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Abstract

Incursions of high-energy particles from space, specifically solar energetic particles
and galactic cosmic rays, have significant effects on the Earth, including disruption of the
Earth’s magnetic field, generation of electric fields strong enough to damage electronic
devices as well as the production of auroras at low-latitudes, within 45° of the magnetic
equator. We examine the relationships among '*C production, auroral abundance, auroral
color and sunspot abundance using existing data supplemented by a new dataset. The new
dataset, based on ancient Chinese records from A.D. 1100-1700, includes 46 new or
revised records of sunspots and 279 records of low-latitude auroras. Low-latitude auroras
are predominantly red (66%, 835 events) with lesser proportions of white (20%, 253
events) and black auroras (6%, 67 events). All other auroral colors (green, yellow,
multicolored, blue and purple) aggregate to a total of 100 events (8%). Overall, white

auroras are more frequent during times of higher '*C production. We use two empirical



methods of evaluating the flux of high-energy particles: modeled peaks and lows in '*C
production and peaks and lows in the '*C calibration curve. We find that comparison to
modeled '*C production gives significant results. White auroras are significantly more
abundant (98% probability) at times of high production of '“C. Red auroras are
somewhat more abundant (88% probability) at times of low production of '*C. The
abundances of black, multicolored, green, yellow, and blue auroras between times of low
and high '*C production are not significantly different. Violet/purple auroras are
significantly more abundant (98% probability) at times of low '*C production. The
positive correlation of violet/purple auroras with times of low '“C production rate and the
lack of correlation of blue auroras with times of high '*C production is surprising, for this
portion of the visible spectrum contains strong emission lines and some lines with high
energies of excitation. Observations of emissions in the blue to violet part of the
spectrum may be biased towards time periods when the atmosphere is exceptionally
clear, as these colors are more difficult for the human eye to perceive.
1. Introduction

Production of '“C and '’Be in the Earth’s atmosphere is governed by the flux of
high-energy particles into the atmosphere. Recent data from tree rings shows spikes in
¢ production of a factor of ~20 during the 8" century (Miyake et al 2012) and a factor
of ~12 during the 10" century (Miyake et al 2013). Observations of low-latitude auroras
described in Chinese records might teach us more about these events, because high-
energy particles can also produce auroras, with low-latitude auroras, those within 45° of
the magnetic equator, signaling higher fluxes. (In Europe and Asia the magnetic equator

is north of the geographic equator so geographic latitudes are higher than magnetic



latitudes.) In addition, we examine the distribution of colors of low-latitude auroras and
attempt to evaluate how auroral colors vary as a function of their relative energy.
2. Background

High-energy particles come from both solar and extra-solar sources, with the
former being referred to as “solar energetic particles” and the latter as “galactic cosmic
rays” (or sometimes, just as “cosmic rays”’) (Hambaryan & Neuhduser 2013, Pavlov et al
2013, Pavlov et al 2014, Usoskin et al 2013). They consist mostly of protons and alpha
particles and have a flux that falls off strongly with energy (Horandel 2005). They
strongly interact with the Earth’s magnetosphere, causing ionization and excitation of
atmospheric gases and auroral emissions through incompletely understood mechanisms.
Secondary neutrons produced by the collision of high-energy particles with atmospheric
"N lead to the production of '*C. The '*C production rate varies temporally. Both
variations in the strength of the source of high-energy particles (Mekhaldi et al 2015) and
heliomagnetic and geomagnetic modulations of the flux reaching the Earth’s atmosphere
have been demonstrated (Beer et al 1988, Muscheler et al 2007).

The 1859 Carrington event, solar in origin, provides a well-documented example
of the effects of a large increase in high-energy particle flux. On September 1, 1859, the
Sun emitted an unusual white light flare observed by Carrington and Hodgson
(Carrington 1860, Hodgson 1860). This was caused by an ejection of plasma from the
Sun, a coronal mass ejection. When the flare arrived at the Earth, it disturbed the
magnetosphere, the operations of telegraphs and produced worldwide, low latitude

auroras (Green & Boardsen 2006, Green et al 2006, Humble 2006). A Carrington-like



event today would have widespread deleterious effects given the vulnerability of our
electronic civilization (Hapgood 2011, Lang 2009, Melott & Thomas 2012).

Sunspots are dark spots on the surface of the Sun that correspond to regions of
lower surface temperatures. They are produced by high concentrations of magnetic flux
lines that inhibit the convective transfer of heat from the Sun’s interior to its surface.
Their frequency of occurrence is a proxy for solar activity (Hoyt & Schatten 1988),
which in turn is a proxy for the flux of solar energetic particles.

2.1 High-energy Particle Events During the Common Era

Recent work on high-energy particle events has defined three high-flux events in
the 700-1500 A.D. time interval: the first in A.D. 774-775 (Jull et al 2014, Miyake et al
2012), the second in A.D. 993-994 (Miyake et al., 2013), and the third in A.D. 1460-1462
(Usoskin & Kovaltsov 2012). All three are generally considered to have been larger than
the A.D. 1859 Carrington event (Usoskin and Kovaltsov, 2012; Miyake et al., 2013).
However, there are many models of their size that disagree substantially (Miroshnichenko
& Nymmik 2014). What has not been appreciated until recently is that sizes of
disturbances in the flux of high-energy particles can be additive (Melott & Thomas
2012); that is, two large closely spaced events would have an effect similar to that of a
single event that was twice as large as the mean of two smaller events. Stephenson
(2015) assesses whether ancient European and East Asian records of auroras during 774-
775 A.D. and A.D. 993-994 can distinguish the number of events, but finds them
inadequate for this task. In this paper, we investigate whether or not auroral colors are
correlated with the flux of the specific high-energy particles. There are at most seven

auroras during the three high-energy particle events, so we use the modeled production of



'C in the Earth’s atmosphere (Usoskin & Kromer 2005) as a proxy for the flux of
ionizing, high-energy particles.
2.2 Physics of Color of Auroras and Excitation of Atmospheric Gases

Auroras are generated in the ionosphere by the excitation of specific atmospheric
gas species by energetic charged particles. As the gas transitions to its normal, unexcited
state, it emits energy, some in the form of visible light. Auroras have a characteristic
suite of emission lines in the visible spectrum. Each emission line is associated with a
transition in a specific gas species. The emission line’s color reflects the energy of the
transition (Figure 1B) and its intensity depends on the flux of the exciting particles and
on the excitation potential of the gas species (Figure 1A). Many visible-light auroral
emissions are due to trace gasses that require different excitation energies than major
components of the atmosphere, so that some important auroral emissions do not originate
with the gases N and O, that compose 99% of the bulk atmosphere. Atmospheric
composition varies both with elevation and time. Thus, the mix of emission lines
changes, depending on the mixture of gases that are being excited, the relative intensities
of excitation and the depth range of the excitation within the ionosphere. The perceived
color of an aurora is determined by the response of the human visual system to the mix of
emission lines. Perceived color closely reflects wavelength for monochromatic
emissions, but diverges in cases where several emission lines of different wavelength but
similar intensity are present (Gegenfurtner & Sharpe 1999). Color perception is most
variable at the shorter wavelengths; different observers may describe the same

wavelength as blue, violet or purple.
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Figure 1. A: Circles: Excitation energy needed to produce emission of visible light from
common atmospheric gases after (Jones 1971). Around 575 nm, nitrogen has three
emission lines with similar excitation energies. Some gases producing auroral colors emit
energy during “forbidden transitions”, and they lack calibrated excitation energies.

B: Typical intensities of emission lines from low latitude auroras within the visible
spectrum of 400-700 nm, after (Yashchenko 1968). Colors from left to right: violet,
purple, light blue/aqua, green, orange and red. Darker blue emission lines are not present.
(B & W: Perceived color (for monochromatic light) is correlated to wavelength in nm as
follows: 400-420 nm (light purple/violet), 420-450 nm (dark purple), 450-465 nm (blue),
465-500 nm (light blue/aqua), 500-570 nm (green), 570-590 nm (yellow), 590-620 nm
(orange), 620-700 nm (red).) Gases are He;, H;, Oy, N;, Oz, N; and Na. Arrow: emission
line whose relative intensity (peak height) reaches above the maximum scale on the plot.
Double headed arrow: the most intense emission line, the green line of O;.

Auroral emissions are dominated by monatomic nitrogen (N;), molecular nitrogen
(N2) and molecular oxygen (O,) at altitudes of 90-150 km. From altitudes of 150 to
~900 km, the most important gas is monatomic oxygen (O;). Above ~900 km, the most
important gases are helium (He) and monatomic hydrogen (H;) (Russell 2005b).

We are most interested in how colors reflect the relative strength of auroral
excitation. The O lines at 557.5 nm (green), 630 nm (red) and 636.4 nm (red) and the N,
line at 427.8 nm (purple) are the most intense lines in typical low-latitude auroras
(Yashchenko 1968) (Figure 1B). Spectral studies show that secondary electrons exciting
oxygen are the main source of the green color of auroras (Russell 1995). Because the

green Oy line at 557.5 nm has the highest relative intensity, green auroras at high latitudes



(latitudes more than 45° from the magnetic equator) may represent the weakest levels of
excitation by high-energy particles. The two most intense emission lines in the red part
of the spectrum around 630 nm are produced mainly but not exclusively by ionized
oxygen (O;). Red colors also can be produced by weaker emissions from oxygen,
nitrogen and hydrogen (Figure 1B). The red emissions from ionized hydrogen above
~900 km are of particular interest for low latitude auroras as the upper part of the high
latitude ionosphere might be visible at low latitudes. Nitrogen has a dark purple emission
peak around 420 nm that appears to be as intense as the two red emission lines associated
with oxygen around 630 nm (Figure 1). Nitrogen also has a weaker light blue emission
peak around 400 nm. Despite the intense dark purple emission peak from nitrogen,
blue/violet/purple auroras are rare at high latitudes (> 45° from the magnetic equator)
compared to green and red auroras. One possible reason is that molecular nitrogen (N3)
is the dominant gas lower in the ionosphere (90 to 150 km altitude) whereas excited
oxygen (O;) dominates at higher altitudes (150 to 900 km). Thus, higher fluxes or more
energetic fluxes of particles may be necessary to excite the molecular nitrogen in the
lower ionosphere.

The observation that some high latitude auroras are red at the top, green in the
middle and deep red to violet on the bottom is consistent with the idea that some
blue/purple/violet colors in auroras come from excitation of N, low in the ionosphere.
Spectral measurements of blue auroras in the laboratory and in the field have confirmed
this hypothesis (Holma et al 2006). They have also confirmed that higher energies are

necessary to excite blue auroras than red and green auroras.



Some historical observations also imply that violet/purple or blue low-latitude
auroras represent higher energies (Botley 1972). The 1872 auroral event is thought to
have been comparable in intensity to or even larger than the Carrington event in 1859
(Silverman 2008). Silverman documented the colors of auroras during the 1872 event.
Most were red but some low-latitude auroras were other colors. In Bombay, India, the
aurora changed in color over time and become deep violet when it was most intense. At
the Cape of Good Hope, South Africa, the aurora was blue.

2.3 Complications in Inferring Relative Auroral Strength

The physics of the excitations that produce colors in auroras are not
straightforward. The relative intensity of different wavelengths of emission in low
latitude auroras is based on empirical observations (Yashchenko 1968) (Figure 1B) rather
than laboratory measurements. Natural cycles in the abundance of common ions also
affect auroral colors. For example, although ionized Na is only a minor component of the
lower ionosphere and is most concentrated from 85 to 95 km altitude, it emits strongly in
the yellow part of the spectrum (Figure 1B). The relative intensities of emissions from
ionized Na have seasonal cycles, with maximum intensities in April through May and
October through November (Smith & Steiger 1968). Thus, yellow auroras tend to be
most common during these months, reflecting the seasonally highly abundance of ionized
Na (Kirchhoff et al 1979, Kirchhoff et al 1981, Swider 1986).

Some auroras appear blue because they are backlit by sunlight (Stérmer 1939),
which facilitates the perception of the blue color. Because the sensitivity of human color
perception is poorest at short wavelengths, blue, purple and violet colored auroras are

more difficult to see than red and green auroras of comparable light intensity (Koppen &



Talbot 2007). Sightings of blue to violet auroras might imply an especially intense event
or perhaps that the atmosphere is unusually clear.

Human perception of color is affected by the overall brightness (luminosity) of
the light, in addition to its spectral content. When light has higher luminosity, a value
well above the threshold for visibility, the cones in human eyes saturate and the light is
seen as white (Shevell 2003). Thus, the most luminous light from auroras will appear
either as completely white or as white and colored. Red auroras that are not luminous
enough to appear white will appear pink.

Black auroras are dark areas of aurora-like activity within a surrounding aurora
(Oguti 1975, Royrvik & Davis 1977). The surrounding aurora can have many colors:
white, red, blue, green and yellow (Table 1). When light levels are low, the cones in the
eye cannot see color and a dim light source is perceived as black. Black auroras therefore
are inferred to emit light having low luminosity. The origins of black auroras are not fully
understood, although many hypotheses exist (Kimball & Hallinan 1988, Marklund et al
1997). The most recent hypothesis suggests that black auroras represent disturbance of
the Earth’s magnetosphere rather than penetration of the lower atmosphere by energetic
particles and subsequent excitation of gases there (Archer et al 2011, Gustavsson et al
2008).

Some workers believe that white auroras represent weak fluxes of cosmic rays.
This is true in some cases: photographs of faint white auroras reveal that they contain a
colored component (Repsher 2013, Taylor 2013). However, as we will show, the overall

pattern is more complicated.



Based on the science of color vision and the physics of emission spectra (Figure
1), we postulate that the most energetic (e.g. luminous) auroras will have a white
component. The least energetic auroras may be either green or red. The other colors of
auroras: yellow, dark blue, violet, purple and light blue are produced by less intense
emission peaks and/or they require higher excitation energies (Figure 1) and are more
likely to represent auroral excitation during higher energy events (Russell 2005a).
However, observation of some auroral colors may depend on the clarity of the
atmosphere, on seasonal cycles or on backlighting by sunlight. Testing these latter
hypotheses is beyond the scope of this paper. In this paper, we empirically test the idea
that auroral color and relative abundance is a proxy for high-energy particle intensity.
Our time series of auroral color and relative abundance is based on a new compilation of
low-latitude auroras from ancient sources. We use '*C production rate as a proxy for the
flux of high-energy particles.

3. Data Analysis and Compilation: Low-latitude Auroras A.D. 500-1770

Previous compilations of data contained 165 observations of sunspots and 795
observations of auroras between A.D. 500 and 1800 (Yau & Stephenson 1988, Yau et al
1995). In our data compilation, we searched historical records for new data on aurora
and sunspots. Most of the new data is from Chinese and Korean sources that were
previously unavailable in English (Anonymous 1739, Dajin-Guozhi 1234, Gaozong-Benji
1162, Gaozongji 1162, Goryeosa 1418-1450, Gujin-Tushu-Jicheng 1725, Guoque 1644,
Gwanghae 1623, Hyeojong 1031, Hyeongae 1674, Injo 1649, Jeongjong 949, Jinshi-
Tianwen 1343, Jungjong 1544, Kanda 1933, Keimatsu 1970, Keimatsu 1971, Keimatsu

1972, Keimatsu 1973, Keimatsu 1974, Keimatsu 1975, Keimatsu 1976, Lee et al 2004,



Ming-Taizushilu 1644, Ming-Xizongshilu 1627, Ming-Xuandeshilu 1435, Ming-
Xuanzongshilu 1435, Ming-Yingzongshilu 1067, Minghuiyao 1644, Mingshi-Tianwen
1644, Mingtongjian 1644-1911, Myeongjong 1567, Niu 2007, Osaki 1894, Qingshi-
Tianwen 1912, Sejo 1468, Sejong 1450, Seonjo 1608, Seonsu 1608, Shenzongshilu 1620,
Songshi 1345, Songshi-Gaozong 1162, Songshi-Gaozongji 1162, Songshi-Huizongji
1126, Songshi-Ningzongji 1224, Songshi-Tianwen 1279, Songshi-Tianwen-Wuxing
1343, Songshi-Wuxing 1343, Songshi-Xiaozong-Benji 1189, Sukjong 1105, Taejo 1398,
Taejong 1418, Tongzhou-Zhili-Zhouzhi 1871-1908, Wenxiantongkao-Xiangwei 1317,
Wittmann & Xu 1987, Wuxing 1418-1450, Xinyuanshi ~1900-1920, Xu-
Wenxiantongkao 1317, Xuwenxiantongkao-Xiangwei 1317, Yeonsangun 1506,
Zhenjiang-Fuzhi 1674, Zhuyong-Xianzhi 1650(?)). Some data is from English language
publications (Basurah 2004, Basurah 2006, Basurah 2010, Hayakawa et al 2015, Johnson
1894, Matsushita 1956, Newton 1972, Schove 1951, Schove & Ho 1959, Silverman
1998, Vaquero & Vazquez 2009, Vyssotsky 1949, Willis & Stephenson 2000, Willis et al
2007, Xu et al 2000), often supplemented by sources in languages other than English.
Most of our new data comes from the time period between 1100 and 1700 A.D. We
found and translated or amended the translation of 279 observations of auroras and 46
observations of sunspots (Appendixes A, B, Supplemental Tables 1, 2).

We made a continuous time series of the dataset, binning aurora and sunset
sightings at one-year intervals (Figure 2). The time series shows three years with an
especially intense low-latitude auroral activity (> 20 aurora sightings/yr.): A.D. 1556,
1625 and 1626 (Supplemental Table 3). Ten different years have especially intense

sunspot activity (>20 sunspot sightings/yr.): A.D. 1079, 1129, 1137, 1139, 1201, 1368,



1369, 1371, 1511 and 1604 (Supplemental Table 4). The year A.D. 1368 had an
extremely active Sun: according to local histories, sunspots were observed frequently
during the year and every day during autumn (Yau & Stephenson 1988, Zhuang 1988).
None of the above years with the highest sunspot activity overlap with years with the
highest number of low-latitude auroras.

Due to the lowered intensity of the solar wind, there is a general pattern of a
higher influx of galactic cosmic rays during times of low solar activity. A higher influx
of cosmic rays produces more '“C in the Earth’s atmosphere. Perhaps because the errors
in estimates of '“C production are +5 years in the period AD 500-1800, Figure 2 shows
an apparently weak correlation of auroral activity to peaks in production of '*C. When
the estimated temporal errors of the '“C production curve are used to make a time series
of the auroral and sunspot records (Figure 3), we can better discern the correlations

among solar activity, auroral activity and '*C production in the Earth’s atmosphere.



A: Carbon 14 Production

.09
o

n
o
!

T

A A A

—_
(&)
|

14C Production

16 - B: Auroras

. 16| C:Sunspots a

% 12 1 -

o e !

o i A A A A i
0 — T T By a
500 1000 1500

Year,AD



3.0 —_—
A: Carbon 14 Production

14C_Production

B: Auroras

16 1 C: Sunspots a

i A A jh A I
0 T T b By i
500 1000 1500

Year,AD

Figure 2. Triangles: high-energy particle events. A: '*C production versus calendar year.
Black line: average '*C production (Usoskin & Kromer 2005). *C production is
estimated using two different methods. Dots: results from classic iteration method.

Crosses: results from Fourier filter method. B: Number of auroral observations per year



versus calendar year: black line. C: Number of sunspot observations per year versus

calendar year: black line. The sunspot and auroral plots have annual resolution.

3.1 Numerical Methods

To adequately compare the auroral and sunspot data to the time series of
estimated production of '*C, we process the auroral and sunspot data using the errors in
the time series of =5 years (Usoskin & Kromer 2005). We use a program that adds each
observation and its error to form a time series (Abbott & Isley 2002a, Abbott & Isley
2002b, Isley & Abbott 1999, Isley & Abbott 2002). The error is assumed to be Gaussian
in form. This makes the time series smoother and allows better determination of
relationships among the time series.

The peak height of a single measurement with an error of £5 years is 0.08. This
means that the peak height scales with the number of observations in a given year but is
lower than the total number of observations just as a Gaussian curve would be. The time
series we generate has one point per calendar year.

We checked maximum peak heights and there is less than 1% variation in peak
height with time of year of the astronomical observation. Due to the small variability of
peak heights, it is not necessary to adjust the program to generate more than one point per

year in the time series.
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down triangles: the ten time periods or years with the maximum auroral abundance (>9
auroras per year): 1127, 1368, 1405, 1525-1526, 1528-1529, 1533-1536, 1538-1539,
1542-1544, 1551-1558, 1624-1626. Due to the close temporal spacing of periods of
intense auroral activity in the 16™ century, they plot as 6 events. Black upside down
triangles: the nine time periods or years with maximum sunspot abundance (>22 days per
year with sunspot observations): 1079, 1129, 1137, 1139, 1201, 1368-1369, 1371, 1511,
1604. Due to close spacing of years in the 12" and 14" century, they plot as 6 events.
A.D. 1368 is the only year present in both of the above lists. Errors in all time series are
+5 years.

All three high-energy particle events (Figure 3) occur during times of no sunspot
activity (Chapman et al 2015, Stephenson 2015). These observations fit the classic model
where sunspots and '*C production are anti-correlated (Silverman 1992). Of the six
periods with the highest sunspot activity four occur at times of below average production
of "“C. Four of six periods with the highest yearly numbers of auroral observations
occur at times of above average production of '*C. During the two remaining periods
with high auroral abundance, the production rate of '“C is average and below. Thus, it
appears that periods of high auroral activity correlate more often with periods of high to
average '*C production and periods of high sunspot activity correlate more often with
periods of low '“C production. The two time periods with high auroral activity and
average or below average '*C production are close in time to periods of high sunspot
activity, which does not fit the classic model. These latter observations probably require

a different model.



There are two favored models describing the relationship between auroras and '*C
production. The first suggests that the strength of the solar wind governs the flux of
high-energy particles, so that low solar activity permits a greater flux of galactic cosmic
rays and a greater production of '*C in the Earth’s atmosphere. The second suggests that
increased '“C production has a solar rather than a galactic origin. As we will show, both
models may be appropriate, with each individually explaining a subset of the
observations.

If the energies of galactic cosmic rays are distributed over a broad range that
includes both the energies needed to produce auroras and the energies needed to produce
'C, then increased auroral activity during high-energy particle events should correlate
with higher production of '*C. Unfortunately, only seven auroras are associated with the
three high-energy particle events. Thus, we must use the entire auroral dataset to

determine how '*C production is related to auroral color.
p

"Be: Annual
Number of Flux-Atoms
Year Auroras Year (cm?/sec)
1525 17 1389 0.00576
1526 14 1390 0.00568
1528 10 1398 0.00524
1529 13 1399 0.0051
1533 13 1435 0.0059
1534 14 1457 0.00511
1535 19 1538* 0.00411
1536 12 1547 0.00556
1538* 12 1552%* 0.00483
1539 14 1555%* 0.00478
1542 11 1568 0.00547
1543 15 1571 0.00628




1551 12 1581 0.00613
1552* 17 1582 0.00548
1553 12 1584 0.00557
1554 13 1603 0.00425
1555%* 17 1604 0.00403
1556 30 1615 0.00615
1557 13 1619 0.00569
1558 10 1627 0.00427
1624 13 1629 0.00617
1625 23 1633 0.00423
1626 31 1649 0.00483
1650 0.00628
1655 0.00486
1661 0.00462
1739 0.00397
1743 0.00629
1744 0.00419
1752 0.00278
1767 0.00466
1776 0.00478

Table 1. Comparison of Years of High Auroral Frequency and Low '°Be Values. Left
columns: Years with > 10 auroral observations. Right columns: Years of '’Be lows.
Stars: Years appearing in both data sets.

In the past 600 years, the well-dated NGRIP ice core records three years of
unusually low Be'’ production, with an annual flux< 0.0063 cm*/s: A.D. 1538, 1552,
1555 (Berggren et al 2009). Between 1400 and 1700 A.D., there were >10 auroral
observations per year in the same three years (Table 1). During those three years,
modeled '*C production is above average (Figure 3). However, the numbers of years that
are not matched is much larger, even when errors of up to 2 years in the Be'’ chronology

are considered. The fact that some times of high auroral abundance correlate to times



during which there is little generation of Be'” is consistent with the idea that not all
auroras reflect equal levels of excitement of high energy particles. (Because the '“C
production is a 10-year average, there is not necessarily a one-to-one correspondence
between decades with high "*C production and single years with low Be'® production.)
Furthermore, the generation of auroras also is related to variations in the magnetic field
of the Earth. These anomalies and inconsistencies should be investigated in future work.
We look next at the basic patterns of auroral abundance, auroral color and '*C
production and "*C peaks (see the complete data in Appendix A). First, we look to see if
all auroras, regardless of their color are actually more common during times of higher
generation of '*C.  We bin the data at intervals of the standard deviation of the mean '*C
production derived by averaging Q; ('*C production estimated using an iterative method)
and Q; (**C production estimated using the Fourier filter method) (Usoskin & Kromer
2005) for the period from 500 A.D. to 1800 A.D. The mean '*C production is 1.562

atoms/cm?-s and the standard deviation is 0.193 atoms/cm?-s.
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Figure 4. Total number of auroras versus '*C production. Data on '*C production taken
from (Usoskin & Kromer 2005). The bins widths are one standard deviation (0.193
atoms/cm’-s) of the mean '*C production of 1.562 atoms/cm’-s. Each bin is centered
about the value in the bottom row.

Figure 4 shows that there are approximately 50% more auroras (343) at times of
above average '*C production (one or more standard deviations above the mean) than at
times of below average '*C production (one or more standard deviations below the mean)
(n=229). Periods of below average '*C production occur during more years (460) than
periods of above average '*C production (n=390) (Figure 3). If the auroral totals are
normalized by the number of years they cover, the ratio increases from 1: 1.5 to 1:1.8.
We conclude that higher auroral abundance is correlated with higher '*C production,

although not necessarily in a simple way.



In the following section, we look at the color distribution of auroras and ask if the

colors of auroras are related to the flux of the energetic cosmic rays that produce '*C in

the Earth’s atmosphere. We use all low-latitude auroras with color information in our

synthesis. If the aurora is reported as having more than one color, each color is included

as a separate data point. Because some auroras were recorded on the same day at

different locations, we removed duplicate descriptions of the same event while retaining

the information on auroral color.

Low Latitude Auroras: 500-1770 A.D.

Red
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Multi
Green
Yellow
Blue

Violet/Purple

Figure 5. Histogram of color distribution of low-latitude auroras: AD 500-1770.
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Violet/Purple 17 1.3
Blue 24 1.9
Yellow 24 1.9
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Multi 10 0.5
Black 67 5.3
White 253 19.8
Red 835 65.5
Total 1276 100

Table 2. Distribution of Colors of Low Latitude Auroras, A.D. 500-1700

The most common colors of low-latitude auroras are red, black and white (Figure
5, Table 2). Multicolored, green, yellow, blue and violet/purple auroras are the least
common. If color is directly related to abundance with the strongest auroras being the
least common, then multicolored, yellow, green, blue and violet/purple auroras should
represent the strongest fluxes of cosmic rays. We use the record of auroras at times of
low and high "*C production and also at peaks in the '*C calibration curve to test this

hypothesis.
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Figure 6. Percentage distribution of different colors of auroras during 10-year intervals

with high '*C production: squares and low '*C production: triangles. Error bars represent

the area between the 2nd and 98" percentiles of the probability distribution.

