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GLACIOLOGY (Photo: Webcam www.sonnblick.net)

Core area since the late 18903.

lmmediately surrounded by four glaciers. Climate monitoring, hydrological

cycles and glacial dynamics, supplemented by selected permafrost projects.

RADIATION AND ATMOSPHERIC PHYSICS (Cover, Photo: H. Scheer)

Main focus from the very start. The spectrum ranges from atmospheric optics to

radioactivity all the way to high-tech radiation measurement.

Printing Information:
Publisher: ZAMG, Hohe Warte 38, 1190 Wien
Editor: Bernhard Niedermoser and project leader; niedermoser@zamg.ac.at
Translated from the German by: Jeffrey McCabe

.___rm....._..-,_

m--__.._..-_-..w

-......._.___....-___-

fl...‘..



lndes of contents

Preface 2
A future-oriented,highalpineresearchcentrecelebratesits 125thbirthday 3
The Sonnblick Association 4
A newSonnblickbook 5
Meteorologyon theSonnblick:betweensolidmechanicsanddigitalsensors (Meteorology) 6
MeteorologicalRecords (Meteorology) 7
Sonnblick:worldrecordholderinmeasurements (ClimateChange) 8
A Tale ofTwoValleys (ClimateChange) 9
WAVES (lnnera/pineSynoptics8.AtmosphericAir lntermixture) 1O
VALIM (MeteoroloqL-Dispersion) 11
InternationalweatherwarningsystemMeteoAlarm (Synopticmeteorology) 12
GNSS-MET (Geodesy-Meteorology) 13
Calibrationof the isotopethermometervia precipitationat Sonnblick (Atmosphericphysics - Climate) 14
ARAD -Measuringchangesinthe radiationba_lanceintheAlps (Atmosphericphysics -Climate) 15
Long-termmeasurementsof totalozoneandhigh-resolutionspectralUV radiation (RadiationandOzone) 16
mrations at HoherSonnblickstationofAustria_nUV-B MonitoringNetwork (RadiationandOzone) 17
UVSkinRisk-HumanhealththreatenedbyUV-inducedskincancerina changingclimate 18
“Souvenirs”intheair as a resultof nuclearaccidents (Radioactivfl) 19
Austria’sEarlyWarningSystemforRadiation (RadioactivityandEarlyWarning) 20
BackgroundmeasurementsatSonnblick—respirabledustandtracegases (Atmosphericchemistry) 21
Chemical-physicalcharacteristicsofolderaerosolparticles(PM2.5) (Chemistry) 22
Monitoringmountainairwithhighaltitudeinstruments (Atmosphericchemistry) 23
Internationalcooperationto protecttheatmosphere (Atmosphericchemistry) 24
MONARPOP - PersistentOrganicPollutants:Sonnblickpa_rtof globalmonitoringplan 25
Whatis theroleof airmasstransportinatmospherictraceconstituentvariabilityat Sonnblick? 26
Calculationof sourcereceptormatricesformountainobseryatories (Long-distancetransport) 27
SnowChemistryon theSonnblick (Chemistry) 28
Glaciermonitoringon theSonnblick (Glaciology) 29
MeasuringIceThicknessintheSonnblickRegion (Glaciology) 30
U GLACIER (Glaciology-Hydrology) 31
MeasuringandMakingModelsofmeltrunoffof Goldbergkees (Glaciology) 32
AlpWaterScarce-ManagementstrategiestowardsindexingwatershortageintheAlps (Hydrology) 33
ProtectingdrinkingwaterbetweenCroatiaandSonnblick (Hydrochemistry) 34
Permafrostmeasurements (Permafrost) 35
PermaNet (Permafrost) 36
Permafrostin theHohenTauern (Permafrost) 37
Archivalstorageandsupervisionof thepermafrostzone (Permafrost) 38
EnhancinggeophysicalmonitoringatHohenSonnblicktodeterminepermafrostchange (Permafrost) 39
PERSON Permafrostmonitoringon theSonnblick (Permafrost) 40
AvalancheReportingStationSonnblick (SnowandAvalanche) 41
UV-deteriorationof ropesand loopsused inmountainsports (Alpinesafety) 42
Austria’shighestaltitudeLINUXcluster (Infrastructure) 43
AstronomyYear arriveson theSonnblick (An‘) 44
Iceopticson theSonnblick- theupside-downobservatory (Art) 45
TimeScans (Art) 46
Art profict “Weatherwhisk” (Art) 47



Preface

Climate and environmental research have gained enormously in significance over the last
few decades. This new thrust and heightened status are evident not only around the globe,
but also inside Austria. There are good reasons for this: climate change has a
disproportionate, nearly doubled impact on the Alps, compared to low lying regions.
Continually adjusting outer limits of weather extremes, repercussions on tourism and marked
alterations in flora and fauna are compounding adjuncts to this.

Precise and thoroughgoing research into the phenomena which occur and have an amplified
effect in the Alps necessitates well established scientific foundations and a well-oiled
accompanying framework. The questions being posed are highly complex and require tried-
and-tested cooperation of a wide range of professional expertise. In the process of this
interaction, impetus towards new fields of interdisciplinary research areas is ignited which, in
turn, launches and furthers constructive dialogue among a variety of disciplines.

At the Sonnblick Observatory, Europe’s highest altitude interdisciplinary research facility,
more than 40 different research projects are currently being pursued - simultaneously - in
highly confined spaces. The ongoing cooperation between diverse institutions is emblematic
of “lived interdisciplinary work” in the best sense of the word. The exchange of data via an
online network facility in the observatory, coordination of research projects and joint use of
the infrastructure at close quarters have been successfully implemented and practiced for
years.

National scientific and research policies which promise success entail preparing the answers
today to the questions of tomorrow. Only through a detailed understanding of causes can
specific and effective countermeasures be taken on an international stage. The key scientific
foundations enabling Austria to make its contribution to fulfilling the international climate
agreement are located right here.

The success story of this exposed, high altitude observatory in the heart of the Hohe Tauern
range is also the history of brilliant personalities, of visionary scientists who look far beyond
the horizon, of observers dedicated to the mountains and of a high degree of acceptance and
solidarity by the populations of the surrounding valleys. Nearly inconceivable - but true: this
work station of the extremes has been unattended only four days over the last 125 years.

The ZAMG as supervising operator of this facility and the Sonnblick Association as proprietor
of the observatory have together mastered countless challenges through a collaboration
sustained for more than a hundred years. The cooperation between the national and state
governments for the geological restoration of the summit facilities in 2007 was exemplary. Its
joint financing, which included contributions from individual sponsors, is living proof that the
Sonnblick is a embraced as a “national” treasure in every sense of the word.

I extend a vote of thanks to all employees and staff members and convey to them my very
best wishes for the successful pursuit of all future projects.
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Dr. Karlheinz Tochterle
National Minister for Science and Research



A future-oriented, high alpine research centre celebrates its 125th birthday

The Sonnblick is celebrating a major birthday this year. In our fast-moving age, it is difficult to
imagine that in the harsh, sometimes forbidding high alpine regions of the Main Alpine Ridge
an outpost of research has existed and been in constant operation for one hundred twenty-
five years. As if that weren’t enough, housed in a spiked building perched atop a mountain
summit, balanced above a steeply plummeting north face and an arduous ascent.

The scientific laurels for this grandiose anniversary will take place at the Convention on
“Climate Change in High Mountain Regions” in Salzburg at the end of August, which is being
organised through the efforts of the ZAMG weather service and the Sonnblick Association. It
will be followed by celebrations in Rauris and at the Sonnblick in a series of scientifically-
oriented events for the general public. A week later, the big Sonnblick parade will take place
in the town of Rauris.

The sweeping views from the age-old stone tower which dates back to 1886 and the
measurement devices which were installed directly adjacent to it demonstrate how tradition
and modernity can interweave fruitfully. Without such longstanding tradition, there would
never have been such a wide diversity of projects revolving around the theme of atmospheric
physics and environmental chemistry; and without the highly modern infrastructure, the
measurements of extremely rare trace elements would not be possible.

The history of the observatory is marked by a pioneering spirit at the cutting edge of technical
possibilities. As gold mining became ever more difficult, due to the advancing glacier in the
nineteenth century, it enabled mine owner Ignaz Rojacher to build and launch operations in
the observatory in the year 1886. The challenges at that historical juncture are comparable to
the adventurous spirit of an expedition to an 8,000-meter peak in the twentieth century.

The main objective from the outset was to obtain information from higher levels of the
atmosphere. At the time, measurements from high altitudes simply didn’t exist, and were thus
of enormous value to science. The costs and organisational burdens ever since the earliest
decades have been borne by the Sonnblick Association as a private sponsor, and by the
Central Institute for Meteorology and Geodynamics as a national institution.

The selfsame pioneer spirit which prevailed back then is equally necessary today if new
measurement processes in the often harsh conditions at 3,100 meters altitude are to be
tested and evaluated. Ice masses weighing many tons often lie atop the instruments,
buffeted by winds of over 180 km/h, whereas at lower altitudes a few centimeters of
lightweight snow is the only burden the instruments have to cope with.

Measurements which serve as a basis for global climate models can only be reliably
conducted in places which are far removed from locally-specific pollution. The Sonnblick is
highly suited to fulfil such pre-requisites, since industrial emissions are not to be found in the
vicinity, nor does local tourism affect the measurements. The volcanic eruption on Iceland in
2010 and the nuclear catastrophe in Japan amply demonstrate the significance of the
Sonnbluck as an emission-free, i.e. interference-free and influence-free, high alpine station
with regard to long—distance transport of substances for thousands of kilometers.

The observatory has gone through an enormous upward surge. It is hoped that this little
brochure will provide an overview of the diverse activities going on and show the reader just
how complex the questions and methods have become.

V7 6/ 4.4 MM

Univ.Prof.Dr.FranzSchausberger Prof.Dr.MichaelStaudinger Mag.BernhardNiedermoser
FormerGovernor Directorof CentralInstitutefor Directorof Sonnblick
ChairmanofSonnblickAssociation MeteorologyandGeodynamics Observatory



With the above statement,the first President of the
SonnblickAssociation,Albert von Obermayer,begins his
description of the construction of the meteorological
observationstationon the Sonnblick in the first annual
report of the Sonnblick
Association. Julius Hann,
Directorof the Royal and
Imperial Central Institute
for Meteorologyand Earth
Magnetism, was one of
the pioneers of this
research facility and an
initiator of the
observatory’s
construction.

However, without the
boundless energy and
zest for action of mine
owner Ignaz Rojacher of
Rauris,the scientificideas
would never have been
turned to reality. It was
also Rojacher, together
with his miners, who
safeguardedthe ongoing
operations of the
observatoryduring these
years.
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The responsibilityfor the I...“
ongoing maintenance of
the observatory was I
assumed by the Austrian
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Following the sudden passing of Rojacher in 1891,
however,the continuousmaintenancewas endangered
throughfinancialdifficulties.Inorderto place the futureof
the observatoryon a more sound financial footing,the
SonnblickAssociationwasestablishedin 1892.
The Austrian MeteorologicalSociety was supportedand
assisted in the maintenanceof the Sonnblickduringthat
era, then at a later date the Sonnblick Association
assumedgeneralresponsibilityentirely,whileat the same
time sponsoringthe scientific research activities in high
alpine regions in the special areas of expertise
MeteorologyandGeophysics.

Many scientists from a variety of disciplines took
advantageof the unique featureswhich distinguishthis
observatory. As a representativeexample for many
participants,Viktor Franz Hess, Nobel prize winner and
discovererof cosmicradiation,is citedhere.

Contact:
Wolfgang Schoner
General Secretary,Sonnblick Association
HoheWarte19
A-1191Vienna
Te|.:+43(1)36026-2290
Wolfgang.Schoener@zamg.ac.at

The maintenanceof theobservatorywas oftenat risk during
difficulttimes;onlythroughtheeffortsofdedicatedindividuals
couldtheobservatorybe savedand itsoperationsensured.

Photo:M.Staudinger

Subsequently,at the beginningof the 19805,theobservatory
was transformedinto a modernfacility.Energywas drawn
exclusivelyfromelectricity,thecablecarwasmodernisedand
the roomsfor observersand scientistswereenlarged.Thus,
the cornerstonefor a modern, high alpine environmental
stationwithoutparallelin Europe,withoutany localsourcesof
disturbance in the surroundings, was laid; and could
thenceforthbe utilisedbya widerangeof internationalgroups
engagedin scientificresearch.The financingfor the ongoing
operations of the observatory is borne by the National
Ministry for Science, Education and Culture, the Austrian
Academy of Sciences, the Central Institutefor Meteorology
and Geodynamics,the state governmentsof Salzburg and
Carinthia, and from Sonnblick Association donations and
dues.

Bernhard Niedermoser
Observatory Director, Sonnblick Association
Freisaalweg16.
A-5020Salzburg
Tel.:+43(662)626301-3624
niedermoser@zamg.ac.at



A new Sonnblick book

interest readers unfamiliarwith the language.

Objectives: The startingpoint for the new book was to
producea reissueof the Sonnblickhistorywrittenin 1986
on the occasion of its 100thanniversary.But we quickly
realized that it had to be more radically revised than
expected—the historyof the environmentalobservatory
over the last fewdecadeshadto be describedfor the first
time,butpartsconcerningthefirst100yearsalso hadto be
re-addressedinvariousways.

LaborfiberdenWolken
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E:RemhmdHohm»IngeborgAuer-WolfgangSchener

Contents: For the public science part of the book, we
wrote two new chapters on environmentalphysics and
environmentalchemistry — two of the focal points of
researchat the new“laboratoryin the clouds”.In addition
to that,threeheavilyrevisedand expandedchaptersdeal
with high alpine climate,climatechange,glacier research
andmonitoring.A “glimpsebeyondour horizon”placesthe
Sonnblick in context with other mountainobservatories
fromHochobirandJungfraujochto Pic du Midi,Ben Nevis,
MountWashingtonandothers.

For thehistoricalpartof thebook,newevidenceforthefirst
100 years of Sonnblick has come to light. This was
integrated into the already known history and then
extendedbya newchapteraboutthemostrecentdecades.
Inthis respect,the authorsreliedon theirownexperience
in the fieldof climateandglaciologicalresearchas well as
on their personalcontactsto otherpeople responsiblefor
the researchand the routineworkat Sonnblick.Thus, the
history is rounded out by stories, is interwovenwith
science, making the science more clear and
comprehensible.

The evaluationof Sonnblick-relatedresearch projects in
accordancewiththe basics of modernresearchcontrol is
partof a chapterwe called “projects—projects—projects”.

ZAMG-Dept.of Climate Research

The followingdiagram illustratesthat Sonnblick research
has been a success in that respectas well and that it has
developedimpressivelyoverrecentdecades.

80 publicationsperdecade
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Developmentof 125yearsofSonnblick-relatedresearchdepicted
throughno.ofpublicationsperdecade

Acknowledgements: The scientificexpertiseof the team
of authors was supportedby others in the helpful and
friendlyway which is typical for the Sonnblickcommunity.
This has bestowed upon the book a touch of peer
reviewing.Above all, we would like to thankStana Simic,
DietmarWagenbachand Anne Kasper-Gieblfor theirmajor
input.The illustrationsbenefitsubstantiallyfromhighquality
historicand modernphotos.We thank first and foremost
Gernot Weyss, Bernhard Hynek and Ludwig Rasser for
supplyingthem.
Last but not least,we gratefullyacknowledgethe financial
supportfromBMWF (theAustrianMinistryfor Science and
Research)andZAMG (theAustrianWeatherService),and
thepublisherfortheprofessionalexecution.

The book :
ISBN978-3-205-78723-5,
Bohlaupublishingcompany,Wien-Koln-Weimar,2011
17*24cm,380 pages, 155 monochromeand 62 colour
figures



Ever since 1886- for 125years - weatherwatcherson the
Sonnblick have kept meteorological records. The

illus.1:Cloudcamera(Photo:G.Weyss)

Frommechanical...todigital

Well into the 19803,wind directionsand velocitieswere
measured and recorded mechanically via a drum.
Subsequently, measuring technology advanced to
electronicmeasurementaccompaniedby corresponding
digital sensors, while still retaining the mechanical
registrationas a back-up.

Severalannexeshavebeenaddedto theobservatory,but
it is still fundamentallymappedoutaccordingto the same
blueprint as originally conceived by pioneer Ignaz
Rojacher.

Contact:
Hans Lindler, Friedl Wallner
Ludwig Rasser, Hias Daxbacher
Sonnblick Observatorium
A-5661Rauris
sonnblick@zamg.ac.at

Affixedto the northernside of the toweris the “WindowHut”,
where temperatureand humidityare recorded along the
same lines thatwere establishedmorethan 120years ago.
Precipitationfromsnowand rainare recordedby automated
scale systems on the northernand southernsides of the
summit.(illus.2)

Hours of sunshine and Global radiation
Since the19805,theplatformonthesouthernsideof thenew
building has housed the facilities measuring hours of
sunshine and global radiation.These data are measured
automatically and simultaneously, then recorded and
transmittedtoViennaandSalzburo.

V.n;

illus.3: Newwindtowerwithsonographicwindmeasurement
(Photo:G.Weyss)

Newmeasuring tower ensures undisturbedwindstream
The buildingson the summitof the Sonnblick themselves
cause aerodynamicturbulencesat ground level. For that
reason,a 20-metertall towerwas erectedin 1995.Eversince
then,windmeasurementshave been madefromthis perch,
since at a heightof 20 meters,thewindstreamis unimpeded.
Wind velocity and direction can thus be measured and
recorded without any ground level interference.

Roman Pachler
Central Institutefor Meteorologyand Geodynamics
Freisaalweg16
A-5020Salzburg
+43(662)626301
roman.pach|er@zamg.ac.at



Meteorological Records

adequateequipment risks grave frostbite.

