%546 B 4 W K A AR R Vol.46, No.4
E 8 H Bulletin of Soil and Water Conservation Aug., 2026

WL mEER BT R E KD RN
FHW, BRR B, RRF

(1 AE RS o W2 e, T V8 400N 5350115 2.7 PHig VR IR B e i 1 5
A SRR R T A SCIR S, )P BN 5350115 3. S B8 0T 1V AR S R S P B Ab
Bl2A WA ZE 55, 7705 M 5350005 4. JbH v W & R IFIT O (JEFRYE R 2%, 708 &M 535011)

T E: [ W] B8R0 U bl AR AR AR B K YD RO, Ry i S v BRI K U R 4 AR R 2 A
o [Jrik] $EF 2000—2021 4E % H 5% - (0 K ¥ .ND VAR K B0 , L 2000— 2024 41 % 4 Fif 95 24
K2 NDVILFE K 5 A BB | 38 2 M OG5 BT AR AR G 53 B | 22 70 28 1 [l U1 88 40 43 b7 46 7 3k, 43 BT 4L
T S ATk 7k A B R 2 Y AR Ak e HOK VD RN, o SR T 22 56 [T A 8% 25 4 BT 44 A e 7 e A Ak ) IR 3 R 2
[45 5] D2000—2021 AT A B I S0k & L ND VI B TR a3, 5 5vb B8 0k 8 35 00 A0 06 06 & s hl
SRk v A RUR R v R A AL . ARREK RN 1 mm, AR ND VIS 0.1 i, 4F #1704 di 20 3.05X 10" t,
QT NDVIET RN  HF>KE>HF > AP KU i 8 0 0837 B A w5 2%
S H R ARV R ol b i 5 NDVIFUA G 538 & ZR 5 IE A O, A3 s Al Bl K 1 AR R R00 1 2
AT B . @R b AT B XA Bl AR fh Y B TR R 38 R i 90 96, AT T R R R AR s bR AR A
Bl A TS L FEOK E R R A A P R I X ek T kR T R 00 SR B0 b ke o A e 7 ke L
HANHIER . L4508 ] KT 3 B RE R A2 i vb s R A . 22 00 4 e [0 A A 0 T L A e b A DL VD i 1Y
AR A, 7E 0 T U S AT — i S o SRR T A DG T A X AR A R

K NDVL; E#HBRETH; KPR ; SLEESH; SiliE

XERARIRED: A X EHS: 1000-288X(2026)04-0183-12 hE %S S157.1, P333

SERSH G W], BRI, BT, A UL R A B A R K VB RN [T K R AR L 2026, 46
(4):183-194. Li Jianming, Li Shushi, Wang Mengzhu, et al. Vegetation cover change and its water-sediment
effects in Qinjiang River basin [ J]. Bulletin of Soil and Water Conservation, 2026,46(4) : 183-194.

DOI:10.13961/j.cnki.stbctb.2026.04.007 CSTR:32312.14.stbctb.2026.04.007

Vegetation cover change and its water-sediment effects in Qinjiang River basin
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Abstract: [ Objective] The vegetation cover change characteristics and their water-sediment effects in Qinjiang
River basin were investigated in order to provide scientific support for river basin management and river water-
sediment regulation. [ Methods] Based on the monthly and annual data of water and sediment, NDVI, and
precipitation from 2000 to 2021, as well as the annual NDVI, precipitation, and temperature data during the
vegetation growing season from 2000 to 2024, this study used correlation analysis, partial correlation analysis,

