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STATEMENT

W ) o e B £ st N T MR A e

In 1970, the Department of Atomic Energy, Government
of India and the Hydrometeorological Service of the USSR
signed a joint agreement for collaborative meteorological
rocket soundings of the upper atmosphere from the Thumba
Equatorial Rocket Launching Station (8°32'N, 76052'E) using
Soviet 'M-100' meteorological rockets. The author was the
Project Scientist for the rocket soundings from Molodezhnaya
(67°40's, 45°51'E) in Antarctica during the Soviet Antarctic
Expedition, 1971-73. The author directly participated in the
M~100 rocketsonde data acduisition and processing both at
Molodezhnaya in Antarctica and Thumba equatorial station in
South India. This forms the major source of data for the
thesis. A brief review of the atmospheric structure is given

in Chapter 1.

In 1972 about 60 rockets were launched from the
Antarctic station Molodezhnaya out of which 52 flights were:
: sucbessful and 16 of them carried an additional wind
‘sensor 'chaff' for measuring upper mesospheric winds. The
M~100 réckets probe the atmosphere up to an altitude of
about 90 km carrying a payload of 66.65 kg. Atmospheric winds

are derived from the drift of the trajectory of the
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descending parachute and'chaff while the températures are
measuréd by 4 variable resistanée thermometers with 40 micron
tungsten-rhenium wire. The M-100 rocket sounding system and
the M-100 rocketsonde data reductioh and processing are
discussed in Chapters II and ILI, Accuracy of wind measuremént

1

is about 5 to 10 ms™~ while the mean square error in

. temperature measurement is 3 to 10°C,

The analysis of the Antarctic M-100 rocketsonde data
was carried out for the southern summer (December to February) ,
autumn (March to May), winter (June to August) and spring
(September to November). The Antarctic summer was characterised
by light easterly winds increasing in strength with altitude.
The winter exhibited strong westerly winds of speed about
50 to 100 ms~+ increasing in magnitude as the season
progressed., However, autumn and spring were the wind
reversal periods marked by the change of summer easterly

winds to the winter westerlies and vice versa,

Complete reversal of winds from easteplies to
westerlies occurred in the straﬁosphere in the first week
of February and in the tropoéphere in the last week of
February. On the other hand the change from westerlies to

easterlies took place in the third week of November in the
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stratosphere and during,thé first week of.Décember in the
troposphere, suggeéting that the reversal first occurred

in the Qpper layers and was propagated downwards. Exploration
of atmospheric structure over Antérctica with an emphasis

on seasonal wind variations is discussed in Chapter IV,

The investigation of the Antarctic atmosphere shows
that the most unsettled period in the South Polar regions
was the winter and the early spring which was marked by large
werturbations in the wind and thErﬁal structure, The
rabid shifts in both zenal and meridional components of the
upper atmospheric winds, particularly during the period from
May to July, were accompanied by sudden changes'in the
temperature distribution as revealed by the stratosphéric
énd mesospheric warming and cooling. During September
when the winter westerlies changed to the summer easterlies
the upper atmosphere experienced a warming of about 40°C
at 40 km. Apart from the general warmings and coolings of
the Antarctic stratosphere and mesosphere, there were a few
ocCasions in May and July when sudden warmings were also
observed,

The average summer tropopause over Antarctica was

located at 9 km with a temperature of -53°C while during

the southern winter it was ill-defined due to its multiple



occurrenceé,;The Antarctic.sﬁratopause in the southern summer
was located at 47 km with a temperature of 7°C while in the
“winter it was at 46 km with a temperature of -12°C. The
Antarctic upper mesosphere in an altitude region from about
60 to 80 km in winter was found warmer than its summer
counterpart. Atmospheric temperaturé, pressure and density

variations in Antarctic are discussed in Chapter V,

‘A study of the equatorial atmospheric struéture is
also made and the fesults of this investigation are discussed
.in Chapter VI, A comparison of the South Polar and equatorial
atmospﬁeric structure is made in Chapter VII. It is found that
the summer tropopause and stratopauée in the Southern
Hemisphc:e over Antarctica were about 27°C and 13°C warmer
than the corresponding equatorial tropopause and stratopause,
Also, the South Polar tropopause and stratopause were located
at é1titudes about 8 km and 2 km lower than their corresponding
équatorial counterparts. The Antarctic tropopause and
stratopause in the southern winter were apparently about
5% and 8°C colder and located at altitudes about 3 km znd
2 km higher than the corresponding equatorial tropopause and
stratopause contrary to the summer-time atmospheric

structure.
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The actual results obtained from the rocket soundings
in 1972 arebalso compared with the Groves (l§7l) atmospheric
‘model and the corresponding deviations of the actuals from
the Groves model are worked out. The departures of the
actual zonal winds and of the temperatures over Molodezhnaya,
Antarctica ahd over Thumba équatorial stétion from the |
corresponding Groves atmospheric model profiles were found
to be quite significant. The Groves model is based on data
from the Northern Hemispheré} The departures are'Bécause the
 Southern Hemisphere is more oceanic and more symmetric |
and has a vigorous dgeneral circulation as compared to the
Northern Hemisphere., Also, the Antarctic continent is
located at a higher eleQation and has a higher albedo than
the Arctic.

Likewise for the Thumba latitude in the Eastern
Hemisphere, the Groves atmospheric model is based on data
from all longitudes mostly from the Western Hemisphere,
Departures of the cquatorial actuals from the Groves profiles
ﬁay, therefore, be the evidence of longitudinal asymmetries

between the Eastern and the Western Hemisphere.

In addition to the Antarctic exploration, and
equatorial study an interhemispheric comparison of the

atmospheric structure is also carried out in Chapter WIII



(vi)

eﬁpldyihg meridionél cross section analysis. Déta were takén
from the meteorological rocket soundings élohg two meridional
zones : 40°E to 90°E in the Eastern Hemisphere and 35% to
55 in the Western Hemisphere, The results obtained from
the Eastern Meridional Network of stations from the !M-100*
rocket soundings in 1972 at Heiss Island (80037'N), Volgbgrad'
(48%41'N), Thumba (8°32!'N), Mobile ships in the Indian
Ocean and Molodezhnaya (67°40'S) are presented és mean
profiles, time-height cross sections and lateral cross
sectiond, Rocketsonde data for the Western Meridional Netwark
are taken from the stations Thule (76°33'N), Fort Churchill
"€58¢§4'N), Wallops Island (37°50'N), Cape Kennedy (28°271N),
Antigua (17°09'N), Fort Sherman (9°20'N), Natal (5%s5ts),
and Mar Chiquita (37°45%s),

Fihally, a summary of the work done and the principal
conclusions drawn from the investigation "Atmospheric
StrUctu?e: Exploration over Antarctica and Interhemispheric

Comparison" are presented in Chapter IX,
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INTRODUCT ION
1.1 General

In Greek atmosphere means atmos,"vapour" ;sphaira ,
Ysphere" i.e. gaseous envelope covering a planet. It is the
ocean of air in wbich~we move andlbave our‘being,'whiph
flows afound us and sustains life on Earth. The ever changing
sky has always inspired and intrigued mankind., Depending
on the good graces of the weather for so many of his
pursuits, man recognised early the necessity of studying
the weather. The farmer watched the sunset and the motions
of the clouds to determine if the next day would bring rain.
The mariner watched the same signs and as ships ranged
around the world mariners prepared weather charts. A
disastrous flood, a drought or a long severe winter arousgs
‘even today the desire to trace back the event to some
specific cause, For practical and observational reasons,
attention has been largely concentrated in the past on the
study of the processes in the lowest layer. (up to about

10-15 km) of the atmosphere which give rise to weather,



Investigation of'fhe upper air began in 1749 when
Alexander Wilson attached a thermometer to a kite, With the
development of the balloon in the late 18th century,
scientific ballooning began with manned flights. Extensive
applibation to research started in 1892 when Gustave Hermite
and GeorgeiBesancon began to use small unmanned balloons
(balloon snndes) carrying instruments. In 1894, Albert
Rotch used iaﬁge kites tethered by steel wire, but
meteorologica?x%ite flying was gradually abandoned.

Betweenl1899 and lQbZ balloon experiments led
Richard Assmann and L.P.Teisserence de Bort to the discovery
of the stratosphere, and the first two decades of the 20th
century saw an immense development of the balloon sounding
teéﬁhiéﬁe, yielding considerable information about the
lowest layer of the atmosphere. In the period 1927-36
advances in radio techniques made possible the deve lopment
of the radiosonde. This instrument, attached to a free
balloon, sends radio signals that can be tfanslated into
numerical values of temperature, humidity, and pressure,
During World War II and laﬁer, radiosonae techniques were
further developed, radar was applied to wind measurements,
meteorological instrumentation for aircraft was greatly

advanced, and the sounding rocket came into use. Regular



meteorological rocket soundings commencéd<in 1962, Satellites
are now being employed for determining the temperature
profiles of the atmosphere up to about 30-40 km by infra-

red radiation measurcments,

1.2 Various techniques of sounding the atmosphere

Detailed exploration of the atmospheric structure
éwaited the develophent of suitable vehicles for the
transport of instrumentation into the relatively
inaccessible region, stratosphere and meésosphere, Radio-
sonde method has becn widely employed all over the globe,
The rubber balloons used for routine meteorological
soundings burst near the tropopause. The American 'Darex‘
and the Japanese 'Totex', each 1200 gm, have been found
to recach altitudes of about 30-35 km. On account.of its
strong neck and sturdy structure, a 'Totex' balloon is
preferred when higher rate of ascent, 24 km hr;l is desired
~and the launching is to be carried out in rough weather
and gusty wind conditions although its cost is higher and
if attains a relatively lower altitude. The trajectory of
the hydrogen gas filled balloon released with radiosonde
and reflector is tracked by radar and telemetery system ahd

the meteorological parameters recorded. Small corner



aluminium reflectors of 250,gm aré_used for rawin ascents, At |
the Thumba Equatorial Rocket Launching S®ation (TERLS) there
are two radissonde systems working on 40L MHz and 1680 MHz,
The Soviet 'RKZ-2' radiosonde system working on 1780 MHz was

also employed,

The development of rockets ‘capable of carrying
instruments much higher above the e arth's surface has now
made it possible to make direct measurements of atmogpheric
winds, temperature, pressure and density above the balloon
altitudes. The investigation of the upper atmosphere
necessiated the development of small and less expensive
meteorological rockets which could be fired on a routine basis
for synoptlc studies, The Brltlsh "Skua! , the Polish -
'Meteor-1' , the United States "Lokidart' , 'Judidart' and
"Arcas' , the Japanese 'MT-135!' ang *tMT-160' and the
Australian 'Kookaburra! meteorological rocket systems are
now being regularly used for sounding the upper atmosphere
(Webb, 1969)., For the pfesent investigation of the upper
atmospheric structure, the Soviet 'M-100" meteorological
rocket sounding system was employed which is discussed

Separately in Chapter - IT,



The M4lOO~récket.§ounding.system incorporates
parachute and chaff as wind sensors and four tungsten-rhenium
(40 microns) wire thermomcters as temperaturce sensors. The
two-stage M-100 rocket mecasures 8,906 m, has a diamcter of
25 cm and weighs about 480 kg when fully charged., It can
reach a maximum altitude of 100 km when launched vertically
with a solid propellant made of nitrocellulose base. For
meteorological investigations it is usually fired at 83°
~effective elevation with a payload of about 66 kg. The
steeple portion containing the temperature SeNnsors opens
around 60 sec after the lift off, The whole payload is
separated at 70-sec around 70 km and it attains an apogee
of about 90 km arouhd 140 'sec from the take-off, About 400 gm
of chaff, in a special container divided into two parts,
is ejected at rocket abogee. The chaff consists of aluminium-
coated glass fibres with a diameter of about 0.025 mm.

After ejection from the M-100 rocket, it is tracked by a
high sensitivity Meteor-2 radar. Conventionally, three or
four fibre glass chaff bundles are ejected at intervals

of ten km in downward direction starting from 90 km and
the differént chaff clouds are tracked by a single radar
system. Also, at apogee the parachute consisting of a. non-
reflecting hemispherical mylar with a surface area of

35 m? exerts a stabilising influence on the payload and



.fuily opens dUrihg descent at an altitude‘of 60~65 km around
200 sec after the take—off.‘The parachute is tracked by the
Meteor-l radar operating at i780 MHz in the transponder mode,
Atmospheric winds are derived from the drift of the trajectory
of the descending parachute and'Chaff. An unbalanced wheat- |
stone bridge arrangement is used for telemetering the
atmospheric temperature data from the 40 #mtungsten-rhenium
wire thermometers to tﬁe grouhd. Two telemetry receivers With
panoramic and photographic attachments record thé temperature
data along with the timing pulses from the take-off. The
reduction and processing of thé meteorological data obtained
from the M-100 rocket sounding system and the vérious

corrections applied are discussed in Chapter - III,

Various types of rocket-borne wind and,temperature
sounding instruments are now used throughout the world to
‘study the atmospheric structure in.the region from about
20 to 100 km, Wind profiles are determined on a routine
basis és high as 65 to 85 km with passive radar targets
;chaff' » inflatable sphere 'Robin' and parachutes. The two
‘main temperature sensors used in the rocketbpayloads for
temperature measurements are thermistor and wire resistance
types. Other techniques for measuring the atmospheric winds

and temperatures are falling sphere, grenade, vapour cloud



( Sodium, Trimethyl Aluminium and Barium) and pitot tubes
which are limited due to their complexity, cost and accuracy,
The wide range of environmental conditions which characterise
the étratosphere and mesosphere preclude the application of
any one measuring system over the entire range of interest,
Consequently, various techniques have to be used for sounding
the terrestrial atmosphere, Bollermann (1970) has given a

survey of the various'techniques used for atmospheric sounding,

1.3 Present state of knowledqe

Since the establishment of the Meteorological Rocket
Network (MRN) there has becn a substantial increase in the
number of measurements of atmospheric structure b§ sounding
rockets, An attempt is made to éummarise some of the important

results obtained so far,

1.3,1 Earlier studies of the atmospheric structure

Our initial knowledge of the atmospheric structure
came from a variety of instrumentation systems. A good deal”
of information on atmospheric winds and‘temperatﬁres was
deduced indirectly from~other experimen£s based on phenoména
such as observations of solar spectrum, In addition certain

naturally occurring phenomena such as meteors, aurora and



Vnoctiluceﬁt clouds have provided valuable information so
that with the help of theoretical consiaerétions a general
picture of winds and temperatures over the globe could be
built up to considerably higher levels, for exampie as given
by Kellog and Schilling (1951), Pant (1956) and Deb (1953):,
Investigations such as those of Murgatroyed (1957), Batten
(1961) and Finger, Teweles and Mason (1963) have established
: thét in summer an anticyclonic vortex develops around the
poles but in winter the circulation changes to a.cyclonic
circumpolar vortex. These vortices develop earlief and more
rapidly at higher levels and penetrate downward and equator-

ward with advance of season.

The 50 mb (about 20 km) constant pressure chart shows

in summer a warm high situated near the pole, the témperature
and contour height decreasing steadily towards the equatofl
The thermal winds are therefore éasterly. Although at 50 mb
iﬂéelf the actual winds are light, at higher levels (around
25 km) a marked easterly circulation prevails at all
latitudes, In winter, a cold low is located near the pole,
Temperature and contour height rise rapidly from the pole
up to about 50°N where a ridge is noticeable, Winds are
already westerly at 50 mb and continue to increase in speed
upwards, Equatorward of 50°N the westerlies weaken and even

change at low latitudes to easterlies.



~ The eaSteriy zonél fioW'of summer, although weak, is

- steady, being affected only by occasional mild perturbations.

- On the other hand the stronger winter circulation is dynamlcﬁ&ly
unstable‘ Not only are both zonal wind and wind shear larger
than in summer, but alse the vertical temperature gradient
continues to be negative even above the tropopause, at high
1atitudes.‘Cohsoquehtly, the Richardson number becomes smalll.
As & result of baroclinic 1nstab111ty it 1s found that
disturbances of wave number usually 2 or 3 (which set in
through essentially barotropic development ) get accentuated,
Sometimes the polar cyclonic vortex shrinks (the low latitude
anticyclonic belt advances poleward) and local anticyclones
develop. which shift towards the Winter pole at some latitudes.,
On other occasions, there is a complete reversal of the
circulation and of the normal winter~time meridional temperature
- gradient, In the latter kind of circulaﬁion'disturbance, which
may be termed 'major! the stratosphere scems capablc of
generating its own kinetic energy, and operating .as a heat
engine 3 in the former or 'minor! kind, the stratosphere is
probably a sink of kinetic energy consuming energy perhaps
supplied by the troposphere below (Julian, 1967 ). These
break-downs rarely occur when the winter circulation is at

its early stage but are common during winter and the fihgal
spring reversal periods, They closely pracede sudden

stratospheric warminggd,



10

C1,3.2 Synopjic studies in the Northern Hemisphere
. I fhel

In thé Northopn Hemisphere, a régular feature of the
summer'months 1s a polar anticyclone which reaches peak
intensity in July. Summer conditions are generally'sﬁeady
and symmetrical in longithde. Thereafter the system debays
siowly and by the end of August high latitude cyclonic
activity may be expected to appear ak 36 km. As thc cyclone
- cpedks the anticyclonie circulation retreats southward reaching
low latitudes by late October so that most of the hemisphere
is involved in an apparently steady nearly circumpolar
westerly circulation, This situation is usually soon terminated
by'a warming with anticyclonic activity appearing over the
Aleutian area possibly before the end of October. A typical
winter situation is difficult to define on account of the
non-steady conditionsf The}Aleutian anticyclone gencrally
intensifies and displaces the polar Jow towards northern
‘Burope or Eurasiavat may later fill in and subsequently

intensify,

When the temperature gradient between the high and
low pressure systems increases, strong northerly winds develop
over North Canada. The main changes that occur in thé
winter and early spring are assoclated with pulsations and

displacements of the Aleutian high and with the occurrence
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e
of éﬂratospheric Warmings;_The final phase occurs in late

- March or eérly April when a cyclohe usually dominates the
polar area again for a brief period before a warm polar
anticyclone develops in response to spring time radiational
heating., Up to 30 km‘complete coverage in longitude has been
provided fer the Northern Hemisphere since the IGY by high-
level balloons, Infra-Red (IR) sensing by satellites of 002
emissions in the 15 mspectral region has more recently
provided a new tool for éynoptic studies in both the Northern
and Bouthern Hemispheres. A single-channel radiometer in
TIROS VII provided observational results over one seasonal
cycle of the temperature field smoothed in altitude with
makimum weighting at 20 km, Over 70 percent of the total
received radiation originated at altitudes between 10 and

30 km (Kennedy and Nordberg, 1967). The differences between
the summer and winter synoptic situations were in general
agreement with the rocketsonde results. Synoptic charﬁs have
been prepared by Johnson and McInturff (1970) from theb’
NIMBUS 3 rcsults, | |

1.3.3 Synoptic studies in the Southern Hemisphere

In the Southern Hemisphere the number of available
observations on the atmospheric structure have always been

sparse. For CIRA 1965 the number of launbhings carried out
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wefe‘SO for'Ascensioﬁ Island at 8°s, 22 for Woomera at 31°S
and just 14 for McMurdo Sound at 78°S, At Woomera, the
seasonal wind pattern éppeared similar to that at 30°N sites
judged by these few obéerVations_which dia nét cover all
months of the year. From the few available observations at
McMurdo Sound it appeared that midwinter warmings of the
Antarctic were similar in many respects to Arctic warmings,
the circumpolar vortex tending to elongate and split

(Quiroz, 1966). The observations were, however, not sufficient
to show whether the winter flow was disrupted in the Southern

Hemisphere to the same extent as in the Northern Hemisphere;

Different Southern Hemlsphere winters, partlcularly
atballoon altitudes, have behaved in quite dlfferent ways in
terms of the detailed temperature structure but they have not
shown the large amplitude variability found in the Arctic,

In late winter, Augﬁst and September, warm cells; priq@ipally
in the Australian Sector, produce perceptible perturbations
in the otherwise zonal flow, which develop into the final
warming. Asymmetries in atmospheric heating and circulation
between the two hemispheres may be expected to arise from the
very different distributiohs of land and sea, although the
effects in the stratosphere and mesosphere may not be large.
Total ozone amounts which were measured at 17 stations during

the IGY showed quite a distinct asymmetry. The maximum
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concentration in the Southern Hemisphere‘occurred at 50 to

55° latitude throughout the year with decreasing concentration
~towards the pole, whereas in the Northern Hemisphere the
maximum occurred at 60° to 70° moving fo above 80° during
spring (MacDowell, 1960). The upwards extension of such
asymmetries has been uncertain due to the small number of

observations.

Since 1966, additional data in the gJuthérn Hemiéphere
have becen obtained from the Experimental Inter*American
Meteorological Rocket Network'(EXAMETNET). In view of the
large ocean areas in the Southern Hemisphere, shipboard
launchings have provided a mcans of extending coverage in
latitude (Finger and Woolf, 1967 a) ,(Theon and Horvarth, 1968).
Vertical distfibution of the main meteorological parameters
and large~scale processes in the stratosphere and mesosphere
has been discussed by Gaigerov et al in a paper presented at
13th COSPAR Meeting, Leningrad, 1970. It was found that the
summer anticyclonic circulation is symmetric about the pole
and is practically the same in both hemispheres, the winter
circulation in the Southern Hemisphere is less perturbed
than in the Northern Hemisphere and that during the
transitional season, April and October the two zonal flows

are from the west,
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Zonal flows at times of the year other than April
and October are in opposite direcfions in the two hemisphereé
except at low latitudes where they merge along a sub-tropical
ridge line in the winfer hemispheres. When the sub-tropical
ridge is displaced southward due to deepening of the mlddle
latitude trough, westerlies replace easterlies in the
sqb—tropics. At mid or high latitudes during wintertime the
meridional wind speeds at times may be comparable with the
zonal wind speeds, At other times, meridional wind velocities
are generally small compared with zonal velocities and
~consequently their seasonal pattern is not so readily appérent

as that for the zonal winds.

1.3.4  Transient and standing eddies

A distinction ban be made between transient eddies
which give rise to time variations in the meridional wind
at a particular site and standing eddies which are related
to the longitudinal variations in the time~averéqed value,
When evalued for the troposphere in terms of appropriate
standard deviations, both transient and standing eddies were
found to be largest in the vicinity of the mid-latitude jet
stream at 10 km altitude (Newell, Wallace and Mahoney, 1966),
The standing eddies are smaller in summer than winter, and

even in winter their standard deviations are small in



15

comparison Wifh those of the transient eddies, which show
little seésonal change and have a maximum étandard deviation
of 15 ms"l. Transient eddles in the lower stratosphere tend
 to increase with 1at1tude and Values of the order of 10 ms -1
.were found in the above study at high latitudes.Polewards of
30° latitude, a seasonal variation in the transient eddy
velocity was present. With regard to height dependence,
transient eddies were least in the region of 24 km, Above

24 km the longitudinal coverage by balloon observations -has
‘been inadequate for zonal averaging and analysis of standing
eddies and the meridional circulation. Above the transient
eddy minimum at 24 km, values were found to increase to a
maximtm at 50 km or more and to reach 25 ms'“'l at high latitude
in winter. Seasonal dependence is prominent in stratospheric
transient eddies in comparison with the tropospheric ones
possibly due to the seasonal reversal of the'stratospheric;
vortex, Standing eddies are expected to be an impqrtant feature
of the circulation at rocket heights as well as at balloonv
hzights. A more detailéd analysis of these parameters of

meridional flow awaits a better global distribution of data.

1.3.5 Diurnal variations

The increased amount of data from meteorological
rocket soundings has revealed the existence of diurnal tidal

. . - . -1 .
motions with amplitudes of several ms™™, Diurnal components
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are'mofe readily resoived'in,meridional winds than.zonal winds,
which are Subject to large.seasonél variatibns. At 50 km a
diurnal amplitude of 8 ms™® has been found using summer data
over'a‘number of'yearé, the maximum south-to-north flow
.occurring close to noon (Groves,-l967). Diurnal variations

in meridiohal flow have also been resolyed at»Ascension Island
and high latitude sites (Reed,_McKenzie and Vyverberg, 1966),
The main thermal drives for the diurnal tide, insolation
absorption by O, and H,0, have been described by Lindzen (1967),
It is apparent that a complicated wind field is set up by
relatively simple thermal.drives. The results are a first
approximation which may possibly be improved when the thermal
drives are better known., At midlatitudes, the phase of the
24~hour tide changes rapidly with latitude and is therefore
sensitive to the relative thermal input between low and high
latitudes that ié assumed. Scasonal changes in the thermal

input will also have an effect,

The amplitude and phase of the diurnal variation in
the zonal wind components at 30°N haslalso been obtained
(Reed, Oard and Sieminski, 1969). Except near 40 km, the
phase difference between_the two components is about 50°
corresponding to a clockwise rotation of the wind vector
with time. Seasonal variations in tidal components for

31.5°N have been investigated by Groves and Makarious (1968)!,
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Qpifé significant variations of phase with‘season occur

' parﬁiculariy in the diurnal cpmpohent_where phases may change
rapidly with height. Attempts have been made to observe
diurnal variations in stratosphere temperatures but the
amplitudes obtained have been consistently greater than those
pfedicted by tidal theory. A limited sample of rocketsonde
temperature and wind data gathered during a series of
launchings at Wallobs Island suggests that the diurnal range
of observed temperature consists of components that can be
ascribed to the real diurnal variation and radiation error

of the rocketsonde instrument (Finger and Woolf, 1967 h).
Corresponding diurnal dependences will also be present in
pressures and densities. Diurnal variations derived ffom
temperatures measured at White Sands, 32°N, have given an
amplitucz of 4 to 7 perceht in pressure and 3 to 5 percent

in density for the 52-58 km layer (Thiele, 1966). Although
these variations are small, they are comparable with the

seasonal variation at latitudes of less than SOO,

Diurnal variations in wind components above 60 km
have been most extensively observed by the radar-meteor method.
The 24 hour, 12 hour and‘8 hour solar components are usually |
extracted by harmonic analysis. Amplifudes and phases can be
expected from theoretical considerations to be both

latitudinally and sceasonally dependent. At latitudes
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50 fb 55ON; the 12 hour cémponent is found to be the main
periodic vériation exceeding ﬁhé 24 hour component by a
factor of 3 to 4. In contrast to the 24 hour combonent,
seaébnal.changes in the 12 hour gomponent follow a regular
pattern. For most of the year, the phase of the zonal
component leads that of the meridional component by about

3 hours corresponding to a clbckwise rotation of the wind
vector., Muller (1966) and Sprenger, Greisiger and Schminder
(1969) have discussed the diurnal variations above 60 km.

For altitudes above 90 km, tidal period winds have been
sought by analysis of data from chemical releases (Hines,l966)
and (Woodrum, Justus and Roper 1969), In spite of the attenuation
of the upward tidal energy flux, the decrease of ambient
density with height tends to maintain velocity amplitudes so
that tidal components still contribute significantly to the

total wind vector,

1,3.6 Seasonal variations

One of the main variation of the stratospheric and
mesospheric structure is the seasonagl variation (Belmont and
Dartt, 1970). At mid and high latitudes, there is a well
established pattern of easterlies in summer ahd stronger
westerlies in winter. The easterlies recur wery regularly

each year but the westerlies show year~to-year variations
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in the winter and early spring. At Tow latitudes, fhe summer-—
time easterlies at 40 km extend across the equator into the
winter hemisphere, giving rise to a semiannual variation, Due
to the presence of the quasi-biennial oscillation the annual
cycles are éignificantly modified. The semi-annual variétiph
was quite well represented by the CIRA 1965 -zonal wind model,
considering the small amount of low-latitude data then o
availablé. Using the data from Ascension Island and other sites
up to September 1964, the semi-annual variation was estimated
to have a maximum amplitude of 30 ms™" near 50 km with the

core of the summer easterlies located at 15° latitude (Reed,
1966), The levels of maximum casterlics at several low-latitude
sites have been studied by Rao and Joseph (1969) and the
structure of the semi-annual variation at different longitudes

- has been investigated by Quiroz and Miller (1867),

There is a seasonal asymmetry between the Northern
and the Southern Hemispheres, The easterlies from the Southern
Hemisphere penctrate furthor into the Northern Hemisphere
than do the Northern Hemisphere easterlies into the Southern
Hemisphere, The Southern Hemisphere westerlies extend further
towards the equator than the Northern Hemisphere westerlies
as part of the same asymmetry. Although data are lacking

at mid and high latitude in the Southern Hemisphére, both
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winter and summer regimes in the Southern Hemisphere appear

to be more intense or more extensive in 1ati£ude than their
Northern Hemisphere counterparts. A hemispheric asymmetry

also appears in temperature data at maximum balloon éltitudes.
Differences of up to 15°K have been reported for the same.
season in opposite hemispheres but annual means differ by only
2 to 39K between the two hemispheres for the same latitude
(Smith, McMurray and Crutcher, 1961). Southern Hemispﬁere

data are still two few for separate consideration of the two

hemispheres over a wide range of latitude,

Chemical trail releases and ground-based techniques

have now provided new data for higher altitudes; In 1964,
zonal wind patterns for January and July were extended to
120 km for latitudes up to 75°N using Adelaide radio-meteor
results gnd chemical release data from Wallops Island; Eglin
AFB and Woomera, Australia (Kantor and Cole, 1964), In 1969
the model was updated at low latitudes on the basis of the
wind results from the Barbados‘gun—launched probes (Murphy,1969).
Although equatorial winds appear to be from the east at
heights of 95 % 15 km throughout the year, a slight shifting
of the wind belt north and south of the equator results in a
seasonal reversal being observed at the Barbados latitude

(Groves, 1969),



Murgétroyd (1965) has‘developed mean latitudinal
cross sections of zonal winds for both the equinoxes and
solétices using data obtained by the radio-meteor ahd E-layer
'4drift technicues., In summer the easterlies changed to westerliés
in the E-layer, and above 120 km a return to easterlies was
thought to be indicated by sodium trail data, This description
agrees with the July profile, but in winter the westerlies were
taken to extend to only 100-110 km before reversing to
casterlies, whereas the January profile shows them extending

to 120 km,

]

The analysis of the meridional circulation in the
stratosphere and the mesosphere is rather more difficult than
zonal circulation on account of the smaller flow velocities
involved. In the upper mesosphere, however, meridional
components are often observed which équal or exceed zonal
components. Tidal components contribute significantly at
these heights to both zonal and meridional components but even.
when these have been extracted as with the radar-meteor
technique, prevailing meridional velocities of the order of
tens of ms™! remain. A prominent feature of the meridional
éomponents is the flow from the summer hemisphere to the
winter hemisphere at 85 to 105 km, the heights accessible
for observation by the radar-meteor technique. Observations

are; however, needed at other longitudoé to obtain the zonally
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averaged meridional flow,

1,3.7 Quasi-biennial oscillation

Superimposed on the annual cycle of winds described
above, there is in - the equatorial-stratOSphere, a quasi-biennial
oscillation (QBO) of period nearly 26 months. This is associated
with oscillations of a similar period in temperature and ozone
(Ebdon, 1960), (Ramanathan,1963) and (Staley, 1963), The quasi-
biennial wind oscillation has its maximum amplitude near the
equator where it ié far more préminent.than the annual
oécillation. With increasing latitude, the amplitude decreases,
becoming small near the 30° latitude circle.}In the vertical,
there is a rapid increasc in amplitude from néar zero values
close to the tropopause, to a maximum at about 25 km. Further
upwards, the amplitude decreases slowly with height to about
Half the maximum value at 50 km, The QBO is characterised by
a downward propagation of phase at the rate of approximately
1 km per month. The variation of amplitude or phase with

longitude is not significant,

Long period variations in the zonal wind have recently
been studied on glchal basis using 1950~64 balloon data from
200 stations (Dartt an8 Belmont, 1970). The primary variation
is the QBO of the equatorial stratosphere and its extension

to higher latitudes. The first observations of the QBO above
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30 kﬁ were obtained frém rdcket soundings‘at.Ascension Island|
g% bétweeh October 1962 énd Ogtobér 1964 as discussed by

Reed (1965),The zonal wind oscillation was found to decrease

in amplitude with increasing altitude above the 25 km level

and to propagate downwards in phase at a rate of 2 km per
‘monthi.Angell and Korshover (1865) showed that at temperate
latitudes the amplitudes increased with height so that above

55 km the QBO zonal wind oscillation was larger thanlat_tropical
latitudes and the downwards propagatiop of phase was faster

than at low latitudes, being 5 or more km per month. A review

of the QBO has been given by Rahﬁatullah (1968),

The QBO in wind is accompanied by a corresponding
temperature oscillation, the latter being relatively:more
difficult fo trace. At 80 mb level the temperature amplitu’e
is 3 to 4°C and this decreases upwards to about 29C at 30 mb.
The temperature oscillation goes through a minimum at about
17°N, At 30°N, the phase change from equétor is = .radians,
the amplitude attaining a secondary maximum of only about
1°C. Further north the amplitude decreases becoming insignificant
near 40-50°N. Geostrophic equilibrium is obtained within
this oscillation in the low latitude stratosphere and the
temperaturé-and wind oscillations are found to obey well the

thermal wind relationshid5
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Ramanathan (1963) has observed a two year ozone
periodi;ity 1 a year of high ozone in high latitudes occurring
when there is low ozone in low latitudes. Rising and sinking
motions of a cellular type in the‘meridional plane are suggested
to explain the ozone variation. This agrees with a similar
suggestion by Reed (1964) to explain the temperature QBO,
Sparrow and Unthank (1964) found that the gBriods of westerly
winds at Christchurch, New %ealand coincidevwith minimum ozone
amounts at Aspendale and Brisbane in Australia. The downward
progress of the temperature wave with time has‘led Angell
and Korshover (1962) +to infer that the likely cause is small
scale eddy heat flux, Tucke.® (1965) has found a sinusoidal
oscillation in the eddy flux gradient which is consistent
with the %BO in wind, Difference between the tropicai and
tempcerate parts of the oscillation have also been reported for
the Southern Hemisphere from an analysié of 1858-66 balloon
data over Australia (Tucker and Hopwood, 1968). The maximum
'amplifude which occurs at about 25 km in the tropics was not
found 1in the southern latitudes below 30.5 km, the gffective
altitude limit of observations, The preéénce of a QBO in other
.atmospﬁeric parameters at low latitudes is not so apparent

as in the zonal wind. ‘
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y_g,g ' Stratospherib warmings

As was first observed by Scherhag (1960) and later
by otheré ( Sheppard, l963), the temperature in the sfratosphere
rises suddenly in mid-winter, espeéially in the region 30-40 km
where temperature may rise in a typical case from -50°%C to
-5° in less than 48 hours. The warmings occur first in the
vicinity of the stratopause around 48 km and appear to travel
gradually down fo the tropopause. The energy fransfbrmations
assoclated with the-stratospheric warmings have been discussed
by Teweles (1965), The zonally available potential energy which
originates primarily from latitﬁdinal variation in solar
heafing and which may be expressed in terms of the mean
meridional temperature gradient is converted into eddy
potential energy by perturbations of wave number 2 appearing
through essentially baratropic development in the strong
Westerlies. Eddy available potential energy may also be
generated'in situ by latitudinal differences in albedo and heat
capacity of adjacent land and séa areas, Under conditiqns
favourable for the forﬁation of vortices, eddy potential
‘energy is converted into eddy kinetic energy. While some of
the eddy kinetic energy passes through a cascade process into
shorter and shorter wavelengths until tinally dissipated as
frictional heat, a considerable fraction is converted into

zonal kinetic encrgy. With the intense closed low centres
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béiow‘the }rctic Circie, thé_zonaliy avéréged flow at high
latitudes is easterly. The therma1_winds ‘associated with the
1ayers where this flow increases with height require higher
temperature on the side of polar darkness, Thus a portion of

. the zonal kinetic energy has been converted into zonal potential
energy’through the mechanism of eddies and an indirect meridi-
bnal circulation, This potential energy is rapidly destroyed

by radiative heat loss from the warm air in the poiar region,
‘with the ultimate result that the hemispheric circulation ‘is

left operating with a much lower energy than before,

A survey of Northern Hemisphere stratospheric
warmings has been given by Kreister (1968). There are two
general categories of warmings, 1 : mid-winter warmings,
which may be divided into minor and major warmings and
2 3 final warmings which may be divided into early or late
final warmings, A major stratospheric warming occurred in
December 1967 which was unusual in that it began one-monfh
earlier than previous early warmings (Johnson, 1969},
Midwinter warmings in the Northefn Hemisphere in the firsf
quarter of 1966 have been analysed by Labitzke (1969) at
the 30 km and 35 km levels where balloon observations are
available at many longitudes. The mean temperature differences

between these two levels for January were in very good
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agreement with the CIRA 1965 differences, For February,
however, when a major warming occurred, temberature differences
as well_as temperatures were longitudinally dependent,
indicating‘a rapid change with height in the form of the

longitudinal dependence, Such vertical structure is clearly

‘apparent in the NIMBUS 4 observations with westward tilts of

a few degrees longitude per kilometer height (Barnett et al
1971), Midwinter stratospheric Warmings in the Northern
Hemisphere occur locally 3 to 4 times during November to
February or March. The final Wérming occurs in spring between
mid-February to mid-April when there is rapid and large general
rise in temperature throughout the depth of the sﬁratosphere
and the cold low near the poles is replaced by a warm high,

It is also observed that during final warming. stratospheric
temperature overshoots a little before settling down to the

early summer temperature valuée,

Longitudinal variations in density are associated
with those in temperature and may significantly affect the
re-entry heating and dynamics of space vehicles. For the

December 1967 warming, horizontal density gradients in the

Arctic regions as large as 0.04 g 2 deg"l latitude
occurred at 40 km (typical density 3 ¢ m"3), corresponding

to an increase in the normal latitude gradient by about a
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factor of thred. Strong winds are associated with stratospheric
Warmlngs as horizontal temperaturu gradlents increascl. The
nlghest wind speed recorded in the stratosphere so far appe ars
to be l98 ms -1 over Heiss Island on Ist February 1966 which
occurred at the relatively low height of 39 km (Quiroz, 1969)i

It may be mentioned that in the Southern Hemisphere
only occasional midwinter warmings of the tminor' type
'(troposphericmstratoépheric compensation mechanism) have been
reportedAto take place and no major warming energetically
‘and dynamically similar to those in the ‘gouthern Hemilsphere
has been satisfactorily observed (Julian, 1967)', The final
warming in the Antarctic stratosphere,however,is well marked.
Antarctic stratospheric warmings have now also been 5bserved
by satellites IR radiometry. TIROS VII was operational for the
winter 1963 and detected one midwinter minor warming and two
later winter warmings at»latitudes of less than 60° which
moved eastWards frém Australia and the South Indian Ocean
(Shen, Nicholas and Belmont , 1968) {. The gouthern Hemisphere
winter of 1969 was observed by the polar-orbiting NIMBUS 3
up to the 30 mb (23km) level as discussed by Miller, Finger
and Gelman (1970). A warm area developed in the Indian Ocean
and moved to the South Pacific Ocean during August passing

south of Australia where the decrease in westerly flow was
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»Obseryéd:at_balloon-levéls; This eastwards drift appears to have
peen shared by the temperature field oVer the whole Suth Polar

- region.

