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Foreword 
The World Meteorological Organization (WMO) 

coordinates international research through the Global 

Atmosphere Watch (GAW) Programme, the World 

Weather Research Programme (WWRP) and the co-

sponsored World Climate Research Programme (WCRP). 

The GAW Programme was established more than twenty-

five years ago in recognition of the need for improved 

scientific understanding of the increasing influence of 

human activities on atmospheric composition and 

subsequent environmental impacts. GAW provides 

international leadership in research and capacity 

development in atmospheric composition observations 

and analysis through maintaining and applying long-term 

systematic observations of the chemical composition and 

related physical characteristics of the atmosphere, 

emphasizing quality assurance and quality control, and 

delivering integrated products and services related to 

atmospheric composition of relevance to users. 

The Izaña Atmospheric Research Center (IARC) is part 

of the State Meteorological Agency of Spain (AEMET). 

The Izaña Atmospheric Observatory, managed by the 

Izaña Atmospheric Research Center, celebrated its 

centenary on 1 January 2016. This observatory officially 

entered the list of WMO Centennial Stations that 

contribute significantly to the Global Climate Observing 

System (GCOS), and which are essential for 

understanding climate variability and change. 

The Official Centenary Ceremony of the Izaña 

Atmospheric Observatory was held in April 2016. It 

brought together representatives of international 

meteorological and atmosphere science institutions such 

as the Director General of the European Centre for 

Medium-Range Weather Forecasts, the Director General 

of the European Organisation for the Exploitation of 

Meteorological Satellites, the Director of the Group of 

Earth Observations and the Directors of 16 national 

weather services in Europe, among many others. 

The Izaña Atmospheric Research Centre has been 

contributing uninterruptedly with CO2, CH4 and surface 

O3 observations since 1984. In 1989, and under the WMO 

GAW Programme, the observations were expanded 

significantly with other greenhouse gases, column ozone, 

solar radiation, in situ and column aerosols and selected 

reactive gases measurements. The IARC supports the 

GAW Programme through maintenance of a number of 

important facilities such as the Regional Brewer 

Calibration Centre for Europe, the AERONET-EUROPE 

calibration site, and the European Brewer Network 

(EUBREWNET) that provide important service to the 

scientific community.  

The Izaña Atmospheric Research Centre plays an 

important role in support of international cooperation. 

Through its twinning programmes with the Global GAW 

stations of Tamanrasset (Algeria) and Ushuaia 

(Argentina) it supports the global research effort. The 

Izaña Atmospheric Research Centre also contributes to 

WWRP as an active member of the WMO Sand and Dust 

Storm Warning Advisory and Assessment System (SDS-

WAS) Regional Centre for Europe, Northern Africa and 

Middle East, focusing efforts on dust observations and 

atmospheric processes. Complementary to the GAW 

Aerosols programme, the IARC has recently developed 

many activities as a WMO Commission for Instruments 

and Methods of Observations (CIMO) Testbed for 

Aerosols and Water Vapour Remote Sensing Instruments. 

The IARC has also participated in recent international 

initiatives such as the Long-term Ozone Trends and 

Uncertainties in the Stratosphere (LOTUS) project 

coordinated by the Stratosphere-troposphere Processes 

And their Role in Climate (SPARC) project of WCRP and 

to the first Tropospheric Ozone Assessment Report. 

It is a pleasure for me to present this report summarizing 

the many activities at the Izaña Atmospheric Research 

Center to the broader community coinciding with its 

milestone centenary celebrations in 2016. 

 

Dr Deon Terblanche 

Director of the Atmospheric Research and Environment 

(ARE) Branch, Research Department 

World Meteorological Organization 
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1 Organization 

The Izaña Atmospheric Research Center (IARC) is part of 

the Department of Planning, Strategy and Business 

Development of the State Meteorological Agency of Spain 

(AEMET). AEMET is an Agency of the Spanish Ministry 

of Agriculture and Fisheries, Food and Environment also 

known as MAPAMA.  

2 Mission and Background 

The Izaña Atmospheric Research Center conducts 

observations and research related to atmospheric 

constituents that are capable of forcing change in the climate 

of the Earth (greenhouse gases and aerosols), and may cause 

depletion of the global ozone layer, and play key roles in air 

quality from local to global scales. The IARC is an 

Associated Unit of the Spanish National Research Council 

(CSIC), through the Institute of Environmental Assessment 

and Water Research (IDAEA). The main goal of the 

Associated Unit ñGroup for Atmospheric Pollution Studiesò 

is to perform atmospheric air quality research in both rural 

and urban environments. 

The IARC contributes to the World Meteorological 

Organization (WMO) Global Atmosphere Watch (GAW) 

Programme, which was established in 1989 and has 

integrated a number of WMO research and monitoring 

activities in the field of atmospheric environment. The main 

objective of GAW is to provide data and other information 

on the chemical composition and related physical 

characteristics of the atmosphere and their trends, required 

to improve understanding of the behaviour of the 

atmosphere and its interactions with the oceans and the 

biosphere. 

 

The Izaña Atmospheric Research Center also contributes to 

the Network for the Detection of Atmospheric Composition 

Change (NDACC). NDACC is an international network for 

monitoring atmospheric composition using remote 

measurement techniques. Originally, NDACC was created 

to monitor the physical and chemical changes in the 

stratosphere, with special emphasis on the evolution of the 

ozone layer and the substances responsible for its 

destruction known as Ozone Depleting Substances. The 

current objectives of NDACC are to observe and to 

understand the physicochemical processes of the upper 

troposphere and stratosphere, and their interactions, and 

detect long-term trends of atmospheric composition. IARC 

also makes an important contribution to the WMO through 

the Global Climate Observing System and through the 

Commission for Instruments and Methods of Observation 

(CIMO), as a WMO-CIMO Testbed for Aerosols and Water 

Vapour Remote Sensing Instruments. 

Izaña Atmospheric Observatory was inaugurated in its 

present location on 1 January 1916, initiating uninterrupted 

meteorological and climatological observations, which 

constituted a 100-year record in 2016. In 1984, the 

observatory became a station of the WMO Background 

Atmospheric Pollution Monitoring Network (BAPMoN). In 

1989, BAPMoN and GO3OS (Global Ozone Observing 

System) merged in the current Global Atmosphere Watch 

Programme of which Izaña Atmospheric Observatory is one 

of the 31 GAW Global stations (Figure 2.1). GAW Global 

stations serve as centres of excellence, and perform 

extensive research on atmospheric composition change. 

Izaña Atmospheric Observatory is a key example of such a 

research facility. 

 

Figure 2.1. WMO GAW Global stations.

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

Measurements 

The Izaña Atmospheric Research Center (IARC) manages 

four observatories in Tenerife (Fig. 3.1, Table 3.1): 1) Izaña 

Atmospheric Observatory (IZO); 2) Santa Cruz Observatory 

(SCO); 3) Botanic Observatory (BTO); and 4) Teide Peak 

Observatory (TPO). 

Figure 3.1. Location of IARC observatories on Tenerife. 

Table 3.1. IARC  observatories. 

Observatory Lat itude Longitude Altitude  

(m a.s.l.) 

IZO 28.309 ºN 16.499 ºW 2373 

SCO 28.473 ºN 16.247 ºW 52 

BTO 28.411 ºN 16.535 ºW 114 

TPO 28.270 ºN 16.639 ºW 3555 

3.1 Izaña Atmospheric Observatory 

The Izaña Atmospheric Observatory (IZO) is located on the 

island of Tenerife, Spain, roughly 300 km west of the 

African coast. The observatory is situated on a mountain 

plateau, 15 km north-east of the volcano Teide (3718 m 

a.s.l.) (Figs 3.2 and 3.3). The local wind regime at the site is 

dominated by north-westerly winds. Clean air and clear sky 

conditions generally prevail throughout the year. IZO is 

normally above a temperature inversion layer, generally 

well established over the island, and below the descending 

branch of the Hadley cell.  

 

Figure 3.2. Image of Izaña Atmospheric Observatory.  

Consequently, it offers excellent conditions for trace gas and 

aerosol in situ measurements under ñfree troposphereò 

conditions, and for atmospheric observations by remote 

sensing techniques. The environmental conditions and 

pristine skies are optimal for calibration and validation 

activities of both ground based and space borne sensors. 

Due to its geographic location it is particularly valuable for 

the investigation of dust transport from Africa to the North 

Atlantic, long-range transport of pollution from the 

Americas, and large-scale transport from the tropics to 

higher latitudes. 

The Izaña Atmospheric Observatory facilities consist of 

three separate buildings: the main building, inaugurated in 

1916; the aerosols lab, a small nearby building of the same 

period which was renamed ñJoseph M. Prospero Aerosols 

Laboratoryò on 8 April 2016; and the technical tower, 

completely rebuilt in early 2000, which hosts most of the 

instruments. Details of the IZO measurement programme 

are given in Table 3.2.  

The main building is a two-storey building with a total area 

of 1420 m2, which hosts the following facilities: office 

space, dining room, kitchen, library, conference hall with 

audio-visual system, meeting room, engine rooms, a 

mechanical workshop, and an electronics workshop. In 

addition, there is residential accommodation available for 

visiting scientists (seven double en-suite rooms). 

The technical tower is a seven-storey building with a total 

area of 900 m2. It includes 20 laboratories distributed among 

the different floors. All the laboratories are temperature-

controlled. Details of the IZO Technical Tower facilities are 

given in Table 3.3.  

 

Figure 3.3 Izaña Atmospheric Observatory (2373 m) with the volcano Teide (3718 m) to the right of the image.
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Table 3.2. Izaña Atmospheric Observatory (IZO) measurement programme. 

Parameter Start date Present Instrument Data Frequency 

Greenhouse Gases and Carbon Cycle 

CO2 Jun 1984 NDIR Licor 7000 (Primary instrument) 

NDIR Licor 6252 (Secondary instrument) 

CRDS Picarro G2401 

30ᾴ 

30ᾴ 

30ᾴ 

CH4 Jul  1984 GC-FID Dani 3800 

GC-FID Varian 3800 

CRDS Picarro G2401 

2 samples/hour 

4 samples/hour 

30ᾴ 

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

SF6 Jun 2007 GC-ECD Varian 3800 4 samples/hour 

CO Jan 2008 GC-RGD Trace Analytical RGA-3 

CRDS Picarro G2401 

3 samples/hour 

30ᾴ 

In situ Reactive Gases 

O3 Jan 1987 UV Photometry 

Teco 49-C  (Primary instrument) 

Teco 49-C (Secondary instrument) 

Teco 49-I (New Primary instrument) 

 

1ᾳ  

1ᾳ  

1ᾳ 

CO Nov 2004 Non-dispersive IR abs. Thermo 48C-TL 1ᾳ 

SO2 Jun 2006 UV fluorescence Thermo 43C-TL 1ᾳ 

NO-NO2-NOx Jun 2006 Chemiluminescence Thermo 42C-TL 1ᾳ 

Total Ozone Column and UV 

Column O3 May 1991 Brewer Mark-III #157 (Primary Reference) 

Brewer Mark-III #183 (for developments) 

Brewer Mark-III #185 (Travelling Reference) 

~100/day 

~100/day 

~100/day 

Spectral UV: 290-365 nm May 1991 Brewer Mark-III #157 (Primary Reference) 

Brewer Mark-III # 183 (for developments) 

Brewer Mark-III #185 (Travelling Reference) 

~30ᾳ 

~30ᾳ 

~30ᾳ 

Spectral UV: 290-450 nm May 1998 Bentham DM 150 Campaigns 

Column SO2 May 1991 Brewer Mark-III #157 (Primary Reference) 

Brewer Mark-III # 183 (for developments) 

Brewer Mark-III #185 (Travelling Reference) 

~100/day 

~100/day 

~100/day 

Column SO2 Oct 2011 Pandora#101 10ᾳ 

Column HCNO Oct 2011 Pandora#101 10ᾳ 

Fourier Transform Infrared Spectroscopy (FTIR ) 

Greenhouse gases, reactive 

gases, and O3 depleting 

substances  

(O3, HF, HCN, HCl, ClONO2, 

C2H6, HNO3, CH4, CO, CO2, 

N2O, NO, NO2, H2O, HDO, 

OCS) 

 

 

 

Jan 1999  

 

May 2007 

Fourier Transform Infrared Spectroscopy 

Bruker IFS 120/5HR (co-managed with KIT ) 

  

Middle infrared (MIR) solar absorption spectra  

 

Near infrared (NIR) solar absorption spectra 

3 days/week  

(weather permitting) 

Water vapour isotopologues 

(ŭD and ŭ18O) 

Mar 2012  Picarro L2120-I ŭD and ŭ18O Analyser 2ᾴ 

 

 

 

 

http://www.imk.kit.edu/
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Parameter Start date Present Instrument  Data Frequency 

In situ aerosols 

Chemical composition of total 

particulate matter (PMT) 

Jul 1987 High-volume sampler 

custom built/MVCÊ/MCZÊ 

Concentrations of soluble species by ion 

chromatography (Cl-, NO3- and SO4=) and FIA 

colorimetry (NH4+), major elements (Al, Ca, K, 

Na, Mg and Fe) and trace elements by  ICP-

AES and ICP-MS were determined at CSIC  

8h sampling at night 

PM2.5 Chemical composition  Apr 2002 High-volume sampler custom 

built/MVCÊ/MCZÊ 

8h sampling at night 

PM10 Chemical composition  Jan 2005 High-volume sampler 

custom built/MVCÊ/MCZÊ 

8h sampling at night 

Number of particles > 3 nm Nov 2006 TSIÊ, UCPC 3025A 1ᾳ 

Number of particles > 2.5 nm Dec 2012 TSIÊ, UCPC 3776 1ᾳ 

Number of particles > 10 nm Dec 2012 TSIÊ, UCPC 3772 1ᾳ 

Size distribution of 10-400 nm Nov 2006 TSIÊ, class 3080 + CPC 3010 5ᾳ 

Size distribution of 0.7-20 µm Nov 2006 TSIÊ, APS 3321 10ᾳ 

Absorption coeff. 1l Nov 2006 ThermoÊ, MAAP 5012 1ᾳ 

Attenuation 7l Jul 2012 MageeÊ, Aethalometer AE31-HS 1ᾳ 

Scattering coeff. 3l Jun 2008 TSIÊ, Integration Nephelometer 3563 1ᾳ 

PM10 concentration Dec 2015 Thermo, 5014i 5ᾳ 

PM2.5 and PM2.5-10 

concentrations 

Dec 2015 Thermo, 5014i 6ᾳ 

Column aerosols 

AOD and Angstrom at 415, 

499, 614, 670,  868, and 936 

nm  

Feb 1996 YES Multi Filter-7 Rotating Shadow-Band 

Radiometer  (MFRSR) 

1ᾳ 

AOD and Angstrom at 340, 

380, 440, 500, 675, 870, 936, 

1020 nm 

Mar 2003 CIMEL CE318 sun photometer ~ 15ᾳ 

Fine/Coarse AOD 

Fine mode fraction 

Mar 2003 CIMEL CE318 sun photometer ~ 15ᾳ 

Optical properties Mar 2003 CIMEL CE318 sun photometer ~ 1h 

AOD and Angstrom during 

night period 

July 2012 CIMEL CE318-T sun-sky-lunar photometer ~ 15ᾳ during moon 

phases 

AOD and Angstrom at 368, 

412, 500 and 862 nm  

July 2001 WRC Precision Filter Radiometer (PFR) 1ᾳ 

AOD at 769.9 nm July 1976 MARK-I (at the IAC) AOD at 769.9 nm 

Radiation 

Global Rad. 285-2600nm Jan 1977 2 CM-21 & CM-11 Kipp & Zonen Pyranom. (in 

parallel) and EKO MS-801 

1ᾳ 

Global Rad. 300-1100 nm Feb 1996 YES MFRSR 1ᾳ 

Estim. Direct Rad. Feb 1996 YES MFRSR 1ᾳ 

Direct Rad. 200-4000nm Aug 2005 2 CH-1 Kipp & Zonen and EKO MS-56  

Pyrheliometers 

1ᾳ 

http://www.iac.es/
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Parameter Start date Present Instrument Data Frequency 

Radiation 

Direct Rad. 200-4000nm Jun 2014 Absolute Cavity Pyrheliometer PMO6 Calibration 

campaigns (1ᾳ) 

Spectral direct Radiation Dec 2016 Spectrorradiometer EKO MS-711 5ô 

Diffuse Rad. Feb 1996 YES MFRSR 1ᾳ 

Diffuse Rad. 285-2600nm Aug 2005 2 CM-21 Kipp & Zonen Pyranometer (in 

parallel) and and EKO MS-801 

1ᾳ 

Downward Longwave Rad. 

