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Downward transport of ice-forming

acrosols from the stratosphere

ABSTRACT. The possibility of association of the observed inercases at the ground in the concentration of the
ice-forming aerosols with the phenomenon of the stratospheric mass transport downwards has been investigated. The
study, which is qualitative in nature, has indicated that transport downwards from the stratosphere of ice-forming
aerosols is a strong possibility. 1t also suggested, by implication, that the stratosphere could be rich in ice nuclei.

1 . Introduction

The sources of origin considered of the natural
ice-forming serosols are many and diverse, e.g.,
land (Price nnd Pales 1964), sea (Battan and Riley,
1960), stratosphere (Bigg and Miles 1963) and
extra-terrestrial (Maruyama and Kitagawa 1967),
The influence of land and of ocean on the ice-
forming aerosols, as suggested by measurements
of the aerosols at a few places m India, has been
discussed (Kapoor et al. 1969). Analysis of measure-
ments, made at Delhi (Lat. 28° 35'N, Long. 77°
12', 216 m a.s.l) during 1962-63, has pointed
out that part of theize-forming aerosols measured
in the region could sometimes be also of strato-
spheric origin (Ramana Murty ef al. 1967), but
the feature indicated has not been examined in
detail due to paucity of data. As measurements
for a further period of one year have since become
available for Delhi, it is now propesed to examine
more fully, with all the available data, whether
there could have occurred in the region downward
mass transport from the stratosphere (Reed and
Danielsen 1959 and Staley 1962) on those occasions
when anomalies had been noticed in the concen-
tration of the ice-forming aerosols measured at
the ground. The analysis made and the results
obtained are presented and discussed.

2. Data

Daily concentration of ice-forming nuclei (aero-
sols), active at —15°C, as obtained, in the after-
noon hours (around 1430 IST), by the millipore
technique of measurement, is available for Delhi
from March 1962 to May 1963 and from October
1964 to March 1966. Considering that the effect

551-510-42:551-515

P. SATYAMURTY and Bu. V. RAMANA MURTY
Institute of Tropical Meteorology, Poona
(Received 27 July 1970)

of nuclei transport from the stratosphere,if any,
will be reflected in the measurements made on oc-
casions of ice nuclei burst (days of nnusually large
ice nuclei concentration in the air), such occasions
as have been indicated by the ice nuclei data,
according to the criterion laid down, have been
taken into account. Also, keeping in view that
occasions associated with significant increases
in the total amount of atmospheric ozone are
representative of the stratospheric-tropospheric
interaction in the region (according to Reed
1950, about one-third of the change noticea in the
total ozone was due to vertical transport in the
middle latitudes of the northern hemisphere and
according to Kulkarni 1963, it was between one-
third and one-half of the total change in the middle
latitudes of the southern hemisphere), and also
like-wise, that occasions associated with increases
in radioactive fallout are an indication of the
downward mass transport from the stratosphere
(Libby and Palmer 1960), the data for Delhi of
total ozone and of airborne fallout beta-activity
as available from published measurements by the
India Meteorological Department and by the Ato-
mic Energy Establishment, Trombay, respectively
have been considered. The fallout data used have
not been time-corrected. Further, as it s known
that direct exchange of air between the stratos-
phere and troposphere could take place on occa-
sions when the tropopause becomes difficult to be
iocated (Kroeming and Ney 1962), the tropo-
pause data for Delhi as obtained from published
reports of the India Meteorological Department
for the 0630 IST have been taken into account
for the purpose of classifying the tropopause in
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TABLE 1

Catalogue of the dates of occurrence of ice nuelei burst and of the nearest day of oecarrenee of non-strong
tropieal/ extra-tropical tropopause

