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2B-FLXHR-lidar Algorithm

Cloud Mask + Lidar
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1. Clouds — CloudSat CPR + MODIS optical depth

2. Sub-visual Cirrus — CALIPSO (5 km Cloud Layer Product)

3.  Stratus/mixed-phase — CALIPSO (identification) + MODIS (microphysical properties)

4.  Aerosol — CALIPSO (5 km Aerosol Layer Product)

5.  Precipitation — explicit rain DSD and CloudSat 2C-PRECIP-COLUMN
(identification/LWP)

6. Temperature & Humidity — ECMWF/AIRS (in progress)
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Comparison with CERES
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Evaluating Vertical Structures
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Cloud Detection Differences
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Reassessing the Influence of Clouds
on Earth’s Radiation Budget
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Distinguishing Ice Cloud Regimes

~
“~-_——”

CLDCLASS-LIDAR  ° ciocd Fraction () =

Hang et al, in preparation, 2017




Radiative Impacts (TOA)
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Revisiting the Classical Picture
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Quantifying Impacts on Surface
Radiation Balance
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Vertical Structure of Radiative
Heating

CloudSar/CALIPSO dT/dt (K o ') — DEC 2006—NOV 2010
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Influence of Ice Cloud Regimes
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Evidence of Model Cloud Biases
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Implications for Column Heating
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Summary

2B-FLXHR-LIDAR dataset yields high resolution
radiative flux and heating rate profiles consistent with
CloudSat, CALIPSO, MODIS, and AMSR-E
observations.

These data add a new vertical dimension for assessing
the impacts of convection and upper tropospheric ice
clouds.

The dataset has been used to document the global
radiative impacts of convection and cirrus, quantifty
the impacts of these cloud regimes on atmospheric
radiative  heating rates, and evaluate the
representation in models.




Helght k)

Height (km)

WP

Identitying Convective Cores

CPR Z (07389)

9 2 %‘:
7 =
5 7 g
24 . -16 2
0 : = -25
20 20 21 21 21 22 22
Latitude
PR Z (56061)
14 &0
12 525
9| 3=
7 =
5 355
2 - 26
0 , 18
20 20 22
Latitude
Rain Top Heights
14 ¢ E
12¢ 3
10 b =
81 E
6F =
4 - =
2 ) ) i =
20.5 21.0 21.5 22.0 22.5
Latitude

Stratiform

10F Freezing Level

E B[ CloudSat Rain Top
= g | TRMM Brightband
==
Fo4f

ZE . : .

=20 =10 L, 1] 20

Convective
14 T T T

E wf
= B
&5 6
af
= | P
-210 =110 [1] 1

Reflectivity (dBZ)

E TN TN |

- By
= EE 3
4 e
o

Convective Fradion




Global Precipitation Regimes
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Other Applications




CLEAR SKY
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Impacts of Cirrus on the TTL

104 km™ o

Height (km)
Hesght {(km)

Latide (N)

N
o
é
.
SERT
~ &

&
r

Hegnt (km)
;

-
[=
&
)
Height (km)

1 2 3 4 5 3 7 8 1 7 3

4 5 B8 7 8
Latitude (N) Latitude (N)

Feldman et al, JGR (2008)




Radiative Impacts of Precipitating

Ice
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Radiative Impacts of Precipitating
Ice
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Impact on Atmospheric Heating
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Ice Cloud Regimes

TOA Cloud Forcing (Wm2)
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