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Abstract

Climate variations in East Asia during the Little Ice Age are reconstructed using wind
records together with chronicles of weather disasters in Japan and China, as well as weather
observations from Okinawa in the 1850s. The results of analyses are as follows: (1) On the
basis of numerous records that remain for the southern coast of Japan and the south-eastern
coast of China, it appears that many rainstorm disasters occurred during the summer period
in both Japan and China. They usually took place one or two months later in Japan than in
China; (2) Observations in Naha show that, when air pressure drops considerably, wind speed
is very high and its direction rotates. Following unusual air pressure falls in Naha, strong winds
caused disasters in China or in Japan. It is thought that these events are linked to movements
of typhoons; (3) Increases in windstorm damage occurred during different periods in Japan
and China. This may be related to changes in atmospheric circulation. Cool summer periods are
observed around 1705, 1740, 1765, 1785, 1830, and 1845. The year 1855 marks a turning point
between periods with prevailing cool states and periods with prevailing warm states.
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Table 1 Gufu (Hurricane) day on the calendar in Tai-

wan.
H H i i
A o H A He g
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A +=0 ESFd 52005
1EH +#HH - s, 3
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Y| #—=H H 52 H f2
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= —+=H EAH e HEAT R
M H #IH 7 R
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AH +=H [ 7% B
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AH +AH WA UL
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~H e oV NE| - SCRFR I
tH +#HH S b
A w—H ey AL
JNH +#HH e L ek 1L
HLH +XH % R i R
HLH +H Bl Bl
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+H —+AH HE M ERE T
+—H —+tH WHE L e
+=H —+mA AR AR
+—H —+HH RANT B -
+=H e oV NE| P& &L
W% (1985), ik (1965).

1
! Chiang (1985), “Ino (1965).
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REICOWT, MBIt odXToflliiiss
BR$ 5. ZFIZEZFIIH L 755 mmHg (1007
hPa) & % 0, 4 2|2 % < 765 mmHg (1020
hPa) FEEL 2 24EE /LA LNS (K3 ),

2-2) REOCEREETERE

AEZEIHRICIE 3-4 HoRBURIE oL L)
KEWD, ZEOIFIE 10 mmHg (13.3 hPa) Ll
MIZE LT D%V, LL, LIZLIZAR
BRABEEALNS, LI, 185745 A 18 H
(213 40 mmHg (58 hPa) XL, [ H 16 K¢ iZ
13 721.6 mmHg (962.1 hPa) Z#itfklL 7z, Th
IV NER{DEED, ZOBMBICIZEISHE®
B BRRIEKTAALN S,

ST & W, JAm - BBl ST 5,
KEORF TR, WIJE4-512% 352
LWL, FlEo L AL, wWIhobid

—517—



0¢ 68 Ga1 1874 97 94¢% LE
1 WY

1 B WY g WY

T wEEE 1 el 1 WIOHY

z T T SOy 1 R

1 YT 1 VWY T DMWY

1 YYWE 3 WY a1 WY
I We 1 oWy 1 R I B Y
I S Wy 1 B S z Ry T W
I MW T e LA e 1€ VWY T W
I W T W T e 1 w1 W
I THW 1 WYTE T LAY 1 WEWY T W
I W T TERE A 1 WYRH T WY 7 BRI
T ik 1 WaE 1 N W 1 oy v BWY T i
I Yams ¢ WEY T Y HEWm 1 W1 EY 1 WY T N
T wamEy I WO T WEWW T SN T VHEY T HYEY T GEwN
I OWOREY T QU s HWWW T WEW G EMWY T EWEY T XMW
I WARE T R R ST AL R AW 1 BRWY @ S T NmYW
I AW T w1 oMWW S MWW T HEWY T WY T HYRW
g WEEN 1 YHpEE o1 HYWW T W T HWREY T WY 1 EHmwW
I CHEW T YYWE 1 WREE T w1 HWRE T iy @ W
I a1 WHY T EMYMREm 9 Wi 1 . VY T WEYE
g Yiam @ WA T R T SRWA 1 e B wewyY 1 RO
1 e wE 1 YEEH T YW T T ZHWY T MW
I TR T WEWH @ WEWW 1 YW T YEWW G YEEY 8 YW
I N T Y 1 Qs T e o T YmyY @ T
I AEE 1 WRWE G N T HWWE 1 SvEE T WYY € W
I W1 VR T W 1 MEWE T W T mEEWY T LYW
I DWW T wEW T o B HWE G e R W
I YW T MW T W o WE G W T REEWY T MW
1 YW T B T e w1 TYHW ¢ REMWY  § MW
I YWy 1 THW  ge YW T I YHW 8 HWY € VT
I YHwWE T ;W 9 e T W EW T T ;Y T A
I W T ) W T AUWw 11 W 0T WY T s
T A@w@v e A&w@v waw W wEw W W W W WY wEW W

