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ABSTRA CT

Power spectra of the line-of-sight magnetogramswerecalculatedfor 16 active
regionsof di�erent 
are activit y. Data obtained by the MichelsonDoppler
Imager instrument onboard the Solar and HeliosphericObservatory in high
resolution mode were used in this study. For each active region, the daily
soft X-ray 
are index, A, was calculated. This index characterizesthe 
are
productivit y of an active region per day, being equal to 1 when the speci�c 
are
productivit y is one C1.0 
are per day. The power index, � , of the magnetic
power spectrum, E(k) � k � � , averagedover all analyzed magnetograms
for a given active region, was comparedwith the 
are index. It was found
that active regions,which produced X-class 
ares, possesseda steeppower
spectrum with � > 2:0, while 
are-quiet active regionswith low magnitude
of A displayed a Kolmogorov-type spectrum of � � 5=3. Observational data
suggestthat the 
are index A may be determined from the power index � by
A(� ) = 409:5(� � 5=3)2:49. The magnitude of the power index at the stageof
emergenceof an active region seemsnot to be related to the current 
aring
level of this active region, but rather re
ects its future 
are productivit y, when
the the magnetic con�guration becomeswell-evolved. This �nding shows the
way to distinguish at the very early stagethose solar active regionsthat are
\b orn bad" and have a potential to producesigni�cant disturbancesin the earth
magnetosphere.

Subject headings: Sun: magnetic �eld; turbulence; 
ares

1. In tro duction

Photosphericplasmais thought to be in a state of fully developed turbulence at high
magnetic Reynoldsnumber. Magnetic �elds, present in plasmas,are contained in thin
vertical 
ux tubes(Spruit 1981;Sten
o & Holzreuter 2002and referencesin) that di�use in
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the sameway as a scalar �eld in a turbulent 
o w (Nakagawa & Priest 1973;Parker 1979;
Petrovay & Szakaly 1993). The e�ect of turbulence on magnetic �elds is ambivalent. On
onehand, any magnetic �eld concentration present in a turbulent 
o w, tends to be smeared
out by turbulent di�usion. On the other hand, turbulent motions tend to sweepthe �eld
lines together at convergencepoints of plasma
o w (Parker 1979).

In homogeneousstationary MHD turbulence the structure of the magnetic �eld
is essentially determined by a dynamical equilibrium between turbulent di�usion and
convergenceand a stationary turbulent regimewith constant rate of energytransfer along
the spectrum is holding. Due to an equilibrium betweenthe input of energyat large scales
and the output at small scales,the evolution of a systemmay proceedwithout catastrophes.

For turbulent 
o ws without magnetic �elds, the energyspectrum is described by the
Kolmogorov spectrum k � 5=3 (regime of classicalKolmogorov turbulence, Kolmogorov 1941,
hereafter K41). It was found that the observed (Matthaeus et al. 1982) and simulated
(Pouquet et al. 1988;Politano et al. 1989)energyspectrum of solar wind plasmais closeto
k� 5=3 .

In the MHD case,Alfven e�ect (Biskamp 1993) may take place, when small-scale

uctuations are in
uenced by the large-scalemagnetic �eld. Thus, Iroshnikov (1964) and
Kraichnan (1965) found that the Alfven e�ect may produce an energyspectrum k � 3=2,
when the correlation betweenvelocity and magnetic �elds is weak. Consequencesof the
Alfven e�ect are still a subject for debates(Biskamp 1993).

In inhomogeneousnon-stationary MHD turbulence, a 
ux tube gets into an
environment, where its 
ux and �eld strength far exceedthe values corresponding to
the local turbulent equilibrium. In such situation, turbulent di�usion will dominate over
concentration, leading to the slow dissolution of the 
ux tube (Petrovay & Moreno-Insertis
1997). As a result, the spatio-temporal structure of the energy dissipation becomes
burst-like, or intermittent (Biskamp 1993,Frisch 1995). Note, that in MHD, the energy
spectrum consistsof two components: kinetic energy spectrum and magnetic energy
spectrum (which are not necessaryidentical, Biskamp 1993). The latter, also called as
magneticpower spectrum, will be the focusof this study.

