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New AIRS Version 6 cloud top retrievals of ice cloud 
properties and thermodynamic phase 



 
•  The quantification of cloud properties, and their spatial and temporal distributions, is 

necessary for climate change research 

•  Distributions of AIRS thermodynamic phase and ice cloud properties is realistic 
•  Complex spatial and temporal behavior is observed  

•  AIRS is excellent at characterizing ice clouds 
•  Sensitive to detection and retrieving geophysical information  

•  AIRS is suboptimal at characterizing liquid water clouds  
•  Persistent summertime occurrence around Antarctica is a big surprise 
•  “Unknown” phase appears to track shallow cumulus frequency 

 
•  Cloud frequency and phase spatial distributions responsive to atmospheric modes of 

variability 
•  Two examples with ENSO 

Highlights from the new AIRS cloud products	





AR4 Climate Models have Distinct Latitude, Regional, 	


And Cloud-Type Trends	



Trenberth and Fasullo (2010), J. Climate 

time section shows that the linear trend for the twenty-
first century is a good depiction of the spatial structure
over the southern oceans. In the twentieth century,
however, ASR evolves rather differently as changes in
aerosols play a key role in the A1B scenario. Increases
in ASR in the twenty-first century occur in almost all
models. Trends in other model energy quantities (RT

and OLR) are given in Trenberth and Fasullo (2009) for
a somewhat different set of models. Results are robust to
model selection for all quantities and they do not seem
to be very sensitive to whether ozone was treated re-
alistically or whether volcanoes are included.

The linear trend in ASR from 2000 to 2100 (Fig. 9) can
be interpreted with similar figures for cloud amount
(Fig. 10) (see Trenberth and Fasullo 2009 for an over-
view). In the zonal mean, there is a remarkably steady
evolution of the trends for reduced cloud between about
508N and 508S, and with increased cloud in the polar
regions. Although the pattern of the tropical response in
cloud change (Fig. 10) reveals decreases in amount over
most of the region between about 608N and 508S, there
are exceptions in the tropical Pacific. This has been
noted and interpreted as a transition to more El Niño–
like conditions in the equatorial Pacific (Meehl et al.
2007b). The patterns of change in cloud in the Pacific

equatorial region reveal a local increase in convection
and cloud, such that OLR decreases, canceled to some
extent by decreases in ASR, but with an overall increase
in RT (Trenberth and Fasullo 2009). The Pacific trends
are offset elsewhere in the tropics where clouds decrease
and ASR, OLR, and RT all increase. Poleward of about
608 in both hemispheres, reductions in sea and land ice
and snow cover reduce the planetary albedo (not shown)
and lead to increases in ASR even as substantial in-
creases in cloud cover (Fig. 10) offset the influence of the
snow and ice albedo reduction. Part of this response
stems from increased open water and higher SSTs and
local evaporation, with increases in water vapor. Over
Antarctica, however, warming increases OLR (Trenberth
and Fasullo 2009) such that that the change in RT is
negative.

The unique zone in between these two regions occurs
between 508 and 608S over the open ocean. Presumably
it could also occur in the NH but the large landmasses
preclude that behavior. OLR tends to decrease in this
zone but RT follows ASR and exhibits a slight decrease
(Trenberth and Fasullo 2009) (see Fig. 12 presented later).
The high-latitude SH, in particular the zone from 508 to
608S and poleward of about 758S, exists as the only re-
gion for which the shortwave feedback is negative in
models. While increases in cloud amount over ocean in
winter do not affect ASR greatly, the summer increase is
significant, and to more fully account for how cloud al-
ters ASR it is essential to examine the seasonal varia-
tions (section 4c).

An outstanding and remarkable result is the very strong
resemblance between the current-day errors in cloud
amount (Fig. 5), as simulated by the CMIP3 models, and
the twenty-first-century trend (Fig. 10 lower panels).
The resemblance extends to the positive values in the
tropical eastern Pacific, the strong negative values in
midlatitudes, and the positive values over both polar
regions. The models therefore have a strong tendency to
make the original errors bigger relative to today’s cli-
mate, which raises questions about the likelihood of the
trends being realized. The 508–608S zone is one excep-
tion in that the trend is the opposite of the error.

