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Introduction

1. A historical survey of the use of radiosondes to study gravity waves with 
application to SPARC gravity wave initiatives

2. Focus on two SPARC initiatives: 1990-2005

3. What do radiosondes measure? Limitations and potential for bias

4. Some new ways to study GW using radiosondes
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High Resolution Radiosonde Observations: I

• From 1991 the Australian Bureau of Meteorology started to record and archive data at 10-sec (~50 m) 
intervals

• Limitation: temperature-only for most stations
• Radar and VLF DigiCora wind tracking available from some stations
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High Resolution Radiosonde Observations: II

• Temperature spectra compared with theoretical spectra.
• General m-3 spectral slopes at high wavenumbers
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Use of Wind Data I: 
‘Borrowing from the Oceanographers’

• Leaman and Sanford (Vertical energy propagation of inertial waves, 
JGR, 1975): 

• Sense of rotation of wave motions with increasing depth gives 
direction of group (energy) propagation.

• Near inertial motions are elliptical 
• Sense of rotation with height gives direction of propagation 

in the vertical
• Axial ratio gives ⁄"𝜔 𝑓
• 180° directional ambiguity in horizontal resolved using 

temperature profile
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Use of Wind Data II

• Application to standard radiosonde observations taken 
near Melbourne by Thompson (1978)

• Counter-clockwise (CCW) motions dominate with 
increasing height

• Denotes upward energy propagation in the SH



7

Use of Wind Data III: Stokes Parameters

• Other developments:
o Application to rocketsonde observations in stratosphere (Hirota and Niki, JMSJ, 1985)
o Use of Stokes Parameters technique to statistically quantify wave field (Vincent and 

Fritts, JGR, 1987)
o Eckermann (1995) provides relationship of Stokes Parameters to other spectral 

techniques
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Hamilton and Vincent (EOS, 1995)

• Position paper that outlined advantages of using high-resolution radiosonde data 
to study gravity waves

• Urged other meteorological agencies to archive high-resolution data
• Led to the start of the SPARC project on use of radiosonde data to study GW
• Temperature-only data gives incomplete picture of GW activity

Eos, Vol. 76, No. 49, December 5, 1995 

E O S , T R A N S A C T I O N S , A M E R I C A N G E O P H Y S I C A L U N I O N 

EOS 
VOLUME 75 NUMBER 49 

DECEMBER 5,1995 

PAGES 609-616 

High-Resolution Radiosonde 
Data Offer New Prospects for 
Research 
PAGES 497, 506-407 

Kevin Hamilton and Robert A. Vincent 

Until recently, the world's various na-
tional meteorological services routinely 
discarded high-resolution data from their op-
erational balloon soundings, saving only 
data at the standard levels that are required 
to be sent over the Global Telecommunica-
tion System for use in real-time weather 
forecasting. In the last few years this situation 
has begun to change, and a few countries 
now archive data at quite high vertical resolu-
tion (-100 m spacing or less). These 
high-resolution data provide important infor-
mation on the dynamics of the upper 
troposphere and lower stratosphere, notably 
in characterizing aspects of the internal grav-
ity wave field in this part of the atmosphere. 
Given the importance of parameterizing grav-
ity wave effects in numerical climate 
simulation models [e.g.,McFarlane, 1987; 
Garcia andBouille, 1994], this is an area of 
considerable practical significance. In addi-
tion, data assimilation and numerical 
weather forecasting stand to benefit from the 
availability of high-resolution data. 

