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Spaitotemporal and multi-angle response of agricultural drought to meteorological drought in Northwest China //
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Abstract; Taking Northwest China as the research object, the standardized precipitation evapotranspiration index ( SPEI)
and the standardized soil moisture index ( SSMI) were used to characterize meteorological drought and agricultural drought
respectively. Based on the three-dimensional recognition of drought events and the matching results of meteorological and
agricultural drought events, the spatio-temporal and multi-angle response of agricultural drought to meteorological drought
was established by using Copula function conditional probability distribution and Bayesian network probability model. The
results show that based on the linear and nonlinear relationship models and the conditional probability distribution of Copula
function, the optimal response relationship between agricultural drought and meteorological drought about drought duration,
drought intensity, drought area and drought migration distance in Northwest China are quadratic polynomial model,
nonlinear relationship model based on Frank Copula function, exponential model and linear model, respectively. The
established response probability characteristic curve between meteorological and agricultural drought variables can
quantitatively predict the probability of different degrees of meteorological drought developing into agricultural drought in
Northwest China. Given the meteorological drought characteristics, the agricultural drought characteristics and its
occurrence probability can be reliably predicted according to the optimal response relationship and response probability
characteristic curve.

Key words: meteorological drought; agricultural drought; response relationship model; response probability;
Northwest China

EETA  EHK A AR E4 (51879222,52079111,52179015,51779093 ) 5 P4 5¢ vty [ Ly A 78 2 J5 A 257K SCIE] 58 B SR 2 S DM A7F 5 3 - ke AOF
FEFEA: (YSS202112) 5 K AG PRS0 47 [ 5K 8 4 S 40 2= P T 97 364 (TWHR-SKL-202212 ) ;i B 44 8 KBk £ 30 (201300311400 ) 5 5 M
BKFTRHE H (KT202001 )

EHZR A DEL(1991—) B PR, i+ FENFKSOKEEDF 5, E-mail : fengk0121 @ 163. com

BRI (1968—) , &, #4% , i+, T8 N FH K SCBA SR IR PEALAFSE . E-mail ; xiaolingsu@ nwafu. edu. cn

. 59.



TERIE— P R A REE oA T R AR g A R
% BHA RGNS RS | B2 5 0 800 PR IS
gl 20 AL UK, 4Bk 70% LU B E K %
FIAS [R] 588 B 1 5 I B, 1 BUAE Y R A TR 2
ik 80 {2360 | RMREARAL K 2 B At St K SR
Se I, KGR IR B [n) ARy S, R ] A
U, RBOKBURAL ARAEW 080>, 6 A SR 1 BN
CIBUE 08 -2 1 I v I A RN R oy A E5 175 3 e
R4 % AL R S A AR A

M4 K SR AL TR OC &R, T Rl 5 ] 4 A%
T8 KT 5 KT Rt S &0 T8 4 Pk
RN [RIZER B2 OK G PR R 48 P AS [ 345 3K
PSS RS 51 K B TS RRA TE A E
A7 BN G IKSC A NRTE S At S g S LTy
TSI, AN ) 2R 80 52 % A B s R AL B[], (H g
M2 IAIAFAE — R B A LI 28 A o7 56 R0 G 4E
P S R ) SE AT R g o f ES A P N Y
AU A A5 T AT, Huang 25700 B9 9 495 5 26 W T T
BRGSO R ARG I R HL A B i 2
VERRAE , %5 5 P AL AR R H 0, KA W 2 AL Rt 7]
K Wang 261 9T 45 SRR B R4 T 5
MK SC T ARG M 7E R R (3 1) 5L 2%
BRKA12 ), BERROEA, —L22E I iR
SR AN R 2R T AR AR B 2 (A B g T e R
AL D AR T 25 Bk 2040k Aok ST
SLABENL W LA R T Y, A s KSR dsE T
SGRKSCT FRRAEAE & (I B ) Z IR
AL DG 28 5 408 T e 450 DS i) R f S8 T 9T
ML T REKCTREHFEE LRSI
R Wu S IR R BE ST TR R SR T R
FRAE ] ) = S5O0 B R B8 | AR T 248 50
Z () ROBEREME: , N AT A1 32 58 0 4 i i 2 o0 Bk
GG LM BB AE AR R EIE T
BRSBTS B AT W sk i DL ST R
IR SO ] T R A A A5E 70 4 SR K SC T B i Hp 22
R} i) s 7 R

