FaE HEol Kol TR R Vol4l No.6
2025 4 3 H Transactions of the Chinese Society of Agricultural Engineering Mar. 2025 145

TEWE TERENEEEEWHIRMERIIE—BIE S
% B, WARS, BER. BEE, TAR

(P2 B TR R POK TSI AR E SR, 157 710048)

W E: ENTREHEACHEEEEAERKSESRARCHWREN . NENT TR EER R, ZAET
Copula #%, FIFHIE—CEBIBEL BAIRAE T ALK R BUE TR S, WETRLTEE FEEE~ N S5E2E
GERMIIVR AT MERAR AL, IR W BN TR A pi 7Y, 0T T R T S IR BN R T S5 SRR, 1982—2018 4F
KL A7 F1 i 2 S5 M R T 52 B3 5 W S 7E B R 4R A0 == 1R) 2 200 JE— SO AE . W) b, AR AEF= 775
BT B I )R R AR TR K AR, SO AT R R K AR R AR, TV s A K
TR IX a2 5 B it . ANRZEAVE ) SRR, K R SRR AR 0 A 7= 130 R MR s, N
21.05%- 17.26%, EHUFIHE GhEr AR IE 2 MR R TE R, 2508 36.35%- 35.73%. Mh4h, tE#EA~ 15 E4
IR CEEIA B LA R AR, i B2 Tl B S A 3Ky, a3 WX A A% R 7 3 U W 7R A B
TN T TS5 s, SN E S RAE H SRR E R 22K .

KRR AR T ) AR AR BB KITARK

doi: 10.11975/j.issn.1002-6819.202408193
FESES: S127 NHERFRRERS: A

K, WEER, M5OR, F TREWETERESHESEEEHZIMERNIE—BUIEITMED). RIUTEFR, 2025, 41(6):
145-153. doi: 10.11975/j.issn.1002-6819.202408193 http://www.tcsae.org

ZHANG Lu, CHANG Jianxia, YANG Guibin, et al. Assessing the non-uniform vulnerability of vegetation productivity and
canopy structure under drought stress[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the

TERS: 1002-6819(2025)-06-0145-09

CSAE), 2025, 41(6): 145-153. (in Chinese with English abstract)

tcsae.org

0 5| =

TRRFRZLTEEFEMNEHARRELZ—, MHEEE
KEAEEW, Ko T2 r] g s s gocmpgtr 2,
T 5 R B 1) s W] 43R ELER RS e AR e e . LR RS
Wi 0355 7K 3 93/ BRI R A AR KL a1 FE AR 20 Rl
FEAILAT IS IR B FRIES SRR
HRACY R MR IO T N R, R
IR AE M EAEA, 5l RESMND, [, KEH
TEEH )T R TS RGOSR B AR R T B,
I 55 R M A B 1, DR, T AR AR T S
A BT T APl T B AR S R R, X SEE
] AR 2 S R e B R A .

AR RE B AR N K R EERE A0 ST 4R 4L T =3 IR 4
B AR AN 22 BEAL B Ml Dk 4, 22 SRR AR A m] SE IR
X R A KA AE B VE R 20, G0 R AE et 2 45 A4 B U — 4k
FEMEFEEL (normalized difference vegetation index, NDVI) .
AR FEH (leaf area index, LAID), FTALAHMEAT=H)
MAIEF= 77 (gross primary productivity, GPP). 4]

Wk H#E: 2024-08-27  BITHME: 2025-02-17

HEETH: ExRARRIFEEESESDHE (U2243233)

TER WA TRBE, LA, AT AT BT RIXOKSUES.

Email: z10043@126.com

KBRS : W, B2, WEASI, SR MNKSUKRIERSA T

. Email: chxiang@xaut.edu.cn

doi: 10.11975/j.issn.1002-6819.202408193 http://www.

