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Abstract: In this paper, we chose Yibin as a typical case, which is the district of relatively fragile eco-environment in the
upper reaches of the Yangize River, to study the dynamic changes of vegetation growth characterized by Normalized
Difference Vegetation Index ( NDVI) in past 16 years. Based on MODIS MOD 13Q1 data, we analyzed the variation
characteristics in time, variation tendency, and future sustainable characteristics of NDVI by using the Sen + Manna-
Kendall nonparametric test and the Hurst index. The spatial variation characteristics were analyzed by the transition matrix
and gravity migration model. Furthermore, we explored the dominant factors, and analyzed distribution characteristics and
driving forces of the NDVI with application of Geodetector model. The results showed as follows. (1) During 2000 to 2015,
the fractional vegetation cover in Yibin was in a good growth state, with the tendency of gradually optimized from north to
south. The area with average annual NDVI more than 0.6 accounted for 52.06%. With the average annual variation rate of

0.007/a, the annual NDVI increased significantly in fluctuation, which accounted for 70.18%. With the Hurst index, the
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variation of NDVI was not wide. The potential fluctuation area accounted for 53.65% in the future. (2) During 2000 to
2015, vegetation growth in Yibin was dominated by positive evolution. The evolution process was consistent with the results
of previous studies on the effect of eco-construction projects. And the ecological environment was constantly optimized. (3)
The NDVI in Yibin was determined by a series of surface differences, including altitude, average annual temperature, land-
use type, and population density. The explanatory power of these factors exceeded 25%. The combination of natural factors

and human activities had a more significant impact on NDVI.

Key Words: NDVI; the upper reaches of Yangize River; spatio-temporal variation; transition matrix; Geodetector-
model; Yibin
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Fig.1 The geographical position of Yibin
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Fig.3 The spatial pattern of vegetation cover in 2000 to 2015 and the land use classification in 2015
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Fig.5 The variation tendency of NDVI for four seasons based on regional scale in 2000 to 2015
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Fig.6 The variation tendency and the significance of variation tendency of annual NDVI in 2000 to 2015
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Fig.7 The variation tendency of NDVI during four seasons in 2000 to 2015

El§ 2000—2015 F£&#FT NDVI B EHBE M
Fig.8 The significance of variation tendency of NDVI during four seasons in 2000 to 2015

BN, FEE AR — GO AR, Horp AR R v A B B 6 =2 I A A A R
B 5 IR AFRSE AN B X8 Y 88.47 % , M w78 75 A FIT Rl X 8 7 8.79% , M w7 15 R AR IR AL IX I 2.74% , L
A I AL R S D IE 1) 3 0 ok 32 AR AR R son) B, AR S IR R AR R Rk

2005—2010 43X — i [] B 458 e AT 9% 7 o 5 v AL 9 7 3 TR0 AR o7 LA BT B4 0, o, 32 S0 fh IR — A e S A
SEAR TR, TR BTl 78 25 T AR 7 LU AF AR S i, S P B b 7 26 & A O AR AR T 8, o el 7 2 A
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9  2000—2015 FHEH T Hurst FEH R AR REHTHBER

Fig.9 The Hurst index of vegetation variation in 2000 to 2015 and the variation tendency of vegetation in future

FARE AN X IR 91.02% , BB 3 A7 I il s IX Yy 6.88% , A& AR iR AL IX Y 2.19% , H AR ALt LLIE
I kR 2 R AR AR ™ FPRL B i — 0 i AL i — R A B 1 X — AR AR SRR AL

*2 BEEMEEBEZTEEBIER (S %)
Table 2 The transfer matrix of vegetations cover in Yibin

A Transform types

i Bt LAY GESR At
Period of time  Initial types IAE B BARAEBE ERYiEE 2 BBk BB Gross
B/l Hw/l /1 /v Hak/V

2000—2005 A B 75/ 1 0.24 0.1 0 0 0 0.34
AR /1 0.03 0.55 0.13 0 0 0.71
P /T 0 0.11 6.1 7.23 0 13.44
B E S/ IV 0 0 2.13 81.31 1.33 84.77
A TV 0 0 0 0.47 0.27 0.74
At Gross 0.27 0.76 8.36 89.01 1.6 100

2005—2010 IR A /1 0.24 0.03 0 0 0 0.27
AR W/ 1 0.09 0.52 0.15 0 0 0.76
PR BB /1 0 0.11 3.53 4.73 0 8.36
BEE S/ IV 0 0 0.97 86.06 1.97 89.01
AR E /Y 0 0 0 0.93 0.67 1.6
Al Gross 0.33 0.66 4.65 91.72 2.64 100

