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ABSTRACT 

 

Within the ESA DUE project 'Contrails' the amount of 

linear contrails has been analysed using ENVISAT 

AATSR and NOAA AVHRR data. The impact of air-

traffic on cirrus coverage as well as the first time on 

outgoing radiation flux density has been estimated by 

using simultaneous observations from Meteosat Second 

Generation (MSG) SEVIRI instrument and high spatial 

and temporal resolution air-traffic data from 

EUROCONTROL (European Organisation for the 

Safety of Air Navigation). The study shows some 

correlations between air-traffic density on the one side 

and cirrus coverage, outgoing long and short wave 

radiant flux densities on the other side. The relation 

between air-traffic and radiation fluxes depends 

strongly on daytime and season. 

1 INTRODUCTION 

The impact of aviation on climate follows several 

pathways. Carbon dioxide and water vapour, both 

effective greenhouse gases, are emitted as well as nitric 

oxides, which influences the chemical composition of 

the upper troposphere. Soot and sulphuric oxides add to 

the ambient aerosol and have an impact on cirrus 

formation and cloud microphysical properties. Since 

the IPCC special report on "Aviation and the Global 

Atmosphere" [1] it is known and widely accepted that 

contrails and the cirrus clouds evolving out of them 

have a climate impact comparable to the CO2 from the 

combustion process. These additional, purely man-

made clouds change the radiative forcing of the earth-

atmosphere system: they reduce the incoming solar 

radiation as well as the outgoing thermal radiation in a 

way that the mean net balance at top of the atmosphere 

is slightly positive – i.e. they add to the greenhouse 

effect [2]. The role of contrail and cirrus formation 

within the total impact of aviation on climate was 

confirmed at the Aviation, Atmosphere and Climate 

(AAC) Conference 2003 [3]. In [4] we find linear 

contrails as the only explicitly mentioned radiative 

forcing term from the traffic sector (see Figure 1) with 

a very high range of uncertainty from 0.003 to 0.03 

Wm
-2

.  

 

Figure 1: Radiative forcing components from [4] 

2 THE DLR CONTRAIL DETECTION 

ALGORITHM 

The analysis of satellite data to infer contrail frequency 

and coverage started at IPA in 1989. Several attempts 

have been made to change from visual inspection of 

images to an operational, automated system. In 1997 

this development succeeded [5] and resulted in the 

DLR contrail detection algorithm (CDA), which is 

considered to be world wide the only operational 

algorithm for this task. The development aimed at data 

of the AVHRR thermal infrared split window channels, 

and the algorithm has also been successfully used with 

ATSR and MODIS data. It was applied in studies to 

derive contrail coverage over Europe [5,6], SE and E-

Asia [7], USA [8]. 

 

A further development was the statistical interpretation 

of the detected contrails and a first assessment of the 

radiative forcing by [7]. Large data volumes allow to 

estimate the false alarm rate, i.e. the part of false 

positive detections, and to correct for variations in the 

detection efficiency of the algorithm.  

3 VALIDATION OF THE CDA 

Validation was performed by comparison of the CDA 

with human visual interpretation of satellite scenes. 
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Figure 16 Cirrus coverage from different months of the 

ECHAM4 climate model vs. air traffic density. 

 

 

Figure 17 Sum of outgoing longwave and shortwave 

radiative  flux density derived from METEOSAT8 

SEVIRI data 

 

Figure 18 Outgoing shortwave (left) and longwave 

radiative flux density derived from METEOSAT-

SEVIRI vs. air traffic density. 

 

Cirrus coverage derived from METEOSAT data was 

correlated to the air traffic density (sum of flight paths 

over a region within a time interval) by [10], but the 

interpretation of the significant correlation is 

problematic, as the natural cirrus coverage, i.e. the 

undisturbed case is unknown [11].  Analyses of the 

cirrus coverage within the ECHAM4 climate model, 

which has no information on air traffic  (Figure 16, 

[11]) indicate, that unavoidable spurious correlations 

between air traffic and natural cirrus coverage restrict 

the quantitative evaluation of this significant 

correlation. 

The same problems show up with the interpretation of 

the correlation between SEVIRI-derived outgoing 

radiances (Figure 17) and the air traffic density (Figure 

18). 

7 CONCLUSIONS AND OUTLOOK 

The work on verification of the contrail detection 

algorithm (CDA) demonstrated the vagueness of the 

term 'linear contrails'. For this study the CDA was 

tuned to reach a very low FAR. This resulted in a low 

DE in areas with high air traffic densities like in 

Central Europe. On a truly global scale the analysis of 

linear contrails is still missing. The ESA-(A)ATSR(2) 

data set provides a consistent base for further  

evaluations over at least one decade. Such an analysis 

could reduce the large uncertainties indicated in [4] 

The correlation method to estimate the coverage and 

forcing by contrail cirrus gave significant results, but 

spurious correlation has an impact on the result. A final 

quantification of the radiative forcing from contrails 

and contrail cirrus is still not possible. Life cycle 

studies of contrail cirrus which can shed more light on 

this problem are ongoing. On a global scale a cirrus 

climatology derived from (A)ATSR(2) with 

sophisticated methods which are not sensitive to 

instrument degradation could help. 
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