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Abstract-All available temperature and wind measurements from radiosondes, rockets, satellites and lidar 
over the northern hemisphere have been used to construct large scale patterns of the temperature and 
circulation fields up to 60 km during the period 1 December 1983 to 1 March 1984. Main sources of 
information for the height range above 30 km are the uppermost spectral channel of the Stratospheric 
Sounding Unit (SSU) on-board the NOAA satellites and the meteorological rocket soundings. Rocket 
Hunches are generally scheduled on a weekly basis over the northern hemisphere, and the large scale 
patterns were derived for those days on which these measurements are available. 

The method used to retrieve temperature fields from the satellite measured radiances contains several 
steps. 

(a) First, estimated fields for the temperature at 7 pressure levels were constructed ; in the lower middle 
stratosphere 50, 30 and 10 mbar level analyses by the stratospheric group Berlin were taken ; at 5, 1, 0.4 
and 0.2 mbar regressed temperature fields from the SSU radiances were updated by all in situ temperature 
measurements (the multiple regression coefficients have been derived for the period of MAP/WINE). 

(b) Stratopause height fields were estimated by means of the temperature profiles provided by the Solar 
Mesosphere Explorer (SME) and rocket soundings. (c) With the input of (a) and (b) and the a priori 
assumption that the temperature maximum is situated at the stratopause height, a solution of the radiation 
transfer equation is possible for the measured SSU radiances with a time and space dependent stratopause. 

The computed temperature fields are added hydrostatically to the 10 mbar height analysis, so that 
geopotential heights, geostrophic winds and temperatures at pressure levels up to 60 km become available 
once a week for dynamical computations. 

The circulation will be described in terms of planetary waves and zonal means. The interaction of the 
waves with the mean flow, resulting in a breakdown of the westerly circulation at the end of February, will 
be discussed. 

The remarkable changes at high latitudes over northern Europe are shown to be connected with processes 
at middle and low latitudes. 
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1. INTRODUCTION 

The experiments of the MAP/WINE campaign were 

launched for different atmospheric conditions to 

obtain a large variety of the measured parameters. To 
specify these conditions it seems necessary to know 
not only the local atmospheric state, but also large 
scale motions forced by planetary waves and the mean 
circulation. 

Whereas the local meteorological parameters were 
given by rockets launched frequently over Andaya, 

Norway, and Heiss Island, U.S.S.R., the northern 
hemispheric temperature fields could be taken from 
satellite observations. The SSU (NASH and BROWN- 
SCOMBE, 1983) on-board the NOAA satellites and the 
SME (RUSH et al., 1983) provided temperature infor- 
mation up to about 60 km. However, the commonly 

used statistical method for retrieving temperatures 
from radiances measured by the few stratospheric 
channels of satellite instruments are not convenient 
for disturbed conditions. This can clearly be shown 
by comparison of those temperature solutions with 
in situ measurements. Systematic errors would make 
subsequent dynamical computations meaningless. 
Therefore, a method for the temperature retrieval was 

used which gives a solution of the radiances from the 
SSU by fitting all in situ measurements taken in the 
stratosphere and mesosphere over the northern hemi- 
sphere, including some temperature information of 
the SME. 

The difficulties and the approach of this method are 
illustrated in Section 2, to show how far a temperature 
analysis can be successful in the height range inves- 
tigated by means of the available data source. 

Further, in Section 3 the main features of the 
derived temperature and height fields are discussed 
during the winter, whereas in Section 4 the devel- 

opment of the dynamics are described in fluctuations 
of the zonal mean and planetary waves. 

In Section 5 an attempt is made to realize how these 
fluctuations in the stratosphere and mesosphere are 
connected, with respect to their behaviour at low and 
high latitudes. The predominant ideas and open ques- 
tions for the occurrence of a major warming are 
discussed. 

