75
2020

9 oo R Vol.75, No.9
9 ACTA GEOGRAPHICA SINICA September, 2020

ETEETMEEEItnARmEK
EEHEHET
(RN SN Y 2 NS

(1. ALK R K B RS K R IR A B, M 4500455 2. BaKALTE 2 T2k TR 3R, b AT 1000385
3. AEn K I Gy, db st 100071)

TR AWFIT IR B RRAE DL SO 7= R, 76T He s v Al R 7K ZE U SO R /KR BE 35
—ALFE R SR R AR B BORR Bl s 8] 3 81 e A AR SR e 45 A B B B I SR 7 AL
B, AN R 7 B B A R i X 7 e AR o VG 2 Tl Ay R0 X3, o T KA SR F 9 )
5 AR 19512015 A4 PR TR B P= 28800 , AR SCHE W D i3 1o b . Foe 25 51
F D VG2 TR T B B S5 Rl A (] A5 fh Y R 34 22 B 0 I A e B AR R, Bl
H—E MR HME . 2008 4F 5 454 B B BE B ) AR E K O ) &k R, @ T &
KT B BRSO FIEHORE, SRRl 45% . B —IR B BE R AR A Fe ok,
K 4.62% PRAT—HIEGY BE K Az i (5 ) LA BRI IR IR, 15 15.39%, B T AKREAEFH
BB 557 s 1] e 300 0 e R 2 S s R A8 B K T 0, 45 ) 8] 7 41 2 0 — 7 A BE A TR T e
@ BTy AR T HAB A TR B, P= BRI P e R A A i, — e R B 1 R i

Btk A s
KA RO AR RS IR R B 2R e 5L
DOI: 10.11821/d1xb202009006

W BRI , Wi A AR K I A, PR ARG | AR AT
K, Forp R RCE R RRECE R I [ AR ACE T U RA PR . RREE . R
TSR e BT RAMIE AR, o R RCE SR A, AR AR E R

B
)2 ur’ﬂ o

FRW79CE I IE OB K S I SR I, B AR AT T ORESY, T
3T BB . TR KSR N FEr FErThiabs, oK E 350,
FEAIR Y — A8 51 . BRifEfLR K #5 %% (Standardized Precipitation Index, SPI) ', #pifi
AL Bk 78640 (Standardized Precipitation Evapotranspiration Index, SPEI) | Z$5%(™ .
AR BRAE B MAE XAl 5257 9¢ 3 00 B E A M 52 17 15 25 20 A R E 25 N S - Tk 5,
KA T HRE . Mann-Kendall (M-K) H#pr4E; fEYER = BT, e 5
YiXF e AR, AN S BRI | logistic PREL! . 2[Rl "AE

Wim B
EEWA:

EBEEN:

BIEES:

2019-06-11; &ITHHA: 2020-06-03

1 R 48 BB 0 E T H (192102110199) [Foundation: Key Scientific and Technological Research Projects in
Henan Province, No.192102110199]

WRi5(1974-), TSN, 1L, BIZER, ERNEER 5 5K ORIV

E-mail: zzchenhaitao@126.com

WRIGERI(1979-), ALY, T, TE S 9 TRRIN, EREMSE TR Rk IR RE | KSR BEIRATT
E-mail: chenxiaonan@nsbd.cn

1893-1906 17



1894 i B 2E 75%:

TEXS X BARAE ) P B R AE 2 BT v B2 LR L7 T R) R (D i i Y T4 7 5205
PG EREARIT , I ZR G FIEIFO R | BRI A S, AR R PR SE
@ AR A B B BOW K R BUBAR BT, N TR AR B B B A 57 1
B, DLRXEY i i . G o T IXER S R AL, HAFTEARZ RN
EVE . AP BEA T R REAE AT, WA BB BB R R T B, AR
SRR AT FOE N, R AR, RIS IR I AR LM R A