4.5-42ɛm 

Mar 2009 2 CG-4 Kipp & Zonen Pyrgeometer (in parallel) 1ᾳ 

UVB Radiation 315-400nm Aug 2005 2 Yankee YES UVB-1 Pyranometer (in parallel) 1ᾳ 

UVA Radiation 280-400nm Mar 2009 Radiometers UVS-A-T 1ᾳ 

PAR 400-700nm Aug 2005 Pyranometer K&Z PQS1 1ᾳ 

Net Radiation Nov 2016 Net Radiometer EKO MR-60 1ᾳ 

DOAS (managed by the Spanish National Institute for Aerospace Technology, INTA)  

Column NO2  May 1993 UV-VIS DOAS EVA and MAXDOAS RASAS 

II (INTAôs homemade; www.inta.es) 

Every ~3ᾳ during 

twilight 

Column O3 Jan 2000 UV-VIS MAXDOAS RASAS II (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Column BrO Jan 2002 UV-VIS MAXDOAS ARTIST-II  (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Tropospheric O3 May 2010 UV-VIS MAXDOAS RASAS II (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Tropospheric NO2 May 2010 UV-VIS MAXDOAS RASAS II (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Tropospheric IO May 2010 UV-VIS MAXDOAS RASAS II (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Column HCHO Jan 2015 UV-VIS MAXDOAS ARTIST II (INTAôs 

homemade) 

Every ~3ᾳ during 

twilight 

Column Water Vapour 

Precipitable Water Vapour 

(PWV) 

Feb 1996 YES MFRSR-7 Radiometer (941 nm) 1ᾳ 

PWV Jul 2008 GPS-GLONASS LEICA receiver 15ᾳ (ultra-rapid 

orbits) and 1h 

(precise orbits) 

Vertical relative humidity Dec 1963 Vaisala RS-92 Daily at 00 and 12 

UTC 

PWV Mar 2003 CIMEL CE318 sun photometer ~ 15ᾳ 

PWV Jan 1999 Fourier Transform Infrared Spectroscopy 3 days/week when 

cloud-free 

conditions 
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Parameter Start date Present Instrument Data Frequency 

Meteorology 

Temperature Jan 1916 THIES CLIMA 1.1005.54.700 

3 VAISALA HMP45C (in parallel) 

VAISALA PTU300 

THIES CLIMA 1.0620.00.000 (thermo-

hygrograph) 

CAMPBELL SCIENTIFIC CS215 (Tower top) 

1ᾳ 

1ᾳ 

1ᾳ 

Continuous 

 

1ᾳ 

Relative humidity Jan 1916 THIES CLIMA 1.1005.54.700 

3 VAISALA HMP45C (in parallel) 

VAISALA PTU300 

THIES CLIMA 1.0620.00.000 (thermo-

hygrograph) 

CAMPBELL SCIENTIFIC CS215 (Tower top) 

1ᾳ 

1ᾳ 

1ᾳ 

Continuous 

 

1ᾳ 

Wind direction and speed Jan 1916 DELTA OHM Sonic 3D HD2003 

Young Wind Monitor HD Alpine 05108-45 

Young Wind Monitor HD Alpine 05108-45 

Young Wind Monitor HD Alpine 05108-45 

 (tower Top) 

1ᾳ 

1ᾳ 

1ᾳ 

1ᾳ 

Pressure Jan 1916 SETRA 470 

VAISALA PTU 300 

BELFORT 5/800AM/1 (Barograph) 

SETRA 470 (tower top) 

1ᾳ 

1ᾳ 

Continuous 

1ᾳ 

Rainfall Jan 1916 THIES CLIMA Tipping Bucket 

THIES CLIMA Tipping Bucket 

Hellman rain gauge 

Hellman pluviograph 

1ᾳ 

1ᾳ 

Daily 

Continuous 

Sunshine duration Aug 1916 KIPP & ZONEN CSD3 

Campbell Stokes Sunshine recorder 

10ᾳ 

Continuous 

Present weather and visibility Jul 1941 THIES CLIMA drisdrometer 

BIRAL 10HVJS 

10ᾳ 

10ᾳ 

Vertical profiles of T, RH, P, 

wind direction and speed, 

from sea level to ~30 km 

altitude 

Dec 1963 RS92+GPS radiosondes launched at Güimar 

automatic radiosonde station (WMO GUAN 

station #60018) (managed  by the 

Meteorological Centre of Santa Cruz de 

Tenerife) 

Daily at 00 and 12 

UTC 

Soil surface temperature Jan 1953 2 THIES CLIMA Pt100 (in parallel) 10ᾳ 

Soil temperature (20 cm) Jan 2003 2 THIES CLIMA Pt100 (in parallel) 10ᾳ 

Soil temperature (40 cm) Jan 2003 2 THIES CLIMA Pt100 (in parallel) 10ᾳ 

Atmospheric electric field Apr 2004 Electric Field Mill PREVISTORM-INGESCO 10ᾴ 

Lightning discharges Apr 2004 Boltek LD-350 Lightning Detector 1ᾳ 

Cloud cover Sep 2008 Sieltec Canarias S.L. SONA total sky camera 5ᾳ 

Fog-rainfall Nov 2009 THIES CLIMA Tipping Bucket with 20 cm2 

mesh 

Hellman rain gauge with 20 cm2 mesh 

1ᾳ 

 

Daily 
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Parameter Start date Present Instrument Data Frequency 

Sea-cloud cover Nov 2010 AXIS Camera: West View (Orotava Valley) 

AXIS Camera: South View (Meteo Garden) 

AXIS Camera: North View 

AXIS Camera: East View (Güimar Valley) 

5ᾳ 

5ᾳ 

5ᾳ 

5ᾳ 

Drop size distribution and 

velocity of falling 

hydrometeors 

May 2011 OTT  Messtechnik OTT Parsivel 1ᾳ 

 

Aerobiology 

Pollens and spores Jun 2006 Hirst, 7-day recorder VPPS 2000 spore trap 

(Lanzoni S.r.l.). Analysis performed with a Light 

microscope, 600 X at the Laboratori d'Anàlisis 

Palinològiques, Universitat Autònoma de 

Barcelona 

Continuous (1 h 

resolution) from 

April to October 

Phenology 

Emergence of the 

inflorescence, the appearance 

of flower buds, flowering, and 

fruit development according 

to the BBCH code of 7 taxa 

Jan 2014 Visual inspection/counting Weekly during 

growing season, and 

monthly the rest of 

the year 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. Images of IZO Instrument terrace . 
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Table 3.3. Izaña Atmospheric Observatory Technical Tower facilities. 

Floor Facilities Description 

Ground 

Floor 

Mechanical Workshop 33 m2 room with the necessary tools to carry out first-step mechanical repairs. 

Electronics Workshop 25 m2 room equipped with oscilloscopes, power supplies, multimeters, 

soldering systems, etc. to carry out first-step electronic repairs. 

Heating system  Central heating and hot water 90 kW system.  

Air Conditioning System Central air conditioning system for labs. 

Engine Room: Backup 

Generators 

General electrical panel and two automatic start-up backup generators (400 

kVA and 100 kVA, respectively).  

 UPS room Observatoryôs main UPS (40 kVA redundant) used for assuring the power of 

the equipment inside the building and an additional UPS (10 kVA) for the 

outside equipment.  

Compressor room Room with clean oil-free air compressors used for calibration cylinders filling. 

It also contains the general pumps for the East and West sample inlets. 

Warehouse / Central Gas 

Supply System 

30 m2 warehouse authorized for pressure cylinders. 

Central system for high purity gas (H2, N2, Ar/CH4) and synthetic air supply. 

Lift  6-floors. No lift access to roof terrace. 

First 

Floor 

Archive room  Archive of bands and historical records. 

Technical equipment 

warehouse 

Spare parts for the Observatoryôs technical equipment. 

Meeting room 8 person meeting room 

Second 

Floor 

Optical Calibration 

Facility  

30 m2 dark room hosting vertical and horizontal absolute irradiance, absolute 

radiance, angular response, and spectral response calibration set ups.  

T2.1 Laboratory 10 m2 lab with access to West sample inlet. 

T2.2 Laboratory 9 m2 lab with access to East sample inlet. 

T2.3 Laboratory 13 m2 lab hosting Picarro L2120-I ŭD and ŭ18O analyser with access to East 

sample inlet  

Third 

Floor 

Greenhouse Gases 

Laboratories 

70 m2 shared in two labs hosting CO2, CH4, N2O, SF6 and CO analysers with 

access to the East and West sample inlets. 

Fourth 

Floor 

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

Fifth 

Floor 

Reactive Gases 

Laboratory 

10 m2 lab hosting NO-NO2, CO, and SO2 analysers with access to West 

sample inlet.  

Communications room Server room and WIFI connection with Santa Cruz de Tenerife headquarters.  

Brewer Laboratory 20 m2 lab for Brewer campaigns. 

Sixth 

Floor 

Surface Ozone 

Laboratory  

10 m2 laboratory hosting surface O3 analysers with access to West sample 

inlet. 

Solar Photometry 

Laboratory 

10 m2 maintenance workshop for solar photometers.  

Spectroradiometer 

Laboratory 

25 m2 laboratory hosting two MAXDOAS and two spectroradiometers 

connected with optical fibre. 

Roof Instrument Terrace 160 m2 flat horizon-free terrace hosting outdoor instruments, East and West 

sample-inlets, wind, pressure, temperature and humidity gauges.  
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On the ground floor of the technical tower, there are two 

storage spaces, one of them for pressured cylinders (tested 

and certified at the Canary Islands Regional Council for 

Industry) and the other one for cylinder filling using oil-free 

air compressors. This floor also includes the central system 

for supplying high purity gases (H2, N2, Ar/CH4) and 

synthetic air to the different laboratories. On the second 

floor, there is a dark-room with the necessary calibration 

set-ups for the IZO radiation instruments. On the top of the 

technical tower there is a 160 m2 flat horizon-free terrace  

for the installation of outdoor scientific instruments that 

need sun or moon radiation (Fig. 3.4). It also has the East 

and West sample-inlets which supply the ambient air needed 

by in situ trace gas analysers set up in different laboratories. 

The ñJoseph M. Prospero Aerosol Research Laboratoryò is 

a 40 m2 building used as an on-site aerosol measurement 

laboratory. It has four sample-inlets connected to aerosol 

analysers. For more details, see Section 8. Outside Izaña 

Atmospheric Observatory there are the following facilities: 

1) a 160 m2 flat horizon-free platform with communications 

and UPS used for measurement field campaigns; 2) the 

meteorological garden, containing two fully-automatic 

meteorological stations (one of them the SYNOP station and 

the second one for meteorological research), manual 

meteorological gauges, a total sky camera, a GPS/GLONAS 

receiver, a lightning detector, and an electric field mill 

sensor; and 3) the Sky watch cabin hosting four cameras for 

cloud observations with corresponding servers. 

The following sections give further details of some of the 

facilities located at IZO. 

3.1.1 Optical Calibration  Facility  

The optical calibration facility at IZO has been developed 

within the framework of the Specific Agreement of 

Collaboration between the University of Valladolid and the 

IARC-AEMET: ñTo establish methodologies and quality 

assurance systems for programs of photometry, radiometry, 

atmospheric ozone and aerosols within the atmospheric 

monitoring programme of the World Meteorological 

Organizationò. The main objective of the optical calibration 

facility is to perform Quality Assurance & Quality Control 

(QA/QC) assessment of the solar radiation instruments 

involved in the ozone, aerosols, radiation, and water vapour 

programs of the IARC. The seven set-ups available are the 

following: 

1) Set-up for the absolute irradiance calibration by 

calibrated standard lamps in a horizontally oriented position 

suitable for small radiometers (Fig. 3.5A). The basis of the 

absolute irradiance scale consists of a set of FEL-type 1000 

W lamps traceable to the primary irradiance standard of the 

Physikalisch-Technische Bundesanstalt (PTB). 

2) Set-up for the absolute irradiance calibration by 

calibrated standard lamps in a vertical oriented position 

suitable for relatively large spectrophotometers (Fig. 3.5B). 

The basis of the absolute irradiance scale consists of a set of 

DXW-type 1000 W lamps traceable to the primary 

irradiance standard of the PTB. 

3) Set-up for the absolute radiance calibration by calibrated 

integrating sphere (Fig. 3.4C). The system is traceable to the 

AERONET standard at Goddard Space Flight Center 

(Washington, USA). This set-up is mainly used by Cimel 

sun-photometers, but other instruments are also calibrated. 

4) Set-up for the angular response calibration (Fig. 3.5D). It 

is used to quantify the deviations of the radiometerôs angular 

response from an ideal cosine response. The relative angular 

response function is measured rotating the mechanical arm 

where the seasoned DXW-type 1000 W lamp is located. The 

rotation over ±90º is controlled by a stepper motor with a 

precision of 0.01º while the instrument is illuminated by the 

uniform and parallel light beam of the lamp. 

5) Set-up for the spectral response calibration. It is used to 

quantify the spectral response of the radiometer. The light is 

scattered by an Optronic double monochromator OL 750 

within the range 200 to 1100 nm with a precision of 0.1 nm. 

An OL 740-20 light source positioned in front of the 

entrance slit acts as radiation source and two lamps, UV 

(200-400nm) and Tungsten (250-2500nm) are available. 

 

Figure 3.5. Images of the IZO Optical calibration facility . A) 

Horizontal absolute irradiance calibration set up, B) Three 

stages of a Brewer irradiance calibration with the vertical set 

up, C) Absolute radiance calibration of a Cimel CE318, D) 

Angular response function determination of a Brewer (Photo: 

Alberto Redondas), E) Set up for Slit function determination 

and F) Alignment of a Brewer spectrophotometer optics 

(Photo: Alberto Redondas).  
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6) Set-up for the slit function determination (Fig. 3.5E). The 

characterization of the slit function is performed 

illuminating the entrance slit of the spectrophotometer with 

the monochromatic light of a VM-TIM He-Cd laser. The 

nominal wavelength of the laser is 325 nm, its power is 

6mW, and its beam diameter is 1.8 mm. 

7) Set-up for the alignment of the Brewer spectrophotometer 

optics (Fig. 3.5F). It is suitable to perform adjustments of 

the optics without sending the instrument to the 

manufacturer. 

3.1.2 In situ system used to produce working 

standards containing natural air  

GAW requires very high accuracy in the atmospheric 

greenhouse gas mole fraction measurements, and a direct 

link to the WMO primary standards maintained by the GAW 

GHG CCLs (Central Calibration Laboratories), most of 

which are located at NOAA-ESRL-GMD. To accomplish 

these requirements, IARC uses Laboratory Standards 

prepared (using natural air) and calibrated by NOAA-

ESRL-GMD. Indeed, the Laboratory Standards used at 

IARC are WMO tertiary standards.  

However, due to the fact that the consumption of standard 

and reference gases by the IARC GHG measurement 

systems is relatively high, an additional level of standard 

gases (working standards) prepared with natural air is used. 

These working standards are prepared at IZO using an in 

situ system (Fig. 3.6) and then calibrated against the 

Laboratory Standards using the IARC GHG measurement 

systems. The system used to fill the high pressure cylinders 

(up to 120-130 bars) with dried natural air, takes clean 

ambient air from an inlet located on top of the IZO tower 

(30 m above ground), and pumps (using an oil-free 

compressor) it inside the cylinders after drying it (using 

magnesium perchlorate), achieving a H2O mole fraction 

lower than 3 ppm. 

Additionally, it is possible to modify slightly the CO2 mole 

fraction of the natural air pumped inside the cylinders. To 

this end, air from a cylinder containing natural air with zero 

CO2 mole fraction (prepared using the same system but 

adding a CO2 absorber trap) or a tiny amount of gas from a 

spiking CO2 cylinder (5% of CO2 in N2/O2/Ar) is added to 

the cylinder being filled, not affecting the CRDS technique. 

This system is similar to that used by NOAA-ESRL-GMD 

to prepare WMO secondary and tertiary standards, and it is 

managed and operated at IZO through a subcontractor (Air 

Liquide Canarias). The prepared working standards are 

mainly used in the GHG measurement programme, but 

some of them are used for other purposes, natural air for a 

H2O isotopologue Cavity Ring-Down Spectroscopy 

(CRDS) analyser located at Teide peak and for a CO NDIR 

analyser located at SCO.

 

Figure 3.6. In situ system used to produce working standards containing natural air at Izaña Atmospheric Observatory.

 

http://www.esrl.noaa.gov/gmd/ccl/
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3.1.3 Central Gas Supply System 

There is a gas central facility located on the IZO tower 

ground floor for supplying chromatographic gases to the 

different instruments. This central facility supplies high 

purity: N2 (used as carrier gas for the GC-FIDs, and for the 

IZO H2O isotopologue CRDS analyser), synthetic air (used 

as oxidizer in the FIDs, as carrier gas in the GC-RGD, as 

carrier gas in the IZO H2O isotopologue CRDS analyser, 

and as diluting air used in the calibrations of the reactive gas 

instruments), 95% Ar / 5% CH4 (used as carrier gas for the 

GD-ECD), and H2 (used as combustible in the FIDs). This 

facility and the chromatographic gases are managed and 

provided, respectively, by a subcontractor (Air Liquide 

Canarias). The H2O isotopologue CRDS analyser located at 

Teide peak has its own dedicated high purity N2 supply. The 

reactive gas analysers located at SCO have their own 

dedicated high purity synthetic air supply (used as diluting 

air in the calibrations). 

Additionally, other gases (provided by the same 

subcontractor) are used at IZO: high purity CO2 for the 

calibration of an aerosol nephelometer, high purity N2O for 

FTIR instrumental line shape monitoring, liquid N2 to 

cryocool the FTIR detectors, and calibrated concentrated 

gas standards in N2 (19.4 ppm NO and 19.4 ppm NOx, 1.01 

ppm CO, 1.04 ppm CO, 99.9 ppm CO, 102 ppm SO2, and 1 

ppm SO2) for the calibration of the instruments of the 

reactive gases programme. 

3.1.4 Transportation 

Two electric golf carts abandoned in the scrap were 

refurbished and tuned by maintenance personnel in order to 

provide local internal service for transportation of personnel 

and equipment between the different facilities of IZO. 

 

Figure 3.7. ñBabiecaò (left) and ñPegasoò (right) golf carts 

used for internal transport of tools and equipment within the 

IZO facilities . 

Following the initiative in IZO to gradually introduce means 

of transport that do not damage the environment, in 2015 the 

combustion engine vehicle (IVECO 4x4) was replaced by a 

100% electric Nisan NV-200 EVALIA. This vehicle serves 

for transportation between the different IARC facilities 

(IZO, SCO and BTO). 

 

Figure 3.8. New 100% electric car in front of the IZO main 

entrance. 

On some occasions during the winter period the snowfall is 

so copious that it is not possible to access the Observatory 

even with a four-wheel drive vehicle. In these occasions we 

have counted on the generous collaboration of our neighbors 

of the detachment of Army engineers (Ministry of Defense) 

who have shared the use of their Transport Mountain 

Caterpillar. Thanks to this vehicle, we have been able to 

provide supplies of equipment and food, and also make 

changes of service personnel. 

