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Foreword

The World Meteorological Organization (WMO)
coordinates international multidisciplinary research
through the Global Atmosphere Watch (GAW)

Programme, the World Weather Research Programme
(WWRP) and the caponsored World Climate Research
Programme (WCRP), among others

The Izafia Atmospheric ResearCenter (IARC), which

is part of the State Meteorological Agency of Spain
(AEMET), is a centre of excellence in atmospheric
science. It manages four observatories in Tenerife
including the high altitude Izafia Observatory. The Izafia
Observatory was inaugueal in 1916 and since that date

has carried out uninterrupted meteorological and
climatological observations, and is now a WMO

Centennial Statian

The lzafa Observatory has contributed to the GAW
Programme since its inception and is one of 31 GAW
Global sations. | would like to highlight the dedication of
IARC and collaborating institutions in maintaining the
high-quality, longterm (multidecadal) measurement
programmes, which now provide more than 107 years of
meteorological data, 40 years of continugueenhouse
gas measurements (génd CH) and more than or close
to 30 years of surface and column ozone, ultraviolet and
solar radiation, in situ and column aerosols, water vapour
and selected reactive gases. These-teng data series
are invaluable andequire commitment and a rigorous
approach

The urgency of actions related to the state of climate and
the environment requires the public and decisiakers

to have access to the best available science and high
quality atmospheric composition data, abdRC is
highly respected for the quality of the data it provides

IARC also supports the GAW quality assurance
framework by operating the Regional Brewer Calibration
Centre for Europe (RBGE), which calibrates Brewer
spectrometers in Europe and North A&j maintains the
Brewer ozone reference and hosts the European Brewer
Network (EUBREWNET). In addition, IARC operates
for WMO a Measurement Lead Centre for Aerosols and
Water Vapour Remote Sensing Instruments. It also
supports the World Radiation Centsr tmaintaining one

of the World Optical Depth Research and Calibration
Center (WORCC) Precision Filter Radiometer reference
instruments at the Izafia Observatory. The lzafa
Observatory is also one of three AERONEUROPE
calibration facilities and ensuresetitalibration of more
than 80 AERONET sites

Vii

IARC also plays an important role in supporting
international cooperation. For example, it contributes to
activities of the WMO Sand and Dust Storm Warning
Advisory and Assessment System (S¥AS) and the
WMO Barcelona Dust Regional Center (jointly managed
by two Spanish institutions, AEMET and the Barcelona
Supercomputing Center, BSC) focusing its efforts on the
provision of observations, supporting capaditylding
activities in the region of Northern Africahe Middle
East and Europe but also, as a refegersearch centre
supporting international atmospheric research prajects

In SeptembebDecember 2021, the La Palma volcanic
eruption took place, and IARBEMET responded
quickly by deploying a large amouaf instrumentation
on the island of La Palma, in collaboration with other
national and international organisations with ttwre
purpose of helping to save lives and protect the
population.The overall response was a clexample of
the excellent resultshat can be achieved through
international cooperation and personal and institutional
involvement, leading to a significant contribution of
science for society

| would like to express the sincere gratitude of WMO for
the exceptional years of servicelafEmilio Cuevas from

the start of the GAW programme in 1989 and later as he
became director ofARC. His scientific leadership,
dedication, enthusiasm and vision for the Center, as well
as his passion for delivering science for society and for
innovation in research and developmerttave been
crucial to consolidate IARC as a reference research group
on atmospheric science for the international community
and to put on the front line the Izafia station as a reference
global station

Dr Cuevas was a key player in the initiation and
development of the WMO Barcelona Dust Regional
Center and wunder hi s
research anddevelopment regarding stadéthe-art
measurement techniques, calibration and validation, as
well as international cooperation have given it an
outstanding reputation in weather, climate and related
environmental issues. He will be greatly missed and we
wish him all the best for his retirement

Prof. Jurg Luterbacher
j./mca_
Chief Scientist

Director Science and Innovation
World Meteorological Organization

stewar



\ Dr Emilio Cuevas Agullé
S

FormerDirector of Izafia Atraspheric
Research CentréAEMET)

In May 1984, the Izafia Observatory began operating as a
World Meteorological Organization Background
Atmospheric Pollution MOnitoring Network (BAPMoN)
station thanks to an agreement signed at the level of the
Ministries of Foreign Affairs of Spain and theederal
Republic of Germany. A basic programme of surface
ozone, methane, carbon dioxide, and meteorology
continuous measurements was initiated.

| was assigned to the lzafia Observatory in the autumn of
1989. In this year, the WMO Global Atmosphere Watch
programme was born as a merger of the BAPMoN
program with the Global Ozone Observation System
Programme (G030S). In those first five years of
operation, the German researchers were the ones who
evaluated the data. | learned everything from them, at
least inthe first years, and they reminded me insistently
that #Amy only valid
obtained. o Since then,
priority for me.

This isthe fifth edition of the biennial report of activities
of the Izafia Atmospheric &earch Centre eadited by
AEMET and WMO. These reports, prepared in detail, and
in which all the IARC staff participate, are intended to
show who we are and what we do, both to the citizens
who finance us with their taxes, and to theentific
community. They also constitute a written recofdhe
Centre, allowing us to see its evolution over time, as well
as a reference in some aspect for other new stations.

These reports are informative and rigorous. The results
obtained by Centres ké the IARC are immensely
valuable to the scientific and wider community because
they are subject to numerous external and independent
quality controls. The scientific audits of different
programmes, the quality controls of the different global
databasesand the publication of results in scientific
articles with their corresponding peer reviews, are all
freely accessible.

Facilities, such as IARC, aside from providing precise
information on the characterization and evolution of
numerous atmospheric components, are true collaborative
hubs of knowledge. In them, global references of
atmospheric components are maintained andferred,
new instruments, measurement methodologies, and
numerical models of all types are evaluated, and regular
intensive measurement campaigns are carried out in order
to explain certain atmospheric processes.

viii

The GAW Programme has contributedoanously to
creating a multidisciplinary community of atmospheric
researchers who can learn from each other and exchange
ideas and experience, thereby enhancing scientific
progress and expertise.

In the current state of climate emergency, atmospheric
processes of characteristics never seen before are
beginning to be recorded, and it is a fact that global
warming is closely linked to the recovery of the ozone
layer and global air quality. In order to adequately
monitor the environment, it is necessary toéagcords

of new parameters and products that can only be supplied
by R&D institutions. In addition, a continually changing
environment requires frequent adjustments and
adaptations of monitoring and prediction systems, and
this can only be achieved withe active participation of

Copernicus, the EU system aimed to monitor and forecast
the state of the environment on land, sea and in the
atmosphere, which idasically made up of research
institutions. All products and services generated
operationally by institutions or research groups are part of
what is known as fAScience
new paradigm in the development and dissemination of
advanced meteorological and atmospheric products and
services.

I n relation to #fASci endhe f
IARC operationally implemented the first prediction
model for the ultraviolet index in Spain. A recent example
is the atmospheric instrumahteployment carried out in
September 2021, in just a few days, on the island of La
Palma to monitor and characterize the emissions from the
volcanic eruption at Cumbre Vieja with the primary
purpose of protecting the health of citizens.

Currently, IARC is implementing the first national
network for measuring greenhouse gases in the
atmospheric column using the FTIR technique, as well as
estimating CQand CH emissions in the cities of Madrid
and Barcelona, and which will be part of the
COllaborative Caron Column Observing Network
(COCCON). The daily information from this system will

be part of a climate service, as well as a greenhouse gas
emissions evaluation system for Copernicus.

f

or

busi ne R&D nstitutibns wooitu With ojperationah eapacity sru | t s
r e g uproducts angdtservicdes gelivere pAogoadi emagnpld i c a m
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Climate change can be observed very well in the high
quality meteorological records of Izafia that already cover
a period of 107 years. In August of this year, the |zafia
Observatory and the Teide astronomical observatory were
almost consumed by the flames of a @Qaty 6 wildfire,

the first to occur in the Canary Islands, most likely and in
part, as a consequence of global warmifige lzafia
Observatory turned out to be a unique site to monitor the
evolution of the wildfire in a large part of the island and
served a a logistics centre to supply water to the
firefighting helicopters, knowing, again, to adapt to the
circumstances. Until now we had never been able to
imagine that something like this could happen.

The importance of Research Centres like the one in Izafia
will increase considerably in the coming years in a
context of a more intense climate change scenario.
However, | hope that these Centres will also be, sooner
rather than later, the ones that inform us about the
stabilization of the concentrations of gnbéeuse gases in
the atmosphere after the application of drastic measures
at a global level to eliminate greenhouse gas emissions.

My professional life has reached this point in time. It has
been an immense pride and a privilege to work at IARC
with all its staff, both past and present, and collaborating
with hundreds of researchers and technicians from many
countries within the framework of the GAW programme
and those of its associated networks. To those who
continue and those who will join in the futurewould

like to remind them of the importance of their work for
society, and therefore to do it with enthusiasm. | also ask
that in a few years the |zafia Observatory could be 100%
self-sufficient in energy (with photovoltaic panels) and
water (from rain andog), since it is technically possible,
and a facility like this must be environmentally
sustainable.

| hope that the moments of tranquillity and silence that the
Izafia Observatory will continue to provide will serve its
people to think intelligently, anéddequately plan the
activities without the background noise caused by the
successive states of emergency of all kinds that they will
have to face from now on.






1 Organization Thelzafia Atmospheric Research Cerabso contributes to
the Network for the Detection of Atmospheric Composition
Change \DACC). NDACC is an international networloif

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

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

]cc(:);al':re]ﬁge(EI;(I)TloEgCl:CC&)l)l Transition and  the Demographlcstratosphere, with special emphasis on the evolution of the
' ozone layer and the substances respbmsifor its

destruction known as ©me Depleting Substance$he

current objectives of NDACC are to observe and to

The Izafia Atmospheric Research Centeconducts understand the physicochemical processes of the upper

observations and research related to atmospherictroposphere and stratosphere, and their interactiongpand

constituents thatave impact orlimate(greenhouse gases detect longterm trends ofatmospheric compositiohARC

and aerosols), may cause depletion efglobal ozone layer also makes an important contribution to the WMO through

or play key roles in air qualitfjrom local to gbbal scale.  the Global mate Observing System and throuigbsting

The IARC is an Associated Unit of tipanishNational the WMO Measurement Lead Centre for Aerosols and

Research Council (CSIQ through the Institute of Water Vapour Remote Sensing Instruments

Environmental Assessment and Water ResedfRAKA). . ) " .

The mai n goal of t he OAs g%q%qbsgrtvaéowlas.mquuptemﬁts(grre%aqlt Iacqthn on

At mospheric Pol l ution Stu &.Pa@@r&glg gunattn%unn%?réqptqd@Ptcﬁqrolgglcql anqq ual i

research in both rural and urban environments. cllmatol_oglcal observations, whih constiuted a 1O7-yee_1r
record in 2@2. 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 number of WMO research and monitoring activities in thé&lobal AtmosphereWatch Programme of which lzafia

field of atmospheric environment. The main objectieé  Observatorys one 0f31 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 reaech on atmospheric composition

the atmospheréts changes and the drivers of theBangs.  change Izafia Observatory is a keyxample of sucha

These arerequired to improveour understanding of the research facility.

behaviourof the atmosphere antkiinteractions with the

oceans and the biosphere.

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

2 Mission and Background

OSm.l.hPule

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

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).

BTO: 114 m S
O

1Z0;. 2373 mj,
g

./
o

TPO; 3555 m.

® SCco:52m

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 dminated by

bt ]!l_‘iq

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 dimal for calibraton 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 samgeriod
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 bilding is a twastoreybuilding 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 electronicsvorkshop. In
addition, there is residential accommodation available for
visiting scientists (seven double -snite rooms). The

northwesterly winds Cleanair and clear sky conditions technical toweiis a sevenstorey building with a total area
generally prevail throughoutthe year. 1ZO is normally of 900m?. It includes 20 laboratories distributed among the
above a temperature inversion layer, generally weltlifferent floors(Table 3.3 Fig. 3.§. All the laboratories are
established over the island, and below the descendingmperaturecontrolled.

branch of the Hadley cell.

T

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




Table 3.2. Izafia Observatory (1Z0) measurement programme

Parameter Start date | Presentinstrument 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
N20 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 RGA 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 49i (New Primary instrumeit la
CcoO Nov 2004- | Non-dispersive IR algptionThermo 48CGTL la
June 2019
SO Jun 2006 | UV fluorescence Thermo 43TL la
NO-NO2-NOx Jun 2006 | Chemiluminescence Thermo 42T la
ChemiluminescencEcoPhysics CraNOx Il 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) ~30q
Brewer Marklll #185 (Travelling Reference) | ~30a
Spectral UVY 290-450 nm May 1998 | Bentham DM 150 Campaigns
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: 262022




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

concentrations

gases, and £ depleting Bruker IFS 120/5HR (conanaged withIT) (weather permitting
substances Jan 1999 Middle infrared (MIR) solar absorption spectr
(Os, HF, HCN, HCI, CIONQG,
C:He, HNGOs, CHy, CO, CQ, | May 2007 | Near infrared (NIR) solar absorption spectra
N20, NO, NQ, H:0, HDO,
0CS) Aug 2022 | Bruker IFS 125HR SN149
Water vapour isotopologug Mar 2012 | Picarro L2126 UD and(!tO Analyser Continuous (8
(uD He)d Apr 2019
Greenhouse gases, al May 2018 | Bruker EM27/SUN SN85 1 dayweek
reactive gasefCO,, CHs, CO, (weather permitting
H20) Mar 2021 | Bruker EM27/SUN SN143
In situ aerosols

Chemical compositio of High-volumesampler 8h samplingat night
particulate matter custom built/ MVCE/ MC
PM: Jul 1987 | Concentrations of 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-IRES
PM

10 Jan 2005 and ICRMS were determined at CSIC

Number of particlesvith Nov TSI E, UCPC 3025A la
diameter> 3 nm 2006%
Number of particles >2.5nm Dec2012 | TSI E, UCPC 3776 1a
Number of particles > 10 nm| Dec 2012 | TS| E, CPC 3010 la
Size distribution in the size | Nov2006 | TSI E, ¢ | £PG37®R080 + 5q
rangel0-400nm
Size distributiorin the size Nov2006 | TSI E, APS 3321 10a
range0.7-20 um
Absorption coeff(PMyo) at Nov 2006 | Ther moE, MAAP 5012 la
637 nm
Attenuation(PMag) at 370, Jul2012 |MageeE, AefHBBHSomet er |1q
470, 520, 590, 660, 880 and
950 nm
Attenuation(PMjg) at 370, Feb 202 MageeE, Aethal ometer|1lq
470, 520, 590, 660, 880 and
950 nm
Scattering coeff(PMyo) at Jun 20@ TSIE, Integration Ne|lq
450, 550 and00nm
PM;o massconcentration Jun 2016 | Thermo,BETA 5014i 5q
PM; s and PM 510 mass Jun 2016 | Thermo,TEOM 1405DF 6

(1) Not operationasince 2017

(2) Usually only in summer (August)
(3) Not operational since June 2017
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Parameter Start date | Present Instrument Data Frequency
Column aerosols
AOD and Angstrom at 340, | Mar 2003 | CIMEL CE318 sun photometer ~ 151
380, 440, 500, 675, 870, 936
1020 nm
Fine/Coarse AOD Mar 2003 | CIMEL CE318 sun photometer ~ 15
Fine mode fraction
Opticalinversion products Mar 2003 | CIMEL CE318 sun photometer ~1h
AOD and Angstrom during | July 2012 | CIMEL CE318T sunsky-lunar photometer ~ 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
Elastic backscatter and Dec 2015 | CIMEL CE376micro-lidar 106
depolarization measurement;
at 532 nm and 808 nm
Vertical Backscatter Feb 2020 | Micro Pulse Lidar MPE4B la
extinction at532 nm, clouds
alt. andthicknesqwith
depolarizariop
Radiation

Global Rad. 282600nm Jan 1977 | Pyranometers CM21 & CM-11 Kipp & Zonen, | 1a

EKO MS-801 and MS80S
Global Rad. 301100 nm Feb 1996 | YES MFRSR la
Estim. Direct Rad. Feb 1996 | YES MFRSR la
Direct Rad. 2081000nm Aug 2005 | Pyrheliometers CH Kipp & Zonen, la

