pmod wrc

A | Report
satresperiont 2012



PMOD/WRC

Physikalisch-Meteorologisches Observatorium Davos und Weltstrahlungszentrum

Mission
Das PMOD/WRC

dient als internationales Kalibrierzentrum fir 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) beschéftigt 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 hochpréazisen
Absolut-Radiometern. Auf weitere Anfragen der WMO wurden 2004 das Kalibrierzentrum flir Messinstrumente der atmosphérischen
Langwellenstrahlung eingerichtet und 2008 das Kalibrierzentrum flr spektrale Strahlungsmessungen zur Bestimmung der atmo-
sphéarischen Tribung. Seit 2007 wird auch das Européische UV Kalibrierzentrum durch das Weltstrahlungszentrum betrieben. Das
Weltstrahlungszentrum besteht heute aus vier Sektionen:

Solare Radiometrie

Infrarot Radiometrie

Atmospharische Tribungsmessungen (WORCC)
Européisches UV Kalibrierzentrum.

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

Das PMOD/WRC entwickelt und baut Radiometer, die zu den weltweit genauesten ihrer Art gehdren 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 fur und World Radiation Center (PMOD/WRC)
Hochgebirksklima und Medizin in Davos. Dorfstrasse 33

7260 Davos Dorf
Schweiz
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Dienstleistungsbetrieb Weltstrahlungszentrum

Die Anzahl Kalibrierauftrage nahm seit Jahren stetig zu. Im
Berichtsjahr ist dieser Trend zum ersten Mal gebrochen worden
und die Zahl der kalibrierten Instrumente ist gegentber dem
Vorjahr leicht zurtickgegangen. Es bleibt die kinftigen Jahre
abzuwarten, um entscheiden zu kdnnen, ob dies nun eine
Plafonierung der Kalibriertétigkeit bedeutet oder ob es sich nur
um eine temporére Fluktuation handelt. Die Unterscheidung
der zwei Moglichkeiten ist flr das Institut sehr wohl bedeut-
sam. Wahrend eine stetig anwachsende Kalibriertatigkeit die
Mdglichkeiten des Weltstrahlungszentrums bald belasten und
Uberfordern wirde, ware eine Stabilisierung der Kalibriertatigkeit
passend fur das Institut mit seiner derzeitigen Finanzierung und
der neu renovierten Infrastruktur. Die Entwicklung muss verfolgt
werden und unter Umstanden braucht es eine entsprechende
Anpassung der Grundfinanzierung fUr die Periode 2016-2019.
Erfreulich ist, dass das Ultraviolett Kalibrierzentrum entgegen
dem Gesamttrend wesentlich an Auftrdgen zulegte. Dies ist auf
den Ubergang eines Europaischen UV Zentrums auf ein Welt
UV Zentrum zurtckzufihren und zeigt, dass das Zentrum einem
Bedurfnis entsprach. Die offizielle Ernennung der UV Sektion
zum Weltkalibrierzentrum — World Ultraviolett Calibration Center —
erfolgte zu Beginn des laufenden Jahres und somit ist nun das
WUVCC die vierte Sektion des Weltstrahlungszentrums.

Parallel zu den Dienstleistungen als Weltstrahlungszentrum der
Meteorologischen Weltorganisation ist das PMOD/WRC auch
Unterzeichner der gegenseitigen Anerkennungs-Abkommen
der Meterkonvention des Internationalen Buros fur Mass und
Gewicht. Von den verschiedenen Komitees des Buros ist das
Konsultative Komitee fur Photometrie und Radiometrie das fur
das PMOD/WRC mit seiner Aufgabe als Weltstrahlungszentrum
relevante Gremium. Bisher konnte das Observatorium als desig-
nierte Organisation des Eidgendssischen Instituts fir Metrologie
an den Tagungen dieses Komitees teilnehmen. Zusatzlich zu
dieser Mdglichkeit ist nun das Observatorium Davos vom
Internationalen Komitee fir Mass und Gewicht als volles Komitee-
Mitglied aufgenommen worden. Dieser neue Status wird es dem
Institut erlauben, flr seine anerkannten Messgrossen Vergleiche
mit anderen Kalibrierlabors zu organisieren. Dies ist wichtig, da
die Einhaltung der ISO Normen den Nachweis verlangt, dass
die deklarierten Messgenauigkeiten in der Praxis auch erreicht
werden.

Entwicklung und Bau von Experimenten

Die im Observatorium gebauten Weltraumexperimente sind
das Aushangeschild der Forschungsaktivitat des Institutes.
Die relativ neuen aktiven Experimente LYRA/PROBA2 und
PREMOS/PICARD, die 2009 bzw. 2010 gestartet wur-
den, sowie das langjahrige VIRGO/SOHO, das seit 1996 die
Sonneneinstrahlung misst, laufen alle bestens. Leider hat
die Franzésische Weltraumagentur CNES beschlossen, den
Satelliten PICARD im Verlauf von 2013 auszuschalten. Zugleich

Werner Schmutz

wird auch erwartet, dass der Amerikanische Satellit SORCE
wegen Batterieproblemen seine Messungen einstellen muss.
Da SORCE wie PICARD Experimente zur Uberwachung der
solaren Einstrahlung enthalt, kann davon ausgegangen wer-
den, dass bald die zwei wichtigsten Systeme zur Uberwachung
einer fur das Erdklima zentralen Grosse, der Totalen einfallenden
Einstrahlung, fehlen werden. Es ist daher dringend erforderlich,
dass Nachfolgemissionen geplant und realisiert werden, damit
die Messreihe nicht abbricht. In diesem Zusammenhang ist
es daher sehr erfreulich, dass in direkter Zusammenarbeit mit
Norwegen ein PMOD/WRC Radiometer-Experiment auf dem
Norwegischen NORSAT-1 realisiert werden kann. Das Davoser
Experiment CLARA wird ein dusserst willkommener Beitrag zu
den weltweiten Bemiihungen zur Uberwachung eines der wich-
tigsten naturlichen Klimaeinflisse sein.

Zur Charakterisierung von Strahlungsmessinstrumenten ist
es vorteilhaft einen Heliostat zur Verfligung zu haben, der es
erlaubt Sonnenlicht ins Labor zu bringen. Die Planung und
Vorbereitungen des neuen Heliostaten fir das Observatorium
machten 2012 wesentliche Fortschritte und dieser wird nun
dieses Jahr installiert werden. Die Charakterisierung von CLARA
fur NORSAT-1 wird zu den ersten Aufgaben gehdren, die mit der
neu erstellten Einrichtung angegangen werden.

Die wichtigste Institutsaktivitdt bezlglich bodengebun-
dener Instrumentierung ist die Entwicklung eines robusten
Spektroradiometers. Das Ziel ist ein Instrument, das auch unter
andernden Umwelteinflissen im Freien stabile Messwerte liefert.
Ein Prototyp des neuen Instrumentes ist entwickelt worden und
die ersten Tests, Uber die in diesem Jahresbericht berichtet wird,
sehen sehr vielversprechend aus. Wenn auch der Bau einer
ersten Kleinserie erfolgreich gelingt, und das neue Instrument
genlUgend kostengtinstig angeboten werden kann, kénnte dieses
Instrument eventuell die Filterradiometer ersetzen, die sich im
vergangenen Jahrzehnt recht gut verkaufen liessen.

Klimaforschung

Das Ruckgrat der Klimaforschung am PMOD/WRC ist das
FUPSOL Projekt (Future and Past Solar Influence on the
Terrestrial Climate). Diese Zusammenarbeit mit vier weiteren
Schweizer Instituten im Rahmen eines SINERGIA Programms
des Schweizerischen Nationalfonds geht nun in die letzte
Phase seiner dreijahrigen Laufzeit. Viele weitere Projekte han-
gen direkt oder indirekt mit dem Ziel zusammen, die nattrlichen
Klimaeinflisse der letzten 500 Jahre zu verstehen, um daraus
den zukUnftigen Anteil eines naturlichen Einflusses auf die kom-
mende Erderwarmung abzuschéatzen. Es ist dabei nicht nur die
variable Sonneneinstrahlung relevant, sondern auch die Effekte
der Teilchen die von der Sonne kommen. Besonders auf kirzeren
Zeitskalen als diejenigen von Klimaénderungen, was heutzutage
als Weltraumwetter bezeichnet wird, kann ein sogenannter
Sturm von solaren Protonen bemerkenswerte Auswirkungen
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haben. Wurde die Erde von einem ahnlich grossen Ereignis wie
1859 dem beriihmten «Carrington-Ereignis» betroffen, dann
konnte das Chemiegleichgewicht in unserer Atmosphéare mit
entsprechenden Auswirkungen auf Wetter und Satellitendienste
fUr mehrere Monate verandert werden.

Die wissenschaftliche Literatur beschreibt, dass es im letz-
ten Jahrhundert l&ngere Phasen gab wahrend denen weniger
Sonnenstrahlung die Erdoberflache erreichte. Die Phasen mit
abnehmender Einstrahlung werden Globale Verdunkelung und
die Phasen mit zunehmender Helligkeit Globale Aufhellung
genannt. Eine Doktorarbeit am PMOD/WRC untersuchte, ob
Strahlungswerte, die in den letzten 100 Jahren in Davos gemes-
sen wurden, helfen kdnnten, die Ursachen flr diese Anderungen
zu ergrunden. Man fand, dass die Tribung der Atmosphaére tber
Davos nicht stark anderte. Zugleich zeigen aber die in Davos
gemessenen globalen Strahlungswerte die beschriebenen
Schwankungen. Es miUssen daher andere Faktoren als eine
Tribung der Atmosphére fUr die Einstrahlungsschwankungen ver-
antwortlich sein, wie maglicherweise die Art oder Haufigkeit der
Bewdlkung. Immerhin, eine geringe Zunahme der Einstrahlung
seit den 1990ern kdnnte mit einer klareren Atmosphare erklarbar
sein.

Die Resultate der Untersuchungen der Langzeitreine werden
durch die direkten Messungen der atmosphéarischen Tribung
mit Sonnenphotometern bestatigt. Tribungsmessungen sind in
Davos seit den 1990er Jahren verfligbar und diese immer noch
relativ kurze Datenreihe zeigt keine offensichtlich signifikanten
Trends. Eine geringe Abnahme der Tribung, wie oben diskutiert,
liegt aber innerhalb der Unsicherheiten der Trendanalysen.

Ein Institutsprojekt, das durch einen Schweizer Beitrag zum
Global Atmosphere Watch Programm der Meteorologischen
Weltorganisation finanziert wird, fokussiert auf die Erfassung
von Wolken und mochte deren Einfluss auf das terrestrische
Energiegleichgewicht quantifizieren. Die direkten Ziele des
Projekts sind die automatische Erfassung des Wolkenanteils
und eine Klassifizierung der Wolkentypen, basierend auf hemi-
spharischen Himmelsbildern, die von automatisierten Kameras
geliefert werden. Im Rahmen einer erfolgreich abgeschlossenen
Dissertation waren automatische Auswertungen schon sehr
erfolgsversprechend. Obwohl fUr ein vollkommen automatisches
System noch substantielle weitere Entwicklungsarbeit und
Praxistests benotigt werden, scheint immerhin die prinzipielle
Machbarkeit eines automatischen Wolkenbestimmungssystems
nachgewiesen.

Sonnenphysik

Es ist nach wie vor eine von den Fachleuten umstrittene offene
Frage, ob die Variationen der Totalen und Spektralen solaren
Einstrahlung gross genug sind, um das Erdklima wesentlich
beeinflussen zu kénnen. In einer wichtigen Arbeit haben Haigh

und ihre Mitautoren 2010 gezeigt, dass wenn die spektralen
Variationen so verlaufen, wie es vom Wissenschaftler Team um
das SIM/SORCE Experiment propagiert wurde, dies dann einen
messbaren Einfluss auf das Erdklima zur Folge haben wirde. Die
Besonderheiten der SIM/SORCE Variationen sind, dass diese
im UV wesentlich grosser waren als friher angenommen und
im visuellen Spektralbereich durch Variationen in anti-phase
zur solaren Aktivitat kompensiert werden. Wir haben nun die
17-jahrige Datenreihen der Filterradiometer des PMOD/WRC
Experiments VIRGO/SOHO analysiert, um die SIM/SORCE
Ergebnisse zu Uberprifen. Basierend auf elf Jahre Daten von
2002-2012 konnten wir zeigen, dass der grine Kanal bei 500 nm
in Phase mit der solaren Aktivitat variiert, was im Widerspruch
zu den SIM/SORCE Resultaten steht.

Die Quantifizierung der Variationen der Spektralen solaren
Einstrahlung ist eine extrem wichtige Herausforderung fur die
weltweite Wissenschaftler Gemeinschaft. Dieser Aufgabe stellt
sich das Konsortium des SOLID Projekts — First European SOLar
Irradience Data. Das erste Ziel des FP7 Projektes ist die kri-
tische Inventarisierung aller existierenden Messungen der solaren
Einstrahlung, inklusive einer Beurteilung der Messunsicherheiten.
Der zweite ebenso ambitidse Schritt ist die Absicht, bestehende
Licken sowohl in Zeit als auch Wellenldngen-Bereich mit Hilfe
von Modellrechnungen zu flllen. SOLID wurde von PMOD/WRC
Wissenschaftlern initiiert und das letzten Dezember gestartete
Projekt wird vom Observatorium geleitet.

Personelles

Gegen Ende Jahr verliessen zwei langjéhrige Mitarbeiterinnen
das Observatorium. Frau Sonja Degli Esposti, Leiterin der
Administration, und die Institutssekretarin Stephanie Ebert zogen
in die Nahe von Zurich. lhr fast gleichzeitiger Weggang lasst
eine Administration zurlick, die ohne ihre langjahrige Erfahrung
auskommen muss. Niemand ist unersetzlich aber ohne Zweifel
waren die meisten Sachen wesentlich einfacher mit der
UnterstUtzung eines erfahrenen und eingespielten Teams. Frau
Sandra Kissling, die neue Leiterin der Administration, begann
im Dezember und sie wird seit Jahresbeginn von der Sekretarin
Frau Seraina Egartner unterstttzt. Wir sind sehr froh, dass die
beiden neuen engagierten Krafte zu uns gestossen sind und wir
wUlnschen ihnen eine interessante und erflllte Arbeit an unserem
Institut.

