bservatory. Calculations
which include the refraction are more exéct order) to determine the times for the
beginning and end of the tsitional phases. That is whhe data of the U.S. Naval
Observatory were esl in Fig. 4.2.

Slight fluctuations of these dates from y&ayear may result &m the variation of the
refraction and the temporal nearleap years (HISDAL et all992). However, this data
only were provided in roughemgoral distances (hdyrmeans, sunrise and sunset times).
In this paper data of dgilmeans, sun maximum and mmum are stillbased on the
computations of the database MM¥Abecause of lgher resolution.
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4.2 Sunshine Duration

The radiation parametef sunshine duration is measdrat the BSRN-Station with a
sunshine detector Sold11 since 1992 (see @pter 3). For th analysis data was used
within the period betweer™Uanuary 1993 to $1December 2001. The sunshine duration
depends on the position tife Sun and on theazld coverage. A longesunshine duration
can be expected under dalesky conditions and risingun. During themonths of
February/March asell as October the mouwaihs of the Begger peninsula have a strong
influence on the sunshine rdtion in Ny-Alesund Especially the shadow effect of the
Zeppelin mountain decreases wiltle rising sun (see Fig. 4.3).
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Fig. 4.3: Daily cumulative parameter of the observed and astronomical sunshine duréatieel222° Oct.
2001)

The first solar observans of the year (direct solardiation >120 W/m?) were typically
executed in the period betweefi Blarch (1995) and 18March (1996 and 1999), see

Tab. 4.2). The latest measments of sunshine habeen recorded between™Beptember

(1993) and B October (1998)The village is shaded fromiirect solar radiation from"2

October until 11 March. It cannot beletermined exactly if the first sunrise over the
mountains falls togethewith the first direct solar dhation record. At a covereky the

first sunshine reaches the village some days later. The last sunset cannot be determined
exactly because of the highdoud coverage in autumn.

Tab. 4.2: Day of the first and the last observed sunshine {20 W/m2)

93 94 95 96 97 98 99 00 01

Firstday 10.3. 11.3. 9.3. 13.3. 123. 123 133. 93. 113
Lastday 28.9. 3.10. 3.10. 1.10. 22.9. 5.10. 3.10. 1.10. Z10.

The connectiorbetween the daily cumulative parameter of the astronomical and the
observed sunshine duration foe tyear 2001 is repreded in Fig. 4.3. It can be noted that
the difference between the astomical and observed sunshidaration is smallest in
March/April and May. In the ya 2001 a predominance efrshine duration was observed
for the phase where the sun rises from thezborto the zenith compared with the phase
where the sun sets towda the horizon. Irthe first half of Apri numerous sun days are
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recorded with (still) aelatively small anshine duration{because the sutoes not yet stand
for 24 h over the horizg. In May the sunshine durationrglay is substantially longer than
in April, the number of sun gla however is smaller becauskthe increasing cloudiness.
The relationship of the sunshine dioatobserved on th earth's surfac€S) and the
astronomical duratin of sunshine @§pis called relative sunshine duratione(S

S
S, — 4.1
e SJ ( )

The observed, the astronomical and thetikgasunshine duration are represented in
Tab. 4.3 for the investigation period as welfasthe year 2001. It is to be recognized
that 2001 the relative sunslei duration was the highest from April to June.

Tab. 4.3: Observed, astronomical and relative sunshine duration for the Koldewey row (1993 ar&01)
the exemplary year 2001

Feb Mar Apr May Jun Jul Aug Sep Oct vyear
1993 - 2001

Observed sunshine in h -- 811 280.3 300.7 218.6 183.5 136.1 71.6 0.9 |1272.8
Astronomical sunshineinh 38.5 337.0 6185 744.0 720.0 744.0 71b/3 4133.2 4468.4

Relative sunshine in % - 241 453 404 304 247 19.0 171 0.7 (285

2001

Observed sunshine in h -- 114.1 275.0 406.3 3235 209.4 1615 523 0.9 9|1542.
Astronomical sunshineinh 37.1 335.0 616.6 744.0 720.0 744.6.57419.8 135.4 446814

Relative sunshine in % - 341 446 546 449 281 225 125 0.7 345

April and May are typically the sunniest mbst In most years the relative sunshine
duration has the highest values in April. Tharsast year of the investigation period was
2001 with a sunshine duration of 1542 hjlevthe sun in 1994 wgashining only 907 h.
The average annual sunshawration of the obseation period of 193 - 2001 amounts to
1273 h. For Ny-Alesund the sérved and the astronomicsunshineduration are
represented in Agendix 4.2, Fig. 1 for the perioti993 - 2001. The caoulative daily
observed sunshine duration ligsa maximum value of 24ohrs at approxintaly 1 to 4
days per year. One tfese days is the #®f May 2002 that is desbed in chafer 4.6 and
compared with an overcast day (2@ay 2002).

4.3 Cloud Ceiling

At the Koldewey station the cloud ceiling iasured with a ceilometer that only detect
the respective lowest cloudyker. The laser beam of thiest ceilometer (1993 - 1998)
reached only a height of maximally 3600 m. According to the WMO organization the
ceiling is classified in the polar zone im@louds (0 - 2 km), medium high clouds (2 -
4 km) and high clouds (3 - 8 km) (seeapter 2.1.2.3). Some of the medium high
clouds as well as the high clouds coutdt be recorded by this ceilometer.
Improvements of the distances up to 13000 m result from implementing a new laser
ceilometer Ld-40 in 1998. The evaluation of the measured values according the WMO
classes was difficult, because overlappings apgukin the transient range from middle
to high clouds. Therefore the values between 4 and 8 kmuwsectfor the class of the
high clouds.

Fig. 4.4 shows the monthly frequency d# titcurrence for low, middle and high clouds
as well as for clear sky in the year 2001. Dlygest percentage ofloclouds of more than
60% arises in the months ohilary and July untfbeptember. In Septdrar the percentage
of low clouds even rises up &b %. Their lowest frequen@ppears in Mait with 30 %.
Medium high clouds arise thhole year over with a pezntage between 5 and 10 %.
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Fig. 4.4: Monthly percentage of low (0 - 2 km), middle-high (2 - 4 km) and high (4 - &kmjis as well
as clear sky for 2001

The percentage of the cloudless sky durireggyibar 2001 rises from 20 % in January to
56 % in March and drops thereafter towardy #dlown to 17 %. Most rarely clear sky
appears July until September but this petage increases agaitluring the polar night.
High clouds appear the wheoyear 2001 with percentages from 1 to 10 % only.

Ceiling recordings are notseto be compared with the cosge, since the dimg is only
measured punctually. The degree of coverageovided by Norwegian Polar Institute in
context of the synoptic obsenats. According theysoptic key the degree of coverage is
estimated in eighths: classdfiands for cloudless sky; cfa8 stands for a completely
covered sky (DWD 1982). The synoptic obséores of cloud ceilingand coverage are
accomplished in Ny-Alesund ontiaree times on theay. Therefore, it wsanot possible to
give any statements about average daily conditiba get an overall view, all observations
within one class were set into relation to all possible observations (see Fig. 4.5). The figure
shows the frequency of tlatasses O - 8 in the obsetioa period 1993 - 2001 compared
with those of the year 2001. it to be stated that theasses 1, 7 and 8 appear most
frequently in both irthe observation period23 - to 2001 and in 2Q0The sky is covered
completely with abuds to 33 % of yearly average, agemtage (class 8hat only reached
23 % in the year ZIl. The classes 3 - 6 @gar in both time series relatively evenly
between 4 to 9 %. The degredlw# coverage of thég is represented iRig. 4.5; from this
the direct ceiling aanot be recognized.
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Fig. 4.5: Frequency of the cloud coverage in Ny-Alesund for 1993 - 2001 and 2001
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In the context of the synoptic observatiaihe height (see Fig. 4.6) and type (see
Appendix 4.3 Fig. 1) of the clouds can be deieed too. Due to the incomplete series
of measurements of the first ceilometdd-WHX, the evaluation of the ceiling was
necessary for all heights in the obsematperiod of 1993 to 2001. Further the synoptic
observations of the ceiling offer a possibildf comparison with the laser values. The
relatively difficult cloud observations durirthe polar night cannot be compared with
those, which were taken during the rémag time of the year (KOENIG-LANGLO
1992). The monthly frequencies for cle&yslow, medium high and high clouds are
therefore represented from March to Octalrdy in Fig. 4.6. During the year 2001 (see
Fig. 4.4), the percentage of lalouds rises over 60 % from Apto June. From June to
October the percentage oktlow clouds exceeds 60 %. & portions for medium high
clouds in the synoptic obseri@ts between 1993 and 2001 clgdie over those, which
were determined during the 3e2001. Their frequency [sggest in March with 29 %
and April with 28 %.

70|Oclear sky mCL ECM ECH Eno data |
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Fig. 4.6: Frequency of low, middle and high clouds at Ny-Alesund for 1993 — 2Q01d® clouds; G; —
middle clouds; G — high clouds)

High clouds arise most in Apand May with percetages of approx-imaly 16 and 12 %.
In the synoptic observatiors the Koldewey row the portioof the cloudless sky lies far
below that values whitwere measured withe laser in the year 2001 (see Fig. 4.4).

The cloud types fdhe 3 cloud floorsre represented in Apperdi.3, Fig.1. Inthe period
1993 to 2001 the most frequent clouds are eftype Stratus, Stratocumulus and Cumulus
(classes 5, 6 and 8) with pentages between 13 and 26 %. Tadaud layers or bad weather
clouds (Stratus fractus) and tdreap clouds (Cumulus fractug)cur with a frequency of 10
% within the floor of the lowclouds. Nice weather cloudd the Cumulus species (1-Cu.
humilis, Cu. fractus, 2-Cu. mediocris) and relouds of the Cumulunimbus species (3-Cb.
calvus) occur onlyery rarely during te observation period.

With the medium high clouds the most typstable weather form of the Altocumulus (3-
Ac. translucidus) can be foumdost frequently in Ny-Alesund:he flake and tower formed
Altocumulus clouds of the species AC floscand AC castellanusceur only rarely. The
high clouds are the class that agmgemost rarely. Frorthis layerthe classes 1 and 8 of the
Cirrus and Cirrostratus family were observed most frequeBitith ice cloud species Cirrus
fibratus and Cirrdsatus do not completelyger the sky (DWD 1982, 1987).
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The differentiation of cloudss and covered sky is alscsgible during the polar night,
since stars and moon offer goodeatation assistance. Fig. &fows frequency of the days
per month for coverednd clear sky for thperiod 1993 - 2001 (s€&ab. 4.4). Usually the
most days with clear sky can be found in Delger (9 days) and Janyd10 days). Between
June and September clear sky esasually only on 2 to 3 days per month. In these months
the sky is covered up to 7 €gjhths on 19 and 21 days pesnth. A similar monthly course
of overcast and clear sky was determinedendbservations of FRND et al.(1997), see
Fig. 4.7 dashed linesln comparison to th&oldewey data small deations of 1 or 2 days
can be observed.

—8—clear sky —e—overcast days

20 +

days per months

0
months 1 2 3 4 5 6 7 8 9 10 11 12

Fig. 4.7: Mean frequency of clear sky and overcast days per months in Ny-Alesund (solid line: Koldewey data
series 1993 - 2001; dashed line: DNMI data series 1975 - 1996)

Tab. 4.4: Mean frequeny of clear sky and overcast days at Ny-Alesund
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec vyear

Koldewey — data eries (1993 - 2001)
clearsky (0;1) 98 76 74 73 53 19 20 17 26 40 63 86 644
overcast (7;8) 10.0 9.4 12,7 11.3 16.1 186 206 18.6 196 159 128 11.7 [177.3
DNMI — data series (1975 -1996)
clearsky 82 58 56 63 50 12 14 10 15 26 6.3 9.1 540
overcast 9.0 10.8 12.2 10.1 133 17,5 19.0 19.6 174 15.0 11.2 9.0 |164.1

Fog is defined to be associated with theovisiange in eye level belol km (s. Chapter 2).
Fog is not a significant wear phenomenon for the inner-fiord-areas of Spitsbergen, a
region, where Ny-Alesund is counted to. Durihg observation period fog was determined
with an average of approximatelO days per year. In July, tfeg frequencies are the highest
with 35 %. With a high probability it is adeton fog, which develops during the flow of
warm, humid sea air onto the csolface of the fjord. This leatts the cooling of the lowest

air layers below the dew point (DWD 1987). Ardiig is not very thick usually, often only
some decameter (HISDAL 1998). Similar fog etvations were noticed by FOGRLAND, et
al. (1997) in the pevd of 1976 -1996. Compared withettexposed stations Svalbards
Bjgrnaya, Hopen and Jan Mayen the fog ts/are very seldom in Ny-Alesund.
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4.4 Radiation

The radiation parameters are recordedr@nBSRN station Ny-Alesund since August
1992. For the evaluation of g¢hradiation values of & BSRN the data series
"Koldewey" was choosen (front™WUanuary 1993 to $1December 2001), in order to
ensure the comparability with other data egrincomplete data series were presented
for the years 1992 and 2002. The validatiorth& radiation data was done with the
meteorological data base "MISAWI" (s&hapter 3.2). For the evaluation only the
monthly and annual averages were taken adocount for that time, in which the sun
was standing above the horizon. The valwese calculated withouhe consideration
of the refraction from ZiFebruary to 2¥ October from the daily averages. Large daily
fluctuations were caused kthe diurnal variation of # short-wave radiation. The
standard deviations{) were calculated from thmonthly mean values (coumty; sm=s

/\/E), the used values for radiation ankteorology are represented in the table-
appendix.

4.4.1 Direct Solar Radiation

The direct solar radiation lmeasured with a Normal Incidence Pyrheliometer (NIP) with a
field of view of 5 degrees (see Chapter 3J)ring polar night, beteen end of October to
end of February, the Rlis not installed a&he solar tracker. Averag and extreme values
of the direct and direct-hoontal radiation foithe observation perd of 1993 - 2001 as
well as for the year 2Q0are shown in Tab. 4.5.

Tab. 4.5:Means and extreme values of the direct sotfiatian and the direct-horizontal radiation in V§/m

: mean and absolute absolute
period . -
standard dev. Maximum Minimum
direct solar radiation 1993 - 2001 110.7r19.5 1142.3 (15.7.1994) 0
2001 130 963.7(7.6.2001) 0
direct-horizontal radiation 1993 - 2001 24.4r4.4 534.7 (7.6.2001) 0
2001 25.7 534.7(7.6.2001) 0

The mean direct irradiance/year amounts to 110I8.5 W/m? for the investigation
period. The maximum value of 1142.3 W/m2 appeared 8hitfy 1994. The values in
October are in terms of their amount very Bpso that the evaluation of the direct and
the direct-horizontal radi@in was carried out only fahe period between March and
September (see Fig. 4.8). Missing values wargected in the onth of polar night
(October — March). The maximum average valokthe direct solar radiation lie with
182.1 W/mz in April and with 220.6 W/m2 in May. They copesd to the observations
in which the largest duration of sunshimas determined in both of these months.

In order to get a link to the remaining egtdin parameters, thateameasured horizontal
towards the earth's surface, the direct solaatiadi has to be multiplied by the sinus of the
solar angleqin h), see Eq. 2.5. The direct solar raidia is thereby relatkto a horizontal
surface and is calledrdct-horizontal radiatim The monthly average values of the direct
radiation and the direct-Hmontal radiation are represted in Fig. 4.8. During the
observation time an annual average valu¢hefdirect-horizontal radiation is calculated
with 24.4 r 4.4 W/m2. The biggest mict-horizontal radiation was determined with
534.7 W/m2 on ¥ June 2001. The maximum monthly age values lie wh 77.6 W/m? in
May and with 68.0 W/mz2 in Jun®ue to a rise of coverag@m June until September the
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mean direct-horizontal radiation decreases dutimg time. The maximum radiation is
reached in Junehen the sun rises up its highest elevation.

350
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Fig. 4.8: Monthly mean values and maxima of the direct radiation and direct-horizontal radiation for
Ny-Alesund in the period 1993 - 2001

The daily averages of the dirdwtrizontal radiation, the maxinand minima as well as the
seven day running means arewh in Fig. 4.9. The decreasd the direct-horizontal
radiation for July in both, ithe observation period and tine year 2001 can clearly be
recognized in Fig. 4.8nd 4.9. In August 211 the irradiancy risagain, drops however in
September. This dropping cde explained with the absaign and dispersion of the
radiation by the high water vapour contehta strong coverage. Tishading effect of the
surrounding mountains can be agnized in the diagm on the basis of &ater rise of the
direct radiation in March anthe radiation droppig earlier in September. In March and
May 2001 the direct radiation e only slightly reduced bthe occurence of clouds. The
maximum values are reached dunragpn time around 11 o'clock UTC.

An overview of the annual average valaesl the rise of direcdirect-horizontal as
well as diffuse sky radiation is\gn in Tab 4.6 for the period 1993 - 2001.
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Fig. 4.9: Annual course of the direct-horizontal radiatiaf the daily means and extreme values in Ny-
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Tab. 4.6: Annual means and rise of the direct solar radiation, the direct-horizontal radiation and the
diffuse radiation in W/m2 for Ny-Alesund

1993 - 2001 mean :11:;6 year ri]nelzg.n year I\?zlitlljle rise/a ﬁzz

Direct 110.7r19.5 117.3 1997 66.4 1994 876 46 37.0

Direct-horizontal 242r4.4 29.5 1997 14.9 1994 208 3.6 5.8
Diffuse 70.1r5.7 79.0 1998 63.2 1997 66.8 0.7 5|3

max. mean — biggest average value; min. mean - lowest average value

initial value — initial value of the regression line in the starting year of the referring period
rise/a — rise per year

Absolut rise — rise of the regression line during the observation period

The deviation of the annual averages fromtibtal mean of thewvestigation period and
the tendentious development of the direatitontal radiation a& shown in Fig. 4.10
and Tab. 4.6. For the exemplary year 20@& ahnual average value is about 25.7 W/m?2
still within the standard deviath of the average annual means of 244824 W/m?2 of
the entire observation period. The biggestialon arises in 1994; here the annual
average value only lies at 14.9 W/m2. This is the only year where the mean lies outside
the standard deviation.

