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Abstract: The relationship between urban ecological environment and urbanization is a key to sustainable urban
development. Studying the long-term evolutionary trends of vegetation cover under different levels of urbanization is
important for understanding the effects of urbanization processes on vegetation growth dynamics, urban regeneration, and
advancing scientific management of urban greening. However, the understanding of the differences in vegetation growth
trends along urban-rural gradients within cities was still relatively limited. Based on the MODIS-NDVI data of the Yangtze
River Delta ( YRD) from 2000 to 2020, this study investigated the urban-rural differences in vegetation cover evolution
within the cities of the YRD using trend analysis and geographic probe methods, and analyzed the causes from the
perspectives of land use/cover change and urbanization development. The results showed that (1) the vegetation in the

Yangtze River Delta region showed a greening trend in general from 2000 to 2020, with the largest proportion (52.06% ) of
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vegetation being significantly green, 31.68% being slightly green and stable unchanged areas, and 6. 82% being
sporadically distributed in browning areas. (2) The change of vegetation cover in the old urban areas of the region showed a
general trend of returning to green (0.016/10 a), browning in the new urban areas was obvious (=0.019/10 a), and
greening in the agricultural suburban areas was prominent (0.023/10 a). In cities with a high level of population
urbanization, such as Shanghai, Nanjing and Hangzhou, the old urban areas with the highest intensity of land use change
also had the highest greening trend, reflecting the promotion of green space by the urban renewal process; while in cities
with a relatively low level of population urbanization, such as Xuancheng, Bengbu and Fuyang, the agricultural suburban
areas with a relatively low intensity of land use change also showed an obvious greening trend, more influenced by regional
ecological protection. (3) Land urbanization was the dominant factor of vegetation cover change in old and new urban areas
in the Yangtze River Delta, while the urbanization factor was generally insignificant in explaining the degree of suburban
areas. From the overall region of the Yangtze River Delta, three factors, namely the proportion of urban population,
impervious area/total area and gross regional product, had significant effects on the evolution of vegetation cover, among

which the proportion of urban population has the greatest influence.

Key Words: vegetation cover; urban-rural difference ; land use change intensity ; urbanization; Yangtze River Delta region

SER T3 W G R =40 =2 — B i AT B S B s A, Hoh = 0 2 T gk T BUR AR AR AR
ST R A A T A SRR ) T AR o, B — R B IR 4 G HLAAR I A ST Ak T AR o R
PAREOTT R Bk 841 AT X AU 100 km® BRI, SR AE Y 5K IX i 32% , 3t 10% (193
T IR IX BoR LR AR S | b RN ED BEAE i 2 R AT 0 se Bl T ek e Z R kit
FEHORIE K FE 10 (ANTE B AR5 ) B A, T O XA TR D, 55—y TR T Rl v] R S b
WA, BRI E RS T A A ] B R e S M A B A AR X A B, = s ) B L e g

JRUAE R 7 5 R Y AR 272 3] SRR BRI 2R A 255 5 M, (EL 7R N I s A1 28 %) b XN Sy R 38 %o A e 7 7
FRRGFE R b SR DR 2R AR B A 0> ) el T B 5K | i R AR Ak | 2B A R RN 1 s 4 K T R
Pl S AR R BB R BRI R, BRI | b 5 I A AR AR 26 R I AR RN, ok A 22 1 B R
DX 1E A RR AR ARG 1) EEBr v bR AR 7 5 46 I 25 T 1A L %) 388 T i 48, Bt 5 . 10 5 R %) 84 v 0
TR AP A ST (AN TV BE ) T AR PR o 300 1 e 0 5 T G 3R T AR 28 B 7K S s B W VAR
T R e SR IS T AR R i NI Sl A A T T A R R — LA, R AR T X A
25 o b RUBE s [0 oy () 2 ) 1 R AR 2 R GRS

LA, 2 T TR AR RSk A A, B AT 2O e ER T AR KA E K, H 1953 4E LK,
Hh IR St — 2R 8 AR 25 TR SR T 2R 48 A R B ks S Ak 5 | AT s X7, 2000—2020 43I B
SRZE T RIBE IR T 35K ABATIAE A1 4 0 6 30 Hovh 61,59 14 -+ i 7e 3 3138 Al b S B Akt 3 | BR324
FESRTTEE R X AN BUA W X A7 o5 B K, X B T /N Gk O RS2 i, 1999—2015 4F
KV R A — AR B 455 (NDVI) B 5 F T At g NDVI 88005 AR 2 5 41X 90% " . 2000—2016 4F |1
T3 R UM B FR B (EVD) AR B AT 2 A2 72 1 (GPP ) 323 T AN /K T (1SA ) 5400, 38 117 J1 121 AR L 1X A
EVI fil GPP 435 FF% T 38.0% 11 28.0%' | 3T VE A RERASALBF T 0« KIRSLIE , N T AREB RS
X F AR BRI BT AR AL AW FE M W 4R AL TS0 -5 AR, A KM RS0 T b i S o &R
O L 3 T A R SR G I 5 R 22 Ry R T B — 3k Tl s T 5 RO AR 3k 1 /KT, A0 56 1 3 Tl P
YR MBI 2E 5 6 H S RIS T, R 7 194 s T e A R 5 LA — MR A RO T IR £
FERIRE B AR T 25 5 AT RE S DRI IR T B PR DX Sl e 7 i 19 s T i AR 3| Xof 1 P 3%
Ak 3 R X A A K B A 4 s e I i B A S A AR R A RS T LA R

