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Spatiotemporal evolution and driving factors of vegetation coverage in
the Qingjiang Estuary of Yueqing Bay from 2003 to 2024

ZHU Wei', GUO Hongying', TAN Qingbi', LUO Yongjun?, NIU Lixia'

(1. School of Ocean Engineering and Technology, Sun Yat-sen University, Zhuhai 510982, Guangdong, China;
2. Zhejiang Guangchuan Engineering Consulting Co., Ltd., Hangzhou 310020, Zhejiang, China)

Abstract: [Objective] Yueqing Bay is a typical ecologically sensitive area, harboring the northernmost large-
scale mangrove (Rhizophoraceae) forests in China. This study aims to investigate the evolution of fractional
vegetation cover (F) in this region over the past 22 years and its relationship with climatic factors. This can
guide habitat restoration and ecological seawall construction, and provide references for similar areas in dealing
with biological invasions and ecological risk management. [Method] Based on Landsat data from 2003 to
2024 and combined with the normalized difference vegetation index (NDVI), the spatiotemporal variation of
vegetation coverage and its driving factors were analyzed using the pixel dichotomy model, Theil-Sen Median
and correlation analysis. [Result] The overall F in the Qingjiang Estuary exhibited a fluctuating growth trend

over the past 22 years, rising from 0.601 in 2003 to 0.694 in 2024, with an annual average growth rate of 0.008.
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The spatial distribution of different vegetation coverage levels exhibited significant area transitions. The
combined area proportion of low and medium-low F zones significantly decreased from 30.33% to 11.17%,
while that of medium and medium-high F zones exhibited a significant increase, from 27.93% to 54.54%. The
annual mean maximum temperature, annual mean minimum temperature, annual precipitation, and annual
number of precipitation days all exerted negative effects on F. [Conclusion] From 2003 to 2024, the
vegetation coverage level and its spatial pattern in the Qingjiang Estuary demonstrates a positive development
trend. The annual mean minimum temperature has the most significant negative impact on F' among all the
influencing factors. As a region subject to intensive human activities, it has undergone a transition from
destruction to restoration. Mangrove rehabilitation, tidal flat management, the eradication of invasive species,
and other projects led by humans are the key factors driving the increase in vegetation coverage. [Ch, 3 fig. 2
tab. 40 ref.]

Key words: fractional vegetation cover; mangrove; spatiotemporal change; driving factor; Qingjiang Estuary of

Yueqing Bay
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Figure 1  Average fractional vegetation cover value and Theil-Sen Median trends of fractional vegetation cover from 2003 to 2024
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K (P<0.01). MBEEGE SERKRERENMH R2 20192024 SHRHBEBEESSHEEFW
% (p=—0.886, P<0.05), SAEMEK H IR 5k XA
(p:_0_71 4)D *E%ﬁ% Jé]n]él};-ui Sﬁgxpi/}j*ﬁxd—?ﬁ&ﬁ E@*H %,ri Table 2 Cogrelattion 1coe.fﬁ:ifentts be;‘tweerzlofr:itiozr;azlé‘vegetation cover
RIAHALE (=-0.143). o TR R T
3 it ' R RS RIS KR B
I EERIR -0.714

3.1 RiBEFEIIO2003—2024 FEERZEMEME  STFHRICUR -0943" 0829

AAFIEFEH . 2003—2024 4E RIS VBT O X AFFkEE -0.886" 0371 0771
M S R TS, R KRG kR FRKHEC 0714 0143 0543 0771
PR BL . Ak 7 2 A o 1 25 () A0 A AR B A AL EPHMXAEE 0143 -0.143  0.086  0.029 0.543
FUAFRIUN : AR F P IRR S K B i, rhgy DT TPR008s mPsooL
HP P 6 B DX PR KA

T DTAE A o5 BE AR 2Rt T2 A RS B S ORI, B 2006 48 SE 20 AR A S 1B 2 T
BUJE, TR T REMER SR TAE, Wk TR, (R 1 XU 985 55 B R 2.
2019 4, SRIETORE TLAM 1 52 5 XS il T /E S R R B 2 T2, 2020 4F, THTLEEIT IR R iR
HACKE, TEVRBERUE, PR ARG M o BT SR A A 2, FRER I IR R A« TR
Fe” & XEERFI P 2 5T X I Bt A K — e R A S RS M, O L™ B T 2D AR B 0 A7 o
X i R BT IS XAR L 2 R . S A S R [ T, — T TR 25 T R LA MORATIE B
PSR, O3 — I AT RE RN R T XA ORI FE S R T BE IS AR Bk Re i PR K & T e 2 1) 4
K ST IRIEVEVE VL O DX Sl i 7 25 B 0 2 2 AR AR DL, N E— 25 RO £ R A S8 A A 1) A T A
J1BE, PUERISR TR 7 SR, S I E SR I v RS R o TR, RRE i x A e AR S RS
W, HRE R IR AR RS AR K E TGS, DARRAIR 3 XA B i B IR R

