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Abstract 
In 1994, the swiss govemment has initiated a national project to develop the activities 
related to the "Global Atmospheric Watch" programme as deßned by the World Mete­
orological Organization" (WMO). One of the component of this project concerns the 
activities related to ozone monitoring with the goal to improve and develop the meas­
urements as well as to re-eva!uate the existing data series. 
The Payerne Station which is one of the oldest Station in the worid measuring the 
atmospheric ozone proßle, has taken the opportunity to develop its activities and nota-
bly to plan the change of the operational ozonesondes in 2002. Payeme and Hohenpeis­
senberg are indeed the last two stations with long term ozone sounding series 
performed with Brewer-Mast (BM) ozonesondes from the end of the sixties up to 
present days. Most of the other stations around the worid presently measure ozone pro­
ßles with the Electrochemical Concentration Cells (ECC) ozonesondes which are rec-
ognised to have a better reproducibility than the BM. Besides this better 
reproducibility, the pnnciples reasons to change sondes are the absence of develop-
ments and improvements of the BM manufacturing and the fact that maintaining the 
present quality of the BM measurements is more and more expensive (manpower, 
instruments, ...). However, the change of an apparatus dedicäted to the atmospheric 
monitoring asked for a good preparation. The main problem being the appearance of a 
rupture in the measurements series which could impair the trend analysis of these data. 
Therefore numerous dua! ßights with two sondes (BM and ECC) have been launched 
between 1996 and 2001. The goal were to study and to compare the characteristics of 
each ozonesonde type in atmospheric conditions. The measured differences have then 
been analysed and the impact of a change of ozonesonde on the continuity of the Pay­
eme long term sounding seines has been evaluated. 
These studies consist in three facets: ßrst a short term campaign (SONDEX96) of dual 
ßights was organised at Payeme together with the group of GSFC/NASA laboratory at 
Wallops Island, US. The second facet (OZEX) consists in a one year long comparison 
with a dual soundings every week incorporated in the operationa! duties of the Payeme 
Station. The third facet concerns laboratory experiments were the ozonesondes are sub-
mitted to controlled conditions on the one hand, in the Payeme laboratory and on the 
second hand, during to international ozonesondes intercomparisons at the Jülich Simu­
lator (JOSIE/WMO campaigns)-
This publication presents the results of the dual ßights of the two ßrst facets 
(SONDEX96, OZEX) mentioned above. They appear as two distinct reports assembled 
in one brochure with a preamble section summarising the project and the results. 

Resume 
En 1994, le gouvemement suisse a initialise un projet national de developpement des 
activites suisses dans le domaine de la "Veille Atmospherique Globale" (VAG) tel qu'il 
a ete deßni par I'Organisation Meteoroiogique Mondiaie (OMM). Une des composan-
tes de ce programme concemait les activites Hees ä l'ozone avec comme but l'ameliora-
tion et le developpement des techniques de mesures ainsi que l'analyse des anciennes 
series de donnees deja existantes. 
La Station de Payeme qui est l'une des plus anciennes stations de mesures du proßl 
d'ozone atmospherique, a proßte de ce projet pour developper ses activites notamment 
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en planihant un changement de sondes operationnelles pour l'annee 2002. En effet, 
Payeme et Hohenpeissenberg sont deux stations qui possedent de tres longues series de 
mesure d'ozone faite ä l'aide de sondes de type BM (Brewer-Mast). La plupart des 
autres stations utilisent actuellement des sondes de type ECC (Electrochemica! Con-
centration Cells) qui sont reconnues comme etant plus reproductibles que les sondes 
BM. Outre la meiUeure reproductibilite, les principales raisons de ce changement sont 
l'absence de perspectives de developpement et d'ameiioration de la sonde BM de la 
part du foumisseur ainsi que le fait de maintenir la qualite des mesures faites avec les 
sondes BM implique un investissement hnancier et en personne! important. Cependant 
un changement d'instrument dans la cadre d'activites de surveillance de Tatmosphere 
necessite une tres bonne preparation. Le probleme principa! est la possible apparition 
d'une cassure dans la serie de mesures de l'ozone qui pourrait rendre difßcile, voire 
impossible l'analyse de l'evolution des ces donnees dans !e temps. Ainsi de nombreux 
vols de comparaison avec deux sondes (BM et ECC) ont ete effectues entre 1996 et 
2002. Le but etant d'analyser et de comparer les caracteristiques de chacune d'elles 

