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Foreword 

The year 2020 was a complicated one for the whole world 

and for the Members and partners of the World 

Meteorological Organization (WMO). The beginning of 

2020 was marked by the global pandemic of COVID-19 

that impacted the work of organization through lock-

downs and lack of access to the observational 

infrastructure. The report presented at the seventy-fifth 

session of the WMO Executive Council demonstrated 

that about 24% of activities were severely impacted by 

COVID-19. Despite these difficulties, the Izaña 

Atmospheric Research Center (IARC), which is part of 

the State Meteorological Agency of Spain (AEMET), 

continued its operations delivering outstanding science to 

the global atmospheric composition community. 

IARC manages four observatories in Tenerife, including 

the high altitude Izaña Observatory, which was 

inaugurated in 1916 and has since carried out 

uninterrupted meteorological and climatological 

observations and become a WMO Centennial Station. 

The Izaña Observatory has contributed to the Global 

Atmosphere Watch (GAW) Programme since its 

inception and is one of 30 GAW Global stations. It 

performs high-quality, long-term (multi-decade) 

measurements and analyses of atmospheric greenhouse 

gases, surface and column ozone, ultraviolet and solar 

radiation, in situ and column aerosols and selected 

reactive gases. 

IARC supports the GAW quality assurance framework by 

operating the Regional Brewer Calibration Centre for 

Europe (RBCC-E), which calibrates Brewer 

spectrometers in Europe and North Africa, maintains the 

Brewer ozone reference and hosts the European Brewer 

Network (EUBREWNET). In addition, IARC operates 

for WMO a Testbed for Aerosols and Water Vapour 

Remote Sensing Instruments. It also supports the World 

Radiation Center by maintaining one of the World Optical 

Depth Research and Calibration Center (WORCC) 

Precision Filter Radiometer reference instruments at the 

Izaña Observatory. The Izaña Observatory is also one of 

three AERONET-EUROPE calibration facilities and 

ensures the calibration of more than 80 AERONET sites. 

The Izaña Atmospheric Research Center also plays an 

important role in supporting international cooperation. 

For example, it contributes to activities of WMO Sand 

and Dust Storm Warning Advisory and Assessment 

System (SDS-WAS) Regional Center for Northern 

Africa, Middle East and Europe, focusing its efforts on 

dust observations and atmospheric processes. It also 

performs research in relation to sand and dust storm 

processes and their impacts on human health, ecosystem 

and economic activities.  

The urgency of actions related to the state of climate and 

the environment requires that the public and decision-

makers have access to the best available science and high-

quality atmospheric composition data, and IARC is 

highly respected for the quality of the data it provides.  

It is a pleasure for me to present this report summarizing 

the many activities of the Izaña Atmospheric Research 

Center. The Centerôs leadership in research and 

development regarding state-of-the-art measurement 

techniques, calibration and validation, as well as 

international cooperation have given it an outstanding 

reputation in weather, climate, hydrology and related 

environmental issues. I hope that it will inspire Members 

to consider becoming involved in the GAW Programme 

and in other WMO research activities.  

 

 

 

 

 

 

 

 

 

Dr Oksana Tarasova 

Head, Global Atmosphere Watch 

Programme 

Science and Innovation Department 

World Meteorological Organization  
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This report constitutes a detailed summary of the 

activities of the Izaña Atmospheric Research Center in the 

period 2019-2020, most of them of great international 

relevance. However, here I would like to highlight some 

of the extraordinary activities carried out by this Center, 

as they tell us a lot about its profile and character. 

Writing a report like this is a complex and time-

consuming task, but its publication has undoubtedly been 

beset with numerous challenges. In the period of time to 

which this report refers, and the subsequent period during 

its preparation and editing, extraordinary events took 

place that implied an additional workload and could have 

affected the operation of IARC, however, these 

challenges were met with resourcefulness and dedication. 

In February 2020, the most intense Saharan dust outbreak 

so far recorded in the Canary Islands occurred. It was of 

such magnitude that, for the first time in history, the eight 

Canarian airports had to stop operations simultaneously, 

stranding thousands of people in the islands. This episode 

was addressed in a multidisciplinary and collaborative 

study led by IARC, and published by WMO, detailing 

different scientific aspects, but also evaluating the socio-

economic impact of the dust outbreak in different sectors 

such as health, aviation and solar energy. It was a clear 

example of research work focused on the new vision of 

science for society. 

Within days of this historic dust intrusion, the first wave 

of the COVID-19 epidemic occurred, resulting in a public 

health crisis and severe mobility restrictions. IARC 

personnel continued working physically at the Izaña 

Observatory in order to operate, maintain, and calibrate 

the numerous scientific instrumentation. Strict protocols 

were established while ensuring, at the same time, the 

continuity of the measurement programmes. My sincere 

thanks and appreciation go to the IARC personnel who 

made this possible.  

In September 2021, the La Palma volcanic eruption took 

place, and IARC responded quickly by deploying a large 

amount of instrumentation on the island of La Palma, in 

collaboration with other national and international 

organisations with the sole purpose of helping to save 

lives and protect the population. Air quality equipment 

was installed and integrated into an expanded Canary 

Islands Government air quality network, and atmospheric 

profilers were set up around La Palma to monitor the 

volcanic plume height and composition. This is crucial 

information used as input data for volcanic ash and gas 

dispersion models, essential for air traffic safety.  

The fact that an emergency support unit was quickly 

formed from a research center, coordinating numerous 

external collaborations, was possible because it has 

highly qualified personnel accustomed to working with a 

tremendously flexible and versatile modus operandi 

provided by continuous national and international 

scientific collaborations. The overall response is a true 

example of the excellent results that can be achieved 

through international cooperation and personal and 

institutional involvement, leading to a significant 

contribution of science for society. 

In addition, I would like to highlight the dedication of 

IARC and collaborating institutions in maintaining the 

high-quality, long-term measurement programmes, which 

now provide > 105 years of meteorological data, nearly 

40 years of continuous greenhouse gas measurements 

(CO2 and CH4) and more than or close to 30 years of 

surface and column ozone, ultraviolet and solar radiation, 

in situ and column aerosols, water vapour and selected 

reactive gases. These long-term data series are invaluable 

and require commitment and a rigorous approach. 

The summary of IARC's activities clearly explains the 

reason for the Center's relevance at an international level 

and the importance that AEMET (State Meteorological 

Agency and National Meteorological Service of Spain) 

gives to its work. I am confident that this is only a 

prologue to what awaits us in the coming years, in which 

we will  see how IARC expands its historical and current 

activities to enhance what is already today part of the 

scientific heritage of humankind. 

Finally, I would like to emphasise that, in addition to its 

outstanding scientific work, Izaña allows us to enjoy 

observing the atmosphere with all its energy and beauty 

in a unique place, showing meteorology in action in such 

a concise way that cannot be replicated in words. Over the 

years and from a distance, I have maintained a deep 

fondness for this place and a profound admiration and 

respect for the AEMET staff who serve there, fortunate 

enough to receive all that the job has to offer while 

contributing in return with their excellent scientific and 

personal dedication. 

Consequently, it was an honour and a pleasure for me to 

have been able to join forces with them in supporting the 

development of IARC's R&D activities and contributing 

to the expansion of its logistical capabilities from my 

position as Director of Planning, Strategy and Business 

Development of AEMET. 

 

 

Julio González-Breña 

Former Director of Planning, Strategy 

and Business Development (AEMET) 
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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 

for the Ecological Transition and the Demographic 

Challenge (MITECO).  

2 Mission and Background 

The Izaña Atmospheric Research Center conducts 

observations and research related to atmospheric 

constituents that are climate forcers in the Earth (greenhouse 

gases and aerosols), and may cause depletion of the global 

ozone layer, or 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 air quality 

research in both rural and urban environments. 

The IARC has contributed to the World Meteorological 

Organization (WMO) Global Atmosphere Watch (GAW) 

Programme since its establishment in 1989. GAW integrates 

a number of WMO research and monitoring activities in the 

field of atmospheric environment. The main objectives of 

GAW are to provide data and other information on the 

chemical composition and related physical characteristics of 

the atmosphere, its changes and the drivers of thes change. 

These are required to improve our 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 to 

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 

support of WMO Testbed for Aerosols and Water Vapour 

Remote Sensing Instruments. 

Izaña Observatory was inaugurated in its present location on 

1 January 1916, initiating uninterrupted meteorological and 

climatological observations, which constituted a 105-year 

record in 2020. 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 

Observatory is one of 30 GAW Global stations (Figure 2.1). 

GAW Global stations serve as centres of excellence and 

perform extensive research on atmospheric composition 

change. Izaña 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/
https://www.miteco.gob.es/en/
http://www.idaea.csic.es/
http://www.wmo.int/pages/prog/arep/gaw/gaw_home_en.html
http://www.ndacc.org/
https://community.wmo.int/activity-areas/imop/cimo-testbeds-and-lead-centres/Testbed_Izana
https://community.wmo.int/activity-areas/imop/cimo-testbeds-and-lead-centres/Testbed_Izana
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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 

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 Latitude  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 Observatory 

The Izaña 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 Observatory.  

The station 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 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 (Table 3.3, Fig. 3.8). All the laboratories 

are temperature-controlled.  

 

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

Parameter Start date Present Instrument Data Frequency 

Greenhouse Gases and Carbon Cycle 

CO2 Jun 1984 

 

CRDS Picarro G2401 (Primary instrument) 

NDIR Licor 7000 (Secondary instrument) 

2ᾴ 

30ᾴ 

CH4 Jul  1984 

 

CRDS Picarro G2401 

GC-FID Varian 3800 

2ᾴ 

4 samples/hour 

N2O Jun 2007 

 

GC-ECD Varian 3800 

Los Gatos Research 913-0015 

4 samples/hour 

4ᾴ 

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

CO Jan 2008 

 

CRDS Picarro G2401 

GC-RGD Trace Analytical RGA-3 

Los Gatos Research 913-0015 

30ᾴ 

3 samples/hour 

4ᾴ 

In situ Reactive Gases 

O3 Jan 1987 UV Photometry 

Teco 49-C (Previous Primary instrument) 

Teco 49-C (Secondary instrument) 

Teco 49-I (New Primary instrument) 

 

1ᾳ  

1ᾳ  

1ᾳ 

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

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

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

Chemiluminescence EcoPhysics CraNOx II 

1ᾳ 

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 O3 Oct 2011 Pandora 101 

Pandora 121 

10ᾳ 

10ᾳ 

Column NO2 Oct 2011 Pandora 101 

Pandora 121 

10ᾳ 

10ᾳ 
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Parameter Start date Present Instrument Data Frequency 

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-

Apr 2019  

Picarro L2120-I ŭD and ŭ18O Analyser Continuous (2ᾴ) 

Greenhouse gases, and 

reactive gases (CO2, CH4, CO, 

H2O) 

May 2018 Fourier Transform Infrared Spectroscopy 

Bruker EM27/SUN 

1 day/week 

(weather permitting) 

In situ aerosols 

Chemical composition of 

particulate matter:  

PMT
(1) 

PM1
(2) 

PM2.5 

PM10 

 

 

Jul 1987 

Aug 2010 

Apr 2002 

Jan 2005 

High-volume sampler 

custom built/MVCÊ/MCZÊ 

Concentrations of soluble species by ion 

chromatography (Cl-, NO3
- and SO4

2-) 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 

Number of particles > 3 nm Nov 

2006(3) 

TSIÊ, UCPC 3025A 1ᾳ 

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

Number of particles > 10 nm Dec 2012 TSIÊ, CPC 3010 1ᾳ 

Size distribution of 10-400 nm Nov 2006 TSIÊ, class 3080 + CPC 3772 5ᾳ 

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

Absorption coeff. 1l (PM10) Nov 2006 ThermoÊ, MAAP 5012 1ᾳ 

Attenuation 7l (PM10) Jul 2012 MageeÊ, Aethalometer AE31-HS 1ᾳ 

Scattering coeff. 3l (PM10) Jun 2008 TSIÊ, Integration Nephelometer 3563 1ᾳ 

PM10 concentration Jun 2016(4) Thermo, BETA 5014i 5ᾳ 

PM2.5 and PM2.5-10 

concentrations 

Jun 2016 Thermo, TEOM 1405DF 6ᾳ 

(1) Interrupted since 2017 

(2) Usually only in summer (August) 

(3) Not operational since June 2017 

(4) Operating at SCO in 2019-2020 

 

 

 

 

 

 

 

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

Column aerosols 

AOD and Angstrom at 415, 

499, 614, 670,  868, and 936 

nm  

Feb 1996-

Dec 2018 

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 

Vertical Backscatter-

extinction @523 nm, clouds 

altitude and thickness 

Oct 2018 Micropulse Lidar MPL-3, SES Inc., USA (co-

managed with INTA (www.inta.es)) 

1ô 

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 

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

campaigns (1ᾳ) 

Spectral direct Radiation Dec 2016 Spectrorradiometer EKO MS-711 1ᾳ 

Spectral global and diffuse 

Radiation 

Feb 2020 Spectrorradiometer EKO RSB 1ᾳ 

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 

Luminance/Radiance Nov 2020 EKO MS-321LR Sky Scanner 10ᾳ 

 

 

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

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 ~20ᾳ during 

twilight 

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

homemade) 

Every ~20ᾳ during 

twilight 

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

homemade) 

Every ~20ᾳ during 

twilight 

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

homemade) 

Every ~20ᾳ during 

twilight 

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

homemade) 

Every ~20ᾳ during 

twilight 

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

homemade) 

Every ~20ᾳ during 

twilight 

Tropospheric HCHO May 2015 UV-VIS MAXDOAS ARTIST II (INTAôs 

homemade) 

Every ~20ᾳ during 

twilight 

Water Vapour 

Precipitable Water Vapour 

(PWV) 

Feb 1996-

Dec 2018 

YES MFRSR-7 Radiometer (941 nm) 1ᾳ 

PWV Jul 2008 

(ultra-rapid 

orbits) 

Jan 2009 

(precise 

orbits) 

GPS/GLONASS LEICA GRX1200GGPRO 15ᾳ (ultra-rapid 

orbits) and 1h 

(precise orbits) 

Vertical relative humidity 

PWV Total Column and 

Profiles for layers from 

2.4 km up to 12 km altitude 

Dec 1963 Vaisala RS-40 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 

Integrated Water Vapour 

(IWV) 

May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 

 

Vertical Absolute Humidity 

(HPC) 

May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 

 

Vertical Relative Humidity 

(HRC) 

May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 

 

Liquid Water Path (LWP) May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 

 

Liquid Water Profile (LPR) May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 

 

Cloud Base Height (CBH) May 2020 Microwave Radiometer LHATPRO G5 1ᾳᾳ 
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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 Sonic anemometer Thies 2D 4.3820.31.401 

Sonic anemometer FT Technologies FT742-D-

DM 

Sonic anemometer FT Technologies FT742-D-

DM 

(Tower Top) 

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 BIRAL 10HVJS 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 GRUAN 

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 

Sieltec Canarias S.L. SONA total sky camera 

(Model 201D, daytime) 

Sieltec Canarias S.L. SONA total sky camera 

(Model 502N, nighttime) 

5ᾳ 

5ᾳ 

 

5ᾳ 
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Fog-rainfall Nov 2009 THIES CLIMA Tipping Bucket with 20 cm2 

mesh 

Hellman rain gauge with 20 cm2 mesh 

1ᾳ 

 

Daily 

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 

On the ground floor of the technical tower, there are two 

storage spaces, one of them is for pressured cylinders (tested 

and certified at the Canary Islands Regional Council for 

Industry) and the other one is 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. It also has the East and West sample-

inlets which supply the ambient air to 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 

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 is the SYNOP station 

and the second one is 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. 
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Table 3.3. Izaña 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 sensors.  
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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 that 

support the ozone, aerosols, radiation, and water vapour 

programs of the IARC. The eight 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. 3.4A). 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. 3.4B). 

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 

AErosol RObotic NETwork (AERONET) standard at the 

Goddard Space Flight Center (Washington, USA). This set-

up is mainly used by Cimel sun-photometers, but other 

instruments can also be calibrated. 

4) At the end of 2017, in the framework of a competitive 

scientific infrastructure call of the National Plan for 

Research, Development and Innovation of Spain, a new 

integrating sphere was installed at Izaña for AERONET-

Europe absolute radiance calibrations as well as optical tests 

required for QC/QA of reference instruments. The new 

integrating sphere has a 50.8 cm diameter, a 20.3 cm 

aperture, and 400 W power (Fig. 3.4G). This system is also 

traceable to the AERONET standard at the Goddard Space 

Flight Center. 