With an initial value of the direct-hoontal radiation of 20.8 W2 in the year 1993 a
rise of the regression line is determined with 5.8 W/m2 during the observation period.
The rise of the direct radiation amouritem an initial value of 87.6 W/m2 (1993)
amounts 37 W/m2. The increases of the direadiation and the direct-horizontal
radiation lie within tle standard deviation.

0.8
| 1 —

y=0.73x - 3.63 -1.0
abs. rise: 5.8 W/m?

variation from total mean in W/m?

4.1
6 - == |
8 9-year-mean:
24.2 + 4.4 W/m2
-10 -9.3
year 1993 1994 1995 1996 1997 1998 1999 2000 2001

Fig. 4.10:Change of the annual means of the direct-hot&@doadiation in relation to the total mean of
the Koldewey data series for Ny-Alesund

The seasonal developmenttloé direct-horizontal radiatiofrom March 1993 until August
2001 is shown in Appendix 4.4.1, Fig. 1. Taly. gives an overview dhe average values

and rises of the direct-imontal radiation for springsummer, autumn and for the
exemplary month of July durinthe observation perd. The rise of theegression line

(Fig. 4.10) is particularly based on the increase of the direct-horizontal radiation around
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4.4 W/mz2 with an initial value d39.5 W/mz in sprig (1993) and arourZR2.0 W/mz2 with an
initial value 0f41.6 W/m?2 in tle summer (1993).

Tab. 4.7: Seasonal means and rise of the direct-horizontal radiation in W/m?2 for Ny-Alesund during the
period of the Koldewey data series (March 1993 — August 2001)

mean Max. year y Initial rise/a Abs.

mean mean value rise
spring 45.7r8.3 60.3 1996 34.7 1999 39.5 0.6 4.4
summer 49.4r13.7 63.6 2001 211 1994 41.6 2.8 22.0
July 454 r25.1 93.8 1993 6.3 1994 49.4 0.22 1.8

The July average values and the mean maxand minima of the direct-horizontal
radiation from 1993 to 2001 arepresented in Tab. 4.7 and Appix 4.4.1, se Fig. 2. For
the observation period the average direct-horizontahtiadiis about 45.4 W/mz2 in July
and thus already 32.2 W/m? lower than the value of May with thestighddle irradiancy
of the year. The highest July average values were recortde®3v8 W/m2 in 1993 and
with 78.9 W/mz2 in 1999. The smallest middle radiatioroants abou6.3 W/mz in July
1994. The maximum values wh occurred amounted 3@ W/m? in 1996 and 508.4
W/mz in 2001. The July averagalues in the tot@eriod increased with small amount of
1.8 W/m2 and initial value of 49.4 W/m?2 (1993).

4 .4.2 Diffuse Radiation

The diffuse sky radiation is measured a Koldewey station with a pyranometer since
August 1992, which is shaded from the sune Hverage - and extreme values of the
diffuse sky radiation are shown Tab. 4.8 for the period 199 2001 as well as for the
year 2001.

Tab. 4.8: Averages, minima and maxima of the diffuse sky radiation in4V/m

. Mean and absolute absolute
Period . . o
standard devation maximum minimum
diff. sky radiation 1993 — 2001 70.1r5.7 578.3 (13.6.2001) 0
2001 66.1 578.3(13.6.2001) 0

During the observation period the mean valtithe diffuse sky miation is about 70.%
5.7 W/m2. The months MarchlltiOctober are represented the diagran (Fig. 4.11),
because during the polar night the diffuse sky radiation is zero.
The maximum value in the observatiperiod for the diffusesky irradiancy was
determined witt678.3 W/m2 on 18 June, 2001. The maximum average value during the
observaion period was computedh 145.7 W/m2 in June. Itds by far ovethe June value

of the direct-horizontatadiation of 68.0 W/m?2.
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Fig. 4.11: Monthly mean and extreme values and thedstech deviation of the direct solar, direct-
horizontal and diffuse sky radiation for Ny-Alesund (1993 — 2001)

The diffuse sky radiation is substantially higlr all months than the direct-horizontal
radiation. In the monthsude until September the aveeagalue of the diffuse sky
radiation lies only a bit below that of theefit radiation (Fig. 4.11). The averaged June
value of the diffuse sky radiation is only.1 W/m? smaller thathe average value of

the direct radiation in June.ilbin October the diffuse skyadiation coulde registered,

while the monthly average values of the dir@atl direct-horizontaiadiation are nearly

at zero. The daily averages of the diffukg sadiation in relatiorto the sun height for

the example year 2001 are represented in Fig. 4.12. Thereby an intensified diffuse sky
irradiation could be determined before the summer solstice in relation to the time after
the solstice. This can be explained by liigh relative humidity and the compression of
the deep clouds starting from July. A funttiause is the snowover, which melts by

the middle of June. Between the snow gowed the clouds it comes to multiple
reflections, with those the diffe sky radiation is increased.

250

0-11.2° 11.2 - 34.5° 34.5°

horizon equinox solar maximum
200 4 - .

150 4

100 4

diffuse radiation in W/mz2

50 +

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
solar height in degrees ‘ = 21st Feb. - 21st June < 21stJune - 22nd Oct ‘

Fig. 4.12:Daily means of the diffuse radiation in relation to the solar elevation Ny-Alesund for 2001

Another important factor is the relative diffuseliation. This paranter is expressed by the
relationship of the diffuse @ld reflection and th global radiation. The averge value
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amounts of 55 30 %. The relative tfuse radiation increases with the density and the
thickness of the clouds. Thelaoaltitude plays an importanble on thin ad water-rich
clouds. Thus the albedises up to 686 on thin Stratocumulus clds with decreasing solar
elevation (WMO 198)L Each cloud species has its chteastic mean albedo if the sky is
completely covered. The mosefuent cloud species occurring in Ny-Alesund Stratus (St) -
56 %, Stratocumulus (Sc) - 68 %, Cunmul(Cu) and Altocumus (Ac) — 72% are
increasing in density startingofn June. A majority of the incident short-wave radiation is
reflected back into the universe from the tdphe clouds. The globahdiation is clearly
reduced during thisme. Clouds reflect and atter not only the incid# solar radiation, but
also the reflex radiation coming from therte® surface. As pwiously mentioned,
particularly withhigh albedo of the sofbefore the snow melt idune) multiple reflections
appear between the earth's aoef and cloud down side, whiclsuéis in an increase of the
global radiation. Also with thabsorption and reflectn of long-wave radition clouds play

an important role. A dense cloud coverage @amtribute tothe natural greghouse effect
and thus to the heating of the earth's surfacin comparison to éhshort-wave radiation
the relative diffuse radiatioof the clouds is heoever relatively small for the long-wave
spectral regions.

The percentage of the diffuse radiatioonirthe global radiation is represented on the
basis the daily averages and the sevgnrdaning mean in Fig. 4.13. The diffuse sky
radiation reaches the valued the global radiadn during low solar elevations at
beginning of the first transitional phase andhat end of the second transitional phase.
This is to due to the shading effect of the Zeppelinfjellet.
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Fig. 4.13:Percentages of the diffuse radiation on the global radiation in Ny-Alesund for 21.2. -
22.10.2001 (daily means and 7-day running mean)

The fraction of the diffuse diation on the global radialocan be put into a direct
relationship with the cloudoverage as soon e sun reaches an ei¢ion higher than the
Zeppelin mountain. With a high gieee of cloud covege the percentag# the diffuse sky
radiation of the global radian rises too. During the palaay 2001 the percentage of the
diffuse sky radiation wéed from one day to the othérem < 30 % to 100 %. Taken from
the diagram the end of March/April, mid day and June 200longer phases with
relatively few clouds have beeiserved. This constant risarseéd in July and lasted until
October. Only in August thaiffuse radiation percentageogiped down agaito < 20 % for

a short time.
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The variation of the annual mean diffusdiasion in relation to the total mean for the
Koldewey data series is represented Fig. 4.14. The total annual mean of the
observation period amounts 70.1 W/m2. The bigdesiations from it appeared in 1997
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Fig. 4.14:Variations of the annual means of the diffuse radiation in relationship to the total mean for
the Koldewey data series

with -6.9 W/m? and in 1998 with 8.9 W/m2. Wi#n initial value of 66.8 W/m? in 1993
the regression line of the diffuse radiation rises up with 3r8a&luring the observation
period. This rise lies within thannual standard deviation 06.7 W/m2. The seasonal
development of the diffuse radiation tsosvn for the period Ma&h 1993 - August 2001
in Tab. 4.9 and Appendix 4.4.2, Fig. 1. Therebyise of the diffuse radiation of 17.9
W/mz2 can be determined particularly in summer starting with an initial value of 94.9
W/mz (1993). In spring time the rise sibstantially lower wh 7.7 W/m2 and an
average value of 74.0 W/m2. The autumn dombt be evaluatedue to the missing
diffuse radiation in November.

Starting from July 1993 the direct soladiegion and the diffuse radiation is increased
strongly. The rise of the fflise sky radiation amounts 83 W/mz2. The July values of
the years 1996 and 1998 - 2001 exceed the 100 W/m2 mark.

Tab. 4.9: Seasonal means and rise of the diffuse radiatidf/m?2 for the Koldewey data series (March
1993 — August 2001)

Mean h;n e?rﬁ year nTelra]l.n year '\gtlljle rise/a ‘32 2'
spring 74.0r7.8 84.4 1994 63.3 1996 70.2 1.0 7.7
summer 106.1r10.7 124.0 1998 88.2 1997 94.9 2.2 17.9
July 1059r12.4 119.7 1999 87.9 1997 89.3 3.3 26.4

4.4.3 Global Radiation
The global radiation consistsf the direct-horizontal dhation and the diffuse sky

radiation (see Eq. 2.5). It is measured m 2eight with a upward directed pyranometer
in Ny-Alesund since August 1992 (see Chagd, Fig. 3.3). During the investigation
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period an average valweas calculated of 113.95.7 W/m?2 (see Tab!.10). The largest
global radiation was deteed with 928 W/m?2 on 17June 2000.

Tab. 4.10: Average and extreme valuestbé global radiation in W/m

. mean and absolute absolute
period o : o
standard deviation maximum minimum
global radiation 1993 - 2001 113.9r5.7 928.0 (17.6.2000) 0
2001 120.7 921.613.6.2001) 0

The monthly global radiation, the standalelviation for the obseation period and the
average values are represented in Fig. foi3he year 2001. Durg the investigation
period the highest monthly means occur leetw221.5 and 231.7 W/rfgee Fig. 4.15) in
May and June. Between Noveenband January nglobal radiation was measured; in
February and October only partly. Due to tiseial better weather catidns in spring the
average monthly global radian rises strongly towards M&une and drops again with
increasing cloud appea@until September.
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Fig. 4.15:Monthly means of the global radiation in comparison to the diffuse sky radiation, and the
direct-horizontal radiation for the period of 1993 — 2001

The diffuse sky radiation islearly higher tharthe direct-horizontal radiation in all
months where the solar altigids above the haon, as mentioned chapter 4.4.2.
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Fig. 4.16:Yearly course of the global radiation and th&aerrestrial radiation in its daily means and
maxima for a period of 21.2. - 22.10.2001
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From May until August 2001 éhglobal radiation lie ovethe average Vaes of the
Koldewey data series. In Ju2®01 the mean global radion reaches st maximum at
260.7 W/m? that surpassthe total aveige June value of 29 W/m2.

Except September the values of the WHY1 stay within the standard deviation of the
Koldewey data series. In September 2@03slightly smaller global radiation was
determined, than it was usual during tiEservation period. The average and maximum
global radiation of the year 2001 are simow Fig. 4.16. for the time in which the sun
was standing above the horizon. The ahaverage 2001 was callated with 120.7
W/mz that slightly surpassethe average value of th@ldewey-row with 77.4 W/mz2,
The highest value of the year 2001 was measured with 923 W/nfalutia.

The global radiation reachés highest average value ofi June 2001. A seven day
running mean was selected, in order to smtiwéhdaily averages of the global radiation
2001 and to minimize short weather fluctuatio It is noticeable that the maximum
average values of the global radiati@ready occur in the time before®2lune 2001. In
2001 it could be also stated ttihé global radiation rises merapidly to May/June and
afterwards it drops more slowly (see alsg. 4.17). The transitional phase from polar
night to polar day shows a higher global editin than the transitional phase from polar
day to polar night.

The global radiation of éhdaily and annual cose for the year@1 is shown in Fig.
4.17. A strengthened daily variati of the global radiation iemarkable as a function of
the position of thesun above the horizon. @hespective maximum of the global radiation
usually occurs in thenorning between 10 and 11 UTC. eTfluctuations of the global
radiation in the mnual process are moemphasized than the fluctuations in the daily
course. As mentioned earli¢ghe global radiation reachéd maximum already before 21
June 2001. From end of Septantill the beginningf February the global radiation does
not rise above 25 W/mz, not evahnoon. For the nighhours this phase gssts even till
April and begins at the stasf August accordingly.
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Fia. 4.17:1sopleth-diaoram of thealobal radiation for 200{in W/m3, time in UTC

In Fig. 4.16 the global daation is represented in comparigorthe extraterrestrial radiation.
The average global radiation lies below theadgrrestrial radiatio The maximum values
can exceed the extraterrestmatiiation due to multiple refttions between earth's surface
and clouds. This aris@articularly during tk time, where the grounsl covered with snow.
This effect is caékd ice and/or snow blinklhe relationship of the global radiation to the
extraterrestrial radiation is leed relative gbbal radiationEg re)). It indicates the degrees of
the short-wave radiation, which penetrates through the atmosphere:
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Radiation losses can rédistrtom the absorptionf gases, aerosols anter vapour as well
as from the reflection at and atouds. The monthly relativglobal radiatia for 2001 and
for the total time is represented in Fig. 4.k5can be recognized dh the relative global
radiation is highest in Aprilrad May as well as in June 20@4th over 50 %. From July
until September it drops again below 40 % tlu¢éhe strong cloud coverage, in October
(and in September 2001) even below 30 ™e daily averages of the relative global
radiation as a function of the relative sunghduration is shown for the year 2001 in
Appendix 4.4.3 Fig. 5. It can be concluded that the relative global radiation increases with
the relative sunshine duration (HELMET B)8The average relative global radiation
2001 lies with 44.8 % over the average vabfiel2.2 %. In 2001 the relative sunshine
duration amounts on average 34.5 % and thereby it clearly lies over the average value in
the observation period with 28.5 % per year.

The average global radiation during theseslsation period for Jy is represented in
Appendix 4.4.3, Fig. 1. During thisne the maximum values tfe global radiation varies
between 708 W/m2 (1993) al@20 W/mz2 (2001). The averagaly values lies between
215.3 W/m2 (1993) and 114.3 W4 (1994). The July avage value dumng the entire
investigation period amounts to 1B8V/mz2. With an initial viue of 165.3 W/m? (1993) a
slight rise of the regressi line of 0.6 W/m2 can be @@mined until2001 (see also
Tab. 4.11). Using the average July valuethefNorwegian Polar Institute between 1974
and 1979 as well as 1981 1892 the trend analysis coute followed back until 1974;
this is represented in Appeix 4.4.3, Fig. 2.Since 1974 the smallest average value
amounts to 114.3 W/mz2 (1994he largest average value amounts to 226.0 W/m2 (1988).
The period 1974 - 2001 shows a decreasing trenldeofverage global radiation in July
of around 0.4 W/m2 per yeawhich is opposite to the rise within the Koldewey data
series. This can be explained with the low gad the start of the Koldewey data series
(1993 - 2001) irthe year 1994.

The seasonal average values and theofisiee global radi@n from March 1993 until
August 2001 is represted in Tab. 4.11 (see also Appendl4.3, Fig. 3). The seasonal
values were calculated by the monthly averagees of three consgiive months; starting
with the spring from March to May. In thersmer the seasonal average value lie between
144.0 W/m? (1994) and 181\8/m? (2001). The averagelua amounts to 166.3 W/m? for
the total time. In all smmer months (June - Auglist rise of the globatdiation of around
15.4 W/m? can be determined iretbbservation period-his rise is evestronger, than in
July. The average values of the global ramlain spring lie bet@en 136.2 W/m2 (1996)
and 117.0 W/m? (1999). A sligneduction of the global raation in the observation period
of 5 W/mz2 could be recognized.

Tab. 4.11:Seasonal average values and rise of thebtaliation in W/m2 for March 1993 — August 2001

max. min. initial . abs.
mean year year rise/a .
mean mean value rise
spring 1275r6.6 136.2 1996 117.0 1999 130.3 0.6 -50
summer 166.3r12.8 181.3 2001 144.0 1994 156.7 1.9 15|4
July 168.2r30.3 215.3 1993 114.3 1994 165.3 0.6 4.y
June (74-01) 175.8r23.2 226.0 1988 114.3 1994 181.4 -0.4 -10.3
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Fig. 4.18: Long-term monthly means of the global radiation in comparison: WMO-standards (1931 — 1960),
NP data series (1974 - 1979/1981 - 198%) Koldewey data series (1993 — 2001)

Because of the strong nebility of the globalradiation withthe change of cloudiness it
must be registered constantly, in order receive representative radiation data
(LILJEQUIST und CEHAG 19943). Thecomparison of the onthly means of the
Koldewey data series (1993001), of the Norwgian Polar Institat (NP) (1974 - 1979
and 1981 - 1992) as Wes the WMO standds (1931 - 160) for Ny-Alesund is shown in
Fig. 4.18. Between Felmry and October an extensivarespondence oflladata series
could be determined within the ranges o #tandard deviations. The average values in
these months however dot exceed the 50 W/ntével. Very small differences have been
registered in the months &kbruary, March, September a@dtober (see ab Appendix
4.4.3, Fig. 4). Théargest deviation ofhe Koldewey data seridgom the standard row of
1931 - 1960 was determined in Apwiith 9.7 W/m2. It should beoted that these standard
values only base on irregulareasurements. Neverthelesss theriod shows the smallest
deviations in the comparison to the Koldgwdata series. Only the April value of the
standard row lies outside of the standardate of the Koldewey da series. The largest
average value of all measurement sasias calculated in June with 225:83.3 W/m? for

the Koldewey data series. The NP data sdi®&. - 1992 rashown the last deviations
from the Koldewey data series. According te thcord of the NP the global radiation for
the data series beten 1974 and 1992 decrem$mm April to Mayand increases again
from June to August. Thiseind is only continued in Junith small difference of 3.1
W/mz2. Both NP data series liesthin the standard deviatioms$ the Koldewey data series,
except the April value for the period betwel974 and 1979. Additiatly, deviations from
the NP data series can be lshse the hourly mean calculation. Like the direct sun radiation
and the diffuse sky radiationghannual averages were only determined for the time in
which the solar altitde is above the horizon. The lwes were calculated without
consideration of the refractiorofn 21 February t82 October.