and multiple linear regression model analysis to analyze the interannual and seasonal changes of vegetation cover
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and their water-sediment effects. In addition, multiple regression residual analysis was used to explore the driving
factors of vegetation cover change. [ Results] @O From 2000 to 2021, vegetation cover in the Qinjiang River basin
showed continuous improvement, with NDVTI exhibiting an increasing trend and a significant negative correlation
with sediment load. The multiple linear regression results indicated that vegetation cover and precipitation
effectively explained sediment load changes: an increase of 1 mm in annual precipitation combined with an increase
of 0.1 in the annual mean NDVT was associated with a reduction of 3.05>X 10" t in annual sediment load. @ Seasonal
changes in NDVTI in the Qinjiang River basin followed the order of summer > autumn > spring > winter. The
regulation of water-sediment processes by vegetation exhibited pronounced seasonal differences. Vegetation
showed the strongest sediment retention effect in summer, with a negative correlation between NDVI and
sediment load, whereas positive correlations were observed in spring and winter, indicating the distinct seasonal
asymmetry of soil and water conservation effects. (3 Climate change and human activities jointly accounted for
more than 90% of the total contribution to vegetation cover change. Temperature increase and afforestation were
the main drivers of vegetation restoration. The middle and lower reaches, characterized by abundant precipitation
and high temperature, showed greater contribution than the upper reaches. In contrast, urban expansion exerted an
inhibitory effect on vegetation cover. [Conclusion] Vegetation restoration in Qinjiang River basin exhibits a
significant sediment reduction effect. The multiple linear regression model can effectively simulate sediment load
changes, demonstrating potential applicability in other river basins within the Beibu Gulf region. Future attention
should be paid to ecological construction in urban areas. The findings can provide scientific support for water-
sediment regulation, ecological restoration, and river basin management under the background of the Pinglu Canal
construction.

Keywords: NDVI; vegetation cover change; water—sediment effects; multiple regression analysis; Qinjiang

River basin
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1.2 E#EFKiR

AT S8 0BG A 2 A ) e 8, % A 5 3R
B &b (S) AR & (R) NDVI(V) &K # (PY%
ik 2000—2021 4F 5 B AP H 9 45 K Z2 1 ND VL FE K
R B A 2000—2024 4E . 2000—2021 4F fi b
RN AR D O R R T T PR R e Y A iR D) L B =
K Sk Y SO BCHE L 22 B RO AR B A AR T
DAL KA AEAR R BV i 2009 4F Bk . ND VI
il iF GEE(Google Earth Engine) z #1535 4 $#2 5, 46
i R A LR 2 T, R )5 T 4R 5
B LKA E A T B, DL i B T, PR O R
FE I B4 A 18 3] 2000—2024 4 H ¥ MK B AR
¥INDVI, F e ARRE K G DL R B A K
7 1SRRI R TR T K F R SRR RO

(https: //data.tpdc.ac.cn) s NDVI K & SR E
B[] 43 98 g 16 d, 25 ] 4r BER R 1 kmo 38 i % 5k
K SC 3k 35 BUER I T3 3 2000—2020 4F (4 K v # 3
i 1 [R5 0 1k FRBRURTAL BE 2000—2020 4F [ B /K i
FAE ND VIS |, 3 — 20 $5 5 B 00 w5 P s Al
3 FH

TERR VLK VP 5 NDVI B0 o R 4F L 383 NDVI
1 A B AR Ak B B0 — 41 1) S 2 (8 2 A o B 55
FRAE s R0 2= 40 A8 AL B, ARl (e 2= 1 X 40 ) (GB/T
42074—2022>%% 3,4,5 A R 73 I AE B W0 K 22,6, 7,
8 H &l 4 hy M Bk Wy i 5 2, 9,10, 11 A XI5 Mk Z
12,1, 2 Ay &%, 2 A M TIRIR 5 £ HE i
55391, 4 H M T 52 95 5 AR TR, 7 A Rk Ak T
SRS 5 BN AR B I, 10 A A g AL TR 5 PR B YR
P AT IR E RSN F R4 A
HERRTA KFEERRI0H A ZER2 A kFER
N T 284 1) AR B A s R R A K BN 4—10 A
FE T S5 72 b RN ST 3l X A B B 5 i B
KA NDVIL SR N 2000— 2024 4F 32 4F A 9 A2 K 2=
Bk B 1 50
1.3 MRF*
1.3.1 RXHE

U 2 AR SO BBREE R L 2 -
(Mann-Kendall) #; 3 £ Pettitt £ 56 %f 7K ¥b 28 28 3 7
GYAT L FEAT K VDA A B AR Ak 0 AR S AR ) L 2 —
A 43 AT 5 A8 A3 Wi I 4% LT T A AH DG

SABUIE - vk 0m T AR T U Y i R
S {H Ol A8 it SRR T Y 0 4R A i BR RRUE T ith 2k
(A8 AL RRAE 24 1 2 A0} 38 % A e AR s, JHE 433 A5 X i
8 A 0 BI85 A 5 Sl 7K SO 31 & AR T T 14 O i B[]
R A N /AW

