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Tab.3 Formulas and ecological meanings of landscape metrics

SRR Fika BoA R HEBEX
i RPEPEIY . m Ry S TR B R
& S 121n(0.25C;)  a; BSECE ; j B E s b Bk | < AWMFD <2, AWMFD #
AWMID AWMED = 3 3 [‘maf SO b ERRE € BRI A A
' ay JIBEHRAYERL; O g 5L S A
. ED=0, [ B T 1 AL AR BE
e, [ 48 e 2 ) 0 T S R
kD ED = =1 1(10 000) oy HHRIA AT ED K, 15 5% 00 B A
0 -
JUH
Al Al = [ gii ](100) g MPEPERL i (R R Z AL 0<AI<100, A1 K, A — 2%
max — g; H5 max — g FPERARUAR 4L IR IR
2.4 EMESEHY KEXES o VEPEIR MR i F LM 2 —  BEE TH

Pearson #15¢ R BT LIl 6 br g i R R E R Z
] AH OGN , 3T SPSS i, F| ] Pearson REGHHH
P SOOI T T 5K T s A TR AR AR BE SRS
B03 D7 AR SN, TR 5 4B a0 Tk 4t A2 A STl
IS IL D) ITAS

3 HRGHH

3.1 R ESEHH KAMRERINZEES TN

2001—2020 4F A A [m] B 1 4 3721 117 5% WA T AR 4
4 Jfi7R . 7E 20 a [A], ¥ kb ST AR 2 SRR S 0 1)
a3 i 2001 4F 19 631. 59 km® i 20 Sk 2020 4 1
425.04 km® . K FRITABEVE A iy T 0 50 Hb S SR
THIFLZE 2001—2020 48 [i] H 488 /0, 2015—2020 4F[f]
TREHERERA, K TE 20 a IR/ T 127.67 ki,
2020 4 [ 7K HI T BUL A 2001 4R 49. 68% . 1 %
T AU 2020 AF ALK 211,24 km®, 29 1/3 (787
o WA RN SR E i AR b T 0 T AR A
2011 AERTZEHEA, B 26. 85 km’ 3 f1E] 47. 41 km®,
2011 2 5 Ak 8, TR K ARk . SR T R A
/IN,2020 AETRTFRAY K 3.98 km®  (HAET 2 20 a Py
T AREG IR T 200% o iR et 2 20 a N JCH] A%

b TR P R LR Y E kR R I R
Y Z RSB TIRE R S TR, R R
BR b S5 Ik T 5K T AR AE 2001—2020 4F PN §F
SEH N, ALBE N2 200 km? o 5 A b AU i o
% ,20 a AL I T 156. 86 km® , B Hb YK 22, 38
T 45.82 km®, HE% FH M FIEE L ZE 2015—2020 4F
WY KRR, AT RE S B T 2015 4E 2 )5 [E X 4230
M AFFO AR, T AR AR P, e A R B2
BRI 5K

=20014F =20054E =20114F =20154 = 20204

200
150
100 ‘
5
i wlil II il

LW VR JRETH K STt AR AR
ST
El4 gHhmEM2001—2020 £EARETH
Fig.4 Area change of landscape in the
Phnom Penh from 2001 to 2020

TR B A R0 e S Bk A
5 RIS SO RIAE 20 a BT A bR rh A )4y

[ /km?

(=

(=




3

T OW, A TR SR 2 B R S UL T A R s g <177 -

A AARIRIZ . B SR A T B =T 5 P AT Y
SELAL AL F ORI o . dr 18 S (a) WT I,
2001 AR mIAREL ]S, 70 A T S AR LA DS
(P Bty o B AN 1] SR LT 5K, I SN B
AR A . 2005—2011 4 i) S 113 9 5K LA v
FIJ7 1] AL e die o W (8 5 (b) —(e) ) , 2011
AR 2 e BT O DLBDE 7 X 4% 5 9k, 2=
2020 AEE N G T B ORI AL AL, BE A Sk
FHHLA™ 5K , 150 1032 B AL B 3k T Zx sty . 2001
AR 7K B FIYAPE 3 3 A S DX AL EAPE RTLLZR A A 3

