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Préambule

La 21° Conférence internationale de météorologie alpine (ITAM-90) se tient pour la 4° fois en Suisse. Aprés
Davos (1954), Brigue (1966) et Grindelwald (1978), c'est au tour d’'Engelberg, en Suisse centrale, d'accueillir
les congressistes.

Au cours de la période de 12 ans qui s’est écoulée depuis la 15 © ITAM & Grindelwald, plusieurs événements
significatifs ont marqué le développement de la météorologie et de la climatologie dans notre espace alpin.
L'expérience ALPEX, tout d’abord, avec ses campagnes de mesures de grande envergure en 1981-82, les tra-
vaux d'analyse et de mise en valeur des résultats qui ont suivi et durent encore, ponctués notamment par les
conférences de Venise en 1985 et de Garmisch-Partenkirchen en 1989.

Une nouvelle organisation météorologique européenne a vu le jour: EUMETSAT préside & partir de 1986 aux
destinées des systémes opérationnels de satellites météorologiques européens, géostationaires actuellement.

La 1% Conférence mondiale sur le climat, organisée en 1979 A Genéve par FOMM, a constitué le point de
départ d'efforts accrus et mieux coordonnés dans le cadre du Programme climatologique mondial et des pro-
grammes nationaux de plusieurs pays alpins.

En matidre de pollution atmosphérique, également, les préoccupations soulevées par le dépérissement des °
foréts ont suscité des études pluridisciplinaires d’ampleur considérable ol I'apport de la météorologie et de la
climatologie s'est révélé indispensable.

Cette mise & contribution toujours plus intense des sciences de I'atmosphére pour élucider - et si possible pré-
venir - certains des problémes majeurs auxquels doit faire face notre société culminera en cette année 1990
lors de la 2° Conférence mondiale sur le climat, & Genéve encore, ol la dimension polmque globale d’'une pro-
tection du climat contre 'effet de serre sera discutée au niveau ministériel.

Mais les questions climatiques de brilante actualité ne reléguent pas aux oubliettes les multiples autres pro-
blémes, anciens et nouveaux, auxquels les météorologistes alpins vouent leur savoir. Le large éventail des
quelque 150 contributions annoncées en fait foi. Malgré cette abondance, il est prévu de présenter 60 commu-
nications sous forme d'exposés, 40 a I'aide de posters, alors que la totalité des contributions remises en temps
utile sera publiée. Un premier volume des comptes-rendus sera remis aux participants au début du congrés; il
contiendra les manuscrits regus jusqu'a fin juin 1990. Un second volume, disponible au début de 1991, com-
prendra, outre les manuscrits regus entre-temps, la liste des participants, 'adresse des auteurs ainsi qu'un bref
rapport sur le déroulement de la conférence.

Je souhaite aux participants & la 21° ITAM I'enrichissement mutuel auque! les précédentes éditions nous ont
préparé et le plus agréable des séjours d'arriére-été a Engelberg.

André Junod
Directeur de I''SM



Introduction

For the 4™ time, the International Conference on Alpine Meteorology (ITAM-90) takes place in Switzerland, it
is the 215 since these Conferences were started in 1950. After Davos (1954), Brig (1966) and Grindelwald
(1978), it is now Engelberg in Central Switzerland which welcomes the participants.

During the 12 years which passed since the 15" ITAM in Grindelwald, several significant events underlined the
development of meteorology and climatology in our Alpine region. There was the Alpine experiment ALPEX
with its extensive observing campaigns in 1981-82, analyses and verifications which followed and still continue;
results were presented in particular at the Conferences in Venice 1985 and Garmisch-Partenkirchen in 1989.

A new European meteorological organization was born: EUMETSAT controls the operational meteorological
geostationary satellite systems in Europe since 1986.

The 15! World Climate Conference which was organized 1979 by WMO in Geneva defined the starting point for
increased and better coordinated efforts in the frame of the World Climate Program and the national programs
in several Alpine countries.

Also in the field of atmospheric pollution, the preoccupation raised by the forest diceases has initiated multi-
disciplinary studies of broad ranges in which meteorology and climatology proved to be indispensable discipli-
nes.

The increased use of atmospheric sciences for elucidating - and if possible for preventmg certain major pro-
blems which are faced by our society will culminate in this year 1990 when at the 2" World Climate Conferen-
ce, again in Geneva, the world-political dimension of a protection of our climate against the greenhouse effect
will be discussed on ministerial level.

But these pressing questions related to climate do not banish the wide range of other problems, old and new,
to which meteorologists devote their knowledge. The wide range of about 150 contributions submitted to this
Conference proves this clearly. Despite this large number, it is planned to present about 60 of the papers orally
and about 50 as posters; all manuscripts received in time will be published. A first volume will be distributed to
the participants at the beginning of the Conference; it contains manuscripts received before the end of June
1990. A second volume available early 1991 will include, among the manuscripts received after June 1990, the
list of participants, the addresses of the authors, as well as a short report covering the Conference.

For the participants of the 21 St ITAM | wish the same mutual enrichment they experienced in the previous Con-
ferences and a most pleasant vacation while enjoying the late summer here in Engelberg.
André Junod

Director of the Swiss
Meteorological Institute (SMI)




Einleitung

Die Internationale Tagung fir Alpine Meteorologie (ITAM-90) findet zum vierten Mal in der Schweiz statt. Nach
Davos (1954), Brig (1966) und Grindelwald (1978) wurde Engelberg in der Zentralschweiz als Konferenzort fiir
die 21. ITAM gewéhit.

In den zwdlf Jahren seit der 15. ITAM in Grindelwald haben bedeutsame Ereignisse zu Fortschritten in der Me-
teorologie und der Klimatologie des alpinen Raumes gefihrt. Schwerpunkt bildete das meteorologische Alpen-
experiment ALPEX mit seinem umfassenden Feldexperiment 1981/82 und den daran anschliessenden
wissenschaftlichen Untersuchungen. Heute, acht Jahre nach den intensiven Messkampagnen im Mérz und
April 1982 sind die Analysearbeiten und die Umsetzung in die Praxis noch nicht abgeschlossen. Zweimal wur-
den bisher, 1985 in Venedig und 1989 in Garmisch-Partenkirchen, an speziellen intemationalen ALPEX-Kon-
ferenzen die jeweiligen Erkenntnisse vorgetragen.

Im operationellen Bereich der Wetterdienste sei die 1986 erfolgte Griindung der neuen meteorologischen Or-
ganisation EUMETSAT erwéhnt: Diese europdische Gemeinschatt stellt den operationellen Betrieb européi-
scher Wettersatelliten, gegenwartig des geostationéren Meteosat, sicher, wodurch auch fir den Alpenraum
wichtige Wetterdaten fiir den téglichen Gebrauch erfasst werden. ’

Die 1. Weltklimakonferenz, 1979 durch die Weltorganisation fiir Meteorologie (WMO) in Genf organisiert, setz-
te den Startpunkt fir eine verstérkte, zielgerichtete und koordinierte Forschungstatigkeit im Rahmen des Welt-
klimaprogramms und nationaler Klimaprogramme verschiedener Alpenlander.

Im Bereich der atmosphérischen Verunreinigung wurden, vor allem ausgeldst durch die alarmierenden Wald-
schiden in den vergangenen Jahren, ebenfalls verstarkte Forschungsanstrengungen nétig. Die Komplexitat
der Problemstellung verlangt gerade auch im Alpenraum in zunehmendem Masse interdisziplindre Untersu-
chungen, in denen die Meteorologie und die Klimatologie eine wichtige Stellung einnehmen.

Die noch weiter zunehmende Bedeutung der atmospharischen Wissenschaften fiir eine Erkldrung der Ursa-
chen - und wo méglich zur Verhinderung - kiinftiger Umweltschadigungen wird durch die noch im Jahr 1990
wiederum in Genf zur Durchfiihrung gelangende 2. Weltklimakonferenz unterstrichen. Der globalen politischen
Dimension des Schutzes des Klimas vor dem zunehmenden Treibhauseffekt trigt ein spezieller Konferenzteil
auf Ministerebene Rechnung.

Die brennenden, aktuell gewordenen Klimafragen dirfen jedoch die zahlreichen (ibrigen Fragestellungen der
Gebirgsmeteorologie und -klimatologie nicht verdrangen. Dass dies bis heute nicht der Fall ist, bezeugen die
gegen 150 fir ITAM-90 eingereichten Beitrdge. Davon kdnnen etwa 60 Arbeiten milndlich vorgetragen werden
und etwa 50 fanden Aufnahme in das spezielle Posterprogramm. Alle angenommenen Beitrdge werden im Ta-
gungsband veréffentlicht. Die bis Ende Juni 1990 eingegangenen erweiterten Zusammenfassungen sind im
vorliegenden Band 1 publiziert, welcher zu Beginn der Tagung abgegeben wird. Ein Erganzungsband, heraus-
gegeben Anfangs 1991, wird nebst den spéter eingereichten wissenschattlichen Beitrdgen das Teilnehmerver-
zeichnis, eine Adressliste der Autoren sowie einen Kurzbericht der Tagung enthalten.

Iich wilnsche allen Teilnehmern der 21. ITAM eine wissenschaftliche und persdnliche Bereicherung im gegen-
seitigen Gespréch und einen angenehmen Spatsommeraufenthalt in Engelberg.
André-Junod

Direktor SMA
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Prefazione

La Conferenza Internazionale di Meteorologia Alpina (ITAM-90) ha luogo in Svizzera per la quarta volta. Dopo
Davos (1954), Briga (1966) e Grindeiwald (1978) & ora il turno di Engelberg, nella Svizzera centrale, a ospitare
i congressisti della 212 edizione del Convegno.

Durante il periodo di 12 anni trascorso dall'lTAM-78 a Grindelwald, parecchi eventi significativi hanno segnato
lo sviluppo della meteorologia e della climatologia del nostro spazio alpino. Innanzitutto I'esperimento ALPEX,
con le sue campagne di misure di vasta portata nel 1981-82 e i lavori di analisi e di pubblicazione dei dati che
ne sono seguiti, in parte tuttora in corso e sottolineati in particolare dalle conferenze di Venezia nel 1985 e di
Garmisch-Partenkirchen nel 1989.

Una nuova organizzazione meteorologica internazionale & poi divenuta una relata: dal 1986 EUMETSAT de-
termina lo sviluppo dei sistemi operazionali dei satelliti meteorologici europei, attualmente di tipo geostaziona-
rio.

La 12 Conferenza mondiale sul clima, organizzata dal’lOMM a Ginevra nel 1979, ha costituito il punto di par-
tenza di un impegno accresciuto @ meglio coordinato nel quadro del Programma climatologico mondiale e di
programmi nazionali di diverse nazioni alpine.

In materia di inquinamento atmosferico ugualmente, le preoccupazioni suscitate dal deperimento delle foreste
hanno promosso tutta una serie di studi interdisciplinari di ampie dimensioni dove I'apporto della meteorologia
e della climatologia si & rivelato indispensabile.

Il contributo sempre maggiore delle scienze dell'atmostera alla comprensione, e se possibile anche alla pre-
venzione, di alcuni dei problemi pitl grandi ai quali deve far fronte la nostra societa, culminera quest’anno,
- 1990, all'occasione delia 22 Conferenza mondiale sul clima, di nuovo a Ginevra, dove la dimensione politica
globale di una protezione del clima contro l'effetto serra sara discussa a livello ministeriale.

Le questioni climatiche di bruciante attualitd non relegano perd nel dimenticatoio i molteplici altri problemi,
vecchi e nuovi, ai quali i meteorologi dedicano il loro sapere. Cid & confermato dalla scelta di circa 150 contri-
buti annuciati per il Convegno. Nonostante il numero elevato dei lavori & previsto di presentare 60 comunicazio-
ni in forma di esposto e 40 altri con l'aiuto di poster, mentre tutti i contributi pervenuti in tempo utile saranno
pubblicati. Un primo volume di atti sara distribuito ai partecipanti all'inizio del Convegno, esso raggruppera tutti
i manoscritti ricevuti entro la fine di giugno del 1990. Un secondo volume disponibile all'inizio del 1991 com-
prendera, oltre ai manoscritti ricevuti nel frattempo, la lista dei partecipanti, l'indirizzo degli autori e un breve
resoconto sullo svolgimento del Convegno.

