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Foreword

The World Meteorological Organization (WMO)
coordinates international research through the Global
Atmosphere Watch (GAW) Programme, the World
Weather Research Programme (WWRP) and the c
sponsored World Climate Research Programme (WCRP).
The GAW Programme was established more than twenty
five years ago in recognition of the need for improved
scientific understanding of the increasing influence of
human activities on atmospheric compasiti and
subsequent environmental impacts. GAW provides
international leadership in research and capacity
development in atmospheric composition observations
and analysis through maintaining and applying ltergn
systematic observations of the chemical cositon and
related physical characteristics of the atmosphere,
emphasizing quality assurance and quality control, and
delivering integrated products and services related to
atmospheric composition of relevance to users.

The lzafia Atmospheric Research @riARC) is part

of the State Meteorological Agency of Spain (AEMET).
The lIzafia Atmospheric Observatory, managed by the
Izafia Atmospheric Research Center, celebrated its
centenary on 1 January 2016. This observatory officially
entered the list of WMO Cemtnial Stations that
contribute significantly to the Global Climate Observing
System (GCOS), and which are essential for
understanding climate variability and change.

The Official Centenary Ceremony of the lzafa
Atmospheric Observatory was held in April 280 It
brought together representatives of international
meteorological and atmosphere science institutions such
as the Director General of the European Centre for
Medium-Range Weather Forecasts, the Director General
of the European Organisation for the pibitation of
Meteorological Satellites, the Director of the Group of
Earth Observations and the Directors of 16 national
weather services in Europe, among many others.

The lzafia Atmospheric Research Centre has been
contributing uninterruptedly with COCH4 and surface

Oz observations since 1984. In 1989, and under the WMO
GAW Programme, the observations were expanded
significantly with other greenhouse gases, column ozone,
solar radiation, in situ and column aerosols and selected
reactive gases measurertenThe IARC supports the
GAW Programme through maintenance of a number of
important facilities such as the Regional Brewer
Calibration Centre for Europe, tAdeERONET-EUROPE
calibration site, and the European Brewer Network
(EUBREWNET) that provide importd service to the
scientific community.

Vii

The lzafa Atmospheric Research Centre plays an
important role in support of international cooperation.
Through its twinning programmes with the Global GAW
stations of Tamanrasset (Algeria) and Ushuaia
(Argentina) it supports the global research effort. The
Izafia Atmospheric Research Centre also contributes to
WWRP as an active member of the WMO Sand and Dust
Storm Warning Advisory and Assessment System (SDS
WAS) Regional Centre for Europe, Northern Africa and
Middle East, focusing efforts on dust observations and
atmospheric processes. Complementary to the GAW
Aerosols programme, the IARC has recently developed
many activities as a WMO Commission for Instruments
and Methods of Observations (CIMO) Testbed for
Aerosolsand Water Vapour Remote Sensing Instruments.

The IARC has also participated in recent international
initiatives such as the Lorgrm Ozone Trends and

Uncertainties in the Stratosphere (LOTUS) project
coordinated by the Stratosphdreposphere Processes

And their Role in Climate (SPARC) project of WCRP and
to the first Tropospheric Ozone Assessment Report.

It is a pleasure for me to present this report summarizing
the many activities at the Izafla Atmospheric Research
Center to the broader community coirioigl with its
milestone centenary celebrations in 2016.

Dr Deon Terblanche

Director of the Atmospheric Research and Environment
(ARE) BranchResearch Department

Word Meteorological Organization
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1 Organization Thelzafia Atmospheric Research Cerdtmo contributes to
the Network fo the Detection of Atmospheric Composition
Change IDACC). NDACC is an international network for
monitoring atmospheric composition ugin remote
measurement techniqueriginally, NDACC was created
to monita the physical and chemical changes in the
stratosphere, with special emphasis on the evolution of the
ozone layer and the substances responsible for its
2 Mission and Background destruction known as ©@me Depleting Substance$he
current objectives of NDACC are to observe and to
The lzafia Atmospheric Research Cent@monducts understand the physicochemical processes of the upper
observations and research related to atmosph troposphere and stratosphere, and their interactions, and
constituents that are capable of forcing change in the climatietect longterm tends of atmospheric compositidARC
of the Earth (greenhouse gases and aerosols), and may caaise makes an important contribution to the WMO through
depletion of te global ozone layer, amday key roles in air the Global @imate Observing #stem and through the
quality from local to global scake The IARC is an Commission for Instruments and Methods of Observation
Associated Uit of the SpanishNational Research Council (CIMO), as aVMO-CIMO Testbed for Aerosols and Water
(CSIC),through the Institute of Environmental AssessmeniVapour Remote Sensing Instruments
and Water ResearchDAEA). The main goal of the . . . )
Associated Unit iGroup for Izaﬂq %rgoss‘.ti?rhceorb?ere/atowﬁs ||nautgtfra6eﬂn I1§t udi e

is to perform atmospheric air quality research in both ruraPresent IOC"_"“O” ofh Ja”PaW‘g_lﬁ’ |n|t|at|ngun_|nterrupte_d
and urban environments meteorological and climalogical observations, which

constiuted a 100year record in 2016In 1984, the
The IARC contributes to the World Meteorological observatory became a station of the WMO Backgdou
Organization (WMO) Global Atmosphere WatcBAW)  Atmospheic Pollution Monitoring NetworKBAPMoN). In
Programme which was established in 1989 and hasl989 BAPMoN and GO30S (Global Ozone Observing
integrated a number of WMO research and monitoringsystem) merged in the curre@obal Atmosphere Watch
activities in the field of atmospheric environment. The mairProgrammeof which Izafi@gAtmospheric Observatoiig one
objective of GAW is to provide data and other informationof the 31 GAW Global stations(Figure 2.1) GAW Global
on the chemical composition and related [tsls stations serve as centres oéxcellence, and perform
characteristics of the atmosphere and their trends, requiredtensive resech on atmospheric compositiathange
to improve understanding of thdehaviour of the Izafia Atmospheric Observatory is a lkeample of sucla
atmosphere and its interactions with the oceans and thesearch facility.
biosphere.

The IzafiaAtmospheric Research CentéARC) is part of
the Department of Planning, Strategy and Bogss
Development ofhe State Meteorological Agenayf Spain
(AEMET). AEMET is an Agency bthe SpanishMinistry
of Agriculture and Fisheries, Food and Environmalso
known as MAPAMA

Neum
e ©, ayer
( ,South Pole

Figure 2.1. WMO GAW Global stations

Izafia Amospheric Resech Center: 2022016 1


http://izana.aemet.es/
http://www.aemet.es/
http://www.mapama.gob.es/en/
http://www.mapama.gob.es/en/
http://www.idaea.csic.es/
http://www.wmo.int/pages/prog/arep/gaw/gaw_home_en.html
http://www.ndsc.ncep.noaa.gov/)
http://www.wmo.int/pages/prog/www/IMOP/TB_LC/Testbed_Izana.html
http://www.wmo.int/pages/prog/www/IMOP/TB_LC/Testbed_Izana.html

3 Facilities and Summary of
Measurements

The Izafia Atmospheric Research Center (IAR@nages
four observatoriem Tenerife(Fig. 3.1, Table 3.1)1) Izafia
Atmospheric ObservatoyZO); 2) Santa Cruz Observatory
(SCO) 3) Botanic Observatory BTO); and4) Teide Peak
Observatory TPO).

Figure 3.2. Image of I1zafia Atmospheric Gbservatory.

Consequentlyit offers exc#ent conditions for trace gas and
aerosolin si t u measur ement s under
conditions, and for atmospheric observations by remote
sensing technigee The environmental conditions and
pristine skies are optimal for calibiat and validation
activities of both ground based and spadeorne sensors.
Due to ts geographic location it garticulaty valuable for

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

Figure 3.1. Location of IARC observatorieson Tenerife.

The lIzdia Atmospheric Observatory facilities consist of

Table 3.1. IARC observatories . . 7 ) )
three separate buildingthe main building, inauguted in

Observatory | Latitude | Longitude | Altitude 1916; the aerosols latg small neeby building of the same
(mas.l) periodwhich wasr e n a ri@sephMfi Prospero Aerosols

1ZO 28309 °N | 16.499°W 2373 Labor anh 8 Apjil()2016; and the technical tower,
completely rebuilt in early 2000, which hosts mothe

SCO 28.473°N | 16.247°W 52 instruments. Details othe IZO measurement programme

BTO 28.411°N | 16.535°W 114 are given in Table 3.2.

TPO 28.270°N | 16.639°W 3555 The main building is a twatoreybuilding with a total area
of 1420 n¥, which hosts the following facilities: office

3.1 Izafia Atmospheric Observatory space, dining room, kitchen, library, conference hall with

audiovisual system, meémg room, engine rooms, a
The Izafia Atmospheri@bservatorylZO) is located on the mechanical workshgpand an electronics workshop. In
island of Tenefe, Spain, roughly 300 km west of the aqdition, there is residential accommodation available for
African coast. Thebservatory issituated on a mountain siting scientists (seven double-suite rooms).
plateay 15 km northeast of the volcano Teide (3718
a.s.l.)(Figs3.2 and 3.3. The local wind regimat the site is  The technical toweis a sevenstorey building with a total
dominated by nortiwesterly windsClean air and clear sky area ®900n?. It includes 20 laboratories distributed among
conditions genera”)preva" throughoutthe year. 1ZO is the different floors. All the laboratories are temperature
normally above a temperature inversion layer, genera”?Ol’ltl’O"Ed.Deta"s of thdZO Technical Tower facilitieare
well established over the island, and below the descendirgiiven in Table 3.3.
branch of the Hadley cell.

i < “&‘/‘ngb ~ - AT "

=

Figure 3.3 1zafia Atmospheric Observatory(2373 m) with the vdcano Teide (3718 m) to the rightf the image

2 Izafia Amospheric Research Center: 22516



Table 3.2. Izafia Atmospheric Observatory (1ZO) measurement programme

Parameter Start date | Present Instrument Data Frequency
Greenhouse Gases and Carbon Cycle

CO. Jun 1984 | NDIR Licor 7000 (Primaryristrument) 30a
NDIR Licor 6252 (Secondarnstrument) 304
CRDSPicarro G2401 304

CHa Jul 1984 | GC-FID Dani 3800 2 samplefour
GC-FID Varian 3800 4 samplethour
CRDSPicarro G2401 304

N2O Jun 2007 | GC-ECD Varian 3800 4 samples/hour

Sk Jun 2007 | GC-ECD Varian 3800 4 samples/hour

(6{0) Jan 2008 | GC-RGD Trace AnalyticaRGA-3 3 samples/hour
CRDSPicarro G2401 304

In situ Reactive Gases

O3 Jan 1987 | UV Photometry
Teco ®-C (Primary hstrument) 1la
Teco 49C (Secondary instrument) 1la
Teco 491 (New Primary instrumeit 1la
CcoO Nov 2004 | Non-dispersive IR abs. Thermo 48 1la
SO Jun 2006 | UV fluorescence Thermo 43TL 1la
NO-NO2-NOx Jun 2006 | Chemiluminescence Thermo 42T 1la

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) ~300
Brewer Marklll # 183 (for developments) ~30n
Brewer Marklll #185 (Travelling Referenge | ~30a
Spectral UV 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
Column SQ Oct 2011 | Pandora#101 10a
Column HCNO Oct 2011 | Pandora#101 10a

Fourier Transform Infrared Spectroscopy (FTIR)

Greenhouse gases, react Fourier Transform Infrared Spectroscopy 3 daysweek
gass, and @ depleting Bruker IFS 120/5HR (cenanaged withIT) (weather permitting
substances

(Os, HF, HCN, HCI, CIONQ, | Jan 1999 | Middle infrared (MIR) solar absorption spectra
CzHs, HNG;, CH,, CO, CQ,
N2O, NO, NQ, H,O, HDO, | May 2007 | Near infrared (NIR) solar absorption spectra
0OCS)
Water vapour isotopologug Mar 2012 | Picarro L2126l U D %@ Andlyser 2a
(uD Hoyd u

Izafia Amospheric Resech Center: 2022016 3
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Parameter

Start date

Present Instrument

Data Frequency

In situ aerosols

Chemical compositio of total | Jul 1987 High-volume sampler 8h sampling at night
particulate matter{Mr) custom built/ MVCE/ MCZ
Concentrations of soluble species by ion
chromatography (€] NO3- and SO4=) and FIA
colorimetry (NH4+), major elements (Al, Ca, K
Na, Mg and Fe) and trace elements by -ICP
AES ard ICP-MS were determined at CSIC
PMsChemical composition | Apr 2002 | High-volumesampler custom 8h sampling at night
built/ MVCE/ MCZE
PMzoChemical compositio Jan 2005 | High-volume sampler 8h sampling at night
custom built/ MVCE/ MC
Number of particles >3 nm | Nov2006 | TS| E, UCRC 3025 1la
Number of particles > 2.5 nm Dec 2012 | TS| E, UCPC 3776 1la
Number of particles > 10 nm| Dec 2012 | TSI E, UCPC 3772 1a
Size distribution of 18:00nm | Nov2006 | TSI E, c¢cl ass 3080 + C|5a
Size distribution of 0.20pm | Nov2006 | TSI E, APS 3321 10a
Absorption coeff. 1 Nov2006 | Ther moE, MAAP 5012 1a
Attenuation 7 Jul 2012 MageeE, Aet haHSomet er |1la
Scattering coeff. I3 Jun 20@ TSI E, Il ntegration Ne|lqg
PMjo concentration Dec 2015 | Thermo, 5014i 5q
PM;sand PM o Dec 2015 | Thermo, 5014i 6
concentrations
Column aerosols
AOD and Angstrom at 415, | Feb 1996 | YES Multi Filter-7 Rotating ShadovBand 1la
499, 614, 670, 868, and 936 Radiometer (MFRSR)
nm
AOD and Angstrom at 340, | Mar 2003 | CIMEL CE318 sun photometer ~ 15
380, 440, 500, 675, 870, 936
1020 nm
Fine/Coarse AOD Mar 2003 | CIMEL CE318 sun photometer ~ 15
Fine mode fraction
Optical properties Mar 2003 | CIMEL CE318 sun photometer ~1h
AOD and Angstrom during | July 2012 | CIMEL CE318T sunsky-lunarphotometer ~ 150during moon
night period phases
AOD and Angstrom at 368, | July 2001 | WRC Precision Filter Radiometer (PFR) 1la
412, 500 and 862 nm
AOD at 769.9 nm July 1976 | MARK-I (at thelAC) AOD at 769.9 nm
Radiation
Global Rad. 2882600nm Jan B77 2 CM-21 & CM-11 Kipp & Zonen Pyranom. (il 1la
parallel) andEKO MS-801
Global Rad. 301100 nm Feb 1996 | YES MFRSR la
Estim. Direct Rad. Feb 1996 | YES MFRSR 1la
Direct Rad. 2081000nm Aug 2005 | 2 CH1 Kipp & ZonenandEKO MS-56 1la

Pyrheliometers

4

Izafia Amospheric Research Center: 2€A%L6
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Parameter Start date | Present Instrument Data Frequency

Radiation
Direct Rad. 2081000nm Jun 2014 | Absolute Cavity Pyrheliometer PMO6 Calibration
campaigns (4
Spectral direct Radiation Dec 2016 | Spectrorradiometer EKO M%11 56
Diffuse Rad. Feb 1996 | YES MFRSR la
Diffuse Rad. 2852600nm Aug 2005 | 2 CM-21 Kipp & Zonen Pyranometer (in 1la

parallel)andand EKO MS801

Downward Longwave Rad. | Mar 2009 | 2 CG4 Kipp & Zonen Pyrgeometer (in parallel 1a
454 2¢em

UVB Radiation315400nm Aug 2005 | 2 Yankee YES UVBL1 Pyrammeter (in parallel) 1a

UVA Radiation280-400nm Mar 2009 | Radiometers UV&-T la
PAR 400-700nm Aug 2005 | Pyranometer K&Z PQS1 1la
Net Radiation Nov 2016 | Net Radiometer EKO M0 1la

DOAS (managed by theSpanishNational Institute for Aerospace TechnologyJNTA)

Column NQ May 1993 | UV-VIS DOAS EVA and MAXDOAS RASAS | Every~3aduring
I'l (I NTA6s homemade; |twilight

Column Q Jan 2000 | UV-VIS MAXDOAS RASAS II( | NT A6 s| Every~3aduring
homemadg twilight

Column BrO Jan 2002 | UV-VIS MAXDOAS ARTIST-Il ( | NT A6 g Every~3oduring
homemadg twilight

Tropospheric @ May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemadg twilight

TropospheridNO: May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemadg twilight

TropospheridO May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemale) twilight

Column HCHO Jan 2015 | UV-VIS MAXDOAS ARTISTII( | NT A6 9§ Every~3oduring
homemadg twilight

Column Water Vapour

Precipitable Water Vapour Feb 1996 | YES MFRSR7 Radiometer (941 nm) 1la
(PWV)
PWV Jul 2008 GPSGLONASS LEICA receiver 15¢(ultra-rapid

orbits) and 1h
(precise orbits)

Vertical relative humidity Dec 1963 | Vaisala R$92 Daily at 00 and 12
uTC

PWV Mar 2003 | CIMEL CE318 sun photometer ~ 151

PWV Jan 1999 | Fourier Transform Infrare8pectroscopy 3 daysiveek when
cloudfree
conditions

Izafia Amospheric Resech Center: 2082016 5



Parameter Start date | Present Instrument Data Frequency
Meteorology
Temperature Jan 1916 | THIES CLIMA 1.1005.54.700 o
3 VAISALA HMP45C (in parallel) 1la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.000 (thermo Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top)| 14
Relative humidity Jan 1916 | THIES CLIMA 1.1005.54.700 la
3 VAISALA HMP45C (in parallel) 1la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.000 (thermo Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top)| 14
Wind direction and speed Jan 1916 | DELTA OHM Sonic 3DHD2003 1la
Young Wind Monitor HD Alpine 051085 1la
Young Wind Monitor HD Alpine 051085 1la
Young Wind Monitor HD Alpine 051085 1la
(tower Top)
Pressure Jan 1916 | SETRA 470 1la
VAISALA PTU 300 la
BELFORT 5/800AM/1 (Barograph) Continuous
SETRA470 (tower top) 1la
Rainfall Jan 1916 | THIES CLIMA Tipping Bucket 1la
THIES CLIMA Tipping Bucket 1la
Hellman rain gauge Daily
Hellman pluviograph Continuous
Sunshine duration Aug 1916 | KIPP & ZONEN CSD3 10a
Campbell Stokes Sunshine recorder Continuous
Present wather and visibility | Jul 1941 THIES CLIMA drisdrometer 10a
BIRAL 10HVJS 10a
Vertical profiles of T, RH, P, | Dec 1963 | RS92+GPS radiosondes launched at Guimar| Daily at 00 and 12
wind direction and speed, automatic radiosate station (WMO GUAN uTC
from sea level to ~30 km station #60018) (managed by the
altitude Meteorological Centre of Santa Cruz de
Tenerife)
Soil surfaceemperature Jan 1953 | 2 THIES CLIMA Pt100 (in parallel) 10a
Soil temperature (20 cm) Jan 2003 | 2 THIES CLIMA Pt100 (i 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 1la
Cloud mver Sep2038 Sieltec Canarias S.L. SONA total sky cameral 5a
Fograinfall Nov 2009 | THIES CLIMA Tipping Bucket with 20 crh 1la
mesh
Hellman rain gauge with 20 émesh Daily
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Parameter Start date | Present Instrument Data Frequency
Seacloud cover Nov 2010 | AXIS CameraWest View (Orotava Valley) 5a

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

AXIS Camera: North View 5a

AXIS Camera: East View (Guimar Valley) 5a
Drop size distribution and May 2011 | OTT Messtechnik OTT Parsivel la
velocity of falling
hydrometeors

Aerobiology

Pollens and spores Jun 2006 | Hirst, 7-day recorder VPPS 2000 spore tr Continuouq1h

(Lanzoni S.r.l.). Analysis performed with.#ght | resolution) from
microscope, 600 X at the Laboratori d'Anali{ April to October
Palinologiques, Universitat Autdnoma

Barcelona
Phenology
Emergence of the Jan 2014 | Visual inspection/counting Weekly during
inflorescence, the appearanc growing season, an
of flower buds, flowering, ang monthly the rest of
fruit development accondg the year

to the BBCH code of 7 taxa

Figure 3.4. Images oflZO Instrument terrace .
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Table 3.3. Izafia Atmospheric Observatory Technical Tower faciliies.

