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R H &, LA Z R st i S T
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" H PR (R BN ROARIE) , AR SORFEXT SN i
TOYAL IR 7 T K I A A3 A IR 2 9 BLR A
SRR
23 ZEEMITE

AR SR TEARK I K A i 5 o0 s X REZK
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Fig.1 Frequency series of floods in China, 1736-1911
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3.3.3 1851-19114F

Jil T A B G E] (1851-1911), /K KAR U AT BT [m]
7, T 2859 Bk 4EE 46.9 Bk, 23K 7 81T
o X —BFBIR K I 2 K X 25 )4 ey B Ok A i
EAAE S), KL IR LA K K AT SR AT
TE B A i/ B IR T RE(3-4 90, 4Bt
DAL H R A K K R 22 e B X, AT X A
gt 2 o JEEB O XA AR A
FA K I 22 Jh IX S8 D00 3 ) 9 i S B AR AR
G k) R KGR K
34 TEZMER

A FiRgs R E U R (1736-1911 4F)
BN R 2 Kk X FEEPTELLIT X 4t i
KR 7 BRI 7K 3R T Ui SR A S B
e HETR] R U AV U SR (VLD JE T D
FEBA R0 S VR VLAY 5 LA 1 A BRYE = R D
AL A PR 2 & X, XM X FE AR ST
B R T N T 24 BAh, a0 Hi by
TR, AR LR IK ; A AR EE  HEAOR
W, INIT R B9 s NI RRB (A% Kk, RAG A Gy ¥
il o X8 R ZR B SR P e T KK 1 22 &, R AR SC R
KB ERIK K 2 K X )23 0] 43 A FF AR — BN AR,
MREARR B BN & A T W38 %, H a5 m
RGBT

IR 22 J X 1) 23 ) i 7% W] AR DXl 9 XU
FREE BYAR Bl , I AT A 25 30 9 3 XU BB AE SR T
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J gl R EK - (disaster) % 7% & (exposure) fllfH 2>
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£
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Fig.5 Kernel density distribution of flood frequency in China,

1851-1911
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3.4.1 FURET

IR GBI T 1T L 43S W KA 2 4
T SRR R, WA e 1 v [ P Rk 23 Tl A%
Ja SR —E 25, i h R IE & AT Ak
Pt FHRAFE2006)H 5L 25 500 4F i [F AR A HE 2
T B 825, Horh 18 22 F 19 4R B (o T
AR (35.00N Bt AIAE L (37.5°N) Y 26 8 5 L
53 )R 34% F1 41% , 328 8 i T [R) B RS 45 47 F 1T
(30.0°N)FIVL G L3 (27.5°N) 4 15 FE (4391 K 18% FHl
16%); 17 20 HE20 W 5 A OC &R L A8, [ o
FE R RER 17%, )55 BT 33% . FRAR IR IL , B0k
AR R R E . RIS 401
T T T T X 2% 300 AR FEOK T A s
18-19 a0 Wy Rk it b 3 5 T 20 &, (e 248/
RAF i BAE 1915 AE T, X — B RAAE L+ X
(ELHG A Z I T[] R F R 4 ) (R LA B Sy B
WLOB R =%, 2005), MIXF & ARRK, iR
SR (R AR K IR 2 K 1A

XoF PRI R e X E IR R —A
0 Z2 W (R Y 0 A R R, 18 AT 19
9 2 A KR T — A R A 0 e B (B 4
45, 2007), [RI LA 19 {20 5 FE A 14 ) BRAT
FRRET 18 ML RF =5, 2016), HEFR A9 H
i 22 AT T Ui XK 9 B 2 B, 19 281
X LU S 7K I (U 1823 4F | 1849 4F) 4 & A 7E S0
FMFFANETEFT o TR 0 RS R R RN A9 2E K2 5%
T AR YT NS R 53— A7k K (I E 2
MHZER, EREA, XE—HRKRERX,