^^HHH dans les condmons atmosphenques reeties. Les differences constatecs ont ensuite ete 
1^ analysees et l'impact d'un changement de sondes sur !a serie de mesures de Payeme a 

r- - 1' j ete evalue. 
!^TRHH Cette etude a ete reahsee en trois voters pnneipaux: une prcnncrc eampagne de conipa-

raison de sondes (SONDEX96) BM et ECC a ete organisee durant trois semaines au 
printemps 1996 a Payeme conjointement avec le laboratoire GSFC/NASA de Wallops 
Island, USA. Le deuxieme volet (OZEX) a consiste ä faire un sondage de comparaison 
chaque semaine pendant une annee et ceci dans le cadre du service operationnel de 
Payeme. Dans le troisieme volet, une serie de tests de laboratoire dans des conditions 
contrölees ont ete realises, d'une part dans celui de Payeme et d'autre part, lors de deux 
campagnes internationales de comparaison de sondes dans le simulateur de Jülich en 
AHemagne (campagnes JOSIE sous l'egide de l'OMM). 
Le present rapport expose les resuitats des sondages de comparaison des deux premiers 
volets (SONDEX96 et OZEX) mentionnes ci-dessus. Iis apparaissent sous forme de 
deux rapports distinets rassembles dans la presente publication avec une introduction 
commune qui presente le projet et donne une Synthese des resuitats. 

Zusammenfassung 
Im Jahre 1994 initiierte die schweizerische Regierung ein nationales Projekt zur Ent­
wicklung von Aktivitäten im Bereich des "Globale Atmospheric Watch" (GAW) nach 
den Richtlinien der Weltmeteorologieorganisation (WMO). Ein Teil des Programms 
umfasste den Ozonbereich mit dem Ziel, bestehende Messverfahren zu verbessern und 
weiterzuentwickeln, sowie bereits vorliegende Messserien neu zu analysieren. 
MeteoSchweiz Payeme (vormals Station Aerologique Payeme) gehört zu den ältesten 
Messstationen im Bereich der Vertikalprofile des atmosphärischen Ozons. Sie nutzte 
das GAW-Projekt zur Entwicklung ihrer Messaktivitäten; insbesondere ist vorgesehen, 
im Jahre 2002 einen Wechsel des Sondentyps vorzunehmen. 
Payeme und Hohenpeissenberg sind beides Stationen mit Sondierungsreihen, die seit 
den Sechzigerjahren mit Brewer-Mast-Sonden (BM) durchgeführt werden. Die meisten 
benachbarten Stationen benützen Sonden des Typs ECC (Electrochemical Concentra-
tion Cell), welche stabilere Eigenschaften als die BM-Sonden aufweisen. Neben dieser 
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höheren Reproduzierbarkeit der Messresultate spricht für einen Sondenwechsel auch 
das Fehien von Verbesserungen oder Weiterentwicklungen der BM-Sonde durch deren 
Herstellerfirma, ebenso der zunehmende - personelle wie finanzielle - Aufwand, den 
eine Beibehaltung des Qualitätsstandards dieses Instruments erforderte. 
Allerdings verlangt ein Wechsel des Instrumententyps im Rahmen der Überwachung 
der Atmosphäre eine sehr gute Vorbereitung: Das Hauptproblem ist ein möglicher 
Bruch der Ozonmessreihe, welche für die Analyse von Langzeittrends verwendet wird. 
Deshaib wurde zwischen 1996 und 2002 eine grosse Anzahl von Parallelsondierungen 
mit je einer BM- und einer ECC-Sonde am Ballon durchgeführt. Das Ziel war, die 
Eigenschaften beider Sonden unter realen atmosphärischen Bedingungen zu analysie­
ren und zu vergleichen, um den Einfiuss der instrumentellen Unterschiede auf die lang­
jährige Messreihe von Payeme anwenden zu können. 
Diese Studie umfasste drei Teile; Eine erste Kampagne (SONDEX96) zum Vergleich 
der BM- und der ECC-Sonde wurde unter Mitarbeit einer Forschergruppe des GSFC/ 
NASA-Labors von Wallops Island (USA) während dreier Wochen im Frühjahr 1996 in — 
Payeme durchgeführt. Die zweite Phase (OZEX) bestand in einer wöchentlichen Paral-
lelsondierung während eines Jahres unter operationellen Bedingungen in Payeme. Der 
dritte Teil umfasste Testserien im Labor unter kontrollierten Bedingungen: einerseits M 
wurden diverse Tests im Labor von Payerne realisiert, andererseits nahm ^ 
MeteoSchweiz an zwei internationalen Kampagnen (JOSIE, unter der Aegide der Ht 
WMO) zum Vergleich verschiedener Sondentypen im Atmosphärensimulator in Jülich 
(Deutschland) teil. 
Der vorliegende Bericht präsentiert die Resultate der Vergleichsmessungen der obener­
wähnten beiden ersten Phasen (SONDEX96 und OZEX) in zwei Teilen mit gemeinsa­
mer Einführung. 