Auroral Total % of Total % of Pval, %
Color Number Auroras Number Auroras

during during

High '“C Lower "*C

Production Production
Red 175 63.6+2.8 660 67.3+1.5 87.5
White 68 24.7+2.6 185 18.9+1.3 98.1
Black 14 5.1+1.3 53 5.4+0.7 59.2




Violet/Purple 1 0.4+0.4 15 1.5+0.4 97.9
Blue 8 2.9+0.1 16 1.6+0.4 88.1
Yellow 3 1.1+0.6 21 2.1+0.5 90.8
Green 4 1.5+0.7 22 2.2+0.5 82.6
Multicolored 2 0.7+0.5 8 0.8+0.5 57.6
Sum 275 100 980 100 -

Table 3. Percentage of auroras with a given color during times of higher and lower '*C
production, with the probability value (pval) that the larger percentage is significantly
larger than the smaller percentage. Pvals that approach or exceed 98% are highlighted in
bold.
4.1 Auroral Abundance and Variations in '*C Production

A comparison of the relative abundances of auroras at times of high '“C
production (production more than one standard deviation above the mean) and at times of
lower '*C production (all remaining data) shows mostly insignificant differences (Figure
6, Table 3). Estimates of the percentage of auroras of a given color occurring during
times of either high or low C'* production were made from the counts of auroras in each
category. Confidence limits were computed via a bootstrapping technique as discussed in
Section 12.8 of (Menke & Menke 2016). The dataset is randomly resampled (with
duplications) 10* times, with percentages computed for each resampled dataset, and
ensemble statistics calculated for the resulting distribution of values. This technique also
provides an assessment of the probability value (pval) that the percentage assessed for
intervals of higher '“C production is significantly higher or lower than the percentage for
intervals of lower '*C production. To 98% confidence, white auroras occur more often

during times of high C'* production than low C'* production, while violet/purple auroras



have a significantly lower percentage during times of high '*C production. Less
significant differences (pval>85%) were observed for red, blue and yellow auroras.

As a check on our results and methodology, we also compare auroral abundances
at peaks in the '*C calibration curve to the remaining data. We use the errors in the dates
of each peak to select the dates of auroras representing '“C peaks. We note that some
peaks are very modest and could represent times of below average '*C production over
the time between 500 and 1800 A.D. We include these because more recent data shows
that a few peaks in '*C generation were more pronounced than had previously been

realized (Jull et al 2014, Miyake et al 2013, Miyake et al 2012).
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Figure 7. Percentage distribution of different colors of auroras at peaks in the '*C

calibration curve: squares compared to the rest of the dataset: triangles. Error bars

represent the area between the 2nd and 98th percentiles of the probability distribution.

Auroral Color Total Number | % of Number | % of Pval, %
Number | of Auroras | of Auroras

Auroras | at Peak Auroras | not at

at'*C +Error not at '*C | Peak

Peak Peak +Error
Red 835 388 67.0£2.0 | 447 66.1£1.8 | 63.1
White 253 126 21.8+1.7 | 127 18.8£1.5 | 90.3
Black 67 25 4.3+£0.9 42 6.2+0.9 93.3




Violet/Purple 16 3 0.5+0.3 13 1.9+0.5 99.1
Blue 24 12 2.1+0.6 12 1.8+0.5 64.7
Yellow 24 8 1.44+0.5 16 24+0.6 ]90.3
Green 26 15 2.6+0.7 11 1.6+0.5 88.3
Multicolored/ 10 2 0.3+0.2 8 1.2+0.4 | 96.4
Rainbow

Total 1255 579 100 676 100 -

Table 4. Percentage of auroras at peaks in the '*C calibration curve compared to the rest
of the dataset, with the probability value (pval) that the larger percentage is significantly
larger than the smaller percentage. Pvals that exceed 98% are highlighted in bold.

We find that in comparing peaks in the '*C calibration curve to the rest of the
data, only multicolored and purple/violet aurora show significant differences with >96%
confidence (Figure 7, Table 4). White auroras are more abundant at '*C peaks. Black and
purple auroras are more abundant in the rest of the data set. For the most abundant
auroras, white auroras and red auroras, the only significant differences occur when times
of low and high "*C production are compared. Because some of the '*C peaks are from
times when the overall '*C production is very low, comparing times of '*C peaks to the
rest of the data mixes times of lower and higher '*C production. Consequently, the
significance of the smaller peaks in '*C production is difficult to interpret. Therefore, we
discuss further only the comparisons of auroras at times of above average '*C production
to times of below average '*C production.

4.2 Discussion
The increased abundance of white auroras at times of higher '*C production fits

with our initial postulate that some white auroras result from higher luminosity. Because




we are dealing exclusively with low latitude auroras, white auroras produced by lower
energy events are less likely to be observed at low latitudes.

The lack of statistical significance (<98% confidence level) for the occurrence of
red auroras between times of low and high '*C production (Figure 1) may be because
there are so many types of red auroras. Low latitude auroras in the northern hemisphere
that appear to come from the northern part of sky are weaker than auroras that appear
directly overhead, south, east or west of the observer (Silverman 2006). We include
information on Chinese constellations in our database that could allow this subdivision in
the future. Because constellations shift their position in the sky over the night and over
the course of the year, this is not a trivial exercise. It will involve calculating the position
of the constellation at the time of the observation of the aurora. For this reason, we leave
this potential application of our database to future investigators.

5. High Energy Particle Events and Auroras

Because this paper focuses on high-energy particle events, we look at the auroras
associated with these events to see if there are any indications that these auroras were
unusually intense. The A.D. 774/775 high-energy particle event has now been dated
using '*C studies of both northern and southern hemisphere tree rings. The event
occurred sometime between the start of September 774 and the end of September 775
(Giittler et al 2015). Recent work on corals suggests that the A.D. 775 event consisted of
three smaller events during the summer of A.D. 776 (Ding et al 2015), which contradicts
the timing inferred by (Gdittler et al 2015) from measurements on tree rings. Because we
know that tree rings record calendar years and coral dating is less accurate (A.D. 776 +

14) (Ding et al 2015), the coral data are interpreted as evidence that the A.D. 775 event



likely consisted of three smaller events rather than a single large event. There are no
recorded Chinese auroras during A.D. 774 or 775 (Stephenson 2015). The A.D. 993/994
event could plausibly have occurred between September 993 and August/September 994.
There are no Chinese records of auroras during this time period but there is one European
record on Dec. 26, 993. “On the night of the birthday of St. Stephen.light in the manner
of the day shone from the north such that many people said that the day was beginning.
However, it lasted for a whole hour, and afterwards the sky became somewhat reddened,
changing to its usual color...” quoted after sources in (Stephenson 2015). This aurora
could have been white initially but it is not clear. “Light in the manner of the day” might
mean a reddish color as at dawn or it might mean the more white light of full daylight.
Because the aurora appeared to originate from the north, it does not fit the standard
criteria for a strong aurora (Silverman 2006). Furthermore, Nienburg, Saxony (now
Germany), the location of the chronicler of this event is at a magnetic latitude of ~ 51°N
so strictly speaking this was not a low latitude aurora. The third high-energy particle
event is dated to circa 1460 A.D. with an error of 12 years (Reimer et al 2013). The
""Be record shows two peaks of equal height at 1451 and 1458 A.D. (Bard et al 1997),
with lower values at 1446 A.D. and 1463 A.D. There are no '’Be measurements in
between the cited years. The peak values are the highest '°Be values between 843 A.D.
and 1982 A.D. Between 1448 and 1472 A.D.; there were six auroras in China and Korea
(Appendix A). The aurora observed in Korea on May 14, 1449 was white but appeared
in the northeast. This probably means it was driven by a smaller flux of high-energy
particles. The aurora observed in China on November 1, 1449 was black and red and

appeared in the southwest, a candidate for a larger event. The auroras observed in China



on November 20, 1458 and January 19, 1460 were both red and appeared in the
southwest and south respectively, therefore these are also candidates for larger events.
The aurora observed in China on January 14, 1459 was red and appeared in the north.
The Korean aurora on Sept. 19, 1468 appeared in the southwest and was black. These
historical records could mean that higher fluxes of cosmic rays are involved in the
production of some red auroras but cannot prove an association. The observations of
white auroras and black auroras are difficult to interpret. Overall, until we have a better
constrained date for the circa 1460 A.D. high-energy particle event, we cannot say if the
historical accounts of auroras support any association of auroral activity and this high-
energy particle event.

Some authors have argued that certain types of extrasolar, high-energy particle
events would be too brief to produce auroras (Hambaryan & Neuhduser 2013), but the
preponderance of opinion is that the three recent high-energy particle events were solar in
origin (Mekhaldi et al 2015, Melott & Thomas 2012, Usoskin et al 2013). In particular,
most extra-solar sources of high-energy particles would produce a different amplitude of
the '*C signal in the southern and northern hemispheres and this is not observed during
the A.D. 774/775 event (Giittler et al 2015). We are left with the option of continuously
cloudy nights or an especially weak terrestrial magnetic field to explain the apparent
absence of auroras associated with the A.D. 774/775 high-energy particle event.
Although paleointensity data has poor resolution (Snowball & Muscheler 2007), some
recent models and data suggest a weaker terrestrial magnetic field during A.D. 774/775
(Genevey et al 2008, Korte & Constable 2005, Usoskin 2013). The former option of

continuous cloudy nights is difficult to accept as the high-energy particle event is



estimated to have lasted at least a month and possibly as long as a year (Giittler et al
2015). The data of Ding et al., 2015 suggest three events: two lasted at least 2 weeks and
one lasted about a week. Nevertheless, a weak correlation of a 3 to 4% increase in
cloudiness has been found during solar maxima as compared to solar minima (Svensmark
& Friis-Christensen 1997). If so, an extremely large, energetic solar event might produce
two weeks to a month with continuous cloud cover, precluding astronomical
observations. It seems unlikely, but such continuous cloudiness should be searched for in
ancient records.

The results for blue and violet/purple auroras are inconsistent with their known
physics: that blue and violet/purple auroras are generated by more energetic events,
presumably also associated with a higher production of '*C. Because we know that
auroras at the blue end of the spectrum are more difficult for the human eye to see, this
could mean that observations of blue and violet/purple auroras are biased towards times

and locations with greater atmospheric clarity.

6. Future Work



There is a need for a more comprehensive evaluation of the record of auroras and
sunspots that occurred between AD 500 and 1100. This time period was not exhaustively
covered during our present search. Because "*C production was lower during the 6™
through 11" centuries than during the 12™ through 18" centuries, it is likely that auroras
were less abundant. As our study shows, there likely are untapped historical data in
China and Korea, and perhaps as well in Arabic and Roman records. There is also
untapped historical data on low latitude auroras in ancient Hawaiian records (W. B.
Masse, oral comm.). These data sets need to be incorporated and investigated for
improved comparisons of '*C production, auroral color and '°Be generation.

If the colors and intensity of low-latitude auroras can be related directly to the
strength of the combination of galactic and solar cosmic ray flux these observations could
help to refine ice core, '*C production, and '°Be timescales (Bard et al 1997, Hughen et al
1998, Melott et al 2016, Muscheler et al 2008, Reimer et al 2009, Reimer et al 2013).
However, we need a better understanding of the controls on auroral color and strength
before this can be implemented. In particular, we need to evaluate whether auroral colors
that are particularly difficult to see (blue, purple and violet) were preferentially observed
when or where the atmosphere was unusually clear. Because the ancient Chinese and
Korean astronomers were selected for their visual acuity, it seems unlikely that the visual
acuity of individual astronomers was a significant variable. Because the clarity of the
atmosphere is affected both by volcanic aerosols and by the influx of cosmic dust (Abbott
et al 2014a, Abbott et al 2014b), auroral observations might form a valuable complement
to ancient observations of stars and planets of differing visual magnitudes. By compiling

such observations, we can complement ice core records of sulfate deposition after



volcanic eruptions, and better date the onset and duration of climatically effective
volcanic eruptions.
7. Conclusions

We find that low-latitude white auroras are significantly more abundant during
times of high '“C production than during times of low '*C production. We attribute this
to higher intensities of spectral emission by ionospheric gases that produce more
luminosity, saturating the cones in the eyes and producing white regions within the
aurora. Low-latitude red auroras are somewhat more abundant during times of low'*C
production. Other auroral color variations also may be related to varying fluxes of high-
energy particles but the data are inconclusive. They also might be related to variations in
the strength of the Earth’s magnetic field or to variations in atmospheric clarity. In order
to fully test the relative strengths of auroral excitation by cosmic rays we need models of
'C production, '’Be production and nitrate production that are annually resolved and
derived from studies of tree rings and ice cores respectively. We also need to compile
data on sightings of planets and stars as an index of atmospheric clarity. Only then can
we fully test the extent to which auroral colors vary as a function of the flux of high-

energy particles.
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Appendix A - Aurora from 1100-1695 AD

Appendix A contains an extensive compilation (Table A4) of low latitude aurora

identified from a large number of documents and references. This comprehensive list

contains 279 new or revised low latitude aurora.

To understand Table A4, some explanatory material is necessary. Table Al presents a

list of the 28 lunar mansions: the Chinese equivalent of the western zodiac constellations.

These mansions more or less follow the ecliptic through the sky.

Table Al. The 28 Lunar Mansions (Xu et al 2000)

No. Name Translation Det. star
1 £ (Jido) (Dragon's) Horn 2 stars including o Vir
2 JT (Kang) (Dragon's) Neck 4 stars incl. ¥ Vir
3 K (DY) Root 4 stars incl. o' Lib
4 & (Fang) Room/chamber 4 stars incl. © Sco
5 i[> (Xin) (Dragon's) Heart 3 stars incl. 6 Sco
6 2 (Wéi) (Dragon's) Tail 9 stars incl. u Sco
7 E () Winnowing Basket 4 stars incl. y Sgr
8 ~} (Nan) Déu (Southern) Dipper 6 stars incl. @ Sgr
9 F (Qian) Nia Ox/cow 6 stars incl. B Cap
10 2z (Wu) or (Xu) Nii Girl/woman 4 stars incl. € Aqr
11 Ji (XT) Emptiness 2 stars incl. B Aqr
12 1t (WEi) Rooftop 3 stars incl. o Aqr
13 = (Ying) Shi Encampment/room 2 stars incl. a Peg
14 B# (Dong) Bi Wall 2 stars incl. y Peg
15 Z5 (Kui) Legs/foot 16 stars incl. n And
16 % (Low) Bond/hill 3 stars incl. B Ari
17 H (Weéi) Stomach 3 stars incl. 35 Ari
18 &1 (M&o) Pleiades/hairy 7 stars incl. 17 Tau
head/stopping place
19 . (Bi) Hunting net 8 stars incl. € Tau
20 ¥ (Zui) Turtle Beak/snout 3 stars incl. A Ori




21 22 (Shen) Three 10 stars incl. { Ori
Stars/investigator

22 (Dong) # (Jing) Eastern Well 8 stars incl. p Gem

23 (Yu) % (Gui) Ghost/devil 5 stars incl. 6 Cnc

24 i (Lit) Willow 8 stars incl.  Hya

25 2 (Xing) Seven stars 7 stars incl. a Hya

26 9 (Zhang) Extended/stretched 6 stars incl. v' Hya
Net

27 # (Yi) Wings 22 stars incl. a Crt

28 #2 (Zhén) Carriage 4 stars incl. y Crv

Table A2 lists the asterisms/stars mentioned in the third column of Table A4.

Table A2. Asterisms/stars (Xu et al 2000):

Beihe (p Gem),

Beidou (7 stars incl. a Uma)

Bi (8 stars incl. € Tau),

Bizuogu Dierxing (6% Tau),
Daling (8 stars incl. 9 Pers),
Dizuo (a UMin),

Dongbi (2 stars incl. y Peg),
Dongijing (8 stars incl. p Gem),
Dou (Nandou; 6 stars incl. ¢ Sgr),
Fang (4 stars incl. © Sco),

Gui (Yugui; 5 stars incl. 6 Cnc),
Hegu (3 stars incl. a Aql),

Ji (4 stars incl. y Sgr),

Jiao (2 stars incl. a Vir),

Jing (Dongjing; 8 stars incl. y Gem),
Juanshe (7 stars incl. v Per),
Kui (16 stars incl. n And),

Liu (8 stars incl.  Hya),

Lou (3 stars incl. B Ari),

Mao (Pleiades; 7 stars incl. 17 Tau),
Nandou (6 stars incl. ¢ Sgr)




Nandoukui (¢ Sgr)

Nanhe (e Canis Min),

Niuxing (3 stars incl. a, B, and y Aq|

Qixing (7 stars incl. a Hya),

Shen (10 stars incl. { Ori),

Shangxiang (81 & 2 Sco),

Shenliangjian (a & y Ori),

Shenyoujian (y Ori),

Shenzuojian (a Ori),

Sheti (6 stars on sides of Arcturus inclu. o & n Boo),
Taiwei (10 stars incl. stars from Coma Ber-( Vir-Leo),
Taiwei Xifan (o Leo),

Taiwei Dizuo (B UMin),

Taiwei Youzhifa (B Vir),

Tianjin (9 stars in Cygnus incl. y Cyg),
Tianchuan (9 stars incl. n Per),

Tianshi or Tianshiyuan (22 stars incl. ¢ Oph)
Wei (Stomach, 3 stars incl. 35 Ari),

Wei (Dragon's Tail, 9 stars incl. y Sco),
Weixing (p' Sco),

Wenchang (6 stars incl. 8 UMa),

Wuche (5 stars in Aur and Tau, including a Aur),
Wuche Erxing (a Aur),

Wuche Liangxing (possibly 1 & a Aur),
Wuche Sanxing (3 Aur),

Wuche Sixing (6 Aur),

Wuche Wuxing (B Tau),

Xin (3 stars incl. ¢ Sco),

Xuanyuan (17 stars incl. a Leo),
Xuanyuandaxing (u Scor),

Xuanyuan Zuojiao (p Leo),

Yixing (a Crt),

Yougu (€ Tau),

Yugui (5 stars incl. 8 Cnc),

Zhinu (4 stars incl. a Lyr),

Zhang (6 stars incl. v’ Hya),



Zhen Erxing (¢ Corvi),

Zigong, Ziwei,

Ziweigong, Ziweiyuan; 15 circumpolar stars incl. k Dra),
Zui (3 stars incl. A Ori),

Zuojiao (a Vir),

Zuozhifa (n Vir),

There are several technical terms in Table A4 as follows:

(1) Cun (1 chi =10 cun);

(2)  Embracement (semi-circles found by the side of and concave towards the
sun);

(3)  Hong (daytime: parhelic circle/arc, nighttime: arc);

(4)  Opposition (a bluish-white and red vapor shaped like the new moon but
convex towards the sun);

(5)  Zhang (10°).

Information on the capital cities and observation locations are given in Table A3. The
geomagnetic coordinates were calculated for 1900 and give an indication of the

differences between geographic and geomagnetic coordinates for that Epoch.

Table A3. Capitals/Observation Locations (Xu et al 2000): Geographic (Geo.) and
Magnetic (Mag.) Latitudes and Longitudes. Latter calculated for Epoch 1900 A.D. using
http://wdc.kugi.kyoto-u.ac.jp/igrf/gggm/. For comparison studies, the magnetic latitude of

the various locations should be calculated using an appropriate Epoch of the geomagnetic

field. This information is available at 50-year intervals from A.D. 0 onwards.

Location of Capital or | Geo. Geo. Date Range, Mag. Mag.
Country | Observation Location | Lat. Lon. A.D. Lat. Lon.
China Jiankang 32.03 | 118.78 | 317-589 20.56 | -173.13
China Louyang 34.75 | 112.47 | 494-534 23.19 | -178.87
China Ye 36.35| 114.58 | 550-577 24.8 -177
China Chang'an (now Xian) 34.27 | 108.90 | 557-581 22.71 | -177.93
China Daxing (now Xian) 34.27 | 108.90 | 581-618 22.71 | -177.93
China Chang'an (now Xian) 34.27 | 108.90 | 618-907 22.71 | -177.93
China Yanjing 39.92 | 116.42 | 907-1125 28.39 | -175.45
China Bian 34.78 | 114.33 | 960-1127 23.23 -177.2




China Lin'an 30.25 | 120.17 | 1127-1279 18.82 | -171.82
Zhongdu
China (now Beijing) 39.92 | 116.42 | 1115-1234 28.39 | -175.45
China Dadu (now Beijing) 39.92 | 116.42 | 1206-1368 28.39 | -175.45
China Nanjing 32.03 | 118.78 | 1368-1403 20.56 | -173.13
China Beijing 39.92 | 116.42 | 1403-1911 28.38 | -175.45
Japan Heian (now Kyoto) 35.01 | 135.77 | 795-1868 24.36 -158
Japan Kamakura 35.32 | 139.55 |~ 1185 2497 | -154.64
Japan Edo (now Tokyo) 35.69 | 139.69 | 1590-1858 25.35 | -154.56
Korea Gaesung 37.97 | 126.58 | 918-1392 26.76 | -166.43
Korea Hanyang 37.55| 126.97 | 1394- 26.36 | -166.06
Aurora-
Germany | Nienburg 51.82 11.75 | Dec 26, 993 52.07 95.11
USA Honolulu, Hawaii 21.31 | -157.86 20.93 -93.47
Italy Rome 41.90 12.50 42.42 91.6

Table A4. Auroral Observations 1100-1695. Column 1 is the date of the aurora.

Column 2 displays the Aurora information in the original language (Chinese or Korean),

the translation of which is in column 3. Column 4 gives the country of the observation (C
= China; K = Korea; JP = Japan), the color of the observation (W = White; R = Red; B =

Black; P = Purple, etc.) and information on whether this aurora was listed by Yau et al.

(1995) where IY = In Yau et al. and NIY = Not in Yau et al. The final column is

information on the original reference. The entire listing is grouped by centuries as

identified by the years at the upper left.

1100-1199

Only the determinative star

of asterisms is given. See
the list of Stars and
Asterisms Mentioned for
details.
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1127 = (IXF) is a common scribal |(NIY, W) |Songshi Tianwen
=i error for wuwu (JX4F).] 13
RESRLE 24
Songshi
- ,— Gaozongji 24
RETRER J\
RERERTE SRR XES 60
AT China: There were red Songshi Tianwen
22 Sep &%, HiAER - C: Aurora 9
1127 & vapors in the NE. [Two (NIY, R) 60
ey — similar entries.] ’ XahEE a1+
RIEEFFRR. % 204
RIEAERR .
Wenxiantongkao
Xiangwei 17, 294
Zhuang: 35
K: Black vapors like bolts of
REX-HFZF I
[j_KLA F 23R |cloth stretche_d acros_s the S RE 47 47 1
NE]THA BFRE  [sky, trespassing against -
7Nov |_ — e , K: Aurora KX 1-AREEEZE
1128 KINMHEEXRILX [Tianjin (y Cyg), Tianchuan NIY.B) |DEEE-116
ERMABEXE |(n Per), Wuche (1 Aur), ! i eo’:a o
229 Wenchang (6 UMa), and the i
stars of Sandai (1 A, v UMa).
K: Red and black vapors
were seen in the NE with a
circumference of about 20
[REXPLE {5 [chi (20°). “[They] entangled
I\E]RE ARHIRR into knots which did not K: Aurora |SRES 53 &-& 7-
19 Jun [|REMRERFAFHEZ |oosen until suddenly [they] |(R & B) (IY |RE1T 1-:K-074
1130 |[TREF. E#ET#  |emitted dazzling lights like [but not Goryeosa 53
ERARNMSHE |birds flapping their wings.  lcomplete) [Yau: 21

Ty,

[They] then dispersed." [Yau
omitted “red” vapors.] [Day
after intense aurora in

China.]




[RIEE=4F] [{ZR]

K: A band of black vapor
more than 5 chi wide (5°)
emerged from the midst of
Taiwei (B Vir) and Wudizuo

+—F+HAKBR - .
e s ma (y Cep) pointing toward SRR 53 B-E 7-
25Nov R—RREREE || . & Pis) and Tianhun'< "2 545 1181
133 BABAFEDIE ( BCetg) S of Kui (n And) (NIY. B) Goryeosa 53
EENRFERT | nar Y
- lunar mansion. It remained
T k. _
w/0 moving and
disappeared. [27th day of
lunar month.]
sRIEmeE ) |00 0N heoet B AR 47 B35 1-
white v
1Feb [T-HIEARKA within thz halo to gstretch K: Aurora XX 1-ARE%
1134 [BARKSHRE (NIY, W) |[BREE-122
across the sky. [6th day of
PN Goryeosa 47
lunar month.]
AE.. —+—%... There was a red vaoor Songshi Tianwen
w v
27 No 2HA-FR R during the night i C: Aurora VWuxing
v ,__ uri ight. - Au o e —
15y R Thers as agred apor  [(NIY, R) REFRB=F
W \' e
£+A.mh, g | OIS P | Ex
- uri ight.
BHRR 9 9 Zhuang: 36
[5'Efn’:+7'<¢] K Night. A red Yapor like o mmon 53 4
25 Apr BERTEA Z3% [fire about 30 chi (30°) long  |K: Aurora L
— _ o 7-H4T7 1-K-075
1156 |&RFRIANK=+ |and one chiwide. [1stred |(NIY, R)
=h s o . Goryeosa 53
REFE—R. vapor like fire prior to 1174.]
REHITZ
— — S hi Wuxing 2
30 Aor [MBE]—+LE&£E= |C: Ared vapor emerged in C: Aurora ;;g;jlc_'_ui(mg
= . . AU =
PllgzE, Fmhs Ziweiyuan (k Dra, 15 o
1157 | .= ) (NIY, R) Songshi Tianwen
MiE, circumpolar stars). 13
Zhuang: 36
[RERMBE]=+ |C: A white vapor emerged REXLE=+TE
18 Dec F...T—HA...XE |from and entered between |C: Aurora [5R/\
1160 |&®, ABRRHARE Wei(a Agr)and Mao (17 |(NIY, W)  |Songshi Gaozong
. 5nfdl, Tau). 8




RERBE=1+4 C: Night. A white vapor in REBNTNE
19 Dec [T—AB4&, & |the SW emerged from Wei [C: Aurora |[S5+AARITH
1160 [FAHEBRHMAEAS |(a Agr) and entered Mao  |[(NIY, W)  [Songshi 66,
0 (17 Tau). Wuxing
C: Night. A white vapor
e — emerged from Wei (4 Sco
RERBE=1TF 9 (1 Sco) o .
o . |[and entered Zhen (y Crv), RS 66 A{TH
2Jan I F=ARE, AR assing through the C: Aurora Songshi 66
1161 |[HEA®, Bxm Pooondhroughine (NIY, W) 9
5 enclosure of Tianshi (C Wuxing 4
o Oph). [Must have been a
high-angle arc.]
C: A white vapor like a belt
'-'_'_.'i'_,'i:n”E - —
*m-i-‘fn +— |stretched Eto W across the SR 66 HIF
21 Dec F+=AZFH, B [sky, emerging from C: Aurora ,
JE— Songshi 66
1161 ||, WEEX |[Nan]dou (¢ Sgr) and (NIY, W] _
s . . Wuxing 4
. HAES. passing through Niu (B
Cap).
I = mm N
5 g I EF=AFE e 9 o Aurors | 54 -5 8-
1184ar RESREEH— acro§s tes )(;’t\:l N([)Ene (I\IIIYUV?/)a F 1T 2-%-095
«— e [Moving toward the NE, one ,
MR — MR E , g Goryeosa 54
e moving toward the N.
' Suddenly they disappeared.
K: The moon haloed, inner
KEITT=4F AR - . : —
[ik;%m: F BAR  |blue-green, outer red. There|K: Lunar = BB A8 4 0
26 Dec —+t&+—A]Z |were red and white vapors |halo & X¥ 0B RES
=] . . . - ,£
NAEARFNRM |ike pestles/sticks in all Aurora .
1197 — . , LR E%-049
HhEBEFRBRUWHFE |directions. They were about |(NIY, R & Gorveosa 48
+ REFFEFE A HE. 10 chi (10°) long. Those in W) i
the SW had earrings.
1200-1299
Only the determinative star
of asterisms is given. See
the list of Stars and
Asterisms Mentioned for




details.