Some interesting explanations have been advanced to
account for the stratospheric warmings. It is curious that the
source level of sudden wérmings (close to the stratopause)
A-coincides with the portion of the ozone layer heated most
‘gtrongly by solar radiatién. Yet, the explanation perhaps
favoured most 1s that local subsidence éssociated with the
break-down of the winter circulation is responsible for the
warmings. Willet (1968), however, basing his arguments on the
outstanding differences between dbserved phenomena in the
~drctic and éntarctic stratosphere considers the explanation
in terms of latitudinal transport, vertical mixing and dynamic
heating rather unsatisfactory. According to him,; the marked
correlation of auroral activity with grctic and agntarctic regimes
and éudden changes of stratospheric temperature and total
ozone indicate a dependencé on the variability of the solar
wind (solar corpuscular) invasions causing and controlling.

auroral, magnetic, ozonal as well as thermal phenomend.

- 1.3.9 Dependence on solar activity

Sprenger and Schminder (1969) have shown that the
prevailing zonal wind component increased with increasing solar

activity from about 15 ms™! towards the east at solar
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_minimdm:to hearly 40 ms™? towards the east at solar maximum
indicating a possible solar-cycle dependencé. Other components
also appear to have beeﬁ affected. Evidence of a possible solar—
cycle dépendence in other atmospheric parameters has also been
cited. Winter temperatures at 80 km at Fort Churchill, 59°N show
an average decrease of about 30% between solar maximum and solar
‘minimum, and summer temperatures also show a small decrease
(Groves, 1968), Mcteor couhting rates (Lindblad, 1967) and
falling-sphere densities (Lindblad, 1968) have also been analysed

showing a solar-cycle effect at mesospheric heightsg,

An intriguing feature of the global temperature field
in the meso-stratospheric region is that while at the stratopause
level the atmospheric temperaﬁure falls as should be expected
but at the mesopause level it is reversed with the dark winter
‘pole being warmer than the summer pole. To explain this reversal
several causes have been considered, for example f recombination
of atomic oxygen brought down from higher levels (Kellog,l96l)h
up-gradient transfer of energy by eddies (Sheppard, 1963),
degradation of energy of internal gravity waves (Hines, 1963)
and relcase of energy from auroral particles (Maeda, 1963).
However, a completely satisfactory solution for this

problem is yet to comd,
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1.4  Endo-Soviet collaboration and author's contribution

The Indian Space Research Organisation, Government of
India entered into a joiﬁt agreement with the Hydrometeorological
gervice of the USSR for collaborative meteorological rocket
soundings of the upper atmosphere from Thumba Equatorial Rocket
Launching Station (8932'N, 76°52'E) using Soviet M-100 rockets.
The Indo-Soviet collaborative meteorclogical programme
commenced from Thumba on December 9, 1970 and is being continued
with the M-100 rocket soundings weekly once on Wednesdays. The
author worked at Thumba, assisted in the execution of the
- collaborative programme and directly participated in the

collaction of the M-100 rocketsonde datd.

Under the joint Indo-Soviet agreement, the author
participated in the Soviet Antarctic Expedition during
1971-73, circumnavigated the Antarctic continént, wintered
at the South Polar Ice-cap and also took part in a 1500-km
tractor-driven sledge odyssey from the coastai observatory
Mirny (66°33'S, 93°0L'E) to the geomagnetic South Pole
Vostok (78%27'5,106%48'E at 3488 m above M.S.L.) which is

the world's coldest place ( Caffin, 1975),
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In particular, the author worked at the Soviet Antarctic -
station Molodezhnaya (67040'5, 45051'E5 and carried out
méteorblogibal rocket soundings of the upper atmosphere ovér
antarctica during 1971-73. In this programme M-100 rockets were
1 aunched weekly once (twice ih the southern winter régime May
to August) from Molodezhnaya as part of the .synoptic study
to understand the Arctic-Antarctic circulation and the
atmospheric structure in the Eastern Hemisphere. Results of the
exploration of atmospheric structure over Antarctica aré
discussed in Chapters IV & V, A study of the equatorial atmos-
pheric structure is made in Chapter VI and a comparison of the
South Polar atmospheric structure results with those obtained
at Thumba Equatorial Rocket Launching Station for the corres-
ponding periods is given in Chapter VII, The results obtained
from the Eastern Meridional Network (along 70°E) are compared
with the corresponding results from the Western Meridional
‘Network (along 70°W) in Chapter VIII, A summary of the work
done and principal conclusions drawn from this investigation

are given in Chaptér IX.

Some of these studies have been published in the

following papers
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Papers published

Upper mesospheric wind structure in Antartica,
Nature, Vol. 252, No., 5485, pp. 683-686, December
20/27, 1974, |

Upper atmospheric thermal structure in Antarctica,

Ngture, Vol. 254, No, 5493, pp. 401-404, April 3,1975.

Antarctic Atmosphere : Temperature Exploration and

Seasonal Variations, Journal of Geophysical Research,

Vol. 81, No., 21, pp. 3715-3718, July 20, 1976,

- Atmospheric Circulation : Exploration over Antarctica

and Seasonal Variations, Geophysical Research Letters,

(in press), 1976,

Exploration of atmospheric wind structure in

Antarctica, To appear in Tellus, 1974&/.1377.

Structure of the Atmosphere over South Polar and

Equaterial Regions, Journal of the Meteorological

Society of Japan, Vol, 54, No. 2, pp. 105-117,

April 28, 1976,
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Atmospheric structure : Exploration over Antarctica

and Equatorial Comparison , Indign Journal of Radio

and Space Physics, Vol., 5, No, 1, pp. 66-74, March 1976.

Atmospheric Structure over Antarctica and equatorial

India in southern summer , Indian Journal of

Meteoroleoav, Hydrology and Gegphvsics, Vol, 27,

No. 3, July 1976,

Indian Scientist worked at Soviet Antarctic Station,

Antarctic , Published quarterly by the New Zealand

Antarctic Society, Vol. 7, No. 7, pp. 224-225,

September 1975, (Editor, J.M,Caffin),
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THE M-100 METEOROLOGICAL ROCKET SOUNDING SYSTEM

fhe Soviet metooo ofAeoundingethe upper atmosphere
for acqumrlng ‘high altltude meteorologlcal data 1ncorporates
M-100 rocketsonde and a su1table radiosonde which . have been
regularly launched 51nce the Meteorologlcal Rocket Network
started and are belng contlnued ‘The present ‘investigation
of the upper atmosphere has been made ‘with the M-100
meteorologlcal rocket sounding system both over. Molodezhnaya
(67°40's, 45°52'E) in Antarctica and Thumba (8°32!N, 76%52'E)
in eqUatorial“india.vThe author worked at both these stations
and directly particioated{ih the collection of data. The
soundings over Helss Island (80 37'N 58003'E) Volgograd
- (48° 41'N, 44 21'E) and mobile shlps in the Indlan Ocean were

4lso carried out with the M-100 rocket system.

2.1 The,iRKz-z' radiosonde

- Each M-100 rocket flight is preceded By a radiosonde.
"The. most commonlyiﬁeed radiosonde is RKZ-2 which operates:at

a frequency of l780 MHz ~The carrier frequency is ihterrUpted

A'%_ accordlng to the amblent temperature. The RKZ-2 radiosonde

i;f-ls made of two sectlons, the meteorological unlt and the radlo

1;Un1ﬂ The moteorolog1Cal Unlt ~censists of a

- rod  thermistor ws B Lempemmhwu, sensor , a
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'gold-beater.skin as the humidity sensor, a fixed high stability
resistor and a baroswitch, The radio unit consists of a
méasuring_ogcillator, modulator, transponder, radio frequency
oscillator and power supply. Each of thé units is discussed

below :

2,1.1 Temperature sensor

The temperature sensor is a rod thermistor of negative
temperature coefficient of resistance with a reflective coating
to reduce undesirable effect of radiation. It is designed to
measure temperature between + 50°C and -80°C within a root
mean square error of 0.7°C. A feature of this type of thermistor -
is that its mass and surface area are less compared to that in
the 1680 MHz radiosondes. This configuration helps to reduce
Iag coefficient and increases sensitivity percentage. The’
thermistor is mounted on a special frame with connecting.léads.
One end of the frame is exposed to air, while the other. end is
clamped to the top of the radiosonde case. All thermistors'of
RKZ-2 systemvare calibrated individually by the manufacturer.
Ground base check is carried out prior to each flight for
checking the calibration of each instrument and to detect

zero shift, if any, in the calibration curves.
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2,1.2 Humidity sensox

A diaphragm made of.organiC’film is émployed as a
humidity sensor in the RKZ-2 rédiosonde. Sagging on the centre
of the diaphragm depends on the relative humidity. This
sagging is communicated to a sliding arm of a rheostat. The
position of the pointer on the rheostat can respond to
humidity variation between 15 % and 100 % with root mean
square error of 7 % at positive temperatures. The humidity
pick-up is connected to the radio unif by a two pih plug,

This unit is securely fixed in the hole provided'on the top
of the radiosonde case which is protected by a visor to avoid

direct exposure to any prevailing weather.

2.1.3 Baroswitch

It switches the various sensor resistors in br out of
the circuit to obtain the three types of signals in a seqﬁence.
-It is actuated by double aneroid cells which operate in
tandem. One end is fixed and the other end is connected to the
switching arm through a lever system. The contact arm slides
over the commutator plate according to the changes of the
atmospheric pressure. The commutator is made out of perspex and
consists of alternate conducting and insulating strips. The
insulating portion is of larger width than the conducting
ones. This facilitates temperature sampling for a larger

duration compared to the other parameters. The baroswitch
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'is de51gned to operate over a pressure range from 1060 mb to
5 mb . The pressure is computed from the helght, temperature

'and humidity measurements.

When the contact of the baroswitch is on the reference
conductor, a high stability fixed résistor“is connected into
the grid circuit of the measuring oscillator which generates
-4 reference frequency 1ying in the range from 2070 to 2110 Hz
~ depénding upon the power supply of the radiosonde. Normally

", deviation of 115 Hz from the.chart value is permissible.

2.1.4 Radio unit

It contains a measurlng oscillator, a modulator and
1780 MHz carrier 0561llator. The measuring oscillator
generates negative voltage pulses. The frequency of these
pulses depends upon the value of resistance 1ncorporated in
its grid circuit. As the radiosonde sensors are connected to
the same grid circuit by the paroswitch the frequency of
the megative voltage pulses 1s naturally a function of the
temperature and humidity. The modulator section of the radio
unit acts as transponder necessary for the automatic tracking
of the balloon or rocket py the Meteor radar. Both the
modulator and oscillator are coupled to the carrier‘oscillator
in such a manner that the oscillation of the latter are
interrupted at the respective frequencies of the former, Thus
the transmitted frequency has two components, radio frequency

1780 MHz and the audio frequency O-3 KHz.
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" The power supply comprises of three voltages with
high tension plate supply Qoltage as 178 to 212 V, first
filament supply voltage 5.45 to 6.68 V and the second filament
subply voltage equal to 2.15 to 2,65 V ., This power pack is
activated 30 minutes before the time of balloon release.
It.can give sufficient power for more than two hours. Ground
checks of power supply and calibration curves are taken in
each flight. A uniform shift of + 1°C throughout the range
is not.taken into account for redrawing calibration curves.
Humidity calibration is checked for ambient condition and the

accuracy assumed is within 20 %.

An added advantage of this radiosonde is that no
sepérate reflector target is required for range tracking as
in the other radiosonde systems. Moreover, it ensures an
efficient performance check for the Meteor radar pribr to

each M-100 rocket flight.

2,1.5 Sources of error

The major source of error in the radiosonde measure-
ments is due to the error in elevation and azimuth when
the elevation angle of the balloon is below 15°, Short term
fluctuations in the'rate of ascent caused by turbulence are
diffiéult to deal with. Under such circumstances radar has
the advantage that it does not depend on any assumption but

measures directly the slant range of the balloon. A handicap
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in the detailed measﬁremenﬁ of the vertical wind and temperature
profiles lies in the averaging process over discrete time
intervals. When there is no reversal of wind direction at

great heights, large errors in stratosphéric wind measurement
may be expected. A semi-objective method for smoothing

employed in the data processing further reduces the error.

The source of error in the small elevation angles
may -be eleminated by using relay stations under the strong
jet stream conditions as done in Japan. More accufacy in the
wind measurement in the stratosphere is ensured by the use
of standard corner reflectors. Swaying motion of the
reflector may be disturbing especially when the reflected
signal is already weak due to a large range and conseqqently
reception may finally become impossible, In order to remedy
this limitation with a large range, the passive reflector
on the balloon may be replaced by an active transpondef
which provides an accuracy in measurement of & 0.1° in angle
and * 50 m in range. With such a system the upper limit of

the range is about 200 km,

Another correction for the radiosonde measurements
becomes necessary when the distance between the balloon and
the station exceeds a certain threshhold Value brought about

by the earth's curvature, This correction for height is

L2/ 2R
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‘where L is the distance'and‘R the radius of the earth, both
in km. Correspénding to a distance df 80 km this correction
factor is about 500 m., As the balloon drift is mostly within
80 km, this correction is less than averaging height interval

of 600 m ( 2 minutes interval) and hence neglegible.

Finally a fairly good accuracy within a root mean
" square error of about 2 ms™% could be obtained in the

radiosonde wind measurements from the Meteor radar tracking.

2.2 The M-100 reocket sounding system

The M=100 rocket is a two-stage meteorological rocket
lifted by a solid propellant made of nitrocellulose base. It
can reach a maximum altitude of 100 km when launched vertically.
- For meteorological experiments it is usually fired at-83O
effective elevation with a payload weighing 67 kg. The standard
M-100 rocket payload consists of four tungsten-rhenium
(40 microns) wire thermometers for measur ing atmospheric
temperature in two différent ranges and other supplementary
thermometers for monitoring payload housing temperaturd,

The payload incorporates necessary electronic devices, a
mechanical 60 channel commutator, a 22 MHz telemetery trans-
mitter, a 1780 MHz radar transponder, antenna system and

power supply sources.
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o An'unbalanced:whéat;stone bridge érrangehent is used
for telemetering the thermometer data to the ground, Two
teleﬁetry receivers with panoramic and photographic_attach-

" ments récord them along with the timing pulses (10 pps) from
1ift-off. The steeple portion containing the sensors opens
around 60 seconds after take-off while the whole payload is
separated around 70 km after 70 seconds and it attains an
apogee of about 90 km at 140 seconds. At apogee, a hemi-

‘spherical mylar non-réflecting parachute with 35 m® area
exerts a stabilising influence on the payload and fully opens
during descent at an altitude of 60-65 km around 200 seconds
after the take-off. The Meteor radar working on 1780 MHz
tracks the payload in the transponder mode and the trajectory
data azimuth, elevation and slant range are photographed every
second for the first 10 minutes and recorded on a paper tape
for the rest of the trajectory. The rocket splash-down occurs
after about 45 minutes. After the rocket launching, the data
reduction, processing and analysis are carried out. The

" experimental detail of the M-100 rocketsonde system are

- described below

2.2.1 Launching of M-100 rocket

Launching of the M-100 rocket is carried out through

launcher system U-100 P . Technical characteristics of

the rocket are given in Table 2.I.
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At the time of Taunch, an electric impulse is sent through
firing pahel from groﬁnd power-source to the squib of the
first stagé pyrounit, and then thé igniter fireé. Powder

gases and burning powder grains of igniter ignite the outer

and the inner surfaces of the propellant; Rocket takes off
~along the launcher rails, and starts moving along the trajectory
~due to thrusting. After powder charge burns out, first-stage
engine stops operating and for some time rocket keeps moving
reducing fiight speed., After 8 seconds of launching, timer
mechanisms come into action and the second-stage engine gets
fired. After éeparation the second stage moves along the
trajectory due to thrusting, After powder charge burns out the
second-stage engine stops operating and consequently the second
stage separates. At the ascending branch of the trajectory

(at an altitude of about 70 kﬁ), the head part with the
instruments separates from the rocket and flies to an altiiude
of about 95 km, At the upper section of the trajectory a
parachute exerts a stabilizing influence upon the flight of

the head part. The parachute fully develops during descent at
altitudes of about 60-65 km,

2.2.2 Rocket Payload

It consists of two major parts, the steeple and the
instrument bay. The steeple incorporates a cone bay, a unit

of ﬁransmitters and measuring'equipment and protective



‘ﬁ Table - 2.1 H
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i Technical characteristics of the'M-100! i
e Meteorological rocket o "
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i 1t
j ;
iRocket weight at the launch ceve 480 kg 1
il 1
UDigmeter ... 0,250 m "
1l ' !
"Rocket total length Ceeee 8.240 m W
i : H
ﬁFirst—stage engine weight R 290 kg E
i i
! Second-stage engine weight ' cerae 122 ka it
i ' it
i Head part weight coeda 66.7 kg “
i , i
iWeight of the first-stage propellant ..... 182.4 kg §
i i
ﬁweight of the second-stage propellant ..... 64.7 kg i

il
%First and second stages fin span ceees 0,680 m ﬂ
1 i
! Temperature range of rocket firing e + 40 £0-40°C i
i §1
ﬁTime of stage separation Ceee 8 sec e
; 1]
ﬁTime-of jettison of steeple oo 60 sec . ﬁ
il . i
I Time of head part separation caens 70 sec l
H] 1]
ﬁAltitude of head part separation e 68-74 Lkm
_ : i

i
' Maximum probing altitude with 85°] 95 km i
T effective elevation e i
i i
" 1
i H
*:::z:zx:umzzzs="-:;::::?::::::-.::;::'.:"..:::::::::.::;::r:::2:::::==-'=::==z:x::=:====:::===:ﬂ
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casihg'flaps.-The steeple contains the temperature transmitters
(resistance thermometers) which are set iﬁ.the working
position»perpendicular to the éteeple by springs and held in
this position by the abpropriéte” latches i,~ The steeple is
supported in the protective caéing.by two pertinax forks and

by two supporting rubber half-washers.

The instrument bay houses the radiotelemetering
system for the temperature transmiiters and also incorporates
radar responder, heater supply unit, power supply ﬁnit,
batteries, command unit and other accessories. Heater supply:
unit is used to apply voltage to the valves of radiptelemetering
transmitter, radar responder, and to switching device motor
of telemetering system. The power supply unit serves to apply
anode voltage to the radiotelemetering transmitter, The
batteries are connected in series with the anode voltage supply
unit to increase the voltage applied to the apode of the
radar responder., One power supply unit is used to apply
voltage through the distant tubes to the separation motor
squib and to the nose section (with paraéhute bay) and rocket
propelling plant separation device. The instrument bay 1s
closed with protective covers used for trénsportation

- purposes.

The physical values characterising the processes

taking place in the upper layers of the atmosphere are
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conVérﬁed‘with the aid of -the iﬁstruments (transmittérs);
into electrical voltage Vafiable in amplitﬁde. With thé 

aid of the switching device of the telemetering system, the
voltages of the instrﬁments are applied in turn to the input
of radio transmitter where these'voltages are converted into
radio signals modulated in frequency., The frequency-modulated
radio signals are transmitted through an antenna which

are then received and photographed by the ground receiving

and recording equipment,

Radar measurements during movement of the nose
section on the whole flight path of the meteorological
rocket are carried out with th%'aid of the radar system
incorporating the rocket—borne'radar responder and a ground
- radar station, During the flight of the nose section, this
v_system is used to determine the trajectory data (slant range,
azimuth and elevation) which are recorded by the typing

device of the Meteor radar on a paper tape.

The power supply unit provides thé whole rocket-
borne equipment and instruments with neceséary voltages
through the special power supply and control plug Connector
of the article. The command unit with self-contained poWer
supply is designed for applying the signals at the given time

to the protective casing squib to open and throw the steeple
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protective flaps and to the squibs of the separation unit
and separation motor to separate the nose section from the

rocket second stage.

2.2.3 Wind.measuring-sensdrs

Atmospheri ¢ wind measurements in the M-100 rocket
system are made from the drift of the descending parachute
and chaff tracked by Meteor-l and Meteor-2 radars. The
Meteor-1 radar operates in a frequency range of 1770 to
1795 MHz in the rocket-borne transponder mode. It tracks the
35 m2 mylar parachute which fully opens around 60 km during
the descent. The trajectory data elevation, azimuth and slant

" range from the radar yield the wind speed and directioh..

Since the parachute gives the winds only from 60 km
to down below, another wind sensor 'chaff! has to be‘used
for the measurement of upper mesospheric winds. The chaff
used in the M-100 rocket at Molodezhnaya, Antarctica
| consisted of cylindrical aluminium'—coated glass fibres
having a diameter of about 0,025 mm., About 400 gm of chaff,
in a special container divided into two parts, was ejected
at rocket apogee. The descending chaff was then tracked by
high sensitivity Meteor-2 radar. At the time of ejection
at rocket apogee, above 80 km, the chaff fell at a high

speed about 160 ms™' but as it descended further it slowed
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aowh'fo about 4 mS'l'at aréund 567km because of the greater
density and viscosity of the air -at lower altitudes., The
Meteor-2 radar data on the drift of the trajectory of the
chaff were used to measure the wind speed and direction in
the mesospheric region from about 80 to 60 km, Corrections
fbr changes in the wind with.altitude were also applied.
The accuracy in measuring the wind speed was about 6 to

10 ms~Y. Thus the chaff yielded the winds from about 80 to
60 km and the parachute for the lower altitudes from 60 km
to down below., Lally and Leviton (1958) have discussed errors
in wind determination Hue to falliné objects, d.q.‘in the

cases when parachute and chaff are employed.

2.2.4 Temperature transmitters

The temperature transmitters are basically resistance
thermometers also known as cross thermometers, which are
designed for measuring the temperatﬁre of free atmosphere up
to‘about 80 km. The operating principle of the rocket-borne
thermometers is based on the relation of thin electrical wire

resistanca versus the temperature, given by

R

. 2 |
¢ = By (L +ot +g,.%+ )

where Rt is the electrical'resistance of thermometer at

temperature £+°C and RO at 0°C while ®# and B are the thermal
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factors of wire resistance,

The rocket-borne thermometérs are made of tungsten

| alloy 'BP-20' wire, diameter abéut 40 microns ; or of the same
.alloy wife,'diametér 35’microns ; or coated with alloy Au + 10% Pd
(gold and palladium). Wound on the middle part of the tempera-
ture transmitter tube is another resistance thermometer of
enamelled copper wire Taw which serves to control the tempera-
| ture of the thermometer tube, The temperature sensor commonly
used in the M-100 rocket is a 40 micron tungsten-rhenium wire,
The measuring instruments are connected to the arms of a
wheatstone bridge. The bridges of all the measuring
instruments have a common DC power supply source of

-V, = 3.11 volts, The temperature transmitters have two
éub—ranges a and b in order to increaée the accuracy of
measurements, The temperature transmitters Tl’ T2, T3 and T4
and the reference thermometers Tab, Tag and Taw have the
folloving sub-ranges; T, from -20 to 200°C, T,,, from 90 to

350°C, T, from -100 to 120°C, T, from O to 250°C, T,  from

2a

-30 to 200°C, T, from 80 to 350°C, T , from -100 to + 100°C,

4
T, from O to 250°C, Tab from O to 150°C, Tag from -50 to 300°C,
and Taw from -50 to lOOOC. The resistance of measuring
thermometers Tl’ T2, T3 and T4 is about 225 ohms at 20°C,

Whilé that of the reference thermometers Tab, Tag, and

Taw is about 152 ohms.
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2.,2.5 Temperature sensois calibration -

The thermometer Calibfation consists in setting up
accuraté me gsurement bf the required temperature in a special
thermostat chamber with the rockef steeple placed inside, It
includes aécurate measwr ement of steeple thermometer
resistance at two different temperatures, calibration of
thermome ter resistance bridge, and measurement of data
processing to receive thermometers calibration chafacteristics
in the whole range of the temperature measurement,

Such a calibration
carried out about'S days before the take-off considerably
increases accuraby of the rocket sounding measurements,
Necessary instruments and equipment for the thermometer
calibration are thermostat chamber, thermostat TC-16 A,
potentiometer P-30 f, standard resistance coil (100 ohms),
switch distributor, platinum thermometer TC-MHI,galvanometer
M-85, resistance box, power supply unit, contact thermometer

TK~6 and mercury thermometer (O—lOOOC) of 0.1°C accuracyi,

The rocket steeple is inserted in the thermo-
1solated chamber consisting of two bays with double walls
between which water is circulating. Water is‘pumped through

the thermostat TC-16 A. A small ventilator is installed
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insidé the chamber to fédﬁce'tehperature stabilization time, |
Water temperature in the thermostat is held constant by

contact thermometer TK-6. Temperature in the thermostat TC-16 A
is measured by mercury.thermometer with an accuracy of 0.1°C.
First calibration is carried out at room temperature about
30°C, Second calibration is carried out at a temperature of
75—800C. Temperature in the chamber is recérded by a platinum

thermometer TCMH~1 with an accuracy of 0.01.°C.

Stabilizafion.time to reach constant water temperature
is about 5—6 hours both at room temperature and at 75-80°C,
Readings of the platinum thermometer are taken through
potentiometer P-37 when they are stable i.e. when the pointer
of null-galvanometer would not deflect, Difference in the
readings of the thermostat mercury thermometer and the
chamber platinqmﬁkermometer at room temperature ( about 3OOC)
in stable state is of the order of 0.1 to 0.2°C and at higher
temperature (75-80°C) is 0.5 to 0.7°C. D.C.Potentiometer P-37
~'with micro-ammeter M-95 as a null-galvanometer is used for
thermometers resistance measurements. The voltage drop across
the standard resistance coil (10O ohms) and across the
steeple thermometer is taken in turn by the potentiometer.

To reduce thermometer filaments foul heating effect,ballast
reéistance of 1500 ohms (resistance box MCP-63) is placed

in series with the measuring circuits., At each of the two



temperature calibrations a series of 3 measurements is taken,
and average temperature value obtained by platinum thermometer

and by each payload thermometer is calculated.

Thermometer resistance 1is calculated from the formula

:where R.JC is the thermometer pesistance, UJC the voltage drop
across the thermometer filament, Ust the voltage drop against
the standard resistance coil and Rst is the resistahce of the
standard coil (100 ohms). Resistance of the leads from the
platinum thermometer to potentiometer and from payload
thermometers to potentiometer is measured beforehand by the
| measuring bridge and is taken into account in the processing
of the data. The calibration of the temperature measuring
sensors consists in determining the parameters @ and RO from
the equations _
R, = R, (1 +ot + 6t2 ).
where Rt is the thermometer resistance at a temperature of
t°C, R_ the thermometer resistance at 0°C, @ the first
temperature coefficient and B is the second temperature
coefficient., While B is taken as the value supplied by the
maker, the value of ®1is calculated for each payload. This is
done by measuring the R, values at two known calibration

£
temperatures t; (30°C) and t, (80°C) with R, and R, as the
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correspondingvresistances'using'the formula -

| 1By = By By ) |

After having celeulated the values of & and R as
described above, the temperature t for certain values of
thermometer resistance over t he range 180 to 340 ohms 1s
determined at intervals of 20 ohms. It is done by using the
standard resistance thermometer.equation.'The exact value of
the two calibration temperatures tl and t2 are determined from
the standard tables of calibration temperatures Versus

thermometer resistance.

After the calibration of the temperaturé sensors the
rocket-borne bridge circuits are calibrated., For the same
Valuee of thermometer resistance from 180 to 340 ohms as
described earlier, the rocket-borne bridge circuit output
voltages for all the four thermometers are measured. For
this purpose a special test bench K1LIM with potentiometer
pP-37 is used. A standard resistance box is connected in the
pbridge circuit instead of steeple thermometers.Measurements
of the output voltage as a function of box resistance are
then taken in succession for each subrange of each thermo~-
‘meter. Using the values of these output voltages and the
thermometer filament temperatures already calculated, the
manufacturer's calibration curves for the resistance thermo-

meters are redrawn and thus corrected.
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2.2.6 . The M-100 radiotelemetry system |

The multi-channel fadiotelemetering system is designed
to transmit information about Qariations of transmitters
voltageé from the metebrologiCal rocket to the ground and
to receive and record this informétion. The radiotelemetering
system is based on the principle of alternate transmission of
data with mechanical switching of the channels. The carrier
frequency of the transmitter is frequencyamodulated The
system equipment is divided into the ground and the rocket~
borne equipment. The system ground equipment is designed to
convert the output voltages of transmitter carrier frequency
and to transmit this frequency to the ground receiving station.
The system has got 60 channels, 5 of whiéh are allotted for
transmitting five reference levels. The rocket-borne equipment
incorporates the switching device, transmitter, antenna and
electric power supply sources, The radio transmitter consists
of a reactance valve, seif~oscillator, frequency doubler and
power amplifier. Technical characteristics of the Radio

Telemetery in the M-100 rocket system are given in Table 2.2.

