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CHA·PTER4
Southern high latitude 03 depletion, its variation
with solar flux :and hazards on nature

4.1

Introduction
In chapter "two" the analysis has been performed directly between Antarctic 03

depletion and gross solar U. V. flux. In chapter "three" the analysis has been made by dividing
solar U. V. flux in their two components to study the impact of solar activity on Antarctic 03
concentration. But both the studies were confined with in the available satellite data of solar

U.Y. flux (six years data set ofNimbus 7). In this chapter for further verification of the results,
an :attempt has been made to analyse for at least eleven years, for better understanding of the
solar cycle variation impact.
In absence of long period solar: U. V. data, a proxy data for eleven years has been
choosen in addition with six years solar U.V. data. Solar 10.7 em radio flux data are used as
the. proxy data of solar U. V. flux data. Though solar radio flux is not chemically responsible
for: creation or destruction of atmospheric ozone, but the significance of choosing the 10.7 em .
radio flux as the proxy of U. V. flux has been analysed and found both the solar data are well
'

correlated, calculated correlation coefficinet between solar U. V. flux and solar 10. 7 em. radio
flmt is positive and very high (0.95).
The purpose of this chapter is to investigate the covariation of southern high latitude

03 :concentration at Halleybay (73.5°S, 26.rW) and McMurdo (78°S, 166°E) with the
components of solar radio flux and solar U. V. flux respectively, at the same time to assess.. the
possible hazards on nature.
Ozone resides in three regions of atmosphere - troposphere (roughly 10% of total
ozone content), Stratosphere (roughly 90% of total ozone content), Mesosphere (very small
quaptity of ozone). The ozone in a column along these three regions of atmosphere is known
as ¢olumn ozone and is measured in Dobson units. One Dobson unit (D.U.) is defined to be
I

0.01 mm. thickness at S.T.P. The thickness of the atmospheric ozone layer reduced to S.T.P.
is very small and varying from 1.5 mm. to 4.5 mm., averaging 2.5 mm. This thin ozone layer
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acts as an atmospheric protective shield, which protects the abiotic and biotic environments of
the earth from·the deleterious effects of solar U.V. radiation in the 200 nm. to 320 nm.
wavelength region, and maintain the ecological balance.
It is already established that the stratospheric ozone is created by the photo dissociation
oC02' by the solar U.V. radiation (wavelength <242 nm.) at an altitude between about 25 km,
and

100 km. Absorption of solar U.V. radiation upto about 320 nm. converts the '03' back

to '02' and '0' (Chapman, 1930). So the U.V. radiation is responsible for creation as well as
destruction of atmospheric ozone. The resultant concentration of ozone depends, at any time,
on the rate of production and the rate of loss or destruction.
In the troposphere ozone is created by interaction of U. V. radiation with automobile
and other exhaust fumes; ozone also occurs in some industrial emissions. In the troposphere
ozone is a toxic constituent of photochemical smong (Last, 1993).
The global ozone assessment has shown that ozone is declining everywhere throughout
the world (WMO report no. 25, 1991 and WMO bull. no. 41, 1992). Decrease in atmospheric
ozone concentration allows enhanced solar U.V. radiation (mainly UV- B, wavelength range
280 nm. to 320 nm.) which is very much harmful to the biosphere as well as ecosystem. This
harinful U.V. radiation can affect severely : plants and crops (Tevini and Teramura, 1989),
aquatic life (Smith et.al1980, Bakers and Smith 1982, Worrest 1986, Smith 1989), human and
anilJlalS (Toylor 1989, Vanderleunet.al. 1993, Ley et.al 1989, Nikula et.al 1992). It can also
.affect the climatic condition of the earth. The variation in solar U. V. radiation can influence
tro~ospheric

climate (Bates, J.R. 1981 ).

Observations over the last two decades indicate that 03 concentration in the lower
stratosphere has decreased and that troposheric 03 concentration might have increased in some
regions (Stolarski et.al. 1991, Me Cormic.et. al.1992 and Logan 1.994).
Atmo~pheric

ozone changes can affect tropospheric. climate in many ways - viz.

Decrease in stratospheric 03, reduced solar absorption, more solar energy reaching the
earth's surface, resulting in tropospheric warming etc.
Increase in tropospheric 03 will result in an increased greenhouse trapping of long
wave radiation resulting in tropospheric warming (Mackay et. al., 1997), which may produce
glo~al warming and is expected to influence the ocean current. This may alter the distribution

of rainfall; cause weather disturbances such as hurricanes might become more severe. The

