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Analysis on Meteorological Arid-Wet Characteristics and Its Future
Trend in Guangxi Based on Multi-scale SPI
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Abstract: Aiming at the frequent disasters of droughts-floods and its coexistence in Guangxi over the years,
the meteorological arid-wet characteristics and its future trend were analyzed by using standardized precipita-
tion index (SPI) and R/S method during the period from 1951 to 2015, which involved the frequency, scope
of influence and intensity of regional arid-wet, based on the high temporal-spatial daily precipitation datasets
of APHRODITE and TRMM 3B42V7. The results showed that: (1) the SPI of monthly scale could better
reflect the sharp turn of arid-wet, while the SPI of annual or seasonal scales could better reflect its periodic
features in Guangxi; (2) there were significant differences of arid-wet characteristics on the frequency, scope
of influence and intensity in different temporal scales; especially, the intense arid-wet events primarily
occurred in April and August, with its frequency events more than 40%, its regional or larger influence
events more than 27 years and its medium or stronger intensity events more than 40 years; (3) in the near
future period in Guangxi, the meteorological wet events will present weakening trend and the meteorological
arid events appear strengthening trend, mainly exist in spring, autumn, April, August and October. There
are no significant stronger or weaken trends in the other temporal scales or periods. In conclusion, the
monthly scale has a better indicative function than the annual or seasonal scales in reflecting short-term arid-
wet events and its transformation. Therefore, the drought and flood evolution of Guangxi is urgently

explored on monthly scale or shorter temporal scales, which can lay the foundation for improving the ability of
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drought-flood warning, generating the disaster mitigation strategies and regulating the risk of disaster losses.

Keywords: coexistence of arid-wet; standardized precipitation index; multi-scale arid-wet features; drought

and flood warning

TE AR BRAUBAZ R 75 50T o R T 4F 1 52 R0 5
GEF TR G I SRR R R O XK DOk
B RE I W E R, )P A
F B J5 A8 K- A B 2 IR S B i b B P 5 ) XL
SN R B K B A8 3 A AN BRE TR VR Ak
PR R AN H R R 2 RIER M ZEY R
57 [0 8 2 X VG M DX 28 U J NN R AR A R
A1 B R U

507 S R — R BRI ) N kA B SR Y
SR UG B Bk VR AT A R R MRS,
LI 0 R A B R 5 T A T IR AR AR A Ay DX R K
8 T S e AN [ B[] RO Y T IR AR AR 22 5 W 2
PRI DT e 22 RUBE T A Ak B2 T S 56 h ot A
A R R IS S I HT A 2 G I T R
TAHSC AR5 TAED ™ BE v L RO R Z
16 B T 0 T 7 R I s AR AR R AT 0 A R B
4 DXV i 5 B8 M0 5 S Bk A 2= B 20 A Y TR AL 5 1k
BEAEVTIR T SPT 5 E0R REOF 455 1 %F 19612008
ARV 55 I A AR AR HEAT 2B L R BT U R B B B
PEARE R4 o THEARIL VI L EE AR B L EETU R 4
AN FRPE X ] B AT I 88 AN M I A Sk i % H R
BRI T T 2013 48 ) 749 B 2 B 05 A R AR, R W]
JUVE 2013 4R E AR SRR K B BT E R HIE R R A
TR 2R A YOV N R WE Y e B R A O
WF 5% 8 3 A7 A LT 0] 8. (1) A 5% B8 250t 6 L 59
MARY) BB PE 2 (2) HAR T T W 5 1 5 (1 #F
585 (3) XV IR Ak 5 2 RO IR J7 8 b
D (4) T PG R A AR KU VA T i A
J5 1 o i g b

R, A 3C 3 F H A8 APHRODITE (Asian Pre-
cipitation-Highly Resolved Observational Data Inte-
gration Towards Evaluation of Water Resources) (5
Sy HEA A H O U B b B K £ HE 455 f TRMME
(Tropical Rainfall Measuring Mission) TV & & ¥
i » SR FH AR AR B K 5 50 (SPD A S 052+ 18 13 7% 43
BraaAR . X778 1 VB AR A RUE R T IR AR A
KRG IEAT 1A, R ) PG kL DX AT T A A AR DXk
B0 U KR B IR B8 BR Al AN S R S