Thus, dynamical processesobserved in the solar photosphericplasma(emergingof new
magnetic 
ux, decaying of the existing 
ux, fragmentation and concentration of magnetic
elements, etc.) should be re
ected in the magneticpower spectrum.

In the past, studiesof magnetic power spectra, calculatedas the Fourier spectrum of
the measuredline-of-sight component of the magnetic �eld, were rather scanty (Nakagawa
& Priest 1973; Nakagawa & Levine 1974; Knobloch & Rosner1981; Lee et al. 1997;
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Abramenko et al. 2001). Nakagawa & Priest (1973)obtained power spectra from Kitt Peak
longitudinal magnetogramsof typical active and quiet regionswith a spatial resolution of
2.5arcsecand reported that on spatial scalesr > 10 Mm the active regionspectrum behaves
as � k� 1, while the quiet sun spectrum is described by k � 0:3. Later, using high resolution
Big Bear Solar Observatory (BBSO) videomagnetogramswith a spatial resolution of 1.2
arcsec,Leeet al. (1997)calculatedthe magneticpower spectrum for a quiet region. Authors
report that at scalesr > 2 Mm the spectra can be �tted by k � 1 while at smaller scalesthe
spectrum behavesas � k � 3:7. Abramenko et al. (2001) calculatedmagneticpower spectra
in the scalerange(3 � 10) Mm for oneactive and onequiet region by using BBSO (Spirock
et al. 2001) and MichelsonDoppler Imager (MDI, Scherrer et al. 1995) instruments and
they found a nearly Kolmogorov spectrum for an active region and a spectrum with the
power index of � 1:3 for a quiet sun area.

To our knowledge,neither comparisonof power spectra calculated for di�erent active
regions,nor time evolution of power spectrum in a single active region, have beendone
as of now. Here we present results of calculation of magnetic power spectra from the
photospheric line-of-site magnetogramsfor 16 active regions. Magnetographicdata for
three of them allowed us to to calculate the time variations of the power spectrum. For
all active regions,we comparedthe power index of the spectrum with the daily soft X-ray
(SXR) 
are index (Antalova 1996)calculated for a given active region.

2. Calculation of the Power Spectrum

A spectrum of energyof a 2D real function u(~l) is de�ned as (Monin and Yaglom 1975):

F (~k) = jU(~k)j2; (1)

whereU(~k) is the Fourier transform (FT) of u(~l) and ~k is a wave vector. In our caseu(~l)
is the line-of-sight component of the photosphericmagnetic �eld, B jj , measuredon a plane
(x; y) (a magnetogram)in a rectangular mesh! :

! : (x i = i � � x; i = 1; :::; Nx ; yj = j � � y; j = 1; :::; Ny) (2)

with the pixel sizede�ned as (� x; � y).

Then U(~k) are complexnumbers speci�ed on a grid 
:
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with the zerowavenumber at the origin and

� kx = 2� =(Nx � x) and � ky = 2� =(Ny � y): (4)
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Thus, a squareof the Fourier transform of the �eld u(~l) provides a 2D power spectrum
F (kx ; ky) de�ned on the 2D mesh
. In order to obtain a one-dimensionalpower spectrum
denotedas E(k) with k =

q
k2

x + k2
y , one has to integrate F (kx ; ky) in the wavenumber

spacealong the circlesk = j~kj (Monin and Yaglom 1975):

E(k) =
Z

j~kj= k
F (~k) � dS(~k): (5)

HeredS(~k) is an element of the length of circle j~kj = k. Then, on the mesh
, Equation (5)
can be written as