A7 77 (net primary productivity, NPP) FliFER RS
£ 72 71 (net ecosystem productivity, NEP) %5, H 1,
NDVI Fl GPP A Ay xof -+ 7 S UR (A A

DL BI 7T T R R TR i iR R b, B 1A
5T R N OC R, S5 R WO T R R A e
JEEEM AT RE W, RN, ANERE YA B
e 55 5% R BRI AE— BT, ZHENG % F
Jf 1982-2018 4 NDVI il GPP £ 7T 1 T 54518 T v [ AE
WIS BRARIE, WS R, R E A
IR ERRL, HHEAE I RFEIPRT . fERE
EBRRG D, FEPE )5 5 R G I ] 5
MR AR FE— 8, Wb EAEEHIX LAT 5 GPP £+ 5
s EAEEE S, HIERA R, thah, AFE
s SIS, XK SO P I AR 1) 22 et 2 5 )
AR 7K 4 3 (R i %7, gF— B B4 1 R A S 5 S
FKRAMAT MY HAT, A FEAE AR KIS T R
R R 22 S S H: A2 R e DR 2 AN B, R AR N
o MMILEFRT, Wk/D R AEBA (partial least
squares path modeling, PLS-PM) {F A—Ffh k4 7 F2 A
J7iE, ReS A RO SRR IR, I AT % R TR Y
TERR &R, O ZNH TR 2 A8 & E A AR .
BRI K R SEGM A7 P AUH L, PLS-PM 5
R, WEHE B o AR E SRR, W T E AR
T AR 5 0F W) )37 3% B FR) T 48 RN R (R 28080, 3 A SR A 5
YA E R RS < Y Sk TE AN


https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
https://doi.org/10.11975/j.issn.1002-6819.202408193
http://www.tcsae.org
http://www.tcsae.org
mailto:zl0043@126.com
mailto:chxiang@xaut.edu.cn

146 flk TR (http:/www.tcsae.org)

2025 4F

KT SRR NS T8, T 5 R AN
RFREY R AR ZEMES, FHTERWHESE
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2022 FHE FRKILHRBOR R, Bk D, RIEV)SZF
THT AR K, 1] B2 38 R 3805 BH A 7K A7 358 4 R 3 AR 4.5~
6.0m'", JKAEBRGIRE N, MEBMREE 24
MASHEMER. Fit, &3+ 550 ZMKITRRAeS
)@, AHFFUEET Copula A1, RHEEH . HFTik
J& B bR AL B W) 2 AR 7= 77 (standardized gross primary
production, SGPP). ArEALIH—{UIE#HEEL (standardized
normalized difference vegetation index, SNDVI) 4) 7l %
TERE R A = G J2 S50, MR R T B hie TR
7771 5 55 J S R R ) S A R AR AR, A AL AS ) AR
KARHES IR TR RN KR, € BT L e
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ol e it AR 18.8% 0 A VL IR A K #0 40 H [X g - WE
P EREE, BERMN AFRM, 2P EREZEINE
BLEpE. REA &, DUEEMZ TR NE
MK (B D MBEERZHE, Gfsl. k. P
J5 R 2 A5 A B S . RN LM R SR SR 2
AR5 B T SR B X 30 69.59%, AR H N
30.41%. o, FHRWEFEFHSETHR (evergreen needleleaf
forest, ENF) . ¥ M [i# 4k (deciduous broadleaf forest,
DBF) Al £k f#@ M #k (evergreen broadleaf forest, EBF)
o KLU0 T B i HE K RREN X 2 —, 4
FHEERKRETIRE, (HFEKR T mMAES . HEXZE
K EA Z 400 mm, T ZREFHL X 2 4R 3 K E R
F 2000 mm, —EFBEIE 60% IR KESRTEE, X
PRI KL o) R AT R FE). 19822018 4E
KA IE L B W 2 2 W &, mwisd i,
VU ZE s EE PR A DX 3, DA R RV I AR 0 X Y e
R FEEH. ok, BETRITREKSCRE,
SEL PRI TR, RO A R A
12 47 (B Do
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Fig.1 Elevation, sub-basin, and land cover type map of the Yangtze River Basin
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N TSI AR SR A T R e B, S H PR
THIZHAER, AU 2IEEE AT 7 mes, RH
LA A B 2 i A 5 4 1) 25 18] 73 P 3 BOR AR H 0.1°
PR, AT DR ECHE 2 8] — 2k

