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Abstract. The status of the extended solar activity minimum,
since the second half of 2007, has been briefly instructed to
the solar-terrestrial community. Cycle 24 has the most spot-
less days since cycle 16, and probably even since the modern
cycles, latitudes of high-latitude (>35◦) sunspots belonging
to a new cycle around the minimum time of the cycle are
statistically the lowest at present, compared with those of
cycle 12 onwards, and there is only one or no sunspots in
a month appearing at high latitudes (>20◦) for 58 months
(from November 2003 to September 2008), which is ob-
served for the first time since cycle 12 onwards. The solar
wind velocity and pressure, 10.7 cm solar radio flux, the po-
lar solar magnetic field, solar total irradiance, and so on reach
their minima during the 23–24 cycle minimum time. In or-
der to explain the present extreme low activity, we introduced
here one possible mechanism using helio-seismology obser-
vations. Viewing, from the long-term running of the time
scales of both the Gleissberg period and millenniums, the
extended solar activity minimum becomes logical. Accord-
ing to the present observations, the cycle 24 should start in
November 2008. Solar activity is predicted at being about
30% lower in cycle 24 than in cycle 23, synthesizing the
typical predictions of solar activity, including those given by
NASA and NOAA. The 24th solar cycle is sluggishly com-
ing and it should be an opportune moment for studying solar
physics and solar-terrestrial physics.
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1 Introduction

It is well known that sunspot activity waxes and wanes within
an approximate 11-year Schwabe cycle, and sunspot activity
should be reduced to a valley when a solar cycle is progress-
ing into its next new cycle. Thus, people are seemingly not
surprised for the present low level of sunspot activity, ap-
pearing at the solar minimum time between cycles 23 and 24.
However, when reviewing the history of the detailed obser-
vations of sunspots, people should find that the present low
level of sunspot activity seems abnormal, since such a low
sunspot activity was rarely recorded before. For example,
in the year of 2008, the number of spotless days reached
266 days, accounting for 73% of the total days in the whole
year. In the last hundred years, only the year 1913 had even
more spotless days: in that year, the number of spotless days
reached 311 days, accounting for 85% of the total days in that
whole year. In the first 4 months (120 days) of the year 2009,
there were 103 spotless days, accounting for 86%, and in this
year, there were 262 spotless days, just 4 days less than those
in 2008, and such a year having so many spotless days ranks
3 for the last hundred years1. The present Sun is experienc-
ing the first valley of sunspot activity in this century and this
new millennium, and the current solar cycle transit has sur-
prisingly accumulated 806 spotless days so far (till August
2010). The current sunspot activity has been at so deep a
level for such a long time, some scientists, therefore, spec-
ulate that the Sun might entre a long period of no (or very
low) sunspot activity, similar to the Maunder minimum in
the seventeenth century2. It is claimed that there should be a
positive correlation between solar activity variations and the

1http://users.telenet.be/j.janssens/Spotless/Spotless.html
2http://solarscience.msfc.nasa.gov/
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Fig. 1. The number (the filled squares) of spotless days in solar
cycles 10 to 24.

Earth surface temperature (Eddy, 1976; Usoskin, 2008). The
Sun went through three stages of great changes of solar activ-
ity in the last millennium: the Medieval maximum coinciding
with the Medieval Warm Period, the Maunder minimum co-
inciding with the coldest excursion of the Little Ice Age, and
the Sporer minimum coinciding with the other severe temper-
ature dip of the Little Ice Age (Eddy, 1976). It is necessary to
investigate the present status and future prospects of solar ac-
tivity, due to its influence and importance in solar physics and
solar-terrestrial physics (Gao et al., 2008; Usoskin, 2008).
This paper, mainly as an instruction to the solar-terrestrial
community, comprehensively reports the present status of a
variety of solar activity indices and the future prospects of
solar activity, the interpretation of the present low level of
solar activity and the potential opportunity to improve solar
physics and solar-terrestrial physics.

