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Motivation

Reliability of Korean Historic Data

Journal of Atmospheric and Solar Terrestrial Physics 186 (2019) 139-146

Contents lists available at ScienceDirect

Journal of Atmospheric and Solar-Terrestrial Physics

< Periodicity of solar cycle

= Evidence for the solar cycle in the sunspot and aurora
records of Goryeo Dynasty (Yang et al. 1998)

= Sunspot and aurora activity cycle derived from Korean
historical records of the 11t

= Features of great minima in solar activity during the last i .
1000 years (Lee and Lee 2007) s e o et ot e K G T 5

= Solar activities and climate change during the last
millennium recorded in Korean Chronicles (Yang et al. 2019
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Solar activities and climate change during the last millennium recorded in )
Korean chronicles

Hong-Jin Yang®, Chan-Gyung Park™", Rok-Soon Kim™*, Kyung-Suk Cho™, Junhyeok Jeon"

* Kovea Asiromamy and Space Science Insciaiee (KASI), Dagjeon 34055, Repubitc of Korea
Chonbuk ty, Joonyu, 54896, Republic of Korea

18t century (Lee et al. 2004) T M T T T vt

ARTICLE INFO ABSTRACT

Goryeo Dynasty show a periodicity in good agreement with the well-known solar activity of 11 years. Korean
o ieidly sunspot records suggest that the solar activity in Joseon Dynasty decreased compared with that in the previous
~500 years. In order to examine the long-period variation of solar activity, we include Chinese historical
sunspot records in our analysis to supplement the lack of Korean records, and find a new ~240-yr long-period
solar activity from the power spectral analysis. Korean chronicles also have about 700 frast records during the
last millennium, We investigate these frost records and find a sign of cooling down that can be interpreted as
climate change during the last millennium. We also find — 240-yr cooling period from the historical frost re-
cords, which is well in accord with that of solar activity. Therefore, we conclude that the solar activity has

decreased during the last ane thousand years and also has a long-term variation of ~240 years.

1. Introduction example, the analysis of sunspot records reveals the long-term varia-

SR — tions in solar activity. Though the sunspot is not easily visible, there are
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Korea has a long history of astronomical and meteorological ob-
servations over two thousand ye.m These observations were recorded
in chronicles such as Sam; #32), Goryeosa (A M) and
Joseonwangjosillok mmzmlu hereafter, Sillok), and so forth.
Each of these chronicles has systematic and consistent records of dy-
nasties that were maintained for ~500 to 1000 years. The Korean
chronicles contain about 25,000 various astronomical observations,
such as solar and lunar eclipses, sunspots, meteors and meteor showers,
meteorites, comets, movement of planets, aurorae, and so forth (Park,
2008). Most Korean historical records are concluded to be actual ob-
servations through the astrophysical analysis. Typical verified phe-
nomena include solar eclipse, sunspot, aurora, meteor and meteor
shower, nova, and comet (Park and Na, 1994; Yang et al., 1998; Lee
et al., 2004; Yang et al., 2005a; Yang et al., 2005b; Lee et al., 2009).

Since the instrument-based astronomical observation began only
several centuries ago, the historical observations of astronomical phe-
nomena are important materials for modern astronomical research. For

42 clear sunspot records in Goryeosa, starting with 1151 CE (Kim et al,,
1451). The sunspots were mainly recorded in Goryeosa and Sillok,
spanning around one thousand years. Yang et al. (1998) and Lee at al.
(2004) found that historical sunspot and aurora records in chronicles
are real phenomena and show the well-known 11 year periodicity of
solar activity.

It has been well known that the solar activity is a major factor of
global climate change, since the solar radiation has a great influence on
the earth temperature. Gray et al. (2010) summarized the current un-
derstanding in solar variance, solar-terrestrial interactions, and the
‘mechanisms determining the response of the Earth's climate system.
Recently Thiéblemont et al. (2015) compared two multi-decadal ocean-
atmosphere chemistry-climate simulations with and without solar for-
cing variability and showed that the 11-year solar cycle synchronizes
quasi-decadal NAO (North Atlantic Oscillation) variability intrinsic to
the simulation. Korean chronicles fortunately have valuable sunspot
records for the past millennium while the observation of sunspots in the

* Corresponding author, Chonbuk National University, Jeonju 54896, Republic of Korea.
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Astronomical Heritage of Korea

Period Dynasty

Stone, Bronze,
30C BC~ AD 2C
Iron Ages

37 BC ~ AD 668 Goguryeo (S 9E)
18 BC ~ AD 660 Baekje (BE)
57 BC ~ AD 935 Silla %)

AD 918 ~ 1392 Goryeo (58)

AD 1392 ~1910 Joseon (EAf¥)

|

Astronomical Heritage

constellations in dolmens, menhirs, and
burial accessories, observatory(?)