EKO MS-56 and MS57
Direct Rad. 2081000nm Jun 2014 | Absolute Cavity Pyrheliometer PMO6 Calibration

campaigns (@

Spectral direct Radiation Dec 2016 | Spectroradiometer EKO M%11 la
Spectral global and diffuse | Feb 2020 | Spectroradiometer EKO RSB la
Radiation
Spectral global Radiation Dec 2022 | Spectroradiometer EKO M%13 la
Diffuse Rad. Feb 1996 | YES MFRSR la
Diffuse Rad. 2852600nm Aug 2005 | Pyranometers CA21 Kipp & Zonen, la

EKO MS-801 and MSB0S
Downward Longwave Rad. | Mar 2009 | Pyrgeometers C@& Kipp & Zonen and EKO la
4542 m MS-21
UVB Radiation315400nm Aug 2005 | 2 Yankee YES UVB1 Pyranometer (in paralle| 1a
UVA Radiation280-400nm Mar 2009 | Radiometers UVSA-T Kipp & Zonen and EKO| 1a

MS-10S
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Parameter Start date | Present Instrument Data Frequency
Radiation (continued)
Photosynthetically Active Aug 2005 | Pyranometers Par Lite Kipp Zonen and la
Radiation(PAR) 400-700 nm Photon Sensor EKO MD20P
Net Radiation Nov 2016 | Net Radiometer EKO M0 la
Luminance/Radiance Nov 2020 | EKO MS-321LR Sky Scanner 10a
Global and Diffuse Rad. Jun 2021 | SPN1 Sunshine Pyranometer la
DOAS (managed by the Spanish National Institute foAerospace Technology, INTA)
Column NQ May 1993 | UV-VIS DOAS EVA and MAXDOAS RASAS | Every ~2@during
I'l (I NTA6s homemade; |twilight
Column Q Jan2000 [UV-VI S MAXDOAS RASAS | Every~2@during
homemade) twilight
Column BroO Jan 2002 | UV-VIS MAXDOAS ARTIST-l I (| NT 4 Every ~2@during
homemade) twilight
Tropospheric @ May 2010 | UV-VI S MAXDOAS RASAS | Every~2@&during
homemade) twilight
Tropospheric N@ May 2010 | UV-VI S MAXDOAS RASAS | Every~2@during
homemade) twilight
Tropospheric 10 May 2010 | UV-VI S MAXDOAS RASAS | Every~2@&during
homemade) twilight
Tropospheric HCHO May 2015 | UV-VI S MAXDOAS ARTI ST | Every~2@during
homemade) twilight
Water Vapour
Precipitable Water Vapour | Jul 2008 GPS/GLONASS LEICA GRX1200GGPRO | 15a(ultra-rapid
(PWV) (ultra-rapid | satellite grounebased receiver orbits) and 1h
orbits) (precise orbits)
Jan 2009
(precise
orbits)
PWYV Total Column and Dec 1963 | Vaisala R#1 Daily at 00 and 12
Profiles for layers from 2.4 uTC
km up to 12 km altitude
PWV Mar 2003 | CIMEL CE318 sun photometer ~ 151
PWV Jan 1999 | Fourier Transform Infrared Spectroscopy 3 days/week when
cloudfree
conditions
Integrated Water Vapour May 2020 | Microwave Radiometer LHATPRO G5 la q
(IWV)
Vertical Absolute Humidity | May 2020 | Microwave Radiometer LHATPRO G5 la
Profile (HPC)
Vertical Relative Humidity May 2020 | Microwave Radiometer LHATPRO G5 la
Profile (HRC)
Liquid Water Path (LWP) May 2020 | Microwave Radiometer LHATPRO G5 la q
Liquid WaterProfile (LPR) May 2020 | Microwave Radiometer LHATPRO G5 la q
Cloud Base Height (CBH) May 2020 | Microwave Radiometer LHATPRO G5 la o

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 1q
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 la
3 VAISALA HMP45C (in parallel) la
VAISALA PTU300 1q
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 Stokes Sunshine recorder Continuous
Present wather and visibility | Jul 1941 | BIRAL 10HVJS 10a
Vertical profiles of T, RH, P, | Dec 1963 | RS4%+GPS radiosondes launched at Guin Daily at 00 and 12
wind direction and speed, automatic radiosonde station (WMORGAN | UTC
from sea level to ~30 km station #60018) (managed by the Meteorolog
altitude Centre of Santa Cruz deenerife)
Soil surface¢mperature Jan 1953 | 2 THIES CLIMA Pt100 (in parallel) 10a
Soil temperature (20 cm) Jan 2003 | 2 THIES CLIMA Pt100 (in parallel) 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)

Izafia Amospheric Research Center: 262022
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Fograinfall Nov 2009 | THIES CLIMA Tipping Bucket with 20 crh la

mesh

Hellman rain gauge with 20 émesh Daily
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 thixfor pressured cylinders (tested
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 air to the different laboratories. On the second
floor, there is a darkoom with the necessamalibration
setups for the 1ZO radiation instruments. On the top of the
technical tower there is a 166 ffat 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
labaratory. It has four samplimlets connected to aerosol
analysers. For more details, see Section 8. Outside Izafa
Observatory there are the following facilities: 1) a 160 m
flat horizonfree platform with communications and UPS
used for measurement field ampaigns; 2) the
meteorological garden, containing two fullytomatic
meteorological stations (one of thesthe SYNOP station

and the second ongfor meteorological research), manual
meteorological gauges, a total sky camera, a GPS/GLONAS
receiver, alightning detector, and an electric field mill
sensor; and 3) the Sky watch cabin hosting four cameras for
cloud observations with corresponding serverhe
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 for labs.

Engine Room: Backup | General electrical panel and two automatartaup backup generators (400

Generators kVA and 100 K/A, respectively).

UPS room Observat or y & svVA mdundmt) Ws&dSor gsguiing tke power o
the equipment inside the bdihg 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 genergdumps for the East and &%t sample inlets.

Warehouse / Central Ga| 30 n? warehouse authorized for presgad cylinders.

Supply System Central system for high purity gas£HN,, Ar/CH4) and synthetic air supply.

Lift 6-floors. Nolift access to rodkrrace.

First Archive room Archive of bands antistorical records.
Floor Technical equipment |Spare parts for the Observatorys?d
warehouse
Meeting room 8-personmeetingroom
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 n? lab with access tBastsample inlet.

T2.3 Laboratory 13 nt labhosting Picarro L2120 U D %@ analyseiwith 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 Eaahd 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. and SQ analy®rs with access td/est sample
Floor Laboratory inlet.

Communications room | Server room and WIFI connection with Santa Cruz de Tenerife headquar

BrewerLaboratory 20 nt lab for Brewercampaigns.

Sixth Surface Ozone 10 n¥ laboratory hosting surfaces@naly®rs with access to Wesample
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 lamps, UV (200400nm) and Tungsten (252500nm) are

The optical calibration facility aZO has been developed available.

within the framework of the Specific Agreement of ) Setup for the absolute irradiance calibration by

Collaboration between th&niversity of Valladolid and calibrated standard lamps in a horizontalfignted position
IARC-AEMET: fiTo establish methodologies and quality (Fig. 3.4G)

assurance systems for programs of photometry, radiometry,

atmospheric ozone anderosols within the atmospheric /) Setup for the absolute irradiance calibration by
monitoring programe of the World Meteorological calibrated standard lamps in a vertical oriented position
Organizationd. The mai n o b3uieRlefor rglatively fargg spestroghgtemetgrs (Fig. 3.4H). i p r
facility is to perform Quality Assurance & Quality Control The basis of the absolute irradiance scale consistset of

(QA/QC) assessment of the solar radiation instrumiiiats DXW-type 1000 W lamps traceable to the primary
supportthe ozone, aerosols, radiation, and water vapodfradiance standard of thePhysikalischTechnische
prog:ams of the IARC. The sevesetups available are the BundesanstatPTB).

following:

1) Setup for the absolute radiance calibration by qalied
integrating sphere (Fi@.4A). The system is traceable to the
AErosol RObotic NETwork (AERONET) standard at the
Goddard Space Flight Center (Washington, USA). This se
up is mainly used by Cimel stphotometers, but other
instruments can also be calibrated. At the end of 2017, in tt
framework of a competitive sciefiti infrastructure call of
the National Plan for Research, Development an
Innovation of Spain, a new integrating sphere was installe
at lzaha for AERONEJEurope absolute radiance
calibrations as well as optical tests required for QC/QA o
reference instrments. Thenew integrating sphere has a
50.8 cm diameterard 20.3cm aperture (Fig. 3.4B). This
system is also traceable to the AERONET standard at tHf%
Goddard Space Flight Center. ]

2) Setup for the slit function determination (Fig. 3.4 C). The
charactedation of the slit function is performed |4
illuminating the entrance slit of a spectrophotometer witt
the monochromatic light of a VMIM He-Cd laser. The
nominal wavelength of the laser is 325 nm, its power is |
mW, and its beam diameter is 1.8 mm.

3) Setup for the alignment of the Brewer spectrophotomete
optics (Fig. 3.4D). It is suitable to perform adjustments o
the optics without sending the instrument to thej
manufacturer.

4) Setup for the angular response calibration (Fig. 3.4E). |
isusedtoquantf y t he deviations o
response from an ideal cosine response. The relative anguf
response function is measurby rotating the mechanical _ o -
arm where the seasoned DXpe 1000 W lamp is located. Figure 3.4. Images_ of the I_ZO _Optlcal cal_lbratlon faC|I|ty.
The rotation over 90° is controkd by a stepper motor with A, B) Absolute radiance calibration of a Cimel CE318 with
o . . y p_p ’ ] integrating sphere, C, D) Set up for slit function determination
a pl’eCISIon Of 0010 Wh||e the Instrument Is I||Um|nated byand a"gnment of a Brewer Spectrophotometer OptiCS,

the uniform and parallel light beam of the lamp. E) Angular response function determination of a Brewer,
F) Spectral response calibration ofa Yankee UVB radiometer,
5) Setup for the spectral response calibration. It is used t®) Horizontal absolute irradiance calibration of a EKO MS

quantify the spectral response of a radiometer (Fig. 3.4FJ11 spectroradiometer and (H) Set up for the absolute
The light is scattered by an Optronic double monochromatd@/iPration in a vertical oriented position of a Brewer

OL 750 within the range from 200 to 1100 nm with a

precision of 0.1 nm. An O[Z40-20 light source positioned

in front of the entrance slit acts as radiation source and two
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3.1.2 In situ system used toproduce working  (up to 120-130 bars) with dried natural air, takes clean
standards containing natural air ambient air fronthe East samplinlet located oriop of the
, i ) _1ZO tower (30m aboveground), and pumps (using an-oil
GAW requires very high accuracy in the atmOSphe”?ree compressor) it inside the cylinders after dryir{gsing

greenhouse gas rTmIfractlon measure.merjts, andisect magnesium perchloraieachieving a HO mole fraction
link to the WMO primary standards maintained by the GAW,

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 System Research Laborat@lpbal fraction of the natural air pumped inside the cylinders. To
Monitoring Laboratory (NOAA-ESRL-GML). To meet this end, air from a cylinder containing natural air with zero
these requirements, IARC uses Laboratory @das CO, mole fraction (prepared using the same system but
prepared (using natural air) and calibrated W@AA-  adding a C@absorber trap) or a tiny amount of gas from a
ESRL-GML. Indeed, the Laboratory Standards used agpiking CQ cylinder (5% of CQin No/O/Ar) is added to
IARC are WMO tertiary standarddowever, due to the fact the cylinder being filledThis system is similar to that used
that the consumption of standard and reference gases by the NOAA-ESRL-GML to prepare WMO secondary and
IARC GHG measurement systenss relatively high, an tertiary standards, and it is managed and operated at 1ZO
additional level of standard gases (working standardshrough a subcontractor (Air Liquide Canariasjhe
prepared with natural ais used. prepared working standards are mainly used in the GHG
) ) measurement programme, but some @hthare used for
These working standards are prepared at 18iDguan in other purposesincluding for natural airsupplyfor a HO

im:) systemS(F%. 2)5 an_d thng Cc;a(l;tl)_'rgted against the isotopologue &DS analyser located at Teide peak and for
aboratory Standards using t measurement _ ~5 \pIR anlyser located a8CQ

systems. The system used to filkhigh-pressureylinders

_— . D»/  Checkvalve
[‘iﬁlrqumde . 05 bar
Plg Precision vaive vao vaz 31 s
kg Shutoffvaive plg plg bd
oot Pressure Ragutor Automatic Filling (™
Station
Safety valve
YN 2-ways electrovalve Fi4 F15 Fi6
DX—Z 3-ways electrovalve .
Ambient air Alr compressed flow X—‘ vat” :oz;z
suction
Al suction flow
0-6 bar 0.8 bar
o p pr Ko
PL s11g g s13 Redustor
¢ B8S1-50-8-3
Filter 5u Evp 41 Evp 43
R21 R31
EVO1 13 E ar 10 bar
{to PLC) Back pressure N : —=
regulator andensate a2 -l e + -
103 Bar _QRr1o separator PT > SR a1
- o R eaue iy~
cvz0 GV10, Evp13 0-250 bar v 22 lule
plaph bl toPLC) Standard Air 200-10-10
V20 10 with CO2 -

EV02 (1o
PLC) I:,B Rz
Sp=205bar =137 bar 1 bar
2 E (To Waterbay)
L]
 —
5 cndensate
A
T—T—_
< %
X

i .ll. 'l'
Gil free three stages air ¥ Oll free three stages air ha (6xB50) | . s
compresor EVp21 compresor Evp1i Bleed electrovalves Air with 0% Al with 5%
02and CO €O2 Trace

EVp22 Evp12 [
(1oPLC) (1o PLE) Trace Gas 2 Gas 1

Figure 3.5. In situ system used to produce working standards containing natural a@t 1zafia Observatory.

3.1.3 Central Gas Supply System 95% Ar 5% CH; (used as carrier gas for tB®-ECD), and
H: (used as ambustible in the FIDs)'he HO isotopologue
CRDSanalysellocated at Teide peak has dwn dedicated

high purity N> supply.

There is agas central facility located othe 1ZO tower
ground floor for supplyingsupportgases to the different
instruments. This central facility supplies high puritys N
(used as carrier gas for the &Ds, and for the 1IZO O Additionally, other gases (provided By Liquide) are used
isotopologue Cavity RingDown Spgectroscopy (CRDS  at 1IZO: high purity CQ for the calibration of araerosol
analysey, synthetic air (used as oxidizer in the FIDs, amephelometer, high purity 20 for FTIR instrumental line
carrier gas in the GRGD, as carrier gas in the IZO,®  shape monitoring, liquid No cryocool the FTIR detectors,
isotopologue CRD@&nalyseyand as diluting air used in the and calibrated conotrated gas standards in (4 ppm NO,
calibrations of the reactive gas instrumen®9,9995% @ 10 ppm NO, 1 ppm S£and 2 ppm COjor the calibration
(used for @@ generation in the CraNGKk analyzer), of the instrumers of the reactive gasprogramme.
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3.1.4 Aerosol Flters Laboratory

The Aerosol FiltersLaboratoryat 1ZOis equipped with 8 The new FTIR IFS 125HR spectrometer was installed in
autocalibration microbalancéMettler Toledo XS105DY  August 2022 at IZQ@Fig. 3.8)in order to replace theurrent
with a resolution of 0.0ing, a set of standard weights, andinstrument §ee Section 7 for more details).

an oven that reaches 300. Fiters are weigbkd following
the requirements of th&/NE-EN-123412015 standards.
This filter weighing procedre is used for deternation of
concentrations of PAM, PM.s and PM by means b
standardized methodsyithin a methacrylate chamber,
which also contains the balance used for weigthiegjiters

(Fig. 3.6.

Figure 3.8. Installation of the FTIR IFS 125HR at IZO in
August 2022

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 2021-2022

In 2022 a new laboratoryvascompleted to house thew
FTIR IFS 125HR spectrometéFig. 3.7)

Figure 3.9. Images of 1ZO Instrument terrace and techrical
tower.

Figure 3.7. NewFTIR laboratory at IZO, in August 2022
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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 3.11. Image of SCOinstrument terrace.

3.2.1 The Ozonesondé.aboratory

Science Pump Corporation (SPC) Electrochemical
Concentration Cell (ECC) ozone sensors (m&eC-6A)

are used in the IARC Ozonesonde Programme. Ozonesonde
conditioning and prdlight preparation igperformed at the
Ozonesond&aboratory at SCO.

