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Characteristics of Meteorological Drought-Hydrological Drought

Propagation Process and Its Influencing Factors
—Taking Guizhou Qianzhong Water Conservancy Project Area as An Example
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Abstract: In order to explore the characteristics of the propagation process of meteorological drought to
hydrological drought in karst region, the SPI and SRI standardization indexes were used to identify regional
drought, and methods of cross wavelet, wavelet coherence and state transition probability were used to ex-
plore the drought propagation characteristics such as propagation intensity and response rate. The results
showed that: (1) The duration of meteorological drought and hydrological drought in the 60 s and 70 s of the
last century was shorter, while the regional droughts in the 80 s of the last century and the early 21st century
lasted longer. There was a significant positive correlation between SPI and SRI, and the process of meteoro-
logical drought tended to hydrological drought took 1.5 months. (2) The transmission intensity of drought
DPI in the karst area was greater than 1 and the response rate was relatively high. Hydrological drought was
extremely sensitive to the occurrence of meteorological drought, especially in areas where the cutting depth
of the surface was relatively shallow and the karst development was relatively strong. (3) The propagation
process was mainly affected by the cutting depth of the surface. The influence degree of each underlying sur-

face condition to the drought propagation process was sequenced as surface cutting depth™> karst develop-
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ment intensity>> elevation™> topography and landforms., among them the characteristics of drought propaga-

tion was significantly negatively correlated with the depth of surface cutting, and positively correlated with

the intensity of karst development, elevation, and topography. In the areas with shallow cut, medium cut,

or low altitude and strong karst development, the transfer of DPI and Rr between each grade was more ac-

tive. On the whole, the propagation characteristics showed an increasing trend in 57 years. The results could

provide a theoretical basis for drought prevention and monitoring in karst areas, especially for the sustainable

development planning of ecologically fragile areas.

Keywords: propagation intensity; response rate; underlying surface conditions; meteorological drought;

hydrological drought

TR A — Bk ] Py A T EOTE Y  K R AR
RGN R A TE @R L P k= N R

M AR 4 BRI AL A B B YRR AR L B R 1
FERMMZ 2R HE N T2 BB E., T
i o T - SR 1A AL L AL T R —
BUAR AT 5 — b A B A 1 1 4 AF LA K DX 2 1T
i~ 5 AL 4 e A L JE AR T R R AR i K BE
S R 0 TR DI, R AR SR AR AR RS T R R
HE M R KT AR B E R T
AR T RGBS K ST B HUE R G SE 4l

TR B A MERT AE AR B 2R 2 e A
DIRER & HATE A A B e RZHE T T
HE ST L AL A] Y A BRI AR L ELAR K ST R R T
ERH MR L A TG RS R ) A
5. BAFAE—SE WS O T (] A R L i £ %
5 FRIE AR AT B D 2 R R K SCT R AR T 5
g i e vh RO L BERRIE S5 0C 28, I 2 F - SR L ] £
ECEEE AN NPV S OV P PN
HOHEARRR TR KT R K MER T W, £
SN T e S A (R E  m L T R AR LA
PEAT 5 KBS Al B 0 . T AR OR AR ) A
HHOHW KT BAL R L RIS L X e 5T
O IFE A O T RIS AR TRl + 57,
K ST A4 O B TR R AE L 2 RO ] T A 22 1]
{1 1% G IR FED AL 5 3 — O i 246 K 2 B 5 JR BT
R A AR AR AL TS T A% 2 e R i PR 3R F S A
XA TR 5 e PR 2R A 32 R S R T A AR DG 5
HOM P Hefd . BRI SRR e Xt 1 54 R A AR
SHHLE AT B ST [ NI LAF BB S8 AR 8 BN %
WA BN AA R E A

gi BTk, HATH R T RS AR
YRy D 1~ A 1 R A b L5 DX i T 4% 7 =2 1] A 1K
RBIBEF R . P, DA ST A B oK R TR X
1913 DN TR AR R AR 5 DX 3T 5 A 4 s )RR AE L LA R
W T PR s W) 2 5 EEE W E R, N

FEAHE (DT RE T 5B KT R0 T 5 2
HARREAE . () BF5E T AL 1 2o B b 1) % 45 5 B2 L i)
O] 8 AR AR 1) B S S R . (3) 40T T R I SR 22
5T T AR BT T A& R b T R AL
I E B ETERE
1 #rRt 55k
1.1 HREEHR

B rhKOR TR DX F S M 48 S DX T AR
16 636.38 km” (&l 1), 5t M 44 2 4 K BE K AE N 43 i
S WA S B A AL ER T R S e DX A R S B
IKTEZS B 3 Bl A AR AE 22 520000 By oK RIAK 41 T2
DX 3 ek R R B L R RS i K, TR N
e B v b X R K P ) 30F— 20 G2 R S T L IX — LD OK
) T AR PR SR R 8, TR A V5 BRI R
R L E R ()3 NN VR A 2 = EAN
TR S 5 VAT P 2 A K B UR S AT I 2o LR R U 4 Y
Sl AU B WA 2 R TR RS, 24RO
IR KB AE 1 100~2 800 mm, [ /K & 75 7, X K Hi
T VU 5 AR A HE AR AE 300~2 900 m . J2 B Y (1) % Hi7 4
LU DX PG 8 Ay 2 Vs v it L e 2 e DA b, o S Ay e A
VIR FC R AR B Ry Fr 4 M 06 DA 3 b AR T) 0 A L BT
DA 2 B T S 0 I s o A AN B ST R AL FE
FRER W T SR T R B 22 (H b 3 3 B s I st
[ 4, 4 KR A F K B R b R WM 2 8 B IR .
Hb A5 LA R b T T A b T HEK U L PR K K BB
JIHE55 » PRI o 8 Hr e DXl 3 3 UK R D 5 R L
NP K S50 28 T 58 I I () T 52 D5 i T 5 5
588 BRIV IAE J S B 5 1 T S A
1.2 HEBESHX
.21 #&#ER  FLEMAHE S KN TREKX 1960—
2016 4[] 192 H S EHE 5Ok, A4 26 SRR
R K U 5 14 AR SO AR T B . A oY
BARAHE BN 20 m 2 BEFE ) DEM $d | 5t M 4
TR B A XL B M A8 M 2 U7 R RO DA K B
M 45 MR B8 25 IR AreGIS S & vh2s [a] 359 2 fg
5 i 4t B B ) %ot A A A AL B