E(ki ) = � S
X

k i � � k=2�j ~kj� k i +� k=2

F (kx ; ky): (6)

wherethe sum is taken over nodal points of 
 inside the annulus enclosedby two circlesof
radii ki � � k=2 and ki + � k=2. Equation (6) contains two unknown parameters:the spacing
along the one-dimensionalwavenumber axis, � k, and the spacingalong each circle, � S.
The relation betweenthem can be easily found when we equatethe total magnetic energy
in a unit layer over the entire magnetogramto the total (over the areaof a magnetogram)
magneticenergysummedover the power spectrum:

1
8�

X

!
B 2

jj � x� y = Amag

X




F (kx ; ky)� kx � ky � Amag

X
(
X

F (kx ; ky)� S)� k): (7)

Here the inner sum in the right-hand part of secondequality is taken over each annulus
betweentwo circlesof radii ki � � k=2 and ki + � k=2 and the outer sum is taken over all
annuluseswhich are centered in the origin of 
 and can be inscribed into the 
 (the width
of each annulus is � k). Amag is the area of a magnetogramin the sameunits as � x� y
in the left side part of Equation (7). The secondequality in Equation (7) is approximate
becauseof the outer 
's cornersof very low density (the most part of power is always
concentrated in the vicinit y of the origin of 
, at low wavenumbers) are not enclosedby the
largest annulus that can be inscribed into the 
. Thus, the relation follows:

� S = 1=(8� � k): (8)

Now, onehas to specify only oneparameter, � k. Let us determine it as:

� k = p
q

� k2
x + � k2

y ; (9)

wherep is the width of each annulus in units of the diagonal of a cell in the wavenumber
space.The magnitude of p doesnot changethe slope of the calculatedspectrum, however,
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it a�ects the spectral resolution. Thus, when p < 1 the spectrum has e�cien t resolution
but it is strongly jaggedand when p > 2 the spectrum is smooth enoughbut the spectral
resolution is low. In the present study, the magnitude of p was adopted speci�c for each
active region (between1.15and 1.40) so that the di�erence betweenthe left and the right
parts in Equation (7) was minimal.

The power index of the spectrum, E(k) � k � � , is de�ned as a slope of E(k) versusk
in a double logarithmic plot within an inertial range: kin < k < kd. Here kin represents the
energyinjection range, i.e. the large scales,where turbulence excitation occursand which
carry the most of turbulence energyand kd corresponds to the dissipation scales,i.e. the
smallestscalespresent in the turbulence. For active regionsmagnetograms,kin is 20� 100
Mm and kd is of order of 0.1 Mm. The determination of the power index � inside the
inertial rangeis the main subject of the present study.

3. Observ ational Data

In this study we analyzedline-of-sight magnetogramsobtained for 16 active regions
(Table1) in high resolution (HR) mode by the MichelsonDoppler Imager (MDI) instrument
(Scherrer et al., 1995) onboard the Solar and HeliosphericObservatory (SOHO). The
data were recordedin the Ni I 6768�A spectral line with a 94 m�A bandpass�lter with
spatial resolution of 1.25arcsecand the corresponding pixel sizeof 0:58� 0:58 arcsec.The
detection limit for the magnetic 
ux density is approximately 17 G (Schrijv er et al. 1997).
All magnetogramswere located near the center of the solar disk, so that the projection
e�ect is negligible, thus, the line-of-sight components of the magnetic �eld is below denoted
as Bz.

Active regionsanalyzedin the present study had di�erent sizes.The averagedfrom 16
active regionssizeof the �eld-of-view amounts to Nx � Ny = 400� 70� 270� 40 pixels,
which gave us the averagednumber of data points along the spectrum nk = 86� 15. The
maximum and minimum scalespresented in the spectrum amount to lmax = 150� 30 Mm
and lmin = 0:89� 0:005Mm, respectively.