A SPC TSE1 Ozonizer/Test Unit wassed for ozonesonde
preparation since 1992. The ozonizer was chafareanew
Figure 3.10. Images of Santa Cruz Observatory (SCO). instrument (ENSCI KTU3)in the beginning of 2022. This

This observatoryhas two main objectives: 1p tprovide ~Unit has been designed for conditioning of ECC
information @ background urban pollutiorio support ozonesondes with ozone, and for checking the performance

atmospheric research ataistudy contribution of thiong- of the sondes prior to balloon release. The new KTU3 allows
range pollution transport driveryltrade winds or Sahara 0 measure the ECC celliwent, down to 0.001 pA, and
dust outbreakson local air qualityand 2) o perform  US€S syntétic air (ozone free air) and .8/ lamp to produce

complementary measuremerb those aiZO. The IARC high concentrations ofzmne. The sensing solution used in
headquartermclude the folloving facilities the ECC sonde is prepared inside a hood in which ambient

air is passed through an active charcoal filtepurify the
1 A laboratory for reactive gaseseasurementsurface air.
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 intake.

The volumetric flow 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
and b corrected for temperature and humid®n the day

of release, the EGBA ozonesonde is checked for proper
operation, filled with the sensing solution and the
background currentmeasured The ECC sonde is
transported to the BotanicObservatory ozonesonde
launching station (30 km distance) where-fanench tests
are performed
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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- Oct | Chemiluminescence Thermo 42T la
2019
O3, NO;,, CO, PMs, PMyg | Mar 2017- Sept | Vaisala AirQuality SensoiAQT420 la
2021
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 MarklI#033 ~30n
SOG; Oct 2000 Brewer MarklI#033 ~300
Column aerosols
AOD and Angstrom at Jul 2004 CIMEL CE318 sun photometer ~ 15
340, 380, 440, 500, 675,
870, 936, 1020 nm
Fine/Coarse AOD Jul 2004 CIMEL CE318 sun photometer ~ 151
Vertical Backscatter Nov 2005 Micro Pulse Lidar MPL-3, SES Inc., USA | 1la
extinction@523 nm, May 2018 (co-managed with INTAfWww.inta.e3)
clouds alt. and thickness
Vertical Backscatter May 2018 Micro Pulse Lidar MPLE4B, provided by | 1a
extinction @532 nm, NASA Goddard Space Flight Center
clouds alt. andhickness MPLNET
(with depolarizariop
Vertical backscatter Jan 201iMay Vaisala Cl:51 Ceilometer 16"
extinction, AOD profiles 2015
@910 nmand clouds Jun 2015 Vaisala Cl-51 Ceilometer 36"
altitude
First Aerosol Layer and | Aug 2016 Vaisala CL:51 Ceilometer 60
Mixing LayerHeight
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| 1a
by the AEMETO6s Spe
Service at the nearby Met Centre)
Global andDiffuse Jun 2021 SPN1 Sunshine Pyranometer la
Radiation
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trap (Lanzoni S.r.L.).

Parameter Start date Present Instrument Data Frequency
Water Vapour
PWV Total Column and | Dec 1963 Vaisala RS4l1aunched at Guimar Daily at 00 and 12 UTC
Profiles for 13 layers from automatic radiosonde station (WMO
sea levelp to~12 km of GRUAN station #60018) (managed by th
altitude Meteorological Centre of Santa Cruz de
Tenerife)
Precipitable Water Vapou| Mar 2003 CIMEL CE318 sun photometer ~ 15
(PWV)
PWV July 2008 GPS/GLONASS LEICA GR50 15g(ultra-rapid orbits)
satellite grounebasedeceiver
PWYV (total column) over | Jun 2014 1 SIELTEC Sky Temperature Sensor Every 3@during the
SCO when cloudless skie (infrared thermometeprototype) complete day
Cloud base heights when
cloudy skies over SCO
Water vapour May 2019 Picarro L2126l GD andi180 Analyser Continuous (8
i sotopol oguce
i180)
Meteorology’
Vertical profiles of T, RH, | Dec 1963 RS4H#GPS radiosondes launched at Daily at 00 and 12 UT(
P, wind direction and Guimar automatic radiosonde station
speed, from sea level to (WMO GRUAN station #60018)
~30 kmaltitude (managed by the Meteorological Centre
Santa Cruz de Tenerife)
Temperature Jan 2002 VAISALA HMP45C la
Relativehumidity 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 (1

resolution)

* Meteorological d&a from Santa Cruz de Tenerife Meteorological Cengadiquartersl 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. 3.12). BTO is hosted by the Canary Institute of S
Agricultural Research(ICIA). The Botanic Observatory ‘ )
includes the following facilities:

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

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

In addition to thevozonesonde measuremgrthere 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)
satellite grounebased receiver

Meteorology

Temperature Oct 2010 VAISALA F1730001 la
Relative humidity Oct 2010 VAISALA F1730001 la
Wind direction and speed| Oct 2010 VAISALA WMT702 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 SC@ldZ0O allowsus
to study the variationf global radiation, UVB and Aerosol
Optical Depth (AOD) from sea level to 355/ a.s.l.In

addition toradiation and aeroseheasuremest there is a
meteorological statiorand 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 sun photometer ~ 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 1la
radiation
Water vapour
Water vapour June 2013 | Picarro L2120 UD andi*0 analyser 204
isotopologueg U D an
i'%0)
Precipitable Water Vapou| Feb 2020 | GPS/GLONASS TRIMBLE NETR9 15¢(ultra-rapid orbit3
satellite grounebasedreceiver
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 Observatoryamicrowave

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 sameuilling, and to thelzafia
hosting server computers devoted to different automatic arfdbservatory — through a fib optic ~connection,
continuous  tasks (Network-Attached ~Storage (NAS), ~ approximately km long, with 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 2020_ bY 'tSN mcorEo;atlog m_toh t;e Add:\s\lnced operation and maintenancé IARC facilities, equipment,
NOOT/?L'”'C&“O”S etwork for Spanis esearéRIS instrumentatin, communications and computing facilities
network. are made by the 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 . L
with the rest ofnternational academic networksspecially Enrique Reye¢AEMET:; IT developmenspecialis)
the Portuguese academic aresearch networks and the NéstorCastro(AEMET: 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 modebncepcion Bayo (AEME TMeteorologicalObserver
based on capacity rentsRedIRISNOVA connects more  GAw Technician)

than 50 Points of Presence with each other, making uP\ﬂrgiIio Carrefio (AEMET:MeteorologicalObserver
mesh network on which the RedIRIS IP Trunk Network an(bAW Technician)

the regional networks arfa deployed. This network for andida Hernéndez (AEMEMeteorologicalObserver
research allows collaboration between researchers and t

) . ‘?AW Technician)
deployment of nexdgeneration services. ) i )
Antonio Alcantara (AEMET; Meteorological Observer

IARC is the only AEMET unit that hasRIS NOVA  GAW Technician)
Network communications due to its status as a research
center.
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4 Greenhouse Gases and Carbon
Cycle

4.1 Main Scientific Goals

The Greenhouse Gases and Carbon Cycle programr
conducted by ARC supports two independent -situ
greenhouse gases (GHG) measurement stations, the G'Afyl\ﬁure 4.1. Front and rear view of the Los Gatos Research
station and the ICOS station. The new ICOS station has be@rGRr) CO/N20 analyser at Izafia Observatory.

in development during the years 2062022 (see Section 20
for more details)The main goal of the GAW stan is to
carry out highly accurate continuoussitu measurements
of longlived GHG in the atmosphere at 1ZO in order to
contribute to the WMO/GAW programme, following the
GAW recommendations and guidelines. Additional goal
are: 1) to study with precisin the longterm evolution of the
GHGs in the atmosphere, as well as their daily, seasonal a
inter-annual variability; 2) To incorporate continuously
technical instrumental improvements and new dataj
evaluation and calibration methodologies in order tluce
uncertainty and improve the accuracy of the GHG §
measurements; 3) to carry out research to study th
processes that control the variability dodg-term changes
of the GHGs in the atmosphere; and 4) to contribute to
international research and its domentation via
recommendations and guidelines.

Additionally, weekly discrete flask samples have been
collectedat 1ZO for the National Oceanic and Atmospheric
AdministrationEarth SystenResearch Laboratoi@lobal
Monitoring LaboratoryCarbon Cycle Greenhouse Gases
Group (NOAA-ESRL-GML CCGQ Cooperative Air
%ampling Network(since 199). Weekly discreteflask
sample are collectect 1IZO and subsequelgt shippedto
AA-ESRL-GML.

In addition,there has beea growing demand to provide
reliable neareattime GHG data for data dsslation by
atmospheric modelsto exchange data with the remote
sensing community, and to inform policy makesisice
GHG information is now ambject of great social interest Figure 4.2. 120 Gas Chromatograph measurement system for
and great media impacBuch data exchange requiras N0 and Sk.

enormous effort andepresents technical challengasit  The ajr inside the flasks has been measured fdotiosving
calls for acombiration ofthe classic evaluation of very gag speciemole fractions: 1) C@ CHs, CO, and H since
precise background data fask that can take at least 6 1991: NO and SE since 1997 (NOAA/ESRL/GM
months) with the delivery of data of an acceptable qualittcgG); 2) Isotopic ratios Carbek8/Carborl2 and
and minimally validated withirhours or minutes of being oxygen18/0xygen16 in carbon dioxide since 1991
obtained.As an examfe, IARC agreed with the Canary (NSTAAR Stable Isotope Lab)3) Methyl chloide,
IslandsGovernmentto provide datdrom Izafia as a new penzene, toluene, ethane, etbe propane, propene; i
station in the Canary Islands Air Quality Control andpytane, rbutane, ipentane, fpentane, thexane and

Surveillance Network. Among many other data, rreat isoprenewere measured fro@006to 2018(INSTAAR).
time measurements of COken with GHG analyzers are

provided. Two-week integrated samples of atmospheric carbon
dioxide havealsobeen collected for Heaberg University
4.2 Measurement Programme (Institute of Environmental Physic€arbon Cycle Group

since 1984 to measure ttadiocarbor(*‘C) isotopic ratio in
Table 4.1 gives details of the-situ analysers (owned by carpon dioxide These data are part af cooperative CO
AEMET) at 1ZO used for measuring atmosphericbackground air sampling network for highecision‘C
greenhouse gases for the GAW programme, and somgalysis in the Heidelberg Radiocarbon laboratang are
details about the measurement schemes. Detailsofthe it j | j zed to study gl oCaCD, and |

situ measurement sgshs and data processing can be foundynich provide constraints fdfC-free fossil CQ emission
in GomezPelaez et al. (2012, 2013, 2014, 2016 and 2019nanges on botglobal and regional scaldLevin et al.,

Additional information can be found in the last IZO GHG 2022). The data have also been utilized in various carbon
GAW scientific audit reports: Scheel (2009), Zellweger e'i::ycle modelling activities (e.g. Graven et al., 2017).
al. (2009, 2015 and 2020).
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Table 4.1. Atmospheric greenhouse gass measured in situ at 1IZO andneasurement methodsind analysersused

Gases Start Method | Model Ambient air Reference gas/es Status
Date measurement | calibration frequency
period
CO; 1984 NDIR SiemendJltramat3 | 10s Biweekly using 4S Retired
CO; 2007 NDIR Licor 6252 1ls Biweekly using 4S Retired
CO; 2008 NDIR Licor 7000 1ls Biweekly using 4S Active
CHa 1984 GC-FID | Dani 3800 30 min Biweekly using 25 Retired
CHa 2007 GC-FID | Varian3800 15 min Biweekly using 2S5 Retired
N2O, Sk 2007 GC-ECD | Varian 3800 15 min Biweekly using 55 Retired
CO 2008 GC-RGD | Trace Analytical 20 min Biweekly using 55 Retired
RGA-3
CO,, CH4, CO | 2015 CRDS Picarro G2401 2s Monthly using 4S Active
N20, CO 2018 LGR LGR N20CM913 4s Monthly using 4S Active
N20O, Sk 2021 GC-ECD | Agilent 8890 15 min Monthly using 4 S Active

Nondispersre Infraredsensor KIDIR), Laboratory Standards), Gas Chromatograph¥sC), Flame lonization Btector(FID), Electron
Capture 2tector(ECD), Reduction Gas Analys¢RGD), Cavity RingDown Spectroscopy (CRDS)ps Gatos Resear¢hGR)

measurement precision while maintaining the;ON
4.3 Summary of remarkable activities measuement performance.

during the period 20212022 The CH, N;O, Sk and CO time series at IZO are shown in

This programme has continued performiugtinuous high ~ Fig. 4.4. All the collected data are used for analysis and
qua“ty greenhouse gas measurements and annua"'y/estigation of the carbon CyCle and Understanding of the
submitting the data to the WMO GAW World Data Centrerole of anthropogenic and natural factors that control GHG
for Greenhouse Gases/DCGG), where data arpublicly ~ variability. The curve fitting methods applied to the 1ZO
available,as well asincluded in thedata summaries (e.g., time series are those used by NOAA/ESRL/GML (Thoning
WDCGG, 2@2). The WMO GAW CO; calibration scale etal., 1989).

(WMO-CO,-X2007) has beenrevised andupdated to
WMO-CO,-X2019(Hall et al., 2021). All the 1ZO C¢&data
since 2007 have been reprocessed to adapt them to the
scale.

IARC has also continued contributing to the data products
GLOBALVIEW and OBSPACK led by NOAAESRL-
"EWIL cCGG (e.g.Schuldt et al.2022; 2023. ICOS ERIC

has developed a similar product, the European atmospheric
The complete C@time series is shown in Fig. 4.3. The CO: and CH Mole Fraction data product (Apadula et al.,
averagegrowth rate of C@throughout the period (1985 2022). IARC has contributed as well to this datapdation
2022) is approximately 1.9 ppm/yr. However, the increasY providing its longterm CO, andCH, data series.

I O 13 accecrang, andin ihe penod20l52022 1t 1S . IARC-AEMET participated in thd'th WMO/IAEA Round
about 2.5 ppm/yr, significaly higher than the value of 1, Robin Comparison Experimenivhose primary goal is to

ppm/yr which was recorded at the beginning of the, CO . L . .
) ) assess the level to which participating laboratories maintain
measurements at 120 the period19851993(see Section . i .
their link to the WMO mole fractioscales using normal

4.3.1 for more details) operating procedures. The test consisted of measuring the

The Varian 3800 gadromatograph (GC) was retired in €Oz CHs, CO, NO and SEmole fractions of two cylinders
July 2021 and replaced by an Agilent 8890 GC. The newith compressed air using the GHG analyzers installed in
system is based on the @CTD threecolumn method [ZO. The ®esults of the xperiment are not yet published.
described in Hall et al. (2011), capable of improving the SF
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As part of thamplementatiorof the new ICOS station, two The monthly series of 1IZO and MLBothdemonstrate the
newgasanalyzers were purchased and put into operation, @0, seasonal variatiandriven by the respiration cycle of
Picarro G2401 and a LGR 9@D15 (see Section 20 for the vegetdon in the northern hemispherdte annual C®

more details). maximum occurs in spring, between end of April and

: o beginning of May.
The Greenhouse Gasagoup contributed toactivities

carried out by IARGAEMET during the 2021 La Palma The amplitude of the seasonal £€ycle slightly diffes
volcanic eruption Personnel from the group aideéde between thebservatories, as shown in the zoonmredetail
emergency deployment in La Palma andasurementsy  of Fig. 45. ThelZO measurementshowa slightly greater
Tenerife azafia Obsrvatory recordethe direct impact of seasonahmplitude than MLQynesdue to its locatiombaut
the volcaniceruption cawsing the conaatrations of gases 8° latitude further ndh; it is known that C@concentration
such asCO, and CO to exceed, by several orders ofhasa latitudinal gradienDespite the sesonal cyclatboth
magnitude, the values of these gases under usustations beingslightly different, the deseasonalized data
background conditions at IZ&ee $ction 23.7.Zor more  seies overlap as shown in Figuré&4.
detalls. Table4.2 shows the mean annual increases in &@luded
431 Companson Wlth Mauna Loa Observatory fOI’ diﬁerent periodsat 1ZO and MLO Measurements at
data series both stationglemonstraténow themean annual increasé
CQO; in the atmosphere is acceleratingn the 1980s the
The CO; long-term data series from IZO can be comparedyyerage annual increase in the backgrauntt fractionof
with the NOAA Mauna Loa ObservatofMLO) (Hawalii, CO, was approximately 1.3 ppm/yedn the 20152022
USA) measurementéigure 4.5). Both observatories are periodit is about2.5 ppm/yeatTable 4.2)
one of 3 GAW Global stationsdee Fig. 2.1), and apart
of a small group of high mountaistations that are Table 4.2. Mean ann_ual increase in backgroynd C@ _mole
representative of background free troposphere condltlongacnzn (ppmiyear) in 1ZO and MLO for different time
and specifically of the subtropical region. S

When th thly Ganole fract ¢ both Period studied | IZO (ppm/yr) | MLO (ppm/yr)
en the average monthly ole fractiors of bo .

stations, separated from each other by more than 13,000 k %986 1993 1.28+0.02 1.37+0.02
are comparedhe datasts largelyoverlap (Figuret.5). This 19942003 2.00+0.02 1.90£0.01

is a consequence of both statiangasuring very clean air | 20042014 2.05+0.02 2.07+0.01
masses, normally coming from the middle layers of the 20152022 247+ 0.02 249+ 0.02

troposphere, and the fact that £X@s a very long lifégime,
which allows it to mixwell throughout th@tmosphere.
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Figure 4.5. Mean monthly CO2 mole fraction (ppm) measured at Izafia (red) and Mauna Loa (black) Observatories under
background conditions and seasonally fitted data (blue and green, respectively) for each station. In the zoomed imageit be
seen how the seasonal cycle of IZO has a slightly greater amplitude and a slight lag with respect to that of MLO.
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5 Reactive Gasesnd Ozonesondes

5.1 Main Scientific Goals

The main scientific objectivesf this prograrmeare:

1 Longterm high-quality observationsand analysis of

tropospheric @in boththe free tropospheréFT) and
the Marine Boundary LayefMBL).