2 The present status of solar activity

The reliable time series of sunspot number is generally
thought to start from solar cycle 10, and it is called the start
of the modern solar activity cycles (Wilson et al., 1996; Li
et al., 2004). Figure 1 shows the number of spotless days
per cycle during the modern solar activity cycles. The data
used here are available on the spotless days web site3. Up to
the end of August 2010, the number of spotless days reached
806 days for cycle 24. Cycle 24 has the most spotless days
from cycle 16 onwards and is only fewer than cycles 12, 14,
and 15 among the modern solar activity cycles. The ability of
observing sunspots is believed to improve with the elapse of

3http://users.telenet.be/j.janssens/Spotless/Spotless.html

Fig. 2. The smoothed monthly number of spotless days (solid line,
right scale) and smoothed monthly sunspot number (dashed line,
left scale). The data used here are available from the spotless-day
web site (http://users.telenet.be/j.janssens/Spotless/Spotless.html).

time since cycle 10, and Li (2009) inferred that some small
sunspots would not be observed during the minimum times of
cycles 12 to 15. Thus, cycle 24 should have the most spotless
days, probably even for all the modern solar cycles. There-
fore, low sunspot activity is inferred to occur only once in the
past one hundred years (Li, 2009). Solar cycle 24 is the first
integrated solar cycle in the new millennium and it should
progress into the new century and the new millennium with
extended low activity.

Figure 2 shows the smoothed monthly number of spotless
days (updated to August 2010) and the smoothed monthly
sunspot number, and the data used here are available also
from the spotless days web site. From the figure, we can
find that the smoothed monthly number of spotless days also
waxes and wanes within a “cycle”, similar to the smoothed
monthly sunspot number. Since 1849, 14 integrated cy-
cles have been informed for the two indexes. However, the
two indexes are in complete anti-phase with each other. At
present, the monthly number of spotless days for cycle 24
just passed its peak and is going into its deceasing part of
the cycle. In the future, the total number of spotless days
for cycle 24 is expected to increase continuously, so that the
monthly number of spotless days for cycle 24 forms its inte-
grated cycle.

The continuous observations and compilations of the posi-
tion and area of sunspots began at Greenwich Observatory in
the year 1874, which recorded the position of sunspots at the
solar disk for 12 complete cycles since cycle 12 onwards. Li
(2009) found that the mean latitude of high-latitude (>35◦)
sunspots in cycle 24 is the lowest since cycle 12 onwards
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Fig. 3. Top panel: the monthly mean values of the solar radio adjusted flux density at 10 cm wavelength measured by Ottawa/Pentiction
from February 1947 to May 2009. Middle panel: the monthly mean values of the Sun’s polar field strength in the Northern (solid line)
and Southern (dashed line) Hemispheres, observed at Wilcox Solar Observatory (WSO) from June 1976 to September 2009. Bottom panel:
the daily total solar irradiance (TSI) of the PMOD composite from 1 December 1976 to 9 June 2009. The vertical dashed lines mark the
minimum times of sunspot cycles.
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Fig. 4. Top left panel: the monthly mean values of the solar radio adjusted flux density at 10 cm wavelength measured by Ottawa/Pentiction
(dashed line); top right panel: the monthly mean sunspot areas (dashed line); bottom left panel: the monthly number of sunspot groups
(dashed line); and bottom right panel: the monthly mean sunspot numbers (dashed line). All the above data span from January 2008 to
September 2009. Their corresponding 13-point smoothed values (solid line) are also shown in their corresponding panels.
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Fig. 5. The monthly number of sunspot groups since the year 2006
onwards for cycles 23 (dark grey) and 24 (light grey), respectively.

(till the end of September 2009, recorded was only one high-
latitude (>35◦) sunspot, appearing on 23 September 2009).
Only one or no sunspots per month appeared at high latitudes
(>20◦) from November 2003 until September 2008, surpris-
ingly spanning as long as 58 months, such a status is the first
time observed since cycle 12. The maximum amplitude of a
solar cycle is found to be positively correlated to the mean
latitude of sunspots at high latitude (>35◦) over the cycle (Li
et al., 2003), thus, cycle 24 is expected to present a rather low
level of solar activity.

The continuous observations of the solar polar (latitudes
are larger than 55◦) field strength began in the year 1976.
Figure 3 shows the monthly mean values of the Sun’s po-
lar field strength in the Northern and Southern Hemispheres,
respectively, observed at Wilcox Solar Observatory (WSO)
from June 1976 to September 2009. The monthly mean val-
ues of the Sun’s polar field strength are in complete anti-
phase with the low-latitude sunspot activity. The monthly
mean values of the Sun’s polar field strength during the min-
imum time of a cycle for cycle 24 are weaker than those
for the other cycles, being the lowest since the beginning of
the observations on the Sun’s polar field strength. The solar
high-latitude polar field strength averaged over a month at the
minimum time of a cycle is found to be positively correlated
with the maximum monthly mean low-latitude magnetic field
strength of the same cycle (Svalgaard et al., 2005a, b), thus,
cycle 24 is expected to have a rather low level of solar activ-
ity, even potentially the smallest cycle in the last 100 years,
according to the prediction by Svalgaard et al. (2005a, b).

