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Outline

- Where we are, Who we are, and What we do

1. Izaña Atmospheric Research Center (IARC) –
Izaña Atmospheric Observatory (IAO)

2. Monitoring of Atmospheric Composition using Fourier 
Transform Infrared Spectrometry (FTS) 

- FTS Technique
- Potential of FTS observations through some examples: 

Is the Ozone Layer recovering? What happens at Tropics-
Subtropics?
Can FTIR spectra be used to detect tropospheric/stratospheric
regional scale GHGs variations? 
Validation of space-based observations?

3. Summary+Conclusions
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IARC
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Strategic Geographic Location
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Botánico 20 m

Pico Teide

3555 m

Santa Cruz 

52 m 

IARC Headquarter in Santa Cruz
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The IARC-AEMET conducts monitoring
and research related to atmospheric
constituents that are capable of forcing
change in the climate of the Earth 
(greenhouse gases and aerosols), and
may cause depletion of the global ozone 
layer, and those play key roles in air
quality from local to global scale.

Izaña Atmospheric Observatory

(IAO) 2400 m 

The IARC’s Mission



Why the Izaña Atmospheric Observatory (IAO)?

Subsidence free-troposphere Saharan Air Layer

Above a strong subtropical temperature inversion layer

Quasi-permanent subsidence regime 

Representative of the background free-troposphere

Excellent conditions for in-situ and remote sensing 
observations

(Rodríguez et al., 2014)
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Why the Izaña Atmospheric Observatory (IAO)?

1909

In November 1909 the first observations of winds in the upper atmosphere
of Canarias were performed in La Cañada de la Grieta-Teide.

1916

In January 1916 the Izaña Meteorological
Observatory was inaugurated.

1970-1990

In March 1985 the Spanish-German BAPMoN station was
inaugurated and in 1990 the Izaña Observatory was part of
the Global Atmosheric Watch Programme (WMO).

2015

Comprehensive programme for the atmospheric composition monitoring.

Only
Meteorological
Observations

Meteorogical
and Atmospheric

Observations

Chemical and
Physcical

Atmospheric
Observations
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Comprehensive Programme for Atmospheric Composition Monitoring

In situ AerosolsOzone and Solar/IR Radiation

Aerosols in Column

FTS

Greenhouse Gases 
Carbon Cycle

Aerobiology

Atmospheric
Sounding

Atmospheric
Sounding



Reference Station at a global scale
Participation in many international networks and research initiatives
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AEMET, Agencia Estatal de Meteorología

MonitoringMonitoring ofof

AtmosphericAtmospheric CompositionComposition

usingusing Fourier Fourier TransformTransform

InfraredInfrared SpectrometrySpectrometry
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12NDACC/IRWG: Network for the Detection of Atmospheric Composition Change/Infrared Working Group
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Fourier Transform Sprectrometry (FTS) Technique

BOD (KIT-Germany)
Ground-based remote-sensing using 
Fourier-transform interferometers (BOD)

FTS measurements at Izaña since 1999 as a result of
the close collaboration between: 

Solar Tracker IFS Michelson
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Interferogram Solar Absorption Spectrum
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Adquisition and Processing

Line position � Which gas is absorbing

Line depths/area � The amount of the absorbing gas

Line shape � Altitude distribution of the absorbing gas

(Hase et al., 2004)
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>25 Absorbing Gases in NIR-MIR 
(Total Column and Vertical Profile)
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In yellow all trace gases observed by FTS technique
In red those trace gases observed ONLY by FTS technique
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In yellow all trace gases observed by FTS technique
In red those trace gases observed ONLY by FTS technique

Our current goal “Observing Earth Climate System and its
Changes”

1) Long-term monitoring of Ozone Related Species, Greenhouse Gases, Water
Vapour (including isotopologues)

• Optimisation and Development of New Observation Strategies

• Continuous Documentation of Quality

• Global Representativeness

2) Validation of Satellite data and Climate Models

Connect the long-term monitoring to “Researching the
Changes and its Causes”
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AEMET, Agencia Estatal de Meteorología

Potential of FTS Potential of FTS 

Observations through Observations through 

ExamplesExamples
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Lack of Observations at Subtropics!!
Strategic Location of Izaña: Transition between Tropics and Mid-latitudes
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Is the ozone layer recovering? What happens at Tropics-
Subtropics?

SPARC Regional Workshop, 12-13 January, 2015
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Ozone Trend 1999 to 2013 [%/decade]

 FTS García et al., (2012): No Temp  
 FTS García et al., (2012): Temp
 FTS Vigouroux et al., (2014): No Temp
 Ozone Sondes       Surface Ozone

WMO (2014)Izaña FTS

Stratification of Ozone Recovery, but…

The decline in ODS abundances and the cooling by increased CO2 are 
estimated to have contributed roughly equally to the observed upper 
stratospheric ozone increases.

