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Foreword

The year 2020 was a complicatauk for the whole world
and for the Members and partners of theéorld
Meteorological Organization (WMOJ he beginning of
2020was marked by thglobal pandemic of COVIEL9
that impacted the work of organization throughkioc
downs and lack of accesso the observational
infrastructure. The report presented at the sevitly
session of the WMO Executive Council demonstrated
that about 24% of activities were severetypactedby
COVID-19. Despite these difficulties, the fia
Atmospheric Research Center (IARC), which is part of
the State Meteorological Agency of Spain (AEMET),
continued its operations deliverinogtstandingcience to
the global atmospheric composition community.

IARC manages four observatories in Tenetifig]uding
the high altitude Izaha Observatory, which was
inaugurated in 1916 and has since carried out
uninterrupted  meteorological and climatological
observations and become a WMO Centennial Station.

The lzafia Observatory has contributed to @Glebal
Atmosphere Watch GAW) Programme since its
inception and is one of BGAW Global stations. It
performs  highgquality, longterm (multidecade)
measurements and analyses of atmospheric greenhouse
gases, surface and column ozone, ultraviolet and solar
radiation, in situ and column aerosols and selected
reactive gases.

IARC supports the GAW quality assurance framework by
operating the Regional Brewer Calibration Centre for
Europe (RBCEE), which calibrates Brewer
spectrometers in Europe and North Africa, maintéies
Brewer ozone reference and hosts the European Brewer
Network (EUBREWNET). In addition, IARC operates
for WMO a Testbed for Aerosols and Water Vapour
Remote Sensing Instruments. It also supports the World
Radiation Center by maintaining one of the Vdddiptical
Depth Research and Calibration Center (WORCC)
Precision Filter Radiometer reference instruments at the
Izafia Observatory. The Izafia Observatory is also one of
three AERONETEUROPE calibration facilities and
ensures the calibration of more thanABRONET sites.
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The Izafla Atmospheric Research Center also plays an
important role in supporting international cooperation.
For example, it contributes tactivities of WMO Sand

and Dust Storm Warning Advisory and Assessment
System (SDSNAS) Regional Cente for Northern
Africa, Middle East and Europe, focusing its efforts on
dust observations and atmospheric procesieslso
performs research in relation to sand and dust storm
processes and their impacts on human health, ecosystem
and economic activities.

The urgency of actions related to the state of climate and
the environment requires that the public and decision
makers have access to the best available science and high
quality atmospheric composition data, and IARC is
highly respected for the qualitf the data it provides.

Itis a pleasure for me to present this report summarizing
the many activities of the Izafia Atmospheric Research

Center. The Centeros |
development regarding stadé-the-art measurement
techniques, calilation and validation, as well as

international cooperation have given it an outstanding
reputation in weather, climate, hydrology and related
environmental issues. | hope that it will inspire Members
to consider becoming involved in the GAW Programme
and n other WMO researchctivities

/ Dr Oksana Tarasova
VV Head, Global Atmosphere Watch
/A Programme
| Science and Innovation Department
World Meteorological Organization
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= ™ Julio GonzalezBrefia

S5 Former Director of PlanningStrategy
and Business Development (AEMET)

This report constitutes a detailed summary of the
activities of the 1zafia Atmospheric Research Center in the
period 20192020, most of them of great international
relevance. However, here | would like to highlight some
of the extraordinary activities carried out by this Center,
as they tell us a lot about its profile and character.

Writing a report like this is a comgk and time
consuming taskyut itspublication has undoubtedly been
beset with numerous challenges. In the period of time to
which this report refers, and the subsequent period during
its preparation andediting extraordinary events took
place that implied an additional workload and ccwdgte
affected the operation oflARC, however, these
challenges were met with resourcefulness and dedication.

In February 2020, the most intense Saharanalitbreak

so far recorded in the Canary Islands occurred. It was of
such magnitude that, for thedt time in history, the eight
Canarian airports had to stop operations simultaneously,
stranding thousands of people in the islafidiss episode
was addressed in a multidisciplinaapnd collaborative
study led by IARC and published by WMOdetailing
different scientific aspects, but also evaluating the socio
economic impact athe dustutbreakin different sectors
such as health, aviation and solar energy. It was a clear
example of research work focused on the new vision of
science for society.

Within days of this historic dust intrusion, the first wave
of the COVID-19 epidemic occurred, resulting in a public
health crisis and severe mobility restrictions. IARC
personnel continued working physically at the Izafa
Observatory in order to operate, maintand calibrate
the numeous scientific instrumentatiorgtrict protocols
were establishedvhile ensuring at the same timehe
continuity ofthe measurement programmedy sincere
thanks and appreciation go to the IARC personnel who
made this possible.

In September 2021he La Palma volcam eruption took
place, andARC responded quickly by deploying a large
amount of instrumentation on the island of La Palma, in
collaboration with other national and international
organisationswith the sole purpose dfelping to save
lives and protect the population. Air quality equipment
was installed and integrated into an expanded Canary
Islands Government air quality network, atthospheric
profilers wereset up around.a Palmato monitor the
volcanic plume heighaind compositionThis is crucial
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information used as input data for volcanic ash and gas
dispersion models, ssntial for air traffic safety.

The fact that an emergency support unit was quickly
formed from a research center, coordinating numerous
external collaborations, was possible because it has
highly qualified personnel accustomed to working with a
tremendously flexible and versatile modus operandi
provided by continuous national and international
scientific collaborations. The overaksponsds a tue
example of the excellent results that can be achieved
through international cooperation and personal and
institutional involvement, leading to a significant
contribution of science for society.

In addition, | would like to highlight the dedication of
IARC and collaborating institutions in maintaining the
high-quality, longterm measurement pgoammes, which

now provide > 105/ears of meteorological data, nearly
40 years of continuous greenhouse gas measurements
(CO; and CH) and more than or close to 3@ars of
surface and column ozone, ultraviolet and solar radiation,
in situ and column aerosglgvater vapouand selected
reactive gased hese longerm data series are invaluable
and require commitment and a rigorous approach.

The summary olARC's activities clearly explains the
reason for the Center's relevancaminternational level
and the importance that AEMET (State Meteorological
Agency and Mtional MeteorologicalService of Spain)
gives to its work. | am confident that this is ordy
prologue to what awaits us in the coming years, in which
we will see how IARC expands its historical and current
activities to enhance what is already today part of the
scientific heritage ofiumarkind.

Finally, I would like to emphasise that, in additito its
outstanding scientific work, lzafia allows us to enjoy
observing the atmosphere with all its energy and beauty
in a unique place, showing meteorology in action in such
a concise way that cannot be replicated in words. Over the
years and from a dihce, | have maintained a deep
fondness forthis place and a profound admiration and
respect for the AEMET staff who serve there, fortunate
enough toreceive all that the job has to offer while
contributing in return with their excellent scientific and
personal dedication.

Consequently, it was an honour and a pleasure for me to
have been able to join forces with them in supporting the
development of IARC's R&D activities and contributing
to the expansion of its logistical capabilities from my
position as Diector of Planning, Strategyhd Business
Development of AEMET



1 Organization Thelzafia Atmospheric Research Cerabso contributes to
the Network for the Detection éftmospheric Composition
Change IDACC). NDACC is an international network for

. . monitoring atmospheric composition ugin remote
Development othe State Meteorological Agenayf Spain measurement technique3riginally, NDACC was created

(AEMET). AEMET is an Agency of th&panishMinistry to monitor the physical and chemicahanges in the

for the Ecological Transition and the Demographlcstratosphere, with special emphasis on the evolution of the
Challengeg(MITECO). . .
ozone layer and the substances responsible for its
2  Mission and Background destruction known as ©me Depleting Substance$he
current objectives of NDACC are to observe and to
The Izafia Atmospheric Research Cent@onducts understand the physicocheral processes of the upper
observations and research related to atmospherictroposphere and stratosphere, and their interactiongpand
constituents that aimateforcers inthe Earth (greenhouse detect longterm tends of atmospheric compositidARC
gases and aerosolgnd may cause depletion oktlglobal also makes an important contribution to the WMO through
ozone layerpr play key roles in air qualityrom local to  the Global @imate Observing System and through the
global scalse. The IARC is an Associated Unit of the support of WMO Testbed for Aerosols and Water Vapour
SpanishNational Research Counc{CSIC) through the Remote Sensing Instruments
Institute of Environmental Assessment and Water Research _ ) " )
(DAEA) . The main goal of t hdZ21RQbIer/AIqAS igaygurgigm) 't§preﬁe&tﬂ°8"ﬁ‘_ﬂoﬁ O o r
At mospheric Pol l ution Stu &.Pa@@r&glg gunattn%unn%?réqptqd@?tcﬁqrolgglca} anqq ual i
research in both rural and urbanvironments. cllmatol_oglcal observations, whicbonstiuted a 1C5-yee_1r
record in 2@0. In 1984, the observatory became a station of
The IARC has contributed to th&/orld Meteorological the WMO Background AtmosphierPollution Monitoring
Organization (WMO) Global Atmosphere WatcBAW)  Network (BAPMoN). In 1989 BAPMoN and GO30S
Programmesince its establishment in 1985AW integrates  (Global Ozone ObservingyStem) merged in the current
a numbeiof WMO research and monitoring activities in the Global Atmosphere WatcliProgramme of which lzafia
field of atmospheric environment. The main objectieé  Observatorys one 0f30 GAW GlobalstationgFigure 2.1)
GAW are to provide data and other information on theGAW Global stationsserve as centres @xcellenceand
chemical composition and related physical characteristics gierform extensive sgarch on atmospheric composition
the atmospheréts changes and thdrivers of thes change change Izafia Observatory is a keyxample of sucha
These arerequired to improveour understanding of the research facility.
behaviourof the atmosphere and its interactions with the
oceans and the biosphere.

The Izafia Atmospheric Research CentaR(C) is part of
the Department of Plaming, Strategy and Biress

()Mauna Loa

OSDI.I‘.IIFGIE

Figure 2.1. WMO GAW Global stations
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3 Facilities and Summary of

M easurements

The Izafia Atmospheric Research Center (IAR@nages
four observatoriem Tenerife(Fig. 3.1, Table 3.1)1) Izafia
Observatory(1ZO); 2) Santa Cruz ObservatogCO) 3)
BotanicObservatoryBTO); and4) Teide Peak Observatory

(TPO).

Figure 3.1. Location of IARC observatorieson Tenerife.

Table 3.1. IARC observatories

Observatory | Latitude | Longitude | Altitude
(ma.s.l)
1ZO 28.309°N | 16.499°W 2373
SCO 28.473°N | 16.247°W 52
BTO 28.411°N | 16.535°W 114
TPO 28.270°N | 16.639°W 3555

3.1 lzafa Observatory

The IzafaObservatory(I1ZO) is located on thesland of
Tenerife, Spain, roughly 300 km west of theigdn coast.
The observatory issituated on a mountain platealb km
north-east of the volcano Teide (37&8a.s.1.)(Figs3.2 and
3.3). The local wind regimeat the site is dwminated by
north-westerly winds Cleanair and clear sky conditions
generally prevail throughoutthe year. 1ZO is normally
above a temperature inversion

established over the island, and below the descendirt
branch of the Hadley cell.

layer,

B ‘!‘Tﬂrrf

Figure 3.2. Image of IzafiaObservatory.

The stationoffers excélent conditions for trace gas and
aerosolin si t u measur ements under
conditions, and for atmospheric observations by remote
sensing techniques. The environmental conditions and
pristine skies are optimal for catdiion and validation
activities of both ground-based and spad®mrne sensors.
Due to ts geographic locatigiit is particulaty valuable for

the investigation of dugtansport from Africa to the North
Atlantic, longrange transportof pollution from the
Americas, and largscale transport from the tropics to
higher latitudes.

The Izdia Observatory facilities consist tifree separate
buildings: the main building, inaugutad in 195; the
aerosols laba small negby building of the same period
which was r e n a ml»»skeph M. Prospero Aerosols
L ab or aoh 8 Aprilo2016; and the technical tower,
completely rebuilt in early 2000, which hosts mostthe
instruments. Details of thZO measurement programme
are given in Table 3.2.

The main building is a twatoreybuilding with a total area
of 1420 n%, which hosts the following facilities: office
space, dining room, kitchen, library, conference hall with
audiovisual system, meeting room, engine rooms, a
mechanical workshqpand an electronics workshop. In
addtion, there is residential accommodation available for
visiting scientists (seven double-sunite rooms).

The technical toweis a sevenstorey building with a total

generally welfréd of 900r?. It includes 20 laboratories distributed among

Be different floorgTable3.3, Fig. 3.8. All the laboratories
are temperatureontrolled.

Figure 3.3 Izafia Observatory (2373 m) with the vdcano Teide (3718 m) to théeft of the image

2 Izafia Amospheric Research Center: 2€A®0




Table 3.2. Izafia Observatory (1Z0) measurement programme

Parameter Start date | Present Instrument Data Frequency
Greenhouse Gases and Carbon Cycle
CO. Jun 1984 | CRDSPicarro G240XPrimary instrument) 24
NDIR Licor 7000 (Secondary instrument) 304
CHa Jul 1984 | CRDSPicarro G2401 24
GC-FID Varian 3800 4 samples/hour
Nz20O Jun 2007 | GC-ECD Varian 3800 4 samples/hour
Los Gatos Resear@130015 44
Sk Jun 2007 | GC-ECD Varian 3800 4 samples/hour
CO Jan 2008 | CRDS Picarro G2401 304
GC-RGD Trace Analytical RG/A8 3 samples/hour
Los Gatos Resear@13-0015 44
In situ Reactive Gases
O3 Jan 1987 | UV Photometry
Teco 49C (PreviousPrimary instrument) la
Teco 49C (Secondary instrument) la
Teco 491 (New Primary instrumeit la
CcoO Nov 2004 | Non-dispersive IR almptionThermo 48CGTL la
SO Jun 2006 | UV fluorescence Thermo 43TL la
NO-NO2-NOx Jun2006 Chemiluminescence Thermo 42T la
ChemiluminescencEcoPhysics CraNOx I la
Total Ozone Columnand UV
Column Q May 1991 | Brewer Marklll #157 (Primary Reference) ~100/day
Brewer Marklll #183 (for developments) ~100/day
Brewer Marklll #185 (Travelling Reference) | ~100/day
Spectral UV 290-365 nm May 1991 | Brewer Marklll #157 (Primary Reference) ~30n
Brewer Marklll # 183 (for developments) ~30u
Brewer Marklll #185 (Travelling Reference) | ~30x
Spectral UV 290450 nm May 1998 | Bentham DM 150 Campégns
Column SQ May 1991 | Brewer Marklll #157 (Primary Reference) ~100/day
Brewer Marklll # 183 (for developments) ~100/day
Brewer Marklll #185 (Travelling Reference) | ~100/day
ColumnOs Oct 2011 | Pandordl01 10a
Pandoral21 10a
Column NQ Oct 2011 | Pandordl01 10a
Pandoral21 10a

Izafia Amospheric Research Center: 26A®0




Parameter Start date | Present Instrument Data Frequency
Fourier Transform Infrared Spectroscopy (FTIR)
Greenhouse gases, react Fourier Transform Infrared Spectroscopy 3 daysiveek

gases, and £ depleting Bruker IFS 120/5HR (conanaged withIT) (weather permitting
substances
(O3, HF, HCN, HCI, CIONG, | Jan 1999 | Middle infrared (MIR) solar absorption spectr:
CoHs, HNOs, CHs, CO, CQ,
N2O, NO, NQ, H,O, HDO, | May 2007 | Near infrared (NIR) solaabsorption spectra
0CS)
Water vapour isotopologug Mar 2012 | Picarro L2126l U D %@ Andlyser Continuou
(0D ¥®¥e»d U Apr 2019
Greenhouse gases, a| May 2018 | Fourier Transforninfrared Spectroscopy 1 dayweek
reactive gases (COCH,, CO, Bruker EM27/SUN (weather permitting
H>0)
In situ aerosols
Chemical compositio of High-volume sampler 8h sampling at nigh
particulate matter custom built/ MVCE/ MC
PM:®) Jul 1987 | Concentrationsf soluble species by ion
PM;@ Aug 2010 | chromatography (CINOs and SG*) and FIA
PM,s Apr 2002 colorimetry (NH*), major elements (Al, Ca, K,
Na, Mg and Fe) and trace elements by-I8&FS
PM
10 Jan 2005 and ICRMS were determined at CSIC
Number of particles >3 nm | Nov TSI E, UCPC 3025A la
2008
Number of particles >2.5nm Dec2012 | TSI E, UCPC 3776 1a
Number of particles >10nm| Dec2012 | TSI E, CPC 3010 1a
Size distribution of 18600nm | Nov2006 | TSI E, ¢ | £PG37®R080 + 5q
Size distribution of 0.20um | Nov 2006 | T S| BPS 3321 10a
Absorption coeff. L RMy) | Nov2006 |[Ther moE, MAAP 5012 1a
Attenuation T RMyo) Jul 2012 MageeE, Aet haHSomet er |1la
Scattering coeff. 13 RMyq) Jun 208 TSI E, Integration Nel|lq
PMjo concentration Jun 2016) | Thermo,BETA 5014 50
PMzsand PM o Jun 2016 | Thermo,TEOM 1405DF 6q
concentrations

(1) Interrupted since 2017
(2) Usually only in summer (August)
(3) Not operational since June 2017
(4) Operating at SCO in 2043020

4
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Parameter Start date | Presentinstrument Data Frequency

Column aerosols

AOD and Angstrom at 415, | Feb 1996 | YES Multi Filter-7 Rotating Shadovand la

499, 614, 670, 868, and 936| Dec 2018 | Radiometer (MFRSR)

nm

AOD and Angstrom at 340, | Mar 2003 | CIMEL CE318 sun photometer ~ 15

380, 440, 500, 675, 870, 936

1020 nm

Fine/Coarse AOD Mar 2003 | CIMEL CE318 sun photometer ~ 150

Fine mode fraction

Optical properties Mar 2003 | CIMEL CE318 sun photometer ~1h

AOD and Angstrom during | July 2012 | CIMEL CE318T sunsky-lunarphotometer ~ 150during moon
night period phases

AOD and Angstrom at 368, | July 2001 | WRC Precision Filter Radiometer (PFR) la

412, 500 and 862 nm

AOD at 769.9 nm July 1976 | MARK-I (at thelAC) AOD at 769.9 nm
Vertical Backscatter Oct 2018 | Micropulse Lidar MPL3, SES Inc., USA (co| 1 6

extinction @523 nm, clouds managed with INTA (www.inta.es))

altitudeand thickness

Radiation
Global Rad. 282600nm Jan 1977 | 2 CM-21 & CM-11 Kipp & Zonen Pyranon(in | 1la
parallel) andEKO MS-801
Global Rad. 301100 nm Feb 1996 | YES MFRSR la
Estim. Direct Rad. Feb 1996 | YES MFRSR la
Direct Rad. 2084000nm Aug 2005 | 2 CH1 Kipp & ZonenandEKO MS-56 la
Pyrheliometers
Direct Rad. 2084000nm Jun 2014 | Absolute Cavity Pyrheliometer PMO6 Calibration
campaigns (@
Spectral direct Radiation Dec 2016 | Spectrorradiometer EKO M311 la
Spectral global and diffus| Feb 2020 | Spectrorradiometer EKO RSB la
Radiation
Diffuse Rad. Feb 1996 | YES MFRSR la
Diffuse Rad. 2852600nm Aug 2005 | 2 CM-21 Kipp& Zonen Pyranometer (in la

parallel)andand EKO MS801

Downward Longwave Rad. | Mar 2009 | 2 CG4 Kipp & Zonen Pyrgeometer (in paralle 1a
4542 ¢ m

UVB Radiation315400nm Aug 2005 | 2 Yankee YES UVB1 Pyranometer (in parallel 1a

UVA Radiation280-400nm Mar 2009 | Radiometers UV-T la
PAR 400-700nm Aug 2005 | Pyranometer K&Z PQS1 la
Net Radiation Nov 2016 | Net Radiometer EKO MBS0 la
Luminance/Radiance Nov 2020 | EKO MS-321LR Sky Scanner 10a
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Parameter Start date | Present Instrument Data Frequency
DOAS (managed by theSpanishNational Institute for Aerospace TechnologyINTA)

Column NQ May 1993 | UV-VIS DOAS EVA and MAXDOAS RASAS | Every~20aduring
I'l (I NTA6s homemade; |twilight

Column Q Jan 2000 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~20oduring
homemadg twilight

Column BroO Jan 2002 | UV-VIS MAXDOAS ARTIST-Il ( | NT A& g Every~20oduring
homemadg twilight

