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2B-FLXHR-lidar Algorithm

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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Heating Rate Profiles
CloudSat Radar Reflectivity (dBZ)

CALIPSO 532 nm 
Backscatter

MODIS 11 μm

Multi-Spectral Cloud Mask

Net Heating (K d-1)

Longwave Heating (K d-1)

Shortwave Heating (K d-1)

L’Ecuyer et al, JGR (2009)



Comparison with CERES

Matus et al, JGR (2017)



Evaluating Vertical Structures

Protat et al, JGR (2014)



Cloud Detection Differences

Protat et al, JGR (2014)



Reassessing the Influence of Clouds 
on Earth’s Radiation Budget

Hang et al, in preparation, 2017



Distinguishing Ice Cloud Regimes

CLDCLASS-LIDAR

Hang et al, in preparation, 2017



Radiative Impacts (TOA)

Hang et al, in preparation, 2017



Revisiting the Classical Picture

Stephens et al, BAMS, 2017



Quantifying Impacts on Surface
Radiation Balance

Hang et al, in preparation, 2017



Vertical Structure of Radiative 
Heating

Haynes et al, GRL, 2013



Influence of Ice Cloud Regimes 

L’Ecuyer and Hang 2017, in preparation



Influence on SW Heating

L’Ecuyer and Hang 2017, in preparation



Influence on LW Cooling

L’Ecuyer and Hang 2017, in preparation



Influence on Net QR(z)

L’Ecuyer and Hang 2017, in preparation



Evidence of Model Cloud Biases
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Implications for Column Heating
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Biases in Heating Profiles

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

Obs

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

MultiModel

-2.5

-1.95

-1.4

-0.85

-0.3

0.25

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

Q
LW

MultiModel Bias

-1

-0.6

-0.2

0.2

0.6

1

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

P
r
e
ss

u
r
e
 (

h
P

a
)

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000
0

0.2

0.4

0.6

0.8

1

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

Q
SW

-0.25

-0.15

-0.05

0.05

0.15

0.25

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

-50 -40 -30 -20 -10 0 10 20 30 40 50

Latitude (°)

200

400

600

800

1000
-2.5

-1.95

-1.4

-0.85

-0.3

0.25

-50 -40 -30 -20 -10 0 10 20 30 40 50

200

400

600

800

1000

Q
NET

-1

-0.6

-0.2

0.2

0.6

1

Cesana et al, submitted to J. Climate, 2017

QLW

QSW

QNET



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, quantify
the impacts of these cloud regimes on atmospheric
radiative heating rates, and evaluate the
representation in models.



Identifying Convective Cores

Convective

Stratiform
Freezing Level
CloudSat Rain Top
TRMM Brightband



Global Precipitation Regimes
2007-10 mean from 2C-PRECIP-COLUMN

(0.5 < mmh-1)

(0.0038)

(0.033)



Regional Characteristics

Tropical West Pacific

Tibetan Plateau

Southern Great Plains

Great Britain



Other Applications



Impacts of Cirrus on the TTL

Feldman et al, JGR (2008)

CIRRUSCLEAR SKY



Impacts of Cirrus on the TTL

Feldman et al, JGR (2008)



Radiative Impacts of Precipitating 
Ice

Waliser et al, GRL (2011)

Total IWP Observed (g m-2)

Non-Precipitating (Re < 100 μm-2)

Precipitating Ice (Re > 100 μm-2)

Total IWP Observed (g m-2)

Non-Precipitating (Re < 100 μm-2)

Precipitating Ice (Re > 100 μm-2)



Radiative Impacts of Precipitating 
Ice

Waliser et al, GRL (2011)



Impact on Atmospheric Heating

Cloud Impact = Qall-sky - Qclr-sky = CFTOA - CFSFC𝑄 =
𝑑𝑇

𝑑𝑡
= −

𝑔

𝑐𝑝

∆𝐹𝑁𝐸𝑇
∆𝑝

L’Ecuyer and 
Hang, in 
preparation, 
2017



Ice Cloud Regimes

TOA CLOUD RADIATIVE EFFECT ATMOSPHERIC HEATING

L’Ecuyer and Hang, in preparation, 2017


