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Abstract: We investigate the solar cycle variation of microwave and extreme ultraviolet (EUV) intensity
in latitude to compare microwave polar brightening (MPB) with the EUV polar coronal hole (CH). For
this study, we used the full-sun images observed in 17 GHz of the Nobeyama Radioheliograph from 1992
July to 2016 November and in two EUV channels of the Atmospheric Imaging Assembly (AIA) 193 Å and
171 Å on the Solar Dynamics Observatory (SDO) from 2011 January to 2016 November. As a result, we
found that the polar intensity in EUV is anti-correlated with the polar intensity in microwave. Since the
depression of EUV intensity in the pole is mostly owing to the CH appearance and continuation there,
the anti-correlation in the intensity implies the intimate association between the polar CH and the MPB.
Considering the report of Gopalswamy et al. (1999) that the enhanced microwave brightness in the CH
is seen above the enhanced photospheric magnetic field, we suggest that the pole area during the solar
minimum has a stronger magnetic field than the quiet sun level and such a strong field in the pole results
in the formation of the polar CH. The emission mechanism of the MPB and the physical link with the
polar CH are not still fully understood. It is necessary to investigate the MPB using high resolution
microwave imaging data, which can be obtained by the high performance large-array radio observatories
such as the ALMA project.
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1. INTRODUCTION

The near-earth space environment is affected by the
solar activities such as flares, coronal mass ejections
(CMEs), and fast solar winds. These activities depend
on the phase of the solar cycle: near the maximum,
the strength and the occurrence frequency of flares and
CMEs increases and coronal holes which are the source
of the fast solar wind forms at all latitudes. Whereas,
during the minimum, the frequency of flares and CMEs
decreases and coronal hole tend to form at near the
poles. There are several reports on various phenomena
depending on the phase of the solar cycle, such as polar
magnetic fields, polar crown filaments, surges near the
poles, faculae, and so on (Selhorst et al. 2003; Svalgaard
et al. 2005; Gopalswamy et al. 2012; Shimojo 2013; Sval-
gaard & Kamide 2013; Altrock 2014; Silva et al. 2016).
For instance, the polar field reversal and flux migration
to the poles are considered an indicator of the following
solar maximum (Svalgaard & Kamide 2013) which is
consistent with the dynamo model (Babcock 1961).

The Nobeyama Radioheliograph (NoRH, Nakajima
et al. 1994) has taken full-sun images at 17 GHz from
1992 July to present. It gives a unique chance to look
into the solar cycle variation of radio brightness tem-
peratures at all heliographic latitudes over 24 years.

Corresponding author: S. Kim

Shibasaki (1998) presented, for the first time, the mi-
crowave butterfly diagram using NoRH 17 GHz syn-
optic map and pointed out the appearance of “polar
brightening” and its gradual expansion to lower lati-
tudes during the declining phase of the solar cycle 23.
Gopalswamy et al. (2012) reported that the microwave
polar brightening (hereafter MPB) is consistent with
the strength of the polar magnetic field. They also
found the tendency that the strength of the MPB and
polar magnetic field during the solar minimum is related
to the strength of the following maximum. On the other
hand, Gopalswamy et al. (1999) found that the mi-
crowave bright feature appears on the enhanced unipo-
lar area inside coronal holes in the mid-latitudes. Those
results imply that the MPB can be a good proxy for
the following maximum and the photospheric magnetic
fields below the MPB. However, the emission mecha-
nism of the MPB and its physical association with the
photospheric magnetic field is still not clear.

In this paper, we present the microwave and the
Extreme UltraViolet (EUV) intensity variation with
latitude using full-sun images obtained by NoRH 17
GHz and Solar Dynamics Observatory/Atmospheric
Imaging Assembly (AIA) 193 Å and 171 Å channels.
Selhorst et al. (2010) found negative correlation be-
tween the MPB in NoRH 17 GHz and the polar EUV
intensity in SOHO/EIT 171 Å and concluded that it

