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ü This report is from the survey (Pro.Fabioôsinvitation to gather feedbackon expert userof GRUAN data experiencewith the GDPs).

ü The CMA expertshavebeeninspiring by this survey and the report of UA 2022ôsdata analysismethod.

ü We initially develop3 strategy of GDP's T_uc consistencyassessmentand hopethis canserveasa starting point for further discussion.

directly support a key GRUAN initiative to establish a comprehensive 

Quality Assurance/Quality Control (QA/QC) framework for all GDPs

1. Background

Invitation to contribute to the Assessment of GRUAN Data Products
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https://www.gruan.org/data/file-archive/rs41-gdp1-at-lc

ü The CMA are establishingthe GRUAN data-processingfacility and hascollectedthe RS41 GDP data of 15GRUAN sites.

ü To examinethe characteristics of RS41GDPôsdata for eachtime period, the changesin the most mature element(T_uc) in ECVs

wereanalyzedby 3 strategiesabout: the time (seasonal) scaleand vertical (the four atmospheric layers of UA 2022) scale.

ü A preliminary selectionfor LIN and HKO, which is almost at the samelatitude and samelongitude asXIL .

LIN is basically at the same latitude as XIL, and 

HKO is basically at the same longitude as XIL
A T_uc sample of XIL siteôs RS41 GDP 

2. strategy for the T_uc consistency assessment
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2. strategy for the T_uc consistency assessment

Å Upper Extreme:Q3 + 1.5 × IQR(IQR = Q3 - Q1)

Å Upper Quartile(Q3): The number that ranks at the 75% 

position after sorting all the data in ascending order

Å Median: Te:he number that ranks at the 50th position after 

sorting all the data in ascending order

Å Lower Quartile(Q1): The number that ranks at the 25% 

position after sorting all the data in ascending order

Å Lower Extreme:Q1-1.5 × IQR(IQR = Q3 - Q1)

box-plots

ü Due to the averagesingle-launch data RS41GDPôssecondsvaluesis large amount.

ü Therefore, by drawing on the box-plots form in UA 2022, the distribution of a large amount of data can be

presentedin a succinctway, without plot eachdata point.

ü For eachradiosonde,the black bar indicatesthe median value, the red or blue area extendsfrom the 25 percentile to

the 75 percentile of the distribution, and the whiskers extendup to the minimum and maximum values.

ü When thoseoutlier/single data point extendbeyondtherangeof the diagram, the valueof the extremum is indicated.

Site
Radio

sonde
UTC 

Number of 

radiosonde 

From 

September 1, 

2024 to August 

31, 2025

numbe

r_min

number

_max

number

_avg

XIL

RS41

00 56
126 2309 11914 6221

12 70

HKO

00 345

742 1352 9358 527206 48

12 349

LIN

00 359

1449 1100 8551 6504
06 363

12 364

18 363
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ü XIL launch two RS41 radiosondes per week. A total of 126

radiosondes deployed box-plots. 

ü The daytime(red) of RS41 GDP's T_uc data larger than 

nighttime(blue). The average of winter season is the maximum of 

0.36K, and the extremum data of 46.16Koccurs outside these box-

plots account, besides the average of outside is 9.5%.

ü Therefore, another assessment strategy needs to be designed to 

check whether the data at this time is extremum.

Site season T_uc_min T_uc_max T_uc_avg number_min number_max number_avg

XIL

Autumn 0.24 4.21 0.29 2309 11194 6433

Winter 0.24 46.16 0.36 4429 7793 6219

Spring 0.24 13.95 0.27 2962 6638 5555

Summer 0.24 1.92 0.29 3350 10908 6616

red indicated the value of the extremum in percentage of totalα9.5%β

2. strategy for the T_uc consistency assessment
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ü As HKO and XIL are basically at the same

longitude, difference HKO in the low-latitude.

ü A total of 742 radiosondesdeployedbox-plots, The

trend of T_uc throughout the year is 0.28, which is

relatively stable. the winter extremum data of

36.61K occurs outside these box-plots account,

besidesthe averageof outsidebox-plots is 2.77%.

Site season T_uc_min T_uc_max T_uc_avg number_min number_max number_avg

HKO

Autumn 0.24 1.59 0.28 2450 8099 5410

Winter 0.24 36.61 0.28 1352 7636 5226

Spring 0.24 1.77 0.28 1797 9358 5122

Summer 0.24 1.59 0.28 2431 7349 5018 red indicated the value of the extremum in percentage of total (2.77%)

2. strategy for the T_uc consistency assessment
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ü As LIN and XIL are basically at the samelatitude.

ü A total of 1449radiosondesdeployedbox-plots. The summer

T_uc throughout the year is relatively value is lessthan XIL

and HKO . the winter extremum data of 157.02K occurs

outside these box-plots account, besides the average of

outsidebox-plots is 2.41%.

