Abstract

Vertical distribution of ozone at Japanese Antarctic station Syowa, 69°00’S,
39°35’E, was observed by means of carbon-iodine type chemical ozonesondes.
Main purpose of this report is to give the results obtained by the soundings
during the period from March 1966 to January 1967. Describing the data reduc-
tion method with some related problems, 28 vertical ozone distributions are given
in ozonagrams and tables. A smoothed time-height cross section of ozone partial
pressure is presented, with discussion on the seasonal characteristic ozone profiles
and the ozone changes in each layer during the stratospheric sudden warming
in 1966. Also, it is noted that the tropopauses are found 1-2km above the
level where ozone begins to increase upwards into the stratosphere.



1. Introduction

When the Japanese Antarctic station Syowa, 69°00’S, 39°35’E, was reopened,
after four years of closure, in January 1966 by the 7th Japanese Antarctic
Research Expedition team, observations of vertical distribution of ozone with
ozonesondes were added to the total ozone measurements with a Dobson spectro-
photometer. As observation by the optical ozonesonde is impossible during
the polar night period, it is essential to use a chemical type ozonesonde. At the
stage of preparation of the 7th JARE team, the titration type chemical ozone-
sonde (KoBavasHr and Tovama, 1966a) was under development in Japan, and
REGENER’s chemiluminescence sondes and MasT’s chemical sondes were already
put to practical use in U.S.A. and other countries. But the titration type sondes
required a troublesome treatment before each flight, and, so, another type of
chemical ozonesonde was urgently developed. This new type of ozonesonde was
a “carbon-iodine” type (KoBavasHI and Tovama, 1966b) or named KC-type. After
several test flights at Tateno Aerological Observatory in Japan, 49 sets of the
sondes were transported to Syowa Station.



2. Outline of KC-65 Ozonesonde

The carbon-iodine ozonesonde was described in detail by KoBavasH! and
Tovama (1966b), but here the principle of ozone measurement and functions of
the sonde are briefly given with Fig. I.
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Fig. 1. Block diagram of the carbon-iodine ozonesonde KC-65.

The air involving ozone is pumped into the potassium iodide solution in the
reaction cell through a capillary tube, and then the ozone reacts with the solu-
tion and liberates free iodine.

In KI solution : 2KI s 2K++21-.
With ozone : 2I-+0O;+H,0 - 1,+0O,+20H".

The free iodine is reduced back to iodide by contact with the platinum gauze
electrode.

At Pt electrode : I.+2e —21-.
On the other hand, the reaction at the activated carbon electrode produces
electrons.

At Carbon electrode : 20H-+C — CO+H,0O +2e.

Accordingly, one ozone molecule produces a current of two electrons.

The reaction current ¢ is amplified by a circuit and the output modulates
the carrier frequency of 1680 MHz. The modulation frequency varies from 70
to 190 Hz depending on the change of the reaction current of 0 to 15 pA.
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Besides the ozone detector mentioned above, there are two thermistors for
the ambient temperature 7. and for the inside temperature 7, of the reaction
cell. Through a switching system, each of signals i, 7, and 7. is transmitted
for about 10 seconds one after another, and once every five cycles of the signals
two standard marks 0 and § (about 8 pA) for the reaction current are inserted
in place of T and 7. respectively. Thus the sequence of the signals becomes as
follows :

108, (ToTe, iTaTe, iTaTe, iTaTe, 108, iTaTesunnnn..n. ...

Also, an aneroid barometer switch shorts the output circuits of i, 72 or 7T,
at 17 pressure values, which are calibrated beforehand, transmitting 0 ohm refer-
ence for the thermistors as well as the pressure signals.

The two thermistors and the transmitter are those of the same specifications
as the routine rawinsonde RSII-64 used at Syowa. The ozonesonde including
power supply is enclosed by a Styrofoam box, except the thermistor for air
temperature, and the aneroid switch, and hence the temperature 7% inside the reac-
tion cell is kept almost above 0°C even in the cold stratosphere in polar winter.



3. Data Reduction

3.1. Basic formulas

When the pumping rate of air is denoted by V. (m//min) and the ozone
density by o (#g/m?), where the suffix ¢ means the values in the pump and
detector cell system, the number of ozone molecules reacting in the cell per
second is expressed by

N="Ve . oy + 10-2/(7.97 x 10-2 g),
60
where the denominator is the weight of one ozone molecule.
By the reaction described in Section 2, one ozone molecule produces a two-
electron current, therefore the reaction current : (#A) is

1==2eN x 108, e=1.602x10-*® coulomb.
P3c=14.92x 10% x ¢/ V.. 1)
Now, denoting the volume of free air by V, (m//min), which is drawn into
the pumping system per minute, the ambient temperature by 7. (°K), the

temperature inside the reaction cell by 7t (°K), and the ozone density in the
atmosphere by ps,

Va,/ Ta,: Vc/ TC; Pa Vazpac Vcs

pa:P3cTc/Ta:14.92X 103 x ;c | ‘;:. (2)

3.2. Derived formulas
After the computation of p;, the following quantities are derived with the
formulas given by Gobson (1962).
The ozone partial pressure P; (#mb) and the ozone mixing ratio r, (pg/g) are
given by
P,=1.732 x107% x T40,=25.84 x i T[ Ve, €))
75=1.657 P,/ P, 4

where the denominator P (mb) is the ambient air pressure.
The integrated ozone amount 42 (matm-cm) between two altitude Z;, Z. (km)
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or P, P, (mb) is given by

Z2
A.Q:0.0467IS 0:dZ, (2, < Zs), ©)
Z,
Py
—0.4761 SP rodP, (P>Py), 6)
P: P,
—0.7890 SP Pudln P= 1.8167SP P,dlog P. @)

Note the difference between the two coefficients in eqs. (5) and (6).

In the eqs. (2) and (3), the reaction current ¢ might be biased by a background
current and the air flow rate V. may change with the pumping efficiency at low
pressures. These will be considered in the following sections.

3.3. Pumping efficiency at low pressures
According to KosavasHr and Tovama (1966 a, b), the pumping rate V. at
ambient pressure P (mb) is expressed empirically by

Ve 1 1

71K~ am), ®
where V, is the flow rate at 1000 mb, and K is a constant. Denoting the pressure
at which V. becomes 0 by P,

1 1 1 1

K P, 1000 Py,
because P; is usually smaller than 10mb. That is, K may be determined em-
pirically by ambient pressure Ps where the bubbling in the reaction cell stops.

This kind of experiment was performed with a pump and reaction cell
block of the KC-65 ozonesonde which was spared for two years after it was
manufactured. Instead of the reaction solution, Apiezon oil was used, which
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Fig. 2. Bubbling rate at low pressures, for the pump-reaction cell system
of the KC-65 ozonesonde.
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hardly boils even under low pressures. The result is shown in Fig. 2, and the
bubbling stops at 0.87 mb. Taking into account the density difference between
Apiezon oil and the reaction solution, K becomes 1.8 or nearly 2mb.