1 B5)ik
1.1 MREXBEEE

PR [ 96 X M Ak T e g 55 TR 48 104°26'—
112°04", 4645 20°54'—26°24" , 4 X A T AR 23. 67 7 km®,

di e p A 2. 5%, XN IE B 8 L2745, i
RN R N T R (TR TS N O N Y =1
ARFEAR JF 1 Pa b ) AR B R R AR . TP b I A
2 A X B 2R AT i g AL A 2 AT I A XL 2
P SRR B K o A AN 3 AR BRAE AL K. 24k,
DX Bl A% S AR R A B R

AR SCR FH A K B8R 45 APHRODITE A7 1%
P4 APHRO_MAV 1003 R1 % H B 7K B4 il TRMM
3B42V7T (1) 3 h BRI , o, APHRO_MAV 1003 R1™
23 [AIFE R 15°S—55°N,60°—150°E, 25 [i] 43 #1247 0. 25°
X0. 25, If Bt Ry 1951—2007 4E ;1 TRMM 3B42V7HY 23
[E]E B 2h 50°N-—50°S, 25 [a] 43 By 0. 25°<0. 257, i B
h 19982015 4F, AWFFE L4 b ik P 20 W T B0 4
PRIV K 0. 5° 5% ph X I 3L 546 A>3l ki Bk KL
i s APHRO_MAV 1003R1 % H [ 7K #l TRMM 3B42V7
(1 3 h BN 43 038 ik SR A 3] L2 A R K B
B IR I I 2H A PRI B K B L 1951 48 1 H—2016
A2 AMTVEH 3 A REETE IRERR R s AR R 1
AEN12 At W REREZE 5. HFE68 .
k2R 9—11 A &2k 12—2 A,

1.2 MxRFA*

(1) pRAEfLREKAEE . bR EALRE K 35 8 (SPD i
Hh MCKEE 26U $ i, i T 2 A R 2% B oR B3R
SRR, P BRI AT IS bR LR B
e i A T4 R L AR AN ] X S R e B 35 i AT 2ok b S ke
TR . H AT B A G SR . R
LRI 1,

(2) TRRFRIE AT BT 4645 . A SO T b o AL R 7K
FEHL(SPD) 2R 1B A5 6 L 18 3 K EL RN 1 1 58 5 )
BEPEH 45 ROBE T X3 TR AE . Horp i 00 R ]
TEA DX 8k 78— 7 B B P 8 A A R B R T IX
S0 e A B 3l YR L SR SRAE R 5 i R L R S R
AT PA BRI 5 X3 1 e A LA DR /DN 5 1 0 i 8 ok
FAET WK E LA W ERE

(3) AR AT Tk . A 1) 8 AR S F
SEFIF SPT J7 51 i AR ] 252, o AR T 2 24 SPI
P AR AL e, R/S A i i A F5E R A R/S
GyAT T IR R R Z2 R RUEE SPT 41 4 43 T R AIE A
BNAAS AL 18 7 i X B R 2 M ol S Rk kL
ZHh X SPT P41 K ok A8 Ak 35 5 2o 25 i A2 Akl 2
MR AR S . ELAAR T A3 2 AR DL 0] Bk A ) St
Feoe YA 50 i V) Gt i ok g T e,