144 K PR R

836 %

1.2.2 BFR 7 &k

(DR PUN SIS . W98 2R T AR TR
% SP1(standardized precipitation index, SPD) 5 SRI
(standardized runoff index, SRD) i#47 + R4, 7E
JKSC B W 5 P 5 T A v AL 4 KOS R T AT
T i RO B0 A7 B e I PR R R R T AR A D 9
Wz B 9 HLAX R BT DUTEAS [ A s ) 0 23
[) RUBE I P A SR i ™ o P RO R S B ) A
P WA B (SRD 357 5 b5 AL B K 45 2 (SPD
Ffol, BT S AR 2 S 0 18 A R SRR
SEL R T

A

KTk & AP 380
g P
B1 BHRAkARATIEXRMEBAE

T T R AR SR AL T e O RE T
FRUK TR, B2 TR RAER KT R
Hep= Az B i R 2 A X A B RR K T R RS
T RIE G .2 Bl 2 e A ) B ) 22 (B AR R+ 5
SR 2) . HEAR N .

LT=Tm—Tn @D)

K LT 2L H A G B e s Tm AR ST
BIHAGRIIEE] s Tn A 7K SCF 2GR R E]

()T Rm R FH85 . KL TRAKSCTRZ I

FE3E A 3 L 327 AW 3R (response rate index, Rr)., Wi
oy R D)8 WK SO B4 T SR R BURR, T A T]
HYIR R BB Y) . AR R A 7 R IR ST B4
FE A R A R R A R

N
Rr:MXIOO% (2

A Rr IR RLA 40 s N AR R TG AR A K 3
TRFFEGM e IR IR T R

2 A
WEN A
| ]
— SPI
--- SRI
g 1 ', Im \I\Tn J 1 »
El SR G »
7 AT,
[ T P
‘I\||I||/
\|JJ/
T 234
A\ 4
2 -
0 5 10 15 20 25 30

B/ d
B2 FEHEHEX

OMERFREIRE. J TR RBIR T mK
T R AE R M T T 5 AR B R R R A
(drought propagation intensity index, DPI), ¥ &
2 DPI>1, B SCTF R ER TRE TR, AR T
5 ) 7K ST 5 A5 B iR R 5 2 DPT<T1, Bl K 3T
BORBENT AR T B0, R T B KT 5 e #%
SRR I(ER D, HEALN.

HA
DPI*ATA(MAi()) (3)

A DPL Ry T RAE & TR 50 HA A —E R A7k
LR MA A—ERHN R LT REE, T2
TR RS T EAE 1 SPI 5% SRI B9 .

Rl TEREEBERBEISTREEZGIRIRE

ER DPI Rr/% R E/ m =/ m HIREBWRIE Hh B
1 1,1.1) 20~25 T (<200 0~1500 $BREKX HE b
2 [1.1,1.2) 25~30 Il (200~500) 1500~2000 TEEFKX %
3 [1.2,1.3) 30~40 Il (500~700) 2000~2500 BiEER X 4 b
4 [1.3,+o0) 40~50 IV (>700) 2500~3000 AR T X g}

(4) 38 LN AR BT B8 LN AR B Ceross X WG TEHEEL SPLY Mk ST 54455 SRIL

wavelet transform, XWT)TE X (1) M Y () B F E#H
SR
(SX(CI7]><WXy(a9T)))2

2 =
k*ar) (SX(a " XWx(a,r))XS(a ]XWy(a,r)))(4)

LS T a0 435000 /N R R 7B
W B XO R Y (O /N RREGW (aso) F
Wy Ca o) 5 X (O R Y ()2 AH 8] 5 81 B 3% 227N )%
ARAE AT T R BRI X (O Y (O PR TR .

AT /N . #8743 B (wavelet co-
herence, WTC) & # J5 B 38 i X} 2 A4~ B [6] Ff 371 2R
FHAE SC/NIE AR A 7 0k AT % S /N AR 4, DL 7R X
2 B 8] 5 A ] 9 v AR A XL, X R B AT Y B[] 5
P4 /0N AH 3 bR ESCR

S TWXY () |2
SG WIS [HXSGH WIS |
(5)

