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ABSTRACT 

On the basis of data from Soviet research ships six cases of the radioactive fission 
product distribution in the lower layer of the air in different meridional zones of 
the globe are considered. An attempt is made to reveal some circulation conditions 
of air propagation from the middle latitudes into the tropics and the other hemisphere 
(in the surface layer). 

A problem on the influence of polar intrusions on the evolution of intertropical 
convergence zone is touched upon. 

The problems of the distribution of the radio- 
active products from nuclear explosions into 
the lower latitudes and their transfer into the 
other hemisphere are ‘closely connected with 
the atmospheric circulation investigation in the 
tropical zone and the problem of the air ex- 
change between the hemispheres. Air exchange 
mechanism in the tropical zone is a compara- 
tively poorly studied question of the general 
atmospheric circulation, though there are many 
articles on the particular questions of the cir- 
culation in the tropics and a number of good 
summaries (RIEHL, 1954; KHROMOV, 1956; PE- 
DELABORDE, 1958). One of the main difficulties 
is the impossibility of tracking for separate 
“air masses’’ and air volumes in the lower 
latitudes due to the rapid transformation of 
the temperature and moisture fields. In many 
cases tracking in the tropical latitudes becomes 
possible when various characteristics of the air 
radioactivity are used as a tracer of “air 
masses”. 

In this paper an attempt is made to reveal 
the circulation conditions of air propagation 
from the middle latitudes into the tropics and 
the other hemisphere (in the surface layer) on 
the basis of investigation of the radioactive 
fission product distribution in different meri- 
dional zones and the synoptical analysis of 
reasons causing these or those radioactivity 
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variations. The influence of the Polar intrusion 
on the evolution of intertropical convergence 
zone is also touched upon. 

To find the reasons of various radioactivity 
distribution in the surface air level complex of 
atmospheric processes were taken into account 
-firstly the transfer of radioactive products 
from the stratosphere into the surface air level 
and secondly their transfer in this surface air 
level. This method was used by one of the 
authors of the report in the previous article 
(DMITRIEVA, 1965). According to that article 
i t  was believed that stratospheric radioactive 
air is transferred rapidly into the surface air 
level by separate portions under certain aero- 
synoptical conditions. According to DMITRIEVA 
t KASATKINA (1965) these conditions are: (1) 
the presence in the upper troposphere of well 
formed “sharp” trough with very high wind 
speeds at each side from its axis and the hori- 
zontal wind shear along the axis and (2) the 
region of the intensified pressure behind the 
cold front in the cyclone rear or a wave near 
the earth surface (more often in the forming 
ridge). As was shown above, rapid descending 
(“sliding”) transfer of the stratospheric air 
downwards in the middle latitudes takes place 
along the inclined isentropical surface from the 
stratosphere into the troposphere. 

This point of view on the mechanism of 
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FIG. 1. Route 1. The ship positions and their data (circles and figures to the right in the left hand 
corner of the figure). General /?-activity variation in the lower layer of the air corresponding to the 
route (the right hand corner of the figure). Weather charts of the ship positions marked in the figure 
with black circles. 

radioactivity transfer from the stratosphere 
into the troposphere is similar to that of STALEY 
(1960, 1962). As it is known from theoretical 
investigations Staley thinks the barocline tro- 
posphere zones considering then the south parts 
of high-altitude intensive troughs aa the trans- 
fer mechanism of radioactive debris from the 
stratosphere into the troposphere in the extra- 
tropical latitudes. Staley examines this experi- 
mentally from beta-activity measurements near 
the dry inversions by means of aircraft sam- 
pling. Beta-activity maximum was detected in 
the inversions or near them. 

For brevity we shall call the rapid transfer 
of the stratospheric air portions into the surface 
air level under the described above conditions 
“the stratospheric break”. 

Material and its analysis 

Data from the Soviet Research Ships making 
journeys in the Atlantic, Indian and Pacific 

oceans served as an initial material to obtain 
the radioactive product distribution in the 
surface air in the middle and tropical latitudes. 
Six meridional radioactivity distributions are 
considered in the present paper. The ship routes 
that gave the radioactivity distributions were 
the following. 

I. In  the east of the Atlantic along the 
western European coasts and Africa from the 
north to the south in December of 1963. 

