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Abstract Recent papers have linked the heliospheric magnetic flux to the sunspot cycle with good
correlation observed between prediction and observation. Other papers have shown a strong correlation
between magnetic flux and solar wind proton flux from coronal holes. We combine these efforts with
an expectation that the sunspot activity of the approaching solar minimum will resemble the Dalton or
Gleissberg Minimum and predict that the magnetic flux and solar wind proton flux over the coming decade
will be lower than at any time during the space age. Using these predictions and established theory, we
also predict record high galactic cosmic ray intensities over the same years. The analysis shown here is a
prediction of global space climate change within which space weather operates. It predicts a new parameter
regime for the transient space weather behavior that can be expected during the coming decade.

1. Introduction

The past 10 years of solar and solar wind observations have shown a trend that is unique in the space age.
After a relatively normal level of solar activity during the solar maximum of 1998 through 2004, approxi-
mately, the Sun entered a protracted solar minimum phase with greatly reduced activity lasting longer than
recent solar minima of the past 50 years. Smith and Balogh [2008] showed that the heliospheric magnetic
field (HMF) reached record low values at both high and low latitudes. Connick et al. [2009, 2011] confirmed
that the injection of magnetic flux in the form of helical fields was nearly zero during this time and showed
that the HMF flux fell steadily during the years 2005 to 2010 until solar activity resumed. McComas et al.
[2008, 2013] showed that the solar wind proton flux was also greatly reduced during the solar minimum
years. While both the solar wind speed and proton density experienced a significant reduction during the
recent solar minimum, it was the reduction of the density that dominates the reduced proton flux results.
At the same time neutron monitor counting rates hit record levels [Oh et al., 2013]. The resumption of solar
activity in the form of coronal mass ejections (CMEs) from 2010 to 2013 was relatively weak, as was the
sunspot number, resulting in the weakest solar maximum of the space age. HMF intensities failed to reach
the levels of the previous solar maximum.

Barnard et al. [2011] have previously provided an “analogue” prediction for future solar activity and its
impacts on space weather. Their approach was to use the paleo-cosmic radiation (10Be and 14C) data of the
past to estimate the probability of various levels of solar activity in the future. By way of contrast, this paper
provides a “real-time” prediction methodology. Throughout the space age, the observed data have been
used to develop several models of the interdependence of solar and heliospheric quantities. Our method-
ology uses those models to predict three important features of space weather using data inputs up to the
present date, together with projected sunspot numbers for the next 10 years. This methodology has the
advantage that it yields quantitative estimates of the space weather in the immediate future and that it can
be updated on a year-to-year basis.

We contend that the pattern seen in the past 10 years of sunspot and HMF intensity strongly resembles the
Dalton (Grand) and Gleissberg Minima [Clilverd et al., 2006; Watari, 2008; Turner, 2011; Kamide and Kusano,
2013; Goelzer et al., 2013; McCracken and Beer, 2014]. We compare the recent protracted solar minimum
and the relatively weak solar maximum that followed to past epochs of low solar activity levels and use the
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Figure 1. Monthly average sunspot numbers as compiled by the Solar
Influences Data Analysis Center (SIDC).

Dalton and Gleissberg Minima as
likely proxies for the solar activity that
is to come in the next decade. With
this assertion and three published
theories we can predict the average
HMF flux and solar wind proton flux
for the coming decade, and from
those predictions we can predict the
galactic cosmic ray intensity. The first
theory [Schwadron et al., 2010] links
heliospheric magnetic flux to sunspot

number. The Dalton and Gleissberg Minima sunspot numbers then give us the HMF flux. The second theory
[Schwadron and McComas, 2008] then provides a prediction for the solar wind proton flux in terms of the
HMF flux. From these we can use the third theory [Caballero-Lopez et al., 2004; McCracken, 2007] to derive a
prediction for the galactic cosmic ray intensity over the same period. In the interest of brevity, we present
only the results of our methodology as the theories and their tests are already published elsewhere.

