
RADIOMETRY FOR CLIMATE METROLOGY

VCAT
June 11, 2024

Credit: Chris Yung, NISTCredit: NASA/Goddard Space Flight Center Scientific Visualization Studio



World Meterological Organization Global 
Climate Indicators

Credit: World Meteorological Association (WMO), https://gcos.wmo.int/en/global-climate-indicators
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Policymakers depend upon “reliable 
and timely climate information” to 
make critical decisions, balance 
economic risk and opportunity, and 
support growth in a substantial portion 
of the US gross domestic product. 

[DOC Climate Action Plan for 
Adaptation and Resilience 2021] 

https://www.sustainability.gov/pdfs/doc-2021-cap.pdf



Total Solar Irradiance (TSI) ≈ 1360 W/m2

Incoming Solar Irradiance = TSI/4 ≈ 340 W/m2

Shortwaveoutgoing ≈ 100 W/m2

Longwaveoutgoing ≈ 240 W/m2
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Earth Radiation Budget (Earth Energy Imbalance)

Earth Energy Imbalance (EEI)
EEI = TSI/4 − (SW+LW)outgoing

From 2006 to 2020, EEI increased at a rate of 
0.76 ± 0.20 W/m2.*

*von Schuckmann, K. et al, Earth Syst. Sci. Data 15, 1675-1709, 
https://doi.org/10.5194/essd-15-1675-2023 , 2023

https://doi.org/10.5194/essd-15-1675-2023


Microfabricated Broadband Radiometers

cryogenic fiber optic 
radiometer (NIST-on-a-CHIP)

Compact Spectral 
Irradiance Monitor (Solar)

2019-2022

Compact Total Irradiance 
Monitor (Solar), 2022 - 2023

2017 2024

Libera (Earth 
Radiance)

2027 launch

Microbolometer Array for Far-Infrared 
Imaging (Earth Cloud Radiance)

Frontside: carbon 
nanotube absorbers

100 μm
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL091709 

https://lasp.colorado.edu/2022/04/20/lasps-hybrid-solar-reference-spectrum-named-new-international-
standard-for-climate-research/ 

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL091709
https://lasp.colorado.edu/2022/04/20/lasps-hybrid-solar-reference-spectrum-named-new-international-standard-for-climate-research/
https://lasp.colorado.edu/2022/04/20/lasps-hybrid-solar-reference-spectrum-named-new-international-standard-for-climate-research/


SI-traceability for Global Climate Metrology
2009 2023

NIST Primary optical watt 
radiometer (POWR)

“We present the results of a recent, extensive 
measurement campaign validating the 

traceability of the solar irradiance record and 
Earth radiation budget data. The campaign 

also established future traceability, thus 
ensuring confidence in the continuing climate-

data record...”

https://www.nist.gov/programs-projects/primary-optical-watt-radiometer-powr

Comparison of the Total Solar Irradiance 
Radiometer Facility Cryogenic 

Radiometer against the NIST Primary 
Optical Watt Radiometer

CalCon 2009

Credit: NIST



Far-infrared Virtually Imaged Radiometry for 
(FIRVIR) Climate Metrology

2024 2029

A laboratory basis for SI 
traceability in Far-Infrared (FIR) 

irradiance, enabled by a new 
tool kit for FIR spectroscopy 

and radiometry.

NIST FIR detector and 2-D 
array technology

NIST SI-traceable 
blackbody and frequency 

comb expertise
NIST IR spectroscopy 

expertise
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