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Col ege of Ceomdtl(s and"Geoinformation , Guilin University of TeLhnology, Cu1hn 541006, China)

Abstract ; Studleq onudlie dynami¢/variation in vegetation cover and detecting-ifs mﬂuéﬁmng factors are highly valuable for monitoring reglonal ecological environment quality
and eyaluating forestry restoration project effects. In this btudy on the BasiS of the MODIS normalized difference vegetation index (NDVI), in situ climate data, digital
elevation médel, population .density, nighttime lights using Theil-Sen Median analysis, Mann-Kendall significance test, stability analysis, and geographical detector model, the
spatioteniporal variation and stability of vegetation cover in the context of multi-spatiotemporal scales were analyzed , and the dominant influencing factors that affect the spatial
differentiation of vegetation cover were further detected. The results showed that the vegetation cover showed a fluctuant increasing trend, and the changing trend exhibited
obvious spatial heterogeneity with the increasing rate being higher in the middle and lower in the east and west portion of the Yangtze River basin from 2000 to 2020. At the
sub-basin scale, except for that in the Tathu Lake basin, the vegetation cover in all sub-hasin units exhibited an increasing trend during the study period. The areas with an
increasing trend accounted for 84. 09% of the study area, in which the areas with extremely significant increases and significant increases accounted for 53. 67% , which were
mainly distributed in the Wujiang River basin, Yibin-yichang, Jialing River basin, Han River basin, and Dongting Lake basin. The vegetation cover showed lower stability in
the upper reaches of the Jinsha-shigu River basin and Tathu Lake basin and higher stability in other sub-basin units of the study area. Elevation was an important factor
affecting the vegetation variation in all sub-basin areas. Climatic factors presented the highest impact on vegetation variation in the upper reaches of the Jinsha-shigu River
basin, and human activities exhibited the greatest impact on vegetation variation in the Wujiang River basin, lower reaches of Hukou basin, and Tathu Lake basin. The
interaction of the two influencing factors on vegetation variation showed mutual and non-linear enhancement, and the interaction between elevation and wind speed presented
the highest value, with an explanatory power of 68%. The ecological exploration results showed that human activities combined with topographic factors and climate factors,
except for slope and relative humidity, significantly differed in the explanatory power of vegetation variation in the Yangtze River basin. These results can provide a basis for
formulating comprehensive vegetation resource management in the Yangtze River basin that takes into account regional climate, topography, and human activities.

Key words: Yangtze River basin; normalized difference vegetation index(NDVI) ; geographical detector model; spatiotemporal variation; influencing factor; interaction
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Fig. 2 Temporal variation in NDVI in the Yangtze River basin from 2000 to 2020



3734 2D 53

43 %

e

B

53.67% , EE A MEERKRIL S0 HEEHE L
YRR BEW K 2. A% NDVI 5 F RS A 1w iR 5
15.91% , b SR b 25T e R dnd 351 ek 1 1 AR
3.50% , F L5 AE MR TE VL VG 3 09 )1y H X IUTT
5 28 1) 11 R 2 W /K 2R 22 Ak W 11 LR R
KWK A,
HI 2R 2 R B I K R A, H A 3t 1l A T AR
B NDVI 2 TS R F 2 T REEHN
AL VL RS DU 5 B RS FH 0 7K
FAHHE NDVI 4% 2 3 1 T+ 0% R 359 2 HL 8 T
f”E’J 50% . ﬁ'ﬁi:?%k%*ﬁ%ﬁ NDVI 2 F [
FR o G T B Y 59. 11%,EEP AR
%HE%TF"E’JD&.E,\ ST ARG 30, 95% . AEWTST
WL, [@jw%k%‘:ﬁ%ﬁ NDVI 52 B e i) i #2
PN R A o ORI AR N W S 1 A AT
NDVI &2 [ Fh i #0) m fUS K F 52 F B k34 0

(b)

B
RN TR
[Ty
ERTE T
o AR¥ L5
eSS

Y 0 500 km

B3 2000 ~2020 FHCTiR A NDVI 24
Fig. 3 Sp?t}al varlatlon in NDVI and its 51gn1f1

iIE/\ , > EF' 'f_L:J:k{I{JILiEﬁ EP%E‘J—%?I \Hﬂigﬁ = . in the Yﬁze ll%wer‘ ﬁasm from 2000 to
%2 KT NDVI E%fr&**wmﬂaw%ﬁ/% 1A ;x"’ /
Table 2 Stausuﬂ jresults ¢ of f significance test of NDVI in the &a.ngtze Bﬂ‘r_lj basi‘n/‘ % | i / L
W mBETE ﬁ%ﬂ‘]f%"* S REETE A J:#f " WEL W g
/ § | PETF L/ ?‘Bﬁ F 1]
{w i (A) 19.50 J/i?/ 12.41 “5'0,‘2,2’5" y Fr 40.557 ¥
GbiLr jtuj:@r&/f'l ‘F 0.58 21.98 rs‘i 87 J 1146 093 /
ﬁa«qa Rl 1.30 1713 I.r‘4z£|4 "l 1352 “Bs.36 *
(A3) r|| " 1.33 f I57 | ﬁf‘f" 18:.50 \ Zg.lm 4 \ 1%15 23.73%
A o IEC I 1?') . 8.37 193 1190 55.22
,ﬁﬁ ( ﬂ')ﬂ J .n,ﬂ"""'" 0.96 # 0. 9144 ’I;://j%s 21. 44 15.03 54.63
%&fAd) 0.87 0.77 4.37 15.90 14.13 63.96
DUT.(AT 1.24 1.15 8.24 18.77 10. 61 59.99
TEZEWH O (A3) 1.95 1.85 11.76 24.03 12.52 47.90
T EEWIK F (A9) 1.20 1.22 8.07 24.27 16. 66 48.57
HBIHHIK R (AL0) 1.49 1.36 8.38 22.04 14.57 52.16
BIOAT TR (ALL) 10. 86 5.79 19.18 25. 69 10.38 28.09
KWIKF(A12) 20. 80 10.15 27.15 24.03 6.38 11.49

