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Atmospheri: structure derived from satellite, multi-chanixl 

radiance data is used to calculate zonally-averaged Jertical motions 

in the wintertime stratosphere of both hemispheres. 

Hemisphere calculations confirm the two-celled meridional circulation 

calculated by previous authors. 

three-celled structure with descending motion over the South Pole. 

variability of the mean meridional circulation in the Southern Hemi- 

sphere in relation to the presence or absence of a minor midwinter 

warming is alsa discussed. 

The Northern 

The Soothern Hemisphere results show a 

The 

i 
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1. IntroductioE 

A numbsr of studies (Reed, Wolfe and Nishimoto, 1963; Mahlman, 1966; 

Julian and Libitzke, 1965) have shown that the mean meridional circula- 

tion in the lower half of the stratosphere in the Northern Hemisphere 

winter has a two-celled structure w::h rising motion in low latitudes 

and over the pole and sinking motion in mid-latitudes. This zonally- 

averaged vertical motion pattern exisu before, during and after mid- 

winter breakdowns of the polar vortex (Mahlman, 1966). 

Hemisphere the mean meridional circulation is practically unknown. 

Rubin and Weyant (1963) do indicate a sinking motion over the pole below 

75 mb. Also Reiter (1969, 1971) on the basis of ozone measurenents over 

Antarctica, postulates a general sinking motion over the role in the 

stratosphere. 

mean meridional circulation outside the southern polar regions. 

In the S0uthe.m 

No evidence is available in the literature regarding the 

The primary reason for the lack of information concerning the mean 

meridional motion in the Southern Hemisphere stratosphere is, of course, 

the lack of a substantial radiosonde network in the Southern Hemisphere. 

The lack of data pr9cludes daily analysis of the stratosphere from 

cor,ventional data alone. In the past few years, however, data has 

become available from satellite, multi-channel infrared radiometers such 

as the Sate1 lite Infrared Spectrometer (SIRS), Techniques have been 

developed to obtain atmospheric temperature profiles from such data (see, 

for example an aritcle by Smith, Woolf and Jacob, 1970). 

temperature retrieval techniques one can obtain daily hemispheric 

analyses of temperature structure at various levels. In this study 

temperature and geopotential height information is obtained from Nimbus 

3 SIRS data. 

Using such 

The atmospheric structure so obtained is used as a basis 
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for a computation of the zonally-averaged vertical motion patterns during 

winter months in both hemispheres. 

calculatiops are also carried out using the data fields of the National 

Meteorological Center (NMC) . 

In the Northern Hemisphere the 

2. Method used to obtain atmospheric structure from Nimbus 3 SIRS 

radiances 

In this study thickness or temperature information is determined 

from the SIRS data by a regression technique. 

least squared error, multiple regression technique is used. 

dent variables in the regression procedure are the thicknesses for the 

following layers: 1000-700 mb, 700-500 mb, 500-300 mb, 300-200 mb, 

200-100 rnb, 100-50 mb, 50-30 mb and 30-10 mb. 

are the radiances of the eight SIRS channels. 

equations are deternined for each layer and for each of the following 

latitude zones : 

A linear, step-wise, 

The depzn- 

The independent variables 

Separate regression 

20-40°, 40-60' and 60-80'. 

The regression technique is based on a comparison of thickness 

information and cloud-free radiance data. 

derived from the comparison are applied to other radiance data, only 

cloud-free data are used. To eliminate cloud-contaminated data from the 

comparison data set and from the application of the regression equations, 

a simple, objective llcloud check" procedure is used, 

procedure is based solely on the satellite radiance information. 

When the regression squations 

The "cloud check" 

The SIRS channels with weighting functior, peaks in the low tropo- 

sphere (channels 1 through 3) are most affected by the presence of 

clouds. 