Floor Facilities Description

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

Floor Electronics Workshop | 25 n? room equipped with oscilloscopes, power supplies, multimeters,
soldering systas, etc. to carry out firsttep 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 autdimatart-up backup generators (400

Generators kVA and 100 K/A, respectively).

UPS room Obser vat or y & svVA mdundant) usedsfor s4ubing khe power @
the equipment inside the bdihg and an additional UPS (1¥K) for the
outside equipment.

Compresor room Room with clean oifree air compressors used for calibration cylinders filli
It also condins the general pumps for the East aresYéample inlets.

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

Supply System Certral system for high purity gas §HN2, Ar/CH,) and synthetic air supply.

Lift 6-floors. Nolift access to roof terrace.

First Archive room Archive of bands andistorical records.
Floor Technical equipment |Spare parts f stechnich equi@ters.er vat or y o
warehouse

Meeting room 8 person raetingroom

Second Optical Calibration 30 n? dark roan hostingvertical and horizontadbsolute irradiangebsolute
Floor Facility radianceangularesponsegandspectrakresponsealibrationset ups.

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

T2.2 Laboratory 9 n? lab with access tBast sample inlet.

T2.3 Laboratory 13 nt labhosting Picarro L21200 D a n d nalydeBvith accessd East
sample inlet

Third Greenhouse Gases 70 n? shared in two labs hosting GGCHs, N0, Sk and CO analyers with
Floor Laboratories access to the East and West sample inlets.

Fourth All purpose laboratories | Three labs with access to the East and West sample inlets.

Floor

Fifth Reactive Gases 10 nt lab hosting NGNO,, CO, and S@analy®rs with access td/est
Floor Laboratory sample inlet.

Communications room | Server room and WIFI connection with Santa Cruz deefiée headquarters

BrewerLaboratory 20 nt lab for Brewercampaigns.

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

Solar Photometry 10 m? maintenance workshop forlao 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 humidity gauges.
8 lzafia Amospheric Research Center: 26416



On the ground floor of the technical tower, there are tweuitable for relatively large spectrophotomeigtig. 3.8B).
storage spaces, one of them for pressured cylinders (tesf€de basis of the absagk irradiance scale consistsao$et of
and certified at the Canary Islands Regional Council fobDXW-type 1000 W lamps traceable to the primary
Industry) and thetber one for cylinder filling using ofree  irradiance standard of the PTB.

air compressors. This floor also includes the central system . L )
for supplying high purity gases §HN,, Ar/CHs) and 3) Setup for the absolute radiance calibration by calibrated

synthetic air to the different laboratories. On the Secon'&wtegrating sphergFig. 3.4C) The system istrace'ableto the
floor, there is a darkoom with the ecessary calibration AERONET standard at Goddard Space Flight Gente

setups for the 1ZO radiation instruments. On the top of théWashlngtcm, USA). This seyp is mainly used by C,'me'
technical tower there is a 16 fitat horizonfree terrace sunphotometers, but other instruments are also calibrated.

for the installation of outdoor scientific instruments that4) Setup for the angular response calibrat{Big. 3.D). It
need sun or moon radiation (Fig. 3.4). It also hasBhst | 5 ysed to quantify the devi at

and West sampi@nlets which supply the ambient air neededyesponse from an idealsioe response. The relative angular
by in situ trace gas analysers set up in different laboratoriegssponse function is measured rotating the mechanical arm
ThefiJoseph M. Prosper o Aasr ovgh%r'ela theﬁe@%o%eg '?XBVHG 1(1)_08W @’Ppaist'%a}te&i- ahe

a 40 A building used as an esite aerosol measurement rotation over £90° is controlled by a stepper motor \&ith

laboratory. t has four samphalets connected to aerosol prgcisiome.Olowhilg the instrument is illoninated by the
analysers. For more details, see Section 8. Outside 1zaHgiform and parallel light beam of the lamp.

Atmospheric Obsgrvatory there are the foIIowing. faqilities:s) Setup for thespectral response calibration. It is used to
1) a 160 raflat horizonfree platform with communications g antify the spectral responeéthe radiometer. The light is
and UPS used for measurementdiglampaigns; 2) the gcattered by an Optronic double monochromator OL 750
meteorological garden, containing two fullytomatic  jthin the range200 to 1100 nm with a precision of 0.1 nm.
meteorological stations (one of them the SYNOP station angl, oL 74020 light source positioned in front of the
the second one for meteorological research), manu@hirance slit acts as radiation source and two lamps, UV

meteorological gauges, a total sky camera, a GPS/GLONA@O(MOOnm) and Tungsten (25500nm) are available.
receiver, a ligtning detector, and an electric field mill

sensor; and 3) the Sky watch cabin hosting four cameras f
cloud observations with corresponding servers.

The following sections give further details of some of the
facilities locatedat 1ZO.

3.1.1 Optical Calibration Facility

The optical calibration facility atZzO has been developed
within the framework of the Specific Agreement of
Collaboration between the University of Valladolid and the
IARC-AEMET: fiTo establish methodologies and quality
assurance systems for prams of photometry, radiometry, [FEy
atmospheric ozone and aerosols within the atmospher
monitoring programme of the World Meteorological
Organizationdo. The main ob
facility is to perform Quality Assurance & Quality Control
(QA/QC) assessment of the solar radiation instrument
involved in the ozone, aerosols, radiation, and water vapo!
programs of the IARC. The seven-sgits available are the
following:

1) Setup for the absolute irradiance calibration by
calibrated standaridmps in a horiantaly oriented position
suitable for small radiomete(Eig. 3.54). The basis of the
absolte irradiance scale consistsao$et of FEEtype 1000

W lamps traceable to the primary irradiance standard of ﬂE‘?ages of a Brewer irradiance calibration with the vertical set

PhysikalischTechnische Bundesstalt (PTB). up, C) Absolute radiance calibration d a Cimel CE318 D)

. ) ) ) Angular response function determination of a Brewer(Photo:

2) Setup for the absolute irradiance calibration by alberto Redondas),E) Set up for Slit function determination

calibrated standard lamps in a vertical oriented positioand F) Alignment of a Brewer spectrophotometer optics
(Photo: Alberto Redondas)

Figure 3.5. Images of thelZO Optical calibration facility . A)
Horizontal absolute irradiance calibration set up B) Three
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6) Setup for the slit function determination (Fig. 3.5E). The These working standards are pregaat IZO using an in
characterization of the slit function is performedsitu system (Fig. 3.6) and then calibrated against the
illuminating the entrance slit of the spectrophotometer with.aboratory Standards using the IARC GHG measurement
the monochromatic light of a VMIM He-Cd laser. The systems. The system used to filkthigh pressure cylinders
nominal wavelength of the laser is 325 nm, its power igup to 120-130 bars) with dried natural air, takes clean
6mW, and its beam diameter is 1.8 mm ambient ai from an inlet located otop of the 1ZO tower

i (30maboveground), and pumps (using an -bite
7) Setup for the alignment of the Brewer spectrophotomete{:ompressor) it inside the cylinders after dryinguising

optics (Fig. 3.5F). It is suitable to perform adjustments ofnagnesium perchlorateachieving a HO mole fraction
the optics without sending the instrument to the\ower than 3 ppm

manufacturer.
Additionally, it is possiké to modify slightly the C@mole
3.1.2 In situ system used to produce working fraction of the natural air pumped inside the cylinders. To
standards containing natural ar this end, air from a cylinder containing natural air with zero

GAW requires very high accuracy in the atmosphericCOZ mole fraction (prepared using the same system but

greenhouse gas mmlffraction measurements, andliaect adding a C@absorber trap) or a tiny amouwftgas from a

link to the WMO primary standards maintained by the GAWSpiking_ Cca cyl?nde.r (5% of CQ ih No/O2/Ar) is addgd to
GHG CCLs (Central Calibration Laboratofjesnost of the cylinder being fillednot affectinghe CRDS technique

which are located atlOAA-ESRL-GMD. To accomplish 'S System is similar to that used by NO&SRL-GMD
these requirements, IARC uses Laboratory Standard@ Prepare WMO secondary and tertiary standards, and |.t is
prepared (using natural air) and calibrated KW@AA- managed andperated at 1ZO through a subcontractor (Air

ESRL-GMD. Indeed, the Laboratory Standards used all_iquide Canarias). The prepared working standards are
IARC are WMO tertiary standards mainly used in the GHG measurement programme, but

some of tem are used for other purposeatural air for a
Howeve, due to the fact that the consumption of standartH,O isotopologue Cavity Rinrown Spectroscopy
and reference gases by the IARC GHG measureme(RDS) analyser located at Teide peak and for a CO NDIR
systems is relatively high, an additional level of standar@ndyser located at SCO
gases (working standards) prepared with naturas aised.

EAIH LIQUIDE| BT
. 3
V31 vz *
[» Checkvalve . ) S(} =
! Filling Station Vs
M Precision valve
Sﬂ Shut-offvalve
F14 F15 F1&
_ﬁ Pressure Regulator
% Safety valve
B 2
Pressure Transmisor E E
=3 =3
3 3
Air suction flow E E
o -l
Air compressed flow E E
: oW E
Ambient air
suction Back pressure 512
s
regulator

103 Bar

143 Bar .
Condensate R V13 N
separator F13 @ R12 I

Fitter Su 1 bar

0-1bar
R31
(e

Humidity
analyzer
Waterboy 2

0il freethree stages air

COMpresor V1 '\ /
V12

Purge valves

Air with 0% Airweith 5%
CozycCO CO2 Trace
Trace Gas 2 Gas 1

Figure 3.6. In situ system used to produce working standards containing natural a@at Izafia Atmospheric Observatory.
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3.1.3 Central Gas Supply System

There is agas central facility located othe 1ZO tower
ground floor for supplying chromatographic gases to the
different instruments. This central facility supplies high
purity: N2 (used as carrier gas for the &Ds, and for the
1ZO HO isotopologue CRD&nalyse), synthetic air (used

as oxidizer in the FIDs, as carrier gas in the-RBGD, as
carrier gas in the 1ZO ¥ isotopologue CRD%nalyser

and as diluting air used in the calibrations of the reactive gas
instruments), 95% Ar %% CH;, (used as carrier gas for the
GD-ECD), and H (used as combustible in the FIDs). This
facility and the chromatographic gases are managed and

provided, respectively, by a subcontractor (Air I‘iqUideFigure 3.8. New 100% electric car in front of the 1ZO main
Canarias). The D isotopologue CRD8nalysefocatedat  gntrance

Teldg peak has imwn dedicated high purity Nsupply. The On sane occasions during the winter period the snowfall is
reactive gas analysers located at SCO have their own

dedicated high purity synthetic air supply (used as dilutiniO COp'.O us that it is not .pOSSIbI.e o accém@bsgrvatory
o o ven with a fouiwheel drive vehicle. In thesgcasionsve
air in the calibrations).

have counted on the generous collaboration of our neighbors
Additionally, other gases (provided by the sameofthe detachment dfrmy engineers (Ministry of Defense)
subontractor) are used aFO: high purity CQ for the who have shared the use of their Transport Mountain
calibration of araerosol nephelometer, high puritg®ifor ~ Caterpillar. Thanks to thigehicle, we have been able to
FTIR instrumental line shape monitoring, liquid, Nkbo  provide supplies of equipment and food, and also make
cryocool the FTIR detectors, and calibrated concentrateghanges of service personnel

gas standards in2¥19.4 ppm NQand 19.4 ppm NQ 1.01
ppm CO, 1.04 ppm CO, 99.9 ppm CO, 102 ppm,%0Qd 1
ppm SQ) for the calibration of the instrumentof the
reactive gassprogramme.

3.1.4 Transportation

Two electric golf carts abandoned in the scrap werd’ &
refurbished and tuned by mainéatte personnel in order to
provide local internal service for transportation of personne
and equipment between the different facilities of 120

Figure 3.9. The Transport Mountain Caterpillar belonging to
Army Engineers detachment, helping us to make a change in
service personnel

3.1.5 Modifications and improvements to the 1ZO
facilities carried out in 20152016

The local netwdt of lightning rods was reinforced with the
renovationof three new active sensorShe Joseph M.
Prospero Aerosol Researdhaboratory was completely
refurbished in 2016, both facades and the external perimeter
area in which ventilation holes with air exttors were
Figure 37.iBabi ecao (left) and f PRagetdfeVent(niois@ire on thedvallsl neve @ntl Fobust
used fo_r_i_nternal transport of tools and equipmentwithin the stair access to thiab terracewas installedwith enough

120 facilities. width to be able taarry equipment beveen two people.
Following the initiativein IZO to gradually introduce means The old power transformation center was cleaned and
of transport that do not damage the environment, in 2015 thenovated. This smabuilding houses from time to time a

combustion engine vehicle (BCO 4x4) was replaced by a gravimeter from thé&panish National Geographic Institute
100% electriC Nisan NA200 EVALIA. Th|S Vehicle serves (|GN) and in the near future W|” be the p|ace Where the

for transportation between the differelARC facilities  cimel Lidar is installed.
(1ZO, SCO and BTO).
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3.2 Santa Cruz Observatory

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

Figure 3.11. Air quality analy zersin the SCO Lab (left), and
Ramén Ramos and Pedro Miguel Romero(right) with the
Vaisala CL51 ceilometer on the SCO terrace

3.2.1 Aerosol Flters Laboratory

The Aerosol FiltersLaboratory isequipped with a auto
calibrationmicrobalancéMettler Toledo XS05DU) with a
resolution of 0.0Ing, a set of standard weights, and an oven
that reaches 308C. Filters are weighd after temperature
and humidity conditioning following the requirements of the
EN-14907 standards. This filter weighing procedure is used
for determining the concentrations of TSP, NPM. s and
PM: by means of standardized methodsilters are
conditioned to 20C and a fixed relative humidity (50% RH
for air quality studies and08 RH for research studies)
within a methacrylate chambewhich also contains the
balance used for weighirtpefilters (Fig. 3.13.

Figure 3.10. Image of Santa Cruz Observatory instument
terrace: ZEN-41-R radiometer (in the foreground), Cimel
AERONET photometer, radiation instruments mounted on
the suntracker and the HIRST pollen sampler (in the
background).

