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Abstract. We review physical processes in magnetized chromospheres on the Sun. In the quiet
chromosphere, it is useful to distinguish between the magnetic network on the boundaries of
supergranules, where strong magnetic fields are organized in mainly vertical flux tubes and
internetwork regions in the cell interiors, which have traditionally been associated with weak
magnetic fields. Recent observations from Hinode, however, suggest that there is a significant
amount of horizontal magnetic flux in the cell interior with large field strength. Furthermore,
processes that heat the magnetic network have not been fully identified. Is the network heated
by wave dissipation and if so, what is the nature of these waves? These and other aspects
related to the role of spicules will also be highlighted. A critical assessment will be made on the
challenges facing theory and observations, particularly in light of the new space experiments
and the planned ground facilities.
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1. Introduction
It is well known that magnetic fields play an important role in the dynamics of the solar

chromosphere. In the chromosphere on the quiet Sun it is useful to distinguish between
the magnetic network on the boundary of supergranulation cells (Simon & Leighton
1964), where strong magnetic fields are organized in mainly vertical flux tubes, and
internetwork regions in the cell interiors, where it was earlier believed that the magnetic
fields are weaker and dynamically less important. As we shall subsequently see, this
picture needs to be modified in the light of new observations.

The main focus of this review is a study of dynamical processes in the magnetized solar
chromosphere, which we treat as the region above the photospheric surface (defined as
the layer with continuum optical depth unity) with an extension of about 2 Mm. Above
the temperature minimum and up to the middle chromosphere (close to a height of about
1.5 Mm), the atmosphere can be effectively regarded as almost isothermal. In the higher
layers, the observed properties of the chromosphere are strongly influenced by magnetic
fields. A convenient way to parameterize the field strength is in terms of β, defined as
the ratio of the gas to magnetic pressure. The β = 1 (which is not uniform with height)
provides a natural separation of the atmosphere into magnetic and non-magnetic (or
weakly magnetized) regions. In the lower chromosphere and below, the magnetic field is
structured in the form of magnetic flux tubes, which occur at the cell boundaries and
constitute the well known magnetic network. These tubes that are mainly vertical and
in pressure equilibrium with the outside medium expand upward to conserve magnetic
flux. From a low filling factor (< 1%) in the photosphere the tubes spread to 15% in the
layers of formation of the emission features in the H and K lines of ionized calcium (at a
height of 1 Mm) and to 100% in the so-called magnetic canopy. The remaining quiet Sun
outside the network is called the internetwork, sometimes also referred to as cell interior.
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The canonical picture of the magnetic network is that it consists of vertical magnetic
fields clumped into elements or flux tubes that are located in intergranular lanes, have
magnetic field strengths in the kilogauss range, and have diameters of the order of 100 km
or less at their footpoints in the photosphere (e.g., Gaizauskas 1985; Zwaan 1987). These
magnetic elements can be identified with bright points seen in images taken in the G-band
(430.5 nm). High resolution observations show that these flux elements are in a highly
dynamical state due to buffeting by convective flows on granular and supergranular scales
(e.g., Muller et al. 1994; Berger & Title 1996; Nisenson et al. 2003). With the availability
of new ground-based telescopes at excellent sites and sophisticated image reconstruction
techniques it is now possible to examine magnetic elements with an improved resolution
of about 0.17′′ and investigate their structure and dynamics in unprecedented detail (e.g.,
Berger et al. 2004,; Rouppe van der Voort 2005; Langangen et al. 2007). High-quality
observations of photospheric magnetic fields are now also being obtained with the Solar
Optical Telescope (SOT) on Hinode (e.g., Lites et al. 2007, 2008). Magnetoconvection
models have been developed to understand the three-dimensional structure and evolution
of the magnetic field and its interactions with convective flows (e.g., Vögler et al. 2005;
Schaffenberger et al. 2006; Steiner et al. 2008).

The chromospheric network is most clearly seen in filter images taken in the Ca II
H & K lines (e.g.,Gaizauskas 1985; Rutten 2007) and in the Ca II IR triplet (Cauzzi
et al. 2008). In H or K line images the network shows up as a collection of “coarse
mottles” or “network grains” that stand out against the darker background. The network
grains are continuously bright with intensities that vary slowly in time, in contrast to
the “fine mottles” or “cell grains” which are located in the cell interiors and are much
more dynamic (e.g., Rutten and Uitenbroek 1991).

