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Abstract: Urban expansion is fragmenting the forest landscape, with the consequence of biodiversity loss and ecosystem
degradation. Characterizing the forest loss and fragmentation over time and examining its relationship with the urban
expansion is crucial for regional ecological restoration. Previously, several studies have focused on how the urban expansion
impacts the forest loss and fragmentation by land cover change and landscape dynamics along the urban-rural gradient or in
the entire study area over time in an individual city or a region. Results from these studies usually neglected the spatial
pattern relationships between forest fragmentation and urban expansion. Since the urban megaregion has become the major
form of urbanization in China, the conclusions from a single scale analysis, such as city or regional level, concealed the
spatial differences of forest fragmentation change in the regional processes. Here, Guangdong-Hong Kong-Macao Great Bay

Area, a rapidly urbanized region in southern China, was selected as a study area and the relationships between forest
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fragmentation and urban expansion at multiple scales were explored. Firstly, the spatio-temporal dynamics of forest loss and
fragmentation were characterized at the region- and city-level by the landscape metrics based on the land cover and land use
maps derived from the remotely sensed imagery in 1980, 1990, 2000, 2010, and 2018. The relationships between the forest
fragmentation and the urban expansion at the county-level were then quantified by Pearson correlation analysis. Results
showed that 1) The forest area decreased from 33,304 km” in 1980 to 32,030 km” in 2018, with a decrease of 1,274 km’
in the past four decades. The percentage of forest being converted to developed land increased from 11% in 1980—1990 to
42% in 2010—2018, suggesting the urban expansion has become the major factor of the forest loss. 2) Forest landscape
became fragmented shown by the increment of the patch density and decrement of the mean patch size at the regional level.
The landscape metrics change at the city level revealed the type and degree of forest fragmentation varied from different
regions. 3) Both the cover percentage of developed land and its spatial pattern, including patch density and mean patch
size, had significant impacts on the forest fragmentation. But compared to the spatial pattern, the area increment of the
developed land was the major factor. The results from this study suggest that the measures, including delimiting urban
growth boundary and constructing ecological network via patch-corridor-matrix paradigm, will help connect the fragmented

habitat and restore the ecosystem function.

Key Words: urban megaregion; landscape pattern; forest fragmentation; forest loss; multi—scale analysis; patch density
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Table 1 Landscape metrics and description
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Landscape metrics Equation Description
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Fig.2 Spatial pattern of land cover and land use in 1980 to 2018

SOWAS R BT 45 AL 7R 1980—2018 4, 4 X AR BEHRL 25 B2 A 0.25 4~/km* 35 2 0.53 4>/km?, I EESR
/NN 2.37km® & ZE 1.09km” , B KIS X FRAR S UL MRk A, LB IX 3 PN 453k Tl , BRI 28 5 45 37 34 B
BR/IVIEA 22 A 5, kT PR SR A AR SE SR, B B R KA i A3 IR T 0.92 4/km® AT 0.79
A/km? T8 5 F A X ARGAE, BP 0.28 4~/km®, SPRIEESIC/ NI ZR I H B 55 47 8014 4R o5, T T ST 34 5 e e ARGy
I 1980 4E (1) 2.21km* 1 2.56km” F [ % 2018 4EAY 0.26km> Fl 0.45km? 11 26 DC RN LN P | AR b 3t e 235 5
HOR AR AR T 42 XK B HAP BRSO NI o W T BB T AR 3 DA 1980 4E 1Y 5.72km* Fl
2.96km” F &% 2018 4E 1 3.65km> Fl 1.57km? , TR 45 ol 34 55 18 X AR P (% 2)

3.2 Bl SRR A AR Y S

X EUE |, Pearson AHSCHMIT s MR BER 25 B2 15 # 5 FH b LU ) 4 38 TE AR OG bR - X B e oK /N 5
AR L 9] S 35 R ARL G A% Ry O T, Rt X Bk 5 5 A 5 P b BRE R % B2 (B 2018 4R A1) | i i P 24 B B
K/IN(BR 2000 4EF1 2010 4F) 52 EAHDCOC R o ARHB-T-S4IBEE /N 5 5 P b B Ee 28 | i3 P b - 240 5

http ; //www.ecologica.cn



8478 JAE = 40 4

HeA/IN(AX 1990 4EF 2018 4F) W ARG (3 3) .