For three active regionsNOAA AR 9077,0365and 0061,we analyzedlong time series
of magnetograms. Thus, for NOAA AR 9077,309 magnetogramsobtained on July 13
between17:10UT and 23:38UT and 250magnetogramsobtained on July 14, 2000between
6:15UT and 10:47UT were analyzed. There were 429magnetogramsfor NOAA AR 0061
obtained on August 9, 2002between11:06UT and 18:59UT. The time cadencewas 1
minute for both active regions. Due to a large data set for NOAA AR 0365,we analyzed
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Table 1: List of studiedactiveregionsandcalculatedparameters

NOAA AR and Period of Na Strongest Flare, Flare Index, Power index Power index
magnetic type observations X-ray class A �; (3 � 10)Mm �; (2 � 20)Mm
0375(emerging � 
 � ) Jun 6-8, 2003 13 X1.7 130.6 2.311� 0.070 2.329� 0.104
9077(stable � 
 � ) Jul 13-14,2000 559 X5.7 119.9 2.263� 0.126 2.281� 0.150
0365(emerging � 
 � ) May 25-27,2003 520 X3.6 104.4 2.136� 0.082 2.133� 0.090
0488(emerging � 
 � ) Oct 29, 2003 2 X3.9 91.8 2.216� 0.030 2.211� 0.027
0030(emerging � 
 � ) Jul 15-16,2002 8 X3.0 59.3 2.166� 0.068 2.187� 0.045
0501(stable � 
 � ) Nov 18-19,2003 12 M9.6 39.5 2.005� 0.055 2.058� 0.114
9661(stable � 
 � ) Oct 16-17,2001 7 X1.6 33.5 2.093� 0.032 2.112� 0.026
9773(emerging � 
 � ) Jan 8-9, 2002 6 M9.5 23.4 2.036� 0.108 2.049� 0.061
0134(stable � 
 � ) Sep30-Oct 1, 2002 5 M2.6 18.2 1.915� 0.055 1.974� 0.039
8375(stable � 
 ) Nov 4-5, 1998 6 M2.7 17.0 1.812� 0.140 1.822� 0.097
9866(stable � � ) Mar 14-15,2002 9 M5.7 13.1 2.051� 0.105 2.059� 0.028
0149(stable � 
 ) Oct 14-16,2002 18 M1.0 3.8 1.811� 0.078 1.843� 0.043
0061(stable � 
 ) Aug 9, 2002 429 C3.3 2.6 1.668� 0.060 1.768� 0.022
0306(stable � 
 ) Mar 13-14,2003 3 C2.6 0.4 1.780� 0.044 1.816� 0.024
9851(emerging � ) Mar 6, 2002 4 - 0.0 1.737� 0.035 1.733� 0.020
0515(decay � ) Dec 3, 2003 2 - 0.0 1.627� 0.040 1.635� 0.023

a � number of analyzedmagnetograms.

520 magnetogramswith the 5-minute cadenceobtained during 3 days, between10:01UT
on May 25, 2003and 9:59 UT on May 27, 2003. Unfortunately, MDI HR observations,
available for the rest of active regions,allowed us to analyzeonly few magnetogramsfor
each active region. The number of magnetogramsusedfor each active region is noted in
the 3rd column of Table 1. The strongest 
are occurred in a given active region during its
passageacrossthe solar disk is presented in the 4th column of Table 1.

To quantify the 
are productivit y of a given active region we usedthe daily SXR 
are
index that was �rst introducedby Antalova (1996) and was later applied by other authors
(e.g., Landi et al. 1998,Joshi and Joshi 2004) to characterizethe daily 
are productivit y
of the Sun from the soft X-ray 
ux measuredby GOES satellite in the 1-8�Arange. We
calculated this index for each active region selectingthe X-ray peaksassociated with a
given active region.