AR AR M PG T bR, BEAS ELHRAE TR ATE O0, BiARXT &S 3, B
HRRIE, W ULRA SPEIEEL . MK IR — g8 bnas; IRMEA [H] P81 o Mt i JLAF PR
HR R —MAELM S, EELNH T2, dd mEAsEE, SR e
SRS TRRAE ML 51 B A LA, IS B ] i S A T 5 B BB oR e i g
AEXGE AR BT, Gl R B R OB, S AR AR R BSR4
W THABEAZ | ATE& AR,

i LRTIE, ARSCLAPY 2 oy SRR ST DX, PR S B TR I BESEXS G, X
e B SPELS BRI /Kl 4 — (A8 b S BHTASRCR , THEAR R0 2 SRS T BB
g R RE R R R P8 5 a5 B BEEOR, LA R, PP RS A TR B 2
DA SRR, I RIS B F 50 0Tk, W25 A2 B B BESH 0T 8]y AR vl
FROEFIG T A SRS R IR B BT A e BB AIT 5 5 K 7 i &2 7 B Be 5 7 R i
AIAHICNE o A SCIUERI A RS B ORI B ) P 2] ik Se AU BAC B R, 7E TR
JET, B2 A B2 23A DI 57 A8 AL O AL, RS0 IE BT £ 57 AL AL f) T £ A 2%
SR PEE DS B LT T e e = o

2 B
=103

2.1 IREHER v X

(A7 R VAR Rl R i e i [ 1 o
A L B, MR, AT - —
107°40'E~109°49'E . 33°39'N~34°44'N e HE X KEZX
ZIa], THAH 10096.81 km®, PHZEHifE
HBEVEE B S, AERE1LNX, 24 E?{WZ 0 18km
BO(E1), RS . MK, % e
WX . EREIX  WIFFIX . RRIX ., T B PR TEIX A
EIX II,E@.;B: JL/('ﬁ‘B: %B’E[Xﬂ]j%g Fig. 1 Sketch of administration divisions in Xi'an

BIX, DREHEERERE, frE X R @ ERE R PEE T X A 565.75 km®,
FAENDOIL 9007 N U TR 52 R KRHER KA, WS, F5
iRk, BEERE, KELZAWN, LT TH, 22 FPRE133 C, £
ARSI K B 740 mm,  REZKAEZS [B)_E A9 431 p A6 R B ) B S 1L X, B K AEBR AR fk
K, SENDAAREE], BKZEPET—10 A, EEKRENZTEERREEY, X
FRAETE AR H AL 1597 hm?, RE7 R0 Bk~ i Rk 3
2.2 BIEFRIE

XF VG 2T B oK E A F Y R AR S, Brs OB EEIRE . BRI R
KHAFEEERE o VLT 1951—2015 4745 A R /K AL R B ke U8 1 v | SR B e vy
T 1951—2015 4F FOKRFL 88k A T P92 i D E G Ar 4 .



918 Wi 25 B2 75 B8 HORNR IS 19 PG 22 117 £ OKAE & W 0 Rl 1895

23 FERYVHERESHEAR

23.1 EEYEUEUERE FEHEAEER D SBIE A TS FET , BRI E— AR
RENHEERES R . B TEREERE D, AN /DA e, SOREARES NI iR 22
FRK T REXT ST P R A R g R R AR, MELAS e S, (R B B AR E
X /INEAR B R A A BN O, 3B DR S AR A B S S A B, s R REAR
SUATEAR BB, 2B R REZ A GEE, e RETUIKE.

AN, FERRE EY 8 AR AT RUE MR, 5% AR AR L A AH 56 R AR
MR B, REfSIE T [ IE N THAAS 2 A B 2 R AEL M RIE X R . SEGHE T IEMLE,
B, Foks B HAR(E . 3WREESIGE, (FE Y 8BEIRA T E TR Tk, A el
Z S SRR SR R 2, AR T VA A 2 ) R L A B o A L T AR # ]
VT P 28 A i 4 o - S B LR [R] R AR b a3 . 50 LG ik Al b, ilan, e Iml
=2 = W = = [ = I 2 TS e S i = S v N S AT S B 77 N 1Y =
i, 1 ELAENE TR i AR B AR A A B[R] B, AT A8 e, BRI AT A shitl & 5
HREEEAL, RRDEIER . SRR .