Site season T_uc_min T_uc_max T_uc_avg number_min number_max number_avg

LIN

Autumn 0.08 98.06 0.13 1768 7840 6119

Winter 0.08 157.02 0.16 1444 7865 5428

Spring 0.08 96.20 0.15 2148 8551 5957

Summer 0.08 148.68 0.21 1100 7931 6274
red indicated the value of the extremum in percentage of total (2.41%)

2. strategy for the T_uc consistency assessment
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ü Sencond strategy is analyze for a

vertical scale,In accordancewith the

four height levels of UA 2022 (PBL

(yellow), FT (green), UT/LS (blue),

MUS (red)), calculate the average

valuecorrespondingto T_uc.

ü It can be seen that the abnormally

large uncertainty basically occurs in

MUS, amongwhich the MUS layer at

00UTC on January 21, 2025 is

correspond to the largest (T_uc_max

point 46.16K).

2. strategy for the T_uc consistency assessment
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ü The trend of H K OôsT_uc

throughout the year is 0.28, The

values of UT/LS and MUS are

relatively large, 1.8K at MUS of

2025/2/22 0UTC(T_uc_max point

36.61K).

2. strategy for the T_uc consistency assessment
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ü The trend of LINôsT_uc

throughout the year is

Autumn=0.13 K

Å Winter= 0.16

Å Spring=0.15

Å Summer=0.21

ü The more outliers there

are, the more it affects

the stability of the time

seriesdata.

ü So, the third strategy

design to observe the

max and min outliers at

each time step in the

four height layers.

2. strategy for the T_uc consistency assessment
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ü In accordancewith the four height levelsof UA 2022(PBL (red),

FT (green),UT/LS (yellow), MUS (blue)) , the four height levelsof

T_uc_max(isΔtriangle) and T_uc_min(is circle)

ü Set the T_uc threshold at 2K. one sudden change is PBL value

13.95K, the rest are basically from the radiosonde to over 40

kilometers. It is suspectedthat this is related to the temperature

radiation correction algorithm.

No. D_DATETIME GPH_TYPE
MAX_TE

MP_UC

ALT_GPH_FOR

_MAX_TEMP

1 2024/11/5 0:00 MUS 4.21 43918.75 

2 2024/11/19 0:00 MUS 2.04 44181.68 

3 2024/12/10 0:00 MUS 5.45 44072.16 

4 2024/12/24 0:00 MUS 2.80 43630.57 

5 2025/1/21 0:00 MUS 46.16 44120.40 

6 2025/2/4 0:00 MUS 3.67 41099.96 

7 2025/5/10 12:00 PBL 13.95 1017.99 

2. strategy for the T_uc consistency assessment
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ü The maximum and minimum valuesof the four elevation layers of the HKO site were distributed relatively evenly,

and the T_uc only onegreater than 2K (36.61K at MUS of 2025/2/220UTC).

2. strategy for the T_uc consistency assessment
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ü LIN releasesthe RS41 radiosondeat four times a day. From September2024to August 2025, a total

of 58 points with T_uc greater than 2K occurred in 1,449groups of 4 layers. The largest occurrence

wasat 12UTC on August 1, 2024, at 148.68K. It occurred 50 times in MUS, accountingfor 84.7%, 4

times in UTLS, 3 times in FT, and 1 time in PBL.

2. strategy for the T_uc consistency assessment
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No D_DATETIME GPH_TYPE MAX_TEMP_UC ALT_GPH_FOR_MAX_TEMP

