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Instrument and measurements



Instrument and Measurements

= 4STAR, Spectrometer forSky-Scanning,un-Tracking
™" AtmosphericResearch

AMeasures direct sun irradiance and sky radiances
~ (including zenith)

f ASpectral range: between ~350 nm and 1700 nm
#) AMany operating modes | s

Focus on Zenith mode




Remote sensors based on reflected and
transmitted light

ER2
eMAS

(enhanced MODIS airborne
simulator )

RSP

(Research Scanniiplarimete)

SSFR

(Solar Spectral Flux Radiometer)

CPL

(Cloud Physic Lidar)




Theory and summary of new retrieval



Radiative transfer theory
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Zenith radiances under clouds show different
spectral shapes depending on cloud properties

4STAR Measurement
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Case study of Flight on Septembef 12013
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A case study of clouds near tropical storm
Ingrid In the Gulf of Mexico

MODIS AQUA Cloud optlcal Thlckness
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Comparinggampling area of the different
remote sensors

eMAS Cloud optical thickness Field-Of-View comparison
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Horizontal variations of cloud properties due
to differences in Fieldf-View
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Reflectancéased remote sensors see a

different part of the cloud than 4STAR

Altitude [m]

25000

Cloud layers from CPL

20000 |

eMAs SSFR RSP

— ER2
— DC8

15000 biibmaiiingus TN
I ‘ J i ,’ [ o
|- [ | dil b g | y # | . \"‘l“ W }
10000 |- .. m -
/—/ 3 4STAR |
5000 [ .
0 | ] | | | | |
18.0 18.9 18.4 18.6 18.8 19.0 19.2 19.4

UTC THI

Cloud base
attenuated



Comparing cloud retrievals from transmitted

and reflected light

Optical Thickness histogram
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Approximate vertical sampling of different

measurements
Vertical proflle of Effectlve radius
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Using retrieved cloud properties to model
below-cloud shortwave radiative effect
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Modeled irradiances based on average retriepedperties
for wavelengths 350 nmg 1700 nm
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Summary

AClouds modulate transmitted light in a spectrally dependent manner

A4STAR uses measurements of spestiabes of transmitted lighb
retrieve cloud optical depth, cloud particle effective radius, and
thermodynamighase.

AUsing transmitted light gives different sampling volumeyhich may be
more representative of the entire cloud layer and more relevant to surface

energy budget considerations

ABy estimating cloud radiative effect below cloud, transmitted light based
retrievals result in 54.§ 113.0 W/n% less radiative effect for one case
study. Within variability of measurement based estimates.
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Parameters are defined to quantify the spectral
shapeg; basis of new retrieval method
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Spectral shapes are sensitive to Cloud optical deptr
effective radius, and thermodynamic phase
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Spectral shapes are sensitive to Cloud optical deptr
ve radius, and thermodynamic phase

effecti

Nomalized radlance

liquid, while ice has a

There is a smaller curvature i

10LTTTTT] Rlz dzo f S. Yo dINTIIQLTTT T radiance for ice than liquid

0.8 4 Liquid Z(\ Ice
r,=20um ][ r,=20 um

| Qhe same spectral features

| are sensitive O

n.oE||||||||iI. IIIII_III‘IZ_II‘III|II

600 800 1000
Wavelength (nim)

Wavelength (nm)

Slope magnitude decreases
with increasing optical

Ice has a larger negative
slope than liquid at 1200 nm

thickness due to scattering

aRlane et al201K]1



Instrument and Measurements

SEAC4R&Sudies ofEmissions andtmosphericComposition,douds
and dimate Coupling byRegionalurveys:

Augustc October 2013
Based out of Houston, TX