R2(s)=




519

TS AR TR — K ST AL R AR B e A 2 145

.S VW asss g R, WY W) 405k X .
Y BN AR WY () R NS, X BB T
88 SPLY /K 3T 5488 SRI,
(6 IRASFE MR PR, 3 — R — )
Z) e BT B EE S PR Z A ¢ B 2 BT AR RS
— BB AERE LR g B B L AR & X, 7E ¢ BT
AR EARZS © KR A
X, =i (i=1,2, = yn; t=1,2, =,i) (6)
P TR A2 BE ALY o DRI o FFARE 3 ok 1 R AR 2 ) 7
FERTREME R R/ XA R RS AR T
IR F A R TR P HARE E B E E,
AIMER RN @ Bl IR IER
P,=P(E,|[E)=P(E,>E;)=P(x,,,=j|lx,=1)
)
WRHMA E,E,, -, E, Bk, T B &) A2
BT 1TACRES WA 1 ARESEEA » N
(Fhem AL, WK MREE WTLUEEELE,
E,,,EE,,¥.,P(E, EH)=P(E,|E;)=P,; .3t
An DEBMAR P, Py Py G4 P AERE
AT DRE G =1,2, ) LA n 47, HAR
SRR R HE G Ny -
[P, P, Py
P, P,, P
R: P cee P P (8)
P,. P, P,
L P.i P D

itqj:ogpijglv(iv j:1’27 R 71)§§]P;’j :17(1215
i=1

{a) XD

4o

1960 1970 1980 1990 2000 2010

25 w00 )i RIXIFEE RS IX L A DPLE R,
2 R 50r

21 BETRKXTFEHESH

21,1 AZEFTF KX FTFHREHFIES>H K3
rv R €0 41 SR A /NI 300 AN S e R R SR
I EAF KR 95 Vo 1) 41 M R 5 L 3R B A A O i
H L R BOR R UNERE RIS (B 3, AR
TR 5K SCT B Z M AR 8 A2 8 I AH GG &, SPI
5 SRI £ 1964—1971 4F, 1976—1985 4F, 2006—
2012 4E BB MW B 1Y 2~3 A A i LR 8 3, |
N A A7 B, SPT 5 SRI Ja] & & 3% 19 1E A ¢ 56
Z LA, FE 19822008 4F [a] Hy B0 458 5k 1 1F AH A (1)
16 4~ H A4 g 29 JA 0 L (B 7E 95 %6 B AR K T IEAR
W&, FE/NBCAE T AE &% (B 3b) 1, SPT 5 SRI 1)
/N B it 0 B O ok I PR A 06 H 4 R (R L A DG
KR MNTFE s & 3b AT 1L, SPI 5 SRIAF7E 3 41
FRIIRE BN 1~4.1~5,0~9 A H KB
1964—1974 4F,1980—1993 4E L f 2004—2012 4,
XK, 2 A0 (B 7 50 A st 3 A B[] B A ] B AR
LA — BB — & BA &Y /N T R &
TEE P SPI 5 SRI W& 2 8] 19 48 1k s S5 A7 76 B 2
BIEMRRR. KX TRBERLTREA 1.5 M H
CESPAH A 20 45°) . HR 4 R B 58 AR , SPT /)
Pk 5 SRI /NS 22 ] A7 76 1 3 M IEAH G R L 40
WITF 19641971 4E,1976—1985 4E,2006-—2012 4E
L 2~3 AN At 5, BN 248 8]y 51 A2 4k T
B AL TREIKLCTENERHRAFE 1.5 M.

1960 1970 1980 1990 2000 2010
F 7

B 3 SPI.SRI #932 XN (/N 48 T i i

2.1.2 AR KX TFEFRMAFES>H N T M
oK R AL TR X AR T 5 5K 30T B E, 43
MET 2 Fh T PR S A LT R AR AE (A
4.8 5, TR T SR L mt i), 48 ik 2 A~ H
22 V) 34 5 1 5 R K RN DR X L 2 Y R R ]
BOmA R . NRETREN T REZn R L E
( 4),60 s G B A2 [ B0, + 5 0 8 A0
24 11.48~22.47 D H BT AR X PG 5 5

BHTH 2 DX 5 4R 2 s [ S 9F 52 DX PR i K 1 22 15
TN 5 R N LR 51 T 0 Jey 3t [X ¥ 3 A
VR DO R (3 0 e Biks ol [ I Sl 1 s O R N
“rp R, Sk B R A SR 00 s IR R T REME TR
RS AMERT R LE A TR0 25,09~
5131 A A T R Ee i [A] R L rp il i CZE T L7
KT ARILF R Z (SBT3 R D L 74 b B A IR
CEEAT T3 o X sl ) 25 8] 35 A% 5 0L RG A KR T AR IX



146 K PR R

836 %

6 MNMAEARPR IR G T 5 e i 1) A2 o0 A, AN HEF
70 5,00 s TR RFEEIF[A] 1 25 (6] 43 A 25 5 50 B g L

SR I CA W R AR L A, 70 s (T 545 22 B[]
4 20.53~25.88 N, AR, T REFREAT K D T 00
$,80 5,90 s EOJFJ?B;HE i) 3 A O R B E  2
St 45 DX ] Y T 5K A 25 AN K B R SR

HE — IR P 0 T BRR S, T K ST B
JF:u%‘éiHﬂﬁJL%(lZl 5) K 3C T 51 28 (8] 25 5 M A
BTRETREENEF.Q0 s 5 00 s T 5 Hr 2t
B AH AL T HA 4 BB, H B SRR, 43 5
32.54~34.82,20.13~55.15 P H ,80 s By T S 4Lt
() 7E 25 6] b 52 301 P PG b ) 2R b 3 e Y ka3 K SC
FAE 60 5,70 s BT FHIAH X B, 4 B 13,55~

N
e e R E 60s A
rewERE

ARAK *‘Eﬂ’v‘ﬁ?ﬁ%

SPI | EEETTE
- 2247 »
11.48 s -
N
EHHER R 90s A
EEmWHERR £ 50 i

Nk T ERE

SPI BT

- 32.04 Bl

32.04

2.2 SHRTEREKXTEEEBSMERT

221 AR TFTEFaAXLFFHEHBFIMLE KR E
WAL TREEREERKCTRRATFE 1.5 4
H A2 A s e B e CEL 3D R it 3 2 T R AL R 5k
B 6) 5 T 5 i % (B 7) 2 AME R R kA7 T 5
4% 3 R 2 B VA R AR B H 25 Sk A b . AR A% o
JEFRE T R AL ARE . B kR TR X H 1960—

ERDERE 00s A EETERE
EHHERE
KA BT ER
SRI o zEm SRI
- 55.15 - 26.55
20.13 24.71

5 SRITEREHHRZET

23.17,20 N H A4, T R0 25 18] 8 AR 5 0k 3% .