Some of the important questions that need to be addressed are: (a) What are the
physical processes contributing to the dynamics and heating of the magnetic network
and produce the observed enhanced calcium emission? (b) What is the nature of the
magnetic field in the internetwork and are these fields dynamically important?and (c)
What mechanisms contribute to the fine structure of the chromosphere such as spicules?
We shall attempt to shed light on these questions. The plan of this review is as follows: in
Sect. 2, we briefly discuss recent observations of the magnetic network, followed in Sect. 3
by a theoretical model for interpreting the chromospheric emission in terms of magneto-
acoustic shocks. In Sect. 4, we examine the nature of the internetwork field, particularly
in the light of recent observations from Hinode. In Sect. 5, we discuss spicules and their
role in the dynamics and energetics of the chromosphere. Finally in Sect. 6, we consider
some implications and outstanding issues, particularly for future observational ground
and space programmes.

2. Observations of the magnetic network
Recently a large number of high-resolution images of the solar atmosphere have be-

come available from gound-based telescope, thanks largely to adaptive optics and image
reconstruction techniques. These support the hypothesis of a network patch consisting of
several discrete magnetic elements. A comparison with the Ca II line center image shows
that the excess chromospheric emission is localized directly above the photospheric flux
tubes, although the bright features seen in Ca II are more diffuse than those seen in the
G-band. Time sequences of such images show that the chromospheric network is contin-
ually bright (e.g., Tritschler et al. 2007). Rutten (2006, 2007) presented reviews and a
synthesis of recent high-resolution observations of the solar chromosphere. In the Ca II H
& K lines, the network shows up as a collection of “Ca II bright points” or “grains”. He
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Figure 1. Schematic diagram showing the structure of a magnetic network element on the quiet
Sun. The thin half-circles at the bottom of the figure represent the granulation flow field, and
the thick curves represent magnetic field lines of flux tubes that are rooted in the intergranular
lanes. The Ca II bright grains are thought to be located inside the flux tubes at heights of about
1 Mm above the base of the photosphere. We suggest that the Ca II “straws” (Rutten 2006)
may be located at the boundaries between the flux tubes (from Hasan & van Ballegoiijen 2008).

also identifies an exciting new phenomenon called “straws” that extend radially outward
from network bright points (see Figure 8 in Rutten 2007). These straws are very thin,
occur in “hedge rows”, and are very short-lived (10-20 s). They appear to be closely
related to the so-called “type-II” spicules recently identified in limb observations with
SOT on Hinode (De Pontieu 2007a; see Sect. 5 for more details).

Our interpretation of the Ca II observations is summarized in Figure 1, where we
show a vertical cross section of a magnetic network element consisting of several discrete
flux tubes. We suggest that the Ca II network grains are located inside the magnetic flux
tubes, and give rise to the bulk of the Ca II emission from the network element. The grains
are thought to be located at heights between 500 km and 1500 km above the photosphere
where the flux tubes are no longer “thin” compared to the pressure scale height (about
200 km), but are still well separated from each other. The Ca II straws (“type-II” spicules)
have widths of order 100 km, and are located at larger heights (several Mm) where the
widths of the flux tubes are much larger than 100 km. Therefore, we suggest the straws
are not directly associated with the network grains in the low chromosphere. In Figure
2 we assumed that the straws (“type-II” spicules) are located at the interfaces between
the flux tubes, as suggested by van Ballegoiijen & Nisenson (1998).

It seems unlikely that long-period waves are also responsible for the heating of the
Ca II network grains in the low chromosphere. Simulations of shock waves with periods
P ∼ 200 s in a plane-parallel, non-magnetic atmosphere have shown that such waves pro-
duce large asymmetries in the Ca II H line profiles, and strong variations in the integrated
emission. If the grains were heated by such long-period waves, they should exhibit similar
strong intensity variations. This is not observed, so the long-period waves observed in
network elements cannot be the main source of heating for the Ca II grains. Network
grains could possibly be heated by dissipation of waves with shorter periods (P < 100 s).
Ground-based observations of high-frequency waves in small network elements are af-
fected by seeing, so it is possible that waves with periods P < 100 s do exist in network
elements but are simply not observable from the ground. This hypothesis could be tested
using Ca II H images from Hinode (Kosugi et al. 2007), keeping in mind of course
that the passband of the Ca II H filter on SOT also includes a significant photospheric
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Figure 2. The temperature perturbation, ΔT , (about the initial state) at (a) 75 s, (b) 122 s,
and (c) 153 s in a network region consisting of 3 flux tubes. Wave excitation is due to periodic
horizontal motion at the lower boundary, with an amplitude of 750 m s−1 , and a period of 24 s.
The black curves denote the magnetic field lines, and the color scale shows the temperature
perturbation. The white curves denote contours of constant β corresponding to β = 0.1 (upper
curve), 1.0 (thick curve) and 10 (lower curve) (from Hasan & van Ballegoiijen 2008).

contribution. Alternatively, network grains could be heated by dissipation of Alfvén
waves. At present there is no direct observational evidence for Alfvén waves in flux
elements in the photosphere, nor at heights where the Ca II H line is formed.

