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[1] An inverse correlation has been found to exist between the magnetic flux tube
expansion factor (FTE) at the source surface and the solar wind speed (SWS) observed
at Earth, which has been made use of in the prediction of solar wind speed near
the Earth with reasonable accuracy. However, the correlation between FTE and the
solar wind speed at Earth is not always consistently high, and the discrepancies
between the observed and predicted SWS are quite significant. There are several
factors causing this discrepancy. The present work is an investigation of such factors
and an estimation of error caused by them. We found that the number of multipole
components included in the spherical harmonic expansion in the potential field source
surface model, Nmax, has tremendous influence on the location of photospheric foot
points of coronal features as well as the computation of FTE. Another important factor
is the transit time of solar wind used in the inverse mapping. Approximate values of
this parameter that are currently being used can lead to significant errors in the
predicted solar wind speed. We also present a detailed discussion on the importance of
considering interaction between slow and fast solar wind streams in the inverse
mapping technique. INDEX TERMS: 2169 Interplanetary Physics: Sources of the solar wind; 2134

Interplanetary Physics: Interplanetary magnetic fields; 7509 Solar Physics, Astrophysics, and Astronomy:
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1. Introduction

[2] The relation between magnetic flux tube expansion
near the Sun and the solar wind speed observed at Earth
was first noted by Levine et al. [1977]. They found that
the fastest solar wind stream correlated with the least
expanding magnetic flux tubes. Wang and Sheeley [1990]
revisited this aspect and obtained an inverse relation
between flux tube expansion factor (FTE) and solar wind
speed (SWS) observed near Earth. This inverse relation
has been made use of in the prediction of SWS at 1 AU
using a potential field source surface (PFSS) model of the
corona [Arge and Pizzo, 2000]. The predicted SWS was
found to agree fairly well with the observed speed near
the Earth. However, there were significant discrepancies,
as pointed out by several authors [e.g., Bala, 2000]. The
limitation of the measurement of global photospheric
magnetic field, inadequacy of the inverse mapping, and
the limitation of the PFSS model itself are a few factors
contributing to the discrepancy. Arge and Pizzo [2000]
have applied various corrections to the synoptic maps of
photospheric fields, which resulted in better overall

agreement between the prediction and observation. How-
ever, discrepancies still exist.
[3] Determination of the relation between FTE and SWS

involves two steps. The first one is the identification of the
precise location of solar wind source in the corona. For this,
a technique called inverse mapping is usually employed.
That is, the observed solar wind is traced back to the corona
along the Archimedian spiral assuming little radial acceler-
ation (constant speed) and pure radial flow, neglecting
interaction between fast and slow solar wind streams, using
the equation

fss ¼ fE þ Rw
V

qss ¼ qE;
ð1Þ

where qss, fss and qE, fE are the heliographic latitudes and
Carrington longitudes of a point at the source surface and at
distance R from the Sun, respectively, w is the angular speed
of solar rotation, and V is the solar wind speed. It is
customary to use an approximate value for V, constant
speed approximation, corresponding to an average solar
wind transit time, irrespective of the observed daily values.
Different authors use different transit times 4, 4.5, or 5 days
or 27-day running average [e.g., Crooker et al., 1997; Wang
et al., 1997; Wang and Sheeley, 1990]. Since all other
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parameters in equation (1) are constants, the Carrington
longitude of the source point of solar wind on the source
surface is entirely determined by V.
[4] The second step involves the calculation of FTE at a

location (qss and fss) on the source surface determined in
step 1. Since coronal magnetic field measurements are still
not possible globally, one has to resort to coronal models such
as PFSS. The FTE can be represented mathematically as

FTE ¼ R�

Rss

� �2Br q�;f�
� �

Br qss;fssð Þ ; ð2Þ

where Br(qss, fss) denotes the magnetic field strength at a
location (qss and fss) on the source surface and Br(q�, f�) is
the field strength at the photospheric foot point of the flux
tube traversing qss and fss. R� and Rss are the photospheric
and source surface radii, respectively. To obtain Br(q�, f�),
the field at (qss, fss) has to be traced to the photosphere
along the magnetic field line. This procedure can be
influenced by the free parameters of the model such as the
truncation (Nmax) of the spherical harmonic expansion or
the source surface radius. Therefore the accuracy of the
predicted SWS depends on the precision of the above two
steps.
[5] The present paper focuses on the influence of solar

wind speed, V, on the inverse mapping and Nmax on the
computation of FTE. The paper presents a discussion of the
importance of choosing the right values for these parameters
as well as the importance of taking into account the
interaction between fast and slow winds in the inverse
mapping.