EHEMEIKRKT=H

NC: 07-09h. There was a

23 Apr =R $%J1=\z§|], At |black vapor in the N like an E\INC;t,iA;]urora ERRXEE -+
1911 ZAEERME, A lembankment. W/in it were Vau=NIY Jinshi Tianwen 20
BAHFE=, UHEELE three white vapors that had W) " |Zhuang: 38
Z Ko a majestic air.
e _ NC: In the night there were
23 Nov Eﬁ:ﬁ%xﬁt}j three white vipors. They |NC:Aurora [EERXXEB -+
1213 ﬁq: rRER= towered into Ziwei (k Dra) |(NIY, W)  [Jinshi Tianwen 20
, BEMmMAE. _ ) ’
but did not pass through it.
NC: As the sun was about
to rise, there was a vapor
[ERIEEREIN |like a wide road. Its heading
AXE, BffH, |was 30°to210°. It passed
16 Jul BRIKE, #&H through Xu (B Agr) and Wei [NC: Aurora [ ERXXEE -+
1221 R, EEfE, TP (o Aqr). Its beginningand  |(NIY) Jinshi Tianwen 20

TREE BEZ

o

end were not visible in the E
or W. After a while it
disappeared [25th day of
lunar month.]

EREH=ZFNA

NC: In the night there was a

JXH, ®EBRR, |plack vapor as broad as a _ o —
121‘]5[" FEINKEE, BRM |arge road. It stretched E\INCI)\.(A;;ora fnffi;in_;)

EZFi, ERE |engthwise across the sky ’

Ko from SE to NW.

[REHIUE S A black vapor from the S

m+= &£ AS% extendec! E to W across the =B 53 &t 7.
24 Feb B g e R TR sky.p.assmg through K: Aurora 17 1-7K-184
1256 Weixing (p Sco). Itwas 3 |(NIY, B)

REREE=RE
=B REF.

chi (3°) wide and about 300
chi (300°) in length.

Goryoesa 53




[REAETE &=R]

K: A black vapor reached

SBEEH 53 B-E 7-

20 Mar [lU+RFE_ACX trom Nandoukui (C Sar) to K: Aurora F15 1-9K-184
= JAA ~ N N I - -
1259  |BRHLE HBIE ukur (¢ Sgnto v gy
s Hegu (a Aql). Goryeosa 53
TP _F _
D= o %55 50 400+ 0
o Feb IE AR, f#REZ |C: That night, in the NE C: Aurora |EE+—FTeh
- AU ITixy -
1961 ZHE, BERHEI there was a red vapor as big(NIY R) ):'n anshi 44
= . ) inyu I
FHRREA, KI0 |as a mat shining on people. y
1 Zhuang: 38
=7 h : o
=IE f] =3 a K There was a bllack vapor =88 53 %7 7.
10 Jun (BAEFEHFAEESR |as big as a cloth in the SE. |Aurora F15 19K-185
1263 NP AFAREIEI K (It entered Nanhe (e Canis  |(NIY, B)
. .. Goryeosa 53
R Min) and Dongjing (u Gem).
[R=ERLF] [JTZR]K: A white vapor was seen SRS 54 &-7 8-
28 Jun N K: Aurora —
BFNARFBEL |Sto N. [3rd day of lunar F 1T 2-%-099
1264 (NIY. W)
RF¥riA. month.] Goryeosa 54
3 Jul [CREERRIF K: Night. A white hong (arc) |Aurora BREEE 54 875 8-
: Night. A whi _
D mmageTEs | dthSWg( )va 17 2-%-099
appeared in the SW. ,
A. PP ( ) Goryeosa 54
REER 7LoR [K: Night. i e
[SREUER ] [JT3R |K: Night A.whlte §Ioud BB 54 4 7 g
15 Feb [T+ I1IEA 2R A |about 3 chi (3°) wide Aurora Fi5 2
1269 | EHEEXEZ=R stretched across the sky  |(NIY, W)
o tom SE Goryeosa 54
e e — ~, |K:Inthe E there was a
(RELEILF] TR ellow and purple vapor; SER 55 B-E 9-
21 Jan |[THMZEIERZINE y. o Purp .p ' K: Aurora 'E],_ =
i within it was something F1T 3-L-141
1273 |AAEERYEE ) . (NIY, Y, P)
BR1G B AL, straight and erect like a Goryeosa 55
pagoda towering in the sky.
[RimRm&XITE] |In the SE there was a red
BEVEZF+ AR |vapor stretching across the =R 53 &-ET-
2 Dec EEAHRFEEKRE |sky; above it were white K: Aurora H 1T 1-X-081
RAFFRERE : above it were whi - K-
1276 v (NIY, R, W)

taRuER=R

il

vapors like spears about 3

chi (3°) long.

Goryeosa 53




K: A white vapor like a hong

(R —4F B3 4 throuah Beid SRERE 49 -7 3-
_ . |(arc) passed thro eido )
11 May | E]|=FMAREH EG U)r:a)' the mooung U Aurora R 3-AEEEN
1277 |RINMIEAL} AL ! _ (NIY, W)  |[RE%-003
ey trespassed against Goryeosa 49
Xuanyuan (a Leo).
1300-1399
Only the determinative star
of asterisms is given. See
the list of Stars and
Asterisms Mentioned for
details.
[TTEIE+E5] [ |K: Thunder and lightning. A SRS 53 &-E 7-
19 Nov N e ) K: Aurora .
1357 BE]NF+ A XHE |purple vapor was seen in (NIY, P) F1T 1-7K-125
EELERETILA. the N. ’ Goryeosa 53
_ K: Night. Th hit N .
i o FEETEEIA ont: del,rehvt”?s aw ;e A ST 54 575 8-
13583” £+ A¥0%A VE‘_"OEAW'” 1 f‘('j’;f’o j” (qu:/?/r)a BT 2-2-102
— rain. [Aurora in mi ,
HREEM. Goryeosa 54
storm?]
_ TTEBME+RKRL
[JTlE5 2 IE+ L4 |Night, a white hong (arc, -
8 Oct C: Aurora [FVUT1
NA]RAF, |, |aurora) passed through the , .
1359 - (NIY, W)  Yuanshi 45 Beniji
HEIE X, sky.
45
K: A purple vapor filled the
[REABK=4 4 |skyinthe NW. The =R 53 &-ET-
10 Feb [BRE]TNAEIEA B [shadows [it made] all K: Aurora |E1T 1-X-085
1370 |REGILALERIZZE |pointed S. [14th day of lunar|(lY, P) Goryeosa 53
FE. month. Yau dates it as 11 Yau: 35-36
Feb.]
[REARER-+Z4F SRERE 53 B-E 7-
13 Oct || [FETTF]FSEE |Korea: Night. There was a  |Aurora F 1T 1-7K-189
1389 |[mENAZHKE |black vapor. (NIY, B) Goryeosa 53

Wuxing 1




X#E 118,65

1397 TR/ Y
20 Mar |RR/&, EAERB K: Night. There was a white |K: Aurora ( o (s 5) 30 %)
1397  [Fo vapor in the N. (NIY, W) 2 A 21 B(FE)
Taejo 11
XEH11EB,6F
1397 TR/ Y
31 Mar [RR/FE., &, ® [K: Storm. Night. There was |K: Aurora (2 o (#) 30 4F)
t E \/__o . . = T \7s
1397 [HtEF= a red vapor in the NE (NIY, R) 3 8 3 BAER)
Taejo 11
AH11%,6 &
Korea: Solar halo. Night. |0 o2 (1397 TR/ Y
6 Apr 3 A 9H(EK)BE ' ' _ |Solar halo,
. |There were red and white S(HR) 30 £F)
1397 |, ®,EAAFER. _ aurora (NIY
vapors in the S. 3 A9 H(ERK)
R & W) _
Taejo 11
AXEH12%,6 F
1397 TR/ Y
28 Dec |T%/7%, 8277A B |K: Night. There was a white |K: Aurora (2 o (#3) 30 &)
1397  [Fo vapor in the NW. (NIY, W) 12 89 B(TXR)
Taejo 12
AH12%,6 &
K: Night. Th hit 1397 TH/ Y
17 Jan |TR/&, EEEAERA 9 e.re was awhite | . aurora (
1308 |lEBEE vapor stretching across the (NIY, W) S(HR) 30 )
K o ’
sky E to W. 12 A 29 B(T=*)
Taejo 12
1400-1499
Only the determinative star
of asterisms is given. See
the list of Stars and
Asterisms Mentioned for
details.
K- Th g , ER3E,2HF
. ~ [K: Ther r rin _
17 Feb [ F/ELIARE| N\E;Ve[vzv;:’dad: O\;?p:ar' K: Aurora  |(1400 B2/ /
. u
1400 o y (NIY,R) |[H2(&X)2 )1

month]

A 23 B(&F)




Jeongjong 3

K: Night. A white vapor

arose between Di (a Lib) AXR3%B,2HF
FR/&R, BR#E [and Fang (T Sco), passed (1402 4/ &
23 Apr =py @iEis ) y ) . |K: Aurora 2 (Y) 4 5) 3
1402 | EE, B#EiEdL |Sheti (0 & n Bod), Beidokui NIY, W) (EX) )
3 &, #3dk. |(Ursa Major) and Wenchang ’ B 21 HER)
(6 UMa), and reached the Taejong 3
N.
ANR3B,2F
_ _ _ (1402 £ / &
fjrol\;ay 7 ZS A S, ir;.;r;esr?/vv.vas a white vapor :(l\.“,:\(u:/cz/r)a NS (Y 4 ) 4
! B 23 B(ZX)
Taejong 3
ANR5%,3F
17 Feb |BE/MREE B S S K There was a white vapor K: Aurora (1403 E R (5K £)
1403 7. in the N throughout the NIY, W) 14)1 A 26 H(
night. ’ HR)
Taejong 6
AR6%E, 34
, , (1403 %5k / &
14 Dec |BRM/®, &t H5E K- Night, There was a dim K: Aurora | S(k) 1 5F)
1403 |, Excag, |oo vaporintheN.ltwas o) 11 1B®EE
about 1 zhang (10°) long. )
Taejong 6
ANRO%E, 58
17 Feb Zgﬂl?i, HAEH K Night. There was a white |K: Aurora ggfﬂig; i) ]
1405 = vapor in the ENE. (NIY, W) A 18 B(Z0N)
Taejong 9
®’, BREBEKA |K: Night. A white vapor ANRO%E, 58
25Feb | .. . . K: Aurora N
EEA,IRWOEH  |arose in the W and WNW (1405 Z B (5K %)
1405 (NIY, W)

o

directions and reached to

34)1 A 26 H(




the SE direction; it was
shaped like a bolt of cloth.

®X%)
Taejong 9

AKrR9%E, 55
(1405 Z B (5k 4t)

1%, : Night. i ;
18 Mar Eﬁﬂ ®EAEB K nght There was a white [K: Aurora |, £)2 B 18 B(
1405 =&, vapor in the WSW. (NIY, W)
FHE)
Taejong 9
K: Venus was seen in A 105,55
: us w [
1405 Z B (k%) 3
1Jan RB/KBER. [(daylight. Night. There was a |K: Aurora K=
o = : : F)12 A 11 B(ZE
1406 (&, BAEHR. |white vaporinthe S (NIY, W) =)
direction. _
Taejong 10
T . | K= 104, 5%
- N : There was a red vapor in (1405 Z.8 /
14 Jan [REU/EFAERR, fthe SE; Venus and Saturn  |K: Aurora |, =4 (k) 3 %)
=iV
€. TEHL, [ .
1406 ik trespassed against one (NIY, R) 12 A 24 B(AHK)
another. _
Taejong 10
C: "At night, there was a
green-white vapour
stretching across the sky
BEfRITENARXRK |fromEtoW.”
®, HEHR, K BAEE=1+1T=
BEX, C: Night. There was a band Mingshi 30
) K: Aurora? _
of green-white cloud (In Yau as Wuxing
= - u = —— >
25Jul [REEBZE—BE®H [stretching E to W across thea ora. but BAEREHSZ T
= s u , DU
1426 |[BAEX...EFHAEIR [sky....At the 5th watch, J\
may be

EXMFRELRE
BHELERZ/NER
ZHAEATAE
¢O

there was a star (meteor) as
big as a cup, colored green-
white. Two smaller stars
(meteors) followed it. It
emerged from Youqi (4
Aquilae) and traveled W into

clouds. [The vapor may

meteor trail)

Ming Xuandeshilu
18
Yau: 38




have been a meteor trail
because three features of
the meteors (date, color,
direction) match the vapor
description.]

C: "At night Iti-col d RE—FEXXE
: n multi- I
- Ignt, mu I?oou e N Mingshi 27
e gO#hZ Vr\;ecarSnSjZnélo eda M |t'uc§|oaréd Tianwen 3
_ : v ulti
14dul ¥, BEBRL - bright multicolored cIF())ud cloud vau: 38
o — I . [— - =
1429 |XFRBERBE 14§ihd u " o oy, PERESELE
. nar month. : ”
i [4th day of lunar mo G H+H
Indicates Yau’s multicolored cloud Ming
loud t aurora.
cloudwas not au ] Xuanzongshilu 55
HERE 124 &, 31
1449 2 BE(LE#:
14 May (&, BRRTF®RI |K: Night. A white vapor was [K: Aurora (EE8k)
_ 14 %£)4 B 23 H(
1449 |A, in the NE. (NIY, W)

FH)
Sejong 124




BA% SR IES-VULE
THRZR > &%l
» PHFE AR SAK
M- AERIEEES

C: Dusk. A red and black
vapor like smoke in the SW.
In a minute it changed to a
pale vapor with 6 bands. It
gradually moved N and
dispersed on arriving at mid-

BAZERL:45 184
Ming

AN 0 IRTR C: Aurora  |Yingzongshilu
TNV i o P (NIY,R& [184
) H
1449 C: Dusk. A red and black ’
O vapor like a flame in the B) R 28
Bl BmEARS SVS In a minute it changed Guoque 28
g, mslbEa L ehang Zhuang: 40
to a pale vapor with 6
SN JEEFRR
i o bands. It moved N and
dispersed on arriving at mid-
sky.
BAZ SRR —4-1 |C: In Nanjing after sunset B R 9I5:45 296
HE‘EL%T??EI)\F there was a red vapor like a Mi
20 Nov o - wa vaporie als. urora |9 |
Iﬁ%ﬁﬁiﬁ: [ |huoying in the SW. Its light Yingzongshilu
1458 | o _ _ (NIY, R)
52 0 JCHRME - Jlit up the earth. It dispersed 296
EANEE at 9-11pm. Zhuang' 40
BASRRII:45 298
BRI 4E |- C:leght. A smglte; bar;d cl>7f I\\(/Illng .
_ red vapor more than 2 ¢
— A R (2°) wiZe was seen with'nla 2'9r‘892°n93 N
. i
K F IR —HE .
14 Jan E;JZ:P—AE e huoying due N. Towering  |C: Aurora  |B2 kB R4
> TR — ’ / . . . . NN S
ST et Wit b
-, N N = - u
AT R . J |
ey long, was pointed, and Wenxiantongkao
shaped like an erect spear. 215

Zhuang: 40




BRI SRR =41
“HHHER EA
KER WIS - 1
RN KRt

C: Night. A red vapor was
seen within a huoying in the
S. It was more than 2 chi

BZER L5445 310
Ming
Yingzongshilu
310

19 Jan | @ HJP B80T (2%) wide ar:d more than ten C: Aurora %X@k@%%%
1460 |EmrE . zhang (.100 ) long. Its shape (NIY. R) N) & 215
", ARSI was pointed at the top like Xu |
I L o mic o
;;{Ei% L sky. ’ Zhuang: 40
Usoskin: 10
CEB/EEE A% Korea:....Night. At the 3rd
SRS T watch (11-01h), there
7 . fU@E‘y FEE{& suddenly was a black vapor HHE 47 % 14 &
1468 i Eﬁ@;ﬁ%;ﬁ’ 2 gallopi’ng. Suddenly there (ItlJIY) & SEI(RAE) 4 %) 9
FENEERE - : A 4 B(E®R)
HTEEUR. was Ilghtnlng and rain. comet Sejo 47
T When the I'all’-] stoppe.d...the
£ 5 S B AT comet was still sparkling as
before.
BRZE RS54 160
BRZESSRET—4F |C: Night. A single band of Ming
25 Dec +—HEQHT§ PE |red vapor towered into the C: Aurora Xianzongshilu
1475 JEARA—E K |sky. It was about 5 zhang (NIY. R) 160
» KSR JRAT |(50°) long and shaped like a ’ EHEE 37
Tk o lance. Guoque 37

Zhuang: 40-41




ETAEREE: “X
A=+8B%, ¥#&
KERE 2, XEF
BUEELZR, £
ATz, RBAE
o FEBFEWULEM
MR, #ERER, X

K: On 8 Aug 1499, the king
said to a high official: “In the
night of 6 Aug, | saw it at the
Dazao Palace. On the
horizon there were clusters
of dim candle-like vapors,
reaching into the heavens
and making irregular
movements. At first they
seemed to move E from
above the southern
mountains. Suddenly they
switched to moving back W,

FEIE 34 4%,5F
(1499 B3k / &

?4’:“99 EMEARE, 185 and then they switched :(I\.“,:\(L)Jrora = XI(5hiR) 12 £)
B, ZTHEEM |again to move E. They 7B 2 H(EER)
o HIRXNF KA |started at the 4th watch [of Yeonsangun 34
&, SNTEXRF I  |the night] and disappeared
Bt. HBEFEE at the 5th. They were like
Mz, "FEEZE ( |the color of the moon during
XiEhE#E) LUZEH: drought or like what the Zen
“FrEBR& M. ”  |Buddhists call ‘fangguang.’
Ask Kim Yingji about this
matter.” Kim Yingji
responded after checking
the Wenxian Tongkao: “It is
called ‘red vapors’
(auroras).”
1500-1599

Only the determinative star
of asterisms is given. See
the list of Stars and
Asterisms Mentioned for

details.




[BAZRENR]RF/
&, REHARE, A
REZH, RINE, &

K: Night. A meteor.... There
also was a white vapor

K: Aurora (Not

HE 494, 945
(1503 &% / &

=T AN
?5“3?, H, BAREF. X |crossing the sky from W to [In Yau: NIY, ;)ILG};\'?()) 1E?(
BEAEERA, B |E. ltwas about 2 chi (2°) W) )
REXR, EZREF  |wide.
Yeonsan 49
K: [An official said:] “We
also have heard that in the
last night of the previous
lunar month (12 Jan 1507)
there was a red vapor like a
Report: =) NS )fJ:HEE huoguang flame in the NW i 0 % 2 4
24 Jan T&: 'E’Zjiﬁzjﬁﬂ and pale yellow cIom’st N . Auroran (in (1507 T30 / 2
1507, it’ ﬁﬁ;—&m@ the S. Howevgr, we ve. also Yau but HE(IEE) 2 )
Event: |e° XFHEJEE’ IJ.I* heard of wildfires burning formisdated and 1 B 12 B(HR)
12 Jan Kﬁﬁé‘fif%ﬁﬁs & |several li on the same day. questionable) Wungjong 2
1507 IR, EEHE, [What people saw] may Vau: 41
BRELL X zIth, "have been the light from the
wildfires.” [Yau gives
impression the
huoguang/wildfires were
seen in the night of 24 Jan
rather than 12 Jan.]
hR104%,4 5
17 Dec |B=EEZRHE, 1t K: There was a red vapor in K: Aurora (1509 E,I'EE/ S
1509 HERE. the N from the 3rd to the 5th (NIY. R) HY(IEE) 4 F)
watch (23-01h to 03-05h). ! 11 B 6 A(RF)
Jungjong 10
K: Night. There was a red FR1448,6F
wiBAFRR, £ |vaporin the SW. Above it (1511 FEXR /|
17 Jan |[EBEBR—1&. 75 |was a strip of white vapor. |K: Aurora HE(IEE) 6 £F)
1512  |®mARANKE, BRI [The red vapor was shaped |(NIY,R& W) [12 A 29 H(Z
i+, —X&. |like a torch, the white vapor B)

like the character for “ten” (a

Jungjong 10




plus sign); it was one zhang
long (10°).

=HEY, AER
EaTEE, —Fo

Korea: On that day at 19h,
black vapors arose from the
NW. One part divided into 3
strips reaching to mid-sky.
Keeping the same distance

hR16%K, 75
(1512 EEA(EfE

= = & = .
1Z1J2uly 12?5:’;&]?;;?— from one another, they :(I\.“,:\(L)Jrora )7#E)6 A 78
EE—, i gradually broadened, (2 B)
B5. reaching to the SE, where Jungjong 16
they reformed into one
[strip] in the shape of a
shuttle.
FR21%8,94F
_ . |K: Atthe 2nd watch (21- (1514 gk /1 4
f;l\iov O_E’ maRER 23h) there was a white :(I\.“,:\(u:/(?/r)a HGY(IEE) 9 )
vapor in the S. ’ 11 A7 B(ZH)
Jungjong 21
R 324, 13
WRERE, A, £ K:King Jungjong, 13th year, HF(1518 RE /
13 May AAEZIN, [Yau [4th month, day kuei-yu (10).|K: Aurora (In |& &S (IE{E)
1518 dated it 18 May] ["At night, at the 5th watch, [Yau but 134F)4 8 5H
[Example of &80 fin the SW direction, there  |misdated) (X&)
X before 1522]  \was a vapour like fire." Jungjong 32
Yau: 42
K: In the night there were th== 38 & 15
SBE ABE T red vtapors aII. over the sky; (1520 IR /
8 Mar EHRREX, ILF th? hlllsland Tlelds were K: Aurora o MG (EE)
1520 |s589, MY, g |0 9Nty lluminated and one | |\ o) 15 4)2 A 19
RS, could count the dwellings in A (%E)

villages; it burned out after a

long time.

Jungjong 38




29 Mar
1520

BEEFEEWA:
IAEEZKES,
2HE Az K,
BB RIEE,
XEALT, B
B2k, kXA
NIERY, FER]
B, REHE,

A counsellor official said:
“‘Recently there have been
unusually many disasters,
the ..., within the sun were
black lights rocking against
one another, also stars and
the moon were moving up
and down, seemingly
fighting with one another.
And at the 19-21h double-
hour there were huoguang
flames shining on things....