Europe’s Oldest MountainObservatory:

built in 1886
HighestcontinuallyoperatedworkplaceinAustria
4 weatherwatchers
Schedule:15daysonduty,10daysoff(mind.2 staff
membersondutysimultaneously)

Meteorological Records on the Sonnblick

Temperature:
Absolutemaximum+15.0°C
(27.07.1983)
Absoluteminimum-37.4°C
(02.01.1905)

Averagemonthlytemperature:
Maximum+5.7°C (08/2003)
Minimum-21.1°C (02/1956)
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Contact:

Sonnblickobservatorium
5661Rauris
sonnblick@zamg.ac.at
www.sonnblick.net

Average annual temperature:
Maximum-4.2°C (2002)
Minimum-7.8°C (1909)

Precipitation:
Maximummonthlyaccumulation490mm(05/1962)

Snowpack :
Overalldepthmaximum1190cm (05/1944)

Wind :
Gusts201.6km/h(20.12.1993)
Dailyaverage
123.1km/h(34.2m/s)(17.01.1920)
117.4km/h(32.6m/s)(26.04.1948,16.04.1970)

Air pressure:
Maximum717.1hPa (17.09.1975)
Mimimum654.4hPa (26.02.1989)

Saharadust:appx.2 - 4 timesannually

? a
Photo:L.Rasser



8 Climate Change

Sonnblick: world record holder in measurements

Worldwide there exists no other research station on a mountain summit at an altitude above 3,000meters which has
measuredand documentedthe climate for such a long time.Since 1886,the observatory on the Sonnblick has served the
interests of climate science. That is a uniqueworld record,with no other station coming even close; furthermore,the site
at an altitude of 3,100 meters is far removed from cities, roads and factories, where measurements in the (as yet)

Just like everywhereelse on earth, it has also become
“warmer”on the Sonnblick: from about 65°C during a
typical year of the 19th centuryto currently-4.8°C. This
warming has been accompanied (and to some extent
caused) by ever increasing amounts of sunshine: 1,500
hoursof sunshinewere recordedin the years around1910;
nowadays,the average is 1,800sunshinehours.The year
2003brokeeveryrecordsince 1887,bringing2,164hoursof
sunshine.For mountainclimbers,this is a highlypleasant
“by-product”of theclimatechange.But it comesat a price:it
is “paid for” by double the numberof periloushigh alpine
thunderstorms.This rise in temperaturecombined with
increasing hours of sunshine brings about an ongoing
decrease of the percentage of snowfall in the overall
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precipitation,which at altitudes of approximately3,000
meters has declined from 95%to below 85%.This is no
cause for alarmamongbackcountryski tourersup at these
heights,butit is a developmentwhichhas significantimpact
on morelowlyingski areas. Inthe recentpast,in 2006,this
trend towardsdecline reachedthe third lowest percentual
amountof snowfallsinceweatherrecordingsbegan,namely,
79%. This drastic decrease in solid precipitationcan be
attributedto the lack of snowfallduringthe monthof July.
Weathersequencesusefulforclimateanalyses,recordedat
the Sonnblick and other stations in the Alps and its
surroundings, can be downloaded at
http://www.zamg.ac.at/histalp.
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Illus.1.Homogenizedclimaticsequences,individualmeasurementsand30-yearmeanattheSonnblick

Contact:
IngeborgAuer, Reinhard Béhm
Central Institutefor Meteorologyand Geodynamics
Departmentof Climate Research
HoheWarte38
A-1190Vienna
Tel.:+43(1)36026-2202(2203)
ingeborg.auer@zamg.ac.at,reinhard.boehm@zamg.ac.at



A Tale of Two Valleys

programme.

Objectives

0 Interdisciplinaryanalysesof climatechangein Rauris
(towninNationalPark,withSonnblickObservatory)and
Flattach(villageat footofMOIlta|Glacier)and its
potentialimpact,

0 In-depthinformationfrompopulationandstakeholders
on resultsfromclimateresearch,

0 Developingscenarioslinkedtopoliticalpolicymaking
andpopulationsof thetwotowns

. Surveyof attitudesonclimatechangeamongFlattach
andRaurisinhabitants

. Involvingyouthintheprojectinthecontextof Research/
EducationCooperationofMinistryof Economyand
Finance

Individualworkingstagesoftheproject:

. Gatheringandassessingall availabledatafromthe
regionintheareasof climatology,glaciology,ecology,
sociologyandeconomics

0 Obtainingnewdatathroughon-the-spotinvestigation
andsurveys,evaluationof satellitedata

0 Regionalclimateanalysisandqualitative/quantitative
findingsofweatherextremes

0 Analysisofglacierandrunoffbehaviour
0 Analysisof correlationsbetweenclimateandtourism
. Analysisof naturaldangers,changesin landscapeand
landusage

0 A summarypresentationof resultsin bookform

Illus.1:ThebookTwoAlpineValleysAmidstClimateChangewas
publishedasvolume11oftheseries“alpinespace—man&
environment”bythe innsbruckuniversitypress.

Contact:
IngeborgAuer
Central Institutefor Meteorologyand Geodynamics
Departmentof Climate Research
HoheWarte38
Tel.:+43(1)36026-2202
ingeborg.auer@zamg.ac.at

Method

Illus.2:ViewofmarkettownofRaurisfromRainberglooking
westwardstoKreuzboden,ReissrachkopfandHirschkopf1930(left)
und2007(right).Photocredit(H.Proske).
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Illus.3:Percentageofsnowtooverallprecipitation:amountsatthree
differentaltitudesintheHoheTauernregion,mid-20thcentury(blue),
aroundtheyear2000andprojectedfortheyear2100(computation
basedonregionaltemperaturescenarioA1Bandmodelsoflinks
betweensnowfallandaveragemonthlytemperature).



WAVES

Inneralpine Synoptics: The analysis of the interaction
betweenstronghigh-altitudewindsand valley floorwinds,
particularlywhensoutherlyfoehnwindconditionsprevail,is
a majorgoal ofWAVES. Of equal interest,however,is the
flat overflow,e.g. across the FraganterScharte,whichcan
comefromthenorthor fromthesouth.Fromtheanalysisof
all the collecteddata, it is hopedthat parameterscan be
developedwhichmake it easier for meteorologistson duty
to forecast breakoutsof foehn wind, in both time and
intensity and, whenever necessary, to issue warnings.
Thesequestionsareof enormoussignificancebothforsafe
cablecaroperationson the Sonnblickand, to a far greater
extent,for the issuance of precise stormwarningsalong
the Salzach Riverand in the lateralvalleys in thevicinityof
theTauernRange.

(MUSIC
Headofthevalley Klir andstationnetwork

Altitudes of intermixed layers: An additionalfocal point
of WAVES treatsthe exchangeof air additiviesand toxic
substancesbetweentheheadof thevalleyat KolmSaigurn
and the ridgeand summitareas.What is decisive for an
understandingof the backgroundmeasurementstations
such as theSonnblickObservatory,far removedfromlocal
and regionalsources of air additivesand pollutantsfrom
emissions, is knowledge of the origins of such
contaminantsand additives,as well as the mechanisms

Contact:
Michael Butschek
Central Institutefor Meteorologyand Geodynamics
InformationCentre,Salzburg and UpperAustria
Freisaalweg16
A—5020Salzburg
Tel.:++43(662)626301-3628
michael.butschek@zamg.ac.at

which lead to higheror loweratmosphericloading.Apart
from the long-distancetransport, the loading of toxic
substances in the atmospherein the mountainsis also
affectedby vertical intermixturein the atmosphere. The
WAVES projectendeavorsto elucidate and explain the
interaction between long-distance transport of toxic
substances and couplinginto local sources of pollutants
fromthe valleyfloor atmosphere.By meansof ceilometer
measurements,it is now possible to study in detail the
effectsof verticalintermixtureon thecontaminationandair
additiveson theSonnblickandtodevelopa method,based
on the measurements,to better see the effects of the
verticalstructureoftheatmosphere.
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Ceilometer(Jenoptik/DWD)atvalleystation,withmeasurements

Ceilometer measurement:Over a periodextendingfrom
July to September 2009 the DWD ceilometer pictured
abovewas in operationat thefootof theSonnblickin Kolm
Saigurn. It measures the backscatteringof aerosols and
droplets in accordancewith the LlDAR principle,i.e. via
laser. Fromthe measurementdata,aerosolprofiles,cloud
layers, borderline layers and intermixedlayer altitudes,
together with vertical visibility or cloud cover, can be
derived.Up to 15,000metersabovegroundlevel, several
cloudlayerscan bedetected.



VALIM

Regional Development.

In order to studywithgreaterprecisionthe air exchange
between valley and mountain summit, the existing

l||us.1:Installationon FraganterScharte,2750m

For this project,whichwas conductedfrom2005to 2007,
immision measurementswere taken in the state of
Salzburg. Based on these measurementsand the new
VALIM stations, the questionof long-distancetransport
betweenBellunoand Sonnblickcould be analysed,while
at the same timesmall-areaconditionsof toxicsubstance
exchangewere examinedin greater Belluno and at the
headof thevalleyof Rauris.

Three of the most importantresults:
a) On three days duringthe periodof immissionsin
autumn 2006, the trajectoriesfrom greater Belluno
reached the Sonnblick region. Due to foehn wind
activity, these air masses were mixed into the
atmosphereas faras KolmSaigurn.

b) Based on possiblelong—distancetransportbetween
the starting zone of Belluno and the Sonnblick,
accompaniedby simultaneousfoehn winds in Rauris
valley, it is beinganalysedwhethera couplingup with
the valleyatmospherein the Piave valley near Belluno
was at all possible at this time. It became evident in
these cases that the valley atmospherehad detached
itself due to the distinctweather inversions.For that
reason, a long-distancetransportof toxic substances
from the valley atmosphere of Belluno on the
southwesterly,highaltitudeair currentin thedirectionof
theSonnblickis improbable.

Contact:

Freisaalweg16
A-5020Salzburg
Tel.:+43662-626301
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A distinct mechanismoperative in the amounts of
condensationnuclei on the Sonnblick summit could be
identified.When twowarmfrontsarrive in a regionat the
same moment,a significantmaximumof condensation
nuclei is registeredfor a shorttime.Overall,theseare the
highest measurementsduring a six-week measurement
phase. The most likely explanationis that in the frontal
zone of the warm front, sources near the ground are
“tapped into” which then provide record-breaking
immissionvalues on the Sonnblick.This “absorption”into
the frontalzone probablyoccurs 12to 24 hoursbeforethe
warmfrontreachesthe Sonnblick.Based on the direction
of thewarmfrontair flow,startingzones in Germany,and
even in France,are possible.
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tic meteorolo-

Extremeweatheroccurrencesinthemountainscanturnout
to be extremelydramatic.Afterall, mountainclimbers
perforceexposethemselvestoweatherrisksandanyerror
inassessingweatherconditionscanbefatal.Thesamerisk
appliesto projectparticipantsandresearchersactivelyat
work outsidethe observatory.Thunderstorms,heavy
snowfall,stormwindsandavalanchesinopenterrainare
objectiveperilswhichoftenrenderresearchinopenterrain
impossible.

meteoalarm

Ema.'1'-w'mmay
||lus.2.Roadclosureduetoavalanchedanger

Contact:
MichaelStaudinger
CentralInstituteforMeteorologyandGeodynamics
HoheWarte38
A1190Vienna
Tel+43(1)36026- 2001
m.staudinger@zamg.ac.at
www.meteoalarm.eu

At thesametime,importantmeasurementsareconductedin
theimmediatevicinityoftheSonnblickwhichareindispensable
forNowcasting,i.e.theshort-termweatherforecast:

Windspeeds,precipitationrate,directobservationsofweather
componentsbyobserversareavailableonlyata fewlocations
in highalpineregions.Thesemeasurementsattainan even
greatersignificancethroughthe fact thatongoing,direct
controlofthesensorsbyexperttechniciansenablesthemto
correctpotentialerrorsinsensormeasurementimmediately.

r _'65,..
Illus.3:Windmeasurementtoweraridlobalradiationunitfollowing
anightofwhitefrost(Photo:H.Lindler)



GNSS-MET

Method

GNSSMETwaslaunchedin autumn2006 andformally
terminatedin spring2008.Theprojectzonein Carinthia
wascoveredby8 permanentlyinstalledGPS/GLONASS
referencestationsof KELAG(seeillus.1),ofwhichthe
SonnblickObservatorywasthehighestaltitudenational
station.
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l||us.1:GNSSStationnetworkincl.Kolm-Saigurn
,

TheGNSSobservationaldatais ongoinglytransmittedto
theTechnicalUniversityof Viennaandfed throughan
hourlynetworksolutionfor evaluation.The integral,
vertical,troposphericsignaldelayis usedas a parameter,
apartfromthe stationcoordinates.Withthe help of
measurementsfromnearbyTAWESstations,themoisture
delaypercentagecanbedistinguishedfromthehydrostatic
percentage.

||lus.2:Moist,verticalsignaldelayfromallnetworkstations(24.2.-
1.3.2008)

Contact:
RobertWeber
TUVienna,InstituteforGeodesyandGeophysics
Gusshausstrasse27—29/1281
A-1040Vienna
Tel:+43(01)58801—12865
robert.weber@tuwien.ac.at

Themethoddevelopedin GNSSMETis currentlybeing
appliedfortheefficientdataprocessingofapproximately
40GNSSstationsscatteredthroughoutAustria.

ForGNSSMET,thefollowingwasachieved:

. Determiningthemoisturepercentageof thesignal
zenithdelayfor8 Carinthianstationsinalpineterrain
and for surroundingdata pointswitha temporal
resolutionof one houranda spatialresolutionof
approximately50km.

0 Thehydrostaticreductionwasautomaticallyreflected
withthe help of measurementstatisticsof the
meteorologicalnetworkTAWES.

. The computationof parameterstransformedto
precipitablewater(PW)witha precisionof+/-1mm-
1.5mm.

. The assimilationintotheNowcastSystemINCAof
PW parametersestimatedby theZAMGfortesting
purposesbymeansof a distance—relatedweighting
functiondevelopedspecificallyforthisproject.

0 A highdegreeof correlationof theGNSS-corrected
moistureprofileswiththe resultsof radioprobe
measurementswasdemonstratedandverified.

o Itwasshownthatthe improvementsin the INCA
moistureprofilethroughGNSS correctionscouldbe
observed,sampledinsummertimeingeneraldueto
highermoisturecontentof the troposphere(which
validatedtheconditionsofGNSSparameters)andat
othertimeswhenweatherfrontsweretraversingthe
region.

0 Itwasshownthattraversingweatherfrontscanbe
betteranalysedwithGNSS data,sincesuchdata
includedmoisturechangesin thefreeatmosphere,
whereasgroundlevelstationdata undercertain
circumstancesreactsto changingair massesonly
withdelay.Heavyprecipitationcouldtherebybe
forecast with assurance and geographically
delineatedtoafargreaterextent.



termsofpasttemperaturechanges.

Background

Forphysicalreasons,thereis a basiclinkbetweenthe
propertiesofstablewaterisotopesinprecipitationandthe
temperatureunderwhichthe precipitationhas been
formed.Ineffect,thisphenomenonallowsforinferringpast
temperaturechangesfromwellpreservedwatersamples,
as is widelyusedin polarice corestudies.However,
applicationof thistoolis ultimatelymuchmorecomplex
whendealingwithAlpineicecoresbecausetheycover
onlyourcurrentHolocene,a climateperiodmarkedbya
relativelysubduedtemperaturevariability.Forthatreason,
a faithfulcalibrationof theisotopethermometermeritsa
systematicstudywhichcoverstheentirerangeof high
alpineprecipitationoccurrences.

0‘ Sonnblick
Precipitationsamples
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Fig.1:Airtemperaturevs.relativeisotopecontentinsinglefresh
snowsamples

Contact:
DietmarWagenbach
InstituteforEnvironmentalPhysics
UniversityofHeidelberg
ImNeuenheimerFeld229
D-69120Heidelberg
Tel.+49(6221)546310
Dietmar.Wagenbach@iup.uni—heidelberg.de

Methodsandobjectives

FreshsnowisregularlysampledatSonnblick;subsequentlyit
is classified,andanalysedattheInstitutefi'JrEnvironmental
Physicsforstableoxygenandhydrogenisotopes.As regards
theindividualweathersituation,thevaryingsensitivityofthe
isotopechangesto thecondensationtemperaturecan be
studiedsoastobeappliedfortemperaturereconstructionof
alpinepaleo-precipitation(see isotoperecordsfromcold,
alpineglacierswithinthe, ZAMGco-ordinated,EU-Project
ALP-IMP).Fig.1 and Fig.12 illustratethe empirical
relationshipsbetweenairtemperatureandthe18O/160ratio
obtainedfromindividualfreshsnowoccurrencesandmonthly
averageddata,respectively.Inthiscontext,considerable
progressisexpectedfromwatervapourrecordsobtainedby
quasi—continuoussampling;orevenbyinsituanalysesofthe
vapourisotopecontentvia a novellaser spectrometry
method.

01 Sonnblick
‘ Precipitationisotopes
.i:l. Cth

2'93,th

5‘80[%o]

' . . I .m
'12- j .12
14' [ 1'""l M. ~ .16

7'A .m- .U-18_ 2. 722
-2o- .24

726
j 72%.

‘24 l j i I l l 1 l l I F l ’3“JanFebMarAprMayJunJulAugSepOctNovDec

Fig.2:Seasonalairtemperaturepattern(redlinein°C)vs.relative
isotopecontentofmonthlyprecipitationsamples

WolfgangSchoner
CentreforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38
A-1190Vienna
+43(1)36026-2290
wolfgang.schoener@zamg.ac.at



timespansofthechangesintheradiationbalance.