(channels 7 and 8) are only rarely affected by the presence of 

Channels with weighting fuilction peaks in the stratosphere 
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tropospheric clouds. The radiance in the window channel (channel 1, 

b=899cm-l) in the absence of clouds is related to the surface tempera- 

ture. 

function of cloud-top temperature, which is, of course, lower than the 

surface temperature. Therefore, channel 1 radiances much below normal 

would indicate the presence of clouds. 

1 is highly variable even in the absence of clouds because of its 

dependence on the surface temperature. 

radiance occur along satellite tracks in the presence of sharp changes 

in surface characteristics. This is especially true along land-sea 

boundaries. 

radiance because of large changes in surface temperature. 

and 3 are e l s o  affected by clouds, but are not so severely affected by 

surface characteristics as channel 1. Therefore, channels 2 and 3 are 

used for the "clwd check." 

In the presence of an overcast, the channel 1 radiance is a 

However, the radiance in channel 

Large changes in channel 1 

Also, large diurnal changes are present in the channel 1 

Channels 2 

SIRS radiance data is eliminated as being cloud-contaminated when 

the observed radiance in both channels 2 and 3 is below critical values. 

The critical values for both channels are determined by a comparison of 

SIRS data and satellite video data and are a function of latitude and 

season. 

levels are eliminated as cloud-contaminated. The "cloud check" proce- 

dure is simple and certainly not foolproof. 

contaminated data may still find their way into the final data set. The 

procedure as outlined above remove-r, on the average, about 15 percent of 

the original data points. 

Any data with both channel 2 and 3 radiances below the critical 

Some slightly cloud- 

To obtain the regression coefficients, comparizon sets of radiance 

and thickness data are developed, The observations are near-simultar.eous 



4 

and at, or close to, the sane geographic position. 

techniques are used for the Northern Hemisphere and the Southern 

Hemisphere. 

the SIRS radiance data is matchid with the National Meteorological 

Center (NMC) Northern Hemisphere fields. 

within three hours of NMC map time, the SIC grid point data is linearly 

interpolated to the satellite track position. 

100 mb, station data is matched with the satellite radiance information. 

The station location must be within 180 nautical miles of the satellite 

position, and the satellite observation time must be within three hours 

of the station observation time. 

Somewhat different 

In the Northern Hemisphere, for the layer 100 to 1000 mb, 

For satellite data occurring 

For the layers above 

In the Southern Hemisphere, a different technique is used. 

daia is matched with satellite radiance data for all levels. Because 

of the relative lack of stations in the Southern Hemisphere and the need 

far a sufficient number of data Foints for the regression analysis, the 

matchup restrictions are somewhat relaxed from those in the Northern 

Hemisphere. 

GMT radiosonde times, all radiance data is placed into a five degree 

latitude by five degree longitude grid fcr the latitudes 20's to 80's. 

?he radiance fields are analyzed and the radiances in each of the eight 

channels are linearly interpolated from the gridded data to the station 

locations. The data match-up is restricted to times and locations whea 

there is original satellite data within a geographic box 600 nautical 

miles on a side surrounding the station. 

all levels. 

Station 

For each 24-hour period surrounding the 0000 GMT and 1200 

This technique is used for 

The -election of the regression equations to be used in computing 

thicknesses is based on certain statistical and practical criteria. The 
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step-wise, multiple regression technique uses an F test to determine if 

additional independent variables should be introduced into the particular 

regression under consideration. 

variables is restricted to a maximum of four. 

equations have three independent varia5les; however, a few have less 

than three. 

is given in Table 1 for each hemisphere, 

three latitude bands combined (area weighted), and are for the dependent 

data on which the regression equations are based. 

In addition, the number of independent 

Most of the regression 

The standard error of estimate for each of the eight layers 

These statistics are for the 

No regression equations could be determined for the 10-30 mb layer 

in the Southern Hemisphere because of a complete lack of data above 

30 mb. In the analysis that follows the Northern Hemisphere 10-30 mb 

regression equations are applied to the Southern Hemisphere radiances 

to produce thickness fields in the 10-30 mb layer in the Southern 

Hemisphere. 