55 3

A AR T 2 R SPT Y T8 TR ARAE 5 KR fa 321

x1 ZHERERSPITEZELZMS R

TRER Bt il i il

e ik e &S

SPIRME  SPI=2.0  1.5<KSPI<2.0  1.O<KSPI<L 5 0.5<SPI<1. 0

0. 5<8PI<=0.5

—0.5<SPIK=1L0 —LOSSPIK=1.5 —15<SPI<=2.0  SPIK—2.0

2 giR5aPr

2.1 "HEEEEIRE SPI FETLIEFE

A PE T 65 a(1951—2015 4F) H L2 4R
ROEER SPUE 25 R E 1 s . A RE SPTF 41 IE
TSI E TR ARA R R E. S AW T
WA FEAR — B0 M ZE AR RSP 813 8l 4 ik
WA R W] 0w /b, T 5 Al o #5728, % A
Wik T o A A i 7 B SRS . o5 — i, 3 RUEE SPI
J7 51 B4 A0 %5 3 20 T A B A1) 1Y BE AL AR ALE 5 T
= VA RUEE SPT 41 (1 3% 2l B e A B 51 1) ] 442 1k
FRAE . BEAb . A RUBE T8 & AE MK R (3£ 2) L3 65
a TV ROE K AR TR E R 4 Bl 3. 88
w/a,1.12 K /a,0. 26 W/a, T B BR 535 H 3. 54
K /a,1. 17 R /a,0. 25 W /a, At BV B 5 B 1) R ) 38
R T 5 R B R AR X B 2 9

ZE LT, T PEAS R e JE] RO SPT 4 % 0 i
7SR B A 22 S W3 /N Y IR ] RLE BE B 4 L
e A it ML R A L 2 B A A A R R S B B
G5 R R B[] RBE 8 T 4 52 e 388 2 b 1 ) A
FRAE  JE R [ B M 3546 T SPTAR  BRAIR T B AR K

2 AEMEREFESEFRFEITE K/ a

== il AR EIN; A RE

LRI 0.58 0.25 0. 00

QLT 0. 40 0.08 0.02

pATA k] L RRT 0.95 0. 26 0.03
B 1.94 0.54 0.22

B 3.88 1.12 0.26

BE 1.48 0.65 0.22

h 2 1. 00 0.29 0.03

HE 0.43 0.09 0.00

T RS 0.63 0.14 0.00
B 3.54 1.17 0.25

2.2 JTAEZBERESPI FRBEAISE
2.2.1 SPI FE2#MEHm£E KT SPLHT 7
(1951—2015 4F) A . Z AR BRI ., T2 kA%
25 [8) 3 A 43 o BE AL 4—7

JUVHIE 65 a >f MR K AR RG2S B A AE
TAEARR B R E AR ENES . EERE
e R RS A R 26. 209, B KAB R 46. 15%
e (M PR R PG R A P b R X I B AR
A FEMR AL R R X, 7E ZE OB b, Y SR
SR RCERORE LN A o B SR i
RAE 4 X B P % ik KT 30 %0 1 B LA 2 IR I AR

TE 42 XK 4 K 8 /N F 30 % , B 2 42 5 5 o 34 i)
P LA 7 1 3 0 A L 4 2 5 B g ) b 3k 0 40 AR
T RBEE I R TR 5 35 10 99 2% 2 ) 43 7 2% 57 | 3%
Hoh.2 7.4 H .8 A R4 IR A & 19 3 0y I8 08 45
R KT 40% .00 6 A .7 A K4 X8 i 56 R A A%
Ay W3 /N T 30% .

JUPGAT 65 a o, TR S AR I R AR ] A0 A 7E H
7 SRR (R 1] RBE b A AR B W 2 TEAE R
b TR R Bl Sk 28. 42 %0, B K AH O 46.15%
o (I S e T R v R M X AR AR T £
e AR B 4 X, 76 75 RBE I, T R R R R
CEROKCE LN B KE T BRI R KT
30% » Horp 5 7 b il R 9 LBk ZE AR AL PG L LR 2R R B
TRBRE KT 40% 5114 % T BRI ATE 20% ~
30 %% I 52 B ph 7R g 16 7 b 0 43 7 L B 2 5 N T
209, KRR DI RMIR" 6. EHRE LR
[ H 4y T 5L a8 o] A A 22 S . b4 A L8 A
YRR B KL AR T 40%.1 .2 A .6 A XIE
3 AR L S 3 T R AR N T 26%

VA 35 5 T R R S () 40 A R 4 R b A AR
BB e P R R A R R T BT R A TR
AR (B PO o 7E R P b R R R v A B R
MRAE 0 s ETEREE [, 8 Bk L& 78 T 12 i) 43 7
AL TR R A RNE L,
£ A BRI CR AR B R A A
[f] 2 5

