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Outline

• Purpose of presentation
• Asano et al., 2004 EKO IR/Solar sonde
• Suomi-Kuhn IR sonde  - Wisconsin
• R. Stone analysis of S-K sonde – S. Pole
• Ideas/ Possibilities
• NOAA UAS program
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Purpose of This Presentation

• Response to request from Warren W.  to 
examine Asano et al 2004 and advise (1st

presented at ARM ST ’06 IRF session)
• Discuss some other radiometer sonde results 
• Offer some suggestions
• Raise the question of the merit of future 

broadband profile obs. 
• Mention NOAA/UAS (ROA) activities

This is not a proposal
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Typical Merits of Small-Balloon Platform

• High-altitudes are achievable 
• Mostly all-weather
• Minimal air-traffic/safety regulation
• Expendable or recoverable (cost issue) 

Negatives
• Minimal control
• Sensor motion
• …
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Abstract
We have developed a disposable type of radiometer-sonde for independently measuring the downward
and upward broadband fluxes of solar and terrestrial radiation with a pair of up-looking and downlooking
shortwave (SW) and longwave (LW) radiometers. The radiometer-sonde contains a built-in rawinsonde

for simultaneously measuring air-temperature, humidity and wind profiles. The paper outlines
the state-of-the-art of the radiometer-sonde, and discusses its performance. We have investigated such

characteristics as temperature dependence, linearity, and transitional thermal effects of the SW radiometers,
as well as transitional thermal effects of the LW radiometers through laboratory experiments

and sonde-launching tests. Further, we have tested the practical performance of the radiometer-sonde
for several cases of clear skies. The measured flux profiles were compared with those computed for modeled
atmospheres. The developed radiometer-sondes have proved their adequate performance to simultaneously

measure the radiative flux profiles and the atmospheric profiles with enough accuracy to
detect radiative effects of aerosols (SW radiometers) and water vapor (LW radiometers) in the lower

troposphere. It is also suggested that the SL radiometer-sondes will be also effective for measuring the
radiative flux profiles in high-level ice-clouds with stronger radiative effects.`



EKO Sonde Features

• Four sensors, up and down, solar and IR
• “Disposable”
• Thermopile sensors with internal cavity reference
• Nitrogen purged and sealed
• 3- and 6-second time response, S and L respectively
• Characterized for cosine, T, and delta-T responses
• 8-second (40-m) resolution
• Error ~ ±35 W m-2, but some cancellation in net & reflect
• Std met variables
• Not in production but “lives”
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Sensor Characterization
Asano et al
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Lab Flight test

Dynamic T response

Capped pyrgeometer



Fig 6  - clear  
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(Nighttime)
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R. Stone, 1993



Desirable improvements for profiling 
radiometers 

Sonde sensors:
• Aerodynamic or spin stabilization
• Gimbal mounting
• Electronic compass and tilt meter
• Pendulum damping
• Measurement during descent, more stable

All radiometric profiling sensors:
• Dynamic temperature characterization
• Duplicate, blanked or capped, instruments
• Mechanical stabilization
• …
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Some Key Issues for Broadband Profile 
Obs. Regardless of Sensor or Platform

• Scientific utility

• Desired and achievable accuracy 

• Radiometer characterization - all the usual + 
dynamic thermal conditions

• Sensor orientation

• Altitude range of greatest interest

• Condensation & other obstructions
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NOAA UAS (ROA) Initiatives

http://uas.noaa.gov/index.html

Global Observing Network

Hurricanes

Instrumentation

Polar Research Stratosphere-Troposphere Exchange 

http://www.aoml.noaa.gov/hrd/project2005/aerosonde.html
http://www.aoml.noaa.gov/hrd/project2005/aerosonde.html
http://ams.allenpress.com/amsonline/?request=get-abstract&doi=10.1175/BAMS-86-12-1747
http://uas.noaa.gov/science/globalhawk/


Radiation and aerosol instrumentation on a routinely or expeditionary operated UAS platforms could 
provide a valuable bridge closing the gap between the two major sources of information for climate 
applications, ground- and space-based observing platforms.  For the scientific goals of addressing 
aerosol radiative forcing and understanding climate radiative processes and feedbacks, there is the 
need for greater vertical and geographic coverage.  UAS could permit extended coverage over oceanic 
areas and remote land regions where either surface observations are unavailable or by providing 
temporal and vertical resolution that satellites do not.  Both types of extended coverage will provide 
more information about the climatic state of the planet and in many cases be more advantages if 
carried out over long-term to help define climate variability.
Specific radiation measurements that could be made from a UAS platform, with adequate development
and adaptation, fall into four main categories; 1) in-situ radiative energetics, 2) remote sensing total 
column atmospheric constituents, particularly aerosol optical depth but including other gases, 3) remote 
sensing of the earth’s surface radiative features such as albedo, and 4) ancillary and supporting 
observations to aid in data interpretation.  The first set of measurements could include upward and 
downward looking broadband radiometers that could determine not only the radiation budget portion of 
the local energy budget but could also provide the radiative heating rate profiles. These instruments 
would require a continually level-stabilized mounting platform.  The second set of instruments would 
require an active solar tracking capability for best results.  Measurements of aerosol optical depth could 
be combined with onboard observations of in-situ aerosol properties for the most complete 
understanding of those aerosols.  The third type of measurements would require downward looking 
spectral sensors preferably with scanning and variable field of view capability.  The fourth set of 
instruments would be for typical environmental conditions plus upward and downward full hemispheric 
digital imagery.

NOAA Report to Congress on the Potential Use of Unmanned Aircraft Systems (UAS) for 
NOAA missions

NOAA’s Office of Marine and Aviation Operations and NOAA’s Office of Oceanic and Atmospheric Research
2006 

Text from:



Conclusions

• EKO sonde may be better than concluded 
in Asano et al.

• Small balloonborne sondes have provided 
useful info.

• A number of improvements in balloon and 
profiling radiometers are desirable and a 
few suggestions were given.

• UAS are becoming more available



NSF SBIR, let Jan 06

• Phase I  - Proprietary
• Combine radiosonde and 4-component 

radiometers, SW & LW,  up and down
• Expendable
• Error analysis included, but…
• Phase II proposal due Jul 2006
• Phase II testing  ~Dec 2008
• Testing at SGP is anticipated
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