2. DATA SOURCES AND APPLIED METHODS 

Up to 30 km radiosondes are available, so that 
geopotential height and temperature fields can be ana- 
lysed daily for the pressure levels 50, 30 and 10 mbar. 
In the upper stratosphere and lower mesosphere SSU 
radiances, SME temperature profiles, lidar obser- 
vations and rocket measurements were used as tem- 

perature information. However, analyses of tem- 
perature fields over the whole northern hemisphere 

are not possible with only one of these sources. The 
few rocket stations do not provide enough horizontal 
coverage, while the three stratospheric channels of 
the SSU have insufficient vertical resolution for an 
analysis of disturbed temperature fields without 
additional information. The computation of tem- 
peratures from Rayleigh scattered sunlight by spec- 
trometer measurements of the SME satellite is some- 

what biased by aerosol scattering in the middle 
stratosphere, therefore it would be difficult to use 
these values for a temperature analysis. To overcome 
these problems a method was applied, where the 
retrieval of the SSU radiances yields temperatures 
which are nearest to first guesses taken from all infor- 

mation of 4 mandatory level temperatures (5, 1, 0.4 
and 0.2 mbar) and a stratopause height (PETZOLDT, 
1979). 

The procedure starts with the statistical method 

usually applied to obtain temperature fields from 
statistically derived multiple regression coefficients 

(estimated by means of rocket temperatures and 
simultaneously measured satellite radiances). The 
regression coefficients for the MAP/WINE winter 
have been improved by using not only SSU radiances, 

but also the analysis of 10 mbar radiosonde tem- 
peratures. The computed correlation coefficients 

between upper level temperatures and 4 independent 
variables (10 mbar temperature, radiance of SSU 
channels 26 and 27 and the product of these radiances) 
are shown in Table 1 for rocket measurements during 
the period of MAP/WINE. U.S. metrockets show a 
stronger correlation than the U.S.S.R. rocket sound- 
ings, which might be due to the geographical location 
(more launching sites of U.S. rockets are at lower 
latitudes and thus are not so strongly affected by dis- 
turbances as those at higher latitudes). 

Temperature differences between the rocket 
measurements of the U.S.A. and the U.S.S.R. are 
known from comparison of the LIMS sounder flown 
on-board the Nimbus 7 satellite in 1979 (GILLE et al., 
1984) and from rocket comparisons at Wallops Island 
and Kourou Space Centre (LEVITON, 1975). These 
systematic differences between both types of rocket 
instruments can also be seen by comparison of com- 
puted and observed radiances for channel 27 (max 
weight around 1.7 mbar) in Fig. 1. The plotted 
regression curves are computed separately for all U.S. 
(including Andlaya) and all U.S.S.R. rockets. Forty- 
eight U.S. datasondes, including 26 rocket soundings 
at Andaya, (r.m.s. = 2.69 for the residuals of the 
regression curve) and 40 U.S.S.R. rocketsondes 
(r.m.s. = 2.64 for the residuals of the regression curve) 
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Table 1. Regression and correlation coefficients for multiple regression between 
rocketsonde temperatures Ai (at 4 mandatory levels) and independent variables 

Bj (satellite radiances, radiosonde analyses at 10 mbar) 

Variables Correlation coefficients 

Dependent 

Independent 
U.S. regression coefficients 

(a, b,, b,, b,, b4) U.S. U.S.S.R. 

T (5 mbar) SSU 26,27,26*27, T (10 mbar) 0.95 0.87 
(-26.2, -0.266, -0.295, 0.0114,0.47) 

T (1 mbar) SSU 26, 27,26*27, T (10 mbar) 0.87 0.83 
(- 141.3, 0.039, 2.452, -0.0107, 0.005) 

T (0.4 mbar) SSU 26, 27,26*26, T (10 mbar) 0.74 0.71 
(19.3, -2.62, 1.197,0.0103, 0.19) 

T (0.2 mbar) SSU 26, 27,26*27, T (10 mbar) 0.78 0.70 
(24.9, 2.67, 0.656, 0.0012, -0.06) 

A in “C; B in mW (m’ ster cm- ‘)) ’ and “C 

A, = a, + i b,,B,. 

loo- ssu 
Channel 27 

go- 

50 60 70 80 90 100 110 

computed from temperature profiles 

Fig. 1. Computed radiances from rocket measurements 
during the winter 1983/1984 compared with the observed 

radiances of SSU channel 27. 

were utilized where satellite data were available during 
the period 1 December to 29 February 1984. The 
standard deviations are due to time and space differ- 
ences between coordinated measurements, because 

observed radiance values of the daily SSU analyses 
are linearly interpolated to the time of the rocket 
sounding at the location of the rocket site. The sys- 
tematic distance between the regression curves for 
U.S. and U.S.S.R. soundings corresponds to a mean 
temperature difference of about 5”, instead of more 
than 10” difference in the LIMS comparison for the 
domain of the weighting function of SSU channel 27. 