11. In the same region but from the south 
to the north in April of 1964. 

111. From the Mediterranean into the Indian 
Ocean via the Red Sea in July of 1960. 

IV. From the Indian Ocean via the Javanian 
Sea to the west of the Pacific Ocean of the 
northern hemisphere in August of 1960. 

V. From the west of the Pacific Ocean in 
the northern hemisphere into the eastern part 
of the Indian Ocean of the southern hemisphere 
in September-October 1961. 

VI. Along 180” meridian from the southern 
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hemisphere (from 40" S) into the northern one 
up to 1O0N, and then to the north-west in 
December of 1961 and January of 1962. 

Let us consider each route separately. 

Route I and its dates are shown in the left 
hand corner of fig. 1 (circles and figures are 
to the right from them). In  the right hand 
corner of the figure the average total beta- 
activity of the air for 24 hours is presented. 

One can see at  the right hand corner of Fig. 1 
that the maximum concentration was observed 
at 20" N and about 40" S. The deep minimum 
between them was in the 10" S region. In the 
middle latitudes of the northern hemisphere 
air radioactivity varied strongly along the ship 

The analysis of the daily synoptic charts for 
the discussed period showed that the atmos- 
pheric processes over the Atlantic in the nor- 
thern hemisphere are characterized by intensive 
cyclonic activity. High altitude frontal zone 
was at 30-40" N. Cyclonic disturbances trans- 
ferred one after another from the west to the 
European western coasts and to the Mediter- 
ranean. All significant air radioactivity varia- 
tions in the middle latitudes of the northern 
hemisphere are associated with the fronts, that 
were crossed by the ship. Reduced concentra- 
tion values were observed before the warm 
front and in the warm sector. Radioactivity 
increased sharply behind the cold front in the 
cold air. Radioactivity increasing behind the 
cold front or in the high region in the middle 
latitudes was noted in a number of other works 
(for example, MURAJAMA, 1959, 1962; KOPCE- 
MTCZ, 1962; GAT et al., 1963; BEEER, 1963; 
LAVRENCHIE, l965; VILENSEII et al., 1965). This 
is in agreement with the ideas on the mechanism 
of radioactivity transfer into the surface air 
level given in the introduction on the basis of 
papers (DMITRIEVA, 1965; DMITRIEVA & KASAT- 
EXNA, 1965; STALEY, 1960, 1962). 

The most interesting peculiarity of the meri- 
dional radioactivity distribution in the given 
route is the presence of sharp maximum obser- 
ved at  the latitude about 20" (a black circle 
in the left hand corner of Fig. 1 and the cor- 
responding peak in the right one). Then synop- 
tic situation near the earth surface was charac- 
terized by appearence over the African western 
coast (20-30" N) of the ridge behind the slightly 
frontal section (in Fig. 1, Weather chart, 
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run. 

December 16, 1963). A deep trough with very 
high wind speeds in the periphery was detected 
at altitudes over this region. One should pay 
attention to the fact that the observed situation 
was just the same when the stratospheric breaks 
into the surface layer at the middle latitudes 
occur (DMITRIEVA & KASATKINA, 1965). One 
may w u m e  that in this cam the radioactivity 
maximum was aseociated with recent intensive 
stratospheric break into the surface layer in 
the subtropical zone. From the weather chart 
on December 16, 1963 it may be Been that 
radioactive air in the surface layer had an 
opportunity to move from the African western 
coasts to the west and south-west to the north 
part of South America. Further ship's move- 
ment to the south was accompained by sharp 
decrease of radioactivity near the African 
coasts. Slight radioactivity incream w a  ob- 
served on December 20 before the intertropical 
convergence line at the 5"N latitude. The 
crossing of this line was accompained by sharp 
radioactivity decream up to the minimum 
values. Thus the intertropical convergence line 
over the Atlantic eastern part in the period 
under discussion was a considerable obstacle 
for propagating in the surface air level of the 
northern hemisphere to the equator. Over 
the north of South America the convergence 
zone lowered to the south from the equator 
and therefore there were conditions for move- 
ment of the northern hemisphere air to the 
equatorial region of the southern hemisphere. 
The role of the intertropical convergence zone 
as a barrier in the interlatitudinal exchange of 
the tropical surface air was also noted by 
VILENSEII et al. (1965) and LABEYRIC & LAM- 
BERT (1963). 

