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Foreword

The World Meteorological Organization (WMO)
coordinates international research througk tBlobal
Atmosphere Watch (GAW) rBgramme, the World
Weather Research Programni&/WRP) and the co-
sponsoredWorld Climate Research Programme. The
GAW programme focuse®n the coordination and
application of high quality global observations of
atmospheric greenhouse gases, o0zone, ultraviolet
radiation, aerosols and selected reactive gases as well as
other components. It supports international conventions
on ozone depleatin, climate and longange transport of

air pollution. Through high quality, loAgrm
measurements, the GAW programme leads to improved
understanding of the atmospheric composition and its
changes. The World Weather Research Programme
advances society'sbiity to cope with high impact
weather through initiatives such as the WMO Sand and
Dust Storm Warning\dvisory and Assessment Systém
close collaboration with GAW

The lzafia Atmospheric Research Center, which is part of
the State Meteorological Ageno§ Spain (AEMHE), is a

site of excellence intmospteric sience. It manages four
observatories in Tenerife including the high altitude 1zafa
Atmospheric Observatory. The lzafla Atmospheric
Observatory was augurated in 1916 and since tdate

has carrid out uninterrupted meteorological and
climatological observations,contributing towards a
uniquel00-year recordo be reachedh 2016.

The Izafia Atmospheric Observatory has contributed to
the GAW Programme since its establishment in 1989 and
is one of te 30 GAW Global stations which constitute the
backbone of the programme. It performs high quality,
long-term (multidecadal) measurements of atmospheric
greenhouse gases, surface and column ozone, ultraviolet
and solar radiation, in situ and column aefl®sand
selected reactive gases. Its measurement programmes
contribute to both tropospheric and stratospheric
atmospheric composition monitoring and research. The
environmental conditions and pristine skies at Izafia are
optimal for calibration and validatioactivities of both
ground based and space borne sensors, while its strategic
geographic location allows for study of diverse effects of
atmospheric transport.

Vii

In addition to the GAW Programme, the Izafa
Atmospheric Research Center contributes to many
international activities, including the Network for the
Detection of Atmospheric Composition Change
(NDACC), it is actively involved in the conanagement

of the WMO Sand and Dust Storm Warning Advisory and
Assessment Regional Center for Northern Africégdie
East and Europe and hagently been nominated a WMO
Commission for Instruments and Methods of
Observations (CIMO) Testbed for Aerosols and Water
Vapour Remote Sensing Instruments. AEMET has also
played an essential role through the Izafia Atmospheri
Research Center in capacity building and training
activities in North African and South American countries.

It is a pleasure for me to present this report summarizing
the many activities at the Izafia Atmospheric Research
Center to the broader communitg & approaches its
milestone centenary celebrations in  2016. The
combination of operational activities, research and
development in statef-the-art measurement techniques,
calibration and validation and international cooperation
encompass the vision of MO to provide world
leadership in expertise and international cooperation in
weather, climatehydrology and related environmental
issues. | hope that it will inspire Members considering
becoming involved in the GAW Programme d@heother
research programesof WMO.

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 Ceratso contributes to
~ . . the Network for the Dettion of Atmospheric Composition
The Izafia Atmospheric Research Center (IARC) is part o hange KIDACC), former Network for the Detection of

the Department of Planning, Stra.tegy and Buegs Stratospheric Change (NDSCJhe NDACC is a set of
Development ofhe State Meteorological Agenayf Spain : . . :
high-quality remotesounding research stations for

f)?i'g\;rlizcz)llcuprf'\lﬂziz dlsaﬁg ér?\ilrwgzrs;:?Spamsh Ministry observing and undeestding the physical and chemical state

' of the stratosphere. Ozone and key ozmiated chemical
2  Missionand Background compounds and parameters are targeted for measurement.

The NDACC is a major component of the international

The lzafia Atmospheric Research Cent@onducts upper atmosphere research effort and has been eddoys
monitoring and research related to atmospheric constgue national and international scientific agencies, including the
that are capable of forcing change in the climate of the Earfhternational Ozone Commission, the United Nations
(greenhouse gases and aerosols), and may cause deplefimwvironment Programme (UNEP), and th&/orld
of the global ozone layer, amday key roles in air quality Meteorological Organization
fromlocal to global scake The IARC is an Associated Unit
of the SpanishNational Research CoundiCSIC),through ! - )
the Institute of Environmental Assessment and Watepresent location ofh Januaryl 916, initiatinguninterrupted
ResearchIDAEA). The main goal of the Associated Unit metec_)rologlcal and cllmatologlcal observations wh|ch will
iGroup for Atmospheric Po cqnsiigtg aojrpc)/egrtr%carg s g_%lGltq esarlyts%en;ﬁl;e rfor

atmospheric air quality research in both rural and urbaﬁtumes.focused othe .study of h_'gh atmosphere th
environments. aerological observatits, radiation, as well as on

investigations with convergnal meteorological
The IARC contributes to the World Meteorological parametersin 1984, the governments of Germany and
Organization (WMO) Global Atmosphere WatcBAW)  Spain signed an Agreement by which the observatory
programme which was established in 1989 and hasbecame a station of the WMO Background Atmosicher
integrated a number of WMO research and monitorindg?ollution Monitoring Netwrk (BAPMoN) under joint ce
activities in the field of atmospheric environment. The mairoperation. In 1989BAPMoN and GO30S (Global Ozone
objective of GAW is to provide data and other informationObserving $stem) merged in the currenGlobal
on the chemical composition and related physicaAtmosphere Watch programme of which Izafa
charateristics of the atmosphere and their trends, requiredtmospheric Observatoris one of the30 GAW Global
to improve understanding of thdehaviour of the  stationg(Figure 2.1)
atmosphere and its interactions with the oceans and the
biosphere.

Izafla Atmospheric Observatonyas inauguratedn its

(South Pole
Figure 2.1. WMO GAW Global stations

Izafia Atmospéric Research Center: 202014 1
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3 Facilities and Summary of
Measurements

The Izafia Atmospheric Research Center (IAR@nages
four observatoriem Tenerife(Fig. 3.1, Table 3.1)1) Izafia
Atmospheric ObservatoyZ0O); 2) Santa Cruz Observatory
(SCO) 3) BotanicObservatory BTO); and4) Teide Peak
Observatory TPO).

10 (2373 m) PTO (3555 m)

BTO (114 m)

Figure 3.2. Image of I1zafia Atmospheric bservatory.

Consequentlyit offers excéent conditions for trace gas and
aerosolin si t u measur ements under
conditions, and for atmospheric observations by remote
sensing techniques. The environmental conditions and
pristine skies areoptimal for calibrabn and validation
activities of both ground based and spadeorne sensors.
Due to ts geographic location it garticulaty valuable for

S the investigation of dugtansport from Africa to the North
Figure 3.1. Location of IARC observatories Atlantic, longrange transportof pollution from the
Americas, and largscale transport from the tropics to
higher latitudes.

N
N —

Table 3.1. IARC observatories

Observatory | Latitude | Longitude | Altitude . ) . )
(mas.l) The Izdia Atmospheric Observatory facilities consist of
three separate buildingthe main building, inauguted in
1ZO 28.309 °N | 16.499°W 2373 1916; the aerosols lab PARTILAB), a small nedoy
sco 28.473°N | 16.2470W 52 building of the same periodand the technical tower,
completely rebuilt in early 2000, which hosts mostthe
BTO 28.411°N | 16.535°W 114 instruments. Details of thZO measurement programme
TPO 28.270°N | 16.63%°W | 3555 are given in Table 3.2.

. _ The main building is a twatoreybuilding with a total area
3.1 lzaha Atmospheric Observatory of 1420 n?, which hosts the following facilities: office

The Izafia Atmospheridbservatory1ZO) is located on the space, dining room, kitchen, library, conference hall with
audiovisual system, meeting room, engine rooms, a

island of Tenerife, Spain, roughly 300 km west of the i )
African coast. Thebservatory issituated on a mountain mec_hanlcal wo.rkshopand. an electron_lcs workshop. In
plateay 15 km northeast of the volcano Teide (3718 a.d(.jI.tIOI’], t.herfa is residential accoqﬂauxon available for
a.s.l.)(Figs3.2 and 3.3. The local wind regimat the site is visiting scientists (seven double-suite rooms).

dominated by nortiwesterly windsCleanair and clear sky - The technical toweis a sevenstorey building with a total
conditions generallyprevail throughoutthe year. 1ZO is  area of 900r?. It includes 20 laboratories distributed among
normally above a temperature inversion layer, generallyhe different floors. All the laboratories atemperature

well established over the island, and below the descendingntrolled Details of thdZO Technical Tower facilitieare
branch of the Hadley cell. given in Table 3.3.

Figure 3.3 Izafia Atmospheric Observatory(2373 m) with the volcano Teide (3718 m) to the left of the image

2 lzafna Atmospheric Research Center: 22024



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

Parameter Start date | Present Instrument Frequency
Greenhouse Gases and Carbon Cycle
CO, Jun 1984 | NDIR Licor 7000 (Primarynstrument) Continuous (30
NDIR Licor 6252 (Secondarynstrument) Continuais (3@
CHa Jul 1984 | GC-FID Dani 3800 2 samplegour
GC-FID Varian3800 4 sampletour
N2O Jun 2007 | GC-ECD Varian 3800 4 samples/hour
Sk Jun 2007 | GC-ECD Varian 3800 4 samples/hour
CcoO Jan 2008 | GC-RGD Trace AnalyticaRGA-3 3 samples/hour
In situ Reactive Gases
O3 Jan 1987 | UV Photometry
Teco 49C (Primary hstrument) Continuous (i
Teco 49C (Secondary instrument) Continuous (f
CcO Nov 2004 | Non-dispersive IR abs. Thermo 481 Continuous (i
SO Jun 2006 | UV fluorescence Thermo 43CL Continuous (1)
NO-NO2-NOx Jun 2006 | Chemiluminescenc&hermo 42CTL Continuous (f
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) ~30a
Brewer Marklll #185 (Travelling Reference | ~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 SGQ 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

gases, and £ depleting Bruker IFS 120/5HR (ceonanaged withIT) (weather permitting
substances

(O3, HF, HCN, HCI, CIONGQ, | Jan 1999 | Middle infrared (MIR) solar absorption spectra

CoHs, HNGs, CHs, CO, CQ,

N2O, NO, NQ, H,O, HDO, | May 2007 | Near infrared (NIR) solar absorption spectra

0CS)

Water vapour isotopologud Mar 2012 | Picarro L2126l G D a mwmalyserl 8 O | Continuous (8
(UGD and 0U180)

Izafia Atmospéric Research Center: 262014 3
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Parameter

Start date

Present Instrument

Frequency

In situ aerosols

Chemical compositio of total | Jul 1987 High-volume sampler 8h samplingat night
particulate matter{Mr) custom built/ MVCE/ MC
Concentrations of soluble species by ion
chromatography (G] NO3- and SO4=) and FIA
colorimetry (NH4+), major elements (Al, Ca, K
Na, Mg and Fe) and trace elements by -ICP
AES and ICPMS were determined at the
Research Council of Spain (CSIC) in Barcelo
(http://www.idaea.csic.es/)
Chemical compositioof Apr 2002 | High-volume sampler custom 8h sampling at nigh
particulate matter < 2.5 um built/ MVCE/ MCZE
(PM25) Concentrations determined at CSIC
Chemical compositio of Jan 2005 | High-volume sampler 8h sampling at nigh
particulate matter < 10 pm custom built/ MVCE/ MC
(PMuo) Concentrations determined at CSIC
Number of particles >3 nm | Nov2006 [ TSI E, UCPC 3025A 1la
Number of particles > 2.5 nm Dec 2012 | TS| E, UCPC 3776 1la
Number of particles > 10 nm| Dec 2012 | T S| BGPC 3772 1la
Size distribution of 18:00nm | Nov2006 | TSI E, ¢l ass 3080 + C|5a
Size distribution of 0.20pm | Nov2006 | TSI E, APS 3321 10a
Absorption coeff. L Nov2006 | Ther moE, MAAP 5012 1la
Attenuation 7 Jul 2012 MageeE, Aet haHSomet er |1la
Scattering coeff. I3 Jun 200 TSIE, Integration Ne|lqa
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 ~ 151
380, 440500, 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 sun photometer ~ 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. 28%2600nm Jan 1977 | 2 CM-21 & CM-11 Kipp & Zonen Pyranom. (irf Continuous (&
parallel) and YES MFRSR
Estim. Direct Rad. Feb 1996 | YES MFRSR Continuous 19
Direct Rad. 2004000nm Aug 2005 | 2 CH1 Kipp & Zonen Pyrheliometers Continuous 19
Direct Rad. 2004000nm Jun 2014 | Absolute Cavity Pyrheliometer PMO6 Calibration
campaignsig

4
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Parameter Start date | Present Instrument Frequency
Radiation
Diffuse Rad. Feb 1996 | YES MFRSR Continuous 19
Diffuse Rad. 2852600nm Aug 2005 | 2 CM-21 Kipp & Zonen Pyranometer (in Continuous 19
parallel)
Downward Longwave Rad. | Mar 2009 | 2 CG4 Kipp & Zonen Pyrgeometer (in parallel Continuous 19
454 2¢em
UVB Radiation315400nm Aug 2005 | 2 Yankee YES UVRL Pyranometer (in parallel Continuoug1qg
UVA Radiation280-400nm Mar 2009 | Radiometers UVA-T Continuous 19
PAR 400-700nm Aug 2005 | Pyranometer K&Z PQS1 Continuous 19
DOAS (managed by theSpanishNational Institute for Aerospace TechnologyINTA)
Column NQ May 1993 | UV-VIS DOAS EVAand MAXDOAS RASAS | Every~3oduring
'l (I NTA6s homemade; | twilight
Column Q Jan 2000 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemade; www.inta.es) twilight
Column Bro Jan 2002 | UV-VIS MAXDOAS ARTIST-Il ( | NT A6 g Every~3oduring
homemade; www.inta.es) twilight
Tropospheric @ May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemade; www.inta.es) twilight
TropospheridNO; May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemade; www.inta.es) twilight
TropospheridO May 2010 | UV-VIS MAXDOAS RASASII( | NT A6 s| Every~3oduring
homemade; www.inta.es) twilight
Column HCHO Jan 2015 | UV-VIS MAXDOAS ARTISTII( | NT A6 9§ Every~3oduring
homemade; www.inta.es) twilight
Column Water Vapour
Precipitable Water Vapour | Feb1996 | YES MFRSR7 Radiometer (941 nm) la
(PWV)
PWV Jul 2008 GPSGLONASS LEICA receiver 15a(ultra-rapid
orbits) and 1h
(precise orbits)
Vertical relative humidity Dec 1963 | Vaisala RS92 Daily at 00 and 12
UTC
PWV Mar 2003 | CIMEL CE318 sun photometer ~ 15
PWV Jan 1999 | Fourier Transform Infrared Spectroscopy 3 daysiveek when
cloudfree
conditions
Meteorology
Temperature Jan 1916 | THIES CLIMA 1.1005.54.700 1la
3 VAISALA HMP45C (in parallel) 1la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.000 (thermo Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top)| 14

Izafia Atmospéric Research Center: 2062014




Parameter Start date | Present Instrument Frequency
Meteorology
Relative humidity Jan 1916 | THIES CLIMA 1.1005.54.700 la
3 VAISALA HMP45C (in parallel) 1la
VAISALA PTU300 la
THIES CLIMA 1.0620.00.00@therme Continuous
hygrograph)
CAMPBELL SCIENTIFIC CS215 (Tower top)| 14
Wind drection and speed Jan 1916 | RM YOUNG Sonic 3D 81000 1la
THIES CLIMA Sonic 2D 1la
THIES CLIMA Sonic 2D la
THIES CLIMA Sonic 2D (tower Top) 1la
Pressure Jan 1916 | SETRA470 1la
VAISALA PTU 300 la
BELFORT 5/800AM/1 (Barograph) Continuous
SETRA 470 (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 10q
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 geed, automatic radiosonde station (WMO GUAN | UTC
from sea level to ~30 km station #60018) (managed by the
altitude Meteorological Centre of Santa Cruz de
Tenerife)
Soil surfaceegmperature Jan 1953 | 2 THIES CLIMA Pt100 (in parallel) 10
Soil temperature (20 cm) Jan 2003 | 2 THIES CLIMA Pt100 (in parallel) 10a
Soil temperature (40 cm) Jan 2003 | 2 THIES CLIMA Pt100 (in parallel) 10a
Atmospheric electric field Apr 2004 | Electric Field Mill PREVISTORMINGESCO | 10a
Lightning discharges Apr 2004 | Boltek LD-350 Lightning Detector 1la
Cloud mver Sep2008 | Sieltec Canarias S.L. SONA total sky camera 5a
Fograinfall Nov 2009 | THIES CLIMA Tipping Bucket with 20 crh 1la
mesh
Hellman rain gauge with 20 érmesh Daily
Seacloud cover Nov 2010 | AXIS Camera: West 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 1la

velocity of falling
hydrometeors

6
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Parameter Start date | Present Instrument Frequency

Aerobiology

Pollens and spores Jun 2006 | Hirst, 7-day recorder VPPS 2000 spore tr Continuouq1 h
(Lanzoni S.r.l.). Analysis performed with.éght | resolution) from
microscope, 600 X at the Laboratori d'Anali§ April to October
Palinologiques, Universitat Autonoma  dg

Barcelona
Phenology
Emergence of the Jan 2014 | Visualinspection/counting Weekly during
inflorescence, the appearanc growing season, an
of flower buds, flowering, and monthly the rest of
fruit development acconadg the year

to the BBCH code of 7 taxa

On the groundloor of the technical towerthere are two The PARTILAB is a 40 m building used as an esite
storage spaces, one of them for pressured cylinders (tes@erosolmeasurement laboratory. It has four samiplets
and certified at the Canalslands Regional Council for connected to aerosahalyses. For more detailsseeSection
Industry) and the other one for cylinder filling usingfode 8. Outside Izafia Atmospheric Observatotiere are the
air compressors. This floor also includes the central systefollowing facilities: 1) al60 n¥ flat horizonfree platform

for supplying high purity gases §HNz, Ar/CHs) and  with communications and UPS used foeasurement field
synthetic air to the different laboratorig®n the second campaigns; 2) the meteorological gardeantainingtwo
floor, there isa darkroom with the necessary lda&ation  fully-automatic meteorological stations (one of them the
setups for the 1ZOradiation instrument€n the top of the SYNOP station and the second oftg meteorological
technical tower there is a 16(%ifat horizonfree terrace research), manual meteorological gauges, a total sky
for the installation of outdooscientific instrumentdhat camera, a GPS/GLONAS receiver, a lightning diete and
need sun or moon radiatioffrig. 3.4).1t also has the East an electric field mill sensoy and 3) the Sky watch cabin
and West samplilets which supply thambient air needed hosting four cameras for cloud obseri@is with

by insitu race gasanalyserset up in different laboratories. corresponding servs.

D

1
N

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

Floor Facilities Description

Ground MechanicaWorkshop 33 n? room with the necessary tools to carry firgdt-stepmechanical repairs,

Floor Electronics Workshop | 25 n? room equipped with oscilloscopes, power supplies, multimeters,
soldering systems, etc. to carry out fisgep 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 automatartsup backup generators (400

Generators kVA and 100 KA, respectively).

UPS room Obser vat or y 6 sVA redundant) usedsfor Asduding khe power ¢
the equipment inside the bdihg and an additional UPS (1¥k) for the
outside equipment.

Compressor room Room with clean oifree air compressors used for calibratoytinders filling.
It also condins the general pumps for the East arestéample inlets.

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

Supply System Central system for high purity gas£HN,, Ar/CH,4) and synthetic aisupply.

Lift 6-floors. Nolift access to roof terrace.

First Archive room Archive of bands andistorical records.
Floor Technical equipment |Spare parts for the Observatoryd
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.

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

T2.3 Laboratory 13 n? labhosting Picarro L2120 U D a nmalysénditB a@cessd East
sample inlet

Third Greenhouse Gases 70 n? shared in two labs hosting GGCHs, N,O, 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 de Tenerife headquar

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 for solar photometers.

Laboratory

Spectroradiometer 25 nt laboratory hosting two MABOAS and two spctroradiometers

Laboratory connected with optical fibre.

Roof Instrument Terrace 160 nt flat horizonfree terracénosting outdoomstrumentsEast and West
sampleinlets, wind, pressure, temperature and humidity gauges.
8 lzafia Atmospheric Research Center: 20024



The following sections give further details of some of thehe monochromatic lighof a VM-TIM He-Cd laser. The
facilities locatedat 1Z0O. nominal wavelength of the laser is 325 nm, its power is

6mW, and its beam diameter iSInm.
3.1.1 Optical Calibration Facility
) o - 7) Setup for the alignment of the Brewer spectrophotometer
The optical calibration facility aiZzO has been developed gptics (Fig. 3.5). It is suitable to perform adjustments of

within the framework of the Specific Agreement of ihe optics without sending the instrument to the
Collaboration between the Unisity of Valladolid and the  ,5nufacturer.

