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ABSTRACT

A total of 110 wind measurements have been perfor-
med in the middle atmosphere above Andgya (699N,
169E) during the MAP/WINE Campaign from December 2,
1983 to February 23, 1984 wusing 57 inflatable pas-—
sive falling spheres, 33 datasondes, 18 foil clouds
and 2 instrumented active spheres. Temperature pro—
files could be derived from 42 falling spheres, 26
datasondes and 2 active spheres. In addition, near-
mesopause temperatures were determined from OH
nightglow observations. The results are presented
in terms of synthesized charts of the temperatures
as well as the zonal and meridional wind components
between 0 and 90 km altitude. The temperature mea-—
surements indicate the occurrence of several minor
and one major stratospheric warming, the latter
being observed over Andéya just at the end of the
launch series.
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1. INTRODUCTION

In the course of the project MAP/WINE (Ref. 1) more
than 100 metrockets were launched at the Anddya
Rocket Range (Northern Norway). The combination of
these launches should give background information
of dynamic and thermodynamic parameters in the
altitude range between 20 and 90 km as well as
information about the short time variability with
time scales down to a few hours.

The purpose of this paper is to give a brief over-
view about the temperature and wind data covering
the period from December 2, 1983 through February
23, 1984. To complete the presentation down to the
surface, 51 radiosonde soundings from Bodé, situa-
ted 200 km south of Anddya, have been added.

2 TEMPERATURE MEASUREMENTS
2.1 Data Reduction

26 temperature profiles were obtained using data-
sondes. Datasondes measure temperature directly by
means of a thermistor. Corrections were applied
after Krumins (Ref. 2) accounting for aerodynamic

heating, infrared heat transer, time lag and and
solar heating. The latter was necessary only for
one sunlit launch while all other launches were
performed during the (polar) night. The correction
parameters are available up to 70 km, where the
correction itself may exceed values of 25 degrees.
Pressure and density were computed from the tempe-
rature profiles taking the tie-on level pressure
from hemispheric pressure maps (30 to 10 hPa) and
applying the hydrostatic equation.

Passive falling spheres were used in connection
with Viper 3A boosters for density measurements
within the altitude range 95 to 35 km. More than 40
profiles were obtained during the MAP/WINE winter.
Unfortunately, some of these do not reach into the
stratosphere because of a too high collapse alti-
tude of the sphere. The air density is calculated
from the deceleration of the sphere during its de-
scent assuming that vertical winds are much smaller
than the fall velocity (Ref. 3). Temperature and
pressure are obtained through the integration of
the density profile from the top downwards. This
requires an initial temperature at the upper boun-
dary around 95 km. In the standard reduction prog-
ram this value is taken from a fixed model atmo-
sphere, which, however, leads to erroneous results
if the reference temperature and the actual tempe-
rature differ too much. Although the error decrea-
ses exponentially with decreasing height, one order
of magnitude within 2 scale heights, the choice of
the model atmosphere would determine to some extent
the magnitude of temperatures derived from spheres
above 80 km. Thus it was deemed advantageous to
normalize the sphere derived temperatures to those
obtained from hydroxyl nightglow observations.

The OH-spectrometer of the University of Wuppertal
(Ref. 4) was operated at the launch site almost
continuously throughout the period of rocket laun-
ches. In the following it is assumed that the OH
—-temperatures represent a weighted mean temperature
of an atmospheric layer around 86 km with 8 km as
the full width at half maximum. The sphere tempera-
ture data was obtained by varying the initial tem—
perature such that the weighted mean of the result-
ing temperature profile over the OH-layer fits the
OH-measurements within * 3 K. For the adjustment 10
minute mean values of OH-measurements around launch
time were taken, if available, otherwise adjacent
night mean temperatures were used. These computa-
tions are also believed to give more reliable re-
sults than the standard computation above 85 km and
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Figure 1. Temperature cross—section. Spacing between the contour lines is 10 degrees centigrade.
The figures on top denote the number of temperature profiles within 12 hours.

Figure 2. Coverage of temperature profiles which were used for Figure 1.

I T T T 1 I I T KM
1 1 | | n1 1 1111 112 3B 11 2 2 4 11124111112 451 11 ap

| ||

|70

-1 60

50

AL.TI'II"UDE
|

- 20

1 | I I I I I 1
1 10 20 1 10 20 1 10 20 29

DECEMBER JANUARY FEBRUARY



80. |

ALTITUDE [KM]

40.

30.

20.

Figure

70.

60.

50.

MIDDLE ATMOSPHERE ABOVE ANDQYA, 1983/84 43

N B

L L B L LB B B ) L

180

3.

TEMPERATURE (K1

T T T
220 240 260

TEMPERATURE [K1

B

200 280 300

Temperature profiles derived from one
falling sphere (Jan. 28), two data-
sondes (Jan. 28 and Jan. 31), two fal-

will therefore be presented here up to 90 km. Below
80 km this adjustment did not lead to serious chang—
es in temperature compared to the standard reduc-—
tion.