,=, 

Whether there had been a change in the temperature 

sounding system of the U.S.S.R. rockets since 1979 is 

not known. Hemispherically analysed temperatures 
measured by rockets should be adjusted with these 
values to avoid biased differences between the eastern 
and the western part of the northern hemisphere. 
Because of the fact that in this investigation the 
regression coefficients of the U.S. rockets (Table 1) 
were taken for the first guess temperature fields and 
the retrievals were made from observed radiances ad- 
justed to computed radiances for U.S. rocket sound- 
ings, the result are temperature profiles which would 
have been measured by the U.S. rocket sounder. 

The next step is to improve these regressed first 

guess fields by means of all available in situ measure- 
ments of thermal wind and temperature. The decreas- 
ing correlation coefficients in Table I display very 
clearly that, especially for the upper levels, deviations 
should be expected between the regressed temperature 
values and the measured rocket temperatures. These 
are caused by real fluctuations (not distinguishable by 
the low weighted spectral satellite channels at those 
heights) and not by noise in the rocket soundings. The 
large scale temperature structure of the first guess 
fields had to be changed, therefore, to give agreement 
with the in situ measurements for each day analysed. 

The difference between the computed radiance of 
the linear temperature profiles from those improved 
first guess fields and the observed radiance is assumed 
to have its origin in the stratopause region. Then 
for an exact temperature solution the height of the 
stratopause is needed. The temperature information 
of the SME satellite is used to give a stratopause 
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height for each measured orbital temperature profile. 

Though the temperatures themselves are biased in 
some layers by aerosols (too cold), the temperature 

maximum at the stratopause is well defined. A hemi- 

spheric stratopause height analysis (including all 

rocket measured stratopause heights) is therefore 
possible. 

season. The warmest area at 0.2 mbar remained over 

the European arctic. 

With the assumption that the temperature profile to 
be retrieved out of the radiances is linear (or another 
function) in ln@) between the mandatory levels and 
also between the stratopause and the neighbouring 
mandatory levels, a solution of the radiation equation 

is possible, which in turn yields the temperature at the 
stratopause (PETZOLDT, 1980). Unrealistic lapse rates 
or unsolvable stratopause heights were prevented by 
iteratively changing first guess fields. This computer 
procedure was practised for each gridpoint in a 5’ 

distance geographical grid. 

Planetary wave activity increased again during the 

second half of December (LABITZKE et al., 1984) at 

high latitudes in the upper stratosphere. Connected 
with this process is a sinking stratopause and a tem- 
perature decrease in the mesosphere-detectable by 
temperatures of -50°C at 0.2 mbar. This strato- 
spheric warming in the eastern part of the northern 
hemisphere coupled with a cooling in mesospheric 
heights also affected the area over northern Europe 
as seen in the time/height section over Andoya of 
OFFERMANN et al. (I 987). 

As the SSU radiance analysis is a combination of 
all orbit values during one day, the large scale analysis 
should be understood as a 24 h mean state of the 

atmosphere. Therefore, no tidal component is 
included in the analyses, nor are the measurements 
tidally corrected. Also, the temperature solution, 
taken to be linear in In(p) between the mandatory 
levels and between the stratopause and next manda- 
tory level, does not include small vertical waves. Devi- 

ations which should be expected between the pub- 
lished analysis and in situ observations are illustrated 
at the maximum of the stratospheric warming in 

Fig. 6. 

During January the polar vortex recovered and at 
the end of this month the minimum temperature in 
the stratosphere was reached (- 90°C near 19 km at 
50 mbar), causing a very deep vortex at 10 mbar 
centered at the north pole. At 0.2 mbar the tem- 

perature shows a relatively disturbed structure. Fast 
temperature changes, as observed over Andsya, Nor- 
way, at that time, seem to be related to these wave- 
like disturbances. 

Until 9 February a strong Aleutian anticyclone had 
developed in the stratosphere and again the vortex was 
shifted towards the European arctic. The stratopause 
evolved dramatically after that time, as shown in 
Fig. 2b. 