FEWE Z A0, R 75 B X — A W T R g
KRR . X5 19 42 LR VT ok s 52
WL N E A PP, AR IR GEI T K R
WO(E T 1834 4E)BIE, 1976)F T kath . “ it L
KA@M o)L, TP, (K
TSR, - TCR S LS5 R (27 5%
HIFEH B TEF BRI SR T 30 1l Ll e B
PRI BE B, ARG T Ui T DX 55 7K 4 b, 114 i 7
B, S 3R OK SR & A AR - — T T K £
TARINIE, KoK ¥ 2 H & i R, &) T o —
D5 TR U BR A B E I DGR AR /N AR A TR
KPR T o 19 a0 K TR B A, 2 R 1 A1
AKAG LR AR 25 5
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X AL D W 3 S0 A — A B Rk A 78
A2 1855 41 A BT ] PURIICGE =4 , B AN AE
25700 Z2AF[R] (1) P AL HGE |, 17 40T PG 625 I T
NIFCARIRIESE, 2013), BLIEELTAFI], BEmE A7
WA R Wit X K 1851-1911 4F 8] fi Ky 1 35 1
KR F L Z—(F 5).

3.4.2 ZEEE

BRI E LW Z R AT B
A TS T A BURI(IPCC, 2012), 396 | 2 57 5 ik
/NG G RS CIE B, XA B — AN DAk
255 E AL Gert 2, nT A E R - 9 T 1Y)
A Ak ofe ) 2 i B R AT ] B B (O 1B B 45 L 2013),
i b7 s K 2 % XA SR I 22 5, 6 —
ERRE DS B A K, HlinsAuKEZRkE
PRYT 0 X, 7675 AR AR T & 5 B A HL A A PR
P4 [ 1 265 M AS QBRI YT, A Tl
BLAE TP AEERTT — N S5 B X IR, 7 [R) S50 B 17 7K
K2 ZIFEFERRTEN HAGFHIRT T

5 RIS, ZEAR SCRY RIS I BE Y, 14 22 X3k
() N sl 8 R LT & 7 =X 1 i 34, s
T DX X 7K T P 2 5, DA TS K XU B
ZREAME, XL S R AR, 7
i 3 ANRFAE B BE T U I K IR R A R TR
SN B AN, 3k @ SR T P Sk AR b
X B BRI A, BRAH ) B S0 i o (1) 45 5 (3
45 2009),

XTI FERK R Z Kk IX, anAede v, &
BN DRSS I ABAEA SO BN
HANTF & T A, B A R AR A A XA B, 3
TR T AR AR XS T K G B Wil AN 40 A< b B
s ARV Rl X LA TSR A
K4 b P S5E (DU ) S B A S8, B HEHE TR iR
Jiti () 7K I D R e, R 5% o8 B A TG N S A T
W 535 ST, 38 R b R 2R 8 4 T R R AR K K
2T XA 22 I K G KN B ZE
THBCAK R IREL

PUIVTICF IR 6] (5K [E 2, 1989), 18 TH40 3% HLAY
BE I FF A2 A i, B0 T SRR s i S, an
PONEA 26558, KITTEA 109 5E, 15 FHAM (A ilik)
K 136750, #EA 192D, Bk 9, X el AR
Y H, 5 ARG DO B K AR R Al B T
2359201~ (FEMEAE, 1993), 2 EAER], 450 E L
T T—AEARAKT o Pageit, DU E K KATR 5
FEARE] A 6 YK TRy B AR R A 17 U, Al Ak ] e

TR T 16 U 5E Y K a8 5t iAo 5
BA G B —AN5E KR G (1 4) . RS LR
AR T X780 PH A DX DA S v L A, 356 FH (O
58 PG 45 FR R 5T BT Al e i) 22 88 B, X7 19
JLERR SIS L 1Y &R N E=Y = M b ) v Ve I S
YEM .