Route 11. Meridional radioactivity distribu- 
tion in the lowest layer of the Atlantic eastern 
part during the back ship run differs consider- 
ably from the f i r s t  route. The radioactivity 
variation in April-May of 1964 is shown in 
the right hand corner of Fig. 2. The ship move- 
ment is indicated by circles in the left hand 
corner of the figure (black circles-ship position 
for the corresponding weather charts). The 
dotted line in the right hand corner gives the 
radioactivity variation at  run I. 

The appreciable peculiarity of the radio- 
activity distribution at run I1 is the presence 
of the great maximum in the northern hemi- 
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FIG. 2. Route 11. The same legend as for Fig. 1. 

sphere not a t  20" N but about 40" N. There is 
the peak in the radioactivity variation in the 
subtropical latitudes but its intensity is con- 
siderably less than in December. The analysis 
of the synoptical processes in April of 1964 
and their comparison with the synoptical pro- 
cesses in December of 1963 permitted to estab- 
lish that the high-altitude frontal zone which 
was near the African north-western coasts in 
December shifted to the northern regions 
(45-55"N). In  this frontal zone wind speeds 
in the upper troposphere were 100-200 and 
more km/h. The meridional processes were not 
observed clearly, but horizontal cyclonic wind 
shear in very strong currents in the rear of 
surface air level cyclonic disturbances were 
noted. These disturbances moved very rapid 
over the Atlantic from south-west and further 
over the Europe to the east and south-east. 
The maximum value of the radioactivity con- 
centration in run I1 was observed on May 5 
in the rear of one of such disturbances over 
the Bay of Biscay in the surface ridge (in Fig. 2, 
weather chart, May 5). 

The second peculiarity of atmosphere pro- 
cesses of the given period is a development of 
an upper-air deep trough over northern and 
north-east African regions in the second part 
of April. Thus in route I the intrusion of the 
stratospheric air into the surface level occurred 
a t  western African coasts near the intertropical 
convergence zone but in route I1 the transport 
of air from the upper atmosphere into the surface 
level could occur in regions located further 
from the place of ship crossing the convergence 
zone (south-east Mediterranean Sea, Northern 
Africa). Along the route of movement in the 
surface level to western African coasts radio- 
active aerosol concentrations decreased in it. 
Therefore evidently radioactivity a t  20" N over 
the western part of the Atlantic Ocean (solid 
line Fig. 2) was considerably lower in the second 
route than in the first one (dashed line 
Fig. 2). 

One should pay attention to more smoothed 
variation of radioactivity in the region of 
5-10" N to the North of the convergence line 
(Fig. 2). The analysis of synoptical charts and 
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the convergence line permitted to arrive a t  the 
conclusion that the convergence line evolution 
over the Atlantic is closely connected with the 
intrusion of air from middle latitudes. Some- 
times cold front of western African coasts 
moving to lower latitudes, as if combines with 
the convergence line and leads to its “shar- 
pening”. In other cases i t  stops to the North 
of it, enters the system of depressions over 
Africa and a t  north-east coasts of the South 
America and it plays the role of the convergence 
line while the old part of the convergence line 

over the eastern Atlantic weakens and vanishes. 
Some time later in its turn this new conver- 
gence line may change for a new one. Thus 
some portions of air of middle latitudes of the 
northern hemisphere probably enter the equa- 
torial regions of western Africa to the south 
of the convergence line. Instability of the con- 
vergence line near the equator over the eastern 
Atlantic during the period in question may 
explain a comparatively slower increaae of the 
radioactivity concentration while ship crossing 
the frontier from south to north in route 11. 

,- 

FIG. 4. Route I V .  The same legend as for Fig. 1. 
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I I 

FIG. 5.  Route V .  The same legend as for Fig. 1. 

The left part of the weather chart of April 
24, 1964 (Fig. 2) can serve as an example of a 
possible air extent near the surface layer from 
the northern hemisphere into the southern one 
up to 20" S. Air movement to south-west near 
the equator over the South America may be 
interpreted as inertial. 

