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Executive summary

The ESA CEOS Intercalibration project concentratedmportant calibration activities addressing
three key components of the ground-based netwaskngk-truthing capacity in Europe, nhamely
the Dobson/Brewer network of ozone spectrophotorsethe aerosol lidar EARLINET network

and the UV-Vis MAXDOAS technique for air qualitymete-sensing.

Dobson Seven ESA-funded campaigns and four regular RIECGtercomparisons have been

carried out since 2009 covering a wide range obapheric conditions and allowing to character-
ize the properties of the Dobson instrument antd thi#erences to the Brewer spectrophotometer.
It was found that the standard Dobson with its entrcalibration level (traced back to the World

Primary Standard D083) measures about 1% lowereo#wan the standard Brewer with somewhat
larger but explainable differences at low sun, taghne and high turbidity. A key outcome of the

projet is that the Izafia site was found to be adexjfor absolute calibrations of both types of
spectrophotometers using the Langley Plot methdw. rEsulting calibrations are comparable to
those commonly performed at Mauna Loa using theld\Primary Standard D083.

Brewer: Seven Brewer calibration campaigns and 65 cadldnma were performed involving 40
instruments. Three types of campaigns were condu€té¢ absolute Langley calibrations at Izafia,
(2) Nordic campaigns focusing on stray light eféeabd (3) routine calibration transfer at Arosa
and Huelva. Due to restrictions on the maintenaricthe WRT, the RBCC transferred its own
calibration since 2011. The travelling referencabsity has been checked before and after each
campaign demonstrates a long term precision of%.ZEhe current status of the Brewer network
is that all of the operative instruments are in #36 range, 80% within 1% range and 66%
showing a perfect agreement of 0.5% after two yealibration period. The straylight effect was
characterized during the campaigns and this wad tséevelop an instrumental model suitable
for corrections. Furthermore the application of thengley calibration to Dobson and Brewer
together with the analysis of different absorptaefficients derived from the ACSO initiative
gives encouraging results solving the Brewer-Dobsstrepancies when the Bremen cross
sections are used. Further work is needed to exteesle results including the study of the
temperature dependence of the retrieved ozone.

UV-Vis MAXDOAS : The CINDI campaign has been very successful lireang its observation-
al and scientific objectives. A large data set mfugd-basedn-situ and remote sensing observa-
tions of NQ, aerosol and other pollutants has been collecteldruvarious meteorological condi-
tions and air pollution loads. Detailed analysegsehbeen performed showing in particular that
MAXDOAS NO, and Q DSCD measurements agree within 5-10% and HCHO umeaents
within 15%. Tropospheric NOcolumns and surface concentrations derived fromXE®AS
agree within 15%, and within 25% with N@dar and in-situ N@ data. MAXDOAS AQOD re-
trievals are in good agreement with AERONET andnetbn profiles are consistent with ceilom-
eter measurements. A major outcome of CINDI waprtvide the necessary first steps towards
harmonization of MAXDOAS measurements, and key memendations for the building of
ground-based networks suitable for the validatibfuture atmospheric Sentinels.

EARLINET : the European Aerosol Research Lidar NETwork, ldistaed in 2000, is the first
coordinated lidar network for tropospheric aercstoldy on the continental scale. It includes 27
lidar stations distributed over Europe. Six intanparison measurement campaigns were carried
out in between 2009 and 2012: EARLIO9, ALI09, SOLIROLI10, SPALI10 and AQUILI12.
EARLIO9 addressed the intercomparison of the fiefenrence lidar systems from Hamburg,
Munich, Potenza and Minsk allowing to establish tandardized calibration procedure. The
following campaigns allowed to check the perfornemof most of the EARLINET systems. In
total, 21 lidar systems (18 from EARLINET) have beguccessfully intercompared. Where
necessary problems were analysed and adequateiosslutound, resulting in a major
consolidation of the network homogeneity.
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Summary of activities in 2012

This document summarizes activities and achievesnéuting the third part of the ESA CEOS
Intercalibration project. The period covered bystheport extends from February 2012 until
October 2012.

Dobson activities

As part of the activities of the Regional Dobsoril@ation Center for Europe (RDCC-E) three
campaigns were organized in the third period ofptigect; one funded as a regular Dobson inter-
comparison by the DWD RDCC-budget, two of them feohdby this project: MOHp 2012 (DWD
funding), Arosa 2012 and lzafia 2012 (both funde@&$y). The continuation of refurbishment of
Dobson No. 14 from Norway, the complete refurbishi@# Italian Dobson No. 47 and the partic-
ipation in three campaigns enabled to intensify tandeepen the knowledge and experience of the
new Dobson operator and technician M. Heinen.

In addition the RDCC-E representative participatedhe Quadrennial Ozone Symposium, in a
meeting of International Ozone Commission (I03QJ anthe workshop of the WMO SAG (Sci-
entific Advisory Group) for Ozone in Toronto fromugust 27 to September 5, 2012. Discussions
and negotiations were started on the relocatioavaflable Dobsons and their refurbishment incl.
electronic upgradings. The upcoming issue concgrtiia closure of important ozone and climate
monitoring stations and its consequences weresivwely discussed. In addition the uncertain fu-
ture of the global Dobson calibration system wadr@sked.

Brewer activities

During this reporting period the main activitiesthé RBCC-E are not directly related with the
campaigns supported by the project. As is statedhemprevious reports the Regional Brewer
calibration Center transfer the calibration frone torld Reference Triad in Toronto due the
doubts about the maintenance of the World Triad\WHdO scientific advisory group (WMO-
SAG) authorized to RBCC-E to transfer his own caliion obtained by Langley. The efforts in
this reporting period were concentrated in to abthis absolute calibration and to transfer ithe t
campaigns. The second event is the publicatiome®f absorption coefficients by the University
of Bremen who have a large impact on the ozoneutaion. The evaluation of how this new
measurements affect to the Dobson and Brewer oealweilation and the implications on the
calibration transfer were analysed in this period.

Two campaigns were organized with the participatbimhe RBCC-E during the third period of
the project: Arosa 2012 and the absolute calibmagiblzafia 2012 both with the participation of
the RDCC-E. The results of the Nordic campaignssented in the previous reports, were used to
develop a Stray light correction algorithm. Durilg QOS-2012 the main findings of the project
were presented in a four-poster and an oral prasent Some of this poster and presentations are
submitted for publication
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UV-Vis MAXDOAS activities

During this last part of the CEOS ICal project, Wi& MAXDOAS activities concentrated on the
campaign exploitation of the CINDI campaign datasseith a focus on HCHO and aerosol
retrievals. Already started during the previousorépg period, the HCHO DSCD intercomparison
study has been continued and finalized resulting paper published in AMT. A comprehensive
sensitivity study was performed to investigate slemsitivity of HCHO retrievals to changes in
DOAS analysis settings and input data sets. Thayshighlighted the role of cross-correlation
effects involving Ring effect, £ BrO and HCHO absorption cross-sections as wetha©©OAS
closure polynomial. Optimised retrieval settingsrevgproposed to minimize such correlation
effects. Furthermore, systematic and random urioéga were estimated for typical observation
conditions. The largest systematic errors were dotonbe related to the Ring effect and to the
uncertainties in HCHO and s Gabsorption cross-sections. Overall, the systematiertainty on
HCHO DSCD retrieval was found to be of the orde2@% with a weak dependence on the solar
zenith angle. For scientific grade instruments Ighigroughput, low noise systems), the error
budget is dominated by systematic error sourceseidr noisier mini-DOAS type of instruments
both systematic and random uncertainties contritaiteéhe same level. One concludes that
scientific grade instruments can provide high quaHCHO DCSD measurements at high
temporal resolution (less than 30 minutes), whéleslsensitive mini-DOAS instruments can still
be used to retrieve HCHO but with reduced temp@sdlutions.

A second focus during this part of the project wasaerosol retrieval. Based on comparisons with
coincident lidar measurements performed by RIVMimgiCINDI, it was found that the vertical
structure of the boundary layer as retrieved froMAIX-DOAS instruments is in good qualitative
agreement with backscatter profiles from Ceilometata, especially for BIRA and IUPHD
instruments. Likewise the AOD was found to be isgood agreement with sunphotometer
measurements for most groups. Each of the algasithind different approaches developed by the
CINDI participants have their own advantages arattshmings (in terms of vertical resolution,
robustness, etc) and more work is definitely negdecbnverge towards a harmonised algorithm
for MAXDOAS aerosol processing.

EARLINET calibration activities

Three measurement campaigns were planned, with ttakan lidar stations: Lecce, Napoli and
L’Aquila, but only one was performed, because ofstegn falilure. The AQUILI12
intercomparison measurement campaign was perfomigdthe lidar system in L’Aquila. The
intercomparison measurement campaigns allowed topace the performances of the lidar
system, applying the standard methodology usebeitiar system intercomparison and allowed
to understand the reasons of failures and inditidgathe way to solve them. In addition, the
automated and centralized calculus system was mmaed and used in order to obtain and
compare not only the pre-processed lidar rangeectad signals, but only the optical products
(aerosol and extinction backscatter coefficiengnfr the data measured during the several
intercomparison campaigns.
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1 Introduction

1.1 Scope of this document
This document is the second progress report ofGBE®S Intercalibration of Ground-

Based Spectrometers and Lidars project. It sumemractivities performed and results
obtained from February 2012 until Octobre 2012.

1.2 Acronyms and abbreviations

ACSG Atmospheric Composition Subgroup of the CEOGGV

BAS British Antarctic Survey

BIRA-IASB Belgian Institute for Space Aeronomy

Cal/Val Calibration and Validation

CEOS Committee on Earth Observation Satellites

CNR-IMAA Consiglio Nazionale delle Ricerche- Istitudi Metodologie per I'Analisi
Ambientale

CNRS-SA Service d’Aéronomie du CNRS

DMB Daumont — Malicet — Brion (new ozone absorptioefficients)

DOAS Differential Optical Absorption Spectroscopy

DWD Deutscher Wetterdienst (German National Metkaical Service)

EARLINET European Aerosol Research Lidar Network

EARLINET-ASOS

ENVISAT
EO

EOS
ERS-2
ESA
ESRIN
EUMETSAT
FFT

FP7

FTIR

GAW

GEO
GEOSS
GMES
GOME
IGACO

IGOS
INTA

I0S

I03C

IUP

KNMI
MAXDOAS
METOP

European Aerosol Research Lidar NetvoAdvanced
Sustainable Observation System

Environmental Satellite

Earth Observation

(NASA’s) Earth Observing System

European Remote Sensing Satellite-2

European Space Agency

European Space Research Institute

European Organisation for the ExploitatafrMeteorological Satellites
Fast Fourier Transform

Seventh Framework Preogramme of the Europeamixsion
Fourier Transform Infrared Radiometer

Global Atmospheric Watch

Geostationary orbit

Global Earth Observation System of Systems

Global Monitoring of Environment and Security

Global Ozone Monitoring Experiment

Integrated Global Atmospheric Chemistry Obstions IGOS
Theme

The Integrated Global Observing Strategy
Instituto Nacional de Técnica Aeroespacial

International Ozone Services

International Ozone Commission

Institute of Environmental Physics
Royal Netherlands Meteorological Institute

Multi-Axis DOAS

Meteorological Operational satellite prograanm
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MOHp

MPI
Mu-range
NASA
NDACC
OMI

QA
RDCC-E
RT

SAG Ozone
SCIAMACHY
SO0O-HK
SOW

SZA

TOMS
WCWG
WDCC
WMO
WPDS
WOUDC

Meteorological Observatory Hohenpeissenberg
Max-Planck-Institute
Relative optical path of the sunlight tlgb the ozone layer
National Aeronautics and Space Administration
Network for the Detection of Atmospheric Carsftion Change
Ozone Monitoring Instrument
Quality Assessment
Regional Dobson Calibration Centre for Eerop
Radiative Transfer
Scientific Advisory Group for Ozone (WMO)
SCanning Imaging Absorption spectroMefier Atmospheric CartograpHY
Solar and Ozone Observatory Hradec Kralove
Statement of Work
Solar Zenith Angle
Total Ozone Mapping Spectrometer
CEOS Working Group on Calibration and Validati
World Dobson Calibration Centre
World Meteorological Office
World Primary Dobson Spectrophotometer D083
World Ozone and Ultraviolet Data Center

1.3 Applicable documents

[AD1]
[AD2]

[AD3]

[RD1]

[RD2]
[RD3]

[RD4]

CEOS Intercalibration of Ground-Based Spegteters and Lidars, Proposal in
response to ESRIN/RFQ/3-12340/08/1-EC (ref. thizppsal).

ESA/ESRIN Statement of Work, ref. SOW: CEQftercalibration of ground-
based spectrometers and lidars, GMES-CLVL-EOPG-S/adD2.

Draft Contract, Appendix 2 to ESRIN/RFQ/3-14808/I-EC

1.4 Reference Documents

Vicarious Calibration and Geophysical Validat Functional Baseline, GMES-
SPPA-EOPG-TN-06-0001.

ENVISAT Calibration and Validation Plan, POQ-ESA-GS-1092.

IGOS — Integrated Global Observing Stratefggmospheric Chemistry,
http://ioc.unesco.org/igodpartners/atmosphere.htm

CEOS - Working Group on Calibration and Validn: Satellite missions/
Atmospheric Chemistry,
http://www.oma.be/NDSC_SatWG/Documents/SatellitedidinsPlanning(30

Nov2007)_A4.pdf
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2 Work achieved in 2012

2.1 Dobson and Brewer calibration activities

2.1.1 Activities of the Regional Dobson Calibration Cerftr Europe (RDCC-E)
at Meteorological Observatory Hohenpeissenberg (MDOH

In the third phase of the project two campaignsewsarformed, which were funded by ESA; one
campaign was organized as official WMO RDCC-E imbenparison funded by DWD:

0 Brewer Service 2012 and MOHp 2012 (Hohenpeissenltigegnany, June 11 — 22): In
May the annual, regular Brewer Service was perfdraned used as occasion to compare
field and reference Dobsons (No. 104 and 064) arew&s (No. 10 and 17). During
MOHp 2012 three Dobsons from Greece, Czech Repydicondary reference Dobson
No. 074 from the RDCC-E partner observatory Hradéalove) and from ltaly
(completely refurbished before) had undergone aleegalibration service. In addition
the traveling primary standard Dobson No. 065 fri WDCC at NOAA (Boulder,
USA) was invited with an operator to perform theewue calibration of the European
regional standards Dobson No. 064 and D074 (noymedlery two years, the last
calibration took place during the Irene 2009 campain South Africa) towards the
calibration level of the world standard. These\attis were funded by DWD.

