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PMOD/WRC

Physikalisch-Meteorologisches Observatorium Davos und Weltstrahlungszentrum

Mission
Das PMOD/WRC

dient als internationales Kalibrierzentrum flr meteorologische Strahlungsmessinstrumente
entwickelt Strahlungsmessinstrumente fur den Einsatz am Boden und im Weltraum
erforscht den Einfluss der Sonnenstrahlung auf das Erdklima.

Auftragerteilung

Das Physikalisch-Meteorologische Observatorium Davos (PMOD) beschaftigt sich seit seiner Grindung im Jahr 1907 mit Fragen des
Einflusses der Sonnenstrahlung auf das Erdklima. Das Observatorium schloss sich 1926 dem Schweizerischen Forschungsinstitut
fir Hochgebirgsklima und Medizin Davos an und ist seither eine Abteilung dieser Stiftung. Auf Ersuchen der Weltmeteorologischen
Organisation (WMO) beschloss der Bundesrat im Jahr 1970 die Finanzierung eines Kalibrierzentrums fUr Strahlungsmessung
als Beitrag der Schweiz zum Weltwetterwacht-Programm der WMO. Nach diesem Beschluss wurde das PMOD beauftragt, das
Weltstrahlungszentrum (World Radiation Center, WRC) zu errichten und zu betreiben.

Kerntétigkeiten

Das Weltstrahlungszentrum unterhalt das Primarnormal flir solare Bestrahlungsstérke bestehend aus einer Gruppe von hochprazisen
Absolut-Radiometern. Auf weitere Anfragen der WMO wurden 2004 das Kalibrierzentrum flr Messinstrumente der atmosphérischen
Langwellenstrahlung eingerichtet und 2008 das Kalibrierzentrum flur spektrale Strahlungsmessungen zur Bestimmung der atmo-
sphéarischen Tribung. Seit 2013 wird auch das Européische UV Kalibrierzentrum durch das Weltstrahlungszentrum betrieben. Das
Weltstrahlungszentrum besteht heute aus vier Sektionen:

Solare Radiometrie (WRC-SRS)

Infrarot Radiometrie (WRC-IRS)

Atmosphaérische Tribungsmessungen (WRC-WORCC)
UV Kalibrierzentrum (WRC-WCC-UV)

Die Kalibriertatigkeit ist in ein international anerkanntes Qualitatssystem eingebettet (ISO 17025) um eine zuverlassige und nachvoll-
ziehbare Einhaltung des Qualitadtsstandards zu gewahrleisten.

Das PMOD/WRC entwickelt und baut Radiometer, die zu den weltweit genauesten ihrer Art gehéren und sowohl am Boden als auch
im Weltraum eingesetzt werden. Diese Instrumente werden auch zum Kauf angeboten und kommen seit langem bei Meteorologischen
Diensten weltweit zum Einsatz. Ein globales Netzwerk von Stationen zur Uberwachung der atmospharischen Triibung ist mit vom
Institut entwickelten Prazisionsfilterradiometern ausgertstet.

Im Weltraum und mittels Bodenmessungen gewonnene Daten werden in Forschungsprojekten zum Klimawandel und der Sonnenphysik
analysiert. Diese Forschungstatigkeit ist in nationale, insbesondere mit der ETH Zlrich, und internationale Zusammenarbeit
eingebunden.

Das PMOD/WRC ist eine Abteilung der Stiftung Physikalisch-Meteorologisches Observatorium Davos
Schweizerisches Forschungsinstitut fir und World Radiation Center (PMOD/WRC)
Hochgebirksklima und Medizin in Davos. Dorfstrasse 33, 7260 Davos Dorf

Schweiz

Tel. +41 (0)81 417 51 11, www.pmodwrc.ch
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Bildlich gesprochen wurde die Zukunft des PMOD/WRC inner-
halb eines Tages entschieden, am 27. September 2018, als vier
der funf besten Kandidaten fur die zu besetzende Direktor Stelle
ihre Vortrage présentierten und bezuglich ihrer Zukunftsplane
befragt wurden. Eine weitere Kandidatin, die an diesem Tag
verhindert war, fUhrte das Bewerbungsgesprach einen Monat
danach. Die Stiftung Schweizerisches Forschungsinstitut
fur Hochgebirgsklima und Medizin Davos (SFl), zu dem das
PMOD/WRC gehért, fand sich in der komfortablen Lage, aus
funf hochst-qualifizierten Kandidaten auswahlen zu kdnnen.
Hingegen war die Entscheidung fur das Institut richtungsbestim-
mend und daher von grosser Bedeutung, da die Kandidaten
sehr verschiedene Visionen flr die Ausrichtung des zukuUnfti-
gen Instituts vorstellten. Fur die Auswahl war ein internationales
Komitee zustéandig, das extra fur diese Aufgabe berufen wurde,
und dieses empfahl Dr. Louise Harra, Irin, friher am Mullard
Space Science Laboratory, UK, angestellt und Professorin am
Department of Space and Climate Physics des University College
London. Die Stiftung folgte dieser Empfehlung und wéhite Dr.
Harra als neue Direktorin mit Arbeitsbeginn am 1. Juni 2019.
Diese Wahl sichert die Weiterflhrung von Sonnenforschung am
Institut, und mit dieser neuen Leitung ist auch sichergestellt,
dass der mehrjahrige Aufwand des PMOD/WRC fur Entwicklung
und Bau von Experiment-Komponenten der nachsten ESA
Sonnenmission Solar Orbiter fur wissenschaftliche Auswertung
genutzt werden wird.

In Wirklichkeit dauerte der Prozess, eine neue Leitung flr das
Institut zu finden, sehr viel langer als der oben erwahnte Tag.
Tatsachlich begannen Gesprache mit dem Physikdepartment der
ETH Zurich schon vor einigen Jahren. Diese Vorbereitung zahlte
sich nun aus, da das Resultat flr beide Seiten vorteilhaft ist. Die
designierte Direktorin ist neu zugleich auch affilierte Professorin
an der ETH Zurich und die Vision ist, dass so Synergien zwischen
dem PMOD/WRC und den ETH-Instituten genutzt werden kon-
nen und durch eine Kombination der Stéarken beider Seiten das
Davoser Institut auch in neue ETH-Weltraumprojekte involviert
sein wird.