1951-01
1993-01

E1 19512015 BHA .2 FRESPIR
ARmEIIEL

2.2.2 SPIFTE%rmieB4ie mE 2 0H,) P

65 a S WE AT S MG I 7E H 2R AEASR A ) RUEE |

IR 25 5. — 7 T FEAF RUBE I R AR Xl K DA



322 /e o S R 1

%25 %

EVREAAERCH 21 a, A AR N 16 a, AEFRE
B R R A X R DL R A AR N
35 a,16 a,31 a,24 a, o 2 BPERIE /300 22 a,7 2,25 a,
14 a, 7EH R b4 A & A X K DL 3R i 4R 0
17~40 aCGHEA LA I o ), Hoh 4 F & AR 4R 80
%.,6 N BRI D 51— TR RE b, & AR X,
PER L LTS 4ERCN 26 a, Hodp 4tk T 520 19 a, 78
SN NI Q- =) ol R €9 a ) Bl e YUK
ARR 29 a,23 a,29 a,27 a, etk T 259598 19 a,
14 a,24 a,15 a, 7EH R b4 A A XS R DL 15
AEEIAE 19~28 aGEARDIASE TR0 3 Hh 2 A& 4E
R Z .8 A RAFE R/ . 38 X R A R e
0 BT R AN [ s ) RUBE ™R 13 52 My FE A RN A ) 7
AR RUEE b DX B D b T R AR L IR I A 2 A 2
R b AZR K el K LB A AR5 T AR R
R Bk A DI B D b T S A A5 L TR AR5
TEH R & KRS A Ay A K3 DA 5 AR
TRIAER> AL 6 .7 A 12 AR .

FH2E 3 AT, ) PEAS [A] B[] RS 00 3 VR L 34 ik
Ak B 2% S BT, AR RO R R T 52 2 K
A T X 5 e 3 L A K AR ok UL T AT
LS HES TSR N = QN ==t s TS O N
B n A i B 2 T 548 T s i R TR 5 s X T
AREME . &AM GHaAERRES, LR
A [] 43 A AR, b TR S Y Rl e K 4 A .8 A
VR R s . TR TR,

R4 H Z= AEREE SPHE KT 15 F/NF —
LSCHED AU UK L A5 PHIT 65 a 45 U T i &
DA b (R | T 55 0 3 L B s ) A A R (8 3) . —
5 TAT B )R A, 0 3 Y L 970 U8 sl 2 38 5
TR 5 o 4 XKV B & A o R R LA T 3 ) M 3
NG =5 T E A SR 3 U B 8 T B 1
[i] — Fsf Z21) 5 ) 3 YK B e i o 7 1 988 52 3 U ER AT
AR 20 PG 3 X TR sc B L 4 1 2, H B j|) R
JEE 71N, A8 AT B |l B S R S A A
2.2.3 SPIFTE@%ERKIE WK 4 LFELATH,
PUIT 65 a Sk, Wi AT 55 B AR H 2R AR [R] A )
ROE LI REZS, SRESEmN S AR
b ZAE KRR T N 0. 84,30 65 a KA EE K LU
R ERCH 21 as EERE L AF IR T
KA LSS AEEMRR I AT HF A2 K
AR KDL R AR ES R 52 a,7 a,48 a,
18 as 78 H RUBE b, 45 AR5 B /3 A 7 0. 58~2. 28, 1
JE K DA FIRIEARELTE 1~56 a, Horb 4 7 {5 B J b
DL R AR AR R £ T 7 H MR R AR A6 H PR