1992—2008 4, i E VR VL 1 LR AR E S50 AR ORI XAE 7 55 B2 K T 0.400 7 XTI FR o L2824
FEAE 80% LA I, Hizs A% Jm S B0 i & RAEARAE D, ML F, 7 Pa b g e B i 40 A7 2013 —
2023 4[] H 1 7 2 i 1 S T S B BhARAE BRI e L THIE R IR, Mg 5 KT 0.750 I IX
B AR L 2013 4F Y 46.00% 2 FFFE 2018 4F IE{H 86.00%, 2020 4FE BE[% & 58.00%, ZLBEE T
2023 4R ZE 72.00%" . HE— 2543 BTV L T ZD R ARG AP XA AT A SR R e 2 DX B A X A
fiX, AEDES XA E R EZEF BE, BOXBERK, 50320, LHXKZ, H0.240, FiXix
AN, A 0.090° AR B - ARG TS TE VL I BAB L 55 B AE S B ] R b b K, 2019 4F
DA St (A ME U AR BB TR (38 RS MEME IR T PR . BAEK RIS BR DL S LT MM AL i . R
LA R, A« WEi - " = — R EALE i BRI S e RS A, SEE
B 7 o P B AR R 5 ST W (R CT A P AR AME R AR R, SR TR BRI HE ) R I B
o M-SR MRS Ch EILRMERPE E LI T s R B E AR, BEAEE ]




543 H5E 44 KOHREE: 2003—2024 AR IR T T VL CRL B T A S R IR B R R 875

H, AP, nghst, 25257 FNEERS . MR, BRI E G shal
AHBTTHE S AMEHE SR B (BRI A AR R, SR AR U A KUK VAR 15 I (S B AL o 3 (o i
32 REEBIOEENSETHWIEIEZ S

SRS R AR . AERR K L AR K H B RIS XA 7 s R A A
A 7 i O LU I i . AR, AP XA T B 5 R e 7 8 2 R LT AN A A U

AR RIS XA 55 AR G S R, AR R R MR AR A A K LA R e A
BEVEH . 2022 ARAFF- 348 i SR AR - S B IR AR B S B fIG, (EAR W 7 o S Ak s i (. X —
MG —L LW FEARTFEX N, BARIRKMTREE AR FA A K, AR SHE w7 55 5 2 A
TR K FR o XFPFASEIE R F A AR SRS shILRIFE . 5T XAk T 0 #4is 2 KU PR S
ity , AR IRAERRAE 15.0 C DL b, REZMX K B ETE, HHSSFERE, HAEHE
AEPRAR SFRAE . MR EETHRE, HMRZE LB R, AR RS m Ay, &5t
TR, R R RN Z — RIS R U O S, SR T RE R R Ak, S
BREIRI A . B s TR IR B R R 0 AR BEALAE , W RE ELEEMIRIR YOS, 80 AR
R E Y, b, ARGt REERNE ., RET R EEELAML, WK Oryza sativa . BI%
1 18t Dendrobium officinale SFAEYI PRI T B SR T REXE I IETR R, InRIK SR 52 o IkrT
ik SEAE P D, PG I — R TR, T RCEEEER

R KA AR A A I TR AR, KPR B 5 M (R A S 3 . AHOGHE AT B AR /K R AR B K
HOBCH) SR 0t 7 o B S B A DG OE AR, L P AR R I i o Bl 7 5 AR AR K AR K BRI . SR
B T A R I M AR PR RSk O, Bk T, (AR HEGE 2 H&E T, &8 Tt
MRS . KA R A FHOCGREE W8 FAC, MPOLAIERBE TR, TR BNk s
PR, IRETTHOE B 4, VB RELUEAE Oh , RHGEKEE, SRR S M. M, X
HEGELY, SR SIE RHE H RAR T, SEUK R SRS, BRI AR S,

