Link between cloud brightness and thermodynamic temperature
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1) Introduction

For around two decades significant efforts have been placed by several groups around the world in the development of instruments for cloud infrared temperature measurement. In order to continue on this way, we decided to study the link between this temperature of brightness and the cloud real temperature. 
2) Experimental conditions
During the campaign of measurements on the SGP site (OK, USA), from February 21st up to March 31st, 2003, the data recorded by the various instruments (ceilometers, cloud infrared radiometer, radiosonding) allowed us to propose the parametric link between brightness temperature and thermodynamic temperature. Therefore, it was necessary for us to associate the values of altitude of the cloudy ceiling, temperature of brightness recorded by infrared spectrometry and profiles resulting from the surveys.

3) Analysis
We decided to limit our study to phenomena located under the threshold of the 6000 meters altitude. This decision is mainly due to the reliability of the ceilometer and to the complexity of the microphysics of the clouds beyond this limit. We chose to limit the study for temperatures (TBrightness and TThermodynamic) ranging from -25°C and 0°C corresponding to altitude lower than 6000m. The maximum variation authorized between TBrightness and TThermodynamic depends mainly on the zone of the considered emissivity. The equation below, resulting from the law of the black body, points out this relation to us:
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We know that cumulus have the highest emissivity, near to 1. By fixing the higher limit of the altitude of the cloudy ceiling at 6000m, we can determine that the studied clouds will have a minimal emissivity near to 0,9 : we have an average limit of 7°C of variation. We should select the range delimited by TBrightness = TThermodynamic and TBrightness = TThermodynamic + 7. Because of the various possible sources of errors (bad calibration of the instruments, mechanical failures, aerosols...), we decided to increase this range by 1 extra degree to take into account some of the potential above-described errors.

4) Results
We know that the theoretical link between TBrightness and TThermodynamic  results from the law of the black body. We can add another member in order to integrate the energy contribution of the background
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with  is the cloud’s emissivity and σ the Stefan Boltzmann constant. 

The graphic study of the group of dots will enable us to determine the average emissivity of the clouds as well as the parasitic energy which comes from the background. 

[image: image3.png]e





Correlation between TBrightness4 and TThermodynamic4
With the linear regression, we obtain that average emissivity is near to 0,92 and EBackground is about equal to 16 W/m²
5) Conclusion
The results obtained show a trend between cloud brightness and thermodynamic temperature. This approach mixing data of three techniques (Infrared spectrometry, ceilometer and radiosonding) could be a way for determination of atmospheric noise for IR measurements.
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