Measurements

OntheSonnblick,allcomponentsoftheradiationbalance
of the atmospherehavebeenmeasuredsince2010.
Thesecomponentsincludethefollowing:

- directradiationofthesun
- diffuseskyradiation(straylight)
- radiationreflectedfromtheearth’ssurface
- thelongwaveheatradiationstemmingfrominside

theearth
- thelongwaveheatradiationreachingtheearth

fromtheatmosphere

For radiationmeasurements,highprecisionsensorsare
usedinaccordancewithinternationalguidelines(Baseline
Surface RadiationNetworkBSRN). Throughsuch
measurements,theso-calledgreenhouseeffectis also
measured,althoughthereisnodirectdistinctionwhichcan
bemadebetweenthegreenhouseeffectcausedbypeople
and thatwhichoccursnaturally.Onlyafterthemodel
calculationsandotheratmosphericmeasurementsonthe
Sonnblickaredrawnintothecompilationcan cluesbe
pinpointed.

Illus.1:Measuringinstrumentforrecordingpercentagesofdirect
andscattered,i.e.diffuse,solarradiation(Photo:Niedermoser)

BackgroundandObjectives
Whereasotherprojectson the Sonnblickmeasurethe
naturalandanthropogenicinfluences(aerosols,gases)on
theradiationbalance,ARADmeasurestheeffectsofthese
influencesontheradiationbalance.TheSonnblickcanlook
backona longandinternationallyhighlyrespectedtradition
withregardto thespecializedareaof radiationresearch.
IngeDirmhirnand Franz Saubererhave carriedout
outstandingworkprojectsontheradiationclimateinhigh

Contact:
MarcOlefs,WolfgangSchoner
CentralInstituteforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38
A-1190Vienna
Tel.:+43(1)36026-2233(2290)
marc.o|efs@zamg.ac.at,wolfgang.schoener@zamg.ac.at

alpineregions.Thistraditionwassubsequentlyfollowedup
onlytoa certainextent.ARADwouldliketotieintothislong
traditionand at thesametimemakea majorcontribution
towardsdeepeningourunderstandingof theearth’sclimate
systemand the influenceshumankindexerciseson the
climate.
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Illus.2:Timescaleofglobalradiation(=direct+ scatteredsolar
radiation)inViennaatHoheWarte.Thebluelinedepictstheeffectof
globaldimming,theredlineofglobalbrightening.

GlobalDimmingandGlobalBrightening

Apartfromtheeffectsofgreenhousegasesonlong-termheat
radiation,theinfluenceofaerosolsonsolarradiationisalsoan
aspectof particularinterest.Due to a varietyof human
activities,particularlythe percentageof sulphatein the
atmosphererosedrasticallyuntilthe19803.Acidrainandthe
dyingoutofforestswerea consequenceofthishighsulphate
concentration.Thissubsequentlyled,throughoutthecourseof
the 19803,to extremelyeffectivemeasuresbeingtakento
purifyandmaintainairquality,whichradicallydiminishedthe
percentageofsulphate(seealsoSnowChemistryproject).It
wasnotuntillaterthatitwasrecognizedthatthesechangesin
airqualityalsocaused- andcontinueto cause- significant
changesintheradiationbalanceoftheatmosphere.Duetothe
highpercentageofsulphateaerosolsandthereductioninsolar
radiationwhichwasadirectresultofit,theclimate“cooledoff”
somewhatduringthe19703.However,after1980,duetothe
air purificationmeasures,this effectdisappearedand the
“warming”wasthatmuchmorepronounced.Thus,theaerosol
effectcoveredup the greenhouseeffect,whichfunctions
utterlyindependentlyof it,duringthistime.Thisdecreasing
(globaldimming)andincreasing(globalbrightening)trendof
solarradiationenergy(globalradiation)has beensuperbly
recordedthroughtheglobalradiationmeasurementsat the
HoheWarteObservatoryinVienna(seeillustration).



TargetObjectives:UV radiationreachingthe earth’s
surfaceis mainlyinfluencedby totalozone,cloudiness,
albedoandaerosols.Additionally,thecomplextopography
of the observatory’ssurroundingsare significantly
complicatingtheradiationtransfer.Thedataseriesexhibit
notablevariationsdueto thetemporalvariationsof the
influencingfactors.The monitoring,aided by model
calculations,aimsat quantificationof the interrelations
betweenUV radiationanditsinfluencingparameters,the
long-termevolutionofsurfaceUV levelsandthepotential
effectsonecosystemsandhumanhealthinAustria.

InstrumentstomeasurespectralUVradiationandtotalozone
columnatHoherSonnblick

Method:Since 1993a Brewerspectrophotometerhas
beendeployedatHoherSonnblicktomeasuretotalozone
andspectralUVirradiance.Thus,thedatarecordisamong
the longest available in Europe. A Bentham
spectroradiometerwas installedin 1997,extendingthe
measuredUV rangeandthetemporalresolutionalike.An
additionalUV—Biometerhas contributednear-realtime
broadbandmeasurementsofUV radiationtotheAustrian
UV-BNetworksince1998.

High levels of data—qualityand data-availabilityare
cornerstonesof continuouslong-termmeasurementsof
UV. The measurementspresentedhereinhave been
conductedtocomplywiththestrictqualityrequirementsof
the“NetworkfortheDetectionofAtmosphericComposition
Change”(NDACC).Due to its spectralcharacteristics,
measuringUVradiationistechnicallydemanding,requiring

Contact:

Dr.StanaSimic
InstituteofMeteorology
UniversityofNaturalResources
andLifeSciences,Vienna
Peter-Jordanstrasse82
1190Vienna-Austria
stana.simic@boku.ac.at

systemsthatattainhighaccuracyandexcellentlong-term
stability.Thehighqualityofthemeasurementsisassured
through regular calibrations and international
intercomparisoncampaigns.

Instrumentcomparisoncampaignforqualitycontrolandassurance
atSonnblickObservatory,May2011

TheProject:TheactivitiesatHoherSonnblickarecarried
out withinthe frameworkof the project“Long-term
measurementsof total ozone and high-resolution
spectralUV radiationat HoherSonnblickandGross-
Enzersdorf’,fundedbytheAustrianFederalMinistryfor
Agricultureand Forestry,Environmentand Water
Management.The instrumentsfor the ongoing
measurementof spectralUV andtotalozoneestablished
withinthis projectare vitalresourcesfor the precise
captureof long-termand short-termvariationsas a
consequenceof thechangingcompositionof theearth’s
atmosphere.The data acquiredmake possiblethe
investigationoftheprocessesinvolvedinradiationtransfer,
andformthebasisforan improvedunderstandingof UV
radiationreachingtheearth’ssurface.

Mag.MartinKriech
DepartmentV/4oftheFederalMinistry
forAgricultureandForestry,Environment
andWaterManagement
Stubenring1
1010Vienna-Austria
martin.kriech@lebensministerium.at



threatstohumanhealth.

TargetObjectives:Eversincethediscoveryoftheozone
hole,scientistsfromthefieldsof medicine,climateand
environmenthavebeenworkingardentlyat investigating
potentiallyharmfuleffectsofUV-radiation.Deliveringup-to-
date,highqualityinformationoncurrentsurface-UVlevels
tothegeneralpublicis essentialtoassessandminimize
theriskstohumanhealthfromUVradiation,e.g.sunburn
andskincancer.To achievethisaim,theAustrianUV-B
MonitoringNetworkwas establishedin 1996.Public
information,as wellas studiesof biologicalandmedical
impactandotherdetrimentaleffectson humanhealthof
erythemallyeffectiveUV radiationcanonlybe basedon
spatiallyandtemporallyhighlyresolvedobservations.The
observatoryatHoherSonnblick,partofthenetworksince
1998, provides undisturbedconditions for the
measurementsofsurfaceUVradiationlevels.

Method:The UV-Biometerat Sonnblickwasinstalledin
1998andhassincethenbeenpartof theAustrianUV-B
MonitoringNetwork.Twelvestationsdistributedthroughout
thecountry,allequippedwithUV-Biometers,deliverdata
ongoinglyto the network,togetherwithfouradditional
stationslocatedin SwitzerlandandGermany.Thus,the
biologicallyrelevantUV radiationin Austriais being
capturedand characterisedextensively.The instrument
itselfmeasurestheerythemallyweightedUV-Bpartofthe
solarspectrum.ltswavelengthsensitivitycloselyresembles
thatofhumanskin.

To meetthehighstandardsset forqualitycontroland
assurance,eachinstrumentof thenetworkis individually
Contact:

Dr.StanaSimic
InstituteofMeteorology
UniversityofNaturalResources
andLifeSciences,Vienna
Peter-JordanstraBe82
1190Vienna-Austria
stana.simic@boku.ac.at

annually calibratedand comparedwith reference
instruments.

Themostrecentof thecontinuouslymeasuredvaluesare
madeopenlyaccessibleona publicwebsite(http://www.uv-
index.at)inintervalsof10minutes.

10..
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UV-INDEX

ExemplarycourseofUVindexvaluesthroughoutonedayatHoher
Sonnblick(www.uv-index.at)

The Project:Measurementsof erythemallyeffectiveUV
radiationareconductedat HoherSonnblick,amongother
locationsin Austria,on behalfof theNationalMinistryof
Agriculture,Forests,EnvironmentandWaterManagement.
TheAustrianUV-BMonitoringNetworkhasbeenoperated
by the Divisionfor BiomedicalPhysicsof the Innsbruck
MedicalUniversitysince1996.
The Instituteof Meteorologyat the Universityof Natural
Resourcesand Life Sciences Vienna operatesand
maintainstwoof thenetwork’sstations,HoherSonnblick
andGross-Enzersdorf.

Mag.MartinKriech
DepartmentVI4oftheFederalMinistry
forAgricultureandForestry,Environment
andWaterManagement
Stubenring1
1010Vienna-Austria
martin.kriech@lebensministerium.at



climate

Target objectives:To understandlong-termrelations
betweenchangesinbiologicallyrelevantUV radiationand
deduciblehealthrisks,e.g. the sharpincreasein skin
cancer incidencesince the 19803, comprehensive
knowledgeof thespatialandtemporaldistributionof UV
radiationanditsinfluencingparametersisessential.Thus,
a betterunderstandingof UV radiationin the past is
imperative,as wellas of theprospectiveevolutionof UV
radiationin thefuture,withvariousscenariosof climate
changeinAustriaasafocalpoint.Afterestablishinga high-
qualitydatabasis,anestimateofriskperception,individual
behaviourandhistoryofexposurecanbeposited.Theaim
istoascertainandassesstheevolutionofskincancerrisk.
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Geographicaldistributionofthe11stationsinAustria,wherepast
andfuturecalculationsofmodelledscenariosareconducted;the
stationatHoherSonnblickprovidesmajordatafoundations.

Method:TheperiodinwhichdirectmeasurementsofUV
radiationinAustriaareavailableistooshortforvalidlong-
termassessmentsandmustthereforebe extendedby
reconstructingtime-extensionseries of periodsbefore
measurementsbecameavailable.The reconstructionof
pasttime-seriesaswellasthemodelingoffuturescenarios
is basedon measurementsof erythemallyeffectiveUV
radiationatthelocationsof theAustrianUV-BMonitoring
Networkestablishedin1996andoperatedbytheDivision
forBiomedicalPhysicsoftheInnsbruckMedicalUniversity.
Togetherwithstandardmeteorologicalobservations,past
surfaceUV levelsarecalculatedusingradiationtransfer
models.Futuretrendsareestimatedbymeansof climate
modelsona regionalscalewhichincludeslong-termcloud
coverandotherinfluentialparametersin climatechange
scenanos.
For a detailedestimateof individualexposureand the
developmentofskincancerrisk,a three-dimensionalmodel
ofthehumanbodyisdeployedtocalculatetheactuallevel
ofexposureinrepresentativeconditions.

Contact:
Dr.StanaSimic
InstituteofMeteorology
UniversityofNaturalResources
andLifeSciences,Vienna
Peter-JordanstraBe82
1190Vienna-Austria
stana.simic@boku.ac.at
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Fora targetedapproachtospecificriskorpeergroups,a
telephonesurveyis alsoconductedpermittinga special
focusonpublicperceptionof UV-relatedhealthrisksand
individualriskandexposurebehaviour.Thesegathered
results,togetherwiththemodelcalculations,willbeusedto
betterunderstandandevaluatetheevolutionofskincancer
riskinAustria.

TheProject:TheresearchprojectUVSkinRiskisfundedby
the“AustrianClimateResearchProgramme”(ACRP)ofthe
“ClimateandEnergyFunds”(KL|.EN)andisscheduledfor
theperiodfrom2011to2013.
It is managedby the Instituteof Meteorologyof the
UniversityofNaturalResourcesandLifeSciences,Vienna,
supportedandco-conductedbytheInstituteofMeteorology
andClimatologyoftheLeibnizUniversityHanoverandthe
Institutefor EnvironmentalHygieneof the Medical
UniversityofVienna.
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Radioactivityand EarlyWarning 19

“Souvenirs” in the air as a result of nuclear accidents

Intheaftermathofaccidentsinnuclearplants,radioactivematerialcanbereleasedintotheatmosphere.Such
substancescan be transportedoververy longdistancesanddepositedacrossthe earth’ssurface.At the
SonnblickObservatoryaerosol-boundradionuclidesaremeasuredroutinelybyexpertsof theAustrianAgency
for Healthand Food Safety(AGES).Incase of an accidentat a nuclearpowerplant,the analysisof the
radioactivecloudprovidesessentialinformationabouthealtheffectsforthepopulation.

Rapidimplementationofprecautionarymeasures

At theSonnblickObservatorya high-performancesystem
for collectingaerosolson glassfiberfiltersis installed.
Followingaerosol-sampling,the filtersare analyzedfor
theirradioactivityat theAGES CompetenceCentrefor
RadioecologyandRadoninLinz.Thisworkis carriedout
on behalfof the AustrianMinistryof Environment.If
radioactiveparticlesofman-madeoriginaretransportedto
Austriaby air,thesemeasurementsmakeit possibleto
estimatethedoseandhealthhazardstothepopulation.
Thisinformationhelpstheresponsibleauthoritiestotake
thenecessaryprecautionarymeasures.
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Illus.2: Timelineof Iodine-131concentrationat Sonnblick
aftertheaccidentofFUKUSHIMA(11.03.2011)
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1.5II--~ . ' tenthof the concentrationof the naturalradionuclide‘4‘:‘ ; (3.", '‘5 '" ‘ v . . .- : ‘ :f Beryllium-7).Therewasnohealthrisktothepopulation.

To determinetheexactconcentration,thetemperature-and
pressure-correctedflow-ratethroughthefilteris calculated
automaticallyattheendof thesamplingperiod.Filtersare
changedautomaticallyas well;moreover,the sampling
periodisfreelyprogrammableso itcaneasilybeadaptedto
thespecificsituation.*mmw-

MyriadAdditionalBenefits

Besideevidenceof radiantparticlesin the air, the
measurementsalsoprovideinformationabouta widerange
of processesintheatmosphere—forexamplewhenusing
Beryllium-7as a tracer for investigationson ozone-

High-resolution gamma-spectrometryexample of transportation.
FUKUSHIMA

Illus.1:NuclearpowerplantsinthevicinityofAustria

With the high-resolutiongamma-spectrometersof the
CompetenceCentreforRadioecologyandRadon,theexact
concentrationofradioactiveparticlesintheairisdetermined.
Duetothehighsensitivityofthemeasurementsystem,itis
possibleto detectconcentrationsof a few radioactive
aerosolspercubicmeterofair.
Drawingontheexampleoftheaccidentatthenuclearpower
plantof Fukushima,Japanin March2011,thetimelineof
transportationof radioactiveaerosolsto Austriacouldbe
narrowlydefined.

Contact:
DlJohannesKlimstein
AGES
CC RARA
WieningerstraBe8
A-4020Linz
+43(0)5055541554
johannes.klimstein@ages.at



Austria’s Early Warning System for Radiation

Sincetheendof the 19703,an automatedradiationmeasurementnetwork- an earlywarningsystem- has beenin
operationinAustria,includingmorethan300measurementinstrumentsforlocallimits,togetherwithairmonitorswhich
ongoinglymonitorandmeasuretheradioactivecontentsintheair.Thesystemis supervisedbytheNationalMinistryfor
Agriculture,Forests,EnvironmentandWaterSupply.

Blanketcoveragewarningsystem

Themeasurementstationsoftheradiationearlywarning
systemaredistributedthroughoutAustriaandsupply
measurementsonlevelsofradiationintheenvironment

andanypossibleradioactive
contaminationwhichmight
affectAustria,e.g.following
disordersatnuclearpower
plantsnearAustrianborders.
Supplementingthe
measurementsoflocallimits,
themonitorsongoingly
measureandrelaythe
contentsofradioactive
aerosolsandgasesintheair.

Fullyautomated
measurementandtransfer

Allthesystemsmeasure
continuallyandfully
automatically.The
measurementsarethenfed

onlinetotheradioactivityprotectiondivisionofthe
BMLRUWMinistryinVienna,wheretheyareconsolidated
withothermeasureddataandinformationwhichformthe
basisforassessingthesituationintheinterestsofmaking

Oneofthesemeasurementstationsislocatedatthe
SonnblickObservatory.AsAustria’shighestaltitude
measurementstation,itplaysanimportantrolewithregardto
earlywarningincaseairmassescontaminatedwith
radioactivitytraversetheland.