eury) ur spurm Suoa)s jo seouereadde Jo JoquInu pue seweN g 9[qR],

WM 2 W E 036 W o [

¢ ¥

_
e}
—
Lo

_



NEHEAR

EEERSAR

ﬁﬁ@ﬂgé

0 250 500 1,000 km|
I I TR I Y N T | 'Y

1 D/«M:EPIO) 19 Ml DR SR E BT . HAGR LR B L O E = THEARREREL S L, L8 o FiT

WA L7228z R,

Fig. 1 Number of strong wind hazard records of Japan and China in the 19th Century. Data chosen from “The weather
data of Japan” and “China 3000-year weather record” used for the analysis.
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Fig. 2 Annual changes in strong wind hazards. 19th
Century, Japan: strong winds, China and Tai-
wan: Gufu.
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Fig. 3 Air pressure changes in Naha and days with unusual pressure falls.
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Fig. 4 Changes in wind direction and velocity at unusually low pressures in Naha. Observed by Furet (1856-1858, 06 h).
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%3 MWHORFLKEMTHEO HAR & hEOHRESKE (1856.12-1858.9).

Table 3 Strong wind hazards in Japan and China with an unusual air pressure depression in Naha (1856.12-1858.9).
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Fig. 5 Changes in strong wind hazards in Japan during the 18-19th Century.
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Fig. 7 Changes in strong wind hazards in Japan and Gufu hazards in China. Shown by 11-year running mean.
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Fig. 8 Changes in strong winds, floods and droughts in Japan. Shown by 11-year running mean.
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Fig. 9 Changes in strong winds in Japan. Shown by 11-year running mean.
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Table 4 Ship wreck caused by strong winds around Taiwan.

(U g HH T

1603  EE=T—4E T T v FRAETE I CRURC X 0
1641  STIU4E JLA ANRA VARSI CIIRIC X ) 0

1662  HElRg4E TEERAR S PU F TR & 0 $Ti

1665  HEREpU4E PR ICASI M CHREERLC & 0 2 AT ik
1667  HEEEA AT RARZ S ORI C RS & 0 T

1672  HEEE—4R * T VTR REICES

1691  HEFE =41 JH YL TR & 0

1717 HEERTLTINAE G/ AYE I RIS & D B

1721 HERRX 4R AA+=H AAE DSEETT G IS & 1) B

1722 HERESF—4E HH BRI ASHHLACER 9

1728  FEIEAME tH-MtH BV B I YT - KOS X ANk A
1741 FEFEANAE HRk AR DS 22 CIRUTLC X 0 B30

1750  EZRET AR UAN;| SEETRIAFRN I X 0 AR

1751 WEREONAE EH REETREIC X Y Eg

1757 W4 FH WA CEIC X 0 ki

1758  WiRET 4R WA ORI TS X b g

1765 R =4 JUAZ+=H VYL CIRERIC X 0 PR = T A Sk
1766  WkE=1+—HF  AH LML CORIENS X 0 AN B i

1770  WRE=THAE K S I TR X A

1784  wREWFHLAE S A ELHETE R CRJAFNIC & 0 AN e

1786  HZRETLT—AF Wil IS X #E

1790 WA THE  AHAH WA TR & 0 Bt B

1813 SBE T AR tH=+H VL THRLSE

1815 B4 K i FUBLCAV i B i

1816  mmE_1T—4F  AH Y[ AR Nerbudda 23&8 8 i TS & ) HER;
1817 B4 A e[ Ann 2S5 PG 7 TRERE