~ 240 astronomical records - =B 52 5C
constellations in 25 Goguryeo tombs
observatory-Cheomseongdae(fg£ =),

sundials, etc.

~ 5,000 astronomical records - B
constellations in 9 tombs

observatory-Chamseongdang(fg £ &)
~ 20,000 astro. records - Eifit TEAE &%
observatories, astronomy books,

astronomical instruments
stone star chart (KRR X0 E 2 [E)




Korean Chronicles
& Astronomical Records

KOREA (57 B.C.~A.D.1910)

- Samguksagi (57B.C.~A.D.935) : ~ 236 records
(=B EE, the history of the Three Kingdoms)
- Goryeosa (A.D.918~1392) : ~ 5,000 records
(ZEEH, the history of Goryeo dynasty)
- Joseonwangjosillok (A.D.1392~1910) : ~ 20,000 records
(EAEt TEAE %, the annals of the Joseon dynasty)

» astronomical records in each books covers ~ 15-30% of total articles
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Historical records & implications

real observation records : astronomy, ancient culture

- Solar & lunar eclipses > AT(variation of earth rotation), nutation,
interpretation of history(position of obs.)
- Sunspot & Aurora - solar long-term variation, global climate change
- Star explosion - epoch of explosion, physical parameters(d ,Mag. etc.)
ISM, stellar evolution model, characteristic of star
- Comet, Meteor (shower) - evolution of periodic comet, environment

of solar system, interpretation of history

Historical astronomical records are very useful in other fields
as well as in astronomy




Historical sunspot & aurora records

-Korea and China have a long history of records of Bf-7R5g RI&
-In the western, sunspot was discovered in 1611 by D. Fabricius
before than only two sunspot records in Russia (14C)

Using the historical records we can know the solar activity of the past

-In early observations, sunspot referred as black spot (&)

and aurora is Jeokgi (%) or red energy

Sunspot : 28BC (China, Han dynasty) / AD640 (Korea, Goguryeo)
Aurora : China 950BC(JE)~AD1747 (294 records)

Korea 54BC~AD1910 (~800 records)

Japan AD620(Shotoku)~1747 (50 records)



Sunspot records

Goryeo dynasty (AD 918-1392) : Sunspot (42) & Aurora (232)
Joseon dynasty (AD1392-1910) : sunspot (17) & Aurora (601)

-1151 03 31 HHHRBFRKIMEHDN (eggs)
-1171 10 20 BHZEF XKtk (peach)
-1185 03 27 BHEZREFKIME (pear

Sunspot size ? no< plum < egg < peach < pear

- Joseon Dynasty was in succession to the former Goryeo Dynasty.

- Although Goryeo was replaced by Joseon Dynasty, the astronomical
government office and astronomers succeeded in the work of the
previous dynasty and continued to observe astronomical phenomena.

- Therefore, Korean historical observations were recorded in chronicles in
systematic and successive ways.
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Auroral records (Wang et al., 2020)

: sunspot (17) & Aurora (601)

Joseon dynasty (AD1392-1910)

[shun zhi san nian bing xu] [er yue er shi san ri]

Emperor Shunzi, third <mmr:wmoosa lunar momth, 23rd day [=8 Apr 1646]
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Aurora Statistics

(a) 200 E

the majority of the auroral records occur
between 1,500 and 1,800. There are
scarce records before 1,500

Number of Records
=
(=3
5}
T T T T T T T T T

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

(b) Year

the seasonal variation of the records. A
peak of the occurrence of the aurora
appears in the March

Number of Records

Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Nov  Dec

( c) Month

fewer records around full moon and more
records around new moon, possibly
because the moonlight influences the
visibility of aurora by naked eyes.

