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Abstract. A brief desciption and final results of the flare index (F'I) of solar acivity are given.
The calculation of the daily flare index of cycle 22 was determined using the final groupedsolar
flarefilesfrom National Geophystal Data Center A. The final data of F'T arepresenédin graphcal
form over cycle 22. Daily calculated values are available for general usein Kandilli Obsevatory’s
andNGDC's anorymousftp seners. Thepatern of similar acivity indicesthat arise underdifferent
physicalconditionsduring cycle 22 arecomparedwith theflareindex. The north—southasymmetry
in the daily flare index data was studied.

1. Introduction

Magneticfields undego someingability at the base of the corvectionzone.As
the fields extend into the convection zone, they become buoyant and rise and
deerminethebehaior of the outerlayers of the Sun,includingthe corona(Zwaan,
1985;Pecler, 1996) All the obseved time-dependenphenomenare caled solar
acivity andare seenin different wavelenghs as a changng appeaanceof the
Sun. Solar phystists have tried to quantfy the variation of solar acivity with
time, beginningwith Wolf’s classcalformulafor the relatve numbes of sunspad.
Attempts have beenmadeto develop theoiies which would help to explain the
physcalmecharsmsundetyingthesechangesn solaracivity. Daily phobgraphs
of the Sunin Can K, Ha andwhite light began sometme around or just after
1900.With the improvementof obsevationaltechngues,solar physrcists started
to phobgraphourclosesstar, the Sun,with the high<time—+esolution Ho imagesn
1936.Theimagesf theSunshowedthatsolarflareswere oneof the mostpowerful
andexplosiveof all formsof solaracivity. Mary studiesin the solar-terestrial field
classfied solar flares as oneof the mostimpotant solar events affecing the Earth.

Kleczek (1952) introducedthe quantity F'T = it to quanify the daily flare
acivity over 24 houss per day He assumedhatthis relaionshp roughly gave the
total energy emitted by the flare and named it ‘flare index’ (F'I). In this relation,
i represens the intensty scak of impoitance and ¢ the duration of the flare in
minutes. Cataloguesof flare acivity using Kleczeks method are given for each
day from 1936 to 1986 by Kleczek(1952) Knoskaand Letfus (unpublshed)
KnoSkaand Petasek(1984) Atac (1987)andfor 1986-1995by Atacand Ozgigc
(this paper).

Theflare index is an interesing parameter andis of valueasa measue of the
short-lived activity on the Sun. Therefore the authorswill continue to compile this
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Tablel
Values of ¢ used for the determination of
FI
Importance ¢ Importance ¢
SESN,SB 05 2B 25
1F IN 1.0 3N,3FR4F 30
1B 15 3B,4N 35
2F 2N 20 4B 40

index in thefuture. In this paperthe resuts of the determinaion of theflare index
for cycle 22 are presented. Its relation with other solar activity indices is shown
in Section 2. Its comparison with the similar solar indices is given in Section 3.
North—souh asymmety of theflareindex isdescrbedin Secton 4, andconcluding
remarks are presented in Section 5.

2. Flarelndexof Solar Cycle22 and It s Relation with Other Solar Activity
Indices

The daily flare index of solar cycle 22 was determined using the solar flare files
from the NationalGeophysicaDataCenterfNGDC). Tablel lists valuesof i used
for the determination of F'I.

The daily sumsof the index for the northem and the southem hemsphees
andfor the total suifaceare divided by the total time of obsevation of that day:.
Becaus¢hetime coverageof flare obsevationsis notalwaysconpleteduring aday
(sometmes75%o0r90%), itiscomreciedby dividingbythetotaltime of obsevations
of that dayto placethe daily sumof the flux index on acommon24-hourpetliod.
The daily total time of observation is calculated from Sokar Geophysial Data
Compehensve Repors. Calculated valuesare available for genedl usein our
obsnatory’sandNGDC’s anonymousftp servers

ftp://ftp.koeri.boun.edu.tr/pub/asnomy/flareindex
and

ftp://ftp.ngdc.noaa.gdSTP/SOLARDATA/SOLAR FLARES/INDEX.

They are shown in Figure 1 asdaily plots of northem and souhem hemisphees

andtogeter with daily plots of Stanford Solar Obsevatory’s net magneic field

intensity summed over the solar disk. Such integrated light measurements of the

meansolar magneic field have beenmadedaiy sinceMay 1975(Scherer etal.,

1977) We canseefrom thisfigure thatthefrequeng of flaresonthe Sunincreased
asthe Sun becane magnetcaly more acive.

