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Abstract: This paper is the result of the environmental and ecological survey engineering.

[Objective] In the past 20 years, the land type distribution in coastal areas of the Yangtze River Delta has been significantly
transformed, highlighting conflicts between coastal zone development and protection.This study examines land use changes and
eco—environmental effects in coastal areas of the Yangtze River Delta and seeks to provide a scientific basis for the sustainable use
of land resources and environmental protection in the coastal areas.[Methods] Automatic supervised classification combined with
visual interpretation of remotely sensed images from the Landsat satellite series of the United States and the resource satellite series
of China was used to obtain land use classification data for the study area over five periods between 1995 and 2015. The data were
analysed to determine the characteristics and trends in land use changes and explore spatial and temporal changes in urban
development, reclamation, and eco—environmental effects in typical coastal areas of the Yangtze River Delta. [Results] From 1995
to 2015, the typical areas (Nantong, Shanghai, Jiaxing, Ningbo, and Zhoushan ) experienced significant changes in land use, with a
notable decrease in arable land from 68.8% in 1995 to 55.7% in 2015, whereas urban construction land expanded rapidly, with an
average annual increase of 192.8 km’. [Conclusions] With rapid urbanisation, the population and energy consumption per unit area
increased rapidly, environmental concerns became pronounced, a large area of arable land was converted to construction land, and
reclamation caused a rapid decline in coastal wetland areas, resulting in high CO, and a severe imbalance between the release and
absorption of pollutants. The marine environment has been significantly affected by the construction of watersheds and coastal
towns , and red tides have occurred frequently in the Yangtze River estuary and adjacent waters in the past 20 years, thereby

increasing pressure on the land and marine environment in the study area.

Key words: land use change; coastal zone; remote sensing technology; land used for building; reclamation; environmental effect;
geological survey engineering

Highlights: (1) This study examined typical coastal areas of the Yangtze River Delta and used remotely sensed image data of five
periods between 1995 and 2015 and performed spatial overlay analysis to identify spatial and temporal evolution characteristics of
construction land and reclamation areas. (2) With a focus on human activities, we used a combination of marine environmental
indicators to analyse the eco—environmental effects of construction land and reclamation in the course of rapid urbanisation.
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Table 3 The percentage of different land use types in the study area in each year (%)
TR 19954E/%  20004F/%  20054/%  20104F/%  20154F/%  1995—2015 4L HB/km’
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Fig.2 Land use classification results in the Yangtze River Delta from landsat imagery during 1995-2015
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F4 KII=AiNARK 1+t F] Ak (km’)

Table 4 Land use conversion matrix in the study area (km’)
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Fig.3 Spatio—temporal evolution of construction land in typical
coastal zone of Yangtze River Delta during 1995-2015

Hif L A TR EE [ AR AR 25 R R [T B BE ) R
LI, XA B IX R, 71X
FRASIFEE B b IR T BB A e ity R i J i
T JCIETRAMY S PR EERON (5K #R A ,2013) .
4223 R AT RGN A

AL = A NAL TR LIS Wit 0 30 I
MR R SR B IR (1B 7). AR B O
IR T S, RS L G e TR A, R =
6 U 1 A TR DR, 2 R e F 5 X A

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(4)



1122 H | Hh J5t 2022 4F
1.4 - — 1
12 ] = 1990—2000 | | ;Zzﬁ;ﬁx:;

=2000—2005 I 200520100655
1.5 =2005—2010 I 2010201500
08 | =2010-2015
0.6
0.4
0.2 1
0 4

[aptil ity HE P T FHili

P4 BF5E DOl T el e ™ e ik B2 18 K54
Fig.4 The intensity index of construction land expansion in
the study area

1995—2015 4F- 1 (] F& 11 [l 1 1622.7 km® (&1 8)
TR IR =SS N = B2 N = (T Ui =t N 1 K e R R £
TR i 5 7 22 [ 7 % ol DX T) 9 AN T R 4, 7
R 22 i o B 3l DX AR 3 L Tk T /K B e kT
Jir A T Y5 0 J5 A 360 (1) 45 P AN DRI 52 ok 3 7 e AR
Wil )l T 2 6 sh a5 AT REN P &
A, B SRR 2 8 — R YA FRBE (]
[i) s PR 1 S S 5000 i 22 1) P9 9 o DX [) 9 o5 D, 40
il T 4 oA ) Al Y B 48 (R AE o T I 1T R
ARBEER  EB RS R TR, TiRgiR 1L
4.2.3 3T R IRBIR DL R

