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Abstract: The influences of vegetation cover and climate change on runoff may have scale dependence. However, few
studies have been carried out in the southwest karst region with vulnerably ecological environment and complex geological
structure. Therefore, we selected the study area in the Xijiang watershed with four sub-watersheds ( Yujiang, Hongshuihe,
Xunjiang, and Wuzhou) , which is characterized by typical karst landforms in southwest China. The objective of this study
is to investigate the multi-scale responses of runoff to vegetation and climate change in karst watersheds. The Mann-Kendall
trend test is used to analyze the trends in runoff, Normalized Difference Vegetation Index, precipitation, potential
evapotranspiration, and temperature in these watersheds from 1982 to 2015. Furthermore, the correlation of runoff with
vegetation and climate factors at different scales was quantified. Additionally, runoff was predicted by using the multivariate

empirical mode decomposition method. The results indicated that the runoff of the Hongshuihe watershed showed a
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significant decreasing trend (P < 0.05). The main representative scales for runoff were 3 years and 5 years in the Yujiang
watershed , 10 years and 22 years in the Hongshuihe watershed, and 3 and 22 years in Xunjiang and Wuzhou watersheds. It
was found that scale-dependent relationships between runoff and its influencing factors. At different scales, precipitation and
potential evapotranspiration were always significantly correlated with runoff (P < 0.05), while the temperature and NDVI
were no significantly correlated with runoff at some scales in four watersheds. The multivariate empirical mode decomposition
method (R*: 0.81—0.86) was more accurate at predicting runoff than the stepwise multiple linear regression (R*: 0.69—
0.78) . The study can provide the scientific basis for the rational utilization of water resources, the sustainable development

of social economy, and ecological environment protection in karst watersheds.

Key Words; runoff; vegetation change; climate change; multivariate empirical mode decomposition; multi-scale;

karst watersheds
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Table 1 Mean and trends of runoff and its influencing factors

i R H— g AR AR Rk i WTEARUR i
W i A ;; Runoff NDVI Precipitation Potential evaporation Temperature
Te: o Y Y Y Y
Watershed Station X10%m? S Giith (A Giita SME Giila SEH Gt S Gt
Mean/mm Z, Mean/mm Z, Mean/mm Z, Mean/mm Z, Mean/mm Z,

fiki T 7.27 493 -0.82 79.4 3.02 1220 -0.74 1104 24 20.4 3.05
21K i 12.89 480 -2.02 76.4 3.74 1184 -1.51 1069 2.02 16.8 2.67
HT KIETH 28.85 587 -0.67 71.6 4.12 1250 -0.77 1154 1.69 18.4 2.79
M FEM 327 610 -0.37 7.7 4.18 1262 -0.59 1081 1.57 18.4 2.76

NDVI; Normalized Difference Vegetation Index
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Fig.2 Correlative Matrix plot of runoff and its influencing factors
RF : /23R Runoff; NDVI, JH— LB FE 4L Normalized difference vegetation index ; PRE ; 7K Precipitation ; PT : ¥ /£ Z8 % Potential evaporation ;
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Table 2 Scale of each intrinsic mode function (IMF) of runoff and its influencing factors