0 Arosa 2012 (Switzerland, July 16 to 27) was agaiorabined campaign for calibration of
Dobsons in the European network (3 Dobsons fromtZéwiand) and for comparison of
the reference Dobson and Brewer in Europe.

0 lzafa 2012 was conducted from September 24 to @ctith The main objective was the
joint absolute calibration after Langley of theiceml standard Dobson No. 064 and the
Spanish Brewer triad (RBCC-E) at the Izafia Obseryat

Another important activity was the participation ine Quadrennial Ozone Symposium, the
meeting of the Internation Ozone Commission andwhekshop of the WMO SAG for Ozone,
which took place in Toronto from August 27 to Sember 5. The activities and results of this
project were presented in two posters (Kohler e2@12a, Kdhler et al. 2012b) to a great number
of ozone and climate scientists. A suggestion wasleyby the RDCC-E to the I03C and the
WMO SAG for Ozone to extend the calibration cycldield Dobsons from four to five years. It
was decided, that an official proposal should bensitted to the I03C. This extension should
reduce the amount of work in times of shrinkingafioial and personnel resources. The results of
the calibration campaigns during the past two desahd the upgrading of a considerable number
of Dobsons allows this reduction of calibrationguency without any deterioration of the quality
of the long-term data records in the Dobson network

Several presentations and information during in&dri@lks the problems of the monitoring
network and of the Dobson calibration system weoaight up. Financial cuts, reduction of staff,
closure of facilities and/or retirement of expeniti endanger the future activities.

The refurbishment of the Dobson No. 14 (electrdhlyicapgraded in 11/2011) was continued at
MOHp, as some unexpected intrumental shortcomirege Wetected and had to be resolved. One
Dobson (ltalian Dobson No. 47) has got an electanoptical and mechanical upgrading before
its participation during MOHp2012. These activitesd the three campaigns were successfully
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used to increase the knowledge, capabilities amkreence of the new Dobson operator and
technician M. Heinen. Intense investigations ofunmtental properties, however, have not been
possible yet.

Results of Brewer Service and MOHp 2012

The regular Brewer service in May 2012 revealediy gyood agreement of all participating in-
struments (Figure 1). This is in contrast to theuhes of former comparisons and also to the Arosa
2012 and lzafa 2012 findings afterwards. The pradcdifference between Dobsons and Brewers
of about 1% (Dobson values lower) could not be see¢his comparison with the IOS Brewer No.
17, calibrated against the Canadian Brewer trialbironto. All instruments match within +1 %.

Comparison D104 - D064 - BR0O10 - BR017 (02.05.2012)

390.0 -
u TOC_BR010
m TOC_BRO17
m TOC_D104
385.0 + TOC_D064
380.0
375.0
=2
o
[
5 3700
e
365.0 |
360.0
355.0
350.0 . . . . . . . . ; ; . . i
6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Time CET

Figure 1 Comparison of D104 (field instr.), D064 (referendgR010 (field instr.) and BR0O17
(reference) on May 2, 2012. Green bars represanttth%-difference.

This leads to the conclusion, that the calibraterel of the traveling standard BR0O17 has been
changed since the last calibration service andettfgrenosillo campaign in 2011.

Beside the normal calibration service for the Eeanpfield Dobsons the work package of MOHp
2012 comprises also the calibration of the regietahdard Dobsons towards the primary stand-
ard. The regular intercomparison of these threedstal Dobsons D064 (regional standard for Eu-
rope), D065 (traveling primary standard) and D03dcpnd regional standard for Europe) con-
firms the good agreement within the +1 limit forllealibrated instruments. The small difference
of less than 1% between D064 and D065 (Figure Pyabably caused by the fact, that D064 is
originally calibrated against the World Primary i@tard D083 (NOAA) during Irene 2009,
whereas the recent D065 comparison with D083 redeal small difference in the same order,
which was not corrected (as less than 19%).



CEOS Intercalibration of Ground-Based

Spectrometers and Lidars Ref.. CEOS-IC-FR

Issue: 3.1

Final Report Date: 01/05/2013
Overview of Scientific Results Page: |1-120f 75

D064 / D065/ D074 : Total Ozone from AD vs MUE atHohenpeissenberg. 15. June 2012

0.370 :
= TOZad_D064
: g ; : 4 TOZad_D065
L oo fross s S R * TOZad_D074[
0.340 -

Total Ozone (cm)

0.320 -

0.300 - AR S S S
0.290 ; i i f ;
1.0 1.5 2.0 2.5 3.0 35 4.0
Mue

Figure 2 Comparison of the standard Dobsons D064, DO65R@84 on June 15, 2012. Red bars
represent the + 1%-difference.

In any case the recent comparisons between atdmdard Dobsons confirm, that their calibra-
tion levels are consistent and comparable. Thissassured, that the transfer of the World Stand-
ard’s calibration level at least into the Europ&bson network has been successfully achieved
during the past years or even decades. Figure fBrosnthat the regional standard Dobson No. 64
at the RDCC-E Hohenpeissenberg has been a verle staltrument in the past three decades.
Most of the initial calibrations showed a differerfsetween the D064 and the standard instrument
of less than 1%. The three absolute calibratioter aie Langley method confirm this good and
stable performance.
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Figure 3 Comparisons and absolute calibrations of the staddobsons D064 since 1974.

Results of Arosa 2012

The combined Dobson-Brewer comparison campaignros@ in July had two Dobson-relevant
objectives.
- Calibration service for the three Swiss Dobsongulas RDCC-E task)
- Comparison between standard Dobson and standawkB(@ork package of the ESA-
project)

Figure 4 summarizes the results of MOHp 2012 arasAr2012 for the Dobsons in the European
0zone monitoring network, compared with Dobson 8&4. Only one Dobson from ltaly exceed-

ed the 1%-limit for a well calibrated Dobson. Tleason for the 1 % difference of the Hohenpeis-
senberg standard Dobson D064 compared with theapyistandard D065 (and the 0.7% differ-

ence of the D074 as well) is already explainechéngection before.
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Results of RDCC-Calibrations 2012
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Figure 4 Results of the regular European Dobson campaigrdi?. Relative difference between
field and standard Dobson at the beginning of agaign (initial calibration).

The results of the second goal, the comparisondevetandard Dobson No. 064 and standard
Brewer No. 185, is shown in Figure 5, which con8rthe findings of the ESA campaigns in the

years before. A principal mean difference of appf® (Dobson lower than Brewer) can be seen
in almost all comparisons of the RDCC-E and RBCE&t&nhdard instruments. Sometimes higher
differences, as seen in Sodankyld, can be expldipdtie different temperature dependencies of

the specific absorption coefficients and differengethe calculation of Mu.
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Comparison BR185 vs. D064
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Figure 5 Comparison of D064 (combined AD- and CD-wavelepgiis in different Mu-ranges)
and BR185 during Arosa 2012, relative differenc&inagainst Brewer values.

Results of I1zafia 2012

Absolute calibration campaigns after the Langleyhme were already carried out at the Izafia Ob-
servatory of the Spanish Meteorological Service AHMbn Tenerife in 2008 (together with the

World Primary Standard D083 and the second Regidhabpean Standard D074, Hradec
Kralove, Czech Republic) and in 2010 (only with tHehenpeissenberg Regional European
Standard D064).

These campaigns unfortunately suffer from not opkimeather conditions and problems of the

Dobson No. 064 with RFI (radio frequency interfaxencaused by the neary-by TV-antenna. The
campaign in 2012, however, could be performed underh better conditions. Perfect atmospher-
ic conditions (very clear, no diurnal variationdrone) were found on four of 12 days and together
with some more days with acceptable conditions @pprately 700 out of 900 observation cycles

could be used for the Langley method to deterntieeeitraterrestrial constants of the Dobson No.
064.

Figure 6 shows the so-called Langly Plot for alppriate measurements in the Mu-range be-
tween 1.2 and 2.4. The obtained ETC-correction.88dor Nad, which represents the standard
ozone observation in the double wavelength paiend D, stands for an average increase of the
derived ozone value of about +0.6%. These resuétssimilar to those of the two former cam-
paigns at Izafia, although the conditions were ptbhal.
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D064 Langley-Plot AD /CD at Izana  in 2012
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Figure &8 Comparison of D064 (combined AD- and CD-wavelempgtins in different Mu-ranges)
and BR185 during Arosa 2012, relative differenc@an

The application of the Langley Plot-derived cori@etof +0.38 on the AD-observations can be
seen in Figure 7. After the correction is appliee difference between Dobson and Brewer is re-
duced at least at higher sun. The straylight problef the Dobson at lower sun is still significant,
but could be improved, when the double CD wavelepgtrs are used (not shown here). Private
communication with Robert Evans from the WDCC atAOQ(Boulder, USA) confirms, that the
Izafia results of the D064 absolute calibration@mmparable with the D083 absolute calibration
on Mauna Loa (Hawaii).
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Comparison BR157 - BR185 - D064 original/LP-corr on Oct. 6, 2012
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Figure 7. Comparison of the standard Brewer instrument N@. &5d 185 with original and
Langley Plot-corrected data of standard Dobson 0&# at Izafia on October 6, 2012.

2.1.2 Activities of the Regional Brewer Calibration Center Europe (RBCC-E)
at Izana and Nordic Brewer campaing activities (FMI

The Brewer activities are divided in four sectiotize first is dedicated to the reference triad
maintenance and how we get the calibration andfeathe calibration to the campaigns. Second,
we describe the calibration campaign at Arosa aadnain results obtained. The third section is
dedicated to the stray light, the developed moddltae testing results using the 2011 campaigns
data at Izafia and Sodankyla. Finally we presentdselts of the Brewer-Dobson comparison at
Arosa 2012 and the Langley campaign at Izafa \Withajpplication of the hew ozone cross section
calculations.

2.1.2.1 Calibration and Characterization of the RBCC-E Brewer triad

2.1.2.1.1 Thelink with the World Reference Triad. Absolute calibration.

The Regional Brewer Calibration Center for EurofRBCC-E) was established at the Izafa
Atmospheric Research Centre in 2003. It compribe=etMKkIIl type Brewer spectrophotometers:

a Regional Primary Reference (Brewers#157), a Ragi®econdary Reference (Brewers#183)
and a Regional Travelling Standard (Brewers#188g @alibration of the RBCC-E triad against

the WBT was established through yearly comparisith the 10S travelling standard brewer #017

and checked with the Langley results at the stafiomddition, during the calibration campaigns

the RBCC-E travelling #185 is compared to otheremsfice instruments. This reference

instruments are: 10S travelling #017, the brewet5#tperated by Environment Canada (EC) and
the Kipp & Zonen travelling reference #158. The @eanadians instruments 10S and EC provide
a direct link to the world triad. The lasts “wottichvelling reference triad to European reference
triad” calibration transfer were performed in Sepber 2010 and July 201FEigure §.
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Since the beginning 2012, due to internal reorgditin of AEMET, the technical maintenance of
RBCC-E instruments will be performed by Kipp & ZondBrewer manufacturer, and the link will
be directly with the world triad in Toronto or bpmmon Langley campaigns at Mauna Loa or
IZO. Due the EC situation and the lack of fundsA&MET, only the RBCC-E will transfer its
own absolute (Langley) calibration.

RBCCE triad vs 10S#017, Relative differences RBCCE triad vs I0S#017. Relative differences
Sep. 20-27, 2010 Jul. 18-22, 201
3 T . r . . 3 r : . : : .
= = #157 vs #017  ETC=1605 = =— #157 vs #017: ETC=1605
74 e e #183 vs #017: ETC=1595 2} --e| rereeer #183 Ve #017: ETC=1595
— - — - #185 vs #017: ETC=1574 — - — - #185 vs #017: ETC=1574
'1 .

[t e #033 vs #017: ETC=3605

QOzone Relative Differences (%)
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Figure 8: Comparison of the RBCC-E Brewer triadhariéspect to the travelling reference #017.
It is showed ozone relative differences as a fanaf ozone slant path during the last two
intercomparisons performed at Izafia in Septembé&0OZ[eft, after Arosa 2010 intercomparison)
and July 2011 (right, after El Arenosillo 2011 irdemparison). The agreement with the travelling
is very good (less than .25%) in the ozone slati pange of 300-800 DU. Beyond 600 DU the
stray light of #017 is pronounced and the comparidegrade reaching the 1% at 800 DU

In contrast to the Dobson spectrometer, the Langieyhodology for the Brewer used by the
World Reference Triad is not published. At RBCC-& adapt the published Dobson methodology
and the results were presented and discussed atabeBrewer workshops (Redondas 2003,
Redondas 2005, Ito et al, 2011). As we mentiorhaibtroduction, at the Arosa 2012 campaign
we transfer the Langley calibration obtained atfitzaUnfortunately, the Brewer #017 cannot
participate to the campaign and we cannot comparelLangley calibration with the WRT.
However, we can display a long-term comparisonhef ¢alibration transferred by IOS with the
instrument #017 at Izafia, with the calibration oi#d by Langley for the instrument #157. The
agreement is quite good, always below 1% and usuaelis than 0.5% with no systematic
differences. Is important to note that there iamy change in the IOS transferred calibration since
2005, when the RBCC-E was established. A good ebaofphow the Langley calibration can
track properly instrumental changes is the casdrefver 185. This instrument has suffered
several modifications and adjustments after the Nduecampaign in June 2011. All this
modifications can be clearly tracked with the Laygtalibration record.

To assure the calibration of the triad, routinedjilirations are performed on a weekly basis at 1ZO
and the frequency of instrumental tests performebeacalibration has been increased from yearly
to monthly basis. On the other hand, the measuresehiedule has been adapted to maximize the
Langley observations, reducing the spectral UV asthkehr measurement program. This
routinely calibrations are reported on RRBCC-E web showing the temporal evolution of the
instrumental performance (an example of such repduring 2012 year can be found
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herg. As a result of this maintenance and continualbm@tion work we achieve long

term agreement between the instruments of the Wwitida precision of less than 0.25%.

