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Z, WA ARG Wk AR,
R AR AT ™ 5 B S, R GE T
AR BIBEEE, AR ™ (oS0 28 42 il
BERHXT 5835, Gnfaf S ARG At 52 50T 50 0CE AR L
ALK E SR, T R T AR RO S 5T
Rt .

3Hh, AT T B A AR M TR
WUNEE b 5 BKCH 22 % IX AR =5 0] B i) 2R SRR AL
B EDUL A TR H e KU DX, I HO A X 22 5t
(R R PR EE R (B0 GO0 AR E R (BR) ,
AR R Sk — S EAE R, Rl T
[B] RUBERE R, AT LIRS T3 A 5 22 42 i) 8 ] 12 32 15 [l
ZWo HHTHE W A7E BN b Geit REHIR
HE TR S )23 B B AT A A Al AR I,
s ZEET XTI FE A 5 ] BRI 225 ) I8 Sk o 7 ik ok
i .

4 g

ASCRIFHCHE S - KR TPy 2 U85 SR H
HAVBE IR R 1644 — 1911 AF[E] FPE BTN 7 2K A5
KE 24 537 Lk, HEEBAEZ KBS FIH
B REAR L, XS RERARKE ORK, 7
PRI PEI L W) B A TR] O3 A R AR AT %1
W, I 2 R XTI gt 4 NREZ K
I BEA K F R I 5 Je 22 % X R AT T 20 A o
FEERWT

(1) VAR A SRR E W5 W] 2 i ek
FRIE, AL B B b sl , AR 30 4R 3l 1
(B, ATLAHE R 4 AN I (E I B (1644 - 1673 45,
1721 = 1750 4F, 1812 - 1841 4, 1872 - 1901 4F) ;
7 2 A ARIE H iy R e R K RO S (At il
80% ), HUCRMELK  FER M E, ML THAK
FRBEIME PR K E, X5 HHE" Lk
AT, KRG LR o A K

()RR TR 2 K X (R REE 3 9L )
FEZRTRP IR X G oA, Wi 22 41X (5 90) W4
TSI RS VT R N i R, X R B AT
(AU K30, MBS 2R R UK & 2 k) Rk R
FECANRSE . &3k ik) LR SR R
PRE A I B B 3 22 K DX A, TR R AR R 7R 34
IS VYL G, B R ), SR AR U E
A, Bt FER G VAL (B R i A TR
WP ), MR KEE AR R A P L CRAT I
ARFE L BT ), BERANG H I IR =
FNT IR o B

(3)4 AU E I BEAY R AP R & FIK 2 4%
DXCEPAT I 22 5o FLTR] LA (9 5 B0 T 56 &
W), ANV LRl B I BOAR X D K, R Z IR AR
ARG R EE A G, N8R X CE XU Y Z T L

THZETE A A M A W 17 10 3887 RO 2 19 40 SR 25
T8 19 T2 _F 2 R VTSR KA, A K
PR G 1 BRI Ui R A X R A
PERAE, X5 XN RE 22 2 40 e 55 P 04 B 72
A Ko

IR T AR 32 B TR oA T R A i A )
B TR R KE (EE TR ) 1Y AR 23 23 A
ik, Rl ER E 2 kX m ST, R0 1m
FHESBAA IR 2E 5, HBEFER, HARE
Ao 22 1A i U T~ D55 4 VT = A AR B R R
R FE R AR m KAHAGRNFEE . W
VOivik SNILIES: MR EANIND S W g v We 2oLl
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BB USRI 1 AN [R] A U5 B0 g S SCHR OB (1l
SERIRAIT RIS ), BEAT S [ 3 M ik ] 5 4%
LAl A I A 220 T 22 A X B R
MR AR S (038 PR A8 R R ik — 2 i F 58
AT RUCREEE FE LU AT T (1) X 52 1 S s 40
FI ARG I 23 73 A 1) SR RN SC IR 3R 147 38 4
ARSI 51 A BB GE A8 R X 52 0 J7 XA A
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i (fif 22 BE T 4 3t 48 38 9 53R B8 ) -4 T2 [ 23 B
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Spatio-temporal Distribution of Natural Disasters in China during
1644 — 1911 based on Kernel Density Estimation

XTAO Lingbo
( The Institute of Qing History, Renmin University of China, Beijing 100872, China)

Abstract: Based on the information about historical disasters kept in the Qing History, counties suffered from
natural disasters during the Qing dynasty (1644 —1911AD) were identified year by year, which sum to 24 537,
and annual frequency series of disaster was reconstructed. Spatial distribution of 5 main disasters (flood, drought,
locust plague, epidemic, and cold damage) was analyzed with kernel density estimation. (DThere was no signifi-
cant trend in frequency series, but fluctuation by phases, and four peak periods could be identified with 30-year
running average, namely 1644 — 1673, 1721 —1750, 1812 - 1841 and 1872 — 1901AD. (2Compared with modern
times, more agricultural disasters were kept in the statistics of Qing dynasty, which means about 80% of the total
was flood and drought, and then locust plague, epidemic, and cold damage. (3Huang-Huai-Hai Plain and Yangtze
River Delta were the most significant hotspots where natural disasters were concentrated. Flood, drought and locust
plague occurred most frequently in the former, while epidemic and cold damage in the latter. (@)The composition of
typical disasters and temporal distribution of all disasters varied in four peak periods, which was caused by physical
characteristics of disasters, exposure, and vulnerability of social ecosystem. These conclusions could be helpful for
the improvement of knowledge about the occurrence regulation of historical disasters, and provide important refer-
ences for disaster prevention and mitigation in the present and future.

Key words: natural disaster; spatio-temporal distribution; kernel density estimation; disaster risk; Qing dy-

nasty