The ground equipment of the radiotelemetering system
is designed to receive and record the signals of the rocket-
borne transmitter., The ground equipmeht incorporates an
antenna, a radio transmitter, a panoramic attachment and a

photorecorder with timing sYstem unit and the measurements
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R _ T . i
ﬁ(ﬂ) Radio Receiver _ : E
o ‘ | .
ﬁ Type : :  FM/AM super heterodyne ﬁ
- Frequency range : 1 to 25 MHz in 6 bands i
ﬁ First oscillator :  Continuously tunable H
i I.F.Band width ¢ 300 Hz to 5 KHz (adjustable) i
[
h | Sensitivity : 1.5 to 2.0 micro volts ﬁ
ﬁ | Operating range : 100 km . ﬁ
ﬁ(B)v Radio Transmitter h
. il
t Transmitter frequency : 22150 KHz # 100 KHz v -
1 . . . '
h Type of modulation : Frequency modulation y
|
N Input resistance : 20 ohms » o
! !
h Power output : 1.8 W 1
i
H Continuous operation : 2 hours for normal power supply i)
h No.of transmittingl i
i channels: : 60 including 5 reference channels |}
! Switching time for 8 e cec | h
i channels(one cycle)| * 2 S¢ t
i1 . il
’ﬁ(C) -Panoramic Adapter , i
1 )
! Type : P 317 0
t Observational Band : 100 KHz,10 KHz and 2.5 KHz in il
H all the receiver bands, i
i
i Sensitivity : 2 micro volts with signal to i
” noise ratio 3:l1 d
i Frequency scale RMS) ; 3,5 KHz in 100 KHz band,0.7 KHz i
i error . in 10 KHz and 150 Hz in 2.5 KHz h
h ! band i
h(D) Antenna ’ "
‘5; Type _ :  Full wave,non-symmetral length i
”ﬁ Position :  Fixed E
l .
i Beam width | : 50° i
ﬁ Polarisation ~: Linear ﬁ
H(E) Recorder i
l; Type , :  KH3 5}
] : i
}E Speed : Low '}}
:: Type of film : 35 mm ' ;;'
h Sensitivity : 20 DIN/180 ASA :n
Film conumption : 1 cm sec” : i
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are recdrded by photogfaphing-the image on the screen of

a cathode ray tube in the telemetry |, The radio communication
1iné of the‘system is designed for operation within the range

of 22150 * 100 K Hz., Deviation of the radio tran;mitter

carrier frequency does not exceed * 5b KHz, provided # 100 mV
are applied to the transmitter input. The input resistance of
radio transmitter equals 20 K ohms. Power of the radio
transmitter is not less than 18 W, Operating range of the

radiotelemetering system is not less than 100 km.

The rocket-borne equipment of radiotelemetering
system incorporates a switching deyice (PTS switch board) and
a radio transmitting device. The switching device is used to
periodically connect the transmitters to supply their voltagés
under measurements to the rocket-borne radiotelemetering
transmitter, The switching device provides alternative
connection of sixty channels to which the voltage under
heasurements are applied. It also provides switching of slowly
variable potentials applied from the transmitters and changed
-within the limits of ~100 mV to + 100 mV, Pro?ision is made
in the device to connect five voltage-calibrating levels - 100 mV,
-50 mV, O, + 50 mV and + 100 mV to the five channels. The
time required for interrogating the sixty channels of the
switching device equals 5 seconds. The switching device

motor is supplied with electrical power from 23 * 1 V DC
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source., The current consumed by the motor equals 5 ma; The
bridges of transmitters and the calibrating level dividers

are fed from 3;11 « 3,12 V DC source.:

The radio—transmitting'device consists of a control
'stage wi th reactance valve, sine-voltage oscillator and
frequency doubler and a power amplifier. The master oscillator
(sine-voltage oscillator) produces the high freqiency
oscillations. The frequency doubler is used to obtain the
radiated frequency, The sine voltage from the doubler is
ébplied to the input of the power amplifier., The antenna is
essentially a half-wave vibrator with the input resistance

of 75 ohms. The receiving antenna of the ground radio-
telemetering system providesreception of the signals of the
rocket-borne radio-transmitter within the range of 3-25 MHz,
In order to facilit?te.processing the film, increase the
.processing accuracy and to decrease the amount of the film

consumed for recording, provision is made for the brightness

indication of the signals.

2.2.7 The M-100 radar system

The radar system is used to take distant measurements
during the flight of the meteorological rocket i.e. to
determine the slant range, azimuth and angle of elevation

of the rocket nose section. The radar data is then used to
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determine the wind velocity and direction,. The sysiem consists

of the ground Meteor radar and rocket-borne radar responder,

- The Meteor radar . used in the M«100 rocket
has the = +technical characteristics as given in Table 2.3,
' The radar operates within the frequency range from 1770 to
1795 MHz and it incorporates the tramsmitter, receiver, antenna,
feeder system, indicator and the units providing the automatic
range and elevation tracking and the co-ordinates recording.
‘The transmitting device generates the electro-magnetic power
of high frequency and radiates it by a narrow beam
(interrogation pulse) through the antenna. The interrogation
bulse actuates the responder installed in the rocket nose
section. The responder transmits é response signal which is
received by the radar antenna and applied to the rangé
indicator through the receiver, The slant range is determined
by the delay time of the rocket-transmitted response signal
relative to the radar interrogation pulse. The angular
co~ordinates are determined by the method of the equisignal

zone (equisignal direction).

It incorporates a super high frequency (SHF)
oscillator and a modulator which are housed in the
M-100 rocket pay-load's The SHF oscillator radiates radio
signals at the frequency of the ground radar station

(1770-1795 MHz), receives the interrogation pulses of the
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ground radar statidn; changes thetnature of radiated
oscillations and produces résponse radio éignals which make
it possible to determine the slant range. The modulator
prodUces the auxiliary sine oscillations of about 800 KHz
~to ensure operation of the SHF oscillator in super-
\regenerative mode. As a result of this, the SHF bscillator
becomes sensitive to the interrogation.pulses radiated by the
ground radar station. During modulation, the SHF oscillator
radiates intermittent oscillations with a frequency of

800 KHz, The respondcr antenna radiates eléctro—magnetic
energy of the SHF oscillator in the space. At the same time
the responder antenha serves as a receiving antenna which
receives the interrogation pulse radio signals of the ground

radar station.

2.2.8 The M-100 power supply unit

The power supply of the M-100 rocket sounding
system units are designed to apply the required voltages
to the nose section equipment. The power supply units provide
the following voltages :
3.11 V for the electrical measuring circuit ,
23 V for the PTS switching device motor ,
6.1-6,0V for heating the PTS transmittef and radar responder,

132-120V to feed anodes of the PTS transmitter valves, and
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‘270-250-V to feed anodes of the radar reépdndér valves. The
‘power supply units provide pfoper operétion of the equipment
for 1.5 hours. The system incorporates one storage battery

unit, two anode batteries and four additional batteries. The

power supply unit is housed in the rocket payload. .

The anodes of the radio-telemetering transmitter
valves are supplied with current from the dry anode batteries.
The anodes of the radar responder valves are supplied from |
the anode battery of the PTS transmitter to which two twined
dry batteries are connected in series with the anode in the
form of a self contained box to ensure convenient arrangements.
The storage battery unit apply supply-voltages to fhe electpical
measur ing circuit, switching device motor, and to the heater
valves of the PTS transmitter and radar responder. Tovobtain
the other voltages, use is made of the silver zinc storage

battery assembled in the respective supply groups.

2.2.9 General remarks

The M-1C0 rocket sounding system was designed and
developed by the USSR before the commencement of the
International Geophysical Year and has been extensively
used for meﬁeorological exploration of the upper atmosphere

from various stations e.g. Heiss Island (80°371N, 58°03 ' E)
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and Volgograd (48°41'N, 44Q21'E), The-M-lOO soundings from
Thumba started on December 9, 1370 and are being continued
~weekly once on Wednesdays. In the middle of 1969, regular
stratospheric and mesospheric sounding by the M-100 rockets
was started at the Antarctic Station Molodezﬁnaya (67°41's,
45°51'E) and the results of these soundings were presented

by Koshelkov (1972).Under a joint Indo-Soviet agreement the
author participated in the Soviet Antarctic Expedition

during 1971-73 and carried out the ubper atmospheric soundings,
The experience has shown that the M-100 rocket sounding system
is QUite efficient and satisfactory for probing the upper

atmosphere below 100 km,



M-100 ROCKETSONDE DATA REDUCTION AND PROCESSING

During the M~100 meteorological rocket flight time
the atmospheric parameters are registered by the instruments
carried by the rocket. The air temperature and pressure are
calculated with the help of equations interconnecting the
parameters of the thermometers and the characteristics of
the free atmosphere. In computation, an allowance is made
for such factors as the low-density flow, the inertial
characteristics of the instruments, the interaction with the
solar radiation and others that exert influence upon the
measuring instruments. The preliminary processing of the
data collected from the meteorological radiosonde and M-100
rocketsonde are first done manually, while the final data
reduction and processing are carried out with the Minsk-2

or IBM-360 computers using standard programmes.

3.1 Radiosonde data reduction

The radiosonde data is important because it is used
in the processing of ﬁhe M~100 rocketsonae data. The monthly
average radiosonde apogees at Molodezhnaya from January to
December in 1972 were 32.4, 30.4, 28.5, 37.2, 33.5, 32.0,

34,7, 37.1, 38.7, 39,7, 35.6 and 29,2 km, respectively.
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Méﬁeoioiogical data'Was”obtained frém.the radiosonde flight

| records and the Meteor radar. Temperature‘and relative humidity
values at 2 minutes interval and at any other significant
levels, for example isotherm or inversion not covered by the
values at 2 minutes interval, were determined by standard
teﬁperature and humidity évaluators applying the necessary

zefo corretticn from the ground base checks. Pressure compu-
tation was carried out by a standard computer programme
incorporating height, temperature, humidity and surface pressure
values, The accuracy in wind measurement was about 3 ms'l

while the root mean square error in temperature measurement

ranged from 2 to 400.,

3.2 Meteor radar data reduction

The Meteor radar used for automatic tracking of the
balloon with radiosonde and the M-100 rocket in transponder
mode is L-band radar (1770-1795 MHz) with a peak power of
200 W}, The Meteor-1 radar tracks the descending parachute
while the Meteor-2 radar which has a higher sensitivity
tracks the descending chaff made of aluminium-coated glass
fibres. For the first 10 minutes of rocket flight the
parachute trajectory data are recorded on a photographic
film with a camera fitted in the Meteor-l radar system.
Splash;down of the payload occurs after 45-50 minutes from

the takesoff, The parachute and the chaff trajectory data
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(elevation, azimuth and slant range) are recorded by the
Meteor-1 and Meteor-2 radars on a paper ﬁape at an interval

of 5 seconds.

The Meteor-1 radar data on the drift of the parachute
trajectory recorded on the photographic film is projected on
an illuminated microscope and the corresponding elevation
(mils), azimuth (mils) and slant range (tens of metres)
readings are tabulated at eVery 5 seconds interval starting
from 70 seconds to 600 seconds. From the paper tabe.print
output, readings ére taken at 30 seéonds interval till
elevation falls below 100 mils (6 degrees). These readings
are plotted against time and smoothed as shown in Fig. 3.1,
Whenever radar tracking is not good, smoothed readings are
taken from the graph accurate to 0,01 km for slant range and
one mil each for elevation and azimuth. The Meteor-2 radar
records the chaff trajectory data (elevation and azimuth in
degrees and slant range in tens of metres) on a paper tape
with two values for each 5~second interval corresponding to
two most active centres of the descending chaff cloud, This
data is likewise plotted against time and smoothed. The
smoothed values of the tracked data (elevation, azimuth and
slant range) taken from the graphs are then used for
computing the rocket trajectory, co-ordinates and the wind

speed and direction. The computer print out results are
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plotted for further anélysis and checking. in respect of
velocity and altitude. Typical‘M-lCO rocket flight results
presenting time-height and velocity-height curves. are shown
in Fig. 3.2. Various formulae used in these computations are

discussed seﬁarately.

3.3 © Telemetry data reduction

All signals of the telemetering system that
characterise the readings of the rocket transmitters are
recorded on a photographic film, Each signal is registered
on the film as three points that are plotted close to one
another. These points are usually well distinguished from
uninterrupted or chaotically scattered signals caused by
continuously acting or short time interference: The vertical
displacement of a signal from the zero line on'the photographic
film varies proportionally to the voltage supplied from the
transmitter to the sender output and depends upon the value
of a parameter to be measured. The initial processing of fhe
telemetered data includes a deciphering of the signals on
the film in certain time intervals and their conversion
into the values of temperature and pressure with the help of

graduated graphs.
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3.3,1  Timing the film

The telemetry film is developed after the rockeﬁ
1aun¢hing is successfully carried out and then dried, It is
timed automatically with a timer from the take-~off to splash-

down at one second interval. However, it is important to
check it and make an appropriate correction if found
necessary; The film is timed from the moment of the rockeﬁ
launching determined on it by the point where a continuous
straight line on the perforation ends., This line on the film
is exposed by a lamp of the timing system during the pre-
launching drawing of the film, The signals are usually
disturbed at the moment of lauhching. Each one second ihterVal
is ‘a shorter exposed line on the perforation plus a gap
between this line and the adjacent one, When determining the
moment of launching, it may be borne in mind that the first
gap between the continuous exposed line and the shorter
exposed line that follows can be very small or even almost
unnoticeable. It is convenient from the practical point of
view to fix the time of the first longer exposed line and to
composeé a time table of similar exposed lines that follows

after each complete cycle of 60 seconds.

3.3.2 Deciphering the signals

The signals are deciphered by means of a decoder

as in Table 3,1|, which makes possible projecting the
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enlarged sighais‘from“the‘telemetering film to a specilal
screen of the decoder. The voltage obtained during operation
of the transmitters can be taken from the film with the use
of numbered scales of movable board secured on the screen of
the decoder. The timed film is inserted into the decoder so
that the emulsion faces the mirror., The positive signals in
this case are projected on the upper portion of the screen.
The acting code table of the signal transmission within every
cycle is given in Table 3.1. In the Table, Bl and B2 are

the readings of the pir§ni~hot wire manometers which are

now obsolefe, while T1, T2, T3, & T4 are the tungsﬁen—rhenium
wire thermometer readings in the two subranges a and b. Tab,
Taw and Tag are the temperature values of reference
thermometers in the plranlc manometer, re51stance thermometers
and the membrane pressure transmitters respectively, while

Al and A2 are the ranges of the pressure transmitters.

For deciphering, the zero pilot signals on the
telemetry film are brought to the vertical reference line on
the screen of the decoder . By moving the decoder board or
mirror the signals are set at the board scale readings |
obtained for them during the reference deciphering before
the rocket launching. It is an important precaution to see
that the zero pilot signals are not displaced from the

scale reference values. The first pilot signal
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(of an order of =100 + 2 mV) is then brought to the vertical
reference line and the lower half of the board is shifted
horizontally so that it is against the board scale reading

" corresponding to the value of this pilot signal (e.g.-98 mv) .
‘Repeat this procedure for the second pilot signal (e.g.-48 mV),
‘The upper half of the board scale is also similarly set with
reference to the third and fourth pilot signals. The upper
and the lower halves of the board scale are checked for
correct position before the deciphering of every cycle of
signals ahd adjusted, if necessary. All signals of the cycle
are successively brought to the vertical reference line and
their values determined in milli-volts with the help of a

scale formed on the board by inclined lines.

The standard code 1in the Table 3,1 makes it
possible to distribute all signals among the transmitters.

In case zero pilot signals in a cycle follow irregularly -
(travel), the board zero is set in relation to the travelling
zeroes. The values of all signals (in milli volts) are
recorded in the log containing the code Table. The tihe
values (in seconds) are also recorded adjacent to the
respective nearest signals as soon as the time marks

approach the vertical reference line, Deciphering of the
telemetry film is carried out for all the cycles one by

one beginning from the 70th second up to the 300th second,
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-every second cycle begiﬁning_from fhe 300th second to the

600th  second, every third cycle stértinglfrom the 600th

cecond to the 1000th second and every tenth cycle (i.e.a

¢ycle every 50 seconds because one cycle completes in B seconds)
peginning from the 1000th second up to the end of the film,

In case the film has many marks caused by interference which

- makes the decoding difficult and déubtful, all the deCodéable

signals for the first ten minutes are deciphered.

3.3.3 Converting the telemetered signals

into atmospheric paraméters

The voltages (mV) taken from the film are converted
in to the values of temperature (for the thermometers) and the
values cf pressure in mm Hg (for the membrane pressuré
transmittefs) with the help of graduated curves. For this
purpose either the graduated curves obtained a few days
pefore the rocket launching are used or the Manufacturer's
curves corrected according to the data of the reference

deciphering with the aid of D,C.potentiometers are taken.

3.3.3.1 Correcting the graduated curves

The graduated curves are corrected by plotting
a point for every thermometer on the respective graph and
drawing a new curve parallel to the Manufacturer's curves

through this point. The position of this point is
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determined by the avefage vdltage (ﬁV) fof a giveh thermo-
meter obfained during the feference déciphering and by the
air temperature for this particular case. The Manufacturef's
chves sre thus corrected with the calibration data, Correction
is not necessary if the graduated curve in the case of plotted
point is at a distance of less than 1 mV from the

Manufacturer's graduated curve,

3.3.3.2 Plotting graduated bar graph

For plotting graduated.bar graph elevan lines are
drawn one under another at every 5 mm on a piece of graph
paper (70 x 10 cm), Eight lines are intended fbr four
thermometers (atmospheric temperature transmitters) within
the raﬁges a and b, two lines are used for pressure
transmiﬁters Al and A2 and one line is meant for the‘thermon_
meter'TaW. A temperature scale is plotted along the péper
to the scale of the graduated graphs (1 cm = 10°C) and the
values of the ldwer temperature are marked from the left.
The bar graph’ and the graduated curve for the given thermo-
‘meter are placed together such that the temperature scales
of both are matched. The voltages at every 5 mV are
converted ‘into the temperature values with the help of the
corrected graduated curves and the values marked on the

temperature scale of the graduated bar graph.
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The same pro@edUré'ié.rebeafed for-ihe other thermometers

also and the ranges a & b are marked with the pencils of
different colours. Similarly the voltages (every 5 mV) from

- the pressure transmitters A, and A2 are converted into the
corresponding pressure values (mm'Hg) and noted on the bar graph
to a scale of 1 cm = 10 mm Hg., It is important that the zero
points of the pressure scale and the temperature scale

coincide.

3.3.3.3 Voltages conversion and plotting with typewriter

The conversion of the voltages (mV) into the -
values of temperature (degrees) or pressure (mm Hg) and the
plotting of graphs showing the dependence of these parameters
.upon the time from the moment of the rocket launching is done
simultaneously with the aid of a special typewriter provided
with a plate to secure the graduated bar graphband a
transparent rule with a central vertical line on its movable
carriage used for plotting l. The keys of the typewriter
are designated with the thermometers (T,, T,, Ty, T,, Taw)’
ranges <A1"A2) and the pirani hot-wire manometers (Bl’ 82),
The graph taken for plotting is about 45 cm wide and 3 m
long, Time scale is taken from top to bottom along the
Y-axis of the graph paper to a scale of 1 cm = 2 sec
beginning from 50th second to 300th second, 1 c¢cm = 10 sec

from 300th second to 1000th second and 1 cm = 20 sec from
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lOOth:second ohwards;*The‘temperéfure scale (1 em = 10° ),
pressure scale for the membrane transmitters within the 

range of A; and A, (1 cm = 10 mm Hg) and the scale of pressure
lbgarithms for the pirani manometers (1 cm = 0,1) are taken
across the graph paper along the X-axis. The zeros of the
three scales should coincide and be about 15-20 cm from the
right-hand edge of the graph. The temperature scale is

graduated both in °C and °K.

The graduated bar grabﬁ is fixed on the typewriter
plate used in pldtting so that during printing the marks are
precisely at the zero of the temperature scale when the
central vertical line Sf the rule on the movable carriage
is brought to the zero of the temperature écale on the bar
graph. A group of three persons is usually engaged in
‘decoding the data on the telemetering film and plotting
them on the graph paper. One person in this case decodes
the film and dictates the obtained values to the secend
person who records them in the log, while the third person
plots the data on the graph with the aid of the typewriter.
This procedure is' considered quite favourable and efficient.
All the plotted data of the thermometers Tl’ T2, TS and T,
is then used to draw an average curve of the thermometer
wire temperature (T, ) and the steeple temperature (T, as

a function of time. It is a good practice to use a
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transparent rule or a templet for plotting these curves.
An average and smoothed temperature curve plotted with the

typewriter is shown in Fig.3.3.

3.4 Computer processing of the data

Manually reduced and smoothed data from the radar
tracking and telemetry are taken at 5 seconds-interyal,
tabulated, punched on a tape and fed to Minsk-2/IBM-360
computer along with the standard M-100 computeﬁ prégramme for
final data processing. The computer programme permits the
 preparation of original data for processing, processing of
radar data, correction of original data to standard altitude
and restoration of the results of tracking, processing of
- telemetery data and storage and formulation of the results,
Verification of the input data, identification of correction
in case of detectiun of errors, searching for anomalous points
and their elemination and smoothing of the original data are
carried out first. This is followed by the calculations of
the co-ordinates of the rocket trajectory, component and total
velocity of the descending parachute or chaff and calculation
of the wind speed and direction. Correlation of the results
of radar tracking and telemétry measurements and restofation
of.the vertical and total velocity of the descending parachute

or chaff is done by the equations of motion. Calculation of
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the éﬁmesphéric temperature, préssure and density at standard
altitudes is carried out u51ng the results of the thermometer
measurements. Storage and formulatlon of the results incor-
porate recording the results on magnetic tape for prolonged
storage and printing the data bulletins. The computer print
out results are plotted for further analysis and checking in

respect of velocity, altitude, temperature, density and wind.

3.5 Computing wind velocity and direction

The M-100 rocket is located in space by slant

range (D), elevation ( @) and azimuth (@) measured by the

" Meteor radex . The vertical angle @ varies from O to 1500 mils

(1 mil = 0.06°) and the horizontal angle @ from O to 6000 mils,
while the slant range is méasured in tens of metres

(0.1 = 1 m). For observations taken from a ship, the marine
variant of the meteorological radar is equipped with a device
that allows an automatic introduction of the ship's course,.

The radar data is then smoothed by plotting it against time
on a graph paper. The averaged values of the angles and slant
range aretused for computing the rocket co-ordinates and

V speed, as well as for computing the wind velocity.

The horizontal co-ordinates are given by -

X

il

D cos @ cos P
Y.

il

D cos® sin @ - (1)
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and the vertical co-ordinates by -

Z = D sin @ ‘ - (2) .
where X is the meridian axis (the sign "™ + " being northward)and
Y the regional axis (the sign ™ + " being eastward),

The altitude H is found from the formula

H = Z+ AH
where, A&H is the correction for the curvature of the Earth,
which is neglegible if the horizontal distance of the rocket
from the radar (DH =D cos ® ) is less than 50 km, The values
of the correction AH at D, = 50, 60, 70,80, 90, 100, 110,
120, and 130 km are 0.20, 0.28, 0,38, 0.50, 0,64, 0.79, 0,94,
1,13 and 1,32 km respectively,

The components of the parachute (or chaff) speed are

determined with an accuracy of 1 ms”l by the method of finite

differences from the folloWihg relations =

X, - X
v, = ,EE,_,_£~
o~ by
v, = _gg_:.,;é_ - (3)
27 "L
Z, - Z
v, = R
ty -ty
where xi, Yy, 2y and X5, Yy, Z, are the co-ordinates of the

rocket at times tl and t2.
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A speed:found'for_a definité‘interVal of time
is actually at the middle moment of that interval. V,_, Vy’
Vz are then plotted against time and the resulting curves are
smoothed. The smoothed values Vo', Vy‘ , and VZ' are taken

from these curves for'Calculating'the parachute (or chaff)

speed and the wind velocity.

3.6 Error in wind determination

We will here examine the.error in the abiliﬁy of the
falling object itself (parachute or chaff) to follow the
‘vertical wind pattern. Let M be the mass (kg) of the falling
object, A the drag cross-section (mz), g the accelration due
_to grévity (m/32), P the density (kg/m3), ap the accelration
due to drag (m/gz), Z the height of the object (m), Z the
vertical velocity of the object (m/s), Z the vertical

accelration of the object (m/sz) , X the horizontal velocity

t
L)

of the object (m/s), X the horizontal accelration of the
object (m/sz) , Cp the drag coefficient, W_ the wind shear
(units/s) and W the horizontal wind speed . Then the horizontal
~wind relative to the falling object or wind error X-W is
determined as follows:

i

Since Z = -g + ap

the drag force can be written as

= D
MaD T2 een o e o e oo o
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The equation of motion of the falling object will be

if both the vertical winds and the coriolis accelration are

neglected.
Cp A ,
If K: ————— . em (4)

2 Mg
the expression for vertical accelration becomes
'-Zn _ : - 2 ’
= -g + K Pg (2) ~ (5)
Solving for Z we get

* e

z o= (- (1eZo)
K P 9

- If we further assume that i.<%: g, then

oL
Z

5 - (-.é.ﬁﬁ | - (6)

We will now derive an expression for the error in wind
determination as a function of fall velocity. The complete
expression for the horizontal accelration of a falling object

in a wind field assuming a planar flow is
€ - o > <2
X =Bl (%W) ( (w2 + (2)2) - (7)

If the difference between the horizontal velocity of the
object and the horizontal wind velocity is very much less than
the fall velocity, i.e., X-W <<€ Z . then the above equation

simplifies to :
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X =KPg (%W z

Substituting KP = 7£_2
(z2)

X = 9140 - (8)

This equation indicates that the horizontal accelration on
the object, tending to pull it 1into the wind field, is
proportional to the relative wind and inversely proportional

to the fall velocity. Equation ( 8 ) may be written as -

w =17z X _ - (9)
g ‘ ,
More strictly, vertical accelration‘i should be incorporated
in g. Then

5(—‘[& = i L-I.———-— -(J—O)

If we assume that the horizontal wind, or wind error,
relative to the falling object remains constant as it passes

through a zone of constant wind shear, then

X-W = Constant

and ' ).(. = _g}iw_
dt
The vertical wind shear Ws is defined as
ws = W
, dz
- dW o _dt_
EQt dZ
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Combining equations (8) and (11)

Y= Ws 7 9_%:&@‘2__._ o L(12)
Ws = g(Xw) _

(2)2
W = Ws_ (7). - -(ls)v

This expression shows that for a given.constant wind
shear Ws, the error in the horizontal wind determined by
tracking a falling object (parachute or chaff) is a function
of the square of the fall velocity provided the fall velocity
is much larger than the relative horizontal wind. Lally (1958)
has worked out the values of the wind error for various fall |
.velocities and wind shears. Fall velocities of various chaffs
" andof 4.6 m parachute are presented in Fig.3.4. The Wind error
analysis gives an immediate answer on how accurately an object>;
falling at a known velocity will represent the wind field.

If we wish to be able to measure the wind field to an accuracy
of 10 m/s within a zone where the wind shear is 0.02 units/sec,
then the fall velocity of our tracked object.must be less |
than 70 m/s. An object falling at twice this speed will be in
error by four times as much. A typical chaff fall speed |
(m/s) obtained from one of the M-100 rocket soundings versus
altitude is shown in Fig.3.%5. The chaff used consisted of

cylindrical aluminium-coated glass fibres having a



896 4
g8

60

&5
56
b
52
50

3

4 Bevaan &

W OA0WE0 MO0 om0 B0 1)

¥

LIRS B A

-

b maccbravar hssusheancbncabuccdey

. |

e Lt i i | * LS 2 ™

] v LI S T 1 A, i rmad.

P

-

o

4 5 6TEGD 20
CHAFF  FALL SPER

060 H0ED SO0 200 20 80

O METRES PIR SECOND

{Mig.5, fﬁ»}

‘Meteor wadar cheff fall velocity {Wﬂ) fxm
8 typleal MalO0 vooket . ammcé“mqo '




- 82

diameter of abouva.OO25 cm. It gave an accuracy of about

5-10 m/s in upper mesospheric wind determination.

3.7 Correction of wind errors

The total speed of the descending parachute (or chaff)
is computed from the relation -

')2 %‘

Y
within the range of altitudes 30-58 km, When there are large

Ve = (V)2 + (V)2 « (v1)2) ~(14)
wind shears in the vertical, the descending parachute/chaff
may not respond instantaneously to the wind of each level,
The differences between the components of the wind velocity
and those of the descending parachute or chaff speed (ms™t)
are calculated from equation (10) by replacing X-1 by AX,

Z by V;’ X by a "z by a, and g by 9.7 (m/s2) .The

X y
. a

expression (10) thus becomes AX = V! oo X __

z a, ¥ 9.7
Similarly

a .
AY = V! . b A— ~(15)
z a_ + 9.7
v4

‘where ays 3y and a, are the components of the descending

parachute/chaff acceleration given by
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a = X L XL
X -
ts Ty
(vi), - (V)
ay = ..._.Y_g...;._._..._Y....‘.].'_. ...(_]_6)
t2 - tl
), - vy,
a, = e lm
t - t

Within the mange of 30-50 km (as a rule within the 240-420th
seconds during descent), the wind velocity componénts

\Y and 'V

1% are calculated by the following equations

ly

le

1l

V' o+ AX
X

Vly

H

vV o+ Y -(17
vt oA | (17)

However, at altitudes below 30 km these components are simply

the smoothed values of V; and V§ i.e.

le = V%

Vv = V! -(18
Ly y - (1e)

~Having obtained the wind components le and Vly fbr all
standard altitudes up to about 50 km, total wind velocity

and its direction are determined by using the aerological

disk or from the following formulae i
’ 2 2
vV = ((le) + (Vly) )
- -1V | |
d = tan QH%.Y"% ~(19).
Vix
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The upper afmbspheric wind speed and direction are
thus calculated from the drift of the trajectory of the
descending chaff and parachuté using the above formulae, Chaff
is Used‘for wind measﬁrements in the mesosphere while parachute
in the stratosphere and the tropoéphere with a view to minimi-
sing the wind errors as discussed inISECtion 3.6, An example
of computing the wind speed and direction from the Meteor radar

data and applying the wind error corrections is given in Table

3.2 (ab)

5-10 ms™t after applying the sbove corrections. It is very

lo The accuracy in measuring the wind speed is about
 important that for wind computations the radar data must be
smoothed before feeding it to the computer, The computer

" further smoothes the data according to a standard programme

and yields reasonably accurate results.