Jan 70 July 69 

10-30 mb 2.1° c 

30-50 mb 3.0 1.7' C 

50-100 mb 2.3 1.7 

100-200 Eb 2.0 1.9 

200-300 mb 2.4 2.3 

300-500 mb 2.8 2.3 

500-700 mb 3.5 2.8 

700-1000 mb 5.2 3.2 

Table 1. Hemispheric standard errors of estimate for thickness 

reg res 3 ion equations 
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Geopotatial heights for the SIRS-based data set are determined by 

summing the satellite-based thicknesses from a conventional 1000 mb height 

field. 

are used, In the 5 uthern Hemisphere 1000 mb height fields are obtained 

by converting daily surface pressure analyses of the Commonwealth Bureau 

of Meteorology, Australia, 

analyses are nearly hemispheric in scope, but where blank they are 

filled in subjectively by a combination of extrapolation and climatology. 

Geopotential heights are therefore determined at the following levels: 

700 mb, 500 mb, 300 mb, 200 mb, 100 mb, 50 mb, 30 mb, and 10 mb. In 

this study only thickness (temperature) information above 100 rnb and 

geopotential height information at and above 100 mb is used. 

In the Northern Hemisphere the NMC 1200 GMT 1000 mb height fields 

The Southern Hemisphere surface pressu;.e 

3. Technique used to calculate vertical motions 

The technique used here to calculate the zonally-averaged vertical 

motion i3 similar to that used by Mahlman (1966) for the Northern 

liemisphere with conventional data. 

technique integrated around latitude circles. 

j :tential temperature (e) i s  expanded to give 

It is basically the thermodynamic 

The total derivitive of 

de ae ae = at + vp*ve + w - aP ' 

where v 
w is the vertical velocity in pressure coordinates. 

advection term in equation 1 gives 

is vectx horizontal wind on a surface of constant pressure, and P 
Expansion of the 
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Rearrangement of the terms gives 

Next, equation 3 is integrated over the area bounded by two latitudes 

$1 and $2, in this study usually 10' apart. 

4 2  

[eV# 3 cos$ d0 (4 1 - I, P A  

where a is the Earth's radius and [ I x  implies averaging around a 

latitude circle, 

The averaged quantities in the last two terms of equation 4 are 

expanded to give 

Substituting equations 5 and 6 into equation 4, and using 7 results in 
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In equation 8 the second and third lines represent the effect of the 

divergence of the eddy flux and of the mean motion flux, respectively, 

The fourth and fifth lines represents the effect of divergenze. 

'me last term in equation 8 involves the correlation of 3 and V*vp 

and is assumed small. 

approximated by 

The second-to-last term in equation 8 is weli 

where [e l  

$1 and 42. 

is the average potential temperature for the area between 
A * +  

The right side of equation 9 is integrated t o  obtain 
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Neglecting the last term in equation 8 and using the right side of 

equation 10 to replace the second-to-!ast term gives 

The last two lines in equation 11 are of opposite sign and are nearly, 

but not quite, equal. 

and with (3 approximately 20C°K, [ e ]  

$2 or e at +2  by only about two or three percent. 

lines in equation will tend to cancel and their sum is negligible. 

With a temperature gradient o f  10°K/lOO latitude 

is different f r o r ,  either 8 at 

Thus the last two 
A,$ 

The integrals in equation 11 are evaluated, for example, by the 

approximation 

$1 + 4 2  
where [ElA is evaluated a t  latitude 

eliminated as negligible and with the approximations exampled by equation 

12, equation 11 becomes 

. Yith the last two lilies 
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Equition 13 is :sed to calculate 

(131 

the tonoily-averaged vercical mctian. 

