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 Humidity measurement conditions in upper air

 Temperature (< -80 oC)

 Pressure (< 10 hPa)

 Frost-point temperature (< -90 oC)

 Quality control of humidity measurements

 SI-traceable calibration of humidity sensors using ground facilities

 Low-pressure low-temperature humidity generators

Calibration facilities for radiosonde humidity sensors

VTT in Finland INRIM in Italy KRISS in Korea
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Low-temperature low-pressure humidity chamber

 Operation range in test chamber

 The humidity sensor meets

 Temperature: (-70 – 30) oC

 Pressure: (50 – 1000) hPa

 Dew/frost point temperature: (-90 – 20) oCdp/fp

 Relative humidity: (2 – 100) %rh
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Calibration of a humidity sensor

 Calibration curve at room temperature

 20 oC & 100 kPa

Calibration 

curve
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Calibration of a humidity sensor

 Low-temperature effects

 0 oC, -20 oC, -40 oC, -60 oC (at 100 kPa)

Temperature effect is significant !
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Sensor only vs. Radiosonde?

 Compensation of a whole radiosonde

 Just a humidity sensor  a whole radiosonde

Radiosonde in 

test chamber
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Upper air simulator; humidity calibration setup

 Upper air simulator (UAS)

 Humidity calibration setup with a radiosonde in UAS

Heat 

exchanger

Radiosonde

Thermometers

Test 

chamber
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Operation principle

 Two-temperature type humidity generator

 Tsaturator & Ttest chamber 

Heat

Exchanger

Climate chamber

Test 

chamber

(RS41)

Heat

Exchanger

Mass flow 

controller

Chilled-mirror

Hygrometer

Bath

Dry gas-in Gas-out

Saturator

Saturator: Generation of 

well-defined vapor pressure

Test chamber: Calibration 

of radiosondes

Heat 

exchanger

Radiosonde

Thermometers

Test 

chamber

Hygrometer: 

Validation
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Operation of humidity generator

Ts = saturator temperature, Ps = saturator pressure

Tt = test chamber temperature, Pt = test chamber pressure

𝑒is(𝑇s) = saturation vapour pressure over ice in saturator

𝑒ws(𝑇t) = saturation vapour pressure over water in test chamber

𝑓(𝑇s, 𝑃s) = enhancement factor in saturator

𝑓(𝑇t, 𝑃t) = enhancement factor in test chamber

RH =
)𝑒ws(𝑇s
)𝑒ws(𝑇t
×

)𝑓(𝑇s, 𝑃s
)𝑓(𝑇t, 𝑃t
×

𝑃t
𝑃s

× 100 (%rh)
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Uncertainty of UAS humidity generator

RH =
)𝑒ws(𝑇s
)𝑒ws(𝑇t
×

)𝑓(𝑇s, 𝑃s
)𝑓(𝑇t, 𝑃t
×

𝑃t
𝑃s

× 100 (%rh)

%rh

Source of Uncertainty
Standard 

uncertainty

Probability 

Distribution

1. Temperature stability 0.002 ℃ Normal

2. Temperature gradient 0.009 ℃ Rectangular

3. PRT calibration 0.025 ℃ Normal

4. Multimeter accuracy 0.0025 Ω Rectangular

Combined standard 

uncertainty (k = 1)
0.027 ℃

u(Ts)ⅹ{∂es(T)/∂T}|Tsⅹ[ ]ⅹ100

u(Ps)ⅹ{-1/Ps
2}ⅹ[  ]ⅹ100

ur(es(Ts))ⅹ[ ]ⅹ100

ur(f(Ps,Ts))ⅹ[ ]ⅹ100

u(Tt)ⅹ(-1/es
2(Tt))ⅹ{∂es(T)/∂T}|Ttⅹ[  ]ⅹ100

u(Pt)ⅹ[ ]ⅹ 100

ur(es(Tt))ⅹ(-1/es
2(Tt))ⅹ[ ]ⅹ100

ur(f(Tt,Pt))ⅹ(-1/f(Tt,Pt)
2)ⅹ[ ]ⅹ100

u (Efficiency)

u(Adsorption/Desorption)
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-67 oC -55 oC -40 oC