Global data sets of historical balloon 
soundings such as those held at the U.S. Na-
tional Climate Data Center (NCDC) or 
National Center for Atmospheric Research 
are typically available at about 15 levels from 
the surface to -30 km [e.g., Jenne, 1975]. The 
raw data from most current radiosonde sys-
tems, by contrast, are produced at very high 
resolution, typically every few seconds of as-
cent (equivalent to a few tens of meters in 
the lower stratosphere). With current data 
storage technology, the cost of archiving the 

Kevin Hamilton, Geophysical Fluid Dynamics 
Laboratory/NOAA Princeton University P.O. 
Box 308 Princeton N.J.; Robert A. Vincent, 
Department of Physics, University of Adelaide, 
Adelaide, Australia 

full raw data from the world-wide radiosonde 
network should be modest, and indeed some 
agencies have begun to archive the high-reso-
lution temperature and wind data. In 1991 
the Australian Bureau of Meteorology (ABM) 
began archiving their temperature soundings 
at 10s (-50 m) resolution for all 36 stations 
operated by the Bureau in Antarctica and sev-
eral islands as well as on the Australian 
mainland. 

Horizontal wind observations, smoothed 
to an effective 500-m resolution, are archived 
for some selected sites, and archiving for all 
other stations is being phased in. Also since 
1991 the United Kingdom Meteorological Of-
fice has been archiving 2-s data from its 
operational soundings at 12 stations. High-
resolution archiving of radiosonde data 
started in 1994 at several stations in France. 
In April 1995 the U.S. National Weather Serv-
ice (NWS) began routinely saving the 6-s raw 
data from its 95 nationwide radiosonde sta-
tions; the availability of these data from a 
wide longitudinal band in the tropics is espe-
cially welcome. The U.S. observations are 
made available to the full community 
through the NCDC. For information, contact 
the NCDC, Federal Building, 151 Patton Ave., 
Asheville, NC 28801-5001, tel. 704-271-4800. 
The trend in this recent history is clear, and 
in the future one can anticipate wider avail-
ability of the raw ("native-resolution") 
radiosonde data. In addition, the use of 
global positioning technology will enable 
more accurate and higher resolution wind 
data to be obtained from operational sound-
ings. The operational radiosonde network 
will become increasingly valuable for mete-
orological research as such data become 
available over the next few years. 

Determination of Gravity W a v e 
Characteristics 

High-resolution radiosonde observations 
can be exploited to study gravity waves. Alien 
and Vincent [1995] used high-resolution ra-
diosonde temperature data from 18 stations 
in the ABM network to investigate gravity 
wave activity in the troposphere and lower 
stratosphere. They considered the effects of 
sensor lag on the temperature soundings and 
concluded that the effective vertical resolu-
tion of the data is only slightly coarser than 
the -50-m resolution at which it is archived. 
Figures la and lb show a typical temperature 
sounding at 50-m resolution. Much of the 
small-scale structure clearly would be lost if 
only the data at the usual mandatory and sig-
nificant levels were retained. Allen and 
Vincent find that the most prominent fluctua-
tions in the temperature observations at each 
station are reasonably interpreted as inertia-
gravity waves with periods of the order of 
several hours. Particularly striking are the 
small vertical wavelengths (-1-3 km) that 
seem to dominate the gravity wave field. Al-
len and Vincent used the amplitude of the 
temperature fluctuations at each station to 
characterize the seasonal cycle of the energy 
density associated with the gravity waves, 
and then plotted variations in wave energy 
over a broad latitude range. Results for the 
lower stratosphere (17-24 km) are shown in 
Figure lc. The Southern Hemisphere lower 
stratosphere clearly experiences significant 
seasonal and latitudinal variations in gravity 
wave activity. In particular, a maximum in en-
ergy density occurs at low latitudes from 
December through February, while energies 
over southern Australia maximize in winter. 
This suggests that latitudinal differences in 
wave sources are associated with the in-
creased incidence of fronts and jet streaks 
over southern Australia in winter. 

