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Abstract—We consider the adequacy of various solar coronal heating models. We show that the correlation
between the intensity of the coronal Fe XIV 530.5 nm green line and the calculated magnetic field strength
in the solar corona can be a useful tool for this purpose. We have established this correlation for coronal
structures and magnetic fields of large spatial and temporal scales. The correlation found exhibits a strong
dependence on both solar cycle phase and heliolatitude. The efficiency of a particular coronal heating
mechanism is probably determined by the relative area occupied by low and high loops (including open
structures). The direct current models based on slow field dissipation (DC) and the wave models based
on Alfvén and magnetosonic wave dissipation (AC) are more efficient in the equatorial and polar zones,
respectively.
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INTRODUCTION

The theory of solar and stellar coronal heating
is still an important, outstanding problem of astro-
physics. By now a large number of coronal heating
mechanisms have been suggested and considered
in detail (see Golub and Pasachoff 1997; Mandrini
et al. 2000; Klimchuk 2002; Ulmschneider 2003;
Aschwanden 2004). Thus, for example, Mandrini
et al. (2000) cited 22 possible scaling laws for var-
ious heating mechanisms in their review paper. The
choice of a specific model cannot be made, because
there are probably several realistic coronal heating
mechanisms and the role of these mechanisms is
different in different regions (active regions, the quiet
Sun, coronal holes). This, in turn, is most likely
determined by the contribution from fields of various
scales, their internal structure, the combination of
low and high loops, and the contribution from open
magnetic fields. Therefore, quantitative estimations
of the correlation between solar coronal emission
characteristics and magnetic fields are required to
elucidate the mechanisms of the magnetic field effect
on physical processes in the corona.

The correlation between the characteristics of
the coronal Fe XIV 530.5 nm green line emission
and those of the magnetic field seems promising for
solving the coronal heating problem. The emission
in this line characterizes the level of activity in the
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solar corona. Dense loops and clusters of loops in
the inner corona are the regions of the most intense
green line emission. A loop temperature of ∼2 MK
is the most commonly encountered temperature of
the lower corona. A balance between the energy
inflow and outflow in loops is believed to be es-
tablished precisely at this temperature. A density
increase in loops causes the green line emission to
be enhanced, since its intensity is proportional to
the square of the density. The regions of reduced
green line emission are genetically related to coronal
holes (see, e.g., Fisher and Musman 1975; Letfus
et al. 1980; Sýkora 1992; Guhathakurta et al. 1996),
i.e., to regions of open magnetic configurations. A
big advantage of the index that characterizes the
green line emission is that it is determined almost
simultaneously for all heliolatitudes. Thus, the green
line allows the field effect to be studied both in
equatorial, closed configurations and in open regions
like coronal loops.

There are a few papers in which the coronal
green line emission is correlated with the magnetic
field (see, e.g., Guhathakurta et al. 1993; Wang
et al. 1997; Rušin and Rybanský 2002). Wang et al.
(1997) showed that the density at the footpoints of
magnetic field tubes is related to the magnetic field
strength by nfoot ∝ 〈Bfoot〉0.9. Relations of this type
are considered in several theoretical works. Previ-
ously (Badalyan and Obridko 2004, 2006), we cor-
related the spatial distribution of the coronal Fe XIV
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530.5 nm green line intensity I with the magnetic
field strength B and its components over the period
1977–2001 (solar cycles 21, 22, and (current) 23).
The correlation between B and I was found to be
complex and to depend on heliolatitude and cycle
phase.

In this paper, we compare the observed patterns
of correlation between the coronal green line intensity
and the magnetic field strength in various latitude
zones with the results of theoretical calculations for
several solar coronal heating models. Our analysis
is aimed at studying the large-scale structure of the
slowly changing corona. Our comparison with theo-
retical models was made for solar minimum, when the
situation is relatively simple and all patterns mani-
fest themselves most clearly. Our calculations show
that we cannot choose a unified model that would
adequately describe the coronal heating in the low-
latitude zone with a large number of dense coronal
loops and in the polar zone where structures with an
open magnetic configuration largely dominate.