Infrastruktur

Das Jahr 2012 brachte einschneidende Anderungen: Am
17. August, nach eineinhalb Jahren in den Provisorien, kon-
nten alle wieder zurtck ins Alte Schulhaus ziehen. Es ist ein
gutes Gefuhl wieder im angestammten Institutsgeb&ude zu
sein. Aber noch wichtiger ist, dass die Zeit der raumlichen
Trennung der Departemente vorbei war und wieder alle unter
einem Dach vereint arbeiten kdnnen. Die Einweihung des neuen
Seminarraums fand am 26. Oktober 2012 mit einer Auffihrung
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der Kabarettistin Michaela Maria Drux statt. Am folgenden Tag,
Samstag 27. Oktober 2012 6ffneten wir das ganze Institut fur
die Davoser Offentlichkeit, die wir zu einem Tag der offenen Tir
eingeladen hatten. Die Géste kamen in Scharen und sie waren
vom modernisierten Gebdude und den neuen technischen
Einrichtungen beeindruckt. Gleichzeitig kann man auch dem
Architekten gratulieren, der das Ambiente des ehemaligen
Schulhauses trotz der Renovation zu bewahren wusste.

Dank

Allen Personen die zur gegliickten Renovation des Institutes bei-
trugen und denjenigen, die den Betrieb auch unter erschwerten
Bedingungen aufrecht hielten, mochte ich ganz herzlich meinen
Dank aussprechen. Sehr viele haben dazu beigetragen, dass
wir nun eine optimale Infrastruktur in einem attraktiven Gebaude
zur Verfugung haben. All das wéare ohne die verschiedensten
Unterstitzungen und Hilfen nicht mdglich gewesen. Der Umbau

des Alten Schulhauses hat eine stattliche Summe gekostet und
wir sind dem Bund zu grossem Dank verpflichtet, dass er diese
Investition in die Zukunft des Weltstrahlungszentrums mdglich
gemacht hat. Ich danke dem Bund, dem Kanton und der
Gemeinde Davos fiir ihre sehr positive Haltung gegentber dem
Observatorium Davos.

Den Mitgliedern des Ausschusses des Stiftungsrates und den
Mitgliedern der Aufsichtskommission des Weltstrahlungszentrums
verdanke ich herzlich ihre stete Unterstitzung und Begleitung
der Anliegen des PMOD/WRC. Dieses Mal mdchte ich einen
ganz speziellen Dank dem abtretenden Prasidenten der
Aufsichtkommission, Herr Gerhard Muller, aussprechen. Ohne
seine vielfache Unterstltzung im Hintergrund und manchem
direkten Eingreifen bei Verhandlungen wéren die nach aus-
sen sichtbaren Leistungen des Observatoriums nicht méglich
gewesen.

Bild 1. Einladung zur Einweihung des neuen Seminarraums am 26. Oktober 2012. Gezeichnet von Michaela Maria Drux, 2012,

Wasserfarben auf Papier, 29.7 cm x 21 cm.
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Introduction

INntroduction

Werner Schmutz

The year 2012 brought several profound changes. After one and
a half years, on August 17, 2012, there was the move from the
provisional accommodation back to the ‘old school house’, the
fully renovated PMOD/WRC building. It felt good to be back in our
original home but more importantly, it brought back all depart-
ments under one roof. We inaugurated our new seminar room
with a performance by a cabaret artist, Michaela Maria Drux,
on October 26, 2012. On the following day we invited the public
to an Open-Day event. People came in large numbers and all
were impressed at how well the building had been modernized
but at the same time that the architect had managed to retain
the buildings ambiance with a touch of the former schoolhouse.

An important occurrence towards the end of last year was the
departure of two long time staff members. Sonja Degli Esposti,
head of administration and human resources, and the institute
secretary, Stephanie Ebert, moved on to live close to ZUrich. Their
almost simultaneous departure left the administrative department
without their vast long-term experience. Nobody is irreplaceable
but many things were definitely much easier with their compre-
hensive support and know-how. The new head of administration,
Sandra Kissling, started in December and Seraina Egartner, the
new secretary, began working at the beginning of the year. We
are glad that they joined us and we wish them an interesting and
fulfilling time at our institute.

In contrast to previous years, the demand for calibration services
offered by the World Radiation sections did not increase but
slightly decreased for the first time. We will have to see whether
this reflects an end of the trend in the last years or whether
it is just a temporary effect. The outcome of either scenario
has important implications for the institute. On the one hand,
a further increasing trend will soon strain and overburden the
PMOD/WRC. On the other hand, a stabilization of the calibration
demand would allow us to cope with the operational services
given the current funding and renovated facilities. The develop-
ment needs to be assessed in the coming years and the fund-
ing requests for the next funding period 2016-2019 will have to
be adjusted accordingly. A closer analysis of each operational
service shows that despite the declining overall trend, the cali-
bration demands of the Ultraviolet center have increased signifi-
cantly. This reflects the UV center changing from a European to
a World UV Calibration Center (WUVCC), as newly mandated by
the World Meteorological Organization. The WUVCC is now the
fourth section of the World Radiation Center since the beginning
of this year.

In parallel to the activities as a calibration laboratory for the World
Meteorological Organization, the PMOD/WRC is also a signa-
tory of the mutual recognition agreement of the International
Committee for Weights and Measures. As an additional step in
the recognition of the PMOD/WRC, the institute was admitted
as a full member of the Consultative Committee for Photometry
and Radiometry in 2012. This new status allows the institute to
organize comparisons in its recognized calibration and measure-
ment capabilities.

The space experiments built in-house are at the center of the
institute’s research. The two relatively recent LYRA/PROBA2
and PREMOS/PICARD experiments, launched in 2009 and 2010,
respectively, as well as the long-term VIRGO/SOHO experi-
ment, which was launched in 1996, are all performing very well.
Unfortunately, the French space agency CNES decided to switch
off PICARD during the course of 2013. It is also expected that
during the current year the American SORCE satellite will cease
operation because of problems with its batteries. As SORCE
comprises experiments observing the solar irradiance, as well as
PREMOS/PICARD, it is anticipated that two experiments moni-
toring the Total Solar Irradiance (TSI) will soon be lost. A follow-on
mission to measure TSI therefore becomes urgent. At the time
of writing it appears very promising that a PMOD/WRC experi-
ment named CLARA will fly on bilateral terms on the Norwegian
NORSAT-1 satellite. This would be a welcome contribution to
the worldwide efforts to ensure the continuity and stability to
monitor one of the key natural parameters that influences the
terrestrial climate.

In order to characterize instruments it is important to have a
facility that brings sunlight into the optical laboratory. A crucial
upgrade has been the development of the heliostat during last
year, which is now under construction. One of the first tasks with
the new facility will be to characterize instruments for the new
space CLARA experiment on NORSAT-1.

Regarding the institute’s commercial activities, the development
of a robust outdoor spectroradiometer is an important invest-
ment in the future. The prototype has been developed and built,
and first tests as reported in this annual report look very prom-
ising. Given successful completion of the development phase
the instrument could eventually replace the Precision Filter
Radiometer, which has sold well in the past years.

Figure 1. Conversation during the inauguration of the seminar room on
26 October 2012, as seen by the artist Michaela Maria Drux, watercolor,
29.7cm x 21 cm.



Operational Services

Operational Services |7

Quality Management System

Supervisory Directorate
Board
Quality
Manager
[ |
External Internal Services Research
Services
WRC-SRS Administration Radiometry
EUVC Electronics Climatology
WRC-IRS Mechanics
WRC-WORCC IT
Workshop
Laboratory

Figure 1. Organizational chart of the PMOD/WRC Quality Management
System. The WRC Solar Radiometry Section and the EUVC section
perform calibrations according to the EN ISO/IEC standard 17025.

Instrument Sales

In 2012, we sold three PMOG6-cc absolute radiometers (1 Mexico,
1 Japan and 1 Spain). One single Precision Filter Radiometer
(PFR) was sold to Estonia.

This is a remarkable decrease compared to the previous years,
as illustrated in Fig. 2.

Figure 2. Instrument Sale Statistic 2008-2012.

Quality Management System and Instrument Sales

Manfred Gyo

PMOD/WRC QMS

Since 2006 the PMOD/WRC has maintained an approved Quality
Management System (QMS, see Fig. 1) based on the general
requirements for the competence of testing and calibration labo-
ratories (EN ISO/IEC 17025).

The QMS covers the WRC-SRS and the EUVC Sections.

During 2012 the preparation for the re-evaluation of the QMS was
done. The re-evaluation will be at the EURAMET TC-Q Meeting
in March 2013.

Quality Management System Activities

Two calibration and measurement capabilities (CMC) are listed in
the database of the ‘Bureau International des poids et mesures’
(BIPM): Responsivity, direct and global solar irradiation. The CMC
‘Responsivity, global solar irradiance weighted (UV (280—-400nm),
UVB (280-315nm), UVA (315-400nm), Erythema CIE)’ was sub-
mitted to the inter-RMO in 2010 and is in the review process.
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Calibration Services

Manfred Gyo, Wolfgang Finsterle, Julian Grébner, and Christoph Wehrli

During the whole calibration season of 2012, the laboratories
were in temporary buildings. All laboratories moved back into the
institute building towards the end of Autumn 2012. A big thank
you to the calibration team is in order who kept up the same
quality of work during this difficult period. All are happy with the
new infrastructure and their place of work.

In 2012, we saw an overall decrease in the number of calibrations
to 2083 see Fig. 1. One reason might be that when a customer
implements his own calibration facility, only a reference instru-
ment is sent to PMOD/WRC.

2507
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Figure 1. Statistics of instrument calibrations at PMOD/WRC
2007-2012.

Solar Radiometry Section (WRC-SRS)

The biggest decrease in the number of calibrations occurred in
the SRS section which was down from 144 in 2011 to 111 in 2012.

Infrared Radiometry Section (WRC-IRS)

The WRC-IRS Section saw an increase in the number of calibra-
tions from 22 in 2011 to 31 in 2012. Twenty nine pyrgeometer
and 2 IRIS radiometers were calibrated. The new roof platform
is seen in Fig. 2.

Atmospheric Turbidity Section (WRC-WORCC)

The World Optical depth Research and Calibration Center cali-
brated 17 filter radiometers against the WORCC Triad standard.
This is less than in 2011.

European Ultraviolet Calibration Center (EUVC)

The Ultraviolet Calibration Center of the PMOD/WRC calibrated
4 spectroradiometers at their respective field sites using the
QASUME traveling reference spectroradiometer. Seventeen UVB,
3 UVA, 2 UV-Global and 2 dual channel (UVA/UVB) broadband
radiometers, one UV dosimeter and 2 pyranometers were cali-
brated at PMOD/WRC. The QASUME irradiance scale was trans-
ferred to 9 standard lamps at two European and one Canadian
Institutes.

In July 2012, 9 Brewer spectrophotometers were calibrated rela-
tive to the QASUME spectroradiometer during the 7" RBCC-E
campaign at Arosa, Switzerland.

Figure 2. New Roof Platform for WRC-IRS.
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The Solar Radiometry Section of the WRC (SRS/WRC) is respon-
sible for maintaining and disseminating the World Radiometric
Reference (WRR). The WRR is the primary reference for short-
wave solar irradiance measurements world-wide. In 2012, the
SRS/WRC participated in three regional, sub-regional, and
national pyrheliometer comparisons with three transfer stand-
ards. Apart from validating the traceability of solar irradiance
measurements world-wide, such inter-laboratory comparisons
of standards also serve a key role in maintaining the WRR'’s sta-
tus as a primary reference according to the ISO 17025 quality
management system. Other milestones include the publication of
results from the fourth WRR to Sl radiometric scale comparison,
and the relocation of the World Standard Group (WSG) back to
its original site after the completion of renovation work at PMOD/
WRC.

Pyrheliometer comparison campaigns

The year 2012 was quite busy for the SRS/WRC staff with
three pyrheliometer comparisons. The Japanese Regional
Radiation Center of WMO Regional Association Il (RRC RA-II)
and the National Radiation Center (NRC), USA. again organ-
ized Regional and National Pyrheliometer Comparisons (RPC
and NPC), respectively (Figure 1). While the NPC are held annu-
ally, the RPC of RA-Il are organized every five years after the
International Pyrheliometer Comparisons (IPC) in order to dis-
seminate the IPC results within Asian countries. In addition to
these well-established events, the Swedish RRC has for the first
time organized the sub-regional Baltic Region Pyrheliometer
Comparison (BRPC). Apart from the pyrheliometer comparison,
the BRPC also incorporated a comparison of pyranometers,
including the determination of thermal offsets by a capping-and-
extrapolating method developed at the Swedish Meteorological
and Hydrological Institute (SMHI). The results from the latter are
particularly interesting because they show substantial differences
between different types of pyranometers and heating/ventilation
units.

All three comparisons ensured the WRR traceability of solar irra-
diance measurements in the participating countries and con-
firmed the stability of the WRR. Experience was shared between
experts during seminar presentations and discussions. This
building and sharing of knowledge during instrument compari-
son campaigns is a huge added value (as opposed to calibration
orders). Such inter-laboratory comparisons are also mandated
by the ISO 17025 quality management system for calibration and
testing laboratories.

Solar Radiometry Section (SRS/WRC)

Wolfgang Finsterle

Figure 1. Participants get ready for another chilly day on the slopes of
Japan’s Mt. Tsukuba during the 3" Regional Pyrheliometer Comparison
(RPC-IIl) of the WMO Regional Association Il (RA-1I).