YRy B e AR I 25 22— 4 = A b DX R TR A AS S A7, 0 5 PRk T 1 1 = 1 7 3 DXORITAH X 28 1%
ST ARG JE T DX, AR K R T At R v 3k 2 XS ARG S A& AR R[] ) ARSC IR E K = A
Hu XA FEXT 42, LT 2000—2020 411 43 BER BSOS (MODIS ) NDVI RIS 25 /K 13k i 32 408 | & 7

http ; //www.ecologica.cn



5982 JAE = 43 4

BRI AR = XA A R S AS M ATT AEAN [R) T A 7Kk P A B i A Y TR LA, TN
b P/ 7 28 PRI T e 5 e 1) R B AR LU R RS 8 2R T A K = g Sl gk 2+ 1) WL 1 A 50 B
WS ALK S RO 5225 59 0T 0T SR L R 2 it 2 ] AR 2 MK A B S

1 WREXHBLR

K =MHbIX (27.15—35.16°N, 114.89—122.95°E)
A7 v R I 2R T T, AR AR 2019 AR VT = A P X 35
— IR R IR AN EL Y, K = b XA VL9548 WL
B VLB T (B 1) 23 41 A R D E
7, B A 35.2 J7 km®, AR 2.27 12, B T
23.49% [ N AE 72 B (GDP) 1 K = A Hb X AR By
IR 14—17 C , /KA 900—1600 mm , JLHE 5 K F
J, PUER RN RS 22 J2: L s e g 5 R T, AL 3B 322
B, VU RS EE EE bk, H 22 R A AR, JE A TR
ZERAE, 2021 AEHTTTA TLINVE BB AT AR LB
WA 09 H 61.2% 23.2% 28.7% 1 16.9%, 2021 4 L L

115° 120°E
S EYE TR 64.7% , LT AL S 7 2
89.3% ,{LIN WL LR 73.4% 712.2% 58.3% it M

I pki D et Ok
o A A EME

2 HEFMAE
E1 K=fiRITERX XK i F AR (2020 4F)

2.1 7!35( *E 5'6(,}?\ &ﬂ\fﬂ Fig.1 Administrative divisions and land use in the Yangtze River
AHEFELA 16 d A AL MOD13A2-NDVI $idfgfE A Delta (2020)
Pl o WS R SERE RO (3R 1), 25 HERO 250

m , ] LA 2000 4F 2 5—2020 4F 12 H . S8 TH B0 RER 2 RACRIR BH 5 BE A 567 A (52 ), R TR K
{5 AR 2000—2020 4F 1% A NDVI Kl A HEIEDROZ A7 28 NDVIEs , LA B s 4 0 i
SR AT A RS g 51O )

x1 HREPERE

Table 1 Research data source

Hgrk A Bl x =R Efh Hlar X Bk
Data type Date name Spatial resolution ~ Year Data format Date source
SRS e JA— P B A 250 m 2000—2020 M K FEEZMZA K= NASA E0S/MODIS
Remote sensing source data + M A S 30 m 2000.2010.2020 &K Globeland30 ( www.globallandcover.com)
LAt AR FTIX SR — 2019 KA IR IER3AE Bor
undamentd eograj iC ata 4 = > /\,\ i 5% 1“ H
Fund tal geographic dat R AR - 1990 2018 Bk ;ﬁjéj( r}ﬂﬂiﬁ?%ﬁ}fﬁ‘n* L (hitp://
ata.ess.tsinghua.edu.cn/)
R DX T AR B X T
AL BT TR M " .
Socioeconomic data ME L H X AR R (B o 017 JE LR (2018 AT TR 4
QARG HFE%—2021)
ok (HHTGE T4 4—2021)
SR LT - 2020 JRAEAH (G —001)
(RiggiHAE%—2021)
UNEE; S 1000 m 2018 A Bt World pop (https://www.worldpop.org/)

http ; //www.ecologica.cn



14 1) SRIUE AR A XM 7 RS AR S 2 5 R A 5983

ANIE KB R AS SO o) — FE BB U5, R VR TS AR K 2 M3k R e i 2 v 2 BRI T 3 5 (GUB ) £ dls
Y IZBIRER T E IR EERE (30 m) A AN B 7K 1 i B 7= i (GATA ) $2 B2 i AH 4Bk 0 17 i1
S SRV IR T Az 28 RS I B D) g 179 i A AR AN BT, R AR 3 K TR WIS AN B K L
{51, T A AN T B S X AR DX A 7 R A 3 T A P B 2018 4 R T AR A
125 B2 R R UR T World Pop, 25 8] 0 HE% R 1 km''® 5 - b1 FH A0 2k Bk [ AT Y GlobeLand 30 B ,
25 (AR N 30 m, ARBFST e B bRt ot MEARH AL 5 N
2.2 Wk
221 HTFFRIKFE (Theil-Sen Median) FlE -5 5/K ( Mann-Kendall ) 2387 ) NDVI #2346 46

