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OROGRAPHIC DISTURBANCES OF UPPZR ATMOSPHERE EMISSIONS
N. N. Shefov and N, N. Pertsev

Institute of Physics of the Atmosphere
Academy of Scicnces
Moscow, USSR

APSTRACT

There are some increases of the temperature of the hydroxyl emission (a1 ~
20 K, z v 90 kn) and of the intensity of the 6300 oxygen eaissioa (AI/I ~ 20
per cent, z ~ 250 kn) for the lee of the mountains at digtances about 150 ka in

the case of the latitudinal direction of the wind (U~10 m/s) at the 3000 =
level.

Airflow motions over mountains may be one of the possible processes of
gencration of wave disturbances penetrating into the upper atmosphere (JINES,
1974; LINDZEN, 1971), The purpose of this paper is to study the penetvation of
orographic disturbances into upper atmosphere. Airplane measurements of
emission variations of hydroxyl and atomic oxygen 6300 A near the Northcrn Ural
pountains were made. Several nocturnal flights have been carried out in March,
1980 end January - February, 1981 at heights about 300C w along 64° northern
1atitude in the Ural region. Spectrographs SP-48 with electronic image
converters registration for Ox ((9,4) and (5,1) bands - 7700 - 8100 A) and 01
(6300 A) cmissions were used. The zenith region was observed, and exposure time
wvae 2 minutes. This corresponds to avecaging of the emission inzensities along
the airplane trace over a distance of 10 km. Simultancous measurenents of
s atmospheric temperature variations at the flight altitude have also beer made. .
! R Data during 13 nights were obtaired. The direction of wind was west to east :

during 5 nights, ec3t to west during 4 nights, and nearly meridional during the

. rest of the cases, During some nights otservations were disturbed and blended
. by aurora. These data were withdrawwm,

In Figure 1 mean variations of the increments of hydroxyl enission

R rotational temperature T, o and relative intensity of oxygen emission 6300 A

for meridional and latitugxnal wind directions are shown. A distinct increase
of hydroxyl emission temperature (maximum intensity level is about 85-90 km) and
of oxygen emission intensity (maximum intensity level is about 250-270 kn) is .
clearly secn in the lee of the mounteins at distances up to 300 km, There are .
wave disturbances in the atmospheric temperature with wavelengths at ut 10-50 km

and amplitudes up to 0.4 K in the cage cf latitudinal direction of tne wird at
3000 m level.
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A comparison of various characteristics of the lower and upper atmospheric
parsmeters of the measured data is shown in Figure 2. Circles represent the
1980 data, and dots those for 198l. It should be cmphasized that numbers of
dots and circles are not the same on all figures as for several flights there
are no simultancous data of hydroxyl and oxygen emissions,

Figure 2 shows that there are some connections between proceases at the
various altitudes. The horizontal distances, Xq and x250' of the maxioun
disturbance of emissions are the same in many cages. However, there are some
data of 1980 (circl~s) when Xgy is greater than Zy5qe At these times oro-
graphic effects were ubserved ?o the west of the aral becase of westward wind.
The observed decreases of the Xz compared to X9 may be explained by an
eastward zonal component of the 2germosphcric uing for this season and diurnal
period (HILLER, 1981; SEMENOV, 1982).
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Figure 1, Hean variatioas of increments of kydrozyl
fotations} tezperature Ty near 90 ko, and relative
inten-ity 1T of the 6300 A OXygea emiszion near
230 k=, in derendence ogn the distarce x from the
Horthern Ura} wountaing along the Ecographie¢ parallel

adout €4 °K) fer varicus vird ditections (stown by
arrovs, U ~ 10 o/s). The verticsl liges 8te error bars,

vind ae the flight sltitude cnd ghe Beasured values of x and X... for the
observed licits of Uy as well 4 correlatione betveen the haifsiﬁlg- of the
Tregions of disturted enissions, 1190 and LXZSO'

tion Cessurenents at the flighe altitude near 3000 m, disterted ty the Doppler
effect causged by sirplane novesenag (vclocity is about 60-90 a/s),

There are stending and Propagating waves jn the wave dioturbuncel, zs
obtained by a harmonic &nalysis of Beasured tine eerjes of temperatures at the
height of 3000 . The existence of 4 standing wvave hae been revealeq froo the
phace coincidence of the waves relative to Rround surfgce during consecutive
flights over the dountaing, Anplitudes ‘T, horizontal vavelengthe V. aad
periods t for the standing waves observed on January 26, 173] in the eastvard
lee of the Bountains are given in Table 1. Scze estirations of corresponding
values of the vertical vavelenéthc A for standing yayeg and slso the group
velocity fonronents C,” and Cz in the ground treten ohtained from the
dispersicn refation ate al50 presanted in Table 1. The vingd velocity wes ]
uls, According ¢ HiNes (1974), wave dicturtances wvith guch pParseters can
Penetrate Up to the BesUpause,
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Figure 2. Cecoparisons of neasured data: X, horizontal
distence of the paximua incrcoents of the upper
stoospheric emission parszeters, X, halfvidth of
disturbed region 4Tgp and &1/1, meen mplitudes,

U vicd velocity zad ‘T teopersture disturbance
explitudes at the 3000w level. Circlee represeat
data of 1680, dots are dets of 1931. Tha crcss

{s the result for the Havaiian lelands, triangles
are the size for Yokoouka (sce the text).