This observatory has two main objectives: 1p tprovide
information of background urban pollution for atmospheridg
research and interactions with Ierange pollution

transport driven Y trade winds or Sahamadust outbreaks
and 2) © perform complementary measurent

progranmmes to those performed alZO. The IARC

headquartermclude the following facilities

1 A laboratory for reactive gases (surfacg ®O-NO,
COand SQ).

1 A laboratory for micro pulse Lidar (MPL) and
ceilometer VI-51.

1 A laboratory to dry and weigfilters of high and low
volumeaerosokamplers.

1 A laboratoryfor the preparation of ozonesondes

1 A 25 m? flat horizonfree terrace for radiation Figure 3.12. Aerosol Filters laboratory: temperature and
instruments and air intakes relative humidity controlled chamber.
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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 Teco 4€ 1la
CcoO Mar 2006 Nondispersive IR abs. Thermo 481 1la
SO Mar 2006 UV fluorescence Thermo 43TL 1la
NO-NO,-NOy Mar 2006 Chemiluminescence Thermo 42T 1la
OzoneandUV( managed by the AEMETG6s Speci al Net wor K
Column Q Oct 2000 Brewer Markl!1#033 > ~20/day
Spectral UV Oct 2000 Brewer Markl!1#033 ~30q
SOG; Oct 2000 Brewer MarklI#033 ~30n
Column aerosols
AOD and Angstrom at Jul 2004 CIMEL CE318 sun photometer ~ 150
340, 380, 440, 500, 675,
870, 936, 1020 nm
Fine/Coase AOD Jul 2004 CIMEL CE318 sun photometer ~ 15
Vertical Backscatter Nov 2005 Micropulse Lidar MPL3, SES Inc., USA | 1qa
extinction@523 nm, (co-managed with INTA (www.inta.es))
clouds alt. and thickness
Vertical backscatter Jan 2011 Vaisala CL:51 Ceilometer la
extinction @910 nm,
cloud at. and thickness
Vertical Backscatter Dec 2015 CIMEL CE376 lidar 16
extinction @500 and 800
nm, clouds alt. and
thickness (with
depolarizarion channels)
Radiation
Global Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen 1la
Direct Radiation Feb 2006 Pyrheliometer EPPLEY 1la
Diffuse Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen 1la
UV-B Radiation Aug 2011 Yankee YES UVBL Pyranom. (managed 1l
by the AEMETO6s Spe
Service at the nearby Met Centre)
Column Water Vapour
Vertical relative humidity | Dec 1963 Vaisala R€92 Daily at 00 and 12 UTQ
Precipitable Water Vapou| Mar 2003 CIMEL CE318 sun photometer ~ 15
(PWV)
PWV Jan 2009 GPS/GLONASS GRX1200PRO receiver| 150(ultra-rapid orbits)
and 1h (precise duits)
PWYV (total column) over | Jun 2014 1 SIELTEC Sky Temperature Sensor Every 3@during the
SCO when cloudless skie (infrared thermometer prototype) complete day
Cloud base heights when
cloudy skies over SCO
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Meteorology
Vertical profiles of T, RH, | Dec 1963 RS92+GPS radiosondes launched at Daily at 00 and 12 UTC
P, wind direction and Gulimar automatic radiosonde station
speed, from sea level to (WMO GUAN station #60018) (managed
~30 km altitude by the Meteorological Centre of Santa
Cruz de Tenerife)
Temperature Jan 2002 VAISALA HMP45C o
Relative humidity Jan 2002 VAISALA HMP45C la
Wind Direction and speed Jan 2002 RM YOUNG wind sentry 03002 1la
Pressure Jan 2002 VAISALA PTB100A o
Rainfall Jan 2002 THIES CLIMA Tipping Bucket 1la
Aerobiology
Pollens and spores Oct 2004 Hirst, 7-day recorder VPPS 2000 spore | Continuous (h
trap (Lanzoni S.r.L.). resolution)

* Meteorological dta fromSanta Cruz de Tenerifdeteorological Centerdadquartersl km distant, are also available
since 1922.

3.2.2 The Ozonesondé.aboratory

Advanced preparetn of the Science Pump Corporation
(SPC) ECC ozone sensor (Model EGE), together with
digital Vaisala RS92 radiosonde and digital interface, is
performed at the Ozonesonde Lab at SCO. Expendables
such as radiosondes, interfaces, ozonesondes, o0zone
soluion chemicals, syringes, needles, protection gloves, and
triple disilled water are stored in thiab.

A Science Pump Corporation Model T400zonizer/Test
Unit is used for ozonesonde preparation. This unit has been
designed for conditioning ECC ozoneserdwith ozone,
and for checking the performance of the sondes prior to
balloon release. The Ozonizer/Test Unit is installed inside a
hood in which ambient air is passed through an active
charcoal filter to destroy ozone and other pollutants (ozone
free ai). 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.

On the day before lease, two EC&GA ozonesondes are
checked for proper operation and filled with sensing
solution. The day of the ozonesonde launching the sensors
are transported to BTO ozonesonde launching station (30
km distance) where pilaunch tests are performed at
ground including a final double check of the B3, and a
comparison of surface ozone fncECG6A with a TECO

49C ozonanalyser
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3.3 Botanic Observatory

The Botanidbservatory (BTQis located 1&m northeast
of 1ZO at 114m a.s.l. inthe Botanical Garden of Puerto de [
la Cruz(Fig. 3.13. BTOis hosted by the Canary Institute of
Agricultural Research(ICIA). The Botanic Observatpr
includes the following facilities:

1 Ozone Sounding Monitoring Laboratory equipped
with a Digicora MW31 receiver with Vaisala
METGRAPH data acdsition and processing software
anda surface ozonanalyser

f  Launch containerequipped witha Helium supply Figure 3.13.Image of Botanic Observatory (BTO).
system used for ozonesonde balloons filling.

In addition to thevzzonesonde measuremgrthere is &ully
equippedautomatic weather station (temperature, relative
humidity, pressure, precipitatiomjind speed and direction

a global irradiance pyranometeand a surface ozone
analyser(also used for additional ECC electheenical
sondes ground checking)For details of the BTO
measuremerntrogrammeseeTable 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 ECC-A6+RS92/GPS radiosondes 1/week (Wednesdays)
PTU, andwind direction
and speed, from sea leve
to ~33km altitude

Surface Q May 2011 UV Photometry Teco 4€ 1la
Radiation
Global Radiation May 2011 Pyranometer CML1 Kipp & Zonen la

Column Water Vapour

Precipiable Water Vapour Jan 2009 GPS/GLONASS GRX1200PRO receiver) 1 5 6 -apid darbitsa
(PWV) and 1h (precise orbits)

Meteorology

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

The Teide Peak ObservatoryRO) is locatedat 3555 m
asl. atthe Teide Cable Caterminalin the Teide National
Park(Fig. 3.14. 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 highepermanent
radiation observatories in Europe.

This measurement sit@rovides radiation and aerosol
information underextremely pristine conditions and in
conjunction with measurements at SCO and 1ZO allosvs
to study the variation of global radiation, tB/and aerosol
optical depth from sea level to 35855 a.s.l.In addition to
radiation and aerosolmeasuremest there is a
meteorological statiorand a vater vapour isotopologues
analyser Full details of the measurement programme are
given inTable 3.6

Figure 3.14. Measurements at Teide Peak Observatory

Table 3.6. Teide Peak Observatory(TPO) measurement programme

Parameter Start date | Present Instrument Data Frequency

Column aerosols

AOD and Angstrom at Jun 1997 | CIMEL CE318 sun photometer ~ 150(during AprOct)
340, 380, 440, 500, 675, (Co-managed with theniversity of

870, 936 and 020 nm Valladolid Atmospheric Optics Grojip

Fine/Coarse AOD Jun 1997 | CIMEL CE318 sun photometer ~ 150(during AprOct)
Fine mode fraction (Co-managed with the University of

Valladolid Atmospheric Optics Groyp

Radiation
Global Radiation Jul 2012 Pyranometer CML1 Kipp & Zonen la
UVB Radiaton Jul 2012 Pyranometer Yankee YES UVB la

Water vapour

Water vapour June 2013 | Picarro L2128l  { D %@ analyseii 24
i sotopol ogue

o)

Meteorology

Wind direction and speed| Oct2011 | THIES CLIMA Sonic 2D 1la
Temperature Aug 2012 | VAISALA HMP 45C 1la
Relative humidity Aug 2012 | VAISALA HMP45C 1la
Pressure Aug 2012 | VAISALA PTB100A 1la
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3.5 Computing Facilities and 3.6 Staff

Communications Activities universal to dimeasurement programmasch as

The computing facilities anccommunicationsform an  Operation and maintenance of IARC facilities, equiptne
integral component of all measurement programmes arigstrumentatn, communications and computing facilities
activities in thelzafia Atmospheric Research Centarthe &€ made by the following staff:
IARQ headquartershere is a temperatgre controlled r0OM - mén Ramos (AEMET: Head tientific
host!ng server computers devotgd to dn‘feren‘t automauc ar}?strumentation and infrastructujes
continuous tasks (NAS, modelling, spectra inversietc.) i o
for the research groups. @@t of the computingafilities Enrique Reye¢AEMET; IT developmentpecialisy
are given in Table 3.7 Néstor Castr¢AEMET; IT specialist)
Antonio Cruz (AEMET; IT specialist)

Table 3.7. IARC computing facilities. Rocio Loz (AEMET: IT specialist)

Computing Hardware SergioAfonso (AEMET; MeteorologicalObserveiGAW
Technician)
Storage | Virtualization | Modelling | Total Concepcién Bayo (AEMETyeteorologicalObserver
GAW Technician)
H.D. 34TB | 127TB 10TB 56 TB Rubén del Campo Hernand@¥=MET; Meteorological
ObserveitGAW Technician)
Cores |7 28 68 105 Virgilio Carrefio (AEMET;MeteorologicalObserver
GAW Technician)
RAM 12GB | 56 GB 46 GB 114 Céandida Hernandez (AEMEMeteorologicalObserver
GB GAW Technician)

Dr Fernando de Ory (AEMETMeteorologicalObserver
ThelARC headquarters has internet access through a doubtgaw Technician)

optical fibreconnection (20 Mb/s) to AEMEMeadquarters

in Madrid, one of them acting as bacg. 1ZO is real time

connected tdARC headquarters through a wifadio link

(54 Mb/s) of 34 km.AAn EUMET Cas't (EUMETSATOGs
Broadcast System for Environmental Data) reception station

is available atSCO. It consists of a multiservice

dissemination system based on standard Digital Video

Broadcast (DVB) technology. Most of the alite

information is receivedia this systen (see Section 13 for

more detailks

An important communication advance in 1ZO was the
establishment o& connection with the new network Iris
Nova, which has some of its nodes in the faed of the
Instituto de Astrofisica de CanariagIAC) Teide
ObservatoryHowever, although the Iris Nova network can
provide a bandwidth of 1Gb, the current link is limited to
10Mb because there is a fiber optic section that is
temporarily supplied by a microwave link of alhdb00m
between the residence of the IAC and 1ZO. The definitive
connection with high bandwidth will beompleted in the
near future
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4 Greenhouse Gases and Carbon
Cycle

4.1 Main Scientific Goals

The main goal of this IARC programme is to carry outAdditional informatian can be found in the las#O GHG
highly accurateatmosphericlong-lived greenhousegas GAW scienific audit reports: Scheel (20p%Zellweger et
(GHG) in situ continuous measurements at [#Oorderto  al. (2009), and Zellweger et aq13.

contribute to the GAWWMO programme, following the » )
GAW recommendations and igelines. Additional gals Additionally, weekly discrete flask samples have been

are: 1) testudywith precisiorthe longterm evolution of the collegtgd fpr éherll\le;tlonal ROceam(;] Emt()j Atmols;pbhelrlc
GHGs in the atmosphere, as well as their daily, seasonal aﬁgmlmstratlon ath SystemResearch Laborator§loba

inter-annual variability2) to improve and develop ti@HG Monitoring Division Carbon Cycle Greenhou;e Qases
measurement systems as well as the associatediata Group (NOAA-ESRL-GMD CCGQ Cooperate Air

processing softwared) to carry out researcto study the Sampling Ne_ztworl(since 199). The participation consists
processes that contrthe variability and evolution of th of weely d|sc.ret('a flask sample collection &0 and
GHGs in the atmospherée.g. GomezPelaez et al2013 subsequent shipping of the samples to NGBSRL-GMD
Dalsoren et a).2016; and4) to contribute to international CCGG.

researchand its documentation via recommendations an¢
guidelines

4.2 Measurement Programme

Table 4.1givesdetailsof the atmospheric greenhouse gaseg
measurementsurrently performedat 1ZO using in situ
analysers (owned by AEET) and some details about the
measuement schemes Carbon monoxide is not a
greenhouse gas but affe¢the methane cycl®etails of the
in situ measurement systems ast@ta processing can be

found in Gomezelaez etal. (2006, 2009, 2011, 2012,
2013,2014 and 2016 Figure 4.1. 1ZO Gas Chromatograph measurement system for
CHas, N2O and SFe.

Table 4.1. Atmospheric greenhouse gass measured in situ at 1ZO andneasurement schemes used

Gas | Start | Analyser | Model Ambient air Reference gas/es | Reference gas/es
Date measurement and measurement | calibration fre quency
frequency frequency
CO, | 1984 | NDIR Licor 7000 Continuous 3 RG every hour Biweekly using 4 LS
Licor 6252 Continuous 3 RG every hour

CHs; | 1984 | GC-FID | Dani 3800 2 injections/hour 1 RG every 30 min | Biweekly wising 2 LS
Varian 3800 | 4 injections/hour 1 RG every 15 min

N.O | 2007 | GC-ECD | Varian 3800 | 4 injections/hour 1 RG every 15 min | Biweekly using 5 LS

Sk 2007 | GC-ECD | Varian 3800 | 4 injections/hour 1 RG every 15 min | Biweekly using 5 LS

CcO 2008 | GC-RGD | Tr.An. RGA-3 | 3 injections/hour 1 RG every 20 min | Biweekly usng 5 LS

CO, | 2016 | CRDS Picarro G2401| Continuous 2 RG every 21 Every 34 weeks using
CHa hours tostudy LS
Cco performance

Reference gas/es (RG), Laboratory Standard (LS)
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http://www.esrl.noaa.gov/gmd/ccgg/flask.php
http://www.esrl.noaa.gov/gmd/ccgg/flask.php

The air inside the flasks has been measured for the followirend understanding of the radé anthropogeit and natural

gas specie mole fractig: 1) CQ, CHs, CO, and H since

factors that contdlocGHG variability.

1991; NO and Sk since 1997 (both sets measured by ) o
NOAA/ESRL/GMD CCGG); 2) Isotopic ratios Carbon IARC has also continued caifiuting to the data products

13/Carbon12 and Oxyger18/Oxygenl6 in carbon dioxide
since 1991 (measured by thetable Isotope Lab of
INSTAAR); 3) Methyt chloride, benzene, toluene, ethane,
ethene, propane, propenebutane, rbutane, ipentane, f

GLOBALVIEW and OBSPACK led by NOAAESRL-
GMD CCGG (e.g., Cooperative Global Atmospheric Data
Integration Project, @L6), as well as collaborating with the
associated Cg&surface flux inversion€arbonTracke(e.g.,

pentane, fhexane and isoprene since 2006 (measured bgj‘arbonTracker Team, 2016FarbonTracker Europand

INSTAAR). Two-week integrated samples of atmospheric

carbon dioxide havalsobeen collected for the Higlberg
University (Institute of Environmental Physic§arbon
Cycle Group since 1984 to measure thel@ isotopic ratio
in carbon dioxide.

4.3 Summary of remarkable results during
the period 20152016

MACC, which follows the proceduredescribed in
Chevallier et al.Z010).

The PI of this IARC programmparticipated inthe 18th
WMO/IAEA Meeting on Carbon Dioxide, Other
Greenhouse Gases, and Related Measeant Techniques,
held inLa Jolla, Californa, USA, September 187, 2015
where he gave the presation GomezPelaez et al. (2016

IARC-AEMET part i cSthpVMO/BABARomd t h e

This programme has continued performing continuoushigrhobin Comparison Experiend for the parameters GO

quality greenhouse gas measurements and annual

submitting the data to the WMO GAW World Data Centre

for Greenhouse Gased/DCGG), where data arpublicly
available, and also global data summares published
(e.g., WDCGG, 2016 The complete time series for €3
shown inFig. 4.2, while theCHa, N;O, Sk and CO time
seriesat 1ZO are shown irFig. 4.3. Al the collected data
are used for analysis amuvestigation of the carbon cycle

1, N2O, Sk and CO, and its measurement results showed
a good compatibility with the WMO CCL (NOAASRL-
GMD CCGQG) reslts and anexcellentcompatibility for
CO..
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http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en
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http://www.carbontracker.eu/index.html
http://atmosphere.copernicus.eu/d/services/gac/delayed/#co2_inversions
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Figure 4.3. Izafia Atmospheric Observatorytime seriesfor a) CH4, b) N20, ¢) SFs and d) CO.

At the end of 2015, a CRDS Picarro G2401 for measuringxtended absict associated witan IARC presentation at

CO,, CHs and CO, belonging to AEMET, was installed att he A19t h WMO/ | AEA Meeting on
the lzafia Atmospheric Observatouging a provisional Greenhouse Gases, and Related Measurement Techniques
simple configuration for air/standard gas management. AGGMT-2 0 1 7 ) 631 @uwdst 2017, Dibendorf,

the end of 2016, the plumbing design detailed in GemeZSwitzerland).

Pelaez et al. (2016) was installadand this instrument for

air/standard gas amagement (see also Fig. p.4The 4.4 Participation in Scientific Projects and
measurement system is performing well. Details about its Campaigns/Experiments

performance will be published in the near future. This

instrument was acquired through an infrastructure project 4.1 Participation in Scientific Projects

(see daails in next section). o )
The IARC GHG measurement programme participated in

the funded projects NOVIA and VALIASI, contributed to

the research article Garcia €t(@016), and will participate

in the ©project fitbRuEe | andf Nitrous S o u n
Oxide in the Troposphered, whi
at the end of 2016. All those projects are led by the IARC

FTIR measurement programme (see more details about
these projects in sections 5.5 and 8).