3.8 Computing the atmospheric temperature

A brief account of determining the atmospheric
- temperature, pressufe, and density from the data of resistance

thermometers is given below :

At altitudes below 15-18 km, atmospheric temperature
TA is equal to the thermometer‘wire temperature T , and is
taken from the aVefage smoothed curve of the telemetry
decoded data e.g. Fig. 3.4. At altitudes in excess of 15-18 km

the thermometer wire temperature is corrected by the



4
1 | “ " i i
m ! m ] b 18 ob-1pT 9T
i I i |
. m HG— m z- m 2L TL m no.ahm wm.mwlmhm.@a
I { | 1 1 : i
“ Ly~ 1z | L9°CL | 2GTTLI TG Ty-iGe 9T
1 i i . { ] i
' Ty- m '8 m 69°EL | LGTEL ) 62 6e-l2T oT
i . i i i
Loy 1 0T 4 TLwL ) To'wr ) eptie-loceor
“ P | i " )
o9 b9 { 89°GL 1 09°GL!czge~lengT
i , i t i 1 !
m 09~ m 6 m £9°9L m wm.@um vm.mmlmmm.#a
i : 1 : i 1 1
| [0St 1 To= 1 68°9L | ¥8'9L]89'Te~l06"pT
1] - § i ] : i i 1 i
n Al oe= | 2T= 1 oL'LL ) 19vLL] v8T0e=1T6 " ¥T
] [ i i i 1 }
i Z= 1 - 0e- | 8- | ¢z'aL |ozas | 88°62-1€2°CT
° | o | | | | |
¥ 8= f  Tem 1 97 I yE'6L | TET6L!00°62-izy ST
1§ H i 1 . 1 t i
4 6~ | TT- | e~ | 65°08 | 16°08 | 8G'8Z~l8g gt
3] L 1 : R 1. ! | | ’
1l : 1 ! ! . ! . 1 . o,
I - “ - ! i [47% Nm ; ov°es “om 8¢ 1T9°GT
m-- ...... == w ......... fro————- R e e Fo—m——=
T L oT | & | 8 | Lo 941 &
YT R RS B [ .
i s/u 1 s /u i S/w) |
J Sz “ A ity i (uey ) m (uny ) n (ws )1 (w )
1 Al AL ALY H 1 7| AL X
i ~ SjuUsuwoduod A3To0TeA zeyy | opnaTiTy | S81EUTPI0-05 FI8U5

lllllllllllllllllllllllllllllll S SO U A

T T e it e S T 2 e K3 D T ees B ot . A e 10

T T S R N 0 e e P e e e i e ot i e R it ot Tt [ bk Pt oot e WL et . i 50 i s (. S o S M Wt o




lllllll F EEmEEEEaES HHHHHHHW"HHH“UUJHHHH“HH _HH“IIII._—..III.... ﬂ
i “ ' I | | | i | . | !
! 1 ! . L} . i
m - - m - 1 06'T9 | TT'T9 | G2'86= 1 42" 6T | OETLTT | TrT8C w P*TE 4 000T
: o ] “ _ _ loc'aT | o 60T lartez | T'pe | 008l
9 i vo- ev= 1 T | pT'zo i 0g'lg | 26798~ | 8S'8T | OL760T | 8787 | T* | !
§ 1 | ! i . i . b e [ . ! h
i o - i ge- m €= | 82°€9 | ¥L'Z9 moq.aw- L y6°8T 1 0G°%0T mﬂ e | 6°9¢ | 009T
i | i ; ; | i _ Dejogr | mmerme i oo bozree b ooopT |
m 9= 1z- m T m TE'¥9 | €8°€9 mmh GL- mm> 6T 1 00°T0T § 97782 m m i
1 i | . 1 . 1 . | Ty ' O0CT
i oT- | Te= | ¢ 1 1.0¢9 ! Te'go | 67°0L" 1 67°8T | 087L6  Lvee ety !
i " ! _ “ SR lce*.T 1 ov'c6 lv'gez | z'Gy | 000T I
i oT- {  oe- | v | G089 | 0L | 97°89- 8°LT | 0v°S6 v m | ot
1 1 1 . . . i . F e AV 1]
I L ze= © 9 | 1189 | ov°89 1CS'T9™ 1907LT | 09786 167G8T | 0°Ly | |
1 . i [ i . i ey b cr | 0| H
i - gp- | g- | LET69 | LT'69 1T6°9S~ 149°9T 1 0T'T6 {€°982 | v 6y ! © i
i 8 - | ! “ ! " “ _ “ | geze | oot
L { . . . 1 . can u i
1 6 - | 06= 1 T i LT'0L | 16%69 106°TG- | LT'LT 08’83 lcesz | | x
il ' . i ! _ ; ! | R ISR S .
! B S . E— s e S T Coe oz Lot
i T} oot | 6 | SO0 S FOSR AN SN NN NN DRI WA UL
"“l llllllllllll | I L llllllll Ty e e e e g -




SESESEImEmpaEEoRsSESSISEg)
. ...l.K!I»........r.W.WHHIHHHHHHHHH_HHN"HHHJHHHHHM_.H“HH llll "lll.l ] " . “_p
_._"u.uuuu.nuuuuuuuuunu_uuuunuunuu“u lllllllll “ .m . i “ I ! 6T~ __ Co~ __ 9 ! 0GG “__
, A Lt PLTL T } : i ] &
i o | &6 {  Sv- | i “ n _ i i 8 1 oocti
i i ! ; ¢ . 1 o1 T= 1 0Z- { jp- 1 1 !
1 i 6 1 Ly~ | L 7 L9°CTL i ! 1 ! 1 ] :
il gy ! 86 | | “ _. i LGz 1 - iog 1 osy &
g | AT |- op= | 8 1t 697€EL vy T 1 0 ! __ H B i
i r cOT 1 i ! i bor b - ' oge- V0 o1 ) oY
I i _ Top Thp TwA 4 T T P _ “ !
B.ﬂ { 8¢ i i { 1 i c
i Ov i ! | I | 1T ' 12- 1. gp- ] ot i os U
i - _ vpm 1 TTY 89°GL | T i [ i | i i
: o | Te 105t 1 T evtos AL " o bl 062 1
1 I 1 ! - = 1 - 1
i . “ 6 1 o= I g ' 68'9L | 9 I R m . : w "
i _ S - 1 G-1097LL L i i “ i ! 1
i Ly i &8 ! Ly i ' " n ! 6c- | og~ ! 8= | 0Oft¢ s
i o b ee- 1 s-l esL | s8-1o - " i __ H
: €€ 1 8L " _ "mﬂmna-:m-nwnoa,._
it o 1 - 1 -1 peegs ) A B 1 i ]
i ce Pl m kT 4 8 ”. ’ | m e m e 1 oTI- m v= 1 OLT
1] 1 H - . i .ﬂnll A |} 1 |
j € 1 oL boE- ) oemlesos |1 P o o o
i | m I B I P T b b bommeed
b o S U S PN S i e 1oz 1T
s e s 4t bo ls tv de L b Td
I B e SR S S S S0 “ “ ! “ “
: : . e e e e o e e - 1
it L (s/u)d(s/m) " m /) (/) b (s/) i
i . | v AT 1 X7, | _Am\Ev xm.\Ev H Z 1 A H A 1 (08s “
’ (s fu) ' (bep) 1 A ! A ! t ¥y i A sA ! 1 3
i . i p o} : S Sjueu 1 (uny ) i AY 55 | TSAU3U0dT05 AQTOOTRA | ourr
7
: A ] ! t | S3Usuodu 5U700ug i SWTIL y
h poads puy | -0dwoo 333w> “%zpmﬁi IoIxs puTH | T eemE i
] II T RSN S
' uoTyoeITP pUTM 1ueaInssy ..m mmM@IWWWWW1tsmi". |||||||| Amm e - m
B it o e - 3
__ e e ———— 37 X5 pauTeTq0 518
i Syde b 5uTPucdssII65 5y BuT3R0Td Aq pautes

- o
- e e PR

— —— s nan

S - -~ - - . o ¥ i o et P RS P et P Pt T e

—

-

.

um =
=] 7 N 1= 2 or o) N@U.O~O§ IDAO w,..m.f .n.~% i
T Jenu paij U e HPOH@PC{ QNMCL

3 A * ANN.m m R ‘(h.. v h

———
woH m

4
n




.l"..u"“"“l..l—_“""
l"“""ﬂ—“l :
mEE==TEE 1 m
= 1 i 1
e i 1
A S i “ 1 H
S " ; “ “
mEmsEEEss “ _~ M ) " _n
T 29 i __ _ i , !
|.|...|||“..|..u._ﬂl."nn|o. - " N..O “ W@ " __ “ “ —u m
=rmms===s i 0lse- i 072 99 M _ ” _ " M
====Seps= 68 i 1 L8 bLY _ | ~ i | |
s====s ! ve | 6= 1 1 89 ! i i [ ! !
T e | 6 1 o9 A A _. L _ “ "
i 8c | 56 1 9°0 R ELCE , ! “ _ “ " |

- B oy e A o

i e <6 L yror- “ 0T} Vi “_ | " I m e

i ¢ e o

S e oot I T

i LA S0t ey L | gL | i BN e -] |

i b ! 86 | ¢ oo | .m..@..n ! S S o i “ T ! oc

i N L o2y | e E— F_ " Loy | l o

] A o L T R LT - L o

1 Lot 20 i u i _ 1 - I

} &v “ -Hmn-gwae b= m © b L0 “ o - 1 vt “ T 1oc

. A P - ! 1ovTeY T [ gz- | L o

h S T PT PooTo g - i L 1 O

T - “ o ! - 1 82°€9 " “ 0 H " ee= 1 e

T I 16 “ booe _ Voot I 0T= i I e i

iy _ boogem | Te'pg | Lo o ! -1 _

i v i H i LT 1 T H oe- | -

i ! 98 i booT ! T “ 1 - ! I 1

o “ L z- | ! L'G9 i i L0 ] -1 g _

”_. Ge 1 6 “ “ o 1 T i 1 T “ 10 H “ C

R “ ° oTe- | i 0’8 1 0 Ty Lo e !
. ; i _ i -
3 S oot | v T “wlm%“ e 1

i e ” | oe- ! 1oLL'e9 T L Gy -

i N ¢ B 69 | T | B o

- . ] - i - —

I °t ToT } o ee e ] e | T -0 9 “annlnllgq

i A i . i L= ! “ T'0OL “ - i 6T S T < 1 —

i £ i oL | -1 1 b t+ : i

H & " 8 |z “ Lol ! R A S A

] - i @1%ad 1 2T : ———— { ) .lh.l.l....d.ll v

1 8 c6 i Lo, n«;n:nnw:; g I

1 I 1 — 1 LI I 9 3 —

B oS ] Ly _..lx..n,u..“ﬂ Lo —mmmobo

! | w . 1 S wa--swnxuﬁw_

mm L L l_,..lnl B — OTHE T -

i _ COU QuN ;S AR




89

following formula

T& = TW + 4 TaW

T, + 0,06 (T, - T

w ™ T ~(20)

where Taw is the temperature measured by the steeple thermo-
meter and AIEW is an allowance for a thermal contact‘between
the thermometer wire and the insulating blocks. Within the
'range of altitudes from abbut 15 to 30 km, the temperature
TA is considered equal to the value T, s because all other

factors influencing the wire temperature are neglegible.

Within the range of altitudes from about 30 to 50 km
the wire temperature is allowed for speed correction AT,

The atmospheric temperature in this case is determined as

follows
TA = TW - A TV _
= T,% (4.98 x 107% x ¢ x (VZ)2 ~(21)

where, r is the temperature recovery co-efficient and
V., the average air flow velocity (ms™') relative to the
thermometers (in case of employment of a parachute) determined

from the formula

% =(wyz+(Am2+(¢Yﬁ)% ~(22)

- where V; i1s the smoothed value calculated from the relation

given in (3) and AX, AY are calculated from (15) as
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discussed in section 3,7, At altitudes below 40 km values
V;}do not differ much from the values VZ . At altitudes

- exceeding 45 km the atmospheric temperature T is calculated

A
by the following formula _ :
_ 4
| _ dT! (T})
T, =T' =498 x 10% x2 xVZ+ "V 4 Eﬂ;— L
A w h
dt
z
S S A 0 ~(23)
S.h h

At altitudes below 55 km the value V, determined by formula
(22) is considered to be the air flow velocity V relative to
‘the transmitters, At altitudes exceeding 60 km the value V is
considered equal to the full speed of the rocket, The values
of the recdvery coefficient (r) are taken from the standard
tables. Correction for the thermometer thermal inertia depends
upon t?e rate of change of the thermometér wire temperature
 (_ga{EW_; during the rocket flight and upon the ‘time constant
{ ®) of the thermometer thermal equilibrium. Time constant %
“depends upon the diameter (d) of the thermometer, its thermal

characteristics and on a heat exchange coefficient (h). It is

. given by T = 9:_?_:.9 "(24)

where C‘is the thermal capacity of the thermometer, ¢ the
density and d the diameter of the thermometer wire, The time
constant of the standard thermometers employed at the

present time equals
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Heat exchange co-efficient (h) of the thermometer is

Caldulated from

-4
0.1241 x 107% x T, (T,yx
h = e é—-—--—é—;—-——u —( 26)

T + 110.5
The Nusselt number (Nﬁ) used in formula (26) depends upon
Knudsen number (Kn) and Mach number (Mn)given by the following
formul ae ' _5
3,10 x 10 x T
Kn = ..._.._.__.__._._..._.__...‘f‘___ —( 27)
d x PA(l + 110.5)

5).
TA

where d is the thermometer wire diameter (0.004 cm) and Py
the atmospheric pressure in mb., The Knudsen number Kn is a

function of the values PA and TA at the given diameter d. The

Values of Kn are given in standard tables. The Mach number Mn -

is defined as the ratio of the total chaff™ speed (VR) to a

sonic speed (VS) and 1s given by
\

Mn= B ~(28)
v _
S
where
1
Vg = 20,05 (T, )% -(29)

The values of VS as a function of the atmospheric temperature
are taken from standard tables. The temperature recovery

Co-~efficient (r) is taken from the graph:

r = £ (Mn, log Kn) | ~(30)
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which is plotted by using the data from the standard tables.
The Knudsen number (Kn) is related.to the Nusselt number (Nu)
and Mach number (Mn).The values of the temperature recovery
‘co—efficient (r) in terms of (Mn)and (log Kn) are given in
Table 3.3. The Table 3.4 presents the values of the Nusselt
number as a function of the Mach number and the logarithm of

Knudsen number.

It is quite evident that the temperature recovery
co-efficient (r) depends only upon the Mach number (Mp)when
the Knudsen number Kn% 11l and can be interpolated from

Tables 3.3 and 3.4.

The value of the heat exchange co-efficient (h) is
found from the values of the Nusselt number_(Nu) using the

relation

h = A. Nu =-(31)

where A depends upon the atmospheric temperature TA and is
taken from the standard tables. ‘As is obvious from the

relation (26)

e L
0.1241 x 1074 x T, (T,)?
U - S ¥ ~(32)

——— oty —pote St
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where g is the radiation co-efficient dependent upon the
thermometer wire temperature and ¢ , the Stefan-Boltzman

~12 —l). Radiation co-

_constant (1,375 x 10712 cal cm™2 deg
efficient & for a tungsten-rhenium wire used at the present
time in rocket thermometers linearly rises with an increase -

of the thermometer wire temperature. Value & = 0,129 at T!

I

= SQOO and the value §
4
)

0,204 at T! = 500° are used for the
calculation of &o(T!)™ = £ (T!).

The term SQE— gives the correction for the ohmic heating
of the thermometer by electric current, where (Q) is the
heat effect of the resistance thermometer and (S) the thermo-

meter surface area. The heat effect Q of the thermometer is

glven by the equation

0.239 x V{ x R, (1 + et!) | ~(33)

where t} = T!{ - 273°, R the thermometer resistance at 0°C,
Vithe voltage of the thermometer bridge supply (3.1l to
3.12 volts) and R the resistance of the thermometer bridge

arm,

The length of the thermometer wire consists of
eight sections, 13.3 cm each. Thus the total length of the
wire equals 106 cm, wire diameter d = 0.004 cm and its

surface area S = 1.34 cmz. If, for example, RO = 221 ohms,
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e= 147 x 1072 and R = 250 ohms, the value Q will be

10,230 x 1072, 0,232 x 1072 and 0.231 x 1072 at t! = 0°,

- 100° and 200°C respectively. It follows that under the
‘specified parameters the temperature variation of the
thermometer wire for first minutes of the rocket flight does
not practically influence the value Q. It is, therefore, |
quite possible to dispense with the calculation of the value.
.%? for every altitude of measuring atmospheric temperature TA
and take it as a conétant value for all altitudes of a given
rocket launching. For the present case the value r%* is 17.2 X
10”4. In case of simultaneous operation of the four thermometers
mean arithmatic value of —%— is used for the atmospheric
'temperature calculations. In practice the value —8~ may be used
for processing the data obtained by a number of launchings

because the parameters Rb, « , R and  influencing its value

turn to be the same.

The correction’-wﬁL allowing‘for a heat of a long-
wave radiation and especially of a short-wave radiation
inflowing to the resistance thermometers may be found from

the relations

2q= ga (T ,%.+h(qk_TJ + 6x5 x 1074
d T
d_Th ~(34)
X =ox (34)
T, = Tl L+ 0.2r x MR) ~(35)
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where Te is the equilibrium temperature i.e. the temperature
at which the convective heat exchange of the resistance
‘thermometers in the atmosphere equals zero, all other values

of the formula being calculabed for the peak of the trajectory.
By summing up the numerators of the terms involving

(h) in the equation (23) one gets a simplified formula for

temperature calculations,

Ta

1

St |
T - AT, + —p- ~(36)

where
4 4T 4 Q
6.5 x 1077 x =—== + Bo(T)" - gq - -2 -(37)
. dt S

S(

11

It is expedient to calculate the atmospheric temperature by
formula (36) , values S' in this case are to be computed foxr

every altitude,

Since the value Q does not depend upon the thermometer

wire temperature, substituting (34) into (37)

d T |
St = 6.5 x 1074 x ~o%e Bo(T0)T (go(T)?
+h (T - T) + 6.5 x 1077 x ——-Y) ~(38)
dt

The last 3rd term (in the brackets) may be denoted by gg'.
" The calculations by the relation (23) produce an atmospheric
temperature in the first approximation which is corrected

to good accuracy by the method of iterations. The measurements
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show that an accidental root mean square error in determining
the atmospheric temperature by the resistance thermometers
equals 3°C at an altitude of 40 km, 5°C at an altitude of

50 km, and 7-10°C at altitudes 60-80 km.

3.9 Computing the atmospheric pressure and density

Having found the pressure at a certain lower level by
radiosonde data, the atmospheric pressure at the higher levels

is determined from the formula

K = log P, = log P, = —m==SmmmeSmmmm—n ~ ~(39)
+ 27 5,302 x R, x T,

where Pl and P2 are the pressure values at lower level Hl
and upper level Hz_(in km) , R, the gas constant of the air
(RV = 28,7) and g the free—fall’acceleration (m sec™?)
respectively.

The values of K are found out from the standard tables.
Thus the atmospheric pressure at a higher altitﬁde is
given by log P, = log P; -~ K | | ~-( 40)

The same procedure is uged for calculating log P2
and the pressure values for all the upper layers are thus
determined.

The temperature and pressure values of the last

approximation are then used to calculate the atmospheric

" density given by the relation
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PA = 348.,4 == ~(41)

T .
where . is in m"'3 é in mb and f in °K

Tn modern practice an ever greater part of the
meteorological rocket data is processed by the computing
machines. The advéntages of the data processing by cdmputing
machines over that by hand consist in a time saving in
obtaining the final results and in a higher reliability of
the processed data. The data processing of the M-100 rocket
system is not very simple as it is very time consuming and

complex-i.However, it has more redundancy in the observations

and correcting and checking methods. The preflight'Calibration

of the sensors and the determination of (& ) value are
important facotors in the M-100 rocket data processing_and

it is checked with the factory value,




'EXPLORATION OF ATMOSPHERIG §IRUCTURE OVER ANTARCTICA

For centuries, the poles have driven hardy men to
exploration motivated by curicsity, adventure, promise df
rewarding harvests of seals and whales or by the search for
shorter trade routes. The annals of early polar exploration
tell of daring exploits and killing hardships. Ironicélly,
some of more tragic eérly expeditions contribyted a lot to
our knowledge of the polar regions as for example, Shakelton's
remarkable Antarctic odyssey after his ship 'Endurance' had
been crushed by pack ice in the Weddel Sea, and the ill-fated
Franklin expedition into‘the Arctic. Because survival 1n the
harsh cnvironment demanded so much of the early explorera,
their contributions to our knowledge of‘the polar reg;ons
were largely limited to the discovery and mapping of land

feagtures.

The polar regions of the Earth are still
comparatively less explored . This especially applies to the
Antarctic which was discogered just two centuries ago.
Scientific investigations of Antarctica started in 1901
when expeditions were sent to the Antarctic continent under

various national flags. Polar investigation entered a new
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era during the International Geophysical Year, IGY in 1957—58
which marked the end of random exploration and the beginning
of systematic scientific research. Broad features of the
polar environment are now known to a reasonable extent.
However, some specific significant problems, largely inter-
disciplinaiy in nature, that will lead to a better under-
standing of the total global environment remain yet unsolved.
The polar regions are ihtegral parts of the total global'
environment and understanding of polar processes and
phenomena is essential to the solution of earth-wide problems.
For example, polar atmospheric circulations strongly
influence weather and climate at the lower latitudes, and

the polar oceans can be consi&ered the high-latitude portions
of the world oceans. Removal of the sea-ice cover of polar
seas, either accidently or deliberately, would certainly
have a profound effect on the global heat balance and hence
on the world's weather and climate and consequently on the
atmospheric structure and circulation. We have yet to

uncover and explain many. of the basic secrets of the polar
environment, to relate them to their global éounterparts

and to weigh the interlocking consequences of environmental
modifications. The study of the polar atmospheric structure
particularly ovér Antarctica which is the last terra incognita
on the Earth and the least investigated so far is, therefore,

very essential.
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4,1 Soviet Antarctic Expedition

Under a joint Indo-Soviet agreement ratified in 1970, the
author participated in the 17th Sbviet Antarctic Expedition during
the period 1971 to 1973, wintered at the South Polar Ice~Cap and
circumnavigated the Antarctic Continent (Caffin,1975). Some of
the stations visited by the author during his Antarctic Odyssey,
1971-73 are shown in Fig.4.1, Visit to the station Vostok (78028'8,
106%48'E), the pole of cold located at the geomagnetic South Pole
at a height of 3488 m above M,S.L. was of special interest because
it involved a trekking of about 1500 km with tractor sledge and

footsore,

The author wintered at the station Molodezhnaya located
at 67°40's, 45°51'E at a height of 42 m above M.S.L. and carried
out meteorological rocket soundings of the upper atmosphere
in addition to other observations. The station Molodezhnaya was
formally opened on January 14, 1963 and the atmospheric soundings
With meteorological rockets were started from mid 1969
(Koshelkov, 1972). At the station there is a serics of caste
West ridges made of some exposed bedrocks. The ridges are
separated by ice-filled valleys with elevations ranging
from about 20 to 200 m along the coast., Some of the ridges
termingte in cliffs at the adjacent bay, Alasheyev Bight,

The major bedrocks are magmatized, granitized and pegmatized
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Precambrian gn9isses.of the crystalline basement of the
Antarctic platform. In a narrow zone about 10 km wide
parallel to the coast, exposed rock and soil are found in
abundance which are, however, very rare inland. Although the
station bed itself is confined to erratic and frost~churned
mixed materials, vyet nearby there are two outlet glaéiers,

- Campbell and Hays, which form active moraines,

4,2 Some physical characteristics of Antarctic Meteorology

The weather and climate of Antarctica are the result
of several factors, for example its location near the Sou%h.
.Pole of the Earth with the implied astronomical influences,
its great elevation which intensifies the polar climate, its
perpetual snow cover with strong reflective and radiative
characteristics aﬁd its complete isolation from all other
continents by g completely surrounding ocean of relatively
Warmer water. The Antarctic atmosphere has the same composition
as that of the rest of the world, except that the principal
Variable gaseous component, water vapour, has only about one-
tenth of the average concentration, of what it has in middle

latitudes.

Table 4.1 presents the surface meteorological results
at the Antarctic station Molodezhnaya (67°40's, 45°51'E, 42 n

above M,S.L.) in 1972, It is obvious from the Table 4.1 that in



105

1972 the mean annual temperature observed at.the station was
~10.5°C varying from a lowest minimum of -35.8°C to a highest
maximum of 7,0°C, South-éast winds prevailed at the surface
with frequent gusts of 21-41 m/s. Annual mean relative
humidify was 65 % and the annual mean precipation observed was
0.14 em, Table 4,2 gives the atmospherié winds and temperatures
at the station level from 1963 to 1971, while Table 4.3 gives
the extreme results since when the station was established
i.e. from 1963 ., The surface meteorological results collected
from the various stations in 1972 during the author'svparti—
Cipation in the Soviet Antarctic Expédition, 1971-73 are
compared in Table 4,4 showing the latitudinal differences in
atmospheric pressure, air temperature, wind speed, wind gust,

relative humidity and average cloudiness from the Antarctic

Peninsula (62°S) to the geomagnetic South Pole (78°S), . ' |

Excluding the Antarctic Peninsula, the monthly mean
temperature during the warmest month is around 0°C in the |
coastal region and from -34 to -20°C in the interior. The
water vapour concentration can be higher than about 4.8 and
0.2 g > respéctiVely; In winter the coldest monthly mean
temperature is from about -30 to -20°C in the coastal region
and from -70 to -40°C in the interior, while the wat er
vapour concentration is less than 0,3 and 0.003 g‘m"3

respectively. The carbon dioxide content is between
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310 and 315 parts per million, about the same as other parts

of the world. Total atmospheric ozone is at a maximum in spring,
usually November, while téé'limited dark-season data indicate
minimum during the winter., Dust and other pollutants are

practically unknown.

The total of the incoming direct and diffuse solar
radiation reaches values of 75-85% of the solar constant
depending on the altitude of the station. The high values are
partly due to the Earth's being at perihelion (point of its
orbit nearest the sun) during the Southern Hemisphere.summer,
but the clear and dry atmosphere and high elevation of
Antarctica are important factors. However, as much as 80-950 %
of the incoming short wave radiation is reflected by the snow
surface. Only the upper 1-1.5 metres of the snow-cover absorb
appreciable amounts of the solar energy and it is quickly lost
~again in the dark season because the dry atmosphere has little
blanketing effect, Small amounts of cloud do not appreciably'
reduce the total émount of solar radiation reaching the surface,
since there is a high multiple reflection caused by the snow
surface and the underside of the clouds. In gome cases this
can even raise the total of the direct and diffuse radiation .
reaching the surface to a value higher than that of the
solar constant, i.e. the amount of radiation from the éun

reaching the top of the atmosphere. The albedo, or



114

reflectivity of the snow surface varies from about 75 to 90 %
and ﬁﬁe values tend to be lowest aftef periods of éblation
'(é.g. sublimation, melting, evaporation) and wind erosion ,
and highest after fresh san—fall, The albedo has a seasonal

a5 well as shorter period variation.

The mean annual temperature isotherms over Antarctica
generally approximate the terrain contours with warmer temp-
eratures near thé low-lying coast and the coldest temperatures
on the high plateau in the interior of East Antarctica, which
averages between 790-1100 metres higher than the South Pole
elevation of 2800 metfes. The annual mean on the plateau is
about ~56°C and temperatures below -80°C are very common as
Ais obvious from Table 4.4. The lowest temperature ever
observed in the world is -88.3°C which was recorded at
Vostok (78°28'S, 106°48'E, 3488 m above M,.S.L.), the
geomagnetic South Pole. Although it is the world's coldest
continent, Antarctica is not uniformly cold. Variations in
the atmospheric circulation bring about considerable
differences in temperature, both in time and in space. The
minimum temperatures at one place do not always occur during
the same month from one year to another, and places several
hundred miles apart may be under completely different
temperature regimes at the same time. A rise and fall of

as much as 8°C in the monthly mean temperature can take place
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in successive months'during the winter. Under conditions of
large~scale flow of air froﬁlthe oceans to the continent, a

- rise of as much as 14°C in one day can occur,., Increased
cloudiness inhibits the loss of heat by radiation from the
snow surface as well as increase the amount of heat radiated

downward to the snow surface,

The main supply of heat to Antarctica in winter is_
the warm alr carried by the atmospheric Currents. The first
strong radiational cooling in winter causes an early winter
temperature minimum, but the atmosphere reacts to it by
' changing its circulation t¢ bring in the warmer air, Finally,
at the end of the winter radiational cooling again becomes
dominant and late winter minimum temperatures are noted
usually just before the return of the sun, The cyclonic storms .
that move around Antarctica often pass through the West
Antarctica highland and even across the South Pole, but only
rarely over the higher plateau of East Antarctica. The
exchange of air horizontally in the levels from about
2440-4570 m is such that a temperature fall of only about
8°C is noted in the monthly mean values from summer to winter.
The very lowest layers of the atmosphere lose heat by
radiation and by contact with the snow surface. The result
in these cases is inversion i.e, the temperature increases with

height and a gradient of 28°C in 305 m is not uncommon as is

obvious from Table 4.4,
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The air trajectory and the contrast between ocean and
continental underlying surface ‘are the principal factors in the
development of weather at a given spot as a result of which
cyclones on the polar front attain great intensity and size.
| The great storms and blizzards of long duration are related to
deep disturbances extending in many cases from sea level to
tﬁe tropopause (located at about 10 km) . Storms of blowing snow
accompany the disturbances and even persist for some hours
after the passage of initial storms. The shallow storms tend
to move quickly around the periphery of the continent and are
not related to the large-scale planetary waves.in the
atmosphere, The large storms move in arc-like, clockwise
trajectories, generally from the north-west to the southeast
and remain north of the coastline in most cases. The high level
of the continent, the strong gravitational outflow of the cold
air in contact with the surface and the procession of storms
act against the formation of large polar anticyclones,
although the sea level pressure at some coastal stations has
gone above 1035 milibars. Some of the cold anticyclones have
provided sufficient cold air both from West Antarctica and from
East Antarctica to reach other Southern Hemisphere continents,
although much modified by over water trajectories of several

" thousand kilometeres.
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The jet stream, the core of winds of maximum velocity,
'found usually just below the tropopause and in regions of
“maximum horizontal temperature gradient, tends to broaden its
latitudinal extent and strengthen in winte; and tends to
narrow and'weaken in summer. Surface winds frequently attain
speeds of 160 km per hour or more during the passage of storms
along the coast of East Antarctica as is obvious from the
Tables 4.1 to 4.4. The temperature field along the steep
slopes of the continent affebts the horizontal temperature
gradient and thus modifies thewinds in these cases. Along
:lOW-lying coastlines, the maximum force of wind 1s usually
less. The extension of the 'effective’ continent as much as

6° of latitude farther north ofrits summer coastline comes
about through the freezing of the surface layeré pf the ocean
in winter. This inhibits the vertical exchange of heat between
ocean and atmosphere and also provides a longer continental
trajectory for the air of oceanic origin that reaches the

continent. This is one reason for lower average cloudiness in

winter than in summer,

The condensationbof water vapour carried in the air
not only adds to the snow cover but also contributes about
14 % of the net heat energy transported by the atmosphere.
It is estimated that on an average about 12-20 cm of water

equivalent are deposited in the form of snow over Antarctica
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in one year. The coastal regions have up to ten or more times
“the 2-inch snow fall (water equivalent) deposited on the
interior of Antarctica, the polar ice=cap. During the winter
lot of snow is accumulated over the South Polar IceQCap
and the camps of the wintering teams are often burried under

the snow, It is due to the frequent blizzards and snow drift.

4,3 Tropospheric and Stratospheric winds over Antarctica

While the author was the Project Scientist in Antarctica,
sixty M-100 meteorological rockets were launched from Molodez-
“hnaya in 1972 out of which 52 flights were successful and 16
of them carried chaff also. A summary of all the 52 successful
M-100 ro.ket soundings carricd out from Molodezhnaya,
Antarctica in 1972 is given in Table 4.5.Time~height cross
sections of the zonal and the meridional components of winds
data are drawn in Figs: 4.2 and 4.3 using the conventional
linear interpolation method. For showing the seasonal
reversal of stratospheric winds, Webb (1964) calculated an
average flow over a layer 1O km.thick centred at 50 km between
45 and 55 km and called it Stratospheric Circulation Index
(S8CI). Using the same method average values of the zonal

and meridional components of winds are computed for the
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1ayers centred at 10, 15, 20, 30, 40, 45 and 50 km between
5-15, 10-20, 15-25, 25-35, 35-45, 40-50, and 45-55 km, |

-~ respectively and termed as Tropospheric Circulation Index
(TCI) up to 25 km and Stratospheric Circulation Index (scI)’

aloft, up to 55 km, The circulation indices TCI, ., TCI.~,
10!, 201,

30", 40",
of the layer are given in Table 4.5. The Tropospheric Circu-

SCI

SCI and SCI50 in which suffix indicates the centre

l1ation Index for the layer between 10-20 km centred at 15 km

(TCI and the Stratospheric Circulation Index for the layer

15)
between 40-50 km centred at 45 km (50145) are plotted in
Fig.4.4 which give the seasonal reversal of the tropospheric
and the stratospheric winds. Data for the altitude region

from surface to 10 km was taken from the balloon soundings

which preceded each rocket flight.

4,3,1 Zonal Winds

Fig., 4.2 shows that the zonél winds over Molodezhnaya,
dntarctica in 1972 were predominantly easterly in the southern
summér (December to February) and westerly in the winter
(June to August) with reversal of winds from easterly to
westerly during autumn (March to May) and from wésterly to
easterly during spring ( September to N0vember). The winds in
the lower troposphere up to an altitude of about 5 to 10 km
were predominantly easterly throughout the year with speed

less than 24 ms"l In December and February during summer,
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3 core of weak westerly winds with speed less than 9 ms"l was

" detected in an altitude region from 4 to 20 km which extended

up to 30 km in mid-December, In February there was a strong

‘westerly flow with wind speed less than 49 ms™' in an altitude

region from 40 to 60 km which became weaker as it ascended.
During the summer the stratospheric easterlies had a max imum
speed of 53 rns"l at 45 km in mid-December. The summer easterly
flow in the upper atmosphere up to 60 km was completely replaced
by westerly winds duiing the autumn period (March to May) with

a maximum speed of 97 ms™t at 49 km in May end.

In the southern winter (June to August) the zonal winds
were westerly throughout the atmosphere with jet speeds in
the stratosphere., The stratospheric westerly jet attained

1

a maximum speed of 139 ms™— at 40 km in early August with

a secondary maximum of 10L ms~t at 36 km in August end.
During the spring period (September to November) the zonal
winds were predominantly westerly with erratic easterlies of

1

speed less than 40 ms ~ in an altitude region from 26 to 52 km

in mid-September. A similar core of strong easterly winds was
also detected in mid-October in the layer from 44 to 54 knm

L at 47 km. Fig. 4,2 shows

which had a maximum speed of 47 ms~
that the reversal of westerlies to easterlies occurred in

the upper mesesphere in early September and subsequently in

the lower mesosphere and the upper strafosphere in late
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October with complete reversal in the stratosphere by
November end. In Mid-November there was a core of strong
westerly winds with speeds ranging from 10 to 52 ms_"l in an
altitude region from 40 to 60 km. In early October during

the spring, the westerly winds attained jet speed in the
lower stratosphere with a maximum of 110 ms—l at 28 km.'It

is obvious from the Figure 4, 2that a normal reversal of winds
occurred in the Antarctic a?mosphere with the transition from

winter to summer,

4,3,2 Meridional winds

' Fig. 4.3 shows that the meridional components of winds
over Molodezhnaya, Antarctica in 1972 were of variable nature
with the northerly winds somewhat more predominant than the
southerlies which were erratically distributed. In the
southern summer (December to February) although the meridional
.flow was predominantly northerly, it had some significant
cores of southerly winds throughout the atmosphere. The
southerly winds attained a maximum speed of 51 ms™! at 48 km
in early February, while the northerlies had a maximum speed
of 52 ms™T at 46 km in February end. Fig. 4.3 also shows that

in the summer the meridional winds in the stratospheric layer

from 40-50 km were predominantly southerly and in the mesosphere

northerly, particularly during February which attained speeds

raning from 5 to 25 ms™L and changed to weak southerly in
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December, The autumn period (March to May) was again marked
by erratic northerly and southerly winds which were weaker
in thevtroposphere, relatively strQngér in the strétosphere
and strongest, in the mesosphere. The northerly components
had a maximuﬁ speed of 56 ms"l at 42 km in the stratosphere
- in mid-April, while in the troposphere the southerly compo-—

nents had a maximum speed of 34 ms“l at 11 km in May end.

The meridional winds during the southern winter in
June were predominantly southerly in the troposphere and

. and strong northerly

stratosphere with speed less than 26 ms”
in the mesosphere having speeds up to 60 ms“l, In June end
the tropospheric and stratospheric southerlies changed to
northerly winds and attained a maximum speed of 54 ms™ T at

35 km in mid-July. The northerlies in the layer from 10

to 45 km again changed to southerly winds and attained a
maximum speed of 30 ms™T at 40 km in July end with a reversal
to the northerlies around mid-August which had speeds ranging
from 10 to 35 ms™t. However, towards the end of August there

Was a core of southerly winds with speeds less than 35 ms™t

in an altitude region from 30 to 45 km.

From September to about mid-October during the spring
the meridional flow was mainly characterised by northerly
winds from surface up to 60 km with weaker winds in the

troposphere and stronger in the stratosphere. Maximum wind



~speed of the northerlies in the troposphere was found to be

1 4t 8 km in early October, while in the stratosphere

22 ms~
it was 80 ms—l at 48 km around mid-September. However, in the
lower mesospheric region from 57 to 66 km there were southerly

1 with a similar core

winds of speeds ranging from 3 to 32 ms~
of strength less than 10 ms™' in the region from 9 to 18 km
around mid-October, From about mid-October to mid-November
during the spring, the meridional winds in the troposphere
and the lower stratosphere up to 25 km were predominantly

northerly with speeds less than 30 ms™', while aloft they

were predominantly southerly having a maximum speed of 46 ms™t
at 45 km in October end. In November end also, similar
southerly cores were detected, one having a maximum strength

1 at 52 km and another 17 ms"'l at 13 km. It dis thus

of 58 ms~
evident from the Figure 4,3 that in the southern spring
(September to November) the meridional flow was primarily
composed of northerly winds which changed to erratic

southerlies in November as the summer approached.