Date of ice nuclei burst Conecentration Nearest day of occurrence, Whether wind with minimum speed of 6
for which tropopause of ice nuclei within the preceding five kt has been reported on the day of tro-
8  data commencing from  (number per days of popause gap and if so maximum wind in
No. thevery day of the 1,000 litresof ——-——A— —  kt and its height of occurrence in km,
burst backwards, are air, active at non-strong tropopause reported
available —15°C) tropopause gap — A —
Yes/No kt km
1 27 Apr 1962 490 3
2 8 May 1962 127 1 2 Yes 85 13-56
3 15 May 1962 219 1 b No - -
4 31 May 1962 Sb6 3
[ 26 Jun 1862 113 Not oceurred, observations
available are few
6 20 Jul 1962 685 +
12 Oct. 1962 146 1
5 17 Oct 1962 119 4
9 1 Nov 1962 600 Not oceurred, observations
available are few
10 18 Dec 1962 130 2
11 18 Jan 1963 110 1 1 Yes 130 14-0
12 21 Jan 1963 500 1 2 Yes 115 11-5
13 23 Nov 1964 110 2 2 Yes 70 1049
14 11 Dee 1964 880 2 2 Yes 100 10+9
15 14 Dec 1964 3330 2 1 Yes 00 7+0
16 1 Jan 1965 120 3
17 10 Mar 19656 276 1
18 12 Mar 1965 338 3 1 Yes - 86 11:2
19 15 Apr 1965 113 1 1 Yes 115 14+ 4
20 20 Apr 1965 429 1 1 Yes 95 13-4
21 23 Apr 1965 158 1 1 Yes 120 12+5
22 27 Apr 1965 117 4 ) Yes 120 12:6
23 7 May 1965 121 3 4 Yes 100 12-6
24 17 May 1965 117 1 it Yes 70 1146
25 27 Sep 1965 104 5
26 12 Nov 1965 177 4
27 10 Dec 1065 154 1 & Yes 90 10+5
28 20 Dec 1965 163 2 i1 Yes 95 12#]1
20 22 Dec 1965 563 1
30 27 Jan 1966 100 2 1 Yes 90 118
31 3 Feb 1966 233 2 1 Yes 70 100
32 7 Feb 1966 179 2 1 Yes 80 10+3

33 19 Feb 1966 396

(3]
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the region on any day into one of the two broad
categories, namely, ‘strong’ which is considered
not favourable for the occurrence of downward
stratospheric transport and ‘non-strong’ which is
considered favourable for such occurrence. The
data have also been taken into account for the
purpose of reckoning whether there is extra-tropical
tropopause present in addition to the usual
tropical tropopause, giving rise to the presence of
the so called tropopause gap. The extra-tropical tro-
popause, whenever it occurs in the Indian region,
is characterized by its lower height (mean value
11:5 km) in contrast with the height of the tro-
pical tropopause which is about 16:5 km (Sivara-
makrishnan et al. 1970). The development, in the
region, of tropopause gap when the presence of
jet stream also has been indicated in the vicinity
has been considered favourable for downward
stratospheric mass transport, just in the same
manner as it has been shown to be so in the case
of extra-tropical regions by many investigators,
e.g., Reed and Danielson (1959) and Reiter (1963).
The occurrence of wind having a minimum speed
of 60 kt has been arbitrarily considered, for the
present purpose, as an indication of the presence
of jet stream in the vicinity, and this aspect has
been examined from the daily Vertical Time Section
Charts as available in the Office of the Deputy
Director General (Forecasting) of the India Me-
teorological Department. The word ‘tropopause’
wherever occurs in the present study, unless
otherwise stated, refers only to tropical tropopause.

8. Suppositionsinvelved in and eriteria considered for analysis

The mechanism of ice-nuclei transport from
stratosphere and of the possible association of ice
nuelei burst with total ozone increase and with beta
fall-out increase is considered to be as follows.
Stratospherie air, contaning ice nuclei, may pene-
trate into the upper troposphere by subsidence
or intensified mixing, whenever the interface,
which is the tropopause, is not strong or when
there appears tropopause gap and presence of
jet stream in the vicinity is indicated as stated
earlier, Then, the process of vertical mixing
brings the air mnto lower levels causing increased
ice nuclei coneentration at the ground. Some of the
ice nuclei bursts observed at the station could,
therefore, have been caused in this manner by
the nuclei entering the troposphere in regions
upstream. Droessler’s (1964) study has clearly de-
monstrated that the ice nucleus storm observed
by him did occur under nearly similar synoptic
condicions as stated above. As it is known that
stratospheric air is rich in ozone and also that
stratosphere is the reservoir for the old radioactive
debris, it is anticipated that occasions marking

ice nuclei burst at the ground, due to transport of
ice nuelei from the stratosphere, will more often
be associated with increase of total ozone and of
beta fallout.