The solar index of 10.7 cm solar radio flux (F10.7) is a
reliable and sensitive activity index, and the continuous ob-
servation of solar radio adjusted flux density at 10 cm wave-
length (2800 MHz) began in the year 1947 (Svalgaard and
Hudson, 2010, and reference therein). Figure 3 shows the
monthly mean values of the solar radio adjusted flux density
at 10 cm wavelength measured by Ottawa/Pentiction from
February 1947 to May 2009. The solar radio adjusted flux
density at the minimum time of a cycle for cycle 24 is the
smallest among all cycles since the beginning of the radio
flux density measurement.

The continuous observation of total solar irradiance (the
so-called solar constant) began in the year 1976. Figure 3
also shows the daily total solar irradiance (TSI) of the PMOD
composite from 1 December 1976 to 9 June 2009 (Frohlich,
2006, 2009). TSI at the minimum time of cycle 24 is the
lowest since the beginning of TSI measurement.

Other solar activity indices, such as low-speed solar wind
speed, solar wind pressure, photospheric magnetic open
fields, are all the lowest since the beginning of their mea-
surement4.

3 The determination of the start time of solar cycle 24

The Hale cycle, in which the magnetic polarity of sunspot
pairs (preceding and following sunspots) reverses between
alternate cycles. The sunspot in AR 10981, having opposite
polarities from the previous cycle, emerged at high latitude
(30◦) on 4 January 2008 and disappeared on 6 January 2008,
suggesting that the extended cycle 24 should begin in January
2008 in high-latitude regions5. Helioseismic observation in-
dicates that, in the solar interior, the solar activity cycle 24
started in late 2007 (Salabert et al., 2009), consistent with the
above result. Thus, it is referred that the extended cycle 24
should begin around the beginning of 2008.

We use the Royal Greenwich Observatory dataset to count
the monthly numbers of sunspot groups from January 2008
to September 2009, which are shown in Fig. 4. The fig-
ure also shows the monthly mean values of the solar ra-
dio adjusted flux density at 10 cm wavelength measured by
Ottawa/Pentiction, the monthly mean sunspot numbers and
the monthly mean sunspot areas during the same time inter-
val. Also shown in the figure are their corresponding 13-
point smoothed values. The smoothed monthly mean val-
ues of the solar radio adjusted flux density at 10 cm wave-
length reach its minimum in October 2008; the smoothed
monthly mean sunspot numbers reach its minimum in De-
cember 2008, whose value is 1.7, being the second smallest
minimum value of a cycle since cycle 10 onwards (the low-
est is 1.5 which occurred in cycle 15); the smoothed monthly
numbers of sunspot groups and the smoothed monthly mean
sunspot areas both reach their minima in November 2008.

The time, when the number of high-latitude sunspot
groups of a new solar cycle first exceeds the number of low-
latitude sunspot groups of the previous solar cycle, is also
used to mark the start of the new solar cycle. Figure 5 shows
the monthly number of sunspot groups since 2006 onwards
for cycles 23 and 24, respectively. From the figure, we can
find that the monthly number of sunspot groups for cycle 24
first exceeds that for cycle 23 in September 2008.

To determine the minimum time of solar activity, the above
solar activity indices should be considered together (Wilson

4http://ihy2007.org/IAUWG/WEBPAGES/WGoverview.shtml
5http://solarscience.msfc.nasa.gov/
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et al., 1996; Harvey and White, 1999). Based on an overall
consideration of the above solar activity indices, we deter-
mine that cycle 24 should begin in November 2008. The
length of cycle 23 then should be 12.5 years, and its fall time
should be 8.7 years. Such a cycle length is the longest cycle
length, and such a fall time is the longest fall time for obser-
vations of the Sun since the start of the modern solar activity
cycles.

Cycle 24 is sluggishly coming.