T R L S sl
Watershed Runoff Precipitation . Temperature Mean value
NDVI evaporation
ABYL IMF1 2.9 2.6 3.0 3.0 3.2 2.9(6.7)
IMF2 5.6 5.0 5.0 5.1 4.5 5.0(8.1)
IMF3 8.2 9.2 8.4 8.4 9.3 8.7(5.9)
IMF4 20.2 19.6 19.4 18.7 19.4 19.5(2.9)
£L7KR] IMF1 2.9 2.8 2.9 3.3 3.7 3.1(11.5)
IMF2 4.5 5.6 4.6 5.0 5.1 5.0(8.8)
IMF3 11.0 9.5 11.1 7.3 9.1 9.6(16.4)
IMF4 20.6 30.2 21.3 21.3 18.7 22.4(20.0)
L IMF1 2.9 2.8 2.8 3.0 3.7 3.0(12.6)
IMF2 5.6 5.8 5.6 5.6 5.5 5.6(1.7)
IMF3 11.2 9.6 11.2 9.1 9.0 10.0(11.1)
IMF4 16.1 37.3 21.2 21.3 11.7 21.5(45.0)
K& IMF1 2.8 2.7 2.8 3.0 3.7 3.0(13.6)
IMF2 5.6 5.8 4.7 5.5 5.5 5.4(7.3)
IMF3 11.2 9.4 11.2 9.3 9.0 10.0(10.6)
IMF4 21.6 35.8 21.5 21.3 11.5 22.4(38.8)

IMF . ZiE A5 PR EX Intrinsic mode function ; $i5-5 FF B 3645 T TR S H i R 1~ AR AIE S o 509 o) g R )8 57 R 580 (%)
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Fig.3 Intrinsic mode function ( IMF) and residues of runoff and its influencing factors based on multivariate empirical mode

decomposition
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NDVI 5725 FIAH S FERIAE IMF1 IMF2 IMF4 FI5% 2240 ; Z0 K3k IMFL IMF3 (IMF4 F15% 22 ; 19713
B IMF2 IMF3  IMF4 FlI5%22 /B MRS TMF2 IMF4 Fi5k2%  BRYTHR A IR S8 TR A AR DG = B R A
IMF3 IMF4 FgR 2240, FAR sk 2 ZRAE IMF3 Figk2sab . — et ol T, B R AE R MR, 205 g m
PR 7 2Z [R] AAH S AT B ka3, RIS 6 PR P AR I R I S i R B A S R, BRI Z A0, FERR 2588, 1R T IR
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HHEZWRN T AR R R (P <0.05) , X 76— F B2 LR MIIX B2 00 [N 5~ S 4200 TR Z A7 — 2 R HK
TGS NDVI FIRAEAR R A B AR S (HRARTRIR 5 P Tl 1 MEMD 73 | 7386 RN R
LA, X UL T IR IIR S HAE R R O 8] P8 22 RUBE S R T LIRS R 2 1015 R

R3 EREREZMEFHAEZIB(IMF) KE S RBBETENES

Table 3 Percentage of variance explained by each intrinsic mode function (IMF) and residue for runoff and its influencing factors

Wi SR 5P
IMF1 IMF2 IMF3 IMF4
Watershed Factors Residue
HRIT. IR 32.4 36.5 20.9 3.0 23
NDVI 26.5 10.0 42 15.9 32.1
] 43.4 21.4 13.3 10.8 2.0
WTEZE K 29.4 30.2 2.5 8.9 24.6
Sl 22.9 34.3 3.6 1.5 14.8
217K PN RPN 23.1 6.6 26.3 29.0 1.3
NDVI 24.3 4.8 7.5 15.8 2.4
53/ 51.3 5.9 16.9 13.0 1.5
WTEZE IR 25.7 35.4 5.2 21.9 5.2
SR 35.1 30.3 19.3 7.4 8.8
L Fbi RPN 34.5 18.7 13.6 30.9 0.009
NDVI 25.3 3.9 8.1 12.2 13.3
[T 50.1 15.1 6.2 18.6 0.10
WHEABR 36.8 23.7 6.5 38.3 3.9
il 41.5 30.2 12.0 10.9 3.6
FEM PN TRV 36.3 15.9 17.2 34.1 0.08
NDVI 24.4 3.0 10.2 15.6 11.4
7] 50.6 13.6 7.7 20.4 0.0006
WTEZE K 35.5 20.9 6.1 37.4 3.3
R 37.3 27.1 12.6 9.4 4.9
- pricoy
IMF1 ARIL AW\ <7
o B .
IMF3
IMF4
Residue
IMF1 SR A&