AR F S A 5 B AR SR AT OB 25 SR R T AR TS S AR S R G IR AR 1Y
UM Y, A DA S S S M PEAG SR A T E RO S . AR T i i AR R G K i, 4
T v i EL 355 A At i, IR A 25 N A5 it % A e YR AT S B R A R s . RIS A AT
S RN

e Bsf 10 e B AR Bt 78 56 B AR AL R I . 2020 4F A 5T IX 1 7 o5 B AR AR A 43 0 o RS HE 2003—2024 4F
AN TAAAE S, B AR R T B 2019 455 BF 9 DX R e, 4 ) 375 V1 44 ¢ 0 A b v R 22 444
LS . X —45 R BN — AR . SR I IR R A 2019 4F )5 25 Tz X
AASHERE, B 2019 4F SR TS B T T R SRR B AT Bl R W 5 XM B Pk A1 e DG EE DK B
2019—2024 4EAE R A TR S0 U AE B AP &2 s R FAAR, 2 3E 2003—2018 4R — DL F SR U% 3l
KB BTRE AL, AR MK SR RO E KB TS, e TEAM R X ItE
P PR BRI R T A AR ) T B S L T A M ARSI, B R RS R AR .
XS5 R T RRE A RIR 2238 FEAS AT AR A AR FH o

4 Hip

ARAFFEAAFLL IR L5 . OLERE R E b, 2003—2024 4F, RIS VL 0 Z4F (10 V- 244 o 7 35
JE (0.601~0.694) B shtER K, BIRE I mArASH, FF I 0.008, H ATk e 788 & K.
QFEZ M RE I, 2003—2024 47, A8 7 55 55 00 45 8] 4 A 52 IO B B i A AR IR, HARSREEN .
A B H AV A 7 R DX T R A T I DX T AR BB B S e, e 30.33% FEE 11.17%, b e
L 7 o DX S T AR R o L2 BRRR L R A3, 27.93% F+ 2 54.54% ., Q¥ m . F°F
PIARAR  AEREAK R . ARERREK B B b B i B SRR AR . AREC AR B AR AR A
AYS I O L SRV VT R ARG SR SR X s, HAD T e AR —B B . 2019 4ERFH
WHF RLRMAE S T AR, SRl AR, EAE BRI AR RN BACK R, AT R b R R
BT RLTAARAE . LIRS 5 T AR 2 DX Sl b e 7 3 I ) =22 IR S IR R



876 WroIL R R K A R 2026 4E 8 F 20 H

5 5F it

[1] FORZIERI G, MIRALLES D G, CIAIS P, et al. Increased control of vegetation on global terrestrial energy fluxes[J].
Nature Climate Change, 2020, 10(4): 356—362. DOI: 10.1038/s41558-020-0717-0.

[2] MAO Pingping, ZHANG Jing, LI Ming, et al. Spatial and temporal variations in fractional vegetation cover and its driving
factors in the Hulun Lake region [J]. Ecological Indicators, 2022, 135: 108490. DOI: 10.1016/j.ecolind.2021.108490.

(3] Bz, B, BT, 55, 1981—2013 AU JeU U fi b 23 28 A K OO AR 95 7 o B2 i (0] AR 252741, 2017, 37(2):
576-592. A Duo, ZHAO Wenji, GONG Zhaoning, et al. Temporal analysis of climate change and its relationship with
vegetation cover on the North China plain from 1981 to 2013[J]. Acta Ecologica Sinica, 2017, 37(2): 576-592. DOI: 10.
5846/stxb201507301600.

(4] KB, Wb, se R, 55, VAL T 5 X AT 30 a AR o A I 2 28 Al K H 0 S0 R 7 e 1z (7], T 5 IXBIFSE, 2025,
42(6): 1067-1079. ZHANG Xiuxia, HAN Lisha, DANG Xinghai, et al. Spatiotemporal changes in vegetation coverage in
the arid regions of Northwest China over the past 30 years and their response to climatic factors[J]. 4rid Zone Research,
2025, 42(6): 1067-1079. DOI: 10.13866/j.azr.2025.06.10.

[5] TANG Zhixiong, ZHOU Zixiang, WANG De, et al. Impact of vegetation restoration on ecosystem services in the Loess
plateau: a case study in the Jinghe Watershed, China[J]. Ecological Indicators, 2022, 142: 109183. DOI: 10.1016/j.ecolind.
2022.109183.

[6] TR, phtfdr, XIZE5E, 45, v [ VE 5 1 b il 4 7 o 32 o) 23 78 Ak B R S A8 Ak iy e 7 (3] A= 5244, 2025, 45(6):
2643-2654. DING Chen, SHEN Xiangjin, LIU Yiwen, et al. Spatial-temporal variation in fraction of vegetation cover and
its response to climate change in marshes of the China[J]. Acta Ecologica Sinica, 2025, 45(6): 2643—2654. DOI: 10.20103/j.
stxb.202402020297.

