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I.  INTRODUCTION 
 

The grounding of all commercial aircraft in U.S. 
airspace for the 3-day period September 11-13, 2001, 
following the terrorist attacks on New York and 
Washington, D.C., provides a unique opportunity to 
study the potential role of jet aircraft condensation trails 
(contrails) in climate.  During this period, surface 
observations and satellite data confirm that the skies 
over the U.S. were noticeably lacking contrails, other 
than the relatively few produced by military aircraft.  

The ability of contrails to modify surface climate at 
regional scales has been speculated upon for the latter 
half of the 20th century (e.g. Murcray, 1970; Changnon, 
1981; Sassen, 1997), especially for those regions 
favored by a high density of jet traffic (e.g. the U.S. 
Midwest).  There, “outbreaks” of contrails, can occur 
and persist for a day or more when atmospheric 
conditions are favorable (Travis et al, 1997), and may 
obscure a substantial portion of the sky or mix with the 
natural cirrus coverage to enhance the overall cloud 
amount.      

Because contrails contain a higher density of 
relatively small ice crystals when compared to natural 
cirrus (Murcray, 1970, Gothe and Grassl, 1993), they 
often have the higher albedo, and thus a greater ability 
to decrease the amount of solar radiation reaching the 
surface.  Although contrail coverage decreases at night 
because of a reduction in the number of flights, its 
occurrence at that time can contribute to the high cloud 
coverage and increase the back-radiation to the earth’s 
surface.  Hence, the contrail cloud-radiative forcing may 
be significant for those regions of the U.S. characterized 
by many contrails (Duda et al., 2001).  Contrails have 
the potential to suppress the surface diurnal 
temperature range (DTR) beyond that normally done by 
natural clouds (Travis, 1996).  Significant decreases in 
DTR have been reported for some areas of the U.S. 
where contrails are most abundant (Karl et al, 1994).   

The objective of this study is to evaluate the 3-day 
grounding period of Sept. 11-13, 2001 as a “control” for 
quantifying the effects of contrail coverage over the U.S. 
on DTR.  By analyzing the DTR temporal and spatial 
characteristics during this period it should be possible to 
identify the potential contribution of contrails to the 
overall DTR pattern for the typical situations when 
commercial aircraft are flying. 
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2. DATA AND METHODS 

 
Station data on the daily maximum and minimum 

temperature for all first order, automated, and 
cooperative stations in the U.S., were obtained from the 
National Climate Data Center (TD 3200/3210 data set) 
for September 1971-2001.  Data were initially available 
from an average of approximately 5500 weather stations 
per year.  However, because the number of available 
stations varied from year to year, we chose to analyze 
data from only those stations available for a majority of 
the overall period.  This provided approximately 4000 
stations for the analysis.   

Daily DTR values were calculated for the Sept. 11-
13 period for each year by subtracting the daily 
minimum temperature for each station from its 
corresponding daily maximum temperature on that day.  
Additionally, the DTR was calculated for the adjacent 3-
day periods (Sept. 8-10; Sept. 14-16) for comparison 
purposes.   

AVHRR digital satellite data (1.1. km resolution) 
were also obtained for the U.S. and adjacent coastal 
waters for the period of Sept. 8-16, 1995-2001, to 
determine the variations in frequency and density of 
“normal” contrail coverage across the U.S. during mid- 
September.  A total of 623 AVHRR scenes were 
obtained for analysis (average of 10 per day).  The 
locations of contrail outbreaks were noted and stored in 
a geographic information systems (GIS) database.  
Contrails are best distinguished from natural clouds 
using the infrared band (band 4) and following the 
pattern recognition method described in Carleton and 
Lamb (1986) and DeGrand et al. (2000).   Although 
contrails were seen on more than half of the images, 
only outbreaks of contrails, both spatially (i.e. across 
multiple states) and temporally (i.e. occurring on 
multiple scenes for a minimum of 6 hours), were 
cataloged.  To identify the spatial coverage of each 
outbreak, a coordinate box was drawn around its 
boundaries using the image when contrail coverage was 
at maximum density.       

A final step in the satellite analysis was to 
determine the total number of contrail outbreaks 
occurring during Sept. 8-16, 1995-2001 over each 
weather station.  This was accomplished using the GIS 
database and spatially associating the locations of each 
contrail outbreak box with the locations of each weather 
station.  
 