5) Set-up for the angular response calibration (Fig. 3.4D). 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. 

 

 

Figure 3.4. 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, E) Set 

up for Slit function determination, F) Alignment of a Brewer 

spectrophotometer optics, G) shows same set up as C) Absolute 

radiance calibration of a Cimel CE318.  

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

quantify the spectral response of a radiometer. The light is 

scattered by an Optronic double monochromator OL 750 

within the range from 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. 

7) Set-up for the slit function determination (Fig. 3.4E). The 

characterization of the slit function is performed 

illuminating the entrance slit of a 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. 

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

optics (Fig. 3.4F). It is suitable to perform adjustments of 

the optics without sending the instrument to the 

manufacturer. 
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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 the National Oceanic and Atmospheric 

Administration-Earth System Research Laboratory-Global 

Monitoring Laboratory (NOAA-ESRL-GML). To 

accomplish these requirements, IARC uses Laboratory 

Standards prepared (using natural air) and calibrated by 

NOAA-ESRL-GML. 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. 3.5) 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. This system is similar to that used 

by NOAA-ESRL-GML 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 CRDS 

analyser located at Teide peak and for a CO NDIR analyser 

located at SCO.

 

Figure 3.5. In situ system used to produce working standards containing natural air at Izaña Observatory.

3.1.3 Central Gas Supply System 

There is a gas central facility located on the IZO tower 

ground floor for supplying support 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 Cavity Ring-Down Spectroscopy (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 CD-ECD), and H2 (used as 

combustible in the FIDs). The H2O isotopologue CRDS 

analyser located at Teide peak has its own dedicated high 

purity N2 supply. 

Additionally, other gases (provided by Air Liquide) 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 NO2, 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. 

https://gml.noaa.gov/ccl/
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3.1.4 Aerosol Filt ers Laboratory  

The Aerosol Filters Laboratory at IZO 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 following 

the requirements of the UNE-EN-12341-2015 standards. 

This filter weighing procedure is used for determination of 

concentrations of PM10, PM2.5 and PM1 by means of 

standardized methods, within a methacrylate chamber, 

which also contains the balance used for weighing the filters 

(Fig. 3.6). 

   

Figure 3.6. IZO Aerosol Filters laboratory: temperature and 

relative humidity controlled chamber. 

3.1.5 Modifications and improvements to the IZO 

facilities carried out in 2019-2020 

In 2020, a new laboratory (Testbed#1), with a temperature 

stabilization system and UPS, was completed to house the 

Cimel CE-376 lidar (Fig. 3.7) (see Section 9.2.1 for more 

details).  

 

Figure 3.7. New Lidar  laboratory (Testbed#1) at IZO.  

 

A room in the old meteorological kite hangar at IZO has 

been refurbished to house a new cosmic ray detector 

(ICaRO) (Fig. 3.8), an instrument from the University of 

Alcalá de Henares. The entire electrical system was 

renewed, conditioning of the floor and walls and a 

temperature control system were installed. 

 

Figure 3.8. ICaRO cosmic ray detector. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9. Images of IZO Instrument terrace and technical 

tower. 
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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 to the 

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

measurement programme are given in Table 3.4. 

 

 

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

This observatory has two main objectives: 1) to provide 

information on background urban pollution to support  

atmospheric research and to study contribution of the long-

range pollution transport driven by trade winds or Saharan 

dust outbreaks on local air quality and 2) to perform 

complementary measurement programme to the one at IZO. 

The IARC headquarters include the following facilities: 

¶ A laboratory for reactive gases measurements (surface 

O3, NO-NO2, CO and SO2). 

¶ A laboratory hosting Micro Pulse Lidar (MPL) and 

ceilometer VL-51. 

¶ A laboratory for the preparation of ozonesondes. 

¶ A 25 m2 flat horizon-free terrace for radiation 

instruments and air intakes. 

 

Figure 3.11. Image of SCO instrument terrace. 

3.2.1 The Ozonesonde Laboratory  

Advanced preparation of the Science Pump Corporation 

(SPC) Electrochemical Concentration Cell (ECC) ozone 

sensor (Model ECC-6A), together with digital Vaisala RS92 

radiosonde and digital interface, is performed at the 

Ozonesonde Lab at SCO.  

A Science Pump Corporation Model TSC-1 Ozonizer/Test 

Unit is used for ozonesonde preparation. This unit has been 

designed for conditioning of ECC ozonesondes with ozone, 

and for checking the performance of the sondes prior to 

balloon release. The Ozonizer/Test Unit uses synthetic air 

(air bottles) to produce ozone free air and an UV lamp to 

produce high concentration ozone. The sensing solution is 

prepared inside a hood in which ambient air is passed 

through an active charcoal filter to purify the 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 of release, the ECC-6A ozonesonde is checked 

for proper operation, filled with the sensing solution and the 

background current measured. The ECC-sonde is 

transported to the Botanic Obsevatory ozonesonde 

launching station (30 km distance) where pre-launch tests 

are performed. 
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Table 3.4. Santa Cruz Observatory (SCO) measurement programme. 

Parameter Start date Present Instrument Data Frequency 

In-situ Reactive Gases 

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 

O3, NO2, CO, PM2.5, PM10 Mar 2017 Vaisala Air Quality Transmitter AQT420 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- 

Oct 2018 

Micro Pulse Lidar MPL-3, SES Inc., USA 

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

MPL-3 installed in IZO in Oct 2018 

1ᾳ 

Vertical backscatter- 

extinction @910 nm, 

cloud alt. and thickness 

Jan 2011 Vaisala CL-51 Ceilometer 36'' + hourly and ten-

minutes averages 

Vertical Backscatter-

extinction @500 and 800 

nm, clouds alt. and 

thickness (with 

depolarizarion channels) 

Dec 2015 CIMEL CE376 lidar 1ô 

Vertical Backscatter-

extinction @532 nm, 

clouds alt. and thickness 

May 2018 Micro Pulse Lidar MPL-4B, provided by 

NASA Goddard Space Flight Center 

MPLNET  

1ᾳ 

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 

Water Vapour 

PWV Total Column and 

Profiles for 13 layers from 

surface up to 12 km of 

altitude 

Dec 1963 Vaisala RS41 Daily at 00 and 12 UTC 

Precipitable Water Vapour 

(PWV) 

Mar 2003 CIMEL CE318 sun photometer ~ 15ᾳ 

http://www.inta.es)/
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PWV July 2008 GPS/GLONASS LEICA GR50 receiver 15ᾳ (ultra-rapid 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 

 

 

Water vapour 

isotopologues (ŭD and 

ŭ18O) 

May 2019  Picarro L2120-I ŭD and ŭ18O Analyser Continuous (2ᾴ) 

Meteorology* 

Vertical profiles of T, RH, 

P, wind direction and 

speed, from sea level to 

~30 km altitude 

Dec 1963 RS41+GPS radiosondes launched at 

Güimar automatic radiosonde station 

(WMO GRUAN 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. 
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3.3 Botanic Observatory 

The Botanic Observatory (BTO) is located 13 km north of 

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

Cruz (Fig. 3.11). 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 MW41 receiver with Vaisala data 

acquisition and processing software.  

¶ 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) 

and a global irradiance pyranometer. For details of the BTO 

measurement programme, see Table 3.5. 

 

 

Figure 3.12. 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, 

pressure, temperature, 

humidity, wind direction 

and speed, from sea level 

to ~33 km altitude 

Nov 1992 ECC-A6+RS41/GPS radiosondes 1/week (Wednesdays) 

Radiation 

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

Column Water Vapour 

Precipitable Water Vapour  July 2008 GPS/GLONASS TRIMBLE NETR9 

receiver 

15ᾳ (ultra-rapid 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. 3.13). 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 3.13. 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 

Global and diffuse 

radiation 

Sep 2019 SPN1 Sunshine Pyranometer 1ᾳ 

Water vapour 

Water vapour 

isotopologues (ŭD and 

ŭ18O) 

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

Precipitable Water Vapour Feb 2020 GPS/GLONASS TRIMBLE NETR9 

receiver 

15 ᾳᾳ (ultra-rapid orbits) 

Meteorology 

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

Temperature Aug 2012 VAISALA HMP45C 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 (Network-Attached Storage (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 

A EUMETCast (European Organisation for the Exploitation 

of Meteorological Satellites (EUMETSAT) Broadcast 

System for Environmental Data) reception station is 

available at SCO. It consists of a multi-service 

dissemination system based on standard Digital Video 

Broadcast (DVB) technology. Most of the satellite 

information is received via this system (see Section 13 for 

more details).  

Data communications were notably improved at the IARC 

in 2020 by its incorporation into the Advanced 

Communications Network for Spanish Research (IRIS 

NOVA network). 

RedIRIS-NOVA is the high-capacity optical network of 

RedIRIS, which connects the regional networks of all the 

autonomous regions and the main research centers in Spain 

with the rest of international academic networks, especially 

the Portuguese academic and research networks and the 

European research network GÉANT. Fibre optics makes it 

possible to easily deploy 10Gbps or 40Gbps circuits, and 

soon 100Gbps, at a much lower cost than the network model 

based on capacity rental. RedIRIS-NOVA connects more 

than 50 Points of Presence with each other, making up a 

mesh network on which the RedIRIS IP Trunk Network and 

the regional networks are deployed. This network for 

research allows collaboration between researchers and the 

deployment of next-generation services. 

IARC is the only AEMET unit that has IRIS NOVA 

Network communications due to its status as a research 

center. 

IARC currently has two data networks, the AEMET 

network, with access from the central headquarters in Santa 

Cruz, and linked to the Izaña Observatory by a microwave 

link (Fig. 3.14), and the IRIS NOVA Network with a double 

entry. The IARC offices in Santa Cruz are linked to the IRIS 

NOVA network through a fibre optic connection to the IGN 

node located in the same building, and to the Izaña 

Observatory through a fibre optic connection, 

approximately 1 km long, with the IRIS NOVA node at the 

Teide Observatory of the Instituto de Astrofísica de 

Canarias (IAC) (Institute of Astrophysics of the Canary 

Islands). 

 

Figure 3.14. Microwave link antenna between Santa Cruz 

(SCO) and the Izaña Observatory (IZO) of the AEMET data 

network. 

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), retired in 2019 

Concepción Bayo (AEMET; Meteorological Observer-

GAW Technician) 

Virgilio Carreño (AEMET; Meteorological Observer-

GAW Technician) 

Cándida Hernández (AEMET; Meteorological Observer- 

GAW Technician) 

Antonio Alcántara (AEMET; Meteorological Observer- 

GAW Technician)

https://www.redirisnova.es/
https://www.redirisnova.es/
https://geant.org/
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4 Greenhouse Gases and Carbon 

Cycle 

4.1 Main Scientific Goals 

The main goal of the Greenhouse Gases and Carbon Cycle 

programme conducted by IARC is to carry out highly 

accurate continuous in-situ measurements of long-lived 

greenhouse gas (GHG) in the atmosphere at IZO in order to 

contribute to the WMO/GAW 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 incorporate continuously 

technical instrumental improvements and new data 

evaluation and calibration methodologies in order to reduce 

uncertainty and improve the accuracy of the GHG 

measurements; 3) to carry out research to study the 

processes that control the variability and evolution of the 

GHGs in the atmosphere; and 4) to contribute to 

international research and its documentation via 

recommendations and guidelines. 

In addition, there has been a growing demand to provide 

reliable near-real-time GHG data for data assimilation by 

atmospheric models, to exchange data with the remote 

sensing community, and to inform policy makers since 

GHG information is now an object of great social interest 

and great media impact. Such data exchange requires an 

enormous effort and represents a technical challenge by 

having to combine the classic evaluation of very precise 

background few data (a task that can take at least 6 months) 

with the delivery of data of an acceptable quality and 

minimally validated within hours or minutes of being 

obtained. 

4.2 Staff changes 

Dr Emilio Cuevas coordinated the programme after the 

former PI left IARC. In 2020, Pedro Pablo Rivas-Soriano 

took over the programme as new PI. Vanessa Gómez left 

IARC subcontractor Air Liquide Canarias and Jaime 

Hernández-Estévez is now the person responsible. We thank 

sincerely Vanessa Gómez for the services provided to this 

programme and wish her all the best. 

4.3 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. Details of the in-situ measurement 

systems and data processing can be found in Gomez-Pelaez 

et al. (2012, 2013, 2014, 2016 and 2019). Additional 

information can be found in the last IZO GHG GAW 

scientific audit reports: Scheel (2009), Zellweger et al. 

(2009, 2015 and 2020). 

Additionally, weekly discrete flask samples have been 

collected at IZO for the National Oceanic and Atmospheric 

Administration-Earth System Research Laboratory-Global 

Monitoring Laboratory Carbon Cycle Greenhouse Gases 

Group (NOAA-ESRL-GML CCGG) Cooperative Air 

Sampling Network (since 1991). Weekly discrete flask 

samples are collected at IZO and subsequently shipped to 

NOAA-ESRL-GML.  

 

Figure 4.1. IZO Gas Chromatograph measurement system for 

CH4, N2O and SF6. 

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 (NOAA/ESRL/GML 

CCGG); 2) Isotopic ratios Carbon-13/Carbon-12 and 

Oxygen-18/Oxygen-16 in carbon dioxide since 1991 

(INSTAAR Stable Isotope Lab); 3) Methyl chloride, 

benzene, toluene, ethane, ethene, propane, propene, i-

butane, n-butane, i-pentane, n-pentane, n-hexane and 

isoprene were measured from 2006 to 2018 (INSTAAR). 

Figure 4.2 shows the decline of 13CO2 at Izaña Observatory 

during the period 1992-2014.  

 

Figure 4.2. 13CO2 data series (1992-2014) from the Stable 

Isotope Lab of INSTAAR (blue) and and trend line using the 

NOAA/ESRL/GM L curve fitting methods (red). 

Two-week integrated samples of atmospheric carbon 

dioxide have also been collected for Heidelberg University 

(Institute of Environmental Physics, Carbon Cycle Group) 

since 1984 to measure the C-14 isotopic ratio in carbon 

dioxide, these data have been utilized in various carbon 

cycle modelling activities (e.g. Graven et al., 2017). 

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

CO2 1984       NDIR Siemens  

Ultramat 3  

10ᾴ  3 RG every hour           Biweekly using 4 LS 

CO2 2007       NDIR Licor 7000 1ᾴ  3 RG every hour           Biweekly using 4 LS 

CO2 2008     NDIR Licor 6252 1ᾴ  3 RG every hour           Biweekly using 4 LS 

CH4 1984        GC-FID Dani 3800  2 injections/h        1 RG every 30 min       Biweekly using 2 LS 

CH4 2007 GC-FID Varian 3800 4 injections/h 1 RG every 15 min Biweekly using 2 LS 

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

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

CO 2008 GC-RGD Trace 

Analytical 

RGA-3 

3 injections/h 1 RG every 20 min Biweekly using 5 LS 

CO2 

CH4 

CO 

2015 CRDS Picarro G2401 2ᾴ 2 RG every 21 hours to 

study performance 

Monthly using 4 LS 

CO 

N2O 

2018 LGR Los Gatos 

Research 907-

0015 

4ᾴ 2 RG every 4 hours, 

one as working gas and 

the other as a target gas 

Monthly using 4 LS 

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

 

4.4 Summary of remarkable activities 

during the period 2019-2020 

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, as well as included in the data summaries (e.g., 

WDCGG, 2020).  

The complete CO2 time series is shown in Fig. 4.3. The 

growth rate of CO2 throughout the period (1984-2020) is 

approximately 1.9 ppm/yr. However, the increase in CO2 is 

accelerating, and is currently about 2.5 ppm/yr, significantly 

higher than the value of 1.8 ppm/yr which was recorded at 

the beginning of the CO2 measurements at IZO in 1984.  

The CH4, N2O, SF6 and CO time series at IZO are shown in 

Fig. 4.4. All the collected data are used for analysis and 

investigation of the carbon cycle and understanding of the 

role of anthropogenic and natural factors that control GHG  

 

 

variability. The curve fitting methods applied to the IZO 

time series are those used by NOAA/ESRL/GML (Thoning 

et al., 1989). 