 

Figure 3.9. The Transport Mountain Caterpillar belonging to 

Army Engineers detachment, helping us to make a change in 

service personnel. 

3.1.5 Modifications and improvements to the IZO 

facilities carried out in 2015-2016 

The local network of lightning rods was reinforced with the 

renovation of three new active sensors. The Joseph M. 

Prospero Aerosol Research Laboratory was completely 

refurbished in 2016, both façades and the external perimeter 

area in which ventilation holes with air extractors were 

made to prevent moisture on the walls. A new and robust 

stair access to the lab terrace was installed, with enough 

width to be able to carry equipment between two people. 

The old power transformation center was cleaned and 

renovated. This small building houses from time to time a 

gravimeter from the Spanish National Geographic Institute 

(IGN) and in the near future will be the place where the 

Cimel Lidar is installed. 
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3.2 Santa Cruz Observatory 

The Santa Cruz de Tenerife Observatory (SCO) is located 

on the roof of the IARC headquarters at 52 m a.s.l. in the 

capital of the island (Santa Cruz de Tenerife), close by the 

city harbour (Figs. 3.10 and 3.11). Details of the SCO 

measurement programme are given in Table 3.4. 

 

Figure 3.10. Image of Santa Cruz Observatory instument 

terrace: ZEN-41-R radiometer (in the foreground), Cimel 

AERONET photometer, radiation instruments mounted on 

the sun-tracker and the HIRST pollen sampler (in the 

background).  

This observatory has two main objectives: 1) to provide 

information of background urban pollution for atmospheric 

research and interactions with long-range pollution 

transport driven by trade winds or Saharan dust outbreaks 

and 2) to perform complementary measurement 

programmes to those performed at IZO. The IARC 

headquarters include the following facilities: 

¶ A laboratory for reactive gases (surface O3, NO-NO2, 

CO and SO2). 

¶ A laboratory for micro pulse Lidar (MPL) and 

ceilometer VL-51. 

¶ A laboratory to dry and weigh filters of high and low 

volume aerosol samplers. 

¶ A laboratory for the preparation of ozonesondes 

¶ A 25 m2 flat horizon-free terrace for radiation 

instruments and air intakes. 

 

Figure 3.11. Air quality analy zers in the SCO Lab (left), and 

Ramón Ramos and Pedro Miguel Romero (right) with the 

Vaisala CL51 ceilometer on the SCO terrace. 

3.2.1 Aerosol Filt ers Laboratory  

The Aerosol Filters Laboratory is equipped with an auto-

calibration microbalance (Mettler Toledo XS105DU) with a 

resolution of 0.01 mg, a set of standard weights, and an oven 

that reaches 300 ºC. Filters are weighed 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, PM10, PM2.5 and 

PM1 by means of standardized methods. Filters are 

conditioned to 20 ºC and a fixed relative humidity (50% RH 

for air quality studies and 30% RH for research studies) 

within a methacrylate chamber, which also contains the 

balance used for weighing the filters (Fig. 3.12). 

   

Figure 3.12. Aerosol Filters laboratory: temperature and 

relative humidity controlled chamber. 
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Table 3.4. Santa Cruz Observatory (SCO) measurement programme. 

Parameter Start date Present Instrument Data Frequency 

In situ Reactive Gases 

O3 Nov 2004 UV Photometry Teco 49-C   1ᾳ 

CO Mar 2006 Non-dispersive IR abs. Thermo 48C-TL 1ᾳ 

SO2 Mar 2006 UV fluorescence Thermo 43C-TL 1ᾳ 

NO-NO2-NOx Mar 2006 Chemiluminescence Thermo 42C-TL 1ᾳ 

Ozone and UV (managed by the AEMETôs Special Networks Service at the nearby Met Center) 

Column O3 Oct 2000 Brewer Mark-II#033 > ~20/day 

Spectral UV Oct 2000 Brewer Mark-II#033 ~30ᾳ 

SO2 Oct 2000 Brewer Mark-II#033 ~30ᾳ 

Column aerosols 

AOD and Angstrom at 

340, 380, 440, 500, 675, 

870, 936, 1020 nm 

Jul 2004 CIMEL CE318 sun photometer ~ 15ᾳ 

Fine/Coarse AOD Jul 2004 CIMEL CE318 sun photometer ~ 15ᾳ 

Vertical Backscatter-

extinction @523 nm, 

clouds alt. and thickness 

Nov 2005 Micropulse Lidar MPL-3, SES Inc., USA 

(co-managed with INTA (www.inta.es)) 

1ᾳ 

Vertical backscatter- 

extinction @910 nm, 

cloud alt. and thickness 

Jan 2011 Vaisala CL-51 Ceilometer 1ᾳ 

Vertical Backscatter-

extinction @500 and 800 

nm, clouds alt. and 

thickness (with 

depolarizarion channels) 

Dec 2015 CIMEL CE376 lidar 1ô 

Radiation 

Global Radiation Feb 2006 Pyranometer CM-11 Kipp & Zonen  1ᾳ 

Direct Radiation Feb 2006 Pyrheliometer EPPLEY 1ᾳ 

Diffuse Radiation Feb 2006 Pyranometer CM-11 Kipp & Zonen  1ᾳ 

UV-B Radiation Aug 2011  Yankee YES UVB-1 Pyranom. (managed 

by the AEMETôs Special Networks 

Service at the nearby Met Centre) 

1ᾳ 

Column Water Vapour 

Vertical relative humidity Dec 1963 Vaisala RS-92 Daily at 00 and 12 UTC 

Precipitable Water Vapour 

(PWV) 

Mar 2003 CIMEL CE318 sun photometer ~ 15ᾳ 

PWV Jan 2009 GPS/GLONASS GRX1200PRO receiver 15ᾳ (ultra-rapid orbits) 

and 1 h (precise orbits) 

PWV (total column) over 

SCO when cloudless skies 

Cloud base heights when 

cloudy skies over SCO 

Jun 2014 1 SIELTEC Sky Temperature Sensor 

(infrared thermometer prototype) 

Every 30ᾴ during the 

complete day 
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Meteorology* 

Vertical profiles of T, RH, 

P, wind direction and 

speed, from sea level to 

~30 km altitude 

Dec 1963 RS92+GPS radiosondes launched at 

Güimar automatic radiosonde station 

(WMO GUAN station #60018) (managed  

by the Meteorological Centre of Santa 

Cruz de Tenerife) 

Daily at 00 and 12 UTC 

Temperature Jan 2002 VAISALA HMP45C   1ᾳ    

Relative humidity Jan 2002 VAISALA HMP45C  1ᾳ 

Wind Direction and speed Jan 2002 RM YOUNG wind sentry 03002 1ᾳ 

Pressure Jan 2002 VAISALA PTB100A 1ᾳ 

Rainfall Jan 2002 THIES CLIMA Tipping Bucket 1ᾳ 

Aerobiology 

Pollens and spores Oct 2004 Hirst, 7-day recorder VPPS 2000 spore 

trap (Lanzoni S.r.l.).  

Continuous  (1 h 

resolution) 

*  Meteorological data from Santa Cruz de Tenerife Meteorological Center headquarters, 1 km distant, are also available 

since 1922.

3.2.2 The Ozonesonde Laboratory  

Advanced preparation of the Science Pump Corporation 

(SPC) ECC ozone sensor (Model ECC-6A), together with 

digital Vaisala RS92 radiosonde and digital interface, is 

performed at the Ozonesonde Lab at SCO. Expendables 

such as radiosondes, interfaces, ozonesondes, ozone 

solution chemicals, syringes, needles, protection gloves, and 

triple distilled water are stored in this lab. 

A Science Pump Corporation Model TSC-1 Ozonizer/Test 

Unit is used for ozonesonde preparation. This unit has been 

designed for conditioning ECC ozonesondes with ozone, 

and for checking the performance of the sondes prior to 

balloon release. The Ozonizer/Test Unit is installed inside a 

hood in which ambient air is passed through an active 

charcoal filter to destroy ozone and other pollutants (ozone-

free 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 before release, two ECC-6A 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 pre-launch tests are performed at 

ground including a final double check of the RS-92, and a 

comparison of surface ozone from ECC-6A with a TECO-

49C ozone analyser. 
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3.3 Botanic Observatory 

The Botanic Observatory (BTO) is located 13 km north-east 

of IZO at 114 m a.s.l. in the Botanical Garden of Puerto de 

la Cruz (Fig. 3.13). BTO is hosted by the Canary Institute of 

Agricultural Research (ICIA). The Botanic Observatory 

includes the following facilities:  

¶ Ozone Sounding Monitoring Laboratory: equipped 

with a Digicora MW31 receiver with Vaisala 

METGRAPH data acquisition and processing software 

and a surface ozone analyser  

¶ Launch container: equipped with a Helium supply 

system used for ozonesonde balloons filling. 

In addition to the ozonesonde measurements, there is a fully 

equipped automatic weather station (temperature, relative 

humidity, pressure, precipitation, wind speed and direction), 

a global irradiance pyranometer and a surface ozone 

analyser (also used for additional ECC electrochemical 

sondes ground checking). For details of the BTO 

measurement programme, see Table 3.5. 

 

Figure 3.13. Image of Botanic Observatory (BTO). 

 

 

 

 

Table 3.5. Botanic Observatory (BTO) measurement programme. 

Parameter Start date Present Instrument Data Frequency 

Reactive Gases and ozonesondes 

Vertical profiles of O3, 

PTU, and  wind direction 

and speed, from sea level 

to ~33 km altitude 

Nov 1992 ECC-A6+RS92/GPS radiosondes 1/week (Wednesdays) 

Surface O3 May 2011 UV Photometry Teco 49-C   1ᾳ 

Radiation 

Global Radiation May 2011 Pyranometer CM-11 Kipp & Zonen  1ᾳ 

Column Water Vapour 

Precipitable Water Vapour 

(PWV) 

Jan 2009 GPS/GLONASS GRX1200PRO receiver 15ô (ultra-rapid orbits) 

and 1 h (precise orbits) 

Meteorology 

Temperature Oct 2010 VAISALA F1730001 1ᾳ    

Relative humidity Oct 2010 VAISALA F1730001 1ᾳ 

Wind direction and speed Oct 2010 VAISALA WMT700 1ᾳ 

Pressure Oct 2010 VAISALA PMT16A 1ᾳ 

Rainfall Oct 2010 VAISALA F21301 1ᾳ 

 

 

 

 

http://www.icia.es/icia/index.php?option=com_content&view=article&id=13&Itemid=186&lang=en
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3.4 Teide Peak Observatory 

The Teide Peak Observatory (TPO) is located at 3555 m 

a.s.l. at the Teide Cable Car terminal in the Teide National 

Park (Fig. 3.14). TPO was established as a satellite station 

of IZO primarily for radiation and aerosol observations at 

very high altitude. TPO station, together with Jungfraujoch 

(3454 m a.s.l.) in Switzerland, are the highest permanent 

radiation observatories in Europe. 

This measurement site provides radiation and aerosol 

information under extremely pristine conditions and in 

conjunction with measurements at SCO and IZO allows us 

to study the variation of global radiation, UV-B and aerosol 

optical depth from sea level to 3555 m a.s.l. In addition to 

radiation and aerosol measurements, there is a 

meteorological station and a water vapour isotopologues 

analyser. Full details of the measurement programme are 

given in Table 3.6. 
 

Figure 3.14. Measurements at Teide Peak Observatory. 

Table 3.6. Teide Peak Observatory (TPO) measurement programme. 

Parameter Start date Present Instrument Data Frequency 

Column aerosols 

AOD and Angstrom at 

340, 380, 440, 500, 675, 

870, 936 and 1020 nm 

Jun 1997 CIMEL CE318 sun photometer 

(Co-managed with the University of 

Valladolid Atmospheric Optics Group) 

~ 15ᾳ (during Apr-Oct) 

Fine/Coarse AOD 

Fine mode fraction 

Jun 1997 CIMEL CE318 sun photometer 

(Co-managed with the University of 

Valladolid Atmospheric Optics Group) 

~ 15ᾳ (during Apr-Oct) 

Radiation 

Global Radiation Jul 2012 Pyranometer CM-11 Kipp & Zonen  1ᾳ 

UVB Radiation Jul 2012 Pyranometer Yankee YES UVB-1 1ᾳ 

Water vapour 

Water vapour 

isotopologues (ŭD and 

ŭ18O) 

June 2013  Picarro L2120-I ŭD and ŭ18O analyser 2ᾴ 

Meteorology 

Wind direction and speed Oct 2011 THIES CLIMA Sonic 2D 1ᾳ 

Temperature Aug 2012 VAISALA HMP 45C 1ᾳ    

Relative humidity Aug 2012 VAISALA HMP45C  1ᾳ 

Pressure Aug 2012 VAISALA PTB100A 1ᾳ 

 

 

 

 

 

 

http://www.telefericoteide.com/
http://goa.uva.es/
http://goa.uva.es/
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3.5 Computing Facilities and 

Communications 

The computing facilities and communications form an 

integral component of all measurement programmes and 

activities in the Izaña Atmospheric Research Center. In the 

IARC headquarters there is a temperature controlled room 

hosting server computers devoted to different automatic and 

continuous tasks (NAS, modelling, spectra inversion, etc.) 

for the research groups. Details of the computing facilities 

are given in Table 3.7.  

Table 3.7. IARC computing facilities. 

Computing Hardware 

 Storage Virtualization  Modelling Total 

H.D. 34 TB 12 TB 10 TB 56 TB 

Cores 7 28 68 105 

RAM 12 GB 56 GB 46 GB 114 

GB 

The IARC headquarters has internet access through a double 

optical fibre connection (20 Mb/s) to AEMET headquarters 

in Madrid, one of them acting as back-up. IZO is real time 

connected to IARC headquarters through a wifi-radio link 

(54 Mb/s) of 34 km. An EUMETCast (EUMETSATôs 

Broadcast System for Environmental Data) reception station 

is available at SCO. It consists of a multi-service 

dissemination sy stem based on standard Digital Video 

Broadcast (DVB) technology. Most of the satellite 

information is received via this system (see Section 13 for 

more details). 

An important communication advance in IZO was the 

establishment of a connection with the new network Iris 

Nova, which has some of its nodes in the facilities of the 

Instituto de Astrofísica de Canarias (IAC) Teide 

Observatory. However, although the Iris Nova network can 

provide a bandwidth of 1Gb, the current link is limited to 

10Mb because there is a fiber optic section that is 

temporarily supplied by a microwave link of about 1500 m 

between the residence of the IAC and IZO. The definitive 

connection with high bandwidth will be completed in the 

near future. 

 

 

 

3.6 Staff 

Activities universal to all measurement programmes such as 

operation and maintenance of IARC facilities, equipment, 

instrumentation, communications and computing facilities 

are made by the following staff: 

Ramón Ramos (AEMET; Head of Scientific 

instrumentation and infrastructures) 

Enrique Reyes (AEMET; IT development specialist) 

Néstor Castro (AEMET; IT specialist) 

Antonio Cruz (AEMET; IT specialist) 

Rocío López (AEMET; IT specialist) 

Sergio Afonso (AEMET; Meteorological Observer-GAW 

Technician) 

Concepción Bayo (AEMET; Meteorological Observer-

GAW Technician) 

Rubén del Campo Hernández (AEMET; Meteorological 

Observer-GAW Technician) 

Virgilio Carreño (AEMET; Meteorological Observer-

GAW Technician) 

Cándida Hernández (AEMET; Meteorological Observer- 

GAW Technician) 

Dr Fernando de Ory (AEMET; Meteorological Observer- 

GAW Technician)
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4 Greenhouse Gases and Carbon 

Cycle 

4.1 Main Scientific Goals 

The main goal of this IARC programme is to carry out 

highly accurate atmospheric long-lived greenhouse gas 

(GHG) in situ continuous measurements at IZO in order to 

contribute to the GAW-WMO programme, following the 

GAW recommendations and guidelines. Additional goals 

are: 1) to study with precision the long-term evolution of the 

GHGs in the atmosphere, as well as their daily, seasonal and 

inter-annual variability; 2) to improve and develop the GHG 

measurement systems as well as the associated raw data 

processing software; 3) to carry out research to study the 

processes that control the variability and evolution of the 

GHGs in the atmosphere  (e.g. Gomez-Pelaez et al., 2013; 

Dalsoren et al., 2016); and 4) to contribute to international 

research and its documentation via recommendations and  

guidelines. 

4.2 Measurement Programme 

Table 4.1 gives details of the atmospheric greenhouse gases 

measurements currently performed at IZO using in situ 

analysers (owned by AEMET) and some details about the 

measurement schemes. Carbon monoxide is not a 

greenhouse gas but affects the methane cycle. Details of the 

in situ measurement systems and data processing can be 

found in Gomez-Pelaez et al. (2006, 2009, 2011, 2012, 

2013, 2014 and 2016).  

 

 

Additional information can be found in the last IZO GHG 

GAW scientific audit reports: Scheel (2009), Zellweger et 

al. (2009), and Zellweger et al. (2013). 

Additionally, weekly discrete flask samples have been 

collected for the National Oceanic and Atmospheric 

Administration-Earth System Research Laboratory-Global 

Monitoring Division Carbon Cycle Greenhouse Gases 

Group (NOAA-ESRL-GMD CCGG) Cooperative Air 

Sampling Network (since 1991). The participation consists 

of weekly discrete flask sample collection at IZO and 

subsequent shipping of the samples to NOAA-ESRL-GMD 

CCGG.  

 

Figure 4.1. IZO Gas Chromatograph measurement system for 

CH4, N2O and SF6. 

Table 4.1. Atmospheric greenhouse gases measured in situ at IZO and measurement schemes used. 

