
Management of Changes in GRUAN:Management of Changes in GRUAN:
Number of dual sonde flights required for Number of dual sonde flights required for 

radiosonde changesradiosonde changes
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Collaborators: Collaborators: 
Michael Sommer (GRUAN Lead Center) & Nobuhiko KIZU (JMA)
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• New sonde has been tested and 

evaluated both in lab and in the field 
and deemed reliable enough

• On the same balloon or in a sequence 
as closely in space and time as 
possible

• Cover day/night and the entire annual 
cycle

• ?? flights spread out over all four 
seasons

• Quantitative analysis of the dual-sonde 
data in near real-time

• Collaborations with instrument makers 
to solve discovered problems and 
improve the system

• Make use of other redundant 
obs. 
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Homogenization of Daily Global Homogenization of Daily Global 
Radiosonde Humidity Data:Radiosonde Humidity Data:

Vaisala RS92  Bias Correction and ImpactVaisala RS92  Bias Correction and Impact

Junhong  (June) Wang, Aiguo Dai, Liangying Zhang
NCAR 

Franz Immler, Michael Sommer and Holger Vömel
GRUAN Lead Centre, DWD, Germany

Supported by NOAA Climate Program Office & 
NCAR Water System Program 99

Constrain and calibrate data from more spatially-
comprehensive global observing systems:
1.1. Importance of Management of ChangesImportance of Management of Changes
2.2. Contributions of GRUAN RS92 GDP & correctionsContributions of GRUAN RS92 GDP & corrections
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� Identify change points

� Select reference segment

� Make adjustment
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Daily Dew Point 

Depression (DPD)

Cold/dry bias correction

RICH v1.4 T 
adjustmentHomogenized daily DPD

Homogenized monthly DPD, 
q, RH, PW

• No reference time series 
needed
• Applying to individual 
soundingsBreak point detection (KS/PMT)

Quantile-matching based DPD 
adjustment

Daily q, RH, PW
Dai et al. (2011, J Climate)
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Dew-Point-Depression (DPD) at 500hPa in Lindenberg 
(Raw & Homogenized )
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Radiative heating of temperature sensor DDDDTcorr: 
Solar radiation flux, pressure, ventilation rate
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RSN2010
NCAR_corr
GRUAN_corr

RH Corrections (%) RH Corrections (%)

Lindenberg Tateno
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Day: Raw 
Night: Raw
Day: Bias Corr.
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Before correction After correction

JRAGPS ERA-Interim
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Raw 
GPS
Bias Corrected
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Raw Adj_woBiasCorr Adj_wBiasCorr 300 hPa (5.27±1.06%)

2020
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RS92 bias corrections lead to:
� reduced bias comparing with GPS PW data;
� better agreements with GPS on PW diurnal cycle in phase, magnitude and its 
seasonal variations;
� consistently larger RH values throughout the time record comparing with the 
adjusted data without corrections;
� insignificant impact on long-term trends.
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Homogenization leads to:
� temporally more homogenous humidity data;
� smaller, spatially-more-coherent long term trends.

Significance to GRUAN:
� Meet one of GRUAN goals: “Constrain and calibrate data from more spatially-
comprehensive global observing systems”;
� First time to use GRUAN data???;
� First time to apply physical-based bias corrections to historical daily radiosonde 
humidity data;
� Highlight the importance of “Management of Change”.
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Uncorrected NCAR_corr GRUAN_corr
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Rowe et al. (2008)

Cady-Pereira et al. 
(2008)

Voemel et 
al. (2007)

RS92

RS80

RS92: ~30% of global 
stations
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Variable  Temperature Water Vapour Pressure 

Priority (1-4) 1 1 1 

Measurement 
Range 

170 – 350 K 0.1 – 90000 ppmv 1 –1100 hPa 

Vertical Range  0 – 50 km 0 to ~30 km 0 – 50 km 

Vertical 
Resolution  

0.1 km (0 to ~30 km) 
0.5 km (above ~30 km) 

0.05 km (0 – 5 km) 
0.1 km (5 to ~30 km) 

0.1 hPa 

Precision 0.2 K 2% (troposphere) * 
5% (stratosphere) 

0.01 hPa 

Accuracy  0.1 K (troposphere) 
0.2 K (stratosphere) 
 

2% (troposphere) * 
2% (stratosphere)  

0.1 hPa 

Long-Term 
Stability  

0.05 K * 1% (0.3%/decade) * 0.1 hPa 

Comments  *The signal of change 
over the satellite era is in 
the order of 0.1–0.2K/ 
decade (cf. section 3.1), 
therefore long-term 
stability needs to be an 
order of magnitude 
smaller to avoid 
ambiguity 

*Precision, accuracy and 
stability are relative with 
respect to mixing ratio 
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Lindenberg Tateno

+������������
��$%&�'�+���	�
������!9';���
�

NCAR_corr – GRUAN
Consistent factor (k)
U_GRUAN
U_NCAR

RH difference (%), RH uncertainty (%) k_factor



Raw Adj_woBiasCorr Adj_wBiasCorr 300 hPa (5.27±1.06%)

500 hPa (3.34±0.76%)

700 hPa (2.27±0.61%)
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