IARC-AEMET: fiTo establish methodologies and quality
assurance systems for programs of photometry, radiomet: ||
atmospheric ozone and aerosols within the atmospher *?.
monitoring programe of the World Meteorological
Or g ani zketmmaimabjéctive af the optical calibration

involved in the ozone, aerosols, radiation, and water vapo! g
programs of the IARC. The seven-sipis available are the
following:

1) Setup for the absolute irradiance calibration by
calibrated standard lamps in a horitaly oriented position
suitable for small radiomete(Eig. 3.5A). The basis of the
absolite irradiance scale consistseo$et of EL-type 1000
W lamps traceable to the primary irradiance standard of tk
PhysikalischTechnische Bundesanstalt (PTB).

2) Setup for the absolute irradiance calibration by
calibrated standard lamps in a vertical oriented positio
suitable for relatively laye spectrophotomete(Big. 3.9B).
The basis of the absadk irradiance scale consistsao$et of
DXW-type 1000 W lamps traceable to the primary
irradiance standard of the PTB.

_3) Set“P for the ab;olute radiance Callbratlon by CE;ll'br"’ltecli:igure 3.5. Images of thelZO Optical calibration facility . A)
integratingsphergFig. 3.4C) The system is traceable to the Horizontal absolute irradiance calibration set up B) Three
AERONET standard at Goddard Space Flight Qentestages of a Brewer irradiancecalibration with the vertical set
(Washington, USA). This seip is mainly used by Cimel up. C) Absolute radiance calibration d a Cimel CE318 D)

nohotometer her instrumen re al libr ngular response function determin_ation o_f a Brewer(_Pho_to:
surtphotometers, but other instruments are also calib ated,ilberto Redondas),E) Set up for Slit function determination

and F) Alignment of a Brewer spectrophotoméer optics

4) Setup for the angular response califiwa (Fig. 3.D). It @’hoto: Alberto Redonda?)
lFations o0

is used to quantify the de the radi ometer ds
response from an ideal cosine response. The relative angutan 2 |n sjtu system used to produce working
response function is measured rotating the mechanical arm standards containing natural air

where the seasoned DXxWpe 1000 W lamp is locatedh@&

rotation over +90° is controlled by a stepper motor with GAW requires very high accuracy in the atmospheric
precisionof 0.01°while the instrument is illuminated by the 9reenhouse gas mole fraction measurements, and an

uniform and parallel light beam of the lamp. updated direct link to the WMO primary stamds
maintained by the GAW GHG CCLs (Central Calibration

5) Setup for thespectral response calibration. It is used to_ aboratorie} most of which are located at NOABSRL-
quantify the spectral gponseof the radiometer. The lightis GMD. To accomplish these requirements, IARC uses
scattered by an Optronic double monochromator OL 75Pahoratory Standards prepared (using natural air) and
within the range 200 to 1100 nm with a precision of 0.1 nmealibrated byNOAA-ESRL-GMD. Indeed, the Laboratory

An OL 74020 light source positioned in front of the Standards used at IARC are WMO tertiary standards.
entrance slit acts as radiation source and two $artbfy

(200-400nm) and Tungsten (2852500nm) are available. However, due to the fact that the consumption of standard
and reference gases by the IARC GHG measurement

6) Setup for the slit function determinatigfig. 3.55). The  systemsis relatively high, an additional level of standard

characterization of the slit function is performed gases (Working Standards) prepared with naturas aised.
illuminating the entrance slit of the spectrophotometer with
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Figure 3.6. In situ system used to produce working standardsontaining natural air at Izafia Atmospheric Observatory.

These working standards are preparediZ&t using an in

different instruments. This central facility supplies high

situ system (Fig. 3)6and then calibrated against the purity: N2 (used as carrier gas for the &Ds, and for the
Laboratory Standards using the IARC GHG measuremehZO H,O isotopologue CRD&nalysey, synthetic air (used
systens. The system used to fill the high pressure cylinderas oxidzer in the FIDs, as carrier gas in the -@GD, as
(till 120-130 bars) with dried natural air, takes clean ambientarrier gas in the 1ZO #D isotopologue CRD&nalyser

air from an inlet located otop of the 1ZOtower (30 metes
above ground), and pumps (using anfade compressor) it
inside the cyliders after drying it (achieving a8 mole
fraction lower than 3 ppm).

Additionally, it is possible to modify slightly the G@ole

and as diluting air used in the calibrations of the reactive gas
instruments), 95% Ar / 5% CHused as carrier gas for the
GD-ECD), and H (used as ambustible in the FIDs). This
facility and the chromatographic gases are managed and
provided, respectively, by a subcontractor (Air Liquide
Canarias). The D isotopologue CRD&nalyselocated at

fraction of the natural air pumped inside the cylinders. Tori4e peak has iswn dedicated high purity Nsupply. The
this end, air from a cylinder containing natural air with zerq., . e gas analysers located at SCO have their own

COZ_ mole fraction (prepared usi_ng the same system Duf, jicateqd high purity synthetic air supply (used as diluting
adding a C@absorber trap) or a tiny amount of gas from ir in the calibrations)

spiking CQ cylinder (5% of CQin No/O2/Ar) is added to

the cylinder being filled. This system is similar to that usedAdditionally, other gases (provided by the same
by NOAA-ESRL-GMD to prepare WMO secondary and subcontractor) are used BtO: high purity CO, for the
tertiary standardsand it is managed and operated at IZOcalibration of areerosol nephelometer, high puritg@for
through a subcontractor (Air Liquide Canarias). TheFTIR instrumental line shape monitoring, liquid, b
prepared working standards are mainly used in the GH@Gryocool the FTIR detectors, and calibrated concentrated
measirement programme, but some of th@re used for gas standards inJd19.4 ppm NO and 19.4 ppm NQA..01
other purposes @tural air for a HO isotopologue CRDS ppm CO, 104 ppm CO, 99.9 ppm CO, 102 ppmSénd 1
analyer located at Teide peak and for a CO NRHRlyser ppm SQ) for the calibration of the instruments of the
located at SCO). reactive gas programme.

3.1.3 Central Gas Supply System

There is agas central facility located othe 1ZO tower
ground floor for supplying chromatographic gases to the

10 Izafa Atmospheric Research Center: 22024
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3.2 Santa Cruz Observatory 3.2.1 Aerosol Hlters Laboratory

The Aerosol FiltersLaboratory isequipped with a auto
calibrationmicrobalancéMettler Toledo XS105DWwith a
resolution of 0.0Ing, a set of stardd weights, and an oven
that reaches 300°C. fals are weigkd 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, BNPM. s and
PM: by means of standardized methodsilters are
conditioned to 20°C and a fixed relative humidity (50% RH
for air quality studies and0% RH for research studies)
within a methacrylate chambewhich also contains the
balance used for weighirtgefilters (Fig. 3.9)

The Santa Cruz de Teneri@bservatory(SCO) is bcated
on the roof of the IARCGheadjuarters at 52 m a.s.l. the

capital of the islandSanta Cruz de Tenerjfeclose by the
city harbour (Figs 3.7 and 3.8 Details of the SCO
measuremergrogramme are given in Table 3.4

Figure 3.7. Image of Santa Cruz Observatory.
g g ¥ Figure 3.9. A) Aerosol Filters laboratory: temperature and

This observatoryhas two main objectives: 1p tprovide  relative humidity controlled chamber. B) Filters before and
information of background urban pollution for atmosphericafter sampling.

research and interactions with lerange pollution

transport driven ¥ trade winds or Sahamedust outbreaks 3.2.2 The Ozonesondeaboratory
and 2) to perform complementary measurementAdvancedpreparation of the Science Pump Corporation
progranmes to those performed atZO. The IARC (SPC) ECC ozone sensor (Model EBE), together with
headquartersclude the following facilities digital Vaisala RS92 radiosonde and digital interface, is
performed at the Ozonesonde Lab at SCO. Expendables
such as radiosondes, interfaces, ozonesondesneozo

COand SQ). ) ) solution chemicals, syringes, needles, protection gloves, and
T A laboratory for micro pulse Lidar (MPL) and pie disilled water are stored in thigb.
ceilometervVL-51.

1 A laboratory to dry and weigh filters of high and low A Science Pump Corporation Model T8G0zonizer/Test

1 A laboratory for reactive gases (surfacg ®8O-NO,

volumeaerosokamplers. Unit is used for ozonesonde preparation. This unit has been
1 A laboratoryfor the preparation of ozonesondes designed for conditioning ECCzonesondes with ozone,
A 25 m? flat horizonfree terrace for radiation and for checking the performance of the sondes prior to
instruments and air intakes. 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 air).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 bforereleasetwo ECG6A 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 perfoed at
ground including a final double check of the-B& and a
comparison of surface ozone from E@® with a TECQ
Figure 3.8. Instrument terrace of Santa Cruz Observatory. 49C ozoneanalyser
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Table 3.4. Santa Cruz Observatory (SGO) measirement programme.

Parameter Start date Present Instrument Frequency

In situ Reactive Gases
Os Nov 2004 UV Photometry Teco 4€ Continuous (f
CcO Mar 2006 Non-dispersive IR abs. Thermo 480 Continuous (i
SO Mar 2006 UV fluorescence Thermdé3C-TL Continuous 19
NO-NO2-NOx Mar 2006 Chemiluminescence Thermo 42T Continuous 19

SCO when cloudless skie
Cloud base heights when
cloudy skies over SCO

OzoneandUV( managed by the AEMETO6s Speci al Net wor K
Column Q Oct 2000 Brewer MarklI#033 > ~20/day
Spectral UV Oct 2000 Brewer Markl!1#033 ~30q
SG; Oct 2000 Brewer MarklI#033 ~300

Column aerosols
AOD and Angstrom at Jul 2004 CIMEL CE318 sun photometer ~15x
340, 380, 440, 500, 675,
870, 936, 1020 nm
Fine/Coarse 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 alt. and thickness
Radiation
Global Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen Continuous (f
Direct Radiation Feb 2006 Pyrheliometer EPPLEY Continuous (f
Diffuse Radiation Feb 2006 Pyranometer CML1 Kipp & Zonen 1la
UV-B Radiation Aug 2011 Yankee YES UVBL1 Pyranom. (managed la
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 UT(
Precipitable Water Vapou| Mar 2003 CIMEL CE318sun photometer ~ 15
(PWV)
PWV Jan 2009 GPS/GLONASS GRX1200PRO receiver| 15a(ultra-rapid orbits)
and 1h (precise orbits)

PWV (total column) over | Jun 2014 1 SIELTEC Sky Temperature Sensor Every 3@during the

(infrared thermometer prototype)

complete day
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Meteorology

Vertical profiles of T, RH, | Dec 1963 RS92+GPS radiosondes launched at Daily at 00 and 12 UT(
P, wind direction and Guimar 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 1la
Relative humidity Jan 2002 VAISALA HMP45C la
Wind Direction and speed Jan 2002 RM YOUNG windsentry 03002 1la
Pressure Jan 2002 VAISALA PTB100A 1la
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.1.).

resolution)

* Meteorological dta of Santa Cruz de Tenerife iofel station, 1 km distant, are also available since 1922.
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3.3 BotanicObservatory

The Botanidbservatory (BTQis located 1&m north-east

of 1ZO at 114m a.s.l. in the Botanical Garden of Puerto de
la Cruz(Fig. 3.1Q. BTOis hosted by the Canary Institute of
Agricultural Research(ICIA). The Botanic Observatory

includes the following facilities:

1 Ozone Sounding Monitoring Laboratory equipped
with a Digicora MW31
METGRAPH data acgsition and processing software

anda surface ozonenalyser

1 Launch container: equipped witha Helium supply
system used for ozonesonde balloons filling.

In addition to thevzzonesonde measuremgrthere is &ully

receiver with Vaisala

equippedautomatic weather station (temperature, relative
humidity, pressure, precipitatiomind speed andicection),
a global irradiance pyranometer and a surface ozone
analyser(also used for additional ECC electheenical
sondes ground checking)For details of the BTO
measuremergrogrammeseeTable 3.5

Table 3.5. Botanic Observatory (BTO) measurement programme

Figure 3.10. Image of Botanic Observatory (BTO).

Parameter Start date Present Instrument 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 @ May 2011 UV Photometry Teco 4€ 1la
Radiation
Global Radiation May 2011 Pyranometer CML1 Kipp & Zonen la
Column Water Vapour
Precipitable Water Vapou| 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 la
Wind direction and speed| Oct 2010 VAISALA WMT700 la
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. 3.1). TPOwasestablisheds a satellite station
of 1ZO primarily for radiation and aerosalbservations at
very high altitudeTPO station, togethewith Jungfraujoch
(3454 m @asl.) in Switzerland, are the highest permanent
radiation observatories in Europe.

This meaurement siteprovides 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 3585 as.l. In addition to
radiation and aerosol measuremest there is a
meteorological statiorand a vater vapour isotopologues
analyser Full details of the measurement programme are
given inTable 3.6

Table 3.6. Teide Peak Observatory(TPO) measurement programme

Figure 3.11. Measurements at Teide Peak Observatory

Parameter Start date | Present Instrument Frequency
Column aerosols
AOD and Angstrom at Jun 1997 | CIMEL CE318 sun photometer ~ 150(during AprOc)
340, 380, 440, 500, 675, (Co-managed with th&niversity of
870, 936 anti020 nm Valladolid Atmospheric Optics Grolip
Fine/CoarséAOD Jun 1997 | CIMEL CE318 sun photometer ~ 15(during AprOct)
Fine mode fraction (Co-managed with the University of
Valladolid Atmospheric Optics Groyp
Radiation
Global Radiation Jul 2012 Pyranometer CML1 Kipp & Zonen 1la
UVB Radiation Jul 2012 Pyranometer Yankee YES UVB 1la
Water vapour
Water vapour June 2013 | Picarro L212681 G D a ramdlysérl { Continuous (8
i sotopol ogue
0180)
Meteorology
Wind direction and speed| Oct2011 | THIES CLIMA Sonic 2D Wind direction and speed
Temperature Aug 2012 | VAISALA HMP45C 1la
Relative humidity Aug 2012 | VAISALA HMP45C 1la
Pressure Aug 2012 | VAISALA PTB100A 1la

Izafia Atmospéric Research Center: 2062014
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3.5 Computing Facilitiesand Communications Virgilio Carrefio (AEMET;MeteorologicalObserver

The computing faciliies andommunicationsform an
integral component of all measurement programmes a
activities in thelzafia Atmospheric Research Centarthe
IARC headquartershere is a temperature controlled room
hosting server computers devoted to different automatic a

GAW Technician)
andida Hernandez (AEMEMeteorologicalObserver
AW Technician)
Dr Fernando de Ory (AEMET¥leteorologicalObserver
AW Technician)

continuous task§NAS, modelling, spectra inversip etc.)
for the research groups. Details of the computamglifies
are given in Table 3.7

Table 3.7. IARC computing facilities.

Computing Hardware
Storage | Virtualization | Modelling | Total
H.D. 34TB | 127TB 10TB 56 TB
Cores |7 28 68 105
RAM 12 GB | 56 GB 46 GB 114
GB

ThelARC headquarters has internet access through a double
optical fibreconnection (20 Mb/s) to AEMETfeadquarters

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.A

EUMETCast (EUMETSATO®Os

Broadcast System for Environmental Data) reception station
is available at SCO. It consists of a multiservice
dissemination system basexh standard Digital Video
Broadcast (DVB) technology. Most of the satellite
information is received from this systgsee Section 13 for
more details

3.6 Staff

Activitiesuniversal to dlmeasurement programmgsch as
operation and maintenance of |AR&xcilities, equipment,
instrumentathn, communications and computing facilities
are made by the following staff:

Ramon Ramos (AEMET; Head B8tientific

instrumentation and infrastructujes

Enrique Reye$AEMET; IT developmenspecialist
Néstor Castr¢AEMET; IT specialist)
Antonio Cruz (AEMET; IT specialist)

Rocio Lopz (AEMET; IT specialist)

SergioAfonso (AEMET; MeteorologicalObservetGAW
Technician)

Concepcion Bayo (AEMETMeteorologicalObserver
GAW Technician)
Rubén del Campo Hernand@¥EMET; Meteorological
ObservetGAW Technician)
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4 Greenhouse Gases and Carbon Cydé\dministrationEarth SystenResearch Laboratoi@lobal
Monitoring Division Carbon Cycle Greenhouse Gases

Group (NOAA-ESRL-GMD CCGG Cooperatie Air
Sampling Network(since 199). The participation consists
The main goal of this IARC programme is to carry outof weekly discrete flask sample collection @O and
highly accurateatmospheric greenhougas(GHG) in stu  subsequent shipping of the samples to NOB3RL-GMD
continuous measurements at IZ©orderto contribute to CCGG. The air inside the flaskssheeen measured for the
the GAWWMO programme, following the GAW following gas specie mole fractions: 1) E@H,, CO, and
recommendations and guidelines. Additionalgare: 1) to Hzsince 1991; MO and SEsince 1997 (both sets measured
establish with precisiorthe longterm evolution of the by NOAA/ESRL/GMD CCGG); 2) Isotopic ratios Carbon
GHGs in the atmosphere, as well as their daily, seasonal ab@/Carbonrl2 and Oxyger18/Oxygenl16 in carbon dioxide
inter-annual variability2) to improve and devefptheGHG  since 1991 (measured by th®table Isotope Lab of
measurement systemsI&O as well as the associated raw INSTAAR); 3) Methyl chloride benzene, toluene, ethane,
data processing softwaregd) to carry out studies and ethene, propae, propene,-butane, Fbutane, ipentane, fn
research concerning the measurement and evolutioreof tpentane, fhexane and isoprene since 2006 (measured by
GHGs in the atmospherée.g.GomezPelaez et al2013); INSTAAR). Two-week integrated samples of atmospheric

4.1 Main Scientific Goals

and4) to attend GHGGAW meetings and participate in the carbon dioxide havalsobeen collected for the Heidelberg

recommendations andJniversity (Institute of Environmental Phgs, Carbon
Cycle Group since 1984 to measure thel@ isotopic ratio
in carbon dioxide.

establishment of GHG GAW
guidelines.

4.2 Measurement Programme

Table 4.1givesdetailsof the atmospheric greenhouse gase;s
currentlymeasured dZO using in situ analysers (owned by
AEMET) and some deiia about their measurement
schemes Carbon monoxide is not a greenhouse gas b
affecs the methane cycle. Tropospheozone acts as a
greenhouse gas but it is included in the IARC reada® ]
programme. Details of the in situ measurement systems a ¥ it
data processing can be found in Gontgzlaez edl. (2006,
2009, 2011, 2012, 2013, and 2014jditional information
can be found in the las£0O GHG GAW scienfic audit
reports: Scheel (2009 Zellweger et al. (2009), and

Zellweger et al.if preparatioh .-

Additionally, weekly discrete flask samples have beer
collected for the National Oceanic and Atmospheric Figure 4.1. CHa, N2O and SFs laboratory, 1ZO.

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

Gas | Start | Analyser | Model Ambient air Reference gas/es | Reference gas/es
Date measurement and measurement | calibration frequency
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 using 2 LS
Varian 3800 | 4 injections/hour 1 RG every 15 min

N2O | 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 | Biweeklyusing 5 LS

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

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
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en

4.3 Summary of remarkable results during the The last onavasheld in Beijing, China, June iD4, 2013,
period 20122014 where he gave the presentation Qorﬁeiaez etal. (2014). h
IARC-AEMET part i cothiWMO/AEARound t he 7
This programme haontinued performing continuous high  Robin Comparison Experimenfor the parameters GO
quality greenhouse gas measurements and annuatyH,, N.O, Sk and CO, and its measurement results showed

submitting the data to the WMO GAW World Data Centrea good compatibility with the WMO CCL (NOAASRL-
for Greenhouse Gase®/DCGG), where data arpublicly ~ GMD CCGG) resullts.

available through internet and DVD supports, and also
global data summaries are published (e.g., WDCGG, 20149uring September 2013 February 2014, the GHG

The complete time series for G@H,, N,O, and SFat|ZO measurement syais of IARC were audited by EMPA
are shown ”F|g 4.2 (GAW WCC for CHl, CO, CQ and Q) and the GAW WCC

for N2O. This was the first audit performedIZO in which
IARC has also continued contributing to the data productg0, was audited (the WCC for G@id not exist when the
GLOBALVIEW and OBSPACK led by NOAAESRL-  previous audits were performed) and a travelling instnime
GMD CCGG (e.g., Cooperative Global Atmospheric Datayas used to perform atmospheric measurements during
Integration Project, 2013), as well as collaborating with thgeveral months to be compared with the atmospheric
associated C&surface flux inversion€arbonTracke(fe.g., measurements performed with the IARC measurement
CarbonTracker Team, 2015FarbonTracker Europand  systems (additionally to the usual comparison of
MACC, which follows the proceduredescribed in measurements performed on travelling standards)alitie
Chevallier et al. Z010). report isstill in preparation

The PI of this IARC programme has continued attending the
bi annual iWMO/ | AEA Meeting on Carbon Dioxi de, Ot her
Greenhouse Gases, and Related MeasurementiTechne s 0 .

a) b)
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Figure 4.2. Izafia Atmospheric Observatorytime seriesfor a) COz2, b) CH4, c) NeO and d) Ske.
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http://ds.data.jma.go.jp/gmd/wdcgg/cgi-bin/wdcgg/accessdata.cgi?index=IZO128N00-AEMET&select=inventory
http://www.esrl.noaa.gov/gmd/ccgg/carbontracker/index.php
http://www.carbontracker.eu/index.html
http://atmosphere.copernicus.eu/d/services/gac/delayed/#co2_inversions
http://www.esrl.noaa.gov/gmd/ccgg/wmorr/wmorr_results.php?rr=rr5&param=co2
http://www.esrl.noaa.gov/gmd/ccgg/wmorr/wmorr_results.php?rr=rr5&param=co2

The IARCGHG measurement systems were adapted during computed and used to determine whether the differences
20122013 to be able to measure also discrete samplese significant.
collected on board aircrafts using a quasi automatic sampler

(see more details about the firseasurement campaign in An enumgratlon of the developments and changes
Section 44.2). introduced in the IARC GHG measurement systems and raw

dataprocessing software before June 2013 is reported in
sections 3 and 4 of Gomé&elaez et al. (2014), whereas

those introduced after that date will be detailed in the
extended abstract associated with IARC presentation
intended to be hpVMB/FAEAMeetidg at t
on Carbon Dioxide, Other Greenhouse Gases, and Related
Measurement Techniques (GGMITO 1 5) 47 Sefdt 3

2015, La Jolla, California, USA).