T3 K B s ok B A kB LR R AL R (https://
disc.gsfc.nasa.gov/) , 1l Fl 7K V5 & % ( vapor pressure
defict, VPD) >KJ§T TerraClimate {#54E Chttps://www.
climatologylab.org/terraclimate.html) ; & £ 7% #i & B4
K H GLEAM Chttps://www.gleam.eu/) , 1% 545 & it 5
TR AR K AN R EBIRAAK . KRS
T A5 i 2 BROR AN [ET2H 53, T DUR B b 7 A VIR
BRARHOR!: AR B R R e SR A
s oo E XK i AR E R IS H RS (http:/poles.
tpde.ac.cn/) o ZEUHE A B A IR HUR BO AL A 2018 4, R
AR T Oy, (H FL I TR AN R o R O AR 0
JEARSCHIBEFETE R o T SR 3 o M B3 R R U
ISR A HEF & (https:/www.resde.cn/) ;378 76 5

P& (1985, 1990, 1995, 2000, 2005 2010+ 2015, 2018)
RUE T R OR S Bl 2 TR I IR 95 R 1985—
2022 4Bk 30 m K5 41 Lt 78 55 B A MR UKL HE 4R Chttps://
data.casearth.cn/thematic/glc fcs30?lang=zh CN) .

GPP i ok 5 HL 2% K% GLASS 7= 8 Chttp:/glass.
umd.edu/) . 1982-2015 4 GIMMS NDVI %4 & U5 T 3
XK Wi = Wi K J& Chttps://daac.ornl.gov/VEGETAT
ION/) , 3£ #| ] Google Earth Engine = it 5 - & &b #
MODI13A2 V006 %i#i4E Chttps:/Ipdaac.usgs.gov/products/
mod13a2v006/) , R KAE & ik, 28T, FH R
MERLERALE, 155 2015-2018 4F NDVI JF#41. 2
/N NDVI #4245 8 #5730 Hr A1 E A NDVI &b 2 B oA
RTERE, ATLAGE ST o T AN R DRI IR 7] fR) 48 B
HAE T REZ BRI AURF AN FEE B ST,
SRS 2 A LB L. N BRI L RE M, AT
GNP R BT 1AL, 7 B NDVI 5 GPP )
K I . 228 5K 0 B 5 S bl 8 SO bR e AL 1 7
%, WK H NDVI 5 GPP g L e A 2k, i


http://www.tcsae.org

6 M

5k OWSE: T RPRE R )5 R A S AR K AE B PR A 147

TP, EiT MATLAB [ detrend PRECEHL .
Z# 5 NDVI 5 GPP £ dt T AL AR, 19211
NDVI 5 GPP 74173 5lic v SNDVI 5 SGPP. #E4iit,
KATHIREL) 90% T R FHAFER R AETE 5-9 H R #E K
7, B KRR A A, R, AR
19822018 “F 1) 5-9 H RWFFL I,  Z0 B A e xd 52 1 g
Ve Y & 8-21[i5
1.3 WRG%®
1.3.1 AFAALFER AL I8 4

i 1 AL B 7K 78 8K 48 %1 (standardized precipitation
and evapotranspiration index, SPED) & —#f& H )T 5
fatr, HFIFMR e X SRRk 5. SPELHA i
TR N VG2 AR A VA T S I A B
SEIRNFR AR AN TR 504 S T AN, SPEI 3 245
BN BALEHBKESEHERKRENEMEFS D,
FIFH 2 Bl £ e WE SR 40 A bR 2L (Q00 Gamma 43 A . IE &4
A7 8% Log-logistic 237D 04 D F5, FElikf a5
iR F(x)o ¥ FQo) BEATARHEAL AR EE,  DAYH FR 1 Ak
X 2 H] £ 5, & sR13 SPEI{H, 2 GB/T 20481-
2017 (BT FZ90) brUEXT SPEI #HT TS0 47!,
1.3.2 ARRSAT

E AL T P4 CRR = 387K 43 (1 v S e S, 5 SO
AKRSIEE AR TR R A G 1) B (8] P9 4 % 8
Bk, Rk, ASCHIF 1982-2018 4K 8] 51 45 4
e % (SNDVI F1 SGPP) FIA[E I A REE (1-12 D HD
SPEL, {15 MR AE 5 S 3] I 1] RLE - 5246 b 14 iz 2R 8
FHOR R B 38 5 KAH O R BT X L 1 5 4 B ) R
JE, e K VLI SO i I e L), R EEAT A DG R
B B R (REMEACERE N P<0.05) .
133 ARTF-FARL AR K 49 BE 5