Tropospheric @ May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~20oduring
homemadg twilight

TropospheridNO: May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~20aduring
homemadg twilight

TropospheridO May 2010 | UV-VIS MAXDOAS RASASII( | NT A d s| Every~20oduring
homemale) twilight

TropospheriHCHO May 2015 | UV-VIS MAXDOAS ARTISTII( | NT A6 § Every~20oduring
homemadg twilight

Water Vapour

Precipitable Water Vapour Feb 1996 | YES MFRSR7 Radiometer (941 nm) la

(PWV) Dec 2018

PWV Jul 2008 GPS/GLONASS LEICA GRX1200GGPRO | 15¢(ultra-rapid
(ultra-rapid orbits) and 1h
orbits) (precise orbits)
Jan 2009
(precise
orbits)

Vertical relativehumidity Dec 1963 | Vaisala R$40 Daily at 00 and 12

PWV Total Column and utc

Profiles for layers from

2.4km up to 1Zm altitude

PWV Mar 2003 | CIMEL CE318 sun photometer ~ 15

PWV Jan 1999 | Fourier Transform Infrared Spectroscopy 3 daysiveek when

cloudfree
conditions

Integrated Water Vapour May 2020 | Microwave Radiometer LHATPRO G5 la o

(IWV)

Vertical Absolute Humidity | May 2020 | Microwave Radiometer LHATPRO G5 la o

(HPC)

Vertical Relative Humidity | May 2020 | Microwave Radiometer LHATPRO G5 la g

(HRC)

Liquid Water Path (LWP) May 2020 | Microwave Radiometer LHATPRO G5 la o

Liquid Water Profile (LPR) May 2020 | Microwave Radiometer LHATPRO G5 la o

Cloud Base Height (CBH) May 2020 | Microwave Radiometer LHATPRO G5 la q

6
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Parameter Start date | Present Instrument Data Frequency
Meteorology
Temperature Jan 1916 | THIES CLIMA 1.1005.54.700 la
3 VAISALA HMP45C (in parallel) la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.000 (thermo Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top) 1o
Relative humidity Jan 1916 | THIES CLIMA 1.1005.54.700 1a
3 VAISALA HMP45C (in parallel) la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.000 (thermo Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top) 1o
Wind drection and speed Jan 1916 | SonicanemometeiThies 2D 4.3820.31.401 1q
Sonic memometeFT Technologies FT74D- | 1la
DM
Sonic memometeFT Technologies FT74D- | 14
DM '
(Tower Top)
Pressure Jan 1916 | SETRA 470 la
VAISALA PTU 300 la
BELFORT 5/800AM/1(Barograph) Continuous
SETRA 470 (Dwer top) la
Rainfall Jan 1916 | THIES CLIMA Tipping Bucket la
THIES CLIMA Tipping Bucket la
Hellman rain gauge Daily
Hellman pluviograph Continuous
Sunshine duration Aug 1916 | KIPP & ZONEN CSD3 100
Campbell StokeSunshine recorder Continuous
Present wather and visibility | Jul 1941 | BIRAL 10HVJS 10a
Vertical profiles of T, RH, P, | Dec 1963 | RS92+GPS radiosondes launched at Guil Daily at 00 and 12
wind direction and speed, automatic radiosondstation (WMO GRUAN | UTC
from sea level to ~30 km station #60018) (managed by the Meteorolog
altitude Centre of Santa Cruz de Tenerife)
Soil surface¢mperature Jan 1953 | 2 THIES CLIMA Pt100 (in parallel) 10a
Soil temperature (20 cm) Jan 2003 | 2 THIES CLIMA Pt100 (inparallel) 10a
Soil temperature (40 cm) Jan 2003 | 2 THIES CLIMA Pt100 (in parallel) 10a
Atmospheric electric field Apr 2004 | Electric Field Mill PREVISTORMINGESCO | 104
Lightning discharges Apr 2004 | Boltek LD-350 Lightning Detector la
Cloud mver Sep2008 | Sieltec Canarias S.L. SONA total sky camera 5q
Sieltec Canarias S.L. SONA total sky cam¢ 5a
(Model 201D, daytime)
Sieltec Canarias S.L. SONA total sky camera) 5¢

(Model 502N, nighttime)
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Fograinfall Nov 2009 | THIES CLIMA Tipping Bucket with 20 crh la

mesh

Hellman rain gauge with 20 émesh Daily
Seacloud cover Nov 2010 | AXIS Camera: West View (Orotava Valley) | 5q

AXIS Camera: South View (Meteo Garden) | 5a

AXIS Camera: North View 5q

AXIS Camera: East View (Guimar Valley) 5q

Drop size distribution and May 2011 | OTT Messtechnik OTT Parsivel 1a
velocity of falling
hydrometeors
Aerobiology
Pollens and spores Jun 2006 | Hirst, 7-day recorder VPPS 2000 spore trap | Continuouq1h

(Lanzoni S.r.l.). Analysis performed with a resolution) from
Light microscope, 600 X at the Laboratori April to October
d'Anadlisis Palinologiques, Universitat
Autonoma de Barcelona

On the ground floor of the technical tower, there are two
storage spaces, one of thiexfor pressured cylindersgsted
and certified at the Canary Islands Regional Council for
Industry) and the other ongfor cylinder filling using oit
free air compressors. This floor also includes the central
system for supplying high purity gases (N2, Ar/CH,) and
synthetic ai to the different laboratories. On the second
floor, there is a darkoom with the necessary calibration
setups for the 1ZO radiation instruments. On the top of the
technical tower there is a 160 fiat horizonfree terrace for
the installation of outdoor scientific instruments that need
sun or moon radiatiornt also has the East and West sample
inlets which supply the ambient &io in situ trace gas
analysers set up in different laboratories.

ThefiJoseph M. Prospero Aésrosol Research Laboratorybo
a 40 m building used as an esite aerosol measurement
laboratory. It has four samplelets connected to aerosol
analysers. For more details, see Section 8. Outside Izafa
Observatory there are the folling facilities: 1) a 160

flat horizonfree platform with communications and UPS
used for measurement field campaigns; 2) the
meteorological garden, containing two fullytomatic
meteorological stations (one of thesthe SYNOP station

and the secondneis for meteorological research), manual
meteorological gauges, a total sky camera, a GPS/GLONAS
receiver, a lightning detector, and an electric field mill
sensor; and 3) the Sky watch cabin hosting four cameras for
cloud observations with corresponginservers. The
following sections give further details of some of the
facilities located at 1Z20.
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Table 3.3. Izafia Observatory technical tower facilities.

Floor Facilities Description

Ground MechanicaWorkshop 33 n? room with the necessary tools to carry fingt-stepmechanical repairs.

Floor Electronics Workshop | 25 n? room equipped with oscilloscopes, power supplies, multimeters,
soldering systems, etc. to carry out fisgép electronic repairs.

Heating system Central heating andot water 90 W system.

Air Conditioning System| Central air conditioning system ftabs.
Engine Room: Backup | General electrical panel and two automatartaup backup generators (400
Generators kVA and 100 K/A, respectively).
UPS room Obser vat or y & svVA mdundant) usedsfor s4ubing khe power ¢
the equipment inside ¢hbuilding and an additional UPS (1¥K) for the
outside equipment.
Compressor room Room with clean oifree air compressors used for calibration cylinders filli
It also condins the general pumps for the East aresYéample inlets.
Warehouse Central Gas| 30 nt warehouse authorized for pressure cylinders.
Supply System Central system for high purity gas£HN>, Ar/CH4) and synthetic air supply.
Lift 6-floors. Nolift access to roof terrace.
First Archive room Archive of bands antistorical records.
Floor Technical equipment |Spare parts for the Observatorys?d
warehouse
Meeting room 8 person raetingroom
Second Optical Calibration 30 n? dark roan hostingvertical and horizontadbsolute irradiangebsolute
Floor Facility radianceangulamresponsegandspectraresponsealibrationset ups.

T2.1 Laboratory 10 n? lab with access to West sample inlet.

T2.2 Laboratory 9 nt lab with access tBast sample inlet.

T2.3 Laboratory 13 nt labhosting Picarro L21200 D  a'#Odnalyiserwith accessd East

sample inlet

Third Greenhouse Gases 70 n? shared in two labs hosting GGCHs, N2O, Sk and CO analyers with
Floor Laboratories access to the East and West sample inlets.
Fourth All purpose laboratories | Three labs with access to the East and West sample inlets.
Floor
Fifth Reactive Gases 10 n¥ lab hosting NGNO,, CO, and S@analy®rs with access td/est
Floor Laboratory sample inlet.

Communications room | Server room and WIFI connection with Santa Crud deerife headquarters

BrewerLaboratory 20 nt lab for Brewercampaigns.

Sixth Surface Ozone 10 n¥ laboratory hosting surfaces@naly®rs with access to West sample
Floor Laboratory inlet.

Solar Photometry 10 m? maintenance workshop for solar photometers.

Laboratory

Spectroradiometer 25 nt laboratory hosting two MABOAS and two spctroradiometers

Laboratory connected with optical fibre.

Roof Instrument Terrace 160 nt flat horizonfree terracénosting outdoomstrumentsEast and West
sampleinlets, wind, pressure, temperature and humidiysors
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3.1.1 Optical Calibration Facility

The optical calibration facility aZO has been developed
within the framework of the Specific Agreement of
Collaboration between the University of Valladolid and the
IARC-AEMET: fiTo establish methodologies and quality
assurance systems for programs of photometry, radiometry,
atmospheric ozone and aerosols within the atmospheric
monitoring programme of the World Meteorological
Organizationo. The main obj
facility is to perform Quality Assurance & Quality Control
(QA/QC) assessment of the solar radiation instrumtiats
supportthe ozone, aerosols, radiation, and water vapour
progams of the IARC. The eiglsetups available are the
following:

1) Setup for the absolute irradiance calibration by
calibrated standard lamps in a horitaly oriented position
suitable for small radiomete(Fig. 3.44). The basis of the
absolte irradance scale consists afset of FELtype 1000

W lamps traceable to the primary irradiance standard of the
PhysikalischTechnische Bundesanstalt (PTB).

2) Setup for the absolute irradiance -calibration by
calibrated standard lamps in a vertical orienteditipos
suitable for relatively large spectrophotomeiig. 3.48).
The basis of the abadk irradiance scale consistsao$et of
DXW-type 1000 W Ilamps traceable to the primary
irradiance standard of the PTB.

3) Setup for the absolute radiance caliboattiby calibrated
integrating spherérig. 3.4C) The system is traceable to the
AErosol RObotic NETworkk AERONET) standard athe

Figure 3.4. Images of thelZO Optical calibration facility . A)
Horizontal absolute irradiance calibration set up B) Three

Goddard Space Flight Cent@Vashington, USA). This set  stages of a Brewer irradiance calibration with the vertical set
up is mainly used by Cimel syphotometers, but other up, C) Absolute radiance calibration of a Cimel CE318 D)

instrumentanalsobe calibrated.

Angular response function determination of a BreweyE) Set

up for Slit function determination, F) Alignment of a Brewer
4) At the end of 2017, in the framework of a CompetitivespeCtrOPhOtometer opticsG) shows same set up as @psolute

scientific infrastructure call of the National Plan for

Research, Development and InnovatidnSpain,a new 6) Setup for thespectral response calibration. It is used to

radiance calibration of a Cimel CE318

integrating sphere was installed at Izafia for AERONETquantify the spectral responsé a radiometer. The light is

Europe absoluteadiance calibrations as well as optical testsscattered by an Optronic double monochromator OL 750

required for QC/QA of reference instruments. Tiew  within the ranggrom 200 to 1100 nm with a precision of
integrating sphere has a 50.8 cm diameter, a 2m3 0.1 nm. An OL 740 light source positioned in front of the

aperture, and 400 W power (Fig. 3.AGhis system is also entrance slit acts as radiation source and two lamps, UV

traceable to the AERONET standardiz Goddard Space (200-400nm) and Tungsten (252500nm) are available.

Flight Center

7) Setup for the slit function determinatiofi@. 3.4€). The

5) Setup for the angular response calibrat{fig. 3.4D) It  characterization of the slit function

is pamied

is used to quantify the deiumiaatngdhe sntran€e slit kdespectraphdtometer withr 6 s
response from an ideal cosine response. The relative anguthe monochromatic light of a VMIM He-Cd laser. The

response function is measured rotatingrtiechanical arm nominal wavelength of the laser is 325 nm, its power is
where the seasoned DXxWpe 1000 W lamp is located. The 6mW, and its beam diameter is 1.8 mm.

rotation over £90° is controlled by a stepper motor \&ith
precisionof 0.01°while the instrument is illuminated by the
uniform and parallel light beam of the lamp.

10 Izafa Amospheric Research Center: 2€2A®0

8) Setup for the alignment of the Breweresgirophotometer
optics (Fig. 3.#). It is suitable to perform adjustments of
the optics without sending
manufacturer.

instrument to the



3.1.2 In situ system used to produce working (up to 120130 bars) with dried natural air, takes clean
standards containing natural air ambient air from an inlet located dop of the 1ZO tower
. . . ) (30m aboveground), and pumps (using an -bite
GAW requires very high accuracy in the atpiosric compressor) it inside the cylinders after dryingusing

greenhouse gas mmlffraction measurements, andliaect . . :
. . L magnesium perdbrate), achieving a mole fraction
link to the WMO primary standards maintained by the GAW, g P 9 gako

GHG CCLs (Central Calibration Laboratorjesnost of lower than 3 ppm

which are located @he National Oceanic and Atmospheric Additionally, it is possible to modify slightly the G@nole
AdministratiorEarth Systsn Research Laborato@lobal  fraction of the natural air pumped inside the cylinders. To
Monitoring  Laboratory (NOAA-ESRL-GML). To this end, air from a cylinder containing natumalwith zero
accomplish these requirements, IARC uses Laborator@O, mole fraction (prepared using the same system but
Standards prepared (using natural air) and calibrated kdding a C@absorber trap) or a tiny amount of gas from a
NOAA-ESRL-GML. Indeed, the Laboratory Standardsspiking CQ cylinder (5% of CQin N2/OJ/Ar) is added to
used at IARC are WMO tertiary standards. the cylinder being filledThis system is similar to that used

by NOAA-ESRL-GML to prepare WMO secondary and

However, due to the fact that the consumption of standart rtiary standards, and it is managed and operated at 12O
and reference gases by the IARC GHG measureme

rough a subcontractor (Air Liquide Canarias). The

systems is relatively high, an additional level of standar%repareol working standards are mainly used in the GHG
gases (workig standards) prepared with naturaliaiused. measurement programme, but some @hare usedor

These working standards are prepared at 1Z@guan in  Other purposesjatural air for a kO isotopologue 8DS
situ system (Fig. 3)5and then calibrated against the @nalyser located at Teide peak and for a CO NDIRyaen
Laboratory Standards using the IARC GHG measureme@cated at SCO

systems. The system used to filethigh pessure cylinders

AIR LIQUIDE
n \

Filling Station

Fi4 FI5  FI6

loro de Wagnesio
Percioro de Wagnesio

Ambient air
suction

g 512

143 Bar .
Vi3 s

PT @mz T w2t [ Tum
" AL s
1 bar

Humidity
analyzer
Waterboy2
sils e

Arwitn0%  Arwins%
CO2ycO  CO2 Trace
TraceGas 2 Gas1

Figure 3.5. In situ system used to produce wrking standards containing natural air at Izafia Observatory.

analyserocated at Teide peak has @wn dedicated high

3.1.3 Central Gas Supply System
purity N2 supply.

There is agas central facility located othe 1ZO tower

ground floor for supplyingsupportgases to the different Additionally, other gases (provided Byr Liquide) are used
instruments. This central facility supplies high purity: (N at 1ZO: high purity CQ for the calibration of araerosol
used as carrier gas for the &Ds, and for the IZO O  nephelometer, high purity A for FTIR instrumental line
isotopologue Cavity RingDown Spectroscopy(CRDS  shape monitoring, liquid No cryocool the FTIR detectors,
analyse), synthetic air (used as oxidizer in the FIDs, asand calibrated concentrated gas standards (&4 ppm
carrier gas in the GRGD, as carrier gas in the IZO,®0 NO and 19.4 ppm N£& 1.01 ppm CO, 1.04 ppm CO, 99.9
isotopologue CRD@nalyserand as diluting air used in the ppm CO, 102 ppm SOand 1 ppm Sg) for the calibration
calibrations of the reactive gas instruments), 95% Ar / 5%f the instrumerst of the reactive gasprogramme.

CHa (used as carrier gas for t@-ECD), and H (used as

combustible in the FIB). The KO isotopologue CRDS
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3.1.4 Aerosol Flters Laboratory

The Aerosol FiltersLaboratoryat 1ZOis equipped with & A room in he old meteorological kite hangat 1ZO has
autocalibration microbalancéMettler Toledo XS105DY  been refurbished to house a new cosmic ray detector
with a resolution of 0.0ing, a set of standard weights, and(ICaRQ) (Fig. 3.8) an instrument from the tiversity of

an oventhat reaches 30%. Filters are weigkd following  Alcald de HenaresThe entire electrical system was
the requirements of theINE-EN-123412015 standards. renewed, conditioningof the floor and wallsand a
This filter weighing procedure is used for deteration of  temperature control systewere installed

concentrations of PAM, PM.s and PM by means b
standardized methodsyithin a methacrylee chamber,
which also contains the balance used for weigthedlters

(Fig. 3.6.

Figure 3.6. 1ZO Aerosol Filters laboratory: temperature and
relative humidity controlled chamber.

3.1.5 Modifications and improvements to the 120
facilities carried out in 20192020

In 202Q a new laboratoryTestbed#), with atemperature

stabilization systenand UP$wascompleted to house the
Cimel CE376 lidar (Fig. 3.7) (see Section 9.2.1 for more
details).

Figure 3.9. Images of 1ZO Instrument terrace and tchrical
Figure 3.7. NewLidar laboratory (Testbed#) at 1ZO. tower.
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3.2 Santa Cruz Observatory

The Santa Cruz de Teneri@bservatory(SCO) is bcated
on the roof of the IARGheadjuarters at 52 m a.s.l. in the
capital of the islandSanta Cruz de Tener)fecloseto the
city harbour(Figs 3.10 and 3.1 Details of the SCO
measuremerjirogramme are given in Table 3.4

Figure 3.10. Images of Santa Cruz Observatory (SCO).

This observatoryhas two main objectives: 1p tprovide
information @ background urban pollutioio support
atmospheric research atwistudy contribution of thiong-
range pollution transport driveryltrade winds or Sahana
dust outbreakson local air qualityand 2) b perform
complementary measurement granmeto the oneat1Z0O.
The IARCheadquartergclude the following facilities

1 A laboratory for reactive gaseseasurement&urface
O3, NO-NO, COand SQ).

1 A laboratory hosting Mcro Pulse Lidar (MPL) and
ceilometer VI-51.

1 A laboratoryfor the preparation of ozonesondes

T A 25 nm? flat horizonfree terrace for radiation
instruments and air intakes.

Figure 3.11. Image of SCOinstrument terrace.

3.2.1 The Ozonesondé.aboratory

Advanced preparation of the Science Pump Corporation
(SPC) Electrochemical Concentrationell (ECC) ozone
sensor (Model EC®A), together with digital Vaisala RS92
radiosonde and digital interface, is performed at the
Ozonesonde Lab at SCO.

A Science Pumorporation Model TS€ Ozonizer/Test
Unit is used for ozonesonde preparation. This unit has been
designed for conditioningf ECC ozonesondes with ozone,
and for checking the performance of the sondes prior to
balloon releaseThe Ozonizer/Test Unit useynthetic air

(air bottles) to produce ozone free air and an UV lamp to
produce high concentration ozone. The sensing solution is
prepared inside a hood in which ambient air is passed
through an active charcoal filter to purify the.airhe
volumetric flov of the gas sampling pump of each ECC
sonde is individually measured at the Ozonesonde Lab
before flight. The pump flow rate of the sonde is measured
with a bubble flow meter at the gas outlet of the sensing cell.