In the present analysis the following criteria
have been considered for classifying the tropo-
pause and for defining ice nuclei burst, total ozone
increase andbeta fallout increase. Tropopause
pas beew considered non-strong when the tem-
perature lapse rate,—(37'/aZ), indicated above the
the tropopauseis greater than zero. An event of
ice nuclei burst is considered to have taken place
on any day whenever the nuclei concentration
given for that day is 100 or more per 1,000 litres
of air and is also atleast twice the value of that
of the nearest previous day for which measarement
isavailable (the day-to-day ice nuclei concentration
varied from as low a value as zero to a few hun-
dred per 1,00 litres of air). An ozone increase is
said to have taken place if an increase of atleass
90 units (milli atmo cm) has been noticed in the
value of total ozone either on the day of ice nu-
clei burst or on any day within the preceding five-
day period as compared to the value on the
corresponding previous day. It is also said to have
taken place if the value of ozone has been steadily
increasing for any length of period within the
preceding five days and the total increase noticed
during that period has been atleast 20 units,
Increase in beta fallout has been considered to
have oceurred if the value given of the beta-activity
on the very day of the ice nuclei burst is higher
than the value on the previous day by atleast 10%,.

4. Analysis and resulis

(i) Icenuclei burst and tropopause character

Information relating to the nature of the tro-
popause noticed, namely, Whetl%er _it. is s!;rong or
non-strong according to the criterion laid down
and stated above and also whether there is
present tropopause gap on the 33 instances of the
ice nuclei burst for which tropopause data, com-
menecing from the very day of the burst backwards,
are available is given in Table 1. Also given in the
table is the information whether wind having a
minimum speed of 60 kt has been reported on
each of the ‘tropopause gap’ instances and if so,
the maximum speed of the wind and its height
of occurrence on those instances. It is seen from
the table that, concurrently with the occurrence
of the ice nuclei burst, non-strong fropopause was
present on 8 instances, tropopause gap on b in-
stances and both on 4 instances. The presence of
jet stream in the vicinity has been indicated
on all the 9 ‘tropopause gap’ instances noticed,
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Fig. 1
Daily concentration of ice nuclei (number per 1,000 litres of air, active at—15°C) within the preceding five days
of occurrence of the ice nacleiburst and tropopause character (S — strong, N.8. — non-strongand TG—
tropopause gap) on the corresponding days. On days when data of tropical tropopause are not available, the
character found of the extra-tropical tropopause, if present, hag been given, Such instances have been indicated
by the additional symbol, *

If it is considered that particles would appear at
the station withina dey of their entry into the tro-
posphere in regions upstream (in the case of radio-
active particles it has been estimated to takeabout
11 hours to reach the surface of the earth from
the tropopause, according to the model deve-
loped by Kao 1966), the findings suggest that 509,
of the total number of occasions of ice nuclei
burst considered (17 out of 33) have been favoura-
ble for downward stratospheric moss transport
to occur. However, keeping in view the possibility
that the ice nuclei which enter through the tro-
popause take more time than a day to reach
the ground and that the time taken will depend
upon the prevailing conditions in the troposphere
(according to Mahlman 1969, relatively large
percentage of fallout increases have occurred
at the ground within five days of the cyclone index
decrease noticed at the tropopause level suggesting
that it could be anywhere upto five days in the
case of beta-fallout) examination has been made of
the character of the daily-tropopause indicated
on the five successive days preceding cach of the
jce nuclei burst occasions. Also, the occurrence
or otherwise of wind with a minimum speed of 60
kt has been examined, as before, on all the days
when ‘tropopause gap’ was noticed. For the pur-
pose of counting the five successive days, the day of
occurrence of the ice nuclei burst has been consi-
dered as the first day in the series. The analysis
made (Table 1) revealed that of the 33 ice nuclei
burst occasions considered as many as 31 have
been associated, within the preceding five days’
period of each such occasion, with favom:able
tropopause conditions, i.e., occurrence of either
non-strong tropopause alone or of tropopause
gap together with indication of presence of jet

stream in the vicinity, for downward mass trans-
port to take place from the stratosphere. Inalmost
all of the ‘tropopause gap’ occasions noticed the
presence of jet stream has been indicated. The
maximum winds reported on those occasions varied
from 70 to 130 kt and their heights of occurrence
varied from 7-0 to 14-4 km.

Two typical instances, one each depicting asso-
ciation of non-strong tropical tropopause and of
tropopause gap, within the preceding five days
of occurrence of ice nueclei burst, are shown in
Fig. 1.