1832 T IAE AAZA+ZH KIENZ & 0 @il TR %

1848 WX H/E S FH Y Kelpie A EEiHiElE TR ?

1849 BT IUE Ye[E A Sarah Trottman A 55 [ 8 T A HR
1850 W= 4R YE[Ef Larpent 3% {8 55 TRk

1850 BED) ity i ANHTZH WK TR, IR0 %

1852 R TARE ~H JREJELLS & 1) (53 ML C A S 1

1859 B JuAE B KN & 0 @il THintE %

1860  JRE+4 AH WA IR XD AR

1864 [A{H=4E FLHMHA TR X b R

1864 [l¥H =41 (i3 ) el ANy L

1865  [l{AIU4E X JREJRNC & 1) S g C AR TL

1866 [F] 35 FL4F JuA e EAY Kuang Fong 7322 Ik C 1
1871 [l 147 AH+AH JRELS &1 {50 C M

1874 [F3G+=4E JUA+H WA THIBLTRLS X 0 BRI B

1874 BT =4E +THZ+HH AR LB T Y [ HEE C.MLS.NL.C. LA
1876 Ot T4E WHAHH WA IR X0 RN 5

1878  JhHHIU4E H TN X0 5 H /M R AR
1885 i —4F A AL E HifE Triomphante 25K 1LIBLUT—%5 2415
1885 S —4F hH Y [FEA Welcome 25K LI C— 5 (%
1887  JeHt+ =4 ANHMH JiEJEC X 1 S5 i C I SR Laptek HERE
1892 b/ AN ANHZHKH ] C R W 4

1892 iR +H+H BE M Bokhara 2SR X 1 ZEE G TRk

* g (1965).
*Ino (1965).

— 527 —



WiEgk e, HA L HEOREIEEOTER E 121X —
BHAOND s, WS ERRERIL L T)
DFEFTITHMEEZ BN D,

HA TR R AR JEE o 1 BLE, 1730, 1780 4
B L 1840 FEICHIRL T 5o —F, HEOM
JEE I 1720, 1860 4F U 7 &2 B 2 BN A A
bN%. HARDFREM & P EOREDMBLIL, 2
LA A L T %, 5RJEl oo IHBZEHIE,
ETIEL ) RCHARTIR I D BEWEHRDND 5 25,
B TT O PENZ ) DIFEFFITAT RS
JEASHER LS IR T 5 & S 2hhbl, W
DHARIZA D) OEHAR LB HBT 5 & &1
PhrbbEEZOND, WK EOBIHORER
HEHHBFHEE HATHRIT 28, FETD
JoGJEL 58 SEHE I AR 5 AU D VAR & B T) DR
Wby, HRTOBREIEDORINIAT-HE
SIEDOH R E BN OBBIIPPbELEZHND,

H A & v 5] o 5L 5 o0 2 B) O A A 5 13,
1705, 1740, 1765, 1785, 1830, 1845 4 tH |
ARTRAR B 3 2 S %o 1855 4F & Bi 12 1845
AEEH L 1870 SFEHOMBRIZMHE TH Y, ZOHD
AR DFET 20 SR O B2 I1E, FEESRO
AL b o THwbAIENEZ LD,

:

1) HULFFEBEE IR E R (2015) @ -4 H 74 JE 46t
[Academia Sinica Department of Information Tech-
nology Services (2015): 2000 Years China-West Cal-
endar Conversion. (in Chinese) *]
http://sinocal.sinica.edu.tw/ [Cited 2016/7/23].

2) Demarée, G.R. and Mailier, P. (2016): Furet_pre-
ssion_ atmospherique_v3. (1856.12.18-1858.09.30).
not published.

3) da Cruz, G. (1569): Tractado em que se cétam
muito por estéso as cousas da China, césuas parti-
cularidades, éassi do reyno dormuz. Hathi-Trust.
(in Portuguese)
https:// catalog.hathitrust.org/Record/009289700
[Cited 2017/5/3].

X ®

Chan, J.C.L. and Shi, J-E. (2000): Frequency of ty-
phoon landfall over Guangdong Province of China
during the Period 1470-1931. International Journal
of Climatology, 20, 183-190.

Chan, J.C.L. and Xu, M. (2009): Inter-annual and
inter-decadal variations of landfalling tropical cy-
clones in East Asia. Part I: time series analysis. In-

ternational Journal of Climatology, 29, 1285-1293.

Chan, J.C.L., Liu, K-S, Xu, M. and Yang, Q. (2012):
Variations of frequency of landfalling typhoons in
East China, 1450-1949. International Journal of
Climatology, 32, 1946-1950.