2. The Dalton and Gleissberg Minima

We begin with a direct comparison of the sunspot numbers during the recent solar cycles and those of
the Dalton and Gleissberg Minima. Figure 1 shows the monthly average sunspot numbers from 1749 to
November 2013. There are several intervals when the sunspot numbers associated with solar maximum are
lower than is otherwise typical. One such interval is the Dalton Grand Minimum that runs from 1790 to 1830.
The solar maximum associated with the start of this interval is typical of other maxima, but the following
solar maxima show a series of three maxima with reduced sunspot numbers. The critical point is that such
low maxima tend not to occur in isolation but are generally seen as a series of about three such cycles with
reduced activity levels. Another period of reduced activity is the Gleissberg Minimum (not usually called a
“Grand” Minimum) that runs from 1890 to 1920. Again we see a series of maxima showing reduced activ-
ity levels. These intervals form the basis for our prediction of the coming decade of solar activity and its
associated HMF flux, solar wind proton flux, and galactic cosmic ray intensity.

Figure 2 (top, left) shows the reported monthly sunspot numbers from 1785 to 1815, the first cycle of the
Dalton Minimum. There is another cycle of low sunspot numbers that follows those plotted here. Figure 2
(bottom, left) shows the reported monthly sunspot numbers from 1995 to November of 2013 (black curve).
Subsequent sunspot numbers are listed as “provisional” and subject to change, so they are not used here.

Figure 2. (top, left) Recorded monthly averages of the sunspot numbers from 1785 to 1815 (the start of the Dalton Grand
Minimum). (bottom, left) Recorded sunspot numbers from 1995 to 2013 (black curve) followed by a reproduction of the
Dalton Minimum values starting in 1805 (shown in blue for the years 2014 onward). (top, right) Recorded monthly aver-
ages of the sunspot numbers from 1865 to 1895 (the Gleissberg Minimum). (bottom, right) Recorded sunspot numbers
from 1995 to 2013 (black curve) followed by a reproduction of the Gleissberg Minimum values starting in 1885 (shown
in green for the years 2014 onward).
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Note the “typical” solar maximum from 1998 to 2003 that resembles the maximum from 1785 to 1790.
Although slightly different in shape, the two reach comparable levels of intensity with the 1788 values
slightly exceeding the 2001 values and both are similar to maxima throughout the space age (1965 onward).
When we compare the unusually low sunspot numbers of the maxima for 1804 and 2013, we find that the
1804 values are slightly lower than the 2013 values. Both are uncommonly low for maxima throughout the
space age.

Solar maxima peaking at sunspot numbers of 50 are uncommon but are recorded in the sunspot record
from 1749 onward. They fall into groupings of two or more and are not seen as isolated events [Kamide
and Kusano, 2013; Goelzer et al., 2013]. It is therefore likely that we will again see another weak solar maxi-
mum after the coming solar minimum. With this in mind, we use the sunspot numbers from December 1804
onward as a prediction for what is coming from December 2013 onward (Figure 2, bottom, left, blue curve).
Provisional sunspot numbers in 2014 show a second peak rising to ∼100. This is very much uncharacteris-
tic of the last 2 years of sunspot numbers. If these numbers are validated and persist for about a year, it is
likely that a better model for the coming solar minimum will be the minimum we experienced most recently.
If they are validated but do not persist beyond a few months, they are unlikely to significantly change the
predictions shown here as it takes time to accumulate the additional flux that such high sunspot numbers
would suggest. Only time will tell if this is true.

Figure 2 (top, right) shows the reported monthly sunspot numbers marking the start of the Gleissberg Mini-
mum from 1865 to 1895. As with Figure 2 (top, left), this represents only the first half of the cycle of reduced
sunspot numbers. The solar maximum of 1870 was marginally higher than the maximum of 2001, while the
maximum of 1883 is also slightly higher than the maximum of 2013. The Gleissberg Minimum represents a
somewhat less extreme reduction in sunspot number relative to the space age than does the Dalton Mini-
mum. As with the Dalton Minimum, we can use the sunspot numbers from 1885 onward as a proxy for the
coming solar minimum (2014 onward) which we show in Figure 2 (bottom, right, green curve). The sunspot
minima of the Gleissberg Minimum are shorter in duration than those of the Dalton Minimum, but both
achieve unusually low sunspot numbers when compared with the space age.