(it) Ice-nuclei and total ozone

It is known that, photochemically, ozone is
in equilibrium above about 35 km and that the
amount of ozone present in the troposphere is
small. Any phenomenon associated with the
rariations noticed in total ozone refers, therefore,
essentially to that of the lower stratosphere. Also,
it has been demonstrated by Danielsen (1968)
that ozone is a good tracer of stratospheric air.
Monthly mean values of the total ozone con-
tent and the monthly mean concentration of
ice nuclei, for the period for which ice nuclei data
are available, are shown in Fig. 2. Though there
is no single specific trend of variation noticed
between ozone and ice nuclei over the entire period
considered, the figure revealed an interesting
feature and, that is, the two parameters varied
nearly alike over one portion of the period, namely,
September 1962 to March 1963 and also nearly in
opposite direction over another portion of the pe-
riod, namely, August 1965 to March 1966. If
o sizable fraction of the change noticed in the total
ozone is due to the phenomenon of vertical trans-
port (Reed 1950 and Kulkarni 1963) the feature
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noticed as above, while suggesting that stratos-
pheric-tropospheric transport processes could play
a role in influencing the ice nuclei concentration at
the ground, points out that the air being trans-
ported downwards from -the stratospheric exit
regions could sometimes be rich and also sometimes
be deficient in ice nuclei. The findings which are
contradictory to each other appear to be consistent,
for it is known that the stratosphere, on the time
scale of months or a year, is not a well stirred
region and, therefore, large gradients could exist
inside the stratosphere in the vertical and hori-
zontal, as has been pointed out to be the case with
radio-active debris (Machta 1961). Measurements
reported by Bigg and Miles (1964) heve also re-
vealed both high and low values of ice nuclei
concentration in the stratosphere.

(vit) Ice-nuclei burst and fotal ozone increase

The daily values of total ozone content, as
noticed on the day of ice nuclei burst as well as on
the preceding four days and on the following day,
have been examined in the case of each of the 41
out of the 43 occasions of the ice nuclei burst
for which ozone data are available. The analysis
(Table 2) showed that ozone increase occurred,
within the preceding five days’ period of the burst
occasion, only on 11 occasions. The findings point
out that downward mass transport from the
stratosphere, of the magnitude required for de-
tection by a well defined ozone increase, has taken
place only on a small fraction of the ice nuclei
burst occasions considered, 7.e., 11 out of 41.
No ozone increase of the magnitude considered,
i.e., of 20 units, has heen noticed on any occasion
on the same day as of the ice nuclei burst.

() Tce-nuclei burst and beta fallowt increase

Considering the period for which daily data of
beta-activity are available it is noticed that, of
the 21 occasions of the ice nuclei burst ohserved
during that period, as many as 16 have been
associated with beta fallout increase (of magnitude
10% and more) as shown in Table 3. As radio-
active dust is known to be stored for much longer
periods in the tropical stratosphere — estimated
mean residence time for tropical stratosphere is
5 years (Staley 1962) — the results of the analysis
help confirm the possibility that prevailing stra-
tospheric exchanges do influence the observed
ice nuclei concentrations at the ground. The results
also lend support to one of the assumptions invoiv-
ed in the study, namely, that the ice nuclei from the
stratosphere and the beta fallout have similar
life times in the troposphere.

(v) Tee nuclei burst, total ozone increase and the
beta fallout increase

Of the 21 instances of the ice nuclei burst for
which beta fallout and ozone data are hoth avail-
able, only 5 instances have been found to be
common for all (Table 3). The finding suggests
that there could be a common controlling source
for the three parameters, i.e., ice nuclei, ozone
and beta fallout, atleast on those b occasions,
which is definitely the stratosphere.

(vi) Correlation between ice nuclei and tolal ozone

The correlation coefficient between the daily
values of ice-nuclei concentration and the corres-
ponding total ozone content has been calculated
for the one year period, March 1965 to February
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TABLE 2

Catalogue of the dates of occurrence of ice nuelei burst and of
the day of occurrence of total ozone increase

TABLE 3

Catalogue of the dates of occurrence of ice nuclei burst, beta
fallout increase and total oz.ne increase