Ontheday of release, the EGEA ozonesade is checked
for proper operation, filled with the sensing solution and the
background current measured The ECGCsonde is
transported to the Botanic Obsevatory ozonesonde
launching station (30 km distance) where-faench tests
are performed

Izafia Amospheric Research Center: 2e@0 13



Table 3.4. Santa Cruz Observatory (SCO) measurement programme

Parameter Start date Present Instrument Data Frequency
In-situ Reactive Gases
Os Nov 2004 UV Photometry ECO49-C la
CcoO Mar 2006 Nondispersive IR abs. Thermo 481 la
SO Mar 2006 UV fluorescence Thermo 43TL la
NO-NO,-NOy Mar 2006 Chemiluminescence Thermo 42T la
O3, NGOy, CO, PMs, PMyo | Mar 2017 Vaisala AirQuality Transmitter AQT420 | 1 a
OzoneandUV( managed by the AEMETG6s Speci al Net wor K
Column Q Oct 2000 Brewer Markl!1#033 > ~20/day
Spectral UV Oct 2000 Brewer Markl!1#033 ~30q
SO Oct 2000 Brewer MarklI#033 ~30n
Column aerosols
AOD and Angstrom at Jul 2004 CIMEL CE318 sun photometer ~ 151
340,380, 440, 500, 675,
870, 936, 1020 nm
Fine/Coarse AOD Jul 2004 CIMEL CE318 sun photometer ~ 15
Vertical Backscatter Nov 2005 Micro Pulse Lidar MPL-3, SESInc., USA | la
extinction@523 nm, Oct 2018 (co-managed with INTAWww.inta.e3)
clouds alt. and thickness MPL-3 installed in 1ZO in Oct 2018
Vertical backscatter Jan 2011 Vaisala CL:51 Ceilometer 36" + hourly and ten
extinction @910 nm, minutesaverages
cloud alt. and thickness
Vertical Backscatter Dec 2015 CIMEL CE376 lidar 106
extinction @500 and 800
nm, clouds alt. and
thickness (with
depolarizarion channels)
Vertical Backscatter May 2018 Micro Pulse Lidar MPL4B, provided by| 1 o
extinction @532m, NASA Goddard Space Flight Cent
clouds alt. and thickness MPLNET
Radiation
Global Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen la
Direct Radiation Feb 2006 Pyrheliometer EPPLEY la
Diffuse Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen la
UV-B Radiation Aug 2011 Yankee YES UVB1 Pyranom. (managed| 1qa
by the AEMETO6s Spe
Service at the nearby Met Centre)
Water Vapour
PWV Total Column and | Dec 1963 Vaisala RS41 Daily at 00 andl2 UTC
Profiles for 13 layers from
surface up to 1Rm of
altitude
Precipitable Water Vapou| Mar 2003 CIMEL CE318 sun photometer ~ 151
(PWV)
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PWV

July 2008

GPS/GLONASS LEICA GR50 receiver

15q(ultra-rapid orbits)

PWYV (total column) over
SCO when cloudless skie
Cloud base heights when
cloudy skies over SCO

Jun2014

1 SIELTEC Sky Temperature Sensor
(infrared thermometer prototype)

Every 3@during the
complete day

Water vapour May 2019 PicarroL2126l UGD and 0418/ Continuous
i sotopol oguce
i180)

Meteorology’
Vertical profiles of T, RH, | Dec 1963 RS4H#GPS radiosondes launched at Daily at 00 and 12 UTC
P, wind direction and Gulimar automatic radiosonde station
speed, from sea level to (WMO GRUAN station #60018)
~30 km altitude (managed by the Meteorological Centre

Santa Cruz de Tenerife)

Temperature Jan 2002 VAISALA HMP45C la
Relative humidity Jan 2002 VAISALA HMP45C la
Wind Direction and speed Jan 2002 RM YOUNG wind sentry 03002 la
Pressure Jan 2002 VAISALA PTB100A la
Rainfall Jan 2002 THIES CLIMA Tipping Bucket la

Aerobiology
Pollens and spores Oct 2004 Hirst, 7-day recorder VPPS 2000 spore | Continuous (th

trap (Lanzoni S.r.l.).

resolution)

* Meteorological d& fromSanta Cruz de Tenerifdeteorological Centerdadquartersl km distant, are also available

since 1922.
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3.3 Botanic Observatory

The BotanicObservatory (BTQis located 1&m northof
I1ZO at 114m a.s.l. in the Botanical Garden of Puerto de lg,
Cruz (Fig. 3.13. BTOis hosted by the Canary Institute of =SS
Agricultural Research(ICIA). The Botanic Observatory ‘ )
includes the following facilities:

1 Ozone Sounding Monitoring Laboratory equipped
with a Digicora MWA4 receiver with Vaisala data
acqusition and processing software

1 Launch containereequipped witha Helium supply
system used for ozonesonde balloons filling.

In addition to thevozonesonde measuremgihere is dully ~ Figure 3.12. Image of Botanic Observatory (BTO).
equippedautomatic weather station (temperature, relative

humidity, pressure, precipitatiowind speed and directign

anda global irradiance pyranometéor details of th&TO

measuremerntrogrammeseeTabe 3.5

Table 3.5. Botanic Observatory (BTO) measurement programme

Parameter Start date Present Instrument Data Frequency

Reactive Gases and ozonesondes

Vertical profiles of Q, Nov 1992 ECCA6+RS41GPS radiosondes 1/week (Wednesdays)
pressure, temperature,
humidity, wind direction
and speed, from sea leve
to ~33km altitude

Radiation

Global Radiation May 2011 Pyranometer CML1 Kipp & Zonen la

Column Water Vapour

Precipitable Water Vapou| July 2008 GPS/GLONASS TRIMBLE NETR9 15a(ultra-rapid orbits)
receiver

Meteorology

Temperature Oct 2010 VAISALA F1730001 la
Relativehumidity Oct 2010 VAISALA F1730001 la
Wind direction and speed| Oct 2010 VAISALA WMT700 1la
Pressure Oct 2010 VAISALA PMT16A la
Rainfall Oct 2010 VAISALA F21301 la
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3.4 Teide Peak Observatory

The Teide Peak ObservatoryRO) is locatedat 3555 m
asl. atthe Teide Cable Caterminalin the Teide National
Park(Fig. 3.13). TPOwasestablisheds a satellite station
of 1ZO primarily for radiation and aerosalbservations at
very high altitudeTPO station, togethewith Jungfraujoch
(3454 m asl.) in Switzerland, are the highest permanen
radiation observatories in Europe.

This measurement sit@rovides radiation and aerosol
information underextremely pristine conditions and in
conjunction with measurements at SCO and 1ZO allosvs
to study the variation of global radiation, tB/and aerosol
optical depth from sea level to 35855 a.s.l.In addition to
radiation and aerosol measuremest there is a
meteorologral stationand a vater vapour isotopologues

analyser Full details of the measurement programme are

given inTable 3.6

Table 3.6. Teide Peak Observatory(TPO) measurement programme

Figure 3.13. Measurements at Teide Peak Observatory

Parameter Start date | Present Instrument Data Frequency
Column aerosols
AOD and Angstrom at Jun 1997 | CIMEL CE318 surphotometer ~ 150(during AprOc)
340, 380, 440, 500, 675, (Co-managed with th&niversity of
870, 936 and 020 nm Valladolid Atmospheric Optics Grojip
Fine/Coarse AOD Jun 1997 | CIMEL CE318 sun photometer ~ 15y(during AprOct)
Fine mode fraction (Co-managed with the University of
Valladolid Atmospheric Optics Groyp
Radiation
Global Radiation Jul 2012 Pyranometer CML1 Kipp & Zonen 1la
UVB Radiation Jul 2012 Pyranometer Yankee YES UVB 1la
Global and diffuse Sep 2019 | SPN1 Sunshine Pyranometer la
radiation
Water vapour
Water vapour June 2013 | Picarro L2120l i D %@ analysei 204
i sotopol ogue
i'%0)
Precipitable Water Vapou| Feb 2020 | GPS/GLONASS TRIMBLE NETR9 15 q (altra-rapid orbitg
receiver
Meteorology
Wind direction and speed| Oct2011 | THIES CLIMA Sonic 2D la
Temperature Aug 2012 | VAISALA HMP45C la
Relative humidity Aug 2012 | VAISALA HMP45C 1la
Pressure Aug 2012 | VAISALA PTB100A la
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IARC currently has two data networks, the AEMET
network, with access from the central headquarters in Santa
Cruz, and linked to the Izafia Observatoryaaypicrowave

The computing facilities andommunicationsform an  link (Fig. 3.14) and the RISNOVA Network with a double
integral component of all measurement programmes ar@Ntry. The IARC offices in Santa Cruz are linked to RISl
activities in thelzafia Atmospheric Research Centarthe ~ NOVA network through a fibreptic connection to the IGN
IARC headquartershere is a temperatuentrolled room node located in the same building, and to taefia
hosting server computers devoted to different automatic arfdbservatory  through a fib optic ~connection,
continuous tasks Network-Attached Storage (NAS),  approximately km long, wih thelRISNOVA node at the
mode”ing' Spectra invergip etcl) for the research groups. Teide ObservatOry of the Instituto de Astrofisica de

Details of the computingatilities are given in Table 3.7  Canarias(IAC) (Institute of Astrophysics of the Canary
Islands).

3.5 Computing Facilities and
Communications

Table 3.7. IARC computing facilities.

Computing Hardware

Storage | Virtualization | Modelling | Total
H.D. 34TB | 12 TB 10TB 56 TB
Cores |7 28 68 105
RAM 12 GB | 56 GB 46 GB 114
GB

A EUMETCast European Organisation for the Exploitation
of Meteorological Satellites(EUMETSAT) Broadcast
System for Environmental Data) reception station is
available at SCO. It consists of a multiservice
dissemination system based on standard Digital Videbigure 3.14. Microwave link antenna between Santa Cruz
Broadcast (DVB) technology. Most of the satellite (SCO) and the Izafia Observatory (I1ZO) of the AEMET data
information is receivedia this systen (e Section 13 for network.

more details

3.6 Staff

Data communications were notably improved at the IARCActivities universal to dimeasurement programm&sch as

2:1 2020 b}/ ItSN mcorEo;atlog '”_toh t;e Add:\s\lnced operation and maintenance of IARC facilities, equipment,
NOOT/?U”'CN'O”S etwork for Spanish ReseartRI% 5\ mentatin, communications and computing facilities
network. are made byhe following staff:

RedIRISNO\(A is the highcapaci.ty optical network of Ramén Ramos (AEMET; Head Stientific
RedIRIS, Whlch connects the reglonal networl§s of a.II thernstrumentation and infrastructujes

autonomousegiors and the main research cestir Spain
with the rest ofnternational academic netwotlespecially
the Portuguese academic aresearch networks and the Néstor Castr¢dAEMET: IT specialist)
European research netwofkEANT. Fibre optics makes it Antonio Cruz(AEMET; IT specialist)
possible to easily deploy 10Gbps or 40Gbps circuits, anRocio Loz (AEMET; IT specialist)

soon 100Gbps, at a much lower cost than the network modebrgio Afonso (AEMET; MeteorologicalObserveiGAW
based on capacity rental. RedIRM®VA connects more Technician)retired in 2019

than 50 Points of Presence with each other, making upctlOncepcién Bayo (AEMETMeteorologicalObserver
mesh network owhich the RedIRIS IP Trunk Network and GAW Technician)

the regional networks are deployed. This network foR/irgilio Carrefio (AEMET :MeteorologicalObserver
research allows collaboration between researchers and tg ’

) . ‘?AW Technician)
deployment of nexgjeneration services. o i ]
Céandida Hernandez (AEMEMeteorologicalObserver

IARC is the only AEMET unit that hasRIS NOVA  GAW Technician)

Network communicabns due to its status as a researchyntonio Alcantara (AEMET; Meteorological Observer
center. GAW Technician)

Enrigue Reye$AEMET; IT developmenspecialisy
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4 Greenhouse Gases and Carbon Additionally, weekly discrete flask samples have been
collectedat 12O for the National Oceanic and Atmospheric

CyC|e AdministrationEarth SystenResearch Laboratoi@lobal
_ - Monitoring Laboratory Carbon Cycle Greenhouse Gases
4.1 Main Scientific Goals Group (NOAA-ESRL-GML CCGG Cooperatie Air

The main goal of the Greenhouse Gases and Carbon Cy<§81 mplllng Netv;:orl:(s(lr:?; 01993' Wbe ekly ddlscrr].ete Z?Sk
programme conducted bWRC is to carry out highly sampl& are coflecte and subsequelytshippedto

accuratecontinuousin-situ measurement®f long-lived NOAA-ESRL-GML.
greenhouse gas (GH®) the atmospherat 1ZO in order to
contribute to theaVMO/GAW programme, following the
GAW recommendations and guidelines. Additional goals £
are: 1) tostudy with precision the loatgrm evolution of the
GHGs in the atmosphere, as well as their daily, seasonal anc
inter-annual variability; 2) To incorporate continuously
technical instrumental improvements and new data
evaluation and calibration methodgles in order to reduce
uncertainty and improve the accuracy of the GHG
measurements; 3) to carry out research to study the
processes that control the variability and evolution of the
GHGs in the atmosphere; and 4) to contribute tQrigure 4.1.1Z0 Gas Chromatograph measurement system for
international research nd its documentation via CHas, N2O and Sk.

recommendations and guidelines

The air inside the flasks has been measured for the following

In addition, there has beea growing demand to provide 92S Specie mole fractions: 1) &@H, CO, and H since
reliable neareattime GHG data for data dsslation by 1991, NO and Sk since 1997 (NOAA/ESRL/GIL
atmospheric modelsto exchange data with the remote CCGG); 2) Isotopic ratios Carbeir8/Carborl2 and
sensing community, and to inforpolicy makerssince ~©OXygen18/Oxygenl6 in carbon dioxide since 1991
GHG information is now aobject of great social interest (INSTAAR Stable Isotope L3b 3) Methyl chloride
and great media impacBuch data exchange requires ~ Pe€Nzene, toluene, ethane, ethe propane, propene; i
enormous effort andepresentsa technical challenge by Putane, rbutane, {pentane, smentane, fhexane and
having to combine the classic evaluation of very precis&oPrenewere measured frord006to 2018(INSTAAR).
backgrounl few data @ task that can take at least 6 months)Figure 4.2 shows the decline 8€0; at Izafia Obsgmtory
with the delivery of data of an acceptable qualipda duringthe period 192-2014.

minimally validated withinhours or minutes of being ..,
obtained. = =

[} J— Az £
2| | AT '@' INST
Izafa Observatory ’

13
6] ~CO2
L ®

4.2 Staff changes

Dr Emilio Cuevascoordinatedthe programme after the
former PI leftlARC. In 2020, Pedro Pablo Riv&oriano
took over the programe as new PIl. Vanessa Gémez left -s¢
IARC subontractor Air Liquide Canariasand Jaime
Hernandezstéveis now the person responsibWe thank
sincerely Vanessa Gomez for the services providetiso
programme and wish her all the hest

-8.4

-881 e Flask samples
= Interannual trend

4.3 Measurement Programme 1992 1996 2000 2004 2008 2012

Table 4.1 gives details of the atmospheric greenhouse gasggure 4.2. 13CO, data series (199-2014) from the Stable
measurements currently performed at 1ZO usingitin  Isotope Lab of INSTAAR (blue) andand trend line using the

analysers (owned by AEMET) and some details about thiOAA/ESRL/IGML curve fitting methods (red).

measurement schemes. &il of the insitu measurement Two-week integrated samples of atmospheric carbon
systems and data processing can be found in G&rekez dioxide havealsobeen collected for Heidelberg University
et al. @012, 2013, 2014, 201@and 2013 Additional (Institute of Environmental Physic€arbon Cycle Group
information can be found in the laffO GHG GAW  since 1984 to measure ti@14 isotopic ratio in carbon
scientfic audit reports: Scheel (20D9Zellweger et al. dioxide these datadve been utilized in various carbon
(2009,2015 and 2020 cycle modelling activities (e.g. Graven et al., 2017)

Izafia Amospheric Research Center: 2€®0 19


http://www.esrl.noaa.gov/gmd/ccgg/flask.php
http://www.esrl.noaa.gov/gmd/ccgg/flask.php
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en

Table 4.1. Atmospheric greenhouse gass measured in situ at IZO andneasurement schemessed

Gas | Start | Analyser | Model Ambient air Reference gas/eand | Reference gas/es
Date measurement | measurement calibration frequency
frequency frequency
CO, | 1984 | NDIR Siemens 104 3 RG every hour Biweekly using 4 LS
Ultramat 3
CO, | 2007 | NDIR Licor 7000 1& 3 RG every hour Biweekly using 4 LS
CO, | 2008 | NDIR Licor 6252 1a 3 RG every hour Biweekly using 4 LS
CHs | 1984 | GC-FID Dani 3800 2 injections/h | 1 RG every 30 min Biweekly using 2 LS
CHs | 2007 | GC-FID Varian 3800 4 injectionsh | 1 RG every 15 min Biweekly using 2 LS
N.O | 2007 | GC-ECD | Varian 3800 4 injections/h | 1 RG every 15 min Biweekly using 5 LS
Sk 2007 | GC-ECD | Varian 3800 4 injections/h | 1 RG every 15 min Biweekly using 5 LS
CO 2008 | GC-RGD | Trace 3 injections/h | 1 RG every 20 min Biweekly using 5 LS
Analytical
RGA-3
CO; | 2015 | CRDS Picarro G2401 | 2& 2 RG every 21 hours t¢ Monthly using 4 LS
CHa study performance
CO
CcO 2018 | LGR Los Gatos 44 2 RG every 4 hours, Monthly using 4 LS
N2O Research @7- one asworking gas and
0015 the other as a target g4

Reference gas/es (RG), Laboratory Standard (LS)

4.4 Summary of remarkable activities
during the period 2019-2020

This programme has continued performing continuogls-

variability. The curve fitting methds applied to the 1ZO

quality greenhouse gas measurements and annualiyne series are those used by NOBESRL/GML (Thoning
submitting the data to the WMO GAW World Data Centreet al., 1989).

for Greenhouse Gased/PCGG), where data arpublicly
available,as well asncluded in thedata summaries (e.g.,
WDCGG, 2@0).

The complete C®time series is shown in Fig. 4.Bhe
growth rate of C@throughout the period (1982020) is
approximately 1.9 pprgf. However, the increasin CQ is
accelerating, and is currently about 2.5 ppirgignificantly
higher than the value of 1.8 ppyniwhich was recorded at
the beginning of the COmeasurements at 1ZO in 1984

IARC has also continued contributing to the data products
GLOBALVIEW and OBSPACK led by NOAAESRL-
GML CCGG (e.g., Cooperative Global Atmospheric Data
Integration Pragct, 220), as well as collaborating with the
associated COand CH surface flux inversion products
CarbonTracke(e.g. Chevallier et al., 2010 arbonTracker
Team, 2018van der Veldeet al., 2018;Jacobsoret al.,
2020)andCarbonTracker Europ@.g. Tsuruta et al.2017).