2. Truncation of Spherical Harmonic Expansion

[6] In this paper we used the potential field source
surface model with radial boundary condition. Hoeksema
[1984] has shown that a source surface height of 2.5 R�
produces results that are in better agreement with observa-
tions of current sheet crossings. Therefore we used the same
height in this paper. The value of Nmax depends on the
spatial resolution of the photospheric field maps. That is, the
higher the resolution, the larger the value of Nmax. For
example, the Wilcox Solar Observatory (WSO) has a spatial
resolution of 5� � 5� in latitude and longitude, whereas the
National Solar Observatory at Kitt Peak (KPNO) has a
spatial resolution of 1� � 1�. That is, it is possible to use
Nmax = 90 for the KPNO data but certainly not for the WSO
data. Also, a larger value of Nmax in turn will give a higher
value of the FTE computed (Y.-M. Wang, private commu-
nication, 2004) [Hakamada and Kojima, 1999]. In our
calculation the spatial resolution of KPNO has been lowered
to that of WSO for the sake of consistency. It is very
common to use Nmax = 9 for computing the source surface
fields and N = 17, 23, 31,. . .. to determine foot points by
tracing field lines or to compute expansion factors. Wang
and Sheeley used Nmax = 17 in one of the calculations
[Wang and Sheeley, 1992] (here they used WSO data) and
Nmax = 31 in subsequent studies [e.g., Wang and Sheeley,
1994] (using WSO data). Hakamada, Kojima, and their
coworkers used Nmax = 90 in their works [Hakamada and
Kojima, 1999; Hakamada et al., 2002] using the Kitt Peak
data. We have investigated the effect of Nmax, for a given set

of photospheric field data, for example, WSO, on the
photospheric foot points of coronal features, (q�, f�) as
well as on the computed values of FTE. For the present
study we used photospheric magnetic field data for CR
1829.

2.1. Variation in Q��������� and F��������� With Nmax

[7] We computed the foot points (q�, f�) of open field
lines at a number of locations on the source surface (qss, fss)
using Nmax from 9 to 32. Taking Nmax = 9 as reference, we
obtained the differences dq and df in q� and f�,
respectively, for each Nmax and plotted in Figures 1 and 2.
We found that on average, dq and df varied within ±2�.
Only variations larger than this are depicted in Figures 1
and 2, hence the randomness in the values (qss, fss). On each
panel, ‘‘wso’’ stands for Wilcox Solar Observatory, the
photospheric magnetic field data used, and the numbers in
parenthesis represent the location, in heliographic coordi-
nates, of open field lines on the source surface (qss, fss)
whose photospheric foot points are obtained. The vertical
line corresponds to Nmax = 22.
[8] The deviations do not show any latitudinal or

longitudinal dependence. They are different at different
locations and show random fluctuations rather than a
systematic variation with Nmax. Note that the largest
deviation is between Nmax = 9 and Nmax = 10, 11, or
12 in most cases. Locations (45, 310) and (15, 170)
showed deviations >10�. Here, dq are �20� and 15�,
respectively, and df are 12� and 60�, respectively. The
deviations are less fluctuating above Nmax = 22 and is
nearly constant for most locations.
[9] This exercise shows the influence of one of the free

parameters, Nmax, in the model on the determination of
photospheric foot points of coronal features using PFSS
model. The error or uncertainty in the photospheric foot
points of a feature on source surface when traced back along
the magnetic field lines can be as high as 60� in longitude and
20� in latitude. The open field lines on the source surface
come from a maximum of 25% of the photospheric area
during sunspot minimum and a minimum of 5% during
sunspot maximum [Wang and Sheeley, 1992, Figure 6;Wang
and Sheeley, 2002, Figure 3]. Since the photospheric foot
points of coronal open field lines are confined to such a
narrow area, we believe that the fluctuations of magnitude
presented here could lead to a ‘‘wrong’’ source. That is, an
event on the source surface will be traced to a region on the
photosphere which may not be causally connected to the
event at all. This could possibly explain why the source of
solar wind has been identified as active regions in certain
studies.