4 Predictions of the maximum solar activity for solar
cycle 24

Classical solar activity forecasting methods are as follows.

4.1 Statistical methods based on sunspot cycle
characteristics

The length of a cycle (L(n) for cyclen) is a good indicator
of the maximum amplitude of the solar activity in the next
cycle (RM(n+1)), and there is a significant negative corre-
lation between the two (Hathaway et al., 2002; Watari, 2008;
Li, 2009): RM(n+1) = −22.91L(n)+366.58±23.7. Thus,
RM should be 75.6±23.7 for cycle 24, based on the above
analysis. There is a significant positive correlation between
the minimum (Rm) and maximum (RM) amplitudes of the
smoothed monthly mean sunspot number of a cycle (Watari,
2008; Li, 2009). When the data in solar cycles 1 to 23 are
used, we haveRM = 78.0+6.0×Rm±32.0. The minimum
smoothed monthly mean sunspot number is about 1.7 for cy-
cle 24, thus,RM should be 88.2±32.0 for cycle 24. Sim-
ilar conclusions were obtained using other statistical meth-
ods (Du, 2006; Du and Du, 2006; Wang, 2009; Wang et al.,
2009).

4.2 Geomagnetic precursor methods

Feynman (1982) noted that geomagnetic activity has two
different sources: one due to solar activity that follows the
sunspot cycle and another due to recurrent high speed solar
wind streams that peak during the decline of each cycle. She
separated the two by finding the sunspot number dependence
of the base level of geomagnetic activity and removing it to
reveal the “interplanetary” component of geomagnetic activ-
ity (Hathaway and Wilson, 2006). The peaks in the interplan-
etary component occur prior to the sunspot cycle minimum
and are very good indicators for the amplitude of the fol-
lowing sunspot cycle (Hathaway, 2009). Feynman’s method
proposed thatRM for cycle 24 should be 154±25 based on
theaa geomagnetic index (Hathaway, 2009).

Thompson (1993) noted that some geomagnetic activity
during the previous cycle served as a predictor for the am-
plitude of the following cycle but, instead of trying to sepa-
rate the two, he simply related the geomagnetic activity dur-
ing one cycle to the sum of the amplitudes of that cycle and

the following cycle (Hathaway, 2009). Thompson’s method
proposed thatRM for cycle 24 should be 115±27 based on
the counting of geomagnetically disturbed days (Hathaway,
2009).

4.3 Polar field precursor method

Schatten et al. (1978) suggested using the strength of the
Sun’s polar field as a predictor for the amplitude of the fol-
lowing cycle based on the Babcock (1961) dynamo model
(Hathaway, 2009).RM for cycle 24 should be 75±8 accord-
ing to the solar polar field precursor method (Svalgaard et al.,
2005a, b).

4.4 Solar dynamo method

Dikpati and Gilman (2006) predicted thatRM for cycle 24
should be 165±15, utilizing a flux-transport dynamo model
of solar cycles. The model included a rotation profile and a
near surface meridional flow based on helioseismic observa-
tions.

Choudhuri et al. (2007) and Jiang et al. (2007) predicted
thatRM for cycle 24 should be about 75, using a similar flux-
transport dynamo but with the surface poloidal field at a min-
imum as the assimilated data.

The National Aeronautic and Space Administration
(NASA) gives its prediction for the monthly mean sunspot
numbers of cycle 24 on its web side6, so does the Na-
tional Oceanic and Atmospheric Administration (NOAA) on
its web side7. NASA believes that the monthly sunspot
number of cycle 24 should reach its maximum, about 60
in the year 2013, and NOAA predicts that the maximum
monthly sunspot number should be about 90, occurring in
the year 2013. We find that NASA continuously reduced its
prediction in the recent years, also indicating that NASA be-
lieves in a low level of solar activity in cycle 24.

In conclusion, it is expected that cycle 24 should be about
40% weaker than cycle 23.

5 The interpretation of a rather low level of solar
activity in cycle 24

Gleissberg (1971) investigated the feature of the maximum
smoothed monthly mean sunspot numbers of the solar cy-
cles and found a long-periodic fluctuation in them, about a
century in length, called the Gleissberg cycle or century cy-
cle. Figure 6 shows the annual mean sunspot number and
their smoothed values from the years 1700 to 2009 (up to
310 year). From the figure, we can find that cycle 24 should
be at the valley of a Gleissberg century cycle, which may
address the issue why solar activity is so low in cycle 24.