] GV Jmy AT ) r [ IR B R L i

0 25 50 100 km
L e 1o v 4 |

5 VL= Ay el SR DX FRIEOAE A 4] (1995—2015
4F)
Fig.5 Trend chart of reclamation in typical coastal zone of
Yangtze River Delta during 1995—2015

A

<
NN
- -

\:| <1000

e

[ ] =000

[ -1000-0 19SE R (Tj0)
Net release of carbon(1995)

I o- 1000
B o

B o- 1000

0 375 75 150 km
ST T Y

Y, o

[ -1000-0 T%OOOE?—?%%E%% Jit)

et release of carbon(2000)

0 375 75

[ -1000-0 20074 B (T30
Net release of carbon(2007)

I o-1000
150 ki
m - ~1000 O 375 75 150 km

6 K= IR 1995.2000 F12007 AER5S S 434 B (H5#vT , 2012)
Fig.6 Carbon budget distribution maps of major cities in the Yangtze River Delta in 1995, 2000 and 2007 (after Sun Wei, 2012)

http://geochina.cgs.gov.cn FE ML, 2022, 49(4)



494 55 43 MR < 30T 20 AFAR YT = Ay YN AE IRy SLR) DX 3t ) AR A5 A A BRI 52 1123

A

| PN
Artificial wetland
N i
River wetland
AR
Swamp
| R
Hubo wetland
W
Intertidal wetland
| Ern

Shallow sea wetland|

P 7 AT = A YN ey R DX b A1 151 (2015 4F)
Fig.7 Distribution map of coastal wetland in the Yangtze
River Delta(2015)

(1997—2015) Y 7~ , K VT a5 e d Ry ™ o, £
it 25 S T (%) T e A M AR SR, T
MV SR K HE R BN (E9) . AR O
T Y R 4 T ORI 45 R A AR SR KT
TR TR & A T B A AR 4k, 20 42 80 4FAT:
PIRUUR W) 4 R A AR R (B R AR AR
2013), Z N ShEZm 21 Ay Lk KT
1 % AR V30 0 0 e 2 A R s 3 i LR 48 o
T3 — 7 I 52 B R T BRI 5Ee)  AFE AR B
B 175 G B HE 55— ZR A48 it 1) St , S0 71 T X s
IK TS BN T S Bt A RE T, BRI T 5 e
R PR AV 5 () 58RI 7 o P45 3 B 1) 45 At e
SRR, DAL ), mARR TPy 5k, A Tk
IKHE R IR e PR, AR SR A T 1 AR i
F5 R AT i 35 T ARG R AR 35 (161 10) o JT4Fk
FVT P T YooK S H FUOE A E R e, X 2L
1925 F B ZHG Y P HE G AR A 4

5 4% i

(1) 368 7 X6 T =y Y TR 2 i 8 X - s 7
PR 70 B T LU I T = AR N i X
MO A 7 S LABE L ARt BT 32 35 20 4F
B S N 6 7 3 e i e Ly DR G S o A
R BE WD, B R K, A 9.2% 4 &

——— 20004FfH#ER  ——— 20154FRLR

P 8 VT = Ay YA F LR X e e A Al e R 13 1 (2000—2015 4F)
a—TE NS b— YL s c—HiM
Fig.8 Coastline changes in typical coastal areas of the Yangtze River Delta(2000—2015)
a—Tongzhou Bay;b—Changjiang Estuary;c—Hangzhou Bay

http:/geochina.cgs.gov.cn H1[EHLJFT, 2022, 49(4)



1124 i 5] s Jit 2022 4F
400000 1 oAX WEE AL XFM xTH oSl
350000 - The study area  Nantong ~ Shanghai  Jiaxing Ningbo  Zhoushan
300000 -
R 250000 - A®
g A
200000 - A A
=
I 150000 - y=234.632x+ 131746
x R =0.7821
100000 -
50000 - .iK
0 1000 2000 3000 4000 5000 6000 7000
AV A km?
30000 -
o o4X mEgE AL XFX xTH oML
ME The study area Nantong ~ Shanghai Jiaxing ~ Ningbo  Zhoushan
| L
1§ 20000 -
pad)
E 15000 -
s
¥ 10000 as
5 A y=4.7316x-7264
H o 5000 A ik R*=0.9769
o oI~ : . : : : ;
0 1000 2000 3000 4000 5000 6000 7000
VR TR km?