OBSERVATIONAL DATA AND THE METHOD
OF CALCULATION

To analyze the quantitative correlation between
the coronal Fe XIV 530.5 nm green line intensity and
the coronal magnetic field strength and its compo-
nents, we calculated the cross-correlation between
the corresponding synoptic charts for the period
1977–2001 (Badalyan and Obridko 2004, 2006).

Based on patrol observations at several coronal
stations reduced to a single photometric system, we
mapped the green line intensity distribution. Here, we
use the database created by J. Sýkora. The process
of data homogenization (i.e., reduction to a single
system) was described by Sýkora (1971). A detailed
description of the database can be found in Storini
and Sýkora (1997) and Sýkora and Rybák (2005). In
this database, the green line intensities are given in
absolute coronal units (a.c.u.) with a longitude step
of ∼13◦ (one day) and a latitude step of 5◦ (1 a.c.u. is
one millionth of the intensity of the solar disk center
in a 0.1-nm band of the continuum adjacent to the
line). The data for the days without observations
were interpolated (about 15%). All of the data were
reduced to a height of 60′′ above the limb. Using
our maps, we made a movie that is a visualization
of the data on the spatiotemporal coronal green line
intensity distribution (Badalyan et al. 2004, 2005).
The movie and additional materials are accessible at
http://helios.izmiran.rssi.ru/hellab/Badalyan/green/.

The coronal magnetic field strength was cal-
culated in the potential approximation based on

Wilcox Solar Observatory observations at the photo-
spheric level (the data were retrieved from the Inter-
net, http://quake.stanford.edu/∼wso/wso.html). We
calculated the coronal magnetic field using a well-
known method described by Hoeksema and Scher-
rer (1986) and Hoeksema (1991). For this work, we
used a code that allowed all of the magnetic field
components to be calculated for any distance from the
photospheric surface to the source surface (Kharshi-
ladze and Ivanov 1994). The magnetic field can be
calculated for any time; in our calculations, this is the
data of passage through the central meridian. Both
the original observations and the calculated data on
the magnetic field are bounded by a ±70◦ latitude
zone. The results of our calculations are presented in
the form of a grid, 80 points in longitude by 100 points
in latitude, i.e., the synoptic chart for each rotation
has a longitude step of 4◦.5 and a latitude step of
1◦.4. For the subsequent analysis, we calculated the

total magnetic field strength B =
√

B2
t + B2

r , where

Bt and Br are the tangential and radial magnetic
field components, respectively. The calculations were
performed for a distance of 1.1R� close to the height
of 60′′ to which the data on the coronal green line
intensity in the database used were reduced. In our
calculations, we performed the summation over ten
harmonics and applied a polar correction that takes
into account the insufficient reliability of magnetic
field measurements near the poles (Obridko and
Shelting 1999).

The observational data on the green line and the
calculated magnetic field were averaged over six con-
secutive Carrington rotations. These maps smoothed
over six rotations allow large-scale long-lived coronal
structures at the green line emission height to be
traced. The data on the green line intensity and the
magnetic field organized in this way have an effective
spatial resolution of about 15◦. For such a large tem-
poral averaging, the dynamic phenomena for which
the potential approximation is no longer valid are
virtually excluded from our consideration.

TWO TYPES OF CORRELATION BETWEEN
THE CORONAL GREEN LINE INTENSITY

AND THE MAGNETIC FIELD

For a quantitative expression of the correlation
between the green line intensity and the magnetic
field strength, we calculated the correlation coeffi-
cients rB between these parameters at those points of
the synoptic charts for which the green line intensities
were given in the database (i.e., with steps of 13◦
in longitude and 5◦ in latitude). The behavior of the
correlation coefficient rB was studied in two latitude
zones: in the low-latitude sunspot formation zone
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Fig. 1. Correlation coefficients between the coronal green
line intensity and the magnetic field strength in the
sunspot formation zone (a) and the high-latitude zone (b)
vs. solar cycle phase.

|ϕ| ≤ 30◦ and in the zone |ϕ| > 40◦, which below we
will arbitrarily call a high-latitude zone (the northern
and southern hemispheres are combined). The total
number of points in each of these zones is approxi-
mately equal to 400. This gives a mean error in each
correlation coefficient of 0.02–0.03 and this error does
not exceed 0.05 even at low values of the coefficient
(for the details of our calculations, see Badalyan and
Obridko 2004, 2006).

