Tropical variability and global trends
of clouds as viewed by the
Atmospheric Infrared Sounder



Two Topics

(unpublished work in progress)

Low-latitude cloud variability and tropical waves

14-year trends in cloud properties



Six minute AIRS granule on September 6, 2002
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Liquid Cloud
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Kahn et al., 2014, Atmos. Chem. Phys.



Numbers

CALIOP versus AIRS thermodynamic phase estimates
CALIOP ice (lig) when 3x as much ice (lig) as lig (ice) in AIRS FOV
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The single-layered phase comparisons
are really promising

(With some issues over mountainous/a few land regions)
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Multi-layered clouds have a somewhat higher
rate of disagreement

Opportunity to attempt two-layer (or more) phase retrieval in AIRS

Supercooled liquid indices of refraction
must be exploited

2760 J. Phys. Chem. A 2005, 109, 2760—2764

Frequency Dependent Complex Refractive Indices of Supercooled Liquid Water and Ice
Determined from Aerosol Extinction Spectra

A.Y. Zasetsky,* A. F. Khalizov, M. E. Earle, and J. J. Sloan



Hovmoaller diagrams of ice cloud frequency and
effective diameter anomalies (18°S-18°N)
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Lots of eastward and westward convectively
coupled equatorial waves (CCEWs)

Cloud top temperature




Madden-Julian Oscillation (MJO)

ASC+DES

Cloud top temperature

Tem,

100 it



Kelvin waves
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Wheeler-Kiladis (W-K) diagrams for OLR

Waves can be symmetric or antisymmetric about equator

215 N 21 5N }
a) { X, POWEROLRA) }/ ps e GROUND b) { 2, s POWEROLR 8) }/ g i GROUND

T T * 77 L% T I5h " T L.25
3 |

T 1.25 BT T T T T T RT T

e

| \ E | oS

N

e N - T = T
= T VT T INJ T 1 -1 0 Tt Lo R i | AL
( g ’ll y > 0 10

- (™
\ \

18} < AT
A7) s

=
¢
Sy

~ ¢
e e
o

oJ
a
PERIOD (DAYS)
FREQUENCY (CPD)
PERIOD (DAYS)

FREQUENCY (CPD)

W

A — —10.0
- o 2
G 30-days120.0

S N T ———

L)

19 12 14 1§47 =12°-1@: =B =$ -4 ~2 @ é 4 © 8 1B 12 14

WESTWARD ZONAL WAVENUMBER, s EASTWARD WESTWARD ZONAL WAVENUMBER, s EASTWARD

Wheeler and Kiladis, 1999, J. Atmos. Sci.



Symmetric W-K diagram for AIRS all-sky OLR
Slight shift in frequency compared to OLR
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Cloud top temperature
Smaller zonal number — controlled by tropopause-level Kelvin waves?

Frequency (cycles/day)

Zonal Wave Number

Symmetric/Background Power Upper T,

2.5

0.5 1.5
Kahn, Dorrestijn, et al., in preparation



Ice cloud optical thickness
Dispersed energy at higher wave number consistent with convection
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Ice cloud effective diameter
Less energy with focus at low frequency and wave number
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Specific humidity at 700 hPa

More wave energy in equatorial Rossby waves in lower/mid troposphere
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Specific humidity at 300 hPa

More wave energy in Kelvin waves in upper troposphere
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Tropical cloud property variability
strongly related to classic view of CCEWSs

More to the story with T/g and antisymmetric

OLR does not reveal full complexity of
cloud variability within CCEWSs

New flavor of climate GCM test?



What about trends in the AIRS clouds?



Dominant regional ice cloud trends in tropics
Trends more subtle in extratropics

Ice Freq Trend (%/decade)
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Statistically significant decrease in ice in SH/NH

NH Midlcfs trend= -1.045+/-0.490 %/14yr

N -F
T
|

f/\ N AL pil
W Av\jh N\/V’w i VJ\VAV\[ [\VVA i /\/\/\/me\

|
N

Ice Freq Anomaly
10

|
A

2004 2006 2008 2010 2012 2014 2016
Year

Tropics trend= -0.252+/-0.703 Z%/14yr
4 | | | | | | =

Z?MN\MAA /\,n/\.n /\/\f\l\ NATSYSRRW, /\/\[\/\_

MM L

—4:— =

2004 2006 2008 2010 2012 2014 2016
Year

SH Midlats trend= —0.826+/-0.422 %/14yr

Ice Freq Anomaly
o

2 /A\ :
VV v\’VV VMVV‘VV\/U ‘AM‘AVM/\'AW/\V‘V/\WAJ\MU/\VMA.AVUAA—%

Ice Freq Anomaly
10

2004 2006 2008 2010 2012 2014 2016
Year



Widespread increase in D, over most of globe
Strongest trends appear to be in Tropics

D, Trend (um/14yr)
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Kahn et al., in preparation



“Jump” in Tropics and steady trend in SH/NH

NH Midlats trend= 0.515+/-0.162 um/14yr
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Backup Slides



Cloud thermodynamic phase tests

Table 1. Breakdown of the Individual Ice Phase Tests That Are Summed Into a Single Value for the “Phase Test” (+1 to +4) Presented in This Work®

Description Channels and Thresholds Features Value
Cold ice cloud test Tp 960cm ~1 <235K Cold and opaque ice cloud detection +1
Particle scattering test ATp 1231-960 cm 'S 00K Ice and liquid discrimination +1
Thin cirrus test ATy 1231-930cm 'S 175K Thin cirrus identification +1
Water vapor line test ATy 1227-960cm TS —05K Discriminate cirrus from water vapor +1

*There is no relationship between the number of positive ice phase tests triggered and the definition of the four heterogeneity categories defined in Table 2.

Liquid water test #1 AT 1231-960 cm™1< -1.0 K Probable liquid water -1
Liquid water test #2 AT 1231-930 cm™t<-0.6 K Less stringent liquid water -1

Kahn et al., 2014, Atmos. Chem. Phys.; Kahn et al., 2015, J. Geophys. Res.



The radiometric calibration of AIRS is very stable

Can use clear sky mask and compare to SSTs over tropical oceans
Or calculate from surface emissivity, T/g from numerical models

Stable to within £0.3-0.4 mK/yr

Window channels such as 1231 and 2616 cm™!

e.g., Pagano et al., 2012, Proc. SPIE



Brightness Temperature (K)
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Uniform increase for two liquid tests in SH
Regional trends of opposite sign in NH

Bit0 Trend (%/decade)
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Similar yet less uniform increase for one test

Bit1 Trend (%/decade)
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Uniform decrease for undetermined in SH
Notable increase for all non-ice categories in Arctic

Bit2 Trend (%/decade)
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Convective clustering increases at higher SSTs
Derived from CloudSat/CALIPSO
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Stein et al., 2017, J. Climate



Stronger convective cloud tops have

larger particle sizes
Observed in MODIS (left) and MODIS+POLDER (right)
Observed at surface Darwin ARM site (Protat et al., 2011, ACP)
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Enhanced radiative cooling in multilayer ice cloud
Leads to ice particle growth in overlying cirrus
Increased convective clustering lead to more of these clouds?
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Theoretical basis in Stephens, 1983, J. Atmos. Sci. Courtesy of Hanii Takahashi




