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ASPECTS OF PLANETARY WAVE TRANSPORTS IN THE MIDDLE ATMOSPHERE
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ABSTRACT

The heat and momentum flux due to standing planetary waves in the strato-
sphere has been calculated on the basis of satellite data. The convergence of
these fluxes has been investigated and show an apparent heating and acceleration
of the mean zonal state. The Eliassen~Palm flux divergence calculation shows
that the rean zonal state is effectively decelerated. Furthermore the inter-
action between ultra-long waves und waves k = 4 = 15 in the troposphere has bcen
investigated for a winter period and has been discussed in connection with the

geopotential wave one aaplitude, which increases before a stratospheric warming
event occurs,

The investigation of processes which determine the deviation of the zonally
averaged temperature and wind field from radiation equilibrium is a central
question in stratospheric dynamics., LEOVY (1964), HOLTON and WEHRBEIN (1980) in
their model calculations take into consideration a linear drag that produces a
deceleration proportional to the mean zonal wind, while SCIHOEBERL and STROBEL
(1978), DETHLOFF and SCHMITZ (1982) aaditionally consider the momentum transport
by planetary waves. On the basis of a stationary model. Dethloff and Schmitz
shoved that the planctary wave influences on the mean state are small above the
stratopause. In the following at first the standing momentum and heat flux and
th.e divergence of the Eliassen-Palm flux is investigated. Furthermore the wave
k = 4 -~ 15 projection on the ultra-long waves in the troposphere preceding the
occurrence of 8 stratospheric wamming has been calculated, ’

The data basis is the monthly mean standard 500, 200 mb topographies of the
European Meteorological Bulletinm, the 100, 50, 30, 10 mb topographies from
Obninsk, the synoptical bulletin and the 5, 2, 0.4 wb data source are the NOAA
NHC maps for the winter 1974/75 where reteorological rocketsonde and sctellite
radiance data are used for analyses, The high topographies are given once a
week ‘only, The momentum and heat fluxes are calculated from the planetary wave
amplitudes and phases. In the following the mean December values for the two
years will be discussed. In Figure 1 the amplitude of plaetary wave ome is
shown. The maximum of wave one appears at 70°N at a height of about 35 km with
800 gpm., Figure 2 shows the meridional standing momentum transport due to the
stz of waves X = 1 = 3, The momentum transport has high values in the jet
region of the upper troposphere and at a height of 50 km in middle latitudes.
The meridional heat transport of the waves k = 1 - 3, given in Figure 3. also

has largest values in the stratosphere, the two fluxes teing cssentially deter-
mined by the wave one contribution.

These shortly discussed fluxes are the basis for a determination of the
interaction between ultra~long waves and mean zonal circulation, according to
the Eulerisn zonally-averaged momentum and thermodynamic equation. The inter-
action of the zonally averaged state with the planetary waves ies explained
through the convergence of momentum and heat fluxes., The effective acceleration
and heating rates, resulting from these terms, have been calculated for the
monthly mean December of the years 1974, 1975. The largest acceleration appaare
in high latitudes at 35 km with about 12 ms~ /day. The convergence of the
meridional heat flux seems to give strong heating rates of about 4°K/day at high
latitudes and at a height of 40 km, but cooling in middle latitudes. These
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values are lover than those given by GELLER (1982), because here we discuss the
standing part of Iluxes only. The calculated effective dynanical heating vates
in the stratosphere are approxirately equal to the diabatic heating cate. From
the nonscceleration theorm of CUARNEY end DRAZIN (1961) and ANDREWS and
MCINTYRE (1976) is known that one obtains nislcading physical information when
discussing the influences of the plznetary wave mooentuc or heat fiuxes alone,
becauce steady planctary waves without dicsipaticn or internal forcing do not
force the zonal cean state. EDNON ot al. (1930) propose the use of residual
mean cquations for a discussion of the net «ffect of planetary vaves {luxes on
the sean flowv., The waves are introduced into this systen only through the
divergence of the Elisssen-Paln flux in the residual zonal comentum equation,
Figure 4 shows the Eliasgen-Pala flux divergence for the standing vaves as a
nean value of December 197471975, The EPF divergence has negative values at s
latitude of 40°-60°N of the stratosphere, whereas the divergence ters of the
Fulerian zonal comentis equation is positive so that the ucan zonal state is

-effectively decelerated, in contrast to an acceleration in the Lulerian picture.