Method

Forpurposesofmeasuringthegammaradiation,a
proportionalcountingpipeisusedwhichisinstalledonthe
highestaltitudeoutdoorterraceattheobservatory(see
photo,coveredinwhitefrost).Theinstrumentcanbeusedfor
extremelywide-bandmeasurements,beginningwitha level
ofnaturalbackgroundradiationallthewayupto9different
magnitudes.Thedatasuppliedbythisdeviceareevaluated
inthemeasurementcenteroftheobservatory,storedand
thenrelayed.
Theradiationearlywarningsystemsupplied,forexample,
valuableresultsfollowingthereactoraccidentinTschernobyl
inApril1986andkeptAustriawellinformedofthe
contaminationsituation.
Thecurrentmeasurementdatafromtheradioactivityearly
warningsystemaremadepublicontheEnvironmental
Ministry’swebsiteatwww.3trahlenschutz.gv.at.
Fromthegraphbelowcontainingthemeasurementsofthe
Sonnblickstation,itisalsorecognizablethatthe
environmentalradiationlevelordinarilycorrelateswiththe
snowdepths:theproportionofradiationfrombelowgroundis

recommendationsforprotectionmeasuresincasea
breakdownmakesthemnecessary.Fromthatcentral
commandcenter,theyarealsoaccessiblebywarning
centresandgovernmentagenciesofthenineAustrian

correspondinglyshieldedbyathicksnowpack.

states.
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Contact:
ViktorKarg
NationalMinistryforAgriculture,Forests,EnvironmentandWaterSupply,Dept.V/7-RadiationProtection
Radetzkystr.2
A-1031Vienna
Tel.:+43(1)71100-4455
viktor.karg@lebensministerium.at
www.3trahlenschutz.gv.at



Itis nowalmost20 yearsagothata two-yearseriesof
measurementswaslaunchedto recordatmospherictrace
gases,e.g.sulphurdioxide,nitricacidandammonia;and
water-solubleelementsof respirabledust,e.g. nitrate,
sulphate,ammoniumas well as chloride,sodium,
potassium,calciumand
magnesium.
Probesweretakendaily
withfilterpacksinorder
to obtainsimultaneous
readings of particle-
formedandgas-formed
aircontents.

Illus.1:Filterbagmeasurements

Inthefollowingyears,thissuccessfulprojectenjoyedtwo
phasesof continuationandexpansionin thecontextof
GAW(GlobalAtmosphereWatch),entailingactivitiesonthe
Sonnblickwhichledtoa setofdatacomprisingmanyyears
nowbeingavailable.

Over the last few years, the measurementshave
concentratedontakingsamplesof respirabledust.Inthe
processof this,sample-takingwas
changedfromfilterpacksto a Hi-
Volume collector with PM10
separation.Dueto thischange,the
simultaneousdeterminationof trace
gaseswasnolongerpossible,butas
an additionalreward,besidesionic
aerosolcomponentsalsototalcarbon
andsoot,as wellas organictracer
elementscouldalsobedetermined.

Illus.2:High-volumecollector

3.5

Complementary measurements and models
Determiningbackgroundcontaminationby air contentsin
particle-formandgas-formprovidesa basicfoundationfor
generatingandverifyingclimatemodelsor depositmodels.
Whereasthereis a relativeabundanceof informationonair
qualityin cities,suburbansettlementsand near industrial
zones,thereis verylittleinformationforhigherlayersof the
atmosphere.Thisisparticularlythecasefor‘non-conventional’
air-pollutingelementswhichforreasonsof impractibilityare
rarelyreflectedin the immissionmeasurementnetworks.
Modelscalculatethe horizontaland verticaldistributionof
concentrationvaluesof aerosols(airbourneparticles)and
gasesbasedonemissiondataandmeteorologicalparameters.
Thesestatisticshavetobeverifiedatleastpointwisethrough
measureddata.TheSonnblickissuchameasurementstation,
locatedat3 kilometersaltitude.Whereasflightmeasurements
canonlyprovidesnapshots,theSonnblickis inoperationall
year round.Such comparablemeasurementsare also
necessaryfor developingthe parameterisationof physical-
chemicalprocessesin the atmospherewhichis used in
models.

Respirabledustandhumanhealth
Overthelastfewyears,theterm‘finedust’hasbecomea
householdworddueto itsdirecteffectson humanhealth.
Exceedingpermissibleconcentrationsofrespirabledustasset
outin theimmissionlawsguardingairqualityis something
whichis impossibleontheSonnblick.Maximumcontamination
valuesaredeterminedforurbanareas.However,respirable
dusthasa mediumretentiontimeintheatmosphereof3 to5
daysandcanbe transportedseveralhundredkilometersin
thattime.Thus,backgroundcontaminationfarremovedfrom
metropolitanareasissomethingwhichmustnotbeneglected.
Determiningaerosolcompositionat the Sonnblicksupplies
importantinformationtowardsa deepercomprehensionof
backgroundaircontaminationandlong—distancetransport.

+00444+N033.0_ —o—304 .

2.5-i
2.0-lA.

g 1.5_
.o- '\
0.5_ «f A.
. .. .4 'j°'°' A l l I1001 1902 100:1 2002 2003 2004 2005 2000

Illus.3:TimescaleofaerosolconcentrationatSonnblick

Contact:
AnneKasper-Giebl
TUVienna,InstituteforChemicalTechnologiesandAnalytics
Getreidemarkt9/164-UPA,
A—1060Vienna
Tel.:+43(1)58801-15130
akasper@mail.tuwien.ac.at



humanhealth.

Climateeffectsof aerosolparticles:Thebackcoupling
effectsofaerosolsontheclimatearehighlyvariegatedand
difficultto quantify.Aerosolparticlesserve as cloud
condensationnucleiandthusdefinethecharacteristicsand
developmentofagivencloudbeingformed.Inregionswith
high loadsof atmosphericaerosol,cloudsformwith
dropletsof smallersizebuthigherdensity.Suchclouds
havea higherreflectanceanda longerlifethanclouds
whichforminregionswhicharenotcontaminated.Oneof
themostimportantquestionsin climateresearchis the
extenttowhichhydrocarbonandnitricoxidesemissions,
as wellas heightenedozoneconcentrationsat ground
level,influencethe formationof organicaerosols.New
typesof measuringinstrumentsarebeingdevelopedall
aroundthe worldin orderto analysethe chemical
compositionof aerosolsin detail.Such instruments
endeavorto obtainnewinsightsintothechemicaland
physicalprocessesinwhichorganiccompoundsmakea
significantcontributiontoexistingaerosolloads.

Contact:
RupertHolzinger

Measuringmethod:A newtypeof deviceforanalysing
organicaerosolhasbeendevelopedat theUniversityof
Utrecht.Theaerosolparticlesarecollectedonanimpactor,
thenthermicallyextracted.Thechemicalanalysisensues
witha proton-transferreactionmassspectrometer(PTR-
MS)developedbytheloniconCo. inInnsbruck.ThePTR-
MS dectoris equippedwitha modernflight—timemass
spectrometerwhosehighdissolutioncapabilitymakesit
possibletodeterminethesumformulaofadetectedsignal.
In suchways,the elementarycompositionof various
aerosolcomponentscan be measured.Throughthe
thermicextractionmethod,furthermore,parametersofthe
fugitivequalitiesof aerosolcomponentscan also be
measured.

The Project: An initialseriesof measurementswas
carriedoutattheSonnblickObservatoryinJuly/August
2009.The localconditionsmakeit possibleto measure
agedaerosolparticlesinthefreetroposphere.Valleywinds
with fresh, local emissions were occasionally
superimposedonthesebasicbackgroundconditions.Initial
resultsshowthatolderaerosolevidencesahighergradeof
oxidation,with a higherpercentageof non-fugitive
compounds.
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Princetonplein5
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(includingnitrogenmonoxideandnitrogendioxide).

For thesemeasurementsambientair is sampledvia a
centralsamplingmanifoldonthenorthernpartoftheroofof
themeteorologicalstationandfromtheredistributedtothe
monitors.Becauseof thealtitudeandprevailingweather
conditions,allpartsofthecentralsamplingmanifoldmust
beheatedelectricallythroughouttheyear.

Ozone(03)
The reactivegas ozoneis formeddueto thereactionof
nitrogenoxidesand hydrocarbonsin the presenceof
sunlight.Ozonemeasurementsareperformedwithamonitor
specificallymodifiedfor the altitude.The principleof
measurementis basedontheabsorptionof ultravioletlight
witha wavelengthof 254mmbyozonemolecules.Since
therearehardlyanyothergasesthatabsorblightof this
wavelength,thedecreaseinlightintensityis proportionalto
theozoneconcentration.Withan ozonecalibrator,which
can produceboth ozone-freeair and definedozone
concentrations,the correctoperationof the monitoris
checkedautomaticallyevery23hours.Theozonemonitoris
calibratedwithanindependentcalibrationsystem4 timesa
year to ensure traceabilityand comparabilityof the
measurementresultsatinternationallevel.

Carbonmonoxide(CO)
The measurementprincipleis basedon the abilityof
carbonmonoxidetoabsorbinfraredlightwithawavelength
of4.7pm.Sincetherearea largenumberofothergases
thatarealsoableto do that(notably,watervapourand
carbondioxide)a catalystis used to removecarbon
monoxidefrompartof the ambientair.The difference
betweenthetwosignalsis usedas a measureforthe
carbonmonoxideconcentration.The detectoris a thin
metalmembranethatexpands,dependingontheintensity
oftheinfraredlightreceived.Thecorrectoperationofthe
monitoris checkedautomaticallyevery23hours.Carbon
monoxidemeasurementsare calibratedwith an
independentsystem4 timesa yeartoensuretraceability
and comparabilityof the measurementresults at
internationallevel.

Carbondioxide(C02)
Measurementsof carbondioxidehaveup to nowbeen
performedwith a measuringinstrumentspecifically
modifiedforthealtitudeonthebasisoftheabsorptionof
infraredlight.Inthecourseof2011a newinstrumentwill
be installedwhichis basedon laserspectroscopy.Itis
expectedthatwiththisCavityRingDownSpectrometera
higherlevelofdataqualityandreliabilitywillbeachieved.
The instrumentcan also detectmethane(CH4)and
thereforeameasurementseriesformethanewillbestarted
byexchangingtheoldinstrumentforthenewone.Since
carbondioxide—freeambientair does not exist and
observedconcentrationfluctuationsare very low,this

Contact:
Mag.MarinaFr5hlich
EnvironmentalProtectionAgency
Geodynamics
Dept.ofAirPurityandClimateProtection
WorkingGroupAirEmissions
SpittelauerLande5,1090Vienna
Tel.:+431313045862
marina.froehlich@umweltbundesamt.at

instrumentis calibratedfor a very small range of
measurementsbyusingcarbondioxidegasmixtureswith
knownconcentrations.Thegasmixturesneededforthis
purposearespecificallycertifiedformeasurementsunder
the “GlobalAtmosphereWatch”programmeso as to
ensurecomparabilityof carbondioxidemeasurements
worldwide

Nitrogenoxides
Nitrogenoxides—ofwhichnitrogenmonoxide(NO)and
nitrogendioxide(N02),togetherreferredto as NOx,are
mostwidelyknown- havebothnaturalandanthropogenic
sourcesandplayan importantpartin theformationof
ozone,as wellas eutrophicationandparticleformation.
ApartfromN0andN02,highernitrogenoxides(N205)and
nitrousand nitricacid, togetherwithorganicnitrate
compounds,are referredto as reactivenitrogenoxides
(NOy).The differentcompoundsarequicklytransformed
into one anotherand are difficultto determine.
Determinationofnitrogenoxidesis basedontheprinciple
of thechemiluminescenceof NO.Apartfrommeasuring
NOdirectlyit is necessaryto convertallnitrogenoxides
presentinambientairfullytoNObecauseitisonlyNOthat
canreactwithsurplusozoneinthemeasurementchamber
ofthemonitorand,byconversionbacktoN02,aemitslight
in the infraredregion.This amountof lightis usedto
measureNO (withoutconversion)and/orthesumof the
nitrogenoxides(withNOXand/orNOyconversion).In
additionto measuringNOythroughconversionwitha
molybdenumconverter,an NOXmonitorwitha photolytic
converterhas beenin use formeasuringNO andN02
sinceJanuary2010.Allmeasuredvaluesareimmediately
transferredtotheAirQualitydatabaseattheEnvironment
AgencyAustriainVienna.TheUmweltbundesamtwebsite
forup-to-dateairqualityinformationprovidesdirectaccess:
(http://www.umweltbundesamt.at/umwe|tsituation/qut/luftqueteaktuelll)

DIGerhardSchauer
CentreforMeteorologyand

Freisaalweg16
A—5020Salzburg
Tel.:+43(662)626301-31
gerhard.schauer@zamg.ac.at



Extensivemeasurements:The measurementsat the
SonnblickObservatoryare organizedas follows:
MeteorologicalparametersarecarriedoutbyZAMG;the
AustrianEnvironmentalProtectionAgencycarriesout
measurementsof ozone,carbonmonoxideand—dioxide
andnitrogenoxides,theInstituteforMeteorologyof the
Universityof NaturalResourcesand Life Sciences
conductstotal ozone and UV-B and the Federal
ChancelleryoftheRepublicofAustriameasuresberyllium-
7.TheInstituteforChemicalTechnologiesandAnalyticsof
the TechnicalUniversityVienna, togetherwith the
provincialgovernmentofSalzburg,analysesthechemical
compositionofprecipitation.

Early detectionof trace gas trends:Becauseof its
uniquelocationfar removedfromemissionsources,
Sonnblickis highlysuitedfortheearlydetectionof trace
gas trends.Inaddition,Europeanemissionsourcesand
intercontinentalairpollutanttransportcanbedetectedand
analysed.
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MonthlymeansoftracegasconcentrationsatSonnblick

1.1.1990-31.12.2010.
Top:COZ(ppm,leftscale)andCO(ppb,rightscale).

Bottom:03(ppb,leftscale),NOyandNO(ppb,rightscale).

Carbondioxide(CO2(ppm),violetcurve,topfigure)has
increasedcontinuouslysince the beginningof the
measurements(1ppmisonesinglepartwithinonemillion
partsofair).Ozone(03(ppb),bluecurve,bottomfigure)
reacheditsmaximumin2003anddecreasedthereafter(1
Contact:
AugustKaiser
CentralInstituteforMeteorologyandGeodynamics
HoheWarte38
A-1190Vienna
Tel.:++43(1)36026-2407
august.kaiser@zamg.ac.at

Heightaboveground(m),numberof

particles

ppbis onepartwithinonebillionpartsof air).Carbon
monoxide(CO, greencurve,top figure)and nitrogen
oxides(NOy,blackcurve,bottomfigure)showa small
decrease,whereasnitrogenmonoxide(NO, red curve,
bottomfigure)remainsnearlyconstant.The tracegas
trendsatSonnblickareconsistentwiththetrendsobserved
at the partnerstationsJungfraujoch,Zugspitzeand
Hohenpeissenberg.Analysesofthereasonsforthetrends
areinprogress.

Airhasnomarker—researchcanhelp:A highdegreeof
emphasisis placedontheanalysisoftheoriginoftheair
massesarrivingattheSonnblick:Neargroundairmasses
showan enhancedcontentof anthropogenicpollutants.
Largescale air pollutanttransporthas been studied
intenselywithtrajectorystatistics.Duringthesummerin
2009theeffectsofverticalpollutanttransportonthetrace
gas concentrationsat theSonnblickcausedby thermal
mixingwerestudiedusinga laser-ceilometer(seealso
projectWAVES).
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yerflflack)runnberofcondensafionHeightofthemixingla
particles(red)and222-Rn-activity(blue),27.7.2009.

The ceilometeremitsa verticallaserbeamwhichis
reflectedby clouddropletsor aerosols.The backscatter
signalcanbeusedtodeterminetheheightof themixing
layer,thelayerwithneargroundairpollutantsisvertically
mixedovera timeperiodofapproximatelyonehour.The
figureshowsanexampleoftheincreaseofthemixinglaxer
height(blackcurve)uptotheheightofSonnblick(dashed
line)on 27.7.2009,combinedwithan increaseof the
numberof condensationparticles(datafromTechnical
UniversityVienna)andofthe222-radonactivity(datafrom
UniversityHeidelberg).222-Rnisa radioactivegasemitted
fromthegroundandthus,anexcellentindicatorfortrace
gastransportfromthevalley.

MarinaFr6hlich
EnvironmentalProtectionAgency
SpittelauerLande5
A-1090Vienna
Tel.:++43(1)31304—5852
marina.froehlich@umweltbundesamt.at
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MONARPOP —Persistent Organic Pollutants: Sonnblick part of global monitoring plan

Thelocality-specificairmeasurementswhichwerecarriedoutforthefirsttimeinhighalpineregionsinthecontextof
the internationalprojectMONARPOPare nowbeingcontinuedin the frameworkof the GlobalMonitoringPlanto
evaluatetheStockholmConvention.Persistentorganicpollutants(POP)suchas dioxine,PCB, chlorpesticide,etc.are
measuredbothin theirdepositsand in thesurroundingair, separatedaccordingto originin accordancewithpre-
definedareasoforigin.

POPs:Long-distance,long-lastingenvironmentalpollution Illus.1:
POP (persistentorganicpollutants)are organictoxicsubstancesnoteasily 2 PCDD/Fairconcentrationin[fg/Nma]
degradable,suchas polychlorinateddibenzodioxineorDDT.Duetotheirlong overfive3-monthperiodsofmeasurement,
persistenceintheenvironment,theyaretransportedthroughtheairforhundreds allocatedtoareaoforigin.Thevectors
of kilometersintothemostisolatedregions.Theirpreferredchemicalbondto depictconcentrationandoriginofthetoxic
fattyor organicsubstancesis responsiblefortheenrichmentin humus,plant substancesinairmassesfromthreepre-
parts,animaltissueandinthenutritionalchain.Thisis a worrisomeprocess, definedareasoforigin,theringdepictsthe
sincePOPeveninverytinyconcentrationsreleaseaseriesoftoxiceffects. measuredconcentrationsinnon-traceable

airmasses.
MONARPOP:anexemplaryEuropeanpioneerproject
MONARPOP(Monitoringin theAlpineRegionforPOP)uncoveredthePOP
contaminationintheAlpsinathree-dimensionalresolutionduringtheyears2004 50111112115111.211
- 2007.To thisend,40 locationsscatteredthroughouttheAlps,plusseven I“
altitudeprofiles,threehigh alpineair measurementstations(Sonnblick, 1:1
Weissfluhjoch,Zugspitze),fivedifferenttypesofsamples(air,deposits,passive a,
collectors,spruceneedles,ground)andmorethan70analysisparameterswere es ,2
deployed.Fortheveryfirsttime,amethodofairsamplingwasusedwhichmade
itpossibletocollatethemeasuredconcentrationstopre-definedareasoforigin.
ThesampletakersweredirectedviaInternet,basedonthetrajectoryforecastsof
ZAMGinSalzburg.
Thecostsfortheimplementationofthislargescaleprojectwerebornebyfunds 11
fromthe EU programme“lnterregIIIB AlpineSpace”and by the national 1:1
government.UndertheaegisoftheBMLFUWandtheprojectmanagementfor
theNationalEnvironmentalMinistry,theresearchfacilitiesandpublicagenciesin a
fivealpinecountriesmeasuredthedegreeofcontaminationincommoncause.

