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PREFACE

~ The studies on atmospheric ozone and night alrglow
incorporated in the thesis are grouped into two sections, one
on atmospheric ozone (Chapters 1-8) and the other on night |

airglow (0I) 5577 R (Chapters 9-11),

Section I - STUDIES ON ATMOSPHERIC OZONE |

The results of ozone measﬂraﬁents,-suxface and total
ozone and the distribution of'bzbne.in the vertical, made at\
Srinagar/Gulmarg (34°N) during June 1955-Decenber 1960 are given
in Chapter 1. The ozone measurements made at Hyderabad (17°N)
in March-April 1961 are reported in Chapter 2 (reprint). Chapter 3
consists of two notes (reprints), in which our work on a possible
ozone increase at night are reported. Observations were made
simultaneously on three pairs of wavelengths and the attenuation
due to large particle scattering was considered, Observations
made at Ahmédabad during 1962-64 on second and third umkehrs
occurring during the twilight period, are reported in Chapter 4.

4

‘The second hump in the curve of N, against Z is accentuated

. when the twilight glow due to atmospheric aerosols is enhanced,

Chapters 5~8 are devoted to the study‘of biennial and
larger-period variations in atmospheric ozone. The 1atitudina1
extent of the biennial oseillations in ozone data, and fegularity
in occurrence of phase-shifts are considered in Chapters 3, 6

and 7. Correlation between the bienniasl variations in ozone and
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strat@spharia monal win&&. atramn&pharic Warmings ara diwcusamd
in Chapter 7. Ozone variatiens in ralation to g@@magnﬁtic

activity are discussed in Chapter 8. ll-yaar cycles in. aﬁone‘t
variations are found to b@ corralacad with aalar cycle changaa

in geomagnatic activicy,

Section II - STUDIES ON mxaarzazaﬁkgw:féx)‘5577;ﬁ

Results of night airglaw m@»suranents mmda at Srinagar
during March 1958-November 1960 are praaanteﬁ iﬂ Ch@ptgr 9
(reprint), Mean nocturnal variatians of (o1} 5577 3 intenqity .
(Ig577) observed at Szinagar ave camparad with thn&e abﬁervad

&t other stations siuuated along 75% maridian 1n Chapter 10
The resulcs suggest meridional movamanaﬁ of bright airglow patch
batwean equator end abour 309N latitude 1n cauxse of a nighﬁ. -

This however requires further abservatians.r

Some observational results on time-variation and
latitudinal distribution of x5577 suggaauing:inflﬁtnca of
magnetic activity are reported in Chaptax 11, aigmifieant
positive correlation is found to exist between yamr-tm~yeﬂr

variations of 15577 and ll-year evele in maynetic activity

Tha o\ose)wwtmal ’mauG)ua/( waed  im ckag,fu X1
s vow ¢n~knvmngy&aeauA. and Ko wpaunlld gbtaned

shonld  Houfere ke neganded s erplovalory  amd
L Lative . | | R
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CHAPTER T

RESULTS OF iw‘.m‘#f: MEASUREMENTS AT w:f WAG AR/ GULMARC ('M%u
DURING 195560

1. Introduetion

Th@llan&tudinal variation of etmospheric ozone has
attracted the attention of meny investipators (Dobson and
Herrison, 19303 Tonzberg and Lenglo, lgéé;‘Lamglm; 1952
Ramsnathean, 1956; Remanathan and Kuik&rmi. 19603 iondon, 1963)Q
_Ramanath&n'ﬁeinﬁad out in 1954, from the ozone deta aveilable
| then, that the letirtudinel distribution of owene (in all sessons)
shawaﬁ 2 vopld chenge st about 30°9 lacitude, At that tima.
ﬁeihi (28%6H, 77°E) and Me,Abu Qﬁéaéﬁ, ?SQm) were the anly two
gtations in India. In view of the latitudinel profile et about
30°8 letitude, 1t was deelded to set up en ozone observing
station at Gulmarg (3471N, 74°E) in the Keshmir velley, W¥.India,
Boutine observations with a Dobson ozene spectrophotometer were
made ot Gulmarg from June to Gctober 19535 by br, Q‘N Kulkarhi. 
Piv ﬁrin&gar»ﬁﬂﬁ?lﬂ, GW), 40 km epst of Gulmerg, was more.
easily sccessible, the ozone spectrophotuvmeter wes shifted
thmfe; fivst for the pericd Novembar 1955 to May 1956 snd then

on a permenent basis in Hovember 1956,

Towards the end of 19356, an Fbmert's chemical ozonometex
for the measurement of ground-level ozone wes also set up et

Srinager, Unkehr observstions, from which the vertical distribution
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of stmoapherie ozone could be evalusted, were slop made whenever

shy-conditions ware favourable.

The orone measurenents In the @rﬁvzﬁ? period were nade
hy‘ﬂrﬁn,ﬂ.ﬁulkmmni. and those from July 1957 to Vecember 1960
{(IGY-IGC paéimﬁ} wore made by the suthor, The seld lobson ozones
 spectrophotometey wes hended over ﬁ& the India Meteorclogicael
Depertment in December 1960 for continuing the ozone measuremevts

st Syinegav,

In the present chapteyr, we shall review the observational
raaultsAabtgined‘&uwing the five and helf years of opevation,
June 1955-December 1960, The methods of observation end sslient
fentures of ozone veristion observed st Svinnger eve given., These
featiras sre then compared with similer fostures seen at othet

&'ﬁ&giﬁﬂn

2. ¢Observetional mpterisl

During the observetionsl progremme 1955-60, the total
Qﬁﬂn& dotr based on the dirvect-sun cbservations (or the sun
obasrved through cloud) are avellable on an eversge for sbout.
80 per cent of the totsl mumbeyr of deys. The g@fcant@ge is
- lowest in Jenusrvy (45 per e@n&} and highest in summer snd sutumn

{ ~ 90 per a@ht}.

, mkehr observetions were obtsined on 166 dmys, of which
51 were in the first two years of the programe while 115 weve

during the IGY-IGC period. The observetions weve secured in ell
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the 12 monthe; the data éavérégu.‘nmiﬁrally; is poor in the
1ste winter end amrly‘sémmarrmanthg.-Qutiﬁg.tha months Jamiary,
Februery, April and May the totel nmumber éf observations in
each ealendar month s lass than 10 (the averapge is 5) while

in rest of the yesr the total mumber of observations is about 13,

Surface ozone measuvrements were made at Srinegar all
the yeer round, In the 3% yeers' pariod, December 1986~ rugust
1960, m total of 1350 observations of the surface ozons
concentration ware mnde; of these 350 observetions were made at
0800 hr, about 100 at‘lﬁQG hr, 830 determinations refer te
1400 hr, snd 60 to 1800 hr. On 417 drys two observations were
‘mede, one at noon and snother either at the morning or in the
evening,

3. Uzone in gpround-level pir

3.1 Hethod of measurement wied ot Scinagan

Surface ozone measurements were carvied out using the
simple method developed by Ehmert (1949, 1952 snd 1959), The

method consists of

(i} Resction - A definite vulumm.of elr is bubbled through
| potragsium iodide aolutign in a rméctimn
vessel, where the ozone in the air rescts
with the solution; end the fodine liberated .
reacts with sodium thiosulphote also present

there,
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(11) Ticration - The residual scdium thicsulphate in the
taxposed' solution is ma#auraﬂ'aeulm-
metrically and compared with a blank,

unaxposed solution,

The chemical vesction s the well known oxidetion of

potsssium iodide by ozone in neutral solution,

2Kl + 0y 4 Hz{} >0, + 2 KOH + I, Y

Addition of p smell qﬁantity of sodium thissulphete to the
~ potessium jodide solution {Regener, 1938) brings the free lodine

into the nonactive ionic form sccording to the secondery reaction,

, zlé:'ﬂmzﬁigﬁg # Iy = 2 Nel + Nay8,0, (2)

The renction vessel (Plg.l.1) consists of an outer tube
with an air inteke, a solution bottle, s bubbling-column with
“sintered-glass filter at the botrom, snd a bent outlet to be

aonnaczad'ﬁo 2 pump or an aspirator,

a4
O .'

& mossurad ﬂuannity of a nautral 2 per cent KI splution
nantmining a few micrmgrnma of sodluwm thiosulphate is pipetted
in the smell bottle, it is then stoached to the bubbling-column
and the asﬁiratmr is started, The Inflowing sir forces the

solution through the sinterede-glass filter end the air stream

# 1 ml of 0,01 N sodium thiosulphete is added to 750 ml of the
2 per cent potassiun fodide solution,
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QUTLET

BUBBLING COLUMN

AIR INTAKE
| ' R+ OZONE
' OUTER AR
i TUBE
|
U I
SOLUTION _/SINTERED—GLASS
BOTTLE — FILTER

REACTION VESSEL

ey

Yigde s g

Fig.l.1 Repttion vessel of Ehmert's apperstus used for
messurements of ozone in the ground-level air.

bubbles through the solution in the central eslumn. The ozone
in the air reeete with the K1 solution and liberates iodine
(Hg.1) whieh reacts with the sodium thiosulphete in the solution

(Bq.2), After the desired volume of alr (about 20 livers) hae
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been asyix&ﬁ&d at the rate oﬁ 1 litar/minute thrmugh the
aalutian. the solution is blawn back into rhm bottle, Traces

of nhe swlu&ian>which.mighz &tili be adhering to the sides-walls
of the bubbling-malumm and in the crevices in the ﬂiﬂtar@dwglaa$
Fileer ard r@cover@d by rinsing the reaction vmsﬂei ﬁi&h 2 small

e fj'-', t

-qumntiny @ﬁ ﬂistiliad water,

| The coulometric measurements of the sodium thiesﬁlph&te
in the exposed solution (or in the 'blank') is rendered aimpié
‘and repid by the use of en fodinemeter (Fig,1.2), Two pairs of
platinum electrodes (one palr for electrolysing nnd snother te
serve as collecting electrodes) sre placed in the solution in a
- smell batnla; which is mounted on & turn-table nnﬁ votated, If
a small panantiml. about 0,15 V, 15 applied to zh@ aallaating
@1a¢ﬁroaes, i uurr9ﬂt will fbbw uni@s« free iodin@ is present,
If now, a amail current, is ﬁssa@d ﬁhraugh tha elactralysing
.alaaﬁradaﬁg it ﬁallaws from cnulamb‘ law that an electrolysing
- current of 38 Uemp would liberate 1 microgrem of fodine from
the KI solution in 20 seconds, This fodine reacts with the

- sodium thiosulphste in the sgluﬂion and 1t strength will
stendily decresse with time, As electrolysis procecds, o stage
is rosched when no move sodium thiosulphste ig raund in the
solution. The free indina would then depolarize the cathode

snd the following remctions teke place (Arever and Milford, 1960).
At the eathode the free lodine is reduced to 1md@ﬁe.

I, + 28 = 21" | (3
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h"ﬁith.cimé; From the ?19& of this curﬁénﬁ agﬁinét time, the
:.exaet éim@ when the @ﬂﬁ#pmint ®f reaction (2) is raaﬁh&d can bea
Ecbtmiﬁaé and hence the emount of sodium thiosulphate in the
ésolution._?hm di ffevence between. the quantities of wo&ium :
uhie@ulggét@ present in the blgﬁ%l(ﬁﬁéxpo&@d selution) ané‘éhQ
’bﬂbbléé} solution (e&po&eé-on;§wg1Vﬁs the measure of the
reduction of sodium thiosulpbete in the resction vessel dus to

atmas@haric ozens in the alr asplreted,

3.2 gurfece-Ozone measurements made ot Srineger -

Day-to-day, diurnal snd seagonsl variations

Junge (1962) has noted 'the deily maximum velues of
'surface ozone usually oeccurs around noon, when4vartica1 mixing
15 tﬁa strongest and the influance of the ground 1s widely
eliminated, It can be axpvcnad thaﬁ nhwa& {noon) valuesz a;é
mpgmimatély represantative for az:ansz in‘ the troposphere i\im :
aread which sre free from pollution,’ Hence for the purpose of
suuﬁ?ag the day-to-dey and sessonal varistions in the surfece-
ozone at $rinsger we have used only the noon observations - since

the deily meximum occurs here at this hour of the day.

In Fig,1,3 the deily valuas of surfece-ozons |
concentrations observed at 1400 hr sre shown for the period
July 1957-June 1958. In the seme disgram, the deily values of
total ozone @mounc. station-level pressure and relative bumidicy
(both measured at 1700 hr local time) ere also shown, Gampmraé

to the changes in totel ozone amount the variations in the
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concentrations (1400 hr), station level prassure and
relative humidity (both 1730 hr values) observed at
Srinagax,

surface oZzons concentrations lag behind by sbout a month: the

negative correlations between the surface ozone variations and

(1) the station~level pressure snd (11) velative hamidity mey

also be noted.
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= The.ééyotafémy‘vatiatigns iﬁfédrfﬁcé ozone concentration
are lerge in summer ﬂﬂﬁﬁlﬂﬁ ia winter; ﬁhila the anmeal eycle
also shows maximum in summer end minimum in winter. Fig.l.4
- shows the daily values of surfacm oXone measurad at ﬁrinagar at:
0800 and 1400 bhr during May and June 1958 (ama&an&l meximm) and
November end December 1957 (8@&@@#&1 minimum), It is seen that
daynta-dmy-erimﬁiana are largar (in the 0830 and 1400 hr series
both) in summer than in winter, Another point to be noted here
is that the sessonal varistion in the 0800 and in the 1400 hr

series are identical,

Surface ozone measurements made at &rinmgﬂr (1956-69)

-are summarized in Table 1, 1. It glves the monthly ozone valuea (Y3

meen monthly values based on the 1400 and 1500 hr observations ()

ihterdiurnel variability (SY) — defined s the difference
between the values on two $uccessiva “deys; and the, sversge
difference bﬂtwemn the 080D and 1436 hr velues and the 1400 and
1800 hr values (along with the number of observations mnAwhiehtw
these diffﬁrahcas are based)., The monthly mean values (TK) of
1400 br velues for the period July 1957-fugust 1960 are plotted
in Pig,1.5, |

Following infevences regevrding the diurnal, day-to-day
and seasonal variations observed at Srinager, can be drawn from

these data 3

1. The surface ozone velues recorded at noon (1400 hr, say)

are the highest observed during the sunlit hours,

B

i

c
i
i
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Fig.l.4 Surfece ozona concentrations recorded at 0800 and
- 1400 hr at Srinager during summer and wintey months,

2. The emplitude of diuvrnal variation ss cen be judged
from the msan differvences between the 1400 hr values

and the morning and evening ones {5 larger in summer

than in winter,
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Annual veristion in surfaé@-azana concentrations,
Srinagar (1957-80),

The mean monthly ozone c@ncantratian (noon velue) is
the highest (60 gawma, 1 gamms = m'ﬁgm. 0”3 in May
end the lowest (31 g?mma} in Deceamber, The summer-mean

value iz 35 gamma, The annual meen is 48 gamma,

The annual oscillations heve the same phase and

puplitude yvesr after yesr,

Day~to-dey veriations (in 1400 hr values) are about

20 per cent of the mean monthly ozone values, 19 per cent

in summer and 23 per cent in winter,
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3.3 Comperison with the surfece ozone messurements mede elsewhere |

The day-to-day varistions observed at Srinagar arve of

the same mognitude ss observed at other stations, The stendard
ﬁavlaﬁioﬁs of the deily meximum surface ozone concentrations at
Arosa (47°8, 10°2) in the Swiss Alps, meaaré&ng to Junge (1962),
have mean value of 23 per eent, the same as that observed at

 Mauna Loa (20%N, 156%), a mountain station in Hawail.

In Table 1,2, we have compared the diurnal variotions

in the surfsce 6zgna'observaﬁ at Srinagar, Mt.Abu (2475 N) and
Ahmedabad (23°ﬁ1,boch in W.India (Almedabad 13 180 km south of
. Mt.abu), an&?géuna Loa, At Srinsgar (w&ich is situated in a
high valley meesuring some 200 km in length and 50-80 km in
breadth and surrounded by mountain ranges sealing some 6,000 fc
more), snd also at Almedsbad (which is situsted in a flet

- terrain) the diurnel maximum is recorded at noon.

On the other hand, at Mt,Abu during the sunlit hours
very little change is observed; while at Mauna Loa a diurnel
.oscilxatidﬁ with small asmplitude and charactevistic meximum at
about 0200 hr end minimum at noon is in evidence. The Mauna Los
observatory is situeted nesr the peak of & mountain a little
more thén 3'km‘h1gﬁ in»thﬁ central Pacific ragion, snd Mt,Abu
station is located on s rather exposed ridge art an elevation |
of'S.aﬂQ ft and some 3,000 ft sbove the flat lands, The difference
in beheviour between Mt,Abu and Atmedsbad 15 similar to that

between Capillo Peak snd Aeamitm»(a valley station) noted by
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Table 1.3

X Srinagay (kaﬁﬁ

ﬂhmm&ﬁbad (zs“a)

l

Me, Sbu (za&“a)

Mauna Laa.(ﬁﬁam)o Hawaii

dkdd

1957-60 195455 T 1989 1958

W D W O VA O e W 00 A BN A G A A N D, Ok A O U Y SR A W O bﬂﬂddﬂhnbu‘u**w-!ﬁhbﬂﬂ,—Q.ﬂwﬂvwP-ﬂﬂQ.Ml‘ﬂ‘#ﬁhﬂ&ph’ﬁﬁﬂ:‘”bvmn‘ﬁﬂu o o o waudﬂnwhpnamm-qpuuﬁhu
¥onth _, "( N A | e M4 Y T3 Yy 3.

(Hrs)0B00 1400 1800 Y08 | DBOOC 1400 1800 | Yos | 0900 1300 1700, Yo9 azaaﬁﬁoﬁoa 1300 1700| <os
mwmﬁiﬂm@qmaammﬂmmmhmwmmam?mmnnmamwaﬂ!ﬁ#umuwﬂnmmmmwwxﬂmumﬂmm:ﬂmwmamm&mﬁMwmmmﬁammwammuwmummww-ﬂgmwm
Jan, 29 39 1 | 31 48 42 | W 4 41 3 3B | -5
Feb. 32 44 12 3% 51 49 17 - 36 50 46 48 | -4
Mar, 33 47 35 14 28 50 44 22 86 53 48 47 | 5
Apr, 3% 51 39 12 | 28 45 44 | W7 s o s 63 | .12
Mey, 42 59 w7 |2 39 33 | 1 L ez 58 &7 47 | .11
Jun, 4 57 16 |20 2 2 | 8 | 22 2 23 5 | 62 54 45 45 | -9
Jul, 4 58 g?~§_ 7 | 23 3 29-7 | 25 2 26 0 o |
tug. 3% 52 40 | 18 | 16 25 24 9 | 17 14 14 -3 | 4 38 35 34 |-3
Sep. | 30 47 33 A7 |16 24 19 | 8 | 20 14 18 | -6 ! 4 4 32 34 (-8

i o | ‘ . ' _ ) |

oee, | 25 43 32 | 18 |22 43 30 2 | 20 2 20 3% 3 30 31 .4
Nov. . 29 42 27 13 | 18 43 29 25 | 22 24 20 | 2 | 42 42 W 35 -5
Dec. ? 22 31 o | 27 4 38 _? 200 | 25 20 21 | B § 45 42 4 38 |-2
* @bsaﬁva&tana by nhm auuhnm at &wimagar. N.India (1586 wm) a&ﬁuataé in center of a high*vazlay in th@ ﬁinéukuah.

#%  pbeervations by DPr.J.V.Dave (1957) at Almedebad, W,India (49 m) situated in a flat terrsin,
Wit Observations by Dr,G,M.Shah (unpublished) at Mt.Abu, W,Indis (1200 m) situasted on a 3000 £t peak,

*hivk Mauna Loa, Haweii (3400 m) station iz situsted near pesk of the 13680 fo mountain in the Central Ea@ifla.
(Datn, courtsey of U.5,Weether Buvesu),

d
)

*i Based on uhm date for 1-10 Apyil 1958,

Morning observaﬁions st Ahmadebad were made at 0600 hr;and 1000 hrj the
¥ 0600 *19 Yygog Velues.
Flat maximum st this station is noted to extend frnm about 2200 hr to oaaa he,

shown honge ane
avar&gegZder$Ved from. thﬁ
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Bowen and ﬁagan&r (1951)1 atiﬁhﬁéﬁ@ba&,and Acomita o significently
large diurnal variation with meximum eceurring ot noon is observed,
while et Capillo Pesk and at Mt,Abu the diurnal variation is very

small during sunlit hours,

A reference to Fig.1.2 and Teble 1.2 shows thet the
renges of diurnal varistions at these stations are larger at

time of the seasgonsl mexima than at time of the minima,

4 comparisen of seasonal veristions in the daily

maximum values of surfece ozone observed at different statlons

shows that the snnual oseillation recorded at Srinagar is similer

in emplitude end phase to those noted to exist at Arosa, Mauna

Loa and Fichtelberg (in Cewvmany); while that observed at Abmedabad
stands in a class apart (Junge, 1962}, The seasonal variation
seen in the surface ozone measurements made in 1939 at Mt,Abu

by Dr.G.M,.Shah (shown in Table 1,2) agreéiwith that observed at
Abhmedebad., In the observations for Me,Abu, since they refer to

the peried June-December only, the sessonal meximum cannot be

decided but the minimum is seen occurring (at both the places)

in Migust-September, while at Abmedabad a flat maximum 1s observed
during Decembaxr~March, It may be noted heve that during July~
September both Mt,Abu and Ahmedsbad are in the reslm of the
monsoon; at Srinagar reinfalls are rere in these months while

thick fog ete, ave prevalent there in December,
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3 4 Annu&l varimtion in surfmcﬁ ezan@ versus meteorelopical

parmmeterh maaaur@d nt th@ statimn levml

In.connacmian withAFig.l.aéw@ have mentioned about th@
n@ggtiVﬁ.corrﬁlaxion seen existing between the surfece ozone
.valuea observed at Srinager and (1) the stetion level pressure
and (i1) relative humidity, In Fig,1.6 e have plotted mean
monthly values of totsl ozone amount (in D,U,), noon values of
surface ozone concentrationz (in gamme) the ronge of ﬁiuinal
veriation in the, surface temperstures Ty = Ty in %3 and th@
ralntiva ﬁumidiay. The stations included here are. M&;Abu.~
Ahmedsbad and srinag&w. The m&teormlogical dete are the normals
.‘(maan monthly aversges) teken from the Indian monthly weather

summeries published by the India Meteorological Depsrtment.,

w7

It is seen thet like the difference in the annuel
variation in the surfsce ozone values ebwarvad at Srinagar end
the other two stations, the meﬁearﬂiagiaal dete (normals) observed
st these stations show strikipg_qonnrmats. The phase and amplitude
of the annual oscillatiena b@§auae of the differences in letitude
and environs, are different at different stations; and they also
show that the anmual veriation in surface ozone st a given station
is positively correlated with the changes in diurnsl ramgé of
temperature and negatively with the changes in relative humidity,
It mey be concluded therefore that the differences are mainly -

due to the different annuel variastions in veletive humidity ete,
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Fig,1.6 Anmual verietions in surface-ozone concentrations at
Mt Abu, Ahmedabad and Svrinsgar compared with those in
(i) torel ozone smount, (i1) diffevence in meximum
temperature (Tx} end minimum temperature (Ty), end
(111) relstive humidity,

4, Total ozone in the atmogphere and vertical distribution of ozona

4.1 Instrument and observation

f

Dobson ozone spectrophotometer (Dobson, 1957) made by
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as

MessTs ﬁ.*&43;'ﬂe¢k‘Ltdﬁ;jhéndén,Tiﬂfﬁhe-éténﬁmrd instrument
used for the totml ozone maasﬁr@ﬁ@nta, inaﬁfﬂm&nt No.10 duly
checked for wavmlﬁngthrsmtting and wedge calibf@nions wag used
for the reguler mmasur@m@nubﬁf totel ozone snd its vertical

distribution over Srinager/Gulmarg,

The amount of vzone contained in 2 vertical cclumn af‘
air extending from the ground to the top of stmosphere is deduced
from the measured reduction in the intensity of sunlight of
certain suitable wavelength in passage through the aﬁmosphera.

' Since it is much easier to measure the ralative'absorption of
two wevelengths then the absolute absovption of the wavelength,
- two wavelengths ere used having very different absorption

coefficients,

A. Wavelengths used

Tn the region of Huggins band(between X 3000 R and

3400 R) the ozone absorption chenpes very greatly so thst it is '
easy to ﬁgl&ct pairs of wavelengths about 200 8 apart which are
suiteble for this purpose. The wevelengths arve chosen so that

the difference between the ozone absorption coefficients at these
an&léngths (L-d') 1s kept a8 large as possible while keeping
the ﬂiff@raﬂti&l scertexring in the atmosphere as small a&s possible.
The wavelength must also be selected such thmt the ground abamnrum
is relstively flat in intensity over a small range of wavelengtha
on'e;thmr side of the selected wavelength, (n the otherhand the

wavelengths used to estimete the corrections for scattering due
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to dust ot h&gg_in'ﬁhé lower atmosphere, sre chosen so that
the difference in atmospheric scatrerving is larpe but not so

in case of the ozone sbsorptions,.

‘Table 1.3 lists the standard wevelength pairs which

. saﬁiwfy these conditions and are wsed for obuervations with the
Dobson spectruphotometer, Also included in the table ere the
decimal sbsorption coefficients of ozone { per cm of ozone at
§,T.P.) ond the decimal seattering coefficients due to the alr
molecules in the atmosphere, These velues of o , &' are based
on the measurements by Vigroux (1953) aﬁ&‘suggaata& by the
International {Ozone Commission for use frow 1 July 1957

| [habsun (1963) and Ramanathen et sl ﬁl@&é? have discussed thﬁ
appropriaceness of these velues of ( £ - a(')ﬁ and ( X "’(')(’J]‘

B. Determination of the intensity ratio

The ratio of the intensity of light in two narvow
bends of wavelengthe frem the sun or the zenith sky is measured

a5 follows 1

| In the latest design of the instrument (Fi@.l;?) three
wavelengths bands in the Huggins ultre-~violet bands of the solar
spectrum ore isolated by slits Sps 84 and S, situsted at the
foerl plene of a double monochromator having quartz opties, An
accurately cut sectoruwhawl pacses light from two of the bands
one aftar snother to & photomultiplier behind the exit slit 3.

S0 long as the responses of the photomultiplier fo the two
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Table 1.3

wavelengthe end other constents used in connection with the
ozone messurements made with a Dobson Spectrophotometer,

- AR S Ok W .

beﬁignatian |

'wavalmngﬁh
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e G N O N 90 G
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- o
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?akan from "Observers’ Hendbook for the Ozone Spectrophotometer’
preparad by Prof . G.M.B,Dobson (1957),
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¥ig.1.7 Uptieai system of Dobson spectrophotometer
(after Normend & Ray, 1952),

'wavalangths differ, the output fluctuares and is amplified in
an a,c.amplifier, The emplified signal is rectified by a
synchronous mechenicsl commutator mounted on the shaft driving
‘thm sector-wheel snd is observed on a d.c.mierosmmeter, The

| intensity of the wave-band passing through the slit 54 is
diminished by opticel wedges situsted in front of it until the
output of the photomultiplier is the sama.far ench wa#e»ﬁand.
The micro-ammeter reading then becomes zeve. This position of
the calibrated wedge measures the 1ntan§iﬁy ratio of the two

wawve~bands in the incident beam.