T Y G RHE PR ST 2 AR B[] i AR LR Rl TR R R ROE IR

(1) w1 A B EEARTFI {(x, »), 06, 1), oo (o 1)}, IRIEFEARE A KNG
A, oA e AR i x Rl ARy B BGOSR U={u., wor--, u), V={vi, v, -+, v}, H
T (v, v) FACHEORISE «

A;/@ao=expE‘”5291, uelU (1)
B;la00=exp&Xy;%91, veV (2)

Kb he bR AR ARG BY SRS, RIEFEAK R L, DUEA L Fih
FEATR AR RAA . SR/ MAE TR
0.8146(b - a),
0.5690(b — a),
0.4560( — a),
h=10.3860(b - a),
0.3362(b - a),
0.2986(b - a),
2.6851(b - a)/(l - 1), 1
Kb a. bnCEmEA ) FEARTEIER/IME . RRME,
(2) MIEREA S, (x, yi) FEALROBOMIEE (4, B) 1S —4AME R R, B FHE
U (s V)= g, (W) (v) (4)
(3) X T4 7 4R A B xo, HHESRARNL % iy WA T HEL . B xo FH T AL
BRI «

(3)

~ T~ S~ S S Sy
o

WO

—_— = O 0 3 O\ W

I=|x,—uld, |x,-u|<d

u%wa={q =) >d (5)
b AT u—u o
T o B0 MR SR IO C R R, HEATROMIREE, i PR
ty, = D ()it (1, v) (6)

iﬁvqﬁ/@:



1896 i B 2E 75%:

, (V)= max {u, (v)} (7)
A VORARIESS § AREART AR o I — A, 1E1E 5,
(4) $& bk, X RAREAR AT, L0l 253 1A po AR TIHE S AH X R A A
i, JHTIECES, AR EAWNASTHE, B UTHE
)70=2W,.)7,/2w,. (8)
Ky, Fy M ZAGTHE, EARYE LA B T3AME s w, hx B SR s AR
2.3.2 BREREIFESI S BRI TR E T R G I — RS TSR Y 2R
BEOLA LS . BT HARA A&, BEFS LT NG —, et S A0
EMERGE— . IR R IR (A A U, AR T F mm%muﬁﬂﬁﬁ@
%ﬁM%Tﬁm,y@%ﬁn&ﬁTgﬁM@ﬁ@%ﬂﬁmﬁ% LA L. R
EE ) 11 21 =55 ) |13 Gl 10 B R N IV S € Bl L T O 21 ) 1B i 101 O = -3
XS (B PP BB IR I (] 8 75 B TR IR, & LAYy 8 A DG R
Uitk | o R i RS RS o ARIEAH S SCHRP X 2T ik X b, ARSCR i
KA AR BOL A TIRIE R, ﬁﬁﬁﬁm MEinjzé%ﬁﬁi‘ﬁ{ﬁlu
IR RGO S AT M & BAT IR RE %&@ﬁ%ﬂ?%% RFEE: @
RGP E R BUSME; @ Miss @%%%%ﬁ%%%ﬁ I FH e R 2 3 48 500 XoF
A (B P A A IR R HI W fe i ik 22—, R
(1) XFFEHEFI {x, n=1, 2, -, NySEFFHEE 7 AR RF Y A S5 P s ]
R AIEZE 0K, ST AVAL R Y SR |l e

F(k)=lzv:x”eii2nk%, k=0,1,---,N-1 (9)
Krre ORBORL, 7= -1 Nﬁﬁi\;&f@_o HR ]9 B AR R
fi= Znﬁ, k=0,1,---,N-1 (10)