The correlation coefficients rB calculated sep-
arately for the sunspot formation zone |ϕ| ≤ 30◦
and the higher-latitude zone were found to exhibit
a distinct cyclic pattern. In Figs. 1a and 1b, the
coefficients rB for the sunspot formation zone and
the high-latitude zone are plotted against the cycle
phase Φ. By the definition of Mitchell (1929), the cy-
cle phase was calculated as Φ = (τ −m)/(|M −m|),
where τ is the current time and M and m are the times
of the nearest maximum and minimum of the 11-
year solar cycle, respectively. At the cycle minimum
Φ = 0, the phase is positive on the rise branch and
negative on the decline branch. Figure 1 shows that
the rB variations in the sunspot formation zone and
the higher-latitude zone are in antiphase. In the low-
latitude zone, the sign of the correlation coefficient rB

is always positive. Here, it reaches the highest values
at the cycle minimum and decreases significantly
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Fig. 2. Green line intensity and magnetic field strength
vs. time in the sunspot formation zone (a, b) and the polar
zone (c, d).

at the maximum. In contrast, in the zone of middle
and high latitudes, rB reaches the highest positive
values at the cycle maximum and approximately the
same (in absolute value), but negative values at the
cycle minimum. The coefficient rB passes through
zero in the high-latitude zone approximately at the
beginning of the rise branch and at the end of the
decline branch of the solar cycles.

It may be concluded that there is a completely
different correlation between the green line intensity
and the magnetic field at low and high latitudes in the
corona. The variation of this correlation with time is
cyclic in pattern.

The behavior of the green line intensity and the
magnetic field strength in an activity cycle is also
different in different latitude zones. In Fig. 2, the
green line intensity (in a.c.u.) and the magnetic field
strength are plotted against time for two latitude
zones. In Figs. 2a and 2b, these time dependences are
given for the sunspot formation zone |ϕ| ≤ 30◦. We
see that the green line intensity and the magnetic field
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strength vary with time in a similar way. The two pa-
rameters under discussion increase at the maximum
and decrease at the minimum.

Figures 2c and 2d show the behavior of these pa-
rameters in the polar zone |ϕ| = 60◦–70◦. Here, the
green line intensity and the magnetic field strength
vary in antiphase. The green line intensity, as at all
other latitudes, increases at the cycle maximum and
decreases at the minimum. In contrast, the magnetic
field decreases at the cycle maximum and increases at
the minimum. The large-scale magnetic field, which
varies with solar cycle precisely in this way, is known
to dominate at high latitudes. The fact that the green
line intensity varies in antiphase with the large-scale
magnetic field can be explained as follows. At high
latitudes, it is the large-scale magnetic field that af-
fects significantly the formation of green line emission
conditions, i.e., the formation of “structures” with
green line emission; for example, a stronger large-
scale field favors the formation of rarefied regions
like coronal holes. The green line emission in such
structures is weaker due to a reduction in temperature
and density in them. An increase in the strength of the
large-scale polar field gives rise to a larger number of
structures with an open magnetic configuration.

The correlation of the green line intensity with the
magnetic field strength and its components can be
represented as a functional dependence. Near solar
minimum, when the magnetic field has a relatively
simple structure, the correlation between the green
line intensity and the magnetic field strength for the
two latitude zones under consideration can be repre-
sented by a power law of the type

I ∝ Bq. (1)

Figure 3 shows examples of this correlation. For
the sunspot formation zone, the regression shown
in Fig. 3a is described by the formula I = 0.314 ×
B0.896. The set of points in this figure refers to the
corresponding synoptic chart constructed from the
data averaged over rotations 1783–1788 (13 × 27 =
351 points). This is the beginning of 1987, i.e., the
beginning of an activity rise in cycle 22. For other
cases, shortly before and immediately after the solar
minima, the index q is also positive and varies within
the range from 0.75 to 1.00.