C. Navelength settings

The wave-band 3000-3200 R enters the second monochromator

i
e
!
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ghrough the slit S,, band 3200-3450 % through the slit S, snd
the wavalangth& 43004800 8 (used to estimete the corvections
for the seattering due to dust n& haze) through the alit Bge
Lavaréoparﬁtad shutters ﬁlbck aeither 32 o Sﬁ. keeping apmn-&z
and Sq,0T Ba and ﬁ& at a time, Primery wavelength setting is

made Withjth@ help of this 1@var.

The slit-widths of 32, $3 and 3% are anproximately
10, 30 end 30 R respectively, [esived wavelength in a gilven band
is made to fell on the center of the respective sliﬁ by displecing
the spectyum, This 1s achleved by rotating the guarts plates
@ ancd Gy mounted in front of the entrance slit 81 and exig ali;

35 and thereby changing the angle of incidence,

4.2 Celeulotion of the total amount of ozone

The total ozone amount is cuatomariiy expressed ag 'x'
- em - the height that the ozZone in a verticsl column above the
station would cecupy if it wers all brought te stendard
temperature and pressure, MNow-p-deys the total ozone smount is
axprwﬁﬂad in milll atwmo-centimeters (m atmecm}, This is also

‘known as Dobson Units (D,U.) the accepted symbol is (D .

Ubservations for total ozone are usually made on
divect sunlight during day time, Focussed imege of the sun, If
the sunlight is dim, (or the moon, i{f observations sre scheduled
at night) c@n,nisa serve the purpose., In absence of either of

these, the light scattered from the zenith sky (elesr ss well
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as cloudy) might be used to evnluate the total ozene amount,
proViﬁaﬁ such observations have been '‘ealibrated' ageinst
observations nade on divect sun (Dobson, 1957; see also, Sheh,

1961 and Sanyal, 196§).

If L ond L are the inm@nsity ratios for wevelength
pedr A )\ as observed at the surface of the esrth and cutside
the earth's atmosphere, the change in intensity ratio Lﬁ - L

. m on “
can be connected with x or (2 by equetion of the type

-3 L,-L & correction term correction term for
Qx W7 =% me=—= -« for scattering by - scattering due to
/A(«%d) air moleculas the dust or hage,

. where '/A' is relative peth length of the sunlight through the
-ozone gas (the unit being the peth length for the vertical
incidence), Let 'm' be the path length of the sunlight through
the entire atmosphare, called the Alr-Mass (ﬁha'unit'iﬁ the

Mr-Mass for vertical incidence); then () is given by

. ! &
‘ G%ﬁg ~m(ﬁ~Pﬁw K!

-3 ! n,
Qx 10 wgw;ﬂ;:.(d-dq T (6-8" F5)

the lest term i a correction texm for large-particle scactering.
This term can be evalunted either a8 suggested by Remsnathan and
Karandikar (1949) the additlonel information vequired is the
measurement of the ratio for wavelengths ) and 4" ( Mc', say);
or by the Difference Method (Dobson, 1957)»1n whicti the

observntions eve made on AA & and € or A\ A and D,
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1f Ly and L' are the intensicy ratios for wavelengths
A and M outside the atmosphere and as messured st the earth's
surface, Remanathan and Karandiker have shown that Eq.(5) can

be rewritten as

PP T I L L TSy
| Mo (at 1) VTN ™

~ which upon substituting the numerical veluss of o« , oL andd

6o p -rs" from Table 1.1 for AA CC', we get

-3 (L. ﬁ“‘L) m (i "j‘o e ‘ »
0x 1077 5 x » —=LfannE o 0,127 o= - 0,239 - 0.273 (&)
0,865 M M m /

—
—

with ¥ - N_=7100 (L, - L, | (73
the right hend side of Eq.(6) becomes

. (Nt
- ol . 127 2 - 0,239 | - 8280 L p, 273]
- M 86,5 M m |

. . [}
The extra-terrestriel constents N, and ﬂ; (or l’w and Lw) are
determined by linear extrapolation for M = 0 from a set of
the direct-sun observations of N and N' made on days of settled

waa.thgar when the value of ( changes from 1 to 3(or 4)

Since the contributions due to large particles for
both the wavelength peirs are practically the seme, the correction
term is eliminsted by considering the differences (and bence the
neme Difference Method), If the observations are made on A4 A

and D, Hg,(5) is modified as
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‘ _Qac 10 "3 . x ;w Nodp - (8- Nyf._ | "_"{Cr3 Pa - (-0,
/“1(}'35)‘_(04—04) - (= 4)25}*{(«—-01)'4 _@_d_) %

(N'_-m '} - m..gq }
» “ 130 I Q. !JW? (8)
13& 8 1

Calculmtihg'/x;and m from the timm.wf pbsarvation, observing

(§eN), for A= Cend G and using £q.(7), or observing

‘(ﬂ'ma)A for ) = A end D end then wsing £q.(8) the puta; ozone
amount can be evalusted, Both these methods were smployed at

Srinagar to estimate the total ozZone ameount,

4,3 Vertical distribution of ozone by Gortz-Umkehy Bffect

. With the increase of solar zenith distance, because of
rise in the effective height of secattering for the ﬁh@itmr wave=
langth ) , the vetio L decreases, Once the effective height
ga@s above the region of maximum ozone, ite intensity I,
deereases at a rate smaller then thet of the longer wavelength

Y (I,). This leads to an inverslon in the curve of L versus

4 (Z 18 in degrees),

Gotz, working in Spiteberpen, first observed the ﬂmkahr
Effect in 1929 and also noted its significance (Gotz, 1931).
Since then this effect has been extensively used for determining .
the vertical distribution of ozone. To study the day-to-day
changes in ozone at verious 1¢V@1ﬁ aszoclated with the westher

changes, this method is widely used, ns the observations do not
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require any special equipment, Dobsen Ozone spectrophotometer

ieg sufficient for the purpose,

The measurements consist of knowing the intensity
ratios af AX A, B, C or I from the zenith sky for the solar

zenith distances varying from 40-60% vo 90°,

Gotz, Mrethem snd Dobson (1934) developed two different
ﬁethads of determining vertical distribution of ozone from the
dbsetved unkehr curve, In the snalytical method (referred to as
Method A), the equation of L is obtained on kh& besis of primaxy
scattering for z = 0°, 80° and 90° in terms of x, and %, (the
. ogone smounts in the 35~56 and 20-35 km layers respectively),
Enowing the total oxone amount x obteined from the direct sun
m&asﬁrem@nt and the surface ozone u teken as fixed pevcentage

of =x.

| Tha synthetic method {or the Method B) consists of
starting with an essumed vertical ozone ﬂiétributimn snd varying
it till the caleulated snd memsured umkehr curves are in tolersbly
good &gr@émann at sevaerel points, The method B was modified by
Kearendikar and Ramenathen (1949) by considering 9 km thick
layers; and later by Ramanathean snod Deve (1957), the reglon |
0-54 km was divided now into & km layers and agreement was
sought at 6«8 zenith distences of the eun including the inversion-
point also, ﬁﬁtéch (1959) and Mateer (1960) considered the
departures of the measured intensity watios from the standevd

umkehr curves; and in recent ymmrm Mateer ©1h 5% and S0
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ﬁﬁﬁsch (1¢645'hmve deﬁwlapéé'com9ﬁt0fvmathcdw for rapid and
objective évaluations. Dutseh and.Mat@wr (1964, 1965) have worked
out vvrtical distributions of ozone from wikehr absarvatianﬁ at
all the stations in the %arlﬁ czone network, The vertical
distribution of ozone for ﬁrinagar/ﬁmlmarg (1955-59) end other

stations used in this chapter are teken from their reports,

%, Results (total ozone amount and vertical distribution of ozone)

5.1 Totel ozone smount

A, Day-to-davy veriations

Telative mognitudes of the day-to-dey fluctustions in
the tatal ozone amounts are shown in Table 1,4, The standard
davistian of daily velues from the respective monthly means
end the interdiurnal varisbility defined as the difference
between the values on two successive days, are given in this
table, Average number of observetions in the month svre also shown
here to giy@n an idea of the welght that can be attached to
these values, It is seen from these data thet the day-to-day
varistions are learge ( ~ 15 D.¥.) in winter end spring when tha'
total ozone smounts are alse large and smell (7-10 D.U,) in

sunmer snd sutumn,

B. Sessonal variationg

In Table 1,5 are given the individusl monthly values

(L), thelr stendard deviations (9 5 ), and the number of
-2
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 Teble 1.4 -

Day-to-day veristions in total ozone amounts SRINAGAR/GULMARG,
1955-60

(ozone velues tebulated here ave in m atm-cm)

. Y TP m | A m o131 A s |0 N OD
-‘-‘“-u*ﬂﬁ-*-”"--ﬁ:ﬂﬂ‘*“ﬂ--*'n‘”-».v” ““““ **.*‘ﬂ-”‘m"‘-R“’**fn’~m~"~ﬂ~-
Mean monthly total| vy oy o 2 e | 9gE

ozone &m'm":( “Q‘H) 2‘?9 209 299 1 300 295 208 | 276 267 266 | 265 266 276

i S

Mean interdivrnal 15 15 14, 10 12 7 7 7 7 7 10 16

veriebilicy o

Srandard deviatiun? : § 5 ‘
of daily values .17 18 14, 13 13 10! 9 8 10
(6.0 ) § - |

10 14 1

Aversge number of | | E P
shservstions ; i4 19 23§ 25 25 28 | 28 28 E?i 26 26 20

i i
TSR I Y R ? ﬂmmmwmﬂmmwﬂmmmaﬁw&t%wmwmmmmmmuﬁuﬂm LT 27 AN NN SO SR ST TS o

observations in each month, Also included here ave the mean
monthly ozone velues, the Normals {j)m). the apnuel means and
the renge of varistion of Q in the ysar (defined as the
meximun minus the minimum), The rvenge of (), 1s 35 D.U.,
whereas in individual years the renge is found to very from

52 DU, (1958 and 1960) to 27 D,U, (1957) giving an aversge
renge equel to 45 DU, (16 per cent of the total ozone amount,
282 D,U,). Since the variation of individuel o” 5 's herdly
exceeds 3-4 DU, (about 1% per cent or less), the seasonel
varlation stands out conspicucusly, It ¢en be seen that the
seasonal varistion conforms to the normel veriation appropriate
to middle latitudes with mexims oceurring in late winﬁar and

spring, and minima in autumn,
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Table 1.5

Erinaga#f@ulmﬁgg*(1955~5$)

O - monthly mean;

o7 - stendard devistion of 72§ (1, - meen monthly ozone amount;

n = number of observetions in e month (omone values are given in m atm-cm).

qnn##%“*ﬁ*om%»*ﬁinﬂn*ﬂwﬁunu-uhﬁﬁnwwuﬂ#wnﬁubhhﬁhwg«dhhmﬁnn@m&—-uhnvQmw

Date | Jan

1955 |

- 30645
(16}

1956

1957 . 29345
(18
1958 é 28943
(20

- 1959

| 30145
ao

1960 | 30544

ay| =

(21)

ﬂ»nnndﬂ#uu*@buuw»mn&»nwﬁ»méummmmwuqn-n»apwuwﬁnmu
¢

?@b_

30425

an

28345
(22)

30044

(10)

30245
(19)

30545
(n

299

28543
(22) |

30743

Mar

29643 |
(24)

30145
213 |

'(273:

30716
(21) |

299 |

29043

Apr  May

Q% o

(n)
28041

(26) (30)

29343
(21

B4xs
(21
30043 31443
(28) (30)
29842
(29)

26744
(16)
30142
(29)

31843
(21)

300 295

Ayt

Jun - Jul hug

4 N
B . . . A - . " i "
] i . i

28242 | 26642

Q7)

279+1
(24)

29042
(30)

30143

(30) |

20541 | 20442

|
{

{
|

(30) |

B4

(26) |

288

1

Sep

253¢1 25541

(21) <(26) (28)

25842
(22)

27242
{25)

25541
(25)

27231 272
(31); - (28)

27543

28142 26242
(22) (3D

27042

27041
(30)

27142

{28) (25)

275+2 26742 26842
(29) (23) (30)

CE L 2 P P DA el L L)
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J:2y3£§1
(16)
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25043 25941 27345 |
(26) (28) (24

26142
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26645
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26845
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26704

(22y (2B

26851
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26143
(28)

26244
{9
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26242
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27242
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26642 27202 28348
(29) (29 8

W e O S O oy 0
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¥ Observations made during Jun-Oet,1955 and Jun-Sep.1956 awa~fwam,ﬁulmmx$.'éﬁ\km.an‘mhﬁ vest of Srinagar.
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€. Large period varistions

The existence of other &ystématic.largawp@rie&
variations can also be seen fimm these deta. The spring velues
in aluwrﬁa&m yesrs ave founﬂL€$ &iffer by significent emounts
from those in the intermediate years, The meens for Februsry-

April in the even years 19538 and 1960 are higher then those in

 the odd years 19537 end 1939, the difference is ebout 10 D.U.
3“(&?§er cent of the totsl amount), It is also noted that évént@gggh

. the trend (as indicated by comparison of the annual means) ‘15

towards an inecrease, the spring values in 1936 ware high&r'ﬁﬁhh'

those in 1957. This blennial wodulation of the spring mexima is

seen in the ennual means and in the values of the range also,

i % ~ In these data.‘1955-6@.;an31ncrmmsing trend is
identified, The annual maan,@hich was 277 D.U. in 1935-56 wase

found to increase stesdily, becoming 288 D,U. in 1959-60,

0. Comﬁatisan with date from other ststions

That these features are also present in the concurrent -
ozone data from other stations situsted between 25%-45% latitudes
in Burope, Asia and Australias, cen be seen from Flg.1l.8, The |
monthly means of the total ozone amounts observed in the years
195463 are shnwp here, The mean annual oseillations at all
stations (shown in the left hand blocks in this diagrem) are

smooth and show snnual maxima in spring snd minime in autumn.
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¥Fig,1.8 Hean monthly ozone varistions and plets of monthly
mean ozone smounts observed ot stations (latitude
25%.45%) in furope, Asia and Mustralia during 1954-63.

The deviations from the simusoidal normel seasonal
variations sa&h in individusl yesrs are significent and indicate
the existence of the blennial oscillations in the totsl ozone
smount at these latitudes (see chapter 5-7); end identicel
large-period variations (trends) ave notichble in the case of
Rome, Blmas and Delhi else where the deta cover the entire

decsde,
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| éw a result of emmpariﬁam'mf“ﬁh@ day-to-day @ﬁé

sensonal variations of @éan@ émaunas measured in.1957~58 over
Tateno with those over Srinsgar and Delhi shows clearly thet the
distribucion of ozone is affected by geographical factors. The
Indian»oﬁservations show thet the monsoon re@imn,iwvona-af small
ozZone ambuuts. It was suggested thet the cold Siberien anti-
cyclones with thelr periodic cold waves tended to incwesse the
oﬁoh@ amounts over Tateno (36°N) in Japan, and the Indisn suumer
nonsoon and the Himalayas likewize exerted a strong depressing
influence on th@ ozZone smounts south of the Himelayes (Kulkarni,

Angreji snd Remanathan, 1959; sbstract is given in Appendix 1),

E. Annualveriation seen in 1957

{ Yo

Thé departure of the snnual curve in 1957 at’%ﬁinag&r

from the mean armual curve is quite large and &aﬁarves 2 specisl
mention here, This abnormslity was noted esrlier also by Kﬁlkarni
et al (1959), The ozone amounts observed in Februery 1937 at

Mt Abu (24968), Delhi (2876 N) and Srinsgar (3451 M) in India,

are the lowest ever observed in February, the ozone dota for

Mt . Abu/ Ahmedabad and Delhl cover today 15 and 14 yesrs respectively.
The ozone values observed at Srinager in Mareh 1957 also did not
reach the high values usually observed there in this part of the

year,

The ozone deficiency in February and Mareh and high
ozone amounts in June-Gctober heve rveduced the vange of annual

variation to 27 DU, as compared to about 50 D,U. in the other

yﬁ&rﬁ »
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5.2 'Vaﬁticai'disttihutiaﬁ af.ammﬁé

The éata of vertical dis uvibutian Qf ozone for

Srinagarfﬁulm&tg.anﬁ other stations used for this study were

abtainadvfrem the date published by Matesr and Dutsch (1964)

from theiyr snelysis of umnkehr observations,

In his recent study, Dutsch (1965) hes teken into

consideration the primary and secondary scattering ns well as

higher order scatterings by incorporating the recent results

of Dave (19&5), He has shown that the numericel values of the

corrections to be applied to the observed umkehr curve now

become double of what he hed been using when only the primaxy

and secondary seatterings were considered., This change when

‘mdaptéd would chenge the ogone distribution-profile élight1y5.

with o tendancy to put move mzan& into layer 2 at the expanse

of leyers 3 and & (Dutsech, 1965)‘ Table 1.6 gives particulers

of the layers into which the fivst 50 km of the stmosphere is

divided, for depleting the vertical distribution of ozone.

Table 1.6

Particulsrs regarding the leyers in which the 0-50 km reglon

of the atmosphere is divided while deseribing the distribution

of ozone in the vertical,

*--auwon-u-»unquqd«n@uouwwq-o----

Layer 1 2 é 3 | 4
Pressure | 500 | 250 125 2.5
to | to to  to
(b 250 | 125 g 62.5 31,2
P |
hE (g | 5-10 10-15 15-19 19-24

SRR o oy s

:wwmuwﬁa#mammmwmwmumm

(g

o AW A R W D OF i S T O Ny O o

5 § 6 7 8 9
31,2/ 15.5 EX SRR
to | to to to . to
15, a 7. 3 3.9 1.95 0,98

R

ot

2&-23 28~33 33~Jﬂ 38—43 A3~48

m P g Bed e 5
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R The,ébsolﬁt@:vélues af.oaoha-éaheéntrmmianﬂ at different
levels reported hmrevmmy-nuﬁ 5@Jquit@ correct, but the relative
variations with time and location would be reliable, since the
same method has been used for the analysis,

I

A, Chenges in vertical distributian with chenges in ﬁhm

total ozone smount

The vertical distribution of ozone on individusl days

.‘are shewn.in Appendix TI; the grouping is done according to the?“-’
- ealendar months, Pictorial ecompavison of changes in ozone :

concentration in various layers observed st differvent stetions
~with changes in total ozone is shown in Fig.l1.9. These data

rafér to tha IGY-IGC period, The reference levels for various

laya#aware mevked 1ndivid&§11y and the ordinate aca}eé are

marked at the extreme left. ﬂhﬂﬁtﬁﬁ&iﬂsaﬂ show total ozone

amounts (in m acm-cm) and the haighﬂ@ of the layer-bqundarims

are shown at the right. Table 1.7 shows the average vertical

distributions averaged over 10 DU, intervels for Srinagar for

the IGY-IGC period, Fer the pictorial dam@&riaan the distributions
" ware grouped according to the total ozona amounts (group interval

was 5 D.,U.) and mean curves were drewn from the plots of layer~
mean ozone partisl pressures speinst totsl ozone smounts, The ‘

ozone variations st three Jepenese statlons Mareus Is, (2423 w,

154°5), Kagoshima (3196 N, 131°E) and Tateno (3691 N, 140%%)

are shown by broken lines and arve compared with those observed
:at'Mt.Abu (24% N, 73%0), Srinsgar (3471 N, 75°8) ond Aspendale

(3820 5, 145°E) respectively. |
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Chenges in ozone concentration st verious levels with
chenges in total ozone amount,

The following points may be noted 3~

Compared to the ozone anounts in 523 km over the
Indian stetions Mt.Abu and Srinagar, those for the
same ozone smount, at the Japanaaé suations Mﬂr@ﬁSAiﬁ.
and Kagoshims are markedly lower. Above the main ozone

pesk, the situation le opposite, Except for a slight
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di fference in thé'layers 5 to 8 (23«44 km) in case of

Tatens and Aspendale there ave no serlous di fferences.,

The downward chenge in ozone centre of gravity, for an
equal change in the total ozone swount, i more over
M, Abu, Srinagar and Aspendsle then over the Japanase

group of stations,

The mein increase in ozone is racorded at 15-24 km
over Mt,Abu, in layers 10-24 km over Srinsgar, and
Aspénﬂala. while at?th&?Jap&ﬁaae stations the increase

continues upto the mainfgﬁwné pesk and even higher,

At Srinagar, end to Some extent at Aspendele, the

* ozone concentrations in the middle stratosphere are

markedly higher in summer and autumn than in winter

and spring, The trends at Kagoshima and Tateno {ndicate

‘“highé§.valuas in late winter and spnihgaﬁhﬁarggusummar
- and fell, |

It is interesting to note that the ozone concentration
in the 10-15 km layer over Mareus Is, reducaes to smell
values at the time of the seasonsal maximuwm in the
total ozone smount., The annuel mazimum in total ozone
1% observed there in gpumperx months,

N
[0
i

B, Day-to-dey changes st various levels

Fairs of nearly consecutive days on which wrkehr
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'absarvatiéh&vﬁ@ra'évailablé'wgr@ mwn%iﬁar&d, in sbout twm-thirds
of the cases distribution profiles were mvaiiabl& elither on the
next dey or on the third day. Some such peirs are shown in
Fig.1.10. It will be seen that notevorthy ommﬁm changes are
cbserved at 200~ snd l00-mb levels in spring and summer, while
in sutumn asnd winter the seat of the day-to-day ozone chenges

ge@m to be at 400- and 2004100 mb levels,

SRINAGAR / GULMARG
SPRING SUMMER
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Fip.1.10 Day-to-day chenges in the vertical distribution of
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féblari.e(a) prev1das'th@'saﬁé information in figures
worked out from all the @airs; To give equal weight to all the.
entries the ozone changes in all observetions were normalized
to incresse of 20 DU, since a majority of pairs shoved ozone
chénges of this megnitude, The changes in layar-méau ozone
concentrations are grouped sccording to the sign of the changes
in the total ozone amount, ¥rom Table 1.8(b), iv is seen that
the day-to-day ozone changes teke place mainly in the lowermost
layers (5-15 km) but hawrdly above the 100-mb level and hence are .
brought about by 'weather® chﬂngés in the troposphere (and in

lower stratospherse durving spring and summer months).

The negative correlstions between (2 and ozone
conaantmmtian& in the layers 5, 6 and 7 noted in the previeus
section frnmlmass plots (Fig.1,9) are seen in the day-to-day

ozone changes alse (see Table 1.8(a) and (b)).

€. Verticsl distribution profiles in different seasons

Fig.l.lﬂ shows the typleal distributions observed in
diffarent seasons. The winter profile is diffevrent from the
obserwed i othan Seasons, e oOzone Comcewtrakiond
di&nributiong[in the troposphere and lower strestosphere are

significantly larger in winter then in any other season,

The monthly mesn distributions extracted from
Appendix II are shown in Table 1.9 and Figs.l.11(a) and (b),
The total ozone amounts uyi % 1w on days when umkehr observations

were avelleble (along with the mmber of obszervations) are
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collected in Teble 1.9, Fig.l.11(a) gives the average time-height
eross-section showing the isopleths of layeyr mean ozone partial

Pressures (};33} in micro-mb. It may be noted that marked ozone
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Fig.1.11(a) The mean gime~height cross-section showing ozone
mb) over Srinepger/Gulmarg
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(34°0), 195559,
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chenges toke place mainiy below the 25-mb level (25 km) which
is seat of the main ozmné’paak. In the lower stratosphere the
ozone veriation is‘ery similar to thet in total ozone, It is

mainly due to an increase between 300-60 wb levels (10«20 km).
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In the 58&«2@9 b ragien. th@ sagﬂmnaz ozone veristions are
large. The rwgian with minimum azana eancencratiam oceurs at
about 700-mb in winter, at 500-mb in March end at about 250-mb

in August and September,

The ogone concentrations in the middle stratosphere
(above 27 km) are found to vary only slightly in course of the

year, In the 30-35 km layer the ozone amount is larger in

"summar;thanl§n winter which is parallel to photochemical setivity.

D, Secondary ozone maximum in the troposphere

In the evaluation procedure adopted to obtain the
vartigal distribution of ozone from the unmkehr eurve a good desl
ef sﬁhgthing has been done, and fine-structures are not discernible;
only the prominent features are observable, 1f, hﬁweveﬁ. the
magnitude of the ozona bulge is lerge enough to survive the
smearing, such feaﬁu;g éppaars as an ug3ﬁa111ng,in the vertical
distributicn=p:ofila;7anﬁalhumbér of deys a second ozone peak,
in eddition to the‘main peak am abaut 25-mb, is found present |
at about 200-mb (12~15 km);fﬁ féw exanples of such double-peeked
distributions are showh in Fig.1,12.

The frequency of occurrence and its megnitude are
noted to be larger in suwmmer and autumn at Srinegar/Gulmarg
than in the other two seasons (see also, Sticksel, 1966). The

secondary meximum cbserved st these heights is belleved to be
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assoeiated with the tropopause bresks observed in this part of

the year at 35% to 409N,
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COMPARTSOR OF DR0NE AMOUNTS MEASURED AT DELUT (20%°8),
SRINAGAR C349) AND TATONG (36°N) 1N 1957.58"
by
R, Kulkeaxnd, P.0, Angrajl end K, R, Ramenanthan

Abstract

A new ozene stetion was esteblished in Kashmir (34%w)
in 1955 in o reglon where double tra?apauaas’arm frequent in
winter snd gspring, In this paper, a comperison is made of the
oz@nér&m@uﬂms measured at Delhi (28%°N) end Srinegar (34°N) in
Intidet énd at Teteno (36%H) in Japan in 1957-58. The ceone amounts
at Tatene arve much larger thon at Svinagar although the latitude
of Tateno is only 2? greater than thet of Svinsgar, It 18
regcalled that at aimﬁﬁawai end Coiro, whieh'arﬁ 8t lowar
lstitudes Ehaﬁhﬁrﬁmagmr, sigaifieanmiy‘higﬁat ozone velues had
been raeerﬂéﬁ.in'winn&ru It iz thus gvident that there is a
lerge geogrephical influence on the totsl ozone amount m@asur&d
st a place, Appavently, the Himelayas snd the Indien summer
monsoon extert a strong depressing influence on the ozone smount
south of the Himaleyss snd incursions of the cold Siberien
anti-cyelone tend to bring with it larger smounts of ozone over
China and Japen, |

The seasonal veristion of ozone over N.Indin was of
en unusupl chavecter in 1957,

* A'pap@r'@ﬁbiiﬁhmd in °?apwr&‘im‘m$t@mx@10 pnd Gauphysica‘.
i
Japan, Volume 10, No,2, December 1939, p,83-92,
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APPENDIX II TO CHAPTER I

Vaitieal distribution of ozone over Srinsgar/Gulmarg (34°%W)

on individusl days .

o™ a0 an W KD wp 4m B *ﬂ‘”“‘”“ﬂﬂ.‘““”.ﬂ".ﬁﬂ"“'ﬂ”-*.*.**-.u--“mﬂﬁﬂﬂ‘“‘ﬁﬁ-.ﬁ‘- -

Date . Total pal Aub) in the laver
HZONe h -
pmount; 1 2 3 4 3 6 7 8 9
(b.u.)