2.2 Thermodynamic data above Anddya

Figure 1 shows the temporal temperature structure
over Anddya. The cross-section was plotted automa-
tically applying a weighted running mean to linear
interpolated data points with an effective averag-
ing interval of 4 km in altitude and 3.5 days in
time. In Figure 2 the distribution of the launches
which were used for the contours is given. The data
coverage is excellent in particular after Feb. 4
throughout the whole altitude range. On the other
hand, throughout the middle of December 1983 there
is the rather poor coverage of the altitude region
70 to 90 km.

As can be seen in Figure 1 the region of maximum
stratospheric lapse rate is descending continuously
during the first half of the winter until January
20 accompanied by a warming of the middle strato-
sphere.

Several warming peaks seem to occur almost regular-
ly in the stratopause level. These are observed
around Dec. 3, Dec. 12, Dec. 22, Jan. 4, Jan. 21,
Feb. 9, Feb. 22 in our data using the grid-point—
basis for the plot. The latter warming was identi-
fied by Labitzke et al. (Ref. 5) as a major strato-
spheric final warming. Minor stratospheric warmings

ling spheres (Jan. 31) and one in- were reported to have developed around Dec. 31,
strumented sphere (Jan. 31). The bars Jan. 20, and Feb. 10. Similar temporal changes in
represent OH-temperature measurements. the upper stratosphere temperature over Andédya
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were also measured by channel 27 of the SSU instru-
ment (maximum of the weighting function between 40
and 45 km) onboard the NOAA Satellite, however,
with a tendency to occur one or two days later.

The response of the mesosphere to sudden stratosphe—
ric warmings has been discussed and examined by se-
veral authors (Ref. 4, 6, 7). Our measurements con-
firm the findings of Labitzke (Ref. 6) of a simulta-
neous mesospheric cooling which started in the
middle of February when a very warm mesosphere of
=-309C was observed. This is seen in Figure 1 to pro-
pagate downwards during the second half of February
with a small interruption around Feb. 16 and ending
as the major final warming on Feb. 23 near 40 km.
The observed cooling and warming rates are about
-150C/day around 65 km and +15°C/day between 35 and
45 km. Peak temperature values of more than 35°C
were measured by the last falling sphere on Feb. 22
in 43 km and by the last datasonde on Feb. 23 in
39 km. The mesopause, which shall be defined here
as the first temperature minimum above the strato-
pause is very cold (-80°C) during this period and
descends from 90 to 80 km (dotted line in Figure 1).

Before the onset of the warming on Feb. 9 an un-
usual temperature distribution was observed in the
mesosphere (Figure 3). Several metrocket measure-
ments and an active falling sphere on January 28
and January 31, show a pronounced temperature mini-
mum to be located near 70 km. Maximum temperatures
of 240 K were measured at 85 km, whereas a first
minimum (210 K) is indicated at 70 km. Two falling
sphere measurements indicate a near—adiabatic lapse
rate between 60 and 70 km.

In Figure 4 the OH-temperature series is shown as
night mean values. The range of temperature varia-
tion is seen to be relatively small (* 15 K). For
a comparison the OH-layer temperature has been re-—
produced here with the grid-point-basis for the
contour plot taking weights from 90 to 82 km (which
is not the full range which has been used for the
adjustment). These mean sphere values (dotted line
in Figure 4) follow the general OH-temperature trend
in a reasonable way. It should be mentioned that for
all data after Feb. 13 the standard sphere reduction
program tends to give generally much lower tempera-
tures (185 K) near 86 km altitude. To compensate
for this in our reduction program very high initial
temperatures, Sometimes greater than 300 K, were
necessary for the adjustment to the OH-values. The
possibility cannot be excluded, that our assumption
of a constant altitude for the OH-layer needs modi-
fication during the build-up phase of a major stra-
tospheric warming.

The pressure surfaces in Figure 5 were also calcu-
lated from a grid-point—array, entering individual
pressure measurements into the interpolating and
smoothing program. The height of the 0.005 hPa
pressure surface is only very slightly influenced
by the OH-adjustment. The pressure maxima are
clearly connected to the minor stratospheric warm=
ings at the beginning of January, around Jan. 21
and around Feb. 1l even up to 85 km. The major
warming led to a lift of the atmosphere by 507% and
30% of its mean scale height around 58 and 83 km,
respectively, compared to conditions at the end of
January and taking the seasonal pressure variation
into account. Above 70 km these measurements are
somewhat in contrast to the warm and cold models
given in Ref. 8, not with respect to the magnitude
of the mean pressure but in comparison with the
influence of the warmings up to the height of the
mesopause. The warm model atmospheres are intended

to reflect probable conditions during sudden strato-
spheric warmings in latitudes between 60° and 759 in
January. The difference in the pressure height
compared to normal January conditions changes its
sign in these models at about 75 km suggesting a
reversed response of the pressure surface above
this altitude. The warming events on Jan. 21, Feb.
10 and the major final warming during the MAP/WINE
observation period indicate, however, an almost
in-phase relationship between near-stratopause and
mesopause pressures.