i. S c ~ L e r n  ur.C % u r h e r .  iiemisphere Vertical lotin: patterns - 
I 

?he stktic st?5ility, lothi tcapPra',r;re &mge and heat flux conver- 

gence can be evaluated fkom &le satellite-derived thickness ani height 

fields. l3e local change term is of the order Qf O.l°K/day- while tbt 

heating due to the flux convergence is of the order of !%/day in polar 

: s ; i : z&s .  

coqute-d by Rodgers (1967) f r o m  cliratological data. IIlt term is 

negative everywhere dusing the polar night in the stratosphere, and is 

c i  the order of 1°kjc!ay. 

with latitede thm. the flux divergence term, the latter is most important 

in determining 1a';tudirul variability of o. 

enthalpy f l u  as a function of latitude is e x - x n e d ,  

Tfie 'iajctic tern is evaluated by using heating rates 

Because the diabati: hiating term varies less 

For this reason the 

Figur: 1 shows the polerard heat flux in the 10-30 mb layer averaged 

over January 1970 for the Northern Hemisphere and over July 1969 for the 

Southem. Hemisphere. 

sorthem Hemisphere. 

computatiorts, 

60°. 

Both SIRS and NMC curves are presented for the 

The geostrophic aproxlaatior. is used for these 

In both hemispheres the peak poleward flux is reached at 

It should be rearezbered that the polar vortex in the Northern 
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1 1 I I I I 1 1 

4 
Yo bo ro 60 lo  40 30 20 

Fig, 1. Poleuard heat flux in the 10-30 rb layer3anuary 1970 in the 
N, H., July 1969 in the S. H, 

JULY iW9 [ENTIRE MONTH) 

r 

Fig. 2. Poleward heat fluxes i n  the stratosphere of the So H. for 
July 1969. 
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Hemisphere broke down i n  ear ly  January tha t  year. 

Hemisphere curves pay not be representative of n o m 1  (non-breakdown) 

conditions. 

The t o t a l  f lux  convergence between 60° and the pole is aboct equal in 

the  two hemispheres. 

'Ihe Southen Hemisphere curve shows the  flux decreasing very rapidly just 

poleward of 6OoS and gradually levell ing out. 

vergence is i n  the area between 6OoS and 7S0S. The Northern Hemisphere 

curve has a relat ively constant decrease with la t i tude,  indicating tha t  

the f lux  convergence i i spread out more uniformly than tha t  i n  the  

Southern Hemisphere. 

curves is a lso  evident i n  the 30-50 mb and 50-100 mb layzrs, but it i o  

not so obvious. 

Thus the  Northern 

The two SIRS curves p a i r  at alzost  exactly the  s a  value. 

However, the shape of the  two curves is different.  

The greatest  f A h x  con- 

This difference in  shape of the  enthalFy f lux  

The enthalpy f lux dis t r ibut ions fo r  a l l  three layers f o r  the 

Southern Hemisphere July 1969 are given i n  f igure 2. 

layers there is a rapid decrease i n  the  flux poleward of the peak, then 

a f la t tcning out of the curve in  very high lati tudes.  

enthalpy flwr a t  80's i n  the 50-100 mb layer is s l igh t ly  negative, 

nteanixg that  between 80's and the pole there is  a flux divergence. 

f lux i n  the 30-50 mb layer a t  80's is very small positive, so tha t  i n  

t h i s  layer the flux divergence term i n  equation 13 i s  very small. In 

the Northern Hemisphere there is substantial  f lux convergence between 

80'N and t h e  pole (see figure 1). Thus there is a significant d i f fe r -  

e x e  between the hemispheres i n  the  patterns of heat flux and heat flwr 

ctnvergence i n  the  polar-night stratosphere. 

In al l  three 

The poleward 

The 

The heat fluxes, the local change i n  temperature and the static 

s t a b i l i t y  can be determined from t h e  SIRS-based structure. The diabatic 
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de 
t heating, 

and can not be calculated without a knowledge of the vertical distribu- 

is essentially entirely due to radiative heating or cooling, 

tion of ozone. Even if the ozone distribution is known, the calculation 

is difficult. Rodgers (1967) has calculated tropospheric and strato- 

spheric radiative cooling rates from climatological data in the Northern 

fkmisphere. 

sphere. 

used in this study as a function of latitude and layer. 