2.2. Variation of FTE With Nmax

[10] Figure 3 shows the variation of FTE with Nmax at
locations depicted in Figures 1 and 2. The vertical dashed
line corresponds to Nmax = 22. Here, the source surface
locations look randomly selected. This is because we
present only those locations where dq and df are greater
than ±2�, as mentioned in the previous section.
[11] In general, instead of a tendency to converge with

increasing Nmax, FTE shows large fluctuations, especially
below Nmax = 22. According to Wang and Sheeley,
FTE >20 imply sources of slow solar wind, that is, speed
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�450 km s	1 [Wang and Sheeley, 1990, 1994; Wang et
al., 1997). Therefore fluctuations in FTE above this range
affect the prediction of finer details of the slow solar
wind. That is, even though the precise value of a
particular solar wind stream may alter, the sources are
still that of slow wind. This is the case at location (60,
260) and partially (below Nmax = 22) at (45, 310) in
Figure 3. In all other cases, FTE varies between 0 and
20, in general. Such a variation implies that depending on
Nmax used in the model, the speed of solar wind ema-
nating from a given point (qss, fss) on the source surface
can be anywhere between 300 and 900 km s	1! This in
turn implies that the prediction of solar wind speed based
on PFSS model becomes ‘‘unpredictable’’ or highly
dependent on one of the free parameters in the model.
[12] From Figures 1–3 we see that the effect of Nmax on

q�, f� and thereby on FTE is rather insignificant above
Nmax = 22. Therefore Nmax = 22 can safely be selected as an
optimum value for all computations. However, to illustrate
this point further, we reconstructed the photospheric field

using different Nmax in the PFSS model. The first panel on
the left in Figures 4 and 5 depicts the photospheric magnetic
field for CR 1763, observed at WSO and Kitt Peak,
respectively. The remaining panels represent the recon-
structed photospheric field using Nmax = 16 to Nmax = 28.
We then obtained the correlation coefficient between the
observed and computed fields. This has been done for
60 Carrington rotations, between 1985 and 1989, and the
correlation coefficients are plotted in Figures 6 and 7. From
these figures, it is clear that Nmax = 22 gives the best results,
though there are some exceptions. Therefore in all
subsequent calculations, we used Nmax = 22 as an optimum
value.

3. Influence of Inverse Mapping on FTE and
Solar Wind Source

[13] As discussed in section 1, determination of the
correlation of interplanetary events with the photospheric
features involves two steps: mapping the interplanetary

Figure 1. Variation of heliographic latitude q, with Nmax, of the foot points of open field lines at
selected locations on the source surface for CR 1829. The vertical line corresponds to Nmax = 22. Here,
tt(Nmax) 	 tt(Nmax = 9) on the Y-axis is the difference of computed values of q for different Nmax from
the reference value, Nmax = 9. On top of each panel, ‘‘wso’’ represents the Wilcox Solar Observatory, the
input photospheric magnetic field data, and the numbers in parenthesis represent the location of open
field lines (q, f) on source surface selected for the study. In this figure, only those locations where
tt(Nmax) 	 tt(Nmax = 9) is larger than ±2� were shown, hence the apparent randomness in the source
surface location.
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event back to the corona and determination of its photo-
spheric foot point. The first step is carried out by using
equation (1). In this, the solar wind speed, V, used by
different authors are different. That is, a constant speed
corresponding to a transit time of 5 days (345 km s	1)
[Crooker et al., 1997] or 4.5 days (380 km s	1) or 4 days
(428 km s	1). While studying the Ulysses data, Wang et
al. [1997] have taken a 27-day running average of
observed SWS to map the daily averaged solar wind
back to the source surface. The most appropriate method,
apparently, will be to use daily values of the observed
solar wind [Neugebauer et al., 2002]. In the present study
we used all these values to map the solar wind back to
the source surface, and the Carrington longitude of the
source point is obtained using equation (1) and the
Carrington rotation number. The latitude has been taken
the same as the latitudinal location of the observed wind
near Earth on each day or b0 angle. Then, the FTE has
been calculated at each of these points on the source
surface, using Nmax = 22.