PO JTT = A AR F 7 B /K R S HE S S BB A AR

Fig.9 Diagram of the correlation between wastewater and exhaust gas discharge and construction land growth in the coastal zone of

the Yangtze River Delta

90 8
°
80 75
A
70 7
= °

60 A ° 6.5
50 o 4 ° " 6 9
X A ° i}
= 40 ° 55 %
® ® #=
g 30 - o 5 =
H~ A4 P A
N g A )< 6 ° 45

10 ° A 4

A
0 L] 35
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
A

P 10 AR IR0 b A U e 38 T Tl R K HE TS e (2000—2015)
Fig.10 Occurrence of red tides in the East China Sea and discharge of industrial wastewater in Shanghai(2000—2015)

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(4)



H49E 4

ZEAEIRA: T 20 AP YT = A P iy ML DX b A AR f6 5 A A PR RN 5 1125

22.6%. WFFE A B TR AR 2635.3 km'® i
1 E 6491.3 km’, AP HEN 192.8 km?s GEit45 R
FW] I 20 4Pk, Bt 2 R P Y R BRI, 5 R
TR TR 92% o A1 Ay 15 FH Mt o5 ISP A7 14 4K
HFETT =, B AE KT = ML TG R

(2) BEAE Sl T B Y TG 5K, 5 35005 e R
SEBAFEREN ; 73— 5 1HI 32 [ G REBA M 5E 0, Bl 5
PN B 52 B RS A s FRUK, ST AU I
Hifi ARHBE M S0 T R, X5 e o
TR AR A W S, PR R T
£ 7 HIZRA S 20 20 122 80 4R 2 21 tH 22 W)
SR BRI AL I ARSI PR

T MR T R 5 B TR B 2 U PR
R JR R K ST 1 AN W 4t 3, PR 1 3080 JH b 45
N HR BRI SR B ™ 5 R+
b P P RE S R AN SR 1 e b DX 23 5 A B
iy, A A IR IR UM & R A s . IRRRTE A S
LA AEORAP b R R i JEU 3 5 B R, 7R AR
PO A TR, HES A FA R ) E L
i, A S ] PRV 0% 2y, foff 3 25 Y W HE T
AR AT RS R R TR

Bsh: Rt F R R A REREF RN E

b e
TR o

AN

References

Dai Jinfang. 2012. Dynamic analysis of land resources in Yangtze
River Delta by using remote sensing [J].Geo—Information Science ,
20(4):69—74(in Chinese with English abstract).

Foley Jonathan A, DeFries Ruth, Asner Gregory P, Barford Carol,
Bonan Gordon, Carpenter Stephen R., Chapin F. Stuart, Coe
Michael T, Daily Gretchen C, Gibbs Holly K, Helkowski Joseph H,
Holloway Tracey, Howard Erica A, Kucharik Christopher J,
Monfreda Chad, Patz Jonathan A., Prentice I. Colin, Ramankutty
Navin, Snyder Peter K. 2005. Global consequences of land use[J].
Science, 309 (5734): 570—574.

Hao Huimei, Ren Zhiyuan. 2009. Land use/land cover change (LUCC)
and eco— environment response to LUCC in farming— pastoral
zone, China[J].Journal of Integrative Agriculture, 8(1):91— 97(in
Chinese with English abstract).

Li Xia, Ye Jiaan. 1997. Application of remote sensing for monitoring
and analysis of urban expansion—A case study of Dongguan[J].
Geographical Reseach, 16(4):56— 62(in Chinese with English
abstract).

Li Xiaowen, Fang Jingyun, Pu Shilong. 2003. Lnaduse changes and its

implication to the ecological consequences in Lower Yangtze

Region[J]. Acta Geographica Sinica, 58(5):659— 667(in Chinese
with English abstract).

Li Zhen,Huang Haijun. 2010. Study on Land use/cover change in
coastal zone of Jiaozhou Bay [J]. Land and Resources Remote
Sensing, 22(4):71-76(in Chinese with English abstract).

Liu Min, Xu Shiyuan, Hou Lijun, Ou Dongni. 2010. Dynamic
variations and environmental effects of land use and land cover
change in the Yangtze Delta Region[J]. Resource Science, 32(8):
1533—-1537(in Chinese with English abstract).

Mi Beibei, Lan Xianhong, Zhang Zhixun.2013. Distribution of heavy
metals in surface sediments of Yangtze River Estuary and
envionmental quality assessment[J]. Marine Geology & Quaternary
Geology, (6):47—54(in Chinese with English abstract).

Peng Buzhuo, Gao Zhonggui. 2004. The studies on the changes of land
use and policy marking on the deltaic area of the Changjiang
River [J]. Quaterbary Scuences, 24(5): 506—511(in Chinese with
English abstract).

Sharareh Pourebrahim, Hadipour Mehrdad, Bin Mokhtar Mokhtar.
2015. Impact assessment of rapid development on land use changes
in coastal areas; case of Kuala Langat district, Malaysia[J].
Environment, Development and Sustainability, 17(5): 1003— 1016
(in Chinese with English abstract).