3.4.3 stk

M550 RN Zp e, TPCC (2001 YK Hoag LR
“ RO Ty i 3 FIA A e IR A58 A A )
SN P FERE” , Gallopin(2006) K5 H: 73 2 73 4
—— U (sensitivity) AR W BE 77 (capacity of re-
sponse), Fij 74 X)L 1Y & 18 52 AN Fl] 52 W 1) 25 5 1
JEET T J 5 D)X R X S AN I i 1) BE T RN
TEJCF R MR R JEAH 22 AN Z TR T, X et 2
LRGN HEAEAR KRR L 732 i
FMIANREZRETT -

PIF AR K e 22 e ARG P R AL B (R A5 3R
SRR ST R | L AR — 3 AZ O 5 TR SR
) A, 2 DX A TR A TR R iR 2 300
AR R K A5 P T L X OS5 55, 2005)
R T 91 R e 18 22— W 2 i Z2 W 0, AH
M, X R 4 ] e W 3 K s 5 2219 28 i
et R S (BT SR AEAE—A~ S P 2 &
X5 2 19 28 5 2 i, B K B T [t (BA7 0 T
18 HH-2et, T b s > b A A J ok K ey, HK
PR KK 5 T 18 20 (A0 302 B R AFIR
AR (B /9 20 YR T 25 E DARE Y 38 1) FEEUK
R 5 (AR A B AR AR K
HI R A T T FEAE BL T, I RO = i 5
, FEURH T M 19 a0t S0 RGeS Y
Hahn .

TEMCHETRIBESE Y, DL fe AR Sy U
Febr, AP 18-19 20 2 A2 TE AR AT JE A6 i IX
PR 7 et e 22 IR 0 1) B (300 kg/(\ - 4F) AT
VAT A, G S A 23 (3 1 A — S 35 v i
A I BLOT BB 55, 2013); SR, T8RN
R SRR T BE (RS 88 B, (% ) i ] 1 RE 7, 32 1]
T BN WG AL, A T R 22 B I (Xiao et al,
2014), I ESS N 1IN, R A e iy =
H ¥z 7, 19t 2efedb P st 230 ) H AR, sl
R Bk Sk s T RCR TE S 5K TR, 11855
AR FURITR O 2 J5 BB R AR KR i
AW B SR R 2 SR IR AR,
J ok B SR B ST, AR IEK B HCE BE ) o
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BR, U] R AR B O, 2 M T I M XK K 2 Kk
PEE=S /1B e PN G 7 o A N S
B A ) i e il T AR AR ARG, 19 AR Z W
I A T Tl b — S A TR UK
AR, DR AR K (S5, 1989).

4 55 51He

A ST I AL - R &) S AR CR MRS RHE
G )y Iy L RAF IE SR, LB BUIX R T, B ARG
TF T 1736-1911 4F [] H =58 9 1Y 7K 5 % 2B b5 SR e
I A 2 B 43 B T2 X 15 321 19 8582 A~ 32 ¢ b #4
T2 A3, 3 S B0 T A i B B 3 AR AR B Bt
(1736-17954F [ 1796-1850 A1 1851-1911 4F) 7K %
2o AR IR KB B AT e K K 2 & X 4
SRR N 2, FEEBT

() WBRIKK Z K X EEEPAELLT XKk . ¢
| | 95 9 A T I o 1 1R 1 SO M Sl
Ui = O I ST A 3 — 25 [l A% Jay 5 AR A AE
— R 255, — S IR R i RS DX (AL TR T
Ji BRI = AN S KK IFAZ Kk, FERZ
TERFERE B 5200 (78 A TR) .