P EEIECR A o AR AT GBI LA % S A O3 SR mAS - 24 B S L1
BRI RARE DA R AU

|F(l)[ = [Zx cos(—f(n- 1))} + {Zx sin(~f,(n - 1))} , k=0,1,--, N-1 (11)
AT RS E I P

N-1

F[ 4
P= k:11 S

X|F@f

(2) Xt B[] 471 x, 338 st ] v A ZE55 m AR 23R 7, A SO FHAE S b m@ﬁm
C-CONEPHATITE . fEsbEat -, BEAGMHZSE], 3] Y= (6, Xio o) Xewon), =1, 2, -
M, Ho, M= N-(m-1),

(3) FHAAZS R VR EARIT A5 Y, R BRI s X R R R R di(0). -
Pt B b BRI o, RIZEK i > P

(4) SRR 18] 0 5 A AR Y, TR HE k25 I R 4 2 TRN R RE S (k) o

(5) TRk, HEIA R In(dk) T2 vk, TR

ym:ﬁ;m@kaﬂﬂwwK (12)

2



918 Wi 25 B2 75 B8 HORNR IS 19 PG 22 117 £ OKAE & W 0 Rl 1897

K v ERERITY; g FAEO R d( S AR, A SOH TR R
FEA LA N BT RS, B = 15 K NSZBRiTsah prEn i 2 i b K

(6) FIFHE/N Tt FE 5yl AT—TTR P A, 45 3 10 28 R 3 y i R 2 ik 3
ERAEE U o FIFHA T A 1] A (R AR AE DA TR0, 244, > 0 U RELHA TRITERE, 4,
R IR PR AR AR (5 o 24 TS ) 2 A TR R A, R B A 2 [R5 3] 4 i e g
Y(i=1,2, -, M =N-(m-1)), R —F Rzt i i, BB IRmT .

O FHRABIL . FEMES B E TR Yl g MBI, Yk = a, @, -, a,) o
WY IR dGi=1,2, -, q), dJEdTE/ME. E XY RE PN

p - oxpd,—d)

Y exp(d, ~d)
@ FHREEAERI A, — BB PERL A Y

(13)

(14)

K a. bNFEESE RN D BT AR

@ MR ) P A AR T ZIBOME . ARSI S5 a. b, T Vi
1
1+bYM (15)

|
Sl [ Vot AR 98 B v KL, O

Xy, =a+bx, (16)

YM+1:a

24 S EMBRERSEETM
241 EEXREBHHE XPHMXWE T KEFTH—BEoH LAEIATH, %4
B EMEIAE) (SL13-2015) W R RAEFB BRI PRI, DL IX B £ kA
B IR A A G B, B P 2T ] R B IR BE S . 6 H BAIE 6 H
A R —E W, e A NMUET AR Ay W W, TH TFRIESH L
A “PT—hiE” W1, s AP RIZE 9 A FAIh “HhifE—Ri@ 1,
2.4.2 BKBEH—LIETR KRS — b8 b R AR bR L i SR S ARk R R
IR Y 22 (R i o B AR ™ 7 ARSI F A bR v AL 28 5 (A o 22 361 73
B MRV LT R DIAE AR B B R K R SRS, R R AGR Y — k4
PRITEAS H IAE B A T B R85, A AT

hliﬂ—ﬁgﬂ (17)
X THERFAEFTAFTHBANIIE (°C); T EKIZAE T B B2 4T H< R
(°C); RAFKZFHAFT BN AKER (mm); R'NEKIZEF BN ZAEF /%
Kig (mm); o N FKIZEENBZAFREAREE; ok FRIZA T W B 2K bR
%5 DR R ERZAE I B B R, S8 MR ERR R, AL
PRSI R : I< -3 TR, 3<I< -2 0¥, 2<I<-1WR@E, -1<I<1
HIEHR, 1 <I<2 RS, 2<I<3Jh5E, I=3hES,
2.4.3 SPEI$E#l SPEIfEEctL BARYEIRAMEK AR U, B BRNT