Figure 4.4. CRDS for measuring CQ, CH4 and CO at the At the .end”of 2014, the. pro_JfacEt Equipamiento F
Izafia Atmospheric Observatory with the final plumbing Monitorizacién e Investigacibn de Gases de Efecto

design installed at the end of 2016. Invernadero y Aerosoles en la estacion Global VAG
An enumeration of the developments darchanges (Vigilancia Atmosférica Global) de lzafia (Tenerife).
introduced in the IARC GHG measurement systems and ragFPM13351 7730 was approved and

data processing software before September 2015 is reportéq? ani sh AiMinisterCompee i tEcwind

in sections 2, 3 and 5 of GomEezlaez et al. (2016),Whereas( nF odn do S_ F. E. imzmepaR ofdh))sle fun:ds sign
those introduced after that date will be detailed in th&/aSUse to acquire a GATH/CO/H,O CRDS analyzer for
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the IARC GHG measurement programme (see the previotghe Oslo CTM3 model was able to reproduce the seasonal
subsection for more details). and yearto-year variations and shifts between years with
consecutive growth and stagnation, both atbgloand

At . t h _e, en d, O,,f 201 6_’, 0 fara da Peéiochél Echlés. TﬁeEogePall ErfeY ofel lrhe period is
Monitorizacién e Investigacion en la estacién Global VAGreproduced but for some periods the model fails to
(Vigilancia Atmosférica. Global) de lzafa (Tenerife) dereproduce the strength of the growth. The observed growth
compgner!te§ 'atmosferlcos que provqcan y modulan ﬁher 2006 is overestimated by the model in all regions. This
cambio climatico. AEDM18E-3 3 1 9 0- wa s "?‘pgeén%vt@ %e &Md by a too strong increase in
funded . b y t he §epanrloma,HndeMa yn dnt?\rbp% eﬁicoemissigns (of the inventories) in Asia in that
Competitividado (fiFondos Fyfy fhyidg gibbal tebact. Thes findinBs! confinf 8tikf
of those funds W'I! be used to acquire @OKCO QCL studies questioning the timing or strength of the emission
spectrometer for this measurement programme changes in Asia in the EDGAR v4.2 emissionentory
over the last decadeBor example, aecent publication by
Ganesaret al. (2017)shows that EDGAR overestimates
CHs emissions in India substantially

4.4.2 Participation in International Cooperative
Scientific Studies

Modelling the atmospheric methane evolution during

the last 40 years The evolution of CHis not only controlled by changes in

sources, but also by changes in thencdigal loss in the
This studyof methane evaluatiowas led byresearchers atmosphere and soil uptake. In thslo CTM3numerical
from the Center for International Climate and simulation, a large growth in atmospheric oxidation
Environmental ResearcfCICERO and the Norwegian capacity over the period 1972012 is found: the CH
Institute for Air ResearcliNILU). A researchefrom the lifetime decreags by more than 8% from 1970 to 2qER).
IARC and two researchers from the University of Californiad.5), a significan shortening of the residence time of this
also participated in it. This studynodels the atmospheric important greenhouse gas. This results in substantial growth
methane evolution during the last 40 ye@@alsoren et al.,, in the chemical CH loss (relative to its burden) and
2016).0Observations at surface stations show an increase ¢dampens the CHgrowth. The change in atmospheric
global mean surface Ckbf about 180 parts per billion (ppb) oxidation capacity is driven by complex intetiaot
(above 10 %) over the period 19@912. Over thiperiod, between a number of chemical components and
there are large fluctuations in the annual growth rate. meteorological factors. The key factors are identified and

simple prognostic equations for the relations between these

In this work, the atmospheric Gldvolution over the period and the atmospheric GHifetime are provided.

19702012 is investigated Wi the Oslo CTM3 global
Chemi cal Transport Mo duepl 0 AdjodiToMbe globai Euleaian-fabrantidn aonpled
approach. Surface measurements carried out at sites aifnospheric transport model (AGELCA v1.0):
international networks are used for comparisons with thdevelopment and valation

output from the CTM to understand causes for both-lon

term trends andhertterm variations gThe main contributors to this study published in

Geoscientific Model Developments (Belikov et al., 2016)
were scientig of Japanese and Russian institutions.
However, a reseaher from IARC also participated in it

——Methane lifetime ——Specific humidity (0-500 hPa)

—Temperature (0-500hPa)  ——Lightning NOx emissions contributing to the validation, interpretation of the results,
13 and writing of the article (not in the development of the
Hox/Co e ot Chote Darer i S adjoint of the model). The transport model used belongs to

the National Institute for Environméal Studies (NIES) of

Japan. From the differences in the concentratitrserved

and thosesimulated by the forward run of the transport

model, the improvements that need to be applied to the

= —— source/sink surface fluxes to minimize those differences can

V*\f’—\\\; P be deduced; and therefore, a more accurate a posteriori
V\/\/ value for the surface fluxes can be obtained.

0.9

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 T h |
Year

—=—Methane burden

_ | _ heri lfeti 4K transport model. Developing the adjoint of a transport model
Figure 4.5. Development in atmospheric CH lifetime and key o\ complex. The adjoint modis like a backward run
parameters known to influence CH lifetime. All variables

values are relative to 1970. (To make it apparent in the figure, Of the transport model but without inverting the dispersion

temperature variations are relative to the Celsius scale). due to the turbulence and convection (the dispersive

Reprinted from Dalsoren et al. (2016). phenomena are irreversible). The transport model used in
this study is particularly complex and efficient due to the
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fact that it utilizes the coupling of an Eulerian and a leads to higher estimated @Hemissions at northern
Lagrangian model, continuously in time. Eulerian modeldatitudes, and lower emissions in southern latitudes,

are better for the global scale and lagsighulationtimes

compared to the estimates usirige Tiedtke (1989)

whereas Lagrangian models are better for small scales andnvection scheme. The evalwati with norassimilated
shortsimulationtimes. The GECA model combines both observations showed that posterior mole fractions were
types of model to obtain simultaneously the advantages tetter matched with the observations whieaGregory et
both of them: global coverage and high spatial resolutioal. (2000) convection scheme was used.

near the observation stations.
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5 Reactive Gasesind Ozonesondes

5.1 Main Scientific Goals

The mainscientific objective®f this prograrmeare:

1 Longtermhigh qualityobservation®f reactive gases

(CO, NQ, SQ) in both the free troposphe(ET) and
the Marine Boundary LayefMBL) to support ther
measurementrogrammest IARC.

Longterm high qualityobservationsand analysis of
tropospheric @in the FTandin the MBL.

Air quality studies in urban and background conditions
Analysis of bngrange tansport of pollution (e.g.
transport of athropogenic andvildfire pollution from
North America).

Study of the impact of dust and water vapour on
tropospheric @

Analysis and characterization of
Tropospherd.ower Stratospher@JTLS).
Analysis of Statospherelroposphere Exchange
processes.

the Upper

5.2 Measurement Programme

The measurement programme of reaetgases@s, CO,
NOx andSQ,) (Figure 5.} includes longterm observations
at 1Z0, SCO and BTO (se€ables3.2, 3.4 and 3)hand
ozonesonde vertical profileg Tenerife (how at BTQ)In
addition, IARC (throughAEMET and INTA) hasa long-
term collaboration with the Argentinian Meteorological
Service (SMN)and in the frameworbf this collaboration
ozone vertical profiles are measured Wghuaia GAW
Global station (Argentina) (see Sectidl). Surface @
measurements started in 7980 in 2004, and S{ard
NOx measurements were implemented in 260620. At

SCO, surface ®measurements started in 2001, and COAudits of Trace Ga Measurme nt s

SO, and NQ programmes were also implemented in 2006.

120

Figure 5.1. Reactive gases analysers at lzafia Atmospheric
Observatory.

The surfaceOs; programme isconsidereda particularly
important programmat 1ZO due to both free troposphere
conditions of the site antthe quality and length of the data
series. Surfac®s; data at 1IZO have been calibrated agai
references that are traceablelteUS National Institte for
Standards and TechnologyIST) reference @photometer
(Gaithersburg, Maryland, USA). The surfd@gprogramme
at 1ZO has been audited by téorld Calibration Centréor
Surface Ozone, Caon Monoxide,Methaneand Carbon

Dioxide (WCC-OzoneCO-CHs-CO,-EMPA) in 1996,
1998, 2000, 2004, sddtoeportsmared 2 0
availablehere, for example the 2013 report is availabése
The audits wee per for med aStandarddi ng
Operating Procedure (SOP) for System and Performance

at WMO/ GAW

(WMO GAW Repat, 2007)
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Figure 5.2. Long-term daily (night period) surface Oz at 1ZO (1987-2016).
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https://www.empa.ch/web/s503/wcc-empa
https://www.empa.ch/web/s503/wcc-empa
https://www.empa.ch/documents/56101/250799/Izana13.pdf

Details ofthereactive gsesand @onesondemeasurement with nondispersive IR absorption technigfe air quality
programmaeare described iGonzalez (2012) and Cuevas et resarch.
al. (2013).In 2016,an almost uninterrupte80-year time

seriesof surface @was completed (see Figure 5.2). Concerning NOx and SQ measvements at 12O, the

instruments are usually operatihglowthe detection limit
The last audit held by EMPA at the IzaAamospheric (50 pptv) duringhe nighttime period when we can ensure
Observatory in September 2013 reported that the statidmackground conditions. However, these measurements are
calibrator TEI 49CPS #5608406 had a problem witthe  quite useful for studies obtal orregional pollution during
electronics,resulting in an underestimation of the ozonedaytime when concentrations anmodulated by valley
values ~1% compared to the WGEMPA referenceThis = mountain breeze, anbelp to understand the impact of
problem reoccurredt the end of 2016. The instrument wasregional pollution. A detailed description of these
repaired at EMPA. After the repaithe instrument was measurement programmes, including quality control and
compared and realibrated to the WCEMPA ozone quality assurance protocols is provided by Gonzalez (2012).

reference (SRP#15). The instrument was fully functional

after repair and can be used as an ozone reference in L@e oz(k))ne nggal proﬂlesE]?asturerr;nen.ts \I/vermtlatetd Itn
current condition. Surface sOdata from primary and ovember usinghe Electrochemical concentration

secondary @analyzersat 1zana were properly corrected cell (ECC) ozonesonde technique. The equipment and

from small biases since all changes of the calibratioJ‘f’“mCh'ng stations used in this prograenare indicated in
settings were well documented Table 5.1. Launches are p®rmed once a week

(Wednesday). A the start of the programme, the
Following the EMPA recommendations, a new surface@zonesonde were launched from Santa Cruz Station
ozone analyzer TEI 49i#1153030026 was purchased ar{@d8.46°N16.26W; 36 m a.s.l.) and since 201liey have
started operation at 1Z0n 7 Decenber2015.Throughout been launchettom BTO (28.41°N16.53W; 114 m a.s.l.)
2016the instrument was interompared with the primary This prograrmeprovides ozone profiles from the ground to
and secondary £analy®rs, and regularly (every 3 months) the burst level (generally between 30 and 35 km) with a
calibrated against the station calibration. This instrumerresolution of about00 metes. A detailed description of this
will soon be designatedthe new primary analgs. The progranmeand results can be found in Cuevas et al. (1994),
primary analy®r will become the secondary instrument, andSmit et al. (1995), and Sancho et al. (2001). The frequency
the current secondary instrument Iwble installed in the of ozone soundings in this station is sigrafitly increased
Teide PealObservatory (TPO). during intensive campaigns.

Concerning N® and SQ, the measurement programmes
have been implemented following methodologies
established by # US Environmental Protection Agency
(US EPA) and the European Union (2008/50/CE). Thesl,
agencies have also established QA/QC protocols (e.g., U
EPA, 600/477-027a, 1977; UNEEN standards). These
recommendations have been considered during tHESS

implementaibn of the reactive gases programme at SCQf~
and 1ZO. We have also followed GAW protocols and:
procedurs. The calibrations performed tre NQ, analyzer
could not be applied before the end of 2016 due to lack ¢.
personnel in this programme. The Sé&halyzerbega to E
show signs of instability 11 January 2016, finding out
later that its optical part was damaged as the reflectin
mirrors were burnt. During the rest2(16,the failure could
not be solved satisfactorily.

In relation to CO, this component iseasured with high
accuracy at 120 by the Greenhouse Gases and Carbon Cy;
Programme, using the gas chromatography/reduction ga
detection (GC/RGD) technique, and following the GAW
recommendations (see Section 4). A detailed description g
the programme cebe found in GomePelaez et al. (2013).

] ] . Figure 5.3. a) Preparation of an ozone electrochemicatell
CO measurementst 1ZO are described in Section.24  carried out by Sergio Afonso at the Ozonesonde Laboratory

within the Greenhouse Gases and Carbon Cycl@TO, b)launch of @onesondeat BTO.
Programme CO measurements agdsoperformedat SCO
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Table 5.1. Ozonesonde Programme equipment used in different time periods and launching stations since Biober 1992.

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

From Santa Cruz/ BTO
GROUND EQUIPMENT: (In alternatdaunches)
Nov 1992i Oct 2010:
VAISALA DigiCora MW11 Rawinsonde Feb 2011 present
Oct 2010/ present From BTO Station
VAISALA DigiCora lll SPS 313 Workstation (28.4T°N-16.53W; 114ma.s.l)

RADIOSONDES:

Nov 1992 Oct 1997:

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

VAISALA RS80-15GE (GPS Wind data)
Sep 2006present

VAISALA RS92-SGP (GPS Wind dafa

The main features of thezonesonde system are the
following:

Sensor: ECGBA
Radiosonde: RS2
Balloon: TOTEX TA 1200
Receiver: Digicora MW31
Wind system: GPS

=a =4 -8 —a -2

The ozonesondes are checked before launching with a
Ground Test with Ozoniz&rest Unit TSG1 (see Section
3.2.2 and Figre 5.3. A constant mixing ratio above burst
level is assumed for the determination of the residual ozone
if an altitude equivalent to 17 hPa has been reached.

Figure 5.4. Sergio Afonso and Marcos Damas gdo the
ozonesondes launching point at theBotanic Observatory
(BTO).
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5.3 Summary of remarkable results during For these reasons, a WM®Ozone Sonde Dat a

the period 20152016 Assessment (O3B QA) 0o activity has
recently with the following two major objectives:

5.3.1 New §oftware for reactive gases data 1) Homogenization of selected ozonesonde data sets to be
evaluation (Os, NOy, SC) used for the ozone assewst with the gal to reduce

A new software for reactive gases dataaleation was uncertainty from 1€0% down to 810% (focus on
developed during 2015 and 20T®is new software makes transfer function)

it possible to carry out a simple and visual evaluation of th@) Documentation of the homogenization process and the
1-minute data of reactive gases (surfageNID;, and SG). quality of ozonesonde measurements generally to allow

We can choose the desired component to evaluate and therecent recorsito be linked talder records.

visualize i€ record along wit that of another component | . oot of the WMO/GAW O3B0A activity, some
andbr together with the meteorological information . . .
. - L 0O3-sounding stations, one of them the 1ZO station, were
(temperature, relative humidity, pressure and wind) in order . . N
. : i selected to be involved in the homogenization process,
to have enough information to removeutliers and foll owin the AGuide Limes
erron@us readings on the graph, byarking then, and g
crosscheckingwith the information provided by chedists
and logbooks. Zeros, speand calibrations of the anaéys
can also beidplayed and applied The reprocessing carried out in our station is being
) supervisedy Dr Herman Smit (Julich Forschung Zentrum,
5.3.2 New World Data Center for Reactive Gases Germany), leader of the OZ3QA panel. This work was
(WDCRG) initiated in 2016. An essential aspect of this homogenization

The new World Data Center for Reactive Gag§DCRG) will be the estimation of expected uncertainties and the
has been created utilizing the EBAS data infrastructure &etailed documentation of the reprocessing of the long term
NILU. EBAS is a database hosting observation data opZonesonde records.

atmospheric chemical comgition and physical properties. In 2004, the
The WDCRG is the data repositomycharchive for reetive
gases of the GAW rmgramme. The WDCRG was

establishe_d_ on 1 January2016 . gnd takes over the records since 1995 were uploaded to the NDACC at this
responsibility of RG data archivingirom the Japan time. Currently95% of the ozone sounding&rformed in

\l\//lvetTgrglogicgl Agency(,\;vhich hWi" an\;’veD?GgOStTt:e the period 1992016 are in the NDACC networlEigure
orld Data Centre on Greenhouse &g )- The 5.5). Ozonesondes from the early period (Novenit@92

rgacnve gase_s to befhosteddat WDCRG are; 8audized 1994) need to be reprocessed and reanalysed carefully.
nitrogen species, surface @nd VOCs. Another aim of the homogenization is tecoverthese

We have developed the necessary software to edit data §gonesoundings fotheNDACC databaseThe ozonesonde

the new format requittby theWDCRG. Onlysurface @  dataare alscavailable at the World Ozone and Ultraviolet
datahas been submitted up to noWo browse for data Data Center\lWOUDC).

submitted to WITRG, pleasevisit http://ebas.nilu.no

panel members.

Izafla Atmospheric Observatory joined
NDACC and began routinely archivitige ozonesondaata
into the NDACC databasein addition,all the ozonesonde

120

6: 95% 035 in NDACC data base. = N2 035 performed
first 03 not included in NDACC) N2 03S in NDACC

5.3.3 The Ozonesnde Data Homogenization project 100

Although there have not been amghanges in ECC O3 a0
manufacturer or changes in sensing solution type (Vaisa
ECG-SPC5A/6A1.0% KI full buffer) since the beginning o
of the Ozonesnde Programmé¢November 1992), some ‘ | |
nonuniformity in data processing could have occurrec ®
through the programme time period. This can lead to sonm
inhomogeneities in time series and records and thus m:
influence theriends derived from such records dramatically.
The Assessment of Standard OperatiRgocedures for
Ozonesondes (ASOPOS, Smit et al., 2013) demonstrated
that, after standardization and homogenizatiorFigure 5.5. Number of ozone soundings (O3S) launched since

improvement of precision and accuracy bypatafactorof ~ the beginning of the programme and the number of
two might be yielded ozonesondes recorded in NDACC network meeting the quality

assurance citeria (19922016).

60

N2 of 035

. V¥ e
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Figure 5.7. Time/height vertical crosssections of ozone péial pressure corresponding t02016 (in grey, balloon burst level).

The time/height vertical crossections of ozone partial which must be performed in the present homogenization

pressure corresponding to the reportiegiod are shown in  work, reprocessing the historical ozonesondes series.

