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ABSTRACT The newmethodfor the reconstruction of internal
gravity wave (IGW) parametefrom a single vertical temperature
profile measurement in thieartt atmosphere has been developec
This method does not requi any additional information not
contained in the profile and mae used for the analysis of profiles
measure by various technique. The criterior for the IGW
identification has beeformulatec and argued. In the case when
this criterion Is satisfied, themanalyze temperature fluctuations
can be considered as wawaluce« The method is based on the
analysis of relative amplituddwreshold of the temperature wave
field and on the linear IGWsaturatiol theory in which amplitude
thresholds are restricted lmynamica (shear) instability processes
In the atmosphere. When tlaenplitude of an internal gravity wave
reaches the shear Iinstabilitymit, energy Is assumed to be
dissipated in such a way th#te amplitude is maintained at the
instability limit as the waveropagate upwards.



In order to approbate thenethoc we have used In situ data of
simultaneous balloon highesolutior measurements of the
temperature and wind velocityn the Earth stratosphere (France
where a long-period inertigravity wave has been detected. Usin
the temperature data only, weave reconstructed all the measure
wave parametel with uncertaintie notl largel thar 30%. An
application of the method to thadic occultation data has given the
possibility to identify the IGWin the Earth stratosphere and t
determine the magnitudes dfey wave parameters such as th
Intrinsic  frequency, amplitude of vertical and horizonta
perturbations of the windvelocity, vertical and horizonta
wavelength¢ intrinsic vertica anc horizonta phast (or group
speeds, kinetic and potentiainergy vertical fluxes of the wave
energy and horizontainomentur. The obtained results of internal
wave studies in the Eartbtratosphel deduced fromthe COSMIC
and CHAMP GPS occultatioltemperature profiles have beel
presented and discussed.




Theam of thiswork i1sthe:

1) formulation and argumentation of the identification crite
for a lowfrequency wave which saturates via shear instal
2) development of an analysis technique for determinatio
Intrinsic frequency and other wave parameters from a s
vertical temperature or density prof

3) verification of the developed technigue on the ba:
simultaneousn situ balloon measurements of the tempera
and wind velocity in the Earth’ stratosphere where the satu
iInternal wave has been detec

4) practical application of the proposed technigue on |
occultation retrievals of temperature profiles in the E:
atmosphere.
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THEORETICAL RELATIONSHIPS [Gubenko et al2008]
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Determination of IGW parameters on the basis
of a vertical temperature profile in a planet atmosphere

Raw temperature
versus altitude
profile

!

Determination of the background
temperature profile and the relative
temperature fluctuations amplitude

Derivation of the
vertical profile of
Brunt-Vaisala
frequency

|

Estimation of the dominant
vertical wave number

Evaluation of the relative

amplitude threshold 0

Determination of the IGW
intrinsic frequency

Are the IGW identification
criterion for the amplitude

5| threshold satisfied?

L

YES NO

>
Y
Computation of the
< Coriolis parameter [
(inertial frequency)
>

Determination of other
IGW parameters




DETERMINED IGW PARAMETERS [Gubenko et al2008]
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DETERMINED ENERGY IGW PARAMETERS
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FLUXES OF WAVE ENERGY AND HORIZONTAL
MOMENTUM DUE TO IGW
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For the experimental verificatic of the analysis technique proposed, we
used the results of thesimultaneou temperature and wind velocity
measurements obtained in a higésolutior balloon experiment (ot and
Barat, 1986], where a nearlymonochromati and long-period wave
propagating upward in thstratosphel was identified. Fronall the data,Cot
and Barat[1986] have estimated thmear characteristics of the wave, such as
the vertica anc horizonta wavelengths ratic f /m, vertica anc horizonta
wave-induced velocity amplitudesntrinsic vertical and horizontal phase
speeds, temperature perturbatiamplitude. By using the temperature data
only, we reconstructed the ratide anc other wave parameters. Trable 1we
give observed wave parameterSof and Barat 1986], our reconstruction
results, and relative deviations albserve and reconstructed wave parameters
An comparison between observadc reconstructed wave parameters show
gooc agreemel. It is seel from the value: giver in Table 1 thal the relative
deviations of the reconstructggarametel are not larger than 31%. The best
agreement is found for sucparametel as f /o, ®, W,, [w'| which are
reproduced with relative deviations%. Thus we have shown that reasonabls
estimates of wave characteristics (be obtained frona single temperature
profile in the case when the wavepssitively identified.