K: Reports of
sunspots,
auroras (NIY)

R 38 %, 15
(1520 BB /
N FE(EE)
15 %) 3 A 11
H(EX%)
Jungjong 38

thiR 42 %, 16

K: Niaht. Whit F(1521 ZB /
80ct R, BRBEHAE t. tlgh d Iev?r?zrssk K: Aurora o MG (EE)
r across
1521 |&A, fiK, fmfnCN\eN e Y lNiy,w)  |[16&)9A9RA
' (TE)
Jungjong 42
K: An official reported by
message: “Recently, ....
XEHE: %K, X |Since the New Year (28 Jan s a4 % 17
=4 =2 AN ,
‘E‘:‘LEQ, HIJERE 1522), red snow has fallen £ (1522 4 |
TEESN, §FIE |and two nights ago (25 Mar) R
27 Mar = _ Assessment |& JHE(FEIF) 1
ATHRE, FERER  |there were fire-vapors at _
1522 e Bkt | of Fire-vapor |%)2 A 30 H(
BAR, BIRKE, |night. These are portents of Auroras (NIY) [T )
L TREEE 2B disasters; it is time for all, _
, Jungjong 44
0 whether high or low, to
reflect on how to improve
the situation.”
HsR 44 &, 17
K: Night. Whit (1522 4/
; : apors —
29 Apr (R, BRBEAE stretlcghed acrloes;/tr?e o K: Aurora H IS (FE) 1
1522 |BAME, Y R NIV N - 0 - PR =1
: )

Jungjong 44




IR 44 B, 17

K: Night.... White vapors F(1522 T
. — : Night.... White v .
24 May &, RE.., BRf stretcghed Soross thepsk ~ K: Aurora H IS (FE) 1
1522 |, HEEHE. | Yoy, wy )4 B 29 B(
they dispersed soon.
ZB)
Jungjong 44
FIsR 46 &, 17
K: Night. Red vapors F(1522 T
: Night. v =
20 Nov stretcghed across?the sk K: Aurora (In |3 J+3 (FE3R) |
&, FEAE. > NS Nau but )11 A 3 B(
1522 [Yau translated “red vapors”| |
L mistranslated) |Z E)
as "vapours like fire”.] ,
Jungjong 46
Yau: 43
K: A black vapor stretched
8 A SRAS ZLE, Oatci 83 07(; N 2 K: Black (1523 AR5
,__ W. - : : "
"9 @ mm Ry, [VACNes (03-07h). [Note ok m24)6 A
1523 |- association of #iX with B |aurora (NIY) 27 B(HE)
) A ZERZA, from one .
o Jungjong 48
direction to another
direction: movement]
FsR 49 &, 18
(1523 Xk /
21 Nov & EERE Night. White vapors K: Aurora Ao IIY(FEIB) 2
1523 ’ ° stretched across the sky.  |(NIY, W) )10 A 15 H(
FX)
Jungjong 49
R 50 £, 19
K: Night. Two bands of (1524 HE /
25 Feb |&R, B®—i&, BX \white vapor stretched K: Aurora H Ot H(FEE) 3
1524 | EBEMX, across the sky from the E to [(NIY, W) )1 8 22 H(
the W. TX)

Jungjong 50




iR 52 %, 19

, , (1524 B/
9Nov R, EA. B2A, H K. Night. White vapors . |K: Aurora M IOIH(FF) 3
1504 |GHE, stretched across the sky in (NIY, W) £)10 B 14 B(
the SE and NW.
ZB)
Jungjong 52
iR 53 %, 20
F(1525 28 /
6 Mar % EEAE, K: Night. White vapors K: Aurora Ao IIY(FIE) 4
1525 stretched across the sky.  |(NIY, W) #F)2 A 13 H(
TH)
Jungjong 53
iR 53 %, 20
, . F(1525 28 /
7Mar &, BREHEA E K- Night. White vapors K: Aurora A Il Y(FiH) 4
1505 |BBHE. stretched across the sky (NIY, W) £)2 A 14 B
from SW to NE.
%)
Jungjong 53
iR 53 %, 20
AER. M3, 5 K: The sun had a triple halo F(1525 2 &/
29 Mar E. BE, BEE | Night. There was a dim '|K: Aurora A IOl Y(FH) 4
1525 |[E8H., ® £A %i-r.(;,-vapo.r i the SE (NIY, FV) F£)3A6H(Z
AR, ' )
Jungjong 53
iR 53 %, 20
, , F(1525 28 /
12 Apr (R, 825, £A, 8 K- Night. White vapors _ |K: Aurora A Il Y(FiH) 4
1505 |G, stretched across the sky in (NIY, W) )3 A 20 B
the NW and SE.
a0
Jungjong 53
iR 54 4, 20
25Jul R, BRB8AM |K: White vapors from NW  |K: Aurora Z(;fgs(;;z;
1525 |H. touching the moon. (NIY, W) £)7 B 6 B(

%)




Jungjong 54

K: Night. White vapors

iR 55 %, 20

tretched the sk (1525 28 /
10 Sep |&, BEAERSA, & [Sfr:)en; ;e?\f\;\‘/’i’z S: ?rhye K: Aurora |2 D} R (%) 4
1525 |4, $R404T, OSE NS Ny, W) [4E) 8 B 23 B¢
were shaped like a hong .
BR )
(arc). .
Jungjong 55
R 55 &, 20
K: At the 1st watch of the F(1525 28 /
30 0ct [B—E, HEBR |night (19-21h) white vapors |K: Aurora A IO H(FIE) 4
1525 A, EBAMXKR. |stretched across the sky  [(NIY, W) )10 A 15 H(
from the NE to the W. BEF)
Jungjong 55
R 55 &, 20
K: Niaht. Whit (1525 28 /
L : Night. White vapors -
8Nov |&, BEBEEA, A Stretcghed o tﬁe o [KAurora |2 tE ) 4
1525  [HAHE., YN, wy ) 10 A 24 B(
from NE toward SW.
oB)
Jungjong 55
IR 56 &, 21
K: Night. The moon haloed (1526 A/
22 Mar |®, A&, HEE%HE |and there was a white vapor|K: Aurora Ao IIY(FEIBE) 5
1526 |B. passing through it (NIY, W) #F)2 A 10 H(
transversely. Ex)
Jungjong 56
iR 57 %, 21
(1526 F /
26 Oct % BeEAE, K: Night. A black vapor K: Aurora Y LA (FEEE) 5
1526 stretched across the sky. |(NIY, B) )9 A 21 H(
ZH)

Jungjong 57




K: Night. White vapors

iR 58 &, 22
F(1527 TX /

7Apr & RIBRAX stretched across the sky in K: Aurora S IS (3R) 6
i
1527 |, YNy, wy | sA7TEE
the NE.
FH)
Jungjong 58
iR 59 4, 22
F(1527 TX /
30 Jun % EEAE, K: Night. White vapors K: Aurora = 3%@(%‘2%)?
1527 stretched across the sky.  |(NIY, W) F)6 A3 B(X
FH)
Jungjong 59
FsR 60 &, 23
K: Night. Th hit (1528 IXF /
L : Night. There were white —
26 Feb |&, RAEBSRM va o?s ke smoke in the K: Aurora S OLE(FEEF) 7
1528 |1, NEp (NIY, W) )28 7HE
: )
Jungjong 60
K: Night. Black FsR 60 &, 23
®, BEAEES, | O Cackvapors R
= o stretched across the sky (1528 XF (=
1 Mar |BREHAX BE om S to NW: white vanors K: Aurora )7 )2 A
= : white v )
1528 |ERK, BEAX POTS iy, B, Wy [
stretched across the sky 11 B(RH)
) from SE to NE. Jungjong 60
K: H in at night P 60 12, 23
: Heavy rain at night. .
RAKWR, B | - ayors Stretfhed K: Aurora (In (1528 XF /
l ite v _ —
31 Mar [(AERF, BEA | thpe o e 1o |Y2U UL “white |2 D () 7
1528 |R, EmAARIMXK y , vapors” not %) 3 A 12 H(
NE; there was a vapor like
o o translated EX)
fire in the S. .
Jungjong 60
FsR 60 &, 23
K: (Night.) Black vapors HF(1528 XF &=
4 Apr | (&) A, E (Night.) vap _ |K: Aurora ¢5(
— stretched across the sky in %) 7 %)3 A
1528 |A, BEAK. (NIY, B)
the SW and SE. 16 H(T %)

Jungjong 60




FiR 62 %, 23

_ _ (1528 IXF /
28 Jul &, BAE, @ | ot Whitevapors e e orm ) 7
1508 |HE. stretched across the sky in (NIY, W) £)7 A 13 B(
the NE and SW.
)
Jungjong 62
K: Night. White vapors
stretcghed across tr?e sky R 64 % 23
from the SW toward the E. F(1528 iF /
26 Jan R, AR BiHAM Note repetition of “white K: Aurora o O N (FEIE) 7
1529 |®H X, (NIY, W) )12 B 17 H(
vapors from SW toward E,” )
26 Jan-8 Feb, 11 entries in ,
fotal ] Jungjong 64
From the 17th to 21 lunar
days (26-30 Jan) in
Samcheok-bu of Kangwon
Province (37.341667,
+tAZE-+—8 127.92083.3), white vapors
il A R 64 4, 2
26-30 ’,ﬁﬁ?{ii’f, i the Milky Way. Tr;eir light ’ E(1528£‘4?/
Jan 7. Bsﬁ?iﬂﬁ'ﬁﬁé, ﬁ faded when the moon rose. K: Aurora & IS 7
1529 HAERH, BEE In Jinbohyeon (modern (NIY, W) )12 B 17 H(
EEH ARHA ch Count FRE)
w2, [, m— o eongsong County), Jungjong 64
MTiE Gyeongsang Province
(36.43 129.05), white
vapors arose in the SW,
[pointing] toward the NE;
[they were] like a bolt of
cloth.
K: In Taein county, Jeolla- iR 64 £, 23
278 R1ZH, B |do (North Jeolla, 35.5, F(1528 [XF/
27 Jan |_ . , K: Aurora -
KEBRKRZELRA 126.8), [there were] white S O (FEIE) 7
1529 o |(NIY, W)
0 vapors from the W pointing )12 A 18 H(
toward the E and reaching ZB)




to the Milky Way.

Jungjong 64

R 64 4, 23

K: Night. White vapors F(1528 X T/
— : Night. White v .
28 Jan |&, BRBEHA, [ stretcghed Across tr?e o K: Aurora O (FEE)7
1529 |[HAX. YNy, wy )12 A 19 B(
from SW toward the E. .
AFK)
Jungjong 64
iR 64 £, 23
(1528 IXF /
— K: Night. Whit fi -
30Jan &, BREBHAR he SIQ\JN o alrj ;aepzrsagznl K: Aurora A OIY(FEIEB) 7
] w : u
1529 &, K=& 2 bu (60°) lon (NIY, W) £)12 B 21 H(
Jungjong 64
iR 64 £, 23
- — (1528 IXF /
BRE/MR, BEBEH K: Night. White vapors from ( —
1 Feb _ K: Aurora S ONE(FE) 7
AMEE, KZMEK [the SW toward the E, about
1529 e 2 bu (60°) lon (NIY, W) )12 A 23 H(
aTo g. Fiﬁ)
Jungjong 64
K: White vapors [rea?chlng] tha= 64 4, 23
from the W to the Milky Way (1528 KT /
IFeb |SRE HRME & E;eje”j”';‘ ijr:ir;iﬁounty K: Aurora |2 JFE(3EiE) 7
1529 |mETEZERNA . = [(NIY, W) )12 A 23 H(
Jeollabuk-do Province, £# =)
it3&, in the southwest of .
Jungjong 64
South Korea).
K: Whit r [reachin IR 64 %, 23
e, EMEmsmmm C TevaRrIeIeIndl | eis28 7
152: = RS R ;521 t1 bor:mr (3oe°) ,'ts (l\.llYu:/?/r)a. S SR 7
p u u ) | ,
387 J )12 A 24 H(

color gradually faded.

Z0)




Jungjong 64

F’R 64 5, 23

% EEEHAE K: Night. White vapor $(1528£‘4*¥/
4 Feb % E—7ER H [reaching] from SW toward |K: Aurora A O E(FEIE) 7
1529 [ the E, about 1 bu long (30°):|(NIY, W) )12 B 26 B(
its color gradually faded. %EB)
Jungjong 64
F5R 64 £, 23
_ , (1528 R F /
7Feb &R, BRB®AM K nght' White vapor K: Aurora S OB (FH) 7
1520 B, —#aEEg,  |Lcachinglfrom SWioward |\ ) 40 g 29 B
the E, about 1 bu (30°) long.
RE)
Jungjong 64
K: Night. White vapor iR 64 &, 23
& B E s [reaching] from SW toward (1528 2‘4*¥ /
8 Feb o the E, with both ends fading.K: Aurora o LN (FEIE) 7
1529 B EM, It was about half a bu long |(NIY, W) )12 B 30 H(
(15°) and both shape and TH)
color were dim. Jungjong 64
K: Recently, there have
been frequent disasters and
strange sights, one after the
BEFS. MIE, other; at night, white iR 65 &, 24
BE. B % vapors crossing the sky; K: Summary ¢(15295.*ﬂ /
1 Jun SERE BES in daytime, dark fogs of recent H JIE(FEIE) 8
1529 =uE MEED everywhere; falling stones |portents (NIY, (&) 4 A 25 H(
’ " ((meteorites) in the northern |W) BRE)

wilds; hail in the hot
months.... [Boldface refers
to the white vapors seen 26

Jan-8 Feb above.]

Jungjong 65




K: The sun haloed, with

FiR 65 &, 24

_ , F£(1529 TR /
8Jun |HE., BEHX white vapors stretchllng K: Aurora X IOH(FF) 8
1520 [mEAAEE M, |0CT0SS thesky. Atnight — o, )5 A 3 8(T
there were vapors like fire in &)
the NW. .
Jungjong 65
iR 67 %, 25
(1530 BEE /
7 Apr % EEHE. K: Night. White vapors K: Aurora Ao IIY(FEIE) 9
1530 stretched across the sky.  |(NIY, W) #£)3 A 10 H(
EEF)
Jungjong 67
iR 68 4, 25
&, H®RBEBEAM |K: White vapors from the W $(15305§f/
17 May RA, KWK toward the E; length was K: Aurora S IHS(EH) 9
1530 ° about 2 bu (60°) long. (NIY, W) F)4 R 21 B
FRR)
Jungjong 68
iR 69 4, 25
(1530 BEE /
4 Sep " AR, K: Night. White vapors K: Aurora Ao IIY(FEIB) 9
1530 stretched across the sky.  [(NIY, W) #)8 A 13 H(
ER4F)
Jungjong 69
iR 734, 27
_ _ £(1532 R /
120u & agEawsE |- NGt Whitevapors e | orm @
1532 [HA, fik. :r:ict:zds?:/rfﬁtheESKy (NIY, W)  [114)6 A 10
' H(TX)

Jungjong 73




K: Night. White vapors from
above Weixing (u* Sco) to
Niuxing (Altair, a Aqu),

IR 738, 27

®, BRBEEL, |length about 2 bu (roughly (1532 TR/
13Jul | E4E2 HRZ%H (30°) long (from p' Scoto  |K: Aurora X IS (FI8)
1532 |R&F, BEINNE, |Altairis about 62°); they  [(NIY, W) 114)6 A 11
—EThik. moved to Huguaxing (a Del, H(XF)
about 12°) and finally Jungjong 73
disappeared at the 2nd
watch (21-23h).
R 73 &, 27
WOBEARME, | e (1532 £IR /
3o0ct |BEE. AR#E, |9 ! ‘t’”r‘]ed““ 'fh NIY“:;“ o I} & (EiE)
1532 |BME, AEEE ‘S’ip‘;rrjnf trﬁecv\'ftoa;mss © f:omét b lis)epsa
FERA, HiK. | | (EEF)
Jungjong 73
R 73 &, 27
TXR/EE RN ” -
_ ., |K: The comet was seen at F(1532 T/
, BR=. HRET, , K: Aurora e
9 Nov = [the E.... White vapors S IHE(FIE)
1532 g8, u5. & stretched across the sk (NIY, W), 11 )10 A 13
BREAZEHRA, B Y lcomet
— from the E to W. B(TX%)
E=R S .
Jungjong 73
hR 73 4, 28
K: Night. Whit (1533 XEB /
- Night. White vapors -
3Feb [ A, BA, B Stretcghed o tﬁe o [k Aurora (2 O1H(E)
1533 [@AX. SN o N YNy, wy 1241 B 10
' H(ZH)
Jungjong 73
E: Nriciht. Thermoon r;aloed. tha= 76 4, 29
o white vapor passe (1534 B4 |
&, A&, BRESE |through the lower part of the s
24 Feb - g , K: Aurora I IHE(FIE)
T, HF®=EE, & halo, which was crossed
1534 — R transversely by blue-green (NIY) 13%)2 712
"o y by blue-g 5 (2)

and red vapors about one

bu (30°) long.

Jungjong 76




K: Night. Black vapors

R 77 &, 29
F(1534 BH (3=

:;;T gﬁﬁf: B, & stretched across the sky E TI\.II':\(UE)ra )13 F)F 2
to W. ’ A 24 H(FEB)
Jungjong 77
R 77 %, 29
13 Apr — K: Night. Black vapors K: Aurora ?(1534 T
1534 S stretched across the sky (NIY, B) %) 13%)3 A
' ’ 1 B(TIN
Jungjong 77
K: White vapors stretched R 79 4, 30
ZR/EBRMXK, B |across the sky; the sun (1535 ZR(F
23 Jun | = _ , K: Aurora e
1535 EME, &, ER |haloed with two earrings. NIY, W) %) 14 %) 5 A
X, Night. Black vapors ’ 23 B(%X)
stretched across the sky. Jungjong 79
K: Night. White vapors iR 81 %4, 31
stretched across the sky (1536 RHEA /
28 Jan |®R, BIRAZE® A, [from chen to shen (120° to |K: Aurora A IIY(FIB)
1536 |HEMHX, 240°, azimuths, measured  |(NIY, W) 15%)1A6A8
from the north towards the (EER)
east). Jungjong 81
iR 81 48, 31
_ _ (1536 FE /
14 Mar R, BR BINthE K- Night. White vapors K: Aurora H It (FIE)
1536  |BEEE. fr:icggfgr;s;gf (s\,;% (NIY, W) 15 %) 2 F 23
' B (%)
Jungjong 81
iR 81 48, 31
K: Night. White vapors (1536 HHEH /
6 Apr |%&®, 8275, E7A, B |stretched across the sky in |K: Aurora o JIN(FIB)
1536 |B#HXK. the NW and SE. [Typically [(NIY, W) 154)3 A 16
diametrically opposite.] H(¥X)

Jungjong 81




R 81 4, 31

. . (1536 A /
7Apr R, EA. 84, B K- Night. White vapors _ |K: Aurora N I Y (FEH)
1536 |[BAX. f;;eggeadnjcéws theskyin v, wy  [154)3 B 17

' B(EH)
Jungjong 81
FiR 81 4, 31

. . (1536 A /
9Apr (HR/E, BEAE K. Night. White vapors K: Aurora H It (FRIB)
1536 |[HA, AR, :r:ict:zdviigozs thesky Iniv.wy  [154)3 A 19

' B ()
Jungjong 81
K: Night. White vapors iR 82 &, 31
B EEEEES, stretched across the sky ¢(1536f*¢' /
13 Jul AT, KA from the NW to S. Shaped |K: Aurora o JIN(FIB)
1536 %5 BATIR. like an unrolled cloth, they |(NIY, W) 15 4)6 A 26
disappeared after a long H(2H)
time. Jungjong 82
FsR 83 &, 32

, (1537 THE /
20 Feb &, BEA SRS, | ont Ablackvapor e e i ()
1537 |RRMX, :r:icttzdviigozs the sky (NIY, B) 16 &)1 A 11

' B (¥0)
Jungjong 83
iR 87 4, 33

. . (1538 Xk /
16 Mar |EREA/R, HRE A K- Night. A white vapor K: Aurora N I (FEH)
1538  |[#i%, Z:ZS:d th:”gh t:‘: mion (NIY,W)  [174)2 A 16

pread over the sky. )
Jungjong 87
= K: Night. A white vapor iR 88 &, 33
z, Embﬁ Ejiﬂﬁ [reached] from NE toward (1538 Xk /
15 Sep |[Al, FXKER, HEM , K: Aurora Oy o1 (e b
1538 | WEE BAT the S, stretching over more (NIY, W) 3 IHE(FIE)
. than half the sky. Wide as a ’ 17 #£)8 A 23
mat, it gradually moved E H(EX%)




and disappeared after a
long time.

Jungjong 88

K: Venus was seen in

R 89 %, 33

ight. Night. i 1538 X Fk /
2K EEE. daylight. Night. White 2 ( EZ*J:Z
15 Jan — vapors stretched across the |K: Aurora H IS (FRIE)
®, EAHERMXK, .
1539 - sky in the S; they were (NIY, W) 17 )12 A 26
B+ REF, ,
roughly several tens of chi H(ZH)
[long]. Jungjong 89
. |K: Comet ... black — o s
%, B2 RN I_kCtOmeb : bfa",lkvap‘”s s 00 4, 34
E¥-E GEE 'tet"‘;]odo 50 S'th e £(1539 2% /
28 Apr AT R. AELIE tsrrzisc eersjcrct): © K: Aurora N I Y (FEH)
p - \ ;
1539 RAHORER, & | T eare’; . ayshort (NIY, B) 18 %) 4 A 11
PN i i X
SUIT, AR | oD B (k)

while. [1st instance of #& 7,

b, BT iR Jungjong 90
occurred 1539-1604.]
K: nght. There were clouds thz= 91 4, 34
KR EE B stretching across the sky (1530 2% /

transversely from the W.

17 Jun [FEEFER, & Thev dispersed like white K: Aurora A I H(FIF)
P i ike whi
1530 MER, HES, | ;'rs prad N (NATENNEESTEFYS
e v , u Vi -
RAT5R anz d'sag ear'ny after ag (REE)
i i
_ PP g Jungjong 91
long time.
o K: The sun haIOfad. Night. thz= 91 4, 34
F®H/HE., ®EA [There was a white vapor
= taia . F(1539 % /
B, X175, & |that arose in the SW, 01 L
19 Oct | K: Aurora A Y (F4E)
1539 BX, ¥ETE7A. |stretched far across the sky, (NIY, W) 18%)9 H 8 B
WA, 827, X |and ended in the NE. [There ’ (EH)

was] thunder and lightning

in the SW and NW.

Jungjong 91




%, A®E BRER

K: Night. the moon haloed,
with a white vapor from the
E passing through it.
Another white vapor

iR 92 %, 34
(1539 B % /

24 Nov B E., HEXHE [stretched across the sky  |K: Aurora o JIN(FIB)
1539 [®R7A, EBEAMX, [from E to W. After a short  [(NIY, W) 18 )10 A 14
FHrEEEMiM. [time it changed into a cloud H(XE)
and disappeared. [Shows Jungjong 92
that vapor was more
substantial than cloud.]
K: Night. Black vapors iR 92 &, 34
% B EHEAE stretched across the sky F(1539 2% /
3 i K == .L:
2 Feb B EEE Bt from the western horizon  |K: Aurora A Ot H(FE1E)
1540 /T\I“F H‘EBE, reaching about 7 or 8 zhang/|(NIY, B) 18 4£) 12 A 25
i ° (70-80°) to Tianyuanxing (y B(&F)
Eri). Jungjong 92
K: White vapors like an P 93 4, 35
: White v i
= - F(1540 B=F /
&, BRINEHR, 4 unrolled bolt of silk crossed - ( .
11 Jun K: Aurora A Y (F4E)
TFHL, #£B8%27A, |above the moon; they arose
1540 (NIY, W) 194)5 878
KA, from the NW and reached to -
(I EK)
the SW. .
Jungjong 93
K: ng?tk. Thelret\r/]v.a.ts a blac-k tha= 04 % 35
%, A BE AT, tv:p‘;r | Z 2 °°h y 'tart‘r’]sev'\;‘ ££(1540 BEF /
ndr —u
26 Nov |BIA, EFA, & stfetc:'n :;ZS: th‘e’ Ske o[k Aurora |2 9t ()
= [ :
1540 |EEX WHFA, | ar?d . ;’ere (NIY, B) 19 %) 10 A 28
= u v , W .
LEERX. _ _ H(REK)
it became a cloud covering ,
Jungjong 94
the sky.
K: Night. From E to W, th IR 94 %, 36
. |gb.d.romh od;.kere (1541 2R |
3Apr R, BBEER FE \clz\:zredi ?I'A:S]Izoizjl'klee K: Aurora Y It (Fi18)
> —F - - I
1541 ik, INEEHEX. N y 100Ke (NIY, W)  [20%)3 A 8H
white vapors crossing the (R 4)

sky transversely.

Jungjong 94




R 97 %, 37
F(1542 F& /

11 Mar % EEAE, K: Night. White vapors K: Aurora A IO H(FIF)
1542 stretched across the sky.  [(NIY, W) 214)2 A 25
H(RF)
Jungjong 94
HhiR 97 4, 37
: . Night. 1542 5 /
R/ AE. &, b K: The sun haloed. Night DE( N ﬁﬂf
21 Mar o — Black vapors stretched K: Aurora 3 L8 (F&E)
7. EBA ERA ,
1542 * across the sky in the SW  |(NIY, B) 21%)3 A6 H
and SE. (AEX)
Jungjong 97
K: Night. Whit r o 97 %, 37
t‘ t'gh ) 'evfﬁo Sk _ £(1542 5 /
stretched across the sky in -
29 Mar R, 1875, £7, & the SW and SE. [Note YN k. Aurora N I (FEH)
1542 |®IXK, , o (NIY, W) 214%)3 A 14
predominance of white
) B (FF)
vapors in SW.] ,
Jungjong 97
FsR 99 &, 37
< Night. Whit (1542 T & /
e o am : Night. White vapors .
250ct R, BRBEA, E stretcghed ACroSS tr?e o K: Aurora A IIE(FIR)
1542 |BEAHR, tom the SE to W Y (NIY, W) 21 %)9 A 17
' H(RF)
Jungjong 99
FisR 100 %, 38
= = K: Th hal .... Night. (1543 &N /
mm/gE g, g ¢ hesun aloed ig ( =7
26 Mar |, . -= |White vapors stretched K: Aurora S IHE(FIE)
HREBEHM, EE
1543 across the sky from 270° to |(NIY, W) 224)2 A 22
AHX,
the SE. H(RH)
Jungjong 100
FsR 100 %, 38
— K: Night. White vapors (1543 00 /
28 Mar /R, BERBEAZE 9 e veap K: Aurora D( i
1543 AR stretched across the sky (NIY, W) A Y (F4E)
° from the SE to the NW. ’ 22 %) 2 B 24

H (X K)




Jungjong 100

2R 100 £, 38

K: Night. Whit (1543 &0 /
14 May (&, EABRMX st.retlcghe.d acrloes;liszrssk . K: Aurora N I Y (FEH)
[
1543 |, e YNy, Wy R2#)4 B 11
' H(ZH)
Jungjong 100
FZR 100 %, 38
K: Niaht. Whit (1543 &0 /
: Night. White vapors -
18 Jul |, BEHEES, Stretcghe ! tﬁe o KiAwora |2 ObE(gE)
1543 |BHEHX, y (NIY, W) 224)6 B 17
from the NW to W. —
H(ERR)
Jungjong 100
K: Night. [There were] 3 F5R 100 £, 38
i 1543 n/
% B HEEE, bands .of white vapor & ( fi
28 Jul ——- stretching across the sky  |K: Aurora 3 e (RIR)
HR=EHAX, B
1543 Ry from the N to S. They (NIY, W) 22 %) 6 A 27
e disappeared after a long B (EF)
time. Jungjong 100
K: Night. Two black band o 1018, 38
: Night. Two black bands £F(1543 200 /
ZB/R, ®ILFTR |of vapor stretched across o8 oL (e i
2AUG o — g, BH  fthe sky in the NE: the K:Aurora S S (FEIR)
—E , Z i ,
1543 | e Sy Y NIy, B) 22 %)7 A28
iR o disappeared after a short
time. [2nd lunar day ] (ZE)
ime. [2nd lunar day.
i Y Jungjong 101
FzR 101 4, 38
< Niht. A black £(1543 240 /
28 Oct |&, BAEZREMXK st.retlcghe.d acrzzs :/:ep:ii - K: Aurora Y It (Fi18)
[
1543 |, O NE YN, ) 22 )10 A 1
' H(EH)

Jungjong 101




F’R 101 4, 38

N , (1543 250 /
5Jan &, HWAEEAE :trgtfhh;dV;’:r'Z;’fﬁzr:ky Aurora [ 13 (JE8H)
1544 |, the SW. (NIY, W) 22 )12 A 11

H(EEB)
Jungjong 101
K: T.he sun haloed with two s 102 &, 39
08 WERE G5 e.arrlngs and bonnet§ [at the (1544 B R /
15 Mar MNEIREH., &, @M side of t_he s.un]. White K: Aurora A Y (FIB)
1544 |5, B, mp, |oporslkeringspassed o) 23 %) 2 A 22
EE k. through the sun. N|g_hL | B (z=00)
There were vapors like fire Jungjong 102
in the S and SE.
FiR 102 %, 39
XE/REBR, B K: Night. There were white f(1544f£z /
1May | . K: Aurora H LS (F1H)
E£AERA, X |vapors stretching across the
1544 o sky from the SE to the NE. (NIY, W) 23%)4 A 10
A(XE)
Jungjong 102
K: A black vapor stretched
across the sky from the W
to E from the 4th to 5th
BOEZERHE, & \watches (1-3am to 3—5am).
RBEBEAERAM At twilight, there was an R 105 %, 39
X, &, BAE |erect vapor in the W, about F(1544 BIR /
19 Nov |[RIEIL, REAX 4-5 zhang (40-50°) long, big |K: Aurora A IO H(FIF)
1544 |8, TALSR. # |atits base and pointed (NIY, B) 234)11 B 5
REEE W¥E |above. It was black when H(EEF)

&Q, EEiknEe
. HETIR.

first seen; it gradually turned
yellow and white, with a
crooked shape like that of a
snake. It disappeared after
a while.