Shi Hongchao. 2012. A Review of Land Use and Land Cover
Change[J]. Journal of Anhui Agri. Sci., 40(26): 13107— 13110,
13125(in Chinese with English abstract).

Sun Wei, Wu Rihan. 2012. Study on the balance of carbon budget and
its spatial differentiation in Yangtze River Delta[J]. Geographical
Reseach, 12:2220—2228(in Chinese with English abstract).

Tao Yu, Wang Hongning , Ou Weixin , Guo Jie. 2018. A land—cover—
based approach to assessing ecosystem services supply and demand
dynamics in the rapidly urbanizing Yangtze River Delta region[J].
Land Use Policy, 72:250—258(in Chinese with English abstract).

Tu Xuejiao, Chen Duochang. 2008.

industrialization, urbanization and sustainable land— use

Relationship  between

Taking Changjiang River Delta as an empirical study example [J].
Resource Development & Market, 24(12):1109— 1113(in Chinese
with English abstract).

Vitousek Peter M. 1994. Beyond global warming: Ecology and global
change[J]. Ecology, 75(7):1861—1876.

Xu Xuegong, Chen Ziaoling, Guo Honghai. 2001. A study on land use
and land cover qulity change: Taking Yellow River Delta as a
case[J]. Acta Geographica Sinica, 56(6): 640—648(in Chinese with
English abstract).

Yin Ping, Duan Xiaoyong, Gao Fei, Li Meina, Lii Shenghua, Qiu
Jiandong, Zhou Liangyong. 2018. Coastal erosion in Shandong of
China: Status and protection challenges[J]. China Geology, 1(4):
512-521.

Yin Ping, Lin Liangjun, Xiao Guogiang, Cao Ke, Yang Jilong, Li
Meina. 2017. Coastal zone geo—resources and geo—environment in
China [J]. Geology in China, 44(5): 842— 856(in Chinese with
English abstract).

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(4)



1126 i [

b J 2022 4

Yu Xue, Pu Lijie, Xu Yan. 2016. Analysis of Land use changes in
relation to rnviromental variables in coastal city in Jiansu Procince
from 1980 to 2010: A Case Study in Donggatai City [J]. Resources
and Environment in the Yangtze Basin, 25(4):537—543(in Chinese
with English abstract).

Zha Shuping, Ding Yuguo, Yu Hongbo. 2003. Land— use dynamic
change in the Yangtze Delta based on RS and GIS technology[J].
Journal of Nanjing Institute of Meteorology, 26(6): 815— 820(in
Chinese with English abstract).

Zhang Jian, Pu Lijie, Shan Yongjie. 2012. Progress of The resevse and
eco— envionemental effects of coastal zone [J]. Resources and
Envionment in the Yangtze Basin, 21(1): 36(in Chinese with
English abstract).

Zhang Mingshu. 1998. A brief talk on the basic characteristics of
coastal zone in China[J]. Geology in China, 251 (4): 42— 46(in
Chinese with English abstract).

Zhang Rongtian, Jiao Huafu. 2015. Urban land use efficiency pattern
evolution and driving mechanism in the Yangtze Rive economic
belt [J]. Resources and Environment in the Yangtze Basin, 24(3):
387-394.

Zhang Runlin, Pu Lijie, Liu Zhen. 2013. Advances in research on
atmospheric environment effects of land use and land cover
change [J]. Areal Resarch and Decellopment, (4):123— 128(in
Chinese with English abstract).

Zhao Guangming, Ye Siyuan, Yuan Hongming, Yang Shixiong, He Lei,
Edward A. Laws. 2018. A new— type sampler using to collect
undisturbed samples of shallow drilling sediment core in the coastal
wetland geological surveys[J]. China Geology, 2(3): 398—399.

Zhao Yali, Liu Youzhao, Long Kaisheng. 2014. Eco— environmental
effects of urban land development intensity change across capital
cities in China[J]. China Population, Resouces and Enviroment., 24
(7):23—29(in Chinese with English abstract).

Zhao Zimiao. 2010. Inheritance and innovation of traditional ethical
culture in architectural space[J]. Journal of Zhejiang Wanli
University, 23(2):53—60(in Chinese with English abstract).

Zhou Xia. 2006. Land Use/Cover Change and its Driving Forces in
Coastal Zone of Tianjin Binhai New Area [D]. China University of
Geosciences (Beijing) (in Chinese with English abstract).