-20 oC -0.1 oC 20 oC

Calibration of RS41 humidity sensor

 Temperature dependent measurements
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Calibration result; repeatability & reproducibility

 Repeatability and Reproducibility of RS41

Three measurements of a RS41 unit

Mean ± Standard deviation

Measurements of three RS41 units

Mean ± Standard deviation
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Calibration result; calibration value & uncertainty

 Calibration value & Uncertainty of a single unit of RS41

Temperature

(℃) -67.1 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

9.0 7.5 1.5 

17.0 14.5 2.5 

26.0 22.8 3.2 

34.0 30.4 3.6 

Uncertainty

(k = 2)

1.3 

(%rh)

Temperature

(℃) -54.6 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

10.0 9.1 0.9 

19.0 17.3 1.7 

29.0 27.1 1.9 

38.0 36.1 1.9 

Uncertainty

(k = 2)

1.1 

(%rh)

Temperature

(℃) -39.5 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

10.0 9.7 0.3 

19.0 18.3 0.7 

28.0 27.3 0.7 

38.0 37.3 0.7 

47.0 46.3 0.7 

Uncertainty

(k = 2)

1.0

(%rh)

Temperature

(℃) -19.4 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

10.0 10.0 0.0 

19.0 19.1 -0.1 

33.0 33.2 -0.2 

48.0 48.2 -0.2 

67.0 66.5 0.5 

Uncertainty

(k = 2)

1.0 

(%rh)

Temperature

(℃) 0.6 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

9.0 9.0 0.0 

28.0 28.1 -0.1 

47.0 47.0 0.0 

66.0 65.5 0.5 

85.0 83.9 1.1 

Uncertainty

(k = 2)

1.0 

(%rh)

Temperature

(℃) 21.3 

Reference

(%rh)

RS41

(%rh)

Ref. – RS41

(%rh)

11.0 10.8 0.2 

32.0 31.4 0.6 

50.0 48.9 1.1 

68.0 66.7 1.3 

84.0 82.8 1.2 

Uncertainty

(k = 2)

1.0 

(%rh)
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Humidity calibration of other radiosondes

 Temperature dependent measurements

 WxR-301D radiosonde (Weathex, Korea)
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Measurement formula & Residuals

Temperature (oC) Intercept Slope

-68.1 -603.2 0.0451 

-54.9 -551.9 0.0412 

-40.0 -483.3 0.0360 

-20.1 -436.5 0.0323 

-0.2 -436.5 0.0323 

20.4 -439.9 0.0325 
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RH (T) = (a0 + b0·T + c0 ·T2) + (a1 + b1·T + c1 ·T2) ⅹ
ADC

c0 b0 a0 c1 b1 a1

-427.1 -0.004 -0.039 0.032 -0.00000161 0.00000295 

 Compensation of temperature effect

 Linear empirical fittings
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Summary

 Humidity calibration setup is developed in upper air simulator

 Operating at low-temperature (-70 – 20) oC at atmospheric pressure

 Generating dew/frost point temperature (-90 – 20) oC

 Generating relative humidity (2 – 100) %rh

 Generated humidity is validated by an independent hygrometer

 Expanded uncertainty of the humidity chamber is less than 1 %rh (k = 2).

 RS41 humidity sensor is calibrated using the setup

 Calibration range: (-70 – 20) oC & (10 – 90) %rh

 Mean calibration value: 3 %rh at -70 oC, 2 %rh at -55 oC, 1 %rh at (-40 - 20) oC

 Repeatability of a single unit: 0.5 %rh

 Reproducibility of three units: 0.9 %rh

 Expanded uncertainty of a RS41 humidity sensor is (1 - 1.3) %rh (k = 2).

 SI-traceable humidity calibration of other radiosondes is available at KRISS
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Thank you for your attention

More discussions to sangwook@kriss.re.kr