 
 
 
 



3. RESULTS AND DISCUSSION 
 
3.1 DTR Temporal Trends 

 
The average (1971-2000) DTR for the continental 

U.S. during mid-September, stratified by 3-day periods 
(Figure 1), demonstrates a gradual decrease in DTR 
over the 9 days.  This decrease is attributed to a gradual 
decrease in daytime maximum temperatures at this time 
of year.  The daytime temperature decrease apparently 
exceeds the rate of decrease of nighttime cooling and 
expresses an overall DTR decrease. 

Figure 2 shows the departure from the 
climatological normal (1971-2000) of the trend in DTR 
during the same 3-day periods for 2001.  An increase in 
DTR for the Sept. 11-13 period coincides with the period 
of aircraft grounding.  This increase in DTR is in contrast 
to the adjacent 3-day periods of 2001 that demonstrate 
DTR near or below climatological normals, and 
suggests that an anomalous “spike” in DTR occurred 
during Sept. 11-13, 2001.   

To further investigate this possibility, a summary of 
the differences between DTR for the Sept. 11-13 and 
adjacent periods of 1971-2001 is presented in Figure 3.  
Although increases in DTR occur for Sept. 11-13 during 
other years, none of these is as large as that during 
2001:  The magnitude of the 2001 increase (1.8 °C) is 
the only value for all 31 years that is 2 standard 
deviations away from the mean value in either a positive 
or negative direction (SD=0.9 °C).  This suggests that 
factors other than air mass changes may have 
contributed to the large DTR increase seen during Sept. 
11-13, 2001.     

It is worth noting that this analysis is for the entire 
continental U.S., with no additional weight given to 
those stations located in areas where contrails are most 
frequent.  Hence, the DTR differences between 2001 
and climatology shown here potentially underestimate 
the magnitude of the DTR change for those “favored” 
regions (e.g. U.S. Midwest). 
   

Figure 1: 3-Day Average DTR for 1971-2000. 
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 Figure 2:  2001 DTR Differenced From Climatology. 
 

Average Change in DTR for 3-Day Periods 
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  Figure 3: Average Difference in DTR for 3-day periods. 
 
 
3.1 DTR Spatial Trends 
 

To better characterize the increase in DTR noted 
for Sept. 11-13, 2001, a spatial comparison was 
completed to determine if this increase dominantly 
occurred where contrail coverage is typically greatest 
during mid-September (1995-2001).   

The spatial variation of the average DTR for the 
Sept. 11-13 climatology period (Figure 4) shows that 
DTR is typically greatest in the Intermountain West and 
Southwest U.S. regions and gradually decreases 
towards the east and northwest.  This seems 
reasonable because the air is typically driest and likely 
to be cloud-free in the Intermountain West and 
Southwest U.S. (other than the extreme coastal 
locations), especially during mid-September, which 
allows for a large temperature range between day and 
night.   

In contrast to the spatial variations shown in the 30-
year mean map, the map for the Sept. 11-13, 2001 
period shows that the largest DTR values spread 
eastward across portions of the central and northeast 
U.S. (Figure 5).   When the two maps are compared, 
larger than “normal” DTR values are apparent for the 
Midwest, Northeast, and Northwest regions of the U.S. 
(Figure 6).  We argue that at least a portion of this 
increase can be attributed to the lack of contrail 
coverage during the Sept. 11-13, 2001 aircraft 
grounding period.  Previous research using both satellite  
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and surface observations has demonstrated that many 
of the same regions showing the greatest increase in 
DTR for 2001 typically experience the greatest amount 
of contrail coverage (Minnis et al., 1997; DeGrand et al,, 
2000).   

To further investigate this apparent relationship 
between the regional DTR increases of Sept. 11-13, 
2001 and contrail coverage, Figure 7 summarizes the 
frequency of the contrail outbreaks identified on AVHRR 
satellite data for 1995-2001 for each observing station.  
A total of 48 outbreaks were identified from the satellite 
analysis.  The frequency pattern of outbreaks for mid-
September appears to be similar to that shown in 
previous studies for other times of the year with maxima 
occurring in the Midwest, Northeast, and Northwest 
regions of the U.S. (Minnis et al., 1997; DeGrand et al., 
2000).     