The WRR and Sl radiometric scales

The WRR was originally established in 1977 based on the average
reading of 15 absolute cavity Electrical Substitution Radiometers
(ESR). Since then the WRR scale is maintained by the WSG. The
uncertainty of the WRR with respect to the Sl scale (W/m?) was
estimated at 0.3 %. The cryogenic radiometers developed in the
1980s allowed radiant power to be measured with a much higher
accuracy than with ambient temperature ESRs. However, until
recently cryogenic radiometers were not technically suitable for
solar irradiance measurements. The WSG instruments (and thus
the WRR scale) could only be indirectly compared to the Sl scale
as established by cryogenic radiometers. Such comparisons were
conducted in 1990, 1995, and 2005 and have shown no sig-
nificant differences between both scales, however with relatively
large uncertainties. With the construction of the Cryogenic Solar
Absolute Radiometer (CSAR) and the commissioning of dedicated
laboratory facilities such as the TSI Radiometer Facility (TRF) at
the University of Colorado in Boulder, USA., the uncertainty levels
of WRR-to-SI scale comparisons as well as the diagnostic capa-
bilities have improved to the point where a significant difference in
both scales can be detected. According to Fehlmann et al. 2012,
solar irradiance measurements yield a 0.34 % (+0.18) higher value
on the WRR scale than on the Sl scale.

Relocation of the WSG

After renovation of the PMOD/WRC building was finished, the
WSG was moved from its temporary location to its original site on
the solar tracking platform. On this occasion the data acquisition
system DAQ10, which began operation during IPC 2010, was
finally commissioned for calibration under ISO 17025. It was not
feasible to use the DAQ10 at the temporary WSG location in the
container buildings because of logistical difficulties. The efforts to
adapt and re-validate the DAQ10 for operation with the temporary
solar tracker would have been prohibitive.

References: Fehlmann A., Kopp G., Schmutz W., Winkler R., Finsterle

W., Fox N.: 2012, Metrologia 49, S34-S38.
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Infrared Radiometry Section (WRC-IRS)

Julian Grébner, Stephan Nyeki, and Stefan Wacker

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 new measurement platform on the PMOD/WRC roof was
inaugurated in September 2012 with the installation of the whole
infrared infrastructure from its temporary location on the contain-
ers. Access to and operation of the radiometers has therefore
been significantly improved as shown in the figure on page 12
(EUVC section).

A comprehensive report describing the calibration procedure of
pyrgeometers as performed at the PMOD/WRC was reviewed by
experts in the community and can be found at ftp:/ftp.pmodwrc.
ch/pub/julian/Pyrgeometer_calibrationsV3.pdf). This document
describes the calibration process, the selection process of the
measurement data based on ancillary data and the retrieval of
the calibration factor with the respective uncertainty. The most
noteworthy feature is the use of the integrated atmospheric water
vapour (IWV) as a criterion for the data selection: Measurements
during previous years have in fact shown significant discrepan-
cies between some pyrgeometers, the IRIS Radiometers (see
below) and the WISG when calibrated during the winter or sum-
mer seasons at Davos. In order to homogenise calibrations until
the observed discrepancies are understood in detail, it was
decided to limit outdoor calibrations to the March to November
period, when IWV is larger than about 10 mm and these discrep-
ancies are not apparent.

The Infrared Integrating Sphere Radiometer IRIS
Measurements from more than 180 clear nights since January
2010 were compared to the WISG. As shown in Figure 1, the
average WISG difference to the IRIS radiometers shows a clear
dependence on IWV. Indeed, changes in the spectrum are sus-
pected of being responsible for observed differences between
various types of pyrgeometers. These findings were presented
at the most recent International Radiation Symposium, held in
Berlin in July 2012 and were published in the IRS proceedings
(http://proceedings.aip.org). Furthermore, differences between
the WISG and IRIS Radiometers for IWV contents larger than
10 mm show a clear offset of approximately —4 W/m?, the WISG
reading lower. At IWV below 10 mm, the measurements of the
WISG increase with respect to the wet conditions by about
0.45W/m? per mm IWV. This leads to a seasonal variation
between the WISG and the IRIS radiometers between winter
and summer of about 4 W/m?.
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Figure 1. Residual average night differences from 182 clear nights
between the mean of the WISG and the two IRIS Radiometers since
2010 (WISG-IRIS). The shaded area represents the estimated IRIS
uncertainty.

Additional studies, including a direct comparison between IRIS
radiometers and the absolute cavity pyrgeometer developed by
NREL, are scheduled for Fall 2013 to confirm these observations.
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The Atmospheric Turbidity Section of WRC maintains a standard
group of 3 Precision Filter Radiometers that serve as a reference
for Aerosol Optical Depth measurements within WMO. WORCC
also operates the global GAW-PFR AOD network.

The extent of the GAW-PFR network has stabilized at 23 global
stations. A description of all GAW-PFR stations can be found
at www.pmodwrc.ch/worcc. Graphs of daily and monthly time-
series aerosol optical depth are available, and are updated each
month to allow the early detection of potential trends.

In 2012, nine instruments of the extended GAW-PFR network
were calibrated against the reference Triad at Davos, and four
instruments were calibrated by the Langley method at their
respective sites. The Cimel radiometer at Davos that serves as a
link to AERONET was re-calibrated by the Laboratoire d’Optique
Atmosphérique of the University Lillel and its quality assured
data were updated to October 2012.

Annual quality assured data from 9 GAW-PFR stations
(total of 13 station years) were updated to 2011 and submit-
ted to WDCA. Daily AOD results from 24 stations are submit-
ted in (quasi) near real time. These data are available through
http://www.gaw-wdca.org.

The PFR at the GAW station Cape Point, South Africa (see Fig. 1)
was replaced with a refurbished system during a station audit
in September. As part of the WORCC calibration programme,
a second PFR was installed at Izafia (Spain) to facilitate routine
Langley calibrations for WORCC Triad instruments.

This PFR was calibrated at WORCC, and then by the Langley
method at Izaha. Both calibrations agree to within less than 0.5 %
except for a difference of 0.8 % in the 412nm channel.

An intercomparison between 7 instruments affiliated with the
PolarAOD network and the WORCC Triad was held at Davos in
February (see Fig. 2). All participating instruments showed RMS
differences to the group mean of less than 0.01 optical depths
and were thus well within GAW uncertainty.

Atmospheric Turbidity Section (WRC-WORCC)

Christoph Wehrli, Stephan Nyeki, and Natalia Kouremeti

showing the marine location. The black baffle tube protects the window
from contamination by mineral dust and salt spray under high wind
conditions.

In collaboration with the Institute of Atmospheric Sciences and
Climate, Bologna and the Earth System Research Laboratory
of NOAA, we modified a PFR instrument for Moon-photometry.
Given successful testing in spring 2013, this prototype will be
installed at Ny-/&lesund to observe AOD during the polar night,
to complement co-located Lidar measurements and to validate
satellite observations in the Arctic.

A fourth GAW-PFR Newsletter was distributed in March, and
is available at http://www.pmodwrc.ch/worcc/GAW-PFR_
Newsletter_Nr4.pdf.

Figure 2. Two robotic SPTA filter radiometers (Dr. Schulz & Partner) par-
ticipating in the PolarAOD intercomparison 2012 at Davos.
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European Ultraviolet Calibration Center (EUVC)

Julian Grébner, Gregor Hdlsen, and Luca Egli

The Global Atmosphere Watch (GAW) Ultraviolet (UV) calibra-
tion center aims to improve data quality in the European GAW
UV network and to harmonise the results from different stations
and monitoring programs in order to ensure representative and
consistent UV radiation data on a European scale.

Thanks to the generous financial support of the Kanton of
GraubUnden and the support of the WMO, we are expanding
the activities of the EUVC from being a regional GAW Center for
Europe to becoming a World Calibration Center for UV, within the
next four year period, 2012-2015. Towards this goal, develop-
ment of a second transportable reference spectroradiometer,
QASUME Il has begun which we hope to put into operation in
2013. It has also been decided to expand our laboratory infra-
structure with a dedicated spectral responsivity and transfer
standard calibration facility based on an Acton DM500 double
monochromator combined with a custom made 1000 W Xenon
radiation source.

The new ‘Optic I’ laboratory dedicated to EUVC activities, was
built as part of the overall PMOD/WRC renovation and could be
used for all calibration activities as of 2012. In addition, a new and
more accessible roof platform for the absolute outdoor calibra-
tions was constructed (Fig. 1) on which the UV instrumentation
was installed in September 2012.

As part of the implementation of the ISO 17025 Quality System
at the EUVC, an external audit by the Swiss national metrology
Institute (METAS) was organized in September 2012, which con-
firmed the high level of expertise and competence of the EUVC.

Mgy, 2

The EMRP project ENVO3 “Traceability of spectral solar ultraviolet
radiation” entered its second year of activities, including a dedi-
cated session at the International Radiation Symposium in Berlin
in July, gathering more than 70 participants. Following this con-
ference, a two-day project meeting was held at the PTB in order
to review and discuss the status of the project. While most activi-
ties are progressing according to plan, minor delays occurred
due to participant’s administrative procedures. Current highlights
of the project include: 1) the construction of a high resolution
extraterrestrial spectrum in the range 290 to 500nm based on
a ground-based FTIR solar spectrum from Kitt-Peak, combined
with the low-resolution composite solar spectrum by Thullier et
al (2004) and corrected by comparison with three ground-based
spectroradiometers; 2) a guideline document for operating array
spectroradiometers, including a sensitivity study to determine the
uncertainties of measured solar spectra weighted with several
standard action spectra, and 3) the assessment of new tech-
nologies useful for reducing the stray-light of array spectrora-
diometers. Additional information and ongoing activities can be
found at the project website: http:/projects.pmodwrc.ch/env03/.

The transportable reference spectroradiometer QASUME was
used during quality assurance site visits to measure alongside
spectroradiometers located at the University of Reading (UK,
operated by the Univ. of Manchester) and at the Health Protection
Agency in Chilton (UK) in June. In addition, the 7™ calibration
campaign in the frame of the RBCC-E was organized in Arosain
Switzerland with the participation of QASUME as UV reference
for all 9 participating Brewer Spectrophotometers. Results of
all the QASUME site audits can be found at the EUVC website:
http://www.pmodwrc.ch/euvc/euve.php?topic=gasume_audit.

References: Thullier G., Floyd L., Woods T., Cebula R., Hilsenrath

E., Herse M., Labs D.: 2004, Solar irradiance reference
spectra for two solar active levels, Advances in Space
Research, 34, 256-261.
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Figure 1. The new platform on the PMOD/WRC roof used for all outdoor EUVC measurements.
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Spectroradiometer for Spectral Aerosol Optical Depth and Solar Irradiance Measurements

Julian Grébner, Natalia Kouremeti, Etienne de Coulon, Fabian Ddrig, Manfred Gyo, Ricco Soder, and Diego Wasser

The radiative forcing of atmospheric aerosols represents one
of the largest uncertainties in the Earth radiative budget. Global
networks of surface based sunphotometers such as the GAW-
PFR network operated by PMOD/WRC measure the aerosol
optical depth at several distinct wavelength channels between
the ultraviolet and the infrared. A precision solar array spectro-
radiometer has been developed in order to complement and
eventually replace the four-channel precision filter sunphotometer
currently in use.

A new generation of solar spectroradiometers, the Precision
Solar Spectroradiometer (PSR), has been developed at PMOD/
WRC to eventually replace current filter based sunphotometers
(see Figure 1). It is based on a temperature stabilized grating
spectroradiometer with a 1024 pixel Hamamatsu diode-array
detector, operated in a hermetically sealed nitrogen flushed
enclosure. The spectroradiometer is designed to measure the
solar spectrum in the 320 to 1040nm wavelength range with
a spectral resolution of approximately 1.5 to 3nm (at full width
at half maximum). The optical bench made of a carbon alloy is
optimized to minimize the temperature dependence of the solar
measurements to less than 0.1 % K-' for ambient temperatures
ranging between —20°C to +40°C. A dual-level Peltier tempera-
ture regulation system stabilizes the overall temperature to 10 K,
while the detector is stabilized to better than 1 K with a dedicated
Peltier circuit.

Peltler coclar

Figure 1. Schematic layout of the Precision Spectroradiometer.

The PSR design benefits from the experience gained from suc-
cessive generations of the successful Precision Filter Radiometers
(PFR), which includes: an in-built solar pointing sensor, an ambi-
ent pressure sensor and several temperature sensors to provide
routine quality control information which will allow autonomous
operation at remote sites using an internal web-based server
interface for instrument control and data retrieval.

A prototype of the instrument has been in continuous operation
since April 2012, specifically during the Direct Normal Irradiance
sensor intercomparison field campaign at Payerne, Switzerland.
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Figure 2. Solar spectra at three solar zenith angles measured on 30 May
2012 at Payerne, Switzerland during the DNI campaign.

Indeed, measurements of direct normal spectral solar irradiance
are a crucial parameter required by the photovoltaic industry
to optimise currrent multi-junction photo cells. Figure 2 shows
example solar spectra retrieved during this campaign.

Noteworthy was the stability of the PSR during this 5 month
period, which included transportation and installation at a remote
site. The absolute calibration is shown in Figure 3, and was per-
formed before and after the field campaign in May and October
respectively.

The design of the PSR has now been finalized and a commercial
version of the instrument is being constructed, with first units
ready by Autumn 2013.

An extraterrestrial solar spectrum is shown for comparison.
Atmospheric absorption features such as water vapor bands
are clearly visible.
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Figure 3. Spectral responsivity of the PSR determined on 5 June 2012
(red curve), and on 25 October 2012 (blue curve) using a spectral irradi-
ance reference traceable to PTB.



14| Instrument Development

CSAR and MITRA

André Fehimann

The Cryogenic Solar Absolute Radiometer (CSAR) currently stays
at the National Physical Laboratory (NPL) in Teddington, UK,
where new cavities are built into the instrument. Thus we have
no new measurement results from this instrument. The Monitor to
measure the Integral Transmittance of windows (MITRA) experi-
ment still shows measurement fluctuations that are larger than
the desired accuracy of 0.1 % in absolute transmission. Problems
in the manufacturing process were identified as possible causes
and solutions will be investigated.

Figure 1. Schematic of the CSAR radiant power cavity which is made
from electroformed copper and will be gold-coated to reduce radia-
tive energy transfer. The active detector area is the small, inclined disc
sitting on the post on the left-hand side of the figure. The ‘Christmas
tree’ shape of the detector housing reduces the reflection losses to a
minimum.

