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Pr6ambu!e 

La 21** Conference internationaie de meteoroiogie aipine (iTAM-90) se tient pour ia 4" fois en Suisse. Apres 
Davos (1954), Brigue (1966) et Grindeiwaid (1978), c'est au tour d'Engeiberg, en Suisse centraie, d'accueiiiir 
ies congressistes. 
Au cours de ia periode de 12 ans qui s'est ecouiee depuis ta 15̂  iTAM ä Grindeiwaid, ptusieurs evenemertts 
significatifs ont marque ie deveioppement de ia meteoroiogie et de ia ciimatoiogie dans notre espace aipin. 
L'experience ALPEX, tout d'abord, avec ses campagnes de mesures de grande envergure en 1981-82, ies tra­
vaux d'anaiyse et de mise en vaieur des resuitats qui ont suiv! et durent encore, ponctues notamment par ies 
Conferences de Venise en 1985 et de Garmisch-Partenkirchen en 1989. 
Une nouveite Organisation meteoroiogique europeenne a vu ie jour: EUMETSAT pnSside ä partir de 1986 aux 
destinees des systemes operationneis de sateiiites meteoroiogiques europeens, geostationaires actueiiement. 
La 1 ^ Conference mondiaie sur ie ctimat, organisee en 1979 ä Geneve par i'OMM, a constitue ie point de 
depart d'efforts accrus et mieux coordonnes dans ie cadre du Programme ciimatoiogique mondiai et des pro­
grammes nationaux de piusieürs pays aipins. 
En matiere de poiiution atmospherique, egaiement, ies pr6occupations souievees par te d6perissement des 
forets ont suscite des etudes piuridiscipiinatres d'ampieur considerabie oü i'apport de ia meteoroiogie et de ia 
ciimatoiogie s'est reveie indispensabie. 
Cette mise ä contribution toujours pius intense des sciences de i'atmosphere pour etucider - et si possibie pre-
venir - certains des probiemes majeure auxqueis doit faire face notre societe cuiminera en cette annee 1990 
iors de ia 2** Conference mondiaie sur ie ciimat, ä Geneve encore, oü ia dimension poiitique giobaie d'une pro­
tection du ciimat contre i'effet de serre sera discutee au niveau ministeriei. 
Mais ies questions ctimatiques de brüiante actuaiite ne reieguent pas aux oubiiettes ies muitipies autres pro­
biemes, anciens et nouveaux, auxqueis ies meteoroiogistes aipins vouent ieur savoir. Le iarge eventaii des 
queique 150 contributions annoncees en fait foi. Matgre cette abondance, ii est prevu de presenter 60 Commu­
nications sous forme d'exposes, 40 ä i'aide de posters, aiors que ia totaiite des contributions remises en temps 
utiie sera pubiiee. Un premier voiume des comptes-rendus sera remis aux participants au debut du congres; ii 
contiendra ies manuscrits recus jusqu'a fin juin 1990. Un second voiume, disponibie au debut de 1991, com-
prendra, outre ies manuscrits regus entfe-temps, ia üste des participants, i'adresse des auteurs ainsi qu'un bref 
rapport sur ie derouiement de ia Conference. 
Je souhaite aux participants ä tä 21** iTAM i'enrichissement mutuei auquei ies precedentes editions nous ont 
prepare et ie pius agreabie des sejours d'arriere-ete ä Engeiberg. 

Andre Junod 
Directeur de i'iSM 
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tmroducMon 

For the 4*" time, the internationai Conference on Aipine Meteoroiogy (iTAM-90) takes piace in Switzertand, it 
is the 21̂ * since these Conferences were started in 1950. Atter Davos (1954), Brig (1966) and Grindeiwaid 
(1978), it is now Engeiberg in Centrai Switzertand which weicomes the participants. 
During the 12 years which passed since the 15*̂  iTAM in Grindeiwaid, severai significant events underiined the 
deveiopment of meteoroiogy and ciimatoiogy in our Aipine region. There was the Aipine experiment ALPEX 
with its extensive observing campatgns in 1981-82, anaiyses and verifications which foiiowed and stiii continue; 
resuits were presented in particuiar at the Conferences in Venice 1985 and Garmisch-Partenkirchen in 1989. 
A new European meteoroiogicai Organization was born: EUMETSAT controis the operationai meteoroiogicai 
geostationary sateüite Systems in Europe since 1986. 
The 1 ** Worid Ciimate Conference which was organized 1979 by WMO in Geneva defined the starting point for 
increased and better coordinated efforts in the frame of the Worid Ciimate Program and the nationai programs 
in severai Aipine countries. 
Aiso in the fietd of atmospheric poiiution, the preoccupation raised by the forest diceases has initiated muiti-
discipiinary studies of broad ranges in which meteoroiogy and ciimatoiogy proved to be indispensabie discipii-
nes. 
The increased use of atmospheric sciences for eiucidating - and if possibie for preventing - certain major pro­
biems which are faced by our society wiü cuiminate in this year 1990 when at the 2"** Worid Ciimate Conferen­
ce, again in Geneva, the worid-potiticai dimension of a protection of our ciimate against the greenhouse effect 
wiü be discussed on ministen'ai ievei. 
But these pressing questions reiated to ciimate do not banish the Wide ränge of other probiems, oid and new, 
to which meteoroiogists devote their knowiedge. The wide ränge of about 150 contributions submitted to this 
Conference proves this cieariy. Despite this iarge number, it is ptanned to present about 60 of the papers oraiiy 
and about 50 as posters; aü manuscripts received in time wiü be pubüshed. A first voiume wiü be distributed to 
the participants at the beginning of the Conference; it contains manuscripts received before the end of June 
1990. A second voiume avaiiabie eariy 1991 wiü inciude, among the manuscripts received after June 1990, the 
iist of participants, the addresses of the authors, as weii as a short report covering the Conference. 
For the participants of the 21 s* iTAM i wish the same mutuai enrichment they expenenced in the previous Con­
ferences and a most pieasant vacation whiie enjoying the iate summer here in Engeiberg. 

Andre Junod 
Director of the Swiss 
Meteoroiogicai institute (SMi) 
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E!n!e!tung 

Die internationaie Tagung für Aipine Meteoroiogie (iTAM-90) findet zum vierten Mai in der Schweiz statt. Nach 
Davos (1954), Brig (1966) und Grindeiwaid (1978) wurde Engeiberg in derZentraischweiz ais Konterenzort für 
die 21. iTAM gewährt. 
tn den zwöif Jahren seit der 15. iTAM in Grindeiwaid haben bedeutsame Ereignisse zu Fortschritten in der Me­
teoroiogie und der Kiimatotogie des atpinen Raumes geführt. Schwerpunkt biidete das meteoroiogische Aipen-
experiment ALPEX mit seinem umfassenden Feidexperiment 1981/82 und den daran anschiiessenden 
wissenschaftiichen Untersuchungen. Heute, acht Jahre nach den intensiven Messkampagnen im März und 
Aprii 1982 sind die Anaiysearbeiten und die Umsetzung in die Praxis noch nicht abgeschiossen. Zweimai wur­
den bisher, 1985 in Venedig und 1989 in Garmisch-Partenkirchen, an spezieiien internätionaien ALPEX-Kon-
ferenzen die jeweüigen Erkenntnisse vorgetragen. 
im operationeiien Bereich der Wetterdienste sei die 1986 erfoigte Gründung der neuen meteoroiogischen Or­
ganisation EUMETSAT erwähnt: Diese europäische Gemeinschaft steiit den operationeiien Betrieb europäi­
scher Wettersateiiiten, gegenwärtig des geostationären Meteosat, sicher, wodurch auch für den Aipenraum 
wichtige Wetterdaten für den tägüchen Gebrauch erfasst werden. 
Die 1. Weitkümakonferenz, 1979 durch die Weitorganisation für Meteoroiogie (WMO) in Genf organisiert, setz­
te den Startpunkt für eine verstärkte, zieigerichtete und koordinierte Forschungstätigkeit im Rahmen des Weit-
kümaprogramms und nationaier Kiimaprogramme verschiedener Aipeniänder. 
im Bereich der atmosphärischen Verunreinigung wurden, vor aiiem ausgeiöst durch die aiarmierenden Watd­
schäden in den vergangenen Jahren, ebenfaiis verstärkte Forschungsanstrengungen nötig. Die Kompiexität 
der Probiemsteüung veriangt gerade auch im Aipenraum in zunehmendem Masse interdiszipiinäre Untersu­
chungen, in denen die Meteoroiogie und die Kiimatoiogie eine wichtige Steiiung einnehmen. 
Die noch weiter zunehmende Bedeutung der atmosphärischen Wissenschaften für eine Erklärung der Ursa­
chen - und wo mögiich zur Verhinderung - künftiger Umweitschädigungen wird durch die noch im Jahr 1990 
wiederum in Genf zur Durchführung geiangende 2. Weitkümakonferenz unterstrichen. Der gtobaien poiitischen 
Dimension des Schutzes des Kümas vor dem zunehmenden Treibhauseffekt trägt ein spezieiier Konferenztei! 
auf Ministerebene Rechnung. 
Die brennenden, aktueti gewordenen Kümafragen dürfen jedoch die zahireichen übrigen Fragesteiiungen der 
Gebirgsmeteoroiogie und -kiimatoiogie nicht verdrängen. Dass dies bis heute nicht der Faii ist, bezeugen die 
gegen 150 für iTAM-90 eingereichten Beiträge. Davon können etwa 60 Arbeiten mOndüch vorgetragen werden 
und etwa 50 fanden Aufnahme in das spezieiie Posterprogramm. Aiie angenommenen Beiträge werden im Ta-
gungsband veröffentücht. Die bis Ende Juni 1990 eingegangenen erweiterten Zusammenfassungen sind im 
voriiegenden Band 1 pubiiziert, weicher zu Beginn der Tagung abgegeben wird. Ein Ergänzungsband, heraus­
gegeben Anfangs 1991, wird nebst den später eingereichten wissenschaftiichen Beiträgen das Teiinehmerver-
zeichnis, eine Adressiiste der Autoren sowie einen Kurzbericht der Tagung enthaiten. 
ich wünsche aüen Teitnehmern der 21. iTAM eine wissenschafttiche und persönüche Bereicherung im gegen­
seitigen Gespräch und einen angenehmen Spätsommeraufenthatt in Engeiberg. 

Andre Junod 
Direktor SMA 
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Prefazione 

La Conferenza internazionaie di Meteoroiogia Aipina (iTAM-90) ha iuogo in Svizzera per ia quarta voita. Dopo 
Davos (1954), Briga (1966) e Grindeiwaid (1978) e ora ii turno di Engeiberg, neüa Svizzera centraie, a ospitare 
i congressisti deiia 21° edizione dei Convegno. 
Durante ü periodo di 12 anni trascorso daii'iTAM-78 a Grindeiwaid, parecchi eventi significativi hanno segnato 
io sviiuppo deiia meteoroiogia e deiia ciimatoiogia dei nostro spazio aipino. innanzitutto i'esperimento ALPEX, 
con ie sue campagne di misure di vasta portata nei 1981-82 e i iavori di anaiisi e di pubbücazione dei dati che 
ne sono seguiti, in parte tuttora in corso e sottoiineati in particoiare daüe conferenze di Venezia nei 1985 e di 
Garmisch-Partenkirchen nei 1989. 
Una nuova organizzazione meteoroiogica intemazionaie e poi divenuta una reiatä: dai 1986 EUMETSAT de­
termina io sviiuppo dei sistemi operazionaü dei sateiüti meteoroiogici europei, attuaimente di tipo geostaziona-
rio. 
La 1° Conferenza mondiaie sui ciima, organizzata daii'OMM a Ginevra nei 1979, ha costituito ii punto di par­
tenza di un impegno accresciuto e megiio coordinato nei quadro dei Programma ciimatoiogico mondiaie e di 
programmi nazionaii di diverse nazioni aipine. 
in matena di inquinamento atmosferico uguaimente, ie preoccupazioni suscitate dai deperimento deiie foreste 
hanno promosso tutta una serie di studi interdiscipiinari di ampie dimensioni dove i'apporto deiia meteoroiogia 
e deiia ciimatoiogia si e rivetato indispensabiie. 
ii contributo sempre maggiore deüe scienze deii'atmosfera aüa comprensione, e se possibüe anche aüa pre­
venzione, di aicuni dei probiemi piü grandi ai quaii deve far fronte ia nostra societä, cuiminerä quest'anno, 
1990, aü'occasione deiia 2° Conferenza mondiaie sui ciima, di nuovo a Ginevra, dove ia dimensione poiitica 
giobaie di una protezione dei ciima contro i'effetto serra sarä discussa a üveiio ministenaie. 
Le questioni ciimatiche di bruciante attuaiitä non reiegano perö nei dimenticatoio i moitepüci attri probiemi, 
vecchi e nuovi, ai quaii i meteoroiogi dedicano ii ioro sapere. Ciö e confermato daüa sceita di circa 150 contri­
buti annuciati per ü Convegno. Nonostante ii numero eievato dei iavori e previsto di presentare 60 comunicazio-
ni in forma di esposto e 40 aitri con i'aiuto di poster, mentre tutti i contributi pervenuti in tempo utiie saranno 
pubbiicati. Un primo voiume di atti sarä distribuito ai partecipanti aii'inizio dei Convegno, esso raggrupperä tutti 
i manoscritti ricevuti entro ia fine di giugno dei 1990. Un secondo voiume disponibiie aii'inizio dei 1991 com-
prenderä, oitre ai manoscritti ricevuti nei frattempo, ia iista dei partecipanti, i'indirizzo degii autori e un breve 
resoconto suüo svoigimento dei Convegno. 
Auguro ai partecipianti deüa 21° iTAM i'arrichimento reciproco ai quaie ie preeedenti edizioni ci hanno preparati 
e un piacevoiissimo soggiorno di fine estate a Engeiberg. 

AndnS Junod 
Direttore deii'iSM 
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Foreword 

The 21** internationai Conference for Aipine Meteoroiogy (iTAM-90) is being heid in Engeiberg, Switzeriand 
and this Conference Voiume is devoted to the pubiication of the papers scheduied for presentation at the meet­
ing. 
iTAM is a bienniai, peripatetic meeting that convenes consecutiveiy in France, Germany, Yugosiavia, Austria, 
itaiy and Switzeriand. it is distinctive both in the narrow focus and in the broad ränge of its goais - it deais spe-
cificaiiy with the Aipine environment, but is concemed with the meteoroiogicai, ciimatoiogicai, hydroiogicai, gia-
cioiogicai, and bio-meteoroiogicai aspects of that speciai environment. it serves as a forum for scientists in 
these fieids. 
This 21 s* meeting of iTAM occurs at a time when there stii) remain some iongstanding and unresoived probiems 
reiated to Aipine Meteoroiogy, and severai new chaienges are aiso emerging that are associated with Aipine 
ciimate (which is essentiaiiy a synthesis of aü the forementioned discipiines) and air-quaiity. Many of these is­
sues are adressed in this Voiume which is arranged into the foiiowing seven sub-sections: 
(i) Observationa) Methods and instrument Technotogy. 
(ii) Weather Prediction: Anaiysis and Forecasting of Synoptic and Mesoscaie Systems. 
(iii) Diagnosis and interpretation of Mesoscaie Systems and Locai Phenomena. 
(iv) Pianetary Boundary Layer Processes and tssues of Air Quaiity and Air Poiiution. 
(v) Surface Energy Exchanges Reiated to Radiation and Microphysicai Processes. 
(vi) Examination of Short- and Longterm Variations of Ciimate and the Ciimatic Eiements. 
(vii) New Devetopments in the Fieids of Hydrometeoroiogy, Snow- and Avatanche Research, Giacioiogy, 

and Biometeoroiogy. 
The series of Proceedings associated with the iTAM meetings have over the years provided an usefui recorded 
digest of devetopments in Aipine Meteoroiogy. tt is the hope of the Scientific Programme Committee that this 
present Voiume wiü serve the same purpose. 