For the zone |ϕ| = 40◦–70◦, the sign of the power-
law index q is negative during the minimum. In
Fig. 3b, this dependence is shown for the synoptic
chart constructed for rotations 1777–1782. This is
1986, the minimum of cycle 21. Here, the dependence
is satisfactorily fitted by the formula I = 71B−0.644.
We see that the magnetic field strength here is
approximately twice as large as that in the low-
latitude zone (upper panel). In contrast, the green
line intensity is very low. Therefore, Fig. 3b shows
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Fig. 3. Correlation between the coronal green line in-
tensity and the magnetic field strength in the sunspot
formation zone (a) and the high-latitude zone (b).

the values averaged over six Carrington rotations for
each latitude with a 5◦ step separately for the northern
and southern hemispheres (the pairs of points in
the plot). We see that the magnetic field strength
increases significantly with latitude and approaches
250 µT at a latitude of 70◦ (the extreme right pair of
points). Although the uncertainty of each individual
recording is large, the coronal green line intensity
at high latitudes in the period of low activity and,
accordingly, weak coronal emission in this line, the
power-law fit with a negative index is determined here
fairly reliably (the total number of initial values from
which the intensity is determined at each point in
the lower plot is 162). For other charts of the solar
minimum, the power-law index q varies within the
range from −0.6 to −0.8.
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COMPARISON OF THE RESULTS
OBTAINED WITH CORONAL HEATING

MODELS

Thus, the green line intensity in the equatorial
zone increases almost linearly with magnetic field
strength near solar minimum. In the high-latitude
zone, the coronal green line intensity decreases as the
magnetic field strength and its components increase
at solar minimum. The correlation between the line
intensity and the magnetic field in this zone can be
described by a power law with a negative index. These
conclusions allow us to compare the results obtained
with various coronal heating models.

The thermal balance of the corona is determined
by the relationship between the inflow of heat and
its losses. In closed magnetic structures dominating
in the sunspot formation zone, the energy balance is
determined by heating, radiative losses, and thermal
conduction. In most cases, the losses in moderately
rarefied loops are determined mainly by radiation (As-
chwanden 2004). Assuming that the coronal green
line emission is proportional to the radiation flux from
the corona, we can directly compare our results with
heating models. Of course, the heating models are
defined by a large number of parameters, but these
are all interrelated and can be reduced to one inde-
pendent parameter, in our case, to the magnetic field
strength B.

The situation at high latitudes, where coronal
holes, i.e., structures with an open magnetic con-
figuration, dominate during the minimum, is slightly
more complex. In this zone, the losses through
the solar wind are larger than the radiative losses.
Therefore, an increase in the solar wind velocity and in
the area of coronal holes, which grow with an effective
increase in the large-scale magnetic field, can cause
a reduction in radiative losses and, accordingly, a
reduction in coronal emission. However, as will be
seen from the subsequent analysis, there are heating
models that directly lead to a reduction in coronal
brightness with growing magnetic field.

Let us consider this question in more detail. The
scaling law in form (1) can be related to the scaling
law of coronal heating via the following relation (see
Mandrini et al. 2000):

H ∝ BaLbρcV dRe, (2)

where H is the effective coronal heating power, L is
the loop length, ρ is the plasma density in the loop,
and V is the transverse velocity at the base of the
corona; the parameters a, b, c, d, and e for different
models are given in Mandrini et al. (2000). The mean-
ing of R was defined by Mandrini et al. (2000) not
quite clearly; they only specified that R means the loop
radius in some models and the characteristic length

scale of the magnetic field variations in other mod-
els. For the subsequent analysis, the dependences
B ∝ Lδ and ρ ∝ Lε must be known and, disregarding
the model dependence of V and R, (2) can then be
expressed as

H ∝ Lα. (3)

The dependence B ∝ Lδ was suggested by Klimchuk
and Porter (1995). Note that, in general, the scaling
laws of this type are quite applicable to loops of any
size, including those going high in the corona up to
the source surface, in view of their generality.