BT YRR S5 A AN DL S B AR AR R A
TR R AR, A ] PR A A e i 2kl
GRS A T R R BRI T R R E S R, FRRIA Dl
HrER S AT MR HE T, DA 2 KT IR R A 45 O 1 AT
. B4, FIF SNDVI 8% SGPP K A N fiff J i 18] )
(] SPEI $a40b i e & Al . Lk, SR
S T B UL U HE T VR A AN R T R AR N AR R R
MR AR, AW R EHERE TR, PETR
AU E K DL ET 244, SGPP Al SNDVI /hF—1 A
(24 SGPP F1 SNDVI /©MF—1 B, A RMEHE KA T i
Ky I 95% 25 M 2R BTt B2 (1) SPET AR 1F 1t 452
Kok RE CFCEMNT R R BME) . flan, 78
KREBESRT R (-1<SPEI<-0.5) %1 F, SNDVI
I AR N

P(SNDVI<-1|-1 < SPEI< -0.5) =

C(F pei (=0.5), F g0 (= 1)) = C (F i (=1.0) , F i (= 1))

F i (—0.5) = F,i (=1.0)

i SNDVI HRRBIMEAN-1, Fou 5 Fype 77318 SNDVI
A1 SPEI HJi4 %5341, C A Copula BR#L.

134 fhiR ) = RIEZAEA

PLS-PM j& —MAESHOITE, SREAR R/ TR
BHHEBEAEHKAER, EHT2ZMNMEELE M
Som s L R R AR R R R T AR R A SR R
Jrla faEfE, AP ETEE (goodness of fit, GOF) H
TR T RS, AR, B TR
AWFFFIA R ES A plspm £, F8 D IR 12
B PUNKVT IR A SR 1 (R R . R A K RAIE
LI R K R RORR BRSSO T B R BRI Y
1ER %