53"?”101111.11

9,",1211111105flue-0-6111105TheAlps:acatch-allfortoxicsubstances?
Inthecourseof thisprojectit becameclearthatspruceneedlesandhumus
samplesfromisolatedareaspossessedrelativelyhighconcentrations- with 1-1
locationsat highaltitudehavingevenhigherconcentrations- of certainPOP,
someofwhichhavebeenprohibitedfora longtime.Inspiteoftheabsenceof "3' 377
local sourcesof pollutants,these locationsclearlysuffereda significant is:
enrichmentoftoxicsubstances,namelythroughcontaminatedairmasses.Low
temperatures,highdepositratesandwindimpactareconditionswhichenhance
an enrichmentof suchsubstancesandwhicharehighlytypicalof theAlpine
region.At thethreeairmeasurementstationsas well,bothin theairof the 264
nearbyvicinityandindeposits,pollutantconcentrationsofthesamemagnitude
werefound,astheyalsowereinfarmingareasintheflatlandcountryside.

90‘lneBIEI40011005511130

GlobalMonitoringPlan 1"
ThiswassufficientcausefortheUNtotakeontheprojectMONARPOPwiththe 59
threeairmeasurementstationsincludingtheSonnblickinthe“GlobalMonitoring
Plan”to “effectivelyevaluate”theUN’s“StockholmConventionto prohibitor
reducepersistentorganicpollutants(POP).Throughthesemeasurements,the
successof the regulationsissuedby the StockholmConventioncan be
assessed.Ifthemeasureswhichwereundertakenhavea positiveeffect,the
concentrationsmeasuredcan be expectedto diminishin comingyearsor ‘1
decades.For thatreason,airmeasurementswillbe continuedat thethree m
stationsthroughtheprojectMONARPOP,withnewlyadapted,origin—specific 7‘
sample-takingtobefinancedbytherespectivenationalgovernments.
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Contact:
WolfgangMoche,PeterWeiss
EnvironmentalProtectionAgency
SpittelauerLande5
A-1090Vienna
Tel.:+43(1)313045114(3430)
wolfgang.moche@umweltbundesamt.at,peter.weiss@umweltbundesamtat



Sonnblick?

Background

The natural,radioactivenoblegas Radon(222Rn)is
producedexclusively fromsoil radiumand steadily
diffusesintothe atmosphere.Here its livetimewith
respectto radioactivedecay is 5.5 days, whichis
comparabletothetypicalresidencetimeof atmospheric
dust or the characteristictimescale of atmospheric
circulationchanges.Since, unlikefor all othertrace
constituents,thesourceandsinksofRadonaredefinitely
known,thisconstitutesa reliabletoolin elucidatingthe
influenceof airmasstransportonthevariabilityof other
chemicalspecies. Especiallyat mountainsites,
continuousRadonmonitoringallowsfor identifyingthe
intermixtureof pollutedgroundlevelair withthe free
troposphere,as wellas for estimatingthe degreeof
maritimeandcontinentalsignatureof airmassesunder
invesfigafion.
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Fig.1:ArrivalofEyjafjallajc‘jkullashparticlesatSonnblickin2010
indicatedbythestronglyenhancedratiooflargetosmallparticles
observedbyanopticalparticlesensor(upperpanel).TheRadon
record(lowerpanel)clearlyshowsthattheparticlesignalisnot
drivenbygroundlevelair.Thisprovidesclearevidencethatthe
largeparticleplumereachedthesitefromaboveand,indeed,was
associatedwiththevolcaniceruptionevent.

Contact:
DietmarWagenbach,IngeborgLevin,
InstituteforEnvironmentalPhysics
UniversityofHeidelberg
ImNeuenheimerFeld229
D—69120Heidelberg

ContinuationofRadonmonitoring

EvenaftertheendoftheEU-CARBOSOLproject(examining
Europeanwidedistributionof organicaerosolspecies),
associatedRadonobservationsweremaintainedatSonnblick
(seepreviousAnnualReport).Thiseffortismainlyaimedat
backingupobservationsofotheratmosphericspeciesonthe
diurnal,synoptic,seasonalandinter—annualtimescale.Fig.1
showstheRadon—supportedidentificationof a volcanicash
plumeat Sonnblick,whereasFig.2 illustratesthe typical
patternsofthegroundlevelairfraction(asindicatedbythe
Radonlevel)overthelast8 and7 years,respectively.For
analyticalreasons,webasicallyreferztzigretothe214Podecay
productwhichiscloselylinkedtothe Rnactivity.
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Fig.2:MeanseasonalcycleofaveragemonthlyRadonactivity(upper
panel)andtherespectivediurnalpatternofhourlymeansformid-
summerandmid-winter,respectively(lowerpanel).Notetheclear
summermaximum(drivenbythemoreintensiveverticalmixingin
thatseason)aswellastherelativelylowlevelandessentiallyflat
diurnalRadoncycleduringJanuary.



Sonnbfick

Objective:AttheSonnblick(3106m),apartfromongoing
meteorologicalobservations,there is continuous
monitoringofairchemistry(03,C0, C02,NOy),aerosols
(particleconcentrations,sizedistributions)orradioactivity
(effectivedoserates,radioactiveaerosols).As oneofthe
Europeanbackgroundstations,the observatoryis a
crucialcontributorto the GlobalAtmosphereWatch
(GAW)Programmeof WMO.For manyyears,source
regionsof air constituentshavebeendeterminedby
means of air trajectorystatistics,and trendsare
determinedanddiscussed.Fora furtherimprovementof
transportcalculationsanddataanalysis,sourcereceptor
sensitivity(SRS) fields will be computed for
measurementstaken at the Sonnblick.Similar
calculationswillbe performedat the observatoriesat
Jungfraujoch,Zugspitzeand Hohenpeissenberg.The
projectteamexpectstoachieveasignificantimprovement
in the futuredeterminationof sourceregionsof air
pollutants.

Contanct:
GerhardWotawa,AugustKaiser
CentralInstituteforMeteorologyandGeodynamics
HoheWarte38
A-1190Wien
g.wotawa@zamg.ac.at,a.kaiser@zamg.ac.at

Methods:To investigatetheoriginandtrendsofmeasured
tracegasesandaircomponents,theapplicationofadjoint
modelshas been recommendedfor manyyears.The
simplestmethodto estimatesources of measured
substancesisthecalculationofbackwardtrajectories.Such
trajectoriescanbeutilizedinsinglecasestudiesaswellas
in statisticalevaluations.Backwardtrajectories,however,
representa significantsimplificationof thedescriptionof
atmospherictransportanddiffusion.Therefore,full-fledged
adjointtracertransportmodelshavebeenusedincreasingly
for sourceanalysesoverthe lastyears.As partof this
project,sourcereceptorsensitivity(SRS)fieldswillbe
computed.The calculationsare performedwith the
Lagrangianparticlediffusionmodel FLEXPART in
backwardmode.As inputdata,meteorologicalanalyses
fromthe EuropeanCentrefor Medium-RangeWeather
Forecastsareused.Regardingthesourcelocationpost-
processing,severaldifferentmethodsareapplied,including
thestatisticalevaluationofSRS fields(SRSstatistics)and
the sourcecorrelationtechnique.Resultsare compared
withtheresultsobtainedbyapplyingtraditionalmethods.
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Measurementofthenumberoflarge,medium-sizedandsmall
particlesattheSonnblickinApril2010duringthepassageofthe

volcanicashplumeofEyjafjallajc'jkull

The project:The projectQRS Sonnblickis a so-called
“internalproject”of ZAMG.ZAMG’sinternalprojectsare
supportedbya specificallyallocatedfundof theAustrian
NationalMinistryforScienceandResearch.The project
waslaunchedinFebruary2011



Snow Chemistry on the Sonnblick

undertakeninEurope.

Objectives

In1983,thisprojectwaslaunchedbytheCentralInstitute
for Meteorologyand Geodynamicsand the Instituteof
ChemicalTechnologiesand Analyticsof the Vienna
TechnicalUniversity.At thetime,theso-called“acidrain”
wasamuchdiscussedscientificproblem,and,asanupshot
of it,thedyingoutof Europeanforests.Thecauseofthe
highamountsof toxicsubstanceslay in antiquatedheat
generatingpowerplantsinwhichlowquality,sulphur-rich
coalwasburned,mostofthemlocatedinEasternEurope.
Measurementsof toxicimbalancesin thesnowpackwere
initiatedontheWurtenkees(Schareck)in1983.Since1987,
suchmeasurementsarealsoconductedontheSonnblick.
Thefollowingobjectivesarepursued:

0 Longtermmonitoringofioncomposition,i.e.toxic
substanceload,ofthesnowpack

0 Correlationofindividualsnowprobestoprecipitation
eventsandmeteorologicaldescriptionofprecipitation
sequences

0 Quantifyinglong-distancetransportoftoxicsubstances
inEurope

0 Improvingoverallunderstandingoftheprocessof
eventsandlinksbetweeninclusionanddepositoftoxic
substancesinprecipitationintheAlps

l||us.1:TakingasnowprobeontheSonnblick

Contact:
WolfgangSch6ner
CentralInstituteforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38
A-1190Vienna
Tel.:+43(1)36026-2290
wolfgang.schoener@zamg.ac.at

Themeasurementshavebeenoptimizedandinternationally
standardizedin the courseof a researchprojectbeing
conductedthroughoutthe Alps, makingcomparisonof
measurementsfromavarietyoflocationsefficientandreliable.

Method

Themeasurementsarecarriedoutannuallyattheendof
April.Atthatjunctureoftheseason,itisimprobablethatthe
snowpackat3,000metersaltitudeisbeinginfluencedby
melting.Snowmelt,afterall,“washesout”theionsfromthe
snowpack.Snowgalleriesaredugdowntothesummer
borderlineofthepreviousyear,thenprobesareremoved
layerbylayer.Thesnowprofilesarekeptdeep-frozenuntil
theyreachthelaboratoryinVienna,wheretheyareanalysed.
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||lus.2:Developmentofsulphateconcentrationsinthe
snowpackintheSonnblickregionsince1987(bluedots)
comparedtomeasurementsfromiceprobesinSwitzerland
(datasource:D.Wagenbach)

Inadditiontothesnowprobes,profilesofsnowlayersare
alsopreciselyanalysedandrecorded.Theanalysis
comprisessizeandformofsnowgrains,hardness,water
content,temperatureanddensityofindividualsnowlayers.
Fromthesephysicalsnowmassesandmeteorological
measurementsontheSonnblick,theindividualsnowlayers
canbecorrelatedwithprecipitationevents.Asanextension
ofthis,snowlayerswithlowerorhigherionconcentrations
canbemorepreciselycharacterisedthroughthe
meteorologicalconditions.A pointofspecialinterestarethe
wavesofdustfromtheSaharadesert,whichestablisha
significantbufferzoneagainsttheacidcomponents,e.g.
sulphate,inthesnowpack.

AnneKasper-Giebl
TechnicalUniversityVienna
InstituteforChemicalTechnologiesandAnalytics
Getreidemarkt9
A-1060Vienna
Tel.:+43(1)58801-15130
akasper@mail.zserv.tuwien.ac.at
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Glacier monitoring on the Sonnblick

Inthecontextof theprojectknownas HIGHmon(High-alpineGlacierHydrometerologicalMonitoringSonnblick)and
WURTEN,changesinglacialmassofthethreemajorglaciersoftheGoldbergrange-Goldbergkees,Kleinfleisskeesand
Wurtenkees- are measuredtwiceannuallyon-the-spotat variouslocations.In additionto actualmeasurements,
historicaldataofglacialdevelopmentoftheGoldbergrangeis assembled,digitalisedandevaluated.Boththehistorical
glacierdataandtheannualmeasurements,in combinationwiththedensestationnetworkin theareaof the Hoher
Sonnblick,provideanincomparabledatabasisforglaciologicalandhydrologicalmodelstudiesintheSonnblickregion.

EachyearatthebeginningofMay,approximatelythetime theMainAlpineRidge,melts“faster”thanthemore
whensnowdepthsreachtheirmaximum,snowdensityand northerlyGoldbergkees.
snowpackdeptharemeasuredina seriesofsnowprofiles.
Atothertimesofyear,ina fargreaternumberofplaces,the
snowdepth is probedand/ormeasuredvia ground- 0
penetratingradar,thentheincreaseinmassduringthehalf-
yearofwinter,i.e.thewintermassbalance,iscalculated.

Approximatelyonthe1stofOctober,thetimeofmaximum
snowmelt,snowprofilesaretakenannuallyintheupperpart
oftheglacierinthenearbyvicinitytomeasuretheincrease
ofmassandtheso—called“ablationgauge”,i.e.reductionof
glacialmass,inthemeltingregions.Thegaugesaredrilled MeterWasser'a‘quivalent

AO

intotheicewitha steamdrill,wheretheyfreezehardand -15 —Wurtenkees
fast;subsequently,astheicemelts,thedegreetowhichthe —G°'dbe'9kee$
gaugestandsoutfromtheicecanbe directlymeasured. _K'e’""emkees
Fromsuch point-measurements,the annualbalanceof -2o . » . .
glacialmasscanbecomputated. 1980 1985 1990 1995 2000 2005 2010

Illus.2:Changesovertimeofthe3measuredglaciers

Inadditiontothecurrentmeasurements,historicaldataof
thesizeanddepthoftheGoldbergrangeglaciersare
digitalisedandassessed.Tothisend,forexample,the
glacialmassoftheentireGoldbergrangeintheyears1850,
1931,1992and1998wasreconstructed.Fromhistorical
maps,moderndigitalaltitudemodelsarecomputatedin
ordertocalculatedifferencesinglacialvolume.

Theresultsofmanyglacierexaminationsintheregionof
theHoherSonnblickaredescribedingreatdetailonthe15
demonstrationpanelserectedin2007alongtheglaciertrail
ontheGoldbergkeesaswellasinthebook“Glaciersina
ChangingClimate”,wherethealterationsareeasytograsp
foreveryone.Thesepermitprofoundinsightsintothe

Illus.1:BalanceofglaciermassinSonnblickregion03/04 interactionsbetweenclimatefluctuationsandglacier
changes.

TheGoldbergkeesis currentlylosinganaverageofa half-
meteroficethicknessannually.Intherelativelycoldwinter
of03/04,theglacierbarelyreduceditsmassatall;inthe Gletscher
extremelywarmseason02/03,thereductionof iceonthe if“K'imawande'
Goldbergkeesreachedanaverageof2meters!Thus,foran
averageice thicknessof approximately34 meters,the
Goldbergkeesthuslostabout6%ofitsglacialmassinone
singleyear(2003).Themeasuredchangesserveasa basis
forglaciologicalandhydrologicalmodelsandaresubmitted
totheGlacierMonitoringServiceinZurich,Switzerland.

Illus.4:Bookcover“Glaciers
inaChangingClimate”Itisquitepossibleforglacierslocatedquiteneareachother
ISBN:978-3-200-01013-0todevelopdifferently.Duetolessprecipitationandsouthern

exposition,theWurtenkees,locatedonthesouthernflankof

Contact:
WolfgangSch6ner,BernhardHynek,GernotWeyss
CentralInstituteforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38
A-1190Vienna
Tel.:+43(1)360262290
wolfgang.schoener@zamg.ac.at,bernhard.hynek@zamg.ac.at,gernot.weyss@zamg.ac.at



Measuring

Between2002and2004,fourgroundpenetratingradar
(GPR)measurementcampaignswerecarriedoutinorderto
compileglacialbed and ice thicknessmaps for the
Goldbergkeesand Kleinfleisskeesfor the firsttime.As
measuringfrequency,20 MHzwas chosen,withwhich
maximumexploratorydepthsofmorethan100meterswere
attained.Thequalityofthedataobtainedvaried.Reflections
of theglacierbedcannotbe clearlydeterminedin each
mappingentry.The datatableswhichwereobtainedof
glacierbedreflectionshavea tooirregularandscantydata
distributiontoachievesatisfactoryresultsthroughstandard
interpolationmethods-.Mfi.,...1- tr; j::t'rr'

l||us.1:Measurementdata(colouredlines)obtainedinGPR
examinations.Thecolourdenotesthesingle-directionrunning
timeoftheradarsignal.TheglacierrimsofKleinfleisskeesand
Goldbergkeesaredrawnfromtheaerialphotostakenin2003.

Evaluation

Theobjectiveoftheevaluationwastoconstructplausible
glacialbedgeometryandicethicknessdistributionin
objectivefashionwhichcouldbereplicated.Ultimately,the
Kriginginterpolationtechniqueandamechanicalglacier
constantwereused.Theinterpolateddataweresubjected
toa3Dmigration.TheexpansionspeedoftheGPRsignal
insidetheglacialicewassetat0.16m/ns.A
morphologicalinterpolationapproachensureda
realisticallysmoothtransitionbetweencalculatedand
knownterraindata.Themaximumdepthsofthe

Contact:
DanielBinder
CentralInstituteforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38,A-1190Vienna
Tel.:+43(1)36026-2225
daniel.binder@zamg.ac.at

KleinfleisskeesandGoldbergkeeswhichwerecompiledin
thiswayare150-165meters.

. .

||lus.2:Theiso-Iinesdepictthecalculatedglacialbed,thecolour-
gradeddepictionistheicethickness.WhereastheKleinfleisskees
hasaclassicalglacialbed,theGoldbergkeesevidencesafar
morecomplexsubterraneanstructure.