DU 55 i 1A R A 35 DX i B e 3 457 P I 8
FH AR AT,
3.1.3  KYLHBAEYE NDVI RUE o Hr

WK 4 FF7n, 2000 ~ 2020 4F K VT 37 38l 9k
NDVI B R A2 M AT P 348 5 R ECH 0. 058. ik
W B AR A AR AR 0 2 A8 Ak Y D3 5 A DX T R Y
90.19% , FE MU IT AT MRIEIT 5B
LS HEEES IR R EHKR X
TLAW T LAUR T a5 i sh 28 4k B i sh 22 4k
v i s A8 A Ay X3k o 5 IR AR Y 9. 81% ,

BMRE SV AL, B KIBK &,

TN I, & VP I DL AR 7K 20 %
NDVI %2 5 Pk 48 25, 748 5 &R 804 7 o 0.092 Al
0. 097, iz T H AR TT , Hor VT AL T

g e it 2 A 4
I 3 2

0 500 km
L —

4 KITiREESE NDVI ERRHEZE S
Fig. 4 Spatial distribution of the coefficient of variation

of NDVI in the Yangtze River basin

FK /K Z2 A8 9 NDVI 5 2505 sh 281k 55 i i 3l
B A =1 e R A R s X | L = W ST
33.83% 136. 72% , P B LA I 9 4> 3 38U 9% NDVI



7 39

BB AR, 2000 ~2020 K VL EAE B NDVI )25 484k M52 0 [ R 350

3735

AP A U Sk K, R A T e e g 2. HiAy
TR TTHE B NDVI A2 3T, P37 5 R
0.046 ~0.067 Z ], Horr, GV TLA LU IRiE
Lol HEEEE I UL HEZH M
T B W1 K AR B NDVI A 8h 28 fb AR I 2 A%
PR IX 38543 1) 7 He R TR 90% LA L. el b AT AT,
2000 ~2020 4FK 7T 37 Jok e A A 0 7 T e o B 1
P FAR VT W & vV % DL E YT
T AT K 7l e 7 i AR AR B e PR A 22
3.2 KITHBHEDE NDVI 20 PR 2 i B
3.2.1 SRR S H

I 3 WAL VAR A R (I B 48 £ BR 41 )
() q (EX KT 0. 40, BEHA LA I PR F 2R M VT ke
B NDVI 28 [6] 5 5 (0 B2 2L 38 3 | il % 18
FEFREL AT Y C RN D BE Y ¢ (H3S7E 0.1 LT,
VLA LA DX NDVI 23 8] 235 B2 i 13035 . 45
AR R AN AR TR TR R A IR R
TR, TR i) 2 MR RERE K B AT A

[#3 WIREBERMSTHMERRN g8

INEE IR n k- 0i:ti C A SOEAL e

SIERLEPRUIEAT o PE NS Qi IS ol b e
AR TR [ AR B AR Bl K P S B
KB 2 5k HTH P T 4% DR 35 4 0 5 ) 13 52 B 1
BHOHI 2 5 BRIIT (¢ =0.02) RLSb R 4 37
BRYITTIY o (%, Tk 16 %5 T A SR TT R ¢
{EPIHEE 0, AR 3 0 45 M TTH B NDVI 25 )
Y SEIERC T 60 XA R NDVI %5 [ 53 5 15
SR A% P70 4 YDV AT B L E A NDVI
25 153 S 0 R R B2 5, Tk A O o M ST 3
FRBEBAR. BERIAT IR B BERS £ 9T 0 11 LT+
T AN A K 2 A Bl NDVI 52 0 45 K 4 391 2 A /K
2B I)ET A T8 E g {155k 0.62 Al
0. 45, 5 T H AR B 2. 25 70, ¥ 452 3
VLI A I L T Bl KA T PR T 0
- % 4 Vb VEAT B UL L LB NDVI f S R 1
5, N SCH X T 1 1 LR T SR Aok 2 b
NDVI #mishe | ) ey 4

:

Table 3 The ¢ yalues of influencing factors in the Yangtze Rivef basin and it$ sub#hasin

lﬂ? A A A2 A S ._f..-"’ AS A6 A7) Tas Y 49 a0 Al AL
X, 004" [ 0000 0.03 ~0.047 007 0418 037 015 _ 025 _ 019 017 037 0627
X, 002  [0.03 0.02 0.04 /0.06 #0.17 0.23 o2l 016 o 19 0.20 0.22. 0.45
X 0.46  70.38 0.27 0. 35‘.-’” Vondd  o0.42 0.02 0.48 | 0.37 0.41 0.35 0.28 U021
> (10,07 £0.37 0. 06 0. 04 01311 0.07 0. 08 0.33 0.28 0.34 0.34 0.24  0.20
X; 0/00, | 0.02%% 0.00 0.08 0. Q0 |0 65,- 0.02 0.00 0.01 0.00  0.01 0.00  0.00
Xo . 74006 0.20 0.01 0.01"  0.07 ==0:05 0.04 0.21 0.20 0.22 0.23 0.18 0.14
X, A 051 TFo.e2 0.16 0.02 0.15 0. 06 0.04 0.14 0.07 0.02 0.01 0.08 0.10
Xs ' 0.50 0.57 0.16 0. 06 0.16 0.18 0.02 0.20 0.16 0. 14 0.11 0.09 0.26
X, 0. 50 0.58 0.15 0.07 0.15 0.13 0.03 0.21 0.13 0. 11 0.07 0.0  0.06
Xy 0.51 0.59 0.16 0.07 0.16 0.17 0.02 0.21 0. 18 0. 13 0.07 0.05 0.23
X, 0.54 0. 60 0.11 0.03 0. 09 0.01 0.02 0.18 0.11 0. 03 0.02 0.02  0.18
X, 0.41 0.43 0.12 0. 09 0.16 0.18 0.03 0.27 0.23 0.15 0.10 0.06 0.17
X, 0. 45 0.52 0.13 0. 09 0.14 0.11 0.04 0.29 0.22 0.15 0. 05 0.18  0.18
X, 0.52 0. 69 0.04 0.03 0.05 0.04 0.03 0.22 0.17 0. 13 0.03 0.13  0.17
X5 0. 45 0.53 0.09 0.01 0.17 0.13 0.04 0.08 0.08 0. 08 0.04 0.19 0.16
X6 0.44 0.24 0.11 0.04 0.05 0.02 0.02 0.04 0.13 0. 09 0.04 0.12  0.19
X, 0. 56 0.67 0.05 0.02 0.20 0. 05 0.03 0.08 0.17 0. 18 0.01 0.13  0.04
Xy 0.03 0.21 0.16 0.05 0.11 0.17 0. 06 0.03 0. 16 0.20 0. 10 0.21  0.20