2010—2015 A A 51 0.14 0.18 0.01 0 0 0.33
BRI 35/ 11 0.04 0.23 0.38 0.01 0 0.66
rh Bl =/ 1 0.02 0.08 0.97 3.57 0.02 4.65
B R/ IV 0.01 0.02 0.25 50.61 40.83 91.72
AR E /Y 0 0 0 0.38 2.26 2.64
A1 Gross 0.2 0.51 1.61 54.56 43.11 100

2010—2015 A3 — s 5] BE e AR i 7 i ) 1T AR oy PR RIS i, 2 2802 el AR — SR B S AR Ao, 2 —
FEIR AR T AR S A AR, I A R IBOR M i) DX o AL 3 0, A ol B AR SE AR S R ) ., A B
AR RMEIE R, TR FUAF ], A S PR AR AR I X 1 54,29  ABL I oA Pl DX I s 459% , kAR
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XY 0.8% , HAEALGHBLLIE IS I, B LA T R E S-S E S X — R, 4
KA SEE, SR B E L,
342 MHESEOTBLRE

WE 10 LA 3 45— ZI BTN AR s R R O R . BMR 1 R R A e 25 2 A B FO A
A S 552 (W) o A Jm B e — Sk VRIS R 7 55 SR Hi O A8 3 AR B AR A7 7 i LA e 2 1] AR
FRARAE ) AR B o e A e 7 o T O T R e A B 1 PGV VLI, A7 R o 1) i A e, X 5
PRSI 2 0] A A — 3K, BRI O 25 | ST 2 0 R ERR e A PR B IX e B Xk, g b
B8, 5 PRI B S A S (R 54— 3, B SR A MRS R DR B A S X —SE RIS AW &

r‘—_j(.

B 10 2000—2015 FHEFEBEWMHRELEBTH

Fig.10 The migration and variation of center of vegetation cover patches in 2000—2015

HARAKT | IRAE 97 55 5.0 7F 2000—2015 45 SR b m) VY g 5 7% iE B FE 85 16.76 km, JLJF R 3222
AR FH I PR AR i 3nk T A B DX R B R T T PR ke AR e 1 O B A ARG O ) b iE
B AEREHE B0 2.89 km; TAEBL A 36 F.0 R EAERI AL 10 LA S ERAERS  iE RS BN 3.44 km, LAY
i, B O EE M AR MR SRR RN 12.29 km, ARG B EO B R M L ) 2
Pr& TR BRI BN 16.25 km,, 7E3X 16 4F (W55 =5 A 0 7 55 5 o A 43 7 2 A7 b g 1) LR RS 5k 1 8
P HFDIER Iy 1) ARSI B IR I St A A R T AR LSRR A S I EE AW E
3.5 NDVI =5[] 43 ) BRI

— B, S MR P 56 S TR A B I R R BRI R RN E S A HEY ) Wik, A
LA =05 T, e BGH B f A CEAS i JE A AN 3R 3 BT NDVI B2 R 1, 7€ ArcGIS HHsEE: 2 km AL
R BFFE X, B NDVI S 4% 520 Rl 43 X R BB A, 355 90 A Hb BEPR I 25 A R T 138

x3 HET NDVIZWEF
Table 3 The influence factors of NDVI

SRR HFRH R NEE SR

Climatic factors Surface factors Human activities factors

4EXJIE Annual mean temperature (X)) 13K Altitude (X5) GDP (X,)

[#7K Precipitation (X, ) i Slope (Xg) NI B Population density (X)
H HRIHEL Sunshine duration (X5) Wil Aspect (X;) TR FHZEAS Land—use type (X;)
AAXHESE Relative humidity (X,) T Agrotype (Xg)
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3.5.1  FHEMEFXT NDVI B30 1504

AR PR R, THIR A X NDVI RS20 R/ S5 R N6 4, & BRFX5 NDVI s #5520 R P8 - 1
P (X)) >TFER (X)) > AR (X)) > NS E (X)) > HBEEU(X,) S E (X)) >R (X,) >GDP
(X,) >BEK (X,) SAERHREE (X,) >HEI (X,) o A4S R F4t NDVI YR SR MR AR HIR |+ oA 26
U % B2 % NDVI iR T 25% , 43 5N 39.9% 31.0% 28.1% 1 25.4% , J2- F B 520 K 1, H BE
B ALY GDP Xt NDVI (@R L 20% , 535100 24.7% 23.9% 23.2%5 22.7% , J&: K B34 1
T, HA N P AR s |, A T 20% , BARXHREE 530 PSR, SR .2