125



126 Kim et al.

93 97 01 05 09 13
Year

-50

0

50

La
tit

ud
e

93 97 01 05 09 13
Year

-50

0

50

La
tit

ud
e

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

93 97 01 05 09 13

-50

0

50

9700 10167 10633 11100 11567 12033 12500

Figure 1. Microwave butterfly diagram constructed by NoRH 17 GHz full disk image. A colorbar in the top is the color index
of brightness temperature (Tb)

was due to the depression by EUV polar coronal holes.
It was demonstrated by Silva et al. (2016) using high
resolution 171 Å data obtained by the SDO/AIA. Since
the AIA 193 Å channel, which is one of the seven EUV
channels in the AIA, is sensitive to temperatures higher
than the AIA 171 Å channel, CHs in the AIA 193 Å
have higher contrast than those in the AIA 171 Å. The
results of both channels are compared to find clear cor-
relation between the MPB and the CHs. This also pro-
vides a chance to look into the difference in latitudinal
distribution of the CH between two EUV channels.

2. DATA

We have used the 17 GHz NoRH daily images taken
at 03:00 UT (12:00 JST, noon of Japan) from 1992
July to 2016 November. The data was retrieved
from the NoRH public server (https://hinode.isee.
nagoya-u.ac.jp/ICCON) that provides fits data every
10 minutes. After sorting out the bad quality data for
rain/snow or faulty operation, we collected a total of
8400 images. We corrected following two factors for
each image: the B angle which is changing of the tilt
angle of the solar rotation axis to the ecliptic plane to
a maximum of 7.3 degrees and the size of the solar disc
which changes with the distance between the Sun and
the Earth. The heliocentric coordinates of each image
are converted to the 2-D synoptic map which is the
plot with uniform angular width in latitude and longi-
tude. We selected the meridional part between -20 to
20 degrees in longitude, and then extracted a brightness
temperatures (Tb) for each latitude. One year average
is applied to avoid the seasonal variations of the B angle
and beam-pattern (Shibasaki 2013).

The AIA instrument onboard the SDO has 7 EUV

channels which are sensitive to the temperatures from
the upper chromosphere to the corona (Lemen et al.
2012). We selected the two channels, 193 Å and
171 Å, which has the temperature response peak at
around 1 MK and 0.6 MK, respectively. We used a
total of 1962 daily images for each channel obtained
from 2011 May to 2016 November. The data was re-
trieved from the Korean Data Center for SDO (KDC,
http://sdo.kasi.re.kr). We processed each image
with the same process described for NoRH data above.
Consequently, we obtained the microwave and the EUV
butterfly diagrams which are the intensity maps in lat-
itude as a function of time (Figures 1 and 3).

3. RESULTS

3.1. Microwave Butterfly Diagram

Figure 1 is the microwave butterfly diagram constructed
from the brightness map of NoRH 17 GHz. It shows the
Tb distribution over latitude for 24 years from the min-
imum between the SC22 and the SC23 to the SC24.
The brightness in the mid-latitude (between S40 and
N40 degrees) is attributed to the active regions that
radiate the gyro-resonance emission by the strong mag-
netic field of sunspots and the thermal free-free emission
in the chromosphere and the corona (Shibasaki 1998).
On the other hand, the MPB near the pole (above S50
and N50) is pronounced during the minimum between
the SC22 and the SC23 and between the SC23 and
the SC24. The MPB appearance in the north and the
south was asymmetric in that the MPB in the south
pole is stronger than and precede that in the north pole
(Gopalswamy et al. 1999, 2012).

In order to trace brightness variation over the poles
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Figure 2. Mean values of Tb at the poles (S70–S82 and N70–
N82, upper curve) and at mid-latitudes (S45–N45, bottom
curve).

and the mid-latitudes respectively, we plot the mean
values of Tb in both areas in Figure 2. In the figure,
one can find that: (1) the MPB and the Tb in the
mid-latitude show anti-correlation, (2) the peak of mid-
latitude Tb in the maximum phase follows the minimum
of polar Tb, (3) the level of the polar Tb in SC22/23
is higher than that in SC23/24, (4) the level of mid-
latitude Tb in SC23 maximum is higher than that in
SC24. The results (3) and (4) imply that the polar
brightness reflects the maximum level of solar activity
of the following cycle (Gopalswamy et al. 2012)