2 HBRESH

2.1 HEEEEHEREEEEXTT E00RA i SR E
ASCE M 1982 4E & 2018 FEM M AE KT (5—
9 H) SNDVI fil SGPP S5A[FJE 6] )R EE SPEI AR KR,
B J5 R B AR e R Bk, WiE B S B SPET I
R FHM A F1. WIESE KIS SPEI 1) B /R M KA
KA K FHw E o EwE 2 frs. KILHEK 50.61%
(70.43% FFRFREE, P<0.05) XK, kL~
SPEI 2 1EMIZE: 63.04% (77.28% MK R E#, P<0.05)
(X3, AW SRS 5 SPEL £ IEAE, HA S 27
A WA= T) 622515 SPEL FAH ¢ R E e B
KAM oA AR E 20 Y4715 SPEL £ 1F
FHE B IX 38, 3 B4R op TRV IS TR LAE, T R 454
5 SPEI & IFEAH S X 338 3 ZEAE p T SV VLI DA S IRy T
KRR FIER. WLk, 1LV T Ha4 X DA K 32 BT iR
. PULHIEA LI aciCX, Mg e i+ 5211
i I T S B ) B e R AR BRG] 2e0 Bl 2dD o IXTATRE
Tl TFAEK ARSI R FEE A SR R [H,
S EURE AN [ 2B AR XS T S i S A7 2 20 TR
5B AN TF] A R B A R 6 T 5 R R R 56 R
22 ARTEEE TS| L EHIRKEE
22,1 ABR AR E AR L T F kL AT
FT Copula B, 5 3 MAFSS (KB, B 57
DLEESRLLLD) SR TEWE T SGPP 5 SNDVI {45k
MR, S HX T AR BE (B 3. B4, Bk,
SR TG A AR PR IR ISR RN 24%, /N T
o 2GR BB MR . R 3 AT, KT
HH R R R 3 R R A AR 7 D T SR A R 4 )
N 20.04%. 23.63 % Al 28.99%. 3z BEIT b A< LB AL
TLRSFHT O UL L, 24 iRk k. T2
fish 2 1R ML A ARG P DX 4k 122 DX S A M 2 3 R VT A A R
P REHEAFOCIER N BT W, T 50N A
FP2 HMME SRR, YRR IR,
T B0Z Hb X R B 1 R MR B K. 5 5 R VLU I A AR 1
PULFAESHT O LL F X, 1961—2018 S & T 2K
R SR ERRE, JCHRE. P T RE
R, G A R RTRRRED, A%T
B ol R IR A SRR R TR R AR, BE
EHXWAT R TR E S A N RIS s R+
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Fig.2 Maximum correlation coefficient and response lag time between vegetation indices and SPEI from 1982 to 2018
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Fig.3 Probability of standardized gross primary production(SGPP) loss under different drought intensities and distribution of drought trigger
thresholds in the Yangtze River Basin
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Fig.4 Probability of standardized normalized difference vegetation index(SNDVI) loss under different drought intensities and distribution of
drought trigger thresholds in the Yangtze River Basin
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Fig.5 Probability of SGPP and SNDVI loss under different watershed delineations and varying drought intensity
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2015 F1 2018 4F 8 A -+ 7 25 I3 24 R AR b A% pii A 9 A 77
155 2 M EPE TR, Wk 1 iR, KR8 TR
5 R NCEFitl = e S R S kPN S DN N
WONKH (21.05%) « SR AR (17.26%) « F 3
(13.67%) « V& MF @ Ak (13.32%) « 3 &t & ik Ak
(11.75%) FIEHL (10.91%) « KT K H 53 7K H
R AR AR R AE R AR A TR X, G
WIS FE BTSRRI A N, ¥ K B R
F 7 BB X, gm0 wm, ET R,
TR IE DX A FH RN AR AR A 25 7= 7 45 R M R B ARV XK
KR NETIEIRE — 2R E L AT LT 2
IR AEDERoK, (BEREFRI, 75T 5 i T RS
KT HEBRIE I, AR o O T Mk, i
TR H AR B A K 2 B2 B RE R PR ), VLS 4
AR R AR B R E R R AR, X 5] Kk
WA Z AR S, T RESHIHIAR F DA K,
FHREARMRAES RG A= T) . AMRI TR T R,
B HNARART TP M UR AR, B T5 i, RS
TEIX & 3 S 1AL BB AR IE I 2 2 Bk 4 B>

# 1 FRTFEREEMETHEHRETERRTEMELBE

Table 1 Probability of vegetation loss under different drought
intensity stresses and drought index threshold

[EGELES RS

sk T g b RAE Vegetation loss probability/%
InEldex Vegetation Drought trigger ®F+5 TG EF+FE HETFE

types thresholds Mild Moderate Severe
drought drought drought

RCA —3.44 12.87 13.58 14.55

ICA -3.39 18.38 20.77 23.98

EBF —3.34 15.56 17.09 19.12

SGpp DBF -4.32 12.64 13.23 14.09

ENF —4.04 11.46 11.74 12.06

GL —4.21 10.69 10.85 11.19

RCA —4.12 25.47 28.38 32.61

ICA -5.11 25.68 28.83 32.55

EBF -4.93 25.92 28.98 32.62

SNDVI DBF —4.24 25.86 28.78 32.67

ENF -3.38 28.81 34.71 43.66

GL -3.17 29.08 35.10 44.88

i: RCA, FMu: ICA, /KH; DBF, M Em#k: EBF, #4RIEM M ENF,
WEREN AR GL, Hidb.

Note: RCA, Rainfed cropland; ICA, Irrigated cropland; DBF, Deciduous
broadleaved forest; EBF, Evergreen broadleaved forest; ENF, Evergreen needle-
leaved forest; GL, Grassland.
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Assessing the non-uniform vulnerability of vegetation productivity and
canopy structure under drought stress

ZHANG Lu , CHANG Jianxia™ , YANG Guibin , GUO Aijun , WANG Yimin
(State Key Laboratory of Water Engineering Ecology and Environment in Arid Area, Xi’an University of Technology, Xi'an 710048, China)

