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ABSTRACT The newmethod
gravity wave (IGW) parametersfrom
profile measurement in theEarth
This method does not require
contained in the profile and maybe
measuredby various techniquesmeasuredby various techniques
identification has beenformulated
this criterion is satisfied, thenanalyzed
can be considered as wave-induced
analysis of relative amplitudethresholds
field and on the linear IGWsaturation
thresholds are restricted bydynamical
in the atmosphere. When theamplitude
reaches the shear instabilitylimit,
dissipated in such a way thatthe
instability limit as the wavepropagates

for the reconstruction of internal
from a single vertical temperature

Earthatmosphere has been developed.
any additional information not

beused for the analysis of profiles
techniques. The criterion for the IGWtechniques. The criterion for the IGW
formulatedand argued. In the case when

analyzedtemperature fluctuations
induced. The method is based on the

thresholdsof the temperature wave
saturationtheory in which amplitude

dynamical(shear) instability processes
amplitudeof an internal gravity wave

limit, energy is assumed to be
the amplitude is maintained at the

propagatesupwards.



In order to approbate themethod
simultaneous balloon high-resolution
temperature and wind velocityin
where a long-period inertia-gravity
the temperature data only, wehave
wave parameterswith uncertaintieswave parameterswith uncertainties
application of the method to theradio
possibility to identify the IGW
determine the magnitudes ofkey
intrinsic frequency, amplitudes
perturbations of the wind velocity,
wavelengths,intrinsic vertical andwavelengths,intrinsic vertical and
speeds, kinetic and potentialenergy,
energy and horizontalmomentum
wave studies in the Earthstratosphere
and CHAMP GPS occultation
presented and discussed.

method we have used in situ data of
resolution measurements of the

in the Earth stratosphere (France)
gravity wave has been detected. Using

havereconstructed all the measured
uncertainties not larger than 30%. Anuncertainties not larger than 30%. An

radio occultation data has given the
in the Earth stratosphere and to

key wave parameters such as the
amplitudes of vertical and horizontal

velocity, vertical and horizontal
and horizontal phase (or group)and horizontal phase (or group)

energy, vertical fluxes of the wave
momentum. The obtained results of internal

stratospherededuced fromthe COSMIC
temperature profiles have been



The aim of this work is the:
1) formulation and argumentation of  the identification criterion 
for a low-frequency wave which saturates via shear instability;
2) development of an analysis technique for determination the 2) development of an analysis technique for determination the 
intrinsic frequency and other wave parameters from a single 
vertical temperature or density profile;
3) verification of the developed technique on the base of 
simultaneous in situballoon measurements of the temperature 
and wind velocity in the Earth’ stratosphere where the saturated 
internal wave has been detected;internal wave has been detected;
4) practical application of the proposed technique on  radio 
occultation retrievals of temperature profiles in the Earth’ 
atmosphere.
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For the experimental verification
used the results of thesimultaneous
measurements obtained in a high-resolution
Barat, 1986], where a nearlymonochromatic
propagating upward in thestratosphere
and Barat[1986] have estimated themean
the vertical and horizontal wavelengths,the vertical and horizontal wavelengths,
wave-induced velocity amplitudes,intrinsic
speeds, temperature perturbationamplitude
only, we reconstructed the ratiof /ω and
give observed wave parameters [Cot
results, and relative deviations ofobserved
An comparison between observedand
good agreement. It is seenfrom the valuesgood agreement. It is seenfrom the values
deviations of the reconstructedparameters
agreement is found for suchparameters
reproduced with relative deviations 10%
estimates of wave characteristics can
profile in the case when the wave ispositively

of the analysis technique proposed, we
simultaneous temperature and wind velocity

resolution balloon experiment [Cot and
monochromatic and long-period wave

stratospherewas identified. Fromall the data,Cot
meancharacteristics of the wave, such as

wavelengths,ratio f /ω, vertical and horizontalwavelengths,ratio f /ω, vertical and horizontal
intrinsic vertical and horizontal phase

amplitude. By using the temperature data
andother wave parameters. InTable 1we

and Barat, 1986], our reconstruction
observedand reconstructed wave parameters.

and reconstructed wave parameters shows
valuesgiven in Table1 that the relativevaluesgiven in Table1 that the relative

parametersare not larger than 31%. The best
parametersas f /ω, ω, W

Φ
, |w'| which are

%. Thus we have shown that reasonable
be obtained froma single temperature

positivelyidentified.