1 Longterm high-quality observations ofeactive gases

(CO, NQ, SO) 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 anavildfire pollution from
North America.

1 Study of the impact ofmineraldust and water vapour

on tropospheric ©

1 Characterization of the vertical profile of ozone in

subtropicalatitudes.
1 Analysis and characterization of
Tropospherd.ower Stratospher@JTLS).
1 Analysis of
processes.

the

5.2 Measurement Programme

The measurement programme of reactive ga®gs(O,
NO, andSQ,) includes longterm observations at IZ(Fig.
5.1), SCO and BTO (sed@ables3.2, 3.4 and 3)and
ozonesonde vertical profilest Tenerife (now at BTQ)In
addition, IARC (throughAEMET and INTA) hasa long-

term collaboration withthe Argentinian Meteorological

Service (SMN)and in the frameworkf this collaboration
ozone vertical profiles are measured Wddhuaia GAW

Global station (Agentina) Surface @ measurements

started in 198, CO in 2004, and SO and NQ
measurements were implementsidce 2006 at 1Z0. At

SCO, surface ©measurements started in 2001, and CO

SO, and NQ programmes were also implementsitice
2006.

120

Upper

StatosphereTroposphere  Exchange Figure 5.1. Sample inletfor reactive gasmeasurements

located on top of the Izafia Observatory technical tower in

front of the Teide volcano.

Details ofthe reactive gsesand @onesondemeasurement
programne are described in Gzéalez (2012) and Cuevas et
al. (2013).

5.2.1 Reactive gases

The surface ozone measurement programme is developed
within the framework of the WMO/GAW for the
measurement of reactive gases, and its main objectives are
high-quality monitoringof surface ozone, as well as other
reactive gases, under background conditions in the free
atmosphere at 1ZO, and the analysis of chemical and
transport processethat impact @ levels. The almost
uninterrupted 3§/ear time series of siace Q at 1Z0 is
Shown in Fig. 5.2

100 4
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40 4

Surface Ozone (ppb)
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Figure 5.2. Long-term daily (night period) surface Oz at 120 (1987-2022).
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Surface ozone is measured with two ozone analym@®s  During the May 2019 audibe three 1ZO analyse(SEI 49i

and auxiliary, which are measuring simultaneously. A third#1153030026TEI 49C #72491371 and#62900337) and
reserve analyzer is used in case any of the two operatiorthkeprimary ozone standard (TEI 49S#56085306) were
analyzers have a problem. All analyzers determine theompared against the WGEmpa travelling standard (TS)
ozone mixing ratio by UV absorption; this is the with traceability to a Standard Reference Photometer (SRP).
recommended measurement te@igue for analyzers which Good agreement between the WE@pa travelling

are part of the GAWProgramme (WMO, 2013). The main instument and the 1ZO calibrator was found, which
analyzer belongs to the new series of Thermo Scientific 4%ionfirms the validity of the last calibration made at Empa in
analyzers, and the other two (auxiliary and reserve) belor2017. The ozone analysers were all in agreement within 1
to the old series of Thermo Scientific 49C analyzers. Alppb at the relevant mole fraction range frorl(D ppb
analyzers are compared every three months with the IARGzone (Fig. 5.4), which confirms thhequality controland
primary ozone standard (Thermo Scientific 498, since maintenancemade periodically in 1ZO are appropriate.
August 2008) (Figure 5.3), which has previously been

calibrated against a refereriostrumen({SRP#15from the Nl AR
World Calibration Centre for Surface Ozone, Carbor
Monoxide, Methane and Carbon DioxiqgVMO/WCC- e o

Empa) to check if theras any drift in the instrumentd he
error must be less than 1% @asurethat theanalyzerhas
not changed andherefore maintains the WGCEmpa
calibration

b
2o

|4 - reference value] (ppb)
a

o = 100 150 200

Reference vake (pph)

Figure 54. Bias of the 1ZO ozone analyser (TEl 49i
#1153030026, principal analyser) with respect to the SRP as a
function of mole fraction. Each point represents the average of
the last five minute values at a given level. The green area
corresponds to the relevantnole fraction range, while theData
Quality Objectives (DQOs) are indicated with green lines. The
dashed lines about the regression lines are the Working
Hotelling 95% confidence bands (WMO, 2020).

On the other hand, the WG&Empa 2019 audit noted that the
C-series instruments (TEI 49C) are reaching the end of their
lifetime and these instruments should be replaced. During
2022, two TEI 49i analysers and a 4% primary ozone
standard have beemughased. Both sets ahalyseravere
operatingin parallelto ensure consistent datasets. The new
Figure 5.3. Ozone analysers (TEI 49i and two TEI 49C in the instrumentgeplacel the old 49Cseries analysers, ontiee

rack) at Izafia Observatory: comparison of the analysers with  WCC-Empaaudit was completeith June 2023
primary ozone standard (TEI 49GPS).

NOx and SQ instruments at 1IZQisually operatéelow the
detection limit (50 ppt) during the nigtime period when
we can ensure background conditiortdowever, these
measurements areuite useful for studies of local or
regional pollution during daytime, when concentrations are
modulated by valleynountain breeze, andhelp to
understandhe impact of regional pollution and of long
range transport of pollutioon the background atmosphere
The surface; programme at 1ZO has been audited by the~or example, high concentrations of S&kere measured in
WCC-Empain 1996, 1998, 2000, 2004, 2002013 and 1ZO at the end of 2021, during episodes of transpothef
2019 The most recenaudit tookplace in June 2023l volcanic plume associated with the eruptiorttee idand of
Empas audit reports are availablén the link La Palma (see Section &% more details).
https:/ivww.empa.ch/web/s503/weempa

In addition, allanalyzersandtheir 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 the quality
and continuity ofozone measurements required the
GAW Programme
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In order toensure ontinuity to the NOx measurement 2011) since it is a more selective method, avoiding the
programmaeat|Z0O, to improve the quality of measurements overestimation of N@ by preventing other nitrogen

and increas precision, the EcoPhysidcCraNOX Il analyzer compounds in the air fronbeing transforned into NO

was acquired, as part o f durindh the ppocessj €he tair JHdEps uriagiated inta f or
Monitoring and Research from the Global Atmospherigohotolytic cell and a fraction of the NG@s converted into

Watch station at lzafla (Tenerifepf Atmospheric NO, depending on an efficiency factor related to the
Parameters and Components that modulate Climaaedeh intensity and type of lamp, e.g. mercury or xenon arc lamp

( MI CA) 0 (-®BAIBP)0Thdnfrastructure project or UV-LEDs.

was appreed at the end of 2018, and thew equipnent ) ) . .
was installed in Octob&020 (Fig. 5.5 The CraNOx Il installed in the Izafia Observatooynplies

with GAW recommendations in terms of measurement
technique, precision and detection limit for the
measurement of NO and N@nderbackground conditions
(WMO, 2011 and 2017). It is a compact instrument
consisting of a double £CLD detector for the
simultaneous measurement of NO and N®ith a pre
chamber, to minimise interference due to the reaction of
ozone with other compounds present in the air, and uses a
photolytic converter with a metal halide lamp (200W). For
the ozone required in the s@LD chemiluminescence
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
Figure 5.5. EcoPhysics CraNOXx Il analyser at the Izafia the @ molecules down into more unstable atoms, which
Observatory. recombine to form ozone. Thanks to this design, the
analyser allows the measurement of NO and, N®le
gctiors < 25 ppt, with greastability and precision (Fig

CO is measured with high accuracy at 1ZO by the
Greenhouse Gases and Carbon Cycle Programmfé
following the GAW recommendations (see Sectioifod
more details). Cneasurements aedsoperformedat SCO
with the nondispersive IR absorption techniqaed are
utilized for air quality research.

Flow diagram

fier dper

e =T
ozoe genenor J AT housing purge
A =7t

oxygen inlef : I] p
5.2.2 CraNOx Il analyzer peswt e J L o

feqion chamber

>
ozong festictors L

NOx-
reacton chamber

The CraNOx analyser is a higierformance devicbased s s Erd
on a chemiluminescence detieet principle (Os-CLD,
Ozone Chemiluminescence Detection), which detects Nt

directly and NQ after converting it into NOwith a oo Wg
photolytic converter (PLCRhotolyticConverter). This NO e s s
measurement technique is recommended by GAW at i e B }

ozone scrubber

NOx measurement stations (WMO, 2011 and 2017) given it
reliability, linearity and proven reproducibility in a wide
range of conditions. Thiechnique consists of enriching the
air samplewhose concentration of NO is to be studigidh ~ Figure 5.6. Flow diagram of the EcoPhysics CraNOx II
Os, which produces a set of reactions resulting in th https://www.ecophysics.com/environmental/supreme

. - ; ine/cranox-iif).
generation of N@and release of radiation proportional to

the initial concentration of NO. This radiation is measured’he CraNOx II also incorporates an internal calibration
using a photomultiplier tube (PMTwith a signal module that allows the automatic verification/calibration of

proportional taNO in the initial sample. the analyser: N&ero (synthetic air with zero N@ole
fraction), NOspan (measurement of a knodilute amount

In orderto obtain the concentration of N@ the sample, of NO) and efficiency of the PLC converteFhe tigh

all the NG must first be converted into NGnd then  gegree of instrument automatiahways allows control of

subsequentlythe same direct NO measurement process ioth the quality of the measurent and of the equipment

repeated with the £CLD detector. There are several jtself. The CraNOx Il is copleted with an internal £

methods to produce NGrom NO, e.g. using a photolytic analyzer, by UV photometric absorption, which measures

converter or a heated molybdenum coreerAt GAW o, mole fractionof the air sample simultaneously with the

stations, photolytic conversion is recommended (WMONQ and NQ measurements, which will allow the detailed

ocwm pump

fiter

bypass regulator
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study of how the chemical reactions that connect these threzone profiles from thground to the burst level (generally

compounds occur under background conditionsbetween 30 and 35 km) with a resolution of about 10 metres.

Measurements of NOx (NO + NDfrom JanMay 2021 at A constant mixing ratio above burst level is assumed for the

1ZO are shown in Fig. 5.7. determination of the residual ozone if an altitude equivalent
to 17 hPa has been reached (VaiSn&ware).

Ozonesondes are checked before launch with a Ground Test
with Ozonizer/Test Unit ENSCI KTU3 (see Section 3.2.1).
The ECCozone sensor used is an electrochemical cell
consisting of two half cells, made of Teflon, which serve as
cathode and anodghambers, respectively. Both half cells
contain platinum mesh electrodes. They are immersed in a

NO, (ppb)

01 2 3 4 56

01/01/2021  01/02/2021 01/03/2021 01/04/2021 01/05/2021

Figure 5.7. 10-minute average of NQ mole fraction (ppb,

preliminary data) from January to May 2021 at 1ZO. Kl-solution, always with the same sensing solution type
_ (SST1.0: 1.0% KI & full pHbuffer). The two chambers are
5.2.3 30 years of Ozone soundings linked together by an ion bridge in orderpgmvide an ion

The geographical location of the island of Tenerife, at th@athway. Each ozone molecule reacts with the Ki releasing
subtropical limit of the North Atlantic, makes the vertical 2 electrons and the current generated between the two cells

ozone profiles measured in this region exceptignal is measured tprovidethe ozone content in the sampled air.

valuable, not only because the island is frequently located #he preparation and conditioning of the ozonesondes
the northern limit of the Hadley Cell, under the descendingonowSt he protocol established i

branch in which a subsidence regime prevails in the fre@p erating Procedures for Ozon
troposphere, but also due to the sitgirof stations in this 2013) and ASOPOS 2.0 (WMO, 2021).

region This makes Tenerife a privileged place for studying

the evolution of tropospherstratospheric ozone and for
analyzing the influence of the subtropical jet stream (STJ
on the stratosphetteoposphere exchange

With the support of WMO/GAW, the IARC Ozone
Saunding Programme began in November 1992. The firs
ozonesondwas launched od Novemberl992from Santa
Cruz Station (Fig. 5.9 upper paheAfter that first ozone
sounding, a weekly launch routine was established, evel
Wednesday, which has continuednterrupted to this day.
The frequency of ozone soundings is significantly increase
during intensive campaigns. In 2011 the launch site wa
changed tahe BTO (Fig. 5.8 and 5.9 lower papeThe
launch equipment and stations uskding these 30 years
arelisted in Table 5.1.

Figure 5.9. Preparation and launch of the ozonesonde from
Santa Cruz Station (upper panel, first soundings 1990s) and
Figure 5.8. Inflating the balloon with helium at BTO. BTO (lower panel, at the present).

The ozone soundings programme uses ECC sondes along
with a helium balloon (TOTEX TA 1200) to obtain the

28 lzafia Amospheric Research Center: 26122



Table 5.1. Ozonesonde Programme equipment usetliring different time periods and launch 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 present
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 2011 present
Oct 2010i Feb 2018: From BTO Station
VAISALA DigiCora MW31 (28.4N, 16.53W; 114ma.s.l)
Mar 2018i present:
VAISALA DigiCora MW41
RADIOSONDES:
Nov 1992 Oct 1997:
VAISALA RS80-15NE (Omega wind data)
Oct 1997 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
5.3 Summary of remarkable results during 5.3.2 World Data Center for Reactive Gases
the period 2021-2022 (WDCRG)

5.3.1 Software for the evaluation of reactive gases The World .D ata Center fo.r Reactl\{e GaseCRO) s the
data (Os, NOy, SO, CO) data repository _and archive for otiae gases of the GAW
' Programmeand is managed hiyne Norwegian Institute for
The software for reactive gases data evaluatiwas Air ResearchNILU). The WDCRG was establisheoh 1
developed during 2015 and 201#nd is improved each  January2016 and toolover the responsibilitjor RG data
year This software makes it possible to carry ahe  archiving from the Japan Meteorological Agencwhich
evaluation and procesg of the data othereactive gases continue to host the World Data Centfer Greenhouse
programme (surface HNCO, SGQ and CO).The software Gases (WDCGG)Some of the reactive gases hosted at
works ina web environment that facilitates consultationsWWDCRG are S@ oxidized nitrogen species, surfaceand
with the database and data processing. VOCs.Wedeveloped the necessary software to edit surface
. Os data in theEBAS NASA-Amesformat requied by the
The raw data of the TEI aqalygers are acquired by a CR10Q0pCcRaG. Hourly surface ©data from 204 to 22 have
Campbel_l datalogger, which '”te"ogates each |n§trumerg)teen submitteddirectly to WDCRG (http://ebas.nilu.no)
every minute. The data are amatically stored in @ 504 q data from 1987 to 201Bave beertransferredrom

database; zeros, span and calibration coefficients of tha. \wpcGG to WDCRG in the BAS format. Monthly
analysers are also recorded. No’md NQ data from the averagevaluesof surface @ datafor 1987to 22 at 12O
CraNOxIl are also stored in the same database. Thg o shown in Fig. 5.10

software uses all this information to process data
automatically and it allows us to choose the desired
component to evaluate and visualize its record along with
that of another component and/or together with the
meteorological information (temperature, relative
humidity, pressure and wind). The softwéees an optio to
downloadthe processed data in th8 &S format
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Figure 5.10. Surface ozonemean seasonal cycléom 1987 to

2022 at 1ZO.

