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Abstract: As the main component of terrestrial ecosystem, vegetation plays a very important role in regional ecosystem
environmental change, global carbon cycle, and climate regulation. The Nujiang-Salween River Basin is one of the most
important transboundary rivers in Southeast Asia, and its vegetation changes will affect regional ecosystems and climate.
This study takes the Nujiang-Salween River Basin as the research area, based on the MODIS NDVI data from 2000 to 2021,
using the BFAST model, Hurst exponent, and geographic detectors to study the temporal and spatial evolution trends of
vegetation coverage, future sustainability, and driving factors. The results show that; (1) from 2000 to 2021, the
vegetation coverage of the Nujiang-Salween River Basin presented an overall fluctuating upward trend, and the annual
average Fractional Vegetation Cover ( FVC) value was 0.73, mainly with high vegetation coverage and relatively high
vegetation coverage. Vegetation distribution had obviously spatial heterogeneity, and the vegetation coverage in the lower and
middle reaches was significantly larger than that in the upper reaches. (2) The BFAST trend indicated that in the past 22
years, the proportions of areas with improved and degraded vegetation cover in the Nujiang-Salween River Basin were
71.24% and 28.76% , respectively. The improved areas were much larger than the degraded areas, indicating that the
vegetation in the study area has been well protected. The Hurst exponent shows that the proportion of areas where vegetation
will continue to improve and degrade in the future is 94.89% and 2.76% , respectively. The superposition of BFAST and
Hurst coupled 17 types of future trends in vegetation coverage. Overall, the vegetation in the future will continue to
improve, accounting for 68.99% and 29.09% of the areas that will continue to improve and continue to degrade,
respectively. (3) The results of Optimal Parameters-based Geographic Detector ( OPGD ) show that altitude has a
macroscopic control effect on the distribution of vegetation coverage in the study area, with the greatest impact, followed by
meteorological factors such as temperature and precipitation. There are differences in the influencing factors of vegetation
cover among different regions. The altitude and land use methods have more significant impact on vegetation cover in the
upper reaches than in the lower and middle reaches. In the alpine and canyon regions of the middle reaches, the altitude
and differences in temperature and precipitation brought about by altitude have major impact on vegetation coverage, while
the lower reaches is mainly influenced by factors such as population and GDP. The results provide scientific data support for

understanding the ecological environment status and future changes in the research area.

Key Words: fractional vegetation cover; nonlinear trend; BFAST model; Hurst exponent; geographic detector; Nujiang-

Salween River Basin
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Table 1 Source and description of research data

Bn 2 mr 5265 R Z3 [ 43 g Bl A U5
Data name Elements Spatial resolution Data sources
Google Earth Engine ( https://earthengine.google.com/ )
MODIS NDVI NDVI 250 ¥ X
" BEIF P35 USGS ; https ; //Ipdaac. usgs. gov/ products/
NS EN R PR 90 Google Earth Engine (https : //earthengine.google.com/)
Topographical factors W 1) m FePE R M v NASA : https : //srtm. csi. cgiar.org/
e IS =i 0.25° Google Earth Engine (https://earthengine.google.com/ )
Meteorological factors S ' B JE v ECMWE ; hitps : // ¢ds. climate. copernicus. eu/ cdsapp#! /home
Wik 0.05° Google Earth Engine (https ://earthengine.google.com/)
* ’ B E G Climate Hazards Center https ://chc.ucsb.edu/data/ chirps
WK 0.25° Gleam ; https : //www.gleam.eu/#downloads
A 0.1° [ IR R GERHAEE 0 hittp ./ www. geodata.cn/
NI ES LULC 10 Google Earth Engine (https://earthengine.google.com/ )
Human factors " BRI P35 ESA hitps : // esa-worldcover.org/en
N Ikm world pop: https://hub.worldpop.org/geodata/listing? id =64
o LR 2 B B IR R BE AL 00 0 (hitp :// www.esde.cn)
GDP 0.5° GitHub : https : //github.com/Nowosad/ global _population_and_gdp
’ o E Rl B PR IR BT R 2A B s o0 (http - //www.resde.en)
B FLp \
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AT IX A2 ey ey N
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Administrative division
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Domestic Product; USGS: 32 [¥ i Ji AR , United States Geological Survey; NASA: EFSREE S RS N Jal, National Aeronautics and Space