Pearson HIX AT if 58 7% , KT B ) 5 3L BB ok o
W PRBESA ML AE B RO, PR e, A 2000

AR AR S BT T7 3k, 5 ) e 50T Ml LE 3, 38— 25 93
MR R 5 B ER B A C 2R . 4R R Ak
M B P S U M SRR T 2 R AR O ARt 2
PEBRA /N5 R P R 3 P G G (E P R O R AR
BF,

—
wn
(=3
S

500

AT
Converted area/km?
=
(=]

3

4 Tig

(=)
1980—1990 ]:[II

1990—2000
2000—2010 | |

2010—2018

4.1 MRHLEEES R S A

T 40 AFR B RS DM T B SR TR R, AR
[T | bk 5 7 g 42K - i 5 36 /1) FH 0 1 R o5 b B3 1980—2018 Fikithihifh Hih T B/ AL R ER
i‘@/}’ﬂ@%ﬁ*ﬂ Hﬁ{ﬁuiﬂ_’&@%Ti}ﬁﬁiy‘g{ﬁzﬁﬁﬁiﬁﬂﬁm Fig.3 The loss of forest to each land cover/use type in 1980

I [A] B Periods of time

to 2018
TR B U AR VEAEERVT = AN L AR O3k
O M-Ehl ) e e B L R, FET R AN % E,
N b
A o
'C'V‘
*"a
W O Wl 54 XA
3y : B 2010—20184F
Pt d [ 2000—20104f
' LN e = 1990—20004¢
0 100 km | o g 7 1980— 19904

- &%.

B4 1980—2018 KM= HE 57
Fig.4 Spatial pattern of the forest loss in 1980—2018

Sl 5K R A R B (1] 2) o 1990—2018 4F, A2 i 55 A 7= 28 [l 5 SR A9 H i 48 1 A3l ik — 25 1) Sh i
Gk A S AR MR Bkl (P 2) o JCHOURAE Mo B2 55 LU s, ST 4 s DR Ay DI, AR DA AR 5
RISy 1 B R bk 38 2 14 DR B Oy d 3

MRHAR Jra S BT 28 2R s, R XRS5 U T A%, A At il PR AR A M X 22 5 B ko ] 4 g 2
JIs T M o5 Lo B3, 4 AR SERITRIIN , ARbK S5t A A e A 2 232 RO T 47 sk g 52y, Jx
DX I P bt X ER B) CWR A2 7, A A /N TR R 8 AP b BRE R A 7 R ] 0 DX, b e o L v Py 3T
UNEEDE RN AL =7 AR IR B 2 72 A A Sl B (LS 49 e v AR S 25 A Dol 3k 2 DIl vl 7 ke A
ZIN AELDRL A TR R 5 V8 DX A B A DX, 0 43, NS TR S e s g A LR
AR AR SR B B 1 2 /N T ™ 5K A 452 o5 b, 1 52 20 H i o e s 0 D08, 8 T Bl L 79 B P ) 0
B, SRR, 2 KB A Aty st 220 1m0 1 375 DX PN bRl e AR A R 2 TR | e e 17 AN (] 5t JBE A 2 B X 2R bk
LB R AR