Conclusion

Manyglobalforecasts,e.g.futureriseinsealevel,arebased
onestimatesofworldwideicevolumeandonglaciermodels.
Surfacevolumecomparisonsofglacierssimilarinsizetothe
two cited glacierssupplyno satisfactoryresults.For
numerousalpine glaciers there are ice thickness
measurementswithsimilarorworsedensityofdatathanfor
thetwocitedglaciers.Theinterpolationstrategydeveloped
forthisprojectsuppliesplausibleresultsforsuchsetsofdata
inobjectivewayswhichcanalsobereplicated.
SincetheSonnblickObservatoryliesadjacenttothissiteand
totherunningglaciermonitoringwhichhasbeenconducted
since1983,thetwoexaminedglaciersarehighlysuitablefor
amodeloftherelationshipbetweenclimateandglaciers.The
resultsoftheicethicknessmeasurementssupplyimportant
surroundingconditionsforthedevelopmentofsuchmodels.
Basedonthedataobtainedinthiswork,moreprecisewater
balancemodelsandforecastsoffuturerunoffmassesofthe
glaciersarepossible.Suchsubsequentresultsare,inturn,
highlyinterestingfortheoperatorsofreservoirsandhydraulic
powerplants.Itwouldbedesirableforthefutureifa direct
examinationof the datavia ice drillingand sets of ice
thicknessdataofotherglacierswereavailableforpurposes
oftestingthedevelopedinterpolationstrategy.



U_GLACIER

Objectives

SincetheglacialareasintheAlpsarediminishingmoreand
more,thecontributionof icemeltin theoverallrunoffwill
becomelessandlessovertime.Thiscanreducethewater
levelofriversindrysummersinparticular(seeillus.1).The
objectiveofthisprojectis tosimulatethefuturedeclineof
glacialsurfacesas perfectlyas possible;and thento
computatefuturerunoffscenariosin varying,heavily
glaciatedsectors,basedon a seriesof positedclimate
scenarios.Thehydrologymodelwhichisusedisoptimised
andtestedbymeansofwiderangingmeteorologicaland
glacial-hydrologicalmeasurementsintheSonnblickregion.

Method

A hydrologicalmodelisoperatedwithmeteorologicaland
topographicaldatato simulatethe runoffin theglacial
drainagebasin,andincludesglaciermeltingaswell.The
resultsofsucha simulationmodelareverifiedwithrunoff
measurements,glaciermassbalancemeasurements,two
automatedweatherstationson the glaciersof the
Goldbergkeesand Kleinfleisskees,measurementsof
snow-waterequivalentsand remoteexploratorydata
(automatedterrestrialphotographyandsatellitedata)of
thesnowcover.Inordertomaketherunoffmodeluseful
overlong-rangingperiodsof futuretime,thecalculated
changesin glacialmassperforceleadto a changein
glaciertopographyandintheglacialsurfacesusingsimple
approachestoglacialflowdynamics.Hereiswheresuch
simpleapproachesandparameterdefinitionsaretested,
i.e.dependableglaciermodelsdeveloped.Theassembly
ofmodelsis checkedandverifiedthroughmeasurements
of volume,surfaceareaandchangesin lengthof the
glacierssurroundingtheRaurisSonnblickoverthe last
150years,usingalltheavailablehistoricaldata.

Ifthemodelwhichis developedcandescribebothrunoff
andglacialmassbalanceaswellasthechangeofglacier
volumeandsurfaceareathroughoutthepast,themodel
willthenbe runthrougha varietyof scenariosbasedon
regionalclimatemodelsandfuturescenariosforpotential
changesof runoff;anddevelopmentof glaciersin the
areasunderobservationwillbe computated.By usinga
varietyof regionalclimatetransformationschedulesand
varyingmodelparameters,adefinitivestatementaboutthe
uncertaintiesofmodelsandhydrologicalpredictibilitywill
beabletobemadewithahighreliabilityquotient.

Contact:
BernhardHynek,WolfgangSch6ner
CentralInstituteforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38,A-1190Vienna
Tel.:+43(1)36026-2225(2290)
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Illus.1:SimulatedmovingrunofflineofGoldbergbrookinthehot
summerof2003,includingcontributionoficemelt(blue).Source:
Koboltschnig(2007).

The modelwillbe examinedin the runoffareasof the
Goldbergbrook(2.1km2)andtheKleinfleissbrook(15ka) in
theGoldbergrangeof theHoheTauern,glaciatedby the
Goldbergkeesglacier(1.5km2)andKleinfleisskees(0.8kmz).
On bothglaciers,detailedmeasurementsofwintertimeand
annualmassbalancehavebeencarriedout.Thereexist
widelyspacedmeasurementsof ice thickness(2003)and
repeatedmeasurementsofglaciersurfacearea,volumeand
annualchangesinglacierlength,aswellas continualrunoff
measurmentsinbothrunoffbasins.Apartfromthat,theclose
vicinityof theSonnblickObservatoryprovidesoutstanding
meteorologicaldata goingback to 1896.To test the
transferabilityofthemodel,themodelwhichwasoptimisedin
small-scalerunoffareaswillbe appliedto runoffareasof
mediumsize(Mittersill,Salzach,appx.(600km2),wherefor
verificationpurposesrunoffdataanddailyremoteexploratory
dataofthesnowcoverareavailable.

Illus.2:RunoffbasinofGoldbergbrook,withGoldbergkeesand
HoherSonnblick.Source:Koboltschnig(2007).
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Measuring and Making Models of melt runoff of Goldbergkees

Duringthesummerseasonsof 2002and2003,theInstituteforWaterEconomyandHydrologicalConstructionof the
Universityof NaturalResourcesand Life Sciencesin Viennaconductedmeasurementsof glacialrunofffromthe
Goldbergkees.Inthecourseofconductingthesemeasurements,afullyautomatedmeasuringinstrumentwithintegrated
datarecordingandremotetransmissioncameintouseforthefirsttime.Fromthesemeasurements,newinsightsofthe
runoffcauseson the glacierand the meltingprocesswithina dailycycle, as wellas its dependenceon hydro-
meteorologica

BackgroundandMotivation
EversinceSeptember2002,runoffmeasurementshave
beenconductedontheGoldbergkeesbytheIWHW.Tothis
end,a self-registeringgaugesystemwas installed.The
measurementsaredesignedtosupportinongoingfashion
thebalancesofsnowcoverandglaciervolumemeasured
bytheZAMG.Furthermore,thefollowingpossibilitiesand
additionalbenefitsaccrue,dueto theexistingrunoffarea
characteristicsand dataassemblyfor snow-hydrological
hypotheses:

. Accesstoacomprehensivehydro-meteorological
measurementnetworkasabasis

0 Markedidentifiabilityofmeltingprocessthroughlackof
basicearthorgroundwaterdrainage

0 Reviewofexistingsnowmeltandsnowaccumulation
programmesoftheIWHW,

o Adaptationofprogrammesforglacialsnowmelt
0 Testingmeasuringdevicesinhigh-alpineconditions
0 Examinationofhydraulicrunoffconditionsontheglacier.

CompletedProjects
Thegaugestation(seeillus.1)islocatedattheoutletof
theglacierlakeatthefootoftheLowerGoldbergkees.The
measurementofthewaterleveliseffectedbyrecording
thehydrostaticpressureinthestreambedchannelofthe
glacierbrook.Thestationisequippedwithamodem,
enablinga remotescanviatelephone.Duetothe
exposed,avalanche-endangeredsite,thedatalogunitis
dismantledeveryautumn,thewater“bubblepot”onthe
streambedremainsinplace.Duringthesummer,the
measuringdeviceongoinglysupplieswaterlevel
measurementseverytenminutes.Inthecourseofperiodic

Contact
HubertHolzmann
UniversityofAgricultureVienna

Muthgasse18,A-1190Vienna
Tel.:+431-36006-5505
hubert.holzmann@boku.ac.at

fieldmeasurements,therunoffmeasurementswerealso
carriedoutbymeansofflowspeedmeasurements.This
makespossibleaconversionofthewaterlevels(mm)into
runoffvalues(I/sec).InAugust2003,salttracertrialswere
launchedinthelowerandintermediateGoldbergkeesareas,
andcontinuedinSemptember2003.Thesetrialsmadean
allocationoftherunoffpercentagesfromvariousareasofthe
glacierpossible,aswellasanestimateoftheflowtimes.

Theobservedrunoffisa resultofdirectprecipitation,
snowmeltandglaciermovement.Inillustration2thetime-
measureddynamicsoftherunoffamountsinliters-per-
secondforsummerin2002and2003aredepicted.The
daytimecycleisnoticeable,i.e.maximumandminimum
valuesoftendifferby100%.Thedepictedsteplines(red)
showthemeandaytimerunoff.
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Inthecourseoftwodoctoralstudies,theobserveddataare
preparedand(1)snowmeltcalculationsarecomputated,
togetherwith(2)anexaminationoftherunoffdynamics.

Prospects
Basedonworkprojectswhichhavebeencarriedoutthusfar,
newinsightsintosnowmeltmodellingandthetransferrabilityof
suchmodelstoregionalprecipitation-runoffmodelsis
anticipated.Thereby,inquiriesintothereservoireconomy,and
theforecastofsnowmeltinhighalpineregionsortherunoff
effectivenessofprecipitationdistributedovervariousaltitudes
canbedealtwith.Theworktodateiscurrentlybeingcarried
outasindividualresearchoftheIWHW.

WolfgangSch6ner
CentralInstituteforMeteorologyandGeo.
DepartmentforClimateResearch
HoheWarte38,A-1190Vienna
Tel.:+431-36026-2290
w.schoener@zamg.ac.at
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AlpWaterScarce - Management strategies towards indexing water shortage in the
Alps

Notonly the lands of thesouth,butalso theAlpine regioncan potentiallybe struckbywaterscarcity. Ina
consortium comprising 17 partners from the five alpine countries, experts from the fields of water
management, agricultural science, geography and geo-informatics, engineering, ecology, biology,
tourism and economics worked out realistic solutions and concepts in interdisciplinaryfashion to
approachthe issue of forecastingwatershortagein theAlps.

Problemdefinition:Overthe lastfewdecades,experts Enquiriesin a Styrian-Carinthianpilotprojectshowa
fromAustriaandSloveniahaveestablisheda seasonally- declinein therateof groundwaterregenerationof 20
baseddeclineintheamountsofprecipitation.Furthermore, percentoverthelast100years.Researchandanalysis
thedemonstrableriseintemperatureshasledtoheightened fromdrainagemeasurementsinSloveniahaverevealed
evaporationand thus,to loweredregenerationratesof asimilardecline.
groundwaterinpartsoftheAlps.

Objectives:Oneobjectiveisthedevelopmentofa local
early-warningsystemforwaterscarcityintheAlpsand
theestablishmentofrealisticallyimplementableconcepts
andsolutionsforthemulti-functionaluseandre-useof
water.Thiswillincludeananalysisoftheavailabilityof
waterandwaterconsumptionin23pilotregionsofthe
Alpsas a specialfocus.Whereaswateras a natural
resourceis oftenconsumedingreatamountsinsome
regionsduringthewinter,particularlyin winterresort
towns,theenergy-intensiveproductionofartificialsnow
and the ever-increasingnumbersof touristsfurther
reducetheavailablequantityofwatertoa highdegree.
Thetemporallyandregionallyheavilyfluctuatingbutin
some regionsimmensewaterconsumptionhas, in
additionto the reducedamountsof precipitation,an
enormousinfluenceon theavailablewaterresources.
Dueto theglobalclimatechange,combinedwiththe
humanpressuretowardsconsumption,it can be
assumedthattheSouthernAlpsinparticular,aswellas
certainindividualinneralpinevalleys,willsufferfrom

ThesewaterShortages havenaturaltopographical30d increasingdrynessin futureyears,accompaniedby
climaticdisparitiesastheircauseandthus,willnotaffectthe correspondingeffectsonflora,faunaandhumanlifein
entirealpineregionto the sameextent.Someregions, theseregions.The foremostgoalof theprojectis a
however,particularlyin the SouthernAIDS.Wi" suffer detailedproblemrecognitioninthe23testareasandthe
intensifiedreductionsinwateravailability. summaryof theobtainedknowledgein an informative

atlasofwaterscarcityintheAlps.

A greatroleis thisinterdisciplinaryprojectis playedby
theactiveevolutionof attitudesandawarenessin the
populationand the majoractorsfromthe involved
sectorsof the economy,industryand tourism.The
networkingofindividualplayersontransalpinelevels,at
nationallevelsand even at regionallevelsis the
declaredgoal.Followingtheanalysisofproblemzones,
concretestepsto counteractinordinatelyhighwater
consumptionand, linkedto that,to counteractwater
shortage,willbe taken.TheZ_B|Sis theresponsible
authorityof thisprojectfordatafromtheentirealpine
region in the areas of data management,data
preparation,webservicesandvisualisationof results,
withtheaidofvirtualglobes.

Mutt:mm(2000)

Contact:
HermannKlug
CentreforGeoinformatics(Z_GIS)
UniversityofSalzburg
Schillerstrasse30,Building15,3rdfloor
A-5020Salzburg
Tel.:+43(662)8044—5261
hermann.klug@sbg.ac.at



TheKarstproblem:AbouthalfofCroatiais coveredby
Karst,thatis, soilstructureswhichareformedlargelyof
weatheredlimestonethroughwhichcrevicesandfissures
permitwatertoseepawayquickly.Ontheearth’ssurface,
emergencywatershortageoftenprevails.This formof
dehydrationtakes place in a complexnetworkof
subterraneanchannels,evencavescanbeformed.Fora
researchprojectattheUniversityofRijeka,togetherwith
theRuderBoskovic’:InstituteinZagrebandtheUniversity
of Varazdin,geologists,chemistsand physicistsare
collaboratingto analysethosenetworks,and are also
providingassistancetolocalusersinplanningwatersupply
andreservoirs.

Isotopeas “marker”for hydrologicalanalyses:The
isotopecompositionofasystemcanbeconstructivelyused
as a markerwithoutinterferingwiththe systemitself.
However,forthatveryreason,itmustbeextremelyprecise
ifonewishestorecordeventheslightestdisparitiesinits
behaviour.This is possiblewith magneticmass

Contact:
ZvjezdanaRoller-Lutz
UniversityofRijeka
SchoolofMedicine
BraceBranchetta20
HR-51000Rijeka,Croatia
Tel.:0038551651210
roller@medri.hr

spectrometry,forwhicha streamoffast-moving,charged
atomsor moleculesof varyingmass is divertedin a
magneticfieldandthenmeasured.For example,water
(H20)containsnotonlythemajorisotope1H(mass1)and
60 (mass 16), but also minisculeamountsof 2H
(Deuterium,mass2), as wellas 17Oand 180.Every
disparityfromthe“natural”values,broughtaboutbyso-
calledfractionationandmeasuredin“delta-value”,reveals
somethingabouttheoperativeprocessesin thesystem.
Evaporation,forexample,influencestheisotoperatio:light
isotopesaremoremobilethanheavyones,thusevaporate
moreeasily.Steamaboveawatersurface,e.g.thesea,is
thusenrichedin the lightisotopes1Hund160.When
condensationandrainfalloccurs,theheavyisotopestend
todropout,butduetotheisotopicallylightsteam,rainfall
and snoware stillsomewhat“lighter”thanseawater,
namely,to thatdegreetowhichit is colderandfurther
distantfromthesea.Thesameruleapplies,incidentally,to
H andfor0; thus,thereis a simple,linearcorrelation
betweenthetwo,the “meteoricwaterline”,thusnamed
becausethesearemeteorological,i.e.weatherprocesses.
Thus,thedelta-valuesayssomethingabouttheoriginand
historyofwater.

The project: The Universityof Rijekafocuseson
measuringthestableisotopesof H, C, N, O; theRuder
BoskovicInstitutesetsitssightsontheradioactiveisotopes
3H(Tritium)and14C;andtheUniversityofVaraZdinonthe
chemicalcompositionofwaterandtheinterpretationofthe
results.TheSonnblickObservatoryprovidessamplesfor
theso-calledwaterreferencestandards,sincethemass
spectrometricalmeasurementshaveto be carriedout
againstreferencestandardsin orderto achievethe
requisitedegreeofprecision.Snowfromveryhighalpine
sitesis a highlyratedreferencestandardbecauseit is,
isotopicallyspeaking,particularly“light”,enablingit to
recorda widespectrumof delta-values,togetherwith
isotopically“normal”seawater.



Permafrost measurements

Sucheffectsarenowbeingexaminedandmodelled.

Objectives

SinceAugust2007,thedistributionof permafroston the
summitis beingmeasuredandmodelledinprecisefashion
fora projectoftheAustrianAcademyofAppliedSciences.
Theobjectivesoftheprojectare

0 Preciseknowledgeofannualdistributionofpermafrost
onthesummit

. Influenceofthebuildingonthedistributionofpermafrost
intherock

0 Modellingofpermafrostrelationshipsonasmall-scale
0 Measurementofpermafrostconditionsattherimofthe
swiftlydecliningglacier

. Effectsofpermafrostchangesonthestabilityoftherock

«‘fiuv .. .-‘o"1 ‘4‘- " “‘4‘$2mite2311.28“‘". =’“£0 ‘ :1’xs«A.T~‘

Contact:
ClaudiaRiedl,GerhardSchauer,
MichaelStaudinger
CentralInstituteforMeteorologyandGeodynamics
InformationCentreforSalzburgandUpperAustria
Freisaalweg16,
A-5020Salzburg
Tel.:+43-662-626301
c.riedl@zamg.ac.at,m.staudinger@zamg.ac.at

MeasuringSystem

Thethree,20-meterdeepdrilledholesareeachequipped
withgeophonesand appx.20 temperaturesensors.The
middlesensorhas, in addition,an extensionmeterwhich
recordsevenminisculemovementsin the rockstructure.
Throughthechangingfrostconditionsduringthecourseof
theyear,thegroundliftsandsinksseveralmillimeters.