3. MEAN WINDS OVER AND@YA

The zonal and meridional wind contours in Figures 6
and 7, respectively, were derived in the same way
as the temperature field. Figure 8 gives an overview
about the data coverage. The wind data of the ra-
diosondes released from Bodé have been cut at 20
km because of data inconsistencies above 20 km. The
reduction of wind data from falling spheres and
chaff clouds is described in Ref. 10.

The long—term zonal wind pattern in the stratosphere
is dominated by two periods of intense westerlies,
in the middle of December and at the end of January,
where mean maximum winds of 9 m/s were observed at
the stratopause level. This magnitude of zonal wind
speed is typical for middle latitudes. Here, it
indicates either the intensification of the polar
vortex or a shift of the vortex center. This will
be examined, however, in detail in connection with
hemispheric pressure maps (Ref. 9). There is also
evidence for the periodic occurrence of secondary
zonal wind maxima around Dec. 14, Dec. 22, Jamn. 3,
Jan. 14, Jan. 29, Feb. 12, Feb. 22 between 40 and
65 km, which may be related to travelling planetary
waves with a period of about 12 days. Above 58 km
altitude the average zonal wind speed over the
whole period decreases from 45 m/s to 15 m/s in 70
km at a constant rate of 2.5 m/s per km.

The wind structure in the mesosphere is governed by
cells of an alternately weak or even reversed and
moderate mean zonal wind. For example a reversed
zonal flow is observed around 75 km during the ma=-
jor final warming and after the minor warming
around Jan. 21. In the mesopause region (85 to 90
km) the amplitude of the fluctuations increases
strongly. Some caveats in interpreting the highest
altitude data should be made at this point, howe=
ver. The RMS differences of the individual launches
to the contour plot may increase to more than 30 m/s
at these altitudes. Also a tidal correction has not
been applied. Hence, above 80 km the contours may
not be representative of the "prevailing" winds.
Nevertheless, the wind reversals on Jan. 2 and the
"relative" wind reversal on Feb. 10 are in agreement
with the observations in 95 km altitude at the Ob-
servatory of Kiihlungsborn, GDR, and at Sheffield,
United Kingdom, (priv. comm. K. Labitzke) where each
statospheric warming pulse seems to be accompanied
by a breakdown of the zonal wind compoment in the
lower thermosphere.

Referring again to the pressure surfaces in Figure
5 one might explain the magnitude of the observed
wind reversals in the mesosphere by geostrophic
forcing. If one assumes the horizontal extent of
the warm areas to be 4000 km and the associated
pressure maxima to have constant amplitude and
phase speed during their propagation one yields a
horizontal pressure gradient from the temporal
changes in Figure 4. The resulting range of geo—
strophic wind changes of about 80 m/s 1is then in
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Figure 6. Zonal wind cross—section. Spacing between the contour lines is 15 m/s.
The top figures denote the number of wind profiles within 12 hours.
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Meridional wind cross-section (comments as for zonal wind).
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approximate agreement with the observed wind varia-
tion.

The meridieonal wind field (Figure 7) shows relative-—
ly weak longtime wvariation in the stratosphere.
Smaller scale perturbations stand out in the lower
mesosphere which increase in intensity at the height
of the mesopause similar to the zonal wind. Relati-
vely strong northerly winds are seen in the meso-
sphere during the major warming.

One noteworthy feature that should be mentioned
here is a band of southerly winds with a layer
thickness of 10 km sloping from 75 km around Dec.
20 to 85 km on February 6. This seems to be intere-
sting with respect to a global circulation scheme
because many other observations (Ref. 11, 12, 13)
show a tendency for positive meridional winds in
this altitude. Again, this structure in our data
might be effected somewhat by tides, but hardly
enough to change the wind pattern significantly.

4. FUTURE OUTLOOK

The metrocket launch series during the MAP/WINE cam-
aign provided important data material for the under-
standing of a wide range of dynamic scales in the
middle atmosphere. To the cross—sections shown here
two improvements will be made in the future. Wind
measurements performed near the rocket launch site
with the S0USY MST-radar will be added and tidal
correction are to be applied derived from the
EISCAT UHF-radar wind measurements.
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Coverage of wind profiles which were used for Figure 6 and Figure 7.

It should also be investigated as to what extent
temperature measurements from falling spheres and
from datasondes agree in various altitude ranges.
There is evidence in our data, as was also found
earlier by F.J. Schmidlin (Ref. 14), that sphere
derived temperatures between 50 and 60 km are gene-
rally a few Kelvin higher than in the datasonde
temperature profiles, whereas at 70 km the agree-
ment between both data sets is found quite good in
the MAP/WINE data.
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