IARC has also continued contributing to the data products 

GLOBALVIEW and OBSPACK led by NOAA-ESRL-

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

Integration Project, 2020), as well as collaborating with the 

associated CO2 and CH4 surface flux inversion products 

CarbonTracker (e.g. Chevallier et al., 2010; CarbonTracker 

Team, 2018; van der Velde et al., 2018; Jacobson et al., 

2020) and CarbonTracker Europe (e.g. Tsuruta et al., 2017).     

 

 

 

 

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/
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Figure 4.3. Izaña Observatory CO2 time series (1984-2020). 

 

Figure 4.4. CH4, CO, N2O and SF6 IZO time series. N2O and SF6 measurements by IZO analysers from year 2017 are temporarily 

unavailable due to technical problems and system updates. Data from 2017 to 2021 in these figures come from NOAA Cooperative 

Air Sampling Network and are shown as black points. 
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4.4.1 Analysers update 

A Los Gatos Research LGR 907-0015 analyser was 

installed in 2018 at IZO to measure CO and N2O. This 

instrument was acquired thanks to the project entitled 

ñEquipment for the Monitoring and Research of the 

atmospheric components that cause and modulate climate 

change at the Izaña GAW (Global Atmosphere Watch) 

(Tenerife)ò (contract: AEDM15-BE-3319). This R+D 

infrastructure project has been financed by the State 

Research Agency of the Ministry of Economy, Industry and 

Competitiveness, in the Call for projects for scientific 

equipment, co-financed with European Regional 

Development Fund (ERDF) funds.  

The instrument is based on a cavity-enhanced absorption 

spectroscopy technique called Off -Axis Integrated Cavity 

Output Spectroscopy (OA-ICOS). It is still under a testing 

and software development phase, showing clearly better 

performance than our CRDS (cavity ringdown 

spectroscopy) based Picarro G2401 used for CO 

measurements and better performance than the gas 

chromatograph Varian 3800 used for N2O measurements.  

The calibration scheme consists of the measurement of four 

tanks containing CO and N2O GAW world references 

provided by the NOAA Earth System Research Laboratory 

in Boulder, Colorado, USA, once a month. The system 

measures and registers atmospheric air every four seconds, 

and a working tank is measured every four hours in order to 

correct short term drifts. Additionally, a target tank with 

known CO and N2O mole fractions is used to check long 

term drifts.  

The last IZO GHG GAW scientific audit (Zellweger et al., 

2020) checked the instrument, proved that it fully complies 

with WMO/GAW compatibility goals and recommended its 

use as the primary method to measure N2O and CO, 

replacing the Varian GC and the Picarro CRDS, which will 

remain measuring these gases as backup instruments. 

 

Figure 4.5. Front and rear view of the Los Gatos Research 

(LGR) CO/N2O analyser at Izaña Observatory with the new 

designed plumbing including air samples cooling system. 

In order to improve the IZO SF6 data currently obtained by 

a Varian 3800 gas chromatograph, we decided to acquire a 

new system based on the GC-ECD three-column method 

described in Hall et al. (2011), capable of improving the SF6 

measurement precision while maintaining the N2O 

measurement performance.  

The chosen instrument is an Agilent 8890 GC. At the 

moment of the publication of this report the analyser is 

installed at IZO and the first tests show an impressive 

uncertainty reduction of the SF6 measurements with respect 

to the Varian 3800 GC. 

Spain joined the Integrated Carbon Observation System, 

(ICOS) at the end of 2020 and consequently IZO will 

become a class 2 ICOS mountain atmosphere station. As a 

class 2 station, IZO is required to provide continuous in-situ 

CO2 and CH4 measurements, and the measurement of CO is 

recommended. Following the ICOS requirements for 

analysers, we acquired between the end of 2020 and the 

beginning of 2021 a new Picarro G2401 and a new LGR 

907-0015 in order to measure the three aforementioned 

species and, additionally, N2O. Both instruments will need 

to pass a test at the ICOS Atmospheric Thematic Center 

(ATC) Metrology Lab to be guaranteed to fulfill the ICOS 

data high quality standards.  

4.4.2 System and performance audit by WCC-

Empa 

The 7th system and performance audit by WCC-Empa at the 

global GAW station Izaña was conducted from 15 to 21 

May 2019 in agreement with the WMO/GAW quality 

assurance system. CO2, CH4, N2O and CO analysers and 

also the surface ozone analysers (see Section 5) of IZO were 

audited on their performance measuring randomized levels 

of gas concentrations in WCC-Empa travelling standard 

tanks. The audit included parallel measurements of CO2, 

CH4 and CO with a WCC-Empa travelling Picarro G2401, 

running from 20 May through 01 July 2019. As part of the 

system audit, data within the scope of WCC-Empa available 

at WDCGG was reviewed. 

The audit concluded that most assessed measurements were 

of high quality and met the WMO/GAW network 

compatibility or extended compatibility goals in the relevant 

amount fraction range. Table 4.2 summarizes the results of 

the performance audit and the ambient air comparison with 

respect to the WMO/GAW network compatibility goals. A 

tick mark indicates that the compatibility goal (green) or 

extended compatibility goal (orange) was met on average. 

The tick mark in parenthesis mean that the goal was only 

partly reached in the relevant mole fraction. Table 4.3 

summarizes the ranking of the station. Adequacy ranges 

from 0 (inadequate) through 5 (adequate). All primary 

instruments proved full adequacy. Detailed information can 

be found in Zellweger et al. (2020). 
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Table 4.2. Synthesis of the performance audit and ambient air comparison results. Reprinted from Zellweger et al. (2020). 
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Table 4.3. Summary ranking of the Izaña GAW station. Reprinted from Zellweger et al. (2020). 

 

System Audit Aspect  Adequacy Comment 

Measurement programme                          (5) 
Comprehensive programme covering all 

focal areas of GAW. 

Access                          (5) Year round access 

Facilities   

 Laboratory and office space                          (5) 
Adequate, with space for additional 

research campaigns. 

 Internet access                          (5) Sufficient bandwidth 

 Air Conditioning                          (5) Fully adequate system 

 Power supply                          (5) Reliable, backup UPS 

General Management and Operation   

 Organisation                          (5) Well managed, clear responsibilities  

 Competence of staff                          (5) Highly qualified staff 

Air Inlet System                          (5) Fully adequate systems 

Instrumentation   

 Ozone                          (5) Adequate instrumentation 

 CH4/CO2/CO (Picarro)                          (5) State of the art instrumentation 

 CO2 (LI -COR-7000)                          (4) Adequate system 

 CH4 (Varian 3800 GC/FID)                          (3) Quasi continuous, higher noise 

 CO and N2O (LGR)                          (5) State of the art instrumentation 

 N2O (Varian 3800 GC/ECD)                          (3) Quasi continuous, higher noise 

Standards   

 O3, CO, CO2, CH4, N2O                          (5) 
NIST traceable (O3), NOAA and working 

standards available 

Data Management   

 Data acquisition                          (5) Fully adequate system 

 Data processing                          (5) Adequate procedures 

 Data submission                          (5) Timely data submission of all parameters 



24     Izaña Atmospheric Research Center: 2019-2020 

 

 

4.5 Participation in international cooperative 

scientific studies 

4.5.1 Fingerprint of the summer 2018 drought in 

Europe on ground-based atmospheric CO2 

measurements 

IARC contributed with data to the study published in 

Philosophical Transactions of the Royal Society B 

(Ramonet et al., 2020). A widespread drought developed 

over Northern and Central Europe during the summer of 

2018. The drought disturbed CO2 exchange between the 

atmosphere and terrestrial ecosystems in various ways, such 

as a reduction of photosynthesis, changes in ecosystem 

respiration, and an increment of the fire frequency. The 

development of the ICOS network of atmospheric 

greenhouse gas monitoring stations in recent years enabled 

an unprecedented amount of data compared to previous 

drought events in 2003 and 2015.  

This study analyzed the seasonal CO2 cycles from 48 

European stations for 2017 and 2018 and showed that the 

usual summer minimum in CO2 mole fraction due to its 

biospheric uptake was reduced by 1.4 ppm in 2018 for the 

10 stations located in the area most affected by the 

temperature anomaly, mostly in Northern Europe.  

This was balanced by a CO2 transition phase before and after 

July slower in 2018 compared to 2017, suggesting an 

extension of the growing season. Figure 4.6 shows the 

detrended CO2 differences observed at several stations from 

May to September 2018 compared to the previous year (top 

panel plots), and compared to the average of the eight 

previous years, where data are available (lower panel plots). 

Top panel plots clearly show the development of a positive 

CO2 difference (2018ï2017) of around 2 to 4 ppm in 

July/August in the central and northern part of Europe that 

switches to negative values (ī2 to ī4 ppm) in 

September/October but remains positive for stations located 

further south. This CO2 anomaly was compared with the 

anomaly observed in previous European droughts in 2003 

and 2015. Considering the areas most affected by the 

temperature anomalies, a higher CO2 anomaly was found in 

2003 (+3 ppm averaged over 4 sites), and a smaller anomaly 

in 2015 (+1 ppm averaged over 11 sites) compared to 2018. 

 

 

 

Figure 4.6. Map of the monthly mean CO2 mole fraction differences from May (left) to September (right). Circles represent surface 

stations in lowlands. Triangles indicate the mountain sites, and the square indicates a total column measurement station (TCCON). 

Top panels show the differences between 2018 and 2017. Bottom panels show differences between 2018 and averaged multi-annual 

mean of 2010ï2017. Reprinted from Ramonet et al. (2020). 

4.6 References 

Chevallier, F., P. Ciais, T. J. Conway, T. Aalto, B. E. Anderson, P. 

Bousquet, E. G. Brunke, L. Ciattaglia, Y. Esaki, M. Fröhlich, 

A. Gomez, A. J. Gomez-Pelaez, L. Haszpra, P. B. Krummel, R. 

L. Langenfelds, M. Leuenberger, T. Machida, F. Maignan, H. 

Matsueda, J. A. Morguí, H. Mukai, T. Nakazawa, P. Peylin, M. 

Ramonet, L. Rivier, Y. Sawa, M. Schmidt, L. P. Steele, S. A. 

Vay, A. T. Vermeulen, S. Wofsy, D. Worthy, CO2 surface 

fluxes at grid point scale estimated from a global 21 year 

reanalysis of atmospheric measurements, J. Geophys. Res., 

115, D21307, doi:10.1029/2010JD013887, 2010. 

Cooperative Global Atmospheric Data Integration Project; (2020): 

Multi -laboratory compilation of atmospheric carbon dioxide 

data for the period 1957-2019; 

obspack_co2_1_GLOBALVIEWplus_v6.1_2021-03-01; 

NOAA Global Monitoring Laboratory. 

https://search.datacite.org/works/10.25925/20201204 

Gomez-Pelaez, A.J., R. Ramos, V. Gomez-Trueba, R. Campo-

Hernandez, E. Dlugokencky, T. Conway "New improvements 

in the Izaña (Tenerife, Spain) global GAW station in-situ 

https://search.datacite.org/works/10.25925/20201204


Izaña Atmospheric Research Center: 2019-2020     25 

greenhouse gases measurement program" in GAW report (No. 

206) of the "16th WMO/IAEA Meeting on Carbon Dioxide, 

Other Greenhouse Gases, and Related Measurement 

Techniques (GGMT-2011) (Wellington, New Zealand, 25-28 

October 2011)", edited by Gordon Brailsford, World 

Meteorological Organization, 76-81, 2012. 

Gomez-Pelaez, A. J., Ramos, R., Gomez-Trueba, V., Novelli, P. 

C., and Campo-Hernandez, R.: A statistical approach to 

quantify uncertainty in carbon monoxide measurements at the 

Izaña global GAW station: 2008ï2011, Atmos. Meas. Tech., 6, 

787-799, doi:10.5194/amt-6-787-2013, 2013. 

Gomez-Pelaez, A.J., R. Ramos, V. Gomez-Trueba, R. Campo-

Hernandez, E. Reyes-Sanchez: "Izaña Global GAW station 

greenhouse-gas measurement programme. Novelties and 

developments during October 2011-May 2013" in GAW report 

(No. 213) of the "17th WMO/IAEA Meeting on Carbon 

Dioxide, Other Greenhouse Gases, and Related Measurement 

Techniques (Beijing, China, June 10-14, 2013)", edited by P. 

Tans and C. Zellweger, World Meteorological Organization, 

77-82, 2014. 

Gomez-Pelaez, A.J., R. Ramos, V. Gomez-Trueba, R. Campo-

Hernandez, E. Reyes-Sanchez: "GGMT-2015 Izaña station 

update: instrumental and processing software developments, 

scale updates, aircraft campaign, and plumbing design for 

CRDS" in GAW report (No. 229) of the "18th WMO/IAEA 

Meeting on Carbon Dioxide, Other Greenhouse Gases, and 

Related Measurement Techniques (GGMT) (La Jolla, CA, 

USA, 13-17 September, 2015)", edited by P. Tans and C. 

Zellweger, World Meteorological Organization, 125-131, 

2016. 

Gomez-Pelaez, A. J., Ramos, R., Cuevas, E., Gomez-Trueba, V., 

and Reyes, E.: Atmospheric CO2, CH4, and CO with the CRDS 

technique at the Izaña Global GAW station: instrumental tests, 

developments, and first measurement results, Atmos. Meas. 

Tech., 12, 2043ï2066, https://doi.org/10.5194/amt-12-2043-

2019, 2019. 

Hall, B. D., Dutton, G. S., Mondeel, D. J., Nance, J. D., Rigby, M., 

Butler, J. H., Moore, F. L., Hurst, D. F., & Elkins, J. W. (2011). 

Improving measurements of SF6 for the study of atmospheric 

transport and emissions. Atmospheric Measurement 

Techniques, 4(11), 2441-2451. https://doi.org/10.5194/amt-4-

2441-2011 

Graven, H., Allison, C. E., Etheridge, D. M., Hammer, S., Keeling, 

R. F., Levin, I., Meijer, H. A. J., Rubino, M., Tans, P. P., 

Trudinger, C. M., Vaughn, B. H., and White, J. W. C.: 

Compiled records of carbon isotopes in atmospheric CO2 for 

historical simulations in CMIP6, Geosci. Model Dev., 10, 

4405ï4417, https://doi.org/10.5194/gmd-10-4405-2017, 2017 

 Jacobson, A. R., Schuldt, K. N., Miller, J. B., Oda, T., Tans, P., 

Arlyn Andrews, Mund, J., Ott, L., Collatz, G. J., Aalto, T., 

Afshar, S., Aikin, K., Aoki, S., Apadula, F., Baier, B., 

Bergamaschi, P., Beyersdorf, A., Biraud, S. C., Bollenbacher, 

A., é Miroslaw Zimnoch. (2020). CarbonTracker 

Documentation CT2019B release. NOAA Global Monitoring 

Laboratory. https://doi.org/10.25925/20201008 

Ramonet, M., P. Ciais, F. Apadula, J. Bartyzel, A. Bastos, P. 

Bergamaschi, P. E. Blanc, D. Brunner, L. Caracciolo di 

Torchiarolo, F. Calzolari, H. Chen, L. Chmura, A. Colomb, S. 

Conil, P. Cristofanelli, E. Cuevas, R. Curcoll, M. et al.: The 

fingerprint of the summer 2018 drought in Europe on ground-

based atmospheric CO2 measurements, Philosophical 

Transactions of the Royal Society B: Biological Sciences, 

Royal Society, The, 375 (1810), pp.20190513. 

ff10.1098/rstb.2019.0513ff. ffhal-02938994, 2020. 

Scheel, H.E. (2009), System and Performance Audit for Nitrous 

Oxide at the Global GAW Station Izaña, Tenerife, Spain, 

November 2008, WCC-N2O Report 2008/11, 

http://www.aemet.izana.org/publications/Rep_WCCN2O_200

8_IZOAudit.pdf 

Thoning, K.W., P.P. Tans, and W.D. Komhyr; Atmospheric 

carbon dioxide at Mauna Loa Observatory, 2. Analysis of the 

NOAA/GMCC data, 1974 1985. J. Geophys. Res. ,94, 8549 

8565, 1989. 