Klimchuk and Porter (1995) showed that the three
models they considered (a field twisted into a bundle,
a curved field, and resonance absorption of Alfvén
waves) are consistent with the SXT (Yohkoh) obser-
vations of the coronal emission only at δ = −0.5, 0,
and −2, respectively. Previously, Golub et al. (1980)
obtained δ ≈ −0.7 from Skylab data.

Mandrini et al. (2000) used an experimental value
of α to compare the theory with observations. They
calculated a theoretical value of α using (2) for 22 dif-
ferent coronal heating models and compared it with
the experimentally found α = −2.0 (Klimchuk and
Porter 1995). In their calculations, they took δ =
−0.88 ± 0.3 and ε = −0.90. The models based on
slow field dissipation, or the current models (DC),
give values of α that differ significantly from its ob-
served values (from −3.0 to −4.0). The wave models
(AC) based on the dissipation of Alfvén and magne-
tosonic waves give α from −3 to 1.5.

We correlated other parameters, more specifically,
the coronal green line intensity and the magnetic field
strength. Thus, we have an experimental value of q
from (1). However, it turned out that this quantity
could be easily related to heating model parameters.
If, as is customary, the coronal green line intensity is
assumed to be proportional to heating, then it follows
from Eqs. (1)–(3) that

q = α/δ = a + b/δ + εc/δ. (4)

This makes it possible to independently check the
various coronal heating models for adequacy using
the derived relationship between the coronal green
line intensity and the magnetic field strength. For this
purpose, we calculated theoretical values of q for all of
the models from Mandrini et al. (2000). For the sub-
sequent comparison (see the table), we used the same
assumptions as those from Mandrini et al. (2000), i.e.,
δ = −0.88 and ε = −0.90, although, as will be seen
from the subsequent analysis, these do not closely
correspond to our low-resolution observations. For
our calculations, we used the scaling laws in the form
in which they are given in Mandrini et al. (2000) and
retained the model numbering (the first column in the
table). In addition, we added the model by Schrijver
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List of scaling laws for various coronal heating models

