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[1] The photospheric and heliospheric magnetic fields have been continuously observed at
the L1 point by the Michelson Doppler Imager (MDI) on the Solar and Heliospheric
Observatory (SOHO) and Wind and the Advanced Composition Explorer (ACE) spacecraft
since 1996. The combined observations of the photospheric and heliospheric magnetic
fields make it possible to more reliably predict the heliospheric magnetic field and more
accurately estimate the success rate of the prediction. On the basis of the latitude
dependence of the zonal polar field inferred from high-resolution MDI synoptic charts
between 1996 and 2003 we fill in the polar data gaps in the MDI synoptic charts. To
assess the influence of synoptic charts from different data sources on the prediction
of the coronal and heliospheric magnetic fields, we compare the success rate of the
heliospheric magnetic field (HMF) polarity predicted over 107 Carrington rotations from
June 1996 to June 2004. We used the potential field source surface model and the synoptic
charts from the Kitt Peak National Observatory, MDI, and the Wilcox Solar Observatory.
The mean success rate of the HMF polarity predicted using MDI synoptic charts over 8 years
is 0.862 + 0.101, the best among the three photospheric data sources, although the
difference among the three sources is small. This result validates the MDI synoptic charts in

modeling coronal and heliospheric magnetic fields.
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1. Introduction

[2] The most significant feature of the heliospheric mag-
netic field (HMF) near the solar equatorial plane is the
heliospheric current sheet (HCS) that separates the two
polarity regions on the Sun and extends deep into the
heliosphere. This feature has been successfully predicted
and remains the major achievement among efforts to relate
solar and coronal structures to heliospheric observations. The
first successful prediction of the shape and location of the
HCS was carried out in early 1980s using the Wilcox Solar
Observatory (WSO) synoptic charts and the potential field
source surface (PFSS) model [Hoeksema et al., 1982, and
references therein]. With an optimum order of multipole
magnetic moments, 9, and an optimum location of the source
surface at 2.5 solar radii, the success rate of the prediction of
the daily heliospheric magnetic field (HMF) polarity at Earth
reaches 82% of days between May 1976 and January 1983
[Hoeksema, 1984]. Because the in situ observation of HMF
polarity near the Earth before 1983 was not complete, the
polarity inferred from geomagnetic data was used to fill data
gaps. This kind of replacement may affect the reliability of
the success rate estimated.
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[3] There have been attempts to increase the success rate
of the prediction by improving the coronal field models. The
first attempt, the PFSS model with a radial boundary condi-
tion [Wang and Sheeley, 1992; Zhao and Hoeksema, 1993],
assumes that the photospheric magnetic field is purely radial
everywhere on the photosphere. The measured line-of-sight
component can thus be easily converted to the radial field,
and the radial field can be matched by the radial component
of the potential field. The next improvement is the current
sheet (CS) model similar to Schatten’s [1971] model, which
includes the effect of the HCS on the field above the cusp
points [Zhao and Hoeksema, 1994; Wang, 1996]. Another
significant alternative for modeling the coronal field is to
solve the three-dimensional magnetohydrodynamic (MHD)
equations to determine the time-varying state of the coronal
magnetic field and of coronal plasma. In these calculations,
the time-dependent MHD equations are solved until a steady
state is established [Mikic and Linker, 1996]. In the MHD
model, the observed photospheric magnetic field is applied as
a boundary condition. The plasma density and temperature
on the photosphere are usually assumed to be uniform. For
computational reasons, the MHD model must usually be
based on a coarser grid at the inner boundary than the PFSS
model.

[4] In the meantime significant progress in observations
of the solar and heliospheric magnetic fields have been made
since 1996. Both the photospheric and heliospheric magnetic
fields can be continuously measured at the L1 point by the
MDI/SOHO, the Wind, and the ACE. The complete set of
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Figure 1. Maps showing 360° of longitude and from —1 to 1 in sine latitude. Positive and negative field
areas are shown as white and black. The grid spacing is shown on the top of each panel. (a and b) Line-
of-sight component in high resolution and (¢ and d) radial component in lower resolution. The black
zones in Figures la—1d denote data gaps in polar regions that depend on the B, angle and need to be

filled in. (e and f) Data gap filled in.

observations of the photospheric magnetic field can be used
to construct the MDI synoptic charts that more nearly
approximate the whole surface distribution of the photo-
spheric field. The comprehensive measurements of the HMF
near the Earth make the assessment of a success rate more
reliable.

[5] Neugebauer et al. [1998] compared observations dur-
ing Ulysses’s first rapid sweep through >90° of solar latitude
in early 1995 with the latitudinal extent of the HCS
predicted using various models, i.e., the PFSS models with
line-of-sight and radial boundary conditions, the CS model
[Wang, 1996], and the MHD model. The synoptic charts of
the photospheric magnetic field used in the calculations were
constructed using magnetograms observed at WSO and the
Kitt Peak National Observatory (KPNO). Use of the two

different data sources results in latitudinal differences of the
predicted location of the HCS less than or equal to 10°; there
isup to 21° spread in latitude for the HCS positions calculated
from these models, though the HCS crossing in longitude for
these model is basically identical.

[6] To see if the new MDI synoptic charts lead to any
improvement in predicting the HCS crossing, this work
calculates the HMF polarity using the MDI, KPNO, and
WSO synoptic charts and the PFSS model with the radial
boundary condition. We compare the predicted HMF polarity
with the HMF polarity observed by the spacecrafts Wind and
ACE from June 1996 to June 2004. The paper first describes
how to fill the data gaps in the polar regions of the MDI
synoptic charts published in SOI Web site; we then calculate
the location of HCS between Carrington rotation (CR) 1911
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