Figure 9: Long term comparison 1998-2012 of Extregstrial constant transferred from the

travelling instrument #017 and the Langley obtaimtdzafa for the reference instrument #157.
The yellow line are the calibration transferred ing#017 every year, the dots are the ETC for a
particular Langley event (blue morning, red afteon, the red line are the one month smooth
ETC from the Langley and the red area the 95% demfte interval and the blue area the one

ETC determination for Ozone #157

Langley determination vs Travelling transfer
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Figure 10: Langley analysis of the #185 during #84.2. The dots indicate the Langley events, the
circles are the monthly mean with different regi@ssnethods: OLS ordinary least square, 1/mis
the Dobson spectrometer regression and Robustrizbast estimation of the ETC. Finally the

|
Feb

1 ] 1 I 1
Mar Apr May Jun Jul Aug

green line indicates the calibration adopted fastimstrument.

Sep




CEOS Intercalibration of Ground-Based

Spectrometers and Lidars Ref. CEOS-IC-FR

Issue: 3.1
Final Report Date: 01/05/2013
Overview of Scientific Results Page: |-200f75

RBCC-E Brewer reference triad
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Figure 11: Long term weekly comparison of the RBEad, during the project.

2.1.2.1.2 The Travelling reference: calibration during the campaigns

The stability of the travelling standard is chechefore and after the campaign by comparison
with the other instruments of the triad, and, iEgble, by performing a Langley analysis. All
calibration reports are available from the Iberdaesvebpage, http://www.iberonesia.net
Additionally, we provide also summaries of calilovat results on the so called reference
calibration checklists, a standard document dewslaguring this project in cooperation with I0S
and Kipp & Zonen. An example of this document isvgh on Table 1.

oo O pesatgon Ty, commens
Intercomparison period SOl
P P 2012
_RBCC-E reference #185 RBCC-E
Ozone relative differences wit|
Ozone relative differences wit|
_respect to RBCC-E triad mean R T
Hp/Hg tests repeatable to witk v
0.2 steps
_ SH shutter delay is correct NAN
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Run/Stop test within +/- 0.003
from unity for illuminated slits
and between 0.5 and 2 for the
dark count

Y

Dead time is between 28 ns a
45 ns for multipleboard Brewer
and between 16 ns and 25 ns |
single-board Brewers

N 30/29 DTt 33 ns

SL ratio R6 is within 5 units
from calibration \f 213/217 RGr 218
SL ratio R5 is within 10 units

from calibration Y

Table 1: Travelling Reference Checklist

The travelling reference performance during tleporting period is shown in Figure 12 (the

correspondent values are found in Table 2). Evespitke the instrumental changes during 2012,
the instrument do not change during the travel, tnedcomparison with the RBCC-E triad is

lower than 0.2%. As we mentioned before the catibn scale for the Brewer 185 were obtained
by Langley.

Rel. Diff.(%) to RBCC-E triad mean Rel. Diff.(%) to RBCC-E triad mean
Before Aro2012 After Aro2012
2 H H H H H s 2 H . H H H
- . 1Zo#157 5 1Z0#157
SEER IR B tiiz = I .4
® A : : 1IZO#183 % 1ZO#183
& 1} 1zo#18s|{ |8 1p 1ZO#185 |1
o , \ o : .
2 £
a )
® ©
g 2
@ 1} g
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Figure 12: Near-simultaneous ozone ratios of RBC&tdhdard Brewers (serial no. #157, #183
and #185) to the mean of all instruments are shbefore (left) and after (right) Arosa 2012
intercomparison
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#157 #183 #185 Nobs
Before -0.1 +/-0.29 0.3 +/-0.32 -0.2 +/-0.29 467
After 0.1 +/-0.30 0.0 +/-0.27 -0.1 +/-0.25 302

Table 2: Mean ozone relative difference (DU) arahdtrd deviation of the RBCC-E Brewer
reference triad against the mean of all instrumdsgfore and after Arosa2012 intercomparison
campaign.

2o 12 1425. 1425. 1429. 1424,
- 2012, 1. 1423. 1423. 1420. 1422.
- 2012, 2. 1424. 1428. 1423. 1425,
- 2012, 3. 1415. 1413. 1413. 1412.
- 2012, 4, 1442. 1446. 1447, 1446.
- 2012, 5. 1444, 1442. 1440. 1441,
- 2012, 6. 1446. 1447, 1447. 1446.
- 2012, 7. 1453, 1464. 1456. 1457,

Table 3: Langley: Monthly mean Extraterrestrial stemnts for the brewer #185 obtained by
Langley by four different regression methods (Otdnary Least Square, Robust and the Dobson
regression 1/m

Figure 13: Brewer Instruments at Arosa 2012 #18867, #158 and #066.
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21.2.2

The Arosa calibration campaign

This seventh intercomparison campaign was a joietase of the Regional Dobson Calibration

Center

for Europe (RDCC-E) and the Regional Bre@alibration Center for Europe (RBCC-E)

in collaboration with the Arosa Lichtklimatisched$2rvatorium (LKO) of Meteo Swiss during
the period July 16 to 27, 2012. Nine brewer insgute managed by 11 experts of five countries
participated to the campaigiWdble 4. The instruments were compared with the RBCC-E
travelling reference Brewer#185 for ozone and with QASUME unit for UV, European UV
reference from the World Radiation Center (WRC)e Tinaintenance of the instruments was
performed by I0S (International Ozone Services@wgr #017 do not participate in the campaign,

and so,

the data labelled as 017 on the plots wlgtaned by the optics of the #017 installed on

the #072 instrument.

Institution Name Brewer Country
Martin Stane

10S Volodya Savastiouk #017-MKII Canada

e #04(-MKIlI

René Stibi, Herbert .

LKO ) ’ S #072-MKII Switzerland
Schill, Werner Siegrist #156-MKIIl

AAB : Henri Diemoz #066-MKII Italy

URO. University of Rome Giuseppe R. Casale #067-MKII Italy

K&z Wim Roeterdink #158-MKIII Netherland
Julian Grébner Gregc

WRC Huelsen #163-MKIIl Switzerland
Alberto Redonda

AEMET-IARC Jl..lar'l'J. Rodrlguez #185-MKIll Spain
Virgilio Carrefio
Marta Sierra

Table 4: Participatingnstruments at the Arosa 2012 intercomparison cagmpa

During this campaign we introduced several improwsets.

The Arosa campaign was the first campaign processeshl-time, a provisional calibra-
tion being provided to all the participating instrents at the end of the campaign. This
calibration can be considered final for most ofnth@ he calibration reports are available
online.

A calibration history of the instruments was inteodd, for the instruments present on
previous campaigns. This allows an easy recalonlaf the previous observations.

The measurement schedule of the campaign was gptihaind even with not ideal condi-
tions we obtain 340 observations with the referaemith many instruments reach the 80%
of the potential measurements (Figure 14).

The initial comparison, using the instruments’ oréd calibration constants, shows a very
good agreement, with most of the instruments indidel% level (6 of 8, see Figure 15).

After the maintenance the agreement is very goodhliothe instruments. On the stray
light free region all the instruments are inside @h5% rangeKigure 16.
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Figure 14: Percentage of simultaneous measurenadrite different instruments of the campaign
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Figure 15: Ozone relative percentage differenceallofirosa 2012 participating instruments to
RBCC-E travelling standard #185. Ozone measureneatiected during the blind period have
been reprocessed using the original calibrationstants, with (red plots) and without (blue plots)
SL correction. Error bars represent the standardiddon.With the application of the SL
correction all the instruments agree within 1%.
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Figure 16:Total ozone final comparison, percentaaio with the reference for all observations
(blue) and only the stray light free range ( Oz&iant Column lower than 700 UD), all the
instruments agree within +/- 0.5%. Note the pronmthstray light on the MK-IV #066 and #067.



CEOS Intercalibration of Ground-Based

Spectrometers and Lidars Ref.. CEOS-IC-FR

Issue: 3.1
Final Report Date: 01/05/2013
Overview of Scientific Results Page: |-250f75

2.1.2.3 Nordic Brewer campaign activities (the Arctic aspetof the ozone monitoring
network)

Sodankyla campaign March 2011 and Izana campaign @&Nov 2011

Spectrometers are designed to isolate particulavelbands and suppress light of other
wavelengths outside the band of interest. Howewvamall amount of light will always enter into
the detector, not through the designed optical ,phti through random scattering from the
instrument optical components, housing and dudiges. Every spectrophotometer has stray
light coming from outside the nominal measurememtveband. For Dobsons and single
monochromator Brewers, which are basic instruméntthe WMO ozone and UV monitoring
network, the error introduced by stray light carshbstantial, especially in the Arctic spring when
the ozone slant path becomes very large due te kotar zenith angles and a thick ozone layer.
To study this issue a long ozone slant path Inteparison/Calibration campaign for Nordic
Brewers and Dobsons was held at Sodankyla in M&8r2#, 2011 and a follow-up campaign to
extend calibrations to shorter ozone slant patbk pdace at Izafia observatory, Tenerife between
October 28 and November 18, 2011.

During the active intercomparison periods, measareswere taken only when good conditions

for sun or moon observations existed. Laboratorasueements using calibration lamps and

Helium-Cadmium (HeCd) lasers were an essential parboth campaigns. The campaigns

produced a high-quality database of total o0zoneldvidneasurements and an accurate and up-to-
date calibration and characterization of partigipaBrewers and Dobsons against the European
standard instruments from RDCC-E and RBCC-E. Weldped and present below a physics-

based method to correct the stray light of singeMers using instrument characterization data and
radiative transfer modelling. The method has besstetd using independent data from the

campaign. The key results have been presentegasigr at Quadrennial Ozone Symposium, in
Toronto in August 2012, and also submitted for mation (Karppinen et al., 2012).

Data collected during the campaigns held at SodarikyArctic spring conditions (March 2011)
and at the subtropical Izafia observatory (Novendfdrl) are considered, covering ozone slant
paths from 360 to 2500 DU. The observations ancc#hibration checklist where the calibration
results are summarized are available at the RB@e{pagaevww.rbcc-e.org

Brewer ozone retrieval

Brewer spectrophotometer total ozone retrievalaisell on calculating weighted ratios of photon
count rates resulting from the spectral intensities four ozone wavelengths channels: F3
(A3~310.0 nm), F4M4~313.5 nm), F5A6~316.8 nm) and F6,L6~320.0 nm). The weighting
factors (powers) have been selected so as to namithe effects of aerosols and SO2 (Kerr et.al.,
1980). The double ratio, denoted as MS9 in the Brenperating software, is calculated as

2.2 0.5
MS9= 10" |ogm(ﬁ]

FExF,
Total ozone column, MS11, is calculated from theSMi&ough equation:

MS9- ETC
ou '

MS11=

Where | is the airmass factor and ETC arade the weighted combinations of extraterresanial
absorption coefficients, respectively. In prineipthe absorption coefficient should be calculated
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from a known absorption spectrum, currently Basd &aur, (1995) and the extraterrestrial

constant from a Langley plot. Often, however, thexsetransferred in intercomparison campaigns
from well calibrated reference Brewers, in this kvbom the members of RBCC-E Brewer triad.

Assuming individual count rate correction factorsfa each channel, we arrive, after some
arithmetic manipulation, at an additive correctiolo double ratio MS9.

F )2.2x(a F )0.5
MS9,,.., = 10° xlog ((a5 > 44
e w0 (asFs )lI?X(a3F3)

F2.2x F0.5 2.2xa0.5
=10%x Iogm[f’”—“} Ioglo(asu—“J
Fo'xFy 8y’ Xa,

0.5
+10° XIoglo(aSNAJz MS9,, .+ S
a5 X8

=MS9

single single

To estimated one need careful characterization of the instrumrediative transform code (in this
case thd.ibRadtran RT modelreely available from the Internet). The most aripnt issues in
the instrument characterization are HeCd-laser umea®ent of the slit-functions and response
functions of each channel. These measurements wade both in Sodankyla calibration
laboratory and Izana calibration laboratory campaigring the said campaigns. In the following
we demonstrate the method shortly with FMI singleevi'er no. 037 measurements and
calculations. After knowing the slit-functions ab& responses of B37 and an “ideal B37” with a
triangle slit of the same half width as B37 it isspible to simulate the count rates Fi of above
equation for both instruments and so estimate ohection factoi.

Slit function for Brawer #037

10" [ T ; i 3 ; . |

i laser measurements, #037
fit, #0037
laser measurameants, #1007
fit, #107

Intesity scaled with maximum intensaty
2

-2 i | : |
107 L 1 1 1 L 1 1 |
-400 -300 -200 -100 100 N 200 400
Wavelangth difference to source wavelength (A)

Figure 17. The slit functions of FMI Brewers B3Thg¢te monochromator) and B107 (double
monochromator) measured during Izana campaign detnate the straylight rejection difference
between the two instrument types. However, in éfmilations B107 was not used as a reference
but an “ideal B37” with triangle slit function ofasne half width as real B37 but the straylight
wings region zeroed were used.
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Direct response
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Direct response of each channel was not measuredtlgibut obtained by first measuring the

global response through the UV port at each chaaamgtthen simulating the (DS-Global) response
difference with radiative transfer code.

Intensity ratios

Modeled intentty ratos at ozone retreval wavelengths
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With known slit functions and DS responses it waentpossible to calculate the intensity ratios
between the “ideal B37” and real B37 for each efdlzone channels and hence obtain the additive
correction to MS9 shown belowHigure 18.
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Figure 18: Upper plot) Correction coefficieftplotted as a function of ozone slant column and
the corresponding exponential fit. Lower plot). iRabetween the Brewer no.37 and RBCC-E
reference Brewer no.157 before (red) and after €Blstray light correction as a function of the
ozone slant path. The method significantly imprakesagreement in situation of large slant path.
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Conclusions and suggested improvements
The early results look promising, but several goestrequire further study and development:

e The reconstructed DS responses for the ozone udisl for the model Brewer 037 are
likely to differ from the real ones. In the contation project the real DS responses for the
ozone slits has to be measured.

* New measurements of slit-functions will be needadhsthat each slit will be measured
separately in high resolution

» Comparison between the transfer method where tberption coefficients are transferred
from reference Brewer and the method where the rptisn coefficient is calculated
directly from the slit function and the ozone alption spectrum belongs also to the future
tasks.

« The new double Brewer 214 is going through testing characterization measurements
before lifting it on the roof beside Brewer 037.iSkandem Brewer system is hoped to
yield additional important data for evaluating/imping the correction system in long
time operation.

» The biggest exercise for the future, however, ipubthe system in real test with a large
amount of data, applying the correction to the 2&rjong Sodankyla ozone time series,
and to study the effect of stray light error irelatinter/spring ozone trends.