[7] GITELSON A A, KAUFMAN Y J, STARK R, et al. Novel algorithms for remote estimation of vegetation fraction[J].
Remote Sensing of Environment, 2002, 80(1): 76—87. DOI: 10.1016/S0034-4257(01)00289-9.

[8] MA Shuai, WANG Liangjie, JIANG Jiang, et al. Threshold effect of ecosystem services in response to climate change and
vegetation coverage change in the Qinghai-Tibet Plateau ecological shelter[J]. Journal of Cleaner Production, 2021, 318:
128592. DOL: 10.1016/j.jclepro.2021.128592.

[9] TUCKER C J, SLAYBACK D A, PINZON J E, et al. Higher northern latitude normalized difference vegetation index and
growing season trends from 1982 to 1999[J]. International Journal of Biometeorology, 2001, 45(4): 184—190. DOI: 10.
1007/s00484-001-0109-8.

(10] #2532, 32 3CHT, BUBE, S5, DU 48 S0 B o 7 o5 38 25 ) A4 Ak B HE 3 AR 3K 3l g (0] VL IR A0l BE#, 2020, 48(24):
239-243. PAN Huijiao, PENG Wenfu, ZHU Cong, ef al. Study on temporal variation and natural driving force of fractional
vegetation cover in Wenchuan County, Sichuan Province[J]. Jiangsu Agricultural Sciences, 2020, 48(24): 239-243. DOI:
10.15889/j.issn.1002-1302.2020.24.045.

(11] ZEH0, TR, JATE, 5. W1 Ae B o B AR A B L 5 U I 1 i 22 RUBESG AR (] AR SR 2, 2025, 44(1): 260-270.
LI Si, XIE Hongxia, ZHOU Qing, et al. The relationships between vegetation coverage and climate factors over multiple
scales in Hunan Province[J]. Chinese Journal of Ecology, 2025, 44(1): 260—270. DOIL: 10.13292/j.1000-4890.202501.044.

[12] WANG Simeng, LIU Qihang, HUANG Chang. Vegetation change and its response to climate extremes in the arid region of
northwest China[J]. Remote Sensing, 2021, 13(7): 1230. DOI: 10.3390/rs13071230.

(13] R/, SHITE, M5, 55, 2000—2022 4F 7 B Al BE 73 X AR A A 9l o B2 I 25 AR P AR MRS AE (0] A= 3R 4R,
2024, 33(6): 853—868. SONG Xiaolong, MA Mingde, WANG Peng, et al. The spatiotemporal non-stationary characteristics
of fractional vegetation coverage during the growing season of different geographical regions in Ningxial[J]. Ecology and
Environmental Sciences, 2024, 33(6): 853—868. DOI: 10.16258/j.cnki.1674-5906.2024.06.003.

[14] B4, #iES, PhETF. VU4 R 988 25 B i 25 AR Ak SO i LR (0], A28 450K, 2025, 44(7): 2438-2447. LUO
Xufu, DONG Zhengliang, SUN Yufang. Spatiotemporal variations and influencing factors of vegetation coverage in Sichuan
Province[J]. Chinese Journal of Ecology, 2025, 44(7): 2438—2447. DOI: 10.13292/j.1000-4890.202507.018.

(15] BT, FroiEsfe, TO8E, 2. (VU2 AR BIRT 2 B8 (N 2 28 A S Bk P97 [0 BT AE 252741, 2024, 35(4): 1073-1082. JIA

Yiyue, QI Xuanxuan, HUANG Rui, et al. Spatiotemporal variation and driving factors of vegetation coverage in Shanxi