3.2.2 5P PR A H AR AR

Nk 4 fios, i 28 BAE B0 25 R mT 0 K VT
g R Z A FEH ¢ (H¥Y R THET ¢ (8, 455
Wi PRI 2858 A FH XS B A LR 1448 i il 26 2
Hor M N KGR g (B, o8 0. 68, Hr LT 1, 1
PR 19 28 BLAE SR 52 M VT A g NDVI 28
[ E BN R, h S Al FERURE |, 47
TTASAE SV AELLT RTG53 BR VT A 1
W ESMERFACEAEHT ¢ K. B ITRHLT G
OVRFIRL BT N BRI 1 LR 38 LR N

RIAT SemitEdi NN 0 8 BE S AR Y ¢ (AR OR L
S HEZREES DL HEZM O GREEBIKFR B
WK Z AN K FR BRI 0 RS HAE R
q TR, W BRI BR S VL RIAN & i Bp T i i S
HRMW TS HAR g (EfRR X ik — ] T i
PO RAT IR 52 ).

25 LRI VA A B O B A R R R
FAAEW A B2 57 | S VRS 2 H B AR NDVI
23 ()73 5 22 NS0 HOE U P i 3L R
DAL g s Yty Fh A VLA 3 i 2 5 W Al ) 3 B B



3736 7N b} s = 43 %
T4 KImBZmWEZZEEREN
Table 4 Interaction detector of influencing factors in the Yangtze River basin
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Table 6  Statistical results of the ecological detector of influencing factors in the Yangtze River basin

>

X, X, X, X, X, X, X

Xy

XIO Xll XIZ X13 X14 XIS

X]O
Xll
XIZ
X13
X]4
XIS
X16
X]7
XIS

K KKK KM KKK Z <K Z
e e I T L T A
Z K22 ~< 22 <K~ <~ 222
Z KKK A <K A <K< <« 22
T e T
Z K< <K<K~
-2%22222'-<222
Z =< Z 2 < 2 2 < < Z

Z
Z

Z =< 2z =< 2 2 < <

Z =< 2 2 2 2 2~
Z =< =222 2 Z
Z= 2 2z <

Z < 2 =2

1) BAFKFHR 95% Iy

=4

IKER. VAL T2 R DL R AR U\ﬂlﬁiﬂﬁ%ﬁ

hE, fﬁﬁﬁgiﬁtﬁi‘ém A A 10 j]iﬁ% {E-*

%ﬁ% BE ﬁm AR R A E,zooo
1%5&1?&«1@&1@%%%1% Fﬁimia@wé%é
TAHLITRE %WM%}Fﬁﬁnﬁﬁﬂwﬂayﬁ#

M‘ikiﬁT&E’JTE-?L%ﬁfE LA B N b 25 38

Fﬁ#ﬁ%ﬂﬁm@mﬁM&MiﬁéﬂﬁmM%
fTH= m)@kﬁﬁlﬁﬂﬁﬁﬂ;ﬁnmﬂﬁﬁﬁiu i LT
/udﬂii*ﬂf“ﬁ%ﬁ%ﬂﬂ&%,ﬁl&T*ﬁﬁﬁ%B’J%
AT AR OO TR TR S A X S O
B/JE}I:;E % ﬁ([m 16,35 ~ 37]
FEBE NDVI 2 T R 385 X 36 3 22 45 A 78 IR

PR WA SN e AV I = 1 =T X 2 1 B
K FR = RS AL ) T RLR AR K &
AL i DX 32 B T A 28 B e DO T B K kR
TR RE AV = ML 3 L B & 255K
AT s MO T A FERR B B g, SR DL
DX AR 2R R s o MG | b R
M, (A5 X S A o 7 26 AR T M, A B NDVI 2 R
R RS BRICLAAE , 3 38 50T P i B N 28 7 )
el i B T B o Hi X A 3 T b AR 2 | - A
TI A SRR AR 37 2 R, DT S EOR 9
NDVI T B, A 98 e 4 22, L'ﬁaﬁﬁﬁiﬁﬁ
S g [13:1030.38.39) AT B DL b A Bk A
2%, FE R TR s B K R R B K B i JJH

Z AR M X S e b TR 0 M S A
I NE =S <19 S T B = A I e ) 10 R LA =S 1 B2
U H MESS , A UL, 3R PN 40 s X A B NDVI &2

=

alz < < < < <

I l r .-__.

TR *E%Ei%%fiﬂi% 'ﬁaﬁﬂﬁ‘ﬁﬁn%%
—‘EKP‘O 41] ! ¥ i
4.2 ﬁ/lﬁinﬁﬁ%ﬁz varﬁﬂrjl?éﬁf 2~
R A H Hgﬁigﬂl%ﬂﬂl_%%ﬂﬁﬁflmiﬁi%
A K %%I?‘% R A A T R R NDVI
23 () o3 S ) T BRI DN R Vg 30t = BE PR P 1) AR
GGG, B 5 — PR R A =
BA7 . AEAE A A2 IXBOK 4 B RO R4S S5
(R T R i B A D AR 5 5 S A R - S5 4R
= EEARSC. HE AR R, Jb ek iR ae g 5|
A A ZE I A B BT DL AR K R IR DA
MR HER g AR OB R IR EE | H RS BORT XU
ST b AR NDVI 25 6] 43 SR i k. A
TIERIC L F, S M VLR BB B NDVI A8 16 1) 52
M PR 2R A7 A B M 3k 22 5 RV ik b Ui 9 4 00
TLASLAT IRVEIL CHEZRHE UL HE 2
1 IR J 18 7K 22 N80 BH i 7K 3R A o A R B2 g4k
M TS G5 0 LU FI AR K R A
T2 NS (RIAKTOE) RS2, X 5 2 A TS
g L g 1108 =0 g o K T SR BR VT 3 3
Pk TR SO A 25 TR A 35 X, (B T 5V H)
B PH R R S T 28 0 e JR R I X T AR
ik, A M XA % NDVI S FRR#as W L
TIRAAI K 22 Hb ALK VT = N AZ O A | i 25 28
T AR T A AT B AS W 2 i, 3k T 2 152 TR AR 1Y
AW 5K FFEE R AR B B R M2 AT o A s B
%ﬁéﬂ‘*ﬁ%ﬂi NDVI £ F R . & AT 6 nl FHF R AE
XA 22 5% R SRR RN 11 23 [l 404, e g 6, A28