The X-ray classi�cation of solar 
ares (X, M, C, B classes)is basedon the denary
logarithmic scale. This allowed Antalova (1996) to de�ne the 
are index by weighing the
SXR 
ares of classesB, C, M and X as 0.1, 1, 10 and 100 respectively (in units of 10� 6

Wm� 2) regardlessthe duration of the 
are. Then, the daily SXR 
are index can be written
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as (Pevtsov 2004,Longcope 2005):

A = (100S(X ) + 10S(M ) + 1:0S(C) + 0:1S(B ) )=� ; (10)

whereS(j ) =
P N j

i =1 I (j )
i is the sumof GOESpeakintensitiesof a certain class(in other words,

the digits from 1.0 to 9.9 following the letters X, M, C, B). N j = NX ; NM ; NC and NB are
the numbers of 
ares of X, M, C and B classes,respectively, that occurred in a given active
region during the time interval � (measuredin days) betweenthe moment when the active
region was �rst observed in the SOHO MDI full disk imagesand the moment when it was
observed for the last time. The accuracyof determination of � is no better than � 0:5 days.
Thus, A = 1 correspondsto a speci�c 
are productivit y of one
are of C1.0 classper day. It
is worth noting, however, that the above de�nition should be usedwith caution when long
duration SXR events are considered(Antalova and Viktorino va 1991,Landi et al. 1998).

The daily SXR 
are index calculated from Equation (10) for a given active region is
referred hereinafter as the 
are index. Flare indicescalculated for each active region are
presented in the 5th column of Table 1. The active regionsin Table 1 are arranged in
accordancewith the decreaseof the 
are index A.

4. Magnetic Power Spectra

For each longitudinal magnetogram,available for the active regionslisted in Table 1,
we calculateda power spectrum.

A range of scales,where determination of the power index is the most reliable, was
determined in our previous study (Abramenko et al 2001). It was shown that when the
power index is calculated over the scalesr > 3 Mm (for SOHO MDI high resolution
magnetograms)the result is marginally a�ected by the in
uence of noiseand insu�cien t
resolution of the telescope. We correctedthe spectrum for the insu�cien t resolution by the
modulation transfer function (Abramenko et al. 2001) and observed the extensionof the
linear rangeof the spectrum with the sameslope beyond 3 Mm, which may indicate that
the real inertial range extendstowards scalessmaller than 3 Mm. We madea conclusion
that the observed smooth cuto� of the spectrum at scalesr � 3 Mm is causedby the
insu�cien t resolution of the data. Therefore, the best way to calculate the power index
from uncorrectedspectra is to specify the high-wavenumber end of the linear range at 3
Mm, which was donein the present study.

At the low-wavenumber endof the spectrum, largesunspots may contribute signi�cantly
in the power at scalesof about 20� 40 Mm. However, they might not belongto the inertial
range of turbulence but rather to the energy injection range. Abramenko et al. (2001)
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calculated the power spectrum over a magnetogramwith blocked large spot and compared
it with the power spectrum from the original magnetogram. Comparisonshowed that at
scalesr < 10 Mm the in
uence of large spots at the spectrum is negligible.

The above considerationsallowed us to specify the range � r = (3 � 10) Mm as the
part of a real inertial rangewherethe spectrum slope will re
ect the real power index in the
best way possibleunder the current accuracyof magnetographicmeasurements. Although
observed magneticspectra of active regions(seeFigures1, 3, 5 and 6) demonstratelinearity
in a range wider than (3 � 10) Mm, this interval was used as the most reliable one.
The power indices in this range (determined for each active region by averagingover all
magnetograms)are presented in 6-th column of Table 1. A wider interval (2 � 20) Mm was
tried in parallel and the corresponding power indicesare presented in the 7-th column of
Table 1. The comparisonof thesetwo columnsshows that the choiceof � r is not crucial
for the calculation of the power index: the wide rangeproducespractically the sameslope
as the narrow range. Note, however, that the wide rangegivesconsistently slightly higher
magnitude of � than the narrow rangedoes,which is related to the high-wavenumber cuto�
of the spectra at scalesr < 3 Mm.