3. Dynamics of the magnetic network
Earlier work idealized the network in terms of thin flux tubes (e.g., Roberts & Webb

1978) and treated wave propagation in terms of the well known transverse (kink) and lon-
gitudinal (sausage) modes (e.g., Spruit 1981). Several investigations have focused on the
generation and propagation of transverse and longitudinal wave modes and their dissipa-
tion in the chromosphere (e.g., Zhugzhda et al. 1995; Ulmschneider 2003 and references
therein). Torsional waves have received some attention (e.g., Hollweg et al. 1982; Routh,
Musielak & Hammer 2007). Hasan and Kalkofen (1999) examined the excitation of trans-
verse and longitudinal waves in magnetic flux tubes by the impact of fast granules on flux
tubes, as observed by Muller and Roudier (1992) and Muller et al. (1994), and following
the investigation by Choudhuri et al. (1993), who studied the generation of kink waves by
footpoint motion of flux tubes. The observational signature of the modelled process was
highly intermittent in radiation emerging in the H and K lines, contrary to observations.
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By adding waves that were generated by high-frequency motions due to the turbulence
of the medium surrounding flux tubes the energy injection into the gas inside a flux tube
became less intermittent, and the time variation of the emergent radiation was in better
agreement with the more steady observed intensity from the magnetic network (Hasan
et al. 2000).

The above studies modelled wave excitation and propagation in terms of the Klein-
Gordon equation, motivated by the identification of the power peak near 7 min. in the
observed power spectrum (Lites et al. 1993) with the cutoff period of kink waves in thin
magnetic flux tubes (Kalkofen 1997). This analysis was based on a linear approximation
in which the longitudinal and transverse waves are decoupled. However, the motions are
expected to become supersonic higher up in the atmosphere. At such heights, nonlinear
effects become important, leading to a coupling between the transverse and longitudinal
modes. Some progress on this question has been made in one dimension, using the non-
linear equations for a thin flux tube by Ulmschneider et al. (1991), Huang et al. (1995),
Zhugzhda et al. (1995), and more recently by Hasan et al. (2003) and Hasan & Ulmschnei-
der (2004), who examined mode coupling between transverse and longitudinal modes in
the magnetic network. By solving the nonlinear, time-dependent MHD equations it was
found that significant longitudinal wave generation occurs in the photosphere, typically
for Mach numbers as low as 0.2, and that the onset of shock formation occurs at heights
of about 600 km above the photospheric base, accompanied by heating (Hasan et al.
2003, Huang et al. 1995). The efficiency of mode coupling was found to depend on the
magnetic field strength in the network and achieved a maximum for field strengths cor-
responding to β ≈ 0.2, when the kink and tube wave speeds are almost identical. This
can have interesting observational implications. Furthermore, even when the two speeds
are different, once shock formation occurs, the longitudinal and transverse shocks exhibit
strong mode coupling.

The above studies on the magnetic network make use of two important idealizations:
they assume that the magnetic flux tubes are thin, an approximation that becomes invalid
at about the height of formation of the emission peaks in the cores of the H and K lines;
and they neglect the interaction of neighboring flux tubes. Some progress in this direction
has been made in recent years by Rosenthal et al. (2002) and Bogdan et al. (2003),
who studied wave propagation in a two-dimensional stratified atmosphere, assuming a
potential magnetic field to model the network and internetwork regions on the Sun. They
examined the propagation of waves that are excited from a spatially localized source in
the photosphere. Their results indicate that there is strong mode coupling between fast
and slow waves at the so-called magnetic canopy, which they identify with regions where
the magnetic and gas pressures are comparable. Wave propagation in a more realistic
configuration consisting of a flux sheet embedded in a field free atmosphere was considered
by Hasan et al. (2005) and in multiple flux sheets by Hasan & van Ballegoiijen (2008).
Other related work has been carried out using 3-D simulations by Vögler et al. (2005),
Schaffenberger et al. (2005) and Carlsson and Bogdan (2006).