Fig. 4.19 represents the deviationstloé annual averages from the mean annual
average of the Koldewey data series. Binaual average values in the period 1993 -
2001 lie up to 7.7 W/m? over and 7.8 W/omder the total average annual value of
113.9 W/mz2 (see Tab. 4.12). In the years 1888 2001 the average values exceed the
standard deviation of 5.7 W/mz; the valwéghe years 1994 ark®99 fall below it. The
annual average values and sise the global radiation fahe periods 1993 - 2001 as
well as for 1974 - 2001 are indicated in Tab. 4.12.
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Tab. 4.12: Annual means and rises of the global radiation in W/m?2

Mean r'\:g'n year r':g;n year Ic;iﬁé rise/a '?}22

1993-2001 113.9r57 1231 1993 107.8 1994  111.9 0.4 3.2
1974-2001 113.7r6.7 1287 1979 1009 1976  111.6  0.14 3.2

10

gl 77

S -

ad | b -

5 | y = 0.40x - 2.01

abs. rise: 3.2 W/m2

variation from total mean in W/m?2

9-year-mean:
-7.8 1.6 113.9+5.7
-10
1993 1994 1995 1996 1997 1998 1999 2000 2001

Fig. 4.19:Deviation of the yearly means of the globaliegion from its 9-year-total average of the
Koldewey data series

With the help of the data of the Norwegiand@Pdnstitute and the Kdewey data series a
long-term analysis of the global radiation could be crefatea 1974 to 2001. Some annual
average values could not be determined tdumissing datasets. €hdeviations from the
annual average value by the global radiatiotinis period a represented in Fig. 4.20. The
average value for the year89B to 2001 exceeds only slightlye means of the entire row
1974 - 2001 witt113.7 r 6.7 W/m2. The analysis results in a small ris@.&# W/m?3/a up
to the year 2001 with an iradivalue of 111.6 W/mz2 (1974).
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Fig. 4.20:Annual average values of the global radiation in its trend: NP data series (1974 — 1979/1981-2001)
and Koldewey data series (1992 - 2001)
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In the years 1976 and 1990 thmaal averages difie global radiatin with 100.9 and 103.8
W/m?2 fall below the 70 W/m%lel. The highest annual aveeagwvere calculated in 1979
with 128.7 W/m2 and i1993 with 123.1 W/m?The regression linef the Kolcewey-row
shows a 0.4 W/mz2 higher riseatinthe total period @r4 - 2001) (se Tab. 4.12)Both rises
lie within the standardeviations of the Koldewey-data seraaxl/or of the tial data series.

4.4.4 Albedo

A big part of the global radiation is refited in dependence of the surface structure
(reflected radiation). 8te August 199the reflex radiation is detained in the context of
the BSRN with a downward direet pyranometer for the comption of the albedo of the
surface (see Chapter 3.1). Theedlo is calculated from the relation between the reflected
and the global radiatiofsee Eq. 2.6). Reliable albedo vedurequire a global radiation of
more than 50 W/m2 (SCHMIDT and KOEG-LANGLO 1994). InTab. 4.13 the average
and extreme values are indicatedtfa reflex radiabn and the albedo.

Tab. 4.13Average and extreme valuestbé reflex radiation in W/fand the albedo in %

period mean and absolute absolute
standard deviation maximum minimum
reflex radiation 1993 - 2001 59.3r8.0 639.4 (4.6.2001) 0
2001 64.4 639.4(4.6.2001) 0
albedo 1993 - 2001 51.9r6.2 100 8.2(25.6.2001)
2001 53.3 100 8.2(25.6.2001)

The annual albedo value howewdwes not tell a lot about the change of the reflection
ability of the surface in the gdy course. More information ntains Tab. 4.4 in which the
albedo values of the month®in March until Oatber are indicated. &lear downfall of
the average values of appnmétely 80 % in May to approrately 14 % in July can be
determined in both time seri@®01 and the Koldewey data &= Deviations of both data
series occur in the monthshine, September and October.

Tab. 4.14 Albedo, relative global radiation and relatisenshine duration for the Koldewey-data series
(1993 - 2001) and the examplary year 2001

Period Mar Apr May Jun Jul Aug Sep Oct vyear
1993-2001 776 787 799 528 139 163 329 534 519
2001 784 789 809 593 140 152 250 699 533

The reflex radiation at the Neumayer siat{Antarctica / 70°37'S3°22'W) varies only
with the short-wave radiation and the asated change of the snow surface due to the
all-season snow surface (see Appendix. 4.4.4Bign Ny-Alesund it comes to a very
strong decrease of the albedo in June. Thikiesto a direct comction to tle thaw and
associated reduction of theflex radiation. In the examelyear 2001 the albedo falls
down from over 70 % to under 10 %tkin only one week (from 8June to 28
June). Due to the missing snow surface in gt the wet soil only a small part of the
short-wave radiation is reflesd. The reflex radiation decreases from over 200 W/m? to
values below 25 W/mz in the same short period.

In August the albedolightly increases agn by 2.4 % in the comparison to the
previous month, which can be explained wdilying of the soil. Tk very wet soil in
July after the thaw is absorbing the midjoof the radiation. Fig. 4.21 describes the
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global radiation and the reflex radiation in relation to the albedo during the polar day
2001.
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Fig. 4.21:Course of the measured and calculated allijgaily means), runngnmeans of the albedo,

global radiation, and reflected radiation during polar day 2001

Daily averages of the albedo (with global eddin: > 50 W/m?2) as well as the running
means of the global radiation, reflex ragiatand the albedo are represented in Fig.
4.21. For the addition of missing albedo values the daily averages from reflex and
global radiation (M/Eg) were computed without considion of the 50 W/m2 limit of

the global radiation. From Fig. 4.21 it can feeognized that global radiation, reflex
radiation and albedo strongly drop almosthet same time. The thaw is mainly caused

by the radiation and the rise of the air tenapere over the 0°C limitt is probable that
around 20/21 June additionally an inteiesif cloudiness with cipitation occured,
which caused a very rapid melting of tmow. From the diagrams (see Appendix. 4.4.4,
Fig. 2 and 3) this rapid reduction of the albedo can be found in each year of the
investigation period. Thus, it is to be obsertbat the course of the thaw is always
similarly fast. According LILJEQUIST and CEHAG (1994) the albedo for pure snow is
between 80 and 90 %, for melting snow betw&@rand 70 % and for soil free of snow
between 5 and 20 %. The reduction of the @dbfEom 70 to 60 % lasted from one day

to 15 days depending upon the weather conditions. Between 60 % albedo of the snow
and the snow-free ground witin albedo of < 20 % it tooksually 2 to 4 days (in the
years 1994 and 1996 it lasted 6 to 7 daysR001 the snow underneath the measuring
instrument melted within only two days. &hime of the thaw however moved from
year to year for 1 to 2 weeks and is to be expected during the entire month of June. The
running means of the albedo in Fig. 4.21 repnéshe time of the thaw somewhat late;
but the lines before and after the thaicate the mean albedo very well.

The first snowfall in autumis difficult to determine fronthe albedo valuesiue to the 50
W/mz global radiation limits that the albeddues are based on. In this phase (September)
the global radiabn drops under this it due to the high oud coverage. A reliable
statement over the time of the rerise of tiedd for the first snokall cannotbe given.

Because of the shpmadecrease of the albefftom May to July, a &nd analysis was made
for these months within thabservation period ég Tab. 4.15 and Appdix 4.4.4 Fig. 4).
According this, the average values of the @beary relatively esnly in May at around
80% and in July at around 14 9. both months awsiderable rises oabe noted for the
observation period. However, in June the étbealues vary between 18 and 65 %; which
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can be explained with the fact that the thagite at a different time in each June. In the
years 1995 and 1998r example, the thaw already begeery early. Inthe years 1994,
1996, 1998, 2000 and 200éry high albedo valuemose in June; tha why the thaw took
place only in the &t week of June.

Tab. 4.15: Average values and rises of the albedo (in %) for the months of May, June and Julyhduring
Koldewey- data series (1993 — 2001)

mean max. year min. year initial rise/a qbs.
mean mean value rse
May 79.8r41 864 1998 74.1 1995 79.2 0.13 1.0
June 51.6r157 651 1994 17.8 1995 46.8 0.96 7.7
July 13.7r1.0 153 1993 115 1994 13.4 0.06 0.5
100% Ny-Aalesund 1993 - 2001
s0%—+ | OAlbedo Orel. sunshine duration Mrel. global radiation Mratio global/diffuse radiation ( B
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Fig. 4.22: Monthly means of the albedo, relative sum&hiduration, relativegglobal radiation and
share of the diffuse radiatidor the Koldewey data series

The connection between clouds and the albefdthe earth's surface is represented
in Tab. 4.16 ad in Fig. 4.22.

Tab. 4.18 Monthly means of the albedo, relative sunshine duration, relative global radiation and the fraction of
the diffuse radiation for the Koldewey data series (1993 — 2001) and the examplary year 2001 in %

Mar Apr May Jun Jul Aug Sep Oct vyear
1993 - 2001

albedo 776 787 799 528 139 163 329 534 520

rel. global radiation 447 551 522 451 348 307 30.7 268 422
rel. sunshine duration 24,1 453 404 304 247 190 171 0.7 28.5
rel. diffuse radiation 68.1 575 59.2 600 624 671 71.3 954 61.7

2001

albedo 784 789 809 593 140 152 250 699 533

rel. global radiation 48.3 53.7 548 512 381 331 232 270 448

rel. sunshine duration 341 446 546 449 281 225 125 0.7 34.5
rel. diffuse radiation 68.0 62.0 56,9 346 622 650 79.3 985 54.8

For this the albedo between March a@dtober is compared with the relative
sunshine duration, the relative global radiation and the fraction of the diffuse
radiation from the global radiation ("reiee" diffuse radiation) (see Chapter 4.2,
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4.4.2 and 4.4.3). In thmonths from May until Augudhe albedo decreases with an
increasing density of low clouds (increagidiffuse radiation). Likewise, the relative

sunshine duration as well as the relatgiebal radiation decrease in this time. A
large part of the incomming solar radiatisnreflected back into space from the top
side of the clouds. With snow in Septeen and a lower solar altitude the albedo
increases again.

At the beginning of October, whenetlsun disappears behind the mountains of the
Braggerfjellet, the diffuse sky radiation nilgacorresponds to the entire global radiation.
This parameter can be seen as an indicator for the cloud density, but only in the time of
the polar day. Also the albedo varies with plosition of the sun. A le solar altitude at a
frozen snow cover would lead to an increasstx radiation. An inrease of the albedo
occurs when the position of the sun is lowemtli0° of height. Therefore, from the data
base, no exact date can be gif@rthe first snowfall in autumn.

4.4.5 Long-wave Radiation

The emitted radiation is a longawe radiation emitteldy the earth's surfack.is measured

in 2 m height with a downwadrdirected pyrgeometer. Tlw®unter radiation is the long-
wave radiation emitted fronthe atmosphere which meetse tiearth's surface. It gets
measurements with an upward directed pymgeter which is covereflom the direct solar
radiation. (see Chapter 3.1). &laverage values discussed in this section therefore are
referred to the whole year. The average ariteme values of theounter radiation and
emitted radiation as well as the long-waveiation budget (LW-radition budget) for the
Koldewey data series front Danuary 1993 until 81December 2001 asell as for the
exemplary year 2001 arepresentedh Tab. 4.17.

Tab. 4.17: Average — and extreme values of the emitted radiatiomnter radiation and LW-radiation
budget

Period mean anq . abs_olute ap;olute
standard deviation maximum minimum
emitted radiation 1993 - 2001 286.6r3.0 459.6 (17.7.1999) 134.6 (4.3.1993)
2001 287.4 430.4 (15.7.2001) 184.8 (2.4.200Q1)
counter radiation 1993 - 2001 250.8r4.0 388.7 (31.8.1997) 106.0 (13.2.1996)
2001 251.4 359.6 (13.7.2001) 130.2 (25.12.2001)
LW-budget 1993 -2001 -359r3.1 63.5 (31.5.1999) -168.9 (10.7.2001)
2001 -36.1 39.4 (12.5.2001) -168.9 (10.7.2001)

During the investigation periodng-term means were calcuddtfor emitted radiation of
286.8 r 3.0 W/m2 and the coter radiation of 250.8r 4.0 W/m2 (see Tab. 4.17). The
monthly means of the emittecand counter radiation as wel the LW-radiation budget
for the Koldewey data seriemnd for 2001 are shown ingFi4.23. The layest average
emitted radiation with 357.5 W/mz2 was registereduly. It exceedthe 300 W/mz2-level in
the months from May to Septhber. The smallest monthilgeans amount t847.3 W/m?

in January and 244.0 W/m2 in February. The average values in December, March and
April only lie slightly above them. Thenaximum value of the emitted radiation was
measured with 459.6 W/m2 on"13uly 1999. The emitted radiation depends purely on
the surface temperature (L= V) with \£5.6710%. This explains the annual cycle
shown in Fig. 4.23. The smallest average eadfl the emitted radiation was registered
with 244.0 W/m?2 in February.
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Fig. 4.23:Monthly means of the emitted radiation, counter radiation and LW-radiation budget for the
Koldewey data series (1993 — 2001) and 2001

In June the global radiation shows a meaaximum of 231.7 Wh2, while the mean
maximum of the emitted radiation is wiBb7.5 W/m2 in July. The courses of the
monthly means of the emitted radiation ath@ counter radiation point out nearly
constant distances (see Fig. 4.23). The highestage value of 309\W8/m? lies in July
like the emitted radiation. Theounter radiation from Julyo September is clearly
higher than in the previous months. Than be explained with the dense cloud ceiling
starting from July. The smallest mean of toeinter radiation could be determined with
207.7 W/m? in February. The average valoeshe months January, March, April and
December only slightly lie abovbat value. In Fig. 4.23 is noticeable that both, the
emitted radiation and the counter radiatioe khigher in December until February 2001
and in November and March clearly lower tliha average. In the months from January
until March the values of 2001Ifaut of the standard dewian for these months for the

Koldewey data series.
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Fig. 4.24:Long-wave emitted radiation versus temperature (in 2 m height) in 2001
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The diagram Fig. 4.24 shows the emitted radmatis a function of the temperature in

2 m height for the year 2001. It can beaguized that the emitted radiation increases
with rising temperatures. This curve of theasured emitted radiation approaches to the
Stefan Boltzmann law for the specific emitted radiation of a black body (black dots),
which represents the earth's surface (see Chapter 2.1.1.2). The atmosphere is
impermeable for the terrestrial radiation wifloud coverage at ¢habsorption bands for
water vapour of 5 — 8 um and > 18 p@louds absorb and emit this radiation.
Additional absorptions for long-wa radiation result from the Gands at approx.

12 — 17 um. A high part of the absorbed radraiis converted into heat. This effect is
strengthened by the G@ntry into the polar atmosphetteat means further percentages

of the radiation are absorbeathin the range of 12 — 17 pand heat up the atmosphere
(HUPFER and KUTTLER 1998). The counter radiation in dependence of the
temperature is represented in Fig. 4.2% foe year 2001. The counter radiation
increases with the rising temperature. The values lie between the emissivity of a black
body (e = 1.0 - black curve) and tludita grey body (e = 0.7 - grey curve).

The monthly means of éhemitted radiationsee Fig. 4.23) areelatively evenly
distributed between 30 and 38 W/m?2 above thspective monthlgounter radiation.
Compared with the curves ofsteof the year theounter radiation anithe emitted radiation
show a greater distanegith 47.8 W/mz2 in July. The etted radiation from the earth's
surface is therefore higherath the counteradiation over the whelyear. The long-wave
energy loss of the earth's sag# results from the differenceehitted radiabn and counter
radiation and is called LW-dation budget (Eq. 2.8).
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Fig. 4.25:Long-wave counter radiation in dependence of the temperature (in 2 m height) for 2001

In July the LW-radiation budgéalls with 47.8 W/m? clearlyinder the value of the global
radiation with 168.2 W/m2. The global ratitten however only affestthe energy budget
during that time, where the lao altitude is abve the horizon, while the long-wave
radiation is effectivén the whole year

In order to represent the energy losshef earth's surface,dl.\W-radiation budget is
set into the negative range. With the lomgve energy budget the cloud coverage can
also be described. The LW-radiation budgethe earth's surface under a low, dense
cloud cover indicates values frampproximately -20 to -30 Wi2. In single cases to the
values reacht 0 W/mz2 in the middle of June (Fid.26). In this case the values of the
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counter radiation exceed those of the emitted radiation. For polar night this description
is one of the methods for the determination of the cloud cover.

The yearly variation of themitted radiation and the countadiation and the LW-radiation
budget for the year 2001 is repeted in Fig. 4.26. The annuwalerage and extreme values
are indicated in Tab. 4.17.
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Fig. 4.26:Daily means of the emitted radiation, counter radiation and LW-radiation budget for 2001

In the yearly course of the LW-radiation budget a few emphasized minima show up
between May and July (Fig. 4.27). A relatively steep decrease of the LW-radiation
budget from -45 to -75 W/m? could be detened. This can be explained with the
snow-free and wet soil in July, which is strongly wadnup that more long-wave
radiation can be emitted intthe atmosphere. The strongest daily fluctuations of the
LW-radiation budget between -40 W/m2 during the night hours and -75 W/mz2 at
noontime could also be determined in Julythe spring it comes to variations of the
LW-radiation budget in the daily course dwethe changing positions of the sun. The
biggest value of the LW-radiah budget arises before thbeginning the polar night in
August and/or September between 15 ana'2bck. According to Fig. 4.27 it can be
noticed, that the emitted radiation in thgsriod drops relatively evenly, the counter
radiation however reaches itaximum average values.

For the months of Januaand July as well as for the season trend analyses were made
for the investigation period; they are represented in Tab. 4.18 to 4.20. Additional
analyses are shown in Appendix 4.4.5, Figto 3. According to that the counter
radiation rose from 192.%/m2 in January 1993 for 31 W/m2 in January 2001. The
emitted radiation increased for around 22.6 W/m? starting with 233.2 W/m2. Therefore a
rise could be registeretbr the LW-radiation budget tog¢see Tab. 4.20). This is
however smaller with 8.4 W/m?2 than theeiof the emitted radiation and the counter
radiation, since the latter increases more strongly than the emitted radiation. The
difference between the values of the twaapaeters becomes smaller. Also in the
remaining winter months a decrease @ tlW-radiation budget could be registered.