Number of Records

1-3 4-6 7-9 10-12  13-15 16-18 19-21  22-24  25-27  28-30
Lunar Day



Sunspot and Auroral records

Goryeo dynasty (AD 918-1392) : Sunspot (42) & Aurora (232)
Joseon dynasty (AD1392-1910) : sunspot (17) & Aurora (601)

— Sunspot size (Magnitude)
 1: Black gas-like structure
o 2: Spot

3: Plum

4: Egg

5. Peach

e 6. Pear ‘

— Aurora extend in direction, length, and
duration for red aurora (Magnitude)

« 1. Vapor

2: Seen at any direction

3: Seen at any both direction / till dawn
4. Describe the aurora in detail

5. Seen at the whole sky
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Historical Sunspot records (918-1392)

number distribution of sunspots is well match with the solar activity
during the last one millennium.
indicate that solar activity decrease last one thousand years (918-1910)

10

Goryeo Dynasty Joseon Dynasty
M AD 918 ~ 1392 AD1392~1910
o —
7 13
(Little Ice Age)
1 <
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Study 1: Short term solar cycle (918-1392)

Fourier spectral analysis

— 11yr solar cycle in the Sunspot and Aurora data
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Study 2: Long term Solar cycle (927-1905)

- Korean sunspot records (1151-1743) are not enough in number to
Investigate the long-term variation of solar activity.

- Add Chinese historical sunspot records (918-1910) to the Korean records.

I | | | l [ | [ | T I T I | I
Sunspots (927~1905) 240-yr
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Power spectrum of Korean and Chinese sunspot records in the last millennium.



Observation of natural phenomenon

- In Korean chronicles, there are amount of meteorological phenomenon such as
Drought, Earthquake, Frost, Flood, Rain, Hail, Snow, and so forth. (Fig. 4)
- In order to know the solar activity in detail, we examine the ‘Frost’ records,
which can reflect climate change.
- Korean chronicles, Samguksagi, Goryeosa, & Sillok contain the 38, 48, & 667
Frost records, respectively. (Fig. 5)

T

The Three Kingdoms Goryeo Joseon

|
|
” 250 (Samguksagi) (Goryeosa) l (Sillok)
B ® :
§ g 200 | /|I
- oS |
o ‘: |
o 5 150 | |
£ 3 |
3 € 100 | |
= |
50 :
/—\_[—[_-r
% 200 400 600 800 1000 1200 1400 1600 1800
Year
Fig. 4. number distribution of meteorological Fig. 5. number distribution of Frost records in

records in Samguksagi (57BC-AD935) Korean chronicles (57BC-AD1910)



Study 3: Climate change from Korean Forest Record (927-1905)

Historical frost records observation dates of the last frost (Spring)
and the first frost (autumn) reflect the temperature at the observation sites.
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Study 3: Climate change from Korean Forest Record (927-1905)

- it is not easy to confirm the climate variation using only the frost records for the Three
Kingdoms period due to insufficient records, we need to examine more meteorological
records which can be climate indicator

o0

Month
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- Two notable cold epochs in the early 15C and the late 17C
- Length of frost-free period gradually became lower from Goryeo to Joseon Dynasties



Study 4: Rainfall and Snowfall records from 1625 to 1907 in Seoul

- Rainfall was extremely low during the Maunder Minimum
- Annual snowfall frequency decreased significantly
- First date of annual snowfall occurrence postponed

15
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- Decrease in solar forcing weakens circulation - less moisture in Seoul
- Extreme drought in Seoul during the Maunder Minimum (Wang et al., 2023)



Summary & Discussion

= Korean sunspot records Goryeo and Joseon dynasties, dating AD 918-
1910 indicate that solar activity decrease last one thousand years.

= find the correlation between Frost records and temperature and also
confirm that temperature gradually decrease last one thousand years.

= Sunspot records in Korean & Chinese chronicles show ~240-yr periodic

variations and Korean meteorological records show similar pattern

- solar activity have substantial effects on Earth’s climate : solar signal

. ~240-yr solar periodic activity (new long-term solar cycle !)

Korea Astronomy & Space Science Institute
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Tree ring data : warming trend
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Frost records and temperature

The two cold epochs also appear e 1% ]
in the plots of frost observations 10— S o o |
in four provinces of Korea. ' |
These frost records also roughly
show that temperature decreased
during the Joseon Dynasty.
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on of solar activity.

- Adding Chinese historical sunspot records to the Korean records.

We collected the records of sunspots in Chinese chronicles between 918

and 1910, which correspond to the Korean Goryeo and Joseon

Dynasties. These records are from the ‘General compilation of Chinese

Ancient Astronomical records’ (Beijing Observatory, 1988), and there

are

134 sunspot records in total during this period, actually spanning over

927-1905.

Meanwhile, the Chinese historical sunspots are advantageous in finding

long-period signals because of a lot of records over a long period of time,
but they do not contain the reliable short-period information, not showing the

11-year periodicity of solar activity. Therefore, in this study, we use the

Ity.

eIa™ 2

e sunspot records for the purpose of finding the long periodicity of

2
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