For all these exaaples the horizontal cocponents of the group velocity
C B are directed downvind, the vertical componente C.© are directed up~
wird and their values are almost equal. Such wave disturbances may reach the
pesopsuse within 4~8 hours. \ccording to the mcasuremcents, disturbances in the
upper atmospheric cissions vere observed during the vhole period of night
ceaturements (i.e., about 7 hours usually). The values of vertical energy
fluxee F_ = 5P » fW/2 (4P and &M, beirp emplitudes of pressure and vertical
velocity) for measured temperature eaplitudes LT were conputed ou the basis of
linear theory. The results zre aleo included in Table 1.

It follows from Figure 2 that the values of disturbances at various levels
of the etnosphere depend upon the wvind velocity in the lower stmosphere. One
can note that there is approximate proportionality betveen the temperature
increments, &T,n, at the height cear 90 ka (and also the relative increments
of the 6300 eaission, ~1/I) and the wind velocity, U. Such type of correlation
is in agreement with theoretical estinations of the crographic disturbance
eaplitude in the upper atwosphere (near 90 kn) in certain limits of used pars-
weters (BLANK, 1980).

It is interesting to coupare the obtained reaults wvith the observed data of
the emission behaviour im the vicinity of other sountsin ranges, Hessurcaents
of the spatial distribution of the 6300 emiseion intensity near the Havaii
1elande (ROACH ct al., 1964; ROACH and GORDON, 1973) revealed a stable spot
structure very similar to the geographic structure of these islands, From this
fect Krassovsky suzgested that the observed emission morphology is caused by
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Table 1. Parmeters of four vave trains of stending waves
tor January 26, 1981,
QUAKTITY 1 2 3 4
Period t, Min 12:2 13.5:2.% 194} 234
Horizontal Wavelength 8.5:0.9 9.5°1.0 13.8:1.2 16,3+ 1.7
x? kn
Vertical Wavelength 16.0+0.9 9.2°2,2 7.10.9 6.9:0.8
tpe B '
Horirontal Croup Velocity 7.3:3.3 5.8:2.5 2.9°1.1 2,0.0.9
CE n/s
x
Vertical Croup Velocity 5.5°1 5.8°1 5.0.1 4.3°1
C g. ols
T
Temperature Amplitude 0.05 0.09 0.08 0.08
5T, K
Pressure Anmplitude ‘P, Pa 1 2 2 2
Amplitude of Vertical 0.1 0.2 0.2 0.2

Velocity ‘W, /s

Vertical Flux of Energy 70 200 200 200
Fz. erg/ca’s

orographic disturbances penetrating into the upper atmosphere (SEMENQV et al,,
1981). Suppoeing that the expected zmplitude of such disturbances is propor=
tional to the square of the rmountain height (FLANK, 1980), the data for the
Hawaii mountains (3000, 4000 and 4200 ) after reduction to the altitude (900
n) of the Ural have been represented by a cross in Figure 2, The size of the
CToss corresponds to the uncertainty of the data of the horizontal diceasion of
the observed emission region (ROACH ot al., 1964, 1973), and of the wind in the
troposphere, which was assumed to be equal to the seasonal mean for this geo=
graphic region. Nevertheless there is a satisfsctory agrewment betveen these
data.

There are also zome examples of sinultaneous variations of emissions of
atomic oxygen 5577 A (z "100 kn) and 6300 A, obrerved in Japan (MISAWA et al.,
1981). Analyses cof the metcorological situation in the troposphere showed that
there vas vind flowing frow vest to east with a velocity about 10 n/e at the
isobaric levels 850 mbar and 700 mbar. In this case the relief of Honsu Island
nay be adopted as a single mountain with a height of about 3000 m and a
horizontal dicension about 280 km, with its center located about 150 km from the
observing station Yokosuka. The observed intensity variations of 6300 A
emicrion can be reduced for mountain height in the same way as in the case of
Hawaii Islands. The results are represented on Figure 2 by trisngles. They are
in satisfactory agrecment with the other data, Of course it would be necesgary
to take into zccount the hydroxyl rotational temperature data which unfortuna-
tely are absent in the paper of MISAWA et al, (1981).

The nature of the 90 o level emission disturhance differs from that for
the 250 kn level. The increase of the tamperature at 90 ko is caused by
dissipation of waves, geaecrated bty the airflow over the mountains, The
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disturbances at heights sbout 250 kn risc poseibly as a result of sone dynazaical
tranefer from 90 kn up to 2L kn level, csybe in consequence of a piston effect.
The increase of the disturbance region dimension in case of the 6300 A emission
internsity compared with that of the 90 ka level is obviously the result of sn
increase of the diffusion rate at greater altitudes. According to the experi-
oental data the ©iean ratio of the disturbance region dimensions is about 1,5,

Using the temperature increment at 90 ko level one can conclude that the
total encrgy of the disturbance observed along the X axis (in the case of 10 /s
velocity, Figure 2) ie

e 2Nk [ Tgo ax v 1.6+ 1012 erglen
vhere N is the particle density of the atmosphere, it iz the thicknces of the
disturbance layer, k is Boltzoann's con-unt3 With a _disturbed region dincnsion
of about 1350 km, we get the encigy denaity 10 rrg/cmz. The averafe tisae
for fenersting & stable disturbance is obviously several hours. Since the
recorded variations it the mesopauee and thercosphere have existed during the
whole period of the flight, the lifetine may be egticated to be 107s,
Therefore_the vertical energy flux of the orographic disturbance is about
10 erg/cn“s. On the other hand, the meagtured zmplitudes of the tuuperizura
vnrinlionn at the flight level give a vertical encrgy flux of about 10
erg/en“s according to the linear vave theory (see Table 1), Such estimations
show that heating of the layer near the mesopause takes a emall part of
. wountain lee wave energy. '

The authors would like to thank Prof. V. I. Krassovsky for his advice and
attention to this work.
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