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ÅSensor warming ЎὝ (shortwave solar radiation) 

ÅEvidence from observations 

ÅQuantitative estimate of ЎὝ 

-Chamber experiments 

-Approach for radiation correction  
of temperature in soundings 

-Discussion of  shortcomings / limitations 

ÅNew experimental setup 

ÅConclusions 

Outline 
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Effect of short wave solar radiation  
on sonde temperature sensors (ЎὝ) 

Shortwave (solar) radiation 

Downwards  (Ź) 
  
- direct 
- diffuse  
  (small in stratosphere) 
 

Upwards (ŷ),  
(albedo) 
 
- diffuse 

Ą Lack of information to calc. 
Ὕ-bias by solving heat 
balance equation 
 

Ą Semi-empirical approach 
for average bias as 
function of known 
parameters Ὅȟὺȟὴ 

 
Ą Laboratory measurements  
     as quantitative basis 

Actual Ὕ-bias (warming) result of: 

Å Magnitude of actinic flux (Ź+ŷ) 

Å Surface and material properties: 
- reflectance, thermal conduc- 
  tivity, shape (boom & sensor)  
Ą differential warming,  
     conduction, 
Ą complex response  
     (more than one time constant) 

Å Heat exchange with air (ventilation) 
- air density (altitude) 
- ascent speed 
    Ą most of all cooling 

 

Å Direction of irradiation: 
- SEA 
- angle of sensor boom 
- azimuth angle  
  (rotational motion)  
- deflection angle  
  (pendulum motion) 

Å Longwave cooling (?) 

 

Philipona (2012) 
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Orientation dependence of  
Ὕ-effect with direct solar irradiation, 
dual flight, sensors facing in opposite direction 

ÅὝ-differences up to 1.5 K for RS92, 1 K for RS41, caused by different 
orientations relative to sun 

ÅAbsolute Ὕ-bias may be larger (includes warming from diffuse radiation) 

C. von Rohden ï ICM10 ï Potsdam 

6 June 2016, SEA ~60°  
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ÅTwo types of rig movements (rotation, pendulum) 

ÅDifferent temporal responses of RS92 and RS41 

C. von Rohden ï ICM10 ï Potsdam 

Orientation dependence of  
Ὕ-effect with direct solar irradiation, 
dual flight, sensors facing in opposite direction 
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Experimental approach  
Lindenberg radiation chamber 

6 C. von Rohden ï ICM10 ï Potsdam 

Å Sun as light source (direct)  

Å Vertical irradiation, major part of sensor boom 

Å Controlled parameters: 
  Irradiance Ὅ:  (200ï1000) W·m-2 
  Pressure ὴ:  (3ï1020) hPa 
  Ventilation ὺ: (0ï10) m·s-1  

Å ЎὝ  = Ὕ(test sonde) ï Ὕ(reference sonde, shadow) 
              (thermal equilibrium) 

exposed shadow 

ЎὝ  
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Å Lab experiments:       ЎὝ Ὅȟὴȟὺ ὥϽ
Ͻ

 

       ὥ, ὦ, Ὦ, Ὧ from fits to experimental data 
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Radiation correction, initial approach 

Å   T-bias (correction):  ɝὝ ὥϽ
Ͻ

 

Å   Results:   
ὴ = 10 hPa,  
ὺ = 5 m·s-1,  
Ὅ= 1000 W·m-2 

 Ą large for RS92 (ὴ < 100 hPa)  
      Inconsistencies:  RS92/RS41 dual flights:  Ὕ-differences after bias correction > raw Ὕ-diff. 

                                  Day-night comparisons:  daytime-Ὕ after bias correction < nighttime-Ὕ 

Ą Model assumptions / limitations of experimental setup 

Sonde RS92 RS41 

ЎὝÍÁØ/K 2.80 0.89 

Å Relate exp. results to conditions during soundings:   
- Separate components of actinic flux (Ὅ

ÄÉÒ
, Ὅ
ÄÉÆÆ

) 
(RS92 GDP: Streamer model, representative scenario) 

- Sonde rotation: Scaling of Ὅ
ÄÉÒ

 with effective average 
surface ὃ of sensor boom exposed to sun 

                       Ὅ Ὅ
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