F4 BEFRUER
Table 4 The result of factor detection

¥
F X, X, X3 X, Xs X X, Xg Xy X X
actors
q 0.310 0.155 0.247 0.025 0.399 0.239 0.003 0.232 0.227 0.254 0.281
P value 0.000 0.000 0.000 0.931 0.000 0.000 0.623 0.000 0.000 0.000 0.000

q MR TR (80 [ 0,17 MO AR ) Bt

S5 NEBHMAR, RISGHRE W5 2 U Z X NDVI ZS [0 A i 2 i HoAT 5 e 22 e 5
FoAt PR 5~ J0 P25 S 5 AR S BRI SN AR IR 7T (35 28 5 5 Rt R ISR RN S 4R g3t | IR B Tk
N HEE B Z 0] JC 35 26 5 5 NIV JE S e B i [N 5 2 ()3 JC B35 28 S o ik e — 3R W1 IRRAAC AR R )
NDVI S0 K 5 R 2R O\ H B BEXST NDVI SZ IR AR, LI A (5] i 52 30 H Ay PR 752 e 5 H RS2
BeRE ALY GDP X NDVI MR, HAh R 52 4/

5 KRNETF NDVI ZMERNSEITBRESE
Table 5 Statistical significance of the detection factors for NDVI distribution

X, X, X, X, X, X, X, X, X, Xy X,
X

X, N

X, N Y

X, N N N

X, Y Y Y Y

X, N Y N Y N

X, N N N N N N

X N Y N Y N N Y

X, N Y N Y N N Y N

X N Y N Y N N Y N N

X, N Y N Y N Y Y Y Y N

K F KN 0.05 1Y FAGES | Y FaR R K 778 NDVI 23 (8] 0 A 5% i _E A7 7E i 35 22 5 N FOR T 1k 5

LA AT AT LUR I, LIEIR AE383E R FE 003843 F AR A8 7 2 WA L EE 1T NDVI 45 (8] 43 A 1) 32 223
BT, AZEIE Xt NDVI 28 (8] 0 A 5 AR A, (H X A g mi A AR X 3k 22 57, HLS 03 A8 241 00 5 i 7 1
Z e E2ES, SR B R R A7 A A A0 I 1 A b AR S A AR M MR
VTV N ) P g bty T e A v %) L 0 AR b, R b Ry 2 | 2 T R B B bR A AR 28 e T AR Y T X
S, NS AR D TR, 8 K A X I 45 S e A 4 A4 K 1) R B PR R A T S R 25 S AN PR
NDVI %5 [ 53 AT 52 ma s . Pk, AT AR 8 vk | AR 340 | - b A1) IS A 5 N 1 %5 B2 R 52 B 22 17 NDVI 23 ]
SR E T,

352 ERHEFEEHS
FRPEAE HAEM % NDVI s R 4738 AR 08, Sl = S IR P2 EAEZS R ank 6, v LUK, BF
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A BT N Z A 35 A XU RIS SR A T B P B R ORI 3 1 3% %) NDVI 23 [] 73473 R 20
XFE—2BAUE T LA BP0 NDVIE 9 35 M, OF H 32 SR IR A 45 0 2 2 XUP IRl ok A, (EAS T B
S, T BT SR AT S RIS | A S B S R3S SO0, R RIS R, X R B, A ARERIR
PR 5 36 gl R AL RIE TR %) NDVI 23 (8] 734 52 e 5K,

*6 TSEFXEEAMNBEZEXR

Table 6 The analyze of interaction between the dominant factors

LHFFR
xny q(X) q(Y) q(XNY) . -
Interactive relationship
XsNXy, 0.399 0.281 0.525 XU I3 58 1
XsNXy, 0.399 0.254 0.465 XU I 4 58 AE FH
X, NX, 0.310 0.281 0.463 XU )4 588 1
X0 NXy, 0.254 0.281 0.451 XL R A
X, NX,y 0.310 0.399 0.414 XL R A
X, NXy 0.310 0.254 0.410 XU )4 58 A

3.5.3 20 PR T A0 S R el 2 R

R US4, 3153053 B 45 R F- %) NDVI 4340 28 A0 A3 By FBl el e A 25 R B A% sh IR 3 A2 F AR IR
PR 2 R K, WOt O AS 3 5 PR SRS [ AR R R (4038 B3 R Bl 8 U A R, g sk 7, A% &
NGB R i ACA A PRI S Fe B Y | SR = T 1390 m, % B2 KT 31.8°HF , NDVI {H 4 i , iX
S DI 1) g M B, AN R B AR AR R A 55 A [FIR ZEAR R R 14.8—15.6 °C,4F H IREFECH
1196—1273 h i, B B BOGIR A0k R w0 o6 Bt b e i LA, S B 3 32 o T A o Ll I
S DRI, % 2 b, DX A A A At ELA R A 00 T B 02 T VR 6 NDVI 8 = A H

#7 FRETFHEEEESRR
Table 7 The suitable range or type of different factors
S PR

K Factors Comfort type or range NDVI
TR Altitude (X5) >1390 m 0.667
AEXJYE Annual mean temperature (X)) 14.8—15.6 C 0.649
F R Land-use type (X;) M 0.628
N FE Population density (X,4) <185 A/km? 0.654
H BEIS 4L Sunshine duration (X;) 1196—1273 h 0.631
Y Slope (X4) >31.8° 0.655
TS Agrotype (Xy) It ¥ o 0.658