Wissenschaft

Das PMOD/WRC wurde im Forschungsbereich Weltraumwetter
ein anerkannter Kollaborations-Partner und es gehorte zu
den Pionieren in der Disziplin Weltraumklima. Beitrage des
Instituts zu theoretischen und technologischen Aspekten
des Sonneneinflusses auf das Erdklima haben in den letzten
zwanzig Jahren zum schnellen Fortschritt in den beiden jun-
gen Forschungsbereichen beigetragen. Das Institut hat sich
in den vergangenen Jahrzehnten auf die Erforschung des
Sonneneinflusses konzentriert und wurde in diesem Bereich
weltfihrend in der Experiment- und Instrumentenentwicklung.
Eine Bewertung des Instituts im Jahr 2015 durch ein interna-
tionales Expertenteam kam zum Schluss, dass das PMOD/
WRC in Metrologie der Sonneneinstrahlung eines der zwei
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weltweit fuhrenden Instituten ist und seine hochqualitativen
Dienstleistungen nationalen und internationalen Organisationen
zur Verflgung stellt, wie der Meteorologischen Weltorganisation
sowie Weltraumorganisationen im Allgemeinen und insbeson-
dere der Européischen Weltraumorganisation. Es erbringt flr
die Organisationen wichtige Ingenieur- und wissenschaftliche
Beitrage.

Eine Abschatzung des naturlichen Sonneneinflusses auf den
Klimawandel wurde letztes Jahr vom PMOD/WRC gefiihrten
FUPSOL Konsortium verdffentlicht, in dem die Schlussfolgerung
war, dass in einem Szenario von 4°C Erwarmung innerhalb der
nachsten 100 Jahre eine weniger aktive Sonne bis zu 0.5°C den
Anstieg déampfen kdnnte. Eine solche Abschéatzung ist nicht nur
fUr das volle Verstandnis der Klimaerwarmung wichtig, sondern
auch, um Skeptikern eine kompetente Antwort geben zu kdnnen.

Eine theoretische Rekonstruktion der Variationen der
Sonneneinstrahlung wahrend der letzten 10'000 Jahre wurde
im Jahr 2011 verdffentlicht, und diese Publikation war eine der
einflussreichsten Arbeiten des Instituts. Da in der Zwischenzeit
die Abschéatzung der mdglichen Sonnenschwankungen neu
beurteilt wurde und weil neue Publikationen, die als Basis
bendtigten Rekonstruktionen des sogenannten solaren
Modulationspotenzials neu evaluiert haben, wurde letztes
Jahr eine aktualisierte Rekonstruktion der Sonneneinstrahlung
verdffentlicht. Dass das Institut auch sonst weiterhin zur Frage
des Sonneneinflusses aktive Forschung betreibt, ist aus den
zahlreichen Projekten in diesem Jahresbericht ersichtlich.

Entwicklung und Bau von Instrumenten

Die aktive Rolle des Institutes in der Entwicklung und Auswertung
von Experimenten, die ausserhalb der Erdatmosphéare die
Totale Sonneneinstrahlung messen, war entscheidend flr die
Erweiterung der Beobachtungsbasis, die nétig ist, um den
Sonneneinfluss auf das Erdklima von kurz- bis langzeitiger
Variabilitdt zu beurteilen. Das Institut hat das LYRA Radiometer
gebaut, das auf dem ESA PROBA-2 Satelliten fliegt. Es leitete das
Experiment Solar Variability and Irradiance Monitoring (SOVIM)
auf der ISS und es baute das Precision Monitoring of Solar
Variability (PREMOS) Experiment fiir den franzosischen Satelliten
PICARD. PREMOS war das erste auf das SI-System rickfUhrbar
kalibrierte Weltraum-Radiometer und bestétigte so den neuen
Wert von 1361 Wm-2 der Solarkonstante. Diese fundamentale
Grosse wurde durch die internationale Gemeinschaft als nomi-
naler Wert flr die mittlere Sonneneinstrahlung anerkannt.

Die Entwicklung von Weltraumexperimenten wurde mit dem
Start von CLARA auf dem norwegischen Satelliten NorSat-1
im Jahr 2017 fortgesetzt und geht auch in Zukunft weiter mit
dem Radiometer-Experiment JTSIM-DARA, das als Nutzlast auf
der chinesischen Mission FY-3E, mit geplantem Start im Jahr
2020, mitfliegen wird. Das PMOD/WRC liefert einen DARA-Typus
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Radiometer flr das Joint Total Solar Irradiance Monitor (JTSIM)
Experiment. Ein weiteres DARA Radiometer befindet sich zurzeit
in der letzten Bauphase und wird voraussichtlich ein Jahr spéter
als FY-3E mit der ESA Mission PROBA-3 gestartet.

Dienstleistungsbetrieb Weltstrahlungszentrum

Das PMOD/WRC ist eines der Weltkalibrierzentren der
Meteorologischen Weltorganisation (WMO). Als solches hat
das Observatorium in den letzten zwei Jahrzehnten vier grosse
internationale Pyrheliometer-Vergleiche (IPC) in den Jahren
2000, 2005, 2010 und 2015 organisiert: die IPC Nr. IX bis XII.
Im Weiteren Ubernahm das Weltstrahlungszentrum zusatzli-
che Aufgabengebiete als Kalibrierzentrum fir die Messung von
ultravioletter und infraroter Strahlung und als Kalibrierzentrum
fir Messungen der atmosphérischen Trubung. Alle diese
Kalibriertétigkeiten sind durch die WMO anerkannt. Schon zu
Beginn meiner Tatigkeit am PMOD/WRC habe ich erkannt, dass
die Kalibriertatigkeiten des Weltstrahlungszentrums auch durch
das Internationale Komitee fur Masse und Gewichte (CIPM) aner-
kannt sein sollten. Durch kontinuierliche BemUhungen erreichte
das PMOD/WRC, dass es das einzige nicht-staatliche Mitglied
des Konsultativkomitees fiir Photometrie und Radiometrie wurde.
Die Metrologische Gemeinschaft arbeitet sehr sorgfaltig, und
keine Entscheidung wird hastig geféllt. Dennoch sind mittlerweile
zwei der Kalibrieraufgaben als Kalibrier- und Messkompetenz in
der Datenbank des Buros fur Masse und Gewichte aufgefuhrt.
Die anderen zwei Kalibrierzentren des PMOD/WRC sind zurzeit
mitten im Prozess, ihre Téatigkeiten zu registrieren. Die formelle
Integration der WMO-Aufgaben in die Metrologie-Welt ist essen-
ziell wichtig, da in der Zukunft nur noch Kalibriertatigkeiten aner-
kannt werden, die auf das SI-System rtckfuhrbar sind.

Das zukunftige Weltstrahlungszentrum wird der weltweiten
neuen Definition der Sl-Einheiten folgen und die Standard-
Gruppe von Radiometern als Strahlungs-Referenz aufgeben
mussen. In Zukunft werden die Sonnenstrahlungsmessungen
auf Sl-kalibrierte Messinstrumente zurlickgefUhrt werden. Mit
diesem Ziel hat das Institut in Zusammenarbeit mit dem sch-
weizerischen METAS und dem englischen NPL, beides nation-
ale Metrologie-Institute, das erste Sl-kalibrierte Tieftemperatur-
Sonnenradiometer CSAR entwickelt. Die Absicht ist, dass
dieses Instrument nicht nur als zuktnftige Strahlungsreferenz
dient, sondern, dass mit einem solchen Instrumententyp auch
im Weltraum die Strahlungsmessungen um einen Faktor Zehn
genauer realisiert werden konnen. Flr die nachste Dekade ist eine
ESA Mission TRUTHS geplant, auf der mit diesem Radiometer-
Typ eine neue Strahlungsreferenz realisiert werden soll.