The CH, N2O, Sk and CO time series at 1ZO are shown in
Fig. 4.4. All the collected data are used for analysis and
investigation of the carbon cycle and understanding of the
role of anthropogenic and natural factors that control GHG
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Figure 4.4. CH4, CO, N2O and SFs IZO time series. NO and Sk measurements by 1ZO analysrs from year 2017 are temporarily
unavailable due to technical problems and system updates. Data from 2017 to 2021 iad&figurescome from NOAA Cooperative

Air Sampling Network and are shown as black points
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4.4.1 Analysers update described in Hall et al. (2011), capable of improving the SF
measurement precision while maintaining the,ON

A Los Gaos Research LGR 960015 analysr was
measurement performance.

installed in 2018 atZO to measure CO and.N. This
instrument was acquired thanks to the project entitledhe chosen instrument is an AgiteB890 GC At the
AiEqui pment for the Moni t anbreft®df tha puldiatidd &itisreporh the @rfakysis h e
atmospheric components that cause and modulate climéfstalled at 1ZO and the first tests show an impressive
change at the Izafia GAW (Global Atmosgh&Watch) uncertainty reduction of the $measurements with respect
( Tener ortrac AAEDMISGBE-3319). This R+D to the Varian 3800 GC.

infrastructure project has been financed by the State

Research Agency of the Ministry of Economy, Industry and®pain joinedthe Integrated Carbon Observation System,

Competitiveness, in the Call for projectsr scientific ~(ICOS at the end of 2020 and consequently 1ZO will
equipment, cdinanced with European Regional Peécome a class 2 ICOS mountain atmosphere station. As a

Developnent Fund (ERDF) funds. class 2 station, 1ZO is required to provide continuotstin

CO; and CH measurements, and the measwetof CO is
The instrument is based on a cawyhanced absorption recommended. Following the ICOS requirements for
spectroscopy technique call@ff-Axis IntegratedCavity — analyrs, we acquired between the end of 2020 and the
Output Spectroscopy (OACOS). It is still under a testing beginning of 2021 a new Picarro G2401 and a new LGR
and software development phase, showing clearly bett®07-0015 in order to measure the three aforementioned
perormance than our CRDS (cavity ringdown species and, additionally,.®. Both instruments will need
spectroscopy) based Picarro G240ised for CO  to pass a test at the ICOS Atmospheric Thematic Center
measurementsand better performance thathe gas (ATC) Metrology Lab to be guaranteed to fuffill the ICOS
chromatograph Varian 38a&ed forN.O measurements data high quality standards

The calibraFio.n scheme consists of the measurement of foyr, - System and performance audit by WCE
tanks cortaining CO and DO GAW world references
provided by the NOAA Earth System Research Laboratory
in Boulder, Colorado, USA, once a month. The systend he 7" system and performance audit by WEBpa at the
measures andggisters atmospheric air every faaconds, global GAW station Izafia was conducted from 15 to 21
and aworking tank is measured every fdwurs inorder to  May 2019 in agreement with the WMO/GAW quality
correct short term drifts. Additionally, a target tank withassurance system. @OCH;, N:O and CO analysersand

known CO and BD mole fractionsis used to check long @lso the surface ozone anays (seSection j of IZO were
term drifts. audited on their performaneeeasuringandomizeddvels

o . of gas concentrations iWCC-Empa travelling standard
The |aSt IZO GHG GAW SC|ent|f|C aud|t (Ze”Weger et al., tanks_ The audit inc'uded para”e| measurements 0£, Co
2020) checked the instrument, proved that it fully compliegH, and CO with a WCE&Empa travelling Picarro G2401,
with WMO/GAW compatibility goals and recommended its rynning from 20 May through 01 July 2019. As part of the

use as the primary method to measurgONand CO, gystem adit, data within the scope of WGEmpa available
replacing the Varian GC and the Picarro CRDS, which wilbt WDCGG was reviewed.

remain measuring these gases as backup instruments

Empa

The audit concluded thatost assessed measurements were
of high quality and met the WMO/GAW network
compatibility or extended compatibility goals in the relevant
amount fraction rarey Table4.2 summarizes the selts of

the performance audit and the ambient air comparigtin
respect to the WMO/GAW nebrk compatibility goalsA

tick mark indicates that the compatibility goal (green) or
extended compatibility goal (orange) was metaverage.

. _ The tick markin parenthesis mean that the goal was only
Figure 4.5. Front and rear view of the Los Gatos Research | hedri th | le f ionTable 4.3
(LGR) COIN20 analyser at lzafia Observatory with the new partly reachedn the relevant mole fractionlable 4.

designed plumbing including air samples cooling system summarizes the ranking of the station. Adequacy ranges
from 0 (nadequate through 5 (adequate All primary

instruments proved fuldequacy. Detailed information can
be found inZellweger et al. (2020)

In order to improve the 1ZO SKata currently obtained by
a Varian 3800 gas chmmtograph, we decided acquie a
new system based on the &CD threecolumn method
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Table 4.2. Synthesis of the performance audit and ambient air comparisoresults. Reprinted from Zellweger et al. (2020).

Comparison o a

type o < o i = o) = i o
> o I 04 1) 8 Q 8 )
< = o o = L A )
g S a = Sl 2| % |8 =
o o o) 0 T T o) o) Q Q
o O O (@) O @) @) O pd zZ

Audit with

Time Series

Ambient air NA NA NA NA

comparison

Not Available (NA)

Table 4.3 Summary ranking of the I1zafia GAW station. Reprinted from Zellweger et al. (2020).

System Audit Aspect

Adequacy

Comment

Measurement programme

Access
Facilities

Laboratory and office space

Internet access

Air Conditioning

Power supply
General Management and Operation

Organisation

Competence of staff
Air Inlet System
Instrumentation

Ozone

CH4/CG,/CO (Picarrg

CO; (LI-COR-7000

CHy (Varian 3800 GC/FID

COand NO (LGR)

N20 (Varian 3800 GC/ECD
Standards

031 C01 CQ! C|_|41 NZO

Data Management
Data acquisition
Data processing
Datasubmission

I )
I )

I 5)

I )
I )
I )

I )
I )
I 5)

I 5)
I )
I )
HE
I )
HE 0

I )

I )
I )
I >

Comprehensive programneevering all
focal areas of GAW.

Year round access

Adequate, with space for additional
research campaigns.

Sufficient bandwidth
Fully adequate system
Reliable, backup UPS

Well managedclear responsibilities
Highly qualified staff
Fully adequate systems

Adequate instrumentation
State of the art instrumentation
Adequate system

Quasi continuous, higher noise
State of the art instrumentation
Quasi continuous, higher noise

NIST traceable (€), NOAA and working
standards available

Fully adequate system
Adequate procedures
Timely data submission of all parameters
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4.5 Participation in international cooperative 10 stations located in the area most affected by the
scientific studies temperature anomaly, mostly in Northern Europe.

This was balanced by a G@ansition phase before and after
July slower in 2018 compared to 2017, suggesting an
extensionof the growing seasorf-igure 46 shows the
detrendedCO; differences observedat severaktations from
IARC contributed withdata to he study published in May to September 2018 compared to the previous year (top
Philosophical Transactions of the Royal Society BPanel plots), and compared the average of the eight
(Ramonet et al., 2020). A widespread drought developerevious years, where data are availatoer panel plots).
over Northern and Central Europe during the summer ofOP panel plots clearlghowthe development of a positive
2018 The droughtdisturbed CQ exchange between the CO: difference (201B2017) of around 2 to 4 ppm in
atmosphere and terresi ecosystems in various Wamch July/AUgUSt in the central and northern part of EUrOpe that

4.5.1 Fingerprint of the summer 2018 drought in
Europe on groundbased atmospheric CQ
measurements

as a reduction of photosynthesis, ofjem in ecosystem sSwitches t o negative values (T2

respiration, andan increment of the fire frequency. The September/OCtober but rema'stitive for stations located
development of thelCOS network of atmospheric further south.This CO, anomaly vas compared with the
greenhouse gasonitoring stations in recent yeasabled ~anomalyobserved in previous European droughts in 2003
an unprecedented amount of data compared to previogdd 2015. Considering the areas moseatd by the
drought events in 2003 and 2015. temperature anomalies, a higher£m@omaly was found in
2003 (+3 ppm averaged over 4 sites), and a smaller anomaly

This study analyzed the seasonal .C€cles from 48 iy 2015 (+1 ppm averaged over 11 sites) compared to. 2018
European stains for 2017 and 2018 and showeat the

usual summer mimum in CQ mole fractiondue toits
biosphericuptake was reduced by 1.4 ppm in 2018 for the
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Figure 4.6. Map of the monthly mean CQ mole fraction differences from May (left) to September (right). Circles represent surface
stations in lowlands. Triangles indicate the mountain sites, and the square indicates a total column measurement station (OD{J.
Top panels show the differencebetween2018and 2017. Bottom panels show differencdsetween2018and averaged multtannual
mean 0f2010 2017. Reprinted from Ramonet et al. (2020

reanalysis of atmospheric measurements, J. Geophys. Res.,
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5 Reactive Gasesand Ozonesondes measurements started in 2001, and CO, 8@d NQ
programmes were also implemensidce2006.

5.1 Main Scientific Goals

The main scientific objectivesf this prograrmeare:

1 Longterm high-quality observationsand analysis of
tropospheric @in boththe free tropospherérFT) and
the Marine Boundary LayefMBL).

1 Longterm high-quality observations ofeactive gases
(CO, NQ, SQ) in the FT andin the MBL to support
othermeasuremergrogrammesit IARC.

1 Air quality studies in urban and background conditions.

1 Analysis of bngrange tansport of pollution (e.g.
transport of athropogenic andvildfire pollution from
North America).

I Study of the impact of dusand water vapour on
tropospheric @

1 Characterization of the vertical profile of ozone in
subtropicalatitudes.

1 Analysis and characterization of the Upper
Tropospherd.ower Stratospher@JTLS).

1 Analysis of Statospherelroposphere Exchange
processes.

Figure 5.2. Ozone analysers at Iz8ia Observatory. comparison
of the analyserswith primary ozone standard (TEI 49GPS).

Details ofthe reactive gsesand @onesondemeasurement
programmaeare described in Grzalez (2012) and Cuevas et
The measurement programme of reactive ga®esCGO, al.(2013).

NOx andSQ,) includes longterm observations at IZO, SCO .

and BTO (see€Tables3.2, 3.4 and 3)5and ozonesonde °-2.1 Reactive gases

vertical profilesat Tenerife (now at BTQ)In addition, The surface ozone measurement programme is developed
IARC (through AEMET and INTA) has a longterm  \yithin the framework of the GAWVMO programme for
collaboration withthe Argentinian Meteorological Service the measurement of reactive gases, and its main objectives
(SMN) and in the frameworlof this collaborationozone e highquality monitoring of surface ozone, as well as
vertical profiles are measured Bishuaia GAWGIlobal  gther ractive gases, under background conditions in the
station (Agentina) Surface @ measurements started in free atmosphere at 12O, and the analysis of chemical and
1987, CO in 2004, and SCand NQ measurements were transport processes in which the ozone is involite
implementedsince 2006 at 1ZO. At SCO, surface © aimost uninterrupted 3¢ear time series of sface Q at
IZOis shown in Fig. 5.1

5.2 Measurement Programme
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Figure 5.1. Long-term daily (night period) surface Oz at 12O (1987-2020.
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At present ozone is measured wittivo ozone analyzers
main and auxiliary, whichra measuring simultaneously. A
third reserve analyzeis usedin case any of the two

During the lastaudit (May 2019)}the three 1ZO analysers
(TEI 49i #1153030026TEI 49C#72491371 and#62900
337) and theprimary ozone standard (TEl 492S#56085

operational analyzers have a problem. All analyzer806) were compared against the W<Empa travelling

determine the ozommixing ratioby UV absorptionthis is

standard (TS) with traceability to a Standard Reference

the recommendedmeasurement technique for analyzersPhotometer (SRP). Good agreement between the WCC

which are part of the GAW-WMO programme (WMO,
2013). The mainanalyzerbelongsto the new series of

Empa travelling instrument and the 1ZO calibrator was
found, which confirms the validity of the last calibration

Thermo Scientific 49i analyzers, and the other twomade at Empa in 2017. The ozone analysers were all in

(auxiliary and reserveelongto the old series ofhermo
Scientific 49C analyzergll analyzers are&omparedevery
three  monthswith the IARC primary ozone standdr
(Thermo Scientific 49€PS, since August 2008Figure
5.2, which has previously been calibrated against
reference equipmerd&RP#15)rom the World Calibration
Centrefor Surface Ozone, Caob Monoxide Methaneand
Carbon Dioxide(WMO/WCC-Empa) to check if therds

any drift in the instrumentd he error must be less than 1%

to ensurethat theanalyzerhas not changed arttlerefore
maintains the WC&Empacalibration

In addition, allanalyzes and their installation are audited
every 23 years by the WCEmpa to check if the
calibrationhas been maintained over tinféis redundancy
of equipment, together with thégorous verification and
calibration protocolsare necessary to maintain theality
and continuity of ozone measurements required by the t
GAW Programme

agreement within 1 ppb at the relevardlenfraction range
from 0-100 ppb ozone (Fig. 5.3), which confirms that the
quality controland maintenancesrade periodically in 1ZO
are appropriate.

%n the other hand, the W&Empa 2019 auditoted thathe
C-Series instruments (TEI 49C) are reachirgehd of their
lifetime and these instruments should be replaced within the
next two years. These instruments will be replaced by
analysers of-Series (TEI 49i) during 2022022 and the
reserve analyser will be installedt the Teide Peak
Observatory The final WCC/Empa Audit report No 19/2
iSystem and performance audi't
monoxide, methane, carbon dioxide and nitrous oxide at the
global GAW station Izafia, Spain M&2919, was published
asa GAW report No 251 (WMO 2020).

Oy and SQ@ instruments at IZQusually operatdelow the
detection limit (50 ppt) during the nigkime period when
we can ensure background conditiortdowever, these

The surfaced; programme at IZO has been audited by theneasurements areuite useful for studies of local or

WCC-Empain 1996, 1998, 2000, 2004, 2002013 and
2019 All Empais audit reports are availabie the link
https:/ivwww.empa.ch/web/s503/weempa

Uriiased azane = (A - 0.02) 1 1.0045 TEI 4% 5N 113030026

|24 - reference value] (ppb)

100

200

Reference vale (pph)

Figure 5.3. Bias of the 1ZO ozone analyser (TEIl 49i
#1153030026, principal analyser) with respect to the SRP as a
function of mole fraction. Each point represents the averagof
the last five Tminute values at a given level. The green area
corresponds to the relevant mole fraction range, while the
DQOs are indicated with green lines. The dashed lines about
the regression lines are the WorkingHotelling 95% confidence
bands (WMO, 2020).

regional pollution during daytime, when contexiions are
modulated by valleynountain breeze, andhelp to
understandhe impact of regional pollution and of long
range transport of pollutioon the background atmosphere

In order to lend continuity to the NOx measurement
programmaen 1ZO, improvingthe quality of measurements
and increasing precision, the EcoPhysics CraNOx Il
analyzer was acquired, as
Monitoring and Research from the Global Atmospheric
Watch station at lzafia (Tenerifepf Atmospheric
Parameters andomponents that modulate Climateahe
(Ml CA) 0 (-B43TER)0Thdnfrastructure project

par:

was appreed at the end of 2018, and thew equipnent
was installed in Octob&020 (Fig. 5.4).

Figure 5.4. Start-up of the EcoPhysics CralDx Il analyser at
the Izafia Observatory.
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CO is measured with high accuracy at 1ZO by theconcentrations 25 ppt, with great stability and precision
Greenhouse Gases and Carbon Cycle Programmgig 5.5).
following the GAW recommendations (see Sectioifod

more details). COGneasurements asgsoperformedat SCO
with the non-dispersive IR absorption techniqaed are o

o . . airinle % Il':“
utilized for air quality research. ' : e gt ) e
oxygen inlet : ‘ p ‘

pessre reultr

No-
feqion chamber

5.2.2 CraNOx Il analyzer

ozong festictors L

:l reacton chamber

"_ PMT housing purge
Flow resictor

Teocor pessue senstr

ompl gos

somple gos inlet estictors

The CraNOx analyser is a higierformance devicbased

on a chemiluminescence detiest principle (O3-CLD,

Ozone Chemiluminescence Detection), which detects Nt Vs
directly and NQ after converting it into NO with a
photolytic converter (PLCRhotolyticConverter). This NO Mmoo [ I}:)
measurement technique is recommended by GAW at i mi

NOx measurement stations (WMQ)2L and 2017) given its
reliability, linearity and proven reproducibility in a wide
range of conditions. The technique consists of enriching theigure 5.5. Flow diagram of the EcoPhysics CraNOXII
air samplewhose concentration of NO is to be studiedh  (https://www.ecophysics.com/environmental/supreme

Oz, which produces a set of reactions resultingthie  line/cranox-ii/).

generation of N@and release of radiation proportional to The CraNOx Il also incorporates an internal calibration

the initial concentration of NO. This radiation is measuregnodule that allows the automatic verification/calibration of

using a photomultiplier tube (PMT)with a signal the analyser: N@ero (synthetic air with zero NO mole

proportional toNO in the initial sample. fraction), NOspan (measurement of a knodilute amount

In orderto obtain the concentration &fO; in the sample, of NO) an.d efficiency of the_ PLC convertethe figh
degree of instrument automatiatways allows control of

all the NQ must first be converted into NGynd then ) ,
: both the quality of the measurent and of the equipment
subsequentlythe same direct NO measurement process iS

repeated with the Q8LD detector. There are several 'tSEIlf ' Thebch\N/O);] Ii 'S ?)_mplsted t\.Nlth a?]_tﬂa;l]nal Q
methods to produce NGrom NO, e.g. using a photolytic analyzer, by photometric absorption, which measures

converter or a haad molybdenum converter. In GAW Os mole fractionof the air sample simultaneously with the
stations, photolytic conversion is recommended (WMO,NO and NQ measurements, Wh'Ch will allow the detailed
2011) since it is a more selective method, avoiding thgtudy of how the chemical reactions that connect these three
overestimation of Ng@ by preventing other nitrogen compounds occurnder background conditions.
compounds in the air fronh_>e|ng transfprm_ad m_to NQ 5.2.3 Ozonesonde vertical profiles

during the process. The air sample is irradiated in a

photolytic cell and a fraction of the N@ converted into The ozone vertical profileneasurements weigitiated in
NO, depending on an efficiency factor related to théNovember 1992 usinthe ECCozonesonde technique. The

intensity and type of lamp, e.g. mercury or xenon arc lamgquipment and launching stations used in this programme
or UV-LEDs. arelistedin Table5.1. Launches are plrmed once a week

_ _ N ~ (Wednesday).The frequency of ozone soundings in this
The CraNOx Il installed inhie 1zafia Observatory complies gtation s significantly increased during intensive

with GAW recommendations in terms of measurementampaigns.

technique, precision and detection limit for the

measurement of NO and NGn background conditions At the start of the programme,the ozonesonde were
(WMO, 2011 and 2017). It is a compact instrumentaunchedrom Santa Cruz Statioand since 201theyhave
consisting of a double GBLD detector for the been launchedfrom BTO (Fig. 5.6 and 5) This
simultaneous measurement of NO andxN®ith a pre  progranme provides ozone profiles from the ground to the
chamber, to minimise interference due to the reaction diurst level (generally between 30 and 35 km) with a
ozone with other compounds present in the air, and useg@solution of aboutOmetes. A constant mixing ratio above
photolytic converter with a metal halide lamp (200W). Forburst level is assumed for thetdrmination of the residual
the ozone regired in the O3CLD chemiluminescence 0zone if an altitude equilent to 17 hPa has been reached
detector, the analyser has an internal ozone generator. This

ozone is generated by applying an electrical discharge to a

constant flow of oxygen (£), taken from a bottle, breaking

the @ molecules down into more unbta atoms, which

recombine to form ozone. Thanks to this design, the

analyser allows the measurement of NO and»NO

ozone scrubber wocuum pump

bypass regulator
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The main featwgs of the ozonesonde systeunrentlyin use
(seeTable5.1) arethe following:

Sensor: EC&BA

Balloon: TOTEX TA 1200
Radiosonde: Rg1
Receiver: DigiCora MW4
Wind system: GPS

= =& —a —a A

Figure 5.6. Inflating the balloon with helium at BTO.

Ozonesondes are checked before launching with a Grour™
Test with Ozonizer/Test Unit TSC (see Section 3.2)1
The ECCozone sensor used is an electrochemical ce’
consisting of two half cells, made of Teflon, which serve ag,
cathode and anode chambers, respectively. Both half ce
contain platinum mesh electrodes. They are immersed in
Kl-solution, always with the same sensing solution type
(SST1.0: 1.0% KI & full pHbuffer) since the beginning of Figure 5.7. a) Preparing the balloon and the ozossonde for
the Ozonesonde Programme (Nk892).The two chambers launch at BTO, b) Ozonesonde in air launched from BTO.
are linked together by an ion bridge in order to provide an

ion pathway and to prevent mixin§the cathode and anode

electrolytes.

Table 5.1. Ozonesonde Programme equipment used infterent time periods and launching stations since November 1992.