https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1038/s41558-020-0717-0
https://doi.org/10.1016/j.ecolind.2021.108490
https://doi.org/10.1016/j.ecolind.2021.108490
https://doi.org/10.5846/stxb201507301600
https://doi.org/10.5846/stxb201507301600
https://doi.org/10.5846/stxb201507301600
https://doi.org/10.5846/stxb201507301600
https://doi.org/10.13866/j.azr.2025.06.10
https://doi.org/10.13866/j.azr.2025.06.10
https://doi.org/10.13866/j.azr.2025.06.10
https://doi.org/10.1016/j.ecolind.2022.109183
https://doi.org/10.1016/j.ecolind.2022.109183
https://doi.org/10.1016/j.ecolind.2022.109183
https://doi.org/10.20103/j.stxb.202402020297
https://doi.org/10.20103/j.stxb.202402020297
https://doi.org/10.20103/j.stxb.202402020297
https://doi.org/10.20103/j.stxb.202402020297
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/S0034-4257(01)00289-9
https://doi.org/10.1016/j.jclepro.2021.128592
https://doi.org/10.1016/j.jclepro.2021.128592
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.1007/s00484-001-0109-8
https://doi.org/10.15889/j.issn.1002-1302.2020.24.045
https://doi.org/10.15889/j.issn.1002-1302.2020.24.045
https://doi.org/10.15889/j.issn.1002-1302.2020.24.045
https://doi.org/10.15889/j.issn.1002-1302.2020.24.045
https://doi.org/10.15889/j.issn.1002-1302.2020.24.045
https://doi.org/10.13292/j.1000-4890.202501.044
https://doi.org/10.13292/j.1000-4890.202501.044
https://doi.org/10.13292/j.1000-4890.202501.044
https://doi.org/10.13292/j.1000-4890.202501.044
https://doi.org/10.13292/j.1000-4890.202501.044
https://doi.org/10.3390/rs13071230
https://doi.org/10.3390/rs13071230
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.16258/j.cnki.1674-5906.2024.06.003
https://doi.org/10.13292/j.1000-4890.202507.018
https://doi.org/10.13292/j.1000-4890.202507.018
https://doi.org/10.13292/j.1000-4890.202507.018
https://doi.org/10.13292/j.1000-4890.202507.018
https://doi.org/10.13292/j.1000-4890.202507.018
https://doi.org/10.13287/j.1001-9332.202403.023

543 H5E 44 KOHREE: 2003—2024 AR IR T T VL CRL B T A S R IR B R R 877

Province, China[J]. Chinese Journal of Applied Ecology, 2024, 35(4): 1073—1082. DOI: 10.13287/j.1001-9332.202403.023.

[16] TR, 2% 5t W0, A%, VP54 24 1 BB H A 1 8 S s [ S L AR 0] BV TAC RO 22241, 2021, 38(6): 1117-1126.
XU Li, PENG Haoxian, PAN Ping, ef al. Vegetation coverage and its spatial pattern changes in Xingguo County, Jiangxi
Province[J]. Journal of Zhejiang A&F University, 2021, 38(6): 1117-1126. DOIL: 10.11833/1.issn.2095-0756.20200792.

[17] 50, Ay Se, TR IR, 45, 2013—2023 4F 56 B 5 21 ks ) 43 A5 s 25 A8k (7). ) ARV K24 2% 4, 2025, 45(1):
62—67. FENG Zhiying, ZHENG Yiwen, ZHANG Yuanbo, et al. Spatial distribution dynamics of mangroves in Yingluo Bay
from 2013 to 2023 [J]. Journal of Guangdong Ocean University, 2025, 45(1): 62—67. DOI: 10.3969/j.issn.1673-9159.2025.
01.008.

[18] ZHANG Yan, ZHANG Luoqi, WANG Junyi, et al. Quantitative analysis of NDVI driving factors based on the geographical
detector model in the Chengdu-Chongqing region, China[J]. Ecological Indicators, 2023, 155: 110978. DOI: 10.1016/;.
ecolind.2023.110978.

[19] WANG Rong, DING Xue, YI Bangjin, et al. Spatiotemporal characteristics of vegetation cover change in the Central
Yunnan urban agglomeration from 2000 to 2020 based on Landsat data and its driving factors[J]. Geocarto International,
2024, 39(1): 2316643. DOI: 10.1080/10106049.2024.2316643.

[20] KULAKOWSKI D, BEBI P, RIXEN C. The interacting effects of land use change, climate change and suppression of
natural disturbances on landscape forest structure in the Swiss Alps[J]. Oikos, 2011, 120(2): 216—225. DOI: 10.1111/j.1600-
0706.2010.18726.x.

[21] OBUCHOWICZ C, POUSSIN C, GIULIANI G. Change in observed long-term greening across Switzerland—evidence from
a three decades NDVI time-series and its relationship with climate and land cover factors[J]. Big Earth Data, 2024, 8(1):
1-32. DOI: 10.1080/20964471.2023.2268322.

[22] GAO Xiang, HUANG Xingxing, LO K, et al. Vegetation responses to climate change in the Qilian Mountain Nature
Reserve, Northwest China[J]. Global Ecology and Conservation, 2021, 28: €01698. DOI: 10.1016/j.gecco.2021.e01698.

(23] I, KM, FAAHE. BT GEE /Y 1982—2021 4F PN 52t Hb DX Bl o J2 6 25 sl 25 B A AR ik (0] Al T 7
2#4i, 2023, 39(15): 94-102. YAN Zhiyuan, ZHANG Shengwei, WANG Yixuan. Spatiotemporal dynamics of fractional
vegetation cover and climate response in Inner Mongolia during 1982—2021 based on GEE[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2023, 39(15): 94—102. DOI: 10.11975/j.issn.1002-6819.202301033.