5.3.3 Network for the Detection of Atmospheric
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as sonde type or sensing solution strength) or processing

changes to reduce the uncertainty (from2@b down to b
10%), and to provide an uncdrty estimate for every
single ozone partial pressure measurement in the profile.

In this context, some sounding stations (Figure 5.12),
one of them being the 1ZO station, were selected to be
involved in the homogenization process, following the
AGuii dhels f or Homogeni zati on
(Smit et al., 2012) prepared by the GB®A panel
members and the new WMGAW report No. 268 (Annex

C & D) (WMO, 2021). The reprocessing carried fautlZO
station is being supervised by Dr H. Smit (FZJ, Geyhan
leader of the O3®QA panel, and Dr R. Van Malderen
(KMI, Belgium).

0

In 2004,thelzafia Atmospheric Research Center joined the

Network for the Detection of Atmospheric Composition
Change and began routinely archivihg ozonesondeata

into the NDACC database; in addition, all the ozonesond

records since 1995 were uploaded to the NQA& this
time. Ozonesondelataarchivedin the NDACC database
must meetcertain quality criteria Currently 926 of the
ozone soundings performed in the period 192082 are
available in the NDACC database (Figure 5.1}.
Ozonesondealatafrom the early pedd (November 1992
1994) need to be reprocessed and reanalysed carefully.

Alll NDACC data is available at https://www
air.larc.nasa.gov/missis/ndacc/data.html  or  through
search tools available on thdDACC website At present
NDACC is working o the homogenization of the ozone

soundings of all NDACGstatiors 6 and implementation  Figure 5.12. Global map of around 60 active ozonesonde sites.

of a new data format.

Green dots mark the stations with homogenized data available

120

80

Ozone Soundings, IARC-AEMET
(1992-2022)
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at the HEGIFTOM ftp-server.

At present, the O3B®QA activity continues to support the
TOAR-I | Focus Wor ki ng
(Harmonization and Evaluation of Groubdsed
Instruments for Free Troposphef@zone Measurements).
(see Section 5.3.6 for more details). The homogenized O3S
data (HO3S) are available at th&elEGIFTOM ftp-server
(KMI - Datasetk

In our case, although there have not been any changes
ECC ozonesonde manufacturer (Vaisala ESRLT) or
changes in sensing solution type (STT 1.0% KI & full-pH

Group

Figure 5.11. Number of ozone soundings (O3S) since the
beginning of the programme and the number of ozonesonde
datasets recorded in the NDACC database that meet the
quality assurance criteria (19922022).

buffer) since the beginning the Ozonesonde Programme
(Nov 1992), some nomniformity in ozonesonde and data
processing could have occurred duritige programme

implementation period: changes in the ozonesonde type

5.3.4 Ozonesonde data bmogenizationactivity

An Ozonesonde Data Quality Assessment (OEFA)
activity was initiated in 201 to homogenize temporal and
spatial ozonesonde data records under the framework of the
SI2N (SPARC [Stratosphetteoposphere Processes And
their Role in Climate], 103C [International Ozone
Commi ssi on] and NDACC) in
the Vertia | Distribution
activity is to correct for biases related to instrumental (such
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of—DQ@zoneo.

(ECC5A, Nov.1992 to Sepl1997 and ECC6A, Sefd.997 to
present),

in the pump temperature measurement, in the

e ozone

residual.

The ai

background current, in the correction (temperature and
umidity) of the pumpléw or in the method of determining
All  this can
inhomogeneities inhe time series and may influence the
trends derlved from sucﬂhata dr%natlcally (Fég#re 5. 13)

lead to some

in

m of O3S
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Figure 5.13. Long-term Total Ozone Column with lzafia homogenized ozone sounding data (192022). A satellite ozone
climatology is used to determine the residual ozone from 10 hPa.

5.3.5 Tropospheric Ozone Trends: Impact of the

There are many studieshat have been published
quantifying the effect that the reduction in industrial,

Ocone Trends in the Free Troposphere (700-300 hPa) Since 1994 (Some Statins Have

600—300 hPa)

Different

Reference Years, and the TMF Lidar Trends are Limited io

COVID -19 Economic Downturn

Through 2019

Through

2020

Trend (+2-0)

pevalue

Trend (+2-0)

pvaluc

Edmonton
Kelowna/Port Hardy
Trinidad Head (THD)
Boulder

Table Mountain (TMF)
IAGOS (WNA)

commercial and transport activity has had on ther™®

ervironment, due to the impact of COWIDS, but a
complex analysis is required if we want to determine the=
effect that this crisis has had on the temporal trend ¢,
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De Bilt

enberg (HPB)
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tropospheric ozone on a regional scale. This is the purpo:
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synthesis for quantifying regional anomalies above wester
North Americaand Euroge ( Chang et al ..
addition to quantifying the impact that the reduction of

emissions in Europe and North America has had orfigure 5.14. Tropospheric ozone trend for the _periqd 1994
¢ heri P durin®02 | thod i 2019 and 19942020 for the analyzed oane sounding, lidar and
ropospheric ozone during02Q a novel method is IAGOS stations. The value of the trend and the uncertainty are

presented to merge ozone profiles from different stationgptained from the monthly averages and applying a linear
and measurement techniques, in order to determine thegression model. Reprinted from Chang et al. (2022).

regional anomalies of the trend of the vertaiatribution of carry out the analysis of the impact of COVID on the
tropospheric ozone in the period 198@20. For this, the ,h0spheric ozone trend at a regional scale, it is necessary
ozone soundings of more than 20 stations distribute) have not only a long time series of data, but also the
throughout the world have been analyzed, including 'Zaﬁ%ampling frequency must be high enough for the data to be
as well as ozone profiles measured by LIDARght oy recentative. In the case of ozone soundings, we find
Detection and Rangg) and by the IFService Aircraffora o rselves with the pblem that the frequency of launches is

Global Observing SysteftAGOS) program. usually low together with a high spatial dispersion of the

From the individual analysis of the tropospheric ozone tim&t@tions, to which the high variability of tropospheric ozone
series for each station, we see that before 20@0e are and the reduction of soundings during 2020 due to the
stations with both positive and negative trends, but wheflécrease in the operation of the statiareadded

including the tropospheric ozone data for 2020, they havg, order to solve the problem of dispersion and sampling
been affected by the decrease in the emission of Precurs@tsqauency Chang et al. 2022 presereda fusion method of

of ozone on a global scale due to COVID (Steinbrecht et \erical 0zone profiles obtained by various measurement
al., 2021) a decrease in positive trends is generally Observet@chniques (0zone soundings, LIDAR profiles and IAGOS
while negative trends become even more negative. Thus, H?ofiles) for two regions: Europe and western North
the case of Izafia, the trend prior to 2020 for tropesph  America. This method obtasd a monthly time series of
ozone (706800 hPa) is I+ 1.00) ppbidecade, and this ;one gistribution,with high vertical resolution, which

decreaseso 2.65 (+ 097) p/decade if we consider the 5)16\yedfor the analysis o&nomalies from surface to mid
profiles of ozone in 2020, which corresponds teduction stratosphere on a regional scale.

of 12% (Figure 5.14).

3.01 (+1.00)
054 (42.66) 069
0.75 (+1.45) 030

<001 265 (£0.97) <001 =i
0.5 (+2.45)

0.67 (+1.35) 032 -1

0.66 1
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The time series of fused ozone profiles feurope was production, this indicates that in the negative anomaly of
generated from 4600 ozone profiles over 27 years (1994 202Q the reduction at the global level of precurshas a
2020) which corresponds to an average sampling frequengyeater influencethan the atmospheric dynas itself

of 140 profiles/month. In the case of western North(Steinbrechet al, 2021)

America, to obtain the time series of fused ozprafiles

for that region, it was onlpossible touse 9,90 profiles 5.3.6 TOAR Il project

coveripg the .same period amﬂbtaiped from fourozone. As of February 2020, TOAR (Tropospheric Ozone
sounding stations, one LIDAR station and IAGOS profilesyqcassment Report: Global metrics for climate change,

from that region Also, because the stations Werep,man health and crop/ecosystem reseaketiyity of the
repr.e.sentauve of different environments (rural, urbaniiernational Global Atmospheric Chemistry Project
maritime, etc.), onlylata abve 700 hPawvere analysedin (IGAC), has entred its second phas&@AR-I1), thefirst

the case of western North Amercto eliminate 6  ohasavascompleted in 2019For further details selzafia
influence. Cata from the Tene®fozone soundings were not Activity Report20182020 (Qevas et al., 2032

used inChang et al. (20223s this studypnly analysedhe
regions ofEurope and western North America In the second phase, the goals of TOAR020-2024) are

m
c
=
o
o

1. TOAR Ozone Data Portal: Update the ozone
observations in the TOAR surface ozone database to
include all recent observations (since 2014), and
include data from new sites amdgions, as well as
ozone precursor and meteorological dafaevelop
methods for including historical data (pt875) and
create working links to repositories of free tropospheric
0zoneobservations.

2. TOAR publications: Exploit the new observational
dataets collected by Goal 1 (with data through 2020)
to provide an updated state of the scierslated to
ozoneds gl obal di stributior
climate, human health and vegetatioExtend the
statistical toolbox and metrics of the TOAR trend
aralyses

i 3. Involve scientists from the atmospheric sciences

community, as well as statisticians and scientists who

focus on broader issues of global change and
sustainability, to identify outstanding science questions

3 =
8 3
‘
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Figure 5.15. Detail of the mean vertical distribution of the
ozone normalized deviation (ND) for the merged time series of

Europe and western North America, for the period 2018020 in relation to tropospheric ozond.he range of topics
Data for western North Americaonly analysedabove 70CthPa. can be expanded beyond the scope of the original
Reprinted from Chang et al. (2022). TOAR effort to investigate the impacts of tropospheric
From the analysis of the ozone anomalies of the merged ©0zone on climate, human health and vegetation, and to
profiles of 2020 compared to the period 198419, an address urbascale issues in addition to the regional
averge anomaly of-3.60 (+1.75) ppbover Europe and and global scale.

-2.77 (+1.92)ppbis obtained over western North America, 4. Maximize &ploitation of the TOAR Surface Ozone
corresponding to a percent deviation-6f0 (+2.9) % and Database by, 1) helping scientists around the world,

-4.8 (£3.3) %, respectively. In addition, 2020 is the only ~ beyond the TOAR effort, to apply the database to new
year since 1994 where such an intense negative anomaly is analyses, and 2) exploring new data science methods to
observed simultaneously in the twegions. improve the analysis of global ozone trends and their

attribution.
Figure 5.15shows a detail of the 2042020 period of the

mean vertical distribution (1®Pa layers) of the ozone The TOARII virtual workshoporganizedin late January
normalized deviation (ND) over Europe and western Norttand early February 202lwas designed to gather the
America, where the merged ozoira¢ series for each layer community and develop the working groups that will
has beerdeseasonaed with the monthly climatological Produce the papers for the TOARCommunity Special
series and normalized with the standard deviation of eadfsue (the first step of the secofidopospheric Ozone
layer. The negative anomalytise strongest around July in Assessment Report), as well as identify new datasets for the
Europe, and somewhat weaker for western North Americ@ssessment of tropospheric ozone and its impact on climate,
In mid-latitudes, the tropospheric ozone nrawim occurs health and vegetatioithe working groups that were set up
around June, coinciding with a greater photochemical ozor@e® focussing on: Chemical Reanalysis East Asia
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https://igacproject.org/activities/TOAR/TOAR-II
http://igacproject.org/activities/TOAR/TOAR-I
http://igacproject.org/activities/TOAR/TOAR-I
https://igacproject.org/chemical-reanalysis-focus-working-group
https://igacproject.org/east-asia-focus-working-group

Harmonization and Evaluation of Ground Based
Instruments for Free Tropospheric Ozone Measurements

€2021AV000542,
2022.

https://doi.org/10.1029/2021AV000542,

(HEGIFTOM), Ozone over the OceandOzone and Cuevas, E., Gonzélez, Y., Régiiez, S., Guerra, J. C., Gémez

Precursors inthe Tropics (OPT) Radiative Forcing
Satellite OzongStatisticsandUrban Ozone

IARC participats in TOAR-Il within the HEGIFTOM
working group with a&rface ozone measurements,
ozoneondeprofiles and FTIR ozoneprofiles (for further
details refer to Section 7yhe HEGIFTOM working group
brings together different networks of growuihsed
instruments measuring free tropospheric ozone, not only to
strengthen, speed up, and expand existing activities of
harmonizatio of instruments, but also to compare Quality
Assurance/Quality Control (QA/QC) procedures and
reports, and harmonization effortetween the different
networks.

5.3.7 Contributions to the 2021 La Palma volcanic
eruption emergency response

The ReactiveGases grop contributed to activities carried
out by IARGAEMET during the P21 La Palma volcanic

Pelaez, A. J., AlonsBérez, S., Bustos, J., and Milford, C.:
Assessment of atmospheric processes driving ozone variations
in the subtropical North Atlantic free troposphere, Atmos.
Chem. Phys., 13, 197398, do0i:10.5194/313-19732013,
2013.

Cuevas, E., Milford, C., Barreto, A., Bustos, J. J., Garcia, O. E.,

Garcia, R. D., Marrero, C., Prats, N., Ramos, R., Redondas, A.,
Reyes, E., RivaSoriano, P. P., Romei@ampos, P. M.,
Torres, C. J., Schneider, M., Yela, M., Belmmni., Almansa,

F., LépezSolano, C., Basart, S., Werner, E., Rodriguez, S.,
Afonso, S., Alcantara, A., Alvarez, O., Bayo, C., Berjén, A,
Carrefio, V., Castro, N. J., Chinea, N., Cruz, A. M., Damas, M.,
GbémezTrueba, V., Gonzalez, Y., GuiradoFuentes, C.,
Hernandez, C., Ledhuis, S. F., LépeFernandez, R., Lopez
Solano, J., Parra, F., Pérez de la Puerta, J., Rodiialien,

M., Salamo, C., Santana, D., Saffiomas, F., Sepulveda, E.
and Serrano, A.: Izafia Atmospheric Research Center Activity
Report 2012020.(Eds. Cuevas, E., Milford, C. and Tarasova,
0.), State Meteorological Agency (AEMET), Madrid, Spain
and World Meteorological Organization, Geneva, Switzerland,
NIPO: 66622-0140, WMO/GAW Report No. 276,
https://doi.org/10.31978/6682-014-0, 2022.

eruption. In particu|ar§he groumontribuedto theCanary Garcia, 0., Suérez, D., Cuevas, E., Ramos, R., Barreto, Africa,

Islands Governmeninplementation of an emergency air
quality network with deployment of instrumentatioa t
measure in situ SOand Os in Tazacorte (La Palma),
measurements started on 24/9/2021 (for more details see
Garcia et al., 2022 and Section 23.4).

