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Abstract This paper utilizes horizontal velocity data with a high resolution of 25 m and tempera-
ture data with a low resolution of 1 kin measured during the MAP/WINE and MAC/SINE campaigns
to study seasonal variation of gravity wave spectrum near the polar mesopause. Direct measurement
of the temperature allows accurate calculation of the spectral amplitude and Richardson number. Re-
sults show that there is considerable variability in the slope and amplitude of the vertical wavenumber
spectra of the horizontal velocity near the polar mesopause, which is not consistent with the pre-
dictions of various saturation models and the universal vertical wavenumber spectrum. However,
the mean vertical wavenumber spectra reveal a significant seasonal variation: the mean spectrum
in summer has saturated features, whereas the mean spectrumn in winter has unsaturated features.
This implies that the saturation processes are present in summer rather than in winter. Enhanced
turbulence layer can therefore be expected to occur in summer compared to winter. This result is

in rough agreement with the seasonal variation of turbulent energy dissipation rates. Richardson
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number Ri calculated from Brunt-Viisald frequency N and horizontal wind shear S also reveals

seasonal difference: dynamically unstable regions of Ri smaller than 1/4 are observed in summer,

whereas stable regions of Rilarger than 0.4 are observed in winter. These unstable regions are found

to associate well with the summer spectrum, whereas stable regions are found to associate well with

the winter.

Key words Chaff measurement, Gravity wave spectrum, Seasonal variation, Dynamical instability,
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Table 1 Summary of the Chaff rocket flights

KRS H¥FEedE /UT SR AETEF /km
MAP/WINE campaign in 1984
M-C05 2052 06 January 89.9—77.0
M-C06 2210 06 January 84.1--78.7
M-Co7 2018 13 January 86.7—78.0
M-Co08 1131 21 January 83.8—T72.5
M-C09 1308 21 January 81.4—72.2
M-C10 1349 21 January B4.7—80.3
M-C11 1731 31 January B5.7—72.9
M-C12 1920 31 January 84.9—72.6
M-C13 0216 09 February 87.9—77.6
M-Cl14 0151 10 February 84.8—T71.8
M-C15 0420 10 February 84.3—T71.5
M-C17 1238 18 February 86.0—76.5

MAC/SINE campaign in 1987

S-C02 1230 22 June 82.7—-74.3
S-Co4 1120 24 June 92.0—82.5
5-C05 1153 24 June 93.0—80.1
5-C07 1240 24 June 94.6—82.4
5-Co8 1333 24 June 95.6—83.9
5-C09 1127 26 June 93.3—81.0
5-C11 1244 26 June 94.0—82.5
5-C12 1336 26 June 85.1—80.0
5-C13 2128 01 July 93.9—83.0
S-C14 2215 01 July 76.8—70.5
5-C15 2334 01 July 92.8—87.3
5-C17 0852 14 July 92.8—80.0
5-C18 0943 14 July 94.4—81.6
5-C19 1019 14 July 79.5—66.8
5-C21 1203 14 July 93.1—80.3
S-C23 1306 15 July 94.8—83.6
S-C24 2030 15 July 93.8—79.5
S-C25 2117 15 July 94.8—83.5
5-C26 2201 15 July 94.7—81.9
5-C27 2230 15 July 93.7—80.5
S-C28 2254 15 July 90.8—80.5
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Table 2 Spectral slope and amplitude obtained
from 21 Chaff rockets during the MAC/SINE campaign
KkFEE AR RE/(mPs?) | kEEES MR RE /(mdsm?)
S-C02  —2.04 2.23 x 104 S-C04  -2.75 1.08 x 10°
S-C05 -3.13 1.37 x 10° 5-Co7 —-3.47 3.91 x 104
§-Co8 —-3.40 1.10 x 10% S-Co9 —-3.48 3.45 x 10*
$-Cl11 —-3.12 5.07 x 10° S-C12 -3.25 8.99 x 104
8-C13  —3.70 5.30 x 10% S-Cc14  —2.97 2.22 x 10°
S-C15 ~3.28 1.40 x 10° S-C17 —2.75 2.03 x 10%
S-C18 -2.47 1.97 x 10% S-C19 ~2.44 4.56 x 10°
S-c21 3.8 9.53 x 10% S-C23  —2.68 3.69 x 10°
S-C24 -3.11 4.24 x 10* 8-C25 ~2.94 7.07 x 10°
5-C26  —343 1.25 x 10° S-c27 —~2.89 6.82 x 10%
S-C28  —2.85 1.70 x 10°
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Fig.3 21 vertical wave number spectra of the
horizontal velocity (a) and their mean spectrum (b)
measured during the MAC/SINE campaign. The
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N? =59 x 107*rad?/s? and f = 202 sin69°
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Table 3 Spectral slope and amplitude obtained

from 12 Chaff rockets during the MAP/WINE campaign

AHHES MR RE /(m%s7?) || KRS B bl /(m®>-s?)
M-C05  —3.16 1.37 x 10° M-C06  —2.62 3.45 x 10%
M-CoT  -2.73 3.52 x 10° M-C0o8  —2.44 1.83 x 10°
M-C09  —1.99 2.20 x 10° M-C10  —2.00 1.18 x 104
M-C11  —2.04 5.33 x 10* M-C12  -2.55 1.10 x 108
M-C13  —2.56 5.62 x 10% M-C14  -2.25 3.73 x 10°
M-Cl5 —2.11 4.77 % 10° M-C17  —2.83 7.31 x 104
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