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Abstract • Atmospheric ozone even being a very minor constituent, plays a central role to absorb (not .ill) the solar UV radiations (200 nm 
to 320 nm) which arc lethal to man and other living organisms I he o/one concentration is slowly declining everywhere throughout the world, but 
dramatic decrease of concentration takes place at Antarctica during spring lime The paper reports the investigation of the correlation coeffi- 
cienus of daily O3 concentration of Antarctic Survey station, Halley Bay with daily solar UV flux Daily, monthly, yearly and .seasonal correlation 
coefficients between concentration and UV flux are calculated from their corresponding daily, monthly, yearly and seasonal values It is 
concluded that atmospheric depletion over Antarctica is independent of solar UV radiation

Keywords Solar UV radiation, O, depletion. Antarctica

PAf \S Nos. *̂ 2 60 c, %  60 Rd

I. Introduction
B ales [1] h as sh o w n  th a t v a r ia tio n s  in so la r  U V  rad ia tio n  can  

lead to  c h a n g e s  in th e  m ean  te m p e ra tu re  an d  w in d  d is trib u tio n  

in the s tra to s p h e re , th u s  rc .su lting  in m o d ific a tio n  o f  O i 

p h o to c h e m is try . O b s e rv a tio n s  o v e r  th e  Iasi tw o  d ecad es  

ind ica te  th a t O 3 c o n c e n tra tio n  in th e  lo w er s tra to sp h e re  has 

d ec rea sed  an d  th e  tro p o sp h e r ic  O i c o n c e n tra tio n  has p o ss ib ly  

inc reased  in so m e  re g io n s  [2 4 ] . O z o n e  c h a n g e s  can  affec t 

the  tro p o sp h e r ic  sy s te m  in se v e ra l w ay s  ;

( 1 ) D e c re a se  in s tra to s p h e r ic  O 3 , re d u c e d  so la r  rad ia tio n  

a b so rp tio n , m o re  s o la r  e n e rg y  re a c h in g  to  th e  ea rth 's  su rface , 

re su ltin g  in tr o p o s p h e r ic  w a rm in g .

(2 ) D e c re a se  in s tra to s p h e r ic  O 3 re d u c in g  th e  th e rm al 

e m iss iv ity , h e n c e  le ss  in f ra re d  ra d ia tio n  reach iitg  to  the 

tro p o sp h e re , r e s u ltin g  in tro p o sp h e r ic  co o lin g .

(3 ) In c re a se  in  tro p o s p h e r ic  O j w ill re su lt in an  in creased  

g re e n h o u se  tr a p p in g  o f  lo n g  w a v e  rad ia tio n  re su ltin g  in 

tro p o sp h e ric  w a rm in g  [ 5 ].

T he  so la r  U V - B  (2 8 0  n m . -  3 2 0  n m .) ra d ia tio n s  a re  not 

to ta lly  a b so rb e d  b y  th e  O 3 lay e r , its re m a in in g  p a rt c o m in g

'̂ C'urrcspiinding Author

to  the g ro u n d  a ffec ts  m an , a n im a l, fish es an d  p lan ts . T h e  
e ffec ts  a re  d iscu ssed  in o u r p re v io u s  p a p e rs  [6 ,7 ] . A lso  

M aitra  et ul [8 ] an a ly sed  the  su b h irn a lay a n  o z o n e  v a ria tio n  

w ith  th e  m e te o ro lo g ic a l p a ra m e te rs  an d  its im p ac t on  

cn v iro n m e n l at Ja lp a ig u ri (26.32® N , 88.46® E),
S y d n ey  C h ap m an  [9] p o s tu la te d  c h e m ic a l re a c t io n s  w ith  

O2 and  UV light for the  fo n n a tio n  o f  o zo n e  in th e  a tm o sp h e re . 