Huw Cathan Davies 
Chairman 
Scientific Programme Committee 
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Vorwort 

Die 21. internationaie Tagung tür Aipine Meteoroiogie ()TAM-90) findet in Engeiberg, Schweiz, statt. Der vor­
iiegende Tagungsband enthäit die bis Ende Juni 1990 eingegangenen schriftiichen Beiträge des wissenschaft­
iichen Programms. 
Die iTAM wird in zweijährigem Abstand von einem der sechs Aipentänder Frankreich, Bundesrepubiik 
Deutschiand, Jugosiawien, Österreich, itaiien und Schweiz organisiert. Das wissenschäftiiche Programm um­
fasst ein breites Themenspektrum aus den Bereichen aipine Meteoroiogie, Kiimatoiogie, Hydroiogie, Giazioio-
gie und B'ometeoroiogie, wobei nebst grundiegenden Untersuchungen auch konkrete Fragesteiiungen aus der 
Praxis behandeit werden. Die iTAM büdet damit ein Forum für Wissenschafter, weiche sich mit diesen bedeu­
tenden Aspekten der atpinen Umweit beschäftigen. 
Die 21. Tagung findet in einer Zeit statt, in weicher nach wie vor zahireiche grundsätziiche Probieme der aipi­
nen Meteoroiogie ungeiöst sind. Neue, dringiiche Herausforderungen an diesen Wissenschaftszweig ergeben 
sich auch im Aipenraum aus den drohenden Kümaveränderungen. Dadurch erhaiten die aipine Kiimatoiogie, 
weiche aiie in die Tagung eingeschossenen Teiibereiche umfasst, sowie die Sichersteüung der Luft- und Was-
serquaiität in den kommenden Jahren eine besondere Bedeutung. 
Vieie der aufgezählten Fragesteiiungen werden an der iTAM-90 angesprochen und finden so ihren Nieder­
schiag in diesem Tagungsband, weicher in sieben Themenbereiche gegiiedert ist: 
(i) Beobachtungsmethoden uhd tnstrumententechnotogien 
(ii) Wetterprognosen: Anaiyse und Vorhersage synoptischer und mesoskaiiger Systeme 
(iii) Diagnose und interpretation mesoskaiiger Systeme 
(iv) Prozesse in der pianetaren Grenzschicht sowie Fragen der Luftreinhaitung und Luftquaiität 
(v) Energieaustausch an der Erdoberfiäche über Strahiungsvorgänge und mikrophysikaiische Prozesse 
(vi) Untersuchungen des Kümas und seiner Eiemente sowie Studien über kurz- und iangfristige Kiima-

schwankungen 
(vii) Neue, reievante Erkenntnisse in der Hydrometeoroiogie, Schnee- und Lawinenforschung, Giazioiogie 

sowie in der Biometeoroiogie. ^ 
Mit der Reihe der tTAM-Tagungsberichte iassen sich für die vergangenen vierzig Jahre die jeweüigen Arbeits­
schwerpunkte und damit die Entwickiung der aipinen Meteoroiogie eindrücküch nachvoiiziehen. Es ist der 
Wunsch des Wissenschaftiichen Programmkomitees, dass der voriiegende Band die bishenge Reihe würdig 
ergänze. 

Huw Cathan Davies 
Vorsitzender des 
Wissenschaftiichen Programmkomitees 
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Preface 

Edite ä t'occasion du 21** Congres internationai de meteoroiogie aipine (iTAM-90) qui se derouie ä Engeiberg, 
Suisse, ce voiume est consacre ä ia pubiication des Communications annoncees pour cette rencontre. 
L' iTAM est une rencontre bisannueiie qui a iieu aiternativement dans ies pays suivants: itaiie, Autriche, Suis­
se, France, Aiiemagne et Yougosiavie. Son but etant i' etude specifique de i'environnement aipin, ii ie traite 
aussi bien en detaii qu ä grande echetie, mais ii s'attache surtout aux aspects meteoroiogiques, ciimatoiogi-, 
ques, hydroiogiques, giacioiogiques et biometeoroiogiques de ce miiieu particuiier. ii constitue ainsi un iieu de 
discussion pour tous ies hommes de science exercant ieur activite dans ces domaines. 
Cette 21** session d'iTAM tombe ä un moment oü piusieürs probiemes anciens de meteoroiogie aipine ne sont 
pas encore resoius, et oü apparaissent de nouveaux detis en reiation avec ie ciimat aipin (qui n'est rien d'autre 
qu'une synthese des discipiines mentionnees tout ä i'heure) et ia poüution de i'air. Nombre de ces questions 
sont evoquees dans ce voiume, qui comprend ies sept rubriques suivantes: 
(i) Methodes d'observation et technoiogie des instruments. 
(ii) Prevision meteoroiogique: anaiyse et prevision de modeies synoptiques et ä meso-echeüe. 
(iii) Diagnostic et interpretation des modeies ä meso-echeüe et des phenomenes iocaux. 
(iv) Comportement de ia couche pianetaire et questions reiatives ä ia quaiite et ä ia poüution de i'air. 
(v) Transfers d'energie ä ia surface de ia Terre en reiation avec ies phenomenes de radiation et de 

microphysique. 
(vi) Etude des variations ä court et iong termes du ciimat et des eiements ctimatiques. 
(vii) Nouveaux deveioppements dans ies domaines de i'hydrometeoroiogie, de t etude de ta neige et des 

avaianches, de ia giacioiogie et de ia biometeoroiogie. 
Au cours des ans, ta serie des comptes-rendus pubiies a i'occasion de chaque session d'iTAM s'est rev6ie etre 
un exceiient resume des progres de ia meteoroiogie aipine. Que ce voiume serve ie meme dessein, tei est ie 
voeu du Comite d'organisation du programme scientifique. 

Huw Cathan Davies 
President du Comite scientifique 
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Premessa 

La 21° Conferenza internazionaie di Meteoroiogia Aipina (iTAM-90) ha iuogo a Engeiberg, in Svizzera, e que­
sto voiume conferenziaie e dedicato aüa divuigazione dei iavori presentati ai convegno. 
L'iTAM e un convegno biennaie e peripatetico che si svoige aiternativamente in itaiia, Austria, Svizzera, Fran-
cia, Germania e iugosiavia. Esso si distingue sia per ia specificitä, sia per ia vasta portata dei suoi temi, trat-
tando approfonditamente i'ambiente aipino, ed e aperto a tutti i campi, meteoroiogia, ciimatoiogia, idroiogia, 
giacioiogia, biometeoroiogia, reiativi a questo ambiente particoiare. Serve inoitre da punto d'incontro per i ri-
cercatori deiie diverse branche. 
ii 21° convegno deii'iTAM si svoige in un momento caratterizzato da aicuni probiemi di meteoroiogia aipina, da 
tempo conosciuti e che aspettano una soiuzione, mentre sorgono nuove sfide connesse con ii ciima aipino (che 
in pratica e ia sintesi dei campi scientific menzionati phma) e ia quaiitä deii'aria. Queste tematiche sono trattate 
nei presente voiume che e stato suddiviso neiie seguenti sette sottosezioni: 
(i) Metodi di osservazioni e tecnoiogia degii strumenti. 
(ii) Previsioni dei tempo: anaiisi e previsione di sistemi sinottici e a mesoscaia. 
(iii) Diagnosi e interpretazione di sistemi a mesoscaia e di fenomeni iocaii. 
(iv) Processi deüo strato ümite pianetario e temi di quaiitä deii'aria e di inquinamento atmosferico. 
(v) Scambi energetici di superficie in reiazione con ia radiazione e processi microfisici. 
(vi) Anaiisi di variazioni ciimatiche a breve e iungo termine e di eiementi dei ciima. 
(vii) Nuovi sviiuppi nei campi deii'idrometeoroiogia, ricerca suüa neve e ie vaianghe, giacioiogia e biometeo­
roiogia. 
La serie degii atti reiativi ai convegni iTAM costituisce un utüe registro suüo sviiuppo deüa meteoroiogia aipina, 
ed e ia speranza dei comitato organizzatore scientifico che ii presente voiume serva aiio stesso scopo. 

Huw Cathan Davies 
Presidente dei Comitato scientifico 
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THE GEOLOGY OF THE ENGELBERG REGION IN THE FRAMEWORK 
OF THE EVOLUTION OF THE ALPS AND ITS DEEP STRUCTURE 
Peter Heitzmann, Swiss National Hydrological and Geological Survey, 

CH-3003 Bern, Switzerland 

A general structural profile across the Swiss Alps displays the struc-
tural configuration of the collision zone between the European and 
Adriatic plates. 
From N to S the following tectonic features are observed: 
- From the Alpine foreland towards south, the Moho of the European 

plate is plunging regulary to depths of 55 - 60 km under the South 
Alpine Basement (region of Lugano). 

- Metasedimentary zones which separate the basement nappes of the Pen-
ninic Zone can be correlated with high reflective layers. 

- The Insubric Line which separates the Central and the Southern Alps 
is a gently northward dipping mylonite zone. The results of refiec­
tion seismic recording combined with surface geological data indi­
cate that the whoie Central Alpine nappe complex was thrusted south­
ward ("backward") over the Southern Alps during the Neo-Alpine de­
formation phase. 

- In the South Alpine basement diserete high reflective zones can be 
related to southward directed, imbricated thrusting which explains 
the unusual thickness of the South Alpine upper crust in this re­
gion. 

- A total thickness of the South Alpine sedimentary cover of more than 
10 km - which is about twice the normal stratigraphic thickness -
can be explained by Alpine thrusts which are well displayed on the 
seismic sections. 

This actual profile through the Alps is only the final stage of a long 
evolution which began during Triassic with breakup of the Pangaean 
continent and continued during Jurassic with the development of an 
oceanic domain, the Tethys, between the two continents. 
During Cretaceous, the two plates began to get closer and the major 
part of the Tethys ocean was subdueted. About 100 ma ago the Conti­
nental parts of the plates collided, the thinned margins of the con­
tinents, together with relicts of the oceanic crust were imbricated 
and subdueted to depths of 50 km and more. There is good evidence to 
assume that during the Eo-Alpine and Meso-Alpine phases the Adriatic 
plate was thrusted over the European one. The Eo-Alpine event can be 
related with HP-LT metamorphism in the European/African suture zone. 
During the Meso-Alpine imbricationof the southern margin of the Euro­
pean crust lead to the formation of the Central Alpine nappe complex. 
The Eo- and Meso-Alpine strueturation was generally north-vergent and 
resulted in a asymmetrical mountain belt. 
During the Neo-Alpine phase a wedge of the African plate was indented 
into the European crust. From structural analysis, petrological and 
geochronological studies we conclude that this deep crustal Neo-Alpine 
process of indentation is in relation with decreasing metamorphism in 
the Central Alps and the formation of the Insubric Line. Contrary to 
the earlier generally north-vergent thrust system, the Neo-Alpine oro-
geny can be interpreted as a rootless symmetrica! thrust system toward 
the northern and the southern foreland. 
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The Engelberg region is lying north of the external Aar massif (Fig.) 
where the following units can be distingushed: 

- Aar massif: Hercynian crystalline massif with metamorphic rocks 
(gneiss, amphibolites) and granites which intrude the metamor­
ph ies; 

- Autochthonous and parautochthonous Mesozoic sediments deposited 
on the Aar massif. The sedimentary sequence is characterised by a 
very thin Triassic and Tower Jurassic sequence and a very thick 
sequence of upper Jurassic limestones ( T i t l i s ) ; 

- Helvetic nappes: From Engelberg to Stans the vaiiey is cut in the 
sediments of the Helvetic nappes. These marine sediments were 
deposited during Mesozoic and Tertiary time south of the Aar mas­
sif, and transported (overthrusted) over the Aar massif during 
the Neoalpine (Miocene) deformation phase; 

- Klippen of Stans (Stanserhorn, Buochserhorn): Lying above the 
Helvetic nappes, these klippen are remnants of a higher tectonic 
unit, which has its origin in the Penninic zone south of the Hel­
vetic one. One finds here also marine sediments of Mesozoic and 
Tertiary age, but their facies is different from that in the Hel­
vetic realm and indicates a platform in an open ocean. 

In conciusion the Engelberg region displays the northern part of the 
Tethys ocean which deveioped during the Mesozoic between Europe and 
Africa and was closed in Cretaceous/Tertiary time by the collision of 
the two continents to form the Alpine chain. 
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Section 1: 

Observationa) Methods and 
instrument Technotogy 
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THE CHALLENGE OF DESIGNING AND OPERATING-
GROUND BASED OBSERVATIONAL INSTRUMENTS IN ALPINE TERRAIN 

Jürg JOSS, Swiss Meteorological Institute 
Osservatorio Ticinese, CH 6605 Locarno Monti 

ABSTRACT On the basis of the network of automatic weather stations in 
Switzerland some experience and probiems in designing, testing, operating, 
maintaining and f i n a l l y interpreting the results from observations of 
instruments in an Alpine country are presented. Apart from logistic probiems, 
effects of icing, lightning, wind and radiation need special attention when 
attempting to monitor the weather a l l year round in Alpine terrain with minimum 
effort. 

1 INTRODUCTION 
In 1972 the Swiss Meteorological Institute started to develop a network of 
automatic weather stations, the ANETZ. Today about 70 stations are reporting 
every 10 minutes. Doessegger (1982) gives an overview of the network, the data 
transmission and presents analyses and some applications. Gutermann (1986) 
discüsses as an example the THYGAN-sensor for measuring temperature and humidity 
of the air and some realtime applications such as the automatic generation of 
warnings for F&hn winds on the Umersee in the Swiss Alps. 
In order to Upgrade measurements of wind and snow in severe weather conditions 
and for avalanche forecasting, an extension of the Swiss network of automatic 
weather stations (ENET) is being realised within the next two years. ENET w i l l 
consist of 40 stations (Müller et a l , 1989). 
I f available, sensors were and are bought off the shelf. But frequently 
available instruments did not f u l f i l the desired speeifications discussed in 
Section 2, therefore various sensors were deveioped in collaboration with the 
Swiss industry. Very rugged instruments are needed, i f we want to run such a 
network with over 1000 instruments at a reasonable price and reliably, 
instruments often installed in awkward positions on mountain tops. Various 
design parameters (ambiental conditions) apart from the desired accuracy have to 
be considered (Section 3)- In Section 4 some examples of instruments with their 
special attributes are discussed. The paper ends with some conclusions on the 
r e l i a b i l i t y and on the s t a b i l i t y of the instruments as indicated by yearly 
tests. 

2 REQUIREMENTS 
2.1 Speeifications 
Apart from the desired ränge of measurement and limits of error which have to be 
defined for each parameter, the following general speeifications must be 
considered for a l l sensors in a more or less rigorous way (for more detail see 
e.g. Hoegger et a l , 1985): 
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1. Windload: horizontal 50m/s, verticai (at mountain ridge) 35m/s 
2. Icing: up to 1g/m3 of liquid water in a 20m/s wind at -20 degrees C 
3. Radiation: no significant loss in lifetime and accuracy when exposed to 

radiation of up to 1500W/m2 
4. Lightnihg: füll protection against indirect strokes 
5. Electromagnetic compatibility: protection against interference (e.g. 

TV-stations) 
6. EMP/NENP: Protection against electromagnetic pulse (EMP) and nuclear 

electromagnetic pulse (NEMP). 
7. Corrosion: protection against rain and fog 
8. Life of sensor: over 10 years without significant degradation 

2.2 Logistics 

1. I t is extremely important that the instruments are easily accessible 
for instaiiation and maintenance. Two types of access must be 
considered: 

Access by road or public transport to the Station and 
Access to the sensor i t s e l f , e.g. on the mast. 

2. For more complicated instruments, the capability to remotely obtain a 
health-status should exist. The instrument should be equipped with a 
seif-test Option, of which the central Station must be able to 
interrogate the results. 

3. Calibration and repair of instruments at the site should be avoided. I t 
is usually faster and safer to exchange the entire instrument. I f not 
feasible, the steps necessary for calibration or repair have to be 
simplified and prepared as far as possible. This task has to be 
considered already in the design of the instrument. 

