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Figure 1 shows an example of the mesoscale temperature fluctuations during the 
DC-8 flight of 2003 .O 1.16. The blue trace is the GMAO 1 O x 1 O grid data 
interpolated to the DC-8 flight level, and the red trace is the MTP flight level 
temperature (Tmtp) -- both on the left hand ordinate axis. The green trace is the 
difference between these two data sets, Tmtp - Tgmao, and it is plotted on the 
right hand ordinate axis. Also indicated on the plot are orange triangles, which 
indicate when the DC-8 came close to a radiosonde launch site. Since the GMAO 
re-analysis uses radiosondes as part of it's input data set, it would be expected that 
there would be better agreement with Tmtp at these times, which is often the 
case. During this flight peak-to-peak temperatures differences in excess of 10 K 
are seen. 

- 

Figure 2 shows temperature difference statistics for the 11 DC-8 flights based out 
of Kiruna, Sweden. There is a cold bias of 1.04 K on average for these flights, 
with a population standard deviation on the average of 1.46 K. This is very 
similar to the result that we found for the first SOLVE campaign [ Tgmao = 
Tmtp - (0.91 k 1.96) K]. Different models were used for each of the campaigns. 
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Figure 2. For the 11 flights fiom Kiruna, Tgmao = Tmtp - (1.04 +/- 1.46) K 
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GSFC Potential Vorticity at 3 80 K (- 15 km) 

An Example of Strat-Trop Exchange 

On the DC-8 flight of 2003 .O 1.14 there 
were two periods when the aircraft 
began to exit the vortex. The following 
two slides focus on the period fiom 40 
to 48 ks UT. The flight segment fiom 
43-45 ks UT is indicated in red on the 
four images on this slide. / 

Figure 3 
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There were many occasions during the DC-8 SOLVE-2 flights when the vortex 
edge was approached and MTP-derived stratospheric isentropes cut across the 
tropopause and dipped several kilometers into the troposphere. This occurred 
twice during the flight of 2003 .O 1.14. 

Figure 3 and 4 show the second of these edge encounters. The closest approach to 
the vortex edge occurred at -44 ks UT, when the DC-8 heading changed fiom W 
&-NE. As wedd be expeeted, &e w i d   sed to a maximum value of 
-1 10 knots as the vortex edge was approached (red trace with units on right hand 
ordinate scale). Figure 4 shows the MTP-derived isentropes dropping several 
kilometers, consistent with the LaRC DIAL ozone isopleths shown at the bottom 
of the figure. The MTP tropopause is indicated by pink triangles, and the theta 
surfaces range fi-om 295 K to 370 K in 5 K steps. 

- 
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This stratospheric intrusion teaches us some lessons. The five temperature profiles 
across the top of Figure 4 show how the MTP tropopause weakened at 42.5 ks and 
45.5 ks compared to deeper inside the vortex; they also show a “false” tropopause 
at 44.0 ks which is -1 km higher than inside the vortex, and several kilometers 
higher than the chemical tropopause represented by the LaRC DIAL 
measurements at the bottom of the figure. 



: (-19-5 kmh The flight of 2003 .O 1.16 provides several 
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I - 
examples of stratospheric tracers which 
- -  

u7h en 
I appear to be mixed with tropospheric air 

v v I I v I ~  the DC-8 was well above the 
tropopause. The following two slides - -  
focus on the period fiom 57 to 62 ks UT. 
The flight segment fiom 58-60 ks UT is 
indicated in blue on the three images to 
the left. I/ Figure 5 
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Figure 6. An example of strong vertical divergence of isentropes in the troposphere and con- 
vergence in the stratosphere. The light blue isentropes range from 300-350 K in 5 K steps. 



As on the flight of 2003.0 1.14, the flight of 2003.0 1.16 shows very dynamic 
isentrope behaviour fiom 57-62 ks. This case is perhaps more dramatic than the 
previous flight. The tropopause begins this flight segment on the 3 15 K isentrope 
and then moves up to the 320 K isentrope at 58.4 ks. At the same time, the 3 15 K 
isentrope dramatically drops 2 km. This vertical divergence of the isentropes im- 
mediately below the tropopause is similar to what is seen is lee waves, and must 
in some way be related to the dynamics near the vortex edge. It is also apparent 

- that the isentropes immediately above the tropopause are squished together. 
~~ 

Unlike the previous flight, the temperature profiles show that the tropopause never 
gets “soft.” In fact just the opposite is the case -- the tropopause develops a very 
strong inversion at 59.5 ks. This stability prevents the isentropes fi-om crossing the 
tropopause. There was however a short period of time near 59.7 ks when the 320 
K isentrope dropped below the tropopause, and at the same time the in situ ozone 
(purple) rose rapidly as an apparent wave dipped down to flight level. Just below 
the tropopause there’s a fir11 2 cycles worth of isentrope displacement, and the 
amplitude is large. In the stratosphere the amplitude is lower, the opposite of 
mountain wave behavior. 

Figure 7 shows a thetdtracer plot for in situ ozone, and there appears to be three 
different regimes for ozone loss, which can be separated by latitude. This is shown 
on the map in Figure 5. (<66.8 O N=blue, 66.8-77 O N=orange, >77 O N=green) 
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Figure 8. The two RAOB sites with the largest amplitude lee wave activity in 2000 & 2003 
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