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EFFECT OF SOLAR ACTIVITY ON THE F'lil-'QUENCY OF OCCURRENCE OF
MAJOR ANOMALIES IN T11F: ARCTIC

M. Sll. Bolot inz:kaya
At • : t it' :uid Atl', air 1 to S oielit I f lt` livse:iroh Ins- tit lit t`

'Tile Bluest Ion " r tilt effect of st^l;l t• at`t 1 v 1 t y on the frt`tlut`fit y

of	 of rvi •lor anomaI Ios It  tiiv Arot to tilts not artse b y

011:111,'e.	 It was 1 • a t: ett tit oonne, • t ion wit h a project currently

utl,iorway at t ht` depart meat: of Iontr- latire weat her forecast Inn of

the AANiI (Ar, • t is and Antar t,ic S: IcritIfto Rost , :boll I11st it tit 01

?:?Io i I	 Invest Ig.11 e I ile ,t-, ndIt' l ills undt'l • 10li" ll rla,l,`1' :1110r1a l teS

ft`t •mt`,i.	 It I. iit`1`e,i t h.it futl,'t Ions c.in be obt:i!neti whto h wt I I

emit` le,	 `	 ` p r ` 11,• ii ;in, ma l e : t t	 ! t	 }	 t ,i t : t e , i .	 Wt • 	: t u,i t t`,i ,i: i t a tr:l t It 'e ti

ft,% r the s ummor mouths (.T uns`-Autrust) .

Wht`tl , i l st i n?r 11 1 S hi tl?, rl:i, ! ov al': ttt` anomalle-, wo t t-N t-, k I nto

:1,'.'outlt the var!ab.tl It y of III( , (`1erlt 1 11I S InVOst l^,at ed and the t`nsto

vokp3 t verient S of 1`r:10 t i oe .	 Anollm t y values with a frt`quent`y not ex-

" t`e,i I tltr ;,'S wort` l't`ir;12',it`,1 :iS v,,a.1,`t•. 	 The too t`,)11,i I I I ons on I he

North S fa vout e ,iuring t he ilavl>r:ltloll period ,iept'll,i Ill l ar.re rlt`:1-

S"ll't` 011 t ht`	 it`ll of t.tlt` :ivt`v.ihc riow 111\' :ill • pressure.

':'ho 1`t • t`SS132't` ,i l St r i bllt ton, Ill turn, ,iopelids Oil t hs` ;:t ate of t ht'

:11 • , • I I,	 :lilt 1,'\'t'l,`tlt`^ ail til,it'\ Of 1Vlll, 11	 Is I lit` 1 `I't`S S lll't` :1?Wm:1 ly t`\'01'

Iho At • :tt	 F.isIn.	 Workln tr fl-olll tilts 1't • <`mtse, we Stutile,i la1•tre

,it`vt:lt I ons of : l it' pres surt` from I li t` norm t oou rrin tr ovet • I lit` At': t I,•

11as t n.	 M,`nt lis to 111 1 "ll I ht` mat` of , ivora trt • moat lily ;iii-press urt`

\':1 l ueS I11 I he Art ` t to Basin "ll"W ` 'l :111 atl: rl'11,`11: t' oom, wit It :l , , (-it v:11

value > ; mbar' wort` retrar,le,i as mow hs with :i maj ti t• :1 i t' prooz;ure

'. 1moli.11y.	 A val ut` of i 11b:11 4 was ,`h,`sen t`e, • :111:e thi	 :mom:lly

t^t• , • llt • re,i with :1 fretluen: y	 i0s .

Nllttlt`t`1'S ill tilt` 111:11 • tr111	 Indi,` :11 t` p:lginatit'll	 Ill tilt` fol't` I r'll tt`\t.
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To predict ice conditions, it is important to know the ail-

temperature over the seas of the Soviet Arctic, and so the t emper-

ature of till:; region was taken into account when selecting months

with a major anomaly. A month was regarded as havIng, a major

temperature anomaly If an anomaly of on: sign occupied an area

In excess of 70%, and the largest aroma 1 y values w t t h :1 freg 1WIICy

< 30% were observed. These anomalies proved to be +; o' and	 °.

The dis trtbution of cases with a major pressure and terllpera-

ture anomaly dut`ing the period investigated (June- August, 1931-

1970) was found to be rionuniform. Although the sign and location

of a major anomaly depend lclr'gely on tilt` oeeurrezloe of the lnairl

circulation patterns, no : lear 11111i was discovered betwet'n tilt`

frequency of nlajor anomal ie;: :111d trl, frequency of irc ulation

pa t t e I'll s .	 A ll at t empt wns t lie I1 rllaAe t o f i Ild a o't`nne0t i o ii bet Wt't`II

variations in the f're' q uency of occurrence of ma,lor alionia l ies in

the Arctic anti solar activity. It should be noted that data oil

major anomalies were available for only a relatively short period,

and so our results must be considered preliminary. Tht'y will re-

quire further refint'morit anti must be tested on t he basis of a

larger body of dat a.

The Wolf numbt'r [3] and tilt' index of geomagnetic disturbance

_K i [ 41 were used as a mean.', of characterizing solar :i. t ivity.