3 PARAMETERS FOR CONCERN 
3.1 Icing 
Attempts to avoid icing with a special shape of the instrument or with a special 
treatment of the surface were not successful. According to our experience, the 
only way to keep the sensors free of iee is to equip them with electric heaters. 
The heat needed ranges from a few watts for sensors for sunshine and radiation 
to up to 500 W for wind sensors. The power depends on ambient conditions, 
whether the Instrument must be free of iee a l l the time, ( i . e . , whether 
measurements in icing conditions are mandatory or are required only when the sun 
shines [measurement of sunshine duration]), and of course i t also depends on the 
size and the complexity of the instrument i t s e l f . Two icing mechanisms can be 
distinguished: 
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1. Growth of iee through the vapour phase: in a supercooled water cloud, 
i.e. a cloud of waterdrops with temperatures below freezing, the 
difference of vapor pressure between water and iee creates a 
supersaturated atmosphere of water vapour over an iee surface. The 
supersaturation is zero at zero degrees and increases with decreasing 
temperature. At -30 C i t reaches 34%: saturated air in a supercooled 
water cloud has 100% relative humidity with respect to water. With 
respect to iee, however, the relative humidity of the same air is 134%, 
corresponding to a supersaturation of 34%. However, as the absolute 
vapour pressure over water decreases exponentially with decreasing 
temperature, the difference of vapor pressure between water and iee 
achieves a maximum which occurs around -12 C. I t s value amoünts to 
0.3 hPa (super satüration of 12%, see also Joss and Gutermann, 1984). 
This fact is responsible for the rapid growth of rime at this 
temperature, which is frequently observed in the Alps at this 
temperature level. To avoid this type of iee deposition i t is not 
necessary to heat the instrument in a l l conditions to above 0 C. 
Heating the surface by some degrees above ambient temperature is 
sufficient. 

2. Aecretion of supercooled water drops, which freeze when they h i t the 
surface of the instrument, can be even more severe than the growth 
through the vapour phase, as indicated by the amount of heat needed to 
avoid the growth of iee in extreme situations (strong winds combined 
with high concentration of supercooled cloud). For the OWA-windsensor 
we estimate up to 20 W/cm*2 (Joss and Gutermann, 1988). 

3.2 Lightning 
Frequency and characteristics of lightning: Results of the ANETZ lightning 
sensors distributed a l l over Switzerland indicate an average density of 12 
strokes per year and per square kilometer (joss and Cavalli, 1985). Stations in 
exposed locations in the Alps record on average 3 times more strokes. Typical 
lightning parameters are given in Berger (1978). He finds that for half of the 
strokes the current exceeds 30 kA, and the rate of increase of the current 
responsible for the induetive part of the voltage (danger to the Station) 
.exceeds 20 kA per microsecond. 

Possible protection: A direct lightning stroke h i t t i n g the instrument w i l l 
usually cause damage, perfect protection against this is not possible. But the 
chance for such an event is rather smail because of the low density of lightning 
strokes mentioned above. However, the Chance of indirect strokes causing damage 
to the sensors or the Station is around a 1000 times Iarger because a l l electric 
lines connected to the Station act as "antennas" for the lightning. However, 
100% protection against indirect damage is possible, although rather expensive. 
Usually we w i l l compromise at the point where the cost of loss of information 
and instruments equals roughly the cost for protection circuits. Every line 
entering an instrument should be protected, at least for weaker strokes (or 
strokes further away). For the ANETZ this compromise was made, and a rough 
estimate shows that in applying the measures described by Joss and Cavalli 
(1985) reduces the number of damages by a factor of 100 compared to a 
non-protected ANETZ. I f protection is considered when designing the instrument, 
the cost is a smail fraction of what i t wouid be, when added later on. 
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3-3 Windload 
Wind produces a force on the structure of instruments and their support. This 
force can be estimated by multiplying the dynamic pressure with the area 
exposed. Note that this force increases with the square of the speed. I t is of 
the order of 1 kPa in a 40 m/s wind. Note that icing combined with heavy wind 
may increase the area exposed - and with i t the acting force - by an order of 
magnitude. Furthermore, variations in wind speed and turbulence (created by 
obstacles like the instrument i t s e l f ) can cause vibrations, which w i l l produce 
alternating stress and strain and long term fatigue. 

3-4 Radiation 
Wearout caused by radiation: Radiation, espeeially at higher altitude where the 
UV-radiation is stronger, reduces the usable I i f e of rubber and synthetic 
material used for electronic cables and sealings. This phenomenon has to be 
considered when designing instruments; a selection of proper material can 
greatly reduce the probiem. 
Errors on temperature and humidity measurement: Incoming radiation of the sun 
increases, and outgoing infräred radiation (dominant at night) decreases the 
temperature of an object, such as the temperature or humidity sensor. As a 
consequence, errors in temperature and relative humidity result, errors which in 
general become smaller at higher wind speed. At f i r s t approximation they are 
proportional to the power flux of the radiation divided by the square root of 
the windspeed. Errors become also smaller i f the sensor is smaller, because the 
boundary layer is reduced. 

3.5 EMP/NEMP 
Electric fieids of short duration are called EMP (electromagnetic pulse). 
Nuclear explosions w i l l produce a nuclear electromagnetic pulse (NEMP) of a 
duration of micro- to milliseconds. These pulses can induce electric tensions 
and currents which may damage electronic components. Surge arresters and f i l t e r s 
are used to protect the ENET-station as well as their sensors against these 
pulses. 

4 EXAMPLES OF INSTRUMENTS 
4.1 Temperature 
The f i r s t generation of temperature sensors in the ensembie of ANETZ sensors are 
linearised thermistors. No calibration is needed i f we accept an error of 
+-0.15 K between different sensors and a nonlinearity of +-0.15 K. The 
experience with these sensors is good, disadvantages being the limited "linear" 
ränge between -30 and +50 K, their high impedance of the order of 10 Kiloohms 
and the need for a precision reference supply of the order of one Volt. This 
voltage, though low, may sömetimes be a source of errors and reduced lifetime 
caused by leakage and corrpsion. The second generation temperature sensors 
(THYGAN = Temperature/HYgrometer ANETZ, see Hoegger et a l , 1985) uses 
copper-constantan thermocouples, because they are extremely stable and exhibit a 
f a i r l y linear characteristic. This technique makes any thermal calibration of 
individual sensors unnecessary, avoids corrosion probiems, but needs sensitive 
and stable amplifiers, a requirement which can be f u l f i l l e d with modern 
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electronics. More d i f f i c u l t than avoiding the errors mentioned above to an 
acceptable level, is realising the measures to cope with 

influences caused by radiation, 
the reduction of the temperature caused by a wet sensor in nonsaturated 

- air and 
errors as well as danger originating from icing. 

Heating of the sensors between readings, shielding from radiation, as well as 
forced ventiiation are used to reduce these influences. But forced ventiiation 
may, apart from other probiems such as r e l i a b i l i t y and power eonsumption, raise 
questions related to the height above ground for which the measured temperature 
is representative: forced ventiiation may lead to important deviations from the 
true temperature (at the height of the instrument) in situations with strong 
gradients in the boundary layer (low wind speed). Furthermore, forced 
ventiiation and radiation shields need complicated structures which are 
d i f f i c u l t to keep free of iee in icing conditions. 

4.2 Humidity 
In the past, the best compromise between the error of measurement on one side 
and the longterm r e l i a b i l i t y for a sensor of an automatic weather Station in the 
Alps on the other, was found in the hair hygrometer. Especiaiiy in a cold Alpine 
climate, disadvantages of this sensor are caused by iee blocking the instrument, 
sömetimes for days after the icing weather condition has disappeared. 
Significant improvement was obtained with the THYGAN mentioned above. Here the 
absolute humidity is determined by measuring the dew point temperature. In the 
THYGAN both sensors (for temperature and humidity) are protected in a heated and 
ventiiated housing. Problems of representativity in the boundary layer för the 
humidity are similar to those described above for the temperature part of the 
THYGAN, but on the whoie, errors are by far smaller than for the hair 
hygrometer. Compared to other dew points measuring devices, the THYGAN has 
several special attributes, such as the 

o time between interventions and repair is more than one year which needs 
- special care for avoiding d i r t deposition on the mirror 
- a way to detect the d i r t and 
-̂ a cleaning mechanism 

o smail reaction time even at very low temperature, asking for 
miniaturisation (the mirror has a diameter of only 2 mm) which also 
helps to reduce the power consumed and the 

o capability of distinguishing between water and iee on the mirror at 
temperature below freezing (see Sec.3.1) 

Among the significant advantäges of this instrument is the fact that the 
principle is based s t r i c t l y on physicai laws such as the voltage produced across 
the thermocouple and the vapor pressure over water of iee. A Single calibration 
of the absolute temperatüre at one temperature is a l l what is needed to 
calibrate the humidity as well as temperature part of sensor. 

4.3 Pressure 
Three d i f f i c u l t i e s are encountered when measuring atmospheric pressure: 
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1. The absolute error tolerated (of the order of 0.2 hPa on 1000 hPa) is 
at the absolute l i m i t of what can be achieved without very 
sophisticated instrumentation. In other words: one part in 5000 is more 
than ordinary analog circuitry usually can cope with. As a consequence, 
temperature and humidity within the sensor must be considered. 

2. The dynamic pressure of the wind discussed in See.3.3 may introduce 
errors depending on the position of the sampling aperture of the 
pressure sensor relative to the direction of the wind and depending on 
the windspeed. 

3. A layer of cold or warm air over the Station may reduce the 
representativity of the Station on a Iarger scale of observations. 

The three sources produce together systematic errors of the örder of 1 hPa. As 
they are of the same order of magnitude, a lot of effort is invoived in 
separating them. We are s t i l l trying to solve that probiem. 

4.4 Wind 
To avoid probiems with wearout and icing in Alpine regions, a wind sensor should 
have no moving parts. I t should be heated enough to avoid errors caused by icing 
and should measure light wind (0.5 m/s) as well as heavy gusts (60 m/s). Various 
companies have tried to meet these requirements with a device measuring the 
dynamic pressure around a verticai tube. The increase of pressure is 
proportional to the square of the speed (see Sec.3-3). For the ränge of wind 
speeds desired, this leads to an enormous ränge of pressure differences of 1 to 
14'400, a ränge which cannot be covered with a single sensor, therefore, several 
pressure transducers are needed. 
To avoid these probiems we are at present trying to develop a sensor based on 
the dependence of heat transfer on windspeed: some kind of orthogonal, very 
rugged hotwire probe (joss and Gutermann, 1988). The advantäges are: 
^ - Nö moving parts, very rugged 

signal proportional to the square foot of windspeed, which means no 
probiems with a ränge of 0.5 to 60m/s 

Problems related to this sensor are: 
- f a i r l y complex sensor 
- must be strongly heated to evaporate a l l the water in rain 
- modifications of the heat transfer caused by d i r t could be possible; we 

don't have enough experience yet. 
A f i r s t prototype is being tested and results are promising. 

4.5 Precipitation 
D i f f i c u l t i e s with measuring precipitation in real time come from preventing 
icing and from having to melt the snow. Details ön instruments for measuring 
precipitation may be found in Joss and Müller (1985), an overview on networks 
operated in Switzerland is given by Müller (1985). 
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Wind and turbulence created around the instrument are responsible for changing 
the collection efficiency of rain and espeeially snow gauges-. Sevruk et al 
(1989) investigated these errors in detail, give Orders of magnitude in 
different situations, and calculate correction factors. For monthly totals in 
the Swiss Alps, they find systematic errors of the order of 20%. This error may 
in extreme cases reach a factor of two and more (Sevruk 1983). He gives cr i t e r i a 
for construeting and setting up the gauges. The future w i l l show, to which 
extent remote sensing with radar (Blumer and Spiess, Joss and P i t t i n i or Lang 
and Riedl, a l l in this proceedings) may contribute to our knowledge on 
precipitation in the Alps. 

4.6 Radiation 
A thermopile is used in the ANETZ to measure global radiation. The basis for 
this instrument is a large number of thermocouples connected in series measuring 
tiny temperature differences caused by radiation. Therefore, we have to be 
extremely careful in avoiding temperature gradients (errors) when heating the 
instrument for preventing icing. In order to do that, a ventiiator blows air 
through a slot around the instrument in the ANETZ. Only the power of the 
ventiiator heats up the air by a very smail amount, but this is sufficient to 
prevent riming in most situations, snow flakes being blown away by the air 
stream. This Solution goes back on a Canadian idea. 

4.7 Lightning 
For short term forecasting, we wouid like to know the thunderstorm activity in 
the region of the weather Station. We can obtain this information by measuring 
electric f i e l d changes. Apart from icing probiems of the sensor, we have to take 
into account the local enhancement (mountain) or attenuation (vaiiey) of the 
electric f i e l d by the orography and by obstacles in the v i c i n i t y . Corona 
discharges should be avoided as much as possible. In this respect something can 
be done with the shape and exposition of the sensor, a horizontal plate wouid 
have been better than the verticai rod chosen in the ANETZ. More recently 
networks specialized to locate lightning based on direction finding (LLP) or 
time of arrival (LPATS) are being installed in various locations. Compared to 
that concept, the information received from the ANETZ is more qualitative but 
f u l f i l l s our needs for short term forecasting. Cost of the sensor and i t s 
instaiiation is smail and as the ANETZ is already available, our Solution is 
less expensive than more recent solutions to the lightning locating probiem. 

5 EXPERIENCE AND CONCLUSION 
At the annual meeting of the supervising committee, the "Service des 
instruments" in Payerne, part of our Institute, reports on the experience during 
the past year. 1989 was a typical year: at 19 of 69 stations the electronics of 
the Station had to be repaired. 2 sensors per Station (and per year) needed to 
be exchanged. These efforts together with one yearly maintenance and calibration 
per Station amounted to around 50 hours of labor per Station. 
The results of calibrations performed at least once a year are regularly 
reported for Instruments s t i l l needing calibration: the remaining hair 
hygrometers, the instruments for radiation, luminosity and rain. For example 
raingauges are found to be on average reading 0.5% low (which is excellent) with 
a Standard deviation of 4.3%. In other words 66% of the gauges are within 3%, 
98% of the gauges within 10% of the nominal value. Here, obviously, other errors 
as discussed in Sec.4.5 are dominant. 
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As a conciusion, we may say that good observations a l l year round änd at a 
reasonable price can be made i n Alpine t e r r a i n , but instruments need to be 
designed and i n s t a l l e d for t h i s application i n a way taking into account effects 
caused by i c i n g , l i g h t n i n g , wind and radiation. 
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Verifizierung des Lowtran Codes durch Messungen 
P. Weihs 

Universität für Bodenku!tur,!nstitut für Meteorologie und Physik, 
Wien 

ZL/S<4MME/Vfi4SSL/A/G.Def LoM̂ rar? Code /ŝ  e/n Programm zur Berechnung der Sfreuung, der 
7ransm/ss/on, der Bodenref/ex/on und der d/reMen Sonnenŝ ran/ung /n der/S/mospnä're. /n d/esem 
/4r///fe/ werden Berecnnungen m/f zwe/ v4eroso/mode//en sow/e e/n Verg/e/cn zw/sc/?en Lcivfran 6 
und Lowfran 7, we/cner d/e Menr/acns/reuung berüc/<s/cn̂/gf, w/geŝ e//r. /\nscn//e/?end werden 
Messungen der G/oba/- und der Mmme/ss/ran/ung m/̂  e/nem r̂ansportab/en 
/Joppe/monocbroma/or m/̂  den Ergebn/ssen der Mode//berecnnungen ve/g//cnen. 

/!BS71fMC7*.77ie Lcŵ ran Code /s used fo deferm/ne scâ er/ng, /ransm/ss/on, re/̂ ecf/on /rom /be 
surface and d/recf so/ar /rrad/ance /n ̂ne â mospbere. /n /b/s paper resu//s of /wo aeroso/ mode/s 
are presented, as we// as a compar/son Penveen towfran 6 and Low/ran 7, /be second /nc/ud/ng 
mu///p/e sca#er/ng. Resu/̂ s /br /wo cases are compared w/Yn measuremen/s of spec/ra/ g/oba/-
and sca//ered /rrad/ance carr/ed ou/ w/Yn a porfab/e spec/rorad/bme/er. 