Figures 5.6 (208) and 5.712016).
g (208) 1 ) The values of Total Ozone Colum{iiOC) from Ozone

The ECCs have individual characteristiand a different Sounding (TOCsere calculaté from the integal of the
ECCsensoiis used in each ozonesondeespite a thorough Ozone Partial Pressure (correction factor not yet applied) of
pre-launch laboratory check, ECCs may deteriorate duringhe ozonesondes from the IzafilmosphericObservatory
flight and give poor readings for different reasohs. altitude (2373 m)plus the Residual Ozone (calculated
addition long-termstability over many individual sondes is assuming a constant mixing ratio from thdldizn burst
nearly impossible to maintain. Thereforié is strongly level to 1 hPa) The neaby coincident totalozone
recommended to normalize each soundWiMO, 2008. measurement was taken frdBnewer spectrometg#157)
This is accomplished by calibrating the vertically integratedocated at the Izaff@mospheridObservatoryTOCh). Both
sounding profile with a nedyy coincident total ozone parameters preseatsimilarbehaviour(Figures 5.8 and 5.9)
measurement,such as that provided bya Brewer andare inclose greement in 2016 (Fig. 5.9).a#ever, a
spectrophotometef he ratio between measured total ozoneslight bias, between 3 to 7% can be observe2Ditb (Fig.
and the vertically integrated ozone from ozonesagides 5.8) which is being investigateth addition, these figures
the correction factor (. This factor must be applied to demonstratethat the correction factor (Cf)s mostly
each valuef the ozone profile, and this is one of the taskdetween 0.94.05, the threshold that we established to
consider a validzone Sounding.
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ozone on climate, human health and crop/ecosystem

400
350 TG oG e productivity.
300.%-13 We have been contributing to
=201 |, 3 Assessrant Report: Presemay ozone distribution and
g'zom 11% trends relevant to climate al
" 150 [ 5 Much of the work required to participate in TOAR has been
100 1 W 10 the careful review of surface ozone data and its conversion
50 | L 09 to the format of the new globalaetive gas data center (see
o . . o8 section 5.3.2). A scientific |
0*\1@?@va\;\@{j&\ﬂpi"\@@@\@i‘\@{;‘b\"9{70‘5\"9{1“\@50\@?‘?\1@6@\"@% fsrsees Snmg n; Re;‘poerti Zr(\alsfar? tozo?eOdISt:JlﬁUt:or:T'lzntd e an
Orone Sounding Date being prepared to mibmitted to Elementa journal.
Figure 5.8. Temporal evolution of Total Ozone Column from . .
Brewer (TOCb) and from Ozone Sounding (TOCs) nleftaxis, 2.3.5 TheReactive gases Programme at the Ushuaia
and their correction factor (Cf) on right axis, for 2015 Global GAW station (Argentina)
400 o etomaal The Ushuaia tpbal GAW station (54.84833%4S,
350 1 14 68.310368'W) is operated by thérgentinian National
300 4 s Meteorological Service (SMN)This station is mainly
250 Wﬂ\ ) influenced by middle latitudair masses, but on certain
2,00 122 occasionsthe south polar vortex sweeps over the southern
5150 ,«"‘\ r 1‘1?__ tip of the South American continent. On sumtrasions,
0 m\,\/\/\\ N AN AV, wvtw\f 1o Ushuaia can be on the edgeookven inside the ozone hole.
. \f - Y al 0 The reactive gases prognane carried out at the Ushia
* 1 ' global GAW station is a joint project oBMN, the
0‘0 N 08 Government of Tierra del Fuego (Argentina) with
o o o0 1 (o o 0 contributions from the National Institute for Aerospace
Ozone Sounding Date Technology (INTA, Spain) and the State Meteorological
Agency (AEMET, Spain) through the lzafia Atspheric
Figure 5.9. Temporal evolution of Total Ozone Column from  Raesearch Centre.
Brewer (TOCb) and from Ozone Sounding (TOCSs) on left axis,
and their correction factor (Cf) on right axis, for 2016. EEN—————
a) —@— Carbon monoxide 110
5.3.4 The TOAR project "
The Tropospheric Ozone Assement Report (TOAR): o o 8
Global metrics for climate change, human health ani \ [T g
crop/ecosystem research, is a new Activity of the \ L 50 §
International Global Atmospheric Chemistry Project / % [, 8
(IGAC), approved by the IGAC Scientific Steering / \ s
Committee orl3 March2014 Themission ofTOAR is to \i 0 g
provide the research community with an -topdate §_§/ Lso
scientific assessment o f » Il obal

distribution and trends from the surface to the tropopause

10AR

tropospheric
ozone
assessment
report

Jaln Féb Mlar Alpr M;]y JL;I’] JLIJ| Ailg Sép Olct N(I)V D:ec
Figure 5.10. Annual variation of surface Oz and CO at Ushuaia
global GAW station. Reprinted from Adame et al. 2016.
Five years (201:2014) of hourly surface measurements of
surface G and CO at the GAWVMO Ushuaia station were

analyzed and characterized. A meteorological study of the
region was carried out using in situ observations and

The man two goals are: 1) Produce the first tropospherigneteorological fields from theEuropean Centre for

ozone assessment report based on all available surfaglediumRange Weather
observations, the peeeviewed literature and new analyses;

and 2) Generate easily accessible, documented data
ozone exposure and dose metrics tAbusands of
measurement sites around the world (urban aneunioan),
freely accessible for research on the gledralle impact of

Forecasts (ECMWIglobd
meteorological model. Atmospheric tsport was
iowestigated withair mass trajectories computed witie
Hybrid Single Particle Lagraian Integrated Trajectory
Model (HYSPLIT) using ERAInterim meteorological
fields (Adame et al., 2016)
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5.3.6 Confirmation of the unprecedented change in evaluating the chemistiglimate models participating in the
air quality in Santa Cruz de Tenerife from  CCMI and TFHTAP experiments
2014

In 2015 and 2016, using data from the SCO station and a?r'4 References

quality stations of the Government of the Canary Islandddame, J.A., Cupeiro, M., YelaV., Cuevas, E., Carbajal, G.,
located in Santa Cruz de Tenerife, it was possible to verify Olzgn? f‘rt‘d caErchl Gmonoxllie at tg‘le 2%?%”"’\1;? GNNQO y
the historical milestone of the improvement of air quality in ?70_2; :p"’rl”'oz'g)‘m eneral Assembly » vienna, Austria,
the city. In July 2013, the Santa Cruz de Tenerife refinery ' _ )
ceased crude oil refining operations and resumed operatiGi€vas: E.. K. Lamb, A. Bais, Total Ozone Contents derived by
for a short time in December 2013. After this date, the Different Instruments and _SoundingsMeteorological
: ! Publications No 27, Finni

i o sh Meteorological Institute, 109,
refinery has not retned to activity. Helsinki, 1994.

Since 2014, the European air quality standards fot@@e ~ Cuevas, E., Gonzalez, Y., Rodriguez, S., Guerra, J. C., Gomez
not been exceeded at any time. The EU air quality standards 7¢/46Z A. J., AlonsBérez, S., Bustos, J., and Milford, C.:

. . 3 Assessment of atmospheric processi®ang ozone variations
set limit concentrationalues for 1h averages (350 g “)M i the subtropical North Atlantic free troposphere , Atmos.

not to be exceeded madiean 24 times per year and fiaily Chem. Phys., 13, 1978998, doi:10.5194/aef3-19732013,
averages (125 gn®) not to be exceeded more than three 2013

times per yearThe significantly stricter WHO Air Quality Eskes, H., Huijnen, V., Arola, A., Benedictow, A., Blechschmidt,
Guideline (AQG) limit value (2@ gn daily average) was A.-M., Botek, E., Boucher, O., Bouarar, IChabrillat, S.,
exceeded on twmccasionssince 2014 Th|5 iS C|ear|y CUEV&S, E., Engelen, R., Flentje, H., Gaudel, A., Grlesfeller, -].,

. Jones, L., Kapsomenakis, J., Katragkou, E., Kinne, S.,
reflected inthe SQ record of Santa Cruz aine of the Langerock, B., Razinger, M., Richter, A., Schultz, M., Schulz,

stations withthe longest time series (Tomeé Cano) (Fig. . sSudarchikova, N., Thouret, V., Vrekoussis, M., gier
5.11). This is a new, cleaner air scenario for the SCO A, and Zerefos, C.: Validation of reactive gases and aerosols in
urban/localresearch GAW station. the MACC global analysis and forecast system, Geosci. Model
Dev., 8, 35233543, doi:10.5194/gm8-35232015, 2015.
350

Garcia, O. E., Schneider, M., Redondas, A., Gonzalez, Y., Hase,
200 | Gaudé A., O. Cooper, J. Ziemke, C. Vigouroux, J. Hannigan,
July 2013: December 2013: O. Garcia, Longerm trends of tropospheric ozone at globally
250 4 Refinery stops Refinery operates distributed Iocations, SPARC Regional WOFkShOp, November
'?E operations during a short period 9_10, Boulder, USA7 2015.
2 0
5 0 Gaudel., A., O. Cooper, B. Franco, O. Garcia, J. Hzami G.
; 150 | ‘ vL Huang, S. Kulawik, B. Latter, X. Liu, J. Neu, E. Maillard
g | | 1| EY 1-day ave. limit valu Barras, |. Petropavlovskikh, D. Smale, C. Wespes, H. Worden,
8 100 1 C. Vigouroux, J. Ziemke, Lonterm trends of global
8 tropospheric column ozone, Breckenridge, Colorado, USA, 26
50 - I 30 September, 2016
R AR A JN‘ AL L B A HO limit value
PO st oL . ' LML )Y VY GomezPelaez, A. J., Ramos, R., GorEzeba, V., Novelli, P.
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 C., and Camp(b-lernandez, R A statistical approach to
) . 3 o quantify uncertainty in carbon monoxide measurements at the
Figure 5.11. Da_uly averageS(O; at Tomé Cano station in Santa Izafia global GAW station: 2008011, Atmos. Meas. Tech., 6,
Cruz de Tenerife 787799, doi:105194/ami6-787-2013, 2013.
5.3.7 Other contributions Gonzélez, Y., Levels and origin of reactive gases and their

relationship with aerosols in the proximity of the emission
Dr Emilio Cuevas contributed to the validation of reactive sources and in the free troposphere at Tenerife, PhD Thesis,
gases and aerosols in the MACC global analysis and Technical Note N° 12, AEMET, NIPO 281-0161, July
forecast system (Eskes et al., BD1Dr Omaira Garcia 012.
contributedtothes t udy t i-terin gethds dflglobalg Sancho, J.M., S. Afonso, E. Cuevas, Programa de Ozonosondeos
tropospheric column ozoneo {el®asgnqerp Atmogfericg de |zafa, 'EOG?I‘%"E?‘ np3dels e n
to the IGAC Conference held in Colorado (USA) in bservatorio Atmosférico de Izafia, Centro de Publicaciones,

) . Ministerio de Medio Ambiente, I.S.B.N. &B2G1968,
September 2016. This study addresses the following pagdrid, 2001.

questions: .IS pzone contintiing to decline in nat_|0n$1 wit Smit, H.G.J., W. Stréter, D. Kley, E. Cuevas, Ozone Profiles at
strong emission controls? To what extent is ozone Jilich, Germany during 1993/1994 and at Santa Cruz de
increasing in the developing world? In response to these Tenerife, Spain in August 1993, Berichte des
questions, t h e study showed r e s Rorschusgszenrumg gdillich IG@BN CKEA 3078, Germany,
Tropospheric Ozone Assessment Report, and presented thel995.

first multi-instrument comparison of lorigrm tropospheric  Smit, H. G. J., Oltmans, S., Bier, T., Tarasick, DJohnson, B.,
column ozone trends using -tmcated observations from  Schmidlin, F., Stubi, R., and Davies, JSI2N/O3SDQA
satellites, FTIR and Umkehr. The study wasned at Activity: Guide Lines for Homogenizatioof Ozone Sonde
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Data, version 19 Novemb&012, available at: http://wwav
das.uwyo.ed/~deshleMIDACC_0O3Sones/O3s_DQA/O3S
DQA-Guidelines%20HomogenizatioV/2-
19November2012.pdf, 2012.

Smit, HG.J., and the Panel for the Assessment of Standard
Operating Procedures for Ozonesondes (ASOPOS), Quality
Assurance and Quality Control for Ozonesonde Measurements
in GAW, GAW Report No. @1, World Meteorological
Organization (WMO), 92 pp, 2013.

WMO: Standard Operating Procedure (SOP) for System and
Performance Audits of Trace Gas Measurements at
WMO/GAW  Sites, Version 120071212, World
Meteorological Organization, Scientific Advisory G
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6 Total OzoneColumn and
Ultraviolet Radiation

6.1 Main Scientific Goals

The mainscientificobjective of tlis programme is to obtain pm
thetotal ozonecolumn(TOC) andultraviolet UV) spectral
radiation with the highest precision almhg-term stability
that the current technayy and scientific kowledge allows
to achieve. To reach this objective the group uses thr
interconnected areas. The base igiegumentationthis is
supported by stridA/QC protocols that requilaboratory
calibratiors and theoretical modelling. Finally,web-
orienteddatabasesre developed fordissemination of the
observational data

6.2 Measurement Programme

Measurements of total ozone and spectral ultraviolet N
radiation began in May 199t 1ZO with the installation of ~Figure 6.1. Members of the Total Ozone and UV radiation
Brewer spectmeter #033. Ozone prégi measurements programme with the RBCC-E Brewer spectrophotometer

. . . . . triad located at 1ZO.
were added irseptember 1992 with two daily (sunrise and . _ _
sunset) vertical ozone profiles obtained with the Umkeht! 2005 a third double Brewer #185 was installed and
technique. In Julyl997, a double Brewer #157 ®a completes the reference triad of the®RBE (Fig. 6_.1).The
installed at 1ZO andt ran in parallel with Brewe#033 for ~Measurement programe was conpleted with the
six months.In 2003 a second double Brewer #183 wasinstallation of a Pandora spectroradiometer in October 2011.
installed andt wasdesignated the travelling reference of theThe technical specifications of both Brewer and Pandora
Regional Brewer Calibration Center for EurqgRBCGE).  instruments areummarizedn Table6.1

Table 6.1. Spectrometer specificabns.

Brewer
Slit Wavelengths O3 (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 m
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
O3 measurement accuracy +1% (for directsun total ozone)

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

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

47 to 440 Hz

Pandora

Instrument spectral range 265500 nm
Spectral window for N©fit 370500 nm
Spectral resolution +0.4 nm
Total integration time 20s
Number of scans per cycle 50-2500
Spectral sampling of the 3 pixels perull Width at Half Maximum(FWHM)

grating spectrometers
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Figure 6.2. Total Ozone series at Izafia Ahospheric Observatory (19912016, daily mean (in greydots) and monthly mean (in
red), the longterm mean from the period 19912016 are also shown @rey line) with the shaded area corresponding to the
standard deviation in the long term mean

The spectral UV measurements are routinely qualitfConcerningotal ozone, the Bwer tiad has an exhaustive
controlled using 1ZO calibration facilities. The stability and quality control in order to assurthe calibration, with
performance of the UV calibtion is monitored by 200W routinecalibrations performed on a monthly basis. With this
lamp tests twice a month. Every six months the Brewers apgocedure, we have achieved dongterm agreement
calibrated in a laboratory darkroom, against 1000W DXWbetween the instruments of the triad with a precision af les
lamps traceable to the Word Radiation CenfdfRC) than 0.25% in ozone

standards. Th&HICrivm software tool is used to anatys

quality aspects of measured k¥gectra before data transfer The Total Ozone programme i.s a part of Fhe NDACC
to the databases. In addition, model to measuremerf?éogramme' The total ozone series 19912016is shown

comparisons are regularly done. Every year the Brewdf F19- 6-2and is available at the NDAG@ebsiteand at the
#185 is compared with thQuality Assurance of Sptal World Ozor_1e a_nd Ultraviolet Daﬁent.er(WOUD_C). We
Ultraviolet Measurements (QASUME) International show also in Fig. 6.3he UV observat|on§ obtained from
portable reference spectroradiometer fréthysikalisch Brewer spectrophotometer #157, availaldiso at the
Meteorologisches Observatorium Davos, World RadiatioNVOUDC'

Center(PMOD/WRQ.
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Figure 6.3. UV index during 201520160btained from Brewer #157at |zafia Atmospheric Observatory.
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6.3 Summary of remarkable results during
the period 20152016

6.3.1 Effect of instrument temperature on the
Brewer specrophotometer

A thorough study of the impacf temperéure on Brewer
measurements hégen carried ouh the framework of the
European Metrology Research Programn{EMRP)
ATMOZ Joint Research ProjectWe have performed a
characterization ofthe temperature dependence timo  Figure 6.4. Experimental setup showing the Controlled
experiments which were conducted at the PTB (MarcH&mperature Chambers used at the PTB fabties (left) and
2016, Februar017) and Kipp & Zonen (October, 2016 detailed view of the spectrometer inside the chamber (right)
facilities to validate the standard methods for theThe experiments shad some unexpected results, the
determination of the temperature dependence of the Brewtgmperature dependenoéthe absolute measurements did
measurements used to retrieve atmospheric TOC. not show linear dependence inost of the cases and the

) measurerants using the direct port shed a remarkable
This work allowsus to compare the measurements mad‘hysteresis.

throughthe different input ports of the instrument, the effect

of temperature on the Brewer observations modgdJ®  Examining the ozone calculation which seelative
and AOD and the implications of this on measurements. Roefficientsdetermined from laboratory or field datag
also allowsus to compare and validate the temperatureobservedifferences irthe TOC< 0.08%. This result arises
correction coefficients obtaindd the laboratory and those even though the values of thelative coefficients obtained
obtained using the current standard procedure ihy the different types of used lamps, and therefore different
EUBREWNET, which uses field data of the Brewerspectral irradiaces, present wide differences. her
standard lamp. Whilevarious authors have studigle  algorithm used to retrieve TOC remavany linear effect
temperature effeadn the global UV measurements of the with the wavelength, and the wavelength selectionHer t
Brewer spectrophotorter, so far no validation of the o0zone calculation of the Brewer spectrophotometer is
temperature sensitivity of the ozone retrieveim Brewer — conductedo guarantee this condition

has been reported.
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Figure 6.5. Impact of temperature on the total ozone measurementsy Brewer spectrophotometes #185 and #233btained from
laboratory (using an internal and an external lamp) and field data Reprinted from Berjon et al. (2017).
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While the behavior of the relative measurements iBrewer Aerosol Optical DeptfAOD) product for the
approximately linear with temperature, absolutespectrophotometers integrated in the EUBREWNET
measurements generally exhibit beloagithat may become network.