8K

Y, =S x,—x) (i=1,2--n) (1)
=3 (2)
X — " 1:1171-

K Y RIRE AR 0 RRREEAE 5 o 85 (AR AR T i
(m®) B V0 Bt (O 5 @ 78 72 0 i s v ik 2 4E 11
fB s n RREFINKE,

2 - /K (Mann-KendalD) 28 28 K5 50 2 — Fp E 2
B 50,z s MR SCEUR Ay B AR

S=Sr (k=2,3-n) (3)

{O (x;>x;)
=

1 (-rigl‘j)

} (j=1,2-+1) (4)



186 pi s U E SR

46 %

(S.—E(S))
Jvar(S;)
K S, GE SUA N i, BT A jG<<D I 2 x> A%
R THED R A I 5 4% o 76 5T 4 2 ST [R] 4y
0 AT T, X S, HE AT bR v AR AL B B E (S, var
(SO, B FNIE Mg iR 75 UF, 5550 &7 5, 1%
] i 1T F A5 ) s G2 ik 7 8 UB. 7240 Fr b, UF
5 UB W 4% il 28 76 B 05 X 0] P9 00 38 0, BB A 2 0

GG AE g HE I GE T I ]S, B A B A 0.05,

Pettitt K6 56 f2 38 i< 46 T isf 18] 17 51 2 (8 % A A8 1k
4 B[] A B i 5 A8 R AE SRR e RS T
fE 15 R 28 A8 A5 0 UE AT 0 PR A B8 H A7 AE R BR
PE oI E OCRE R A dR Sk B B — g8 AR
J R N RN W)

U,,Y:U,,I,Y+isgn(xi*1j) (6)
i—1

UF,= (b=1,2---n) (5)

K,Y=max|U, Y| (1</<Y) (7)
pZexp( — 6., Y‘ )
Yi+Y?
KU, Y R W2 2 KT8/ T o 80 BHE 2,
M e 2% R AR 5 K, Y R 9878 S A ) 2 %o R A 48
WHEp b B WM, Edsit8F U, Yil#
75 30 e o X Y i KB K, Y, FF AR X 1 fY  2
PEME 2R p ) 7 58 A8 I 15 A7 AE 24 p=<<0.05 B, IK Ry 741
FEAERAR 5, HZ K., Y X 07 A s 22 B o 58 28 1]
1.3.2 % aA&nwaER 5448 %0H
22 JU LR [l JE B Y AT 5% 22 A [ 7% o X R A
M 25 A R, 31 [ AR B 0 2 M A A S BN I A i
B TN 5 A R R 22 e 2R 1k DA O AR A R AR
YLK Vb A 1 7 R AE B K B = 3 A 25 T
KFR. RWMTE:
Y=bx,+ b,x,+ b, (9)
K Y EZ oA R IR R AR & 2,0 B2
JCLRAE AR g [ AR b by, b2 WA R B, 6,02
FOROT, AR ] Oy AR S A R A iR AT S
K5, 24 p<<0.05 B, X J5 A% 19 4% 4> R B AT oK
5, Y& A R BN p E AR/ T 0.05 I, 356 B J7 A8 ST
H A G2 53 S0, A B s . [ AR
5% B X 22 S0 R PR v (1) ND VT B K B ik A7 6 2%
PERL IS , AN FEAE 2 F L2k
i FH G 43 B 38 F FH T 43 AT 9 A )Y A DG 1
[F) BsF 9 B At A8 5 e o B Y A AR R S A AR
i AH G — AN AR R IR D A S AR
MISEHED S BeAh S A A R A AT E T RUE

(8)

ND VI AZ fb 6 B 7K A5 £k 0 i J5 B ), 4300 3 53 4 22
(3—5 A) H&E6—8 ) FkFEO—11 AW
ND VI 55 5% 5 B B o4 K B AH 56 R4, arbr b % &
Wi I 1~3 A~ A, 2 3Ry [l B, I DL KAH ¢ R 8
CR ) JIT XTI 114 BT 1] 4665 £ VE S NIDV XA Wil 97 1Y) 55
Pt J5 B IR] . 42 iy T A B B, R %5 1R
1.3.3 ZA&KMWW 5K E 54