Tsuruta, A., Aalto, T., Backman, L., Hakkarainen, J., van der Laan-

Luijkx, I. T., Krol, M. C., Spahni, R., Houweling, S., Laine, M., 

Dlugokencky, E., Gomez-Pelaez, A. J., van der Schoot, M., 

Langenfelds, R., Ellul, R., Arduini, J., Apadula, F., Gerbig, C., 

Feist, D. G., Kivi, R., Yoshida, Y., and Peters, W.: Global 

methane emission estimates for 2000ï2012 from 

CarbonTracker Europe-CH4 v1.0, Geosci. Model Dev., 10, 

1261-1289, doi:10.5194/gmd-10-1261-2017, 2017. 

van der Velde, I. R., Miller, J. B., van der Molen, M. K., Tans, P. 

P., Vaughn, B. H., White, J. W. C., Schaefer, K., and Peters, 

W.: The CarbonTracker Data Assimilation System for CO2 and 

ŭ13C (CTDAS-C13 v1.0): retrieving information on landï

atmosphere exchange processes, Geosci. Model Dev., 11, 283ï

304, https://doi.org/10.5194/gmd-11-283-2018, 2018. 

Zellweger, C., J. Klausen, B. Buchmann, H.-E. Scheel (2009), 

System and Performance Audit of Surface Ozone, Carbon 

Monoxide, Methane and Nitrous Oxide at the Global GAW 

Station Izaña, Spain, March 2009, WCC-Empa Report 09/1, 

https://www.empa.ch/documents/56101/250799/Izana09.pdf/8

dd7d439-c6cb-4122-bcea-bc3fcda5a367 

Zellweger, C., M. Steinbacher, B. Buchmann, R. Steinbrecher 

(2015), System and Performance Audit of Surface Ozone, 

Methane, Carbon Dioxide, Nitrous Oxide and Carbon 

Monoxide at the Global GAW Station Izaña, September 2013. 

WCC-Empa Report 13/2, 

https://www.empa.ch/documents/56101/250799/Izana13.pdf/d

a8bbb9f-8623-404e-bdab-6949d6e16282 

Zellweger, C., M. Steinbacher, B. Buchmann, R. Steinbrecher 

(2020), System and Performance Audit of Surface Ozone, 

Carbon Monoxide, Methane, Carbon Dioxide and Nitrous 

Oxide at the Global GAW Station Izaña, Spain, May 2019. 

WCC-Empa Report No. 19/2, 

https://www.empa.ch/documents/56101/250799/Izana+2019/a

c2d85ce-12d1-4c30-a53d-b4d7f70ed913 

World Data Centre for Greenhouse Gases (WDCGG), WMO 

WDCGG Data Summary, GAW Data (Volume IV-Greenhouse 

and Related Gases), WDCGG No. 44, Japan Meteorological 

Agency in Co-operation with World Meteorological 

Organization, 2020. 

4.7 Staff 

Pedro Pablo Rivas Soriano (AEMET; Head of programme) 

Ramón Ramos (AEMET; Head of Infrastructure and 

instrumentation) 

Enrique Reyes (AEMET; Software and data processing) 

Dr Sergio León-Luís (TRAGSATEC; ICOS) 

Dr Rosa García (TRAGSATEC/UVA)  

Jaime Hernández-Estévez (Air Liquide) 

 

https://doi.org/10.5194/amt-4-2441-2011
https://doi.org/10.5194/amt-4-2441-2011


26     Izaña Atmospheric Research Center: 2019-2020 

5 Reactive Gases and Ozonesondes 

5.1 Main Scientific Goals 

The main scientific objectives of this programme are: 

¶ Long-term high-quality observations and analysis of 

tropospheric O3 in both the free troposphere (FT) and 

the Marine Boundary Layer (MBL). 

¶ Long-term high-quality observations of reactive gases 

(CO, NOx, SO2) in the FT and in the MBL to support 

other measurement programmes at IARC. 

¶ 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.  

¶ Characterization of the vertical profile of ozone in 

subtropical latitudes. 

¶ 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) 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). Surface O3 measurements started in 

1987, CO in 2004, and SO2 and NOx measurements were 

implemented since 2006 at IZO. At SCO, surface O3 

measurements started in 2001, and CO, SO2 and NOx 

programmes were also implemented since 2006. 

 

Figure 5.2. Ozone analysers at Izaña Observatory: comparison 

of the analysers with prim ary ozone standard (TEI 49C-PS). 

Details of the reactive gases and ozonesondes measurement 

programme are described in González (2012) and Cuevas et 

al. (2013).  

5.2.1 Reactive gases 

The surface ozone measurement programme is developed 

within the framework of the GAW-WMO programme for 

the measurement of reactive gases, and its main objectives 

are high-quality monitoring of surface ozone, as well as 

other reactive gases, under background conditions in the 

free atmosphere at IZO, and the analysis of chemical and 

transport processes in which the ozone is involved. The 

almost uninterrupted 34-year time series of surface O3 at 

IZO is shown in Fig. 5.1. 

  

Figure 5.1. Long-term daily (night period) surface O3 at IZO (1987-2020).
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At present, ozone is measured with two ozone analyzers 

main and auxiliary, which are measuring simultaneously. A 

third reserve analyzer is used in case any of the two 

operational analyzers have a problem. All analyzers 

determine the ozone mixing ratio by UV absorption; this is 

the recommended measurement technique for analyzers 

which are part of the GAW-WMO programme (WMO, 

2013). The main analyzer belongs to the new series of 

Thermo Scientific 49i analyzers, and the other two 

(auxiliary and reserve) belong to the old series of Thermo 

Scientific 49C analyzers. All analyzers are compared every 

three months with the IARC primary ozone standard 

(Thermo Scientific 49C-PS, since August 2008) (Figure 

5.2), which has previously been calibrated against a 

reference equipment (SRP#15) from the World Calibration 

Centre for Surface Ozone, Carbon Monoxide, Methane and 

Carbon Dioxide (WMO/WCC-Empa) to check if there is 

any drift in the instruments. The error must be less than 1% 

to ensure that the analyzer has not changed and therefore 

maintains the WCC-Empa calibration.  

In addition, all analyzers and their installation are audited 

every 2-3 years by the WCC-Empa to check if the 

calibration has been maintained over time. This redundancy 

of equipment, together with the rigorous verification and 

calibration protocols, are necessary to maintain the quality 

and continuity of ozone measurements required by the  the 

GAW Programme. 

The surface O3 programme at IZO has been audited by the 

WCC-Empa in 1996, 1998, 2000, 2004, 2009, 2013 and 

2019. All Empaôs audit reports are available in the link: 

https://www.empa.ch/web/s503/wcc-empa.  

 

Figure 5.3. Bias of the IZO ozone analyser (TEI 49i 

#1153030026, principal analyser) with respect to the SRP as a 

function of mole fraction. Each point represents the average of 

the last five 1-minute values at a given level. The green area 

corresponds to the relevant mole fraction range, while the 

DQOs are indicated with green lines. The dashed lines about 

the regression lines are the Working-Hotelling 95% confidence 

bands (WMO, 2020). 

 

During the last audit (May 2019) the three IZO analysers 

(TEI 49i #1153030026, TEI 49C #72491-371 and #62900-

337) and the primary ozone standard (TEI 49C-PS #56085-

306) were compared against the WCC-Empa travelling 

standard (TS) with traceability to a Standard Reference 

Photometer (SRP). Good agreement between the WCC-

Empa travelling instrument and the IZO calibrator was 

found, which confirms the validity of the last calibration 

made at Empa in 2017. The ozone analysers were all in 

agreement within 1 ppb at the relevant mole fraction range 

from 0-100 ppb ozone (Fig. 5.3), which confirms that the 

quality control and maintenances made periodically in IZO 

are appropriate.  

On the other hand, the WCC-Empa 2019 audit noted that the 

C-Series instruments (TEI 49C) are reaching the end of their 

lifetime and these instruments should be replaced within the 

next two years. These instruments will be replaced by 

analysers of I-Series (TEI 49i) during 2021-2022 and the 

reserve analyser will be installed at the Teide Peak 

Observatory. The final WCC/Empa Audit report No 19/2 

ñSystem and performance audit of surface ozone, carbon 

monoxide, methane, carbon dioxide and nitrous oxide at the 

global GAW station Izaña, Spain May 2019, was published 

as a GAW report No 251 (WMO 2020).  

NOx and SO2 instruments at IZO usually operate below the 

detection limit (50 ppt) 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 and of long-

range transport of pollution on the background atmosphere.  

In order to lend continuity to the NOx measurement 

programme in IZO, improving the quality of measurements 

and increasing precision, the EcoPhysics CraNOx II 

analyzer was acquired, as part of the project ñEquipment for 

Monitoring and Research from the Global Atmospheric 

Watch station at Izaña (Tenerife) of Atmospheric 

Parameters and Components that modulate Climate Change 

(MICA)ò (EQC2018-004376-P). The infrastructure project 

was approved at the end of 2018, and the new equipment 

was installed in October 2020 (Fig. 5.4). 

 

Figure 5.4. Start-up of the EcoPhysics CraNOx II analyser at 

the Izaña Observatory. 

https://www.empa.ch/web/s503/wcc-empa
https://www.empa.ch/web/s503/wcc-empa
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CO is measured with high accuracy at IZO by the 

Greenhouse Gases and Carbon Cycle Programme, 

following the GAW recommendations (see Section 4 for 

more details). CO measurements are also performed at SCO 

with the non-dispersive IR absorption technique and are 

utilized for air quality research. 

5.2.2 CraNOx II analyzer 

The CraNOx analyser is a high-performance device based 

on a chemiluminescence detection principle (O3-CLD, 

Ozone Chemiluminescence Detection), which detects NO 

directly and NO2 after converting it into NO with a 

photolytic converter (PLC, Photolytic Converter). This NO 

measurement technique is recommended by GAW at its 

NOx measurement stations (WMO, 2011 and 2017) given its 

reliability, linearity and proven reproducibility in a wide 

range of conditions. The technique consists of enriching the 

air sample, whose concentration of NO is to be studied, with 

O3, which produces a set of reactions resulting in the 

generation of NO2 and release of radiation proportional to 

the initial concentration of NO. This radiation is measured 

using a photomultiplier tube (PMT) with a signal 

proportional to NO in the initial sample.  

In order to obtain the concentration of NO2 in the sample, 

all the NO2 must first be converted into NO, and then 

subsequently, the same direct NO measurement process is 

repeated with the O3-CLD detector. There are several 

methods to produce NO2 from NO, e.g. using a photolytic 

converter or a heated molybdenum converter. In GAW 

stations, photolytic conversion is recommended (WMO, 

2011) since it is a more selective method, avoiding the 

overestimation of NO2, by preventing other nitrogen 

compounds in the air from being transformed into NO 

during the process. The air sample is irradiated in a 

photolytic cell and a fraction of the NO2 is converted into 

NO, depending on an efficiency factor related to the 

intensity and type of lamp, e.g. mercury or xenon arc lamp 

or UV-LEDs. 

The CraNOx II installed in the Izaña Observatory complies 

with GAW recommendations in terms of measurement 

technique, precision and detection limit for the 

measurement of NO and NO2 in background conditions 

(WMO, 2011 and 2017). It is a compact instrument 

consisting of a double O3-CLD detector for the 

simultaneous measurement of NO and NOx, with a pre-

chamber, to minimise interference due to the reaction of 

ozone with other compounds present in the air, and uses a 

photolytic converter with a metal halide lamp (200W). For 

the ozone required in the O3-CLD chemiluminescence 

detector, the analyser has an internal ozone generator. This 

ozone is generated by applying an electrical discharge to a 

constant flow of oxygen (O2), taken from a bottle, breaking 

the O2 molecules down into more unstable atoms, which 

recombine to form ozone. Thanks to this design, the 

analyser allows the measurement of NO and NO2 

concentrations < 25 ppt, with great stability and precision 

(Fig 5.5). 

 

Figure 5.5. Flow diagram of the EcoPhysics CraNOx II 

(https://www.ecophysics.com/environmental/supreme-

line/cranox-ii/). 

The CraNOx II also incorporates an internal calibration 

module that allows the automatic verification/calibration of 

the analyser: NO-zero (synthetic air with zero NO mole 

fraction), NO-span (measurement of a known dilute amount 

of NO) and efficiency of the PLC converter. The high 

degree of instrument automation always allows control of 

both the quality of the measurement and of the equipment 

itself. The CraNOx II is completed with an internal O3 

analyzer, by UV photometric absorption, which measures 

O3 mole fraction of the air sample simultaneously with the 

NO and NO2 measurements, which will allow the detailed 

study of how the chemical reactions that connect these three 

compounds occur under background conditions. 

5.2.3 Ozonesonde vertical profiles 

The ozone vertical profile measurements were initiated in 

November 1992 using the ECC ozonesonde technique. The 

equipment and launching stations used in this programme 

are listed in Table 5.1. Launches are performed once a week 

(Wednesday). The frequency of ozone soundings in this 

station is significantly increased during intensive 

campaigns.  

At the start of the programme, the ozonesondes were 

launched from Santa Cruz Station and since 2011 they have 

been launched from BTO (Fig. 5.6 and 5.7). This 

programme provides ozone profiles from the ground to the 

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

resolution of about 10 metres. 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. 
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Figure 5.6. Inflating  the balloon with helium at BTO. 

Ozonesondes are checked before launching with a Ground 

Test with Ozonizer/Test Unit TSC-1 (see Section 3.2.1). 

The ECC-ozone sensor used is an electrochemical cell 

consisting of two half cells, made of Teflon, which serve as 

cathode and anode chambers, respectively. Both half cells 

contain platinum mesh electrodes. They are immersed in a 

KI -solution, always with the same sensing solution type 

(SST1.0: 1.0% KI & full pH-buffer) since the beginning of 

the Ozonesonde Programme (Nov 1992). The two chambers 

are linked together by an ion bridge in order to provide an 

ion pathway and to prevent mixing of the cathode and anode 

electrolytes.  

The main features of the ozonesonde system currently in use 

(see Table 5.1) are the following:  

¶ Sensor: ECC-6A 

¶ Balloon: TOTEX TA 1200 

¶ Radiosonde: RS-41 

¶ Receiver: DigiCora MW41 

¶ Wind system: GPS 

  

Figure 5.7. a) Preparing the balloon and the ozonesonde for 

launch at BTO, b) Ozonesonde in air launched from BTO. 

 

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 DigiCora MW11 Rawinsonde 

Oct 2010 ï Feb 2018: 

VAISALA DigiCora MW31 

 Mar 2018 ï present: 

VAISALA DigiCora MW41 

 

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 - Dec 2018: 

VAISALA RS92-SGP (GPS Wind data) 

Dec 2018 - present: 

VAISALA RS41-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.) 
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5.3 Summary of remarkable results during 

the period 2019-2020  

5.3.1 Software for the evaluation of reactive gases 

data (O3, NOx, SO2, CO)  

The software for reactive gases data evaluation was 

developed during 2015 and 2016, and is improved each 

year. This software makes it possible to carry out the 

evaluation and processing of the data of the reactive gases 

programme (surface O3, NOx, SO2 and CO). The software 

works in a web environment that facilitates consultations 

with the database and data processing. 

The raw data are acquired by a CR1000 Campbell 

datalogger, which interrogates each instrument every 

minute. The data are automatically stored in a database, 

zeros, span and calibration coefficients of the analysers are 

also recorded. The software uses all this information to 

process data automatically and it allows us to choose the 

desired component to evaluate and visualize its record along 

with that of another component and/or together with the 

meteorological information (temperature, relative humidity, 

pressure and wind). 

5.3.2 World Data Center for Reactive Gases 

(WDCRG)  

The World Data Center for Reactive Gases (WDCRG) is the 

data repository and archive for reactive gases of the GAW 

Programme and is managed by NILU. The WDCRG was 

established on 1 January 2016 and takes over the 

responsibility of RG data archiving from the Japan 

Meteorological Agency, which continues to host the World 

Data Centre on Greenhouse Gases (WDCGG). Some of the 

reactive gases hosted at WDCRG are SO2, oxidized nitrogen 

species, surface O3 and VOCs. We have developed the 

necessary software to edit surface O3 data in the Ebas 

NASA-Ames format required by the WDCRG. Hourly 

surface O3 data from 2014 to 2020 have been submitted 

directly to WDCRG (http://ebas.nilu.no) and O3 data from 

1987 to 2013 have been transferred from the WDCGG to 

WDCRG in the Ebas format. 