IMF2

IMF3

IMF4

Residue

NDVI PRE PT T NDVI PRE PT T

4 ETFEnLUEESBNSAMEERE(IMF) IRENERREEZWE FHHEXERHE
Table 4 Figure of correlation coefficients between runoff and its influencing factors for each Intrinsic mode function (IMF) and residue
based on multivariate empirical mode decomposition
NDVI. l3— 4k #i ¥ #5§ 0 Normalized difference vegetation index; PRE: % 7K Precipitation; PT; ¥ 7£ 7% #l & Potential evaporation; T: < I
Temperature; * * F7R & PEKE/NT 0.01; * Fom BFHMHEKFE/NTF 0.05
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BEAh, FIFH MEMD J5 63545 500 o0 i A PR S AEAS E , 58 —, — S AR I Ak 25300 0 1 7 25 DTk R,
FE AR YT A NDVI, 5% 223050 7 22 BTRk 3N 32.1% , 3% A] BB & X R BT 95 I BE e Ja | B R i) 6 i X R
KB T RN R E TR I Z AUARZE T 100% , 3 B2 RN BN ROBE R (0 A= 250 R &0 ST
(A8 B R ] IMF /058 A TE A8 DS
3.3 T MEMD RUAR TR

I Z o0 MBS AT LIAS 2] A4 IMF ARG S AL (3% 4) , NRH AT LUA Y, 330 Lo F ALY (1 mT
B RPVEEIAE 0.67 2] 1 Z (8], 1 H—MREE IMF 3R, v LU , FRAF RUBE BRI, X428 0 TR 04 T kG
FER S, I BT Bt N XS SR IR B2 AR R, FE T A IMF AR 22 A2 S IR T 45 2%, R 20t
B A T A TR IR TO , 4 S IA T R B (A AN SEMELRY R, RMSE , NSE Al 1:1 3948 T HH A H
Z It A MIARLA AR (= 5,8 5) . FIE T UL, R MEMD J7 32 X0 428 S0 TR~ 118 T A 155 22 v 1 ) FH D 4 B
i B T 2 0820 MUH B0 A 25 5 . X — 2010 BH T 7E IR A6 e 1] )7 81 L A 7 B o3 A e DA fg BE NDVIL IR
Hitmz b e 2 E 4k,

F4 ETSTESHIBHENFMERRHMZENERR S TR S BABMAEER R B RS H4HAE (785 R2AF H)
Table 4 Predictive modeling and regression statistics ( F-value and adjusted R>) for runoff for each intrinsic mode function and residue using

stepwise multiple linear regression based on multivariate empirical mode decomposition