4.4 Partigpation in Scientific Projects and
Campaigns/Experiments

Figure 4.3. A) Detail of the interior of one of the packages that S o ]

contain flasks where the air samples collected on board the 4.4.1 Partidpation in Scientific Projects

aircraft are stored. B) Image showing part of the system

installed at IARC for extracting the flask air samplesand ~AEMET-I ARC was member of the pr
distributing them to the different 1ZO in situ instruments to  Implementaciéon 2010. AIC18-00 04740 funded

measure them. Spanish Science and Innovation Minystenddate 31

The PI of this programme conducted a study that led to tHeecember 2012)n the context of this project, the PI of the
publication of the article GomeR2elaez et al. (2013), ARC GHG programme attended in 2012the et i ngs 4
enitled AA statistical appGO8 Atesphergy Wogkshapn(Eshiryvette, Fraace. 1@ a i nt
carbon mooxide measurements at the Izajlabal GAW and 17 February 2012)o0 and
station: 20082 0 1 ih ¢he scientific review Atmospheric Wor kshop ( Arona, Italy, 8 and
Measurement Tectiques. In this paper, the 1Z@O  co-authored the presentations Gorfeaez et al. (2012)
measurement system configuration (based on a Reductigfd Hammer et al. (2012)spectively. He participated in

Gas Analyser), the response function, the calimat Wor ki ng group 6 (AQuality mal
scheme the data processing, the 1z@0082011 co | COS stationso) constituted i
nocturnal time series, and the mean diurnal cycle by monttiBe et i ngs, and contributed t;
are presented. At mospheric Station Speci fi ceé

Observatio Sysem-Atmospheric Thematic Cente2014).
A rigorous uncertainty analysis for carbon monoxide

measurements carried outiZ0 is developed, which could The IARC GHG measurement programme also participates

be applied to oher GAW stations. fie combined standard in the funded projects NOVIA and VALIASI, which are led
measurement uncertaintys determined taking into Py the IARC FTIR measurement programme (see more
consideration four contributing components) the detailsabout these projects in Sectiéh and ceauthored 4
uncertainty of the WMO standard gases interpolateer ~ Peer-review papers and 16 conference contributions led by

the range of measuremef);the uncertainty that takes int  the latter programme and ifsartnerfrom the Karlsruhe
account the agreement between the standard gasethe  Institute of TechnlogyKIT).

response function used) the uncertainty due to the Finally, on 10 December 2014

repeatability of the injectionsand 4) the propagated ara la Monitorizacién e Investigacién de €asle Efecto

uncertainty related to the temporal consistency of th L
response function parameters (alnalso takes into account nvernadero y Aerosoles en la estacion Global VAG
P P (Vigilancia Atmosférica Global) de Izafia (Tenerife).

the covariance between the parameters). AEDM133E-1 7 7 3 0 was approved and

A fifth type of uncertainty called representation uncertaintySpanish  Ministry of Economy and Competitiveness

is considered when some of the data necessary to complitdl Fondos F. E. D. E. R. thgse funds si gr
the temporal mean are absent. Any computed mean has a¥é8l be destined to acquire a G@HJ/CO/HO CRDS

a propagatedincertainty arising from the uncertainties of analyseffor the IARC GHG measurement programme.

the data used to compute the mean. The laws of propagation,

which depend on the type of uncertainty component

(random or systematic), are shown. Finally, in situ hourly

means are compared with simultaneous aotlocated

NOAA flask samples, and the uncertainty of the differences
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4.4.2 Partigpation in the MUSICA/AMISOC synchronized and gdfilled atmospheric carbon dioxide
campaign records for the period 1978012

(obspack_co2_1_GLOBALVIEWCO2_ 2013 v1.0.4 2013

From 21 July to 1August 2013, theSpanish National 12-23). Compiled by NOAA Global Monitoring Division:
Institute for Aer Technol NTA) r rch Boulder, Colorado, U.S.A. Data product accessed at
stitute for Aerospace TechnologyiNTA) researc http:/dx.doi.org/10.3334/0BSPACK/1002

aircraft G212 carried out sevestientific flights above the }
ocean to the south 620. These flights were funded by the GomezPelaez, AJ., Ramos, R., PedalaPuerta, J., "Methane
and carbon dioxide continuous measurements at Izana GAW

research projectsMUIti -.pla'Fform remote Sensing 'of station (Spain)" in GAW Report (No. 168) of tH&3th
Isotopologues for investigatinidpe Cycle of Atmospheric WMO/IAEA Meeting of Experts on Carbon Dioxide
water MUSICA) (led byKIT) and AMISOC (led by INTA) Concentration and Related Tracers Measurement Techniques
and freighted on board instrumentation of both projects (for (Boulder, Colorado, USA, 192 September 2005)", edited by
the measurement of isotopes in water vapour and of J.B. Miller, World Meteorological Organization (TD No.
P p 1359), 180184, 2006

aerosols).

GomezPelaez A.J., Ramos, R., "Installation of a new gas
The IARC took the opportunity to install on board the chromatograph at Izafia GAW station (Spain) to measure CH4,
aircraft for the first time a quasi autoritagir sampler. In N20, and SF6" in GAW Report (No. 186) of the "14th

h fliaht. th | d K | . | WMO/IAEA meeting of experts on Carbon dioxide, other
each flight, the sampler was used to take twelve air samples greenhouse gases, and related tracers measurésuhniques

from different altitudes uniformly distributed from 150 m  (Helsinki, Finland, 1613 September 2007)", edited by Tuomas
a.s.l. to 650 m a.s.l.. The greenhouse gasitent ofthese Laurila, World Meteorological Organization (TD No. 1487),
samples was analysed dat at 1IZO using the IARC 5559, 2009

instrumentation for the higkprecise and accurate GomezPelaez, A.J., Ramos, R., "Improvements in the Carbon
measurement of greenhouse gade fractions. This is the Dioxide and Methane Continuous Measurement Progm@ms
first time that greenhouse gasnospheric vertical profiles ~ 1zafia Global GAW Station (Spain) during 26B009", in

h b d in situ in th di f th GAW report (No. 194) of the A1
ave beenmeasured In Situ n the surroundings o e Experts on Carbon Dioxide, Other Greenhouse Gases, and

Canary Islands. Related Tracer Measurement Techniques (Jena, Germany;
September -1 0 , 2009) o,ili fe @riartd,eWorldby W
Meteorological Organization (TD No. 1553), 1338, 2011

GomezPelaez, AJ., R. Ramos, V. Gorremieba, R. Campo
Hernandez, E. Dlugokencky, T. Conway "New improvements
in the Izafia (Tenerife, Spain) global GAW stationsitu
greenhous gases measurement program" in GAW report (No.
206) of the "16th WMO/IAEA Meeting on Carbon Dioxide,
Other Greenhouse Gases, and Related Measurement
Techniques (GGMT011) (Wellington, New Zealand, 28
October 2011)", edited by Gordon Brailsford, World
Meteorological Organization, 781, 2012

GomezPelaez, A.J., Morgui, J.A., Curcoll, R., Cuevas, E., Ramos,

R. , Rod - , X. S a n-3pain dmodpheric A Fut
. . stationso. 4t h | COS -durYweits, pher e
Figure 4.4. MUSICA/AMISOC campaign. France, 16 and 17 February 2012
4.5 References GomezPelaez, A. J., Ramos, R., GomBzieba, V., Novelli, P.

C., and Campdlernandez, R.: A statistical approach to

CarbonTracker Team; (2015): Simulated observations of quantify uncertainty in carbon monoxide measurements at the
atmospheric carbon dioxide fro CarbonTracker release  lzafia global GAW station: 2008011, Atmos. Meas. Tech., 6,
CT2013Robspack_co2_1_CARBONTRACKER_CT2013B_ 787799, doi:10.5194/at-6-787-2013, 2013

201502-05), including measured values from a multi 55mezPelaez. AJ. R. Ramos. V. Gordemeba. R Campo
laboratory compilation of CO2 observations; NOAA Earth o 0onqo & .R.’eyé.Sanchez:, "zafa Global GAW station

ﬁysse/:jn (Ij?e_sea;ch Labor/atory, Global Monitoring Division.  greenpousgas measurement programme. Novelties and
ttp:/fdx.doi.org/10.15138/G3WC7B developments during October 20Miay 2013" in GAW report

Chevallier, F., P. Ciais, T. J. Conway, T. Aalto, B. E. Anderson, P. (No. 213) of the"17th WMO/IAEA Meeting on Carbon
Bousquet, E. G. Brunke, L. Ciattaglia, Y. Esaki, Fohlich, Dioxide, Other Greenhouse Gases, and Related Measurement
A. Gomez, A. J. GomeRelaez, L. Haszpra, P. B. Krummel, R. ~ Techniques (Beijing, China, June-18@, 2013)", edited by P.
L. Langenfelds, M. Leuenberger, T. Machida, F. Maignan, H. Tans and C. Zellweger, World Meteorological Organization,
Matsueda, J. A. Morgui, H. Mukai, T. Nakazawa, P. Peylin, M. 77-82,2014
Ramonet, L. Rivier, Y. Sawa, M. Schmidt, L. P. Steele, S. AHammer, S., A. GomePRelaez, M. Samidt, A. Jordan, T. Laurila,
Vay, A. T. \_/erme_ulen, S. qusy, D. Worthy, GGurface _ Curcoll and A Manning A Wo
e S ot s e o A Yoo T Ve management (of aimospheric IcC
: » : ~ Atmosphere Workshop, Arona, Italy, 8 and 9 October 2012
115, D21307, doi:10.1029/2010JD013887, 2010 P P y

. . o Integrated Carbon Observation System (Atmospheric Thematic
Cooperative Global Atmospheric Data IntegvatiProject. 2013, Center) il COS Atmospheric Stat

updated  annually. ~ MuHaboratory  compilation  of O. Laurent, version 1, October 2014. List of contributors:
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Baum, S., Delmotte, M., Dvorska, A., Gerbig, C., Gomez

Pelaez, A., Grant, A.Hammer, S., Hanus, V., Hazan, L.,

Jordan, A., Laurent, O., Laurila, T., Lavric, J., Levin, I.,

Lindroth, A. Manni ng, A. Mor gui , J. A., O6Doherty, S.
J. D., Pavelka, M., Pilegaard, K., Pld3selmer, C., Ramonet,

M., Reiter, I., Rivier, L., Schrdit, M., Steinbacher, M.,

Tarniewicz, J. Vermeulen, A., Wastine, B. A.

Scheel, H.E. (2009), System and Performance Audit for Nitrous
Oxide at the Global GAW Station Izafia, Tenerife, Spain,
November 2008, WC®OBI20 Report 2008/11,
http://www.aemet.izana.org/plications/Rep_WCCN20_200
8_1ZOAudit.pdf

Zellweger, Christoph, et al. (2009), System and Performance Audit
of Surface Ozone, Carbon Monoxide, Methane and Nitrous
Oxide at the Global GAW Station Izafia, Spain, March 2009,
WCC-Empa Report 09/1,
http://gaw.empah/audits/IZO_2009.pdf

World Data Centre for Greenhouse Gases (WDCGG), WMO
WDCGG Data Summary, GAW Data (Volume-&reenhouse
Gases and Other Atmospheric Gases), WDCGG No. 38, Japan
Meteorological Agency in Coperation with World
Meteorological Organizain, 2014.

4.6 Staff
Angel GomezPeldez (AEMETHead of programme)
Ramon Ramos (AEMET; Head bffrastructurg

Rubén del Campo Hernand@EMET; Meteorological
Observer GAW Technician

Vanessa GomeZrueba(Air Liquide)
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5 Reactive GasesndOzonesondes

5.1 Main Scientific Goals

The main scientific objectivesf this prograrmeare:

1 Longterm monitoring ofreactive gases (CO, NO
SO) in both the free troposphe(ET) and the Marine
Boundary Laye(MBL) to support ther measurerant
programmesit IARC.

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®; data at 1IZO have been calibrated against
references that are traceablalte US National Institte for
Standards and Thoology (NIST) reference @photometer
(Gaithersburg, Maryland, USA). The surfa@gprogramme

at 1ZO has been audited by the World Calibration Centre for
Surface Ozone, Carbon Monoxide and Methane (WCC
OzoneCO-CH4-EMPA) in 1996, 1998, 2000, 2004, 2009

1 Long-term monitoring and analysis of tropospheric O 4y 2013. EMPAG® s audit repor
CO, NQ.and SQin the FTand theMBL. http://www.empa.ch/gaw/audits/|AQ@yy.pdf (where

I Air quality studies in urban and background conditionsig y y yy 6 i s t he year). The audi |

1 Analysis of bngrange tansport ofpollution (e.g9. t he AStandard Operating Proce

transport of athropogenic anavildfire pollution from
North America).

auditing Oz analysers at global and regional WMEAW
siteso, WMOGAW Report No . 9

1 Study of the impact of dust and water vapour orprogramme developed over nearly 30 years are described in

tropospheric @

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

1 Analysis of Statospherelroposphere Exchange
processes.

5.2 MeasuremenlProgramme

The measurement programme of reactive ga®ges(O,
NOx andS(Q) includes longterm observations at 1ZO, SCO
and BTO (se€Tables3.2, 3.4 and 3)and ozonesonde
vertical profilesat Tenerife (now at BTQ)In addition,
IARC (through AEMET and INTA) has a longterm
collaboration withthe Argentinian Meteorological Service
(SMN) and in the frameworlof this collaborationozone
vertical profiles are measured Bishuaia GAW station
(Argentina) (see Sectiazil).

Surface @ measurements started in 798 1ZO (Fig. 51),
CO in 2004, and S©Oand NQ measurements were
implemented in 2006. At SCO, surface @easurements
started in 2001, and CO, $@nd NQ programmes were
also implemented in 2006.

Gonzalez (2012) and Cuevas et(@013).

ConcerningNOy and SO;, the measurement programmes
have been implermed following methodologies
established by the US Environmental Protection Agency
(US EPA) and the European Union (2008/50/CE). These
agencies have also established QA/@Qfbtocols (e.g., US
EPA, 600/477-027a, 1977, UNEEN standards). These
recommendatios have been considered during the
implementation of the reactive gases programat SCO
and 1ZO. We have also followed GAW protocols and
procedures.

In relation to CO, this component is measured with high
accuracy at 1ZO by the Greenhouse Gases and Ca&jare
Programme, using the gas chromatography/reduction gas
detection (GC/RGD) technique, andldoving the GAW
recommendationgsee Section 4). A detailed description of
theprogramme can be found in Goreelaez et al. (2013).
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Figure 5.1. Long-term daily (night period) surface ozone at 1ZO.
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CO is measured with amdispersive IR absorption
technique at 1ZO within the Reactive Gases Programme 1
identify local pollution events. At SCO measurements ar
alsoperformed with ts technique for air quality research.

ConcerningNOx and SQ measuements, the instruments
operating at 1ZO usually measure beltve detection limit
(50 pptv) duringhe night-time period when we can ensure
background conditions. However, these measurements ¢
quite useful for studies of local oegional pollution during
daylight modulated byvalley-mountain breeze, and to Figure 5.2. Ozonesonde stationlocated at BTO (left), and
understand the impact okgional pollution. A detailed = moment of balloon release (right).

description of these measurement programmes, includinphe main features of the ozonesonde system are the
quality control and quality assurance protocols is providegbllowing:

by Gonzélez (2012).

Sensor: ECEA6
The ozone vertical profiles pragmme was initiated in 9 Radiosonde: RS2

November 1992 usinghe Electrochemical concentration 1 Balloon: TOTEX TA 1200
cell (ECC) ozonesonde technique. The equipment a
launching stations used in this programme are indicated |
Table 5.1. Once a weekozonesonde launches are now
performed at BTO13 km distancdrom 1ZO in a straight The ozomesondes are checked before launching with a
line. This programme provides ozone profiles from the Ground Test with Ozonizer/Test Unit TSIC(see Section
ground to the burst level (generally between 30 and 35 kn8X). A constant mixing ratio above burst level is assumed
with a rsolution of around 100 mes. A detailed for the determination of the residual ozone if an altitude
description of this programe and results can be found in equivalent to 17 hPa has been reachiéé.integrated ozone
Cuevas et al. (1994), Smit et al. (1995), and Sancho et a@olumn (starting at 2400 m a.s.l.), for those ozone sondes
(2001). The frequency of ozone soundings in this station ithat reach a burst level of at least 17 hPa, is ratioed with the
significantly expanded during intensive campaigns. same column amount measured with the Brewer#157 at 1ZO
(WMO ozone station #300).

Receiver: Digicora MW31
Wind system: GPS

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

Instrument manufacturer and model Frequency Period/Launching station

OZONESONDES: 1/week (Wed) Nov 1992 Oct 2010:
Nov 1992 Sep 1997: From Santa Cruz Station
Science Pump Corp. Model ECC5A
Sep 1997 Dec 2014: Oct 20101 Feb 2011:
Science Pump Corp. Model ECC6A From Santa Cruz/ BTO
(In alternation launches)
GROUND EQUIPMENT:
Nov 1992 Oct 2010: Feb 2011 Dec 2014:
VAISALA DigiCora MW11 Rawinsonde From BTO Station
Oct 2010i Dec 2014:

VAISALA DigiCora Ill SPS 313 Workstation

RADIOSONDES:

Nov 19921 Oct 1997:

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

VAISALA RS80-15GE (GPS Wind data)
Sep 2006Dec 2014:

VAISALA RS92-SGP (GPS Wind data)
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Most of the Brewer/ECC coefficients fall in the 0:9®5  while in summettime high Q values seem to be thesult
range. This coefficient is only used as a quality controbf stratospher¢o-troposphere (STT) exchanga regions
parameter but it is not applied for ozooerrection. The neighbouring the Canary Islands. Since 19996, the
NDACC quality control and quality assurance requirement®lAO has changed from a predominantly high positive phase
are fulfiled, and data is routinely archived into NDACC to alternating between negative, neutral or positive phases.
database. This change resulis an increased flow of the westerlies in
the midlatitude and subtropical North Atlantic, thus
5.3 Summary of remarkable results during the favouring the transport of £and its precursors from North
period 20122014 Ameripa, gnd a highgr frequency of storms over.North
Atlantic, with a likely higher frequency of ST eventsin

5.3.1 Longterm surface @data series assessment Mid latitudes. These processes lead to an increase of
tropospheric @ in the subtropical Nobt Atlantic region

The surface @data series, which began in 1987, is one Obgier 1996, whicthas been reflected in surfacer®cords at
the longest in the world under free troposphere conditiongy g

and therefore has contributed deveral studies of global
long-term ozone assessments. The most recent study is tfgB.2  Air quality and fealth
of Oltmans et al. (2013). The teseries of the observations
at 1ZO shows a rapid increase to higher values in the mid
late 1990s, which may reflect a shift in the phase of th
North Atlantic Oscillation (NAO) altering the transport
pattern to lzafia (Cuevas et al., 2013). The lattgrep

presents an analysis of the-g@ar ozone series (198%09)
at 1ZO. A climatology of @ transport pathways using for acute coronary syndrome (ACShhey concludedhat

backward trajectories shows that highes @lues are exposure to high concentrations of sulphur dioxide is a

associated with air masses travelling above 4 km aItitud@reCi_p_itatmg factor fgr admi_km of patients with AC_S and
from North America and Nth Atlantic Ocean, while low Significant Obstructive Lesion$SOL). In the same line of

Os is transpoted from the Saharan boundary lay@ig. research, DomingueRodriguezt al. (2013b) have focused
5.3). O; data have been also compared with,RN10Pb on studying the links between the exposure to air pollutants
7Be potential vorticity (PV) an€O. A good cc,JrreIatior,1 and the presence of inflammatory molecules and oxidative
between @ and CO in winter is found, supporting the stress in patients with ACS. They analyzed whether the level
hypohesis of longange transport of photochemically ©f environmental exposure is an independent postia
generated ©from North America. Aged air masses, in factor in terms of overall and cardiovascular mortality,
combination with sporadic inputs from the upperMyocardialinfarction or unstable angina.

troposphere, are observed in spring, summer and autumn,

{Ehereactive gasegrogranmehas contribugd to studies on

gwe impact of atmospheric pollution drealth.For example,
DominguezRodriguez et al. (2013a) analyste: effects
caused by exposure to contaminants in the gas phase and
atmospheric particles in ambient air in patients hospitalized
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Figure 5.3. Surface @ Mean ConcentrationsAt Receptor (MCAR)) plot for July for the period 1988/ 2009. Colour bars indicate
Os concentration in ppbv. Reprinted from Cuevas et al. (2013).
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Gonzélez and Rodriguez (2013) used reactive gases dataAahovel method to determine the DT based on the vertical

SCO in their study on the contribution of vehicle exdta, gr adi ent of Laitdés modiyed PV
ships and an oil refinery emission to the ambient airepresents an analytical improvement for DT determination
concentration of ltrafine particles (UFPs). Their study was from model reanalysis. The concept of a second DT and a
based on a data set of particle number coarser than 2.5m@cond OT has beeniiatluced for the first time, showing

(N), black carbon (BC), gaseous pollutants (NSG, CO  an excellent agreement with the second thermal tropopause

and Q), PM:s and PMis. The observed relationship and the cold point tropopauses.

between N, BC and gaseous pollutants allowed UFP ) ) ) )
concentrationgo be segregateth a set of components The 14.3 km height level is used to differentiate between

linked to each source. tropical an_d_ extratropical UTLS r_egimes, intimately_ linked
to the positon of the STJ. There is fairly good consistency
5.3.3 Characterization of the subtropical tropopuas@etween all the defined tropopauses under the double
region tropopause scheme, except in spring, when the OT is

observed at lower levels due to frequent baroclinic
The main features of the subtropit@popause region over nstabilities in the upper troposphere.