Magnetogramsand the corresponding power spectra calculated for NOAA AR 9077
are shown in Figure 1. The comparisonof the two magnetogramsobtained on July 13 and
14 shows that this active region evolved rapidly and displacement and fragmentation of
large-scaleconcentrations of the magnetic 
ux can be noticed in the data. The observed
power spectra (right panel in Figure 1) are signi�cantly steeper than the Kolmogorov
spectrum k� 5=3 (the dashedline).

Time variations of the power index � (Figure 2) show undulating changesof no
signi�cant correlation with the GOES 1 � 8�A X-ray 
ux. The magnitude of � slightly
decreasedfrom July 13 to July 14, neverthelessit still signi�cantly exceededthe Kolmogorov
value of 5/3, as well as the Iroshnikov-Kraichnan value of 3/2. It is worth noting here
that NOAA AR 9077was a magnetic structure of very high 
are productivit y: during the
passageacrossthe solar disk, it launched 37 
ares of X-ray classhigher than C3, among
them thirteen M-class
ares and three X-class
ares.

Figure 3 shows MDI data and power spectra for an emergingand very 
are productive
active regionNOAA AR 0365. At the very beginningof the emergencethis magneticregion
displayed a very steepnon-Kolmogorov spectrum k � 2:2. Visual inspection of the three
magnetogramsin Figure 3 shows that the emergenceof new magnetic 
ux in this active
region led to increaseof power at all wavenumbers lifting the spectrum up with nearly the
sameslope (seeright panel in Figure 3). Figure 4 shows time variations of the power index
and of the 
are activit y in the sameactive region. One may concludefrom this �gure that
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Fig. 1.| Left - MDI high resolutionline-of-sightmagnetogramsfor NOAA activeregion9077.
Right - Power spectra calculatedfrom the magnetogramsshowed. The thin straight linesshow
linear best �ts to the observedspectra in the rangeof scales� r = (3 � 10) Mm (indicatedby
vertical dotted segments).State of Kolmogorov turbulence,� = 5=3, is shown by the dashed
line.

during this three-day observation period the magnetic power spectrum was signi�cantly
steeper than the Kolmogorov spectrum k � 5=3 and that the magnitudeof � slightly decreased
(from 2.3 to 2.0).

Other emergingactive regionsanalyzedin the present study showed the similar result,
which is summarizedin Table 2. The third column shows the time of the �rst magnetogram
in the data set. Fortunately, for all emergingactive regions,the �rst magnetogramwas
obtained before the beginning of intensive 
are activit y, i.e. before the strongest 
ares
occurred in a given active region. The 4-th column represents the power index calculated
from the �rst magnetogram. The last column shows the averaged(over all analyzed
magnetogramsin the data set) power index < � > , which is the sameas 6-th column of
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Fig. 2.| Time variationsof the power indexcalculatedfor activeregionNOAA 9077(left axis
is valid for both panels).State of Kolmogorov turbulenceis shown by blackdashed line. GOES
1-8�A X-ray 
ux (right axis)is shown by gray lines. The arrowsmark the X-ray 
ux peaksrelated
to 
a resoccurredin the activeregionunderstudy.

Table 1. The comparisonbetweenthe two last columnsof Table 2 demonstratesthat the
power index at the beginning of the emergence(beforethe 
are activit y) was very similar
to the averagedpower index. Moreover, the steeper the spectrum at the beginning of the
emergencethe higher the future 
are productivit y. Thus, when an active region emerges
with the power index closeto 5/3 it is prone to display a very low 
are activit y, as NOAA
AR 9851demonstrated(seethe bottom line in Table 2 and Figure 5.)