Auguro ai partecipianti della 212 ITAM I'arrichimento reciproco al quale le precedenti edizioni ci hanno preparati
€ un piacevolissimo soggiorno di fine estate a Engelberg.
André Junod

Direttore dell'lSM
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Foreword

The 218! International Conference for Alpine Meteorology (ITAM-90) is being held in Engelberg, Switzerland
and this Conference Volume is devoted to the publication of the papers scheduled for presentation at the meet-
ing.

ITAM is a biennial, peripatetic meeting that convenes consecutively in France, Germany, Yugoslavia, Austria,
ltaly and Switzerland. It is distinctive both in the narrow focus and in the broad range of its goals - it deals spe-
cifically with the Alpine environment, but is concerned with the meteorological, climatological, hydrological, gla-
ciological, and bio-meteorological aspects of that special environment. it serves as a forum for scientists in
these fields.

This 215t meeting of ITAM occurs at a time when there still remain some longstanding and unresolved problems
related to Alpine Meteorology, and several new chalenges are also emerging that are associated with Alpine
climate (which is essentially a synthesis of all the forementioned disciplines) and air-quality. Many of these is-
sues are adressed in this Volume which is arranged into the following seven sub-sections: '

(i) Observational Methods and Instrument Technology.

(i)  Weather Prediction: Analysis and Forecasting of Synoptic and Mesoscale Systems.

(i)  Diagnosis and Interpretation of Mesoscale Systems and Local Phenomena.

{(iv) Planetary Boundary Layer Processes and Issues of Air Quality and Air Pollution.

(v) Surface Energy Exchanges Related to Radiation and Microphysical Processes.

(vij Examination of Short- and Longterm Variations of Climate and the Climatic Elements.

(vii New Developments in the Fields of Hydrometeorology, Snow- and Avalanche Research, Glaciology,
and Biometeorology.

The series of Proceedings associated with the ITAM meetings have over the years provided an useful recorded
digest of developments in Alpine Meteorology. It is the hope of the Scientific Programme Committee that this
present Volume will serve the same purpose.

Huw Cathan Davies

Chairman
Scientific Programme Committee
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Vorwort

Die 21. Intemationale Tagung fiir Alpine Meteorologie (ITAM-90) findet in Engelberg, Schweiz, statt. Der vor-
liegende Tagungsband enthalt die bis Ende Juni 1990 eingegangenen schriftlichen Beitrage des wissenschaft-
lichen Programms.

Die ITAM wird in zweijahrigem Abstand von einem der sechs Alpenlander Frankreich, Bundesrepublik
Deutschland, Jugoslawien, Osterreich, Italien und Schweiz organisiert. Das wissenschaftliche Programm um-
fasst ein breites Themenspektrum aus den Bereichen alpine Meteorologie, Klimatologie, Hydrologie, Glaziolo-
gie und Biometeorologie, wobei nebst grundlegenden Untersuchungen auch konkrete Fragestellungen aus der
Praxis behandelt werden. Die ITAM bildet damit ein Forum fir Wissenschafter, welche sich mit diesen bedeu-
tenden Aspekten der alpinen Umwelt beschatftigen.

Die 21. Tagung findet in einer Zeit statt, in welcher nach wie vor zahireiche grundsétzliche Probleme der alpi-
nen Meteorologie ungeldst sind. Neue, dringliche Herausforderungen an diesen Wissenschaftszweig ergeben
sich auch im Alpenraum aus den drohenden Klimaveranderungen. Dadurch erhalten die alpine Klimatologie,
welche alle in die Tagung eingeschlossenen Teilbereiche umfasst, sowie die Sicherstellung der Luft- und Was-
serqualitat in den kommenden Jahren eine besondere Bedeutung.

Viele der aufgezahlten Fragestellungen werden an der ITAM-90 angesprochen und finden so ihren Nieder-
schiag in diesem Tagungsband; welcher in sieben Themenbereiche gegliedert ist:

(i) Beobachtungsmethoden und Instrumententechnologien

(i)  Wetterprognosen: Analyse und Vorhersage synoptischer und mesoskaliger Systeme

(i)  Diagnose und Interpretation mesoskaliger Systeme

(iv) Prozesse in der planetaren Grenzschicht sowie Fragen der Luftreinhaltung und Luftqualitat

(v)  Energieaustausch an der Erdoberflache Giber Strahlungsvorgange und mikrophysikalische Prozesse
(vi)  Untersuchungen des Klimas und seiner Elemente sowie Studien tiber kurz- und langfristige Klima-

schwankungen
(vii) Neue, relevante Erkenntnisse in der Hydrometeorologie, Schnee- und Lawinenforschung, Glaziologie
sowie in der Biometeorologie. \

Mit der Reihe der ITAM-Tagungsberichte lassen sich fiir die vergangenen vierzig Jahre die jeweiligen Arbeits-
schwerpunkte und damit die Entwicklung der alpinen Meteorologie eindricklich nachvoliziehen. Es ist der
Wunsch des Wissenschaftlichen Programmkomitees, dass der vorliegende Band die bisherige Reihe wiirdig
erganze.

Huw Cathan Davies

Vorsitzender des
Wissenschaftlichen Programmkomitees
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Préface

Edité & 'occasion du 21° Congras international de météorologie alpine (ITAM-90) qui se déroule & Engelberg,
Suisse, ce volume est consacré 3 la publication des communications annoncées pour cette rencontre.

L' ITAM est une rencontre bisannuelle qui a lieu alternativement dans les pays suivants: Italie, Autriche, Suis-
se, France, Allemagne et Yougoslavie. Son but étant I’ étude spécifique de I'environnement alpin, il le traite
aussi bien en détail qu'a grande échelle, mais il s'aftache surtout aux aspects météorologiques, climatologi-,
ques, hydrologiques, glaciologiques et biométéorologiques de ce milieu particulier. Il constitue ainsi un lieu de
discussion pour tous les hommes de science exergant leur activité dans ces domaines.

Cette 21° session d'ITAM tombe & un moment ou plusieurs problémes anciens de météorologie alpine ne sont
pas encore résolus, et ol apparaissent de nouveaux défis en relation avec le climat alpin (qui n'est rien d’autre
qu’une synthése des disciplines mentionnées tout a I'neure) et la pollution-de I'air. Nombre de ces questions
sont évoquées dans ce volume, qui comprend les sept rubriques suivantes:

(i Méthodes d'observation et technologie des instruments.

(i)  Prévision météorologique: analyse et prévision de modéles synoptiques et & méso-échelle.

(iiy Diagnostic et interprétation des modéles & méso-échelle et des phénoménes locaux.

(iv) Comportement de la couche planétaire et questions relatives a la qualité et & la pollution de ['air.

(v} Transferts d'énergie a la surface de la Terre en relation avec les phénoménes de radiation et de
microphysique.

(vij  Etude des variations & court et long termes du climat et des éléments climatiques.

(viij Nouveaux développements dans les domaines de I'hydrométéorologie, de I'étude de la neige et des
avalanches, de la glaciologie et de la biométéorologie.

Au cours des ans, la série des comptes-rendus publiés & I'occasion de chaque session d’ITAM s'est révélé étre
un excellent résumé des progrés de la météorologie alpine. Que ce volume serve le méme dessein, tel est le
voeu du Comité d'organisation du programme scientifique.

Huw Cathan Davies

Président du Comité scientifique
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Premessa

La 212 Conferenza Internazionale di Meteorologia Alpina (ITAM-90) ha luogo a Engelberg, in Svizzera, e que-
sto volume conferenziale & dedicato alla divulgazione dei lavori presentati al convegno.

L'ITAM & un convegno biennale e peripatetico che si svolge alternativamente in ltalia, Austria, Svizzera, Fran-
cia, Germania e lugoslavia. Esso si distingue sia per la specificita, sia per la vasta portata dei suoi temi, trat-
tando approfonditamente I'ambiente alpino, ed & aperto a tutti i campi, meteorologia, climatologia, idrologia,
glaciologia, biometeorologia, relativi a questo ambiente particolare. Serve inoltre da punto d'incontro per i ri-
cercatori delle diverse branche.

1121° convegno dell'l TAM si svolge in un momento caratterizzato da alcuni problemi di meteorologia alpina, da
tempo conosciuti e che aspettano una soluzione, mentre sorgono nuove sfide connesse con il clima alpino (che
in pratica & la sintesi dei campi scientifici menzionati prima) e la qualita dell’aria. Queste tematiche sono trattate
nel presente volume che & stato suddiviso nelle seguenti sette sottosezioni:

(i) Metodi di osservazioni e tecnologia degli strumenti.

(i)  Previsioni del tempo: analisi e previsione di sistemi sinottici e a mesoscala.

(iii) Diagnosi e interpretazione di sistemi-a mesoscala e di fenomeni locali.

(iv)  Processi dello strato limite planetario e temi di qualita del’aria e di inquinamento atmosferico.

(v}  Scambi energetici di superficie in relazione con la radiazione e processi microfisici.

(vi) Analisi di variazioni climatiche a breve e lungo termine e di elementi del clima.

(vii) Nuovi sviluppi nei campi dell'idrometeorologia, ricerca sulla neve e le valanghe, glaciologia e biometeo-
rologia.

La serie degli atti relativi ai convegni ITAM costituisce un utile registro-sullo sviluppo della meteorologia alpina,
ed & la speranza del comitato organizzatore scientifico che il presente volume serva allo stesso scopo.
Huw Cathan Davies

Presidente del 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 reflec-
tion seismic recording combined with surface geological data indi-
cate that the whole Central Alpine nappe compléx was thrusted south-
ward (“"backward") over the Southern Alps during the Neo-Alpine de-
formation phase.

- In the South Alpine basement discrete 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 subducted. 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 subducted 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 structuration 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 symmetrical 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-
phics;

- Autochthonous and parautochthonous Mesozoic sediments deposited
on the Aar massif. The sedimentary sequence is characterised by a
very thin Triassic and lower Jurassic sequence and a very thick
sequence of upper Jurassic limestones (Titlis);

- Helvetic nappes: From Engelberg to Stans the valley 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 jn an open ocean.

In conclusion the Engelberg region dispiays the northern part of the
Tethys ocean which developed 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:

Observational Methods and
Instrument Technology
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THE CHALLENGE OF DESIGNING AND OPERATING -
GROUND BASED OBSERVATIONAL INSTRUMENTS IN ALPINE TERRAIN

Jlirg 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 problems in designing, testing, operating,
maintaining and finally interpreting the results from observations of
instruments in an Alpine country are presented. Apart from logistic problems,
effects of icing, lightning, wind and radiation need special attention when
attempting to monitor the weather all 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)
discusses 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 F8hn winds on the Urnersee 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 will
consist of 40 stations (Mliller et al, 1989).

If available, sensors were and are bought off the shelf. But frequently
available instruments did not fulfil the desired specifications discussed in
Section 2, therefore various sensors were developed in collaboration with the
Swiss industry. Very rugged instruments are needed, if 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 seme conclusions on the
reliability and on the stability of the instruments as indicated by yearly
tests.

2 REQUIREMENTS

2.1 Specifications

Apart from the desired range of measurement and limits of error which have to be
defined for each parameter, the following general specifications must be
considered for all sensors in a more or less rigorous way (for more detail see
e.g. Hoegger et al, 1985):
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1. Windload: horizontal 50m/s, vertical (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. Lightning: full protection against indirect strokes

5. Electromagnetic compatibility: protection against interference (e.g.
TV-stations) '

6. EMP/NEMP: 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. 1t is extremely important that the instruments are easily accessible
for installation and maintenance. Two types of access must be
considered:

- Access by road or public transport to the station and
~ Access to the sensor itself, e.g. on the mast.