In July a slight increase of the ematteadiation of around 0.9 W/m? and a decrease of
the counter radiation of around 11.1 W/m2 cdaddobserved in the investigation period.
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The difference of both values increases ang thiso the decreasd# the LW-radiation
budget by 12 W/m2 with an initi@alue of -40.3 W/m#n July 1993. Thiglecrease in July
varies with 9.5 W/m? only slightly from th@ecrease of the LW-daation budget of the
entire summer. In the autumn both enditteadiation ad counter radiation in the
observation period increase. The counter radiation exhibéis &g higher se than the
emitted radiation. The LW-raation budget rises i a value of 8 W/mz2 from -36.7 W/m?

in autumn 1993. &ce the LW-radiation budgeepresents the enerdgss of the earth's
surface, it means a reductiontbése losses for the autumn in the investigation period. In
the winter, spring and summer the energgés increase in the observation period.

With the help of the data of the NorwegiBolar Institute it was gsible to retrace the
trend for the months Januaaynd July for the emitted radion and LW-radiation budget
until 1982 and for theounter radiatioreven until 1974. Accordg to that the counter
radiation decreased slightlyy 0.12 W/m2 /a in Jamawy between 1982 and 2001 and
stronger by 0.46 W/m& in the period of 19¥- 2001. This decreaseas not observed in
the period of the Koldewey data series939 2001). Also the vaes of the emitted
radiation fall with 0.48 W/m?2 idanuary duringhe period 19822001. The strong rise with
2.8 W/m?#/a of the emitted radiation in Janu between 1993 ar2D01 let assume that
between 1982 and 1992 awven stronger decrease ¢f tmitted radiation took place.

Tab. 4.18: Seasonal means and rise of the emittedatiadi in W/m? (seasons: 12/1992 - 11/2001;
January/July: 1982 - 2001, 1993 - 2001)

max. min. initial . abs.
mean year year rise/a )

mean mean value rise
winter 2489r9.2 262.7 2001 2347 1998 240.5 1.7 13.5
spring 266.8r6.9 277.6 1994 257.1 2001 273.0 -1.24 -9.9
summer 342.0r6.4 349.1 1993 332.1 1994 343.6 -0.3 -2.5
autumn 288.1r8.8 303.7 2000 273.7 1994 280.2 1.6 12.1
January 247.3r16.5 267.0 2001 219.3 1998 233.2 2.8 22.4
July 357.5r8.0 369.7 1993 344.3 1994 357.0 0.1 0.9
January (82-01) 254.3r17.2 292.7 1990 219.3 1998 2594 0.48 -9.1
July (82-01) 357.4r13.0 384.4 1986 325.4 1984 353.8 0.34 6.5
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Tab. 4.19:Seasonal means and rise of the counter radiation in W/m?2 (seasons; 12/1992 - 11/2001;
January/July: 1974 - 2001, 1982 - 2001, 1993 - 2001)

mean max. year " year initial rise/a qb S-
mean mean value rise
winter 213.1r9.6 228.1 2001 198.3 1998 206.6 1.3 105
spring 231.1r9.9 249.0 1994 216.1 2001 241.8 -215  -17.2
summer 301.6r5.4 307.5 1993 262.2 2000 309.2 -1.5 -12.1
autumn 256.4r13.3 283.7 2000 238.3 1995 2435 2.6 20.8
January 211.9r21.1 2433 1996 183.8 1998 1925 3.9 31.0
July 309.8r7.0 3220 1994 298.6 1999 316.7 -1.4 -11.1
January (82- 217.2r19.1 2474 1990 183.8 1998 2185 -0.12 -213
01)
July (82 -01) 313.9r12.0 335.2 1986 293.0 1988 323.0 -0.87 -14.5
January (74- 219.0r19.6 2524 1974 183.8 1998 225.9 -046 -124
01)
July (74-01) 319.4r15.1 352.8 1978 293.0 1988 339.0 -1.3 -35.1

Tab. 4.20: Seasonal means and rises of the LW-radiation budget in W/m? (seasons: 12/1992 - 11/2001,
January/July: 1982 - 2001, 1993 - 2001)

max. initial . abs.
mean year rise/a .
mean mean value rise
winter -35.8r4.2 -27.7 1996 -43.0 2000 -33.9 -0.38 -3.0
spring -35.7r3.8 -28.6 1994 -41.0 2001 -31.2 -0.93 -7.4
summer -404r7.4 -249 1994 -47.6 1995 -34.4 -1.2 -9.b
autumn -31.7r5.6 -20.0 2000 -39.8 1995 -36.7 1.0 8.(
January -35.5r7.7 -21.8 1996 -46.3 1995 -40.7 1.05 8.4
July -47.8r12.4 -223 1994 -63.8 1999 -40.3 -1.5 -12J0
January (82-01) -37.1r75 -21.8 1996 -48.4 1983 -40.9 0.35 6.7
July (82 -01) -435r14.2 -19.1 1983 -67.2 1988 -30.8 -1.21 -23.0

In January 1982 - 2001 the enmittediation drops more strongdlyan the counter radiation,
thus, the rise of the LW-radian budget is smaller than the period 0fl993 - 2001. In
July an acceptance of the ctenradiation and the LW-radiatidoudget can bebserved as
well as an increase of the eradtradiation for all periods. €lrises of the emitted radiation
(0.1 - 0.34 W/m2 /a) ahthe decreases of the counteatiaion (0.87 - 1.4N/m?2 /a) show
small deviations for all time series. Excém counter radtion in Julyl974 — 2001 which
decreases slightly underettstandard déation of r 15.1 W/m? all trends lie within the
respective standard deviations.

The deviation of the annuaw-radiation budget from th@-yearly average value of the
Koldewey data series s#own in Fig. 4.28. Witlan average \ae of -35.9r 3.1 W/m?2 the
highest deviations haveeen registered with 6.2 W/m21994, with 4.4 W/m?2 in 1995 and
with 3.2 W/m2in 1996. These annual averageofalbf the mean stdard deviation of the
LW-radiation budget of 3.1 Wi2. The rises of emitted radion and couer radiation
during the observation peri@e represented in Tab. 4.2dan Appendix 4.4.5 Fig. 3; 4.
With the emitted radiation adter rise of 4.3 W/m? (initlavalue 284.2 W/min the year
1993) could be recognizeélan at the counteadiation with 0.8 W/mf{initial value 250.3
W/m?2 in the year 1993). Thedreased emitted radian causes an enertpyss of the earth's
surface and explains the deceeatthe LW-radition budget.
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Fig. 4.28:Variation of the yearly average LW-radiationdget over the 9-yearijean for the Koldewey
data series (1993 — 2001)

With the help of the Norwegiadata series an extension oéttime series could also be
accomplished back until 1982 with emittediedion and the LW-radtion budget as well
with the counter radiation tih1974. The Tab. 4.21, Fig.2B and Appendix 4.4.5, Fig. 5
show the trend analyses for the emitted radiadiod counter radiatioshow the as well as
the LW-radiation bdget for the respectiveeriods. Compared witthe observation period
1993 - 2001 reversalsitéde recognized in éhcourses of emitteddmtion and the counter
radiation. While a rise of botarameters can be noticed fae tholdewey dataeries, there
is a decrease over thanl period of 1982 to 20. The annual averagelwas of the counter
radiation in the periodrop stronger those die the emitted radian in the 1982 - 2001
period. In consequence, a degse of the LWadiation budget 00.51 W/m? could be
registered. In relation to ¢hobservation period (0.44 W/if&) the LW-radiation budget
decreases strongertime total period from 1982 to 200&hich means the engy loss of the
surfacewas higher in the lgahgned period thaduring the time ofthe Koldeway data
series. All trends are withithe standard deviations.

Tab. 4.21: Yearly means and rises oktlong-wave radiation in W/m?2

. max. min. initial . abs.
period mean year year risela .
mean mean value rise

emittedrad. 93-01 286.6r3.0 290.2 2000 282.6 1998 284.2 0.54 B

82-01 287.7r3.6 2949 1983 282.6 1998 289.2 -0.31 -2/5
counterrad. 93-01 250.8r4.0 254.8 1996 244.4 1998 250.3 0.1 .B

82-01 253.8r6.5 261.3 1990 244.4 1998 261.2 -0.64 -12.2

74-01 257.4r95 279.6 1974 2444 1998 269.8 -0.81 -21.9
LW-budget 93-01 -359r3.1 -29.7 1994 -40.2 1995 -33.9 -044 -35

82-01 -339r4.1 -28.8 1986 -40.2 1995 -28.0 -0.51 -9.7
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Fig. 4.29:Yearly means of the LW-radiation budget (1982 - 2001)

4.4.6 Radiation Budget

The surface radiation budget is the shartd long-wave energy exchange between the
earth and the atmosphere. It is consistinthefshort-wave and the long-wave radiation
budget (Eq. 2.9). Since this energy exchatales place duringhe whole year, the
radiation budget was referred to 365 days.

Tab.4.22: Average and extreme valuestbé radiation budget in W/m?2

. mean and absolute absolute
period o . o
standard deviation maximum minimum
Radiation budget 1993 - 2001 14r3.2 658.8 (23.6.2001) -103.2 (20.7.1998)
2001 1.7 658.8 (23.6.2001) -91.5 (22.5.2001)

During the investigation period a small gos average annual radiation budget of 1.4
r 3.2 W/mz2 could be determined (see Tab2%.Zhe monthly average values of the
radiation budget are represented in Eg@0. From September till April the monthly
average values drop down to the negativegea With a negativeadiation budget the
earth's surface looses eggrand cools down. The largestergy losses occur in the
coldest months of the yeawith -35.5 W/m? in January and with -35.9 W/m?2 in
February. This negative budget becomes baldmgain in the months of the polar day
by an increased short-wave radiation. Thghbst average value of the radiation budget
appears in July at about 97.2 W/m2. Théiaion budget lies in a positive range, when
the earth's surface absorbs more radiationggmibian it emitts or reflects and warms up
(LILJEQUIST und CEHAG 1994). It can be edt that the radiation budget has its
maximum in July, while the maximum of tigéobal radiation alredy appears in May -
June. This is directly connected witretdecreased albedo by the thaw. The reflected
radiation clearly decreasesaging from June, due to thegger absorptio of energy by
the surface.
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The long-wave budget reaches its minimum in July (see Fig. 4.30). From the
representation of the daily averages in Fig. 4.31 it becomes evident that the radiation
budget rises intensely with the thaw in trealy 2001. Since there is not any short-wave
radiation existant during thgolar night, the radiation budgetjuals the values of the
long-wave radiation budget during this tintlkee earth's surface is loosing energy.
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Fig. 4.31:Annual course of the radiation budget (daily means) for 2001

The short-wave energy gainalto the high sunshine dtican in April and May becomes
balanced again by longave energy losses of the samge.r@he daily valas of the total
balance vary arow the zero poinOnly in June theadiation budget riseslightly over the
50 W/m?2 limit. For Ny-Alesund, the most important energyrgef the year only took place
after the thaw. Within somewhat more than three months the surface absorbs more energy,
than emitted during ¢hremaining months.

The daily and yearly course of thediation budget is represented in the isopleth-
diagramm of Fig. 4.32. The maximum ofthverage radiation budget of > 175 W/m?
was reached between middle of June and middle of July in 2001, at noon, when the sun
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reaches its zenith. In the months of Jama July the radiation budget reaches its
minimum in the night hours, but does not fall under zero.
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Fig. 4.32:1sopleth-diagramm of the radiation budget for 2001 (in W/m?), time in UTC

The radiation budget in the Arctic is stroypgVariable. In order to represent this
variability, trend analyses were accomplidifer January and July as well as for the
entire seasons. The average values andislee of the regressm lines are shown in
Tab. 4.23 as well as in Appendix 4.4.6 Fig. 1 to Fig. 3.

Tab. 4.23:Seasonal means and rises of the radiation budget in W/m? (Mar. 1993 — Nov. 2001)

max. min. initial . abs.
mean year year rise/a X
mean mean value rise
winter -35.7r43 -274 1996 -43.0 2000 -33.6 -0.41 -3.8
spring -9.2r6.4 -3.2 1995 -154 1997 -35 -1.14 9.1
summer 721r227 89.6 1995 60.1 1994 76.4 0.88 -7.0
autumn -22.3r7.7 -13.1 2001 -28.0 1998 -249 0.53 4.2
January -36,5r7.7 -21.8 1996 -46.3 1995 -40.7 1.05 8.4
July 97.2r14.3 122.0 1993 76.3 1997 102.1 -0.99 -7)9
January (1974-2001) -37.2r7.8 -21.8 1996 -484 1983 -32.6 -0.18 -4.p
July (1974-2001) 110.7r16.6 139.1 1985 76.3 1997 129.0 -1.22 -32.9

The short-wave radiation budget missing in Jauary; thus the dhation budget is
corresponding with the long-wavadiation budget. Fdhe observation pexl a rise of the
radiation budget could be regigdrin January; which explaitise temperature rise at that
time (see Chapter 4.5). During the remainingteri months a slightse of the radiation
budget could be determined within the standard deviation. Large fluctuations of the
radiation budget arise in sumnure to differences of the solexposure. This leads to the
observation of a slightiecrease of the radat budget. A snilar trend is determined in
July. In autumn the slight ris# the radiatiorbudget is also reflecting the gradient of the
temperature.

Like already discussed for some radiag@nameters, the time series for the radiation
budget could also be extended for the months of January and July until 1974. The
average values and trend aepresented in Tab. 4.23 aslhas in Appendix 4.4.6 Fig.

4.5. In January a course wagatenined that was tending an opposite direction in the
period of 1974 - 2001. The rise ofettradiation budget by 1.05 W/m? during the
Koldewey data series 1993 - 2001 conflicithva slight decrease of 0.18 W/mz2 for the
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lengthened period of 1974 - 2001. In the seleatedth July of the total period of 1974

- 2001 the radiation budget decreases with W2@&? substantially more strongly than

in the selected month Jui®93 - 2001 with 0.99 W/m2. Non&f the trends for the
radiation budget in January, July and the seasons drop-out of the respective ranges of
the standard deviations. The radiatiomdget 2001 lies with 1.7 W/m2 only slightly
above the total mean of 1.4 W/m2. The g of the annual radiation budget to the
annual average for the observation period 1993 - 2001 is shown in Fig. 4.33. According
that, a variation of the radiation budgetveeen 6.2 W/m?2 (1995) und —2.9 W/m?2 (1997)
could be observed. In the years 1997, 1888 2000 a slightly mgative annual budget

from -3.4 to -0.7 W/m2 could be establish&the largest deviations of the total means
were registered with 4.8 W/m2 in 1996dawith 4.3 W/mz2 in 1997Based on an initial
value of 2.2 W/m2 the trend slightly fallsth 3.6 W/m2 in the observation period.

The annual average valuaes rises of the radiation buddet the Koldewey data series
(1993 - 2001) and for the ped of 1974 - 2001 are represehia Tab. 4.24. In the total
period of 1974 2001 the average annual average lies withrs671 W/m? clearly above
that of the Koldewey da series, but stillvithin the standard deation. The average values
vary between 15.9 W/m? and -2.9 W/m2. A @ase of the radiain budget can be also
observed in the lengthened period. This decred®a45 W/m? per yeds identical to the
decrease that was determined in the Kwiely-data series. When looking the average
annual radiation budgef the period 1974 - 200Which are represertden Fig. 4.34, it is
noticeable that the radian budget only drops uedzero in the lategears. Altogether, the
radiation budget only lies ia slightly negative range the years of 199 1997, 1998 and
2000.
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Tab. 4.24:Yearly means and rises thfe radiation budget in W/m?

max. min. initial . abs.
mean year year rise/a .
mean mean value rise
1993-2001 1.4r3.2 6.2 1995 -2.9 1997 2.23 -0.45 -3.6
1974-2001 5.7r6.1 15.9 1976 -2.9 1997 11.2 -0.45 -12.»
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4.5 Meteorology

4.5.1 Air Temperature

The air temperature in 2m standi@eight is to bevaluated for the Koldewey station in the
period from i January 1994 to $1December 2001. Table 4.25 shows the means,
standard devations and extrema for the olagEm period as well as for the year 2001.
For the latest mentioned period aaglg mean was determined of —5r16.8°C, which

like all meteorologic parameters was weighbetause of the change in the rhythm of
the measurements (13./14. Juli 1998), see Chapter 3.2.

Tab. 4.25 Means and extreme values of the temperature for 1994-2001 as well as for the year 2001

period meanz standard dev. abs. maximum abs. minimum
1994 - 2001 -5.1 r6.8°C. 18.2°C (18.7.1999) -35.4°C (13.2.1996
2001 -4.7 r6.9°C 15.0°C (9.8.2001) -28.9°C (2.4.2001)

According FGRLAND, et al. (199 in Ny-Alesund already meperatures were measured
below of —40°C (-42.2°C in Mah 1986). The monthimeans, standakvations as well
as the absolute maxima, and minima for Klbkdewey data seriegre shown in Fig. 4.35.
The coldest month W a mean of -13.T 6.3°C is February. Theninimal values of this
month lie around -35.4°C, andettmaximal temperatures ot exeed 5°C. The warmest
month is July with a meaof 5.3°C (Minimum: -1.3°C; M@mum: 18.2°C) on an average
standard deviation of 2.3°C. The maximalalues rise up over 16°during the warmest
months July and August, but dot reach 20°C (seed-i4.34). Buiven in these months it
IS not rare that the tempdures fall below the fezing point (HANSEN-BAUER et
al.1990).

In Ny-Alesund the maximal temperatures of July fluctuate between 9.5°C (1996) and
18.2°C (1999); the minimal luges lie between 2.8°C@R2) and -1.3°C (2000).
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The annual variation of thengperature in 2001 based on dailyerages is represented in
Fig. 4.36. Since the temperatureaftected by the position d¢fie sun, the diagram contains
the following phases: the twilig phases of the polar nigltite transitional phases from the
polar night to the polar day anaifn the polar day to the polaght, the polar day as well as
the zenit of the sun on 21 June.
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Fig. 4.36:Yearly course of the temperature for 2001

For the year 2001 the largest temperature Namg arise in March/Ajd as well as in
December. In these months very high temperature fluctuations up to 17°C could be
determined within only a fewours. These extreme variations of the temperatures can be
explained with the high zonemperature gradients. (seeapter 2.2), see HISDAL (1998).