3, Date of ice Concentra- Day of occurrence,
No, nuclei burst for tion ofice if any, of total ozone
which ozone nuclei increase of 20 or
data are (number per more units within
available 1,000 litres  the preceding five
Of.air_. days
active at
—15°C)
1 3 Mar 1962 500 4(27)
2 9 Mar 1962 2080 2(28)
3 27 Apr 1962 490
B 8 May 1962 127
] 15 May 1962 219 3(47)
G 26 May 1962 271
7 31 May 1962 896
8 26 Jun 1962 113
9 20 Jul 1962 685 No carlier observation
10 1 Oct 1962 107
11 12 Qct 1962 146
12 17 Oct 1962 119 2(24)
13 1 Nov 1962 600 2(36)
14 16 Nov 1962 171
15 14 Dec 1962 160
16 18 Dee 1962 131
17 31 Dec 1962 180
18 9 Jan 1963 200 2(33)
19 18 Jan 1963 110 No earlier observation
20 2] Jan 1963 500 Do.
21 23 Nov 1964 110
22 11 Dec 1964 880
23 14 Dec 1964 3330
24 1 Jan 19656 120
25 10 Mar 1965 275
20 12 Mar 1965 338
27 15 Apr 1965 113 4(54)
28 20 Apr 1965 429 3(20)
20 23 Apr 1965 158
30 27 Apr 1965 117
31 7 May 1965 121
32 17 May 1965 117
83 27 Bep 1965 104
34 12 Nov 1965 177
35 10 Dec 1965 154
36 20 Dec 19656 163
37 22 Dee 1965 563 1(24)
38 27 Jan 1966 100 2(30)
39 3 Feb 1966 233 1(27)
40 7 Teb 1966 179
41 19 Feb 1966 396
42 24 Feb 1966 571
43 5 May 1966 155

Norg—Figures in brackets under last column indicate
actual inerease noticed in

ozZone

units of milli-atmo-cm

value

m

Date of ice Whether beta fall- Whether
S. nuclei burst for out increase occu- ozone in-
No. which beta fall- rred on the same  crease of 20
out data are day and if =o per- units or
available centage increase  more obser-
noticed over the ved within
previous day (given the preeed.
in brackets) ing five
days
1 3 Mar 1962 No Yes
2 9 Mar 1962 Yes (23) Yes
3 27 Apr 1962 No
4 8§ May 1962 Yes (10)
5 15 May 1962 Yes (47) Yes
G 20 May 1962 Yeos (4)
7 26 Jun 1962 Yes (12
8 20 Jul 1962 Yes (131)
t 1 Oct 1962 Yes (84)
10 12 Oct 1962 Yes (33)
11 17 Oct 1962 Yes (207) Yes
12 1 Nov 1962 Yes (15) Yes
13 16 Nov 1962 Yes (41)
14 14 Dec 1962 Yes (107)
15 18 Dee 1962 Yes (13)
16 31 Dec 1962 Yes (3)
17 9 Jan 1963 Yes (14) Yes
18 18 Jan 1963 Yes (81)
19 21 Jan 1963 Yes (62)
20 7 May 1965 No
21 17 May 1965 Yes (86)

1966. 1i has also been calculated for conditions of
ice-nuclei concentration leading and lagging the
total ozone content upto 11 days in steps of one
day. The values obtained of the correlation co-
efficient, although very small, are found more sig-
nificant only for lag or lead of 7 %o 8 days (vide
Table 4). The feature noticed points out that there
is a weak but definite common periodicity in both
the parameters which is perhaps due to the presen-
ce of a common controlling influence. As it has
been established that variations which occur in the
total ozone are largely due to the variations which
take place in the ozone content in the lower
stratosphere (e.g., Dutsch 1966 and Kulkarni 1966),
the inference as above suggests the possible exist-
ence of propagating wave disturbance at that level
with a periodicity of around 15 days. It may

be noted in his connection that observational
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TABLE 4
Correlation coefMcients between ice nuclei and fotal ozone (Data from March 1965 to March 1966)

Lag in days

5 6 7 8 9 10 11

(A) Ozone lagging

Correlation
coefficient +0:06 —0'04 —0:06 —0:01 005
Sample nize] 257 257 256 2565 257

