LONG-TERM VARIATIONS OF THE STRUCTURE OF CLOSED MAGNETIC CONFIGURATIONS ABOVE
GREAT SUNSPOT GROUPS

A. Béhme
Zentralinstitut fiir Astrophysik der AdW der DDR
Observatorium fur solare Radioastronomie, 1501 Tremsdorf, DDR

ABSTRACT. An analysis of long-term behaviour of noise storm continua at
different observing frequencies leads to the conclusion that the radiation
signatures of sunspot groups with fixed parameters at photospheric level (to-
tal area, Brunnertype) depends on both the hemisphere and the phase of the so-
lar cycle indicating a systematic variation of the structure of closed magne-
tic configurations above these sunspot groups with time.

JNVHHOBPENEHHEE BAPYALMM CTPYKTYPH 3AMKHYTHX MACHUTHHX KOHOUTYPALMA HAZ
BOJIBLMMM T'PYIIIANY COJIHEYHHX IATEH: AHauus [ANMHHOBPEMEHHOT'O MNOBEIEHUS KOHTU-
HyyMa MyMOBHX Oypb IPM DPABHHX YaCTOTaX BeLeT K 3aKJIDUeHMD, UYTO MBIYyYaeMOCTh
Cpynn COJHEUHHX NSTEH C 38JaHHWMM Napamerpamu ¢oTocteps s@BUCUT OT remuctepn
u oT dasy COJHEYHOro unmkaa. OKAsSHBaeTCA, UTO BapuUSLMU CTPYKTYyPH 3aAMKHYTHX Mar-

HUTHHX KOHQUIypaumii Haz STUMM Tpynnamu NATEH CUCTeMaTHUEeCKM 3aBuUCAT OT Bpeme-
HU.

DLHODOBE VARIACIE SLUCKOV¥CH STRUKTUR MAGNETICKYCH KONFIGURACIf NAD
VELKTMI SKUPINAMI SLNEENfCH 3KVEN: Z analyzy dlhodobej hodnoty kontinua Zumo-
vych birok, pozorovaného na rdznych frekvencidch plynie zdver, Ze pre urdité
kon8tantné parametre skupin slne&nych 3kvin (celkovd plocha a zuri3sky typ)
merané Ziarenie zévisi na fdze slne¥ného cykla a na prisludnej pologuli Slnka.
Tieto merania sd interpretované tak, Ze vznikaju systematické Easové varidcie

v slulkovych Struktirach magnetickych konfigurédcii nad skupinami slneZnych
skvrn.

1. Contrary to the great number of publications dealing_with data from
rather restricted observing periods long-term behaviour of noise storms was
the subject of merely two papers till now leading to quite peculiar results in
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both cases. The probability of sunspot groups with fixed value of total area
to emit a noise storm was pointed out by Korolev (1973) to very systematically
with the phase of the solar cycle. SUK (1979) studied the frequency of occur-
rence of noise storms during cycle No. 20 and found out a second activity ma-
ximum not before 1974 at least for a few of the subtypes defined by Tlamicha
et al. (1964). In either case, however, noise storm activity was characterized
by noise storm occurrence in general without discrimination between some clas-
ses of observable parameters being typical for noise storm importance.

2. Investigations of long-term behaviour of noise storms may contribute
to a better understanding of physical processes involved in the generation of
both type I bursts and noise storm continuum. Moreover, noise storm continua
rather than type I bursts can be used to study the topology of closed magnetic
configurations above great sunspot groups and the distribution of plasma para-
meters within these configurations. Therefore, a systematic dependence of ra-
diation signatures of sunspot groups with fixed parameters at photospheric le-
vel on the phase of the solar cycle can be regarded as a hint that the struc-
ture of closed magnetic configurations above these sunspot groups systematica-
1ly variees with time. To clarify whether or not there are really changes of
radiation signatures we tried at first to define an index suitable to point
out general trends of long-term behaviour of noise storm continua during a so-
lar cycle. Starting from these results we studied whether long-term behaviour
is mainly determined by the occcurrence of great sunspot groups and their para-
meters at photospheric level or whether systematic changes of their radiation
signatures must be taken into consideration.