In order to eliminate extreme weather attans a seven day running mean was used.
The annual average temperature of 2001 li¢ls wdi.7°C above the average temperature
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value (5.1°C) of in the entire observatiorripd. In comparison wittother years it is
noticeable that the winter temperatures were relatively mild in the period from 1999 to
2001.

The yearly and the diurnal variatioothe mean temperatiin Ny-Alesund during
the year 2001 are represented in Fig. 4.37. The typical yearly course of the
thermoisopleths in polar regions can be observed. From the diagram it can be noticed
that throughout the whole year the lowest temperature fluctuations appear in the daily
courses.
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Fig. 4.37: Thermoisopleth-diagram f&001 (temperature in °C)

This can be explained with the followingogesses: The winter days are usually clear

by the influence of cold air flows from rtbeast; the earth's surface emits heat (upward
longwave radiation). Warm air masses cdnoen the south cause the cloud formation
and reduce the loss of heat. In the summer the conditions nearly converted: With a
higher sun position the surface gets heatedeurtlear sky; sea-wind conditions are
developing, which cause therfoation of clouds likewiseThe cloud coverage reduces

the surface’s emittance (upward longwavdiation), in the night hours see HISDAL
(1998). Short effective irradiation (see Chaf@&) as well as turbaht mixing of larger

air layers by high wind velocities cause heathanges and decrease daily temperature
fluctuations (DWD 1987).

The biggest temperature changes do not arise during the course of the day, except from
extreme weather situations, but in the yearlyrse. Essentially this is due to the yearly
rhythm of the sun irthe polar latitudes. Theoldest mean tempesies 2001 were noted
about one month before the beginning of thiempday. From this itan be concluded that
the yearly variation othe air temperature islfiowing the sola altitude andtus the global
radiation. During th polar day the course thfe air temperature shows the form of a simple
wave (see Fig. 4.35). The maximum tempeganses about half a month after the sun’s
highest level. The mean temperature minusaally decreases abduto months after the
sun’s lowest position and later tharthe moderate latides (DWD 1987).

The seasonal average temperaturestt@demperature risedm December 1993 until
August 2002 are showm Tab. 4.26 andn the diagram (Apperxi 4.5.1 Fig. 3). The
seasonal values were calcuthtespectively from the monthimeans of three consecutive
months; beginning with the winter fromeBember to Februafgee Chapter 3.2.3).
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Tab. 4.26:seasonal means and rises of the temperat@ for Dec. 1993 — Aug. 2002; comparison of
the January and July values with the DNMI data series 1935 — 2000

mean  yiean Y mean Yo Vane (PR Gl
winter  -12.0r23 90  2000/01 -153 1998 -144 05 3.9
spring 86r11 -7.1  1994-99 -10.1 2001  -7.4 02  -1B
summer  40r06 45 1998 3.1 2000 35 01 08
autumn  -39r21 -06 2000 -7.1 1994  -6.3 05 37
January  -125r64 -84 2001 -184 1998 -1625 08 59
July 53r2.3 69 1998 46 1996 50 01 06
Jan (1935-00) -12.7r4.3 -3.4 1947 -22.4 1981 : -
July (1935-00) 49r0.8 6.2  1960/85 32 1947

max. mean — maximum average valoé). mean - minimum average value
initial value — initial value of the regression curve in 1994
rise — rise of the regression curve during the investigation period

In autumn and winter high rises of the temperature appear between 3.7 and 3.9°C for the
observation period. The variations betweesa $imallest and the largest average value
amount to 6.5°C in autumn and 6.3°C in wintercémtrast to that there is a temperature
drop of 1.9°C in spring witla deviation of the average values of 3°C. In summer the
temperature during the observation period myaiemains constant; a smaller rise can
be registered around 0.8°C.

The average values, standard deviations, maxima and minima of the temperature in
the month of January are shown in Appenli5.1 Fig. 1. For the investigation periods
12/1994 - 8/2002 (1935 -2000) the average dantemperatures amount to —12.5°C
(-12.6°C) with an average standard deviatiom@#°C (r4.2°C). Both values vary only
slightly from each other (see Tab. 4.26).

The coldest temperature, which was mead in January, was -32.5°C in the years of
1997/98, while on 19 January 1996 a temperature maximumd4of°C had been
registered. The trend analysising the linear regressionrfthe month January of the
investigation period results in a temperatuse of approximately 5°C with an initial
value of -16.3°C in 1994.

However, all mean value flu@tions in the montbanuary lie far over thrise, thus it can
not be indicated as a significant tempemtinend. The January val of the years 1996
and 1998 show particularlydh standard deviations 8.9°C andr9.2°C. Generally large
variations in temperature can téetermined duringhe winter months uihinto April in all
years (se€ig. 4.35).

Average values, standardvidgions, maxima and minima tie month July are shown in
Appendix 4.5.1 Fig. 2 and Tab. 4.2the mean standard deviation in July of the years 1994
- 2001 lies betweerr 1.5°C (2001) andr 2.8°C (1999); far undehe fluctuations from
January. In July a less cleaseiof the temperatures thanJanuary is reognizable. The
evaluation results in a tendentious rise of 1°C with an initalevof 5.0°C (1994).tH,
this rise lies below the smallest standard deviationh6°C (2001).

The temperature change of the annualayewvalues in relation to the total mean of
the Koldewey data series (1994 — 2001) is shown in Fig. 4.38. In 2001 the annual
average temperature lies 0.4°C above thd totan of -5.1°C of the Koldewey data
series (1994 — 2001). In this period a temperatise of 1.8°C occurred, with an initial
value of -1.0°C in 1994. However, this valoannot be called significant, since high
temperature variations arise in the relalyvshort observation ped (lowest average
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value: -0.8°C; highest avage value: 1.2°C). The annuaverage temperature even
decreased in the years between 1999 and 2001.
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Fig. 4.38:Variation of the yearly means of the teangture over the tatanean (1994 — 2001)

Tab. 4.27:Yearly means and rises of the temperature in °C

max. min. initial , abs.
mean year year rise/a .
mean mean value rise
1993-2001 -5.1r6.8 -3.9 1999 -5.9 1998 -6.1 0.22 1.54

According to the WMO, climatological standa (normals) are based on average values for
continious measuremenof 30-year peods: 1901 - 1930, 1931 1960, 1961 - 1990
(FORLAND et al. 1997). In ordeo estimate the determinéemperatures in Ny-Alesund
correctly, the computed mdiy average temperatures thie years 199— 2001 and the
WMO normals of 1931 - 1960 dri961 - 1990 were pinto comparisn. The normals of
1961 - 1990 and their standardvidéions are shown in Figt.39. The values of the row
1931 - 1960 lie witim the range ofthese standard dations. The monthly means of the 8-
yearly Koldewey data seriée above the WMO andard row 1961 — 99, except the May
values, but do not fall out of the standard deviation.

The deviations of the monthly average terajures of the Koldewey data series and the
normal data series 1931 - 1960 towards the Widfnals of 1961 - 1990 are represented in
Appendix 4.5.1, Fig. 4. In somerathe measurements in Nye8und deviate strongly from
the normals of 1961 — 1990 in winter and atkibginning of spring. The values of February
lie 1.8°C, of March 2.9°C and of November Z3Righer than the normals (see also Fig.
4.39). The coldest month is February intlé rows, whereby the WMO normal of 1961 -
1990 sinks under the 8-yearly February meath@fKoldewey data series. With exception
from June the series of measurements exhéleis in temperature in all months. In the months
of September and November until March teenperatures rose for more than 1°C in
comparison with the normalsf 1961 - 1990. The measured values compared with the
normals of 1931 - 1960 show smaller deviatitra81 compared with the normals of 1961 -
1990. The best correspondence of all three sefieseasurements can be observed in the
months May until August. In comparison with the normals of 1961 - 1990 the Koldewey data
series shows deviations from 0.2 to 0.5°Ghiese months. In all these rows the warmest
month is July.
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Fig.4.39: Long-term monthly means of the temperature in comparison: WMO-normals of 1931 - 1960,
1961 - 1990 (DNMI) and the Koldewey data series (1994 - 2001)

The temperature course ofetmormals of 1931 41960 lies over ts one that was
determined for th@ormals of 1961 - 199@-rom this it can be celuded that particularly
during the winter months and fihe transitional phases a dogl trend could be registered,
which however is not continued in the Koldswdata series durinpe 90'ies. In these
periods the Koldewey tiaseries clearly show a heatimg in comparison with the normals
of 1961 -1990. The normals 0B@1 - 1990 show a coolinjom -5.8°C to -6.3°C in
comparison with the normalsf 1931 - 1960. The annualverage temperature of the
Koldewey data series (1994@1) amounts to -5.1°C and liggereby around 0.7°C higher
than the reference ke of the normals 01931 - 1960 and around 1higher than the
refering value othe row 196% 1990.

Trend Analysis for 1935 — 2000

Thanks to the support of the DNMI a trend gs@l for the annual average temperature for
the period of 19352000 was possible. Since no contiasioneasuremenigere present for

the time before 1969, the paadli between 1935 and 1968 of ¢&§ Radio (78° 04' N; 13°

38' E) was homogenized and referred fdy-Alesund according to N@RDLI in
HANSSEN-BAUER et al. (1997). The temperaturtuga of Isfjord Radio, the data of the
ESRO station (78° 55l; 11° 53' E) from 1969 t&974 and the da of the Norwegian Polar
Institute (78° 55' N; 11° 56' E) from 1974 to 2000 for Ny-Alesund were composed to a
continuous data series.

The annual average values vary betwaeninimum value of -94°C in the year 1968
and a maximum value of -3.3°@ the year 1984. The avemgalue of this period of
-5.8 r 1.3°C is about 0.7°C lower than the aggr annual temperature of the Koldewey
data series. The rise of the annual avertageperatures of the Kaewey data series,
however, is not significant ithe comparison tthe DNMI data series (1935 — 2000).
Starting at an initial value of -5.6°@ee Fig. 4.40}he linear trend shasva decrease of
0.6°C from 1935 to 2000. This straight regres line however des not show the
fluctuations that arise duringease long periods. The trendtb& entire time se&s (global)

Is estimated by a regressiométion with an approximatioof the measuring points. In
order to approximate the neaggriodically changing dispersions of the measured values in
shorter periods and to represent a mean caodithe curve, differensmoothing procedures
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were used. FORLAND et al. (1997) used $amicalculations atomparable long time
series for Spitsbergen.
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Fig. 4.40:Annual means for 1935 — 2000 for Ny-Aied (dashed line: linear trend, bold line:
Friedmanns Super smoothing, thin line: Kernel-smoothing filter: 5)

A smoothing of the period can Ilbealized with a low-passlter, which suppresses brief

peak values and emphasizes medium-term tendencies better than the linear regression
(SCHONWIESE 2000). The thin line approximates wtie fluctuations of the
temperatures in tatively short period¢5-years) see Figt.40. Thereby iis to be noticed,

that in the middle of the 385 50'ies and 70'iesdal maxima, and in #40'ies, 60'ies and

80'ies local minima could bedad. A particularly strong decrsaof the trend was obvious

in the middle of the 60'ies; itis period also the smallemtnual average value of -9.4°C

was determined.

Also the bold curve exhibits periodioscillations in a nearly decadic rhythm.
Beginning with -4.8°C in the year 1935 the temperatures drop down in the 40ies and
rise again in the 50'ies up to a similar level of the 30'ies. After the decrease of the trend
to a minimum in the 60'ies a continuous gehe temperatures could be determined up
to the year 2000 interrupted lsjight temperature drops at the beginning of the 80's.
The temperatures of the 90'ies lie wittie range of the vaéis between 1935 and 1960
and clearly over the values between 1961 39@D, like it was akady pointed out in
sec. 4.5.1.2. HISDAL (1985) already refertedthese not unusual decadic changes of
the temperature trend since 1915.

These periodic temperature variations may be based on the different extend of the
Arctic oscillation (AO). There is a zyclohatream around the nbern polar cap in
about >2 km height. In wintdhis stream is strengthenbég the cold temperatures in
the hight between 17 and 40 km. This letmishe formation of a polar vortex. At a
strong development it causes a rise of thedwielocity close tdhe earth’s surface.
Through that, warm, humid air can be broughtSvalbard from the south (positive
phase). During a warming of the stratosphere over the northpole it may occur that this
stream breaks down and cold air anticyclonfibyvs down to Svalbard from the polar
basin (negative phase). These phases aleeinatinregular intervals reaching from a
few days to some months. But where tbhenomenon is watched over years and
decades, there is always oofkethe states dominating, which may explain the decadic
fluctuations of the temperaI(HISDAL 1985, LIPPSETT 2002, DORN 2002).
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4.5.2 Relative Humidity

The relative humidity is measured in a standa@ht of 2 m at # meteorological tower
(position 1, see Chapt&:1). Trend and vari@n of the relativenhumidity are evaluated
together with the temperature for the period frohddnuary 1994 to $1IDecember 2001
(VDI 3786/4). Followirg average values, standard dewiz and extreme values were
determined for the Koldewey dataries (1994-2001) as wab for the yeaR001 (see Tab.
4.28).

Tab. 4.28:Means and extreme values of the relative humidity for 1994-2001 as well as for the year 2001

Period mean/year meanz st. dev. /year ~maximum minimum
temperature  relative humidity
1994 -2001 -5.1°C 73.5r5.5%rr.H. 100 % r.H. 25.1 % r.H. (29.3.2000
2001 -4.7°C 73.6r6.0%r.H. 99.9% rH.  28.2%r.H.(29.12.2001)
10 100

temperature in T
relative humidity in % r.H.
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Fig. 4.41:Monthly mean — and extreme values of the relative humidity with standard deviations 2001

Monthly average values dhe relative humidity, the meperature and the dew point
temperature are shown in Fig.41. The smallest monthly enage values of the relative
humidity are determined with < 70 % r.H.taimperatures below —10°C from December to
April. The smallest monthly mean occurs Weth3 % r.H at a meaemperature of -10.2°C

in April. The small values of the humidity inettwinter can be resutty the ice coverage of
the sea associated with the continentality laynthe low absorptioof water vapour of the
cold air. The polar sea icehaeved its largestx@ansion in April. The highest monthly
average values > 77 % r.He at temperatures aboveClin the months June until
September.

The highest monthlaverage value ahe relative humdity occurs with81.9 % r.H. at
4.4°C in August. There is only small difference to the mawum temperature means with
5.3°C and 81.7 % r.H iduly..The monthly average valuekthe relativehumidity show,
alike the temperature, a simple wave overyter and lie between 67 and 82 % r.H. in the
yearly course. On the otherrfththe fluctuations of the mean temperature vary between -
13.1 and 5.3°C. Compared withetlyearly course of the anthly average temperature,
which already drops agn in August, the humidity shows a relatively constant maximum
until September. This can explained by the high evaporatioate of an ice-free sea,
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which has its largest expansitmthe north in September (see Chapter 2). In Fig. 4.41 it
becomes clear that the temperature and the pent temperature show similar courses.
The dew point difference (difference betwethe actual temperature and dew point
temperature) indicates the saturation of air wigtter vapour. From November to April this
difference is relatively high @ small humidity. In the monthgm June to August the dew
point temperature lies the range of 0 and 2.7°C.

In this range the formation of dew beginghé temperature of thearth's surface is under
the dew point temperature of the direct envirentnThe standard deMions of the average
monthly relative humidity shows a nearlpnstant range during éhyearly course of
r10.4% r.H. ¢2.3°C) in August tor14.3% r.H. {6.4°C) in December. Standard
deviations of the monthly average temperimre smallest in JUAugust with 2.3°C and
highest in March with 6.5°C. The high humidityJune can be caused by the thaw of the
snow cover and in July by the high water contdrthe soil as welhs by the high degree of
cloud coverage (Situs) , see Fig. 4.41.

The daily averages of thdatve humidityin the yearly course arshown in Fig. 4.42 for
2001. In the diagram the moshportant sun phases arepmesented for the relative
humidity similarly as in Fig4.36 (temperature variation ftine year 2001). The smallest
value of 28.2 % r.Hwas measured on ®®ecember of the exemplary year. The daily
averages vary between 41.8 and 100 % Thé maximum values of the mean relative
humidity could be observed with > 85 % r.HJuly and August 2004nd the lowest daily
means occurred with < 86 r.H in March and April(see Fig. 4.42 ; 4.43).
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Fig. 4.42:Yearly course of the relative humidity for 2001

The Isopleth-diagram shows the relative Idity in dependence of the monthly and
hourly means (see Fig. 4.43). Similarly to thetemperature (seed:i4.37) the biggest
changes of the relative humidity occur iretlgearly course. Dail fluctuations are
particularly remarkable in April with thegest relative humidity during the night hours
and in the late summer withe smallest values at noontim®uring the mornings in

% Measuring errors can occur at hair hygrometersawit ventilation. The rel. humidity appears at these
ones too low especially at higher temperatures resulting from strong solar radiation.
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summer the steam content of the deeper geréaincreases. Radiation, turbulence or
convection can decrease the humidity at nooatiWith less radiation, turbulence and
convection in the evening the humidity rissgain. The daily fluctuations are stronger
emphasized in summer than in winter. In March the smallest humidity values arise at
noontime.
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Fig. 4.43:1sopleth-diagram of the relative humidity for 2001

In this month the sea is mainly covered with and the evaporatiarite is very small.
Since in the noontime strengtteal turbulencesan occur, a biggetransport of water
vapour takes place into the heghlayers of the atosphere than it isvaporated at the
earth's surface. Under cloudgather conditions a distt diurnal variabn cannot develop
in the second transitional phase frone tholar day to polar night (LILJEQUIST and
CEHAG 1994). The yearly fluctuatig result mainly from the transpaiftwarm humid air
from the south andold dry air from the aritt basin or from Greenland.

The average values, maxima and minohdanuary of the year1994 — 2001 are shown
in Appendix 4.5.2 Fig. 1. The Jaary average values varytlveen 61.2 % r.H. (1994) and
72.5 % r.H. (2001). With excépn of 1996 in all of the yars some valuesccur < 44%
r.H.. The smallest relat humidity in Januargmounts to 31.3 % r.H. tb?January 2001).
In the years 1995 - 200haximum values of the relativeimidity reachd and surpassed
94 % r.H.. A slight increase dfie January average values @& tklative humidity of 5.8 %
r.H. could be registered in the Koldewey dsgdes. This however gsubstantiyy smaller
increase than the observed a#idn range of this month.