112

other effect ofthis global warming.is the rise in sea level caused by melting of ice and thermal
expansion of sea water mass, which may submerge many coastal areas and disturb their
ecosystems. Due to global warming, the temperature of the cities will rise, which may
increase the heat related illness (Last, 1993).
It is established that large decrease of03 concentration occurs during southern winter
to .spring [Farman et.al. (1985), Hofmann et.al. (1994); Ghosh and Midya (1994)]. .Several
studies of the effect of various parameters representing solar activity upon 03 depletion at
polar region were made from time to time by different investigators.
Positive correlation between solar U. V. radiation and ozone concentration had been
found by Summers et. al. (1990), Hood et. al. (1991 ), Hood and Me cormack (1992); Reinsel
et.: al. (1994). The correlation between global total ozone and sunspot number found to be
good by Angell (1989). Study of Nimbus 4 BUV 03 data for 6 years indicates a high
correlation between Global 03 and 10. 7 em. radio flux (Heath, et. al. 1977).
In this chapter an attempt has been made to study the effect of solar activity on
Antarctic 03 concentration by dividing the solar U. V. flux and solai- radio flux data in two
coin.ponents, as the variable component represents the solar activity.
Solar U. V. data are used with the 03 data of McMurdo for the period 1979 to 1984
and solar 10. 7 em. radio flux data are used as the proxy data of solar U. V. flux with the 03
data ofHalleybay for the period 1979 to 1989 in absence oflong period solar U.V. data.
The monthly mean values of 03 concentration for McMurdo and Halleybay in
Antarctica are obtained from Komhyr et. al. (1986), and from the internet website
http://Jwocky. gsfc.nasa.gov respectively. The solar U. V. data are the observed data of
Nirp.bus 7 satellite and the solar 10.7 em. radio flux data are the measured data ,of radio
observatory at ottawa and Algonquin. Both the solar flux data are published in the solar
Geophysical data book, NOAA, USA, tabulated in chapter 1, page 25, 26 & 32 to 40, 46
to 56.

4.2

Analysis, Discussion and Conclussions

4.2.1. Analysis
A linear regression relation between the daily value of the solar U. V. flux as well as
10. 7 em. radio flux and daily . relative sunspot number on least square principle shows two
components ofboth the solar flux for a month- one is variable component (UVv) or (Fv)
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di~ectly

proportional to the ralative sunspot number and the other called basic component

(UVb) or {Fb) independent of the relative sunspot number. Each of the two components ofthe
solar U. V. or 10. 7 em. radio flux are computed for every month for the year 1979 to 1984 and
1979 to 1989 respectively using the equations - 3 .2.1.1. and 3 .2.1.2.
(:Exy) (:Ex) - (I:x2 ) (I:y)
Basic component of solar flux (UVb or Fb)

Variable component of solar flux (UVv or Fv)=

I:y
- - - -UVb
N

Where "x" is the daily value of relative sunspot number, "y" is the daily value of solar
U. V. or radio flux, "N'' is the number of days for which the values of relative sunspot number
and values of soalr flux are available in a month. Both the solar data are obtained from the
Solar Geophysical Data book, NOAA, U.S.A Published by Department of Commerce, U.S.A
Correlations between each of the two components of both the solar flux and ozone
concentration have been calculated seasonwise by using the equation 2.2.1.1.

4.2.2.

Correlation Between Each of Two Components of
Solar U. V. Fulx and 03 Concentration of Antarctica Survey
Station McMurdo.
The monthly mean values (variable and basic component) of solar U. V. flux are

computed by using the equations (3.2.1.1.) and (3.2.1.2.). The calculated correlation
coefficients between each of two components of solar U. V. flux and 03 concentration at
McMurdo for different seasons during the period 1979 to 1984 are given in Table - 4.3 .1.
Variations of monthly mean O:i concentration at McMurdo .with monthly mean variable and
bas.ic components of solar U.V. flux with year for the months of July, August, October,
November during the period 1979 to 1984 are shown in Fig. 4.3 .1.
It is found from the correlation table (Table- 4.3.1) that the correlation coefficients
between each of the two components of solar U. V. flux and 03 concentration are mainly·
controlled by their winter to spring values.
Correlation coefficeints are calculated between monthly mean values of· 03
concentration and yearly mean value of 03 concentration for the seasons of Antarctic winter
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. (May, June, July, August), spring (September, October), Summer (November, December,
January) and autumn (February, March, April). It is found from the correlation table that the
correlation coefficient becomes maximum (0.68) for the spring, also high (0.62) for the winter.
The correlation coefficient calculated between monthly mean values of 03
concentration and monthly mean values of variable component of solar U. V. flux is maximum
(0.59) for the spring, in the case ofbasic component ofthe solar U.V. flux is maximum (0.18)
during winter. Also the correlation coefficient of monthly mean 03 concentration with yearly
mean variable component and basic component of solar U.V. flux (0.54 and 0.64) are
maximum during winter. Most of the calculated correlation co-efficients during winter and
spring are significant at 5% level. Thus it may be stated that 03 concentration and variable and
basic components of solar U. V. flux are mainly controlled by their winter and spring values.
However Hoffinan et.al. (1994) found that 03 depletion is quite noticeable in late winter and
early spring in Antarctica.