T A

Watershed MK Function R F
C[isan IMF1 -3.587+0.581(0.801) PRE-74.669 ( =0.235) T-13.443( -0.201) NDVI 0.79 41.79
IMF2 -6.785+0.63(0.575) PRE-2.888( -0.816) PT+159.869( 0.581) T 0.87 73.34
IMF3 3.104+0.601(0.57) PRE-302.788(-0.471) T 0.88 122.04
IMF4 -2.091+0.386(0.871) PRE+247.387(0.661) T+13.458(0.513) NDVI 0.92 126.74
B2 951.909-1.309( —1.345) PT+67.625(0.65) T-4.882( —0.305) NDVI 1.0 756358
JR IR B -363.473+0.702( 0.836) PRE 0.69 74.23
ZL7Km] IMF1 -0.13+0.289(0.614) PRE-1.063( —0.398 ) PT+40.846(0.219) T 0.82 51.58
IMF2 0.142+0.604(0.815) PRE-22.39( =0.209) T 0.74 48.34
IMF3 1.4+0.669(0.766) PRE-64.934( -0.242) T 0.67 35.04
IMF4 -0.398+0.593(0.568) PRE-1.589( -0.491) PT+85.17(0.187) T 1.0 2393.07
T 2228.644-1.914( -1.35) PT+3.889(0.35) NDVI 1.0 2927483
SRR 575.359+0.509(0.726) PRE-0.653( =0.232) PT 0.73 45.00
i IMF1 0.573+0.543(0.847) PRE 0.71 80.93
IMF2 -0.219+0.676(0.783) PRE+30.041(0.249) NDVI 0.85 93.73
IMF3 2.009+0.632(0.55) PRE-1.711( =0.376) PT+17.616(0.245) NDVI 0.90 103.72
IMF4 ~2.934+0.993(0.992) PRE 0.98 1880.85
B2 -2140.752+1.479(6.295) PRE+0.813(5.441) PT 1.0 106793
R AR -273.478+0.688(0.885) PRE 0.78 115.66
il IMF1 -0.717+0.574(0.845) PRE 0.71 79.79
IMF2 ~1.885+0.624(0.719) PRE+42.341(0.3) NDVI+40.873(0.192) T 0.80 44.10
IMF3 0.871+1.05(0.874) PRE-0.804( —0.146) PT 0.94 257.17
IMF4 -0.92+1.09(1.051) PRE+0.19(0.061) PT 1.0 6412
B2 -1320.21+32.976(0.92) T+1.052(0.112) P 1.0 613063296
Yy -287.998+0.711(0.887) PRE 0.78 117.66

NDVI: V3 — fk ¥ %% #8 0 Normalized difference vegetation index; PRE: [% 7K Precipitation; PT. 7 7£ € #{ & Potential evaporation; T': ‘<, ¥
Temperature ; 55 H BB AR F bR vE M [2)S R 5K
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x5 ZARESME SRS OAMURRRBR

Table 5 Runoff prediction accuracy based on stepwise multiple linear regression and multivariate empirical mode decomposition

W77 il

Eﬁej(il{ig method Wa(:trsjied K RMSE NSE
ZICARHE IR Z o0 B L B HBIL 0.69 73 0.88
Stepwise multiple linear regression before £1 K] 0.73 51 0.74
multivariate empirical mode decomposition I 0.78 52 0.78

iRl 0.78 54 0.79
ZICARHEIMiR IR Z2 0B I BT 0.86 49 0.95
Stepwise multiple linear regression after 21K 0.81 43 0.81
multivariate empirical mode decomposition L 0.86 42 0.85

Lzl 0.86 42 0.86

R? RE R EX Coefficient of delermination;RMSE;i@ﬁ*ﬁﬁ'&;ﬁ Root mean squared error;NSE;?Vﬂﬁ“%(%,%%ﬂl Nash-Sutcliffe efficiency coefficient

O MEMDJE £ L#Z 4 HIH ® MEMDHIZtZE 4 M 5 1:1%
800 - 700
ARIT. Fawi &} *)
6
700 F ° o
[ ] o) F [ ]
o g o 0w e %o
600 ° 3 ° o %9 o o3
o ° 500 - . O @
(] o
g 500 f @ H 35 8 <
O (]
£ L 400 | ]
S 400 t o ©
: . ¥
B 300 f ° °© 300 - ° .
< L L L L L ) L L L L L
E 300 400 500 600 700 800 300 400 500 600 700
m
900
2 WL o 900 &M
§ 800 . o
% o 800 T s
700 F . ¢
[ 7] r
6 700 °
600 - S ° S0P
[ ] | % O % [ 7S
500 |- 5 600 L
L [}
L 3 500
400 - 8 A . 3 o
3()0 L L L L L ) 400 1 L L L L L
300 400 500 600 700 800 900 400 500 600 700 800 900