3738 7D 53

L 43 %

L
&

TSN LA b 3 AU SR TT A B NDVI A5 A 1
H K5 T B e

S A FIHRI S5 2R W], K TR A L
HB A (B IR 24712 0 S M2 5 L 5 VR
HEEEE N, LB REEH NDVI 25
R 535 B ASC MO AR S RS R el
IR 20 A T AR NDVI %8
6153 5 B2 A I R0 A% PR SE R o i 3
KL R WP M T IR NDVI 25 ] 43
SRR 5 A R IR 2 KL
3747 Bl 24 25 TR E B, K VT 05 A
BERRRE 1 IR VLB 1 P 3k e 8, A
TR S BT DR 36 R0 D 30 K U b
HBE R B T A4 U HC A
TR 5 RS B A, R R R
R RSN 2 NI EN SR INSR , DR,
B K3 NS I U A S TR . 0
AT 7 S A S, LR U 0
B A 4% 1 LA B NS B /K 2500 80 T A 0
FUK PR T A3 K X 0 A0 O U, T2
L % 3 0 F 8, 2 9 % 3k, N A i
) P IRV T U v e g
SRR TR,/ [

5 &ig/

| ) / o L

'(1)2000 “i 2020 4F KT SR HE NDVI Sy
TR TR R 00,002 1 ot FBURE |-
KK ZAEBE NDIV 2 R RS il oo
B NDVI 452 b TR B VTR 5 B VA
NDVI _FI %o B 2. KT gk NDVI 284k
bR I IR B 110 8 ) S T AR S < v,
LT B2 [ S A R

(2)2000 ~2020 4F VT3 8B A R 4 7 15 R
R (PR VLH I B & UV 8 DL AR I
TR UG R K AR B 5 AR R R
2 MAIT AT IRV R HER
B ST DU CE B ZE 1 IR JE ) K ZR A b

(3) 5 R 2 g i) 4 45 SR B, H R 4
FEVRFREL NG | I RN 4 5 e R VT ST A
K FEFEE. s HZ 52 BAERTRMEE R R, K
VLIS FAEH] ¢ (HIR TR F ¢ 5, 45 500
PR 228 AR FH 485 SR 28 B0 Ry KU 1 34 58 o Al 28 1 44
g, Horh MR O KGR Y g (BB, 0. 68. AR SR
MEE SRR, 58% BN F 414 X HR TR A B NDVI
AR R R I AEAE B B e 22 5 42% RO IR P AL & %

o

VLI A B NDVI 22 Ak A B ) AN AETE W 325 1
FESt.

SE Lk

[ 1] Jiao WZ, Wang L. X, Smith W K, et al. Observed increasing
water constraint on vegetation growth over the last three decades
[J]. Nature Communications, 2021, 12 (1), doi; 0. 1038/
$41467-021-24016-9.

Cheng J, Wu H B, Liu Z Y, et al. Vegetation feedback causes
delayed ecosystem response to East Asian Summer Monsoon
Rainfall during the Holocene [ J].
2021, 12(1), doi: 10.1038/s41467-021-22087-2.
Slater S M, Twitchett R J, Danise S, et al.
vegetation response to Early Jurassic global warming with impacts
on oceanic anoxia[ J]. Nature Geoscience, 2019, 12(6) : 462-
467.

Xu C G, McDowell N G, Fisher R A, et al. Increasing impacts
of extreme droughts on vegetation productivity under climate
change[ J]. Nature Climate Change, 2019, 9(12) . 948-953.
UhgE, M, BEE, S 500 K A T S e
RBLBEHEI [ )], Hell TARR, 2021, 37 (494 2242234,
Shuai S, Zhang Z, Lyu X'B, et al. Remote sensir;glun'lonitoring of

Nature Communications,

Substantial

vegctation.ﬂpheﬁol(.)gical characteristics and vcgetat.:m;l healthistatus
in mine restoration aréas[:” . Transactions of thf‘ Cl}i-;"lese Saqciety
of Agri(:lﬁltural Ef}g-i’ﬂe&n'ng, 2021, 37(4); 224-2834. . ?,,-“'1

Forzieri G, Migalles D G, piais P, et al. Inereased clqntrol of

—

6]

L 'V
vegetation on global terrestrial @nergy fluxes[J].
Change’, 2020, 10(4 ) 4 356-362. . MRy
Aalto J”_,-"Niittynen P, Riihimdki H, et al. Cryo%enié land surfae‘é"-l

.
Nature Climate

processes aggipe vegetation biomass patterns in northern European
tundra [ J]. | Communications |Earth & Environment, ZOQT, 2
(1), doi: 10.:1038/s43247-021-00292-7.

fal S, THEN, SKEE, A RS o B R S AR I
HAHT[T]. Hb3E2EHE, 2016, 7T1(11) ; 1948-1966.

He B Z, Ding J L, Zhang Z, et al. Experimental analysis of
spatial and temporal dynamics of fractional vegetation cover in
Xinjiang[ J]. Acta Geographica Sinica, 2016, 71(11); 1948-
1966.

Macedo P M S, Oliveira P T S, Antunes M A H, et al. New
approach for obtaining the C-factor of RUSLE considering the

[9]
seasonal effect of rainfalls on vegetation cover[ J]. International
Soil and Water Conservation Research, 2021, 9(2) : 207-216.
[10] Zhumanova M, Monnig C, Hergarten C, et al. Assessment of
vegetation degradation in mountainous pastures of the Western
Tien-Shan, Kyrgyzstan, using eMODIS NDVI[ J]. Ecological
Indicators, 2018, 95. 527-543.
Yan Y B, Chai Z Y, Yang X S, et al. The temporal and spatial
changes of the ecological environment quality of the urban
agglomeration on the northern slope of Tianshan Mountain and the
influencing factors[ J]. Ecological Indicators, 2021, 133, doi:
10. 1016/j. ecolind. 2021. 108380.
Zhe M, Zhang X Q. Time-lag effects of NDVI responses to
climate change in the Yamzhog Yumco Basin, South Tibet[ J].
Ecological Indicators, 2021, 124, doi: 10. 1016/]. ECOLIND.
2021.107431.
WH, WEE, SEU, % 2000 ~ 2020 4F 7Y b X AH BE
NDVI 35 28 A6 RS0 Slma B R AE [ T]. BB AL,
2022, 43(6) : 3230-3240.
Xu Y, Huang W T, Dou S Q, et al. Responding mechanism of
vegetation cover to climate change and human activities in

southwest China from 2000 to 2020[ J].