ZEA DL EWFSE L RAT 1969 4FFN 1972 4F 57 M1 i 38 4 4
PR TR EMNFERIE EFERL TR KT R
FE 60 s F1 70 s [A] T 545 2 i ] AH X B0 5 78 80 s
21 e ny 00 s A ALK A L & T 80 s
WIS M A 97 6 I X3 H B AR O 7 T Y R, KR
Oy IX )T RS Kk 80 KA 47, 42 i T 2006
4F 2007 4F.2009 4E R AE TG SLAL R T 5, A [H]
LA AR TREFERETE 80 s 1 90 s 2 [H] 22 57
PEIFAN B L 7E 2 A1 B B N 25 A X3 ] T 4R S
FAHZEA K BE L ERE TR KT RN TR
Frek it (] oA, A B W — B BEN R 2 TR T 5
WEETFARCT R,

N
A HEHHERE

N

80s
A

SRm | wwmEEE EET
Ak ETTERE

2016 4F,6 NEACFR K DPI>1, £ X L4 K 5%
TR ) K ST B AL i % IRl i o (HL A S 3R A7 A —

SEZESENE. 10 s DI 5 A% 4R 00k B2 o o L A% 46 91 )
7 DPU A s R 2 a4, 2 A T B ok A TAREIX

O AR, A 22 T | 7S 47K T DA R B8 b X A9 7R e i b
X3 52 M A& 70 s, DPI B = 0 1.294, 02 6 M4
AR5 A% 4% i BE B A1 10 A B, 38R | T A 3% 5



519

TS AR TR — K ST AL R AR B e A 2

147

A A il /I s 70 45 T G X 38R L 22 0 T 71 % 476 50 e
BRI EEE T 10 s R 4 R Ay X Y
DPI{H & T 1. MR % 5T T R G R 058
X K SCF R0 R R 7E 0~50%, H
LA 60 5,90 5,10 s 41 L 2R R d5e i, 298 40 %6 ~
500 X R AEM 3 METBINAK X T R5RL T/
P EG) R R kI IS O RS e RN (U e o | o 51
JE% T N R AE 00 s Bf HLAT B I A oA e B, s ) B 2
P b AR e B B B T 70 s 5 80 s I X T

50 17 6 7E 25 [E) E A W A 25 R B HE 30060 ~
4096, FRWITE 1970—1989 F AL TR AL Z 5 KX
T A A e A A R . AU B AR
MR B FE 1960—1969 4F,2010—2019 HES L T2 5
IS5 2 (] A AL R i AR it 155 M 7 23R R e, 2 T
R Z B B RN B8 K T REX R TR r 2
A A 5 R s b 3l 2 S P DU A VY R i o 5 L L
B T 2 AR T G DXl T 5 A A R Bl = TR 2R
AE e A A X3

) N Jgp— N - N
EumARE . . 60s A WHNERE 70s A i FunaRsg . . 80s
N o R R b . A T '
BEMEHRE SR %ﬁﬁvﬁiﬁ meE . mEw C BEWAERE ; B
‘“-).,sﬁmsia S o EuwEBE . owwwEwE
NERT =TT HEAT = NEAT =
Y 5 5= & b i A 7 K §
" = B B T e
DPI ‘ DPI [ ] ] DPI 1
I 0~1.000 I 0~1.000 . I 0~1.000
B 1.000~1.563 : B 1.000~1.294 B 1.000~1.631 N
. g~ N J— N
EHWEBE 90s A o WEWERA . 00s A o wHmERE . 10s A _
 w¥mEEE AT @ EHTERE AR B _ : 2 s
- wwwAms o wmrEna NS = .
AEAT g AEAT =2, :
T T " s !
A BEH T e
DPI . P DPI : . DPI
I 0~1.000 0 0~1.000 I 0~1.000

I 1.000~1.376 B 1.000~1.406

B 1.000~2.103

6 EEEENTSMHE

Hﬁ‘ﬁ'iﬁi_ HiEE
ey

Rr!%

0~20

| 20~25

222 AR THRBEMHTHFIEHBIRLEZE K
SCF R R B A G P A i b 2 TR
N HR AR AL R I S s A ) X 38 2% 5 R) 2 5
M )T R LR R TR T R AL T R AR AN
EE A R ARG 22 R K B 5 DPL X 51 R X &
LAY T M B VB UR B 5 DX I, B XS g K R TP A
Xof b 3 A A T R R A b 7K B TR G A AR A ) 498 D
AR H UK, 21 DX I 28 IO B 3 04 A5 K AR D K
SCT KA T 50 B R (K 8a. 8] 9a) s W4k & B Air
F 2 000~2 500 m B, 7% 4% i 32 A5 DK L el 7 3 i 155 5 X
S F VR i 5 1 DX 383 A v 1 L X, R K i 2 R