In July the rise ahe Koldewey data series is negligilleh 1.2 % r.H.. (Ilies within the
range of the indicatesheasuring deviation dhe equipment é&e Appendix 4.2 Fig. 2).) A
relative stability could also beoticed at the temperature July (see Apendix 4.5.1 Fig.
2). The July average valuestbe relative humidity varfrom 78 % (1997) to 86 % r.H.
(1998). In the years 19982000 minimum values of hudity occur < 42 % r.H.. The
smallest July value was retgred witt37.8 % r.H.on 2%' July 2000. In dlyears maximum
July values coudl be measured at > 96 % r.H..

Seasonal average valuesl dhe rise of the lative humidity fromDecember 1993 until
August 2002 are shown in Tab2@ (see Appendix 4.5.2 Fig..3h the observation period
small decreases of the relativemidity were determined froim2.4 to 67 % r.H. in winter
as well as from 71.5 % to 68.9 % r.H. in the rspriin the winter seas the rise in January
is exceeded by the decreasehaf values in the amths of December driFebruary. In this
time the average humidity varies betweer86d and 79.2 % r.H. lsummer and autumn
the relative humidity increaséy 4.6 and 6.1 %H., respectively. The differences between
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the smallest and hightemverage values amount10 % r.H. in sumer and 14.6 % r.H. in
autumn.

Tab. 4.29: Seasonal mean and rises of the relative Hiynin % r.H. for Dec. 1993 — Aug. 2002

mean max. year min. year initial fise/a a_bs.

mean mean value rise

winter 68.6 r4.7 79.2 1996 64.4 2000 72.4 -0.7 -5.4

spring 70.1r3.8 75.5 1994 63.3 1997 71.5 -0.3 -2.6

summer  81.0r3.3 85.2 1999 75.2 1997 78.4 0.5 4.6
autumn 74.7 r4.1 81.8 2000 67.2 1997 71.2 0.8 6.1
January 69.5r125 84.0 1996 61.2 1994 66.2 0.7 5.1
July 81.7r10.7 86.0 1998 78.0 1997 81.0 0.2 1.2

The annual average of 2001 lady very slightly (0.2 % r.H.over the totamean at 73.5%
r.H of the Koldewey data ses (1994 - 2001) see Fig. 4.44 and T4B0. During this
8-year period the humidity ses for 0.2 % r.H., which igils within the range of the
measuring deviation. With exgion of the year 1997 in i¢h a 4.9 % r.H. lower value
arises, the relative humidityek in all the years over 2 %Hr. over the total mean of
73.5 %r.H..

It can be establishedahboth, the temperature and thiemidity exhibit a relative
stability during the investigain period (see Fig. 4.38; 4.44).

For the comparison of the Koldewey dataies (1994 — 2001) the monthly means of
the standard- row 1931 - 1960 and their standaxdations as well as a data-row of the
DNMI of 1975 -1990 (FGRAND et al. 1997) was consulted (see Hgl5).

Tab. 4.30: Yearly means and rises of tredative humidity in % r.H.

mean max. mean  year min.mean year initial value rise
1993-2001 73.5r2.1 75.4 1999 68.6 1997 -0.11 0.21
3
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Fig. 4.38:Variation of the yearly means of the relative humidity over the total mean (1994 — 2001)

57



The average value of the normal row 1931960 is indicated with 79 % r.H.. The
highest monthly average values of 85 an®8V.H. arise between June and September.
From January to May the average valuethefnormals vary withithe range of 77 and
81 % r.H.. The months from Octobers to December are \cléaer with hunidity values
between 68 and 71 %+.. The standard deviation liestiveen 4 % (August) and 7 % r.H.
(December to February, April)fhe highest standard detvges arise dung the winter
months.

At the comparison of tHeNMI data series with the nornsabf 1931 - 1960 a decrease of
the relative humidity agdd be observed in the monthsrit January to September with up
to 4.3 % r.H. (in January). The values oé tANMI data series ligvithin the standard
deviations othe normal-rowof 1931 -1960.
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Fig. 4.45:Long-term monthly means of the relative humidity of the Koldewey data series (1994 - 2001) in
comparison with the WMO normals 1931 - 1960 and the DNMI data series 1975 - 1990 (FGRLAND et al.
1997)

In this time the Koldewey data serikss between 1.2 and 9.7 % r.H. (80.3 % r.H. in
September; 68.7 % r.H. in February) belive DNMI data series and between 4.7 and
10.7 % r.H. (80.3 % r.H. in September; 67.3 . in April) and below the normals of
1931 - 1960 (see Appendix 4.5.2 Fig. 4).

From January to August the monthly valoéshe Koldewey data ses drop out of the
ranges of the standard dewats of the normal of 1931 - 1960. A dist comparison of
these values is however difficult, since withthe time technicahnd climatic changes
appeared. Moreover local conditions andasuging rates are havell-known and the
standard deviations ¢dfie DNMI data series wergt available. Both compared data series
lie within the standard deviations of the Koldgwdata series. In thlmonths of October to
December higher humidity values were deteed using the DNMI da series up to 3.5 %
r.H. (74.5 % r.H in Omber) and usinghe Koldewey data serieg to 3.2 % r.H. (71.2 %
r.H. in November) compared with the normaisl931 - 1960. The caparison of the long-
time annual average values of the DNMI dsgéies in relation tthe normals of 1931 —
1960 shows a decrease of thatree humidity from 79 % r.Hto 77.8 % r.H The average
value of the Koldewey data series lies wig5 % r.H. clearly unddyoth referace values.

In the Appendix 4.5.2 Fig. 5 the measuringvideons and standd deviations are
recorded for the period 1994 — 2001, that resutturing the compans of the measuring
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values of the humidity sensorat the position 1(NE) and 2(SE) (see Chapter 3.1).
Measured values and standard deviations show good correlations. For the monthly
average values of the position 1 and 2 an average deviation of 0.9 % r.H. was
determined for the Koldewey data seriest Eamparison the standard deviation of the
normals of 1931 — 1960 was used.

4.5.3 Air Pressure

The air pressure at the Koldewey statiomisasured in the Blue House in 11 m above

the sea level (P). These values go directly into the data base and are evaluated for the
Koldewey data series (1994 — 2001) anel ¢ixamplary year 2001. In comparison with
other measurement series the air presgaiges are reduced to the sea levg). (P
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Fig. 4.46:Monthly mean - and extreme values of air presg&u 11m height above sea level and at sea
level (SL) for 1994 — 2001 and for the year 2001

Tab. 4.31:Means and extreme values of the air pressure in 11m above sea level for 1994 — 2001 and 2001

period mean meanz st. deviation maximum Minimum
sealevel 11 m above sea level
1994 - 2001 1009.7 1008.3r 3.6 1039.8 (9.4.1996) 956.4 (8.3.1997)
2001 1010.5 1009.1r5.1 1037.6 (25.3.2001) 966.6 (25.11.2001)

The central and extreme values of the a@spure for these periods are represented in
Tab. 4.31; an annual average air pressure of 100833@ hPa could be determined. On
o™ April 1996 a maximum air pressure value of 1039.8 hPa and"dviaBch 1997 a
minimum value of 956.4 hPa was recorded for the station height" Qariary 2002 a
new minimum value was measured of 945.36 hPa.

The monthly air pressure average valaed extrema in 11 m height and on sea level
(NN) for the Koldewey data series (1994001) and for 2001 are shown in Fig. 4.46.
For the Koldewey data series the highest average air pressure values were determined
for the months from April to June; thee labove the mean annual average value. The
highest monthly average lies May with 1015.18 hPa. In thesnonths also the longest
sunshine duration was recedl (see Chapter 4.2). The lowest average air pressure
values were observed with 1002.9 hPa &40684.0 hPa in January and February. The
smallest measured values vary between 960.7 hPa and 960.8 hPa in January and
February as well as between 988.3 hPa28&15 hPa in May and August, respectively.
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The maximum values lie between 1038Ba in April and 1026.2 hPa in August.
During the evaluation of the monthly meaihds noticeable that the extreme values
between May and August lie clasto the average valuesathin the remaining months.
Something similar can be observed in the y@@Asee also Fig. 4.46). An earlier rise of
the air pressure from Januao/March and an earlier decreasf the air pressure can be
recognized in October/November. The valdesiate strongest by 7.3 hPa and -8.8 hPa in
March and November from threspective monthly means of the Koldewey data series.
The air pressure is very variable in each month and in each year, therefore the daily
averages and extrema are to be examioethe year 2001 (see Fig. 4.47). The largest
deviations occur with eninimum of 12.8 hPa in 12January below of the daily average
and with a maximum of 14.3 hPa in"IBecember above the daily average.
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Fig. 4.47:Yearly course of the air pregsufor 2001 (11 m above sea level)

Pressure variations result from the shifthogh- and low pressurareas in irregular
periods. Regular changes can be observdledmaily variation of the air pressure. In
the polar regions these daily variations smbstantially smaller in comparison with the
equatorial regions. For Ny-Alesund the pressthanges are importg that result from
the shift of cyclones and anticyclones (DWD 1987).

The Isopleth-diagramm (isobar diagram) in Fig. 4.48 represents the daily and the
yearly variation of the air pressure of the year 2001. Here it can be recognized that the
biggest differences of pressure occur the course of the year, similar to the
temperature. Daily fluctuations have bedyserved only rarely in 2001. In the diagram
a similarity with the temperature giiadt in Fig. 4.37 could be established.
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Fig. 4.48.:1sopleth-diagram of the air pressure [hPa] in station height (11 above sea level) for 2001

According the study ahe related isobar maps (httaww.wetteronlne.de) and Fig. 4.47;
4.48 the following conclusionsan be drawn: Théaigh air presure of Feluary/March
leads to a temperatuasd humidity minima ofd-15°C andd65 % r.H. inthe year 2001.
This can be explained with th&nsport of cold aimasses from the arctic basin. An isobar
map which represents thispigal situation forl979 is shown in Apendix 4.5.3, Fig. 4.
This dry cool air is transported the back of a cyclone andled polar air out break. At the
end of October / at the begingiof November a cyclone expautover the North Atlantic,
which reached to Spitsbergdh.transported dry and cold air masses from Greenland to
Spitsbergen (see Fig. 4.49).

In the period of the thaw from mid tack of June the influence of warm maritime air
is recognizable (Appendix 4.5.3 Fig. 5). this time the humidity rises to 80 % r.H..
Also in winter such warm air mass trandptions towards Spitsbergen can be observed
quite frequently. They are possilthe reason of the winterrtgerature rise in the latest
years (see also HISDAL 1998UPFER and KUTTLER 1998).

With exception of the years 1997 an —

2000 the medium monly air pressure “o

= g 7=12-2000 14:16 UTC NOAA-14 IR

-

rose abovelO00 hPa in each month
January of the Koldeweyata series (see
Appendix 4.5.3 Fig. 1)in January 1998
the average Vae lie even about 1012.3
hPa. The lowest daary values were
measured with 996 hPa in 1995 and "
with 960.7 hPa in1997. The highest |8 ’
January maximum  values were \
registered in with 1029.2 hPa 1996 an(
with 1030.8 hPa irR001. The average
air pressure in January drops with
3.8hPa with an initial value of

1005.1hPa for the Koldey data series Fig. 4.49 Typical polar air out break over the

(1994 - 2001). The @vage air pressure northern polar sea (Infrared- satellite picture by
amounts to 1002.9 hPa for the montiNOAA-14 on Dec/7/2000)

January during thentired period.
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In July a rise of the average air pressure vatudstermined with 6.7 hPa which is based
on an initial value of 1005.2 hPa (1994) (fgmeendix 4.5.3, Fig. 2). The average air
pressure amounts to 1009 hPduty. In the years 1997, 1998)00 and 2001 the mean July
values of the air pressure lie with 1.4 to 5.5 hPa above this value. The highest maximum
value was measured with 1029.7 hPa in July 1997. The absolute July minimum could be
determined with 980.2 hPa in 1995.

The seasonal evaluatigisee Tab. 4.32 and Apperdi.5.3, Fig. 3) resulted in slight rises
in winter, springand summer between 1 and 3 hPa addaease of 4.2 laHn autumn in
the observation time. All trends (rises) for #easons as well as fire months of January
and July lie within the regtive standard deviations.

Tab. 4.32: Seasonal means and rises of the air pressurBa from Dec.1993 — Aug.2002 (11 m above
sea level)

mean max. year min. year initial rise/a a_b S-

mean mean value rise
winter 1002.7r4.5 1007.9 1998 996.4 1995 1002.0 0.1 1.0
spring 1011.8r3.1 10149 1996 1006.9 1994 1009.9 0.4 3/0
summer 1010.6r2.7 1015.2 1998 1007.2 1995 1009.5 0.2 16
autumn  1007.2r3.7 1012.7 2000 1003.6 1999 1009.8 -0.5 -42
January 1002.9r12.2 1030.8 2001 996.4 1997 1005.1 -0.5 -3(8
July 1009.0r7.1 10145 1997 1003.7 1994 1005.2 1.0 67

The changes of the annual averages for thprassure in statioheight are represented
in Fig. 4.50 and Tab. 4.32. The largest dewiatiith 3.8 hPa from the total mean could
be determined in the yed©98. This value was the ondnnual average value of the
Koldewey data series that was odesiof the standard deviation ¢8.6 hPa. In the
Koldewey data series a slightrise of 1.5 hPa could be s#yved. This rise also lies
within the standard deviation.

4 377

variation in hPa
o

0.93 - y=0.21x - 1.08
rise: 1.5 hPa -110

-2.39

mean 94-01 = 1008.31hPa

1994 1995 1996 1997 years 1998 1999 2000 2001
Fig. 4.50:Variation of the yearly means of the piressure over the total mean (1994 — 2001)

Tab. 4.33: Yearly means and rises of the air pressufePa for Ny-Alesund (11 above sea level)

mean max. mean year min.mean year initial value rise

1994 - 2001 1008.3r 1.9 1012.1 1998 1005.9 1994 1007.7 15
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In order to compare data series with eachrotine station values of the air pressure in
11 m above sea level have beeduced to the sea leveling the barometric height
equation (Eq. 2.13):

g .
P P ERT (4.3)

p - pressurep, _pressure at sea level, z — height above sea leve) [a,.81 m/s?,
T - temperature [K]R = 287,05 J kg K ~*(constant for dry air)

By the small height of the station ovee thea level the mean teenpture of the station
can be included into the equati The mean monthly air pressuedues related to sea level
are represented in Fig. 4.46agthed line). Accordm to that, the air gssure in station
height is approximatel§.5 hPa lower than the air pressaresea level. The mean annual
air pressure vakiincreases from 1008.3 hRa1009.7 hPa with theeduction to the sea
level. Thus is it only slightly higher thahe mean annual air pressure of the DNMI data
series (1975 1996) with 1009.2r 2.2 hPa and the norm&931 - 1960) with 1009.64.1
hPa. A significanteviation could nbbe recognized.

Fig. 4.51 shows the mean monthly valeéshe Koldewey data series for the air
pressure on sea level in comparison to the DNMI data series of 1975 - 1996 and to the
WMO normals of 1931 - 1960. For the estimatioriheff data the standard deviations of
the DNMI data series were used, sincesth were determined during a longer period
than those of the Koldewey data seriegggér deviations from the standard row are
particularly noticeable in December andhJary. The pressure of the Koldewey data
series is around 6 hPa higher in December than the comparable value of the normals for
December (1000.9 hPa). This December valub®iKoldewey data series however lies
within the standard deviations of the DNNhta series as well as the normals.

1030

Air Pressure

---¢-- normals (31-60)
— -o—-DNMI data (75-96)

1020 A —¥—Koldewey data (94-01)

1010 A

air pressure in hPa

1000 -

990

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
months

Fig. 4.51:Long-term monthly means of the air presdigea level) the Koldewey data series (1994-
2001) in comparison to the WMO normals of 1931 — 1960 and the DNMI data series 1975 — 1996
(FORLAND et al. 1997)
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4.5.4 Wind

The wind measurements are accomplishethé context of the BSRN since August
1993 at the meteorological tower in heights2 and 10 m. Since both, wind velocity
and wind direction at ground level are affectsdfriction and an uneven snow surface,
wind conditions in the standard height¥d m are regarded in this work. The polar-
coordinates diagram in Fig.52 and Tab. 4.34 show the shaoéshe wind direction,
the mean and the maximum wind velodity Ny-Alesund of the period 1994 - 2001
(wind velocity see also §i 4.53). Since the measuremenptdy started in the late
summer 1993, and thus no complete annualeciglgiven, the angsis starts in 31
January 1994. The prevailing wirtddrection in Spitsbergen isortheast to southeast.
The near-surface winds are affected bg tiegional relief conditions. These winds
appear especially along the vghlieand/or fjords from the iand to the coast. According
HANSSEN-BAUER et al.

(1990) this is caused by the N85 ms)
channel effect and by cold =]

catabatic winds that blow NW (5.4 mis) TS NE (1.7 mis)
towards the warmer sea.

In  Ny-Alesund the pre-
veiling winds come from east
to southeast direction. Due to
the location of the Kongs-
florden in NW-SE-direction
and the Kongsbreen in east
direction it cannot be exactly

differentiated from the repre- SW (2.8 m/s) ' T ~SE (4.2 mis)
sentatlo_n in F|g._4.52 whether percentage -

these winds originate of supra- | — - meanspeedinmis S (2.3 mis)

regional pressure differences, ®_max. speedin mis

catabatic glacier winds from Abb. 4.52:Wind conditions in 10 m hght for 1994 - 2001
the Kongsbreen or from both.

Tab. 4.34:Wind conditions in 10 m height

N NE E SE S SW W NW calmness data
percentage 44 23 186 306 64 11.0 10.3 12.3 1.8 2|3
avg. speed [m/s] 35 17 60 42 23 28 28 54 0
max. speed [m/s] 17.7 119 27.2 26.7 209 221 203 20.0 0

East and southeast winds usually have tbegin as catabatic winds and develop the
highest velocities. This windeesult from regional tengrature differences between
glaciers and sea where air masses over tn@eglare cooled down. Cold and heavy air
increases in velocity and it is transportedaods the warmer sea. This effect is even
strengthened by the chanalizing effectloé fjord. The east winds achieve the biggest
average velocity of 6 m/s (4 Beaufort)dathe highest maximal speed with 27.2 m/s
between 1994 and 2001, measured chNikdvember 1998 (10 Beaufort).