B ut O 3 c o n c e n tra tio n  d o cs  not c o n tin u e  to  in c re a se , as it is 

a lso  d es tro y ed  by  th e  U V  ray s an d  by  so m e  m an  m a d e  

p o llu tan ts  [7] T he  o x y g en  a to m s re le a se d  fro m  o z o n e  

d es tru c tio n  co m b in e  w ith  O 2 m o le c u le s  fo rm in g  a g a in  o z o n e  

m o lecu les , fh e  re su ltan t c o n c e n tra tio n  oif d e p e n d s  on  th e  

ra te  o f  p ro d u c tio n  and  th e  ra le  o f  loss an d  d e s tru c tio n  d u e  

to  p o llu tan ts  an d  tra n sp o rta tio n .

B ut th e  g lo b a l O 3 a s s e ssm e n t c o n firm e d  th a t O 3 is 

d e c lin in g  e v e ry w h e re  |IO j. It is a lre a d y  a c c e p te d  th a t th e  

d ram atic  dec rease  o f  O i co n cen tra tio n  o ccu rs  d u rin g  A n ta rc tic  

S p rin g  [1 I j . S ev era l s tu d ie s  on  th e  e f fe c ts  o f  v a r io u s  k in d s  

o f  so la r ac tiv ity  upo n  O i d e p le tio n  in A n ta rc t ic a  h a v e  b een  

m ad e  from  tim e  to  tim e  by d if fe re n t in v e s tig a to rs  th ro u g h o u t
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the world Midya iiiul Midya | I2) showed that 
concentration varies in oscillalory manner with solar Hare 
number during the period 1^73 to Midya ci al |13J
also showed (hat dramatic decrease ol O', concentration in 
Antarctica is independenl ol UV radiation b\ using the 
calibrated value of solar UV llux MaKra a  u/\l] found that 
O, depletion m Antarctica is independent ol solar radiation 
by using the 10  7 cm solar radio llux as the proxy data of 
UV flux during 1 074 to l9Ks

In this paper, we have taken the solar I fV data trom 
the NIMBUS 7 satellite, puhiL'ihed m Solai (ieophysical 
data book foi the period 1078 to 1084 (SGD comp, 
reports October ’80 No 542 - part II) The puiposc of this 
papci IS to study the correlation between daily UV f l u x  

and daily concentration m Antarctica during the 
period November 1078 to October 1084. 4'he result 
shows that the daily, monthly, seasonal vaiialions of Ô  
concentration loi diHeieni years aic iiulepeiulent ol solar 
UV radiation

2. Ansilysis, disciis.sinn and conclusions

2 / Analysis
I he daily average value ol the solar UV rachations tor the 
period of November 1078 to Octobei 1084 are obtained 
from Solar (Ieophysical Data book, NO.AA, USA.  published 
by Department ol (ommeixe U SA  S(il) comp reports 
October 1080 No 542 - pari II and the daily average values 
ol ol Halley Bay loi the same period are obtained from 
inlernel website [!4| and the (U data loi McMiirdo are 
obtained horn Komhyr ct it! | I5|

I'rthh- I. Hiiikv h.i> {Hi s r  \V)diinru- mvx l‘>SI

w h ere  x is th e  v a lu e  o f  so la r  U V  is th e  v a lu e  o f  o z o n e

c o n c e n tra tio n  in A n ta rc tic a , N is th e  n u m b e r  O f d a ta  fo r  

w h ich  th e  v a lu es  o f  U V  flu x  a n d  o z o n e  c o n c e n tra tio n  a re

av a ilab le .

2 2 Instrument
fh e  o z o n e  c o n c e n tra tio n  in D o b so n  U n it fo r  H a lle y  B a y  w a s  

m ea su re d  by  "T o ta l o z o n e  m a p p in g  sp e c tro m e te rs " . T h e  

s a m e  f o r  M c M u r d o  w a s  m e a s u r e d  b y  " D o b s o n  
sp e c tro p h o to m e te r" . T h e  so la r  U V  flu x  w h ic h  is th e  c o re  to  

w in g  ra tio  o f  M g II h an d  k line , w a s  m e a s u re d  fro m  th e  

"S o la r  b ack  sc a tte r  u ltra v io le t  sp e c tra l scan  o f  N im b u s  7 

sa te llite " .