5.3.3 Network for the Detection of Atmospheric 

Composition Change (NDACC) 

In 2004, the Izaña Atmospheric Research Center joined the 

Network for the Detection of Atmospheric Composition 

Change 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. Ozonesonde data archived in the NDACC database 

must meet certain quality criteria. Currently 96% of the 

ozone soundings performed in the period 1995-2020 are 

available in the NDACC database (Figure 5.8). Ozonesonde 

data from the early period (November 1992-1994) need to 

be reprocessed and reanalysed carefully. At present 

NDACC is working in the homogenization of the ozone 

soundings of all NDACC-stations and implementation of a 

new data format.  

 

Figure 5.8. Number of ozone soundings (O3S) since the 

beginning of the programme and the number of ozonesonde 

datasets recorded in the NDACC database that meet the 

quality assurance criteria  (1992-2020). 

5.3.4 Ozonesonde data homogenization activity  

An Ozonesonde Data Quality Assessment (O3S-DQA) 

activity was initiated in 2011 to identify changes in the 

ozonesondes and in their preparation that introduce 

inhomogeneities in the long-term ozonesonde records and to 

formulate correction functions to resolve these artefacts. 

This activity was part of SI2N (SPARC [Stratosphere-

troposphere Processes And their Role in Climate], IO3C 

[International Ozone Commission] and IGACO-O3 

[Integrated Global Atmospheric Chemistry Observations] 

and NDACC) initiative on ñPast Changes in the Vertical 

Distribution of Ozoneò. 

An Ozonesonde Data Quality Assessment (O3S-DQA) 

activity was initiated in 2011 to homogenize temporal and 

spatial ozonesonde data records under the framework of the 

SI2N (SPARC [Stratosphere-troposphere Processes And 

their Role in Climate], IO3C [International Ozone 

Commission], and NDACC) initiative on ñPast Changes in 

the Vertical Distribution of Ozoneò. The aim of this 

homogenization is to correct for biases related to 

instrumental (such as sonde type or sensing solution 

strength) or processing changes to reduce the uncertainty 

(from 10ï20% down to 5ï10 %), and to provide an 

uncertainty estimate for every single ozone partial pressure 

measurement in the profile. 

In this context, some O3-sounding stations, one of them 

being the IZO station, were selected to be involved in the 

homogenization process, following the ñGuidelines for 

Homogenization of Ozone Sonde Dataò (Smit et. al, 2012) 

prepared by the O3S-DQA panel members. The 

reprocessing carried out in IZO station is being supervised 

by Dr H. Smit (FZJ, Germany), leader of the O3S-DQA 

panel, and Dr R. Van Malderen (KMI, Belgium). 

In our case, although there have not been any changes in 

ECC ozonesonde manufacturer (Vaisala ECC-SPC) or 

http://www.gaw-wdcrg.org/
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changes in sensing solution type (STT 1.0% KI & full pH-

buffer) since the beginning of the Ozonesonde Programme 

(Nov 1992), some non-uniformity in ozonesonde and data 

processing could have occurred during the programme 

implementation period: changes in the ozonesonde type 

(ECC5A, Nov.92 to Sep.97 and ECC6A, Sep97 to present), 

in the pump temperature measurement, in the background 

current, in the correction (temperature  and humidity) of the 

pump flow or the method of determining the ozone residual.    

All this can lead to some inhomogeneities in time series and 

may influence the trends derived from such data 

dramatically. The Assessment of Standard Operating 

Procedures for Ozonesondes (ASOPOS, Smit et al., 2013) 

demonstrated that, after standardization and 

homogenization, improvement of precision and accuracy by 

about a factor of two might be achieved. 

5.3.5 COVID -19 crisis reduces Free Tropospheric 

Ozone across the Northern Hemisphere 

During the spring-summer of 2020, the global crisis 

associated with COVID-19 caused all countries to take 

drastic measures to contain the spread of the virus, such as 

confining the population to their homes and, in many 

countries, the reduction of a great part of non-essential 

industrial, commercial and transport activity. These 

measures brought about a significant reduction in the 

emission of gases, not only in the lower layers of the 

atmosphere, but also throughout the troposphere due to the 

reduction of emissions associated with air transport. Faced 

with this situation, the international scientific community 

has questioned what effects this reduction in gas emissions 

has had on the environment and how it has affected the 

average distribution of certain gases in the free atmosphere, 

such as in the case of tropospheric ozone. 

In order to find out how ozone in the free atmosphere 

responded during the emission reduction caused by the 

COVID-19 crisis throughout spring and summer 2020, the 

scientific community working on the measurement of 

tropospheric ozone has collaborated on the comparison and 

analysis of vertical profiles of ozone obtained using three 

different measurement techniques: ozone sounding, Fourier 

Transform Infrared Spectrometers (FTIR) and tropospheric 

LIDAR (Light Detection and Ranging). This collaboration 

of more than 30 institutions in 16 countries has resulted in 

the publication of the article ñDid the COVID-19 Crisis 

Reduce Free Tropospheric Ozone across the Northern 

Hemisphere?ò (Steinbrecht et al., 2020), which gives the 

keys to understanding the behaviour of ozone in the free 

troposphere during the period. IARC-AEMET took part in 

the work, contributing with IARC-FTIR measurements at 

Izaña Observatory and with ozone profile soundings carried 

out at Tenerife. 

 

 

Figure 5.9. Image of the monthly average of the total ozone 

content over the Arctic region during March 2020, obtained 

from satellite data. Image from NASA Ozone Watch, GSFC 

(https://ozonewatch.gsfc.nasa.gov/NH.html). 

The spring-summer of 2020 was not only atypical due to the 

crisis associated with COVID-19, which caused a reduction 

in gas emissions on a global scale, but also concerning the 

atmospheric circulation, since this same period was 

characterized by a record decrease of the ozone levels in the 

Arctic (Figure 5.9). This decrease in ozone in the 

stratosphere, for which the causes were mainly 

meteorological, was due to the fact that during the winter 

period a very strong, persistent polar vortex with very low 

temperatures in the stratosphere hovered over the Arctic. 

This ñblocking" situation favoured the concentration of 

compounds that accelerate ozone depletion reactions, which 

meant that, from spring onwards, more ozone was depleted 

with the increase in solar radiation in the region. Circulation 

itself caused these ozone-poor air masses to drift to latitudes 

lower than normal. A similar situation occurred in 2011, 

when very low levels of ozone were detected in the 

stratosphere over Europe and Canada, with an increase in 

the UV index at the surface. 

For the analysis of tropospheric ozone in 2020 during the 

reduction in emissions associated with the COVID-19 crisis, 

ozone soundings from 31 stations were used. Only the 

stations that carried out at least one sounding per month 

from the year beginning of 2000 to July 2020 were included 

in the analysis. Ozone soundings provide information on the 

vertical distribution of ozone in the troposphere and in the 

stratosphere up to an approximate altitude of 30 km, with a 

vertical resolution of about 100 m and ozone content 

accuracy of 5% -15% in the troposphere and 5% in the 

stratosphere (Smit et al., 2013). In addition, vertical ozone 

profiles obtained from FTIR spectrometers at 12 stations 
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were used which, although they have lower vertical 

resolution than the soundings, give a similar degree of 

accuracy (5%-10%, Vigouroux et al., 2015), and data from 

two tropospheric LIDARs, which provide ozone profiles 

between 3 and 12 km, with comparable accuracy (5% -10%, 

Leblanc et al., 2018) were also included. 

Comparison of the vertical profiles of ozone anomalies 

averaged from April to August for each station for the years 

2011 and 2020 in which, as indicated above, the greatest 

reduction in stratospheric ozone is associated with the polar 

vortex in the Arctic, demonstrates a clear difference. In 

2011, the average reduction of the anomaly is observed 

above 9 km, whilst below that it is minimal, so the reduction 

of stratospheric ozone seems to have little influence on the 

concentration of tropospheric ozone, whilst in 2020, the 

negative anomaly is observed at all levels (Figure 5.10). 

Anomalies were defined as the relative deviation (in 

percent) from the 2000-2020 climatological mean.  

 

Figure 5.10. Vertical distribution of the average tropospheric 

ozone anomalies for the extra-tropical region in the northern 

hemisphere during the spring-summer period 2010-2020. A 

blue band is observed in 2020 corresponding to low ozone 

levels throughout the free troposphere. This remarkable 

reduction in tropospheric ozone is mainly caused by global gas 

emission reductions due to the economic downturn, a 

consequence of COVID-19. Credit: Steinbrecht et al., (2020). 

When evaluating the CAMS reanalysis for 2011, a very 

similar result is obtained for the model analysis and for 

averages of anomalies obtained with observations: a larger 

negative anomaly in the stratosphere than in the free 

troposphere where the negative anomaly is smaller and 

closer to zero. However, although the CAMS analysis for 

2020 reproduces a situation equivalent to that for 2011, with 

a minimum of stratospheric ozone and little influence on the 

free troposphere, it does not coincide with the anomalies 

obtained from the ozone profiles in the free troposphere. 

Taking into account that the CAMS 2020 analysis used pre-

set emissions that did not reflect the reduction in gas 

emissions due to the COVID crisis, it seems that a large part 

of the reduction of tropospheric ozone in the free 

atmosphere (1 to 8 km) during 2020 was mainly due to the 

reduction in emissions due to the COVID crisis. In addition, 

the anomaly observed is consistent with simulations of 

chemical-climate models, in which a reduction in emissions 

similar to the one of 2020 was assumed (Weber et al., 2020). 

From the analysis of all the data, it is concluded that, 

between April and August 2020, the extra-tropical stations 

of the northern hemisphere measured an average of 7% (~ 4 

nmol / mol = ppb) less tropospheric ozone (between 1 and 8 

km) than normal (reference average 2000-2020) (Fig. 5.10). 

Specifically, the average anomaly observed in that period in 

Tenerife (Izaña Observatory) with FTIR was -6.3% (0.0% 

CAMS anomaly) and -1.6% (0.0% CAMS anomaly) in the 

ozone soundings. The decrease in ozone, observed over 

several consecutive months and simultaneously at a large 

number of extra-tropical stations in the northern 

hemisphere, had not occurred in recent years, at least since 

the year 2000. The reduction, on average of 7% in the free 

troposphere, contrasts with the increase of 10%-30% in 

surface ozone observed in polluted urban areas, coinciding 

with the reduction in emissions due to COVID-19, which 

has been reflected in various studies carried out on this 

subject. 

5.3.6 The TOAR project: Final phase-I and start 

phase-II  

 

 

 

 

 

As of February 2020, TOAR (Tropospheric Ozone 

Assessment Report: Global metrics for climate change, 

human health and crop/ecosystem research) Activity of the 

International Global Atmospheric Chemistry Project 

(IGAC), has entered its second phase (TOAR-II ), the first 

phase having been completed in 2019. 

TOAR-I (2014-2019) delivered on its goals of producing the 

first tropospheric ozone assessment report and building the 

worldôs largest database of surface ozone metrics (Fig. 

5.11), calculated consistently for over 9000 surface ozone 

time series worldwide (Schultz et al., 2017). (Further details 

are given in section 5.3.5 of Izaña Activity Report 2017-

2018, Cuevas et al, 2019). TOARôs accomplishments were 

made possible by the collective efforts of the international 

research community, drawing on the expertise of 230 

scientists and air quality specialists from 36 nations, 

representing research on all seven continents. 

TOAR-I has published its findings as a series of peer-

reviewed manuscripts made available through a Special 

Feature of the open-access, non-profit journal, Elementa: 

Science of the Anthropocene, and IARC has collaborated in 

several of these publications: Gaudel et al., 2018 (Section 

5.3.6 of Izaña Activity Report 2017-2018, Cuevas et al., 

https://igacproject.org/activities/TOAR/TOAR-II
http://igacproject.org/activities/TOAR/TOAR-I
http://igacproject.org/activities/TOAR/TOAR-I
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2019); Tarasick et al., 2019 (Section 7, Fourier Transform 

Infrared Spectroscopy), and Cooper et al., 2020. 

 

Figure 5.11. Present-day (2010-2014) values of the 6-month 

average (April-September in the N. Hemisphere, October-

March in the S. Hemisphere) of maximum daily 8-hr average 

ozone, at all available sites (4801 total sites) in the TOAR 

database. Values are further averaged across the 5-yr period, 

2010-2014. 

The TOAR mission continues, with TOAR-II providing 

updated and extended information on tropospheric ozone 

(2020-2024). In the second phase, the goals of TOAR-II are: 

1. TOAR Ozone Data Portal:  Update the ozone 

observations in the TOAR surface ozone database to 

include all recent observations (since 2014), and 

include data from new sites and regions, as well as 

ozone precursor and meteorological data.  Develop 

methods for including historical data (pre-1975) and 

create working links to repositories of free tropospheric 

observations. 

2. TOAR publications:  Exploit the new observational 

datasets collected by Goal 1 (with data through 2020) 

to provide an updated state of the science related to 

ozoneôs global distribution and trends relevant to 

climate, human health and vegetation.  Extend the 

statistical toolbox and metrics of the TOAR trend 

analyses. 

3. Involve scientists from the atmospheric sciences 

community, as well as statisticians and scientists who 

focus on broader issues of global change and 

sustainability, to identify outstanding science questions 

in relation to tropospheric ozone.  The range of topics 

can be expanded beyond the scope of the original 

TOAR effort to investigate the impacts of tropospheric 

ozone on climate, human health and vegetation, and to 

address urban-scale issues in addition to the regional 

and global scale. 

4. Maximize exploitation of the TOAR Surface Ozone 

Database by, 1) helping scientists around the world, 

beyond the TOAR effort, to apply the database to new 

analyses, and 2) exploring new data science methods to 

improve the analysis of global ozone trends and their 

attribution. 

The TOAR-II virtual workshop organized in late January 

and early February 2021, was designed to gather the 

community and develop the working groups that will 

produce the papers for the TOAR-II Community Special 

Issue (the first step of the second Tropospheric Ozone 

Assessment Report), as well as identify new datasets for the 

assessment of tropospheric ozone and its impact on climate, 

health and vegetation. The working groups that were set up 

will focus on: Chemical Reanalysis, East Asia, 

Harmonization and Evaluation of Ground Based 

Instruments for Free Tropospheric Ozone Measurements 

(HEGIFTOM), Ozone over the Oceans, Ozone and 

Precursors in the Tropics (OPT), Radiative Forcing, 

Satellite Ozone, Statistics, and Urban Ozone. 

IARC will participate in TOAR-II within the HEGIFTOM 

working group with surface ozone measurements, 

ozonesonde profiles and FTIR ozone profiles (for further 

details refer to Section 7). The HEGIFTOM working group 

will bring together different networks of ground-based 

instruments measuring free tropospheric ozone, not only to 

strengthen, speed up, and expand existing activities of 

harmonization of instruments, but also to compare Quality 

Assurance/Quality Control (QA/QC) procedures and 

reports, and harmonization efforts between the different 

networks. 
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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: instrumentation, modelling and 

dissemination. The basis of the research is the 

instrumentation supported by strict QA/QC protocols, 

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. Left to right: Virgilio Carreño, Francisco 

Parra Rojas, Alberto Redondas, Sergio León Luis, and Javier 

López Solano. 

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 complemented 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 3 pixels per Full Width at Half Maximum (FWHM) 

https://rbcce.aemet.es/eubrewnet/
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Figure 6.2. Total Ozone series at Izaña Observatory (1991-2020), daily mean (in grey dots) and monthly mean (in red), the long-

term daily mean from the period 1991-2020 is 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, LibRadtran 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 its performance, 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 better 

than 0.25% in ozone. 

The Total Ozone programme is a part of the NDACC 

programme. The total ozone series for 1991-2020 is shown 

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

World Ozone and Ultraviolet Data Center (WOUDC). Fig. 

6.3 shows the UV index calculated on the basis of UV 

observations from Brewer spectrophotometer #157, 

available also at the WOUDC.

 

Figure 6.3. UV index during 2019-2020, calculated on the basis of measurements from Brewer #157, at Izaña 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 2019-2020 

The participation in scientific projects of this measurement 

programme is intertwined with the activities of the Regional 

Brewer Calibration Center for Europe (RBCC-E) (see 

Section 16 for more details). 

6.3.1 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 Ozone Depleting Substances. 

This has led to the halting of the rapid decline of 

stratospheric 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. The 

European Cooperation in Science and Technology (COST) 

Action (ES1207) was active from April 2013 to July 2017 

to form a European Brewer Network ï EUBREWNET. The 

results of this COST Action have been presented in Rimmer, 

Redondas, and Karppinen (2018).  