DAV & A AR R D T SRR N L AR AR RE
AR T R N —0. 79, AR E KL E TR
AFEECH 16 as FER R b, 3T Rk B g™ &,
—L 36 EERRK KT AT HF HF 2K AEAFE
A EE KDL BT R AE RS B R 52 a.7 a,41 a,18 aj
R RE b % T 50 EE 4r i £ — 2. 10~ —0. 62,
KRR, T R 1~56 a, Hp 4 TR
SRR T REESRERZ W T TR
A6 AL E TR EEFEL D, X A F
() RURE T %) Y e e B 5 SR B WD AL P N R
(R I R A A AR R oy e B R AR ) (R AE R
Z FkZE 4 7.5 A .8 )T I B i e B R A R
KT TR L AEMR,

PN A BT, TG 45 I ) RUBE T 5 R oA
SIG BRI R EE R 4 .8 A Tk i
K Z4E - #3858 SPT KT 1. 18, 55k i
SPI/NF—1. 6, HLV 58 3 3 2 B/ a3, i T 5
R E S < E

T 65 a P My DXAS [R) s ) RUBE - A B B
A RRAE AN 5 BRI BT AT, — 7 TS AS [R5 ]
JRUJE 1 5 B B ) A AR A R K 25 S )R
/N TR R B SPT 3 51 0 S W R K Lk Bl A 3 e
T 10 2 A ok A, A7 e T AR K R e R B, S —
T, T 5 5R E SPIAE A 2% AR KRBT Bl B ] 22 6t 47
FERER 22 5 i () RUBE B/, T 53R B SPT T 41 )k 3
R R A g A R v T O A R B, 7
T B0 e R 2, S b TR RN SR S R B A i AR
FEARAE AT AL, VR V2 R RS T AR R I Y

VB A BRI, FL B B R) R )N, 10 38 R A
1 B 52 5 SR 0k
N1 o RE#TER O X
B 2BHEE AEWMTFE
%40 = _
2
530 i §
20 s
10 8 %g
ﬁ — N & I~ S

BT i
B2 EAEEERERSMENSEETESHIER
2.3 I"EASHERESPI FRRRHEE
FE R A 1 1] 26 R AE B 4% it 25 65 a 3k
SPI A= {5 i S htk b, i — 25 R A R/S b1 U7 ik
X PE SPT W Y oA o vl A8 i et A7 1 Bl OF H
V. it b AR e MEA 58 FL s (] 43 A DL R 8.



55 3

B RS T 2 RUBE SPL YT 8 TR AP AE 5 Ak a3 323

®3 TAARKNEBERESPI FRREELES

I fi] 12 11 A7 3 4 5 H HF 6
T 0. 89 0. 87 0.32 —1.32 0.2 —1.83 3.74
i 4 3k L DN DN DN RN DN RN DN
TR 1.13 1.74 0.16 1.77 —0.92 0.32 —2.58
TR DN DN DN DN N DN N
I ] 7AH 9 A 10 A 11 A 7 Ean
A i s 3.53 0.14 —0.8 0.95 0.32 3.36
i i 4 3k PN DN N DN DN DN
TR —3.53 1.11 2.53 —0.62 0.73 0.18
TRk N DN DN N DN DN
80 - 50
o — FTE
2 6o — FEH R40F BHETR)
™~ r ™~
X R
X K30
=R =
= o 20
%?_ 20 E__ 0 | $=0.0249x+2,3986
o buais AND o Ll iR A YT .,/\
1953 1963 1973 1953 1963 1973 1983 1993 2003 2013
100 100 ETH
. cen | e ZHETH
£ 80 y=-0.0049x+11.978 ~—— FEEHE X801
2 60 2 60
'fg f‘g $=0.0191x+7.2416
A= A=)
& 40 ‘ o+ 40
& 1 T
K 20 | ‘ ‘ | J & 20
0 Mt l ul]hxh) y - 0 , 1Y A I A .| A
1953 1963 1973 1953 1963 1973 1983 1993 2003 2013
E
100 100
— HAFE
R ego | 1, e ZEATEH
§ 80 »=0.001x+10.089 § 01 $=0.0092x+5.5449
X 60 X 60
=S = -
= 40 o~ 40
5 g
T 20 ' T 20
o ARSI A NN AW I F{ I o LEREk kR L A AR IR |.L' i
1953 1963 1973

