
Dropsonde-measured Drag Coefficient
(Work in Progress)

Jeff Kepert

Bureau of Meteorology Research Centre

Thanks to HRD for data



Powell et al. (2003)

• Used GPS dropsonde data 
in hurricanes to determine 
z0 and hence CD.

• It goes down!!!!!!



Is the profile method 
reliable?

• Dropsondes tend to fail near 
surface at extreme winds.

• Due to acceleration?
– Mean shear
– Turbulence

• Does this affect the 
extrapolation?



Aims

• Develop theory for dropsonde-measured 
turbulence.

• Compare theory to observations.

• Explore implications for profile method 
with dropsonde data (acceleration failures).

• Derive some free parameters (u*, z0, CD)
• Validate turbulence theory.



BL Variability Around the Eyewall

Kepert (2006a) JAS

Hurricane Georges (1998) 



Dropsonde-measured Turbulence
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Velocity spectral tensor



Velocity Spectrum
• Need line spectra in 

vertical direction.
• Along-stream spectra are 

well known (Kaimal et al. 
1971, dashed).

• Kristensen et al. (1989) 
gives 3-dimensional 
spectral velocity tensor 
that was integrated to 
yield the vertical line 
spectra shown here.

u-u (vertical)u-u (along-stream)

v-v (along/vertical)

w-w (vertical)



Dropsonde acceleration pdf



Dropsonde acceleration pdf

• Black: Dropsonde observed
• Red: Castaing et al. pdf with lambda = 0.6, sample variance.
• Blue: Gaussian with sample variance



Computations - theory

• Calculate dropsonde acceleration variance from theory 
(depends on height, u*).

• Calculate dropsonde mean acceleration from log profile + 
first-order filtering equation (depends on height, u10, u*).

• Calculate pdf of dropsonde acceleration over layers (0-50 
m, 0-100 m, 0-150 m) using these parameters and 
Castaing’s distribution in a Monte Carlo simulation.

• Adjust u* to get theoretical pdf to match observed pdf
(especially in low-acceleration range).



Computations - observations

• Use raw dropsonde soundings
– No motion correction 
– No filtering
– QC checks for fall velocity consistency, splash point, 

launch detect.
• Calculate acceleration by finite differences.
• Stratify data by 0-600 m mean wind speed in 10 

m/s-wide bins.
• Accumulate histograms over same near-surface 

layers (0-50 m, 0-100 m, 0-150 m).
• Processed all 1998 – 2002 sondes (5248).



BLM 10-20 m/s BLM 30-40 m/sBLM 20-30 m/s

BLM 40-50 m/s BLM 60-100 m/sBLM 50-60 m/s

Powell et al. u* (plus fit for lower bins)



Charnockz0, u* from u10



PVR u* + 20%



Lowest 50 m, PVR u*



Implied CD

1.450.5

1.741.0

2.133.0

1.927.5

1.718.0

1.310.2

103 CD10-m wind speed (m/s)



The To-Do List

• More data. 
• Narrower bins. 
• Along and cross-wind accelerations separately (and 

vertical?).
• Do proper fits for u*.
• Is lambda=0.6 too high near the surface?
• Check sensitivity to other forms of the velocity 

spectrum tensor (Mann).
• Is it possible to do heat and moisture fluxes also?



TentativeConclusions

• Shape of acceleration pdf is similar between theory and 
observations.

• Charnock equation at high winds predicts stronger 
accelerations than are observed.

• Dropsonde accelerations are consistent with u* from Powell et 
al. (Nature, 2003) and with CBLAST preliminary results.

• i.e. There is a levelling-off or decline of CD at about 30 m/s.

• Only slight evidence of high-acceleration wind failure.

• Subject to revision!



Can the technique avoid the necessity 
for flying this low?
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