3. EVOLUTION OF THE WINTER VORTEX WITH MINOR 

AND MAJOR WARMINGS 

In the southwesterly jetstream between the strato- 
spheric anticyclone and the vortex a patch of warm air 
is sloping northwestward with height on 16 February. 

The stratopause temperature achieved a maximum at 
0.2 mbar in polar regions. During the following week 
the temperature at the sinking stratopause increased 
further ; highest temperature values (near 35°C) were 
computed from SSU radiances on 23 February 
between 65” and 70”N around 3 mbar at 30”E. 

The computed temperature and height fields 
on hemispheric maps at 10 mbar (28-30 km) and 
0.2 mbar (55560 km) give an impression of the devel- 

opment of the polar vortex during the MAP/WINE 
period up to the mesosphere (Fig. 2a, b). 

4. SYNOPSIS OF THE ZONAL MEAN STATE AND 

THE PLANETARY WAVES 

At the beginning, on 1 December 1983, a Canadian To get some insight into the dynamical evolution 

warming in the Stratosphere had displaced the polar within the winter period, it seems worth following the 

vortex to the Siberian arctic. Above the cold air in development of the mean zonal wind maximum and 

the vortex a very high stratopause with temperatures the amplitudes of the largest planetary waves. As is 

about 0°C was observed near Andoya, Norway. The known, the shear of mean flow plays a leading role in 

stratopause was sloping below the 0.2 mbar level in linear wave theory for the refraction of planetary 

all other regions (Figs. 3b and 5b), so that the warm waves (MATSUNO, 1970) which are themselves mainly 

polar area means a weakening vortex in the upper responsible for the transport of momentum and sens- 

mesosphere. ible heat. 

Further cooling in the stratosphere strengthened 
the vortex during December, while the vortex center 
shifted westward over Spitzbergen towards Green- 
land. This marked the beginning of the cold midwinter 

4.1. Zonal mean state 

Three episodes can be distinguished having a mean 
period of one month. Each of them is terminated by 
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Fig. 2. Height (geopot. dm) and temperature (“C) maps. (a) Left 10 mbar level; right 0.2-mbar level. On 
1 Dec. 1983, 15 Dec. 1983, 28 Dec. 1983, 12 Jan. 1984, 26 Jan. 1984 and 9 Feb. 1984. (Continued OIW.) 

a very different latitudinal shape of the mean zonal mesosphere was well developed during the first half 
wind. of December. The corresponding zonal mean tem- 

(a) The distribution of the mean zonal wind in the perature in Fig. 3b displays the stratopause sloping 
meridional plane (Fig. 3a) shows a nearly normal from 0.2 mbar at the north pole to 1 mbar in tropical 
midwinter condition for 15 December. In fact, the regions. 
Canadian warming had weakened the jet in the strato- The first minor warming at the end of December 
sphere on 1 December, but the subtropical jet in the weakened the zonal flow considerably. The jet was 
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Fig. 2(a) continued. 

split into two maxima, but the mesospheric jet was still 
placed at subtropical latitudes and a westerly mean 
flow governed the stratosphere north of 35”N and the 
lower mesosphere. Zonal mean temperatures at that 
time show warming at polar latitudes throughout the 
upper stratosphere. That this event is not a local 
phenomenon over northern Europe can be verified by 
the height-longitude sections in Fig. 5. Cooling in the 

mesosphere in mid-latitudes are connected with the 
decreasing mean zonal wind at 4&50”N. 

(b) During January the zonal flow was re-estab- 
lished, but at the end of the month the jet maximum 
was situated at 60”N up to the mesosphere. This wind 
maximum at high latitudes is not a mean statistical 
feature, as recognizable from the long term mean for 
January (BARNETT and CORNEY, 1985), where the jet 
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F&e. 2 continued. (b) Left 16 Feb. 1984,O.Z mbar, 2 mbar, 10 mbar levels. Right 23 Feb. 1984, 0.2 mbar, 2 
mbar, 10 mbar levels. 

is strongly decreasing from December to January at flow had started ; the jet maximum at mid latitudes is 
all latitudes and heights. In January 1984 the strong weaker than at any time before in this winter and a 
meridional temperature gradient between the cold stronger jet at tropical latitudes had developed. In the 
polar mesosphere and a warmer stratopause around upper stratosphere only a weak jet at high latitudes is 
70”N is the reason for the jet maximum at high lati- noticeable. The zonal mean temperature in Fig. 3b 
tudes. shows a relatively cold stratopause which lay uni- 

(c) By 9 February a pronounced change in the mean formly over all latitudes around 1 mbar. 
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Fig. 3. Meridional cross-sections. (a) Zonal mean wind (m s- ‘). (C~~~j~~e~ over.) 