6http://solarscience.msfc.nasa.gov/SunspotCycle.shtml
7http://www.swpc.noaa.gov/SolarCycle/
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Fig. 6. The annual mean sunspot numbers (thin solid line) and their
smoothed values (thick solid line) from 1700 to 2009.

The migrating zonal flow pattern, known as the torsional
oscillation, was first detected by Howard and Labonte (1980)
in Doppler measurements at the solar surface carried out at
the Mount Wilson Observatory; it consists of belts of slightly
faster than average rotation that migrate from mid-latitudes
to both the equator and poles. The migration of the zonal
flow bands during the solar cycle is closely connected to the
migration of the magnetic activity belt (Howe et al., 2009;
Li et al., 2008). When the zonal flow bands, marching to-
ward the equator, reaches the critical latitude of 22 degrees,
sunspots of the new cycle begin to appear over the solar disk.
The zonal flow associated with solar cycle 24 has moved
sluggishly, taking three years to migrate 10 degrees in lati-
tudes. However, it takes only two years for solar cycle 23.
The present extended solar minimum phase may have re-
sulted from the slower migration of zonal flow bands. The
zonal flow bands are now just reaching the critical latitude
for cycle 24, heralding the start of a new solar cycle at the
solar disk in the next few months or years. Thus, the recent
helioseismic observation result (Howe et al., 2009) does not
support that, in cycle 24, the Sun might display the status of
no or very few sunspots for a long time, similar to the Maun-
der minimum in the seventeenth century. Instead, it heralds
that the Sun’s internal magnetic dynamo continues to oper-
ate and sunspot activity for a new cycle already began at the
solar disk, low but no stopping8.

Solar activity variation is unstable and uneven, undergo-
ing a lot of grand minima and grand maxima, and in the past
11 000 years, the Sun spends about 3/4 of the time locating
at moderate magnetic-activity level, about 1/6 in grand min-
ima, and about 1/5–1/10 in grand maxima (Usoskin, 2008).
The present solar activity is locating at a grand maximum
– called the modern grand maximum of solar activity – be-
ginning in the 1920s and lasting about 90 years until now.
A total of 19 grand maxima have been identified and most
of these grand maxima (about 75%) are not longer than 50
years. This suggests that the probability should be rather
low for the Sun to still locate in the modern grand maxi-

8http://science.nasa.gov/science-news/science-at-nasa/2009/
17jun jetstream/

mum in the future (Usoskin, 2008). In the future, the Sun
should, therefore, present moderate or low magnetic-activity
levels. It happened before when solar activity suddenly drop-
ping from a great maximum into a great minimum, for exam-
ple, the Maunder minimum displays in such a case. It is not
surprising even if cycle 24 locates in a great minimum.

6 Conclusions and discussions

The level of solar activity is very low around the present so-
lar minimum between cycles 23 and 24: cycle 24 has the
most spotless days from cycle 16 onwards and even proba-
bly for all of the modern solar cycles; the latitude of high-
latitude (>35◦) sunspots is the lowest since cycle 12 on-
wards; only one or no sunspots per month appeared at high
latitudes (>20◦) from November 2003 until September 2008,
surprisingly spanning as long as 58 months, such a status is
observed for the first time since cycle 12. From the latter half
of 2007, no sunspot or just some low-latitude small sunspots
or pores appeared at the solar disk until now. At present, low-
speed solar wind speed, solar wind pressure, 10 cm solar ra-
dio flux, solar polar field strength and total solar irradiance all
present their lowest values since the beginning of their mea-
surements. Similar investigations, but of other solar activity
indices and geomagnetic indices in cycle 24 are available at
the web site9 and in the reference (Gibson et al., 2009). The
extended solar minimum phase may be interpreted by helio-
seismic observations: it is due to the rather slow migration of
the zonal flow bands to the equator for cycle 2410. Viewing
from Gleissberg cycles, cycle 24 is at the valley of a Gleiss-
berg cycle, thus, solar activity is low for cycle 24. With the
aspect of secular cycles, the probability should be rather low
for the Sun to still be located in the modern grand maximum
in the future, and the Sun may spend its time at moderate or
low magnetic-activity levels in the near future.

