
Calibration of Wind Instruments

Part-5: Calibration Examples

Holger Doerschel (DWD)

Zafer Turgay Dag (TSMS)

Infrastructure Commission (INFCOM)
Standing Committee on Measurements, Instrumentation and Traceability (SC-MINT)

Expert Team on Quality, Traceability and Calibration (ET-QTC)



Content

Part 1: 

• Introduction to this topic and 

historical information

• Concepts and definitions

Part 2:

• Methods of measurement

Part 3: 

• Requirements for the 

laboratory setup #1

Part 4: 

• Requirements for the 

laboratory setup #2

Part 5:

• General procedure

• Calibration example #1

• Calibration example #2

• Calibration example #3

• References and links



Calibration of anemometers

General procedure cup anemometer and ultrasonic anemometer

• calibration must be carried out over a range of values

• calibration must be carried out for both rising and falling wind speeds if 

hysteresis is to be expected 

• the complete anemometer shall be placed in the wind tunnel with the 

measuring section

• environmental condition of the laboratory should be adjusted according to 

environmental criteria

• the device under test should last at least 24 hours for acclimatization



Calibration of anemometers

General procedure cup anemometer and ultrasonic anemometer

• device under test is installed at the test point that is decided before

• set up the Wind tunnel 10% Umax and wait approximately 5 min

• set up the Wind tunnel Umax (or max speed value according to capability of 

the wind tunnel) and wait approximately 5 min

• set up the Wind tunnel to different values (calibration points) and record the 

values from the reference and device under test

• evaluate the measuring uncertainty of the calibration according to their 

uncertainty parameters at the each calibration points separately



Calibration of anemometers

• the threshold value U0 is the speed at which the cup anemometer begins to rotate very slowly

• Umax is the maximum speed for which the cup anemometer is designed



Calibration of anemometers

calibration points on cup anemometer:
Sensor specifications;
Measuring range: 0.4 – 75 m/s      Threshold value : 0.5 m/s

Calibration points according to ISO 17713 standard :
 2 times U0  → 1.0 m/s
 3 times U0  → 1.5 m/s
 4 times U0  → 2.0 m/s
 5 times U0  → 2.5 m/s
 6 times U0  → 3.0 m/s
0.1 times Umax → 7.5 m/s
0.2 times Umax → 15.0 m/s
0.3 times Umax → 22.5 m/s
0.4 times Umax → 30.0 m/s
0.5 times Umax → 37.5 m/s
0.6 times Umax → 45.0 m/s
0.7 times Umax → 52.5 m/s
0.8 times Umax → 60.0 m/s
0.9 times Umax → 67.5 m/s
Umax  → 75.0 m/s

Calibration points should be selected 

according to the infrastructure 

capability of the laboratory, calibration 

scope of the laboratory and 

customer demands.



Calibration of anemometers

uncertainties type A:

• data from the reference for example LDA

• data from other sources like air density (temperature, pressure, humidity)

• data from the calibration object



Calibration of anemometers

uncertainties type A:



Calibration of anemometers

uncertainties type B:

• uncertainty of reference sensor

• annual drift of reference sensor

• environmental effects (temperature, humidity, pressure)

• resolution of reference sensor

• resolution of test sensor

• repeatability of reference sensor

• repeatability of test sensor

• homogeneity of wind tunnel



Calibration of anemometers

uncertainties type B:

• hysteresis

• blockage effect

• turbulence effect

• swirl effect

• power requirements

• not well trained staff

• ..



Calibration of anemometers

uncertainties type B:

• stability of wind tunnel

• source of any other winds especially heating, blower, air conditioner etc…

• opened doors or windows

• carriage, transportation

• vibrations etc

• ….
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Calibration of anemometers – example #1

cup anemometer calibration at ~1 ms-1 :

• model:

(U)2 = (Uref_cal)
2 + (Udrift)

2 + (Utest resolution)
2 + (Urepeatability)

2 +

  

 (Ustability)
2 + (Ucorrection)

2

• reference sensor calibration uncertainty → type B normal

• drift of reference sensor → type B rectangular

• test resolution → type B rectangular

• repeatability → type B

• stability → type B

• correction → type B



Calibration of anemometers – example #1

cup anemometer calibration at ~1 ms-1 :

• the recordings:

Reference 

Speed (m/s)