Zhu Huiyi,He Shujin,Zhang Ming. 2001. Driving forces analysis of
land use change in Bohai Rim [J]. Geographical Reseach, 20(6):
669—678(in Chinese with English abstract).

Zong Wei. 2012. Study on Land Use/Cover Patterns Change and
Driving Mechanism in Shanghai Coastal Zone[D]. East China
Normal University(in Chinese with English abstract).

Bt e 32 25 STk

éﬂfﬂ}% THE, TLLI. 2003, 32 T RS 5 GIS BYKIT.= £ ¥ - Hi
AAEAHIT]. AR E2:4R, 26(6):815-820.
i&z'ﬁ%ﬁ 2012, K VT = F Y - b B Wi R sh 25 43 BT[], shBkAz SR}

http://geochina.cgs.gov.cn H[E i

¥, 20(4):69—74.

BLEL, 552 1997, ) FH 3 I A0 B BV = AN B3R T A
FE——LIARZERT g l[)]. sBRRTSE, 16(4):56—62.

2R, JRE s, AMIEIE . 2003, 1T 10 4546 KT Ui - A AR 1k %
HE SISOV [T]. HhIER, 58(5):659—667.

IR, BOIFAL . 2010, JBEMIVEEE A L b A T A R AR 0],
PHEIRIK, 22(4):71-76.

XU, Ve, B ZE, BRACHE . 2010, KT = A0 1 b F) T/ 4 b BT
W Ak B IR BE RN [7). WEIERLE, 32(8):1533—1537.

SRR, WEAE, sk AR I 2013, KT 1 ANE SR TR 42 8 4 A R
HE MRS R T (0], VTR R S5 55 DU 22 MU, (6):47—54.

2 AN, RS 2004 K VT AU X - ) A AR Ak Bk S
FE[I]. SEULLHTT, 24(5):506-511.

bR 2012, HUR] /8 678 AL (LUCC) W 9T i e 23234
VB2, 40(26):13107-13110.

IME, 5 HIF. 2012, K =A% O DX S H 28 8] 43 52 (7). Hh
HIWFST, 12:2220-2228.

B, Brzt . 2008. Tl Ak ki fh 55 -+ i 95 s ol RS2 FH 22 (]
1) 6 R ——— DA VT = A U b DX R 31 1 ST 52 0], BT 2
A4, 24(12):1109-1113.

At I, PRIGERS, ZRUEEE . 2001, EEIA] = AU 1Mo R] 5 - b g w1

HAMB[T]. HhIEHR, 56(6):640—648.

Eﬂﬁa, Mi RAR, Bk, H R, 0, b3 Je, 2205, 2014, [ 5
%iﬂ)ﬁ%%%%iﬁi%rﬁjﬁn T EIHLT, 44(5): 842-856.

TH, WA, VL. 2016, 1980—2010 4E T 55 I 16 0 17 -+ b ] T 28
ﬂc&E ST RN ——LUR A TR BT K IR
PR EBE, 25(4):537-543.

FRAE, RIS, B . 2012, 38 j7 417 -+ M & R FH B A S A B 800
WFFERAARLI]. KV TE IR 53155, 21(1):36.

SR 1998, MR R TR [ 52T 9 FEARRAE (7], v [ b
42-46.

SRR AR, BN, XUHR . 2013, - 3t ] FH/ 7 B A8 Ak A KA ER B 280
FUHEIR[T]. T 5 &, (4):123-128.

FRIRK, FEAEE . 2015, KT UM T L H R 0% Jay i 78 K
URSNHLTIEE[J]. RVLIRBSE R 5 5, 24(3):387-394.

AT, XA, JETFE . 2014 3% T 4= Hb ¥ 2% 5 AR A0 1) A A8 A 8%
BRI TR LN IR S ERBE, 24(7):23-29.

AT . 2010, B[ 1V T Ry X3 28T K 356 Bl ) SR BS80S PP [T]
LT B2 e 4T, 23(2):53-60.

Ao XA AR 4, SKRIT. 2001, R E D X 4 b R HIAZ Ak R 8K 5l ) 53
B[], HIBEFSE, 20(6):669—678.

SEHE. 20120 1 Y A b R R S R DR AR Ak B SR Sl AL i F
FE[D]. HAR IR

ARES . 2006. KT HT DX A - M) 2 2 1k S LB 30 F1 40F
5¥[D]. H K2 (L ).

47 . 2003, 3T PONE IR B R G T S L [D]. ILARFHE 2.

HHFY . 2012, 3L T RS 1 GIS By - b FI FHIF 7T S AR ZSIRES PPN [D]. 7
TRHE R

I BBk

, 251(4):

i, 2022, 49(4)



