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Why use commercial aircraft? 

Reise et al. (2012)

Physically and  Dynamically Active Region

Image UCAR

• Satellites low vertical resolution
• Gradients around tropopause difficult to capture
• Sensitive to small changes in atmospheric composition 
• Research aircraft campaigns – targeted but not global or continuous for monitoring
• Commercial aircraft 90% of flight in UTLS

Climate Sensitive Region 
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The meeting point of constraints and opportunities

IAGOS

Scientific needs:
Relevant measurements

Relevant data quality

The

Aeronautical requirements:
Aircraft environment
Fully automatic, 
low maintenance
Certification on airliners

Technical development
High level performances (precision …)

Long periods operation, 
stable calibration
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IAGOS as part of an integrated global observing strategy
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IAGOS in a nutshell
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Data access through 
www.iagos.org

The IAGOS Fleet 2019

Lufthansa D-AIHE

CARIBIC -02 Dec 2004
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IAGOS-Core

▪ Permanent installation of instruments in the avionics bay of 
Airbus A330/A340

▪ Continuous operation with 500 flights per aircraft  per year

▪ Regular global-scale in-situ monitoring of atmospheric 
composition : ozone, water vapour, carbon monoxide, 
greenhouse gases (CH4,CO2), NOx, aerosols, clouds

CARIBIC

▪ One cargo container with 19 instruments 

▪ Flies twice a month, 50 flights  per year

▪ Detailed processes around the tropopause

Two operating modes 
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Future option 
under development

The IAGOS-CORE Packages  
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Water Vapour Measurements 

Petzold et al. https://www.atmos-chem-phys-discuss.net/acp-2019-735

Evaluation of in-flight calibration method

Raw signal of the MOZAIC humidity sensor aboard one MOZAIC aircraft as a function of 
the sensor temperature inside the aeronautic housing obtained at cruise altitude (z = 9 -
12 km). 

Green line: zero signal from pre-flight calibration (PFC); 

Blue line: superposition of zero signal from PFC and contribution by 5 ppmv water vapour;

Red line: zero signal from In-Flight Calibration (IFC).
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Droplets measurements : Back-scatter Cloud Probe

(Image from  Elisabeth Öström and Paul Field)

Operational application : help aircraft avoid flying into clouds that can be dangerous

▪ At cruise level, High ICW content detection 
→ avoid engine damage, Pitot tube freezing

▪ Liquid water  detection, associated with temperature measurement
→ Icing avoidance

Compact: 500 cm³

Lightweight: 500 g

Measures particles in the size interval from 5 to 75μm. 

Can have a (de)polarization channel : BCPD

Deployed since 2011
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Steps toward real-time transmission
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Real-time transmission to serve monitoring and forecasting systems 
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Daily Monitoring of  Global Atmospheric Composition

For the  Copernicus  Atmosphere  Monitoring  Service,  
IAGOS provides daily profiles of ozone and carbon 
monoxide at airports around the world 

CAMS provides 

• Global daily forecasts of Atmospheric composition 
(40km) 

• Regional daily forecasts of atmospheric 
composition (10km) 

• Global reanalysis 2003-2016 (80km)

Latest profiles available at www.iagos.fr/cams
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Daily Monitoring of  Air Quality in Europe

IAGOS provides daily profiles of ozone and carbon 
monoxide at airports in Europe (Frankfurt, Paris, 
Amsterdam Vienna) 

CAMS provides 

• Regional daily forecasts of atmospheric composition (10km) 

• 7 regional European models and Ensemble: CHIMERE 
(INERIS),  EMEP (MetNO),  EURAD (Uni Cologne), 
LOTOS_EUROS (KNMI), MATCH (Sweden), MOCAGE (MF), 
SILAM (FMI)

Anomalies throughout depth of 
troposphere
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Monitoring at cruise (9-12km) altitude for climate, and weather forecasting 

Profiles (0-12km) for air quality monitoring

Real time transmission for forecast validation

More about IAGOS: 

IAGOS measures: H2O, O3, CO, clouds, Winds and temperature, CH4, CO2, NOx, aerosols  

Benefits of commercial aircraft for routine measurements

@IAGOS_RI www.iagos.org
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A deep stratosphere-to-troposphere ozone transport event over Europe simulated in CAMS global and regional forecast 
systems (Akritidis et al., 2018)

Depth of troposphere and stratospheric intrusions  



www.iagos.orgwww.iagos.org

Tressol et al 2008

IAGOS Ozone anomaly IAGOS CO anomalyIAGOS Temperature anomaly 

one third of the deaths 
caused by the heatwave 
were caused by poor air 
quality.

Country Deaths

France 15,000

Italy 3100

Portugal 2100

UK 2000

Netherlands 1500

Germany 300

Heatwave 2003: Importance of measurements throughout the troposphere

Air quality parameters  observed by IAGOS:

• Ozone O3

• Carbon Monoxide CO

• Nitrogen Oxides NO, NO2 , NOx

CAMS Reanalysis 2003-2016
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Heatwave June 2019

Arpege Temperature

CAMS Ozone

CAMS Global models CAMS Regional Models 

46°
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Heatwave July 2019

Global models+IAGOS Regional models+IAGOS
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Meteo France (Arpege) temperatures

CAMS Organic 
Matter Aerosol 
Optical Depth 

Portuguese Wildfires June 2017
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North American/ Arctic Wildfires 2019
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Hurricane Ophelia October 2017
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Beast from the East February 2018 

CAMS Regional Models

Arpege 
Temperatures (MF)
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Conclusions 

• IAGOS is effective at monitoring air quality

• IAGOS Ozone and CO are used  in daily validation of the 

CAMS models (regional, global and reanalysis)  

• Long-term trends of CO and O3 allow assessment of air 

pollution control.

• Next IAGOS will provide this service for water vapour, NOx 

CO2 and CH4 measurements 
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European Domain, 
10km resolution

Daily Monitoring of Air Quality in Europe

Early Heatwave 20 
June 2017

Regularly Visited European Airports:
Paris, Frankfurt, Amsterdam, Vienna

7 regional European models and Ensemble:
CHIMERE (INERIS),  EMEP (MetNO),  EURAD (Uni 
Cologne), LOTOS_EUROS (KNMI), MATCH (Sweden), 
MOCAGE (MF), SILAM (FMI)
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IAGOS Measurements

Climatologies and trends in UTLS

Vertical Profiles for Air Quality studies, case studies  

Cruise Altitude 

Landing-Take-off Profiles  

See: Cohen et al 2018

See: Petetin et al. 2016