4,3.3 Tropospheric and Stratospheric Circulation

Indices (TCI, SCI)

In order to study the seasonal reversal of winds
over Molodezhnaya, Antarctic at different times, Tropospheric

and Stratospheric Circulation Indices (TCI & SCI) were



_compuféd using the methbd devised by Webb (1964)l, The indices
for the layers 10 km thick centred ét 10, 20, 30, 40 and

50 km are given in Table 4.5, while those for the layers
between 10-20 km and 40-50 km centred at 15 and 45 knm,

respectively are illustrated in Fig. 4.4,

The solid curve (TZ) passing through the solid circled
- data points in Fig. 4.4-shows that the tropospheric zonal
circulation over Antarctica in 1972 was predominantly easterly
during the southern summer (December to February) having a
.maximum speed of 8.1 ms“l on January 19 and pronounted westerly
during the rest of the period having a maximum speed of

39,7 ms”l on October 25, The reversal of the winds from the
summer easterlies to westerlies occurred in February end and
from the winter westerlies to easterlies around December 4.
The meridionaf circulation in the troposphere over Antarctica
~given by the dashed curve (TM) passing through the open
circled data points in Fig. 4,4 shows that the meridional flow
~ Was of Variable nature having an erratic distribution of
noertherly and southerly winds. The northerly components had

a maximum speed of 18,2 ms™! on September 13, while the

~southerlies had the maximum 25.9 ms—l on May 31,

The solid curve (SZ) passing through the cross marked
data points in Fig. 4.4 gives the zonal stratospheric

circulation index over Molodezhnaya, Antarctica in 1972,
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It shéws that the zonai winds in the stratosphere over
Antarctica were completely easterly in December and January

~ during the southern summer having a maximum speed of 35,7 ms"l
on December 13 and were pronounced wesgterly during the period
from February to September with a maximum speed of 105,1 mg™~+
on August 6 in the winter, From October to about mid-November
during the spring, there were sudden reversals in the zonal
winds indicating some significant changes in.the stratospheri c
temperature distribution. The wind reversal from the summer |
easterlies to westerlies occurred around February 6 and from
the winter westerlies to easterlies around November 20, The
meridional cirajlétion in the stratosphere over Antarctica is
given by thelaashed curve (SM) passing through the crossed
data points in Fig.4.4. It shows that the stratospheric
meridional flow was also of variable nature with the northerly
and southerly winds erratically distributed throughout the
year. However, the northerlies were relatively more‘predominant
which attained a maximum speed of 57.9 ms—! on Septamber 20,
while the southerlies had a maximum speed of 33.8 ms—l on
October 25, During the spring period (September to November)
there were sudden reversals of winds from northerlies to

southerlies and vice versa which may be due to some pertur—

bations in the stratospheric tempergture distribution.
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4,4 Upper mesospheric wind structure in Antarctica

Out of the gixty M-100 meteorological rockets launched
from Mblodezhnaya in 1972, sixteen of the 52 successful
soundings carried an additional wind sensor chaff for
determining the mesospheric winds. Most of the flights were
successful and the average rocket apogee reached was 86,03 k.
A summary of the chaff-borne flights, evenly distributed
-throughout 1972, is given in Table 4.6, The results derived
for the region 50-90 km (mostly for the 60-80 km layer in
the upper mesosphere) are presented here. This is the first
meteorological study of the upper mesospheric winds carried

out in Antarctica.

The chaff used consisted of cylindrical aluminium-—
coated glass fibreé having a diameter of about 0.025 mm,
About 4C0 g of chaff, in a special container divided into
two parts, was ejected at rocket apogee. The descending chaff
cloud was then tracked by a high sensitivity Meteor-2 radar.
Table 4.6 gives the corresponding wind tracks of all such
flights. At the time of ejection at rocket apogee, above 80 km,
the chaff fell at a high speed, about 160 ms™%, but as it
descended further it slowed down to about 4 ms-l at around
56 km because of the greater density and viscosity of the

alr at lower altitudeS.
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The radar data on the drift of the ﬁrajectory ofAthé
chaff were used to measure the wind speed and direction in the
mesospheric region under study. Corrections for changes 1in the
wind with altitude werelalso applied. The accuracy in measuring
the wind speed at higher altitudes was about 6-10 ms™L, Time-
height cross sections for zonal and meridional winds aré

plotted using the conventional interpolation method in

Figs. 4.8 and 4. 6..

4.4,1  Upper mesospheric zonal winds

The zonal components over Molodezhnaya, Antarctica,
show that in the upper mesosphere the winds were predominantly
easterly in the summer half and wésterly in the winter half,
Fig. 4.8. In January and February ( southern summer) the speeds
of fhe easterly winds ranged from 10 to 50 ms™ in the 60-80 km
region for which the chaff data were available, On January
26, 1972 however, the zonal wind structure was found to
have a small core of weak westerlies with wind speed about
10-15 ms™’ in a narrow altitude region from 77 to 85 km., In
February the éastérly winds were stronger and attained a-
maximum speed of 96 ms"l at 82 km. During March there was only
one rocket flight and during April there were none. During
the first week of May, westerly winds of about 20 to 60 ms™*
were detected. Dufing the second week of May, however, the
winds again became strong easterlies.with a maximum speed of

113 ms"l_at 66 km and a secondary maximum of 79m§l at. 80-km.



==

.,
P

.,*-;Q...__.e..._--«-_.,_
e
O "

-3 g
S
s
Mo -

et
"o,

L
oy
ey

\’fﬂf‘f r
'ﬁé‘\ NG

A R
Do\ £t

.

o tnace,
s "~

W),

[y
3
=2

et

%

SR
*@‘“F“'\J .
5 - i@ﬁ) @) \_

L

Rl

bl
A

Ead

@5
e

W

psp
#m

e

AFRY

e

poL st

JLY

A
o

8
£
%, e, . w bg
ﬂ" H“\\'::l.n-"" gﬁ”‘\\ o
! T Y ]
i O o
AR AR NN ,,,,e«b ., .
crsuse P * 24 1y
AN ? W
ke LN f %"
™ 4'lr { b
Pl ot of g |
J -
1 s gromiaey i B

ﬁ ¥ 3 T

el e

[

SO

. E;;l' ":‘;"

Coed £3
LAy

oo

£ 5
psh 1;‘_% . 3
g {3,500

AR

i
5 el

4 ‘“G‘g
L]

Ued 84 L
: iy

0

5 el vyl
i i
i v
ﬁ'i‘ {{é} 4
P

Py




139

In June and July (southern winter) a westerly jet was forme&“
- which attainéd a maximum speed of 157 ms™t at 64 km and became
weak at higher altitudes. The strong westerly winds started to
weaken in'September—October (éouthern spring) in the 60-70 km
region and weak easterlies started developing above 70 km,
There were no ascents with chaff payloads during August and
November., In December the zonal flow was characterised by

easterlies of about 20-40 ms_%.

4,4,2  Upper mesospheric meridional winds

The meridional cross section of the winds show that
they were of variable nature, Fig, 4. 6; In January, weak
southerly winds of about 5-15 ms ™+ predominated in the upper
mesosphere, In February the winds were mainly northerlies,
ranging from .5-25 ms™T. In May the northerly winds became

stronger and formed a jet which had a maximum speed of 88 ms_l

at around 60 km, with a secondary maximum of 79 ms_l at 78 km,

In the narrow region 65-70 km there was a small core of souther-

lies having‘a maximum speed of 57 ms™T at 68 km. In June and
July the northerly winds changed to southerly ones with a
maximum speed of 48 ms"l at 64 km, In September and October
the winds were mainly southerlies of about 10-60 ms™+ with
lower values at around 60 km and higher values at around

82 km, There was a core of weak northerlies at around 75 km,
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In December the meridional flow was characterised by weak

southerlies of about 5-15 ms_L.

4.4,3 Mesospheric Circulation Index (MsCI)

A The seasonal reversal of winds at different times of
the year can be shown clearly by a method devised by Webb
(1964), Adobting the same method mean'Values of the wind
speeds were computed from the individual soundings hy
averaging dver a 10 km layer centred at each of the altitudes
65, 70, 75 and 80 km as given in Table 4.6. Since this
presents an average flow of the mesosphere under study, it is
termed the Mesospheric Circulation Index (MsCI). Its values
for the 70-80 km layer centred at 75 km, MsCIl,, are plotted

in Fig. 4.7 ..

It was found that zonal winds were predominantly
easterly in the summer half and westerly in the winter half
whereas the meridional winds were variable. From the analysis
of the MsCI .in Fig. 4.7 , it is obvious that the summer
easterly flow changéd to a westerly flow in the first week
of May, followed by a rapid reversal to an easterly flow in
the second week., The easterly floW again changed to westerly
flow in mid June. The meridional.flow also showed a rapid

shift from northerlies to southerlies in the last week of June.




| mﬂmmnmm& 2AJdnY psygses
mwwa mmﬂw%ﬁﬁmm

28 Ut pasds
&uﬁnm pu® 3spm. mmwsm

{I0SE.

%

38X SSNIFA BAYITSOg |
XapUT GOTIETRITLD OT

Pty cw&mm pug. Mmm

e
Zeydsossw} oy o

B mm«w, eiay @mumuv STTUM *
mmw 38 jueusdmon” BOTE Mmmmﬂmwnwa a8y’

B3USUCToN;
3 pBISUSD I3ARY EM~OT ¢

wmmmwwﬁmmw 2% m&wm mﬁﬁwﬁ mﬁmmmmw@m tn 5@&5@

mﬁ & i
z%,_ww. M

m&@ «mwmsz PITOS) w011 TRUG;

HdY

Nyl 230
L)

e

"
adee

i

ADN 130 1435 9w

~4-

AW SNOE ATl

H

1

i
i

e

=iy

Lot

nsroretim i)
el
i e _.mm

T

SdW * 03345 ONIM

1
-]
vl




141

The southerly flow again rapidly changed to northerly flow

in mid July. These rapid shifts in both zonal and meridional
components indicated sudden 'explosive'! change in temperature
distribution which might have occurred in the uppef mesosphere,
It is discussed separately, The winter westerly flow changed
to the summer easterly fiow at about the end of September,

It seems that both for the zonal and the meridional fiows the
summer to winter shift was a rapid and dramatic change,

whereas the winter to summer shift was slow and unspectacular.

4.5 Seasonal wind variations over Antarctica

Seasonal variations of the tropospheric, stratospheric
and mesospheric winds over Antérctica in an altitude region
from surface up to about 80 km are studied in this section,
The data are used from all the 52 successful M-100 meteoro-
logical rocket soundings carried out at Molodezhnaya in 1972,
- The data are enalysed for the following seasons : southern
summer from December to February, autumn from March to May,
winter from June to August and spring from September to
November, Seasonal averages of the zonal and meridional
components of winds were computed for each km level and
plotted in Fig, 4, 8 ( I & II), while their corresponding
standard deviations at 5 km interval are given in Table 4.7,

In order to measure the wind persistance, steadiness factor(Sg)
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was introduced which is the ratio of the speeds of the
resultant wind to the mean scaler wind expressed in per cent

and given by -

T
(22 + (3{)2)2
5 o O Sy - X 100
f ((BIVLy2 , (gIV 2%
_&_.—_ —N—_)'

where U, V are the zonal and meridional components of winds
with west and south positive, respecfively, while IUI and IVI
are their corresponding absolute values and N the number of
observations, If the wind persistence i.e.the steadiness
factor (Sf) is 100 %, it means that the wind always blows
from the same direction and if it is O, it connotes that
gither the wind is equally likely from all the directions

or blows half the time from one direction and half the time
~from the opposite. Sy Was computed for each seaspﬁ at 5 km

interval and its values are plotted in Fig. 4.6 (III),

4,5, 1 Seasonal zonal wind variations

The solid curve (S) in Fig. 4,8 (I) shows that in
the southern summer (December to February), average zonal
flows was casterly throughout the atmospyere from surface

ﬁp to 80 km, The flow had a speed less than 13 ms™! in the
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troposphere and the stratosphere, It became strongér in the
mesosphere and attained a speed of 41 ms™+ at 70 km with a
standard deviation of about 7 ms™'. In an altitude region
from about 10 to 20 km the zonal winds were very weak énd
calm with speeds less than 3 ms™T indicating that there was
no turbulence at the boundary.of the troposphere and the
stratosphere in the summer. The dashed curve (A) in Fig.4.g (I),
which gives average autumn wind profile shows that the summer
easterly flow changed to westerly flow during the autumn
period (March to May) with weaker winds in the troposphere
and stronger in the stratosphere, The stratospheric westerly

1

flow attained a maximum speed of 56 ms™~ at 47 km, However,

in the upper mesosphere above 65 km the zonal flow remained
a

e

predominantly easterly with speed less than 30 ms”

Average wind profile'for the southern winter (June
to August) given by the solid curve (W) passing through cross
marks in Fig. 4.8 (I) shows that in the winter the zonal
winds were stronngesterly throughout the atmosphere from
about 5 to 80 km with weak easterly winds of speced less than
8 ms t in the lower troposphere below 5 km. The winter
westerly flow attained jet speed in the stratosphere and
the mesosphere which had a maximum of 90 ms"l'at 64 km with

a secondary maximum of 71 ms™T ot 44 km. Also, a large wind
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shear of about 0,C113 s'l was detected in an altitude region
from 59 to 64 km. The dashed curve (P) passing through open

circles in Fig, 4.8 (I) which gives an average profile of

the zonal winds during the spring (September to November) shows

that the winter westerly flow persisted in the spring with the

stratospheric maximum of 39 ms"l at 28 km and mesospheric

1

maximum of 56 ms” ~ at 61 km having a large wind shear of

0,0472 st around 60 kml,

4,5,2 Seasonal meridional wind variations

Fig, 4. 8 (II) which gives the seasonal average
profiles of meridional winds over Molodezhnaya, Antarctica
in 1972 shows that the meridional wind components were
variable throughout the atmosphere with weaker winds from
surface up to the lower mesosphere and relatively stronger
aloft, In the southern summer the meridional winds were

predominantly northerly having a maximum speed of 13 mshl

1

with a standard deviation of 9 ms™ 'at'59 km as is obvious

from the solid curve (S) in Fig. 4. ¢ (II), while in the
autumn the meridional flow was mostly weak southerly with
speed less than 5 ms™’ up to an altitude of about 35 km
and predominantly northerly aloft having a maximﬁm speed
of about 30 ms™t at 62 km, There was also a small core of
1

southerlies of speed less than 16 ms — in a narrow altitude

region from 66 to 71 km as shown by the dashed curve (A) in

+ha BSAnrd
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‘The solid curve (W) passing through cross marks in
Fig., 4.8 (II) shows that in the southern winter, average
| meridional flow was predominantly weak northerly up to an
altitude of 54 km having a maximum speed of 11 ms"."l with

a standard deviation of 14 ms—*+

at 47 km, However, in the
mesosphere from 55 to 72 km the flow was in toto southerly
having a maximum speed of 23 ms™ with a standard deviation
of 14 ms™' at 68 km which again became northerly aloft. In
the spring the meridional winds were predominantly weak:
northerly throughout the atmosphere with a maximum speed of
19 ms"‘l at 74_km in the upper‘mesospﬁere as shown by the
dashed curve (P) passing through open circleg, However, from
60 to 65 km there was a core of weak southerly winds with
speed less than 11 ms_l. A stronger southerly core was also
detected in an altitude région from 77 to 80 km with speed . |

less than 46 ms -, |

- 4.5.3 Seasonal wind persistence

Fig, 4.8 (III) gives the steadiness factor S¢ in
per cent over Molodezhnaya, Antarctica in 1972 computed
from the seasonal average of the zonal and the meridional
components of winds as mentioned earlier, It is a measure
of wind persistence. The solid curve (S) in Fig, 4, g (III)

shows that in the southern summer the wind in the upper
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mesospheric layer from about 65 km to 80 km was steady

since the steadiness factor, Sf in that region was large
lying between 86 and 100 %, while in the lower region the

~ horizontal flow was not as much steady. In the aufumn the
mesosphere was subjected to large wind perturbations as
revealed by the smaller Sf values with a minimum of 11 %

at 65 km, while the stratospheric flow was quite steady with
the Sg lying between 90 and 100 % as shown by the dahsed

curve (A) in the Figure,

The solid curve (W) passing through €rosg& marks in
Fig. 4.8 (III) shows that during the southern winter the
hobizontal flow over Antarctica was quite steady throughout
the atmosphere from about 10 to 80 km with the Sf lying
between 38 and 100 %. In the altitude region from 15 to 70 km
the S was mofe than 95 % which connotes that the wind flow &
(predominantly westerly) was always from the same direction |
in that region during the winter. However, in the lower
troposphere around 5 km the winds were not as much steady
because there the Sp was smaller, During the autumn and the . ;
spring large wind perturbations were noticed with the Sf
ranging from 11 to 100 % indicating that the horizontal
flow was in turbulence as shown by the dashed curves (A)
and (P) in the Figure 4, & (III). However, in the altitude
region from 15 to 25 km the flow was quite steady since the

Sg was more than 95 % there,
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4.6 Comparison with the Groves Atmospheric Model

Table 4,8 presents a Comparisdn of the seasonal
average zonal wind components over Molodezhnaya, Antarctica
at 68°5 with the corresponding Groves atmospheric model
average values in the Arctic at 70°N shifted six months in
time. The Groves seasonal averages were computea from the
atmospheric model (Groves, 1971). The Table shows good agree-
ment between the actual average zonal winds and the Groves
model average winds in the summer with departures lying in

1 in the stratosphere and -19 to

. a range of -4 to +8 ms
+2 ms™T in the mesosphere. There is also an indication that
in the Antarctic atmosphere the summer»period with easterly
winds grew in duration with height more rapidly than in the
Arctic resulting relatively larger departures in the upper
mesospﬁere. Around the étratopause from 50 to 55 km the
average summer easterly wind speed was lower than in the .
Arctic, The zonal wind departures in the autumn ranged from

~24 to + 42 ms_'l having larger values in the stratosphere

with the maximum at 45 km.

In the winteﬁ, average speeds of the westerly winds
over Antarctica were considerably higher than those over
the derived from the Groves Model with a maximum departure
of 84 ms”l at 65 km in the mesosphere. In the stratosphere

during winter, average wind speeds of the westerlies over
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Antarctica in the Southern Hemisphere were found to be in

1 of those over the Arctic in

excess by about 30 to 50 ms”
the Northern Hemisphere as revealed by the Groves atmospheric

- model average values at 70°N given in Table 4.8. There is an
indication of the reversal of meridional temperature.gradient
in the upper-most layérs over Antarctica while the central
polar region was warmer than the periphery of the continent.

In the spring the average zonal winds over Antarctica were
still predominantly westerly while over the Arctic they were
replaced by light easterlies as is obvious from the Table 4.8,
It suggests that the spring reversal from winter westerlies to
summer easterlies accurred over the Arctic earlier than over
the Antarctic, The vernal change of zopal wind direction in the
- upper atmosphere over Antarctica in the. Southern Hemisphere
generally occurred in November, while the date of change might
KVary from year to year, The spring average zonal wind
departures from the Groves atmospheric model ranged from i
"about -18 to + 43 ms™T with smaller values in the upper mesos- |

phere with the actual winds in excess of those of the Modeb.

4.7 Discussion of results | ;

The above ivestigation shows that the zonal flow over
Antarctica in the summer was characterised by light easterly

winds and in the winter by strong westerly winds which ;
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increased in strength as the season advénced and attained jet
speeds, while the meridional flow was of variable nature. The

- autumn and spring were the wind reversal periods marked by change
of summer easterly winds_to winter westerly flow and vice versd.
The spring period was quite turbulent mar ked by strong reversal
of winds which was followed by return to necrmal summer
circulation, Complete reversal of winds from easterlies to
westerlies occurred in the stratosphere in the first week of
February, while in the troposphere it occurred in Fébruary

end. The reversal from westerlies to easterlies occﬁrfed in

the third week of November in the stratosphere and in the

first week of December in the troposphere suggesting that the
reversal first todk place in the stratosphére and subsequently
in the troposphere. It shows a downward propagation of the
disturbance which is in agreement with the results given by
Miers(1963). The analysis also reveals that the summer to winter
shift was a rapid change while the winter to summer shift was
slow, It is found that'in the upper mesosphere over Antarctica
the summer to winter shift occurmd somewhat 1ate while in -

the stratosphere it occurred earlier. The analysis also shows
that the spring reversal from winter westerlies to summer
casterlies occurred over the Arctic earlier than over the

Antarctic,

The Antarctic winter regime comprising late autumn

and early spring (May tO'September) was found to be the most
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unsettled period characterised by a strong westerly jet of
speed up to about 100 ms~! in the stratosphere and the
mesosphere, In the southern winter (June to August) ,the
atmospheric steadiness factor was found to be as high as 95

to 100 % showing that the winter jet stream was alWaV$ blowing
from the same direction, mostly.from the west., The autumn |
transfer from easterly to westerly winds over dntarctica
depicted a rapid retreat of high pressure belt from polar to
middle latitudes, The spring reversal of the Antarctic
cirailation was first noted in the upper layers suggesting
that the stratospheric warm region advancing southwards during
the spring was located farther to the south than the high
pressure belt,

Comparison of the Antarctic average zonal winds with
the corresponding Groves atmospheric modél values showed a good
agreement in the summer easterly circulation. However, in the
winter the departures of the actuals from the Groves Model were

found to be quite significant and the Antattic wind values were

considerably in excess of those of the Arctic.This is apparently

because the Groves atmospheric model is based. on the data from

‘the Northern Hemisphere which differs from the Southern Hemisphere

in many respects, e.d., the Southern Hemisphere is more oceanic,
more symmetric and has a vigorous general circulation. Also,
Antarctica has a higher albedo and is located at a higher

elevation as compared with the Arctid,



.AIMOSPHERIC TEMPERATURE, PRESSURE AND DENSITY VARLATIONS
IN ANTARCTICA

In this chapter, seasonal variations and other
changes in the atmospheric temperature over Antarctica are
studied, Variations in the Antarctic atmosphefic pressure
and density are also investigated and the results are

presented here.

5.1 Seasonal variations of atmospheric temperature

over Antarctica

Time-height cross section of the atmospheric
temperature from the 52 successful M—;DO meteorological rocket
soundings carried out at Molodezhnavya, Aptar:tica in 1972 1is
" drawn in Fig. 5.1. Seasonal and annual mean temperatures and
their corresponding standard deviations are computed. The
departures of the southern summer (December to February) and
the winter (June to August) average.temperatures from the
annual mean temperature are worked out in Table 5.1. Also,
the departureé of the monthly average temperatures from the

annual mean from 10 to 70 km at 10 km interval are shown in

Fig. 5.2.
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5.1.1 Tropospheric temperatures

In Fig. 5.1 the dashed curves (T) and (S) present the
annual variation of the Antarctic atmospheric temperature
minimum (tropopause which changed to a complex quasi-tropopause
during the winter regime) and the temperature maximum
(stratopause) respectively. The shaded areas in the Figure
are the regions of warmer temperatures with positive values,
It is found that the lower atmospheric temperature over
Antarctica in an altitude region from surface to 10 km
varied from about + 5 to ~-75°C throughout the year, while the

“tropopause during the southern summer (December to February)
was located in an altitude region from about 8 to 11 km
with the temperature ranging from -30 to ~-60°C as shown by
the dashed curve (T) in the Figure. The well-defined summer
tropopause showed a sudden disruption during’ the southern
autumn (March to May) with the lower atmospheric température
- minimum varying from -534 to ~74°C in an altitude region from
about 8 to 20 km indicating a differential cooling set in

the atmosphere which weakened the tropopause and persisted-

throughout the winter regime.

As the sunlight almost totally disappeared during.
the southern winter (June to August) the Antarctic tropos-~

phere cooled further and the winter temperature minimum was

-
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located in an altitude region from 20 to 25 km varying from
~79 to -87°C . The winter polar tropopause was found to be
complex and locally ill-defined because several tropopause
occurrences were noted on a single sounding in an altitude
range from 10 to 25 km., However, it appears that the winter
tropopause was located at a relatively higher altitude than
- the summer tropopause. As the sunlight returned and the spring
season (September t o NOVember) progressed the polar troposphere
~in the southern hemisphere warmed with a maximum warming of
22°C at 11 km on October 25 and the normal summer regime set
in by mid-November. It was also found that during the summer
regime the temperature lapse rate in the Antarctic aﬁmosphere
in an altitude region from about 10 to 30 km did not exceed
+ 1.0% km*l'showing that the temperature structure was quasi-
isothermal in that region. During the winter regime also the
steep lapse rate of the Antarctic troposphere stopped around
10 km where the first tropopause occurrence was noted with

subsequent ones aloft,

S5.1.2  Stratospheric temperatures

The dashed curve (S) in Fig. 5.1 shows the annual
variation of the polar atmospheric temperature maximum
(stratopause) in the southern hemisphere. It is obvious from

the Figure that during the southern summer (December to February)
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the stratopause was located in a warm region between 47 and
49 km with the temperature maximum found on December 13

" having a peak value of + 13°C, at 48 km and a secondary
maximum of + 10°C at 47 km on January 19. The Antarctic
stratopause cooled during the autumn period (March to May)
and varied from about 44 to 52 km with the temperature
ranging from —13 to -35°C having the maximum at 50 km on

: Mayll7, while there was a warming of 23°C from May 10 to 17

followed by an equal cooling from May 17 to 20,

The winter polar stratopause in the southern hemisphere
showed a wide variation with the agltitude ranging from 41 to
52 km and the temperature carrying from -28 to + 6°C. The
winter strétopause temperature minimum of -28°C was found
con July  at an altitude of 46 km, while the maximum of
+ 6°C at 47 km on August 9. Also, in August contours of warmer
temperatures with positive values were detected around the
stratopause showing stratospheric warming during the winter.
It is obvious from the Figure 5.1 that the polar stratospheré
in the southern hemisphere was subjected to significant
wWarming and cooling with the pronounced ones around May 17,
July 12, August 16 and September 20, The Antarctic stratopause
during the southern spring (September to November) was
located in an altitude region from about 41 to 53 km having

a minimum temperature of -10%C at 47 km on October 4 and a
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maximum of + 8°C at 49 km on November 29, Commencing October
25, the spring stratopause temperature minimum waé found in a
Warm region with the return of the sunlight permitting the
atmospheric ozone to absorb solar ultra-violet radiétion and
thus warm the stratosphere which returned to normal summer

regime by the end of November.

5.1.3 Mesospheric temperatures

he poiar mesopause in the southern hemisphere was not
found to be well defined. It may be due to the fact that the
atmospheric temperature data over Milodezhnaya, Antarctica
could be obtained most satisfactorily only up to about 75 km
’and apparently the mésopause was lying above that level. . .
Fig. 5.1 shows that the Antarctic mesospheric temperature
varied from about -5 to -110°C and that the normal summer
temperature distribution was disrupted in May (late autumn)
Which presented throughout the winter and early spring.
Consequently, the Antarctic mesosphere was subjected to
large thermal perturbations during the winter regime marked
by sudden warming and cooling with the most prominent ones
having occurred around May 17, July 5, July 19 to 26,
August 20 and September 20. A qﬁantitative investigation
of the stratospheric and mesospheric warmings and coolings

is discussed separately,
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5,1.4 Antarctic tropopause,stratopause and mesopause

Table 5,1 shows that on an average the Antarctic
tropopause in the southern summer (December to February)
was located at 9 km with a temperature of -53°C and
corresponding standard deviation of 4°C, while in the
winter (June to August) it was ill-defined due to its
multiple occurrences in an altitude region from about 1O to
25 km with a temperature of -67°C at 10 km and the lowest
minimum of -81°C at 21 km, During the south polar winter
night the Antarctic tropospheric temperature decreased dué
to differential cooling of the atmosphere which weakened
the tropobause and at times wiped it out thus forming a
quasi-tropopause with a complex structure located in an
altitude range from about lO to 25 km during the winter regime,
The differential cooling might be due to the ventilation of
the Antarctic atmosphere by warm marine air with intense
horizontal advection in the troposphere and a weak advection
through the strong stratospheric jetstream encircling
Antarctica. The Antarctic tropopause was found to be ill-
defined during the autumn, while in the spring it was located

around 11 km with a temperature of ~64°C,

The average polar stratopause over Antarctica in the
southern summer was located at 47 km with a temperature of

7°C and corresponding standard deviation of 49C, while in the
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winter it was found at 46 km with a temperature of -12°C and
éorresponding standard deviation of 10°C showing that the
‘winter polar stratopause was about 19°C colder than.the summer
stratopause, During the equinoxes the Antarctic stratopause was
located at 47 km with an average temperature of -26°C in the
southern autumn (March to May) and about -4°C in the spring
(September to November). The Antarctic mesopause was not found
to be well-defined since no satisfactory temperature data was

availlable above 75 km, the possible location of the mesopause.

5.1.5 Temperature departures from the annual mean

As obvious from the Table 5.1 the departures of the.
Antarctic summer and winter average atmospheric temperatures
from the annual mean ranged from about =22 to + 24°C with
lafger amplifudes in the stratosphere which were caused by
Warmér summers and colder winters. The south polar stratosphere
Was warmer in fhe summer because Antarctica has a large
albedo of about 80 to 90 per cent due to which a high
intensity of the solaf radiation (which is almost continuous
during summer) was reflected back, thereby permitting the
ozone in the Antarctic stratosphere to reabsorb the reflected
solar radiation and thusvachieve a higher temperature. The
Antarctic stratosphere was colder in the southern winter

because there was very little warm air advection through
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the strong stratospheric jet-stream encircling Antarctica thus
permitting the average stratospheric temperature to fall
steadily at the rate of about 0,25°C per day. Thus the high
latitude stratopause region abpears to gain energy through
radlative processes in the summer and to lose energy through
radiative process in the winter which was found to hold good

for the entire upper stratosphere and the lower mesosphere.

However, the Antarctic upper mesosphere in an altitude
region from about 64 to 80 km in the summer was found colder
than its winter counterpart with the average summer and
winter temperature depaftures from the annual mean lying in
a range of about -22 to + 7°C as shown by the Table 5.1. The
polar winter upper mesosphere in the southern hemisphere may
‘be warmer due to a large-scale meridional transport of heat
in oné.form or another by thé atmosphere resulting from a

mean meridional circulation or from large~scale eddy processes.

5.1.6  Temperature lapse rates

Average temperature lapse rates in the troposphere,
stratosphere and mesosphere over Antarctica in the summer
were about -6.0 + 1.5 and -3.4°C km_l, respectively with a
quasi-isothermal structure in the layer from 10 to 30 km
which had a lapse rate of less than + 1.0°C km"L. The average

temperature lapse rates in the Antarctic winter were as follows:
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in the altitude region from surface to 10-km it was -1.3°C km™%,

1

in the stratosphere above 20 km its value was + 2.7°C km™ and

in the mesosphere the lapse rate was about -2,0°C km”h.

Annual mean and corresponding standard deviation of
the atmospheric temperature over Molodezhnaya, Antarctica in
1972 are also given in Table 5.1, It is found that the
annual tropospheric temperature ranged from about -10 to
~-60°C and that the lower atmospheric temperature minimum
occurred at 22 km with a temperature of ~62,3°C and corres-
ponding étandard deviation of 17.6°C , while the temperafure
at 9 km (possible tropopause) was -59.3°C with a standard
deviation of 5. Annual mean lapse rate in the layer from
10 to 30 km was found to be + 0,4°C km™' showing a quasi-
isothermal temperature structure in that region. The annual
mean Antarctic stratospheric temperature also varied from |
about =10 to -62°C with the maximum at the stratopause which
was located at 47 km with a temperature of ~9.3°C and
corresponding standard deviation of 14,2°C . The’annual
mean temperature lapse rate in the Antarctic upper stratosphere
was about + 2,5°C km™%, while it was about -2,3°C km™t in
the mesosphere. The mesospheric temperature at 75 km was

-72.3°C with a standard deviation of 20,4°0Q.
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5,2 Warmings and Coolings of the Antarctic stratosphere

and mesosphere

The mesospheric wind results derived for atmospheric
altitudes between 50 and 90 km from meteorological foCket
flights carried out at Molodezhnaya station (67040'5, 45051'E)
in Antarctica have been discussed in Section 4.4. The rapid
shifts in both zonal and meridional components of the winds
% during May to July indicated a sudden 'explosive' change in
temperature distribution in the upper mesosphere over Antarctica
in the winter regime. This phenomenon is investigated and the
study extended down to the stratosphere. The results of this
investigation here are discussed.The meridional and the zonal
temperature gfadients at &ltitudes of 65, 70 and 75 km, derived
from the thermal wind equations using the corresponding Qpper

wind and temperature results are also studied as in Table 5.2,

5.2.1  Atmospheric temperature disruption

Departures of the monthly average temperatures from
the annual mean over Molodezhnaya, Antarctica in an altitude
region from 10 to 70 km are also worked out, These departurecs
at 10 km altitude interval are plotted in Fig.5.2. Time-
height cross sections of the mesospheric temperatures in the
region 50 to 80 km are plotted using linear interpolation

in Fig. 5.3.
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Fig. 5.3 shows that in the southern summer months
January-February the mesospheric temperatures in the region

50 to 80 km ranged from about 10 to -110°C with the summer

b
Tl

“maximum reached by about January 5 in the lower mesosphere

ijand by about January 26 in the upper mesosphere. The disruption
i of the mesospheric winter regime by a period of stormy winds
 :qute clear from Figs. 5.2 & 5,3, In the third week of May and

; the first week of July the upper mesosphere was subjected to

a warming of more than 30°C in less than a week., The temperature
: distribution returned to normal by early September, but was

again distupted in about the third week.

'5,2,2 Horizontal temperature gradients

Meridional and zonal temperature.gradients are derived
for altitudes of 65, 70 and 75 km from the corresponding upper

wind and temperature results using the thermal wind equations

— . W e ot ——— ot P

dy g 3z T dz
sT =il (v _ v 28I

3X g 8z T 3z

where f is the coriolis parameter, g the acceleration due to
gravity, T the absolute temperature at a particuiar level, x,
'y, z the eastward, northward and vertical axes, u, V the zonal
and meridional components of winds with west and south positive,
respectively. The horizontal temperaturé gradients are given

in Table 5.2.
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Table 5.2 shows that the horizontal temperature
gradients at 65 km ranged from ~37 to 10°C per 5° latitude
with a maximum on September 6, At 70 km the range was -31L to
30°C with the maximum values on June 28 and May 17, whereas
the gradients at 75 km ranged from =14 to 21°C per 59 latitude
with the maxima on September 6 and May 17, respectively.
Larger gradients were found from May to July indicating a
disruption by stormy winds having large wind shears of about

10 x 1073671 t0 30 x 10737

. A similar disruption occurred
in September. The negative meridional temperature gradients
represent a decrease of the zonal winds with altitude (the
easterlies increase and the westerlies decfease with height)
and the negative zonal temperature gradients represent an
increase of the meridional winds with altitude(the easterlies
increasé and the westerlies decrease with height) and the
‘negative zonal temperature gradients represent an incrcase

of the meridional winds with altitude (the northerlies

~ decrease and the southerlies increase with height). On May 17
at 70 km the meridional temperature gradient was 30.4,

suggesting a disruption by strong easterlies which decreased

with height,
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5e2.3 Upper atmospheric warmings and coolings

Time sections of the upper atmospheric temperatures
showing annual variations at 30, 50 and 70 km altitudes in 1972
are plotted in Fig. 5,4, Curve C in Fig. 5.4 shows that at
30 km the stratospheric temperatures in Antarctica fall as
the sun sets, and that the minimum - 75°C is reached in June,
A slow temperature rise begins as the Sun returns, but this
becomes much more marked after earlvaeptember when the sun's
radiation reaches the lower strata. Curve B (50 km, arbund |
the boundary of the stratosphere and the mesosphere) shows a
warming of 23°C during the second week of May followed by an
equal cooling during the third week, During the second week
of July there was a mid—winter stratospheric warming of 30°C,
The temperatures at 50 km ranged from a maximum of 12°C in

early December to a minimum of - 45°C at the end of May.