2.1.2.4 Brewer — Dobson Langley Calibration

The Brewer — Dobson Langley campaigns took plame 20 of September to 12 of October at the
Izafia Observatory (1ZO), with very good sky cormtis. We obtained twelve good “Langley”
days (Figure 19). The Langley days requires clewr stable atmospheric conditions. As shown,
during these days the ultraviolet AOD, recorde®4@ nm by the CIMEL sun photometer, was
below 0.05. The data set of this campaign is ueestudy the differences in Langley calibration
between Brewer and Dobson.
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Figure 19: Individual Ozone simultaneous measunets recorded during the campaign by the
Dobson (crosses) and Brewer (dots) during the cagmpdhe different days are represented by
colour,
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The comparison of Brewer and Dobson were in agreeméh previous comparisons, with an
underestimation of 1.5% of the Dobson respect ¢oBlewer (Figure 20). It's important to note
that the reference for this calculation is the mafaBrewer and Dobson taken separately

_ Dobson(t) + Brewer (t)
ref(t)= >
CEOS Izana Absolute Campaing (Spain), 20 Sep. - 20 Oct., 2012 CEOS lzana Absolute Campaing (Spain), 20 Sep. - 20 Oct., 2012
Jaily comparsion whith the mean of the instruments (mean and standardie slant path comparsion: Ref: Mean Dobson Brewer mean and standarc
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Figure 20: Daily mean (left) and Ozone slant patight) total ozone Brewer and Dobson t
comparison during the campaign. The percentageonatis represented: o3-ref/ref with the
reference the mean of the three brewer instrumemisthe Dobson AD/CD pairs.

Despite the similarities on Dobson and Brewer aigors, there are some differences concerning
the Langley calibration of these instruments. Ithboastruments the ozone is calculated using the

expressionO, = (F - ETC)/ ua , where F is the Rayleigh correctea maitithe measured UV

intensities,u is the airmassy is the ozone absorption coefficient and ETC is Ex&raterrestrial
constant. With the requirement of constant ozomenduhe “Langley”, the linear regression of the
measured ratios on the air mass gives the ETC amundh the case of the Dobson the ETC is
included on F calculation Introducing an ETC cotimc ETC=ETCo+ETC and regressing
P=(F-ETC,)/u by 1/ u we obtain the required correction as the shfitbe regression line.

In the case of Brewer spectrophotometer the reigress performed for F ovep, and the ETC is
the intercept of the resulting line. Both casesilarstrated inFigure 21

As a part of the exercise, the RBCC-E also proceshke Dobson Langley observations and
compares the results with the data provided byRB&C-E using near-simultaneous (within 5
minutes) data sets for Brewer and Dobson instrusnekd expected, the results are comparable
(Table 5 an estimation of the error were added to the REC&aluation; Table 6shows a
summary of the calculations. We performed somengsinalysis using the Brewer observations:
first we used the “Dobson” method, regressing #t@s on the inverse of ozone airmass, and then
we compared the results with the results obtairgdguthe “Brewer” method, which is regressing
the ratios on air mass. Both methods yield to simiésults, without any significant differences.
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Figure 21: Langley plots for the Brewer 185 duritigg campaign. We show in the left panel the
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regression vs. mu and in the right panel the Dobsethod P= F-ETC/nu vs. 1/mu

Day CD CD(") AD AD(%) CD | CD(* | AD | AD(®
270.25 | 0.96 0.99 032 | -0.31 0.60 0.63 0.25 0.25
270.75 | 0.08 0.08 1.08 1.08 0.44 0.44 0.59 0.54
272.25 | 1.23 1.25 0.10 0.10 0.83 0.88 0.68 0.68
273.25 | 0.70 0.70 -0.46 | -0.46 0.31 0.31 0.02 0.12
273.75 | 0.05 0.09 0.50 0.50 0.47 0.46 -0.09 | -0.09
274.25 | 1.59 1.59 -0.03 | -0.03 1.21 1.21 0.56 0.56
275.25 | 0.96 0.96 -0.66 | -0.66 0.57 0.57 -0.07 | -0.07
275.75 | -0.19 | -0.19 0.21 0.21 0.19 0.19 0.28 | -0.40
276.25 | 1.39 1.39 -0.70 | -0.70 1.01 1.01 -0.08 | -0.08
279.25 | 1.28 1.28 0.96 0.96 0.90 0.90 1.51 1.55
279.75 | -0.15 | -0.15 0.33 0.33 0.21 0.21 0.24 | -0.24
280.25 | 1.33 1.33 0.16 0.16 0.96 0.96 0.74 0.74
280.75 | 0.32 0.34 0.90 0.90 0.67 0.69 0.35 0.38
281.25 | 1.11 1.11 0.78 0.78 0.74 0.74 1.36 1.36
28225 | 0.74 0.74 -0.69 | -0.69 0.35 0.36 -0.13 | -0.13
282.75 | 0.38 0.38 1.65 1.65 0.76 0.76 1.07 1.07

Table 5 RBCC-E and RDCC-E (with an asterisk) calitohs for the double pair Langley. Note
the dispersion of the results even with almostgueniveather conditions
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C D A CD AD C-D A-D
RBCC-E| -1.26 -1.92 -1.54 0.76 0.22 60.6| 0.38
Err 0.04 0.08 0.06 0.06 0.08 0.14 0.13
RDCC-E| -1.25 -1.92 -1.54 0.77 0.22 60.6| 0.38

Table 6: Mean of the Langley calculations from RBE with the associated error and RDCC-E.

In order to obtain a successful Langley calibratimoth the atmospheric conditions and the
instrument have to be stable. The stability of itte@ruments can be confirmed by the internal
checks, whereas the dispersion in the Langley teessllattributed to atmospheric variability.

Hopefully the average of several events removes Wairiability and so we can derive the

calibration of the instrument. If the instruments not change and the variability on the ETC
results is mainly due to atmospheric conditiongntlbhe changes in ETC detected by different
instruments Brewer or Dobson must be related. iBhike case during the campaign. We show in
Figure 22the corrections on ETC for different instrumentsinlg the campaign. In the case of the
Brewer-Dobson the coefficient of Determination i$3) slightly better in the case of Brewer-

Brewer (0.79).

ETC correction D64 vs ETC correction #157 ETC comrection #157 vs ETC correction #185
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Figure 22: Correction to the ETC constant deriveahfi the Langley plots for the Dobson 064 vs.
Brewer 157 (Left panel) and Brewer 175 vs. Brev&% (tight panel).

The Langley suggests significant changes on Brénad calibration; a 10 unit's ETC change on
Brewer 157 and 183 mean a 0.6% change in ozones these new constants change the Brewer-
Dobson comparison? In the case of Brewer #183 llhage in ETC was detected through the
internal SL tests and thus applied to the ozomiewel, so the ozone for this instrument does not
change. For Brewer #157 the change in calibratiomstants is related with a change of the
wavelength calibration associated to the internarawry lamp replacementFigure 23,
According to this, the ozone absorption coefficieaiso change, although it is partially
compensated by the change in the ETC. This is é¢hsan why it was not detected through
comparison of the RBCC-E triad. In summary, applyitie new constants do not change
significantly the ozone of the triad (0.2%) andréfiere the comparison with the Dobson, but
change the comparison between the Brewers ofitie (see-igure 24.
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Figure 23: Langley analysis of the #157 during #84.2. The dots indicate the Langley events, the
circles are the monthly mean with different regr@ssnethodsOLS ordinary least squarel/m is

the Dobson spectrometer regression dabust is a robust estimation of the ETC. Finally the
green line indicates the calibration adopted foistmstrumentl{(GL) and the black line (| OS)

the calibration transferred by 10S.
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Figure 24 Ratio of simultaneous measurements ofG(RBGtandard Brewers (serial no. #157,
#183 and #185) to mean of all instruments agaimstdzone slant path grouped in 100 DU
intervals with the original configuration from IQft panel) and the configuration obtained from
the Langley analysis (right panel)

2.1.2.5 Evaluation of the use of five ozone absorption crgssections on Brewer and Dobson

On this work we evaluate five ozone cross-sectmmd the effect on the ozone calculation on
Dobson and Brewer instruments. The ozone crossoseused for the Brewer and Dobson
network is from Bass & Paur (Bass and Paur, 1985yecommended by the International ozone
commission Www.esrl.noaa.gov/gmd/ozwv/dobson/papers/coeffd)htithe Dobson absorption
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coefficients calculation is described by Komhyiakt 1993 and re-evaluated by Bernhard et al.,
2005. Our Dobson calculations are compared witir thsults, referred hereinafter as Komhyr93
and Bernhard05. The brewer calculation follow tiperative procedure (Groebner et al., 1998;
Kerr, 2002) used by the RBCC-E staff at the catibra campaigns. The ozone absorption
coefficient is determined by the wavelength calibrga which provides the values for the
operative wavelengths as well as the instrumedifsfiusiction. The Bass & Paur (B&P) ozone
cross section at -45C is then convolved with thisfnction. In contrast with the Dobson, where
a unique absorption coefficient is used for thé haitwork, every brewer has slightly different
operative wavelengths and in consequence sligfifflsreint ozone absorption coefficient.

2.1.2.6 0Ozone absorption cross sections calculations

There are three versions of B&P ozone cross sectgmad in this study, denoted as Brewer,
IGACOQ4 and Bernhard:

- Brewer: Brewer B&P is the file used by the RBCC-E and Brewer network to derive the
ozone absorption coefficient. We assume it as edgit to the Bass & Paur publication
(Bass and Paur, 1985) without any other adjustmBEm. plot of this set for six different
temperatures agrees with the Figure 2 of the BasBafir paper, but we restrict the
wavelength range to brewer instrument range (227+88). This file is not available on
the | GACO web page.

- IGAGOQ4: There are two different sets available at the IGA®Eb page, one with the
individual temperatures and the other with the qaidad coefficients on the file “Bp.par”.
The six individual temperatures of the individuigé$ do not agree with B&P paper and do
not include -45°C, which is used on Brewer cal¢ole. In this work we use the quadratic
coefficients set, to be consistent with the Komdgtermination (Komhyr et al., 1993) of
Bass & Paur. Following the instructions of the weog from the web page to get the -45
temperature, the Brewer file at -45 and the IGAQQG4& are similar but not equal. The
Brewer file is noisier

- Bernhard (B&P B): In order to compare with Bernhard calculations (Bard et al.,
2005), we use the same set as in his calculasibmt6.3 C°.

In addition we use two high-resolution ozone absonpcoefficients:

— Daumont, Brion & Malicet (DBM), (Daumont et al., 1992)Brion et al., 1993)(Malicet
et al., 1995) from the IGACO web page
— University of Bremen (IUP): Serdyuchenko et al. (2011, 2012)

For consistency, the units of all of this sets, wWawelengths, were referred to air, using Bernhard
tool on “Libradtran” package, and using the -45@perature for brewer and -46.3C for Dobson
calculations. When these temperatures were notladl@ion the cross section set a linear
interpolation were used. The units are (atm crmugjng for the Loschmidt's number a value of
2.69e-19.

The ozone absorption coefficient is determinedheyBrewer operational method (Groebner et al.,
1998; Kerr, 2002), which is essentially the saméhasozone absorption “approximation” used by
Bernhard05

s a(ayda
N ECEEEY

Where S is the normalized slit function ani the ozone cross-section at the defined temperat
The integral is calculated in sums and the slitsneaments are linearly interpolated to the ozone
cross-section resolution.
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There are two slits sets used on Dobson instrurme@gsured (Dobson 083), and the trapezoid
parameterization from the values from Table 1 ofnBerd05. For the Brewer we use also a
parameterization for the slits. a truncated is@sc&iangle with central wavelength and Full Width
at Half Maximum (FWHM) determined from the wavelémgalibration.

013 ozone absorion cross sections T=228K

14 T T T T T T T T

T
— -+ - Brewet blp
+~ -IGACO BP
* D&M
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= - Bemhard

{atm emyt
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Figure 25:The five ozone cross section at -45°C wsethis work, Bass & Paur (Brewer), Bass
&Paur (IGACO4), DBM Daumont, Malicet and Brion (IG®4) the new set from Bremen
University (IUP) and the set of B&P used for Bermtha005



Measured slit Parameterized slit

Brewer | IGACO Brewer | IGACO B&P Komhyr Komhyr | Bernhard

vsp | Bap  |OMB | 1UP | e | BRe | DMBE) | IUPC) | B oy appm}(’_ Komhyr | oo Y approx. | Bemhard
Al 1.9012 | 1.9001 | 1.8952 | 1.8970 | 1.9033 | 1.9022 | 1.8973 | 1.8993 | 1.9148 | 1.9170 | 1.9150 1.9150 1.9140
A2 0.1091 | 0.1090 | 0.1072 | 0.1071 | 0.1157 | 0.1155 | 0.1139 | 0.1139 | 0.1167 | 0.1150 | 0.1090 0.1150 0.1100
Apair | 1.7921 | 1.7912 | 1.7881 | 1.7899 | 1.7876 | 1.7867 | 1.7834 1.7854 | 1.7981 | 1.8020 | 1.8060 | 1.8060 | 1.8000 1.8050
B1 1.2321 | 1.2326 | 1.2329 | 1.2325 | 1.2415 | 1.2440 | 1.2390 1.2410 1.2420
B2 0.0650 | 0.0647 | 0.0633 | 0.0632 | 0.0654 | 0.0650 | 0.0620 0.0650 0.0630
B pair 1.1679 | 1.1696 1.1693 | 1.1761 | 1.1790 | 1.1770 | 1.1920 | 1.1760 1.1800
C1 0.8620 | 0.8616 | 0.8557 | 0.8620 | 0.8614 | 0.8611 | 0.8551 | 0.8615 | 0.8676 | 0.8700 | 0.8730 0.8680 0.8710
C2 0.0378 | 0.0375 | 0.0375 0.0393 | 0.0388 | 0.0388 | 0.0398 | 0.0390 | 0.0400 0.0400 0.0390
C pair 0.8238 | 0.8182 | 0.8245 0.8218 | 0.8163 | 0.8227 | 0.8277 | 0.8310 | 0.8330 | 0.8330 | 0.8280 0.8320
D1 0.3820 | 0.3821 | 0.3757 | 0.3792| 0.3801 | 0.3803 | 0.3738 | 0.3773 | 0.3837 | 0.3790 | 0.3840 0.3840 0.3870
D2 0.0095 | 0.0097 | 0.0099 0.0105 | 0.0105 | 0.0107 | 0.0104 | 0.0100 | 0.0170 0.0100 0.0100
D pair 0.3726 | 0.3660 0.3693 0.3698 | 0.3633| 0.3666 0.3733 0.3690 0.36/0 0.37403730 0.3770
AD 1.4186 | 1.422Q 1.4205 1.4169 | 1.4201| 1.4188 1.4248 1.4330 1.4300 1.43204270 1.4280
BD 0.7981| 0.8063| 0.8027 0.8028 0.8110 0.8100 80.81 0.8030 0.8030
CD 0.4512 | 0.4522 0.4552 0.4519 | 0.4530| 0.4561 0.4545 0.4620 0.4660 0.4%904550 0.4550

Table 7: Summary for Dobson absorption ozone adeffi calculations for the five ozone cross sesti(a®e text for details), using measured slit ionstand
parameterized slit functions (with an asterisk lba hame) note that measured slit B is not availaMalues from Komhyr and Bernard are also dispthfer
comparison. The calculations using B&P cross sestiby Bernhard 2005 (B&P B05) is also calculatedgarameterized slit

IGACO BP | D&M | IUP | IGACO BP(*) | D&M(*) | IUP(*) | B&P B | Komhyr approx | Komhyr | Bernhard approx | Bernhard
AD 0.991 0.993 0.992 0.989 0.992 0.991 0.995% 1.001 1.005 0.997 0.997
BD 0.976 0.986 0.981 0.981 0.991 0.990 0.982 0.982
CD 0.983 0.985 0.992 0.985 0.987 0.994  0.990 1.007 1.015 0.991 0.991

Table 8: Ratio of ozone absorption coefficient toriayr adjusted.




