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Abstract; After collecting, interpreting and analyzing the historic material of drought disasters in Beijing
from 1425 AD to 1643 AD in Ming Dynasty, this paper covered the grades and reasons of drought
disasters in the study area. As the results showed, from 1425 AD to 1643 AD in Ming Dynasty, there
were 160 drought disasters which occurred once every 1.37 years in Beijing. In this period, the numbers
of the slight, moderate, serious and extremely serious drought disasters were 44, 54, 54 8, and their
frequency were 27. 5% , 33.75% , 33.75% , 5% respectively. We can divide this period into three
stages. The first stage was from 1425 AD to 1509 AD, the second one was from 1510 AD to 1579 AD,
and the third one was from 1580 AD to 1643 AD. The outstanding features of drought disasters in Beijing
from 1425 AD to 1643 AD during Ming Dynasty were frequent drought disasters and higher draught
grades. The main reasons were drying climate and frequent draught climate events which indicated that

Ming Dynasty was a drying period. According to average precipitation of modern times, when the serious
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drought disasters occurred in Beijing during Ming Dynasty, the annual precipitation was about 390 mm.

When the extremely serious drought disasters occurred, the annual precipitation was about 230 mm.

There were 9 draught climate events occurred in Beijing from 1425 AD to 1643 AD in Ming Dynasty,

which brought great losses to local residents and caused turbulence.

Key words: Beijing; drought disaster; Ming Dynasty; drought disaster grade; the drying climate;

draught climate events
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Fig. 1

Change of the grades of drought disasters in Beijing area from 1425 AD to 1643 AD in Ming Dynasty
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Table 1  The drought disasters grade in Beijing from 1425 AD to 1643 AD in Ming Dynasty
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Fig.2  Change of the occurring frequency of drought disasters in Beijing area from 1425 AD to 1643 AD in Ming Dynasty
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Fig.3 Change of occurring frequency anomaly of drought disasters in Beijing from 1425 AD to 1643 AD in Ming Dynasty

3.2 FARMIFEUMETFERELEMNK
3.2.1  BIREST A ESHE S
MR/ CRETER LS HEW N
FE WA, ARG T AR 1425—1643 4t
B IX LU R, LA 10 4E R 1 AR UREE ST RE A
RE y=dp(x) eV, JTLULEFEK—FE " (x) =
$00,(x) € d=span| by, | ] €ROSi<n,
@ RV IHN—ADTFEM S (| -, ||, =¢r3pi(r_1) If-
d) ||2’§\ I(CO‘P ’CljF ’...’Cu*) = ||f_¢: ”;’ﬁ I =

(CO* scl* ,"',C”*) :ICI.lEi211<CO,Cl,"',C”> :(¢_y’¢_
y) = [ié“ocid)i =Y, ’_’:Elocid)i _y} = é"ojé)cicj ( b, ‘;bj) -
23, (di,y) + (1,3) =C'6,C =2C"Y + (y,y) =
I<c)s;gx:l:':‘:cz(CO’Cl7“'7Cn)T’Yz[(qu’y) °
(d1,7) (b)) 17,6, = (b, b)) . HIERE(H
AL A ,2001) AR, A R KRBT (o) B B
IME, SR E R MR CT R
GC=Y W i 10 &, H G, = (¢, ¢,) =

é(bi(xk)d)j(xk) =



536

HBERIRET 241

2

d)o(xo)
d)l(xo)

d),.(xo)

d)O(xl)
d)l(xl)

d),.(xl)

$o(x,)
¢, (x,)

¢, (x,)

d)o(xo)
d)o(xl)

¢, (x,)

d)l(xo)
d)l(xl)

¢, (x,)

d)n(xo)
d)n(xl)

¢, (x,)

=A"A

R R A N ATAC = ATy 3 1 R Ut
TR CT L IR RIS R, . T
WEN: =(d" -y,d" -y) =(y,y) - (y,¢") =
(y,y) =Y'C",

3.2.2  TRERERERKMA I

NHHN BT SCT 5 TR A, 7T L
ELULHE M FRA TR I 1425—1643 AERARAL S X T
SRICEINRARAE 10 RS T AR bR (K 4) .