4.2.3.

Correlation Between Each of Two Components of 10.7 em.
·Solar Radio Flux and Ozone Concentration of Antarctica
Survey Station Halley Bay.
The monthly mean values (variable and basic component) ·of 10.7 em. solar

radio flux are computed by using the equations (3 .2.1.1.) and (3 .2.1.2.) to find the correlation
coefficient between each of two components of solar radio flux and ozone concentration at
Halleybay for different seasons during the period 1979 to 1989. The calculated correlation
coefficients are given in Table- 4.3.2. Variations of Antarctic 03 concentration at Halley Bay
and variable and basic components of 10.7 em. solar flux with year for the months of August,
September, October and November during the period 1979 to 1989 are shown in Fig. 4.3.2.
From the correlation table (Table - 4.3 .2) it is clear that the correlation coefficients
between each oftwo components of 10.7 em. solar flux and ozone concentration are mainly
COJ1trolled by their late winter to spring values.
Correlation coefficients are calculated between monthly mean value of 03
concentration and yearly mean value 03 concentration for the seasons of Antarctic late winter
(August), spring(September, October), summer (November, December, January) and autumn
(February, March, April). It is found from the correlation Table- 4. 3. 2 that the correlation
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co.efficient becomes maximim (0.89) for late winter. It is also very high (0.85) in spring. Also
the correlation between monthly mean value of 03 concentration .and the monthly mean value
of variable component of solar radio flux is maximum (0.57) during late winter. But the
correlation between monthly mean 03 and monthly mean basic component of solar radio flux
is found to be· maximum (0.40) during spring. The correlation coefficient between monthly
mean 03 concentration and yearly mean variable component of radio flux is maximum (0.53)
during late winter. Other correlation coefficients are also maximum during late winter and
most of the correlation coefficients during late winter to spring are significant at 5% level.
Thus it may be stated that 03 concentration and variable and basic components ofl 0. 7 em.
solar radio flux are mainly controlled by their late winter to spring values.

4.2.4.

Discussion
After creation of atmospheric 03 mainly at equatorial regwn by the

photodissociation of molecular oxygen, solar ultraviolet radiation produces many reactions
with the pollutants (CFCs, NOx, etc) which destroy atmospheric ozone. The resultant ozone
whlch depends upon the rate of production and the rate of destruction are carried by the
stratospheric winds mainly from the equatorial region towards the north and south poles. In
the northern hemisphere, the circulation of winds is facilitated by the large mountain ranges
like the Rockies and the Himalya right to the north pole. In the southern hemisphere the winds
circulate to about 60°s for much of the year especially during southern winter. Further during
so~thern winter

a special condition developes in the high atmosphere of polar region, when the
'

stratospheric temperature may drop below- 80° C, the man-made chemicals (mainly chlorine
and bromine species) can stay in the atmosphere for 100 years. At this very low temperature
du~ing

the polar nights, these pollutants form "Polar stratospheric cloud" (PSC) and become

more active when sunlight appears in the Antarctica in late August and early September, by the
interaction of U.V. radiation rapid chemical reaction starts which may destroy significant
amount of atmospehric ozone. Another unique atmospheric condition known as the "Polar
vortex" traps air above the pole which do not allow the warmer low latitude ozone rich air to
mix with the air above the pole. By early October, ozone at 13-20 km is almost completely
destroyed. However by that time stratospheric temperature starts rising, PSCs evaporate,
chemical destruction ceases and ozone rich air from lower latitude helps to recover the
Antarctic ozone level. Thus in September and October less ozone is found over Antarctica.
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The 10.7 em. solar radio flux, lhrough the terrestrial atmosphere, reaches the .ground. Its daily
value is measured at Ottawa and Alogonquin radio observatory of the National Research
Counncil of Canada. The values of 10.7 em. solar radio flux adjusted to 1 AU eliminating
variations due to the eccentricity of the earth's orbit around the sun are used as an index of the
solar radiation, though it is not chemically responsible for ozone destruction or formation, it
is well correlated with the value of solar UV flux. The correlation coefficient b~tween the solar
.radio flux and solar U.V. flux is calculated and it is very high (95%). As the solar UV data are
available for a short period i,e, Nov. 1978 to Oct. 1984. (Nimbus 7 satellite data) so in this
chapter it has also been used the 10. 7em. solar radio flux data as the proxy data for the period
1979 to 1989, so that the analysis can be made for at least one solar cycle.
The ozone observations in Antarctica reveal the following; There is 100% decrease over a
large region of the lower stratosphere and also about 60 - 70% decrease in column ozone
(Hofmann et.al. 1994). If this trend continues the risk of cataract in the eye, malignant
melanoma and non melanoma skin cancer may increase (UNEP, 1991).

4.2.5.