Reference 

Correction value 

(m/s)

Corrected 

Reference Speed 

(m/s)

Test Speed  

(m/s)

Test Area 

Correction Value 

(m/s)

Corrected Test 

Speed (m/s)

1,102 0,0224 1,080 1,089 -0,0117 1,077

1,102 0,0224 1,080 1,089 -0,0117 1,077

1,102 0,0224 1,080 1,089 -0,0117 1,077

1,101 0,0224 1,079 1,089 -0,0117 1,077

1,101 0,0224 1,079 1,096 -0,0117 1,084

1,102 0,0224 1,080 1,096 -0,0117 1,084

1,102 0,0224 1,080 1,089 -0,0117 1,077

1,101 0,0224 1,079 1,082 -0,0117 1,070

1,103 0,0224 1,081 1,089 -0,0117 1,077

1,103 0,0224 1,081 1,089 -0,0117 1,077

Arithmetic Mean Speed 1,079 1,078



Calibration of anemometers – example #1

cup anemometer calibration at ~1 ms-1 :

• the result:

1,0 m/s CALIBRATIO POINT

UNCERTAINTY PARAMETERS

ESTIMATED 

VALUE
DISTRIBUTION DENOMINATOR

STANDARD 

UNCERTAINTY
NUMERATOR

PARTIAL 

VARIANCE

Reference Uncertainty (m/s) 0,01413 normal 2 0,00707 1 4,99488E-05

Drift (m/s) 0,00676 rectangular 1,73 0,00390 1 1,52403E-05

Test resolution (m/s) 0,00100 rectangular 1,73 0,00029 0,5 8,33333E-08

Error Repeatability (m/s) 0,00127 normal 1 0,00127 1 1,61687E-06

System Stability (m/s) 0,00023 normal 1 0,00023 1 5,22512E-08

Test area correction (m/s) 0,00188 normal 1 0,00188 1 3,53440E-06

Total variance 7,04761E-05

Standard Uncertainty (m/s) 0,00840

Expanded Uncertainty (k=2) (m/s) 0,01679

Relative Uncertainty (%) 1,56
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Calibration of anemometers – example #2

cup anemometer calibration at ~50 ms-1:

• model part 1

Δwindspeed = windspeed_DUT - windspeed_reference

windspeed_reference = measurements_LDA + 

δcalibration_LDA + δcalibration_BSA + 

δdrift_BSA + δresolution_LDA + 

δflow_correction + δdrift_LDA + 

δalignment_LDA + δtemperature_LDA

windspeed_DUT =  measurements_DUT + 

   δcalibration_frequency_counter +  

   δresolution_frequency_counter



Calibration of anemometers – example #2

cup anemometer calibration at ~50 ms-1:

• model part 2

Δwindspeed   result (windspeed_DUT - windspeed_reference) 

windspeed_DUT  DUT indication of wind speed 

windspeed_reference reference indication of wind speed



Calibration of anemometers – example #2

cup anemometer calibration at ~50 ms-1:

• uncertainties:

measurements_LDA measurements of LDA

δcalibration_LDA calibration of LDA

δcalibration_BSA calibration of burst spectrum analyzer

δdrift_BSA drift of BSA

δresolution_LDA resolution LDA

δflow_correction flow correction due to the type of DUT

δdrift_LDA drift of LDA

δalignment_LDA alignment of LDA 

δtemperature_LDA temperature dependency of LDA



Calibration of anemometers – example #2

cup anemometer calibration at ~50 ms-1:

• uncertainties

measurements_DUT   measurements of DUT converted 

      from frequency to speed and 

      corrected

δcalibration_frequency_counter  calibration of frequency counter
δresolution_frequency_counter  resolution of frequency counter



Calibration of anemometers – example #2

cup anemometer calibration at ~50 ms-1 :

• result:

Δwindspeed = -0,141 ms-1 ± 0,482 ms-1 (k = 2)
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Calibration of anemometers – example #3

ultrasonic anemometer calibration at ~50 ms-1:

• model part 1

   Δwindspeed = windspeed_DUT - windspeed_LDA

windspeed_LDA = measurements_LDA + δcalibration_LDA + δdrift_LDA + 

δcalibration_BSA + δdrift_BSA + δresolution_LDA + 

δflow_correction + δalignment_LDA + 

δtemperature_LDA + δreproduceability

 windspeed_DUT = measurements_DUT + δresolution_DUT + 

            δblocking_DUT



Calibration of anemometers – example #2

ultrasonic anemometer calibration at ~50 ms-1:

• model part 2

Δwindspeed   result (windspeed_DUT - windspeed_reference) 

windspeed_DUT  DUT indication of wind speed 

windspeed_reference reference indication of wind speed



Calibration of anemometers – example #2

ultrasonic anemometer calibration at ~50 ms-1:

• uncertainties:

measurements_DUT  measurements of DUT

δresolution_DUT   resolution DUT

δblocking_DUT   blocking effect / correction of LDA 

     measurements



Calibration of anemometers – example #2

ultrasonic anemometer calibration at ~50 ms-1:

• uncertainties:

measurements_LDA measurements of LDA

δcalibration_LDA calibration of LDA

δcalibration_BSA calibration of burst spectrum analyzer

δdrift_BSA drift of BSA

δresolution_LDA resolution LDA

δflow_correction flow correction due to the type of DUT

δdrift_LDA drift of LDA

δalignment_LDA alignment of LDA 

δtemperature_LDA temperature dependency of LDA

δreproduceability reproduceability of anemometer calibration



Calibration of anemometers – example #3

ultrasonic anemometer calibration at ~50 ms-1:

• result:

Δwindspeed= 0,506 ms-1 ± 0,672 ms-1 (k=2)



Content

Part 1: 

• Introduction to this topic and 

historical information

• Concepts and definitions

Part 2:

• Methods of measurement

Part 3: 

• Requirements for the 

laboratory setup #1

Part 4: 

• Requirements for the 

laboratory setup #2

Part 5:

• General procedure

• Calibration example #1

• Calibration example #3

• Calibration example #2

• References and links



References and links

• JCGM 200:2012

International Vocabulary of Metrology - Basic and general concepts and 

associated terms (2012)

https://www.bipm.org/en/committees/jc/jcgm/publications 

• JCGM 100:2008(E) – in English 

 Evaluation of measurement data - Guide to the expression of   

     uncertainty in measurement (2008)

 https://www.bipm.org/en/committees/jc/jcgm/publications 

https://www.bipm.org/en/committees/jc/jcgm/publications
https://www.bipm.org/en/committees/jc/jcgm/publications


References and links

• Guide to Instruments and Methods of Observation (WMO-No. 8)

https://library.wmo.int/records/item/41650-guide-to-instruments-and-methods-of-
observation?offset=4 

• VDI 3650 Part 3 wind measuring devices  

 https://www.vdi.de/richtlinien/details/vdi-3650-einrichtungen-zur-sicherung-von- kranen-
gegen-abtreiben-durch-wind

• VDI 3786 Part 2 Wind

       https://www.vdi.de/en/home/vdi-standards/details/vdi-3786-blatt-2-environmental-
meteorology-meteorological-measurements-wind 

  

https://library.wmo.int/records/item/41650-guide-to-instruments-and-methods-of-observation?offset=4
https://library.wmo.int/records/item/41650-guide-to-instruments-and-methods-of-observation?offset=4
https://www.vdi.de/richtlinien/details/vdi-3650-einrichtungen-zur-sicherung-von-kranen-gegen-abtreiben-durch-wind
https://www.vdi.de/richtlinien/details/vdi-3650-einrichtungen-zur-sicherung-von-kranen-gegen-abtreiben-durch-wind
https://www.vdi.de/en/home/vdi-standards/details/vdi-3786-blatt-2-environmental-meteorology-meteorological-measurements-wind
https://www.vdi.de/en/home/vdi-standards/details/vdi-3786-blatt-2-environmental-meteorology-meteorological-measurements-wind


References and links

• ISO 16622:2002 Meteorology — Sonic anemometers/thermometers — 

Acceptance test methods for mean wind measurements

  https://www.iso.org/standard/29291.html 

• ISO 17713-1:2007 Meteorology — Wind Measurements Part 1: Wind tunnel 

test methods for rotating anemometer performance

  https://www.iso.org/standard/31497.html  

https://www.iso.org/standard/29291.html
https://www.iso.org/standard/31497.html


wmo.int

Calibration of Wind Instruments
End of Part 5

Thank you.
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