In addition,measurementan Tenerife at 1zafia Observatory
recordedepisodes oflirect impact of the volgdc eruption,
causing th&sO, concentration to increasky several orders
of magnitude, compared to S© values under usual
background contibns at 1ZQ As a consequence of the first
episode of very high levels of Sdrom the volcanic
eruption, recordedat 1ZO, IARC established an internal
operating procedure aimed at minimizing the health risks
associated with the presence of volcanic pollutisom this
emergency | ZO procedur e,
of volcanic pollution. Izafia AtmospheridCs e r v wads o M
publishal by AEMET (Prats et al., 202%¢ee Section 23.7
for more details

an

Subsequentlyl]ARC-AEMET in collaboration with many
participating organisations, conducted a comprehensive
evaluation of the impact of the 2021 volcanic eruptinrmir
quality, concentrating on the air quality impacts o, a6d

Herndndez, M., Quintero, V., Toledano, C., Sicard, M.,
CérdobalJabonero, C., Riz, V., Roininen, R., Lépez, C.,
Vilches, J., Weiss, M., Carrefio, V., Taquet, N., Boulesteix, T.,
Fraile, E., Torrse, C., Prats, N., Alcantara, A., Leén, S. ., Rivas,
P., Alvarez, Oscar, Parra, F., de Luis, J., Gonzalez, C., Armas,
C., Romero, P., de Bustos, J., Redondas, A., Marrero, C.,
Milford, C., Roméan, R., Gonzélez, R., L6p€ayuela, M.,
CarvajalPérez, C., Chima, N., Garcia, R. ., Almansa, F.,
Gonzélez, Y., Bullén, F., Poggio, M., Rivel@., Bayo, C., &
Rey, F. (202 La erupcién volcanica de La Palma y el papel
de la Agencia Estatal de Meteorologia. Revista Tiempo Y
Clima, 5(76). https://pub.ame
web.org/inde.php/TyC/article/view/2516

Gonzélez, Y., Levels and origin of reactive gases and their

relationship with aerosols in the proximity of the emission
sources and in the free troposphere at Tenerife, PhD Thesis,
Technical Note N° 12, AEMET, NIPO 281-016-1, July

de for high |

AActi on ui

i o&d, C.; Torres, C, Vilches, J.; Gossman, AK; Weis, F.;

SuarezMolina, D.; Garcia, O.E.; Prats, N.; Barreto, A.; Garcia,
R.D.; Bustos, J.J.; Marrero, C. L.; Ramos, R.; Chinea, N.;
Boulesteix, T.; Taquet, N.; Rodriguez, S.; Lojigarias, J.
Sicard, M.; Cérdobdabonero, C.; Cuevas, E. Impact of the
2021 La Palma volcanic eruption on air quality: Insights from a
multidisciplinary approach, Science of The Total Environment,
Volume 869, 2023, 161652, ISSN 008697,
https://doi.org/10.1016/j.scitotenv.2023.161652

PM concentrationsfgr more details see Section 23.4 andPrats, N., Torres, C., Bayo, C., Ramos, R., Cuevas, E. Guia de

Milford et al., 2023).
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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 data with the highest precision anlbng-term
stability that the current techrugy and scientific
knowledge allows tachieve. To reach thiobjective the
group uses twanterconnected areamstrumentation and
modeling. The bas of the researcls the measurements
supported by strict QA/QC protocols laboratory
calibratiors and theoretical modelling. Finally,web-
orienteddatabaseand scientit publicationsareutilisedfor
dissemination of the observational data

6.2 Measurement Programme _ _
Figure 6.1. RBCC-E Brewer spectrqphotometer triad located

Measurements of total ozone and spectral ultravioleit 1ZO.

radiation began in May 19t 170 with the installation of |, 2005 a third double Brewer #185 was installead it
Brewer spectrometer #033. Ozone peofimeasurements completes the reference triad of the@®BE (Fig. 6.1) The
were added irseptember 1992 with two daily (sunrise andeasurement programe was complanented with the
sunset) vertical ozone profiles obtained with the Umkehfgia|iation of a Pandora spectroradiometer in October 2011.

technique. In Julg997,a double Brewer #157 wanstalled  The technical specifications of both Brewer and Pandora
at 1ZO andit ran in parallel with Brewer #033 for siX nstruments areummarizedn Table6.1

months. In 200, a second double Brewer #183 was
installed andit was designated the travelling reference of
the Regional Brewer Calibration Center for Eur@RBCG

E).

Table 6.1. Spectrometer specifications

Brewer
Slit Wavelengths Os (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 (with hater 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

4710 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 Ozonetime series at I1zafiaDbservatory (19932022, daily mean (greydots) and monthly mean (in red), the long
term daily mean from the period 19912022is also shown @rey line) with the shaded area corresponding to the standard deviation
in the long-term mean

The spectral UV measurements are routinely qualityConcerningotal ozone, the Bwer triad has an exhaustive
controlled using IZO calibration facilities. The stability and quality control in order to assuriés performance with
performance of the UV calibration is monitored by 200Wroutinecalibrations péormed 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 laboratoryatkroom, against 1000W DXW between the instruments of the triad with a precisietter
lamps traceable to the Word Radiation CenfdfRC) than 0.25% inotal ozone column

standards. Th&HICrivm software tool is used to anagy/s

quality aspects of measured k¥gectra before data transfer _ i )
to the databasesln addition, LibRadtran model to Programme. The total ozortkme series or 199120221s

measurements comparisons are regularly done. Every yesonown in Fig. 6.2and is available at the NDAC®@ebsite

the Brewer #185 is compared with tQeality Assurance of and at theWorId Ozone and U_Itraviolet Data Center
Spectral Ultraviolet Measurements (QASUME) (WOUDQ). Fig. 6.3 shows the UV index calculaten the

International portable reference spectroradiometer frorf@sis 0fUV observations from Ewer spectrophotometer
PhysikalschMeteorologisches ~ Observatorium  Davos, 127+ availablalsoat thewWOUDC.
World Radiation CentefPMOD/WRQ).

The Total Ozone programme is a part of thBACC

UV index
UV index

Date Jan-21 6 Time

Figure 6.3. UV index during 20222022 calculated on the basis of measuremenfsom Brewer #157, at Izafia Observatory.
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6.3 Summary of remarkable results during
the period 20212022
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 Centefor Europe (RBCGE) (see measurements of ozone and, in an efforsignificantly

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

do form a European Brewer NetwdrkEUBREWNET. The

The Vienna Convention for the Protection of the Ozon - : o
Layer and the subsequent Montreal Protocol on SubstancgSUlts of this COST Action have been presented in Rimmer,

that Deplete the Ozone Layer have been among the mdgiadondas, and Karppinen (2018).

successful environmental agreements the nations of th§nce the end of 2018, support to EUBRERT has been
world have entered into and have now almost Complete|iz5rovided by AEMET. Since February 2019, AEMET
eliminated the production of Ozone Depleting Substanceghrough TRAGSATEG, provides two staff positionso

This has led to the halting of the rapid decline ofgypport the EUBREWNET and the RB&Cactivities. This
stratospheriozone observed in thed&0s and 1990s, with  gypport has recently been extended until 2026, ensuring and
some promising early indications of ozone recovery noWeinforcing the continuation of these two servidegut is
being apparent. It is therefore important to continue ®rovided bythe EUBREWNET Management Committee,
carefully measur¢he stag of the global ozone layer the consisting of A. RedondasARC-AEMET, Spain), K.
coming decades, noting also that stratospheric conditions;kkala (Finnish Meteorological Institute, Finland),F.

are expected to change with the projected increasingais (Aristotle Uniersity of Thessaloniki, Greece) add

concentration of greenhouse gases, and the fact th@'f(-jbner(pMOD/WRc Switzerland)
stratospheric ozone itself has a significant effect on the

atmospheric radiation balance and surface climate. For this
reason, the Vienna Convention olglfgsignatory countries

to maintain programes to systematically monitor
stratospheric ozone.

Figure 6.4. Location of Brewer stations currently participating in EUBREWNET. The network started as a European network
but now includes66 spectrometers a#t5 stationslocated world-wide.
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EUBREWNET relies on the work of two European{ Near Real Time (NRT) dat&entral data processing in
calibration Centers, tHRBCCG-E and the WRC. The RBGC addition todata processing at thstatiors: including

E plays a key role in EUBREWNET, coordinating the part of QC bycomparisonwith near instrumentand
standardization of operation, characterization and state of the art algorithm®&RT data is essential for
calibration of the network instruments as well as providing NRT validation of satellite data and model
the Brewer database. Now recognised by the WMO and the assimilations.

Internatimal Ozone Commission (I03C), it represents an  Central reprocessing. Historical data or changes
extremely valuable network of ground station data points  constants recommended by WMO Ozaned UVSAG.
without which the spaeborne instruments would not be ¢  Central QA/QC systems (QA/QC validated in one
able to function with any degree of accuracy. In the current place) stations with a problem can be easily identified.
times when we are trying to identiézone recovery rates of

1% per decade, it is highly important that data are botAs part of the support provided by AEMET, a new domain
accurate and consistent across all stations. has been registered for EUBREWNET. The newestlto

_ ~access the EUBREWNET site is
The purpose of EUBREWNET s to harmonisehttps:/eubrewnet.aemet.es. This domain will be used by
observations, data processing, calibrations and operatirg@fault and will come to replace the eubrewnet.org domain

procedures so that a measureimg one station is entirely that will be removed in a few months. In the meantime, all
consistent with measurements at all the others. Additiona”hccess to eubrewnet_org will be redirectedtihie new

the Brewer spectrophotomesgeare also used tomeaure  domain.

spectral UV irradiancethe sulphur dioxidecolumn and

aerosol optical depth. Some Brewer spectrophotosiater 6.3.2 Ozone developments in EUBREWNET
also able to measurine nitrogen dioxide column. This
harmonised Brewer networkFig. 6.4) constitutesthe
largest harmonisegroundbasedJV network in the world,
avalable for assimilation inteatelliteretrievals angnodels

to greatly |r'np.rove accra.cy of the saﬁelhte data a.m.o ne product levels 1 and 1.5, as described irBbREWNET
and UV radiatiorforecastingAnother important pointisthe = .". ) . .
wiki. Furthermore, monthly data files are being produced in

link to chmate_ change where trppospherlc ozone am\j/arious formats, including the NASA GEOMS,
aerosols are still regarded as having the largest effect on
uncertainties in climate models. The Brewestruments are New tools for the ozone calibration of Brewer

suitable for the measuremeuittotal column ozone which spectrophotometers are also now available at

The determination of thetal ozone columnncertaintyhas
been fully implemented in EUBREWNET for both the
standard (V1) andhe improved (V2) Brewer algorithms.
Access functions to download the data are available for

includes both tropospheric and stratospheric ozone wheregSUBREWNETO6s data server. Thes
satellites struggle with the lower altitudes to detemine the Extreterrestrial Constant (ETC) using the
Langleyplot method(Fig. 6.6) as well as functions to
St g T determine the scalled ETC filter corrections by different
N B e | | oo | ) s :FEE:’ methods. For more details, see thelibration Functions
2 Foebg ol A::g:::; qualiy section in the EUBREWNET wiki.

1

EUBREWET

WOUDC Portal.
Calibration and 03’ UV,AOD. HOME » CALDATA » LANGLEY
; Available to user Langley options @
|  (Under construction) I
) Start date (YYYY-MM-DD):
Figure 6.5. EUBREWNET database architecture. s —
Input data:
The actual implementation of the networkcan be

Maximum std of the hali-day ozone:

summarized as follows

Filter individual obs using the residuals?:

2 in langley fit:

1 Automated dat transfers to central databdfég. 6.5)
started in September 2014. Data submissioow
becameautomatic with little operator involvement so
improving overall submission rates.

I Calibration dataare stored in a central databagehis uwg“.”m
dlowsforcent r al processing : - so
ensuring consistency and use oftoglate calibration .
and processing. Figure 6.6. EUBREWNET new calibration tool for the

determination of the ETC via the Langley-plot method.
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Zenith Ky (ZS) measurements are now also fpitgcessed tha for ozone and AOD, with different sections where the

by EUBREWNETG6s data ser veroperatonan proxiderthe UBsponsdidevtoecbnvett rawl . 5 ,
and 2 products are availabilere counts to irradiances, plus the required data to perform the
temperature and cosine corrections. SeeethBREWNET

wiki for a complete description of the configuration
interface

Automatic monthly ozone data submisstortheWOUDC
andESA Validation Data CentdEVDC) is now available
as an option for the stations registered in EUBREWNET.
Ather REIES

STATONS OOGUMENTATION TOOLS . ADMSI. L LSOLANO -

e 3
EUBREWeT

HOME * CONFIGURIATION » LPGAADE

EUBREWNET . NEWS  BREWERS

6.3.3 New UV products in EUBREWNET

Raw UV data is available at EUBRVNET since 2014.
Following theozone and AOD priuctsscheme we have
now implemented fournew levels for UV products
(Fig.6.7)

Configuration Upload

1 Level 1starts from the raw data and implements the
dark-count and deadtime corrections to the counts. For
Mk Il and IV Brewers, the stralight correction isalso
added. Finally, the raw counts are converted to
irradiances using the UVR files previously uploaded to
EUBREWNET.

1 Level 1.5builds up from level 1 and adds spike and
temperature corrections. The spike correction follows
the method described in Meirdar et al. (2003). The

data required for the temperature correction can bEigure 6.8. UV configuration interface showing the UV

obtained following the experimental procedureresponse section. Note there are also sections for the
described in Lakkala et al. (2008). Brewer operators caemperature and cosine corrections, plus another for the

also define an exclusion list to remove unwanted datagxclusion list
1 Level 1.6returns correted irradiances calculated by
the SHICrivm codedeveloped by Harry Slaper at the
National Institute of Public Health and the EnvironmentWe have continued to process and eat#AOD in the 306
(RIVM) . SHI Cri vmdés QA/ QC i 320 anh waweleagth aainde.aTlni$ meaaktime product is
1 Level 2.0adds the cosine correction as implemented iflerived fromthe same data used in the ozone Direct Sun
theBUVIC codedeveloped by BasilMaret and Julian (DS) measurements, as describedtlie EUBREWNET
Grobner aPMOD/WRC(Grobner and Maret, 2020)  wiki. As a field exercise, during the Davos 2021 RBEC
campaign we transferred the AOD configuration of
These UV product levels, and the access functions availabigeep185 (the RBCEE travelling reference) to most of
to retrieve the information, are described in more detail i participating Brewers. The AOD calculated using these

6.3.4 AOD updatesin EUBREWNET

the EUBREWNET wiki configurations was then found to be @ reasonable
WV iev 13 agreement in most casgsg. 6.9).
UV Level 1 ’
* Remove spikes (Meinander, 2002)
* Correct raw data by dark 0.6
counts and deadtime * Convert measurements to a reference : 8 O B#185
Tref, Tdep, temperature using a experimentally- B#040
*For single Brewers, apply exclusion list determined temperature dependence
the straylight correction: (Lakkala, 2008) 0.5 A [0 B#o72
substract the average of <> B#156
all the counts below 2922A * Apply an exclusion list to remove bad O v B#163
measurements manually E 0.4
s ¢ .
% :
& 209 1®
2,10 0
UV Level 2 UVlLevel 16 0.2 - 3 (]
« Run BUVIC (Grébner and * Run SHICrivm (Slaper, 2002) ﬁ y %
Maret, 2020) Angular * Convert the irradiances using the 0.1 4 @
«Get the cosine-corrected response, Brewer-specific slit function
. . . . albedo, AOD .
irradiances taking into alpha and beta *Get the wavelength shifts and ! ! T T T T T T T
account the atmospheric cloud cover | QA/QC flags 08 09 10 11 12 13 14 15 16
conditions (albedo, alpha, date 2021-Jul
beta and ozone are used * Retain only the UV measurements
in a libradtran run) with GREEN and YELLOW flags Eubrewnet AODL1.5 product, hourly means

Figure 6.7. Summary of the new levels of UV products

! > Figure 6.9. Hourly means of the EUBREWNET AOD L1.5
implemented in EUBREWNET.

product at 320 nm, for instruments participating in the Davos
21 RBCGE campaign. Bewer#185 was calibrated by the
angley-plot method using measuements at the Izafia
Observatory. The other instruments were calibrated by
transfer from Brewer#185 during the campaign

Note that, besides the Brewer UV measurements, t
Brewer operator is expected to provide a UV configuration
We have implemented a web interfg€ég. 6.8)similar to
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Furthermore,the AOB peci fi ¢ fAJ GO Br enstrementneaawsaaturiegmana toperation costs, remote
are now fully parsed and qgperaivwe easssstante, bng nodl WHBER Bro¢EsEingo and
data server. For Brewer spectrophotometers with th#ormatting for neareaktime delivery of final data products.

requiredAOD calibration parametershese measurements
allow for the determination of the AOD in an extendedA major joint objective is to support the validation and

wavelength range, reaching up to ~360 nm Kt III verification of more than a dozefLow Earth Orbit LEO)
instruments. See tHeUBREWNET wikifor further details and Geostationary @it (GEO) satellites, mpst nokdy
on accessing and downloading the data. Although work orentinel 5P, TEMPO, GEMS and Sentinel RGN

the determination of the optimaklibration parameters is participants are primarily comprised of governmental and
ongoing, a preliminary comparison with data from academic researchers and techniciarte Taunch of the

AERONET shows promising resulBig. 6.10) PGN in early2018 represented p.rogrgmmatic ghift by
NASA and ESA away from primarily operag and
supportingthe research and field campaigmperationsto

05

D establishing longerm fixed locations that are focused on
0.4 1 — DS 320 providing longterm quality observations of total column
—k— JG 360

and vertically resolved concentrations of a range of trace
gases.The majortrace gases observed by the Pandora
systems across the range of 2830 nm include: @ NO,,
HCHO, SQ and BrO.