1) Einleitung 

Der Lowtran Code ist ein Programm zur Berechnung der Streuung, der Transmission, der Bodenreftexion 
und der direkten Sonnenstrahiung in der Atmosphäre, Diese Berechnungen werden für einen gegebenen 
optischen Weg durchgeführt. Dieser wird durch seinen Zenitwinke!, seinen Azimutwinke!, durch seine Länge 
sowie durch seine Anfangs- und Endhöhe definiert. Dieser Code wurde über mehrere Jahre entwickett. Die 
!etzte (siebente) Version, Lowtran 7 berücksichtigt im Gegensatz zur sechsten Version die 
Mehrfachstreuung. 

2) Beispieie für Berechnungen mit dem Lowtran Code 

2.1) Vergleich von zwei Aerosoimodeüen 

tm !nput werden, um die gewünschten Berechnungen durchzuführen , eine Anzah! Von Parametern 
(Atmosphärenmode!!, Optischer Weg, Zenitwinke! der Sonne usw...), bestimmt. Bei Abb 1 erfoigten die 
Berechnungen mit einem ruraten Aerosotmödett und einer Sichtweite gteich 18 km in der Grenzschicht (0-2 
km Höhe). Der fiktive Beobachter befindet sich in einer Höhe von 100 km über dem Boden und bückt 
senkrecht nach unten. Mit Kurve 1 ist die vom Beobachter tota! gemessene Strahtungsdichte dargesteiit. 
Diese setzt sich aus einem Antei! der von der Oberfiäche bis in 100 km Höhe reftektiert wird (Kurve 2), und 
aus der in der Sichtünie zum Beobachter gestreuten Strahiungsdichte (Kurve 3) zusammen. 
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Bei Abb 2 wurde im Vergleich zur vorigen Berechnung mit einem Urbanen (städtischen) Aeroso! und einer 
Bödensichtweite gteich 4 km gerechnet. Die tota! gemessene intensität (Kurve 1) der Strahiung in 100 km 
Hohe ist bei Abb. 2 nur haib so stark wie bei Abb.1, bedingt durch eine höhere Abschwächung der 
einfattenden sowie der am Boden feftektierten Strahiung (Kurve 2). Es fättt auf, daß bei Fatt 2 die gestreute 
Strahiungsdichte die vom Boden refiektierte Strahiungsdichte im kürzerweitigen Bereich zwischen 0,3 und 
0,8 /jm übertrifft. Die spektrate Signatur der totat gemessenen Strahiungsdichte unterscheidet sich dadurch 
wesenttich von der am Boden refiektierten Strahtungsdichte. Die informationen über die 
Bodeneigenschäften werden dadurch stark verfälscht. 
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Abb. 1: Lowtran ?: Berechnung mit ruralem Aeroso!. Sichtweite am Böden ist gleich 
18 km. 
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Abb.2: Lowtran 7: Berechnung mit urbanem Aerosol und Sichtweite gleich 4 km. 
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Abb.3: Lowtran 6: Dieselbe Berechnung wie bei Abb.1. Lowtran 6 berücksichtigt aber 
nur die Einfachstreuung sowie nur die Reflexion der direkten Sonnenstrahlung am Boden. 
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2.2) Vergieich von Berechnungen mit Lowtran 6 und mit Lowtran 7 

Faii 1 wurde nun mit Lowtran 6 (nur mit Einfachstreuung und nur mit Berücksichtigung der direkten 
Sonnenstrahiung bei der Refiexion) nachberechnet und ist auf Abb. 3 dargesteiit. Die totai gemessene 
Strahiung ist bei der Berechnung mit Mehrfachstreuung um etiiches höher ais bei Faii 3. Dies ist eine Foige 
der höheren Streustrahiung infoige der Mehrfachstreuung. Aber auch die Bodenrefiexion ist bei Abb.1 
höher, da die auf die Oberftäche auftreffende Sonnenstrahiung durch die Himmetsstrahiung vermehrt ist. 

3) Messungen zur Überprüfung des Lowtran Codes 

An einem woikentosen Tag, dem 5. Oktober 1989, wurden mehrmais 
(um 12,15 und 16 Uhr) am institut für Meteoroiogie der Universität für Bodenkuttur mit einem 
Spektroradiometer die spektraie Gtobat- und Himmetsstrahiung gemessen. Das spektrate Verhäitnis der 
Himmeistrahiung an der Giobaistrahiung wurde nun mit Hiife des Lowtran Codes nachberechnet. Zur 
Berechnung dieser Größen war ein Kunstgriff nötig: es wurden die refiektierte Strahiungsdichte der direkten 
Sonnenstrahiung und jene der Giobaistrahiung in 1 m Höhe berechnet. Da die Refiexion am Boden beim 
Lowtran Code isotrop und wetientängenunabhängig ist, können wir durch das Verhäitnis der Refiexion der 
direkten Sonnenstrahiung zur Refiexion der Giobatstrahtung auf das Verhäitnis der am Boden einfattenden 
direkten Sonnenstrahiung zu der am Boden einfaiienden Giobaistrahiung schtießen. Abb 4 und 5 zeigen den 
spektraien Anteii der Himmeisstrahiung an der Giobaistrahiung aus den Messungen, und aus 
Berechnungen mit dem Lowtran 7 Code. Diese Berechnungen wurden in Schritten von 25 nm für den 
Weiienbereich von 350 bis 600 nm angesteiit. Die so erhaitenen Punkte wurden durch Geraden verbunden. 
Der Meßtag war ein woikenfreier Tag, die Sichtweite wurde von der Zentraianstait für Meteoroiogie in Wien 
um 12 h und um 14 h mit 24 km angegeben und um 16 h mit 22 km. Die erste Vermutung, man müsse bei 
einer derartigen Wetteriage ein ruraies Aerosoi für die Berechnungen mit dem Code verwenden (Kurve 3), 
erwies sich ais irreführend. Die Berechnung des spektraien Anteiis der Himmeisstrahiung an der 
Giobaistrahiung ergab mit einem Urbanen Aerosoi niedrigere Werte ais mit einem ruraien Aerosoi und somit 
eine Annäherung bei einem genaueren Einsetzen des Wertes der Bodensichtweite (Abb.4: Kurve 6 bzw 
Abb.5: Kurve 5), zwischen 3 und 11 % an die reaien Werte der Messungen von 12 h und zwischen 10 und 
20 % um 15 h. 
Diese Abweichungen können mögiicherweise auf foigende Ursachen zurückgeführt werden: 
- Das im Programm gespeicherte Aerosoimodeii wurde in den Vereinigten Staaten bei mögiicherweise 
anderen Atmosphärenverhäitnissen entwickeit und unterscheidet sich eventueii von den in Europa 
herrschenden Aerosoien. 
- Es handeit sich um Messungen an einem einzigen Tag, an dem durchaus Abweichungen von erwarteten 
Mitteiwerten auftreten können. 
- Der Grund der Abweichung iiegt an der Rechengenauigkeit des Programms. 
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Abb.4: Vergleich des Verhältnisses der spektralen Himmelsstrahlung H. zu der spektralen Globalstrahlung Kurve 1 - Messungen von 12.00 Uhr Kurve 2 - Berechnungen, 12.00 Uhr - ohne Aerosol Kurve 3 - - mit ruralem Aerosol, Sichtweite = 17.5 km Kurve 4 - - mit urbanem Aerosol, Sichtweite = 17,5 km Kurve 5 - - mit urbanem Aerosol, Sichtweite = 21,5 km Kurve 6 - - mit urbanem Aerosol, Sichtweite = 25 km. 
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Abb.5: Vergleich des Verhältnisses der spektralen Himmelsstrahlung zu der spektralen Giobaistrahiung G-Kurve 1 - Messungen von 15.00 Uhr Kurve 2 - Berechnungen, 15.00 Uhr - ohne Aerosol Kurve 3 - - mit ruralem Aerosol, Sichtweite = 17.5 km Kurve 4 - - mit urbanem Aerosol, Sichtweite = 17,5 km Kurve 5 - - mit urbanem Aerosol, Sichtweite = 23 km 
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"Horizontal* Pressure Reduction to Sea Leve! 
Fedor Mesinger 

Institute of Meteoroiogy, University of Beigrade 

ABSTRACT 
it is suggested that the most natura! way of the pressure reduction to sea ievei is via horizontal 
interpolation of Virtual temperature, thereby avoiding both the arbitrariness of the assumption on the 
lapse rate of temperature and the non-representativeness of the surface temperature at the Station or at the 
model grid point. An example is given in which the initial condition and forecast surface pressure maps 
are used for the comparison of the "horizontal" against the Standard reduction based on the lapse rate and 
the surface temperature. it is found that the horizontal reduction method (1) had resulted in smoother 
maps and (2) gave both the initial condition and the forecast centers in generally better agreement with 
manuai analyses of experienced synopticians than the Standard reduction method. it is presumed that this 
happens because of the common feature that the horizontal reduction and the manuai analysis methods 
have of ehminating, completely or partially, the effects of the irregularities of the surface temperature on 
the resulting sea level pressure fieids. 

I. Introduction, and the method proposed 
Among the impressive variety of atmospheric fieids used for various purposes the fieids of sea level 
pressure (slp) may well be those used most extensively. The fact that this is so in spite of the probiem of 
the reduction of surface pressure to sea ievei oniy underlines the usefulness of the slp analyses. In 
addition to the arbitrariness of the assumption on the temperature lapse rate, the reduction to sea level 
used suffers from the non-representativeness of the surface temperature. Coid air trapped during winter 
in vaiieys where stations tend to be iocated is the familiär example. Thus, the U S. National Weather 
Service has in piace a piateau correction based on the stations mean annuai temperature aimed at 
alieviating the probiem (e g., Pieike and Cram 1987). 
Two attempts (Pieike and Cram 1987, Sangster 1987) have recently been made to improve on the obvious 
weakness of the Standard reduction of reiying on an assumed iapse rate. They are both based on the 
surface geostrophic wind. It was subsequentry pointed out by Davies-Jones (1988) that for a constant 
Coriolis parameter the resulting contours of Pieike and Cram are, in fact, streamlines of the surface 
geostrophic mass flux. whiie those of Sangster are streamlines of the surface geostrophic wind. so that the 
two are closely related. 
Yet another method for derivation of the sea ievei pressure field is proposed here. The reasonihg behind it 
is as follows. Anv method for deduction of the sea ievei pressure fieio corresponds to a definition of 
"fictitious Underground atmospheric columns". This being recognized, the relevant question is what 
properties these atmospheric columns shouid have. May I submit that the conventionai method of 
defining the fictitious columns based on an assumed lapse rate and the surface temperature is an 
anachronism left with us from the times when it was not possibie to take into account much eise. What 
one is doing is replacing the mountain with a hypothetical mass of air so that the verticai Variation of 
pressure can be subtracted from the surface pressure field. The simple Suggestion I am making here is that 
this is best done by defining the hypothetical mass of air so that it has the properties of the surrounding 
atmosphere at that piace and time, rather than one deduced by extrapolation from above and by predefined 
ciimatoiogicai properties. In this way the verticai Variation to be subtracted wili hopefuiiy to the extent 
possible represent the Variation which actually exists around the mountain. With various three- or 
four-dimensional analysis Systems nowadays readiiy accessibie it is with the horizontai interpoiation of 
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(Virtual) temperature that one achieves this objective, and not with the verticai extrapolation of the 
temperature at the Station 
2. Results 
The horizontal pressure reduction to sea level is used in the eta model (Mesinger et at 1988, Janjic 1990), 
run semi-operationally at the UJS. National Meteorological Center (NMC), and in the pre-operationai 
testing mode at the Federal Hydrometeorological Institute, Belgrade. The step-mountain system of the 
modei makes incorporation of the horizontal reduction particuiariy easy. Underground values of the 
Virtual temperature are obtained by solving the Laplace equation, with atmospheric vaiues of the Virtual 
temperature at the sides of mountains providing the boundary conditions. 
An example is shown here in which the initial condition and forecast surface pressure maps are used for 
the comparison of the horizontal against the Standard reduction based on the lapse rate of 0.0065 K/m and 
the surface temperature. The mountains of the model within the sub-domain used for the present 
experiment are shown in Fig. 1. These are the mountains of the "Standard" 1988/89 NMC model resoiution 
of about 80 km. They are defined so that the groups of four neighboring height points have the same 
terrain elevation, equal to the average Silhouette of the familiär US. Navy mountains within the 
four-point 160x160 km area. Mountains are seen to extend through seven model layers in westem 
Colorado, and through six model layers at several other plaees. 
Sections of the initial condition are shown in Fig. 2, and of the results of the 24 h forecast in Fig. 3. The 
domain shown is reduced compared to that of Fig. 1 in order to focus on regions of higher terrain In each 
case the left hand panel of the figure shows the corresponding sections of the US. North American 
analyses. Note that, for improved visibility, the analysis sections are on their northern sides smaller by 
about 5° latitude than the forecast sections. As middle panels of the figures results of the "Standard" slp 
reduction are shown, and as the right hand panels the results of the horizontal ("relaxation temperature") 
reduction. Maps are available and have been inspected also for the reniaining 12-hour intervais of a 48 h 
forecast, a total of five maps. 

7 

3 

Fig 1. A section of the terrain heights (m) of the eta model as used for the present experiment. 
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visibility the analysis section is on its northern side smaller by about 5° latitude 
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* t t w t * 
t5-

t^r 
nx 

yt3 

t!C IS 1S3 
MB 39K-W t 

3. ^ t 

tM !3* 

99 
t«r 

MM 

8 ^ 9? 
ttS3! ^Mt SU t ^ 

-€3 
n3 

1 ^tM tOO t t t 

^ - 1 m7H 1 ^nt 
Mt 

0& 

4̂  88-TUE 15 NOV OOZ 
rate 

2̂ ) H ETR FCST. STRNDRRD RD 2̂  H ETrl FCST. RLXT. SOR 
X—^1 32^ 300 300J 32^ 30 30 ,08^, PS 1020 12 ^ 2 

0̂  -1016 
101 1008 

10 

000 
7 10 

00^ 

Fig. 3. Sections of the 24 h forecast sea level pressure (mb) obtained using the 
Standard reduction to sea level (middle panel) and using the horizontal' 
reduction (right hand panel). See text for further detäils. The corresponding 
section of the manuai US. North American analysis is shown in the left hand 
panel. For improved visibility the analysis section is on its northern side smaller 
oy about 5° latitude than the forecast sections. 



35 

From the synoptic point of view it makes sense to pay speciai attention to the differences in the values at 
the centers of various Systems. This is also easy as the vaiues at the centers are printed. Of the six centers 
which are found over topography on both initial conditions of Fig. 1 the largest difference is one between 
the two centers over Colorado. According to the anaiysis the Standard reduction (SR) vaiue is much too 
low since the analyzed center is iabeied at 1008 mb. Tne difference of 2 mb over Montana is also in favor 
of the horizontal reduction (HR) method. There is no difference of this magnitude favoring the SR 
method. 
A conspicuous feature of Fig. 3 is the increased noisiness of the SR map from the point of view of the 
number af centers printed. In fact, on each of the four forecast maps inspected the number of centers 
printed on the SR map was greater than that on the corresponding HR map. Counted over the domain of 
Fig. 1, on the four SR maps there was a total of 66 centers, whiie a total ot oniy 37 centers was printed on 
the four HR maps. 
Regarding verification of the vaiues printed, the comparison is now even to a greater extent favoring the 
HR method. There is a totai of 7 centers which are printed on the same or very nearly the same location 
in the two forecast maps, and none of these vaiues printed on both maps are the same. In each of these 
cases the HR value is closer to the analysis of the left hand panel of the figure. The largest difference is 
one in the low centers over Colorado and Wyoming where the SR values are 4 mb iower than the HR 
vaiues. The two HR values are, on the other hano, themselves somewhat lower than the analysis values 
at corresponding locations. Situation is similar with other forecast maps. Later on in the forecast ränge 
the largest difference develops over the northwestern mountain states with the SR vaiues up to 6 mb 
greater than the HR values; and, again, with the HR vaiues themselves somewhat higher than the 
anaiysis values. 
Such overwhelming advantage af the HR method may appear surprising in view of the fact that the SR 
method is, except for its lack of the plateau correction, patterned after the technique used for the reduction 
of the observed surface values. It is presumed that this happens because of the common feature that the 
horizontai reduction and the manuai anaiysis methods have of eliminating, completely or partially, the 
effects of the irregularities of the surface temperature on the resulting slp fieids. 
Aĉ #wfei%̂ .?Mf& Most of this research was performed while I was a visiting scientist of the 
University Corporation for Atmospheric Research (UCAR) Visitor Scientist Program at the National 
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Ozonbeobachtungen am Nordrand der Alpen 

Klaus Wege, M i n f r i e d Vahdersee 
Deutscher Wetterdienst 

Meteorologisches Observatorium HohenpeiBenberg 

ABSTRACT 
The twenty year series of ozone at Hohenpeissenberg show a s i g n i f ­
i c a n t upward trend i n the troposphere. Some f u r t h e r r e s u l t s of the 
ozone obervations are presented: Strong ozone v a r i a t i o n s occur dur­
ing a day wi t h an in v e r s i o n extending a l i t t l e b i t above the Sta­
t i o n . Meteorological parameters as the wind also influence the 
ozone concentration considerably. Relations between global r a d i a ­
t i o n and ozone are detectable, too. 