Instrument manufacturer and model Frequency Period/Launching station
OZONESONDES: 1/week (Wed) Nov 1992 Oct 2010:
Nov 19921 Sep 1997: From Santa Cruz Station
Science Pump Corplodel ECG5A (28.46'N, 16.26W; 36 m a.s.l)
Sep 1997 presernt
Science Pump Corp. Model EEEA Oct 2010i Feb 2011:

From Santa Cruz/ BTO
GROUND EQUIPMENT: (In alternatdaunches)
Nov 1992 Oct 2010:
VAISALA DigiCora MW11 Rawinsonde Feb 20171 present
Oct 20101 Feb 2018: From BTO Station
VAISALA DigiCora MW31 (28.4TN, 16.53W; 114ma.s.l)

Mar 2018i present:
VAISALA DigiCora MW41

RADIOSONDES:

Nov 1992 Oct 1997:

VAISALA RS80-15NE (Omega wind data)
Oct 19971 Sep 2006:

VAISALA RS80-15GE (GPS Wind data)
Sep 2006 Dec 2018:

VAISALA RS92-SGP (GPS Wind data)
Dec 2018 present:

VAISALA RS41-SGP (GPS Wind da}a
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5.3 Summary of remarkable results during NDACC is working in the homogenization of the ozone
the period 20192020 soundings of all NDACG&tations andmplementation o&
newdata format

5.3.1 Software for the evaluation of reactive gases 120
data (O3, NOy, SO, CO)

Ozonesonde Programme |IARC-AEMET

100
(1992-2020)

The software for reactive gases data evaluatioas N
developed during 2015 and 201#nd is improved each u e 03s Ne 035 NDACC
year. This software makes it possible to carry dhe
evaluation and procesg of the data othe reactive gases w ‘

Ne 035
3

programme (surfze G, NO, SG and CO). The software
works ina web environment that facilitates consultations
with the database and data processing. o ll |

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

NNNNNNNNNNNNNNNNNNNNNNNNNNNNN

The raw data are acquired by a CR1000 Campbe.. Years
da}talogger, which interrogz.:ltes each instrument eVerpfigure 5.8. Number of ozone soundings (O3S) since the
minute. The data areutamatically stored in a database, peginning of the progranme and the number of ozonesonde
zeros, span and calibration coefficients of the analysers adatasets recorded in the NDACC database that meetthe
also recorded. The software uses all this information tguality assurance criteia (19922020).
processdat automatically and it allows us to choose the
desired component to evaluate and visualizeecord along
with that of another component and/or together with thén Ozonesonde Data Quality Assessment (D&FA)
meteorological information (temperature, relative humidity activity was initiated in 2011 to identify changes in the
pressure and wind). ozonesondes and in their preparation that introduce
inhomogeneities in the loAgrm ozonesae records and to
5.3.2 World Data Center for Reactive Gases formulate correction functions to resolve these artefacts.
(WDCRG) This activity was part ofSI2N (SPARC [Stratosphere

The World Data Center for Reactive Gas&®CRG ) is the troposphere Processes And th.eir. Role in Climate], 103C

data repository and archive for oti@e gases of the GAW [International -~ Ozone Com.m|SS|on]. and IGAGZ_B
Programmeand is managed by NILUThe WDCRG was [Integrated GlobalAtmospheric Chemistry Observations]
establishedon 1 January2016 and takes over the a n d N_DACC_) Pnitiatiyv e\ on fnPas
responsibility of RG data archivingfrom the Japan Distribution of Ozoneo.

Meteorobgical Agencywhich continusto host the World A Ozonesonde Data Quality Assessment (DE&R)
Data Centre on Greenhouse Gases (WD_C_(SGme_ ofthe  activity was initiated in 2011 to homogenize temporal and
reactive gases hosted at WDCRG are,$@dized nitrogen  gpatial ozonesonde data recordserrttie framework of the

species, surface £and VOCs.We have developed the gjoN (SPARC [Stratospheteoposphere Processes And
necessary software to edit surfacg @ata h the Ebas their Role in Climate], 1GC [International Ozone

NASA-Ames format required by the WDCRG. Hourly co mmi ssi on], and NDACC) initi
surface @ data from 204 to 20 have been submitted { e VvVerti cal Di stribution of
directly to WDCRG (http://ebas.nilu.no) ands@ata from  homogenization is to arrect for biases related to

1987 to 201%have beertransferredrom theWDCGG 10 instrumental (such as sonde type or sensing solution

WDCRG in the Ebas format. strength) or processing changes to reduce the uncertainty
(from 10'20% down to 510 %), and to provide an
uncertainty estimate for every single ozone partial pressure
measurement in the profile.

5.3.4 Ozonesonde data bmogenizationactivity

5.3.3 Network for the Detection of Atmospheric
Composition Change (NDACC)

In 2004,the 1zafia Atmospheric Research Center joined th
Network for the Detection of Atmospheric Composition
Change and began routinely archivithg ozonesondéata

f'\n this context, some $»ounding stations, one of them
being the 1ZO station, were selected to be involved in the

into the NDACC database; in addition, all the ozonesondh omogent z at ron o proce nes, for T ol | «
records since 1995 were uploaded to the NDACC at this omogenization of Ozone Sonde
time. Ozonesondelataarchivedin the NDACC database prepared . b thg O3SI.3QA pangl _menjbers.The .
must meetcertain quality criteria Currently 96% of the reprocessing .carned out in 1ZO station is being supervised
. . . by Dr H. Smit (FZJ, Germany), leader of the GBRA
ozone soundings performed in the perib@®52020 are .
availablein the NDACCdatabaséFigure 5.8. Ozonesonde panel, and Dr R. Van Malderen (KMI, Belgium).
datafrom the early period (November 199894) need to |n our case, although there have not been any changes in
be reprocessed and reanalysed carefuly. present ECC ozoesonde manufacturer (Vaisala EGEBC) or
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changes in sensing solution type (STT 1.0% KI & full-pH
buffer) since the beginning of the Ozonesonde Programme
(Nov 1992), some neaniformity in ozonesonde and data
processing could have occurraetliring the progranme
implementationperiod: changes in the ozonesonde type
(ECC5A, Nov.92 to Sep.97 and ECCG6A, Sep97 to present),
in the pump temperature measurement, in the background
current, in the correction (temperature and humidity) of the
pump flow or the method afetermining the ozone residual.

All this can lead to some inhomogeneities in time series and
may influence the trends derived from such data
dramatically. The Assessment of Standard Operating
Procedures for Ozonesondes (ASOPOS, Smit et al., 2013)
demorstrated that, after standardization and
homogenization, improvement of precision and accuracy by
about a factor of two might kechieved

5.3.5 COVID-19 crisis reduces Free Tropospheric
Ozone across the Northern Hemisphere

0 100 200 300 400 500 600 760
Total Ozone (Dobson units)

D“””g the ;prmgsummer of 2020, the I@al ChsiS Figure 5.9. Image of the monthly average of the total ozone
associated with COVIEL9 caused all countries to take content over the Arctic region during March 2020, obtained

drastic measures to contain the spread of the virus, suchfasm satellite data. Image from NASA Ozone Watch, GSFC
confining the population to their homes and, in manyhttps:/ozonewatch.gsfc.nasa.gov/NH.html).

countries, the reduction of a great part of +essential The springsummer of 2020 was not ordyypical due to the
industrial, commeeial and transport activity. These crisjs associated with COVHR9, which caused a reduction
measures brought about a significant reduction in thg, gas emissions on a global scale, but atsecerningthe
emission of gases, not only in the lower layers of thetmospheric circulatign since this sameperiod was
atmosphere, but also throughout the troposphere due to thRaracterized by a record decrease of the otewmetsin the
reduction of emissions associated with air transgeated  arctic (Figure 59). This decrease inozone in the
with this situation, the international scientific community stratosphere, for which thecauses were mainly
has questioned what effects this reduction in gas emisSioRgeteorological, was due to the fact that during the winter
has had on the environment and how it has affected thgeriod a very strong, persistent polar vortex with very low
average distribution of certain gases in the free atmospheq@mperatun_:.S in the stratosphere hotteoger the Arctic.
such as irthe case of tropospheric ozone. This #Ablocking" situation f a

In order to find out how ozone in the free atmospher@ompounds that accelerate ozone depletion reactions, which

responded during the emission reduction caused by ggeant that, from spring onwards, more ozone was depleted

COVID-19 crisis throughout spring and summer 2020 th(gvith the increase in solar radiatiomnthe region. Circulation
scientific community working on the measurement’ 01jtself caused these ozepeor air masses to drift to latitudes
tropospheic ozone has collaborated on the comparison anlﬁ):lver than nlormall. AI S|mf|Iar situation ocgu:re(t:i :jn 2 Olﬂl]
analysis of vertical profiles of ozone obtained using thredN€N vEry ow el\E/es 0 ozoge Wéere .iec ed n the
different measurement techniques: ozone sounding, FourigpatOSp ere over Europe and Canada, with an increase in

Transform Infrared Spectrometers (FTIR) and tropospherig'|e UV indexatthe surface.

LIDAR (Light Detection and Rangg). This collaboration  For the analysis of tropospheric ozone in 2020 during the
of more than 30 institutions in 16 countries has resulted ifaquction in emissions associated with the CONMEXxrisis,
the publicat i DidthecCOVIRID €risia r §zbne sdindiflgs from 31 stations were us@dly the
Reduce Free Tropospheric Ozone across the NortheEpations thatarried out at least one sounding per month
Hemisphere@ ( St ei nbrecht et al fomtheyBabdyhning oHob ® July 2odo¥erR hcludeh ©
keys tounderstanding the behaviour of ozone in the freg, the analysisOzone soundingsrovide information orthe
troposphereduring the period. IAREGAEMET took part in  yertical distribution of ozone in the troposphere and in the
the work, contributing with IARE&-TIR measurements at stratosphere up to an approximate altitude okiBQwith a
Izafia Observatory and with ozone profile soundings carriegertical resolution of about 1060 and ozoe content
out at Tenerife. accuracy of 5%15% in the troposphere and 5% in the
stratosphere (Smit et al., 2013). In addition, vertical ozone
profiles obtained from FTIR spectrometers at 12 stations
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were used which, although they have lower verticathemicalclimate models, in which a reduction in emissions
resolution than the smdings, give a similar degree of similar tothe one 02020 was assumdgWeber et al., 2020).
accuracy (5%L0%, Vigourox et al., 2015), and data from
two tropospheric LIDARs, which provide ozone profiles
between 3 and 12 km, with comparable accuracy-(B%xo,
Leblanc et al., 2018yere also included

From the analysis of all the data, it is concluded that,
between April and August 2020, the extrapical stations

of the northern hemisphere measured an average of 7% (~ 4
nmol / mol = ppb) less tropospheric ozone (between 1 and 8
Comparson of the vertical profiles of ozone anomalies km) than normal (reference average 2@020) (Fig 5.10).
averaged from April to August for eastationfor the years  Specifically, the average anomaly observed in that period in
2011 and 2020 in which, as indicated above, the greate®enerife (Izafia Observatory) with FTIR w&&3% (0.0%
reduction in stratospheric ozone is associated with the pol&AMS anomaly) and1.6% (0.0% CAMS anomaly) in the
vortex in the Arctic,demonstrates clear difference. In o0zone soundings. Thelecreasen ozone, observed over
2011, the average reduction of the anomaly is observeskveral consecutive months and simultaneously at a large
above 9 km, whilst below that it is minimal, so the reductiomumber of extraropical stations in the northern

of stratospheric ozone seems to have little influence on theemisphere, had not occurred in recent yealgasat since
concentration of tropospheric ozone, whilst in 202& t the year 2000. Theeduction, on average of 7% in the free
negative anomaly is observed at all lev@fggure 5.0).  troposphere, contrasts with the increase 160630% in
Anomalies were defined as the relative deviation (irsurface ozone observed in polluted urban areas, coinciding

percent) from the 2002020 climatological mean. with the reduction in emissions due to COVID, which
) has been reflected in varioutudies carried out on this
northern extratropical ozone anomaly [%] :
subject
o SR
_ ' ' | ' ' ‘ o 5.3.6 The TOAR project: Final phasel and start
8- ] 1§
J ! 1 10 _ phasell
X
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Figure 5.10. Vertical distribution of the average tropospheric ~ As of February 2020, TOAR (Tropospheric Ozone

ozone ananalies for the extratropical region in the northern  Assessment Report: Global metrics for climate change,

hemisphere during the springsummer period 201602020. A o
blue band is observed in 2020 corresponding to low ozone human health and crop/ecosystem reseahchiyity of the

levels throughout the free troposphere. This remarkable INternational Global Atmospheric Chemistry Project
reduction in tropospheric ozone ismainly caused by global gas  (IGAC), has etered its second phas€@AR-I1), thefirst
emission reductions due to the economic downturn, a phasehaving been completed in 2019.

consequence of COVIBL9. Credit: Steinbrecht et al., (2020).

TOAR-I (2014-2019)delivered on its goals of prading the
first tropospheric ozone assessment report and building the

averages of anomak obtained with observatioreslarger W]ir ! Id ? Sd ! arg Ie : t dg%(}glﬁ;a(%ge of
negative anomaly in the stratosphere than in the fre@' ), calculated consistently for over ozone

troposphere where the negative anomaly is smaller arﬂfne ;erie; worldyvid(aSchuItz et al~.2017). Eurtherdetails
closer to zeroHowever although the CAMS analysis for aregiven in section 5.3.5 of Izafia Activity Report 2917_
2020 reproduces a situation equivalent to that for 2011, wit?\018' Cuevas etal, 20019 OAROs accomplishm

a minimum of stratospheric ozone and little influence on thgrade possible by the collective efforts of the international

free troposphere, it does not coincide with the anomaliersesearCh community, drawing on the expertise of 230

obtained from the ozone profiles in thedrtroposphere. smentlsts_ and air ?1ual|ty”speceak frgm 36 nations,
Taking into account that the CAMS 2020 analysis used préepresentmg research on all seven continents.

set emissions that did not reflect the reduction in gagoaR-lI has published its findings as a series of peer
emissions due to the COVID crisis, it seems that a large paidyiewed manuscripts made available through a Special
of the reduction of tropospheric ozone in the freereature of the opeaccess, noprofit journal, Elementa:
atmosphergl to 8 km)during 2020 was mainly due to the gcience of the Anthragzene, and IARC has collaborated in
reduction in emissions due to the COVID crisis. In additiongeyeral of these publications: Gaudel et al., 2@&t{on

the anomaly observed is consistent with simulations of 36 of |zafia Activity Report 2017018, Cuevas et al

When evaluating the CAMS aealysis for 2011, a very
similar result is obtainedor the modelanalysisand for
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2019; Tarasick et al., 201@section 7,FourierTransbrm  The TOARII virtual workshoporganizedin late January
InfraredSpectroscopy and Cooper et al., (20 and early February 202lwas degned to gather the
community and develop the working groups that will
produce the papers for the TOARCommunity Special
Issue (the first step of the second Tropospheric Ozone
Assessment Report), as well as identify new datasets for the
assessment ofdpospheric ozone and its impact on climate,
health and vegetatioithe working groups that were set up
will focus on Chemical Reanalysis East Asia
Harmonization and Evaluation of Ground Based
Instruments for Free Tropospheric Ozone Measurements
‘ . (HEGIFTOM), Ozone over the OceandOzone and

- e s Precursors in the Tropics (ORTRadative Forcing

o at g . & | Satellite OzongStatisticsandUrban Ozone

. IARC will participate in TOARII within the HEGIFTOM
Figure 5.11. Presentday (20102014) values of the 8nonth

average (April-September in the N. Hemisphere, October working group with ~ erface  ozone 'measurements,
March in the S. Hemisphere) of maximum daily 8hr average ~ 0zoneondeprofiles and FTIR ozone profilegfor further

ozone, at all available sites (4801 total sites) in the T®A  details refer to Section 7yhe HEGIFTOM working group
database. Values are further averaged across theys period, will bring togethe different networks of grountased
20102014 instruments measuring free tropospheric ozone, not only to
The TOAR mission continues, with TOAR providing  strengthen, speed up, and expand existing activities of
updated and extended information on tropospheric ozortermonization of instruments, but also to compare Quality
(2020-2024) In the second phagsthe goals of TOARI are:  Assurance/Quality Control (QA/QC) proceduresda

reports, and harmonization efforteetween the different
1. TOAR Ozone DataPortal: Update the ozone networks

observations in the TOAR surface ozone database to
include all recent observations (since 2014), and; 4 References
include data from new sites and regions, as well as
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6 Total OzoneColumn and
Ultraviolet Radiation

6.1 Main Scientific Goals

The mainscientificobjective of tlis programme is to obtain
thetotal ozonecolumn(TOC) andultraviolet UV) spectral
radiation with the highest precision almhg-term stability
that the current technagy and scientific knowledge allows
to achieve. To reach thiobjective the group uses three
interconnected areasinstrumentation, modihg and
dissemination The bas of the researchis the
instrumentation supported by strictQA/QC protocols
laboratorycalibratiors and heoretical modelling. Finally,
web-oriented databaseare developed fodissemination of
the observational data

6.2 Measurement Programme Figure 6.1. Members of the Total Ozone and UV radiation
programme with the RBCC-E Brewer spectrophotometer
Measurements of total ozone and spectral ultravioldriad located at 1ZO. Left to right: Virgilio Carrefio, Francisco

radiation began in May 199 1ZO with the installatiorof P{;\rra Rojas, Alberto Redondas, Sergio Leon Luis, and Javier
Brewer spectrometer #033. Ozone dmfimeasurements Lopez Solano

were added irseptember 1992 with two daily (sunrise andIn 2005 a third double Brewer #185 was installechd it
sunset) vertical ozone profiles obtained with the Umkehgompletes the reference triad of the@®BE (Fig. 6.1).The
technique. In Jult997,a double Brewer #157 wanstalled measurement programe was complenented with the

at 1ZO andit ran in paralel with Brewer #033 for six installation of a Pandora spectroradiometer in October 2011.
months. In 2003 a second double Brewer #183 wasThe technical specifications of both Brewer and Pandora
installed andit was designated the travelling reference of instruments areummarizedn Table6.1

the Regional Brewer Calibration Center for EurGRBCG

E).

Table 6.1. Spectrometer specifications

Brewer
Slit Wavelengths Oz (nm): 303.2 (Hg slit), 306.3, 310.1, 313.5, 316.8, 320.1
Mercury-calibration (Q mode) 302.15 nm
Resolution 0.6 nm in UV; approx 1nm in visible
Stability +0.01 nm (over full temperature range)
Precision 0.006 + 0.002 nm
Measurement range (UVB) 286.5 nm to 363.0 nm (in UV)
Exit-slit mask cycling 0.12 sec/slit, 1.6 sec for full cycle
Oz measurement accuracy +1% (for directsun total ozone)

Ambient gerating temperature range| 0°C a +40°C (no heater)
-20°C a +40°C (wittheater option)
-50°C a +40°C (with complete cold weather Kkit)

Physical dimensions (external Size: 71 by 50 by 28 cm
weatherproof container) Weight: 34 kg
Power requirements 3A @ 80 to 140 VAC (with heater option)
Brewer and Tracker 1.5A @ 160 to 264 VAC

47 to 440 Hz

Pandora

Instrument spectral range 265500 nm
Spectral window for N©fit 370500 nm
Spectral resolution +0.4 nm
Total integration time 20s
Number of scans per cycle 50-2500
Spectral sampling 3 pixels perull Width at Half Maximum(FWHM)
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Figure 6.2. Total Ozone series at Izafi@bservatory (19912020, daily mean (in greydots) and monthly mean (in red), the long
term daily mean from the period 19912020 isalso shown §rey line) with the shaded area corresponding to the standard
deviation in the long-term mean

The spectral UV measurements are routinely qualitfConcerningotal ozone, the B&wer triad has an exhaustive
controlled using 1ZO calibration facilities. The stability and quality control in order to assuriés performance with
performance of the UV calibration is monitored by 200Wroutinecalibraions performed on a monthly basis. With this
lamp tests twice a month. Every six months the Brewers apgocedure, we have achieved dongterm agreement
calibrated in a laboratoryadkroom, against 1000W DXW between the instruments of the triad with a precisietter
lamps traceable to the Word Radiation CenféfRC) than 0.25% in ozone

standards. Th&HICrivm software tool is used to anadys

quality aspects of measured t¥gectra before data transfer ) :
to the databasesin addition, LibRadtran model to Programme. The total ozone series 19912020is shown

measurements comparisons are regularly done. Every yéHrF'g' 6.2and is avaﬂablg at the NDAC&Ebsiteand at_the
the Brewer #185 is compared with Qeality Assurance of World Ozone and QItraonet Data Cen(WOUDp). Fig.
Spectral Ultraviolet Measurements (QASUME) 6.3 shOV\{s be UV index calculat on the basis ofJV
International portable reference spectroradiometer frorﬂbs_ervatlons from Ewer  spectrophotometer  #157,
PhysikalischMeteorologisches  Observatorium Davos,"’Wa“k’\‘blealso"’It theWOUDC.

World Radiation CentefPMOD/WRQ).