Administration ; ECMWF ; Kk P H1 8 KA 4 740>, European Centre for Medium-Range Weather Forecasts; ESA : KRYHi K5, European Space Agency
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T B M X TR 7 LR B 78.52% , Uk B I WA w7 T I DU, A5 A ST IX - bR AL A4 e B, AP
T 3 DX 358, 0 3 A A AR o 1) 7 R e L, R ORI R R 1 R R S R e A 5 X R A
HRUER T Ui DX, = AR ST UM | b R ok

%2 BFASTO1 # i) FVC T EH KT
Table 2 Types of FVC change trends detected by BFASTO01
A SA AR B B EFIEHANE L
Type name Segment 1 Segment 2 Meanings

(1) iRy

(1) Monotonic increase

(2) b

(2) Monotonic decrease

+ + ARAG Hh B S L, S A SR B B P

- - ARG S A A e SR By BRI DR

(3) FAPREEIG (Al IE ) . . R ih 1 AW SRR, H WA E R ORI K, AR R Iy
(3) Monotonic increase (with positive break) PHVERE N, A5 ARG+ R

(4) FPI B (B ) B B ity 1 A0 85, H TS AL E SR | R S R R Bk
(4) Monotonic decrease (with negative break ) PRI IS BRI - RN

(5) HlT: B S i . . G s 1 A 58 L SAE SR SR I
(5) Interruption; increase with negative break hn, B GOPWE ARG BRI, A Rl -+ R,

(6) i B L P s _ B el eh 1 AW SRS | HW R AME SR IR O, AR I 2
(6) Interruption: decrease with positive break N, BT SRR AN, AR - ROR

(7) Sk . s 20 . ~ iRl TR I SE B3 s N -3 ) 2 2 s T2 W
(7) Reversal; increase to decrease M« Rf+-"Fm

(8) K . i3 1 _ . R s 1 AW 5 | A Ly I b 2 R N A e TN
(8) Reversal; decrease to increase FAF S R -+" 2R,

x3 HERUSBZEMEAFRX

Table 3 Interaction modes of geodetectors

H|¥5 Criterion ZZHAEFH Interaction || #3E Criterion 2 H AR Interaction
q(X,NXy)<Min(q(X,), q(X;)) AR LR MU (X, NXy) = q(X)+q(Xy) b1 1EvA

Min(g(X,), q(X;))< q(X;NX,) <Max(q(X,), ¢(X,))  PETIELMWE || ¢(X,NX) > q(X)+q(Xy) JRL Vg R
q(X;NXy) > Max(q(X,), ¢(X;)) U F 35

3.1.2 B[R RARRE

WG XA A R FVC B, IFHIE FVC 2T R I (I 4) . I 4 BI4EBRAS AL IR AT LR
VB R IR VT L 2000—2021 AFAR B 7 o AR 2 2 G #  FVC SRR HBAE 2021 4F28 0.750, %
/ME HBLAE 2015 4F°4 0.722,7E 2007 41 2015 4F H BT B A9 ARME £ 45, {H 2016 47 Lok, Rk A KRBl
PO S b MBIFFEIX 342k 22 AFAE W 5 2= 10 A8 A0 (81 AT DL R AR VE- 1% R I VL Sul v 4 2 Ak ELAT ) 4
A2 LA, X SR XA G, T FVC H BRA8fbEIZR A, 3 A 4 FVC {E AR, 3—9 0 FVC {E R A]
B BT A 9 H A aHE FVC EIA B & , Bl 2 T R 3 R b Rk m g i 5 RO & At o
SARBUEF , AN[FZETT FVC B I R1S Ak 2 IR N 3, 5 2 FUE 2RI s K R N4 = K (BB BN EROE
3.2 RVL-BRRIR VTS w7 1 AR R AR

iz JH BFASTO1 3% BT - % /R VT8 2000—2021 4E FVC gEAT AR, 155] FVC IRt fa ks
fECES) . MEIFRRIEL BRGS0 0 T 8 FhAEZEPEAR B 78 25 3 2 A0, Horb R 18 5 34.63% , J& i i &
1, FETIR L RS XA A A AR R DR AR o LY 12.22% , 3540 AR TR U DX ; ¢ B G+
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Fig.4 Time variation of FVC in the Nujiang-Salween River Basin