2. TFor more complicated instruments, the capability to remotely obtain a
health-status should exist. The instrument should be equipped with a
self-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. It
is usually faster and safer to exchange the entire instrument. If 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 ice 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 conditioms,
whether the instrument must be free of ice all 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 it also depends on the
size and the complexity of the instrument itself. Two icing mechanisms can be
distinguished:
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1. Growth of ice 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 ice creates a
supersaturated atmosphere of water vapour over an ice surface. The
supersaturation is zero at zero degrees and increases with decreasing
temperature. At -30 C it reaches 34%: saturated air in a supercooled
water cloud has 100% relative humidity with respect to water. With
respect to ice, 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 ice
achieves a maximum which occurs around -12 C. Its value amounts to
0.3 hPa (super saturation 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 ice deposition it is not
necessary to heat the instrument in all conditions to above O C.
Heating the surface by some degrees above ambient temperature is
sufficient.

2. Accretion of supercooled water drops, which freeze when they hit 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 ice in extreme situations (strong winds combined
with high concentration of supercooled cloud). For the OWA-windsensor
we estimate up to 20 W/em"2 (Joss and Gutermann, 1988).

3.2 Lightning

Frequency and characteristics of lightning: Results of the ANETZ lightning
sensors distributed all 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 inductive part of the voltage (danger to the station)
.exceeds 20 kA per microsecond.

Possible protection: A direct lightning stroke hitting the instrument will
usually cause damage, perfect protection against this is not possible. But the
chance for such an event is rather small 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 larger because all 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 will 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. If protection is considered when designing the ingtrument,
the cost is a small fraction of what it would 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. It 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 it the acting force - by an order of
magnitude. Purthermore, variations in wind speed and turbulence (created by
obstacles like the instrument itself) can cause vibrations, which will produce
alternating stress and strain and long term fatigue.

3.4 Radiation

Wearout caused by radiation: Radiation, especially at higher altitude where the

UV-radiation is stronger, reduces the usable life of rubber and synthetic
material used for electronic cables and sealings. This phenomenon has %o be
considered when designing instruments; a selection of proper material can
greatly reduce the problem.

Errors on temperature and humidity measurement: Incoming radiation of the sun
increases, and outgoing infrared 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 first approximation they are
proportional to the power flux of the radiation divided by the square root of
the windspeed. Errors become also smaller if the sensor is smaller, because the
boundary layer is reduced.

3.5 EMP/NEMP

Electric fields of short duration are called EMP (electromagnetic pulse).
Nuclear explosions will 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 filters
are used to protect the ENET-station as well as their sensors against these
pulses.

4 EXAMPLES OF INSTRUMENTS
4.1 Temperature

The first generation of temperature sensors in the ensemble of ANETZ sensors are
linearised thermistors. No calibration is needed if 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"
range 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 sometimes be a source of errors and reduced lifetime
caused by leakage and corrosion. The second generation temperature sensors
(THYGAN = Temperature/HYgrometer ANETZ, see Hoegger et al, 1985) uses
copper-constantan thermocouples, because they are extremely stable and exhibit a
fairly linear characteristic. This technique makes any thermal calibration of
individual sensors unnecessary, avoids corrosion problems, but needs sensitive
and stable amplifiers, a requirement which can be fulfilled with modern
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electronics. More ‘difficult 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 ventilation are used to reduce these influences. But forced ventilation
may, apart frem other problems such as reliability and power consumption, raise
guestions related to the height above ground for which the measured temperature
is representative: forced ventilation may lead to important deviations from the
true tempersture (at the height of the instrument) in situations with strong
gradients in the boundary layer (low wind speed). Furthermore, forced
ventilation and radiation shields need complicated structures which are
difficult to keep free of ice in icing conditions.

4.2 Humidity

In the past, the best compromise between the error of measurement on one side
and the longterm reliability for a sensor of an automatic weather station in the
Alps on the other, was found in the hair hygrometer. Especially in a cold Alpine
climate, disadvantages of this sensor are caused by ice blocking the instrument,
sometimes for days after the icing weather condition has disappeared.
Significant improvement was obtained with the THYGAN mentioned above. Here the
abgolute humidity is determined by measuring the dew peint temperature. In the
THYGAN both sensors (for temperature and humidity) are protected in a heated and
ventilated housing. Problems of representativity in the boundary layer for the
humidity are similar to those described above for the temperatiure part of the
THYGAN, but on the whole, 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
- gpecial care for avoiding dirt depesition on the mirror
- a way to detect the dirt and
=~ a cleaning mechanism

o small 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 ice on the mirror at
temperature below freezing (see Sec.3.1)

Among the significant advantages of this instrument is the fact that the
principle is based strictly on physical laws such as the voltage produced across
the thermocouple and the vapor pressure over water or ice. A single calibration
of the absolute temperature at one temperature is all what is needed to
calibrate the humidity as well as temperature part of sensor.

4.3 Pressure

Three difficulties 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 limit 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 Sec.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 larger scale of observations.

The three sources proeduce together systematic errors of the order of 1 hPa. As
they are of the same order of magnitude, a lot of effort is invelved in
separating them. We are still trying to solve that problem.

4.4 Wind

To avoid problems with wearout and iecing in Alpine regions, a wind sensor should
have no moving parts. It should be heated enough to aveid 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 vertiecal tube. The increase of pressure is
proportional to the square of the speed (see Sec.3.3). For the range of wind
speeds desired, this leads to an enormous range of pressure differences of 1 to
14'400, a range which cannot be covered with a single sénsor, therefore, several
pressure transducers are needed.

To avoid these problems 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 advantages are:

- - N6 moving parts, very rugged

- signal proportional to the square root of windspeed, which means no
problems with a range of 0.5 to 60m/s

Problems related to this sensor are:
- +fairly complex sensor
- must be strongly heated to evaporate all the water in rain

- modifications of the heat transfer caused by dirt could be possible; we
don't have enough experience yet.

A first prototype is being tested and results are promising.

4.5 Precipitation

Difficulties with measuring precipitation in real time come from preventing
icing and from having to melt the snow. Details on instruments for measuring
precipitation may be found in Joss and Mliller (1985), an overview on networks
operated in Switzerland is given by Miller (1985).
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Wind and turbulence created around the instrument are responsible for changing
the collection efficiency of rain and especially 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 criteria
for constructing and setting up the gauges. The future will show, to which
extent remote sensing with radar (Blumer and Spiess, Joss and Pittini or lLang
and Riedl, all in this proceedings) may contribute to our knowledge on
precipitation in the Alps.

4.6 Radiatien

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 ventilator blows air
through a slet around the instrument in the ANETZ. Only the power of the
ventilator heats up the air by a very small 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 would like to know the thunderstorm activity in
the region of the weather station. We can obtain this informatien by measuring
electric field changes. Apart from icing problems of the sensor, we have to take
into account the local enhancement (mountain) or attenuation (valley) of the
electric field by the orography and by obstacles in the vicinity. 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 would
have been better than the vertical 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
fulfills our needs for short term forecasting. Cost of the sensor and its
installation is small and as the ANETZ is already available, our solution is
less expensive than more recent solutions to the lightning locating problem.

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 still needing calibration: the remaining hair
hygrometers, the instruments for radiation, luminesity 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 conclusion, we may say that good observations all year round and at a
reasonable price can be made in Alpine terrain, but instruments need to be
designed and installed for this application in a way taking inte account effects
caused by icing, lightning, wind and radiatioen.
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Verifizierung des Lowtran Codes durch Messungen
P. Weihs

Universitét fir Bodenkultur,Institut fir Meteorologie und Physik,
Wien

ZUSAMMENFASSUNG:Der Lowtran Code ist ein Programm. zur Berechnung der Streuung, der
Transmission, der Bodenreflexion und der direkten Sonnenstrahlung in der Atmosphdre. In diesem
Artikel werden Berechnungen mit zwei Aerosolmodellen sowie ein Vergleich zwischen Lowtran 6
und Lowtran 7, weicher die Mehrfachstreuung bericksichtigt, vorgestellt. AnschlieBend werden
Messungen der Global- und der Himmelsstrahlung mit einem transportablen
Doppelmonochromator mit den Ergebnissen der Modellberechnungen verglichen.

ABSTRACT:The Lowtran Code is used to determine scattering, transmission, reflection from the

. surface and direct solar irradiance in the atmosphere. In this paper results of two aerosol models

are presented, as well as a comparison between Lowtran 6 and Lowtran 7, the second including
multiple scattering. Results for two cases are compared with measurements of spectral global-
and scattered irradiance carried out with a portable spectroradiometer.

1)Einleitung
Der Lowtran Code ist ein Programm zur Berechnung der Streuung, der Transmission, der Bodenreflexion

und der direkten Sonnenstrahlung in der Atmosphire, Diese Berechnungen werden fiir einen gegebenen
optischen Weg durchgefihrt. Dieser wird durch seinen Zenitwinkel, seinen Azimutwinkel, durch seine Lange.

sowie durch seine Anfangs- und Endhéhe definiert. Dieser Code wurde. iber mehrere Jahre entwickelt. Die .

letzte (siebente) Version, Lowtran 7 beriicksichtigt im Gegensatz zur sechsten Version die
Mehrfachstreuung.

2) Beispiele fur Berechnungen mit dem Lowtran Code
2.1) Vergleich von zwei Aerosolmodellen.

Im Input werden, um die gewinschten Berechnungen durchzufiihren , eine Anzahl von Parametern
(Atmosphérenmodell, Optischer Weg, Zenitwinkel der Sonne usw...), bestimmt. Bei Abb 1 erfolgten die
Berechnungen mit einem ruralen Aerosolmodell und einer Sichtweite gleich 18 km in der Grenzschicht (0-2
km Hohe). Der fiktive Beobachter befindet sich in einer Hohe von 100 km lber dem Boden und blickt
senkrecht nach unten. Mit Kurve 1 ist die vom Beobachter total gemessene Strahlungsdichte dargestelit.
Diese setzt sich aus einem Anteil der von der Oberflache bis in 100 km Héhe reflektiert wird (Kurve 2), und
aus der in der Sichtinie zum Beobachter gestreuten Strahlungsdichte (Kurve 3) zusammen.
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Bei Abb 2 wurde im Vergleich zur vorigen Berechnung mit einem urbanen (stddtischen) Aerosol und einer
Bodensichtweite gleich 4 km gerechnet. Die total gemessené Intensitét (Kurve 1) der Strahlung in 100 km
Héhe Ist bal Abb. 2 nur halb so stark wie bei Abb.1, bedingt durch eine hbhere Abschwéchung der
einfallenden sowie der am Boden reflektiertan Strahlung (Kurve 2). Es fallt auf, daB bei Fall 2 die gestreute
Strahlungsdichte die vom Boden reflektierte Strahlungsdichte im kiirzerwelligen Bereich zwischen 0,3 und
0,8 um Ubertrifft. Die spektrale Signatur der total gemessenen Strahlungsdichte unterscheidet sich dadurch
wesentlich von der am Boden reflektieflen Strahlungsdichte. Die Informationen lber die
Bodeneigenschaften werden dadurch stark verfélscht.
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Abb 3. Lowtran 6: Dieselbe Berechnung wie bel Abb.1. Lowtran 6 beriicksichtigt. aber
nur die Einfachstreuung:sowie nur die Reflexion der direkten Sonnenstrahlung am Boden.
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2.2) Vergleich von Berechnungen mit Lowtran 6 und mit Lowtran 7

Fall 1 wurde nun mit Lowtran 6 (nur mit Einfachstreuung und nur mit Beriicksichtigung der direkien
Sonnenstrahlung bei der Reflexion) nachberechnet und ist auf Abb. 3 dargestellt. Die total gemessene.
Strahlung ist bei der Berechnung mit Mehrfachstreuung um etliches héher als bei Fall 3. Dies ist eine Folge
der héheren Streustrahlung infolge der Mehrfachstreuung. Aber auch die Bodenreflexion ist bei Abb.1
héher, da die auf die Oberfldche auftreffende Sonnenstrahlung durch die Himmelsstrahlung vermehrt ist.