R 22 4 R AE T AR A R L, 56
T A ERRAE (TR 8 TR D E T 58
JE)  MZmE 1 2 [t (T R AR GERIEE)
B 28 Z2 A1 FE TG gl T A1) g i 1oy ¢ 22 A0
FERED 12T TEE IS AFAE 1 22 X p, AN TR S T
SRR T R, AR E AR T2
KRN T AT REE AR, ARk F XA A
FREERYA G T2 A e oy ARk 58 g 107 49 i 55 2% 4 LA %
AN [R) T S AR 1 A ] 114) i A i) 7 S 2R A PR 0 g 1
i DR (] R

STt ASC AP AL X O BIFSERT 42, 530 LU
HE AL B K 28 B 45 L ( standardized precipitation
evapotranspiration index , SPET) FIAx i b 1 8 K 5 %4
( standardized soil moisture index , SSMI) /LR T
A 5 BT T R = e O 1 A
23 RUBE - 54 = 16y D I 7 30 32 O DU i 1960 —
2018 AFHAT XN SE R MR A+ R F 4, Ik
P AR A R S G A AR AL A Y
S D W IO AR TR ) P DL ot S8 10 265 AR A8 70 7 57 oK
b TR G TR ) 0 i M AR R AR it 2
PN 2% 22 RO S 1 5% ey 7 A P R AT 2R 48 0 #r, LA
19 B BT 507 S8 B ) DA R AR B4 A 4
2%

1 ARXERSHERIE

T U A b Dl AL G P v HON LT E I
PASCHTER S A X NS AR R
Padb AR RZRIE 3 I, JE TP A6 SR IX ) AR
T8 DX A 3l by, P 3 5 R A X AH 4R, S5 PR AL
Hi DX ELAAHRL R SRR AR, SR R A 5T v
RS i RS B 5z SRR & 1 1V i Rl
X, HOK BRIk 72 32 20k A k)1 BUH 4F R Rk,
XA FT T 5 G 2 R 1 — E
m ot R, AR ST R A PG b X AL S R VG | T
B EWE HR DL SN 52 7 R IX 8, 25 X AL
TARZ 89°25" ~111°277 b 45 31°33" ~42°48", i
+ T R 2 A 186. 81 J3 km®, i [H + T AR AY
19.46% . W5 X IR )& P fli , BE 1 18 55, Jin 2 i i
Lyt T2 558 v X 3 v O 1 BEL Y, 5 BOAR X K
Fis > AT, RFGE TR TRIX Z —,
5T X b 3P & 2R AIG, R R 184 ~ 6672 m, 34K I
P ) AR S R = R BRTE T R LY | 4F B /K 5 A
ZR 1) PH Bk, R 43l X AR B 7K i 7E 500 mm, BFSE
XL 1 s,

N 0 500km

1 HAREXEHE
Fig.1 Scope of study area
SRR [R)16 28 GER Sl A il AR ) 1
R, SRy JCiE FEAT T HE My I e A X AR AR 2 A
B, F R R B g e P AL X B



U I PERS AR BESEE AT GLDAS V2.0
Noah FERIFEALAGHR X (0 ~ 1 m) + 35 /K &2 H i [a]
FE S AEAR B 4 | ik 18] 2 55 Y5 1R 1960—2018 4F,
ZE )43 BER N 0.25° x 0. 25°, AT 38 i 3% [ T AR X
IR IR 7 B8 A 2R 55 O AR Chitps 2/
disc. gsfc. nasa. gov/datasets/ GLDAS_) . SR AR I
FIKFES AL CRU TS v. 4,03 Bdls 424150 A
Bk P RIS FE 25 8L & ET, B3 (https :// crudata.
uea. ac. uk/cru/data/hrg/) 718 SPEL, i} [8] ¥ 51 Ay
1960—2018 4F, 25 [0 73 B 44 0. 5° x 0. 5°, 1 T 44
UE5 A3 7K B A AR R0 9 2 ) 40 2 — B0 -
HRAER 0.25° x0.25°, AIRHFEIX N H40 75 2 903
AWEAE . R B R B 3L W (Chitp s/ www.
nmic. en/data/cdeindex/cid/ ) FEEMI ST XN 70 4K,
G i 1960—2018 4G E R SR , K P P
FEL R VTAS 1 A A A W BT it X L A, BF
FEIX. 85% LA b3l i (4 52 0 B A KA 5 0 S O =2
B RPEFFE0.7 ~0.9( BEMKFEp=0.01),3%
S0 3 K RICHE 5 18 A3 I e 2 i) B L 1
— 3Pk, RRAE ORISR SR A T AR

2 WIRFZE

B, R AR EAL T IR Al T R s
BRI BT P REE =R R IR R T 5
5oy T PR AR AR 5 $2 0 T 5 35 4 U v ) i 1 7
LSRN T 2FUXFICH ;5 , FE T ICE S5 R
FH Copula BRZCHI DL it 17 ) 28 HUE 0450 78 45 5 vk 37
R T R A FAR B[] 1) A [ 2 28 A i
7RSI
2.1 FEREiEH