3.2. Coronal Hole and Polar Brightening

The butterfly diagrams of the microwave, the AIA 193
Å, and the AIA 171 Å are displayed in Figure 3. The
intensity variation pattern in the mid-latitudes is simi-
lar at all wavelengths, while the intensities in both poles
is anti-correlated between microwave and EUVs. The
EUV intensity depression appears in both poles and it
is clearer in the AIA 193 Å than in the AIA 171 Å. Fig-
ure 4 shows the normalised intensity for the north pole
(top) and the south pole (bottom). In the north pole,
the microwave brightness increases continuously from
2015 August and the EUV intensity drops steeply at
the same time. In the south pole, the microwave bright-
ness increases continuously from 2014 January and the
EUV intensity drops steeply from 2013 November in
the AIA 193 Å and from 2014 July in the AIA 171 Å.
Even though there is an asymmetry between the south
and the north pole in intensity variation, it is clear that
the intensities between microwave and EUVs are anti-
correlated at each pole: the brightness increases in mi-
crowave when it decreases in EUV of 193 Å and 171
Å channels. Such EUV intensity depression reflects the
presence of the coronal hole, which is due to the low
density of the coronal plasma.
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Figure 3. Butterfly diagrams of NoRH 17 GHz, AIA 193 Å,
and AIA 171 Å channels (Top to bottom) from 2011 May to
2016 November. Dashed lines indicate latitudes of 70◦ and
−70◦.

4. SUMMARY AND DISCUSSION

We have examined microwave and EUV butterfly dia-
grams to investigate the cycle variation of polar bright-
ness in each channel. As a result, we found that the
MPB coincides with the intensity depression in the AIA
193 Å and 171 Å. There was a time difference between
the MPB and EUV intensity drop in the south pole,
but it was slight in the AIA 193 Å. In fact, both chan-
nels of the AIA are able to detect coronal holes, but the
contrast of a coronal hole in the AIA 193 Å channel is
higher than that of the AIA 171 Å. It is because the
AIA 193 Åchannel is sensitive to a higher temperature
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Figure 4. Normalized intensity for north pole (N70–N82) and
south pole (S70–S82) estimated from butterfly diagrams of
NoRH 17 GHz, AIA 193 Å, and AIA 171 Å channels in
Figure 3.

than that of the AIA 171 Å, so the relatively the cold
and low density of a CH area are vivid in the AIA 193
Å.

The magnetic field of the CHs is not strong
enough to generate the microwave emission by gyro-
resonance of electrons (Dulk 1985). Thus, the thermal
bremsstrahlung could be the most probable radiation
mechanism of the microwave in the CHs. Brajsa et al.
(2007) calculated the microwave brightness assuming
the thermal bremsstrahlung as the emission mechanism,
and they found that the CH brightness in microwave is
dimmer than the quiet sun level. On the other hand,
Kosugi et al. (1986) found that the observed equato-
rial CHs had higher temperatures than the quiet sun
level. Gopalswamy et al. (1999) also reported the mi-
crowave enhancements in the equatorial CH. However,
such brightness was not uniform and was associated
with the enhanced unipolar field pattern of the photo-
sphere below the CH. Therefore, it seems clear that the
MPB is intimately associated with the magnetic field
strength in the pole, and the magnetic field strength
may plays a role to enhance the microwave thermal
emission above the photosphere. Moreover, Ito et al.
(2010) reported that the total magnetic flux of the po-
lar area is larger than that of the quiet sun in Septem-
ber 2007. They used Hinode/SOT data obtained in
the north pole which coincides with the MPB in Fig-
ure 1. Meanwhile, EUV butterfly diagrams revealed
the intensity enhancement in the pole when the MPB

is weakened. If it is related to the increase of the coro-
nal plasma density in the pole, the physical link among
the weak photospheric magnetic field (Gopalswamy et
al. 2012), the disappearance of the MPB, and EUV po-
lar brightening would suggest a clue to solve the MPB
mechanism.

Even though the microwave polar brightening has
been watched over 24 years thanks to NoRH continuous
observation, still unknown is the emission mechanism of
this phenomenon. Considering its cycle variation and
close relationship with cyclic phenomena, it seems cer-
tain that the polar brightening is crucial information
to judge the following solar maximum. Hence, it is im-
portant to keep the NoRH in operation till the next
solar cycle to investigate the physical source of the po-
lar brightening with high performance data of the next
generation of instruments.
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