Personelles

Am 22. Februar 2019 ist der ehemalige PMOD/WRC Direktor
Dr. Claus Frohlich verstorben. Er war der Leiter des VIRGO
Experiments auf dem ESA Satelliten SOHO, der 1995 gestartet
wurde. Uber all die Jahre hat er sein Experiment betreut. Wir
sind von seinem Tod Uberrascht worden, da er bis zuletzt an
einer neuen Auswertung der VIRGO Messreihe der Totalen
Sonneneinstrahlung gearbeitet hat. Die Mitarbeiter des PMOD/
WRC nehmen von einem wertvollen und sehr geachteten
Kollegen Abschied.

Dank

Die Graphiken 1 bis 3 illustrieren, wie sich das Observatorium
Davos in meiner Zeit als Direktor entwickelt hat. Ich bin dank-
bar daflr, dass das Institut kontinuierlich expandieren und
seinen Aufgabenbereich erweitern konnte. Das PMOD/WRC
ist finanziell, personell und organisatorisch gut aufgestellt und
mit der gelungenen Kooperation mit der ETH ZUrich sind die
Voraussetzungen geschaffen, dass das Institut fur die Zukunft
gut gerUstet ist. Ich wiinsche meiner Nachfolgerin, Prof. Dr.
Louise Harra, viel Erfolg!

Ich danke dem Préasidenten der Stiftung SFI, Dr. Walter Ammann,
und dem Préasidenten der Aufsichtskommission, Prof. Dr.
Bertrand Calpini, sowie den Mitgliedern der Aufsichtskommission
und des Stiftungsratsausschusses fur die Forderung des PMOD/
WRC Uber all die Jahre. Die Betreuung auf strategischer Ebene
ist fUr ein Institut wie das PMOD/WRC, das sich weit weg von den
Hochschulen behaupten muss, existenziell wichtig. Eine weitere
Person mit einflussreichem positivem Wirken im Hintergrund ist
der standige Delegierte der Schweiz bei der Meteorologischen
Weltorganisation, Peter Binder, Direktor der MeteoSchweiz. Ein
weiteres Dankschon verdient der Quéastor der Stiftung SFI, Heinz
WAélti, der das Observatorium in all den Jahren begleitet hat und
uns ab und zu in Notsituationen aus der Patsche geholfen hat.
Diesen Personen danke ich im Namen des Observatoriums ganz
herzlich.

Weiter danke ich den Partnern flr die Finanzierung des
Weltstrahlungszentrums, dem Bund, dem Kanton Graubtnden
und der Gemeinde Davos, die mit der Grundfinanzierung die
Existenz des Observatoriums ermdglichen.

Meine hohe Wertschatzung gegenluber den Mitarbeitenden
ist die letzte und wichtigste Aussage im Tatigkeitsbericht. Nur
dank der ausgezeichneten Leistung der Mitarbeiterinnen und
Mitarbeiter war der Erfolg des Observatoriums in den vergan-
genen Jahren maglich.
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The PMOD/WRC staff in December 2018 on the roof platform with Lake Davos in the background.
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Metaphorically speaking, the future of the Physikalisch-
Meteorologisches Observatorium Davos and World Radiation
Center (PMOD/WRC) was decided on one day, on the 27t of
September 2018, when four of the five short-listed candidates for
the director's vacancy presented their talks and were interviewed.
One more candidate, who could not be present on that day, was
interviewed a month later. The foundation, “Swiss Research Institute
for High Altitude Climate and Medicine”, of which PMOD/WRC is a
department, was in the comfortable situation that all five candidates
were excellent choices. However, they differed in their vision of how
they would position PMOD/WRC institute in the future. The review
of the candidates was performed by an international committee that
was appointed for this task, and it recommended Dr. Louise Harra,
from Ireland, formerly at the Mullard Space Science Laboratory, UK,
and a professor at the Department of Space and Climate Physics,
University College, London. In my view, her selection will ensure
the continuation of research in solar physics at our institute and
also ensure the exploitation of the investments of Swiss PRODEX
funding for hardware on Solar Orbiter, which will be used for novel
science in Switzerland.

In reality, the process of appointing a new director took much longer
than just the one day mentioned above. In fact, exploratory talks
began with the Department of Physics, ETH ZUrich, several years
ago. The outcome is very solid with the institute being more formally
associated with ETH Zurich, as well as the new director being
appointed as an affiliated professor in the Physics Department. The
vision is that this will trigger synergies between Davos and Zurich.
The strength of both partners should lead to synergies resulting in
an even brighter future than the past 20 years.

The PMOD/WRC has become internationally recognised in the field
of Space Weather, and it was among the pioneers of the emergent

discipline, Space Climate. Its contribution to the theoretical and
technological aspects of the influence of solar irradiance on Earth’s
atmosphere has played a decisive role in the rapid progress and
development of Space Weather and Space Climate (SWSC) over
the past two decades. The institute has oriented its efforts towards
a deeper involvement in SWSC research and it has become a world
leader in experimental and instrumental development. A review by
an international team of experts in 2015 found that the PMOD/WRC
is one of two world-wide leading institutions in the field of Total Solar
Irradiance (TSI) metrology, and provides very high-quality services
to international and national organisations such as the WMO and
space agencies, in particular, ESA. In addition, important scientific
and engineering contributions to similar organisations as well as to
academia were highlighted.

The active role of the institute in the development and exploitation
of space experiments measuring TSI and Solar Spectral Irradiance
has been crucial to broaden observational data sets. Such resulting
databases are necessary to address space climate issues regard-
ing the solar irradiance from short to long-term variability. The insti-
tute built the LYRA radiometer, onboard the ESA PROBA-2 satellite,
it was Pl institute of the Solar Variability and Irradiance Monitoring
(SOVIM) experiment, and Pl institute of the Precision Monitoring of
Solar Variability (PREMOS) instrument onboard the PICARD satel-
lite. PREMOS was the first Sl-traceable calibrated radiometer in
space, and confirmed the new solar TSI value of 1361 Wm™. This
basic value has been adopted by the international community as
the nominal irradiance value.