24 2025/6/3 18:00 MUS 52.94 27826.49 

25 2025/6/5 18:00 MUS 47.96 27022.79 

26 2025/6/6 6:00 MUS 39.34 24140.23 

27 2025/6/6 6:00 UTLS 30.99 13671.44 

28 2025/6/7 6:00 MUS 40.10 25546.92 

29 2025/6/7 12:00 MUS 99.71 31917.48 

30 2025/6/8 6:00 MUS 34.82 22606.92 

31 2025/6/8 18:00 MUS 78.58 30845.08 

32 2025/6/8 18:00 UTLS 30.20 14599.85 

33 2025/6/9 6:00 FT 29.17 8935.37 

34 2025/6/9 6:00 MUS 80.31 27914.41 

35 2025/6/9 12:00 MUS 77.45 30223.78 

36 2025/6/9 18:00 MUS 71.24 30774.75 

37 2025/6/10 6:00 MUS 46.49 24959.57 

38 2025/6/10 18:00 MUS 62.51 29500.22 

39 2025/6/11 12:00 MUS 124.54 32374.81 

40 2025/6/11 18:00 MUS 46.54 26224.70 

41 2025/6/18 12:00 MUS 100.69 32068.76 

42 2025/6/23 12:00 MUS 104.36 29532.36 

43 2025/6/24 6:00 MUS 32.00 20546.37 

44 2025/6/25 6:00 MUS 31.85 20518.82 

45 2025/6/25 6:00 UTLS 30.82 15143.98 

46 2025/6/25 12:00 MUS 35.31 18881.63 

47 2025/7/4 6:00 MUS 31.55 20799.18 

48 2025/7/7 6:00 MUS 80.60 32826.56 

49 2025/7/9 18:00 MUS 2.44 19525.26 

50 2025/7/30 12:00 MUS 39.29 24159.84 

51 2025/8/1 12:00 MUS 148.68 35590.48 

52 2025/8/4 18:00 MUS 91.48 32654.98 

53 2025/8/5 6:00 MUS 57.19 30088.06 

54 2025/8/7 18:00 MUS 52.79 27858.15 

55 2025/8/8 12:00 MUS 140.40 35367.64 

56 2025/8/9 6:00 MUS 43.43 22445.31 

57 2025/8/20 12:00 FT 28.92 11637.33 

58 2025/8/20 12:00 MUS 31.80 19238.85 

No D_DATETIME GPH_TYPE MAX_TEMP_UC ALT_GPH_FOR_MAX_TEMP

1 2024/11/20 12:00 MUS 98.06 31611.42 

2 2024/12/2 12:00 MUS 17.60 25989.24 

3 2024/12/19 12:00 MUS 62.84 27920.69 

4 2024/12/22 12:00 MUS 141.89 33829.62 

5 2024/12/25 12:00 MUS 114.83 32814.67 

6 2024/12/31 12:00 MUS 95.41 31173.29 

7 2025/1/1 12:00 MUS 122.67 32498.82 

8 2025/1/2 12:00 MUS 88.09 30004.19 

9 2025/1/3 12:00 MUS 47.04 24802.72 

10 2025/1/6 12:00 MUS 65.11 28152.83 

11 2025/1/7 12:00 MUS 82.05 30145.59 

12 2025/1/8 12:00 MUS 157.02 31988.20 

13 2025/1/26 12:00 MUS 86.07 31172.25 

14 2025/1/29 12:00 MUS 101.78 32604.82 

15 2025/2/12 6:00 FT 32.75 9638.01 

16 2025/2/12 6:00 MUS 39.37 24060.71 

17 2025/2/12 6:00 PBL 12.86 919.80 

18 2025/2/27 12:00 MUS 80.55 31041.91 

19 2025/3/14 12:00 MUS 50.00 25954.37 

20 2025/3/19 12:00 MUS 96.20 31793.04 

21 2025/4/15 6:00 UTLS 31.40 16732.33 

22 2025/5/4 12:00 MUS 10.49 33184.42 

23 2025/5/27 18:00 MUS 61.08 29204.15 

T_uc larger than 2K of LIN-RS41 GDP

2. strategy for the T_uc consistency assessment
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1. It can be seen that the average temperature uncertainty of Lindenberg is very small throughout the four seasons, 

almost half that of XIL and HKO. Is there any special quality control treatment?

2. The average proportion of outliers outside the XIL box is the largest, while LIN has the smallest but also many 

particularly large outliers. Is this reasonable? Further research on QC methods is also needed for user.

3. If this method has promotion value in the future, the uncertainties of several GRUAN certification sites that belong to 

the same mid-latitude or longitude range as the XIL station will be analyzed, and gradually expanded to the statistical 

assessment of uncertainties in other Prority  of ECV relative humidity, air pressure, wind speed and direction.

Data(GDP, EDT and so on) stream of Vaisala RS41 

Site season T_uc_min T_uc_max T_uc_avg

XIL

Autumn 0.24 4.21 0.29 

Winter 0.24 46.16 0.36 

Spring 0.24 13.95 0.27 

Summer 0.24 1.92 0.29 

HKO

Autumn 0.24 1.59 0.28 

Winter 0.24 36.61 0.28 

Spring 0.24 1.77 0.28 

Summer 0.24 1.59 0.28 

LIN

Autumn 0.08 98.06 0.13 

Winter 0.08 157.02 0.16 

Spring 0.08 96.20 0.15 

Summer 0.08 148.68 0.21 

2. strategy for the T_uc consistency assessment
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3. Progression of  temperature measurement 

üUA 2022 enlightenment:

Antennas and Radiosonde 

of NewSky in UAII-2022
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ü The manufacturers of CF-06-AH (AerospaceNewsky TechnologyCo., Ltd) has beendevelopeda new minutenesstemperature

sensorradiosonde(NewT radiosonde),which is small in size,more faster in responsespeedand stablein performance.

ü the New T radiosondeuncertainty mainly calibration(environment and referencestandards) and upper-air measurement(solar

radiation, infrared radiation from clouds,the ground, and the casing,aswell ashysteresis,air pressure,and conduction).