Routes I I I  and I V .  An analysis of the data 
of routes I11 and IV (Figs. 3 and 4) will be 
short as the result of observations of these 
routes have been discussed in detail in paper 

( 1965). The peculiarity of synoptical conditions 
of routes I11 and IV was summer depression 
over northern Africa and southern Asia. The 
convergence zone was associated with it and 
when the ship was crossing it large variations 
of the concentration of fission products in air 
were observed. To the north of the convergence 
line the concentration was appreciably higher 
than to the south. For all of that i t  should be 
mentioned that the convergence line both over 
the Red Sea and the western Pacific Ocean 
was weakly expressed by meteorological data. 

Favourable conditions for the stratospheric 

by VILENSKII, DMITRIEVA & KRASNOPEVTSEV 

air extent into the surface layer were in middle 
latitudes in route IV and 111. And over the 
Red Sea (route 111) the surface air then came 
directly to the convergence zone and here a t  
20" N the maximum of radioactivity occured. 
In  route IV over the western Pacific the maxi- 
mum concentration was observed considerably 
to the north, about 40"N, behind the cold 
front in the region of stratospheric break. 

An interesting peculiarity of route I11 was 
the revelation of the second convergence line 
in the region of equator in the Indian Ocean. 
To the north of it the air was poor in radio- 
active products of artificial origin, but to the 
south their concentration increased appreciably. 
It was explained by the fact that in the Indian 
Ocean over subtropical and middle latitudes of 
the southern hemisphere in the discussed period 
there were conditions for stratospheric air ex- 
tent to the surface level and for it.s further 
movement to the equator. 

Route V was over the western part of the 
Pacific Ocean. Synoptical conditions in Sep- 
tember 1961 were very complex there (Fig. 5). 
I n  the region of Japan there were continuous 
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FIG. 6. Route V I .  The same legend as for Fig. 1. 

air intrusions from west and north-west. 
Tropical cyclones transferred to south-west of 
the northern part of the Pacific Ocean. Radio- 
activity variations of the surface level air as 
well as in previous routes were in a good agree- 
ment with synoptical conditions (Fig. 5). The 
maximum of radioactive concentration occured 
at the latitude of 40" N in cold air masses. The 
ship was crossing the convergence line (chart 
of September 27, 1961, Fig. 6) at 15" N. In  
this case after crossing the convergence line a 
sharp decrease of radioactivity was observed. 
Minimum radioactivity in the given route was 
observed in the region of 15-10"N. Rapid 
increase of radioactivity beginning with 10" N 
while further movement of the ship to the 
south-west was connected with crossing of the 
second convergence line to the south of which 
there was probably air of the southern hemi- 
sphere. 

This conclusion was based firstly on the fact 
that the same level of radioactivity is observed 
both to the south from the frontier in the 
northern hemisphere and in the southern hemi- 
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sphere up to 30" S; secondly predomination of 
winds with a southern component in the equa- 
torial zone of this region. 

In connection with synoptical analysis of the 
given route let us mention the following: 

1. While cyclone moving from the South- 
East to the South-West of the Pacific Ocean, 
the second (southern) convergence line move 
somewhat to the North (weather charts of 
September 27 and 30, Fig. 5). 

2. In slightly developed tropical cyclone the 
convergence zone waa still well expressed and 
it was an obstacle for interlatitudinal air 
exchange. In well developed tropical cyclone 
such an exchange evidently occurs (September 
30, Fig. 5). 

Route V I  is characterised by sharp almost 
continuous increase of radioactivity commenced 
about 1 5 " s  while the ship moved along 180" 
meridian from the southern hemisphere to the 
northern one in January 1962 (the curve in 
the right part of Fig. 6). This increase was 
associated with the ship crossing the conver- 
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gence line located over this region in the south- 
ern hemisphere at  southern periphery of the 
equatorial depression (January 1, 1962, Fig. 6). 
The indicated convergence line evidently was 
the southern boundary of intertropical con- 
vergence zone in the central part of the Pacific 
Ocean. Its location is in a good agreement with 
a mean c1:matic position for January obtained 
by LUKYANOV & ROMANOV (2963). It should 
be mentioned here that the northern boundary 
of the zone did not occur during the period 
in question. To the north of the convergence 
line as it was indicated by KRASNOPEVTSEV 
(1964) there were fresh radioactive products 
from nuclear tests carried out in autumn of 
1961 in the northern hemisphere. 