2.1.2.7 Dobson calculations

The Dobson calculations are summarizedlable 7 The comparison with the values of Komhf#igure
26), which are the values currently used in the Dahs&twork, shows that our calculations are 1% lowaer
AD pair using the different ozone cross sections.GD pair the differences are larger, around 1 &6%0B&P

and DMB, with the values of UIP 0.5% higher. Theaswements using the parameterized slits are lglight
lower than using the measured ones.

The Bernhard B&P cross section, available only 6.3 C° was only calculated for the trapezoid
approximation to assess the validity of the methuaickreas the four remaining cross sections weizéd
using both measured and parameterized slits. By eamparison, Komhyr93 and Bernhard05 calculations
are also displayed ihable 8

The validity of the calculation can be checked winuse the same ozone cross section and the siame s
parameterization as Bernhard 2005. The comparisamowed irjError! No se encuentra el origen de la
referencia. for individual Dobson wavelengths. The agreemsntery good for the short wavelengths, which
correspond with narrow slits, but not so good am ltnger wavelengths with wider slits. The ratidghe
longer wavelengths slits are up to 4% differentthatabsolute value of the cross section is lowthaceffect

on the pair ratios is very low, on pair wavelengtingl double pair we get a maximum difference 06%1
(iError! No se encuentra el origen de la referejcia.

Ozone absorption coefficient ratio to Komhyr adjusted
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Figure 26 Double pair absorption coefficients catiagainst Komhyr adjusted, the set used in theadityt on
Dobson network. Asterisk indicates the calculatipagformed with parameterized slits.
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Ozone absorption coefficient for individual wavelengts percentage diference to Bernhard approximation

10 —O— Brewer b&p

—O6— IGACO BP

—©— D&M

—&— |UP

- % - Brewer b&p(*)
IGACO BP(*)

- % - D&M(¥)

- &~ IUP(¥)

== B2P B

—*— Komhyr aprox

—=— Komhyr

—*— Bernhard aprox
Bermnhard

ratio

6 325.4 3.4 339.8
wawelength

Figure 27: Ozone absorption coefficient ratio torBeard 2005 approximation for individual wavelength
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Figure 28: Ozone absorption coefficient ratio tor@eard 2005 approximation for Dobson pairs and dieub
pairs.
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2.1.2.8 Brewer calculations

For the Brewer calculations we use 48 dispersistgerformed on 16 instruments during the last REEC
campaign held at El Arenosillo (Huelva, Spain), ségror! No se encuentra el origen de la
referencia, using the standard procedure as described bye@es et al., 1998). The statistics are presented
in jError! No se encuentra el origen de la referenciaand confirm the results for DMB presented at
ASCO meetings. Surprisingly the use of the B&P fde IGACO produces higher ozone measurements (1%)
than the operational procedure. The results fomBre (UIP) measurements are very similar to operadiat,
0.5% lower ozone.

For this campaign the maximum difference betweeswBrs is around 0.5%, which is the maximum error we
introduce if we use a common factor to correctdanene record.

Ozone Absorption coeffient (atm cm™)
\
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Figure 29: Brewer Ozone absorption coefficientttoe instruments at Huelva 2011 campaign, mean and
standard error.
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Figure 30 Ratio to Brewer operational B&P absorpticoefficient against IGACO B&P (blue circles),
Daumont, Malicet & Brion (red circles) and Bremezoae cross section.
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IGACO DMB IUP
Mean 0.987 1.032 | 1.005
Standard deviation 0.001 0.001 | 0.001
Range 0.003 0.005 | 0.004

Table 9: Statistics of 48 wavelengths calibratidinsing Huelva 2011 campaign of the Ratio of thenezo
absorption coefficient used on Brewer (Bass & Pd&C ) to the calculated with B&P file at -45@in
IGACO web page (IGACO), Daumont, Malicet and BiioiMB) also from IGACO web page and
University of Bremen cross-sections (UIP).

2.1.2.9 Application to Izafia 2012 dataset

We can evaluate the effect of the ozone crossaectised in this study on the Brewer Dobson corspari
using the synchronized measurements data set dfathgley Campaign. The effect on the ozone caledlat
by Dobson and Brewer instrument of change from ezrnss-section to o’ is simply the ratio between the
old and new absorption coefficient®)'; =O,* a'/a . The factors applied to the synchronized obseouati
of Dobson and Brewer are shownTable 10. The effect on ozone ratios after the applicatidérihese
factors is shown irFigure 31 The use of the IGAGCO ozone cross sections dochahge the Brewer
Dobson comparison, but slightly increase the DolSBWAD double pair difference. The DBM increase th
difference between the instruments from 1.5 % efdperative algorithm to 2% and 3% on the casef C
pair and AD pair respectively. Finally the UIP weds significantly the differences between Brewseb$bn
and maintain the differences between CD/AD paifsh® operative set.
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CECS | zana Absol ut e Canpaing (Spain), 20 Sep. 20 Oct., 2012
Qzone percentage difference using differnt ozone cross sections
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Figure 31 Boxplot of the percentage differencestlys.mean of Dobson and Brewer instruments with fou
cross sections: 1) Operative ozone cross sedfifass & Paur) 2) Bass & Paur from quadratic cogénts
3) Daumont Malicet and Brion (DBM) and 4) Univeysif Bremen (UIP:

IGACO | DMB UIP
Brewer 1.013 | 0.969 | 0.995

Dobson CD| 1.017 | 1.015| 1.008

Dobson AD| 1.009 | 1.007| 1.011

Table 10 : Factors applied to the Dobson and Brewmsne calculations from the operational value Bass
Paur to the Bass & Paur IGACOQ version Daumontitédland Brion (DMB) also from IGACO web page
and University of Bremen cross-sections (UIP).
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CEOS lzana Absolute Campaing (Spain), 20 Sep. - 20 Oct., 2012
Ozone percentage difference o3-ref/ref using diferent ozone cross sectio
ref is the mean of Brewer and Dobson operative value:

3 ; | | 1 [
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© IGACO B&P {
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Figure 32. Mean an standard error of the the petagr differences o3-ref /ref where the referencthés
mean of Dobson AD and CD pair and the three Breimstruments evaluated with the operational cross
section (Bass & Paur). The ozone 03 is calculatdith vour different cross sections: 1) Operativeone
cross section, (Bass & Paur) 2) Bass & Paur atG4B5om quadratic coefficients 3) Daumont Malicetdan
Brion (DBM) and 4) University of Bremen (UIP:

2.2 UV-Vis MAXDOAS activities

2.2.1 HCHO slant column intercomparison and sensitivitidg

The intercomparison of HCHO slant column measurésnalneady described in the previous annual regfort
this project has been extended and finalised ircthgse of 2012, resulting in a paper publishedMT D
(Pinardi et al., 2012). The CINDI HCHO intercompam exercise involved nine atmospheric researalpgro
having simultaneously operated MAXDOAS instrumeoitssarious designs during a few weeks in summer
2009. All data sets were evaluated using commareved parameters and the resulting HCHO diffegdnti
slant columns (DSCDs) were found to be highly cstesit, the mean difference between instrumentsrgkene
ly not exceeding 15% or 7.5xf0molec/cr, for all viewing elevation angles.

Furthermore a sensitivity analysis was performetht@stigate the uncertainties of the HCHO slantm
retrieval when varying key input parameters sucthasmnolecular absorption cross-sections, corra¢goms
for the Ring effect or the width and position oé tfitting interval. This study, which is furthertdded below,
has led to the identification of potentially impemt sources of errors associated to cross-cownlafifects
involving the Ring effect, ¢ HCHO and BrO cross-sections and the DOAS clopahgnomial. As a result, a
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set of updated recommendations was formulated @HE slant column retrieval in the 336.5-359 nm wave
length range. To conclude the study an error butigetbeen proposed which makes a separation between
systematic and random uncertainties. The totakgyatic errors are estimated to be of the orde0&§ and is
dominated by uncertainties on absorption crossesectand related spectral cross-correlation effdets a
typical integration time of one minute, random utai@ties range between 5% and 30% depending on the
noise level of individual instruments.

The sensitivity study concentrated on evaluatireg ghnsitivity of HCHO results to possible changeshie
retrieval settings. This was conducted using repdive spectra from the BIRA instrument. Reshigh-
light possible optimizations in the HCHO slant auolu retrieval parameters and lead to the recommmmdat
of new analysis settings.

Closure polynomial and Ring effect

When performing a DOAS retrieval, an important fpegameter is the degree of the polynomial functit
is used to account for the smooth part of the attdon spectrum. To avoid oscillations that mayrelate
with trace gas absorption features, the degregisfpolynomial is generally restricted to valuesslehan 5.
For the baseline retrievals, a 3rd order polynomia$ selected. However during our sensitivity tegsno-
ticed that any changes to these polynomial settiagsa strong impact on the diurnal be haviour efHic HO
DSCD, especially for high elevation angles. Thised two questions: (1) why such a dependenceepdh
ynomial order, and (2) which one of the testedirsggtis the most satisfactory? In order addresséwend
guestion, we investigated the consistency of vargolumns estimates (VCDs) as follows. In firspagxima-
tion, the HCHO VCD can be derived from measured $@Dwo different simple ways: first from the @iff
ence between 30° elevation off-axis and zenith mfagens using the so-called geometrical approxiomat
(Honninger et al., 2004) and second, from directveosion of the zenith-sky observations using abate
AMFs. For the present analysis zenith-sky HCHO AM¥se calculated using the UVspec/DISORT model
(Hendrick et al., 2006) at the wavelength of 346 amd for a typical HCHO profile peaking in the bdary
layer.
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Figure 33. Effect of the choice of the polynomiaen used in the DOAS fit. (@), (b), (c): impactémm of
HCHO DSCD columns for the different elevation asgld), (e), (f) impact on the corresponding HCHO
VCD columns obtained using two different methodsy @e 5" order case leads to geophysically consistent
results (see text).

The HCHO content in the noon reference spectrumdesised using the geometrical approximation, s th
both VCD evaluations (geometrical approximation aadith-sky conversion) were constrained to agtee a
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the time of the noon reference spectrum. The riegutime-series of retrieved HCHO VCDs are dispthye
for the same three polynomial settings.

As can be seen only the third case, i.e. the DOJuation using a 5th order polynomial, leads tosistent
retrievals of HCHO VCDs using both geometrical apgmation and zenith-sky conversion. Although these
results strengthen our confidence in the correspgnlCHO SCDs, the question remains: what is causin
the observed dependence on the polynomial ordeg?clitvature of the zenith-sky daily variation olveer
when using polynomials of order 3 and 4 (black dotthe first two upper plots) is striking and segts an
interference problem involving another absorber.
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Figure 34. Daily variation of the zenith HCHO DSE@bBlumns and of the Ring coefficients for retrieweilh
a 3% and 8" order polynomial. A similar variation is observist HCHO and Ring when d%order
polynomial is used in the DOAS retrieval.

As can be seen in Figure 34, the Ring effect gledidplays a similar curved pattern. Additionaltsealso
show that none of the other parameters involvethenHCHO retrieval produces a similar shape. ThegRi
effect is a well-known phenomenon responsible filfiag-in of the solar and telluric lines in skight spectra
(e.g. Wagner et al., 2009 and references ther€img. effect is large in comparison to the faint@ipson fea-
tures of HCHO and it can therefore produce interiees if not well corrected in the DOAS evaluatida.
investigate further the sensitivity of our HCHO DI3€to uncertainties in the Ring effect, additiotest
analyses were performed using different alternagmerces for the Ring cross-sections.
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Figure 35. Sensitivity of HCHO dDSCD to changethéRing cross-section used in the DOAS fitting
procedure, expressed as the difference to the inasstenario, for data recorded off duly 2009. The two
panels present the results for different orderghefpolynomial used in the DOAS fit.

Figure 35 shows the relation between changes in ®IC¥$CDs and corresponding changes in the Ring fit
coefficients when using different Ring cross-sewidOne can see that HCHO DSCD changes (dDSCDs) are
linearly related to changes in the Ring fit coaffits. Comparing the retrieval cases using resgaygta third

and a 5th order polynomials, it is also clear thatinterference between HCHO and the Ring effectiich
stronger when a 3rd order polynomial is used. $higgests that, for our analysis conditions, theafigethird
order polynomial introduces a misfit that activaths correlation between Ring and HCHO differensib}
sorption features.
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Figure 36. Effect of the choice of the @oss-section used in the DOAS fit, on HCHO and BISCD
columns. Results (@) and (c) are obtained withGheenblatt et al. (1990) cross-sections while (@l &d) are
obtained using the Hermans et al. (2003) crossisest

O, absorption cross-section

Another important interfering species in the HCHffirfg interval is the collisional dimer of moleeuloxy-
gen (Q), of which the absorption cross-sections are gtibbrly characterized due the difficulty of measgri
them in laboratory under pressures and temperatemesentative of atmospheric conditions. Figuge 3
shows the HCHO and BrO DSCD columns, as retrieveth MAXDOAS measurements using the Hermans
et al. (2003) and the Greenblatt et al. (1999xM@ss-sections. As can be seen, the Hermans té&aseni-



CEOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-46of 75

tial baseline for the intercomparison exerciseji$eto larger HCHO columns but also to a largeragbia the
BrO DSCDs retrieved at different viewing elevatipasfeature not expected for a stratospheric aksdiie
BrO. In contrast, the BrO DSCDs derived using tledablatt @ cross-section appear to be more consistent.
Like for the case of the polynomial discussed kefone concludes that a misfit to thg @sorption (larger

in this case using the Hermans et al. data set)ades a correlation between HCHO and BrO DSCDs.