[12]

Environmental Science,



7 39

BB AR, 2000 ~2020 K VL EAE B NDVI )25 484k M52 0 [ R 350

3739

[14]

[15]

[16]

[17]

[18]

19y

L

_+ Acta Geographl(a Sinica, 2017, 72(1):

[2’61

[ the geographic detector model[ J].

[21]

[22]

[23]

[24]

[25]

2022, 43(6) 3230-3240.
QuS, Wang L C, Lin A W,

restoration in Yangtze River basin,

[26]
et al. What drives the vegetation
China:

Ecological Indicators,

climate change or
anthropogenic factors? [ J]. 2018, 90.
438-450.
Zhang W, Wang L C, Xiang F F,
and the relations with climate change at multiple time scales in
the Yangtze River and Yellow River Basin, China[ J].
Indicators, 2020, 110, doi: 10. 1016/]. ecolind. 2019. 105892.
Chen S'S, Wen Z F, Zhang S L, et al. Effects of long-term and
large-scale ecology projects on forest dynamics in Yangtze River
Basin, China[ J]. Forest Ecology and Management, 2021, 496,
doi: 10.1016/]. FORECO. 2021. 119463.
RRDF, EART, HPE, 55 AR MK R AZER ZXH T
TR NDVI YRR [J]. HERBEE, 2020, 45(6) : 1905-
1917.
Cui L F, Wang L C, Qu S, et al.
precipitation and human activity on vegetation NDVI in Yangtze
river basin, China[ J]. 2020, 45(6): 1905-
1917.
B, BRI, K. 1982—2019 AF K VT4 Bl At 4
AR A R [T ], A ASek g, 2021, 40 (89 2517-
2529. “.- ;
Cui H N, Luo H J, Zhang X Z. Temporal and spatial
characteristics of green vegetation cover chdnges in ihe Yangtze
River Economic Belt from 1982 to 2019 [ T8 C.hll’lPSE‘ Journal of
..-Ecology, 202}, 40(8) 2517-2529. | g A : "“
FANE, WA, IR R ) Isamé’}&
2017, 72(1;’ 116-134. -~ &
| Wang J F\=Xu 'C[D. Geodetector: principle and pmspectlve[]
g1, | ¥ )

et al.

el al. Vegelation dynamics

[27]
Ecological

[28]

[29]

Impacts of temperature,

Earth Science,

[30]

[31]

Drlvmg fagtors Of

-

Han/] J, Wang'] P, Chen L,
desertlflcanon in Qaldam Basin, China: an 18-year arig‘]ysls usiti
Ecologieal Indicators =202
124., doi: 10.1016/]. ecolind. 2021. 107404.

Siin Y F, Guan Q Y, Wang Q Z, et al. Quantitative assessment

[32]

of the impact of climatic factors on phenological changes in the
Qilian Mountains, China[J].
2021, 499, doi: 10.1016/]. foreco. 2021. 119594.

Peng W F, Kuang T T, Tao S. Quantifying influences of natural

Forest Ecology and Management,

factors on vegetation NDVI changes based on geographical
[33]

detector in Sichuan, western China [ J]. Journal of Cleaner
Production, 2019, 233. 353-367.

Liu CL, LiWL, Wang WY, et al. Quantitative spatial analysis
of vegetation dynamics and potential driving factors in a typical
alpine region on the northeastern Tibetan Plateau using the Google
Earth Engine [ J]. CATENA, 2021, 206, doi: 10. 1016/].
CATENA. 2021. 105500.

JABIAL, 2Rk, AREEAE. FET PN Landsat 204 9 TRIR 1L
BRI AT S A W AL WF ST (T ). MR A e, 2021, 45
(4): 355-369.

Zhou M X, Li D Q, Zou J J. Vegetation change of giant panda

[34]

habitats in Qionglai Mountains through dense Landsat Data[ J].
Chinese Journal of Plant Ecology, 2021, 45(4) : 355-369.
WL S, B, ARGE. T HLERERI AR R VT T it X AR
B NPP 284 Jry it 2 MRS IS T, ARASIR, 2019,
39(20) . 7621-7631.

Pan H Y, Huang P, Xu J. The spatial and temporal pattern

[35]

evolution of vegetation NPP and its driving forces in middle-lower
areas of the Min river based on geographical detector analyses

[J]. Acta Ecologica Sinica, 2019, 39(20) : 7621-7631.

WP, SRR BERR], S WIS A X 5 S G
AL T]. PR B2, 2020, 38(3) : 264-271.
Xie C P, Wu X K, Xue X M.

between suitable habitat of Phoebe chekiangensis and climatic

et al. Analysis on relationship

environmental factors [ J ].
University, 2020, 38(3) . 264-271.

Sen P K. Estimates of the regression coefficient based on Kendall

Journal of Sichuan Agricultural

staul J]. Journal of the American Statistical Association, 1968,
63(324): 1379-1389.

B, EE, A, % 2006 ~2019 4R Bk = A HE X R AR TS Y
M [J]. HREERF, 2021, 42(1) : 97-105.

Zhao W, Gao B, Lu Q, et al. Ozone pollution trend in the Pearl
River Delta Region during 2006- 2019 [ J ].
Science, 2021, 42(1): 97-105.

TN, MR, PR, %. 1998 ~2016 H /A KL B X B
BLREXE PM, s W BERT 2S00 YRR [ ], PRIERLSA, 2021, 42
(11) . 5100-5108.

Yang Y L, Yang K, Luo Y,
on the temporal and spatial distribution of PM, 5 concentration in
China’ s Eight Major Economic Regions from 1..998,4'0'..-2016“[‘]] .
Environmental Science, 2021, 42(11) 5'1‘00—5193-:"':_‘“

AR, AR, SRR, 5. 35 TR R R ok g ol
T A A J—Uhﬂ]‘ E%%ﬁﬁﬂ‘ﬁ’{ Jl_;.. Hin
- 2021“ 42(6) : 2796 Q809
LiH L/ Zhang J T, Zhang"Y F,

temporﬂl Vanahhn (’hztracterlsllcs of potential "nén-poing source

Environmental

et al. Effect of vegetation coverage

et al. Analysm of# 'spat‘a‘al-

pollunon 'ﬁrlsks in the Upper Beiyun River basin using dlfferentll
welghlmg methods[] .J*Enw;unmental Science ,.2021, 42 ( 6")
2796-2809, : o

s, B, Toatbscrs e i Bl
SHLRIEL ] IR, 2017, 72(1) ¢ 161-173.
LuYS$, LiJT. Geographic detection and optimizing decision of
the differentiation mechanism of rural poverty in China[ J]. Acta
Geographica Sinica, 2017, 72(1) : 161-173.