During 2012, renovation of the PMOD/WRC building made it
impossible to use the solar tracking platform for most of the time.
However, as all instruments had been removed from the platform,
the technical department was able to modify the platform by
reinforcing it with preloaded springs. The platform should now
be able to operate in the most extreme altitude and azimuth
positions even with heavy instruments mounted, e.g. the CSAR
instrument weights 100 kg.

Throughout 2012, CSAR remained at the National Physical
Laboratory (NPL) in Teddington, UK where our partners dis-
assembled the instrument and started to integrate the radiant
power cavities. Once these detectors are installed, CSAR will be
able to measure the power level of monochromatic radiation up
to ImW with an anticipated accuracy of 0.1 %. Figure 1 shows a
schematic of the CSAR radiant power cavity. After completion
of the upgrade and successful testing, CSAR will be reinstalled
on the solar tracking platform in Davos to perform long-term
stability tests.

To measure the integral transmittance of the CSAR window the
MITRA instrument uses a passive operation principle where
two detectors observe the sun in parallel. First, the detector sig-
nal ratio is determined with no window in place, which serves
as the reference value. Second, the sunlight to one detector
is obstructed by the window under investigation, to obtain a
measurement detector ratio. The integral transmittance of the
window is then calculated by dividing the measurement ratio by
the reference value.

The instrument optimizations completed last year include: 1)
reducing the number of thermal contacts in the measurement
circuit, 2) replacing a damaged precision aperture, 3) enlarg-
ing the entrance aperture which might have caused stray light.
MITRA was then tested in the optical laboratory and by the end
of 2012 on the solar tracking platform.

Once more the dark measurements performed to investigate the
thermal stability yielded a detector ratio which is stable within
100 parts per million. However, as soon as the cavities are illu-
minated by either a stabilized split laser beam or the Sun, the
detector ratio starts to fluctuate on the percent level. Although the
temperature rise measurements of the two cavities seem highly
correlated, small differences cause large fluctuations when the
detector ratio is calculated (c.f. Figure 2).
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Figure 2. MITRA detector ratio time-series measurements in front of the Sun. The black data points represents the
measurements without a window in the beam path. The blue ones are with the window obstructing the path to the
left detector. The black reference ratio would be constant for perfectly symmetric detectors. Thermal drifts of the
heat sink however cause variations in the reference measurements, indicating that the two MITRA cavities are not
yet perfectly balanced. The green line shows the fitting curve used to determine the offset between the two sets,

i.e. the transmittance of the window.

Because the dark measurements, where the detectors have to
respond to slowly varying ambient temperature changes, are
stable and the irradiance measurements, where the detectors
have to respond to quick changes, are unstable, we conclude
that the observed fluctuations are due to persistent small differ-
ences between the two detectors. These include: 1) The thermal
capacity of the hand-wound copper coil thermometer around
the cavities may differ due to a length difference of the applied
wire or due to the amount of glue used to fix the coil, 2) The
thermal contact between thermometer and cavity depends on
the tension applied to the copper wire during fixation as well as
the number of coil layers.

Figure 3. Copper coil thermometer glued to a MITRA detector. The
amount of applied glue is hard to control which affects the thermal
capacity of the detector.

All these issues affect the thermal relaxation time constants of
the detectors differently and thus can cause fluctuations of the
detector ratio. Figure 3 shows the copper coil thermometer glued
to a MITRA cavity.

To overcome these possible human-influenced deviations in the
manufacturing process we are now investigating the use of vapor
deposited resistance thermometers. By applying this established
technique we can avoid the use of glue and would be able to
match the resistance value by a laser trimming method. In this
manner we hope to obtain the best thermal equivalence of the
two detectors and thus stable measurements required to achieve
MITRAS’s goals.

References: Fehimann A.: 2011, Metrology of Solar Irradiance, PhD

Thesis, University of Zurich.

Winkler R.: 2012, Cryogenic Solar Absolute Radiometer —
a potential replacement for the World Radiometric
Reference, PhD Thesis, University College London.
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Heliostat

Markus Suter

When the old heliostat system, which was part of the old clean
room facility, was removed as part of the renovation of the insti-
tute building, in 2011 the planning of a new heliostat began.
After planning, fundraising, and basic design studies in 2011
(see Annual report 2011), the heliostat was designed in detail in
2012, and manufacturing of the mounting and mirrors, as well
as testing of the motion control began.

While the old system was used to test instrument functionality
in the clean room, the new system will provide a solar beam of
much higher quality. This beam will allow sensitive radiometric
experiments to be carried out in a controlled laboratory envi-
ronment. The beam can also be optionally feed into the new
clean-room.

The Final Design

The mounting pan for the mirrors was designed in-house and
optimized for low weight and high stiffness. The pan that holds
the mirror has an outer dimension of 770 mm and was milled out
of a solid block of aluminium. The mounting pans of the mirrors
were among the first parts to be manufactured. Figure 2 shows
such a mounting pan.

Figure 1. Mechanical Design of the Heliostat: The Heliostat consists of
the tracking system (lower mirror) and the mounting for the secondary
mirror (top). The tracking mirror is motorised and tracks the motion of
the sun, while the secondary mirror is in a fixed position to direct the
light into the laboratory. The secondary mirror can be adjusted with hand
wheels to put it in its required position.

Figure 2. Markus Suter with the mounting pan for the heliostat mirror.

As a first step, the tracking system of the primary mirror was
designed in-house, and is currently being manufactured by G+P
Engineering in Sargans. The mounting construction for the sec-
ondary mirror pan was designed by the same company. The
design process was finished by November 2011 and soon after-
wards the construction began. Figure 1 shows the final heliostat
design.

The Mirrors: Manufacturing and Self-Gravity Compensation

Both heliostat mirrors have a diameter of 650 mm and a thick-
ness of 100 mm, and are made of Zerodur, a ceramic glass with
virtually no thermal expansion. The coatings are aluminium with
a protective layer. The mirrors were manufactured and delivered
towards the end of 2012 by Thales-Seso, a company located in
Southern France.

To ensure a good quality light beam, these mirrors need to be
extremely flat. They are polished to an rms error of less than
25nm.

<,

Figure 3. The left image shows the deformation of the mounting pan
under gravity load. The pan is optimised for low deformation while keep-
ing the weight as low as possible. The right image shows the deforma-
tion of the secondary mirror due to gravity. The area in blue is highly
displaced (around 300nm), while the red areas have low displacement
(position of the bearings).
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To prevent mirror deformation due to self-gravity the primary
mirror is mounted in a way so that at 9 well-defined points the
mirror is supported with equally distributed force.

On the other hand the secondary mirror is already polished to
compensate for self-gravity deformation in the mounting posi-
tion. The self-gravity deformation of the mirror (Figure 3) was
determined in an in-house study, and details were sent to the
manufacturer in Summer 2012.

The Drive and Control Concept

The heliostat tracking system has two movable axes. The primary
(pseudo azimuth) axis is inclined by 27 degrees to the vertical
and the secondary axis (pseudo elevation) is perpendicular to the
primary axes. The concept allows a relatively continuous move-
ment and the dynamic range of the drive can be kept low. It is a
compromise between an alt-azimuth and an equatorial mount.
The advantage over an equatorial mount is that the incidence
angle on the mirrors is steeper which thus takes better advantage
of the mirror size. The advantage over an alt-azimuth mount is
that the motion is more continuous.

The device is driven by two stepper motors, with micro stepping
capability. Attached to the motors is a backlash-free harmonic
drive gearbox with a transmission ratio of 1:160.

For exact positioning each axis is equipped with an 18-bit rotary
encoder. This allows the sun to be tracked in a passive mode to
a precision of less than 0.01 degrees, which will be satisfactory
for radiometer experiments. In addition, an optical tracking sen-
sor will be installed to allow a tracking accuracy close to several
arc seconds.

All sensor/actor devices are connected through a CAN-bus sys-
tem and controlled by a standard PC. A test-stand has been built
where a motor/gearbox/encoder combination has been set up
to test the components and the software (Figure 4).

Figure 4. Motor/Encoder Test Stand.

Schedule for 2013

The installation on the prepared platform (Figure 4) at PMOD
is scheduled for the end of April 2013. After a commissioning
phase the heliostat is planned to be operational in the second
half of 2013. It will then first be used for the characterisation of
the DARA instrument.

Construction of the heliostat is supported by the Swiss National
Science Foundation Grant No. 206021_139119 and Grant No.
200021_132553.

Figure 5. Foundation for the Heliostat at the south-east face of the insti-
tute building.
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A World Radiometric Reference (WRR) to Sl radiant power scale comparison with DARA

Markus Suter

Four Comparisons between the WRR (S| Scale for Solar
Irradiance) and the Sl radiant power scale have been performed
in the past. The first three comparisons showed good agreement
between the scales, within the uncertainties of the comparison.
However, the fourth comparison in 2010 found a significant dif-
ference of 0.34 % between the two scales. In 2012 a fifth com-
parison was made, using the DARA instrument.

The WRR scale is the WMO and SI reference scale for Solar
Irradiance that is officially used in meteorological measurements.
The WRR standard is realized by a conventional standard, the
World Standard Group (WSG) of pyrheliometers operated at
PMOD/WRC. On the other hand there is the Sl radiant power
scale that is directly linked to the basic Sl units. This scale is
realized with cryogenic laboratory radiometers by the national
metrology institutes. These instruments are regularly compared
against each other in key comparisons.

Four comparisons between WRR and S| radiant power scales,
using PMOG6-radiometers, have been conducted in the 1990 to
2010 period. In the first three comparisons the scales agreed
well within the stated uncertainties of the comparison. However,
the most recent comparison in 2010 suggested that the WRR
scale is significantly higher (0.34 % +0.18) than the Sl radiant
power scale. Unlike earlier measurements that were conducted
in power mode (under filled aperture) this comparison was car-
ried out in irradiance mode e.g. using a beam that overfills the
radiometric aperture. This was made possible by the new TSI
Radiometer Facility (TRF) at LASP, Boulder, USA. Fehimann et
al. (2012) explain a part of the difference of the results with the
underestimation of stray light effects in PMO6-Radiometers.

A 5" WRR to S| comparison in 2012 was carried out with
DARA, our new prototype instrument for a space experiment on
PROBAS. DARA is a digitally controlled absolute radiometer, with
a different aperture geometry than PMO6-Radiometers. This will
reduce stray light that was a major source of uncertainty in the
earlier comparisons.

The DARA instrument was calibrated against a cryogenic radi-
ometer at the Total Solar Irradiance Radiometer Facility (TRF) in
2011 (Annual Report 2011). The TRF is located at the Laboratory
for Atmospheric and Space Physics (LASP) at the University of
Colorado in Boulder, USA, and allows indoor irradiance calibra-
tions for solar radiometers to be conducted with a high accuracy
(Kopp et al 2007). The PMO6-PREMOS flight unit and the PMO6-
VIRGO flight spare radiometers were also calibrated at the TRF
in the past. The TRF facility provides a 7.3 mm diameter beam
that overfills the aperture of the instrument.

This allows calibrations in irradiance mode (overfilling all aper-
tures). The DARA instrument and the TRF cryogenic radiometer
are alternately exposed to the beam that is also monitored by
a silicon diode. Both instruments are operated inside a vacuum
chamber.

The DARA instrument has been compared to the World Standard
Group (WSG) at PMOD, where the WSG represents the WRR
standard for radiometric measurements. These measurements
were conducted in February 2012. The reference (PMO2) and the
DARA instruments measured the solar irradiance side-by-side at
PMOD. Four data runs, each lasting a full day, were performed.

While the TRF calibration is performed in vacuum at a single
wavelength, the WRR calibration is performed at ambient pres-
sure with the sun as a source. Two transfer factors therefore need
to be introduced to compare both calibrations. One of these
factors is the air-to-vacuum ratio which describes the different
instrument sensitivity in air and vacuum. The second transfer
factor is a diffraction correction as the diffraction at the 532nm
laser wavelength produces a slightly different effect than the solar
beam. This also needs to be corrected. While the air-to-vacuum
ratio is determined experimentally, the diffraction transfer factor
is calculated numerically.

Comparing the results from the calibrations against the WRR and
the cryogenic radiometer at the TRF, it is found that the WRR
scale is 0.3 % higher than the Sl scale. With an uncertainty of
+0.1 % (2 Sigma) all three cavities agree on this value. This result
is in good agreement with those of Fehlmann et al. (2012) who
found a scale difference of 0.34 %. It supports the 2010 result
with a different transfer instrument, while avoiding the stray light
effects of PMOB6 radiometers.

References: Fehlmann A.: 2011, Metrology of Solar Radiometry, PhD-

Thesis, Universitat Zurich.

Fehimann A., Kopp G., Schmutz W., Winkler R., Finsterle
W., Fox N.: 2012, Fourth World Radiometric Reference
to Sl radiometric scale comparison and implications
for on-orbit measurements of the total solar irradiance,
Metrologia 49, S34-S38.

Kopp G., Heuermann K., Harber D., Drake G.: 2007,
The TSI Radiometer Facility: absolute calibrations for
total solar irradiance instruments. In: Society of Photo-
Optical Instrumentation Engineers (SPIE) Conference
Series, volume 667.

Suter M., Finsterle W., Kopp G.: 2012, WRR to S| com-
parison with DARA, WMO-TECO 2012 Bruxelles: http:/
www.wmo.int/pages/prog/www/IMOP/publications/
IOM-109_TECO-2012/Programme_TECO-2012.html.
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Space Experiments

Manfred Gyo, Dany Pfiffner, Fabian Ddrig, Valeria Blichel, Markus Suter, Wolfgang Finsterle, and Werner Schmutz

PREMOS

EUI

The PREMOS experiment, a payload aboard the French micro
satellite PICARD.

The PMOB6 radiometers on PREMOS/PICARD are the only TSI
instruments in space with unbroken traceability chains to the
ground-based standards for Sl radiant power (NIST), and solar
irradiance (WRR). The extensive pre-launch calibration efforts
not only resolved the cause for the offset between different TSI
instruments in space but also allowed the WRR and Sl scales
to be compared with unprecedented accuracy (Fehlmann et al.,
2012, Metrologia, 49). Because of the unprecedented absolute
accuracy of the PMO6/PREMOS TSI measurements the ISSI
international team, with the working title ‘An Assessment of the
Accuracies and Uncertainties in the Total Solar Irradiance Climate
Data Record’, agreed during its 2012 meeting to anchor a new
TSI composite to the PMO6/PREMOS absolute value.