The westerly zonal wind recovered slightly for a The zonal mean temperature for the end of Feb- 
short time during February, but broke down com- ruary in Fig. 3b indicates a very disturbed stratosphere 
pletely afterwards within a few days, so that easterlies and lower mesosphere ; the stratopause region at high 
governed the whole stratosphere and mesosphere latitudes lies lower than the 1 mbar level and slopes 
north of 60”N at the end of February. upward to normal values in the subtropical and 
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Fig. 3 continued. (b) Zonal mean temperature (“C). 

tropical regions. Following the time series of the decreased only during the stratospheric warming, 

temperatures shown in Fig. 3b, a descent of the local decreases in mesospheric temperatures are also 

stratopause during the whole campaign period can found during the minor warming at the end of 

be seen. December in Fig. 5a. Because of the phase of the 

While the zonal mean of mesospheric temperatures temperature wave (zonal wavenumber one with max 

over high and middle latitudes is considerably at 2O”W), Andoya, Norway, is not really affected at 
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that time, showing only a slight temperature decrease 
at 60 km. 

The longitudinal temperature sections at 40”N and 

70”N for 23 February in Fig. 5a, b illustrate how the 
warm region sloped from a very high stratopause 
at SO”W, where the cold rest of the vortex (- 65°C at 
10 mbar) is situated, across the maximum near 
Andaya around 2 mbar to a warm region over Siberia 
with 0°C in the middle stratosphere. This lower part 
is well known from the analysed 10 mbar maps. 

4.2. Planetary waves 

The computed planetary wave amplitudes of wave 
number one and two for the geopotential height field 
(Fig. 4) show very clearly that the preferred domain 
of the first wave number is at high latitudes (6&70”N), 
whereas when wave number two is strong, it mostly 
acts at middle latitudes (45-50”N). It is well known 
that wave number one is commonly much stronger 
than wave number two, but in spite of the smaller 
amplitude the interaction with the mean zonal wind 
can be even larger for wave number two. 

The time of the maximum amplitudes for wave one 
at high latitudes occurs when the polar vortex shifts 
to subpolar latitudes. 

Growing amplitudes are connected with the pro- 

cesses leading to minor and major warmings, as seen 
on 28 December and 9-16 February. 

The weakest amplitudes at the end of January are 
associated with a polar vortex centered at the north 
pole in the stratosphere. 

In the mesosphere the vortex is strongly disturbed 
by wave number one at mid latitudes (see, for instance, 
in Fig. 2a at 0.2 mbar a trough over Europe and 

anticyclones over the northern Pacific on 26 January). 
The travelling part of wave one in the middle strato- 
sphere could be followed by a daily series of height 
maps in the middle stratosphere. The period was 
nearly one month, as can be seen in a polar diagram 
for 30 mbar in LABITZKE et al. (1984). From middle 
January until 9 February wave one travelled 
westward, acting together with a standing wave one, 
which had its phase (max) over the Aleutian islands. 

By 9 February a strong wave two had also 
developed (Fig. 4b), noticeable by the elongated polar 
vortex at 1 mbar (PETZOLDT, 1985). At that time the 
warm regions of eastern Asia a’nd Europe at 1 mbar 
were already connected over the north pole, although 
it was 10 days before a northeastward moving warm 
pulse developing over low latitudes reached the polar 
area. For the middle stratosphere this process was 
described by the eastward moving wave one at 60”N 
from 9 to 17 February. 

From 22 to 23 February the warm region crossed 

Andsya, Norway, from east to west and two rocket 
soundings of the MAP/WINE campaign measured 

maximum temperatures in the lowered stratopause. 
In Fig. 6 the temperature profiles are plotted, together 
with that of the SSU retrieval at the neighbouring 
gridpoint 70”N, 15”E for comparison. 