PFRBIREG Observed runoff/mm

B 5 STfBESSHRIEETESEARNERSERERITEL
Fig.5 Observed vs. estimated runoff using stepwise multiple linear regression models before and after multivariate empirical

mode decomposition
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B2k 415707 1k , TR T AR IR 5 LB T R R
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KK T, BRI S A SCRFESS A —50, X Ak . .HL
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RMIE SRR FNEAEZE TR EARR N RER  me frRMNES LA REEERH%EELTANEYRE
5L I FMISE(P<0.05) 15 NDVI FI'IRAERSU RN JE 7=
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TR LRI S 2, AR T Ry g Yo a0 predicted IMES (residue)
FEEE AT 2R R SRR R R AR T AR, X
T RREAKHA BRI e b, AR U A7 B oK i A2 e SR A E A RN, (BAERR AR RO - RO AR 2
XA ZR g0 AR ) S I 30 25 i A K 1 B 2 3 B R 5 | R AR AR A . AR X AR s i ML A7
TEE 26, R PR ARG — Ty 1 o] DAl R AR, 3 v 28 W& s D — O I, AR R K T LA A 5 1) A
SRR AR E TR R TR 2 A SUZ K SCHB S5 R, T RESE I TR R i AL A4 & ek
NTTI B8R A T, Goast 22 TOARAS A3 A S (5 A7 A28 D T DR 88 8 1 L G s P O AR i IR, R
JRRAE T 2 T4 YoM A Iy iR e FESEREAE RUBE B mT LASRASAH JC PR T X AR TR s R, 207 e R 3K &
g TN L BRI R . T 2 o0 IS 40 g 1) B S A S IR R R X e T LA AR I AT Y
NHHIEARZ L,

5 #ig

ARSCFEHTT 4 W TRRR IR AR I B 5 ) P 1982—2015 4 I AR fb fa #5, LA B A28 i ol i 26 R 5%
TRy 22 RBEM N, FEEEUNE

(1)38 3 Mann-Kendall #3445 7575 , B 4 A0 SR AN NDVI 35 52 5 28 38 m i) fa 32 BR 21/ i bk
OFERRONERTE O N o RV S O e I o SR o N [ e 1 oy U 5 SRR N

(2) FIH] MEMD $4 4 A3 5800 42 7 8 e el PR 1~ 1) 22 ST R 20k i 4 S ASEAS eRER IMF T 1 3% 22
RIS VLIS AR TR 7 22 DTiR EZ A AR 3 4FE M 5 4R RUE b5 I Z0 KT S A% i IR 7 22 DT ko £ o0 A 7
10 4EF0 22 AR RUFE b 5 VL AAR M A2 T TRy 22 DUk R0 A 7 3 4R R0 22 AE UK |

(3) AR VIR HZ i A —F 7 A [ i [R] RUSE b AR DG 5 I R B AR DG AN [R] , BB A RUBE A AS [m] T AE A 22
Stk TEARFRBET 4 A K i AT e 28 HUR B SR R Z A AE 35 AR DG TT -5 NDVI AR AE 5
G A R] P 3 b ASAEAE S 25 AH DG | (B L 5 PR 5 A B 1) 22 RUBE OC R 7E S B3R RUBE A7 b 3 AR e

(4) I MEMD J7¥EX R It R AT BN, ¢ B 4 A Ui dsli A8 i VR 1) PN G 2 34 00 T B3R ] 20034 28 [l 15
A SR PRIHGZ 7 v v ] T 7 e 6 S0 DX A8 it A T
£ 2% 3Lk ( References) :
(1] BOCE, ZRifeby, T4, #BiE, 2967, TR T LA ZOMAE g MoK R I/ . A5 %4R, 2015, 35(3) : 663-669.
[2] JiF, WuZH, Huang J P, Chassignet E P. Evolution of land surface air temperature trend. Nature Climate Change, 2014, 4(6) . 462-466.