-hnmhﬂ—m&‘mh»—ﬂﬂvhQ-ﬂ‘u-u_-n-bu-uu-bu&wuuw&-nwnﬂﬂuh—hdaamna“hw

6 Jan.56 | 282 |20 38 74 117 122 72 30 16 6
22 Jen,56 | 278 |19 44 75 110 117 71 33 15 5
9 Jan,59 | 278 |43 71 65 78 86 61 36 18 6
10 Jen.59 | 282 |60 58 41 76 94 67 33 15 6
5Feb.S6 | 290 | -1 73 108 131 109 66 32 14 4
7 Feb.56 | 263 | 4 57 91 103 115 61 29 16 4
16,Feb.56 | 297 |12 62 98 132 116 69 31 12 3
17 ¥eb.56 270 0 4 37 79 115 131 75 31 15 5
26 Feb,59 | 263 |26 -5 25 109 157 93 28 13 5
9 Mar.56 | 266 |21 27 53 102 132 78 32 14 4
10 Mar,56 | 253 | 4 19 61 110 136 77 32 14 4
23 Mar.58 | 304 20 21 70 132 140 99 44 11 2
6 Mar.59 | 291 {11 29 83 136 133 83 32 12 4
7 Mer,59 | 289 |13 32 80 129 126 77 35 16 7
8 Mar,59 | 263 (19 38 77 116 116 69 36 18 7
12 Mar,59 | 308 21 SL 94 131 16 70 35 17 . 7
13 Mex,59 | 299 |25 53 80 124 122 78 30 12 4

* Layer mean ozone partial PLRssuras (pa)Agiven.hare are tmken".
from "Uniform eveluation of Umkehr Observations from the
World Ozone Network part II by Dutsch snd Meteer (1964, 1965).
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Date 1 ‘] - pg( /Amb) in the layer ,

QM LR AL ST
14 Mar,59 | 277 | -2 35 89 129 134 77 32 14
17 % | 298 -18 56 131 160 129 65 24 14
18 v 303 010 47 96 137 126 78 36 14
19w 292 . 8 15 89 146 137 79 33 1§
22 292 ' -1 43 95 138 126 63 41 13
5 Apr.56 | 271 | 25 24 44 102 134 86 36 14
14 v 246 14 18 3% 96 135 84 31 13
16 " 242 23 17 18 83 131 95 41 11
12 Apr.56 | 286 |13 42 82 127 127 80 3z 10
283 % 268 12 29 54 103 131 89 46 14
13 Apz,59 | 298 15 68 94 121 106 66 37 19
14 292 /25 41 77 126 123 78 31 11
27 May 56 . 249 28 24 34 89 129 83 32 11

8 May 58 283 | 28 25 45 107 126 90 47 17
12 v 1291 15 30 72 120 123 87 44 18
6 Jun/35 | 257 23 2 25 100 144 95 42 14
21 Jun,57 249 . 6 28 58 105 134 79 29 10
13 Jun,58 = 286 . 43 32 20 92 116 94 50 16

mwwmmwcmwpmm&wawmwmmw'%wwww@-wm&m&

14w 282 36 38 33 91 118 99 53 12
15 " 291 154 31 37 95 112 88 4k 14
21w . 288 55 54 44 84 93 72 42 17
22 " | 292 47 45 49 95 103 81 46 17
23 v (277 32 26 39 101 126 87 43 15
25 %272 25 32 41 94 126 92 46 14
26 274 132 22 30 95 129 94 47 15
16 Jul,55 | 235 |13 4 20 94 140 96 42 11
2z " | 235 28 18 19 78 123 85 38 14
7 Jul.57 | 257 |24 43 46 82 114 78 42 14
9 w 257 29 44 52 80 106 65 37 19
16 » 248 9 23 42 92 127 87 47 16
18 n 246 18 15 27 92 136 92 38 12
26 " 241 18 19 16 79 131 100 46 13
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uwupuup*wg*ma&mucTﬁwuuuimn#.n-unwn-nqunu-muh—a-w-gﬁeupwm--ebu

“Rate | 0 _pal Mub) in the layer
| (b.vy 1L -2 3 4 5 6 7 8 9
9 Jul.38 | 264 | 13 44 73 107 130 75 2 8 0
27 Jul,59 | 266 | 11 10 48 112 148 90 35 16 5
28 v 1 257 127 -1 16 96 148 95 37 15 5
24 bug,55 | 226 | 20 8 20 83 126 81 35 16 S
26 v 23 | 11 16 30 84 125 83 39 17
2 fug,57 | 260 [ 22 20 32 95 139 94 39 11 1
3 o 260 | 18 7 31 103 148 95 37 13 3
4 n 24 129 8 16 94 136 101 42 12 2
5 n 248 | 4 14 40 102 142 94 40 13 2
15 » 249 125 11 15 88 141 99 39 10 1
16 = 249 118 19 42 96 134 79 28 15 5
17w 1239 | 9 5 36 101 136 82 36 16 4
30 % 253 |34 21 11 74 124 %4 49 16 3
31 | 238 |22 10 22 83 126 82 W 19 7
? Aug 58 | 262 |17 19 35 96 137 96 47 14 2
17, &, | 268 | 26 22 38 93 129 87 44 19 6
18 % 274 12 27 57 109 133 90 43 15 4
19 o | 260 | 20 24 39 87 126 84 43 21 8
29 " | 282 -6 19 84 139 142 84 40 17 5
30 @ 267 -15 4 71 136 162 93 35 14 4
3 Mug,39 | 266 0 12 -1 31 113 158 106 43 11 1
1w 250 | 2 21 57 108 140 83 30 13 4
1z v 236 1 9 23 51 100 134 84 38 15 4
13w . 257 | 8 19 54 109 143 84 29 12 3
20 " | 25 | 9 14 47 106 143 83 34 14 4
6 Sep.55 | 235 139 24 19 70 112 75 35 16 5
9 .0 1225 126 20 20 72 113 76 38 17 6
11w | 233 136 4D 24 58 99 73 38 19 7
17 o 234 133 13 9 73 123 86 40 16 5
23 » 221 [ 28 6 14 81 123 77 32 14 3
25 v 225 |11 2 24 93 133 85 38 13 2
26 u 227 40 17 11 69 113 74 33 16 5
27w 219 |25 13 14 73 118 79 35 15 5
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‘Date el ' pg( /*mb) in the layer

 jwwy 1T 2 3 & 5 6 7 8 9

4 Sep,58 | 248 | -2 -1 33 106 15 102 47 15 3
5 w 260 | <7 4 44 107 147 102 56 21 - &
12 266 | 31 26 29 8l 123 8 46 20 7
13 256 | 12 20 '35 93 137 97 45 15 3
15 % 1249 127 22 19 76 123 93 48 16 3
16 " 254 | 32 14 23 B4 127 82 39 19 6
17 v 25 | 26 -3 0 85 146 108 51 16 4
8 n 254 | 26 21 29 86 128 89 41 15 4
19 » 257 |12 24 34 87 127 99 58 16 1
20 v 254 | 4 22 45 95 132 92 48 18 5
13 Sep.59 | 250 [ 15 7 36 102 142 87 34 14 4
2z 0w 256 | 26 19 26 90 139 98 36 10 1
28 265 |32 22 22 82 128 94 50 17 3
29 254 |30 26 32 &8 130 84 31 11 1
30 - | 245 116 12 24 91 139 97 39 12 2
30ce,55 | 223 |20 17 22 76 117 79 36 17 5
g w | 226 (21 14 20 79 121 82 38 15 4
20 W 1223 | 0 12 39 97 132 61 33 13 3
23 ¢ 213 -7 14 39 91 127 81 35 15 4
25 " 231 (12 22 45 91 122 72 29 14 4
29 253 120 24 53 102 132 72 26 13 4

loet,58 0 258 15 14 30 93 136 98 50 16 3
2 . L 267 (28 29 46 95 126 79 36 15 4
3 n | 260 | 6 12 49 109 148 90 35 15 5
4 v 245 | 4 35 57 92 119 78 42 16 3
5 M | 255 |2 37 37 78 16 €2 43 17 4
6 ™ 1253 |24 23 30 8 125 8 42 17 5
8 ™ 247 /35 11 12 79 128 8 38 17 6
29 v 258 | 9 18 48 100 135 83 39 19 7
12 0ct,59 | 249 |13 19 36 90 129 88 44 17 5
14 o L2641 12 8 31 93 134 8 39 17 6
17 237 36 15 -3 61 115 93 53 19 4
18w 237 19 3 9 B4 135 98 47 14 2
5

‘25 w L 238 | 6 19 39 89 126 B4 46 18
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Date o pq( /"mb} in the 19yar
| (b,v.3 1 2 3 4 5 & 7 8 9
8 Mov,55 | 233 | 22 11 21 85 128 83 3% 14 &
g 229 119 -1 16 93 139 87 32 11 2
0. » 23 ;15 9 28 91 130 79 32 14 4
12w 226 1 29 3 10 80 127 . 78 3 15 0§
13 v 233 | 15 15 35 90 127 75 29 15 5
15 » 222 1 -5 10 48 102 132 76 30 15 5
17 w 223 022 17 19 76 120 7% 32 14 4
18 v 235 (-7 12 63 112 139 83 36 16 5
21w 233 1 26 21 23 76 117 76 34 16 5
24 0 238 15 23 39 86 120 76 37 17 5
26 » 229 118 20 31 82 120 76 32 15 4
28w 265 1 22 30 43 89 121 72 27 4 4
30 227 | 6 14 41 92 125 75 33 17 &
12 Nov.59 | 286 27 34 60 115 124 @84 37 12 3
13 " 273 | 23 20 46 108 136 87 37 14 4
170 v 264 | 32 32 38 85 122 8l 39 15 4
20 n 260 11 18 48 103 139 88 38 15 4
21 v 253 1 20 23 27 87 131 9% 46 12 0O
22 n 286 | 46 18 20 103 134 . 99 40 11 2
l Dec,55 | 222 /18 14 19 78 123 82 33 14 4
1T n 227 1 13 27 46 B7 117 67 2 14 5
20 » 237 . 1 35 63 95 121 71 30 15 4
23 w 250 1 16 38 60 94 120 68 26 14 S
26 v 274 1 21 45 71 105 120 71 29 14 5
) S 290 | 33 58 73 114 110 72 28 10 2
18 Dec.39 | 260 | 14 53 82 107 110 71 38 18 6
20 v\ 299 | 39 44 64 116 121 82 33 11 3
26 " 277 | 26 57 70 96 109 72 35 15 4
29 o 316 | 47 56 69 116 117 77 33 13 4
31 0w 292 1 1 51 99 137 122 77 37 13 3
BTy AR R TR SR S : VAT 4 SN YR A TR ey SR 5 08 T8 0 A 07 2300 O P50 T R0 0 AU ST 00 20 2 40 L




CHAPTHER 11

PMEASUREMENTS OF THE VERTICAL DISTRIBUTION OF ORZONE BY UMEERR
RFFECT AT zrmm&mw (1794 ) DURING SERING 19617, This was
published ss s peper by R.H,Kulkeral, M,G,K.Menon md .0, Mngrell
in the Indian Journel of Meteorclogy & Geophysics, Vol.l6, He.l,
Jenuary 1963, p.1ll-16,

e
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CHAPTER 11T

WTHE GUESTION OF THE APPARENT INCREASE OF OZONE
DURING THE WIGHT™

This was presented by K,R,Rempnathsn, G.H.5heh and |
P,0,Angrell st the Symposium en !Atmospheric Czone'
held at Avesa in August 1961,

This is o veprint from
"Symposium on Atmospheric Ozone - II

p—

Atvosm, August 19617, Internatl,Asso.Met.®

Atvo.Phys,, IUGE, Monogreph No,19 (Janusry 1963),
p.13, .
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THL QUESTION OF THE APPARENT INCREASE OF OZONE DURING THE WIGHT

by K.R.Remenathen, ﬁ,ﬁ,ﬁhﬁh and ¥.D,Angreji

In 1932, measurements of rotal ozZone were made at
ﬁt,ﬁbﬁ and Almedabad by Murty and Ramanathen (Neture, 172, p.633,
1953} on several c¢lear nights with the moon focussed on the slit
of an Dobson Spectrophotometar, Obssrvetions on esch night were
mede ot o number of menith distsnces of the moon, Divect sun
observations wera also made on the same and eucceeding days,
twing to the prevelence of clesr skies snd the insignificant
levge-particle-seatvering during day, it was assumed thet the
effect of haze could be neglected both during day and night. A
aiyg&%;g&wﬁleagzh'pmir, mostly 3112/3323, wes used for the
comparison snd straight line plots of log 1/1' against sec Z
were obtained, The nbﬁarVﬁmimns showed an sppavent increase of -
absorption during nigha ﬁwapr;iwnal te see 2, and tﬁis was
interpreted to mean that the ozone amount increased ﬁuring nighe

by sbout @gﬁBﬂ om.

In 1958, it wes decided to moke move observations ﬁaing}
at lesst two peirs of wave~lengths € and i, The appaweﬁn nighte
tima iﬁérﬁa&e of ozone was found to be greater with D wavmlemguhs
nhﬁn ﬂ, Latar,'ﬁhraa.paiwm of wavelengthsa, A, C ond D were used,
The resuwlts ghowed that the apperent incresse during night was
different for the three pairs of wevelengths, the meen sxcess
for A being,0.015 em, for G, 0,031 cm, and for B, 0,069 em, It

should he noted that no eorrection was made for lorge parﬁiclm
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seattering either ﬁurin@-ﬁéy or during night, The obsexvations
vere repeated aﬁ three stavions, Abu, £hmmdabaﬁ and Anand (50
miles south of Abmadebad) and the same genewsl results obtained,
?1amt&ﬁg ﬁhm.valuaﬁaﬁ' ASWQ obtained with C sgeinst those
gbtainéd‘with4ﬁa it wos found that the curve wes a strajight line
with a small seatter. Exeminetion of the apparent ozone increeses
with A, C and ¥ showed that they were roughly in inverse
proportion to the values of (=o' , Using the difference~-method
with CD or AD pairs m£ wavelengths showed thet there was no |

significent systemstic increase of ozone during night,

This means that the apparent increase of ozone during

" night is not rveal but the incremam‘in asttenustion is due to
%ﬁﬁﬁ@étiﬂg by large pawmielas.‘Iﬁ the increased ﬁmmanuﬁﬁimn is
wrmngly‘atnﬁibuuaé na ezone, it would show sn apparent lerger
incrméﬂa in ozone vhen o =xX! 48 smaller. The guestion arises:
at what levels does the night condensstion teke place after

sun=set and what is the materizl involved 2

Qur thenks sre due to Frincipal A.R.Patel of Vallabh
Vidyennger who provided all necessary freilities for taking

obseyvations at Ansnd,



CHAPTER 11X

3.2 "HOTE ON QZOWE OBSERVATIONS MADE WITH MOONLIGHITY

This wes presented by K.R,Remensthan, P.D,Angrejl

and ¢,M,.5heh at the International Symposium on (zone
‘theld at Aibuguerque, N.M., during August-Septenber

1964 snd published in the Indien Journal of Metaorology

and Gea@hyéicﬁ, Yol, 16, Yo.4, Octcber 1365, p.675-76,




CHAPTER IV

HYCUERS-ORDLR UMKERRS AND CONTRIBUTION DUE TO THE SOATTERING
y N ” 3 s 5 g P O 4 2 v%
BY THE STRALOSPHURIC ABROBOL PARTICLES

.1 Intyvoduction

Umkehr observetions for fihﬂiﬂg.thﬂ vartical distribucion
of remospheric ozone sre made usually upto suuset, The ohservetions
con however be continued safoer sunset, snd show some interesting
results, Observations mads at e, Abu back in 1952 by Fulkerni
v(ungubliﬁhaal‘shéwad on some doys s second wreversal in the
varietion of log 1/1' (I = 3112 R and 1' = 3323 R) vhen the sun
was dp@u& 3¢ haiaw the horizon, Dutseh (1939) veported a similar
phenomenon observed at Arose and noted thet the second 'dmkehr!
peourred on the ¢ wevelength palv when the éﬁl&? depression (8)
wns sbout 3°.5 and on the D wevelength paiv st 6 = 4°, The
prasence of the second umkehr hes also been raported by Wardle,

Uslshew and Wormell (1963).

Dbservations mede during 196061 st ﬁhmaéwba&fhmv&
ghown tha second umkehr ot 8 = 2% on the wevelength paiv A, with

2 tandency for a third unkehr slso (Rewmsnathen snd Sheh, 1%63).

# preliminary vesults of this study were commmicated in a note
by fngrell and Shah (1963) to the Inteynations) Gymposlum on
Avmospheric Uzona, Mug-Sep.1964, Albuquerque, N.M,, U5,

83



bosh

Tm study of Vthm hes bean @uwuw&% further by the prement suthow

and the results are presented heve,

2 Results and discuseion

on 26 evenings during z::l*g?m tlosr seesons %Zﬁmmmy‘-,ssmm) :
of 1962 and 1963, wdkehr observations were eontimed till § = 70
or more, Tha cbservetions made :!.'x;i um seme seesen in 1964, when
the twilight glow was zxmmx;ll*y*%mﬁg » showad thet the intensity
; vas mugh styongey, Fig.4.1

- of the segond lmmp in the »a,,;g,»,;; oL
shows thae enhmced immsﬁtiw observed on 9 Jormusey 1964 on

') &, © sl D as compered to tmm on & Jemgary 1961, & sunmery
af thm chgervotions of highereordor wikehrs made ab A%md@shm
: 1962-64 18 given in Table 4.1, It glves the Mm&' of.
fee of the unkehr points in @ (solax a%apr@zmwh e&ggl@s
in degrees) ond the velues of z;«% (W« N } observed ot the time

of the unkahys, The di£ference betvean am noan values observed

during 1962-63 and the eversges for 1964 is quite significent,
X’hw bmama mOTE mmsyim@w mm 2 comparison is mede with
the Mmessurements on ﬁwlg Mnﬁa‘w @M only {see Table 4,1). In
the period mbwmwa: r;é‘ 16 “ﬁe%um‘% 1964, the twilight glow in
the visible pert of the agummws and the dntensity of the second
hump in the uskehr showed substsnti al decresse (ses Fig.4.3).

m:m plot wi‘f p){m - N ); padnut ¥ “"f’ end (41) the time of
wmrmma of the M;ghez»r«wmw umkelws, consddoretion of prinery

sceccering slone 1s inadequete, Deve (1938) has theoretically



Fig,4,1

¢S

wH
wE

Higher-ovder unkehrs on 6 January 1961 snd 9 Jenueey
1964, Note enhancement of the second hump on all wavee
length palrs on 9 Januery 1964 - the peviod of
enhenced twilight glow,
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aaleulaﬁﬁd:th@ cﬁnﬁ#ihﬁtiaﬁa mf;priM@ry ond secondery sestieving
in the twilight eirglow m@&@gg@%@@@@,’ﬁ@ hﬁﬁlshmwm that when
Q,>'6” the secondary ma&tt&één@fﬁéhwmmﬁ &mminﬁmﬁv&t 20-25 km
pltitude, Thus it seems 1£k@1§§§§¥;-mhm second hump observed in
the umkehr observetions at @ = 5-7° {g wainly due to the secondsry
and higher ovdevs of seetreving, It iﬁ‘im&ﬁrﬁﬁﬁiﬁﬁ te note that
in 1963~64 when the twilight glov in the visible spectrun showed
ﬁhhmnﬁm&.inu@naiﬁy due to the incvesse of sercsol poxticles in
the lower stratospheve st an sltitude N 20 km following the
Balf vmlaani& ervuptions (Meinel and Meinel, 1963, 1964; Sheh

'& ﬁ@mmn&than. iﬁ&ﬁ), we found substantial in&x&&&ﬁ’&n'th@
vintenﬁity rotlo of wavelength peirs in the ultam violet also,

The incrﬁaaa of narcscls esused incressed innﬁnsiuy of. ﬁ&&ﬁﬁat&ﬁ
lﬁghn ot lower wavelength due to praﬁag{mnm&bi far%ﬁwﬁ Sﬂﬁﬁt@fimﬁ

| Intensity and polarizetion studles of the scatteved
sky-light during the twilight period, provide valuasble informetion
regarding the stretospheric rerosel p&rﬁiaﬁ&&. The chersecteristie
festures vecordad during a gygimai mvmming twilight in the
spectyal bms 6400-6600 & am ﬁhwdabm in 1963-64 (the period
- of enhanced zwilight glmw} mtw ﬂhnwn in Plg.4.2 slompwith the
highev-order umkghes observed in uhe IWewavelengths, The peculiasr
time veristion of the rate of amzwa of intensicy (A1/1) end the
remarkably learge depolarizetion factor seen in the wevelength
bend around )yﬁﬁﬁﬂ ﬂ.aﬁm, no doubt, dug to the forward
seattering by ahmlaﬁwammaph&ric aserosol layer. The eurves in

fa.4.2 are typleal of the photometyic messurements mede at
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Fig.4.2 Typicel time vwim:m, ed in the Iigzrht sesttared
from the zenith. The Fixst two heasurenefits relstd to
the visible pewt of the Apactmum £ Z6400 R ro 6600 %)
end the third set ghows the varistion in the intensivy
zatio of wevelength ymima in the Wepart of the

SpeChLun,
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Flg.4.3 Higher-order umkehrs on a number of days during
Jonuary-March 1964, Note that the observetions on 11
and 16 January 1964 stend in & class apert.

Twilight observations showed marked difference in the
intensity of the 'glow' before and after 16 January
1964,
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Mmedabad &nmiﬁgvlﬁéﬁwﬁﬁ bﬁginﬁing'fram il Hovember 1963, The
securrence of the highﬂr-@rdaw7mmk&ﬂma'mh&%wvwé during this
period {shown in the thiwd block) sQems O sugpest thet the
varistions in Log 1/1' in the UV region are lisked with the
effects of the forwerd seattering by the m@r@ﬁ@lllay@r ni:
20=25 km level in the visible spectrum, Ve @hé&lﬂ therefore

anpact thet

(1} the second hump should graduslly sttein ins normal
values 5 snd whan the twilight glow returns to the normel

conditions

{2y . the éay&mawéay changes in the relmﬁivelimmmnﬁitiaa of
the second bump, should be similer at Mk A, C end B and

¢ %

(3)  the effect be most pronounced in the case of ))\'P.
Thet this is the ease, ¢sn be seen £rom Pig, 4.3 where the enhanced
affect on & number of days from 11 Jeanuary to 3 Maveh 1964 ave
shown. Th&-wbméﬁvﬁaiwnal results shown hete indigste that the
‘second hump storted to decline after 16 Jenuary 1964 (sen
Table &«l), end the evening twilight glovw hnd bocome slmost
normel by the end of Harch 1964,

Gur waaulna thus show that the contvibution by the
'~£@rward scettering by the styeteospheric serosol partialaa iz &
significant fector in determining the time of oecurvence of the
higher-order umkehys end the systemstic changes in the &nﬁmn&&ﬁy
m&ﬁ%wﬁ as shown by the second hump and chonges thevein (Fig.4.3),

when the sun iz apprecisbly below the horizon,



CHAPTER ¥
STUDTES ON BIBHNIAL VARIATIONS TN ATHOS? HERTC OZONE
PART (Y) METHOD OF ANALYEIS, DR rwmmm GF THE PERIOD

1. Introduction

The existence of bienniel varietions in stmospherle
ogone ovar Australian leritudes wos found by Funk and Gearnhom
{1962), They plottad lZ-month moving QV@K&@&@‘Qf the ozone series,
,@nnuliiag theraby the sessonal varintions which have lerge
mmplitnﬁ@s. Existence of such 8 plennisl festure was sttribuced
by them to changes in the subsidence patteyn of ozone-vich
stretosphevie sir, The ozone deta usaed by them cover ﬁhm time
period 1955-61,

Remantathan (1963) showed that there wewe similer
variations in the subtropics énd lower-niddle letitudes in the
northern hemisphere end thet ¢over equatorial lstitudes, thera
were corrvesponding variations with an inVamﬁzn of phaze, The
pe&ia@ covered by his study wes 1934 to 19&#2 The pregsentation
vsed by Remensthan wes plots of the monthly ozone values, and
the biennisl varistion can be seen from the modulstion of thet
pariod on the aéawanal cyeles, Ramenethen pointed out thet change
in the phase of the biemnnisl oscillation of the ozone content
avmr the equeator s shown by the ozone records of Fodelkanal

(10°%) was connected with the bienninl change of zonnl winds

64



4 g2 8

over ﬂqm@tarial 1@Eiuuﬁa$. The @hmﬂgﬁ& in the meridional trs NSPOTLS
associsted with the changes in mhm zonal winds could cause o
change in the relative oZona amoUnts and aanm@qumnmlv the
temperatures in the lower strﬁtaaphare (18 ro 30 km) between the
equator and lower-middle lstitudes, Thie agency could also produce
et ozone flux between the tvopics and the middle l&aituééﬂ (for
exsmmple, Aspaﬁdaimg Sﬁwﬁﬁ_mr Rome , ézﬁﬁ),rhevaxiauemaa of the
blennisl oscillations in ozone wpto 40° latitudes north and asouth,

was established by Eamanﬂthanfilﬁéﬁﬁ}.

This study was pursued further by the au&hmrw. The

investigation aimed st

(1)  determining the venge of lstitudes over which the

bilenntdl owone cycle extends; and

(11) to exsmine the chenges in the amplitude end @hése of

the biennial veristions with latitude and time,

| A 24-month cycle wes found to exdst at all letitudes
from Spitzbergen (78°N) to Kedaikenal (10°N) in India; and the
periced was §mﬁmﬂ to be remarksbly persistent upto about 55y
letitudes. 1t wns also observed that s phasa change occurred
every 11 years, e.g. in 1841, 1952 end 1963; the amount of pﬁaéew
shifc being TU redians each time, the seme phase therefore

repeating after 22 yeavs, The phase chonge of 1963 was confirmed

results ’
* ﬁantimn‘waa made of the preliminery/of whemm studies by the

pravent suthor, reported in Chepter 5, 6 and 7, by Professor
Ramansthan in bis Presidential sddress st the Internstionsl
szone Symposium (Albuquerque, Aug-Sep.l964). '
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by th@ 1&% o&mﬁa vaiu&a recard@d dnriny the spring of 1964 in
the norchern h@mispharatggw ﬂﬂmpnrad to those observed during
1962 or 1963, The data collected {n the subsegquent years show
the blennial vscillstion with mmximum now cesurzing in tha sprﬁn@

of the odd vesr,

These findings, sheir inteyrelationshilp with similay
periods in other geophysicsl data such as the zonal wimﬁa et
strstospheric levels, the strstespherie warnings ete, will be
presentad in this and in the next two chepters, In the presenc
one we shall descoribe the methods of analysis employed, illustreted
by & case study, and the results wﬁﬁained regarding the period
{in monthsg) of the queasi-biennial veristions in the ozone-series,
Th? r&aults of the harmonic analysis and the considerstion mf

the campasite»cuxva depend very much on ﬁha accuracy of thm

period assumed,

Rangarajan {1964a,b) has enalysed the ozone series for
the 26-month period; Angell and Korshover (1864) bave deternined
the emplitudes ete, for the trisl periods of 23, 26; snd 30
monthe, We hove considersd the relation merits of the two periods

of 24~and 26-months only,

2, Sources of data

The monthly mean values of ozome for esch month of the
period prior to the IGY were mhta&n&d‘mainly from the BUmBAYY
tables publisghed by London, Qoyamn end Prabhekera (1962), those
for the IGY-IGC pexiod from the teble given in the Annals of the
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E&Y, and ﬁh@ee for 1?&@ anmmrﬁa fwam the ﬁarld (zone Bat@.publiﬁhed

by che Cana&ian ﬁwt@awalmgicﬁl &mrvicw, Toreuta and W.l.0.

