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Can we use a radiosonde to directly measure turbulence?

• Turbulence strength can be estimated from HVRRD vertical profiles using the Thorpe (1977) method 

(e.g. Geller et al. 2021, Ko & Chun 2022)

• But can we measure it more directly?

• When a balloon encounters turbulence it will cause the balloon to move about its average trajectory

• Consider the balloon and radiosonde payload to be a pendulum with a moving pivot

• Rapid changes in the balloon’s trajectory cause the payload to swing beneath the balloon

• More intense turbulence causes larger swings in the payload beneath – can we measure these swings?

a a



Nintendo Wii uses motion gesture 

technology for game interaction.

How do we measure the motion of a weather balloon?

Connect to data acquisition 

system and attach box to 

sensing package.

Achieved using 

accelerometer 

to measure 

sonde’s motion.

Use ADXL 325, a three-axis +/- 5g minimal range accelerometer.

Add additional electronics to 

power accelerometer and 

modulate accelerometer outputs.



Capacitive Accelerometer Mechanism



We have developed a system which adds 

extra data channels for new sensors.

The system, named Programmable 

ANalogue and Digital Radiosonde 

Accessory (PANDORA), is placed in a 

small box and attached to the radiosonde.

Additional sensor measurement system

PANDORA is connected to the sonde through 

the Ozone port to relay data over radio link

No additional hardware needed.

PANDORA extractor retrieves the data and 

synchronises it with standard meteorological 

quantities







Calibration between voltage and acceleration







Strategy and summary of flights

Over 50 flights have been made from 

Reading and other locations across the 

UK and Europe.

Histogram summarises the 

accelerometer results from these 

ascents.

Comparisons have been made with:

1. Lidar in Reading, UK

2. Cloud radar in Hyytiala Finland

3. Wind profiler at Aberystwyth, UK

Strategy:

• To launch accelerometer balloons into different weather conditions to gather as much information on 

different types of turbulence.

• To compare turbulence observations with CAT diagnostics from NWP data.

Acceleration of sports 

car

Space shuttle on re-entry

Loss of consciousness 





Case study comparison with CAT diagnostics







Temperature 

changes driven by 

CO2 in IPCC 

climate simulations

Stronger north–

south temperature 

gradient at flight 

cruising altitudes

Vallis et al. (2015)
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°C/10y

Impacts of climate change on the jet stream
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Impacts of climate change on the jet stream

Temperature 

changes 1960–2012 

measured by 

radiosondes

Stronger north–

south temperature 

gradient at flight 

cruising altitudes
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Sherwood & Nishant (2015)



Temperature 

changes 1979–2017 

at 250 hPa in 

reanalysis data

Stronger north–

south temperature 

gradient at flight 

cruising altitudes
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Lee, Williams, and Frame (2019)
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Impacts of climate change on the jet stream



Zonal wind 

changes driven by 

CO2 in IPCC 

climate simulations

C21 – C20

(0.25 m/s 

contours)

C20

(10 m/s 

contours)

Pacific Atlantic

Stronger eastward 

winds & windshears

at flight cruising 

altitudes
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Delcambre et al. (2013)

Impacts of climate change on the jet stream



Clear-air turbulence

Lee, Williams, and Frame (2019)

15% increase 

over 40 years

⇒ more CAT

Annual-mean 

vertical wind shear 

in North Atlantic at 

250 hPa

(~35,000 feet)



Clear-air turbulence

Lv et al. (2021)

17% increase 

over 85 years

Winter-mean 

CMIP6-mean 

vertical wind shear 

in Northern Eurasia 

at 250 hPa

(~35,000 feet)

29% increase 

over 85 years
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INDUSTRIAL

DOUBLED 

CO2

Clear-air turbulence

Williams & Joshi (2013)



Clear-air turbulence

50-75N, 10-60W

200 hPa

DJF

Williams & Joshi (2013)



“Slight strain against seat

belts; unsecured objects may

be displaced slightly; food

service may be conducted

with little difficulty walking”

“Definite strain against

seat belts; unsecured

objects are dislodged;

food service and

walking are difficult”

“Occupants are forced

violently against seat belts;

unsecured objects are

tossed about; food service

and walking are impossible”

59%

(43-68%)

75%

(39-96%)

94%

(37-118%)

127%

(30-170%)

149%

(36-188%)
Williams (2017)

50-75N, 10-60W, 200 hPa, DJF



Storer, Williams & Joshi (2017)

Clear-air turbulence Change (%) 

by 2050–2080



Prosser, Williams, Marlton & Harrison (2023)

Clear-air turbulence Change (%) 

1979–2020



Prosser, Williams, Marlton & Harrison (2023)

Clear-air turbulence

+41% +55%



Lee, Kim, Sharman, Kim & Son (2022)





• Measuring turbulence

– We can directly measure turbulence by bolting accelerometers onto standard radiosondes

– In over 50 ascents, we have measured accelerations as large as 8g

– We have used the ~100,000 acceleration measurements to calculate ROC curves and test 

CAT diagnostics

• Climate change

– The jet stream is already 15% more sheared than when satellites began observing it

– There is already 55% more severe CAT over the North Atlantic than in 1979, and 41% 

more over the USA

– This effect is projected to double or treble the amount of severe clear-air turbulence in the 

coming decades

Summary


