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FIFE N ANE T IR Y sk (OB ST B R Herh, E ARG I B
My sk gE LASERE . S AR AT E R M LA R AR W E O Y, SR
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T CRERIGYEC YR, AR E RO TR LT Rk g R
R BURER” MY kA, EHNSCT AR K =M. k=M. RN
R LY SRR B T & MR, ARS8 Xt R — b X 55 [/ — R &
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X EF 9T, U E E AL T2 A A phy e 1) v R A, BT AUEEA AL . —
W—HR” R EERE” E YT R BT SRS BB, BEE P EIR T T R ok
R, TR ZI B A T A ol A R e LA R S, AR, A& R
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JH Google Earth Engine (GEE) Hi3H 2 - 5 SRR HEF Hsf [1] BB R 8855 DX 3ol ) 38 T FH b 25
P, DA ST 4 VU PRl P 3l i A 3n i P b 5 ) B o

HEE R FRR R RTESE, [ 1978 4EE TR LR, 205 T P Talk ik
WAL, TR T IR R AT RE, DR — RO E RGO IR R . o, IR
7 FF b T R A 158 T R b v AR s, AL T R A AR SIR AL L RETE S IR R
a7 O AR A IR T BRI SR A SRk T A ] = s ()R S
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X RN & B SR T BER T P SR 1« 7ok e B s AR 2SO, X
TR & B M Rk R A EE NS H M E.

YT, AN SCH)F Landsat TM/ETM 32 J8EE , 12 F GIS Ml A= S22 14 & 1
e, XF 19902015 A3 0] b [ AN 5] 4 7 S5 0 0 ST R S Tl FH ™ sk i e 23 R AE 204 T T 90
] VR ] LA AT, FEE T S sk Mt “ A D —+ " PhRFEEE . “&ir—+
P EVRR BE DA R S AR AR RO HEA TR, AT 8 7 S T Rk T FH ™ s A A B [ A
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SR T A B 2 B O RBEE
L, SEEZRSEA SR, HER
7R [ T 2 5 B I T 30% 1 [ B
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. JEARAUH X AR 2 Tl S, SR P SR T B AR O X3, IR T A b 9k A7
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KAE19904F | 19954E . 20004F . 20054F ., 2010 412015 4F 6 M4EA73 1Y 5 2 Landsat
TM/ETM #2158 (B Z 5 RES A O IX 2 3y s Al ) , 78 GEE M = °F-
B LSRG AT T — RS FIALIE, A0S B A . R 3 v A 1 b T 2 o o5
B o RN B ARG AR . 5. Bl . HOE AL AR E + 1
FIHZERL 2 B8 A WA IR 2 28 58 45 289, g L bR FH 2R A 0 g Bk . ARl o
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Fig. 1 Spatial distribution of study objects
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AT AR (b R T SE AR SE) WE T A B XS L, SRS B2 35 ) 0.89~
0.94, FFEARIFENE M ZKR

BTN DR . 0 E AR IR T ChEBRT S E%) “H (hE
GEHERE) W, ZRAH B MAT R E . MR R ARV A R R E B, AN DB
T2 % 4% P 5 e A 1 e RURE 1) 8 L DA b, o 4 ) S s 3l P A i XS
H . 23R EN
2.3 Wm AT KEBEEMER
2.3.1 WA KIEEISE W Y KSR EEFE 40 (urban expansion intensity index,
UEL) &4 [A]— 3 T3l T b A (] e (] B 07 ok st B2, sz e ] — i vl A vl P A [
W] By s 0, ] TR T e A 3 T I 5K AR B, X F Rl — Sl o AN [ ) 19
AT B SRR, A

UEI, = AjZ_A"' (1)
Al x At

by UELAREEE n ANWTTRERTT Y IROR R85 40 . A il s, o o, b
B n AR AR A AR ¢, B o, WITRIBRARE Y o
232 WA KEEZERIEE  WH Y 9K 58 3 22 5 4540 (urban expansion
intensity differentiation index, UEDI) iz 5 — 3 i Jnk v It 47 sk A8 Ak ik 2 55 B A Tl
IR T A TR AR BE R LA, S WS [RL 3 T AR ST T 5K s B 22 S i e in]
FH TGS T R A3k T P ™ sk AR g X b, HEBRIR T AE LB N s, L ) — s
IR TR A3k T e sk s i 25 5, A

t2 ’1
An _A”l

X A"

