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Processes responsible for the difference

Ackerman et al. 1988

Large extinction coefficient

Small extinction coefficient

Cloud top cooling
Cloud base heating

Heating throughout the layer (heated by warm surface)

IWC: Ice Water 
Content



Longwave cloud effect comparison (April 2011)
CALIPSO, CloudSat, and MODIS
(active + passive)

MODIS and GEOs 
(passive only)

Passive only heating rates have large cloud top cooling and the heating maximum is too low.
Cloud extinction distributed in the atmospheric column when active sensors are used.
Cloud optical thickness for a given cloud layer is too large when only passive sensors are used. 
As a consequence, cloud top cooling and cloud base warming is too large.



Clear-sky surface shortwave irradiance comparison in 1996

Obs. - model



1996



Gas-X was born

Wiscombe 1996



Fate of gas-x

Journal of Applied Meteorology 1978



Eppley precision spectral 
pyranometer (PSP)

Internal temperature gradient

Haeffelin et al. 2001



Estimating offset by a capping 
experiment

10 Wm-2 offset



ERBE nonscanner offset

Lee et al. 2002; Wong et al. 2018



2018 (all-sky over land)

Kato et al. 2018



Summary
• It took 30 years to compute anvil heating rates 

correctly using satellite observations after Tom 
published the heating rate paper in 1988.

• Work I did under Tom during my graduate 
school provides a solid foundation of what I 
do today.