DOAS fitting interval

The HCHO fitting interval used for MAXDOAS HCHO ratval extends from 336.5 to 359 nm. This wave-
length region, which includes three strong absorpbands of HCHO, has generally been recommended in
the literature. However it is known that the absiorpstructures of HCHO and BrO are to some extente-
lated in this wavelength interval. Figure 37(b)aiizally displays the correlation matrix of thefdient ab-
sorption cross-sections used in the HCHO fit. As lba seen, HCHO and BrO present the largest caaffic

of correlation (around 0.55), which can be easiyl@ned by the similarities of their differentiabsorption
cross-sections (see Figure 37(a)).
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Figure 37. (@) HCHO and BrO absorption cross-samas in the 325-360 nm wavelength range convolved at
the resolution of the BIRA instrument (0.38 nm FWldRt normalized in arbitrary units. (b) Correlatio
matrix of the absorption cross-sections used foH@CDOAS retrievals in the 336.5-359 nm interva). (c
Overall correlation (expressed as the root-meanasgof the non-diagonal elements of the correlation
matrix) for different wavelength intervals in the23360 nm wavelength range.

In comparison, other species are less correlawdkver the coefficient of correlation between HChi@ G

is not completely negligible and this is also tfaeother combinations involving 0, BrO, NG and Ring.
One may expect such correlations to be dependemhemvavelength interval considered for the analysi
Therefore in an attempt to identify the settingst tivould minimize the correlation matrix, calcutats were
performed for a range of fitting intervals startingtween 332 and 338 nm and ending between 353&0hd
nm by steps of 0.25 nm, in a similar way than wi@te in Vogel et al. (2012). For each case, the mzean-
square of the non-diagonal elements of the coroglahatrix was reported in Figure 37(c). Smallerrela-
tions are clearly found for fitting intervals stag at short wavelengths. From visual inspectiorFimfure
37(c), one can conclude that the 333-358 nm waggheiange presents a local minimum of correlatidicty
can be explained by the addition of one band of 8334 nm in a region free of HCHO absorption.



CEOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-47 of 75

To further explore the potential of this extendating interval on our HCHO MAXDOAS retrievals, add
tional sensitivity tests were performed. Resulteidicer show again large instabilities with respedhe Ring
effect interference. This is illustrated in Figua®a,b,c) where the HCHO DSCD retrieved in the 3838-nm
interval is displayed for different elevation argylend for different choices of the Ring cross-easti As can
be seen, the diurnal behaviour of the retrieved BAPSCD depends a lot on the source of the Ringseros
section used in the DOAS fit, and the correspondi@dHO VCDs calculated using the two methods intro-
duced before are generally inconsistent. Thesdtsesuggest that the extended fitting interval tinétimizes
the BrO-HCHO interference is also more sensitivdilng effect misfits. Therefore any attempt to tsis
interval should be made with great care.
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Figure 38. Same as Figure 33, but for an analysithe 333-358 nm wavelength region, and for difiere
choices of the Ring cross-sections.

Random uncertainties

Random errors in DOAS experiments are primarilated to the measurement noise. Assuming that the er
rors from individual detector pixels are uncorrethaind that the DOAS fit residuals are dominatedhbiru-
mental noise, the random contribution to the SCorezan be derived from the DOAS least-squaresrifr
propagation. Any deviation with respect to thesguamptions generally results in an overestimationhef
random error, so one can consider to a first appration that the DOAS DSCD error constitutes aneupp
limit of the true random error. In order to bettempare the actual performances of the differesttiments,
the DSCD error are further normalised to a commm@gration time of 1 minute. As can be seen in Fgu
39(c), the scientific-grade instruments all dispgnilar noise levels. The NASA and Mainz instrumsen
which use small and uncooled detectors have lagers as to be expected and JAMSTEC appears tioebe
noisiest system operated during the CINDI campaign.
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Figure 39. Comparison of HCHO DSCD errors retrieu®deach participating group for the case of 4°
elevation, based on measurements from 4 July ZBP®SCD errors from DOAS evaluations, (b)
corresponding integration times, (¢) DSCD errorsmalized by their integration times.

Systematic uncertainties and total error budget

Several important sources of systematic uncertdiatye been discussed as part of the sensitivitlysiaa
leading to new recommended HCHO retrieval settmgimizing interference effects (Pinardi et al. 12D
Additional uncertainties have been treated withaim to conclude on a comprehensive error budgeside
ering the impact of systematic errors on absorptioss-sections, wavelength calibration and stitfion.

Based on these results an overall assessment dbtdleuncertainties on HCHO dDSCDs has been made
which is summarized in Figure 40 for typical coiutis (elevation angle of 4° and HCHO dDSCD of 3(8%1
molec/cm?2). Assuming that the different effects sufficiently uncorrelated with each other, we cam all
deviations in quadrature to obtain an estimatevefrall systematic uncertainty, which is represerigdhe
black line in Figure 40. On this basis, we estinthtetotal systematic uncertainties on HCHO dDS@Dise

of approximately 20% for measurements at 4° elemativith a weak dependence on the SZA. Since sdme o
the effects considered in this study are likelypéopartly correlated, these values could be coreidas upper
limits, however despite our efforts to include thest important sources of uncertainties in our isigitg
analysis, the need for possible additional termmatbe excluded a-priori. Therefore, arguably, uheer-
tainties reported here are to be interpreted dsstieaonservative values.
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Figure 40. Summary assessment of the error budyet@HO dDSCD at 4° elevation, as a function of the
SZA. Random uncertainties are typical of low-nsigentific grade instruments and of mini-DOAS typks
instruments for a typical integration time of 1 e

2.2.2 Aerosol Profiling during CINDI

During the CINDI campaign, a number of aerosol raeag systems were deployed as summarized in Table
11. These data have been used to study the comsisté MAXDOAS retrievals of aerosol extinction pro
filesand integrated AOD values, performed by 5 CligBrticipants.

Institute Instrument Quantities
RIVM Backscatter Lidar Backscatter profiles
CAELI Backscatter and extinction
RIVM : :
Raman Lidar profiles

Multi Angle
Absarption Black carbon
Photometer

Table 11. Aerosol instrumentation deployed duriry @

Unfortunately Raman Lidar extinction profiles wavet delivered yet, therefore simple backscatteoswr
profile made by the RIVM instrument have been ueda qualitative comparison with extinction presl
derived from MAXDOAS instruments. In order to alldar meaningful interpretation of the data, thedlid
data (Ceilometer) were degraded at the resolutidh@MAXDOAS retrievals. This was performed bysfir
averaging the Lidar measurements in layers of 20hiokness and then further applying the MAXDOAS
averaging kernels, as illustratedfigure 41 Lidar measurements vertical smoothed in this waye subse-
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qguently compared to MAXDOAS measurements from Sigpating groups. Results for a few selected days
are represented figure 42 Figure 43andFigure 44 Likewise, integrated AOD values derived at 477 nm
by the BIRA, IUPHD, KNMI, MPI-Mainz and JAMSTEC MABOAS instruments are compared to sunpho-
tometer data in Figure 45. Note that for some imarnts, a conversion to AOD value at 477 nm haleto
performed, using Angstrom coefficient values preddy the syn photometer instrument.

From the various comparisons performed, the folimnonclusions can be drawn:

— The vertical structure of boundary layer as regterom MAX-DOAS is in good qualitative agree-
ment with backscatter profiles from Ceilometer, exsally for BIRA and IUPHD instruments and
aerosol retrieval schemes

— The AOD is in good agreement with Sun Photometentast groups

— The comparison of data at 477 nm with measurenantgéher wavelengths (e.g. MPI, 360 nm) is
problematic. No sun Photometer data were availdbiang CINDI at wavelengths below 440 nm.

— The systematically higher surface extinction ol#dimith MAXDOAS instruments in comparison to
Wet Nephelometers in the afternoon remains unresoliscrepancies can be huge and still need to
be understood.

— Each of the algorithms and different approache&ld@ed by the different CINDI participants has its
individual advantages/shortcomings (in terms oftigal resolution, robustness, etc). More work is
needed to converge towards a harmonised algorithMAXDOAS aerosol processing.

The write-up of a publication on the MAXDOAS aerbsdercomparison during CINDI is in progress and
will be completed in the course of 2013.
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Figure 41. Treatment of Lidar backscatter profitesallow their compairison with MAXDOAS profiles
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Figure 42. Comparison of backscatter aerosol pedfibm RIVM ceilometer an d aerosol extinction pesf
derived from BIRA, Heidelberg, JAMSTEC and MPI-MahAXDOAS instruments during the CINDI

campaign on June 23 and 24, 2009.
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Figure 43. Comparison of backscatter aerosol peofibm RIVM ceilometer an d aerosol extinction pesf
derived from BIRA, Heidelberg, JAMSTEC and MPI-MaihAXDOAS instruments during the CINDI

campaign on July 1 and 2, 2009.
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Figure 44. Comparison of backscatter aerosol pecfibm RIVM ceilometer an d aerosol extinction pesf
derived from BIRA, Heidelberg, JAMSTEC and MPI-MaihAXDOAS instruments during the CINDI

campaign on July 3 and 4, 2009.
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Figure 45. Comparison of aerosol optical depths PA®neasured at 477 nm during the CINDI campaign
with a sun-photometer and determined from MAXDO A@asurements by BIRA, Heidelberg, JAMSTEC,
MPI-Mainz and KNMI.

2.2.3 Mobile-DOAS measurements during CINDI

A mobile-DOAS instrument was operated during th&l2ll campaign for investigating the importance of
horizontal gradients in NOcolumn around the Cabauw site. The instrumeniofal the MAX-DOAS
principle but uses two spectrometers measurindesedl light spectra in parallel at different elématangles.
This reduces the problem of inhomogeneities intthee gases previously observed from mobile MAX-
DOAS instruments (e.g. Wagner et al., 2010). Tdees the vertical tropospheric columns, previousbite
DOAS studies (Wagner et al., 2010; Ibrahim et2010; Shaiganfar et al., 2011) assume that the pgth
can be approximated from the observation geoméhs so called geometrical approximation- leading to
errors of up to 50%. In this study (Merlaud et @D13), we use a more accurate parameterizatidheof
tropospheric AMF with explicit dependences on thelas and viewing geometries, which reduces
uncertainties down to 20%. Figure 46 presents theeation geometry of the Mobile-DOAS instrument.
The scattered light spectra are recorded simultastgan the zenith direction and 30° elevation \abthe
horizon, following the MAX-DOAS approach. The systds based on two similar compact Avantes
spectrometers operated in parallel. The entry§kiach spectrometers is 50 micrometers, the fecath

75 mm and the grating is a 600 I/mm, blazed at3®0 The CCD detector is a Sony 2048 linear array. A
optical head mounted on the car window holds thetelescopes with fused silica collimating lensefocal



CEOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-550f75

length 8.7 mm, leading to a field of view of 2.6°he spectrometers are controlled by a laptop a@P8
antenna is used for georeferencing the measurenémswvhole set-up is powered by the car batteky 12
through an inverter.

~
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Figure 46. Principle of the mobile-DOAS instrumepérated by BIRA during CINDI

The BIRA-IASB mobileDOAS was operated after theeirnbmparison on the local roads around Cabauw and
on the highways between Utrecht and Rotterdam.niditgvation, beside testing the newly developped
instrument, was to study the variability of the Ni@Id inside one OMI pixel (13 x 24 Kn Unfortunately,

for the best measurements days, when the MobileD&@®&SOMI measurements are coincident, the later ar
affected by the row anomaly. The mobile-DOAS datasélected during CINDI is thus not optimal forcsua
comparison, nevertheless it reveals accurateliN®ghorizontal gradients around the CESAR site.

As an exemple, Figure 47 and Figure 48 present tgpospheric columns measured in the afternootof
July 2009, between CESAR and Utrecht. Figure 48 al®ows the vertical column derived from the static
MAXDOAS at 13:04, when the mobileDOAS was stillthe CESAR site. A description of the MAX-DOAS
instrument is given in (Clémer et al., 2010). The tmeasurements are very close, around>3t®lec/cm
which gives confidence in the N@ading derived from the MobileDOAS instrumentradcthe other part of
the track. The situation represented on this figlustrates the typical situation for N@neasurements in a
sub-urban site like Cabauw. Moderate gradientdarad in the near vicinity of the site while mudhosiger
variations are observed when coming closer to thectt agglomeration and its NOx sources.

Mobile measurements are complementary to MAXDOASsueements at fixed location. In order to get
access a more comprehensive (ideally 3D) repres@mtaf the NQ distribution, more measurements are
needed using a combination of ground-based systemplemented by aircraft profiling and 2D imaging
systems. Such deployment will be considered far&utampaigns.
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Figure 47. Mobile-DOAS measurements on 14 July 2008sured on the way from Cabauw

to Utrecht.
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Figure 48. Mobile-DOAS measurements on 14 July 2@H8 Cabauw to Utrecht. Time series of
tropospheric N@columns and comparison with reference MAXDOAS areasents at the Cabauw site.

2.3 EARLINET intercalibration activities

The AQUILI12 (L'Aquila Lidar Intercomparison 2012)ntercomparison measurement campaign was
performed with the lidar system in L’Aquila from 10 15 September 2012 using the reference lidaesys
POLIS from Munich (Germany). Three measurementsepéainned, with three Italian lidar stations: Lecce
Napoli and L'Aquila, but only the measurement caigpan L'Aquila was carried out, because of unexpdc
failure of Napoli and Lecce systems. The Lecceesysivas affected by a serious loss of energy, whie
Napoli system suffered from an electronic break doand stopped to run. Both systems were not in
conditions suitable to perform measurement campgaeymd were shipped for repairing. The AQUILI12
intercomparison was performed in different atmosipheonditions. In the comparison, 7 aerosol baakec
and 5 aerosol extinction profiles were comparedrifguthe comparison, several discrepancies arose, i
particular at low range. The failure reasons wedéviduated and removed.