UEDI, = (2)

A = A"\ x A4
Seh: UEDL AREESS n ASRTITRERS T I SR BRE D A0 A, A SRR 1,
t, RHRLEBEES n AR RER T A AL A" L A" SR L o, BT BT ST B A 3R
7 b T AR
2.4 Y KIEH

SO 4840 (landscape expansion index, LET) i i3 A i BRA 30 17 FH b5 0 4 ki
FH 8 23 )7 5 O ZR R AU 3 T FH M 2 ) AR 20T AR 7 S e ] 5 97 g 3 i
My sKAFERY s, LELJ k4t 1 8 B s ()R B0 5 =X, ) DA RAE S TT7 FH b 2 [] 4™
sKAIE R . MRS LELSE R AT LRSS — I ST 4 3nl i P b 2 ) 9 s At =Xk o0y =26 . BO5E
Ao AGAFN U, Horp, SE 7R R4 30 i B 58 A Bl Tl Pt A 1 2 B i S s )
SR P 5 320 5% SR8 T 04 S T T S IR Sl T T e 320 45 1) D A A g 3k v 1 3 25 ] 9
SRR TR AR S A ST P b TR RS T
L

LEI= 5 (3)

S s Lo FHT R T FH 3t 5 BT ST P M 0 S R A 5 P SR B 0TI FH s A
K ki LEI=0, 1% 0< LEI<0.5, HAEX 05<LEI<1.
2.5 EMBEIEH

P T3k T R T sk B v BN T A RS, AR AN R N 2 S R A )R &
AR Bl . SO SR A SR . K/ IV R SR TR) S A 2522 2 S0, AR sk
HUH A 5 A S0 R H8 5025 A R AE T b 5K B e AR 28R ™ (R 1), fudh . BEbk
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F1 =UEFBEHESWTAMY KZEHXR
Tab.1 Relationship between landscape pattern indexes and urban land expansion
SR R R A ASN LSS SSEIA R IR SIUPES
BEHOSCRE(NP) A~ NP=YUN, BEHORCRE AR B R . B
ST R R S, B R
TR, A A A
%, BEHBOTRES TR

LT L i % Sia, BEHCRIRR 5 W i P A 0 B

(PLAND) PLAND=="—x100% SOUERLLE] Ok, S M SRR
FRBEHISELLP) % Lpr Max(@, s, va) oo BORBEAERE I W FT MBS 1 0 3
4 AFIUPRTG (R, SR R

He 451
SRS - /= 0.25E BEHOARE 2 IR Wb T FH M BE S R 1 (1 5 2
(LSI) V4 TR Ve MR, SRR R
Hm,

B (PD) At pp— NP S TRBES W T M BE R H R
4 el R, T M T R

T AL @) NPEB i TR N, N i BB 5 4, g 0 REEBRIGTERL; £ 9 RER R

%5 (number of patches, NP) . 50UZEA L] (percentage of landscape, PLAND) . K
BEHFE AL (largest patch index, LPI) . StULJEAR454L (landscape shape index, LSI) . Bk
%% (patch density, PD) §&—RFIF5%L, iz Fragstats 4.2 A4 HEAS DL FREL,
2.6 A5 AO.GDPhEREDH

IR Y SRR, e Bt Ik T skI2 285 . AN B S0 b 5k
[l & R A AR, I HE [ N RME T AL E. Fik, ASciE T “AH—1H” B
[F] 4 Je SR BT 285, T T2 s P ik i i
2.6.1 “AO—T " thE LR RE 5T 0rE iy FH R A Il iy b 1235 AR X2
ARSI Y 5k %) AN —d 0" PhEIRREE, AxUA.

POP,,, .
—ﬁﬁf—WIWA (4)

AP Ratio,, TG ML A 30T I DV BE B LUAE s POP,,,, 98Tk
NV s POP,,,,, FVFATHTT ALY N IVEE o
2.6.2 ZFFEMRE LT Y K-S B A AR A A T M kY ek

—Hb” PhERRRE, AN
V[GDP,/GDP, - 1 (5)
"[Land,/Land, — 1
K Landepr 3R LS GDP K 3 R 2L, GDP.. GDP Ay A HEWEA: . HARAEIK
M#E GDP; Land,. Land,53 0 hFEHEAE . HARAFEST HE HME AR 5 N oI a] B AE
o Hidr, BAMEA B GDP 2 3k F HbyE Bl 9 GDP B9~ F3(E,  H AL PR AL 1990 4 0]
LA #