Thy, amanamwa%mmmnibvuﬁha %@éian stations thus @htainﬂﬁ

were corrected by the eutHor r;_{aa@ changes in calibrations = >

[ S ,“-55_:-:‘:_»,_ N “, B - o ) . e TN

) - - T e ! _'?Jéﬁ - vt L

-~ ! i B

In ¢ase of the Aﬁ@tralimnsatﬁti@na. tependale and

4 . L

SRR A

Brisbene, the monthly mean velues given by Funk and Grephem
(1962). aﬁﬁ for Avoss €47°W) the dota published by Ferl enmd nuwsch‘
{19$9) were used, | - »@,

3. Treatment of the data and notstions used

. Monthly meen ozone amounte observed during=the 12 years,
195#«%5; at Avose (47°W), Rone kézoﬁ) anﬁ Tateno (36°K) in the
northern hemisphers snd at thw.#ﬂuﬁhern é@gtians &&y&n&ala (3&”*)
end Brisbene (268%3) are shown in Fig.ﬁ 1, Comparison of the
geasonal maxime in the ﬁﬁj@ininf y&nrs at each of these stetions
ghows the hiaﬂuiml veriation, In orﬁaw un geparste the biennial
veriation, 1t is necesssyy to filtar~@ut the other time-varietions
present in the series, Some idee of the relative megnitudes of
the verious components can ba obteined from the following case-

atu&}'u ’ |

We have tha longest series of homogeneous ozone data
from Aross, Censider the period 1953 to 1962, Monthly means of
the ozone velues ( (L) observed during thig pericd ave tubulsted

in Teble 5.1, The snnusl mesns of erch year which are glven in
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‘ Rome (42°N), Teteno (3¢ B¥igbene (28%) and
tspendsle (38°9) during 1954»§5. fppropriately centved

jrunning means are also shown,

the last column show the trend, The ozone lavel chenged from the
lowest velue of 319 D,U, in 1957 to the highest of 342 DU, in
14960,

In the tebulated monthly mean valuves of _fl.. thas

seasonael veriation stends cut clesrly with a meximum in spring
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aﬁd’a mini%um £m;au&mmm &n& mn;ampiiﬂuﬁﬁ of ebout 50 D,U, The
spring mexina are found to ﬂtﬁ@iﬂ;highér 1&?@1&fcfv 39§3uin the
gprings of tha even yesrs « 1954, 19584, 1958, ete. as compaved
to tha odd years ( ~ 360 D.U,),.The epring maximum in the even
yaar 18 noted to be rapldly rising one, mexiomn is reached in
Mareh or April and the ozone decrease is also pretty fest, On
the other hend, not only the meximum is lovwer in the odd yesrs
(of 1953-62), ﬁuﬁ the bulldeup 13 grodusl end the sessonal
mexinun f& vesched gensrally, during May, The bi&nniﬁzlmmﬁulating
effect is well seen from the two rows st the bottom which give
a g ond n o mg sversge monthly velues In the even and odd
vears respectively, of the deeade 1953-62. The last vow glves
the &iff&mm«m ﬁ& - fla for esch cnlendar month. The maw}md
4 Efebence 1s evident during the spring peried, the even-year
values being highar‘than the oddeyear ones by sbout 30 DU,
resulting into s higher wvalue for the annual mesn in the even
yasr (333 U.U.) ss coupsred to thet in the odd yesr (324 D,U.).
smplitude of the blennial oscillation 1s sbout 16 DU,

The time varistion of mesn ozone amounts wgcox&@d B8t &
given station can be decomposed into the following components
(1) a semsonal eycle, |

(ii)v a blennial eyele, and

(141) e longe~period vamt&timnﬁ'uw-trmndﬁ

# The 1lleyear cycle in the ozone eontent, its interrelationship
with the seme perlod cycles in the sclar sctivity, magnetic
activity ete, are discussed in Chapter 8, Howewer, in the
prasent chepter this may be regerded as s trand only,
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.T-é aﬁiﬁémﬁ the hﬂ.@nﬁié&i wei.ihm'mn, wo snalytical
trestments wém”amp%ym.' Tmay' differ, wsmm'mlly, in the
procedure used to annul the sessonal varistion, becsuse in both
the snalyses the trend ww determined by ealculsting the 24-month
running mesns of () ( _Q .M) contrad ot the middle of each
pmim end the ozone series was expressed as depsrtuves from

_(). g4t Representating the grend mean of all monthly mesn of all
y«wm and months by Q tablag of sppropriately centred values
of ﬂ 24 expressed s8 () -+ X were nrepared for esch station,
Tn cass of Arosa (1953-62) the value of (2, is 329 D.U, and the
ﬁmmhl}-‘r\ values of = sre o5 shown in Table 5,2, The ll-yeur

oaczilfi.e.tion iﬁ avrident

In the first method, the sessonal wriamaﬂ 1:%' annulled
by c:zmamarim? the 1Z-month mxzmmg meany of (L { 17- 2}, The
periodic osciilations of .Qm about L) o4 in Fig,5.1, show the

existance of the blenniel veristion in ozone,

Rangarajan (19642,b) using the method of Anomelies

(monthly velues of departure from the mean wonthly varietion,
also known as the normal veriation), provided the first detailed
description of the biennisl wvaristions saeen at ta&mkanal
Brisbane and Mgumdmla. re steted above, we have '{&mplayaad this
, buk hete aure
method /}:h@ basic meteriasl used in our invast:igmiml\ - the
ozone values corrected for the trend. The procedursl decails are

1ike this &

Let the monthly ozone velues ba expressed as
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SN I N ‘th& departure from the trend, is made up of the seasonal
mn& blennial eyeles and smell reandom fluctusptions, The everage
lewe of y veferring to the smme eslender month (V) gives the
ozona novmsl () y for that month, Deperrures of v from the
corresponding 7 constitute the time series of the ozone
pnomalies ( SQ ), |

. These steps ave illustrsted in Teble 5,3 and 5.4 for
the Arogs oxone data.féw 1953-62, The monthly velues nf 4
{ = 47.w-j372¢);ar@ shown in Table 3,3, The last row gives
the vaiuves of ?” {or () o). The depsrtuves of y f£rom the
waﬁpaauiva~v$lnea of ¥, are given in Taeble 3e4, Tha last two
r@%sfkf%m the grouped avaerages of &L , ZfﬁiﬁhxayrQSQnuﬁ the
avarage of S of the even yvesrs and giﬁ%,rﬁpraﬂ@nts the
average of §) of the odd years of the decade, It will be seen
that the snomaleus increase in ozone in a given month of one
yaar is balsnced by the ozone decrease of the seme emount in the
&uba@quenﬁ-year@, The bienniel m@&ulatimnaaﬁ tha.fl.w is seen

convineingly ~7~-» in this {llustration,

The method of enomalies was preferred in the present

. @:E
investigetion, bocause it preserves the finer details/the

* The main biennlal meximum occurring in Marceh (Even yesr), in
thles example, is followed by a secondary meximum durin
Getober-Novenbar of the some year, and the second one 12 noted
to occur during July-fugust (Odd yesr). These epochs ape
$m¥mwmtm@ by & months, Appsrently this is indicative of the
third hermonic of Z24-month period,
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filtered-out components and the biennial period under study, snd
does not vesult in considerable smesring which is inherant in the

method of moving aversges,

Following the standard procedure (Conrad & Pollak, 1950),
the firsc four harmonic anmponents vere evslusted, If the ozone

amount at any time ¢ is expresee@ as

Q(e) = B+ *"‘n . gagcz Tt nt/T - §.0,

the smplitude of the n hnrmanie Ca ) and the ghase corresponding
to th@ occuzrence of the firat mé%imum pauitiv@ deviation (¢ )
were ﬁatezﬁdn&d fcr n=1%, 2,3 anﬁ 4. Ve have later referred to a,

~ and Gn as Ap and ﬁK,~ PK where K is deflﬁed as K.= T/n,

4,! Determination of the period .

To daterminm the period of the quasi~hiannial V&riaﬁian -
the f@llqwing ahaiyais was done. Using all tha mutstanding
maxime snd minima in the plots of S-Q-agnimt time p:mci the valuas
in the nonths on either gide in turn as zero epochs, th@ values
of SIl'ware~written down for the intervel eﬁi@nding from -3 to
+30 months from the zero epoch. The period of phase shift
occurring after every li~years wﬁs not included in this mnalyais.
Signs in the entire series were reversed whén the zero epoch
referred to the minima (negative deviations), The re&ultm are
shovm in Fig.5.2, The number (sb@wa 1; parentheses) ageinst each
gtation gives the total numhmr dﬁ*auchlsariﬁs that have been
preEPObﬂd Digtinet peeks are faund to recur at 23-25 months

from the zero epoch, Earlier ozone data’from Mt ,Montezuma (2393)
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imAﬁhilﬁ. ték&h.frmm a pﬂp&ﬁ'by‘yleﬁ {19238) when similarly
analysad. showed existence of biamm&&lA%@riaﬁ during lﬁﬁﬁaﬁa‘

The Arose ozone date baing the longest series of ite kind (1@3 =61)
gave the lergest number of epochs (93); and the lergest number in
n single decade, 1952«61, wes 34, ﬁbr ﬁxﬁmrﬂ; The analysis reveals

that the P@tiuﬁ,iﬁ @rmctiaﬂlkgﬁzé»gggghﬁ.

Iu 13 mbaarveﬂ fr@m~%§5.5¢§ mhat the chﬂng&a toking
|

Vq ] .
R/ ;~,~: !
(HD0d3 | 3HL WOUd (SHLNOW NI) QOI¥3d V1 |
2 9l 2l 8 b o v i
- 8z : vz . 0 . ] | (]gc,:) &
S—r 1 -0 e 0 |
) SO0 V-,
! | ol ~0s0” }\o\ovwnzamow
-
?;‘r \’p N
\.“:\
F
Lo "vf: . : ~ 5 . | e e
(og) 1H13Q
(£2)5-04
-0 o-O-o <
~5=0ONTIVL \ !
(+]

os+  vz+ Y 8+ o - |

Fig, 5,2 ﬁ&ﬁuits mﬁ rhm aup@wpmﬁaﬂ apnah anmlyais, 52“ «38%

letitudes, MNumbers fhﬁ@g dbes give the number of
LI

a@rima suparposad,
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place with tim& at all s&at&ens are gwnﬁu&l and cycl&e in natursa,

Thig justifies cmnsidaraﬁian of the harmonic snalysis and

consideration of composite curve (Composite curve here is e curve

obtained by folding the time series st intervels having langmh of

the sssumed peried,) with 24-snd 26-monchs as trisl pericds, The

results of the considerstion of composite curve are shown in

Fig,5,3,

The period studied is 1952-62, and the geographiec

coverage is from 60°H to éﬁ”* lausﬁuaes.

i w“_,'ﬁv B ey mwM%‘mﬁ‘ Foer

o o

I952 ~62

EUROPE L
-]
35N 6O'N ‘
} |
TATENO UPPSALA "
36'N | 60°N i
+10 i
NEW ggu:‘l 0 AARHUS |f
-l 5N
MT. ABU/
AHMEDABAD | OXFORD |
24°N 52°N
+10
KODAIKANAL 0 AROSA
: 1N | N |
-10
/\ |
ams::.u: ROME A i
1 42°N ‘
- I 1 F | +l0
ASPENSD&Lg 0 ELMas |
o i l » l —1-lo 39N , h
40'S llluln[ulullllulu i mnmmmn 40°N |
I 12 249 | 26 :
MONTHS
E T m‘« TN T R,

Composite curves wiuh (a) 24*monuh and (b) E&wmmnzh
periods of 3-month xunn&ng means of ozone ampmalles
(-5 ), 1952-62, for stations situsted in 60°0-40%

1stitudes, The first detum point corresponds to

January of aven year for the Z4-month composite curve
and Jonusry 1958 for the other wene, Hote that the mirrore
imnges ere seen in case of 24-month period et all letitudes,
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If ghﬁ trial period iﬁ.ﬁhé»ﬁrua:p%riaﬂ.it is expected
thet (1) &ﬁ@liﬁﬁﬁﬂ of the eamﬁésita curve is layger eoupared
to thet in aaﬂe of the n&ighb@urimg p@ri@ﬁm. and (2) after helf
the peried mh& amplivude yatﬁawn,shﬁulﬁ repest in opposite sense
giving the “mirvor-imeges"” over the entirve length of the halfe
period, To check this second point, in Flg.5.3 we heve vetreced
the second helf of the eomposite curve (shown shaded) in the
box covresponding to the first &ﬁlﬁ of the pexiod, The regular
aegm@aa iz not sheded to help compsrison. It will be seen that
 the amplitude of the 26-monthly curves ave smaller than thet of
th&‘eumwaapunﬁihg Rb-wonthly eurves, SExectly sgusl and opposite
amplitudes -'mirror imsges"- month efter month occur in the
Zb4-momth eurves only, A pseudoeperiod of 13 months eppesre gn
mlddle amﬁ»higﬁ’lmﬁiaaﬁa stotions in the namthﬂtn\hamigghmwe
when 2é-month composite curves are consideved, Fig,5,2 shows that

no such 13-month period enists,

In Table 3,5 we glve the results of Fourier analysis
of the eoumpesite curves obtained by'félding the cime sevies of
5L sz the trisl periods of 24-and Z6-months, Compavison of the
amgliuuﬁaaﬁgﬁ ond Ay, showa thae Ao, L8 larger Ehan.&gﬁ at all
stotions except et Kodaikenal, Pexcsntege of total varisnce
emvmmaﬁ by the 24-month peviod ig decidedly higher than thet
by the Z6-month period,

In the letitude woange 25°M-40%% whers the difference
between the percentege verience covered by the 24-and 26-month

periods i& marginal, the correlation vetio (Y\ ) defined as the
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Tﬁbl@ 515

Compexison of the 24~ and 26-month composite curves 1952-62,
nu#‘,"w-#nﬁy«ﬂ-“tpmwnﬂ»w do-u-.u.nu.-uswusmua.ﬁxmmf;;;wiu;v§n« ngz:;;;g«n;;;;énu -Eg:;;;;;inw;;;;éno &%u;go;.;;;i&.ﬁpdgﬁy-u% :vumwﬂggaqquhf#-quu

Station : Lan, | ?aria& . 2éﬁm 1 A Tiia of | & Tima 95 variane', | *éé* : a
uawmmmmnmm?mumummmm#mmwauwmwmmwmmaummmmmamnﬁnmanmmmmmuammwmww&mmmummmmwnnmmnummﬂmam

- Deg. | DY, Deg. p.u, Deg.
Aspendale ; 38 8 Jul,ﬁS»Jun¢63 4 12,9 119 . 10,6 - 101 87 26 0,1 3.0 2.4
Brisbane | 28 5| Jan,57~Jun.63 | 3 9.6 127 7.0 w0z | 97 g2 - | d.1 2.0 . 1.3
Rodaikanel | 10 8 - Jul 57«Jun, 63 | 3 3.8 327 | 4,2 2718 | 95 84 | 0.1 1.7 1.9
Atmedebad | g& N -Jan.53-3e¢,§2 3 6.9 12 5.1 40 92 85 0.3 | 2,3 1.4
Delhi 29 N | Jan,53-Dec.62 | 4% 6.3 9 49 7 93 71 | 0.5
Teteno 36 N | Feb,57-Jul.63 | 3 5.8 14 2.4 350 | 70 14 | 2.0
Elmas 41 R ﬁpﬁ.ﬁéfggg:gg % ?.5 19 4o be 42 64 28 1,5
Oxford/ % .} . | . - o -
Arosa | 3R Jan,SZ—gggzgfl' 3 6.3 43 42 - BO 70 vﬁl._ 0.8
Lexviek/ | g - . . - 1 , : 16 o
Uppssla &0 N Mar.ﬁz g:gzgél 4 4.8 71 3.1 110 68 16 2.2
18

* Yor both the composite gurves the time series wmn@'wriﬂtan in such a way that the phase aﬂgle.?za and FES - 0%

eawtasgand to 15 Jamuary 1@5&.
. Qa POlﬂ'l'. In-

wk Correlsation rvatio fv ‘s dafin&a a8 the retio of the standard deviation aﬂXth@ conposite curve to that of
the individusl date points, The higher the value of .Y\, the trial pariad iz nearer to the true paried,
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rrtio of the ﬂngm&aré deviecion of the Q@ﬁ@@ﬁit& eurve to thet
of the amm&ﬁicuénm elements « () (%hﬁtéahgr & Robinson, 1962,

P 346) were worked out, This criterion indicates that the period
of 24 m&nzhﬂ is much nesrer to the true period than the 2é-umomth
paripd, Tt is to ha'nated that the time of maximum deviation (5&3

in the case of 24-month period shows & consistent latizude effect.

The resality of the 24-month period can also ba inferved
from uhaAaritgvian originally dua to gchuster (Conrad & Follak,
1950, p.3%8), The totel number of velues ¥ arve srreanged in m
vowe of p velues ench, Wow we enelyse hermonically the flvst
vou, then the totel of the first snd ﬁéﬁﬁmﬁ rows, then the totsl
of the first, second and third vows, snd so on, snd finally the
summetion row of all ﬁﬁa‘m ( m'ﬁlyb eonplete rows, Hov sccording
to the criterion, the @ucﬁ&aﬂivﬁ'@mﬁlitudﬁﬁ obtained will increase
as the squere voot of the consecutive integers, i.e. as'Vi~ﬁ Vé.a
{5'3 ,..,z\ﬁ&. 1f the velues rre st rendem, Altarnstely, 1f the
trial pevicd p is & raesl period, the lncreese of smplitude will
%e.praymﬁ;ianal to 1l 2 23 31 40 5o, aince in each row the
pericd with the smplitude &# vepeats itself and is sccumlsted
by forming the subtotal vows.

 In Table 5.6 we show the vesults of this anelysis based
on the monthly ozone dets corrected for the trend (y » () ~.j372&),
for ﬁ&.&bufﬁﬁm&ﬁébmd ﬁE&?N) and Arosa (47°H) for the decade
1933-62. The phese engle ¥y, of successive rows ere more or less
constent in both the sets, and the emplivudes obsewved, Ay, ave
incressing ot both these locations in a meaner as to support the

24-month period for the ozene veristions,
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Table 3.6
Phase and amplitude of 2&-mmh period in the subtotsl vows of 24 monthly ozone values, 1953-62

) aefeoned odow e TR I e
?etmdi I’a& _ | 4&2& (in DY, ) 7 ‘;‘ ?24 - Py (in b.u, )
% jCbsarved | Thaammicml i i&bs&waﬁ Tbaammaal
| Rendom Periodi~ i, | ‘Random fodd-
distribution | -~aity | diswtwﬁmtewy
ORGSR 0 . A K RN IS OO T SR mmwmmmmw#mmmwwmmmm mmmmmmmmwwmummwmwwuwwm RPN Gtk i
o - Deg. , . Deg.

Jon,53-Dec, 54 (2 yre) | 212 | 6.4 6x)lw= égﬁ@ 6,0 246 2.4 7:.4aaﬁ - '7',49@ T4
W Dec.56 (hyes) | 191 | 187 |6m)Z=8.5(12.0 | 220 128 [7.4x/2 ~10.5 | 146
W Dec.58 (6 yrs) | 190 | 19.2 |6 =x V3 =105 18,0 | 219 20.1 [7.4x)3 «12,8 | 22,2
" .Dec.60 (8 yrs) | 192 | 22,6 (& x Va4 =12.0 24,0 || 224 28.7 | ?Jmﬁ =14,8 | 29.6

" "ﬁ&@§&z (la Wﬂ) 190 29.3 “ ﬁ x ﬁ “13.5 300@ 216 3901 . 7:%% ’31695 37.@ B

Py 4 i in these studies ewmspmda to January 1953 and incresses by 15° for every additional

month, _

@ These velues of A,, ware determined. by fitting leam:»aqmre«line to the plets of %ﬁob&.) o
versus the length of the series, _



5, Blennisl Vﬁﬁﬁatian during 19&536§,as é%ﬁf&r&ﬂtilﬁtiﬁﬁd@&

5.1 Temperste and low lavitudes

Having esteblished thet the peried of the blennial
yoristion of ogone ewount is 24 wonchs, we now turn to the
deseription of the blennial veristion observed st different

intitudes. )
1
<l t::w

in Fig.ﬁ.l itself we heve plotted _(lgz &md .fl 4

{the 12-and A@hm@ﬁﬂh moving sversges of () J, the ﬁuguiar
oscillations of .(llq shout the trend ( ) g4 Ehowing the
blennisl evele under conslderetion, Flg.Jd.4 depictsz the
a&pm&yr&aﬁa&y centred slgebrale differences between jifllz and

17.2& for stetions situnted betwesn G0%We40°s 1$ﬁitué@s, the
time Interval ﬂ@?@t&d iz 1952-64., The ecurves reveal uh& biennial
@p@ili&&ﬁ%ﬂﬁ in tha ozone amount over this wide span of 1atiuu&as
with the marinmum positive ﬁuviaﬁiﬂn& amaunring in the lecal spring
of the even years (1952, 1954, lgﬁbp anqﬂ 1962), except st the
agquatorial 1atituﬂﬁ'(Kﬁﬁaikanmi}dwh@rm-tﬁ@w@ iﬁ a revevsal of
the phose. Thgy rlsc show th@& @xeapa for the disturbence noted
in 195% et the northexn aﬂ&ti@nw and in 1963-6& at the Australisn
stetions, the perturbations do nov obscure the underlying bleanial
pariodicity st lesst upto Oxford latitude (52°0), beyond which
the perturbetions sre found to ineresse considerably ns we go
to higher letitudas, Appevently there is a gradusl shifr of
ohese with latitude,
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Fig.5.4 l,e‘.mmmh:&y running mgxa? Mfz&wmm’:m;’ mmmg
maans { _O. 1z ° d;}" in Sﬁ.i? iy Showing the blenmniel
varistions in ozohe am amﬁwm ‘sleuated from 60°N to
4% letitudes ﬁuring 1952~64, i

- Hotie the Abhorsidl smplyeda” ﬁﬁum%as ‘in ozone during
1959 in the northern ‘i‘xam&spham and a move consplousus
one in 1963 in the mmxm:m hemispham.



H gZ, H

3-mpnth ruoning meens of S for stetions situstaed
betwesn 75%N end 40%% lotitudes are shown in Fige.5.5a, The senle

for [0 is enlerged in the ceng, of the equatorial station
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ipgtens An ozone smounts displayed

with help of the mb;Q,gy?giﬁné rnomalies (departure
| ARV U | k

from normel) st vérious stations located between

| 707750 ond 40%5, 1953-63,
Fig.3.3b, GUpone sewies ot Aspendsle and Brisbane sre seen to

be lagping 6 wonths behind the series ot northern
hemispheric stavions situsted st the seme letitudes,

Fig.5,38,
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Kodeikenal end is compressad in the csse of the polar stevlong
s a8 to fseilitate the comparison of the biennial Sequentes
observed in different latitudes, This essentinlly shows the same

festuraes noted nbove in comnection with the Fig.5.4,

In Fig.5.5b, we have shown the time series of 50

for Oxford (52°0) and Avosa (47°W) coumpared with thmt for
Aspendale (38%) shifted by six months, and in e similer menner -
the series for E&ihi {29%% ond Abu/Abmedabad (24°8) ere Compared
with a (shifted) series from Prisbane (28% £}, These conperisons
show that not only the bi@ﬁﬂi&l maxim& ﬁﬁh ninime but aven aha

small seale perturbetion mmunt%é(@m nh@ biaﬂniﬁﬁ wave are &bservaﬁ
to appeer in the time series ﬁwx zaﬁ ﬁmwtfﬁli&m stations, after

a delay of sbout six months, - e \; |
T ng,},gv:‘;;'.n; W x?

