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Absrtact: The total ozone amount observations at Syowa Stat10n (69°00'S, 

39°35'E) have been earned out smce 1961 by the members of the Japanese Antarctic 

Research Expedition usmg the Dobson ozone spectrophotometer. 

This paper describes general results of annual and year-to-year vanatlons 

of the total ozone amount, and some statistical relationships between the total ozone 

amount and the upper level temperature (at levels of 30, 50, 100, 200 and 500 mb). 

The annual variat10n of the total ozone amount shows maximum value m sprmg 

(November) and minimum value m early wmter (June-July). 

The trend of the total ozone amount smce 1966 is almost constant with a 

slight decrease 

There is a high correlation between the total ozone amount and the a1r tempera­

ture at 50 and 100 mb levels m October and November 

I. Introduction 

115 

The total ozone amount observations at Syowa Station have been carried out since 

1961, except the period from 1962 to 1965 (because of the closure of Station) and in 1973 
(in order to recover the instrument which needed adjustment). Recently these data 

have been critically reviewed and instrumental constants revised retrospectively to give 
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116 Sh1genon SAKAI 
near-homogeneous senes These data were published by the JAPAN METEOROLOGICAL 
AGENCY as "Special volume of Antarctic Meteorological Data" (1978). This paper 
describes general results of annual and year-to-year vanat10ns of the total ozone amount, 
and relationships between the total ozone amount and the upper air temperature at 
Syowa Stat10n 

The total ozone amount means the mtegrated amount of ozone m a vertical column 
of air, extendmg from the earth's surface to the top of the atmosphere. The total ozone 
amount 1s expressed as the thickness m cm, 1f 1t would be concentrated mto a umform 
layer of pure gas under the cond1t10n of standard pressure and temperature. 

The observations of the total ozone amount at Syowa Stat10n were earned out with 
the Dobson ozone spectrophotometer usmg sunlight or moonlight. The total ozone 
amount is deduced from the measurement of the mtensity of a smtable ultrav10let wave­
length which came to the earth's surface passmg through the ozone layer. 

2. The Data of the Total Ozone Amount 

As Syowa Station 1s located at high latitude, the observat10ns usmg sunlight were 
made only m eight months of a year, from September to next Apnl Therefore, the data 
usmg sunhght are not available from May to August. In 1969, the members of the 10th 
Japanese Antarctic Research Exped1t10n tned to get the data during the dark season and 
earned out the observat10ns with the focused image method usmg moonlight, and got 
prec10us data (ISHIDA et al. , 1971) 

For the purpose of getting accurate data, the regular tests such as the test with a 
mercury lamp, the test with two lamps and the test with a standard lamp were made 

Table 1 Monthly mean of the total ozone amount (m-atm-cm) and number of the data. 

Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug. 
Sep 
Oct 
Nov 
Dec 

!_ 1961_ I __ 
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336( 4) 1
[ 

\311(21)1 1333(30)1322(15)1 : I 1333(31):319(21) 
: 322(19)\314(12)1 1328(22)1319(16)\318( 4)1 1329(13)[318(19)[324(17) 
,335( 5)1332(27)1305(18)1

1 \302(24)1301( 8)' 1

1
289(13)1286(16)1298( 3):322( 8) 

! 1 \308( 2)
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I I I 
276 ( 3) I ! I 1 

1 

I I 1284 ( 3) i i I ' I 

I I 1318 ( 6) I I I 295 ( 5) 322 (22) I 
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345 ( 9) 295 (18) 298 ( 9) 276 ( 3) 1305 ( 5) 1292 ( 6) 1274 ( 2) 
332(10) 359 (29) 381 (14) 1381 (11) 308 (22) 298 (11) 330( 5) 1322(10) 1352 (23) 1323 (13) '

1
285 (26) 

329 ( 9) 398 (29) 378 (25) 439 (27) 343 (19) 377 (15) 384 ( 9) 382 (10) !410 (29) 394 (24) ,386 (19) 
356(10) 1 351(31) 355(21) 379(30) 346(22) 348(19) 315(16)1355(14) 382(30)1374(26)\343(28) 
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conform to "Manual for ozone observation", written in Japanese in accordance with the 

"Observer's handbook for the ozone spectrophotometer", Ann. IGY, Vol. 5 (DOBSON, 

1957). 