http ; //www.ecologica.cn



23 1 BESCHR A DRI T T SR L A A 1 52 e DL SRRV XAy 451 8479
Fz2 1980—2018 FEBEEKNER R &ith T 555 X iRt BEHR B A F I BEER K )
Table 2 Patch density and mean patch size of forest land at regional and city level in 1980—2018
B Avea BEB E Patch density/ (/km?) SEHIBEHL R /N Mean patch size/ (km?)
1980 1990 2000 2010 2018 1980 1990 2000 2010 2018
KB IX 0.25 0.29 0.37 0.51 0.53 2.37 2.07 1.63 1.16 1.09
il 0.15 0.15 0.31 0.57 0.67 3.29 3.24 1.66 0.87 0.71
R5E 0.14 0.16 0.21 1.04 1.06 2.21 2.02 1.58 0.29 0.26
wHI 0.24 0.35 0.41 0.85 1.03 2.56 1.62 1.27 0.58 0.45
il 0.32 0.42 0.74 0.84 0.81 0.66 0.52 0.33 0.29 0.28
il 0.26 0.29 0.65 0.78 0.76 0.84 0.74 0.35 0.29 0.29
BRiff 0.45 0.48 0.61 0.54 0.56 0.82 0.77 0.58 0.61 0.59
HEIR 0.14 0.14 0.15 0.19 0.21 5.72 5.50 5.16 4.16 3.65
700 0.51 0.54 0.61 0.62 0.64 1.11 1.08 0.95 0.93 0.88
BN 0.25 0.31 0.34 0.45 0.44 2.96 2.26 2.11 1.58 1.57
il 0.23 0.26 0.31 0.35 0.58 3.45 2.94 2.42 2.14 1.27
W] 0.71 0.83 1.03 0.51 0.59 0.39 0.30 0.26 0.41 0.36
3 1980—2018 F ki fH 5 1% Aith& F K Pearson 163X R#]
Table 3 Pearson correlation coefficients between forest pattern and developed land pattern in 1980—2018
. T L R b I
Wi e ] Eif’jfiﬁm BEM R TR
KT Area Forest PLAND Forest PD Forest MPS land PLAND Developed Developed
X1 X2 X3 X4 land PD land MPS
X5 X6
1980 X1 1 -0.32%* 0.46** -0.41*" -0.21 -0.29"
X2 1 -0.40** 0.64** 0.49 ** 0.49 **
X3 1 -0.23 -0.25" -0.17
X4 1 0.54" 0.77*"
X5 1 0.11
X6 1
1990 X1 1 -0.35** 0.69*" -0.48** -0.19 -0.30"
X2 -0.65** 0.59** 0.44 " 0.39*"
X3 1 -0.43*" -0.39** -0.28"
X4 1 0.35%" 0.75**
X5 1 -0.10
X6 1
2000 X1 1 -0.64** 0.68** -0.61** -0.17 -0.41"
X2 1 -0.77** 0.50*" 0.48** 0.12
X3 1 -0.45*" -0.42%* -0.18
X4 1 0.22 0.72**
X5 1 -0.31"
X6 1
2010 X1 1 -0.59 " 0.68*" -0.74** -0.24 -0.31"
X2 1 -0.70** 0.60** 0.26" 0.19
X3 1 -0.53*" -0.48 ** -0.07
X4 1 0.14 0.59**
X5 1 -0.41**
X6 1
2018 X1 1 -0.43** 0.70** -0.78 ** -0.14 -0.43"
X2 1 -0.56** 0.57*" -0.01 0.40*"
X3 1 -0.61"" -0.28" -0.35**
X4 1 0.04 0.69 **
X5 1 -0.46**
X6 1

#* /R P < 0.05; " F/RP <001
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Table 4 Partial correlations between forest pattern and patch density of developed land after controlling the developed land percentage

bkt R R B ARHF- S BERR T/ AR RER 5 B AR BER T
Area Forest PD Forest MPS Forest PD Forest MPS
1980 0.23 -0.15 2010 0.22 -0.49

1990 0.30 -0.28 2018 -0.04 -0.32

2000 0.44 -0.36

* 7R P < 0.05; %% RN P < 0.01

4.2 FRAREULAS A AE HLS R IE A

ARHILAR Jrg 5 TSP TR AR 25 I B VP A S35 O A% RIVARCRE B 32 15 8 T M T R 25 I AR DG AR - 4
PP/ NS P ot R  SAR S, SR WIS T T AR A3 R T AR UL R AL . AR BB R i ]
HBBEBR AL PRI RER /N S 3 IEAR SO AR /R 1 T 4™ 5K 19 25 ) TS 285t X R b S5 L P B e A 7 A 20
(R AR S AT SR, P SO e AR LU AR RS S5 5 i SO MRS R B SC RN 3% SR Tt B s
IS, T R R b S5 WL A ) S B DAy T 22

T T AR IR 14 b e/ ) P e AT SR, R DMK i B i EE 9] g, SRR 5 R i TR B T ARt Ay
SLJE, K A A TR AR SR o ASBIETE N7 | RIS DX DAY P 2R AR5 LB e 6 20 5 7 B8 77 1 U] i Sl R A
TR WA AR, 22 AR RORS Rt 5 R R 6] i 2R 258800, T BE 3T e T R A S B 5B E 1 . X
HLR A R e R ST T S A R T R DA 3 S 5) — O T R T R X R S
S DIRESR TN, 75 255 75 A [R] L s AY S5 LR AR, bRt 5 2 350 P M e 225 18] b B8 45 4 5 T P R 45 9 R
TE IR R HE A DX, 255 A= Wi Sl L, A S R R 3, 26 30 R T ARAR b BB, A7 Bl T $2 T A ) 2 M1k
TRAPIIRE . 7 i BE Il T A DX, PR O B SRR 5 R, A A 25 T 238 AT IO 0k 5 A 5 0 S e e e, DR e 2 25
RGN REMIFFEE R