The monthly ozone enomslies ( SO ) tebulated in
Teble 3.4 for Avosa (1953~62}. exhibit some noteverchy: r&gn&am&t%&&.
Tha valu@g of | 511. are sean to be the 1mxzast in March, a&@qnﬁ
lorgest in ﬁprya, and noderately 1@&3@ in Februery, As alveady
n@?@ﬁ earlier, there is also avidence au@wﬁﬁﬁing existence of a
B-menth pericd supsrposed mvar the" %iaﬂmia& oscillation, The
flrst wmaximun. oecurring in,mmmah of avmn ymmr and the second
one in uenabaw~ﬁwvmmb@w~iavan yaﬁwﬁ ara'sﬂ@pratad by & months,
These gpochs voughly amrr&ap@mﬂ t@ thm tim@ of neeurtence of the
stratospheric Warmingm in the nmwtharm ﬁnﬁ southern hemisphaves

wa&g@@tivwly.

flmogt aguel ond opposite velues of A5Q s similer to
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those seen in cra of Avosa (Table J.4) end giving a sort of

“éﬁiz?‘g’::‘a%iﬂ&g@&“. are present st other stetions alse (vee Flg.5.6),

The time-sevies of §Q referring to the peviod 1952-62 for stations

situsted betvean 405 to 70PN latitudes vere used in construction

of these plots of () shown here, The secondary maximm occurring

gome 6~B months after the time of the nain bilenniasl orone maninen

(spring of the even yeer in the decade 1952-62) is seen at the

lower-niddle snd higher Latitudes but not at low latitude stations,

Flag.5,6

S8 Ay 5
':(i%é_ — . O —
DUIIIII-I]II]II T I ¥ T T T (T 7Y |n:.]‘n>:|||||| LRI LA L0 T T T T Jl
20 ASPENDALE BRISBANE KODAIKANAL MT. ABU— TATENO |
1957-1962 1957-1963 AHMEDABAD 1957-1962 |
1952 - 1962 |
10 : )
i
o h i T/\‘\U- a1 '
! U~ |
—10 ' | - EVEN YEARS P |
—50 o-0-o ODD YEARS 1.
Imlnl.nléf’ [N I W Il[]lllls’AlA
OXFO 0
20 1952-1962
10 !
o Al
0 : ’\{jj;ﬁ,’wl I T ]
e; i
-0 i
-20f

DEPARTURE FROM NORMAL IN AVERA'GE EVEN AND ODD YEARS [
(1952-62) ’

Gmone departures from normels, $() , in aversge
avan years ond sversge odd yesrs st stegions sivusted
batween 407S and 70 letivudes during 195262,
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| ?h@$ﬁ>éqﬂ&l and opposite velues of 50 theugh are
mmmssﬁmg but not surprising, since S hrs been defined s
depreiure from the mesn monthly ozone velues, The results
depleted in Fig,5,6, simply tell thet the strong ozone surges
have elesr sessonal prefevance and are found repesting punctually
aiter 24 months, These well defined, impressive potterns of |
ove their ezistence %o the mstked degree of persistence {ses for
exanple, Table $,6) in émmme of which the vendom mmpam‘m:
would inereass considerably resulting into reduction of the
‘resultant emplitudes of §1. It is rether smaging o f£ind that

pairs of vesrs sre consideved, the velues of
8Ee_not Very

di ffevent amagt in the sien, Tkzi& point is illustreted in
Teble 5.7, The ‘months’ over which S sre aversged, e in

[

aven when individual ;

_ 5-9" in hpmm ,srimwimﬁ&, in @m,ml_

the spring period end sve mlwweﬁ for the levge vsamea s::ef £
(Mareh and April in cese of pross, sea Table 5,47, The same
eriterion wes spplicd while selecting the intervel in case ﬁf
miiammal {10%%). The evidence at hend clearly suggests that
the ozene chenges (excess or deficiency) in any one yenr pets
mostly snmulled in x.hza spring of the next year, amﬂ the residuals
get corrected in few eveles ss indiceted by the sessonsl mesns
of & aversged for all the even end all the odd years during
1953-62, |

3.2 lidgh letitudes

Blenninl varistions in ozone siniler to thogze ohserved
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| a&itaﬁﬁérﬁt& and 5ubtrayiwa1 3&&5&&&@% (deseribed sn section 5,15
are also fﬂunﬂ at seill high@r iﬂtiﬁuﬁﬁﬁ es ¢an be seen from
Fig.ﬁ‘ In these polar pr8ieceion mape the ozone ﬁiﬁtri%utiama
"in.tha northern hamiaphmr@ in the Aesnt spring of th@ high-ozone
years {even yenrs during the decade 1952.62) and in the 1@%*93@&@
years arc depieted in Fig.5, 7a end in Fig.5,7b rmsp&&tivaiy. Ig
will b@ seen thet the highest ogone coneentrations ocour durﬁng
“’ah@ ﬁpr%ag of the higheozone yerws over Siberia and ah: aast&rnﬂmy
'partx of Asin) wheress in the smme gesson of the $ucca@ding.y@aw
(low=ozone yeer) the high-ozone contour tends to be ﬂmﬂtmt namth )
Gonadg end Greenleand, The meximm differences due to thmm@ biannial
@Sﬁﬁllﬁﬁi&ﬁﬁ are recovded at hﬁgb iatitudes in the Surssian Zone
and ia the northern perts of Qan&ﬁ@ and 2lso st temperste lacitudes
in the esst Atlentie, 7e¢ algo. mayWEa noted hext that zha longt -
tudinel diffevences ap temperete letitudes m:maci out moEt

cwnsgimmoualy during the spring of the low=ozene vesrs,

thenges in the amplitude and phase of the biamni@l
variation with laticude are sumnarised in Flg,5,.&, The values of
S for 20%-80% latitudes for the period 185262 have been
used in constructing this disgrem, The date coversge for lstitudes
north of 60N is not setisfectory s we have only 4 stetions,
namely Reykjevik (64°N), Tromso (709 ¥}, Resolute (75°%) and
Spiczbergen (76%%), and thet too for diffavent time~intervals,

The progressive delay in the month of occurrence of
the blenninl meximun with lstitude i an interesting fentuve

brought out by this disgrem, It wey also be noted thas in the
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Fip.5.8 Average blennial verdevion st different laticudos
(20°-80%0),

northern spring (.E’@hmmyuﬁgsmm the maximum devistions sre
recovded st %«Aﬁ% letitude 2nd also at sbour 63N {coinciding
roughly with the mg;:im of gmlsw—-cy@lmaa and polar froncs), A
secondery mexinum folleows the primery meximum after an interval
of 8 months at both the locstions,

The poler veglon ds typleslly different, end shows :
sudden chonges of lerge smplitudes, The winter months are the

months of grest ectivity eoinclding perhaps with the movements
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of the p@i&f vortes end the finel braakﬁmén of it and the
ﬁ&s@ﬁiaﬂﬂﬁ»&GWﬂﬁﬁﬁyh@ﬁiﬁ wmwmim@a._zm‘@ay be mentioned in this
commaction that during the flevst fawlmmﬁaha of 1951, 1952, 1955,
1958 thﬁ éz@na'émmﬁmts recorvded st Té@mé@ (708 in Norway, were
consplevously lerger then the novwals, It is remerkable that the
stratospheric warmings were found to occur esriier (Januery &
Pebrusry) during these yoeors {see, Wilson & Godson, 1963), While
the yesrs when th@’ngmings peeurred Inter (Mevch-April), heppen

to be the loweozone yvesrs,



CRAPTER VX

STUDTES OF PIEMNIAL VARITATIONS IN ATMOBCMERIC OZOND

g pyhan o PREIOE R VN ST R A e s P " Jr—— v e gy g e 8 A
PART (I1)  HESULTS OF HARMOVIC ANALYSIS OF TURE 2oy TIHE-SRERIES,

95262 '

1, Intrpduction

In the previous chopter we heve described the methods
of annlysis, ﬁa@&rm&ﬁé&i@n of the period of the blennial verlations
geen in the osone Time-sevies and ﬁ@ﬁﬁ?i?ﬁﬁ@ﬂ.ﬁf the blennial
varistions obasrved ot verigus letitudes in the time intervel
1952 shrough 1962, Bafore we proceed o the investigation of the -
chenges in the phase of ﬁ&@’biaﬂn@&i veriation with time, it o
desiroble to have a guentitetive descxiption of &h@'b&@nﬁial |
varistion ot different lativudes during the decede 1933-62. The
dets heve baen subjected vo bermonic enalvsis snd the smplivudes
of the 24-month veriod (ond V%ﬁi&ﬁ% hearaonics) ﬁ@%&ﬁé for
gtatisticsl significance ond the yh§$$$ tested for persisteroy
during the decade,

2. Sxistence of other hermonics

A reforence to the lest two rows of Teble 5.4 ov Figs,.5.3
and 5,6 rovesls existente of a detinet G-month period superposed
on the 24-monch one, more clesrly so ot 40°N end 40%s levicudes.

In Teble 6.} are given the rost-mpan-sguare veluves of the amplitudes

9ol
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wﬁ} ond the tlumesof ovecurrenss of the firet mexioun m?%*h} for

the fizst four hewmonles (k = 24= , 12« , B= , snd 6= months),

the detn sublected to hermonic enelysis sve the ovone values

corvanted for the tyend,

£
Lt

3

. . P
R

e

Trom Teble 6.1 we may infer 3

Values of #3, ere lazger ot the sustrelien stetions
papondale (38%6) end Bvishene (26%5) then those st the

corrasponding letictudes of the northern hesdsvhere.

In the northern howmisphere the time of cocurrence of
the blenniel menimum is°found to eccur latev ss the

levitude incresses, .©
S SR

The welug of %iﬁ ig:aﬁauxﬁéﬁ ol in the polar rmgﬂmm.
it is found co be aboues 60 1,1, ot about 60 lmti&ud@
vharefron it decresses unlfowmly with latizude, becoming

| fi“a‘iz"g,ﬁ. st 28° lotitude, The eplitude of 'the' anmsel

ay%ié at the Indien stestlons, hﬂwmvwr,A&a;myggégmal;ef

55

and shows no significent chenge with letituds,

The anmesl maginus cccurs during loesl spring st all
HEatlons eRgept nt the Inﬁ&mm stotions vhere 1t oeeurs

im ] aﬁ? ot Medebed &”ﬂaﬁ} &nm fo July ot Kodsilenal (16%n),

%
v

tgh veluss of ﬁq exioet ot lrﬁﬁaudmﬁ 407 end 40%veinforee
want of the first ond chipd hﬁrmwﬁﬁa Component s &@kﬂ@

plree ot thess letitudss. Py bas e velue of 26° & 8°
Q?&%~Wﬁw} in the lotitude renge 23%0-73%, ang 1107

{huge-Sept dn csse of the Avetrelisan stotions,
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&a CPime of noximus mm@lituﬁ@ in cnse of the ﬂﬁmﬁhmnuml
| ayele, “é. ae a&l &ﬁ“ﬁi@ﬂﬁ hammamm to h@ the equinoctial
months, ﬁansgiﬂmmuaiy 1@?@@ valuas of 2 n@ nYe fmun& o
| oteur in the ﬁmtawakaﬁmnm. that observed ot Er@mma (70"

baing the Iprg@aé

. Pigures 6.1 %m& 6.2 show the first four herwonic
.-cmm@mnanm& obaerved in the opone date for Jonmsery 1960 tm.m%aambmr
1961 for 7 s@aﬁi@nm situsted at lotitudes wanging irmm 23“& to
75%8, A bigﬁ letitudes m&%ﬁ*?ﬁaﬁw axaaﬁm for ﬁiﬁﬁ the amwlituﬁa

,‘ !
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Wig.ﬁ.l The firvst four hermonic aampmnﬁmﬁs found in the menthly

mesn ozone amouncs (corrected ﬂmr the trend) for 1960-61
shmedebnd (23°0) - Avose (47°M).
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Flge.2 The first four hovmenic componencs found in the monthly

menn ozone smounts {(edvrected for the trend) for 196051

trosa (47°N) - Resolute (759%),

The seele for the second hearmonic is reduced by o fector

0f 3; - ‘:1.'_ - :

seale in Fig.6.2 is identicel to thet in Fig.6.1, and sema for
e2ll hoxmonics., The above m&nﬁ&&ﬂmﬂ-mhﬂrggtﬁwﬁ&tic& sre gasy to
s denti fy, |

beronth composite cunves of SO for stations situstad
in the latitude venge 50% to 409 sre depleted in Fig.6.3, The

dote veprasent the cheerved velues of SO in the sversge even
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Fig.6e3 Bbemonth composite curves (ogone depertures from the
Horms sversged monthwise), The dots represent the
ohserved veluos and contimigus curve running through
tham fs & sunmetion cusve for the 24~ and Semonth
periode, Hote the consplouvous presence of the 6~mmmth
period ot &V and 40%5 levicudes,
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yeer and aversge odd year, the period Qavﬁred'ia 1952-62, The
continuous curves have been bullt-up from the 24- and 8-month
harmmnie components given by the harmonic anelysis of the values.
It will ha seen thet most of the varisnce 1s accounted for by
the fivst snd third harmonics. Unmistekable evidence of the
d=month period 1s clearly seen ar the stations sicu&teﬂ at about

40°N and 40°% letitudes and cen be detected at other places also,

39 __};gni ficskmﬁe Qf Ag4

According to Chapwan (1951), the amplitude may be
considered significent if the length of the vector on the harmonic
dial is atleast three times its pzababl@ error. The probable
error was estimated on lines suggaatad by Bartels (1935) [ formulae
glven by Dyring & Rosen (1961) end Conrad & Pollsk (1950, p.380) ]
end Whitteker & Robinson (1944) [:fmrmulaa given by Rastogi (1962{].
It was faﬁnd ahaﬁ the biennipl vmriauiah is both significant eand
persistent et stetions between 40°5-55°N, At stations between
55-75°N, because of large changes in Pza the average blennial

variation is not significent,

Since sudden phase-shifts of 1 year in the biennial
osclliations are found to occur after every 1l yeer (Chapter 7)
averagling more than 5 consecutive rows iz not justified, Hence
the effect of the Quaaiuparsistence in the dené.sari@s cannot

be determined exactly,



CHAPTER - VII

BIENNIAL VARIATION IN ATMOSPHERIC OZONE

PART (III) - VARIATION IN THE PHASE OF THE 24-MONTH PERIOD
WITH TIME; CORRELATION WITH EVENTS IN THE
STRATOSPHERE OVER MIDDLE AND HIGH LATITUDES

'
i

1., Introduction

In Chapters 5 and 6, we have presented the results of
analysis of the ozone data for various stations, the data
referring the period 1952-62, Since 1963, the biennial maxima
at many places are found to occur in the spring of the odd year
instead of in the Spring of the aVen year as was the case in
1952=-62, It was considered 1nteresting to examine the phase
shifts of the 24-month variation in ozone with the recent data

as well as with the data of the earlier years,

... Besides the quasi-blennisl oscillations in the
“'”equ@tnrial stratospheric winds, a blennial period has beén noted
in stratospheric wafmings (Labitzka,llggﬁ,‘lgﬁﬁ). The question
whether thé biennial ozone oscillauionéfare assoclated with

any other geophysical phenomena of a similar period occurring

in the higher latitudes is also‘briefly considered in this

chapter,

101
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2. Regularity in the phase shifts of the biennial variatidns,

a_sugeestion of 22-year period

Homogeneous ozone dsta for Arosa (Perl and Dutsch,
1959) are available from 1926 onwards with a break in 1929-31
and a short bresk of three months in 1953-54. Ozone data
referring to earlier dates than the fifties for other sﬁations
weﬁe also examined to see the regularity with which such

phaseshifts occurred in the previous decades, In Fig.7.l the
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Fig.7,1 Blennial and solar cydleﬁvariatiéﬁs.seen with the
monthly mean ozone amounts 70°-35°N, 1939-64.,
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Fig.7.2 Perlodic changes in the ﬁim& of’
mexima in the Arcsa ozone data,

' 1952

- 1958

56 so

occ&%&eﬁce of biennial
1927 65

(1942-51 & 1952-61) at Avosa, is brought out convincingly in

Fig,7.3. The monthly (observed) ozone values,after correcting

for the trend, ave shown herxe by open circles (o) and joined

by thin lines. The thick smooth curve running through these data

points is the result of summing up the

first four harmonics., The

24-month component is also shown separately, on a slightly
enlarged scele, It 1s seen that the phase of the blennial period

does not alter appreciably through eech decade but suddenly changes

into the opposite phase on pa351ng from one decade into the other.

“
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Fig.7.3 Biennial ozone variat&ﬁggﬁaﬁg{&osa_(47oﬂ) during two
° * San . ot . .
- consecutive decades 194%.51 and 1952e61, and the
24-montl harmeonic components, :

In a sumation dial the length and orientation of a
vector, respectively vepresent the amplitude and (usually) the
‘time of occurrence of the maximum pdsitive deviation, As compared
to the harmonic dial rapresantgtion. the only difference is that
here the end point of one vectqy becgmes,the.origin for the next
one, Advantage of this particular réﬁresentation is thet no
overlapping takes place if ééme persistence is there, The dgg:ee

of persistence is indicated by the constency of direction in
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which the train of vectors kqep[am maving Thus in the summstion
dial for Arosa (Fig.7.4) and other stations in the latitud@ range
30°N-70°N . (F1g.7,5) show s

1. Persiétency of the biannial.seéuence in a given decade;

2. Sharp change of orientstion after 1l years, in the
beginning of the decade; and iy
- 3. Completion of the cyele of changes in about 22_§ééf§%

\ ! 1‘ |€|
\ | 2 * s e TR
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Fig.7.4 24-month summation dial for Arosa ozone data (1932-64)
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Fig.7.5 24;mmnth summation d

”or‘§t_ﬁions located in the
latitude vange 30°N-70

o~ ,jf i,1()0 latitUdeo

| The stations shown here cover the latitude renge
390-706N. Arosa data, 1932-64, being the uninterrupted series
offer the most convincing evidence in favour of the 22-year
'pericdieity in the phase of the 24-month period, The data from
other stations presented in Fig.7.3 corroborate this finding.v ‘
The numbers used to label the vectors indicata the time interval ;
studied; for exampie, 60-61 refers to the ozone data of 24~monty§,
© January 1960 to December 1961, 61-62 means January 1961 -December

1962, and so on.
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© Im the zone of 30°N 1atitude. there are two trainxof
the 24-month vectors; one for Delhi (29%), 1953-62, and enother
for Shanghai (31°N) in China, 1932-42. These two sequences
differing by two decades are found to run parallel and indicate o
that the time of the biennial maximum in both the cases happens
to be spring of the even year, In other four disls the time
aeries referving to tha successive decades show the inverse-phase
relstionships, Referenca to Figs.7.2 and 7.4 reveals that the
difference between two consecutiva maxima iiéftgmnths during

most of the decade and during the transitienlit abruptly decreases

- to about 20 months,

In Teble 7.1 we have glven the decadewise root-mean-
square values of Py, in degreés-éand'also_in calendar months),
and their probable error determined from the differences{between
these and the individual values, Comparison of the decadle means
of Pa4 in each zone shows the characteristics noted above., The
scatter in a given decade being of the order of 15° or so
( rJ‘l month) is not sufficienc enough to explain the difference
of 180° (= 1 year) in the value of Py, Seen in two adjacent
decades, It is clear therefore that in a given decade the
biennial variation is remafkably persistent, but with the
beginning of the new decada[sudden change ofﬂ?hase occurs and
the old sequence is replaced by . : GH?(%FQ phase difference.

. of one year,
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Table 7.1

Time of oceurrence of bienniel maximum in different decades

e e e e e
ﬁgﬁitudg! Stétian Period Pos
! — (Deg.)
1936-41 51 ¢ 11 Apr, (Even Year)
70°N | Tromse 1941-48 [251 + 28 Jun.(0dd Year)
. 1952-59 113 + 27 Aug-Sep.(Even Yr.)
0% Dombas-Oslo | 1943-48 260 + 12 .Jun.(ﬁdﬁ Year)
‘Upgggifék 1952-59/61 7??& 17 Jun. (Even Year)
1932-41 .28+ 26  Mar.(Even Yesr)
45°N ‘ArOSa' 1941-52 2395i 14  May (0dd Year)
” 1952-62 |43 + 10 Apr, (Even Year)
- Shanghai 1932-42 ﬁ 16 + 24 Feb, (Even Year)
30°N - 1942-52 _ |
' Delhi 1953-62 21 + 7 Feb;Mar;(EVen Yr.)
spsfsshepaojsdadaitanpdr ek
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3. Summary of results (Part I,fII and III)

(1) 24-month variatiohs in ozone are observed at high and
middle latitudes also. Results of statistical tests indicate
that the amplitude Aoy is significant and persistent up to 52°N
latitude in the northern ﬁemisphere; At higher latitudes, it is
significant but the phase is not persistent, The amplitude'A24
is.likely to be large in North Siberia,

(ii) At middle and low latitudes the time of occurrence of

the blennial maximum is in the spring of alternate years, The

biennial sequence of ozone changes are found to change the phase

angle»P24 by 180° soon after the end of each decade by the
Gregorian Calendar, (at least in Europe, Asia and Australia),
changing from the spring of even year of the pair to spring of
the odd year and vice versa; the longer period cycle superposed

on the biennial ones takes about 22 years to complete,

(1ii1) The 24-month cyele observed at the equatorial station
Kodaikanal (10°N) has antiphase relétionship with that at the
Australian stations (28-3895) as well as the high latitude
stations (70°N and north of it). Tﬁe time of oéeurrence of the
biemmial maximum is observed to be delayed progressively with

increase of latitude, at least, in the northern hemisphere.

(iv)  Most of the deficiency (or excess) in ozone generated
in one year is, usually, corrected in the next year. If this is
not exactly balanced in the next year, it will be evened-out in

a few biennial periods.
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(v) .The results of harmonie énalysis clearly indicate the
existence of an 8-month period. Its presence is seen in the most

conspicuous manner at latitudes 40° north and south,

(vi) The amplitude Ag is noted to be the largest at Tromso
(70°N) and decreases with latitude, The semiannual maxima occur
at all stations in the equinoctial months,

4, Discussion

The long period variations in ozone(as depicted in
Table 5.2 and having a period of about ll-years) are in phase
at different latitudes, These and the semiannual oscillations
in ozonme suggest a possible association between the changes in
particle radiation from the sun and ozone varistions, Th?se are
discussed in Chapter 8. Here, we shall confine ourselves to the

biennial variations only,

Mean vertical distributions of ozone in the springs
of individual years for Tateno (36°N), 1958-64, and Arosa (47°N),
1956-64 (Dutsch and Mateer, 1964; and "World Ozone Data" 1963,
}1964) were compared to locate the seat of the biennial variations
over these latitudes, Vertical distribution profiles of ozone,
averaged for the springs of the high-ozone years (1956, 1958,
1960, 1962 and 1963) and of the low-ozone years (1957, 1959,
1961 and 1964) over Tateno and Arosa are shown in Teble 7.2. Th;
ozone excess in the high ozone years though noticable from 5 to
30 km, the main increase takes place in the 10-192 km reglon., Even

individual pairs of years show similar results,
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Kulkarni (1966 b) hasiabserved,the biennial peried in
the 24-36 km layers over Aspendale (38%) and Brisbane (28°S)
in Aus;ralia. The seat of the biennial variation being in the
troposphere and lower stratosphere, it may be inferred that it
is closely éssociated with changes in the general circulation
(see also, Dutsch, 1965).

4,1 Biennial variatioﬁs in ozone, teﬁperature (50-mb say)

and winds- Middle latitudes

Australian stations showed a great regularity in
behaviour before 1962 both as regards their spring ozone amounts
and stratospherie temperatures near 50-mb level, high ozone
amounts corresponding to high stratospheric temperatures
(Rulkarni, 1962), Laby et al (1964) have noted that 1owizona1
winds were preceded by a few months by high 6zone amounts and
vice versa, Our énalysis has brought out (Table 5,7) that the
deficiency (or excess) in ozone generated In one year is mostly
corrected in the next year itself, These results indicate that
the ozone excess or deficiency in the lower stratosphere sets
in action a feed-back mechanism td\mainﬁain the ozone reservoir

at a certain equilibrium level,

By virtue of its vradiative properties, ozone excess
can be expected to lead to a tempersture rise in the lower
stratosphere; and higher temperstures than normal in the
stratospheré of middle latitudes will lead to increased circula-

tion in the lower stratosphere and corresponding increased 1eakagé
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of stratosPheric air into the troposphere The cycle of changes

- in an averaga biennial perind will be somewhat as follows;

40, ol ar] Midlatitude westerly
.+., > -+ —> eirculation
: 4 :

Midlatitude Westérly
circulation AT ¢

———r

ZX03 is the change in the ozone amount in the stratospheric
reservolr, AT is the temperature change in-the lower stratosphere,
say at 50-mb, and the changes in lower stratospheric circulation
are those related to travelling disturbances in the upper
trcposphere. The upper and lower parts of the cycle take place

in successive years (Ramanathan and Angreji, unpublished, abstract

of which is given in the Appendix).

4.2 Departures from 'idealized picture’

This idealized picturé gats.disturbéd on some occasions,
There are deviations from normal ih the biennial oscillations
themselves. Larger discrepancies are seen in the phase-shifts
by one year after every ll-year interval, the solar cycle changes

in the biennial variations,

A reference to Fig.5.4 shows that there are certain
irregularities in the biennial variation of ozone, such as in

1959 and in 1962-63, which might be due to nuclear detonations
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or volcanic eruptions Ram&nathan (1965) has suggested that
abnormal increases in 1959 and 1962 can perhaps be due to the
large scale nuclear explosions in 1958 and their resumption in
1961, Spafrow (1965) has suggested that the unusual disturbances
in stratospheric temperatures snd ozone amounts over Australian
stations in 1964 may be due to the effect of tﬁa Bali volcanic

eruption in March 1963 (see also, Pittock, 1966).

. Kulkarni (1966 a) has mentioned that the biennial

- oscillations in ozone and temperature in lower stratosphere
over Australien latitudes existed between 1954 and 1963 and not
prior to 1954 and after 1963, However, the ozone data available
here for Brisbane and Aspendale for 1965 and 1966, indicate
that the new rhythm of the biennial variation with a phase-shift
of one year, like the one seen at stations in Asia and ﬁurape
during the recent years, is perceptible at Australiasn latitudes

also,

The earlier ozone data from Mt,Montezuma (22°S, Chili),
1923-30 (Tien, 1938), and Table Mountain (34°N, California),
1929-33 (reported by Penndorf, 1936), show that during the period
1923-33 the ozone values in the spring of odd years were higher
than those in the even yéars. We are thus in a position to extend
the data coverage to 1923-65.‘During these four décades the
22-year period haé practically completed two éycles, and the
third one has commenced since 1963 (see Flgs,7.2 and 7.4).
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we have seen that the shifts in the biennial rhythm
have occurred in 1933, 1941, 1952 and 1963 Why a shift should
occur some 4-5 years after the epoch of sunspot maximum is seill

not clear,

4,3 Biennial variations in ozone and stratospheric warmings

Direct connection batween the blennial variations in
‘ozone over the tropics and the quasi-biennial oscillations in
‘the stratospheric winds over the equator, was suggested by
Remanathan (1963), The feed back mechanism already mentioned,
linking the ozone and wind variations apparently maintains the
obserﬁa& biennial oscillations in ozone and winds of the middle

latitudes, ,
3
We shall now consider briefly the evidence for
cireulation changes in the upper troposphere and lower strato-

sphere -of high latitudes which have a biennial variation,

A close link between the ozone changes taking place
in the late winter and early spring and the winter-summer abrupt
transitions taking place in the arctic stratosphere (the
stratospheric warmings), has been shown by Godson (1960), The
first synoptic evidence of the existence of the quasi-biennial
cycle in higher latitudes is due to Labitzke (1965). In this
paper she reports that the stratospheric midwinter warmings can
be divided into two types with respect to their origin and

direction of movement, European and American. The warmings
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generally Started after similar_syneptic.éonditions when
extremely strong cyclonic aétivity_initiatéd the stratospheric
warmings. It was also noted that the phase of the quasi- ~blennial
Oscillations in the stratospheric zonal winds over equatorial
latitudes has correlation with the type of these midwinter
warmings and the eirculations in the troposphere at temperate
and high latitudes (see also, Scherhag et al, 1963; and Labitzke,
1966) . | | |

In the 10-mb synoptic maps for the northern hemisphere,
Scherhag et al (1963) have pointed out, and recently Labitzke
(1966) has very clearly shown the differences between the general
circulation patterns observed in March of different years. In
March of 1958, 1960, 1962, 1963 and 1965, the epochs when the
final (spring) warmings occurred late, the circulation iﬁ the
stratosphere was found to be governed By the circumpolar vortex
with no separately developed Aleutian high, On the other hand,
in March of 1959, 1961 and 1964, the years when the final warmings
took place early, the circulation was asymmetric, the polar
vortex displaced to Siberia with a well developed high over Cenada,
The biennial periodicity and pha#e-éhift of one year occurring
in 1963 in the stratospheric warmings are thus evident in this

report by Labitzke (1966),

In comparison with this we may note the spatial and
tempbral variations in the biennial variations in ozone. There
seems to exist longitudinal ﬁiffarenceg‘in the phase of the

biennial variations in ozone. Comparison of the ozone anomalies,
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60 » for Edmontnn (54°N, Canada) ?nd Eskdalemuir (55°N) v, K.)
shows that the biennial variations in czone over these stations
are somewhat different. Dutsch (1966) has mentioned such

di fferences existing during 1964-65 at Arosa (Switzerland) and
Boulder (Colorade), Such zonal differences are also seen in the
average bilennial variations observed at Resolute (75°n, Canada)
on the one hand and at Tromsa (70N, Norway) and Spitzbergen
(78°N, north of NorWay) on the other, as are shown in Fig.5,8.

A reference to Fig,7.6 shows that the distribution of ozone in

€
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Fig.7.6 A tracing copy of Fig.5.7(a) and (b).
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the average spring of even yeafs is diffefent'frcm that of odd
years of the period 1952-62, In the spring of odd years the
high-ozone center ( ~ 450 D,U.) was located near north Canada
end the distribution was markedly asymmetrical. In the even year,
the center ( » 500 D.U. or more) was over northern Siberia and

>
the distribution more symmetrical,

We note that at middle latitudes the high-ozone years
are years of late final werming and vice versa, while at higher
lati;udes the high-ozone years are years of early warming, The
ozone changes following 2 stratospheric warming ere now well known,
We suggest here a possibility that the biennial fluctuations in
the stratospheric ozone reservolr, via changes in tha circulation
pattern in the upper troposphere end lower stratosphere over
middle latitudes, are connected with the early or late bfeakdown

of the polar vortex.



s 120

APPENDIX TO CHAPTER VII

' *
The stratospheric ozone reservoir and its fluctuations

By
K.R.Ramanathan and P.D,Angreji

~

; Summary

The biennial variations of atmospheric ozone are
exaﬁined together with the wind and temperaturé data of the
lower stratosphere and it is found that ozone excess or
déficiency in any one year sets in action a feedback mechanism
involvlng temperature gradients and atmoSpheric cireulation
which tend to correct the deviations, most of the correcéions
teking place in the course of the next year, The residuals
get corrected in a few cycles, The evidence for an effect of
solar activity on ozone amounts and circulation in the lower

stratosphere is also briefly considered,

* Presented at the Symposium on 'Interactions between Upper
and lLower layers of the Atmosphere', VIENNA, 3-7 May 1966.