Jungjong 105




K: Night. Black vapors like

CR1EB15
(1545 ZB | &

22 Jan &, BRNE, EE K: Aurora IHE (FEE) 24
1545 |EH, clouds stretched across the (NIY, B) &)1 8 10 B
sky transversely E to W. )
Injong 1
K: At the 09-11 double-hour,
Venus was seen at the S.
The sun haloed. Night.
There were clouds (dim
B, KBRS |auroras) like vapors colored
H, HE. &, £7 yellow and white in the SE.
FEWR, %8, |Pointing to mid-sky, they BASR 1 4, B4
X, BEFMM  |disappeared after a while. F(1545 2B /
31 Aug | BENE, Hi#E [There were] 6 bands of K: Aurora o JIN(FIB)
1545 |BA, SR, 5 |white vapor, all arising in the|(NIY, W, Y) [244)7 A 25
[E#iINSE., B*+EX |W. Some were long, some H(Z &)

B, @i AL 75 iR
. BE—% BX
AEBAMK,

short, some winding like
vapors. All pointed to mid-
sky, gradually moving to the
N and disappearing. One
pair of white vapors
stretched across the sky
from E to W.

Myeongjong 1




Ty, KERMRRK

#, REYMEEZ
b t ~ ~
2 An. wh | BI5R 2 4, B
WABENR; =5, K:....Night....4th watch (1-
= . . F(1545 2B /
82, HMAEE, [3am), ...There were dim o4 oL
27 Oct - _ _ K: Aurora 3 L8 (F&E)
MEE, R, BRM fire-vapors in the NE and
1545 oo (NIY,FV)  [24%)9 A 22
78, §2/3. 7. |SE. [Note lightning, thunder, A (E%)
A, XPEE, |earthquakes.] Myveonaiong 2
B, BARMK yeongiong
R; RE, BWAEH,
mitEEN,
K- Night. Th t BASR 2 4, Elfx
K ight. There were two (1545 ZB |
®—%, H/RR= |pands of black vapors, o4 oL
2 Dec B, BEZAIEA, |pointing from NW to SW K: Aurora S 1S (3)
1545 |= oo TRTEA POniing ' (NIY, B) 24 ££) 10 A 29
R&E—EEF, each about the length of a .
bolt of cloth (40°) B (%)
' Myeongjong 2
BASR 2 &, Elfx
K: Night. Th gi F(1545 2B /
4 Jan [FEINR, FEdLiB= f'r.e |2 (;rs .sr;(\;vzreN I:nd K: Aurora H It (FRIB)
= I -V | ’ )
1546 |75, SR S P (NIY,FV) 24 %) 12 A 2
' B (F00)
Myeongjong 2
AR 34,15
K: Niaht. Th di (1546 AF/ &
: Night. There were dim .
9May &, E7H. BA. e vz ors in the SE. S. and K: Aurora (IY, |Pt&(FZ1E) 25
1546 1%, MKE, | P It 2V )4 F 10 B(
' AH)
Myeongjong 3
AR 34,15
B, IREIR&E. |K:.... Night. There were dim (1546 A/ 4
SN % #AM [fire-vaporsinthe SEand | WO 51w (iK) 25
L] e ~ = S n‘
1546 P (NIY, FV) "

KR

NW.

)5 A 6 BA(¥
&)




Myeongjong 3

K: Night. White vapor

BAR4EB15F
(1546 A | &

10Jan &, BRfMX, B stretched across the sky K: Aurora It (3&1E) 25
1547 |&, " (NIY, W) )12 A 19 H(
The moon haloed. —
T5&H)
Myeongjong 4
K: The emperor said: “At the
| 2nd watch of the night (9- =74 34
o wasmany (I | e
Event:’ NBR=F, A @,__ the moon colored de’ep K: Aurora IHS (EIE) 27
25 Apr AU EHRR black as if it were eclipsed; (NIY. P) )3 A 20 B(
, FUBIE _ ’ ZX)
1548 next to it was a purple )
, Myeongjong 7
vapor; | thought it was very
strange and ominous.”
AR 84,34
(1548 kB / &
9Dec &, 827/4. RAH |K: Night. Dim fire-vapors in |K: Aurora IHE (FIE) 27
1548 KK, the NW and NE. (NIY, FV) )11 A 10 H(
*B)
Myeongjong 8
AR 84,34
(1548 kB / &
24 Jan &R, R7. 1A% |K: Night. Dim fire-vapors in |K: Aurora IHE (FIE) 27
1549 |KKR. the NE and SW. (NIY, FV) )12 A 26 H(
Tom)
Myeongjong 8
®, A=, miE, ® |K: Night. The moon had two BASR9%,4 5
11 Feb (EE. HR, BB |earrings and bonnets and a [K: Aurora (1549 2 / H
1549 |(AE®RA, BE, G |triple halo. A white vapor  |[(NIY, W) It (3&1E) 28

FRF T

from the W to E passed

)1 8 14 B(




through the halo. It
disappeared after a short
while.

ZB)
Myeongjong 9

20 Dec
1549

&, REEAXRS,
p‘umﬁo

K: Night. Dim fire-vapors in
the E, W, S, and mid-sky.

K: Aurora
(NIY, FV)

AR 98,4 &
(1549 2/ &
8 (FiE) 28
)12 A 2 H(
TH)

Myeongjong 9

ER/B=E, i,

K: .... Night. Dim fire-vapors

B 104,54
(1550 BER% / &

=ik
14 May Ly semsrttds, fnthe SE. the S, and the | < U0 [TEGER)29
1550 |\ o W (NIY,FV) )4 A 28 B(
F )
Myeongjong 10
K: At the 2nd watch of the
night, black clouds like
FIN¥A/R —5E, & |vapors spread, cutting BASR 10 8,5 &F
ZINR, FEBEIL, |across the sky S to N like (1550 Befk / &
10 Oct |BAZRILFHE X, M |several bolts of cloth. At the |K: Auroras |t & (F1E) 29
1550 |, RREFAEEX, |4th watch, a black vapor, as [(NIY, B) F)9 A1 8(E
En#, BEATIR |wide as a bolt of silk, gm)
0 crossed the sky E to W. Myeongjong 10
After a long time it
disappeared.
AR 18,6 F
&, M. &, [K:.... Night. Dim fire-vapors| (15721#%5?{ i~
27 Mar EAIMMNE, A |in the SE; the moon had a K: Aurora Jh (3235) 30
1551 2 slight halo. (NIY, FV) F)2 A 21 H(
2.0n)

Myeongjong 11




16 Apr
1551

®AE., BRNE
,BERAEERA B
=MX, M, it
RE, RATsE,

K: Night. The moon haloed.
A white vapor like silk
spread across the sky from
the NW to SE, passing
through the halo. Moving
northwards, it changed into
a cloud (became dimer) and
disappeared after a long
time.

K: Aurora
(NIY, W)

BASR 11 8,6 &
(1551 % | &
JHE (18) 30
)3 A 11 BH(
oX)
Myeongjong 11

29 Apr

BE, BAFENF
o B/, HAMAKE

K: The sun haloed; Its
colors were inner yellow and

K: Aurora

BAR 114,65
(1551 % | &
OHE(E 1) 30

1551 outer blue-green. Night. Dim|(NIY, FV) #F)3 A 24 H(
° fire-vapors in the SW. EF)
Myeongjong 11
K: Night. A whit Am 118 6
_ . Night. A wnite vapor (1551 $3,(— | &
15 Ma &, AR BEHAE |spread across the sky from K: Aurora b (B ) 30
V| A#E, MM the NW to SE and ' A
1551 |, _ (NIY, W) )4 B 10 H(
o disappeared after a short -
. )
time. .
Myeongjong 11
K: Th haloed with AR 118,65
15 Jun ARME, BE. t .o leTr?osncoTo?'Zd WIh'te K: Aurora (1551 %%/ 3
u w i white. [K: Au e
1551 ®73. 7L MK Dim fire 2 ors in the E and |(NIY, FV) I+ (FE3) 30
- im fire-v i ,
. . P )5 7 12 B(
' =£2)
AR 12 4,6
1551 =% /| &
1Dec (&, #E7H. B7A. |K: Night. Dim fire-vapors in |K: Aurora ( =.=;:
= JHE(F¥5) 30
1551 (277, BN R, the SE, NE, and NW. (NIY, FV)

)11 A 4 B(
XF)




K: The moon haloed. Night.
One band of white vapor
and one of black vapor

A&, &’ B&— |passed through the halo AR 124, 6 &
B, RE—E, B [fromthe SW reaching to (1551 F% | &

3Jan [HAE=E, EALF |Beihexing (a Gem). After  |K: Aurora JHE (%18) 30

1552 |2, BREmER, AR |the black vapor (NIY, W, B) |%)12 A 8 H(
#E, #dL5, RA |disappeared, the white ¥H)

ThiRo vapor gradually lengthened Myeongjong 12
and moved northward. It
disappeared after a long
time.
K: At the 1st watch of the
night, a white vapor like a
. |h , beginning f
BE AL Es O
—EmaT, By | PasSec roug — i
o i — e o |Beidoukui Dierxing (B UMa), BAR 138, 7 F
AME_EFZ, . . . o
EXEE BhH# reaching to Tianyuanxing (1552 =¥/ &

9 Feb R (?). It gradually moved to  |K: Aurora JHE (1F) 31
B EBEAREX, X ,

1552 J the SE, passing through the [(NIY, W) )1 8 15 H(
AT BR-= B moon and stretching across )
RAZR7HX, the sky. It disa ea?ed after Myeongjong 13
RATR. BF, alon yt.'me At?[ﬁe 5th watch St

= ime. w
A®/E, £, 9
(03-05h) the moon haloed
with two earrings colored
white.
& ERINE G K Night. There were v_apors _ X
like clouds, about 4 chi (4°) BAR1348, 74
AERAHRRX K _
= stretching across the sky (1552 £+ /&
uREF, B EmR i

27 Feb + AR, 4t from W to NE. They K: Aurora JHE(F1E) 31

1552 i e gradually moved to the SE |(NIY, FV) F)2H4HA
A, ®BA. EA. _ _

and disappeared after a =)

B2, WA, MK

S
Ho

while. Dim fire-vapors in the

N, E, S, NW, and SW.

Myeongjong 13




BASR 134, 7 &
(1552 £F / &

16 Mar (&, BA. MA. |K: Night. Dim fire-vapors in |K: Aurora It (F1E) 31
1552  |[t#75. BIKE.  |the NE, S, and SW. (NIY,FV)  |&)2 B 22 B(
B k)
Myeongjong 13
K: At the noon double-hour,
the sun had bonnets....
8, BE R, REF |Night. The moon haloed.
. BFF, HEMIE [There was a white vapor AR 138, 7 &
. ®, AE, HBS& slanting from the NE to (1552 £F/ &
5Apr |[ERARMIE=ZE, |above the halo. It K: Aurora IHE (%) 31
1552 |RAThiR. HBZE|disappeared afteralong  [(NIY, W) F)3 A 12 H(
FH B, #EEXHF, time. There was a white B 4)
BER. HAMR [vapor rising from the W; it Myeongjong 13
0 gradually shifted to mid-sky,
crossing it transversely from
NE to SW.
K: Night. Vapors arose from
the N, reaching straight to
the SE. They were colored
white and disappeared after
% BEEats. P long ti.me. Again, black AR 134,78
EIERS B B clouds like vapors stretched (1552 =¥/ 94
5 ’ ’ =i
16 Jun ZThH. XBE across the sky transversely [K: Aurora JHE(F1E) 31
1552 o BEEEES fr-om NW t.o SW, | (NIY, W, B) |5)5 A 25 H(
disappearing after a while. RF)

fath, B ThER,

[“... clouds like vapors ...
stretched transversely
across the sky...” could be
tech term for “curtain

aurora.”]

Myeongjong 13




", BZARE—E
MR, I—H R,

K: [The sun haloed.] Night.
There was a band of black
cloud like a vapor, like a bolt
of cloth long (30°),
stretching across the sky

BASR 134, 7 &
(1552 £F / &

25 Jun EWMEAXER; & |transversely at the SE K: Auroras |2t & (FiE) 31
1552 |EZEIR, 81— |horizon; then two bands of |(NIY, B) F)6 H4H(Z
L EHE, BEF  black clouds like vapors, like gn)
ThiRo two bolts of cloth long, Myeongjong 13
stretching across the sky
transversely. They
disappeared in a short time.
K: The sun haloed. Night. BAR 134, 7 &
A=, &, BEM |White clouds like vapors (1552 FF%/ &
3Jul |\, BEAZERZA, stretched across the horizon|K: Aurora It (F1E) 31
1552 | RFEEHE, BATy  ftransversely from SW to NE.[(NIY, W) F)6 A 12 H(
o They disappeared after a ZX)
long time. Myeongjong 13
K: Night. Black clouds like AR 134,78
% BEINE S vapors, stretching across (1552:'53/ s
14 Aug S E . the sky transversely from S |K: Auroras |/t & (FEIR) 31
1552 . to N, gradually movingto  |(NIY, B) )7 B 25 H(
RE, BATR, . )
the E, and disappearing ZB)
after a long time. Myeongjong 13
K: Night. Three lengths of AR 134, 7 &
R/R, BE=E |white clouds like vapors, (1552 FF /| &
24 Sep W&, BRAZEM |stretching across the sky  |K: Aurora It (F1E) 31
1552 |HtEfh, HiBE transversely fromEtoS,  |(NIY, W) F)9R7HA
Thilko gradually moving SE and %)
disappearing. Myeongjong 13
BASR 14 4,8 &F
6Feb |BE., & E K: The _Sun ha.d a.slight K: Aurora (1553#:%?/ 3
,__ halo. Night. Dim fire-vapors IHE(FiIE) 32
1553 (BN (NIY, FV)

in the SE.

)1 A 24 B(
=)




Myeongjong 14

HME, & A&,

K: The sun had a slight
halo. Night. The moon
haloed. There was a white

BAR 14 %, 8 &£
(1553 % / &

24 Feb |(EERME, BR _ _ K: Aurora It (FiE) 32
1553 (HEERE, Wi ;’ri‘;f;r:'geNaEct:’lgug;zD;?’l NIY, W)  |F)2 B 12 B(
e (1 CrB); it disappeared afte? =)
, Myeongjong 14
a short time.
K: Night. Blacl.< vapors like A== 14 &, 8 &F
& BEE 5= clouds stretching (1553 %7 / &
3Mar FEBEAERE B transvejrsely from E to W. K: Aurora 8 (FiE) 32
1553 |ATv. Ammm| oy disappearedaftera | . o) £)2 B 19 B
— long time. The moon haloed _
e with left earrings and a guan ~E)
Myeongjong 14
(bonnet).
BAR 14 &, 8 &£
| _ (1553 %F / &
10Mar B, B | TS ST Awora D1 (BiR) 22
1553 K&, o th.e SW ' (NIY, FV) )2 A 26 H(
' ZH)
Myeongjong 14
BAR 14 &, 8 &£
(1553 %1 / &
8Aug |FR/KR, 82A. £ |K: Night. Dim fire-vapors in |K: Aurora It (F5E) 32
1553 |4, KR, the NW and SE. (NIY, FV) F)6 A 29 H(
B R)
Myeongjong 14
K: Night. There was a white AR 154, 8 &F
®, mAXRKEERB |vapor like a cloud at the (1553 2R /| H
14 Aug (RINE, B AZE |southern horizon. It spread |K: Aurora It (F5E) 32
1553 |EAMK, RAM |across the sky from SWto [(NIY, W) F)7TA6HE
o SE and disappeared after a 29

long time.

Myeongjong 15




AR 164,945
(1554 FAE / &

5Apr &, R7A. £7A, 11 K: Night. Dim fire-vapors in |K: Aurora It (31E) 33
1554 | K& the SE, and SW. (NIY,FV)  |&)3 B4 B(H
=)
Myeongjong 16
K: The sun had a slight BAR174,9%5
B#ME. %, £=E |halo. Night. Black clouds (1554 B / &
4Sep |WNR, BEAEZE |like vapors stretching across|K: Aurora Jt8(318) 33
1554 |AtE%, RATIR the sky transversely from W (NIY, B) #£)8 A8 H(A
0 to SE; they disappeared ¥)
after a long time. Myeongjong 17
The sun was red and dim
5 o with a slight halo. .nght. The BA== 18 4, 10
AFREN, HIE moon haloed. White clouds -
| _ (1555 Z.00(5E
5Mar | &, A%, BEHllike vapors stretched across |Likely aurora %) 34 %) 2 B
= iR
1555 |&, BEAZEEA, |the sky from NWto NE.  |(NIY, W) e
i _ 13 B(XHE)
mX, BAThiB. |After a long time they _
. Myeongjong 18
disappeared. [13th lunar
day]
BASR 18 %, 10
(1555 Z.90 /
21 Jun &, £7. 7, 10 K: Night. Dim fire-vapors in |K: Aurora Y It (Fi18)
1555 | K& the SE and SW. (NIY,FV) [344)6 A3 H
(RE)
Myeongjong 18
BASR 19 %, 10
K: Night. A whit (1555 20N /
SRR, BEaE |- ot Awhite vapor F(1955 27
3 Feb .. [spread across the sky from |K: Aurora 3 JHE(RIR)
AERAMX, &
1556 . the W to NE. It gradually  |(NIY, W) 34 %) 12 B 23
BERAMRK, ,
moved E and disappeared. H(X#)

Myeongjong 19




EE RNKMKRIE
N EABENE, &

K: Comet.... There was one
band of black vapor

BASR 20 %, 11

LEXTIE, B stretching across the sk (1556 A /
—_— A, | == L.
9 Mar |}EFER, R=RER, rom SE ?o SW. It Y Ik: Aurora N It (FiI8)
1556 |[EEHFRERIEFH disappeared af’.tera lon (NIY, B) 354)1 A 28
E 88, RA— timepF[)Note the associaﬁon A7)
B, BEAEWEA ' _ Myeongjong 20
X BATR of comet with vapor.]
K:dNEhL..Thzlmokon wasllk BA== 20 &, 11
REA BB B ;ecl.o d[ Iran:isez(ftra\;aspce):rrsleIe F(155% R /
= - i u A &}
24 May [RRINE, BT A like a] br;lt through the Y K: Aurora X JHE (FI8)
1556 |, B, A | 9 (NIY, B) 35%)4 A 16
e midst of the moon and _
M=, , , A(FR)
quickly disappeared. The Mveonaiong 20
moon had a slight halo. yeongjong
_ BAsR 20 &, 11
K: Night. The moon had a (1556 /R /
%, A&, B3R slight halo. One band of 04 oL
18Jun | Bi#HAZERE |\white vapor [running] from K: Aurora = JFSGER)
—1E, Ea3
1556 T g 9 (NIY,W)  ]354)5 8 12
7, B A, SW to SE rose over the
. . H(2E)
moon in passing.
P 9 Myeongjong 20
K: Night. the moon haloed.
% A%, BE— At bf”: ‘;f black Vf‘hp”k BisR 214, 11
EEMAEERS fre CS\jV tan’ESS des Y ££(1556 IR /
e rom o an -
19 Aug (X, EHFmim. B disanpeared quickly. A K: Aurora o JIN(FIB)
— i uickly.
1556 |GINE, EiHAE h_tzpa orl'ieac)I/o o (NI BW)[358)7 B 15
= o s white v i u
BR, HBEHT por X B (E£)
- from SW to w/in the halo. It ]
o Myeongjong 21
gradually moved NE and
disappeared.
BAR 21 4, 11
30 Oct B, HHIAR. K: Night. Dim fire-vapors in |K: Aurora F(155% R /
1556 RRANE, = th. s?/v .Th deri i vauw & JHS(55R)
. e . Thunderin .... (NIY, W) 35 4)9 A 28

B(XX)




Myeongjong 21

K: Night. A meteor.... Then

BAZR 21 %, 11

®’,RELETA, ... black bout 3.4 (1556 AR /
i a black vapor about 3- .
10 Nov |0 BE—E, BE hang lon p(30 4OL:) soread K: Aurora A Ot H(FE1E)
A+ V4 -
1556 SESSHH & [ fhe Sgto S Pread iy, B) 354)10 A 9
=m¥XEF. =TGRS
transversely. .
Myeongjong 21
K: Night. The moon haloed.
7 %% BE. [ One band of white vapor, AR 21 4%, 11
e wesnoo = |arising in the SE and (1556 AR /
R—EEEA, B o K: Aurora Ot oLt g
11 Nov |, o pointing NW, passed _ 3 JHE(RIR)
I through the halo. Dim fire- | P @ IV a5 22 10 g 10
’A. HA, K o W, FV)
- vapors [were] in the SE, S, H(Z k)
Ko
and SW. [Yau omitted the Myeongjong 21
white vapor.]
K: Night. One band of white BASR 21 4, 11
SR AE—E vapor like a bolt of silk (1556 AR /
) * - == L
17 Nov e . spread across the sky from [K: Aurora A IIE(FIR)
%7,
1556 FiE BE T SE to W. Having stretched |(NIY, W) 354)10 A 16
o ™ lacross the sky, it H(FERH)
disappeared. Myeongjong 21
X K: Night.... The moon BATR 21 &, 11
TR, MALE,
fg ma " haloed. One band of white 4£(1556 AR /
o A1, == 1
13 Dec T vapor spread across the sky|K: Aurora N LS (FIR)
1556 E8 HBEAT " from SW to NE, passing (NIY, W) 354)11 A 12
, £33
l through the halo; gradually BTN

o

moving SE, it disappeared.

Myeongjong 21




K: The sun haloed .... Night.
A band of black vapor

,;%Eiﬁé E?;ii; stretched transversely NE to BASR 21 %, 11
A BATY S; it lasted a long time E(1556f}§/
27 Dec . mE me— before it disappeared. At the|K: Aurora N I Y (FEH)
1556 B BmEAEES 4th watch a band of black  |(NIY, B] 35%)11 B 26
ESmtE B vapor about 3-4 zhang long H(EEB)
o (30-40°) [ran] from SE to Myeongjong 21
SWi; it disappeared after a
while.
K: Night. The mc.>on haloed. B 22 4, 12
% B®. HE— One band of WhI’Fe Yapor (1557 TE /
9Feb [EBERAIEEZA, gw]af;zm:s,iisOI:;LZi t(; E[:Z K: Aurora A I Y (FIB)
1557 B, BBEAM halo: it Sﬁomy rgoved J (NIY, W) 364F)1 A 11
o ! H(Z %)

toward the SE and
disappeared.

Myeongjong 22

BAZR 22 %, 12

TR/BME., &, |Korea: Slight solar halo;
sz = | . g. Korea: Solar |5 1557 TE /
23 Mar |73, EAMKER, )night, dim fire vapor (aurora) e
el _ , S halo, aurora |%=i7) 36 &£ 2 A
1557 |BAEHEN, #H |in the SE & E; lightning in
o -2 _ (NIY, FV)  [23 B(T)
AKX E NE; a dim fire vapor in SW. _
Myeongjong 22
e K: At early du.sk, there was BA== 22 & 12
A#E. #1&, B [aband of white vapor (1557 TE /
®—iE, BH#AE |stretching transversely from Ot oL
2 Jun N , K: Aurora A Y (F4E)
BAER, (F) (F the SW to the 30° heading;
1557 _ N iy wy Be#)5A6H
] X, RATy it shortly moved into mid-sky (%)
o and disappeared after a .
, Myeongjong 22
long time.
- K: The moon haloed. A red BASR 23 %, 12
&a ﬁ EO %if‘;yu .
,__ cloud like a vapor stretched F(1557 TE /
R, BERAEMA 01 oL
M0l ey, . transversely across the sky [K: Aurora A LY (FIR)
=, B @At g _
1557 szt gm e [fOM the E to the S. Passing|(NIY, R, W) (36 %) 6 A 15
*5;&73—, gEQE . . .
. mid-moon, it quickly moved H(RH)

[link:

to the SE, where it became

Myeongjong 23




a white cloud and
disappeared.

BRINmE, 85
AtEiEBALE, =R
#F, GEMmiR. &
—B B27E &
A1THE, BAK

K: A white vapor .... Atthe
1st watch of the night, the
comet .... The moon haloed.

BASR 23 %, 12

Fst, ER#EA R |One band of black vapor (1557 TE/
290ct | BEEH%—3E, |aroseinthe SE and K: Aurora N LY (FEB)
1557 |WN%#&, B¥2AE [reached the moon, passing |(NIY, B] 36 %)10 A 8

2®7, KRAITAX |through its halo; it was as B(TX*)

2F, ¥ HA, RA \wide as a bolt of cloth and Myeongjong 23

Thik. A=, & |more than 10 zhang (100°)

R—E, EEHEHA, |ong.

EEEA, B,

R+

K: .... Night. There were
pale clouds on the horizon

SR/EME, &, and the comet was not

AR AE, se.en.. A band. of white vapor

FESE mE— pointing to mld-sk¥ reached B 23 4, 12

E EESER from NE t.o the horizon. It. (1557 TE /
31 0ct [Xh, EIARE £ o wide as a bolt of S:lk K: Aurora N I (FEH)
1557 |[+3te, R, g A9 about 10.zhang (1007 () 36 ) 10 A 10

AT A Io-ng. Moving eastward, it 8(ER)

B = AT c?lsappeared after a long Myeongjong 23

% EEAERS time. The moon haloed.

BE, BATIR. Three bands of black vapors

as wide as bolts of silk filled
the sky W to E. They

disappeared after a long




while.

K: Night. The moon haloed.
A blue-green and white

BASR 23 %, 12

e _ #1557 TE /
&, A&, ZEHSR |vapor arose in the NW, Gt Lt
2 Dec o _ K: Aurora H JHE(RIR)
#2Ez A, A, K |stretching far across the sky
1557 | - (NIY) 36 %) 11 B 12
BEX, BATiR, [toreach the SE. It A(z=E)
disappeared after a lon
.I PP 9 Myeongjong 23
time.
K: Night. Two bands of BHSR 24 %, 13
N . : Night. Two bands o £F(1558 R4 |
BRE/®, B3R =3E, |white vapor spread across 04 oL
30 Apr . K: Aurora A Y (F4E)
1558 ¥£BR7, EHA the sky, arising from NE and NIY, W) 3744 A 13
mX, BT, |reaching to SW; after a ’ A (=)
hile they di d.
while they disappeare Myeongiong 24
AR 24 &, 13
(1558 XF
4Jun &, BAH, E K: Night. Dim fire-vapors in |Aurora (NIY, tfi (
1558 (8575, MAKE the SE, SW, and NW FV FiR) 37 %) 5
AR e ok ot 8 ' ) A 18 H(Z &)
Myeongjong 24
K: Night.... One band of Am 248,13
i : Night.... One band o ££(1558 [4F /
BRI/, ... B®— \white vapor stretched o1 9L (s
19 Jul |, K: Aurora 3 JHE(RIR)
1568 B, BEAZEILA |across the sky from the S to NIY, W) 3745) 7 A5
. , E3
EX, BATi®. |N. It disappeared after a

long time.