FVC . HI# 7 55 & Fractional vegetation cover

07 L 2.3% , EZ M ARTE T gl 5 < BRI =" 7 LU 0.63% 5« T —+7 (5 EL 22.91% , HE4 5 =, 2 E 4y
A7 7 i Sl e L A 2 g A S i Frl G 5« B+ =7 b 8.19% , 2 B 40 A A8 T Sk b B A1, 2 i AL A 2
O3 =" L 7.73% ¢ SO+ L 11.39% 5 38 AT R B, SR RGBSR 5 1 (71.24%) K
TR ARSI BRI & 1 (28.76% ) , AR 5T X AR B & ke g, DR B PERG I 25 SOk B AR (L S B
R R 44.29% AN 53 B 5 A 55.71% ; SRR R RGN FE W | & Ak 278 It ] 32 B4R FR7E 2003—2018
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Fig.5 BFASTO1 detection results

J T S NPEAN AR R BT 55 S AR I, BF SRR R FVC 28 Ak Al i K28 A8 0 B i KR A8 5 B R A 1 I
(] T R 2 PR IR A R A AR IS ] A K T i A BT B A T TR (L 6) o 38 o AT A AR A i Bl 278
A SR R Y b DX 3 A 2 R DA BT s SR AL e K AR i S LAY T - 1.2078—1.0287 Z ], e K 5878 i
JFE T[] 32 2E4E 2002—2019 4F 2006 4F A A= 5 K B 58 4% 1) Lb il 2 e K9, 2013 4F 2015 4R H1 2018 4F i KR
A BE R LA 2 | 1 Ui IX i K AR B DT okt i A s T) AR AL R 35 5 AR, 136 IR 0 b X 4 i 3k FVC /Y
A A B B SR A 5 T R IR D DX 3 e TR 2 A R 3 W A I ] A Ak b A b i b DX sl P AR
T X 28 A A 22 AR5y Sl 2006 4F 2010 4E 1 2015 4F, T iEH X7 2011 4E e KR B e s g i 2, 5 F
i i X 28728 BT 9.90% ., 4% X S Kik B 2 A8 I AU 2018 A FF 4R K 1w AL /b . IbAh , IRIGHFFT X FVC
i a8 Ak AT 0 HAR Bl A Ak B AR R A P AR 6 AT LLE Y, 1 R K A 2 R o g sk 1) 32 A R A
2010—2014 4,

AN AT 5% R Tk T 358 i R 58 720 5 DT A 2B 28 B A 1 IR 2 IR 3 R (1 7) , Fom B i AfE
WFSE I 1] BE AR & AR AR LR P R B 23 Ta] A3 A, 1 IR o Le e 22l 77.02% ,3 IR/ Jg 4.18% ,2 IR KY
P o (T o S TR 1R am O w132 L e A R/ s [D S {1 8 N w13 L e s D SRV @4 8 SN TR AL
85.72% , 1M &A= 3 YR i 1) i EASL o A DX DR s A TR AR 0.91% 5 I~ U8 AT HH i e DX 5 U8y s, U B0 5 AR DX 3R s,
YR A L E AR 25N B2 DL 1 UCh B, 5 FUBS /N L X 7 & A 3 ORI s B OB o L35 7 7% 224, s
KT LiiFHIX
3.3 BVT-BER IR VTR U 4 AR o T R

R T F R BB T R AR AT R FRATIA T R RIRVTIR I FVC /Y Hurst 3580, i G800 M &
B, Hurst $550/0F 0.5 19 X8 o BT AR Y 2.76% , 1 86 X3 HLA S RpEeE | omad 238 i i) ka #oke ok ik
WD 2 IRER s Hurst F8E0KT 0.5 BYIX IR R 94.89% , 2 IHIF 2 X AW B o5 19 1E 1) F5 2L PR AR ; Hurst 45
R 0.5 1 XY 2.35% , 3B AR A 1 7 15 R SR R SR B AR
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Fig.8 Future development trend of vegetation coverage
% 4 BFASTO1 # Hurst 15438 & £ B %5t
Table 4 Statistics of BFAST01 and Hurst coupling types
A .
Hurst $54E 1 ol H S AT it 71 T 7 sl
Hurst sustainability Trendj:;):es Trend and persistence types o fugrifiz Total Proportion prop(:niion
FReL RECRTEbE FRELE & HLIRE Y 1544915 129459 33.04 95.31
Persistence BATIE 358 i R & PRI 548274 11.72
0.5<H<1 PR + FRELPE & LR + 101042 2.16
B 138 ok — PR & B b - 28684 0.61
-+ Fretk & HPli—+ 1024262 21.90
i +— Fretk & HPl+- 363101 7.76
S+ Frgit: & U +- 329806 7.05
-+ Fret: & ik -+ 516965 11.06
SRS S+ SR & -+ 10350 4457049 0.22 2.77
Anti-persistence R +— stk & R +— 7672 0.16
0<H<0.5 T+ JFELETE & HKT+- 9907 0.21
-+ R & -+ 24865 0.53
B 138 ok — RS & B8 - 490 0.01
BRI 320 4 + AL & B % I + 1951 0.04
B 138 ok RFFSEE & B8 20784 0.44
BRI o 15 AR & BN % 1Y 53440 1.14
?ff Uncertain R R 89686 89686 1.92 1.92
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Table 5 Factor discretization methods and categories of geographic detectors