Type Aluminum-coated bead thermistor

temperature range -90љ60

B-value of NTC thermistor 2500

Resistance at 25° C 10K

Time constant (at normal pressure, 

6m/s ventilation velocity)
0.4s

Performance parameters of the new 

type of temperature sensor
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Temperature sensor thermal balance equation

New T radiosondeFactors affecting the measurement of 

temperature sensors

Radiation from sounding housing

Above the atmosphere radiation

aerodynamic heating

lead wire

Heat conduction

current generates heat

convection heat transfer Atmospheric radiation below

The sensor itself radiates outwards

Heat conduction

lead wire

Solar radiationT sensor

In the equation: 

1. The left-hand term represents the lag effect caused by the sensor's response time, where 

m and C denote the mass and heat capacity of the temperature sensor, respectively, and 

represents the time derivative of the sensor's temperature. represents the sensor's 

measurement value, and t represents time. 

2. represents convective heat transfer between the sensor and the surrounding atmospheric 

environment, where is the true atmospheric temperature, h is the convective heat transfer 

coefficient, A is the sensor's surface area, represents the aerodynamic heating effect on the 

sensor, where r is the sensor's thermal recovery coefficient, V is the sensor's relative 

velocity to the atmosphere, and Cp is the air's specific heat at constant pressure. 

3. represents the effect of solar radiation on the sensor, where J is the solar radiation flux, 

is the sensor's solar radiation absorption coefficient. As is the effective area of the sensor 

directly receiving solar radiation. Aa is the effective area of the sensor receiving solar 

radiation reflected by clouds and ground, and Alb is the cloud-ground system's albedo. 

4. represents the effect of atmospheric radiation from above and below and radiation from 

the radiosonde housing, where is the sensor's long-wave radiation absorption coefficient, is 

the Stefan-Boltzmann constant, Ai is the effective area of the sensor receiving atmospheric 

and radiosonde radiation, and Ti are the blackbody temperatures of the radiating bodies. 

5. is the sensor's outward infrared radiation, where is the sensor's emissivity.

6. is the Joule heat generated by the sensor's current. 

7. is the conductive heat through the leads.

3. Progression of  temperature measurement 



21

ü Calibration can obtain the corresponding relationship between multiple points of temperature and thermistor

resistancevalues,and can fit the function relationship betweentemperature and thermistor resistancevalues.

ü The thermistor resistancevalue is measuredand substituted into the function relationship formula to calculate the

actual temperature. The sensorfitting error of the function is ± 0.02 .

ü Through multiple repeatability comparisons,it is found that the maximum deviation of the temperature sensoris

± 0.06 . According to the Gaussiandistribution, its uncertainty is 0.03 .

Type Indicators Distribution Uncertainty

Reference ± 0.03

Uniform 

distribution

0.0173

uniformity of the 

calibrator
± 0.01 0.0058

stability of the 

sensor board
± 0.02 0.0116

Sensor fitting ± 0.02
Normal 

distribution
0.01

Synthetic 

uncertainty
0.024

Calibration uncertainty

The test report from the highest metrology science research 

center in China (OIML Issuing Authority) shows that the sensor 

surface has a reflectivity of over85% for solar radiation (short-

wave band) and over 95% for infrared radiation (long -wave band)

The technology of heat radiation prevention with metal 

film layers is adopted, and vacuum electron beam 

evaporation is used to achieve metal deposition

The temperature sensor is calibrated together 

with the platinum resistance standard meter in 

the constant temperature bath

3. Progression of  temperature measurement 
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ü Two new T radiosondeswere intercomparison field with the Vaisala RS41 radiosonde: the root mean square error of the data

synthesisof the two radiosondesequal to 0.12 , and the consistencyequal to 0.065 .

ü The measurementuncertainty of the new type of temperature sensoris jointly determined by the calibration and the corrected

model,Combined synthesisuncertainty equal to 0.17 .

Uncertainty term
Maximum 

Uncertainty( ) ,k=1

Calibration 0.03

Lag error 

correction
0.04

Pneumatic error 

correction
0.02

Solar radiation 

correction
0.15

Infrared radiation 

correction
0.05

Electric heating 

correction
0

Heat conduction 

correction
0.05

Synthesis 0.17

Accuracy test verification (Vaisala RS41 campaign)

Accuracy test verification (Vaisala RS41 campaign)

Time No. Average 

deviation

Standard 

deviation

Second

20251029_

06UTC

25711686 -0.062 0.091 3653

25711693 -0.081 0.092 3646

RMS error 0.12

Two T_radiosonde consistency (Dual campaign)

No. Average 

deviation
Standard 

deviation

Second

Statisticalvalue 0.02 0.0625 3646

RMS error 0.065

Two radiosonde consistency Error correction term

3. Progression of  temperature measurement 


