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Abstract
The operational solar wind velocity prediction models used by the community are based on the Potential Field Source Surface (PFSS) model of the magnetic field.
Previous studies have suggested different values of source surface heights (Rss) in the PFSS model at different phases of the solar cycle (SC). We investigate the
necessity of optimizing the Rss in the PFSS model in the context of its use in the popular Wang Sheeley and Arge (WSA) model for solar wind velocity prediction.
We performed a study of 16 Carrington Rotations (CR) at different phases of the SC24 and SC25, using different types of magnetograms and WSA model parameters.
Our results suggest that we can improve the model prediction by using different Rss at different phases of SC and using zero-point corrected (ZPC) GONG maps.
We further validate the superiority of ZPC maps over standard GONG maps by comparing the PFSS extrapolation with PROBA2/SWAP images at 174 Å.

Methodology
Predicting solar wind velocity at the L1 point for the 16 CRs and selecting the best Rss among three choices,
i.e., 2.0 R⊙, 2.5 R⊙, and 3.0 R⊙, for each type of input magnetic map (hourly updated (HU) and full CR
zero point corrected maps (ZPC) and full CR synoptic standard synoptic maps (STD), in the framework
involves the following steps:

1. Calculate the magnetic field in the coronal domain, i.e., up to Rss, using the PFSS. Use three different
values of Rss (2.0 R⊙, 2.5 R⊙, and 3.0 R⊙), for each of the three different types of input synoptic
magnetic maps.

2. Trace the magnetic field lines from the photosphere to create a map of open and closed field lines.

3. Trace the sub-Earth field lines from Rss to the photosphere.

4. Utilize the WSA empirical velocity relation to estimate solar wind velocity profile at Rss, based on
the magnetic field line properties, using: (1) Default WSA parameters, (2) A parametric space of
WSA parameters. Using parametric space involves a range of values of WSA parameters to arrive at
a conclusion independent of the choice of parameters.

5. Extrapolate velocity estimates from the outer boundary of the coronal domain (Rss) up to the L1
point using the HUX extrapolation [5](heliospheric domain) .

6. Apply the first three steps for each value of Rss, with default WSA parameters and for parametric space
(Table 1) for each type of magnetic map, and calculate the performance matrix defined by Pearson’s
correlation coefficient.

PFSS and Solar Wind
The magnetic field from PFSS [7] model is used
as an input in empirical solar wind models like
Wang-Sheeley, Distance from Coronal Hole Bound-
ary (DCHB) and the Wang-Sheeley-Arge [WSA; 1].
The main PFSS parameter is the height of the source
surface (SS), and it is crucial for the extrapolation
of the field above the photosphere. [3] also investi-
gated the effects of changing the shape of the source
surface from a sphere to an ellipsoid. The source
surface height (Rss) in the PFSS model, defines the
upper boundary where the magnetic field lines are
open and radial in the heliosphere. Previous studies
conducted in the context of open flux measured at
L1 using different magnetograms agree in terms of
the relative changes in the best SS heights with the
phase of the SC ([4] and references therein). One of
the important aspects of Rss optimization is in the
context of the use of PFSS in solar wind velocity
prediction models at L1.
In this work, we optimize Rss in the PFSS model
with the solar cycle phase to be used in the WSA
model.
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We evaluated the performance of the solar wind

velocity prediction framework (PFSS+WSA+HUX)
at L1 using different Rss, on 16 Carrington Rota-
tions (CRs) selected at different phases of SC24
and SC25 as shown in the Figure1.

Figure1: Monthly sunspot numbers (blue line) plotted
with time, indicating different phases of SC24 and
SC25. The vertical lines mark the CRs selected for
analysis in different phases of the solar cycle

Figure 2: Framework
to predict solar wind
velocity at L1 and find
the best Rss.
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Results

Figure 3: The performance of the framework (cc) for
different CRs with different Rss based on default WSA
parameters. Horizontal dashed lines show the average
performance in the respective phase for each Rss and
all CRs. The annotated value shows the average value
of cc for each input map and SC phase for the three
values of Rss.

PFSS and SWAP Observations

Figure 4: PFSS extrapolated magnetic field lines over-
laid on PROBA2/SWAP [6, 2] images recorded on 7
August 2023, 20:37 UT. The top panel shows PFSS ex-
trapolation with STD maps and the bottom panel with
ZPC maps. The middle panel shows the SWAP image
without PFSS extrapolation.

Conclusion
Our results suggest using a higher (3.0 R⊙) and lower (2.0 or 2.5 R⊙) surface height in the WSA model respectively
during SC minimum and maximum, as compared to the conventional Rss (2.5 R⊙). We found substantial improvement
in the performance of the solar wind forecasting framework while using zero-point-corrected magnetic maps compared to
standard maps, which is further confirmed by the comparison of PFSS extrapolation with the EUV coronal observations
of the Sun at 174Å obtained from the PROBA2/SWAP instrument.
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