Ratio,,, =

Land,, =

3

3.1 WA KR ER S EE ST
%7 1990—1995 4F . 1995—2000 4F . 2000—2005 4F- . 2005—2010 4F- L) % 2010—2015
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A 5 AN [R) %2 7 45 2% 0 3 T RS T b SR AR AE R AT Ak A, Mob R b
T FH M9 5K B 25 U K220 SAAE

3.1 YT Ay KRB ENEWAFAE S A KR B AR e s b, I
B BCPERAE (322)0 1990—20154F, A/ i A vt FH b i AR RR 35, i X ()3 ]
FRE K, AEAS R ] B3 i i =2 ()4 ik ik BE A7 AR 22 5% 0 1990—1995 4R AR, 2R — ffidik
TR T Y TR B e B =, UELFSE0N 1.54%; K = . Uik i #f UELFS 20K
2, RN 1.12% ., 1.11%; FUAEE . Kildbd , 09 Eg . i . Jbiss . Bl
K AT P 5 B UBTHE B 4L T 1.00% AT, KK 8 0.79% . 0.60% . 0.46% . 0.31%.
0.15% . 0.14% . 0.13%. 1995—2000 4 BA ], Al 0 T A A9 38 T FH s ok o 32 4 Bl i
=, UELE%CH 3.00%; ¥k =M . K = MAHH UEHIS 80K 2, IR K 2.08%F1 1.40% ;
FUBRRL | ITHRS . KIVDHE . Rideds . dR . iR DU AR T B UETHE 80940 T
1.00% VA T, KK} 0.91% . 0.80%. 0.77% . 0.49% . 0.46% . 0.22% . 0.18% . 2000—
2005 AFHATE] K = A IR TR 0 30T T ok s B Bl R, UBLES B0 4.54% 5 Wi
BR=A . PR R UBLS 80K 2, KIR K 4.07% . 3.38%. 1.37%; HUHFL, KL
We o R RIdEE o BB DL KR A IR T A UET 8 2039 40 T 1.00% DL, HRIR K
0.95%. 0.79%. 0.77%. 0.77%. 0.29%. 0.15%. 2005—20104EE], & =ikt
W MY sk o BE S SR . UELFE S0 2.33%; A, . Bk =Mk i UELFSBuK
Z, KN 222% . 1.67% . 1.43%; KYTHE. BEREE . 09 rg . JEEE . Ribdes Rl
Ko W K Ik T BE UBT 48 2039 4L F 1.00% LA T, KR8 0.96% . 0.57% . 0.54% . 0.47% .
0.36% . 0.23%. 2010—2015 4=A10], Kl At 3 30 7 BF A0 3 T3 FH st ™ 5k 56 P 48 B i 5
UELFRECH 2.37%; &K =, HIE . BT . Bk = M3 UBLIE SR 2, RIKCK 2.19% .
1.61%. 1.54%. 1.29%; MK RKyTHliE . sUEEL . RV DL o g 3k i B UET 48 4%
PIETF 1.00% LA, RN 0.64% . 0.60%. 0.55%. 0.49%. 0.38%.

F2  PTTEHE T YR TR (%)

Tab. 2 The intensity index of urban land expansion in urban agglomerations of China (%)

DR 1990—19954F 1995—20004F 2000—2005 4F 2005—20104F 2010—20154F 1990—2015 4F
SRR 0.79 0.91 0.95 0.57 0.55 0.81
K =AW 1.12 1.40 4.54 233 2.19 2.87
= 1.54 2.08 3.38 1.43 1.29 2.04
S T R 1.11 3.00 4.07 222 1.54 2.99
PR TR 0.31 0.46 0.77 1.67 1.61 1.05
R iEk 0.13 0.77 0.79 0.96 0.60 0.69
IR TR 0.46 0.80 1.37 0.54 0.38 0.76
ACEB Lk 0.15 0.18 0.29 0.47 0.49 0.32
F LA e 0.60 0.49 0.77 0.36 237 0.99
MR T RE 0.14 0.22 0.15 0.23 0.64 0.28