WMO 

(2014)

Izaña FTS ozone profile observations are within the SPARC/IO3C/IGACO-O3/NDACC (SI2N) Initiative
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 Annual Trend [%/yr]

Ozone Total Column

… Non significant Recovery of Ozone Total Columns 
(in agreement with WMO 2010)

WMO 

(2014)

As controlled ozone-depleting substances decline, the evolution of the 
ozone layer in the second half of the 21st century will largely depend on 
the atmospheric abundances of CO2, N2O, and CH4.

FTS Observations 1999-2013 (Vigouroux et al., 2014)
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…but, the ODSs are really controlled…
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Are Ozone Concentrations at risk in Northern Hemisphere?

Unexpectedly, stratospheric HCl is increasing again after a decade
of gradual decline

(Mahieu et al., 2014, Nature)

Izaña FTS

SPARC Regional Workshop, 12-13 January, 2015 21



SPARC Regional Workshop, 12-13 January, 2015 22

Slowdown in the
Northern Hemisphere

atmospheric
circulation

Are Ozone Concentrations at risk in Northern Hemisphere?
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Role played by O3 isotope ratios: additional information 
regarding their sources, sinks, and transport
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Linear Trend 2005-2012: -0.68±0.14‰/yr 

 Annual Cycle
 Linear Trend

1997     1999      2001     2003     2005     2007     2009     2011     2013

Izaña (28ºN)

Linear Trend 1996-2012: -0.17±0.12‰/yr 

Significant Decreasing Trends: Different
long-term Patterns for the two main

Ozone isotopes

Different Inter-annual
Patterns for Subtropical 

and Polar Latitudes 

Long-term time series Annual Cycle



- The tropospheric regional-scale CH4 variations are 
rather small.

- Near-surface CH4 variations and variations due to
the tropopause altitude shifts are large and strongly
affect the total column signal.

One Example: 
Atmospheric CH4

Variations

Can FTS spectra be used to detect regional-scale
tropospheric/stratospheric GHGs variations?
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Problem: Total column-averaged CH4 

is no a good proxy for the troposphere
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Global representativeness
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Global representativeness
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Similar results have been obtained for other GHGs, like N2O (García et al., 2014).
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Izaña FTIR

Validation of Space-Based Observations

27SPARC Regional Workshop, 12-13 January, 2015



28

Izaña FTIR

Comprehensive long-term validation of operational
IASI-A and IASI-B trace gas products

New retrievals: tropospheric {H2O,δD} distributions

VALIASIVALIASI

Validation of Space-Based Observations

28SPARC Regional Workshop, 12-13 January, 2015



Does IASI and the ground-based FTS system observe the same 
anomalies? Are the different IASI versions consistent?

An Example
O3

Analysis on Different Time Scales

200

250

300

350

400

2007 2008 2009 2010 2011 2012 2013 2014 2015

200

250

300

350

 IASI V4   IASI V5   IASI V6   FTS

 
IA

S
I O

3 
T

C
 [D

U
]

 

 

200

250

300

350

400

F
T

S
 O

3 
T

C
 [D

U
]

200

250

300

350

 

Measurement-to-Measurement Annual Cycles

SPARC Regional Workshop, 12-13 January, 2015 29



Validation on Near-Real Time (www.novia.aemet.es) ⇒
Detection of anomalies and instrumental issues!!
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For all IASI trace gas products…

Operational Demonstrational
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Ten stations, middle 90s
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(Schneider et al., 2012)



To what extent is δD complementary to H2O? 
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Subsidence free-troposphere Saharan Air Layer

In red Saharan dust events

(Schneider et al., 2014)

δD∼HD16O/H2
16O

Validation of the remote sensing isotopes products
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Metop-IASI {H2O,δD} distributions at a global scale

Areas with similar humidity, but
significantly different fractionations:

1. North Atlantic-Arabia 

2. Alaska -Africa

SPARC Regional Workshop, 12-13 January, 2015

Different processes control the humidity:

1.1. Rain Evaporation

1.2. Evaporation of strongly depleted rain

2.1. Mixing with lower troposphere

2.2. Mixing with upper troposphere or plant
transpiration

Added value of tropospheric
{H2O,δD} remote sensing

distributions



Summary+Conclusions

- Complex interplay among atmospheric constituents � multi-
variable techniques, like the FTS experiments, are very useful.

- One single measurement technique is able to monitor many
atmospheric gases � Great potential for analysing independently
tropospheric and stratospheric signals.  

- Many Applications: Observing and Researching the atmospheric
composition and its changes, validating of space-based data and
models, operational assimilation in global models (near future),…

Open door for collaborations

and comments!!
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http://http://izana.aemet.esizana.aemet.esTo know more …
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http://izana.aemet.es
Many Thanks for 
your Attention!!
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