
Climate Change in Ireland:

• 4 ground stations (1881-1998): 15% increase    

in cloud cover & 20% decrease in annual 

sunshine hrs (Palle & Butler, 2001)

• Cloud cover increase could be partially 

related to a rise in aircraft traffic: contrails 

can trigger cirrus formation!

• Clouds are major uncertainty in future 

climate prediction:

- clouds reflect sunlight (cooling effect)

- clouds trap heat emitted from surface
(warming effect) 

- Key Question: Which effect will dominate 

in future climate?

Project Objectives

• To develop suitable image processing techniques to allow 

positive identification of contrails on satellite imagery

• To develop the first satellite-based detailed cirrus-cloud and 

contrail climatology for Ireland over the past >20yrs

• To improve knowledge of atmospheric conditions for 

formation, persistence & spreading of contrails (using 

radiosonde data)

• To investigate  current & former contribution of contrails to 

Irish cloud cover and regional climate (i.e. Radiative Transfer Model)

Cloud-cover and radiation balance changes over Ireland due to 

Aircraft-induced Contrails.
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Contrail Detection
•  From satellites (see picture above):

- Mainly detected based on linear shape from 

temp difference in Channels 4 & 5 AVHRR 
thermal images

- Also stereo detection from ATSR/AATSR:  
provides cloud top height & amounts

- Manual detection of contrails on satellite images  
found to be too highly subjective

• First automated detection of contrails from satellite  
images(AVHRR):  Mannstein et. al.(1999)

- Avg. contrail coverage in 1996 for central 
Europe ~0.5% 

- Meyer et. al., (2007): auto. detection contrails 
over Thailand (0.13%) & Japan (0.25%) for 1998

Contrails can also spread, triggering additional cirrus 

cloud formation which can further impact climate!

Air traffic predicted to more than double by 2022 (OECD 2006): 

magnitude of climate impacts of contrails to rise also?

Contrails and Climate
Evidence shows that persistent 

contrails contribute a ‘small but 

significant’ net warming effect on 

atmosphere (Stuber et. al, 2006)

Climate warming of contrail-cirrus 

possibly 2-10 times larger than 

contrails (IPCC, 2007)

Overview of Methodology
• Establish algorithms/techniques to extract required   

information from satellite images

• Calculate % changes in contrails over Ireland from

AVHRR imagery (1x1 Km since 1981)

• Use ATSR/AATSR imagery to investigate changes in 

cirrus occurrence (1x1 Km since 1991/2002)

• Using Meteorology (Radiosonde) data: determine   

vertical profile of atmosphere
- Cross-ref & validate meteorological conditions for 

contrail formation, persistence and spreading

• Use Radiative Transfer Model to est. climate impacts

Contrail warming effect more 
pronounced at night, and during 
the winter: 

• Night flights = ~25% air 
traffic but 60-80% of 
contrail warming

• Winter flights = ~22% 
annual air traffic but ~50% 
of annual mean contrail 
warming

• Contrails reduce daily temp 
range: After 9/11, no flights 
over USA for 3 days: temp 
range increased in the 
absence of contrails by ~1.1 K 
(Travis et. al, 2002)
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Studies show increasing trends in cirrus clouds in flight corridors, in 

contrast to overall (small) negative trends in cirrus elsewhere! 
(Zerefos et. al, 2003, Stordal et. al, 2005)
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