
2015 in this paper because those are the years that we have high-cadence lidar soundings close in time to the peaks in AIRS

brightness temperature variance.

(a) 2014. (b) 2015.

Figure 3. The AIRS mean brightness temperature (BT) variance from the 4.3 µm data for the years (a) 2014 and (b) 2015 are shown in red.

The mean is taken in a region over Kühlungsborn bounded by 52.35�N and 55.94�N in latitude and 8.68�E and 14.83�E in longitude. In

grey, all the data from 2003-2019 is plotted to demonstrate the annual variability of the brightness temperature. The brown rectangle on the

right panel shows the peaks in summer we highlight in this study. The blue lines in each panel show the time ranges selected for further study.

To identify deep convection in the region near Kühlungsborn, we apply the method of Aumann et al. (2006) also used by190

Hoffmann and Alexander (2010). Aumann et al. (2006) used the 1231 cm�1 (8.1 µm) AIRS radiance channel to identify deep

convective clouds between ±60� of the equator. They argued that because the size of the AIRS footprint at the nadir is 13.5

km, brightness temperatures below 210 K should indicate that the top of the anvil of the thunderstorm protrudes well into the

tropopause. The authors point out in the paper that the threshold of 210 K is an arbitrary choice. Deep convective cloud tops

typically have horizontal scales of a km or less. The temperatures of convective cloud tops can be near or below the temperature195

of the tropopause region, especially when they overshoot the tropopause (Proud and Bachmeier, 2021). This means that even

if a footprint contains deep convective clouds, most of the footprint could still be cloud-free. Therefore, the threshold of 210

K, which is well above the temperature of the tropical tropopause, should still identify footprints that contain deep convection.

Using the 210 K threshold, they identified about 6000 large thunderstorms per day, almost exclusively between ±30� of the

equator. Hoffmann and Alexander (2010) used a weaker threshold of 220 K to define deep convection over North America in200

summer because they found that the threshold of 210 K used by Aumann et al. (2006) was too conservative to identify all deep

convective events at midlatitudes. We increase the threshold even more to 230 K here because the mean tropopause temperature

increases to ⇠220 K in the polar region in summer and Kühlungsborn is on the border between mid- and polar latitudes. For

each day, we define deep convection near Kühlungsborn as the fraction of AIRS footprints below the 230 K threshold in a

box defined by 0�-12� E and 50�-55� N (shown in the black box in Figure 2; the dark green contour is 230 K). Again, since205

convective systems generally move eastward in summer midlatitudes and gravity waves propagate radially from the convective
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