
Lead Centre 

RS92 data stream 
specifications, performance 
and characteristics of early 

data flow 

 
 

Ruud Dirksen 
GRUAN Lead Centre, DWD 

 
6th GRUAN Implementation and Coordination Meeting (ICM-6) 

Greenbelt, MD, USA 
10 March 2014 

Lindenberg Meteorological Observatory 
Richard Aßmann Observatory R. Dirksen – ICM6 – Greenbelt 1 



Lead Centre 

RS92 reference product  

GRUAN processing: 

•  Documented corrections 

•  Uncertainty estimates 

Uses calibrated raw data (FRAWPTU) 
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Major error sources for RS92 

•  Temperature 
•  Radiation 

•  Humidity:   
•  Radiation  
•  Calibration  
•  Sensor time-lag 
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Radiation error 

Laboratory experiments to establish relation ΔT <-> Ia,p,v 

GRUAN correction model: ΔT = a(Ia/p.v)b 

Ia estimated from radiative transfer simulations 

Uncertainties: 

 albedo (Ia,cloudy – Ia,cloudfree) 

 sensor orientation (Ia) 

 parameters a & b 

 ventilation (pendulum motion) 
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Laboratory experiments 
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Shadow RS92 records background 
temperature & ambient pressure 
 
Simultaneous testing of 3 radiosondes 
 
p=[3 hPa , ambient] 
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Radiation experiment 
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Radiation error correction model 
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T-correction profile 
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Temperature: Uncertainties 
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Comparison GRUAN - Vaisala 
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RS92 dual sounding 
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Humidity 

Undo RH recalibration 

 

Errors 

•  T-dependent calibration 

•  Dry bias 

•  Time lag 
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GC25, RH recalibration 
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Ground check in SHC 
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•  Traceability 
•  4% change over ~8 

years 
•  SHC readings enter 

uncertainty budget 
•  Future version: use 

SHC to scale profile 

Lindenberg 
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RH: Dry bias 

Heating of humidity sensor 

 

 

•  ΔT: radiation correction of T-sensor 

•  f: enhancement factor [6, 13] (laboratory experiments) 

Uncertainties: ΔT, f 
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RH: calibration error 
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Temperature-dependent dry bias (-30, -70°C) 

Based on RS92 - CFH comparison 

Max at 7% at -60°C (similar to Voemel2007) 

Uncertainty: comparable to correction 
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RH: time-lag 

Relevant below -40°C, τ = 10s (τ > 100s at T= -80°C) 

Flattens features in humidity profile 

 

Correction:  

•   numeric inversion of low-pass filter  

•   enhances structures & noise (a-posteriori filtering) 

Uncertainties: time constant, statistical noise 
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http://milo-scientific.com/prof/corr_method.php 
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RH: time-lag 
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RH: corrections & uncertainties 
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RH: GRUAN - Vaisala 
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•  Calibration correction:  ~5% 
•  Dry bias:      ~10% 
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Comparison GRUAN RS92 – Frost 
point hygrometer 
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Radiosonde preparation 

Analysis of SHC data 

Skip reconditioning: 1-5% bias 

Operational procedure! 
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Recommendations for reference 
soundings 

•  Traceability. Manufacturer-independent ground check (SHC) 

•  Measurement redundancy to determine systematic errors.   
 (intercomparison) 

•  Ascent speed 5-7 m/s (radiation error) 

•  Operational procedure for radiosonde preparation 

•  Multi-instrument rigs: scattered radiation from styrofoam housing 
(radiation error) 

•  Unwinder length >30m, temperature spikes. 

è Standardized method to determine radiation temperature error? 

R. Dirksen – ICM6 – Greenbelt 
Lindenberg Meteorological Observatory 

Richard Aßmann Observatory 23 



Lead Centre 

Coming soon… 
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Abstract. The GCOS Reference Upper Air Network (GRUAN) data processing for the Vaisala

RS92 radiosonde was developed to meet the criteria for reference measurements. These criteria stip-

ulate the collection of metadata, the use of well-documented correction algorithms, and estimates of

the measurement uncertainty. An important and novel aspect of the GRUAN processing is that the

uncertainty estimates are vertically resolved. This paper describes the algorithms that are applied5

in version 2 of the GRUAN processing to correct for systematic errors in radiosonde measurements

of pressure, temperature, humidity, and wind, as well as how the uncertainties related to these error

sources are derived. An additional GRUAN requirement for performing reference measurements

with the RS92 is that the manufacturer-prescribed procedure for the radiosonde’s preparation, i.e.,

heated reconditioning of the sensors and recalibration during ground check, is followed. In the10

GRUAN processing however, the recalibration of the humidity sensors that is applied during ground

check is removed. For the dominant error source, solar radiation, laboratory experiments were per-

formed to investigate and model its effect on the RS92’s temperature and humidity measurements.

Daytime temperature profiles for GRUAN and Vaisala processing are comparable and consistent

within the estimated uncertainty. GRUAN daytime humidity profiles are up to 15% moister than15

Vaisala processed profiles, of which two-thirds is due to the radiation dry bias correction, and one-

third due to an additional calibration correction. GRUAN humidity profiles and those measured by

frost point hygrometers (CFH and NOAA FPH) agree to within 15% in the troposphere.

1
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Radiative transfer simulations 

Streamer model 

Clear sky & cloudy 

Mid-lat atmosphere 
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Dual RS92, nighttime data 
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