Overall the PREMOS experiment performed excellent during
2012 with only one single event upset. The instrument was fully
functional after an instrument re-start and software re-load. This
good news contrasts some bad news received towards the end
of 2012: CNES has announced that PICARD will be switched
off in 2013.

SuMo

DARA (Digital Absolute Radiometer) is a prototype for the SuMo
(Sun Monitor) experiment on the PROBA-3 satellite. DARA has
a completely new cavity and electronics design.

During 2012, the DARA prototype was mounted on the Sun
Tracker at PMOD/WRC and numerous measurements were
conducted.

The calibration measurements within the on-going PhD project
to characterize the new DARA/SUMO radiometer design for
absolute solar irradiance measurements in space and on ground
confirmed the results found earlier with the PMO6/PREMOS
radiometers. In particular, the PMO6 problems with internal
stray light were confirmed and eliminated in the DARA/SUMO
optical design (Suter et al., 2012; http:/www.wmo.int/pages/
prog/www/IMOP/publications/IOM-109_TECO-012/Session4/
04_05_Suter WRR_SI_Comparison_to_DARA.pdf).

A detailed description of the DARA/SUMO project can be found
in a dedicated section in this report.

The experiment Extrem UV Imager (EUI) is a payload aboard
ESA/NASA Solar Orbiter Mission. PMOD/WRC is leading the
Swiss hardware contribution.

In 2012, the preliminary design of the optical bench was com-
pleted and phase B was successfully finished with the preliminary
design review (PDR) in April (see Fig. 1.).

Figure 1. CAD Model of
EUI Structure.

After the PDR the tender process for Phase C/D (critical design
phase and manufacturing of the instrument) starts. It takes a
long time to obtain an industry contract, however, a contract
with APCO Technologies was completed in November 2012 by
ESA, and the critical design phase started shortly afterwards.

The infrastructure in the PMOD/WRC laboratories was set-up to
conduct the baking-out procedure during manufacturing.

A vacuum oven for small parts and a heat case (Fig. 2) for the
large elements of the optical bench were constructed. The heat
case helps to handle the structural elements within the big vac-
uum recipient, to heat them during bake-out and to hold the parts
purged during the entire procedure.

Figure 2. Heat Case.
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SPICE

The SPICE experiment is a payload aboard ESA/NASA Solar
Orbiter Mission. PMOD/WRC is leading the Swiss hardware
contribution.

In 2012, industry contracts for the preliminary mechanism
design were completed. A successful PDR finished the pre-
liminary design of all three components: The low voltage power
supply (LVPS), the slit change mechanism and the SPICE door
mechanism.

Low Voltage Power Supply

During the preliminary design phase the design was improved
and a bread-board was built. First EMC and thermal vacuum
tests to correlate with the thermal simulation were conducted
(Fig. 3).

Figure 3. LVPS preparation for thermal vacuum test.

Slit Change Mechanism

A blade design was established as a baseline design together
with ALMATECH who is our industry partner for manufacture
of the slit mechanism. The design fulfils the requirements for
positioning accuracy of the slits, and cleanliness.

The tender process began after the PDR in order to have an
industry contract ready for phase C/D. ESA released the Invitation
to Tender (ITT) in late December.

Figure 4. Model of Slit
Change Mechanism.

SPICE Door Mechanism

The preliminary design of the SPICE Door Mechanism was com-
pleted with APCO Technologies. The door is designed to prevent
the instrument from being contaminated during ground operation
and during non-measurement phases in orbit.

Similar to the Slit Change Mechanism, the ITT for Phase C/D was
released in late December by ESA.

Carriage

Figure 5. Model of SPICE Door Mechanism.
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Projects at PMOD/WRC are related to solar radiation. We
address questions regarding the radiation energy budget in the
terrestrial atmosphere as well as problems in solar physics to
understand the mechanisms concerning the variability of solar
irradiance. Hardware projects at our institute are part of investi-
gations into Sun-Earth interactions by providing measurements
of solar irradiance.

The choice of projects to be conducted at the institute is gov-
erned by the synergy between the know-how obtained from the
operational services of the World Radiation Center and other
research activities. Basically, the same instruments are built
for space-based experiments as are utilized for ground-based
measurements.

The research activities can be grouped into three themes:

Climate modeling
Terrestrial radiation balance
Solar physics

Research activities are financed through third party funding.
Last year, we were supported by the Swiss National Science
Foundation (7 projects), MeteoSwiss (1 project), the sev-
enth European Framework Program FP7 (2 projects), and the
European Metrology Research Program (2 projects). Hardware
development of space experiments is paid by the ESA PRODEX
program (3 projects). These funding sources have supported
4 PhD Theses, of which two were completed last year, and 6
postdoctoral positions. The institute’s PRODEX projects paid for
the equivalent of four technical department positions.

The backbone of climate research at PMOD/WRC is the FUPSOL
project (Future and Past Solar Influence on the Terrestrial Climate),
which is a collaborative multi-institute research with partners
from the EAWAG, IAC ETHZ, Bern University, and Oeschger
Centre for Climate Change Research. Several other PMOD/WRC
projects directly or indirectly relate to the goal of understanding
and reproducing natural climate change of the past 500 years
as well as forecasting the contributions from natural influences to
future climate change. Not only are variations in solar irradiance
of importance but the effects of particles are also relevant. In
particular, on a shorter time-scale than climate time-scales, i.e.
where space weather has an influence, so-called Solar Proton
Events can have remarkable effects. If the Earth were to be hit by
a strong event similar to the famous 1859 Carrington event, our
simulations show that it could have an impact on the chemical
state of the terrestrial atmosphere that lasts for several months.

It has been reported in the literature that the past century expe-
rienced phases when less solar irradiance reached the terrestrial
surface which lasted several decades. The phases with decreas-
ing irradiance have been termed global dimming, and the phases
when the irradiance increased, are named global brightening. A
PhD Thesis at PMOD/WRC investigated whether the data col-
lected at the observatory in Davos for the past 100 years could

Overview

Werner Schmutz

shed more light on the cause of these changes. It was found that
atmospheric transmission over Davos did not change by a suffi-
cient amount to explain the reported dimming. Factors other than
atmospheric transparency, such as the type or amount of cloud
cover, are probably responsible for the dimming measured by
pyranometer instruments (ie global irradiance) in Davos. However,
a slight brightening since about 1990 could be the effect of a
cleaner, less polluted atmosphere.

The result of the long-term analysis is supported by measure-
ments of aerosol optical depth (AOD) obtained with sun-pho-
tometers. AOD time-series are available for Switzerland since
the early 1990s. These still relatively short data series exhibit no
obvious trends at present. A slight decrease of AOD, as required
by a brightening discussed above, is within the measurement
uncertainties.

The PMOD/WRC CLASS project, which is supported by the
Swiss contribution to the Global Atmosphere Watch Programme
of the World Meteorological Organization, will eventually deliver
the tools to record and estimate the effect of clouds on the radia-
tive energy budget. The aim is an automated measurement of
the cloud fraction and a classification of cloud types, based on
hemispherical sky images obtained by automated cameras. First
results obtained by a successfully completed PhD Thesis are
very promising and an automated system seems to be feasible,
although we are still far from having a fully operational system.
Further research and development of the necessary algorithms
and field tests will be needed.

Whether variations in Total Solar Irradiance (TSI) and/or Spectral
Solar Irradiance (SSI) are large enough to be relevant to the ter-
restrial climate is still a topic of keen debate among experts. In
an important paper, Haigh et al. (2010) pointed out that if SSI
variations as reported by the SIM/SORCE team were correct,
then solar variations would influence the terrestrial climate. The
peculiarity of the SIM/SORCE variations is that the UV variations
are larger than previously assumed and are compensated by
an out-of-phase variation of the visual spectral range. We have
now analyzed filter radiometer data from VIRGO/SOHO, which
is a PMOD/WRC space experiment that has been running for 17
years. Based on the 2002 — 2012 VIRGO time-series, the 500nm
channel was shown to be in-phase with TSI rather than out-of-
phase, as claimed by SIM/SORCE.

Reliably quantifying SSI variations is an important ongoing task
that is being addressed by several groups world-wide. In this
respect, the SOLID project — First European SOLar Irradiance
Data — will make an important contribution. The goal of this FP7
project is a critical inventory of existing solar irradiance measure-
ments, including an assessment of the measurement uncertain-
ties. A second ambitious aim of SOLID is to fill observational gaps
in either time or in wavelength coverage by model calculations.
The project was initiated by the PMOD/WRC and is being led
by the observatory.
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Future and Past Solar Influence on the Terrestrial Climate (FUPSOL)

Werner Schmutz (Pl), Eugene Rozanov (project manager) and Alexander Shapiro in collaboration with teams from EAWAG, IAC
ETHZ, KUP and GIUB of University of Bern, and Oeschger Centre for Climate Change Research

FUPSOL is a Swiss collaboration project involving partners from
the Institute for Atmosphere and Climate Sciences of the ETH
Zlrich (IAC ETH), the Swiss Federal Institute of Aquatic Science
and Technology, Dibendorf (EAWAG), the Physics Institute (KUP)
and Institute of Geography (GIUB) of the University of Bern and
the Oeschger Centre for Climate Change Research. It aims to
quantifify solar forcing and its influence on the Earth’s atmos-
phere and climate.

The main efforts during the second year of the FUPSOL project
were aimed at developing 1) the natural and anthropogenic forc-
ing scenarios covering 2000-2100, 2) simulations of the 20t and
21%t century’s climate with the atmosphere-ocean-chemistry-
climate model (AOCCM) SOCOL-MPIOM using several scenarios
for the evolution of the solar activity and 3) analysis of the results
obtained for the Dalton minimum (DM). We completed all planned
sensitivity runs for Dalton minimum conditions and analyzed the
contribution of different factors. We show that for the reproduc-
tion of the cold climate during the DM a combination of both vol-
canic eruptions and reduction in solar irradiance is needed (see
science page describing DM results). The climate simulations
which started during the first year of the project have reached
year 2000 and the results of this experiment have been prepared
for the analysis. Figure 1 presents global annual mean total col-
umn ozone (TCO) simulated by the AOCCM SOCOL-MPIOM for
two (mean and minimum strength) scenarios of SSI evolution
as proposed by Shapiro et al. (2011). The TCO dependence on
the solar, volcanic and anthropogenic activities is evident. The
TCO is low during the Maunder and Dalton minima as well as
around 1900. The magnitude of these minima clearly depends
on the strength of the applied solar forcing. Due to smoothing,
the influence of volcanic eruptions is not so visible except for two
extremely powerful events during the DM. The ozone decline
caused by the increased halogen loading due to anthropogenic
activity is clearly visible during the last 40 years of the 20™ cen-
tury. The difference between two applied solar forcing data sets
is small during this period, therefore the TCO behavior does not
depend on the applied solar forcing. Further detailed analysis of
the obtained results including the response of the tropospheric
circulation and surface temperature is in progress.
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Figure 1. Global annual mean total column ozone (DU) simulated by
AOCCM MPIOM for mean (red) and minimum (blue) strength scenarios
of SSI evolution as proposed by Shapiro et al., (2011).The results are
smoothed by a 7-year running average.

The next phase of the project implementation will be devoted to
projections of the future climate and ozone layer. On the basis
of the spectral analysis of the solar activity behavior in the past
we predict its steady decrease in the future, reaching approxi-
mately the level of the DM in the year 2100 (Steinhilber and Beer,
2012). From this time-series we have derived the evolution of the
energetic electron precipitation (EEP) and Galactic Cosmic Rays
(GCR) as well as the spectral solar irradiance (SSI) for 1600-2100.
We have also produced model boundary conditions for the 215t
century, including a novel, detailed stratospheric aerosol data
set. The prepared set of forcing data has been used to drive cli-
mate simulations from 2000 to 2100. The simulation of the future
climate driven by this forcing data are ongoing for several sce-
narios including the cases of stable and declining solar activity
and the results of these experiments will allow us to estimate the
contribution of changes in solar activity to the future greenhouse
warming and ozone recovery.

References: Shapiro A.l, Schmutz W., Rozanov E., Schoell M.,

Haberreiter M., Shapiro AV., Nyeki S.: 2011, A new
approach to the long-term reconstruction of the solar
irradiance leads to large historical solar forcing, A&A,
529, AB7.

Steinhilber F., Beer J.: 2012, Prediction of solar activity
for the next 500 years. submitted to Astronomy and
Astrophysics.
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Further Development of the Chemistry-Climate Model SOCOL

Eugene Rozanov, Timofei Sukhodolov in collaboration with J. Anet, A. Stenke, and T. Peter, IAC ETH, Zurich

We continue the development of the chemistry-climate model
(CCM) SOCOL. The third version of the model has been further
improved to better represent the solar related forcing such as
spectral solar irradiance (SSI) and energetic particle precipitation
(EPP). We have also extended the previous simulations to evalu-
ate the model behavior during the last decade.

Compared to the previous version, SOCOL v.3.0 exhibits a
more realistic distribution of atmospheric trace gases and some
advanced features of dynamics (Stenke et al., 2012). However,
a number of model deficiencies still remain and this makes it
necessary to continue the improvement of the model. The main
direction of recent model improvements has been related to the
parameterizations of heating rates due to absorption of solar
irradiance and ionization rates caused by the precipitation of
different energetic particles.

The original radiation scheme of the model uses the six bands
model of Cagnazzo et al. (2007) which does not contain oxygen
absorption and hence underestimates heating rates in the meso-
sphere and upper stratosphere. Moreover, the original radiation
code highly underestimates the response of the heating rates in
the middle stratosphere to variability in the solar spectral irradi-
ance. We have solved this problem by applying additional param-
eterizations of heating rates by oxygen absorption in the Lyman-a
line and Schumann-Runge band and by ozone absorption in the
Hartley and Huggins bands (Zhu, 1994).