More recent research on the ABM data set 
has produced promising results using the 
horizontal wind observations. Vertical pro-
files of horizontal wind provide information 
about gravity wave propagation in both the 
vertical and horizontal. For example, the rota-
tion of the wind vector with height indicates 
the direction of vertical propagation. Anticy-
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SPARC GW Initiatives

Radiosonde Project
• April 1996, Santa Fe: GW meeting
• Dec 1996, Adelaide: SPARC SSG 
• May 1997, Victoria BC: GW   

workshop 
• Nov 1997, Pt Jefferson: SPARC SSG
• June 1998, Boulder: Planning 

meeting
• July 1999, Abingdon: Two-day 

workshop

CEGWE
• May 1995: Proposal for Convective 
Excitation of GW Experiment, 
ALOHA workshop, Lanai
• April 1996, Santa Fe: Proposed to 

SPARC SSG
• Dec 1996: Further discussions, 

Melbourne/Adelaide
• Dec 1997: Full endorsement by 

SPARC SSG
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Radiosonde Initiative Workshop 15-16 July 1999
Cosner’s House, Abingdon, UK

Joan Alexander (USA)
Mark Baldwin (USA)
HyeYeong Chun (Korea)
Andreas Doernbrak (Germany)
Tom Duck (Canada)
Marvin Geller (USA)
Lesley Gray (U. K.)
Christian Haeberli (Austria)
Kevin Hamilton (USA)
David Karoly (Australia)
Tobias Kerzenmacher (U. K.)

Rigel Kivi (Finland)
Bryan Lawrence (New Zealand)
Stephen Mobbs (U. K.)
Kaoru Sato (Japan)
Atsushi Shimizu (Japan)
Kathrin Shulz-Scullhammer (Germany)
Werner Singer (Germany)
Bob Vincent (Australia)
Jim Whiteway (U.K.)
Y. Yoshiki (Japan)

Participants
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Radiosonde Initiative Workshop 15-16 July 1999
Topics: I

Height Coverage

• Height coverage 7-km in lower 
stratosphere mean level ~100 hPa

• Tropopause analysis: Hoinka 
(MWR, 1998)

Background Removal

• 2nd order polynomial to remove background 
wind and temperature
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Radiosonde-Initiative Workshop 15-16 July 1999:
Topics and Products

• Quality control
• Height averaging intervals
• Spatial and temporal intermittency
• Problems with dealing with different wind measuring 

techniques 
• Radar tracking (RDF)
• OMEGA navigation system

• GW horizontal wavelengths
• Phase velocities
• Momentum fluxes (?)
• Vertical velocity wind perturbations derived 

from variability is ascent rates
• Suite of IDL programs for common data 

analysis

“Participants are encouraged to produce these products, although it is realised that the results 
are based on assumptions that may not be valid and are still the subject of research.”
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Radiosonde-Initiative : Some Stratospheric Results

KE

PE

Examples of outcomes: Wang and Geller (2003)
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CEGWE/Darwin Area Experiment (DAWEX)
• Focus on HECTOR events

§ Strong convective events forced by island sea breeze convergence

• Three campaigns: October, November and December 2001 during build up to monsoon

• Multiple instruments in Darwin area and across Australia

• Results published in JGR Special Section 2004 (seven papers)

DAWEX overview: 
(H04) Hamilton, Vincent and May, Darwin Area Wave Experiment (DAWEX) field campaign to study gravity 

wave generation and propagation, JGR, 109, 2004

Radiosonde observations:
(T04) Tsuda et al: Characteristics of gravity waves with short vertical wavelengths observed with radiosonde 

and GPS occultation during DAWEX (Darwin Area Wave Experiment), JGR, 109, 2004

GW Generation:
(A04) Alexander et al., Gravity waves generated by convection in the Darwin area during the Darwin Area 

Wave Experiment, JGR, 109, 2004
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Some DAWEX Outcomes

Radiosonde launch sites and
C-Pol radar coverage (H04)

Height variations of energy (T04)

C-Pol reflectivities IOP 2 (H04)

Model GW instantaneous w’ 17/11/2004 (A04)
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What do Radiosondes Actually Measure?
Biases in GW Vertical Wavelength: I

<latexit sha1_base64="Ir3lOusKPBlLqtXbtA/u9L6lPlk="></latexit>

• How accurate are GW vertical wavelengths derived from

radiosonde observations?