~c
4
2
0
.2
.4
s
8321100ApICBJurlBAug]!0011302113FelflBApi‘EBJurCBAugBOCICBDedBF0010April]JunIDA0910OcIIU08010

Tiofa[m]a

||lus.2:Temperaturechangesinsidetherock

Inadditiontomeasurementsinsidetherock,surfacesensors
areinstalledat50locationsabovetheearth’ssurfacewhich
giveinformationaboutthesnowcoverinthevariouspartsof
theSonnblicksummitarea.A preciselaserscanpictureof
thesummitbuildingisusedformodellinganddocumentation
oftherockmovements.

Prospects

Themodellingwillmakethehighlydetailedstructureofthe
permafrostdistributionononesummitof theAustrianAlps
transferrabletoothergeomorphologicallocations.Fromthat,
conclusionscan be drawnas to whichpartsof the rock
structuretypicallybecomeinstablethroughchangesin
permafrost.Z_TIScalculatesthevulnerabilitiesfor typical
alpinehikingtrailsfromthisdata.

PeterZeil
CenterforGeoinformaticsZ_GIS
Schillerstr.30B15
A-5020Salzburg
Tel.:+43-662—8044—5264oder-5210
peter.zeil@sbg.ac.at
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PermaNet

Damagesfrompermafrosthavebecomea problemin the lastfewyearsnotonly in theAustrianAlps. Largescale
damageinhighalpineregionshavehasalsobecomeevidentinSwitzerland,FranceandItaly.Forthisproject,whichis
supportedbytheEU (EuropeanFundforRegionalDevelopment- EFRE),permafrostscientistsintheAlpsendeavorto
establisha networkfor purposesof developingmodelswhichcan be deployedthroughouttheAlps to depictthe
distributionof permafroston an alpine-widemapandto standardisethemeasurementswhicharenecessaryfor the
validationofthesemodels.

Objectives Thewiderangingobjectivesof thisprojectare intendedto
providethe basis for futureplanningand policymaking

PermaNetwaslaunchedinJuly2008.Itdrawstogetherthe decisionsin highalpineregions.Risksdue to changesin
knowledgeandexperienceof 14 partnersin theAlpine permafrosthaveanimpactinarchitecture,thesafetyofalpine
countrieswhoareexplorationalleadersintheresearchof trails,highaltitudetouristprojectsandtheplacementofliftsin
permafrost.TheprojectisbeingledbytheOfficeofGeology snow-guaranteedregions.
andBuildingMaterialsTestingoftheAutonomousProvince
ofBozeninSouthTirol.

Method

Individualstepsoftheproject: _ _ _ _ _
Incertaincountries,mapsalreadyex13twhichdepictthe

, Standardisationofmeasurementsystemsforsensorsin probabilitiesofpermafrostoccurrencethroughapproximation
drilledholesandonthesurface processes,basedonmeanannualtemperatures,north-south

o Carryingoutmeasurementsinaccordancewiththe exposmonandsnowcover.
standardsinvariouspartsoftheAlps

0 Modellingpermafrostconditionsonascalewiththe
Alps,inastandardisedmethod

0 Validationofmodellinginthevariouspartnerregions was". «ram. "'2" . "we . my". we“. tram
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||lus.2:PermafrostmapofSouthTirol

Thesemodelsarefurtherrefinedthroughadditionallaser-
scanneddataforpotentialradiation,geological
characteristics,plantcoverandothermicro-meteorologically
localattributes.Utilisingstandardisedmeasuringtechniques,
thenewlydevelopedmodelversionscanbevalidatedand
furtheradaptedtospecificconditions.

LocatedontheSonnblickisAustria’sonlymeasuringnetwork
withdeep-boredrilling,whichfocusesitsattentiononlong-
termfluctuationsfromyeartoyear.Inaddition,local
knowledgewithregardtopermafrostdistributionisdrawninto
thesmall-scalemodellingonanexactmeterscale.

Contact:
ClaudiaRiedl,MichaelStaudinger
ZAMG,InformationCentreforSalzburgandUpperAustria
Freisaalweg16,
A-5020Salzburg
Tel.:+43662-626301
c.riedl@zamg.ac.at,m.staudinger@zamg.ac.at



Permafrost in the Hohen Tauern

Permafrostdetection—Why? Permafrostis the soil,
sedimentorrockofdifferingthicknessanddepthbeneath
theearth’ssurfaceinwhichtemperaturesbelowfreezing
havebeenmeasureduninterruptedlyforatleasttwoyears.
A rise in its temperaturewouldtherebybringabouta
destabilisationofmountainslopesandsteep,rockyflanks
in manylocations.Inthoseregions,increasedrockfall,
slopefailure,mudflowwillbetriggeredandcauseuntold
damagetotransportationroutes,cablecars,electricallines
and buildings.Scheduledbuildlingprojectsin the
mountainsdependondetailedinformationonthespreadof
permafrostaswellas itsprognosticateddevelopment.And
lastbutnotleast,thischangealsohasmajorimplications
formountainsports,sincemanyclassictrailsandroutes
havealreadybecomeinaccessible,orcanbeusedonlyat
heightenedrisk.
l UnteraucitungsgeoetHoneTauern
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l||us.1:Testregionswhichweresubjectedtoanalysispermalp.at

Methods:The area underinvestigationis the Hohen
Tauernrange,comprisinga surfaceareaof2477km2.Of
this,approximately170km2(accordingtoCORINE2000)
are coveredby glaciersand therebyexcludedfrom
permafrost,byandlarge.Ifonestickstothe‘ruleofthumb’
thatpermafrostgenerallyisfoundabove2500mabovesea
level,a surfaceareaofabout800km2hastobeclosely
examined.To derivea so-calledtopoclimatickeywith
regardtotheoccurrenceandspreadofpermafrost,several
localtestareas(seeillus.1)wereselectedwhichhave
disparatetopographicalandclimaticsituations.Inthese
test areas, basic data of temperature,terrainand
subterraneanstructureswereobtainedbyapplyinga series
of geomorphological—geophysicalmethodsin order to

Contact:
LotharSchrott
UniversityofSalzburg
DepartmentofGeographyandGeology
A-5020Salzburg
Tel.:+43(0)662-8044-5245
|othar.schrott@sbg.ac.at

recordthecurrentpermafrostspread.Thisanalysishada
high degreeof resolutionand precision.The actual
modellingof the permafrost
spread is then carried out
reflectinglocal topographical
and climaticconditions.From
the ratioof the parametersof
altitude,slope gradientand
exposition, the permafrost_
distributionissimulated. ' N '

||lus.2:BTSmeasurementon
Kreuzkogelatappx.2680maltitude

(23.03.2010)

Thequestionofwhichadditional . 3
parameters,such as surface .' {”4”N .11,
covering,solar radiation,etc. oughtto be takeninto
considerationforthemodellingof permafrostdistribution
willalsobeweighed.Thecalculationswillbeimplemented
basedon a digitalterrainmodelwitha resolutionof 10
metersinordertodepictthefinelydifferentiatedterrainin
highalpineregionsaspreciselyaspossible.
An indexableresultof permafrostspreadwillreplacethe
sharp minimumbordersof possibleand probable
permafrostwhichhavebeenusedtodate.Duetothefluid
transitionsandthestatisticsofprobablepermafrostspread
expressedinpercentages,thequalityofthemapcanbe
radicallyimproved.
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The project:The objectiveof the plannedpermafrost
modellingfortheHohenTauerndoesnotentaildeveloping
a fundamentallynewmodel,butrather,adaptingexisting
approachesto a topoclimatickeywhichhavebeentried
andtested(seePERMAKART)to localconditionsof the
subterraneangeological layers, also taking into
considerationthe projectresultsfor Austriawhichare
alreadyavailable.Thegenerationofa keyforpermafrost
spreadintheHohenTauern,inthesenseofrulesofthumb
andlowerborders,is thefocalpointof theexamination.
Withthiskey,thesimulationof permafrostspreadinthe
HohenTauernwillbemadepossible,utilisinga varietyof
models.TheSonnblickObservatorywillprovideclimate
dataandinformationpermafrost-relevantanalysesforthe
validationof models,therebymakingpossiblea better
adaptationofthemodellingtotheanalysedregion.

BarbaraEbohon
UniversityofSalzburg
DepartmentofGeographyandGeology
A-5020Salzburg
Tel.:+43(0)662-8044-5227
barbara.ebohon@sbg.ac.at



3D Laser scanner messungen in 2009: For the
measurements,a 3D laserscannerRIEGLLMS-Z420i
combinedwitha calibratedNIKOND100digitalcamera
wasused(illus.1).ForrecordingtheSonnblickterrain,8
differentscannerpositionswereused.A totalofabout14
millionmeasurementpointswerecaptured,forwhichthe
site,thedistanceandthereflectionintensitywerestored.
Foreachscan,photosoverlappingby 10%weremade.
Immediatelyfollowingthiscollectionofdata,thescanned
andphotographicdatawereconsolidatedonthespot.The
initialresultofthecombinedevaluationofscansanddigital
photosresultedina colour3Dpoint-cloud.Thecoloured
pointsoftheindividualscanscanbecombinedwitheach
otherandthenfedtogethertoformanoverallpointcloud.
Thisoverallpointclouddepictsa three-dimensionalmodel
oftheconditionsontheSonnblickatthetimethephotos
weretaken.Througha selectionof individualareas,the
overallpointcloudcansubsequentlybe dismantledinto
individualpartialclouds(illus.2).

Spezil'ikationLMS-Z4201 ; ‘ fr, ,-- r " .' 5.4531,}
Messentfemungmax800m(Reflektivitfit0.8),

max200m(Reflektivitfit0.2)
Messgenauigkeiti l0mm
Strahldivergenz0.25mrad
Messrate 8000Messungen/Sekunde
Winkelbereich0—80°vertikal

0—360°horizontal
Winkelauflésung0.01°

Kameraspezifikation

Modell NikonD100
Objektiv NikkorI4mm/2.8
Aufltlsung 3008x2000Pixel
Winkelbereich80°x58°

Illus.2:ScreenshotbyRiSCANPROofindividualscansregisteredIllus.1:3DlaserscannerRIEGELLMSZ42011m andcolouredthroughdigitalphotos
inuseontheSonnblickanditsspecifications.

Contact:
S.SirriSeren
CentralInstituteforMeteorologyandGeodynamics
SectorDMM/DepartmentofGeophysics
HoheWarte38,A-1190Vienna
Tel.:+43-1-36026-2506
sirri.seren@zamg.ac.at

WolfgangNeubauer
LBIforArchaeologicalProspection
andVirtualArchaeology
HoheWarte38,A—1190Vienna
Tel.:+43-1-36026—3001
wolfgang.Neubauer@archpro.lbg.ac.at



change

Sonnblick.

Forgeoelectricmeasurements,theresistancestructureof
subterraneanlayersis analysed.Thesebelow-ground
parametersare contingenton watercontent,water
conductivityand temperatureof the surroundingsite,
amongotherthings,forwhichthedynamicinterplayof
freezingand thawing,as well as the depthof the
permafrosthorizoncanbemeasuredgeoelectrically.

GeoelectricmonitoringprofileatHoherSonnblick

IntheDepartmentofGeophysicsattheNationalGeological
Institute,ameasuringinstrumentwasspeciallydevelolpedfor
geoelectricmeasurementsknownas GEOMON4. The
innovationsofthisdeviceare:

03000datameasurementsin45minutes
call individualsamplesare recorded,notmerelythe

averagevaluesof individualsamples;thisenables
researcherstomakesubsequentqualitychecksof
themeasureddatawithregardtonoisecontentand
signalstrength

. remotemaintenancethroughGPRS
GEOMON4Dcanbedeployedasamonitoringstation,sinceit
canberemotelymaintainedbyGPRS.

DouhlumSRMSm=185$00
130

For thespecialdemandsof permafrostmonitoringitwas
neccessarytodeveloplightning-protectionmodulesaswell
asaspecialelectricitysupply.
Thedevelopmentofa constantsourceofelectricpowerwas
essential,since due to the anticipated,extremelyhigh
electricalresistancelevelsofpermafrostandtheanalysisof
thegeoelectricalmeasurementscarriedout,a greatmanyof
themeasuredpotentialdifferencesenterthesaturationzones
(i.e.ati10V)ofthemeasuringapparatus.Thatcanonlybe
preventedif theelectricpowersupplycanbeappropriately
regulatedinordertokeeptheelectricalpowerdesirablylow
andthereby,thepotentialdifferenceswillremainbelowthe
saturationzone(ofresolutionprecision)ofthemeasurement
device(normalerweisei10V).

Initialmeasurementshaveshownthatthe measurement
resultswiththe new electricpowersupplyare quite
promising.Test profileswere carried at Sonnblick
Observatoryand on the M6lltalGlacieralongwhichthe
permafrostdepthcanbeclearlydelineated.Itis plannedto
beginpermanentmonitoringoperationsinautumn2010.

thelectrodespaugll‘flm

Contact:
RobertSupper
NationalGeologicalInstitute,Dept.ofGeophysics
Neulinggasse38
A-1030Vienna,Austria
Tel.:++43-1-7125674380
robert.supper@geologie.ac.at
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PERSON Permafrost monitoring on the Sonnblick

TheprojectknownasPERSONaddressesa stillyoungfieldof researchintheAustrianAlps,namely,permafrost.Duetc
the climatechangeand the risks in theAlps associatedwithit, it is imperativeto expandour knowledgeof the
permanentlyfrozengroundinhighalpineregions.IntheAustrianAlps,permafrostlayersgenerallyoccur,dependingon
exposition,above2500m, in some placesof southernexpositiononly above3000m altitude. The difficultyir
researchingpermafrostis thattheuppermostsurfaceis generallynotvisibleandits lowerlayerscantakeonwidely
disparateforms,whichmightconsistofeasilydetectedice lenses,or verydifficult-to-detectfrozenrock.ThePERSOh
project,whichrunsforeightyears,analysesbothspatialdistributionandtemporalchangesof permafrostinselected
testareasofvaryingexpositions.

Definingtheproblemandtheobjectives

Rockfall,fissuresin cliffs,unstablefoundationsof
cablecarpylonsor mountainrefuges:highalpine
infrastructureandtouristicconstructionin particular
makeitimperativetolearnmoreaboutpermafrostin
themountains.
InthecourseofthePERSONproject,as a special
assignmentof theMinistryof theEnvironment,the
CentralInstituteforMeteorologyandGeodynamics
hasoperateda permafrostmonitoringnetworkinthe
Sonnblickareasince2006.The objectiveof this
monitoringprogramis to observechangesin the
permafrostanddeterminewhatfactorsarerelevant
to permafrostspread,e.g. snowpackinfluence,
effectsof shadeand exposition.The PERSON
projectwillgathernecessarybasicdatato better
understandandmodeltherelationsbetweenclimate
changeandpermafrostspread.

Measurementsandmodels

To providea contained,yetalsomeasurableframework,
severalareasof examinationon the Sonnblickwere
selected.InthezonesGoldbergspitzeandWintergasse,
temperature(BTS)andmeasurementsoftheearthsurface
temperatureat the snowpackbase (GST)havebeen
carriedoutsince2005.Further,measurementsaretaken
regularlyinthereservoirlakeonthenorthernflankofthe
Sonnblickwhichwasformedbymorainematerialsofthe
Pilatuskeesglacier.SinceJune2008,thedailymeltingof
snowandsnowdistributionin theWintergasseareaof
investigationhave been underobservationthrougha
permanentlyinstalledcamera.

Themeasurementof basicsnowpacktemperatureis an
effectiveandinexpensivemethodtoobtaininformationon
the permafrostspread.To this end, the electrical
resistanceatthebaseofthesnowpackismeasuredwitha
specialprobe.In1975,Haeberlidevelopedempiricallimits
ofBTS(througha largenumberofmeasurements)through
whichthespreadofpermafrostcanbederived.According
to theseguidelines,a base temperaturebelow-3°C
probablyindicatespermafrostbelow ground. The
uncertaintyzone lies between-3°Cand -2°C,and for
temperaturesabove-2°C,permafrostcaninallprobability
beruledout.

Contact:
ChristineKroisleitner,WolfgangSch6ner
CentreforMeteorologyandGeodynamics
DepartmentofClimateResearch
HoheWarte38
A-1190Vienna
Tel.:+43(1)36026-2296(2290)

l||us.1:Temperaturemeasurements(BTSandGST)andthemodels
PermamapandPermakartintheSonnblickarea

Buildingupontheseempiricalrules,modelsto estimate
permafrostspread have been developedat differen‘
locations.Intheareasof investigationselectedhere,the
modelsPermakartandPermamapbytheUniversityofZuricf
were used for the initialestimate(see illus. 1). The
measurementof earthsurfacetemperatureas carriedout
throughtemperaturedataloggers.Sinceautumn2006,2C
dataloggershaverecordedthesurfacetemperaturehourlyir
twoareasofinvestigation.In2010,themeasurementnetwork
wasexpandedindensity.Inaddition,since2008,changesir
thesnowpackhavebeenrecordedbymeansofanautomatic
camera.

Prospects

TheresultsofbothBTSandGSTmeasurementspointtoa
heterogenousand small-scalepermafrostspreadwhose
spatialvariationsdependheavilyon thetopography.The
calculatedmodelsPermamapandPermakarthavetoorough
a resolutiontobeabletodepictthissmall-scaleheterogenity
(see illus.1).To be able to makestatisticallyassured
statementsaboutthedistributionandchangesinpermafrost
intheSonnblickregion,a long—termmeasurementseriesis
necessary. PERSON completes this point-for-point
monitoringoftheSonnblickObservatorythroughitssurface-
wideapproach.



Avalanche Reporting Station Sonnblick

is Salzburg’shighestaltitudestation.