8) Messungen zur Uberpriifung des Lowtran Codes

An einem wolkenlosen Tag, dem 5. Oktober 1989, 'wurden mehrmals
“(um 12,15 und 16 Uhr) am Institut flir Meteorologie der Universitdt fir Bodenkultur mit einem
Spektroradiometer die spekirale Global- und Himmelsstrahlung gemessen. Das spektrale Verhdltnis der
Himmelstrahlung an der Globalstrahlung wurde nun mit Hilfe des Lowtran Codes nachberechnet. Zur
Berechnung dieser GréBen war ein Kunstgriff notig: es wurden die reflektierte Strahlungsdichte der direkten
Sonnenstrahlung und jene der Globalstrahlung in 1 m Hbhe berechnet. Da die Reflexion am Boden beim
Lowtran Code isotrop und wellenlangenunabhangig ist, kénnen wir durch das Verhaltnis der Reflexion der
direkten Sonnenstrahlung zur Reflexion der Globalstrahlung auf das Verhdaltnis der am Boden einfallenden
direkten Sonnenstrahlung zu der am Boden einfallenden Globalstrahlung schlieBen. Abb 4 und 5 zeigen den
spektralen Anteil der Himmelsstrahlung an der Globalstrahlung aus den Messungen, und aus
Berechnungen mit dem Lowtran 7 Code. Diese Berechnungen wurden in Schritten von 25 nm fiir den
Waellenbereich von 350 bis 600 nm angestellt. Die so erhaltenen Punkte wurden durch Geraden verbunden.
Der MeBtag war ein wolkenfreier Tag, die Sichtweite wurde von der Zentralanstait fiir Meteorologie in Wien
um 12 h und um 14 h mit 24 km angegeben und um 16 h mit 22 km. Die erste Vermutung, man miisse bei
einer derartigen Wetterlage ein rurales Aerosol fiir die Berechnungen mit dem Code verwenden (Kurve 3),
erwies sich als irrefiihrend. Die Berechnung des spektralen Anteils der Himmelsstrahlung an der
Globalstrahlung ergab mit einem urbanen Aerosol niedrigere Werte als mit einem ruralen Aerosol und somit
eine Anndherung bei einem genaueren Einsetzen des Wertes der Bodensichtweite (Abb.4: Kurve 6 bzw
Abb.5: Kurve 5), zwischen 3 und 11 % an die realen Werte der Messungen von 12 h und zwischen 10 und
20 % um 15 h,

Diese Abweichungen kénnen méglicherweise auf folgende Ursachen zurlickgefiihrt werden:

- Das im Programm gespeicherte Aerosolmodell wurde in den Vereinigten Staaten bei méglicherweise
anderen Atmospharenverhéitnissen entwickelt und unterscheidet sich eventuell von den in Europa
herrschenden Aerosolen.

- Es handelt sich um Messungen an einem einzigen Tag, an dem durchaus Abweichungen von erwarteten
Mittelwerten auftreten kénnen. :

- Der Grund der Abweichung liegt an der Rechengenauigkeit des Programms.
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Abb.4: vergleich des Verhaltnisses der spektralen

Himmelsstrahlung H, zu der spektralen Globalstrahlung GX
Kurve 1 — Meséungen 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 Verhaltnisses der spektralen
Himmelsstrahlung H, zu der spektralen Globalstrahlung Gx
Kurve 1 - Meséungen von 15.00 Uhr
Kurve 2 - Berechnungen, 15.00 Uhr - ohne Aerosol
Kurve 3 = - mit ruralem Aerosol, Sichtweite = 17,56 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 Level

Fedor Mesinger

Institute of Meteorology, University of Belgrade

ABSTRACT

It is suggested that the most natural way of the pressure reduction to sea level 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
manual 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 manual analysis methods
have of eliminating, completely or partially, the effects of the irregularities of the surface temperature on
the resulting sea level pressure fields.

1. Introduction, and the method proposed

Among the impressive variety of atmospheric fields used for various purposes the fields of sea level
pressure (sip) may well be those used most extensively. The fact that this is so in spite of the problem of
the reduction of surface pressure to sea level only 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. Cold air trapped during winter
in valleys where stations tend to be located is the familiar example. Thus. the US. National Weather
Service has in place a plateau correction based on the station’s mean annual temperature aimed at
alleviating the problem (e.g., Pielke and Cram 1987).

Two attempts (Pielke and Cram 1987, Sangster 1987) have recently been made to improve on the obvious
weakness of the standard reduction of relying on an assumed lapse rate. They are both based on the
surface geostrophic wind. It was subsequently pointed out by Davies-Jones (1988) that for a constant
Coriolis parameter the resulting contours of Pielke and Cram are, in fact, streamlines of the surface
geostrophic mass flux while 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 level pressure field is proposed here. The reasoning behind it
is as follows. Any method for deduction of the sea level pressure field corresponds to a definition of
"fictitious underground atmospheric columns”. This being recognized, the relevant question is what
properties these atmospheric columns should have. May I submit that the conventional 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 possible to take into account much else. What
one is doing is replacing the mountain with a hypothetical mass of air so that the vertical variation of
ressure can be subtracted from the surface pressure field. The simple suggestion 1 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 place and time, rather than one deduced by extrapolation from above and by predefined
climatological properties. In this way the vertical variation to be subtracted will hopefully to the extent
‘fossible represent the variation which actually exists around the mountain. With various three- or
our-dimensional analysis systems nowadays readily accessible it is with the horizontal interpolation of
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(virtual) temperature that one achieves this objective, and not with the vertical extrapolation of the
temperature at the station.

2. Results

The horizontal pressure reduction to sea level is used in the eta model (Mesinger et al 1988, Janji¢ 1990),
run semi-operationally at the US. National Meteorological Center (NMC), and in the pre-operational
testing mode at the Federal Hydrometeorological Institute, Bg‘lﬁz:de. The step-mountain system of the
model makes incorporation of the horizontal reduction particularly easy. Underground values of the
virtual temperature are obtained by solving the Laplace eguation, with atmospheric vatues 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 mode! resclution
of about 80 km They are defined so that the groups of four neighboring height points have the same
terrain elevation, eqku: to the average silhouette of the familiar US. Navy mountains within the
four-point 160x160 km area. Mountains are seen to extend through seven model layers in western
Colorado, and through six model layers at several other places.

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 terramn. 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 ﬁiht hand panels the results of the horizontal ("relaxation temperature")
reduction. Maps are available and have been inspected also for the remaining 12-hour intervals of a 48 h
forecast, a total of five maps.

Fig 1. A section of the terrain heights (m) of the eta model as used for the present experiment.
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From the synoptic point of view it makes sense to pay special attention to the differences in the values at
the centers of various systems. This is also easy as the values 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 analysis the standard reduction (SR) value is much too
low since the analyzed center is labeled at 1008 mb. The difference of 2 mb over Montana is also in favor
of tlh:)d 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 of centers printed. In fact, on each of the four forecast maps inspected the mumber of centers
printed on the SR map was greater than that on the corresponding HR mn¥ Counted over the domain of
Fig. 1, on the four SR maps there was a total of 66 centers, while a total of only 37 centers was printed on
the four HR maps.

Regarding verification of the values printed, the comparison is now even to a greater extent favoring the
HR method. There is a total of 7 centers which are printed on the same or very nearly the same location
in the two forecast maps, and none of these values 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 lower than the HR
values. The two HR values are, on the other hand, themselves somewhat lower than the analysis values
at corresponding locations. Situation is similar with other forecast maps. Later on in the forecast range
the largest difference develops over the northwestern mountain states with the SR values up to 6 mb
greater than the HR values; and, again, with the HR values themselves somewhat higher than the

Such overwhelminfg advantage of the HR method may appear surprisin, iin 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
horizontal reduction and the manual analysis methods have of eliminating, completely or partially, the
effects of the irregularities of the surface temperature on the resulting sip fields.
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0zonbeobachtungen am Nordrand der Alpen

Klaus Wege, Winfried Vandersee

Deutscher Wetterdienst
Meteorologisches Observatorium HohenpeiBenberg

ABSTRACT

The twenty year series of ozone at Hohenpeissenberg show a signif-
icant upward trend in the troposphere. Some further results of the
ozone obervations are presented: Strong ozone variations occur dur-
ing a day with an inversion extending a little bit above the sta-
tion. Meteorological parameters as the wind also influence the
ozone concentration considerably. Relations between global radia-
tion and ozone are detectable, too.

ZUSAMMENFASSUNG

Die etwa 20jahrigen Ozonreihen am HohenpeiBenberg ergeben in der
Troposphédre einen signifikanten positiven Trend. Einige weitere Er-
gebnisse der Ozonmessungen werden dargestellt: Starke O0Ozon-
schwankungen treten wahrend eines Tages auf mit Inversionsober-
grenze knapp oberhalb der Station. Meteorologische Bedingungen wie
der Wind wirken erheblich auf die 0zonkonzentration ein. Zusammen-
hange zwischen Globalstrahlung und 0zon lassen sich gleichfalls
nachweisen.

1. Einfiihrung

Am Meteorologischen Observatorium HohenpeiBenberg des Deutschen
Wetterdienstes werden seit 1967 0zonsondierungen und Messungen des
Gesamtozongehalts der Atmosphadre durchgefiihrt. Seit 1971 wird auch
das bodennahe 0zon beobachtet. Hinzugekommen sind seit Ende 1987
Lidarmessungen der oberen Stratosphdre. Das Observatorium befindet
sich in 975 m Hoéhe 20 km vom Nordrand der Alpen entfernt und etwa
40 km nordlich der Zugspitze. Die Messungen am HohenpeiBlenberg
spiegeln die Verhdltnisse im orographisch noch verhdltnismiaBig
stark gegliederten Alpenvorland wieder.

Es wird heute kaum noch bezweifelt, daB der Ozonhaushalt der Atmos-
phédre vom Menschen beeinfluBt wird: In der Stratosphére erfolgt ein
Ozonabbau vor allem durch die Chlorfluormethane, in der Troposphére
eine Ozonzunahme durch photochemische Vorgédnge, bedingt durch die
Emission von Vorlaufersubstanzen wie Stickoxide, Kohlenmonoxid,
Methan und andere Kohlenwasserstoffe. Am HohenpeiBenberg sind so-
wohl die Ozonabnahme in der Stratosphdre als auch die Zunahme in
der Troposphédre statistisch signifikant nachzuweisen.

Im Folgenden so0ll auf einige Ergebnisse der 0Ozonbeobachtungen im
bodennahen Bereich eingegangen werden.

2. Ozontrends in der Troposphdre und in Bodennidhe
Abb. 1 zeigt den Verlauf des Ozons in der freien Troposphire

(2-8 km) aufgrund der Ozonsondierungen. Regressionsgeraden sind mit
eingezeichnet. Der Anstieg ist recht gleichfdrmig, er betrigt etwa
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2 %/a und ist auf dem 3-g-Niveau signifikant. Aufgrund der Gleich-
formigkeit des Anstiegs ist die Korrelation mit der Zeit sehr bhoch,
sie liegt iliber 0.90. Der Trend an der Zugspitze (3000 m) 1978 -
1989, kontinuierlich und mit vdllig anderen Verfahren vom Institut
fir Atmosphdrische Umweltforschung gemessen, betrdgt gleichfalls
reichlich 2 %/a.