λz, km |T'|,K K N, rad/s ae f /ω ω⋅⋅⋅⋅104,  rad/s

Table 1. Summary of observed wave parameters [
and those reconstructed from temperature data. Relative deviations 
between observed and reconstructed wave parameters are indicated

,T

Parameters observed by 

1.0 1.0 231.5 0.02 − 0.8 1.25

Basic parameters for 

reconstruction
Parameters reconstructed from temperature data

1.0 1.0 231.5 0.02 0.67 0.86 1.16

Relative deviations of observed and reconstructed wave parameters, %

− 7.5 7.2

,  rad/s |c-ū|, m/s u′, m/s λx, km WΦ, m/s |w'|, m/s

Summary of observed wave parameters [Cot and Barat,1986] 
and those reconstructed from temperature data. Relative deviations 
between observed and reconstructed wave parameters are indicated

Parameters observed by Cot and Barat[1986]

1.25 5.2 3.3 260 0.020 0.013

Parameters reconstructed from temperature data

1.16 6.3 4.2 341 0.018 0.012

Relative deviations of observed and reconstructed wave parameters, %

7.2 21.2 27.3 31.2 10.0 7.7
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Figure 1. Example of IGWobservations
atmosphere fromthe temperatureT (h) profile
occultation on January 13, 2002. The
observation are indicated.

observationsin the middle latitudes of the Earth’s
profile measured by CHAMP GPS radio
coordinates of sounded region, date of



In successive panels ofFigure
the altitude profiles of temperature,
variation, and Brunt-Vaisalafrequency
(left panel) is the rawtemperature
backgroundtemperatureprofile determinedbackgroundtemperatureprofile determined
polynomial curve fit. Based onthese
we computed thecorresponding
(dotted line) profiles ofN 2 (right
filter with a cutoff at 2.0 kmto
(dotted line, middle panel) ofnormalized
from raw data (solid line, middlefrom raw data (solid line, middle
oscillations ofT and N 2 have the
about 3.2 km, and these areprobably
wave (see IGWparameters inTable

Figure1, from left to right, are plotted
temperature, normalized temperature
frequencysquaredN 2. The solid line

temperaturedata, and the dotted line is the
determinedby a least-squarescubicdeterminedby a least-squarescubic
theseraw and background profiles,

correspondingoriginal (solid line) and mean
panel). We used a low-pass digital

to calculate the smoothed profile
normalized temperature variation

middle panel). The strong wave-likemiddle panel). The strong wave-like
the dominant vertical wavelength

probablycaused by an internal gravity
Table2).



Figure 2. The same as Figure 1, except
high latitudes of the Earth’s atmosphere

from radio occultation conducted in the
on January 13, 2002.



Figure 3. The same as Figure 1, except
high latitudes of the Earth’satmosphere

from radio occultation conducted in the
atmosphereon January 17, 2002.



Figure 4. Example of IGWobservations
atmosphere fromthe temperatureT (h) profile
occultation on June 12, 2009.Description

observationsin the middle latitudes of the Earth’s
profile measured by COSMIC GPS radio

Descriptionof panels is the same as in Figure 1.



Satellite CHAMP CHAMP

Table 2. Wave parameters found from CHAMP & COSMIC GPS radio occultation 
retrievals of temperature profiles in four regions of the Earth
(W=7.29ÿ10-5 rad/s is the Earth’s rotation rate). The coordinates of sounded regions, 
time and altitude intervals L of observations are indicated. Uncertainties of 
determined parameters are also shown if these < 100%

IGW
parameters

13.01.2002
06h 03m UT

37.09° N
102.96° E

[15.5÷24.0] km

13.01.2002
15h 37m UT

67.18
169.42

[23.0÷27.5] km

L, km 8.5
λ , km 3.2± 0.7 1.λz, km 3.2± 0.7 1.