One may believe that fresh radioactive pro- 
ducts revealed in January 1962 in the southern 
hemisphere were transferred from the northern 
hemisphere in the surface level air. Their 
movement across the equator probably was 
fulfilled in more eastern regions under the 
influence of well developed meridional processes 
over the eastern part of the Pacific Ocean. 
The increase of radioactivity concentration was 
interrupted when the ship crossed the equator 
and then continued its movement to about 
1 2 ” N  (curve in Fig. 6). In  our opinion an 
increase of radioactivity in lower latitudes of 
the northern hemisphere was connected with 
the movement near the surface level of the 
stratospheric air to this region. This air entered 
the surface level in more northern regions 
behind the cold front of the cyclone with the 
center a t  40” N. 

The weather chart for January 8, 1962 (Fig. 
6) gives the southern boundary of the air which 
is as if continuation of the cold front approxi- 
mately is shown by one-end arrows. 

And then under complex atmospheric pro- 
cesses (for example weather chart for January 

16, 1962) it is possible to see a relation between 
radioactivity variations and synoptical condi - 
tions. 

Conclusions 

1. There is a clear connection of all the 
sharp increases of radioactivity in the ground 
level air with radioactivity movement from 
the stratosphere under synoptic conditions 
indicated in papers by DMITRIEVA (1965), 
DMITRIEVA & KASATKINA (1965), STALEY (1960, 
1962). Stratosphere breaks were observed 
mainly in middle latitudes and probably they 
occured a t  more southern latitudes (20-30” N) .  
In connection with it a question arises about 
the role of “stratospheric breaks” in the evolu- 
tion of anticyclone a t  subtropical latitudes. This 
problem requires special detail investigations. 

2. “Depth” of stratospheric radioactive air 
movement in the surface level air to the south 
is defined by a configuration and intensity of 
anticyclones at  subtropical latitudes of the 
northern hemisphere and by a character of 
pressure field at  subtropical latitudes of t,he 
southern hemisphere. In  certain situations in 
the both hemispheres a transfer is possible in 
the surface level air from circulation system 
of one hemisphere to the circulation system 
of the other one. Probably that while air cross- 
ing the equator (sometimes across isobars) 
inertion of the movement is of the most im- 
portance. 

3. The southern boundary of the penetration 
in the surface layer radioactivity air of t,he 
northern hemisphere to the southern one as a 
rule is defined by position, structure and 
intensity of the intertropical convergence zone. 
But the evolution of the intertropical conver- 
gence zone is determined in some cases by the 
air intrusion from middle latitudes to the tropics. 
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I4 CCJI E A 0 B A H €4 E PAC n P E A E JI E H M n PA A kl 0 A K T I4 B H bI X A 3  P 0 3 OJI E fl HA A 
OKEAHAMB kI HEKOTOPbIE BOnPOCbI MEXIIIBPOTHOI’O 

OEMEHA B TPOrIBYECKOn 3 0 H E  

Ha OCHOBaHElH A a H H b I X  COBeTCKMX HaY’IHO- JIRqHOHHbIe YCJIOBHR P a C I I p O C T P a H e H H f l  B O 3 -  
HCCJIeAOBaTeJIbCKHX C y A O B  PaCCMOTpeHO IIteCTb A y X a  Y M e p e H H b I X  UIHPOT B T P O n H H H  H B H p y r O e  

AYKTOB A e n e H H R  B nPHBORHOM CJIOe B O 3 n y X a  B B a e T C R  B O n p O C  0 BJIARHHH IIOJlRpHbIX B T O p m e -  
p a 3 H b I X  M e p H A H O H a n b H b I X  3 0 H a X  3 e M H O r O  mapa. HHft  H a  3BOJIIOI4HIO M W K ~ y T p O I I H Y e C K O f t  3OHbI 
C A e J I a H a  IIOnbITKa BbIRBHTb H e K O T O p b l e  q H p K y -  

cnyvaen p a c n p e A e n e H m  P a A H o a K T m H b I x  npo- n o n y m a p H e  (B  n p ~ 3 e r . 1 ~ 0 ~  cnoe). 3a~paru-  

K O H B e p r e H q H H .  
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