2 i  Correlation between solar UVflux and Oj concentration 
of Antarctic survey stations Halley Bay and McMurdo : 
fh e  d a ily  m ean  O i c o n c e n tra tio n  v a lu e s  d u r in g  N o v e m b e r  
1978 to  O c to b e r  1984 fo r H a lle y  B ay  in A n ta rc t ic a  a re  ta k e n  

fro m  in te rn e t sy s tem . D aily  m ean  so la r  U V  flu x  v a lu e s ,a re  

lak en  fro m  S o la r  G e o p h y s ic a l D a ta  b o o k , N O A A , U.S.AI. to  

find  th e  c o rre la tio n  c o e ff ic ie n t b e tw e e n  so la r  U V  flu x  an d  

CN c o n c e n tra tio n  fo r d if fe re n t m o n th s  a n d  fo r  th e  d if fe re n t 
.seasons d u rin g  th e  p e rio d  1978 to  1984. T h e  calcu la ti^d  
co rre la tio n  c o e ff ic ie n ts  a re  g iv e n  in T a b le s  I an d  2.

C o rre la tio n  c o e ff ic ie n t b e tw e e n  d a ily  m e a n  v a lu e  o f  O i 

c o n c e n tra tio n  and  d a ily  m ean  v a lu es  o f  U V  flu x  a re  c a lc u la te d  

lo r  d if fe re n t m o n th s . It is fo u n d  from  th e  c o rre la t io n  ta b le  

( fa b le  1 ) th a t th e  c o rre la tio n  c o e ff ic ie n t b e c o m e s  p o s itiv e  

and  m a x im u m  (0 .5 6 )  fo r  O c to b e r .

fh e  c o n e la tio n  c o e ff ic ie n ts  b e tw een  m o n th ly  m e a n  v a lu es  

o l c o n c e n t r a t io n  a n d  y e a r ly  m e a n  v a lu e s  o f  O 3

C t)Mcl:ilmn Ci'cllKK’iil heiWLcn l.in leb Mar Apr Any S»epl Oct Nov Dec

DtJil) niLim O; aii».l 4.iil\ mean 0 
solar UV Mux

(1 01 0 iw 0 008 0 38 0 40 0 56 -0  14 0 42

lubli* 2 . lldlln Mav S 11' W) Uiimiv l‘)S 1

( ondalion coclliLienl between 1 ate Winter Spring Summer Autumn

(Aiifuisl) (Sept, Ocl ) (Nov . Bee , Jan ) (Feb , Mar , A pr)

l)ail\ mean (>, aiul tiaih mean solai I'V lliix 0 IS 0 48 0 047 0 056

MnnlliK mean (), aiul moiillil\ mean solar I'V llnx + 0 69 0 18 0.16

MonlhK mean Oj and \e.iil\ mean lA llnx * 0 66 0 06 -0 0 4

Moiilhl> mean ()| and seail\ mean ()| * 0 72 0 63 0 14

MoiUlilv mean \ \  lluv and vearh mean TV lln\ 0 00 0 98 0 93 0.96

*( orrelalion toellkienls nol eakulaled due lo insnllkieiu data

flic coiTclalinii Locfllcicnis between daily O, and daily 
UV flux have been CLduilaled month-wise and season-wise 
for the period of Novembei H)78 to October 1984, by using 
the statistical eciuation 
correlation coelTicient