Gas Start 

Date 

Analyser Model Ambient air 

measurement 

frequency 

Reference gas/es 

and measurement 

frequency 

Reference gas/es 

calibration fre quency 

CO2 1984 NDIR Licor 7000 

Licor 6252 

Continuous 

Continuous 

3 RG every hour          

3 RG every hour 

Biweekly using 4 LS 

CH4 1984 GC-FID Dani 3800 

Varian 3800 

2 injections/hour    

4 injections/hour 

1 RG every 30 min      

1 RG every 15 min 

Biweekly using 2 LS 

N2O 2007 GC-ECD Varian 3800 4 injections/hour 1 RG every 15 min Biweekly using 5 LS 

SF6 2007 GC-ECD Varian 3800 4 injections/hour 1 RG every 15 min Biweekly using 5 LS 

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

CO2 

CH4 

CO 

2016 CRDS Picarro G2401 Continuous 2 RG every 21 

hours to study 

performance 

Every 3-4 weeks using 

LS 

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

http://www.esrl.noaa.gov/gmd/ccgg/flask.php
http://www.esrl.noaa.gov/gmd/ccgg/flask.php
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The air inside the flasks has been measured for the following 

gas specie mole fractions: 1) CO2, CH4, CO, and H2 since 

1991; N2O and SF6 since 1997 (both sets measured by 

NOAA/ESRL/GMD CCGG); 2) Isotopic ratios Carbon-

13/Carbon-12 and Oxygen-18/Oxygen-16 in carbon dioxide 

since 1991 (measured by the Stable Isotope Lab of 

INSTAAR); 3) Methyl chloride, benzene, toluene, ethane, 

ethene, propane, propene, i-butane, n-butane, i-pentane, n-

pentane, n-hexane and isoprene since 2006 (measured by 

INSTAAR). Two-week integrated samples of atmospheric 

carbon dioxide have also been collected for the Heidelberg 

University (Institute of Environmental Physics, Carbon 

Cycle Group) since 1984 to measure the C-14 isotopic ratio 

in carbon dioxide. 

4.3 Summary of remarkable results during 

the period 2015-2016 

This programme has continued performing continuous high-

quality greenhouse gas measurements and annually 

submitting the data to the WMO GAW World Data Centre 

for Greenhouse Gases (WDCGG), where data are publicly 

available, and also global data summaries are published 

(e.g., WDCGG, 2016). The complete time series for CO2 is 

shown in Fig. 4.2, while the CH4, N2O, SF6 and CO time 

series at IZO are shown in Fig. 4.3. All the collected data 

are used for analysis and investigation of the carbon cycle 

and understanding of the role of anthropogenic and natural 

factors that control GHG variability. 

IARC has also continued contributing to the data products 

GLOBALVIEW and OBSPACK led by NOAA-ESRL-

GMD CCGG (e.g., Cooperative Global Atmospheric Data 

Integration Project, 2016), as well as collaborating with the 

associated CO2 surface flux inversions CarbonTracker (e.g., 

CarbonTracker Team, 2016), CarbonTracker Europe and 

MACC, which follows the procedure described in 

Chevallier et al. (2010). 

The PI of this IARC programme participated in the 18th 

WMO/IAEA Meeting on Carbon Dioxide, Other 

Greenhouse Gases, and Related Measurement Techniques, 

held in La Jolla, California, USA, September 13-17, 2015, 

where he gave the presentation Gomez-Pelaez et al. (2016).  

IARC-AEMET participated in the ñ5th WMO/IAEA Round 

Robin Comparison Experimentò for the parameters CO2, 

CH4, N2O, SF6 and CO, and its measurement results showed 

a good compatibility with the WMO CCL (NOAA-ESRL-

GMD CCGG) results and an excellent compatibility for 

CO2. 

 

 

 

Figure 4.2. Izaña Atmospheric Observatory CO2 time series. 

http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/en
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
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Figure 4.3. Izaña Atmospheric Observatory time series for a) CH4, b) N20, c) SF6 and d) CO. 

At the end of 2015, a CRDS Picarro G2401 for measuring 

CO2, CH4 and CO, belonging to AEMET, was installed at 

the Izaña Atmospheric Observatory using a provisional 

simple configuration for air/standard gas management. At 

the end of 2016, the plumbing design detailed in Gomez-

Pelaez et al. (2016) was installed around this instrument for 

air/standard gas management (see also Fig. 4.4). The 

measurement system is performing well. Details about its 

performance will be published in the near future. This 

instrument was acquired through an infrastructure project 

(see details in next section). 

 

Figure 4.4. CRDS for measuring CO2, CH4 and CO at the 

Izaña Atmospheric Observatory with the final plumbing 

design installed at the end of 2016. 

An enumeration of the developments and changes 

introduced in the IARC GHG measurement systems and raw 

data processing software before September 2015 is reported 

in sections 2, 3 and 5 of Gomez-Pelaez et al. (2016), whereas 

those introduced after that date will be detailed in the 

extended abstract associated with an IARC presentation at 

the ñ19th WMO/IAEA Meeting on Carbon Dioxide, Other 

Greenhouse Gases, and Related Measurement Techniques 

(GGMT-2017)ò (27-31 August 2017, Dübendorf, 

Switzerland). 

4.4 Participation in Scientific Projects and 

Campaigns/Experiments 

4.4.1 Participation in Scientific Projects 

The IARC GHG measurement programme participated in 

the funded projects NOVIA and VALIASI, contributed to 

the research article García et al. (2016), and will participate 

in the project ñASI for Sounding Methane and Nitrous 

Oxide in the Troposphereò, which was approved and funded 

at the end of 2016. All those projects are led by the IARC 

FTIR measurement programme (see more details about 

these projects in sections 5.5 and 8).  

At the end of 2014, the project ñEquipamiento para la 

Monitorización e Investigación de Gases de Efecto 

Invernadero y Aerosoles en la estación Global VAG 

(Vigilancia Atmosférica Global) de Izaña (Tenerife). 

AEDM13-3E-1773ò was approved and funded by the 

Spanish ñMinisterio de Econom²a y Competitividadò 

(ñFondos F.E.D.E.R.ò). A significant part of those funds 

was used to acquire a CO2/CH4/CO/H2O CRDS analyzer for 

a) b) 

c) d) 
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the IARC GHG measurement programme (see the previous 

subsection for more details). 

At the end of 2016, the project ñEquipamiento para la 

Monitorización e Investigación en la estación Global VAG 

(Vigilancia Atmosférica Global) de Izaña (Tenerife) de 

componentes atmosféricos que provocan y modulan el 

cambio climático.AEDM15-BE-3319ò was approved and 

funded by the Spanish ñMinisterio de Economía, Industria y 

Competitividadò (ñFondos F.E.D.E.R.ò). A significant part 

of those funds will be used to acquire a N2O/CO QCL 

spectrometer for this measurement programme. 

4.4.2 Participation in International Cooperative 

Scientific Studies 

Modelling the atmospheric methane evolution during 

the last 40 years 

This study of methane evaluation was led by researchers 

from the Center for International Climate and 

Environmental Research (CICERO) and the Norwegian 

Institute for Air Research (NILU) . A researcher from the 

IARC and two researchers from the University of California 

also participated in it. This study models the atmospheric 

methane evolution during the last 40 years (Dalsoren et al., 

2016). Observations at surface stations show an increase in 

global mean surface CH4 of about 180 parts per billion (ppb) 

(above 10 %) over the period 1984ï2012. Over this period, 

there are large fluctuations in the annual growth rate.  

In this work, the atmospheric CH4 evolution over the period 

1970ï2012 is investigated with the Oslo CTM3 global 

Chemical Transport Model (CTM) in a ñbottom-upò 

approach. Surface measurements carried out at sites of 

international networks are used for comparisons with the 

output from the CTM to understand causes for both long-

term trends and short-term variations. 

 

Figure 4.5. Development in atmospheric CH4 lifetime and key 

parameters known to influence CH4 lifetime. All variables 

values are relative to 1970. (To make it apparent in the figure, 

temperature variations are relative to the Celsius scale). 

Reprinted from Dalsoren et al. (2016). 

The Oslo CTM3 model was able to reproduce the seasonal 

and year-to-year variations and shifts between years with 

consecutive growth and stagnation, both at global and 

regional scales. The overall CH4 trend over the period is 

reproduced, but for some periods the model fails to 

reproduce the strength of the growth. The observed growth 

after 2006 is overestimated by the model in all regions. This 

seems to be explained by a too strong increase in 

anthropogenic emissions (of the inventories) in Asia in that 

period, having global impact. These findings confirm other 

studies questioning the timing or strength of the emission 

changes in Asia in the EDGAR v4.2 emission inventory 

over the last decades. For example, a recent publication by 

Ganesan et al. (2017) shows that EDGAR overestimates 

CH4 emissions in India substantially. 

The evolution of CH4 is not only controlled by changes in 

sources, but also by changes in the chemical loss in the 

atmosphere and soil uptake. In the Oslo CTM3 numerical 

simulation, a large growth in atmospheric oxidation 

capacity over the period 1970ï2012 is found: the CH4 

lifetime decreas es by more than 8% from 1970 to 2012 (Fig. 

4.5), a significant shortening of the residence time of this 

important greenhouse gas. This results in substantial growth 

in the chemical CH4 loss (relative to its burden) and 

dampens the CH4 growth. The change in atmospheric 

oxidation capacity is driven by complex interactions 

between a number of chemical components and 

meteorological factors. The key factors are identified and 

simple prognostic equations for the relations between these 

and the atmospheric CH4 lifetime are provided. 

Adjoint of the global Eulerian-Lagrangian coupled 

atmospheric transport model (A-GELCA v1.0): 

development and validation  

The main contributors to this study published in 

Geoscientific Model Developments (Belikov et al., 2016) 

were scientists of Japanese and Russian institutions. 

However, a researcher from IARC also participated in it 

contributing to the validation, interpretation of the results, 

and writing of the article (not in the development of the 

adjoint of the model). The transport model used belongs to 

the National Institute for Environmental Studies (NIES) of 

Japan. From the differences in the concentrations observed 

and those simulated by the forward run of the transport 

model, the improvements that need to be applied to the 

source/sink surface fluxes to minimize those differences can 

be deduced; and therefore, a more accurate a posteriori 

value for the surface fluxes can be obtained.  

This ñinversionò can be performed using the adjoint of the 

transport model. Developing the adjoint of a transport model 

is very complex. The adjoint model is like a backward run 

of the transport model but without inverting the dispersion 

due to the turbulence and convection (the dispersive 

phenomena are irreversible). The transport model used in 

this study is particularly complex and efficient due to the 
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fact that it utilizes the coupling of an Eulerian and a 

Lagrangian model, continuously in time. Eulerian models 

are better for the global scale and long simulation times, 

whereas Lagrangian models are better for small scales and 

short simulation times. The GELCA model combines both 

types of model to obtain simultaneously the advantages of 

both of them: global coverage and high spatial resolution 

near the observation stations. 

Development of CarbonTracker Europe-CH4: global 

methane emission estimates and their evaluation for 

2000-2012  

A group of scientists working mainly in Finish and Dutch 

institutions (but also from Switzerland, USA, Spain, 

Australia, Malta, Italy, Germany and Japan) published this 

study in the scientific review Geoscientific Model 

Development (Tsuruta et al., 2017). The paper presents the 

evaluation of the model CarbonTracker Europe-CH4 and the 

results of global methane flux inversions performed with 

that model. A researcher from IARC participated in this 

study contributing to the evaluation, flux inversion, 

interpretation of the results, and writing of the article (not in 

the development of the model). 

Two main different configurations were used to assess the 

sensitivity of the CH4 flux estimates to (a) the number of 

unknown flux scaling factors to be optimized which in turn 

depends on the choice of underlying land-ecosystem map 

(Fig. 4.6), and (b) on the parametrization of vertical mixing 

in the atmospheric transport model TM5. The posterior 

emission estimates were evaluated by comparing 

simulations to surface in-situ observation sites, to profile 

observations made by aircraft, and to dry air total column-

averaged mole fraction observations.  

 

Figure 4.6. Land-ecosystem map used as regional definition in 

the optimisation performed by Tsuruta et al. (2017). 

The posterior estimated Global methane emissions for 2000-

2012 are 516±51 Tg CH4 yr-1, and emission estimates during 

2007-2012 are 18 Tg CH4 yr-1 greater than those from 2001-

2006, mainly driven by an increase in emissions from the 

south America temperate region, the Asia temperate region 

and Asia tropics. The posterior estimates for the northern 

latitude regions show significant sensitivity to the choice of 

convection scheme in TM5. The Gregory et al. (2000) 

mixing scheme with faster inter-hemispheric exchange 

leads to higher estimated CH4 emissions at northern 

latitudes, and lower emissions in southern latitudes, 

compared to the estimates using the Tiedtke (1989) 

convection scheme. The evaluation with non-assimilated 

observations showed that posterior mole fractions were 

better matched with the observations when the Gregory et 

al. (2000) convection scheme was used. 
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5 Reactive Gases and Ozonesondes 

5.1 Main Scientific Goals 

The main scientific objectives of this programme are: 

¶ Long-term high quality observations of reactive gases 

(CO, NOx, SO2) in both the free troposphere (FT) and 

the Marine Boundary Layer (MBL) to support other 

measurement programmes at IARC. 

¶ Long-term high quality observations and analysis of 

tropospheric O3 in the FT and in the MBL. 

¶ Air quality studies in urban and background conditions. 

¶ Analysis of long-range transport of pollution (e.g. 

transport of anthropogenic and wildfire pollution from 

North America). 

¶ Study of the impact of dust and water vapour on 

tropospheric O3.  

¶ Analysis and characterization of the Upper 

Troposphere-Lower Stratosphere (UTLS). 

¶ Analysis of Stratosphere-Troposphere Exchange 

processes. 

5.2 Measurement Programme 

The measurement programme of reactive gases (O3, CO, 

NOx and SO2) (Figure 5.1) includes long-term observations 

at IZO, SCO and BTO (see Tables 3.2, 3.4 and 3.5) and 

ozonesonde vertical profiles at Tenerife (now at BTO). In 

addition, IARC (through AEMET and INTA) has a long-

term collaboration with the Argentinian Meteorological 

Service (SMN) and in the framework of this collaboration, 

ozone vertical profiles are measured at Ushuaia GAW 

Global station (Argentina) (see Section 21). Surface O3 

measurements started in 1987, CO in 2004, and SO2 and 

NOx measurements were implemented in 2006 at IZO. At 

SCO, surface O3 measurements started in 2001, and CO, 

SO2 and NOx programmes were also implemented in 2006. 

 

Figure 5.1. Reactive gases analysers at Izaña Atmospheric 

Observatory. 

The surface O3 programme is considered a particularly 

important programme at IZO due to both free troposphere 

conditions of the site and the quality and length of the data 

series. Surface O3 data at IZO have been calibrated against 

references that are traceable to the US National Institute for 

Standards and Technology (NIST) reference O3 photometer 

(Gaithersburg, Maryland, USA). The surface O3 programme 

at IZO has been audited by the World Calibration Centre for 

Surface Ozone, Carbon Monoxide, Methane and Carbon 

Dioxide (WCC-Ozone-CO-CH4-CO2-EMPA) in 1996, 

1998, 2000, 2004, 2009 and 2013. EMPAôs audit reports are 

available here, for example the 2013 report is available here. 

The audits were performed according to the ñStandard 

Operating Procedure (SOP) for System and Performance 

Audits of Trace Gas Measurements at WMO/GAW Sitesò 

(WMO GAW Report, 2007).

 

Figure 5.2. Long-term daily (night period) surface O3 at IZO (1987-2016).

https://www.empa.ch/web/s503/wcc-empa
https://www.empa.ch/web/s503/wcc-empa
https://www.empa.ch/documents/56101/250799/Izana13.pdf
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Details of the reactive gases and ozonesondes measurement 

programme are described in González (2012) and Cuevas et 

al. (2013). In 2016, an almost uninterrupted 30-year time 

series of surface O3 was completed (see Figure 5.2). 

The last audit held by EMPA at the Izaña Atmospheric 

Observatory in September 2013 reported that the station 

calibrator TEI 49C-PS #56084-306 had a problem with the 

electronics, resulting in an underestimation of the ozone 

values ~ 1% compared to the WCC-EMPA reference. This 

problem reoccurred at the end of 2016. The instrument was 

repaired at EMPA. After the repair, the instrument was 

compared and re-calibrated to the WCC-EMPA ozone 

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

after repair and can be used as an ozone reference in its 

current condition. Surface O3 data from primary and 

secondary O3 analyzers at Izana were properly corrected 

from small biases since all changes of the calibration 

settings were well documented. 

Following the EMPA recommendations, a new surface 

ozone analyzer TEI 49i#1153030026 was purchased and 

started operation at IZO on 7 December 2015. Throughout 

2016 the instrument was inter-compared with the primary 

and secondary O3 analysers, and regularly (every 3 months) 

calibrated against the station calibration. This instrument 

will soon be designated the new primary analyser. The 

primary analyser will become the secondary instrument, and 

the current secondary instrument will be installed in the 

Teide Peak Observatory (TPO). 

Concerning NOx and SO2, the measurement programmes 

have been implemented following methodologies 

established by the US Environmental Protection Agency 

(US EPA) and the European Union (2008/50/CE). These 

agencies have also established QA/QC protocols (e.g., US 

EPA, 600/4-77-027a, 1977; UNE-EN standards). These 

recommendations have been considered during the 

implementation of the reactive gases programme at SCO 

and IZO. We have also followed GAW protocols and 

procedures. The calibrations performed on the NOx analyzer 

could not be applied before the end of 2016 due to lack of 

personnel in this programme. The SO2 analyzer began to 

show signs of instability on 11 January 2016, finding out 

later that its optical part was damaged as the reflecting 

mirrors were burnt. During the rest of 2016, the failure could 

not be solved satisfactorily. 

In relation to CO, this component is measured with high 

accuracy at IZO by the Greenhouse Gases and Carbon Cycle 

Programme, using the gas chromatography/reduction gas 

detection (GC/RGD) technique, and following the GAW 

recommendations (see Section 4). A detailed description of 

the programme can be found in Gómez-Peláez et al. (2013). 