Parameterizations of the galactic cosmic rays, solar proton
events and energetic electron precipitation were implemented
into the model. Rozanov et al. (2012) showed that these particles
can noticeably affect the stratospheric ozone and temperatures
over the high latitudes.
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Figure 1. Linear trend (DU/year) of the zonal mean total column ozone
as a function of latitude and month.

The existent transient simulation analysed by Stenke et al. (2013)
was repeated with a new model version and extended from 2001
to 2010. The simulation includes several natural and anthropo-
genic forcings, of which the main effects during the considered
period were represented by a decrease in solar activity and halo-
gen loading as well as by a continuous increase in greenhouse
gases. The linear trend in the zonal mean total column ozone is
illustrated in Figure 1 as a function of latitude and month.

The model results show that the decade under consideration
was marked by an intensification of polar ozone depletion of
up to 3.2 Dobson units (DU) per year over the South Pole in
November and up to 2.5 DU/year over the North Pole in January.
On the other hand, a positive trend (2.5 DU/year) in total column
ozone during the polar nights is found in the high latitudes of both
hemispheres. Reasons for these effects are under investigation
because of the complexity of dynamical and chemical processes
in Polar Regions.

Decreasing halogen loading leads to less intensive ozone, but on
the other hand it activates nitrogen radicals. Lower solar activity
leads to less ozone production via oxygen photolysis but modu-
lates the active nitrogen and hydrogen production by energetic
particles followed by some ozone changes especially in the Polar
Regions. This increase in active nitrogen can cause additional
destruction of ozone via the nitrogen catalytic cycles, but can
also deactivate active chlorine and hydrogen radicals, and hence
can reduce the ozone destruction rate. The changes in nitrogen
oxide content could affect the formation of the polar stratospheric
clouds, which play an important role in the polar ozone pattern.

A complete understanding of the obtained ozone changes
requires a number of additional sensitivity runs to elucidate the
mechanisms responsible for the trends.

References: Cagnazzo C., Manzini E., Giorgetta M.A., Forster PM.D.,
Morcrette J.J.: 2007, Impact of an improved short-
wave radiation scheme in the MAECHAMS General
Circulation Model, Atmos. Chem. Phys., 7(10), 2503-

2515, doi:10.5194/acp-7-2503-2007.
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on Atmospheric Chemistry and Climate, Surveys in
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rithm for the middle atmosphere model, JAS, 51, 24,
3593-3614.
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Modulation of the Middle Atmospheric Response to Solar Irradiance Changes by Internal Variability

Anna Shapiro, Eugene Rozanov, Alexander Shapiro, and Tatiana Egorova in collaboration with IAC ETH, Zurich

We studied the internal variability of the atmosphere and its pos-
sible influence on the middle atmospheric response to the 27-day
solar irradiance variability. We applied the Chemistry-Climate
Model (CCM) SOCOL to simulate the atmospheric evolution
from 2000 to 2006. We found that the atmospheric state can
be strongly affected by the Madden Julian Oscillation (MJO).

The variability of the middle atmosphere state is affected by a
number of external (e.g. solar variability) and internal (e.g. sea
surface temperature changes, Quasi Biennial Oscillation) proc-
esses, which are characterized by different periodicities. Internal
processes can modulate the effects of the 27-day solar irradiance
variability rendering the extraction of the solar signal very diffi-
cult. We have performed four 7-year long (2000—-2006) ensemble
runs with CCM SOCOL to study the main features of the ozone
variability on a daily time scale. Figure 1 presents the power
spectrum of the zonal mean ozone mixing ratio at 45 km for one
of the ensemble runs. It shows strong ozone variability around
the solar rotational period (25-35 days), however, spectral power
at longer periods is also significant.
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Figure 1. The normalized power spectrum of O3 at about 45 km.
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Figure 2. Cross-correlation functions between O3 and zonal wind at
850 hPa. The colored areas correspond to a significance level better
than 99 %.

The ozone variability with a 30-90 day period could be caused
by MJO, which is an eastward propagating anomaly in the tropo-
spheric tropical zonal wind and rainfall with an approximately
30-90 day period. Weare (2010) has found MJO in tropospheric
and lower stratospheric wind, temperature and ozone. To check
the influence of the internal variability on the middle atmosphere
we performed six additional 7-year long (2000-2006) ensemble
runs with CCM SOCOL. For these experiments the model was
driven by the same set of forcings but we kept the solar irradi-
ance constant. Figure 2 shows the cross-correlation functions
between the tropical ozone mixing ratio and the tropical zonal
wind at 850 hPa (proxy for the MJO) obtained from the sensitivity
runs. The results reveal significant correlations (up to 0.4) at 60
km that propagates to lower altitudes. At 30—40 km the correla-
tion is significant and negative.

We interpret this result as a connection between MJO and strat-
ospheric ozone variability. Thus the tropospheric dynamical vari-
ability might strongly influence the stratospheric composition and
affect the middle atmospheric response to the solar irradiance
variability.

References:  Weare B.C.: 2010, Madden Julian Oscillation in the tropi-

cal stratosphere, J. Geophys. Res., 115, D17113, doi:
10.1029/2009JD013748.
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The Role of SSI Variability in the Evolution of the Middle Atmosphere during 2004-2009

Anna Shapiro, Eugene Rozanov, Alexander Shapiro, Tatiana Egorova and Werner Schmutz in collaboration with Thomas Peter (IAC
ETH, Zurich), Jerry Harder (LASP, Boulder, USA), Anne Smith (ACD NCAR, Boulder, USA) and Mark Weber (IUP, Bremen, Germany)

We analyzed the response of the middle atmosphere to the dif-
ferent Spectral Solar Irradiance (SSI) datasets using 1-D and 3-D
Chemistry-Climate Models (CCM). We compared CCM SOCOL
results with atmospheric observations. The comparison showed
good agreement between the measurements and results of the
model runs driven by SIM and SOLSTICE SSI.

The recent SSI data observed by the Spectral Irradiance Monitor
(SIM) and SOLar STellar Irradiance Comparison Instrument
(SOLSTICE) on-board the Solar Radiation and Climate Experiment
(SORCE) satellite show that ultraviolet (UV) variability is higher
than previously observed or calculated with theoretical models
(e.g. NRL SSI, see Lean et al.,, 2005). Figure 1 illustrates this
disagreement showing measured and calculated SSI changes
between 05.2004 and 02.2009. The SSI variabilities measured
by SIM and SOLSTICE in their common part of the spectrum
(210—-290nm) are also different.
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Figure 1. SSI changes between May 2004 and February 2009.

Radiation in the 210-290nm spectral range strongly affects
the middle atmospheric state and composition. To estimate the
influence of the difference in the SSI variability on the middle
atmosphere we applied the CCM SOCOL model and simulated
atmospheric time-series using four different SSI data sets: con-
stant SSI (NO SUN runs), NRL SSI and two composites (SIM and
SOLSTICE runs). The first composite was based on SOLSTICE
data from 121 to 290nm and SIM data from 290 to 750 nm.
The second composite contains the SOLSTICE SSI from 121
to 210nm and the remaining part of the used spectrum (210—
750nm) was covered by the SIM irradiance.

We compared the simulated changes with available atmos-
pheric measurements to define which SSI data set gives the
best agreement between the modeled and measured evolution
of the atmospheric state. For the ozone we used the observations
by SBUV/NOAA, SABER/TIMED and SCIAMACHY/ENVISAT.

Figure 2 demonstrates that the simulated O3 changes between
July 2004 and July 2008 are smaller in general than the meas-
ured values. On the other hand the ozone changes simulated
with SIM and SOLSTICE are closer to measured values. A paper
about this investigation is in press (Shapiro et al. (2013)).

We compared the simulated changes with the available atmos-
pheric measurements to define which SSI data set gives the best
agreement between the modeled and measured evolution of the
atmospheric state. For the ozone we used the observations by
SBUV/NOAA, SABER/TIMED and SCIAMACHY/ENVISAT. Fig.
2 demonstrates that the simulated O3 changes between July
2004 and July 2008 are smaller in general than the measured
values. On the other hand the ozone changes simulated with SIM
and SOLSTICE are closer to measured values. A more detailed
comparison of changes in the middle atmosphere can be found
in Shapiro et al. (2013).
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Figure 2. Comparison of the modeled O3 changes with the changes
measured by SBUV, SABER and O3.
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Solar Variability and Climate Change during the First Half of the 20" Century (SOVAC)

Tatiana Egorova, Eugene Rozanov, and Werner Schmutz in collaboration with FUPSOL team (PMOD/WRC, EAWAG, IAC ETHZ,

Bern University and Oeschger Centre for Climate Change Research)

In the SOVAC project we intend to elucidate the causes of
observed climate warming during the first half of the 20t century.
To address this question we will simulate the climate evolution
from 1880 to 1950 using our atmosphere-ocean-chemistry-cli-
mate model (AOCCM) SOCOL-MPIOM and the updated recon-
structions of all known climate forcings.

Most of the models that participated in the IPCC AR4 experiment
failed to reproduce a statistically significant global warming in
the first half of the 20" century as well as typical features of its
space pattern like e.g., the warming over the continental US and
over the Arctic. This problem remains important and should be
reinvestigated given the noticeable recent progress in modeling
and understanding of past solar irradiance variations.

We will investigate on a series of multi-year ensemble runs of the
AOCCM SOCOL-MPIOM driven by all known anthropogenic and
natural forcings taken in different combinations to elucidate the
effects of anthropogenic factors as well as natural phenomena
such as solar spectral irradiance, energetic particle precipitation
and volcanic aerosol loading. The seasonal and geographical
patterns of the climate change during the considered period
will be compared to observational data and reanalysis products
to establish the robustness of the obtained climate behavior.
The analysis of the sensitivity runs will allow disentangling the
contribution of different forcing mechanisms, which are respon-
sible for climate change. The results will have implications for the
forecast of future climate change due to the combined effects of
anthropogenic and natural factors.

The main modeling tool of the proposed project is AOCCM
SOCOL-MPIOM which is a combination of the GCM MA-ECHAMb,
dynamic ocean model MPIOM (Marsland et al., 2003) and the
chemistry module MEZON. The chemistry-climate part of the
model with prescribed sea surface temperature and sea ice
concentration has been described and evaluated by Stenke et
al. (2012).

The SOVAC project is in the first phase. According to the plan we
have installed the model on PMOD/WRC in-house workstations.
All necessary forcing and initialization fields for the 1880-1950
model runs including three different scenarios for volcanic and
solar irradiance forcing have been prepared. The observational
data and statistical tools for the analysis of the results are in
preparation.

We have also analyzed the model results for 1850-1960 obtained
in the framework of the FUSPOL project to evaluate the behav-
ior of the model driven by a standard set of anthropogenic and
natural forcings, which is a necessary step before the start of
sensitivity simulations. The climate evolution has been simulated
with two 2-member ensemble runs using intermediate and strong
solar irradiance forcing as recommended by Shapiro et al. (2011).
The anomalies of the surface air temperature during the cold
period (November-April) averaged over 20°-60°N are shown
in Figure 1.
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Figure 1. Surface air temperature anomalies during the boreal cold
season averaged over 20°-60°N obtained from SOCOL-MPIOM runs
driven by intermediate (blue) and strong (red) solar irradiance forcing.
The shading indicates the scatter between ensemble members.

The presented results reveal the increase in the surface air tem-
perature from 1900 to 1940 and smaller changes afterwards in
general agreement with observations presented by Bronnimann
(2009). It is interesting to note some non-homogeneity in the tem-
perature behavior, which will be investigated during the intended
sensitivity runs.

References: Brénnimann S.: 2009, Early twentieth-century warming,
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Evaluation of the Stratospheric Climate Change during the Dalton Minimum with AOCCM SOCOL-MPIOM

Eugene Rozanov and Julien Anet in collaboration with FUPSOL team (PMOD/WRC, EAWAG, IAC ETHZ, Bern University,

The SNF-supported FUPSOL project aims to evaluate the solar
variability impact on climate and the ozone layer. We analyse the
results of experiments with the Atmosphere-Ocean-chemistry-
climate model (AOCCM) SOCOL-MPIOM to elucidate the cli-
mate response to spectral solar irradiance, volcanic eruptions,
and energetic particle precipitation variability during the Dalton
Minimum.

The SNF-Sinergia project ‘Future and Past Solar Influence on
the Terrestrial Climate’ (FUPSOL) investigates the response of
the Earth’s climate to changes in solar spectral irradiance and
ionization by different energetic precipitating particles (EPP) for
the period 1600 to 2100. Using the AOCCM SOCOL-MPIOM,
we successfully performed the first part of our modelling stud-
ies, focusing on the Dalton Minimum (DM). This solar activity
minimum lasted from around 1790 to 1830 and is characterized
by a substantial decrease in solar spectral irradiance (Shapiro et
al., 2011), an increase in galactic cosmic ray (GCR) intensity and
decrease in solar proton and auroral electron precipitation inten-
sity. During the DM two major volcanic eruptions occurred: an
unknown volcano in 1809 ejecting 50 Mt of SO2 and the Tambora
volcano in 1815, ejecting 100 Mt of SO2 into the atmosphere. To
be able to discern among all these climate impacting factors, we
perform six 20-year long (1805-1825) runs using different combi-
nations of forcings: (i) all forcings are fixed on the 1805 level, (i) all
forcings are evolving, (iii) only solar UV irradiance is changing, (iv)
only solar visible and infrared irradiance is changing, (v) volcanic
eruptions are switched on, and (vi) EPP is changing.

Figure 1 shows the ozone change caused by the effect of all con-
sidered factors on ozone. The combined effect leads to a signifi-
cant gain in ozone over the tropics due to the volcanic eruptions.
However, in the rest of the atmosphere ozone is depleted due
to a decrease in UV radiation — except at the mesospheric poles
where a reduced UV irradiance is destroying less ozone. The
ozone changes have significant impacts on stratospheric tem-
peratures. Figure 2 illustrates that volcanic aerosols are warming
up the lower tropical stratosphere while an overall cooling of up
to 5 K is found in the remaining parts of the stratosphere due
to a decrease in UV radiation. The cooling in the troposphere is
attributed to the decrease in solar visible and infrared irradiance.