Since the end of 2018, support to EUBREWNET has been 

provided by AEMET. The activities carried out are overseen 

by a committee within the WMO Scientific Advisory Group 

(SAG) for Ozone and UV, which includes M. Tully (O3 - 

UV SAG Chair), J. Rimmer (University of Manchester, 

UK), A. Redondas (IARC-AEMET, Spain), T. Kralidis 

(WOUDC) and C. Sinclair (O3-UV SAG member). Further 

input is provided by EUBREWNETôs Management 

Committee, consisting of J. Rimmer (University of 

Manchester, UK), A. Redondas (IARC-AEMET, Spain), 

A.F. Bais (Aristotle University of Thessaloniki, Greece), J. 

Gröbner (PMOD/WRC, Switzerland), T. Karppinen 

(Finnish Meteorological Institute, Arctic Research Center, 

Finland), and V. de Book (Royal Meteorological Institute of 

Belgium, Belgium). 

 

Figure 6.4. Location of Brewer stations currently participating in EUBREWNET. The network started as a European network 

but now includes close to 60 stations located world-wide. 

http://rbcce.aemet.es/eubrewnet
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EUBREWNET relies on the work of two European 

calibration Centers, the RBCC-E and the WRC. The RBCC-

E plays a key role in 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 spectrophotometers 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. 6.4) 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 ozone 

and UV radiation 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 6.5. EUBREWNET database architecture. 

The actual implementation of the network can be 

summarized as follows: 

¶ Automated data transfers to central database (Fig. 6.5) 

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 data processing at the stations: including 

part of QC by comparison with near instruments and 

state of the art algorithms. 

¶ Central re-processing. Historical data or changes in 

constants recommended by WMO Ozone and UV 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. 

As mentioned previously, support to EUBREWNET has 

been provided by AEMET since the end of the year 2018. 

The activities during 2019 were mostly devoted to tasks 

related to improving EUBREWNETôs server stability and 

capabilities. The latter includes, for example, the capability 

to export data in the WOUDC and NDACC file formats. 

During 2020, two new products were implemented: version 

2 of the ozone algorithm (including updated ozone cross-

sections, airmass calculation, and Rayleigh coefficients), 

and a new Aerosol Optical Depth product. Furthermore, 

thanks to funding by ESA under the umbrella of the 

TROPOMI Mission Performance Centre, work has started 

on the implementation of the error budget of the Brewer 

ozone spectrophotometer in EUBREWNET that was 

developed during the ATMOZ project. During 2021, work 

will be focused on UV radiation, continuing with the 

development started by Kaisa Lakkala and Sergio León-

Luis on the UV near real time product. 

As a result of the work carried out during 2019 and 2020, 

EUBREWNET total ozone observations are now accessible 

from the WOUDC website. Users can search for 

EUBREWNET data from the Data Search / Download page 

(see Fig. 6.6) and download the resulting data directly from 

the EUBREWNET data server. Note that downloading data 

from EUBREWNET requires authentication. 

 

Figure 6.6. The WOUDC search page provides access to 

EUBREWNET data. 

https://woudc.org/data/explore.php
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During the 2019 meeting of the WMO Ozone and UV 

Scientific Advisory Group, the Maturity Index Matrix for 

the EUBREWENET Network was also presented (Fig. 6.7). 

The maturity matrix has been developed within the Horizon 

2020 (H2020) GAIA-CLIM project for different data 

products and networks, see Thorne et al. (2017). The idea 

behind this is to provide a framework and tool to semi-

objectively classify measurement capabilities. The idea is 

also to identify and characterise mature data sets and include 

them in the Virtual Observatory developed within GAIA-

CLIM to be used for satellite to non-satellite data 

comparisons. The EUBREWNET Maturity Index Matrix, 

which summarize the maturity of the network, was 

evaluated by Karin Kreher with good results, and 

EUBREWNET is now considered a Fiducial Reference 

Network for total ozone measurements. 

 

Figure 6.7. EUBREWNET Maturity Index Matrix.  

A cooperative agreement between EUBREWNET and 

NDACC networks was also presented during the NDACC 

meeting in 2020. This agreement mutually recognized both 

networks, reinforcing the cooperation between them while 

maintaining their own data policy. The stations/PI that 

participate in both networks with the same measurements 

continue to submit the observations to both networks. IARC 

(Spain) and Uccle (Belgium) stations which take part in both 

networks are developing the real time submission of the 

Brewer V2 total ozone to NDACC using EUBREWNET. 

 

Figure 6.8. Observational capabilities of NDACC indicating 

Brewer data in Total Ozone Column measurements. 

Furthermore, within the reorganization of WMO a new 

structure of ñExpert Teamsò has been created. The Expert 

Teams within GAW are now responsible for the advances 

in the research infrastructure in collaboration with SAG and 

the Infrastructure commission.  

The Expert Team on Atmospheric Composition 

Measurement Quality (ET-ACMQ) deals with the QA/QC 

of GAW measurements, and in the case of Total Ozone the 

new group will combine activities that were part of O3-UV 

SAG and SC-MINT (Standing Committee on Measurement, 

Instrumentation and Traceability) the former CIMO. 

 

Figure 6.9. Interaction of the ET-ACMQ within GAW & 

WMO Infrastructure .  

One of the objectives of these Expert Teams is to guarantee 

the quality of every GAW stored measurement based on the 

following principles: 

¶ The measurement value is obtained following the 

Standard Operating Proceedure (SOP). 

¶ The overall uncertainty is reported and the traceability 

uncertainty chain is documented. 

¶ Flag Code providing the state of processing /validation, 

reliability and representativeness is included in data 

reporting. 

¶ Metadata sufficient for data reprocessing from raw data 

are provided.  

It is clear that the Brewer total ozone observations have a lot 

of work to do by finalizing SOPôs, addressing the lack of 

uncertainty budget, traceability documentation, and in the 

case of WOUDC the impossibility to reprocess Brewer data 

starting from raw observations due to a lack of metadata. 

Associated with this Expert Team, a Total Column Ozone 

(including Umkehr) Task Force has been created with two 

co-chairs: Irina Petropavlovsky (Dobson) and Alberto 

Redondas (Brewer) with the following key topics to 

address: 

¶ Introduction of the new ozone cross-section and the 

temperature dependence. 

¶ Uncertainty chain, traceability and metadata. 

¶ New instrumentation. 

¶ The Brewer documentation gaps as mentioned above. 

http://www.gaia-clim.eu/
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EUBREWNET activities that were coordinated by O3-UV-

SAG are now under the umbrella of the ET-ACQM. The 

Ozone task force will bridge the NDACC and 

EUBREWNET total ozone activities. 

Finally, it should be noted that EUBREWNET, in 

conjunction with WMO/UNEP, is very active in the areas of 

capacity building, particularly in Article 5 Vienna 

Convention countries. This includes the organization of 

operator courses and workshops, which provide expert 

instruction and knowledge exchange using the considerable 

expertise within EUBREWNET.  

6.3.2 Updated V2 Brewer Algorithm 

During 2020, a preliminary Version 2 of the ozone data 

processing was implemented in EUBREWNET. This 

processing is an update of the previous work of the Brewer 

community and it includes the following elements: 

¶ New ozone cross-sections (from Bremen University). 

¶ Ozone layer effective height and effective temperature 

for air mass calculation and ozone cross-sections 

correction. 

¶ Rayleigh coefficients from (Nicolet, 1984). 

The preliminary version 2 of the EUBREWNET ozone 

processing can be accessed from the Process function 

available here. The parameters needed to process the data 

can be included in the Brewer configuration using the user 

interface available here. See Fig. 6.10 for a V2 configuration 

example. 

 

Figure 6.10. V2 processing software configuration parameters. 

This V2 algorithm is now being tested in collaboration with 

the EUBREWNET stations of Davos, El Arenosillo, Izaña, 

Madrid, Sodankylä, Tamanrasset, Thessaloniki and Uccle. 

6.3.3 Aerosol Optical Depth in EUBREWNET 

A new Aerosol Optical Depth (AOD) product was 

implemented in EUBREWNET in 2020. AOD is 

determined from the standard Direct Sun (DS) ozone 

measurements following the method described in López-

Solano et al. (2018).  

This new AOD product has the same capabilities and 

functionality as the L1.5 ozone product with regard to 

automatic and manual processing, and database insertion 

and retrieval. More information is available at the 

EUBREWNET wiki. 

AOD configurations and data for the El Arenosillo 2013, 

2015, 2017, and 2019 campaigns are already available in 

EUBREWNET database. Fig. 6.11 shows a comparison of 

the AOD at 320 nm during the last three days of these 

campaigns. The calibrations of the 2017 and 2019 

campaigns are still to be completed. 

 

 

 

 

Figure 6.11. 320nm AOD during the last three days of the El 

Arenosillo 2013, 2015, 2017, and 2019 campaigns. 

 

 

 

http://rbcce.aemet.es/eubrewnet/data/process/O3L1_5_V2?brewerid=185&date=2019-08-25&configid=1597
https://rbcce.aemet.es/eubrewnet/configuration/list/OZONE
http://rbcce.aemet.es/dokuwiki/doku.php?id=devel:eubrewnetconfiguration#brewer_aod_configuration
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6.3.4 Brewer Total Ozone Error Budget in 

EUBREWNET 

Funded by ESA under the umbrella of the TROPOMI 

Mission Performance Centre, the total ozone error budget of 

the Brewer ozone spectrophotometer developed during the 

ATMOZ project is being implemented in EUBREWNET. 

The final report of the ATMOZ project (Gröbner et al., 

2017) is available here. 

 

Figure 6.12. Cross-correlated standard uncertainty for Brewer 

spectrophotometer. The correlations are obtained through the 

covariances of the variables. 

The model includes the effects of three main sources of 

uncertainty: measurements, atmosphere and model. It also 

considers the cross-correlations between the different 

parameters. 

The measurement factors and calibration transfer errors 

were studied during the first phase of the project using the 

ATMOZ 2016 campaign for testing. The first results 

indicated that the major factor of the uncertainty, when the 

Extra Terrestial Constant (ETC) is obtained with Langley 

calibration, is the Ozone Absorption Coefficient due to 

errors in ozone cross-section, followed by Solar Zenith 

Angle, the Calibration Transfer and finally the measurement 

errors. 

 

Figure 6.13. Non-correlated standard 1„-uncertainty and its 

components for Brewer 185 evaluated for 21 September 2017. 

The ETC uncertainty has been obtained through Langley 

Calibration.  

 

The 1s uncertainties obtained for the ATMOZ 2016 

campaign data at noon, using the standard algorithm are 

1.5% for the reference instrument (BR#185, Fig. 6.13) and 

2.2% for the network instrument (Br#157, Fig.6.14), where 

the most important component is the ETC Transfer 

Calibration followed by the Solar Zenith Angle. 

The contributions of the Rayleigh scattering coefficients, 

pressure, AOD, Rayleigh effective altitude and the 

integration method to get the Ozone absorption coefficients 

are negligible. 

 

Figure 6.14. Non-correlated standard 1„-uncertainty and its 

components for Brewer 157 evaluated for 21 September 2017. 

The ETC uncertainty has been obtained through Transfer 

Calibration from Brewer 185. 

Other important result of this first stage of the project is that 

some of the uncertainties required for the error budget 

calculation are not available in the calibration reports. This 

includes the errors of the temperature coefficients and filter 

attenuation and the uncertainty of the measurement (MS9) 

due to wavelength that can be extracted from the sun-scan 

measurements. 

A python library that deals with the error budget calculation 

is under development for the implementation in 

EUBREWNET. 

6.3.5 TROPOMI S5P total ozone column global 

validation within the VALTOZ project  

The observations of individual Brewer spectrophotometers 

of EUBREWNET have been used for the validation of the 

TROPOMI Sentinel 5P ozone measurements (Garane et al. 

2019). This was the first time EUBREWNET data was used 

for satellite validation. A similar future comparison is 

planned for NASA EPIC ozone observations. Only the high 

frequency EUBREWNET observations have sufficient time 

resolution to operationally validate the diurnal ozone 

variation as provided by TROPOMI and EPIC. 

 

https://www.euramet.org/research-innovation/search-research-projects/details/project/traceability-for-atmospheric-total-column-ozone/
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Figure 6.15. The latitudinal dependency of the mean percentage differences (panels a: Dobson and b: Brewer from WOUDC, 

panel c: SAOZ and panel d: Brewer from Eubrewnet) and their standard deviations for the two TROPOMI TOC products (blue 

line: OFFL, red line: NRTI). Reprinted from Garane et al. (2019).

6.3.6 Pandonia Global Network 

The Pandora Spectrometer System is a ground-based, 

sun/sky/lunar passive remote sensing instrument for the 

retrieval of trace gases in the UV/Vis spectral wavelengths. 

It was developed in 2005 by NASA and the Sciglob 

company, and since that time the Pandora spectrometer 

system has evolved, with the participation in a series of field 

campaigns such as DISCOVER-AQ (Deriving Information 

on Surface conditions from Column and Vertically 

Resolved Observations Relevant to Air Quality), CINDI 

(Cabauw Intercomparison of Nitrogen Dioxide Measuring 

Instruments) 1&2, ATMOZ 2016, and the 2018 OWLETS 

(Ozone Water-Land Environmental Transition Study  and 

LISTOS ( Long Island Sound Tropospheric Ozone Study). 

The Pandonia Network, funded by ESA through the 

LuftBlick company, has unified the operating and 

calibration procedures for the Pandora instruments since 

2011.  

NASA and ESA are currently collaborating to expand the 

global network of standardized, calibrated Pandora 

instruments focused on atmospheric composition. Through 

this collaboration the Pandonia Network has become the 

Pandonia Global Network (PGN), which emphasizes: 

homogeneous calibration of instrumentation, low 

instrument manufacturing and operation costs, remote 

operative assistance, and central data processing and 

formatting for near real time delivery of final data products. 

A major joint objective is to support the validation and 

verification of more than a dozen of Low Earth Orbit (LEO) 

and Geostationary Orbit (GEO) satellites, most notably 

Sentinel 5P, TEMPO, GEMS and Sentinel 4. PGN 

participants are primarily comprised of governmental and 

academic researchers and technicians. The launch of the 

PGN in early 2018 represents a programmatic shift by 

NASA and ESA away from primarily operating and 

supporting the research and field campaign operations, to 

establishing long-term fixed locations that are focused on 

providing long-term quality observations of total column 

and vertically resolved concentrations of a range of trace 

gases. The major trace gases observed by the Pandora 

systems across the range of 280 - 530 nm include: O3, NO2, 

HCHO, SO2 and BrO. 

http://pandonia-global-network.org/
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Figure 6.16. Daniel Santana and the Pandora 121 mounted at 

IZO . 

The Izaña Observatory is one of the most important Pandora 

instrument testing sites together with the Innsbruck 

Atmospheric Observatory of the University of Innsbruck, 

Austria. Two Pandora instruments were in operation at 

Izaña during 2019-2020, the Pandora 101 (1S model, UV, 

270-530nm) owned by the Izaña Observatory, Fig.6.17, and 

the Pandora 121 (2S model, UV 270-530nm + VIS 400-

900nm) owned by LuftBlick (Fi. 6.16). The Pandora 121 

was dismounted from Izaña around 11 Jan 2019 to 

participate in an ATMOZ intercomparison campaign in 

Huelva, and after the campaign it was shipped to LuftBlick 

laboratories for recalibration.  

 

Figure 6.17. Pandora 101 mounted at IZO. 

Both instruments have received funds from the PGN 

operational project from ESA to go through an important 

hardware upgrade which includes a new tracker model 

allowing to improve significantly the pointing accuracy. 

This upgrade is currently being applied to P121, and will be 

applied to P101 as soon as P121 is operational again at 

Izaña. Also, funds have been received through ESA to 

purchase and test a third instrument for Izaña, which will 

include a new set of filters and a new technology of high-

speed low noise Complementary Metal-oxide-

Semiconductor (CMOS) spectrometers (Avantes EVO). 

Izaña is an invaluable PGN testing location, not only for 

testing the performance of the hardware, but also for data 

intercomparison (e.g. total ozone column) and algorithm 

development due to its remote location, the large fleet of 

auxiliary datasets and highly experienced staff. 

Trace gas column amounts from Pandora data are retrieved 

utilizing a DOAS like algorithm, where the gas absorption 

features in a measured spectrum are compared to an 

absorption-free reference spectrum.  