CO measurements at IZO are described in Section 4.2 

within the Greenhouse Gases and Carbon Cycle 

Programme. CO measurements are also performed at SCO 

with non-dispersive IR absorption technique for air quality 

research. 

Concerning NOx and SO2 measurements at IZO, the 

instruments are usually operating below the detection limit 

(50 pptv) during the night-time period when we can ensure 

background conditions. However, these measurements are 

quite useful for studies of local or regional pollution during 

daytime, when concentrations are modulated by valley-

mountain breeze, and help to understand the impact of 

regional pollution. A detailed description of these 

measurement programmes, including quality control and 

quality assurance protocols is provided by González (2012).  

The ozone vertical profiles measurements were initiated in 

November 1992 using the Electrochemical concentration 

cell (ECC) ozonesonde technique. The equipment and 

launching stations used in this programme are indicated in 

Table 5.1. Launches are performed once a week 

(Wednesday). At the start of the programme, the 

ozonesondes were launched from Santa Cruz Station 

(28.46°N-16.26°W; 36 m a.s.l.) and since 2011 they have 

been launched from BTO (28.41°N-16.53°W; 114 m a.s.l.). 

This programme provides ozone profiles from the ground to 

the burst level (generally between 30 and 35 km) with a 

resolution of about 100 metres. A detailed description of this 

programme and results can be found in Cuevas et al. (1994), 

Smit et al. (1995), and Sancho et al. (2001). The frequency 

of ozone soundings in this station is significantly increased 

during intensive campaigns. 

 

 

Figure 5.3. a) Preparation of an ozone electrochemical cell 

carried out by Sergio Afonso at the Ozonesonde Laboratory, 

BTO, b) launch of ozonesonde at BTO. 
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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: 

Nov 1992 ï Sep 1997: 

Science Pump Corp. Model  ECC-5A 

Sep 1997 ï present: 

Science Pump Corp. Model  ECC-6A 

 

GROUND EQUIPMENT:  

Nov 1992 ï Oct 2010: 

VAISALA DigiCo ra MW11 Rawinsonde 

Oct 2010 ï present: 

VAISALA DigiCora III SPS 313 Workstation 

 

RADIOSONDES: 

Nov 1992 ï Oct 1997: 

VAISALA RS80-15NE (Omega wind data) 

Oct 1997 ï Sep 2006: 

VAISALA RS80-15GE (GPS Wind data) 

Sep 2006- present: 

VAISALA RS92-SGP (GPS Wind data) 

1/week (Wed) 
Nov 1992 ï Oct 2010: 

From Santa Cruz Station 

(28.46°N-16.26°W; 36 m a.s.l.) 

 

Oct 2010 ï Feb 2011: 

From Santa Cruz/ BTO 

(In alternate launches) 

 

Feb 2011 ï present: 

From BTO Station 

(28.41°N-16.53°W; 114 m a.s.l.) 

The main features of the ozonesonde system are the 

following:  

¶ Sensor: ECC-6A 

¶ Radiosonde: RS-92 

¶ Balloon: TOTEX  TA 1200 

¶ Receiver: Digicora MW31 

¶ Wind system: GPS 

The ozonesondes are checked before launching with a 

Ground Test with Ozonizer/Test Unit TSC-1 (see Section 

3.2.2 and Figure 5.3). A constant mixing ratio above burst 

level is assumed for the determination of the residual ozone 

if an altitude equivalent to 17 hPa has been reached. 

 

Figure 5.4. Sergio Afonso and Marcos Damas go to the 

ozonesondes launching point at the Botanic Observatory 

(BTO). 
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5.3 Summary of remarkable results during 

the period 2015-2016 

5.3.1 New software for reactive gases data 

evaluation (O3, NOx, SO2)  

A new software for reactive gases data evaluation was 

developed during 2015 and 2016. This new software makes 

it possible to carry out a simple and visual evaluation of the 

1-minute data of reactive gases (surface O3, NOx, and SO2). 

We can choose the desired component to evaluate and 

visualize its record along with that of another component 

and/or together with the meteorological information 

(temperature, relative humidity, pressure and wind) in order 

to have enough information to remove outliers and 

erroneous readings on the graph, by marking them, and 

cross-checking with the information provided by check-lists 

and log-books. Zeros, span and calibrations of the analysers 

can also be displayed and applied. 

5.3.2 New World Data Center for Reactive Gases 

(WDCRG)  

The new World Data Center for Reactive Gases (WDCRG) 

has been created utilizing the EBAS data infrastructure at 

NILU. EBAS is a database hosting observation data of 

atmospheric chemical composition and physical properties. 

The WDCRG is the data repository and archive for reactive 

gases of the GAW Programme. The WDCRG was 

established on 1 January 2016 and takes over the 

responsibility of RG data archiving from the Japan 

Meteorological Agency, which will continue to host the 

World Data Centre on Greenhouse Gases (WDCGG). The 

reactive gases to be hosted at WDCRG are: SO2, oxidized 

nitrogen species, surface O3 and VOCs. 

We have developed the necessary software to edit data in 

the new format required by the WDCRG. Only surface O3 

data has been submitted up to now. To browse for data 

submitted to WDCRG, please visit http://ebas.nilu.no. 

5.3.3 The Ozonesonde Data Homogenization project 

Although there have not been any changes in ECC O3 

manufacturer or changes in sensing solution type (Vaisala 

ECC-SPC5A/6A-1.0% KI full buffer) since the beginning 

of the Ozonesonde Programme (November 1992), some 

non-uniformity in data processing could have occurred 

through the programme time period. This can lead to some 

inhomogeneities in time series and records and thus may 

influence the trends derived from such records dramatically. 

The Assessment of Standard Operating Procedures for 

Ozonesondes (ASOPOS, Smit et al., 2013) demonstrated 

that, after standardization and homogenization 

improvement of precision and accuracy by about a factor of 

two might be yielded. 

For these reasons, a WMO ñOzone Sonde Data Quality 

Assessment (O3S-DQA)ò activity has been initiated 

recently with the following two major objectives: 

1) Homogenization of selected ozonesonde data sets to be 

used for the ozone assessment with the goal to reduce 

uncertainty from 10-20% down to 5-10% (focus on 

transfer function). 

2) Documentation of the homogenization process and the 

quality of ozonesonde measurements generally to allow 

the recent records to be linked to older records.  

In the context of the WMO/GAW O3S-DQA activity, some 

O3-sounding stations, one of them the IZO station, were 

selected to be involved in the homogenization process, 

following the ñGuide Lines for Homogenization of Ozone 

Sonde Dataò (Smit et. al, 2012) prepared by the O3S-DQA 

panel members.  

The reprocessing carried out in our station is being 

supervised by Dr Herman Smit (Jülich Forschung Zentrum, 

Germany), leader of the O3S-DQA panel. This work was 

initiated in 2016. An essential aspect of this homogenization 

will be the estimation of expected uncertainties and the 

detailed documentation of the reprocessing of the long term 

ozonesonde records. 

In 2004, the Izaña Atmospheric Observatory joined 

NDACC and began routinely archiving the ozonesonde data 

into the NDACC database; in addition, all the ozonesonde 

records since 1995 were uploaded to the NDACC at this 

time. Currently 95% of the ozone soundings performed in 

the period 1995-2016 are in the NDACC network (Figure 

5.5). Ozonesondes from the early period (November 1992-

1994) need to be reprocessed and reanalysed carefully. 

Another aim of the homogenization is to recover these 

ozone soundings for the NDACC database. The ozonesonde 

data are also available at the World Ozone and Ultraviolet 

Data Center (WOUDC).  

 

Figure 5.5. Number of ozone soundings (O3S) launched since 

the beginning of the programme and the number of 

ozonesondes recorded in NDACC network meeting the quality 

assurance criteria (1992-2016). 

http://www.gaw-wdcrg.org/
http://woudc.org/
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Figure 5.6. Time/height vertical cross-sections of ozone partial pressure corresponding to 2015 (in grey, balloon burst level). 

 

Figure 5.7. Time/height vertical cross-sections of ozone partial pressure corresponding to 2016 (in grey, balloon burst level). 

 

The time/height vertical cross-sections of ozone partial 

pressure corresponding to the reporting period are shown in 

Figures 5.6 (2015) and 5.7 (2016). 

The ECCs have individual characteristics, and a different 

ECC sensor is used in each ozonesonde. Despite a thorough 

pre-launch laboratory check, ECCs may deteriorate during 

flight and give poor readings for different reasons. In 

addition, long-term stability over many individual sondes is 

nearly impossible to maintain. Therefore, it is strongly 

recommended to normalize each sounding (WMO, 2008). 

This is accomplished by calibrating the vertically integrated 

sounding profile with a near-by coincident total ozone 

measurement, such as that provided by a Brewer 

spectrophotometer. The ratio between measured total ozone 

and the vertically integrated ozone from ozonesonde gives 

the correction factor (Cf). This factor must be applied to 

each value of the ozone profile, and this is one of the tasks 

which must be performed in the present homogenization 

work, reprocessing the historical ozonesondes series.  

The values of Total Ozone Column (TOC) from Ozone 

Sounding (TOCs) were calculated from the integral of the 

Ozone Partial Pressure (correction factor not yet applied) of 

the ozonesondes from the Izaña Atmospheric Observatory 

altitude (2373 m) plus the Residual Ozone (calculated 

assuming a constant mixing ratio from the balloon burst 

level to 1 hPa).  The near-by coincident total ozone 

measurement was taken from Brewer spectrometer (#157) 

located at the Izaña Atmospheric Observatory (TOCb). Both 

parameters present a similar behaviour (Figures 5.8 and 5.9) 

and are in close agreement in 2016 (Fig. 5.9). However, a 

slight bias, between 3 to 7% can be observed in 2015 (Fig. 

5.8) which is being investigated. In addition, these figures 

demonstrate that the correction factor (Cf) is mostly 

between 0.95-1.05, the threshold that we established to 

consider a valid Ozone Sounding. 
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Figure 5.8. Temporal evolution of Total Ozone Column from 

Brewer (TOCb) and from Ozone Sounding (TOCs) on left axis, 

and their correction factor (Cf) on right axis, for 2015. 

 

Figure 5.9. Temporal evolution of Total Ozone Column from 

Brewer (TOCb) and from Ozone Sounding (TOCs) on left axis, 

and their correction factor (Cf) on right axis, for 2016. 

5.3.4 The TOAR project 

The Tropospheric Ozone Assessment Report (TOAR): 

Global metrics for climate change, human health and 

crop/ecosystem research, is a new Activity of the 

International Global Atmospheric Chemistry Project 

(IGAC), approved by the IGAC Scientific Steering 

Committee on 13 March 2014. The mission of TOAR is to 

provide the research community with an up-to-date 

scientific assessment of tropospheric ozoneôs global 

distribution and trends from the surface to the tropopause. 

 

 

 

 

The main two goals are: 1) Produce the first tropospheric 

ozone assessment report based on all available surface 

observations, the peer-reviewed literature and new analyses; 

and 2) Generate easily accessible, documented data on 

ozone exposure and dose metrics at thousands of 

measurement sites around the world (urban and non-urban), 

freely accessible for research on the global-scale impact of 

ozone on climate, human health and crop/ecosystem 

productivity. 

We have been contributing to the ñTropospheric Ozone 

Assessment Report: Present-day ozone distribution and 

trends relevant to climate and global model evaluationò. 

Much of the work required to participate in TOAR has been 

the careful review of surface ozone data and its conversion 

to the format of the new global reactive gas data center (see 

section 5.3.2). A scientific paper titled ñTropospheric Ozone 

Assessment Report: Present-day ozone distribution and 

trends relevant to climate and global model evaluationò is 

being prepared to be submitted to Elementa journal. 

5.3.5 The Reactive gases Programme at the Ushuaia 

Global GAW station (Argentina) 

The Ushuaia global GAW station (54.848334 °S, 

68.310368 °W) is operated by the Argentinian National 

Meteorological Service (SMN). This station is mainly 

influenced by middle latitude air masses, but on certain 

occasions, the south polar vortex sweeps over the southern 

tip of the South American continent. On such occasions, 

Ushuaia can be on the edge of or even inside the ozone hole. 

The reactive gases programme carried out at the Ushuaia 

global GAW station is a joint project of SMN, the 

Government of Tierra del Fuego (Argentina) with 

contributions from the National Institute for Aerospace 

Technology (INTA, Spain) and the State Meteorological 

Agency (AEMET, Spain) through the Izaña Atmospheric 

Research Centre.  

 

Figure 5.10. Annual variation of surface O3 and CO at Ushuaia 

global GAW station. Reprinted from Adame et al. (2016). 

Five years (2010-2014) of hourly surface measurements of 

surface O3 and CO at the GAW-WMO Ushuaia station were 

analyzed and characterized. A meteorological study of the 

region was carried out using in situ observations and 

meteorological fields from the European Centre for 

Medium-Range Weather Forecasts (ECMWF) global 

meteorological model. Atmospheric transport was 

investigated with air mass trajectories computed with the 

Hybrid Single Particle Lagrangian Integrated Trajectory 

Model (HYSPLIT) using ERA-Interim meteorological 

fields (Adame et al., 2016). 

http://www.igacproject.org/activities/TOAR
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5.3.6 Confirmation of the unprecedented change in 

air quality in Santa Cruz de Tenerife from 

2014 

In 2015 and 2016, using data from the SCO station and air 

quality stations of the Government of the Canary Islands 

located in Santa Cruz de Tenerife, it was possible to verify 

the historical milestone of the improvement of air quality in 

the city. In July 2013, the Santa Cruz de Tenerife refinery 

ceased crude oil refining operations and resumed operation 

for a short time in December 2013. After this date, the 

refinery has not returned to activity.   

Since 2014, the European air quality standards for SO2 have 

not been exceeded at any time. The EU air quality standards 

set limit concentration values for 1-h averages (350 ɛg m-3) 

not to be exceeded more than 24 times per year and for daily 

averages (125 ɛg m-3) not to be exceeded more than three 

times per year. The significantly stricter WHO Air Quality 

Guideline (AQG) limit value (20 ɛg m-3 daily average) was 

exceeded on two occasions since 2014. This is clearly 

reflected in the SO2 record of Santa Cruz at one of the 

stations with the longest time series (Tomé Cano) (Fig. 

5.11). This is a new, cleaner air scenario for the SCO 

urban/local-research GAW station. 

 

Figure 5.11. Daily average SO2 at Tomé Cano station in Santa 

Cruz de Tenerife. 

5.3.7 Other contributions 

Dr Emilio Cuevas contributed to the validation of reactive 

gases and aerosols in the MACC global analysis and 

forecast system (Eskes et al., 2015). Dr Omaira García 

contributed to the study titled ñLong-term trends of global 

tropospheric column ozoneò (Gaudel et al., 2016) presented 

to the IGAC Conference held in Colorado (USA) in 

September 2016. This study addresses the following 

questions: Is ozone continuing to decline in nations with 

strong emission controls? To what extent is ozone 

increasing in the developing world? In response to these 

questions, the study showed results from IGACôs 

Tropospheric Ozone Assessment Report, and presented the 

first multi-instrument comparison of long-term tropospheric 

column ozone trends using co-located observations from 

satellites, FTIR and Umkehr. The study was aimed at 

evaluating the chemistry-climate models participating in the 

CCMI and TF-HTAP experiments. 
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6 Total Ozone Column and 

Ultraviolet  Radiation 

6.1 Main Scientific Goals 

The main scientific objective of this programme is to obtain 

the total ozone column (TOC) and ultraviolet (UV) spectral 

radiation with the highest precision and long-term stability 

that the current technology and scientific knowledge allows 

to achieve. To reach this objective the group uses three 

interconnected areas. The base is the instrumentation; this is 

supported by strict QA/QC protocols that require laboratory 

calibrations and theoretical modelling. Finally, web-

oriented databases are developed for dissemination of the 

observational data. 

6.2 Measurement Programme 

Measurements of total ozone and spectral ultraviolet 

radiation began in May 1991 in IZO with the installation of 

Brewer spectrometer #033. Ozone profile measurements 

were added in September 1992 with two daily (sunrise and 

sunset) vertical ozone profiles obtained with the Umkehr 

technique.  In July 1997, a double Brewer #157 was 

installed at IZO and it ran in parallel with Brewer #033 for 

six months. In 2003, a second double Brewer #183 was 

installed and it was designated the travelling reference of the 

Regional Brewer Calibration Center for Europe (RBCC-E). 

 

 

 

 

Figure 6.1. Members of the Total Ozone and UV radiation 

programme with the RBCC-E Brewer spectrophotometer 

triad located at IZO . 

In 2005, a third double Brewer #185 was installed and it 

completes the reference triad of the RBCC-E (Fig. 6.1). The 

measurement programme was completed with the 

installation of a Pandora spectroradiometer in October 2011. 

The technical specifications of both Brewer and Pandora 

instruments are summarized in Table 6.1. 

Table 6.1. Spectrometer specifications. 

Brewer 

Slit Wavelengths O3 (nm): 303.2 (Hg slit), 306.3, 310.1, 313.5, 316.8, 320.1 

Mercury-calibration (O3 mode) 302.15 nm 

Resolution 0.6 nm in UV; approx 1nm in visible 

Stability ±0.01 nm (over full temperature range) 

Precision 0.006 ± 0.002 nm 

Measurement range (UVB) 286.5 nm to 363.0 nm (in UV) 

Exit-slit mask cycling 0.12 sec/slit, 1.6 sec for full cycle 

O3 measurement accuracy ±1% (for direct-sun total ozone) 

Ambient operating 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 

weatherproof container) 

Size: 71 by 50 by 28 cm 

Weight: 34 kg 

Power requirements 

Brewer and Tracker 

3A @ 80 to 140 VAC (with heater option) 

1.5A @ 160 to 264 VAC 

47 to 440 Hz 

Pandora 

Instrument spectral range 265-500 nm 

Spectral window for NO2 fit  370-500 nm 

Spectral resolution ±0.4 nm 

Total integration time 20 s 

Number of scans per cycle 50-2500 

Spectral sampling of the 

grating spectrometers 

3 pixels per Full Width at Half Maximum (FWHM) 

http://www.rbcc-e.org/
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Figure 6.2. Total Ozone series at Izaña Atmospheric Observatory (1991-2016), daily mean (in grey dots) and monthly mean (in 

red), the long-term mean from the period 1991-2016 are also shown (grey line) with the shaded area corresponding to the 

standard deviation in the long term mean.