WE #E =T L iy T
AR Sem Whole basin Upper reaches Middle reaches Lower reaches
Variable name Variable » N - N - N » - N
Y ERES ES I 97073 g EHEOTE Fal EHOnE el

FVC Y F3h 5 T3 5 F3h 5 T3l 5
4% Altitude X, EENEICPR 5 FI SR TR T 25 5 F3h 12 JUfTERE 12
B Slope X, T3 8 T3l 8 T3l 8 JUAT e i 12
Bl Aspect X5 F3h 10 Fh 0 T3 9 FI 10
K Temperature X, FAEE RS 5 AR E] B 5 AAE A B 5 F3h 5
F#7K Precipitation Xs ARA 8] B 9 ARSE ] 9 JLAAT [E] B 12 F3h 3
iR ET Xs SR [a] 1 5 A AR TH) T 1 5 SR TR T R 10 JLAR] 8] B 11
S AR Climate type X, Fa 9 Fzh 9 F5h 9 F3h 3
LULC Xq F3 10 T3 10 F5h 9 F3h 9
A F Population Xy 18R [ 1 5 8 H 8K ] W7 55, 8 4K ] 7 5 8 H 4R 8] W7 A5 12
GDP Xio EPANIL 8 LK 0 7 £ 8 EENEIT: I 8 EPAN L 10

FVC . Y7 355 Fractional vegetation cover; ET: Z&H{ & Evapotranspiration ; LULC ; -5 F1/ - 79 Land use/Land cover; GDP . [E P9 A= 7= i

{H Gross domestic product

T PR TR0 RN 52 BRI & , 5 3 At L B 2% T Ui SR 07 i 9K D IR 25251 (3 6 FIIRT 9) o Bl
i DX PR 1 p B 0.0791 Sb AR IR p (B0 0,38 i B PR . ARIER 6 R, AUk Y ¢
(ERR RN 0.5761 , A6 R BRIl PR 8B S UGN, HUOR H A28 GDP A\ 145
NPT, N R DL R TR W i R 2% U sl R 400 45 2R S 7S [+) — A B2 W] PR 7 A ] DXl A 9
BERE IR EAT 22 50k Dm0 A, Qe A st AR P AT o i R e g D3 ) e R T i DX i A
1 GDP  ZEHIUA S5 38T e DIy 52 Wi T L R e DX, 88 i) BT, 90 DX i e K 9 2 - 3t
HHIR ¥, HUGZ R, TN H (GDP 25 A& 2 R % T4 0 i 22 1) 30 3t DXCRZ A /0 o 3% T r e XIS
FEBE I e R AR A, LU MR, Gl (3 28 A At S v 3 X Sl i i A2 A E 2N 3R
IR PR 20 ity DX B A B2 R T AR IR ER 5 Pl DXSRoR s, 9 KB N R GDIP 2 o AR5 Wi
PN OIS SR Oy -a b LY VA RS /S = IRV ER G NI AL 4 NP R 657, 88
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F6 BL-PFRETIRBEXEZMET q &

Table 6 Impact factor q values in the Nujiang Salween River Basin

X 35 i { 9K T Driving factors

Region Project ik Wik Hin) gt Bk ZER AR LULC UNE| GDP
2338 Whole basin qf8 0.5761  0.0229  0.0027 05618 05587 05629 05197  0.5432  0.0319 0.1152
_Li# Upper reaches qfH 0.3981  0.0097  0.0108  0.0206  0.1113  0.0324  0.0283  0.5070  0.0745 0.0203
F13 Middle reaches qf8 02541 0.0471  0.0282 02031  0.1720  0.1671  0.1259 02349  0.1057 0.0983
“Fii# Lower reaches qfH 0.0454 01203  0.0687  0.153  0.1649  0.2252  0.0476  0.1748  0.3207 0.3670