The development of space experiments continued with the launch
of CLARA in 2017 and into the future with the upcoming radiom-
eter experiment, JTSIM-DARA, a payload on the Chinese FY-3E
mission, whose intended launch date is in 2020. PMOD/WRC

P - cccccccccccoooo= | - - - - —c—ccccccooocoocoooooooooo
New WRC Section:
WORCC
New WRC Section:
T~~~ Infrared Fo==-=-====\ f--=-====--~ = - - P = - -
5 New finance period:
T " " """\ N u . - 2016-2019
9 New WRC Section: \
EI_><, L RRy Ry -B-B-3- WCC-Uv - - Figure 1. Funding devel-
T opment of the World
© Foundation tax term- ‘ Radiation Center from
1L inated (compensated _ N - 2000 to 2018.
by Gemeinde Davos)
O A
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year

[ W Foundation tax M Rent of institute building

Gemeinde Davos B Canton Grison B Swiss Federal Government ]




Introduction |7

0

2000 2002 2004 2006 2008 2010

Year

Figure 2. Revenue devel-
opment of the PMOD/
WRC from 2000 to 2018.

2012 2014 2016 2018

B WRC Revenue (Federal & Regional)
O Third-party funding

B Calibrations and other income
@ Building renovation

@ Instrument sales

is contributing a DARA-type radiometer to the Joint Total Solar
Irradiance Monitor (JTSIM) experiment. The other DARA radiometer,
for ESA's technology satellite PROBA-3, is also in its final develop-
ment phase with a launch probably one year later than FY-3E.

PMOD/WRC is one of the World Calibration Centers of the World
Meteorological Organisation. As such, the institute organised four
large international comparisons in the years 2000, 2005, 2010,
and 2015; the so-called International Pyrheliometer Comparisons,
IPC Nr. IX to XIl. In addition, during the time of Werner Schmutz as
director, the PMOD/WRC took on the additional responsibilities as
a calibration center for ultraviolet and infrared radiation, and as a
calibration center for aerosol optical depth determinations. All these
calibration center activities are designated by WMO. It was realised
early on that the calibration tasks of the WRCs should be recog-
nised by the International Committee of Weights and Measures
Mutual Recognition Arrangement (CIPM MRA). Through continued
efforts, PMOD/WRC is now the only non-nation member of the
Consultative Committee for Photometry and Radiometry (CCPR).
The metrology community works very carefully, with no decisions
made in haste, but it has already listed two of the PMOD/WRC
WMO calibration tasks as Calibration Measurement Capabilities
(CMQ) in the data base of the International Bureau of Weights and
Measures (BIPM). The other two calibration centers at the institute
are also in the process of being integrated as CMCs. The formal
integration of WMO activities in the framework of CIPM MRA is
very important as only Sl-traceable calibrations will be recognised
in the future.

The future of the WRC will be to adopt the new definitions of the
Sl units, and it will have to take the step of abandoning the cur-
rent World Radiation Reference, which is a conventional artifact as
the prime reference, and to define the solar irradiance reference
via realisation of Sl calibrated instruments. Toward this goal, the

institute has developed the first calibrated cryogenic detector for
solar irradiance in collaboration with METAS (Switzerland) and NPL
(England). The plan is that such an instrument will not only serve as
a future detector-based, ground-reference but that this calibration
will also be transferred to space with the TRUTHS mission, which
is proposed to fly in the next decade.

The evolution of the PMOD/WRC in the past 19 years is illustrated
in Figures 1 to 3. Basically, the funding of the World Radiation
Center has doubled whereas the turnover of the whole institute
has nearly tripled.

| acknowledge the continued and full support of the Supervising
Commission and the Board of Trustees and as a final note, | would
like to express a deeply felt appreciation for my staff. It is primarily
their dedication to our activities, which has made the institute’s
success possible.
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Figure 3. Development of staff numbers in full-time equivalent jobs from
2000 to 2018.
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Obituary Claus Fréhlich

Werner Schmutz

Until almost his last day, Claus Frohlich put his heart and soul into
being a researcher. He was born on 10 October 1936, and came
to Davos and the Physikalisch-Meteorologisches Observatorium
Davos (PMOD) in 1969 as a physicist. His PhD thesis in the field
of solid-state physics at the ETH Zurich was awarded a medal in
the same year. With his willingness to take over the leadership of
the newly created World Radiation Center, the specialist in heat
conduction enabled the Center to be established at PMOD and,
as such, revived the institute’s traditional focus on instrument
development.

In 1975, Froéhlich took over as institute director and in the same
year oversaw the relocation of the now PMOD/WRC institute to
the former schoolhouse of Davos Dorf, and subsequently its offi-
cial opening two years later. Until his retirement in 1999, Frohlich
was also a lecturer at the ETH Zurich until 2001 when he was 65.

An important milestone for the development of the PMOD/WRC
was the development of space experiments under the direction of
Claus Fréhlich. His most important project, the VIRGO (Variability
of Solar Irradiance and Gravity Oscillations) space experiment,
was managed by him even after retirement. Through instruments
onboard the SOHO (Solar and Heliospheric Observatory) satellite,
operating since 1995, he was able to study solar irradiance vari-
ability in an eleven-year cycle. As the mission, originally planned
for three years, still provides data to this day, Claus Fréhlich was
examining the possible variability over an even longer period of
time. Only a few days before his death on 22 February 2019, he
was working on the latest calibration parameters, which ensure
the continuity of the data.

The PMOD/WRC offers a valuable and very respected colleague
our deepest regards.

Nachruf Claus Frohlich

Bis fast zu seinem letzten Tag war Claus Frohlich Forscher mit
Leib und Seele. Nach Davos und ans PMOD kam der am 10.
Oktober 1936 in ZUrich geborene Physiker im Jahre 1969. Seine
Doktorarbeit im Bereich Feststoffphysik an der ETH ZUrich war
im gleichen Jahr mit einer Medaille ausgezeichnet worden. Mit
seiner Bereitschaft , die Leitung des neu geschaffenen World
Radiation Center zu Ubernehmen, machte der Spezialist flr
Warmeleitung dessen Ansiedlung am PMOD erst moglich und
liess als solcher die traditionelle Ausrichtung des Instituts auf
Instrumentenentwicklung verstarkt aufleben.

1975 Ubernahm Fréhlich die Gesamtleitung und Ubersah im
gleichen Jahr den Umzug des nunmehr PMOD/WRC genannten
Instituts ins ehemalige Schulhaus der Fraktionsgemeinde Dorf
und seine zwei Jahre spéter stattfindende offizielle Eréffnung.
Bis Uber seine 1999 erfolgte Pensionierung hinaus, war Fréhlich
ausserdem als Dozent an der ETH Zurich tétig.

Ein wichtiger Meilenstein fur die Entwicklung des PMOD/WRC
war, dass das Observatorium unter der Leitung von Claus Frohlich
begann, Weltraumexperimente zu entwickeln. Sein wichtigstes
Projekt, das Weltraumexperiment VIRGO betreute er auch noch
nach der Pensionierung. Mittels des 1995 an Bord des Satelliten
SOHO platzierten Instruments konnte er die Variabilitat der Intensitat
der Sonnenstrahlen in einem Elf-Jahres-Rhythmus aufzeigen. Da die
urspringlich auf drei Jahre geplante Mission bis heute noch immer
Daten liefert, nahm sich Claus Frohlich vor, eine mdgliche Variabilitat
Uber einen noch grosseren Zeitraum zu Uberprtfen. Noch wenige
Tage vor seinem Tod arbeitete er an den neuesten, die Kontinuitat
der Daten sicherstellenden Kalibrierungsparametern.