[24] BREEM, XHIH, SKIEHE, 55, 52T VSD BRI ARV T8 A= 8 RGEME S MO L], VR VE 272741, 2024, 43(3): 579-587.
CHEN Siyang, LIU Ruijuan, ZHANG Xiaohui, et al. Ecosystem vulnerability assessment of Yueqing Bay based on VSD
model[J]. Journal of Applied Oceanography, 2024, 43(3): 579-587. DOI: 10.3969/J.1SSN.2095-4972.20230822002.

(251 ZRUbIR, XU SCIE, YIARAL. SR TS M K SR PR K BT it 25 A8 10 S w8 B AR PN [T). MV BR AR, 2021, 40(5):
724-731. LI Miaocong, LIU Wensheng, JIANG Jinhua. Analysis of spatial-temporal variation and nutritional status of
environmental quality in the mariculture zone at the Yueqing Bay [J]. Marine Environmental Science, 2021, 40(5): 724-731.
DOI: 10.12111/j.mes.20200044.

[26] BWRAET, m kT I, BRI, 25 . AR OK AR X 3 [ 210 AR 3 4 53 e 21 73 9 52 iy (0] /K 1 OR45 22 412, 2017, 31(6):
249-256. CHEN Guixiang, GAO Dengzhou, CHEN Gang, et al. Effects of Spartina alterniflora invasion on soil carbon
fractions in mangrove wetlands of China[J]. Journal of Soil and Water Conservation, 2017, 31(6): 249-256. DOIL: 10.
13870/j.cnki.stbexb.2017.06.039.

[27] BEAT, WA, 520K, 45 SR 8 B A K RE g o3 SR A I E 5 0] R OT 2 554 B, 2016, 33(10): 63-67. HUANG
Zhixing, SHEN Hua, PENG Xin, et al. Monitoring of Spartjna alternjflora invasion by using high resolution satellite images
in Yueqing Bay, Zhejiang Province[J]. Ocean Development and Management, 2016, 33(10): 63—67. DOI: 10.3969/j.issn.
1005-9857.2016.10.014.

(28] ZEii i, RWNTT, BUKE, 55, % =K e b e A oo o B2 A A 3 (0] SRR, 2004, 26(4): 153-159. LI Miaomiao,
WU Bingfang, YAN Changzhen, ef al. Estimation of vegetation fraction in the upper basin of Miyun Reservoir by remote
sensing [J]. Resources Science, 2004, 26(4): 153—159. DOL: 10.3321/j.issn:1007-7588.2004.04.022.

[29] FEARAE, [ SCH, SRV AN, 55, WA AT At oA A o B2 I 24 3 A8 S A PR [T rp [ BRI R, 2022, 42(9): 4274-4284.
WANG Donghua, TIAN Yichao, ZHANG Yali, et al. Spatiotemporal evolution and attribution of vegetation coverage in the
peak-cluster depression basins[J]. China Environmental Science, 2022, 42(9): 4274—4284. DOI: 10.3969/j.issn.1000-6923.