Wegen der starken Abhdngigkeit der Ozonkonzentration von meteoro-
logischen Bedingungen ist die Variabilit&dt des Ozons in Bodenniahe
wesentlich hoher als in der freien Atmosphdre und damit auch ein
Trend schwerer nachweisbar. Der Trend ist allgemein geringer, ver-
mutlich wegen der Senkenwirkung des Erdbodens fiir 0Ozon und des
Ozonabbaus durch NO. Abb. 2 zeigt die Abweichungen der Jahres-
zeitenwerte von den jeweiligen 19 jahrigen Mittelwerten. Bei dieser
Darstellung ist die groBe Variabilitdt gut zu erkennen. Anfangs
wurde nur das naBchemische Verfahren eingesetzt, das gegen SO

querempfindlich ist. Am HohenpeiBenberg ist die S$0,-Konzentration
allgemein so gering, daB nur wdhrend weniger bestimmter Episoden
mit einer Verfalschung der Messung (zu geringe O;-Werte) zu rechnen
ist. Im Jahre 1976 wurde ein SDz-Filter vorgesé%altet, und es 1ist
nicht ganz auszuschlieBen, daB “der Anstieg in den ersten Jahren
Uberhoht ist. Deshalb wurde der Trend erst ab 1977 berechnet. Er
betrdagt 0.34 nbar/a, was 1 %/a entspricht. Dieser Wert ist infolge
der groBen Verdnderlichkeit nur auf dem 2-o-Niveau signifikant, und
der Korrelationskoeffizient mit der Zeit liegt lediglich bei 0.46.
Der Trend fiur den gesamten Zeitraum seit 1971 mit 0.36 nbar/a
unterscheidet sich allerdings sehr wenig: der EinfluB des etwas un-
sicheren Anfangszeitraums macht sich kaum bemerkbar.

3. O0zonkonzentration an der Obergrenze einer Inversion

Jetzt soll ein Phd@nomen dargestellt werden, das nur an einer Berg-
station zu beobachten ist. Am 04.12.89 erstreckte sich ein Hoch-
druckgebiet von England nach Mitteleuropa, in dessen Bereich Uber
Siddeutschland eine ausgeprédgte Bodeninversion verhanden war. 7 Uhr
morgens (UTC) war die Temperaturzunahme etwa 60 m oberhalb des
Observatoriumsturms, wo die Ozonmessungen durchgefiihrt werden, be-
endet. Unterhalb der Station herrschte starker Taldunst, zum Teil
waren Talnebel oder auch Wolken unterhalb der Station vorhanden.
Die Sicht oberhalb der Inversion betrug 100 - 110 km. Abb. 3 zeigt
die Schwankungen des O0zongehalts, die offensichtlich mit den
Schwankungen der Inversionshthe gekoppelt sind. Im Tal liegt ozon-
arme Luft infolge der dort veorhandenen Abbauprozesse, w&hrend
oberhalb der Inversion der verh#dltnismdBig hohe 0Ozongehalt der
freien Atmosphdre vorhanden ist. Die Schwankungen liegen zwischen
10 und 40 nbar, sind also mit einem Faktor 4 behaftet. Die Feuchte-
registrierung verlduft invers, unterhalb der Inversion ist die
Feuchte hoch. Der Korrelationskoeffizient zwischen beiden GréBen
betrdgt -0.75 (30 signifikant). Am Turm ist die Temperatur anfangs
bis zu 3° hoher als am MeBfeld, die Temperaturdifferenz weist
gleichfalls starke Schwankungen auf und geht mittags auf Werte um
Null zurick. Der Wind ist schwach, kommt zun&@chst innerhalb der
Inversion vorwiegend aus 0Ost, er dreht abends dann auf SW.
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4, Abh&ngigkeit des 0Ozongehalts von der Windrichtung

Wie bereits erwdhnt, ist der Ozongehalt auch von der Wetterlage ab-
hangig. Als Beispiel sind in Abb. 4 die Tagesginge im Sommer und
Winter in Abhdngigkeit von der Windrichtung dargestellt. Im Sommer
sind bei Nord- und Ostwinden die Tagesamplituden am gr&Bten. Hier
sind die Einflisse aus den Industrie- und Ballungsgebieten Miinchen-
Augsburg-Ingolstadt maBgebend. In solchen Gebieten herrscht ein
groBer 0,Tagesgang; nachts sinken die 0Ozonwerte auf nahe Null ab,
wdhrend éagsﬂben im Sommer h&dufig photochemische Vorgange fir ein
hohes Maximum sorgen. Dies spiegelt sich auf dem HohenpeiBenberg
wieder, nachts wird verhdltnism&Big wenig Ozon herantransportiert,
wdhrend tagsiiber entweder 0zon selbst oder Vorladufersubstanzen her-
angefiihrt werden. Dem sind Vorgédnge vor Ort (Ozonbildung, Vertikal-
austausch) iberlagert. Bei Sidwind (Féhn) ist der Tagesgang ver-
hdltnismdBig gering, der 0Ozongehalt wird mehr von der freien Atmos-
phadre her bestimmt. Noch geringer ist der Tagesgang bei Westwind,
infolge des wechselhaften Wetters sind dem Tagesgang meteorologisch
bedingte Anderungen iiberlagert. - Im Winter ist der Ozongehalt
wesentlich geringer als im Sommer, er ist aber auch von der Wind-
richtung abh&angig. Der Tagesgang ist sehr gering oder gar nicht
vorhanden. Bei Sidwind (F6hn) ist die Konzentration am gr&Bten, bei
Nord- und Ostwind am geringsten. Hier wirken die Abbauprozesse in
den Ballungsgebieten mit.

.5. 0zon und Globalstrahlung

Wegen der vermuteten photochemischen Prozesse ist ein Zusammenhang
zwischen der Globalstrahlung und der 0Ozonkonzentration zu erwarten.
Korreliert man die Monatsmittel des O0Ozons mit den normierten
Monatssummen der Globalstrahlung, so erhdlt man fiir den gesamten
Zeitraum als auch fir die einzelnen Jahre hohe Korrelationen liber
0.90 (Abb. 5). Dies ist jedoch nicht verwunderlich, da beide GrdBen
nahezu den gleichen Jahresgang parallel zum Sonnenstand aufweisen.
Wird jedoch der Jahresgang eliminiert, so sinkt die Korrelation im
Gesamtzeitraum auf 0.40 ab; nur einzelne Jahre haben noch hohe und
signifikante Korrelationen, bei anderen liegen sie nahe Null. Dies
liegt daran, dall auch meteorologische Gegebenheiten auf den 0zon-
partialdruck einwirken und Monatswerte wohl nicht die geeignetsten
Parameter fir solche Untersuchungen sind. AuBerdem sind wegen der
verhdltnismdBig geringen Einstrahlungsstéarken im Winter kaum Zusam-
menhdnge zu erwarten. In der Tat sind die Beziehungen im Frihjahr
und Sommer besser, im Herbst und Winter liegen die Korrelatiocnen
nahe Null (rechte Seite Abb. 5). '

Es wurde daher versucht, Beziehungen zwischen den Tageswerten zu
finden. In Abb. 6 sind die Korrelationskoeffizienten zwischen
Tagessummen der Globalstrahlung einerseits sowie Ozontagesmittel,
- amplitude, - maximum und t&glichem Anstieg andererseits im Ver-
lauf des Jahres dargestellt. Beim Tagesmittel und vor allem beim
Ozonanstieg ergibt sich ein ausgesprochener Jahresgang mit Werten
von mehr als 0.6 im Frihjahr und Sommer bzw. von 0.5. Auch das tdg-
liche 0zonmaximum ergibt im Sommer verhdltnismd@Big hohe Korrela-
tionen, wdhrend die Amplitude kaum mit der Globalstrahlung korrel-
iert ist. Im Winter sind die Zusammenh&nge sehr gering.
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Aircraft Measurements of Air Pollutants over
The Alps

by
D. Paffrath
F.M. Roésler

Deutsche Forschungsanstait fur Luft- und Raumfahrt
- DLR - '
Institut fir Physik der Atmosphére
D-8031 Oberpfaffenhofen / Germany

ABSTRACT

Several projects were planned to be performed during the next years in order to
investigate air pollution distribution, transport and transformation over alpine
regions. Some of them will be supported by aircraft measurements. In this paper
some basic considerations regarding airborne measurements within the projects
MEMOSA and POLLUMET are presented.

1. Introduction

Increasing air pollution and enhanced forest damages in the alpine regions and
the serious resulting consequences for the ecological system of the alps require
environmental protection measures which should begin at the roots. Airborne
poilutants in alps are partly due to sources within the alpine areas and partly to
sources outside in the alps. The extent and direction of environmental protection
measures will, therefore be governed by the knowledge of the origin of those
components which are suspected to be harmful to the health of man and vegeta-
tion. It means that those measures will only then be of success, if it is known where
the pollutants are coming from and how they are transported and transformed on
their way as a function of meteorological parameters.

2. Research projects

Special investigations will be performed over alpine areas in order to determine
the origin, the path, and the different reaction of air pollutants. Several projects
were planned during the last years:

ALPTRAC (Transport and Chemistry over the Aips)

MEMOSA (Measurement and Modelling of Air Pollution over the Alps)
POLLUMET (Air,P‘oll.ution and Meteorology in Switzerland)

TRACT (Transport of Air Pollutants over Complex Terrain)
TRANSALP (Transport over the Alps)

Most of the projects include aircraft measurements, particularly MEMOSA, POL-
LUMET and TRACT. This means that within these projects it will be possible to
obtain concentration profiles not only along horizontal but alse along vertical
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paths such that conclusions may be drawn on three-dimensional concentration
distributions which may yield a better insight into transport as well as transfor-
mation processes. Furthermore, the air motion over such an complex terrain is
very sophisticated, and it will be difficult to simulate the processes. However, by
means of aircraft measurements it will be possible to obtain a lot of values which
may be used as input parameters for computer models, and it is obvious that just
these parameters will help to improve simulation calculations. 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 problems of air pollution and forest damage have developed during the
last ten years in eastern alpine regions. The Alps are surrounded by high indu-
strialized areas like the Po-Valley in Italy, the northern part of Yugoslavia, France,
Switzerland and Germany. The air pollutants emitted in these or in more distant
countries (CSFR, Benelux-countries, etc.) are potentially transported in the alpine
regions during special weather conditions. In addition emmission sources in the
alpine region itself contribute to the alpine air pollution. One particular problem in
the eastern alpine area seems to be the heavily loaded traffic routes between
Germany and its southern neighbours Austria, Italy and Jugoslavia like the Bren-
ner highway. It is of interest to investigate the processes of transport, dispersion,
and transformation responsible for the air pollution in alpine regions in relation to
the different weather conditions. It is necessary to indentify the emission sources
and their portional contribution to the local immission. Therefore, a study will be
performed in cooperation between Bavaria, Tyrolia, and the provinces of Bolzano
and Trento to investigate:

e horizontal and vertical concentration distributions of air pollutants
¢ formation processes of photooxidants during episodes
¢ transport and dispersion processes.

The MEMOSA measurements are focused on the main highway link between
southern Germany and northern Italy, the so-called Brenner route from Gar-
misch-Partenkirchen (Germany), via Innsbruck (Austria) and Bolzano (ltaly) to
Verona (Italy). The investigated processes have aspects, so, that the extract of the
main results can be applied to other alpine areas. The measurements will be done
by aircraft in combination with fixed and mobile ground-based stations along the
flight path which is shown in fig. 1. For better interpretations of the measurements
and for case study investigations computersimulations of transport and dispersion
processes over the alpine region will be used.

2.2 POLLUMET

Within POLLUMET aircraft measurements are focused on the central region of .
Switzerland in order to supplement extended ground-based measurements of air
pollution components and meteorological parameters. The area of interest has
different scale and orography compared to MEMOSA. The results are expected to
be more specific for the central region of Switzerland and thus their compatibility
to other alpine regions will be less than in MEMOSA. The important objectives are
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very similar to those of MEMOSA:
® to obtain mesoscale concentration dist_ribut‘ions of pollutants
* to determine "home-made” and imported air pollutants and

® to estimate transport of air pollutants.

The measurement results are to be used for a better understanding of the physical
processes of long-range transport and dispersion, of the chemical reaction during
transport particularly of the formation of photochemical smog, of the combined
effects of photochemistry and transport mechanisms regarding the impact and
deposition in certain areas and for the simulation of the dispersion of air poliution
components.