Significance level

4-0:01 +40-07 -+0-12 +0:11 4003 —0'05 —0'07

258 257 258 258 265 253 253
10%  10%

(B) Ice nuelef lagging

Correlation
ooefficient

Sample size 257 254 256 256 257

Significance level

4005 +40:06 +0-04 +0:03 —0°02 —0°03 +40:02 +40-10 +0-15 +0-12

+0-11 40-11
261 257 260 259 256

10% 10% 10%

€L

259 25§

10% 5%

TABLE 5
Auto-correlation coefficients of tofal ozone with given lags

Lag in days Correlation Sample Lag in Correlat.on Sample
cosfficient size days coefficient Bize
0 1-00 356 9 0-48 320
1 0-84 342 10 0-44 321
4 e 339 1 0-40 321
3 0-63 336 12 OvdS 540
: nibes > 13 0-42 319
b 0-58 328
i 0-57 996 E 14 044 318
7 0-55 324 15 0-44 316
8 063 322 16 J 0-43 314

evidence hag also been cited which strongly suggests
that such wave disturbances are present in the
tropical stratosphere (Wallace and Kousky 1968).

(vii) Total ozone values and auto-correlation
coefficients

If a propagating wave disturbance is to be pre-
sent at stratospheric levels with a periodicity of
around 16 days as suggested above the daily
ozone data, when subjected to auto-correlation
analysis, should help reveal the existence of such
feature. However, the auto-correlation coefficients
found of the daily ozone data for the period March
1965 to February 1966 for time lags upto 15 days
have not shown minimal values around the 7th
day (vide Table 5), which is contrary to what has
been anticipated. Perhaps, the study calls for
further analysis and examination of data of ice
nuclei and of total ozone over longer periods.

(vii) Ice nuclei content at ground and oyclogenetie
processes at tropopause level

Mahlman (1969) has shown that short term sur-
face radioactive fallout increases are statistically
related to rapid decrease in the cyclone index
which is indicative of cyclogenesis at tropopause
level, Considering that ice nuclei from the stratos-
phere would be like radioactive fallout in their
response to the cyclogenesis at the tropopause
lovel, analysis has been made of the cyclone
index variation at the 200-mb level for the period
March to December 1965 with a view to examining
the correspondence, if any, between the epochs
of oyclona index variation and the epochs of the
joe nuoclei increases inclusive of the bursts. The
oyclone index ‘C” according to Mahlman (1969)
is given by — v

(72}

C=1— ) where, () operator
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Daily variation of cyclone index, ice nuelei concentration
(number] per 1,000 tlitres of air, active at —15°C) and
total ozone (milli-atmo-cm)

is a zonal average and ¥ is defined as the deviation
of the wind direction at a point from a zonal direc-
tion of 270°, i.e., the acute angle between the wind
direction and the east-west line. It has been cal-
culated for the region around 28° 30’ N, covering
from 22°N to 35° N, within the longitude interval
60°E to 95°E, by considering the data from ell the
available stations within this geographical boun-
dary. The analysis made has, however, not shown
consistent relation between the cyclone index
variation noticed and the ice nuclei increases
observed including the bursts. Values obtained for
two representative months are shown in TFigs.
3(a) and 3(b). The values of ozone and of beta
fallout where available have also been shown,
plotted in the figures.

5. Discusslon

Examination, by different methods of approach,
of the question of whether there could have
occurred downward mass transport from
stratosphere on the specific instances considered
(ice nuclei burst occasions) has not revealed
unique answer. The association noticed of
the favourable stratospheric conditions for
mass transport to occur from the lower stratos-
phere, with fifty per cent of the ice nuclei burst
occasions (17 out of 33) on the same day of
occurrence of the burst and with more than ninety
per cent of the ice nuclei burst occasions (31 out;
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Daily variation of eyclone index, ice nuclei concentration
(nnmber per 1,000 litres of air, active at —15°C), total
ozone (milli-atmo-em) and beta fallout (micro micro

curie per 1,000 litres of air)

of 33) within the preceding five days of occurren ce
of the burst, and the ocenrrence, on the same day,
of beta fallout increase on more than seventy-five
per cent of the ice nuclei burst oceasions (16 out of
21) strongly suggest that stratospheric air would
have intruded into the troposphere on the oceca-
sion of ice nuclei burst and that, as a result, the
troposphere would have been enriched on such
occasions with particulates of ice-nucleating
capability.  But, the other features noticed,
namely, the small traction associated of the ice
nuclei burst occasions with a well defined ozone
increase (11 out of 41) and the lack of a single
specific trend in the variation between the total
ozone content and ice nuclei concentration do not
fully support the above contentions. However,
these features do not also lend support to the view
that neither stratospheric air has intruded into
the troposphere on any of the occasions of the
ice nuclei burst nor that stratospheric air is
always poor in ice-nuclei content. Keeping in view
that there have been definitely occasions, although «
few in number, which have been common to ice