Such results might be of great interest when looking towards the
next possible future solar minimum (Abreu et al. 2010). Although
the current understanding and modelling results predict a recov-
ery of the ozone layer due to decreasing halogen loading during
this century, a decrease in UV might partially compensate this
gain in ozone. The second, ongoing part of FUPSOL is devoted
to the future climate evolution.
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Figure. 1. Latitude-height plot of the relative difference in ozone con-
centration between the reference simulation including all factors and
the constant forcing simulation, averaged over the 1805-1825 period.
Hatching shows significant differences with a 95 % confidence level. The
yellow line indicates the height of the WMO tropopause.
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Figure 2. Same as in Fig 1, but for absolute differences in temperature.
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Development of the Sulfate Aerosol Module for the CCM SOCOL

Eugene Rozanov in collaboration with J. Sheng and T. Peter, IAC ETH, Zurich

The SNF-supported IASSA project aims to assess sulphate aero-
sol behaviour after proposed geo-engineering by injection of
sulphur containing gases. In the second phase of the project we
have improved our coupled aerosol-CCM model (AER-SOCOL)
and performed simulations under background aerosol condi-
tions. The results are in agreement with the measurements and
similar models.

The IASSA project aims to investigate the future climate and
o0zone evolution assuming different geo-engineering scenarios
with a reasonable level of certainty using a coupled aerosol-
chemistry-climate model taking into account the main compo-
nents of the climate system (atmosphere, clouds, land surface,
ocean, sea ice, chemical species, and sulphate aerosol) and
their interactions.

We introduced a size-dependent composition scheme for sul-
phuric acid droplets. This novel scheme improved the aero-
sol module resulting in a decrease in the number of particles
in the smallest size bins due to a considerably higher H2SO4
vapor pressure. We implemented the emission of sulphur con-
taining gases into our coupled model AER-SOCOL. The emis-
sions include IPCC historic emission and scenario data for SO2
(anthropogenic, biomass burning, ships). DMS emissions are
calculated in the model from its sea concentration. OCS, CS2
and H2S boundary conditions are adapted from the AER 2-D
model (Weisenstein et al., 1997).

With the new model version we simulated the background aero-
sol distribution without volcanic eruptions. Figure 1 illustrates
the calculated vertical profiles of primary sulphur compounds
H2S04, OCS and SO2 under the background aerosol conditions.
The simulated OCS volume mixing ratio agrees with measure-
ments at ground level and above 20 km. The OCS mixing ratio
decreases sharply above 20 km due to photolysis in agreement
with measurements (not shown). SO2 near the tropopause is also
consistent with the measurements. H2S04 reaches its minimum
in the lower stratosphere where homogenous nucleation is most
likely to occur. The resulting aerosol layer due to the microphysics
is shown in Figure 2.

Figure 2 shows zonal mean aerosol sulphate volume mixing
ratio during boreal summer (JJA). The stratospheric aerosol
layer is clearly visible in the lower to middle stratosphere reach-
ing maximum values at 20 hPa in the tropics. The results agree
well with the ECHAM-SAM model simulation by Hommel et al.
(2011) and also with observational data. We are simulating the
Pinatubo eruption using the fully coupled AER-SOCOL for further
validations.
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Figure 1. Mixing ratio (mol/mol) of the primary gaseous sulfur com-
pounds H2S04 (blue), SO2 (red) and OCS (green) simulated by AER-
SOCOL. The black data points are the observations.
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Figure 2. Zonal mean aerosol sulphate volume mixing ratio simulated by
the AER-SOCOL for boreal summer (JJA).
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Assessment of the Lifetime of Halogen Source Gases

Eugene Rozanov in collaboration with Andrea Stenke, Fiona Tummon, and Thomas Peter (IAC ETHZ)

We participated in the SPARC Lifetime of Halogen Source Gases
Activity, producing and analyzing output from the chemistry-
climate model (CCM) SOCOL. Results from the study have been
used to make new model lifetime estimates from 1960-2100.

The SPARC Lifetime of Halogen Source Gases activity aims to
reduce the uncertainty associated with estimates of the lifetimes
of ozone depleting substances (ODSs). As a contribution to this
activity, model simulations with CCM SOCOL (Stenke et al., 2012)
were carried out for the chapter focusing on global model lifetime
estimates.

Species WMO (2011) | SOCOL 2000 | SOCOL 2100
CFC-11 45 52.2 50.7
CFC-12 100 86.4 84.2
CFC-113 85 82.8 81.3
CFC-114 190 173 176
CFC-115* 1020 627 632
N20 114 110 110
ccla 35 426 M3
CH4 12 7.3 8.1
HCFC-22 11.9 9.1 9.9
HCFC-141b 9.2 7.7 7.8
HCFC-142b 17.2 13.6 15.2

Table 1. Lifetimes (in years) of several ozone-depleting substances from
the WMO 2011 Ozone Assessment and from SOCOL for 2000 and 2100.
*The results for CFC-115 can largely be ignored (see text for details).

Initial results from this work indicate that the lifetimes of certain
halogen species under present atmospheric conditions (2000)
are currently under- or overestimated (see Table 1). For example,
SOCOL simulates CFC-11 and CCl4 lifetimes that are between
15-20% longer than those given by WMO (2011). Other models
participating in the study exhibit similar results. On the other
hand, the SOCOL lifetimes of HCFC-141b and HCFC-142b are
between 17-22 % shorter than proposed by WMO (2011). Again,
results are similar for all participating models, suggesting that
the WMO lifetime estimates will most likely need to be updated.

During this study, it was found that SOCOL, together with another
participating model ULAQ, used reaction rate coefficients for
the reaction CFC-115 + O(1D) that were three times higher than
those used by the two other models which included this species.
This error is likely the main reason for the much shorter CFC-115
lifetime exhibited by SOCOL (see Table 1), and will be corrected
in future studies.

In terms of future lifetimes, SOCOL results indicate that the
lifetimes of most CFC species will decrease by 2100, largely
because of the reduction in anthropogenic ODS species and the
resultant decrease in atmospheric concentrations.

Future ozone changes averaged between 80-15hPa are shown
in Figure 1. In the tropics, SOCOL suggests a small decrease in
ozone (<5 %), a feature seen in many models and attributed to an
enhancement of the Brewer-Dobson circulation (e.g. Eyring et al.,
2007; Oman et al., 2010). In the mid- and high-latitudes SOCOL
simulates substantial increases in ozone, which are greater in the
southern hemisphere than in the northern hemisphere. These
increases are the result of two factors, namely, the reduction in
anthropogenic ODS species resulting in less ozone destruction,
as well as increased transport of ozone-rich air from the tropics
to the mid- and higher latitudes through the enhanced Brewer-
Dobson circulation.

Figure 1. Annual average global ozone change from 2000 to 2100 (in %)
averaged between 80-15 hPa and for all years simulated.
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Influence of a Carrington-Like Event on Atmospheric Chemistry, Temperature and Climate

Eugene Rozanov in collaboration with Marco Calisto (ISSI, Bern, Switzerland), llya Usoskin (Oulu Univ., Finland) and Thomas Peter

(IAC ETHZ, Switzerland)

We investigate the effects of a major solar proton event (SPE),
similar to the Carrington event which took place in 1859, using the
chemistry-climate model (CCM) SOCOL v2.0 and new ionization
rate data. The results reveal significant changes of NOx, HOXx,
ozone and surface air temperature mostly over high latitudes.
These results suggest that similar events in the future could have
a major impact on atmospheric chemistry and the climate.

We have already studied the effects of strong solar proton events
(SPE) on the future chemistry and climate (Calsito et al., 2012).
However, it was suggested that the particle energy spectrum
of the Carrington event should be substantially harder than that
considered in this paper and the applied method for the ionization
rate calculations does not account for nuclear cascade formation
caused by highly (more than 500 MeV) energetic particles. These
facts inspired us to revisit the problem.

For this study we have implemented the new ionization rates
calculated with the CRAC-CRIlI model (Usoskin et al., 2010) for
the energy spectrum of the Carrington event retrieved from the
scaled data obtained for the 1956 SPE. The new ionization rates
properly include nuclear cascade formation and reproduce a
Forbush decrease which is typical of such strong SPE events.
Using these ionization rates we carried out two 9-month long
10-members ensemble runs with CCM SOCOL v2.0 (Schraner
et al., 2008) for the year 2020 conditions. The control run is
driven by background ionization rates, while for the experiment
we include the ionization rates from the SPE event.

Figure 1 illustrates the response of the reactive nitrogen
(NOx=NO+NQO2) calculated as the relative difference between
the experiment and reference runs. The obtained results reveal
more substantial changes in NOx from the mesosphere down to
the troposphere in comparison to Calisto et al. (2012) followed by
ozone depletion of up to 60 %. These changes in the atmospheric
state induced by the ozone changes also have an influence on
the surface air temperature.

Figure 2 demonstrates the response of the January mean surface
air temperature calculated as the absolute difference between
the experiment and control runs. It shows that the extreme SPE
may lead to a statistically significant winter-time warming of more
than 5 K over Europe and Russia.
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Figure 1. Upper/lower panel shows the changes (%) in zonal mean NOx
mixing ratio profile in the northern/southern Polar Regions (70°-90°).
Colors indicate areas with at least 95 % statistical significance.
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Figure 2. Response of the surface air temperature (K) to the major solar
proton event for January. Colors indicate areas with at least 95 % sta-
tistical significance.
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Stratospheric Circulation under the Montreal Protocol Restrictions

Tatiana Egorova, Eugene Rozanov, and Werner Schmutz

We present an on-going analysis of the simulations performed
using the chemistry-climate model (CCM) SOCOL with and with-
out Montreal Protocol and its Amendments (MPA) restrictions.
Here we show that the absence of MPA would lead not only to
global ozone loss but also to substantial dynamical changes in
the stratosphere.

Ozone depletion caused by the absence of MPA (hnoMPA case),
described in Egorova et al. (2012), affects stratospheric tempera-
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stratospheric jets in the Northern (NH) and Southern (SH) hemi-
spheres are illustrated in Figure 1 using the zonal wind speed and
latitude of the jet maxima. The impact of the greenhouse gases
strengthens the jets and slightly extends their upper flanks in a
vertical direction. These changes are more pronounced for the
noMPA case due to additional cooling in the extra-tropical lower
stratosphere.
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Ground-Based Aerosol Optical Depth Time-Series at Three Swiss Sites

Stephan Nyeki, with the collaboration of MeteoSwiss, and Dept. Meteorology, University of Reading, England

Ground-based aerosol optical depth (AOD) time-series at two
low-altitude sites in Switzerland (Locarno and Payerne) are
updated and re-calibrated for the periods 1994-2013 and
2001-2013, respectively.

Sun-photometer measurements have been continuously con-
ducted at four MeteoSwiss sites in Switzerland as part of the
national SACRaM network (Swiss Alpine Climate Radiation
Monitoring). Time-series go back as far as the early 1990s, and
have recently been reported for the two high-altitude stations
at Jungfraujoch (3580 m; 46.55°N, 7.98°E) and Davos (1590 m;
46.82°N, 9.85°E) (Ruckstuhl et al., 2008; Nyeki et al., 2012). This
study examines the updated and re-calibrated AOD time-series
at the other two low-altitude sites at Locarno (366 m; 46.18°N,
8.78°E) and Payerne (491 m; 46.82°N, 6.94°E).

AOD measurements began in Payerne with the SPM2000 sun-
photometer (16 wavelengths in the 368-1024 nm range). These
were replaced with precision filter radiometers (PFR) towards the
end of 2000 which were then also installed at Locarno. As part
of the MeteoSwiss PFR calibration programme, instruments are
‘rotated’ from low to high-altitude sites to allow Langley calibra-
tions to be conducted at the latter. Six PFRs (standard WMO
wavelengths: 368, 412, 500 and 862nm) were calibrated over
the 1994 — 2013 period using: 1) the Langley method at the
Jungfraujoch and, 2) calibration against reference PFRs at Davos.
AOD was determined using WORCC algorithms developed for
our GAW-PFR (Global Atmosphere Watch, WMO) network of
international PFRs.

The combined uncertainty related to instruments and retrieval
algorithms is estimated to result in an AOD uncertainty <0.010
at A= 500nm.

The monthly AOD time-series at Locarno and Payerne are shown
in Figure 1a-b, and exhibit weak seasonal cycles. This is more
evident when compared to the Davos time-series in Figure 1c
which has a distinct cycle. The large number of high AOD events
at Locarno and Payerne is typical of sites close to anthropogenic
sources as well as sites within the planetary boundary layer. A
detailed trend analysis of the 1995 — 2013 Davos time-series
gave a statistically non-significant trend (95 % confidence level)
of +0.002/decade. In a similar manner to the analysis of the
Jungfraujoch and Davos time-series (Nyeki et al., 2012), several
rigorous statistical tests (seasonal Kendall test, Sen’s slope esti-
mator, homogeneity tests, trend change tests) will be applied to
the Locarno and Payerne data sets in order to establish whether
any significant trends in AOD have occurred.

References: Nyeki S., Halios C., Baum W., Eleftheriadis K., Flentje
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Figure 1. Time-series of monthly AOD average values at MeteoSwiss stations: a) Locarno, b)
Payerne, and c) Payerne. Trends in AOD units are shown per decade only at Davos as of 1995
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stratospheric levels. Square brackets denote the 95 % confidence interval.
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Spectral Aerosol Optical Depth from a Precision Spectroradiometer

Spectral direct solar irradiance from the prototype Precision
Spectroradiometer (PSR) was used to retrieve spectral aerosol
optical depth which is in good agreement with the measure-
ments from the collocated World AOD reference triad at PMOD/
WRC in Davos.

The PSR is designed to measure spectral aerosol optical depth
in the 320-1040nm spectral range with a wavelength depend-
ing resolution of 1.5 to 3nm. The instrument was operated
from April to May 2012 and continuously from October 2012
onwards to measure solar spectra every minute. Between June
and September 2012, the PSR participated in the Direct Normal
Incidence Field Campaign organised at Payerne, Switzerland in
the frame of COST ES 1002.