The flight patterns were selected in cooperation and accordance with the POLLU-
MET coordination center at the LAPETH (Laboratory of Atmospheric Physics at
Zirich). Two research airplanes, one of DLR, the other of AERODATA shall be
flown along the flight pattern (Fig. 2) to measure horizontal and vertical distribu-
tions of concentrations of air pollutants and of meteorological parameters. Fur-
thermore a motor glider of DLR is provided for the measurement of turbulence and
ozone over a smaller area within the pattern of the two other airplanes. It is in-
tended to make the measurements at three days consecutively in order to investi-
gate the time-dependent development within a photochemical episode. One aero-
plane flies along a quasi-horizontal path at the lowest possible altitude while the
other follows a “saw-tooth” pattern within a vertical plane above the horizontal
path. The results shall be represented as two-dimensional distributions combining
the values of the two aircraft.

3. Measurement specifications

The measuring planes of AERODATA and DLR are equipped with air chemistry
and meteorology measuring instruments for the real-time determination of con-
centrations of SO,, NO, NO,, O;, H,0,, the scattering coefficient o,.,, with sampling
devices for the collection of air samples which may afterwards be analysed for
Hydrocarbons C,H,, and with probes for the in-situ measurement of air tempera-
ture, relative humidity, and air pressure. The AEORODATA air chemistry equip-
ment was developed by the Fraunhofer Institute for Atmospheric Environmental
Research at Garmisch-Partenkirchen, the DLR equipment by the Institute of
Atmospheric Physics at Oberpfaffenhofen. The AERODATA airplane additionally
is capable of real-time measurements of the horizontal wind vector. The DLR
motor glider is instrumented for the measurement of turbulence and vertical fluxes
of heat, humidity and ozone.

4. Conclusions

After the performance of all the projects mentioned and the consecutive data eva-
luation and interpretation the results of the different projects will be compared and
discussed by the scientific community, and it is hoped that all these efforts will
lead to a better understanding of the alpine environmental problems and to ade-
quate environmental political and technical measures.
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POLLUMET (air-pollution and meteorology in Switzerland):
Program and first results of the field-phase in summer 1990

Bruno Neininger
Atmospheric Physics, CH-8093 Zurich

Within an interdisciplinary co-operative effort of several swiss research institutes, 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 vertical
wind sounding stations (pilot balloons, wind profiler), 4 CLB-facilities to measure trajectories,
and the measurement of wind along the aircraft tracks, should allow to reconstruct the meso-a-
to B-scale wind-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 southern 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 hopefully 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.

The Figure shows the "large-scale-valley” of the Swiss Plateau between the Jura ( background
north) and the Alps (foreground, south), and the observation area. It is planned to fly "saw-
teeth-patterns” around the box (wind and chemical measurements), and a simultaneous pattern
with cross sections on constant héights (only chemical sensors).

Bern Zuerich
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Results from the Swiss Wind Profiler Experiment in 1989

Steiner Anton, Atmospheric Physics ETH, CH-8093 Zurich.

1. Introduction

In 1989 a prototype of a commercially available wind profiler was in operation in spring
at Wettswil, a location about 6 km south-west of Zurich, and in fall at the Swiss
radiosounding station Payerne.

During the spring experiment about 40 independent wind profiles were obtained using
radar tracked balloons at the profiler site. The profiler winds from Wettswil were
compared to these balloon derived winds and to the radiosonde winds from Payerne. On
two events of stratiform precipitation, spectral data from the wind profiler was recorded
and at the same time from a mobile, vertically pointing X-band (3.2 cm) Doppler radar
which was located in a distance of about.30 m from the profiler. Comparisons of the data
collected by the two systems will show to what extent the profiler is able to detect clear
air echoes in the presence of rain. A first quahtatlve comparison dunng the campaign
gave the impression that signals from the rain dominated the clear air signals even when
the droplets were small.

The profiler winds from the fall experiment were compared with the radiosonde winds
from Payerne, with the surface winds at Payerne, and with the winds measured by two
surface stations located on mountains close to Payerne. It has been found that the high
time resolution of the profiler winds reveals interesting details in the wind field which
cannot be seen by the regular balloon soundings.

2. Observation of a cold front passage

In the night from November 22 to 23, 1989, a cold front passed over Switzerland from
North to South. The passage of the front as it was observed at the surface stations in
Payerne and on the mountain Chasseral near Payerne is depicted in fig. 1. There is a
significant drop in temperature followed by an increase of wind speed and a change of
wind direction from North to East.

The winds measured by the wind profiler and by radiosonde are shown in fig. 2 (note
that time increases from left to right in fig. 1, but from right to left in fig. 2). The profiler
winds. in fig. 2 were automatically quality controlled by a procedure described by Steiner
and Richner (1990), but no interpolation or smoothing of the data was performed. One
sees that before the frontal passage the wind profiler measured winds up to a height of
6000 m, after the passage reasonable winds were measured to a height of about
4000 m. (The wind profiler used in Payerne had a peak power of 800 Watts, therefore,
one could not expect to reach much higher levels). The strong winds in the low
troposphere at 19:00 of November 22 seem to be reasonable when compared to the
surface station data: they may be interpreted as low level jet as it was observed in the
vicinity of fronts, e.g., by Browning (1985). Due to the lower resolution in time, these
strong low level wmds 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 msl) and
Chasseral (height 1599 m msl).
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Fig 2. Time-height sections for Nov. 22/23, 1989, depicting hourly
winds at Payerne measured by the wind profiler. The dashed
vectors represent winds measured by radiosonde.

3. Vertical velocity in a rainfall situation

On June 2, 1989, simultaneous measurements were made in Wettswil by the wind
profiler and a vertically pointing X-band (3.2 cm) Doppler radar, which was located in a
distance of about 30 m from the profiler. There was light precipitation from about
12:30 UTC to about 13:10 UTC. Fig. 3 shows the vertical Doppler velocity as measured
by the X-band radar, fig. 4 the vertical velocity as measured by the wind profiler. Note
that the time increases from left to right in fig. 3, but from right to left in fig. 4, and that
height is indicated in km agl in fig. 3, but in m msl in fig. 4, the site height in Wettswil
being 555 m msl. Negative values in fig. 4 indicate downward motion, whereas
downward motion in fig. 3 is indicated in positive values. One sees, that below a height
of about 1800 m msl the wind profiler detects the echoes from rain rather than the clear
air echoes. The differences between the two measurements may result partly from the
~ fact, that range and time resolution is significantly higher for the X-band radar than for the
wind profiler.



48

5 -
o i — 1.0 M/S
=1 . — 3.0 M/S
. 4 —_ — 5,0 M/S
Q) ] § — 7.0 M/S
<5 ] S
) . 2
i . 8
- 5 2
- >
& ] &
o ] 2
(D 1 — 3
H = o
L2} 7] z
oe § . - AV oA ne q Isis é
0 LI s s e A S S B RN e T U S S e St B B S B M
12:40 12:50 “13:0 13:40
Fig.3: Mean Doppler velocity [m/s] measured by the X-band radar
at Wettswil on June 2, 1989, from 12:38 UTC to 13:15 UTC.
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Fig.4: Vertical velocity [m/s] measured by the wind profiler at
Wettswil on June 2, 1989.
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A NEW DOPPLER RADAR FOR STUDIES IN ALPINE
PRECIPITATION

W. Schmid, D. Hégl, N. Syed and A. Waldvogel
Atmospheric Physics, ETH
CH-8093 Ziirich, Switzerland

ABSTRACT

A new Doppler weather radar has been installed at ETH, Ziirich. The radar can be operated in
several modes (PPI, RHI, CAPPI, volume scan). A highly sophisticated software package is
available for 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
velocity 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 these algorithms are planned for the near future. In addition, the influence of the complex
alpine orography on the evolution of mesoscale precipitation systems will be investigated.

1. INTRODUCTION

The history of Doppler radar measurements of 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 Hénggerberg, Ziirich, and 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 for which the radar is planned to
be used for.

2. RADAR CHARACTERISTICS
2.1. Hardware and software

The meteorological radar of the Atmospheric Physics Institute at ETH Zurich (the ETH-radar
hereafter) took up operation in January 1988. It’s antenna is mounted on the top of a tall
building and has a fairly unobstructed view in all directions. In September 1989 a Doppler
receiver with a sophlstlcated pulse-pair processor and a MicroVax II computer for controlling
the radar operations was installed. Table 1 shows the major specifications of the radar:

Table 1: The specifications of the ETH-radar

Frequency 5.66 GHz

Peak power output 250kwW

Pulse length 0.5 and 3 us
Pulse repetition frequency (PRF) 250 to 1200 5!
Antenna beam width 1.69 circular
Polarization linear horizontal
Transmitter magnetron type
Receiver reflectivity channel logarithmic

Doppler channel linear with STALO and COHO
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An advanced software package developed 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 vertical sections, VIL
("vertical integrated liquid water content"), accumulated rainfall, echo tracking and
forecasting, wind shear, and others.

2.2.  Unfolding of Doppler velocity

The unambiguous range of the registered Doppler velocity depends on the wavelength and the

PRF of the radar. In our case, the velocity range is restricted to + 16 m/s in maximum. Larger

velocities will be "folded" into this interval, i.e. a velocity of 20 m/s will be registered as 20-

16 m/s =4 m/s.

A dual PRF velocity unfolding technique allows to expand the unambiguous velocity span by
a factor of either two or three beyond the original value. This technique uses two different
pulse repetition periods for every Doppler measurement and relies on the extra information
thus obtained to unfold the mean velocity measurement from each individual period. This
method has first been described by Tang Dazhang et al. (1984). Using this technique, the
unambiguous range of velocity 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 field 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 velocity plot.

2.3.  Ground clutter suppression

Radar echoes of ground clutter may overlap the radar measurements of precipitation. The
number and extent of disturbing ground clutter echoes is especially large in a mountainous
region. The suppression of ground clutter without loss of precipitation information, therefore,
is one of the major problems in the range of the Swiss alps when analysing and evaluating
radar measurements. A Doppler radar yields excellent possibilities to suppress ground clutter
echoes since the Doppler velocity spectra of precipitation echoes are fundamentally different
from the Doppler spectra of ground clutter. Several methods exist for filtering the "ground
clutter” part out 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 remove the low-frequency signals from the complex time series of weather
signals. 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 rotating radar antenna. Additional criteria
help to select the best possible clutter suppression algorithms in different precipitation
situations.
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Fig. 1: A RHI cross-section through an approaching narrow cold frontal rainband, taken
towards the WNW direction (azimuth 290°) on Feb 27, 1990, at 12.55h. The top diagram
shows the reflectivity field whereas the bottom diagram depicts the field of radial Doppler
velocity. Positive values of the Doppler velocity correspond to a movement towards the radar.
The rainband is at a distance of 30 km from the radar site. The radar reflectivity reaches
values up to 50 dBZ whereas the radial wind component near the ground considerably
increases at this distance. Doppler velocities up to 60 mis are found in the free atmosphere.
Remember that the cold front of this day produced one of the most severe windstorms ever
observed in Switzerland, responsible for extended storm damages in the Swiss forests.
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3. RESEARCH PROJECTS
3.1. Test of the clutter suppression algorithms

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 do not exist up to now, but are necessary
for planning the future operational use of Doppler radar systems in the range of the Swiss
~alps.

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

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 dyrnamical 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 believed to be
influenced by the specific orography of the Swiss alps. For instance, it has been found that an
unusually high number of severe thunderstorms move to the left of the mean environmental
winds in Central Switzerland. Such storms occur preferably near the NW border of a
meountainous 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
would 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 iiber Siiddeutschland anhand von
Doppler-Radardaten

P.Lang, J.Riedl

Deutscher Wetterdienst
Meteorologisches Observatorium HohenpeiBenberg

ABSTRACT

The 1mpact of the Alps resp. typical developments of pre01p1tatlon
patterns in Southern Germany can be shown in the various image pro-
ducts of a Doppler weatherradar system. Precipitation reduction by
'Féhn'-effects as well as continous warmfront pre01p1tat10n of
Italian lée cyclones can be recognized and observed in its temporal
and spatial extent. Thus better synoptic analysis and forecast is
possible. Additional wind information by Doppler evaluation give an
insight into the windfield along the alps.