The idea of comparing the pattern of similar solar activity indices that arise
underdifferentphyscal conditionsled us to invedigatehow FI agreeswith other
full-disk solar indices.Theindiceswhich areto beconparedare choserasfollows:
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Figure 1. Compaisonof daily plots of the northem and souhem hemsphee flare index with daily
plots of Stanford Solar Obsevatory’s net magneitc field intensity summedover the solar disk.

(1D Therelative sunspotnumber This is anindex of the acivity of the entire
visible disk of the Suncalculated by the Sunspotndex Data Center (SIDC).

(2) Monthly meanof daiy comeciedtota areasof sunspoigroups.Theseare
obseved, measuedanddistributed by the solar group of the RomeAstronomkal
Observatory

(3) The monhly meanof total solar irradiancevalues. This is measued by
an EarthRadiationBudgetSatellite (ERBS)only on a biweeklybags (Leeetal.,
1995).Total solar irradiancedexribestheradianteneigy emitted by the Sunover
all wavelenghs that falls on 1 m? eachsecondoutside the Earth’s atmosphee.
This observed quantity and the ‘solar constant’ observed earlier in this century are
definedin the same way.

(4) Monthly meanof the daily solar radio flux values.Theseare deilived from
the daily measuemens of the integrated emissonfrom thesolar disc at 2800MHz
(10.7cm wavelengh) which have beenmadeby the NatonalReseach Councl of
Canadasince1947.The flux valuesare expressedn solar flux units (1 sf.u. =
10-22W m~2 Hz1). The characteristics of the observations are reviewed in * solar
radio emissibnat10.7cm’ (Covington, 1969)

(5) Thecoronalacivity index. Thisis delived by Rybansk etal. (1994)from
the measurements of the total energy emitted by the Sun’'s outermast atmospheric
layer (the corona)at awavelength of 530.3nanomegsrs. It givestheradianteneigy
emitted by the entire visible corona within the Fexiv spectal line. Lomnicky Sfit
in the Slovak Republic served as the reference station for calculating the index.



400 TAMER ATAGC AND ATILA OZGUC

" 1987 ' " 1988 ' " 1991 " 1993 ' 1995
x
L 20 + - B
<)
2 W@
= Radi.Ener.Emitby Fe XIV
2 L Units:10~16 Watts/Ster.
FY 10
4
8 -
0 : SOLAR CYCLE 22 N
2500 B
bad = 2000 - B
3z Pentiction Radio Flux
u = Units:10-22 W'm-2*Hz-1
oo 1500 |-
2% 1000
500 L .|
30 B
o
[=) 20 |
=
&
5 10 + FLARE INDEX -
w
0 Lo
1367 -
o
E
E 1366t _
Total Sol. Irrad.
3 Satel. ERBS
=
= 1365
a
<
o
x
1364 - i
225 B
o
w
0
5 150t 1
z
= International
g 75 + Sunspot Number
z
»
o s
< 3000 -
< 2
wuo
€5 2000
3 - 4
590
g ROME OBS
% g 1000 + Sunspot Cor.Tot. Area |
]
E O 1 | L i i 1 1 — 1

0 12 24 36 48 60 72 8 9 108 120
TIME (Month)

Figure2. Compaisonof themonhly meanplots of similar solaracivity indices.Five-monh running
meansare shavn as abold curve.
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As canbe seenfrom Figure 2, F'I is one of the bestindicabrs of acivity
variationsinthechromospheg. Itisof valueasameasueof theshot-lived (minutes
to hours) acivity onthe Sun. This featire makesthe flareindex a suitable full-disk
solarindex forcompatrsonwith similar solarindiceswhich reflectdifferentphyscal
condtionsfrom the differentlayess of the solar atmosphee. The comparson of
FI with thesesimilar indicesshout indicaie how well they correlate, and this will
beusetil to modelthetemporal variationsof solar acivity.