CHAPTER VIII
GEONS VARIATIONS VERSUS CHANGES IN THE BOLAR CORPUSCULAR ﬁﬁﬁzgrxﬁﬂ“

1, Introduction

Close associstion batween solar activity end terrvestrial
phenomena taking plece at altitudes of 60 km s ahavw;'auch /s
varistion %ﬁltarraszrial magnetism, auroral setivity, systemstic
changes in icnospheric conditions ete, are now wall known, On
the other hand the picture of soler-terrestrial r&iaﬁian&hﬁp@
in the ragian of the lower aﬁmasph@rﬁ is still very haﬁy,
Atmosphearic ozone owes its existence to solar uv~r9ﬁiatign and
is aitu&tad.mainly in the stretesphere b@law 30 tom, @aen& is a
recognized tracer element of movements in the stratosphere, It
was considered thet qn exsmination of the correletion betwean
. 8olsr activity end avncmmimaﬁn veriations in ozone content may
lead to some und@rsnnnding of the salnr-u@wr@atwial ralationghips

axiating in the lower atmosphere,

forlier strempts of esteblishing some relationship
betwuwn the sunspot cycle and snnual wesns of the total ozone
content were mede by Cabannes & Dufey (1927), Fowle (1929b),

end Willett (1962), They, however, met with a&ffiaulﬁias.

* Preliminsry results of this inva&tigwnimn by tha suthor have
been reported in his presidentiasl address by Prof, Ramnnath@n
at the Internstional Gzone Symposium on Aug,3l, 1964 at
Albuquerque, N,M,

121
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(Gotz, 1951 Lén&am & ﬁaur@itm; 1?63) ﬁa%ﬂan & Novmend (1962)

: while commanting on Willett's results pointed out » possibilicy
thaﬁ the o&&arve@ ehenges in the ozone amounts might heve been
introduced by the adoption of (i) different values of 1 intensity
ratio of the w&valangthwpaim outside the t&ﬁraatrial atmospbers,
and/ox {iiiz;th@r ealibrationsl constonts amtafing into the
aamputati?n of the ozone amount; these 'censtants’ way ehang@

from time to tine,

Vigrour (1963) reported a lleyear paviodicicy in the
homogeneous ozone data from Avosa, 1926-58 (Yewl & Duzsch, 1959},
én& notad that the epochs of meximum ozone did not coineide with
those of sunspot mexims, In the current oczone data frow Oxford,

1951~m3, also such a nmncminm&ﬁenm eycle can be identified.

ke

It is observed thet in sll the corvelation studies
reported so far, including those due to Rangarajan (1965) and
Dutseh (1964), the solar sctivity has been treced our with help

of the relstive sunspot mumber (R ). Tt 4s well-known that the

spot fraguency is en index of solar aativity in relation to ics
verisble weve-vadiation. How the cherscteriszic trends in the
time variation of yave- and perticle-radistions, in the course
ef the ll-yesr cyels, sve somewhat d4fferent (s@m/‘igffirz and
its digeussion in Chepter 11) particularly in the period |
imm@ﬁiataly'ﬁallawing the epoch of sunspot maximum, Under these ™
ciwaumaumncea@ the observed bresk-down of the divect sunspot -
ozone rmlmzianéhipw may be related to the fect thet the ll-year

veriation in the ozone content is partly associnted with the
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poarticle radistion from the sun, When e covrelation with sunspot

numbeyr was sought, a complete relstionship with the weve radistion

was asaumed,

Since the vevlations of the corpuscular radietion is |
best denoted by geomagnetic asetivity, correlation between the
eyelie varvistions in the pzone eamsent.and the time varistion of
the particle rodietion hes been exemined by any associstion
batwm@nlﬁzwne veriations and megnetic ectivity. Many anuempts
have been made in the pest to bring out possible influence of
the magnetic sctivity on the time veristion of opone content
{(Chree, 1926; Dobson et al, 1926, 1927, 1929; Fowle, 1929n;
Malurker, 1954; Atmed & Helim, 1961; Kulkorni, 1963; Sekihore,
1963). 211 these studies, withnﬁt,ggaaﬂmimn, axe based on dally

ozone values, It is not surprising to find that the day-to-day

ozone fluctustions of meteoreloglcal ﬁrigin, which are always
present in the daily valugs*&ﬁd ere of considerable magnitude,
have led to diverse find{hga. it is not possible to arrive at
eny well defined conelusions vegarding the essocistion of the
magnetic sctivity on the ozone values, on the basis of the sbove

nentlioned studies,

2. The present study

As the day-to-day fluctustions in the ozone velues are
very mch affected by weather disturbences, they cen effectively
be filtered out by considering only the long term sversges, Such

a long period average has been considered here snd hes ansbled



't

O 12k

the author to briﬁ@ out & eﬂrrﬁlatiﬁn baﬁm@wn the changes In
stmospheric ozone mn& ga@mﬂﬁmauia setiviety and hence with the

time veristicons in the particle radiation from the sun,

flstribution of the ozene over the globe 18 slse of
special intevest in rhis connection, The soler prrticles ore
known to be impinging meinly eleng the aurorsl belts encireling
‘the mrgnatia poles, Since these poles ave not coinciding with
L the’ ga@graphie @al@s, mwgnatia latitudes aloviglp pdoprephic
parallel sve found to very considerably, th&;ﬁ@ﬁar@éanﬁiéﬁ%"ﬁﬁ
between the twe latitude schemes are markedly lsrge, The ozone
distributions in both the hemispheres es s funetion of megnetic

lotitude is examined in this chepter,

3. Hesults

3.1 Time variaﬁiana~;;w,Tﬁiégg

? x /\ '\d

The objactively deﬂivag plaﬁeﬁary indices for the

deseription of weowagnetie acnﬂvity {W 5 cp ﬁp, @te,) ave
available since 1932 enly. h@ﬂ@@ for thﬁ esrlier paried the state
of magnetic setivity 1s represented hy Cy = international
magnetic character index, Figs.8,1 and 8,2 show the history of
OEGNR vnxtatians and the corresponding wrnﬁ@ @f‘m&gn@tie asctivicy,
the peried covered by the smu&y ig 1908-61 during which the

1l-yesr cycles In megnetic aativimy have been completed five timaa.

The esrlier ozons values determined by means of the

Chappius bends from the Smithsonien wpasurenent (1) by Cabannes
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and Dufay (1927) for the period 1908-20 for Mp,Wilson (34%W)
in California, and Table Mountain (34%M) also in Celifornia,
after Fowle, (vead from Fig.l of m paper by lLondon & Hourwitz,

1963) constitute the basic omone detn of Fig.8,1, In the upper
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compartment (mezked A) annusl mesns of

for 1908~33, while in the widdle {8) and lover
2=yaoxr and ﬁ»yanr moving aversges, respectively,
plotted, The ozone scales for Mt,Wilson kl@ﬂﬂ»?ﬁ) are shown

q,this pe 10&. 1932-61, the
nagnetic activity is ru@ram@nka 1hy A

? '

ozone and ﬁi ave plotted
compartment ()
have been

at

the left and those for the second series rurming from 1921-33,

after Fowle, at the right,

variation betwasn the ll-year cyeles in ﬁp

Filg.8.2 in similar manner shows the

~aversge plenetary
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| C ozome - |
&mplituﬁa-wiﬁh uhas@ in the/tine satics fwa% Tromso, Oxford, |
Doubas-0slo and Lerwick, Avose, &&ﬁamdm&w snd Zhenghel, the ozone
units ere Dobson unite {1&"3 atmo~=em) . The time incervel covered
by Fig,8.2 ts 30 years, 1932-61,

The epochs of local axtrems (maxime and minime) in
these time sevies of total ouzone emounts (0,) and €, and Ay
sre found to be coinelding during the entire period 1808-61,
Short period varistions mounted on the ll-yesr cyeles and seculsr
variation in Ag ave found to introduce some distortion, Bven then

- positive and significent corvelestion for meve lag between the

ll-year periods in ozone veristions and megnetic serivity, for

over five eyeles, is sasily recognised (see Table 8.1),

The 24-month cycles deseribed in Chapters 5.7 befing
closely associated with the meteswvological phenomens, vere
fiitar&é out by consideving Z-yesy rumning averages centered
et G-months intervals, In sll ceses, this has shown marked
fimprovement zﬁ the &arralmtihu'batwwaniﬁﬁ@n& varietions and
changes in magnetic accivity (sec Teble 8,1 and widdle sections
- of E&gé.s‘l.mné B,2), In Fig.8,32 the vegression pless of
2-yeor moving aversges of the observstions made in the esrlier
pariod (prior to 1930) sre rap#e&antad by open eireles (o) and
those made in the recent period sve shown by filled-up cireles(s),

Hoteworthy positive covvelstionsfor zero log, epperently exist =

at high letitudes, whare the range of variotion is also lorgar.

It was slso observed thet a large frection of the
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Flg.8,3 Corvelation h&mw@én mm‘iwgéuma emount (A - moving
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character index {ﬁa )a Note that the seale in case of
Block B is twice i:hm: in the Block A

variance here is due to the presence of other eyclic varistion _,
heving period of about 5 years and apparently not connected with
the changes in mognetic activity, Elimination of these shorter

periods by considering Seyeor moving svereges, leads to further
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{improvement in.th&_reaulns-ﬁaamf?#&lé S,i and compare Fig,8.3b)
"wtth Fig.8,38), This step-by~-step in&r&m@mt in the degree of
correlation is clearly seen in Figs, 8,1 snd 8,2, Gmmparisan of
the aawréiatiam coefficlents obtained in chse af.ﬁxﬁard. ﬁﬂ?&nﬁ&l@w
and Elmes shows that the coefficlence sre positive snd
stotistically significant at at%niwn@'winh magnetic dip letivude
(JA) grester than 45°, At lower latitudes the correlation is
positive but without sigﬁifiéaﬂu@. Ronge of the lleyesr cyele,
(maximum - sinimm), is merkedly lavge at highev Iauimuéea and
is seen to decvease with latitude in the middle and lower middle
letitudes, In ease of low letitudes, swmplitude éf such a period,
if.it exists, 13 too smell to be detewmined confidently with the

svailablae ﬁata,

Tha‘@a@ti@lm dependence of assoelated terrestrial
@h@ﬁumanﬁ;cmﬂ'ba inferred from the semi-srnual componant of the
time series, The 'source’ raglons aé the sun are more fevoursbly
logated cwice-a-year dur&ng<ﬁhé @qﬁinmx@a (whéﬂ'nha asrth
attains moximum heﬁbgraphia 1ntitudes), Th&Sﬁ results in a
‘send~annual wave with maxing meaurrihg at equinoxes end ninime
at solstices, It hmﬁ hamn aba&rvad 1ﬁ'th@ cese of megnetie
setivity that the emplitude of this G-month parimé'ia nesrly
the geme as thet of the 1l-year one., In the last columns of

Table 8.1 the vresults of hermonic enalysis of monthly ozone

% Aspendale has geogrephic letitude, @, comparsble with that

- of Elmss, end magnetic dip letitude, M, (glven by :
tom w=% ten I wheve I is the megnetic inclination) similar

to that at Oxford,
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veluss are shwwn, The @vmmhtkly_éyel%s;@n:aﬁamﬁ at all leticudes
heve thedr flrst meximmn @maﬂfing @umimg the equinpetial months,
and the smplitudas, as axpaatﬁd frgﬁagﬁmve consideration, are

fFound cémpa%ﬁble with those of the ll-vesr pericd at wost of the

stations.

3,2 lLetirude-offeet

Though the above results sugpest that sent of ﬁh«
induced increment in atmospheric ozone Qﬁﬂﬁﬂﬁt 13 in’ nﬁé‘h&gher
latiuu&ﬂ% waﬁher than at ﬁha equ&tew, the unﬁariying a&sgaiatian
1& clagrly brﬁughm out when the asymmetry in the ozone diatribu&ian

over the globe 15 exemined in temms of geomagnetic co-ordinates,

Minimum ozone concencration in the annual avereges
is fﬁﬁﬁd over the equator, snd th@ ozone content is observed to
be incressing on either aiug‘af iv with the Istitude, The presence
of ’02@“@*b@1€' in the ﬂarnhar;?iézgsmhera has been indicated
at about 60°N, the ozone aantant ts found to decremse slightly
at higher latitudes (G@ﬁaﬂglgﬁl). London (1963) reports that
rectent observations &ndieaﬁ@ o flat meximum norch of 60N and
extending to the Pele. Foor data-coverage in the poler region
is n prest hendicap. Letitudinel gredient (geographic latitude)
in ogone is markedly differvent (ses Fig.8.4) in the southern

hend aphere,

Ozone aversges for Macguerie Is,, Miznyj], (asis station

end Kerguelen in the southern hemisphere sre merkedly lerger
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ﬁig,ﬁ.é Latitudinal ehnngaa*;n %ﬁwna emnﬁen& seen in the

(1) geographic lstitude, (14) magnetic-dip latitude
end (111) megnetic-invariant latitude schemes.

- compared to those over tha‘wmamarn sector (Helley Bay,

Argentine Is,, Little Americe ete,). In the m@rﬁhmrm-h&miaphar@fa
the stationg in the Americen zone heve recorded lsrger &mmn&
eoncentrations than over the Burvpean stations having identical

Cg&ggraphic) latitudag, Compered to these two sectors, lesst
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O%ONe aMOUNLS ave r@c@r&@ﬁ‘in ﬁhé seetor amcmmﬁasming central
 Asia. The differsnce is found to be stendily increasing with
lotitude, The typicsl difference is neot aff&uﬁad by the phase
of the ﬁagﬁaﬁia activity, only the basze 1évm1 seemz to be

changing with the phase of the ll-yeor mognetic setivity-cyele,

These features ave illustrated in Fig,8,4 whevein the
annusl aversge owdne smounts for the pra-ICY end IGY-ICC periods
are plotted against the geographle (@), magnetic &&p 1ﬁtiﬁ¢&ﬁﬁ
() and the magnetic invexisnt lacitudes () ) recently m’t:mdueﬁci
by Mellwain (1961), The longitudinal dizerepencies in the
- and )\ arising from the magnetie (dip) poles mot coinciding the
geographic ones, are very much like the longitudinel &1 Ffervences
in the ozone distributions, As aﬁeungaquanem, with edoption of
the megnetic letitude scheme the di%ﬁ@!ﬁi@nﬁrtﬁdue@ mypr%@ia%ly.
end the zenal anomelies and diffarence between the latitude-effect
in the two hewispheres are ne AoTe pw@a@nz, Inﬁte&&, a univarsal

relstionship appesrs,

Poor datn goverage ih the polerx ragiéﬂ does not pétmit
definition of the ozona-belt, But thers ave indications that the
ozone-maximum occurs nesr geomsgnetic latitude 65°M, roughly
cmin@iﬁiﬁg with the surovele-belt,.

Murersy (1957) has reported thet on 26 March 1957 a
- significant instanteneous rise of ozena (abouc 18 percent) was
found to take place in asssocletion with en murowsl display, with

the nbamrvnaimnﬁ made frow College, Alaaka.



YY3A :
29 19 09 65 85 /56l
T o T T

0 .
~ P XYW LOJSNNS Y314V SHyIA
S i os 9+ v+ 2+ 0
A 1 L L S AL DL A Ut s Bt
N 1 : ™. i |
- ‘.:\ , : 001 N\ : !|
. 1 — . H
L ., 4 I Jos AN !
“-.-... x4 N Il
092 “§ {002 ;
sn SNO¥YIW 1 2y ve-Be6i
3 ! ‘ ; e
oz} O .1 AsY - : :
A
‘nva Nt 08 N
, - OV{\— 3 = : \/
N i
9:0r" '\ : 13 o9 :
o tna oigk : !
Lo v s . 19 ?‘.IfG .
dy v . \ 1,4 256l
g.ok 0 VAN () owp  vSOW
L TR VL el Y. X :
. Oéi —\
¥V 3IA i s
4 oc 82 Sz ¢ Jeet
ovlgl T [ERIRAR AR ober - :
; |
o€ ! 05¢H ;
ZH ! ‘N'a | £9-1661: 1
QY04X0} |
09 H b 0+ i !
N i | Jov | y
T T
i I NIVINNOW ! g ] ! ‘
- - 378VL/ VIVH vNoWVH o9 & !
L ! N 5
H ~
408 .
€ ' z
0 0 3
9-0 i
]
1-0 ’
9.
8-0f )
111 Lo+ [ 1 0t o v
vE 2¢ 0f 82 82 €2 IZGI ( )-

Fig.8.5 lleyeor eyeles in (’i}‘—ﬁ_ “,gnatmﬁ.;mmvii:y i&i o %),

(11) total ozone (04) mﬁd ozone above 33 kam (A0. 37
and {111} the relative sunwm‘: number (R},

A= 1921-33; B - 1932-61 and ¢ - 1957-62,

i

(efrer, Rengeralan, 1963) -~ and the sunspot number, the time
serias shown here cover the period 1921 to 1963, Section *A¢
ghows the ozone deta for HerquaHela/Table Mountein (1921-33)

after Fovle, 'B' shows the composite curve for Avosa (1932-61)
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and the 6xford deta for the perlod 1951-63, while 'C® depicts
the Mereus ozome data, total (047 as well as the fractional CATy)
for the period 1938-62. Verticel broken lines denote the spochs
af maximmﬁ Ra' while the dnmﬁ&ﬁ lines indicate the epochs of
ozone maxisum, In the 192133 sevies, the incresse in megnetic
ahaxaetwk index {ai} is ntted to eontinue for zeveral yeasrs

after the sunspot maximum, the trend in ozone veristion is found
to be similar to that én case of Gy rathexr then R,

(x, m ok D47, v, , . @k 0,65 ‘which on alimination of

gt R, A
the small-period ozone vavistions bg&mmﬁif¢ 0.94, sec Table 8,1},
In the other two esses the epochs of ozone maximum ave well
defined and ave found to ceour some three yesrs after the year
of auﬂspatﬁmaximum.’it nay slso be noted that eRCePL fpr,ﬂh@
biennial oselllations seen mounted on the trend in case%@f'ﬁg
over Meveus Is,, there is no difference between the large poriod
changes vepresented by ACy and by 045 end the ozene~maximum
happens to be in beglnning of 1960 while the sunspot-maximum

took place towerds end of 1957,

fince the solay weve-wadistion is known to arrive on
the earth in shout 8 minutes, this leg of 2 few yeers &f the
ozone meximum behind vhe sunspet mexinum requires s rethinking,
The hypothesis thet time variation in SQIaw'aarpusemlﬂr radiation
15 seen veflected in the ozone changes, has been tested in the ~
previous section es well a8 in the present illustrstion, Bartels
(1957) hes éaacrﬁbeé the indices of the gecmegnetic munivity-_'

KW’ €. Ane @tC., 88 ) geomugnetic maasures for the time
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variation of solar corpuscular radiastioen,

Such departures from the predictions of the photochemical
theory apparently indicate a supplementary omone production by

the particle redistion from the sun and/or associsted X-rays,
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CHAPTER = I
ATRGLOV OBSERVATIONS ON (01) 5577 % AT SRINAGAR, 1958-60

Abstraet

Mrglow dete on (01) 5577 % obreined during 1958-60 at
Srinagar (gé 34°0) have been compared with those obteined at
Me.Abu, Tomenresset snd Kekioka, The monthly mesns mf_mamnmkmal
end sensonal veriations have slsoc been enslysed, An attempt is
made to see any possible co-variation of the Arglow intensity

vith the magnetic setivity-u, and the sunspot mmber R,.

Introduction ' | oy

. As pavt of the IOY programie, regular observotions of
(01) 5577 £ in the night sirglow were started an'ﬁrinag&r, ﬁ.xmdia
( ¢534? 05" N3 74% 50" E: 1586 m.) in Merch 1958 and continued
till November 1960, During this pariod, observations were possible
on about 340 eclear meoonless nights, On about 300 of these nights,
continuous observations could be taken ﬁwr-ﬂ-hr or more, The main
results of uhé analysis of these observations sre presented in

this peper,

ﬁaa&r&pﬁiqn zad cnlibeation of Photometeyr

The night sky photometer, which was mede ot the Physical

Reseorch Leboratory, Ahmedsbad end used at Srinasgar, covers a

129
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eiveulsr field of 10°.2 d&&ﬁh Its ﬁanstmg element consists of s
phaaomnltiylier {RCA @3&*&}'&@mbinmdﬂviﬂh two interference filtevs,
The fﬁltarﬂ ave nounted Q?_?gﬁ“?f“&%}ﬁ matal disc and can be
msnipulatad by e suitsble: eloak mﬂchﬁnism to oeceupy positions in
front of the phat@mmltipliam ana ﬂfﬁﬁ$ the other ofter every 3 min,
At every change of the filter, there is an intervel of 15 sec
during vhich all light is cut off from the photomultiplier and the
dark curgent level raecfded. The output signel is fed to a highw'
«gain, differential type d,c. smplifier, end the emplified curvent
is racorde& by an ?varwh&d~?ign@1e& recovder, the chart speed used
being 1 injhr, The filters have peek tranemissions pesr 5600 R and
5350 R, the former transmits the 5577 % line anﬁ lantar {5 usad

to monitor the background contimuum wadiation.

The spectrsl charscteristics of the optiesl filters and
the net trensmission of the photometer sssexbly are shown in
¥ig,2,1l, The eontinwous linss give the fllter transmissions and
the broken lines show (1n‘ar§1tramy.uniﬁs} the effective spectral
response of the optical assewbly tsking into secount the velative
response of the phatamultipliar. Ih@fhalf band widths of the
5300 % end 5600 & filters were m % am 8% %, end the equivalent
band-widths (or integrated @ﬁf&ct&&% txmﬂsmiﬁsian in terms of the
transmission at 5350 R and 3577 ﬁ) t&%}ng into zecount the
phmaemnlﬁi@li&w response, were 168 ﬁ ahﬁ 129 % rampﬁntivmly.

The photometer was pointed towrrds the celestial pole
to sveld the verying stellar background. The constency of the

sensitiveness of the photometer was checked by teking recovrds on
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the same chait. both b@f@#@ aﬂﬁ.aft@v.&vémy night's observation,
of the lighe af 8 rmﬁiaactavw luminescent amurue..The photometer
wes 1ﬂéa§mn$ant1y calibreted against the brightness of a megnesium.
oxide ﬁiffuaing screen illumineted by a stondard Philips type W-4
tungsten f£ilsment lamp of known spactral charscteriscics, It was
found that a recorder éurrﬁnt of 1 ua emrzasyanﬁmd'tm 1,721
Rayleighs for 5577 R, and to 1,316 Keyleighs for 5350 %, the
normalised equivalenc band widehs being 100 %, The redicactive
luninescent source at Srinegar was compared in Jenuary 1958 wich
the photometer at Mt,Abu, The letter wae inﬁaremm@mrad in May
1958 with the portsble 3aandax§?@hmtmm@ter of Dw.Foach {Roach,
1958), g; '{1'

Tha values of Igfx ‘ra}ﬁtin@ to Onctus Pesk (Rnach &
Meinel, 1955), which is st nearly the seme latirude anﬂ elevation
ag Srinngar heve been used for aanvarting the polewsrd int@nsities

to zenith sky intensities, The velues ave

?m Ty v

ol g = 1 pole / 1,637 for 5577 R

and T = I pole / 1.134 for 5300 %,

Zenith

Following the two~colour methsd (Roach, 1958; see also,
Barbiler & Roneh, 1950), the veported intensities for 5577 R ware
covrectad for the aombmmﬁn&ﬁ&n&_radiaﬁian due to bwakgrmund
contimuum, As the twa~emlmur mﬁthﬁﬁ in” ﬁh& case of 5577 R very
nesrly eliminetes the aantamimmtimm due to OH band (Ram@h, 19573,

no special corvection fop iu vag mnd@.f



Results

Nocturnal variations

ST

The systemstic trends in the nocturnal veriations come

out cleerly, in spite of some sporadic variations of small

magnitude and low frequency, thelr contributcions belng sversged

out in summetion, The annual and the seasonal mesn veristions

ave shovn in Fig,9.2.
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A study of the figure leeds to the following inferences:

i. The imm&nsiay 95‘557%‘2 s meximum at sbout midnight;
in th@ ‘summer months, the maxlmum is broad and aceurs later then
midnight, whereas in the wintmr periﬂﬁ the maximum i rvelatively
well~defined and oceurs sharuly aﬂtmr midnight, ITn autumn snd
winter, the pre-dawn velues arﬁ 1awar then post-dusk values,

while in spring and susmer, the pwm»ﬁawn values ave hﬁghaz;

3.,2. In the equinoetisl periods, the intansitiaa ara

r o

.highar, tha' sutumn values are the highest,
e ', a4

o 3, In the mquiﬁuctial months the retes of 1ncraasa af

inz&ngity‘in the pre-midnight hours are higher, the highest being

in Seprember and the next high@am in April,

:
5

4. In general, the earlier the time of maximum (measuring

from the twilighe anﬁ}4ghéj§ﬁéﬁg$ #Q the change in intensicy,

Sesgonal variations

3

The contour mep Q?ig,Q 3} ﬁi&@l@ya pall the nocturnal
snd &aaaanal featuras, The upper p“rt of the figure glves a
picrovial vesume of the variations, In the lower 9ormi@n is given
the sctual behaviour in the individual momths of the whole peried

1958-60, The missing data ama 4Qd*f““=“ “f Wanpokalod:, Thmrw iﬁ

a reguler anmusl veristion with mexims in the mqmin@xaa and mﬂn&ma

in the smlwﬁicaa.
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In Fig.9.4 the meen values of the intﬂmﬁimy of 5577 %
(1) for esch month of the period Iunm 1957 to December 1960, the
monthly meens of the aurieh rﬂlﬁtiV& sunspot nusber (Rg) and of
the magnetic activity, “1’ (Fammagnwﬁ&ﬂm - Chapman & Bertels,
1940, p.363) pre shown a]amy wirw the available concurrent data

of other stetiong in middle and xnw 1mu£tuﬁma. {(The dota of
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Tﬁmﬁﬁxﬁﬁﬁ&t'ﬁlﬂQ axe»baaeﬁ‘an,ﬁvewlmuﬁlmwﬁhaﬁb,'Thm uy values
plotted in the figure were obtained from the i~dote of Alibag,
Kodaikanal , Trivendrum and Husncayo for the perfod 1957 to 1939,
end for 1940, they were obtained by extrapoletion from R, and Cy»
the relstionship between the two belng devived from an snelysis

of uy, ﬁz and C, for the pewiod 1884 vo 1949,
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Filg.9.4 Alxglow 8577 ﬁkiﬂﬁqﬁﬁit ﬁamthly maons of middie and
low lotitude ﬁtatimasﬁ-aﬁﬁ relative sunspot nuaber and
- geomagnetic activity during IGY and ICC,
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The Rekiocks valu%$; though amallér than the velues at
Srinegar, sh@w*v@ry simllnr Vﬁwiatianw..Tamanwaswat slso behaves
similar to Svimeger, Though o comperison on s round-the yesesr besis
is not @@ﬁaiblm with the Me,Abu data, due to discontinuities
during the monsson months, it is clesrly secn that the Me,Abu
velues are warkediy 1&rgeﬁ=thmn thase at Tamenrasset and Kekoika,

and sometimes alse, larger then the Srinsgar velues,
Y

The alrglow in&am&iﬁy dpes not show eny lavge decrense
from 1937 to 1960, although the sunspot numbeyr decrossed to about
one-third; there is, however, a suggestion of some velationship

with Yy conglstent with the findings of MeCauliley et al (1960),



CHAPTER X

HrAN ﬂ@ﬁ?ﬁh%&ﬁ VARTATION OF 5577 ﬁ INTaNa1$¥ AT LOW LATITUDES

(L) Introduetion

The nocturnal varistione of the incensity of 5577 %,
Iggyye 8t a glven observing station have baen the subject of
many invaatigaaiana. On individusl nights the mexinum of
intensity may\ﬁa found on eny hour of the nigﬁﬁ. %o@ev&r
| gtaﬁisaiaml treatuent of o lerge smount of Jggn, data shows
thet at temperate latitudes, characteristically, there is a
local midnight mexfimum ﬁf_iﬂt&n&ity (Ronch, 1963), That ﬁhis'
is the case aém be &a&n‘inszhﬁ_mﬁan nocturanl variation'of
1357? @bsefvad.&n Srinsger (Chept.?) and at other &imiléﬁky
situsted stations (see for example, Uti, 1961; Silvermen et al,
1962; Wexd & Silvevmen, 1962),

In low latitudes, the recent studies by Chiplonkar & |
Rulkarni (1958}, and Q&lvarman_(l?éé) have shown that the
typicel nocturnal veristions st low latitudes are markedly
different than those generslly observed st the temperate
letitudes (see slso Kavendiker, 19343 Blvey & Farnsworth, 19423
Ghosh, 1946}, | | -

* Preliminery vesults of thas: studtys hove b@an communicated
- in the Note presented at th@ Second Internationsl Symposdium
on Rguatoris Aexonomy, bml? %m@m 1?@5, h@lé #e Erags
(Anyr@ii, 1963) oot " L e
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Aﬁtempt to seek r@gularity in th@>ehanga-av¢r in the
pettern of nocturnal veriacion aither as a function of lstitude
(geographle or megnetic), uw accarding to the location with
respact to the region of maximum f Fy (maximum electron density
in the ionospheric F-w&gion}~hms beem made by Silverman (1964)
with 4 stations in Amerieca *imh avarag@ separation of about 15-20°
latitudes, one in Africa and two In India, He was aware of the
inndequate geogrephical’ coverage and widely spaced auatians;

and stressed th@ need G% obtaining more date and. -Erom a.czesalyn

i '_“.LJ‘
ﬁ‘ B -_,,_,';_.L?'\;

- To seﬂk any dependence of the noctuvnal Variméiéﬁ’efi e
I5g77 on the geogrephic or magnetic coordinates 1t is desirable
to have a much greater spatial coverage and closely spaced chain
of.airglaw stations preferably extending up to the equator, The
deta from a chaln of statfons slpng 75Q Bast meridian were
analysed by the author to find nﬁ& aharamtari&tie features af
the nocturnal Vawintians at tham@ plaﬂma These results with
those reported by Silvmrmmn,(lﬁéé) were used to study the latitude
end longitude effects on the nocturnsl varistions of Is5yy at low
latitudes, We report here some of the regularities noted in the
mean nocturnal variations found at low latitudes, during the

IGCY-IGC yaricd.