LA T2 B A5 2 BE NS T 5 A b e A bk
PO BRIE B R AR B Be . B4 R, A
FIAE eI JbE X ALY 1425—1643 AE 2R A4
TR S S B S U B Bk g RO AR R W] R 3 A
BB,

4 B 1425—1643 FI TR FEREN

JoAES|
4.1 BAKERTURESTHEARHNZMN

e SCAIFSE T A s R SR B, 45 A

1

1941—1980 4FAERE K & 1 Z P sh i 42, A\ 19 i
70 70 AR AR 90 AR H A KL 20 fiE4E 50 AR K
M AW 22,19 4 50—60 4EA% & 20 204 & 40 4F
AR K B /0 (VTR SC, 1985 ) o T 7 4 46 ok %o i
IKEYBEE I 11 a W8 F 500145 1 T 2RI 45 e
(EWIEE,2008) , FRATHRYE ARG % R
bRt ) XA SR R A, 6 JE 5 X AE
1959 4F & A2 4 R 5R 0, 1989 4E Il 1997 4F & A K 5
I, G AR R K 2 B R 2D 5N S,
RS TR B AR AR Y A UL T 2K
F() K SRR DA 5

Sy ik — 2 Ay B U R R K Y SR
2, R RS R 2 O I = R R A A
1951 4E % 2000 4 b &5 Hb X 4F B K &8 5 508
DL R B R 4 9 E R Jb 0 B ) 3 im R+ 2
AR AR, AT A4S B L 5T M X AE 2 U6 1951 —
2000 4F & A 5K B AR BEOK I 5 5K GE Ok
#(K5),

e e p ey p e pd oyl el ey

4 285 WEIAAA IS IIE AT XL 1425—1643 4E TR ARk
Fig.4 Drought disaster changeable curve after 5 times’ polynomial fit from

1425 AD to 1643 AD in Ming Dynasty in Beijing

800k o FoK & -« BREY

— - - * 14
= i

5600- *X - * - *e o -*

il

_\@ B -2
Q&L‘OO-H u ” |]

200 H.[I. H””” Al I]{o
— NN~ —=M IR —MNWnMNDO =MW NN — W0~ O
VN WV N N OVO O OO0 XD DN
2EEEE22 22222222288 FFT22233

Ay

Bl5  dEatiiX 1950—2000 ARAEREK 5 5L SRR LE
Fig.5 The comparison between drought disasters and precipitation in Beijing area from 1950 AD to 2000 AD



%4 MR F,45 IAR 1425—1643 ARJLATHE X T 2K F 5 R F AT 537

ATLAE Y, — B X R A 50, & A A
23 M BUAERE K B W) I T B A B 42, A R K o 1 s 20
M 7% (43.1 mm) #] 57% (351.2 mm) AR5, fil4n,
1951 45, At 5t XA B /K 2t LU 3 AF D 2D 21% , L0
2129, 4 mm; 1962 4F AR K & TGE AR 2 40%
Ly 246. 4 mm; 1980 4F | 4F F K i Lb & AF f 2
41% ,L3i0 252. 6 mm; 1997 4F | 4EFE K & 1w 4R
Ti/b 30% , 2y /0 184. 8 mm ;1999 4F | AEFE K 7 Lt
AR /D 56% U8/ 345 mm, HHCHENT SRR
T, AR K D S b s B AR 1425—
1643 4E TR FE R AN FEHA

i (B S) sPaA T AR A S ARG 43 e
RGIFE R 5T ) FIAL, 1968 AFb 5T b X AR %
K R A 221, 8 mm, KEKAE ) 3% Ff 52 1) 52
M), 38 1l B MR KR Bl ™=, e AR R, 1975 4F 4F
Rkt LR AR D 215.6 mm, KR RER T A
1975 4 8 A T2 1976 4 5 A ISZELL T 505,k
KAEAL 52,1 mm, HEAERIR /D 73% , 33 1976 4F
KRR, 1980—1981 4F | 4L AR K529, i
D IAERE K 43 91252, 6 mm Al 215. 6 mm, TS
o PRSI RREE TR, AN B 9 IRAR R A
AR FK A2 SR RS, 1999 4F R A FER 9%,
J Tl AT B K B LU AU 20345 mm , B 2R OK
Fb AR 69% |, & [ 1724 4RA B K il st AR B
ZERKaE iR AR, BRI AT, LT X RE AR K KR
PR AT R AR Sk 2508/ | AT Bk i — e 2D
200 mm LA I+,