EHEME SRR (B 9) AT WIS P 752 B MR 2 B s S, % T Aok U, & B A4~ [N
TR AR IR B e RS MAE, 1 W P40 AL T A 6 ARSI RS ) X 5 BRI I IR 22 S W R
A RIRE b DSR4 DCARARL, 2% DR 755 TR S 58 ELATE FH XA B i )2 i s i A P e e %
o 0 TRk UL, 25 T2 AR HTRAT 25 54, o =Gl B K A8 T80 5 3 BE 1 58 BT O B 52
MR T EMN S BN TSR] AR LR N5 28 80k A 58 BAE IR B R T e S
FE R B9 AT 5 U6 R A TR R T T DX 8 A 7 i 52 M) LA AR B T AT 25 8] 5 11 GDP 5 A1
A5 HAR IR T GDP 5 EALAT N T A B A, BN T 28 A R 2 i e R 33k -5 TR P00 ) 45
HAT— 5k,

4 it

4.1 RIT-BER IR VT3 00 7 55 ) 2 AR ARRAE

VLB R IR VLI DA ARk, b v T Tl DX P 1A R 20 o 5 2 S P I, e 7 5 25 [0 40 A R i
BT EER AT L, A XK, S A A 55 X3 5 b KT 50% , 1 He A it DX s i 7 o DX ek o HE A
T% 747, ¥ FVC AE R 0.53 5 e Fn T i DX i A 7 a5 DX 3R ik 31 85% F1 90% LA 1, F-35 FVC B 431N
0.86 FI1 0.88 , 13 F i AT Jiff s DX 7 3 1 48 X Sk AR AR 90 7 35 /K, X S5 R 5T IX I g A G 1o 7
187 WA VT AT B 7 S S

M FVC B B AR REAE R T, A& VT-B7 /R MR VL i S A 4 78 55 4 2015 AR LA B AN W, {0 2016 4R 1R
RIEREH A XGRS FIFZSHM S {AFE 2007 4F 2015 4R F1 2019 4F HBE T B A IE
P, A E 4 5K 10, K LUK FVC AEFRAE Lt 78 2007 4R F1 2015 45 & A4 TARME D) 5, B i S
SIX FVC AEHFAHRL 1 R AR FVC AR BRAR A3 K fa 3B |, b R B X AE 20042012 ,2018 454F
Oy PR E 85 45, A i PRt &2 B, 2004 AF il b & A4 T — SRR K, 2006 4 1 RERL TR F1 2007 4F11
HREFET 2012 4FFN 2013 440 f) & AR T BT 52014 4F 2015 F /R et g s T 535005
BEAN SRS B S IR INA SRR, g 78 2015 4R 47 T LR ™ E Wtk [FEF 2015 4«4 - 257
PO A A T AR 9 E | DL 2018 2019 47 AR it A0 1 SR 9 35 Q01 B0 38 VA R 3 (A AR R ke 451 e s {1
T P ) 204 R A 4 £ ROIRZS AT RE R S8R FVC H BR AT 5 0 U X T R i O, A 0T R A 7
MRk I A5 R N R R N AT S SO Bl A A9 BRI WA AT XA AR Bl AR R S ) i 5 A
AT A STl B AR HOBOR D S A AN G 3 S
4.2 BT -BEIR IRV 0 7 5 AR LR PR ARE

MAFFEIX FVC AE T 5 AR A 3B LA SR DGR 5% 22 B 0 A8 A A 1 52 22 7l R 3% 1 5 i) AR a5
AR IR PEAR AR R FRATTE A T 9T I I i % P A S A AR LR PR AR AE S R PR 2R R e R R
] P91 T AR 530, BF9E52 F BEASTOL J5 ik 500 FVC T AS #a 3 DL S AR L P 948, BFAST J7 i 7] LA
AR i3S T 28 AR AN 0 FE 3.2 AN R FRATERAN AT TR TT-BR R IR VTR FVC AR i) 284 5 | 587
R[] | 2845 5 25 5 98 AR VR B RRAE W0 9 XM B AR AR PR AN 700 1 8 B g AR A | A o 58 AR 28 100 114) 5 SL L%
2, N T 2 A A ARSI AR [A] A3 A RO S BIE A 2 R P, FRATIS5 B Google Earth time—series images
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Fig.9 Detection results of the interaction of influencing factors in the Nujiang—Salween River Basin
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Fig.10 Interannual variation of FVC in each sub-basin of the Nujiang-Salween River Basin
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