2.3.1 Participants to the LIDAR intercomparison AQUILIZD1

- SLAQ - CETEMPS/Univ. L'Aquila, AQ, (Vincenzo Riznd Marco larlori)

- POLIS Meteorologisches Institut der Universitéaimd¢hen, Munich, POLIS, (Volker Freudenthaler)

The system’s technical details can be found in AdpeA; in jError! No se encuentra el origen de la
referencia. the LIDARs main sub-systems (telescopes, detecttrg are shown.

POLIS

Figure 49. The AQ and POLIS LIDAR systems.
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2.3.2 Location of the experiment.

The AQUILI2012 experiments were carried at latitut®22'6.00"N, longitude 13°21'1.70"E, altitude 656
a.s.l.,, in the Osservatorio Atmosferico laboraterief CETEMPS, Dipartimento di Scienze Fisiche e
Chimiche, Universita Degli Studi dell’Aquila, ItalyError! No se encuentra el origen de la referencia..

= Ta i

Figure 50. The location of AQUILI2012 .

2.3.3 Strategy of the experiment.

In the previous inter-comparison campaigns of dgffé LIDAR systems, the comparison of range coeect
signals instead of LIDAR products like backscatieextinction coefficients was adopted, in ordeatwid
the influence of different algorithms used for #malysis of the LIDAR signals.

But during AQUILI12 experiment, the pointing diremt of POLIS had to be tilted relative to AQ LIDAR
(zenith directed) to measure through the samewiredow (Figure 51), and hence the inter-comparisbtine
final aerosol optical products, i.e., the vertipedfiles of the backscatter and extinction coeffits, has to be

used.
‘\"\ 300 m

\

1 km
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2.3.4 Measurements.

It was possible to compare B, (aerosol backscatter) afida, (aerosol extinction) profiles, collected in
different periods and meteorological situations:

10/09/2012 (clear, after strong storm)

Periods

19:44-20:16 UTCd, andf3, profiles)

[used atmosphere: GFS/NCEP of 11/09/2012 00:00]UTC
20:16-20:47 UTCd, andf3, profiles)

[used atmosphere: GFS/NCEP of 11/09/2012 00:00]UTC

11/09/2012 (clear)

Periods

09:25-09:56 8, profile) - 09:56-10:27, profile)

[used atmosphere: GFS/NCEP of 11/09/2012 09:00]UTC
18:25-18:57 UTCd, and3, profiles)

[used atmosphere: GFS/NCEP of 12/09/2012 00:00 UTC]
18:57-19:28 UTCd, andf,)

[used atmosphere: GFS/NCEP of 12/09/2012 00:00 UTC]

15/09/2012 (scattered clouds, clear)
22:31-23:39 UTCd, andf,)
[used atmosphere: GFS/NCEP of 16/09/2012 00:00 UTC]

The next Figures report a resume of all the measemes:

10.09.2012

|'!9'IT&.25 1&2&ﬁ l&llﬁ'&zl 1&:!8“3 !?‘.5&1?120:08'15 &IQIIIJ HET1:55 m{l:iﬁl
N 1&“-’&' ajf': i ‘HW [/ —
.!. e I Lo

Figure 52. Overview quicklook POLIS 355 nm exitimctoefficients [1/km] (Klett, lidar ratio assumé8g
sr) on 10.09.12 — 19:19-20:48 UTC. Situation: cledter strong storm.
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Figure 53. Intercomparison of backscatter (leftgeRaman extinction coefficients (right) of lidgistems
POLIS (355/387 nm) and SLAQ (351/382 nm) in L'Aditdly on 10.09.12 - 19:44-20:16 UTC. Used
Radiosonde: GFS 11.09.12 - 00:00 UTC.
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Figure 54. Intercomparison of backscatter (leftddRaman extinction coefficients (right) of lidastms
POLIS (355/387 nm) and SLAQ (351/382 nm) in L'Adlidly on 10.09.12 - 20:16-20:47 UTC. Used
Radiosonde: GFS 11.09.12 - 00:00 UTC.




CEOS Intercalibration of Ground-Based Spectrometes and
Lidars

Final Report
Overview of Scientific Results

Ref.:

Issue:
Date:
Page:

CEOS-IC-FR
3.0
3/27/2013

| - 61 of 75

11.09.2012

1013|1020
N
1

e Aal-'l.:

Figure 55. Overview quicklook POLIS 355 nm exitimctoefficients [1/km] (Klett, lidar ratio assumé&8g
sr) on 11.09.12 — 09:20-10:28 UTC. Situation: clear
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Figure 56. Intercomparison of backscatter coefiits of lidar systems POLIS (355 nm) and SLAQ (@5)L
in L'Aquila/Italy on 10.09.12 - 09:25-09:56 UTCffleand 09:56-10:27 UTC (right). Used Radiosondé=S5
11.09.12 - 09:00 UTC.



CEOQOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-620f75

gvaliies sach 101 shor LA A oo
e 1 ke o .83 s 300 e Besin 7958 eght a9

Figure 57. Overview quicklook POLIS 355 nm extorcitoefficients [1/km] (Klett, lidar ratio assum&8 sr)
on 11.09.12 — 17:58-19:12 UTC. Situation: clear.
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Figure 58. Intercomparison of backscatter (leftgeRaman extinction coefficients (right) of lidgistems
POLIS (355/387 nm) and SLAQ (351/382 nm) in L'Adlidly on 11.09.12 - 18:25-18:57 UTC. Used
Radiosonde: GFS 12.09.12 - 00:00 UTC .
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Figure 59. Intercomparison of backscatter (leftdeiRaman extinction coefficients (right) of lidassyms
POLIS (355/387 nm) and SLAQ (351/382 nm) in L'Adidly on 11.09.12 - 18:57-19:28 UTC. Used
Radiosonde: GFS 12.09.12 - 00:00 UTC .
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Figure 60. Overview quicklook POLIS 355 nm extorcioefficients [1/km] (Klett, lidar ratio assum&8a sr)
on 15.09.12 — 22:20-23:20 UTC. Situation: scatteckedids, clear.
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Figure 61. Intercomparison of backscatter (leftddRaman extinction coefficients (right) of lidastams
POLIS (355/387 nm) and SLAQ (351/382 nm) in L'Adidly on 15.09.12 - 22:31-23:39 UTC. Used

Radiosonde: GFS 16.09.12 - 00:00 UTC.
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2.3.5 Comments and conclusions

In general, the comparisons of the vertical prsfid the aerosol backscatter and extinction cdefits were

guite good; anyway several discrepancies arospaiticular at low range. In the measurement periufds
10/09 and 11/09, the AQ and POLIS profilespaf were coincident above 0.7 km range, profiles are

similar above 1.2 km (see corresponding Figurebg feasons of the low level discrepancies wereghighb

due to misalignment of the AQ system, and margirtallelectronic noise, and to the different aldaris used

for data retrieval (AQ and POLIS use their own wafie for the estimations @a andaa profiles, anyway
these programs have been quality checked withinlENRT).

From 12/09 to 14/09, it has been checked the akgnraf the AQ LIDAR (there was no chances to rum th
LIDARs, because of low level clouds and rain), artigular the performances of the receiving telescand
its alignment (Figure 62) have been evaluated wsiG§CD camera positioned in the focus of the telesc

Figure 62. The AQ receiving telescope and the C&Dera mounted on it for the alignment check.

The expected optical image of the laser beam inatmosphere was simulated using Zemax© optical
software (Figure 63), it has been taken in accabetrelative position of the laser beam and reogivi
telescope, the laser beam divergence, the geomathquality of the telescope mirror (parabolic)d ahe
collecting area (a circle of about 5mm in diametegye the optical fiber that transport the LIDARur@s to

the receiver box (a combination of dichroic beantitteps, interference filters) containing the detes
(photomultipliers) is positioned with its colleagitens. This image is reported in Figure 63, itdthdoe noted
that, according to the design, the AQ telescopdeptty aligned, can collect LIDAR returns, i.eetfull laser
beam image impinges on the collecting area) witlaawt optical modulation (overlap function) from &bo
250m range.
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Figure 63. The results of the Zemax®© simulatiotheflaser beam images returned from different dista in
the focus position of the AQ receiving telescofe different colors refer to laser beam images foiffierent
altitudes (from 50m to 10km).

The laser beam images observed with the CCD arersiio Figure 64, it is quite evident that the AQ
receiving telescope is well aligned, and the imdigee nsions are as expected.

Figure 64. The laser beam image in the focus mrsitf AQ telescope as captured by the CCD camera.

On the other hand, after the alignment check, tkasurements carried in 15/09 show better coincesenc
betweer3, anda, profiles, see Figure 61. The aerosol backscatt@rextinction coefficients are coincident,
within the error bars (not shown in the Figureshfrabove 0.5km and 0.7km, respectively.
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In summary the “messages to be taken home” are:

- the alignment procedures of a single LIDAR systean ©e improved within this kind of inter-

comparisons;

- the POLIS LIDAR system acting as the “reference AR can also offer other tools for checking
the hardware performances of the other systems (§lleg and play CCD camera).

- theB, anda, profiles obtained by the two independent LIDARtsyss involved in AQUILI2012 are
coincident within + 10%, at least, after a carefilleck of the alignment and of the hardware

performances.

2.3.6 Implementation of the optical products retrievathie centralized calculus system

In addition, the automated and centralized calcalistem was implemented and used in order to oltadn
compare not only the pre-processed lidar rangeectad signals, but only the optical products (asrasd
extinction backscatter coefficient) from the datasured during the several intercomparison campaign

10

Elastic Backscatter retrieval @ 1064nm
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Figure 65. Example of retrieval of aerosol backsmatoefficient at 1064 nm, using the Single Caisul
Chain developed within EARLINET on the data meabkbyeseveral lidar systems during EARLIO9.

Figure 65Error! No se encuentra el origen de la referenciashows an example of retrieval of aerosol
backscatter coefficient at 1064 nm, while Figure $®ws an example of retrieval of aerosol extimctio
coefficient at 355 nm, both obtained using datanfiatercomparison campaign EARLIO9 held in Leipaiy
May 2009, but the retrieval will be extended to dag¢a of all the intercomparison measurement cagngai
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Raman Extinction retrieval @ 355nm
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Figure 66. Example of retrieval of aerosol backsmaéxtinction at 355 nm, using the Single Calc@bsin
developed within EARLINET on the data measuredéyeral lidar systems during EARLIO9.



CEOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-68of 75

3 Conclusions of the CEOS ICal project and outlook

3.1 Dobson calibrations

Seven ESA funded campaigns and four regular RDG@etcomparisons (DWD funding) have been carried
out since 2009. The locations of these campaigmesent a wide range of atmospheric conditionsgkwhi
allows the characterization of the properties @& Bobson instrument and their differences to thewBr
spectrophotometer.

The location from North to South:

Sodankyla: Low altitude with normal turbidity, large SZA andgh ozone

Hradec Kralove: Low altitude with enhanced turbidity, entire rar@feéSZA and “normal” ozone

MOHp: High altitude with reduced turbidity, entire rangfeSZA and “normal” ozone

Arosa: Very high altitude with low turbidity, entire rangé SZA and “normal” ozone

El Arenosillo: Low altitude with normal turbidity, entire range 8¥A and somewhat lower ozone

lzafa: Very high altitude and very low turbidity, entirange of SZA, lower and constant
ozone

Irene: High altitude, southern hemisphere, moderate tityhidntire range of SZA, less ozone

The general finding is that the standard Dobsom vt current calibration level (traced back to Werld
Primary Standard D083) measures about 1% lowereotttan the standard Brewer. Larger differenceewat |
sun, high ozone and high turbidity can be predoniipexplained by the various temperature deperidenc
of the instrumentally specific absorption coeffriie (Kerr, 2002), different calculation of y usidifferent
heights of the ozone layer and different strayliggmsitivity. The effects of the first two reasaas easily be
corrected in a general manner, whereas the thikisieeds some intense investigation of the piepent
each specific instrument.

A very important, special finding is that lzafiaae appropriate location for the performance of aliso
calibration of both types of spectrophotometersgighe Langley Plot method. The obtained resules ar
comparable with the Mauna Loa calibrations of therM/Primary Standard D083.

The preparation of two publications is considered:

- Comparison of Standard Dobsons and Brewers (RDC&hE RBCC-E) and explanation of the
principal differences, progress depending on nesogition coefficients.

- Suitability of the Izafia facility for Dobson Langleampaigns in comparison with Mauna Loa results
(RDCC-E, WDCC and RBCC-E).

These results in principle confirm the capabilibd ajualification of the Dobson spectrophotometgurtaduce
high quality ozone data sets. These data setspgpn@@iate for reliable analyses of the statushefazone
layer and its trend as well as for Cal/Val actegtirelated to satellite-borne ozone measuringuim&nts.

Unfortunately the intended transition from the B&ssir ozone cross sections/absorption coefficiemta
newer, better and hopefully more consistent datéosiginally proposed were Daumont-Brion-MaliceBM
cross sections) was not carried out yet. New figsliof the RBCC-E (Alberto Redondas) led to the kion

to shift this introduction until further investigahs were finished, which data set of cross sestfmovides
better and more consistent absorption coefficiéotsall types of instruments in use to monitor thEone
layer. After the successful introduction of newftieeents all comparisons between Dobson and Bretwese

to be reprocessed either to confirm the old resaltsto find out new features. The application of
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improvements in the algorithms (e.g. temperatureections) does not make sense, before the inttmduof
the new coefficients is completed.

In addition cuts of budgets, staff reductions aedently/future retirements of experts endanger hbéh
global ozone monitoring network and the Dobsonbeation system. One focus of the future activitreshe
ozone community should be to maintain the functdrthe global networks of ozone monitoring and of
instruments’ service and calibration. The concéiatmeand focus on potential super sites to endtdeoptimal
use of the available resources should be discussed.