BRRAESZEWREKREBBA LR, FRK
I SRR B LR A AR R R EY
TR BN ZERE KD # 2 FBOR KR,
I HAH DR BRI BRI 2, RAEE S w50 AR
R R A8/ 5 | T 25 K i i F B Ak, S 3K
TRRMEAE, FEAEREK SR AT, JLF

400}
E 360}
E L
= 320
; [
iﬂ 280t
Y‘\ L
2407

WA e A KR ARG R IR A,
4.2 BEKEMRE

Shy ik — 25 B T SRR R K R O R AR B
P 524 7 B B K 5 BUE, T R R AR
1425—1643 A0 50 b X 38 B¢ XK K A I ) 4F
REK o o AR R UG B2 5l e o i B2 4L %) DA
1951 4F- % 2000 4F 46 503 X A4 4F B K 8, DA X
(PEARG R E R, IR G ) XE AT 5A4F Al
R Al DA H 1959 41962 4F 1965 4F 1968 4F |
1972 4F 1980 4F 1981 4F 1989 4F 1997 4F . 1999
4 2000 AEAEFEIK B4 30 140.5 mm 366.9 mm
261.4 mm 386.5 mm 374 mm 380.7 mm.393.2 mm,
442.2 mm 430.9 mm 266.9 mm 371.1 mm, @1 %
B AR, AT LLA RE b R M X FE 1962 4F 1968 4|
1972 4F 1980 4F 1981 4F 1989 4F 1997 4F 2000 4F
R T RELU, o 1980 4FE & 1982 4F 144k 3 4F
5 U b st X i e AR AL TR s X, LA
JC A X R e o E, 1997 AR R B K = FiE R,
1999 4F 4 A 4F 7 UL 1Y K 5, AR B K & ik T
300 mm, M 1992 4E#L % 21 429 /A ELE 11 4F
IS & SO TR R K % 544 16
AE(ATT 1472—1487 4F) (EH##1 %, 2001 ), [A] B
GuitAR i AL HBIX 1965 1999 4 & A FF R 2%,
AEREIK AN 2300 mm, HIEATDLE H, KB K L AL
I A AT 24 B K B — B 390 mm 22 AT, TR OR SR
RAEARE AR Y K i — M 230 mm AL, BP9
DA 0 S AR T R AR, AR AR T R
AP35 [ K B AT AR T, AR 1425 —1643 4EdE 5T
i X KRR R K A ATy 3 BRI AT 38 K R
390 mm 25 A7, R R 5 R R AR AR 0y (1 AT B4 R K G
9230 mm ZE A7, R ERT )2 R A2 AL 5 HE X B AR
PN S SN s e e o R 1 KA 5
K (E6),

2001

e e i —

s s s O s

K6 Abati XHIQ 1425—1643 4R R R G RFR TR A AR B X AR K IR E
Fig.6  Precipitation restored in drought years from 1425 AD to 1643 AD in Ming Dynasty in Beijing area



538 HBERIRET 241

2

HE 6 /9 6 IRALG Zn] LLE H, Jb 3 1 X B
R 1425—1643 4 322 9¢ X[ 4F B 7K it 5 3120 1 106 ik
AR, L HAEWIFC 1425—1643 4E ] J5 1, MoK
BRIRDS /D | RIS I AR T T, 520 A T AR
BRI ERIE TR SCOC Tl Rt L IX AR 1425—
1643 AF5L R BB A8k 73 AT
4.3 SBRETEFMTFESESEGEHNZM

AU 5T 1 X W Y AV T B e e U e, &
IR TIRZIN, EERREWEZRKEMN, &
TR, ZRV, BRI, R 22K, B
Tl b D LTV () AR R T A S e, b i X
() SRR 22 () 205 B 1) JHL Al b X 22 5 245 22 (il e W
HIEEE  2005) , WG 1425—1643 4F 4 T3 [ 500
ARk e Sk FE VR Y B DU FE S M I (B AR,
2001) , IZIHHIAMEASL LLFEVS A RRAE , 1) LA H 7
WA TR KA,