Conclusions
It is seen from the correlation Table - 4.3.1, the values of correlation

co¢fficients between monthly mean ozone concentration and basic and variable components of
solar U. V. radiation are positive being maximum for Antarctic winter to spring.
Further it is seen from the correlation Table - 4.3 .2 the values of correlation
coefficients between monthly mean 03 concentration with monthly mean variable component
or monthly mean basic component of solar 10.7 em. radio flux are positive being maximum for
late winter and .spring respectively. Also the correlation coefficient between monthly mean 03
coJ1.centration with yarly mean variable component or yearly mean basic component of solar
10. 7 em. radio flux are positive being maximum for Antarctic late winter.· Even the correlation
coefficient between monthly mean 03 concentration with yearly mean 03 concentration is
positive being maximum for late winter.
Thus with increase of variable and basic components of solar U. V flux or solar 10.7
em. radio .flux, the ozone concentration need increase and vice versa. However Hofmarin et.al.
(19.94) found that the dramatic decrease of ozone concentration occurs during southern late
winter to spring. Components of solar radiations which are associated respectively wiih solar
act~vity

and steady background, may have been responsible for this declining trend of winter

to spring values of ozone concentration in Antarctica and then the correlation coefficients
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between 03 concentration and components of solar radiations should have been high negetive
during winter to spring. But result shows that most of the correlation coefficients between 03
concentration and components of solar radiations are highly positive and significant at 5%
level, during winter to spring in Antarctica.
Thus it may be concluded that the variable and basic· components of solar radiations
which are associated respectively with solar activity and steady background solar radiation
.are not responsible for the southern high latitude 03 depletion, though solar U.V. radiation is
responsible for production as well as destruction of atmospheric 03 concentration. The
pollutants (CFCs, Nbx etc.) might be responsible for this 03 depletion. If this present trend
o{03 depletion continues, it may create so many hazards on nature.

To control oz6ne depletion, restriction should be imposed on the use of the pollutants,
mainly chloroflurocarbon and oxides of nitrogen and ultimately the production of these
poilutants should be stopped step by step and new substitute should be invented, which will
be economic and environment friendly, such that it will not deplete ozone or it will not pollute
enyironment ·in other forms. Moreover it should have. properties to destroy the molecules of
pollutants which are already in atmosphere.
The montreal protocol, 1987 which amended and adjusted on 1992 (Copenhagen)
sh6uld be implemented immediately, for the recovery of the ozone layer (WMO report 34,
1994). Finally the population growth should be controlled, as rise in population leads to
increased demand for food, accomodation and other necessities leading to more industrial
activities and generation of pollutants, resulting in greater damage to the natural ecological
system of our planet.
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Table - 4.3.1
Correlation Coefficient between different parameters for different seasons

McMurdo (78°S, 166°E)
Winter
May, June,
July, Aug.

Spring
Sept., Oct.

Summer
Nov., Dec.,
Jan.

Autumn
Feb., Mar., ·
April

1. iMonthly mean 03 & monthly
:mean UVv (1979- 1984)

0.36

0.59

0.49

*

2. :Monthly mean 03 & monthly
mean UVb (1979- !984)

0.18

-0.07

0.13

*

3. Monthly mean 03 & Yearly
mean UVv (1979- 1984)

0.54

0.21

0.51

*

4. Monthly mean 03 & Yearly
mean UVb (1979- 1984)

0.64

0.55

0.42

*

5. ;Monthly mean 03 & Yearly
!llean 03 (1979 -1984)

0.62

0.68

0.59

*

:Correlation coefficient between

, !

* Signifies that correlation coefficients are not calculated due

to insufficient data.

Table - 4.3.2
Correlation co,efficient between different parameters for different seasons

Halley Bay (73.5°8, 26. 7°W)
Late Winter
Aug.

Spring
Sept., Oct.

Summer
Nov., Dec.,
Jan.

Autumn
Feb., Mar.,
April

1. Monthly mean 03 & monthly
mean Fv (1979- 1989)

0.57

0.30

0.47

0.39

2. Monthly mean 03 & monthly
mean Fb (1979- 1989)

- 0.11

0.40

-0.009

0.29

3. Monthly mean 03 & Yearly
mean Fv (1979- 1989)

0.53

0.47

0.32

0.45

4. Monthly mean 03 & Yearly
mean Fb (1979- 1989)

0.42

0.30

0.34

0.27

5. Monthly mean 03 & Yearly
~ean 03 (1979- 1989)

0.89

0.85

0.60

0.52

'

C~rrelation coefficient between
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FIG- 4.3.1
Variations of monthly mean OJ concentration at McMurdo with monthly mean variable and basic components of solar UV flux with year for
the months of July. August. October and November during the period 1979 to 1984.
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Abstract
The purpose of this paper is to investigate the covariation of southern high latitude 0,
concentration with the components of solar ultraviolet and 10.7 c.m. radio flux, at the same
time to assess the possible hazards on nature. The critical analysis shows the following
interesting results:- The seasonal correlation coefficients of 0, concentration (Stations McMurdo:
and Halleybay) with each of two components of solar flux during winter to sprmg are maximum.
The southern \'ligh latitude 0~ depletion is independent of solar parameters. It is concluded
that due to 0 3 depletion, increased dosage of harmful U.V. radiation can create so many hazards
._on nature.
·

Introduction

i

destruction of atmospheric ozone. The resultant
concentration of ozone depends, at any time, on ·the
rate of production and the rate of loss or destruction.