https://doi.org/10.13287/j.1001-9332.202403.023
https://doi.org/10.13287/j.1001-9332.202403.023
https://doi.org/10.13287/j.1001-9332.202403.023
https://doi.org/10.13287/j.1001-9332.202403.023
https://doi.org/10.11833/j.issn.2095-0756.20200792
https://doi.org/10.11833/j.issn.2095-0756.20200792
https://doi.org/10.11833/j.issn.2095-0756.20200792
https://doi.org/10.11833/j.issn.2095-0756.20200792
https://doi.org/10.11833/j.issn.2095-0756.20200792
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.3969/j.issn.1673-9159.2025.01.008
https://doi.org/10.1016/j.ecolind.2023.110978
https://doi.org/10.1016/j.ecolind.2023.110978
https://doi.org/10.1016/j.ecolind.2023.110978
https://doi.org/10.1080/10106049.2024.2316643
https://doi.org/10.1080/10106049.2024.2316643
https://doi.org/10.1111/j.1600-0706.2010.18726.x
https://doi.org/10.1111/j.1600-0706.2010.18726.x
https://doi.org/10.1111/j.1600-0706.2010.18726.x
https://doi.org/10.1111/j.1600-0706.2010.18726.x
https://doi.org/10.1080/20964471.2023.2268322
https://doi.org/10.1080/20964471.2023.2268322
https://doi.org/10.1016/j.gecco.2021.e01698
https://doi.org/10.1016/j.gecco.2021.e01698
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.11975/j.issn.1002-6819.202301033
https://doi.org/10.3969/J.ISSN.2095-4972.20230822002
https://doi.org/10.3969/J.ISSN.2095-4972.20230822002
https://doi.org/10.3969/J.ISSN.2095-4972.20230822002
https://doi.org/10.3969/J.ISSN.2095-4972.20230822002
https://doi.org/10.3969/J.ISSN.2095-4972.20230822002
https://doi.org/10.12111/j.mes.20200044
https://doi.org/10.12111/j.mes.20200044
https://doi.org/10.12111/j.mes.20200044
https://doi.org/10.13870/j.cnki.stbcxb.2017.06.039
https://doi.org/10.13870/j.cnki.stbcxb.2017.06.039
https://doi.org/10.13870/j.cnki.stbcxb.2017.06.039
https://doi.org/10.13870/j.cnki.stbcxb.2017.06.039
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3969/j.issn.1005-9857.2016.10.014
https://doi.org/10.3321/j.issn:1007-7588.2004.04.022
https://doi.org/10.3321/j.issn:1007-7588.2004.04.022
https://doi.org/10.3321/j.issn:1007-7588.2004.04.022
https://doi.org/10.3321/j.issn:1007-7588.2004.04.022
https://doi.org/10.3321/j.issn:1007-7588.2004.04.022
https://doi.org/10.3969/j.issn.1000-6923.2022.09.035
https://doi.org/10.3969/j.issn.1000-6923.2022.09.035
https://doi.org/10.3969/j.issn.1000-6923.2022.09.035
https://doi.org/10.3969/j.issn.1000-6923.2022.09.035
https://doi.org/10.3969/j.issn.1000-6923.2022.09.035

878 WroIL R R K A R 2026 4E 8 F 20 H

2022.09.035.

(30] FER, AEARDE, BRI . 2000—2020 4 3 ] Y Sl A 4 i 2 AL RS L) (7). BR8AH7, 2022, 43(2): 743-751. TIAN
Zhihui, REN Zuguang, WEI Haitao. Driving mechanism of the spatiotemporal evolution of vegetation in the Yellow River
Basin from 2000 to 2020[J]. Environmental Science, 2022, 43(2): 743—751. DOI: 10.13227/j.hjkx.202105213.

[31] SAVATOROVA V. Exploring parameter sensitivity analysis in mathematical modeling with ordinary differential
equations [J]. CODEE Journal, 2023, 16(1): 1-26. DOI: 10.5642/codee.czkz5996.

[32] £k, 15 82, X SCH. HE T Spearman 55 28 22 B A BB AL H o3 A (1], B2 FHALF224], 2019, 37(4): 519-528.
WANG Dianlai, SU Aixia, LIU Wenping. Trend analysis of vegetation cover changes based on spearman rank correlation
coefficient[J]. Journal of Applied Sciences, 2019, 37(4): 519-528. DOI: 10.3969/j.issn.0255-8297.2019.04.009.

[33] HE Yuchuan, XIONG Junnan, AHEMAITIHALI A, et al. Spatiotemporal pattern and driving force analysis of vegetation
variation in Altay prefecture based on google earth enginelJ]. Journal of Resources and Ecology, 2021, 12(6): 729-742.
DOI: 10.5814/j.issn.1674-764x.2021.06.002.

[34] YANG Qiang, QIN Zhihao, LI Wenjuan, ef al. Temporal and spatial variations of vegetation cover in Hulun Buir grassland
of Inner Mongolia, China[J]. Arid Land Research and Management, 2012, 26(4): 328—343. DOI: 10.1080/15324982.2012.
709215.

[35] X W, SRRV, XIAE, 45 A Al Y VL 100 2040 AR 1l DR B DX 8 J8 A I B O 47 43 BT (00, P b bR B 2% 41, 2011, 26(1):
160—165. ZHAO Feng, ZHANG Huaiqing, LIU Hua, et al. Remote sensing monitoring and protection of mangrove wetland
reserve of the Zhangjiang Estuary in Fujian Province[J]. Journal of Northwest Forestry University, 2011, 26(1): 160—165.

[36] ERF3C, 2 &, AT, 55, 55T Sentinel-2 FCHa Y LU 1T LLA AR A 35 B0 S B 2 RRAE (1] BR2 R 5 TR, 2021,
21(9): 3698-3707. WANG Shiwen, HE Hongchang, FU Bolin, ef al. Parameter inversion of physiological structure and
space-time characteristics of Shankou mangrove forest based on Sentinel-2 data[J]. Science Technology and Engineering,
2021, 21(9): 3698—3707. DOI: 10.3969/.issn.1671-1815.2021.09.039.