Figure 2 shows the wave propagation in a network element idealized in terms of three
identical flux tubes (in a 2-D medium) driven by transverse periodic motions at the lower
boundary with a velocity amplitude of 750 m s−1 and a period of 24 s. The black and
white lines respectively denote the magnetic field and contours of constant β for values
of β = 0.1 (upper curve), 1.0 (thick curve) and 10 (lower curve). At the initial epoch
(the equilibrium state), the magnetic field strength on the axis of the tubes at the base
z = 0 is 1000 G, corresponding to a β of about 2.0.

The horizontal motions at the lower boundary produce compressions and decompres-
sions of the gas in the flux tube which generate an acoustic like wave (most effectively
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Table 1. Temporal maximum of horizontally averaged vertical component of fluxes (from
Vigeesh et al. 2008).

FA , z (106 erg cm−2 s−1 ) FP , z (106 erg cm−2 s−1 )

Initial Excitation z = 100 km z = 500 km z = 1000 km z = 100 km z = 500 km z = 1000 km

0.75 km s−1 , 24s 11.36 1.96 1.33 29.38 1.08 0.14
0.75 km s−1 , 120s 35.75 27.70 4.02 134.29 0.79 0.07
0.75 km s−1 , 240s 20.90 8.58 3.30 131.84 0.36 0.02
1.50 km s−1 , 24s 44.55 7.68 3.34 115.79 4.29 0.57
3.00 km s−1 , 24s 168.41 30.40 6.22 434.03 16.90 2.31

at the interface between the tube and ambient medium as shown by Hasan et al. 2005)
that propagates isotropically with an almost constant sound speed. This can be discerned
from the almost constant spacing in the semicircular color pattern. In the central section
of the tube, a transverse slow MHD wave is generated that is essentially guided along
the field lines. At t = 75 s, we find from Figure 2(a) that the wave pattern is confined
below the β = 1 surface (z ∼ 0.5 Mm). In this region, where the magnetic field can be
regarded as weak, the acoustic (fast) mode travels ahead of the (slow) MHD wave (which
travels at the Alfvén speed). At the β = 1 level there is a strong coupling between the
two modes as previously demonstrated by Rosenthal et al. (2002), Bogdan et al. (2003)
and Hasan et al. (2005). Up to this epoch the waves in the individual tubes are suffi-
ciently well separated from each other and the wave pattern in each tube is qualitatively
similar to that in a single tube (Hasan & van Ballegoiijen 2008). However, at t = 122 s
waves emanating from neighboring tubes interact with each other especially in the am-
bient medium. However, the wave pattern in any tube is not significantly affected by
the presence of its neighbors. Furthermore, the slow magneto-acoustic waves above the
β = 1 surface are confined close to the central regions of the tubes, where they steepen
and produce enhanced heating. This heating appears to be dominantly caused by the
wave motions generated at the footpoints and not by the penetration of acoustic waves
from the ambient medium or by waves coming from neighboring tubes (Hasan & van
Ballegoiijen 2008).

We now consider the transport of energy in the various wave modes. Following Bogdan
et al. (2003) we use the linear expression for the energy flux to identify the energy carried
by the dominantly acoustic and magnetic (Poynting flux) components. Table 1 (taken
from Vigeesh, Hasan & Steiner 2008) shows the temporal maximum of the horizontally
averaged vertical components of acoustic and Poynting fluxes at three different heights
due to impulsive transverse excitation of the lower boundary. They have considered three
different amplitudes for the impusive excitations. As seen in Figure 8 of Vigeesh et al.
(2008), although the maximum vertical component acoustic fluxes reach values of the
order of 107 erg cm−2 s−1 at a height of z =1000 km, depending upon the amplitude of
the initial excitation, the average fluxes are an order of magintude less.

The Poynting fluxes shown in the table represent the maximum value that the fluxes
reach in the interval between the start of the simulation until the time when the fast wave
reaches the top boundary (around 60 s). Hence these fluxes correspond to the fast mode.
The Poynting fluxes associated with the fast mode are relatively lower in magnitude
compared to the acoustic fluxes. It should be noted that there is also some Poynting flux
associated with the slow mode, since these waves also perturb the magnetic field. But,
they are relatively lower than the fluxes that are transported with the fast mode.