Riassunto 
Nel 1994, il govemo svizzero iniziö un progetto nationale di sviluppo delle attivita 
svizzere nel campo della "Vigiglia Atmosferica Globale" (VAG) come deßnito 
dall'Organizzazione Meteörologica Mondiale (OMM). Una delle componente di questo 
programma riguardava le attivita legate a l'ozone avendo come scopo un miglioramento 
ed un sviluppo delle misure anziehe un' analisi delle vecchie serie di misure. 
La stazione di Payeme essendo l'una delle piü anziane stazioni di misure de! proßlo di 
ozone atmosferico approfßtö di questo progetto per sviluppare sua attivita di misure 
notamente pianiheando un cambiamento di sonde per l'anno 2002. Infatti, Payeme e 
Henenpeissenberg sono due stazioni aventi delle lunghe serie di misure di ozone fatte 
con le sonde di tipo BM (Brewer.Mast). La piü granparte degii altri osservatori utiliz-
zano attualemente sonde di tipo ECC (Electrochimica! Concentration Cells) che sono 
riconosciute come ie piü riproducibüe che ie sonde BM. Oitre la rniglior riproducibiltä, 
le principali ragioni di questo cambiamento sono l'assenza di prospettive di sviluppo e 
di miglioramento della sonda BM da parte de! fomitore, e i! fatto che mantenere de!la 
quaiitä di misure con le sonde BM coinvolge un investimento importante (umano, 
ßnanziario, etc.). 
Tuttavia, un cambiamento d'instrumento nei quadro di attivita di sorveglianza del!' 
atmosfera richiede una buonissima preparazione. 11 problema principaie e la possibiie 
apparizione di una rottura nella serie di misure de! ozone che potrebbe rendere difßcüe, 
perßno, impossibile !e analisi deü'evoluzione delle misure. Perciö numerosi voli di 
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confronto con !e due sonde (BM e ECC) furono effettuate entro 1996 e 2002. Con lo 
scopo di analizare le caracteristiche di ogniuna nelle condizioni atmosferiche in modo 
di poterle paragonare. Facendo seguito alle differenze constatate fü valutato l'impatto di 
un cambiamento di sonde sui la serie di misure di Payeme. 
Questo studio fü realizzato in tre fasi principali: 
Una prima campagna di confronto di sonde (SONDEX96) BM e ECC fü organizzata 
durante tre settimane a primavera del 1996 a Payeme congiutamente con il laboratorio 
GSFC/NASA di Wallops Island USA. La seconda fase (OZEX) consistö nel fare un 
sondaggio di confronto ogni settimana durante un anno nel quadro del servizio operato-
rio di Payeme. La terza fase consistö in una serie di testi di laboratorio in condizione 
controllate; nel laboratorio di Payeme e al momento delle due campagne intemazionali 
di confronto di sonde nel simulatore atmosferico di Jülich in Germania (esperienza 
JOSIE sotto l'egida dell'OMM). 
11 presente rapporto presenta i resultati dei sondaggi di confronto delle due prime fasi 