Tenerife are examined and characterized by Rodriguez

Franco and Cuevas (2013) using s (1992 2011)of N winter, altitude differences between OT, DT, and TT
ozonesonde datand European Center for MeditRange resulted from poleward STJ excursions forced by blocking
Weather Forecasts ERmte”m potentia| Vorticity (PV) SyStemS over the North Atlantic. AnaIySiS Of the trOpOpause
and zonal wind sped reanalysis. inversion layer showed distinctive features for tropical and

midlatitude tropopauses.
This study introduces new insights since higholution

vertical proyl es all owed a detail ed description of t
subtropical tropopause break and the associated subtropical

jet stream (STJ), where models fail to properly simulate the

upper tropospherélower stratosphere (UTLS). The

subtropical UTLS, which isa rather thick (-8 km) and

complex region isanalysedby evaluating four different

topopause deynitions: t her mal (TT) ; Col d Point (CPT) ;
ozone (OT)and dynamical (DT) tropopausésg. 5.4).
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Figure 5.4. Time-height cross section of ®@partial pressure (mPa) and wind speed contours (rg') from 8 to 21 km height for
multiple (upper panel) andsingle (lower panel) thermal tropopause events. The vertical coordinate is tropopause based. The
different tropopause types are shown lab&td with their corresponding acronym. TT1, TT2 and TT3 are the first, second and
third thermal trop opauses, respectively; DT1 and DT2 are the first and second dynamical tropopause, respectively; OT is the
ozone tropopause, and CPTs the Cold-Point tropopause (reprinted from Rodriguez-Franco and Cuevas, 2013).
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5.3.4 Relationship between tropospherig, @ater has been performed inee troposphere conditions for the
vapour and mineral dust first time.

A total of 157 Q@ vertical profiles from ozone soundings 5.3.6 Other contributions
launched at Tenerife over 13 summers are analysed together

with aerosol optical depth as a discrimination tool toGarcia etal. (2012)in their study on letegm evolution of

differentiate clean atmospheric conditions and dustyStUPtropical ozone profile time seriekd9d 2010) obtained
condiions under the presence of the Saharan Air Layefith groundbased FTIR (see Sew 7) at 12O, used daily
(SAL) (Andrey et al., 2014Fig. 5.5) The results show that INtercomparisons with ECC sonde profiles to assess
Os mixing ratios on SAL days are systematically lower tharPr€cision esUmatgs of FTIR retrievals. They conclude that
those during clean conditions, with a difference of as mucH'€ FTIR system is able to resolve four independent ozone
as 35%. An analysis of iependentotal ozone columns layers with a precision of better than 6% in the troposphere
from groundbased and satellite spectrometers confirm th@nd of better than 3% in the lowemiddle and upper
observed @reductions. A comparison of the vertical shapeStratosphere. The assessment of the accuracy of the ETIR O
of the @ reductions with the vertical distribution of dust vertical profiles has been possible thanks to the long series

loading and precipitable wateapourshows that detter  ©f Os vertical profiles from the ozonesonde program.

Forrelatipn is .fou.nd'with the total amount of water preseng 4 ¢ig et al. (2014) presented a climatology of new particle
in the air. This finding suggests that the latter componen mation (NPF) events at high altitude in the subtropical
plays a role in the observeds @duction within the SAL.  north Atlantic, analysing number size distributionsi(@00

This i§ a chgllenging topic that has pot been sufﬁcientl;hm)’ reactive gases (SONO, and Q), several components
investigatel in previous studies, mainly based on casgy gqar radiation and meteorological parameters, measured

studies or shoiterm campaigns. at 1ZO. NPF is assdmted with the transport of gaseous
0, [ppb] Aer. Surface precursors from the boundary layer by orographic buoy_ant
70 0 110 upward flows that perturb the low free troposphere during

30 50

L daytime. Garcia et al. (2014) demonstrated that during NPF
1 1 events, S@ UV radiation and upslope windsahed higher

. 1 values than during neaevents. The overall data set indicates
[ < ] that SQ plays a key role as precursor, although other
+ . species seem to contribute during some periods.

] 5.4 Partigpation in Scientific Projects and
T 2] Campaigns/Experiments

Height [km asl]
Y

5.4.1 Atmospheric Mnor Species relevant to the
| ] Ozone Chemistry at both sides of the
N R Subtropical jet (AMISOC)

I’-4.0 — =20 0 20 100 300 3500
Og differences [%] [um®/cm”] The Atmospheric Mnor Species relevant to the Ozone

_ _ Chemistry at both sides of the Subtropical jet (AMISOC)
Figure 5.5. Average G profiles under clean (C) and dusty (D)  project intensive campaigmas held oiTenerife in summer

conditions from flights carried out during the airborne 2013.This project, managed by INTA, aims to improve the
campaigns conducted in summer 2005 and 2006 (left panel). knowledge of thé minor constituent,s of the atmosphere
Mean dust load (right panel). Reprinted from Andrey et al.
(2014). (right pane) . Y playing a role in the ozone chemistry. Details of the project

and the mtensive campaign carried out ®enerife can be
5.3.5 Longpath averaged mixing ratios @ and found at the AMISOGveb page
NO. in the free troposphere using

MAX DOAS
This campaign was carried out by the Institute for

,(A\Mgzv;/ vrc:;h(;)ed\}e?oarzzdb Nlﬁg'?;?. AGer(())Tef/Ugii:ng) aChMeteoroIogy and Climate Research (IMAKSF), Karlsruhe
' P y group g Institute of Technology, with the IARG-TIR programme,

in collaboration with the IARC to obtain surface mixin . . .
g and financedy theMUSICA project. More details othe

rat.los of Q and_NQ _trace_ gases in the.freteoposphe_re MUSICA intensive campaign can be found in Schneider et
using the Multi Axis Differential Optical Absorption al. (2015)

Spectroscopy MAXDOAS) technique (see Section 11).
This method has been applied and validated at 1ZO using O
and NQ data from insitu instruments. The NQvalidation

5.4.2 MUSICA intensive campaign in July 2013
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6 Total OzoneColumnand Ultraviolet
Radiation

6.1 Main Scientific Goals

The mainscientificobjective of tlis programme is to obtain
thetotal ozonecolumn(TOC) andultraviolet UV) spectral
radiation with the highest precision alwhg-termstability =/
that the current technology and scientific knowledge cag!
achieve. To reach this objective the group uses thre,
interconnected areas. The base igiegumentationthis is
supported by stridA/QC protocols that requileboratory
calibratiors and theoretical modelling. Finally,web-
orienteddatabasesire developed fordissemination of the
observational data

Figure 6.1. Members of the Total Ozone and UV radiation

6.2 Measurement Programme programme with the RBCC-E Brewer spectrophotometer
triad located at 12O .

Measurements of total ozone and spectral ultraviolertnore details) In 2005 a third double Brewer #185 was
;i@g?nsbigzgr:eﬁ?ﬁg;'; Iégo\;vghszi‘i:]nes;zﬂigalﬁrs installed and completes the reference triad of theCREE
were addgd irseptember 1952 with two daily (sunrise and(F.ig' 6'1)'. The measurement programe was completed .
i tical il btained with the Umk hWlth the installation of a Pandora spectroradiometer in
sunset) vertical ozone profiles obtained wi € YMXeNH ctober 2011. The technical specifications of both Brewer

technique. In _July 1997 a _double Brewer #15% watalled and Pandora instruments mariedin Table6.1
at 120 and runn parallel with Brewer #033 for six months.

In 2003 a second double Brewer #183 was installed and
designated the travelling reference of the Regional Brewer
Calibration Center for Euro&BCG-E) (see Section 17 for

Table 6.1. Spectrometer specifications

Brewer
Slit Wavelengths Oz (nm): 303.2 (Hg slit), 306.3, 310.1, 313.5, 316.8, 320.1
Mercury-calibration (Q mode) 302.15 nm
Resolution 0.6 nm inUV; approx 1nm in visible
Stability +0.01 nm (over full temperature range)
Precision 0.006 + 0.002 nm
Measurement range (UVB) 286.5 nm to 363.0 nm (in UV)
Exit-slit mask cycling 0.12 sec/slit, 1.6 sec for full cycle
O3 measurement accuracy +1% (fordirectsun total ozone)

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

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 integratiortime 20s
Number of scans per cycle 50-2500
Spectral sampling of the 3 pixels per FWHM

grating spectrometers
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RBCC-E Brewer reference triad
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Figure 6.2. Weekly comparison of the RBCGCE triad, during the ESA CAL -VAL project showing a deviation <0.25% on the
calculated total ozone.

The spectral UV measurements are routinely qua”t)poncerningotal ozone, the Ewer triad has an exhaustive
controlled using I1ZO calibration facilities. The stability and duality control in order to assurthe calibration, with -
performanceof the UV calibration is monitored by 200W routinecalibrations performed on a monthly basis. With this
lamp tests twice a month. Every six months the Brewers affocedure, we have achieved dongterm agreement
calibrated in a laboratory darkroom, against 1000W DxwPetween the instruments of the triad with a precision of less
lamps traceable to the Word Radiation CergafRC) than 0.25% in ozone (Fig. 6.2).

stanf:iards. Th&HICrivm software tool is used to anafys The Total Ozone programme is a part of the NDACC
quality aspects of measured t¥pgectra before data transfer programme. The total ozone series for 12912 is shown

to the databases. In addition, model to measuremenisrig 6.3 and is available at the NDA@@bsite We show
comparisons are regularly done. Every year the Brewefis, in Fig. 6.4 thé)V observations obtained fromr@wer

#185 .is compared with thQuality Assurance of SpeCtral spectrophotometer #157, available at the World Ozone and
Ultraviolet Measurements (QASUME) International | jitraviolet Data CenteAyOUDC).

portable reference spectroradiometer fileMOD/WRC
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Figure 6.3. Total Ozone series at Izafia Atmosiperic Observatory (1991-2014),daily mean (in grey)and monthly mean (inred),
the long-term mean from the period 19912014 are also shown idark grey.
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UV index

Figure 6.4. UV index during 20122014 calculatedby Brewer #157at |Izafia Atmospheric Observatory.

6.3 Summary of remarkable results during the algorithms This ACSO committee is a joint commission of
period 20122014 the GAW Scientific Advisory Group for Ozonand the

International Ozone Commission(I0O3C) of the

6.3.1 Evaluation of ozone absorption cross section§térnational Association of Meteorology and Asspheric

in Brewer and Dobson retrieval algorithms ~ S¢iences (IAMAS).
The main results for this perting periodfocus on the A new set of ozone absorption coefficients for Dobson and
evaluation of the use ofiie laboratorydetermined ozone Brewer spectrophotometers, using tfige laboratory
absorption cross sections the ozone retrieval of Dobson determined ozone absorption cross secfimesecalculated

and Brewerthe reference instruments fdret measurement @nd compared with the previous calculations. The
of total ozone.The routine measurement of totmtone Performances of these coefficients were evaluated using the
started in fhe mid192Gs with a prototype of the Dobson data of simultaneous Brewer and Dobson observations
instrument. Until the late 19%Q this wasthe only during the Committee on Earth ObservatioBatellites
instrument measuring zone. The Brewer Ozone (CEOS) calibration campaigrand the ozone observations

Spectrometer was deloped in Canada during the 1370 at Arosa, SwitzerlangFig. 6.5) The main conclusions of
and becamewidely available in the 1980 As observing thestudy are:

organizations purchased these instruments and placed th?Im
in service alongside the Dobson instrument, the seasonal
and systematic bida the results became evident.

The Brewer and Dobson instrument results agree best
when the absorption coefficients used are based on the
cross sectiordeveloped by the University of Breme

The initial difference of 4 % was removed with the adoption ~ (IUP) for the HARMONICS project(Serdyuchencet

of absorption cdiéicients of a common ozone cross section ~ al, 2013. The application of the temperature
in the early 1996 but seasonal and offset differences were ~ dependent absorption coefficients substantially reduces
still evident. With the consideration of the replacement of ~ the seasonality found in the Arosa Brevilbson

the manually operated Dobson witre automated Brewer, record. TheDaumont, Brion & Malice{DBM) set also
some Atransfer f recectlyconsidered. s ¢ hredusesghe geasenality but the change in absatate

These methods can be quite successful, but do not fully in the Brewer instrument, in comparison with the
explain the reasons for the differences. Dobson results,makes its use unsuitable for the

network.
The difference in the results of measurements made in ¢ The temperature dependence values obtained confirm
same place is not limited to the primary ground based ihe hypothesis of Kerr (2002): the systéimannual

networks. In 2009, the ome community established the gjfferences between Brewer and Dobson are due to the
Absorption Cross Sections of Ozo@CSO) committeeto different temperature depen
review the pesently available cross sectifxS) databases ozone retrieval algorithm. With the Brer, this is

and to determine the impact of a change of the reference XS gmgal: < 0.01 %/°C. The suggestioby Kerr et al.

for the different instrument types (grountased and (1988) that this difference is due the temperature

satellite) used in the individual instrument retrieval dependence in the Dobson algorithm is also confirmed.
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Figure 6.5. Percentage differencebetween Dobson (Dobson 64 AD and CD pairs) and Brewer (B#15183 and B#185) fothe
same Langley calibration and different cross sectia A) Bass & Paur operative (B&P operative), B) the temperature quadratic
fit IGACO B&P) , C) Daumont, Brion & Malicet (DBM) and D) University of Bremen (IUP).

1 The Dobson record will change by less than 1 % usingo summarie, this studydemonstrates that the usetbé
any one of these XS datses. A change to the recently released Ozone Absorption Cross Section by
temperature dependent absorption coefficients providddremen University solves the historical differenbesveen
the largest benefit by removing thdificial seasnality = Dobson and Brewer specpiootometers, the primary
in the ozone record. The application of the temperaturground based instruments to measure Total Ozone. The
dependent absorption coefficients will be stationapplication of this new cross sectioto the CEOS
dependent, as knowledge of the stratospheri€alibration campaign data of reference instrumegdsices
temperature record over the station is required. the bias between thezone measuremés of these two

1 The calculation of th®ifferential cross seatn (DXS)  instrumentso near zero. Mreovey the seasonal differences
for a particular Brewer instrument is very sensitive toof these instruments also disappear when we introthece
both the XS and the handling of the XS (editing,temperature deendence of the cross section intioe
smoothing, etc.); these differences can be as large agétrieval algorithms These results were published by
% in ozone. Redondas etla(2014).

1 The existing Brewer record of TO€n be adjusted to . ) o
the IUP scalaisingthe wavelength calibrationecord.  6-3-2  Improved retieval of nitrogen dioxideolumn
Using the average Brewer value the maximum densites by means of MKIV Brewer
uncertainty based on 123 instruments was 0.4 %; using spectrophotometers
the known operational absorption coefficient that.l.

caint be reduced to 0.1 % he group has actively participated in the development of a
uncertainty can be reduced to 0.1 %.

new algorithm to retrieve nitrogen dioxide (BQolumn
This study performed with the suppbrof the ESA  densities using  Mark IV MKIV) Breyyer
CALVAL project was a joint effort of th&ermany, Spain, SPectrophotometers. The method, published by Diémoz et
Switzerland and USA weather servicesvith the al- (2014) includes several improvements, such as a more
participation of the Dobson and Brewer WMO calibrationr€Cent spectroscopic data set, the reduction asomement

centers, which provided the high quality Brewer and'CiSe, interference ofother atmospheric species and
Dobson 0zone observations togathvith the Universityf ~ instrumental settingsand a better determination of the

Bremen, whichprovided the newproposed ozone cross zenith sky air mass factor. The tediué was tested during
section. ameasuremergampaign at 1Z0n September and October
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2012. The results of the direct sun and zenith sky geometrie8.4.2 GAW Tamanrassetnd Casablanca stations
were compared to those obtained by two refeee . - . .

instruments from thBIDACC: a Fourier Transform Infrared RBCC-E hasprowda'j training gnd calibratin services o
Radiometer (FTIR) and an advanced visible spectrograptitq1e double Bewer installed inthe GAW Tamanrasset

(RASASHI) based on the differential optical absorption stat|.on (A!gerla) (see section 2fbr more det.a|l}s Th|s
spectrometry (DOAS) technique. station, with a long Dobson measurerecord, is a unique

place tostudy BreweiDobson differences over a tropical
Other relevant contributions of the groupclude: 1) area and enables satellite validation osr a desert
technological aspects and new developments of the Brewenvironment (Fig. 6)6
(Guirado et al 2012; Karppinen et al. 2014); Bng-term
ozone evolution assessments (Garcia et al., 2012a; Oltmans |
et al.,, 2013) and3) radiationrelated investigations in ™
collaboration with ther groups (Garcia et al., 2012b; >

MéndezRamos et al., 2014). Basof
6.4 Partidpation in Scientific Projects and 0]
Campaigns/Experiments
The participation in scientific projects of this measurement = Soisen ey

programme is intertwined withhé activities of the

WMO/GAW Regional Brewer Calibration Centerfor  Figure 6.6. Total Ozone of TamanrasseStation, Brewer #201,

Europe RA-VI region) (RBCCE) (see Section 17 fonore 20122014, daily mean §rey dots), monthly mean (in red), the

details) mean from the period 20132014 are also shown imark grey
and the shaded area represerst onestandard deviation.

6.4.1 CEOS Intercalibration of ground basedThe group also supervises theeBer operation and data
spectrometers and Lidars processing othe Casablanca statigilorocco). The ozone
obsenations for the year 2012 of these stations are shown

The main goal of th&uropean Space Agenci$A) Cal in Fig. 6.7.

Val project (CEOS Intercalibration of groundased

spectrometers and Lidarés to improve the quality of or e e——
ground based instruments for satellite validation. The effort C U OIS SEE TN NN e -
during the effective period of the project have been focuse

on the following three major ises affecting total ozone
groundbasednstruments (Dobson and Brewer)

360 - : BOE N A :

1 Seasonal differences between Dobson and Brewer
1 Differences betweerground basednstrumentsand
satllites related to Stray Light in single . ; :
monochromator fSthe § " ; .8 i R
1 Differences betweerground based instrumentsand FO ot SO VOO SO O SO 5
satellites relatetb ozone cross section effects

2ap i i i i i i i i i
Jan  Feb Mar Apr May  Jun Jul Aug  Sep  Oct  Mow Dec

Several field campaigns have been conducted during the

20122014 period to account for the issues descridismlle  Figure 6.7. Total Ozone olservations (daily mean)of 1IZO and
(see Table 17.1puring the Asolute calibration campaigns the twinning stations of Tamanrasset Algeria) and
held at 1Z0,Dobson and Brewer spectrophotometeesav Casablanca (Moroccojn 2012

operated in_ parallel and cal_ibrgted using the I__ang_IeB_4_3 EUBREWNET

method. This allowed establishing standard calibration

scales which were further transferred to the European EUBREWNET is a COST action (ES 1207) with the
North African netvork by means of regular BrewBrdbson ~ objective to establish a European Brewer Netw(¥lg.
Intercomparisons capaigns, maily taking place in 6.8). The Action is based in the two European calibration
Soutrern (Huelva, Spain) and Cenal (Arosa, Svitzerland) ~ Centers (RBC€E and WRC). The BCC-E plays a key role
Europe (Kholer et al.2012). The Nordic aspect of the in the EUBREWNET, coordinating the standardizatain
project allowed the initial development of a system toPperation and characterization and calibration of the
compensate for straylight errors in single Brewerdietwork instrument as well as providintpe Brewer
(Karppinenet al, 2014) database.
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Figure 6.8. European Brewer Network (EUBREWNET), location of European Brewer gations shown over a UV brecast map,
potential participants to the COST action ES 1207The aim of the Action is to establish a cadrent network of European Brewer
Spectrophotometer monitoring stations in order to harmoniz operations and develop approaches, practices and protocols to
achieve consistency in quality control, quality assurance and coordinated operations.