o =
1=5) o & o
T T T 1
OBHBEEDOI

T8 R LR/ IR
g w g (%

—
(=3

3

11T

1953 1963 1973 1983 1993 2003 2013
F 7

B3 I'EA.ZE.EREEERNLETRMEE M E M ELFE

¥ |

oy |
o

T

TIOTE

1 T

3

3

5

3

b B |
41 I E

l HH é
= K d

W W

B4 JTEA.Z.EREFEE .EREM
IR (B 58 By 350K 53 70 4R 1E

A4F

FH BfF B 8A1—QIL AT A1, PE 3t 2 65 a 1Y SPI 7
B[] %643 (6] 43 A SR RS A 25 S B 3L AF L %R SPI
ERIES S N R I C I QS = N B3 8 A R B
FOR B L (H )5 3 b X R N Rk e A A
SPT i ] 2R 25 [8] 43 A 25 52 85 K Horp B Ak 08/ A
i h:2 A4 A8 H.10 A aTHKN.5H.6 H.7
A 1L H 0 HAt H 34 X KRB 43 b X 88 ek 4 34 A B
. 254 Hurst $8 B0 AF 7T 01, K — Bt iy . )
VG R 0 Hi XA A [] Bisf ] R RSP ¥ 41 28 4k 4 34
5l R RRAE— B,

F FfF ] 8 CA2—Q2) ] 1. ) P AS [R] il ] ) SPI



324 /e o S R 1

%25 %

731 Hurst 8503 A K F 0. 5 (FF8e k) UK Z .6
H .12 AR X /NF 0.5 (R L) (A A A b X
() Hurst $5 5025 5 W 8, B A 4 h) 22 Sk
2.2 Walm, X EREE . LFE2 .4
H .8 H .10 H 5 5 sl i e 5 B 55 K 45 B X g A

SPT {Hil [] F2 73 Hr » e Wik 26 2 45 5 {7 SPT £ 52 0l 53
PR B o P I T A A G A B I T A D ) A A
11 5 9 A SR i L A e S R 2L 3 AR
FEAR — 0, AT 6 AR SR TSP 48 8068 1 74 i
I3 BT B 45 SR L B0

x4 TTHA.FZ.ERESPITERETUED

isf [R] 12 A 1H 2 H %7 3 H 4 H 5H 55 6 H
V5 T e 0.71 0. 67 0.8 0.79 0.75 2.28 1.23 1.53 0. 67
T AR Ak N AR NLiRTA K ViR /N N AN ASH
T Em g —0.7 —0.69 —0. 64 —0.77 —0.73 —2.1 —1.07 —1.36 —0.67
T 5241k N HR DN HR N HR DN HR N
PR 1) 7 8 H H =% 9 A 10 A 11 4 B Z G4
T 0 R 0.58 1.88 0. 67 1.17 0. 94 0.78 1.36 0. 84
v AR Ak N /N N AN RN N AN B AN
T 5w g —0.62 —1.68 —0.65 —1.14 —0.92 —0.72 —1.28 —0.79
T 244k VN RTA AR R K K N R NLiRTA
2 6 6
1 4 4
2 2
g’ I = 0
7 7 & -2
) 4
) 4 6
_3 1 1 1 1 1 1 1 1 1 11 _6 -8 1 1 1 1 1 1 1 1 1 1
-~ N NN e~ NN - — e N =~ N e
SEEEEERRSE S SEEXEEEESE S
R e e T e B B R B I o I o | R T B N B I R T B o Y o |
F # £ 4
Bs5 M. 2. SRETREEEME BT HIFE
A MAEZR R BB K 0 F IR AE , B0 R H 5l Bk
3 én e

(1) H SPI Xz H K HUR B fie i , T8 2 5% 30
S0 3 TC 0 3 TR I RRAE L B8 458 G b iz e PR B K AR 4k
S P B T B 4 s & A SPT X% H Bk
TR R A 55 L 0 B P L B AR A Ml s e P K B UK
SC 7 AR A