3. The number of hours per unit time interval with a noise storm conti-
nuum and their distribution according to hourly mean of flux density including
data obtained in a broad range of observing frequencies can be assumed to be a
suitable index to outline long-term behaviour of noise storm continua in a
quantitatively exact manner being the starting point for the more retailed in-
vestigations mentioned above. With regard to the length of unit time intervals
two contradictory aspects have to be taken into account. Rather short time in-
tervals are needed especially for comparisons with other phenomena of solar
activity. On the other hand, however, time intervals must be long enough to
yield a data set sufficient to confirm the statistical significance of long-
-term effects. ‘ )

4. Solar activity remained at a comparatively low level during whole the
cycle No. 20. Therefore, it was possible to identify sunspot groups emitting
a noise storm continuum and the related values of flux density at the diffe-
rent observing frequencies with a high degree of accuracy. Basing on single
frequency records at 287, 234, 113, 64 and 40 MHz long-term behaviour was stu-
died at first using half-years as basic time intervals. The results obtained
suggest to subdivide cycle No. 20 into 5 characteristic time intervals during
which noise storm continua exhibited a rather homogeneous behaviour in dif-
ferent respect and which provide data sets sufficient for statistical signifi-
cance tests. The general conclusions drawn from a detailed analysis of cycle
No. 20 have been suPported by a preliminary evaluation of the data obtained
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Fig. 1: Half-yesrly mean R of sunspot relative number, total number Niotal °F
hours per half-year with a noise atorm continuum and half-yearly num-
ber of hours during which a high value of the hourly mean S of flux
density could be stated at the observing frequencies 287, 234, 113 or
64 MHz, respectively, as a function of the phase of cycle No. 20.
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Table 1

The number N’ of hours with a noise storm continuum per characteristic time
interval of cycle No. 20 and their estimated normed distribution p=R’(8287)/N’
to the different values of 5287 including confidence intervals Pys P> calculaf
ted for an error probability of 5 %(8287: hourly mean value of the flux densi-
ty of a noise storm continuum at 287 MHz)

P
P p1
Time . 2
Interval | N Syg7[8-ud
0 1-4 5-09 10 - 20 21 - 50 > 50
.243 .458 .137 .032 .017 .001
1164-1166 989 0,270 0.489 0.159 0,055 0.025 0.002
.298 .521 .183 .071 .037 .007
.151 +405 «203 114 044 .010
167-1168 2674 0,165 0.424 0,218 0.126 0,052 0.015
179 <443 234 .139 .061 .020
<196 «335 «140 .036 014 .006
169~ 170 1868 0.214 0,558 0.15% 0,044 0,020 0,009
.233 «569 172 054 027 .012
192 +501 .127 .081 .030 .008
1170-1172 2069 0.207 | 0.319 0.139 0,091 0,036 0.008
222 .538 . .182 «102 .043 .010
499 629 117 028 +005 «00¢
173~ 176 | 2031 0,178 | 0.630 0.131 0.038 0,008 0.000
192 +670 <146 <044 <013 <003

during cycle No. 21.

5. The snalysis of cycle No. 20 suggests the following scenario:

a/ Figure 1 fives the half-yearly mean R of sunspot relative number, the total
number N, .., of hours per half-year with a noise storm continuum being ma-
inly determined by the weak continua and the half-yearly number of hours
with a strong (or even very strong) continuum at the different observing
frequencies as a function of time. Whereas there is at least a rough agre-
ement between the time dependence of R and N, ;. ., during cycle No. 20
strong continua significantly differ in the following respect:

- a clearly marked deficit of strong continua especially at 234 and 113 MHz
can be pointed out not only for the secondary minimum of solar activity
during second half-year of 1969, but for whole the time interval inclu-
ding both the first and second maximum of sunspot relative number, too;