The database rpviously developed by the RBGE 6.4.5 EarthCare Ground Base Spectrometer
provides the core of theewly developed databasapable Validation Network (Pandonja
of providing reakttime observations of the 50 participating

European stations (www.eubrewnet.org). The aim of this project is to establish a network of Pandora

instruments APandoni ao. The
6.4.4 ATMOZ will be Pandor&2S, which is currently beg developed

under this project as an evolution of the existing Pandora
The Joint Research Projetraceability for atmospheric spectrometer system. &HPandonia network emphasizes:
total colmne ozone (ATMOZ)aims to significantly pomogeneous calibration of  instrumentation,  low
enhance the reliabilityf total ozone column measured atjngryment manufacturing and operation costs, central data
the Earth surface with Dobson instruments, Brewerpocessing and formatg and quick delivery of final data
Spectroradiometer and ~ Arré§pectroradiometer.  New  ,qicts. The planned data products of Pandonia are: Total
methods of observation (techniques, instrumeat®l 5.4 (ropospheric ozone §olumn, Total and tropospheric
software) are developed to provide traceable total 0zongi ogen dioxide (NG) column and Spectral aerosol optical
column measurements with an uncertainty of less than 10/‘depth (AOD) in the ultraviolet (>300nm) dwisible range

The dissemination of the improved ozone traceability ang e reference instruments of Pandonia will bi@ex, which
the developed tools and methods Wélachieved vialarge i also be an instrument test site together with the

field intercomparison of spectroradiometers orgadiat the  carvation platform of the Biomedical Physics
end of the projectni Tenerie. The participation of the pepartment Medical University Innsbruck, Innsbruck,
RBCGE has the objective to characterize the referencg siria. All network inruments will be traceable to
Brewer atthe PTB facilities and with this information  reference instruments, through intercomparison with a
develop the error analysis of tigzewer instrument. The ophile reference unit visiting network locations. An
improvements developed in this project will be transferreqlmercomparison campaign with several instruments
to the network instruments during RB&Ecampaigns. The together at one location is also planned for 2016.
publication of the calibration methodology for Brewer

instruments (Brewer Calibration Standard Procedure) is the

final objective for this project.
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7 Fourier Transform Infrared
SpectroscopyFTIR)

7.1 Main Scientific Goals

Earth observations are fundamental for investigating th
processes driving climate change and thus for supporti
decisions on climate change mitigation strategies
Atmospheric remote sounding from space and ground a
essential components of this obseivaal strategy. In this
context, theé=ourier transform infrad spectroscopy (FTIR
programme at the IARC wastablisheavith the main goals
of long-term monitoring of atmospheric gas composition
(ozone related species and greenhouse gases) and
validation of satellite remote sensing measurements a
climate models. In particular, within the FTIR programme g
much effort has been put in developing new strategies fq
observing tropospheric waterpour isotopologues from

ground and spacéased remote sensgr since these

observations play a fundamental role for investigating th
atmospheric water cycle and its links to the global energgigure 7.1. The ground-based FTIR experiment at the IARC
and radiation budgets. (scientific container hosting the sun tracker and the Michelson

interferometer).
The FTIR programne at the IARC is the result of the close

ard long lasting collaboration ofmore than a decade
between the IARGAEMET and the IMK-ASFKIT

PROFFIT allows to retrieve volume mixing ratio (VMR)
profiles and to scale partial or total VMR profiles of several

(nstitute  of Meteorology and Climate Research species simultaneouslyhere have been a lot of efforts for

Atmospheric Trace Gases and Remote Sensing, Karlsruﬁésuring ad even further imprang the high quality of the

Institute of Technlogy, Germany). The IMKSF has FTIR data products: e.g., monitog the instrumental line

operated high resolution grouhédsed FTS systems for shape Kase etal., 1999) monitoring and improving the

almost two decades and they are leading contributors ﬁaccl:lurac(ﬁof ﬂ:e a_lpplled_ splar t(;ackgrs ((IBISII et_z;l., zoﬁs)
developing FTIR inversion algorithms and quality contro|V€" @S developing sojsticated retrieval algorithms (Hase

of ETIR solar measurementsAs a result of this Gt al., 2004) The good quality of these losigrm ground

collaboration, the FTIR gerimentat1ZO has contributed based FIR data sets has been extensively documented by

to the prestigious international networks NDACC andtheorencal ad empirical validation studie®(g., Schneider

TCCON since 1999 and 2007, respectively. gteZIL'.J’Ivze:(c)j?:t’tz)a;l Sgg;g;jezroe;‘lzl., 2p@arciaet al., 2012

7.2 Measurement Programme

A groundbased FTIR experiment for atmospheric
composition monitoring has two main components (Figure
7.1): a precisesolar tracker that captures the direct sola
light beam and couples it into a highesplution
interferometer IFS). ARC6s FTI R acti vi
with a Bruker IFS 120M spectrometer, which was replaceg
by a Bruker IFS 120/5HR spectrometer in 20Q3&e
technical specifications in Table 7.1).

In order to derivérace gasoncentrations from the recorded

FTIR solar absorption spectra, synthetic spectra ar‘

calculated by the lindy-line radiative transfer model _ 5 5
PRFWD (Schneider and Hase, 2009). Thae, synthetic Fi9ure 7.2. Picarro L2120-1 GD and G180 analyser.
spectra are fitted to the measured ones by the softwalée FTIR programmeat the IARC is complemented bya

package PROFFITPROFile FIT, Hase et al., 2004) Picarro L2126l U D andalysers Geé2 Figure.2)
installed atlZO and TPO within the European project
MUSICA.
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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 range (cr) 700- 4250 (NDACC) and 35009000 (TCCON)Optional: 20- 43000
Apodized spectral resolutiqen®) | 0.0025 L.20M: 0.0035]

Resolution powerl( 2 A%a01000 crt

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

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

Size (cm)/Weightkp)/Mobility 320 x 160 x 100720M: 200 x 80 x 30]

550 + 70 (Pump)20M: 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 Wavelengibhanned and sinks of greenhouse gases or the eeoluf the ozone

Cavity RingDown SpectroscopyWS-CRDS technology layer. For this purpose, our activities have addressed the
and are calibrated by injecting liquid standards in a Standaaptimisation, development and validation of the new
Delivery Mode (SDM from Picarro The 0.6 Hzprecision  strategies for monitoring the lortgrm evolution of trace

oft he anal yser on UDHOandisl gases,asuchtas y@énhopsp mgases and ozone, in the
<2a for 4000 ppmv. The abfsaméwork & NDA@Cane TACON netiarks (seedFigr.3)i D i s

<13.7a at 500 ppmv and <2.233a at 4500 nnmv The error
estimation accounts for instrument precision as well a R T

errors due to the applied data correcti¢®DM effects + o> £ ol

instrument al drifts <la, 7 a,

calibration bias <0.5a) fo ..

7.3 Summary of remarkable results during the !
period 20122014 E
The FTIR activities from 2012 to 2014 have been focuse | &fe=—

on the ground and spacebased remote sensing FTIR
spectrometryas well as irsitu spectrometry.

. Figure 7.4. Geographical distribution of the FTIR (blue
7.3.1 Groundgbased emote sensing FTIR giangles) and GAW stations (red dots) used to develop and
spectrometry validate new strategies for monitoring tropospheric methane
(CHa4) concentrations Reprinted from Sepulveda et al. (2014a).

The grounebased FTIR observations have a large potential . . - .
for monitoring and investigating the composition of theWe are interested in providing FTIR products with global

troposphere, the stragphere and thegxchange processes. representativenebig. 7.4), as displayed in Fig. ?.\E/here
In order to achieve thigropospheric signals need t® asan example we show that the new troposphenc .FTIR
detected independéwntfrom stratospheric signaldhis is methane products can sucdesig be usedo monitor the in

fundamental to monitor and study, for example, the sourceSitu regional signals at differersites across the globe
' ' (%epulveda etal.,, 2012a, 20)4a

NDACC Tropospheric O, Partial Column NDACC Stratospheric O, Partial Column TCCON Xco,
100 T T T T T T T
5 160 gii
o —
= 80 2
E Q, 140 = 395 F
Z 60 £ g ]
‘Q. = 120 & 30 i
~ 40 N
o & 8 385 - A 4
N
= 20 Q 100 .
¢l - -
o 0 o 80 1 1 1 1 1 1 1
1999 2001 2003 2005 2007 2009 2011 2013 1999 2001 2003 2005 2007 2009 2011 2013 1999 2001 2003 2005 2007 2009 2011 2013

Figure 7.3. Time series of the tropospheric and stratospheric ©partial column, and total column-averaged dry air mole fractions
of carbon dioxide (XCQy) as observed by theARC FTIR in the framework of NDACC and TCCON.
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Figure 7.5. Time series of the tropospheric CH concentrations at the FTIR (red squares) and GAW stations (black squares)
Reprinted from Sepulveda et al. (2014a)

These optimisation and validation exercises have also beés controlledozone depleting substances (ODS8stline,
performed for other important greenhouse gasash as theobserved recovery of the stratospheric ozone layer and
nitrous dioxide and carbon dioxide (Dohe et al., 2@dhe its longterm evolutionlargely dependn the greemouse
etal., 2014; Garcia et al., 2014a) or for ozone (Garcia et agases concentratio®VMO, 2014). But, recently, ihas
2012, 2014h) been reportethat there isn annuaincrease by up to three

% in the stratospheric hydrogen chloride content (main
i ' stratospheric chlorine reservoir and tracer of ODSs) over the
example, the longerm changes in the ozone vertica Northern Hemisphere since 2007 in contrast with the

distribution or in the total column amounts, being part of th%ngoing monotonic deease of neasurface source gases
SI2N Initiative of theStratospher¢roposphere Prasses (Mahieu et al., 2014)

And their Role in Climate§PARQ projectof the World
Climate Research Programme. Ounalgsis identifiesan  This study, carried out by combining model simulations as
ozone recovery in the stratosphereagreement with the well assatellite and grountiased FTIR observations, 1ZO

With these refined timeeries,we have investigated, for

WMO (2011; 2014) reports FTIR among them, attributes this trend anomaly to a
slowdown in the Northern Hesphere atmospheric
. OomeTowlColumn circulation, not to higher emissions of the precursor
7 ouder 45°S substances of the ODSs banned in the Montreal Protocol.
7| Wollengong 34°S This shoriterm dynamical variability will also affect other
| lzafia 26°N stratospheric tracers and needs to be considered when
| Jungfraujoch 47°N studying tle evolution of ozone concentrations in the
- Harestua 60°N coming years (Mahieu et al., 2014).

- Kiruna 68°N i
In addition to ozone and greenhouse gases, one key element

in the Earthdéds climate is the
L L, My esimaTeN observations of tropospheric water vapour isotopologue
e [%,;‘r] £ 8 comstition can give novel opportunities for un.de.rstanding
the different water cycle processes and their link to the
Figure 7.6. Annual trends [in %/yr] of the ozone total column ~ climate. In this context and in the framerk of the
amounts for different FTIR stations covering from 45°S to  MUSICA project, the longerm tropospheric water vapour
79°N.Reprinted from Vigouroux et al. (2014). isotopologue observatiomgere iniiatedat|ZO for process

However at least at subtropical latitudes, there is not a cledvaluationof tropospheric humidity simulateby general
ozone otal column recovery (Fig.7.6), since the circulation models (Risi et al., 2012a; 2012ZBj)is strategy
stratospheric ozone increase could be compensateldeby h1as extended to ten globally distributed grotaded miel

tropospheric ozone decreagatcia et al2012;Vigouroux  infrared remote sensing statis of the NDACC (see Fig
et al., 2014) 7.4), creating the first longerm tropospheric water vapour

- Thule 77°N
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isotopologies database at a global scale (Schneider et abf IASI tropospheric water vapour isotopologues remote
2012) sensing products for investigating different moisture
. transports (Schneider and Hase, 2011; Schneider et al.,
In add't,'on’, the groundhased FTIR dajta allow us tq addre552013; Gmzélez et al., 2013; Schneider et al., 2014; Wiegele
the vaI.|dat|on of neyv grounUased. !nstrumentanons for et al., 2014) We alsoparticipate in the validation of other
observingatmospheric gas compositiondewater vapour spacebased remote platforms, like theMIPAS,

total column) (Sepulveda et al., 2012s) well as technical SCIAMACHY or OCOIl (Blumenstock, et al., 2013;
studies on the FTIR technique (inviers algorithms and  gcpcenmaker et al., 2014). ' ' '

instrument) Dohe etal., 2013; Garcia et al., 2014c)

: 7.3.3 In-situ Spectrometry
7.3.2 Spacebased remote sensing FTIR

spectrometry The insitu continuous water vapour measurements
recorded at 1ZO andrPO allow us both to validate the
Within spacebased FTR spectrometry,l ARCRigh  remote sensing water vapour isotopolegabservations
quality FTIR data ha been extensively applied farany (IASI and FTIR) Gonzalez et al., 2013; Schneideragt
years for the validation of trace gases measured by diﬁereg@m; Wiegele et al., 2014) ard invedigate the water
satellite instruments (ILAS, MIPAS, ACETS, GOME).  gypply to the subtropical free troposphere ofsthietropical
Currently, our activies are focused on the Infrared orthern Atlantic (Gonzélez et al., 2014fhe latteris
Atmospheric Sounding Interferometer (IASI) on boardpyiefly documented in FigZ.8, which shows isotopologue
MetOp/EUMETSAT  satellites through the Europeanyata obtained by the Picarin-situ measurements PO
projects MUSICA and VALIASI (Validation of the ang ues dust measurements as well as HYSPLIT backward

EUMETSAT products of atmospheric trace gases observeghjectories for classifying ehdifferent aimass origins.
from 1ASI using grounebased Fourier Transform Infrared

spectrometry), and the Spanish profd@VIA (Towards a The left column Eig. 7.§ documents the situation for an
Near Operational Validation of IASI level 2 trace gasorigin over the northern African landmass (Sahara desert).
products). This origin can clearly be dentified by high dust
concentrations in the free troposphere, and is also revealed
IASIA and IASIB vs FTIR by the respective HYSPLIT backward trajectories for the 5

days before arrival (left column, upper panel and middle
panel).An airmass with this history has experiencedsty

upward transport over Africa without experiencing
condensation and the respective{H UGD} pairs (
in the bottom panel) are located along a mixing line where

boundary layer air can be identified as one mixing end
[l Veas-to-Meas IASIA 1 member-

c o o o =
M R D ® O

nd
o

[l Veas-to-Meas IASIB
I Annual Cycle IASIA
[ Annual Cycle IASIB
[ Long-term IASIA

The central and theght columns(Fig. 7.8 show data for

o o N

T T

A\

L clean air (no significant dust concentrations), meaning that
- there is no link to the African boundary layer. The
! L ..._ h— trajectories until the last condensation point are shown in the
NO CH co upper and middle panels and clearly destate a air mass

2

r

Standard Deviation [%)] Correlation Coeficient R

(=1

o) co
’ origin in the free tropospheric northern Atlantic. The bottom

. i panel s reveal t hat t he {H2O0O,
Figure 7.7. Summary of the comparison betveen |IASI/MetOp- . . .
A and IASI/MetOp -B versus FTIR at 1ZO for all the IAS| trace according to the tempe.rature.at the I.ast condensation point.
gas products at different time scales: measuremeno-  FOr the last condensation point at higher temperatwes
measurement (Meago-Meas), Annual Cycles and longerm  observe occasionally depletion below the Rayleigh line

trends. indicating evaporation of falling rain (fowater vapar

By means of VALIASI and NOVIA projects, the losigrm ~ Mixing ratio above 5000 ppmv)-urthermore, we see that
validation of the IASI opeational atmospheric trace gas Mixing along the backward trajectories becomes rather
products Qs, CO, CO,, CH, and NO) is being carried out important. In  particular, for condensation at low
(Garcia et al., 2013; Kihl et al., 2014; Sepdleet al., temperatureswe observe weakly depleted dry air, which
2014b, see Fig. 7.7). Mile MUSICA is focused on the indicates mixing processes (see bottom panel in right
development of new IASI retrievaltheir characterization column Fig. 7.8.

and empirical validation as well as on proof of added value

38 lzafa Atmospheric Research Center: 20024


http://www.novia.aemet.es/

Airmass with high mineral dust Clean airmass with last condensation Clean airmass with last condensation
content (according to AERONET) above 265 K (according to HYSPLIT) below 265 K (according to HYSPLIT)
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Figure 7.8. Different categories of airmasse as detected on Tenerifat 3550 m a.s.l.. Left column: air masses uplifted over the
African continent; Central column: no African background and last condensation point below 265 K; Right column: no African
background and last condensation point above Z6K. Top row: latitude/longitude during the 5 days before arrival;, Middle row:
altitude during the 5 days before arrival; Bottom row: {H20, uD} di stri but i eitu Piraer@asystem dodtheb y
individual category (red dots) and for all categoris together (grey dot3.

7.4 Partigpation in Scienfic Campaigns Dohe, S., E. Sepllveda, F. Hase, A. Gomez, M. Schneider,

T.Blumenstock and O. Garcia: CO2 total column amounts at

i i the TCCON sites lzafia (28.3°N, 16.5°W) and Karlsruhe

/4.1 MUSICA/AMISOC aircraft campaign,July (49.1°N, 8.5°E), International Radiation Symposium, Dahlem
2013 Cube, Berlin, Germany, 680 August, 2012.

Within the MUSICA project, an aircraft campaign wasDohe, S; V. Sherlock; F. Hase; M. Gisi; J. Robinson; E. Septilveda,

carried out at the IARC during July 2013. During the M. Schneider; T. Blumenstock., A method to correct sampling
campaign, several flights measured insitu water ghosts in historic neanfrared Fourier Transform Spectrometer

. . . (FTS) measurements, iibs. Meas. Tech., 6, 198D92, 2013.
isotopologue profiles betweddAO and an altitude of about ) )
8 km. The aircraft measurements were coordinated with th@ohe. S., F. Hase, E. Sepdlveda, O.E. Garcia, D. Wunch, P.

Wennberg, A. GomePelaez, J.B. Abshire, S.C. Wofsy, M.
IAS| overpasses, so that both the growaged FTIR and Schneider, T. Blumenstock; CO2 profile retrievals from

spacebased IASI measurements could benéfitm the TCCON spectra, Geophysical Research Abstracts, 1
campaign data. The campaigresults allow for a EGU2014149521, 2014.
comprehensive validation of the spdmesed IASI and Garcia, O. E., Schneider, M., Redondas, A., Gonzélez, Y., Hase,

groundbased FTIR profiles and enable us to identify F_ Blumenstock, T., and Seplilveda, E.: Investigating the long
potential systematic errors in the MUSICA data. term evolution of subtropical ozone profiles applying ground
based FTIR spectrometry, Atmos. Meas. Tebh 29172931,
doi:10.5194/amb-2917-2012, 2012.