54, FIH Thornthwaite J7 21158 H I TENS & i ET,:



1898 i B 2E 75%:

ET = 16K(10[T"j (18)
12 T, 151
= Z‘(Sj (19)
m=6.75x1071 =771 x10°*+1.79 x 10”1+ 0.492 (20)

K. ETHAWEB LR, TAHAFHRE; KAREAFRNSEE ., FHERKWRIER
B DRAFREIEEG m NEE B LT . X FEY A& By BOAH R i 7e s A &
AR B B (R A T T

Hyk, R KB T EITR:

Di :Pi _ET: (21)

K DFRRAKSE T E, FEEERRKSES, AWBFRRKS T, ERRKST
iy PO ARRKE . XTTYEY A B W BOR R 7K 8 7 oA, MK BUR R e el B 1) 2R
FRAEHED AT,

Bn, T =2%og-logistic J7 AR/ 115 SPEIFE4L .

1

.
F(x){l +(xfy” (22)

o= W= 2m)f (23)
e pr-3)

p= 6W,21VLV_0*1V°6WZ (24)

y=w0—ar(1 +/1),)r(1 —}J (25)

w, =L 1 (1 - %JA‘D,. (26)

A NRFSELG s=0,1,2; T b Gamma K%L,
A P=1-F (x), N

W=:-2InP
P < 0.5 +eW+e,W? 2
B 0.5M5, SPEI= - S0 oW sz 3 (27)
L+dW+dW>+dWw
W= [-2In(1 - P)
P > 0.5, feWteW? (28)
0 s
L+dW+dW>+dWw

K. ¢=25155, ¢;=0.8029, c,=0.0103; di=1.4328, d,=0.1893, dy=0.0013,

M4 SPEIFE B AT 05 0 B dE AN R . SPEI < -2 4% 5., -2<SPEI < -1.5 N
B, -1.5 < SPEI< -1 I 5, -1 <SPEI < -0.5 25, -0.5<SPEI<0.5FIEH, 0.5 <
SPEI < 1 %7, 1 < SPEI< 1.5 %%}, 1.5 <SPEI<2 NH 7, SPEI = 2 HHFP;,
2.5 BEENS TS

e, T ERE AT BRI AL ARG B B AR LA AR5y 37
AR A BB B R o R A, AT 507 i G B (R AR fe frpka 3, a5 B s AR
SRR RIDEH, SEDEH M2, et 5 i A 3 R Je i A 1k
WSS



918 WRifeds 45« JETE B BORIR TR A PG 22 T F KA W R 0 E 1899

HR, X F KRS AT BB R85 A8 S AT Hr il . 7215 84 BB R 2 A
b, AR A B B RS SN A IR I, TR A A B R AR S SRR RO, IR
SR HATRIRAE . i RS R I8, > 0, RIS )75 A TR, FIH
TIAL — By JRp s %o A A Bsf 220 3304 7 Fom)

2.6 1EMIF=ER M

TEVIT= B AU S REA K, 325 BEKT DL K B F40 57 157t 45 18 2 N R
Wy, PRI, — AR 2 AF B i R A AR R S Y, VRN AR AR
AR, FSCPRr RS E S E R IR N Sk AME O, TR

Ye=y=y (29)
Kb W WFEKRFEFERIL 8 (kg/hm?) 5y HEKIZAELPR 7 8 (kg/hm?’) 5y o FKIZA
#=m (kg/hm?) .
W= R RVEY) = Az R, =0

|:y_y1 (30)
4 Vi

Ky RZ XG5, 2y <0, RAVEYIR™HEE
FFHE S B 75 B B R g P ke R o 5, IR %
3.0 - — BKIRER—LiEiR == SPEHES

3

3.0 BEERS TN

43 WIFI I SPELHE SO /K T ¥ —1k
AR 1951—20154F KRR AH
FrEC i 2B FEEE . T SPELAE kLA 1 ik
AT, MK IR — b Fa AR DL SR
AT, R, # SPELFE A4S R