H(ER)
Myeongjong 24




BASR 24 %, 13

Jup = - . . (1558 L (
6 Nov |B#E. & £7 K: Night. There were fire-  |K: Aurora e
1558 A, BARE in the SE and SW NIY, FV %) 37 %) 9
. , #.o |vaporsin the an . [(NIY, FV) A 27 B(ET)
Myeongjong 24
BASR 25 %, 14
e K: The sun had a slight (1559 OFk (3=
05 Feb |[HM@E. |, sun hada sig Aurora (NIY, | (
1559 s Ak halo. Night. Dim fire-vapors FV) 15)384)1 A
C AR i the E and S. 19 B (30)
Myeongjong 25
K: The sun haloed. Night.
_ L i BASR 26 4, 15
e, % a8 Two bands of white vapor AR
—i& spmy — [@rose atthe SE. One band (1560 BEH /
12 Aug ‘ﬁi,ﬁ’iﬁ\ “ﬁé reached to the NW; one K: Aurora o I} X (FE)
= , E
1560 band was like silk and (NIY, W) 394F)7 A 21
FEE, NERK, hed to Wuchexi a(ZE)
. r n
TS TR eached to Wuchexing (i .
Aur). They gradually moved Myeongjong 26
to the W and disappeared.
BASR 27 4, 16
F(1561 F&H
TE/&R, £7A. B |K: Night. There were fire- tfi (
12 Mar — _ K: Aurora 215)40 )2
7. ®8A, HBXR |vaporsin the SE, S, and
1561 SW (NIY, FV) A 271 H(TE)
° ' Myeongjong 27
BASR 27 4, 16
14 Mar K: Night. Dim fire-vapors in |K: Aurora F(1561 FEGE
= : Night. Dim fire-v i . N
oy [ BEFHKE. | ng P NIYUFV %) 40 ) 2 A
€ ok (NI, EV) g m@®)
Myeongjong 27
BASR 27 4, 16
7 Apr B Ra, % K: Night. Dim fire-vapors in |K: Aurora F(1561 8 (
,__ : Night. Dim fire-v i - Au -
1562 7 KR R EgSE and S i (NIY, FV) 5iR) 40 %) 3
meE. o ' ’ A 23 B(EX)

Myeongjong 27




BASR 27 &, 16

14 Apr |B=, ﬁ,fﬁ K: Night. Dim fire-vapors in |K: Aurora ;;;TO iﬁ(
1561 . E£7A, KR, [the NE and SE. (NIY, FV) A1 B(EE)
Myeongjong 27
K: Night. There was a bllack B2 28 & 17
ITEE B2, Eﬁvaopor.more than-one chi (1562 T /
10 Jun |—RER, EEEX :;e):(feEj)r?/t/Chlltnv?/aasclr;)s; K: Aurora A IO H(FIF)
1562 | HIREETR, D o (NIY, B] 41%)5 A 9H
T and W|nd|r.19 and didn’t (EF)
move. It disappeared at )
Myeongjong 28
dawn.
AR 29 &, 18
) BREHAI®, §2. £ |K: Night. Dim fire-vapors in | §(15Z3ff/
3 Feb , K: Aurora A Y (F4E)
. BEAKRXAF, the NW, SE, SW, and mid-
1563 Bk sky. (NIY, FV) 42 E) 2A1H
(BRFX)
Myeongjong 29
K: Night. The moon haloed. BAZR 30 4, 19
&, A%, BR—& |One band of white vapor F(1564 B+ /
24 Feb [BNPL#E, BEAE |spread transversely, like a |K: Aurora o JIN(FIB)
1564 |EFEAEM, BA |olt of silk, across the sky  |[(NIY, W) 43 %£)2 A 13
Thio from the SE to the W; after H(RAR)
a long time it disappeared. Myeongjong 30
BASR 33 4, 21
11 Jul — K: Night. Dim fire-vapors in |K: Aurora ?(1566 RR(
1566 & RTUAR. the SE. (NIY, FV) %) 45 %) 6 A
’ 25 B ()
Myeongjong 33
K: At the 1st watch of the 510 48 £, 27
®R—H, BR—8, |nhight (19-21h), [there was] F(1594 B/
28 Mar (B, Z£7A, E one band of white vapor K: Aurora Y Ot (EE)
1594 |REX, REAR, B |[running] from the SWto  |(NIY, W) 22%F)2A7H
AT SE. It was more than 1 chi (AR)
(1°) wide and 5-6 chi long; it Seonjo 48




disappeared after a long
time.

B"—E, RE2HK
KET, AZAX
BRIz, ERA
AREF, . B

K: At the 1st watch of the
night, .... [there was] one
band of white cloud
[running] from the NW to the
SE. It was perhaps 4-5 chi
(4-5°) long and 2 chi wide.

510 52 %, 27

£—38, B¥2AZE |Moving, it ringed Tianqun (1594 B4/
24 Jul |7, RAIMAR, |(Celestial Granary, a Cet) |K: Auroras |8 EHE(&EE)
1594 |ERIZR, #(E) (|and disappeared after a (NIY, W) 22F)6 A7H
E] ¥, RATy |ong time. [There was] one (FH)
M. BR—3E, B |pand of white vapor Seonjo 52
RXHE®A, &8 [running] from mid-sky
ARER, BEa—R, |southwards, perhaps 6-7 chi
BATIR long and 1 chi wide. It
disappeared after a long
time.
An official reported from
s - |Hwanghae-do (38°3'N
R Sk 1;NS°42'E)' “At ’fhe 1st watch
FHE: AR~ of the ni r;t on the 2nd da
AMERE, RE [ O y N X
Report: | . A . |of this lunar month, one BH1H 69 &, 28
—38, EnRmA, K _
8 Dec 1 sam a1 band of red vapor arose in (1595 2k /
WLEN, SEEFER, . . o =
1595, ‘ the W; it was shaped like a [K: Auroras M Ot (EE)
BmmARA B , .
Event: 2|,, .. . ... = [flaming torch and lit up half (NIY, R) 23F)11 A 8
Dec L, 2R 6, % the sky. Suddenly [red B(RF)
SOM; BE, | o Suddeny |
1595 vapors] arose in the S and E Seonjo 69

JEfE, FRXE, K
anZsE, FEAR
ijﬁ” io

for a short time; after the
cocks crowed, they
gradually disappeared. After

the 5th watch (05h), red




vapors again arose in the E
and N. They were shaped
like intense flames and
disappeared only after
daybreak.” [8th lunar day]

K: There were purple
vapors, [some] like arrows,

B 33 8, 32

5 S A AR [some] like spears, pointing E]¢(1 529 cox/
25 Feb w4 |Opposite to one another, E |K: Aurora H Ot (EE)
REHEM, BEE _
1599 |, . and W and seemingly (NIY, P) 27 %F)2A1H
iR, RAMMR, , .
advancing and retreating. (¥EX%)
After a long time they Seonsu 33
disappeared.
K: King Seonjo, 32nd year,
2nd month, day dingchou
This entry does  |(14). "At night, there were 54H 109 %, 32
not appear on violet vapours like arrows F(1599 2% /
23 Mar Yau’s date in and spears, four in the SE N OHA(EE)
1599 current Chosen direction and one in the W |K: Aurora 27 )2 A 27
Annals; may be  |direction. They were H(TH)
original of 25 Feb |advancing to and fro with Seonjo 109
entry above. one and another. When they Yau: 67

started to move, then they

were extinguished."

1601-1699




Only the determinative star
of asterisms is given. See
the list of Stars and
Asterisms Mentioned for
details.

Report:

Z I/ BB B = 30
TSR E: "2 i,
ABOABNE

. B, Kt

K: An official reported by
message from Gyeongsang:
“On the 6th lunar day of this
month (30 Nov) in Seongju
(35.866667, 128.6) at dusk
there were red vapors on
the horizon at 120°, 150°,

5t 143 5,34 &

15 Dec |« Fith, KEEEIR [210°, and 30°. Above the (1601 3/
1601, |®, Frm 2L, XF |red vapors was one band of [K: Aurora ot (8B 2905'5)
Event: |EI&—&, K44I, \white vapor shaped like a |(NIY, B, W) [, "~
_—— = , 11 A 21 B(Z9D)
30 Nov [RAI—=X&F, B |hong (arc); it was about 20- Seonio 143
1601 |FRAL, BIREH, [30° long. [Its vapors] were )
®EThim. R [sometimes easily visible,
R, LEEE, B2 sometimes dim. They
FEEBAK, disappeared at midnight.
The red vapors in the SE
were blazing intensely. It
was an unusual portent.”
K: An official reported: “At
the 1st watch (19-21h) of
#RHIEFEBBINE: the night of the 19th day of
+— A+ B %) the 12th lunar month, [there S 1708, 37 &
¥, XEEFAI, 75 |were] two bands of red (1604 B /
13 Feb [®R=3&, JEWNKJE, \vaporinthe sky atthe E  |K: Aurora o2t (8 ) 3205'5)
1604 [RINPTHE, HEX |and W. Their light was like |[(NIY,R) |, _ . -
A _ 18 14 B(Z®)
. BEX, E#2lE [flames, shaped like bolts of ,
Seonjo 170

w, — MR, B2
FEE.

cloth, sometimes stretching
fully across the sky,
sometimes across half the

sky, sometimes arising,




sometimes disappearing.
They disappeared at the
2nd watch; it was an
unusual portent.

KT, FE
M. RERF
. WhEA, EF

K:Just before dawn, red
clouds like huoguang
flames. They arose in the E

T8 1814, 37 &
(1604 AR / &

TJan | ... EERMAR and spread transversely  |K: Aurora |, _,
X 0k 21 (B 1B) 32 %)

1605 |, KRR E, £ |across the S. [Kepler's SN |(NIY, R) .

T = rs S 11 A 12 B(%T)

IR, B8, FTTE |seen on same date in E just Seonjo 181

BREWER, & |before dawn, same entry,

B, 2307274.40841 ]

o 98, W7 there w.e.r.e.: red vapors w/,in

RNARMA, lk dark clouds, initially in the

IS, BN SE bIazing’Iike fire. W/in

3, i, AA— the’blaze there was. a

R, IEEA, B different strip of vapor like =1 181 %, 37 &
17 Jan ER=ZXE. the flame of a torch; it stood K: Auroras (1604 ¥/ &
1605 RERFT . HOE straight and tall and was (NIY, R) SIS (E) 32 )

) (A)  BBA. & ’ 11 A 28 H(FR)

5. it g, [poutzszhanglong (20- Seonjo 181

L RTTE, A 30°). Next, [the red vapors]

fizRe &, EAHEA
EFXR, 1E &
£ BEETR,

were seen to arise in order
in the S, then the SW, the
W, the NW, the N, and the
E. By and large they were

all shaped the same and




they brightened and
disappeared in order. At the
4th watch (01-03h), they
were no longer visible under
heavy clouds and falling
snow. At the 5th watch,
[there were] heavy clouds,
and the guest-star was not
seen.

Night. At the 1st watch there

1A EME
(1608 X B (& E)

2A "R—%, EA. & K: A
1602; ;i?ﬁ’fttlﬂi'ﬁ't ) were vapors like huoguang (NIYu::OlgaS 36 )2 A 18 H(
* ° " Iflames in the SE and NW. ’ Z2%)
Gwanghae 1
JtiE 148, EMLE
('R—H, £7. 18 |Night. At the 1st watch there (1608 X (EE)
3 Apr = , K: Auroras
1608 7. BEABERUMA |were vapors like huoguang (NIY, FI] 36 )2 A 19 H(
Fo ) flames in the SE and SW. ’ R"F)
Gwanghae 1
K: The official in charge of
observing celestial
Report: B A H — phenomena [reported]: “On w2548, 2F
Eﬁ%nﬁ, < H —+ . .
15 Mar, the 20th of this lunar month (1610 BEX (B E)
H, HEE, ®#—% K: Auroras
Event: o (14 Mar) the sun had rays. 38 4)2 A 21 H(
14 Mar EHR, R7y% At night, there were vapors (NIY, F Tn)
;= |2 = I ’ W V
BN, B, [ P
1610 like huoguang flames in the Gwanghae 25
NE and SE from the 1st
through 5th watches.
K: Night. At the 1st watch HA 26 %, 2 &
. - NIght. Atthe st wate (1610 EREX (B 1B)
25 Mar |('R—5, £/1877, there were vapors like K: Auroras 384)3 B 1 B(
1610 | ARUANE, ) huoguang flames in the SE |(NIY, FI] T

and SW.

Gwanghae 26




K: The sun haloed and had
a dai (crown, appears above
the sun like a straight band
with the centre protruding

= . i 264%, 2 F
(BE, BEFEH®. [slightly upwards) above it. (1610 BEgk / 2
10Apr &, BA. &£ Night. There were vapors  |K: Auroras - =
PR . LH(RE) 38 F)
1610 A, BRIUAFE |like huoguang flames in the |(NIY, FI]
- 3 A 17 H(XB)
o A=, ) NE, SE, and SW. The moon Gwanahae 26
w
haloed. [Note relationship g
between halos and auroras;
the next day (11 Apr) the
sun was dim.]
K: On 18 May, the Central
Government reported by
message: “At dusk on 14
Feb (IEA®¥)=H) in Haeju
FHEAMEHRA ’ﬁ'J‘I‘I(38°3%N 125)°43’E) M
FRREE: "R ;her(-; was a red color 'u,st
R Rl E R E above the horizons EJand
#, BMIEA = W. At the 3rd watch of the
BYE REXE | .
Report: EHRE H=E & night, fire-vapors hung i 4048, 3F
18 May, " —wes (down, shaped like pillars.  |K: Report of (1611 3% / &
EF'i‘mFEﬁ, kﬂ_KLIEP . Ofed
Event: ST HpIAE 5 There were 4 in a row, each [auroras DA (BE) 39 £)
14F L t | zh NIY,FV) 148 7B(@EF
eb wEm EEAH about several z ang. (NIY, FV) ( )
1611 (several 10° long), with Gwanghae 40

XEF, BHREHEER,
BXZiE, XBXR
i, JeEANER,
EMRTR, BEE

B o

those in-between a bit
longer. In the NW there
were also fire-vapors like
pillars, as bright as daylight.
They disappeared late at
night. These changes are
not normal [they portend
disasters].”




K: On 30 Nov, the official in
charge of observing

Report: |¥%+ A Z=+7X8 |celestial phenomena St 46 &, 3 F
30 Nov, [ ER(BRRE“S A reported: “In the night of the K- Aurora (1611 EX% / &
: Au
Event: |=+XAHB, B= [25th day of this lunar month NIV, FI] DHA(EIE) 39 )
29 Nov BEME, I8 A%F |29 Nov), there was a vapor ’ 10 A 26 H(ER
1611 |RINKFRE like a huoguang flame in the Gwanghae 46
SW from the 2nd through
4th watches.”
K: On 20 Jan 1614,
Kyongwon-bu (now
Gyeongwon-gun,
42°48'41"N 130°11'58"E N N
_ ) 35 73 %, 5 &
ZH+="A+—H [reported: “The sky had
Report: . , (1613 XRH(EE)
20 Jan BRFERAFR. huoguang flames like K: Aurora M) 128 11 B
1614 RKEBEXFEULE, X |torches and it reverberated |(NIY, FI] ()
KENUNFEE, [with sounds] like Gwanahae 73
w
thunderclaps.” [No date for g
event but probably within
one month prior to report
date.]
K: Night. At the 1st watch HKEBIN1E,95
®R—%, HAFR |there were vapors like (1617 TE(EE)
6 Feb w — , K: Aurora
1617 MK, ZEPME, |huoguang flames in the SW. NIV, FI] 45 F)1 A 1 H(
MmNz, It was the same at the 3rd ’ Ton)
and 4th watches. Gwanghae 111
K: Night. At the 1st watch
there were vapors like
®R—%,®A. £ |huoguang flames in the E fEB1115, 945
A, BRI, £ |and SE. Above them were (1617 TE/ &
4 Mar = . K: Aurora
FHAREIL, KX |vertical red vapors more 0 (EE) 45 )
1617 (NIY, F1]
than a zhang (10°) long and 1827 H(ZB)

B, BEREF, RAT
o

about a chi (1°) wide. They
disappeared after a long
time.

Gwanghae 111




K: Night. At the 1st watch,

fim 11248, 94
(R—H, EAEHR, there was lightning in the
,__ " ) . (1617 TE(ERE)
9Mar ERMAKFE, MEE SE along with vapors like  |K: Aurora
= A 45 )2 B 3 H(
1617 |, BRREAMN  |huoguang flames. At the 4th|(NIY, FI] %R
o ..) watch, there were vapors Gwanahae 112
w
like flames in the E. ... 9
fim 11248, 94
. |K: Night. At the 5th watch 1617 TE(EE
12 Mar [REE, RAES & W K: Aurora |, etal
N there were vapors like 45 )2 B 6 H(
1617 AL, (NIY, F1]
huoguang flames. *H)
Gwanghae 112
fim 11248, 94
Night. At the 1st watch th 1617 TE(EE
21 Mar |(R—%, E£A. & I:re . orzl'lfevl;/aoc anere K: Aurora 515 )2 }51(15;)(
P |2 W V I u u
1617 |5, BEMARE, ) P 9uang | N1y, Fiy .
flames in the SE and NW. 53219
Gwanghae 112
K: At early dusk, [there
(WS BEaETE Were]r :"‘éo 2320'3 Orf white S35 116 %, 9 4F
pa gy |PML EERS, B vapori etho :E(a Cj) A (1617 TE / &
1617UI REL7, KRR, K az-sr:?ﬁ Inc:| :NWa'rF]he ere(l\.lIYu:/?/r)a S 5(RE) 45 F)
A5 b nt u . W ,
R, HBm7, B F1)ch' (1g°) ide and crgssed 6 R 22 A(2)
" i (1°) wi
ATvido ...) , Gwanghae 116
the sky. After a long time
they disappeared.
K: Early dusk. Two bands of
e e — s ale red vapors arose, s N
(B8, BFA—A pointin f\ll'oE‘n the W due NE k& 116 8,9 %
V7 gy B BEFEHER E ) 9 Aot (1617 TR/ &
u " ach was more than : Aurora
1617 7, BRETERL K zhang long (100°) and more |(NIY, R SI5(RFE) 45 )
£ RE%, BAER 97ong ’ 6 A 25 B (%)

o)

than one chi wide (1°). After
a long time they

disappeared.

Gwanghae 116




15 Dec
1617

"—%,.. BH F
RIRSE, BRATS
o

K: Night. At the 1st watch
there were vapors like
huoguang flames. They
disappeared after a long
while.

K: Aurora
(NIY, FI]

JiE 1218, 95
(1617 TE(EE)
45 )11 A 18 H
(24m)
Gwanghae 121

K: Night. At the 1st and 2nd B 126 %, 10
26 Apr (B—%, —& % .atclr?es.theree esreana o:s K: Aurora (1618 XL (AE)
W were v : Au
1618p 7. B75 ARM like huoguang flames ':the (NIY, FI] 46 %) 4 A 2 H(
ike huogu i ,
K. ) 7ang *40)
SE and NE.
Gwanghae 126
K: Night. At the 1st and 2nd B 126 %, 10
: Night. e 1stand 2n :
25 Ma (B—%, —% % watc:es there were vapors |K: Aurora (1618 (R °F(R/E)
1618 ' 7. R, AR like huoguang flames i:the (NIY Fl] 46 )4 A 2 B
K. ) 7 T
SE and NE.
Gwanghae 126
JtiE 127 %, 10 &
~ |K: Atthe 1st watch th 1618 KT (BB
29 May (R—5, BAFER, as 4 ea (jr IY\I:ZZ ®® k- Aurora 516 ) P8 4(JEJ ::3
was a v i 3
1618 [mOAHK, ) P , (NIY, FI]
huoguang flame in the SW. (R¥F)
Gwanghae 127
K- ITH it Z#H6%8, 24
_ _ : [There was] a white (1624 BE |
16 Aug [BR, BRZAEE |vapor more than 10 zhang |K: Aurora 0 () 4 %) 7
1624 187, K+E8X  |long (100°) [running] from  |[(NIY, W) E 3 B(Z00)
the NW due SW. .
Injo 6
K: At the 1st watch of the ZtH8%&,3F
i 0q
15 Mar [E—&. mAER r.nght there were red V.apOFS K: Aurora (3;625 Z::'Ec/ A
1605 |& sk B like huoguang flames in all (NIY, FI] HH(RE)5 ) 2
’ ’ ° |directions as well as the ’ A 7BHM@AK)
sound of thunder. Injo 8
K: Night. One band of pale ZtH9%,3F
&, ZEH®—IE, # \white vapor, more than 10 (1625 28 /| &
13 Aug e K: Aurora |_ -
1625 BRAXKR, B |zhang long (100°), arose NIY, W) HA(KRZE)5F)7
X, &+8X. [from the NE pointing due ’ A 11 B(TE)
mid-sky. Injo 9




17 Sep

&, EBEE 8,

K: At early dusk, a pale
white vapor arose in the E;

K: Aurora

ZtH9%, 3 &
(1625 2/ / &

1625 EERT, RATY after a long time it NIY, W EIACK™) S %) 8
- | I ; =
o . gd ( ) B 16 B(ER)

isappeared.
PP Injo 9
K: There was a band of
% EE—EIE, white cloud like a va.po.r; it {ZtH 10 %, 3 %
C arose from the E pointing (1625 ZH(KRR)
13 Dec REEH A, Et5EZ , K: Aurora
- due NW, stretching far 5%)11 B 14 H(
1625 7, REX. 87, across the sky. In the SW (NI, F] k)
HRIAK, Y _
was a vapor like a Injo 10
huoguang flame.
K: One band of black vapor
& BE—E about f20 zl‘lingl\l(j\?(r)] )_Iong
arose from the orizon,
RAXRE, BEfRE o _ R
_ pointing due SE. At the 2nd ZH114%,45
AXP, R+ -
= — = . |watch the moon haloed. (1626 RE / H

11 Feb ¥ —%, A%, H There was a white vanor K: Aurora 20 () 6 ) 1

= . w white v &

1626 |INA, KXLER. like a hong (arc) morepthan (NIY, B, W) A 15 H(2X)

=~ |
AR—ERRT, one hanglon and one Injo 11
A, Z L]
i, BHE&X Jong | :
band of white vapor arose in
° the NE pointing SW. It was
more than 10 zhang long.
CH14%, 45
— K: Night. Th 1626 A E (KE
17 Dec R, 2 AFERMAK | 9 erewas a Yapor K: Aurora ( (X)
" like a huoguang flame in the 6 %) 10 A 29 H(
1626 Yo (NIY, F1] .-
NW. KR)
Injo 14
CH14%, 45
a K: Night. Th 1626 HE(XE
19 Jan &, BA @Mk | Night Therewas avapor|, = (R&)
1607 I like a huoguang flame in the NIY. FI 6 %) 12 A 3 H(
) NE. ’ =3

Injo 14




K: Mars.... A white vapor

{“tH 18 %, 6 &£
(1628 k= /|

16 A KELRHZ, H ke a f 4 thelk: A , HH(KZE)8 %) 3
Ml ike a hong (arc) crossed the|K: Aurora? .
1628p RINL, BRI7HE sky from tie( NE)tO SE [13th(NIYuW) A 13 B(RR) [X
®5 BER, | Y S, | | B=>B B REMAT
ay of L month. %3 13 A
Injo 18
ZtH 18 %,6 &
‘ 1628 KR / &
KER, REHE (1625 [x
. — K: Venus appeared. .... One HH(KRZE)8HF)5
26 Jun [£ET, AEEL . |K: Aurora
- band of black vapor arose in A 25 H(Z8)[X
1628 | =R—E, &H o (NIY, B] _ B e g —
it EiEE the SW pointing due SE. BE=>HEAREET
SR %5 A 25 A]
Injo 18
EZR1MB,45
= 1653 XB /&
12 Oct | RFKR/H|, /=E KR |K: Night. A black vapor K: Aurora ("iI(JILE”") 10 %)
1653 | Ko stretched far across the sky. |(NIY, B] g}Ej o1 ';(%*)
Hyojong 11
R B, UM E
: Night. 1659 2% (lE:A
24 Jan B XIBRTIHT. :'(keN;g:t oTh:qe V;ZTnaeV: Tr?; K: Aurora (16 %) 1;)%(“?;)5
7= |2 I I
1660 [EEINNHK. uoguang (NIY, FI]
SE and SW. (EX%)
Hyeojong 1
K: Night. [There was] a BR158, 74
hit like a h 1666 AF/ &
19 Jun |[REEMIL, B+ [V apord .ea °ong K: Aurora (j -
1666 lax. s (arc). It arose in the W, (NIY, W) 2 S| (FRER)5 &) 5
noe %7 |bointing N, and was more ’ A 17 B(TH)
than 10 zhang long (100°). Hyeongae 15
K-V _ BR19%, 945
ro u [PFIRBER, 0TS ERSEE (1668 L / &
N, aE R, & YO NI A WIS FAUTOTE oy o) (ER) 7 4) 5
1668 vapor was seen in the SW |(NIY, W)

EXo

stretching across the sky.

A 21 B(IXF)
Hyeongae 19




28 Jan
1680

KFIR, RAAR
p‘um%o

K: Night. There was a vapor
like a huoguang flame in the
E.

K: Aurora
(NIY, FI]

BR8B,5F
(1679 2R (FRER)
18 )12 A 27 B
(I%F)

Sukjong 8

15 Jun
1681

B EARATAR
p‘um%o

K: Night. There were vapors
like huoguang flames in the
SE and NE.

K: Aurora
(NIY, FI]

BR1BTE
(1681 FE B (FEER)
20 &) 4 B 29 H(
*F)

Sukjong 11

K: Night. There was a vapor

ER11BT7TH
(1681 FE B (FEER)

1;;1% g;iﬁéoﬂwyﬁ like huoguang flames in the TNQJET ZOf) 58 2 H(
SE and SW. FEH)
Sukjong 11
MR13%,85F
10 Apr [FEX/R, BERINK |Night. There was a vapor  |K: Aurora (2116;2)25?(55?
1682 Y. like a huoguang flame. (NIY, F1]
*X)
Sukjong 13
K: Night, there was a white
vapor in the E; it soon BR29%, 21 5
5 Nov cH/R, %ﬁl’ﬂéﬁ, moved to the S of (16_95 2% 13
1605 %, BTEBHEE Zuoxiaxing (a Crv) in Zhen |K: Comet? |2 S!I(FRER) 34 %)
m, EIERE, (y Crv) and straightaway 9 A 30 H(ZH#)
reached Zhangxing (U’ Sukjong 29

Hya).