Model number Reference Scaling law Parameters α q qLS

DC models

1 1 B2L−2V 2τ – −3.76 4.27 1.88

2 2 B2L−1V tan θ – −2.76 3.14 1.38

3 3 B2L−2V Rφ – −3.76 4.27 1.38

4 4 BL−2ρ1/2V 2R – −3.33 3.78 1.17

5 5 B3/2L−3/2ρ1/4V 3/2R1/2 – −3.045 3.46 1.27

6 6 B2L−2V 2τ log Rm – −3.76 4.27 1.88

7 7 B2L−2V 2τS0.1 – −3.76 4.27 1.88

8 8 B2L−2V 2τ – −3.76 4.27 1.88

9 9 B2L−1R−1V 2
phτ – −2.76 3.14 1.13

10 10 B2L−2V 2
phτ – −3.76 4.27 1.88

11 11 B3/2L−3/2ρ1/4V 3/2R1/2 – −3.045 3.46 1.27

12 12 B5/3L−4/3ρ1/6V 4/3R1/3 – −2.95 3.35 1.31

13 13 Bs+1L−1−sρ(1−s)/2V 2−sRs s = 0.7, m = −1 −3.331 3.79 1.32

14 – – s = 1.1, m = −2.5 −3.813 4.33 1.36

23 19 – – −1.915± 0.7 2.18 ± 0.8 1.09 ± 0.35

AC models

15 14 B1+mL−3−mρ−(1+m)/2 m = −1 −2.0 2.27 1.0

16 – – m = −2 −1.45 1.65 0.72

17 15 B1+mL−1−mρ−(1+m)/2 m = −1 0.0 0.0 0.0

18 – – m = −2 1.43 −1.62 −0.72

19 16 B1+mL−mρ−(m−1)/2 m = −1 0.10 −0.11 −0.05

20 – – m = −2 1.53 −1.74 −0.74

21 17 BL−1ρ1/2V 2 – −1.43 1.62 0.72

22 18 B5/3L−4/3R1/3 – −3.10 3.52 1.38

References: 1—Sturrock and Uchida (1981), Berger (1991); 2—Parker (1988), Berger (1993); 3—Galsgaard and Nordlund (1997);
4—Parker (1983); 5—Parker (1983), a modified model; 6—van Ballegooijen (1986); 7—Hendrix et al. (1996); 8—Galsgaard and
Nordlund (1996); 9—Aly and Amari (1997); 10—Heyvaerts and Priest (1984), Browning and Priest (1986), Vekstein et al. (1993);
11—Einaudi et al. (1996), Dmitruk and Gómez (1997); 12—Heyvaerts and Priest (1992), Inverarity et al. (1995), Inverarity and
Priest (1995a); 13—Milano et al. (1997); 14—Hollweg (1985); 15—Ofman et al. (1995), Ruderman et al. (1997); 16—Halberstadt
and Goedbloed (1995); 17—Galsgaard and Nordlund (1996); 18—Inverarity and Priest (1995b); 19—Schrijver et al. (2004).
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et al. (2004) under number 23 to the table. References
to the corresponding publications are listed in the
second column of the table.

Note that despite the seemingly great variety of
models, the main scheme is common to all of them.
The initial assumption in all models is that there
is some form of motions at the footpoints of mag-
netic flux tubes. Sometimes these are slow random
motions (Sturrock and Uchida 1981; Parker 1983;
Berger 1991), sometimes the pattern of motions
is prescribed in advance, for example, the rotation
of the tube ends in opposite directions (Galsgaard
and Nordlund 1997). The motions can be rather
weak (turbulence) or fast and strong, up to the
emergence of an additional magnetic flux, which
can lead to nanoflares (Parker 1988; Dmitruk and
Gómez 1997). Depending on the magnetic field
structure and strength, the consequences of photo-
spheric motions can be different. In low-lying closed
loops in the equatorial zone, these motions lead to a
deviation from potentiality and give rise to current
sheets, stresses, and even more complex systems.
The superpotential current energy will be released
either continuously through dissipation, retaining the
complexity of the structure (e.g., model 12 (Heyvaerts
and Priest 1992; Inverarity et al. 1995; Inverarity and
Priest 1995a) and model 13 (Milano et al. 1997)),
or passing through a sequence of quasi-potential
states (model 9 (Aly and Amari 1997) and model 10
(Heyvaerts and Priest 1984; Browning and Priest
1986; Vekstein et al. 1993)). In open structures and
giant loops, the photospheric motions give rise to
magnetosonic waves whose resonance absorption or
Joule dissipation leads to coronal heating (model 15
(Ofman et al. 1995; Ruderman et al. 1997), model 16
(Halberstadt and Goedbloed 1995), and model 18
(Inverarity and Priest 1995b)). It should be kept in
mind that the resonance absorption can be produced
by Joule dissipation. The scaling laws and their
parameters are given in the third and fourth columns
of the table: Rm is the magnetic Reynolds number, θ
is the angle between the twisted field lines at the outer
edge of the neighboring flux tubes, φ is the critical
twisting angle, and Vph is the photospheric value
of V (the tube velocity in the corona V is commonly
assumed to be Vph).

The fifth column of the table lists the values of α
that we calculated under the same assumptions as
those from Mandrini et al. (2000). The quantitative
values of this parameter obtained in this way are in
complete agreement with those shown in Fig. 8c from
Mandrini et al. (2000). Our calculated values of the
model parameter q are given in the sixth column of
the table.

It follows from the table that all of the DC (current)
model give very high, strictly positive values of q. At

the same time, the AC (wave) models can give both
positive and negative values of q. Thus, for example,
AC models 15 and 16 yield q equal to 2.27 and 1.65
(Hollweg 1985) and model 21 yields q = 1.62 (Gals-
gaard and Nordlund 1996); model 22 yields q = 3.52
(Inverarity and Priest 1995b). Model 18 considered
by Ofman et al. (1995) and Ruderman et al. (1997)
as well as the two wave models 19 and 20 described
by Halberstadt and Goedbloed (1995) give negative
values of q.