G R H — Je T 5 ND VI AR BR A% 1k i
P, I8 HRL R E L NDVI 1 4E P78 4k s $ R
(slope)t'™ . HATFE AKX N

nﬁ)(iNDvL.)—iiiNDvL
i=1

niiz—ii
(i=1,2+--n) (10)
s slope WAEY NDVI— ot BRI % i h
EF S5 n NAER; NDVIL K& 1 4F 9 4E ¥ NDVI;
slope™0 7R A ND VI B i [0] 328 3 | slope<<0 W &R
Wi s [ 328 U

FEEE ST A K FND VIR 28 R B8 105 15
B R S A R 9 NDVIHUIMAE NDV e, FH L%
7 SRR3R XA A 1Y 52 5 3 — 2035 ND VI SE PR
55 A 5% 22 (NDV L) 43 M AR (ks 35, LA
FoR NFWE s B s R AT

NDVIee =aT+ bP + ¢ (11)

NDVI;, = NDVI,,, — NDVIce (12)
A NDVIee % 7R [l )5 88 b 5 NDVIT i il {6
NDV 1 K 3 T 38 B AZ WAL 5 a, b, c HBAL R
B T HAFEHRCO, P HAERKE (mm) .

5 454 NDV I, Fl NDV e 19 26 P #0R= | %)
8 NDVI A Ak 3K 8h P 2 i 47 H 7 Fn o1 ik 2R 1T 55
(% 1), NDVIe 5 NDVL, 430l 3R o8 78 S A2 4L A
HIE AR T 4R K 2 NDVI L E 2R {3407

2 #5500

2.1 FOIKDRA—UEHIEHERTHIFE

2000—2021 4E B VLK U0 S8 /0 Fa 3, 48 3 it 1
AEYF 24 1.79 X107 m?, i Vb i A AR D 2 4 600 t.
A4 U 2 R O 2 3G KR B, ND VIR 5 38 K R0
0.008/aC & 2) , 3 W &K 1T 9 3 A0 A8 1 128 40 19 51 0%
C AW AE th L T 40 ak ] VEAR B R L 0.255 °C/
10 a 93 5 % 2 X 22 18 38 K TR T8 A R A Bk
A AE R, DT AR AR Bk A U A BIF ST B 18] St 1Y)
IR PRA AR I B PO AR AR S TR, A R TR AR
R ARV Vb B AR A T

slope =



43

2 S A TR Sl AP B A e S R Vb R 187

F1 EHEBWENDVIZHHRIEFRBMEEN T E
Table 1 Quantification methods for contribution
rates of driving factors to NDVI change of
vegetation cover
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Fig.2 Interannual change trends of river water-sediment
conditions and annual average NDVI in Qinjiang
River basin (2000—2021)
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Fig.5 Correlation coefficients between seasonal water-
sediment change and vegetation cover change in
Qinjiang River basin
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Fig.6 Relationship between river water-sediment conditions and monthly average NDVI of
phenological vegetation in winter (February) (a) and summer (July) (b)
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(p<<0.05), MK R E N —0.465(F 5), gk— i WA #
B2 BA WD K R AR IR T = AR .

TS5 PFIKDERTHSNDVL.EKENHEXRZH -
Table 5 Correlation coefficients () between interannual

water-sediment change, NDVI, and precipitation
in Qinjiang River basin

LEPEY (V, P) 7RV, P) r(SV, P)
B —0.109 —0.165 —0.465"

o (V, PYEREH NDVI G ERE KRR (RV, P)
2R W AR R K R T B S AR B NDVI 5 4E 72 3 10 0 A DG M 2805 -
(SV, P)FE AT B K 1 [ 22 J5 4T ¥ ND VI AR 4 vb 52 109 fin 48 26 1
¥ Tl

TEAR VLK VP AE PRAZ AL 5 B K B AR H ND VI 1)
G pEH/NT 0.05(£6) . HAEHT K5
BF, A PR AR Sk B v A Il 0 O R R A I R
FMIKT-IE 3] 0.05, KB {6 F o 5.371, B K A2 & Oy
BWUYEMEIA T REA S FE L. 2 ug N