Appendix B. Sunspot and Solar Observations 1100-1684

Table B1 contains information on sunspot and solar observations from 1100-1684. This

data set includes 46 new or revised records of sunspots.

Table B1. Sunspot and Solar Observations 1100-1684

Column 1 is the date of the observation. Column 2 displays the solar information in the
original language (Chinese or Korean), the translation of which is in column 3. The
country of the observation is given by C = China; K = Korea; JP = Japan. Column 4
contains additional notes where IY = in Yau and Stephenson (1988), NIY = Not in Yau
and Stephenson (1988),

W = Wittmann (1997 & 2013), NC = North China, Viet = Vietnam, WX: Wittmann and
Xu (1997 & 2013)

The final column is information on the original reference source. These are all in the
bibliography. The entire listing is grouped by centuries as identified by the years at the
upper left. In the fifth column, the number following the source name indicates the
chapter/volume of the history. Thus, "Goryeosa 47" indicates the 47th chapter/volume of

the source history Goryeosa.

1100-1199

Fob 7 [FERITHER Fﬁaﬁ K: The center of the sun Goryeosa 47

1105 HIERENXMESE |was dim; the sun had a Sunspot Lo Tab 1
FiE. double halo and earring(s). ’

[REREE]=[M] |C: Within the sun there was

6 Dec Songshi: 20 & 52,

F+AX/R, BY |ablackspotaslargeasa |Sunspot

1105
BEFWMEK, date.

Yau: 64

RECRBA M |C: There were black spots
2 May [AZI0, BHRER |as big as chestnuts within
1112 |F, FZE=, 0 [the sun, sometimes two,
EX. sometimes three.

5

21
Zhuang: 8

Songshi Tianwen

Sunspot Songshi Huizongji




RECRBFN/\E+  |C: There was a black spot Songshi Tianwen
17 Dec_ﬁ FX as big as a plum within the 5
1118 BHRERFUMFEKXR |sun. Sunspot  [Songshi Huizongji
0 C: There was a black spot 21
BHEREF. within the sun. Zhuang: 8
RECREFM_FR |C: There was a black spot Songshi Tianwen
2 Jun ACE as big as a jujube (a kind of 5
1120 BRARFIHEK date) within the sun. Sunspot  [Songshi Huizongji
C: There was a black spot 22
BHEREF. within the sun. Zhuang: 8
REREM=F1 .
_ C: There was a black spot Songshi Tianwen
10 Jan =AM as big as a plum within the [Sunspot |5
1122 |BhERFImEKR |00 P P
sun. Zhuang: 34
REA=F=REN C: A black spot was in the
22 Mar|, BHRERF, £ | P , _ Songshi Tianwen
= sl sun. It lasted till 14 April. C: Sunspot
A NC: A black spot was in the NC: >
Apr  [EARRREEFZ sun. [Observar:ions begin at Sur;s ot Jinshi Tianwen 20
1129 |ACI¥ABRHER | >S9 P Zhuang: 9
Lin’an (new S capital).]
¥,
C: There was a black spot
HESTTFE—ASIN |as big as a plum within the Songshi Tianwen
12~15 |, BHRHEERFIZF |sun. It subsided after three 5
— . C: Sunspot ,
Mar | K, =871k, days. C: Sunsoot Songshi Gaozong
1131 |[BERF, WE |C: There was ablack spot |~ PO" [Benji 2
Thi%, w/in the sun. It disappeared Zhuang: 9
after 4 days.




23-27
Nov
1136

MEAFTAEXK
ARERFUE
X, E+—ARHE
183H,
HMEANETA..E
K, BREERFZ

EERRETHE
+—AREBEHEA
FBF, #MAXT,

C: W/in the sun was a black
spot as big as a plum. It
finally disappeared on 27
Nov.

C: W/in the sun was a black
spot, which disappeared.
NC: On Nov 27 were black
spots w/in the sun. They
crossed at oblique angles.

Songshi Tianwen

5
C: Sunspot Songshi Gaozon
C: Sunspot 5 g g
NC: L

Jinshi 20
Sunspots

Yau: 71

Zhuang: 9

C: Shaoxing reign period,
7th yr, 2nd mon, day gengzi
(37). “Within the Sun there

RREFE-ART was a black spot as large as Songshi Tianwen
1-10 BERFIIZF P 9 . |C: Sunspot 9
1 s a plum for 10 days; then it
Mar (K. SIEIEH, dispersed.” [Note aurora & C: Sunspot Yau: 72
1137 |BhEZT, fng O oPo oo a (NIY or W) [
major sunspot coincide.] Zhuang: 9
, FH#%H, _
C: W/in the sun was a black
spot like a grain. On 2 Mar it
covered the sun.
C: W/in the sun was a black
8-22 |[fBE-EHF]MAKE |spot; it finally disappeared at Songshi Tianwen
May or, BHERF, E [the 5th month (22 May-19 5
C: Sunspot ,
later |EBTHHE Jun). &: Sunsoot Songshi Gaozong
1137 [RELEZmAIK - OUNSPOL g i 5
8 May (BB, BHRHERF. |C:W/in the sun was a black Zhuang: 9
spot.
Songshi Gaozong
16 Mar|[#3E/\E£ _ A& |C: W/in the sun was a black Beniji 6
C: Sunspot
1138 BHRERF. spot. Yau: 74
Zhuang: 9
[FBE/\E_ A% |C: W/in the sun was a black |C: Sunspot |Songshi Tianwen
17 Mar|, BHRERERF, spot. 5
1138 |BHRAEEF. Km C: Sunspot |Wenxiantongkao
o

L
~

(NIY)

Xiangwei 7, 284




C: W/in the sun was a black
spot as big as a date. (NIY)

Yau: 74
Zhuang: 9

[(FBENFZ+A]Z

C: W/in the sun was a black
spot.

Songshi Gaozong

26 Nov%, BHERT, Benji 6
C: Sunspot -
1138 |[MBE/N\F)+AZX C: Wiin the sun was a black Songshi Tianwen
: Wi un w
BHEEF 5
spot.
— g C: In this lunar month (3-31 ,
3-31 |[MBEAFE_HAIZA Mar) thlereu as blaclis ot Songshi Gaozong
w
Mar BhEEF A _ P C: Sunspot [Benji 6
a6 T w/in the sun. After more
1139 [ERT1i%, o Zhuang: 10
than a month it disappeared.
20 No RERERLES C: W/in the sun was a black Songshi Gaozong
v . : Wi u
1139 ARk, BHRER <pot C: Sunspot |Beniji 6
7, POt Zhuang: 10
- C: Within the sun a black
o4 ReER~BE+RF . olr clame anl:I went Songshi Tianwen
v .
May* ARAT, BER [Csan ed Yau's date of  [C: Sunspot |
V masak. [RBA g ' PO v au: 78
1145 1145 Jun/Jul? to 1st and
F=>H ARAFH] Zhuang: 10
2nd days of 5th lunar month]
o C: Within th o
o5 RERBE+RF blackls"(])t te;:usn r\:vazzd'm Songshi Tianwen
" ; un was dim.
Mav* NATXR, BHE (Chan Zd Vau's date of C: Sunspot, |5
- u .
114y5 ~F, BREIRA 11455J nJul? to 1stang O SunYau:78
Thk=>HA T*] aneur Zhuang: 10
2nd days of 5th lunar month]
"Within the sun there was a
e black vapor fading and
RERERT LF rea eaFr)in On ie
23-24* L AIAS BhAR [ ooppeanng.
— following day, there was a |C: Sunspot
ul AR black spot on the sun, and |C: Sunspot WX 201315
1145 TR, BRBERF the sunphad no briIIiar’]ce" | i

Note: source gives month 6,
day 43, but there was no




day 43 in month 6. Possibly
read month 7.” [Wittman’s
dates should be changed to
*24-25 May.]

21 Marl EE=AXBEHA K: The sun had a black spot [K: Sunspot
” . , Goryeosa 47
1151 |BRFRINEELP as big as a hen’s egg. (1Y)
31 K: Within the sun was a
ZAKXBHHEEFK lack spot as big as a hen’s
Mar-1 - K: Sunspots|Goryeosa 47
nor | EER o (1Y) Lee: Tab 1
1;)51 FHIRMZ. K: The next day, it was the '
same.
1 Apr |(BR=—#F_"HA =+ [Black spotas large as a K: Sunspot
Lee: Tab 1, 375
1152 |&H) hen’s egg. [Source unclear.] |(NIY)
_ “Within the sun there was a
[Unable to find ]
, black spot shaped like a NC:
9 Jun |source; could it be _ _
, _ man.” [W gives the Chinese [Sunspot WX 2013: 16
1158 |confusion with 26 ,
date as 5 Jun, but his (NIY)
Sep 1160 below?] _
western date is 9 Jun]
28 . —
Fob.1 [RIEE=4%] [ |K: There was a strange K: Solar
R|THEIEACZX vapor within the sun for phenomena |Goryeosa 47
Mar ——
HfHZER=H. |three days. , sunspot
1160
26 Se €BEIEERFE NC: Within the sun was a NC: Jinshi 20 Tianwen
1160 PINBEEF, BhE |black spot shaped like a Sur;s ot zhuang: 10
=F, KA, man. P g
BRI+ ME o
29 Se K: Within the sun was a
PhExERTEE K: Sunspot |Goryeosa 47
1160 black spot.

+.




(REFRELELHF) B

20 Oct | — Korea: The sun had a black
1171 RuUENAFEINA sbot as bia as a peach K: Sunspot |Goryeosa 47
HEF K. P g as apeach.
16 Nov|[BAR T & ]+ A K4 [Korea: The sun had a black K: Sunsoot Gorveosa 47
1171 |BERFXRMBE.  |spot as big as a peach. ' P i
15 (RIZER+5) [BAR]
Dec +=%+—AFEHK |K: The sun had a black spot K: Sunsoot |Gorveosa 47
1183 HERCZINBAR ffor two days. ' P i
F¥ZAH.
10 Feb RERFE+TF |C: Within the sun was Songshi Tianwen
1185 IFAXE, H94% |produced a black spotas  |C: Sunspot |5
BF, KME, large as a date. Yau: 86
11 Feb (RIZRF =) B K: The sun had a black spot Goryeosa 47
: u
1185 TEFEARTH as big as a pear i K: Sunspot Yalzy 86
i . :
HREFAME, gasap
ey o s — C: Fromda toda .
15-27 | REREZERR+ZHF o the?ewu::a blacyk Songshi Tianwen
. . Xu w
Feb \IEA RAZREL, 2 o’?within the sun for the C: Sunspot |5
1185 |HHEHEF, pot Wi Yau: 87
whole time.
K: The sun had a black spot
27 Mar|[BAZR+EF] = A X |as big as a pear. [Note this K: Sunspot Goryeosa 47
1185 [EHAERTFKIME |spot correlates with huoying | PO \au: 88
aurora on 26 Mar.]
18-19 |_
=ZHABEFHEREF |K: The sun had a black spot. Goryeosa 47
Apr K: Sunspot
1185 FRINMNZ. The next day was the same. Yau: 89
14 Nov|[BAR+ R F]+A... Goryeosa 47
K: The sun had a black spot.|K: Sunspot
1185 |RFAHET. P PO \yau: 90
- — C: The sun produced a Songshi Tianwen
0327 [EEE+=4EH AR N prog 9
_ black spot as big as a date, 5
May |[R, BHREEF, _ ) C: Sunspot _
= until day jiashen (May 27) \Wenxiantongkao
1186 |KUIE,

when it disappeared.”

Xiangwei 7, 284




Zhuang: 10

26 FRT=FEAR C: Within the sun was a Songshi Xiaozong
May |k, BHREEF, bl.ack spot C: Sunspot Benji 3
1186 |FFE, FAIE... '
3-12 [fBERME+—AZ |C: Within the sun was a Songshi Tianwen
Dec K, HHRERF, |lack spot; it disappeared |C: Sunspot 5
1193 |EERIAHE on 12 Dec.
1200-1299
19 (REETAHF) [HRZ K: There was a black spot
Sep EJ/\AREBER | . K: Sunspot |Goryeosa 47
1200 1AM as big as a plum.
C: W/in the sun was a black
EB/RNE/NAZXR, |spotas bigas a date; it C: Sunspot Songshi Tianwen
21-26 |BHREEFIZEK, (finally disappeared on 26 ' 5
Sep |[BEFIRHE, Sep. Wenxiantongkao
1200 |HARERF, HK |C: A black spot as big as a C: Sunspot Xiangwei 7, 284
» JLNHJ5ER © |date was in the sun; it lasted| Zhuang: 10
6 days then disappeared.
C: Another [black spot as
[BIXARNE+"A]Z |big as a date] was produced C: Sunspot Songshi Tianwen
9-29 B8, X4, EZEA [on 9 Jan] and finally ' 5
Jan |H disappeared on 29 Jan. Wenxiantongkao
1201 |AXAERF, WHK C: Another black spot as big C: Sunspot Xiangwei 7, 284
» N=+HJ5R - |as a date was produced; it | Zhuang: 10-11
lasted 20 days.
6 Apr [#SRIME=ZAEF |K: W/in the sun was a black K: Sunspot [Goryeosa 47
1201 |BHHERFKIZFE. |spot as big as a plum. '
iig [#RIEE/\ARF |K: W/in the sun was a black K: Sunspot (Goryeosa 47
1202 BHERFRINE. |spot as big as a pear.




19-31
Dec
1202

BRERF
. KWE, AR, 48
5ﬁ0

C: Within the sun was
produced a black spot as
big as a date. It finally
disappeared on 31 Dec.

C: Sunspot

Songshi Tianwen
5

K: First day of lunar month.

35 [RERMEF HRIT Within the sun was a black
Feb FERZH¥ABHEHE _ K: Sunspot |Goryeosa 47
1204 |BFAMEA=A. spot as big as a plum. It
lasted 3 days.
|2:1eb [%E%E%}EE :nc?: :/Ic:: f;o';i;io;ere Songshi Tianwen
1204 ARE, BhRTEE black spots as big as dates 5
B¥*H, HHEEE| C: Sunspots _
& = within the sun. Songshi
4 May TAIME, C: W/in the sun was a black Ningzongji 38
BHRERF.
1205 spot
C: At night, at Xingzhou
(38.46 111.13), the sky was
red like blood; it illuminated
RIANE+= 2H the ground like daytime.
25 | EEBRREMNXIRINM Since the beginning of the |C: Aurora . _
Dajin Guozhi 21
Jan |FB#1InE B A #AEM |lunar month 31 Dec 1206), |C: Sunspot Zhuang: 38
1207 |BHERFIE ZFFZE two suns had been [seen] |(NIY nor W) '
EEALE, rocking against one another
when the weather cleared.
Now this strange event has
occurred again.
5Dec FEERZHF+AZE, |Within the sun there was a C: Sunspot Songshi Tianwen
1238 |HHERF black spot. ' 5
K: Within the sun was a
12 & INAZREBEBHRFXK |sunspot as big as a hen’s  [K: Sunspots Goryeosa 47
Sep %+ = B X0 A legg. The next day [the spot] [[In Lee and Loo: Tab 1
1258 was shaped like a man (Lee [Yau]

says: “like a doll”).




27 C: Within the sun there were
Feb- |RISREEEITTETA |black spots agitating one
28 |BHAEEF, %X |another for a long time. C: Sunspot WX 2013: 20
Mar |2 ° (FHEZ) [Corrected date in WX: (NIY) Zhuang: 21
1275 29=>28 Mar]
C: Within the sun there were
17 s — == B TEH blac.k spots; they roclfed C: Sunspots Songshi Tianwen
Feb |BHBERF. gy agalns:t one anotherlllke Viet: 5
1276 [T - goose’s eggs. [Also in Sunspots Ho: 1964
Vietnam (sometime w/in 17 WX 2013: 19
Feb-15 Mar)]
31 [REFHFEITER K: Within the sun was a
Aug PIEIMFE/\ARX  [sunspot as big as a hen’s K: Sunspot |Goryeosa 47
1978 BB ERFRINZD legg. [12th day of lunar
. month]
1300-1399
K: On 4 Apr the sun was
— dim and within it was a
4-6 RRERFIZA T black spot. 5 Apr was the K:
Apr i Eﬂ;l.;q::ﬁﬂ%z, same. On 6 Apr, the sun  |Sunspots Goryeosa 47
1356 BN R EER was faint; one cc,)uld look |dim sun - [raus107
HERTE. _ T _
directly at it without being
dazzled.
16-19 | [EEZ+—%] [#88&K: The sun had a black
— Goryeosa 47
Mar |(E]l+SZAZFINHEE |spot for 4 days. [“for four  |K: Sunspot
. _ Yau: 108
1361 |[HRFHHE days” omitted in Yaul]
5 Oct L2 IE—+ =] [& K: The sun had a black
1362 BEI+—FInAC spot. K: Sunspot |Goryeosa 47
XBERF.
The Grand Astronomer Liu
1 Jan- [Tt Z B(5F) Ji saw a sunspot w/in the
30 Jun KREXNEHLHFHEE |sun [some time w/in the 1st|C: Sunspot [Zhuang: 21
1365 [f ° half of the year]. (Zhuang
regards as: “indefinite.”)




20 Jan

1368- PARARTFBE C: W/in the sun were black
AE+-A BHEHEE C: Sunspots|Zhuang: 11
6 Feb z. spots [throughout the year].
1369
15 Jull. C: This autumn the sky
10 A ITHER [unable |roared and trembled. W/in
Nov to check against the sun were black spots, |C: Sunspots|Yau: 112
1368 source] from 1 to 3; they were seen
every day.
30
Dec [BAXMEHAERCZETZ |C: Black spots were Vau: 113
1369- |H frequently [seen] w/in the |C: Sunspots Zhu:ang' 11
27 Jan B EBERF, sun. '
1370
o B AR = G — (S’.)‘;g/tvsl.ln the sun were black - Sunsote :I\a/llngshl Tianwen
ABRFEDEEF, _ _
1370 Hh® C: W/in the sun [it was] C: Sunspot |Guoque 3
black. Zhuang: 11
28 Eﬂj&*ﬂﬁ_ﬁtiﬁ_ﬁ ;Jr-er:j rAeT)tcr)(:tr:;nt]:Zlfrom
Jan-3 T% siiinlinete the 1st day (of the month) - Ming Taizushilu
Fop |TRBRESEEXRE | o0 itoday - Feb 3 O SUNSPOl |4
EWBLRBRESR |
1370 7. - within the Sun there was a
black spot."
C: “In regard to the frequent
28 Jan[#K=F+"A1F :'f:qktsz(ztzt\ﬂtg:’:r:rz;sj:n)C: Frequent
1370- F ELLIEAZERAB| _ Sunspots  |Ming Taizushilu
14 JanPBRERFRBEES unti thls mo.nth, His throughout |59
1371 hex. Imperial Méjgsty appealed ;
to Court officials to report
errors (of the throne).”
25 Apr E{ii(*ﬂ;’i%ﬁﬁiﬁiﬁ C: At this time, w/in the sun Guoque 4
R BB AR |there repeatedly was a C: Sunspots
1370 Zhuang: 11
+ o black spot.




2 Oct
1370

KR K=ZFAAK
REHRAEERF

C: W/in the sun was a black
spot. [13th day of lunar
month]

C: Sunspot

Ming Taizushilu
56

21 OctitK=F2Z+HATE |C: W/in the sun was a bIackC_ Sunspot Ming Taizushilu
1370 BHEERF. spot. ' 57
C: The Emperor issued an
edict because of the
7 Dec | /R ELAXRIEFE LT [approaching sacrifice to  |C: Frequent [Ming Taizushilu
1370 |BHRRARFEAH.... Heaven and Earth and the |sunspots |58
frequent black spots w/in
the sun....
C: “Within the sun
19 repeatedly there was a
Dec ‘R =F+_"_AR |black spot.” [Cannot find  |C: Frequent |(Guoque 4
13707 pg 433 this entry on 19 Dec sunspots  [Yau: 121
(bingchen day) in Guoque
4.]
2 Jan (REARR =] [ K: W/in the sun was a black
1371 Fl+AFE+ZAEF spot. K: Sunspot |Goryeosa 47
BEERF.
BAIE R = 4 — C: W/in the sun there
14 Jan HEF AhEEEF frequently were black C: Sunspot |Guoque 4
1371 . [EFIF spots. [Zhuang corrected  |(NIY) Zhuang: 12
renzi day to renwu day.]
:|\3/I1ar HEME=AXAB |C: W/in the sun was a bIackC_ Sunspot Ming Taizushilu
PEEF spot. ' 62
1371
]Sn- HHRIMER A FEB|C: Win the sun was a black Ming Taizushilu
FERFEEFER |spot from 13 Jun to today |C: Sunspots
12 Jul 65
H (12 Jul)
1371
79 [RBA i B P ] [ K: W/in the sun was a bléck Goryeosa 47
Oct-7 F-+EABSER spot. [No ng/13/ day %E in K: Sunspot Yau: 125
Nov? sy 9th month; if [LAZBE=>/\ WX 2013: 21
1371= A% B=22Sep;if=>1+H Lee: Tab 1




> 22 ZB= 21 Nov; but 22 Sep
Sep* more likely because of
or 21 resemblance between /\ &
Nov* f; Wittmann says: 21
1371 Nov.]
6 Nov [tEPENA]KXE |C: W/in the sun was a blackC Sunsbot Ming Taizushilu
: Su
1371 |BHRERF spot. POl l68
6 Feb [#EKAFHFERBRK [C: W/in the sun was a blackl . o -+ [Ming Taizushilu
1372 BHRERF spot. ' POt 174
- — C: W/in the sun was a black
3Apr HRAEF_ATRH ! unw Ming Taizushilu
spot. [29th day of lunar C: Sunspot

1372

hRERT

month.]

72

[REA# KRS [

8M K: W/in th black
1372y FIZT+—FmAEF t ' the sun was a blackly. Sunspot |Goryeosa 47

aEmz spot.

- C: W/in the sun was a black
19 Jun[ARBFBFAS | E19th d: (;I:Iunar . Sunsog Ming Taizushilu
1372 HETF POt Y $ SUNSPot 1z

month.]
25 N C: W/in th black
o [AREEREAER E26theds:n(::TSn:\r ac o Suncagq Ming Taizushilu
u : u : Su
I lEnERF P y PO 75
1372 month.]
26-27 [RBAHE ] SR K: W/in the sun was a black
- Wi un w
Apr | EZ+ZHIMAZ <00t for two davs K: Sunspot |Goryeosa 47
W .
1373 [XBHEF=A. P y
230 t[ﬁﬁﬂiﬁﬁﬁg] A2 K: W/in th black
ctl- —, : W/in the sun was a blac

1373 F-+ZH]+AZ - K: Sunspot |Goryeosa 47

ZEHEF. pot:
15 o - ) . . .
No HEANE+— A C: W/in the sun was a blackC Sunspot Ming Taizushilu

v : Su

W BhEERF spot. PO g6
1373
14 BAKMAHEEEE"H |C: The sun had an eclipse; |C: Solar
Mar |[T# BERZ, BH |there frequently were black |eclipse, Zhuang: 13
1374 BHEEF. spots within the sun. sunspot




(NIY)

27-31
Mar
1374

[BAKHEEREEZR
IRRBEBHhERFER
KRETREH

C: W/in the sun was a black
spot from 27 Mar [14th day

of lunar month] to today (31

Mar).

C: Sunspot

Ming Taizushilu
87

20-21
Mar
1375

[RBAHE/\F] Fik
TEZAKHBBEAR
Fo@ETmL.

K: A black spot was w/in
the sun on the 20th; the
21st was the same.

K: Sunspot

Goryeosa 47

23

ARNEFEZRAIFEX

C: W/in the sun was a black

Ming Taizushilu

. % _
Mar Agmz spot. [Yau rrysread ¥ (23|C: Sunspot 97
1375 Mar) as B (22 Mar)]
21 Oct[RR/\FE A AIRKHB |C: W/in the sun was a bIackC_ Sunsot Ming Taizushilu
1375 [hERF spot. +SUNSPO 14
e — C: W/in the sun was a black _ _
19 Jan[R/N\F+ZRAIRH spot E28th d: (::Iunar C: Sunsoot Ming Taizushilu
1376 |[BRHRF POt Y +SUNSPOL 102
month]
C: A black spot was w/in
ZBEHHREEFETE the sun from 22 Mar to Ming Taizushilu
= C: Sunspot
2225 FEFEH today (25 Mar). [29th day of 135
Mar [BAXKMEXK+TEEEZ lunar month.] Mingshi Tianwen
1381 AEFEZB®BHH C: From 22 Mar to 25 Mar a
i C: Sunspot
BFo black spot was w/in the Zhuang: 13
sun.
2 KEAERK+MmE F
3 [_ li K: The sun had a black
Mar [@]t&E=A8 %XH spot K: Sunspot |Goryeosa 47
1381 [HBF. pot:
22-25 BAXKMAMEE+MEZ |C: [It was] black w/in the C: Sunsoot (Guoaue 7
Mar |[AZBEBEFZERHB |sun from 22 Mar to today (I\iIY) P Zhu2n 13
1381 | HHE, (25 Mar). g
9-11 [KBAAE+EEF ¥ K The sun had a black K: Sunsbot |Gorveosa 47
Mar [i&)/\FE AR BH |spotas bigasahen'segg | P i




1382 |BFRUZEIPFL=H ffor 3 days.
21 - — C: W/in the sun was a black
Mar ABTAFE—H A spot E6th da uofvlv nar C: Sunspot Ming Taizushilu
. : u : Su
HETEET. P y PO 1143
1382 month]
C: W/in the sun was a black Mingshi Tianwen
BAXKHE®XK+RFET spot. 3
” C: Sunspot | . ,
10 Jan—AFEBHERF Ming Taizushilu
1383 o C: W/in the sun [it was] C: Sunspot 150
AR, black. [7th day of lunar ' P Guoque 7
month] Zhuang: 13
15 A r[kﬁﬂ;#ﬁ:ﬂ-E * K: The sun had a black
1387p m+=%=HTHAH . .ot K: Sunspot |Goryeosa 47
HEF. pot:
1400-1499
15 [(RERZHE+TARS/B K: W/in the sun was a black |K: Sunspot [Taejong 4
Nov |HHEERE dot.
1402
1500-1599
27 e e L In Nanchang, the sun was
Ma ARREEAFEL seen to havi ared and Guijintushujichen
|g, meRRERH _ e C: Sunspot . , J g
24 — v o e white halo; within it floated Zhengdian 242
=, PEERR, BE (NIY)
Jun g a black vapor. It WX 2013: 24
BX.
1511 i disappeared after a while.
19 That year, there were black
Jan BARREELE shadows now and then at
=% HNEHARESFE [the lower part of the sun;  [C: Sunspots
1512- . ] , Zhuang: 13
5 Fob » B =8 > [RILA  |sometimes 3, sometimes 4;|(NIY)
1513 i sometimes visible and
sometimes not visible.