3. Heliospheric Magnetic Field

The first theory that we employ here is an extension of the idea that CMEs inject magnetic field lines into
interplanetary space and then magnetic reconnection in the low solar atmosphere releases those field lines
[McComas et al., 1992; Solanki et al., 2000; Low, 2001; Owens and Crooker, 2006, 2007; Owens et al., 2008,
2011a; Lockwood et al., 2009; Schwadron et al., 2010; Owens and Lockwood, 2012]. While attached to the
Sun these newly injected field lines are drawn out to match the spiral configuration predicted by Parker
[1958, 1963]. Once released, presumably by reconnection low in the solar atmosphere, they are free to be
ejected from heliospheric space by the solar wind. We use the theory of Schwadron et al. [2010] to predict
the HMF flux based on sunspot number. Smith et al. [2013] applied this theory to the Omni2 data set [King
and Papitashvili, 2005] with favorable results. Goelzer et al. [2013] employed the same parameter choices
in a comparison with HMF analyses derived from 10Be observations going back to 1749 and also obtained
favorable results. We employ the exact same formulation of the theory here.

Figure 3 (top) shows the monthly sunspot number (black curve), followed by the predicted sunspot num-
bers derived from the Dalton Minimum postulate (blue curve) and the Gleissberg Minimum postulate (green
curve) which are used as predictions for the coming decade of solar activity. Figure 3 (middle) shows the
predicted value of ⟨|BR|⟩ as derived from the above theory (red curve) and the average value of ⟨|BR|⟩ as
computed from the Omni2 data set (black circles). There is good agreement between the predicted and
measured HMF flux densities. This is consistent with the results of Smith et al. [2013] and Goelzer et al. [2013].

Beginning with the year 2014, the sunspot numbers are assumed to follow the reported observations of the
Dalton and Gleissberg Minima as described above. The predicted sunspot numbers are then used as input
to the above theory to obtain a prediction for the HMF flux density ⟨|BR|⟩ for the years 2014 and beyond.
These are also shown in the figure where use of the Dalton Minima (blue curve) and Gleissberg Minima
(green curve) yield consistent results until 2019. The only significant question is “When will the minimum
end and the rise to the new maximum begin?” Note that the adoption of the Dalton and Gleissberg Minima
sunspot numbers is not exactly the same as reproducing the predicted or observed HMF flux for the Dalton
or Gleissberg Minima as there is a significant hysteresis effect within the theory, but it is similar.
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Figure 3. (top) Monthly averaged sunspot number leading to
December 2013 (black curve) with extension using Dalton Grand
Minimum (blue curve) and Gleissberg Minimum extension (green
curve). (middle) Predicted value of HMF flux density ⟨|BR|⟩ using
the observed sunspot numbers (red curve) leading up to the start
of 2014 with the predicted level derived from the Dalton Mini-
mum extension and the Schwadron and McComas [2008] theory as
applied by Smith et al. [2013] and Goelzer et al. [2013] (blue curve)
and Gleissberg Minimum extension (green curve), as well as the
measured value of ⟨|BR|⟩ obtained from Omni2 data set (black cir-
cles). (bottom) Predicted value of FSW as obtained by the theory
of Schwadron and McComas [2008] and related papers using the
observed sunspot numbers (red curve) followed by the prediction
using the Dalton postulate (blue curve) and Gleissberg postulate
(green curve).