5. DYNAMICAL RELATION BETWEEN LOW AND 
HIGH LATITUDES AND BETWEEN TROPOSPHERE, 

STRATOSPHERE AND MESOSPHERE 

5.1. Main features 

During the last few years theoretical work has given 
a new understanding of the processes which dominate 
the evolution of planetary waves and the mean flow 
in the stratosphere and mesosphere. It is well known 
that tropospheric waves propagate up to mesospheric 
heights and interact with the mean zonal flow. For 
planetary waves the so-called Eliassen-Palm vector 

(EPV) gives the propagation direction of the waves 
in the meridional plane (ANDREWS and MCINTYRE, 
1976). 

The horizontal component of the EPV is pro- 

portional to the negative eddy momentum flux and is 
given by -A cos cp v’u’ ; the meridional component is 
the mean eddy heat flux divided by a static stability 
term and is given by 

fA cos Cpv’O’ 1 a0 
~ ) ap 

where u is the zonal wind component, v the meridional 
wind component, 0 is the potential temperature and 

the prime denotes deviations from a zonal mean 
marked with an overbar (fis the Coriolis parameter, 
cp latitude and A radius of the Earth). 

If this vector is divergent, the waves are feeding the 
westerly mean flow, i.e. a zonal force per unit mass is 

accelerating the westerly wind. If the EPV is conver- 
gent, a deceleration force is working on the westerly 
wind. Large meridional motions are forced by this 
wave-mean flow interaction in order to maintain geo- 
strophy and mass continuity. The Coriolis torque and 
adiabatic motions connected with the forced 
meridional circulation are changing temperatures 
and winds in all involved layers. 

The EPV shows clearly that not only do the eddies 

work on the mean zonal wind by their momentum 
transport, but also that the horizontal eddy heat flux 
is able to change the mean flow by its vertical diver- 
gence and the induced meridional motion. Accord- 
ingly, computations of the momentum divergence for 
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Fig. 4. Meridional cross-section of amplitudes. (a) Wave number 1 (geopot. dm). (Continued over.) 

the MAP/WINE winter in the 2&25 km region by Wave-wave interactions are also important, 
TARASENKO (1987) have shown that, even for this although they make the picture much more compli- 
small layer, the sign of the wind change with time is not cated, as do ageostrophic wind components and dia- 
understandable only by eddy momentum transport. A batic heating. The interpretation of successful simu- 
careful temperature analysis is needed to compute the lations of stratospheric warmings (DUNKERTON et al., 

correlation product 0’0’ for the eddy heat flux. 1981; BUTCHART et al., 1982; ROSE, 1985) and the 
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Fig. 4 continued. (b) Wave number 2 (geopot. dm). 

careful analysis of valuable satellite data sets (SSU : the equator. In the winter stratosphere wave-mean 
PALMER, 1981; LIMS : GILLE et al., 1984 ; SAMS : flow interactions and wave-wave interactions give rise 
PETZOLDT et al., 1986) shows that in principal these to fluctuating wave amplitudes at high latitudes. Eddy 
processes can be understood in the following way. transports are changed by these fluctuations and 

Normally, eddy energy is transported from the sometimes wave energy is focussed into the polar cap 
troposphere at middle latitudes upwards and towards in the middle atmosphere. Mostly this happens several 
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Fig. 5. H~ght-lon~tude sections of temperature (“C). (a) 40”N. (C~~~~~~e~ over.) 

times a winter, until suddenly the westerly zonal flow circulation which were previously known, more 

is broken down by strongly northward focused wave detailed investigations are necessary for an under- 

energy up to the stratopause. standing of the dyamical coupling between the 
processes. 

5.2. Open questions Open questions are : 
The analysis of the ~APIWINE data set points out (a) why and when do wave-like disturban~s develop 

the fact that in addition to the main features of the at the high stratopause; 
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Fig. 5 continued. (b) 70”N 

(b) why and when will these disturbances turn into a (d) 

major warming; 

(c) does the decrease of the large scale vertical wave- 

length, shown by the sinking stratopause and (e) 

mesopause, influence the height range where grav- 

ity waves deposit their momentum by breaking ; 

which processes are responsible for the ampli- 

fication of smaller horizontal wavelengths during 

a warming ; 
is the description in terms of zonal waves suitable 

for the warm events extending from low latitudes 

and explosively producing very steep lapse rates 
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Fig. 6. Temperature profiles on 23 Feb. 1984 from rocketsondes and retrieved from SSU radiances. (a) 
Andaya, 69”N, 16”E. (b) Heiss Island, 81’N, 58”E. 

and horizontal temperature gradients, like frontal 

zones ; 
how are these disturbances reproduced above the 

mesopause? 