0.3 1

AOD

02 -

0.1 4

0.0

—»— ARN 320 - DS 320

0.04 4
=~ ARN 360 - JG 360

e ma—

0.00 - X

A AOD

-0.02 -

-0.04 -

17 21 25 29  Aug 05 09 13
2022-Aug

Figure 6.10. Comparison between AERONET (ARN) and
EUBREWNET (DS and JG measurements) AOD data. The
upper panel showsthe daily medians of AOD at 320 (red) and ure 6.11. Pandora 101 mounted at 1ZO

360 nm (blue). In the case of AERONET, both datasets have g o

been extrapolated from the 340 nm data using the 3440nm  The Izafia Observatory is one of the most important Pandora

é\_?rgStrﬁm etﬁponhené- dThe lower Pif_le| tri]gv(\)li d't1[r]e AOD instrument testing ®s together with the Innsbruck
e ey e S e o ey, Atmospheric - Observatory Upivrsity of Innsbruck
traceability criteria . Austrig). Two Pandora instruments were in operatain
Izafia during2021-2022 the Pandora 101 (1S model, UV,
6.3.5 Pandonia Global Network 270530 nm) owned by the lzafia Observatdfig.6.1])
and the Pandora 121 (2S model, UV 58Dnm + VIS 400

The Pand Spect ter Syst daekd,
e Pandora Spectrometer System is a gr eOOnm) owned by LuftBlickFig. 6.19.

sun/sky/lunar passive remote sensing instrument for th
retrieval of trace gases iha UV/Vis spectral wavelengths.
It was developed in 2005 by NASA and the Sciglob
company, and since that time the Pandspactrometer
system has evolvedhe Pandonia Network, funded by ESA
through the LuftBlick company, hamified the operatig
and calibration procedures for tRendora instruments since
2011.

NASA and ESA areurrently collaborating to expanthe
global network of standardized, -calibrated Pandor:
instruments focused on atmospheric composifidgmough
this collaboration thePandonia Network becamehe
Pandonia Global NetworPGN), which emphasizes: Figure 6.12 Daniel Santana andthe Pandora 121 mounted at
homogeneous calibration of instrumentation, lowizO.
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Both instrumats eceived funds from the PGN operational The curent activitiesat Izafia related to PGN are focused on
project from ESA @ go throughan importanthardware maintaining the operation of the instruments, testing new
upgrade atLuftBlick laboratorieswhich includesa new hardware improvements on demand, asetving as a
tracker modelwhich improves significantly the pointing testbed for algorithm refinement and development.
accuracy. This upgradeas now beeapplied to P125nd . . .
P121 was back in operation at 1ZO in December 20221 P1 We participated aauthors’ orco-authors i Berjon et al.
was sent toLuftBlick in February 2022 to receive the (2021a, b, C;,ZOZZ)' Garcia et @021a, 2021b)|,—|ed'eltet
upgradeand is awaiting return al. (2022), LopesSolano (20214, b, ¢; 202BarraRojaset

al. (2021a, b, ¢d, e:2022a, b andRedondat al. 021a,
In addition funds were received through ESA to purchasd; 2022)
and test a third Pandora instrumexttizafia Observatory
(P209).This instrumenincludes a new set of filters and a 6.4 References
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7 Fourier Transform Infrared
Spectroscopy(FTIR)

7.1 Main Scientific Goals

Earth observations are fundamental fmderstandinghe
drivers ofclimate change and thus for supporting decision
on adaptation andmitigation strategies. Atmospheric
remote sounding from space and ground are essenti
components of thobservational strategy. In this context,
the Fourier transform infrad spectroscop (FTIR)
programme at the IARC wastablisheavith the main goals
of longterm monitoring of atmospheric gas composition
(ozone related species and greenhouse gasedpatite
validation of satellite remote sensing measurements a
climate modelsMuch effort within the FTIR programme @&
has been put in developing new strategies for observi
tropospheric waterapour isotopologues from grourahd
spacebased remote sensors, since these observations plaf#i&

fund_amgntal rolén understandmgtmosphgn_c waterycle Figure 7.1. Upper panel: the groundbased FTIR experiment
and its links to the global energy and radiation budgets. jmplemented in 2005 at the IARC. Lower panel: the new

. ground-based FTIR experiment implemented in 2022. For
The FTIR programeat the IARC is the result of the close poth experiments, the scientific laboratory is shown on the left

ard long-lasting collaboration ofmore than twodecads  panel, and the Michelson interferometer is shown on the right
between the IARAEMET and the IMK-ASFKIT  panel

(Institute  of Meteorology and Climate Research |norder to derive trace gas concentrations fromeherded
Atmospheric Trace Gases and Remote Sensing, Karlsruper|R solar absorption spectra, synthetic spectra are
Institute of Technology Germany). The IMKASF has calculated by the linby-line radiative transfer model
operatedhigh-resolutiongroundbasedFTIR systems for pRFWD (Schneider and Hase, 2009). Then, the synthetic
almost threedecades and they are leading contributors igpectra are fitted to the measured ones by the software

developing FTIR inversion algorithms and quality controlpackage PROFFIT (PROFildTE Hase et al., 2004)
of FTIR solar measurementsAs a result of this

collaboration, the FTIR observations at 1ZO have PROFFITallows to retrieve volume mixing ratio (VMR)
contributed to the prestigious international networks Profiles and to scale partial or total VMR profiles of several
NDACC and TCCON since 1999 and 2007, respectively. Species simultaneouslyhere have been a lot of efforts for
assuring and even further impiog the high quality ofthe
7.2 Measurement Programme FTIR data products: e.g., monitag the instrumental line
shape Klase etal., 1999) monitoring and improving the
A groundbased highresolution FTIR experiment (HR accuracyof the applied solar trackers (Gisi et al., 20HE)
FTIR in the following) for atmospheric composition \ell as developing sofsticated retrieval algorithms (Hase
monitoring has two main components precise solar et al., 2004)The good quality of these lostigrm ground
tracker that captures the diteolar light beam and a high pased FIR data sets has been extensively documented by
resolution Michelson interferometer (IFS)Fig. 7.1)  theoretical ad empirical validation studie®(g., Schneider

I ARC0s FTIR activities st gfd.,2008S5chAneide? & 4., Wiataltia @t aB RotX € r
120M spectrometer, which was replaced by a Bruker IF§epulveda et al., 2012

120/5HR spectrometer in 2005 (see techhdpecifications
in Table 7.1) In 2021 a portable and lowesolution FTIR spectrometer

(LR FTIR in the following), the BrukeEM27/SUN, was
In the frameworkof TCCON and NDACC.a new IFS  acquired bylARC. This instrument operates within the
125HR spectrometer was purchased by AEMET an@ollaborative Carbon Column Observing Network
installedin August 2022 at I1ZO in order to replathe (COCCON (Frey et al., 2019Alberti et al., 2022 and is

current instrument (lowemanel of Figure 7.1). Both mainly dedicated to the participation in field campaitges
instruments will operate sieley-side forat least one year to section 7.3.2)

ensure the consistency of the FTIR time series at IARC.

Izafia Amospheric Research Center: 262022 43


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

Detectors MCT and InSb (NDACC); InGaAs (TCCON)

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

550 + 70 (Pump)l20M: 100 + 30 (Eéctronics)]

Installed inside container, limited mobility

Quality assurance system Routine NO and HCI cell calibrations to determinate the Instrumental
Shape

The FTIR programe at the IARC wasomplemented by 7.3 Summary of remarkable results during
two Picarro L2126  {sfandardized ratio between'fD the period 20212022
and HD®*O)a n &0 (§tandardized ratio betweenD and
H,80) analysersnstalledat 1IZO and TPQGonzélezt al., The FTIR activiies from2019 to 220 have been focused
2016) The instrument, which had been operational at th@" ground and spacebased remote sensing FTIR
SCO station since 2019 toonitor the isotopic footprint of SPectrometry
the maritime boundary layer, ceadedctioning at the end
of 202Q The Picarro spectrometerare based on the
WavelengthScanned Cavity RingDown Spectroscopy
(WS-CRDS technologyand are calibrated by injecting The grounebased HR FTIR observations have a large
liguid standards in a Standard Delivery Mode (SPMhe  potential to support analysis ofhe composition of the
0.6 Hzprecision of theanalyzeron G D i s <1 3trofpgphetetthe stratosphere and their exchange processes.
ppm HO and i s <2a f dme aBs@ude0 Thip ip fndamental to monitor and study, for example, the
uncertainty f o%00gpDarnd <«21.33drées and sinks of greenhouse gases or the evolution of
4500 ppmT he absol ut e ®0is<c0elBt ait the gzong dayerRyutinely, the IARC HR FTIR have
12500 ppmat 0.1 Hz The error estimation accounts for contributed to NDACCwith C:He, CIONG,, CO, CH,
instrument precision as well as errors due to the applied de&OF, HCI, HCN, HF, HCO, HNG;, N2O, N&;, NO, &
corrections $tandards Delivery ModuléSDM) effects + and OCS observations (total column amounts andRVM
instrument al drifts <14&a, vertcaprdfiles)sisce D9Mlithin TCCOM! jotalsolumno . 7 &,
calibratiofmobi@abB. <0.54a) averaged abutances of C@ N:O, CH,, HF, CO, HO and

HDO have beemeasured since 2007 (Fig2y..

7.3.1 Ground-based high-resolution FTIR
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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Figure 7.3. Summary of timescale comparison between FTIR and 1ZO reference data sets: standard deviation of the relative

di fferences (G, in %) is displayed on the x ax,R3 These stalistitcshe si
are shown for the comparison of (a) measured and decomposed time series: (b) measurertemheasurement, (¢) seasonal, and

(d) long-term variations (annual means). (e) Linear trends (in %yr'') for coincident FTIR and reference datasets. Errors

represent the 95% confidence interval. Note that TRO refers to the comparison of the tropospheric quantities (GAW ksitu

records and FTIR VMR averages). Repinted from Garcia et al. (2021)

Coinciding with the 20 anniversary of the implementation
of the NDACC program at IARQeached in 2019, the study
by Garcia et al. (2021a) documents the quality and-lon¢
term consistency of the 1ZO NDACC FTIR products by
using all reference observations available at IZO withe
period 19992018. Note that this comparison exercise is
performed only for those NDACC trace gases for whick
other highquality measurement techniques are available ¢
1ZO (CHs, CO, HO, NG, N2O, and Q) on different
timescales (see Fig-3, and Gecia et al., 2021a for more
details)
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With these refined time series, we have participated i
numerous studies at a global sc&ler example, the IARC 0
HR FTIR station has been one of theé RDACC FTIR
stationsused toinvestigate thdevel of opticalresonances
(nchanneling 0.) of € a NDACE T IFBure?EAGmBIittuJe gfgﬂgn}]elﬁna intr\{g 'I—igthrJ]Tfls sBectrum.
(Blumenstock et al., 2021Dedicated spectra were recordedgeq yellow, and blue bars indicate channelling due to the
using a laboratory mithfrared source and two operational beam splitter air gap, beam splitter substrate, and detector
detectors. In the indium antimonide (InSh) detector domaimwindow, respectively. Note that IZO NDACC station is named
(190015000 cr?), the amplitude of the most pronounced @ S fil Z 0 . fr&reBlumenstdcleedal. (2021)
channeling frequency amourftemO0 . 1 a t o 2. éher stidiestaVe énvestigated changes in key elements in
spectral background level. In the mercury cadmium telluridghe atmosphere such as £ ®@arbonyl sulphide (OCS) or
(HgCdTe) detector domain (700300 cm?), stronger formic acid (HCOOH). For example, Byrne et al. (2022)
effects were documented with the largest ampdittathgiry  presented a pilot dataset of courspecific net carbon
from 0.3a to 2Thaobgesvedehafeligg. exchande (NCHpssil plus terrestrial ecosystem fluxes) and
frequencies were found to be caused by the optical thicknegsrestrial carbon stock changes aimed at informing
of the beam splitter substrate, and the air gap in between tbeuntries' carbon budgetShese estimates are based on
beam splitter and compensator plate. A new beam splittéft dpwno NCE outputs from the
design vas proposed to potentially reduce channelingDbservatory (OC€2) modeling intercomparison praje
impacts on the NDACC FTIR spectrometers, therebyMIP), wherein an ensemble of inversedelling groups
increasing the quality of recorded spectra acrossdtveank  conducted standardized experiments assimilating QCO
(Blumenstock et al., 2021 columnaveraged dmair mole fraction retrievals (ACOS
v10), in situ CQ measurements or combinations of these
data

Site
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Figure 7.5. Median bias (data minus model) over 30° latitude bins averaged over 202020 for (a) TCCON XCQ; retrievals, (b)
withheld in situ CO2 measurements, (c) withheld @O-2 land XCO:z retrievals and (d) withheld OCO-2 ocean XCQ retrievals.
The number of TCCON sites per30° latitude bins are: 3 (60°N90°N), 18 (30N-60°N), 3 (630°N), 3 (B30°S)and 2 (30°S60°S).
Reprinted from Byrne et al. (2022)

The v10 OC®@2 MIP NCE estimates are combined with quantify and understand OCS as it can be used to understand
ibotupdm esti mates of f os siCO daditbel carromiydes and also sireca ithtvallyais e r a |
carbon fluxes to estimate changes in terrestrial carbamansported into the stratosphere, where it maintains the
stocks, which are impacted by anthropogenic and naturaliphate aerosol layer at about 20 km into the atmosphere.
drivers. All v10 OCQO2 MIP experiments have been As recently pointed out by Hannigan et al. (2022), analyses
compared with cdocated TCCON FTR data at a global of NDACC OCS partial columns at a global scahelding

scale (Fig7.5), showing some biases against TCCON sitedZO among them, Fig. 7.6) allowed to detect that

In particular, low biases (higmodelledCO;) are found for  stratospheric OCSs increasing north and south of the

09 30°S and 6090°N. The underlying eme for these equatoy but decresing near the equator amtreasing in
differences is unknown the tropospére to 2016 and decreassigce then until 2020

(data not shown) The main drivers of OCSn the

Regarding OCS this _compound is the m_os_t abunda“f'?oposphere are the cumulative anthropogenic sources.
sulphur containing gas in the atmosphere. It is important to
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Figure 7.6. OCS trends by time period for all NDACC FTIR stations and for all three dtitude ranges, listed by high to low latitude.
Red represents the lower troposphere, blue the free troposphere and green the stratosphere. The left panel (a) are trendstityr
those sites with data from 1996, then increasing time period left to righth] 19962002, (c) 2002008, and (d) 2002016. Note
that 1 ZO NDACC st ati on teddrormHamigah etals(2082) Z Ao . Reprin
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In addition, CQ along with organic acids increasingly 0.6% to 0.7% for Qs total columns (TCs) as compared to
determine atmospheric acidity. Among the organic acids;oincident NDACC Brewer observations taken as a
formic acidfacilitates the nucleation of cloud droplets andreference. However, this improvement can only be achieved
contributes to the acidity of clouds and rainwater. Asprovided the FTIR spectrometer is propetlyaracterized
recently shown by the Franco et al. (2021) study, publishegnd stable over time. For unstable instruments, the
in the prestigious journal Nature, their findings reconcileéempeature fit is found to exhibit a strong negative
model predictions and measurentee of formic acid influence on @retrievals due to the increase in the cross
abundance. The additional formic acid burden increasenterference between the temperature retrieval and
atmospheric acidity by reducing the pH of clouds andnstrumental performance (given by the instrumental line
rainwater by up to 0.3. The diol mechanism presented heshape function and measurement noigd)ich leads to a
probably applies to other aldehydes and may help to explaimorsening of the precision of FTIR;OCs of up to 2.
the high atnospheric levels of other organic acids that affecThis crossnterference becomes especially noticeable
aerosol growth and cloud evolution beyond the upper troposphere/lower stratosphere, as
documented theoretically as well as experimentally by