\ ' l u  - (2w h 2.\ )[A' (A\ ' ) ( l \ ) - f  ’ ) - - ( J i ) ’ ]

c o n c e n tra tio n  in A n ta rc tic a  a re  c a lc u la te d  fo r  th e  se a s o n s  ; 
W in te r  (M a y , Ju n e , Ju ly , A u g u s t) , S p r in g  (S e p te m b e r , 
O c to b e r) , S u m m e r  (N o v e m b e r , D e c e m b e r, J a n u a ry )  a n d  
A u tu m n  (F e b ru a ry , M a rc h , A p r il)  a n d  fo r  H a lle y  B ay  it is 
fo u n d  fro m  th e  c o rre la tio n  ta b le  (T a b le  2 ) th a t  th e  c o rre la t io n  
c o e ff ic ie n t b e c o m e s  p o s itiv e  a n d  m a x im u m  (0 .7 2 )  fo r  sp r in g . 
T h e  c o rre la tio n  c o e ff ic ie n t b e tw e e n  m o n th ly  m e a n  v a lu e  an d  

th e  y e a rly  m e a n  v a lu e  o f  th e  so la r  U V  ra d ia tio n  is fo u n d  to
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be positiv e  an d  m a x im u m  (0 .9 8 )  d u r in g  S p rin g . A lso  th e  

c o rre la tio n  b e tw e e n  th e  m o n th ly  m e a n  v a lu e  o f  O 3 

co n cen tra tio n  a n d  th e  m o n th ly  m ean  v a lu e  o f  so la r  U V  flux  

IS p ositive  an d  m a x im u m  (0 .6 9 )  d u rin g  S p rin g . S im ila r  is th e  

case o f  c o rre la t io n  c o e ff ic ie n t b e tw e e n  d a ily  m ean  O3 

co n cen tra tio n  a n d  d a ily  m e a n  so la r  U V  flu x , w h ich  is 

positive an d  m a x im u m  (0 .4 8 )  d u rin g  S p rin g ; fo r  o th e r  
seasons it is p o o r.

A gain , it is fo u n d  fro m  th e  c o rre la tio n  tab le  ( f a b le  3 ) th a t 

ilie co rre la tio n  c o e ff ic ie n t b e tw e e n  m o n th ly  m ean  v a lu e  o f
and th e  m o n th ly  m e a n  v a lu e  o f  s o la r  U V  flux  is p o sitiv e  

and m ax im u m  (0 .5 8 )  d u r in g  S p rin g , c o rre la tio n  c o e ff ic ie n t 

betw een m o n th ly  m ean  v a lu e  o f  O 3 c o n c e n tra tio n  an d  th e  

yearly m ean  v a lu e  o f  U V  flu x  is p o s itiv e  an d  h ig h  (0 .5 5 )  

during  S p rin g , a lso  th e  c o rre la tio n  c o e ff ic ie n t b e tw een  

monthly m ean  v a lu e  o f  O 3 c o n c e n tra tio n  an d  th e  y ea rly  

mean v alu e  o f  O 3 c o n c e n tra tio n  is p o s itiv e  an d  m ax im u m  

(0 68) d u rin g  S p rin g . .

D ue to lack  o t 'a d e q u a te  d a ta , th e  v a lu e  o f  th e  co rre la tio n  
loetficient fo r  W in te r  a t H a lle y  B ay  an d  fo r A u tu m n  at 

M cM urdo a re  n o t c o m p u te d .

I he v a ria tio n  o f  th e  c o rre la tio n  c o e ff ic ie n t b e tw een  d a ily  

m ean c o n c e n tra tio n  an d  th e  d a ily  m e a n  so la r  U V  lliix  as 
\Noll as the  v a ria tio n  o f  th e  c o rre la tio n  c o e ff ic ie n t b e tw een  

(he m o n th ly  m ean  O 3 c o n c e n tra tio n  a n d  m o n th ly  m ean  so la r 

I V llux  w ith  th e  se a so n s  fo r  A n ta rc tic a  a re  illu s tra ted  in 

I iguie 1

fh u s . vve m ay  inl'er th a t c o n c e n tra tio n  an d  so la r  U V  
Iluv are m a in ly  c o n tro lle d  by  th e ir  S p rin g  v a lu es . T h is  is

Halley bay. 76‘ S, 2T W. Dally Mean 03 & 
Dally Mean U V. (during 1978 -1984)