The spectral UV measurements are routinely quality 

controlled using IZO calibration facilities. The stability and 

performance of the UV calibration is monitored by 200W 

lamp tests twice a month. Every six months the Brewers are 

calibrated in a laboratory darkroom, against 1000W DXW 

lamps traceable to the Word Radiation Center (WRC) 

standards. The SHICrivm software tool is used to analyse 

quality aspects of measured UV-spectra before data transfer 

to the databases. In addition, model to measurements 

comparisons are regularly done.  Every year the Brewer 

#185 is compared with the Quality Assurance of Spectral 

Ultraviolet Measurements (QASUME) International 

portable reference spectroradiometer from Physikalisch-

Meteorologisches Observatorium Davos, World Radiation 

Center (PMOD/WRC). 

Concerning total ozone, the Brewer triad has an exhaustive 

quality control in order to assure the calibration, with 

routine calibrations performed on a monthly basis. With this 

procedure, we have achieved a long-term agreement 

between the instruments of the triad with a precision of less 

than 0.25% in ozone. 

The Total Ozone programme is a part of the NDACC 

programme. The total ozone series for 1991-2016 is shown 

in Fig. 6.2 and is available at the NDACC website and at the 

World Ozone and Ultraviolet Data Center (WOUDC). We 

show also in Fig. 6.3 the UV observations obtained from 

Brewer spectrophotometer #157, available also at the 

WOUDC.

 

Figure 6.3. UV index during 2015-2016 obtained from Brewer #157 at Izaña Atmospheric Observatory.

http://www.rivm.nl/shicrivm
http://www.pmodwrc.ch/
http://www.ndacc.org/
http://woudc.org/
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6.3 Summary of remarkable results during 

the period 2015-2016 

6.3.1 Effect of instrument temperature on the 

Brewer specrophotometer 

A thorough study of the impact of temperature on Brewer 

measurements has been carried out in the framework of the 

European Metrology Research Programme (EMRP) 

ATMOZ Joint Research Project. We have performed a 

characterization of the temperature dependence in two 

experiments which were conducted at the PTB (March 

2016, February 2017) and Kipp & Zonen (October, 2016) 

facilities to validate the standard methods for the 

determination of the temperature dependence of the Brewer 

measurements used to retrieve atmospheric TOC. 

This work allows us to compare the measurements made 

through the different input ports of the instrument, the effect 

of temperature on the Brewer observations modes O3, UV 

and AOD and the implications of this on measurements. It 

also allows us to compare and validate the temperature 

correction coefficients obtained in the laboratory and those 

obtained using the current standard procedure in 

EUBREWNET, which uses field data of the Brewer 

standard lamp. While various authors have studied the 

temperature effect on the global UV measurements of the 

Brewer spectrophotometer, so far no validation of the 

temperature sensitivity of the ozone retrieved from Brewer 

has been reported. 

 

Figure 6.4. Experimental setup showing the Controlled 

Temperature Chambers used at the PTB facilities (left) and 

detailed view of the spectrometer inside the chamber (right). 

The experiments showed some unexpected results, the 

temperature dependence of the absolute measurements did 

not show linear dependence in most of the cases and the 

measurements using the direct port showed a remarkable 

hysteresis. 

Examining the ozone calculation which uses relative 

coefficients determined from laboratory or field data, we 

observe differences in the TOC < 0.08%. This result arises 

even though the values of the relative coefficients obtained 

by the different types of used lamps, and therefore different 

spectral irradiances, present wide differences. The 

algorithm used to retrieve TOC removes any linear effect 

with the wavelength, and the wavelength selection for the 

ozone calculation of the Brewer spectrophotometer is 

conducted to guarantee this condition.

    

Figure 6.5. Impact of temperature on the total ozone measurements by Brewer spectrophotometers #185 and #233 obtained from 

laboratory (using an internal and an external lamp) and field data. Reprinted from Berjón et al. (2017).
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While the behavior of the relative measurements is 

approximately linear with temperature, absolute 

measurements generally exhibit behaviors that may become 

difficult to model. This implies that the temperature 

coefficients used in the determination of TOC should not be 

directly used to correct the temperature sensitivity of AOD 

or UV Brewer measurements, which should be analyzed 

separately. 

The difficulty of obtaining absolute coefficients from the 

measurements in the thermal chamber is probably due to the 

way the temperature changes affect the different elements in 

the Brewer spectrophotometer. Dilations in the fore optics 

affect the alignment of the system and cause a proportional 

change in all wavelengths. The effect on the monochromator 

causes small changes in the wavelength. The temperature 

affects the photomultiplier causing a nonlinear response 

mainly at high temperatures (Berjón et al., 2016, 2017). 

Finally, it is noteworthy that temperature correction is 

usually applied to experimental measurements using a 

reference temperature close to the most frequent operation 

temperature. However, this is not the case with the Brewer 

spectrophotometer, which uses a reference temperature of 

0°C while the mean operation temperature for example in 

EUBREWNET is 23°C with a median value of 22°C. A 

change of the reference temperature will reduce the error 

associated with the uncertainty of the temperature 

dependence calculation. 

6.3.2 Development and validation of a Brewer AOD 

product for EUBREWNET  

Within the framework of COST Action ES1207, and as part 

of the activities carried out at the WMO-CIMO Testbed for 

Aerosols and Water Vapor Remote Sensing Instruments at 

the Izaña Atmospheric Observatory, we have developed a 

Brewer Aerosol Optical Depth (AOD) product for the 

spectrophotometers integrated in the EUBREWNET  

network. 

All the data necessary for the AOD determination can be 

obtained from the standard ozone measurements of the 

spectrophotometers and the instrumental calibration carried 

out by the Regional Brewer Calibration Center for Europe 

at the annual intercomparison campaigns. Furthermore, all 

the data are available at the EUBREWNET data server, 

making the calculations fast and easy to carry out. 

In this new AOD product, the counts measured by the 

Brewer at the six standard wavelengths between 306 and 

320 nm are used after performing corrections for filter and 

polarization effects. EUBREWNET's near-real-time level 

1.5 product, with the Bass and Paur prescription for the 

ozone cross section, provides high-quality ozone data. 

Bodhaine's Rayleigh coefficients, and standard ozone and 

Rayleigh air masses are further used in our AOD algorithm. 

The aerosol air mass is currently approximated by the 

Rayleigh one, and for the pressure we use the climatological 

value at each Brewer station. Reference Brewers of the 

RBCCE triad are calibrated by the Langley method at IZO, 

and this calibration can then be transferred to other 

instruments integrated in the EUBREWNET network 

during e.g. intercomparison campaigns. 

To validate our AOD product, we have compared the data 

of seven collocated Brewer and Cimel instruments operating 

at five different stations ranging from Tamanrasset (Algeria) 

to Kangerlussuaq (Greenland) during the 2013ï2015 

period. Data for the Izaña Atmospheric Observatory are 

presented in Fig. 6.6, and show a good correlation between 

the Brewer and Cimel instruments in the whole two-year 

period, with correlation coefficients > 0.94 (López-Solano 

et al., 2016a, 2017).

 

Figure 6.6. Brewer and Cimel AOD at the Izaña Atmospheric Observatory for the 2013ï2015 period. AOD series shown on the 

left panel correspond to daily averages calculated from Brewer (red) and Cimel (green) observations within 1 minute. Daily (blue) 

and monthly (magenta) averages of AOD differences are shown on the right panel. For the Brewer instruments, we use the data 

for the longest measured wavelength at 320.1 nm, and for the Cimel, the 340 nm AERONET level 2.0 product extrapolated to 320 

nm using the 340ï440 Ångström exponent. Dates in the x axis are written as dddyy, where ddd is the day number and yy, the last 

two digits of the year. Reprinted from López-Solano et al. (2017).
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For the whole set of stations considered we have found 

correlation coefficients of Ó 0.90. We have further checked 

our new product by performing a comparison with the AOD 

provided by the UVPFR instrument operated by the 

PMOD/WRC during the 10th RBCC-E El Arenosillo 2015 

intercomparison campaign, where more than 16 Brewer 

spectrophotometers were present. We have found Brewer-

UVPFR correlation coefficients > 0.96, with median 

differences < 0.015. 

6.3.3 Comparison with OMI O 3 and UV satellite 

products 

Within the framework of the IDEAS+ project of the 

European Space Agency, and in collaboration with 

LuftBlick Earth Observation Technologies, we have carried 

out a comparison of Brewer ozone and ultraviolet data with 

the products provided by the Ozone Monitoring Instrument 

(OMI) onboard the NASA Aura satellite. Figure 6.7 shows 

a comparison of the OMTO3 and OMDOAO3 OMI ozone 

products with the measurements of the Brewer 

spectrophotometers operating during the 10th RBCC-E 

intercomparison campaign. For the Brewer instruments, we 

show averages of measurements taken within 30 minutes of 

the satellite overpass (López-Solano et al., 2016b). 

 

Figure 6.7. Brewer and OMI ozone data during the 10th  

RBCC-E El Arenosillo 2015 intercomparison campaign. Two 

satellite products (OMTO3 and OMODOAO3) are shown 

together with data from different Brewer instruments. 

Overall, a good correlation between the satellite and Brewer 

data is clear. A comparison from June 2015 to June 2016 for 

eight EUBREWNET Brewer instruments operating at their 

own sites, from Tamarasset (Algeria) to Sodankylä 

(Finland), found relative differences < 5% in most cases 

between the Brewer and OMI ozone data. UV irradiances 

presented larger differences, reaching up to 15% in some 

cases. However, it should be noted that we used 

EUBREWNETôs level 0 product, the only one available at 

the time of the comparison, for the Brewer UV data and it 

did not include any corrections or data filters. 

6.3.4 Polarization investigation on the Brewer 

Spectrophotometer 

Spectral measurements of the direct component of the UV 

solar radiation have recently gained more importance in the 

measurement programmes of various Brewer 

spectrophotometer monitoring stations, and have a wide 

range of applications, such as AOD retrieval, determination 

of aerosol properties and measurement of UV absorbing 

gases (Carreño et al., 2016). 

The sensitivity of direct-sun measurements with Brewer 

spectrophotometers depends on the solar zenith angle (SZA) 

(Cede et al., 2006) due to Fresnel effects on the flat quartz 

window and polarization by the diffraction grating. To study 

the effect of the instrument internal polarization dependence 

on the SZA we have carried out a first group of 

measurements with a modified Brewer that allowed us to 

easily measure direct-sun count rates with and without the 

quartz window during the 10th RBCC-E El Arenosillo 2015 

intercomparison campaign and a second set of 

measurements made at the Izaña Atmospheric Observatory. 

It is necessary to interpolate in time to calculate the ratio 

with and without window. A simple time interpolation 

would introduce spectral dependence. A better solution 

would be to apply a physical law (i.e., Bouguer-Lambert-

Beer law): linear interpolation of log(I) vs. ozone airmass, 

removing the Rayleigh contribution before the regression, 

then reintroducing the interpolation. 

 

Figure 6.8. Combination of the effect of the flat quartz window 

and the effect of the diffraction grating (with  no polarization 

and 30% vertical polarization). 

The difference in the curvature from the theoretical curve 

can be explained by the fact that diffraction gratings are not 

necessarily linear polarisers. Applying a different 

polarisation degree we can adjust the theoretical curve to the 

data measured (Figure 6.8). The effect of the window and 

the corresponding correction for absolute spectral 

irradiances for all Brewer models (MkII, MkIII and MkIV) 

were calculated and the possible non-negligible wavelength 

dependence were determined. 
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6.4 Participation in Scientific Projects and 

Campaigns/Experiments 

The participation in scientific projects of this measurement 

programme are intertwined with the activities of the 

Regional Brewer Calibration Center for Europe (RBCC-E) 

(see Section 17 for more details). 

6.4.1 EUBREWNET 

The Vienna Convention for the Protection of the Ozone 

Layer and the subsequent Montreal Protocol on Substances 

that Deplete the Ozone Layer have been among the most 

successful environmental agreements the nations of the 

world have entered into and have now almost completely 

eliminated the production of human-made "Ozone 

Depleting Substances". This has led to the halting of the 

rapid decline of ozone observed in the 1980s and 1990s, 

with some promising early indications of ozone recovery 

now being apparent. It is therefore important to continue to 

measure carefully the state of the global ozone layer in the 

coming decades, noting also that stratospheric conditions 

are expected to change with the projected increasing 

concentration of greenhouse gases, and the fact that 

stratospheric ozone itself has a significant effect on the 

atmospheric radiation balance and surface climate. For this 

reason, the Vienna Convention obliges signatory countries 

to maintain programmes to systematically monitor 

stratospheric ozone.  The Brewer Ozone Spectrophotometer 

has, for the last 30 years, been the instrument of choice for 

ground station measurements of ozone and, in an effort to 

significantly improve the quality and timeliness of the data, 

a COST Action (ES1207) was initiated to form a European 

Brewer Network ï EUBREWNET.  

The COST Action is based in the two European calibration 

Centers (RBCC-E and WRC). The RBCC-E plays a key role 

in the EUBREWNET, coordinating the standardization of 

operation, characterization and calibration of the network 

instruments as well as providing the Brewer database. Now 

recognised by the WMO and the International Ozone 

Commission (IO3C), it represents an extremely valuable 

network of ground station data points without which the 

space-borne instruments would not be able to function with 

any degree of accuracy. In the current times when we are 

trying to identify ozone recovery rates of 1% per decade, it 

is highly important that data are both accurate and consistent 

across all stations.  

The purpose of EUBREWNET is to harmonise 

observations, data processing, calibrations and operating 

procedures so that a measurement at one station is entirely 

consistent with measurements at all the others. Additionally, 

the Brewer spectrophotometer are also used to measure 

spectral UV irradiance, the sulphur dioxide column and 

aerosol optical depth. Some Brewer spectrophotometers are 

also able to measure the nitrogen dioxide column. This 

harmonised Brewer network (Fig. 6.9) constitutes the 

largest harmonised ground based UV network in the world, 

available for assimilation into satellite retrievals and models 

to greatly improve accuracy of the satellite data and 

forecasting. Another important point is the link to climate 

change where tropospheric ozone and aerosols are still 

regarded as having the largest effect on uncertainties in 

climate models. The Brewer instruments are suitable for the 

measurement of total column ozone which includes both 

tropospheric and stratospheric ozone whereas satellites 

struggle with the lower altitudes.

 

Figure 6.9. Location of Brewer stations currently participating in  EUBREWNET. The network started as a European network 

but now includes more than 50 stations around the world. 

http://rbcce.aemet.es/eubrewnet
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The actual implementation of the network can be 

summarized as follows: 

¶ Automated data transfers to central database hat started 

in September 2014. Data submission now became 

automatic with little operator involvement so 

improving overall submission rates. 

¶ Calibration data are stored in a central database. This 

allows for central processing of all stationsô data so 

ensuring consistency and use of up-to-date calibration 

and processing. 

¶ Site characterisation. Central data processing in 

addition to station processing: including part of QC by 

comparison and state of the art algorithms. 

¶ Central re-processing. Historical data or changes in 

constants recommended by WMO Ozone SAG. 

¶ Central QA/QC systems (QA/QC validated in one 

place) stations with a problem can be easily identified. 

¶ Near Real Time (NRT) data. Essential for NRT 

validation of satellite data and model assimilations. 

 

Figure 6.10. EUBREWNET database architecture. 

EUBREWNET, in conjunction with WMO/UNEP, are very 

active in the areas of capacity building, particularly in 

Article 5 countries, by organising operator courses and 

workshops, which provide expert instruction and 

knowledge exchange using the considerable expertise 

within EUBREWNET.  

Although EUBREWNET is intended as a database that 

processes the ozone measurements in real time, it has been 

taken into account that the Brewers measure the Ultraviolet 

radiation spectrum using its dome. In this sense, we are 

currently working on achieving an automatic processing of 

these measures for which the mathematical algorithms are 

being developed, as well as the interface necessary to 

introduce the configurations of the equipment (equipment 

response, temperature dependence, etc.) necessary for this 

kind of measurement. In addition, thanks to the 

collaboration with Dr Kaissa Lakalla, we wish to extend the 

algorithm for global ultraviolet correction implemented in 

the FMI to all Brewers of Eubrewnet. The angular responses 

of several Brewers were measured in previous RBCC-E 

calibration campaigns to achieve this objective. 

In this new UV product, the measured UV spectrum are 

corrected taking into account the instrumental response that 

is obtained using 1000W lamp.  This response is checked 

with respect to the QASUME portable reference 

spectroradiometer and can be uploaded to EUBREWNET 

by the Operator. With this information, EUBREWNET can 

process automatically all the UV measurements sent from 

the Brewer and calculate, for example, the UV-index. This 

first stage is considered as UV Product 1.0.  On the other 

hand, and considering the angular dependence of these kind 

of measurements, we are working to devleop a methodology 

based on the FMI methodology to correct for this 

dependence.  

The method developed in the FMI is based on comparison 

of the UV measurements with the database of theoretical 

measurements created  using the Libradtran model, whose 

values have been obtained through the parameterization of 

various factors (ozone, albedo, clouds, etc.) that affect the 

final measured radiation. In EUBREWNET, in order to 

apply this model, it is necessary to receive these variables 

for each station as they reside in  different climatological 

conditions. The variables include station altitude, the 

predominant type of aerosol or albedo. In fact, this last 

factor is very difficult to parametrize at stations like Izaña.  

This second stage of the UV product development has not 

been finalized yet due to the large number of parameters to 

be taken into account (León-Luis et al., 2016). 