ARG K258 FF (Theil-Sen Median, Sen) ###7 FlE -5 /K ( Mann-Kendall, M-K) K556 5 2 )@@
= A b X A3l S A T RUBE A 1 7 o VA A A A, T NDVIL B4 B [R]5 81038 AN 6 2 )y 22
PERIS RS, TR Sen #ERAG 17357, MK & TAES B K )5 ik, 5 HALS UG 1 0 ik A1 e, A
T BEREARE N —E I o0 A, 32 St T8N EE G A e 2

Theil-Sen Median # %« 53 H7 11 50 0] FE 50 B U BT A n(n-1)/2 AT A Z A2, HIiHHE A
WP

NDVI. — NDVI.
B=Median+#, 2000 < i <j < 2020 (1)
X, gl g AR bk %y, NDVI J&5 j 45 NDVI {H, NDVI, &5 i 454 NDVI {8, W5¢ 8 >0, W NDVI 4 3 i
RaBR FATER I I BE N AE B AE IR ol ket ARt B o S ARk a3 R B <0, ) NDVI 22 F R #A, R IATE
TRt BE A g 2 I AL M-K B3t H AT .
B NDVI, =2000,2001, --+,2020, & X Z Feil il .
S -1

, S >0
Vs(S)
Z =40 S=0 (2)
S+1
, S <0
Vs(S)
n-1 n
S=2, Y sgn (NDVI, - NDVI,) (3)
=1i=j+1
n(n—-1) 2n +5)
s(S) = (4)
18
1, NDVI, - NDVI, > 0
sen(NDVI, - NDVI,) 10, NDVI, - NDVI, =0 (5)
-1, NDVIj. - NDVI, < 0

X, NDVI, il NDVI, 284200 i 4R F j ARG NDVIAH, n RARS K BE, sgn WAFS BB, Soitit Z ME 1
(- oo, + o) WFIN, (EAEBEKFEa T, % |Z] > 2, ,, , FREEFEIE a KF IR EREL, —
MEH « =0.05, A SCHIKTFE 0.05 BZAKF FED | Z] > 1.96, NDVI i R]F 51 28k a3 ) @ 4k
222 WA R £ A R L e

T AT 2000—2020 AR = A XA B B S5 IR £ 22 SEARRAE  ASBIFGORE BRI T R 43S IR X I XA
AERIX A DKIR(E 2) o R 1990 4 v ] 3T s 00 A 45 38T 1) 28 Bk DX L 1990—2018 47 35 15 1 Ik Tl Xk
PRAE 38 DX L T DX SR AR AR X, 3 3 2RI 2 S T 2N ST 2000—2020 AFEAS [RI3  Ah 7K SF- b IX (23
X -k X AR RBIX ) BYAFE 34 NDVI 22 fh a3
223 LHURI AR LR

ST A AR P 2 AR s A & - M R o R T st R AR T R LS e [ — R K B 5 s

http ; //www.ecologica.cn



43 %

&t
H
=4

5984 o SO

AR MR L5482

WHLA WK

2 KEAMRESSEERE

Fig.2 The scope of urban and rural areas in the Yangtze River Delta
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Fig.3 Detection of urbanization factors on vegetation cover factors
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Table 4 TopS5 cities in change rate of vegetation cover in the Yangtze River Delta
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Table 5 Results of urban-rural NDVI slope and urbanization factor geographic detector from 2000 to 2020

S q

Factors ZIRIX Urban HIRIX Suburban AZBIX. Rural JMA Total
A X T AR/ 17 X AR Built-up area/urban area 0.20 0.31 0.22 0.29
A X AL Urban built-up area 0.35 0.16 0.15 0.20
A KHEAY BT Impermeable area/total area 042" 0.35" 0.28 0.38"
1 IX AL 7= B H Gross regional production 0.46 0.20 0.29 0.36"
i X AE 7= BB K 2 Growth rate of gross regional product 0.26 0.30 0.28 0.26
WA T HEFE Proportion of urban population 0.30 0.19 0.40 0.47"
A3 Population density 0.47 0.28 0.21 0.28
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Fig.8 Relationship between NDVI slope and urbanization factors in urban and rural areas from 2000 to 2020
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