Ozone resides in three regions of atmosphere troposphere (roughly 10% of total ozone content),
In the troposhere, ozone is created by interaction of
stratosphere (roughly 90% of total ozon~ cont~pt),
uv radiation. with .automobile and other exhaust
mesosphere (very small quantity of ozone) .. The.ozoner
fumes; ozone also occurs in some industrial emissions.
in a column covering an area ·1 0 deg. X 5 deg. along
In the troposp}:lere, ozone· is a toxic constituent of
these three regions of atmosphere is known as column
photochemical,smog (Last, 1993).
ozone and is measured in Dobson units. One Dobson
The global ozone assessment has shown that ozone is
unit (D.U.) is defined to be 0.01 mm. thickness at
.
S.T.P. The thickness of the atmoshperic ozone layer- decliniing everywhere throu'ghout the world (WMO
report no. 25, 1991 and WMO bull. no. 41, 1992).
reduced to S.T.P. is very ·small varying from 1.5 mm.
Decrease in atmospheric ozone concentration allows
to 4.5 mm., averaging 2.5 mm. This thin ozone layer
enhanced solar U. V. radiation (mainly UV- B,
acts as an atmospheric protective shield, whiCh
·wavelength range 280 nm. to 320 inn.) which is very
protects the abiotic and biotic environments· of the
much farmful ·to the biosphere as well as ecosystem.
earth from the deleterious effects of solar U. V.
This
harmful U.V. radiation can affect severely: plants
radiation in the 200 nm. to 320 nm. wavelength region
and
crops
(Tevini and Teramura, 1989), aquatic life
and maintains the ecological ba.J.ance.
(Smith et. al 1980, Bakers and Smith 1982, Worrest
It is already established that the stratospheric ozone
1986, Smith 1989), humans and animals (Toylor 1989,
is created by the photo dissociation of '0/ by the solar
Vanderleun et.al. 1993, Ley e.t. al. 1989, Nikula et. al.
U. V. radiation (wavelength< 242 nm.) at an altitude
1992). It can also affect the climatiC condition of the
between about 25 km. and 100 km. Absorption of solar· earth. The variation in· sola! U. V. radiation can
U. V. radiation upto about 320 nm. converts the '0/
influence tropospheric climate; (Bates, J.R. 1981). .,
back to '0/ and '0' (Chapman, 1930). So the U.V.
Observations over the last two decades indicate that
radiation is responsible for creation as well as
0 3 concentration in the lower st_ratosphere has
·9

decreased and that tropo~heric 0 3 concentration· has
possibly 'increased in some regions (Stolarski et. al.
1991, Me Carmie et. al .. 1992 and Logan 1994)
•·•. . .

•••

Analysis
_A l!near .regression relation between the daily value of
the solar U.V. flux as well as 10.7 em. radio flux and
daily relative· sunspot number on least square principle
shows two components of both the solar flux for a month
- one is variable component (UV v or (Fvl direc.tly
proportional to the relative sunspot number and the _
other called basic component (UVh) of (F11 ) independent
of the relative sunsp·ot number. Each of the tWo
components of the solar U.v: or 10.7 em. radio flux are
computed for every month for the year 1979 to 1984 or
1979 to 1989 respectively using the equations-
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Atmospheric ozone ch~ges can affect tropospheric
·
climate in many waY:s _: ·
Decrease in stratospheric p 3 , reduced sol~r
absorption, more solar energy reaching the earth's
surface, resulting in tropospheric warming.
·-·

Increase in tropospheric 0 3 will result in an increased
greenhouse trapping of long wave radiation resulting
in tropospheric warming (Mackay et. al., 1997), which
may produce global warming and is expected to
influence the ocean current. This may alter the
distribution ofrainful; weather distrubances, such as
hurricanes might become more severe. The other effect
of this global warming is rise in sea level caused by
melting of ice .and thermal expansion of sea water
mass, which may submerge many coastal areas and
disturb their ecosystems. D_ue to global warming, the
temperature of the cities will rise, which may increase
the heat related illness (Last, 1993).