3.1. Correlation Between FTE and Solar Wind Speed
at 1 AU

[14] Figure 8 shows the correlation between SWS and
log10(FTE) obtained for different phases of solar cycle
using different transit times in the inverse mapping

procedure. For a comparison we obtained the correlation
coefficient for the same periods of solar minima and
maxima as that of Wang [1995]: 1976–1977, 1982–1987,
and 1992–1996 and 1978–1981 and 1988–1991, respec-
tively. The correlation coefficient, averaged over a few
years, does not show large variation with different transit
times in inverse mapping. This does not imply that the
influence of transit time on inverse mapping of individual
events is negligible, which will be addressed in the next
section. It should be more accurate to take the daily
observed values of solar wind for the inverse mapping
and the constant transit time will only introduce larger
errors.
[15] Figures 9 and 10 show scatterplots between SWS

and log10(FTE) for 1992–1996 and 1982–1987, when
the correlation coefficient obtained was the highest and
the lowest, respectively. In these figures the daily values
of SWS were used for inverse mapping. As seen from
Figures 9 and 10, the solar wind tends to be faster,
corresponding to lower values of FTE on the source
surface, while slow solar wind emanates from regions
of large FTE. However, it is to be emphasized that there
is large scatter about this mean trend, as already pointed
out by Wang [1995]. That is, places where the solar wind
is predicted to be fast (slow) by PFSS model, slow (fast)
wind is observed. In other words, the observation does

Figure 2. Same as Figure 1 but for f. Here, p(Nmax) 	 p(Nmax = 9) represents the difference in the
computed values of f for different Nmax from the reference value, Nmax = 9.
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not match with the prediction. The results of the inves-
tigation of this discrepancy will be discussed in detail in
another paper.
[16] Referring to Figures 8, 9, and 10, we notice that the

correlation coefficient is different for different phases of
solar activity and is not consistently low or high during the
period of study. It is interesting to note that the correlation
coefficient during 1992–1996 is larger than that during
1982–1987 by about a factor of 1.5, though both the
periods are declining phases. The physical significance, if
any, of this behavior is not yet clear.

3.2. Influence of Inverse Mapping on Carrington
Longitude and FTE

[17] The range in the heliographic longitude introduced
by different inverse mapping techniques is depicted in
Figure 11. When the daily values of observed solar wind
are used, the longitudes on the solar surface are shifted in
the range 25�–75�. That is, the longitudes of slow
(300 km s	1) and fast (900 km s	1) solar wind are separated
by 50�, that is, they are distinguishable. On the other hand,
the shift when using a 27-day running average has a range
between 45� and 50�. That is, all the observed solar wind is
traced back to a region bounded within this range of
longitude. An average transit time of 5 days (corresponding

to a speed of 345 km s	1) takes the solar wind to longitude
65�, while 4.5 and 4 days will take it to longitudes 59� and
52�, respectively. Therefore we see that the difference in the
location of the solar wind source determined using the daily
values and different ‘‘constant transit times’’ is at least 10�
and at the most 40� or an average of 25�, depending on the
actual value of SWS on that day. An uncertainty of this
magnitude can cause significant differences in the computed
FTE, especially near the HCS.
[18] We have seen in Figure 8 that the correlation

coefficient, obtained as an average over several years, is
not drastically altered by the method chosen for the inverse
mapping. However, it has tremendous influence on the
precise location of solar wind source on the source surface
and thereby on the values of FTE computed for each day.
The difference in longitude of the solar wind source
obtained using different inverse mapping is depicted in
Figure 12. The histograms are obtained for different phases
of solar cycle. For calculating the shift we took the
longitude obtained using the daily values of SWS in
equation (1) as a reference value, and the shifts are the
deviations from this value when using other methods. We
found that more than 50% of cases had shifts in longitude
greater than 10�. Also, more than 20% of cases had a shift
>20� and about 5% of cases had a shift >30� (32�–42�).

Figure 3. Variation of FTE with Nmax for CR 1829. FTE is calculated at locations shown in Figures 1
and 2. The vertical line corresponds to Nmax = 22.
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Figure 4. The top left panel shows the observed photospheric magnetic field for CR 1763 from Wilcox
Solar Observatory. The remaining panels are the photospheric magnetic fields reconstructed using the
PFSS model with different Nmax. See color version of this figure at back of this issue.
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Figure 5. Same as Figure 4 but for Kitt Peak data. See color version of this figure at back of this issue.
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Note that all these values are significant enough to confuse
the source of solar wind. Correspondingly, the FTE varies
across the ranges defined by Wang and Sheeley. Prediction
of SWS using this FTE may result in large deviations from
the observed values, leading to the failure of the prediction.