No such computatians are available for the Southern Hemi- 
de Table 2 gives the values of (adapted from Rodgers (1967)) 

Identical values 

are used in each hemisphere. Rodgers only extended his calculations 

Latitude 

80' 70' 6oo soo SO0 

10-33 * -1.2 -1.2 -1.0 -0.8 -0.5 

30-50 d -0.9 -0.9 -0.8 -0.6 -0.3 

50-100 lnb -0.6 -0.6 -0.5 -0.4 -0.2 

Table 2 Values of %used in vertical motion calculations. 

(Based on Rodgers (1967) calculations) Units: 'C/day. 

to 70'N. This author assumes that the values at 70' hold at all 

latitudes poleward of 70'. The values in '!'&le 2 for the IO-X! 

layer are f m z  Rocigors' calculations at 20 a, the values for the 
30-50 mb layer are an average of the 30 mb and SO mb calculations, and 

tire values for the 50-100 mb layer are from Rodgers' calculation for 

70 mb. 
I 

In applying these cooling rates to the Southern Hemisphere the 

author is asswing that there is no substantial difference in the actual 

rates between the hemispheres. 
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I'he resu l t s  of evaluating the terms i n  equation 13 and solving for 

w i n  the Northern Hemisphere for January 1970 with both NMC and SIRS- 

Sased st ructure  are shown i n  figures Sa and b. 

C5a)shows iAsing notion i n  high la t i tudes and sinking i n  low lati tudes.  

The axis of r i s ing  m t i o n  slopes poleward with height artd the maximum 

f i s i n g  motion is  located at 20 mb a t  the pole. The pattern of r i s ing  

aotion over the pole and sinking i n  mid-latitudes is rypical of patterns 

found by other authors (e.8.. Mahlman, 1966) fo r  the Northern Henisphere. 

P d l n a n  (1966) a lso showed that  t h i s  pattern of r i s ing  and sinking motion 

occurs before, during and a f t e r  breakdowns. Miller, Brown and Campana 

(1972) using the quasi-geostrophic, adiabatic omega equation obtain a 

crors-section of w f o r  the  period 1-15 January 1970 which also indicates 

the  same general pattern of ascent and descent as i n  f igure 3a. 

the use of equation 13 and NMC st ructure  appears t o  produce a cross- 

section of ver t ical  motion i n  the stratosphere which closely resembles 

previous estimates made fo r  different  years, and a l so  resembles a 

cdcula t ion  made for  the same year. 

The NMC-base4 calculaticn 

Thus 

Figure3bis  the ver t ica l  notion pattern for the Northern Hemisphere 

calculated 'h;kng the heat fluxes, local teaperatme changes and static 

s tub i l i t y  derived f r o m  the SIRS-based structure.  There are sow simi- 

l a r i t i e s  and some differences between figures 3a and b. In figure 3b 

there is r is ing motion over the  pole in  the higher layers and sinking 

motion i n  ridlqtixudes. There is also a small area of r i s ing  motion at 

60'15 a t  

and i n  the top lzyer (10-30 mb). However the volume of r i s ing  motion 

ij much less  than that  shown i n  figure 3a. Magnitudes of maximum 

risiAig and sinking motions are underestimated. 

ab. The maximum r i s ing  motion is found a t  or  near the pole 
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Fig. 3. Zonally-averaged vertical motion patterns for the No H. for 
January 1970. Units: mb/day. stippled area denotes area 
of ascent. 
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The main factor in the difference between figuses 3a and b is the 

underestimation of eddy heat fluxes in the SIRS-based calculation. 

underestimation is evident in figure 1. Although the SIRS-based curve 

underestimates the magnitude of the actual fluxes, it reproduces the 

shape of the NMC c w e  and the locations of flux divergence and conver- 

gencs. This is also true for the two lower layers (30-50 ab and 50-100 

lab). The underestimation by the SIRS-based fluxes varies with latitude 

and between layers. The minimum underestimation between 4S.N and 75'N 

is 56 per cent. To at least partially correct for the underestimation, 

a factor of 1.8 (based arbitrarily on the 56 p r  cent figure) is applied 

to thc SIRS-based flux values and the vertical motion ccmputation redone. 