Garcia, O.E., M. Schneider, F. Hase, T. Blumenstock, E.
Blumenstock, T., Kohlhepp, R., Bhlott, S., Garcia, O. E., Hase, ~ Sepllveda and A. Gémdelaez, Validation of the IASI
F., Kiefer, M., Raffalski, U., Schneider, M., Investigation of  operational Ckland NO products using groursased Fourier
long-term Stability of MIPASENVISAT O3 and HNO3 Data Transform Spectrometer: Prelimiyaresults at the lzafia
using grounebasedFTIR Measurements in Kiruna (S) and  QObservatory (28°N, 17°W), Annals of Geophysics, Fast Frack
Izafla (E), ACVE Conference 2013, E&SRIN, Frascd 1, 10.4401/ag5326, 2013.
Italy, 13-15 March, 2013.
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8 In situ Aerosols For these automatic insiments, the QA/QCactivities
include

8.1 Main Scientific Goals 1 <daily checks> of the datand status of the instruments

Atmospheric aerosol is constituted by a mixing of naturall <Weekly checks> of the airflows atehk testsdr some
(e.g. sea salt, desert dust or kinig material) and instruments (e.g. SMPS)

anthropogenic (e.g. soot, industrial sulphate, nitrate, metalk <quartely checks> which includes measurements of
or combustion linked carbonaceous matter) airborne the instrumental zero (24h filtered air) for all the
particles whose size range fromfew nanometre (nntp instruments (CPCs, SMPS, APS, MAAP, aethalometer
tens of microns (um). Aerosols impair air quality with ~ nephelometer) —and  calibration  checks (e.g.
impacts on bman health due to cardiovascular, Nnephelometer)

cerebrovascular and chronic respiratoisedses; they also 1 <annual intecomparisons> for some instruments
influenceclimate by scattering and absorbiragliation and 1 participationin intercomparisons, e.ghose performed

by influencing cloud formation and rainfall annually between 2010 and 2012 for CPCs and SPMS

at El Arenosillo- Huelva (GémeaMoreno et al., 2011,
The activities of theln situ Aerosolsprogrammeare 2013) and those in the World Calibration Centre fo
deweloped within the scientific pridties of the Global Aerosols Physics in Leipzigg Germany for CPCs (Sep
AtmosphereWatch programme. One of the mairasks of 2012 and absorption photometers (Nov 2005; Miiller
our group is to maintainthe longterm observations of etal., 2011)

aerosols at 1ZO These measurements improve the
undersanding of the potential longterm multidecadal The procedure for these activities follows the
changes and trends of aerosols in the subtropical Nortecommendation of th€ AW progranme for aerosols.
Atlantic. Our investigations are focused dn:Long-term
multi-decadal vagbility and trends of aerosols; 2) Aerosols
and climate and 3)erosols and air quality

CPC-3772

- \s Aethalometer
SMPS—— / = PM,,

8.2 Measurement Programme

! Nephelometer

At 1Z0O, instrumentsdr aerosols measurements are located CPC-30254

in the secalled Particles Laboratory (PARTILAB(Fig. CPC-3776
8.1). The laboratorys equipped with a whole air inlet for v
conducting the aerosol sample to thelioe analysers maap-pm,,
(CPCs,SMPS, APS, MAAP, aethalometarephelometer)
and two additional PM and PM; inlets for the aerosol
samplers (Fig.8.2 and Fig. 8.3 The interior of the
PARTILAB is maintained at 22C. Because of the low
relative humidity (RH) in the outdoor ambient mi(RH
percentiles 25th50th and 75th ar&5%, 31% and 55%, Figure 8.2. Image of online analysersinside the PARTILAB.
respectively) driers are not needed. Measurements of

number concentration, size distributions and optical

properties of aerosols are performed with high time pp  sampler PM, ; Sampler
resolution (Table3.2).

Figure 8.1. PARTILAB at Izafia Atmospheric Observatory. Figure 8.3. PM1o and PMz.ssamplersinside the PARTILAB.
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salts (S@, NOs, NHs, CI), organic carbon,
elemental carboand trace elements (those detected by
IPC-MS, i.e. P, V, Ni, Cd, As, Sb, Sn,...).

The QA/QC procedure for the aerosol chemical composition
progranmeincludes:

1 airflow checks and calibrations

9 the collection of blank field filters for gravimetry
andchemical analysis

9 intercomparisorexercises (Figd.5).

For the QA/QC activities, the group is equipped with four

The aerosols chemical compositimrogranmeis based on: bubble flowme t e ! Gl l. ' bratorsE for
from a few to ten®f litres per minute (e.g. CPCs, SMPS,

APS, MAAP, aethalometer nepbeneter) and three

pressure drop flowmeters for measurgnairflows of tens of

cubic metes per hour (e.g. samplers).

Figure 8.4. IARC Aerosol Filters laboratory.

1 thecollection of aerosol samples on fikeSanples are
collected at night to avoithe diurnal upslope winds
that may bring raterial from the boundary layer,

Il thedeter_mlngtlon of the a_erosol mass concentrations b?‘he World Calibration Centre forekosol Physics audited
the gravmetr_lc method. Filters are weigtl, before and the 1Z0aerosol programein Nov 2006 (Tuch and Nowak,
after. Samp",”g’ f"‘t 206C tempgrature and &b ,% 2006). An updated reportated March 2014 is available
relative hum|d|t¥ in thé\erosol Fllters_aboratory(Flg. (Rodriguez et al., 2014a).

8.4) of the Izafia Atmospheric Research Cer{gee

Section 3.2.1)The weighing filters procedure used is The studies on aerosols anid quality have mostly been
similar to that described in EN4907, except that we performed in the city of Santa Cruz de Tenerife, where the
use a lower relative humiditg30-35 %) due to the In situ Aerosos group managed an aerosol progna@ihat
relative humidiy of the ambient air at IZ®Geingmuch  included measurements of chemical composition, black
lower than the 50% stated B\N-14907. carbonand particle numbesoncentratiorduring five years

1 The determination of chemical composition which within the framework of the proje@&PAU funded by the
currently includes elemental composition (thoseSpanishMinistry of Environment using methods similar to

detectedby IPC-AES, i.e. Al, Ca, FeMg , K, Nthoseidpscribefbr IZO in Table 3.2

A) PMy,and PM, 5
PM; PM;, PM, PM,, PM;

E 600 £ 600
B ¥
', B) . o)
- P *
< 400 T g 400
= >
g 5
g 200 t £ 200 ¢
a L] y =0,976x & L] _
g R2=0,989 2z y=0.77x
8 ’ = , R?=0,975
~ 0+ ' + s o + }
s 0 200 400 600 & 0 200 400 600
(a9
PM; (sampler OESTE), pg/m3 PM,, (sampler FONDO), pg/m?

Figure 8.5. Inter comparisonbetweenPMx samplers in August 2013,PMr: total particulate matter, PM1o: particulate matter
with an aerodynamic diameter < 1avm, PM1: particulate matter with an aerodynamic diameter < Inm.
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8.3 Summary of remarkable results during the
period 20122014

VEHICLE EXHAUST SHIPS REFINERY
A) B)

0 6 12 18
Time of day, GMT

D) < harbour - -»  refinery

Figure 8.6. A-C) Daily evolution (hourly values) of the ultrafine particles concentrationin the ambient air of Santa Cruz de
Tenerife city linked to each source. Lower and upper border of the shadowed area represent the 25th and 75th percentiles. D)
View of Santa Cruz de Tenerife from SCQ Reprinted from Gonzélez and Rodriguez (2013).

During 2012 to 2014the In situ Aerosolsgroup focused against chemically speciated observation data at urban and
research activitieon ultrafine particds and air quality. rurd sites. The results demonstrated the important role of
Measuremenprotocols and accuracy ihg measuments nonammonium nitrate and sulphate in southern Europe and
of ultrafine particles wereassessed and discussed inidentified scenarios of pollution events influencing air
ACTRIS and REDMAASprojects. Our studies itme cities  quality in this region (Milford et al., 2013).

of Santa Cruz de Tenerife, Hvaland Barcelonaentified

new sources of ultrafine particles. High concentrations of S04 (ug/m3) 21 JUL 2009 17Z 10
ultrafine paticles, sulphur dioxide and toxic metals in the **"
ambient urban air were linked to the emissions of ships an®
some industries, whose emissions may result in 3~
concentrations higher than those prompted by vehicleszsy
exhausts (Dall'Osto et al., 2012; Gonzalez andriyuez,
2013; FernandeZamacho et al., 2013; Fig.6). Research
involving both the Canarian University Hospital and tihe
situ Aerosols groupfound that the exposure to these
pollutants in the ambient air have implications for
cardiovascular diseas@3ominguezRodriguez et al., 2011, : : : . . A
2013a, 2013b, 2013c). =

Theln situ Aerosols grouplso participated in a joint study Figure 8.7. Simulated surface PM:s sulphate concentration
with the University of Huelva and NOAA Air Resources and wind vectors for 21/7/2009 17 UTC for domain 2 (south

. . . west Spain and southern Portugal). Reprinted from Milford et
Laboratory to simulate chemically speciated £BM (2013)

(sulphate, ammonium, nitrate, elemental and organic - o ]
carbon) using high resolution (1 ho@ km x 2 km) air N addltlf)n, we use MM5 _and thieybrid Smgle_ Paru.cle
quality modelling in southwest Europe(Fig. 8.7). We Lagranglanl_ntegrated Traject_ry (HYSPLIT) dispersion
developedand implementeca high resolution emission Model to simulateconcentrations of heavy metaénd
inventory of both anthropogenic and béic emissions for Metalloids in— amospheric aerosolsfrom  industrial
the study area, and utilized a high resolution meteorologic&Missionsn the Huelva and Algecirasay (GibraltarStrait)
model (MMS5) to provide the meteological input fields for a2

three nested domainslhe simulations were evaluated
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Figure 8.8. A1-A4) Hourly mean values of aerosol size distributions at IzafiAtmospheric Observatory averaged by seasons as
illustration of the ultrafine particles growth. B) View from Izafia Atmospheric Observatory. Reprinted from Garcia et al. (2014).

Ultrafine particles are not only formed close to sources. AWMO-SDS)held in Malta 79 March 2011 for discussing
climatology study based on the loteym records atZO  the research activities needed for understanding the links
evidenced thatformation of new ultrafine particles is between dust deposition, G@odulation and climate. The
frequent in the upslope imds that bring air from the deliberationsof that workshop are discussed in the review
boundary layer to mountain tops, even if sources are distapaper by Schulz et g2012; Fig. 810).

(Garcia et al.,, 2014). The formation of neutrafine
particles and their growth to tens of nanometres diameter
more frequently obseed in spring and summer (Fig.98).
We found that the inteannual variability (200&2012) in
the frequency of these new particle formation events i
correlated with sulphur dioxide concentrations in the
upslope winds, whichindicatesthat a decrease in the
emissions rates of this aol precursor could decrease the
impacts of ultrafine particle pollution also at sites distant tc
the SQ source.

800
s0 + A * .

dusty, pg/m?

dustyy, pg/m?

dusty 5, pg/m?

Within the framevork of the projectPOLLINDUST, theln
Situ Aeroso$ group also studied the loxigrm variability of
Saharan dust export to the NoAkantic. Data of aerosol
dust concentrations measured within the framo of
different research pjects aiiZO throughou27 yearsvere
compiled and analysed. Theseros| dust records at 12O
starting in 1987Fig. 8.9, are (Rodriguez et al., 2012): i)
the fourth longest in the world (after Barbad®65,
Miami-1972 and American Samd#®82), ii) the longest in
the free troposphere, and iii) thenfgest including several
sizes (btal, sub10 pm and sw2.5 um). We found that the
observed large inteannual variability in Saharan dust
exportin summer is modulated by the variability in the tradejgure 8.9. Time series of AJTotal dust, B) dustioand C) dusts
winds intensity at the north of the Intgopical concentration atlzafia Atmospheric Observatory, 19872014.

Convergence Zone in North Afa (Rodriguez et al., 2014). D) Atmospheric remote observatories where long term in situ
measurements of aerosol dust have been performed during at

These longerm records are crucial for understudying theleast 4 years (green circle) and during at least the last two
implications of the supply of Fe dust to the ocean on the decades (red circle)Reprinted from Rodriguez et al. (D12).
oceanatmosphere COexchange. Then situ Aerosols

groupparticipated in the workshop organized by thetekhi

Nations- Group of Experts on the Scientific Aspects of

Marine Environmental ProtectioddN-GESAMP) and the

WMO Sand and Dust 8tm Warning and Advisory System
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such as cascade impactors (80 to 20 um) ad streakers
(total, coarse 230 um and sub2.5um; Fig. 8.11.

A Marine Atmospheric Monitoring network
for the long-term

8.4 Partidpation inScientificCampaigns

The objective of the Cloud, Aerosols and Ice Measurements
in the Saharan Air Layer (CALIMA) campaigns in summer
2013 and 2014 was to measure the ability of Saharan dust
particles to act as nuclei for ice and cloud droplets. This field
measurement campaigvas performedt I1ZO by scientists
of the Institute for Atmospheric and Climate Science of
Zurich (B. Sierau, Y. Boose, L. Lacher and F. Mahrt), the
Max Planck Institute for Chemistry (S. Schimdt) andlthe
situ Aerosols group Additional aerosol measurerants
Can Dust and Marine Biogeochemistry included te nuclei concentration, cloud condensation
trigger a Climate Feedback ? nuclei concentration and activation parameters and mass
spectrometer measurements of chemical composition, size

Figure 8.10. Sites proposed for longterm marine atmospheric  distribution and mixing state of single particles (RAdL2.
measurements. AMS: Amsterdam, BMD: Bermuda, CGO:
Cape Grim, CHI: Chatham, CRO: Crozet, CVO: Cape Verde,
FGU: French Guyana, GSN: Gosan, ICE: Iceland, KER:
Kerguelen, KEY: Miami, KGI: King Geor g e , MAR: |
MCO: Mal di ves, M1 D: Mi dway,
RPB: Bar bados, PSA: Pal mer ,
Falkand Islands. Reprinted from Shultz et al. (202).

Influence of dust on the Earth System depends o
microphysical properties ofhé aerosol dust particles.
Measurements of size segregated elemental composition
dust have been performed in summerti®agust 2A.0) in
collaboration with the LABEC Sezione di Firenze Istituto
Nazionale di Fisica Nuclea(&. Lucarelli and S. Navalpy
ParticleInduced X ray EmissiorP(XE) techniques. These
measurements have allower to studyshort (down to
hourly) and longterm variability in the composition of
Saharan dust by combining a set of additional instrumenﬁgure 812

Instrumentation used during the CALIMA

campaign.
100
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Figure 8.11 A) Time series of dust in the size fractions smaller than 10 and®microns (m) and B) ratio Fe / Al obtained in
samples collected alzafia Atmospheric Observatory with a streaker (C)in August 2010and analysed byD) PIXE at the LABEC-
INFN (Firene, ltaly) .
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9 ColumnAerosols

9.1 Main Scientific Goals

The main scientifigoals of this programme are

1 Longterm monitoring of atmospheric aerosols in the
FT and theMBL.

1 Aerosolcharacterization in the Saharan Air Layer and
Marine Boundary Layer.

1 Development of new  methodologies and

instrumentation for column aerosols and waftgpour

observations, as well as new calibration techniques. Figure 9.2. Cimel at Teide Peak Observatory blocked by ice

Mineral custmodelvalidation.

Satellite borne aerosdata validation.

1 Provision of accuratesun and lunar photometer
calibrations and intercomparisons.

=

At present the IARC isone of three partners of the
AERONET-Europe Calibration Facility Transnational
Access (TNA) othe ACTRIS project (Golouket al., 2012)
(see Sectioi6 for detail9.

=a

9.2 Measurement Programme The IARC manages the AERONET sitesls®, SCOand
Tamanrasset (Algeria). Three new AERONET instruments
have been deployed by the IARC in Northern Africa (Gairo
Egypt, TunisTunisia and Ouarzazatorocco) in the
period 20162012 thanks to a project funded by Sganish
Agency for International Devebment Cooperation

IZO has been a mastsun calibration site for PHOTONS (AECID) through a Trust Fund of th&MO. This unique
(APHOtom®trie pour I e T rhngtwarke Gge Rection Z0pfer r details) o Arevidas dugt e
Nor mal i sation Sat el | it ai rinéognation neaedusk gorrges ovel tensrhara and is p key
University, France; PIDr Philippe Gouloub) since June observational facility, within the SDWAS Regional

2004. 1ZO is also the suralibration Centre ofhe Spanish  Center (seeSection19), for dust modelling and aerosol

RI MA fiRed I b®rica de Medi caelitehnsed vamieation ang valiglation Adivitiess o | e s o
Cimel sunphotometer network (FDr Victoria Cachorro)
(Toledano et al., 201 1yvhich ismanaged by the University
of Valladolid Atmospheric Optics Group (GOBVA), in
collaboration with te IARC. PHOTONS and RIMA are

The measuremeptogramme is very extensive and includes
remote sensing sensors at thoéehe IARC stations 12O,
SCO andTPO (see Tables 3.2, 3.4 and B.&nd in
collaborative stations abroad

Another important calibration activity is the annual
calibration, since 2011, of the Cimel sun photometer
Masters of the China Aerosol Rete Sensing NETwork
(CARSNET) managed by the China Meteorological
Administration (CMA; Key Laboratory of Atmospheric
Chemistry, Centre for Atmosphere Watch and Services,
Chinese Academy of Meteoadlical Sciences). CARSNET
has 37 operational sites includinghe Waliguan global
GAW station (Che et al., 2009 CARSNET®Os qu
control and quality assurance is based on three reference
instruments (mastersyvhich must be calibrated with
Langley and laboratory radiance -calibrationsing an
integrating sphere.

associated networks to AERONET (AErosol RObotic
NETwork) (Holben et al., 1998).

Langley calibrations of AERRET Cimel sun photometers
are complemented withaboratory radiance calibration
using the integrating sphere of the Optical calibration
facility at 1ZO (Guirado et al., 2012)Z0O, besides being a
station of the GAWPFR network is one of the pristine
conditions sites, togethewith MaunalLoa, to perform
Langley calibrations of the World Radiation Center PFR
Figure 9.1. Cimel masters of the AERONETEurope  Master (Wehrli, 2000)ARC researchers participated in the
Transnational AccesgTNA) Calibration Facility . most recentAERONET Workshopwhich was held in
Valladolid (Spain) on 147 October, 2014.

48 Izana Atmospheric Research Center: 22024



Table 9.1. Technical characteristics ofthe Micro-Pulse Lidar 9.3 Summary of remarkable results during the
MPL) at Santa Cruz de Tenerife Observatory. .
(MPL) y period 20122014

Micro -Pulse Lidar version 3 (MPL-3) In the reporting period we have obtained interesting
scientific results concerning processing, reconstruction and
Transmitter assessment of lorigrm aerosol optical depth (AOD) series
at 120, aerosols characterizations at the GAW Tamanrasset
Laser Nd:YLE station. The mds relevant results are summaiize
hereinafter.
Wavelength 523 nm
Pulse repetition rat{ 2500 Hz 9.3.1 Intercomparison of AOD and AH énerifg
Pulse energy 7-10 W An .intercomparison of AOD and Angst.rom exponent (AE)
retrievals over Tenerife from multiple groufwhsed
Receiver radiometers and spat®rne sensors including MODIS (on
Terra and Aqua satellites), MISR, OMI, and SeaWIFS was
Type SchmidtCassegrain conducted for 2002012. A Precision Filter Radiometer

from the GAWPFR Network located at IZ@as used as
the reference instrument. The intercomparison between PFR
Focal 2000 mm and several radiometers including CIMEL spimotometers
which are part of AERONET, a MFRSR anBlaysikalisch

Diameter 20 cm

Field of view 100 prad . .
Meteorologisches Observatorium Dav@g@MOD) sun
Detector photometer collocated at 1Z6&howed that 93.7% of the
hourly mean AOD differences at 50@n between CIMEL
Type Avalanche photodiode (APD) and PFR, and 86.3% of the differences between PMOD and
Mode Photocounting PFR ranged betweef.02 and +0.02. The results of AOD

and AE intercomparisons between sphoene sensors and
groundbasedradiometershow thatagreement was closer

for MISR, MODIS and SeaWIF#istrumentswhile biases

iheh lAIRC aPnI('jD thgl gPa;'Sh D fo:vI_AerolspacgNere larger folOMI. These results are being prepared for
echnology (PI:Dr Gil Ojedg comanage a Micropluse publication in Atmospheric Measurement Techniques

lidar (MP.L) aerosols prog.ramme, Whlch started a Mmgn (fRomero Campos et al., in preparation),
observation programme in 2005. The instrument is part o

operatesn full-time continuous mode (24 hours a day / 365

summer solstice. The instrument operateds@0 is the the subtropical free troposphere and Marine Boundary
unique aerosol lidar in Northern Africthat provides Layer, using data from IZO and SCO AERONET stations
information about the vertical structure of the Saharan Aignd the MPL station, was obtathe

Layer over the North Atlantic. The main characteristics of o _
the MPL are detailed in Tab&1. 9.3.3 Characterizion of aerosols at Tamanrasset:

Algeria
1ZO was nominated Tdséd for Aerosols and Water Vapo
Remote Sensing Instruments tee WMO Commisson for
Instruments and Methods of Observation&/i1O-CIMO)
in July 2014. During the lattéralf of 2014 various technical

activities related to the CIMO Tebed facility were carried using AER_O'\_“_ET data from this statiofig. 9.3. The
out at 1ZO (see SectioB3). Some of them linked with annual variability of AOD and AE has been fouto be

absolute sumalibration of the AERONEPHOTONS strongly linked to the Convective Boundargyer (CBL)

RIMA network sun photometer masters, tests of the ne\kp_ermod_ynamlc feat_ures. The eryol season (autumn and
Precisio Solar SpectroradiometéPSR) from the Wrld winter) is characterized by a shallow CBL and very low

Radiation Centre (WRCabsolutdrradianceand laboratory meakr: turbidity (AOP ~0.09 at 440 nm, AE - 0.62). Thﬁ h
radiance cabrations of sun photometers for Tenerife andwet'_ 9t season (spring anq summer) is dominated by hig
Northern Africa. turbidity of coarse dust particles (AE ~ 0.28, AOD ~ 0.39 at