3.2 Brewer calibrations

During the project seven Brewer calibration campaigiere organized and 65 calibrations were perfdrime
40 instruments. Three types of campaigns were atedu
— Absolute calibration campaigns at Izafia focusingtlon calibration check of reference Brewer and
Dobson through Langley method.
— Nordic calibration campaigns focusing on the stoflyhe stray light effect at high ozone and zenith
angle conditions
— Routine calibration campaigns at Arosa and Huelith the main objective to transfer the calibration
of the regional Center to the network instruments.

In these campaigns the calibration scale has beesférred from the RBCC-E triad at Izafia Atmosjgher
Research Centre to the participants. A signifidamirovement on the reference triad characterizagiod
maintenance has been obtained including the demelopof operational procedures and the public sliff
of the status of the reference. We can estimatmgterm precision of 0.25% for the European Refege
Triad. The observations from all campaigns havenlsedmitted to the CEOS Cal-Val Database.

In cooperation with Tom McElroy and Volodya Savask a calibration checklist was developed with the
objective to describe the Brewer calibration foexgtors, data users and database managers. Thests e
publicly available and they were distributed durihg calibration campaigns.

The status of the network as revealed during thibraion campaigns is that all of the operativstinments

are on the +/-2% range, 80% of the Brewer instrumeme inside 1% range and 2/3 shows a perfect
agreement of +/- 0.5% after two years calibratieriqui. The reference instruments, i.e. the Brewas are
used to transfer calibration, show an agree me ntrar@.5%.

A significant improvement has been brought to thriument characterization and calibration. Thiduides
studies of the filter attenuation issue, ozone giigm coefficient and stray light.

Attenuation filter

The Brewer uses attenuation filters to adapt thjiet intensity. The Brewer algorithm assumes “né (ittar”
but in real instruments this is not true and caodpce an error up to 2% (20% in one extreme caseh®
recorded ozone. A methodology for detecting, charaing and correcting the attenuation filter r@sge has
been developed.

Ozone absorption coefficients

The calibration of the Brewer determines two comistathe Extraterrestrial constant (ETC) and thenez
absorption coefficient (O3ABS). The ETC is transddrfor the reference instrument and the O3ABSh=mn
calculated from the dispersion test (one paranetisration) or transferred from a reference insteut (two
parameter calibration). The recommended methdaki® be-parameter calibration but a significant nemai
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instruments use the two-parameter calibration. Anmaitch of the O3Abs produces a slope on the relativ
differences as function of slant path; this slope compensate nonlinearities of the instrumenéstlile filter
attenuation. We found that both methods will givie same results, within the precision of the Brewer
instrument. The comparison of both calibration rodthcan give us an indication of the quality of the
instrument. Based on that we can divide the Bremstruments in two classes:

Class | instrument where the calculated and tramsfeO3ABS are within the wavelength precision lod t
instrument, and Class Il where they are outside:

Class I: ETC (+/- 5 units 0.4% , o3abs +/1€ps0.3% )
Class I : ETC (+/- 10 units 0.8%, o8ai- 2 step 0.6%)
Stray light

During the calibration campaigns, measureme nthestit function have been performed and these luata
been used to model the Stray Light determinatibmparticular the FMI Brewers were characterizedirty
the Nordic campaign and the counterpart Izafia campahe model detects the underestimation of #ane
but the reconstructed DS response for the ozorseusied for the model Brewer Stray Light are likishdiffer
from the real ones. In the continuation projeet teal DS responses for the ozone slits has todasumed.
The stray light can also be introduced in the catibn against a double spectrometer, and an eaapiri
correction has been developed and the parametethieotorrection are determined on the calibration
procedure.

Evaluation of the differences Brewer/Dobson

The comparisons of Brewer from RBCC-E and Dobsoriréth RDCC-E shows an disagreement of about
1.5% in the different common calibrations perforneating the project. Two Langley campaigns were
performed at Izafia, during which the Langley metihogy has been evaluated. We found that if we afiply
there is no significant change if we use the Dolrsethodology on the Brewer. On the other hand pieasl

of the results on both instruments is related whiah be due to the atmospheric variability andads n
necessarily to instrument performance.

Ozone cross-sections

As a part of this study, four different ozone cregstions were evaluated for use with Dobson arivBr
instruments. These are the Bass & Paur “operativ@ss sections used by Brewer and Dobson, the gliadr
adjustment of Bass & Paur (IGACOQ4), the high neoh cross section of Daumont, Brion & Malicet
(DBM), (Daumont et al., 1992), (Brion et al., 1998Malicet et al., 1995) and the cross-section daga
recently developed by the university of Bremen (ISBrdyuchenko et al., 2011, 2012). Whereas ordke
of the Dobson the calculated ozone change is of wittbvery little variation depending on which dséd is
used on the case of the Brewer the changes artastibkin the case of DMB (-3.2%) and less impaottfor
IUP (-0.5%).

Applying this ozone cross section to the Brewer-flwbdataset from the Langley campaigns, we fouatl th
the use of the IGACOQA4 cross sections does notgehtde Brewer Dobson comparison but slightly insesa

the Dobson CD/AD double pair difference. The DBMreases the difference between the instruments fro
1.5 % for the operative algorithm to 2% and 3% lm¢ase of CD pair and AD pairs respectively. IRirtae

UIP reduces significantly the difference betweer&m and Brewer, the difference between AD/CD {zair
the same as the operative set. For the |zafa dathseuse of I[UP makes the ozone measurements from
different instruments indistinguishable.

3.3 UV-Vis MAXDOAS intercomparisons

The CINDI campaign has been very successful ireaalt its observational and scientific objectivAdarge
data set of continuous ground-based in-situ andteensing observations of nitrogen dioxide, assosnd
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other air pollution constituents has been colleateder various meteorological conditions and undeious

air pollution loadings. The day-to-day variabiliof NO, for sunny days (nine days had at least 10 sunny
hours) was mostly driven by wind direction, witleaher air coming from northerly directions. The DIN
campaign also experienced periods of enhanced H@W® warm winds coming over land. Detailed
comparisons (still ongoing for some of them) perfed with the CINDI data have shown that:

— MAX-DOAS slant column measurements of Nahd Q agree within 5-10% (Roscoe et al., 2010);
— MAX-DOAS slant column measurements for HCHO agrédinw 15% (Pinardi et al., 2012);

— tropospheric columns and surface values of, MOM MAX-DOAS NGO, profile retrievals agree
within 15% between different instruments, and witBb% with the N@ lidar data and in-situ NO
data obtained at different altitudes, except ferghuation of very shallow boundary layers, whitie
MAX-DOAS algorithms underestimate the N@alues by up to 50% (Wittrock et al., to be sulbeait
to AMT);

— MAX-DOAS aerosol optical depth are in good agreeimsith the AERONET measurements and
aerosol extinction profiles are in good qualitatagree ment with ceilometer data (Friel3 et al..éo0 b
submitted to AMT),

— MAX-DOAS aerosol extinction values are generalliflwerrelated with in-situ values at the surface,
but a factor 1.5 to 3.4 larger (Zieger et al., 2011

— MAX-DOAS data demonstrate a good potential to derat least 8 independent atmospheric
parameters, including NOHCHO, glyoxal, S@ Os, water vapour and aerosol at two wavelengths
(Irie et al., 2011).

Other studies that are still being performed inelutie comparisons of tropospheric NElumns from
mobile DOAS systems (Merlaud et al., in progress) fiom direct-sun, zenith-sky and MAXDOAS systems
(Spinei et al., in progress), HCHO profiles, Br@rilcolumns (Puentedura et al., in progress) tlaiadp
variability of NO, (Piters et al.), and the application to satetlité¢a validation. The studies performed during
the CINDI campaign have resulted in increased kadgt about the performance of ground-based remote
sensing instruments regarding the accuracy withclviNG, and aerosol information in terms of vertical
profiles and tropospheric/total columns can beweeri The CINDI intercomparison results provided the
necessary first steps towards harmonization ofiesal settings and observation methods, and in
recommendations for building the networks of grotmaded systems urgently needed for satellite data
validation. Such efforts need to and will be furtpersued in future projects and activities, amtrgn the
planned extension of this CEOS ICal project but e already ongoing EU FP7 NORS project.

3.4 EARLINET intercomparisons

EARLINET, the European Aerosol Research Lidar NEfkye@stablished in 2000, is the first coordinated
lidar network for tropospheric aerosol study on twntinental scale. The network activity is based o
scheduled measurements, a rigorous quality assugaogram addressing both instruments and evaluatio
algorithms, and a standardised data exchange fostapresent, the network includes 27 lidar stadion
distributed over Europe.

The intercomparison program is of fundamental irm@g@e in order to assure the quality of the data
provided, also in view of future ESA calibratiorifdation programs in the frame of satellite missiomth
onboard lidar systems. The intercomparison progsapart of a wider strategy addressed to intercoenttae
systems at all levels: not only at instrument lelzelt also at algorithm level. It has been caroatiduring the
FP6 EARLINET-ASOS and the FP7 ACTRIS projects. A¢gent, EARLINET it is funded by the FP7
infrastructure project ACTRIS (1 April 2011 — 31 Ma 2015) that will support just partially the fotu
intercomparison campaigns.
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The strategy includes several steps:

a) development of instrumental standard tools forrimé quality check of the performance of the
instruments;

b) definition of standards (deviations, signal to eoisilaximum and minimum range) to accept a system
in terms of performances suitable for EARLINET Qatat

c) development of a common data pre-processing andepsing calculus system (Single Calculus
Chain) suitable for all the lidar systems, abldatst pre-process and process data and to fasteaeduc
the data at the same resolution;

d) definition of the mobile reference lidar systemshimi EARLINET;

e) on site intercomparison of the lidar reference exyst

f) on site intercomparison of all the EARLINET lidgys¢ems with the lidar reference systems.

Six intercomparison measurement campaigns weradayut in between 2009 and 2012:

1) EARLIO9 (EArlinet Reference Lidar Intercompariscampaign, Leipzig, 5 May to 5 June 2009),

2) ALIO9 (Alomar Lidar Intercomparison campaign, AlomBlorway, 21 October to 5 November 2009),

3) SOLI10 (SOfia Lidar Intercomparison campaign, Sofialgaria, 9 to 14 October 2010),

4) ROLI10 (ROmanian Lidar Intercomparison campaigngarest, Romania, 17 to 23 October 2010),

5) SPALI10 (SPAin Lidar Intercomparison campaign, Mdd6pain, 18 October to 5 November 2010)
and

6) AQUILI12 ((AQUIla Lidar Intercomparison campaignAquila, Italy, 10 — 15 September 2012).

The first measurement campaign (EARLIO9) was addr@snainly to the intercomparison among the five
reference lidar systems from Hamburg, Munich, Pzeand Minsk, but further six EARLINET stations
joined the measurement campaign. It was suffigielothg to allow a good comparison among the refegen
lidar systems. This campaign was important als@abee it allowed to fix the standard procedure toyoaut

the instruments intercomparison.

The following intercomparison measurement campaajlteved to check the performances of the systems
and when they were not fully satisfactory, the omasof the failure were understood and the wayotees
them were defined.

All the Quality Assurance tests have been appligdnd the measurement campaigns for each singhe lid
instrument and have been used in order to solveifgp@roblems before the actual intercomparisohe T
comparison has been carried out through the cosgamf the range corrected raw lidar signals by pre
processing the raw data in an uniform way througtamalysis tool developed in the frame of EARLINET
(the Single Calculus Chain). The capability of tte®l has been extended implementing the retrie¥al
optical products (vertical profiles backscatter amxtinction coefficients). In fact, at presentstin progress
the last part of the comparison protocol that idrasised to the comparison of the optical products.

All the measurement campaigns can be consideredessfully accomplished. Technical problems,
responsible of discrepancies, were individuated asolled. The intercomparison campaigns allowed to
compare 21 lidar systems (18 from EARLINET).

- Concerning EARLIO9 campaign, performed mainly amdimg reference systems, the deviations of
the range corrected lidar signals respect to tlerame signal were, for all the systems, within 10%
from the full overlap height up to at least 10krrhefght, an important result for the study of PBida
low troposphere.

- Concerning the other measurement campaigns, athdasurements from the involved lidar systems
showed a deviation within 10% respect to the cpwading lidar reference system, from the full
overlap height to the up to at least 10km of height

The intercomparison of Lecce and Napoli systenay{lt planned in 2012, have been moved to spririg20
because of systems failure. The Lecce system wamegied by a serious loss of energy, while thpaa



CEOS Intercalibration of Ground-Based Spectrometes and | Ref: CEOS-IC-FR

Lidars Issue: 3.0
Final Report Date: 3/27/2013
Overview of Scientific Results Page: |-730f75

system was affected by electronic break down aogped to run. Both systems were not in conditions
suitable to perform measurement campaigns and sfepped for repairing.

In the next two years, campaigns are planned ferrémaining EARLINET systems (Clermont-Ferrand,
Palaiseau, Neuchatel, Payerne, Gebze, Corkghink, Belsk, Thessaloniki, Athens) and in the ratdre
for the instruments of new EARLINET stations.

Concerning publications in journal papers, an EARET special issue on AMT is open, where the resfits
the intercomparison campaigns will be presenteahiEARLINET joint paper.

EARLINET provides long-term, quality-assured aeta$ata on a continental scale and thus offers gueni
opportunity for the validation and full exploitaticof the spaceborne missions. Because of its gebigia

distribution over Europe, EARLINET allows us to @stigate a large variety of different aerosol ditres

with respect to layering, aerosol type, mixing eteand properties in the free troposphere and dbel |
planetary boundary layer. With a network on a awntal scale it is not only possible to directlyidate

space-borne backscatter, extinction, and depoteneaatio profiles, but also to study the repraatveness
of the limited number of satellite lidar cross $&ts along an orbit against long term network obsgons. In
this context, the quality assurance program of EINET play a crucial role in the measurement strately
EARLINET.

The intercomparison campaigns allowed to fix stagsldor data, in terms of standard deviation respec
reference lidar signals and products, and to defmassess methodological procedures for interaosgmn.

The intercomparison activity will be prosecuteddgse it is fundamental to guarantee the data gualithe

network, especially for the EARLINET systems not ygercompared or that will receive important ugdgs,

and for new systems that are joining the network.

These intercomparison measurement campaigns wessbpo thanks to the fundamental financial support
from ESA, because the funds from the EARLINET-AS®@§ject, and from ACTRIS project after the end of
the EARLINET-ASOS project, were not sufficient tover all the expenses. Therefore, the prosecufioheo
intercomparison activity will depend on the availiapof funds in the next future.
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