The results are shown in figure 3c. The general rising motion in high 

latitudes at high levels and the sinking motion in mid-latitudes are 

still present. The region of rising motion has expanded and indicates 

the slope with height of the NMC-based cross-section. Magnitudes of 

maximum rising and sinking motion are also in closer agrement. The 

adjustment factor of 1.t as based on the minimum undemstiution is 

chosen because the author believes that the larger underestimations 

present, especially in the lower layers, are due to the low density of 

This 

satellite radiance dot8 in the Narthern Hodsphere for J8nwry 1970 

relative to the density of observations wer tho Southern Hanirphon 

in July 1969, the Southern Hemisphere wCnter month to ba examined, 

The results of the vertical motim calculations f o r  the Southern 

Hemisphere for July 1969 are shown in figures 40 and b. P a r t  a of the 

figure is based on fluxes calculated directly f r o m  the SIRS-based 

structure and part b is based on calculations utde with the fluxes 

adjusted by the factor of 1.8. Both parts of figure 4 show an area of 
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Fig. 4. Zonally-averaged vertical motion patterns for the S. H. for 
July 1969, Units: &/day. 



18 

descending motion centered at SO'S, an area of ascent centered at about 

73's and area of descent over the South Pole. 

ascent in low latitudes (<3OoS), figure 4 indicates a three-celled 

meridional circulation compared to the two-celled structure in the 

With the assumption of 

Northern Hemisphere. 

Hemisphere pole has been previously postulated by Reiter (1969, 1971) 

on the basis of ozone measurements over Antarctica. 

Weyant (1963) have already noted a general subsidence below 75 mb to the 

surface over the South Pole it is evident that ozone-rich air in the 

The predominant sinking motian over the Southern 

Since Rubin and 

lower stratosphere is transported downward to the surface t o  produce the 

midwinter peaks in surface ozone observed over Antarctica (Wisse and 

Meerburg, 1969). 

5. Southern Hemisphere variations during July 1969 

The early part of July 1069 was characterized by a midwinter minor 

warming in the Southern Hemisphere stratosphere (Fritz and Soules, 1970; 

Miller, Finger and Gelman, 1970). 

remainder cf the month was relatively quiet. 

during the minor warming and during the quiet period exhibit significant 

differences. The meridional circulation for 1-10 July 1969 (during the 

minor warming) is given in figures Sa and b. 

1969 (quiet period) is given in figures 6a and b. 

descending branch over the South Pole disappears and the ascending and 

descending branches at about 70's and 50's respectively have larger 

magnitudes than the monthly averages in those locations. Even though 

the descending branch over the pole disappears, the ascending branch is 

still centered between 70's and 75's. During the quiet period (18-27 

July 1969) the vertical motion pattern shows very strong descent over 

Except for the last few days, the 

The vertical motion patterns 

The pattern for 18-27 July 

During 1-10 July the 
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Fig. 5. Zonally-averaged vertical motion patterns for the S. H. for 
the period 1-10 July 1969, during a minor mid-winter warning, 
Units: &/day. 
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Fig. 6. Zonally-averaged vertical motion patterns for the S. H. for 
the period 18-27 July 1969, a quiet period. Units: mb/&y. 
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the pole (figure 6a and h).  

covered the area po1ewa.d of about ?8'S with maximum downward velocity 

occurring i n  the lowest layer of calculation. The ascending branch a t  

70's and the descending branch fa r ther  equatornard are less intense than 

t h e  monthly average (figure 4) and much less intense thar, +.wing the 

minor warming (figure 5). 

