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Tropical Tropopause Layer Cirrus Clouds
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WINTER SPRING

Winter 2006 2016 Mean V4 IWP > 14 km Spnng 2007 2017 Mean V4 IWP > 14 km
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SUMMER FALL

Summer 2006-2016 Mean V4 IWP > 14 km Fall 2006- 2016 Mean V4 IWP > 14 km
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Winter 2013: TWP Hourly Anvil MTSAT Pixel Counts

Hourly Anvil Detection Pixel Counts: 0 Local Time, Dec 2013 - Feb 2014

6°S

12°8

90°E 105°E 120°E 135°E 150°E
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LIU AND ZIPSER: TROPICAL CONVECTION OVERSHOOTING 0.05

T T T T T T T T T T T
F 7 0.048 | N
14 T4km |

o
o
B
(4]
T

Fraction Of Daily Activity During An Hour
5
Y
‘-\"’

121
rmr T surface 0.044 +

10F

%

0.04

24 TWP — Winter 2013

Sooss | Hourly Anvil MTSAT

1 L i il I L L L 1 1 L L ] PIXeI Cou nt
0 2 4 6 8 10 12 14 16 18 20 22 24 o082 | il
Local time (hr)

o
o
W
'Y
T

o N = O @
TTTTT T [TT T [TTT 7T

0.03 . . . . . . . . . . . . . . . . . . . . . .
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Local Hour

Figure 3. Diurnal variation of population of 20°N—20°S OPFs identified with five reference heights
over land (solid) and ocean (shaded).

Liu and Zipser, 2005 MTSAT, Just the TWP

Hourly Anvil Detection Pixel Counts: 2 Local Time, Dec 2013 - Feb 2014
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WINTER, IWP > 14 km WINTER, IWP > 17 km

Winter 2006-2016 Mean V4 IWP > 14 km Winter 2006-2016 Mean V4 IWP > 17 km
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Winter vs Spring: Overshooting Opaque Cloud Layer Thickness
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From Luo et al., 2008: Cold high clouds and Warm high clouds; Cold high
clouds attenuate the Lidar faster (so they appear to be “thinner”).
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Winter vs Spring: Tropical UTLS Aerosol Optical Depth

Winter 2007-2017 Mean AOD 14-20 km
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MILS water vapor, stratospheric “Tape Recorder”

MLS 82 hpa h2o anomaly, 20S-20N
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Summary of ldeas:

* Observational evidence suggests that with deep convection
there may be transport of cloud ice, aerosols into the lower
stratosphere, impact to water vapor, as well as changes in
local dynamics (temperature structure).

* Convection matters! Non-equilibrium conditions, local
perturbations impact the larger scales. Models need to do a
better job with convection.

e Convection can hydrate and dehydrate (Schoeberl, Jensen,
Ueyama).

e Residual aerosols (dust) can nucleate new clouds in the TTL.

* Increasing lower stratospheric water vapor is a positive
feedback on surface temperature.
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IWP above cold-point tropopause
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a)CALIOP ice water path (above the
interpolated MERRA-2 cold-point)

b)MLS 82-hPa water vapor anomaly

c) MERRA-2 cold-point temperature
anomaly

Key:
Blue line is the ENSO ONI index
Black lines are the 155 — 15N zonal mean

Red lines are the Central Pacific
Orange lines are the Tropical Warm Pool
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