6.4.2 ATMOZ  

The Joint Research Project Traceability for atmospheric 

total column ozone (ATMOZ) aims to significantly enhance 

the reliability of total ozone column measured at the Earth 

surface with Dobson instruments, Brewer-

Spectroradiometer and Array-Spectroradiometer. New 

methods of observation (techniques, instruments and 

software) are developed to provide traceable total ozone 

column measurements with an uncertainty of < 1%.  

The dissemination of the improved ozone traceability and 

the developed tools and methods was achieved via a large 

field intercomparison campaign of spectroradiometers held 

during 12-30 September 2016 at IZO in Tenerife. The 

participation of the RBCC-E has the objective to 

characterize the reference Brewer at the PTB facilities 

(Berjón et al., 2016, Redondas et al., 2016), and with this 

information develop the error analysis of the Brewer 

instrument. The improvements developed in this project will 

be transferred to the network instruments during RBCC-E 

campaigns. The publication of the calibration methodology 

for Brewer instruments (Brewer Calibration Standard 

Procedure) is the final objective for this project.  

Sixteen instruments participated in the 2016 ATMOZ Total 

Ozone Intercomparison campaign: these included total 

ozone reference instruments from the World Dobson 

Calibration Center (WDCC), the Regional Dobson 
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Calibration CenterïEurope (RDCC-E) and the RBCC-E; 

together with new CCD based instruments, Pandora, 

Phaeton and PBS, and new high-resolution array 

spectroradiometer systems developed in the framework of 

the ATMOZ project (for more details see Table 17.1). The 

objectives of the campaign were to compare the Total Ozone 

measurements of the participating instruments and to obtain 

a ground based high-resolution UV range extraterrestrial 

spectrum.  

Two data sets are analyzed in this work; in the first one, we 

compare the operational algorithm. The second updated 

data-set is the best possible homogenized data-set, where all 

instruments use the same ozone cross section 

(Serduychenko et al., 2014) and apply the instrument 

characterization established during the ATMOZ project. 

This includes additional information such as profiles of 

effective temperature from ozonesonde and ancillary data 

usually not available in field measurements.  

The comparison used the RBCC-E triad of Brewer 

spectrometers as the reference. There is a change of 2% in 

the reference Brewer between data set 1 and 2, 50% of the 

change is due to the change from the operative Bass & Paur 

to the Serdyuchenco cross section and 50% of the change is 

due to the adoption of the Nicolet Rayleigh. The effect of 

the use of effective temperature and height has a minor 

effect on the Brewer ozone observations data during the 

campaign conditions. 

The preliminary results of the 16 participating instruments 

in the Izaña 2016 ATMOZ Intercomparison campaign are 

shown in Fig. 6.11 and Table 6.2 and can be summarized as 

follows: 

¶ The Brewer-Dobson comparison shows results in 

agreement with previous comparisons (between 1 and 

2%) which are improved on data set 2 to < 1% when 

new cross sections are used.  

¶ There are significant differences between non-UV 

instruments like FTIR and RASAS. The difference is   

2.9% with the FTIR which works in the infrared 

and -4.5% with the RASAS which works in the visible 

range.  

¶ The Pandora instrument shows poor results on the 

operational algorithm which improves when the 

recently developed algorithm (QOS reference) is used 

showing similar differences to the PHAETON 

instrument. The ERMIS which also uses a QDOAS 

algorithm as the PHAETON shows similar agreement. 

¶ Avodor, and QASUME from the PMOD-WRC, use the 

same algorithm on different instruments, the data set 2 

use the extraterrestrial spectra obtained during the 

campaign. 

¶ The BTS, CCD global spectrograph achieve promising 

results. 

 

Figure 6.11. Izaña 2016 ATMOZ campaign preliminary 

results. Total Ozone relative differences (%) to the RBCC-E 

Brewer Triad  reference, using hourly values to include twilight 

instruments. 

 

Table 6.2. Izaña 2016 ATMOZ Intercomparison campaign 

preliminary  results. Relative differences (%) of the 

partici pating instruments to the RBCC-E Brewer Triad 

reference. 

Instrument  Institution  data_set_1 

(%)  

data_set_2 

(%)  

Brewer017 IOS/EC -1.6 -3.1 

Brewer157 AEMET -0.2 -0.2 

Brewer183 AEMET 0.3 0.2 

Brewer185 AEMET 0.0 0.0 

Dobson 

D064 

RDCC-E -1.2 0.6 

Dobson 

D083 

NOAA -2.0 -0.6 

Dobson 

D074 

RDCC-E -2.0 -0.3 

Pandora101 Sieltec -7.7 1.4 

Pandora121 Luzblick -5.6 2.7 

Avodor PMOD -0.9 2.2 

BTS PTB 

/Gigaherzt 

-1.5 0.4 

ERMIS PMOD 0.2 1.8 

FTIR AEMET 2.9 4.5 

Phaethon Thessaloniki 

University  

0.9 2.7 

QASUME PMOD 0.8 1.1 

RASAS INTA -4.5 -3.0 
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6.4.3 EarthCare Ground Base - Spectrometer 

Validation Network (Pandonia) 

The aim of this project is to establish a network of Pandora 

instruments ñPandoniaò. The main instrument of Pandonia 

will be Pandora-2S, which is currently being developed 

under this project as an evolution of the existing Pandora 

spectrometer system. The Pandonia network emphasizes: 

homogeneous calibration of instrumentation, low 

instrument manufacturing and operation costs, central data 

processing and formatting and quick delivery of final data 

products. The planned data products of Pandonia are: Total 

and tropospheric ozone (O3) column, Total and tropospheric 

nitrogen dioxide (NO2) column and Spectral aerosol optical 

depth (AOD) in the ultraviolet (> 300nm) and visible range. 

The reference instruments of Pandonia will be at IZO, which 

is also an instrument test site together with the observation 

platform of the Biomedical Physics Department, Medical 

University Innsbruck, Austria. All network instruments will 

be traceable to reference instruments, through 

intercomparison with a mobile reference unit visiting 

network locations. The LuftBlick team and RBCCE team 

working together with the latest 2016 ATMOZ campaign at 

IZO, have developed improvements in the main gas retrieval 

processing algorithms, decreasing considerably the offset in 

the TOC, and the known Pandora O3 effective temperature 

dependence in the long term with respect to the Izaña 

Brewer Triad. 
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7 Fourier Transform Infrared 

Spectroscopy (FTIR)  

7.1 Main Scientific Goals 

Earth observations are fundamental for investigating the 

processes driving climate change and thus for supporting 

decisions on climate change mitigation strategies. 

Atmospheric remote sounding from space and ground are 

essential components of this observational strategy. In this 

context, the Fourier transform infrared spectroscopy (FTIR) 

programme at the IARC was established with the main goals 

of long-term monitoring of atmospheric gas composition 

(ozone related species and greenhouse gases) and the 

validation of satellite remote sensing measurements and 

climate models. In particular, within the FTIR programme 

much effort has been put in developing new strategies for 

observing tropospheric water vapour isotopologues from 

ground and space-based remote sensors, since these 

observations play a fundamental role for investigating the 

atmospheric water cycle and its links to the global energy 

and radiation budgets. 

The FTIR programme at the IARC is the result of the close 

and long lasting collaboration of more than a decade 

between the IARC-AEMET and the IMK -ASF-KIT  

(Institute of Meteorology and Climate Research-

Atmospheric Trace Gases and Remote Sensing, Karlsruhe 

Institute of Technlogy, Germany). The IMK-ASF has 

operated high-resolution ground-based FTS systems for 

almost two decades and they are leading contributors in 

developing FTIR inversion algorithms and quality control 

of FTIR solar measurements. As a result of this 

collaboration, the FTIR experiment at IZO has contributed 

to the prestigious international networks NDACC and 

TCCON since 1999 and 2007, respectively. 

7.2 Measurement Programme 

A ground-based FTIR experiment for atmospheric 

composition monitoring has two main components (Figure 

7.1): a precise solar tracker that captures the direct solar 

light beam and couples it into a high resolution 

interferometer (IFS). IARCôs FTIR activities started in 1999 

with a Bruker IFS 120M spectrometer, which was replaced 

by a Bruker IFS 120/5HR spectrometer in 2005 (see 

technical specifications in Table 7.1). 

In order to derive trace gas concentrations from the recorded 

FTIR solar absorption spectra, synthetic spectra are 

calculated by the line-by-line radiative transfer model 

PRFWD (Schneider and Hase, 2009).  Then, the synthetic 

spectra are fitted to the measured ones by the software 

package PROFFIT (PROFile FIT, Hase et al., 2004).  

  

 

Figure 7.1. The ground-based FTIR experiment at the IARC 

(scientific container, upper panel, hosting the Michelson 

interferometer, lower panel). 

PROFFIT allows to retrieve volume mixing ratio (VMR) 

profiles and to scale partial or total VMR profiles of several 

species simultaneously. There have been a lot of efforts for 

assuring and even further improving the high quality of the 

FTIR data products: e.g., monitoring the instrumental line 

shape (Hase et al., 1999), monitoring and improving the 

accuracy of the applied solar trackers (Gisi et al., 2011), as 

well as developing sophisticated retrieval algorithms (Hase 

et al., 2004). The good quality of these long-term ground-

based FTIR data sets has been extensively documented by 

theoretical and empirical validation studies (e.g., Schneider 

et al., 2008a,b; Schneider et al., 2010; García et al., 2012; 

Sepúlveda et al., 2012a, 2014a). 

The FTIR programme at the IARC is complemented by two 

Picarro L2120-I water vapour isotope analysers for high-

precision ŭD and ŭ18O measurements (see Fig. 7.2) installed 

at IZO and TPO within the European project MUSICA. 

 

Figure 7.2. Intercomparison of the two Picarro L2120-I ŭD and 

ŭ18O analysers at the IARC. 

http://www-imk.fzk.de/asf/ftir/
http://www.imk-asf.kit.edu/english/musica.php
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Table 7.1. Technical Specifications for Bruker IFS 120/5HR (in brackets, if different for 120M).  

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

Spectral range (cm-1) 700 - 4250 (NDACC) and 3500 - 9000 (TCCON) Optional: 20 - 43000 

Apodized spectral resolution (cm-1) 0.0025 [120M: 0.0035] 

Resolution power (l/ȹl) 2Å105 at 1000 cm-1 

Typical Scan velocity (cm/s) 2.5 (scan time about 100 s @ 250 cm of Optical Path Difference) 

Field of view (°) 0.2 

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

Size (cm)/Weight (kp)/Mobility 320 x 160 x 100 [120M: 200 x 80 x 30] 

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

Installed inside container, limited mobility 

Quality assurance system Routine N2O and HCl cell calibrations to determinate the Instrumental Line 

Shape 

These instruments are based on the Wavelength-Scanned 

Cavity Ring-Down Spectroscopy (WS-CRDS) technology 

and are calibrated by injecting liquid standards in a Standard 

Delivery Mode (SDM) from Picarro. The 0.6 Hz-precision 

of the analyser on ŭD is <13.5ă at 500 ppmv H2O and is 

<2ă for 4000 ppmv. The absolute uncertainty for ŭD is 

<13.7ă at 500 ppmv and <2.3ă at 4500 ppmv. The error 

estimation accounts for instrument precision as well as 

errors due to the applied data corrections (SDM effects + 

instrumental drifts <1ă, liquid standard bias <0.7ă, 

calibration bias <0.5ă) for ŭD. 

7.3 Summary of remarkable results during 

the period 2015-2016 

The FTIR activities from 2015 to 2016 have been focused 

on ground and space-based remote sensing FTIR 

spectrometry as well as in-situ spectrometry. 

7.3.1 Ground-based remote sensing FTIR 

spectrometry 

The ground-based FTIR observations have a large potential 

for monitoring and investigating the composition of the 

troposphere, the stratosphere and exchange processes 

between them. This is fundamental to monitor and study, for 

example, the sources and sinks of greenhouse gases or the 

evolution of the ozone layer. For this purpose, our activities 

have addressed the optimisation, development and 

validation of the new strategies for monitoring the long-term 

evolution of trace gases, such as greenhouse gases and 

ozone, in the framework of NDACC and TCCON networks 

(García et al., 2015a). The IARC FTIR have routinely 

contributed to NDACC with C2H6, ClONO2, CO, CH4, 

COF2, HCl, HCN, HF, H2CO, HNO3, N2O, NO2, NO, O3 

and OCS observations (total column amounts and VMR 

vertical profiles) since 1999, while total column-averaged 

abundances of CO2, N2O, CH4, HF, CO, H2O and HDO have 

been measured within TCCON since 2007 (see Fig. 7.3).

 

Figure 7.3. Time series of the total column-averaged abundances of a) carbon dioxide (XCO2) in the framework of TCCON, b) 

tr opospheric methane (CH4) and c) ozone total column (O3TC) amounts in the framework of NDACC as observed by the IARC 

FTIR. For comparison, the time series of these trace gases as observed by other high-quality measurement techniques available 

at the IARC are also displayed (GAW in-situ records for CO2 and CH4, and Brewer O3TC amounts for O3).
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However, such investigations require data that are very 

consistent throughout many years and between the different 

sites. To address this issue, Barthlott et al. (2015) presented 

a method that allows an assessment of the consistency of 

any mid-infrared high-resolution solar absorption 

measurement (2600ï3000 cm-1 spectral region) made since 

the late 1950s. The method uses the difference between 

XCO2 retrieved from the spectra and as simulated by a 

model. Both the retrieval and the model are designed in a 

way that allows their easy adoption to any measurement site. 

The method was applied to the NDACC/FTIR spectra that 

have so far been contributing to the project MUSICA, 

including IZO among them. The scatter found between the 

yearly mean NDACC data and the model was ~ 3 ă, this 

provides strong evidence for the very good long-term data 

consistency among these NDACC/FTIR sites. This is also a 

good reliability and consistency test for the long-term trends 

of tropospheric species measured at these sites. 

With these refined time series we have participated in 

numerous studies at a global scale. For example, the IARC 

FTIR time series have been used to investigate the long-term 

changes in the methane total column amounts across the 

globe (Bader et al., 2016, Fig. 7.4). This study found that, 

combining FTIR and model estimations, allowed to estimate 

the contribution of natural sources such as wetlands and 

biomass burning to the inter-annual variability of methane. 

However, anthropogenic emissions, such as coal mining, 

and gas and oil transport and exploration, which are mainly 

emitted in the Northern Hemisphere and act as secondary 

contributors to the global budget of methane, have played a 

major role in the increase of atmospheric methane observed 

since 2005. 

 

Figure 7.4. Annual changes [in %/yr] of the ozone total column 

amounts (left panel, reprinted from Vigouroux et al., 2015), 

and methane total column amounts (right panel, reprinted 

from Bader et al., 2016) for different FTIR stations covering 

from 80ºN to 80ºS. 

In addition, we have investigated the long-term changes in 

the ozone vertical distribution and in the total ozone column 

amounts (García et al., 2012; Vigouroux et al., 2015; Gaudel 

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

to the SI2N Initiative (SPARC, 2015) of the Stratosphere-

troposphere Processes And their Role in Climate (SPARC) 

project of the World Climate Research Programme, 

(continued in 2016 by the project LOTUS, Long-term 

Ozone Trends and Uncertainties in the Stratosphere) and to 

the first Tropospheric Ozone Assessment Report (TOAR) to 

be published in 2017. These studies report that, at least at 

subtropical latitudes, there is not a clear ozone total column 

recovery (Fig. 7.4), since the stratospheric ozone increase 

could partially be compensated by the ozone decrease in the 

tropopause and troposphere regions. 

Understanding and predicting the long-term ozone 

evolution is a very difficult task, since ozone is affected by 

an interplay of chemical reactions and atmospheric 

dynamics. Monitoring and investigating the O3 isotopologue 

composition can help us to disentangle this complex 

scenario, giving us novel insights into the ozone transport, 

the current ozone recovery and their links to global 

warming. Sanromá et al. (2016) presented, for the first time, 

the long-term series of the stratospheric d50O3 isotopologue 

ratios as observed by the IARC FTIR. By analysing these 

long-term series at different time scales, we explore the 

intra-annual variability (Fig. 7.5) and the long-term 

evolution of d50O3 ratios at subtropical latitudes. 

 

Figure 7.5. Intra-annual variability of the {d50aO3, 48O3} and 

{d50sO3, 48O3} pairs as observed by the IARC FTIR. Reprinted 

from Sanromá et al. (2016). 

7.3.2 Space-based remote sensing FTIR 

spectrometry 

Within space-based FTIR spectrometry, IARCôs high 

quality FTIR data has been extensively applied for many 

years for the validation of trace gases measured by different 

satellite instruments (ILAS, MIPAS, ACE-FTS, GOME). 

Currently, our activities are focused on the Infrared 

Atmospheric Sounding Interferometer (IASI) on board 

MetOp/EUMETSAT satellites through the European 

projects MUSICA and VALIASI  (Validation of the 

EUMETSAT products of atmospheric trace gases observed 

from IASI using ground-based Fourier Transform Infrared 

spectrometry), and the Spanish project NOVIA (Towards a 

Near Operational Validation of IASI level 2 trace gas 

products).  

 

http://www.sparc-climate.org/
http://www.sparc-climate.org/activities/ozone-trends/
http://www.igacproject.org/TOAR
http://www.novia.aemet.es/
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Figure 7.6. Summary of the comparison between IASI/MetOp-

A versus FTIR at IZO for all the IASI trace gas products and 

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

V6) at different time scales: measurement-to-measurement 

(Meas-to-Meas), Annual Cycles and long-term trends. 

Reprinted from Sepúlveda et al. (2016). 

