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X-2 SVALGAARD: HMF RECONSTRUCTIONS

Abstract.  The paper “An analysis of heliospheric magnetic field flux based
on sunspot number from 1749 to today and prediction for the coming solar
minimum” by Goelzer et al. [2013], using the theory of Schwadron et al. [2010],
is sought validated by comparison with an outmoded reconstruction of the
heliospheric magnetic field (HMF). We suggest that a new analysis and re-
vision of their paper based on comparisons with recent consensus reconstruc-

tions of the HMF would be a sharper test of the theory.
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SVALGAARD: HMF RECONSTRUCTIONS X-3

1. The Claim

Goelzer et al. [2013] using the theory of Schwadron et al. [2010] argue that magnetic
flux is injected into interplanetary space by coronal mass ejection eruptions and removed
by reconnection in the low solar atmosphere, producing a Heliospheric Magnetic Field
intensity (HMF B) that is correlated with the sunspot number. They apply this theory
to the sunspot record going back to 1749, claiming a favorably quantitative comparison
with the results derived from °Be observations. Central to such a claim is that the HMF
reconstruction used is as correct as possible or as we can make it. Unfortunately, the
Goelzer et al. paper employs an outdated HMF reconstruction [McCracken, 2007] which is
seriously at variance with HMF reconstructions published since 2007 based on geomagnetic
data [Svalgaard et al., 2003; Svalgaard and Cliver, 2010; Lockwood and Owens, 2011] as
well as on cosmogenic nuclide data [Steinhilber et al., 2010]. More recent work [Lockwood
et al., 2014; Svalgaard, 2014] confirms and extends the Steinhilber/Svalgaard/Lockwood
consensus. Therefore, the quantitative conclusions reached by Goelzer et al. should be re-
visited and suitably revised. In addition, recent cosmic ray proxies of HMF B, [Steinhilber

et al., 2010], could be brought to bear.

2. The Reconstructions

Figure 1 shows the consensus reconstruction yearly average HMF' B since 1845 compared
with HMF B derived from the '°Be cosmic ray proxy. The marked drop in cosmic ray
proxy-based HMF B in 1953 and going back in time is due to an unsatisfactory splicing
together of cosmic ray intensities derived from balloon-based calibrations of ion chamber

records and neutron monitor data [after 1953]. To first order, the pre-1954 cosmic ray
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X-4 SVALGAARD: HMF RECONSTRUCTIONS

proxy-based HMF B is ~2 nT too low throughout, as already pointed out by Swvalgaard
and Cliver [2010] (Figure 13 of that paper). Since this is a significant fraction (a third)
of the average value of HMF B, conclusions (e.g. “compare favorably to the results
derived from 1°Be observations”) drawn from comparisons with the McCracken [2007]
reconstruction are not warranted. Due to the inherent interest in and potential importance
of the Schwadron et al. [2010] theory, we urge Goelzer et al. to repeat their analysis using
up-to-date consensus HMF B reconstructions, both geomagnetic (published) and more
recent cosmogenic isotope based (if released for publication).

Using the sunspot number as the ultimate input to their model makes sense as there
is an [expected] correlation of the HMF B with the Sunspot Number (SSN), Figure 2, as
noted by Svalgaard et al. [2003], Svalgaard and Cliver [2005], and Karinen and Mursula
[2006]. The main sources of the equatorial components of the Sun’s large-scale magnetic
field are large active regions. As these to first order emerge at random longitudes, their
net equatorial dipole moment will scale as the square root of their number. Thus their
contribution to the average HMF strength will tend to increase as SSN'Y2? [Wang and
Sheeley, 2003] as observed.The simple square root function of the SSN generally over-
predicts slightly the HMF at the beginning of each cycle compared to the theory. The
presence of widespread coronal holes during the declining phase of the cycle will generally
increase HMF B over that predicted by sunspots at such times as duly observed.

Since the model used in Schwadron et al. [2010] has eight adjustable parameters it is
not surprising ! that a set of parameters (including a radial ‘floor’ of 56 x 10'3 Wb) can be
found that affords good agreement with HMF B derived from the observed OMNI dataset

as well as from the reconstructions derived from the geomagnetic response, Figure 3. The
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SVALGAARD: HMF RECONSTRUCTIONS X-5

parameters (typically uncertain by a factor of two) and the data used for the Figures can
be found in the electronic supplement. All values are subject to minor corrections and

adjustments as this rapidly evolving field of inquiry matures.