Dataflow

The SalzburgAvalancheWarningServicedrawsits
informationfroma networkcomprisingmorethan40
stations,someofwhichareoperatedbytheAvalanche
WarningService,others in cooperationwith other
institutions,e.g. the SonnblickObservatory.The daily
observationsgatherandrecordallavalanche-relevantdata
withregardto the snowpack,extendingwell beyond
measurementsof itsdepth,i.e.sink-indepthof a norm
weightintothesnowpack,typeofsurfacesnowcovering,
snowtemperature,snowtransportthroughtheterrainand
preciseobservationsanddescriptionsofavalancheswhich
have beenunleashedare reportedat the Avalanche
WarningCentrefromtheSonnblickintheearlymorning
hoursofeachdayinordertocompletethepictureofthe
invariablyhighlydiversesnowpackin the Salzburg
province.

Contact:
F.Wallner,H.Lindler,L.Rasser,H.Daxbacher-Observer

Freisaalweg16.5020Salzburg
Tel.:+43(66180422170
sonnblick@zamg.ac.at,bernhard.niedermoser@salzburg.gv.at

Methodsofdesignatingdangers

The Sonnblickis the highestaltitudeavalanchereporting
stationin thestateof Salzburg.Onlythroughobservation
pointsat thisaltitudecan thedisparitiesin thevarietyof
snowpackcomponentsbetweenintermediatealtitudesat
approximately2000mandathighalpineregionsabove3000
mbeanalysedwithprecision.Every14days,measurements
ofevengreaterprecisionareundertaken:a “snowprofile”in
thevicinityoftheobservatoryrevealsthehiddentruthabout
the deeperlayersinsidethe snowpack.The bondingof
individuallayerstoeachothercanchangeradicallyovertime.
Dueto influencesofwind,cold,temperaturefluctuationsor
springtimewarmth,thebondingof layersto eachotheris
weakenedorstrengthened.Theconsolidationofmerelytwo
layersinsidethesnowpackcanchangebya factorof1000.
Observerssimultaneouslyestimatethe extentof local
avalancheperilinaccordancewitha5-leveldangerscale.



wayswhichareusable.

UV-deteriorationofsyntheticfibres:

Ifsyntheticsareusedoutdoors,alterationsintheirmaterial
characteristicstakeplace,contingentontheirlengthofuse.
One of the maincausesfor this deteriorationis UV
radiation.Additionalweatheringinfluences,for example
temperatureandmoisture,canacceleratetheprocess.

Inthesectorofmountainsports,theropesandloopswhich
are permanentlyinstalledon rock faces are heavily
exposedtoUVradiation,e.g.hourglassloopsandrapelling
stands.Untilnowno reliableestimatesof theirlongevity
couldbemade.

andtheactualpenetrationdepthsofUV radiationcanbe
determinedwithgreatprecision.
Togetherwithmeasurementsofsturdinessrecordedfrom
weatheredsamples,a forecastof expectedlongevityfor
thematerialsusedcanbemade.

Theproject:

AttheSouthernGermanySyntheticsCentreinWurzburg,
rope and loop samplesare weatheredin high-speed
methodsin the lab.This deteriorationprocessis then
evaluatedthrougha varietyofdirectandindirectmethods.
Thesturdinessoftheweatheredsamplesisthentestedby
the GermanAlpineClub.The SonnblickObservatory
makes this analysispossibleby providingsamples
exposedto real high alpineconditionsand also by
providingmeasurementdatatocorrelatenaturalconditions
to artificiallaboratorydeterioration.Additionalsamplesof
naturalweatheringareattheNationalRadiationProtection
AgencyinMunich.

Measurementmethodsto ascertaindeterioration:The
aging and deteriorationthroughUV radiationis a
consequenceof changesin themolecularstructureof
polymerchainsandtheadditionaladditives.Fromvery
smallsamples,thedegreeofdeteriorationcanbeproven ,
even in earlystages,dependingon material,usinga in
variety of analyticalmethods. A locality-specific
measurementofmaterialdeteriorationis therebypossible

Contact:
ThomasHochrein
SouthernGermanySyntheticsCentre
Friedrich—Bergius-Ring22
97076Wurzburg—Germany
Tel.:++49-931-4104-447
T.Hochrein@skz.de

FlorianHellberg
GermanAlpineClub-SafetyResearch
Von-Kahr-Str.2-4
80997Munich—Germany
Tel.:++49-89-14003-60
Florian.Hellberg@alpenverein.de



Austria’s highest altitude LINUX cluster
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l||us.1:Websitewww.sonnblick.net

Sinceindividualexpensesfordatastorageandtransferare
dispensedwith,due to our centrally-operatedcomputer
infrastructure,bothprojectoperatorsandprojectbudgets
enjoygreatbenefits.Newprojectsandmeasurementsare
integratedimmediatelyintothenetwork,existingprojects
havebeensuccessivelyconnected.

Forresearchgroups,accessviaInternetallthewaytotheir
ownmeasuringinstruments,collectionandtransferof all
theirmeasurementdata,automatedfunctionsupervisionof
measurementinstruments,storageof collecteddataand
structuralavailabilityofmeasureddataforinterdisciplinary
collaborationare offered.Whendesired,even special
solutions,e.g.remotecontrolofpumpsforfiltersuction,can
beimplemented.

Theheartof theinstallationis thehigh-availabilitycluster
operatedbytheLinuxoperativesystem.Allhardwareand
softwarecomponentsarelaidoutredundantly.Bothservers
reportto therespectivepartnervia so-called“heartbeat”
linesanyincorrectoperation.Incasethis“heartbeat”fails,
theremainingserveradjuststoemergencyoperationand
assumestheworkoftheoutedpartner.

Contact:
GerhardSchauer
ZAMG,CustomerServiceSalzburgandUpperAustria
Freisaalweg16
A-5020Salzburg
Tel.:+43(662)626301-31
gerhard.schauer@zamg.ac.at

TheInternetconnection,protectedbya firewall,iseffectedvia
a2Mbitdirectionalradiosignalroute,whichcorrespondsto30
timesthatofa normalmodemconnection.Withinthebuilding,
an intricatelybranchedfiberopticsnetworkservesallthelab
roomsandtheterrace.Thefiberopticsalsoprovidesa reliable
connectionand simultaneouslyprotects against the
consequencesof lightningstrikesandotherexcessvoltage
occurrences.Forsupplyingmeasuringinstrumentsoutsidethe
building,aWLANradionetworkhaslaunchedoperations.The
valleystationis alsocoupledto theobservatoryviaWLAN,
whichis usefulfor measurementswhichutilisethe large
altitudedisparityof1500meters.

||lus.2:ServercabinetIV



Astronomy Year arrives on the Sonnblick

AttheendofApril,theconditionsfora spectacularfast-
forwardrecordingareespeciallyfavourable.Intheearly
partof the night,the mooncrescentprovidesideal
illuminationof the landscape.And aftermidnight,the
summertimeMilkyWay rises majesticallyover the
southeasternhorizon.Sincethemodelssimulatehighair
pressureandrelativehumidityof50%,Préscholdsetsout
on hiswaytotheSonnblick.Buttheastro-photographer
underestimateslocalconditions.Caughtintheprevailing
northerlyairstream,the cloudsalongthe MainAlpine
Ridgecongestina barriereffectandshroudthesummits
intractablyinfog.Disappointed,Préscholdbeatsa hasty
retreat.

above:Lowlyingcloudsareamuchsoughtmotif—aslongas
theydon’ticeupthelens.

below:24hourslater,theairhasdriedout.

GymnicherStr.4
50937Cologne—Germany
www.3ternstunden.net

High-speedpicture:onleft,thezodiacallight,onright,thewintery
MilkyWayincludingSirius.Below,straycitylights.

Butonceagain,hisplanthreatenstofail.Ontheonehand,
theskiesareforthemostpartcrystalclear,butrepeatedly,
plumesoffogformaroundthesummitandiceupthelensof
hiscamera.Thus,heisabletotakea fewgoodshots,buta
16-hourfast-speedfilmissimplynotpossible.Notyet.

Twenty-fourhourslater,thelowlyingcloudshavedispersed.
Intheirplace,reamsof cirruscloudsnowraceacrossthe
sky. But the high altitudeclouds don’t impedethe
photographer,sincetheyareilluminatedfromInnsbruck.In
theHohenTauern,ontheotherhand,thereisnonearbycity
andthehighaltitudecloudsstandoutagainstthedarksky,”
reportsPrdschold.

For morethan 16 hours,Préschold’scamerafixesthe
happeningson thefirmamentabovethemountainpeaks:
from2:30pmuntil7:00amnextmorning.Sunrise,sunset,
themeanderingmoonlightshadows,thewinteryMilkyWay
andeventhefaintlightof thezodiacareallvisiblein the
finishedhigh-speedfilm.Butuntilit is ready,a lotofwork
awaitstheastro-photographer.Beforethemanyindividual
photoscanbemergedintoa harmonioushigh-speedfilm,a
wholeseriesofworkprocessesarenecessary.

“RetouchingtheartificialsourcesoflightontheM6llta|Glacier
wasespeciallytime-consuming,”saysPréschold.Thewhole
nightlong,ski slopevehiclesand snowcannonswerein
operationintheskiarea.IttookseveraldaysuntilPréscholdhad
painstakinglyremovedtheirheadlightsandwasfinallysatisfied
withtheresult.Theeffortwasworthit.The"WorldatNight"
Galleryhasbeenenrichedbya brandnew,spectacularsetof
photographs.
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Ice optics on the Sonnblick - the upside-down observatory

“Howrealis reality?”orAwarenessthroughPictureReversal
WaterandlightarethematerialsyoungartistReinholdAschbacherofGoldeggworkswith.Outof frozenwaterhecuts
iceblocksandshapesthemwithadroitcraftsmanshipintoopticallenses.Justas is thecasewitha classicalglasslens,
thesculptediceblocksbundlethelightandproduceanupside-downimage.
Turningpicturesontheirhead,i.e.requiringthebeholdertoturnupsidedown,appearstocallfactualthingsinquestion,
andrecallsthefamousbooktitleof PaulWatzlawick,“Howrealis reality?”to memory.Whatis reality,really?Canwe
believewhatweseeandhear?Iseverythingaroundus buta mirage?Somethingourbrainsthinkup?Towhatextent
canweacceptanythingas correctandtrue?Isn’teverythingjusta matterof perspective,andthus,of personalbelief?
HeinzKaiser

A “snowcamera”functionsjust likea photocamera, .
exceptthateverythingis madeof water:thespacein assaumwm_
whichthepictureisprojected,upsidedown,issimplybuilt 5 N mm“
ofsnow,theopticallensismadeofice. ‘- "’ . _,
OnNewYear’sDay2009,Isetupsucha snowcamera mg
about70metersofaltitudebelowtheweatherobservatory 5°32“
ontheSonnblickinordertoobservetheobservatory.In W
otherwords,theveryweatherstationwhosetaskit is to osseumliunl
collectdataforscientific,i.e.objectivepurposes,andmake
a forecast,wouldnow itselfbecomethe objectof
observation.
Thesnowcamera,quiteunlikea “true”observatory,is a /
highlyinefficientinstrument.What’smore,in highalpine “flange“
conditionsit is alsoenormouslydifficultto handle.The
pictureitproducesis impreciseandexistsonlyfora brief
interval.Quitecontraryto this,theweatherobservatory Skew/7OfIhe800Wcamera-3,"ObservatorySOMb/I'Ck2“
suppliesprecisedataon themostwidelyvariedclimatic

EventhewaytheSonnblickObservatorywasbuiltis the
diametricaloppositeof the snowcamera,comprisingan
estimated1000litersofwaterworkedbyhand,whereasthe
weatherobservatoryconsistsofmorethan65tonsofsteel
and is designedfor the highestpossibleenduranceand
longevity.
Thequestionis,whattypeofperceptionandthus,ofreality,
lies behindthe two observatories?My snow camera
(Observatory2)is a parodyoftheweatherobservatoryand
aimstopointoutthefollowing:bothobservatories,bothways
ofperceivingreality,arecreatedbyreligion,inthesenseof
God’sviewofbeing,andbyutopia,i.e.illusion,ofa healthyabove:Theobservatorybuilding2,inthebackgroundthe“true”observatoryontheSonnblick. andintegratedworld.Intheend,thequestionremainsofhow
one can bestlocateoneselfin thiscomplex(me,human

below:Theprojectionofthesummitandtheweatherobservatory being. awareness - YOU, nature,an ObIeCt)WhiCh
producedinthesnowcamera.Strongwindsandintensecold distinguishesbetweenrespectandsubjection.
madetheundertakimratherdifficult.
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Time Scans

“Photographyrepresentsin certainwaysa measurementof time,for itextractsfragmentsof instantsfromtheflowof
timewhichcannotbereplicated.

Thislabour-intensive,time-consumingprojectbyRobertBodnar(AcademyofFineArts,Vienna)dazzlesviewersthrough
itsconceptualandtechnicalprecisionthroughwhichthethemeoftimeis portrayed.Outof severalhundredindividual
pictureswhichwereshotoverthecourseofoneday,hepiecesamosaictogetherwhichcondensesthetimespanwhich
flowedby.”

GalerieWestlicht

RobertBodnar’sTimeScanswinenthusiasmandacclaim
throughtheirbizarrewayof depictingdynamics.Through
thecollage-liketechniqueofworkingwithlinearscans,a
mappingofspace(pictureaxis)andtimetakeformatopone
another.The basisof theworkoftencomprisesseveral
thousandpictures,whichtogetherform a fast-motion
recordingofa certainspecificintervaloftimewhichcovers
thesamepicture.Thus,theTimeScanconsistsof trace
elementsofa movementwhosedepictionremainsopento
the viewer.The partlysurreal,partlystarklyabstract-
seemingpicturesthusgeneratedoftencallforthuniquely
profoundresponsesoralienationwhichleadtocompletely
differentassessmentsandpointsofviewtakingforminthe
mindofthebeholder.Theyaresimulationsofa realprocess
whoseinterpretationsleadustoutterlydifferentconclusions
and leavebehindimpressionswherenothingis whatit
seems.Ifonepermitsthepicturesnotonlytoworkupon
one’sspiritandthenactuallystudiesthem,onecandecode ||lus.2:TimescanfromSonnblicksummitlookingsouth
theirformationand therebydiscovera potent,nearly
scientificaid towardsreconstructionof an eventwhich
actuallytookplace.

TheSonnblick:a trulyextraordinaryspotwhichishighlysuited
LukasLederer notonlytoobservingthegoingsonoftheweather.Ihavetried,

ina periodof highlytechnologicalmeasurementsofweather
changes,throughamethodoffeelingmywaythroughtime,to
re-directour visualfocus towardsthe peculiarlyintense
dynamicsofcelestialphenomena.

Contact:
RobertBodnar
JosefstédterStrasse3
1080Vienna
www.robertbodnar.info

AcademyofFineArts
ClassforArtandPhotography
Prof.MatthiasHerrmann
http://medien.akbild.ac.at/kunstundfotografie/
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Art project “Weatherwhisk”

AwideopenspiritprevailsontheSonnblick,andnotonlyfornaturalsciences;artprojectsalsooccupya respected
niche.Afterall,naturalsciencehasbeenasourceof inspirationtoartistssincetimeimmemorial.Giorgioneinhis
“Tempesta”positedaconundrumwhichisstillvalidtoday;WilliamTurnerwasfascinatedbyextremeweather
occurrencesandgeology;GeorgesSeuratwashighlystimulatedbyphysicalstudies;andWassilyKandinskywas
magnetizedbynewdiscoveriesinnuclearphysics.AloisHolzerisaguestattheSonnblick,witha benefitcampaignfor
the“CelebrityBrush”project.

FromJuly2007untilJuly2008,theopeningphaseofanart
projectwaslaunchedwhichrevolvedaroundtheprecise
placementofsmall,whitecubesfashionedoflinenstretched
overwoodenframesinvariousclimaticlocationsfromthe
metropolisofViennatothefresh-airresortMonichkirchen,
allthewaytothehighalpinerummitofHoherSonnblickin
theTauernRangeinordertodemonstratewhattheeffects
ofweatheringina yearofAustrianclimateonsuchsimple
objectsmightbe. All the cubeswereplacedat official
weatherstationsof theCentralInstituteforMeteorology
throughthe friendlycooperationof the ZAMG weather
service,HoheWarte,forpurposesofcomparingmeasured
weatherdata.

Ultimately,theobjectswillbe foldedup andorganisedfor
purposesofviewinganddepictingaweatheryearinAustria.A
subsequentserieswillbeauctionedoffforcharity.

By far the most difficult,logisticallyspeaking,was
ensconcingtheboxat theMeteorologicalObservatoryon
theHoherSonnblick,at3106metersaltitude,eventhough
theORFweathereditorhimself,AloisM. Holzer,installed
theobjectpersonally,withthewelcomeassistanceof the
weatherobservers.

Whereasinthelowlandscertainpatternsofmildewandsoil
depositsformedovera periodoftime,initialimpressionsof
theweathercubesontheSonnblickevidencedmechanical
damages(apparentlyfromice blocks)and UV damage
(looseningoftheprotectivecovering)- whichinturnledto
completelydifferentstructuresontheobjectitself.

Contact:
AloisM.Holzer,Parkweg8,2851Krumbach,IdeaandExecution
holzer@tornados.at- www.tornados.at
ChristofSeiser,2872MénichkirchenamWechsel226ArtisticDirector
christof@hausseiser.at- www.hausseiser.at
NorbertLuckerbauer,Bundesstrasse34,2851Krumbach,Organisation
office@luckerbauer.at- 0264742347
MobilityCentreBuckligeWelt,Bundesstr.34,2851Krumbach,Overallsponsoring
office@luckerbauer.at- httpzllwww.mobilitaetscenteratl
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KolmstraBe22.5661Rauris,Osterreich
Tel.:+43(0)6544/8103Fax:+43(0)6544/8103-4

Email:sonnblickbasis@naturfreunde.at
UID:ATU62955822



ALPINE METEOROLOGY

The actual key reason for erecting this facility 125 years ago - meteorology at
unknown heights.

Free and unimpeded views from the Northern Alps of Bavaria to the Marmolata in
Italy. Meteorological divide. Foehn winds in both directions. Alpine wind system.
Coupled with the free atmosphere.

(Foto: G. Schauer)



(Foto: L. Rasser, H. Thomaseck)