Basic component of
solar flux (UVb or Fb)

Variable component
solar flux (UVv or Fvl

(L:xy) (L:x) - (L:x2) (L:y)
=

=

(L:x) 2

-

L:y
--N--

0

0

0

0

0

0

0

0

0

(i)

N (L:x1)

- uv
• h

0

0

0

0

0

0

0

(ii)

Wh~re "x" is the daily value of relative sunspot number,
It is well accepted .that dramatic decrease of 0 3
· "y" 1s the daily value of solar U.V. or·radio flux, "N" is
concentration occurs during southern winter to spriilg ·
the number of days for which the values of ·relative
[Farman et.al. (1985), Hofmann et. al. (1994), Ghosh
sunspot number and value of solar flux are available
and Midya (1994)]. Several studies of the effect of
in a rrionth. Both the solar data are obtained from the
various parameters representing solar activity upon
Solar Geophysical Data book, NOAA, U.S.A. Published
0 3 depletion at polar region were made from time to
by Department of Commerce, U.S.A.
time by different investigators throughout the world.
Correlations betw.een each of the two components of
Positive correlation between solar U. V. radiation and
both the solar flux and ozone concentration have been
oione concentration had been found by .Summers et.
calculated seasonwis~. (Table 1.& Table 2)
al. (1990), Hood et. al. (1991), Hood and Me Cormack
(1992), Reinsel et. al. (1994). The correlation.between
Table 1: Correlation' Coeffi~ient between different
global total ozone and sunspot. nu~ber (ound. good
·
parameters for different seasons.
by AI}gell (.1989). Study of Nimbus 4 BUV 0 3 data for
~: McM~do (78°8, 166°E)
6 years indicates a high correlation between Global
·..
Spring Summer Autumn
0 3 and 10.7 em. radio flux·(Heath,.et. al. 1977). d ;
.Correlation coefficient Winter
1

•

•

•

:·

Solar U. V. data are used with the 0 3 data of McMurdo
for the period 1979 to 1984 and solar 10.7 em. radio
flux data are used as the proxy data of solar U.V. flux
with the 0 3 data of Halleybay for the period 1979 to
1989 in absence of long p·eriod solar U,V. data.

••

May;
June,
July,.
Aug.

Sept.,
Oct.

1, Monthly rriean 0 3 &
monthly mean uv.
(1979-1984) .

0.36

2. Monthly mean 0 3 &
monthly mean uvb
(1979-1984)

. 0.18

· between .

ln this paper an attempt has been made to study .the
effect of solar activity on Antarctic 0 3 concentration
by dividing the solar U.V. flux· and solar radio flux
data in two components, as the variable component
represents the so~ar activity.

The monthly mean values of 0 3 concentration for
McMurdo and Halleybay in Antarctica are obtained
from Komhyr et. al. (1986), and from the internet
website http:/ I Jwocky .gsfc.nasa.gov respectively. The
solar U. V. data are the observed data of Nimbus 7
satellite and the solar 10.7 em. radio flux data are the
measured data of radio observatory at Ottawa and
Algonquin. Both the solar flux data are published in
the solar Geophysical data book, NOAA, USA.

•

'··

Nov.,

Dec.,
Jan.

Feb.,
Mar.,.
April

0.59

0.49

*

-0.07

0.13

*

3. Monthly m~ 0 3 &
Yearly·. mean uv.
(1979-1984)

0~54 '

0.21

0.51

*

4. Monthly mean 0 3 -&
Yearly mean uvb
. (1979-1984)

0.64

0.55

0.42

*

. 5.Monthly mean 0 3 &
Yearly mean 0 3
(1979-1984)

0.62

0.68

0.59

*

;

"'Signifies that correlation coefficients are not calculated
· due to insufficient data.
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Table 2:

Correlation- Coefficient between· different
parameters for differen~ seasons;:
Halley Bay (76°S, 270\V)

Correlation coefficient Late
Winter
between
Aug.

Spring
Sept.,
Oct.

0.57

0.30

JULY

Summer Autumn
Nov.,·;Feb.,
Dec.,_ Mar.,
April
Jan.
,.

1. Monthly mean 0 3 &

Xf0~ 4

0.47

-0.11

3. Monthly mean OJ &
Yearly mean Fv
(1979-1989)

0.53

4. Monthly mean OJ &
Yearly mean Fb
(1979-1989)

0.42

5. Monthly mean OJ &
Yearly mean OJ
(1979-1989)

0.89

0.40

_.
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The monthly mean values (variable or basic
component) of solar U.V. flux are computed by using
the equations (i) and (ii). The calculated correlation
coefficients between each of two components of solar
U.V. flux and 0 3 concentration at McMurdo for
different seasons during the period 1979 to 19~4 are
given in Table-! variations of monthly mean 0 3
concentration at McMurdo with monthly mean
variable and· basic components of solar U:V. ·flux with
year for the months of July, August, October,
November during the period 1979 to 1984 are shown
in Fig. 1.
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It is found from the correlation table (Table-1) that

1979

the correlation coefficients between each of the two
components of solar u.v. fl,ux and 03 concentration
are mainly controlled by their winter to spring yalues.