The standard method to process total ozone column in PGN 

is based on the use of a theoretical reference spectrum, 

assuming a fixed effective ozone temperature in the 

atmosphere. This leads to seasonal differences of up to 1% 

and a 3 % bias between the standard Pandora and Brewer 

TOC data (Zhao et al., 2016). Currently, updated total ozone 

column algorithms are being implemented within the PGN. 

The first algorithm is similar to the current standard but 

includes the correction of the effective ozone temperature 

by using the TOMS v8 ozone profile climatology. The 

second algorithm relies on a novel calibration technique to 

create an absorption-free synthetic reference spectrum for 

the retrieval and also derives the effective ozone 

temperature explicitly.  

The current activities at Izaña related to PGN are focused on 

maintaining the operation of the instruments, testing new 

hardware improvements on demand, and to serve as a 

testbed for algorithm refinement and development. 
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7  Fourier Transform Infrared 

Spectroscopy (FTIR)  

7.1 Main Scientific Goals 

Earth observations are fundamental for understanding the 

drivers of climate change and thus for supporting decisions 

on adaptation and mitigation strategies. Atmospheric 

remote sounding from space and ground are essential 

components of the 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 for the 

validation of satellite remote sensing measurements and 

climate models. Much effort within the FTIR programme 

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 in understanding 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 Technology, Germany). The IMK-ASF has 

operated high-resolution ground-based FTIR 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 observations at IZO has contributed 

to the prestigious international networks NDACC and 

TCCON since 1999 and 2007, respectively. 

7.2 Measurement Programme 

A ground-based high-resolution FTIR experiment (HR 

FTIR in the following) for atmospheric composition 

monitoring has two main components (Figure 7.1): a precise 

solar tracker that captures the direct solar light beam and a 

high-resolution Michelson 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 is shown on the upper panel, and the 

Michelson interferometer is shown on the 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., 2008; Schneider et al., 2010; García et al., 2012; 

Sepúlveda et al., 2012). 

In 2018 a portable and low-resolution FTIR spectrometer 

(LR FTIR in the following), the Bruker EM27/SUN, was 

acquired by the IARC within the Spanish infrastructure 

programme (project no. AEDM15-BE-3319). This 

instrument operates within the Collaborative Carbon 

Column Observing Network (COCCON) (Frey et al., 

2019a, Dubravica et al., 2019) (see section 7.3.2). 

 

 

 

 

 

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

The FTIR programme at the IARC is complemented by two 

Picarro L2120-I ŭD (standardized ratio between H2
16O and 

HD16O) and ŭ18O (standardized ratio between H2
16O and 

H2
18O) analysers installed at IZO and TPO  (for more details 

see González et al., 2016). The IZO instrument was moved 

to SCO station in May 2019 to monitor the isotopic footprint 

of the maritime boundary layer. The Picarro spectrometers 

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 (Standards Delivery Module 

(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 2019-2020 

The FTIR activities from 2019 to 2020 have been focused 

on ground and space-based remote sensing FTIR 

spectrometry as well as in-situ spectrometry. 

7.3.1 Ground-based high-resolution FTIR 

spectrometry 

The ground-based HR FTIR observations have a large 

potential to support analysis of the composition of the 

troposphere, the stratosphere and their exchange processes. 

This is fundamental to monitor and study, for example, the 

sources and sinks of greenhouse gases or the evolution of 

the ozone layer. Routinely, the IARC HR FTIR have 

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. So, the first 20 years of 

operation of the NDACC IZO FTIR programme were 

reached in 2019 (García et al., 2019a). Within TCCON, total 

column-averaged abundances of CO2, N2O, CH4, HF, CO, 

H2O and HDO have been measured since 2007 (Fig. 7.2). 

 

Figure 7.2. Time series of the total column-averaged abundances of a) carbon dioxide (XCO2) in the framework of TCCON, b) 

tropospheric 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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With these refined time series, we have participated in 

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

HR FTIR station has been one of the 20 NDACC FTIR 

stations used to investigate the level of optical resonances 

(ñchannelingò) of each FTIR spectrometer within NDACC 

(Blumenstock et al., 2020). Dedicated spectra were recorded 

using a laboratory mid-infrared source and two operational 

detectors. In the indium antimonide (InSb) detector domain 

(1900ï5000 cmī1), the amplitude of the most pronounced 

channeling frequency amounts from 0.1ă to 2.0ă of the 

spectral background level. In the mercury cadmium telluride 

(HgCdTe) detector domain (700ï1300 cmī1), stronger 

effects were documented with the largest amplitude ranging 

from 0.3ă to 21ă (see Fig. 7.3). The observed channeling 

frequencies were found to be caused by the optical thickness 

of the beam splitter substrate, and the air gap in between the 

beam splitter and compensator plate. A new beam splitter 

design was proposed to potentially reduce channeling 

impacts on the NDACC FTIR spectrometers, thereby 

increasing the quality of recorded spectra across the network 

(Blumenstock et al., 2020). 

 

Figure 7.3. Amplitude of channeling in the HgCdTe spectrum. 

Red, yellow, and blue bars indicate channeling due to the beam 

splitter air gap, beam splitter substrate, and detector window, 

respectively. Note that IZO NDACC station is named as ñIZò. 

Reprinted from Blumenstock et al. (2020). 

Other works have addressed the assessment of consistency 

between different NDACC and TCCON products, which 

allows both HR FTIR data sets to be used with high 

confidence. Zhou et al. (2019a, 2019b) presented the 

intercomparison of total column-averaged nitrous oxide 

(XN2O) and carbon monoxide (XCO) between TCCON and 

NDACC FTIR measurements at different stations 

(including IZO among them). This comparison 

demonstrated that the NDACC XCO measurements are 

about 5.5% higher than the TCCON data at Northern 

Hemisphere stations, while the absolute bias is within 2% at 

Southern Hemisphere sites. This hemispheric dependence is 

mainly attributed to the smoothing errors of the TCCON and 

NDACC products (caused by the different a priori profiles 

and vertical sensitivities). It was also found that TCCON 

XCO measurements are 6-8% smaller than coincident 

AirCore profile measurements, pointing out that further 

investigations should be carried out to determine the correct 

scaling factor to be applied to the TCCON XCO data (Zhou 

et al., 2019a).  

Regarding XN2O, the comparison reveals that mean 

differences between TCCON and NDACC are between 

1.1%ï0.5% with standard deviations between 0.5%ï1.6%, 

which are within the uncertainties of the two data sets (Zhou 

et al., 2019b). The comparison to GEOS-Chem model and 

ground-level records also documents that the XN2O trends 

from the GEOS-Chem a posteriori simulation are close to 

those from the NDACC and surface flask samples, while the 

XN2O trends from the GEOS-Chem a priori simulation are 

significantly larger (see Fig. 7.4). This confirms that the 

N2O fluxes from the a priori inventories are overestimated. 

 

Figure 7.4. XN2O trends from TCCON and NDACC 

measurements, a priori and a posteriori model simulations, 

and surface N2O trend from flask samples at different 

NDACC/TCCON sites. Reprinted from Zhou et al. (2019b). 

Note that GEOS model output and flask sample data are both 

for the 2007ï2014 period, whereas all available FTIR 

measurements are from the 2007ï2017 period. 

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

elements participating in the creation and destruction of 

ozone (O3) in the atmosphere, such as nitric acid (HNO3), 

hydrogen chloride (HCl) or O3 itself across the globe. As 

recently pointed out by Strahan et al. (2020), analyses of 

NDACC HNO3 and HCl columns at a global scale 

(including IZO among them) allowed to detect changes in 

the extratropical stratospheric transport circulation from 

1994 to 2018.  

The HNO3 and HCl analyses combined with the age of air 

from a simulation using the MERRA2 reanalysis show that 

the Southern Hemisphere lower stratosphere has become 

one month per decade younger relative to the Northern 

Hemisphere, largely driven by the changes in Southern 

Hemisphere transport circulation. The analysis reveals 

multiyear anomalies with a 5 to 7 years period driven by 

interactions between the circulation and the quasi-biennial 

oscillation in tropical winds (see Fig. 7.5). Given that the 

amplitude of this short-term dynamical variability is larger 

than the long-term trend records, it may lead to biased O3 

trend estimations. 
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Figure 7.5. NDACC FTIR annual mean total column 

anomalies as a percent of each site's long term mean, 1994-

2018,  for (a) HNO3 from ýve Northern Hemisphere sites (IZO 

in red), (b) HNO3 from three Southern Hemisphere sites, (c) 

and (d) as for (a) and (b), but for HCl columns. Hemispheric 

means are shown in black. Reprinted from Strahan et al. 

(2020). 

Regarding O3 and focused on the troposphere, the IARC HR 

FTIR O3 time series have also contributed to the first 

Tropospheric Ozone Assessment Report (see Section 5.3.6). 

The first phase of TOAR offered remarkable results. For 

example, in Tarasick et al. (2019), various O3 measurement 

methods and O3 data sets are reviewed and selected for 

inclusion in the historical record of background O3 levels, 

based on the relationship of the measurement technique to 

the modern UV absorption standard, absence of interfering 

pollutants, representativeness of the well-mixed boundary 

layer and expert judgement of their credibility. This 

overview work concludes that the great majority of 

validation and intercomparison studies of free tropospheric 

O3 measurement methods use ECC ozonesondes as 

reference.  

Compared to UV-absorption measurements, ECC 

ozonesondes show a modestly high (~1ï5% ±5%) bias in 

the troposphere, but no evidence of a change with time. 

Umkehr, lidar, and FTIR methods all show modestly low 

biases relative to ECCs, and so, using ECC sondes as a 

transfer standard, all appear to agree to within one standard 

deviation with the modern UV-absorption standard. In 

relation to space-based observations, biases and standard 

deviations of satellite retrieval are often 2ï3 times larger 

than those of other free tropospheric measurements.  

As detailed in Section 5.3.5, Steinbrecht et al (2020) 

conducted an analysis addressing whether the COVID-19 

crisis reduced the Free Tropospheric ozone across the 

Northern Hemisphere and the IARC-FTIR measurements at 

Izaña Observatory contributed to this study (for further 

details see Section 5.3.5). 

In the framework of IZO activities as a WMO Commission 

on Infrastructure, Testbed for Aerosols and Water Vapour 

Remote Sensing Instruments, the first long-term time series 

(1-year) of aerosol properties generated consistently in the 

NIR and SWIR ranges from ground-based FTIR 

spectrometry have been developed (Barreto et al., 2020). 

The new aerosol dataset has shown the enhanced multi-

parameter capability of the FTIR technique for atmospheric 

monitoring (simultaneous trace gas and aerosol retrievals), 

providing important additional information to estimate the 

radiative effects of aerosols and trace gases on climate. 

Other remarkable activities within WMO-CIMO are related 

to the validation of new instrumentation for measuring 

water vapour content (e.g. ZEN radiometer, Almansa et al. 

2020). For further details see Section 19.3. 

7.3.2 Ground-based low-resolution FTIR 

spectrometry 

The EM27/SUN spectrometer shares the same working 

principles as HR FTIR and, by covering the near infrared 

spectral range from 5000 to 11000 cm-1 with a spectral 

resolution of 0.5 cm-1, it is able to measure total column-

averaged amounts of O2, CO2, CH4, CO and H2O. In the 

framework of the COCCON infrastructure, the performance 

of an ensemble of the 30 EM27/SUN spectrometers, 

including the IARC EM27/SUN, was recently tested and 

found to be very uniform (Frey et al., 2019a). The 

EM27/SUN instrument long-term stability and capability to 

provide very precise XCO2 and XCH4 observations by 

comparing to coincident TCCON HR FTIR spectrometers 

were confirmed.  

 

Figure 7.6. XCO2 and XCH4 comparison between EM27/SUN 

and TCCON observations at IZO (1-minute coincident pairs). 

The left and right panels correspond to the HR FTIR 

measurements taken with TCCON and EM27 configurations, 

respectively. The coloured bar denotes the acquisition time. 

As an example, Fig. 7.6 displays the comparison of the 

coincident EM27/SUN and HR FTIR observations taken at 

IZO between 2018 and 2020 within COCCON activities. To 

analyze the impact of spectral resolution on retrieved data, 

the HR FTIR data were acquired using both the TCCON and 

EM27 configuration (with spectral resolution of 0.02 and 

0.5 cm-1, respectively). 

MEGEI  

COCCON EM27/SUN instruments are a useful complement 

to the existing TCCON HR network in remote areas as its 

data can be used for the quantification of local sinks/sources 

and fluxes of greenhouse gases. With this idea, the IARC is 
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leading the Spanish project, Monitoring greenhousE Gas 

EmIssions (MEGEI), to monitor greenhouse gas 

concentrations to evaluated fluxes in different environments 

by using the COCCON LR spectrometers. MEGEI activities 

are mainly focused on performing routine measurements at 

IARC IZO (background conditions) and SCO stations and 

in addition, on carrying out field campaigns under different 

atmospheric conditions.  

In June 2019, the IARC EM27/SUN instrument participated 

in the ñXIV Campa¶a Internacional de Calibraci·n e 

Intercomparación de Instrumentos para la medida de Ozono 

Total y Radiaci·n Solar Ultravioletaò, carried out in 

Arenosillo station (Huelva, Spain). This MEGEI activity 

was focused on identifying potential greenhouse gas hot-

spots, taking observations under low surface albedo 

conditions (strongly required for satellite validation 

purposes), and testing the capability of EM27/SUN 

spectrometers to monitor ozone concentrations.  

In addition, in September 2019, the second phase of the 

MEGEI-MAD experiment was carried out in the Madrid 

metropolitan area in order to characterise the CH4 emission 

sources detected during the first MEGEI-MAD field 

campaign performed in 2018 (García et al., 2019b, c, d; Frey 

et al., 2019b). The methodology to quantify CH4 emissions 

from waste disposal sites near the city of Madrid using 

ground- and space-based observations of COCCON, 

TROPOMI and IASI is described in Tu et al. (2022) for the 

first phase of the MEGEI-MAD campaign. Figure 7.7 

displays the time series of XCO2, XCH4, XCO and XH2O 

column averaged abundances observed by COCCON 

EM27/SUN spectrometers during the two phases of the 

MEGEI-MAD experiment in 2018 and 2019. During both 

campaigns, strong CH4 plumes were detected around the 

Madrid urban area with increases by about 10% with respect 

to the regional background. These emissions are likely due 

to the combined impact of several waste treatment plants 

located in the surrounding Madrid area.

 

Figure 7.7. Time series of the total column-averaged abundances of carbon dioxide (XCO2), methane (XCH4), water vapour 

(XH2O) and carbon monoxide (XCO), as observed by COCCON EM27/SUN spectrometers during MEGEI -MAD field campaigns 

in 2019 and 2019. 
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MAPP 

In June 2020, the Metrology for aerosol optical properties 

(MAPP) project (19ENV04) started, supported by the 

European Metrology Programme for Innovation and 

Research (EMPIR). With a consortium of thirteen European 

organisations (AEMET-IARC among them), the overall 

goal of MAPP is to enable the SI-traceable measurement of 

column-integrated aerosol optical properties for assessing 

the radiative forcing impact on climate. These properties are 

retrieved from the passive remote sensing of the atmosphere 

using solar and lunar radiation measurements that are 

largely lacking traceability to the SI. A secondary objective 

is to evaluate the retrieval of aerosol optical properties from 

emerging technologies such as solar and lunar 

spectroradiometers. The IARC FTIR programme will 

contribute to this activity by developing the methodology 

required to retrieved aerosol properties from EM27/SUN 

instruments. For further details about MAPP project and the 

IARC contributions refer to Section 9 (Column Aerosols). 

EIONET  

To protect the integrity of the Paris Agreement, the 

European Union is currently elaborating a measurement-

based system to independently monitor fossil fuel CO2 

emissions of nation states, large cities and even industrial 

complexes. The foreseen ñCopernicus CO2 Monitoring and 

Verification Support (MVS) capacityò constitutes a unique 

and unprecedented inverse modelling framework that will 

rely heavily on a space-based observation component 

(Matthews et al., 2020).  

In this context, the European Environment Information and 

Observation Network (EIONET), supported by the 

European Environmental Agency (EEA), represents a 

relevant in situ network due to the CO2 MVS capacity 

needed for urban measurement data on co-emitted species. 