Das PMOD/WRC entbietet einem wertvollen und sehr geachteten
Kollegen seinen letzten Gruss.
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Quality Management System, Calibration Services, and Instrument Sales

PMOD/WRC Quality Management System (QMS)

The World Radiation Center has six different Calibration and
Measurement Capabilities (CMCs) listed in the KCDB of BIPM.
These include:

e Responsivity, solar irradiance pyranometer (1)
e Responsivity, solar irradiance pyrheliometer (1)
e Responsivity, solar irradiance broadband detector (4)

Depending on the instrument's wavelength range, the CMCs
belong to different WRC calibration sections. The modification
of the four broadband detector CMCs with lower uncertainties,
was approved on 28 November 2018 and published on the
BIPM key comparison database in May 2019. Two new CMCs
for QASUME spectral solar irradiance were approved on 3 May
2019 and published on the BIPM key comparison database in
May 2019. No changes occurred in personnel regarding functions
or responsibilities within the QMS.

Supervisory Directorate
Board
Quality
Manager
| |
External Internal A
Services Services
Administration
WRC-SRS Electronics
WRC-WCC-UV Mechanics Radiometry
WRC-IRS IT Climatology
WRC-WORCC Workshop
Laboratory

Figure 1. PMOD/WRC Quality Management System: Organisational
chart. The WRC-SRS, WRC-WCC-UV and WRC-IRS sections (in blue)
perform calibrations according to the EN ISO/IEC standard 17025.

Quality Management System Activities

In 2017, the modification and update of the entire QMS docu-
mentation began, and a more uniform structure and numbering
system was achieved. This task was finalised and completed
in 2018. In April 2018, PMOD/WRC presented its QMS and a
summary of the last five years to the Technical Committee for
Quality (TC-Q) of EURAMET. National Metrology Institutes (NMI)
and Designated Institutes (D) are re-evaluated every 5 years by
the TC-Q to verify conformity of the applied QMS against the
standard ISO 17025 and to prove the QMS functionality in daily
life. The outcome of this assessment was very positive, and we
passed the re-evaluation without any issues.

Silvio Koller, Wolfgang Finsterle, Julian Grébner, and Daniel Pfiffner

Calibration Services

The overall number of calibrations in 2018 was 202 within the
different WRC calibration sections, and is similar to the long-term
average shown in Figure 2.

Solar Radiometry Section (WRC-SRS)

In 2018, the WRC-SRS section calibrated 24 pyrheliometers
and 81 pyranometers. All certificates were issued with the CIPM
MRA logo for mutual recognition. The SRS participated in the
Baltic Region Pyrheliometer Comparison (BRPC-2018), which
was organised by the Swedish Meteorological and Hydrological
Institute (SMHI) at their site in Norrkdping, Sweden, as well as in
the National Pyrheliometer Comparison, NPC-2018, at NREL in
Golden, Colorado, USA (Figure 3).

Infrared Radiometry Section (WRC-IRS)

The WRC-IRS section performed calibrations on 45 pyrgeometer
and one Infrared Integrating Sphere (IRIS) radiometer in 2018.
The IRS section attended inter-laboratory comparisons at the
German National Metrology (PTB), Germany, with the IRIS radi-
ometer, shown in Figure 4.

Atmospheric Turbidity Section (WRC-WORCC)

The WRC-WORCC section calibrated 19 Precision Filter
Radiometers (PFR) against the WORCC Triad standard. In addi-
tion, three Precision Solar Spectroradiometers (PSR) were cali-
brated against a PTB reference standard.

World Calibration Center for UV Section (WRC-WCC-UV)

The WCC-UV section calibrated 20 UVB broadband radiometers
and issued 68 certificates. The certificates typically cover different
characteristics of the radiometers.

In addition, this section performed two lamp/diode calibrations.
Five spectroradiometers were calibrated against the QASUME
travelling reference. These calibrations resulted in 76 certificates,
23 of them with the CIPM MRA logo.

In conjunction with an inter-laboratory comparison, the PTB also
performed lamp calibrations over the 250-2500 nm wavelength
range for PMOD/WRC.
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Figure 2. Statistics of instrument calibrations at PMOD/WRC for the
2006-2018 period. Remark: One instrument can result in more than
one calibration certificate.

Figure 3. Christian Thomann (right; PMOD/WRC) and Markus Suter
(Davos Instruments) during the NPC-2018 campaign in Golden, USA.

Figure 4. IRIS during the inter-laboratory comparison at PTB, Germany.

Instrument Sales

In 2018, PMOD/WRC sold the following instruments:

e Two PMOB6-CC absolute radiometers to Indonesia and
Spain.

e One Ventilated Heating System (VHS) to Germany.

e One Spectral Irradiance Calibration System for 1000 W
standard lamps.
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Figure 5. Number of PMOD/WRC instruments sold from 2008 up to
and including 2018: i) IRCCAM = Infrared Cloud Camera, ii) VHS =
Ventilated Heating Systems, iii) PSR = Precision Spectroradiometer, iv)
IRIS = Infrared Integrating Sphere Radiometer, v) PFR = Precision Filter
Radiometer, vi) PMO6-CC = absolute cavity pyrheliometer, and vii) ICS
= Irradiance Calibration System.
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The Solar Radiometry Section (SRS) of the WRC maintains and
operates the World Standard Group (WSG) of Pyrheliometers
which represents the World Radiometric Reference (WRR) for
ground-based total solar irradiance measurements. The SRS
operates a calibration laboratory according to the laboratory
standard ISO/IEC 17025 for solar radiometers (pyrheliometers
and pyranometers).

In 2018, the SRS/WRC calibrated 105 radiometers: These con-
sisted of 81 pyranometers, 18 pyrheliometers with a thermopile
sensor and six absolute cavity radiometers. The WSG was oper-
ated on 74 days and the Cryogenic Solar Absolute Radiometer
and Monitor for Integrated Transmittance (CSAR/MITRA) on 6
days.

The 2018 calibration season at the SRS/WRC had to be accom-
plished without a regular laboratory technician. This situation
arose because the position could not be filled due to a recruit-
ment freeze as a result of budget restrictions. Thankfully, two
staff members from the technical department were trained to
temporarily fulfill the calibration tasks besides their regular duties.
The situation intensified when the CSAR/MITRA scientist left
PMOD/WRC. Luckily a new laboratory technician was hired for
the upcoming 2019 calibration season who will also be able to
operate CSAR/MITRA.