FRFE 1 8 SOk, FRATT A 75 b 5t s X B AR 1425—
1643 AETEAR RV B S5 5 T AR =R T
BRI 9 B, 5 5 JE . 28T 1472—1487 4
1521—1524 4F | 1526—1533 4F | 1538—1543 4F
1572—1591 4E . 1598—1604 4F . 1614—1624 4,
1628—1631 4F 1637—1643 4E,

51 IR RS R AW \AE (1472
AE) B A A (1487 4F) L, db R X % B 16
AR AR R AR, 1472 4R < ek
H_HZEWMHAARW, T35, BORMEA, 1270 K
T W RYLIE, X2 4 R 5 K kA i B BAR
FHER bR, BT AR, B R, (AT 9K 02 “ FE R
WA, TR, RAWA" K RHK, AT 1479—
1481 4, I 3 4FIELL R0, “ ARG, Sl R
FMBE BRI ST NEAHDT; ZEKF kM
5" (SRR 2004 ; i w0 W FNG8E,2005) , Al L,
FRACATE (]33 YR 7 SRR LRI Rl Bk > ek A2 6 I
KERK T PR K FK AR IE AT SCREK SR, AT )
FE HIZ D X Y B AR B K E 310 mm 2 390 mm 2
i), S

52 T AR S A AR W IE 1R oS AR
(1521 4F) 2355 =4F (1524 48, Jb ot X % 5 4
AR 2 I FFR R 1 IR, ATT 1521 4,
“MRFIF AT, 3] 1523 4F R FF TR A, K
SN B, BUDOR, AR T B, VLR B, i 3R

T, UAERKAE R RF “ PRARBE & Bt Ak vl L™ (k7
,2004 ; 3 55 WA EE L 2005 ) AT UL X A A DY AR
RN RIS,

553 W B A K R A W 5 v LA (1526
) BT AR (1533 4F) b X R 8 4R &
5 WREK, ATC 1526—1528 4 JEL: = 4F KR
9¢, Horp 1527 A R« SBAE BB S0 kL
(KFE—,2004 ; 1 72 KIFT I EE , 2005 ) AR 45 B K
PRI 2 X Y B K 4 B 7E 390 mm AR, in Bk
BRI BHUE Y R FYER L A

54 T A S R AT W 5 LA
(1538 4F) B vl — 1 Z4F (1543 4F) , At T i 2 6
L, ZFEHZ DA E R T R H, 2 XL
ARG 8 1T H SRR AR I AR ™ 8,
TG 1541 4R IRRRF U H A5 TS KT 7 H 5
S RYL; A CIEHCR” (HRFE 2004 ; i
WA, 2005 ) AT DL, AR B B K R PR AR
ALY I A AR R K B AE 390 mm A2 47, SR T
[ At 5 SR 175 R W U BRI 2R (55 55, 1998)
— H LG P (T | T X S B Y

555 TR & AR A B S AR (1572
) BT JUAE (1591 4F) |, i 0 4 F /I vk 30 i
FEV By BRIk 2 B AR X IR AN B, U ATl X i 5
11ARE R 6 R R, HAF TR, X A —
HHIRRTR e E S AR K RIS AT
1586 4F UK “ &, A5 vl W, PO H %7,
Lok Kgi B e, AN, B PRE 2R
Ball, WEHFES. WA RS, R &AL ]
] oo FURFIUEE” L AU BTHBIX Y 52 A X — AR L
TR IR, BT AR, A XS B AR TR
W7 SORCREUR, SRR R R (IR
2004 ; i 5 MIFTIEFEE, 2005 ) o HoAth DU R 5 2
DLSCRE A AR 11 A5 v (] DBy HF 30, AR 4 R K Pk
2z X SRR K= AE 310 mm A4, o E—IR
T AR S ek D | SO AR ™ A A
H DX FE I