difficult to model. This implies that the temperature o
coefficients used in the determination of TOC should not bé” the data necessary for the AOD determination can be

directly used to correct the temperature sensitivity of AOprtamed from the standard' ommneasurem.ents. of the.
or UV Brewer measurements. which should be analyzeapectrophotometers and the instrumental calibration carried
separately ’ out by the Regional Brewer Calibration Center for Europe

at the annual intercomparison campaigns. Furthermore, all
The difficulty of obtaining absolute coefficients from the the data are available #te EUBREWNETdata server,
measurements in the thermal chamber is probably due to theakingthe calculations fast and easy to carry out.

waythe temperature changes affdw different elements in i
the Brewer spectrophotometer. Dilations in the fore opticén this new AOD product, the counts measured by the

affect the aligment of the systemndcause a proportional Brewer at the six standard wayelengths .between. 306 and
change in all wavelengths. The effect on the monochromatg’rzo nm are used after performing corrections for filter and
causes mall changes in the wavelengthhd temperature polarization effects. EUBREWNET's neggattime level

affects the photomultiplier causing a nonlinear res:ponstl*'5 product, with Fhe Bass_and P.aur prescription for the
mainly at high temperaturé¢Berjon et 4., 2016 2017. ozone cross section, provides higlmality ozone data.
Bodhaine's Rayleigh coefficients, and standard ozone and

Finally, it is noteworthy that temperature correction is Rayleigh air masses are further used in our AOD algorithm.
usually applied to experimental measurements using Bhe aerosol aimass is currently approximated by the
reference temperature close to the most frequent operati®ayleigh one, and for the pressure we use the climatological
temperatureHowever this is not the case with the Brewer value at each Brewer station. Reference Brewers of the
spectrophaimeter, which uses a reference temperature dRBCCE triad are calibtad by the Langley method at I1ZO
0°C while the mean operation temperattoeexample in and this calibration can then be transferred other
EUBREWNET is 23°C witha median value of 22°C. A instruments integrated in the EUBREWNET network
change of the reference temperature will reduce the errduring e.g. intercomparison campaigns

associated with the uncertainty of the tempert

dependence calculation To validate our AOD producive have compared the data

of severcollocated Brewer an@imel instruments operating
6.3.2 Development and validation of a Brewer AOD  atfivedifferent stations ranging from Tamassset (Algeria)
product for EUBREWNET to Kangerlussuaq (Greemid) during the 20132015

o ) period. Data for the Izafiatmospheric @servatoryare
Within the framework of COST Action ES1207, and as parbresented in Figs.6, and shova good correlation between

of the activities carried out at the WMOIMO Testbed for  {he Brewer and Cimel instruments tine whole tweyear

Aerosols and Water Vapor Remote Jegsnstrumets at  period, withcorrelaton coefficiens > 0.94 (LopezSolano
the 1zafia Atmospheric l3ervatory, we have developed ag¢ al, 2016, 2017%.

Izafia, Brewer #183, observations: 11243, correlation: 0.94, differences’ median: 0.005, differences’ std. dev.: 0.027
1 T T T T T T T 0.1
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Figure 6.6. Brewer and Cimel AOD at the Izafia Atmospheric Observatoryfor the 2013 2015 period. AODseries shown on the
left panel correspond to daily averages calculated from Brewer (red) and Cimel (green) observations within 1 minute. Daily (blue)
and monthly (magenta) averages of AOD differences are shown on the rigbanel. For the Brewer instruments, we use the data
for the longest measured waglength at 320.1 nm, and for the Cimel, the 340 nm AERONET level 2.0 product extrapolated to 320
nm using the 340440 Angstrém exponent. Dates in the x axis are written as dddyy, where ddd is the day number and yy, the last
two digits of the year. Reprinted from Lopez-Solanoet al. (2017).
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For the whole set of stations considered we have foun@.3.4 Polarization investigation on the Brewer
corelation coefficiers 0f ©0.90. We have further checked Spectrophotometer

our new product by performing a comparison with the AOD ,
provided by the UVPFR instrument operated by theSpectral Im.easurements of th_e direct c.omponent qf the UV
PMOD/WRC during the10" RBCGE El Arenosillo 2015 solar radiation havescentlygainedmore mportance in the
intercomparison campaign, where more than 16 Brewépeasurement progranes  of various  Brewer

spectrophotometers were present. We have found BrewesrpectrO?hot()lmetg ' monltﬁrmg A:ga[l;uons', Emﬂlﬂ" dBE ?Bw!de
UVPFR correlation coefficients 0.96, with median rafmgeo alpp |cat|ops, suc;m as retrlet\J/ii/, b agpn
differences< 0.015 of aerosol properties antheasurement otJV absorbing

gaseqCarrefio et a] 2016)

6.3.3 Comparison with OMI O3z and UV satellite The sensitivity of direesun measurementsith Brewer
products spectrophotometedepends othe solar zenithragle (SZA)
Within the framework of the IDEAS+ project of the (Cede et al., 2006jue to Fresnel effects on the flat quartz
European Space Agency, and in collaboration wittindow and polarization by the diffraction grating. To study
LuftBlick Earth Observation Technologiege have carried  the effect of the instrument internal polarizatitependence
out a comparison drewer ozone and ultraviolet data with on the SZA we have carried out a first group of
the products provied by the Ozone Monitarg Instrument  Measurementwith a modified Brewer that allowed us to
(OMI) onboardthe NASA Aura satelliteFigure 6.7shows  €asily measure diresun count rates with and without the
a comparison of the OMTO3 and OMDOAO3 OMI ozoneduartz windowduring thel0" RBCGE El Arenosillo 2015
products with the measurements of the Brewefntercomparison campaignand a second set of
spectrophotometers operadi during the 18 RBCGE  measurements made at the Izafiméépheric Observatpr
intercomparisonampaign. For the Brewer instruments, welt is necessary tinterpolatein time to calculate the ratio
show averages of measurements taken within 30 minutes 8fth and without window A simple time interpolation

the satellite overpagiépezSolano et al., 2018. would introduce spectral dependence. A better solution
would be to apply a physical law (i.e., Bougli&mbert
370 " i " Beer law): linear interpotaon of log(l) vs. ozone airmass,
® . - . B .
. removing the Rayleigh contribution before the regression,
ol % then reintroducing the interpolation.
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Figure 6.7. Brewer and OMI ozone data during the 1@

RBCC-E EIl Arenosillo 2015 intercomparison campaign. Two

satellite products (OMTO3 and OMODOAOB3) are shown  Figure 6.8. Combination of the effect of the flat quartz window
together with data from different Brewer instruments. and the effect of the diffraction grating (with no polarization

0 . -
Overall, a good correlation between the satellite and Brewé]lrnd 30% vertical polarization).

data is clear. A comparisorofn Jure 2015 to June 2016 for The difference in the curvature from the theoretical curve
eight EUBREWNET Brewer instruments operating at theircan be explained by the fact that diffraction gratings are not
own sites, from Tamarasset (Algeria) to Sodankyl&necessarily linear polarisers. Applying a differen
(Finland), found relative differences 5% in most cases polarisation degree we can adjust the theoretical curve to the
between the Brewer and OMI ozone data. UV irradiancegata measured (Figure 6.8). The effect of the window and
presented largedifferences, reaching up to 15% in somethe corresponding correction for absolute spectral
cases. However, it should be noted that we usetiradiances for all Brewer models (Mkll, Nlkand MKIV)
EUBREWNET6s | evel 0 pr odu cwerecalcupted agchthe gmble npanegligible wavelemgthe a t
the time of the comparison, for the Brewer Ustaland it dependence were determined

did not include angorrections or data filters
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6.4 Participation in Scientific Projects and The COSTAction is based in the two European calibration
Campaigns/Experiments penters (RBC€E and W\RC). The .RBCGE plays a ker role
in the EUBREWNET, coordinating thdasidardization of
The participation in scientific projectd this measurement operation,characterization and calibration of the network
programme areintertwined with he activities of the instrumensas well as providing the BreweatabaseNow
Regional Brewer Clibration Centerfor Europe(RBCGE)  recognised by the WMO anthe International Ozone

(see Section 17 fanoredetails) Commission (I03C), it represents an extremely valuable
network of ground station data points without which the
6.4.1 EUBREWNET spaceborne instruments would not be able to function with

The Vienna Convention for the Protection of the Ozonény degree of accuracy. In the current times when we are
Layer and the subsequent Montreal Protocol on Substancé¥ng to .|dent|fy ozone recovg rates of 1% pedecadglt

that Deplete the Ozone Layer have been among the mdsihighly important that data abeth accurate and consistent
successfu environmental agreements the nations of thecross all stations.

world have entered into and have now almost completel¥he purpose of EUBREWNET is to harmonise

ehmmgted the prOd,',JCtlo.n of humanade onne observations, data processing, calibrations and operating
Depleting Substances". This has led to the halting of thSrocedures 50 that a measurement at aattis entirely

rapid decline of ozone observed in the 1980s #@0s, consistent with measurements at all the others. Additionally,

with some promising early indications of ozone recovery, . srower spectrophotometare also used tomeasure
now being apparent. It is therefore important to continue tgpectral UV irradiancethe sulphur dioxidecolumn and

measurecarefullythe sta¢ of the global ozone layer the aerosol optical depth. SorBeewer spectrophotometeare
coming decades, noting also that stratospheric condltlor}ﬁso ableto measurethe nitrogen dioxide column This
are expectedot change with the projected INCreasiNg o rmonised Brewer networkFig. 6.9 constitutesthe

concentration of greenhouse gases, and the fact th%?gest harmonised ground based UV network in the world,

stratospheric ozone itself has a significant effect on thgvalable for assimilation intsatelliteretrievals ananodels

atmosphtirlc\;gdlatlog balange angl.s urfac.e clltr!nDatet. .For th greatly improve accuracy of theatsllite data and
reason, the vienna t.onvention obliges signatiuntries forecasting. Another important point is the link to climate

to maintain programes to systematically monitor . .
iratospheri The B o Spectropleits change where tropospheric ozone and aerosols are still
stratospheric ozone. The Brewer Lzone spectrop m regarded as having the largest effect on uncertainties in

has, for the last 30 yeaiseen the instrument of choice for ., .0 (1 odels The Brewarstruments are suitable for the

ground station measurements of ozone and, in an effort {Q S
L . . o measwementof total column ozone which includes both
significantly impove the quality and timeliness of the data

a COST Action(ES1207 was initiated to form a Europe
Brewer Networkk EUBREWNET.

'tropospheric and stratospheric ozone whereas satellites
struggle with the lower altitudes

Figure 6.9. Location of Brewer stations currently participating in EUBREWNET. The network started as a European network
but now includesmore than 50 stations around the world
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The actual implementation of the network can bdn this new UV product, theneasuredJV spectrum are
summarized as follows corrected taking into account thestumental response that
is obtained using 1000W lamprhis response ishecled

i Automated data transfers to cent.ralldataﬂ)mgtarted with respect to the QASUME portable reference
in September 201 Data submissiomow became  ghectroradiometeand can be uploagt to EUBREWNET
automatic  with little  operator involvement SO 1y, the Operator. With this informatioEUBREWNET can
improving overall submission rates. process automatitig all the UV measurements sefnbm

I Calibration dataarestored in a central databadehis  the Brewer and calculate, for example, the-lddex. This
dlowsforcentral processing ffststagels bonskidred ad W PR&uct §.&ri@fe otfie?
ensuring consistency and use gfto-date calibration  hand, and considerirtge angular dependence of these kind
and processing. of measurementsve are working talevieopa methalology

f Site characterisation. Central data processing ihased on the FMimethodology to correct for this
addition tostation processing: includingagt of QC by  dependence

comparison and state of the art algorithms.
I Central reprocessing. Historical data or changes inThe method developed in the FMI is based on comparison
constants recomended by WMO Ozone SAG. of the UV measurements with the database of theoretical
1 Central QA/QC systems (QA/QC validated in onemeasurements created using the Libradtran model, whose
place)stations with a problem can be easily identified. values have been aihed through the parameterization of
1 Near Real Time (NRT) data. Essential for NRTvarious factors (ozone, albedo, clouds, etc.) that affect the
validation of satellite data and model assimilations. final measured radiation. In EUBREWNET, in order to
apply this model, it is necessary to receive these variables

4 ) — for each station as they reside in differelimatological
e @ sai:ﬁa [j} etz [> T?:'T? Q ‘:,Ez:’ conditio.ns. The variables include station aItitudg, the
12 ooy only Available quality predominant type of aerosol or albedo. In fact, this last
: : o factor is very difficult to parametrize at stations like I1zafia.

$ $ This second stage of the UV product development has not

— been finalized yet due tthelarge number of paraeters to
cotbratonand oyt be taken into accoulfteénLuis et al., 2016).
isat Available to user
nd cti
e 6.42 ATMOZ
Figure 6.10. EUBREWNET database architecture. The Joint Research Project Traceability for atmospheric

total column ozone (ATMOZ) aims to significantly enhance
EUBREWNET, in conjunction with WMO/UNEP, are very the reliability of total ozonealumn measured at the Earth
active in the areas of capacity building, particularly insurface with Dobson instruments, Brewer
Article 5 countries, by organising operator courses an$pectroradiometer and Arré8pectroradiometer. New
workshops, which provide expert instruction and methods of observation (techniques, instruments and
knowledge exchange using the considerable expertisgftware) are developed to provide traceable total ozone
within EUBREWNET. column measurements with ancertainty of < 1%.

Although EUBREWNET is intended as a database thatThe dissemination of the improved ozone traceability and
processes the 0zone measurements in real time, it has bé® developed tools and methoslasachieved via a large
taken into account that the Brewers measuedtraviolet  field intercomparisortampaigrof spectroradiometerseld
radiation spectrunusing its dome. In this sense, we areduring 1230 September 2016 47O in Tenerife. The
currently working on achieving an automatic processing oParticipaton of the RBCGE has the objective to
these measures for which the mathematical algorithms affaracterize the reference Brewer at the PTB facilities
being developed, as well as the interface necessary (Berion et al.,2016, Redondast al.,2016) and with this
introduce the configations of the equipment (equipmeminformation develop the error analysis of the Brewer
response, temperature dependence, etc.) necessary for iRgfrument. The improvements developed in thigezt will

kind of measurement. In addition, thanks to thebe transferred to the network instruments during RECC
collaboration with DiKaissa Lakalla, we ighto extend the campaigns. The publication of the calibration methodology
algorithm for global ultraviolet correctiomplementel in ~ for Brewer instruments (Brewer Calibration Standard
the FMI to all Bewers of EubrewneTheangular response  Procedure) is the final objective for this project.

of several Bewerswere measuredn previous RBCCE

o ) ) X L Sixteeninstruments partipated h the2016 ATMOZ Total
calibration campaign® achieve this objective

Ozone Intercompéson campaign: thee included total
ozone reference instruments frothe World Dobson
Calibration Center (WDCQC) the Regioral Dobson
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Calibration CentérEurope (RDCGE) and theRBCCE;
together with n& CCD lased instrumentsPandora,
Phaeton and PBS, andew highresolution array
spectroradiometer systems developed in the fweorie of
the ATMOZ project(for more details see Table 17.The

objectives of the campaign were to compare the Total Ozon:
measuremes of the participating instruments and to obtain

a ground based higtesolution UV range exdterrestrial
spectrum

Two datasets are analyzed in this work;the firstone,we

compare the operational algorithm. Tisecond updated

datasetis the best pssible homogenized dasat, where all
instruments use the same ozone cross

characterizationestablishedduring the ATMOZ project
This includesadditional informationsuch asprofiles of
effective temperature from ozonesonde anttillary data
usually not availablenifield measurements.

The comparison used th&®BCGE triad of Brewer
spectrometerasthe reference Thereis achange of 2% in
the reference Bwer between data set 1 andb@% of the

sectic
(Serduychenko et al 2014) and apply the instrument
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Figure 6.11 lzafa 2016 ATMOZ campaign preliminary
results. Total Ozonerelative differences (%) to the RBCC-E
Brewer Triad reference using hourly valuesto include twilight
instruments.