The earlier discribed observations of ihfluence of the Kongsbreen to Ny-Alesund
can be supported with the ewation of the Koldewey datseries (see Chapter 2.3).
Southeast winds dominate in Ny-Alesund mostly during the year. Only in the summer
months the east wind component of thengsbreen dominates (see Tab. 4.35). The two
main wind directions of the seasons areesented with their percentages and speeds in
Tab. 4.35. In the winter months Novemhaatil March the winds from east-southeast
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are very strong. Warm watertimnsported along the weastast of Spitzbergen towards
the north and a high temperatgmadient of the cold air masses can be registered in the
northeast.

The climate of Ny-Alesund is affectdry winds from northwest during the summer
months. The percentagé the northwest winds clearlydreases in April and reaches its
maximum in June. The position of the sunssaaltldays in April isabove the horizon and
warms up the land surface. Nowrfrdhe cold sea the winds flow direction inland. This
wind system is called land-seand. Cool, humid s&-air ascends and mtenses over the
warmer land surface. Actualtleep clouds and raare not rare during the summer months.
The average velocities of tleesea winds amount to 4.7 nfB Beaufort) and clearly lie
below those of the east winds with 8.9smh winter. Also during northwest-wind-
conditions the velocity (rose) rsep to 20 m/s (8 Beaufort).

In Ny-Alesund a constant wind directican be usually observemhly at speeds over
5 m/s (4 m/s in 2 m height)f the speed falls below thikvel, light winds from all
directions will appear. Amonghese winds are westerly &outherly winds from the
mountains Schetlig, Braggerfjdiiand Zeppelin, which barely Yxaan effecbn the climate
conditions in Ny-Alesund witlspeeds between 2 and 3 m/sBgaufort). Nevertheless, a
top speed was determined w2B.1 m/s (9 Beaufort) at wisdrom southwest direction.

These winds arise relatively constantidgrthe whole year. Ding the transitional
phases between polar night and polar day trege is slightly strengthened. In these
times the mountain-valley-winds may occur during the daily course.

Tab. 4.35:Seasonal wind conditions in 10 m height (in m/s) for the Koldewey data series (1994 — 2001)

94-01 winter spring summer Autumn January July year
prevail.direcion SE E SE E E NW SE E SE E SE E SE |E
percentage 39 20 36 16 23 19 32 16 40 25 44 25 31 |19
meanspeed 50 89 38 60 26 47 42 74 53 91 49 88 4.2 |6.0
max. speed 23.5 25.4 21.8 225 185 16.2 26.7 27.2 235 254 22.9 24.3 26.7| 27.2

Calmness only occurs in 1.8 % of the casesalimsses with a percantage of 2.3 % are
not considered in Fig.4.52. In Fig. 4.53 thenthly means of the average and maximum
wind velocity are in the height of 10 m ane thverage wind velocity in the height of 2
m. Thereby, the average wind velocities imzeight are 0.4 to 0.8 m/s less than in 10
m height due to the friction of the grourihe average speed amounts to 4.0 m/s in 10
m height in the period 1994 - 2001. During fuenmer months a cledecrease of wind
velocity has been determined. The maind velocities lie between 2.9 and 3.3 m/s (2
Beaufort) in this height from May to AugusThe average values of the months April
and September slightly liebave that with 3.5 and 3.4 m/Bpwever, they are already
assigned to the strength 3 in the Beaufedale. Likewise the medium speeds of the the
months October until March o@spond to the strength 3. &8e months with average
values between 4.4 and 5.3 m/s already belonigetaipper range of this Beaufort stage,
which covers speeds of 3.4 to 5.4 m/s. The speed in the summer lies with 7 - 8
Beaufort clearly below the winter values- Beaufort). Due to large fluctuations in
winter the values of the standard deviations are accordingly high; they reach values
between 3 and 4.2 m/s from September tailAf-rom May to July the standard
deviation continuously drops down to 2snahd then rises again until September.

65



12 30

L I T ————————.——
10 4 '--._._\‘ ’,”‘ \ + 25
9 1 -

o 8] 120

S

s 7

- |\ 1r 0 oA TTeee.Llll

Z 6| 115

k)

g 5+ - = _ - - _J_____\_-___ 4 _-__ |-+ e /,,

g — ]

S 44 // T 10
3 /
P N .- ——-L -—+5
1,
0 0

1 2 3 4 5 6 7 8 9 10 11 12
months ‘ in 2 m height in 10 m height ----- maximum |

Fig. 4.53: Maximum and mean wind speed and standard deviation in 10 m height, mean windspeed in
2 m height for the Koldewey data series (1994 —2001)
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As it is represented in Fig. 4.54 by the exanoplie year 2001, theeee large fluctuations
of the wind velocity during #gaannual course. In 2001 the age wind velody amounts to
4.1 m/s and lies only 0.1 m/s ovhe 8-yearly-meaftom 1994 to 2001. Waries between 1
and 12 m/s. A fast rise or dease of the wind velocitgccurs very frequently. These
increases not rarely happen even withinvatieurs. Particularly diurg polar night and the
transitional phases betn polar day angolar night it comes to reingthened @lctuations
of the wind velaity, which arises the meaturing these mes for about 1-2 m/s. Likewise,
the top speeds occur more frequently inéhpisases. In the ye@001 the highest wind
velocity was determinedith 22.4 m/s on ZiNovember.
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Tab. 4.36:Monthly wind conditions in 10 m height for 2001 (in m/s)

2001 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov_Dec year
prev.direction SE SE SE SE SE NW E E SE SE SE SE [SE
percentage 34 35 49 45 29 25 38 34 23 30 34 40 B1

meanspeed 52 47 38 33 40 48 2. 24 35 33 54 53 39
max. speed. 17.9 151 143 144 130 122 78. 12.2 138 143 169 194 1d4
temperature["Cl - g, 99 452 -137 -38 14 62 50 24 -39 -116 -86 |48
re"[o;‘)”r”m'ty 702 66.1 623 657 681 786 79.844 785 744 647 686 712

The monthly wind -, temperatex and humidity conditions fahe prevailing wind direction
are presented in Tab.8.3t is to be recognex that with exceptionf the summer months
also in the year 2001 the SEinds determine the weathzanditions inNy-Alesund.

[m/s]

35

Fig. 4.55a:Monthly wind conditions in 10 m height in January for 1994 — 2001
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Fig. 4.55b: Monthly wind conditions in 10 m height in July for 1994 — 2001
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Wind conditions in July 2001 differ fromhése in the observation period. The wind
velocities and wind direction for thenonths January and July 1994 - 2001 are
represented in Fig. 4.55. While in July 2G6#& east component is dominating, the wind

in July 1994 - 2001 mainly originates in southeast. The conditions in July 1994 - 2001
are quite similar to the conditions in January.

4.5.5 Snow Drift

Snow drift frequently occurs in the poleegions; it depends on the wind direction and
strongly on the wind vetaty. At velocities from 5-7 m/s ehprecipitation osnow and ice
particles from the groundrém 7 m/s) get blown up andrcad away by the wind. With
increasing wind velocity, thsize of the snow drift and theiensity rises awell. The range

of vision can drop to 5 - 10 nThe highest speeds are reattloy southeasind easterly
winds. Snowstorms hawestrongly erosive efte and often they pass for some days. The
snow that hasn't been

O Jan

blown away by these strong "

winds becomes hard like
stone (STONEHOUSE
1989, LILJEQUIST und
CEHAG 19943).

In Fig. 4.56 the propor- gy
tional distribution of the %
snow drift is shown for the

months September until B e
May. The data are based 7 msp WMy pa 1%

on the synoptic obser- B %
vations accomplished by Fig. 4.56:Appearance ofrow drift related on the number of
the Norwegian Polar- observations between 1994 and 2001

institut. Most frequently

snow drift arises with a peentage of altogether 83 % ihe months November until
March. In December and January their rate is with 20 and 19 % particularly high. The
drift is usually slight and occurs below thge level in 70 to 80 % of the cases. In the
months November until January in which the average wind velocities increase in both,
in 2 m and in 10 m height, the rate of gr@ow drift above the eylevel rises too. The
frequency of a strong snow drift is biggest in January.

H Feb
12%

4.6 The Daily Courses of the Radiatic and Meteorological Parameters

The daily courses of the rad@t - and meteorological parameters were already outlined on
the basis of the isopleth-diagrams. By the elarof two days in M 2002 the parameters
and their connections shduhow be analyzed exagtiThis concerns the $3Viay, a clear

day and 29 May, a cloudy day. Both gta lie in the time of tb polar day, when the sun
does not sink undehe horizon. On 25May the solar altitudées between 10° and 32°
and on 28 May approximately one degree higher.

There is no influence ondldirect radiation by the mountaiokthe Braggejéllet in the
evening hours. The sun reaclisshighest point at 11:03 Wrand its lowest point about
one hour before midnight (UTC). The most important radiation - and meteorology values
are shown in Tab..d7. On both days the albedo letween 75 and 83 % which means the
snow layer is still present. The values in #estion originate frorboth, the measured data
of the Koldewey statin and the synoptic obsations by the Norwegian Polar Institute.
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A documentation with photogpas by the webcamera of tEeppelin station for the two
daily courses (in 3-hourdgythm) is attached tAppendix 4.6 Fig. 5 - 20.

Tab. 4.37:Average - and extreme values as well as the differences of the average values for the Hays of 25
May and 28 May 2002

25" May 2002 29 May 2002 difference]
mean max min mean max min
temperature [°C] -0.6 r0.7 0.9 -4.0 2.2r0.7 4.9 0.8 2.8
relative humidity [% r.H.] 55.7r5.5 70.4 42.8 95.4r2.3 100.0 83.6 39.7
wind speed [m/s] 1.0r0.4 2.9 0.0 1.5r0.7 7.4 0.0 0.5
pressure in station height  1027.5r 1029.8 1026.3 1021.7r1.3 1023.1 10185 5.8
[hPa] 0.9
diffuse radiation [W/m?] = gg g 15 3 89.7  39.8 119.3r64.8 258.1 26.5 59.5
direkt-horizontal radiation 292.7r J
W/m] 1546 4908 614 0.0r0.9 2.3 0.0 292.
global radiation [W/m?] 3513,’5'2; 5759 1407 12061658 260.4 268  -232.8
.. 27411
reflex radiation [W/m2] 885 395.1 147.1 942r51.1 2015 21.9 -179.9
albedo [%] 82.7r12.1 1000 673 782rl11  80.9 74.8 4.
SW-budget [W/m?] 79.3r67.0 188.1 6.6 264r148  60.1 4.9 524
emitted radiation [W/m?] 297.1r7.6 307.7 2845 315.2r0.6 317.2 314.0 18.1
counter radiation [W/m?]  230.3r2.4 236.0 225.0 324.7r19 330.2 320.2 94 .4
LW-budget [W/m?] -66.819.2 529 791 95r16 135 5.0 764
net radiation budget 12.5158.6 109.6  -61.9 359r143 687 132 23.1

[(Wim?]

4.6.1 Clear Day: 25 May 2002

The 2% May is a day without any@lid coverage. The horizontal view was estimated with
over 50 km by the synoptic olvgations. The pressure in theight of thestation amounted

to 1027.5r 0.9 hPa; it decreased during the day fi®¥29.8 to 1026.3 hPa (from 1031.2
to 1028.0 hPa on sea level). SE-winds and westerlies reached their mean spsesil m
their maximal speed @t9 m/s. The dew poitémperature lies betwee 7.7 and - 10.7°C.

On a clear day in the early summer, as it is shown by the exampl& M&bthe sun
heats the surface. Still the air temperatur2 m height lies only on an average of —0.6
r 0.7°C. The global radiation on this day was with 358164.2 W/m? clearly higher
than on 29 May (see Appendix 4.6 Fig. 1). It varied however with the position of the
sun; which is shown by the dgaiVariation of the global radi@in and the relatively high
standard deviation. The relative global edin was at an average of 74 % and the
diffuse sky radiation amounteth@ut 19 % of theglobal radiation.

Further on this day a big part of the temt solar radiation ieflected due to the high
albedo, which lies at approximately 80%tire end of May. Thican be due to the
change of the upper snow layer that is melting during the day by the increased solar
radiation. The mean short-wavadiation budget lay at 79.867.0 W/m2 on 28 May
clearly above the value of the ®May. The courses of the air temperature and the
radiation budgets are represahin Fig. 4.57. The the netdiation budget can raise the
temperature in the daily cae; however, on this dayvtas about 2.8°C colder than on
the overcast day of #9May despite the higher solardiation. The cooler temperature
is also caused by an energy input intoghew melt. The long-wave energy balance is
more important for this day. With the supplf/short-wave energy sb the value of the
emitted radiation increased up to 307.7 W/whjle the counter radiation only varied
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slightly around the averagalue of 230.3 W/m? (see Appdrdt.6 Fig. 2). The counter
radiation was clearlgmaller than the emitted radiatidoe to the clear sky. The long-
wave energy loss corresponded to an average ofrédaBW/mz2. While the short-wave
energy gain of >50 W/mz2 laad only between 5 and 18 UTtbe long-wave energy loss
also continued at the "nightvith values > for 50 Wh? at lower sun positions.
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----- temperature
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Fig. 4.57:Daily courses of the temperaguand the radiation budgets or"28ay 2002 (minute

means)

The effective energy gain (net radiation bugigé this day was with 12.5 W/m? clearly
smaller than on 29 May, which was expressed inetHower temperature (see also
HISDAL 1998).

4.6.2 Overcast day: 39May 2002

On 29" May 2002 all three synoptic observatiaibited 8 eighths of coverage on the
day. A closed cloud cover dfie Stratus- und Stratocumulizsnily in 2 to 4 km height
indicated humid air neses. The relative humidity is about 95.2.3 % r.H in2 m height.

In the early morning hours a slight rain vegegermined. The horizontal view was estimated
at 20 km. The temperature lay at 2.2.7°C on 28 May which is 2.8°C above the value of
the 28" May. The pressure inatton heightdecreases from 1023.1 to1B)5 hPa (1024.5 -
1021.0 hPa on sea level) on ttay. The prevailingvinds in 10 m heightame from NE to
SE with average speeds of 1.5 m/s and reaekimum speeds of 7.4 m/s. The courses of
temperature and the radiation budgetsrepresented in Fig. 4.58.

On this day it cald not be registerechg direct solar radiatiorthe diffuse sky radiation
corresponded to 9% with the global radiation (see Appendix 4.6.R). Small deviations
could have been caused by measuring efftis.average value ofaldiffuse Ry radiation
was at 119.3 W/m2 and thetearly above the value from 23/ay. The global radiation
intensity amounted to aaverage of 23.5 % fro the extraterrestriabdiation. Between 9
and 16 UTC the global radiaticose over the 200 W/mz? limiThis can be&xplained with
the higher sun posith and the strongeradiation. The reflex radtion exhibits a similar
course as the global radiati@and lay in average about ¥&m?2 below the curve of the
global radiation. The albedoluas varied between 75 and @il During the rght hours the

70



global radiation dropped belo50 W/mz2, and therefore no meoalbedo vales could be
determined.
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Fig. 4.58: Daily courses of the tenperature and the radiation budgets'ai£02002

Due to the overcast on 29May the counter radiath increased by 94.4 W/m2 in
relation to 28 May. The emitted radiation on ®May was approximately 18 W/m2
higher than on 25 May. The values of the countsadiation were bigger on this day
than the values of the emitted radiationtlsat the long-wave radiation budget lay in a
slightly positive range (see Appendix 4.6 Fg. Therefore the net radiation budget and
the temperature increased ori"2@ay. In this case an advection of warm air could be
the reason for the raise of the temperatlire increase of the temperature at the night
cannot be explained with the availahlata of radiation, wind and humidity.
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5 Summary

The thinning of the ozone layer, a pb$si melting of polar icecaps, the polluted
atmosphere due to anthropogenic aeroaald greenhouse gases are only few actual
questions that are to be solved only wtlinternational cooperations. One of these
worldwide networks for the dettion of climate change ibe Baseline Surface Radiation
Network (BSRN). The German-French AWIPE\ctic Research Base in Ny-Alesund,
Spitsbergen (78°55’'N, 11°53'E), formerlylieal Koldewey Station belongs to the BSRN
network since 1992. It contains the meeesients of radiation and meteorologic
parameters by the Koldewey-Station and the sy-noptical observations by the Sverdrup-
Stationen of the Norwegian Polarinstitute.

This work is the first extensive analysisrafliation and meteorolagdata of the BSRN
station in Ny-Alesundor the time periodrom 1993 to 2002.

Spatial and temporal ahges of meteorologigcarameters such as air pressure, humidity,
temperature, wind andgwipitation as well as solar andresstric radiatiorare important for
climatologic questions and wather forecasts. The nessgs data arerecorded by
measurements and observations at the gréewred and up to the midle stratosphere by
launching of rawin- and ozensondes. These meteorologerameters are determined by
short- and long-termed charsgbecause of atmospheric pgeses; they depend on solar
radiation directly or indirectly which leads ¢baracteristic dailyrad annual courses.

For the archiving and processing of these tlaameteorological database of the Alfred-
Wegener-Institute ,MISAWI* (Meteorologal Information System of the AWI)
is used. The 5-minutes data recording sthileAugust 1992 (radiion data) and August
1993 (meteorological data) and ended iff 38ly 1998. Staing from July 14', 1998 the
measurements in the actual resulution ef ithstrument and th&ansmitting frequency
could be substantially increased by the esaiga new logging system, and starting from
this time average values per minute ardedo be stored. For the meteorological
parameters weighted average values wereddrhy the data rows of the 5- and 1-minute
means.

During the evaluation of theneasured values an error could be recognized with the
computation of the sun altitude within the dbatse. Therefore for the radiation data the
incorrect daily means were not used, veher weighting was not necessary for the
formation of the monthly and anal means. The data rowtbie observation period 1993

- 2001 for the radiation parameters andnfr 1994 to 2001 for the meteorological
parameters is called Koldewey row.