Henisphere it appears t h a t  the descending branch over tne  pole L,sappears. 

This disappearance may have consequences i n  thc  dis t r ibut ion of total 

and surface ozone over Antarctica. 

probably more typical  of normal coriditions during the  Southern Hemisphere 

winter . 

According t o  figure 6b :he descending motion 

Thus during minor warnings i n  the  Sou' ern 

The 18-27 Ju ly  quiet  period is 

The difference i n  ver t ica l  motion pat terns  between the  periods 1-10 

Ju ly  aad 18-27 July 1969 is closely related t o  the eddy heat f lux  d i s t r i -  

butions f o r  those two periods. These dis t r ibut ions are shown i n  figires 

7a and b. 

as great as those f o r  the  18-27 Ju ly  period. Thus the flux divergences 

on e i ther  s ide  of the peak are also about three times as great. 

high la t i tudes another important difference is t ha t  although both the  

50-100 mb and 30-50 mb layers exhibit  eddy flux divergence between 80's 

and 90'5 during the period 18-27 July, a l l  layers exhibit  flux convergence 

i n  tha t  location for the 1-10 July period. This is the reason f o r  the  

existence o f  the  difference i n  ver t ica l  motion patterns over the  pole 

between the two periods. 

The peak fluxes during 1-10 Ju ly  are approximately three times 

'tn very 

F r i t z  and Soules (1970) examine a number of Southern Hemisphere 

s t ra tospheric  temperature fluctuations during the fa l l ,  winter and s p r i n ~  

of 1969 using SIRS channel 8 data. Between 25 June and 10 Ju ly  they 

indicate a large increase i n  channel P radiance in the  southsrn polar 
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1-10 JULY 1969 S.H. 
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Fig. 7. Poleward heat fluxes in the S. H. during the periods 1-10 
July and 18-27 July 1969. 
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regions. Accompanying the warming (increasing radiance) in  the high 

la t i tudes of the Southern Hemisphere, they also find decreasing radiance 

[cooling) i n  Southern Hemisphere low lat i tudes and i n  the Nor*.hern 

Hemisphere. The ear ly  July case is just one of severai  silr 

sating changes noted by F r i t z  and Soules. 

noted that  there are signif icant  differences i n  the eddl flux of enthaipy 

p e t t e n s  and i n  the mean meridional motion patterns between the time of 

the ear ly  July warmiag (1-10 July) and the quiet period (18-27 July). 

These observations support the F r i t z  and Soules postulate t ha t  i r regular  

(non-seasonal) fluctuations i n  stratospheric temperature are related t o  

changes i n  the large-scale eddies and/or changes i n  the mean meridional 

circulations . 

11' compen- 

In t h i s  sectL.1 'c has been 



6. Conclusions 

in this study zonally-averaged vertical motions ir, the stratocphere 

of both Semispheres during winter have been calculated &sing atmospheric 

strut .e acrived from satellite radiance ratasurements, The calculations 

reconfirm the work by previouz authors that the Sorthern Hemisphere has 

a two-celled structure with rising motion over the pole snd at low lati- 

tudes and sinking motion in mid-lacitwles. 

stratospherc, however, has a three-celled structuze with sinking over the 

p i e  and in mid-latitudes and ascendinc branches at about at "0's and 

The %;thern Hensi.phere 

in 10s latirudes. 

The Souttern Hemisphere vertical motion patterns are sipificantly 

different dtiring a time of a minor miduinter warming and during a quiet 

perid. During the minor mduinter warming t h e  descending branch over 

the pole disappeas and the ascending and descending branches at about 

70's and SO'S, respectively are strong. During the quiet period the 

desiading branch over tAe pole is strong while the lower latitude 

branches are relatively weak, 
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