According to the tests made immediately after the production of the ozone-
sondes for the use at Syowa Station, three bubbles per second, in average, were
found at 5mb. This seems to show a better efficiency than the result in Fig. 2.
But, before the flights are made at Syowa Station, half a year to more than one
year has lapsed since the pumps of ozonesondes were lubricated. So, the value
K=2mb was used in the computation.
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Fig. 3. Pumping efficiency at low pressures. Vo and V. are the flow
rate at 1000 mb and Pmb respectively. Curves 1 and 2 are eval-
uated from eq. (8) for the cases of K=1 and K= 2 mb respectively,
and curve M is the flow-rate factors for Masr-BREWER sonde.
Curve 2 was used in our computation.

Komuyr and Harris (1965) reported the pump efficiency of MasT-BREWER
ozonesonde. Their result is shown in Fig. 3, in comparison with the curves
valuated by eq. (8) for the cases of K=1 and K=2mb. Below 100mb level
in the atmosphere, the efficiency has no change practically. Above 5 mb level,
the efficiency decreaces rapidly and may differ considerably with each pump.

3.4. Background current

Although the cause of background current is not known well, the current
seems to depend on the degree of activity of the carbon electrode and on the
time lapsed after the solution was poured into the detector cell.

The records of the background current at the beginning of bubbling before
each flight showed 0.64+0.4 pA in the average. But this value seems too large,
because the background current at the beginning of air bubbling increases
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abruptly about 2-10 times as much the value before the bubbling, and then the
background current with bubbling decreases gradually until it reaches a constant
value which may be the true background current. The following may serve as
an evidence for estimating the constant value.

Ozone reaction currents during the descent after the balloon burst were
usually of the same order as in ascent, but with some time lag due to the
faster descent. In one case, the background current recorded before the flight
was 0.68 ¢A, but the current during the descent was almost constantly 0.2 pA.
This might be interpreted as the real background current bacause the rubber
film of the broken balloon covered presumably the air inlet tube.

Therefore, in computation of ozone amounts with eq. (2) or (3), one-third of
the background current recorded before each flight was subtracted from the
reaction current recorded during the ascent.



4. Flight Preparation and Selection of Reliable Data

4.1. Pre-flight treatment
The potassium iodide solution for the reaction with ozone was composed of
the following chemicals.

Na.HPO, : S5g
KH,PO, : 5
KBr : 100

KI : 0.2
H,O : 500 ml.

The solution was used after more than one week from the time it was prepared.

Each ozonesonde was checked, a few days before the flight, about the
amplifier, transmitter, sequence switch system and barometer, and one electrode
of the reaction cell was deposited with active carbon paste, and then the solu-
tion was supplied into the cell.

Immediately before the flight, the polyethylene inlet tube was conditioned by
exposing it to ozone-rich air for about half an hour, the gain of the amplifier
was re-adjusted and calibrated, and finally the background current with bub-
bling was recorded, while the flow rate of air sampling V, was measured (about
400 m//min).

4.2. Flights

The weight of a KC-65 ozonesonde including water activated batteries was
about 2.5kg and the ozonesonde was ascended by a 2kg balloon with a net lift of
about 3kg. The balloon was inflated outdoors because the hut for inflating a 600g
balloon for routine sondes was not large enough for the 2kg balloon, hence
flights of ozonesondes were limited only on days when the surface wind speed
was less than 2 or 3m/s. (This situation has been improved since a new larger
balloon hut was constructed in 1967.)

Among the 49 ozonesondes transported to Syowa Station, 3 ozonesondes
were rejected due to faults in electric circuits, 2 showed no ozone change during
the flights and 4 failed to reach the 100mb level. From the remaining 40 flights,



Table 1.

Ozonesonde soundings at Syowa,

Mar. 1966 to jan. 1967.

. . HngElEsitdlevel | Dobson g | . - |  Highest level Debson
Pres. Height ratio 1 ) ate ] Pres. Height ratio
(mb)  (gpm) | (mb)  (gpm)
1 1966 Mar 17 19.7 26928 1.126 \i 15 1966 Aug. 23 ; 54.4 17936 | ...
2 Apr. 12 27.3 23561 | ... \ 16 29 | 29.8 21088 | ...
3 20 26. 2 23955 | ... '\‘ 17 Sept. 6 ‘l 30. 4 21516 1. 153
4 29 52.9 19338 | ... ‘[ 18 19 |' 15.5 25646 1.375
5 May 11 41.0 21098 | ... [ 19 27 } 52.0 18435 1.375
6 19 30. 2 23033 | ... i 20 Oct. 5 27.9 22356 1.165
June 2 22.0 24499 | ... i 21 13 14.7 27149 1.158
8 6 48. 6 19391 | ... F 22 20 | 13.1 29302 1. 301
9 18 60. 6 17619 | ... 23 24 16.6 26840 1.538*
10 30 62.0 17638 | ... 24 30 14.9 27474 1.336
11 July 5 60. 2 18065 | ... E 25 Nov. 26 24.5 25681 1.453*
12 22 53.6 18218 | ... E 26 29 23.1 26147 1.377
13 Aug. 5 33.6 20665 | ... | 27 Dec. 12 29.0 24571 1. 240
14 18 44.1 19180 | ... I 28 1967 Jan. 11 23.9 26001 1.519%
* 1) 1966 Oct. 24 : Measurement of flow rate was uncertain, but this was covered by the correction with the Dobson ratio.
2) 1966 Nov. 26 : Record of ozone reaction current was interpolated for 120mb to 56 mb.

3)

1967 Jan. 11 : Flight was made on the 26th day after depositting carbon paste and supplying solution into the detector cell.
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28 were selected as reliable soundings by the following criteria :

1) Maximum altitude reached should be higher than 70mb level,

2) “Dobson-ratio”, which is explained in Section 4.3, should be less than 1.35.
Table 1 summarizes the 28 flights selected by these criteria, with the highest
level reached and the Dobson-ratio.

The 70mb level in the first criterion might be too low at middle and low
latitudes. But in the polar region, the maximum density of ozone is found
usually near 100mb, and the mean maximum level of soundings lowers to 50mb
in the winter season. Thus the 70mb was chosen as one of the criteria.

4.3. Dobson-ratio

The “Dobson-ratio” is the ratio of a total ozone amount measured by a
Dobson spectrophotometer to a total ozone obtained by an ozonesonde. The
former should be the value at the time closest to the latter. The latter is
estimated by extrapolation assuming a constant mixing ratio above the highest
level reached by the sounding.