4. Conclusion and Discussion

[19] In this paper the focus is on the influence of two
parameters, the solar wind speed (V) used in the inverse
mapping technique given by equation (1) and the number of
multipole components used in the spherical harmonic
expansion of the photospheric field in the PFSS model,
Nmax, on the determination of the flux tube expansion factor
(equation (2)) that is used to predict the solar wind speed
near the Earth. We have shown that the constant
speed approximation in the inverse mapping technique
(equation (1)) is a very sensitive parameter in the determi-
nation of coronal sources of solar wind. The location
identified as the source of solar wind can differ by 25� in
longitude, on average, depending on the value of V used.
Further, this difference, in turn, causes significant change in
the computed values of flux tube expansion factor (FTE),
which has been made use of in the prediction of SWS near
the Earth. These results suggest that the constant speed
approximation is not very effective, since different ‘‘con-
stant speeds,’’ corresponding to different constant transit
times (section 3), can lead to totally ‘‘wrong’’ sources of
solar wind on the corona and the stream-stream interaction
cannot be ignored in the inverse mapping. Also, the present
study reveals that Nmax has a determining influence on the
identification of photospheric foot points of open field lines
on the source surface. We have shown that the locations

obtained using different Nmax for a given setup in the PFSS
model differ tremendously from one another (as high as
about 36� in longitude and 18� in latitude) and the FTE
computed at these points are substantially different. The
difference is so significant that the prediction using them
can be completely misleading. Therefore it is necessary to
have a consistent set of rules for choosing these two
governing parameters for the success of the FTE-SWS
relation in predicting the solar wind at 1 AU.
[20] The solar wind speed predicted near the Earth using

the present scheme involving the inverse correlation be-
tween FTE and SWS does not always agree with the
observed values. The agreement between the two is very
good at times, and at certain other times the discrepancy is
inexplicably high. In our present study we found that the
correlation between FTE, obtained using the daily values of
SWS for inverse mapping (V in equation (1)), and Nmax = 22,
and SWS near the Earth is not consistently high at all times.
This inconsistency can be explained on the basis of solar
wind speed profiles near the Sun and Earth, types of

Figure 6. The optimum Nmax, for which correlation
between the observed and the reconstructed photospheric
magnetic fields is the highest, for different Carrington
rotations and for WSO data.

Figure 8. Correlation coefficient between SWS and
log10(FTE) for different mapping back method (transit
times or V in equation (1)) and different phases of solar
cycle. On the X-axis, 1.0 represents daily values of solar
wind observed at 1 AU, 27.0 is the 27-day running average
of observed solar wind, and 4.5, 4.0, and 5.0 are the
approximate solar wind transit times in the constant speed
approximation used by different authors.

Figure 7. Same as Figure 6 but for Kitt Peak data.

Figure 9. Scatterplot of SWS versus FTE during 1992–
1997. For the inverse mapping the observed daily values of
solar wind speed have been used (denoted by ‘‘mapback:
1.0’’ in the plot). A correlation coefficient of 	0.42 was
obtained. This is the highest during the entire period of
study.
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interaction between fast and slow streams in the helio-
sphere, and distribution of coronal magnetic field on the
source surface obtained using PFSS model.
[21] There are two types of stream-stream interaction.

In type 1 a high-speed stream flows ahead of a low-speed
stream and a rarefaction region is formed between them,
giving rise to a speed profile at 1 AU with speed
gradually changing from high to low. On the other hand,
when a low-speed stream is flowing ahead of a high-
speed stream, a compression region or an interaction
region is formed at the interface between the streams.
This is type 2 interaction.
[22] Observations of photospheric magnetic field show

that the field within coronal holes varies smoothly from
center to boundary, whereas the magnetic field on the
source surface computed using the PFSS model varies
significantly from one point to the other, especially near
the boundaries of open field regions or near magnetic
neutral lines. Therefore FTE, computed using equation (2),
is determined by the source surface magnetic field. The
distribution of computed FTE from center to boundary of
the hole coincidentally matches with the speed profile
including a rarefaction region (type 1) if the solar wind
from the hole’s center is ahead of that from the hole’s
boundary. On the other hand, if the solar wind from the
hole’s center is behind that from the hole’s boundary, the
FTE distribution will not match the speed profile includ-
ing an interaction region (type 2). It is very likely that the
correlation between SWS and FTE is highest when the
speed profile is created by type 1 interaction. Conse-
quently, the predicted value matches best with the ob-
served value, though it does not represent the causal
relationship between FTE and SWS. On the other hand,
when the speed profile near the Earth is formed by type 2
interaction, the correlation is low and the prediction fails.
Wang et al. [1997] have taken the decelaration of the fast
wind due to the interaction between fast and slow streams
as they propagate outward from the Sun and found
that the qualitative treatment of stream interaction im-
proved the prediction of solar wind at 1 AU. They have
pointed out that their method needs to be improved
substantially before making a prediction of SWS based
on the flux tube expansion model [Wang et al., 1997,
section 3].
[23] It should be noted that the SWS profile obtained at