3. Comparison of Similar Solar Indices

Figure 2 shavs the monhly meansof the obseved valuesof someindicesduring
cycle 22. The peaksin the monhly meansof the coronalindex (CT), radio flux
(F10) andflareindex (F'T) are seereaty in 1989;the irradiancepeak(,) early in
1991 ,andthepeakof sunspohumber(R) in mid-1990.Thesunspotarea(4,) has
two peaksthefirst oneiseaty in 1989andsecondoneiseaty in1991.Inthesame
figure,5-mont running meansare shovn asabold curve. Monthly meanobseved
valuesof all full-diskindicesexceptCI shavedasecondmaximumin 1991.They
also shoved several maxima, eachlasting for a few months (Figure 2). However
power specta analysis of the time series of the daily FI reveals short-term (73
and 53 day) periodicities for this cycle (Ozdic and Atag, 1994) The deepvalley
seenin the F'I curve beganlate 1989.All of thesecuveshave valleys which show
slightdeviationsonly in thestarting time. In the C'I curvethe valley that begnsin
late 1988is muchmore remaikable thanthe 1990valley.

Theyear1990was foundto be anunusualyearin terms of suddendecreases
in actvity. To seemore cleaty whathappenedn 1990the daily obseved values
are plotted for all indicesin Figure 3. The sign of the slopeof the linearfit to each
curve is positive for F'I, Fio, and A, butit is negaivefor I, CI, and R. It can
easly be seenfrom Figure 3 that I, valuesdeceasein contast to the increase
of obseved A, values. The variability in the total solar irradiance is a known
fact (Willson andHudson, 1988). As pointedout by the authors it reallts from
the disk passageand presenceof sunspos, facube,andthe enhancedr acive
network (Willson, 1981; Nishikawa, 1990; Steingger Brandt,and Haupt, 1996,
andreferencegherein). Over peliodsof weeksto yeas, the brighter faculbe have
adlightly larger effect than the darker, short-lived sunspots. Models of the facular
andsunspotcontibutionsto total irradianceagree quite well with the obsevations
(Steinegger Brandt and Haupt 1996)

Someother aspecs of Figure 3 caughtour atention. During 1990the areas
of the sunspos increasedput the relative numbes of the sunspos decreasedIn
additionto this, the flare productionrate increagd continuousy until the end of
1990andin 1991it reachedhe same acivity level as 1989,the yearwhenthe
sunspohumbeisreachedheir maximum numbersduring cycle 22 (Figure 2). This
eventwasseenin the eatier cycles(Zirin, 1988) Accoding to Harvey and Zwaan
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Figure 3. Comparsonof thedaily plots of similar solar acivity indicesduring 1990.
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Figure 4. Correlation plots of the monthly mean of the similar full-disk sdar indices with the flare
index; r indicates the correlation coefficient.

(1993) the shapeof the size distribution of acive regionsdoesnot vary over the
cycle. Thegtatisticalresult of the pastsolarcycleshasshown thatmostof thelargest
sunspas and flares occurred several years before or after the ‘ sunspomaximum’.
Sunspomaximumis basedna 13+month running meanof meanmontly sunspot
numberand where the 1stand 13th month enter the meanat haff value.

Finally, Figure 4 showsthe correlation plots of the similar full-disk solar indices
with the flare index for monthly meansover the whole cycle. Good correlation is
foundbetweenF'I andFyg, R, CI, Ay, butapoorcomrelation exists betweenF' I
andI,.
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4. North—Souh Asymmety of the Flare Indexduring Solar Cycle 22

It hasbeenknown for a long time that the occurence of different features on
the northem and soutiem pat of the solar disk is not uniform, and that more
feauresoccurin oneor the other patt of the disk in different time intervals. This
phenomenois caled the north—souh (N—S)asymmety. Many authors have used
different featires of solar acivity to study N-S asymmetry: mgjor flares (Roy,

1977;Verma,1987,1993) X-ray flares(Garcia, 1990) flareindex (KnoSka,1985;
Atac and Ozgilic, 1996) sunspomnumberand sunspotireas(Swinson,Kyoma,and
Sato, 1986; Catonel, Oliver, and Ballester, 1993; Oliver and Ballester, 1994,
1996; Watari, 1996) suddendisappeaancesof solar prominences(Vizoso and
Ballester, 1990;Joshj 1995) sunspotgroupsandsolar flares numbes (Yadas and
Baduddin, 1980;Verma, 1993;Joshj 1995) Joshi(1995)hasshown the existence
of aconsant andpersistentN-S asymmeaety of sunspofgroups Ha flaresandacive
prominencesiuring themaximumphasg1989-1991)of this cycle and confirmed
thatthisasymmaety isrealandnotdueto randomfluctuaions followingthemethod
of Letfus(1960)