b. Changes in sea level pressure and
atmospheric circulation

Broad aspects of the cloud changes appear to have
a dynamical basis stemming in large part from changes
in the atmospheric circulation, as indicated by changes
in sea level pressure (Fig. 11). Overall, there is an in-
crease in the mass of the atmosphere because of in-
creased water vapor, and this is reflected in a small
increase in the global mean surface and sea level pres-
sure fields. Higher pressures over the Indonesian region

FIG. 10. (top left) For cloud amount, latitude–time series from
1960 to 2100 of zonal average in %; (top right) the average for
1950 to 2100. (bottom left) The linear trend from 2000 to 2100 in
% century21; (bottom right) the zonal means for land (red), ocean
(blue), and all (black). Stippled (hatched) regions are where at least
three quarters of the models share a common positive (negative)
bias.
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Cloud-Climate Feedbacks in IPCC Models Differ in Sign and Magnitude	



Zelinka et al. (2012), J. Climate (in press) 
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Fig. 10. Global and annual mean (red) LW, (black) net, and (blue) SW cloud feedback
estimates and the contribution to the cloud feedbacks from the proportionate change in cloud
fraction, change in cloud vertical distribution, change in cloud optical depth distribution, and
residual term. Each model is represented by a dot and the multi-model mean is represented
by the height of the vertical bar.
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•  Optimal estimation retrieval (post-processor) of: 	


ice cloud effective diameter (De)	


ice cloud optical depth (OD)	


ice cloud top temperature (Tcld)	


cloud thermodynamic phase: ice, liquid, unknown 	



	


•  These are different from AIRS standard product retrieval	



•  Retrieval heritage from Tropospheric Emission Spectrometer (TES) instrument team	



•  SARTA+D4S RT model; AIRS L2 atmospheric inputs and a priori surface, and single-
layered cloud; Baum et al. (2007) scattering models; ~60 channels in 8–15 μm region	



•  Chi-squared fits (observed vs. simulated radiances) and scalar averaging kernels (AKs) 
>> “user friendly” Quality Control (Best, Good, and Bad)	



•  Retrievals restricted to AIRS FOVs identified as possibly or likely containing ice	


	



Summary of New AIRS Version 6 Cloud Products	





•  Both OD and Tcld have Best, Good, and Bad indicators	


	



Best: chi-squared < 10 and AK > 0.8	


Good: chi-squared > 10 or AK < 0.8	


Bad: chi-squared > 10 and AK < 0.8	



	


•  De only has Good and Bad – the hardest parameter to retrieve	


	



Good: chi-squared < 10 and AK > 0.8	


Bad: chi-squared > 10 or AK < 0.8	



	


•  Quality control indicators are not absolute nor quantitative	



Summary of New AIRS Version 6 Cloud Products	





An Example AIRS Granule	
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Global Estimates of Cloud Thermodynamic Phase – 
AIRS is a Robust Ice Cloud Detector	


Cloud Frequency	

 Ice	



Liquid	

 Unknown	



Kahn, Jin, Nasiri et al. (2012) (in preparation) 



Ice Cloud Frequency	



Optical Thickness	

 Ice Cloud Effective Diameter	



Global Ice Cloud Microphysical Properties – 	


The First Day/Night & Land/Ocean Climatology	



Kahn, Irion, et al. (2012) (in preparation) 



AIRS has a Unique Viewing Perspective of High Latitudes	



Kahn, Lubin , et al. (2012) (in preparation) 
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Seasonal variations of De in polar regions	





 

ENSO modulation of ice clouds and convection  
 

This is well known and obvious to most 
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ENSO modulation of “unknown” clouds – these 
resemble shallow/trade cumulus 

 
This is consistent with H. Aumann’s result  

shown on Tuesday 
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Liquid water clouds in the high latitudes 
 

The high frequency surrounding Antarctica during 
summer (but not winter) appears to be a new insight 





 
•  The quantification of cloud properties, and their spatial and temporal distributions, is 

necessary for climate change research 

•  Distributions of AIRS thermodynamic phase and ice cloud properties is realistic 
•  Complex spatial and temporal behavior is observed  

•  AIRS is excellent at characterizing ice clouds 
•  Sensitive to detection and retrieving geophysical information  

•  AIRS is suboptimal at characterizing liquid water clouds  
•  Persistent summertime occurrence around Antarctica is a big surprise 
•  “Unknown” phase appears to track shallow cumulus frequency 

 
•  Cloud frequency and phase spatial distributions responsive to atmospheric modes of 

variability 
•  Two examples with ENSO 

Highlights from the new AIRS cloud products	