From March to May 2018, two undergraduate students from
Silpakorn University (Nakhon Pathom, Thailand) visited PMOD/
WRC. They were sponsored by the Thai Development and
Promotion of Science and Technology Talent Project (DPST) to
test and optimise a calibration method for pyranometers at PMOD/
WRC using satellite data. This new method had been developed to
facilitate the calibration of remote solar radiation stations. Another
project was to analyse the performance of a solar cell.

Figure 1. The WRC-SRS transfer standard group is set up and config-
ured for the low-irradiance calibration experiment at SMHI in Norrkdping,
Sweden in the early morning on 5 May 2018.

Solar Radiometry Section (WRC-SRS)

Wolfgang Finsterle

Table 1. The WRR correction factors for the three transfer standard
pyrheliometers determined during the BRPC-2018 and NPC-2018
agree extremely well with the results from IPC-XIl in 2015. The US
standard group, maintained by NREL, served as the independent
reference during NPC-2018. The observed relative changes are well
below the significance threshold of the comparison and confirm the
stability of the WSG. Standard uncertainties (standard deviation/num-
ber®®) are <0.01%.

IPC-XII
2015) BRPC-2018 | NPC-2018

PMO6-CC 1.020799 1.02086 1.02097

0401

PMO6-CC 1.000335 1.00052 1,00005

0803

AHF 32455 1.001380 1.00114 1.00140

The SRS participated in the Baltic Region Pyrheliometer
Comparison (BRPC-2018), which was organised by the Swedish
Meteorological and Hydrological Institute (SMHI) at their site in
Norrkdping, Sweden, as well as in the National Pyrheliometer
Comparison, NPC-2018, at the National Renewable Energy
Laboratory (NREL), Golden, Colorado, USA. Two PMO6-CC and
one AHF absolute cavity radiometers served as the SRS transfer
standard in both comparisons. The weather conditions were
excellent during the entire BRPC-2018 and most of the NPC. A
low-irradiance calibration experiment was performed on one day
of the BRPC-2018. The instruments were set up as early as 2:30
UTC (4:30 local time) to capture the irradiance curve during the
slow Swedish sunrise (Figure 1). With irradiance levels as low as
400 Wm?, all particpating pyrheliometers still agreed well which
each other as well as the reference. This important aspect gives
confidence in the calibration results obtained at high-latitude sites
where the Sun barely skims the horizon.

The results of NPC-2018 were published in the NREL technical
report, NREL/TP-1900-72607. They confirm that the WSG has
been stable since the last IPC (see Table 1). Results from the
BRPC-2018 are also shown in Table 1, and have been distributed
to the participants by the organiser.

Regular confirmation of the stability of the WSG through partici-
pation in pyrheliometer comparisons is required by ISO 17025 to
maintain the Calibration and Measurement Capabilities (CMCs)
of the SRS Section.

The SRS is leading the revision process for the ISO 9060 inter-
national standard (Solar energy — specification and classifica-
tion of instruments for measuring hemispherical and direct solar
radiation). One committee meeting and several telephone con-
ferences were held in 2018 before a new International Standard
was published. The International Standard introduces a new clas-
sification scheme for pyranometers and pyrheliometers based on
application-specific requirements.
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Infrared Radiometry Section (WRC-IRS)

Julian Grébner, Christian Thomann, and Stephan Nyeki

The Infrared Radiometry Section of the WRC maintains and oper-
ates the World Infrared Standard Group of pyrgeometers (WISG)
which represents the world-wide reference for atmospheric long-
wave irradiance measurements.

The WISG serves as the atmospheric longwave irradiance refer-
ence for the calibration of pyrgeometers operated by institutes
around the world. The WISG has been in continuous operation
since 2004, and consists of four pyrgeometers which are installed
on the PMOD/WRC roof platform. The measurements of the
individual WISG pyrgeometers with respect to their average are
shown in Figure 1 for the period 2004 to the end of 2018. As
can be seen, the long-term stability of the WISG is very satisfac-
tory, with measurements from the four pyrgeometers agreeing
to within £1 Wm™ over the whole time period.

A very generous loan from the National Renewable Energy
Laboratory (NREL) saw the delivery of an Absolute Cavity
Pyrgeometer (ACP) to the WRC-IRS. The objective is to establish
a group of independent radiometers providing longwave irradi-
ance measurements traceable to Sl, to which the WISG will be
regularly compared and calibrated. The ACP will be operated
alongside the IRIS radiometers during clear sky nights on the
PMOD/WRC measurement platform.

In 2018, two PMOD/WRC IRIS radiometers were characterised at
the NPL (National Physical Lab., England) and PTB (Physikalisch-
Technische Bundesanstalt, Germany) facilities within the EMPIR
METEOC-3 project to determine their spectral responsivity and to
determine their temperature dependence. The spectral respon-
sivity of three IRIS detectors were determined at the NPL infrared
spectral responsivity facility over the 1-20 um wavelength range,
while their temperature dependence was characterised in the
Reduced Background Calibration Facility-2 at the PTB (Figure 2)
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Figure 1. Night-time atmospheric longwave measurements of the WISG
pyrgeometers relative to their average. The coloured lines represent a
30-day running mean of each WISG pyrgeometer, while grey-shaded
areas represent daily measurements.

Figure 2. The Reduced Background Calibration Facility-2 at the PTB.

for values from -10°C to +25°C. The development of a dedicated
blackbody for IRIS calibrations by PTB is progressing well and
first tests are scheduled for the second half of 2019, with the aim
of validating the calibrations obtained so far with the PMOD/WRC
blackbody with those obtained from this new blackbody.

During its 17" session on 12-16 October 2018, the Commission
for Instruments and Methods of Observation (CIMO) strength-
ened the role of the WISG as the reference standard for
atmospheric longwave irradiance measurements, by adopting
Resolution 1, and establishing a Governance framework for the
WISG and its traceability to the International System (SI) of Units.
The Governance framework is comprised of an advisory group
of at least five experts, appointed by the CIMO president for
each International Pyrgeometer Comparison (IPgC) to review and
report on the status and stability of the WISG, and to provide
advice on maintaining and improving traceability of atmospheric
longwave irradiance measurements with respect to SI through
the IPgC (CIMO-XVII, 2018).

Furthermore, CIMO adopted Decision 3 during CIMO-XVII, wel-
coming the reconfirmation by Switzerland of its commitment to
ensure a sustainable governance and management by PMOD/
WRC to support the organisation of the next IPC and IPgC in
2020. These comparisons represent CIMO high priority events
that enable the traceability assurance for short and longwave
radiation measurements, and ensure regular evaluation of the
WSG and WISG. As stated in the justification to Decision 3, these
events are essential to ensure high quality, traceable measure-
ments of solar and longwave irradiance.

References: CIMO-XVII, WMO-No. 1227, 2018.
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The Atmospheric Turbidity Section of WRC maintains a standard
group of three Precision Filter Radiometers (PFR) that serve as a
reference for Aerosol Optical Depth (AOD) measurements within
WMO. WORCC also operates the global GAW-PFR AOD network.