'1984 1979 .;

. (b)

1984

-. .

b.· ozot.ii:fcoN"ci:NTRATiOt•f AT-McMURDO

e

·, 0

. i

Correlation coefficients are .calculated b'etween
monthly mean values of 0 3 concentratio~'at:J.d'J~B!~Y
mean value of 0 3 concentration for the l·~easm1-s' of
Antarcatic winter (May, June, July; August);' sprihg
{September; October), Summer (November, December,
· January) and autumn (February, March, April};'' It' is
found from' the correlation table that the :c'O'rrelation
coefficient becomes maximum (0 .'68) ·for: the ·sprilig,
also high (0.62) for the Winter.'·
·' · ':" ····

VARIABLE' COMPONENT OF U.V. FLUX'
BASIC COMPONENT_ OF U.V. fLUX
. ~ . ) . ; •·, ·i i

·-:

; .,

FIG- 1

v'ariations of.monthly ni.ean. 03 concentration at
''McMurdo with· monthly. mean variable and basic
'cdmpori.ents.ofSolar U.V,' flux' With year fo-r the months
of July; :Augri'st, October arid: November during the period
1979 to 1984:·
· . · · !_ :
·

.11

The correlation coefficients calculated between rnontly
mean values of 0 1 concentration and monthly mean
values of variable component of solar U.V. flux is·
maximum (0.59) for the spring, in the case of basic
component of solar U.V. flux is maximum (0.18) during
winter. Also the correlation coefficient of monthly mean
0 1 concentration with yearly mean variable component
and basic component of solar u:v. flux (0.54 and 0.64)
are maximum during winter. Thus we may infer that
:::::i
OJ concentration and variable and basic components
ci
of solar U.V. flux are mainly controlled by their winter
~
z
and spring values. However Hoffman et.al.:(1994) .o
found that 0 1 depletion is quite no~iceable in late
~
winter and early spring in Antarctica.
· 1z

w

0
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The monthly mean values. (variab~e. or basic
180
20
component) of 10.7 ern. solar radio flux are computed
by using the equations (i) and'(ii)tofind the corre}ation
coefficient between each of two components of solar·
radio flux and ozone concentration at Halley Bay for.
YEAR
different seasons during the period 1979 to 1989. The
::·,.-Fl9':; 2 .. •
calculated correlation coefficients are given in:TableVariations of monthly. mean 03 concentration at Hallev Bav
2. Variations of Antarctica 0 3 concentration at Halley · with monthly mean varhi.ble·and•basic components of 10.7
Bay and variable and basic components of 10.7 ern.
em. radio flux with year for the months of August, September,
October' and November during the period 1979 to 19HlJ
solar flux with year for the months of August,
.,
September, October and November during the period
1979 to 1989 are shown· in Fig. 2.

~axim:um (0:53) d~ring.late winter. Other correlation

From the correlation table (Table-2) it is! clear. that
the correlation coefficients between each ;of.1 two
components of 10.7 ern. solar flux' and! ozo,rie
concentration are mainly controlled by their late winter
·
to spring values.
•

~

.

l

.

coefficferits are also maximum during late winter. Thus
we may iiifer that 0~ ~oncentration and variable and
basic compqnents of 10.7 em. solar radio flux are
mainly controlled by their late winter to spring values.

Correlation coefficients are calculated between
Discussion
monthly mean value of 0.1 concentration and yearly
mean value 0.1 concentration for the seasons of
After creation of atmospheric 0 J mainly at equatorial
Antarctica late winter (August), spring (September,
region by the photodissociation of molecular oxygen,
October), summer (November, December;' January)
solar ultraviolet radiation produces many reactions
and autumn (February, March,April). It is found from
with the pollutants· (CFCs, NO", etc.) which destroy
the correlation Table ~ 2 that the c·orreiatibl\ coefficient
atmospheric ozone. The :resultant ozone \vhich
becomes maximum (0.89)·for•late winter.·It is also
depends upon the rate of production and the rate of
·very high (0.85) in spring. Also the correlation between
dest~ction ar~ carried by the stratospheric winds
monthly mean value of 0 3 concentration and the
mainly from the equatorial region towards the north
monthly mean value of variable component of solar
and. south poles. In the northern hemisphere. the
radio flux is maximum (0.57) during late winter. But
circulation ofwindsis facjlitated by the large mountain
the correlation between monthly mean 0 3 and monthly
. ranges like the Roclcie~ arid. the ·Hirnalyas right to the
mean basic component of solar radio flux is found to
north pole. In the southern/ hemisphere the winds
be maximum (0.40) during spring. The correlation
circulate to about 60°s for much of the year especially
coefficient between monthly mean 0 3 concentration
during southern winter. During southern spring the
and yearly mean variable component of radio flux is
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polar. vqrte,x. consjsting~of,~()ld p.ir start&toJbreak down
allmving ozone rich ·air from lower ·latitudes: in to the
Antarctic region:· Thus' during··Antarchc' 1spring,
stratospheric ozone concentration ove·r 'Antarctica
starts to rise.
. ,.,,, . .,,,,.,.·; . .'. ·.: : '"·'·
,. i

.. -., . ·

! , I~

:,

·J

.1

! .,. ': • ,

··coeffici~nt::betweeiJ.!

monthly· mean 0,~ concentration
with'yearly·mean·vatiable component or yearly mean
basic component of solar 10.7 em. radio flux are
positive being maximum for Antarctic late winter. Even
the correlation coefficient between monthly mean 0.
concentration with yearly mean 0_1 concentration i~
positive being maximum for late winter.