00s
HEHWHERE

B 25~30
B7 FTEWEERZNH

I 3040

I 40~50

T ARG b 2 119 28 B3 i g 20 s O T 50 B s T 7K 3
TEREREE (] 8b. K 9b) s PR I sk ZUK B T R 2 R ER
AT MR K T i 2R O 4 A T BB LB S B AT
3 I b I AT AL L 2 R K R A D TE R K B Ab 7R R
WA T RAKSCT R T 558 BE TR 3 T oA DI it
JE DRt S R 2 A DX AR R R e 3
L HAY 3 A4 X5 (] 8el & 90) ; 7l 5 45 b B AR 2
Ao TARTE 22 A PR g 2 B8 XU 0 L 4 KUy s B
TR B T AT 25 1 v A R A L ) T 1
T2 A i KA 25 T o3 i 58 o 1 5 A 4 el 1 248 57 4 % X
WA R R AERR TR KT B 2 & A 1] GE M =



148 K PR R

836 %

(B 8d. K 9. 74b B A FH AW EMA T XN
FR 1.2 G AL AR i R 1 R KL T 3.4 G AL % o
FEIX E EAE AN A% 3 BT (K 10a) 5 1 4R
0~1 500 m ¥ DX a2 55 e Ry X H i) 17 3 RS ) A
R XA KT R RR TS0 R AE 3~4 9

N

R TIEHRE

HBEREBRESK
HEBRER

| ABRBARER

DPI ] 1~ [ |

B8 TREAZGHTHTREAEREERZHASH

ERRERESX
BERBREX

| RBBAREK

Rr/% [ ] 20~25

o 25~30

(J& 10b) . £ L ik, 7 M R U1 R B2 B0 A I
B R A XL R A N L g T R R
F19 38 B2 e K SO 5, ) A £ 4% i BE 3 Ok e
AKX R AT A 5 A2 AR UK TG
R BLCIVE: SERTT =/ R R

A

| 2500~3000

s

(®)

"E/m
0~1500

S 1500~-2000
| 2000~2500

| 2500~3000

I 40~50

B 30-40

9 TEEEFHATHTEMEEZERTESTH

23 TREEBIBRMNTREEZGZMSNT

2.3.1 FTHEFLIEL THEFMHG LKL B
K B, T BAE R R AR5 3R D) #1) R B2 2 6] £ 1 35 67
FAOGHE | T 5 55 1 8 5 B8 22 1] U 2 TE A OG5 M e

Mo S5 2 ) AT WY A S L (LA 4% AR A B 22 () AT
MH2E 5. X 1960—2016 4F 1y X I T 481 4 1R 5 1%
RERRAEBEAT AR OC T H7 & 8L, o e T 5 i AL AR AR I
2 W) SO TS 55 T T A% 171 ) 2 B L A T A A S



519

TS AR TR — K ST AL R AR B e A 2 149

FEAE 76 57 AF1] 2 A T 5% 55 R A #0551l 3R 1) 5%
JEE B R A S (HHOE R —0.913) L b
U] VR R R D] T 5 A 4 5 B BRAIG, K ST RS
ST 5 AR A BN 1) RE T A, 1 B b 3R A= )
) (10 R R R R b 5 i) 8 T T AL A A L U0 R
TR b R AR R, MR TR LA Z G b A
BERAK O M, I, K SCF R E A —E m T
RETR, A, TRERRESS/R.CAE LT R
JiE 45 PR 2% ) A7 78 15 AH D&M R 26 R 0o 0,775,
0.894) , W L7t o DX 3 1 1 & B R B X T AL %
FRIERSZ 00 K F RS, AR R g J R B
R DX, A4 T 5 1) K S0 5 00 4% 06 58 i o5, H
55 Hb T KO R A LR 3L R A X AR B Rk A K SC TR
HAKSCT 550 B K AR A 38y UG 3R T R R A

TN SRS . 541,80 s I 2 Bl 5L 22 fa] Y AL 4 i
55 M U0 B VR 22 1) 6 B A S A OE A S (G &R
B2y 0.894) , U BH 8 ik B B Y Ml g XL L U K S AR ik
(10 R R A 8 PR IR B A i R R s S R
RS mfE MRV ERE A RERET 00 s
Af A7 7E BORH G 1 R DG R 8093 51 29 — 0,913, — 0,944,
—0.775) , FZWILE 20012009 4F [i] b 25 &5 F 09 58 m
IKSCF BN R G AR b Y AR R B AR M 3R
R B A ) K S T B R T AR A Y R R
B2, HEAESHIL1960—2016 4F LI E hk

FMTERXNIRL TR ST R EMT L%
FRAE 32 25 M R U RIR L o5 v A 7 5 =2 (8] A K 3R
Boo 5 R BV R B 5 I B 2 ) A ]
ARG A

1%
120 4.
—— 0~1500m
—o0— 1500~2000 m
—A—  2000~2500m
—7— 2500~3000m
—— J{EBFKX
—+— FERFKX
—>— BERFRX
—O0— BEHAREKX
—— [ HYIE
—o— N&YIE
—a— M E
—— V&l
—A— EH
—— i
—B— Kb
—— |IH#
B10 FEABFTEESTEELZGETHERAL
2 SETRE—AXTEEEBEBIESTEOLGZ AMNMEXE
T 60 s 70 s 80 s 90 s 00 s 10 s 5 "
= H] IR ST S
8 W WRR W WRR WE MR W MR R WE W R WE MR
[ —0.775 - —0.775  0.258  —0.258  0.258 - —0.775  0.775  —0.913 - —0.775 0.775
WENEEE 0775 —0.849 0.775 - 0894  — —0.775 —0.775 - —0.944  0.316 —0.258 —0,913" "
HERERE - - - 0.258 - 0.258 - - 0 —0.775  —0.775 - 0.894
LKA R - - —0.775  0.258 - 0.258  —0.949 - - — - - -