440 nm) and a deep CBL. The aerayge characterization

Column atmospheric aerosol measurements (220@0) at
the Tamanrasset site (22.79° N, 5.53° E, 1377 m a.s.l.), in
the heart of the Sahara, were analysed (Guirado et al., 2014)
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§ 50 e oo 2 9.34 z/lea:irg; ;s(t:roolzsan:i(;zlrjséelcs:trometdong-term
E 5000 | ‘
é’ 500 |22 A AV Pl s Mark-l spectrometer is a reference instrument in
; : : helioseismology. It was installed at the nearby (1 km
o o0 ‘ ‘ distance from ZO) Instituto de Astrofisica de Canarias
0 T 0 (IAC) Teide Observatory in 1976 to study the small velocity
=y PV lev 2.0 fluctuations produced by SO
E 20 . R .
= eigenmodeso) through high pre
g 10 e S radial velocity of the Sun viewed as a star @a et al.,
0 2007). This is a potassiubased resonance scattering
spectrometer in which a magneiptic filter allows the
10 1 study of solar surface and the apparent Doppler velocity in
E y - - the 769.9 nm resonance line of the neutral potassium atom.
3 ] This techniqueresents absolute wavelength reference and
§ 0.1 better stability than common instruments based on
0.01 ] interference filterssuchas the sunphotometers. Barreto et
al. (2014) used data from this astronomical instrument to
§ 2 [ AERv1§KeIeo] d) recover a longerm serés of monochromati&éOD at 12O
g 13 ; . T from these solar irradianceeasurements. However, the use
”g 1 ;:.L' : : ;5\ ; =3 ..i*..' of an exposed mirror arrangement to collect the sunlight
g 05 }:“ ok ,".j;%,,i : ';‘:; e intr_oduc_:es importar_ut __inconve_nier?ces in instr_ument
O FC .~ t w - calibration through significant drifts in the extratestréeal

Sep06 Mar07 Sep07 Mar08 Sep08 MarD9 voltage (VO) tem. Theauthors solved this problem using a

. . . ) ) quasicontinuous Langley calibration technique and a
s Te sons o) CBL kLl e 1719 refnement procecur, obiainng D seres presented
meanvalues of b) PWV (mm), ¢) AOD at 440 nm, and) AE in 1N Fig. 9.4 A subsequent validation analysis between this
the range 440870 nm. Solid lines correspond to 3day moving ~ series and quasimultaneously AOD derive from
averages Reprinted from Guirado et al. (2014). AERONET (Holben et al., 1998) and PFR (Wehrli, 2000)
shows desert mineral dust as the prevailing aerosol. BofiPnfirmed a good agreemeimgtween instruments (see Fig.
pure Saharan dust and very clear sky conditions ar@9). and therefore ensured that MarROD series can be
observed depending on the season. However, several ca§€d together with PFR and AERONET to build a keergn
studies indicate an anthropogenic fine mode contributiofAOD series atZO that daes back to 1976.

from ihe industrial areas in Libya and Algeria. TheAnother important result extracted from this work is that

conceptratlon welgh;ed trajectgry _(C?W_T) Sourc_eLangIey absolute calibration technique can be applied under
apportlonmeqt metho was use o identify potentla‘lj‘ riori nonideal conditions, sutas during dust events at
sources of air masses arriving at Tamanrasset at seve[ah iy which relatively high AOD conditions are

helghts. for edach sggso&. Micraphysical and aptllc commonly attained. Those conditions in which the station is
properties and  precipitable water vapour were aSQithin the Saharan Air Layer (SAL) are characterized by

investigated high stability in AOD andAE and hence can be considered
suitable for Langley calibration. In addition, aerosol
stability conditions needed to perform this calibration
technigue can also be achieved during persistent
0'9 T T I T T T I T T I T T T T T T Te T
08 £ s . . =
0.7 B i . . . g
0.6 ey * gt e frpiies ot :. §
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Figure 9.4. Long-term daily AOD at Izafia Atmospheric Observatory extracted from Mark-l at 769.9 nm. Monthly mean
homogenized data series is disgyed in violet. Figure reprinted from Barreto et al. (2014).
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Figure 9.5. Monthly mean homogenizedAOD at 769.9 nm extracted from Mark| from 2001 to 2012 (blue), GAWPFR 200312012
AOD data (yellow) and CimetAERONET 2004-2012 level 2.0 AOD data (green). Figureeprinted from Barreto et al. (2014).

stratospheric volcanic aerosols such as those exthiditer  The analysis is limited to clotilee conditions (oktas = 0)
Mt. Pinatubo euption (Junel991). This is an outstanding and to the summer season (JAlygustSeptember), where
result because it implies we can perform a reliablehe largest aerosol load is observed at 1ZO (Saharan mineral
calibration in long periods, even in relatively high AOD dust particles).The ANNs were trained with PFR data
conditions (AOD up to 0.3), provided AOD and AE remainbetween 2003 and 2009 and take in situ measured
constant during the Langlecalculation. meteorological parameters as input variables (visibility,
_ _ fraction clear sky (FCS) calculated frasunshine duration
9.3.5 Reconstruction of a loaerm AOD series at (SD) measurements and relative humidity). The
V4®) experimental quality assessment has been perforrged b
A 73-year time series of the daily aerosol optical depthcomparmg t'he ANNs AGD o coincident AOD data
measured with CIMEL Sun Photometers between 2004 and
(AOD) at 500 nm has been reconstructed at 1ZO. For th|§ :
. . |009 at 500 nm and with a solar spectrometer Mark
purpose, we have combined AOD estimates from neuron%et cen 1984 and 2009 at 769 nm
networks (ANNs) from 1941 to 2001 and AOD w '

measurements directly performed with PFR betw2@03

and 2013.
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Figure 9.6. (a) Time series of seasonahedian July-August-Septembe) of the AOD Mark-I (blue line) and AOD estimates from
ANNSs (black line) at 769.9 nmbetween 1984 and 2009. The insefigure represents time series of seasonaledian of AOD
AERONET (red line) and AOD ANNSs (black line) at 500 nm between 2004 and 2009 &®. Shading shows the range of SEM
(standard error of the seasonal median). (b) Seasonahedian July-August-Septembe) bias between AOD Markl and AOD
ANNs at 7699 nm. The black arrow indicates the change point date and the blue lines represent the median AOD values periods
19841998 and 1992009.
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The observed agreement between ANNs estimates addnuary 2013, September 2013 and March 2014. In March
measurements is rather good, with Pearson correlatict014 vertical profile measurementsere also perfoned
coefficients(R)>0.90 (Fig. 9.5 These results have been with the PLASMA instrument on a plane based at the airport
submitted to publication in Atmospheric Chemistry andof Los Rodeos (Tenerife Norte). The main goal of the

Physics (Garcia et al., submitted). campaigns was to obtain a PLASMA absolute calibration,
_ _ using the Langley methodyith the same accura@s that
9.3.6 Aerosolvertical profiles for AERONET referenceinsirment s (0. 005 <a&AO0

The vertical profiles of extinction obtained with MPL over Data obtained with PLASMA were reprocessed with the

Tenerife have been used mumeroustudies, for example: cal|br§1t|on coefﬁme-nts .denved aIZO... During the
to obtain preliminary statistics of the vertical structure Oiexpenmental campaigns it was also verified that PLASMA

aerosols in the subtropical region in summer (CérdobaSyStem can be operated on a car. PLASMA wstaited on
Jabonero etla 2012);to documenthe vertical distribution the top of anARC carandtwo proiles of AOD from sea

of the mineral dust radiative forcing in Tenerife takingIevel to 2100 m a.s.Iwere obtainedFig. 9.7).
advantage of the natural vertical profile formed by the TP
1ZO and SCO AER®@ET sites (Garcia et al., 2014p
validatethe new measuremend$ nocturnal ODA Lunge
Cimel (Barreto et al., 2013agnd to validate models of The main objective of the Sunphotometer Airborne
mineral dussuchasMACC (Cuevas et al., 2014). Validation Experiment 2012 was to validate columnar
) integratedaerosol properties retrieved by AERONET and
9.3.7 Development of new methodologies andskyNET from ground sunphotometric measurements, with
techniques to derive AOD, AE and columnthe integrated ertical profiles of airborne irsitu aerosol
water vapour measurements (Estellés et al., 2013). This campaign was
held in Tenerife and Western Sahara arelasing June

One of the activitiethat has been a focoser the past three . . .
P 2%12. During thiscampaign,a Prede POMO1L susky
years has been the development of new measurement an

. . . radiometer from Burjassot (University of Valencia) was
calibration methodolog& as well as the development of : : )
. . . . . collocated withthe Cimel sun photometer iSCO to
new instruments in collaboration with national and

internation& research and development and scientificValldate the Prede retrievals andstodythe Saharan dust

instrumentation companies (see Sectibr). This has properties.
allowed ugo publish technologyrientedR&D results (e.qg.
Barreo et al, 2013a; 2013b; 2014lmansa et aJ.2014).

O9.4.2 Sunphotometer Airborne Validation
Experiment 2012

9.4.3 CeilometerMPL intercomparison in 2012

A comparison of th@lanetary Boundary Layer and Saharan
9.4 Partidpation in Campaigns/Experiments ~ Air Layer top heightretrievals was conductedsing a

Vaisala Cl-51 Ceilometer and the SCidicro PulseLidar
9.4.1 Airborne sun photometer PLASMA absolute (Hernandez et al., 2012)

calibration field campaigns _ _ .
9.4.4 AMISOC intensive campaign in summer 201
The sun tracking photometer PLASMA (Photométre Léger ] )
Aéroporté pour la Surveillance des Masses Awhichhas Vertical aerosol_s profiles from .the MPL play a key role in
been developed by LOA (Laboratoire d‘Optiquethe Atmospheric MInor Species relevant to the Ozone

Atmosphérique, CNR®niversity of Lille, France) was Chemistry at both sides of the Subtropical (#MISOC)

calibrated at 1ZOn February 2012 (Karol et al., 2012). c?mzpoalii;performed in summer 2013 (Cérdebabonero et
al., .

Micro Pulse LIDAR - SCO station (Tenerife)

08 July 2013

RCS (a.u.)

o

Height (kma.g.l.)

N A O ®

Figure 9.7. PLASMA operating on IARC vehicle (Teide
National Park, Tenerife) during the measurement of vertical
profiles of AOD, February 2012

12 16 24
UTC (hours)

This instrument has been designed to fly onboard an aircraft _ _ . . .
Figure 9.8. A) Micropulse lidar ray -tracing during the night B)

to pr_o_\llde a vertlcall proflle.of the aerosol eXt'nCt'.onAerosols and clouds baciscatter signal vertical crosssection
coefficient aswell as information about the aerosol sizeover Santa Cruz de Tenerife on July 8th, 2013.

distribution. The PLASMA photometer has been
recalibrated several timesI&iO since 2012, particularly in
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The main aim of this campaign was to impe the
knowledge of therole that minor constituents in the
atmosphere ply in ozone chemistry. In this campaign a
great wvariety of
and remote sensing growbdsed and aircraft sensors.
Detais of the campaign cdme found @ the AMISOC web

page
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10 Radiation measuements were implemented at IARG satel i
stations of SCO,TPO and BTO. A description of the

The radiation programme, and specifically theradiation measurement programme mandmgetthe IARC is

implementation of its core component, B&seline Surface shown in Table 10.1

Radiation Network BSRN) programme has been

performedin close collaboration with th&niversity of ~Radiation measurements are tested against physically

Valladolid Atmospheric Optics Group possible and globally extremely rare limits, as defined and
used in the BSRN pmmmended data quality control.

10.1 Main Scientific Goals Shortwave downward radiation (SDR) measurements are
conpared daily with SDR simulations, which are modelled

The main scientific goals of this programme are: with the LibRadran model. This information halseen

1 The bngt int f the Baseline Surf implemented in the wepagehttp://bsrn.aemet.es/, where
€ ongterm maintenance of the Baseline SUufacq. | ime measurements of global, direct, ddfasmd U\VB
Radiation Network (BSRN) programme, and the _ .. .. o :

. . radiation are showrComplementaryadiation observations
correspondig quality control system.

. . . .. from the CNR aSCOare also available (see Table 10.1
1 To investigatethe variations of the solar radiation

balance and other solar energy parameters in the thr@&e atmospheric transmission is a new odurct
radiation stations managed by the IARC implemented in 2014 angrocessedetrospectivelyup until

1 To investigate aerosols radiative forcing with a2009 (Fig.10L ) , whi ch i s avail abl e a
particular focuson the role played by dust taking page. The tmospheric transmission is derived from
advantageof the privileged situatiorof the Canary broadband (0.2 to 4.0um) direct solar irradiance BSRN
Islands to analy® dust outbreaks over the North observations. Data are for cleslty mornings between solar
Atlantic and the unique local radiation network with elevations of 11.3° and 30°.

stations at differeraltitudes (from sea level tdb35 m )
as.l) Sky images from SONA totalky cameras at |ZO and SCO,

1 To recover, digitizeand analy historical radiation meteorolog.ical veical profiles from radiosondes, AOD and
data in order to reconstruct long radiation series thd% Efrom C|mgl and PFR sunphotometers, column water
allow us to make precise studiemncerning sky vapour from Cimel and GPS/GLONASS, column N@m
darkening and brightening, and relate radiatocloud DOAS, and Fotal @from Brewgr spectrop.hotc.)meter are
cover and solar flux. used as ancillary datand/oras input data in LibRadtran

simulations.

10.2 MeasuremenlProgramme
Atmospheric Transmission of direct solar radiation at Izafia

Direct radiation records from an Abbot silvedisk 10 . . . . T .
pyrheliometer are available since 1916, although this ] ]
qurmaﬂon has not yet been. analpd Global solar osds o R ‘w. ‘_4_
radiation records from a bimetallic pyranograph are ‘..." S*,"'v\ 13* 1‘:" W |
available both inbandsand as dailyintegrated valuesn ot b {'t v
printed lists, since 1976. This information is now being & **] % %4 < PR
digitized, recalibrated and processed. Preliminary result g = B «_F. . } : :,
show a surprising excellent agreement between th E 074 e * . : .
bimetallic pyranograph arttie BSRN CM21 pyranometer, = . - R .
which suggestswve will recover the global radiation data 06 : .t i
series since 1977 successfully, after a careful analysis ] ]
historical data. os -
2009 2010 2011 2012 2013 2014 2015

Global and direct radiatiomeasurementstarted in 1992 as
part of a solar radiation project of the Canary Islands
Government. In 20Q5IZ0O joined the Spanish radiation Figure 10.1. Daily atmospheric transmission data at 1ZO
network managed bythe AEMET National Radiation computed in clearsky mornings between solar elevations of
Center (CNR). Since 2009, 1Z@Gas beera BSRN station 11.37 and 307

providing the basic set of parameters. In addition, other

parameters, including shortwave and long wave upward

radiation, UV-A and UV-B radiation are also measured

within the BSRN Programme. Later, some basic radiation

Year
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Table 10.1. Details of IARC radiation measurement programme

Instrument

Measurements

Spectral Range

Izafia historical records (2373m a.s.l.)Start Date: Different dates

Abbot silverdisk pyrheliometer Direct Radiation (1916) ~0.3to ~3.0rim
Bimetallic pyranograph (analog.) Global Radiation (Jan 1977) ~0.3to ~3.0mm
YES Multi Filter Rotating Shadowand Global, diffuse and estimated direct 300-1200 nm
Radiometer radiation (Feb 1996)
K&Z CM5 pyranometer Global radiation (Jat992) 3102800 nm
Izafia BSRN Station (2373 m a.s.|$tart Date: March 2009
Pyranometer K&Z CM21 Global and Diffuse Radiation 2852600 nm
Pyrheliometer K&Z CH1 Direct Radiation 2004000 nm
Pyrgeometer K&Z C&4 Longwave Downward Radiation 450042000nm
Pyranometer K&Z UVA-S-T UV-A Radiation 315400 nm
Pyranometer Yankee YES UVB UV-B Radiation 280400 nm
Absolute Cavity Pyrheliometer PMO6 Direct Radiation -

Izafia National Radiation Center (CNR) Station (2373 m a.s.l.ptart Date: August 2005
Pyranometer K&Z CM21 Global and Diffuse Radiation 2852600 nm
Pyrheliometer K&Z CH1 Direct Radiation 2004000 nm
Pyrgeometer K&Z C&A Longwave Downward Radiation 450042000 nm
Pyranometer Yankee YES UVB UV-B Radiation 280400 nm
Pyranometer K&ZPQS1 Photosynthetically Active Radiation (PAR)| 400-700 nm

SCO (52 m a.s.l.Btart Date: February 2006
Pyranometer K&Z CML1 Global and Diffuse Radiation 3102800 nm
Pyrheliometer EPPLY Direct Radiation 2004000 nm
BTO (114 m a.s.l.)Start Date: 2009
Pyranometer K&Z CML11 Global and Diffuse Radiation 3102800 nm
TPO (3555 m a.s.l.Start Date: July 2012
Pyranometer K&Z CML1 Global and Diffuse Radiation 3102800 nm
Pyranometer Yankee YES UVB UV-B Radiation 280400 nm
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10.3 Summary of remarkable results during the (SO, NOs, NHs"). Preliminary results are shown in
period 20122014 Rodriguez et al. (2014)

10.3.2 The vertical distribution of the Saharan
mineral dust radiative forcing and radiative

A comparative study ofhortwave downwardadiation forcing efficiency

(SDR) measurements and simulations wiitie LibRadtran

radiative transfer model (RTMhas been performed on The vertical distribution of the Saharan mineral dust

cloudfree days between March 2009 and August 2012 (36 adi at i ve forcing (@F) and r

days), including aerosdtee and Saharan mostly pure ( G8% has been studied from sea level to ab®&t km

mineral dust conditions (Garcia el al., 2013; 2014a). Thaltitude in Tenerife We comline global solar radiation

observed agreement between  simulation and (GSR) and aerosol optical properties measured at tfree

measurements is exocefit; the variance of daily the IARCobservatoriesSCO 62 m a.s.), 1ZO (2373 m

measurements overall agrees within 99% with the variances-) andTPO(3555 m a.s.).

of daily simulatiqns, and the mean bias (simulations minu§ he mean @FR7+6, dl+6 ane-10£8MWen? for

measnirements)n;ﬁ])CBOiIO.ZAi M‘.]rﬁ _0'1610'%4 Mar, .an.d SCO, 1ZO andr'PQ, respectively (mean AOD at 500 nm of

*0.02£0.25 MJmi for global, direct, and diffuse radiatio  5q, 05 0 16+0.04 and 0.10+0.02), whileh e mé&fan  @F

respectively. This work has permittegto obtain diurnally values are123+4, -126+3 and-103+7 Wn? per unit of

averagedSaharan mineral dusterosol radiative forcing AOD at ?OP am for SCOZ0 andTPQ, respectively (Fig.

;EDT;D FI) a n7fl S; std ! da;4lszér2' f'lfhelrrg)erzlan ME3 )e. 'I'Ef'r%/dlugs%sfath r%eo%s'i:stent in trextical
values are-/=2, -9 an - or giobal, and, then, well representative of Saharan mineral dust.

dwecjfand diffuse BSRNSDR, respectively, while the mgan These results (Garcia et al., 2014bpfirm the significant
P values are 59i6’_495ﬂ.1 and 230.1 8 Wrhper unit potential of mineral dust particles to cool the Earth
of AOD.at 500 pm for global, direct and diffe BSRN SPR atmosphere systeat different altitudes

respectively (Fig. 1@). These results show the significant

potential of mineral dust particles to codiet Earth CdscolJizo[Jeto

atmosphere systeat ground level P10 3555 m % _W %
m ADFGLob -~ ADFSUM Glob ® ADF Direct A ADF Diffuse wozerm ‘ '[I]'

120 . T T T g T T T
Diffuse SDR: ADF = (258 + 9) AOD + (4 £ 2); R = 0.96

| | e O |- || 4
80 4 i

10.3.1 Mineral dust radiative forcing

. . .
40+ 1 00 02 04 P

-20 0 -400 -200 ] 200
Ja 1 AOD (500 nm) AF (W) AFT" (Wm™/A0D)
0 - _ _ _ -
o] Global SOR: ADF — (67 & 7) AOD + (4 & 1y R - 0.5 ) Figure 103. Ver ti cal distributio # of t
SUM Glob SDR: ADF = (-66 % 7) AOD + (4 = 1); R = -0.95 values in July-August 2013 at three stations. Lower and upper

boundaries for each box are the 25th and 75th percentiles, the
solid line is the median value, the crosses indicatalues out of
i the 1.5 fold box area.

ADF (W/m?)
3

-120

-160 +

] 10.3.3 Longterm global radiation series

200 Direct SDR: -_\IDF = (-495 =I11) AOD + (-}o +2);R =-(?.99 reconstruction
0.10 0.15 0.20 0.25 0.30 0.35
AOD(500 nm) We have performed the reconstruction of ghebal solar

radiationtime series between 1933 and 204i31Z0 by
Figure 10.2. Diurnally averaged aerosol r_adiative forcing using the Angstr(’jh'rPrescott methodasedon sunshine
(@®DF) versus the daily aver agefyn ARRsudhents 0Qoaddl) afi’ the ' QdRe

(black squares), SUM Glob (green squares), direct (red dots) . .
and diffuse SDR (blue triangles) for all cloud-free days with ~ OPServations directly performed by pyranometers (1992

daily averaged A6 BomOMarctd2009riod 20Lk3)(Garcia et al2014c; 2014d). By comparing witigh

August 2012 at BSRN IZA (N=39 days). The black solid lines quality GSR measurements, the precisiml consistency

are the least square fits, where the slopes representﬁthe over time of GSR estimations from SD data have

S.Op'e) urnally averaged aerosol®r asﬂc'ce%éfﬂlll)\/' Beerl Qotufmertét. We dbtafh'af Buerai rodEP P
' mean square error (RMSE) of 9.2 % and an agreement

Incollaboration with the Irsitu Aerosols goup, we are  petween the variances of GSR estimations and GSR

conducting research on radiative forcing and efficiency of,easurements within 92% (correlatiomefficient of 0.96).
desert dust coated with anthropogenic and ngpataitants
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Figure 10.4. Time series of annual means of (aplobal Solar Radiation (GSR) and (b) GSR aromalies from 1933 to 2013 at 12O
The error bars indicate +1 SEM (standard error of the mean). The arrows indicate the eruptions of Arenal and Fernandina (1968
Chichon (1982) and Pinatubo (1991) volcanoe§he five-yr moving average is shown in red. Theiie series has been
deseasonatied by subtracting the averaged GSR annual cycle, and obtaining the annual mean anomalies time series.