Acknowledgments. L.S. acknowledges the continuing support from Stanford Univer-
sity, and the stimulating impetus from the ISSI Team 233 discussions: http://www.
leif.org/research/Svalgaard_ISSI_Proposal_Base.pdf as well as extensive advice
and comments from the authors of Goelzer et al. [2013], including a spreadsheet (kindly
provided by Nathan Schwadron) to run their model with user-specified parameters. In-situ

data is obtained from the OMNI dataset at http://omniweb.gsfc.nasa.gov/ow.html.

Notes

1. von Neumann: “with four parameters I can fit an elephant, and with five I can make him wiggle his trunk”, Dyson [2004].
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Figure 1.  Reconstructions of the Heliospheric Magnetic Field (B in nanoTesla) at Earth:
Blue curve from Lockwood et al. [2014]. Red curve from Swvalgaard [2014] with conservative
(grey) error bars. Green dots show yearly averages of B derived from the OMNI dataset http:
//omniweb.gsfc.nasa.gov/ow.html. Goelzer et al. [2013] compare their modeled field strength
with data shown by the black curve derived from cosmogenic nuclide records by McCracken

2007].
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HMF B from Three Different Sources
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Figure 2.  Reconstructions of the Heliospheric Magnetic Field (B in nanoTesla) at Earth:

red curve is from a correlation (R? = 0.89) between OMNI B (1963-2013) and the IDV-index

[Svalgaard and Cliver, 2005, 2010; Svalgaard, 2014]. The blue curve is derived from a correlation

between the so derived B with the square root of the Sunspot Number (1845-2013, R* = 0.73;

1963-2013, R? = 0.66, dashed light blue overlay curve). The black curve with plusses shows

yearly averages of B from the OMNI dataset.
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Comparison of HMF Reconstructions
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Figure 3. Comparison between HMF B derived from geomagnetic data (blue), from the

12-month average sunspot number using the relationship from Figure 2 (purple), and from the
Schwadron et al. [2010] theory using the parameter set given in the supplementary data (monthly
values in green). The OMNI 1-year central running average is shown in orange (27-day rotation

averages in yellow).
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Auxiliary material for

On Heliospheric Magnetic Field Reconstructions

Leif Svalgaard

Journal of Geophysical Research, Space Physics, 2014

Introduction.
The material consists of two files as explained below.

Explainer for

1.

textOl:

1.1 Column
1.2 Column

Column

Column

Column

Column

Yearly values of Heliospheric Magnetic Field Strength.
"Year", the year.

"SSNc", the 'corrected' Sunspot Number. A preliminary
synthesis of the SSN Workshop's reconciled

sunspot number series [for details see
http://www.leif.org/research/CEAB-Cliver-et-al-2013.pdf
"Recalibrating the Sunspot Number (SSN): The SSN Workshops"
(http://ssnworkshop.wikia.com/wiki/Home) ] .

"Geomagn", average of estimates by Svalgaard [2014]
and Lockwood et al. [2014] expressed in nanoTesla.
"B(10Be)", the 10Be-based estimated HMF B in nT obtained

by hand-digitizing Figure 4 in McCracken [2007].

"OMNI", yearly average total HMF B (nT) from the OMNI
dataset. When possible, missing data for some years have
been filled in by interpolation from data 27 days before
and after.

"Theory", HMF B calculated from the Schwadron et al.
[2011] theory, using an Excel spreadsheet kindly
provided by Nathan Schwadron with the set of parameters
given in 'text02' below.

Explainer for

2.

N NN

text02: Parameters used in calculating HMF B.
.1 Column "Svalgaard", the parameters used in this paper.
.2 Column "Goelzer", the parameters used in Goelzer et al. [2013].
.3 Column "Description", a short description of the parameter
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Svalgaard Goelzer
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Unit
Number

Number

Days
Years
Years
1013 Wb
1013 Wb

Fraction
Factor

nT

Description

Number of CMEs per day

per unit sunspot number

Offset in calculating ejection frequency

= offset + CMEs per day * Sunspot Number
Timescale for interchange reconnection
Timescale for opening of closed flux
Timescale for loss of flux by disconnection
Magnetic flux per CME

Magnetic flux over whole sphere for a Floor
in the HMF radial B

Fraction of flux closing on ejection

Factor to convert computed, ideal 'Parker'
spiral B to messy, total B

Offset to convert computed, ideal 'Parker'
spiral B to messy, total B