ZUSAMMENFASSUNG

Mit Hilfe von verschiedenen Bildprodukten eines Doppler-Wetterradar-
systems lassen sich Einfliisse der Alpen und typische Niederschlags-
entwicklungen nachweisen bzw. beobachten. Niederschlagsreduktion bei
Fohn-Effekten sowie langanhaltende Aufgleitniederschlage von
italienischen Lee-Zyklonen kénnen in Ablauf und AusmaB erkannt und
in eine verbesserte Analyse und Prognose umgesetzt,werden. Ergénzende
Windinformationen aus Dopplerauswertungen geben einen Einblick in das
aktuelle Wind- und Strémungsfeld am Alpenrand.

1.‘Einleitung

Mesoskalige Effekte im Zusammenhang mit Niederschlag am Alpenrand
kénnen gut in Radardarstellungen erkannt werden. Durch zusdtzliche
Auswertung der Dopplerinformation sind Einblicke in das‘windregime'
verschiedener Héhenschichten und die Strémungsverhdltnisse méglich.
Bezliglich der meist frontgebundenen Niederschldge sind am nérdlichen
Alpenrand einige Besonderheiten zu beobachten; Foéhn und Lee-Effekte,
aber auch Vb- und Aufgleitlagen gehéren dazu. Fallstudien mit Hilfe
von rechner-aufbereiteten Radarbildprodukten kénnen die typischen
Entwicklungsstadien verdeutlichen.

2. Radarsystem und Produkte

Seit 1989 ist am Meteorologischen Observatorium Hohenpeifenberg ein
neues C-Band Wetterradar im Einsatz. Es entspricht in seiner Grund-
ausstattung den Anlagen des im Aufbau befindlichen bundesdeutschen
Radarverbunds, ist aber bereits mit einem Dopplerzusatz ausgeristet.
Das System besteht aus einem EEC-Radar (DWSR-88C), einem Steuer- und
Auswerterechner (MikroVax II mit Peripherie) und diversen Ausgabe-
monitoren. Nach integrierten Abtastzyklen werden im Rechner drei-
dimensionale Reflektivtats- bzw. Radialwind-Datenquader (400*%400%12km
bzw. 200*200*12km), sowie zweidimensionale Niederschlagsfelder
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(360°*¥100km) zwischengespeichert. Diese Datensatze sind auf die
Auswertung fuir die synoptische Analyse und Prognose bzw. auf
quantitative Flichenniederschlagsbestimmung ausgelegt. Die Liste der
Uber Meni abrufbaren Bildprodukte in Farbdarstellung umfaft in
15~-Min-Zeitschritten die groBridumige Echoverteilung in 6
Intensititsstufen (PL), die Echo-Top- (PE) und schichtweise die
Radialwindverteilung (PR); in 5-Min-Zeitschritten die bodennahe
Niederschlagsintensitdt (PX), Stundensummen-(PH) und akkumulierte
Niederschlagshéhen bis 24 Stunden (PY). Die quantitativen Nieder-
schlagsdateien werden auch auf Magnetband gespeichert.

3. Fallstudien von Niederschlagserscheinungen am Alpenrand
3.1 Fohn bzw. Lee-Effekt vor Frontniederschlag

Im Sommerhalbjahr sind Warmfrontniederschldge gereifter Frontensy-
steme am Alpenrand meist nur schwach. Im prafrontalen Bereich tritt
im 2Zuge hochreichender SW-Strémung haufig Féhn unterschiedlicher
Intensitat auf. Dieser ist der Luftmassenhebung uiberlagert und fihrt
durch Austrocknungen oftmals zu deutlicher Beeinflussung der Nieder-
schlagsentwicklung und Ergiebigkeit. Hierbei sind bei ausgepriagten
Féhninversionen verstarkt Radar-Bodenechos zu beobachten. Bei "jun-
gen" Warmfrontsystemen mit westlicher bzw. nérdlicher Strémung ist
dies nicht der Fall. Der Ablauf einer orographisch gestérten Front-
passage auBert sich in einem scheinbaren Verlangsamen des frontalen
Niederschlagsfeldes und schlieBlich einem verzdégerten Vordringen an
Donau und im Allgau (Abb.l). Dabei lésen sich vom Vorderrand des
Niederschlags zeitweise einzelne Regenbdnder ab, die sich mit dem
prafrontalen Wind nach NE verlagern. Die laufende Beobachtung der
Bildprodukte, hauptsdchlich PL, ist eine der wenigen Mdglichkeiten,
solche modifizierten Niederschlagsverlaufe zu erfassen und begrenzt
vorherzusagen.

3.2 Aufgleitniederschlige, Stau

Eine klassische Wetterlage des Alpengebietes stellen die ibergrei-
fenden Aufgleitniederschlage in Folge einer norditalienischen 2Zy-
klogenese dar. Eine entscheidende synoptische Information ist dabei
das rechtzeitige Erkennen der Anfangsphase solcher Aufgleit-
niederschldge, die begrenzt und kurzzeitig oder auch - beginstigt
durch schwache Druckgradienten in Siiddeutschland -~ groBradumig und
anhaltend auftreten koénnen. Lianger dauernde Aufgleitniederschlage
sind meist kleintropfig und stellen sich daher im Reflektivitatsbild
in niedrigen Echostufen dar (Abb.2). Die Radarwindkomponenten in z.B.
3 km Hohe zeigen oOstliche bis sidéstliche Richtung. In Einzelfidllen
bilden sich auch schwache Strémungskonvergenzen aus. Staulagen,
vornehmlich im Winterhalbjahr, bilden sich nach Abzug einer Front bei
meist hochreichend nérdlicher Strémung am Alpenrand. Sie treten aber
auch haufig an der W- bis SW-Flanke von nach NE abziehenden Vb-Tief-
druckgebieten auf. Diese Form der "nachhidngenden", frontentkoppelten
Niederschlage fihrt immer wieder zu Fehlprognosen, die sich bei
Nutzung eines modernen Wetterradarsystem einschranken lassen.
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Abb.1: Verlauf der Niederschlagsgrenze in Bodenndhe an der Vorder-
seite eines Frontniederschlags bei féhnigem Effekt im Stundenabstand
von 9 - 12 UTC (02.02.1990).
—+— Niederschlagsgrenze in 3 km Héhe um 9 UTC

Windmeldungen der Bergstationen Hp, Zugspitze, Wendelstein

3.3 Konvektive Systeme

Die Entwicklung konvektiver Systeme zeigt am Alpenrand wenig Be-
sonderheiten. Eine Ausnahme bildet die freie Konvektion von feucht-
labil geschichteten Zellen durch Hebung an Bergketten. Diese und die
allgemeine thermische Konvektion lassen sich beziiglich Ort und ge-=
nauem Ausldésebeginn mit Stadium des ersten Niederschlagskerns nur
mittels Radar feststellen. 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 Tochterzellen filr die Kirzestfristvorhersage eine wichtige Rolle.
Inwieweit bevorzugte Gewitterentstehungsgebiete (z.B. Raum Lechtal)
und vermeintlich bevorzugte ZugstraBen vorhanden und durch die Alpen
beeinfluBt sind, muB ndher untersucht und statistisch gesichert
werden.
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Ort: Met.Obs.Hp.
Tag: 06.11.89
2eit: 03:55 UTC
Radar - Bild: PL
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Abb.2: Darstellung der Radarreflektivitat 2, des Aufgleitnieder-
schlags einer Genuazyklone mit Vb-Zugbahn (06.11.1989, 03:55 UTC).
Das PL-Bild zeigt die Echoverteilung in der untersten bodenecho-
freien Hohenschicht im Bereich 400 * 400 km; oben bzw. seitlich ist
die Projektion der starksten Echos - und damit ihre vertikale Er-
streckung - in den Hohenschichten bis 12 km dargestellt.

4. Bedeutung fiir die operationelle Analyse und Prognostik

Immer dann, wenn auch wegen alpiner Einflusse Niederschlagsentwick-
lungen fur die Kurzestfristvorhersage im Alpenraum erfaBt werden
mussen, stellt die Radardarstellung den Kern der Beratungsdaten dar.
Zusatzliche Doppler-Informationen konnen einen Einblick in die Stro-
mungsverhaltnisse, z.B. in Kammhohe oder frontale Windspringe, geben.
Hohe Niederschlagsmengen sind oftmals bei erkennbaren Stroémungs-
konvergenzen zu erwarten. Eine Niederschlagsverminderung bzw. erwar-
tete Aufgleitenwicklung sind mit Radar schnell verifizierbar, lokale
Konvektionsentwicklung fruhzeitig zu erkennen.

5. 8chlus

Besonderheiten in Niederschlagsenwicklung und -ablauf am Alpenrand
sind in Radarbildprodukten gut erkennbar, wenn die Bilderneuerungs-
rate entsprechend hoch 1ist und der Abtastbereich fur mesoskalige
Phanomene ausreichend groB ist. Niederschlagsverminderungen (z.B.Lee-
Effekte) oder -verstarkungen (z.B. Aufgleiten) konnen damit besser
analysiert, vorhergesagt und erwartete Ablaufe umgehend verifiziert
werden. Radialwinddarstellung aus Dopplerauswertungen erganzen mit
einem Uberblick Uber das Windregime die Informationen.




57

A CORRECTION TECHNIQUE FOR C-BAND RAINFALL RATE ESTIMATES BY MEANS OF
POLARIMETRIC MEASUREMENTS

G. Scarchilli and E. Gorgucci

Istituto di Fisica dell’Atmosfera (CNR)
Ple L. Sturzo,31 - 00144 Rome (Italy)

. ABSTRACT

In this paper we analyze the accuracy of rainfall rate estimates ll)cy means of multiparameter
measurements. Moreoyer, we evaluate the sy§temat1c €rrors on the rain 911 rate m‘easur'e.ment intro-
duced by the differential and the backscattering phase shift between horizontal and vertical polariz-
ation.

At last, we discuss and veri.fK by simulation a correction technique based on the relationship be-
tween the signal attenuation and the differential phase shift due to propagation.

1. INTRODUCTION

The accuracy of S-band rainfall rate estimates by means of multiparameter measurements has
been evaluated by Sachidananda and Zrnic (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 vertical polarization.

2. MODEL FORMULATION

Assume that the electromagnetic wave corresg;ondin respectively to the horizontal and vertical
polarization propagates along the precipitation medium filled uniformly with oblate raindrops, which
equivolumetric diameter D is described by a gamma drop size distribution (DSD) of the form

-(3.67+ u)D:|

5o (1

N(D)= NOD“expl:

where N ,, D, and p determine the DSD shape.
As known, the radar observables (the horizontal and the vertical reflectivities Z y,v and the dif-
ferential phase constant X ) and the rainfall rate R are related to the distribution N (D) by

D

m

A4 .
ZH,V=m[oH,VN(D.>dD. (mm®- m™) 2)
360° 7 ) -
Kpp= - Re<>"f[fH(D)—fV(D)]N(D)dD} (degrees-km™") (3)
0

R =0.6n10'3fD3u(D)N(D)dD (mm-h™") (4)
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where o, are the backscattering sections and £, the forward amplitudes corresponding to the

horizontal and vertical polarization, A the wavelength, v (D) the raindrop terminal velocity and | K |? 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 £ N,<30000

0.5<D,<2.5
-0.5<p<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 (N, Do, 1) 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 R and respectively the couple of radar
observables (Z ,, Z pz) and the differential phase constant K 5

Rpr=1.93-1072Z % Zz,:° (5)
Rpp=1.16+16.66" K, (6)

We have performed the scatterdiagrams between R and respectively the estimates respectively
(5) and (6) for the number of triplets (N, Do, p) equal to 1200. The standard errors of the estimates

for the whole range of R between0+ 120 mmh™"' and for each class of 10mmh ™" width have been
computed; in agreement with Sachidananda and Zrnic’s results (1986) the estimate (6) is more accu-
rate than (5) for R 250+ 60 mmh™', which occurs usually during river floods or within severe con-
vective storms.