10.0± 1.4 4.9
4.35± 0.64 3.75

ae, rel. un. 0.44± 0.14 0.48 
f /w, rel. un. 0.96 ± 0.03 0.95 

3,10 rel.un.T −⌢

2 4 2 -2,10 rad smedN −

CHAMP CHAMP COSMIC

Wave parameters found from CHAMP & COSMIC GPS radio occultation 
retrievals of temperature profiles in four regions of the Earth’s atmosphere 

rad/s is the Earth’s rotation rate). The coordinates of sounded regions, 
of observations are indicated. Uncertainties of 

determined parameters are also shown if these < 100%

13.01.2002
15h 37m UT

67.18° N
169.42° E

27.5] km

17.01.2002
15h 27m UT

68.44° N
14.18° W

[19.9÷26.2] km

12.06.2009
23h 17m UT

54.92° N
166.85° E

[28.3÷36.0] km

4.5 6.3 7.7
1.7 ± 0.7 2.1± 0.7 3.4± 0.81.7 ± 0.7 2.1± 0.7 3.4± 0.8
4.9± 1.4 7.8 ± 1.4 12.5± 1.4

3.75± 0.80 4.50 ± 0.96 5.00± 0.55
8 ± 0.27 0.50± 0.22 0.45± 0.13
5 ± 0.08 0.94± 0.07 0.96 ± 0.03



w, 10-4 rad s-1 0.92 ± 0.03 1.4
T in , hours 19.0 ± 0.7 12.3
tan j', rel. un. 800 ± 436
90°- j', deg 0.07± 0.04

37.4± 17.3 16.4
|u'|, m s-1 16.5± 4.2 7.9

1,msin
phC −

|u'|, m s 16.5± 4.2 7.9
|v'|, m s-1 15.9± 4.3 7.5

46.7± 10.9 37.8
|w'|, 10-3 m s-1 20.7± 8.6 18.1
λh, km 2560 ± 1260 727

3.0± 1.4 1.6
3.8± 2.7

Ep, m2s-2 5.5± 1.8 1.5

3 1,10 msin
pzC − −

1,msin
ghC −

3 1,10 msin
gzC − −

Ep, m s 5.5± 1.8 1.5
E, m2s-2 137 ± 70 30.8
p= Ek /Ep, rel.un. 23.7± 15.0
|Fh|, m3s-3 413± 286
|Fz|, m3s-3 0.52± 0.46
|Fph|, m2s-2 0.17± 0.08 0.07

1.42 ± 0.12 1.44± 0.11 1.25 ± 0.04
12.3± 1.0 12.1 ± 0.9 14.0± 0.5

434 437 ± 353 611± 319
0.13 0.13± 0.11 0.09± 0.05

16.4± 14.2 21.2± 14.3 41.3± 18.1
7.9± 3.8 10.7± 4.0 18.7± 4.87.9± 3.8 10.7± 4.0 18.7± 4.8
7.5± 3.9 10.1± 4.1 17.9± 4.8

37.8± 16.8 48.6± 16.4 67.5± 16.0
18.1± 14.0 24.5± 14.8 30.6± 12.1
727± 680 927± 684 2080 ± 970
1.6± 1.4 2.4± 1.6 3.6 ± 1.6

3.74 5.5 5.8± 3.9
1.5± 0.9 3.3 ± 1.4 7.5± 1.91.5± 0.9 3.3 ± 1.4 7.5± 1.9

30.8± 29.8 57.3± 43.0 175± 89
19.2 16.6± 15.2 22.3± 13.2

50 138 621± 417
0.12 0.32 1.02± 0.86

0.07± 0.06 0.13± 0.09 0.29 ± 0.13
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