Thenorth—souh asymmety for the flareindex (AF'I) is defined as

AFT = (N - S)/(N +5)

whereN andS standfor the daily north andsouth flareindex values respecively.
To show the statistical significance of the asymmadry series, a sign test introduced
by Gleissberg (194 7)was performed Accordingto thisted, theprobability, p, that
the variations in atime series are due to chance can be calculated from

p=1—eirf(z),

wher ‘erf’ denoesthe error funcion. If p ~ 1, thenwe cansaythatvaiiations
in the time series are due to chance; dternatively, if p <« 1, the asymmary time
seliescanbe consideredsignificant The method of calculating erf(z) is gven by
Balli (1955).Following Balli, we have determinedhatp < 1, which shows that
the distribution of theasymmaety index is highly significantduring solar cycle 22,
suggesng thatit is arealfeaure of solaracivity in this cycle.

Plots of AF'T for cycle 22 are given in Figure 5 where the first curve (a)
represens the yeaty meanobseved values.Fromthis curve thedominanceof the
activity for thesoutem hemipheethroughouthe whole cycle caneasly beseen.
The flow of flare activity from one hemisphere to the other is easily seen in the
secondcuive (b) which shows 13-dayrunning meansf thedaiy AF'T valuesfor
the whole cycle. From the secondcurve (b) it is clearthat the acivity beganin
1986in the northem hemisphee anddriftedto the southem hemisphee, thenswept
from thesouhem hemisphee agan to thenorthem hemispheeduring 1987.From
1988to 1993 theflare acivity shoveddrift behavior in an alternating waybetveen
the two hemBsphees every two yeass. Starting with 1994,the samebehavior was



FLARE INDEX OF SOLAR CYCLE 22 405

NORTH - SOUTH ASYMMETRY OF THE FLARE INDEX

0.5
a

% 03t @
& “ a
= o0} A A A
= A A
o
< 03 F A A A E

05 1 1 . 1 i 1 . 1 1

87 89 91 93 95
Time (Year)

1.5 ' 1986 | ' 1988 " 1990 ' 1992 ' 1994 '
> (b)
o 08 F }jw -
-
Wi i
= 00¢r i
=
%
< '08 ™ 1

_15 A L 1 1 1 1 L )] 1 1 1

0 365 730 1095 1460 1825 2190 2555 2020 3285 3650
Time (Day)

Figure 5. Plots of the north—souh asymmety of the flare index for the whole cycle 22. (a) shows
yearly meanof AFT and(b) shavsthe13-dayrunning meansof AFI.

obseved in theflare acivity exceptthatthis wasevely yearinsteadof being every
two yeas.

5. Conclusions

From our study F'I appeas to be a goodindex to study the acivity variatonsin
the chromosphere. In addition to this, F'I asafull-disk solar index could be easly
comparedwith similar indicesthat ariss underdifferentphyscal conditions In
this connection F'I shavs goodcorrelation with indicesof magneitc changesarea
andnumberof sunsposin the phobsphee, as well as the changesn the corona.
However, F'I isnotin goodagrementith I, values.

We canconcludefrom theresults of the compaisons:

(a) I, shoved anincreasewhile F'I shaved a decreasein the beginning of
1990. This behaior coninuedunil mid 1990 and then towards the end of the
year F'I started to increasevhereasl, deceasedThetotal solarirradiancedid not
necessaly increaseat timesof higherflare producton. Higherflare productonis
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aresut of magnetcaly compkx greatsunspotireaswhich are alsoresponsblefor
shot-term deceasesn the total solar irradiance.Thisis cleaty seenn cycle 22.

(b) Monthly meanobseved valuesof all full-disk indicesexceptCI shoveda
secondmaximum in 1991.They also shaved sereral maxima, eachlasting for a
few months(Figure 2).

(c) The flare acivity shoved a drift behaior beweenthe two hemsphees
every two yeas from 1988to 1993.Garia (1990)foundthatlarge flaresoccured
in the north during the eaty patt of the cycle andthenmoved south as the cycle
progressedHe also concludedthat flare occurenceis related to a weak global
magnetic variation by considering the association of active zones with large-scale
magneic structure, andthe assocation of flare N-S asymmety with the coronal
greenline. His conclusion is verified by the close agreementof the daily net
magnetic field intensity with the daily north—south FI valuesduring cycle 22
(Figure 1).
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