Table 2: List of emergingactiveregionsandcalculatedparameters

NOAA AR Flare Index, Time of the �rst � from the �rst < � > a;b

A magnetogram magnetogram a

0375 130.6 Jun 6, 2003,20:26UT 2.22 2.31
0365 104.4 May 25, 2003,10:01UT 2.23 2.14
0488 91.8 Oct 29, 2003,15:47UT 2.22 2.22
0030 59.3 Jul 15, 2002,10:54UT 2.20 2.17
9773 23.4 Jan 8, 2002,20:23UT 1.94 2.04
9851 0.0 Mar 6, 2002,10:13UT 1.74 1.74

a � the power index � was calculated over the (3 � 10) Mm range of scales.
b� < � > is the power index averagedover all analyzedmagnetogramsas it is presented in the 6-th column
of Table 1.

Magnetogramsand power spectra for a stable and 
are-quiet active region NOAA
0061are shown in Figure 6. An eight-hour movie of this active region showed that main
evolutionary changesin this active region consistedof random motions, fragmentation
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Fig. 3.| Left - MDI high resolutionline-of-sightmagnetogramsfor the emergingand 
a re
productiveactiveregionNOAA 0365. Right - Power spectracalculatedfrom the magnetograms
showed in the left panels.Notationsare the sameasin Figure1.

and/or mergingof small scalemagneticelements everywhereoutsidethe main spot. Around
the main spot, regular radial moat out
o ws of magnetic elements erosioningthe spot
dominated. The power spectrum for this active region is very closeto the Kolmogorov
spectrum (seeright panel in Figure 6) with the power index � 
uctuating around the K41
line (Figure 7).

Results from three active regionswith extendeddata sets suggestthat the power
index � of the magneticpower spectrum doesnot changesdrastically during several days.
This allowed us to considerthe magnitude of � , derived from a few magnetograms,as a
representativ e estimation of the power index for a given active region.

Thus, Figure 8 summarizesresults obtained for 16 active regions. In the �gure we plot



{ 12 {

10 20 30 40 50 60
time, hours

0.001 

0.01

0.1

1 

G
O

E
S

 (
1-

8 
A

),
 w

at
ts

 m
-2
 x

10
8

B

C

M

X

10 20 30 40 50 60
1.0

1.5

2.0

2.5

3.0

P
ow

er
 in

de
x 

a
K41

AR NOAA 0365,  May 25-27, 2003

Fig. 4.| Time variationsof the power index� calculatedfor the emergingand 
a re productive
activeregionNOAA 0365and1-8�A X-ray GOES
ux. Notationsare the sameas in Figure2.

Fig. 5.| Left - MDI highresolutionline-of-sightmagnetogramof anemergingnon-
aring active
regionNOAA 9851. Right - Power spectrumcalculatedfrom the magnetogramshowed on the
left panel.Notationsare the sameasin Figure1.

the magnitude of the power index, � , of a given active region versusits 
are index A. For
� > 5=3, the best �t to the observed data can be represented with an analytical curve

A(� ) = C(� � 5=3)n ; (11)

with C = 409:5 � 6:3, n = 2:49� 0:025and the reduced� 2 = 1:07: Thus, our results show
a strong correlation betweenthe 
are index, A, and the magnitude of the power index, � .
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Fig. 6.| Left - MDI high resolutionline-of-sightmagnetogramsof a stablenon-
aring active
regionNOAA 0061. Right - Power spectra calculatedfrom the magnetogramsshowed on the
left panels.Notationsare the sameas in Figure1.

12 14 16 18
time, UT

 

0.001

0.01

0.1 
G

O
E

S
 (

1-
8 

A
),

 w
at

ts
 m

-2
 x

10
8

B

C

M

1.0

1.5

2.0

2.5

3.0

P
ow

er
 in

de
x 

a

K41

AR NOAA 0061,  Aug 9, 2002

Fig. 7.| Time variationsof the power index� and the X-ray 1-8�A X-ray GOES
ux for active
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Thoseactive regionswhich can produceX-class
ares, possessvery steeppower spectrum
with � > 2, while quiet, non-
aring active regionsdisplay Kolmogorov-type spectrum with
� � 5=3. None of analyzedactive regionsshowed the Iroshnikov-Kraichnan spectrum of
� = 3=2.