ZUSAMMENFASSUNG 
Die etwa 20jährigen Ozonreihen am HohenpeiBenberg ergeben i n der 
Troposphäre einen s i g n i f i k a n t e n p o s i t i v e n Trend. Einige weitere Er­
gebnisse der Ozonmessungen werden d a r g e s t e l l t : Starke Ozon­
schwankungen t r e t e n während eines Tages auf mit Inversionsober­
grenze knapp oberhalb der S t a t i o n . Meteorologische Bedingungen wie 
der Wind wirken e r h e b l i c h auf die Ozonkonzentration e i n . Zusammen­
hänge zwischen Globalstrahlung und Ozon lassen sich g l e i c h f a l l s 
nachweisen. 

1. Einführung 
Am Meteorologischen Observatorium HohenpeiBenberg des Deutschen 
Wetterdienstes werden s e i t 1967 Ozonsondierungen und Messungen des 
Gesamtozongehalts der Atmosphäre durchgeführt. Seit 1971 wird auch 
das bodennahe Ozon beobachtet. Hinzugekommen sind s e i t Ende 1987 
Lidarmessungen der oberen Stratosphäre. Das Observatorium befindet 
si c h i n 975 m Höhe 20 km vom Nordrand der Alpen e n t f e r n t und etwa 
40 km nördlich der Zugspitze. Die Messungen am HohenpeiBenberg 
spiegeln die Verhältnisse im orographisch noch verhältnismäßig 
st a r k g e g liederten Alpenvorland wieder. 

Es wird heute kaum noch b e z w e i f e l t , daB der Ozonhaushalt der Atmos­
phäre vom Menschen beeinflußt wird: In der Stratosphäre e r f o l g t ein 
Ozonabbau vor allem durch die Chlorfluormethane, i n der Troposphäre 
eine Ozonzunahme durch photochemische Vorgänge, bedingt durch die 
Emission von Vorläufersubstanzen wie Stick o x i d e , Kohlenmonoxid, 
Methan und andere Kohlenwasserstoffe. Am HohenpeiBenberg sind so­
wohl die Ozonabnahme i n der Stratosphäre als auch die Zunahme i n 
der Troposphäre s t a t i s t i s c h s i g n i f i k a n t nachzuweisen. 
Im Folgenden s o l l auf einige Ergebnisse der Ozonbeobachtungen im 
bodennahen Bereich eingegangen werden. 

2. Ozontrends i n der Troposphäre und i n Bodennähe 
Abb. 1 z e i g t den Verlauf des Ozons i n der f r e i e n Troposphäre 
(2-8 km) aufgrund der Ozonsondierungen. Regressionsgeraden sind mit 
eingezeichnet. Der Anstieg i s t recht gleichförmig, er beträgt etwa 
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2 %/a und i s t auf dem 3-o-Niveau s i g n i f i k a n t . Aufgrund der Gleich­
förmigkeit des Anstiegs i s t die K o r r e l a t i o n mit der Zei t sehr hoch, 
sie l i e g t über 0.90. Der Trend an der Zugspitze (3000 m) 1978 -
1989, k o n t i n u i e r l i c h und mit völlig anderen Verfahren vom I n s t i t u t 
für Atmosphärische Umweltforschung gemessen, beträgt g l e i c h f a l l s 
r e i c h l i c h 2 %/a. 
Wegen der starken Abhängigkeit der Ozonkonzentration von meteoro­
logischen Bedingungen i s t die Variabilität des Ozons i n Bodennähe 
wesentlich höher als i n der f r e i e n Atmosphäre und damit auch ein 
Trend schwerer nachweisbar. Der Trend i s t allgemein geringer, ver­
mutlich wegen der Senkenwirkung des Erdbodens für Ozon und des 
Ozonabbaus durch NO. Abb. 2 ze i g t die Abweichungen der Jahres­
zeitenwerte von den j e w e i l i g e n 19jährigen M i t t e l w e r t e n . Bei dieser 
Darstellung i s t die große Variabilität gut zu erkennen. Anfangs 
wurde nur das naBchemische Verfahren eingesetzt, das gegen SOg 
querempfindlich i s t . Am Hohenpeißenberg i s t die S02-Konzentration 
allgemein so gering, daß nur während weniger bestimmter Episoden 
mit einer Verfälschung der Messung (zu geringe 0-,-Werte) zu rechnen 
i s t . Im Jahre 1976 wurde ein SO^-Filter vorgescrtaltet, und es i s t 
nic h t ganz auszuschließen, daß der Anstieg i n den ersten Jahren 
überhöht i s t . Deshalb wurde der Trend e r s t ab 1977 berechnet. Er 
beträgt 0.34 nbar/a, was 1 %/a e n t s p r i c h t . Dieser Wert i s t i n f o l g e 
der großen Veränderlichkeit nur auf dem 2-o-Niveau s i g n i f i k a n t , und 
der Körreiationskoeffizient mit der Z e i t l i e g t l e d i g l i c h bei 0.46. 
Der Trend für den gesamten Zeitraum s e i t 1971 mit 0.36 nbar/a 
unterscheidet sich a l l e r d i n g s sehr wenig: der EinfluB des etwas un­
sicheren Anfangszeitraums macht sich kaum bemerkbar. 

3. Ozonkonzentration an der Obergrenze einer Inversion 
J e t z t s o l l ein Phänomen d a r g e s t e l l t werden, das nur an einer Berg­
s t a t i o n zu beobachten i s t . Am 04.12.89 e r s t r e c k t e sich ein Hoch­
druckgebiet von England nach Mitteleuropa, i n dessen Bereich über 
Süddeutschland eine ausgeprägte Bodeninversion vorhanden war. 7 Uhr 
morgens (UTC) war die Temperaturzunahme etwa 60 m oberhalb des 
Observatoriumsturms, wo die Ozonmessungen durchgeführt werden, be­
endet. Unterhalb der St a t i o n herrschte starker Taldunst, zum T e i l 
waren Talnebel oder auch Wolken unterhalb der St a t i o n vorhanden. 
Die Sicht oberhalb der Inversion betrug 100 - 110 km. Abb. 3 zeigt 
die Schwankungen des Ozongehalts, die o f f e n s i c h t l i c h mit den 
Schwankungen der Inversionshöhe gekoppelt sind. Im Tal l i e g t ozon­
arme L u f t i n f o l g e der dort vorhandenen Abbauprozesse, während 
oberhalb der Inversion der verhältnismäßig hohe Ozongehalt der 
f r e i e n Atmosphäre vorhanden i s t . Die Schwankungen liegen zwischen 
10 und 40 nbar, sind also mit einem Faktor 4 behaftet. Die Feuchte­
r e g i s t r i e r u n g verläuft in v e r s , unterhalb der Inversion i s t die 
Feuchte hoch. Der Körreiationskoeffizient zwischen beiden Größen 
beträgt -0.75 (3o s i g n i f i k a n t ) . Am Turm i s t die Temperatur anfangs 
bis zu 3° höher als am Meßfeld, die Temperaturdifferenz weist 
g l e i c h f a l l s starke Schwankungen auf und geht mittags auf Werte um 
Nu l l zurück. Der Wind i s t schwach, kommt zunächst innerhalb der 
Inversion vorwiegend aus Ost, er dreht abends dann auf SW. 
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4. Abhängigkeit des Ozongehalts von der Windrichtung 
Wie b e r e i t s erwähnt, i s t der Ozongehalt auch von der Wetterlage ab­
hängig. Als B e i s p i e l sind i n Abb. 4 die Tagesgänge im Sommer und 
Winter i n Abhängigkeit von der Windrichtung d a r g e s t e l l t . Im Sommer 
sind bei Nord- und Ostwinden die Tagesamplituden am größten. Hier 
sind die Einflüsse aus den I n d u s t r i e - und Ballungsgebieten München-
Augsburg-Ingolstadt maßgebend. In solchen Gebieten herrscht ein 
großer O^Tagesgang; nachts sinken die Ozonwerte auf nahe N u l l ab, 
während tagsüber im Sommer häufig photochemische Vorgänge für ein 
hohes Maximum sorgen. Dies s p i e g e l t sich auf dem Hohenpeißenberg 
wieder, nachts wird verhältnismäßig wenig Ozon h e r a n t r a n s p o r t i e r t , 
während tagsüber entweder Ozon selbst oder Vorläufersubstanzen her­
angeführt werden. Dem sind Vorgänge vor Ort (Ozonbildung, V e r t i k a l ­
austausch) überlagert. Bei Südwind (Föhn) i s t der Tagesgang ver­
hältnismäßig gering, der Ozongehalt wird mehr von der f r e i e n Atmos­
phäre her bestimmt. Noch geringer i s t der Tagesgang bei Westwind, 
i n f o l g e des wechselhaften Wetters sind dem Tagesgang meteorologisch 
bedingte Änderungen überlagert. - Im Winter i s t der Ozongehalt 
wesentlich geringer a l s im Sommer, er i s t aber auch von der Wind­
r i c h t u n g abhängig. Der Tagesgang i s t sehr gering oder gar ni c h t 
vorhanden. Bei Südwind (Föhn) i s t die Konzentration am größten, bei 
Nord- und Ostwind am geringsten. Hier wirken die Abbauprozesse i n 
den Ballungsgebieten mit. 

5. Ozon und Globalstrahlung 
Wegen der vermuteten photochemischen Prozesse i s t ein Zusammenhang 
zwischen der Globalstrahlung und der Ozonkonzentration zu erwarten. 
K o r r e l i e r t man die Monatsmittel des Ozons mit den normierten 
Monatssummen der Globalstrahlung, so erhält man für den gesamten 
Zeitraum als auch für die einzelnen Jahre hohe Korrelationen über 
0.90 (Abb. 5). Dies i s t jedoch n i c h t verwunderlich, da beide GröBen 
nahezu den gleichen Jahresgang p a r a l l e l zum Sonnenstand aufweisen. 
Wird jedoch der Jahresgang e l i m i n i e r t , so s i n k t die K o r r e l a t i o n im 
Gesamtzeitraum auf 0.40 ab; nur einzelne Jahre haben noch hohe und 
s i g n i f i k a n t e K o r r e l a t i o n e n , bei anderen liegen s i e nahe N u l l . Dies 
l i e g t daran, daß auch meteorologische Gegebenheiten auf den Ozon-
p a r t i a l d r u c k einwirken und Monatswerte wohl n i c h t die geeignetsten 
Parameter für solche Untersuchungen sind. Außerdem sind wegen der 
verhältnismäßig geringen Einstrahlungsstärken im Winter kaum Zusam­
menhänge zu erwarten. In der Tat sind die Beziehungen im Frühjahr 
und Sommer besser, im Herbst und Winter l i e g e n die Korrelationen 
nahe N u l l (rechte Seite Abb. 5). 
Es wurde daher versucht, Beziehungen zwischen den Tageswerten zu 
find e n . In Abb. 6 sind die K o r r e l a t i o n s k o e f f i z i e n t e n zwischen 
Tagessummen der Globalstrahlung e i n e r s e i t s sowie Ozontagesmittel, 
- amplitude, - maximum und täglichem Anstieg andererseits im Ver­
l a u f des Jahres d a r g e s t e l l t . Beim Tagesmittel und vor allem beim 
Ozonanstieg e r g i b t sich ein ausgesprochener Jahresgang mit Werten 
von mehr als 0.6 im Frühjahr und Sommer bzw. von 0.5. Auch das täg­
l i c h e Ozonmaximum e r g i b t im Sommer verhältnismäBig hohe Korrela­
t i o n e n , während die Amplitude kaum mit der Globalstrahlung k o r r e l ­
i e r t i s t . Im Winter sind die Zusammenhänge sehr gering. 
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ABSTRACT 
Severai projects were piänned to be performed during the next years in order to 
investigate air poüution distribution, transport and transformation over aipine 
regions. Some of them wiü be supported by aircraft measurements. in this paper 
some basic considerations regarding airborne measurements within the projects 
MEMOSA and POLLUMET are presented. 

1. !nlrodüct!on 
increasing air poüution and enhanced forest damages in the aipine regions and 
the serious resuiting consequences for the ecotogicai system of the aips require 
environmenta) protection measures which shouid begin at the roots, Airborne 
poüutants in atps are partly due to sources within the aipine areas and partiy to 
sources outside in the aips. The extent and direction of environmenta) protection 
measures Witt, therefore be governed by the knowiedge of the origin of those 
components which are suspected to be harmfut to the heatth of man and Vegeta­
tion, tt means that those measures wüt onty then be of success, if it is known where 
the poüutants are coming from and how they are transported and transformed on 
their way as a function of meteorotogicat parameters. 

2. Research projects 
Speciat investigations witt be performed over aipine areas in order to determine 
the origin, the path, and the different reaction of air poüutants. Severa) projects 
were ptanned during the iast years: 
ALPTRAC (Transport and Chemistry over the Atps) 
MEMOSA (Measurement and Modeüing of Air Poüution over the Aips) 
POLLUMET (Air Poüution and Meteoroiogy in Switzeriand) 
TRAGT (Transport of Air Poüutants over Comptex Terrain) 
TRANSALP (Transport over the Atps) 
Most of the projects inciude aircraft measurements, particutarty MEMOSA, POL­
LUMET and TRACT. This means that within these projects it wüt be possibte to 
obtain concentration profiies not oniy atong horizöntat but atso atong verticai 
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paths such that conciusions may be drawn on three-dimensionat concentration 
distributions which may yieid a better insight into transport as weii as transfor­
mation processes. Furthermore, the air motion over such an compiex terrain is 
very sophisticated, and it wii! be difficuit to simuiate the processes. However, by 
means of aircraft measurements it wiü be possibie to obtain a iot of vaiues which 
may be used as input parameters for Computer modeis, and it is obvious that just 
these parameters wiü heip to improve simütation caicuiations. in this paper we 
report on the projects MEMOSA and POLLUMET, in which the airborne measure­
ments are coordinated by the institute of Atmospheric Physics of the DLR. 

2.1 MEMOSA 
Serious probiems of air poüution and forest damage have deveioped during the 
iast ten years in eastern aipine regions. The Atps are surrounded by high indu-
striatized areas tike the Po-Vaüey in itaty, the northern part of Yugosiavia, France, 
Switzertand and Germany. The air poüutants emitted in these or in more distant 
countries (CSFR, Beneiux-countries, etc.) are potentiaüy transported in the atpine 
regions during speciai weather conditions. in addition emmission sources in the 
aipine region itsetf contribute to the aipine air poüution. One particuiar probiem in 
the eastern atpine area seems to be the heavity ioaded traffic routes between 
Germany and its southern neighbours Austria, itaty and Jugostavia iike the Bren­
ner highway. tt is of interest to investigate the processes of transport, dispersion, 
and transformation responsibie for the air poüution in atpine regions in reiation to 
the different weather conditions. it is necessary to indentify the emission sources 
and their portionai contribution to the tocat immission. Therefore, a study wüt be 
performed in Cooperation between Bavaria, Tyroiia, and the provinces of Botzano 
and Trento to investigate: 
* horizontai and vertica! concentration distributions of air poüutants 
* formation processes of photooxidants during episodes 
* transport ahd dispersion processes. 
The MEMOSA measurements are focused on the main highway tink between 
southern Germany and northern itaty, the so-caüed Brenner route from Gar­
misch-Partenkirchen (Germany), via innsbruck (Austria) and Botzano (ttaty) to 
Verona (ttaiy). The investigated processes have aspects, so, that the extract of the 
main resutts can be apptied to other atpine areas. The measurements witt be done 
by aircraft in combination with fixed and mobüe ground-based stations aiong the 
fiight path which is shown in fig. 1. For better interpretations ofthe measurements 
and for case study investigations computersimuiations of transport and dispersion 
processes over the aipine region wiü be used. 