Thus, none of the models is consistent with the
experimental values of q that we found. However,
it should be kept in mind that we (Badalyan and
Obridko 2006; and this paper) determined only the
experimental parameter q. We took the model param-
eters needed for our calculations from other publica-
tions. Not all of the assumptions made by Mandrini
et al. (2000) correspond to the observations of large-
scale coronal structures that we used.

(1) The value of δ = −0.88 used above was ob-
tained by Klimchuk and Porter (1995) for loops of
relatively small sizes comparable to those of an active
region or smaller. The error in this quantity is ±0.3.
We operate with the large-scale field. For large scales,
Mandrini et al. (2000) used δ = −2.0.

(2) It is not quite clear why Mandrini et al.
(2000) did not take into account the dependence
on R in their calculations. Indeed, Klimchuk and
Porter (1995) showed that the loop radii and lengths
depend weakly on one another. However, this conclu-
sion was reached when analyzing loops of small sizes.
In low-resolution observations, the contribution from
extended loops, for which the assumption of R ∝ L is
quite acceptable, is taken into account.

(3) The dependence on ρ in most models is weak
(c � 1) and, hence, the adopted value of ε affects
weakly the calculations.

(4) The contribution from the transverse velocity V
is difficult to estimate. It is possible that precisely this
contribution is responsible for the previously found
(Badalyan and Obridko 2006) difference in the cor-
relation of the coronal brightness with the radial and
tangential magnetic field components.

Therefore, we also calculated qLS with δ = −2.0
and using the relationship R ∝ L. The values of qLS

obtained in this way are given in the last column of
the table and shown in Fig. 4. The values of q and qLS

are indicated in the figure by the filled squares and
open circles, respectively. The domains of the power-
law indices in (1) found from observations for the two
latitude zones are shown in Fig. 4 by the horizontal
gray bands.

The values of qLS calculated in this way are con-
siderably closer to the observed values of q. In the
equatorial zone, the DC models with reconnection
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in current sheets and at tangential discontinuities: 4
(Parker 1983), 9 (Aly and Amari 1997), 23 (Schri-
jver 2004), and the resonance AC models: 15 and 16
(Hollweg 1985), 17 (Galsgaard and Nordlund 1996),
yield values of qLS close to the observed ones. In the
polar region, only the AC models (18 (Ofman et al.
1995; Ruderman et al. 1997) and 20 (Halberstadt and
Goedbloed 1995)) correspond to the observations.

Two papers published already after the appearance
of the review paper by Mandrini et al. (2000) should
be noted.

Schrijver et al. (2004) assumed that a = 1.04 ±
0.3 and b = −1.0 ± 0.5 in Eq. (2), which corresponds
to DC reconnection at tangential discontinuities. At
the same time, Schrijver et al. (2004) disregarded the
dependence on ρ, R, and V . At these values of a and b,
taking (as was done by Mandrini et al. 2000) δ =
−0.88, we obtain α close to −2, in agreement with its
experimental value (Mandrini et al. 2000). However,
at this value of δ, the calculated q is 2.0 ± 1.0, which
again is slightly higher than our experimental values
of this parameter. Note that at higher (in magnitude)
values of δ corresponding to the large-scale field, the
calculated qLS decrease and approach 1.0, i.e., the
values of q that we obtained for the sunspot formation
zone (see Fig. 4, model 23).

Warren and Winebarger (2006) directly correlated
the coronal X-ray emission above active regions with
the magnetic field strength and length of loops. It
turned out that this correlation could be fitted by the
formula I ∼ BaLb. The best fit is achieved at a = 1
and depends weakly on b in a wide range of its values
(from 0 to −2). This is consistent with our results for
the equatorial zone (see Eq. (1) and Fig. 3a).