(2) T7PEAR (B H R TR AR TRV L T
Mo B RRAE 22 5 2, o 4 7 .8 IR A AR BIR
10 R i B e A, IR R K T 40 %0 L KB R L
FREAFERMIT 27 a, P EE R UL TR E 5
iF 40 a, BeAh, AR 02 I [R5 R RE B[R] AR A 5
A 2 RUBE U B AR iR B R U B R R L IR s AR
18 S I G ATRE

(3) AKk—Bent I, | P X 7E B 5 B 4
H .8 A 10 H 11 e 5 B A I 55 8 3, 1 0 i A 1
SRS TERAE JEZ 5 A.6 4.7 A .11 iR
SERFEE A R AL R A R R A A e B
T B, U R AOR B

B 276 TR T 28 A8 55 TR AR fE %
H FLBEZE I ) ROBE /N 90 2 B AR AL AT A7 R T
R, L EX )TV X AT TR A 5T A AN

A0AR AR I 1] RUBE Z0 A G 3 XA 9 S A AT, LA B
AT R R v TG M DX M 0 B T RE T

5% 3K -

(1] 24, A4, R, % SEEAEE s TRERE Y
BE R ER A RAET]. R4 ,2015,41(3) :261-271.

(2] WhEEE, TR, SMHME, 55, T 29 F KUK T4l 2 R & H
Flegn) g e [T ]. B AR, 2013,35(9) :1884-1897.

[3] Wik, BRT £ ST hrutRE K HE B0 T V8 597 FRAE A8 4 A7
L A k2254t A 4RFH: i, 2013,52(2) : 115-120.

(4] fa[ 2k Rhdm. )79 2013 49 B 22 25 207 ke AR LT ] A Hb
$,2014,34(6) . 767-775.

(5] Z=4ent, k3, IhR 5T, 5. v 15 5 J7 52 87 45 Br 4 AR B
A Ak T B R g it R L) ). R R824 4. 2016, 27 (5)
577-591.

(6] WIBMY, 25 7. 1951—2015 4F ) B2 1 X 52 95 it A5 I it
RUAE (5 52957 2 RRAE 43 Fr L) . &l T 2% 41k, 2017, 33
(7):107-115.

(7] W, 365 SPT 1% &0 FH i o 5l 2 RO 52 35 A8 b M A 1
WFgE[)]. BB TR B 2E . 2017, 36(3) :24-27 4 36.
(8]  FEATLGK. J VU Bk 4 25 52 385 1y if 28 43 A R AiE % W] H0 98 33 43

HriJ]. K4 .2009,35(1):108-113.
(F 4% 336 T



336 /S o T S T

%25 %

[9] Jackson R D, Idso S B, Reginato R J, et al. Canopy
temperature as a crop water stress indicator[ J]. Water
Resources Research, 1981,17(4):1133-1138.

Idso S B, Schmugge T J, Jackson R D, et al. The utility of

surface temperature measurements for the remote sensing

[10]

of surface soil water status[J]. Journal of Geophysical
Research, 1975,80(21) :3044-3049.

SRAT AR, St AT AR SRS Y K i T 38 R A [ M),
50 BHEE A . 2009, 233-243,

Wang K, Wang P, Li Z, et al. A simple method to es-

[11]

[12]
timate actual evapotranspiration from a combination of
net radiation, vegetation index, and temperature[ J]. J

Geophys Res, 2007,112:D15107.

[13]

[14]

[15]

Liu S, Xu Z, Song L, et al. Upscaling evapotranspira-
tion measurements from multi-site to the satellite pixel
scale over heterogeneous land surfaces[J]. Agricultur-
al & Forest Meteorology, 2016,230:97-113.

Xu Z, Liu S, Li X, et al. Intercomparison of surface
energy flux measurement systems used during the Hi-
WATER-USOEXE[J]. Journal of Geophysical Re-
search Atmospheres, 2013,118(23) :140-157.

Liu SM, XuZ W, Wang W Z, et al. A comparison of
eddy-covariance and large aperture scintillometer meas-
urements with respect to the energy balance closure
problem [ ]]. Hydrology &. Earth System Sciences,
2011,15(4):1291-1306.

IQVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVNVNVAVAVAVAVAVAVAVAVAOVOVAVAVAVAVAVAVNY

(E#% 318 W)
[15] R R A N T E 5. K VT i X ] F) A R oK
B SRR LT ], WA Rl 2% ,2011,23(1) : 112-121.

[16 ]  Takahashi Hiroichiro. The calculation method of
monthly average temperature, precipitation and evapo-
ration[ J|. Synoptic(Japan),1979,26(12) :759-763.

(171 b il — BS. AR 48 7 134 SR T Bk 9 5 28 w
[1]. K% FHE.1979,26(12) . 48-50.

(18] R H.HWIEE. I, 4. POt X T A F 4R Bk 2 &

QOO UAUAIA

(3% 324 7))

(9] ®h¥RT%.JA K%, APHRODITE &4y 3 R % H B K %ok 2
e [ A il i XA 3 R LT ] KRR 52012, 36(2) : 361-373.

(100 x4, =2 de, E ik, &, b B KB 348 X TRMM

R K BT S PR [ ], KB4 i g, 2016,27(5) :639-651.

H .25 TEL 36T TRMM 32 B (19 5 35 1) 25 45 4F

A3 ATLT ). Al HLAK 2 4, 2015, 46 (5) : 252-257.

McKee T B, Doesken N J, Kleist J. The relationship

of drought frequency and duration to time scales[]J].

(11]

(12]

Proceedings of the 8 th Conference on Applied Clima-
tology. Boston, Ma: American Meteorological Society,
1993,17(22) :179-183.

B AR B I5E , AR A L 55 B T A ME AL I K 48 2y b
Erg o T T 230 58 a W ARARAELT]. Rk TR

[13]

OO O OYOVOVAVAVAVAVS

(4% 329 )

[27] Trenberth K E, Hoar T J. The 1990—1995 El Nino-
Southern Oscillation Event: Longest on Record [ ] ].
Geophysical Research Letters, 1996,23(1) :57-60.

[28] Kiladis G N, Van Loon H. The Southern Oscillation.

Part \[ : Meteorological Anomalies over the Indian and
Pacific Sectors Associated with the Extremes of the

Oscillation[ J ]. Monthly Weather Review, 1988, 116

[19]

[15]

[16]

[17]

(18]

[31]

oA S]], R BT, 2011,33(12) : 51-55.
B E I AR S T 50 a i pg AR Ak X AT
F R K BB A [T . 303 K 2 22 3. A AR BR 22 R
2010,38(1) :6-9.

BRI, R Bk ScHidi 5 SPSS R M. #5H -
B KA IR AL, 2011,

PR SF 48 A WK SC TR 25 A i B A X S O ik
[J7. K FI2E3 . 1997(8) : 15-21.

NOVAOVAVAVAVAVAY

#,2010,26(7) :50-59.

EStm . Bt . S OT 30 AR B b R B K
RIS H R AR C R L] w5, 2017, 36 (2)
395-406.

Hurst H E. Long term storage capacity of reservoirs
[J]. Trans American Society of Civil Engineers, 1951,
116(12) .776-808.

XS Ao PO R M DX R AR AE S FOB A BT . A
SRR 24 .2014,29(10) :1792-1801.

INRTK B, B SCRL BE T V/S 438 93 1 2 K I8
FCHEREFELT ). K g 24, 2011, 30(6) - 178-182.
BRAC AR IR AR TR L BE T R/S 3T S V/S g
AT A T 3 TE i A U R RS M F 52T . K L RE TRRE
2¢,2015,33(1):111-114.

VOVOVAVAVAVAVAVNVAVAVAVAVAVANY
(1):120-136.

W S FhST O AR BE . BT AUE 45 A N R BT A Ak B 5T E
JRLJ). R4 5384k .2014,30(4) :91-98.

F LT, 0, AL AR [ g T U R T AR X R AE
K SST 2 ALl 75 (1], R BF244,2017,40(3) .
333-345.

W2 R JE R e i /w7 ¥ B 5 3R Bk ZE R
(1], PR 4% .2003,19(2) : 137-146.