AN, SRIESE, FRSCHEE. T MODIS U 12 VL sl v 7
A SRR, Mol B EE#, 2017,

(1): 127-134.
Shi Y Y, Yin Z T, Zheng W F. Study on the response of
vegetation cover change and climate change in Wujiang River
basin based on MODIS data[ J].
2017, (1) 127-134.

el FROL, B4, S5 2000 ~ 2010 BB ALK W
i N 2 AR A A I R A MR 1z 20 A7 [ 7] VT D B R L5 B
5%, 2021, 30(5) : 1110-1120.
Zhang T, Xue D J, Duan J L,

characteristics

Forest Resources Management,

et al. Spatio- temporal variation
and climate response analysis of vegetation
coverage in Jialing River basin from 2000 to 2019 [J]. Resources
and Environment in the Yangize Basin, 2021, 30 (5). 1110-
1120.

Jiang L G, Liu Y, Wu S,
environment change and associated driving factors in China based
on NDVI time series datal J]. Ecological Indicators, 2021, 129,
doi: 10.1016/]J. ECOLIND. 2021. 107933.
xuwu JHIRRL, JAR, 4E. T RSEL [ =1k
RSB X A S E B S A W [T ].
%%, 2021, 28(5) ; 278-286.

Liu X W, Zhou Q G, Zhou L, RSEI—Based dynamic

monitoring of ecological quality of the soil and water conservation

et al. Analyzing ecological

2 IX T R B K
K AR FEE

et al.

functional area in the Chongqing section of the three gorges
reservoir area | J ]. Research of Soil and Water Conservation

2021, 28(5) : 278-286.



3740 A 43 %
[36] sk, THIZE, skaefy, 4. 1982—2015 4K VL i A o 3 [J]. Resources Science, 2010, 32(12) ; 2433-2440.
TR A AR [T]. BARE IR S, 2018, 33(12): [42] XuXY, Riley W J, Koven C D, et al. Earlier leaf-out warms
2084-2097. air in the north [ J]. Nature Climate Change, 2020, 10 (4):
Zhang L, Ding M J, Zhang H M, et al. Spatiotemporal variation 370-375.
of the vegetation coverage in Yangtze River basin during 1982- [43] XUESF, 2500, MIDEER, 5. 2000-2015 4FA YT B A B
2015[J]. Journal of Natural Resources, 2018, 33(12); 2084- LS ARV R [ T]. K AREFIEST, 2021,
2097. 28(6) : 330-336, 347.
[37] Zhang PP, Cai Y P, Yang W, et al. Contributions of climatic Liu L D, LiJ, Liu C X, et al. Analysis on the characteristics of
and anthropogenic drivers to vegetation dynamics indicated by temporal and spatial changes and influencing factors of vegetation
NDVI in a large dam-reservoir-river system [ J ]. Journal of coverage in the Yangtze River Economic Belt from 2000 to 2015
Cleaner Production, 2020, 256, doi: 10. 1016/j. jclepro. 2020. [J]. Research of Soil and Water Conservation, 2021, 28(6) :
1204717. 330-336, 347.
[38] Wang J Y, Delang C O, Hou G L, et al. Net primary production [44] WA, A, BOBEL, 5. 2004—2014 45 A1 7 A 9 7 o5
increases in the Yangtze River Basin within the latest two decades It 2s AR AR IE T ] . /;'Ejf\ SRR 2R, 2018, 34(1) ; 37-
[J]. Global Ecology and Conservation, 2021, 26, doi: 10. 45.
1016/.] GECCO. 2021. E01497. Pan Y, Lin J, Tong G C, et al. Spatio-temporal variations of
[39] W, B4, wmALBE. 2000—2017 451 iy b X AR 8% NDVI 4§ vegetation coverage in Taihu Lake Basin from 2004 to 2014[ J].
AFE B R S . [ 1], A2, 2020, 39(7) . Journal of Ecology and Rural Environment, 2018, 34 (1) . 37-
2316-2326. 45. -
Feng L., Yang D, Huang Y Y. Vegetation NDVI characteristics [45] B’JJfIJ SR, B2 )Qﬁ 4E. 2000 2015 f"Ff:ﬁ:j: i, NDVI
and response to extreme climate in Sichuan and Chongging from 23 AR AN K BR By S ——Lh E B T Ry 4 [I] ﬁijﬁﬁf‘ﬁ 2020
2000 to 2017[ J]. Chinese Journal of Ecology, 2020539 ( 7): 40( 14) : 5029- 5043
2316-2326. Tao S, Kuang T T, Peng'W F, et al. Analy@fng the=spatio-
[40] ZEmE, BhindE, £5, 5. &V "‘{Tﬁﬁﬁljﬁﬁ.ﬂ‘?'il: NDVI A temporal yariation and driyets of NDVI in upper (%::s of the
A FILIR B R FAFFE[ )], B dﬁf*% , 20147 @6 (11 ) : Yangtze River from2000 t02015 : a case study of Yibin C-l’ty[__}‘f‘
2431-2441. ' L Acta E(’OlOgll“&.rSlnl(‘&m 2020, 40(14) : 5029-5043" =
.l_.-J-|angI G, Yao7] Wang R, et al. Spatlo tempora'] Vanw?*ﬁf— [46] Kong R "Zhang_Z X, 7hang- FY, e al Increaqmg carhon .
NDVI Lhaﬁge apd drlvlng forces in the \dast Hydiopower storage 1n_ ‘subtropical fgﬁestg over the Yangtze Rl_ver basin dn&"’ ls
J develnpmel‘g_zqne of the Jinsha RiverfJ]. -R‘:‘SOHI"Q@% S(;tence, relationd loﬁthe major ecglogical projects[ J]. Stience of the T()t‘e'ﬂ
12014, 36(11); 2431-2441. f Envirénméﬁ{, 2020, %709, doi: 10. 1016/j. scitotenv. 2019.
(4114 Hﬁﬁﬁ EIA, B 2V mbhﬁw[sﬁim[x c#;k Vi 136163.° | | '
f U REAE T [T ], W IR, ,2016, .32 ( 12 )k 2433—_.. [47] Yang H'F, Zh;;ng X N, Deng S Q, et al. Assessment of the
j* 244b & = impact of LUCC on NPP and its influencing factors in the Yangtze

A D a?®
Zhou,.G Ya¥ Wang S J Peng J. Climatic chérdclerlsncs of .

vap‘nr resources over the Jinsha River reaches and its surroundings

River basin, China[J]. CATENA, 2021, 206, doi: 10. 1016/

j. catena. 2021. 105542.