A good cooperation with the Norwegian Ruolatitute and the Norwegian Meteorologic
Institute (DNMI) made a compaon of data of the Koldeweayw with long yearly means
possible. For such a trend analysis the radiat&ta were made available for the period of
1974 to 1992 by Norwegian Ranstitut as well asthe WMO standals for the
meteorological parameters thie periods 1931 - 1960 ahf61 - 1990 for Ny-Alesund by
the DNMI. These long-time data rows are tomdition for seured statements about the
climatic development in Ny-Alesund.

The radiation in Ny-Alesund is determinbyg polar day, polanight and theransitional
phases with a day-night rhythin.the south of theillage the 554m high Z®elin Fjellet is
situated, that causegdalay of the direct salaadiation in spng and in fall its shade dar-
kens the village earlier. During this time thet radiation balance lies the positive range
and is controlled by the glabradiation. The global radiah depends on ésolar altitude
and on the coverage of the sky with clsuDuring the obsertian period the most
sunshine duration is occurred in Apdnd May. From Juneo September the
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coverage with low and mediumgh clouds exceeded 8@. In this timethe sky is mainly
covered with cloudfields of large horizon&attent (especially Stratus, Stratocumulus and
Altocumulus). In the range of March to June multiple reflexions occurred frequently
between the snow surface aheé clouds bottom, wth caused an increase of the global
radiation. A decreasef the global radiatin can be caused bynaispheric aerosols and
climatic relevangases, like Cg) originating from tle major industrial zones in North Ame-
rica, Europe and East AS@AWOROWSKI 1989, KLAUS999) (see . 5.1).

Aerosols of natural sources, like from the
volcano Mt. Pinatubo, we detected in the
Arctic even three years after its eruption in
1991 by HERBER et al. (1996). During the
months March and May the concentration of
aerosols is especiallyhigh in the Arctic .
atmosphere. This phenomenon is called Arctic
Haze and the possibility of appearance of
Arctic haze occurence is around 40 % during
these months. A slight but significant increase
of the aerosol content which can be examined
by the optical thickness of atmospheric
aerosols, was proved BYERBER, et al. (2002) Fig. 5.1: Entry of anthropogic aerosols
for the years between 1991 and 1999. Thiom the industrial centres of Europe,
increased aerosol content did not show aniorth America and Eastern Asia into the
changes in the mean values for global radiatiofirctic region (HERBER et al. 2002: 11)
during the observation time.

A significant figure for the radiation balancetie decrease of the reflex radiation and

of the related albedo determined by tm®ws melting processes in June. The yearly
mean for the albedo was calculated with 3%.9or the observation time. Characteristic
are the fast reduction of the albedo fromro&@ % down to 20 %ral less within just a

few days in June. The snow melt is maidgtermined by the radiation and the increa-
sing temperature over the 0 °C — mark. Shaftgr the snow melt the radiation balance
reaches its climax. The dense cloud coverage causes a higher downward longwave
radiation during the summer maist The long wave radiatidhat gets absorbed by the
clouds and reflected by the earth's surface léa@ds increase of the radiation balance
and thus the temperature (mat greenhouse effect). Neveetess, long wave energy
losses arise by radiant emittance during summer, in particular on clear days with
inversion weather conditions. During the longateview of the short wave radiation it

is further to note that the regarded periolll ifeo a phase of particularly strong solar
activity. An intensified luminasy of the sun, which occuig an 11-year rhythm, leads

to a reinforcement of the natural greenhoefect, which is additionally increased by

the entry of anthropogen emisss into the Arctic (ORVIG1970, FLIGGE und
SOLANKI 2002).

In winter the difference between warm airss@s from south and cold air masses from the
north influence the weather My-Alesund. Cold and dry air isansported to Spitsbergen
with high-pressure arsaoriginating from thegoolar sea. Due to thmissing Sun, the polar
night from end of October tillrel of Februar is characterisizbg energy loss. Dry air leads
to big radiation losses during the monthdDefcember and January, where the most clear
days and nights of the year occur.
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The loss of energy in winter is slightly lesn the energy gain in summer, so that the
yearly mean of the ergy budget is positive with 1,4 W/mR clearly liesunder the value
for the lengthened period beten 1976 and 2001 with 5,7 W/ increase of the short-
wave irradiation was detecteldiring the observation perioghich went along with a rise

of energy-loss and a rection of the radiatiobalance. The trend-analysis showed that the
decrease of the balance in the Koldewey-roegisal to the reductn of the bknce during
the years betweel974 and 2001.

During the polar night, the temperature Niy-Alesund showed fluctuations between

7 and -35 °C due to high pressurend demperature differences, while the summer
months showed pretty constant tempeeduaround 5 °C. The ydamean temperature

in Ny-Alesund is —5,1 °C, and 0,7 °C higher than the mean of the standard row 1961 —
1990, but 0,8 °C lower than the meantlué standard row 1931 — 1960. A significance

of this temperature trend was not foundeTtalance that decrsad during the years
1974 and 2001 cannot be the reason of the slight temperature rise. Possible causes for
the warming could be dynamic processedse lihe transport of warm air- and ocean
currents towards Spitsbergen or the Koragsfjthat stayed icefree for a longer time.
There could be found arspicuous temperatureei during the winter amths of the latest
years where the January mean valueemsed 5,9 °C during ¢hobservation time.
However, because of these higactuations in winter this isot a represeative figure.

Since the nineteen 2@ieegular changes of the temperatigndencies haveeen observed.
Already between 1915 and the midieteen 20ies angrease of the wintéemperatures of

8 °C was found. Especially wious are the decadical vations of the temperature
tendencies which can be llewed back until the nineen 30ies (HISDAL 1985,
FORLAND et al. 1997)According these evaaitions the temperate increased again
during the nineten 90ies.

These rhythmic temperature tendencies mayased on the different extend of the Arctic
oscillation (AO). There is a zymhal stream around the northgyolar cap in about >2 km
height. In winter this stream is strengthebgdhe cold temperatures in the hight between
17 and 40 km. This leads to the formatioragfolar vortex. At a strong development it
causes a rise of the wind velocity close to the surface. Through that, warm, humid air can
be brought to Svalbard from the sougpositive phase). With a warming of the
stratosphere over the northpole it may occat this stream breaks down and cold air
anticyclonally flows down to Svalbard fromime polar basin (negative phase). These
phases alternate in unregular intervals regclirom a few days to some months. But
when the phenomenon is watched over years gecades, there is always one of the
states dominating, which may explain thecadic fluctuations of the temperature.
(HISDAL 1985, LIPPSETT 2002, DORN 2002). This decadal variation of the phases of
the AO is standing in significant relationghwith the 11-year cyclus of high and low
intensity of solar activity (SCHULZ 2001).

The Kongsbreen (Kings Glaciep situated about 15 km edstsoutheast of the village
and has a big regional influem Air masses coaown over this huge glacier and cold
and fast katabatic winds blow down fromThrough the location of the Kongsfjord in
NW-SE direction these winds get canalisattlitionally. However the strongest winds
measured in the village originate directlprir the Kongsbreen in eastern direction. This
makes an exact measuremefit precipitation at standartlight in Ny-Alesund very
complicated. The yearly meanf precipitation was definedy the DNMI with 365 mm

for the WMO standards of the period betwebe years 1961 antP990. Most of the
precipetation is detected as snow in Mamlt &eptember. With the data evaluated there
could not be given an exact time for a nébaf a closed snowcover in September,
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because of the low amount of irradiatitom a dense cloud cover and the low solar
altitude.

An evaluation of the meteorologic and radatparameters in the observation period of
8 and 9 years is too short for a detailed climatologic analysis. Nevertheless, with the
help of historic data, there can be detected and obselivetologic tendencies.
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A4l Fig.1-12: Monthly light conditions in Ny-Alesund

A4.2. Fig. 1 Observed and astronomical sunshiheation for Ny-Alesund between
1993 and 2001

A4.3: Fig. 1 Frequency of the coverage: clear sky, low cloudl (@edium high

clouds (Gq) and high clouds (¢ as well as failtures and undefined sky
conditions for Ny-Alesund in the months March till October between
1993 and 2001

A 4.4.1: Fig. 1: Seasonal trends of the dirbadrizontal radiation between 3/1993 and
8/2001
A4.4.1: Fig. 2: July-mean and extreme values of the direct-horizontal radiation

between 1994 and 2001

A4.4.2. Fig. l: Seasonal trends of thifuse radiation between 3/1993 and 8/2001

A 4.4.3: Fig. 1 July-mean of the global radiation between 1993 and 2001

A4.4.3 Fig. 2 July-mean of the global radiation between 1974 and 2001

A4.4.3. Fig. 3: Seasonal trends oé thlobal radiation between 3/1993 and 8/2002

A 4.4.3: Fig. 4: Variations of the monthly means of the global radiation: Koldewey data

series 1993 - 2001 and NP data series 1974 — 1979/ 1981-1992 from the
WMO-normals 1931 - 1960

A4.4.3. Fig.5 Relative global radiation (ratio of recorded global radiation to
calculated extraterrestrical radiation) as a function of the relative
sunshine duration (ratio of observednshine duration to astronomical
sunshine duration)

A4.4.4: Fig.1l: Daily mean of the albedo for the Neumayer —Station (Antarctica) in
2001

A4.4.4. Fig. 2: 7-day running mean of the albedo between 21st Apr. - 23th Aug. of
1993 and 1997

A4.4.4: Fig.3: 7-day running mean of the albedo between 21st Apr. - 23th Aug. of
1998 and 2002

A4.4.4. Fig. 4. Monthly trends of the Bédo for May, June and July between 1993 and
2001

A4.45. Fig. 1: January- and July-mean of the long-wave radiation budget between
1993 and 2001

A4.45: Fig.2: Seasonal trends of tlhad-wave radiation budgétetween 12/1992 and
11/2001

A 4.45: Fig. 3: Variations of the annual means of the emitted long-wave radiation from
the 9-year-mean (1993 - 2001)

A 4.45: Fig. 4: Variations of the annualeans of the reflected long-wave radiation
from the 9-year-mean (1993 - 2001)

A 4.45; Fig.5: Annual means of the long-wave radiation between 1982 and 2001
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5-12:

Seasonal trends of the net radiation budget between 12/1992 and 11/2001
January-mean of thet radiation budget between 1993 and 2001
July-mean of the net radiation budget between 1993 and 2001
January-mean of thet radiation budget between 1974 and 2001
July-mean of the net radiation budget between 1974 and 2001

January-mean and extreme values of the air temperature between 1994
and 2001

July-mean and extreme values of the air temperature between 1994 and
2001

Seasonal trends of the air temperature between 12/1993 and 8/2002

Variations of the monthigeans of the air temperature: Koldewey data
series 1994 - 2001 and WMO-normals 1931 — 1960 from the WMO-
normals 1961 - 1990

January-mean and extrewsues of the relative humidity between
1994 and 2001

July-mean and extreme values of the relative humidity between 1994
and 2001

Seasonal trends of the relative humidity between 12/1993 and 8/2002

Variations of the mdiy means of the relative humidity:
Koldewey data series 1994 - 2001 and DNMI data series 1975 —
1990 from the WMO-normals 1931 - 1960

January-mean and extreme values of air pressure between 1994 and
2001 (11 m above sea level)

July-mean and extreméuwes of air pressure between 1994 and 2001
(11 m above sea level)

Seasonal trends of the air pressure (11 m above sea level) between
12/1993 and 8/2002

Cold polar air streams tows Svalbard between lows in the south and
a high over Greenland

An intense low with mild maritim air moves tossSvalbard

Daily trends of the air temperature and the shortwave radiation on 25th
of May 2002

Daily trends of the air temperature and the longwave radiation on 25th
of May 2002

Daily trends of the air temperature and the shortwave radiation on 29th
of May 2002

Daily trends of the air temperature and the longwave radiation on 29th
of May 2002

Picture documentation of the light- and weather conditions on 25th and
29th May 2002

80



A 2 Map — Brgggerhalvgya with Ny-Alesund
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A 3 Coordinates of the BSRN-Station

Positions of the BSRNi&tion and distances
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A 4.1 Monthly Light Conditions in Ny-Alesund
Pictures of the webcam of the Zeppelin-station

Fig. 1: January Hg. 2: February
Fig. 3: March FHg. 4: April
Fig. 5: May Fig. 6: June
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Fig. 7: July Fig. 8: August

Fig. 9: September Fig. 10: October

Fig. 11:November Fig. 12: December

Source: MISU, Zeppelin Stasjonen Ny-alend: http://www.misu.su.se/~baseline
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A 4.2 Sunshine Duration
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Fig.1: Observed and astronomical sunshine duration for Ny-Alesund 1993 — 2001

A 4.3 Cloud Ceiling

Fig. 1: Frequency of the coverage: clear sky, low cloud3, (@edium high clouds (@) and high clouds (¢

for Ny-Alesund for the months March till October betwd®93 and 2001 [For the differentiation of the cloud
types, every layer was seperated ihfodifferent classes (class 0: noatgéd clouds in the respective layer,
class 1-8: according the coverage eighths, class 9réalar no detection because of precipitation or fog )].
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A 4.4.1 Direct Radiation

Fig. 1: Seasonal trends of the direct-horizontal radiation between 3/1993 and 8/2001
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Fig. 2: July-mean of the direct, direct-horizontal — and diffuse radiation 1994 — 2001
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A 4.4.2 Diffuse Radiation
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Fig. 1: Seasonal trends of the diffuse radiation in a period of 3/1993 — 8/2001

A 4.4.3 Global Radiation
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Fig. 1: July-mean of the global radiation between 1993 and 2001
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Fig. 2: Seasonal trends of the global radiation between 3/1993 — 8/2002
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Fig. 3: Seasonal change of the global radiatiomfr1974 — 2001 (Norsk Polarinstitutt: 19441979/
1981 - 1992 and the Koldewey-data series 1992 — 2001)
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Fig. 4: Variations of the monthly means of the global radiation: Koldewey data series 1993 - 2001 and
NP data series 1974 — 1979/ 1981-1992 from the WMO-normals 1931 - 1960
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Fig. 5: Relative global radiation (ratio of recordegobal radiation to caldated extraterrestrical
radiation) as a function of the relative sunshiheation (ratio of observed sunshine duration to
astronomical sunshine duration)
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A 4.4.4 Albedo
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Fig. 1: Daily mean of the albedo for the Bteayer —Station (Antarctica) in 2001
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Fig. 3: 7-day running mean of the albedo between 21st Apr. - 23th Aug. of 1998 and 2002
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Fig. 4: Monthly trends of the Albedo for May, June and July between 1993 and 2001
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A 4.4.5 Long-wave Radiation
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Fig. 1: January- and July-mean of the long-wave radiation budget between 1993 and 2001
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Fig. 2: Seasonal trends of the longwave radiation budget between 12/1992 and 11/2001
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Fig. 3: Variations of the annual means of the emitted longwave radiation from the 9-year-mean (1993 - 2001)

N
|

E
=
£
[
80 :
= y=0.09x- 047
<] abs. rise: 0.8 Wm?
£21
e
c
Rl
®4 -
3
>

-6 -

60 9-year-mean:
250.8 £ 4.0 Winr?
-8
1993 1994 1995 199 years 1997 1998 1999 2000 2001

Fig. 4: Variations of the annual means of the reflected longwave radiation from the 9-year-mean (1993 -
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Long-wave Radiation: Annual Means 1982 - 2001
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Fig. 5: Annual means of the longwave radiation between 1982 and 2001

A 4.4.6 Net Radiation Budget
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Fig. 1: Seasonal trends of the net radiation budget between 12/1992 and 11/2001
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Fig. 2: January-mean of the net radiation budget between 1993 and 2001
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Fig. 3: July-mean of the net radiation budget between 1993 and 2001
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Fig. 4: January-mean of the net radiation budget between 1993 and 2001 (NP data series: 1974 - 1992;
Koldewey data series: 1993 - 2001)

Fig. 5: July-mean of the net radiation budget between 1993 and 2001 (NP data series: 1974 - 1992;
Koldewey data g@es; 1993-2001)
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A 4.5.1 Air Temperature

Fig. 1: January-mean and extreme values efdhl temperature between 1994 and 2001

Fig. 2: July-mean and extreme values of @iretemperature between 1994 and 2001
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Fig. 3: Seasonal trends of the air temperature between 12/1993 and 8/2002
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Fig. 4: Variations of the monthly means of the air temgture: Koldewey data series 1994 - 2001 and
WMO-normals 1931 — 1960 from the WMO-normals 1961 — 1990
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A 4.5.2 Relative Humidity
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Fig. 1. January-mean and extreme values of the relative humidity between 1994 and 2001
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Fig. 2: July-mean and extreme values of the relative humidity between 1994 and 2001
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Fig. 3: Seasonal trends of the relative humidity between 12/1993 and 8/2002
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Fig. 4: Variations of the monthly means of the relative humidity: Koldewey data series 1994 - 2001 and
DNMI data series 1975 — 1990 from the WMO-normals 1931 - 1960
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4.5.3 Air Pressure
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Fig. 1: January-mean and extreme values of air pressure between 1994 and 2001 (11 m above sea
level)
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Fig. 2: July-mean and extreme values of air presbeteveen 1994 and 2001 (11 m above sea level)
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Fig. 3: Seasonal trends of the air pressuranfldbove sea level) between 12/1993 and 8/2002

Fig. 4 Cold polar air skams towards Svalba Fig. 5: An intense low with mild maritim air moves
between lows in the south and a high ¢ towards Svalbard
Greenland
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4.6 Comparison of a clear and a cloudy day
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Fig. 1: Dally trends of the air temperature and the shortwave radiation on 25th of May 2002
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Fig. 2: Daily trends of the air temperature and the longwave radiation on 25th of May 2002
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Fig. 3: Daily trends of the air temperature and the shortwave radiation on 29th of May 2002
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Fig. 4: Daily trends of the air temperature and the longwave radiation on 29th of May 2009
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A 4.6 Picture Dokumentation for the Light Conditions on 28 and 29" May 2002

Fig. 5: 25" May 2002 at 00:03

Fig. 7: 25" May 2002 at 06:03

Fig. 9: 25" May 2002 at 12:03

Fig. 11: 25" May 2002 at 18:03

Fig. 6:29" May 2002 at 00:03

Fig. 829" May 2002 at 06:03

Fig. 10: 29" May 2002 at 12:03

Fig. 12: 29" May 2002 at 18:03

source: MISU, Zeppelin Stasjonen Ny-A8lad: http://www.misu.su.se/~baseline
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