The change in DTR for 2001 compared to 
climatology is shown by the number of contrail 
outbreaks occurring during mid-September 1995-2001 
per station in Figure 8.  A distinct increase in DTR is 
evident as the number of contrail outbreaks per station 
increases, especially when going from no contrails to 
only a few outbreaks.  These results support the earlier 
contention that the largest increase in DTR occurred 
where contrail coverage is typically greatest during mid-
September.   

      

Change in DTR By Number of Contrail 
Outbreak Per Station
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 Figure 8: Change in DTR stratified by number of 
                 contrails outbreaks (1995-2001) per station.  

 
4. Summary and Conclusions 

 
The results presented here suggest strongly that 

the grounding of all commercial aircraft in U.S. airspace, 
and the consequent elimination of substantial jet contrail 
coverage during the Sept. 11-13, 2001 period, resulted 
in an enhanced surface DTR for the U.S. as a whole, 
but especially in those areas typically experiencing the 
greatest numbers of jet contrails (e.g. the Midwest U.S).   

A logical extension to this research is to determine 
where contrail coverage would have occurred had 
commercial aircraft not been grounded during Sept. 11-
13, 2001.  The analysis of AVHRR imagery available for 
this period indicates numerous occurrences of single 
contrails produced by military aircraft.  Moreover, the 
analysis of imagery available for the grounding period 
shows contrails occurring just over the border in Canada 

on multiple occasions.  Both observations suggest that 
contrail outbreaks would have occurred in portions of 
the U.S. had commercial aircraft not been grounded 
between September 11-13, 2001.  
 
Acknowledgement: This research was sponsored by 
grants from the National Science Foundation (# BCS-
0099011 and #BCS 0099014). 

 
5.  References  

 
Carleton, A.M. and P.J. Lamb (1986).  Jet Contrails 

and cirrus cloud: a feasibility study employing high 
resolution satellite imagery.  Bull. Amer. Meteor. Soc., 
67: 301-309. 

 
Changnon, S.A. (1981).  Midwestern cloud, 

sunshine and temperature records since 1901: possible 
evidence of jet contrail effects.  J. Appl. Meteor., 20: 
496-508. 

 
DeGrand, J.Q., Carleton, A.M., Travis, D.J., and P. 

Lamb (2000).  A satellite-based climatic description of 
jet aircraft contrails and associations with atmospheric 
conditions, 1977-79.  J. Appl. Meteor., Vol. 39, pp. 
1434-1459. 
 

Duda, D.P., Minnis, P., and L. Nguyen (2001).  
Estimates of cloud radiative forcing in contrail clusters 
using GOES imagery.  J. Geophys. Res., 106, 4927-
4937. 

 
Gothe, M.B. and H. Grassl (1993). Satellite remote 

sensing of the optical depth and mean crystal size of 
thin cirrus and contrails.  Theor. App. Clim., 48:101-113. 

 
Karl, T.R., Jones, P.D., Knight, R.W., Kukla, G., 

Plummer, N., Razuvayev, V., Gallo, K.P., Lindseay, J., 
Charlson, R.J., and T.C. Peterson (1993).  Asymmetric 
trends of daily maximum and minimum temperature.  
Bull Amer. Met. Soc., 74(6): 1007-1023. 

 
Minnis, P., Ayers, J.K., and Weaver, S.P. (1997).  

Surface-based observations of contrail occurrence 
frequency over the U.S., April 1993 - April 1994.  NASA 
Ref. Publ. 1404, May 1997.  12pp + tables and figs. 
 

Murcray, W.B. (1970). On the possibility of weather 
modification by aircraft contrails.  Mon. Wea. Rev., 
98:(10) 745-748. 

 
Sassen, K. (1997).  Contrail-cirrus and their 

potential for regional climate change, Bull. Amer. 
Meteor. Soc., Vol. 78, No.9, pp. 1885-1903. 

 
Travis, D.J. (1996).  Diurnal temperature range 

modifications induced by contrails, Proc. of the 13th 
Conf. Planned and Inadvertent Wea. Mod., Atlanta, GA. 
 

______, A.M. Carleton, and S.A. Changnon (1997).  
An empirical model to predict widespread occurrences 
of contrails.  J. Appl. Meteor., 36, 1211-1220.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