Table 1. Summary of observed wave parametCot and Barat,1986]
and those reconstructed from temperature datatifReteviations
between observed and reconstructed wave paranaetersdicate

A,, km|[T'],K T. Kk [N rad/g a, |flo |00, rad: ||cal, mis| DU mis| ),

km| Wy, m/s| W[, m/s

X

Parameters observed Cot and Bara{1986]

10 10 25184 007 = Q88 |/ S 7 38 260 | 0.02C

0.013

Basic parameters for
Parameters reconstructed from temperature
reconstruction

10 [ 101 2315 002 067 086 1 1€ 6.3 4.2 341 | 0.018 0.012

Relative deviations of observed and reconstructed wave parame

= 15 1z 21 2| 2781 812 100 77




ERRORS OF THE RELATIVE AMPLITUDE
THRESHOLD DETERMINATION [Gubenko et al.2008]
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Figure 1. Example of IGWobservation in the middle latitudes of the Earth’s

atmosphere frothe temperaturé (h) profile measured by CHAMP GPS radio

occultation on January 13, 2002. Tcoordinates of sounded region, date o
observation are indicated.



In successive panels éfigure 1, from left to right, are plotted
the altitude profiles oftemperatur¢ normalized temperature
variation, and Brunt-Vaisal&requenc' squaredN 2. The solid line
(left panel) Is the rawemperatur data, and the dotted line Is the
backgroun temperatur profile determine by a leas-square cubic
polynomial curve fit. Based othest raw and background profiles,
we computed thecorrespondin original (solid line) and mean
(dotted line) profiles o 2 (right panel). We used a loywass digital
filter with a cutoff at 2.0 kmto calculate the smoothed profile
(dotted line, middle panel) onormalize( temperature variation
from raw date¢ (solid line, middle panel. The stron¢ wave-like
oscillations of T and N 2 have the dominant vertical wavelength
about 3.2 km, and these goeobably caused by an internal gravity
wave (see IGWbarameters ifdable 2).
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Figure 2. The same as Figure 1, excedrom radio occultation conducted in the
high latitudes of the Earth’s atmosphon January 13, 2002.
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Figure 3. The same as Figure 1, exc from radio occultation conducted in the
high latitudes of the Earth'atmospher on January 17, 2002.
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Figure 4. Example of IGWobservation in the middle latitudes of the Earth’s
atmosphere fronthe temperaturé (h) profile measured by COSMIC GPS radio
occultation on June 12, 200Mescriptior of panels is the same as in Figure 1.



Table 2. Wave parameters found from CHAMP & COSMIC GPS radio occult:

retrievals of temperature profiles in four regions of the F's atmosphere
(Q=7.2910° rad/s is the Earth’s rotation rate). The coordinates of sounded re
time and altitude intervals of observations are indicated. Uncertaintie
determined parameters are also shown if these <