HĤ HHH (SONDEX96 e OZEX). Infatti sono due rapporti distinti raccolti nella presente publi-
cazioneconun'introduzionecomune. 
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introduction to GAW-CH Program 
In 1989, the Wor!d Meteörologica) Organization (WMO) has estabüshed the Global 
Atmosphere Watch (GAW) programme integrating a number of WMO's research and 
monitoring activities in the ßeld of atmospheric environment (BAPMoN, G030S). The 
main objective of GAW is to " ... provide data and other information on the chemica! 
composition and related physica! characteristics of the atmosphere and their trends, 
required to improve understanding of the behaviour of the atmosphere 
In 1994, the Swiss govemment decided to ßnance a six years national project, GAW-
CH, to enhance the monitoring and catibration activities in Switzerland. The main 
emphasis was set on the developments of the Ozone (MeteoSwiss), the Radiation 
(MeteoSwiss) and the Aerosols (Paul Scherrer Institute) monitoring and on the building 
up of two worid calibrations centres at WRC (World Radiation Centre, Davos) and 
EMPA (Swiss Federal Laboratory for Materia! Testing and Research, Zürich). 
In the ozone sub-programme, different tasks have been deßned, in particular: 
* the development and improvement of ozone measuring techniques, 
* the homogenization and reprocessing of old series, 
* the development of an ozone microwave radiometer. 
Within the ßrst activity cited above, it has appeared that the long term ozone sounding 
series would be best assured in the future with the ozonesondes of type ECC (Electro-
chemical Concentration Cell) instead of type BM (Brewer-Mast) presently used. To 
properly prepare the transition from one sonde type to the other without endangering 
the long term series, it is required to study the characteristics of both ozonesondes in 
laboratory and in real atmosphere. Included in the GAW-CH programme, that prepara­
tion has consisted of the following main activities: 
* SONDEX 1996: two weeks campaign of BM - ECC dual flights organized at Payeme 
in collaboration with GSFC/NASA laboratory at Wallops Island, US, 

* OZEX 1998 - 1999: one year of weckly BM - ECC dual flights incorporated in oper­
ational service of the Payeme Station, 

* JOSIE 1996: two weeks campaign at the Jülich Simulator with BM ozonesondes, 
* JOSIE 1999: similar to the 1996 campaign but with ECC ozonesondes, 
* laboratory tests with ECC and BM ozonesondes in Payeme. 
These various experiments allowed to develop a large dataset that was used to charac-
terise, study and explain the differences between the BM and ECC ozonesondes. In 
particular, the dua! ßights campaigns give valuable and unique information on the 
behaviour of the sondes in the same environment. They allow to accumulate enough 
information and conßdence to authorize the switch from BM to ECC ozonesondes. 
This publication gather the SONDEX96 and the OZEX individual reports as these two 
experiments were independently analysed. 
The analysis of the JOSIE 1996 campaigns are reported in WMO reports^. The labora­
tory test results are documented in the report by Levrat and Hoegger, 2000̂ . 

!. www.wmo.ch/index-en.htm! 
2. Gtoba! Atmosphere Watch - GAW report No. !30 / WMO - TD 926 
3. G. Levrat and B. Hoegger, Comportement des capteurs d'ozones BM et ECC dans un environnement ideai et ambi-

ant", //:<f/7ia/ repev/, MeteoSwiss, 2000. 
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Outüne of ozone project 
In situ atmospheric ozone measurements represent a challenging task in particular in 
regard to the: 
* very low ozone partial pressure which requires an instrument with nanobar resolution, 
* limited payload which cannot exceed the commerciaüy available balloons lift power 
(- I kg), 