Among the atmospheric gases with important C"mat%omparing FTIR @ profiles to those measured using

effects, Q plays. a vital role in atmospheric chemistry. electrochemical concentration cell (EC&dndes within
Hence, highquality and longeerm & measurements are NDACC (see Fig7.7)

esserial for further improving our understanding of the O

response to natural and anthropogenic forcings, as well asltoaddition Garcia et al. (2022b) studied in more detail the
estimate consistent trends at a global scale. In this contextypact of instrumental line shape (ILS) characterization on
the IARC FTIR programme has developed sevstaflies Os monitoring by FTIR spectroetry. This work concludes

to improve Q monitoring by groundbased FTIR that, in order to ensure the independence of thetDevals
spectrometry by examining the performance of different Oand the instrumental response, the optimal approach to deal
retrieval stratgies. As shown by Garcia et gR022a), with the FTIR instrumental characterization is found to be
combining a simultaneous temperature retrieval with théhe continuous monitoring of the ILS functiog means of
optimal selection of single Omicro-windows results in  independent observations, such as gas cell measurements
superor FTIR G products, with a precision of better than

IFS 120M: 1999-2004
30 g T 30

—a= 1000
—0—1000T

25| —h— AMWS

2t | =0=S5MWsT

Altitude [km]
@

Waamij;
t

5 WID 15 20 2 3 4 5 6 7 8 06 Ot? U:B 0‘9 1.0
M [%)] & [%] R
IFS 120/5HR: 2005-May 2008

[ — 30

—p T
(e) (f)
4 25} {1 =t 4
4 20} {1 =0t 4
O
] L sk

T T 0 T a T T T

5 10 15 20 2 3 4 5 6 7 8 06 07 08 08 10

M [%) o %) R

IFS 120/5HR: June 2008-2018
30 T 30

Altitude [km]
@

‘MS
%Dqu

- 25 F 4 25

- 20 F 4 20

Altitude [km]
3
Qopey

: - 0 _—
5 10 15 20 2 3 4 5 6 7 8 06 07 08 09 1.0
M [%) o [%) R

Figure 7.7. Summary of the FTIRi smoothed ECC comparison for the period4999 2004, 2005May 2008, and June 200&018.
Panels (a), (d), and (g) display the vertical profiles of median (M) RD (FTIRECC, in %) for the three periods, respectively. (b, e,

h) As for (a), (d), and (g), but for the standard deviation of the RD distrimt i on (0, in %) . (c, f, i) As

Pearson correlation coefficient. Repnited from Garcia et al. (2022).
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Regarding @and focused on the troposphere, the IARC HRThe IARC CQ in situ and total column FTIR observations
FTIR O time series also contributes to the Tropospheriavill serve as the reference for the validation of the new CO
Ozone Assessment Report, which has entered its secosensors developed during this project.

phase (TOARI) in 2020 until 2024 (see details in Section

5.3.6). The first TOAR phase, completed in 2019, offered-3.2 Ground-based lowresolution FTIR
remarkable results. For example, Tiarasick et al. (2019), spectrometry

various @ measurement methods and @ata sets are o EM27/SUN spectrometershares the same working

reviewed and selected for inclusion in the historical recor%rinciplesasHR FTIR and, by covering theear infrared
of background @levels, based on the relationship of thespectral range from 5000' to 11000 -Emith a spectral

measurement technique to the modern UV absorptiofbsolution of 0.5 cm, it is able to measur®tal column

standard, . lasence of interfering pollutants, averagecamountsof O, COs, CHs, CO and HO.
representativeness of the walixed boundary layer and

expert judgement of their credibility. This overview work The IARC EM27/SUNs are operated atcordance with
concludes that the great majority of validation andCOCCON requirements (Frey et al., 2019; Alberti et al.,
intercomparison studies of free tropospherics O 2022). This guarantees strict common methods for ensuring
measurerant methods use ECC ozonesondes as referendbe quality of measurements (evaluation of the optical
Compared to Ubabsorption measurements, ECCalignment and instrumental line shape), proper calibration
ozonesondes show a modestly highiG% +5%) bias in  of all COCCON spectrometers with respect to the TCCON
the troposphere, but no evidence of a change with timaite Karlsruhe and the COCCON reference EM27/SUN
Umkehr, lidar, and FTIR methods all show modestly lowspectrometer operated permanently at KIT (in terms of the
biases relative to ECCs, and so, using ECC sondes asstandard retrieved species), and adherence to the COCCON
transfer standard, all appear to agree to within one standaddta analysis scheme ensures the generation cifprand
deviation with the modern Udbsorption standard. In accurate data products

relation to spacéased observations, biases and standard
deviations of satellite retn@l are often B3 times larger

than those of other free tropospheric measurements. COCCON EM27/SUN instruments are a useful complement

As detailed in Section 5.3.5, Chang et al. (2022) antp the existing TCCON HR network in remote areas as its
Steinbrecht et al. (2021) conducted an analysis addressiﬁ@ta can be used for the quantification of local sinks/sources
whether the COVIBL9 crisis reduced the Free and fluxes of greenhouse gases. With thisidiee IARC is
Tropospheric pone across the Northern Hemisphere and€2ding the Spanish projedyjonitoring greenhoust Gas
the FTIR and ECC sonde measurements at lzafamissions (MEGEI), to monitor greenhouse gas

Observatory contributed to these studies (for further detaifgoncentrations to evaluated fluxes in different environments
see Section 5.3.5). by using the COCCON LR spectrometers. MEGEI activities

are mainly focused on germing routine measurements at
In the framework of IZO activities as a WM@easurement 1ARC 1ZO (background conditions) and SCO stations and
Lead Centrefor Aerosols and Wate Vapour Remote in addition, on carrying out field campaigns under different
Sensing Instruments, the water vapour TCCON FTIR datatmospheric conditions.

have been used for the validation of new instrumentation for . i
measting water vapour content (e.Garcia et al. 202). As a result of the MEGEMAD experiment (Garcia et al.,

For further details see Sections 10 and 12 2021b), Tu et al. (2022a) deloped a methodology to
guantify CH, emissions from waste disposal sites near the

CARBONSURVEY city of Madrid using groundand spac#éased observations
of COCCON, TROPOMI and IASI. During MEGEBIAD

InDeceme r 2022, the CarbonSuryg¥ign® 5Bdg Tlplumds Wdr® dedied Srodnd the

Next Generation of Sensors for Surveying the Atmospherifyaqriq urban aea with increases by about 10% with respect

Carbon Cycleo) sS3panish Mirdsiry of udifeGeiion8l YackygBuhd. These emissions are likely due
Science and InnovatioTED202F131695B100). The (5 the combined impact of several waste treatment plants

main expected contribution of this projestto develop & |5cated in the surrounding Madrid aredentified from
new generation of instruments to enable unprecedented CQission inventory data as the only miaources of Chiin
monitoring capabilities. These new sensors will provide agis area This methodology waalsosuccessfully applied

accurate measurement of the gas concentration not Onlytﬁtthe estimation of NEemission strengths over Riyadh and
ground level, but also at the different layers of they,qrig (Tu et al., 2022b).

atmosphere for a full characterization of the GO

distribution. Moreover, the sensing systems will beln December 2022, the first measurements of atmospheric
specifically designed for a straightforward in situtotal columnaveraged abundanceSXCO, and XCH, were
deployment in different areas of interest, providing fullconducted at the Juan Carlos | Antarctic base in the
coverage of the most important blind spots existingyod framework of the AEMET Antarctic campaign by using the

GEl
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IARC COCCON LR instrument (see Fig..8). These 7.3.3 SpacebasedFTIR spectrometry
measurements mark a milestone in AEMET's observatlo? he | ARCH s hi gh quality HR

program in Antarctica and il contribute to a better . . L
understanding of the greenhouse gas balance in the Eaﬁﬁtenswely applied for many'years for th? v§I|dat|on of
climate system. race gases mea§ured by different sgtelhte instruments.

During the period 2022022, particularly, IARC
participated in the delopment and validation of new
methodologies for CO, 2D, G, XCH; and XCQ
observations frm spacebased platforms likf ROPOMI,
IASI, TANSO-FTS, TANSat, OC& and OCE3
(Dogniaux et al., 2021; Massie et al., 2021; Noél et al., 2021;
Sha et al., 2021Zhang, et al., 2021a; Zhang, et al., 2021b;
Keppens et al., 2022; Lopez et al., 2022; Peiro et al., 2022;
Taylor et al., 2022; Vandenbussche et al., 2022; Wang et al.,
2022).

Within spacebased FTIR spectrometry, the activities of the
group are mainly foced on IASI on board

Figure 78. Image of the AEMET technician (Antonio — yoiq0/FyMETSAT satellites and TROPOMI on board

Alcéntara) operating the EM27/SUN spectrometer at Juan

Carlos | Antarctic base, December 2022 Sentinel5P/ESA satellites through the Spanish project
INMENSE (IASI for surveying methane and nitrous oxide
MAPP in the troposphere) and the Gernfawiss project MOTIV

(MOisture Transport patays and Isotopologues in water

In June 2020the Metrology for aerosol optical properties . .
Vapour). Both projects strongly benefited from the

(MAPP) project (19ENV04) started, supported by theE R h o i ) MUSICA (MU
European Metrology Programme for Innovation and uropean Researc ouncil project (MUt

Research (EMPIR). With a consortium of thirteen EuropeaﬁIatform remote Sensing of Isotopologues for investigating

organisations (AEMETARC among them), the overall the Cycle of Atmospheric water), which developed the

goal of MAPP is to enable the Staceable measuremaeuit MUSICA IASprrocessor (S_chrllelde_r et_ al, ?OﬁZa). T_hel
columnintegrated aerosol optical properties for assessin _roc_esspr performs an optima Vest|mat|on 0_ the vertica
istributionsof HO, t h e @CH;, and HND, AnN

the climateradiative forcing. These properties are retrieve le of the MUSICA IASI q lobal
from the passive remote sensing of the atmosphere usirT amPe‘? the U_ i trace gas products at a globa
ale is displayed in Figure 7.10.

solar and lunar radiation measurements that are large
lacking traceabilityto the SI. A secondary objective to
evaluatethe retrieval of aerosol optical properties from
emerging technologies such as soland Ilunar The MOTIV project aims at using water vapour
spectroradiometersThe IARC FTIR programme has isotopologues as a diagnostic tool to investigate moisture
contributel to this activity by developing the methodology pathways and evaluate the representation of moist processes
required to retrieved aerosol properties from EM27/SUNin weather and climate models. For this purpose, this project
instruments (Alveez et al., 2022a, b, see Fig.9) and combines highesolution IASI sotopologue observations,
participating in the EMPIR field campaign carried out atretrieved with the MUSICA processor (Schneider et al.,
IZO in September 2022. For further details atbhaMAPP  2022b) with highresolution modelling from the Consortium
project and the IARC contributionsefer to Section 9 for SmaltScale Modelling (COSMOiso). The combination
(Column Aerosols) of simulations and MUSICA products provides insight into
the durnal cycle, smalkcale variations and effects of large
scale circulation on the moisture in the atmosphere. Within
MOTIV, the spacebased isotopologue observations are
complemented by the dsitu continuous measurements
recorded at 1ZO and PTO since 2012

OoTIV

0.30 — 77— —]—
1 Cumbre Vieja volcanic aerosols AER 1020
0.25 o EM27B2

0.20

8 0.15-

< — Due to its dryness, the subtropical free troposphere plays a
o ‘ ' critical role in the radiative balance of the Earth's climate
0051 ‘ system. Stable water isotopes can provide important
0_00_. .'. I B .&-'. _ information about several of the subtropical processes,

T . . . .
23Sep 25Sep 27Sep 29Sep 10ct 30ct 50ct 70ct 9Oct namely subsidence drygn turbulent mixing, and dry and

: , moist convective moistening.
Figure 7.9. AERONET and EM27/SUN aerosol optical depth

(AOD) at 1020 nm for a volcanic event followed by a Saharan
mineral dust episode affectindZO in 2021.
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Figure 7.10. Daily maps for 1 February and 1 August 2018 of all MUSICA |ASI trace gas productat the dtitude s of 4.2km a.s.l.
forHO and Ukiha.s.I1f@ Ne® and CHs, and 10 35km a.s.l. for HNOs. Reprinted from Schneider et al. (2022a).

In this context, Dahinden et al. (2021) d¢egh-resolution demonstrateé that the adopted Lagrangian isotope
isotopes simulations from COSMOiso to investigateperspective enhances our understanding of air mass
predominant moisture transport pathways in the Canarnyansport and mixing and offers a sound interpretation of the
Islands region in the eastern subtropical North Atlanticfreetropospheric variability of specific humidity and
Comparison of the simulated isotope signals with multiisotope compdon on timescales of hours to days in
platform isotope obseations (aircraft, groundand space contrasting atmospheric conditions over the eastern
based remote sensing) from the MUSICA field campaign isubtropical North Atlantic.

summer 2013 shows that COSMOiso can reproduce the

observed variability of stable water vapour isotopes oMNMENSE

timescales of hours to days, thus allowing us to study thypq Spanish project INMENSE aims

) ” i to improve
mechanisms that control the subtropical frepospheric

e : oY k ) - understanding of the atmospheric budgets of two of the most
humidity. In particular, distinct differences in the Iocat'onimportant greenhouse g CH and NO. Knowledge of

of the North African midevel anticyclone and of he aimospheric CHand NO distributions, from local to
extratropical Rossby wave patterns occur between the fo’gﬂobal scales, as well as their variability in time is essential

transport  pathways idengtl. Overall, this study 4 5 petter understanding of their sinks and sources, and for
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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) and
anthropogenic (e.g. soot, industrial sulphate, nitrate, metals
or combustion linked carbonaceous matter) airborne
particles whoseize range from a few nanomegi@m) to

tens of microns (um). Aerosotntribute to deterioration

of air quality with impacts on human health due to
cardiovascular, cerebrovascular and respiratory diseases
such as asthma and chronic obstructive pulmodeease;
they also influence climate by scattering and absorbing
radiation and by influencing cloud formation and rainfall.

The activities of the In situ Aerosols programrp®S
group,Aerosol InSitu) are developeth line with scientific
priorities ofthe Global Atmosphere Waténogramme. One
of the main tasks ahis group is to maintain the lorAgrm
observations of aerosols at 1ZOhe group 6cuse its
researchon: 1) Longterm multidecadal variability and
trends of aerosols; 2) Aerosols and clienateractionand
3) Aerosols and air qualityteraction

8.2 Measurement Programme

The longterm in situ aerosols observation program of Izafia
Observatory includes measurements of aerosol mass and
number concentration, chemical composition,
distribution and optical properties by -gitu techniques.
Instruments are placed in the-salled Aepsols Research
Laboratory (ARL) renamed aghe Joseph M. Prospero
Aerosols Research Laboratory,asibute to the pioneer of
dust research, in 201Big. 8.1). Thdaboratoryis equipped
with a whole air inlet for aerosol sampy for the online
analysers (CPCs, SMPS, APS, MAARgthalometer, 1
nephelometertwo additional PMo and PM s inletsfor the
aerosolfilter samplersand also two additional inlets for q
TEOM (PMiyo and PMs and BETA PMig) analysers
respectively The interior of the Aerosols Research
Laboratoryis maintained at 22 °@riers are not needed
during the sampling érause of the low relative humidity
(RH) of the outdoor ambient air (RH percentiles"250" ¢
and 7% are 15%, 31% and 55%, respectively). q
Measurements of number concentration, size distribution
and optical properties of aerosols are performed wih h
time resolution (Table 3.2)

SIZEf:igure 8.1. Joseph M. Prospero Aerosols Research Laboratory
at Izafia Observatory (pper panel: building; lower panel: R.
Ramosworking in the ARL).

For the automatic insimentsin 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.g. SMPS)

<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 some instruments
<regular> calibration ofhe instruments at thé/orld
Calibration Centre for Aerosols Physi@8&CCAP).

These activities followthe recommendati@of the GAW

Progranmefor aerosol{ GAW Report n°227, 2016)

During 2022 the final pogtrocessing of the internal
database for alle@osol insitu parameters measured at ARL
was started. This is the final step for makatighe QC/QA
aerosol information measured at ARdvailable to the
scientific community.
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