nuclei burst, ozone increase and beta fallout

increase the study points out that the source of |
origin of part of the ice nuclei noticed at the ground |
could sometimes be traced back to stratospheric

levels. The study does not reveal and also is not

aimed at todknowing the primary source of origin

of the ice nuclei likely to be present in the stratos-

pheric levels, Such nuclei may or may not have been
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originally generated in the stratosphere. The nuclei
could have been there trapped in from above (from
extra-terrestrial sources) and also from below (from
ground sources by transport through cumulonim-
bus tops).

The conditions under which ice nuclei transport
from the stratosphere is favoured most should be
identical to those which have been found to be
conducive for mass exchanges to occur from the
stratosphere to the troposphere as by various
investigators, e.g., Reed and Sanders (1953), Reed
and Danielsen (1959), Kroening and Ney(1962) and
Reiter and Mahlman (1965). The association
found of one or the other of the favourable con-
ditions, namely, non-strong tropopause or presence
of tropopause gap with indication of jet stream
in the vicinity, with a very large percentage of
the observed ice nuclei burst occasions within
the stipulated five days’ period preceding
the burst occasions (31 out of 33 considered),
confirm this view-point. Also, the possibility of
propagating wave disturbance at stratospheric
levels with a periodicity of around 15 days referred
to earlier further increases prospects of stra-
tospheric mass transport downwards when condi-
tions are favourable.

Regarding the physical processes by which the
stratospheric transports contemplated are effected,

it is to be noted that according to Newell (1963
and 1964) eddy transport processes in the lower
stratosphere are responsible for the annual vari-
ations noticed (Maximum in spring and in middle
latitudes) in surface fallout and total ozone. Also,
according to Mahlman (1969), shorter period
fallout increases seem to be controlled by eyelo-

genetic processes at the tropopause level. The
present study which has not indicated a definite
spring maximum in the ice nuclei content (vide
Fig. 2) and which also has not shown, as already
pointed out, consistent association between the
ice nuclei increase at the ground and the cyclone
index decrease at the tropopause level does not
help throw light on the processes by which those
ice nuclei, suggested to come from the strato-
sphere. are transported downwards. Tt is true,
however, that whereas in the case of total ozone
and old beta fallout stratosphere happens to be
the only, or atleast the major, source region, it is
not so in the case of ice nuclei. It may be difficult,
therefore, to visualise, by ice nuclei measurements
alone, any of the possible physical processes which
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are responsible for the transport downwards of the
ice nuclei from the stratosphere unless such nuclei,
in course of the measurements, are distinguished
from those being contributed by the remaining
source regions and this, for the present, appears
to be a remote possibility. However, observations
made over longer time periods than considered
here and also at different latitudes are of useful
value in this regard.

8. Conclusion

The study has shown that downward ice nuelei-
transport from the stratosphere is a strong possi-
bility and that, therefore, by implication, the
stratosphere could be rich in ice nuclei. Also, it has
suggested that there could be a propagating wave
disturbance with periodicity of about 15 days
at stratospheric levels. The inferences drawn have
not. been reflected equally strongly in the results
obtained by all the methods of analysis considered.
Further examination of data (ice nuclei, beta
activity and ozone) concurrently collected over
longer time periods becomes, therefore, necessary
before definitive conclusions are possible.

The view that there could be linkage even
between the gross atmospheric particulate
content (ice forming aerosol does form a fraction
of it, although extremely tiny) and the stratos-
pheric global circulation is beginning to emerge;
for recent measurements reported of atmospheric
turbidity over the United States (Flowers et al.
1969) have revealed highest turbidity values over
Boulder and Idaho Falls in the month of May
which also happens to be the period for the occu-
rrence of peak total ozone values in mid-latitude
U.8. stations. As a multiple structure of tropopause
is frequently observed at many latitudes (Flohn
1963) and also as occurrence of non-strong tro-
popause may not be limited to particular latitudes,
the phenomenon of exchange of air between stratos-
phere and troposphere may have to be considered
as global in extent. Such phenomenon, when
becomes strong enough on critical occasions, may
exercise large scale influence on weather on
account of the prominent changes likely to be
brought about on those occasions in the ice nuclei
concentrations of the air in lower tropospheric
levels.
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