[ 3] YangHB, Yang D W. Derivation of climate elasticity of runoff to assess the effects of climate change on annual runoff. Water Resources Research,

http ; //www.ecologica.cn



10 34 RIEHT A5« W SRR DR AR DR NS LA A 2 A B 22 RUBE Wi i 3407

[4]

[10]

[11]
[12]

[13]
[14]
[15]

[16]
[17]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]

[40]

2011, 47(7) . W07526.
Zhao Y F, Zou X Q, Gao J H, Xu X W H, Wang C L, Tang D H, Wang T, Wu X W. Quantifying the anthropogenic and climatic contributions to
changes in water discharge and sediment load into the sea: a case study of the Yangtze River, China. Science of the Total Environment, 2015, 536:
803-812.
HZE B, AEEE. BT R IE K SR mpr 53 s L 5 B, Hskpkegi g, 2011, 26(1) : 1-12.
FAES, XA, BRATE, fREe. JEHEAT IR X AR T A AR L AR TR AE B X A Ak 3 1 ?Hﬁﬂ% 2017, 39(8) : 1511-1521.
Hartmann A, Goldscheider N, Wagener T, Lange J, Weiler M. Karst water resources in a changing world: review of hydrological modeling
approaches. Reviews of Geophysics, 2014, 52(3) : 218-242.
XM, e ﬂlj’rﬂ:&}\jﬂ{*AJWVLJJTE’]ﬁrﬁﬂgﬂ‘?%iumiﬁ}@iﬁ‘i& Al IACALHFFT, 2018, 39(6) : 930-936.
LiuCC, LuY G, Fan DY, Guo K. Plant drought tolerance assessment for re-vegetation in heterogeneous karst landscapes of Southwestern China.
Flora - Morphology, Distribution, Functional Ecology of Plants, 2012, 207(1) ; 30-38.
Liu M X, Xu X L, Wang D B, Sun A Y, Wang K L. Karst catchments exhibited higher degradation stress from climate change than the non-karst
catchments in southwest China: An ecohydrological perspective. Journal of Hydrology, 2016, 535 173-180.
A2, Ty, BEmsh, fEsrte, MR, FET Budyko RN KL HBASRAR it A2 1k, KR HEE, 2015, 26(2) : 151-160.
Huza J, Teuling A J, Braud I, Grazioli J, Melsen L. A, Nord G, Raupach T H, Uijlenhoet R. Precipitation, soil moisture and runoff variability in a
small river catchment (Ardéche France) during HyMeX Special Observation Period 1. Journal of Hydrology, 2014, 516 330-342.
TS, BOCR, EF, BT FOK AL (X AR M i N BE 0N —— LABRAE 8 4 Fe B AR X O . HFRAR2 BERE, 2015, 34(8)
1039-1051.
Whitehead P G, Robinson M. Experimental basin studies—an international and historical perspective of forest impacts. Journal of Hydrology, 1993,
145(3/4) : 217-230.
Liu HY, Zhang M Y, Lin Z S, Xu X J. Spatial heterogeneity of the relationship between vegetation dynamics and climate change and their driving
forces at multiple time scales in Southwest China. Agricultural and Forest Meteorology, 2018, 256-257. 10-21.
R, Pkl B NDVL 28 A8 Ab R LS MoK /R G AR HUBRBITSE, 2004, 23(6) : 753-759.
Wang Y J, Liu Z H, YaoJ Q, Bayin C H, Zhu Y S. Hydrological response of runoff to climate change of typical tributaries in Ebinur Lake Basin of
Xinjiang. Water Resources, 2018, 45(2) . 160-168.
SUNK, W, BB, XIS, R, 25, R, LUCC K= 48 16 X 1 V8 v 3042 I i s . A= 252 4, 2019, 39(13):
4687-4696.
200, BT, X, DO, B, A, AL RS SR RAGT T RLR K RS AR SR I A, 2017, 37(4) .
1252-1260.
HMEE, PREHE, HU\E 1:? (ﬁ BER. LR S IR E RS0 E] B SCH R, IR, 2013, 33(2) : 209-215.
TR, RISedE, (1R, Ble, BFE. S i AL (LR ar -5 #om R 4. R , 2015, 46(9) : 178-187.
HRAES, B, ZEW, %B}az?. JLHHLIX 1961 ~2010 AFH I IR AFALACARAE. BRI, 2016, 36(2) : 296-302.
ifd, RS, SRIRKE, TRGOT- 1933 ~2012 AETRRE AR KA 5 MRS . HuBRta | 2016, 36(3) : 475-480.
Xu J H, Chen Y N, Lu F, Li W H, Zhang L. J, Hong Y L. The nonlinear trend of runoff and its response to climate change in the Aksu river,
western China. International Journal of Climatology, 2011, 31(5) ; 687-695.
XuJH, LiwWH, JiMH, LuF, Dong S. A comprehensive approach to characterization of the nonlinearity of runoff in the headwaters of the Tarim
River, western China. Hydrological Processes, 2010, 24(2) . 136-146.

