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[1] The radiative effects of upper tropospheric (UT) clouds
observed by CloudSat and Aura MLS during June-July-
August 2008 are examined and contrasted. We find that the
UT cloud occurrence frequency observed by MLS is more
than CloudSat by 4–10% in the tropical average and by
40�60% near the tropopause in the deep convective
regions. The clouds detected by MLS but missed by
CloudSat (denoted as TCC) typically have visible optical
thickness less than 0.2. TCC produce a tropical-mean net
warming of 3.5 W/m2 at the top-of-atmosphere and net
cooling of 1.2 W/m2 at the surface. They induce a net
radiative heating in the UT. Their heating rate at 200 hPa is
�0.35 K/day in the tropical-mean and �0.8 K/day over
South Asia, which is about 3–4 times the clear-sky radiative
heating rate. Hence, they are potentially important in
affecting the mass transport rates from the troposphere to
the stratosphere. Citation: Su, H., J. H. Jiang, G. L. Stephens,

D. G. Vane, and N. J. Livesey (2009), Radiative effects of upper

tropospheric clouds observed by Aura MLS and CloudSat,

Geophys. Res. Lett., 36, L09815, doi:10.1029/2009GL037173.

1. Introduction

[2] Clouds cool the Earth by reflecting solar radiation and
warm the Earth by trapping thermal emissions. For high-
altitude clouds, their longwave (LW) and shortwave (SW)
effects can be comparable in magnitude, making their net
effect more uncertain than lower-altitude clouds. Thin cirrus
clouds tend to have a net warming as their greenhouse effect
overcomes their albedo effect, while thick cirrus anvils may
tend to have a net cooling [e.g., Stephens et al., 1990;
Ramanathan and Collins, 1991]. The radiative heating/
cooling rate induced by cirrus clouds in the tropical tropo-
pause layer (TTL) has also been considered an important
factor in affecting mass transport from the troposphere to
the stratosphere [e.g., Hartmann et al., 2001; Corti et al.,
2006]. Accurate quantification of cirrus radiative effects
relies on accurate measurements of cirrus cloud profiles.
This is now possible with the advent of the NASA A-train
satellite instruments, in particular, CloudSat, CALIPSO, and
Aura Microwave Limb Sounder (MLS).
[3] CloudSat provides a global survey of tropospheric

cloud profiles with a nadir-viewing 94 GHz Cloud Pro-
filing Radar. The global cloud liquid and ice water content

(L/IWC) profiles are retrieved based on the empirical log-
linear relationship between the radar reflectivity (Ze) and
L/IWC when Ze > �31 dBz [Austin et al., 2009; Wu et al.,
2009]. Hence, CloudSat cannot detect thin cirrus of small
IWC and non-precipitating liquid clouds of small LWC.
Aura MLS measures upper tropospheric (UT) ice clouds at
�11km (215 hPa) and higher using a 240 GHz radiometer
[Wu et al., 2008]. It can detect some thin cirrus that is
below CloudSat detection limit. The CALIPSO lidar,
operating at 532 nm and 1064 nm, can detect even thinner
clouds than MLS. Haladay and Stephens [2009] (herein-
after referred to as HS09) analyzed joint observations from
CloudSat and CALIPSO for June, July, and August (JJA)
2006. They found the thin ice clouds detected by CALIPSO
but missed by CloudSat have a cloud cover of �25% in the
tropics (20�S–20�N). Their optical depth ranged between
0.02–0.3. These thin clouds produced less than 2 W/m2

shortwave cooling and �20 W/m2 longwave warming at
the top-of-atmosphere (TOA) instantaneously, with tropi-
cal-mean atmospheric heating of �4 W/m2. In this study,
we compare the UT cloud observations from MLS and
CloudSat, and perform radiative transfer calculations using
these data as inputs. Our aim is to quantify how much more
thin cirrus clouds are detected by MLS than by CloudSat
and what are the radiative effects of these additional clouds
at NOA and the surface, as well as their radiative heating
rates in the atmosphere. This study enables users of both
data sets to have a quantitative view of the consistency and
discrepancy of these measurements, and the advantages and
limitations of each instrument.

2. Data Sets

[4] We analyze data during JJA 2008, the same season as
in HS09, chosen because the Aura and CloudSat/CALIPSO
orbits have been aligned within �10 km in terms of equa-
torial cross position over that period. Prior to May 2008, the
Aura MLS track was about 200 km away from the CloudSat/
CALIPSO tracks, making a direct comparison of the cloud
scenes difficult. The CloudSat IWC/LWC is taken from
the Level 2B R04 data set [Austin et al., 2009], with a
horizontal resolution of 1.7 km along-track and 1.3 km
cross-track. The vertical resolution is �500 m. The MLS
IWC is from the Level 2 v2.2 product, with a horizontal
resolution of �200 km along-track and �7 km cross-track.
The vertical resolution is �3 km [Wu et al., 2008]. When
comparing the 3-month mean cirrus distributions, we
average both CloudSat and MLS data onto the same
8� (longitude) � 4� (latitude) � 3 km (height) grids
centered on the MLS standard retrieval levels at 215 hPa
(�11 km), 147 hPa (�13 km) and 100 hPa (�16 km). For
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