- the occurence of strong continua during a solar cycle ob&iously depends
on the observing frequency. Strong continua at low observing frequencies,
especially at 64 MHz preferably appeared during a rather late phase of
cycle No. 20. Whereas there was a sharp drop of strong continua at high
observing frequencies, especially at 287 MHz after 1971 extremely strong
continua at 40 MHz could frequently be observed still during 1972 and
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Table 2

The numbers N’ of hours with a noise storm continuum per characteristic time
interval of cycle No.20 and their estimated normed distribution p=N’(S,3,)/N’
to the different values of 8234 including confidence intervals Pys» Po calcu-
ted for an error probability of 5 % (8234: hourly mesn value of the flux den-
sity of a noise storm continuum at 234 MHz)

Py
Time . - P
Interval N Spss |_..u:| P2
= \
0 1-4 sY9 |10-20 |21 -50 | 51 - 100 >100
.075 .420 .193 ".150 .042 005 .002
1164-1166 | 989 0.091 | 0,451 0.217 0,172 0.036 0.009 0.004
L111 482 .244 .197 .071 07 | .02
.072 .340 .227 .149 .100 .027 .008
167-1168 |2686 0.082 | 0,357 0.242 0.162 0.112 0.034 0.011
.093 .376 .259 2177 .124 .041 .016
.095 .519 .193 .075 .029 .008 .002
169~ I70 |1868 0,109 0.542 0.210 0,087 0,036 0,012 0,004
.124 .564 .229 .100 045 .018 .008
.098 .433 177 .115 .068 .026 .009
1170-1172 |2873 0.109 | 0.451 0.191 0.127 0.078 0.032 - 0.012
.121 . 469 206 .139 .088 .038 .017
.064 .513 .199 .05 | . .o33 006 002
173- 176 |2029 0.075 | 0,535 0.216 0.119 0.041 0.010 0,003
.087 .556 235 | 134 .050 .012 4007

later on, too. Quite similar tendencies can be stated also for cycle No.
21 (cf. Tab. 5, 6, T);

~ the variation of strong continua during cycle No. 20 suggests to subdivi-
de this cycle into the 5 characteristic time intervals mentioned above:
1: July 1964 - Dec. 1966; 2: Jan. 1967 - Dec. 1968; 3: Jan. 1969 - June
1970; 4: July 1970 - Dec. 1972; 5: Jan. 1973 - June 1976.

b/ A comparison between the normed estimated distributions N’ (Sy)/N’ of hours
with a noise storm continuum according to their hourly mean S, of flux
density (N’ =%;’N’(S,): total number of hours with a noise storm continuum
per characteristic time interval (cf. Bohme, 1986); V: observing frequency).
confirms the statistical significance of the above-mentioned tendencies
(cf. Tab. 1, 2, 3, 4):

- the percentage of hours with a high value of 8234, 8113 or 564’ respecti-
vely, was definitely lower during interval III then during the neighbou-
ring intervals II and IV. At 287 MHz. however, the "gap" was partially
masked by two different effects: The first one consists of the tendency
of strong continua at 287 MHz to decrease more rapidly towards the end
of the cycle than strong continua at the other observing frequencies. Ad-
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Table 4

The number N’ of hours with a noise storm continuum per characteristic time

interval of cycle No. 20 and their estimated normed distribution psn’(864)/ﬁ’
to the different values of 864 including confidence intervals Py» Po calcula-
ted for an error probability of 5 % (864’ hourly mesn value of the flux den-
sity of a noise storm continuum at 64 MHz)