A contribution to the second part of question (a) 
could be given in Section 4. For the answer to question 
(b) a suggestion from a former work using SAMS 

data (PETZOLDT et al., 1986) is supported qualitatively 
by the MAP/WINE data in the following Section, 5.3, 
and will be treated quantitatively in a forthcomming 
paper. Question (c) could be treated by cooperation 
of several experimenters during this campaign and 
should be continued as a second step in MAC (Middle 
Atmosphere Cooperation). Breaking waves or non- 
linear wave-wave interaction could be the answer to 
question (d), but to arrive at a decision by computing 
the enstrophy balance of the waves from real data 
would be very difficult, as mostly the balance cannot 
be closed. Some insight should be possible from the 
enstrophy balance during a simulated warming in a 
spectral model. For question (e) some work has to be 
done with a frontogenetic scheme. A tentative answer 
to question (f) is given in LABITZKE et al. (1987). 

5.3. Dynamical conditions for the breakdown C$ the 
zonal meanjlow 

A reversed meridional gradient of the potential vor- 
ticity seems to be a sufficient condition for the break- 

down of the westerly flow around the polar vortex, 
when wave activity there is reflected at a critical wind 
layer back towards the polar region, as theoretically 
pointed out by WARN and WARN (1978). A critical 

wind line in the meridional plane is reached when 

the phase speed of the waves equals the mean flow 

velocity. 
It can be shown with SAMS data for the winter 

1979/1980 (PETZOLDT et al., 1986) that the southward 

eddy transport of potential vorticity in the center of 
the mostly convergent EPV led, during several weeks, 

to an increase of potential vorticity at subtropical 
latitudes. At the same time, the fluctuating potential 
vorticity at higher latitudes reached low values, so 

that the meridional gradient became zero. 
A critical wind line reaching from subtropical to 

middle latitudes at that time led to a breakdown of the 

zonal flow by convergence of the partially northward 

reflected planetary wave activity (see Fig. 7b). 
The same seems to be true for the breakdown during 

February 1984. As long as there is no critical wind 
line the upward propagated fluctuating waves are 
working at the mean flow of the polar vortex, but the 
main wave activity is led equatorwards (as shown for 
1980 in Fig. 7a). Even the strong minor warming at 
the end of December did not bring a breakdown of 
the flow. The reason is that in the mesosphere the 
jet maximum in subtropical regions (Fig. 3a) is still 
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responsible for the southward transport of wave 
activity, though in the lower stratosphere some north- 
ward wave refraction might have taken place. This 
northward focusing of wave activity-as shown by a 
poleward directed EPV-is often observed in the 
middle stratosphere during the winter (see for instance 
the negative centers of momentum transport in 
LABITZKE et al. (1984) for the 30 and 50 mbar levels). 
This seems to be connected with the 16 day wave 
(MADDEN et al., 1981). 

A conclusion about when this focusing is efficient 
enough to displace the vortex from the polar area and 
to establish an easterly flow from 60”N to the pole 
can only be made with a knowledge of mesospheric 
dynamics. The wave disturbances at the end of 
December 1983 and in the first half of February 1984 
were comparable, but only at the end of February 
did a breakdown occur, presumably because then the 
necessary conditions (deceleration of the mesospheric 
jet by strong wave activity} and the sufficient con- 
ditions (reversed meridional gradient of the potential 
vorticity at a critical wind layer) were fulfilled. The 

cut-off at subtropical latitudes of the mesospheric 
wind maximum on 9 February provided the first 
occurrence of a critical wind layer. For the eastward 
moving wave one (see Section 4.2) the isotach of 
10 m s- ’ near 40”N in Fig. 3a is a critical wind line. 

However, the zonal flow recovered slowly during 
the next week. Therefore whether the vorticity gradi- 
ent at that time was already reversed must be 
investigated. 

It is expected that the reversal of the meridional 
gradient of the potential vorticity was first achieved 
at the next step of deceleration after 16 February, 
when the rapid development of the major warming 
indicates the reflection of wave activity to higher 
latitudes. 
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