The second criterion in Section 4.2 was chosen by the following reason.
In 9 cases, which reached a level higher than 30mb and were judged as complete
performance by the records of the sounding, the mean Dobson-ratio was 1.25 and
the standard deviation ¢ of the ratio was 0.10. None of our cases at Syowa
showed the ratio lass than 1.0 (Table 1). The ratios on MasT-type ozonesonde,
as other examples, were 1.10+0.12 at Boulder, Colorado (HErRING and DtTscH,
1965) and 1.26+0.11 at Christchurch, New Zealand (Ozone data for the world,
1965). Therefore, if the ratio was larger than 1.55 (=1.25+30), it was judged
that the performance of the sounding was failed by some unknown causes which
might be lowering of the sensitivity of the detector, the pumping efficiency or
others.

When the Dobson-ratio was less than 1.55, this ratio was multiplied by the
raw ozonesonde data at each level in order to adjust the total ozone amount
estimated to that obtained by the Dobson spectrophotometer. By this correction,
the ozone loss due to the intake system, 2-3% according to KoBavasur and
Tovama (1966b), was also covered.

4.4. Winter data

For a period April through August, however, no Dobson value was obtained
on account of the low solar altitudes or the polar night. Therefore, the raw
ozonesonde data were not corrected.

This treatment might be supported by the fact that the mean total ozone
amount measured by a Dobson spectrophotometer with the ‘forcussed image
method’ was 309matm-cm in the same period at Roi Baudouin, 66°40’S, 24°19E,
the nearest station to Syowa (Fig.5), and the total ozone amount estimated from
the mean vertical distributon of the raw data of 15 soundings at Syowa for the
winter period was 311, nearly corresponding to the former without correction.

But in these cases with no correction, the ozone loss due to the air intake
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system was not corrected either, and the true ozone values might be a few per-
cent larger.

4.5. Accuracy

According to KoBavasHr and Tovama (1966b), the exponential response time
of the detector cell is 15-30 seconds, and the observational error of ozone partial
pressure P; is less than 10 pmb. If we assume an increase of 4P;=+10pmb at
10mb and all levels below and an increase of mixing ratio 4ry=+1.657ug/g
(corresponding to 4P;=+10pmb at 10mb) above 10mb, then the increase of the
total ozone would be 44matm-cm, which corresponds to 10-15% of total ozone
values.
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5. Results

5.1. Data presentation

Ozone amounts were computed at the levels for every minute in each flight,
with the egs. (2), (3), (4) and (7), substituting V. of eq. (8) with K=2.0, taking the
background current into account (Section 3.4), and then multiplied by the Dobson
ratio (except for flights with no Dobon value from April to August). Finally,
ozone values at standard levels, which were chosen at smaller intervals above
100mb level, were interpolated from the values at every minute.

Ozone partial pressures thus computed and temperatures were tabulated in
Annex, and those profiles were produced in ozonagrams (Figs. 10-19). The tropo-
pause in each flight was chosen at the level where the temperature lapse rate
becomes small somewhat abruptly, and it was marked with a small circle in the
profiles of ozone and temperature.

Monthly means of ozone partial pressures at each standard level were cal-
culated from the individual soundings in each month. But, in each of the months
of March, December 1966 and January 1967, only one flight was made and the
average of the three soundings altogether was taken as for summer season.
These means were also tabulated in the Annex. Above 70mb level, some
soundings terminated at lower levels than other cases, hence the mean values
up to 25mb were estimated by extrapolation considering the upward tendency
of ozone partial pressures and of mixing ratios.

5.2. Seasonal changes of ozone layer

The height-month cross-section of ozone partial pressure was constructed (Fig.
4), using bimonthly means calculated from each monthly mean. The mean tropo-
pause in Fig. 4 was estimated from the monthly mean temperature profiles of
routine soundings.

The layer of maximum partial pressure lies between 100 and 50mb, or roughly
between 15 and 20km heights. In summer, except November, the layer of ozone
maximum is higher than 60mb (20km), and in winter it is lowest at about 70-
80mb (16km). This seasonal tendency is qualitatively the same as shown in the
cross-sections of ozone densities reported by MacDowaLL and SmitH (1962) on
Halley Bay (75°31'S, 26°44'W) and by WavanT (1967) on the South Pole. The
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Fig. 4. Height-month cross-section of ozone partial pressures, at Syowa (69°00’S, 39°35'E),
Mar. 1966 to jJan. 1967. OM : layer of ozone maximum. OS: layer of ozone
secondary maximum and its trace. TR : tropopause level.

maximum values of ozone partial pressure increase from 130xmb in autumn to
180 #mb in spring, and decrease after summer.

The tropopause is found at the level where the ozone partial pressure is
about 20-30pmb, and highest in winter and lowest in summer. The upward
increase of ozone partial pressure starts usually at 1-2km below the tropopause
(Section 5.5).

The maximum ozone partial pressure in November to December, after the
spring stratospheric warming with maximum total ozone, is about 200p#mb and
the level of it lowers to 100mb (16km) abruptly from the general tendency (Fig.
4). This lowering of the ozone maximum seems to continue to the tongue at
200mb in January, broadening the ozone layer and giving a secondary maximum
in the lower stratosphere. This secondary maximum appears intermittently until
July, becoming weaker gradually.

Table 2 shows the yearly mean of fractional ozone amounts in several layers.
Very roughly speaking, half of the total ozone amount exists below (or above)
the 50mb level (20km in height).

Fig. 5 shows the seasonal change of total ozone amounts measured by the
Dobson spectrophotometer at Syowa. For comparison and to know the winter
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Table 2. Fractional ozone amount in each layer, yearly mean at Syowa.
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Fig. 5. Seasonal changes of total ozone amount at Syowa and Roi Baudouin.

Fig. 6. Seasonal changes of ozone amount in each layer of surface-400mb,
200-200mb, 200-100mb, 100-50mb, 50-25mb and above 25mb, at Syowa.
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ozone amount, the total ozone at Roi Baudouin measured with the “forcussed
method” was also shown.

The changes of ozone amount in each layer are shown in Fig. 6, in which
the ozone amount above the 25mb level is estimated by the assumption of con-
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stant mixing ratio. The dips in April in Fig.6 correspond to such tendency as
shown in Fig. 5. The ozone amounts at 200-100mb and 100-50mb levels in-
crease through winter. The sharp increase of total ozone from September to
November (Fig. 5) is due first to the ozone increase above 350mb, and then to the
increase at 200-50mb levels (Fig. 6). This is shown more clearly in Table 3 and
Fig. 7. That is, the ozone increase begins above the level of maximum ozone
partial pressure in September to October, and then it shifts downwards to the
lower stratosphere in October to November. In the same period, the temperature

Table 3. Monthly increase of ozone (matm-cm) in each layer, at Syowa.