Abstract: Frequent and severe drought events have posed the serious threat to vegetation growth and ecosystem stability. The
underlying dynamics of vegetation response to droughts can be expected to predict and mitigate the impacts of these
environmental stresses on ecosystems. However, a single ecological index cannot fully meet the requirements of the vegetation
responses to droughts. In this study, a robust conditional probability model was constructed to combine the normalized
difference vegetation index (NDVI), gross primary productivity (GPP), and the standardized precipitation and
evapotranspiration index (SPEI). The Copula framework was designed to clarify the relationships between meteorological
drought stress and the probabilities of vegetation productivity and canopy structure loss. Additionally, a systematic
investigation was also made to explore the interactions between different vegetation growth statuses and environmental factors,
as well as the driving forces behind drought trigger thresholds using partial least squares path modeling (PLS-PM). A case
study was also carried out in the Yangtze River Basin (YRB) from 1982 to 2018. The temporal and spatial disparities were
observed in the vegetation productivity and canopy structure response to the meteorological droughts. The results indicate that:
1) The proportion of areas where vegetation productivity and canopy structure in the YRB are positively correlated with SPEI
is 50.61% and 63.04%, respectively.. Notably, the canopy structure exhibited a closer association with the SPEI, compared with
the vegetation productivity. There was a shorter response time to the meteorological drought stress. The canopy structure
shared the higher vulnerability under drought duress, compared with the vegetation productivity. 2) Spatially, the high
vulnerability was found in regions, such as the Hanjiang Basin and the middle and lower reaches of the Yangtze River, in terms
of vegetation productivity. While the increasing susceptibility of canopy structure was displayed in the Jinsha River Basin and
the mainstream of the Yangtze River. 3) The average probabilities of loss were 20.04%, 23.63%, and 28.99%, respectively, for
vegetation productivity under mild, moderate, and severe drought stress. The heightened vulnerability was predominantly
concentrated in the Hanjiang Basin and the middle and lower reaches of the Yangtze River. Canopy structures shared the
average probabilities of loss of 23.26%, 24.77%, and 26.86% under similar drought stress levels. Among them, the regions of
elevated vulnerability were located primarily in the Jinsha River Basin. 4) There were starkly pronounced disparities of
vulnerability among various vegetation types over the basin. Irrigated cropland and evergreen broadleaf forests showed higher-
than-average probabilities of productivity loss (21.05% and 17.26%, respectively). While the grasslands and evergreen
needleleaf forests demonstrated elevated probabilities of canopy structure loss (36.35% and 35.73%, respectively).
Furthermore, the wetter regions exhibited higher average probabilities of vegetation productivity loss under varying intensities
of drought stress. While the drier regions showed the heightened average probabilities of canopy structure loss. 5) Canopy
structure was more susceptible to external disturbances. While the vegetation productivity was dominated by the soil moisture
and its own canopy structure. There was a complex interplay between vegetation responses to drought and environmental
factors in the YRB. The findings can provide invaluable insights for the effective management and conservation of ecosystems
against droughts.

Keywords: vegetation productivity; canopy structure; vegetation response; trigger threshold; Yangtze River Basin


https://doi.org/10.1038/s41467-023-40226-9
https://doi.org/10.1016/j.scitotenv.2019.134076
https://doi.org/10.1016/j.jhydrol.2023.130573
https://doi.org/10.1038/s41558-021-01112-8
https://doi.org/10.1111/1365-2745.13813
https://doi.org/10.1111/ele.12711
https://doi.org/10.1073/pnas.1107891109
https://doi.org/10.1073/pnas.1107891109
https://doi.org/10.3390/ijerph18041613
https://doi.org/10.3390/ijerph18041613

	0 引　言
	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 数据来源与预处理
	1.3 研究方法
	1.3.1 标准化降水蒸散发指数
	1.3.2 相关分析
	1.3.3 气象干旱触发植被损失的阈值计算
	1.3.4 偏最小二乘路径模型


	2 结果与分析
	2.1 植被生产力与冠层结构对干旱响应的滞后时间
	2.2 不同干旱强度下引发植被损失的概率
	2.2.1 流域尺度植被损失概率与干旱触发阈值分析
	2.2.2 不同类型植被易损性评估

	2.3 植被特征与干旱触发阈值的影响因素分析
	2.3.1 环境因子主成分分析
	2.3.2 植被生长特征与干旱触发阈值的驱动因子识别


	3 结　论
	参考文献