Our calculations predict that if the coming
solar cycle follows the form of the Dalton
Minimum the HMF flux density circa 2020
will decrease to ∼60% of that during 2009.
The cosmogenic radionuclide 10Be pro-
vides a record of the cosmic ray intensity
in the past, and McCracken [2007] used it
to estimate the annual HMF intensity at
Earth since 1420. Those estimates decreased
by a factor of 70% between the solar min-
ima of 1798 and 1810 [see Goelzer et al.,
2013, Figure 1], these being the analogous
minima to 2009 and 2020. The annual aver-
age of the HMF intensity near Earth was
∼3.9 nT in 2009. Our predictions, based on
sunspot number during the Dalton Mini-
mum, indicate that ⟨|BR|⟩ will reach down
to almost 0.7 nT. If in situ comparisons hold
with regard to the component of the HMF
perpendicular to the Parker field, which is
all that is predicted by the Schwadron et
al. [2010] theory, the HMF near Earth will
decline to ∼2.5 nT in 2021 if the coming
solar minimum follows the Dalton Mini-
mum. If the coming solar minimum follows
the Gleissberg Minimum, then ⟨|BR|⟩ falls to
∼1 nT in 2019 and then begins to recover
earlier than in the Dalton Minimum postu-
late. This suggests a minimum HMF intensity
of ∼3 nT. Note that in either instance the
next solar minimum will be weak compared
with any minimum of the space age.

4. Solar Wind Proton Flux

We now use this prediction for the HMF flux
to obtain a prediction for the solar wind pro-
ton flux during the same years. Schwadron
and McComas [2008] derive a prediction for
the solar wind proton flux based on a linear

scaling with the HMF flux and demonstrate that it holds for high-speed winds (> 750 km s−1) observed by
the Ulysses spacecraft. In an attempt to simplify the expressions used by Schwadron and McComas [2008]
we make the following assertion:

FTh
SW = 1.15 × 1012⟨|BR|⟩. (1)

This proportionality constant will be justified below by the results, but it is approximately equivalent to the
analysis of Schwadron and McComas [2008].

Returning to Figure 3 (bottom), we take the predicted value of ⟨|BR|⟩ derived from the theory of Schwadron
et al. [2010] and the recorded sunspot numbers and predict the solar wind proton flux (red curve) using
the above scaling. We also reproduce the observed solar wind proton flux from the Omni2 data set (black
circles). As seen in the figure, the agreement is poor before 2005 but good from 2005 onward. The prediction
also works well during the solar maximum of 2013 when solar activity was relatively low.

There are good reasons why this simple scaling may not work well in times of high solar activity, but we are
unprepared at the present time to provide a defensible explanation. Efforts to understand this and modify
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Figure 4. (black curve) Neutron monitor observations derived
from Climax instrument (years 1951–1964), Oh et al. [2013] (years
1965–2010), and Oulu instrument (2011–2013). Numbers fol-
low the normalization prescription of Oh et al. [2013] with the
monthly counting rate during February 1987 being defined as
100%. (blue curve) Predicted neutron monitor values derived from
the theoretical prediction for the HMF intensity using the Dalton
Minimum prediction. (green curve) Same using the Gleissberg
Minimum prediction.

the theory are ongoing. The years from
2005 onward are times of low solar activity
that correspond to the years when Ulysses
observed the high wind speeds used in the
Schwadron and McComas [2008] study. We
surmise that this theory works well dur-
ing times of low solar activity for reasons
that probably have to do with there being
a more stable flow configuration close to
the Sun. Therefore, it seems reasonable that
we should be able to take the predictions
for the HMF flux based on the Dalton and
Gleissberg Minima and use them to predict
the solar wind proton flux during the com-
ing decade. Figure 3 (bottom) does exactly
this. The blue curve derives from the Dalton
Minimum, while the green curve is obtained
from the Gleissberg Minimum. The resulting
predictions are that the solar wind proton
flux will reach an all-time low from 2017

onward as a result of the HMF failing to recover “normal” solar maximum intensities during the relatively
weak activity levels of 2013 and surrounding years. Only the recovery times differ significantly.