SPEI () ARy . i 8 H K i 5%
2R m 2T D; M H =S5 Log-logistic %
1A BRELE D P SN T AR5 A R F () 5
B F (o) B AL AR E IE 2540 41 5K 7% SPET i, SSMI
M0 R S SPEL 28, AR Z AbAE 75 R F 4 18
KRN B 5 A1 43 A PR BSOE 25 A S L AT 40 910K
SR A eR AR, e S B LR AL S Bn v A 28 o3 A
K45 SSMI 1A,

2.2 FTEEHRIRTESEHEITAE

B SRy 1 P TN O R e G
SRR 0 1 5 B B s ] 1 A 5 B e R
2, AT 5468 05 19 = 4 25 [A] A v 4 B 23 3% 22 1Y
T2F, W T e A B
FER R TR R, TR ERR T
S T IR & Az 28 25 0BT R 22 (9 1 [R] T 5 T
BEFER T2 E R m s [, -+ 2208 e g+

B EORREZ M, T R OE B e R p+ R 5
TR BN SR AE 25 0] B RS SR s, HAAR SRR
WA S R[22 ],
S[ETREML T B EANTER R, LT T
B 0O R B R H R R AR IR AR T RS R0
T AR VC B AE ] DI 25 ROBE A B A R B &
AR T RS TR FAHFTICE, 7] AN ZA
2 TR0 SE I 5 48538 1 5 o o7 Rp E , LA DG J5E i 2
H:ORR TR R T B F RIS R T @H)
WrZ T 5 5400 T R R AR ] F Y 5g
2 s QFETF 590 45 L 1 1 40 W 2 5 A7 AE 25 [R] b Yy
ek
2.3 EF Copula EE K AELL EN L X R
Hao %52 Bf 5% F WA 3L T Copula PR 55181
AT LA S O R -5 o 5 2 ] i A Lt R
RERHA TR T, A5 % S V30 00 SEARL, ST
SETRE R A FAREAS 5 1] 1 AR L MR G O
R ORIGHERL T BRI 85 T3 — 50
XF AR T SRR AR B0 SR AR o Al . R T
5RO AR R RG34 bR BRI 52 9% JiE pR
HEOIE V)|
F(x,y) = C(u,v) (1)
Hrp u= Fy(x) v= Fy(y)
fx,y) = elu,w) - fi(x) - fy(¥) (2)
KL X YRR R TR 5 R0 T 2 1R AR &
(TR U AR EBIEE) s Fy (x) JFy (y)
SR XY (553 A sR AL C (- ) i Copula PR
Bie(u,o) N CC - ) BEBEREL S, (x) Sy (y) 735
N XY By G ARE E eR AL
R B AR AR Ry — A S it S R AR AR
BIZ5E RE T RERE X = x 5200 T, R0k T 240 1E
i Y R A AR 0 AT BB IA
FY/X(y) =P(Ysyl X =x) =
IF (x,y)/dx _ dC(u,v)
dFy(x)/dx du
AFNE Y 25 A M 3028 i 3R
fnly) =T = w0 @)
T DL PR 5 BRI AR R0 0
FRRAE AR BEEAE S BOMAE Y S B 2 Rl TR AR
TIEAE 2 B S5 ARS8 SR AR G0 A1i pR B R 3028 82 pR RS
gy
2.4 DUMH ) 25 HE Z AR EY
DU H7 190 28 B T RO G T AR BRI A AU e iR
R ARG AN 2 P () B, W 3l Bk S R A S T A
TEREMLAS 2 8] Y 0GR SR DL ik 307 ) 445 A
. 6] -

(3)