(2) Regulerities in the nocturnal variations of 15577 at

stations alang the 75° aast meridlon

The chain uf'aiwglmw stationg in Indie slong the 75%

east meridisn is shown iﬁ,Fig.lm.l. The aversge distance between
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Fig.10.,1 Locations of the AMrglov stetions operating during.
| the IGY-IGC period nlong the 75° east meridiang qnd
nesrby ionpspherie stations, The spproximete course
followed by the S0YA while seiling between Singapore
and Cape Town 4. elso shown in the ssme disgren,

two stations heve is sbout 5° lacitudes es sgainst 15-20°
latitudes in the case of Aﬁﬂwiqam stations ﬁtuﬁia& by $ilverman
(1964}, During the IGY-IGC perfod the chain of stations was
extending from 35N to 19N lstitudes, However, it was possible
to extend it upto the equator with the halp of the alrplow |
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measurenents made on the Japanese expedition ship 'S0YA' neer
@SQE.*' The course followed by S0¥A in the equatorial veglon is
also shown in Fig,10,1,

Locetion of the rivglow stations used in this study
and which will figure in the subsequent: éimcumsiaua.‘anﬁ other
perticulars such a5 the aﬁtanﬁ, R&ﬁd end source of the dets avre
l1isted @n Table 10.1,

Mean noeturnal varistions for S#inegew, Mt,Abu, Poona,
ané in the S0¥A-pbservations ot diffevent seasons are given in
Table 10,2. The hourly velues are expressed in terms of the
respective nidnight intensities, The number of chsgrvetions are
given in parantheses snd the time of local maxime are underlined,
The direction of observation wes the zenith in case of the
ﬁwwﬁeabamrvétianaa and ?Qléﬁaﬁﬁ ot Srinegar, ME.Abu end Poone,
Round-the-yeer observations sre available only from Svinegar,
éba&rV@timms from Ht.Abu end Poons are availeble for the period
Getober to May. Hence the comperison is emnfinad ®e the winter,
spring and esrly-summer pevied only, Mesn noeturnal waristions
observed in this region during (a) Dec-Jan., (b) Meveh end ()

May are shown in Fig,10.2,

& study of the figure and Table 10,2 leads to the
following inferences i~ (i) The trend observaed et Srinager

* These dete colleeted on-board the S0YA during 1956-62 have
baan,amggilaﬂ by Huruhate (1983), These were consvited forv
the studies reported in this chapter and in the next one.
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Isble 10,1

‘Partioulars of the airglow stations and the data used in this study

T iitwnb&nmq-u«-.-wquc&nmq»#qm.‘-ﬁ#pn#u#wgbonnum#&ﬂx-vﬂ-mw ﬁu«wuwng”pwapnmqﬂn»ﬁn#ﬂt'«gq#wdwun-ﬁhwuumn«p-u-qaqui.gquuun@q-p#»q

Eind of observation

[ LogaBion | b wabiop | e , " , wenssiimees . . e
Station | Gesgraphie . -Mggggm -Fortion of the sky Data avellable as| Source of the data
Let, Longi, pert : observed : '

(Deg.)

Srineger, Indla |34 N 75 8 1958-60 region around the hourly velues, s;:mmumw at
i pole star indivudusl nights| the PRL, Ahmedabad,

 Me,sbu, Indla 258 73R 1956-59 o | 0 | "
Naini Tal, Indle (30 N B0 E | 1938-59 i | ow Sinhval (1964).

Poona, Indie 19N 748 | 19356-62 Cm aw hourly values, Chiplenkar (1963).
' | EEARP montilly neans _

SOYA (nesy Ceylon)l0 N 85 E | 1956-62 . zenith quimmmiy, Huruhats (1963)
' ‘ S valuas :
- iﬂdmiéual nights

Toamanrasset, 1238 6B 195759 : e - hourly values, ?mviaioml;valﬂes '
Llgerin ] S Y  individual nights | IGY-data sheets.,

Lwiro, Congo l2s 205 |1957-58 | "o hourly velues, Stlverman (1964)
: ' C ok . average for the .
entire period

Tonanzintlis, 119 % 98 %W | 1989-62 N " - ¥ Siiverman (1964)
Mexico | . : 1 : | _

Huanceyo, Peru (128 73 W | - 1958-61 | " "  Silverman (1964)

. Gsn Juan, - 32 s 69 W | 1960-62 y " H Silverman (1964)
Argentina - )

% . The observations made on sgpm 12 mdiv;léiuai nights from Naini Tel were discussed by Fmﬁa& Varma
(1961). Dr.Sinhval 5.D., in a private communicstion, supplied the hourly deta for these 12 nights,

#% Observations from Poona, except during Feb-May 1962, were made in the direction Z = 75° tovards the
North (Professor Chiplomkar M.W.,, private communicastion dated 19 Februexy 1963).
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Table 10.2

Mean nocturnal veriation of Iggyy during different seasons - m‘;ma perieéh
The intensities tebuleted here are glven in paereonts of the miér'\ighu value; and the
‘number of observetions gtvm hare indicste the number of nights included in thet sesson,

d.ﬂf&ﬁh***lﬂiﬂ##ﬁﬁ“ﬂﬂﬂg t};ﬁégd m'&hmﬂﬂ mﬂ*bﬁI‘Mhﬁ#ﬁ#*nﬂﬁw‘wi;;;i-ii--ﬂ-.H‘,*:Ol . . ﬂhﬂ!bﬂllﬁw#f.ﬂﬁ ‘,rhnﬂﬁ'z;

seation | Momths | 0™ | 1900/-2000| 2100, 2200 ~3300 T0100| 0200| 0200 aéﬂa[_asacg

.wammmmmnhuwmammnﬁumwn@?nmmmmﬂmun«rmmnwﬁamwmufummamm SR L 5 0 0 2 O S s g SN B ) e o o e ey “

Srineger | Sep-Nov, | 70 | 72 78| 85| 94 98| 100 | 93 | 84 | 74 | 67| s

(1958-60) | Dec-Feb, | 23 82 ) 83| 83| 91 99 | 100 ;104 89 | 84 | 70| &0
| Maxespr, | 33 68 | 78 88 99 1100 ' 99 ' 94 | 88 | 77

| May-fug. | 38 o 84 | 92 | 961100 | m 1ol | 98 | 65| ,,

Mt Abu Oet-Nov. | 34 | 75 84 | g8 99 gg; Mggg \?'9;5“ 92 ae;;f" 8 | 78 |

(1957-59) | DeceFeb. | 62 76 98 | 109 7105 | 102 [ 100 | 100 | 105 | 101 | 93 | &3

| Meredpr. | 38 | - 80 | B4 | 94 100 {100 | 98 100 | 92 | 80 | 74

| . | Mey-Jun, | 30 | . 62 | 64| 75' 88 | 100 | 99 89 | 78 | 71| 68

ﬁﬂ‘lﬂﬂ'ﬂ-ﬂ‘é‘:iﬁ R W AR G T . h&gnvq l#nnﬁﬁ##a%q..ww#ﬁncowvuuwnvhu&“n}-r: .m’npmn uu-dvquw bﬂfﬂﬁ'lwnww,ﬁ—rmq.mfgg.i&-p.‘puun-nwun-pﬂi»

Poona* | Nov, 3 98 106 0 102 98 92 71 68

(1938-62) | Dec-Feb, | 38 | 131 131 123 107 95 95:;;_-;:3_“%-- 97 92

Max-Apy, 40 | 104 108 105 1l2 103 96 23 8 .75

| - May, 8 | .o %5 106 us 109 - 87 w 73 71 |

;ﬁ;’;};“““"”‘f'"'"'""'".:“m"rﬂ“‘*”'"*"”’”*'"i**"-'““““’E".‘“““*“.‘“‘""“"’w‘“*-“*-*””-“'m'*’"f’*“*f"%

Hev, 11 ,4' )6 110|113 ‘110 (100 ' 87 | 71 | 75 |101 | 143

A (1?57-52) Mar_-@pr-. 9 --«-slie 115 (117 106 . 100 96 | 91 1 84 79 35 |

' %\ = SO § i .. ' %

y ] y . ] it )

L.’I‘. wm 2@00 gmtﬁﬂ 2200 1 2300 | 0000 | 0100 | D200 0300 | 0400 0300 i

] ummmmmummw“umwmwxunwmmmmmmmwmmmwmwmmm Mﬂﬂ'ﬂiﬁﬁwmu YR SRRIRNH 0t 1788 WWW#KWWMMMﬁmeNMW*WM i

* The Poona cobservations were originally reported in the 1.8,T,; (I.8,T, “Lelepoona * 30 minutes,
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(14) A guite diffovent sreﬁd is observed in the %@ﬁhwabmﬁrvation&.
The eharamtar&scic features sve, s continuing decline “upte 03 he
wiﬁh a mamimum su@@rawposaﬁ at 22 hr and a steady incresse
aammaﬁeing from 03 he, These feﬂtutea are slso observed at lwiro
duping 1937-58 (Silvaerman, 1964), (&ii) The nocturnal variation
observed at Mt.Abu all svound the yeer is in-between thet observed
at Srinagay and Feona, The trend seen in the Poons observations
is intermediate between that discernible in the observetions

from Mt.Abu and the S0Y¥A. (1v) At Poona and for most of the time
at te.Abu elso, two mexime ave cbserved during a night, The
midnight trough is found to be smaller at Mt,Abu than that st
Poona, At both the places it is promounced in winter ond its
mwgnituda is found to decrease progressively as the sunmer

aanéiniens gradually rmplac@ thm wint&m aanaimg.

The hmur of the fivst mﬁximmm~a$ found to change
gystematically with (1) the sesson end (41} alsoc perhaps with
the laticude,

If the height of the\laymx endtting ) 5577 R in this
part s taken to be 140 km (Dandeker, 1965}, the 75° zenith
distance observstions from Poona (18”.:&) towards the north mey
be looked upon as the Ahmedabad (23°N) zenith observations, And
similorly the observation in the direction 2 = 75° souch from
Poonn would W%V@&i the chavacteristics observed over a place ™
having the geogrephic lstitude = 14°N, Hence tb bridge the wide
gop botween Ahmedabad (23°8) snd the aequatorial region (109
10%) covered by the S0YA observations, one may look inte the
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m&ﬁuitm of m@ridianwi ﬁennning from Paﬂna; Sueh resuluve from
Poone during Januery to March: 1@53 hﬁV@{bmmn rayortea by Chiplonker
& Kulkarni (1960), Besed on q@e &gﬁa raad from their Fig.4, the

B "’! b
noeturnal variations of 1557? a 74

h;@ismanam 75°8, sero and
3

75° as observed from Feone, sare ahawm in Fig.10,3, The intensities

\ Here are relative intensities with midnight values teken

| (3
§ Towords Z = 755 the mexima wers recorded at 2ﬂ9§ &n&ﬁ
@3&3 haurﬁ, while towapds Z = ?5“E‘ﬁﬂey vere found t@ﬁqeﬁux At
2133 and azas hours respectively, At the zenith the m@ﬁima ware
lassy prunwuﬂead and occurred st 2100 anﬂ 0230 hours. In the
SUYA observations (1Q°N~10 S) meximum intensity is observed at

19500 and 0300 hr (Fig.l0, 2 ‘abla 10,2).

2; 3
Thu&, when we lmn% at. xh@ ﬁpnﬁiwﬁa sinuaﬁa& pwagrmaaivaly

away from the equator in the narthwarm.dir@etiwn, it is observed
that the time of the fivst maximum (mﬁaﬂuring in first half of

the night) is progressively delayed, and the time {intevval henwaen
the twe maxime 1s found to decrease with inereasing lavitude,

The mexima seem to merge at 30-35% latitude into a single maximem

oceurring at the midnight,

.ﬁThmaa festures suggest meridionsl ma#emmntsAef 8
bﬁighn airglow peteh, Sterting from the aquan@r-$amm.mfuém ﬁuﬁk{
iv contimas to move towards the novth in the f&f&m haif of uha‘ﬂ
night, The pateh reaches the meximum latitude (sbout 30°M) at
nidnight snd perhaps soon sterts meving équ&uaxwarﬁg, in the

post-midnight hours the journey continues and the bright pateh
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Results of meridiensl scensing from Foona, Average
of 10 nights duving Jamssry-Herch 1956 were vead from
Fig.4 of Chiplonkar & Knlkerni{ 1960].Hote the
sequential chenges in the hour of maxiinum 15577 in
the pre-and postemidnight hours{ see Rogeh awd

Petlil, 1951),

returns to the equm:m; at dawn, The results veported by Berbier
and €oworkers from the analysis of the airglow deta from ‘the
Africen stovions (sae discussion) eorroborste this fin&mg, The

date availeble at the moment in the 75%K weridien zone sre not

sufficient enough to enable one to dedide whether these motions
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are real or apparent and heve evose due to the growth end decay
of the intensity at these places coineiding with the moving

pateh pleture,

{3) Longitude effect on thm,uacnuxnal varistion of Iccoy

ot low iaeitudaes

In the above mentioned ﬁaanm&ng results from Foona,
‘thar@ iz a tendency of a secondsry meximum oecurring at sbout
23 br in case of Z = 75%5, A well defined secondary meximum is
also evident at 2 = 60% ae poona. This feature 1s also seen at
Lwira ($ilverman, 1964) and in the SOYA observations (Table 10.2),
However, Silverman {1984) finds no sueh secondary merimum gt

Husncayo.

The rasults of p similar comparison of the mesn
‘noeturnal Wﬂﬁi&ti&ﬂ& of Iggyy observed st stations sround 2008
latitude are also inanxmmuiva. Sueh stations are Tonanzintla
(19°8, Mexien), Tamanrnsser (23%, AMgerin), and Poona/Almedabad
(23°N, Tndia). {The mesn ‘neeturnal varistion observed at
Tonenzintla (Silvetman, 1964) was intercompared vith similar
results for Temanressac @nd F@bna, At Tonanzintla, the values
of 1557% are sean declining wvapidly in.ﬁﬁé early hours of the
night with reletively litvile variation during the middle and
latter parts of nhm n&ght, The annual mean nocturmel veristion =
observed st Tempnrasset is characterised by a well developed o
broad maximum during the middle of the night, Nocturnal variation
a£'15577 obesrved gt Poons has a declining trend with a marked



: 189 3

maximum at abmut 2130 hr and a 3eeandary maximun st about 0?3@ hr
(see also, Lhipl@nkar & Kulkseni, 1958},

‘5o far as the typleal nocturnsl veristion patterns
are concerned, the patterns observed et Tonenzintle and
Temanrasset ere aluost opposite in neture and that observed
from Poona (over Ahmedebed) is of intermediste character, In
case of the near equatorial stations, a well defined secondary
maximum i3 observed at Lwiro (Congo) and in the S0YA observations
(near Ceylon) an hour or two before the midnight; no such maxt o
is observed from Huaneaya (Peru), At Lwiro and in the SOYA
observations oftan a steady increase is observed in Iggyy 8t
about 0300 hy, At Husncayo such incresse begins soon after
midnight, which gives an impreaaiun that with pvespect to the
other two stations the whole schedule at Huancayo is earlier

by 2 to 3 hours,

4, Discussion

The above mentioned longitudinel differxences in the
nocturnal variation of 15577 observed during the ICY-IGC period,
give a hint that at low latitudes th@ maen nocturnal varistions
of Ig579 are velated to those of £.Fo (Amgwaji 19&53. An
analysis of simultaneously observed intensity values of (0I)
5577 R and 6300 ﬁ;&nﬁicanag‘pagitivm correlation between these ™
quantities at low latitude stations in Asia, and Africs end

north America, These vesulvs ave compatible with the two~layer
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model proposed by Kulkerni (19&5). ﬁtaigerl(lgéﬁ). Gull@&ga at al
(1966)  see also, Barbler and Glaume, 1960; Barbier, 1564b

From a study of Fig,10.2 and 10,3 it was infered that
regular movements of e bright airglow patch plong the meridian
have to be postulated in order to expla&h the observed
difference in local maxime at various latitudes in the 759 east
meridian zone. The hypothesis éf the meridional movements of
the bright sirglow pateh ié corroboreted by the observational
results reported by Barbler & Glaume (1960) and Darbler (1964b).
In the scanning observations of Iea00 from the low latitude
stations in Africa, viz, Tamenrasset (23%N, Algeria) and Agedez
(17°N, Wigeria), progressive meridionsl movement of bright
alrglow arc in e single night is found to tske place, Starting
from near the southern horizon, the east-west sre moves

northward with progress of the nighe,

Barbier & Glaume (1960), Barbier (1964a) pnd Claume
(1965) have mentioned of significant temporal snd spavial
correlation between 155?? and I6330 qyat the troples, Hence in
the corroborative evidence eited above we cen infer the

meridional movement of bright Ige.. ave”#lso,

At Lwiro (2%5, Congo) also in the mesn pattern of

aun

nocturnal wvarlation (Fig,10.9), we note existence of a striking

correlation between 15577 mnd Iéago.aft@r 2200 hr. The marked
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enhancenant ma@urring betweesn 0300 to 0400 hr at syeh a low
laticude like this connot be wmgl&inad'by the hypothesis proposed
recently by Cole (1963) in which he postulates a continuous flux
of photoslectyons from the magnetically conjugete sunlit
ptmotiphere to explain the pre-dewn enhoncement observed st the
high end higharwmi&dlm leticudes; since the time difference
batween the sunrise observed at the two conjugate polncs et

‘low latitudes can be of the order of a few minutes only, If the
parellel incresse noted in Igg7y #MG I.qn, at about 2300 and
D300 hr et Lwiro are assumed to be due to the appesrance of the
intertroplienl are overhesd there, it will be interesting to
study its movement in course of a night, which probably may
turnout to be stuilar to the one noted in case of the 75° east

mevidian zone,



CHAPTER: XI

SOME OBSERVATTIONAL RESULTS ON TIME VARTATION AND LATITUDINAL
DISTRIBUTION OF 5577 ® INTENSITY SUCGESTING INFLUENCE OF
MAGNETIC ACTIVITY |

Solar influence on time varistions of Isss

(1) Summary of wovk done earlier

Day~-to-day variations of the intensity of alrglow
emission at A 5577 R (Igg597) and the relative sunspot number (R,)
were studied by Nakamura (1958). He noted that the correlation
‘between the two is not conspicuous, Influence of solaf flares of
class 2 + or 3 on the variation of Ig577 Was exemined by ﬁandekar
(1963) and subsequently by Dandekar & Silverman (1964); however

these seem to be the only studies of this aspeet of solar activity,

Since megnetic disturbances are known to be due to solax
activity, studies aiming at the interrelation between variations
of 15577 and mégnatic activity ave pertinent here, Study of the
1mmediate effect of sudden cemmencemenﬁ.storms has been made by
Christophe-Glaume (1963), and recently by Weill &vchristophei
Glauﬁe (1965), and Silverman & Bellew (1965), They have noted
an increase of about 20 rayleighs in Igg., Within an hour or so
from the time of 8C, and a second phsse of increase generally

begins after about two hours,

,|62
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“ In the eampar1san_of daiiy values, however, no
eorrelation is evident (Rayleigh, 1921-22; Rayiqigh & Jones,
1935; Dufay & Teheng, 1946; Duncen, 1960). Silvermen et al (1962)

heve reviewed the literature on correlation between the day-to-day

 varistions of 15577 and magnetic activity, T _hey have noted that
the results reported by various investigétors are inconsistent
end, at times, even contradietory., The general finding is that
it is possible to heve relatively low 5577 % intensities with
high magnetic aﬁtivity, but the probability of high intensities
inereases with magnetic éctivity, thus leading to an increase in
the spread of 5577 ® intensities as magnetic émtivity incﬁaases
(Roach et al, 1960). In most of these studies the index for
magnetic activity employed is K (local) or K (planataty); the
choice of index is very importanmt because if an inadequatg index
is emyloyéd. it may sometimes lead to an erroneous infereﬁce

(McCaulley et al, 1960) .

Regarding the large period variastions between Igs577
(annual means) and R, or sunspot area (SS-area). positive

correlstion has been reported by Rayleigh (1928), Dufay & Tcheng

~ (1946), end Barbier (1959); the data in these studies refer
either to the ascending or descending ?arﬁion of the ll-yeaar

sunspot cycle (referred to as 'sunspot cycle' hereafter in this

chepter). Lack of correlation between Isg7y and Rz has been noted

by Roach et al (1953) end Angreji (1963). These studies are baseg
on the data for the years following the epaéh of the sunspot-
maximum, Okude (1963), dealing again with a part 65 the sunspot
cycle, found that the interrelation between R, and Iggay for

Haute Provence (44QN, 6°R) was negative upto shout 1959 and
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positive since then. Negative correlstion was noted by him
- between R, and the Igg, values for Sendai (38° N, 141° ) during
1958-62,

The resulta of 1nve$$igatians bmsed on data covering
a complete sunspot cycle are alsm diver§e. Rayleigh & Jones.
(1935) have noted theat the 15577 values observed during 1923-34
are better correlated with SS-area rather than with R Hernandez
& Silverman (1964) have nmted‘the existence of positivé
correlation between solar activity (which is not defined) and
Ig5sy deta for Sacramento Pesk (33° N, 106° W), 1953-62. Barbier
(1965) has noted frem Is577 data for Haute Provence, 1953-64,
that the epoch ‘of meximum 15577 1ags behind the sungpot~maximum.
The maximum Igg,y Was recorded in 1958-59 whila‘the SunSPOL“
maximum occurred towsrds the end of 1957 (see Fig.ll 1)

Existence of a pasitive correlation between yea%stp-
year vaerlations of Iggyy (Low and middle latitudes) and magﬁétic
activity was noted for the period 1957-60 (Angreji, 1963).
Similarly, for Sendai, Ckuda (1953) observes a positive
cerrelation during 1937=-39 and a n@gative one during 1960~62,
To the best of our knowledge: auch}larga periad variations in
Igg7y and those in the magnetic activity have not been studied

F

by others so far, %a *é §

For the instantaneocus effect of solar activity on
15577 we have no comments to offer here. However, regaxdiﬂg‘the

long-term change, = part or whole of the sunspot cycle, it is
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observed thet instesd of R, or 85 avep, Iegey follows closely
the change in magnetic metivity (represented by € or ﬁp). This

P
point has been brought out and discussed in the following,

S |

{2) ﬁ@auluﬁlif::;@f

AT IR i

In Fig.11,1 we have plotted mentﬁly means of the sunspot
number (Rg), sunspot aves ($S-aves), the plonetary charscter-index
of the magnetic activity (C,), end the airglow 5577 R zenith
intensity C155?73, in Revlieighs, observed st middle snd low
lotitude stations (magnetic dip latitude ( ) eanging from 45°
to 15° north), The period covered is frém July 1957 to December
1960,

e

1t will be seen from Fig,11,1 that C level shows
stetisticel vmxia&iams of smallex amplituﬁ&s ﬁnart from th& well
known é-mnnmh cyele; the genersl level has remalned constant st
-? m 0,8 during the 3% years, 1957=608 1 3577‘haa also similer
trend., On the other hand. R, and %ﬁwﬂtﬁa repister a mora or less
uniform decline decremsing to one~third of their initial velues
in three years 1958-60, se compaved to those in the second half

of 1957,

2.1. 11-year cycles in I 73 SS-area and Magnetlc Actlvitv
It may ba r@mallag heve thet Reyleigh & Jones (19333

stated that the variations in lggey Were better cprmelmnad,ﬂinh

&an

those in $S~ares rather then those in R_, In Fig.ll.l, however,

| =
no such distinction een be seen as R, and SS-areas both have very

nasely idencicel timee-varistion, This covaristion of wz snd
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8B-grea is in agreement with the]ea?lier résult (Chapman & Bartels,
1940, page 370) that the correlation coefficienm between the
annual means of R, and SS8-erea, 1882-1930, is + 0,98, In the years
following 1930, Table 11.1 shovws, ..

Table 11.1

Typlcal time variations of R sy SB-area and Cp during the years
following the sunspot-maximnm

ot el vesr [ R, ssewmen g
(Millionths
of visible
le : | hemisphere)
(1924-34) 1927 | 69 1060 63 *
1929 | 65 1240 67 *
1931 | 21 280 66 %
| 17 . . .
(1934-44) - 1937 | 114 2070 55
1939 | 89 1580 - 68
1941 | 48 660 66
- I
(1944-54) 1947 |152 2640 77
1949 {135 2130 65
1951 | 69 - 1140 92
19 | % | - |
(1954-65) 1957 {196 3340 78
| 1958 {180 2890 79
1959 161 2620 83
| 1960 |107 2330 86
- 1961 | 54 - 730 61
1962 % 38 44D 58

* C values are not avellable for the period previous to 1932,
A somewhat subjective version of CP’ (Ci) is given for the
earlier period. C_ and C; are very highly correlated (see,
Bartels, 1957) and hence no difference is expected because of
this substitution.