Sept. to Oct. Oct. to Nov. Nov. to Dec. Dec. to Jan.
Above 25 mb +23 + 2 -3 — 8
25 - 50 +15 -2 — 4 —-10
50 — 100 -3 +13 -9 \‘ —26
100 - 200 - 8 +31 —25 ‘ - 8
200 - 400 -2 + 7 + 4 ‘ +9
400 - surf. -1 — 6 + 1 1 — 4
Total . +24 +45 | —36 i —47
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Fig. 7. Monthly mean pro files of ozone partial pressure and temperature in spring

at Syowa. Ogzone increase during the stratospheric warming period begins
above 60mb level and then shifts downwards.
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at 20mb increases from —70°C to —20°C (Fig. 7). In November to January, the
ozone increase is limited around the tropopause height (Table 3 and Fig.6). The
major decrease of total ozone (Fig. 5) in November to January occurs first below
the level of maximum ozone partial pressure and then above it (Table 3), grad-
ually broadening the ozone layer through autumn.

5.3. Representative mean profiles of ozone and temperature

Fig. 8 presents the mean vertical profiles of ozone partial pressures and of
temperatures for summer-autumn, winter and spring. The temperature profiles,
which are averages of the routine radiosonde observations, show distinct contrasts
with one another.

The summer-autumn temperature has a sharp negative lapse rate just above
the tropopause and is nearly constant vertically (around —40°C) throughout the
stratosphere. ~ Corresponding to this, the summer-autumn ozone profile has a
clear secondary maximum around 200mb.

The winter temperature decreases upwards even above the tropopause, and
the tropopause is less significant. The level of maximum ozone partial pressure
lowers to 70-80mb (16km) and the secondary maximum diminishes in the mean.

The spring temperature profile has a negative lapse rate throughout the
stratosphere, but in the troposphere it is nearly the same as in winter. Ozone
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Fig. 8. Mean profiles of ozone partial pressure and temperature at Syowa, for
summer-autumn (Dec. to Mar.), winter (Apr. to Aug.) and spring (Sept. to Nov.).



18 Vertical Ozone Distribution at Syowa Station, Antarctica
e T T T T T
20
50
L Summer-Autumn B
= L ,/ £ — Winter _
E L- P anana Spring -
(] f— —
Z 100
g
o / —= —
, - i
200 e =
////
7
L[ 4
I f
50 P -]
C 1 1 ] ] ! i
|0000 4 8 |12
Ozone mixing ratio r; (ug’g)
Fig. 9. Mean profiles of ozone mixing ratio at Syowa, for summer-autumn
(Dec. to Mar.), winter (Apr. to Aug.) and spring (Sept. to Nov.).
Table 4. Vertical gradient of ozone mixing ratio (yg/g/km) at Syowa.
Summer-Autumn Winter Sprmg
Dec. to Mar. [ Apr. to Aug. Sept. to Nov.
25 - 50 mb | 0.30 ! 0.37 0.39
\

50 - 100 0. 66 i 0. 57 0.65
100 - 200 | 0.35 | 0.45 0. 60
200 - 400 | 0.126 | 0. 062 0.087

0.005 J 0.004 0. 003

400 - 850 ‘

profile shows an increase in the entire stratosphere.
Fig. 9 is the vertical profiles of ozone mixing ratio for the different seasons.
The mixing ratio in the stratosphere increases upwards steadily and the level of

maximum mixing ratio does not appear up to 25mb (25km).

But the wvertical

gradient of ozone mixing ratio, as shown in Table 4, has a maximum of 0.5-
0.7 zg/g/km in the 50-100mb layer, above which it tends to decrease.
In the case of summer-autumn in Fig. 9, if the constant mixing ratio is

assumed above the 25mb level,

the total ozone becomes 326matm-cm, and if

extrapolated to 7.5xg/g at 10mb and the constant mixing ratio is assumed above
10mb, then the total is 334 matm-cm, the difference being 2.5% and smaller
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than the sounding error (Section 4.5).

In the troposphere, the vertical gradient of ozone mixing ratio is about
0.003-0.005 g/g/km (Table 4). Assuming that this gradient is ascribed only to
vertical diffusion, the downward flux F of ozone is expressed as :

dr,

F—A—IH_— (10)
where A4 is the Austausch coefficient and dH is the height difference. The ozone
flux F is assumed to be 0.1pxg/m?s, as taken by Junce (1962) according to
REGENER’s experiment (1957). Then the Austausch coefficient in the troposphere
becomes :

A=250g/cm - s.

5.4. Individual profiles of ozone and temperature

This section describes characteristic features of the profiles of ozone partial
pressure and temperature for individual soundings.

In April (Fig. 10), the ozone profiles had the secondary maxima around 200-
300mb, and the major maxima were rather small.

On May 11th (Fig. 11), the ozone profile had a trace of the secondary
maximum around 300mb, corresponding to the negative lapse rate of temperature
above the tropopause, but on May 19th it ascended to 200mb.

The ozone values of June 2nd (Fig. 12) was abnormally large, but this might
correspond to the warm stratospheric temperature of about —60°C, while the
mean for June was —70.1°C at 100mb.

Three other cases in June and the case on July 5th (Fig. 13) were the sound-
ings during the polar night. Although the tropopauses were less determinable,
the ozone partial pressures showed a distinct increase above the tropopauses,
making weak secondary maxima around 200mb.

The two soundings in July (Fig. 13) showed very similar ozone values above
the 150mb level, although the stratospheric temperatures were much different
each other.

After July 22nd through August, September and October (Figs. 14-16), the
ozone partial pressures in the lower stratosphere increased linearly upwards up
to 100mb, except the case of August 18th when there was a dull secondary
maximum corresponding to the sharp secondary tropopause at 150mb.

In September (Fig. 15), the soundings reached higher levels and an indication
of stratospheric warming appeared from the upper stratosphere, but ozone in-
crease which might be accompanied by the warming was not yet clearly shown.

The stratospheric sudden warming in 1966 commenced over the coastal
stations in the Indian Ocean sector such as Roi Baudouin and Syowa, and the
ozone soundings in October caught this phenomenon. The 50mb temperature
increased from —62.1°C on October 14th to —33.9°C on October 20th, and the
total ozone measured by the Dobson spectrophotometer increased from 337 to
454matm-cm in the same period. The soundings on October 13th and 20th (Fig.
16) showed remarkable increases of ozone and temperature above the 100mb
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Vertical Ozone Distribution at Syowa Station, Antarctica
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Figs. 10-19. Vertical profiles of ozone partial pressure and temperature of individual
soundings. The number beside a profile indicates the date of the sounding,
and the small circle shows the tropopause.
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level, but the profiles below 100mb on both days were not changed essentially.