Thus, none of the mechanisms considered can
explain the correlation between the coronal green
line intensity and the magnetic field over the entire
range of heliolatitudes in terms of a single model. It
is believed that there is no unified coronal heating
mechanism at all. Both the DC and AC mechanisms,
which can lead to opposite (in sign) values of q, act in
each zone on the Sun. Thus, the simultaneous action
of these two mechanisms causes an effective decrease
in the absolute value of q compared to its theoreti-
cal values. The contribution from these mechanisms
depends on the structure and spatial sizes of the
emitting region and on the magnetic field strength;
it varies with latitude and cycle phase. It is believed
that at minimum, when the field structure is simplest,
the wave AC mechanisms and the DC mechanisms
probably dominate in the high-latitude and equatorial
zones, respectively.

Recall that the experimental parameter q in fitting
formula (1) was determined from observations of
large-scale coronal structures with low spatial and
temporal resolutions. Therefore, the nonstationary
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Fig. 4. Comparison of the observed q (regions painted
gray) with the calculated q (filled squares) and qLS (open
circles).

processes leading to coronal heating were not directly
taken into account in this paper. In addition, for such
an averaging, the possible deviations from potentiality
in the central parts of large active regions play no
significant role. Note also that we basically equated
the heating to the radiative losses. This is not quite
accurate at high latitudes, where the losses through
nonradiative mechanisms (the solar wind and thermal
conduction) play a dominant role.

CONCLUSIONS

The magnetic field is a crucial parameter under
the effect of which various coronal structures are
formed and physical conditions under which the green
line emission emerges are created. These conditions
include the temperature at which Fe XIV exists
(∼2 MK) and a fairly high density. The thermal regime
of the corona is the result of a complex interaction
between the mechanisms of matter and energy inflow
and outflow.

We showed that the correlation between the
coronal green line intensity and the magnetic field
strength is different in the sunspot formation zone
and the high-latitude zone. The correlation coef-
ficients rB between these parameters in the two
latitude zones vary in antiphase. In the low-latitude
zone, the correlation coefficients are always positive,
reach their highest values at solar minimum, and de-
crease significantly at maximum. In the high-latitude
zone, the correlation coefficients reach their highest
positive values at cycle maximum and negative, but
approximately the same (in absolute value) values at
minimum.

At solar minimum (when the magnetic field has
a relatively simple structure), the correlation be-
tween the green line intensity and the magnetic field
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strength and its components can be represented by
a power law of the type I ∝ Bq. In the equatorial
zone, the power-law index is positive, the green line
intensity increases with magnetic field strength. At
high latitudes, the green line intensity decreases with
increasing magnetic field strength, the power-law
index is negative and essentially does not exceed unity
in absolute value.

Our results suggest that the mechanisms of mat-
ter and energy inflow and outflow and their interaction
are different in different latitude zones of the Sun. The
conditions for the balance of energy and matter estab-
lished in the equatorial and polar zones as a result of
the interaction between these mechanisms also prove
to be different. A large number of dense low loops with
a high temperature emerge in the low-latitude zone.
The green line here is intense. In the high-latitude
zone, regions with an open magnetic configuration
dominate, the outflow of matter and energy is en-
hanced, and a dynamic balance is established at a
lower temperature and a considerably lower density
than at low latitudes. As the field strength increases
near solar minimum, the number of such regions
increases and the green line intensity decreases.

Our comparison of the experimental power-law
indices q with various theoretical models showed that
none of the coronal heating mechanisms considered
gave q close to its observed values for all latitudes.
In other words, it is not possible to choose a uni-
fied mechanism that would adequately describe the
balance between the inflow and outflow of matter
and energy in the corona at all latitudes. The DC
(dissipation of currents) and AC (dissipation of Alfvén
and magnetosonic waves) mechanisms probably act
simultaneously on the Sun. These mechanisms can
lead to values of q with the opposite sign. The simul-
taneous action of these two mechanisms can cause an
effective decrease in the absolute value of q compared
to its theoretical values for each of these mechanisms.
The contribution from DC and AC depends on the
structure and spatial sizes of the emitting region and
on the magnetic field strength; it varies with latitude
and cycle phase.

Our results indicate that at cycle minimum, when
the field structure is simplest, the wave (AC) mech-
anisms and the current DC mechanisms probably
dominate in the high-latitude zone and the sunspot
formation zone, respectively.
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