 

Figure 7.7. Comparison of the annual cycles of the ozone total 

column amounts (left panels) and tropospheric partial column 

amounts (right panels) for the IASI-A Level 2 V5 (black stars) 

and FTIR (red circles) at different NDACC sites covering from 

80ºN to 21ºS: NY=Ny-Alesund (79ºN), KI= Kiruna (68ºN), 

JU=Junfraujoch (47ºN), IZ=Izaña (28ºN) and RI=Reunion 

Island (21ºS). Reprinted from Sepúlveda et al. (2016b). 

By means of VALIASI and NOVIA projects, the long-term 

validation of the IASI operational atmospheric trace gas 

products (O3, CO, CO2, CH4 and N2O) for different IASI 

processors is being carried out (e.g., García et al., 2015a, 

2015b; García et al., 2016a; Sepúlveda et al., 2015a, 2015b; 

Sepúlveda et al. 2016a, see Fig. 7.6). Special attention has 

been paid to the quality assessment of the IASI ozone 

products (total column amounts and vertical profiles) (e.g., 

Peindado-Galán et al., 2015; Peinado-Galán et al., 2016; 

Sepúlveda et al., 2016b). An example of the IASI-FTIR 

comparison for the ozone annual cycles at different NDACC 

FTIR stations is displayed in Figure 7.7.  

We also participate in the validation of other space-based 

remote platforms, like the OMI, SCIAMACHY or OCO-II 

(Scheepmaker et al., 2015; Robles-Gonzalez et al., 2016; 

Wunch et al., 2016). 

7.3.3 MUSICA (Multiplatform remote Sensing of 

Isotopologues for investigating the Cycle of 

Atmospheric water) 

In addition to ozone and greenhouse gases, one key element 

in the Earthôs climate is the water cycle. Remote sensing 

observations of tropospheric water vapour isotopologue 

composition can give novel opportunities for understanding 

the different water cycle processes and their link to the 

climate. In particular, in the lower/middle troposphere, 

{H 2O, dD} pairs have proved to be good proxies for 

moisture pathways (Risi et al., 2012). However, their 

observation, when using remote sensing techniques, is 

challenging.  

The project MUSICA addresses this challenge by 

integrating the remote sensing with in situ measurement 

techniques. The aim is to retrieve calibrated tropospheric 

{H 2O, dD} pairs from the middle infrared spectra measured 

from ground by NDACC/FTIR spectrometers and from 

space by MetOp/IASI sensors (Barthlott et al., 2016; 

Schneider et al., 2016). Special effort has been made to 

experimentally validate and proof the added value of the 

MUSICA tropospheric remote sensing products (Wiegele et 

al., 2014; Schneider et al., 2015, Schneider et al., 2016a). 

This has been done by combining the water vapour 

isotolopogue profiles taken within MUSICA/AMISOC 

aircraft campaign in 2013 in the surrounding of Tenerife 

(Canary Island) (Dyroff et al., 2015) and the in-situ 

continuous water vapour measurements made at IZO and 

TPO since 2012 (González et al., 2016).  

As observed in Figure 7.8, the {H2O, dD} pair distributions 

obtained from the different remote sensors are consistent 

and allow distinct lower/middle tropospheric moisture 

pathways to be identified in agreement with multi-year in 

situ references (Schneider et al., 2016a).  
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Figure 7.8. Free tropospheric {H2O, ŭD} pair distributions as obtained by different measurement techniques in the surroundings 

of Tenerife. The contour lines indicate areas with the highest densities of the {H2O, ŭD} pairs: red denotes air masses that are 

clearly affected by dry convection over the African continent; blue and green denote Atlantic air masses with different pathways. 

The thin dashed and thick solid lines mark the areas that include 95% and 66% of all data, respectively. Left: two Picarro in-situ 

instruments (L2120-i) measuring during nighttime at 2390 and 3550 m a.s.l. (IZO and TPO). Middle: ground-based NDACC/FTIR 

located at Izaña. Right: space-based MetOp/IASI-A and MetOp/IASI -B observing in a 2ºx2º area south of the island. The yellow 

star marks the a priori value used for the remote sensing retrievals at 4.9 km. Reprinted from Schneider et al. (2016). 

MUSICA also document the possibilities of the 

NDACC/FTIR instruments for climatological studies (due 

to long-term monitoring) (Schneider et al., 2012, Schneider 

et al., 2016a) and of the MetOp/IASI sensors for observing 

diurnal signals on a quasi-global scale with high horizontal 

resolution, and for validating tropospheric moisture 

pathways in atmospheric models (Schneider et al., 2016a; 

2017).  

The in-situ continuous water vapour measurements 

performed at IZO and TPO also allow us to investigate the 

moisture pathways to the subtropical free troposphere of the 

subtropical northern Atlantic. González et al. (2016) 

identified four principally different transport pathways. The 

air mass transport from high altitudes and high latitudes 

shows two different scenarios. The first scenario brings dry 

air masses to the stations, as the result of condensation 

events occurring at low temperatures. The second scenario 

brings humid air masses to the stations, due to cross-

isentropic mixing with lower-level and more humid air 

during transport since last condensation (LC). The third 

pathway is transportation from lower latitudes and lower 

altitudes, whereby we can identify rain re-evaporation as an 

occasional source of moisture. The fourth pathway is linked 

to the African continent, where during summer dry 

convection processes over the Sahara very effectively inject 

humidity from the boundary layer to higher altitudes. As 

shown in Figure 7.8 (right panel), the different pathways 

leave distinct fingerprints on the measured H2O-dD pairs. 

The MUSICA/IASI retrieval focuses on water vapour 

isotopologues, but also provides upper tropospheric CH4 

and N2O as side products (Figure 7.9) (García et al., 2016b, 

2016c). By comparing to coincident high precision aircraft 

vertical profiles taken within the HIAPER Pole-to-Pole 

Observations (HIPPO) project, we document that 

MUSICA/IASI products can capture the upper tropospheric 

CH4 and N2O variability (at ~300-350 hPa) with a precision 

of 2.1% (38.2 ppbv) for each individual IASI CH4 

observation. The precision is improved to 1.7% (32.1 ppbv) 

for IASI data that have been averaged within 2ºx2º boxes. 

For N2O the empirically estimated precision is 2.7% (8.7 

ppbv) for each individual observation and 2.1% (6.9 ppbv) 

for the 2ºx2º averages.  

Moreover, we explore how the co-retrieved N2O estimates 

could be successfully used for reducing common errors in 

the CH4 retrievals. For the combined CH4 product, the 

comparison with HIPPO data gives an empirical precision 

estimate of 1.5% (26.3 ppbv), when considering all 

individual IASI observations, and of 1.2% (21.8 ppbv) for 

the 2ºx2º averages. The quality of the MUSICA/IASI 

products allow us to identity the well known latitudinal 

gradients of CH4 and N2O, with a tendency to higher 

concentrations in low latitudes than in high latitudes (Figure 

7.9).  

In future work it should be examined as to what extent IASI 

observations of upper tropospheric CH4 and N2O variations 

can help to investigate the emission source patterns, 

transport pathways and sinks of CH4 and N2O, and whether 

the provision of a highly precise product ("CH4 combined 

with N2O") offers additional benefits for such research 

purposes. 
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Figure 7.9. Example of the MUSICA/IASI-A VMR global maps for H2O (upper left panel) at ~4.9 km for all individual IASI 

observations, and CH4 (upper right  panel), N2O (bottom left panel), and CH4 combined with N2O (bottom right panel) at ~10 km 

for 2ºx2º averages on 16/08/2014. The H2O global map is reprinted from Schneider et al. (2016), while the remaining maps are 

reprinted from García et al. (2016b). 

 

7.4 Participation in Scientific Campaigns 

7.4.1 ATMOZ campaign, September 2016 

Together with the IARCôs Brewer group (see Section 6), the 

FTIR spectrometer participated in the campaign ATMOZ 

(Traceability for atmospheric total column ozone, 

https://projects.pmodwrc.ch/atmoz/), carried out at the 

IARC during September 2016. This project aims to 

significantly enhance the reliability of total ozone column 

measured at the Earth surface with Dobson instruments, 

Brewer-Spectroradiometer and Array-Spectroradiometer. 

Our role was to provide coincident ozone measurements 

(total column amounts and vertical VMR profiles), used as 

auxiliary data. 

7.4.2 ATOM campaign, July-September 2016 

Within the Atmospheric Tomography Mission (ATom) the 

first mission out of the four planned ones was carried out 

during summer 2016 (July-September). ATom will study 

the impact of human activity on the levels of greenhouse 

gases and chemically reactive gases in the atmosphere. For 

this purpose, ATom deploys an extensive gas and aerosol 

payload on the NASA DC-8 aircraft for systematic, global-

scale sampling of the atmosphere, profiling continuously 

from 0.2 to 12 km altitude. Flights will originate from the 

Armstrong Flight Research Center in Palmdale, California, 

fly north to the western Arctic, south to the South Pacific, 

east to the Atlantic, north to Greenland, and return to 

California across central North America. During the transect 

over the Atlantic Ocean in August 2016, the IARC FTIR 

was measuring in coincidence with the ATom DC-8 aircraft. 
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8 In situ Aerosols 

8.1 Main Scientific Goals 

Atmospheric aerosol is constituted by a mixing of natural 

(e.g. sea salt, desert dust or biogenic material) and 

anthropogenic (e.g. soot, industrial sulphate, nitrate, metals 

or combustion linked carbonaceous matter) airborne 

particles whose size range from a few nanometres (nm) to 

tens of microns (µm). Aerosols impair air quality with 

impacts on human health due to cardiovascular, 

cerebrovascular and respiratory diseases such as asthma and 

chronic obstructive pulmonary disease; they also influence 

climate by scattering and absorbing radiation and by 

influencing cloud formation and rainfall. 

The activities of the In situ Aerosols programme are 

developed within the scientific priorities of the Global 

Atmosphere Watch programme. One of the main tasks of 

our group is to maintain the long-term observations of 

aerosols at IZO. These measurements improve the 

understanding of the potential long-term multi-decadal 

changes and trends of aerosols. Our investigations are 

focused on: 1) Long-term multi-decadal variability and 

trends of aerosols; 2) Aerosols and climate and 3) Aerosols 

and air quality. 

8.2 Measurement Programme 

The long-term in situ aerosols observation program of Izaña 

Atmospheric Observatory includes measurements of 

aerosol mass and number concentrations, chemical 

composition, size distribution and optical properties by in-

situ techniques. Instruments are placed in the Aerosols 

Research Laboratory (ARL) (Fig. 8.1), a building equipped 

with a whole air inlet for conducting the aerosol sample to 

the on-line analysers (CPCs, SMPS, APS, MAAP, 

aethalometer, nephelometer) and two additional PM10 and 

PM2.5 inlets for the aerosol samplers. In December 2015, 

two new instruments were acquired with economical 

support of the European Regional Development Fund 

(Table 3.2): a beta attenuation based PM10 monitor (Thermo 

5014i) and a dichotomous microbalance based PM2.5 and 

PM2.5-10 analyser (TEOMÊ 1405-DF). The interior of the 

PARTILAB is maintained at 22 ºC. Because of the low 

relative humidity (RH) in the outdoor ambient air (RH 

percentiles 25th, 50th and 75th are 15%, 31% and 55%, 

respectively) driers are not needed. Measurements of 

number concentration, size distributions and optical 

properties of aerosols are performed with high time 

resolution (Table 3.2).  

 

 

Figure 8.1. Aerosol Research Laboratory at Izaña 

Atmospheric Observatory. 

For these automatic instruments, the QA/QC activities 

include: 

¶ <daily checks> of the data and status of the instruments. 

¶ <weekly checks> of the airflows and leak tests for some 

instruments (e.g. SMPS). 

¶ <quarterly checks> includes measurements of the 

instrumental zero (24h filtered air) for all the 

instruments (CPCs, SMPS, APS, MAAP, aethalometer 

nephelometer) and calibration checks (e.g. 

nephelometer). 

¶ <annual intercomparisons> for some instruments. 

¶ participation in intercomparisons, e.g. those performed 

annually between 2010 and 2012 for CPCs and SPMS 

at El Arenosillo - Huelva (Gómez-Moreno et al., 2011, 

2013) and those in the World Calibration Centre for 

Aerosols Physics in Leipzig ï Germany for CPCs (Sep 

2012) and absorption photometers (Nov 2005; Müller 

et al., 2011). 

The procedure for these activities follows the 

recommendation of the GAW programme for aerosols. 

The aerosols chemical composition programme is based on: 

¶ the collection of aerosol samples on filters. Samples are 

collected at night to avoid the diurnal upslope winds 

that may bring material from the boundary layer, 

¶ the determination of the aerosol mass concentrations by 

the gravimetric method. Filters are weighed, before and 

after sampling, at 20 ºC temperature and 30-35 % 

relative humidity in the Aerosol Filters Laboratory (Fig. 

8.4) of the Izaña Atmospheric Research Centre (see 

Section 3.2.1). The procedure for weighing filters is 

similar to that described in EN-14907, except that we 

use a lower relative humidity (30-35 %) due to the 

relative humidity of the ambient air at IZO being much 

lower than the 50% stated by EN-14907. 

¶ the determination of chemical composition which 

currently includes elemental composition (those 
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detected by IPC-AES, i.e. Al, Ca, Fe, Mg, K, Na,é), 

salts (SO4
2-, NO3

-, NH4
+, Cl-), organic carbon, 

elemental carbon and 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 

programme includes: 

¶ airflow checks and calibrations. 

¶ the collection of blank field filters for gravimetry 

and chemical analysis. 

¶ intercomparison exercises. 

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

bubble flow-meter GilibratorsÊ for measuring airflows 

from a few to tens of litres per minute (e.g. CPCs, SMPS, 

APS, MAAP, aethalometer nephelometer) and three 

pressure drop flow-meters for measuring airflows of tens of 

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

The World Calibration Centre for Aerosol Physics audited 

the IZO aerosol programme in Nov 2006 (Tuch and Nowak, 

2006). An updated report dated March 2014 is available 

(Rodríguez et al., 2014a). 

8.3 Summary of remarkable results during 

the period 2012-2014 

During the 2015-2016 biennium, the In situ Aerosols group 

focused mostly on their research activities on desert dust and 

climate. Additional activities included urban air quality, 

black carbon (Milford et al., 2016, Domínguez-Rodríguez et 

al., 2015, 2016), ammonia (Reche et al., 2015), ultrafine 

particles (Fernández-Camacho et al., 2015; Gómez-Moreno 

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

other groups of the IARC (González et al., 2016; Schneider 

et al., 2015, 2016). 

Air quality studies on black carbon were performed in 

collaboration with the University of Huelva, Hospital 

Univeristario de Canarias and the US National Oceanic and 

Atmospheric Administration. Studies included 

measurements in several cities of Spain (Santa Cruz de 

Tenerife, Huelva and Seville) and high-resolution 

modelling with CAMx air quality coupled with MM5 

meteorological model (Fig. 8.2; Milford et al., 2016). 

Investigations on the connection between exposure to black 

carbon and cardiovascular diseases were performed in 

collaboration with the Hospital Univeristario de Canarias 

(Domínguez-Rodríguez et al., 2015, 2016). The overall 

results indicate that continued reduction of black carbon 

from diesel on-road sources in these urban areas is indeed a 

priority in order to mitigate the impacts of black carbon on 

human health and on climate. 

Dust research included dust long-term variability 

(Rodríguez et al., 2015), impact on visibility (Camino et al., 

2015), fertilization of the ocean with iron (Ravelo-Pérez et 

al., 2016), ice nuclei (Conen et al., 2015; Boose et al., 2016) 

and new mineralogy schemes of global dust models (Pérez 

et al., 2016). 

 

 

 

 

 

 

 

Figure 8.2. Mean daily evolution of black carbon concentrations for every day of the week in Seville and Huelva according to 

experimental data (obs) and modelling (sim). Reproduced from Milford et al. (2016). 
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Figure 8.3. Average of the 850 hPa geopotential height for August (1987-2014) illustrating the High to Low configuration of the 

North African Dipole (A). Correlation coefficient of the mean value of the North African Dipole Intensity with zonal wind (A) and 

with Major Dust Activity Frequency (B) for August from 1987 to 2014. Reproduced from Rodríguez et al. (2015).

The long-term record of dust concentrations at Izaña was 

used, by the In situ Aerosols group and the University of 

Miami, for studying the summer-to-summer variability in 

dust export to the North Atlantic in the so-called Saharan 

Air Layer (Rodríguez et al., 2015). This variability was 

related to the summer  meteorological conditions in North 

Africa, which is characterised by high pressures over 

northern Sahara and low pressure over the tropics linked to 

the monsoon (Fig. 8.3A); a condition to which we refer as 

North AFrican Dipole (NAFD) and whose Intensity 

(NAFDI) was measured as the difference of the anomaly of 

the 850hPa geopotential height over subtropics (Morocco) 

and over the tropic (Nigeria; Cuevas et al., 2016).  

The high correlation between the three decades record of 

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

export is highly related to the variability in meteorology, as 

described in detail in studies of the aerosol group, including 

its connection to the Saharan Heat Low (Rodríguez et al., 

2015; Cuevas et al., 2016). Summers with high values of the 

NAFDI are associated with intense Harmattan winds in 

inner Sahara (Fig. 8.4B) and with a northward shift of the 

Saharan Air Layer (Fig. 8.3C). Throughout 3 decades, dust 

at Izaña has been significantly correlated with the zonal 

wind component of Harmattan winds in the inner Sahara 

(Fig. 8.4B). The low dust concentrations linked to a 

southern shift of the Saharan Air Layer during EL Niño 

periods and vice-versa during La Niña (Fig. 8.4A), point to 

a tele-connection with ENSO that is a subject being studied 

by the aerosol group. 

 

Figure 8.4. Mean values of dust concentrations at Izaña, North African Dipole Intensity (NAFDI), Multivariate ENSO Index (MEI) 

and zonal wind at 925 hPa levels in inner Algeria (Subtropical Saharan Stripe 25ï28N, 7Wï2E) for August from 1987 to 2014. 

Green and red arrows on the top indicate El Niño and La Niña conditions, respectively. 














































































































































































































