ik, PR, EREE, S0 JUITTRIRFOK S NDVIAS AR KR AR R . R IXHESE, 2018, 35(2) : 287-295.
RN, B, EILE, EABI 1954-2011 4ERPRITA KD AR 2 R0, JBERAl, 2014, 69(3) : 422-432.
Huang N E, Shen Z, Long S R, Wu M C, Shih H H, Zheng Q A, Yen N C, Tung C C, Liu H H. The empirical mode decomposition and the
Hilbert spectrum for nonlinear and non—stdtlondry time series analysis. Proceedings of the Royal Society A; Mathematical, Physical and Engineering
Sciences, 1998, 454(1971) ; 903-995.
Fomas, FPG R, BUREE, SURME - Wi, TR, &%, O, XIHER, fTEE. PICAVHRR GIMMS NDVI U S HXT Ho o AT ——
VABSRE X ). A2 2554, 2016, 36(21) : 6738-6749.
W, PMERY, FH R 2000-2013 ARIHITEAEBER 250 I 25 2500, TRIXRS 3, 2016, 30(7) : 65-70.
SRAHE, B2, B, ml, PACK. FET Budyko MR MTEAR AR AL IR, AT ??ﬁ 2018, 38(21) : 7607-7617.
R, X, BRERZEE, AR, XAy, NIRRT AR A S R AT, AR AR, 2019, 39(12) ; 4478-4487.
SRHDDT, XN, SOMEAR, B, A, MRRIR. 1995—2014 SRR UK FRETAE AL MRS J1. A 3SR, 2019, 39(3) : 770-778.
Rehman N, Mandic D P. Multivariate empirical mode decomposition. Proceedings of the Royal Society A: Mathematical, Physical and Engineering
Sciences, 2010, 466(2117) ; 1291-1302.
Goovaerts P. Geostatistical tools for characterizing the spatial variability of microbiological and physico-chemical soil properties. Biology and Fertility
of Soils, 1998, 27(4) : 315-334.
Hu W, Si B C. Soil water prediction based on its scale-specific control using multivariate empirical mode decomposition. Geoderma, 2013, 193-
194 180-188.
ZEEE, REORAN, FRMIIR, FhDNR, R, UTITAR AR LM AR AR X S AR AL R A . K PR BRI, 2016, 36(4): 169- 174,
181-181.
WL, FRifpld, 5 , SR 1957—2007 AEFTHR (il X SARAE X AR TR AGEEIA. F AR BEIREER, 2011, 26(11) : 1908-1917.
Huang X, Fang N F, Shl L H, Zhu T X, Wang L. Decoupling the effects of vegetation dynamics and climate variability on watershed hydrological

characteristics on a monthly scale from subtropical China. Agriculture, Ecosystems & Environment, 2019, 279. 14-24.
She D L, Qian C, Timm L C, Beskow S, Wei H, Caldeira T L, De Oliveira L. M. Multi-scale correlations between soil hydraulic properties and

associated factors along a Brazilian watershed transect. Geoderma, 2017, 286, 15-24.

http ; //www.ecologica.cn