The standard airmass extrapolation technique (Langley-plot) was
used on several clear sky days to retrieve a reference solar spec-
trum to be used for the retrieval of spectral aerosol optical depth.
Figure 1 shows an example of spectral AOD retrieval from the
PSR where the absorption of several atmospheric trace gases
is highlighted. These absorption features can in turn be used to
retrieve their concentrations, as is currently being investigated.

The spectral AOD measured by the PSR at 368nm, 412nm,
500nm, and 862 nm was compared with co-located PFR Triad
measurements at PMOD/WRC. As shown in Figure 2, the AOD
retrieved by the PSR is consistent with the reference values, hav-
ing a correlation better than 0.995, an absolute agreement +0.01
and a root-AOD mean-square error (rmse) less than 0.004. The
comparison results fulfill the required WMO criterion for atmos-
pheric AOD determination.

As a next step, we are currently investigating the retrieval of
atmospheric column ozone using the Chappuis band (500 to
700nm), and by comparing it to the total column ozone retrieved
in the ultraviolet by reference spectroradiometers such as the
Brewer spectrophotometer.

Natalia Kouremeti and Julian Grébner
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Figure 1. Spectral optical depth from the PSR (red curve) and the
retrieved Angstrém fit (blue curve) for measurements on 2 May 2012
at Davos, Switzerland. The magenta dots are the aerosol optical depth
measurements from the collocated PFR-Triad. The absorption features
from several atmospheric trace gases were not subtracted to demon-
strate the possibility of using appropriate retrieval procedures to deter-
mine their atmospheric concentration.
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Figure 2. Comparison of AOD measurements between the PSR and
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solid line represents the AOD linear fit. The dashed line represents the
ideal case.



34| Scientific Research Activities

Global Dimming and Brightening Trends at Davos

Daniel Lachat and Christoph Wehrli

Atmospheric transmission over Davos derived from pyrheliometer
measurements has shown small but significant trends during
Global Dimming and Brightening periods (Lachat and Wehrli,
2012). A pronounced trend of Global Dimming and Brightening
was found (Ohmura, 2009) in the global radiation record in the
Global Energy Balance Archive (GEBA) for Davos. Here we ana-
lyze the relative contribution of transmission and cloudiness
towards trends in global radiation.

The amount of solar radiation received at the Earth’s surface
depends on atmospheric transmission and on total cloud cover.
By comparing the global radiation flux under all-weather to clear-
sky conditions, the relative contribution of these effects can be
quantified.

The Dimming period shows a large decrease in all-weather global
radiation of —16.7 W/m?, of which only —0.9W/m? are explained by
the transmission effect reflected in the clear-sky global radiation
trend. This suggests changes in cloudiness as a cause.

In contrast, the increase in all-weather global radiation of
+5.5W/m? during the Brightening period is almost entirely
explained by changes in transmission reflected by an increase of
+4.7W/m? in clear-sky global radiation. This is particularly inter-
esting, as the record of apparent aerosol transmission over Davos
presented in our 2011 annual report suggests a turn-around
from the Brightening period to renewed Dimming in 20083. This
turn-around is most likely to show up in global radiation as well
since the trends in global radiation are dominated by changes
in trans-mission.

We estimated the global radiation flux under clear-sky conditions References: Lachat D., Wehrli C.: 2012, A century of apparent at-
as the sum of the clear-sky direct and diffuse flux component. mospheric transmission over Davos, Switzerland,
The direct flux component is derived from daily direct irradiance Lzezrjt'ggan&épp“ed Climatology, Springer, Vol. 110
. u , - .
measurements at the PMOD. The diffuse flux component was
simulated using the SMARTS?2 radiative transfer model. Ohmura A.: 2009, Observed decadal variations in sur-
face solar radiation and their causes, J. Geophys. Res.,
. . . 114, DOODO0S5.
The trend periods of Global Dimming from 1953 to 1989 and
Global Brightening from 1990 onward are shown in Figure 1 for
clear-sky global radiation (upper panel) and all-weather global
radiation from the GEBA record (lower panel).
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Figure 1. Annual means of clear-sky global radiation reconstructed from measured direct and calculated diffuse radiation (top panel), and
measured All-weather global radiation (bottom panel) with trend lines for specified periods of Dimming and Brightening.
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Development of a New High Resolution Extraterrestrial Spectrum

Luca Egli, Julian Grébner, and Alexander Shapiro in collaboration with Medical University, Innsbruck, Austria and ARPA, Aosta, Italy

We present a new high resolution extraterrestrial spectrum (ET)
to improve the modeling of solar UV irradiance at the Earth’s
surface with radiative transfer simulations. The new ET is based
on measured and modeled high resolution spectra and was cor-
rected with satellite-based measurements exhibiting a low abso-
lute uncertainty. Validation with 4 different absolutely calibrated
ground-based spectroradiometers revealed a similar structure of
the deviation in the 296-500 nm wavelength range, which allows
the new ET to be readjusted.

High resolution extraterrestrial spectra (ET) are necessary as
input to radiative transfer models (e.g. Libradtran, Mayer and
Killing 2005) for modeling solar spectra at the Earth’s surface
using different parameters such as total atmospheric ozone,
aerosol optical depth and effective albedo. For this reason we
developed an improved ET spectrum covering the 296-1080 nm
wavelength range with an increment of 0.01 nm and a slit width
resolution of 0.05nm. The new ET was created by combining
different available extraterrestrial and ground-based measure-
ments and model results. First, we used the high resolution
ground-based ‘Kitt Peak’ (KP) spectrum (Kurucz 1994) avail-
able for the 296-600nm wavelength range. Second, to cover
the 600-1080nm wavelength range the spectral lines were mod-
elled at PMOD/WRC with the physically-based code for Solar
Irradiance (COSI, Shapiro et al. 2010). Both, the measured and
modelled spectra are assumed to correctly display the small-
scale structure of spectral lines at a high resolution. However,
the absolute irradiance value of the combined ET (KP-COSI) may
diverge compared to observed ET. A satellite-based spectrum
created by Thuillier et al. (2003) with a low absolute uncertainty
was therefore used to adjust KP-COSI to the absolute value of the
‘Thuillier’ spectrum. Since ‘Thuillier’ was measured at a relatively
low spectral resolution and a bandwidth of about 0.5-1.0nm, the
correction of the KP-COSI spectrum was applied after a convolu-
tion of KP-COSI with a constant triangular slit function with a full
width half maximum of 1 nm.

The resulting new ET based on ‘KP’, ‘COSI" and ‘Thuillier’ was
validated with 4 different ground-based spectroradiometers at
3 different locations:

1. At PMOD/WRC, Davos Switzerland with the QASUME
solar UV reference instrument and the BREWER double
monochromator.

2. At ARPA, Aosta, ltaly, with a Bentham DTM300 double
monochromator.

3. At Jungfraujoch with a Bentham DTM300 double mono-
chromator from the Medical Univ. of Innsbruck.

Both, the global solar UV measurements under clear sky condi-
tions in Davos and Aosta were compared to modeled global
irradiance using the Libratran (Mayer and Kylling 2005) radiative
transfer model with the newly created ET as an input.

|[—QASUME with Kitt Peak
— ARPA with Kitt Peak
— MUI with Kitt Peak
— Brewer with Kitt Peak

]

Ratio model over measurement [%]

_8 1 1 1 1 1 1 1 1 1
300 320 340 360 380 400 420 440 460 480 500
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Figure 1. Ratio between modeled spectra using the newly created extra-
terrestrial (ET) spectrum and ground-based measured spectra with 4
instruments at 3 locations. The ratio is smoothed with a running mean

over 3nm to reduce small scale variations. The comparison shows a
similar structure of the fractional deviation for all methods.

The observations at Jungfraujoch were direct sun measurements
under clear sky conditions compared with model calculations.
The validation revealed that all 4 instruments at all 3 locations
showed a similar structure in the fractional deviation from the
model calculation to the measurements in the 296-500nm wave-
length range (Figure 1). Remarkably the same structure can be
observed when using the ‘COSI’ spectra only instead of ‘KP’ and
therefore the new ET can be created for the Libradtran model
application with only COSI and ‘Thuillier’.

The validation results further indicate that the new ET exhibits
a reproducible structure for all instruments and locations. This
may led to an additional correction of the new ET in particular
for the significant biases in the wavelength regions around 350
and 430nm. This adjustment could improve the uncertainty of
modelled solar UV spectra on earth’s surface.

Acknowledgement: The work leading to this study was partly
funded by the EMRP ENVO3 Project ‘Traceability for surface
spectral solar ultraviolet radiation’. The EMRP is jointly funded
by the EMRP participating countries within EURAMET and the
European Union.
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UV Measurements at Mountain Sites

Gregor Hdlsen with the collaboration of Medical Univ. of Innsbruck, and ARPA Aosta

UV data from 4 mountain and 3 valley stations in the Alps was
analyzed. The maximum UV index of 13 is present during the
summer months on the mountain tops compared to a maximum
of 10 in the mountain valleys.

Solar UV measurements are recorded at many mountain sites
across the world. These measurements deliver important infor-
mation for climatology and environmental studies. Because of the
increase of mountaineering activities at remote mountain loca-
tions and skiing activities in the mountains, UV measurements
also serve as an important health indicator.

Solar UV measurements from the European alpine stations at
Davos in Switzerland, the ltalian Valle d’Aosta region and the
Austrian UV measurement network are distributed across the
Alps. The selected measurement sites are representative of
alpine resorts and cities with many activities both in summer
and winter.

Here, we analyze UV data from seven stations in the European
Alps for the years 2007 to 2012. High altitude stations include:
Weissfluhjoch (Davos, Switzerland, 2540 m a.s.l.), Plateau Rosa
(Valle de Aosta, Italy, 3500 m), Sonnblick (Austria, 3106 m) and
Hafelekar (Innsbruck, Austria, 2275 m). In addition, data from
three alpine valley stations was investigated: Davos (Switzerland,
1610 m), Aosta (Italy, 569 m) and Innsbruck (Austria, 577 m).

The UV levels reach values up to 13 in the Alps at high altitudes
compared to 10 in the low valleys (see Figures 1-3). Of special
interest are the touristic summer months for mountaineering in
the Alps in July-September. The high season for skiing activities
in the Alps is from December till April, where the high reflectivity
of snow increases additionally the human UV exposure. At the
high altitude sites the skiing extends into the summer season. At
the end of April, the UV Index can be as high as 11 at altitudes
above 2000 m a.s.l. and 8 in the valleys. In the summer season,
the UV Index is around 8 in the low valleys and goes up to 13 on
the top of the mountains.

Outlook: In the future, data from the Andes mountain range
will be analyzed. In the southern hemisphere, UV networks in
Argentina and Peru provide measurements across the Andes.
Marcapomacocha is the highest UV-B station in Peru at 4500 m,
with Arequipa at 2300 m and Cusco at 3400 m. Another rep-
resentative Andes station is La Quiaca, which is the highest
Argentinian UV station (3459 m) located at the border between
Argentina, Bolivia and Chile (see http://gaw.empa.ch/gawsis/
reports.asp?StationlD=202). The erythemal weighted UV data
will be converted to a Vitamin D weighted dataset. This analysis
will enable mountaineers to weigh-up the beneficial and harmful
effects of UV radiation.
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Figure 1. UV index for 4 high altitude stations: Weissfluhjoch, Plateau
Rosa, Sonnblick and Hafelekar. Plotted are the daily maxima.
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Figure 2. UV index for 3 alpine valley stations: Davos, Aosta and
Innsbruck. The daily maxima are plotted.
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Determination of Fractional Cloud Cover and Cloud Type Using Sky Cameras

Hemispherical sky cameras were installed at four Swiss sites to
calculate fractional cloud cover and to determine cloud type on
a routine basis with a high temporal resolution during daytime.
Cloud type is correctly classified at a mean score of 90 % when
one unique cloud class occurs in the image. Otherwise the over-
all performance of the cloud type algorithm decreases and is
between 40 and 60 %.

Clouds greatly impact the Earth’s radiation budget and hence
the climate. However, clouds and their feedbacks on climate
remain the largest source of uncertainty in the simulation of cli-
mate changes. These uncertainties mainly emerge from insuf-
ficient cloud observations due to the absence of an automated
observing system designed to monitor changes in cloud type and
cover. Meanwhile, cloudiness is regarded as a priority 2 Essential
Climate Variable (ECV) by the WMO which means that there is
consensus that continuous observations of this climate variable
are essential to study climate change. Various national weather
services are currently evaluating which methods are most suit-
able for replacing human cloud observations.

In order to test novel and cost effective methods, we installed four
hemispherical sky cameras over the last two years at Payerne,
Zimmerwald, Davos and Jungfraujoch. The camera system
allows the fractional cloud cover to be calculated with a 1-minute
resolution. This is accomplished by calculating the ratios of the
blue to the green channel and blue to the red channel for each
pixel which are then compared to a reference value. Cloud cover
can be reliably calculated with an uncertainty of about 5 %.

We have also tested an algorithm to classify the images into
seven different cloud classes (see Heinle et al., 2010): cirrus-
cirrostratus (ci-cs), cirrocumulus-altocumulus (cc-ac), stratus-
altostratus (st-as), cumulus (cu), stratocumulus (sc), cumulonim-
bus-nimbostratus (cb-ns) and cloud-free (cf). The cloud type
classification algorithm is based on a set of statistical features
describing the color and the texture of an image. We generated
a training sample from the Payerne data set by visual inspec-
tion of the images. In order to train the algorithm, the images of
the training set contain only one single cloud class. The training
set contains 200 pictures for each cloud class. The perform-
ance of the algorithm is illustrated in Figure 2: The score of cor-
rectly classified images is over 80 % for all cloud types except for
cirrocumulus-altocumulus: The algorithm recognizes only 50 %
of the images containing cirrocumulus and altocumulus while it
misclassifies 30% and 10% of these images as cumulus and
cirrus-cirrusstratus/stratocumulus, respectively.

Stefan Wacker and Julian Grébner

Figure 1. Hemispherical sky image taken on the 10/8/2012 at
Jungfraujoch.
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Figure 2. Scores of correct and incorrect cloud type classification for
the Payerne training set. T