K41: a=5/3

C

M

X

Fig. 8.| Power index� versus
a re indexA plotted for 16 activeregionslistedin Table1. The
dashedstraight line indicatesthe power index� = 5=3 for the stationary classicalKolmogorov
turbulenceK41. The curveshows the best �t A(� ) = 409:5(� � 5=3)2:49 to the data.

It is worth noting that for NOAA AR 8375,the magneticpower spectrum wasanalyzed
in our previousstudy (Abramenko et al. 2001). Only onehigh resolutionMDI magnetogram
obtained on November 4, 1998was usedand the power index of approximately � 1:7 was
reported. In the present study we used 6 high resolution MDI magnetogramsfor this
active region. Three of them were obtained on November 4, 1998and they showed the
Kolmogorov-type spectrum (in accordancewith Abramenko et al. 2001),whereasthe rest of
them, obtained on November 5, 1998,displayed a steeper spectrum of k � 1:9. This resulted
in the averagedvalue of � = 1:81 and large error bars (seeTable 1).



{ 15 {

5. Conclusions

In order to learn more about the turbulent state of the photosphericplasma, we
calculateda power spectrum of the magnetic �eld. Sixteenactive regionsof di�erent 
aring
activit y were analyzedby using line-of-sight SOHO/MDI high resolution magnetograms.
We comparedthe power index, � , of the spectrum with the daily SXR 
are index, A, of a
given active region. The value of A characterizesthe 
are productivit y of an active region
per day.

The present study demonstratesthat higher 
are productivit y seemsto be associated
with a steeper magnetic power spectrum, E(k) � k � � . Active regionswhich produced
X-class 
ares, possesseda steep power spectrum with � > 2:0. On the other hand,

are-quiet active regionswith low 
are index A displayed a Kolmogorov-type spectrum of
� � 5=3. Observational data suggestthat the 
are index A may be determined from the
power index � by A(� ) = 409:5(� � 5=3)2:49.

Also noteworthy is that the magnitude of the power index, determined during the
emergenceof an active region, seemsnot to be related to its current 
are productivit y.
Instead, an emergingmagneticstructure that displays a very steep(� > 2) magneticpower
spectrum is prone to produce X-class 
ares in the future. This �nding shows the way
to distinguish at the very early stagethose solar spots that are \b orn bad" and have a
potential to producesigni�cant disturbancesin the earth magnetosphere.

The above result may suggestthat the turbulence state of 
aring and quiet active
regionsis di�erent, which may partially explain the di�erent level of 
are activit y. The
very steepnon-Kolmogorov spectra of 
aring active regions imply the inhomogeneous
non-stationary turbulence regimewhen the energytransport rate along the spectrum may
not be constant. Then, the energydissipation displays an intermittent behavior as in time
soin spatial domains(Frisch 1995,Biskamp 1993). On the other hand, the Kolmogorov-type
spectra of quiet active regionsmight suggesta nearly stationary turbulent regime with
constant rate of energytransfer along the spectrum. In this case,dynamical equilibrium
betweenthe input of energyat large scalesand output at small scalesprovides premisesfor
smooth evolution without catastrophes.

This study has demonstratedthat structural and dynamical characteristics of the
magnetic�eld asmeasuredin the photosphereare relevant to the intensity of non-stationary
processesin the entire magneticcon�guration.

Author is thankful to Dana Longcope, Alexei Pevtsov, DastgeerShaikh, Gary Zank,
Vasyl Yurchyshyn and Haimin Wangfor helpful discussionsand to anonymousrefereewhose
criticism and comments helped to signi�cantly improve this paper. SOHO is a project of
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