1 for the recént'4 solar cycles,_vary similar trend of variation
between R, and $S-area during thﬁgyears inmediately following the
sunspot meximum, It may, however:gbe noted that tha Cp values do
not record any such decreasq and are found to remain high for

several years Erom the epoch<of sunspau-maximum.‘
J %? ‘E

It may be congluded therefore, that over a solar cycle,
88<prea dnd R show more or 1ess identical variatian. but Cp has
a typically diffexent trend during the post-sunspot maximum

pefiod, which is similar to that of Isg77+

In case of the ascending part of the solar cyele the
S55-area, Cp and 15577 have more or less the same trmnd This is
also true for the last few years of the soler cycle. Hawever, the
disagreeﬁent af 8S-area with the other two nated prevlously,
becomeswﬁbvious during the years of high magnetic activity which
correspond to the central part of the sunspot eycle, This may be
seen in Fig,11.2. Here a typical ll-year eyele in the 15577 datsa
for Haute Provence( *) is shown in the histcgram form, the smooth
curve shows the 3-year moving averages and depicts the trend,
The ll-year cyceles in 8§- ar%; and megnetic sctivity (C ) during
1954-64, are also represented in the same manner, The characteristic {
covariation noted earlier (F&g.ll 1) becween Is577 and G is now

P
seen existing during all the phasés of the llnyear cycle,

(%) 15577 data (annual means) for Haute Provence (July 1953 to
June 1964) were read from Fig.l of Barbier (1965) .,
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2, 2 Hysteresis-curve 1ike formatlon in the. plot of 15577 vs. S8-ares

H@tﬁmnﬁaz & milvwrman (19&&) have plotted the Iggqy
dnta( *) for Terling, Canberra, and Cﬂ?& Town, sgrinst the
S8-ares, These plots look ;ikﬁ\hyaﬂ@w@aisveurvwa, They have
given o explanation ﬁurﬂ@h&ﬁ f@rmmﬁian. When such a diagram is
desm for Heute @rovanéa (see E;g,11.3> thisg agsm ghows the

hystervasis-loop. Such formetion mey be @xplminaﬁ‘?m follows -

It is well known that the hellographic létinuéaﬁ of the
sUnspot emnminue to decreaase all through the llayﬁaw eycle. Hence
a8 the ﬁyaia advences, the distence between the $unspot$ and the
sun=esrth lim@ steadily decreesses, The ﬂff&&ti?ﬁﬂeﬁﬁ of the spot
inereases (whan the particle radistion is cam&id&t@d) as the
distance mf the spot from the sun-esrth line ﬁaareas&s‘ Hence
for the apa@m heving numeriagily same "aotusl @reé", ah& effpcet
felt is mara during the descending part as c&mpﬁr@ﬁ to. nh&

ascending p@rtian of the sunspot e¢ycla, g

; ;
1& is felr thet the hystevesis-loop nbsg%vaﬂ in the
plot of 15577 against the sunspot srea (ovr the su&&poa numbeyr )
msy be connected with this difference betwasn th@%'ﬂerunl' and
‘effective’ area depending on the heliogrephic iapiﬁmﬁ@ end hence
on the phasa of the sunspot cyele, If, ther&xara,imhim solar
petivicy mmn ba considered as o facnow @antribuﬁing to the observed

values of I5577. @h&J peavticular difference betwaan 15577 values

(%) The deta due to ﬂmylaigh.& Jones (1935) heve been expressed
in the present-dsy unlt, rayleighs,
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Fig.ll 3 Iggyy - Haute Pravence (1953-64), as funetion of SS-area.
Note two distinctly diffevent relationships for the
ascending and descendlng phases of the sunspot cyele. For
the same SS-area the’ 15577 value corresponding to the
descending phase is higher than that referring to the
ascending one. [:1557V datg for Haute Provence have been
reed from Fig.l of Barbier (1965) |.

b e

Fig.11,3

 ¥ig.l.4

Flg.1l1.4 Relationship between I5577 and the magnetic activicy,
(a) Haute Provence (1953-64) and (b) Terling (1923-34),
Note absence of any systematic differences in the
departure from the regression line (r = 4+ 0,84) depending -
on the phase of sunspot cycle,
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éorresponding-tq“th@ same area in the ascénding and descending
- part of the sunspot cycle (see Fig.1l1l.3) can be readily explalned

by considering the sunspot-latitude.

The area as well as the location of the spot on the
solar disc determine the geomagnetic activity (represented by

the index GP’ or A - average planetary amplitude) Henece, 1if

P
at al1l, 15577 has ﬂny dependence, direct or otherwise, on the

corpuscul ax radiation from the sun, this might slow a similar

trend of varistion with the magnatia activity ratﬁer than R

or S8-area, in the ascending and also in the descending part,
inecluding the post-sunspot maximum period, of the ' sunspot cycle.
This is shown in Fig.11.4(a) in which the.15577 data for Heute
Provence(lQBB-SéJ are plotted against Ay The correlation
coefficient . (r) between 15577 and Ap for 11 values, is + 0, 85
It may also be noted that the departures from the: regression
line unlike in case of 15577 versus 58-area, does not show any .
dependence on the phase of the sunspot cycle. Similarly when the
Tariing data for I5577 {1923-34) are plotted agaiﬁ&t the magnetic
character figure -C;, Fig.11,4(b), a positive correlation
(r = + 0.75) 1is found, | -

PENTIr b

 These results are in agreement with the findings on
the immediate effecta obsarvable in the daily or shorter period
values of Lss770 by Nakemura (1958), Dandekar & Silverman (1964).
 Weill & Glaume (1965), Silverman & Bellew (1965), and McCaulley,
Roach & Mastushita (1960).
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3. Discussiong.

In lighf of (1) the éiﬁﬂific@nc positive correlations
seen existing between the anmual neans mf‘15§77 and A, or.C,
(or C,) the 'Geomegnetic measures for the time varistions the
solay corpuscular rediation' es Bortels (1957) puts them over
complete solar eycles in 1923-34 and 1953-64 (Fig,11,4(e) end
(b} and (i1) other evidences cited above, Qa might be inferved
that the interrelations are real, It is possible then to
comprehend the @ﬁpa%mnﬁlyi&ﬂﬂ@ﬂ&iﬁt&ﬂﬂ*l@@kiﬂg results in which
the eorrelation inﬁarw@&_&auwaan Ig5y7 ond R, 1a found to depend
mainly on the peviod studied; Rayleigh (1928), Dufay & Tcheng
{1946) and Barbler (1939) studying the data referving either to
the asecending or the letev-half of ﬁas@wmﬂing'yatﬁﬁﬁh of the
ll-year cycle noted positive correlstion between Tgaay end R,
while Roach et el (1953) and Angreld (1963) concluded from
sxemining the dets for the periaésaf high megnetic aetiv£t§ -
the pevicd following che epoch of sunspot-maximun, thet 1557?
remained steady over seversl yemrs eventhough R, decrsased
considersbly st a uniform wete during this period, Discussion
on the characteristic tvends folloved by Igno9, G, and R,

(or S3-srem), Fig.1ll.2 leads to the comprehension of these
divers findings, Berbier (1965) noted that the epoch of meximum
I5577 logs behind the yesr of SunBpot Wexdmim by about an year.
ﬁa physical assecciation batween Izgyy ond R, can asccount for the

lag of several nggﬁ. The significent positive correletion

between snnual means of I and magnetic activity for h@ lng

- 5877 | __— =
(Figa,11.2, 11.4(a) end (b)) provides the physicel resson for the
lag of Tgagy maxinum from the epoch of the sunspot maximum,
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It is inferred therefore that in,the long term

P
points to en interrelationship between Iggyy and corpuscular

variations of'15577; G? or A_ may play a prominent role which

radiation. The associetion may be direct or caused by associated
 changes in the upper atmospheric conditions such as systematie
changes in density (see Priester & Cattani, 1962). The ll-year
cyele in the particle ra@iaﬁimn from the sun is not correctly
desefibed by the solar index Rﬂ or S8-area alone; while CP and
Ap seem to describe the sald gycle scourately enough for this
purpose and hence are found more adequate for the purpose of

correlation,

The Iggyy data ﬁ?@ilable»ftem ?oona’C18.5°/N, 740 E)
do not cover the entire sﬁhspct cycle, but indications are that
the annualimeéns ere positively correlated with those of ép as
can be seen from Table 11,2, Hence in the 15577 observations
from Poona a ll-year cycia very similar to the one seen in the
15577 data4from temperate 1auitudes_(Fig;ll,2), is to be expected,
If s0, the lower limit of latitudes where the ll-year cycle in

15577 cen be detected, should includey?oana.alsa.

- Table 11,2

Year—to~yéar variations in 15577 observations from Poona
(18.5° N, 74° B),

Observing Nov-Apr | 1957-58 | 1958-59| 1959-60| 1960-61 | 1961-62
Season ‘ {

Igg77(in rayleighs% 250 | 252 | 273 % - 221

£
>

A, | 207 1 1.0 205 182 | 10.2
4 i 4 ;:"
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'1 Latitude effect on Issyy

(1) Introduction

‘ The study of time variation of Ig577 in the previous
section, hes shnwn that it is synchroﬁeus ﬂith that of the soler
corpuscular radiﬁtion monitored with thé»indiceg of geomagnetic
.agtivityllika GP,JAP. etc. It is likely that the association
may not be direct one, but 15577 variations are caused.by
temperature and/or density changes at 100 kmelevel brought about
vby the particle radistion from the sun. If it is sc, as a
corollary, it follows that the distribution of 15577 with latitude

depends on the.configuratien of the geomagnetic field,

(2) Work dbne earlier on latitude efféct

In case of the auroral latitudes, the studies by Roach |
v(1963), and by Sandford (1962, 1964) have pointed out that the
lmtitﬁde effect in Izy77 there, st least, is determined by the
geomagnetic field, Thé results of earlier studies based on the
15577 data for stations situated in the sub-auroral zone, |

however, are rather puzzling,

- Lord Rayleigh (1924, 1928) ﬁg%;d that the intensity
of the green liné did not have a distinctive distribution in the
latitude, Later, the studies by Rayleigh & Jonmes (1935), Roach
et al (1953), Barbier (1957), Roach et al (1960), to name a few
é;eayﬁates('1969), Chamberlain (1961) for extensive bibliography

on the subjec§}7have pointed out that in general higher values
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of Iszsy Were observed for the stations at higher latitudes., In
these studies mostly a couple of stations with widely differing
latitudas were considered and the geographic latitudas. #, were

amployed

The snalyses of the ship-board observations collected
during the first six voyéges of the Japane&e‘expeditién ship,
the 50YA, 1956-62, have brought out new features like the first
maxima in Iggss at about 20° W and § and secondary minime near
40° N and S latitude (Hurvhata & J,Nekamura, 1957, 1961; J,
Nakamura, 1957, 1958; T.Nakamura, 1961), Daily means of 15577
constituted the basic data. No diseriminatipn was made on the
basis of the duration of observations; snd the geographic and

the geomagnetic (dipele) latitude €P ¢ schemes only were

employed,

(3) Present study

Available‘15577 data were processed to form daily,
monthly and the IGYnaverages, and these annual means were
supplemented by the annual means available in the litersture,
Latitudinal profiles were obtalned by plotting these means

against (i) the most commonly employed ?), and @ = schemes,

(*) Geomagnetic co-ordinates based on the centered dipole
approximation and referring to the epoch 1945,0 have been
tabulated by Vestine et al (1948), These tsbles were
consulted for the geomagnetic dipole latitudes, P.
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and (ii) the mégnatic dip 1atit_!:udes. M ¢ and the meagnetic
Invariant laﬁitﬁdes, A (%) belifeved'to be capable of pravidimg
exact representation of the configuration of the geomagnetic
field., The results of this intéreomparﬁ;son are presented and
briefly discussed. Other avallable data bearing on the subject
are carefully examined te bring out the underlying latitude
effect in 15577 in the sub-auroral zonme ( U £ 62°) .,

(3.1) Letitude effect in the IGY results

The information-content of Fig,ll,l was primarily
intended to illustrate the typlcal temporal variation seen in
15577 during 1957-60 at various low and mid 1atit:ude stations,
| Fig.1ll,1 also shows that when the mesan level of Iggyy are inter-
compared the intensity value for a station at higher dip latitude
| is higher than that st the low latitude station. To facilitate
the comparison, the 'statians am divided into fhraa pairs and
the latitudes ML and @ ave shown sgalnst nesmes of the stations,
From the three pairs presented in Fig,11,1 it majr be seen that
even 1f $ or O ‘is same at two stestions, higher Iggyy it observed

at a station with higher dip latitude, /L( y in all the cases.

(#) The relationship between the magnetic dip latitude, M , and
the magnetic inclination or dip, I, is tan =% tan I
The values of I, for the epoch 1945,0 were taken from
Vesting et al (1948),

(**)The magnetic invariant latitude, » , is deduced from the
so-called sheet parsmeter, L, introduced by Mcllwain (1961)
according to cos A = R/L, where R 15 the geocentric distance
to the emitting layer 1n earth radii, L is approximately the
geocentric distance to the equatorial crossing of the
pertinent magnetic line of force also in earth radii.
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The affect‘of sporadic inﬁénsity:fluCtuations is
considerable in the averages of.indiviéual nighta, isAnegligiﬁle
when the manthly means are eonsidered, and is praetically absent
in case of the annual means, Hence to check validity of the
inference dr@ﬁn above that changesvin the level of'15577 are
depending on the spatial gradients in M s the IGY-means of
x5577 are considered as a next step. In Table 11.3 the 1at1tudes
f, {9 }* and ,X (assuming the layer—height to be 100 km) are
given for the stations in the subaurorsl zone, The stations ‘have
been arranged in the descending order of /& IGY-means of 15577
and other particulars regqrding the data are also given there.
The distribution of Is577 With the latitudes §,, X ,and M
are shown in Fig. 11 5,

The general treﬁd is.nnted.to be the same, namely
higher values of 15577 @re observed at higher latitudes. Upon
comparing the results by virtue of minimum scatter and better
definition of the latitudinal profile, the magnetic dip -and
invariant-latitude schemes deplet the true latitude effect in
I5577» while in the other two schemes the picture is hagy, The
centered-dipole model being only a first order crude approximation
of the true configuration of geomagnetic.flield, the coarseness of
presentation of the latitudinel profile in the éP scheme is

manifasted

It may be inferréd from Flg.11,5 that the value of

5577 ia minimum at the ma&netic (dip) equator and increases



linearly with the lmtitude‘allithrough the sub-aurorsl zome,
At the threshold of the auroral zZone a'rapid increase in Igg-y
1s in evidence. The results ave in agreement with that reported

by Roach (1963),

Since accurately determined values of the m&gnétic dip,
(inclination) I, are readlily available for all places in the
world, and the quality of the results obtained with the A and
/u,-schémes is the same; in the following studies to determine
the geomagnetic influence e#er the latitudinal distribution of

15577 only the /x_mschema has been emPloyed._

(3.2) Latitude effect in the results of the World Survey}by

Lord Rayleigh -

Lord Rayleigh's results of the World Survey in‘1925-26
(Rayleigh, 1928) do not show any distinctive change in L5577
with\the latitude (see also, Rayleigh, 1924), Converting his
‘opacity scale' of intensity to that of the present-dsy units,
nemely rayleighs, his data are shown in Fig,11.6(2) and tabulated
as the 'reported' values in Table 11,4, It may be painted out in

this connection that these observations were not taken tQWards

the zenith, In his paper (Rayleigh.”?§50. page 463) he has said

thg observations from Terling were made in the poleward direetion.
Not that Lord'Rayieigh was not aware of the Van Rhijh factor but
thought that atmospheric attenmuation would compensate for the

Van Rhijn faector (Rayleigh, 1930, page 466). These observations

were made with a visusl photometer with which, as sueh, it is
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difficoult to take zenith obsarvaticns. Rayieigh hés noted in his
earlier paper that "the observetions were made from a north
window, and the region of the sky observed was that round the

~ pole; thus thm Milky-Way was avoided. It is better in every way
to observe from a window than out-of-deors, for thus the observer
iz shielded from the light of the sky on either side and directly
overhead" (Rayleigh, 1924 page 126), At stations other than
Terling where the direction of observations was not specified
the observations were teken in the direction determined by "the

- least number of stars in the fleld of view and also to avoid

- other obstacles such as near-by town lights, ete."

We may conclude, th@refore, that in some of his papers
(Rayleigh, 1924, 1930) Lord Rayleigh has clearly stated that the

‘_cbservations vere polewards; end in the other paper (Rayleigh,

1928) he has indicated that they were made in the general direction

of the pole, If, therefore, it is assumed that at all his st«tians
the observations were made in the poleward direction, using the
appropriate Van Rhijn factor his 'reported' intensities can be
reduced to the zenith intensities, Thase 'reduced intensities’

are shown in Table 11, 4 and have been plotted against /4,in
Fig.11.6(b). This diagram shows a very similar latitude-effect

as shown by the IGY data (Fig.11.5).

(3.3 Latitude-effect in the SOYA Observations

To study this aspect of the 15577 variation, the group

of Japanese resecarch workers, under the leadership of Professor
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M.Huruhata, hés_éallectad alrglow data from the expedition ship, .

the 'SGY&F. during her regular véyages between fokye. Japen, and

the SYOWA station (69° s, 41° B) in ﬁhe.&ntarctica, in th@ period @
October 1956-April 1962. | '

Anelysis of these deta has bfaught to light a couple

of new features in the latitudinel”profile (nocturnal means of
’15577 plotted against 9 aﬁd'ﬁ?). Besides the equatorial minimum,
first maxima in L5577 (at 20° N and 20° 8) and secondary minima
(around 40 to 50° N and S latitudes) are discernible (Hurvhate &
3.Nekmura, 1957, 1961; J.Neksmra, 1957, 1958; Huruhate & T.
Nekemura, 1960), The first maxime and secondary'minimé»in Igs77
are explained by the model proposed by Tohmatsu (1958) who hes |
attempted to rationalize the Chapman (phctoéhemical) réaetion | }

in terﬁs of the 1arge-scaie physical inhomogenities and movements - |
in thailSGme region., He suggests that)reglons of high 5577
intenSity cqrrespon& to the teglons of a meteorological type
downdréft and low intansitiés are assbciatéd with updrafts

(see also Hikosska et &l, 1958; and Tohmatsu & Nagata, 1963).

Cole (1961) suggests that the large 15577 values in
the SQYA,observations around §§ = 15° to 40° N and 8 (the first |
- s * )
maxima) are partly due to the Souﬁh,ﬁﬁlantic,Anmmaly( ). He

noted that 'Tt seems more than a coincidence that the peaks of

(*) Abnormelly low total intensity (r) of the earth's magnetiec ”
field is observed in the region of the South Atlantic
Anomaly, which extends freom the South China Sea southeast
across Brazil and Argentine inte the Indian Ocean off South
Africa and with the center of the anomaly near the south-
eastern coast of Prazil, Hence it is sometimes referred to
ag the negative anomely or Brazil anomaly.



2 1%6 e

Nakamura ] absmrvatians {J Wakamura. 195&) were ubtaﬁned as the
recording ship (S0YA) passed through the &outh China sea and tha

south Africen end of this anomaly .

However, a contradictory result to that stated above
has been obtained by Saito (1962) during the 1960-61 voyage of

-the S0YA. From his plat of daily ﬁﬁ%ﬂwé £ 1557y against ¢ it was

- cbserved that 15577 has é?_inimum qkound 20° S, and then 15577

becomes stronger at highe? lamitudag (Saito, 1962), At. about
L

20° N also a minimum hag been indicated, Thus Saito's results

'give minima in Iggy7 at the locations where earlier studies-v?”ﬂ

-mlindicated the first maxima, and in place of secondary minimum e
aroqu 45°€§ found earlier Seito observes a steady rise gouth
of 20° gt &sea also, the report by Markham & Anctil, (1965) their
' observations in the South Atlantic Anomaly region do not show

7gd outside it).

any intensity enhancement over thaty

It becomes necefsary, theréfote, to Te-exemine the

5QYA-observations (campiled uy Huruhata, 1963) more critically,

It is noted that ¢

(L The SOYA used to sail betwaeﬁ TOKYO and the SYOWA
station,(ﬂntarctica)-via Singaéore anﬁ”Capé Town (See Fig.11.7).
As the course follaWed by the S0YA runs through the Cape Town
Anomaly( ). the magnetic dip 1atitude. }A y is found to Temain

(*) In the world map of the horizontal component, H, of the
geomagnetic field, or in the contour map of the magnetic
inclination (dip), I, besides the main (dip) pole at ...~

Foot Note. Contd, on /mgﬂ /%’?.
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Fig.11,7 Course followed by the S during the voyages made
in t% pex‘ioﬂ 19563‘2(_2 and the Cape Town Anomaly. s
The/\dip latitude. T M hased on the magnetic
inclinetion data for the 1945-epoch [ after Vestine
et al,(1948) | are drawn st 10° intervel except in the
region of the Anomaly where the interval is reduced to
1° latitude for better definition. Note as a result of
the Anomaly the value of AL remalns more or less
constant at 48%5 though @ chenges from 3095 to 70°s,
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constant (43° * 29 3) at placas south af @ = 30° S all along

the course of QOYA.

(2) . These are voyage’ebserVations and the ship is constantly
changing her @asitien.'$5 a good approximation only one night
observations of Igyy can be attribuﬁed:to a particular latitude.
The observations also last for different durations, ranging from
half an hour to about ten hours, snd refer to“diffeéént“parts of
the night, It is a well known fact that the value of 15577 changes

aupraeiably in course of a night (nocturnal variation)

- (3) The basiec data are nightly means and not the annusl

ones. Hence besides the latitude-effect there are nocturnel,

night to night, seasanal. snd long-term variations in 15577. The
schedule followed by the 80YA was such that she was in the northern
hemisphere in the equinaetial months and in the scuthern hemisphere

dufing December-February (local summer). Higher intensity values

p = 68%, 144°E in the Antarctica, there are two secondary
poles, One at @ = 42°3, 32°E (near Prince Bdward Is.,
S.Africa) end another at about § = 70°s, 20°E (near the.
Princess Ragnhild coast in Antarctica). The anomalous
configuration of the magnetic element H and I around these

: ‘sacandary South-poles' constitute-the Cape Town Anomaly,
The value of I (and hence of AL ) remains more or less seme
over the region bounded by the parallels @ = 30°S and 70,
and the longitudes 20° and 60° East of Greenwich, In Fig,1l.7

" the anomaly is seen depicted by the dip latitude contours. It
‘will be seen that there is mno anomelons configuration near
Brazil, and the Cape Town Anomaly is distinctly different from |
the South Atlantic Anomaly as can be seen the world map of the
total component (F) of the earth's magnetic field.
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~ and larger ﬂight-towhight fluctuations are found during the

equinoctial months as compared to those in the solstical period,

 To correct for the points mentioned in (2) above, it
is riecessary to discriminate the nightly means of 15577 according
to the duration of observation. Due to nocturnal variation of
I55779 the average teken over only a small part of ﬁhe night
wili, in geneval, differ from that over the entire night. Hence
it is necessary to attaéh weights to the_datatiflthe entire
hight is uot,eaveréd. Therefore, in the present study of the
SOYA observations, the nightly means based on the.observations
eovering 5 hours or more, between 3~5 hours, and less than 3

hours were respectiValy given full, half; ahé quarﬁaf weights;

When such welghted obsarvations (15577) are plotted
against # and Cﬁ the scatter is less than that with the means
withuut any weightg. A tendency to show a plateau in 15577 in
the latitude region 35° - 60°8 is discernible, which is similar
to the one seen in the plot of M versus 9 ord (Cape Town
v{ Anemaly effect), If the valu@s of 15577 are plotted against MU
the spread in 35-70° region reduces considerably showing again
the dependency of Ige,, on A rether then on § or @, However,
it may be noted that the above conclusgisons are of suggestive

nature due to the 1imited amount of available data,

To correct for the night-to-night fluctuations and
larger-period variations (such as the seasonsl and ll-year cycles),

mentioned in (3) sbove, comparison of the SOYA-observations with
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a ﬁtationvon th@ ground ﬁay be employed.”The,assumpfiah here is
that thara is a global component in the time variation of 15577.
Roach (1961) has inuarcompared the values of Isg577 averaged over
 10-day periods (IGY-I€C period) for Fritz Peak - FP (40°N, 1os°w)
with those for Rapid City - RC (44°N, 103°W) and Heute Provence -
HP (44°N, 6°B). Positive correlations of 0,36 between FP and HP
(63 points) and 0,53 between FP and RC (31 points) are noted.
Roach infers that the eorrelation of 0, 36 between FP and HP
‘suggests a significant but small global term; the higher coefficient
between FF and RC suggests that these closer Spaced stations are
(also) influenced by varistions having spacial axtensi@ns of &

- few hundred kilometars.

Since the typical size of the "airglow cells” has been
reparted to be about 2500 km (Roach 1963) to identify the presence
of the global term in the I 5577 means referring to indiVidual
nights ve have 1ntercompared the nocturnal means reported by |
stations separated by 5000 km, or more. The nights with observations
laSting 3 hours or more only are considered, Sources of the data
ave same as have been listed in Table 11,3, The results are shown
in Table 11.5, The correlation coefficients are all positive and
range from 0,38 to 0 55 (each based on.about 120 nights)A which
Amply preqenee of perhaps a slightly larger global term than the
one inferred by Roach (1961),

Identical effects observed associatad with the SC storms
and on the next day from on-set of the intense solar-flares,
similar seasonal and ll-year cycles (noted in previous section of

the present chapter) all suppdrt such an inference,
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*ﬁighmé with the observatione lassting 5 hours or move only are
eonsidered, : '

When such Intensity retios are plotted agaimst L,
in several ceses they show latitudinal distribution of Tggyy
very similay to the one seen in the IGY results (Fig,11.3),

4. Concluding Remarks.,
Before the evidence cen be smid tm ba conclusive, more

cheervationsl matexial, of course, iz needed, S5till, it mey be
noted thet the availsble evidences teken on their fsce-value
indicate the distribution of Tss77 with lotitude is deteymined
by the spatial gradients in the magnetic dip latitudes, The datsa
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pmiﬁtﬁ are seém most Organizeé_whenithe_magnetic—latitude schemes
& and A, are employed. The latitudinal profile shows a
minimum in gzl at the dip equator, a linear inecrease with
latitude all through the suﬁ%?urerai zone, and a systematic

sharp rise st the ﬁhreshold‘of the auroral zone (see Fig,1l1,5

and Fig.11,6(b)).



SECTION 11 - STUDIES ON AIRCLOW (OI) 5577 %

Sunmery Qf-tha rosults r@gartaﬁvim geetion 1Y

The studies reported in ﬂhﬁgtara 911 are primarily
concerned with (1) the temporel (snd spatial) veristions of
Ts577 ot Srinsgar and the sub-aurorsl stetions and (11} che
éovr&lmﬁiam& of lﬁgyy‘vmriatfana with the solar and other

geophysical phenomena. They have revesled @

(L A gradual eranéiaiun.in the noetwrnal variation with
1aﬁitudé; and presence of systematic tims-shifes in
locsl maxina with lacitudes, wﬁiéh augg@st‘&_meridianal
movement of a bright sirglov patch from ﬁh@requatér ‘
to about 30°N before uidnight snd viee ver&arﬁhamaaﬁu@w.

(2) The li-yesr cycle seen in mnnuéi‘méﬁaa 65.155§7f19
synchronous with that in ﬂp and\ﬁp - the peomsgnetic

measures of the solar covpuseulnr radistion,

(3) The distribution of Igg,, with latitude 1s found to
depend essentially on the megnetic dip latitude,

RN
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