3. PROPAGATION EFFECTS ON C-BAND RADAR OBSERVABLES

Because of wave propagation along the path the meteorological signals show differential at-
tenuation and phase shift for the horizontal and vertical polarizations, which are not negligible in C-
band. On regard with the first effect the measured reflectivities are related to the actual ones by

10log(Z4) .. =10logZ, ~ Ay (7)

(ZDR)m,s=ZDR—.AH.V : (8)
where A, and A, , are the horizontal and differential attenuation, Z p; is the differential reflectivity

given by the ratio i—:’ expressed in dB.

As for the second effect, the measured differential phase shift (¢ ,,) is the sum of the con-

meas

tribution ¢ ,, due to the propagation and the differential phase 6 due to the backscattering referring to
the radar measurement cell

(¢or)m‘s=¢or+6 €D

The radar observables (Z ,,, Z pz) can be corrected utilizing the relationships between A, A,
and ¢ ,p

Ay=0.08¢,,-0.00433 (10)
Ay, =0.01380,,° (11)
At last, the parameter 8 can be estimated by the actual values of the differential reflectivity

5=0.414-0.969Z7 ,,+0.3742%,+0.108Z3, (12)
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The relationships (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 (¢ ,,) along the path; then, the at-

tenuations A 5 and 4 ,,, can be estimated in each range gate by means of (10) and (11); this means that
in first approximation the contribution & 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 monotonically increasing function
of the range and & 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 assumptions, we can
obtain the true profiles of Z ; and Z ,, and then estimate the rainfall rate by means of (5). Moreover,
eqs. (12) and (9) give the contribution 8and the differential phase shift ¢ ,,. As it is shown by Golestani
et al. (1989), the profile of the parameter ¢ ,, can be approximated by a polynomial of 3rd order in
function of the range r~. The parameter K ,5 Which is defined as the derivative of ¢ ,,with respect of r;
can be obtained in each range gate; at last eq. (6) gives the corresponding rainfall rate estimate.

The technique has been verified by simulating the radar observables along a path of 20K m..
width assuming the rainfall rate R either uniform or linearly increasing along the range. If R is uniform,
K pp is uniform too and it can be directly estimated as: the slope of the linear regression between the.
parameter ¢, and the distance . The parameters Z ,, and Z 5, can be corrected in each range gate,
at last, the average values of R(Z ., Z 5¢) along the path are computed in order to compare with
R(K pp). '

Fig 1 and 2 show the scatterdiagrams between the rainfall rate R 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 range of

R=0%120 mmh™' decreases from 6.4 to 3.5 mmh 'and this behavior is similar in each class of
10mmh ™' width. On the other hand, it can be shown that the estimate obtained from Z ,, and Z .,
corrected by the respective attenuations, shows a standard error greater than one. corresponding to
R(K pp) for R230mmh™ . The case of R varying linearly in the range is simulated by varying N,
linearly along the path, as one can be seen from (1) and (4); it can be shown that R and the uncorrected
estimates R (K pplare poorly correlated and the corresponding standard error is very high (about
11 mmh™' ). The standard error of the corrécted estimates R(K ,,) increases on regard with the

case of R uniform, as it is expected and it is equal to 4.24 mmh™'.

5. CONCLUSIONS

We have analyzed the errors due to the propagation in C-band rainfall rate estimates by means
of multiparameter measurements. In order to correct those errors we have developed a correction
technique based on the empirical relationship between the attenuation and the differential phase shift
due to the propagation. We have shown that the technique works very well in the case of rainfall rate
uniform or linearly varying along the path filled by equioriented oblate raindrops.
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ERRORS INVOLVED IN USING RADAR DATA
TO ESTIMATE PRECIPITATION IN AN ALPINE REGION

Jliirg 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. It is shown that with the
present reflectivity measuring radar, acceptable qualitative and in certain
conditions even quantitative information may be obtained from radar in an Alpine
country. In other words, we would need an extremely dense and costly network of
gauges to obtain a spatial resolution easily attainable with radar.

But radar only estimates the precipitation it can "see". Even the most ingenious
procedure using sophisticated equipment will not allow measurements in parts lost
because of reduced visibility, e.g., behind mountains. But also in flat country we
will find - at longer ranges - increased errors due to losses caused by the earth's
curvature and errors caused by the reduced resolution of the radar beam. Therefore,
choosing a good radar site is important: A higher one will in general improve the
visibility, but increase at the same time the amount of clutter by ground echoes.
Doppler radar will help in this respect. To what extent will be shown by the results
obtained with the new radars planned to replace Albis and La Ddle north and a third
for the new radar site south of the Alps, probably on Monte Lema in the Tessin,
during the years 1993 till 1996. '

Results are presented describing the accuracy obtained with present radars when just
applying a fixed correction all 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 anténna.
By decreasing the update period for the full volume information down to the order of
one minute, contradicting requirements of various users, such as hydrologists and air
traffic controllers, may be fulfilled. However, questions relating to price and
reliability will have to 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 resolution 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 until 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 problem

When the radar beam or its sidelobes encounter ground targets, strong persistent
echoes occur and add up in time to appear as large rain amounts if 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, especially that caused by anomalous propagation, is variable in time, the
clutter map has to be made up from many situations without rain, including those with
anomalous propagation. As a consequence of this, the loss in any given weather
situation is often larger than it need be. Doppler techniques hold promise for
reducing these difficulties (Passarelli et al. 1981) but some problems are likely to
remain in cases of stationary rainfall patterns.
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2.2 Clutter suppression and visibility

Clutter suppression requirements are not easily fulfilled in all possible
applications. In fact it has not been shown yet that even for one single, operational
application the suppression problem can be completely solved. Usually we will 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 filter preprocessing’' and subsequent image correction may be most useful;
usually, however, it 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 wavelength, by siting the
radar in an optimum way (compromise between the amount of clutter and the
degree of shielding reducing the visibility).

2. Use Doppler suppression (or some coherent or noncoherent MTI), but depending
on the application use it more or less conservatively, i.e. for quantitative
applications cancelling only little rain but using suppression at all
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 all three dimensions (range - 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 propagation.

5. In clear weather use, if available, satellite data to eliminate stationary
echoes caused by anomalous propagation.

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

7. Use interpolation, e.g. closest neighbours, or averaging in space (in all
three dimensions range - az - elevation). But be careful with averaging,
Swiss users did not like a smooth picture.

Note that a coherent mode in 2. needs a continuous Doppler mode at all ranges. In
other words, ways have to be found that reflectivity measurements and Doppler mode
can be combined in the whole range of interest.

3 RESULTS
3.1 Vertical reflectivity profile, a basic problem in radar hydrology

Because of growth or evaporation of precipitation, air motion and change of phase
(ice and water in the bright band), reduced visibility aloft and highly variable
vertical reflectivity profiles 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 vertical distance between the sample volume and the ground increases too.
Therefore, the differences between estimates of rainfall by radar and the rain
reaching the surface must also increase (Joss and Waldvogel, 1990), mainly consisting
of underestimation by radar. At long ranges, for low level storms, and especially
when low antenna elevations are blocked by obstacles such as mountains, the
underestimate may be severe. This type of error often tends to dominate all others, a
fact easily overlooked when observing storms at close ranges only, or when analysing
different storms which are all located at roughly the same range.
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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 équipped
with raingauges, distributed evenly over the whole region of Switzerland.
Precipitation was estimated from nine reflectivity values sampled within an array of
3x3 pixels centered around each rain gauge using a fixed Z-R relationship. Daily
precipitation amounts were integrated from 144 radar displays transmitted every 10
minutes during each day. Data were selected from all 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 plotted as isolines on a map of Switzerland,
overlayed with lines of equal visibility as seen by the radars, and reproduced as
altitudes above sea level (see Fig.1).

Fig.1 (from G.Galli and J.Joss, 1989): Precipitation estimated from radar as a
fraction of the

daily amount
J Radar Compostte Sunbeerlamd Sronns @: amis [Lo): La gote

measured from the = T 777 TR Vishility of Roder
gauge. The isolines (16.6.84 - 10.7.85) emse= hicyteMon factor TADAL/ ANETE
of that fraction O ®  svaliows AWETR

follow roughly the
isolines of height
labeled in meters
above sea level and
demonstrate the
influence of the
vertical profile
(Fig.2) combined
with reduced
visibility. Together
with the lack of
visibility the
standard deviation
(SD) of the fraction T
also increases as
demonstrated by the
open circles (SD >
factor 2) compared
to the black dots
(SD < factor 2).

Averaged over the whole 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 its variablity increases
strongly with increasing distance from the radar site; its spatial distribution
reflects the strong dependence from the visibility of precipitation by the radars. In
other words, the main problem in Switzerland (but we expect it to exist to a lesser
extent also in other countries). is the inability of the radar to see the
precipitation close enough to the terrain where the raingauge is situated combined
with the decrease of reflectivity with height (see Fig.2). Even the most ingenious
procedure using sophisticated equipment will not allow us to make measurements in
parts lost because of reduced visibility. Reduced visibility will occur behind
mountains. But also in flat country, we find at longer ranges increased errors due to
losses caused by the earth curvature and because of the reduced resolution 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 whole radar coverage area in
three dimensions. It is hoped that this knowledge, together with knowledge about the
position of the radar and the orography around it, will 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 vertical profile
of reflectivity as seen by radar
Albis within an average distance of

Sitkm' g‘or comparison: Results Seasonal Variation of Profile
obtained in spring with rader and .

a1l gauges distributed all over 23.Jun.1986 - 28.Feb.1990 (Max)
Switzerland (average distance Summer

77 km) are also reproduced. While \ Jun,Jul,Aug Albis
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radar-only profiles are too = '7'"-«“m“:j\\

optimistic because of several x \[I)V:;tsran Feb \\

reasons but mainly due to the algo- %? 5 — - A

rithm used to reconstruct the T "“\-\_\ ",\
3D-distribution of echos. The true foo——— e RN

profile lies inbetween and is far ﬁau w?ggg’ -\'\:;\“:.§

from being independent of (i.e. anapr =,
constant with) height. Note, that \$
independence of height is assumed 0.

implicitly, when no correction is 0.01 0.1 1. 10.
applied for the decrease of

reflectivity with height. Rain rate (mm/h)

3.3 Conclusion for the measurement procedure

The procedure for.deducing rainfall rates from measured radar reflectivities 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 vertical reflectivity profile combined
with shielding.

3. Taking into account enhancements of precipitation because of orographic
effects (Collier, 1989).

4. Taking into account all the information about the Z-R relationship and
deducing the precipitation.

)

5. Adjusting the estimated values with measurements from raingauges.

The first three parts are based on known physical 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 circuitry and photographic techniques for data
recording and analyses. It was, therefore, extremely difficult 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 accomplishing these tasks. Much of the current research is directed
towards developing techniques for doing so on an operational basis.
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4 (OUTLOCK: EIECTRONICALLY SCANNED ANTENNA

In fact todays mechanically scanning radar antennas often donotallow tomeet the
contradicting requirements: for clutter elimination and statistically well defined
samples (forquantitative precipitation work) on one hand and for the fast update

rate of fiill volume information on theother. As discussed by Joss (1990), the
antenna scanned electronically in the verticai wouid have advantages: We wouid be

free (i.e. hotbound to the mechanical inertia) to transmit pulses quasi
simultaneously in different elevations. Inother words, we could distribute the
pulses available at therate needed intheelevations where we want informationfor a
given application. Considering that:

1. the maximum PRFE for horizontal scans islimited to 500 Hz for an unambiguous
range of 300 km,

2. athigher elevations the unambiguous rénge is shorter,

3. critical clutter regions with the most stringent requirements for a long
dwell time arenot found at higher elevations,

4. we may speed up the mechanical rotation in az-direction where no critical
ground clutter or interesting weather is found and

5- notall elevations areneeded as we can transmit pulses only where it has
precipitation,

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