U AR AR K BB N 1 mm, NDVIHE i 0.1
I, A7 Vb g 20 3.05 < 10% to 1 15 B A2 0k 434 ity ok
N R E A T

F6 FIKDERTUSNDVI.EAKENSTEEXR
Table 6 Multiple linear relationships of interannual water-
sediment changes with NDVI and precipitation in
Qinjiang River basin

Zue kI i R? P
R=0.007 P—6.825 V—0.527 0.374
S=0.006 P—30.574 V+12.562 0.294

<20.01
<<0.05

S5 MR THE R AR R VD i 5 SO Y AR VD i
AH R B (p<<0.005) , #H & RECH IE , IF H R34 %)
0.601, £F & L br & S, UEBIAH G M AT it 22 3 X
(B 7. B, 2200 26 2 [l U5 450 0 0] DL 48 G- e S 400 A
Bl 7 e A R K ARV e v i 0 S R O, AT AR
U 1 S A
2.5.2 ALK EF TAL AR M A KT L%

Svh B R A

HBEK R A A ¥ NDVIE 4—7 H 2 f M6, H
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A ¥INDVIFE 2 HF 5 7 2 & EAHE(p<<0.05) , 7F
TH8HEAREFEAML, Hi 5 H ¥ NDVI
S5 AR R EEME(P<005,7£3H . 7H 8 HE
TR, Hoip 7E 7 H A ek 3 (p<<0.05) (& 8) . %F
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Fig.7 Correlation between calculated and measured
annual sediment load in Qinjiang River basin
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Fig.8 Correlation of seasonal water-sediment change with
NDVI and precipitation in Qinjiang River basin
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Table 7 Multiple linear relationships of seasonal water-

sediment change with NDVI and precipitation in

Qinjiang River basin

H Ay Z T Il 14 U5 2 R’ P
1 R=0.004 P+0.505 V—0.075 0.520 p=<<0.01
S=0.002 P+0.127 V—0.061 0.662 p<<0.01
9 R=0.001 P+4-0.556 V—0.030 0.163  p=>0.05
S=0.001 P+0.138 V—0.023 0.030  p=>0.05
5 R=0.001 P—0.233 V+0.286 0.048 p=>0.05
' S=0.001 P—0.178 V+0.143 0.049  p=>0.05
4 R=0.005 P+0.651 V—0.324 0.663 p<<0.01
S=0.003 P+0.352 V—10.339 0.475 p<<0.01
5 R=0.003 P+1.932 V—0.972 0.428 p=<<0.05
S=0.005 P+2.305 V—1.964 0.633  p<<0.01
6 R=0.006 P+2.048 V—1.600 0.432  p<<0.05
S=0.010 P+7.020 V—5.726 0.244 p<<0.05
7 R=0.005 P—6.878 V+4.150 0.523 p=<<0.01
S=0.005 P—27.39 V+16.805  0.467 »<<0.01
8 R=0.005 P—2.247 V+1.645 0.188 p>0.05
S=0.004 P—6.633 V+4.597 0.025 p=>0.05
9 R=0.004 P+3.291 V—2.221 0.321  p=<<0.05
S=0.004 P+2.241 V—1.749 0.185 p=>0.05
10 R=0.009 P+1.151 V—0.754 0.260  p<<0.05
S=0.007 P4-0.526 V—0.525 0.154  p=>0.05
1 R=0.009 P+0.069 V—0.148 0.829 p<<0.01
S=0.005 P+0.046 V—0.180 0.724 p<<0.01
12 R=0.007 P+0.956 V—0.469 0.294 p<<0.05
S=0.001 P+-0.339 V—0.176 0.122  p=>0.05

F8  FOL TR AE Xt Bk i Bz B9 2= MR S AE
Table 8 Seasonal lag characteristics of vegetation response
to precipitation in Qinjiang River basin
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Fig.9 Correlation between calculated and measured runoff in May (a), and correlation between

calculated and measured sediment load in May (b) based on multiple linear regression model
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Fig.10 Spatial distribution of contribution rates of climate change (a) and human

activities (b) to vegetation cover change in Qinjiang River basin
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Fig.11 Correlation between calculated and measured
annual sediment load in Nanliu River basin
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