* large ozone variability with altitude asked for fast response instruments, 
* low stratospheric temperature which requests a good thermal insulation of the sonde. 
The ozonesondes which respond to the above requirement have been developed in the 
late sixties and are based on the chemical reaction of a potassium iodine (KI) diluted 
Solution with atmospheric ozone molecules sampled outside the ozonesonde box by a 
small pump. The measured ozone partial pressure is instantaneously radio transmitted 
to the ground Station. Because of the high reactivity of the ozone, any residual sub-
stance will destroy the ozone before detection by the sonde. Therefore a very meticu-
lous approach in the preparation of the ozonesondes is required. 
The Payeme sounding series started in 1968 using BM ozonesondes without interrup-
tion up to present time. In the earlier years, the manual analysis of paper chart record-
ings and simpüHed procedures in the preparation of the sondes were the major 
limitations to the measurements precision and reproducibility. With the progress of the 
sounding techniqüe and the introduction of the digital recording, but also through the 
introduction of a standardized and automated Operation in the pre-Hight preparation of 
the ozonesondes, the limits of the measurement techniqüe have been pushed one step 
further. The sounding aceuracy limitations have now moved towards the manufacturing 
aspects of the ozonesondes like the quality of the materia! and the fabrication norms. In 
this perspective, the BM are more limited than the ECC ozonesondes. They are also 
recognized as having a better reproducibility than the BM ozonesondes pröbably bene-
Hting of a simpler fabrication proeess. Keeping the present BM measurements quality 
ask for important costs (Hnancial, manpower) and the future appears uncertain. These 
eiements imply that a change of the ozonesonde type from BM to ECC for the opera­
tional soundings in Payeme has been planned for year 2002. 
However, the importance of the continuity of old ozone sounding series is obvious for 
the GAW programme and the climate monitoring. The analysis of the temporal evolu­
tion of the ozone at various altitudes is a key aspect for the understanding of the ozone 
evolution. For example, the füll tropospheric part of the ozone proHle is uniquely meas­
ured by ozonesondes in comparison to other system like satellites and remote sensing 
Systems. In this respect, the continuity of the in situ measurements has to be assured. 
All these constrains asked for an intensive comparison program between the present 
operational BM ozonesonde and the envisaged future ECC ozonesonde to assure a 
smooth transition. 
Two aspects have to be considered, the Hrst one concerns the manufacturing of the 
ozonesonde as already mentioned while the second concerns the data processing. In 
principle, the manufacturing of the sonde determines the Hrst one and no modihcation 
are performed afterwards. However, during the preparation procedure the main parts 
are dismantled and reassembled after cleaning. Some impurities or imperfections can 
be removed in this proeess and quality criteria have to be satisHed. Secondly regarding 
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the processing of the data, major differences exist between the two sondes which are 
somehow artihciai and have no reason to persist. Therefore, a more uniform approach 
in the data processing is performed and discussed in detaiis in these SONDEX96 and 
OZEX reports. 



Summary of the resuits 
The ßrst campaign, named SONDEX96, has been conducted between Aprü and May 
1996. Over a two weeks period, 33 dua! ßights were !aunched with up to 4 ßights 
released the same day. 
The second study, named OZEX, has been coordinated with the operationa! sounding 
activity of the Payeme Station. Over the period of March 1998 to June 1999, dua! 
ßights were re!eased every week with the Wednesday noon aero!ogica! sounding. The 
study has continued with a !ower frequency of one dua! ßight per month after June 
1999. The OZEX study has aüowed to constitute a set of about eighty dua! ßights 
appropriate for statistica! anaiysis. 
The resuits based on these dua! ßights present systematic differences iüustrated in ßg. 1 
be!ow. The reiative difference proßies between the BM and the ECC ozonesondes 
measurements show a good consistency between the two studies. Signißcant differ­
ences between the two ozonesondes are located at the tropopause ieve! around 10 km 
and at the middle stratosphere above 28 km. At the ozone iayer altitude (20 - 24 km) in 
presence of high ozone concentration, the two ozonesondes agree well. The horizontal 
lines, representing ±o, denote the large ßuctuations around the mean differences. If the 
tropospheric differences are not signißcant compared to the variability of the measure­
ments, the middle stratosphere (30 km) differences are c!ear!y unidentißab!e as a rup-
ture in the time series. The results presented in ßg.l are achieved with the conventional 

o 

10 

/' / 

i 

Reiative Difference [%] 10 

zn z7ze? c70NDEX96 f &M/zt?(i /z/ẑ ) OZEX f/j^c/< .yoM /zzẑ j ̂ ^rz/zz^/z^. 
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