The reconstructed GSR time series between 1933 and 20
at 1ZO confirms discontinuites and periods of §
increases/ decreases of s 0 W
observed at a global scale, such as the early brightenir
dimming and brightening (Fig. 14). This fact supports the
consistency of the 1ZO GSR time seriglstained which
may be considered asa reference forlong-term solar
radiation studies in the subtropical North Atlantic region

10.4 Partigpation in Scientific Projects and
Campaigns/Experiments

) ) . ) Figure 10.5. Absolute cavity radiometer (PMOG6) installedat
10.4.1 Calibration campaign of BSRN instruments|zo during summer 2014 in the suntracker of the BSRN.

with a PMOG6 Absolute Cavity Pyrheliometer ) .
10.4.2 Intercomparison of traditional and modern
As part of the radiation quality assurance system a radiation instruments

calibration campaign of BSRN pyranometers and

pyrheliometer was performed during summer 2014 using afy one-year intercomparison oftraditional and modern
Absolute Cavity Pyrbliometer PMO6 as reference (Fig. radiationand sunshine duration instrunte started in July
105). The PMO6 was calibrated the World Radiation 2014 (Fig. 10). The radiation instruments includa
Center (WRC) Davas The BSRN instruments were bimetallic pyranometerCM-5, CM-11, CM-21, andMulti
calibrated following the ISO 9059:1990 (E) and ISOFilter Rotating Shadosand RadiometefMFRSR)(Table
98461993(E), de”\/ering the Corresponding Off|c|a|lOl)Whl|e the sunshine duratiomeasuements includea
calibration certiftates Preliminary results of this Campbd-Stokes sunshine recordesunshine duration
calibration traceable to WRC were presented to the 13tgnsor, andthose derived from direct radiatiofihe main

BSRN Scientific Review and Workshop (Cuevas et al.2im of thisintercomparison is to examineny systematic
2014). and seaswmal variations that may exist between traditional

and modermmeasurement systertizat have beemstalled
in 1ZO. This enables us taugntifythe various measurement
uncertainties, when we study the letegm data series
obtained fromthese instruments.
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Garcia, R.D., Garcia, O.E., Cuevas, E., CachoV/.E., and de
Frutos, A.M. LongTerm in global solar radiation at the Izafia
Atmospheric Observatory from 192913. 13th BSRN
Scientific Review and Workshop Bologna (ltaly) September 9
12, 2014c.

Garcia, R. D., Cuevas, E., Garcia, O. E., Cachorro, \Pd&tlé, P.,
Bustos, J. J., and de Frutos, A. M., Reconstruction of global

Campbell-Stokes Bimetallic Pyranometer CM-21 Kipp & Zonen

Figure 10.6. Campbell-Stokes sunshine recorder, bimetallic solar radiation time series from 1933 to 2013 at the lzafia
pyranometer, and Kipp & Zonen CM-21 pyranometer Atmospheric  Observatory.  Atmospheric  Measurement
installed currently at 1ZO during the oneyear Techniques, 7(9), 3138150, doi:10.5194/anri-31392014,
intercomparison. 2014d.
o Rodrigez, S.,J.M. Prospero, M.l. Garcia, A. Alastuey, R.D.

10.5 Future activities Garcia, J. LopeSolano, E. Cuevas, X. Querol, Long term 1987

. . . - 2012 trends of sulfate, nitrate and dust mixing in the Saharan
The main orgoing and future activities afecused on: Air Layer. Symposium on Atmospheric Chemistry and Physics

. ) at Mountain SitesSteamboat Springs, CO, USA., August 11
1 Recovery of GSR data from the bimetallic pyranometer 15, 2014.

(now printed on paper) from 197IR91, naking the
appropriate data recalibration and reprocessing using0.7 Staff

simulations with LibRadtran, and considering thep, gmilio Cuevas AEMET: Head of programmje
results from the ongear intercomparison campaign. Dr Rosa GarcialVA/AEMET; Co-P)

1 Reconstruction and accurate analysis of a new lon . ]
GSR data series (since 1916) in whickviyerecovered %amon Ramos (E, MET; Head oﬂnfrastru'ctura
Dr Omaira Garcia (AEME[TResearch Scientjst

observation data are being incorporated. d-term

records of aerosols (AOD), cloudiness, and solar fluPedro Miguel RomeroAEMET; Research Scientjst

will be comparedvith GSR data. Dr Fernando de OryAEMET; MeteorologicalObserver
1 Apparent transmission data recovery from directGAW Techniciai

radiation measured with ancient Abbot siygate  Dr Victoria Cachorro (niversity of Valadolid; Head of
pyrhelometers (since 1) and comparison with Atmospheric Optics Groyp

present results. Dr Angel de FrutosWniversity of Valadolid Atmospheric
' Accurate determination of cloud attenuation on globapptics GroupResearch Scientjst

radiation using GSR from SCO and BTO.

1 Accurate analysis of UNB broadband data from the
vertical transect formed b$CO (52m a.s.l.) 1ZO
(2373 m a.s.l)and TPO (3555 m a.s.l.observatories
with complementary information ocloudiness, AOD
and Q vertical profiles (ECC @sondes).
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11 Differential Optical Absorption
SpectroscopyDOAYS)

11.1 Main Scientific Goals

Differential Optical Absorption SpectroscofOAS) and

Multi Axis Differential Optical Absorption Spectroscopy
(MAXDOAS) techniqies allow the determination of
atmospheric trace gases present in very low concentrations. &
The long term monitoring of atmospheric trace gases is of a |
great interest for trend studies and satellite validation. The
simultaneous detection of gases using DOAS
MAXDOAS technique allows the study of mutual
interaction between gases even when detection limits of tfégure 11.2. DOAS instruments outdoor optics with sky
gases are low. trackers.

o The technique is based on measurement of atmospheric
The nain scientific goals othe DOAS and MAXDOAS  gpsorption of solar radiation at selected wavelength bands
programmaare. where the gas under consideration shawsructured and

1 Toimprove the knowledge of the distribution, seasona'i(rk;own t_absci;]ptlpnt crossie_c tIOI’I: ; Zort Str_? :}osph_erlcth
behaviourard long term trends of minor constituents observations the Instrument Is pointed at zenith during the

related to ozone equilibriusuchas NG, BrO and 10 Willghts.

and their distribution in the subtropical atmosphere. Although the DOAS technique was developed for
I To obtain a climatology of stratospheric Nénd BrO  stratospheric researctiyring the last few yeaishas been
in subtropical regions and its dependencen |argelyemployed in tropospheric background and pollution
environmental and climatic variables. episodes studies. In pimular, the so calledMulti Axis
f  To study the seasonal variation of N@s;, HCHO and  Differential Optical Absorption Spectroscopgpproach
IO in the free troposphere and its interaction withallows to infer vertical distribution of minor species from
environmental factorsuchas Saharan dust amongst spectrometric measurements of saieattered light agiven
others. angles of elevation (ofixis measurements). The analysis
1 To participate in the validation of NOCand Ozone technique makes use of the Optical Estimation Method
satllite products (GOME, GOME2, SCIAMACHY, (Rodgers 2000) by putting togher the offaxis
OMI, TROPOM)) and in the improvement of the measurements and a radiative transfer algorithm to get the
methoablogyto perform such intercomparisons. bestsolution for all used elevation angles.

The instruments automatically take spectra from an AM
SZA = 96° to PM SZA = 96°, every day. As the instrument
The DOAS technique (Platt and Stutz, 2008)a method to  must work with a stabilized room temperature and also with
determine the atmospheric trace gases coldemsityby a stabilized internal temperature and humidithipse
measuring their absorption structures in the near ultetvio parameters are monied and recaled in data files.
and visible spectral region Calibration of the instrument grating is performed
approximately everyear. Calibration of thelevationangle

is performed once a month. After the spectral inversion, a
quality control of data is carried outhe acquired data are
filtered on the basisf the analysis and instrumental error,
aerosol optical thickness and the solar zenith angtes
ensure quality

11.2 Measurement Programme

INTA has performedneasurements of stratospherigadd
NO; at 1ZO since 1993Data have been used for the study
of stratopheric @ and NQ distribution in the subtropical
region (Gil et al. 2004, Gil et al., 2008) and for validation of
satellite products (Meijer et al., 2004, Lambert et al., 2007,
Hendrick et al. 2011). In 2003, the installation of an
ultraviolet DOAS spectimeter expanded the measurements

Figure 11.1. RASAS Il and ARTIST Il MAX DOAS (UV-VIS)  of stratospheric gases to the near ultraviolet region, allowing
spectroradiometers at 1ZO. the monitoring of stratospheric BrO and éstimate the
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concentration ofree topospheric BrqPuentedura, 2004). 11.3.2 Reanalysis of stratospheric M@nd Q data
More recently, in 2010, the instruments wewapted to series
MAXDOAS measurements, allowing the detection of free ]
tropospheric trace gasesichas 10 and N@(Puentedura et N the frame of the European NORS projehelong term
al, 2012, Gomez et al., 2014). In the case of BroO, jtdata series of N£and G have been reanalgd adapting the
tropospheric concentration was confirmed to a lower limi@nalysis setting to NDACC recommendations. Results for
of 1 pptv. Prior to the installation &0 in 2009, the vVis ~ the NOz data series are shown in Fig. 3,1and results for
MAXDOAS instrument participated in the international O3 (Gil etal., 2012) are shown in Fig. H1.

lind NO, MAXDOAS int i i INDI . .
blind NG, OAS intercomparison campaign C. . 11.3.3 Seasonal evolution dfackground N@in the
(Cabauw Intercomparison campaign Nitrogen Dioxide ¢ b
measuring Instrument) (Roscoe et al., 2010, Piters et al., ree tropospere

2012, Pinardi et al., 2013puring the AMISOC campaign  Gomez et al (21Q4have presented a simple method based
in 2013, extensive measurements of IO were performed gh a Modified Geometrical Approximation to estimate the
three different d@itude levels on Tenerifdata are currently tracers concentration atehevel of 1ZOfrom MAXDOAS
under revision measurementsil-Ojedaet al (2015 used 3 yews (2011
2013) spectra to anakyshe seasonal evolutiori the NG,
11.3 Summary of remarkable results during the volume mixing ratio. MAXDOAS presents two main
period 20122014 advantages with respect to the situ instrument at this
location, both related to the very long optical path of the
measurements over 60 km. Firstlit minimizes the
) ) ) ) potential NQ which may be upelled fromthe marine
The installation of VIMAXDOAS in 2009 allaved the boundary &yer. The breeze layer has a limited vertical

?etect:ﬁotntr?_f 0 |n.thefree dtrct)pots;;herz. This Waj _th;ah_ﬂrlst extension and its relative contribution to the MAXDOAS
'me that this specie was detected and measured in this ay%rng path is small. Secondly allowsconcentratioabelow

yielding slant column densities consistent with
background concentiian of 0.20.4 pptv in the free
troposphere of mrine regions and opening the question
abaut the origin of 10 in this layer (Puentedura et al., 2012).

11.3.1 Measurements of Free Tropbeeric IO

athe detectin limit of in situ instrument to be retrieved.
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Figure 11.3. Time series of reanalyzed stratospheric NQ.
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Figure 115. Izafia Atmospheric Observatory MAXDOAS versus minutal in-situ NO2 volume mixing ratio for a period of time
representative of three different wind regimesFigure reprinted from Gil et al. (2015).

Resultsfrom Gil et al. (2015)llustrate the differences in improvements in data homogenizatioatal formatting and
concentration between the-éitu local sampling and the intercomparisons have been made to achieve highest data
MAXDOAS long-path averagéFig. 115). On days when quality. In the frameork of theNORS projecttheNO, and

the breeze is inhibited, the-gitu data are represetitee of  Os stratospheric data series hdngen reanalyd and also a

the free troposphere, and the agreement betwedromogenization of the data analysis has been carried out for
instruments is very good (days 1395). On days when all groups belonging to UVVi8IDACC group.Nowadays,
anabatic winds are present, N®@olume mixing ratio a recommendation from NDACC for analysis of N&anhd
increases areobserved in irsitu data whereasthe Oz using DOAS has been stated

MAXDOAS signal remains at FT levels (daySQ137).

The upslope wind counteracts the subtropical subsidendel.4.2 Atmospheric Minor Species relevant to the
and the intensity can be very variable. In general, the depth Ozone Chemistry at both sides of the
of the layer is not enough to contaminate the MAXDOAS Subtropical je{AMISOC)

path. This situation is the one most commoriigerved at
1ZO. A third set of measurements is ska when
MAXDOAS data also shoviarge inceasesn NO, (days
127-129) originating froma 980 MW themal power plant
located 25 kmauth of1ZO.

The AMISOC project principal objective was to improve
the knowledge of the minor constituents in the atmosphere
playing a role in the ozone chemistry. The core of the project
was a coordinated campaign Idein Tenerife (AMISOC
TRF) in July 2013involving multiple instrumentation,
T L . namelyin stu, groundbased or from INTAircraft. DOAS
11.4 Partlopgtlon in SC|§ntlf|c Projects and spectrographs for stratospheric Nend G, MAXDOAS
Campaigns/Experiments for vertical distribution of minor species with major
) mphasis in reactive halogens (BrO and 10) and ultrafine
11.4.1 Network of Remote Sensing Ground Base articles nuclation processes, but also taking into

ObSGrVatiOr‘S in §upport of th€opernicus consideration some pollutangsich as formaldehyde and
Atmospheric ServiceNORS Glyoxal.

UV-VIS DOAS spectrographs have been participating in thghe isiand of Tenerife experience®riods of pristine
NORS project,a research project fundéwm the European  5ymogphere alternating with episodes of large Saharan dust
Community's Seventh Frawork Pogramme (FP7/2067  |5ading which allowsis to exploréheinteraction between
2013. NORS demonstrated the value of grodmabed e aforementioned spees and desert dust. Moreover,
remote sensing data from the NDACC network for qua“tyboundary layer, freerdposphere and in situ observations
assessment and improvement of the CopernicUgere simultaneously ~ performed  allowing  the
Atmospheric  Service products. With this  purposecharacterization of the vertical impact of Saharan dust on

62 lzafia Atmospheric Research Center: 20024



the behaviour of thiarget gases at the same time. To ensurg
the quality of the data, an intercomparison campaign
between all AMISOC DOA%ased instrumentation was
performed at 12 prior to the AMISOC TRF campaign
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12 Watea Vapour

12.1 Main Scientific Goals

The main scientific goals of this programme are:

1 Monitoring and study of precipitable wateapour
(PWV) total column content and vertical profile

1 Analysis of daily, seasonal and annual cycles of PWV
for different airmasses

I Study of radiative forcing due to wateapour and
clouds.

9 Tests of lowcost IR sensors for PWV and cloud height
estimation.

12.2 Measurement Programme

In this prograrme several measurement techumds are
used.

12.2.1 RS92 radiosondes

From the vertical profés of relative humidity obtained with
RS92 radiosondes, precipitable water content in thé:igljre 12.1. Glol_)al Navigation Satellite System receiverat

. . . . lzafa Atmospheric Observatory.
atmospheric column is calculated by integrating
numerically (using the trapezoidal rule) the density functiofcurrently, wework with eight GNSS stations (Fig. 12.2) at
of atmospheric watevapourfor the base and top of dac different heights, seven of them time island of Tenerife
atmospheric stratum. The integration is penied fom and one on the island of La Palma. The main four GNSS
grourd level to 12km altitude. By default, the PWV profile stations with accurate surface pressure records (from
is supplied for the following layers: 1) from ground up to reference meteorological stations) deina $fia Airport-
1.5 km; 2) fom 1.5 km to &m altituce in layers of 0.5 km Tenerife South1ZO; SCO and La Palma Airport The

thickness; 3from 3km altitude up to 12 km in layers of 1 GNSS networkand data acquisitioare managed by the
km thickness. Spanish National Geographic Institut&i).

The ZTD calculation from GNSS signals for both ulra
rapid orbits and precise orbits is performed by the IGN using
Precipitable total water content in the atmospheric columBernese 5.0 softwar@he PWYV is calculated at 1IZ®om

is estimated from the absorption of watepourin narrow  7TD and pressure values at the stations. An important task
band around 941nm. From PWV value deduced from RS9%e do is estimate the pressure in the GNSS sites where
we can chracterize, on the one hand, the filter parametergieasurements of surface pressure are not available. To do
of the watevapourchannel using the Campanelli teatiue  this, we calculate, based on the hydrostatic equation, a mean
(Campanelli et al, 201®Romere Campos et al., 2011), and density (weighted by rgvity) of the air in the air column

on the other handhrough the Langleynodified technique, petween the nearest reference weather stations and our
we can obtain the extratesteial irradiances for 94hm,  GNSS station located at different altitude on the field.

from which we extract the corresponding calibration

techniques described above is performed by compéning

12.2.3 Global Navigation Sallite Systentechnique results with each other. At IZ@ese techniques have been

I . . evaluated using the FTIR as reference instrument. A
The Global Navigation Satellite System (GNSS) teChn'quedetailed analysis is provided in Schneider et al. (2010).
consistsin determinationof PWV in the atmospheric

column from the observed delay in radio signals at two
different frequencies emitted by a network of Global
Positioning System (GPS) and Global Navigation Satellite
System (GLONASS) satelliteseceived in our GNSS
receiver(Fig. 12.1). Atmospheric pressure in places where
the GNSS antennas are located is a key parameter for
obtaining the PWV from the zenith total delay (ZTD) and
zenith hydrostatic delay (ZHD).

12.2.2 Radiometric technique
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Figure 12.2. Locations of Global Navigation Satellite System stations

12.3 Summary of remarkable results during the

period 20122014

12.3.1 Daily cycle of PWV from GNSS

The averaged daily cydef PWV for the perio0082014
are shown for GNSS statisat SCOand at IZO(Fig. 12.3.

1232 P

WYV data series from GNSS

Daily PWV derived from ZTD calculated for ultrapid
GPS orbits on dayin which we have, at least, %0of all

The daily cycles have been calculated from averaged hourfifteen-minute values are shown in Fig. 12:Bhese series
anomalies. For these statistics, we have selected only thoggrespondo IZO and SCO for the perid@D082014. Gaps

hourly average values with, at least, thregh quality intra

are caused by ZTD data. The mamum values are

hours values. The daily time anomalies were obtained bgbserved in summeuumn and the minimum values
subtractingfrom the value of the corresponding hourly winter.
average, the value of the total daily average. For each hour,
there were available more than 60% of the possible data
anomales within the time period of evaluation. The diurnal
variation is quite similar at 1ZO and SCO, and a mimimu

is observed at around 10UTCthéese stations.
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Figure 124. PWV series atSCO (left) and 1ZO (right) for 2008 2014

12.3.3 Daily PWV from radiosondes at Tenerife

Relatively long PWV data series are available from the
radiosondeslaunched onTenerife. PWV calculated from
radiosondeat SCO and IZQ@re showrfor the periodl994
2014 (Fig. 12.5» These are the values of PWV calculated
over the duration of the radiosonflight (about 2 hours or
so0) from the time of its release, and assuming that, in this
period of time, the PWVamains constant. We can observe
annual cyclesvith peaks in summesutumn andninimum
values inwinter.Lower values oPWYV areobservedt!1ZO

in compaison withSCQ

Precipitable waler vapowr ffom soundings al 120 UTC

Sania Cruz de Tenesle (36 masl)
w7
1 +  PWV from station level up to 12km

Running average for 30 days
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Figure 12.5. Daily PWV series from Tenerife radiosondegor SCO and 1ZO (1994 2014).

12.3.4 PWV vertical stratification monthly statistics Minimum in FebruarMarch. The total height of each
column corresponds to the total mogthlveraged PWV at

The monthly averagef PWV vertical distribution over geg |evel. The minimum monthly averaged PWV is about
Tenerife, obtained from radiosondes data at 0 and 12UTC i5my  in February while the maximum (27mm,
the period 9942014, are depicted in Fig. 12.6No approximately) is recorded in September.

significant differences are found between 00 and 12UTC

Most of the PWV is concentrated within the first ki

altitude. There is a wet season from August to October, with

a maximum in September, and a "dry" season that

corresponds to the months from January to Apith a
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