• Sondes ascend with a speed wb ⇠ 5ms
�1

• Wave fronts move (descend) with vertical phase speed, ĉz

• In general, there is a horizontal wind (U, V )

• Measured vertical wavelength, �0
z, di↵erent to actual wavelength, �z

• Problem considered by:

– Gardner and Gardner (JGR, 1993)

– de la Torre and Alexander (JAMC, 1996)

– Guest et al. (JAS, 2000)
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What do Radiosondes Actually Measure?
Biases in GW Vertical Wavelength: II

λz´ = wbt´

  t = 0

t = t´

Z

x

λz

(φ = 0)

(φ = 2π)

U

wb

⦿

V m

k
⦿l
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• Assume uniform horizontal wind (U(x), V (y))

• In an intrinsic reference frame, the apparent vertical wavelength is
�0
z = wbt0

• �0
z =

⇣
wb

wb+|ĉz|

⌘
�z

• For �0
z ⇡ �z require ĉz

wb
⌧ 1 (Guest et al., 2000)

• i.e. need ĉz
wb

< 0.1
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What do Radiosondes Actually Measure?
Biases in GW Vertical Wavelength III
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<latexit sha1_base64="6wV26c0ubp61zPmskStEHy6mC5U=">AAACF3icbZDLSgMxGIUz9VbrrepON8EiuCozxXrZFdy4rGAv0A4lk/5tQzPJkGRaylDwNXwBt/oG7sStS1/A53BmWsFaDwQO5+TP5fMCzrSx7U8rs7K6tr6R3cxtbe/s7uX3D+pahopCjUouVdMjGjgTUDPMcGgGCojvcWh4w5ukb4xAaSbFvZkE4PqkL1iPUWLiqJM/cmw89LH0NKhRmhGOx0x05biTL9jF60Rl7BTtVMumgOaqdvJf7a6koQ/CUE60bjl2YNyIKMMoh2muHWoICB2SPrRiK4gP2o3SP0zxaZx0cU+qeAmD0/T3RDQAPgKzcEpEfK0nvhdP+8QM9N8uCf/rWqHpXbkRE0FoQNDZ5b2QYyNxAgl3mQJq+CQ2hCoWvx/TAVGEmhhlLgUzx7BsfsDUS0Xnoli+KxUq53NEWXSMTtAZctAlqqBbVEU1RNEDekLP6MV6tF6tN+t9tjVjzWcO0YKsj2+spp/7</latexit>

10 km observational window

<latexit sha1_base64="OvsZlbsq7habxHlR/ihtiuIVvxU="></latexit>

Ucrit ⇠ 20ms�1
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Another Way to Analyse Sonde Observations?
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Use S-transforms to decompose wind and temperature height profiles

<latexit sha1_base64="IjGGSuNaU4J4cSA3YWv/73TtbGM="></latexit>

Data for June-July Fairbanks, Alaska
u = �5ms�1

v = 0.5ms�1
Sonde: 00 UT 1 June 2010 

Fairbanks, Alaska

Table 1

Parameters Mode 1 Mode 2 Mode 3 Mode 4

0.60 1.11 0.30 0.19

0.27 0.26 0.30 0.07

6.3 3.6 1.9 1.0

1.42 2.3 1.74 3.6

1.9 3.0 2.2 4.7

-2.8 4.6 0.8 2.8

0.5 -0.7 1.4 1.4

0.25 0.34 0.13 0.28

169 312 62 26

918 279 215 45

u′ 2 (m2s−2)

v′ 2 (m2s−2)

ω̂ × 104 (s−1)

u′ w′ × 103 (m2s−2)

v′ w′ × 103 (m2s−2)
ρo |U′ w′ | (mPa)
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λz (km)

θ (deg)
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SPARC SSG Buenos Aires December 2000