oo NAE 0.05 K ERBFHE: « x A 0.01 KPR EMHE; — FRTH KM,

2.3.2 FTREHIEL THRBLHOBEES>N N
TRASIAT T PAL 4 o A2 A6 AS [R] T #4800 2% 1 F 9 RRAE
KW FE 60 s 5 10 s (9 2 ARSI LT T4 T
B G AF T AR 55 2 R) T A% % 0 B 5 ) g 6 1) o
Fo MRS RRAIE . A 3 F AN W] D) B BE op ] 5 ) L, 45 A8
W% % DPI #7F 10 s B s B b 4 X
DPI, B A% 4 5 B A 7E IR & "y B4 Horp, LU
TR A b A5 B XN SRR G RS O TR R
1117 7 H A U BT BE 43 X v L AS () 258 5[] 1) £ 4 7 i 2
BT R R B RIMM 60 s 19 4 9% DPI %45
10 s B9 4 2 DPL BIE5 80 A B BN 1 (&
1a), FERMET 2 000 m AY X 3, HAL 3R 00 B 55 7 &

BEUL 4 SR BN FE, KRN 1 %R BE, W AR
2 000 m LA E AKXk, DPIRr 5 85 HE 5 5 i 1) 2 22
R 1910 s) U e BE AR U X 4 T 5 A% R SR
M SO R 1) A% BTG K () 11b, 81 12b) , 78 X B A i
KRB LT X, 2% % 90 DPL 3 DL #E R 5|
[ A5G 3 FE RS AR BN 1,10 & & 5 B Ry v 55 5%
SEFISR ZU X DPT 3 22 57 8% ] I8 1% 55 o B, B IR I
HIBRRBREXN G MR LR IERERA —En
S (B 11e) . MEEASBF 5T I BE L 76 55 36 8 <2
13 I A 8 1) DXk, n v ) L b S )R X R 1
B EEAR M 1 RE 3 W BRI IE IR AR = s 7217
TR A v D) R R R R I DX I U A T 1) 3



150

PINERY S R o

o536 4%

[6] 3 4% Rr .M 10 s I 4249 A 7 0 X rprdo b2y B 1) 3
AR BLR B B AR i . 2 W] 60~10 s ] IX
Sl SR I SRR 56 R A A 10 s B 3 2% R Y
R i s (&1 12a, 81 1200, 45 EFIR . 1E 60 s 5

10 s [y 2 A4St E]

V&g 4%

V&S 3%
NV#&YHE 24
V&EIE 14 |
MFNE 4%

2 MEH 3% | & 2000~2500 3%
— MMEWE 2% | = 2000~2500 22%
B mgine 1% # 1000~2500 1%
B gy g | e B 1500~2000 4%
fﬁ I bI% 3% | % 1500~2000 3%
¥ ngig 2%k + ¥ 1500~2000 24
N&YE 1% 1500~2000 1%
1 &% 4% 0~1500 4%
I %% 3% 0~1500 3%
1 ZY% 2% | 0~1500 2%
T1v8 1% WY . 0~1500 1%
HEREREERRE R ¥
WM B bR BO WO M B BR BR BR AR BR Mo R R =4
RERRRRRRRERRERRRERRRR hit
FREREERREREERREERERER l
~———HEEEEHEEHEERESR e
FRIEEE6Os
WMARFX 4% i 4% -
WARERX 3 [ () BWRERE i 3%
BIARERX 24 i3 22%
BARERX 14 Wi 1% -
BBEEX 4% i 4%
2BRBRERX 3% 2 A 3% -
— HBEEX 24 = AL 2% -
MEBRRAR 14 | L 1% -
= HERERX 4% B A 4% -
®hELEKX 3% ¥ A 3% -
¥ ohaEpEX 2 | ¥ R 2% -
FEEEX 14 BH 1%
BRERX 4% HH 4% ¢
FRERX 3% HH 3%
FREX 24 [ i 2% -
sﬁﬁgg 12& 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— NNt T ANt NN — N on —
et e e P S R e P R PR P U P =y
1A 1 1 1 g 1 pul
FHEEEFREER K EE
L IBRE6O s
wmt | TS
0
11 FTEEEBEEERSERHEXER
3w

RE TR T B mK T B 758

|
(a) MR EIRE

"

JE 55 0 R EE RS B A T R IRV B AR R
JEBEARIY DX I, L, A% 19 58 B 2 B2 by IR0 3 % B 1)
1o R A R AR 3 3 A TE IR R B RO IR B X
SN DPT 5% R385 R 16 BK e A5 M 36 32 24 [ 5 AR A5 9 1)
DPL ifij 1 17 2 (1) 575 7 55 DPT AH EE I AR X6 S 17

2500~3000 4%
2500~3000 3%
2500~3000 24
2500~3000 14
2000~2500 4%%

?iﬂﬂléﬁ_llllll

31 TEEHETESE

A 5T A B L E BT R R 1Y) W R X A
ZTREARAEBEBIKCTREFE 1.5 DA LEL X
55 At 2 25 0 BT RE S 0 I 9 0T R XA T AL AR 1
A F i JE A H R R AE SR T AT A A ELE R X
T F AL R B R R L e iy R AL R T R X, SR
Jir DAL 3 S 2 i S0 R DX I BT R A B B 4 R R B T X
P2 5 W IR DX U A 1 R S Ak TR R
A I KU W B b AR Ak, AT 1 /N — 1

-

0
g

-.
-

0~1500 3%
0~1500 28%
0~1500 12%
1500~2000 4%%

1500~2000 34
1500~2000 24
1500~2000 14
2000~2500 24
2000~2500 14
2500~3000 44
2500~3000 34
2500~3000 24
2500~~3000 14