2 2 POLLUMET 
Within POLLUMET aircraft measurements are focused on the centrai region of 
Switzertand in order to suppiement extended ground-based measurements of air 
poüution components and meteoroiogicai parameters. The area of interest has 
different scaie and orography compared to MEMOSA. The resutts are expeeted to 
be more specific for the centrai region of Switzertand and thus their compatibiiity 
to other atpine regions witt be tess than in MEMOSA. The important objectives are 
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very simitar to those of MEMOSA: 
* to obtain mesoscate concentration distributions of pottutants 
* to determine "home-made" and imported air pottutants and 
* to estimate transport of air pottutants. 

The measurement resutts are to be used for a better understanding ofthe physicai 
processes of tong-range transport and dispersion, of the chemicai reaction during 
transport particutarty of the formation of photochemicai smog, of the combined 
effects of photochemistry and transport mechanisms regarding the impact and 
deposition in certain areas and for the simütation of the dispersion of air poHution 
components. 
The ftight patterns were setected in Cooperation and accordance with the POLLU­
MET coordination center at the LAPETH (Laboratory of Atmospheric Physics at 
Zürich). Two research airpianes, one of DLR, the other of AERODATA shati be 
fiown atong the ftight pattern (Fig. 2) to measure horizontai and verticai distribu­
tions of concentrations of air pottutants and of meteorotogica) parameters. Fur­
thermore a motor gtider of DLR is provided for the measurement of turbuience and 
ozone over a smatter area within the pattern of the two other airpianes. tt is in-
tended to make the measurements at three days consecutiveiy in order to investi­
gate the time-dependent devetopment within a photochemicai episode. One aero-
ptane fties atong a quasi-horizontai path at the towest possibte attitude whiie the 
other fottows a "saw-tooth" pattern within a vertica! piane above the horizonta! 
path. The resutts shai! be represented as two-dimensionai distributions combining 
the vaiues of the two aircraft. 

3. Measurement spec!f!cat!ons 
The measuring ptanes of AERODATA and DLR are equipped with air chemistry 
and meteoroiogy measuring instruments for the reai-time determination of con­
centrations of SOs, /VO, WO,, O3, H2O2, the scattering coefficient ô at. with sampting 
devices for the coHection of air sampies which may afterwards be anaiysed for 
Hydrocarbons C„H,n. and with probes for the in-situ measurement of air tempera­
ture, retative humidity, and air pressure. The AEORODATA air chemistry equip­
ment was devetoped by the Fraunhofer institute for Atmospheric Environmentai 
Research at Garmisch-Partenkirchen, the DLR equipment by the tnstitute of 
Atmospheric Physics at Oberpfaffenhofen. The AERODATA airpiane additionaüy 
is capabte of reat-time measurements of the horizonta! wind vector. The DLR 
motor gtider is instrumented for the measurement of turbuience and verticai fiuxes 
of heat, humidity and ozone. 

4. Conc!us!ons 
After the Performance of att the projects mentioned and the consecutive data eva-
fuafion and interpretation the resutts of the different projects wüt be compared and 
discussed by the scientific Community, and it is hoped that aü these efforts wiü 
tead to a better understanding of the aipine environmentai probtems and to ade­
quate environmentai poiitica! and technicat measures. 
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POLLUMET (air-poHution and meteoroiogy in Switzerland): 
Program and first results of the fieid-phase in summer 1990 

Bruno Neininger 
Atmospheric Physics, CH-8093 Zürich 

Within an intefdisciplinary co-operative effort of several swiss research insütutes, summer-
smog episodes will be studied during the next five years. The first Observation period is planned 
for July and August 1990, where also research flights of international partners will take place. 
The relatively dense network of meteorological ground stations, about 7 additional verticai 
wind sounding stations (pilot balloons, wind profiier), 4 CLB-facilities to measure trajectories, 
and the measurement of wind aiong the aircraft tracks, should allow to reconstruct the meso-ot-
to ß-scale wihd-field with the help of diagnostic models. Important questions are dealing with 
the channelled flow during high-pressure-situations through the Swiss Plateau, and the 
pollution-transport to the alpine region. 
Beside this activity of meteorological and chemical measurements and model studies on a scale 
above 50 km, three smaller scale experiments will take place within the "POLLUMET-box" 
and near the southem border of the box in the lower Rhone and upper Reuss Valleys. 
This presentation will give an overview over the POLLUMET-program with its more than 20 
interconnected projects, and hopefuiiy will be able to show some first results concerning some 
meteorological questions. A more detailed program description in german language is available 
from the adress above. 
TTte Figure .sAows "/arge-scaJe-va/yey" p/ fAt? SwMR Pfafeau &efween fAe Jura (Mc^groMfid, 
nor?/?,) aoa* fAe AJp̂  (/bregroM̂ a*, ̂OM̂A), â a* ̂Ae o&yervâ oM area. 7r & p/anwed /Zy "jaw-
yeey/zipa^w" aw/î a" yAe &ax (w^a* a/^j c/ze/K̂ a/ /Meâ M̂ ŵ /y), a/za*a y//MMJfa/!eoMy paM?/7! 
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Resutts from the Swiss Wind Profüer Experiment in 1989 
Steiner Anton, Atmospheric Physics ETH, CH-8093 Zürich. 

1. tntroduction 
tn 1989 a prototype of a commerciaity avaiiabie wind profüer was in Operation in spring 
at Wettswii, a tocation about 6 km south-west of Zürich, and in faü at the Swiss 
radiosounding Station Payerne. 
During the spring experiment about 40 independent wind profiies were obtained using 
radar tracked batioons at the profiter site. The profüer winds from Wettswii were 
compared to these batioon derived winds and to the radiosonde winds from Payerne. On 
two events of stratiform precipitation, spectrat data from the wind profiter was recorded 
and at the same time from a mobite, verticaüy pointing X-band (3.2 cm) Doppier radar 
which was iocated in a distance of about 30 m from the profiier. Comparisons of the data 
coiiected by the two Systems witt show to what extent the profiier is abie to detect ciear 
air echoes in the presence of rain. A first quaiitätive comparison during the campaign 
gave the impression that signais from the rain dominated the ciear air signais even when 
the droptets were smatt. 
The profiier winds from the fatt experiment were compared with the radiosonde winds 
from Payerne, with the surface winds at Payerne, and with the winds measured by two 
surface stations iocated on mountains ciose to Payerne. tt has been found that the high 
time resotution of the profiier winds reveais interesting detaüs in the wind fieid which 
cannot be seen by the reguiar baiioon soundings. 

2. Observation of a coid front passage 
tn the night from November 22 to 23, 1989, a coid front passed over Switzeriand from 
North to South. The passage of the front as it was observed at the surface stations in 
Payerne and on the mountain Chasserai near Payerne is depicted in fig. 1. There is a 
significant drop in temperature foiiowed by an increase of wind speed ahd a change of 
wind direction from North to East. 
The winds measured by the wind profiier and by radiosonde are shown in fig. 2 (note 
that time increases from teft to right in fig. 1, but from right to ieft in fig. 2). The profiter 
winds in fig. 2 were automaticaiiy quaiity controiied by a procedure described by Steiner 
and Richner (1990), but no interpoiation or smoothing of the data was performed. One 
sees that before the frontat passäge the wind profiier measured winds up to a height of 
6000 m, after the passage reasonabie winds were measured to a height of about 
4000 m. (The wind profiier used in Payerne had a peak power of 800 Watts, therefore, 
one couid not expect to reach much higher ieveis). The strong winds in the iow 
troposphere at 19:00 of November 22 seem to be reasonabie when compared to the 
surface Station data: they may be interpreted as iow ievei jet as it was observed in the 
vicinity of fronts, e.g., by Browning (1985). Due to the iower resoiution in time, these 
strong iow ievei winds cannot be detected radiosonde data-
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Fig.1: Temperature [°C], wind speed [m/s], and wind direction [deg] from 22 Nov. 1989 00:00 UTC to 24 Nov. 1989 00:00 UTC, measured at the surface stations Payerne (height 491 m msi) and Chassera! (height 1599 m msi). 
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Fig 2. Time-height sections for Nov. 22/23, 1989, depicting hourty winds at Payerne measured by the wind profiier. The dashed vectors represent winds measured by radiosonde. 

3. Verticai veiocity in a rainfait Situation 
On June 2, 1989, simuitaneous measurements were made in Wettswit by the wind profiter and a verticaity pointing X-band (3.2 cm) Doppter radar, which was iocated in a distance of about 30 m from the profiier. There was iight precipitation from about 12:30 UTC to about 13:10 UTC. Fig. 3 shows the verticai Doppier veiocity as measured by the X-band radar, fig. 4 the verticai veiocity as measured by the wind profiier. Note that the time increases from teft to right in fig. 3, but from right to ieft in fig. 4, and that height is indicated in km ag) in fig. 3, but in m msi in fig. 4, the site height in Wettswii being 555 m msi. Negative vaiues in fig. 4 indicate downward motion, whereas downward motion in fig. 3 is indicated in positive vaiues. One sees, that beiow a height of about 1800 m mst the wind profiier detects the echoes from rain rather than the ciear air echoes. The differences between the two measurements may resutt partty from the fact, that ränge and time resoiution is significantty higher for the X-band radar than for the wind profiier. 



48 

H 

W M 

2 -

er 

4̂  * & 

7̂ 
C3 

13:0 
l—! I t ! i — I ! I ! I I ) I i 

12:40 12:5*0 
n I i i r 

1.0 M/S 
3.0 M/S 
5.0 M/S 
7.0 M/S 

Fig.3: Mean Doppier veiocity [m/s] measured by the X-band radar 
at Wettswii on June 2,1989, from 12:38 UTC to 13:15 UTC. 

7 

n — i — 
13:30 

*T 1 
12:0 

Fig.4: Verticai veiocity [m/s] measured by the wind profiier at 
Wettswii on June 2,1989. 
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A NEW DOPPLER RADAR FOR STUDIES IN ALPINE 
PRECIPITATION 

W. Schmid, D. Högl, N. Syed and A. Waldvögel 
Atmospheric Physics, ETH 
CH-8093 Zürich, Switzerland 

ABSTRACT 
A new Doppler weather radar has been installed at ETH, Zürich. The radar can be operated in 
several modes (PPI, RHI, CAPPI, volume scan). A highly sophisticated Software package is 
available fof the control of the radar, the real time display of the data, and for the fast and 
efficient data acquisition. The Software includes several algorithms for unfolding the Doppler 
veiocity and for suppressing ground clutter echoes. The latter algorithms are considered to be 
very important to get quantitative radar measurements in a mountainous area. Extensive tests 
of diese algorithms are planned för the near future. In addition, the influence of the complex 
alpine orography ön the evolution of mesoscale precipitation Systems will be investigated. 

1. INTRODUCTION 
The history of Doppler radar measurements öf precipitation in Switzerland is very short up to 
now. The new Doppler weather radar - as presented in this paper - is the first one in 
Switzerland which can be used for observations of the three-dimensional Doppler wind field 
within precipitation. The radar is located at Hönggerberg, Zürich, ahd allows to supervise the 
area of central and eastern Switzerland. In the following, we give an overview about the main 
characteristics of the radar, and about the research projects för which the radar is planned to 
be used for. 

2. RADAR CHARACTERISTICS 
2. J. Hardware ana* -M/hvare 
The meteorological radar of the Atmospheric Physics Institute at ETH Zürich (the ETH-radar 
hereafter) took up Operation in January 1988. It's antenna is mounted on the top of a tali 
building and has a fairly unobstrueted view in all directions. In September 1989 a Doppler 
receiver with a sophisticated pulse-pair processor and a MieroVax II Computer för Controlling 
the radar Operations was installed. Table 1 shows the major speeifications of the radar: 

TaMe 7%e ̂ peĉ câ ô M E7W-raaar 
Frequency 
Peak power output 
Pulse length 
Pulse repetition frequency (PRF) 
Antenna beam width 
Polarisation 
Transmitter 
Receiver reflectivity Channel 

Doppler Channel 

5.66 GHz 
250 kW 
0.5 and 3 u,s . 
250 to 1200 s"l 
1.6°circular 
linear horizontal 
magnetron type 
logarithmic 
linear with STALO ahd COHO 
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An advanced Software package deveioped by SIGMET, Inc. enables to control virtually all of 
the features required for the Operation of the radar and the distribution of radar products, 
including: 

local and remote radar control 
advanced radar signal processing 
data acquisition, archiving and playback 
real time display and movie loops of radar images 
comprehensive diagnostc, alignement and calibration Software 
product generation such as PPI, RHI, CAPPI, W-E and S-N verücal sections, VIL 

("verticai integrated liquid water content"), accumülated rainfall, echo tracking and 
forecasting, wind shear, and others. 

2.2. LfM/oMiMg o/Dopp/er ve/<?c%y 
The unambiguous ränge ofthe registered Doppler Veiocity depends pn the wäveiength and the 
PRF of the radar. In our case, the veiocity ränge is restricted to + 16 m/s in maximum. Larger 
velocities will be "folded" into this interval, i.e. a veiocity of 20 m/s will be registered as 20-
16 m/s = 4 m/s. 
A dual PRF veiocity unfolding technique allows to expand the unambiguous veiocity span by 
a factor of either two or three beyond the original value. This technique uses two different 
pulse repeütion periods for every Doppler measurement and relies on the extra information 
thus obtained to unfold the mean veiocity measurement from each individual period. This 
method has first been described by Tang Dazhang et al. (1984). Using this technique, the 
unambiguous ränge of veiocity can be extended up to ± 48 m/s which is sufficient in most 
meteorological situations. As an example, Fig. 1 shows a very strong wind Seid with 
maximum values of the wind speed which are apparently larger than 48 m/s. The wind 
measurements in the hatched-free area (up to 48 m/s) were automatically unfolded by the 
described procedure, whereas the wind data in the hatched area were manually unfolded after 
inspecting the original veiocity plot. 

2 .F. CroM/ta* c/Mffer -yMppre&MOK 
Radar echoes of ground clutter may overlap the radar measurements of precipitation. The 
number and extent of disturbihg ground clutter echoes is espeeially large in a mountainous 
region. The suppression of ground clutter without loss of precipitation information, therefore, 
is one of the major probiems in the ränge of the Swiss aips when analysing and evaluating 
radar measurements. A Doppler radar yields excellent possibilities to suppress ground clutter 
echoes since the Doppler veiocity spectra of precipitation echoes are fundamentally different 
from the Doppler spectra of ground clutter. Several methods exist fbr filtering the "ground 
clutter" part öut of the Doppler spectra. At ETH, the method as described by Passarelli (1981) 
has been implemented. The main idea of the method is the use of a high pass filter whose 
purpose is to rempve the low-frequency Signals from the complex time series of weather 
signais. Thus, the filter is applied to the data without the need to calculate the Doppler spectra 
from the original time series. This procedure is very fast and allows to collect precipitation 
data with a speed of up to 5 revolutions/min of the rötating radar antenna. Additional criteria 
help to select the best possible clutter suppression algorithms in different precipitation 
situations. 
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3. RESEARCH PROJECTS 
FJ. %yf fAe c/M̂ er suppre-Mion a/gor/fAwy 

At present, the available "Doppler" ground clutter algorithms are compared with 
conventional "Non-Doppler" methods to suppress ground clutter echoes. It is hoped that the 
Doppler method allows to extend the area in which observations of precipitation with radar 
can be obtained. Quantitative tests of this hypothesis dö not exist up to now, but are necessary 
for pianning the future operational use of Doppler radar Systems in the ränge of the Swiss 
aips. 

Comparisons of this kind have recently been started in co-operation with the Swiss 
Meteorological Institute. 