Fo T RABFMRAEREWT D Z R4
(1598 4F) B U1 =1 ZA4F (1604 4F) , JbaTHLIX %
BT RE T IRRER 2 I RREK, X = IKE
KR FHRELE ZAFNIELL K ER, ATT 1599 4F,
MR K R =2 T, AR



%4 MR R, 45 AR 1425—1643 ARJE AT X T 2K F -5 R F DT 539

DABC BRI 52 =A% . 1600 4F & AERER XK,
“HERGAREAE AT, KRB R EORYL, A
PR o AR LR < A Bk Al W0 0, — 228
Fi, RANINAE | 58 B IS ) B g - JE AR R B
FEIOHE” (FRAE 2004 ; Y TR FTEEE 2005 ) , b5
X PR AR R R R, BRI LAE R K R
RERREAZ HIE IR R AE K SR E 1 H
XY B AR R K S AN 258 40 390 mm , PR 52K )
1 (TR s | I S o N3 N S N sV = S
BRI T H Y,

57 T RS R AW T Dy AR
(1614 4F) B RJFVUAE (1624 4F) , L HIXE R 11
AR 6 IOREK, 1T HNATT 1617 4F 2 1621 4F
LR 5 AR RAERFR , AT6 1617 4F,“ 75 H i i
Uy" 51618 AR “TEEARE , B H 57 ;1619 4F UK
“HHEE1620 4,408 L NHA BRIV E, R
JAE” 51621 47, “3f[a] LLb — 2 R Fh, FIRATW, K
st B, BEX A, BB H e (5K, 2004 ; i 58
NIFIE3E,2005) . 7R BH ., Jb 50 L X 2 B A 3 AR AN
MRS A MK B 310 mm 2247, FRV 2D, 7
I R R R R A WA S
— AR AR KRB AR RRIA:

58 T R F A R AEFE WIS AE (1628
i) BEEBULAF (1631 4F) o dEatHbIX 4 4 KRB KG%E
o AT 1628 4, “ AR T B, BUM L OR T, B
TP BOR AT 20 AR, R« =Rk, B2 A
W BORBAG” 51630 4F R F“ HEZE, HHAR
W, KRS H 51631 48 R T “ B E A, # 5 H
B R R, AP a4 (5K A8 2004 5 1 v W
B ,2005) , KB AT 500 LB R A XD, i
T 5,

59 TR F A K AR TR W SR BT 4R (1637
) BEEWTTISAE (1643 4F)  JL Rt HBIXGE 5 7 47, 3t
KA 2 R FK A 2 A RE9% ., A TT 1637 4,
CHUTARTT, ERR” AR, “ UK IR, 2 =K
g R LR (9K 2004 5 3 5 W) 0GB
2005) , KA AE RIS %, 7™ 52 Ik AR R AR
77, 1640 FFEH 1641 4F 2 4F KR R E S, AT
SERMURAE MR R /K K AT, b DX > B A A R K o
NOZAE 230 mm A2 AT, AT H R X B
T ks B, AAHET BRI

WRIGCTE = TAERR D B E) MO RIS
PFERM . AT EY Gt , It X AR 1425—1643
AR A 29 IRTRER, Hh 2 4RI 5 7 1R, 3 4F
HERS WK, 4 FER 4R, FIER 2 IR,6 FER3
W7 AFER 4 R G8AFER 1 IR 11 AEESR 2 1k, 16
R 1R, el LA H b st XA 1425—
1643 4F TS R £ | i Hd 4 1% 5
YR 3 WK, 3% R BRI i IX B4R 1425—
1643 4F T 50— KAF i, AT 0L, B4R 1425—1643
ARG 5T b IX 34 5 ] A8 4 5 BB K s e 13 B
R 1425—1643 AFb 5 1 X S5 AE 2 A8 T, B
oA S Ao

5 it

S LT, v A BN R 45 E

(1) BIAR 1425—1643 4FEJ0 a0 b X AL 8 A T 5
JE 160 W, T4 1.37 kA 1 Ik Hrp g 4=
BRI 44 W, HRR BB 27.5% s RAETESR
W54 K, 5 FR BB 33, 75% ; K&K FK 54
U SRR B 33.75% 3 RARRR SR 8 K,
TR BB 5%