2 2000~2500 3%

7@ 2000~2500 4%

oF
=
e

(d) L Ha S

|

HHh 2%
HH 3%
HH 4%
AH 1%
B i 2%

A K O T E K AR AL T T A T B S Ry
MO BT R AT B T On AR DR, T I e B i K
AET) AT T ARG T 5 2K ST 5 B s I )

32 TREEZFHXTEEBEIENZD

G R K S 5 00 4% 6 o e 52 JBORt 2 AE A
(] T H 26T L K SO 5 AR I (] A R 5 i T
e JEE A 50 55 55 . AN BIE ST 45 2R A B, A% R ST A% AR X T
A A R ) R W R R R U A R U R R I > AR
RERE>EESHWIE WA, EEEN T ERDE
(R JEE A — 78 B JEE b R IR A M FROK R 2 /0 i



519

TS AR TR — K ST AL R AR B e A 2

151

I (978 P B AZ I KT R 3 T A 2 s34 )
BT R KA AR B kA Jm M 3R 28 Bk Y
53R 5 By AR IR SO 5 T kA i A A DX Il AR Dy
PRS-y & L ST (R S 0 N v/ Y

AEURRE BE AN KRk M K Je AR T R R E S —
“BORLET R ARG R K ST R R A
KSR R KL R AR 2L ™, H R
PR 1 5P R LR AR R AR I 1 2 L T ey

Ni&?% 4%& F | | 2500~3000 4?2 . -..
V&E 3% 5 ELb 2500~3000 34 - b) &
N o [ @ WRIHRE -i 2500~3000 2% - ®) HE
V&S 14 | 2500~3000 1%
2 & 4% 2 2000~2500 4% -
@Hl%&lgjg 3%& - [Tl = 2000~2500 3%& -
% YIE 2% 2000~2500 24% |-
2 Mty 19 | Bl 2000~2500 1% - -
B e 4% - E 1500~2000 4% |- [ |
¥ myE 3% - % 1500~2000 3% |
T mE 2% - H ¥ 1500~2000 2% |
L& 1% F | 1500~2000 1% | [ |
I &% 4% 0~1500 4% |
I ZP)%l 3% - 0~1500 3% - I
I &% 24 | 0~1500 24 |
I?ﬁwgu 12)& -I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ONISOO 1%& -I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— NN TNt =N~ NN T AN~ AN —=F NN~ F NN~
O B OFE WR A BR D R B R O R AR B 888§888888888888
RRERRRRRERRRRERRRERR SoO2~SSSSLLLERIIR
FREFARRAAEAREEARRRR ZZZ;ZZZZZZZZZZZZ
~———SEEEESHEEEER ceeTsgss88888s8ss
& 7% T B %R60 s BRI S
A& FE 0 B 360 s
BAURFX 4% Wik 448 F
BAUREBX 3R (o) HBERERE i 3% | (d) HuFE R
BIRERX 24 i 24 |
BAUREX 14 i 12 |
— 2 X 3 - — 3 -
ERmREIX 2 l- o 2 | l-
AgmREX 14 Boawm 1z |
wLaRER L =AM
X 3% THb 34K |
ChErER 2 l. € Aoz | -.
FERERX 14 HHh 1% |
BWREAKX 44 || 4%
W[WREX 3% EM 3% [ |
BREKX 24 | =i 2% |
ggﬁﬁlz lg&-l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &i& 1?& 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— o — o — N — on — NNt — NNt ANNFT = NN T
1 11 e Bl el ] ] ] ) B i ] ] B ] El i e
i i i e e e ge gr 4e g e e e g e e HHHHGGeGHEEEIIII
4 4 gt 44X 4 e 4 4 9 9 4 4 Y 4 i 38 W B2 260 s
BERRPPSPH iR
FHHEEEEREESS
A& 55 1 B #R60 s
HBBE | TS
1] 1.000

B12 FTREEHEMEERERBMEERE

33 IRERNBRE

R 2 Z A0 76 F ) = Hm i B AR % 1 T
20 TR BE AP R BRI R — AR, X
S XTI S8 A B S S () 235 A8 3R AT 5 ) 5 IR Y 5
LRI E SR TRIK LT R EH/NEE, A
KGN TR L T FIE 2 5 A K AHAK T
AR e b, TR WAL R R R
%) 6 I B S N . TR A AR T T R AR R T R
T2 A2 P BRI B 5 AR R H AR AR R AT T
PG AN hoKR] AR A X — e R LRt T IX
B KR B Ta] L R R RAIR 1 30  DXC 3l 9 K S 5

fy T Bl 181 4 T4 T %0 T 55 i 7K S0 5 S g B
] 6225 B BF T 3o R ool 24 A 350 B S 1 26
S R A AR SE D 28 4 T % 18 50 BT T 4
T 46 P IX B0 4 T 7 1 7K ST 7 0 4 i 1 B
4 &5

(157 4R 1] K 3R E B DUk S F 7 o4 3 F R R
BN LT RS KR TR TR, LT
B E KT RRATE 1.5 A, R0 5 AR
X ST L 5 0 DX 3 1 0 0 5K il ) SR, T
5 N R



152 K PR R

o536 4%

(2) DX T FAERR R E 5 R UD B TR 2 3 A
KGR A RIS R IEA S AR YRR R A
Vi R 5 Sy S F A b DX, T AR 5 R A D
LRIV (0 S 37 NI o = Y o B (1 S S B LA T
2 AR AR BEAT 5C , 3 A0 D)1 4% B8 3 ) DX UG 5200 B
1 KSR AR A R 8RR

(3) T AL R AL AE 25 T 4w 73 X 2 B T
RYEFAS | 5 A8 15 BRI B 1A I i, % 36 5 B2 g i 4R 45
R 2 M e D7) ) A e I A R A e IX
S B i e ) B R R DI T R BUR L AR A R
GEAAXTHE S, X A LR R BT L RE D AL . B
b AE 1960—2016 4F DX I8l 5 A | 5 ) 0 S0 A R
ST 5 L DX A SUAT BN

SE K

[1] Apurv T, Sivapalan M, Cai X M. Understanding the role of
climate characteristics in drought propagation[ ] ]. Water Re-
sources Research,2017,53(11) :9304-9329.