8 0 6  

l l >
iS ^  3g £ -

6 ^ 0  0o  t
ou ‘0 2

■ J - Axj^

Late
Winter

Spring Summer Autumn

l iKiiic 1 (a). I hc varmtion ol correlation eoeriieient between daily mean 
 ̂6 euncentration at I lallcy Uay and daily mean solar UV llux with seasons

Halley bay. 76* S, 27* W. Monthly Mean 03 
& Monthly Mean U.V.(during 1978 -1984)

lY -A x is

McMunlo 78* S. 168* E. Monthly Mean 03 
81 Monthly Mean U,V.(dunng 1978 -1984)

I
Winter Spring Summer Autumn 

S E A S O N

l iKurc 1(b). The variation of correlation coefficient between monthly 
nican ()̂  eonccntraiion at Halley Bay and monthly mean .solar UV llux 

seasons (The Winter value is not computed due to insutTicicnt data)

Kijsurc 1 (c). the vanaiion of correlation coelVicienl between monthly 
mean conccnlriition at McMurdo and monthly mean solar UV flux with 
seasons (the Autumn value is not computed due to insulTicient data).

c o rro b o ra te d  by M id y a  ct al [13 ] w h o  fo u n d  th e  O 3 

c o n c e n tra tio n  an d  U V  rad ia tio n  to  be m a in ly  c o n tro lle d  b y  
th e ir  O c to b e r va lues,

2 4 Conclusions .

It is e s ta b lish e d  tha t a tm o sp h e ric  o z o n e  is p ro d u c e d  in th e  
s tra to sp h e re  o v e r th e  e q u a to r ia l reg io n  fro m  m o n o a to m  ic (O ) 

an d  d ia to m ic  (O ?) o x y g e n  by th e  a c tio n  o f  so la r  U V ra d ia tio n  
w ith  w a v e le n g th s  less th an  243 nm . S tra to sp h e r ic  w in d s  

ca rry  o z o n e  from  th e  e q u a to r ia l reg io n  to w a rd s  th e  n o rth  an d  

so u th  po les . In the  n o rth e rn  h e m isp h e re , th e  c irc u la tio n  o f  

w in d s  IS fac ilita ted  by  the la rge  m o u n ta in  ra n g e s  like th e  
R o ck ie s  an d  th e  H im a lay as  r ig h t to  th e  n o rth  p o le . In th e  

so u th e rn  h em isp h e re , th e  w in d s  c irc u la te  to  a b o u t 60® S fo r 

m u ch  o f  th e  y ea r e sp e c ia lly  d u rin g  so u th e rn  W in te r  /.e. M ay , 
Ju n e , Ju ly  and  A u g u st, fu r th e r  d u rin g  so u th e rn  W in te r  a 

sp ec ia l co n d itio n  d c v e lo p e s  in th e  h ig h  a tm o sp h e re  o f  p o la r  
reg io n , w h en  the  s tra to sp h e ric  te m p e ra tu re  m ay  d ro p  b e lo w  

8 0 “ C , th e  m a n -m a d e  c h e m ic a ls  (m a in ly  c h lo r in e  an d  

b ro m in e  sp ec ie s )  can  s tay  in th e  Jitm ospherc  fo r  1 0 0  y ea rs . 
A t th is v e ry  low  te m p e ra tu re  d u rin g  th e  p o la r  n ig h ts , th e se  

p o llu tan ts  fo rm  "P o la r s tra to sp h e ric  c lo u d "  (P S C ) an d  b eco m e  

m o re  ac tiv e  w h en  su n lig h t ap p e a rs  in th e  A n ta rc tic a  in late  

A u g u st and  ea rly  S ep tem b er. B y th e  in te ra c tio n  o f  UV  

rad ia tio n , rap id  ch em ica l reac tio n s  s ta rt w h ic h  m ay  d e s tro y  
s ig n ific a n t am o u n t o f  a tm o sp h e ric  o zo n e . A n o th e r  u n iq u e  

a tm o sp h e ric  co n d itio n  k n o w n  as th e  "P o la r  v o rte x "  tra p s  a ir  

a b o v e  th e  p o le  w h ich  d o  no t a llo w  th e  w a rm e r low  la titu d e  

o zo n e  rich  a ir  to  m ix  w ith  the  a ir  a b o v e  th e  p o le . B y e a r ly ‘ 

O c to b e r, o zo n e  at 1 3 -2 0  km  is a lm o s t c o m p le te ly  d e s tro y e d .