W GRS (1985) 0 ZEMFAL. hEEER IR (dLal)
[ZEfFE =/ 1], 1-246. (MM - 3% BRdid © =
EHFE. HHERZ (1685) 4) [Chiang, R. ed.
(1985): Taiwan Regional Geography. Zhonghua
Book Company, Beijing, 1-246. (in Chinese, first
published in 1685) *]

PSR - WEER R AW (1939) HAK LR
770p, fJ4% 103p. [Central Meteorological Obser-
vatory and Marine Meteorological Observatory ed.
(1939): The Weather Data of Japan (Nihon Kisho
Shiryo). 770p, appendix 103p. (in Japanese) *]

Demarée, G.R, Beillevaire, P., Tsukahara, T., Mikami,
T., Zaiki, M. and Tagami, Y. (2015): The story of
the meteorological observations of Jean Barthe,
physician on the French Frigate La Sibylle, and of
Father Furet, Apostolic Missionary in Okinawa.
Bulletin des Séances de Académie Royale des Sci-
ences d’Outre-Mer, 61, 469-487.

Demarée, G.R, Beillevaire, P., Tsukahara, T., Mikami,
T., Tagami, Y. and Zaiki, M. (2016a): Les séismes
a Okinawa: les observations du Pere Louis Furet,
missionnaire apostolique. Ciel et Terre (Bulletin de
la Société Royale belge d’Astronomie, de Météorolo-
gie et de Physique du Globe), 132(1), 2-10.

Demarée, G.R, Mailier, P. and Beillevaire, P. (2016b):
The atmospheric pressure observations by Father
Furet, Naha, 1856-1858. International Workshop
‘Meteorological Observations and Typhoon Tracks
in Japan during the 19" Century’. Seikei Universi-
ty, Tokyo, 182(1), 18p.

Hirth, F. (1880): The word “Typhoon”; Its history
and Origin. Journal of the Royal Geographical So-
ciety of London, 50, 260-267.

fRaesE s (1965) 0 22 LB . JIVLEE, 963p.
(B0 raEsEsE (1928) (k& #) [Ino, Y.
(1965): Taiwan Cultural Geography Second Volume
(Taiwan Bunkashi Chu). Tokoshoin, 963p. (in Jap-
anese, first published in 1928) *]

H Lk (20152) @ ANVKEIIIIO R T ¥ 7 O K2 H).
WK N FEER 2R %, 9(2), 97-116.
[Tagami, Y. (2015a): Climate variation of Eastern
Asia in the early Little Ice Age. Memoirs of the Fac-
ulty of Human Development University of Toyama,
9(2), 97-116. (in Japanese with English abstract) ]

H L3 (2015Db) /KM H > H ARSI 5 0 S B4 H).
IR N SR A 2, 10(1), 161-173.
[Tagami, Y. (2015b): Climate variation of Japa-
nese Islands in the middle Little Ice Age. Memoirs
of the Faculty of Human Development University of
Toyama, 10(1), 161-173. (in Japanese with English
abstract) ]

H R (2016) 111-16 O H RO KREE B OHIC.

— 528 —



IR NHFEERZBALE, 10(2), 205-219.
[Tagami, Y. (2016): Reconstruction of climate vari-
ation of Japan from 11th to 16th Century. Memoirs
of the Faculty of Human Development University of
Toyama, 10(2), 205-219. (in Japanese with English
abstract) ]

SEEMERF (1929) ZEHNE. 587p. [Taiwan Gov-
ernor’s Office (1929): Situation of Taiwan (Taiwan
Jijo). 587p. (in Japanese) *]

T B (1966): RN (D). Bocmbi: (Bdb),
870p. (WIIL - JhiE (1879) WAEEE [RMIFE]D)
[Rui, L. ed. (1966): Guangzhou Regional Geogra-
phy (1). Written Press, Taipei, 870p. (in Chinese,
first published in 1879)*]

RO (2004a)  HEETAERRRLERE B3

ARG E (1), BV (%), 1643
2670. [Zhang, D. ed. (2004a): China 3000-year We-
ather Record 3, Qing Dynasty Weather Record (First
Volume). Phoenix Publishing Company, Nanjing,
1643-2670. (in Chinese) *]

RO T (2004b) 0 HEETAELSRLGRRIE B4

RS SEs (F). BB (F5), 2673-
3666. [Zhang, D. ed. (2004b): China 3000-year
Weather Record, 4, Qing Dynasty Weather Record
(Second Volume). Phoenix Publishing Company,
Nanjing, 1643-2670. (in Chinese) *]

* Title etc. translated by Y.T.

— 529 —