3.2. AfeMMca/e predpffafioM Sefferns 
A major project is planned whose purpose is to study the internal structure of 

mesoscale precipitation Systems. The ETH-radar will play a major role in helping 
1. To understand the microphysical and dynamical processes within mesoscale 
precipitation Systems, and 
2. To improve the very-short-term forecasting of precipitation. 
Special emphasis will be given to severe thunderstorms whose evolution is beiieved to be 
infiuenced by the specific orography of the Swiss aips. For instance, it has been found that an 
unusually high number of severe thunderstorms move to the !eft of the mean environmental 
winds in Central Switzerland. Such storms occur preferably near the NW border of a 
mountainous area, as described and discussed by Schmid et al. (1990). Recent numerical 
simulations with a three-dimensional cloud model (the Klemp-Wilhelmson model, see e.g. 
Klemp and Wilhelmson, 1978) reproduce many of the observed radar features within severe 
left moving storms. Given this State of knowledge, there is a great interest at present to obtain 
Doppler radar observations of the wind field within severe left moving thunderstorms. This 
wouid allow to assess the reliability of the model calculations on a more quantitative basis. 

First results of Doppler radar observations within severe thunderstorms will be 
presented at the Conference. 
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Niederschlagsentwicklung über Süddeütschland anhand von 
Doppler-Radardaten 

P.Lang, J.Riedl 
Deutscher Wetterdienst 

Meteorologisches Observatorium Hohenpeißenberg 

ABSTRACT 
The impact of the Alps resp. t y p i c a l developments of p r e c i p i t a t i o n 
patterns i n Southern Germany can be shown i n the various image pro-
ducts of a Doppler weatherradar system. P r e c i p i t a t i o n reduction by 
'Föhn'-effects as well as continous Warmfront p r e c i p i t a t i o n of 
I t a l i a n lee cyclones can be recognized and observed i n i t s temporal 
and s p a t i a l extent. Thus better synoptic analysis and forecast i s 
possible. Additional wind information by Doppler evaluation give an 
insigh t i n t o the win d f i e l d aiong the aips. 

ZUSAMMENFASSUNG 
Mit H i l f e von verschiedenen Bildprodukten eines Doppler-Wetterradar-
systems lassen sich Einflüsse der Alpen und typische Niederschlägs­
entwicklungen nachweisen bzw. beobachten. Niederschlagsreduktion bei 
Föhn-Effekten sowie langanhaltende Aufgleitniederschläge von 
ital i e n i s c h e n Lee-Zyklonen können i n Ablauf und Ausmaß erkannt und 
i n eine verbesserte Analyse und Prognose umgesetzt werden. Ergänzende 
Windinformationen aus Dopplerauswertungen geben einen Einblick i n das 
aktuelle Wind- und Strömungsfeld am Alpenrand. 

1. Einleitung 
Mesoskalige Effekte im Zusammenhang mit Niederschlag am Alpenrand 
können gut i n Radardarstellungen erkannt werden. Durch zusätzliche 
Auswertung der Dopplerinformation sind Einblicke i n das Windregime 
verschiedener Höhenschichten und die Strömungsverhältnisse möglich. 
Bezüglich der meist frohtgebundenen Niederschläge sind am nördlichen 
Alpenrand einige Besonderheiten zu beobachten; Föhn und Lee-Effekte, 
aber auch Vb- und Aufgleitlagen gehören dazu. Fallstudien mit H i l f e 
von rechner-aufbereiteten Radarbildprodukten können die typischen 
Entwicklungsstadien verdeut1ichen. 

2. RadarSystem und Produkte 
Seit 1989 i s t am Meteorologischen Observatorium Hohenpeißenberg ein 
neues C-Band Wetterradar im Einsätz. Es entspricht i n Seiner Grund­
ausstattung den Anlagen des im Aufbau befindlichen bundesdeutschen 
Radarverbunds, i s t aber bereits mit einem Dopplerzusatz ausgerüstet 
Das System besteht aus einem EEC-Radar (DWSR-88C), einem Steuer- und 
Auswerterechner (MikroVax I I mit Peripherie) und diversen Ausgabe­
monitoren. Nach i n t e g r i e r t e n Abtastzyklen werden im Rechner d r e i ­
dimensionale Reflektivtäts- bzw. Radialwind-Datenquader (400*400*12km 
bzw. 200*200*12km), sowie zweidimensionale Niederschlagsfelder 
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(360°*100km) zwischengespeichert. Diese Datensätze sind auf die 
Auswertung für die synoptische Analyse und Prognose bzw. auf 
qua n t i t a t i v e Flächenniederschlagsbestimmung ausgelegt. Die Liste der 
über Menü abrufbaren Bildprodükte i n Farbdarstellung umfaßt i n 
1 5 - M i n - Z e i t s c h r i t t e n d i e großräumige E c h o v e r t e i l u n g i n 6 
Intensitätsstufen (PL), die Echo-Top- (PE) und schichtweise die 
Radialwindverteilung (PR); i n 5-Min-Zeitschritten die bodennahe 
Niederschlagsintensität (PX), Stundensummen-(PH) und akkumulierte 
Niederschlagshöhen bis 24 Stunden (PY). Die quantitativen Nieder­
schlagsdateien werden auch auf Magnetband gespeichert. 

3. Fallstudien von Niederschlagserscheinungen am Alpenrand 
3.1 Föhn bzw. Lee-Effekt vor Frontniederschlag 
Im Sommerhalbjahr sind Warmfronthiederschläge g e r e i f t e r Frontensy­
steme am Alpenrand meist nur schwach. Im präfrontalen Bereich t r i t t 
im Zuge hochreichender SW-Strömung häufig Föhn unterschiedlicher 
Intensität auf. Dieser i s t der Luftmassenhebung überlagert und führt 
durch Austrocknungen oftmals zu deutlicher Beeinflussung der Nieder-
schlagsentwicklung und Ergiebigkeit. Hierbei sind bei ausgeprägten 
Föhninversionen verstärkt Radar-Bodenechos zu beobachten. Bei "jun­
gen" Warmfrontsystemen mit westlicher bzw. nördlicher Strömung i s t 
dies nicht der F a l l . Der Ablauf einer orographisch gestörten Front­
passage äußert sich i n einem scheinbaren Verlangsamen des frontalen 
Niederschlagsfeldes und schließlich einem verzögerten Vordringen an 
Donau und im Allgäu (Abb.1). Dabei lösen sich vom Vorderrand des 
Niederschlags zeitweise einzelne Regenbänder ab, die sich mit dem 
präfrontalen Wind nach NE verlagern. Die laufende Beobachtung der 
Bildprodukte, hauptsächlich PL, i s t eine der wenigen Möglichkeiten, 
solche modifizierten Niederschlagsverläufe zu erfassen und begrenzt 
vorherzusagen. 

3.2 Aufgleitniederschläge, Stau 
Eine klassische Wetterlage des Alpengebietes s t e l l e n die übergrei­
fenden Aufgleitniederschiäge i n Folge einer norditalienischen Zy-
klogenese dar. Eine entscheidende synoptische Information i s t dabei 
das r e c h t z e i t i g e Erkennen der Anfangsphase solcher A u f g l e i t ­
niederschläge, die begrenzt und k u r z z e i t i g oder auch - begünstigt 
durch schwache Druckgradienten i n Süddeutschland - großräumig und 
anhaltend auftreten können. Länger dauernde Aufgleitniederschläge 
sind meist k l e i n t r o p f i g und s t e l l e n sich daher im Reflektivitätsbild 
i n niedrigen Echostufen dar (Abb.2) . Die Radarwindkomponenten i n z.B. 
3 km Höhe zeigen östliche bis südöstliche Richtung. I n Einzelfällen 
bilden sich auch schwache Strömungskonvergenzen aus. Staulagen, 
vornehmlich im Winterhalbjahr, bilden sich nach Abzug einer Front bei 
meist hochreichend nördlicher Strömung am Alpenrand. Sie t r e t e n aber 
auch häufig an der W- bis SW-Flanke von nach NE abziehenden Vb-Tief-
druckgebieten auf. Diese Form der "nachhängenden", frontentkoppelten 
Niederschläge führt immer wieder zu Fehlprognosen, die sich bei 
Nutzung eines modernen Wetterradarsystem einschränken lassen. 
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Abb.l: Verlauf der Niederschlagsgrenze i n Bodennähe an der Vorder­
seite eines Frontniederschlags bei föhnigem Effekt im Stundenabstand 
von 9 - 12 UTC (02.02.1990). 
—..— Niederschlagsgrenze i n 3 km Höhe um 9 UTC 
Q Windmeldungen der Bergstationen Hp, Zugspitze, Wendelstein 

3.3 Konvektive Systeme 
Die Entwicklung konvektiver Systeme zeigt am Alpenrand wenig Be­
sonderheiten . Eine Ausnahme b i l d e t die f r e i e Konvektion von feucht­
l a b i l geschichteten Zellen durch Hebung an Bergketten. Diese und die 
allgemeine thermische Konvektion lassen sieh bezüglich Ort ünd ge­
nauem Auslösebeginn mit Stadium des ersten Niederschlagskerns nur 
m i t t e l s Radar f e s t s t e l l e n . Neben Zugrichtung und Entwicklungsphase 
von lokalen Zellen spielen im mesoskaligen Bereich die gekoppelten 
konvektiven Systeme, wie das "Splitten'' von Cb's und die Entwicklung 
von Tochterzelleh für die Kürzestfristvorhersage eine wichtige Rolle. 
Inwieweit bevorzugte Gewitterentstehungsgebiete (z.B. Raum Lechtäl) 
und vermeintlich bevorzugte Zugstraßen vorhanden Und durch die Alpen 
beeinflußt sind, muß näher untersucht und s t a t i s t i s c h gesichert 
werden. 
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Abb.2: Darstel l u n g der Radarreflektivität Ẑ  des A u f g l e i t n i e d e r -
schlags einer Genuazyklone m i t Vb-Zugbahn (06.11.1989, 03:55 UTC). 
Das PL-Bild z e i g t d i e Echoverteilung i n der unt e r s t e n bodenecho-
f r e i e n Höhenschicht im Bereich 400 * 400 km; oben bzw. s e i t l i c h i s t 
di e P r o j e k t i o n der stärksten Echos - und damit i h r e v e r t i k a l e Er­
streckung - i n den Höhenschichten b i s 12 km d a r g e s t e l l t . 

4. Bedeutung für die o p e r a t i o n e i l e Analyse und Prognostik 
Immer dann, wenn auch wegen a l p i n e r Einflüsse Niederschlagsentwick­
lungen für d i e Kürzestfristvorhersage im Alpenraum erfaßt werden 
müssen, s t e l l t d i e Radardarstellung den Kern der Beratungsdaten dar. 
Zusätzliche Doppler-Informationen können einen E i n b l i c k i n d i e Strö­
mungsverhältnisse, z.B. i n Kammhöhe oder f r o n t a l e Windsprünge, geben. 
Hohe Niederschlagsmengen sind oftmals b e i erkennbaren Strömungs­
konvergenzen zu erwarten. Eine Niederschlagsverminderung bzw. erwar­
t e t e A u f g l e i t e n w i c k l u n g sind mit Radar s c h n e l l v e r i f i z i e r b a r , l o k a l e 
Konvektionsentwicklung frühzeitig zu erkennen. 

5. Schluß 
Besonderheiten i n Niederschlagsenwicklung und -ablauf am Alpenrand 
sind i n Radarbildprodukten gut erkennbar, wenn d i e Bilderneuerungs­
r a t e entsprechend hoch i s t und der Abtastbereich für mesoskalige 
Phänomene ausreichend groß i s t . Niederschlagsverminderungen (z.B.Lee-
E f f e k t e ) oder -Verstärkungen (z.B. A u f g l e i t e n ) können damit besser 
a n a l y s i e r t , vorhergesagt und erwartete Abläufe umgehend v e r i f i z i e r t 
werden. Radialwinddarstellung aus Dopplerauswertungen ergänzen m i t 
einem Überblick über das Windregime d i e Informationen. 
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A CORRECTION TECHNIQUE FOR C BAND RAINFALL RATE ESTIMATES BY MEANS OF 
POLARIMETRIC MEASUREMENTS 

ABSTRACT 
In this paper we analyze the accuracy of rainfall rate estimates by means of multiparameter measurements. Moreover, we evaluate the systematic errors on the rainfall rate measurement intro­duced by the differential and the backscattering phase shift between horizontal and verticai polariz­ation. 
At last, we discuss and verify by Simulation a correction technique based on the relationship be­

tween the signal attenuation and the differential phase shift due to propagatiön. 

1. INTRODUCTION 
The accuracy of S-band rainfall rate estimates by means of multiparameter measurements has been evaiuated by Sachidananda and Zmic (1986). 
In this paper we analyze C-band rainfall rate estimates by taking account of the signal attenu­

ation and the backscattering differential phase shift between the horizontal and verticai polarization. 

2. MODEL FORMULATION 
Assume that the electromagnetic wave corresponding respectively to the horizontal and verticai 

polarization propagates aiong the precipitation medium füled unifomüy with oblate raindrops, which 
equivolumetric diameter D is described by a gamma drop size distribution (DSD) of the form 

where A/ „, D o ^ determine the DSD shape. 
As known, the radar observables (the horizontal and the verticai reüectivities Z „, ̂  and the dif­

ferential phase constant X ) and the rainfall rate /? are related to the distribution A/ (D) by 

G. Scarchilli and E. Gorgucci 

Istituto di Fisica dell'Atmosfera (CNR) 
P.le L. Sturzo,31 - 00144 Rome (Italy) 

N(D) = A/.D" exp -(3.67 + p.)D 
Do (1) 

(2) 

(3) 

(4) 



58 

where 3„ .̂  are the backscattering sections and /„ y the forward amplitudes corresponding to the 
horizontal and verticai polarization, X. the wäveiength, u ( D ) the raindrop terminal veiocity and I X I ̂  is 
related to the refractive index of water. 
Based on the available measurement on DSD, the following limits were used in the Simulation program 

1000 <A/„< 30000 
O.S<D„<2.5 
-0,5<n<2.5 

To generate a highly variable DSD, the three parameters were taken completely independent and were 
generated using a random number routine. For each triplet (A/„.Do,u) the computations of the 
parameters (1), (2) (3) were performed. 

Utilizing the values of the C-band forward and backscatter amplitudes at 10° temperature, the 
following regression lines are obtained between the rainfall rate /? and respectively the couple of radar 
observables ( Z ̂, Z p̂  ) and the differential phase constant p, 

7?^=1.9310'Z^'Z^ (5) 
7?p,= 1.16+16.66-/Cp, (6) 

We have performed the scatterdiagrams between /? and respectively the estimates respectively 
(5) and (6) for the number of triplets ( A/ „, D „, p.) equal to 1200. The Standard errors of the estimates 
for the whoie ränge of 7? between 0 -H 20 mm/i *' and for each class of 10 mm h'' width have been 
computed; in agreement with Sachidananda and Zrnic's results (1986) the estimate (6) is more accu­
rate than (5) for /? > 50 + 60 mm /t "' , which occurs usually during river floods or within severe con­
vective storms. 

3. PROPAGATIÖN EFFECTS ON C-BAND RADAR OBSERVABLES 
Because of wave propagatiön aiong the path the meteorological signais show differential at­

tenuation and phase shift for the horizontal and verticai polarizations, which are not neghgible in C-
band. On regard with the first effect the measured reüectivities are related to the actual ones by 

101og(Z„),n„,= 101ogZ„-^„ (7) 

where y4„ and are the horizontal and differential attenuation, Zp^ is the differential reflectivity 
given by the ratio ̂  expressed in dB. 

As for the second effect, the measured differential phase shift (^p?)^,,, is the sum of the con­
tribution 4) due to the propagatiön and the differential phase 6 due to the backscattering referring to 
the radar measurement cell 

( ^ „ „ ^ c + B ( 9 ) 

The radar observables ( Z „, Z M ) can be corrected utilizing the reiationships between „, y4 //. ̂  
and ()) 

^^ = 0.08<[)pp-0.00433 (10) 
^^,^=0.0138<))p^ (11) 

At last, the parameter 6 can be estimated by the actual values of the differential reflectivity 
5 = 0.414-0.969Zp, + 0.374Zp, + 0.108Zp, (12) 
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The reiationships (10),( 11) and (12) are obtained by the regression lines in the similar way as for 
(5) and (6). 