Curve A (70 km) in Fig. 5.4 reveals sudden 'explosive!
changes in the uppér mesospheric temperature distribution,
particularly during the winter period May to July.During the
third week of May, a warming of 26°C occurred, and in mid-
winter there was a warming of 31°C during the first week of
July followed by a 'sudden cooling' of 53°C during the second
week., The temperatures at 70 km show a distinct maximum of

- 12°C during the first week of July, after which the
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temperaturevdeClines irregularly, attaining a minimum of —jéSQC
in mid—Nbvembef. Again in September there was a disruption

with a warming of 20°C followed by a'coolingbof‘SSOC after’
which the temperature distribution returned to the normal

summer regime,

Upper atmospheric warming and codling of more than
15°C over periods of less than 15 days during the winter
period May to August and early spring are given in Table 5,3, N
It reveals that in May there was a significant warming both
in the upper stratosphere and the mesosphere with a "sudden L
warming' of 49°C at 73 km from May 17 to 24. The warming was
followed by a cooling of about 30°C in the lower mesosphere.
From June 28 to July 5, a warming of 379C was detected at
65 km, The upper stratosphere and the lower mesosphere were
subjected to a warming from July 5 to 19, with a maximum N
of 38°C at 55 km, whereas the upper mesosphere underwent a A

'sudden cooling' which had a maximum value of 559G at 65 km

from July 5 to 12. In August and September the warming in
the mesosphere was less ©than 27°C while the stratosphere at
40 km experienced a cooling of 26°C from August 2 to 9,

followed by a warming of 320C from August 9 to 16. At 40 km
there was another warming of 39°C from September 6 to 20, \*
which was followed by a cooling of 20°C from September |

20 to 27.
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5,2.,4 Discussion of results

The above investigation of the Antarctic upper atmosphere

indicates that the most active period in south polar regions
is the winter and the early spring. It is marked by iarge
disruptions in the wi nd and thermal structure., The rapid
shifts in both zonal and meridional components of the upper
atmospheric winds, particularly during the Winter period May
to July were accompanied by sudden changes in the temperature
distribution, Figure 5.4 shows that the stratospheric warming
in May propagated upwards and was followed by the mesospheric
warming, The stratospheric warming in July followed the
mesospheric warming indicating downward in July followed the
mesospheric warming indicating dowrw ard propagation of the
disturbance which started above 70 km, Apparently, the polar
winter warmings were caused both by an increase in the supply
of energy by radiative and photochemical processes taking
place in the upber atmosphere, During September, when the
winter westerlies changed to the summer easterlies, the upper
atmosphere was again disrupted with a warming of 39°C at 40 km
which is attributed to the increase in available heat brought

about by the return of sun-light.

There is also an indication that pronounced stratos-
pheric and mesospheric warmings over Antarctica occurred on

geomagnetically distworbed days when aurora australis was alws
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observed., For example an intense aurora australis was visually
observed from May 14 to 17 which was followed‘by a sudden
warming of 49°C at 73 km from May 17 to 24. Again, an

intense auroral glow was observed on July 3 & 4 which was
also followed»by an explosive warming in the mesosphere and
the stratosphere, e.g. a warming of 37°%C was detected at 65 km
from June 28 to July 5.The aurora australis was also observed
on August 7 & 8 followed by a warming of 32°C from August 9

to 16 in the stratosphere. Apparently, there is a marked
correlation of the strato-mesosphere warmings with auroral
activity and consequently a dependence on the variability of
the solar wind, i.€. solar corpuscular invasions causing and

controlling auroral, magnetic, ozonal and thermal phenomena,

In the spring and early summer great changes take
place in the stratosphere. The circulation that was strongly
cyclonic with westerly winds averaging as much as 50 m/s
changes abruptly, In the stratosphere and the mesosphere,
warming of as much as 50°C takes place during winter and
early spring and westerly winds genefally prevail. The polar
warmings also appear to be due to the transport of warm air
from lower latitudes and to adilabatjc heating, i.e. an
increase in air temperature as a consequence of internal
processes of contraction caused by sinking motions over the

continent, It is partly caused by abserption of solar
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radiation in the atmosphere. During this period there is a
sharp rise in surface pressure from the late wintertime

minima that are noted almost everywhere over Antarctica to
the summertime maxima. These pressure changes indicate that
great masses of air are transported and as much as 1% x 107

tons of air are lost or gained over Antarctica from one

month to another,

It was found that the annual variation of the
atmospheric temperature over Antarctica was smaller at the
surface and in the troposphere, while in the stratosphere
and the mesosphere the wariation was quite large. Also,
the Antarctic upper: atmosphere was subjected to large thermal
i erturbations during the winter regime causing significant
warming and cooling in the stratosphere and mesosphere with
larger amplitudes at higher altitudes. It was also found that
a differential cooling was set in the atmosphere beginning
early autumn which weakened the south polar tropopause and
at times wiped it out thus forming a complex quasi-tropopause
during the winter regime, The Antarctic winter stratosphere
was colder than its summer counterpart, while the polar
winter mesosphere in the southern hemisphere was found to be
warmer which may be due to a large-scale meridional transport
of heat resulting from a mean meridional atmospheric circu-

lation or from large-scale eddy processes,
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5.3 Atmospheric pressure and density variations

Time-height cross sections of the atmospheric pressure
(mb) and density (gm-3) over Antarctica from the M=100
meteorological rocket soundings carried out at Molodezhnaya in
1972 are drawn in Figs., 5.5 and 5.6 respectively. Annual mean
and corresponding standard deviations of the pressure and
density were computed as in Table 5.4, Departures of the
monthly average pressure from the 1972 annual mean for the
southern summer (December to February), autumn (April),
winter (June to August) and spring (October) months’'in an
altitude region from surface to 80 km at 5-km interval are
worked out in Table 5.5. Monthly averages of tﬁe étmospheric

density along with the 1972 annual mean are given in

Table 5.6.

Fig. 5.5 shows that at high latitudes in winter there
is a ridge of high pressure, and the pressure decreases
rapidly polewards of this ridge. Compared to the lower
1atitudes or the summer hemisphere much greater variations
of the atmsopheric pressure occur in the winter period over
Antarcticd, During the autumn the pressure in the stratesphere
and the mesosphere decreases from the summer values till
early winter'. On May 17 a significant increase 1is detected
in the mesospheric pressure which may be attributed to the

sudden mesospheric warmings over Antarctica. Again, in July,
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large pressure fluctuations were noticed in the stratosphere
and the mesosphere, e.g. from July 5 to 12 the upper atmos-
pheric pressure in an altitude range of about 30 to 80 km
increased significantly followed by an equal decrease up to
July 22 which again rapidly increased and attainred normal
winter values by July end. The pressure fluctuations were gas
a result of the sudden stratospheric and mesospheric warming
during the winter periocd. The upper atmospheric pressure
gradually increased during the spring and subsequently
attained the normal summer values. Obviously, there was a
large seasohal variation with a pronounced semi-annual
variation in the upper atmospheric pressure particularly in

the stratosphere and the mesosphere, over Antarctica.

In the troposphere the pressure variations are '
relatively less. The summer values of the atmospheric
pressure in the upper stra£05phere and the mesosphere
exceed the winter values almost by a factor of two as 1is
obvious from the Table 5.5. The pressure data also indicates
a diurnal variation having the amplitudes smaller at lower
altitudes and larger at higher altitudes with significant

diurnal variation in the upper mesosphere.
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As shown by Fig.5.6 variations in the atmospheric
density over Antarctica were similar to the pressure
variations discussed above. The summer values of the
density exceed the winter values almost by a factor of 2 aé
revealed by Table 5.6. In the upper stratosphere and
mesosphere there were fluctuations with an increase and
decrease in atmospheric density particularly during the
early and mid-winter périods; €.d. on May 17 and July 12
a significant increase in density was observed in the
mesosphere as ghewn by Fig. 5.6, This might have again
resulted from the sudden warmings which occurred in the
south polar stratosphere and mesosphere during the winter

regime,



STUDY OF EQUATORIAL ATMOSPHERIC STRUCTURE

A major portion, nearly 75 % of the total rocket
launchings carried out from the Thumba Equatorial Rocket
L aunching Station.(8°32‘N, 76°521E), India have been of
meteorological interest. The rocket sounding programme
commenced from Thumba on July 14, 1064 with the launching of
a Judi Dart rocket with copper chaff payload for measuring
the upper afmospheric winds which was followed by 35 more
flights up to August 1969. Rao (1967) has discussed the
regults derived from the chaff-borne Judi-Dart rocket flights
carried out at Thumba and shown that in the middle
stratosphere the flow is predominantly zonal while in the
upper stratosphere and the lower mesosphere periodic meridional
flow exists. The upper atmospheric wind and temperature
me asurements- were also made in March 1970 with Skua rocket

system,

The Indo—Soviet M-100 meteorological rocket sounding
programme commenced from Thumba on December 9, 1970, Preli-
minary results of the M-100 meteorological rocket soundings

from Thumba are reported by Narayanan and Fedynski (1973).



187

It is found that “he quasi-bienniel oscillation of the
equatorial stratospheric winds over Thumba was most evident
in the zonal wind profiles, During 1971 and 1973 the
westerly phase of the quasi-bienniel oscillation was
predominant while in 1972 the easterly phase was present.
The seasonal effects on the vertical distribution of the
zonal wind component in the lower equatorial stratosphere
in an altitude range of 17 to 38 km manifest themselves as
an intensification of the easterly phase of the 26 month
oscillation during the summer. The Berson westerlies make
their appearance over Thﬁmba every year for a period of
about 5-7 months, October to May and are absent during the

south-west monsoon period.

6,1 Squatorial circulati~n pattern

In 1972 about 52 meteorological M-100 rockets were
launched from Thumba, mostly after sunset around 2000 LST
(1430 GMT) and the average rocket apogee reached was about
89 km, Time-height cross sections of the zonal winds,

meridional winds and of temperature are shown in Figs.6.l1,

6.2 and 6.3 respectively. Seasonal averages of the zonal winds,

meridional winds and of the temperatures for the northern
summer (June to August), autumn (September to November),

winter (December to February) and spring (March to May) are
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given in Tables 6.1, 6.2 and 6.3 respectively along with their
annual mean showing the seasonal variation of the atmospheric

wind and thermal structure over the equatorial station Thumba.

The equatorial upper troposphere from about 10 to 17 km
is a regilon of easterly winds interrupted periodicaily by short
spells of narrow westerlies during January to April, the
duration of each spell varying from a few weeks to about two
months as is obvious from Fig 6.1. Within the.general easterly
circul ation, a we%k westerly stream prevailed during the peried
from June to September in the lower troposphere below 10 km,
Fig, 6.2 shows that the meridioﬁal transport of air in the
middle. stratosphere is neglegible but there is a progressively
increasing meridional flow as we go to higher altitudes.
Meridional circulation index of the order of 30 to 40 m/s has
been experienced in the lower mesosphere on certain occassions.
For example, a northerly wind of 65 ms™t was noticed at 48 km,
the stratopause in the 3rd week of Novembér 1972 with a
southerly wind of 42 ms™T at 40 km in November end. No regular
pattern of meridional flow was obserVed over.the‘eduatorial
region; The meridional winds were of variable nature with

fluctuations of shorter durations and larger amplitudes.

In the middle stratosphere from about 25 to 35 km the
westerlies and easterlies change biennially and in the layers
within 10 to 17 , they change annually. The transition from

the bienniel cycle above the stratonull or 25 km to the annual
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cycle below the tropopause around 18 km takeé place through a
cyclic change of 15 months period in the intermediate layer
between the tropopause and stratonull. The layers above 40 km
have oscillations of semi-annual period and the transition layer
between 36 and 40 km levels has an annual period. While the
combined easterly-westerly oscillations in the middle stratos-
phere have a biennial period, it is seén that the period is
s1ightly more than 24 months (George and Narayanan, 1975).

Other workers have found a 26 months‘cycle for the strat spheric
circul ation over the Pacific Ocean area (Kats, 1970). While

in no layer of the atmosphere the westerly regime laéts for
more than 6 months, the easterly regimes have very lbng
durations in the upper troposphere and in the lower and the

middle stratosphere,

J6.2 Berson westerly winds

The equatorial circulation in the lower stratosphere
is strongly marked by the appearance of the westerly current
every year at regular periodic intervals within the prevailing
broad equatorial stratospheric easterlies. The wesferly current
occurring in the equatorial lower stratosphere is commonly
known as 'Berson wind', According to Palmer (1954), the
narrow stream of Berson westerlies has its axié usually nearly
2°N and extends through a latitudinal zone of not more than
7° on both sides of this axis. The Berson westerlies are

noticeable in an altitude region from about 18 to 25 km as in
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Fig.6,1 and extend up to the first week of June.

The easterly jét'in the upper troposphere and the
.Westerly Berson current in the lower stratosphere are
apparently two COmplementafy circulation systems, oné appearing
over Thumba when the other disappears. The Berson westerlies
are known to exist over the equatorial region of the Indian
Ocean throughout a year, while over Thumba they are found for
about 8 anths in a year and are generally absent during the
SW monsoon period, June to September, The layers in which
Berson current exists over Thumba vary from year to year with
some similarities between the Berson currents of the alternate
vears. The Berson westerlies get displaced gradually to the
southern hemisphere when the Indian summer starts.Average
dtrength of the zonal components of the Berson current was about
10 to 20 ms™Y., A time-lag has been noticed between the
appearance or disappearance of the westerlies and the
easterlies on the periphery of either side of the equatorial
zone. The manner in which the upper boundary of the Berson
current over Thumba gradually increased and decreased in height
would suggest that the vertical depth of.the stream was maXximum
along the central axis decreasing gradually towards the northern
and southern boundaries. There is an indiCation'that the Berson
westerly stream has its northern boundary extending beycnd

0
10 N during the period of its maximum displacement to the
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northern hemisphere, The gbove analysis'suggests that the
general pattern of zonal circulation in the lower stratos-
_phere has certain amount of asymmetry about the equator

as reported by Rao and Joseph (1971).,

6.3 Strato-mesospheric circulation

The equatorial middle stratosphere from 25 to 35 km
is a region of predominantly easterly circulation having
biennial characteristics. A biennial westerly circulation
prevails over certain layers of this region during-
Séptember to April months of the alternate years. From
October to December of these alternate years, westerlies
predominate from lower stratosphere to lower mesosphere,

The average zonal wind speed in the core of these westerlies
above 30 km level was of the order of 30 ms“L. In the
1970-71 season, October to April the westerlies were
prominent with average zonal components ofAthe order of

10 to 20 ms™! reaching occassionally jet speed of 30-35 ms™
in the core region. Owing to the quasi—biénniel periodicity
the westerlies were absent in the 1971-72 season. They
appeared again at the end of September 1972 and continued up
to April 1973,The appearance of broad and very strong easterly

jet stream during June to October period is an annual feature



192
of the middle stratospheric circulation. In 1972, the jet
stream covered the entire middle stratosphere and even
_extended into the lower stratosphere and well into the
upper stratosphere as shown in Fig. 6,1, The average_strength

in the core region was of the order of 40-30 ms™1. In 1972

November end, the westerlies had a maximum speed of 84 ms~l
at 35 km., In the years 1971 and 1973 the middle stratospheric
casterlies covered a relatively nartow region as compared with
the 1972 profiles,

The upper stratosphere in an altitude region from 35
to 45 km is characterised by well marked semi-annual oscilla=
tion with easterlies during the northern winter (December to
February) and summer (June to August) and westerlies in
spring (March to May) and autumn ( September to Noyember)
as shown by Table 6,1, and Fig., 6.1, The pattern
and shape of the isotachs separating the westerlies and
easterlies in the upper stratosphere and mesosphere would
suggest that the westerlies in the upper stratosphere
are due to the mesospheric westerlies penetrating downwards
Vperiodically. The region 35 to 40 km appears to be closely
linked with the semi-annual cycle above and the quasi-
biennial cycle below through a well defined annual cycle.

The easterlies had a larger period than the westerlies and
. ¥

attained jet speeds with an average of about 30-50 ms™
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The egsterlies are stronger during the easterly phase of the
quasi-biennial oscillation when the zonal wind speeds of

1

more than 80 ms — were found in the core region on certain

days.

Wind data for the equatorial mesosphere over Thumba
were available up to an altitude of about 60 km. The semi-
annual variation of the zonal circulation in the equatorial
mesosphere is shown in Fig. 6.l1. It is found that in the
lower mesosphere region, the westerlies are of durations
varying from 3 to 5 months followed by corresponding
easterlies of shorter durations varying from 1 to 3 months.
It is evident from Fig., 6.1 that the duration of the
westerlies gradually increased and that of the easterlies
decreased towards the higher levels of the nesosphere, The
total combined duration of two consecutive periods of
westerlies and easterlies in the lower mesosphere is about
6 months indicating a regular semi-annual cycle; Very strong
winds héving average zonal components of more than 30 ms™t
are quite common in the mesospheric region from about 45 to
60 km. The seasonal varilation of the atmospheric winds,
both zonal and meridional components over the equatorial

station Thumba in 1972 are shown in Tables 6.1, and 6.2

respectively.
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6.4 Relation with the tropospheric circulation

The steadiness factor (SF) computed from the ratio
of the mean vector wind to the mean scalar wind expressed as
a percentage is given in Table 6.2, It is found to vary
significantly both during the northern summer and winter with
larger values in the lower and the middle stratosphere and
smaller values in the upper stratosphere and the lower
mesosphere, Large variability was noticed in the spring and
autumn revérsal periods also with relatively higher values,
Transient eddies as revealed by fluctuations in the zonal and
meridional components of the winds are more frequent during
the transitiohs from winter to summer and summer to winter
with the meridional component exceeding 25-30 ms™'. Their
frequency is less during the equinoxes when the zonal winds
are steady westerl, and the meridional winds rarely exceed
+ 10 msw;..In the equatorial mesosphere the winds are generally
westerly during the northern autumn and spring with an
average speed of up to about 35 ms"l and a standard deviation
of the same order. During summer and winter the winds are
predominantly easterly with speeds varying over a wider range,

about + 10 to —40 ms~* as is obvious from Table 6.1.

The analysis also shows that the equatorial

tropospheric'circulation is influenced to a great extent by
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the strato=mesospheric circulations, particularly, the Berson
westerlies. The reversal in the zonal Stratospheric Circulation
Index (SCI) from westerly to easterly flow and the meridional
SCI showing strong southerly component in the 40—50 kmllayer
gives a clue to the onset of the south-west (SW) monscon, The
zonal SCI reversathook place on May 3 in 1972 but westerlies
reappeared on June 2 and remained as a strong current wup to
June 7 thus delaying the onset of the SW monsocon. SCI was
reversed on June 14, 1973 thus favouring the advancement of
the monsoon current. The burst of the SW monsoon took place
on June 18 much later than usual lst June showing that the
reversal of the zohal SCI could predict the onset of the SW

monsoon over the Indian Sub-continent.

6.5 " Equatorial tropopause, stratopause and mésopause

The heights and temperatures of the equatorial
tropopause, stratopause and mesopause were determined from
the high altitude balloon and rocket soundingskcarried out
at Thumba. The time-height cross section of the atmospheric
temperature in 1972 is drawn in Fig. 6.3. Table 6.3 glves tﬁe
corr esponding seasonal variability the atmospheric thermal
structure. It shows that the mean tropopause over Thumba in
1972 was at 17 km and had a temperature of ~79.29C with a
standard deviation of 3.7°C, While there was no seasonal

variability in the tropopause altitude, its temperatures
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in the northern summer and winter were -76.3°C and -78.4°C
with the values of -79.2°C in autumn and -80.7°C in the
spring and standard deviations less than 4°C, The mean
stratopausé was located ét 45 km and had a temperature of
~7.6°C with a standard deviation of 4,1°C . The summer
stratopause located at 45 km with a temperature of -6,4°C
was warmer than the winter stratopause by 2.6%C which was
found at 47 km. The autumn and spring stratopause levels were
also found at 45 km with temperatures of -8.3 and -4,6°C

and standard deviations 2.8 and 3.4°C resbectively. The

mean equatorial mesopause over Thumba was located at 76 km
with the summer and winter mesopause at 75 km and the autumn
and spring at 77 and 76 km, respectively. The mean mesopause
temperature was -82,1°C with a standard deviation of 9.4°C,
while the values in the summer, winter, autumn and spring
were -~82,1, -76.2, ;89.9 and -85.6°C respectively.’ The
winter mesopause over the equatorial station Thumba in the
summer, winter, autumn and spring were -82,1, -76.2, -89,9
~and -85.6°C respectively., The winter mesbpéuse over the
equatorial station Thumba was found to be about 6°C warmer
than the summer mesopause, while the mesopause in autumn

and spring was cooler by about 1O to 14°C than the winter

mesopause as is obvious from the Table 6.3,
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| . ) . - . .
6.6 Sudden mesospheric warming over eguatorial reqion

A sudden mesospheric warming was noticed during
| February 17 to March 15 (late winter in the Northern

Hemisphere) over the equatorial station Thumba with an
explosive warming on March 1 as evidenced by the M-100 rocket
soundings carried out in 1972, Table 6.4 gives quantitatively
the warming and cooling which occurred in the equatorial
mesosphere in an altitude region from 50 to 80 km during
mid-February to mid-March 1972. The sudden mesospheric
warming is also obvious from Fig. 6.3 as the isotherms
experienced a sharp change in slope around March 1. From
February 23 to March 1, the mesospheric temperature in an
éltitude region between 60 and 70 km increased by about
50 to 62°C with the\maximum around 65 km showing an explosive
warming over the o2qguator. A core of positive temperatures
of the order or 3°C was detected in a narrow altitude region

from 58 to 63 km on March 1.

The upward slope of the isotherms in Fig.6.3 indicates
atmosphéric warming while the downward slope gives the
subsequent cooling. As is obvious from the Table 6.4, the
lower meésosphere in an altitude region from 50 to 65 km
experienced a relatively weaker warming of about 5 to 17°%C
from February 17 to 23, while the upper mesosphere above 68 km

was subjected to a cooling of about 4 to 14°C during that period,
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The equatorial mesospheric warming was the most pronounced

from February 23 to March 1 with a temperature increase of about

10°%C per day between 62 and 68 km altitude region. The €xplosive
warming was followed by an equal cooling as shown by the down-
ward slope of the isotherms in Fig, 6.3, It is evident from

the Table 6.4, that the mesospheric cooling ranged from 50 to
70°C in an altitude region from 60 to 70 km during March 1 to
15 with the maximum cooling around 65 km, the altitude where the
warming was also maximum, The rate of cooling was about 3 to

5°G per day while the warming rate was greater than the.cooling
rate by about 5°C, The cooling in thé lower mesosphere and the
upper mesosphere was relatively smaller of the order of 1 to
3°C per da?. Besides this late winter sudden mesospheric warming
event, some other weaker temverature fluctuations wére also
noticed in the equgtorial atmosphere in 1972\as shown by the
varying slepa of the isotherms in Fig. 6.3, though none was as

pronounced and significant as that of March 1.

Explosive warmings of the winter stratosphere and mesos-
phere to the extent of 50 to 60°C outside the equatorial regions,
particularly at high latitudds in the Northern Hemisphere
are well known, Such sudden warmings have been attributed
to horizontal and vertical transport of air mass from other
regions. In the absence of closer network of observations |

in the equatorial region, it is difficult to attribute the
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sudden warmings in the equatorial region to horizontal and
vertical transport of air mass. For drawing definite
conclusions about meridional transport of heat in the
stratospheric and mesospheric region, it is necessary to
have temperature aebservations at shorter intervals of time,

preferably daily,



CH A PTER~ VII

==ﬁ===============

SOUTH POLAR AND EQUATORIAL ATIMOSPHERIC STRUCTURE COMP ARI SON

Synoptic M-100 meteorological rocket launchings were
carried out weekly once from Molodezhnaya, Antarctica ahd
equatorial Thumba l,The author worked at both these stations
and directly participated in data acquisition and processing.. -
Using these data, a comparative study of the South Polar and
the equatorial atmospheric structure is carried out and the
results of this investigation are presented in this Chapter,
Seasonal vertical profiles of zonal énd meridional components
~of winds, and of temperatures from Molodezhnaya, Antarctica
in January-February and July 1972 are compared with those of
the corresponding ascents from equatorial Thumba. The actual
- results are also compared with the Groves atmospheric model j
(Groves, 1971) and the corresponding departures of the actuals

from the Groves Model are worked out.

7.1 Antarctic and equatorial atmospheric structure in

southern summer

The vertical profiles of atmospheric winds and
temperatures over Molodezhnaya, Antarctica and Thumba
equatorial station in South India for the period January-

February (southern summer) are drawn in Fig, 7.1 and 7.3
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and a brief summary of the flights carried out is given

in Table 7.1, Radiosonde data are used for completing the
profiles in the lower atmosphere as each rocket flight was
preceded by a standard radiosonde release. Figs 7.1 and 7.3
show the monthly average profiles for January and February,
while Fig 7.2 represents a typical summer profile of Januery 26,
The actual results of the zonal winds and the temperatures
in the altitude region from 25 to 85 km at an interval of

5 km are compared with the Gmoves_atmospheric model (Groves,
1971) and the corresponding departures of the actuals from
the Model are drawn in Figs 7.4 and 7.5 for January and

February respectively,

As the values in the Groves Model apply to the first
of each month, the Model average values are obtained from the
data of two successive months for comparison. Thumba
(8932!'N) actuals for January are compared with the corresponding
10°N profiles from the Groves (1971) Model. Since in the
Groves Model, no data are available for 7008, actual profiles
over Molodezhnaya (68°S) for January and February are compared
with the 70°N profiles from the Model shifted six months in
time. Comparison of the actual monthly average profiles With
the corresponding Groves profiles is shown in Figs 7.4 and
7.5. Tropospheric, Stratospheric and Mesospheric Circulation

Indices (TCI, SCI & MsCI)are computed by using the method
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devised by Webb (1964) and are given in Table 7.1. Structure
of the Antarctic and equatorial atmosphere in southern summer,
particularly for the months of January and February is

discussed in this section.

7.1.1 Zonal winds

From the solid curve (A) of Fig 7.l it is evident

that average zonal wind components at Molodezhnaya, Antarctica
in January 1972 were easterly throughout the atmosphere up to
about 84 km, In the troposphere the easterlies were weaker
with speeds less than 10 ms"l. In the stratosphere the winds
became stronger with speeds ranging from about 20 to 30 ms™t
around the stratospause. However, the wind maximum was found
in the mesosphere at 70 km which had a speed of 47 ms™T. Above
70 km t e easterly Wiﬁds de reased with heigbt which had an

average wind shear of about 0,004 5~L.

The corresponding average zonal wind profile of
January for Thumba equatorial station given by the dashed
curve (a) in Fig 7.1 shows that up to about 7 km the winds
were weak easterlies having speeds less than 7 ms"L. Around
7 km the zonal winds changed to weak westerlies of speeds
less than 11 ms™' with the maximum at 21 km. From 25 km to
60 km the zonal winds were easterlies in toto, with speeds

ranging from about 5 to 31 ms™ having the maximum at 50 km,
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the stratospause. However, above 60 km the zonal winds showed

a westerly trend.

It is obvious from the solid curve (A) of the typical
summer profile shown in Fig 7.2 that on January 26, 1972 the
zonal winds over Molodezhnava, Antérctica were predominantly
easterly in the atmosphere up to about 55 km altitude having
tropospheric maximum Wind speed of 22 ms‘l at 3 km and
stratospheric maximum at 48 km with 43 ms™1 speed. In a
narrow altitude region from 55 to 60 km westerly Winds with

1 were detectedl In the mesos-

speed ranging from 5 to 12 ms™
phere the winds were strong easterlies having maximum speed
‘of 47 ms™t at 70 km, However, in a narrow region from 78 to
85 km the easterly winds changed to westerlies with speeds

1

ranging from about 5 to 13 ms™~ which again showed a reversal

to easterlies aloft 85 km.

The corresponding dashed curve (a) in Fig 7.2 shows
that on January é6 the zonal winds err Thumba equatorial
station were weak and variable in the lower troposphere up
to about 12 km altitude. From 12 to 23 km the winds were
mainly westerly with a maximum speed of 15 ms™1 at 15 and
22 km showing a sudden reversal at 17 km (tropopause). The
lower stratospheric weak Weéterlies changed to strong easterly
winds at about 24 km and persisted in the stratosphere up to

45 km with a maximum speed of 61 ms™F at 42 km which showed a
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reversal to westerlies at about 46 km which attained a maximum
speed of 28 ms"l at 49 km,the approximate stratopausel, The ‘
westerlies persisted in the lower mesbsphere up to about

56 km and changed to easterly winds aloft.

Fig 7.3 gives an average profile for February, 1972,
The solid curve (A) in the Figure shows that over Molodezhnava,
AntarctiCa the zonal winds were easterly with speeds less
than 10 ms™* up to about 1O km and were weak and variable in i
an altitude range of -about 10 to 30 km. In the middle stratos-
bhere, altitude region from 30 to 40 km, easterly winds of
speed about 10 ms-l were detected wihch showed a reversal to
strong westerly winds in the upper stratosphere with a maximum

1

speed of 36 ms — at 49 km, the approximate stratospause. The

winds remained westerly in the lower mesosphere up to 60 km

1

with speeds in a range of 20 to 30 ms™~. A large wind shear

of about 0.04 s~! was detected around 60 km where the
westerly winds showed a sudden reversal. The winds in the
upper mesosphere were strong easterlies with speeds ranging B

L. Around 80 km there was a wind shear

1

from about 10 to 100 ms~

L

of 0,02 ™~ with a wind speed of 96 ms — at 82 km.

The corresponding dashed curve (a) drawn in Fig 7.3
shows that in February 1972 the zonal winds over Thumba
equatorial station were predominantly weak easterly with f

speeds less than 10 ms ™+ up to 17 km (tropopause)., The weak



192

BmbBe v ey

g

Moldazhngyg - H,8.0

-
T

7

W tspnyuy

8 g @ & I 8B @

T T L}

yy
b
TN
/ 2 ,
/ :}“k
4 \\\\
'’ N
'II, \\ g
N
f Ay
/ TN
o‘/ “‘ 1‘
/
) Al \‘\ ! i
\..;; i} "{,_,’ _
L

6

LY
0

3

L
10K

N

. & &,
A #5532
//\ 4 " {L\f"\" !“{\M‘S‘w @ E g
e RN ., vis AT W 4
oV “j’/\r\/ ' : 1982
" 4R e
AR B
)
'\
(= 1Y 18
3 .
\
|t 1 3
A % I TS
\-..j\/ = &
\ i
”
oY '-};
AN W,nm»:,z{mﬂw B
- H
J ‘\\ r”’b&‘\.,__/ 'f R =% “é
4 B ke el
1 % 3 .
v VoAV 3
v 1.%

. A, 3,

t
—~&

FRTE TR R

Wy tEpoLINY

P
g -z -50 80

vrves A, a), merid

dezh

ional
tg Louwrves A,

i

T

: chiaya, Antarct
February. LD o

5
e
2

fids iﬁ

k3

e

73
%
ts
-
¥ P

gl

‘_:3{
wind 7Y o
A g
f,f; ﬁ:}‘ 1;)
o
b ngi 'qﬁ‘}
Ly o
g{.\ i vl
O L)



214

easterlies at the tropopause showed a reversal to weak
westerlies which again showed a reversal at 25 km. Strong

. easterly winds persisted in thé stratosphere from 26 to 49 km
which attained a maximum speed of 28 ms™t at 33 km, The
'stratospheric easterlies showed a reversal at 49 km around
the stratopause and changed into strong westerly winds with
speeds ranging from about 10 to 50 ms™! in the lower

mesosphere,

T7.1.2 Meridional winds

Average meridional wind profile, given by the solid
curve (B) in Fig 7.1 shows that in January the winds over
Molodezhnaya, Antarctica were predominantly northerly up to
the mesopause, Up to 30 km the northerlies were weak with
speeds less than 8 ms~T. In the altitude region from 30 to
50 km the meridional components were weak and variéble. In
the 50 to 60 km region the northerlies were relatively
strongerAhaving a maximum speed of 16 ms"l at 58 km which

again became weaker in the upper mesosphere,.

The corresponding average profile”for Thumba given by
the dashed curve (b) in Fig 7.1 shows that in January the

meridional winds over the equatorial station were weak and
variable up to about 40 km with speeds less than 10 ms™.

Above 40 km the winds were predominantly northerly with speeds

ranging from 5 to 25 ms™L,
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The solid curve (B) in Fig 7.2 shows that the meridional
components of winds in the upper atmosphere over Molodezhnava,
Antarctica on 26th January 1962 were weak northerly up to an

L. In an

altitude of 27 km with wind speed less than 8 ms~
altitude region from 28 to 38 km the winds were variable with
speed less than 20 ms™), In the upper stratosphere, altitude
region 38 to 50 km, strong southerly winds were found which
had a maximum speed of 26 ms™ T at 45 km. The stratospheric
southerlies changed to mesospheric northerlies at about 50 km.
In the mesosphere the northerly winds persisted up to 83 km
having a maximum speed of 25 ms-"'l at 74 km with a secondary

maximum of 24 ms™T at 60 km. Above 83 km the profile showed

a southerly trend.

From the corresponding dashed curve (b) in Fig 7.2
it is obvious that the meridional winds over Thumba
equatorial station on January 26 were variable with weaker
winds of speeds less than 13 — up to 40 km and stronger
winds aloft. In an altitude region from 40 to 45 km the
meridional winds were strong hortherlies which had a maximum
speed of 47 ms™L at 43 km. The upper stratospheric northerly
winds showed a reversal to southerlies around 46 km which had
a maximum speed of 28 ms_l at 49 km., Above 50 km the meridional
winds were again variable with speeds ranging from about 5 to

25 msﬂl. Thus the upper stratosphere and the lower mesosphere
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were in a turbulent state having large wind shesrs with
meridional winds rapidly shifting from northerlies to south-

erlies and vice versa.