On October 26th, the 50mb temperature dropped to —56.4°C and the total
ozone to 333matm-cm. In this period (Fig. 17), the ozone decrease occurred
throughout the stratosphere. After that, the 50mb temperature and total ozone
increased gradually to the maxima of about —25°C and 450 matm-cm in late
November. In this period (Figs. 17-18), the warming and ozone increase con-
tinued in the lower stratosphere below 60mb.

After midsummer to autumn (Fig. 19), the profiles of ozone partial pressures
were rather irregular with very large secondary maxima in the lower stratosphere.

These ozone profiles and changes must be investigated more precisely par-
ticularly with wind data.

5.5. Ozone increase through tropopause level

As shown in the ozonagrams (Figs. 10-19), the upward increase of ozone
partial pressure begins usually at a level below the tropopause which is indicated
with a small circle. Here the author defines “ozone-pause” as the level at which
the ozone partial pressure starts to increase upwards into the stratosphere. In
practice, the ozone-pause is selected out of the data for every minute in each
flight, as the level of minimum ozone partial pressure nearest to the tropopause.

Table 5. Frequency distribution of AH=tropopause height— “ozone-pause” height, at Syowa.

0.00 |05 100 |15 |20 |25 |s00
AH (km) —0.49‘ —0.99‘ —1.49| 21,99 249 2,99 —3.49} Total

Number of cases 7 | 6 5 I 3 5 1 1 } 28

The height differences between the tropopause and the ozone-pause are
tabulated in Table 5. The upward increase of ozone layer starts always, at
Syowa, below the tropopause. The height differences are mostly (93% of the
cases) less than 2.5km, and the mean difference is 1.25km. This value is larger
than the value (less than 0.5km except one case in 16 soundings at Halley
Bay) reported by MacDowaLL and Smita (1962).



26

Acknowledgments

The author expresses his sincere thanks to the people who supported this
task. Dr. J. KoBavasur and Mr. Y. Tovama of Meteorological Research Institute,
Japan Meteorological Agency, developed the carbon-iodine type ozonesonde and
instructed the author in treatment of the sondes. At Syowa Station, two me-
teorologists, Mr. Z. SEixo and Mr. K. Isumpa of J. M. A,, and other members of
the 7th Japanese Antarctic Research Expedition led by Dr. A. MuTo, collaborated
in the ozonesonde flights and encouraged the author. Mr. Y. MoriTa, the former
chief of the Antarctic Observation Office, J. M. A., encouraged the task and Mr.
T. Suzukr and other staff of the Aerological Section, J. M. A., helped in the data
reduction. This first success of the practical soundings using Japanese chemical
ozonesondes owes to those mentioned above.



27

References

GobsoN, W. L. (1962) : The representation and analysis of vertical distribution of ozone. Q, ]J.
R. Met. Soc., 88, 220-232.

Hering, W. S. and H. U. DUtscu (1965) : Comparison of chemiluminescent and electrochemical
ozonesonde observations. J. Geophys. Res., 70, 5483-5490.

Juxcge, C. E. (1962) : Global ozone budget and exchange between stratosphere and troposphere.
Tellus, 14, 363-377.

KosavasHi, J. and Y. Tovama (1966 a) : On various methods of measuring the vertical distribu-
tion of atmospheric ozone (II), Titration type chemical ozonesonde. Pap. Met. Geophys.,
17, 97-112.

KosavasHi, J. and Y. Tovama (1966 b) : On various methods of measuring the vertical distribu-
tion of atmospheric ozone (III), Carbon-iodine type chemical ozonesonde. Pap. Met.
Geophys., 17, 113-126.

Komuyr, W. D. and T. B. Harris (1965) : Note on flow rate measurements made on MAsT-
BREWER ozone sensor pumps. Mon. Weath. Rev., 93, 267-268.

MacDowaLt, J. and J. A. Smite (1962) : Ozone soundings. The Royal Society I G.Y. Expedi-
tion, Halley Bay, 1955-1959. III. Seismology, Meteorology, 98-110.

METEOROLOGICAL SERVICE OF CANADA (1965) : Ozone data for the world, ¢ (5-6).

REGeXER, V. H. (1957) : Vertical flux of atmospheric ozone. J. Geophys. Res., 62, 221-228.

WEevanT, W. S. (1967) : Interpretation of ozone measurements at U.S. Antarctic stations, 1964.
Polar Meteorology. Proceeding of the WMO/SCAR/ICPM Symposium on Polar Meteor-
ology, Geneva, 5-9 Sept. 1966. WMO Tech. Note, 87, 29-36.

(Manuscript received January 20, 1969)



28

ANNEX

This annex gives the tables of ozone partial pressures and air temperatures
at selected pressure levels for individual ozone soundings and for monthly or
seasonal means during the period from March 1966 to January 1967 at Syowa
Station (69°00’S, 39°35’E), Japanese Antarctic Station. The ozonesonde was KC-
65, carbon-iodine type.

Explanation of the tables :

DATE : 2 digits stand for each of year, month and day of observation (e. g.
660317 means March 17th, 1966).
TIME : 2 digits stand for each of local standard hour (=GMT +3hours) and

minute of balloon release (¢. g. 1055 means 10h55m).

TOTO3 : Total ozone amount (matm-cm) obtained by the Dobson spectropho-
tometer.

DOBR : Dobson ratio (ratio of TOTO3 to the total ozone estimated from
raw data of the ozone sounding).

INTO3 : Integrated ozone amount (matm-cm) below the highest level of the
sounding.

p Atmospheric pressure (mb).

T :  Air temperature (0.1°C), negative sign omitted and, if positive, plus
sign added.

P3 :  Ozone partial pressure (0.1 y/mb for individual sounding and gmb for
mean).

Special levels :

SURF : Surface level, 15m above mean sea level.

O3PSE : Ozone-pause, at which P3 starts to increase upwards into the strato-
sphere.

TRPSE : Tropopause level.
O3MAX : Level of maximum P3.
MINP : Minimum pressure, that is, highest level of the sounding.

Each sign of the special levels is followed by the pressure value of P and,
underneath, the velues of T and P3 at that level. The values of INTO3 and P3
were corrected by multiplying raw ozone data by the value of DOBR, except
for winter data without Dobson value.

In the tables of monthly means, INTO3 is the total ozone amount estimated
from the mean vertical distribution of ozone on the assumption that the mixing
ratio is constant above 25mb level, and T is the monthly average of daily routine
soundings. T in ( ) is estimated from the ozone soundings in the month and
P3 in ( ) is extrapolated taking into account the upward tendencies of ozone
partial pressure and mixing ratio of the individual soundings. Seasonal means
were calculated from the monthly means.