Fell-1o XA, KB 2 M7k i

FIWr R AR Evs (K2), HE K2 PRPE bR P BT A SR K

2] 2 Fh T EEAE AR Y XL &5 540, HL Fig. 2 Effect chart of drot'lght and flood assessment
KR By — R A 3, A oo ndexs

SRR K IR BE Y — AR FR Rt TR AL & B Bo i) i R A T4

FRHE KA IR B2 — A FE bR T P 22T 1951—2015 4F B R & A B W B R B, 3
EEERME 3R, B3R T TR AT B o R, W 3 H EHMEXELLE
A, £ B Bn e R R R s . R R R8s, SR B B R %
RGIT AT, PRSI 19512015 4F P54 T ok A4 A& A BB BC R 0 S5 i
Fei (1),

(1) Bk E, LRt FHRES N ET B TIEF REMIRR R, HA
TEAS% AT o AR IR TT &0 R AEMICR LIE RS e, 1a) 5207 A . 3
FFEHIe A, FOWFY —bfsbnmi i R e, S FEdE 5P M 20, H
SRV IARHEZEAR H, LS S WA D7 A 500 O 25 1 AR O o 505 1 X,
KR LKMHT, k4 “BE” BB,

(2) #HEFEBRARRE (&) DILERERSRERLE N 12.3%, mife S i—35
BB A R el K, 1K 4.62% . X P T EORASAE B I BER S T RN A



1900

75%:

—— R e R

5 b. FRBCT AR . R YRR

N ST R

4y

951 1961 1971 1981 1991 2001 2011

1951 1961 1971 1981 1991 2001 2011

K3 FORARAF B URE
Fig. 3 Degree of drought and flood for corn in different phases

®1 BARTEREGZERDH(%)

Tab. 1 Distribution of drought and flood grade for corn in Xi'an
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NG 3.85 6.15 4.62 3.08 1.54
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R 1.54 0.00 4.62 0.00 1.54
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Characteristics analysis of drought and flood for corn in Xi'an city
based on information diffusion and chaos theory

CHEN Haitao', QIU Lin', WANG Wenchuan', CHEN Xiaonan’, DUAN Chunging’
(1. School of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou
450045, China; 2. Administration of the South-to-North Water Diversion Middle Route Project,

Beijing 100038, China; 3. Beijing Water Impact Assessment Center, Beijing 100071, China)

Abstract: In order to study the characteristics of regional drought and flood and its impact on
crop yield, this paper discusses the evolution law of drought and flood in each growth stage of
crop and the impact of drought and flood in different growth stages on crop yield using the
technology of information diffusion and chaotic time series analysis based on the comparison
of SPEI and precipitation temperature homogenization index. With Xi'an as a typical region
and corn as the research object, we analyzed the meteorological data and corn yield data from
1951 to 2015. The results show that: firstly, the trend of drought and flood in each growth stage
of corn in Xi'an with time shows the form of wave crest and wavetrough alternately and a
certain periodicity. Each growth stage of corn shows a trend of relative abundant water after
2008. Secondly, most of the growth stages of corn are in normal state, and the frequency is
about 45%. The frequency maximum of severe drought is 4.62%, which occurred in emergence-
jointing, and the frequency maximum of above moderate wetness is 15.39%, which occurred in
the jointing-tasselling phase. Thirdly, the largest Lyapunov exponents of all growth phases are
greater than 0. Time series of drought and flood indicate chaotic feature to a certain extent.
Finally, the jointing-tasselling stage is compared with other growth stages, and the correlation
between yield and drought and flood is obvious, which reflects the sensitivity of this stage to
water to some extent. This research is of guiding implications to disaster prevention and yield
reduction of corn in Xi'an city.

Keywords: drought and flood; crops; meteorology; chaos; information diffusion; Lyapunov
exponent