The observations using sunlight were made pnnc1pally at noon, and if possible made 

at hours when the value of µ was equal to 2.5 (µ: the relative path-length of sunlight 

through the ozone layer) in the morning and in the afternoon. Taking the accuracy of 

the data into account, if the value ofµ was greater than 3.5, the data were not adopted in 

this paper. The daily values of the total ozone amount were calculated by averaging 

all data obtained in a day. The monthly data were calculated by averagmg daily values 

in a month. 

Table 1 shows the monthly mean value and the number of the daily values. 

3. Annual Variations of the Total Ozone Amount 

Fig. 1 shows the annual variations of individual years. As mentioned m the fore­

going paragraph, only 1969 provides all the data throughout a year. Patterns of the 

variations of the total ozone amount of most years look almost the same. The maxi­

mum values of the total ozone amount come to about 400 m-atm-cm m November of 
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most years except 1967 and 1969. 
The pattern of the total ozone amount variat10n from September to October m 

1969 is different from that of the other years. The total ozone amount m this year had 
increased early in the season compared with normal year and came up to 345 m-atm-cm 
in September. This value was considerably larger than a normal value. In October 
the value came down to 308 m-atm-cm, considerably smaller than a normal value for 
October. Then 1t recovered to about 350 m-atm-cm in November and December, but it 
could not form a clear peak in November like normal year. 

Fig. 2 shows the mean annual variation of the total ozone amount m the penod 
from 1961 to 1976 In this figure, the numerals m brackets are the numbers of years for 
averaging. 

As ment10ned in the foregoing paragraph, the data m the dark season were obtamed 
with the focused image method using moonlight only m 1969. The data m the other 
season were obtained using sunlight. 

Judging from this figure, there is a considerable annual vanation of the total ozone 
amount. The total ozone amount decreases slowly from January to May and comes to 
the mimmum value of about 280 m-atm-cm m June. After that, the total ozone amount 
increases slowly toward September and mcreases rapidly durmg October along with the 
stratospheric warming at Syowa Station. The total ozone amount comes to the maxi­
mum value of about 400 m-atm-cm m November. After that, the total ozone amount 
decreases rapidly toward December and January. 

Expressed in another way, the total ozone amount decreases slowly from the latter 
part of summer toward early wmter and comes to the mmimum value in early wmter. 
With nsmg of the sun, the total ozone amount mcreases slowly toward spring and m-
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creases rapidly from the latter part of spring toward summer and comes to the maxi­

mum value. 

Though the data in winter are not enough in this paper, it can be said that the normal 

maximum value of the total ozone amount is about 400 m-atm-cm in November and the 

minimum value is about 280 m-atm-cm in early winter (June-July). Judging from the 

above data, yearly normal value of the total ozone amount is estimated to be 320-330 m­

atm-cm. This value agrees with the value near Syowa Station which was got from the 

global ozone map (LONDON and KELLEY 1974; KIKUCHI, 1978). 

4. Year-to-year Variation 

Here are the data accumulated since 1961. But as mentioned in the foregoing para­

graph, there are no data from 1962 to 1965 and 1973, and the data are poor for the dark 

season from April to August. 

In this paragraph, general results of year-to-year variations are mentioned with the 
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data observed only from September to March. 
Fig. 3 shows year-to-year variations of the total ozone amount m various months. 
The vanat10n of each month is as follows: 
The variat10ns of January and February are almost the same. The maximum and 

mimmum values are 336 and 317 m-atm-cm for January and 329 and 314 m-atm-cm for 
February. The amplitudes of variat10ns for those months are very small compared with 
the other months 

As regards March, the total ozone amount was recorded 335 m-atm-cm m 1961, 
smce then it was decreasmg till 1974, after that the totj:I.l ozone amount mcreased. 

As regards September, the total ozone amount mcreased from 1961 to 1969. It 
came up to 345 m-atm-cm and recorded the maximum value for September, after that 
the total ozone amount decreased 

As regards October, the total ozone amount mcreased from 1961 to 1968, and 
decreased rapidly toward 1970. After that, 1t mcreased slowly toward 1974, and then 
the total ozone amount decreased again. 

As regards November, the total ozone amount mcreased from 1961 to 1968 similar 
to that of October. It was recorded 439 m-atm-cm m 1968 which 1s the largest monthly 
mean value of the total ozone amount smce 1961. After that, it suddenly decreased to 
343 m-atm-cm next year. Then, it mcreased agam slowly toward 1974, after that the 
total ozone amount decreased. 