HUANJING KEXUE Vol.43  No.7

Environmental Science (monthly) Jul. 15, 2022

CONTENTS

Development Scenarios and Environmental Benefits Analysis of Future Power Generation Industry Under Two Modes in China ++++++++- LIU Chun-jing, LU Jian-yi, ZHAO Wen-chang, et al. (3375)
Forecasting of Emission Co-reduction of Greenhouse Gases and Pollutants for the Road Transport Sector in Lanzhou Based on the LEAP Model
..................................................................................................................................................................... PANG Ke, ZHANG Qian, MA Cai-yun, et al. (3386)
Discussion of Air Quality Forecasting Evaluation for Cities Based on Half-level Method ««+veveseeeeesesnermssmenensinineniiinensenens WANG Xiao-yan, ZHU Li-li, XU Rong, et al. (3396)
Characterization and Health Risk Assessment of Heavy Metals in PM, 5 in Xiamen Port «eereeveessennmsniinie. XIAO Si-han, CAI Mei-jun, LI Xiang, et al. (3404)
Deposition Characteristics of Water-soluble Tnorganic Nitrogen and Organic Nitrogen in Atmospheric Precipitation in the Northern Suburbs of Nanjing —««+eereereseeseerereenenienenssniniincnnnnen
......................................................................................................................................................... ZHANG Jia-ying, YU Xing-na, ZHANG Yusxiu, et al. (3416)
Analysis of PM, 5 Transmission Characteristics in Main Cities of Jinzhong Basin in Winter ««+veeoeveseressernsiniiinin. WANG Xiao-lan, WANG Yan, YAN Shi-ming, et al. (3423)
Temporal Evolution and Source Appointment of Black Carbon Aerosol in Ordos During Summer and Autumn 2019 «-«-+++:+e+: KONG Xiang-chen, ZHANG Lian-xia, ZHANG Cai-yun, et al. (3439)
Characteristics, Sources, and SOAP of VOCs During Winter in Jiyuan «+eseteveeesssessssssssmtnsinnniniins e WANG Fang, LI Li-xia, WANG Hong-guo, et al. (3451)
Characteristics and Source Apportionment of Volatile Organic Compounds in August in the Chang-Zhu-Tan Utban Area «+e+eseerereeeeeeres LUO Da-tong, ZHANG Qing-mei, LIU Zhan, et al. (3463)
Ozone Sensitivity Analysis and Control Strategy in Shijiazhuang City in July 2019 ZHU Jia-xian, WANG Xiao-qi, OU Sheng-ju, et al. (3473)
Spatiotemporal Variation and Influencing Factors of AOD in the North China Plain GUO Lin, MENG Fei, MA Ming-liang ( 3483 )
Aerosol Optical Characteristics with Ground-based Measurements via Sun Photometer and Its Relationship with PM Particle Concentration in Changlan «++«+essessesrersessemenennsininense
......................................................................................................................................................... ZHENG Yu-rong, WANG Xu-hong, CUI Si-ying, et al. (3494)
Spatial-temporal Distribution and Evolution Characteristics of Air Pollution in Beijing-Tianjin-Hebei Region Based on Long-term “Ground-Satellite” Data ++++++s+sesseseeerssserenmensisnnenennnnen
................................................................................................................................................... WANG Yao-ting, YIN Zhen-ping, ZHENG Zuo-fang, et al. (3508
Ten-year Trend Analysis of Eutrophication Status and the Related Causes in Lake Hongze —+:e+eereereeesesenennimmcniennnnincneennes CHEN Tian-yu, LIU Chang-qing, SHI Xiao-li, et al. (3523)
Shallow Groundwater Around Plateau Lakes: Spatiotemporal Distribution of Phosphorus and Its Driving Factors —«+oeseseeeeereeseseseneneenes YANG Heng, LI Gui-fang, YE Yuan-hang, et al. (3532)
Characteristics and Dfferences of Dissolved Oxygen Stratification in Different Tributaries of Three Gorges Reservoir During Impoundment Period »«+xsxeesesserseesemensnssnineneiiiineinnn
............................................................................................................................................................... J1 Dao-bin, FANG Jiao, LONG Liang-hong, et al. (3543
Dissolved Organic Matter Component and Source Characteristics of the Metropolitan Lakes and Reservoirs in a Typical Karst Region ++++++++-: NI Mao-fei, ZHOU Hui, MA Yong-mei, et al. (3552
Characteristics, Sources, and Risk Assessment of Perlyfluoroalkyl Substances in Surface Water and Sediment of Luoma Lake ~++++++++++ HUANG Jia-hao, WU Wei, HUANG Tian-yin, et al. (3562

Vertical Distribution Characteristics and Influencing Factors of Phytoplankton Community Structure in Qiandao Lake

ZHANG Zi-han, ZHANG Xin-ru, JIA Chuan-xing, et al. (3587

)

)

)

WANG Ji-yi, HUO Di, GUO Chao-xuan, et al. (3575)

Chemical Forms and Spatial Distribution of Phosphorus in the Sediment of Sthe River )
)

)