[2] Quang T D, Tho D T, Duc T D. Application of meteor-
ological and hydrological drought indices to establish
drought classification maps of the Ba River Basin in Vi-
etnam[ ] ]. Hydrology,2019,6(2) :e49.

[3]  ZRASUWE, BR A o . K SCT BXE 4 T 52 i i B B H
I A 26 AR L) ]9 %, 2017,32(1) :199-204.

(4] ki e, I 8, S MALRBUK LT 2N 2 TR0
Wi S5 AL 1. R K AL -5 KRR, 2014,.2(3) £ 29-32.

[5] Ahmadi B, Moradkhani H H. Revisiting hydrological
drought propagation and recovery considering water
quantity and quality[ J]. Hydrological Processes,2019,33
(10) :1492-1505.

[6] Mladenova I E, Bolten ] D, Crow W T, et al. Evalua-
ting the operational application of SMAP for global agri-
cultural drought monitoring[ J ].IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sens-
ing,2019,12(9) :3387-3397.

[7] Padhee S K, Nikam B R, Dutta S, et al. Using satellite-
based soil moisture to detect and monitor spatiotemporal
traces of agricultural drought over Bundelkhand region of In-
dia[ J].Giscience and Remote Sensing,2017,54(2) :144-166.

[8] Malik A, Kumar A, Singh R P. Application of heuristic
approaches for prediction of hydrological drought using
multi-scalar streamflow drought index[]J]. Water Re-
sources Management,2019,33(11):3985-4006.

[9]  Vazifehkhah S, Kahya E. Hydrological and agricultural

droughts assessment in a semi-arid basin: Inspecting the tele-

connections of climate indices on a catchment scale[ J]. Ag-
ricultural Water Management,2019,217:413-425.
Zhao P P, Li H S, Wang W C, et al. From meteoro-
logical droughts to hydrological droughts: A case study
of the Weihe River Basin, Chinal]J].Arabian Journal of
Geosciences,2019,12(11) :1-13.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Abdi O, Shirvani Z, Buchroithner M F. Forest drought-in-
duced diversity of Hyrcanian individual-tree mortality affect-
ed by meteorological and hydrological droughts by analy-
zing moderate resolution imaging spectroradiometer
products and spatial autoregressive models over north-
east Iran [ J ]. Agricultural and Forest Meteorology,
2019,275:265-276.

XL B, T EAFEFET IR T RuKT R
BB B AR LT 1K R 2441 . 2021,52(1) :93-102.
Zhou ] J, Li Q Q, Wang L Y, et al. Impact of climate
change and land-use on the propagation from meteoro-
logical drought to hydrological drought in the eastern
Qilian Mountains[ ] ].Water,2019,11(8) :e1602.
KR, L E N AN RR T RS IR 5 AT 4 B
LI 0. B R 55 2021, 31(3) ¢ 1-7.

KT, EURIE 20 IS 5F L BN 4 R K B R BE I &
AR Ak B 5 ) R 3R 43 AT LU . B M D9 R 2 2= 4l (1 SRR
2R ,2020,38(2) :10-18.

A, B AR R R 0T R 4 A DX /N L ) R 3R K
FHR UM BE S BT - LS K FIAR A TR X R B[] ].K
AR B A ,2018,49(12) : 17-26.

Dehghani M, Saghafian B, Zargar M. Probabilistic
hydrological drought index forecasting based on mete-
orological drought index using Archimedean copulas
[J].Hydrology Research,2019,50(5):1230-1250.

T e WO e, Rk 2L SR AR T 548 4L SPEL
A1 SPI ZEREIL Ml DX 1 3 M A 5 L 0. 80 Jb ARl B %=
2020,59(21) :42-50.

B SR A IR L A KL Bk T SPTOR SR A 2 5103 35
BALE KT B A LT ] W1 ARl B o
2020,59(12) :40-44.

Sattar M N, Lee J Y, Shin J Y, et al. Probabilistic
characteristics of drought propagation from meteoro-
logical to hydrological drought in South Koreal J]. Wa-
ter Resources Management,2019,33(7) :2439-2452.
XETT XK AT KL, A B i IR i B 5 A%
HRZ REZ XN A I+ 5 X, 2014, 37
(6):1137-1146.

SRR R R T R BN B R AT R BER A 1Y
AR SAE S AT PR [T K 32, 2021,36(2) : 1-8.
WRIThE BRI, 8 A 4, 4R BT SPEL #8800 22 T 5

AL 5 AR B SE R T 1K 30, 2021,41(2) :56-62.
Ye H. Fetzer E ]J. Asymmetrical shift toward longer
dry spells associated with warming temperatures dur-
ing Russian summers[ J]. Geophysical Research Let-
ters,2019,46(20) :11455-11462.

05 T K BHIR R G000 K38 T AT (D] db HEHg .
ML T AR K ,2019.

Li R H, Chen N C, Zhang X, et al. Quantitative anal-
ysis of agricultural drought propagation process in the
Yangtze River Basin by using cross wavelet analysis
and spatial autocorrelation[ ] ]. Agricultural and Forest

Meteorology,2020,280:e107809.