GELLER (1982) discussed this relation for the data of January 1979 vhere he
found a zo0nsl mean state acceleration which is reduced by a factor 2 vhen cal-

culated from the EFF divergence. If we discuss the Decenter mean concisting of

only 8 veekly velues at S5, 2, 0.4 b as a stationary solution, then the residual
weridional flow is irduced to balance the EPF divergence.

Furthercore ve have investigated the connection between standing and
transient fluxcs and their spectral characteristics on the data basis of the
vioter perind 1970/71. The results suggest a rclation betveen the zonal eeen
ultra-long k » 1 - 3 and ths k = 4 - 15 vave treansport, One possibility for
such a relation is that this process is conducted via the mean ronal state, the
other is the nonlinear interaction between ultra-long wvaves and vaves k = & - 15
¥e stortly diecuss the latter conception further, because it seems that the tice
variability of ultra-long waves in the stratosphece is also counected with this
process. Furthermore the question arises wvhether the high intresse of the
eaplitudes of geopotential wave one or tuwo in the troposphere before a strato-
spheric vamning is related to the interaction betwveen ultra-long and waves k =
4 =~ 15, This question has been investigated by calculating the srojecticon of
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conlicear interaction of baroclinic waves vith vavenuzbers & - 15 on the ultra=
long waves at 200 wb.

The wave traneport terus GhvE, vive, utud have beco investigated, These
traneports appear in the moscntug equations and excite or dissipate ultra-long
waves, The syebol! (777) ctands for the vaves 1. 2. 3 and ( )* for the bare-
clinic wave k = & = 15 contritutions. So ve discuss for exmple (V*¥), a8
the interacticn between the waves k = & = 15 and the vave & = 1. Figure 5 gives
the standing plus trznsient wave ¥k = & - 15 projection on tne vavenuzbers k = 1,
2 for the transport viv*. The interaction with vave 1 appears puch stronger
than that for wave k = 2. It will b= interestitg to determine the importance of
this source for an interprectation of standing ultra-long waves in models,

Figure 6 shows the geopotential wave one aplitude in the period from
December 1970 to January 1971 at 200 =b. Around $-8th December at 55°K, 20th
Décember at S0°-70°4, and about 15th January at 75°% we observed an acceleration
of vave-one mplitude. For the winter 1970771 the vamming was observed arvurd
10th January and it sems thot this vamming was stivulated by the cplitude
acceleration at sbout 25th Decewber. This scccleration is a necessary
prerequisite for the developrent of a stratospheric watming. Figure 7 shovs the
baroclinic wave projection (vsv*) on the vaveruzber k = 1 at 200 mb. The
thickened isolives for the wave projection temms are larger than the monthly
pesn total value by a factor of tvwo. Compariscen of the curves showe that in
middle or high latitudes pericds of strong baroclinic vave icteracticus with
vave | correspond with periods of large wave amplitude sccelerations. Further=

core the nct acceleration of geopotential wvave smplitudes was estimated on the

basis of the divergence of the transports utve and v*v* in the ceridionel

aomentum equatiun. For the sentioned tice periods one ohtains at SO°N an
scceieration of about 50-100 gnp/day vhich is a reasonable value in mechanistic
nodels to describe 2 stratospheric vaming.

In swmarizing, it seeas that the time variability of ultra-long waves in

the ctratosphere is slso determined by intcraction with baroclinic waves in the
upper troposphere.
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