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Earth Energy Imbalance (EEI) NIST
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Earth outgoing radiation

Radiation Transmitted by the Atmosphere
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Cloud Forcing NIST

Cloud effect on heat transfer Clouds and the Earth’s Radiant Energy System (CERES)
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- CERES instruments have a surface resolution of ~ 20 km

- Most clouds have horizontal length <20 km
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Measurements of EEI
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Bolometers
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Bolometry for EEl measurements pusr
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Vertically Aligned Carbon Nanotubes (VACNTS) NIST
R S Typical VACNT Reflectan ce
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touch, wet processes

« Additional heat capacity
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Microfabricated Electrical Substitution Bolometers

Total Selar Irradiance (In orbit currently)
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Measurement range: 0.2 um — 2.6 um

Earth outgoing radiation (In development)
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Libera mission (prototype)
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Directional-Hemispherical Reflectance (DHR) nysr
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Micro-Diffuse Reflectance

. Infrared B.S ‘
! ! |l
! —> {

Reflectance

Lyot Stop

Sample

°

Pinhole

N2 Gas [ Spatial resolution: ~ 140 pum resolution
i Legend | D -.,Ew-l Wavelength range: 2 pm < A< 18 um
E Incident to sample/reference ! l Ilummatlonl SenSitIVity - 50 ppm
' Flip mount ' . A Z
; NN [ J. l NA (calculated) ~ 0.3
: Reflected/Scattered from sample/reference W : l Alignment Laser
: : ] 8 o I]] ' Libera
"""""""""""""""""""""" | visible et : prototype
Interferometer (FTIR) | \ cameraAli | Reflectance
. - - - - ' -x_\\ ‘KQuartZ B o % l
T:;::::l | \ - 7 | Y A R U R U R
' — ‘ ] :
' 0.1 -
' Lyot Stop — §— Detector
Pinhole l 0.01
(Py)
' 0.001
!
Py HgCdTe '
. Detector ' 1E-5
- - - - o | J L A L B B L B
L l 2 4 6 8 10 12 14 16 18 20

P.McArdle et al, Optics Express (In Review)
CORM/CIE 2023 11



Current work
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Conclusion

Earth energy Microfabricated Detector Infrared
imbalance VACNT bolometers at characterization
NIST
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uncertainty (x;) standard distribution type
uncertainty
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Signal to noise 0.01-0.5 Rectangular B
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Reference 0.02 Rectangular B
Reflectance
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Atmosphere 0.01 Rectangular B
Total relative 0.15-0.69
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Reflectance
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PTB vs NIST
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Bidirectional Reflectance Distribution Function (BRDF) pisST
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