C:"At 3to 5 hours in the
afternoon the sun's light

26 B - C: Sunspot |WX 2013: 24
o [BEREET=4E (NIY)
1518 A TE Bk
_ C: Sunspot [Jiang & Xu 1985
C: Feb 1518: “Ripples of
Sun’s light”
K: Black vapors rocked
9 Mar [FR156F2A 29__EI against one another within
1520 (29M)] B, AR R the sun and a hong K: Sunspot [Jungjong 38
&, AR, (parhelic circle) surrounded
the sun.
A counsellor official said:
“‘Recently there have been
unusually many disasters,
ZEBEFEHEE: 48 |the ..., within the sun were
BIEEZKEZL, 2% Dblack lights rocking against K: Reports
29 B AEzK, BEEEone another, also stars and| . ,
Mar [Jt#8%&, X2A LT, |the moon were moving up of sunspots, Jungjong 58
1520 |[BHEEZIK, KB XH [and down, seemingly a;lr\c;ras Lee: Tab 1
NI, HERE, (fighting with one another. (NIY)
XEME, And at the 19:00 - 21:00
double-hour there were
huoguang flame auroras
shining on things....
o6 BRI REE+/\EN |C: Fog. When the sun was
A+=EHH about one zhang (10°) C: Sunspot
Oct —_— R _ Zhuang: 14
1539 K% > HeEsF » A |high, black suns rocked  [(NIY nor W]
HEEY - against one another.
16 BAtREE 4 |C: Next to the sun was a
Jan +Z A% Elfi%’fu black vapor like a disc, C: Sunspot Zhuang: 14
1546 mEE - 5SHAMEY > £ |rocking against the sun; it |(NIY nor W]

HJ5K -

disappeared after 7 days.




K: Yau: "Within the sun
there was a black spot as

large as a hen's egg. The K: Sunspot,
17 |BHRERF, RN+ g g_g' dense
= Ep = sky was covered with a _
Apr o IREEX, H=, . vapor, Myeongjong 20
— dense vapor.” [Entry
1556 R, A=, _ solar/lunar
continues:] The sun
. halos.
haloed. Night. The moon
haloed.
C: The sun had a black
BAHRFZIFEU+—% |spot [some time during the huang: 14
uang:
1562 |BEREF. [Unable toyyear]. WX 2013: 24 adds: |C: Sunspot WX 20913_ o4
find Zhuang's source.][“and it was hazy and '
gloomy for three days”.]
A star was at the middle of
the sun. (NIY) Strom
7 ot — . un. (NIY) : Zhuang: 14
A REFU+ =4 |writes: ...a starin the C:
Aug-4 e sun robabl SUNspot? Strom, JAHH vol
un... u ?2,
Sep HIEFEE observztions o)f/Sun Sun Fr)azer’? 112008, A&A 387
1564 ° , ez o002: L18
grazing comets near
perihelion."
30 [AMHRFFEN+ESE |C: Within the sun was a
Jan-3IEA#)+H B9HHER black spot as big as a C: Sunspot WX 2013: 24
Feb |¥. X#0B0, HBJY |hen’s egg. It disappeared |(NIY) Zhuang: 14
1566 |K ° after 5 days.
Sprin
9 - _ C: Within the sun there
9O e , WX 2013: 25
Feb-8 - were black spots rocking |C: Sunspots
HohEERFMEY - , Zhuang: 14
May) against one another.
1567
17.97 C: Within the sun was
[Unable to access [something] for several
Jan C: Sunspots|WX 2013: 25
1569 source.] days. After about ten days
it disappeared.
Sum BABREEK=FE  |C: Summer. W/in the sun Zhuang: 14
ol _ , C: Sunspots
mer |[EBXE5BHEE were black lights rubbing WX 2013: 25




1569 against one another.
4 — : Within th n there w
May- AR BIHE/\F :black vap;:r'srthe si:’s] as‘C: Sunspot; WX 2013: 25
A BHRES, KR | ) _ ’ '
1 Jun BEBA. Il-ght was dim for a long dim sun Zhuang: 14
1590 time.
C: "At the hour of mao (5-7
am) within the sun there
wer)e two black spots Ho Peng-Yoke,
3 Jan [Unable to access shaped like a three-legged Viet: "Dai-Viet Su'-Ky
1593 |source.] crow (three birds) for three Sunspots  [Toan-Thu” (1964)
_ WX 2013: 25
days”. [WX 2013 dates it “2
Jan.”]
5 BT [T e e
un A black cake C: Sunspot WX 2013: 25
BIRES  eh Bt o (NIY) Zhuang: 14
1897 | [Blackening of the solar
disk?] New moon 14 Jun.
1600-1699
4 Dai-nam Thu’c-
Apr- [Unable to access Viet: “W/in the sun were Viet: luc chien-bien, 1
10 source.] three black spots.” Sunspots ("Da-Nan-Shi-Lu
May 17)
1603 Yau: 153
K: At the hour of mao (05:00-
0700) the sun was red and =70 160 &, 36
I B, B e ke arge oo, (1603 201/
16 |R=E5 RIK(@E) (|0 f‘?om N if s of 012 (BE) 31
Apr (82] , BB, LIEH _ Sunspots, [%)3 A 6 B(E
1603 &, (88) (48) B U sometimestheyl g B
seemed to be separating and ,
: L Seonjo 160
[sometimes] joining as they
WX 2013: 25
moved southward across the
sun.




1-29

BAMZR /1 =+ 4 —|C: Black lights [in the sun]  |C: Sunspot
Mar N Zhuang: 14
1604 H B - rubbed on one another. (NIY nor W)
K: At dawn the sun had a =10 179 %, 37
24[- (20N/BHEr, B HEE black spot as big as a bird’s K: Sunspot (1604 B/
: Su :
25] |F, KAOMH. REA|egg. Al 07:00-08:00, Venus |-~ POL 1oy oret (g m) 32
us,
Oct [HRMREM#, &®—F, \was seen at 150°. At the 1st oststar F)E9 A 2 H(
o . u -
1604 | BER... watch of the night, the guest-|> =47)
star.... Seonjo 179
B 179 £, 37
- ERIR/B B, B HH & K: [Continued from 24 Oct] F£(1604 B /
Oct ¥, Kan%e00, RFF, |At sunrise, the sun had a K: Sunsoot Y OHHA(EE) 32
: Su
1604 AXBRMEM, &’R— |black spot as big as a hen’s P F)E9 A 3 BH(
B EER.. egg. .... RIR)
Seonjo 179
At about 4 pm on 28 may
1607 a sunspot described as
resembling a fly was
observed in the northeast
quadrant of the solar disc,
about one-third of the solar
, , . [KEPLER
radius from the limb. Near its
28 _ (1608);
centre it was deep black
May (umbra), while its outer part KEPLER
1607  Wh P (1609)]
was more diffuse
WX 2013: 26

(penumbra). The observation
was made by kepler and
others in a 4-cm solar image
projected by a hole in the
roof of an armatory at

Prague.




C: "From daybreak until the
hour of yu (5-7 pm) in every

JeiE 2%, B

BHERREGER, AT C: Hazy, .
TR direction it was dull and hazy |~ 27’ |[4£(1608 [ (&
FETE, ) I B8 , , red, dim
May thE M8 KpnE 25 if dust was falling. At the sun &) 36 ) 3 A
II\\* _"“ 3 )
1608 ™ Ihour of mao (5-7 am) within L (6B
o u
the sun there was a black P Gwanghae 2
spot as large as a pear".
K- Within th K: S , JtiE 2 %, Bl
: Within the sun was one : Sunspo .
10 BB RR—EL, K80 |black vaporo sudot as big as (san:Je an). (1608 (%
i _m\ 3 V U I
May g i a pear [game as abo egth's above) )36 %)3 A
o . ve, thi v
1608 | Pe ! 26 H(%H)
version NIY) (NIY)
Gwanghae 2
JtiE 38, Bl
. (1608 X E
17 |XEEHA#)M™H B B K: W/in the sun was a black (
- _ K: Sunspot |[&) 36 £)4 A 4
May FERTF, K, & spot as big as a pear. It soon
- . (NIY) H(BEH)
1608 |FF 75 o disappeared.
Gwanghae 3
Lee, Tab 1
At Xinghua th lack
30 Eﬂjﬁ;ﬁ&wgﬁﬂ-_ﬁ:l' htlsnf bub?n er?xeer(;:oiﬁerc: Sunspot,
i ubbi
Mar |[B#)+8, B{tEHE g‘th'n thesi 2 areat autumn Zhuang: 14
= withi un;
1613 [JLEEE, TAAR , 9 drought
drought in autumn.
11 ["Zhili Tongzhou
Sep- [Unable to access "Sun's light moving about for Zhouzhi"; Xu &
10 5 or 6 days in succession.  |C: Sunspot [Jiang (@I E R
source.] . -
Oct Stopped only after a month". )
1616 (1982)]
o [ERREE I O ay ) (G: Sunspot [Zhuan; 14
° |BkE BAm, y y : Sunspo uang:
1616 of lunar month]
- : | black t
S sl ot W
s \ rocked back and fo
Jan | “HUA &, BIlHE] - between the double-hours of C: Sunspots|Zhuang: 14
1617 |HSEHURTES -

chen and si (07:00-11:00).




BRRR A [ 0+ LA

C: [Sometime during 1617,]

- C: Sunspots
1617 BRRFEY - black spots rubbed against Hnsp Zhuang: 14
BRfREEMU+ R4, |one another w/in the sun. C: Sunsbots g
= : Su
HfRFEE. C: [Same as above] P
.
Apr- _ B year, month. "Within the ) % 68 77 1316
BR5R 7375 0 -+754F-U|Sun there was a black spot.” o
23 _ _ C: Sunspot |Minghuiyao 68
A BHRAERERF. [This could be a misdated
May doublet of 24 May-21 Jun vau: 163
1618 y Zhuang: 15
1618 below.]
24 (i) [CHINA] Wan-li reign-
May- BAFRZR A [ IU-+ 754 # period, 46th year, intercalary
21 [WH [Unable to 4th month. "Within the Sun |C: Sunspot [Yau: 164
Jun |access source.] there was again a black spot;
1618 its light was wavering."
C: W/in the sun black spots
24 BRI 75 ?ucg):lzn: ZT:EZ; ere
; i w
oo [OA BeRPEL, tg o
ay- . w1 PlAck spots w/in the sun.
lBhgmE, EEGH P _ Yau: 164
21 . Their lights, rocking back C: Sunspot
TREBE=1T=F - ) , Zhuang: 15
Jun |, v | — ,[and forth, rivaled those in the
F o RNFEE =+ =4 .
1618 FEXEN 33rd year of Jiajing (1554).
S (Note: No black spots
recorded in 1554.)
99 C: W/in the sun was a black
Via BA#R B[P0+ 754E U\ dou (ladle-like tool for C: Sunsoot Guoque 83
161y8 ATEHFR - measuring rice, probably ' P Zhuang: 14

shaped like Big Dipper).




20-22
Jun
1618

BA#HSR 375 TU -+ /A
AR ZELT B
BES HABHEG
EARL -
RSHABREY -

F  RIXEEFEAH >
LN EPYH Z iR KT
ENINER I

C: "From this day until day
wu-tzu (25) - Jun 22 - for
three days. On one side of
the Sun there was a black
vapour, coming in and out of
the Sun and rocking to and
fro for a long time.” It was
reported by the Astronomical
Bureau at Nanking; it was
not reported by the
Astronomical Bureau at
Peking.”

C: Sunspot

(BARE-RX=)
B 27 71 412

(BAFRSREL )
% 569 17 13
Mingshi
Tianwen 3
Shenzongshilu
569
Zhuang: 15

20-22
Jun
1618

BA#HSR 375 TU -+ /A
VaHPREL
BREEF JL=H

C: W/in the sun was a black
spot; it lasted 3 days in total.

C: Sunspot

(RBL) & 75
1 2933
Mingtongjian 75
Zhuang: 15

BRFRSR 5 [ -+ A L
Hy BN B ¢

C: On 22 Jun, Dong, a civil
service exam graduate, said:
“On the 28th and 29th days
of the intercalary 4th lunar
month (20-21 Jun 1618),

(EH) %83
7 5119

BASR Wi Lo (A

22 |TUH— A H I id th . "
H +/\ \ +JLH|people sald. ere was a STHFE) % 47
Jun | AEHFE2L > H Hblack dou (rice measure, C: Sunspot 5728
1618 [fAAZ » EEFEFi7K#:|probably shaped like Big )
- o I . . Guoque 83
g > WH52< -  |Dipper) w/in the sun. On the
— Yau: 166
AFEES 22nd, at 1-3PM, | used a
Zhuang: 15
bowl of water at home to
observe the sun and saw a
black vapor next to the sun.”
C: [Sometime during the -
1618 [Unable to access eeEr] “within the Sugn there |C: Sunspot RIS
source.] yedr, ' PO v au: 162

was a black spot.




C: T'ai-ch'ang reign-period,
1st year, 10th month, day
kuei-yu (10) (Nov 23). " _
..Moreover, when Your

;50124 Majesty ascended the throne
1620 [BARIBETETA |in the last 'decade’ (of the BAERIS: 9
_ 28%@] E LZE|RKREB |previous month) [=> Not Ming
FESKIHZE even ten days after Your C: Sunspot |Xizongshilu 9
AUG- N ote: ‘J\A—H}R |Majesty had ascended the Yau: 167
6 BN{iz” = 28 Aug 1620, throne] - Oct 15 10 Oct 24 WX 2013: 27
182’50 (=>28 Aug-5 Sep) - there
was the omen of a black
vapour on the Sun fighting
the Sun.” [Corrected date in
Yau and WX.]
(Gormtim®- R
_ #4=) 212
23 B == | 7545y B C: W/in the §un were black Xuwenxiantongk
May B AhERSEY - vapors rocking back and C: Sunspots 20 Xiangwei
1621 forth. 219
Zhuang: 15
AESXE—4£=AR In late afternoon, there were B 3 (PR
Sk g o A [ UmPerorblackvapors o o potsf T 4 47
May K RS AT ﬁmﬂllke suns_, coverl-ng the sun (NIY) 77 28
1622 | .. and rocking against one
SHIR - S Zhuang: 16
another as if fighting.
L ke AN
(BAESR e — A ) o | Min?huiyao 68
9 A E Gt —[=> C: T'ien-ch'i relgn—per'l'od., '~ lc: sunspots Yau: 169
Jun-7lolEERRE R 2nd year, 5th month. "Within (moon & WX 201:?:_27
s the Sun, (the shapes of) the star seen (BA }?%'Eﬁ. |
1622 LS FEHG Moon and a star were seen wiin sun) (htt.p:.//archlve.lh
BhEEHE. next to one another. p.sinica.edu.tw/t

tscqi/ttsquery?0:

0:mctauac: TM%




3D%AE%5D%B

7V%A6%EB)
C: "The Sun was red and —
A nw N (B XX =)
L im. There were two or three & 27 77 412
BAERXREBHEIE A Zblack spots lying laterally _ ,
Ny I o Mingshi 27
R BFREKX HRF [=>agitating] at its sides.
17-201 - — s s _ C: Sunspots
Mar =% 155 0 A H 1 They gradually increased to
o JLIUH - about a hundred (sic), and R
1624 | _ .. N Hrand (sic) C: Sunspots| (E#) % 86
BEARFEY > FLlasted for four days.” T7 5257
H - C: Black spots at the sun’s A
. . Guoque 86
sides rocked against one
Zhuang: 15
another for 4 days.
The sky was gloomy and
- _ o — |black t ked t f
. E =R E = A _b aci tsp:: s rocked to and fro
xe next to the sun.
Aor +/\H X&&%E% H C: Sunspots huana: 15
1(524 =R - Black suns were seen (NIY) ’
WHFHEHGE - .
rocking to and fro next to the
sun.
16 eSS E—
BRREMEZ AR H|C: Black suns rocked to and BHt+
Apr e _ C: Sunspots ,
1624 REEGH fro at the side of the sun. Xutongzhi 170
WX 2013: 28
6 BAZERXEMEM A %|C: Black vapors rocked to (RARE- XX =)
May* BB RSE - /¥ * land fro w/in the sun. [No day 27 71 412
1624 A HLZEE - [ZA% |guiyou in 4th month. Day  |C: Sunspot [Mingshi
or (B would be 6 May* |guiyou in 3rd month would  |(NIY) Tianwen 3
15 [1624; RBE=>XFHA = |be 6 May 1624; day guichou Yau: 171
Jun* |15 Jun”] in 4rd month would be 15 Zhuang: 15




1624

Jun*]

6
May- (Unable to access C: Stars were seen on a dim C: Sunsoot Zhenjiang Fuzhi
: Su .
2 sun, black spots by its side. P (B IINE)
source.) _ (NIY)
Aug This went on for 10 days. WX 2013: 28
1625
2 - C: A star was see tt
Se ARRRELE/NR _the sun [\I;voss'bl nsnr(?x ’ C: Sunspot Zh 15
un. [ un- uang:
P lear 2npss- _ y (NIY nor W) 9
1625 grazing comet.]
C: A ladle (measuring rice
tool, dou, shaped like Big
Dipper) was seen w/in the
29 ([BAERXEBRENRA |sun. [Note: WX: “Jun 21
Jun |7~H] (Unable to would correspond to day 6”; |C: Sunspot WX 2013: 28
1626 |access source) however, Day 6 is 29 Jun
and 21 Jun corresponds to
the 28th day of the 5th lunar
month.]
5 |BABRSW=FAAC L
C: A star was seen within the|C: Sunspot
Aug [TEH “un NIY) Zhuang: 15
1630 |HHEH - '
25 TR N
Fob BARE SRR WIPUAEIE H —|\Within the sun was a black C: Sunsoot |Zhuana: 1516
+#HH BHFERF. |spot. ' P g
1631
17
Feb- s ,
BARA RS/ \SEIEH H|C: The sun had black lights
18 5P AL R , C: Sunspots|Zhuang: 16
Mar RN - rocking to and fro.

1635




C: W/in the sun were several

BAEREW T H black spots, [2rocking to and
ack spots, [?rocking to an
1637 |[HAHETF, E@N POIS, | 9 C: Sunspots(Zhuang: 16
oo fro, colored like ...?] [Text
corrupted]
[ AT C: "The sun’s light was
Mar HZﬂi] (Unable to _ , ) C: Sunspot [WX 2013: 28
shimmering all the day.
1638 |access source)
8 C: Again, black spot(s)
Sep- [BBmRE i |-/ | 9N, DlAcK sp
- was/were rocking to and fro |C: Sunspot |Zhuang: 16
6 Oct| X B BNELH - _
on the side(s) of the sun.
1638
T C: W/in the sun was a black —
RS Eﬂ_gs ot alnd blacuk :)\II e-green (A% XX=)
y ue- y S
9 H)%ZEIEF‘ﬁ?&aid hite vabors g C: Sunspot & 27 T1 413
white v :
Dec |FFH" - C:Ats nsetpthes n’s light Mingshi
; u : un’s li .
1638 |H AR} - HYEEEZ AP _ 9" e Sunspot [Tianwen 3
rocked to and fro as if there
H o Zhuang: 16
were two suns.
C: W/in the sun was a black
spot and black, blue-green,
9 |[BARREWT—F1—[and white vapors. [The text
Dec* |HZ=EHHHET K E gives day as guisi (¥E), |C: Sunspot [Zhuang: 16
1638 [FH ° which did not occur in the
11th month.=>% %, as entry
above.]
BAEREW+FIEAR
5 Feb - C: “Sun's light shifting about
“EH(=H) (Unable to C: Sunspot WX 2013: 29
1639 all the day".
access source)
BR SRR it
7 Feb REMT=FILER C: Next to the sun were
1639 hH black vapors as if fightin C: Sunspot Zhuang: 16
ASERSEN - P Imng
16 C: “White rays and black
RERS 4 A Y
Mar [FEp cloud(s) cross and cover one|C: Sunspot WX 2013: 29
1639 another, light of the sun




shifting about.”
C: “A ladle (dou, rice
éb;:t BRRFMT =17 rsnrjseu;irfet?:el; g'rObDa'blyer) C: Sunspot WX 2013: 29
i ig Di : Su .
R Xxx pea Ik g Hipp P
1639 was seen in the sun” [on the
1st day of the lunar month].
BARREW =42
13 PEERIEEE=H0 vithin the sun was a
Apr —+=H black light rocking to and fro; Sunspot Zhuang: 16
T R oo O 0oKINg ' (NIY) g
1640 ] it was an ominous portent.
19
Feb- == =] [ N .
BARSR ST 7N4E1EH|C: The sun had black lights  |C: Sunspots
19 , Zhuang: 16
Mar BEALE - rocking back and forth. (NIY)
1643
16 | e .
un BRESREWI-F/34E 7 H|C: W/in the sun was a star.
u -
15 HlLE - C: Sunspot huang: 16
o %uTmﬁ+ Nid (NIY) g
LT C: W/in the sun was a star.
1643
5
May- [FH#EIEAMEMA |C: W/in the sun was a shape |C: Sunspot huang: 16
2 Jun|BHERINTI, like a sword. (NIY) g
1647
28 %ﬁﬁlﬂﬁiéﬂfﬁﬁﬁ:c At dwinthe lc: s t
: A star appeared w/in the |C: Sunspo
Jul  EH i PP NIYU P Zhuang: 16
1647 |[BH 2T - sun- (NIY)
{Z#0 48 %, 25
16 | . (1647 TX%(IB
KF/IABR, BRARK: There was a black spot in Q,_\( >
Jan = the sun K: Sunspot |/8)4 &) 12 A
1648 | ° ' 22 H(XF)
Injo 48




23
Apr-

BHEENTA T C:S 23 Apr-18 Aug).
18 C H/D FH . ummer ( Pr ua) C: Sunspot |[Zhuang: 16
Aug BhZH - W/in the sun was a star.
1648
BRRX+Z
C: “The sun was eclipsed [at Qingshi
. ; un w. i
25 |EEtE+A $E'.95EE'.09_00 11:00) . At no:n C:Solar  [Tianwen 12
Oct |- Hatmk  XF 7~ 7 ' eclipse, Zhuyong
. within the Sun a ladle (dou) , )
1650 L ° XXX , Sunspot  [Xianzhi
was seen.
Yau: 185
WX 2013: 30
20 AHAAITEZ AT = A|C: At the hour shen (3-5PM),
nor Ut winthe suntherewasa |, o L
1555 Bzl BFRAERF. Allack spot. After a long time, | P g
2T, it dispersed.
26
Jan- |, . _ C: Spring (26 Jan-23 Apr).
AN R | S ) .pnng (6 Jan Pr)
23 B ch L - W/in the sun there was seen|C: Sunspot |Zhuang: 17
Apr a black spot.”
1656
12 [AEAEIDE+SFIUH|C: Wiin the sun was/were
S , _ C: Sunspot _
Jun | —H=H(ER) black light(s) rocking to and NIY) Zhuang: 17
1659 AR RSE, - fro.
22 |, R
Ma EEEIER 17 £ A |C: “Black vapor on the sun.” |C, K: WX 2013: 30
166y0 +PH A (XEK) K: Black gas Sunspot  |Lee, Tab 1
AT E+/\F 7S H(C: Black spot(s) at the
5 Jul [©1+H bottom of the sun, fromthe | o L oo
1661 |H FAREF, BEZEH07.00-09:00 double-hourto |~ o o0 9

o]

17:00-19:00.




20 |BXfARREE4IE A)/C: The sun had two black
Feb |7NB BEREF, E |spots; they rocked to and fro [C: Sunspots|Zhuang: 17
1665 [ AL ° for a long time.
C: W/in the sun, black
15 light(s) rocked to and fro all
Feb EXMEREEBMETER (day long.
B RSB FH - B(C: Black light(s) covered the
16 |, - - " . C: Sunspots|Zhuang: 17
Mar Yl HIEE %A 2. #1H|sun, rocking to and fro w/o
1665 HE - stop. They finally were
extinguished after several
days.
15 C: “Within th th
Feb- (RRAEMMMEER |~ 'k I',” M © sun’t erf’[,vtvas
o a black light wavering;” [i
16 |BRREAEEZZEBAW ¢ g C: Sunspots|Yau: 188
- ended at the end of the
Mar |79iR
month].
1665
. C: A black spot was movin
1665 A4 AR 75 back and forrt)h I'\I,<Ve a sh VtltliJ
4 I uttle,
Sprin | BARFERME, 5H , C: Sunspot [Zhuang: 17
e rocking back and forth
g % .
against the sun.
27 |BRAREOUELA +C A st i th
. A star was seen w/in the
Aug [tH sun C: Sunspot |Zhuang: 17
1665 |[HHRE N - '
K: “W/in the sun the douxing
16-18FEEtHEREE —+ =4 —|(either the Big Dipper or the
Mar |A TE#A (Unable to |Southern Dipper, both are  |C: Sunspot [Yau: 192
1684 |access source.) ladle-shaped asterisms) was

seen.”




Appendix C: Description of Supplementary Tables. For ease of use, all are excel

spreadsheets.

Supplemental Table 1. Excel spreadsheet of auroral observations in Appendix A and
observations from the literature. Column A: Year, A.D., Column B: Date of Aurora in
text format. Comments on exactness of date and if multiple consecutive days or
observations are recorded. Column C: Date of Jan. 1, 1900 needed for excel calendar
function. Column D: Month and Day of Aurora as if it occurred in 1900-needed for excel
calendar function. Column E: Year fraction calculated by excel calendar function using
information in columns 3 and 4. Note: this method of calculating year fraction is for a
365 day year. Column F: Basis. This is the basis used for the excel calendar function.
Column G: Year plus year fraction. Column H: First color of aurora, Column I: Second
color of aurora, Column J: Third color of aurora (sometimes a fourth color is listed).
Column K: Reference for aurora if aurora not listed in Appendix A. Entries highlighted

in yellow-new data.

Supplemental Table 2. Excel spreadsheet of sunspot observations in Appendix B.
Column A: Year, A.D., Column B: Date of sunspot sighting in text format. Comments
on exactness of date and if multiple accounts are recorded. Column C: Description of
duration of sunspot sightings.

Column D: Date of Jan. 1, 1900 needed for excel calendar function. Column E: Month
and Day of Aurora as if it occurred in 1900-needed for excel calendar function. Column
F: Year fraction calculated by excel calendar function using information in columns 3
and 4. Note: this method of calculating year fraction is for a 365 day year. Column G:
Basis. This is the basis used for the excel calendar function. Column G: Year plus year

fraction. Entries highlighted in yellow-new data.

Supplemental Table 3. Excel spreadsheet of number of low-latitude auroras in each
calendar year: calculated using histogram function in Stat Plus for excel.

Column 1: Year, A.D., Column 2: Total number of low-latitude auroras in that year.

Supplemental Table 4. Excel spreadsheet of number of sunspots in each calendar year:
calculated using histogram function in Stat Plus for excel. Column 1: Year, A.D., Column

2: Number of days in the year when sunspots were visible.
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