1 AU is the result of the interaction between solar winds

of different speeds as they propagate outward and
includes both type 1 and type 2 interactions. Also, we
know that the interaction is stronger at larger distances
from the Sun. Therefore the speed profile near the Earth
must be significantly different from that near the Sun. In
fact, the solar wind profile obtained at 0.31 AU by Helios
in 1974 exhibited only two levels, with high- and low-
speed streams separated by a sharp gradient [Schwenn,
1990]. Moreover, solar wind speed detected by Ulysses
near solar minimum at latitudes above 30�, a region
where all the solar wind is believed to originate from
coronal holes, is nearly constant [Phillips et al., 1995].
Therefore if there exists a relationship between FTE and
solar wind speed at all, FTE computed at the source
surface must correlate with the SWS near the Sun, where
the effect of stream interaction can be neglected.
[24] The radial component of the heliospheric magnetic

field (HMF), as detected by Ulysses, is latitude-independent
[Smith and Balogh, 1995] and can be taken as uniform on a
spherical surface above �5 R� [Suess and Smith, 1996;
Suess et al., 1996]. At the same time, the magnetic field
distribution on the source surface obtained using the PFSS
model is latitude-dependent. Owing to the uniform
distribution of the HMF, FTE will be determined by
the field strength in coronal holes on the photosphere,
rather than the source surface field. The horizontal current-
current sheet-source surface (HCCSSS) model [Zhao and

Figure 10. Same as Figure 10 but for 1982–1987. The
correlation coefficient is 	0.29, which is the lowest
obtained during the period of study.

Figure 11. The range of longitudes of solar wind sources
in the inner corona when mapped back from 1 AU using
different inverse mapping method, that is, solar wind speed
in equation (1). On the X-axis, ‘‘sws’’ represents the daily
values of solar wind speed, and 5.0, 4.5, and 4.0 are
different transit times in the constant speed approximation.
The number 27 represents the 27-day running average of the
observed daily values. On the Y-axis the longitudes in
degrees are marked. The longitudes are obtained using
equation (1), assuming an initial longitude of 0�.
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Hoeksema, 1995; Zhao et al., 2002] yields uniform
magnetic field on the source surface, located at 15 R�.
Preliminary results using the HCCSSS model show that the
computed FTE (anti)correlates poorly with the observed
SWS near the Earth, consistent with the results of Wang and
Sheeley [1990; section IV].
[25] In the wake of the above discussion we would

emphasize that the FTE, used in the prediction of SWS
near the Earth, is obtained based on a model which depends
on parameters such as the number of spherical harmonics or
on the method of inverse mapping. In addition, the corre-
lation coefficient between the FTE and SWS near the Earth
is usually less than 0.5. Moreover, the slow solar wind is
highly structured and exhibits large variation during a solar
cycle and from rotation to rotation. The envelope of
streamer belts is usually taken as the source of slow solar
wind, though evidence for small coronal holes in low-
latitude regions as the sources exists, along with the fact
that a wide body of observations have shown that slow solar
wind originates from regions surrounding the coronal holes.
Also, the composition of slow solar wind is distinctly
different from the fast solar wind and is identical to large
coronal loops well separated from coronal holes. On the
other hand, Bürgi [1992a, 1992b] has shown that the
observed He/H depletion in the slow solar wind can be
produced by the rapid flux tube expansion at the polar hole
boundaries, which reduces the frictional coupling between
alpha particle and protons. Zhao and Hoeksema [1999] have
found that the source region of slow solar wind has the same
magnetic topology as that of fast solar wind, implying that
they are both open field regions. These results leave the
origin of slow solar wind an open question. Therefore at this
juncture, given the fact that the expansion factor remains the

single parameter that has been most successful in predicting
SWS to date, we are left with the task of determining
coronal parameters that the SWS is likely to depend or
devising alternate techniques of correlating the SWS to the
coronal magnetic field.
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Figure 4. The top left panel shows the observed photospheric magnetic field for CR 1763 from Wilcox
Solar Observatory. The remaining panels are the photospheric magnetic fields reconstructed using the
PFSS model with different Nmax.
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Figure 5. Same as Figure 4 but for Kitt Peak data.
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