The WORCC standard group of three PFRs (referred to as the
"PFR triad") was established in 2005 by WORCC in order to fulfil
the WMO mandate regarding: "homogenisation of global AOD
through provision of traceability to the World Standard Group
(WSG) of spectral radiometers for contributing networks at co-
located sites and/or periodic international filter radiometer com-
parisons, and further standardisation of evaluation algorithms."
Since 2005, five different well-maintained instruments have been
used as part of the PFR triad. In the 13 years of 1-minute meas-
urement data, >99% of retrieved AOD lies within the WMO U95
criterion, at all wavelengths. All differences of individual instru-
ments with the triad are well within +0.005 with only small shifts
for different PFRs and particular wavelengths (Kazadzis et al.,
2018).

Annual quality assured data from seven GAW-PFR stations were
updated and submitted to WDCA. In 2018, one instrument from
the GAW-PFR network and 19 instruments (17 PFRs from the
extended GAW-PFR network, one POM and one SPO-L) were
calibrated against the PFR reference triad at Davos.

Long-term measurements at four polar stations were analysed
and presented at the Polar 2018 conference in June 2018 at
Davos, Switzerland. Figure 1 presents results from Troll (TRO),
Marambio (MBI), Summit (SUM), and Ny—,&lesund (NYA) polar
stations.

The lunar PFR participated in the first multi-instrument nocturnal
AOD intercomparison campaign that was held at the high-moun-
tain Izana Observatory (Tenerife, Spain) in June 2017, involving
2-min synchronous measurements from two different types of
lunar photometers (Cimel CE318-T and Moon Precision Filter
Radiometer, Lunar-PFR) and one stellar photometer. The AOD
was retrieved by performing a Langley-plot calibration each
night which showed a remarkable agreement (better than 0.01)
between the lunar photometers. However, when applying the
Lunar-Langley calibration using the RIMO lunar model, AOD dif-
ferences of up to 0.015 were found, partly linked to the uncertain-
ties in the irradiance models, as well as instrumental deficiencies
yet to be fully understood. The Lunar-PFR was also deployed at
Ny Alesund from November 2017 to March 2018 and November
2018 to March 2019 for AOD monitoring during the polar winter
in the framework of the SIOS project, https://sios-svalbard.org/
InfraNor.

WORCC have started a close collaboration with AERONET
Europe and SKYNET Europe and Asia. A memorandum of
understanding, including a four year collaboration plan, has been
signed with CNR, ltaly (representing Skynet Europe) for close
scientific collaboration on the traceability of SKYNET instruments

Atmospheric Turbidity Section (WRC-WORCC)

Stelios Kazadzis, Natalia Kouremeti, and Julian Grébner

*TRO e MBI e NYA ¢ SUM

0.2

£ o

c

o « 8 -

B o I % -

®0.1 N LI Fy 5

o R A . B A SR s 5

- &;“3%%"""'%'&3' ‘%‘

¢ i

[ RET A DR 9.{‘,
2000 2004 2008 2012 2016

Year

Figure 1. AOD at 500 nm at four polar stations using PFR instruments.

linked to the PFR triad. Under this agreement, a reference POM-2
instrument was calibrated at Davos from August—-September
2017. In addition, a PFR instrument participated in the Quatram
campaign (www.euroskyrad.net/quatram.html) from October
2017 to May 2018. The PFR was used as a reference sunpho-
tometer for this campaign with the participation of a number of
different instruments. A main objective is the initiation of an AOD
traceability study of instruments among already existing feder-
ated networks, and to promote measurement synergies.

WORCC in collaboration with the AERONET main calibration
facilities has worked towards an assessment of the suitability of
the high-mountain stations Mauna Loa (USA) and Izaha (Spain)
for Langley plot calibrations of sunphotometers. The data used
for the investigations belong to the AERONET and GAW-PFR
networks, which maintain reference sunphotometers at these
stations with long measurement records: 22 years at Mauna Loa
and 15 years at Izana. Results showed that analysis of the long-
term determination of extraterrestrial signals yields a calibration
uncertainty of ~0.25-0.5%, where the uncertainty is smaller in
the visible and near-infrared wavelengths and larger in the ultra-
violet wavelengths (Toledano et al., 2018).

Three new Precision Spectroradiometers (PSR) were produced
at PMOD/WRC and were operational during 2018. The instru-
ments are operating in Davos in parallel to the PFR triad to inves-
tigate their stability and accuracy.

Kazadzis S., Kouremeti N., Hansen G., Stebel K.,
Aaltonen V., Rodriguez E., Nyeki S.: 2018, Polar
Conference, Davos, June 2018.

References:

Kazadzis S., Kouremeti N., Nyeki S., Grébner J., Wehrli
C.: 2018, Geo. Instrum. Meth. Data Syst., 7, 39-53, doi.
org/10.5194/gi-7-39-2018.

Toledano C., et al.: 2018, Atmos. Chem. Phys., 18,
14555-14567, doi.org/10.5194/acp-18-14555-2018.
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World Calibration Centre for UV (WRC-WCC-UV)

Julian Grébner, Gregor Hdlsen, and Luca Egli

The objective of the World Calibration Center for UV (WCC-UV) of
WMO GAW is to assess the data quality of the Global GAW UV
network and to harmonise the results from monitoring stations
and programmes in order to ensure representative and consist-
ent UV radiation data on a global scale.

The WCC-UV portable reference spectroradiometer, QASUME,
was used during three quality assurance site visits. In June, we vis-
ited the Arctic Space Centre of the Finnish Meteorological Institute
(FMI) in Sodankyld, Finland. It was the 4™ audit at this station,
after 2003, 2007 and 2014. In addition to the two Brewer spec-
trophotometers operated by FMI, a Bentham DM150 from Tartu,
Estonia, joined the campaign (Figure 1). Thereafter, we audited the
FMI headquarters, Helsinki, for the first time after the relocation of
instruments from the station in Jokioinen (Figure 2). In September,
we organised the 3™ visit to the Univ. Reading, England, after 2003
and 2012. Reports describing the results of the campaign can
be found on the QASUME website (see links at bottom of page).

Laboratory improvements: The 1000 W irradiance source of
the spectral responsivity facility (SRF) was replaced by a 450 W
Xe-lamp without UV-Stop quartz glass. The lamp coupling to the
Acton SP2500 spectroradiometer was simplified by reducing the
number of optical elements. These modifications are expected to
improve the measurement temporal stability, and consequently, to
reduce the calibration uncertainty. The modification resulted in a
similar output power even though the lamp power was a factor 2
lower. Due to a power supply fault, the lamp system from the angu-
lar response facility was replaced by a Newport Xe-lamp system.