The IARC FTIR programme, along with the Greenhouse 

Gas and Carbon Cycle programme, has participated in the 

ñEIONET Group of Copernicus In Situ Data Expertsò 

(Negotiated procedure No. EEA/IDM/R0/17/008, 2018-

2020), which aims at advising and assisting the EEA 

regarding its cross-cutting coordination of the Copernicus In 

Situ Component. This EIONET expert group has examined 

how EIONET in its current from could be exploited-, and 

how it could be extended to help contribute to needed urban 

in situ observation data to the Copernicus CO2 MVS 

capacity, resulting in a technical report entitled ñReport on 

how EIONET and EEA can contribute to the urban in situ 

requirements of a future Copernicus anthropogenic CO2 observing 

systemò (Matthews et al., 2020). This report furthermore 

examines in situ contribution opportunities for the EEA 

given the EEAôs responsibility for developing EIONET and 

for coordinating urban and non-GHG activities under the 

Copernicus programme. 

7.3.3 Space-based FTIR spectrometry 

The IARCôs high quality HR FTIR data have been 

extensively applied for many years for the validation of 

trace gases measured by different satellite instruments. 

During the period 2019-2020, particularly, IARC 

participated in the validation of HCHO, HCCOH, 

CH3COOH, CH4, CO2, H2O/HDO, and CO observations 

from space-based platforms like the TROPOMI, GOSAT, 

OCO-II, and MOPITT (Franco et al., 2019; Hedelius et al., 

2019; Kivimäki et al., 2019; Kulawik et al., 2019; Röhling 

et al., 2019a, 2019b; Dogniaux et al., 2020; Schneider et al., 

2020a; Sha et al., 2020a, 2020b; Vigouroux et al., 2020). 

Within space-based FTIR spectrometry, the activities of the 

group are mainly focused on the Infrared Atmospheric 

Sounding Interferometer (IASI) on board 

MetOp/EUMETSAT satellites through the Spanish project 

INMENSE (IASI for surveying methane and nitrous oxide 

in the troposphere) and the German project MOTIV 

(MOisture Transport pathways and Isotopologues in water 

Vapour). 

MOTIV  

The MOTIV project aims at using water vapour 

isotopologues as a diagnostic tool to investigate moisture 

pathways and evaluate the representation of moist processes 

in weather and climate models. For this purpose, this project 

combines high-resolution IASI isotopologue observations, 

retrieved with the MUSICA processor (Schneider et al., 

2016) with high-resolution modelling. The combination of 

simulations and MUSICA products provides insight into the 

diurnal cycle, small-scale variations and effects of large-

scale circulation on the moisture in the atmosphere. Within 

MOTIV, the space-based isotopologue observations are 

complemented by the in-situ continuous measurements 

recorded at IZO and PTO since 2012. 

INMENSE 

The Spanish project INMENSE aims to improve 

understanding of the atmospheric budgets of two of the most 

important greenhouse gases, CH4 and N2O. Knowledge of 

the atmospheric CH4 and N2O distributions, from local to 

global scales, as well as their variability in time is essential 

for a better understanding of their sinks and sources, and for 

predicting their evolution in the atmosphere. In order to 

achieve this core objective, INMENSE has generated a new 

global observational data set of middle/upper tropospheric 

mole fractions of CH4 and N2O with high and well-

documented quality by using the IASI processor developed 

during the project MUSICA. By integrating IASI 

observations and model estimates, INMENSE has 

investigated the kind of CH4 and N2O sink/source signals 

that can be captured by high-quality IASI observations 

(García et al., 2020). As an example, Figures 7.8 and 7.9 

summarize the comparison between the IASI observations 

and MOCAGE (Modèle de Chimie Atmosphérique de 
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Grande Echelle) chemical transport simulations over the 

Iberian Peninsula for CH4 and N2O, for 2017, assessing the 

degree of agreement between both datasets. It is found that 

both data sets are not comparable in the lower troposphere. 

However, the new IASI products appear to capture the 

dynamics of the upper troposphere similarly to the 

MOCAGE simulations, which is in agreement with the 

experimental validation carried out with independent 

reference observations (García et al., 2018). 

Within MOTIV and in collaboration with the INMENSE 

team, the potential synergetic use of IASI and TROPOMI 

space borne sensors for generating a tropospheric CH4 

profile product has been evaluated (Schneider et al., 2020b). 

The proposed method uses the output of the individual 

satellite retrievals and combines them a-posteriori in an 

optimal sense. This approach is largely equivalent to 

applying thermal (TIR) and short-wave infrared (SWIR) 

spectra together in a single retrieval procedure, but with the 

substantial advantage of being applicable to any existing 

TIR and SWIR retrieval processor, of being very time 

efficient, and of benefiting from the high quality and most 

recent improvements of the specific TIR and SWIR 

retrievals. The combination of IASI and TROPOMI 

information can detect better the CH4 tropospheric 

variations than those by IASI or TROPOMI observations 

alone. The resulting advantage has been documented 

theoretically as well as empirically by comparisons to 

independent free tropospheric in-situ reference data 

obtained within the frameworks of GAW, and NDACC and 

TCCON FTIR networks. 

 

Figure 7.8. Mean difference for CH4 mole fractions (IASI -MOCAGE, in ppm) in the free troposphere (at 4.2 km a.s.l.) and 

tropopause region (at 10.9 km a.s.l.) (left panels) and Pearson correlation between IASI and MOCAGE estimates at the same 

altitude levels (right panels) over the Iberian Peninsula. Repri nted from García et al. (2020). 

 

Figure 7.9. As for Figure 7.8, but for N2O concentrations. Reprinted from García et al. (2020). 

https://amt.copernicus.org/preprints/amt-2021-31/
https://amt.copernicus.org/preprints/amt-2021-31/
https://amt.copernicus.org/preprints/amt-2021-31/
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7.3.4 In situ spectrometry 

Over the last two decades, the infrared laser spectroscopy 

technique has been successfully used to measure the 

isotopic composition of water vapour near the Earthôs 

surface. In this context, Wei et al. (2019) presented for the 

first time the Stable Water Vapor Isotope Database 

(SWVID), which assembles a global database of high 

temporal resolution stable water vapour isotope ratios (ŭ18O 

and ŭD) observed using this measurement technique. The 

database includes data collected at 35 sites in 15 Köppen 

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

including the IARC IZO and PTO stations. To support 

interpretation of the isotopologue data, synchronized time 

series of standard meteorological variables from in situ 

observations and ERA5 reanalyses are also provided. The 

SWVID is intended to serve as a centralized platform 

allowing researchers to share their vapour isotope datasets, 

thus facilitating investigations that transcend disciplinary 

and geographic boundaries. 

 

Figure 7.10. Map of SWVID measurement sites. Reprinted 

from Wei et al. (2019). 
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8 In situ Aerosols 

8.1 Main Scientific Goals 

Atmospheric aerosol is composed of a mixture of natural 

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

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

or combustion linked carbonaceous matter) airborne 

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

tens of microns (µm). Aerosols contribute to deterioration 

of 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 (AIS 

group, Aerosol In-Situ) are developed within the scientific 

priorities of the Global Atmosphere Watch programme. One 

of the main tasks of this group is to maintain the long-term 

observations of aerosols at IZO. The group focuses its 

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

trends of aerosols; 2) Aerosols and climate interaction and 

3) Aerosols and air quality interaction. 

8.2 Measurement Programme 

The long-term in situ aerosols observation program of Izaña 

Observatory includes measurements of aerosol mass and 

number concentration, chemical composition, size 

distribution and optical properties by in-situ techniques. 

Instruments are placed in the so-called Aerosols Research 

Laboratory (ARL) renamed as the Joseph M. Prospero 

Aerosols Research Laboratory, as a tribute to the pioneer of 

dust research, in 2016 (Fig. 8.1). The laboratory is equipped 

with a whole air inlet for aerosol sampling for the on-line 

analysers (CPCs, SMPS, APS, MAAP, aethalometer, 

nephelometer), two additional PM10 and PM2.5 inlets for the 

aerosol filter samplers and also two additional inlets for 

TEOM (PM10 and PM2.5) and BETA (PM10) analysers 

respectively. The interior of the Aerosols Research 

Laboratory is maintained at 22 ºC. Driers are not needed 

during the sampling because of the low relative humidity 

(RH) of the outdoor ambient air (RH percentiles 25th, 50th 

and 75th are 15%, 31% and 55%, respectively). 

Measurements of number concentration, size distribution 

and optical properties of aerosols are performed with high 

time resolution (Table 3.2).  

Despite the adverse circumstances due to the COVID crisis, 

and the resulting restrictions, the operation in the laboratory 

has remained practically unchanged. 

 

 

Figure 8.1. Joseph M. Prospero Aerosols Research Laboratory 

at Izaña Observatory (upper panel: building; lower panel: C. 

Bayo, operator of the AIS group working in the ARL). 

For the automatic instruments in the aerosol laboratory, 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., 2015) 

and those in the World Calibration Centre for Aerosols 

Physics (WCCAP) in Leipzig ï Germany for CPCs 

(Sep 2012) and absorption photometers (Nov 2005; 

Müller et al., 2011). 

¶ <regular> calibration of the instruments at the WCCAP. 

In October 2017, the instruments of the ARL (SMPS, 

CPCs, MAAPs, nephelometer and aethaloemeter) were 

recalibrated at the WCCAP. All devices obtained the 

calibration certificate. 
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These activities follow the recommendations of the GAW 

programme for aerosols (GAW Report nº227, 2016). 

During 2019 and 2020 a dedicated internal database for all 

aerosol in-situ parameters measured at ARL was developed 

and improved. This database is particularly useful with 

respect to the annual reporting of data to the GAW World 

Data Centre for Aerosols (WDCA). During the 2019-2020 

period, R-routines have been developed for reporting 

aerosol scattering (nephelometer) and absorption (MAAP) 

PM10 data.    

In addition, this database is useful for monitoring in real-

time the performance of the instruments, detection of special 

events, etc. A series of GRAFANA® panels (an open-

source analytics and monitoring tool for visualization of 

data in databases) were designed to this purpose.  

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 of 

the Izaña Atmospheric Research Centre (see Section 

3.1.4). 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 

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. 

The IARC Aerosol In-Situ group has participated in the 

ACTRIS data QA and submission workshop, held online 

during 15-17 September 2020 to get the most out of the data 

and to make it available to the scientific community.  

The AIS group is also responsible for the measurements of 

different passive samplers, for mercury and persistent 

organic pollutants. These programmes are led by the 

Environment and Climate Change Canada and the Spanish 

National Research Council (CSIC). 

8.3 Summary of remarkable results during 

the period 2019-2020 

During the 2019-2020 biennium, the scientific activities of 

the In situ Aerosols group were focused in finalizing results 

of the AEROATLAN project (CGL2015-66299-P, funded 

by the Ministry of Economy and Competitiveness of Spain 

and the European Regional Development Fund), and 

continuing the research activities on dust and the 

transatlantic transport of aerosols with implications for 

climate. International cooperation has allowed the group to 

enter the emerging field of PMx-Low Cost Sensors (Peltier 

et al., WMO Report Nº1215, 2021), testing some of them 

with the aim of providing the best cost-performance option 

to the CREWS (Climate Risk and Early Warning System) 

West Africa project and MAC-CLIMA initiatives (Madeira-

Azores-Canarias-CLIMA ). Further details are given in 

Section 17.5.4 (Sand and Dust Storms Centres). 

Contributions to wider studies based on data regularly 

reported to WDCA continued, these results are presented in 

the next section. 

8.3.1 Focus on Dust Research 

In the framework of the AEROATLAN project, a study 

about rapid changes of dust geochemistry in the Saharan Air 

Layer linked to sources and meteorology was published 

(Rodríguez et al., 2020).  

In this study, 1-hour resolution measurements of elemental 

composition of dust in the Saharan Air Layer were 

performed. Rapid variations of dust composition were 

observed (ratios of elemental composition of dust to 

aluminium); some elemental ratios changed by a factor 2 in 

a few (5ï8) hours. This variability was induced by the 

meteorologically modulated, alternating contributions of 

three of the large North African dust sources: NE Algeria 

(rich in evaporite minerals bearing Ca, S, Sr, K and Mg and 

in il lite mineral), Western Sahara to Bechar region 

(containing Na, S and Cl rich Yermosol soils) and SW 

Sahara ï Western Sahel (rich in illite and hematite). 

The changes in large-scale meteorology were traced by 

using the North African Dipole Intensity (NAFDI), i.e. the 

strength of the subtropical North African high, at Morocco, 

to the monsoon tropical low at Nigeria (Rodríguez et al., 

2015). The change of phase of NAFDI, from negative to 

positive, is associated with westward propagating 

Harmattan pulses, the associated westward shifts of the 

Saharan Heat Low and convection, including processes 

embedded within the monsoon inflow. This resulted in the 

alternated activation and export of dust from the different 

sources and a correlation between NAFDI and dust 

composition was found. Moderate values of NAFDI (0 to 

+2.5) are associated with Ca, K, Na, Mg and S rich dust 

(linked to Northern Sahara sources) in the Atlantic Saharan 

Air Layer (SAL), higher NAFDI values (+2.5 to +4) are 

associated with Fe rich dust in the SAL (linked to Southern 
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Sahara), whereas negative values of NAFDI promoted (Ca, 

K, Na, Mg and S rich) dust export to the Mediterranean 

(Figure 8.2). 

This study also shows that trace metals (Br, Cr, Ni, Zn and 

Zr) of industrial emissions in North Africa are transported 

with dust in the Saharan Air Layer.  

 

Figure 8.2. NAFDI phase and elemental ratios associated with 

different dust sources. Reprinted from Rodríguez et al. (2020).  

8.3.2 Focus on transatlantic transport of aerosols 

As a result of the AEROATLAN project, an article about 

tracking the changes of iron solubility and air pollutants 

traces as African dust transits the Atlantic in the Saharan 

dust outbreaks was published (Rodríguez et. al., 2021). The 

main conclusions from this study are: 

¶ Iron solubility increases from ~0.7% to 4.7% as 

Saharan dust fronts transit from Africa to the Americas. 

¶ Dust, heavy fuel oil combustion and atmospheric 

processing are identified as sources of soluble iron. 

¶ Fresh dust accounts for 63, 43 and 9% of soluble iron 

in Tenerife, Barbados and Miami. 

¶ Aged dust accounts for 26, 45 and 74% of soluble iron 

in Tenerife, Barbados and Miami. 

¶ Oil combustion accounts for 10, 12 and 16% of soluble 

iron in Tenerife, Barbados and Miami. 

8.4 Participation in Scientific Projects and 

Studies/Experiments 

8.4.1 REDMAAS 2019 Campaign 

The In-Situ Aerosols research group has also participated in 

the REDMAAS (Red Española de DMAs Ambientales) 

2019 campaign. 

The campaign was carried out in the facilities of the Center 

for Energy, Environmental and Technological Research 

(CIEMAT) in Madrid from 4 - 8 March 2019 (Fig.8.3). The 

following REDMAAS network members participated: 

CIEMAT; Institute of Environment of the University of A 

Coruña (IUMA-UDC); IARC-AEMET; Institute of 

Investigation of the Earth System in Andalusia, University 

of Granada (IISTA-UGR) and IDAEA-CSIC as well as an 

instrument provided by the TSI company for this campaign. 

The purpose of REDMAAS is to facilitate the exchange of 

knowledge between the groups, also to promote cooperation 

among them in order to create synergies and to optimize the 

use and the coordination of scientific-technological 

infrastructures of common interest.  

 

Figure 8.3. Top left: participants in the REDMAAS 2019 

campaign. Bottom left: instruments during intercomparison at 

CIEMAT facilities. Right: N. Prats, head of the AIS group at 

IARC, testing the efficiency in discrimination 200nm size 

particles. 

The objective of this campaign was the intercomparison of 

aerosol particle size analyzers of the SMPS type (Scanning 

Mobility Particle Sizer) and to check that the instruments 

are quality controlled to ensure the validity of the 

measurements and their traceability. The campaign was 

successful and confirmed that in the size range from 20-800 

nm, ARL SMPS system was within +/-10% of the mean 

values of all instruments´ data including the corrections for 

aerosol flow, diffusion losses and the CPC efficiency 

(Fig.8.4), which is well in agreement with WCCAP and 

ACTRIS recommendations. 

 

Figure 8.4. Results of the REDMAAS 2019 intercomparison. 




















































































































































































