5. Cosmic Ray Intensity at Earth

The intensity of the galactic cosmic rays reaching Earth is largely determined by the strength of the HMF
and the speed of the solar wind [Parker, 1965]. For example, (a) during the past 50 years the ∼4.0 nT 11
year cycle in the HMF intensity has resulted in a ∼20% decrease in the cosmic ray intensities observed by
high-latitude neutron monitors (NM) and (b) the ∼1.2 nT decrease in the annual average HMF between the
sunspot minima of 1996 and 2009 was accompanied by a 5.3% increase in the annual average counting
rates of high-latitude NM [Oh et al., 2013]. Consequently, it is to be expected that the low HMF intensity
predicted for 2020 will result in higher cosmic ray intensities than in 2009, which were, in turn, the highest
intensities observed since the commencement of the NM record in 1951.

Caballero-Lopez et al. [2004] used the cosmic ray propagation equation to determine the dependence of
cosmic ray intensity upon the intensity of the HMF at Earth for a three-dimensional heliosphere. McCracken
[2007] extended that methodology, and we have used it to predict the high-latitude NM counting rates up
to 2025. Using the predicted decrease in HMF flux density in Figure 3 along with equation (3) and Figure 2
of McCracken [2007] (with the value of 𝛼 = 1.5), we can predict the cosmic ray intensity during the com-
ing solar minimum. Figure 4 reproduces the observed neutron monitor annual counting rates together with
the predicted annual counting rates derived from the HMF model for both the Dalton and Gleissberg pos-
tulates. We compute that the high-latitude annual average NM counting rates will be ∼4.5± 1.3% above
that observed in 2009 and ∼9.0± 1.3% above the average of the values observed during the solar minima
of 1954–1996 (97.7% of the scale in Figure 4). For the Gleissberg postulate, we compute that there will be
a short-lived maximum in 2019, the counting rate being 2.5 ± 1.3% above that in 2009 and ∼7.0± 1.3%
compared to the sunspot minima of 1954–1996. Recent calculations based on the paleo-cosmic ray record
(10Be and 14C) estimate that the highest NM counting rate would have been 12% above the latter average
during the Dalton Minimum and ∼6% higher during the Schwabe Minimum of 1902 within the Gleissberg
Minimum [McCracken and Beer, 2014]. That is, our estimates of the HMF during the next solar minimum yield
predictions that are consistent with those recorded by the paleo-cosmic ray data in the past.

The modulation of the cosmic ray intensity is a strong function of particle energy. Using the predictions in
Figure 3, we have estimated the modulation functions [Gleeson and Axford, 1968] for 2019 that are appro-
priate to the Dalton and Gleissberg postulates and then used them to compute the cosmic ray spectra in
the vicinity of Earth. These are given in Figure 5 for both the Dalton and Gleissberg postulates, together
with those for the sunspot minima of 1965–1996 and an estimate for the highest intensity phase of the
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Figure 5. Predicted GCR spectrum for the Maunder Minimum (black
curve), Dalton Minimum (blue curve), Gleissberg Minimum (green curve),
and solar minimum spectrum of 1965–1996 (red curve).

Maunder Minimum in 1700 [McCracken
et al., 2004]. Barnard et al. [2011] have
estimated the “integral” cosmic ray
intensity >1 GeV for three different
estimates of future solar activity. The
“differential” spectra given here are
broadly consistent with those estimates
while emphasizing the very substantial
energy dependence of the intensities
relative to those observed during the
space age.

6. Uncertainties

We have provided predictions for the
coming decade without uncertainties
attached to the values. By no means
do we claim that significant uncertain-
ties in the predictions do not exist. Let
us focus first on the predictions for
the HMF flux. Our purpose is simply to
demonstrate how the concept of flux
injection and decay during sequential,
weak solar cycles result in depressed

HMF flux levels. We do not know how to properly assess the uncertainty given that the solar activity driving
the model is only a replication of the historical record. We can assess the accuracy of the model during past
sunspot cycles. If we define

Δ ≡

√√√√√ 1
N

∑ (⟨|BOMNI
R |⟩ −

⟨|BNS
R |⟩)2

⟨|BOMNI
R |⟩2

, (2)

where
⟨|BOMNI

R |⟩ is the monthly average of the absolute value of the radial component of the HMF as
recorded by the Omni2 data set and