, ·.

The 10. 7 em. solar radio flux,. through the terrestrial
~tmoshere, reaches,the ground·. Its: daily value is
· measured at Otta\Va and f>.lg~nquin ~~~~o,observatory
of the National Research· Council·of _Canada. The
values of 10.7 em. solar radio flux adjusted to 1 AU
eliminating variations due to the eccentricity of the
eC:Jrth s orbit around the sun are used as an index of
the solar radiation. Though it is not 'chemically
responsible for ozone destruction or formation, it is
1n~ll correlated with the value of solar UV flux. The
correlation coeffici~nt between 'the solar'r~dio'flux and
solar U.V. flux is calculated and it is very high (95%).
As the solar UV data cu:-e available for §i. short period
i.e. Nov . .197-8 to Oct. 1984. (Nimbus.} sate:;llite data)
so in this paper we have-also used the ·10.7 em. solar
radio flux data as the proxy data for the period 1979
to 1989. so that the analvsis.
can be made for
.
. at
. least
one solar cycle.
~

Thus with increase of variable and basic components
of solar U.V. flux or solar 10.7 em. radio flux, the ozone
concentration 'should increase and vice versa.
However Hofmann et. a!. (1994) found that the
dramatic decrease of ozone concentration occurs
during southern late winter to spring.
Thus Wf; may conclude that the variable and basic
components of. solar radiations which are associated
respectively with solar activity and steady back ground
· solar radiation are not responsible for the southern
high latitude 0 3 9,epletion, though solar U. V. radiation
is responsible for production as well as destruction of
atmospheric 0_1 concentration. The pollutants {CFCs,
NOx etc.) may be responsible for this 0 1 depletion. It
this present .trend of Oj depletion continues, it may
create so many hazards on nature.

The possible impacts of 0 3 depletion on earths
environment has been assessed in our previous papers
on Arctica (Maitra et.al. 2000) and sub Himalayan
region at Jalpaiguri (M~tra et. aJ.. 2000).· It is seen
that atmospheric 0_1 depletion may affect : gnJwth of
plants and crops, aquatic life, hutnan"and ·animal
health, climatic com~ition Jf earth. AtJalpaiguri there
are possibilities to have more warm climate, the winter
may be shorter; :the·rainfall:distribution'pattern may
change, which may result wat~r logging,· flood etc.
Maitra et. a!.. (1999) also found that 0 3 concentration
at tropical DumDum·(India) is declining and·a 5.04%
loss has been recorded during the period 1979 to 1996.
On the other hand ozone observations in Antarctica
reveal the following; A 100% decrease occurs over a
large region of the lower 'stratosphere 'and 1about 6070% decreasp in· column ozone (Hofmann ei.al. 1994).
If this trend continues the risk of cataract in the eye,
malignant melanoma and non m~lanoma skin cancer
may-increase (UNEP,'1991):
... , · .. ,; .·

To control ozone depletion, restriction should be
imposed on the use of the pollutants, mainly
choroflurocarbon. and oxides of nitrogen and
ultimately the production of these pollutants should
be stopped step by step and new substitute should
be invented, which will be economic and environment
friendly. These will. not deplete ozone or it will not
pollute environment in other form. Moreover it should
have properties to destroy the molecules of pollutants
which are already' ln. atmosphere.
The Montreal protocol, 1987 which was amended and
adjusted in 1992 (Copenhagen) should be implimented
immediately, for the recovery of the ozone layer (WMO
report 34, 1994). Finally the population growth should
be controlled,· as rise in population leads to increased
demand for. food, accommodation and other
necessities leading to more industrial activities and
deforestation resulting in gregter damage to the
natural ecological system on our planet.

Conclussions ·
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1t is seen from the. co;relation· Table~ (that the v81ues
of correlation coefficients between monthly mean
ozone concentration and basic.. ·and variable
components of solar u.v. ni.diation are positive being
maximum for An'tarctic winter to spring..

Further it is seen from the correlation Table-2, that
the values of correlation coefficients.between monthly
mean o, concentration. with monthly mean variable
component or monthly mean basic component of solar
10.7 em: radio flux are positive being maximum for
late winter and spring respectively, also the correlation
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