Influence of Optimal Land Use Allocation on Phosphorus Loss in the Process of Rainfall and Runoff = «+ereeeerereerereseensecnnsicnnnenes ZHOU Hao, CHEN Fang-xin, LUO Yi-feng, et al. (3597
Distribution Characteristics and Risk Assessment of Accumulated Heavy Metals in Bioretention Systems — «++veresseesesrersessesnennesnennes CHU Yang-yang, YANG Long, ZHOU Yuan, et al. (3608
Effects of Damming and Impoundment on Planktonic Microbial Community Structure and Interspecific Interaction Patterns in Different Water Depths «+ovesveseeeeesessresieneneiiiiiisinnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Xun, ZHANG Jia-jia, YUAN Qiu-sheng, et al. (3623)
Identification of Bacterial Flora and Metaholic Function of Sediments in Different Channels of Duliujian River Basin, Tianjin «+++eeeeeees LIU Jia-yuan, FENG Yue, YANG Xue-chun, et al. (3635)
Spatiotemporal Distribution and Source Apportionment of Suspended Polycyclic Aromatic Hydrocarbons in Surface Water PENG Ke-xing, LI Rui-fei, ZHOU Yi-chen, et al. (3645)
Spatial Variation and Potential Sources of Microplastics in Rivers in Tongzhou District, Beijing MEN Cong, LI Di, ZUO Jian-e, et al. (3656)
Effects of Microplastic Exposure on Crucian Growth, Liver Damage, and Gut Microbiome Composition —«+sessseressessssesnemnensesssinensiininennes HU Jia-min, ZUO Jian-e, LI Jin-bo, et al. (3664 )
Influence of Different Types of Dewatering Agents on the Solidification Effect and Physical and Chemical Properties of Sediment —«+«++++++++- REN Jun, YIN Peng, WANG Wei-zhen, et al. (3672)
Structural Characteristics of Micro-nano Particle Size Biochar and Its Adsorption Mechanism for Cd®* - +* MA Wen-yan, PEI Peng-gang, GAO Ge, et al. (3682)
Phosphorus Adsorption Characteristics of Different Biochar Types and Its Influencing Factors LIAN Shen-hai, ZHANG Shu-nan, LIU Feng, et al. (3692)
Development of Zeolite Loaded Mg-La-Fe Ternary ( hydr) oxides for Treatment of Low Concentration Phosphate Wastewater «++++++++- YIN Xue-jie, SONG Xiao-hao, DING Chen-man, et al. (3699 )

Succession and PICRUSt2-based Predicted Functional Analysis of Microbial Communities During the Sludge Bulking Occurrence and Restoration in One-stage Combined Partial Nitritation

and ANAMMOX Process *+++* +++ LI Ya-nan, YAN Bing, ZHENG Rui, et al. (3708)
Aerobic Granulation Stability and Microbial Diversity of Filamentous Bulking Sludge ++* GAO Chun-di, YANG Xiao-yang, OU Jia-li, et al. (3718)
Dynamic Variation in Vegetation Cover and Its Influencing Factor Detection in the Yangtze River Basin from 2000 to 2020~ «++++seseeee2 XU Yong, ZHENG Zhi-wei, GUO Zhen-dong, et al. (3730)
Enrichment and Ecological Risk Assessment of Available Phosphorus in Paddy Soil of Fujian Province Over Past 40 years «+«+++++++ CHEN Zhong-xing, QIU Long-xia, CHEN Han-yue, et al. (3741)
Effects of Land Use Change on Constitution, Stability, and C, N, P Stoichiometric Characteristics of Soil Aggregates in Southwest China Karst »«+«+xeseseereeesemenenseninenensininennne

..................................................................................................................................................................... HE Yu, SHENG Mao-yin, WANG Ke, et al. (3752)
Heavy Metal Pollution and Health Risk Assessment of Mine Soil in Yangtze River Economic Belt ~«++eeseeereererersermienenenninenieniinennen ZHANG Zhe, LU Ran, WU Si-yang, et al. (3763)
Pollution Characteristics and Phytotoxicity of Heavy Metals in the Soil Around Coal Gangue Accumulation Area + SHANG Yu, SANG Nan (3773)
Evaluation of Mercury Pollution in Soil of Different Land Use Types in Coal-fired Industrial Area LI Qiang, YAO Wan-cheng, ZHAO Long, et al. (3781)
Cadmium Enrichment and Bioavailability of Quaternary Profiles in Nansha District, Guangzhou, China «-++sesseserresreresnenennneene WANG Fang-ting, BAO Ke, HUANG Chang-sheng, et al. (3789)
Health Risk Assessment and Environmental Benchmark of Heavy Metals in Cultivated Land in Mountainous Area of Northwest Guizhou Provinge = ««+stssesreresresesensseninenennsininenne

XU Meng-qi, YANG Wen-tao, YANG Li-yu, et al. (3799)
Effect Factors and Model Prediction of Soil Heavy Metal Bioaccessibility «-««+s+esseseeereseerennenennneees ZHANG Jia-wen, TIAN Biao, LUO Jing-jing, et al. (3811)
Effect of Organic Material Amendments on Soil Respiration in Tobacco Fields of Central Henan «+«+«+esseseereereeesenenenninienennnneneenes LU Qi-fei, YE Xie-feng, HAN Jin, et al. (3825)
Methane Production Potential and Methanogenic Pathways in Paddy Soils Under Different Rice-hased Cropping Systems —++«sseseevesveseeneeees SHEN Wan-yu, HUANG Qiong, MA Jing, et al. (3835)
Characteristics and Assembly Process of Reclaimed Soil Microbial Communities in Eastern Plain Mining Areas —«+eeoeseeeeesersseesesennees MA Jing, DONG Wen-xue, ZHU Yan-feng, et al. (3844)
Differences in Bacterial Community Structure in Rhizosphere Soil of Three Caragana Species and Its Driving Factors in a Common Garden Experiment «++veeeeeeesresseessesenennsiniieinnnn

..................................................................................................................................................................... L1 Yuan-yuan, XU Ting-ting, Al Zhe, et al. (3854)
Comparison of Bacterial Community Structure and Functional Groups of Paddy Soil Aggregates Between Karst and Non-karst Areas XIAO Xiao-yi, JIN Zhen-jiang, LENG Meng, et al. (3865)
Contrasting Responses of the Microbial Community Structure and Functional Traits to Soil pH in Purple Soilg «++«+seseesreeeeseenesneees WANG Zhi-hui, JIANG Xian-jun (3876 )
Effects of Agricultural Organic Waste Incorporation on the Metaholic Capacity of Microbial Carhon Sources of Dissolved Organic Matter in Paddy Soil = «++vereeesseseerersenemieneneiniinensn

----------------------------------------------------------------------------------------------------------------------------------------------------- XIAO Yi, LI Zheng, HUANG Rong, et al. (3884 )