⟨|BNS
R |⟩ is the associated prediction for the radial component derived

from the Schwadron et al. [2010] theory above, then Δ is a measure of the average fractional difference
between observation and theory. When we apply this measure to the data from 1975 to 2013, we get
Δ = 0.22 indicating a 22% difference, on average, between observation and theory. When we apply this
measure to the data from 1998 onward (the time interval shown in Figure 3), Δ = 0.19. We hope that
ongoing efforts to compare the theory to multiple data sets will improve the agreement. Of course, this
does not address the accuracy of our assumption for the coming solar cycle sunspot numbers, so it is not
a valid assessment of the predictions here. It is only a measure of the past performance of the model. The
uncertainty in the predicted solar wind proton flux is comparable when that theory works, which appears at
present to be times of low solar activity.

As stated in the previous section, the estimated NM intensity has a standard error of 1.3% for a given esti-
mate of the HMF. As such, the estimated NM intensities for both postulates are higher than those observed
during 2008, and both are comparable with those estimated using the cosmogenic data for the Gleissberg
and Dalton Minima.

What we have done is to attempt to demonstrate a basic aspect of this theory: That the HMF flux must
be restored by activity during solar maximum, or the following solar minimum will show a reduced flux
relative to the previous minimum. The 2012–2013 solar maximum failed to accomplish this restora-
tion of flux. Therefore, we expect an even lower flux level during the coming minimum. Beyond this, all
predictions shown here are for demonstration purposes only and should not be construed as detailed
yearly predictions.
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7. Discussion

Other authors have made roughly similar predictions to these with different assumptions for the coming
solar minimum and different theories for the HMF flux [Barnard et al., 2011; Owens et al., 2011b]. We have
taken the relatively conservative association of recent observations with the Dalton and Gleissberg Minima,
but at least one paper [Lockwood et al., 2011] has argued that the Sun may be entering conditions similar
to the Maunder Minimum. If true, the resulting HMF flux and solar wind proton flux will fall to even lower
values than those shown here, while the galactic cosmic ray intensities will reach still higher values.

The consequences of the reduced solar wind pressure will be an expansion of the magnetosphere and con-
traction of the heliosphere. The absence of typical solar wind transients will reduce magnetospheric storm
activity and the relativistic electron intensity in the magnetosphere [Kataoka and Miyoshi, 2010]. The radi-
ation belts will be diminished, and the atmosphere will be less effective at removing orbital debris [Turner,
2011]. All of these conditions are aligned with a less active space weather environment. However, it has been
observed that extreme Carrington-like events can occur during times of low solar activity [Turner, 2011; Riley,
2012; Kataoka et al., 2012; Kataoka, 2013].

At the same time that the magnetosphere will become less active the galactic cosmic ray intensity will
increase to record levels for the space age. This means a greater hazard for astronauts and electronics out-
side the Earth’s atmosphere and magnetosphere. Transient events (Forbush decreases and globally merged
interaction regions) will become less frequent and perhaps less severe, and the constant bath of galactic
cosmic radiation will exceed any past measurements during solar minima.

In this analysis we have omitted the possibility of a floor, or minimum value, in the HMF intensity. The
Schwadron et al. [2010] theory allows for a floor, but to date we find little if any theoretical or observational
motivation for its existence. Should it exist, the predicted HMF flux and associated intensity may be greater
during the coming solar minimum, the associated prediction for the solar wind proton flux will increase
accordingly, and the predicted cosmic ray intensity will decrease. The coming solar minimum is likely to be
an interesting test of the floor concept. We should also note that the standard sunspot numbers used here
are now under review. Various estimates place the revised values prior to 1947 at 7% to 20% higher than
the values used here (M. Lockwood and L. Svalgaard, private communication, 2014). Since the prediction for
the HMF flux scales with sunspot number, the resulting effect on our prediction for 2014 through 2020 is a
minimal absolute increase should those revisions hold true.