Based on the monthly mean values of the solar radio ad-
justed flux density at 10 cm wavelength, the monthly num-
ber of sunspot groups, the monthly mean sunspot areas,
the monthly mean sunspot numbers from January 2008 to
September 2009 and the moment that the number of high-
latitude sunspot groups of a new solar cycle exceeds the num-
ber of low-latitude sunspot groups of the previous solar cycle,
we determine that cycle 24 should begin in November 2008.
The length of cycle 23 should, thus, be 12.5 years, and its fall
time should be 8.7 years. Such a cycle length is the longest
cycle length, and such a fall time is the longest fall time for
observations of the Sun since the start of modern solar activ-
ity cycles.

Based on the solar cycle predictions using a variety of clas-
sical solar activity forecasting methods in published papers,

9http://www.solarcycle24.com/
10http://science.nasa.gov/science-news/science-at-nasa/2009/

17jun jetstream/
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such as statistical methods based on sunspot cycle character-
istics, geomagnetic precursor methods, polar field precursor
method and solar dynamo method, and the classical solar cy-
cle 24 predictions by NASA and NOAA, it is believed that
cycle 24 should be about 40% weaker than cycle 23. As far
as the accuracy of predictions is concerned, precursor meth-
ods are theoretically superior to the statistical methods, be-
cause precursor methods are associated with the relationship
between solar activity and the used precursor factors (Li and
Li, 2007). Predictions for cycles 21 and 22 of strong solar
activity indicate that precursor methods are always superior
to other prediction methods. However, the error of predic-
tions for weak solar cycle 23 is very large by precursor meth-
ods. Solar activity may display the dynamical properties of
a low-dimensional chaos (Li et al., 2001). At present, how
to accurately predict long-term solar activity is still an open
problem.

Solar cycle 24 will give us a great opportunity to further
study solar physics and solar-terrestrial physics. The varia-
tions in total solar irradiance (TSI) are correlated positively
with variations of the troposphere temperature and the sea-
surface temperature (Eddy, 1976; Usoskin, 2008). The pe-
culiar solar cycle 24 is helpful for the study of the relation-
ship between global warming and variation of solar activity,
namely the contribution of variation in TSI to global warm-
ing. In the winter of 2009, the Northern Hemisphere cold
weather corresponds with the low level of TSI in the year.
We expected that the relationship should be clearly defined
based on observations of solar activity and global tempera-
ture in the future.

The predictions based on the flux-transport dynamo model
and the high-diffusivity dynamo model contradict each other.
Should solar activity for cycle 24 be 40% stronger or weaker
than for cycle 23? This issue will be addressed in the near
future. Helioseismology interpretation for the low level of
solar activity in cycle 24 does not resolve the basic ques-
tions. The zonal flow band observed by Helioseismology
and the magnetic field at the solar surface have the similar
cyclic behaviour of solar full-disk activity, and the two are
probably only the shadows of a more potent phenomenon
occurring within the convection zone (Snodgrass, 1987; Li
et al., 2008). How do the zonal flow bands trigger sunspot
production, and how do the zonal flow bands emerge? Al-
though helioseismic observation can show the migration of
the zonal flow bands (Basu and Antia, 2003; Schou, 2003;
Howe et al., 2005, 2006; Antia et al., 2008), these problems
are expected to be resolved in the future11.

The probability of the Sun entering a new Maunder min-
imum is rather low at the present time. The Sun’s inter-
nal magnetic dynamo continues to operate and solar activity
should continue to emerge, but the occurrence rate of solar
activity should be low. Based on the recent solar observa-

11http://science.nasa.gov/science-news/science-at-nasa/2009/
17jun jetstream/

tions, the sunspots in NOAA AR 1029 emerged on the solar
disk on 23 October 2009 and developed, having the largest
area in cycle 24 up to now, resulting in a series of flares. In
particular, two large X-ray flares were continuously observed
on 19 January 2010 in NOAA AR1041 (one flare, a M2.3
flare started at 13:03 UT and peaked at 13:41 UT, ending at
13:50 UT; the other, a M1.7 flare started at 20:23 UT, peaked
at 20:35 UT, and ended at 20:46 UT). Thus, observations tell
that the Sun is still active, but its activity should be rather
low, compared with cycle 23.

The first integrated solar cycle in the new millennium, cy-
cle 24 is sluggishly coming.
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