(2) WK 1425—1643 A db 50 b X 525 A2 4k AT
R 3 BB, 1 AB B 1425—1509 4 E R
AL 60 UK, B 1. 42 AR R A 1 IR, BB 2 B BLTE
1510—1579 4, A A B9 49 Ik, B 1,43 4E KA 1
W, 553 DBYBE 1580—1643 4F, H &k 1k Bk 51
W B .25 AR RAE 1 IR,

(3) AR BUAR T~ 5 AR S 4 B K o A 4 W, b o
X HIR 1425—1643 4F KRB RK L EAR Gy EERIX
FIAE IR K B 390 mm 2247, 5 K S0 & AR
PRSI o 230 mm 247, SAEAS T, 4R FEK
I G X AR 1425—1643 AT RK
R AN FBR | I HLRFSE K R 9O R K F
W — M K B D s Y R TP E TR
KENRAZ 52 NI R K S B YA C 17X
N E SRR I A

(4) A4y b Sk ic 28, FRAT1f e bt i X AR
1425—1643 IR AT 9 W EH T RAMEE, 535
HUBETE 23 JC 1472—1487 4F 1521—1524 4F [ 1526—
1533 4F  1538—1543 4F  1572—1591 4F 1598—1604
4F 1614—1624 4F 1628—1631 4 1637—1643 4F



540 HBERIRET 241

2

S 2% Uk

BR)HE. 2002, JbHTHR VDA 2 S AR A SR AR AT ]
1 EPPEE 22(3) :210-213.

EET, AN, BEE 2001, BEAHEIEIM]. Jb5.
Bl L, 81-87.

W SC. 1985, db U AR ABERSN [J]. AL, 5(2)
129-137.

BRI, 2001, dbatHh X iELE TR ML R R[] b5k
I ,(3):21-22.

LY. 1998, WG RS A SR K E R [ I ], 4[5 Ly s Ay P
A, (1) :19-32.

KiEF. 2003, TRIM]. JbE. AL R

FWAE, DatH, R, 25 2008, JLETHIX R A 2 ~ 3 4F
R[] kS, (3) :4749.

SR, i B 2005, TESRKERI. LML
ARG

WeiE, ik BR. 1999, dbatbX FHR MBS —FBEWiE
PREGIE[T]. TR ,25(5) :49-53.

MR, FRICR]. 2000. JbER B0 FE AR A R SR K
X[V ] AL F gl 18(1) 24-27.

KT 2004, ME=ZTHEIKLICFKEE[M]. BT KU
MR VIR H AL

AR, 2008, TRAZRFE[M]. JLnt G

HIKLL, EpaE, FAR. 2000, M55 %0 b5 il #148 &
TN B R[] AP AR 551 F]) 2119-127.

FAtess, Wik, o &, % 2002, PEdL T SEEE
VPR ST B ()RR [ ). 78 B W7t 5 B IR ( I 4 P
FHR) ,15(4) :101-105.

Calanca P. 2007. Climate change and drought occurrence in the
Alpine region: How severe are becoming the extremes? [J].
Global and Planetary Change, 57(1-2) :151-160.

Cook E R, Seager R, Cane M A, et al. 2007. North American
drought; Reconstructions, causes, and consequences[ J ].
Earth-Science Reviews ,81(1-2) : 93-134.

Jiang T, Zhang Q, Zhu D, et al. 2006. Yangize floods and
droughts (China) and teleconnections with ENSO activities
(14702003 ) [ J]. Quaternary International, 144 (1)
29-37.

Wang J, Su Y, Shang Y, et al. 2006. Vulnerability
identification and assessment of agriculture droughts disaster
in China[ J]. Advances in Earth Science, 21 (2) :161-168.

Yin Y, Xu Y, Chen Y. 2009. Relationship between flood/drought
disasters and ENSO from 1857 to 2003 in the Taihu Lake
basin, China [ J]. Quaternary International, 208 (1-2):
93-101.

Zhang J. 2004. Risk assessment of drought disaster in the
maize-growing region of Songliao Plain, China [ J].
Agriculture, Ecosystems and Environment, 102 (2):
133-153.