Py
Pime ' Pp
Interval N Ses B-ul 2
[} 1-9 ]| 10-19 ] 20-50 | 51 - 100] 101 - 500 » 500
712 .139 .023 .030 .012 .003 | = 000
I164-1166 | 988 | 0,740 |O0.161 0,032 0,040 0.019 0.007 0.000
.767 .185 <045 .055 .030 .015 .004
660 .139 .059 .058 .008 .015 .003
167-1168 | 2682 | 0,677 |0.152 0,068 0.067 0,011 0,019 0.004
695 +166 .078 .077 .016 .025 .008
.836 .030 .041 .037 -006 .001 .000
169- 170 | 1858 | 0.852 |o0.038 0.050 0,046 0.010 0,003 0.002
.868 .048 .060 .056 .015 .007 .005
778 014 +044 ~086 .028 .032 .002
1170-1172 | 2861 | 0.789 |o0.019 0.051 0,064 0.034 0,038 0.004
-804 .024 .0%9 ,074 «041 +046 ~007
099 .007 - 4017 .012 010 .001 000
173-1173 | 709 | 0.921 0,013 0,027 0.020 0,017 0.003. 0.000
939 .024 .041 .036 ,029 .010 .005

ditionally we find hints that the effectivity of the process which led to
the deficit of-strong continua during interval III increased with decre-
asing observing frequency at least in the frequency range > 113 MHz (cf.
BShme, 1986 );
- comparing intervals II and IV the percentage of hours with a high value
of 3287 (3287) 20s.u. ) is significsntly lower for interval IV rather
than interval II. This result is at least partially due to the lack of
strong continua at 287 MHz in 1972. In contrast to 287 MHz the fraction

of hours with a high value of 364 was definitely enhanced during inter-
val IV;

the above-mentioned surplus of hours with 3287>»203.u. during interval II
can be shown to be caused in the first place by the noise storm centres .
at the southern hemisphere though solar activity was less strongly deve-
loped at the southern rather than at the northern hemisphere during in-
terveal II.

¢/ The long-term behaviour especially of strong noise storm continua can main-
ly be interpreted by a systematic change of radiation signatures of the
sunspot groups with the phase of cycle No. 20:

- the flux density of a noise storm continuum increases on the average with
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Table 8

Total number of sunspot groups, number of great sunspot groups and the estima-
ted normed distributions of the latter groups according to their maximum area
Apox and the Brunnertyp BTmax characterizing their highest stage of develop-
ment for different time intervals of cycle No. 20

G (Ao /G (Ap,y 300) G’ (BT,, /G’ (D-H)
Time G G 300) 390 500 700 4465 Gi(p-H) D G,H E,F
Interval - @ (Apgy 499 699 1000 H E,
166~1168 1170 158 .48 .21 .18 .13 181 .55 .15 .30
169- 170 812 101 .46 .26 .15 .14 12T .48 .20 .32

G': total number of sunspot groups
G’(Amax 300): number of sunspot groups reaching an total area 300 10"61° at
least on 2 consecutive days during their stay in the longitude
range between 45°E and 45°W 4
G* (A, /G (Ay, . 300): estimated normed distribution of the above-mentioned
‘sunspot groups according to maximum total area
Amax(io' Ao) to which the sunspot groups came up
their stay in the longitude range between 45°E and
45% 2/
G’ (D-H): Number of sunspot groups reaching Brunnertypes between D and H at
least on 2 consecutive days during their stay in the longitude range
between 45°E and 45% 3/

G'(BTmax)/G’(D—H): estimated normed distribution of the above-mentioned
sunspot groups according to Brunnertyp BTmax characteri-
zing their highest stage of development during their stay

_in the longitude range between 45°E and 45w 2/

Remarks:

v/ Unipolar groups reaching areas 300 10"6 A, were omitted from the compi-
lation

2/ Sunspot groups were only classed with an interval of ‘max or BTmax if
they remained within this interval at last during 2 consecutive days

3/ Sunspot groups reaching Brunnertyps D 10 were omitted from the compi-
lation
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Fig. 2: Comparison between maximum hourly means 3287 max of flux density of
287 MHz reached by the different noise storm centres during time in-
tervals Jan. 1966 - Dec. 1968, Jan. 1969 - June 1970, July 1970 -
Dec. 1972 and the maximum sreas Amax to which the related sunspot