Annex 29
DATE 660317 660412 660420 660429
TIME 1055 1810 1756 1752
TOTO3 323 | e e
DOBR 1.126 | .. e
INTO3 238.0 176.7 158. 1 105.7
P T P3 T P3 T P3 § T P3
_ - i
\
850 132 248 190 266 174 167 117 065
700 ‘ 175 239 263 230 183 148 237 061
600 ‘ 205 234 316 200 235 136 1 303 040
500 258 187 387 198 320 115 i 396 050
400 358 165 456 306 44] 169 ! 534 030
[
350 435 139 486 421 i 505 086 562 052
300 i 506 122 493 535 571 076 553 068
250 \ 520 341 450 509 573 349 i 535 107
200 : 442 589 488 469 511 299 3 535 139
175 ’ 439 597 484 463 504 416 533 340
\
150 | 429 681 495 394 [ 504 460 527 595
125 ‘ 436 720 518 413 516 597 547 818
100 ‘ 444 1250 562 630 525 815 549 1027
90 423 1669 572 781 532 922 560 1337
80 ‘ 428 1619 577 968 530 990 577 1384
\
70 431 1629 597 1238 548 1055 594 1257
60 410 1583 600 1305 573 1071 “ 606 1114
55 \ 410 1576 602 1192 578 1070 614 1072
50 ; 416 1317 611 1072 583 1090 ‘
45 | 417 979 623 1113 583 1070 !
i !
40 \ 414 791 617 1012 588 1080 |
35 423 948 625 1017 606 1023 :
30 402 1008 628 973 614 932 |
25 393 1235 q
20 385 1107 |
l
17.5
15.0
12.5 |
10.0 ‘
; .
SURF 982. 4 SURF 981. 4 SURF 985.7 | SURF 983. 8
063 243 116 213 156 154 | 035 074
2 O3PSE  274.9 O3PSE 435.1 O3PSE 309.3 | O3PSE 366.0
2 547 109 440 141 561 071 ‘ 567 025
- TRPSE 274.9 TRPSE 309.5 TRPSE 290.2 | TRPSE 366.0
8 547 109 500 524 582 081 | 567 025
8 O3MAX 92.2 O3MAX 64.6 O3MAX 42.4 | O3MAX 84.8
o 423 1671 598 1401 585 1099 568 1405
MINP 19.7 MINP 27.3 MINP 26.2 MINP 52.9
384 1077 619 827 615 859 611 1086




Vertical Ozone Distribution at Syowa Station, Antarctica

DATE 660511 660519 660602 660606
TIME 1816 1200 1833 1145
TOTO3 e |,
DOBR | el vl s,
INTO3 168. 8 214.6 313.6 133.9
P | T P3 T P3 T P3 T P3
850 170 092 | 157 147 | 174 276 | 227 277
700 252 128 272 170 272 207 266 249
600 325 114 | 297 187 { 329 187 322 199
500 {399 078 | 338 242 409 166 408 199
400 497 159 427 130 | 484 164 503 137
\
350 520 239 478 089 ‘ 521 222 551 132
300 514 408 551 068 | 552 289 592 131
250 | 485 579 624 076 J 576 419 603 262
200 477 654 598 313 568 616 | 603 357
175 b 487 773 555 391 570 873 \ 608 454
‘ |
150 490 956 569 605 572 1213 | 626 453
125 503 1075 | 560 1244 571 1758 \ 640 850
100 | 529 953 . 570 1343 600 1983 656 1064
90 ' 536 982 | 563 1550 607 1945 669 1270
80 545 1101 555 1646 616 1923 681 1225
| |
70 570 1206 | 564 1562 624 1980 679 1195
60 580 1274 547 1612 629 1945 684 1214
55 591 1244 ' 552 1692 625 1918 682 1128
50 602 1145 | 533 1696 626 1862 | 686 1191
45 614 1136 | 538 1679 / 633 1768 |
| l
40 ' 526 168l 635 1654
35 L 516 1577 638 1468
30 | | 625 1398
25 ! 658 1251
20 |
| |
7.5 | ‘1
15.0 5 i
12.5 |
10.0 |
. B |
SURF - 985.3 SURF  995.3 SURF  983.3 SURF  993.7
132 121 128 060 149 332 207 307
= O3PSE  497.0 | O3PSE  293.3 O3PSE  447.8 O3PSE  316.9
5 402 075 561 067 452 156 578 128
- TRPSE 323.6 | TRPSE 236.5 | TRPSE 268.5 TRPSE  294.1
= 524 313 639 072 572 317 597 133
g O3MAX 64.8 | O3MAX 88.1 O3MAX 66.0 O3MAX 93.0
& 577 1318 562 1758 625 2023 663 1276
| MINP 41.0 MINP 30. 2 MINP 22.0 | MINP 48.6
. 630 1172 521 1317 648 1230 690 1106




Annex 31
DATE ‘ 660618 660630 660705 660722
TIME 1759 1752 1753 1807
TOTO3 | oo | e
DOBR oo
INTO3 134.7 127.6 166. 4 159. 6
J
P l T P3 T P3 T P3 T P3
850 9 172 243 249 205 191 227 244
700 260 176 233 211 289 213 235 221
600 328 146 308 182 365 198 295 205
500 |42 129 392 135 447 187 385 173
400 | 5% 144 487 113 528 167 494 140
‘ |
350 579 130 ‘ 546 092 566 182 554 145
300 617 168 | 604 082 595 246 615 127
250 64l 180 | 659 139 606 379 693 108
200 640 473 | 665 408 608 654 778 175
175 646 467 | 671 478 607 790 749 507
150 671 735 | 687 437 616 669 777 732
125 6% 969 | 710 1110 634 1398 775 1154
100 720 1425 743 1526 653 1837 795 1680
90 731 1314 | 765 1236 655 1753 802 1896
80 ‘ 750 1660 783 1708 656 1796 812 186l
70 . 768 1701 805 1671 658 1759 824 1657
60 | 812 1527
55 818 1584
50 !
45 ;‘
40
35 !
30
25 ‘ |
20 § |
| |
17.5 |
15.0 |
125
10.0 \'
{
SURF  970.4 | SURF  999.1 | SURF 9947 | SURF 9984
159 200 218 239 | 266 141 207 238
4 O3PSE  269.7 | O3SPSE 275.3 | O3SPSE 441.9 | O3SPSE  246.8
> 634 115 641 072 492 157 698 106
- TRPSE 225.2 | TRPSE 245.4 | TRPSE 316.5 | TRPSE 199.0
S 648 303 662 167 589 218 780 177
2 O3MAX 74.7 | O3MAX 79.8 | O3MAX 87.8 | O3MAX 85.6
& 759 1789 784 1710 658 1886 809 1920
MINP 60.6 | MINP 62.0 | MINP  60.2 | MINP  53.6
771 1577 821 1558 | 665 1629 820 1619
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Vertical Ozone Distribution at Syowa Station, Antarctica