It appears that the assertion of Schwadron and McComas [2008] that the solar wind proton flux scales linearly
with the HMF flux is presently limited to times of low solar activity, both solar minimum and weak solar max-
imum conditions. We do not, as yet, understand how to extend this theory to times of greater solar activity.
We have shown that the linear scaling works well at low latitudes during solar minimum and weak solar
maximum conditions as a complement to the high-latitude results previously found. Using the Schwadron
et al. [2010] formulation whereupon HMF flux depends upon CME injection rates and linking this to sunspot
number has permitted us to predict solar wind proton flux over the coming decade under the assumption
that the present solar cycle will follow the weak and possibly protracted behavior seen in the Dalton and
Gleissberg Minima. The period of low CME activity will result in low HMF flux levels which, in turn, lead to a
prediction for record low solar wind proton flux levels in the coming years.

As emphasized previously, the Schwadron and McComas [2008] scaling appears to be restricted to coronal
hole wind at present. The fact that activity has been light in the current “mini” cycle 24 and the apparent
fact from past cycles that such mini cycles do not appear in isolation suggests that this scaling will continue
to apply through the coming solar minimum. However, even in its most conservative form, the prediction
is that in the next minimum between cycles 24 and 25, we should observe a continued decline of the solar
wind proton flux to levels never before observed directly. This is because the last solar maximum failed to
restore the HMF intensity to typical solar maximum levels and the coming solar minimum activity level is
likely to be inadequate to compensate for ongoing flux loss mechanisms.

8. Summary

We have postulated, based on a 264 year history of sunspot activity, that the coming solar minimum will
resemble the lows of the Dalton or Gleissberg Minima. Others have suggested the same [Clilverd et al., 2006;
Watari, 2008; Turner, 2011; Kamide and Kusano, 2013; Goelzer et al., 2013; McCracken and Beer, 2014]. Using
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the sunspot number as a measure of CME activity [Owens, 2008], together with the theory of Schwadron et
al. [2010] that predicts the HMF flux based on CME rates, we have made predictions for the HMF during the
coming solar minimum. We predict a record low HMF flux for the space age. In turn, we use the theory of
Schwadron and McComas [2008] that shows a strong correlation between HMF flux and solar wind proton
flux to predict the solar wind proton flux for the same years. We also show that the theory works well when
using 1 AU data when the sunspot number is lower than traditional solar maximum values. This predicts
a record low solar wind proton flux during the coming solar minimum regardless of whether one uses the
Dalton or Gleissberg Minima as a model for the coming years. Lastly, we use the predictions for the HMF
flux, together with the theories of Caballero-Lopez et al. [2004] and McCracken [2007], to predict the galactic
cosmic ray intensity for the same years. The predicted radiation levels attain record highs beginning ∼2017
and lasting through the coming solar minimum. The Gleissberg postulate results in a short-lived intensity
maximum, while the Dalton model implies a maximum of duration ∼5 years. These increased cosmic ray
intensities represent a clear threat to satellites and astronauts, especially those outside the protection of
the Earth’s magnetosphere. We note that one prescription for a manned mission to Mars uses transients at
solar maximum to sweep the galactic cosmic rays from interplanetary space followed by a duck-and-cover
approach to solar cosmic radiation [Turner, 2006]. The coming decade will be a particularly poor time to
attempt this method of survival.

While these predictions suggest coming years of relatively low activity levels for space weather, it should
be kept in mind that a single, isolated transient can still do great damage to our increasingly technical soci-
ety. During the last protracted solar minimum we heard colleagues complain that there was little to study in
the way of solar transients (interplanetary shocks, CMEs, solar energetic particles, etc.), while we found great
opportunities to better understand the fundamental physics behind the solar wind and HMF. We respect-
fully suggest that times of quiet solar wind conditions may provide interesting insights into the underlying
dynamics of the Sun, solar wind, and magnetosphere that will make us better able to predict space weather
events in the future.
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