Let us now estimate the acoustic energy flux transported into the chromosphere through
a single short duration pulse as considered by Vigeesh et al. (2008). The maximum values
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Figure 3. Vertical BL
app (left panel) and horizontal BT

app apparent flux densities in a quiet-Sun
map. The grey scale for BL

app saturates at ±50 Mx cm−2 whereas BT
app saturates at 200 Mx

cm−2 . White in the left panel is positive flux density, and dark in the right corresponds to high
values of the transverse apparent flux density (from Lites et al. 2008).

of the acoustic fluxes at z = 1000 km is ∼ 15×106 erg cm−2 s−1 which is adequate to
balance the radiative losses (of the order of 107 erg cm−2 s−1) in the magnetic network at
chromospheric heights. It should be noted that although the fluxes can reach values upto
107 erg cm−2 s−1 , the average values are much less. But multiple excitations can form
waves that develop into shocks that follow one another and overtake, increasing the shock
strength and thereby increasing the dissipation. Also, in order to be compatible with the
observed quasi-steady Ca emission the injection needs to be in the form of sustained
multiple short duration pulses as argued by Hasan & van Ballegoiijen (2008). Although
long-period acoustic waves (with periods of about 5 min.) have been proposed by De
Pontieu et al. (2004) as driving spicules, we do not believe that these are responsible
for the heating observed in Ca network grains. It should be pointed out that presently
there is no observational confirmation for the existence of short-period magneto-acoustic
waves in the network. However, SOT on Hinode provides us the possibility to test this
hypothesis and ascertain whether such waves can be considered legitimate candidates for
heating the magnetized chromophere.

4. Internetwork magnetism
Till recently, it was believed that the magnetic field in the interior of supergranule cells

was weak with a mean field strength of a few Gauss. This hypothesis was based on low
spatial resolution (greater than 1′′) measurements (e.g., Meunier, Solanki & Livingston
1998). However, with increase in resolution, it was found that the magnetic flux in quiet
regions increases exponentially with spatial resolution from 1 G for 2′′−3′′ to around 20 G
at 0.5′′ (Sanchez Almeida et al. 2004) though recent observations from Hinode show that
the variation is weak up to 0.3′′ resolution (Lites et al. 2007). Hanle depolarization signals
are consistent with a “hidden” turbulent magnetic field with a typical range of 20-150 G
in the internetwork (Trujillo Bueno et al. 2004).

A major finding has taken place recently regarding the nature of magnetic fields in
the internetwork (IN). New observations from the Hinode Stokes Polarimeter (SP) (with
a spatial resolution of 0.3′′) reveal the ubiquitous presence of horizontal fields in the
range 100-200 G. Figure 3, taken from Lites et al. (2008), shows the vertical (left panel)
and horizontal (right panel) components of the apparent magnetic flux densities BL

app and
BT

app respectively in a quiet region of the Sun. These observations show that, whereas the
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vertical magnetic field mainly occurs in the intergranular lanes at the network boundaries,
the field in the internetwork regions is dominantly horizontal and well separated from the
vertical fields. The horizontal fields, with an average value of at least 55 G, are located
preferentially at the edges of bright granules. Lites et al. (2008) conjecture that these
fields might be important in understanding the “hidden” turbulent flux inferred from the
Hanle effect. Recently, Steiner et al. (2008) carried out numerical simulations in order to
reproduce these observations. They use the line pair of Fe I 630 nm to synthesize Stokes
profiles and derive a ratio of 4.3 between the horizontal and vertical components of the
magnetic field, which is reasonably close to the observed value of around 5 found by Lites
et al. (2008). Steiner et al. (2008) suggest that the horizontal fields are generated due to
flux expulsion.

5. Spicules
Despite their discovery over a century ago, spicules are among the least understood

phenomena in the chromosphere. They are jets of gas which can be best observed on the
limb in the emission lines of Hα or He I. Spicules are believed to originate in the magnetic
network, but the field strength and geometry associated with the spicule channel is not
well known. It should be noted that the disc counterpart of spicules are mottles. Recently,
some progress has been made in this direction as well as on the mechanism that drives
spicules. Trujillo Bueno et al. (2005) used the Hanle and Zeeman effects to estimate a
field strength of about 10 G at a height of 2000 km above the photosphere and inclined
at about 35◦ to the vertical. Tsiropoula and Tziotziou (2004) independently estimated a
field strength of 4.1 G in mottles/spicules based on energy arguments.