The Total Ozone programme is a part of the NDACC
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Figure 6.3. UV index during 2019202(Q calculated on thebasis of measurementfrom Brewer #157, at 1zafia Observatory.
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6.3 Summary of remarkable results during
the period 20192020
The participation in scientific projectf this measurement The Brewer Ozone Spectrophotetar has, for the last 30

programmas intertwined with he activities of th&egional  years,been the instrument of choice for ground station
Brewer Calibration Centerfor Europe (RBCGE) (see measurements of ozone and, in an effort to signifigantl

Section 16or moredetails) improve the quity and timeliness of the data. The
European Cooperation in Science and Techno{(G§)ST)
6.3.1 EUBREWNET Action (ES1207) was active from April 2013 to July 2017

The Vienna Convention for the Protection of the OzonélO form a European Brewer NetwarkEUBREWNET. The

Layer and the subsequent Montreal Protocol on SubstanciSults of this COST Agtion have been presented in Rimmer,
that Deplete the Ozone Layer have been among the mdgiadondas, and Karppinen (2018).

succestl environmental agreements the nations of thesince the end of 2018, support to EUBREWNET has been
world have entered into and have now almost completelyrovided by AEMET. The activities carried out are overseen
eliminated the production of Ozone Depleting Substancegy 5 committee within the WMScientific Advisory Group
This has led to the halting of the rapid decline Of(SAG) for Ozoneand UV, which includesM. Tully (Os -
stratospheriozone observed in the 1980datB90s, with )y sAG Chair), J. Rimmer (University of Manchester,
some promising early indications of ozone recovery NOVJK), A. Redondas IARC-AEMET, Spain), T. Kralidis
being apparent. It is therefore important to continue tQwoUDC)and C. Sinclair@s-UV SAG membey. Further
measurecarefullythe stag of the global ozone layer the input is provided by BBREWNET 6 s Manage
coming decades, noting also that stratospheric conditior@ommittee, consisting of J. Rimmer (University of
are expec@ to change with the projected increasingpjanchester, UK), A. RedondasARC-AEMET, Spain),
concentration of greenhouse gases, and the fact thatr Bajs (Aristotle University of Thessaloniki, Greece), J.
stratospheric ozone itself has a significant effect on thegyspner (PMOD/WRG, Switzerland), T. Karppinen
atmospheric radiation balance and surface climate. For th{'fzinnish Meteorological Irute, Arctic Research Center,

reason, the Vienna Convention obliges algny countries  rinjand), and V. de Book (Royal Meteorological Institute of
to maintain programes to systematically monitor Bejgium. Belgium),

stratospheric ozone.

Figure 6.4. Location of Brewer stations currently participating in EUBREWNET. The network started as a European network
but now includesclose to ® stations located worldwide.
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EUBREWNET relies on the work of two European{ Site characterisation. Central data processing in
calibration Centers, the RBGE and the WRC. The RBGC addition todata processing at thstatiors: including
E plays a key role in EUBREWNET, coordiing the part of QC bycomparisonwith near instrumentand
standardization of operation, characterization and state of the art algorithms.
calibration of the network instruments as well as providing]  Central reprocessing. Historical data or changes in
the Brewer database. Now recognised by the WMO and the  constants recommended by WMO Ozand UVSAG.
International Ozone Commission (IO3C), it represents af  Central QA/QC systems (QA/QC validated in one
extremely valuable netwk of ground station data points place) stations with a problem can be easily identified.
without which the spaeborne instruments would not be ¢ Near Real Time (NRY data. Essential for NRT
able to function with any degree of accuracy. In the current  y5jidation of satellite data and model assimilations.
times when we are trying to identify ozone recovery rates of
1% per decade, it is highly important thatalare both ~As mentioned previously support to EUBREWNET has
accurate and consistent across all stations. beenprovided by AEMET since the end of the year 2018.
The activities during 2019 wemmostly devoted to tasks
The purpose of EUBREWNET is to harmoniseyglated toimproving E UB RE WN E T Siabilitysaedr v e r
observations, data processing, calibrations and operatingpabilities. Tie latter includes, for example, the capability
procedures so that a measurement at one station is entir%yexport data in the WOUDC and NDACfile formats.
consistent with measurements at allatteers. Additionally, During 2020, two new products were implemented: version
the Brewer spectrophotomesedire also used tomesure 2 of the ozone algorithm (including updatecboe cross
spectral UV irradiancethe sulphur dioxidecolumnand  gections, airmass calculation, and Rayleigh coefficients),
aerosol optical depth. Some Brewer spectrophotosiater snd a new Aerosol Optical Depth product. Furthermore,
also able to measurthe nitrogen dioxide column. This  thanks tofunding by ESAunder the umbrella othe
harmonisedBrewer network (Fig. 6.4) constitutesthe  TROPOMI Mission Performance Centrevork has started
largest harmonisegroundbasedJV network in the world, o the implementation of therror budget of the Brewer
avalable for assimilation intsatelliteretrievals ananodels  5zgne spectrophotometein  EUBREWNET that was
to greatly improve accuracy of the satellite data exahe developed during the ATMOZ projedduring 2021, work
and UV radiatiorforecastingAnother important pointisthe || pe focused onUV radiation, continuing with the

link to climate change where tropospheric ozone ang@evelopment started by Kaisa Lakkala and Sergio Leén
aerosols are still regarded as having the largest effect QRjis on the UV near rédime product.

uncertainties in climate models. The Brewestruments are
suitable for the measurementttotal column ozone which As a result of te work carried out during019 and 2020,
includes both tropospheric and stratospheric 0zone whereB§ BREWNET total ozone observations are now accessible

satellites struggle with the lower altitudes from the WOUDC website. Users can search for
EUBREWNET data from the Data Search / Download page
5= ' e (see Fig. 6.6) and download the resulting data directly from
e * Level 10 $ i $ fevd 20 the EUBREWNETdata server. Note that downloading data
Central Operator ) . . .
processing only e s from EUBREWNET requires authentication
and QA/QC to user

| £ s e Ganada.ca | Services | Departments | Frangals

Home + Data » Data Search / Downioad

\1 o
i @ @ Worlld onne and Ultraviolet Canadi
) p = Radiation Data Centre \ F
Calibration and WOouDC 03, UV, / 3
characterisation i v

J Data Search / Download

s and three ultraviolet (UV] rad
ozone profile includes lidar,

Figure 6.5.EUBREWNET database architecture.

time period. Cptionally, draw your Map extent of interest and then hit search. All availabie

How o Use guide.

The actual implementation of the networkan be N
summarized as follows _ [ R———

Gountry | Optional

1 Automated dattransfers to central databa@édg. 6.5) o °
started in September 2014. Data submissioow P
becameautomatic with little operator involvement so ™7™
improving overall submission rates.
i Calibration dataare stored in a central databagehis
dlows for central prca essi ng of al |l s
ensuring consistency and use oftoglate calibration
and processing.

Figure 6.6. The WOUDC <sarch page provies access to
EUBREWNET data.
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During the 2019 meeting of the WMO Ozoneand UV
Scientific Advisory Group the Maturity Index Matrix for
the EUBREWENET Network was also presenteid. 6.7).
The maturity matrix has le@ developed within thidorizon
2020 (H2020 GAIA-CLIM project for different data

Furthermore, wWthin the reorganization o'WMO a new
structureo f Exgert Teams has been create@he Expert
Teams within GAW are now responsible for the advances
in the research infrastructure in collaboration with SAG and
the Infrastructure&eommission

products and networks, see Thorne et al. (2017). The idea . -
behind this is to provide a framework and tool to semiThe Expert Team on Atmospher'lc Composition
objectively classifymeasurement capabilities. The idea isM€asurement QualityeT-ACMQ) deak with the QA/QC

also to identify and characterise mature data sets and incluﬁEGAW measuements, and in the casebftal Ozone the

them in the Virtual Observatory developed within GAIA N€W group will combine activitithat were partfOs-UV
CLIM to be used for satellite to nesatellite data SAGandSCGMINT (Standing Committee on Measurement,

comparisons. The EUBREWNET Maturity Index Matrix Instrumentation and Traceabilitifje formerCIMO.
which summarize the maturity of the netwprlvas

Interaction ET-ACMQ within GAW-Infrastructure

. . ¢ ) 23
evaluated by Karin Kreher with good resultand ¢S GAW-Central Facilities (GAW-CFs): {ﬁ}
. . . . (about 30-40 PI's for QA/QC Facilities) WMO
EUBREWNET is now considered a Fiducial Reference [cors | [woos | [ansacs
Network for total 0zone measurements. C Ao
Metadata Documentation Uncertainty Public access, Usage Sustainability Software INFCOM: ET-Atmospheric Composition
characterization 'ee?,:::m e Imsfg;’“c':::rmm_ Mea;uremeﬁt Quality (gT-ACMQ)
Standing Committee on Core Group on QA/QC: 15 permanent members & Zone,
Deseription of environment Traceasis
Methodology @ @ @ I—lT‘D
o Fnrmdm ursneerc':::iifn“ m apeﬂn;::t Metrology ET- ET-
pa s || Ameoms- || A come
File level Formal Uncertainty "Programmatic Portability and Evolution Management, |
— Gssicakn ﬂlm“ iz ET-ACMQ as Part of GAW-Infrastruct Heman G.J. Smit
Series User reproducability
senny Figure 6.9. Interaction of the ET-ACMQ within GAW &
WMO Infrastructure .
One of the objectives of theExpert Teamss to guarantee
Legens the quality of every GAW stored measuremessed orthe
o T I RS following principles:
Figure 6.7. EUBREWNET Maturity Index Matrix. 1 The measurement value is obtained following the

Standard OperatingroceedureSOBP.
The overall mcertainty is reported and the traceability
uncertainty chais documented

A cooperative agreement between EUBREWNET and
NDACC networks wa also presented during the NDACC
meeting in 2020This agreement mutually recognized both

networks, reinforcing the cooperation between them whildl
maintaining their own data policy. €hstations/Plthat
participate m both networks with the sameeasurements

Flag Code providing the state of presing /validation,
reliability and representativeness included in data
reporting

Metadata sufficient forata reprocessing from raw data
are provided

continue to submithe observatiomto both networkdARC 1
(Spain) and Uccle (Belgiuns}ations which take part in both
networks are developing the real time submission of the

Brewer V2 total @one toNDACC using EUBREWNET. Itis clear that the _Breyvgr total ozope obse_rvaﬁma lot
of work to doby finalizing S O P @éddressinghe lack of

uncertainty budget, traceability documentation, and in the
case of WOUDC the impossibility to reprocess Brewer data
starting from raw observatiomhie toa lack of metadata

Observational Capability Chart

Observational Capabilities of the Network for the Detection of Atmospheric Composition Change

F /CI, /B,
NO,
GHGs

e =
08 o g o
o fu = i

uv
0,
H,

2
3
@

g Associated with this Expert Team,Tatal Column Ozone
 : (including Umkéar) Task Force has been created with two
co-chairs: Irina Petropavlovsky (Dobson) and Alberto
Redondas(Brewer) with the following key topics to
address:

9 Introduction of the newozonecrosssection and the
temperature dependence.

1 Uncertainty chain, tracedity and metadata

New instrumentation

The Brewerdocumentatiomaps as mentioneabove

Total Column

=

Figure 6.8. Observational capabilities of NDACC indicating
Brewer data in Total Ozone Column measuremerst

=
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EUBREWNET activities thatwere coordinatethy Os-UV-  automatic and manual processing, and database insertion
SAG are now under the umbreltd the ET-ACQM. The and retrieval. More information is available dhe
Ozone task force will bridge the NDACC and EUBREWNETwiki.

EUBREWNETtotal ozane activities ) ) )
AOD configurations and data for the El Arenosillo 2013,

Finally, it should be noted that EUBREWNET, in 2015, 2017, and 2019 campaigns aheady availablen
conjunction with WMO/UNEP, is very active in the areas ofEUBREWNET databaseFig. 6.11showsa comparison of
capacity building, particularly in Article 5Vienna the AOD at 320 nm during the last threlys of these
Conventioncountries. This includes the organization ofcampaigns The calibrations of the 2017 and 2019
operator courses and work§®) which provide expert campaignsre still to be completed

instruction and knowledge exchange using the coredidier

expertise within EUBREWNET. g L
om0 B g A% :
6.3.2 Updated V2 Brewer Algorithm i %Sﬁ
During 2020, a preliminary &tsion 2 of the ozondata 5, 5 3 P
processing was implemented in EUBREWNET. This ;] g
processings an update of thprevious wok of the Brewer 0125 | B
communityand itincludes the following elements 0100 { ! ! : ! ! ! ! ! ‘
12:00 18:00 Jun-18 06:00 12:00 18:00 Jun-19 06:00 12:00 18:00
date 2013-Jun-19
1 New ozone crossections ffom BremenUniversity).
943 O B#185

1 Ozone layer effective height and effective temperature
for air mass calculation and ozone crssstions
correction. .

1 Rayleigh coefficients froniNicolet, 1984)

A B00S
O B#033
B#044
B#070
O B£OTS
A Ben7
1 B#126
O Be1so
B#158
B#163
B#166
o B
B#186
vV B#201
B#202
8214
T T A BE28 T
12:00 Jun-03 12:00 Jun-04 12:00 Jun-us

The preliminary ersion 2 of the EUBREWNET o0zone ox
processing can be accessed from the Process functi ois -
availablehere The parameters needed to process the da o -

can be included in the Brewer configuration using the use date 2015-un05
interfaceavailablehere See Fig. 6.10 for a V@onfiguration —
example. o s woos

84126
84163
O B#aT2
& BR202
0O B#214
O Bs228

Values to be submitted

AOD 320nm

[ sene ]| agormn [ mstumsniacons

0.08
DS V2 Setup

OJRaticon O3Ratioon  abs.coefl.  abs.coeff.  abs.coeff. 12:00 Jun-06
03 03 delta temp. CO temp. G1 temp. G2

Jun-07 12:00 Jun-08
2017-Jun-08

Ozone V2
) 3461¢ 1858 034706 1.8075-05 467785

P P =] o . 3
Function g O (m] ié;;
—" Mol 0w | °§ i
Figure 6.10.V2 processing softwareconfiguration parameters. g o g EGL
This V2 algorithm is now beinggstedn collaboratiorwith aos 1 ° gﬁ
the EUBREWNET stations of Davos, El Arenosillo, Izafa,
Madrid, Sodankyla, Tamanrass€&hessaloniki and Uccle e 200 nzs 1200 2o o0 27
date 2019-Jun-27
6.3.3 Aerosol Optical Depth in EUBREWNET Figure 6.11. 320nm AOD during thelast three days of the El

A new Aerosol Optical Depth(AOD) product was Arenosillo 2013, 2015, 2017, and 2019 campaigns.

implemented in EUBREWNET in 2020. AOD is
determined from thestandard Direct Sun(DS) ozone
measurements following the method described in Lépez
Solanoet al. (2018)

This new AOD product has the same capabilities and
functionality as the L1.5 ozone product with regard to
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6.3.4 Brewer Total
EUBREWNET

Ozone Error Budget in

The Is uncertainties obtained for the ATMOZ 2016

Funded byESA under the umbrella of the TROPOMI campaign data at noon, using the standard algorithm are
Mission Performance Centrihe total ozone error budget of 1.5% for the reference instrument (BR#18%. 6.13 and
the Brewer ozone spectrophotometer developed during tiEe29% for the network instrument (Br#15g.6.14, where

ATMOZ project is being implemented in EUBREWNET.

The final report of theATMOZ project Grobneret al.,
2017) is availabléere

03= MS9-ETC /A1 *m

A
Uncertainty Budget of TOC retrieval from Brewer Spectrophotometers :

N 2 N-1 N
. [omMs9\ aMs9) (aMS9
Oiisy = Z ax ) % +2 Z Z ax \ox 02,0, R (%0, %)

= =1 j=i+1

Three main components:

Atmosphere
- Ozone optical mass (heff)
- Rayleigh scattering optical mass (heff)
- Station pressure
- Effective temperature (Teff)

Measurements
- Raw to Count
- Dark current
- Dead Time
- Temperature
- Double Ratio
- Neutral Filters
- Wavelength

R ity
(xo35) = py TS
iin/ Cjj

Figure 6.12. Cross-correlated standard uncertainty for Brewer
spectrophotometer. The correlations are obtained through the
covariances of the variables.

Model
- ETC

- Ozone Absorption
coefficients (Teff offset)

- Rayleigh Scattering
coefficients

Cross Correlations

The model includes the effects of three maaurces of
uncertainty measurements, atmosphere and madellso

considers the crosscorrelations between the different

parameters.

the most important component is the ETC Transfer
Calibration followed by the Solar Zenith Angle.

The contributions of the Rayleigh scattering coefficients,
pressure, AOD, Rayleigh effective altitude and the
integration method to get the Ozone absorption ceffts
are negligible.

Total and Components 1-¢ Uncertainty of Br157

Total +  Teff

= = = leas Astep
ETC Heff 03

SZA

ra
w

+  xsecs

1o-Relative Uncertainty, %

=1
o

0

30 35 40 45 50 55 60 65 70 75 80

SZA, deg

The measurement factors and calibration transfer errofdgure 6.14. Non-correlated standard 1, -uncertainty and its

were studied during the first phase of the project using t
ATMOZ 2016 campign for testing. The first results -

mponentsfor Brewer 157 evaluated for21 September2017.
he ETC uncertainty has been obtained through Transfer
alibration from Brewer 185.

indicated that the major factor of the uncertainty, when the

Extra Terrestial ConstaffETC) is obtained with Langley
calibration, is the Ozone Absorption Coefficiettie to

errors in ozone crossection followed by Schr Zenith
Angle, the Calibration Transfer and finally tieasurement
errors

Total and Components 1-o Uncertainty of Br185

Tatal + Teff
= = = Meas Astep
25+ ETC Heff 03
+  xsecs =————SZA

1c-Relative Uncertainty, %

30 35 40 45 50 56 60 65 70 75 80

SZA, deg

Figure 6.13. Non-correlated standard 1, -uncertainty and its
componentsfor Brewer 185evaluatedfor 21 September2017.
The ETC uncertainty has been obtainedthrough Langley
Calibration.

Other imprtant result of this first stage of the project is that
some of the uncertainties required for the error budget
calculation are not available in the calibration reports. This
includes the errors of the temperature coefficients and filter
attenuation andhe uncertainty of the measurement (MS9)
due to wavelength that can be extracted from thessan
measurements.

A python library that deals with the error budget calculation
is under development for the implementation in
EUBREWNET.

6.3.5 TROPOMI S5P total ozone column global
validation within the VALTOZ project

The observations of individual Brewer spectrophotometers
of EUBREWNET have been used for the validation of the
TROPOMI Sentinel 5P ozone measurements (Garane et al.
2019). This was the first time EUBREWNEHi&ta was used

for satellite validation. A similar future comparison is
planned for NASA EPIC ozone observations. Only the high
frequency EUBREWNET observations have sufficient time
resolution to operationally validate the diurnakone
variation as providd by TROPOMI and EPIC
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Figure 6.15. The latitudinal dependency of the mean percentage differences (panels a: Dobson and b: Brewer from WOUDC,
panel c: SAOZ and panel d: Brewefrom Eubrewnet) and their standard deviations for the two TROPOMI TOC products (blue
line: OFFL, red line: NRTI). Reprinted from Garane et al.(2019.

6.3.6 Pandonia Global Network homogeneous calibration of instrumentation, low

. instrument manufacturing and operation costs, remot
The Pandora Spectrometer System is a grdnased, . . 9 P .
operative assistance, and central data processing and

sun/sky/lunar passive remote sensing instrument for tht%rmattin for near real time delivery of final data products
retrieval of trace gases in the UV/Vis spectral wavelengths. 9 y P '
It was developed in 2005 by NASA and the SciglobA major joint objective is to support the validation and
company, and since that time the Paadspectrometer verification of more than a dozexiLow Earth Orbit LEO)
system has evolved, with the participation in a series of fieldnd Geostationary it (GEO) satellites, most notably
campaigns suchsDISCOVERAQ (Deriving Information  Sentinel 5P, TEMPO, GEMS and Sentinel RGN

on Surface conditions from Column and Vertically participants are primarily comprised of governmental and
Resolved Observations Relevant to Air Quality), CINDlacademic researchers and techniciartee Taunch of the
(Cabauw Intercomparisoof Nitrogen Dioxide Measuring PGN in early2018 represents a programmatic shift by
Instruments) 1&2, ATMOZ 2016, and the 2018 OWLETSNASA and E® away from primarily operating and
(Ozone Watet.and Environmental Transition Study and supportingthe research and field campaigmperationsto
LISTOS ( Long Island Sound Tropospheric Ozone Study)establishing longerm fixed locations that are focused on
The Pandonia Network, funded by ESA through theproviding longterm quality observations of total column
LuftBlick company, has unified the operatig and and vertically resolved concentrations of a range of trace
calibration procedures for thBandora instruments since gases.The major trace gases observed by the Pandora
2011. systems across the rangfe280- 530 nm include: @ NO;,

NASA and ESA arecurrently collaborating to expanthe HCHO, SQ and Bro.

global network of standardized, -calibrated Pandora
instruments focused on atmospheric composifidmough
this collaboration théPandonia Network has becorttee
Pandonia Global NetworkPGN), which emphasizes:
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speed low noise Complementary Metabxide
Semiconducto(CMOS) spectrometersivantes EVO).