(2) B b1 T b A8 2 i ARUK 9 e AR i X
B, R R T AT L A 3 N REAE S B4 R S 2
Wit 22 & X, —J5 2 B T 18-19 42 S HiuAH %) 20
MH2e BARZ T, 73— I 5 19 403X —Hi X ph 23
2 R R a5 A G . B S BE A KR i
%08, iz Sl 1, X —E AR OB TIH R (R
B AR, 2001), {H AR [ 7K 388 22 15 R 7K 9 R AT AS
B R AE TR I 22 X R
FTRHENTLIEMN, 2016 4E7 H 09Tt 2Rtk
P o 1

(3) 18 HH 2 K YT I Ui b DX 7K 9K & AR AR R R
D A 19 AR K AT | ITIE T VLDOF A
TR0 B DX ORI JR1 300 1 i VT A5 2 5
Ui 22 % DX, HLR] S R 6 A A8 A 5 3R A AR i A 7K
2, NG BRI L TG sh B AE A SRR |
JnEE TR o

(4) 1851-1911 4 [A] & PY b X A7 72— D Re Ik
(7K Tt 22 K IX (5 ), A& R A, OB il
1855 AT (1) W TR 4] ELRA A 447 ¢, BT <3 R Tl
NI, T KRR 25837 R IR RE AL, 3L
B A — B LRz i . X — KK £
e DX BT AT A AT ) T K IO K

FAXS T LI RI ZEWFIE , A SCHE GRS Kb
A BT AT T — ik s SRR A Tk XK
K2 R DX 2 8] o3 A e Ak A 52 B BT UG R
JE 5 DX 1 AN [ g s B B A 25 TR Rk 22 57, IR
SRBLI AT 1 B0 25, X TR BT AIR Y
IK KA e WU X R B BAT — € S 7%
PrE e HA R ZALAE T 32 IAA SCRR BRI R, A
SCWTSE B9 25 6] RUBE PEBER WL, 4 52 K EL B IX A 52
N R AOEE AN AT RE S i 23 S — RE DR ZE 5 X T R2 R
R THE B2 , B E M, R Al fEm 25
FEZ AR A7 it — 2P I F R T A
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Spatiotemporal distribution of high flood risk areas in China, 1736-1911

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

Abstract: The reconstruction of spatiotemporal distribution of extreme climatic disasters in the past is important
for the identification of high risk zones at present, the prediction of change in the future, and improved response
to the challenges of climate change. In this study, information about historical floods was extracted from the
Qing History, and counties suffered from floods during 1736-1911 were identified year by year, which sum to 8,
582. Using the kernel density estimation method, spatial distribution of hotspots where floods occurred frequent-
ly during 1736-1911 was reconstructed, and the spatial differences among three periods (1736-1795, 1796-1850,
and 1851-1911) were analyzed with the theoretical framework of disaster risk developed by the Intergovernmen-
tal Panel on Climate Change (IPCC). It is found that the main high risk areas during 1736-1911were the lower
reaches of the Yellow River and the Hai River on the North China Plain, the lower reach of the Huai River, and
the three great plains (Jianghan-Dongting Lake, Poyang Lake, and Tai Lake) in the middle-lower Yangtze River
Basin and riparian areas, and the spatial pattern of floods was slightly different from the modern time. The lower
Yellow River and Hai River were the most significant hotspots where floods were concentrated. It was partly be-
cause in the 18th and the 19th centuries the annual precipitation in the North China Plain was more than the 20th
century, and the high vulnerability of regional socioeconomic system throughout the 19th century also played a
negative role in damage control. After the Yellow River changed its course in 1855, new levees were not built un-
til the 1870s because of social unrest and financial crisis, which led to a new high risk area with a banding distri-
bution along the course of the Yellow River in northeast Shandong Province. In the 19th century, flood occurred
much more frequently in the middle-lower Yangtze River Basin than the 18th century. On the one hand, due to
the change of Meiyu, extreme precipitation events significantly increased in the area; on the other hand, inappro-
priate agricultural development (such as diked field) led to rapid disappearance of natural wetlands and lakes,
which meant higher water level in flood period and more exposure to flood.

Key words: climate change; flood; spatiotemporal distribution; kernel density estimation; disaster risk; China