DATE 660805 660818 660823
TIME 1815 1755 1803
TOTO3 |  eecee. |
DOBR | e e
INTOS3 209. 8 159. 6 138.2
P T P3 T P3 T P3
850 274 252 195 206 236 260
700 297 222 262 156 254 216
600 371 207 307 155 313 192
500 432 175 380 134 379 174
400 506 175 482 086 461 146
350 544 183 546 070 535 132
300 601 150 615 056 620 102
250 653 217 686 063 685 078
200 686 427 720 292 772 100
175 696 596 724 503 787 201
150 716 795 | 803 539 782 542
125 739 1355 782 953 796 798
100 761 1746 799 1417 795 1390
90 772 1776 | 803 1590 | 802 1668
80 785 1614 816 1532 | 806 1721
? {
|
70 801 1645 | 824 1555 | 807 1731
60 818 1484 836 1460 . 808 1669
55 822 1499 | 840 1488 814 1581
50 829 1430 858 1458 |
45 83¢ 1380 ‘ 85¢ 1430 |
i F
40 841 1188 |
35 840 1085 | |
30 ‘ |
25 \‘
20 | |
17.5 | !
15.0 ‘ |
12.5 !
10.0 “
SURF  972.4 | SURF 981.3 | SURF  974.0
268 230 150 268 206 247
= O3PSE  296.3 | O3PSE 253.7 | OS3PSE  222.3
z 606 145 682 062 738 062
- TRPSE 242.4 | TRPSE 220.7 | TRPSE 191.9
S 660 241 723 110 781 109
3 O3MAX 89.3 | O3MAX 103.6 | O3MAX 74.3
o 774 1783 796 1646 802 1757
MINP 33.6 | MINP 44.1 | MINP 54. 4
835 1051 853 1433 814 1578

1812

264
166
207
205
178

161
110
119
492
661

829
1126
1380
1625
1744

1707
1643
1631
1508
1321

1134
987
972



Annex 33
DATE | 660906 660919 660927 661005
TIME | 1153 1144 1759 1758
TOTO3 « 332 314 350 342
DOBR 1.153 1.375 1.375 1.165
INTO3 245.9 | 268.4 205. 7 249.6
_ . o ! o
|
P | T P3 T P3 T P3 T P3
|
850 . 255 128 186 524 161 315 212 334
700 236 148 227 458 265 273 256 271
600 307 139 284 408 336 205 301 220
500 398 119 363 397 423 193 385 192
400 516 108 461 330 495 203 489 166
i |
350 582 111 | 525 293 552 198 | 550 141
300 627 121 | 578 245 618 233 | 624 108
250 663 216 | 668 240 657 219 | 684 119
200 L 696 530 | 772 180 703 491 757 251
175 701 771 798 346 729 700 756 474
150 713 1089 798 744 736 1120 | 743 930
125 746 1458 789 1115 726 1657 | 731 1492
100 751 1768 786 1545 734 1952 | 726 1754
90 752 1925 785 1607 | 731 1998 | 724 1825
80 755 1946 781 1796 | 727 1934 717 1835
|
70 764 1891 771 1805 } 736 1983 703 1812
60 769 1811 767 1689 | 753 1976 696 1769
55 767 1789 . 767 1586 | 738 1892 699 1628
50 773 1710 | 757 1359 y 685 1415
45 764 1705 | 751 1231 | 666 1666
|
40 756 1577 \ 732 1116 | | 657 1574
35 752 1191 | 707 1076 . 649 1430
30 | 686 973 611 1299
25 J 658 838 |
20 621 729
17.5 . 592 671 1
15.0 ! !
12.5 |
10.0 :
SURF 978.4 | SURF 974.7 | SURF 969.9 | SURF  983.4
265 005 135 537 105 311 147 358
= O3PSE 340.2 | O3PSE 198.2 | O3SPSE 233.9 | O3SPSE 226.3
b 595 106 775 178 679 211 728 098
- TRPSE 316.9 | TRPSE 185.0 | TRPSE 181.4 | TRPSE 212.4
s 617 112 798 179 726 677 758 103
2 O3MAX 87.2 | O3MAX 77.1 | O3MAX 65.0 | O3MAX 66.0
o 753 1964 783 1863 741 2012 693 1917
MINP 30.4 | MINP 15.5 | MINP 52.0 | MINP 27.9
742 1092 558 579 741 1829 601 117. 1
|
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Vertical Ozone Distribution at Syowa Station, Antarctica

661030

DATE 661013 661020 661024
TIME 1129 1755 1753 1752
TOTO3 344 454 392 350
DOBR 1. 158 1. 301 1. 538 1. 336
INTO3 290. 3 372.8 293. 1 286. 2
P T P3 T P3 T P3 T P3
850 151 407 182 160 163 465 140 244
700 228 361 229 142 204 396 204 279
600 280 320 278 141 286 354 280 164
500 367 270 356 127 390 265 354 177
400 474 208 451 107 471 206 435 156
!
350 529 190 496 123 531 157 482 192
300 584 190 562 083 597 140 517 319
250 630 199 608 194 629 193 581 142
200 644 455 648 410 646 316 664 356
175 650 641 637 711 642 447 665 616
150 656 851 625 914 633 631 660 688
125 640 1262 606 1297 612 917 649 1100
100 635 1541 566 1824 610 1170 630 1551
90 630 1648 543 2054 598 1241 626 1592
80 625 1632 506 2158 567 1361 628 1625
70 624 1698 479 1924 545 1785 605 1834
60 604 1701 427 2180 526 2017 591 1899
55 588 1710 398 2262 517 2009 595 1918
50 574 1707 361 2108 515 1956 584 1848
45 565 1643 315 1913 498 1763 563 1645
40 558 1537 294 1980 | 485 1758 552 1623
35 548 1336 271 2178 ‘ 473 1536 531 1344
30 528 1175 J 274 2024 458 1402 525 1202
25 499 929 ‘ 272 1762 413 1281 507 994
20 472 809 | 239 1479 348 1228 410 956
\
17.5 444 779 ! 230 1319 \ 280 1257 370 879
15.0 414 694 222 1162 324 814
12.5 !
10.0
SURF 960. 3 SURF 974. 1 SURF 968. 6 SURF 994. 1
" 146 436 123 144 096 473 135 156
- O3PSE  287.0 O3PSE  301.3 O3PSE  299.8 O3PSE  223.8
2 598 187 561 082 597 140 624 142
- TRPSE  247.0 TRPSE  202.4 TRPSE  230.7 TRPSE  209.0
.8 633 200 650 378 644 236 658 150
o O3MAX 45.7 O3MAX 55.1 O3MAX 55.5 O3MAX 54.9
- 568 1719 399 2264 517 2026 595 1919
MINP 14.7 MINP 13. 1 MINP 16.6 MINP 14.9
414 681 252 1029 275 1253 324 808