Izafia is an invaluable PGN testing location, not only for
testing the performance of the hardware, but alsa&ta
intercomparison (e.g. total ozone columand algorithm
development due to its remote locatidhe large fleeof
auxiliary datasetand highly experienced staff

Trace gas column amounts from Pandora data are retrieved
utilizing a DOAS like algothm, where the gas absorption
features in a measured spectrum are compared to an

Figure 6.16. Daniel Santana andthe Pandora 121 mounted at absorptiorfree reference spectrum.
1ZO.

~ . . The standard method to presaotal ozone column PGN
The Izafia Observatory is one of the most important Pandora .
. . . . IS based on the use of a theoretical reference spectrum,
instrument testing sites together with the Innsbruck

. _ assuming a fixed effecte ozone temperature in the
Atmospheric Observatory of the Urérsity of Innsbruck, 9 ) . P
) . . . atmosphere. This leads to seasonal differen€ep to 1%
Austria. Two Pandora instruments were in operatian .
~ . and a 3 % be stasdard Rahdara and Bréwler
Izafia during 201:2020,the Pandora 101 (1S model, UV,
~ . TOC data(Zhaoet al., 201%. Currently, updated totalzone
270:530nm) owned by the Izafia Observaldrig.6.17 and column algorithms are being implemented within the PGN
the Pandora 121 (2S model, UV 2380nm+ VIS 400

. . The fi Igorithm is simil h
900nm) owned by LuftBlickFi. 6.16) The Pandord2l e first algorithm |_s similar to t e_current standard but
. - includes the correction of the effective ozone temperature
was dismounted from lzafia around 11 Jan 2@49

.- . . . .. by using the TOMS v8 ozone profile climatology. The
participate in an AMOZ intercomparison campaign in . . S ;
- . . second algorithm relies on @wel calibration technique to
Huelva, andafter the campaigit was shipped to LuftBlick . .
. o create an absorptieinee synthetic reference spectrum for

laboratories for recalibration. . . .

the retrieval and also derives the effective ozone
temperature explicitly.

The current activitieat Izafia related to PGN are focused on
maintaining the operation dhe instruments, testing new
hardware improvements on demand, and to serve as a
testbed for algorithm refinement and development.
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7 Fourier Transform Infrared
Spectroscopy(FTIR)

7.1 Main Scientific Goals

Earth observations are fundamental fmderstandinghe
driversof climate change and thus for supporting decision
on adaptation andmitigation strategies. Atmospheric
remote sounding from space and ground are essent
components of #hobservational strategy. In this context,
the Fourier transform infrad spectrosipy (FTIR
programme at the IARC wastablisheavith the main goals
of long-term monitoring of atmospheric gas composition
(ozone related species and greenhouse gasedpatite
validation of satellite remote sensing measurements and
climate modelsMuch effort within the FTIR programme
has been put in developing new strategies for observir
tropospheric waterapour isotopologues from grourehd
spacebased remote sensors, since these observations pla
fundamental rolén understandingtmospheric watr cycle
and its links to the global energy and radiation budgets.

The FTIR programeat the IARC is the result of the close
ard long-lasting collaboration of more than a decade Figure 7.1. The ground-based FTIR experiment at the IARC
between the IARGAEMET and the IMK-ASFKIT (scientific container is shown on the upper panel, and the

. . Michelson interferometer is shown on the lower panel).
(Institute of Meteorology and Climate Research
Atmospheric Trace Gases and Remote Sensing, KarlsruRROFFIT allows to retrieve volume mixing ratio (VMR)
Institute of Technology Germany). The IMKASF has profiles and to scale partial or total VMR profiles of several
operatedhigh-resolution groundbasedFTIR systems for Species simultaneouslyhere have been a lot of efforts for
almost two decades and they are legdcontributors in  assuring and even further impiog the high quality of the
developing FTIR inversion algorithms and quality controlFTIR data products: e.g., monitog the instrumental line
of FTIR solar measurementsAs a result of this shape ase etal., 1999) monitoring and improving the
collaboration, the FTIRbservationsit|IZO has contributed accuracyof the applied solar trackers (Gigia., 2011) as
to the prestigious international networks NDACC andwell as developing sopsticated retrieval algorithms (Hase

TCCON since 1999 and 2007, respectively. et al., 2004) The good quality of these losigrm ground
based FIR data sets has been extensively documented by
7.2 Measurement Programme theoretical ad empirical validation studieg(g., Schneider

et al., 2008 Schneider et al., 201@Garcia et al., 2012
A groundbased highresolution FTIR experiment (HR gepglveda et al., 202

FTIR in the following) for atmospheric composition

monitoring has two main componentsgéie 7.1): a precise In 2018 a portable and levesolution FTIR spectrometer
solar tracker that captures the direct solar light beam and(&R FTIR in the following), the Bruker EM27/SUN, was
highr esol uti on Michel son i naceuired &y themARCewithin(the Sgapish infragtmatiee s
FTIR activities started in 1999 with a Bruker IFS 120Mprogramme (project . AEDM15-BE-3319). This
spectrometer, which was replaced by a Bruker IFS 120/5HRstrument operates within the Collaborative Carbon

spectometer in 2005 (see techalcspecifications in Table Column Observing Network (COCCQN(Frey et al.,
7.1). 2019a, Dubravica et al., 2019) (see section 7.3.2)

In order to derivérace gasoncentrations from the recorded
FTIR solar absorption spectra, synthetic spectra are
calculated by the linby-line radiative transfer model
PRFWD (Schneider and Has2009). Then, the synthetic
spectra are fitted to the measured ones by the software
package PROFFITPROFile FIT, Hase et al., 2004)

Izafia Amospheric Research Center: 2€A®0 45


http://www-imk.fzk.de/asf/ftir/

Table 7.1. Technical Specifications for Bruker IFS 120/5HR (inbrackets, if different for 120M).

Manufacturer, Model Bruker, IFS 120/5HR [IFS 120M]

Spectral range (cH) 700- 4250 (NDACC) and 35009000 (TCCON)Optional: 20- 43000
Apodized spectral resolution (cth | 0.0025 L20M: 0.0035]

Resolution powerl( 2 A%a01000 crt

Typical Scan velocity (cm/s) 2.5 (scan time about 100 s @ 250 cn©Opfical Path Differende
Field of view () 0.2

Detectors MCT and InSb (NDACC)|nGaAs (TCCON)

Size (cm)/Weight (kp)/Mobility 320 x 160 x 100320M: 200 x 80 x 30]

550 + 70 (Pump)120M: 100 + 30 (Electronics)]

Installed inside container, limited mobility

Quality assurance system Routine NO and HCI cell calibrations to determinatee Instrumental Ling
Shape

The FTIR programeat the IARC is complemented bya 7.3.1 Ground-based high-resolution FTIR
Picarro L2120 {sfandardized ratio between'fD and spectrometry

HDl;gO) a n d?O (standardized ratio betweery'fO and  pe grounebased HR FTIR observations have a large
H>'°0) analysersnstalledat IZOand TPO(for more details potential to support analysis ofhe composition of the

seeGonzalezt al., 2016)The IZO instrument was moved troposphere, the stratosphere and their exchange processes
to SCO station in May 201® monitor the isotopic footprint posp ' phe g€ p '
This is fundamental to monitor and study, for example, the

of the maritime boundary layefhe Picarro spectrometers i i
are based on the WavelengibannedCavity RingDown ~ SOurces and sinks of greenhouse gases or the evolution of
SpectroscopyWS-CRDS technologyand are calibrated by the ozone layerRoutinely, the IARC HR FTIR have
injecting liquid standards in a Standard Delivery Modecontibuted to NDACCwith C;He, CIONG,, CO, CH,
(SDM) from Picarro The 0.6 Hzprecision of the analyser COR, HCI, HCN, HF, HCO, HNG;, N.O, NO,, NO, G

on UD is <13.BQ@amd ©590<2d aidaOCs dbSeb/&ions (total column amounts and VMR
ppmv. The absolute uncertainty farD i s <13 . Qética profiles) Qince 1999So, the first 20 years of
ppmv and <2.34a at 4500 pRdBiton of thé NDAECE O FTFRS frdgrdifnte! ward

accounts for instrument precision as well as errors due to ”Pgachedn 2019 (Garmaet al., 2019a). Within TCCQdtal
applied data correctionsStandards Delivery Module mnayera da ces fC NO H, HF cQ,
(SDM)ef f ects + instrument al Yet <bL11“an

bias <Oibaatcan bias <O0.54 dd*PO ‘fﬁbee"'”eaS“fed ”CeZOﬁF

7.3 Summary of remarkable results during
the period 2019-2020
The FTIR activiies from2019 to 220 have been focused

on ground and spacebased remote sensing FTIR
spectrometryas well as irsitu spectrometry.
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Figure 7.2. Time series of the total columraveraged abundances o) carbon dioxide (XCQ) in the framework of TCCON, b)
tropospheric methane (CH) and c) ozone total column (QTC) amounts in the framework of NDACC as observed by the IARC
FTIR. For comparison, the time series of these trace gases as observed by other higlality measurement techniques available
at the IARC are also displayed (GAW insitu records for COz and CHa, and Brewer OsTC amounts for Os).
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With these refined timeseries,we have participated in and vertical sensitivities)t was alsofound that TCCON
numerous studies at a global sc&#er example, the IARC XCO measurements are-86 smaller thancoincident

HR FTIR station has been one of the [IRDACC FTIR  AirCore profile measurementspointing out that further
stationsused toinvestigate thdevel of optical resonances investigations should bearried outo determine the correct
(fichannelingodo) of each FTIlsélingfpctorctd be applied tethe TBAGON XCOndatdN(PhalC C
(Blumenstock et al., 2020pedicated spectra were recordedet al., 2019a).

using a laboratory mithfrared source and two operational

detectors. In the indium antimonide (InSb) detector domaiﬁ"_egarding XNO, the comparison reveals thabean
(19005000 cm?), the amplitude of the most pronounced differences between TCCON and NDAG&Ze between

t o He &.&%‘%Sf% w'{th standard deviations between 0i3%%,
: gvhich are within the uncertainties of the two data sets (Zhou
et al., 2019b). The comparison to GEQG8em model and
nr%{oundflevel records alsdocumentghat the XNO trends
rom the GEOSChgMea pasieilog simulatipn gre,close o, | j

those from the NDACC and surface flask samples, while the

channeling frequency amourftemO0 . 1 a
spectral background level. In the mercury cadmium tellurid
(HgCdTe) detector domain (700300 cm?), stronger

effects were documented with the largest amplitude rangi
from 0.3a to 21a (see Fig.
frequencies were found b caused by the optical thickness o o ’
of the beam splitter substrate, and the air gap in between th 29_ trends from the GEQShem a pr.|0r| smulaﬂon are

beam splitter and compensator plate. A new beam splitté?gn'f'canﬂy larger (see. F'_g,' 7.4). Th|s confirms t.hat the
design was proposed to potentially reduce channelinblzo fluxes from the a priori inventories are overestimated.

impacts on the NDACC FTIR spectrometers, thereb)— ‘ . ‘ . ‘ .
increasing the quality of recorded spectra across the netwag & EEEN TCCON EEEM GEOS-prior [ Flask
(Blumenstock et al., 2020). o 20 B NDACC BN GEOS-posterior N

224

Ny

(X)N20 annual growth (ppb

Figure 7.4. XN20 trends from TCCON and NDACC
measurements, a priori and a posteriori model simulations,
and surface NO trend from flask samples at different
NDACC/TCCON sites. Reprinted from Zhou et al. 2019b).
Note that GEOS model output and flask sample data are both
for the 20072014 period, whereas all available FTIR
measurements are from the 20072017 period.

Amplitude [%o]

In addition, we have investigated lotggm changes ikey
elementsparticipating in the creation and destruction of
ozone (Q) in the atmospheresuch asitric acid (HNQ),
Figure 7.3. Amplitude of channeling in the HgCdTe spectrum.  hydrogen chloride (HCI) or ©itself across the globeAs

Red, yellow, and blue bars indicate channeling due thié beam :
splitter air gap, beam splitter substrate, and detector window, recently pointed out by Strahan et al. (2020), analyses of

respectively. Note that |z0 NPAGCHNGand HEl columps, afeay glabal seale o

Reprinted from Blumenstock et al. 020). (including 12O among themallowed todetect changes in
Other works have addressed the assessment of consistefid§ €Xtratropical stratospheric transport circulation from
94 to 2018.

between different NDACCradl TCCON products, which 1
allows both HR FTIR data sets to be used with highrhe HNQ and HCI analyses combined with the age of air
confidence. Zhou et al. (2019a, 2019b) presented thgom a simulation using the MERA2 reanalysis show that
intercomparison oftotal columraveraged nitrous oxide the Southern Hemisphere lower stratosphere has become
(XN20) and carbon monoxid&XCO) between TCCON and  gne month per decade younger relative to the Northern
NDACC FTIR measurements at different stationsyemisphere, largely driven bihe changes irSouthern
(including 120 among them). T& comparison Hemisphere transport circulation. The anayseveals
demonstratedhat the NDACC XCO measurements are mytivear anoralies with a 5 to #ears period driven by
about 5.5%bhigher than the TCCON data alorthern interactions betweethe circulation and the quasiennial
Hemisphere statiopwhile the absolute bias is within 2% at gcjllation in tropical winds (see Fig. 7.83iven thatthe
Southern Hemispe sites This hemispheric dependence is gmpjitude of this shotierm dynamical variability is large
mainly attributed to the smoothing errofthe TCCON and  thanthe longterm trend recorsl it may lead tobiased Os
NDACC productg(caused by théifferenta priori profiles  trend estimations.
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Northern HNO,

Southern HNO,

Remote Sensing Instrumentke first longterm time series

(1-year) of aerosol properties generated consistently in the
S S NIR and SWIR ranges from groumhsed FTIR
f‘g ‘E spectrometry have been developed (Barreto et al., 2020).
2 2 The newaerosoldataset has shown the enhanced multi
e b paramete capability of the FTIR technique for atmospheric
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 monitoring (simultaneous trace gas and aerosol retrievals),

Northern HCI

Southern HCI

Anomaly (%)
Anomaly (%)
o

providing important additional information to estimate the
radiative effects of aerosols and trace gases on climate.
Other remarkable activitiesithin WMO-CIMO are related

to the validation of new instrumentation for measuring
water vapour content (e.g. ZEN radiometer, Almansa et al.

-10f -10F
-15 -15
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

2020). For further detailseeSection19.3

7.3.2 Ground-based
spectrometry

lowresolution FTIR

Figure 7.5. NDACC FTIR annual
anomalies as a percent
2018, for (&) HNOzf r o m y v en HNmispherre sites (1ZO
in red), (b) HNOs from three Southern Hemisphere sites, (c)
and (d) as for (a) and (b), but for HCI columns. Hemispheric
means are shownin black. Reprinted from Strahan et al.
(2020.

Regarding @and bcused on the troposphere, IARC HR

FTIR Os time series have also contributed to the firstof an ensemble of the 30 EM27/SUN spectrometers,
Tropospheric Ozone Assessment Refgre Section 5.3.6). including the IARC EM27/SUN, was recently tested and
The first phase of OAR offered remarkable results. For found to be very uniform (Frey et al., 2019ajhe
example, in Tarasick et al. (2019), varidxsmeasurement  En27/SUNinstrumentong-term stality andcapability to
methods and ©data sets are reviewed and selected foprovide very precise XCOand XCH, observations by

inclusion in the historical record of backgroum |eVe|S, Comparing to coincident TCCON HR FTIR Spectrometers
based orthe relationship of the measurement technique tGyere confirmed

the modern UV absorption standard, absence of interfering

mean total column

plP94each site's | ong term mean )
The EM27/SUN spectrometérshares the same working

principlesasHR FTIR and, by covering theear infrared
spectral range from 5000 to 11000 “tmwith a spectral
resolution of 0.5 cnh, it is able to measurmtal column
averagedamountsof O,, CO,, CHs, CO and HO. In the

—— Scale Factor=0.98614£0.00001

1 11

pollutants, representativeness of thellvmixed boundary B A S B I A S S I

layer and expert judgement of their credibilityhis
overview work concludes thatheé great majority of
validation and intercomparison studies of free tropospheri
Oz measurement methods use ECC ozonesondes
reference.

FY
~
T

COCCON EM27 [ppmv]
COCCON EM27 [ppmv]

404 L L L L
measurements ECC 404 408 408 410 412 414 416 404 406 408 410 412 414 416
n TCCON HR125 [ppmv] "EM27" HR125 [ppmv]

Compared to U\absorption
ozonesondeshow a modebt high (~1i 5% +5%) bias in
the troposphere, but no evidence of a change with tim&igure 7.6. XCO2 and XCH4 comparison between EM27/SUN
Umkehr, lidar, and FTIR methods all show mote&iw and TCCON obsevations at 1ZO (1-minute coincident pairs).
biases relative to ECCs, and so, using ECC sondes asl 3 !eft and right panels correspond to the HR FTIR
transferstandard, all appear to agree to within one standarﬁeasur-e ments taken withf CCON and EM27 configurations,
R - ! ) spectively.The coloured bar denotes the acquisition time
deviation with the modern U%bsorption standard. In
relation to spackased observations, biases and standa
deviations of satellite retrieval are often32times larger
than those of other free trogheric measurements.

s an example, Fig. 7.6 displays the congmar of the

framework of the COCCON infrastructure, the performance

coincident EM27/SUN and HR FTIR observations taken at
I1ZO between 2018 and 2020 within COCCON activities. To

analyze the impact of spectral resolution on retrieved data,

As detailed in Section 5.3.5Steinbrecht et al 2020
conducted aranalysisaddressing whetheghe COVID-19  EM27 configuration(with spectral resolution of 0.02 and
crisis reducd the Free Tropospheriozone across the 0.5 cm?, respectively).

Northern Hemispherand thd ARC-FTIR measurements at

Izafia Observatgr contributed to this study (for further MEGEI

details see Section 5.3.5).

In the framework of IZO activities as\iMO Commission {0 the existing TCCON HR network in remote areasits

on Infrastructue. Testbed for Aerosols and Water Vapourdata can be usddr the quantification of local sinks/sources
and flwes ofgreenhouse gased/ith this idea, the IARC is
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COCCON EM27/SUN instruments are a useful complement



leading the Spanish projedtlonitoring greenhousE Gas In addition, in September 20,l¢he second phase diie
Emissions (MEGEI), to monitor greenhouse gas MEGEI-MAD experiment was carried out ithe Madrid
concentrationso evaluated fluxeim different environments metropolitan area in order to characterise the @Hission

by using the COCCON LR spectrometers. MEGEI @i  sources detected during the first MEG@#RAD field

are mainly focused on performing routine measurements aampaign performed in 2018 (Garcialet2019b, c, d; Frey
IARC 1Z0O (background conditiongdnd SCO stations and et al., 2018). The methodologyo quantify CH, emissions

in addition on carrying out field campaigns under differentfrom waste disposal sites near the city of Madrid using
atmospheric conditions. ground and spacédased observations of COCCON,

. L TROPOMI and IASIlis describedn Tu et al. (2022) for the
In June 201%he IARC EM27/SUN instrument participsat first phase ofthe MEGEFMAD campaign Figure 7.7

in the AXlIV Campafa Intepaagipdihd Serieddt xaS@h, XE6 and knd" €
Intercomparacion de Instrumentos para la medida de Ozo%Iumn averaged abundancebserved by COCCON
Total y Radiaci - n Solar Ultrappddy tsgelrometédtifing th€ tho pRadds of ithB
Arenosillo statloq (Huglya, Spaln)?hls MEGEI activity MEGEI-MAD experiment in 2018 and 2018uring both

was focuse_:d on |dent|fyan poteritigreenhouse gas hot campaigns, stron@Hs plumes were detected aroutite
spots, taking observations under low surface albedgy, g yrban area with increases by about 1@ respect
conditions  (strongly required for satellite Val'dat'onto the regional background. These emissions are likely due

purposes), and testln_g the  capability Of EM27/SUN to the combined impact of several waste treatment plants
spectrometers to monitor ozone concentrations. located in the surrounding Madrid area
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Figure 7.7. Time series of the total columraveraged abundances of carbon dioxide (XC£), methane (XCH), water vapour
(XH20) and carbon monoxide (XCO)as observed by COCCON EM27/SUN spectrometers during EGEI -MAD field campaigns
in 2019 and 2019
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MAPP 7.3.3 SpacebasedFTIR spectrometry

In June 2020the Metrology for aerosol optical propertesThe I ARC6s high quality HR
(MAPP) project (19ENV04) started, supported by theextensively applied for m:?my years for. thg validation of
European Metrology Programme for Innovation andrace gases measured bijfferent satellite instruments.
Research (EMPIR). Wth a consortium of thirteen European During  the  period = 2032020, particularly, IARC
organisations (AEMETARC among them), the overall participated in the validation of HCHO, HCCOH,
goal of MAPP s to enable the Sfaceable measurement of CHsCOOH, CH, CQ, H.O/HDO, and CO observations
columnintegrated aerosol optical properties for assessinfjom spacebased platforms like the TROPOM_L GOSAT,
the radiative forcing impact on climate. Thesepenties are  OCO-l, andMOPITT (Franco et al., 201%Hedelius et al.,
retrieved from the passive remote sensing of the atmosphe2018 Kivimaki et al., 2019; Kulawik et al., 201®06hling
using solar and lunar radiation measurements that af$al. 2019a, 2019ogniaux et al., 202(Gchneider et al.,
largely lacking traceability to the SI. A secondary objective2020; Sha et al., 2020a, 20208igouroux et al., 2020).
is to eyaluatehe retneyal of aerosol optical properties fromWithin spacebased FTIR spectromethe activitiesof the
emeging technologies such as solar and lunar . .
. . group are mainly focusd on the InfraredAtmospheric

spectroradiometersThe IARC FTIR programme will .