Table 6.2. 1zafia 2016 ATMOZ Intercomparison campaign
preliminary results. Relative differences (%) of the
partici pating instruments to the RBCC-E Brewer Triad

change is duto the change from the operative Bass & Paukeference.

to the Serdyuchenco cross section 88&of the change is

dueto the adoption of the Nicolet Rayleigh. The effect of| Instrument | Institution | data_set_1| data_set_2
the use of effeive temperature and height hasminor (%) (%)
effect on the Bewer ozone observations data during thel grewer017 | I0S/EC 1.6 31
campaign conditions Brewer157 | AEMET 0.2 0.2
The preliminary results of the Ifarticipating instruments | Brewer183 | AEMET 0.3 0.2
in the Izafa 2016 ATMOZ Intercomparison campaigre Brewerls85 | AEMET 0.0 0.0
shown in Fig. 6.11 and Table 6.2 and can be summarized gs
follows: Dobson RDCGCE -1.2 0.6
D064
1 The BrewerDobson comparison shows results in | Dobson NOAA 20 -0.6
agreement with previous comparisdbgtween 1 and | D083
2%) which are improvedn data set 20 < 1% when Dobson RDCGE 20 03
new cross sectianare used D074
1 There aresigniﬁcant differences betwgen ndm/ PandoralOl| Sieltec 77 14
instruments like FTIR anRASAS. The differencés
2.9% with the FTIR which worksni the infared | Pandoral2l) Luzblick 0.6 2.7
and-4.5% with the RASAS which works in the visible | Avodor PMOD -0.9 2.2
range. BTS PTB -1.5 0.4
1 The Pandora instrument shows paesults on the /Gigaherzt
operational algorithm whichimproves when the | epvis PMOD 0.2 1.8
recently developed algorithm (QOS reference)sed
showing similar differences to the FHAETON FTIR AEMET 29 4.5
instrument. The ERMIS whiclalso use a QDOAS Phaethon Thessaloniki 0.9 2.7
algorithm as the PHAETON showénilar agreement. University
1 Avodor, and QASUME from the PMOWRC, use the QASUME PMOD 0.8 1.1
same algorithm on different instruments, the data setPragas INTA 45 3.0
use the eftxaterrestrial speira obtained during the
campagn.
1 The BTS, CCD global spectrograph achieve promising

results.
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6.4.3 EarthCare Ground Base - Spectrometer LeorLuis, S. F., K. Lakkala, B. Hernanderuz, J. Lope#Solano,
Validation Network (Pandonia) V. Carrefio,A. Berjon, D. Santan®iaz, and A. Redondas,
Preliminar results on the operative cosine correction in

The aim of this project is to establish a network of Pandora Eubrewnet, Qadrennial Ozone Symposium 20Eginburgh
i nstr warglonids MThe main instr tAPSPEMMY 0P andoni a
will be Pandor&S, which is currently being developed LopezSolano, J., T. Carlund, B. Hernandémiz, S.F. LedLuis,

under this project as an evolution of the existing Pandora V- Carrefio, ABerjon, D. SantanBiaz, A.F. Bais, J.R. Moreta,

spectrometer system. The Pandonia network em hasizeS'V' Shirotov, J. Rimmer, J.M. Vilaplana, K.M. Wilson, J.
P y : P "Grobner, L. Boulkelia, P. Eriksen, T. Karppinen, H. Diémoz,

homogeneous  calibration of instrumentation, low . Rodriguez Valido, and A. Redond@§16aAerosol optical
instrument manufacturing and operation cosgstral data depth in the ultraviolet raye: a new product in EUBREWNET,

processing and formatting and quick delivery of final data Quadrennial Ozone Symposium 201@dinburgh 410
products. The planned data products of Pandonia are: Total SePtember 2016.

and tropospheric ozone {olumn, Total and tropospheric LopezSolano, J., B. Hernand&ruz, S.F. LedsLuis, V. Carrefio,
nitrogen dioxide (NG column and Spectral aerosol optical ~ A- Berjon, D. Santan®iaz, A.F. Bais, J.R. Moreta, J.M. San

. . . Atanasio, V. Shirotov, J. Rimmer).M. Vilaplana, K.M.
depth KOD) in the ultraviolet (>800nm) and visible range. Wilson, J. Grobner, L. Boulkelia, P. Eriksen, T. Karppinen, H.

. R . Diémoz, M. Rodriguez Valido, and A. Redond&§16b,
The reference instruments of Pandonia will be &t,I&hich BrewerOM| ozone comparisons in EUBREWNET,

is also an instrument test site together with the observation quadrennial Ozone Symposium 201@&dinburgh 410
platform of the Biomedical Physics Department, Medical September 2016.

University InnsbruckAustria. All network instruments will LépezSolano, J., Redondas, A., Carlund, T., Rodrig&eanco, J.
be traceable to reference instruments, through j Diémoz, H., Lediuis, S. F., Hernanderuz, B., Guirade
intercomparison with a mobile reference unit visiting Fuentes, C., Kouremeti, N., Grébner, J., Kazadzis, S., Carrefio,
network locations. The LuftBlick team and RBCCEnea V. Berjon, A., Santan®iaz, D., Rodrigue¥alido, M., De

; : : Bock, V., Moreg, J. R., Rimmer, J., Boulkelia, L., Jepsen, N.,
working together with the latest 2024 MOZ campaign at Eriksen, P., Bais, A. F., Shirotov, V., Vilaplana, J. M., Wilson,

12O, ha\{e deeloped improvemeptsinthg main gas retrievall K. M., and Karppinen, T.: Aerosol optical depth in the
processing algorithms, decreasing considerably the offset in European Brewer Network, Atmos. Chem. Phys. Discuss.,
the TOC, and thé&known Randora Q effective temperature  https://doi.org/10.5194/a€p0171003, in review, 2017.

dependence in the long term with respect to the IzafRedondas, A., S.F. Nevas, A. Berjon, M. Sildoja, V. Carrefio, D.
Brewer Triad. Santana, B. Hernand€xuz, S.F. Led+luis, and J. L6épez
Solano, Wavelength Characterization of Brewer
Spectrophotometer with a tunable laser PTB facilities,
Quadrennia Ozone Symposium 2016 Edinburgh 410

Berjén, A., A Redondas, M. Sildoja, S. Nevas, V. Carrefio, D. SPtember 2016.
Santana, B. Heménd&uz, S.F. Leéﬂ_UIS, and J. Lépez Serdyuchenkol A., Gorshe|e\/, V_l Weber, mhehade, W., &

Solano, Characterization of the Temperature Dependence of Byrrows, J. P., 2014igh spectral resolution ozone absorption

Brewer Spectrophotometer, Quadrennial Ozone Symposium crosssections. Atmospheric Measurement Techniques, 7(2),
2016 Edinburgh 410 September 2016. 625.

Berjon, A., Redondas, A., Sildoja, N., Nevas, S., Wilson, K.,
Le6nlLuis, S. F., El Gawhary, O., and Fountoulakis, 1..6.6 Staff
Characterization of the instrument temperature dependence .
Brewer total ozone column measurements, Atmos. Meas. Tecf%ﬁ_be_r.to Redondas Marrer()AEMET, He.ad of programrr)e
Discuss., http#doi.org/10.5194/amP017-406, in review, Virgilio Carrrefio AEMET; MeteorologicalObserver

2017. GAW Techniciai
Carrefio, V., H. Diémoz, S.F. Ledwis, J. LépezSolano, B. Juan José Rodriguez (AEMERgsearch Scientist
HernandezCruz, A. Berjon, D. Santaraiaz, M. Rodriguez Marta Sierra (AEMETResearch Scientjst

Valido, and A. Redondas, Brewer direct irradiance ] o i ) )
measurements: polarization effects anadei simulation, Dr Sergio Fabian Leon Luis (AEMEResearch Scientjst

September 2016. (ULL); Research Scientjst

Cede, A., Kazadzis, S., Kowalewski, M., Bais, A._, Kourerr_letl, N. Daniel Santana Diaz (Sieltec/LuftBlick; Research
Blumthaler, M., & Herman, J., 2006Correction of direct Scientist)
irradiance measurements of Brewer spectrophotometerso
the effect of internal polarization. Geophysical research letterd)r Alberto Berjon (AEMET;Research Scientjs

33(2). Dr Javier LépezSolano (University of La Laguna (ULL);

HernandezCruz, B., A. Redondas, M. Rodriguez Valido, J. Lépez Research Scientist)
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H. Diémoz, A European Brewer Network: Web Tools for
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7 Fourier Transform Infrared
Spectroscopy(FTIR)

7.1 Main Scientific Goals

Earth observations are fundamental for investigating th
processes driving climate change and thus for supportir
decisions on climate change mitigation strategied
Atmospheric remote sowling from space and ground are
essential components of this observational strategy. In th
context, thé=ourier transform infrad spectroscopy (FTIR
programme at the IARC wastablisheavith the main goals
of long-term monitoring of atmospheric gasneposition

(ozone related species and greenhouse gases) and
validation of satellite remote sensing measurements ar
climate models. In particular, within the FTIR programme
much effort has been put in developing new strategies f¢ = =
observing tropospherigvater \apour isotopologues from

ground and spacéased remote sensors, since thes
observations play a fundamental role for investigating the;iq,re 7.1. The ground-based FTIR experiment at the IARC

atmospheric water cycle and its links to the global energgscientific container, upper panel, hosting the Michelson
and radiation budgets. interferometer, lower panel).

The FTIR programe at the IARCis the result of the close PROFFITallows to retrieve volume mixing ratio (VMR)

and long lasting collaboration ofmore than a decade profiles and to scale partial or total VMR profiles of several
between the IARGEMET and the IMK-ASEKIT  SPecies simultaeously.There have been a lot of efforts for
(Institute of Meteorology and Climate Research assuring and even further imping the high quality of the

Atmospheric Trace Gases and RemotesBep Karlsruhe FTIR data products: e.g., mor?itn.g' the ins.trumen-tal line
Institute of Technlogy, Germany). The IMKSF has shape flase etal., 1999) monitoring and improving the

operatedhigh-resolution groundbased FTS systems for accuracyof the gppliedI sglar traeks. (Gisi et al.., 2011ps
almost two decades and they are leading contributors |We" as developing sopsticated retrieval algorithms (Hase

developing FTIR inversion algorithms and quality control®! al., 2004) The good quality of these. lontgrm ground
of ETIR solar measuremés As a result of this based FIR data sets has been extensively documented by

collaboration, the FTIR @eriment aiZO has contributed theoretical ad empirical validation studieg(g., Sbneider

to the prestigious international networks NDACC andet aI;,I 2%08a,b;| Schneider et al., 20@arcia et al., 2012
TCCON since 1999 and 2007, respectively. Sepulveda et al.,, 2012a, 20)4a

The FTIR programmeat the IARC is complemented byad
7.2 Measurement Programme Picarro L2126 water vapour isotopenalysersfor high-
precisionii D a'fOdnedsurementsee Fig7.2) installed
at|Z0 andTPO within the European projeRtUSICA.

A groundbased FTIR experiment for atmospheric
compositionmonitoring has two main components (Figure
7.1): a precise solar tracker that captures the direct sol
light beam and couples it into a highesplution
interferometer IFS). ARC6s FTI R acti vi
with a Bruker IFS 120M spectrometer, whiwas replaced
by a Bruker IFS 120/5HR spectrometer in 2005 (se
technical specifications in Table 7.1).

In order to derivérace gasoncentrations from the recorded g
FTIR solar absorption spectra, synthetic spectra al
calculated by the linby-line radidgive transfer model
PRFWD (Schneider and Hase, 2009). Then, the synthet
spectra are fitted to the measured ones by the softwa

package PROFFITPROFile FIT, Hase et al., 2004) ) ) ) .
Figure 7.2. Intercomparison of the two Piarro L2120-1 UD and

%0 analysers at the IARC.
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Table 7.1. Technical Specifications for Bruker IFS 120/5HR (inbrackets, if different for 120M).

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

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

Resolution powerl( 2 A%a01000 crt

Typical Scan velocity (cm/s) 2.5 (scan time about 100 s @ 250 cnOpfical Path Differenck

Field of view () 0.2

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

Size (cm)/Weight (kp)/Mobility 320 x 160 x 100120M: 200 x 80 x 30]

550 + 70 (Pump)220M: 100 + 30 (Electronics)]

Installed inside container, limited mobility

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

These instrumentare based on the Wavelengihanned 7.3.1 Ground-based emote sensing FTIR
Cavity RingDown SpectroscopyW{S-CRDS technology spectrometry

and are calibrated by injecting liquid stand&rda Standard h dased FTIR ob i h | tential
Delivery Mode (SDM from Picarro The 0.6 Hzprecision € grounebase observations have a farge potentia

of the analyser on #Mandss <0& rgont;goréngh%n{:l |n\ée%tfr;gmg f r%;R}nposition of the
<23 for 4000 ppmv. The ab£°8°|5p ﬁ’z the %”’&“05*? T a f”g? EPCSED i s

<13.7a at 500 ppmv and <2. %tvgeeinttﬁmTw%lsd% q ktﬁ‘lt? mo ?ﬁﬁa@dsuqyrf%th
estimation accounts foinstrument precision as well as example, the sources and sinks of greenhouse gases or the

errors due to the applied data corrections (SDM effects EVOIUt'On of the ozone layer. For this purpose, OUNVHIE

instrument al dri fts <1la, h?v? adqre Sedstp r?pc}' ?atéon devgl%pmergoan(ﬂ]
valid of the new strategles for monltorlng the ldexgn

calibration bias <0.54a) f oVf
evolutlon of trace gases, such as greenhouse gases and
7.3 Summary of remarkable results during ozone, in the framework of NDACC and TCCON networks
' ) (Garcia et al., 2015a). The IARFTIR have routinely
the period 20152016 contributed to NDACC with gHs, CIONO;, CO, CH,
The FTIR activities frm 2015 to 2016ave been focused COF HCI, HCN, HF, HCO, HNGs;, N:O, NG;, NO, &
on ground and spacebased remote sensing FTIR @ld OCS observations (total column amounts and VMR
spectrometnyas well as irsitu spectrometry. vertical profiles) since 1999, while total coluraneraged
abundances of GON,O, CHs, HF, CO, HO and HDO have
beenmeasured within TCCON since 2007 (see Fig. 7.3).
54)20

T T T T T
® GAWCO, TCCON FTIR XCO,

CO, [ppmv]

T T T T T T T
® GAWCH, O NDACC FTIR Tropopospheric CH, (corrected by 2%)

2 O O

T I e e S e B e o
@ Brewer O,TC O NDACC FTIR O,TC (corrected by 4%)

200 " | L | " | L 1 L 1 L | L 1 L 1 s 1 L 1 L 1 " | L 1 " 1 L 1 " | L 1 .

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 7.3. Time series of the total columraveraged abundances od) carbon dioxide (XCQ) in the framework of TCCON, b)
tropospheric methane (CH) and ¢) 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 tdghlity 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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However, such investigations require data that are verp the SI2N Initiative(SPARC, 2015)f the Stratosphere

consistent throughout many years and betwthe different
sites. To address this issigarthlott et al. (2015)resented

troposphere Processes And their Role in Clim8RARQ
project of the World Climate Research Programme

a method that allows an assessment of the consistency (@bntinued in 2016 bythe project LOTUS, Longterm

any midinfrared highresolution solar

absorption Ozone Trends and Uncertainties in the Stratosplzergto

measurement (2608000 cm' spectral region) made since the frst Tropospheric Ozone Assessment RefiRAR) to

the late 1950s. The method uses the difference betweée published in 2017These studies report that, at least at
XCO:, retrieved from the sptra and as simulated by a subtropical latitudes, there is not a clear ozimt& column
model. Both the retrieval and the model are designed inr@covery (Fig. 7.3 since the tsatospheric ozone increase
way that allows their easy adoption to any measurement siteould partially be compensated by the ozone decrease in the
The method was applied to the NDACC/FTIR spectra thatropopause and troposphere regions.

have so far been contributing to the project MUSICA,

including 1ZO among them. The scatter found between th

yearly mean NDACC data and the model wa8 ,ahis
providesstrong evidence for the very good letggm data

gnderstanding and predicting the Ileteym ozone
evolution is a very difficult task, since ozone is affected by
an interplay of chemal reactions and atmospheric

consistency among these NDACC/FTIR sites. This is also gynamics. Monitoring and investigating thei€btopologue

good reliability and consistencystefor the longterm trends
of tropospheric species measured at these sites.

composition can help us to disentangle this complex
scenario, giving us novel insights into the ozone transport,
the current ozone recovery and their links to global

With these refined time series we have participated imwarming. Sanroma et al. (2016) presented, for the first time,
numerous studies at a global scale. For example, the IARGe longterm series of the stratosphedR®O; isotopologue

FTIR time series have been used to investigate thetknng

ratios as observed by the IARC FTIR. By analysing these

changs in the methane total column amounts across thengterm series at different time scales, we explore the

globe (Bader et al., 2016, Fig. 7.4 his study found that,
combining FTIR and model estimatioadipwed b estimate

intra-annual variality (Fig. 7.5) and the longerm
evolution ofd®O; ratios at subtropical latitudes.

the contribution ofnatural sources such as wetlands and

biomass burning to the intannual variability of methane. L R B me o R wm vy
. . . . . b r Autumn onth
However, anthropogenic emissions, such as coal minintg | {8 2t i i B
. . . . .8 8 2
and gas and oil transport and exploration, which are mainl 3 2ol - wna] g 2 [ X 18:
emitted in the Northern Hemisphere and act as seconda § 2 A, ) B2 * §
contributors to the global budget of methane, haveeglay £ § i =" 1% 5[ J 1H:
. . . . E
major role in the increase of atmospheric methane observi s [ " 18 *[ /= 1 l:
Since 2005. »6 | 1 1 1 1 1 1 »6 1 | 1 1 1 1 1
10 8 6 4 2 0 2 4 108 6 4 2 0 2 4
Column Integrated Ozone Column Integrated Ozone
Ozone Methane Variability [%] Variability [%]
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Figure 7.5. Intra-annual variability of the {d®*°¥03, 4603} and
{d®%03, 4803} pairs as observed by the IARC FTIR. Reprited
from Sanrom4 et al. (2016)
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7.3.2 Spacebased remote sensing FTIR
spectrometry

Toronto
Tsukuba
28°N
34°8
45°S
78S |-

Izafia

Within spacebased FTR spectrometry,| A R Cliigh
quality FTIR data ha been extensively applied farany
years for the validation of trace gases measured by different
satellite instruments (ILAS, MIPAS, ACETS, GOME).
Currently, our activities are focused on the Infrared
Atmospheric Sounding Interferometer (IASI) on board
MetOp/EUMETSAT satellites through the European
projects MUSICA and VALIASI (Validation of the
EUMETSAT produets of atmospheric trace gases observed
from IASI using grounebased Fourier Transform Infrared
In addition, we have investigated the letegm changes in spectrometry), and the Spanish proje@VIA (Towards a
the @one vertical distribution arid the totalozonecolumn  Near Operational Validation of 1ASI level 2 trace gas
amaunts (Garcia et al., 2012; Vigouroux et al., 2015; Gaudgiroducts.

et al, 2016; Tarasick et al., 2016)hese works contribute

Wollongong

Lauder

Arrival Heights

T
5 -4 321012 3 4 500 01 02 03 04 05 086

Annual Change [%/yr]

Figure 7.4. Annual changes [in %/yr] of the ozone total column
amounts (left panel, reprinted from Vigouroux et al., 2015),
and mehane total column amounts (right panel, reprinted
from Bader et al., 2016) for different FTIR stations covering
from 80°N to 80°S
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Figure 7.6. Summary of the comparison between IASI/MetOp
A versus FTIR at 1ZO for all the IASI trace gas products and

IASI processors (version 4, V4, version 5, V5, and version 6,

V6) at different time scales: measuremerto-measurement

(Measto-Meas), Annual Cycles and longerm trends.
Reprinted from Sepulveda et al. (2016).
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Figure 7.7. Comparison of the annual cycles of the ozone total
column amounts(left panels) and tropospheric partial column
amounts (right panels) for the IASI-A Level 2 V5 (black stars)
and FTIR (red circles) at different NDACC sites covering from
80°N to 21°S: NY=NyAlesund (79°N), KI= Kiruna (68°N),
JU=Junfraujoch (47°N), IZ=lzafla (28°N) and RI=Reunion
Island (21°S). Reprinted from Sepulveda et al. (2016b)
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By means of VALIASI and NOVIA projects, the losigrm
validation of the IASI operational atmospheric trace gas
products (@, CO, CQ, CH; and NO) for different 1ASI
processorss being carried out (e.g., Garcia et al., 2015a,
2015b; Garcia et al., 2016a; Sepulveda et al., 2015a, 2015b;
Seplveda et al. 2016a, see Fig. }¥.6pecial attention has
been paid tothe quality assessment of the IASI ozone
products (total column amownand vertical profiles) (e.g.,
PeindadeGalan et al., 2015; Peinadaalan et al., 2016;
Sepulveda et al., 2016bAn example of the IASFTIR
comparison for the ozone annual cycles at different NDACC
FTIR stations is displayed in Figure 7.7.