(d) 2015 4

SULCIELS (a)) , I 72 W 45 R 50 P M F R 3t 4% ol
2020 AEAXAT B SR T i 2k M ) K T AR P, Ho A
(K Fr 7K BRI 33 B A W U0 %1, 0 T i (AT S
(e)) o il vhCo A IATA B S, e 2 D et 1 3t
s R . BFSE XL BB A AT T TS 504G AR B
HY KM BEoh, A AR N T8 A RIE B /Y
WRAE RO AT TOEIE XN . FRIEMAE 2011 4F 2 R
O AR T RBLIIA B AR 7 18], 2 HT 5Kk, 2011 4R
Z e IR Ik AT R o R A B A AR AL s
T, HR WA 5K

(¢) 2011 4

| R

[ |zmuw
B oo
R

[ T
Ok
- KH
B

(e) 2020 4

BE5 2001—2020 F£EWNKE S
Fig.5 Spatial distributions of landscapes in Phnom Penh from 2001 to 2020

2001—2020 4F 4 3 T 45 5 WL T 22 [ 9 % 4
TR TT 803 4 PR 3R 4 Fra] i, S e
VA 2, L R b 2 7 ) S s 7 i Pt
o TR ) T 9K A e fg v B R, S A
121.213 2 k', Frf [ 12 S P 4 Ay 98.894 1k,

R 1 22,319 1 km® o 7K H I3l T4 K FiT b
AR AR RS , JLd 88. 011 1k, v 2
VLI 63.586 8 km”, il b4 24. 424 3 k',
TE 3T ™ 3k PR 5. 966 1 km” , F7 A8 T 1] 3k
3Kk B4 0. 658 8 km’ . AS[RI IR M 26 Y 2 ]

£4  £ihTH 2001—2020 £ 2 W KA T IERE

Tab.4 Transfer matrix between the different landscape types in Phnom Penh from 2001 to 2020 (km?)
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Fig.8 Changes in class —level metrics of landscape types in the Phnom Penh from 2000 to 2020
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Spatiotemporal response of wetland landscape to urban expansion in Phnom
Penh, Cambodia determined based on remote sensing

DONG Li"*, AN Na’, SUN Genyun'”, ZHANG Aizhu'*, JIAO Zhijun'*, DING Sunjinyan'*, GE Jie*
(1. College of Oceanography and Space Informatics, China University of Petroleum ( East China) , Qingdao 266580, China;
2. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology,
Qingdao 266237, China; 3. China Aero Geophysical Survey and Remote Sensing Center for Natural
Resources, Bejing 100083, China; 4. Sichuan Institute of Land Science and Technology,

Sichuan Center of Satellite Application Technology, Chengdu 610045, China)

Abstract: Phnom Penh is a typical city in the Lancang — Mekong River basin. It has rapidly developed and
expanded under the Belt and Road Initiative and has continuously invaded its surrounding wetlands. To fully
understand the response of the wetland landscape to the urban expansion in Phnom Penh, this study extracted the
2000—2020 land use data of this city from five phases of Landsat images, then analyzed the spatiotemporal
characteristics of the changes in wetland landscapes and the land use for urban expansion from the aspects of area
change, spatial distribution, change intensity, and landscape pattern, and finally established the quantitative
relationships between the wetland landscape and the land use for urban expansion using the correlation coefficient.
The results are as follows. The construction land and bare land in Phnom Penh had expanded outwards from the
center, and their sizes had constantly increased during 2000—2020, especially during 2001—2005. Their spatial
structures were increasingly concentrated, and the shapes were more complex. The wetland area continuously
decreased, and the swamps and paddy fields were converted to construction land and bare land intensively. In
particular, swamps with an area of 124.06 km” were converted to construction land and bare land. In other words,
about one — third of the swamps disappeared. The wetland landscape tended to be distributed in a fragmented and
regularized manner. Its connectivity degree decreased and its ecological functions such as lowering the temperature ,
increasing the humidity, and regulating and storing floodwater were weakened. These changes in the wetland in
Phnom Penh are significantly related to urban expansion, with a correlation coefficient in terms of area greater than
0.97 (p < 0.01). There is also a strong correlation between the intensity of the urban expansion and the wetland
landscape pattern. To maintain the sustainable development of the city, it is necessary to reasonably plan the spatial
layout in the process of urban expansion. The urban expansion should be conducted mainly through intensive
development, paddy fields should be utilized first if necessary, and the occupation and destruction of swamps and
wetlands should be avoided as much as possible.

Keywords: wetland; urban expansion; landscape pattern; Phnom Penh, Cambodia
(RERE: B 2)