Annex 35
DATE 661126 661129 661212 670111
TIME 1149 1815 1159 1725
TOTO3 421 388 366 330
DOBR 1. 453 1.377 1.240 1.519
INTO3 305.6 304.3 262.0 240.6
P T P3 T P3 T P3 T P3
850 102 173 082 214 044 209 049 135
700 197 137 154 192 147 177 148 109
600 278 134 209 181 187 159 215 098
500 356 115 282 165 294 149 298 099
400 470 087 383 157 393 136 351 158
350 533 108 452 134 456 144 441 107
300 567 246 526 102 505 264 478 360
250 557 564 615 091 521 508 464 869
200 533 989 574 731 473 782 431 973
175 522 1160 555 733 448 702 420 991
150 479 1522 521 1293 445 651 416 894
125 431 1859 451 1853 422 1203 406 860
100 389 2038 378 2293 387 1953 391 916
90 357 2008 369 2262 383 1946 401 1063
80 318 1921 329 2230 383 1685 390 1374
70 309 1814 310 2191 364 1804 380 1458
60 298 1680 316 2228 363 1935 374 1559
55 299 1618 309 1758 360 1905 355 1631
50 291 1634 303 1680 347 1813 360 1514
45 259 1478 291 1695 337 1785 364 1305
40 245 1553 289 1533 337 1473 344 1263
35 251 1540 284 1416 334 1319 339 1306
30 254 1314 278 1255 319 1356 338 1192
25 239 1476 284 1051 315 1141
20
17.5
15.0
12.5
10.0
SURF 989. 8 SURF 994. 1 SURF 987. 8 SURF 987.9
" 002 156 0l6 258 008 208 009 119
< O3PSE 400. 7 O3PSE 269. 4 O3PSE 368.8 O3PSE 358.5
2 469 086 578 091 431 138 430 093
: TRPSE 292.2 TRPSE 232.8 TRPSE  265.1 TRPSE 310.4
8 569 311 629 185 530 402 478 232
o O3MAX 102.7 O3MAX 72.5 O3MAX 87.2 O3MAX 54.4
(2" 392 2042 315 2441 381 1960 352 1642
MINP 24.5 MINP 23.1 MINP 29.0 MINP 23.9
240 1463 289 1061 315 1319 312 1133
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Vertical Ozone Distribution at Syowa Station, Antarctica

‘ Mean for Mean for
i Apr. 1966 May 1966
235 206
T P3 ‘ T P3
B S -
\
144 17 ' 154 13
218 15 | 223 15
279 13 | 284 15
359 12| 363 16
448 17 . 460 15
501 19 514 17
550 23 557 24
538 32 570 33
507 30 561 48
504 41 559 58
509 48 | 558 79
519 61 | 570 116
532 83 . 582 115
101 | 127
1| 138
558 119 | 607 139
116 144
111 } 147
568 108 | 624 143
109 ! 141
572 105 640  (140)
102 | (132)
547 9% | 672  (115)
(83) (97)

Mean for Mean for
June 1966 July 1966
313 316
T P3 T P3
211 25 218 22
268 21 254 22
336 18 321 20
416 16 399 18
512 14 497 16
564 14 555 17
613 17 613 19
641 25 672 25
640 47 715 42
644 57 720 65
653 71 732 70
676 117 745 128
701 150 769 176
144 183
163 183
740 164 799 171
158 158
153 (153)
746 153 796 (148)
(147) (139)
756 (137) 807 (130)
127 (120)
766 15y o (109)
(100) (94)




Annex 37
DATE Mean for Mean for Mean for Mean for
TIME Aug. 1966 Sept. 1966 Oct. 1966 Nov. 1966
TOTO3 | ...... 326 363 400
DOBR | ...... | e
INTO3 293 339 363 408
P T P3 T P3 T P3 T P3
850 235 25 175 32 183 32 124 19
700 284 19 238 29 244 29 198 17
600 305 19 302 25 303 24 | 257 16
500 416 17 384 24 383 21 | 334 14
400 514 15 486 21 479 17 ! 437 13
350 585 14 i 547 20 535 16 ! 497 12
300 631 11 ’ 612 20 596 17 \ 556 18
250 691 12 | 675 23 650 17 } 593 33
200 734 33 ] 725 40 675 36 | 584 86
175 747 49 ‘ 735 61 677 58 1 567 95
| i
150 758 68 741 99 671 80 ‘ 544 141
125 773 106 745 141 663 121 ‘ 517 186
100 789 149 756 176 646 157 | 476 217
90 167 \ 184 167 ! 214
80 165 | 189 172 ‘ 208
i |
‘ ;
70 809 166 ﬁ 762 189 614 181 ‘ 417 208
60 156 | 183 191 | 196
55 155 176 191 : (188)
50 808 147 759 (164) 569 181 387 (180)
45 138 \ (153) 171 (170)
\
40 813 (126) j 752 (140) 537 169 ‘ 363 (162)
35 (116) | (127) 157 (152)
30 788 (103) | 767 (110) (479 142 i 301 (139)
25 90) 95 119 127
20 ‘ 712 ... (390) 112 ‘ 215 ...
1
17.5 106 i
15.0 (95)
12.5




38 Vertical Ozone Distribution at Syowa Ssation, Antarctica
DATE Mean for Mean for Mean for
TIME Mar., Dec. 1966 Apr.-Aug. 1966 Sept.—Nov. 1966
TOTOS3 and Jan. 1967
DOBR
INTO3
P T* P3 T P3 T P3
850 095 20 192 20 161 28
700 175 18 249 18 227 25
600 235 16 305 17 287 22
500 304 15 391 16 367 20
400 | 398 16 486 15 467 17
350 | 452 13 544 16 526 16
300 | 492 25 593 19 588 18
250 | g4 5 | 62 25 639 24
200 1 445 78 : 631 40 661 54
175 434 76 | 635 54 660 71
150 431 74 i 642 67 652 107
125 425 93 | 657 106 642 149
100 418 137 | 675 135 626 183
90 156 | 144 188
80 156 \ 152 190
70 404 163 ‘ 703 152 598 193
60 170 | 146 190
55 170 | 144 185
50 396 (162) 708 140 572 175
45 (152) } 135 165
\‘
40 389 (143) 717 128 551 157
35 (132) | 119 145
30 362 119 | 693 107 516 130
25 (103) 93 114
20 326 ... “ 439 e
|
17.5 !
15.0 i
12.5 \
10.0

* Mean including Feb. 1966.