The meridional wind components over Molodezhnaya,
Antarctica in February 1972 are shown by the solid curve (B)
in Fig 7.3. Up to an altitude of 43 km the winds were weak
and variable with speed less than 11 ms™L. Above 44 km the
winds were predominantly northerly with a maximum speed of
23 ms~T at 49 km, the stratopause, The northerlies persisted
up to 73 km in the mesosphere with a maximum sp2ed of 20 ms™t
around 60 km which showed a reversal to southerly winds at
74 km, The southerlies had wind speed ranging from 5 to 16 ms™t

in the upper mesosphere with the maximum at 76 km, Above

80 km the winds showed a northerly trend.

The corresponding averége profile of the meridional
winds over Thumba equatbrial station in February given by the
dashed curve (b) in Fig 7.3 shows that the winds were weak and
variable up to 30 km with speeds less than 10 ms™t, Above

30 km the winds were predominantly weak northerlies in the

upper stratosphere and the lower mesosphere.'

7.1.3 Atmospheric temperatures

Average temperature profile for January 1972 over
Molodezhnaya, Antarctica given by the solid curve (C) in

Fig 7.1 shows that the polar tropopause was at 9 km
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altitude with air temperature of -51,8°C. The lapse rate in
the troposphere was -5.6°C km™ ., In an altitude region from
12 tc 28 km a quasi-isothermal temperature structure prevailed

with a lapse rate of + 0.5°C ™,

In the upper stratosphere
the lapse rate was about 2°C km™t. The profile shows that the
stratopause was at 47 km with a temperature of 6.5°C, In the

1

mesosphere the lapse rate was - 3.8°C km™" with the mesopause

at 80 km having a temperature of -995°C,

The corresponding temperature profile for Thumba
equatorial station is given by the dashed curve (c) in
Fig 7.1, It shows that in January the equatorial tropobause
was at 17 km with a temperature of ~7878°C and that the
lapse rate in the troposphere was -6.8°C km™%. In the
stratosphere the lapse rate was + 2.4°C km™T with the
stratospause at 50 km baving a temperature of -8.8°C and the

mesopause was at 77 km with a température of -77.5°C,

The solid curve (C) in Fig 7.2 is the typical
southern summer profile of January 26, 1972 over Molodezhnava,
Antarctica. It shows that the polar tropopause and stratopause
were at 9 km and 49 km altitudes with temperatures of =56°C
“and + 4°C respectively, The mesopause Was however, not well

defined.
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The dashed curve (c¢) in Fig 7.2 is the corresponding
profile of January 26 for Thumba equatorial station. It shows
" that the equatorial tropopause and stratopause were at 17 km
and 48 km with temperatures of —7900 and -7°C respectively,

while the mesopause was not well defined.

The solid curve (C) in Fig 7.3 gives an average
temperature profile*for February 1972 over Molodezhnaya,
Antarctica. It shows that the polar tropopause and stratopause
in lafe summer were at 9 km and 49 km with temperatures of
—52;300 and 2.0°C regpectively while the mésopause waé not
well defined. Temperature lapse rates in the tropoéphere,
upper stratosphere,‘and mesospheré were -5,5, +2.4 and
-3,400 k™ respectively, whiie in an altitude region from

1

12 to 28 km the lapse rate was very small, +0,4°C km™™ showing

that the lower stratosphere was in a quasi-icothermal state,

The dashed curve (c¢) in Fig 7.3 gives the corresponding
temperature profile of February for the equatorial station
Thumba in South India. It shows that in late summer the
equatorial tropopause and stratopause were at 16 km and
49 km with temperatures of ~79.3°C and ~-7.3°C respectively,

The mesopause wWas foundvin an altitude region from 70 to 75 km
having a minimum temperature of -77.0° at 70 km with a
secondary minimum of ~76.5°C at 75 km. Temperature lapse rates
in the troposphere, stratosphere and mesosphere were -T7.2,

+2.4 and ~4,3°C km_l, respectively,
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7.2 Summer profiles comparison with Groves Model

The 2onal winds and temperatures over Antarctica and
equatorial Thumba in January and February 1972 (southern
summer) are compared with the corresponding Groves model
values and the results of this investigation are discussed in

this section. .

T.2.) Zonal wind departures

The curve (A) in Fig 7.4 represents departures of
‘the actual zonal winds at Molodezhnaya (about 68°S),
Antarctica in January from the corresponding Groves profiles
at 70°N in July. The departures were less than 14 ms™F in the
stratosphere and there Wés a fairly good agreement between the
two in the altitude region from 25 to 45 km., The winds were
predominantly easterly in both the actual profile and the

Groves profile., Maximum departure from the model was ~23.5 ms™t

1

at 50 km with a wind speed of 34 ms™~ at Molodezhnaya and

L 4t 70N (from the Groves model). The negative

20.5 ms
‘departures in the Figure show that the actual easterly winds
were stronger than the Model easterlies, while the positive
departures show the reverse.

The curve (B) in Fig 7.4 gives the zonal wind
departures of the actuals over equatorial Thumba ( about 9°N)

in South India from the Groves model profiles (at 10°N) in

January. It shows that in January the zonal wind departures
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in the sfratosphere and the lower mesosphere were less than
30 ms"l. The winds in the stratosphere were easterly with a
westerly trend in the lower mesosphere in both the profiles,
actual as well as‘Groves. Again, the negative depaftures mean
that the Thumba zonal winds were stronger than the Model winds.
However, at 60 km where the westerlies prevailed, the Thumba
winds were weaker having a speed of 2.5 ms"l and the departure
from the Groves ﬁodel was =25 ms"l. A good agreement was found
around 40 km where the departures were less than #4,7 ms"l
showing that the Groves casterlies were somewhat stronger than
the actual Thumba easterlies.The curve (A) in Fig 7.5 gives
the zonal wind departures of the Molodezhnaya'actuals from
the Groves model for February 1972, In the Groves profile

the winds are predominantly easterly in the stratosphere and
the mesosphere, While in the actual profile the winds were
predominantly strong westerly in an altitude region from
about 45 to 60 km which contributed to larger departures

vin this region with a maximum of + 35.5 ms™ at 50 km and a
secondary maximum of + 34,0 ms"l at 60 km. The negative
departures in the Figure show that the actual easterly winds
over Molodezhnaya,Antarctica were stronger than the

corresponding Groves winds.
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The corresponding zonal wind departures of the Thumba
~actuals from the Model for February are shown by the curve (B)
in Fig 7.5. The winds weré predominantly easterly in the
stratosphere with stfong westerlies aloft, in both the actual
and the Model profiles, Maximum departure was + 26,5 ms™ at
55 km with strong westerlies of 50.5 ms™t at Thumba and <
24,0 ms™! from the Groves model. A good agreement between the
actuals and the Model was found around the stratopause in an
altitude region from 45 to 50 km with departures of about

-2 ms‘L. Again, the negative deviations from the model mean
that the actuals were stronger than the model winds, while

the positive departures mean the reverse,

T.2.2 Temperature departures

The curve (C) in Fig 7.4 gives temperature departures
of the Molodezhnaya actuals from the Groves atmospheric model
for January 1972, In the stratosphere the deviations from the
Model were less than + 10°C . Maximum departure was uSOOC,at
65 km and the minimum was + 1.8°C at 45 km around the stratopause.
Positive departures in the Figure show that the actual -
temperatures were greater than the Groves temperatures, while
~the negative departures mean the reverse. It is thus obvious from
the Figure 7,4 that in January the stratosphere over

Molodezhnaya, Antarctica is warmer than the corresponding
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Groves profile wi*h a maximum of 10°C at 35 km, while the
Molodezhnaya mesosphere is colder than the Model with a
maximum of 30°C at 65 km, However, at 80 km around the
mesopause the Molbdezhnaya profile 1s about 8.5°C warmer

than the Groves profile,

The corresponding temperature departures of the Thumba
actuals from the Groves Model for January are shown by the
curve (D) in Fig 7.4. A sufficiently good agreement between
the actuals and the Model was found in the stratosphere with
departures ranging from -1 to -95°C, Maximum depafturé was
~21.8°C at 60 km. Negative departures in the Figure mean that
the actual temperaturesover Thumba, South India were colder

than the corresponding Groves model temperatures.

The curve (C) in Fi 7.5 gives the temperature
departures over Molodezhnaya, Antarctica from the Groves
model for February 1972. Again, in the stratosphere the actual
temperatures were warmer than the Groves temperafﬁres with
a maximum of 9.8°C at 25 km, while in the mesosphere the

actuals were colder with a maximum of 31.8°C at 65 km,

The corrésponding temperature departures of the Thumba
actuals from the Model for February are shown by the curve (D)
in Fig 7.5. It is obvious from the Figure that in February
the Thumba actuals were colder than the corresponding Groves

profile with a maximum of 04,8°C at.-60 km. There is a
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sufficiently good agreement between the two in the stratosphere

with'départures ranging from about ~2°C to —lOOQ.

It is obvious from Figs 7.4 and 7.5 that the tempera-
ture departures of the actuals from the Groves Model in
January had a good similarity WithAthose in February both for
'Molodazhnaya, Antarctica and Thumba equatorial station, However,

the zonal wind departures were different in the two cases.

7,3 Atmospheric circulation indices in southern summer

From the combined average values of the M-100 rocket
soundings conducted in January-February 1972, a brief summary
of which is given in Table 7,1, it is found that in the
southern summer the polar tropopause and stratopausé were
at 9 km and 47 km with temperatures of -52.1°C and 4.8°C
respectively, whﬁle the mesopéuse Was around 80 km with g
temperature of about —lCOOC. The corresponding equatorial
tropopause, stratopause and mesopause were found to be at
17 kms49 km and 75 km with temperatures of -78,6°C, -8,2°C
and -75.OOC«respectively. Temperature lapse rates in the
tropospheré, stratosphere and mesosphere over Molodezhnayé,
Antarctica were -5,5, + 2.2 and -3.6°C km™t while over Thumba
equatorial station in South India the corresponding lapse
rates were -7,0, +2,4 and -4.0°C km"l. In an altitude region
from 12 to 28 km, the temperature structure over Antarctica was

found to be quasi-isothermal with a lapse rate of +0,4°C km”H.
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Using the method devised by Webb (1964), average
_values of the wind speeds for the layers from 5 to 15 km, 10
to 20 km, 45 to 55 km and 70 to 80 km are computed for deriving
Tropospheric Circulation Index (TCI), Stratospheric Circulation
Index (SCI) and Mesospheric Circulation Index (MsCI) of the
appropriate layers, Awerage.winds over the layer from 5 to v
15 km give TCI for Molodezhnaya, Antarctica, while those from
10 to 20 km give TCI for Thumba equatorial station. This is
because the>polar tropopause was found to be at 9 km, while
the equatorial tropopause was at 17 km, Average winds over
the layers from 45 to 55 km and from 70 to 80 km give the
corrésponding SCI and MsCI. The Tropospheric, Stratospheric
and Mesospheric Circulation Indices computed for January-
Februars 1972 are given‘in Table 7.1, Positive values of the
circulation indices refer to south in the meridional flow énd
to west in the zonal flow, while the negative values represént

north and east correspondingly.

7.3.1  Tropospheric Circulation Index (TCI)

Table 7,1 shows that the meridional components'of the i
Tropospheric Circulation Index (TCI) over Molodézhnaya,
Antarctica were predominantly northérly in January and
February (southern summer) with a maximum wind speed of

1

7,6 ms — on January 12. However, a wind reversal from weak
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northerlies to weak southerlies of speced 8,9 ms'% dccurred
from January 26 to February 2 which again changed to weak
northerlies by February 16. The corresponding meridional TCI
over equatorial Thumba was weak souiherly in January with g

& on January 19, The weak souther-

maximum wind speed of 5,7 ms~
lies showed a reversal to weak northerlies from January 26 to
February 2 which then persisted throughout the month,

January 26 to Februéry 2 thus seems to be a transition period

for the meridional winds in the troposphere over Antarctica

and equatorial station Thumba in South India.

The zonal compohents of the Tropospheric Circulation
Index over Molodezhnaya, Antarctica in January-February were
predominantly easterly having a maximum wind speed of 10.8 ms™ L
on February 23 with a secondary maximum of 9 msfl on January 19.
However, a wind reversal occurred around February 16 when the
zonal flow became westerly with a speed of 6 m§7l. The
corresponding zonal TCI at'equatorial Thumbaiih South India
was predominantly westerly in January with a maximum wind
speed of 8.5 m;“l on January 19, The westerlies changed to weak
easterlies during the 1st half of February which persisted
later, Thus there seems tb be a transition of the zonal

winds both over Antarctica and equatorial India around mid-

February.
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7.3,2 Stratospheric Circulation Index (SCI)

Table 7.1 shows that the meridional component of the
Stratospheric Circulation Index (SCI) over Molodezhnavya,
Antarctica was predominantly northerly with a maximuh wind
speed of 21,6 ms'Tl on February 23, However, a weak southerly

trend with a wind speed of about 2 ms™*

occurred on January 26,
The corresponding meridional SCI over equatorial Thumba in
South India was found to be variable during January to

February with a strong northerly flow of maximum speed 42.5 ms™t

on January 12 and a strong southerly flow of speed 29,6 ms—l
on January 19, The southerly flow persisted till about mid-

February and again became northerly around February 23,

The zonal SCI over Antérctica was found to be predomi-
nantly easterly in January with a maximum windlspeed of
35.6 ms"l on January 5, and westerly during February with a
maximum speed of 33.8 msf"'l on Februafy 23, Wind reversal
occurred sometime during January 26 to February 16. The
corresponding zonal SCI over Thumba equatorial station also
showed a strong easterly flow in January with a maximum wind
speed of 49,6 ms™T on January 5 and a westerly flow in
February. The reversal of zonal winds from strong easterlies
to relatively weaker westerlies occurred during January 19
to January 26, The westerly flow had a maximum speed of

20,7 ms"l on January 20.
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7.3.3 Mesospheric Circulation Index (MsCI)

Table 7.1 gives Mesospheric Circulation Index (MsGI)
over Molodezhnaya, Antarctica for only those days when special
chaff~borne M-~100 meteorological rocket flights were carried

“out. It shows that the mesospheric meridional flow was predo-
minantly weak southerly with a reversal to northerlies of
speed 16,4 ms™T on January 26, while the zonal flow was strong
easterly which had a maximum speed of 41.5 ms"'l on January 5
with a secondary maximum of 30.5 ms"‘l on February 16.‘Since

no chaff flights were conducted from Thumba equatorial station
in January;February, no MsCL is available for the equatorial

station,

It is found that in the southern summer the polar
tropopause and stratopause were about 27°C and 13°C warmer‘than
the corresponding equatorial tropopause and stratopause, while
the mésopause was about 25°C colder. At both the stations the
zonal winds in the stratosphere were predominantly easterly in
January with speed less thén 50 ms“l, and westerly in February

“L while the meridional winds

with speed less than 35 ms
were Variable. Zonal wind departures of the actuals from the
Groves model were found to be in a range of about fi 35 ms™t
while the temperature depgrtures were mostly negafiVe by

about 2500.
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7.4 Antarctic and equatorial atmospheric structure in

southern winter

Vertical#profiles of zonal and'meridioﬁal components of
winds, and of temperatures from the M-100 rocket soundings
51multaneously carried out at Molodezhnaya, Antarctlca and
Thumba equatorial statlon in South India during July 1972
( southern winter) are discussed in this. section. The vertical
profiles of the Antarctic and equatorial winds and temperatures
for the southern winter are drawn in Figs 7.6 ( a to.d) and
a brief summary of the flights carried out at Molodezhnaya and
Thumba in July 1972 is given in Table 7.1, Radiosonde data were
used for completing the profiles in the lower atmospherd.
Typical southern summer (January 5) and winter (July 5)
Antarctic temperature profiles over Molodezhnaya (68°S) are
compared wifh the corresponding Groves profiles (July 1 and

January 1) at 70°N from the Groves atmospheric model

(Groves,1971) as shown in Fig 7.7.

7.4.1 Zonal winds

In the southern Winter month July, the zonal winds
over Molodezhnaya, Antarctica as shown by the solid curves
(1) in Fig 7.6 (a to d) were predominantly weeterly throughout;
the upper atmosphere up to an altitude of about 80 km with

weak easterlies near the surface. The westerlies built up in
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the troposphere and the stratosphere and attained jet speed

in the lower mesospherel, In the stratosphere the maximum wind

1 at 39 km on July 5 with secondary maxime

1

speed was 82 ms
of 66 ms™t at 28 km and 58 ms™T at 45 km on July 19 as is
obvious from.the solid curveé (1) 4in Fig 7.6(a,c). In the
mesosphere strong easterly winds having large wind shears
were detected, Maximum Wind speed was 157 ms"l at 64 km on -
July 5 which indicated a sudden disruption in.the atmosphere
over Antarctica during the winter regime. The average values
of the zonal winds in winter show that the zonal flow over
Antarctica was totally westerly in winter with Weaker winds
in the lower atmosphere and stronger winds in the upper
atmosphere. In the troposphere the westerly winds were of

-speeds less than 30 ms—l, in the stratosphere the westerlies

L .t 40 km and in the

had a maximum wind speed of 59 ms’
mesosphere the maximum speed was 99 ms_l'at 64 km, Strong
westerly winds decreased with height in the mesosphere and

attained a speed of 15 ms"'l at 84 km,

From the dashed curves (1) in Fig 7.6 (a to d) it is
obvious that the zonal winds over Thumba equatorial station
in July 1972 were predominantly easterly with speeds ranging
from about 10 to 50 ms™F up to about 45 km. Up to an altitude
of about 10 km westerly winds of speeds less than 17 ms"l

prevailed. The stratospheric easterly winds had a max imum
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1

speed of 49 ms™™ at 49 km around the stratopause on July 26

as shown in Fig T.6'(dﬂ, It had a secondary maximum of 47 ms~+
at 39 km on July 12 as shown by the dashed curves (1) in

Fig 7.6 (b). A core of strong westerly winds with a maximum
speed of 53 ms™t at 47 km was detected in an altitude region
from agbout 44 tp 52 km on July 5, The average values of zonal
winds at Thumba in July show that the winds were weak westerly
of speeds less than 13 ms™F up to an altitude of about 1O km,
Above 1O km the zonal winds were totally easterly up to an
alti%ude of 65 km in the lower mesospherd, The ‘easterlies Wére}‘
stronger in the.stratosphere with a maximum speed of 39 mé”lét

31 km and weaker in the mesosphere with speeds less than 10 méﬁlh

7.4.2 Meridional winds

The solid curve (2) in Fig 7.6 (a) shows that the
meridional winds over Antarética on July 5 were predominantly
northerly in the troposphere and the stratosphere_with a

1 at 33 km, and were\predominanﬁly

maximum speed of 33 ms"
southerly in the mesosphere with a maximum wind speed of 31 ms"l
at 68 km, On July 12 the meridional winds were weak and variable

1

with speed less than 6 ms™™ up to an altitude of about

25 km and strong northerly aloft with a maximum speed of
54 ms"l at 36 km as shown in Fig 7.6 (b). On July 19, the
méridional components were predominantly northerly having

a maximum wind speed of 30 ms™ at 26 km with.a secondary
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1

maximum of 28 ms "~ at 74 km., However, in an altitude region from

about 62 to 72 km, a core of weak southerly winds with speed

1

less than 14 ms™ was detected as shown in Fig 7.6 (c). On

July 26 the winds were variable with southerly Coﬁponénts

of speed less than 30 ms-l

in the middle stratosphere and
northerly components of speed less than 23 ms™1 above 42 km in
the upper stratosphere, Fig 7.6 (d). From the July averagé
values it is found that the meridional winds over Antarctica
in winter were predominantly northerly with speed less thah

1

20 ms ~ up to 57 km and southerly aloft with a maximum speed g

of 23 msul at 68 km,

The dashed curves (2) in Fig 7.6 (a to d) show that
the meridional winds over the equatorial station Thumba were
variable in July. On July 5 the winds were predominantly .
southerly in the stratosphere with a maximum speed of 65 ms™+
at 45 km and northerly in the lower mesosphere with speed
less than 17 ms-l, Fig 7.6 (a)'. On July 12 the winds were
variable up to 45 km with speed less than 20 ms™T and northerly
aloft with a maximum speed of 30 ms™  at 48 km around the
stratopause, Fig 7.6 (b). On July 19 the meridional winds were
varlable of speed less than 20 ms ™t up to 55 km with weaker
winds in the troposphere and the lower stratosphere and stronger
winds in the upper stratosphere, Fig 7:6 (c), while on July 26

the winds were again weak and variable.of speed less than 10 ms™t
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as 1s obvious from the dashed curve (2) in Fig 7.6 (d). The
average Yalues of the meridional wind components show that the
winds over the Equator in July were weak and variable of speed
less than 12 ms""'l in the troposphere and the stratosphere, and
northerly in the lower mesosphere having a maximum speed of

17 ms~t at 56 km.

7.4,3  Atmospheric temperature

The solid curves (3) in Fig 7.6 (a to d) give the
vertical temperature profiles over Molodezhnaya, Antarctica in
July 1972, In the southern winter the polar‘tropopause was
located in an altitude region from 20 to 25 km with a
tempersture varying from about -80 to -87°C while the
stratopause was located between 43 and 52 km with a temperature
ranging from -1 to —BOQ. The mesopause was agin i1ll-defined,
However, on July 12 the polar mesopause was lbcated at 73 km
with a temperature of -70°C, In an altitude region from
about 15 to 25 km where the winter polar tropopsuse was located,
the temperature variation wés found to be quite small. The
July average temperature values over Molodezhnaya, Antarctica
show that in the southern winter the polar tropopause was
not well defind due to its multiple occurrence, while the
stratopause was at 48 km with a temperature of ~12;4q3, The
mesopause Was also ill-defined, The temperature lapse rates

in the troposphere, stratosphere and mesosphere were found
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1

to be about -2,7, +3,1 and -1.9°C km™", respectively. In an

‘altitude region from 15 to 26 km where the tropopause was
located the temperaturé lapse rate was very small, —O.BSOC km“l
which showed a quasi~isothermal temperature structure in that

layex.

The dahsed curves (3) in Fig 7.6 (a to d) give the
corresponding vertical temperature profiles over Thumba,
equatorial India in Juiy 1972, It is found that in the southern
winter the equatorial tropopause was located at 17 km with a
temper ature varying from ~74 to -SOOC, while the stratopause
was lying around 45 km with a temperature of about ~-5°C, The
mesopause Was again found to be ill-defined. However, on July 12,
the equatorial mesopause was found at 74 km with a temperature
of -82°C. The corresponding average temperature profile over
Thumba, Equatorial India shows that in July’,‘the sout hern
winter the equatorial tropopause and stratopause were located
at 17 km and 46 km with temperatures of ~77.3°C and -4.5°C,
respectively, while the mesopause was not very well defined
due to the meagre data available in that particular region.

The temperature lapse rates in the troposphere, stratosphere
1

and mesosphere were found to be -6,2, +2,3 and ~2.7°C km™ ’

respectively,
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7.5 Typical temperature profiles comparison

Typical southern summer (January 5) and southern
winter (July 5) vertical temperatﬁre profiles obtained from
the M-100 meteorological rocket soundings conducted at
Molodezhnaya, Antarctica in 1972 are compared with the
corresponding Groves atmospheric model profiles at 7QON on

July 1 and January 1, respectively in .Fig 7.7.

The thick dashed curve (C)in Fig 7.7 is the typical
southern summer actual temperature profile, while the curve (D)
is the corresponding Groves model profiled. These two curves
show that the deviations of the Actuals from the Model ranged
from -26% to + l7OC with a maximum of -26°C ( absolute value)
at 65 and a minimum of -1°C (absolute value) at 45 km. The
curves also show that the deviations in the stratosphere were
smaller with absolute values less than 10°C while the
deviations in the mesosphere were larger with absolute values
less than 26004 This indicates that the temperatures in
summer in the Model are given somewhat in excess in the
mesosphere, while there is a reasonably good agreement in the
stratospherd,

The thick solid curve (A) in Fig 7.7 gives the
typical southern winter temperature profile, while the curve
(B) gives the corresponding Groves atmospheric model profild.

The curve (A) shows a -sudden disruption in the Antarctic
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upper atmosphere in the winter regime. The polar stratosphere
and the mesosphere were gubjected to a significant cooling
and warming in the southern winter(Sehfa, 2978 , 197634 )i

Due to this disruption, in winter the
departures of the Actuals from the Model were quite large
ranging from -26 to + 39%C as is obvious from the éurves (A)
and (B) in Fig 7.7. The absolute value of the deviation
was minimum 1°C at 35 and maximum 39°C at 70 km. In the
stratosphere the departures were smaller with absolute values
less than 12 OC, while in the mesosphere the departures were
larger with values lying in a range of about -10 to + 40°C,
The larger departures may be due to the uppér atmospheric

disruption in the winter regime.

7.6 Discussion and interpretation of results

The atmospheric zonal winds in the southern hemisphere
over Antarctica were predominantly easterly in the southern
summer. However, there was a marked wind reversal from
easterlies to westerlies at 40 to 60 km altitude between
January and February, while the winds at the northern high
1atitudes in summer are known to be notably steady. The zonal
winds over the equatorial station Thumba were mostly easterly

in the upper atmosphere above 25 km in January-February with
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a pronounced westerly trend between 45 and 55 km on January 26,
The meridional winds both over the South Polar and the

Equatorial regions were variabld,

A remarkable wave-like structure was detected in the
- vertical profiles of wind components both over the south
polar and the equatorial regions. These observations indicate
that the recurrent wave structure might have been caused by
the wind fluctuations due to atmospheric gravity waves., It is
also obvious from the Figures 7,1 to 7.4 that these irregular
waves were predominantly horizontal, had amplitudes that
‘increased with height and also the dominant scale size of the
vertical wave length increased with height which may be due
to gravity waves. The amplitude of the irregular waves
increased rapidly with height owing to the rapid decrease in
atmospheric density, It appears that both the processes i€,
internal manifestations in the wind field due to atmospheric
gravity waves and irregular fluctuations set up due to
turbulent motions might cause the wave-like structures in the

vertical wind profiled.

From the combined average values of the M-100 rocket
soundings carried out at Molodezhnaya in January-February
1972, it is found that in the southern summer the Antazctic
tropopause and stratopause were located at 0 km and 47 km

having temperatures =-52,1°C and 4.3°C, while the equatorial
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tropopause and stratopause were at é;titudes 17 km and 49 km
with temperatures - 78.6°C and —8.2OC', respectively. From |
- the meagre upper mesospheric data, the south polar ana thg»
equatorial mesopause were apparently found around 80 km and
75 km with temperatures of,about wlOQQC and -75% During
January-February average temperature lapse rates in the
troposphere, stratosphere and4mesosphgre over Antarctica

1

were about -5.5, + 2,2 and -3,6°C km™", while over the

equator the corresponding lapse rates were about =7.0, + 2.4

1

and -4,0°C km™" . In an altitude region from 12 to 28 km the

temperature structure over Antarctica was found to be quasi-

isothermal with a lapse rate of + 0,4°%C kme.

The summer polar tropopause and stratopause in the
Southern Hemisphere over Antarctica were”found to be about
27°C and 13°C warmer than the corresponding equatorial
tropopause and sfratopause while the Antarctic mesopause was
apparently about 25 Cdldeﬁ. Also, the south polar
tropopause and stratopause Were located at altitudes about
8 km and 2 km lower than their cdrresponding equatorial
counterparts while the Antarctic mesopause seemed to be
located at an altitude about 5 km higher than the corresponding ;¢
equaborial mesopausé in the southern summer. The primary .
reason of the warmer polar tropopause and'stratopause is

the availability of more solar radiation in Antarctica due to
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almost continuous sunlight there in summeri, Furthermore,

in Antarctica there is less convection which forms the
'tropopause-at a lower altitude around 9 km, Since the
tropospheric temperature lapse rate extends over a smaller
altitude range the polar tropopause becomes warmer as compared
with the equatorial tropopause which is located at a highér
altitude around 17 km as a consequence of greater degree of

convection at the equator.

Again, in the southern summer the Antarctic stratosphere
receives more solar radiation almost continuously which
penetrates into it perhaps to a greater depth (1oWer_
altitude) where the ultraviolet radiation gets absorbed by
ozone ., dpparently, in the southern summer the ozone maximum
may be at lower level where there 1s maximum absorption this
heating the stratosphere and forming the stratopatise at a
Jower altitude and with a warmer temperature as compared wi th
its &quatorial counterpart. The summer polar mesopause in
the Southern Hemlsphere may be colder than 1ts equatorlal
counterpart due to strong adiabatic cooling in the Antarctic
mesosphere, It is because upward motions exist to some degree
in summer polar areas due to the expansion of stratospheric ‘
regions. Initial phases of upward motions of this meridional i
current at the stratopause could well be stupported by ozone

heating in that region. As the air 1lifts towards the
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mesopause, adiabatic cooling would become a very strong
effect and consequently the polar mesopause becomes'cdlder

‘and also shifted somewhat upwards.

Tt is found that the south polar tropopause and
stratopause in summer were about 30°C and 20°C warmer than
the corresponding winter tropopause and stratopause, while
the equatorial tropopause and stratopause did not show any
significant seasconal differences, In July during fhe southern
winter the south polar tropopause and stratopause were found
to be about 5°C and 8°C colder and at higher altitudes, about
3 km and 2 km respectively, than the corresponding equatorial
tropopause and stratopause contrary to the summer time
amospheri¢ structure,

The situation is reversed because of the absence of
sunlight over Antarctica during the southern winter. Compared
to the equatorial tropopause the Antarctic tropopause 1s
colder because the surface temperature in winter is too low
due to a quasi cut—off of solar radiation there. It is
located at a higher altitude possibly because the radiation
balance is somehow effected only at a higher level and the
altitude of tropopause is determined by the radiation balance,
the convection being practically absent. The steep lapse
rate of the Antarctic troposphere stops around 10 km which

is lower than the equatorial tropopause.
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The winter Antarctic stratopause is

" colder than the corresponding equatorial one due to lesser
solar radiation received by the south polar stratosphere;

It is located at a higher altitude because the ozone maximum
might be occurring at a higher altitude in winter which is
related to the penetration of weak solar radiation to lesser
extent, and therefore, to a greater height from the earth's

surface,

The zonal winds over Antarctica were predominantly
easterly in the southern summer and westerly in the southern
winter, while over the Thumba equatorial station, the winds
were predominantly easterly in both the seasons with weak
westeriies in the troposphere in January (southern summer).
The meridional winds were variable both over the Antarctic
and the Equator. During the southern winter a sudden
disruptibn followed by sizeable perturbations in the
atmospheric winds and thermal structure is detected over

Antarctica, while over the Equator the structure was found

to be relatively steadt,

Departures of the actual zonal winds from the
corresponding Groves atmospheric model over Antarctica varied
from -14 to + 8 ms—l in January and =34 to + 36 ms"."l in

February while the corresponding equatorial departures ranged
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from =30 to + 5 ms™T and =0 to + 27 ms~% between the two
months. The atmospheric temperature departures of the actuals
 from the Groves profiles varied from -32 to + 10% over the
south polar region. and from -25 to + 2°C over the equatorial
region in the southern summer. Deviations of the acfual
temperstures over Antarctica and equatorial region in tle
southern winter from the corresponding Groves model profiles
were found to be quite significant lying in a range of =30

to + 40°C with smaller departures in the mesospherel

The departures over Antarttica are apparently’becausé
the Groves atmospheric model is based on the data from the
Northern Hemisphere which differs from the Southern Hemisphere
in many respects. Antarctica is zs continental as the Arctic
at the surface, but the dominant water surface outside the
polar regions in the Southern Hemisphere and the extensive
areas of land surrounding the Arctic are the imporfant
factors controlling various changes in the atmospheric
winds and temperatures in the Southern and the Northern -
Hemispheres. The higher albedo over Antarctica than over
the Arctic explains the much lower summer temperatures of
the Antarctic. The coldness of the air at middle southern
1atitudes in summer, compared with the same northern
latitudes, owes more to the physical properties of the
immense southern oceans than to the presence of an ice~covered

polar continent. The departures may ‘also be due to the
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reasons that the Southern Hemisphere is more symmetric and
‘has a vigorous general circulation and that the Antarctic

continent is located at a higher elevation than the Arctid.

Likewise for the Thumba latitude in the Eastern
Hemisphere , the Groves Model is based on data from all
longitudes mostly from the Western Hemisphere. Departures
of the equatorial actuals from the CGroves profiles may,
therefore, be the evidence of longitudinal asymmetries between
the Eastern and the Western Hemiépheres. Thus the discrepancy
betwedn the actuals and the Groves Model may be largely
attributed to the specificity of geographical locations
of the station Molodezhnaya, Antarctica and the equatorial

station Thumba in Indid.



CHAPTER =~ VIII

N D e e e o o e et g e e o
RESESEERaSEREmTTIRaORERs

INTERHEMISPHERIC COMPARISON OF ATMOSPHERIC STRUCTURE

The Meteorological Rocket Network (MRN) has forced"
a renewed analysis of the spatial and time distribution of
each atmospheric parameter. However, longitudinal inhomege~
nieties in the atmospheric structure still exict due to the
Iack of observations particularly from the Eastern Hemispheré.
Since 1971, meteorological rocket soundings have been
regularly carried out along two selected meridional zones ¢
40-90°E in the Eastern Hemisphere and 35-95%W in the Western
Hemisphere; The stratospheric and mesospheric uppe;—air
data for the Southern Hemisphere, particularlyvover the

ocean areas are obtalned with the help of research vesselsd,

One of the primary.functions of the networks is te
provide data which allow comparisons of the stratospheric
behaviour of the‘Nbrthern and the Southern Hemispheres and
also find out.differences in the Eastern and the Westerh
Hemispheric atmospheric structures. Information that we
require from both hemispheres would allow answers to
questions regarding the’differences in the intensities of
the thermal and circulation fields, the differences in the

preferred areas of winter~time warm and cold air centres
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and also the differences in the modelg of stratospheric
warmings., The results of the new observations derived from
- the meridional cross section analysis are discussed here

with illustrations,

The location of the various statibns in the Eastern
and the Western Meridional Network is shown in Fig 8.1, A
summary of the rocket soundings carried out and that of the
data used for the meridional cross section ahalysis in the
Eastern and the Western Hemispheres is given in Tables 8.1

and 8.2 respectively,

8.1 Atmospheric structure over Heiss Island

Using the standard linear interpolation method, time-
height cross sections of the zonal and meridional components
of winds and those of the atmospheric temperatures up to an
altitude of about 60-80 km over Heiss Island (80%37°N,
58003}E, Franz-Josef Land in the Arctic) and over Volgograd
(48°%1N, 44°1'E) 1located in the northern part of Eastern j}
Hemisphere are drawn in Figs 8.2, 8.3, 8.4 and Figs 8.5, 8,6,
8.7 respectively. The data used in these cross sections are i1
for the year 1972, The broken curves T and S in Figs.8.4 and
8,7 represent the corresponding tropopause and stratopause

variations,
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The time-height cross sections for Heiss Island
indicate seasonal trends in the zonal and meridional wind
components in the upper atmosphere as shown in Figs.8.2 and
8.3. A marked characteristic of the zonal wind distribution
over Helss Island is the predominance of 3 significant
easterly component in the polar night period as is obvious
from Fig 8,2, It may be due to the displacement of the polar
vortex from the polar_region'to the European and Asian sectors
of the Arctic and to stratospheric warmings, Maximum speeds
of westerly winds in the upper stratosphere are recorded
in autumn and in late winter. On the other hand, southerly
wind components have been observed in the upper stratosphere

during the winter season as illustrated in Fig 8.3.