From an analysis of high resolution images, De Pontieu et al. (2004) inferred a connec-
tion between spicules and photospheric p-modes. Although p-mode photospheric oscilla-
tions with 5 min. periods are generally evanescent in the upper photosphere, they can
leak sufficient energy into the chromosphere. The tunelling becomes particularly effective
for waves in inclined magnetic flux tubes because of their higher acoustic cutoff period
which can exceed 300 s above the temperature minimum (De Pontieu et al. 2004). In
the chromosphere, these waves form shocks, which drive spicules similar to the model of
Hollweg et al. (1982). Using observations from the Solar Optical Telescope on Hinode,
De Pontieu et al. (2007a) hypothesized that there are at least two species of spicules:
“type-I” spicules which are driven by shock waves as discussed above with time scales
of 3-7 min. and “type-II” spicules that are much more dynamic and very thin (width
∼ 100 km), have lifetimes of 10-150 s, and seem to be rapidly heated to transition region
temperatures, sending material though the chromosphere at speeds of 50-150 km s−1 . De
Pontieu and collaborators suggest that “type-II” spicules may be due to small-scale re-
connection events in the chromosphere. De Pontieu et al. (2007b) point out that spicules
exhibit transverse motions with velocities of 10 to 25 km s−1 which may be the signature
of Alfvén waves.

An alternative mechanism for spicules based on a model first proposed by Pikelner
(1969) is that they are driven by magnetic reconnection in mixed polarity regions at
network boundaries (Wilhelm 2000). This model is still schematic and has not been in-
vestigated quantitatively. Oscillations with periods of around 50 s have also been observed
in spicules, which might be due to kink waves excited by the impact of granules on their
footpoints (Kukhianidze et al. 2005) or due to Alfvén waves (Hollweg 1982; Kudoh &
Shibata 1999; De Pontieu et al. 2007b).
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6. Implications for future observations
This review has attempted to highlight important new developments concerning pro-

cesses in the magnetized solar chromosphere as well as to point out some of the out-
standing problems. Some implications for future ground and space missions are:

(a) Observations as well as simulations reveal that magnetic structures need to be
resolved to an accuracy better than 0.1′′ on the solar surface. Neither the present missions
such as SOHO or TRACE (1′′ resolution) and Hinode (150 km resolution) nor those in
the near future such as SDO have this capability. It is imperative that the next generation
of space missions have instruments that can achieve such an accuracy;

(b) Ground-based observations at good sites using adaptive optics can yield a reso-
lution of 1′′ or better. However, to simultaneously achieve high, spatial, temporal and
spectral resolution, a large aperture (� 2-m) is required to get a high throughput of
photons;

(c) Polarimetric measurements with a high sensitivity (a few Gauss) of the magnetic
field and its inclination over a large field of view are needed to understand the magnetic
topology of the chromosphere;

(d) In addition, it is important to examine the distribution of magnetic structures in
the network and internetwork regions and determine the magnetic filling factor and also
geometry of the magnetic canopy accurately;

(e) Spectroscopic measurements in UV using temperature sensitive lines are essen-
tial to demarcate the thermal structure of the chromosphere and cross-correlate it with
magnetic observations.

References

Berger, T. E., Rouppe van der Voort, L. H. M., Löfdahl, M. G., Carlsson, M., Fossum, A.,
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Discussion
Shibata: I have one comment and one question. My comment is about spicule models.
You introduced the reconnection model and the Alfven wave model as different models.
However, our numerical simulation (Takenchi and Shibata 2001, ApJ 546, L73) shows that
Alfven waves are generated by reconnection. So the reconnection model and the Alfven
wave model are not necessarily separate models. Furthermore, slow mode magnetoacous-
tic shocks are generated from nonlinear Alfven waves by mode coupling. Altogether, slow
shocks, Alfven waves, and reconnection are all closely related. My question is also about
spicules. I am not convinced about the two types of spicules. What is the fraction of type
I and type II spicules?

Hasan: The groups that have introduced this classification of two categories of spicules
have, to the best of my information, not provided statistics on this fraction. However, I
agree with you that it would be important to know this.

Webb: We have heard that Hinode sees ubiquitous Alfven waves that dissipate sufficient
energy to heat the corona. Have you checked energetics of your shock dissipation model
to see if it can provide sufficient energy to heat the corona?

Hasan: As I showed, the Poyting flux that corresponds to the energy flux in the magnetic
wave in our simulations is an order of magnitude lower than is required for coronal
heating. The important question which needs to be addressed is how this energy can be
efficiently dissipated in the corona.
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