We also paitipate in the validation of other spabased
remote platforms, like the OMI, SCIAMACHY or OGD
(Scheepmaker et al., 2015; Rob(ésnzalez et al., 2016;
Wunch et al., 2016).

7.3.3 MUSICA (Multiplatform remote Sensing of
Isotopologues for investigatingthe Cyde of
Atmospheric water)

In addition to ozone and greenhouse gases, one key elemen
in the Eartho6és climate s
observations of tropospheric water vapour isotopologue
composition can give novel opportunities for understanding
the different water cycle processes and their link to the
climate. In particular, in theolver/middle troposphere,
{H-0, dD} pairs have proved to be good proxies for
moisture pathways (Risi et al.,, 2012). However, their
observation, when using remote segsitechniques, is
challenging.

The project MUSICA addresses this challenge by
integrating the remote sensing with in situ measurement
technigues. The aim is to retrieealibrated tropospheric
{H 20, dD} pairs from the middle infrared spectra measured
from ground by NDACC/FTIR spectrometers and from
space by MetOp/IASI sensors (Barthlott et al., 2016;
Schneider et al., 2016). Special effort has bewue to
experimentally validate and prodifie added value of the
MUSICA tropospheric remote sensing produy@téegele et

al., 2014; Schneider et al., 2015, Schneider et al., 2016a).
This has been done by combining the water vapour
isotolopogue profiles taken within MUSICA/AMISOC
aircraft campaign in 2013 in the surrounding of Tenerife
(Canary Island) (Dyroff et la 2015) and the hsitu
continuous water vapour measurememizdeat 1ZO and
TPO since 2012 (Gonzalez et al., 2016).

As ob®rved in Figure 7.8he {H0, dD} pair distributions
obtained from the different remote sensors are consistent
and allow distinct lower/middle tropospheric moisture
pathways to be identified in agreement with myé#ar in

situ references (Schneider et al., 2016a).

t
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Figure 7.8. Free tropospheric {H.O, UD} pair distributions as obtained by different measurement techniques in the surroundings
of Tenerife. The contour lines indicate areas with the highest densities of the 48, UD} pairs: red denotes air masses that are
clearly affected by dry convection over the African continent; ble and green denote Atlantic air masses with different pathways.
The thin dashed and thick solid lines mark the areas that include 95% and 66% of all data, respectively. Left: two Picarro-gitu
instruments (L2120) measuring during nighttime at 2390 and3550 m a.s.l. (1ZO and TPO). Middle: groundbased NDACC/FTIR
located at Izafa. Right: spacébased MetOp/IASI-A and MetOp/IASI -B observing in a 2°x2° area south of the island. The yellow
star marks the a priori value used for the remote sensing retrievalst&.9 km. Reprinted from Schneider et al. (2016)

MUSICA also document the possibilities of the Observations (HIPPO) project, we document that
NDACC/FTIR instruments for climatological studies (due MUSICA/IASI products can capture the upper tropospheric
to longterm monitoring) (Schneider et al., 2012, SchneideCH. and NO variability (at ~306850 hPa) with a precision
et al., 2016a) and of the MetOp/IASI sensiarsobserving of 2.1% 8.2 ppbv) for each individual IASI CH
diurnal signals on a quaglobal scale with high horizontal observation. The precision is improved to 1.7% (32.1 ppbv)
resolution, and for validating tropospheric moisturefor IASI data that have been averaged within 2t@Res.
pathways in atmospheric models (Schneider et28l16a; For N.O the empirically estimated precision is 2.7% (8.7
2017). ppbv) for each individual observation aRd % (6.9 ppbv)

o . for the 2°x2%verages.
The insitu continuous water vapour measurements

performedat 1ZO and TPO also allow us to investigate theMoreover, we explore how the ¢etrieved NO estimates
moisture pathways to the subtropical free troposphere of theuld be successfully used for reducing common errors in
subtropical northern Atlantic. Gonzélez et al. (2016)the CH retrievals. For the combined Ghproduct, the
identified four principally different transport pathways. Thecomparison with HIPPO data gives an empiricagsion

air mass transport from high alttes and high latitudes estimate of 1.5% (26.3 ppbv), when considering all
shows two different scenarios. The first scenario brings drindividual IASI observations, and of 1.2% (21.8 pplior

air masses to the stations, as the result of condensatitthe 2°x2° averages. The quality of the MUSICA/IASI
events occurring at low temperatures. The second scenapeooducts allow us to identity the well known latitudinal
brings humid air masses to the stations, due to <rosgradients of ChH and NO, with a tendency to higher
isentropic mixing with loweftevel and more humid air concentrations in low latitudes than high latitudes (Figure
during transport since last condensation (LC). The third.9).

pathway is transportation from lower latitudes and lower i _
altitudes, whereby we can identify raineeaporation as an In future workit should be examinealsto what extent IASI

occasional source of moisturThe fourth pathway is linked observations O,f uppgr troposphenc.&.md NO variations
to the African continent, where during summer dryCan help to investigate the emission sourcetepas,

convection processes over the Sahara very effectively injel@SPOt pathways and sinks of £hd NZO,"and whether
humidity from the boundary layer to higheltitades. As the provision of a highly precise product ("Cebmbined

shown in Figure 7.§right panel), the different pathway with N2O") offers additional benefits for such research
leave distinct fingerprints on the measured HfDpairs ~ PUTPOSES

The MUSICA/IASI retrieval focuses on water vapour
isotopologues, but also provides upper tropospherig CH
and NO as side products (Figure Y @arcia et al., 2016b,
2016c¢).By comparing to coirident high precision aircraft
vertical profiles taken within the HIAPER Pete-Pole
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Figure 7.9. Example of the MUSICA/IASI-A VMR global maps for H20 (upper left panel) at ~4.9 km for all individual 1ASI
observations, and CH (upper right panel), NeO (bottom left panel), and CH: combined with N2O (bottom right panel) at ~10 km
for 2°x2° averages orl6/082014. The HO global map is reprinted from Schneider et al. (2016), while the remaining maps are
reprinted from Garcia et al. (2016b)

7.4 Participation in Scientific Campaigns from 0.2 to 12 km altitude. Flights will originate from the
Armstrong Flight Research Center in Palmdale, California,
7.4.1 ATMOZ campaign, September 2016 fly north to the western Arctic, south to the South Pacific,

. , he. Atlantic, north reenlan m
Together withthe IARGs Br e we r edjan §,thp astto,t tlantic, north to Greenland, amdum to

. : . aliférnia across central North America. During the transect
FTIR spgc_:trometer part|C|pate_d in the campaign ATMOZover the Atlantic Ocean in August 2016@he IARC FTIR
(Traceability for atmospheric total column o0zone

. : ‘'was m ring in coincidence with the ATom-B@ircraf
https://projects.pmodwrc.ch/atmoz/), carried out at the as measuring in coincidence with the ATom-B@ircraft

IARC during September 2016. This project aims to
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8 In situ Aerosols

8.1 Main Scientific Goals

Atmospheric aerosol is constituted by a mixing of natur
(e.g. sea salt, desert dust or bidgematerial) and
anthropogenic (e.g. soot, industrial sulphate, nitrate, met
or combustion linked carbonaceous matter) airborn
particles whose size range from a few nanorsdétrm) to
tens of microns (um). Aerosols impair air quality with
impacts on hman health due to cardiovascular,|
cerebrovascular and respiratory diseases such as asthma
chronic obstructive pulmonary disease; they also influencajs
climate by scattering and absorbing radiation and b
influencing cloud formation and rainfall.

Figure 8.1. Aerosol Research Laboratory at Izafa
The actiities of the In situ Aerosols programme areAtmosphericObservatory.
developed within the scientific priorities of the Global For these automatic insiments, the QA/QCactivities
Atmosphere Watch programme. One of the main tasks ¢fc|ude
our group is to maintain the lorigrm observations of
aerosols at 1ZO. These measurements improve tH <daily checks> of the datand status of the instruments
understanding of the potential lotgrm multidecadal 1 <weekly checks> of the airflows and leak testssome
changes and trends of aerosols. Our investigations are instruments (e.g. SMPS)
focused on: 1) Longerm multidecadal variability and 9 <quartely checks> includes meaements of the
trends of aerosols; 2) Aerosols and climate and 3) Aerosols instrumental zero (24h filtered air) for all the

and air quality. instruments (CPCs, SMPS, APS, MAAP, aethalometer
nephelometer) and calibration checks (e.g.
8.2 MeasurementProgramme nephelometer)

<annual intecomparisons> for some instruments
participationin intercomparisons, .g. those performed
annually between 2010 and 2012 for CPCs and SPMS
at El Arenosillo- Huelva (GémeaMoreno et al., 2011,
2013) and those in the World Calibration Centre for
Aerosols Physics in Leipzig Germany for CPCs (Sep
2012 and absorption photonet (Nov 2005; Muller
etal., 2011)

The longterm in situ aerosols observation program of lzaf 1
Atmospheric Observatory includes measurements 3}
aerosol mass and number concentrations, chemical
composition, size distribution and optical properties by in
situ techniques. Instrumentre placed in the Aerosols
Research Laboratory (ARL) (Fig. 8.1), a building equipped
with a whole air inlet for conducting the aerosol sample to
the online analysers (CPCs, SMPS, APS, MAAP,
aethalometer, nephelometer) and two additionakd®d The procedure for these activites follows the
PMz s inlets for the aerosol Samplers. In December 2015ecommendation of the AW programmefor aerosols.

two new instruments were acquired with economical

support of the European Regional Development Fund he aerosols chemical compositigrogranmeis based on:
(Table 3.2): a beta attenuation based fbnitor (Thermo
5014i) and a dichotomous microbalance based sPand
PMaswwanal yser ( TDEOME intdridr ®fSthe
PARTILAB is maintained at 22 °C. Because of the low
relative humidity (RH) in the outdoor ambient air (RH
percentiles 28, 50" and 7% are 15%, 31% and 55%,
respectively) driers are not needelMleasurements of
number concentration, size distributions and optical
properties of aerosols are performed witighh time
resolution (Table 3.2)

9 thecollection of aerosol samples on fikeSanples are
colleced at night to avoidhe diurnal upslope winds
that may bring material from the boundary layer,
thedetermination of the aerosol mass concentrations by
the gravinetric method. Filters are weigh, before and
after sampling, at 20C temperature and &b %
relative humidity in thé\erosol Filterdaboratory(Fig.
8.4) of the Izafla Atmospheric Research Cerftee
Section 3.2.1) The procedurefor weighing filters is
similar to that described in EM907, except that we
use a lower relative humiditg30-35 % due to the
relative humidiy of the ambient air at IZ®eingmuch
lower than the 50% stated BN-14907.
1 the determination of chemical composition which
currently includes elemental composition (those
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detectedby IPC-AES, i.e. Al, Ca, FeMg , K, N atherégjoups of the IARC (Gonzalez et al., 2016; Schneider
salts (SQ*, NOs, NHs*, CI), organic carbon, etal., 2015, 2016).

elemental carbon and trace elements (those detected by ) ) ]
IPCMS, i.e. P, V, Ni, Cd, As, Sb, Sn....). Air quality studies on black carbon were performed in

collaboration with the University of Huelva, Hospital
The QA/QC procedure for the aerosol chemical compositiobniveristario de Canarias and the US National Oceanic and

programmeincludes: Atmospheric Administration. Studies included
) o measurements in several cities of Spain (Santa Cruz de
T airflow checks and calibrations Tenerife, Huelva and Seville) and higksolution
9 the collection of blank field filters for gravimetry modelling with CAMx air quality coupled with MM5
and chemical analysis meteorological model (Fig. 8.2; Milford et al., 2016).
I intercomparisorexercises Investigations on the connection between exposure to black

For the QA/QC activities, the group is equipped with fourcarbon and cardiovascular diseases were performed in

bubble flowmet e r GilibratorseE fcéllﬁb,orarﬂ%r;awghuﬂr]eikﬁs :tal%?ivreor]ilsg rié)”\?/es Canalrlias
from a few to ten®f litres per minute€.g. CPCs, SMPS, (DominguezRodriguez et al., & - |he overa

APS, MAAP, aethalometer nephelometer) and thre(%esults indicate that continued reduction of black carbon

pressure drop flovmeters for measurinairflows of tens of rom diesel orroad sources in these urban areas is indeed a
cubic metes per hour (e.g. samplers) priority in order to mitigate the impacts of black carbon on

human health and on climate.
The World Calibration Centre forekosol Physics audited
the 1ZOaerosol programein Nov 206 (Tuch and Nowalk,
2006). An updated report datddarch 2014 is available
(Rodriguez et al., 2014a).

Dust research included dustongterm variability
(Rodriguez et al., 2015), impact on visibility (Camino et al.,
2015), fertilization of the ocean with iron (Ravdtérez et

al., 2016), ice nuclei (Conen et al., 2015; Boose et al., 2016)
and new mineralogy schemes of global dust nwo(feérez

8.3 Summary of remarkable results during etal., 2016)

the period 20122014

During the 20152016 biennium, the In situ Aerosols group
focused mody ontheir research actities on desert dust and
climate. Additional activities included urban air quality,
black carbon (Milford et al., 2016, DominguBbdriguez et

al.,, 2015, 2016), ammonia (Reche et al., 2015), ultrafine
particles (FernandeZamacho et al., 2015; Gom#&foreno

et al., 2015) and water vapour research in collaboration with

black carbon and urban air quality
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Figure 8.2. Mean daily evolution of black carbon concentrations for every day of the week in Seville and Huelva according to
experimental data (obs) and modelling (sim). Reproduced from Milford et al. (216).

50 Izafa Amospheric Research Center: 2€A®L6



North African Dipole
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Figure 8.3. Average of the 850 hPa geopotential height for August (198014) illustrating the High to Low configuration of the
North African Dipole (A). Correlation coefficient of the mean value of the North African Dipole Intensity with zonal wind (A) and
with Major Dust Activity Frequency (B) for August from 1987 to 2014. Reprodwiced from Rodriguez et al. (201p

The longterm record of dust concentratemat 1zafia was export is highly related to the vabidity in meteorology, as
used, by the Iniw Aerosols group and the University of described in detail in studies of the aerosol group, including
Miami, for studying the summédo-summer variability in its connection to the Saharan Heat Low (Rodriguez et al.,
dust export to the North Atlantic in the-salled Saharan 2015; Cuevas et al., 2016). Summers with high values of the
Air Layer (Rodriguez et al., 2015). This variability was NAFDI are associated with intense Harmattan wimis
related to the summemeteorologicaktonditionsin North  inner Sahara (Fig. 8.4B) and with a northward shift of the
Africa, which is charactesed by high pressures over Saharan Air Layer (Fig. 8.3C). Throughout 3 decades, dust
northern Sahara and low pressure over the tropics linked &t Izafia has been significantly correlated with the zonal
the monsoon (Fig. 8.3A); eonditionto which we refer as wind component of Harmattan winds in the inner Sahara
North AFrican Dipole (NAFD) and whose Intensity (Fig. 8.4B). The low dst concentrations linked to a
(NAFDI) was measured as the difference of the anomaly cfouthern shift of the Saharan Air Layer during EL Nifio
the 8®hPa geopotential height over subtropics (Moroccoperiods and vicerersa during La Nifa (Fig. 8.4A), point to
and over the tropic (Nigeria; Cuevas et al., 2016). a teleconnection with ENSO that is a subject being studied

. . b¥ the aerosol group
The high correlation between the three decades record o

dust at Izafia with NAFDI (Fig. 8.4A) illustrates how dust

Figure 8.4. Mean values of dust concentrations at I1zafia, North African Dipole Intensity (NAFDI), Multivariate ENSO Index (MEI)
and zonal wind at 925 hPa levels in inner Algeria (Subtropical Saharan Stripe 238N, 7W 2E) for August from 1987 to 2014.
Green and redarrows on the top indicate El Nifio and La Nifia conditions, respectively
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