As regards December, the total ozone amount remamed nearly constant from 1961 
to 1966, then 1t mcreased toward 1971. It kept mcreasing until 1974 when 1t began to 
decrease agam. 

The trends of the total ozone amount smce 1961 are as follows: 
The trends m January, February, November and December are almost constant, 

and those m March, September and October show a slight decrease. Take the above­
mentioned fact into acount, the trend of the total ozone amount of yearly mean value 1s 
almost constant with a slight decrease 

5. Relationships between the Total Ozone Amount and 

the Upper Level Air Temperature 

There are several studies on the relat10nships between the total ozone amount and 
the other meteorological elements. In this paper, the relat10nsh1ps between the total 
ozone amount and the upper level (30, 50, 100, 200 and 500 mb) air temperature are 
described. 

Table 2 shows correlat10n coefficients between the monthly mean total ozone 
amount and the monthly mean air temperature at each level durmg 1961-1976. The 
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1 
2 
5 

Table 2. Correlation coefficients between the monthly mean total ozone amount and the 
monthly mean air temperature of each level (1961-1976). 

Jan. Feb. Mar. Sep. Oct. Nov. Dec. 

30mb 0.40 0.50 0.68 0.14 0.85 0.75 0.51 50mb 0.47 0.33 0.81 0.20 0.94 0.89 0.56 

OOmb 0.01 0.30 0.78 0.10 0.87 0.87 0.58 

OOmb 0.36 

I 

0.35 0.20 0.10 0.56 0.55 0.30 

OOmb 0.17 0.32 0.41 0.10 0.55 0.17 0.64 

season that has a good correlation 1s early spring (from October to November) when 

the stratospheric warmmg occurs in a normal year. The levels that have a good cor­

relation are 50 and 100 mb. In these levels, the ozone density shows maximum value 

(SHIMIZU, 1969) and the stratospheric warming occurs clearly. 

Judging from these facts, it can be said that the rapid increase of the total ozone 

amount in early spring 1s closely related to the stratosphenc warming m the latter part 

of winter. 

Fig. 4 shows year-to-year vanations m the mean October-November-December 

value of the total ozone amount and the air temperature at each level. In this season, 

the total ozone amount shows larger valu( than in the other season. A noticeable fea-
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ture of this figure 1s that the total ozone amount has a clear peak m 1968, a clear trough 
in 1969 and a peak m 1974, and that the trend of the atr temperature at each level agrees 
completely with that of the total ozone amount. 

The vanations of the atr temperature at upper levels m connect10n with that of the 
total ozone amount are as follows: 

There 1s a first peak m 1968 at 50 and 100 mb levels at the same time with that of 
the total ozone amount, but m 1967 a first peak appears at 30 and 200 mb levels. Fall 
of the air temperature from 1968 to 1969 completely agrees with that of the total ozone 
amount and forms a clear trough over all levels. Rise of the atr temperature from 1969 
to 1974 completely comc1des with that of the total ozone amount and forms a clear peak 
except for 200 mb level. Rise of the air temperature at 200 mb level stopped m 1971, 
after that 1t fell slowly toward 1976. A second fall of the atr temperature from 1974 
to 1976 agrees also with that of the total ozone amount. 

Both the decrease of the total ozone amount and the fall of the air temperature at 
upper levels occur rapidly w1thm a few years. So 1t seems like a fallmg. 

On the contrary, both the mcrease of the total ozone amount and the nse of the atr 
temperature at upper levels occur slowly in a period of about 5 years. 

Judgmg from the above data, it 1s supposed that the atr temperature at the upper 
levels especially above 100 mb m spring is considerably controled by the total ozone 
amount. 

6. Conclusions 

In this paper, the observat10ns of the total ozone amount at Syowa Stat10n were 
reviewed, and the results were summarized as follows: 

1) The annual vanat10n of the total ozone amount shows maximum value m 
spring and mmimum value m early wmter. 

2) The trend of the total ozone amount at Syowa Station is almost constant with a 
slight decrease. 

3) The air temperature at upper levels m sprmg and early summer 1s closely con­
nected with the total ozone amount. 

Regardmg 3), discussions were made only with the data of the monthly means, and 
so just the general results were described m this paper. Further analyses and discus­
sions in detail are destred m the next stage. 
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