5 #ig

A SCLA 1980—2018 AR 11 + BT ./ ) 4 RIUERHE Ay BE il , R SSo0UA% Sy 43 T R 1430, DA IXC S8 3k Tl
DX AN RO o 20 1 R TS DX AR AR S WL T A 1) o 2 SRR AE B L S i ™ sk SR [ 9 G R, R4
W,

(1)1980—2018 4F , ¥ DX AR o 11 ARG 8, 3Tt 47 5K 22 2 o Akt st 2 Y 25 PRI 3R

(2) PR RBE R AC R BE ], {E B e 2 70 e A P LA b bl 2 5

(3) T 5K Wed 35 5 22 1D RS S X0 25 50 Wi b e A e A, FG v, St 4™ s 52 0 A e g o 1 1) 52 Wi B g
G-

52 3L HK ( References)

[ 1] Gamfeldt L, Snill T, Bagchi R, Jonsson M, Gustafsson L, Kjellander P, Ruiz-Jaen M, Froberg M, Stendahl J, Philipson C D, Mikusifski G,
Andersson E, Westerlund B, Andrén B, Moberg F, Moen J, Bengtsson J. Higher levels of multiple ecosystem services are found in forests with
more tree species. Nature Communications, 2013, 4. 1340.

[ 2] Fernandez-Martinez M, Vicca S, Janssens [ A, Sardans J, Luyssaert S, Campioli M, Chapin IIl F S, Ciais P, Malhi Y, Obersteiner M, Papale
D, Piao S L, Reichstein M, Roda F, Pefiuelas J. Nutrient availability as the key regulator of global forest carbon balance. Nature Climate Change,
2014, 4(6) . 471-476.

(3] 2%, HAl], 2250, &, W6, Zouh, HaH, B P EZMWBELZ RIZIT. Y ZFEE, 2017, 25(4) « 372-381.

[4] LiulJJ, Coomes D A, Gibson L, Hu G, Liu J L, Luo Y Q, Wu C P, Yu M J. Forest fragmentation in China and its effect on biodiversity.
Biological Reviews, 2019, 94(5) : 1636-1657.

[5] MalL, Shen C Y, Luo D, Fu S L, Guan D S. Ecosystem carbon storage in forest fragments of differing patch size. Scientific Reports, 2017,
7. 13173.

http ; //www.ecologica.cn



23 4 BESCHE A5« XIS T4 5K R S5 UL e A 4 522 i)

JRERE b A R L 8481

[6]
[7]

[10]

[11]

[12]
[13]

[14]
[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]
[31]
(32
[33
[34

[T

Riitters K H, Wickham J, O'neill R V, Jones B, Smith E. Global-scale patterns of forest fragmentation. Conservation Ecology, 2000, 4(2): 3.
Li M S, Mao L J, Zhou C G, Vogelmann J E, Zhu Z L. Comparing forest fragmentation and its drivers in China and the USA with Globcover v2.2.
Journal of Environmental Management, 2010, 91(12) . 2572-2580.

RSCHR, g, IR o E =R & TR AL S AT, R athkl KB A3 HARRLAAR, 2013, 37(4) : 75-79.

Ren X Y, Lv Y Y, Li M S. Evaluating differences in forest fragmentation and restoration between western natural forests and southeastern plantation
forests in the United States. Journal of Environmental Management, 2017, 188 268-277.

Qian Y G, Zhou W Q, Li W F, Han L J. Understanding the dynamic of greenspace in the urbanized area of Beijing based on high resolution
satellite images. Urban Forestry & Urban Greening, 2015, 14(1) : 39-47.

A, e, THE, TR, EER, BREE. ST ZBRERME B M E 40 4F )75 AR T 2% 9 DXRRMR AR 2k 45 5 LR R AL
5. TRXHRSHEE. 2018, 32(2) : 128-135.