Rocket soundings over Heiss Island give an indiéation
of the disturBéd character of winter thermal and wind regimes
most strikingly corroborated by stratospheric warmings. Local
temperature variations for the warming period in early
February can be visualised in Fig 8,4. The monthly mean ﬁ
temperature maximum at the stratopause level in mid-summer
approaches + lSOC,'while the minimum temperature of the

stratopause was observed in early winter as shown in the

Figure 8.4. In the central Arctic the warming Wasjmost

intensive in the middle and upper stratosphere, ;|
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8.2 Atmospheric structure over Volgograd

The disturbed character of the winter regime of the
upper atmosphere is displayed in both high and middleé latitudes,
It is illustréted by the time-height cross sections of the
wind and temperature fields in the upper atmosphere over

Volgograd (48°41'N, 44°21'E) as shown in Figs 8.5, 8.6 and &.7T.

The wind regime of the upper stratosphere over Volgograd was
marked by seasonai.change of westerly and easterly components
as shown in Fig 8,5, High speeds of westerly winds in the
winter months reaching about 100-150 ms™l at the height of
about 40-50 km were noted. The meridional winds over Volgograd
were predominantly northerly with erratic southerlies having

a maximum speed of about 100 ms"l around 58 km in mid-December
as shown in Fig 8.,6. As is generally known, the summer regimé
of the upper atmosphere is characterised by low variability.
This is corroborated by the Volgograd time-height cross
segtions. With the approach of autumn there was some increase
of variability in the atmospheric structure in the stratosphere

and mesosphere,

There was a large variability of the stratopause
height over Volgograd ranging from 41 to 55 km as is obvious
from Fig 8.7, Non-periodic temperature fluctuations with the

- range reaching 15—2OOC at the stratopause level were also
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noticed in the upper stratosphere, The observed seasonal
temperature trends over Volgograd were in accordance with
~the concepts generally accepted, Temperature changes in the
stratosphere and lower mesosphere on one hand and in the
upper mesosphere on the other hand were found to be out of

phase in middle latitudes as well as in polar regiong,

8.3 Antarctic-Arctic atmospheric structure

From the available data monthly avefage of January
and July 1972 were computed for the stations Molodezhhaya
(67°%0's, 45°51'E), Thumba (8°32!'N, 76°52'E) and Heiss
Ialand (80°37'N, 58°03'E) and the corresponding results of
summer and winter were compared. January and July were
taken as the representative southern summer and winter,
and northern winter and summer respectively, Some of the
results of this intercomparison (southern summer Versus
northern summer and vice versa) are discussed here, Typical
temperature and Wind:profiles over the Antarctic station
Molodezhnaya and the Arctic station Heiss Island are shown
in Figs 8.8(a) and 8_..8(b)ﬁ. |

In summer the Antarctic tropopause, stratopause and
mesopause were found to be at altitudes of 9 km, 47 km and
80 km with temperatures of about —52°C, 7°%C and -99°C

reEpectively. The corresponding values at the equator( Thumb a)



win t

DO

o e - o SR SR :
B B B 8 8 3 8 B 2 o
¥ ¥ = ¥ { i ? i ! .

=

[
pay

ISLAND —-=-

G

T
pans

1 f5

\ jﬂé\ «fnmv%!\ %w'
S %“&, oN
, g:"‘"‘“’"‘uvm . “4‘
Y “"f‘m ‘&*f‘% RV
iy fg’
(o &3” . ,& éh J‘ -
" s on il
!
-~y
A%
|
ol
L.
1N
i L o A 3 : i ! c' oy
! : P [ B B 2=
& 8 £ W own v & & &

W fapiiny

u
e s
R o gt PR A

é}‘?

&

31

s
i
e

M,m a%"
Ty %

J ‘
ﬁ3 o £
ét. o N}

""s

:‘;m m &«

LT .




: i
- . , 4
WM Y BpMIY £
. . - s L S e B o s S e o
G R £ 8 & 8 B B 2 o o 28
- ' ‘ ! ! ' ' ' ' T B
by . b -
b
F ame, Dk T
o B ti %
e - T *
do By W i ot
@ = Pl
SOOI L & 4 - 4 gk
é,:;’ 0l [15] Uﬁr
5 v
. 2 o o
o ~ &) Lk
6“,'% \ﬂs.i it HE
e 0
. il
e F:: !!p:j
ok ?}; P [}
B B

Ey
e
b
N
&

e
-
-
o
T
~&
2
2
[
%
-~ /
2 >
&
i k3
p—
’-5 2
>
.
“::5‘9:\‘— §-“! @{T
E X i
el Faf s
'“gn.f bﬁ
o s
Flg.B.8lh
¢ i a
RTLGIGTREAL
- 3 _“‘:
g linesy;

G

SATDON
LS

100

ind €
T
s

35
i

2 %

s R

- RE

3
‘.
3

oped 45k wed]
Yy,
5w

-30

P
W0
o
g
e
d

@ s
o, o,
: wed e 4
1 \ s Wer g Y
) o~ 5
e N R T - @R @ By o
& e A A ¥ ChLETF ool
WY Tapiinivy it U
: ‘ o i o
t o i
s 2x]

il 4 A A

PR B |
S ad h o
Frot ot e '




250

were 17 km, 46 km and 75 km Wiﬁh temperatures —77OC, -5°% and
-82°C. Over the Antarctic; the tropopause and the stratopause
were located at 9 km and 48 km with temperatures —44°C and
11°% respectively, while the mesopause was ill_define@. Thus
the South Polar tropopause was about 25°C warmer and the
stratopause about 12°C warmer than the corresponding
equatorial tropopause and stratopausd. However, the South
Polar mesopause was found to be about 17°C colder. The
Antarctic tropopause was about 8°C colder and the stratopause
about 4°C colder than the corresponding Arctic tropopause

and stratopause.

It is found that in summer the winds in the lower
atmosphere up to about 25 km altitude over Antarctica were
weagk and easterly with speeds less than 10 ms™L, Over the
equatorial region also the winds were with speed less than

13 ms"l

but westerly up to 10 km. The south polar stratos-
phere and equatorial stratosphere were marked by strong
easterly winds having speeds less than 40 ms'L. Over the
equatorial station Thumba the maximum speed was about 40 ms™T
at 30 km, The Antarctic mesospheric zonal winds were chara~
cterised by strong easterlies with a maximum speed of 47 ms™ L
at 70 km, while the meridional winds were weaker northerlies
having a maximum speed of 16 ms™ % at 58 km. Over the Arctic

the winds were weak with speeds less'than 10 ms ™ up to the
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stratopause., In the lower mesosphere the zonal winds were

1

easterlies ranging from about 10 to 25 ms — and the

meridional winds were southerlies with speeds less than

4

20 ms 1,
In winter the Antarctic stratopause was located at
48 km with a temperatures of about -12°C, while the tropopause
and mesopause were ill-defined. The corresponding values at
the equator (Thumba) were about 17 km, 50 km and 77 km with
temperatures around -80°C, -9°% and -76°C respectively.
Over the Arctic the tropopause, the stratopause and the
mesopause were gpparently ldcated at altitudes of about 22 km,
48 km and 72 km with temperatures of -79°C, -6°C and -71°C,
Hdwéver, the tropopause was not well defined due to its
multiple occurrences between 10 and 25 km, The South Polar
stratopause was thus about 3° colder than the corresponding
equatorial stratopause. The Antarctic tropopause was found
to be abouf 3°%C colder and the stratopause about 6°C colder

than the corresponding Arctic tropopause and stratopause

in the winter period.

T+ is found that in winter the zonal winds over
Antarctica were westerly in toto, up to 84 km having a
maximum speed of about 100 ms—'l at 64 km. The meridional
wihds were northerlies up to about 60 km with a maximum

speed of 19 ms—% at 35 km and southerlies aloft with a
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1 at 68 km, Over the equatorial region

maximum of 23 ms~
(Thumba) the zonal winds were easterlies in the stratosphere
having a maximum speed of 31 ms"l at 50 km, The meridional
winds were weak and variable up to 40 km, and northerlies
ranging from 5 to 25 ms™T from 40 to 64 km. Over the Arctic

the zonal winds were westerlies having speeds less than 15 ms ™

up to 35 km and easterlies aloft with a maximum speed 22rms"l
at 49 km., Up to about 30 km the meridional winds were
predominantly northerly with speed less than 20 ms"l and above
30 km they were strong southerlies having a maximum speed

1 at 64 km, The departures of the actual zonal winds

of 58 ms
and temperatures over the polar and the equatorial regions

from the corresponding profiles of the Groves (1971) &tmos-
1

pheric nodel were of the order of 30 ms — and 30°C respectively,

From this analysis, the annual temperatute range in
the Antarctic stratosphere appears to be much greater than
that over Heiss Island in the &gctic. The differences in
thermal regimes of the two polar regions are related generally
.to the specific features of the orography of their underlying
Ksurface and circulation, In the Antarctic minimum temperature
in the stratosphere is observed in the middle of the polar
night while in the Arctic it is displaced to the first half

of the night period.

i
"
i



253

The effect of winter stratospheric warmings is quite
noticeable in the southern polar region which is marked by
‘a sudden disruption in the wind and thermal regimes. There is
also an indication that the spring transformation of the
circulation in the Antarctic starts one or two months later

than in the Arctic.

8.4 Eastern-Western hemispheric atmospheric structure

The Eastefn and Western Meridional Networks with
stations in both the Northern and the Southern Hemispheres
are located near the 70°E and 709W meridians as shown in
Fig S.ﬁ. The Eastern Meridional Network covers Heiss Island
(80°37tN, 58°03'E), Volgograd (48°41'N, 44°21'E), Thumba
(8%2¢N, 76°52'E), Ships in the Indian Ocean (within 20°N-
50°5) and Molodezhnaya (67°40'S, 45°51'E)l, The Western
Meridional Network comprises of the stations Thule (76033'N,
68%9tW), Fort Churchill (58%4'N, 93%9'W), Wallops Island
(37°50'N, 75°29'W), Cape Kennedy (28%27'N, 80°32'W), Antigua
(17°%09tN, 61°47'W), Fort Sherman (9°20'N, 79°59'W), Natal
(5055?5, 35°10'W) and Mar Chiquita (37°45's, 57°25'W). A
summary of the meteorological rocket soundings carried out in
the Eastern and the Western Hemispheres during the period
December to February and June to August 1972 and that of the

data used for cross section analysis is given in Tables 8.1
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and 8,2 respectively. Some of the data were also taken from
1969-71 as the rocket soundings at a few stations in‘the
Western Hemisphere €.g. Thule, Antigua, Natal and Mar
Chiquita were practically nil or very few in 1972, The
number of rocket launchings carried out in the Western
Hemisphere exceeded those in the Eastern Hemisphere as ig

obvious from the Tables 8.2 and 8.1,

The meridional analysis was carried out by drawing
latitude~height cross sections of the atmospheric winds and
temperatures from the seasonal averages for the periods
December to February and June to August using the standard
linear interpolation method. The latitude-height cross
sections of the zonal and the meridional components of winds
for the periods December to February and June to August are
given in Figs 8.9, 8.10, and Figs 8.11, 8.12 respectively,
while Figs 8.13 , 8.14 present the corresponding Cross
sections of the temperatures. An intercomparison of the actual
atmospheric temperatures at the altitudes 25, 50 and 75 km
averaged over December to February and June to August in
the Eastern and the Western Meridional Networks with the
corresponding average profiles from the Groves Atmospheric

Model (Groves, 1971) is illustrated in Fig 8.15.

-
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8.4.1 Hemispheric zonal flow

- The cross section for Deéember to February in Fig 8.9
shows conditions characteristic-of this time of the yvear with
fairly strong westerlies of the winter circulation prevailing
in the Northern Hemisphere and with relatively weaker
easterlies typical of summer in the Southern Hemisphere. The
quasi=oienniel oscillation is known to have‘been in its
easterly phase at this time accounting for the easterly winds
over Thumba in the Eastern Hemisphere and Fort Sherman in the
We;tern Hemisphere, The wind regime of the southern part of
the Indian Ocean during the winter displays wind speeds which
exceed mean values generally recorded in the Nerthern
Hemisphere and amount to 90 ms_l at the altitude of about
50 km. The height of the maximum wind layer in the mesosphere
lowers considerably from tropical regions towards middle
latitudes, A core of moderately strong westerly winds with
speeds less than 40 ms™t was detected in the summer easterly
regime in the Southern Hemisphere, which was located in an
altitude region from surface to 25 km Between the latitude
belt 20°S to 65°S in the Eastern Hemisphere as illustratcd
in Fig 8.9. Spring and autumn advanced in the Northern and
Southern Hemisphere respectively by about the beginning of
~April. There were then winds with weak easterly components

at high and middle latitudes of the Northern Hemisphere
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extending to altitudes greater than 50 km, while the Antarctic
station Molodezhnaya indicated moderately strong westerlies in

the polar area. By the end of May the transition from winter
to summer in the Northern Hemisphere and from summer to winter

in the Southern Hemisphere was completed.

The latitude-height cross section of the average zonal
winds during June to August drawn in Fig 8,10 shows that the
easterly winds prevailed throughout the stratosphere and
lower mesosphere in the Northern Hemisphere, while in the
Soﬁthern Hemisphere the winds were predominantly strong

L, Mar Chiquita station

westerly with speeds less than 80 ms~
showed stronger westerlies, The steady character of the summer
circulation is displayed in slight wind fluctuations around
the predominant easterly direction. It was found that in
summer the growth of the easterly winds in the stratosphere
was faster with altitude south of the equator than north of
it, On the other hand, in winter the growth of the easterlies
with altitude was faster in the Northern Hemisphere than in,
the Southern Hemisphere. The summer maximum of easterlies

in the upper stratosphere in low latitudes of the Southern
Hemisphere was higher than that in the Northern Hemisphere,

In summer the wind speed in the upper stratosphere was found
to be considerably higher south of the equator than north

of it., It appears that this discrepancy:was not a local
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phenomenonbut it reflected differences in circulation between

the two hemispheresd,

In middle latitudes of the Southern Hemisphefe the
information gained so far is rather scant. It may, however,
noted that there was a gradual reduction with latitude of
differences between hemispheres in the summertime easterly
circﬁlatioh. Thus in summer the speed the easterly stratos-
pherfc flow of the Southern Hemisphere did not differ much
from that of the Northern Hemisphere in middle latitudes but
exceeded the latter in tropical regions. Stfong winds observed
in low latitudes of the Southern Hemisphere determined the
shift of the axis of the easterly flow towards lower latitudes
in the Southern Hemisphere as compared with the Northern
Hemisph:7e, Apparently, it is not justifiable to use rocket
data obtained in one hemisphere for describing the wind
pattern in the opposite hemisphere. The magnitude of the
wind differences between hemispheres in summer .amounting to
about 20 or 30 ms™t around 10° and 20° latitude makes it
regsonable té'take them into consideration when compiling
atmospheric wind models., In winter easterly wind speeds at
10°S were lower in the Southern Hemisphere at gltitudes of
40 and 50 km than in the Northern Hemisphere, The comparison
for 20° latitude was hampered by lack of data in the Southern

Hemisphere, In higher latitudes the westerlies were more
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intense in the Southerh Hemispherd, In low latitudes maximum
differences in wind speed between hemispheres were observed

at an gltitude of about 40-50 km,

The latitude~height cross sections of the meridional
components of winds in the Egstern and the Western Meridional
Networks showing the corresponding hemispheric differences
during the periods December to February and June to August
are illustrated in Figs 8.11 and 8.12 respectively. Northerly
and southerly wind components were found to be erratically

distributed.

8.4.2 Hemispheric temperature variations

As is seen from Figs 8.13 and 8.14 the temperature
regime of the stratosphere in low latitudes is marked by
considerable stability and minor latitudinal variations,

The cross sections presented provide a spectacular illustration
of the sharp temperature variations which might occur in

the stratosphere and mesosphere over the Arctic and the
Antarctic regions. The dashed curves T and S in the Figs 8.13
and 8,14 present the latitudinal variations of the tropopause
and the stratopausc during the periods December to February

and June to August, respectively. Rocketsonde data obtained

in the polar regions showed large variability of temperature

and wind in the winter mesosphere, The maximum range of
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temperature fluctuations was about 40 to 80°C in 7 to 10 days
~in the mesosphere, Temperature fluctuations gradually
diminished in the stratosphere towards a minimum in the

lower strétospherey Warmings and coolings in the upper
atmosphere preceeded those in the loWer layers, Warm and

cold regions were observed overlying each other.

During winter period notable temperature variations
were observed in the Southérn Hemisphere particularly south
of 30°S and the meridional gradient reached maximum values in
the 40°S latitude region as shown in Fig 8.14. Marked
temperature changes occurred between 20°S and 45°S with the
upper stratosphere undergoing a significant cooling and
the upper mesosphere a considerable warming around 40°S,
Fig 8.14 shows that the upper mesosphere over the equator
was also subjected to a significant warming indicating that
the mesospheric warming was global in character. It was
difficult to determine the precise position of the

mesopaust on account of the data limitations.

It was found that in the period analysed in high
latitudes of the Southern Hemisphere, the mesopause level
was located cbnsiderably higher and héd lower temperature
values than those ascertained in the Groves Atmospheric
Model (Groves, 1971) as shown in Fig.S.l5. The Fig 8,15

illustrates the intecr-hemisphcric comparison of the
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atmospheric temperatures at 25,50 and 75 km altitudes averaged

over the periods December to February and June to August.

8.,4.3 Upper atmospheric warmings and coolings

The meridional cross section analysis i1lusttated in
Figs 8.9 to 8,15 shows that significant disturbances‘of
temperature and wind velocity distribution were observed in
the Ahﬁarctic mesosphere during the southern winter regime,
which exceeded similar variations at ldwer levels, The period
of oscillations at the altitudes of 60-70 km ranged from
one to three weeks, and changes of temperature were/from
ZOlto 70°C. The strengthening of westerly flows in the middle
and upper mesbsphere as well as in the stratopause layer were
accompanied by warming, while the weakening of a westerly
flow, the incrcase of meridionél‘components and the
appearance of easterly components coincided with cooling
in this part of the atmosphere. Strong cooling in the upper
mesosphere was accompanied by warming in the stratopause
layer. These feagtures of temperatufe and wind variations
suggest that along with the relative stability of the
Southern Hemisphere winter polar cyclone in the stratosphere
and the lower mesosphere, its intensity and centre position

apparently varied in the middle and upper mesosphere.
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Again, from rather south-easterly flows that occurred during
“winter in the upper mesosphere, it may be assumed that a
disturbance of the cyclonic vortex possibly changed to

anticyclonic. circulation.

The latitude;height cross sections illustrated in
Figs 8.9 to 8,15 show that large temperature and wind
variations occurring in the winter Antérctic mesosphere are
also typical of northern high latitudes., This is evidenced
by results of rocket soundings at Fort Churchill and at |
Heiss Island during their winter period. A rather interesting
feagture of the Antatctic ciraulation is that in the upper
mesosphere easterly wind components were predominant for
about 8-9 months. Also, these periods of easterly winds
corresponded to a period of low temperatures, while the
periods of westerly flow corresponded to short duration mid-

winter warmings in the upper mesosphere.

The main differences between hemispheres in the
intensity of various physical processes in the stratosphere
occurred in the winter period. Frequent break-up of mid-winter

~zonal circulation accompanied by warmings have been
observed in the stratosphere of the Northern Hemisphere, while
in the Southern Hemisphere'thése processes were relatively

lesg. Direct cause of stratospheric warmings is commonly
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assumed as descending motions. According to Perry (1967),
‘these may be accompanied by ascending motions in the tropical
stratosphere of the Northern Hemisphere, Cooling of the
stratosphere has usually been observed in the tropical regions
and in the summer Southerh Hemisphere at least to BOQS
simultaneously warming in the Northern Hemisphere (Fritz and

Soules, 1970).

There is an indication of the development of ascending
motions in the tropical stratosphere of both hemisphefés during
the period of warming in middle and high latitudes of the
Northern Hemisphere. As Warmings are more frequent and
intense during the winter period of the Northern Hemisphere
than during that of the Southern Hemisphere, it may be
supposed that ascending motions in low latitudes should
attain greater intensity in January or February than in July
or August. The resulting effect would be decreasc of
temperature over the equator at the beginning (and end)
of a vear and‘increasé in the middle of it. Hence the annual
cycle caused by radiation will be strengthened north of the
equator and radially changed south of it, which leads to the

anomalous annual variation observed in this region.
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8.5 Epilogue

The latitude~height cross sections of the atmospheric
winds and temperatures in the Eastern and the Western
Meridional Networks during the periods December to February
and Junc to August illustrated in Figs 8.9 to 8,15 provide
a valuable information on the relative symmetry between
phenomena of the Northern and the Southern Hemisphereg, For
example, the springtime transition from westerlies to
easterlies outside the tropics appeared to take place in
a more regular fashion in the Southern Hemisphere., This is
in no doubt related to differences in dynamic and radiational
warming patterns between the two hemispheres. It may be due

to differences in topographical characteristics.

In both hemispheres there is a marked tendency for
the westerlies to replace the easterlies before the autumnal
equinox and to persist after the vernal equinox. Both
wintertime westerlies and summertime easterlies appear to be
stronger on the average between 20 and 60 km over the Southern
Hemisphere than over the Northern Hemisphere. The above
analysis shows that the winter polar vortex and the summer
anticyclone spread up to the mesosphere while tropical anti-
cyclone apre confined to the stratospherel. It is noted that
large~scale disturbances of the thermal field and circulation
caused by winter warmings of planetary. scale appear most

significant in the mesosphere.



CHAPTERS-IX

SUMMARY AND PRINCIPAL CONCLUSIONS

The investigation of the Atmospheric Structure :
Exploration over Antarctica and Interhemispheric Comparison
carried out in the thesis leads to a number of new results
which are discussed in the previous Chapters. A resume of
the work done and the principal conclusions drawn from

this study are summarised in this Chapter.

The author participated in the Soviet Antarctic
Expedition during 1971-73 and carried out the M~-100 rocket
soundings at Molodezhnaya as reported by Caffin (1975). The
upper atmospheric wind and temperature results from these
soundings have been discussed earlier (Sehra, 1974,1975,1976a,
1976b,1976f) and also compared with the corresponding
equatorial results (Sehra, 1976¢,19764, 1976e).,

In 1972, 52 flights were successful cut of which
16 carried an additional wind sensor 'chaff' for me asuring
upper mesospheric winds. The chaff and parachute wind data
were obtained simultaneously. Based on all these data,
seasonal variations of the winds in the_Antarctic troposphere,
stratosphere and mesosphere are studied. The results are also

compared with the Groves atmospheric model (Groves,1971)
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and the corresponding departures in the two hemispheres are

‘worked out.

The zonal winds over Molodezhnaya, Antarctica in 1072
were predomlnantly easterly in the southern summer and
westerly in the winter with reversal of winds from easterly
to westerly'auring the auvtumn and from westerly to
easterlyfdufing the spring. The Antarctic winter westerly
winds inbréased in strength as the season advanced and attained
jet speed of ébout 90 m/s. Complete reversal of winds from
easterlies to westerlies occurred in the first week of
February in the stratosphere and in February end in the
troposphere, The reversal from westerlies to easterlies
occurred in the third week of November in the stratosphere,
It was found &£hat the reVersal first occurred in the upper
layers and subsequently in the lower layers indicating a

downward propagation of the disturbance similar to Miers(1963)

It is found that the summer to winter shift was a
relatively rapid change while the winter to summer shift
was slow and gradual. Also, the most unsettled period in the
south polar fegion was the winter and early spring which was
marked by large perturbation in wind and thermal structures
accompanied by stratospheric and mesospheric warmings and |
codlings (Sehra,1975).These results are in close agreement with

those obtained by Briggs (1965) and Koshelkov (1972).
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It is found that in the southern summer (December
to February), average zonal flow over Antarctica was
- easterly throughout the atmosphere from swurface up to 80 km,
The flow had a speed less than 13 m/s in the tropsophere
and the stratosphere, It became stronger in the mesosphere
and attained a speed of 41 m/s at 70 km with a standard
deviation of about 7 m/s.In an altitude region from about
10 to 20 km the zonal winds were very weak and calm with
speeds less than 3 m/s indicating that there was no turbu-
lence' at the boundary of the troposphere and the stratos-

phere in the summer.

Average wind profile for the southern winter (June
to August) over Antarctica show that in the winter the zonal
winds we e strong westerly throughout the atmosphere from
about 5 to 80 km with weak easterly winds bf speed less than
8 m/s in the lower troposphere below 5 km, The winter
westerly flow attained jet speed in the stratosphere and
the mesosphere which had a maximum of 90 m/s at 64 km with
a secondary maximum of 71 m/s at 44 km, The winter westerly
flow persisted in the spring with the stratospheric maXximum
of 39 m/s at 28 km and mesospheric maximum of 56 m/é at
61 km, It is found that the meridional wind components were
variable throughout the atmosphere with weaker winds from
surface up to the lower mesosphere and relatively stronger

alofti
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The atmospheric temperatures over Antarctica were
obtained up to an altitude of 80 km, The results showed
that the variation of the Antarctic temperatures was
smaller in the troposphere and larger in the stratosphere
and the mesosphere, The summer polar tropopause was located
between 8 and 11 km with the temperature varying from
-50 to - 60°C , Wwhile the winter tropopause Wés not found

to be well defined due to its multiple occurrences between
10 and 25 km. A differential cooling was set in the
atmosphere beginning early autumn which weakened the South
Polar tropopause and at times wiped it out thus forming a
comnlex guasi~tropopause during the winter regime. The
differential cooling might be due to the ventilation of the
Ant arctic atmosphere by warm marine air with intense
horizontal advection in the troposbhere and a weak advection
through the strong stratospheric jet stream encircling

Antarctica.

The average polar stratepause over Antarctica
was located at 47 km and the winter stratopause was colder
than its summer counterpart by about 19°C. The Antarctic
stratosphere was colder in the southern winter because
there was very little warm air advection through the strong
stratospheric jet-stream encircling Antarctica thus

pérmitting the average stratospheric temperature to fall
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steadily at the rate of about G.25°%C per day. The Antarctic
upper stratosphere and the lower mesosphere appears to gain
energy through radiative processes in the southern summer

and to lose it during the winter regime.

The mesosphere over Antarctica in an altitude region
from about 64.to 80 km in the summer was found colder than
its winter counterpart. The average summer and winter
tempcerature departures froﬁ the annual mean weré found to
be in a'range of about -22 to +7°C. The polar winter mesosphere
in the Southern Hemisphere may be wérmer due to a large-scale
meridional transport of heat in one form or another by the
atmosphere resulting from a mean meridional circulation or

from large-scale eddy diffusion processes,

The Antarctic upper atmosphere was subjected to
large thermal perturbations during the winter regime causing
significant warmings and coolings in the stratosphere and
the mesosphere with larger amplitudes at higher altitudes,
Apart from}this, there were a few instances when sudden
warmings also occurred, €.dg. on May 17 and July 5, 1972,

The polar Warmings,might be due to an increase in the supply
of energy caused by radiative processes.

As noted by the author (Sehra, 1974, 1975), in the
southern winter there were significant disturbances of

temperature and wind velocity distribution in the Antarctic
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mesosphere exceeding similar Variétions at lower levels, The
period of oscillations at heights of 60-70 km ranged from

one to three weeks and changes of temperature were from about
20 to 70°C (Sehra, 1976a). The strengthening of westerly flows
in the middle and upper mesdsphere as well as in the upper
stratosphere were éécompanied by warming, while the weaken-
ihg of a westerly flow, the increase of meridional

components and the appearance of easterly components coin-

cided with cooling,

A rather interesting fact is that in the upper
mesosphere eagsterly wind components are predominant for about
8~0 months and these periods of easterly winds correspond
to a period of low temperatures. Periods of westerly flow
correspcnd to short duration mid-winter warmings in the

upper mesospherds

A remarkable wave liké structure was detected in
the vertical profiles of wind components both over the
South Polar and the equatorial regions. Those observations
indicate that the recurrent wave structure might have been
caused by the wind fluctuations due to atmospheric gravity
waves., It is also found that these irregular waves were
predominantly horizontal, had amplitudes that incrcased
with height and also the dominant scale size of the vertical
wave length increased with height which may be due to gravity

waves. The amplitude of the irregular waves increased
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rapidly with height owing to the rapid decrease in
atmospheric density, Turbulent motions causing the irregular
waves over rough terrain and &-out local circulations such
as elotids, as a result of local instabilities can be
expected to make their influence felt at remote points in
the atmosphere. Thus it appears that both the processes ii,d,
inetrnal manifestations in the wind field due to atmospheric
gravity waves and irreqular fluctuations set up due to
turbulent motions might cause the wave like structures in

the vertical wind profiles.

The summer polar tropopause and stratopause in the
Southern Hemisphere over Antarctica were found to be about
27°C and 13°C warmer than the corresponding equatorial
£ropopause and stratopause while the Antarctic mesopause
was apparently about 25OC colder. Also, the south polar
tropopause and stratopause were located at altitudes about-
'8 km and 2 km lower than their corresponding equatorial
counterparts while the Antarctic mesopause seemed to be
located at an altitude about 5 km higher than the corresponding
equatorial mesopause in the southérn summer. The primary
reason of the warmer polar tropopause and stratopause 1s
the availability of more solar radiation in Antarctica due

to almost continuous sunlight.
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The sttmmer polar mesopause in the Southern Hemisphere
may be colder than its equatorial counterpart due to strong
adiabatic cooling in the Antarctic mesosphere. It is because
upward motions exist to some degree in summer polaf areas
due to the expansion of stratospheric regions. Initial
phases of upward motions of this meridional current at the
stratopause could well be supported by ozone heating in
that region. As the air 1ifts toward the mesopause, adiabatic
cooling would become a very strong effect apd consequently
the polar mesopause becomes colder and also shifted somewhat

upw ards,

During the southern winter the South Polar tropopause
and stratopause were found to be 5°%C and 8°C colder and
at higher altitudes, about 3 km and 2 km respectively than
the corresponding equatorial tropopause and stratopause. The
situation is reversed because of the absence of sunlight
over Antarctica during the southern winter. Some of the
key experimental results in the northern polar region are
prescnted by Palmer (1959) and Webb (1961) .i,Departures of
the actual zonal winds from the corresponding Groves
atmospheric model over Antarctica varied from -14 to + 8
ms™t in January and -34 to + 36 ms in February while the

corresponding equatorial departures ranged from

~30 to + 5 ms™T and -0 to + 27 ms™ ' between the two months,
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The temperature departures of the actuals from the Groves
profiles were =30 to +10°C over the South Polar region
and -25 to + ZOG over the equatorial region in the

southern summer.

The departures over Antarctica are apparently
because the Groves atmospheric model is based on the data
from the Nprthern Hemisphere which differs from the Southern
Hemisphere in many respects. Antarctica is as continental
as the Arctic at the surface, but the dominant water
surface outside the polar regions in the gouthern
Hemisphere and the exténsive areas of land surrounding the
Arctic emerge as the important factors controlling varilous
changes in the atmospheric winds and temperatures in the
Southern and the Northern Hemispheres similar to Holcombe
(1958). The higher albedo over aAntarctica than-over the =
Arctic explains the much lower summer tempoﬂétures.offtﬁé v
Antarctid, Thé-tdldness of the air at middle southern
latitudes .in summer,. comparad with the same northern latitudes,
owes mor€ to the physical .properties of the immense southern.

occans. than to the ‘prescence of an ice-covered polar continentl,

The departures may alsc be due to the reasons that
the Southern Hemisphere is more aymmetric and has a vigorous

general circulation and that the Antarctic continent is

“located at a higher elevation than the Arctic. Likewise for
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the Thumba latitude in the Eastern hemisphere, the Groveg
Model is based on data from all longitudes mostly from
the Western Hemisphere, Departures of the equatorial
actuals from the Groves profiles may, theréfore,.be the
evidence of longitudinal asymmetries between the Eastern
and the Western Hemispheres, Thus the discrepancy between
the actuals and the Groves Model may be largely attributed
to the specificity of geographical locations of the

sounding stations,

The meridional cross section analysis carried out
using the data from the Eastern and the Western Hemispheres
shows that the main differences between hemispheres in the
intensity of various physical processes in.the upper
atmosphere occurred in the winter period. Frequent break-up
of mid-winter zonal g€irculation accompanied by warmings have
been observed in the stratosphere of the Northern Hemispherea,
In  the Southern Hemisphere these processes were relatively
less. In 1972 the wind and £hermal field over Antarctica
were subjected to sizeable perturbations accompanied by
significant warmings and coolings including a few cascs of
sudden explosive warming.

According to Perry (1967), these temperature changes

may be accompanied by ascending motions in the tropical

stratosphere of the Northern Hemispherd, The prosent
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investigation gives an indication of the development of
ascending motions in the tropical stratosphere of both the
hemispheres during the period of warming; in middle and high
latituded. As warmings are generally more frequent and
intense during the winter period of the Nbrthern’Hemisphere,
ascending motions in low latitudes may be supposed to atfain
greater intensity in January or February (northern winter)
than in July or August (southern winter) '.The resulting effect
would be decrease of temperature over the equator at the
beginning and end of a year and incrcase in the middle of itl,
Ad finem, it may be added that it is very essential
to collect more meteorological data particularly in the
relatively less explored South Polar reglon and fill up the
data gars over oceanic areas in the Southern Hemisphere
in order to fully understand the physical processes influencing
the wéather and climate all over the globe and solve the
intricate problems connected with weather forecasting. The
First GARP Global Experiment (FCGE) of the Global Atmospheric
Research Programme ( GARP) td be carried out during 1978-79
is one of the most complex and ambitious international

projects ever conceived to solve these problemsgl.
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IN MEMORY OF

All Polar Explorers

~who sacrificed themselves in the harshest and the
most hostile polar regions with a self denial
of comfort in search of new scientific

!«:.nowlég!ge for the common good
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