[37] DAI Xue, YU Zhongbo, MATHENY A M, et al. Increasing evapotranspiration decouples the positive correlation between
vegetation cover and warming in the Tibetan Plateau[J]. Frontiers in Plant Science, 2022, 13: 974745. DOI: 10.3389/fpls.
2022.974745.

[38] AR, 5RAOL, TERIF, 55, HOLTE M4 R YOI AR i A 25 R G W b g i (7). A A 252741, 2022,
46(10): 1167-1199. WU Linsheng, ZHANG Yongguang, ZHANG Zhaoying, et al. Remote sensing of solar-induced
chlorophyll fluorescence and its applications in terrestrial ecosystem monitoring[J]. Chinese Journal of Plant Ecology,
2022, 46(10): 1167-1199. DOI: 10.17521/cjpe.2022.0233.

[39] SWAMI P, MUNJAL R, DESWAL K. Targeting photosynthesis under abiotic stress[J]. Journal of Cereal Research, 2021,
14(1): 53—66. DOI: 10.25174/2582-2675/2022/113965.

[40] GAO Ruxue, DAI Quanhou, GAN Yixian, et al. The mechanisms of nutrient output through water flow from sloping
farmland with slight rocky desertification in a karst region[J]. Environmental Research Letters, 2020, 15(9): 094085. DOL:
10.1088/1748-9326/ab9d3b.


https://doi.org/10.3969/j.issn.1000-6923.2022.09.035
https://doi.org/10.13227/j.hjkx.202105213
https://doi.org/10.13227/j.hjkx.202105213
https://doi.org/10.13227/j.hjkx.202105213
https://doi.org/10.5642/codee.czkz5996
https://doi.org/10.5642/codee.czkz5996
https://doi.org/10.3969/j.issn.0255-8297.2019.04.009
https://doi.org/10.3969/j.issn.0255-8297.2019.04.009
https://doi.org/10.3969/j.issn.0255-8297.2019.04.009
https://doi.org/10.3969/j.issn.0255-8297.2019.04.009
https://doi.org/10.3969/j.issn.0255-8297.2019.04.009
https://doi.org/10.5814/j.issn.1674-764x.2021.06.002
https://doi.org/10.5814/j.issn.1674-764x.2021.06.002
https://doi.org/10.5814/j.issn.1674-764x.2021.06.002
https://doi.org/10.5814/j.issn.1674-764x.2021.06.002
https://doi.org/10.1080/15324982.2012.709215
https://doi.org/10.1080/15324982.2012.709215
https://doi.org/10.1080/15324982.2012.709215
https://doi.org/10.3969/j.issn.1671-1815.2021.09.039
https://doi.org/10.3969/j.issn.1671-1815.2021.09.039
https://doi.org/10.3969/j.issn.1671-1815.2021.09.039
https://doi.org/10.3969/j.issn.1671-1815.2021.09.039
https://doi.org/10.3969/j.issn.1671-1815.2021.09.039
https://doi.org/10.3389/fpls.2022.974745
https://doi.org/10.3389/fpls.2022.974745
https://doi.org/10.3389/fpls.2022.974745
https://doi.org/10.17521/cjpe.2022.0233
https://doi.org/10.17521/cjpe.2022.0233
https://doi.org/10.17521/cjpe.2022.0233
https://doi.org/10.25174/2582-2675/2022/113965
https://doi.org/10.25174/2582-2675/2022/113965
https://doi.org/10.25174/2582-2675/2022/113965
https://doi.org/10.25174/2582-2675/2022/113965
https://doi.org/10.1088/1748-9326/ab9d3b
https://doi.org/10.1088/1748-9326/ab9d3b
https://doi.org/10.1088/1748-9326/ab9d3b
https://doi.org/10.1088/1748-9326/ab9d3b

	1 研究区与方法
	1.1 研究区概况
	1.2 数据来源与处理
	1.2.1 遥感数据
	1.2.2 气象数据

	1.3 研究方法
	1.3.1 像元二分模型
	1.3.2 Theil-Sen Median趋势分析
	1.3.3 Spearman相关系数法


	2 结果与分析
	2.1 乐清湾清江口植被覆盖度时空变化特征
	2.2 气候因子的驱动分析

	3 讨论
	3.1 乐清湾清江口2003—2024年植被时空演化特征
	3.2 乐清湾清江口植被时空演变的驱动因素分析

	4 结论
	参考文献