- groups came up during the "visibility" of the noise storm centres.

increasing area of the related sunspot group, too. Comparing two time in-
tervals a lower fraction of hours with high value of S has consequently
to be expected for the interval which has the lower percentsge of highly
developed sunspot groups relative to the total number of sunspot groups
being potentially able to emit 2 noise storm continuum. It can be shown,
however, that the low percentage of strong continus stated for interval
III cannot be explsined in this manner. Table 8 gives the estimated nor-
med distributions of greast sunspot groups according to their maximum ares
A ¢ reached by the groups during their stay between 45°E end 45°W for
time intervals II (including sunspot groups from 1966 ), III end IV, res-
pectively. The distributions had been normed to the total number of sun-
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Fig. 3:Comparison between maximum hourly means S, 13 max of flux density at
113 MHz reasched by the different noise storm centres during time in-
tervals Jan. 1966 - Dec. 1968, Jan. 1969 - June 1970, July 1970 -

Dec. 1972 and the maximum areas ‘max to which the related sunspot
groups came up during the "visibility" of the noise storm centres. -

spot groups per time interval resching an maximum area 3()0.10°6L° be-
cause the continua treated in the present investigation were emitted by
sunspot groups with an area 300.10'6A° with a few exceptions only. A si-
milar distribution according to Brunnertype is given in Table 8, too. It
clearly results from Table 8 that there is no difference between the nor-
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med estimated distributions celculated for the time intervals mentioned
above. A reduced emissivity consequently has to be sssumed for sunspot
groups of interval III to explain its deficit of strong continua. This
assumption cen directly be verified, too. A comparison between the maxi-
mum values of 3287 reached by the different noise storm centres and the
maximum areas Lmax to which the related sunspot groups came up during

the "visibility" of the continua clearly suggests that the emissivity

especially of very great sunspot groups (‘max 1000.10'6A°) was definite-~

ly diminueshed during interval III as against both the other intervals

(cf. Fig. 2). A similar result was obtained at 113 MHz, too (cf. Fig. 3).

These findings agree quite well with the long-term behaviour pointed out

by Korolev (1973). Future model calculations have to clarify whether or

not this change of emissivity is connected with the general decregpse of
electron temperature in the corona during the midth of a solar cycle

(Gnevyshev, 1977);

- comparing intervals II and IV the excess of hours with 8287 20s.u. stated
for interval II is predominantly caused by the noise storm centres at the
southern hemisphere. The areas of the noise storm emitting sunspot groups
remained definitely lower at the southern rather than at the northern he-
misphere during interval II. It can be shown, however, that sunspot gro-
ups observed at the southern hemisphere during interval II were able to
emit continus being significantly stronger at 287 MHz than those coming
from comparable sunspot groups at the northern hemisphere and than those
coming from comparable sunspot groups during intervsl IV, too. These dif-
ferences of radistion signatures can probably be interpreted by differen-
ces between the structure of the closed magnetic configurations develo-
ping above sunspot groups with fixed value of total ares;

- comparing intervals II and IV the surplus of strong continua at low ob-
serving frequencies stated for interval IV cannot be explained by an ex-
cess of very great sunspot groups during this late phase of the cycle but
by a change of radiation signatures, too. Sunspot groups of interval IV
were able to emit continua being significantly stronger at 64 MHz than
those coming from the comparable sunspot groups of interval II. This re-
sult suggests an increase of height extension of the closed magnetic con-
figurations above sunspot groups with fixed value of totsl area with in-
creasing phase of cycle No. 20 or at least between the time intervals II
and IV.

Summarizing these results it casn be expected that long-term behaviour of
noise storm continua will be a valuable tool in future to study long-term va-
riations of the structure of closed magnetic configurations above great sun-
spot groups.
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