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Prediction of the conditions in the near-Earth space environment (space weather) is an urgent
scientific and practical task, and there are several scientific teams in the world which have been
deeply involved in this research using various model assumptions. One of the most important
problems in such calculations is the reliability of the initial data — synoptic maps of the solar mag-
netic fields. The most famous Space Weather Prediction Center (SWPC) uses observations of the
Global Oscillations Network Group (GONG). However, there are other sources of measurements
of the full-disk solar magnetic fields (WSO, SDO/HMI and SOLIS in the USA, IRmag at Mitaka
in Japan, SMAT in China, STOPs in Russia), and it is of interest to use them to calculate the
parameters of the solar wind. In this paper this is done on the example of Carrington Rotation
(CR) 2164 using observations from Wilcox Solar Observatory (WSO), GONG, Solar Telescope
for Operative Prediction (STOP) at the Sayan Solar Observatory (SSO). The calculations are
based on the Wang-Sheeley-Arge (WSA) model and include the determination of the parameters
of the coronal magnetic field in the Potential Field Source Surface (PFSS) approximation. The
propagation of the solar wind to Earth’s orbit is calculated using the HUX (Heliospheric Upwind
eXtrapolation) model. It is shown that the differences in solar wind speeds for different data
sets can reach 200 km/s or even more. The results of model simulations are compared with the
experimental ACE satellite data.
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1. Introduction

One of the rapidly developing directions of modern science is space weather, because now, for
many purposes, the prediction of the conditions in the near-Earth space environment has almost
the same significance as a forecast of ordinary atmospheric weather in usual life. Now everybody
can visit the internet site [http://www.swpc.noaa.gov/product/wsa-enlil-solar-wind-prediction] of
the Space Weather Prediction Center (SWPC) and obtain information about the distribution of the
solar wind speed and plasma density from the Sun to the Earth and beyond.

But an important question is what kind of data are used for such predictions. In the SWPC case
calculations are based on data from the Global Oscillations Network Group (GONG). But besides
GONG, there are some other sources of full-disk solar magnetograms in the world, which can
probably be used for the purposes of space weather issues as well. These independent well-known
data sets are Wilcox Solar Observatory (WSO), SOLIS, SOHO/MDI, SDO/HMI. At the same time,
for many years, measurements of solar magnetic fields across the full disk have been provided by the
Solar Magnetism and Activity Telescope (SMAT) at the Huairou Solar Observing Station (HSOS)
in China, by the Infrared spectromagnetograph (IRmag) at Mitaka observatory in Japan, and by the
Solar Telescope for Operative Prediction (STOP) at Sayan Solar Observatory (SSO) in Russia.

As is known from numerous previous studies, the full-disk solar magnetograms [1-3], synoptic
maps [4], the size and location of the calculated coronal holes and heliospheric current sheet [5], as
well as interplanetary field strength [6] can sometimes differ very significantly when observations
from different instruments are used. So it is very interesting to explore the possible differences
in the calculations of the solar wind speed (one of the important space weather parameters) when
different synoptic maps (low boundary conditions) from different observatories are used. That is
the main objective of this study, using the example of GONG, WSO and SSO observations for
CR2164 (May 21 — June 17, 2015).

2. Basic information about the observations and calculations. Results

The initial synoptic maps (radial component) for these three data sets are presented in Figure 1.
All data were remeshed to the same spatial resolution with grid dimension 73 (8, longitude) by 30
(¢, latitude) pixels. One can see that they are rather similar, considering the locations of the strong
magnetic fields. But the strengths and distributions of weak magnetic fields, which are especially
important for the following analysis, are different. This is evident from Figure 2, where synoptic
magnetograms for SSO and GONG are presented with limited (saturated at £5 G) magnetic field
strength scale.

For the following reconstruction of the coronal magnetic field, the Potential Field Source
Surface (PFSS) model had been used (Solar Software package developed by M.L.DeRosa available
at http:/www.Imsal.com/derosa/pfsspack). The distributions of the radial component of the solar
magnetic field on the source surface (2.5Ry) are shown in Figure 3 (left three panels). Evidently,
the behavior of the heliospheric current sheet in all three cases is rather different.

The WSA (Wang-Sheeley-Arge) model is based on using two parameters. The first one is the
areal expansion factor fp of magnetic flux tubes from the solar surface (Ryp) to the source surface

(R1):
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fp = (Ro/R1)? * [Br(Ro, 60, #0) /B, (R1, 61, 61)], (1)

where B, is the radial magnetic field component at a given coronal level. The distributions
of this areal expansion factor for the considered data sets are presented in the right three panels in
Figure 3.

The second parameter is the great circle angular distance d between the footpoints of the open
field lines and their nearest coronal hole boundary (DCHB). Figure 4 illustrates the coronal hole
(CH) positions and the connections (bars) of the sub-Earth orbit points with the corresponding
footpoints inside the CH.

The solar wind speed at the distance SRy from the solar surface is given by the following
formula:

Vivsa(fp,d) = C1 + Co/ (1 + £,)* % [C4 — Cs * exp(—d/Ce) 7], 2

where C; are empirically found coefficients.

For mapping the solar wind from the reference sphere near the Sun to Earth, the Heliospheric
Upwind eXtrapolation (HUX) model, developed by Riley and Lionello [7] (see also the paper by
Reiss et al. [8], was applied. The results of calculations in polar coordinates are presented in Figure
5. Figure 6 shows the resulting solar wind speed near the Earth, calculated with GONG data, in
comparison with experimental values provided by the ACE space mission. There are some common
features on both curves, but there are some differences as well.

A comparison of model calculations of the solar wind speed near the Earth for SSO, WSO
and GONG is shown in Figure 7. A conclusion can be made that processing the initial data from
different sources (synoptic maps of solar magnetic fields) for calculation of the ambient solar wind
speed near the Earth leads to results which can differ rather significantly, up to 200 km/s (in our
particular case). It is hardly possible to say which kind of observations corresponds to empirical
data better; there are some distinctions in all cases for this CR, especially in the average level on the
right-hand side of the plots.

To avoid the dependence of the results on the data set selection, one can apply the ensemble
averaging approach, which is widely used lately [9] for the assessment of forecast uncertainties.
It is important to note that observations with the STOP telescope at SSO provide reliable data for
space weather forecast purposes.
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Figure 1: The synoptic maps (radial component) for SSO (upper panel), WSO (central panel) and GONG
(bottom panel) for Carrington Rotation 2164.
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Figure 2: The synoptic maps for SSO (left panel) and GONG (right panel) with limited (saturation at +5 G)
magnetic field strength scale.
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Figure 3: Left three panels: distributions of the radial component of the solar magnetic field on the source
surface (2.5R) for SSO (upper panel), WSO (central panel) and GONG (bottom panel) Right three panels:

distributions of the areal expansion factor f,.
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Figure 4: The coronal holes derived from the PFSS model and bars (black straight lines) showing the

connectivity between the sub-Earth points and the source regions of the solar wind in the photosphere.
pictures correspond to SSO (upper panel), WSO (central panel) and GONG (bottom panel).
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Figure 5: Evolution of solar wind speed from the Sun (reference sphere at R = 5Ry) to Earth orbit in polar
coordinates calculated using the HUX model for SSO (left panel), WSO (center panel), and for GONG (right

panel) synoptic maps).
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Figure 6: A comparison of the observed solar wind speed (ACE data) with the calculated one using GONG
measurements.
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Figure 7: A comparison of model calculations of the solar wind speed near the Earth for SSO, WSO and
GONG.
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