I lo w e v e r  by  th a t tim e, s tra to sp h e ric  te m p e ra tu re  s ta rts  r is in g , 

P SC 's e v a p o ra te , c h em ica l d e s tru c tio n  cea se s  a n d  o z o n e -r ic h  

a ir  from  lo w er la titu d e  h e lp s  to  re c o v e r  th e  A n ta rc tic  o z o n e  
level. T h u s  in S e p te m b e r and  O c to b e r, less o z o n e  is fo u n d  

o v e r A n ta rc tica .

It is seen  from  th e  c o n c la tio n  ta b le s  [(T a b le s  ( 1 - 3 ) ] ,  th e  
v a lu es  o f  c o rre la tio n  c o e ff ic ie n t b e tw e e n  th e  d a ily  m e a n  O 3 

c o n c e n tra tio n  an d  d a ily  m ean  so la r  U V  flu x  a re  p o s itiv e , 
b e in g  m ax im u m  fo r O c to b er. A lso , th e  c o rre la tio n  c o e ff ic ie n ts  

b e tw een  m o n th ly  m ean  c o n c e n tra tio n  w ith  m o n th ly  m e a n  

so la r U V  flux , o r  w ith  y e a r ly  m e a n  U V  flu x , o r  w ith  y e a r ly



T ibk  3. McMurdo (78" S. 166" V.) during I978--I984
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Correlation coeffkienl between Winter Spring Summer Autumn
Monthly mean and monthly mean solar UV llux 

Month!) mean and yearly mean solar UV flux 

Monthly mean Oj and yearly mean Oj 

Monthly mean UV Mux and yearly mean UV Mux

(May, June, July, August) (Scpl. Oct.) (Nov , Dec., Jan.) (Feb.. Mar., Apr.)

0 48 0 58 0 45

0 60 0 55 0.38

0 62 0.68 0 59

0 90 0.98 0.93 0.96
*C'onelation coenicients arc not calculated due to insulVicient data

m ean O i co n cen tra tio n , a re  p o sitiv e  b e in g  m ax im u m  fo r 

A n tarc tic  S pring . E ven  the  c o rre la tio n  c o e ff ic ie n t b e tw een  

the m o n th ly  m ean  so la r U V  flux w ith  y ea rly  m ean  .solar U V  

flux is p o sitiv e , b e in g  m ax im u m  fo r A n ta rc tic  S pring .

T hus, w ith  in crease  o f  so la r  U V  rad ia tio n , th e  O i 

co n cen tra tio n  o v e r A n ta rc tica  sh o u ld  in c rease  and  vice- 
versa. H ow ever, F arm an  et a /  [16] fo u n d  th a t th e  S p rin g  

values o f  co n cen tra tio n  o v e r A n ta rc tica  d ec rea se  w ith  

y ears from  1957 to  1984. T hus, w e m ay  c o n c lu d e  th a t the  

so la r UV rad ia tion  is n o t re sp o n sib le  fo r A n ta rc tic  o zo n e  

dep le tion . M aitra  et al [6 ,17 ] a lso  found  th a t th e  so la r 

rad ia tion  is no t re sp o n sib le  fo r A rc tic  an d  tro p ica l o zo n e  

d efic it at b arrow  and  D um dum  (In d ia )  re sp ec tiv e ly .

A c k n o w le d g m e n ts

T he au th o rs  ack n o w led g e  w ith  reg a rd s  th e  re fe ree  fo r h is 

va luab le  co m m en ts . T he  a u th o rs  a lso  th an k  D M id y a  o f  

W estern  S y d n ey  U n iv ers ity  fo r p ro v id in g  O i d a ta  from  
in ternet system
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