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Performance of RS41 in the UTLS: 
Improved time-lag and bias correction for humidity 
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● StratoClim 2016-2017 campaigns: 
unique opportunity to test RS41 in 
the field against a reference 
sensor under “tropical” conditions 

● Nainital (India), July-August & Nov 
2016 

● Dhulikhel (Nepal), August 2017 

● In total, 42 balloon soundings with 
RS41 and CFH 

● 31 of these with high quality CFH 
measurements 

Balloon soundings in the 
Asian Monsoon UTLS 
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CFH preparation 
Refrigerant liquid (CHF3) at -80°C 
→ Dry ice or liquid N2 

Mirror calibration 

 
ECC preparation 
Electrode solutions 
Conditioning 
Flow rate 
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Brunamonti et al., ACP, 2018 



 Thin-film capacitor technology 
 Measures RH (indirectly) 
 Heated to about +5°C warmer than ambient air 

temperature, humidity T measured 
+ :  efficient de-icing, shorter response time,    
      increased sensitivity around 100% RH 
+ : eliminates need of solar radiation correction 
– : decreased sensitivity at low RH 

 Combined uncertainty 4% RH  
(Vaisala datasheet) 
 

RS41 Humidity Measurement 
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 Chilled-mirror technology, with cryogenic refrigerant 
(R23) to cool the mirror. 

 Measures frost point (directly) 

 State-of-the art detector for stratospheric H2O 
measurements (Fahey et al., 2014). 

 < 10% uncertainty in mixing ratio up to ~28 km 
(Vömel et al., 2016). 

 Subject to contamination, e.g. when flying through 
mixed phase clouds (collection of cloud droplets in the 
inlet tube)  quality checks needed after each flight. 

CFH: state-of-the art hygrometer for the UTLS 

www.en-sci.com 



RS41 significant improvement over RS92 
Some time-lag and bias issues remain 

Absolute differences to CFH [% RH] +- 1 std Relative differences to CFH [%] +- 1 std 

RS92                                  RS41                                                 RS92                              RS41 

~0.25 %RH 
too moist 
in LS time-lag 

signature 



Derivation of the time-lag correction: (i) Basics 
Diffusive processes in polymers make capacitive 
sensors relax exponentially in time to a change in RH 
(Miloshevich et al., 2004): 
 

𝑈𝑈𝑚𝑚 𝑡𝑡 − 𝑈𝑈𝑎𝑎 = (𝑈𝑈𝑚𝑚 𝑡𝑡0 − 𝑈𝑈𝑎𝑎) 𝑒𝑒−𝜅𝜅 𝑡𝑡−𝑡𝑡0  
 

Um = measured humidity 
Ua = ambient (“real” / ”assumed”) humidity 
1/κ  =  τ  =  f (T )  =  T-dependent time constant 
 
• Dirksen et al. (2014) derived 𝑈𝑈𝑎𝑎 for the RS92 

applying lab-based κ  and using an iterative 
approach. 
 

• Here, we change the approach and determine 
• κVaisala from Um=URS41-raw such that Ua→URS41 
• κthis-work from Um=URS41-raw such that Ua→UCFH 
 

• This StratoClim data is “feature-rich”, permitting to 
understand the time-lag correction applied by 
Vaisala and to derive the parametrization that 
complies with CFH. 

 

Example: Nainital 06-Aug-2016, launch 17:56:40 

50% mixing ratio difference 

10 %RH difference 



Fitting the τ-vs-T relationship to 
the CFH reference measurements 

Exponential time constant τ 
apparently applied by Vendor to 

correct the time lag of RS41 

Derivation of the time-lag correction: (ii) Using all StratoClim data 

τRS41 applied empirically by Vendor 
is similar to τRS92  

 
 τGRUAN-41 (measured, T>210K) is 

similar 

τRS41  found in this work 
is up to a factor of 2-3 
smaller than τRS92 and 

fitting a physical 
Arrhenius relationship 



Bias in the LS: “Zero humidity reference” – not a true zero? 
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RS41 Ground Check error 
@ 0 RH and 150 °C 

Thanks to Gonzague Romanens’ support 

 We measured the T-dependence of  
the ground check procedure. 

 Two heated plateaus at 150° and 90°C 

 “The sensor is heated for the zero 
humidity reference measurement and 
corresponding calibration fine-tuning” 
(Jauhiainen et al., WMO TECO, 2014). 

 If 150°C is indeed interpreted as “zero-
humidity”, then a bias might be 
introduced. 

 In the lower and middle troposphere, 
this is no problem. 

 In the tropopause region and 
stratosphere, when interested in 
mixing ratios, this may cause large 
biases. 



Correction for the “150°C-bias”? 
All Lindenberg Nainital/Dhulikhel 

• Results for the LS (all: 30-50 hPa, -57.6 °C +- 4.7 °C, 0.63 %RH +- 0.27 %RH) 
• Magnitude of bias correction agrees with a “160°C-bias” assumption. 
• However, on average we have to correct a moist bias, not a dry bias 
• Is there an unknown negative sign? 
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MW41 Protocol This work 

Time-lag and bias-corrected results: absolute differences to CFH 



Validation: 
 Lindenberg 2016-2018 
(32 CFH/RS41 tandems) 

Derivation: 
Nainital 2016 + Dhulikhel 2017 

(31 CFH/RS41 tandems) 

Time-lag and bias-corrected results: relative differences to CFH 

 After correcting for time-lag and 
bias, the majority of profiles is within 
± 10 % of CFH from the ground to  
4 km above the tropopause. 

 However, there are individual flights, 
where RS41 is either too dry or too 
moist, which cannot be due to time-
lag and only to some degree due to 
bias. 

 This may indicate some sensor 
failure (RS41 or CFH). 

 Validation with Lindenberg data 
looks good, besides a remaining, 
unexplained dry bias of ~ 5 %.  

Examples of 
systematic dry bias 
systematic moist bias 



To conclude… 
• StratoClim balloon soundings provide feature-rich humidity profiles, offering a “real-world 

laboratory”, which allows to derive time-lag and bias corrections for RS41. 

• Vaisala’s time-lag parametrization for RS41 is similar to the previous RS92 sensor, although 
the sensors are different in size and in design. GRUAN’s measurements (down to 210 K) 
match however well with this parametrization, and the reason for the lower CFH-based time 
constant estimates in the warmer range of temperatures is yet unknown. 

• We derive an estimate of the RS41 time constant based on CFH data down to 190 K, 
providing more reliable data up to 4 km above the tropopause. 

• Unrelated to time-lag, similar to RS92 (Miloshevisch et al., 2009, Dirksen et al., 2014), it is 
necessary to correct for biases at low temperatures, calling for a better understanding of 
the sensor model formulation and ground check procedure. 

• While the new formulation yields on average tangible improvements of RS41 in the UTLS, 
individual soundings still show unexplained relative errors w.r.t. CFH of > 20 %. 

        Thank you!  Questions? 



Back up slides 
T Stratoclim T Lindenberg 







Examples of 
corrections 
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