SRR AR UM R AL

\4

el s it
(a) ZPFIESE BB R

Al A
(b) AR PR AR
B2 RUFETSZFHMERRIMIHR
FHMEEERHTEER
Fig.2 Schematic diagram of conditional probability
cumulative distribution function and density function of
agricultural drought variables
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Table 1 Meteorological and agricultural drought variables response models and validation results
Hm T ERAHEAE&E M i A5 75 R? RMSE AIC BIC
F(x) =0.95 x +2.07 0.913 3.285 56.715 57.851
Jilin) f(x) =0.006x% +0.73x +3.02 0.918 3.143" 55.818* 54.682 "
f(x) = exp( —8.82x10 " *x* +0.09x +1.48) 0.913 3.667 61.775 62.910
Sf(x) =1.28x-1.38 0.708 4.330 71.42 70.55
RURE f(x) =0.008x% +1.05x —0. 89 0.712 4.324" 70.48 * 69.35"
o f(x) =exp( —0.02x% +0.98x —7.31) 0.881 5.825 83.06 84.19
Sf(x) =0.43x -0.006 0.587 0.216 -68.56 -67.42
T AR f(x) =0.394% =0.29x +0. 15 0.651 0.196 -71.82 -72.96
F(x) = exp(1.14x% =0.91x = 1.99) 0.712 0.190%  -74.50" -73.36"
J(x) =0.83x —80.44 0. 566 897.2* 314.8" 315.9*
IR f(x) =1.37 x10 7°x% +0.75x —40.24 0.567 897.8 315.9 316.8
f(x) = exp( —6.13 x10 7842 +8.89 x 10 "*x +5.49) 0.567 949.7 317.4 318.5
Jf(x) =0.99x +1.46 0.926 3.361 57.76 58.90
Jiest f(x) =0.002x% +0.92x +1.81 0.927 3.367 58.98 57.85
f(x) =exp( —=0.001x> +0. 10x +1.40) 0.909 3.596 60. 87 62.01
F(x) =1.14x-0.92 0.799 7.943 97.32 98.46
EUNES f(x) =0.0082% +0.94x —0.47 0.804 7.921 98.33 97.20
g f(x) =exp( —0.007x> +0.37x -0.86) 0.842 7.344 93.72 94. 86
Sf(x) =0.43x -0.04 0.574 0.227 -66.23 -65.10
TR f(x) =0.51x% =0.50x +0. 19 0.700 0.244 -61.67 -62.81
f(x) =exp(1.62x% —1.71x -1.91) 0.794 0.610 -20.72 -19.58
f(x) =0.83x -68.00 0.803 1759 345.7 346.8
TR F(x) =1.9 x10 %42 +0.72x - 5.69 0.806 1761 346.9 345.8
f(x) =exp( =5.9x10 32 +8.8 x10 *x +5.54) 0.801 1790 346.5 347.7
Jf(x) =1.09x +0.51 0.917 3.418 58.54 59.68
Tyt S(x) = =0.003x% +1.22x -0.15 0.919 3.661 62.83 61.69
f(x) =exp( —0.002x> +0.13x +1.22) 0.904 3.225 55.86 56.99
f(x) =1.18x -0.64 0.758 7.591 95.24 96.37
FupE f(x) =0.00222 +1.12x —0.49 0.759 7.582 96.32 95.19
p— f(x) =exp( —0.006x> +0.29x —0.05) 0.781 7.164 92.58 93.71
f(x) =0.45x -0.07 0.501 0.217 -68.33 -67.19
TR f(x) =0.42x% —=0.34x +0.19 0.601 0.210 -68.73 -69.87
S(x) =exp(1.24x% =1.21x - 1.65) 0.686 0.211 -69.50 -68.37
F(x) =0.87x -47.27 0.723 1674 343.5 344.6
TR B S(x) =1.26 x10 75x* +0.79x +8.62 0.724 1672 344.5 343.4
f(x) =exp( —6.6x10 32 +9.13 x 10 "*x +5.67) 0.742 1767 345.9 347.1
2 Copula BHMIERERKERSH
Table 2 Goodness-of-fit test and parameters of Copula functions
T RAFAEAR HEN Gumbel Clayton Frank Joe Normal t M Copula PREL 8
AIC -165.1 -167.3 -163.9 -159.6 -167.0 -163.8
Hiast BIC -163.7 -165.9 -162.5 -158.1 -165.6 -162.3 Clayton 4.82
RMSE 0.062 0.059 0.063 0.068 0.060 0.063
AlC -156.9 -155.7 -157.6 —141.2 -157.5 -151.8
FUpE BIC -155.5 -154.3 -156.2 -139.8 -156.1 -150.4 Frank 12.86
RMSE 0.071 0.072 0.069 0.092 0.070 0.077
AIC -172.3 -175.4 -176.5 -165.1 -174.8 -173.3
TR BIC -170.9 -174.1 -175.1 -163.7 -173.4 -171.9 Frank 9.10
RMSE 0.055 0.052 0.051 0.062 0.052 0.0534
AIC -160.2 -161.4 -165.8 -150.6 -160.8 -160.7
TR BIC -158.8 -160.0 - 164.4 -149.2 -159.3 -159.3 Frank 11.09
RMSE 0.070 0.066 0.060 0.079 0.066 0.066
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Table 3 Optimal marginal distribution functions with estimated parameters of first 30 meteorological and agricultural
drought variables after successful matching
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Fig.3 Taylor diagram of simulation from various response models and observation of agricultural drought variables
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Table 4 Optimal marginal distribution functions with estimated parameters of meteorological and agricultural

drought variables after successful matching
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