As described in Grobner et al. (2017), a collimator tube (Figure 3)
was designed for the QASUME entrance optic to perform direct
solar spectral irradiance measurements with a full field-of-view of
2° As demonstrated in the EMRP project, ATMOZ, these meas-
urements can be used to retrieve total column ozone (Vaskuri et
al., 2018) and aerosol optical depth over the 300-500 nm range.

Figure 1. Installation of the QASUME spectroradiometer (left) and the
Bentham from Tartu (right) next to the two local Brewer spectropho-
tometers (background) during a site audit at FMI Sodankyla, Finland.

Figure 2. The new location of Brewer #107 (left) on the roof at the FMI
headquarters in Helsinki, Finland.

Figure 3. The QASUME portable reference spectroradiometer measur-
ing direct irradiance on the PMOD/WRC roof. The input optic is at the
end of the 940 mm long collimator tube.

Four updated CMCs for broadband filter radiometer responsivity
calibrations were approved by the CCPR in 2018 and have been
published on the KCDB website. The new expanded uncertain-
ties for UV Index, UVB, UVA and total UV irradiance are now
between 3.0% to 3.5%. Furthermore, two CMCs for spectral
solar responsivity and for solar spectroradiometer calibrations
were recently approved and are published in the KCDB data-
base. Through these CMCs, solar spectral irradiance measure-
ments with QASUME are now traceable to Sl, and will allow fully
Sl traceable calibrations to be conducted during QASUME site
visits.

Results of all the QASUME site audits and reports of the cam-
paigns can be found on the WCC-UV website: www.pmodwrc.
ch/weltstrahlungszentrum/wcc-uv/ and www.pmodwrc.ch/en/
world-radiation-center-2/wcc-uv/qasume-site-audits/

References: Grobner J., Kroger |, EgliL., Hilsen G., Riechelmann S.,
Sperfeld P.: 2017, Atmos. Meas. Tech., 10, 3375-3383,
doi.org/10.5194/amt-10-3375-2017.

Vaskuri A., Karha P, Egli L., Grébner J., lkonen E.: 2018,
Atmos. Meas. Tech., 11, 3595-3610, doi.org/10.5194/
amt-11-3595-2018.
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Section Ozone: Total Column Ozone and Umkehr Measurements

Operational Total Column Ozone and Umkehr measurements are
performed at PMOD/WRC with two Dobson and three Brewer
spectrophotometers to monitor the stratospheric ozone layer,
hence extending the world's longest continuous total ozone time-
series at Arosa and Davos, Switzerland.

With the agreement between MeteoSwiss and PMOD/WRC Davos
in 2018 to continue the Arosa stratospheric 0zone measurements
from 2019 onwards in Davos, the world's longest total column
ozone time-series somewhat returns to its origins. In 1914, F. W.
Paul Gétz went for health reasons to Davos and worked at the
“Observatorium Dorno”, the predecessor institution of the PMOD,
for a few months in 1919-1920. He then moved to Arosa, where
solar UV data were collected with an instrument based on a photo-
electric cadmium cell, borrowed from Dorno (Staehelin et al., 2018).

In 1926, Gotz founded the “Lichtklimatisches Observatorium” (LKO)
in his newly-built house, “Firnelicht”, which was equipped with a
Fabry-Buisson type of solar spectrophotometer. In the same year,
he began a collaboration with G. Dobson, an Oxford physicist and
meteorologist. Arosa thus became one of six worldwide stations
to house one of the first series of Dobson spectrophotometers. In
the following decades, several Dobson instruments were used in
Arosa (Figure 1). Several years after Gotz’ death in 1954, the ETH
ZUrich took responsibility of the LKO under the auspices of H.U.
Dutsch. Two Dobson instruments have been used in parallel (D015,
D101) since 1967, while Umkehr measurements to calculate coarse
vertical ozone profiles have also been conducted since 1956.

After the retirement of Dltsch, MeteoSwiss became the respon-
sible institution for the ozone measurements, which led to a sig-
nificant extension of the instruments used in Arosa. Three Brewer
spectrophotometers were subsequently installed in 1988, 1991
and 1998, and a hitherto semi-automated Dobson (D051) was
fully-automated to measure Umkehr profiles.

In about 2011, MeteoSwiss became aware of the critical situation
at the LKO regarding personnel changes, and the question of the
transfer of measurements to the much larger PMOD/WRC arose,
which would also allow synergy effects between both observa-
tories. The key question was whether the world's longest, best-
established and most-documented total ozone time-series could
be transferred from Arosa to Davos, despite a horizontal distance
between both locations of only 13 km, and an altitude difference
of 260 m (Davos 1585 m, Arosa 1847 m).

As a first step, one of the Brewers (B072) from the Arosa triad
was transferred to Davos in November 2011, where the double
monochromator Brewer B163 had been measuring since 2007.
At the same time, the LKO Dobsons were converted from their
manual mode to fully automated instruments in 2012 (D051, D0O62)
and 2014 (D101), a project that ran under the auspices of R. Stubi
from MeteoSwiss. D051 was also occasionally used for total ozone
measurements, thus becoming part of a Dobson spectrophotom-
eter triad. In mid-January 2016, Dobson 101 was also transferred

Julian Grébner, Herbert Schill, and Luca Egli
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Figure 1. Homogenised total ozone D101 AD data from Arosa, for
1926-2018, and instruments used in the time-series.

to Davos for parallel measurements. Animportant step was the slit-
characterisation of this instrument at the Physikalisch-Technische
Bundesanstalt, Braunschweig (Germany) within the EMRP project,
ATMOZ in spring 2017 to obtain more precise ozone absorption
coefficients. Both BO72 and D101, as well as B163, were regularly
taken back to Arosa for the biennial comparison with respect to the
European reference Brewer from Izafa, and the European refer-
ence Dobsons from Hradec Kralove (2017) and Hohenpeissenberg
(2018) in order to keep the instrument calibrations up-to-date.

In two peer-reviewed publications, Stibi et al. (2017) analysed the
long-term stability of the Brewer triad in Arosa, and the effects
after five years (2012-2016) of parallel measurements of BO72 in
Davos versus the two other Brewers (B040, B156) in Arosa. The
conclusion was “that the ozone column series initiated at Arosa
in 1926 would not be disrupted by a change of site. Local factors
potentially influencing the measurements are below the measure-
ment uncertainty and stay below the long-term stability of the
Brewer instruments and within the uncertainties associated with
the calibration procedures of the Brewer network" (Stubi et al.,
2017). A similar study for the Dobson instruments is in preparation.

Following these encouraging results, PMOD/WRC signed a
contract with MeteoSwiss to take responsibility of the opera-
tional aspects and quality assurance of the stratospheric ozone
measurements in Davos. In autumn 2018, two more instruments
(B156, D0O51) were transferred from Arosa to Davos. One Brewer
(BO40) and one Dobson (D062) will remain for a period of another
2 years in Arosa so that a total overlapping period of 10 years
between boths sites is attained.
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