Sl AR, T8 o el PRI 9 e B, T U AR s ) 2 S /0N ND VL 2 [ 73 A1 2 2 ol T 95 B 3 3
25 AR IR AFSIR A SR A 1 3 S A B B W DR 3R 00 SR BT IR E

4 @RSt

4.1 ifig

FVT b3t b DX T A2 B i, 7K 3 2 ™ i, AT sl BB s ma i R RN E B AR S =g
v Do 2 3 Y DX Ll P P A A VT i B B R A SO TR] RUBE X 2000—2015 4F L 22 11
NDVI B2 28403047 T 401, FR e th/ N ROE H IR R R A K 5 B AR IREE | N2 s 2Z (a1 () mi i AL, 5 DA
O R A Al RN A L 2 e B RIS 2598 IR [R] AR5 K IR WA A A 28 () 0 A 1) 2 B2 R 5 B0 M e 25
5o FHPAERKZ ) A SRIRE IS s (LRI m | (H 2896 st A7 76 B B A R 58 S 1)
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i 1 X 3% 51500 R NDVI B2 25404, & B VT L S0t iR ARA AR R AR TRE LUK, B S A Bl 7
SERE M, ARSI R, R NS S A SRR EE I IE R 5t B A A R B B, (HUE T
NDVI AEFEAR AN, Je R 2 (A5 A A U R A AR B T A 9 X e A RN R IR A B B/ RUBE
TEIR IR T DL G e Akl R X, T L peAd ) EVI R4 2R K A9, B2 NDVI B B i 5
B AR S SR A AT BRAE AL A THR ST, S2 AR RN B AR X AN O T NDVI RIS, LA, AN ie
S NDVI 82 EVI A TAE g AR (ORI 5T, H0 T 1 B0 M 48 BOGH A w7 5 B LS A i85, AR S TR 40
S PR FZAZ A MODIS 2088 5EUER , MODIS NDVI X 5% DX R #7855 5 HLA B4 (R R ARG, (H MODIS 32 Jg&
AR R AT EN:, WEE— SRR,

M ERHRIN 28 BE S RE R 2 I 2 IR A 56 R M Hse BAE T, 72 3R sl Ll A i i F Tz B AT
7 P b BT 28 R 5 A B[] 81 NDVIT 255 1] 43 S AL il A9 55 AR X 4 20 | AR SCHT AR 9T NDVI 25 (8] 43 52 5 5%
22 56 &, 153 00 3 5 B A A0 A 7T L i b DR AR 1 A AR ML, 5 ) 8 AL F 5% 465 18t AR X —
0 ERIN 8 A X — 400 ) R FH B R, (R BRI R IS A R v X i R T A A5 1R 43 X
A B 3 A3 A | TRD e RT3 B RT BB AN 52 2%, L PR 7 s A7 05 1 2 0
42 #5i5

(1)2000—2015 FE B AR O AR KRS RAF, BARAE B A8 55 A2 P 2 BRI R 2 ) 52 [ R 1)
ez /e, b SRR 5 A PE R I X AR AT I 52.06%

(2) M\ NDVI Z84E #a$ ok E ,2000—2015 4EFLEETH NDVI 2 shiash EIt S 4ERR LR 155 0.007/a,
24 NDVIARERRJy 0.0186, bRifE 22 0.0378 , 48 5 R ECH 0.0632, P s A W1, RIS 4t 38 44 X Bk i
FUIK 70.18% , ] 12 4340 T45 X L 3R H0OR |- UGS RO 8 | U I A= 25 a8 s

(3) )\ NDVI ZRE AT 2ok, B s ARG o S AR RR M ASSR | 10 22 XS B 8, £ B AR P 3 L P
P55 UGB A LU DX BT B R 0 SO MR ARRAE AR K P RE BRI B X Y 53.65% , A AT AE PE AL
IR BB S ARACER , T i — 2 s iR HEA AR B MR S TAE,

(4) )\ NDVI 75 [A] 28 {2k ,2000—2015 47 B 2 i A g AR 4 DA DE [y ik oy 3 | B2 B A A« PR i 3 5
R T T R T X — IR AR A S IR AW AR R AL ; AR TR I BEAE AR AN [R] [ 38 RO RN AT S
e, R R B A e TR Ui X A 25 8 R TR B I A A 9 58 AR A e 4

(5) HBPEPRIMZRAR IS LR, B i A R R 2 ) 22 8/ NDVI ZS M) 40 Al 2l — R AR 2 5%
ALFEIEAR A R 2R N % B T e LR T R I B it 25% , A SRR IR 3R 5 N8I Bl At
AR X NDVI 500 5 0 {3
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