In or,ler to ask, evtaIn and pl'01011^;('d fln01 llat it`ns 111

tilt' frequency of major :lnonta l it's and solar ao`t ivity, t llr' method

of ir.t cgral difference cul'VOS was employed L 1 ]. Tilt' lnt egral

0111 , ve5 Wt`re C0111plltt'd aS tilt' SUM of tilt`	 dt'vl:lt tolls t'ronl

the mean value of the modular coefficient s, anti thus make it pos-

sible to compare vlemctit.s with differt'nt dimensions and variability.

The ordinates of the inter-rat k , urves wore computed h% tilt` forma l:i
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where k i = xi , c v = a (x i = data for individual years; x =
x	 x

mean value for entire period of June-August, 1931-1970;

and n = the number of years in the series
/f

Investigated.

The modular coefficient k  expresses the deviations from the

norm of the elements and indices examined, in relative units.

Differences in degree of variability were taken into account by

the coefficient of variation c v . Fig. la compares the integral

curves of the frequency (n) of major pressure anomalies during

the summer months in the central Arctic Basin with integral curves

for the Wolf dumber and the index EK p . As the Figure shows, a

definite agreement exists between the integral curve of the fre-

quency of major pressure anomalies and the Wolf number: both

undergo a long-term undulation during the course of the period

-xamined. As will be shown below, this has to do with the effect

of the 22-year solar cycle on the frequency of occurrence of major

pressure anomalies. The anomaly curve is in poor agreement with

the integral curve showing changes in the value of EKp. 	 /84

Fig. lb compares the integral curves of the Wolf number and

the index EKp with the integral curve of the frequency of major

temperature anomalies in the seas of the Soviet Arctic. There

proved to be no agreement between the temperature anomaly curve

and the Wolf number curve. At the same time, the anomaly curve

follows rather closely the general course of the EKp curve, though

with a time shift. Thus, the EK p curve exhibits an initial de-

cline with negligible fluctuations until 1945, when it begins to
rise. This continues until 1963, at which point the curve again
falls. The anomaly curve also shows an initial decline with re-

latively slight fluctuations until 1952, when it begiris to rise,
and so continues until the end of the period. Apparently the var-

iation in the secular cycle of the index EK p exerts a certain in-

fluence.

i
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Fig. 1. Integral curves of the frequency of occurrence (n) of
major pressure	 and temperature anomalies (At), Wolf numbers
(AW), and values of the index EK
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To determine whether the 22-year solar cycle ;affects the

variation in the frequency of occurrence of major anomalies In the

Arctic, a superimposing technique was employed. Ae in [2], the

years of the maxima and minima of the 11-year cycles were taken

as the zero years. The values obtained for the frequency of

occurrence of major anomalies and Wolf numbers were smoothed ac-

cording to the formula

a7,	 24, ^- O

where a t , a 2 and a 3 are the frequency values during successive

years of the 11-year cycles. Fi i 2 show: the variations in the

frequency of major pressure anomalies in the Arctic Basin In

even (a) and odd (b) 11-year cycles of solar activity. The

Figure shows that if we disregard the relatively small fluctua-

tions at the beginning of the declining; phase of the even 11-year

cycle and at the very beginning and end of the odd 11-year cycle,

then the general variation In th° frequency of major pressure
anomalies is in rather good agreement with the variation In Wolf

number. Note that in the even cycle the curves follow opposite

courses, while to the odd cycle they follow the same course.

The right-hand portion of Fig. "" shy- ,ws the variation in the fre-

K

	

	
quency of major temperature anomalies in the seas of the Soviet

Arctic in even acid odd 11-year solar cycles. No agreement is ob-

served between the Wolf number curves and the temperature anomaly

curves.

The fact that variation: in the frequency of major pressure
^a

anomalies correspond to the 22-year solar cycle, while variations

rj

	

	 in the frequency of major temperature anomalies do not, is attri-

butable not to a difference in the action of solar activity on

these elements, but rather to the fact that the regions over whl^,h

i,	 major pressure and temperature anomalies were detected are not

j	 identical. It. was mentioned earlier that the occurrenoe of ma,lor	 /85

It`
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temperature anomalies was examined over the seas of the Soviet

Arctic, that is, over a relatively narrow region extending from

west to east along the Eurasian continent. The variability over

this region is small during the summer months, and the formation

of temporature anomaly centers is seldom observed. They are

usually located farther south, over the northern parts of the

continent.

The formation of major pressure anomalies was examined over

the Arctic Basin. This region is marked by a very high pressure

variability during the summer, with the result that pressure

anomaly centers are frequently formed. It is possible that the

effect of the 22-year solar cycle is more clearly manifested in

large regions with a high variability.

The following conclusion ca.n be drawn from our research.

Solar activity has a definite influence on the frequency of

occurrence of major anomalies in the Arctic. The 22-year solar

cycle is manifested in the frequency of major pressure anomalies

over the Arctic Basin, while long-term variations in the frequency

of major thermal anomalies over the seas of the Soviet Arctic

correlate with variations in the secular cycle of geomagnetic dis-

turbances as expressed by the index. EKp.

I,
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