Satellite CHAMP CHAMP CHAMP COSMIC
13.01.2002 | 13.01.200 17.01.2002 | 12.06.2009
IGW 06h O3m UT | 15h 37m U | 15h 27m UT | 23h 17m UT
parameters 37.09 N 67.1¢ N 68.44 N 54.92 N
102.96 E 169.42 E 14.18 W 166.83 E
[15.5:24.0] km| [23.0-27.5] ki |[19.9:26.2] km [28.3-36.0] km
L, km 8.5 4.5 6.4 7
A, kKm 9210 1 1707 21t0 7 2410 ¢
T|,10° rel.un 10.0+ 1.4 4S+1.4 7.8t1.4 12.5t1.4
N2 ,10*rad & 4.35+ 0.64 3.7£+£0.80 4.50t 0.96 5.00t 0.55
a,, rel. un. 0.44+0.14 0.8+0.27 0.50t 0.22 0.45t 0.13
flw,rel. un. 0.96x 0.03 0.% +0.08 0.94+ 0.07 0.96£ 0.03




w, 10~4rad st 0.92+0.03 1.42+0.12] 1.44+0.11] 1.250.04
Tin . hours 19067 12:i16 12106 14.0+ 0.5
tang', rel. un. 800+ 436 434 437+ 353 611+ 319
90°- ¢', deg 0.07+ 0.04 0.13 0.13+0.11 0.09+ 0.05
c|,ms? Bdil7d 6/ cia? i i arqg
U], m <1 16.5+ 4.2 /cize g EAe 137
V], m st 15.9+ 4.3 7.5+ 3.9 e Bl 17.9+ 4.8
c"| 10° ms’ 46.7+10.9 37.6+16.8 48.6:16.4 67.5:16.0
W[, 103 m st 20.7+8.6| 18.1+14.0 24.514.8 30.6:12.1
A, km 2560+ 1260  727+680 927+ 684 2080+ 970
Chlns 3.0+1.4 1.6+ 1.4 2.4+ 1.6 3.6+ 1.6
Cy|,10° ms’ 3.8+2.7 3.74 5.5 5.8+ 3.9
E., m?s? 5.5+ 1.8 1.5+0.C 33+1.4 7.E5+1.C
E, més2 137+70 30.6+29.8 57.3:43.0 175+ 89
p= E,/E_ rel.un.| 23.7+15.0 19.20 16.6+15.2] 22.313.2
F,J, m3s3 413+ 286 50 138 621+ 417
FJ, més3 0.52+ 0.46 0.12 0.32 1.02+0.86
Fod, mPs? 0.17+0.08 0.07+0.06§ 0.130.09 0.29:0.13




CONCLUSIONS

1.The new method for the determination of IGW parameters from a -
vertical temperature or density profile measurement in a plandétaogphere
has been developed. This method does not require any additional infor
not contained in the profile and may be used for the analysis of pi
measured by various techniques.

2.The criterion for the IGW identification has been formulated and argu
the case when this criterion is satisfied then analyzed tempeoatdensity
fluctuations can be considered as winduced.

3. The experimental verification of the analysis technique proposed was
by using the results of simultaneous temperature and wind vein situ
measurements obtained in a higisolution balloon experimerCot and Barat
1986], where a nearly monochromatic and -period wave propagating
upward in the stratosphere was identified. Using the temperature dateve
reconstructed all the measured wave parameters with uncertawmttiasger
than 30%.



4.The suggested method is most effective in the case of low intringic
frequencies when the experimentally determined amplitude threa,
appreciably differs from unity.

5.The analysis of radio occultation data on the basis of proposed methc
the possibility to identify the IGW in the Earth’s atmosphere and &rmate
the magnitudes of key wave parameters such as the intrinsic frec
amplitudes of vertical and horizontal perturbations of the wind velocitycaE
and horizontal wavelengths, intrinsic vertical and horizontal phase (or ¢
speeds, kinetic and potential energy, vertical fluxes of the wave ener
horizontal momentum.

REFERENCES

Cot, C., and J. Barat (1986), Wattgbulence interaction in the stratosphere: A cisdy,
J. Geophys. Re91(D2), 2749-2756.

Gubenko, V.N., A.G. Pavelyev, and VAndreev (2008 Determination of the intrinsic
frequency and other wave parameters from a sirggkecal temperature or dens
profile measuremend, Geophys. Resl13(D08109), doi: 10.1029/2007JD008920.