4. CORRECTION TECHNIQUE 
The technique for correcting the C-band rainfall rate estimates is based on the following pro­

cedure. First, we measure the profile of differential phase shift (4< pp)̂ ,,, aiong the path; then, the at-
tenuations y4 „ and /l „. ̂  can be estimated in each ränge gate by means of (10) and (11); this means that 
in first approximation the contribution 6 is neglected as one can see from (9). In C-band this approxi­
mation is correct only at long distances from radar, because ()) is a monotönically increasing function 
ofthe ränge and 6 depends only on the differential reflectivity. However, we want to point out that the 
significance of the correction increases by increasing the distance. Under above assumptiöns, we can 
obtain the true profiies of Z„ and Z pj, änd then estimate the rainfall rate by means of (5). Moreover, 
eqs. (12) and (9) give the contribution öand the differential phase shift <)) pp. As it is shown by Golestani 
et al. (1989), the profile of the parameter (]) pp can be approximated by a polynomial of 3rd order in 
function of the ränge r. The parameter Âpp, which is defined as the derivative of ()) ppwith respect of ̂  
can be obtained in each ränge gate; at last eq. (6) gives the corresponding rainfall rate estimate. 

The technique has been verified by simulating the radar observables aiong a path of 20 Alm. 
Width assuming the rainfall rate /? either uniform or hnearly increasing aiong the ränge. If 7? is uniform^ 
A: pp is uniform too and it can be directly estimated as the slope of the linear regression between the 
parameter (j)pp änd the distance r. The parameters Z „ and Z p ̂ can be corrected in each ränge gate, 
at last, the average values of /?(Z„, Zp^) aiong the path are computed in order to compare with 

Fig 1 and 2 show the scatterdiägrams between the rainfall rate /? and the estimates (6), re­
spectively uncorrected and corrected with the technique described above. From the figures the cor­
rection looks like to work very well; indeed the corresponding Standard error within the ränge of 
R = O -s-120 mmh'' decreases from 6.4 to 3.5 mmA''and this behavior is similar in each class of 
10 mm/i ' width. On the other hand, it can be shown that the estimate obtained from Z„ and Zp^, 
corrected by the respective attenuations, shows a Standard error greater than one corresponding to 
^(App) for 7? 2 30mmh ' . The case of 7? varying linearly in the ränge is simulated by varying A/o 
Hnearly aiong the path, as one can be seen from (1) and (4); it can be shown that 7? and the uncorrected 
estimates J?(A"pp)are poorly correlated and the corresponding Standard error is very high (about 
11 mm/i"' ). The Standard error of the Corrected estimates #(R*pp) increases on regard with the 
case of /? uniform, as it is expeeted and it is equal to 4.24 mm h"'. 

5. CONCLUSIONS 
We have analyzed the errors düe to the propagatiön in C-band rainfall rate estimates by means 

of multiparameter measurements. In order to correct those errors we have deveioped a correction 
technique based on the empirical relationship between the attenuation and the differential phase shift 
due to the propagatiön. We have shown that the technique works very Well in the case of rainfall rate 
uniform or lineaflyvärying aiong the path filled by equioriented oblate raindrops. 
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ERRORS INVOLVED IN USING RADAR DATA 
TO ESTIMATE PRECIPITATION IN AN ALPINE REGION 

Jürg JOSS and Araldo PITTINI 
Swiss Meteorological Institute 

Osservatorio Ticinese, CH 6605 Locarno Monti 

ABSTRACT: Over the years much research has been directed towards exploring the 
potential of radar as an instrument for estimating rain. I t is shown that with the 
present r e f l e c t i v i t y measuring radar, acceptable qualitative and in certain 
conditions even quantitative information may be obtained from radar in an Alpine 
country. In other words, we wouid need an extremely dense and costly network of 
gauges to obtain a spatial resoiution easily attainable with radar. 
But radar only estimates the precipitation i t can "see". Even the most ingenious 
procedure using sophisticated equipment w i l l not allow measurements in parts lost 
because of reduced v i s i b i l i t y , e.g., behind mountains. But also in f l a t country we 
w i l l find - at longer ranges - increased errors due to losses caused by the earth's 
curvature and errors caused by the reduced resoiution of the radar beam. Therefore, 
choosing a good radar site is important: A higher one w i l l in general improve the 
v i s i b i l i t y , but increase at the same time the amount of clutter by ground echoes. 
Doppler radar w i l l help in this respect. To what extent w i l l be shown by the results 
obtained with the new radars planned to replace Albis and La Dole north and a third 
for the new radar site south of the Alps, probably on Monte Lema in the Tessin, 
during the years 1993 t i l i 1996. 

Results are presented describing the accuracy obtained with present radars when just 
applying a fixed correction a l l year round. Planned strategies are discussed for 
eliminating clutter, for making quantitative measurements, and for reducing the time 
needed to investigate the entire volume by using an electronically scanned antenna. 
By decreasing the update period for the füll volume information down to the order of 
one minute, contradicting requirements of various users, such as hydrologists and air 
t r a f f i c Controllers, may be f u l f i l l e d . However, questions relating to price and 
r e l i a b i l i t y w i l l have tö be answered in an acceptable way. 

1 INTRODUCTION 
The most important advantage of using radar for precipitation measurements is the 
coverage of a large area with high spatial and temporal resoiution from a Single 
point and in real time. Furthermore, the three dimensional picture of the weather 
Situation can be extended over a very large area by compositing data from several 
radars. However, we have not been able u n t i l recently to make measurements over a 
large area with an accuracy which is acceptable for hydrological applications. 

2 GROUND CLUTTER AND SHIELDING 
2.1 The probiem 
When the radar beam or i t s sidelobes encounter ground targets, strong persistent 
echoes occur and add up in time to appear as large rain amoünts i f no precautions are 
taken in the data analysis. A method for eliminating them is to use a clutter map in 
the Computer memory and block out contaminated pixels. But this procedure may leave 
blind zones in badly cluttered areas and thereby lead to a loss of data. Because 
clutter, espeeially that caused by anomalous propagatiön, is variable in time, the 
clutter map has to be made up from many situations without rain, including those with 
anomalous propagatiön. As a consequence of this, the loss in any given weather 
Situation is often larger than i t need be. Doppler techniques hold promise for 
reducing these d i f f i c u l t i e s (Passarelli et a l . 1981) but some probiems are Iikeiy to 
remain in cases of stationary r a i n f a l l patterns. 
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2.2 Clutter suppression and v i s i b i l i t y 
Clutter suppression requirements are not easily f u l f i l l e d in a l l possible 
applications. In fact i t has not been shown yet that even for one single, operational 
application the suppression probiem can be completely solved. Usually we w i l l have to 
compromise by tuning the system to the desired operational application. There is no 
"most promising technique" per se. E.g. for a given application a combination of 
'high-pass f i l t e r preprocessing' and subsequent image correction may be most useful; 
usually, however, i t is more favorable, to do the suppression in several steps which 
are to some extent complementary and we should apply them in the right order, as 
discussed in more detail in Joss and Wessels (1990): 

1. Avoid clutter by choosing the shortest possible wäveiength, by siting the 
radar in an Optimum way (compromise between the amount of clutter and the 
degree of shielding reducing the v i s i b i l i t y ) . 

2. Use Doppler suppression (or some coherent or noncoherent MTl), but depending 
on the application use i t more or less conservatively, i.e. for quantitative 
applications cancelling only l i t t l e rain but using suppression at a l l 
elevations. Eventually just set a clutter flag in each contaminated pixel as 
a warning in further automatic analysis or when displaying the data. 

3- Use distribution criteria in space in a l l three dimensions (ränge - az -
elevation) to eliminate clutter, but be conservative when wanting to detect 
thunderstorms in an early stage. 

4. Use the echo movement from frame to frame to eliminate stationary echoes 
caused by anomalous propagatiön. 

5. In clear weather use, i f available, satellite data to eliminate stationary 
echoes caused by anomalous propagatiön. 

6. Use clutter mask to eliminate clutter, but use this brüte method with 
caution. 

7. Use interpolation, e.g. closest neighbours, or äveraging in space ( i n a l l 
three dimensions ränge - az - elevation). But be careful with äveraging, 
Swiss users did not like a smooth picture. 

Note that a coherent mode in 2. needs a continuous Doppler mode at a l l ranges. In 
other words, ways have to be found that r e f l e c t i v i t y measurements and Doppler mode 
can be combined in the whoie ränge of interest. 

3 RESULTS 
3-1 Verticai r e f l e c t i v i t y profile, a basic probiem in radar hydrology 
Because of growth or evaporation of precipitation, air motion and change of phase 
(iee and water in the bright band), reduced v i s i b i l i t y aloft and highly variable 
verticai r e f l e c t i v i t y profiies are observed, both within a given storm and from storm 
to storm. With increasing distance from the radar, the sample volume of the radar and 
the verticai distance between the sample volume and the ground increases too. 
Therefore, the differences between estimates of ra i n f a l l by radar and the rain 
reaching the surface must also increase (joss and Waldvogel, 1990), mainiy consisting 
of underestimation by radar. At long ranges, for low level storms, and espeeially 
when low antenna elevations are blocked by obstacles such as mountains, the 
underestimate may be severe. This type of error often tends to dominate a l l others, a 
fact easily overlooked when observing storms at close ranges only, or when analysing 
different storms which are a l l located at roughly the same ränge. 
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3.2 Agreement and disagreement of radar and gauge in Switzerland 
Here, results are presented of comparisons between estimates of precipitation by 
weather radar and by raingauges, carried out at the Swiss Meteorological Institute. 
Measurements from one year of archived data were analysed (and the results were 
confirmed with a larger data set containing the past 5 years). The data were 
extracted from the Swiss radar composite pictures, distributed in realtime since 
1978, today to some 30 users among them 6 weather forecasting centers. For the ground 
truth the ANETZ was used, a network of about 60 automatic weather stations equipped 
with raingauges, distributed evenly over the whoie region of Switzerland. 
Precipitation was estimated from nine r e f l e c t i v i t y values sampled within an array of 
3x3 pixels centered around each rain gauge using a fixed Z-R relationship. Daily 
precipitation amoünts were integrated from 144 radar displays transmitted every 10 
minutes during each day. Data were selected from a l l days with more than 1 mm of 
cumulated precipitation for the period from the 16 June 1984 to the 10 July 1985 and 
daily mean values of the adjustment factor RADAR/ANETZ for the precipitation amount 
were calculated. These values are piotted as isolines on a map of Switzerland, 
overlayed with lines of equal v i s i b i l i t y as seen by the radars, and reproduced as 
altitudes above sea level (see Fig . l ) . 

(M.6.M - M.7.SS) 

Fig.1 (from G.Galli and J.Joss, 1989) 
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Averaged over the whoie Swiss area and over the considered time period, the radar 
"sees" 40% of the precipitation captured by the network of raingauges. The ratio 
RADAR/ANETZ varies between 11% and 91% for 68% of the population, the median value of 
the ratio being 40%. On average, this factor decreases and i t s variablity increases 
strongly with increasing distance from the radar site; i t s spatial distribution 
reflects the strong dependence from the v i s i b i l i t y of precipitation by the radars. In 
other words, the main probiem in Switzerland (but we expect i t to exist to a lesser 
extent also in other countries) is the i n a b i l i t y of the radar to see the 
precipitation close enough to the terrain where the raingauge is situated combined 
with the decrease of re f l e c t i v i t y with height (see Fig.2). Even the most ingenious 
procedure using sophisticated equipment w i l l not allow us to make measurements in 
parts lost because of reduced v i s i b i l i t y . Reduced v i s i b i l i t y w i l l occur behind 
mountains. But also in f l a t country, we find at longer ranges increased errors due to 
losses caused by the earth curvature and because of the reduced resoiution of the 
radar beam. These errors are by far larger than any error caused by variations of the 
Z-R relationship. 
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Thanks to the availability of inexpensive, high-speed data processing equipment, we 
should be able to determine the echo distribution in the whoie radar coverage area in 
three dimensions. I t is hoped that this knowledge, together with knowledge about the 
position of the radar and the orography around i t , w i l l help in future to correct in 
real time for a large fraction - or at least estimate the magnitude - of these 
errors, thus extending the region in which an accuracy acceptable for many 
hydrological applications is obtained. 
Fig.2 (see also Joss and Waldvogel, 1989): Seasonal Variation of the verticai profile 
of r e f l e c t i v i t y as seen by radar 
Albis within an average distance of 
52 km. For comparison: Results 
obtained in spring with radar and 
a l l gauges distributed a l l over 
Switzerland (average distance 
77 km) are also reproduced. While 
the radar/gauge profile gives a too 
pessimistic view because 
beamfilling probiems contribute 
also to the decrease of _̂  
re f l e c t i v i t y with height, and the ^ 
radar-only profiies are too "̂ 
optimistic because of several ^ 
reasons but mainiy due to the algo-.5* 
rithm used to reconstruct the 3; 
3D-distribution of echos. The true 
profile lies inbetween and is far 
from being independent of (i . e . 
constant with) height. Note, that 
independence of height is assumed 
implici t l y , when no correction is 
applied for the decrease of 
re f l e c t i v i t y with height. Rain rate (mm/h) 

3.3 Conciusion for the measurement procedure 
The procedure for deducing r a i n f a l l rates from measured radar ref l e c t i v i t i e s for 
hydrological applications may involve the following steps: 

1. Keeping hardware Performance stable by means of calibration and maintenance. 
2. Correcting for errors caused by the verticai r e f l e c t i v i t y profile combined 

with shielding. 
3- Taking into account enhancements of precipitation because of orographie 

effects (Collier, 1989). 
4. Taking into account a l l the information about the Z-R relationship and 

deducing the precipitation. 
5. Adjusting the estimated values with measurements from raingauges. 

The f i r s t three parts are based on known physicai laws and only the last one uses a 
Statistical approach to compensate for residual errors. This allows the Statistical 
methods to work most efficiently. In the past, a major limitation in carrying out 
these steps was the use of analog cireuitry and Photographie techniques for data 
recording and analyses. I t was, therefore, extremely d i f f i c u l t to determine and make 
the necessary adjustments, and certainly not in real time. Today the data may be 
obtained in three dimensions in a manageable form, and the Computing power is 
available for aecomplishing these tasks. Much of the current research is directed 
towards deveioping techniques for doing so on an operational basis. 

Seasona! Variation of Profite 
23.Jun.1986-28.Feb.1990 (Max) 

Summer Jun,Ju!,Aug Aibis 10 Mar,Apr,May 
Ŝep,Oct,Nov 

Winter / Dec,Jan,Feb 

^ Gauges/Radar Mar,Apr1982 

01 0.1 10 



65 

4 OUTLOOK: ELECTRONICALLY SCANNED ANTENNA 
In fact todays mechanically scanning radar antennas often do not allow to meet the 
contradicting requirements: for clutter elimination and s t a t i s t i c a l l y well defined 
samples (for quantitative precipitation work) on one hand and for the fast update 
rate of füll volume information on the other. As discussed by Joss (1990), the 
antenna scanned electronically in the verticai wouid have advantäges: We wouid be 
free ( i . e . hot bound to the mechanical inertia) to transmit pulses quasi 
simultaneously in different elevations. In other words, we could distribute the 
pulses available at the rate needed in the elevations where we want information for a 
given application. Considering that: 

1. the maximum PRF for horizontal scans is limited to 500 Hz for an unambiguous 
ränge of 300 km, 

2. at higher elevations the unambiguous ränge is shorter, 
3. c r i t i c a l clutter regions with the most stringent requirements for a long 

dwell time are not found at higher elevations, 
4. we may speed up the mechanical rotation in az-direction where no c r i t i c a l 

ground clutter or interesting weather is found and 
5- not a l l elevations are needed as we can transmit pulses only where i t has 

precipitation, 
we may increase the data quality or speed up the update rate by at least an order of 
magnitude by using an electronically scanned antenna as compared to a mechanical one. 
The gain achievable for operational applications at lönger ranges is expeeted to be 
larger than e.g. by implementing the Polarimetrie option. Using a conventional, 
mechanical antenna means cutting down the possible benefits of weather radar for 
various users. 
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