. . o . Sounding Interferometer (IASI) on board
contribute to this activity by developirthe methodology . . .

. ) . etOp/EUMETSAT satellites through the Spanish project
required to retrieved aerosol properties from EM27/SU NMENSE (IAS! for surveying methane and nitrous oxide
instrumentsFor further details about MAPP projextd the ying

L . in the troposphere) and the German project MOTIV
IARC contributions refer t&ection 9 (Column Aerosols). (MOisture Transport pathwaynd Isotopologues in water

EIONET Vapoul).

To protect theintegrity of the Paris Agreement, the MOTIV

European Union is currently elaborating a measurememl.he MOTIV project aims at using water vapour

based system to independently monitor fossil fuel, CO. . . : . .
e . - . .__isotopologues as a diagnostic tool to investigate moisture
emissions of nation statelsrge cities and even industrial

~ . o athways and evaluate the representation of moist processes
complexes. The foreseé@opernicus C@Monitoring and p Y . P . . p
. . . . in weather and climate modefor this purposehis project
Verification Support (MVS) capacifyconstitutes a unique . . . . .
. . . combineshigh-resolutionlASI isotopologue observations
and unprecedented inverse modelling framewbst will

relv heavily on a spaceased observation component retrieved with the MUSICA processor (Schneider et al.,
y y P P 2016)with high-resolution modelling. The combination of
(Matthewset al, 2020).

simulationsand MUSICA productprovidesinsight into the

In this context, he European Environment Information anddiurnal cycle, mall-scale variations and effects of large

Observation Network EIONET), supported by the scale circulatioron themoisture in the atmosphere. Within

European Environmental Agency EE), represents a MOTIV, the spacébased isotopologue observations are
relevantin situ network due to the COMVS capaity complementedby the insitu continuous measurements
neeckd for urban measurement data onemitted species. recorded at 1ZO and PTO since 2012.

The IARC FTIR programme, along with the Greenhouse

Gas and Carbon Cycle programme, has participatédein  INMENSE

AEI ONET Group of Copernicis glafish DlojectiNMENSE 2aimE %P Giplove ©
(Negotiated procedure NGEEA/IDM/RO/17/008, 2018 nqerstanding of the atmospheric budgets of two of the most

2020) which aims at advising and assisting the EEA important greenhouse gas@Hs andN.O. Knowledge of
regarding its crossutting coordination of the Copernicus In 1,4 atmospheric CHand NO distributions, from local to
Situ ComponentThis EIONET expert group has examined g o) scales, as well as their variailin time is essential

how EIONET in its current from could bexploited, and ¢ 5 petter understanding of their sinks and sources, and for
how itcould beextendedo help contribute to needed urban yeicting their evolution in the atmosphere. In order to
in situ observation data to th€opernicus CQ MVS  5cphieve this core objective, INMENSEsgeneratda new
capacity resultingina  t ec hni cal Rep®@tpro rgioha€oBskrialiohaf hta Set of middle/upper tropesph
how_EIONET and EEA can gontrlbute to _the urban in SitUole fractions of CHs and NO with high and wel
requirements of a future Coperm(amh.ropogenlc Ceobserving documented quality using the IASI processor developed
systend (Matthews et al, 2020). This report furthermore during the project MUSICA. By integrating IASI

examinesin situ contribution f)pportunltles for theE_A _ qbservatios and m8del estlimates INMENEI% 8?\?
given the EEAOs responsibi invés{i ¥1teotfhe0krind of %:I\-{l gnd R&B éinnk/gourCSi nalsE T
for coordinatingurban and noitGHG activities under the 9 ) . gn
Copbernicus proaramme that can be captured by higjuality IASI observations

P brog ' (Garcia et al., 2020As an example, Figures 7.8 and 7.9
summarize the comparison betwebn IASI observations

and MOCAGE (Modeéle de Chimie Atmosphérique de

an
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Grande Echellechemical transporsimulations over the
Iberian Peninsal for CH, and NO, for 2017, assessing the
degree of agreement between both datakdtsfound that

optimal sense.This approach is largely equivalent to
applying thermal (TIR) and shewave infrared (SWIR)
spectra together in a single retrieval procedure, hilx the

bothdata setare not comparable in the lower tropospheresubstantial advantage of being applicable to any existing
However, the new IASI products appear to capture th&IR and SWIR retrieval processor, of being very time
dynamics of the upper troposphere similarly to theefficient, and of benefiting from the high quality and most
MOCAGE simulations, which is in agreement with therecent improvements of thepecific TIR and SWIR
experimental validation carried out with independentretrievals. The combination & IASI and TROPOMI

reference observatiori§arcia et al., 2018)

Within MOTIV and in collaboration with the INMENSE
team the potentialsynergeticuseof IASI and TROPOMI
space borne sensorsfor generatinga troposphericCH,
profile producthas beemrvaluatedSchneider et al., 202
The proposedmethod uses the outpubf the individual
satellite retrievals and combines thenapasteriori in an
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information can detect better the CH tropospheric
variationsthan those bylASI or TROPOMI observations
alone. The resulting advantage has been documented
theoretically as well as empirically byomparisons to
independent freetropospheic in-situ refeence data
obtained within the frameworks of GAW, and NDACC and
TCCON FTIR networks
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Figure 7.8. Mean difference for CHs mole fractions (IASI-MOCAGE, in ppm) in the free troposphere (at 4.2 km a.s.l.) and
tropopause region (at 10.9 km a.s.l.) (left panels) and Pearson correlation between IASI and MOCAGE estimates at the same
altitude levels (right panek) over the Iberian Peninsula. Rprinted from Garcia et al. 020).
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Figure 7.9. As for Figure 7.8 but for N2O concentrations Reprinted from Garcia et al. 020).
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7.3.4 In situ spectrometry

Over the last two decadesetinfrared laser spectroscopy

technique has been successfully used to measure theMorino.l.,

i sotopic composition of

aAdaptabIe 4A Inversion (5Al): Bscription and first XCO2

Dogniaux, M., Crevoisier, C., Armante, R., Capelle, V., Delahaye,

T., Cassé, V., De Maziére, MDeutscher, N. M., Feist, D. G.,
Garcia, O. E., Griffith, D. W. T., Hase, F., Iraci, L. T., Kivi, R.,
Notholt, J., Pollard, D. F., Roehl, C. M., Shiomi, K.,

Strong, K., Té, Y., Velazco, V. A., and Warneke, T.: Tk}et h o e

surface. In this context, Wei et al. (2019) presented for the retrievals from OCE observations, Atmos. Meas. Tech.

first time the Stable Water Vapor Isotope Database

(SWVID), which assembles a global database of hig'ﬂ)ubravica,D.,M.Frey,

temporal resolution st a%l e
and UD) observed wusing

database includes data collected at 35 sitekbiKdppen

climate zones from the years 2004 to 2017 (Figure 7.10),

Discuss. https://doi.org/10.5194/ar020-403 2020.

F Hase, T Blumerstock, JOrphal, and
thea COECON Vtea, OTkkel Collabdratile 0GarBon rCéludmh O S

t hi DObsenvingaNetworkGAEGON): Current dtatis, Geopkysical T h e

Research Abstracts Vol. 21, EGU2069854, EGU General
Assembly, Vienna (Austria),-I2 April, 2019.

including the IARC 1ZO and PTO stations. To supportFranco, B.Clarisse, L, Stavrakou, TM¢ | | e t Tarabdrrelli, F .

interpretation of the isotopologue data, synchronized time
series of standard meteorological variables from in situ
observations and ERAEanalyses are also provided. The
SWVID is intended to serve as a centralized platform

D,Hadj i L, at al.€2020. Spadeborne measurements of
formic and acetic acids: A global view of the regional
sourcesGeophysical Research Letteds,
€2019GL08623%ttps://doi.org/10.1029/2019GL086239
20109.

allowing researchers to share their vapour isotope dataset$ey, M., Sha, M. K., Hase, F., Kiel, M., Blumenstock, T., Harig,

thus facilitating investigations that transcend disciplinary
and geographic boundaries.
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Figure 7.10. Map of SWVID measurement sites. Reprinted
from Wei et al. (2019).
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8 In situ Aerosols

8.1 Main Scientific Goals

Atmospheric aerosol isomposedof a mixture of natural
(e.g. sea salt, desert dust or biogenic material) a
anthropogenic (e.g. soot, industrial sulphate, nitrate, meta
or combustion linked carbonaceous matter) airborn
particles whose size range from a few nanorsdtim) to

tens of mérons (um). Aerosolsontribute to deterioration

of air quality with impacts on human health due to

cardiovascular, cerebrovascular and respiratory diseas
such as asthma and chronic obstructive pulmonary diseas 3
they also influence climate by scatteriapd absorbing
radiation and by influencing cloud formation and rainfall.

The activities of the In situ Aerosols programr®S
group,Aerosol InSitu) are developed within the scientific
priorities of the Global Atmosphere Watch programme. On
of the maintasks ofthis group is to maintain the lorigrm
observations of aerosols at 1ZOhe group 6cuse its
researchon: 1) Longterm multidecadal variability and
trends of aerosols; 2) Aerosols and climiateractionand
3) Aerosols and air qualityteradion.

8.2 Measurement Programme

The longterm in situ aerosols observation program of Izafi¢
Observatory includes measurements of aerosol mass &
number concentration, chemical composition, size
distribution and optical properties by-&itu techniques.
Instruments are placed in the-salled Aepsols Research
Laboratory (ARL) renamed aghe Joseph M. Prospero
Aerosols Research Laboratory,&sibute to the pioneer of
dust research, in 201Big. 8.1). Thdaboratoryis equipped
with a whole air inlet for a@sol samphg for the online
analysers (CPCs, SMPS, APS, MAARgthalometer,
nephelometerYwo additional PMo and PM sinletsfor the
aerosolfilter samplersand also two additional inlets for
TEOM (PMiy and PMs) and BETA PMig) analysers
respectively The interior of the Aerosols Research
Laboratoryis maintained at 22 °@iriers are not needed
during the sampling drause of the low relative humidity
(RH) of the outdoor ambient air (RH percentiles"250"
and 79 are 15%, 31% and 55%j/espectively).
Measurements of number concentration, size distributioﬂ
and optical properties of aerosols are performed wih h
time resolution (Table 3.2)

Despite the adverse circumstances due to the COVID crisis,
and the resulting restrictions, thperation in the laboratory
has remained practically unchanged.

Figure 8.1. Joseph M. Prospero Aerosols Research Laboratory
at Izafia Observatory (pper panel: building; lower panel: C.
Bayo, operatorof the AIS group working in the ARL).

For the automatic instmentsin the aerosol laboratoryhe
QA/QC activities include

<daily checks> of the datand status of the instruments.
<weekly checks> of the airflows and leak testssome
instruments (e.cSMPS).

<quartely checks> includes measurements of the
instrumental zero (24h filtered air) for all the
instruments (CPCs, SMPS, APS, MAAP, aethalometer
nephelometer) and calibration checks (e.g.
nephelometer)

<annual intecomparisons> for soniastruments
participationin intercomparisons, e.ghose performed
annually between 2010 and 2012 for CPCs and SPMS
at El Arenosillo- Huelva(GémezMoreno et al., 20156
and those in the World Calibration Centre for Aerosols
Physics(WCCAP) in Leipzig i Germany for CPCs
(Sep 2012 and absorption photometers (Nov 2005;
Mdller et al., 2011)

<regular> calration of the instruments at the WCCAP.
In October 2017, the instruments of the ARL (SMPS,
CPCs, MAAPs, nephelorter and aethaloemeter) were
recalibratedat theWCCAP. All devices obtained the
calibration certificate
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These activities followthe recommendatiaof the GAW 8.3 Summary of remarkable results during
progranme for aerosol{GAW Report n°227, 2016) the period 20192020

During 2019 and 2020 a dedicated internal database for gring the 20122020 biennium, the scientific activitie§ o
aerosol insitu parameters easured at ARL was developed the In situ Aerosols group wefecused irfinalizing results
and improved This databaseis particularly useful with o the AEROATLAN project(CGL201566299P, funded
respect to the@nnualreportingof data to the GAWWorld  py the Ministry of Economy and Competitiveness of Spain
Data Centre for Aeroso@DCA). During the 2012020  znd the European Regional Development Furafd
period, Rroutines have beerdeveloped for reporting continuing the research activites on dust and the
aerosol scattering (nephelometer) and absorption (MAAR}ansatiantic transport of aerosols with implicaticios
PMyodata climate.Internatonal cooperation has allowahe groupto
enter the emerging field of PMxow CostSensors (Peltier
et al., WMO Report N°1215, 2021), testing soofichem
with the aim of providinghe best cosperformance option
to the CREWS (Climate Risk and Early Wang System)
West Africa projecandMAC-CLIMA initiatives (Madeira
AzoresCanariasCLIMA). Further details are given in
The aerosols chemical compositiprogranmeis based on: Section 154 (Sand and Dust Storms Cenijres
Contributions to wider studies based on data regularly

T thecollection of aerosol samples on fikeBanples are  yeported taVDCA continued theseresultsarepresented in
collected at night t@void the diurnal upslope winds ihenext section.

that may bring material from the boundary layer,
1 thedetermination of the aerosol mass concentrations b§.3.1 Focus on Dust Research
the gravinetric method. Filters are weigh, before and
after sampling, at 20C temperature and 3&b %
relative humility in the Aerosol FiltersLaboratoryof
the lzafia Atmospheric Research Cer(gee Section
3.1.4). Theprocedureor weighing filters is similar to

that described in EX14907, except that we use a lower |n, this study, hour resolution measurements of elemental
relative humidity(30-35 %) due to the relative hudity ~ composition of dust in the Saharan Air Layerere
of the ambient air at IZ®eing much bwer than the performed. Rapid variations of dust composition were
50% stated b¥EN-14907. observed (ratios of elemental composition of dust to
I the determination of chemical composition which aluminium); some elemental ratios cyad by a factor 2 in
currently includes elemental composition (thosea few (58) hours. This variability was induced by the
detectedby IPC-AES, i.e. Al, Ca, FeMg, K, Nmetebrologically modulated, alternatirmpntributions of
salts (SG*, NOs, NHs*, CI), organic carbon, three of the large North African dust sources: NE Algeria
elemental carbon and trace elements (those detected Bijch in evaporite minerals bearing Ca, S, Sr, K and Mg and
IPC-MS, i.e. P, V, Ni, Cd, As, Sb, Sn,...). in illite mineral), Western Sahara to Bechar region

. ... (containing Na, S and CI rich Yermosol soils) and SW
The QA/QC procedure for the aerosol chemical composmoéahara. Western Sahel (rich in illite and hematite),

progranmeincludes:

In addition, this database is useful for monitoring in real
time theperformancef the instruments, dettion of special
events, etcA series of GRAFANA® pansl (an open
sourceanalyticsand monitoring tool for visualization of
datain databasg) were desigad to this purpose

In the framework of the AEROATLAN project, a study
about apid changes of dust geochemistry in the Saharan Air
Layer linked to sources and meteorologgs published
(Rodriguez et al., 2020

The changes in largecale meteorology were traced by
using the North African Dipole Intensity (NAFDI).e. the
strength of the subtropical North African high, at Morocco,
to the monsoon tropical low &tigeria (Rodriguez et al.,
2015). The change of phase of NAFErom negative to

The IARC Aerosol InSitu group has participated in the POSitive, is associated with westward propagating
ACTRIS dataQA andsubmissiorworkshop, held online Harmattan pulses, thessociated westward shifts of the

during 1517 SeptembeR020to get the most out of the data Saharan Heat Low and convection, including processes
andto malke it available to the scientific community embedded within the monsoon inflow. This resulted in the

alternated activation and export of dust from the different
The AIS growp is alsoresponsible for the measuremeots sources and a correlation between NAFDI and dust
different massive samplers, for mercury armkrsistent composition was found. Moderate values of NAFDI (O to
organic pollutants These programmes are la& by the +2.5) are associated with Ca, K, Na, Mg and S rich dust
Environment and Climate Change Canada andgianish  (linked to Northern Sahara sources) in the AtlaBtiharan
National Research Coung{CSIC). Air Layer (SAL), higher NAFDI values (+2.5 to +4) are

associated with Fe rich dust in tBAL (linked to Southern

1 airflow checks and calibrations

1 the collection of blankiéld filters for gravimetry
and chemical analysis

1 intercomparisorexercises
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Sahara), whereas negative values of NAFDI promoted (Céllowing REDMAAS network members participated:
K, Na, Mg and S rich) dust export to the MediterranearCIEMAT; Institute of Environment of the Uwersity of A
(Figure 8.2. Corufia (IJUMAUDC); IARC-AEMET; Institute of

. , Investigation of the EantSystem in AndalusjaJniversity
This study also shows that trace metals (Br, Cr, Ni, Zn anQ]c Granada (IISTAUGR) andIDAEA-CSIC as well as an

Zr) of indgstrial emissions'in North Africa ateansported ;- ment provided by the TSI company for this campaign.
with dust in the Saharan Air Layer.

The purpose of REDMAAS to facilitate the exchange of
knowledge between the groupssoto promote cooperatio
among them in order to create synergies and to optimize the
use and the coordination of scientifechnological
infrastructures of common interest.

Figure 8.2. NAFDI phase and elemental ratios associated with
different dust sources. Repnted from Rodriguez et al. (2020).

Figure 8.3. Top left participants in the REDMAAS 2019

campaign.Bottom left: instruments during intercomparison at
As a result othe AEROATLAN project, an article about CIEMAT facilities. Right: N. Prats, head of the AIS group at
tracking the changes of iron solubility and air pollutants"a":"t.c'I testing the efficiency in discrimination 200nm size
traces as African dust transits the Atlantic in the Sahara%ar cles.
dust outbreaksas publisheqRodriguez et. al., 2a3. The The objective of this campaign was the intercomparison of

main conclusions from this study are: aerosol particle size analyzeof the SMPS type (Scanning
Mobility Particle Sizer) and to check that the instruments
I Iron solubility increases from ~0.7% to 4.7% asare quality controlledto ensure the validity of the
Saharan dust fronts transit from Africa to the Americasmeasurements and their traceabilifjhe @ampaignwas
1 Dust, heavy fuel oil combustion and atmosphericsuccessfuand confirmed thah the size range from 2800
processing are identified as sources of soluble iron. nm, ARL SMPS system was within -400% of themean
9 Fresh dust accounts for 63, 43 and 9% of soliuble  values of all instrumentslata including the corrections for

8.3.2 Focus ontransatlantic transport of aerosols

in Tenerife, Barbados and Miami. aerosol flow, diffusion losses and the CPC efficiency
1 Aged dust accounts for 26, 45 and 74% of soluble iroffFig.8.4), which is well in agreement wit?W/CCAP and
in Tenerife, Barbados and Miami. ACTRIS recommendations

Oil combustion accounts for 10, 12 and 16% of soluble
iron in Tenerife, Barbados and Miami

8.4 Participation in Scientific Projects and
Studies/Experiments

8.4.1 REDMAAS 2019 Gampaign

Theln-Situ Aerosols research group has giseticipated in
the REDMAAS (Red Espafiola de DMAs Ambientdles
2019 campaign

The campaign wasacried out in the facilities of the Center
for Energy, Environmentabnd Technological Research

(CIEMAT) in Madrid from4 - 8 March2019(Fig.8.3).The  Figure 8.4. Results of the REDMAAS2019 intercomparison.
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