ESCH, e, R, BIHE S, BB X AE S RS R/ B SR A25244), 2020, 40(10) ; 3364-3374.

Zhang Y L, Shen W J, Li M'S, Lv Y Y. Assessing spatio-temporal changes in forest cover and fragmentation under urban expansion in Nanjing,
eastern China, from long-term Landsat observations (1987-2017). Applied Geography, 2020, 117 102190.

Bbtak, BEAA, sk, TRIEZR. PRIl it DIl T ZRbh St WU e A i Sh S8 40 BT, AR AL A58, 2016, 37(4) : 97-104.
FESCAS, SRAEEJH, WA, BATREAS. BRIT = A bR A LIRS AR AE. A5, 2019, 38(2) ¢ 67-76.

Zhou W Q, Huang G L, Pickett ST A, Cadenasso M L. 90 years of forest cover change in an urbanizing watershed ; spatial and temporal dynamics.
Landscape Ecology, 2011, 26(5) . 645.

Gong C F, Yu S X, Joesting H, Chen J Q. Determining socioeconomic drivers of urban forest fragmentation with historical remote sensing images.
Landscape and Urban Planning, 2013, 117, 57-65.

ZEWIRE, XIS, W7 AR AL S 2 TR 3l ) 43 BT —— LA 56 BB hr ( ZhJH S ). ZRAE MRl 242441, 2010, 38(6) @ 57-59.
Radeloff V C, Hammer R B, Stewart S I. Rural and suburban sprawl in the U.S. Midwest from 1940 to 2000 and its relation to forest fragmentation.
Conservation Biology, 2005, 19(3) : 793-805.

Zhou W Q, Zhang S, Yu W J, Wang J, Wang W M. Effects of urban expansion on forest loss and fragmentation in six megaregions, China. Remote
Sensing, 2017, 9(10) : 991.

Haas J, Ban Y F. Urban growth and environmental impacts in Jing-Jin-Ji, the Yangtze, River Delta and the Pearl River Delta. International Journal
of Applied Earth Observation and Geoinformation, 2014, 30 42-55.

Fang C L. Important progress and future direction of studies on China’s urban agglomerations. Journal of Geographical Sciences, 2015, 25(8) .
1003-1024.

JRBYGHR, BRGIR)T R R, 2019 T RGHHEE. dbat. hESH R, 2019.

FREERAPTR, T ERERE. 2 FE S AEX R (B4 M) . 2015. http://www.mee.gov.cn/ gkml/hbb/bgg/201511/120151126_317777.htm.
kTR, BT, VEIRAL, K, RATT AR, Bk =R A SRR X AR AR A S R GRS S RE M A S —— LA S o B PR E - B
S5¥EE, 2014, 24(S2) : 430-434.

VUM R HEBCER = A E GO A RO X A A AR R [ sk, 2019, (1) : 18-23.

Yu W J, Zhou W Q, Qian Y G, Yan J L. A new approach for land cover classification and change analysis: integrating backdating and an object-

based method. Remote Sensing of Environment, 2016, 177; 37-47.
Yu W J, Zhang Y J, Zhou W Q, Wang W M, Tang R. Urban expansion in Shenzhen since 1970s: a retrospect of change from a village to a
megacity from the space. Physics and Chemistry of the Earth, Parts A/B/C, 2019, 110; 21-30.

Chen J F, Chang K T, Karacsonyi D, Zhang X L. Comparing urban land expansion and its driving factors in Shenzhen and Dongguan, China.
Habitat International , 2014, 43; 61-71.

TR, THAE. vl [ T8 0 5 0 S W A g B L R DX I S ). bR BR324 4, 2019, 21(8) ¢ 1183-1195.

SRUT, XN, B BR5. FLUS-UGB 2 SRS G BRIT = I i i K sk e . shRAs BBR22 244, 2018, 20(4) © 532-542.
W, B, XART, RMEE. KRS MR EUTIE RS R, MBS, 2017, 36(3) : 407-419.

FHEE, FLEAE, Tk, T40dp, B, IR, WAl A S MR S Ak, RS, 2011, 31(10) : 2863-2874.

Ma7As, BRUHT, B, P, o iy phh X A AR B B R R —— RARII Bl HbERESE, 2017, 36(3) : 573-582.

http ; //www.ecologica.cn