3.1.2 WA KIRESE S RIFME TR 2084 3l T A 0 30T
Prokum B 22 AR AL, 12 H B SRWT S B T T ks B R A S g ke . I
k. HEEYEK . PR DL R R AR S RIS (P 2), K2 T LA, SRl
[T Y sk AF A 2= 5, VAR D BRI R s, Sl ok X 2 A e i
WX, NEEWAKRE, Am o, 78, RIS, SRRy sk i o m 4R
PGS, 1990—19954FIR], FUEEsE . K=/ . Bk =M LSl i e a3l i F b ™
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e. 2010—20154F

P2 St et Py i 8 22 S48 400 5+

Fig. 2 The spatial characteristics of urban land expansion differentiation index

S TR T R A UEDI S SO 418 1.00, o HZBR =M hifE, UEDIFEE0AR
248, ST FHHLH 4471.09 kn? 34N E) 4816.14 km?®; HoAhbk i BE A Ik i7 FH Hb b ok ol B2 T
FEAIRTTRE) UEDI 80T 34(H, UEDIFEEUr T 0.20~0.94 2 [H],  Horb ol g Ik i i
FH b B3 AR A 2, 1 3653.60 km*HE NE 3737.23 km®, 1995—2000 4F A H], < =
A BRI R LA R R DR T R A ek T A b ke R v T 8T (Y UEDIL 48 400
PE 1.10, JUHJE i HE , UEDL4E £k 5 2.81, 3T HI M Y 2314.94 km’ 3% /i 51
2662.39 km’; oAb 3% T AE B4 3R T A M ok R G T 3K S 3k T B Y UEDI 48 20T M,
UEDI 48 £/ F 0.20~0.85 =2 8], JH: v 3 A2 3o o vy 06 3 7l ) b o 08 v AR e o W85, #h
12401.61 km*3& 15 12964.98 km®, 2000—2005 4= 6], K =Ff . Bk =4 ANk i #f
B T Ml 5 9 BE T TR A T RE A UEDT H8 80 108 0.97, 0 HE K =Mk,
UEDI 8504 5] 2.40, i I 11878.96 km* 4 %] 14575.78 km?;  HiAthnk i B A I 1l
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FHHBY 553 BE A T2 A3k 7 B 9 UEDL S ZCF-39ME, UEDIFE U T 0.08~0.85 Z [i], Hirfr
SO ST AE TT F M B B A R o B, 12964.98 km#9 /i11F] 13583.94 km®, 2005—
2010 4F 1], K = . 3R =R LA Km0 T B A ki P By 5 2 v T R S T A Y
UEDI 45 201 Y98 0.97, JUHZK =/ Wi Bf , UEDI 45 £k 5 2.23, 3l H i
14575.78 kn* HG I3 16275.72 km?;  HCABI T HE A0 3ok T FH B 5 80 AP & 3l T )
UEDI{840CT-34ME, UEDIFEEUA T 0.22~0.76 22 0], I s S nf riv BEnt v FH b i 44 1 AR
N3, H13583.94 km* #9013 13959.60 km?, 2010—20154E#E], K =4 . ML
Ko AUV I TR A3 T P b 7K B v TN B Y UEDTE BT 418 0.96, JEHALHK
EIRTIRE, UEDI4EEGEE] 2.41, 3T bk 3543.25 km’ 4 05 3575.04 km?; HAbdg
T3 T FH b T S B T N T BE Y UEDI 385021, UEDIFE 50/ T-0.18~0.85 2
[i), AR AR T A T P M T R R B, Hh 13583.94 kB9 NE] 14360.00 km',
3.2 T A= E T kE R

FR g0 TR AR EO T3 1990—2015 A1 16] 5 4B 10 N3 T 1 3 Fhas [al i sk p =04
Atk (E3), BI3RTLIAEH, SR iee ik L3RI i U Cb X2 () sk g X0 F
17, (HRIE & B ST e 25 )9 sk X A7 e il 22 57

LU B RS T M S (A IR R, 1990—2005 AE ], 6T 2 [E] T R R
DUk o E, SRR TV HGERE, BT 2 ANE . B XY e K
2005—2015 4], DIy sk 3, iirg Dy TAESRAE AR, i b sk IX B 3=
FAEPTILR . KA, AFESTOLIXANE (K 4a), T SEE R 3TT H H2s )k
5o BRI R 2 (Rl AR, 1990—2000 4E ], LYk ol 3, bk
T 51 DX 3 32 A TP e ST B AZE O DX T L I, kil ARSESEIX I, (& 4b) ;
2000—2005 4 a], R R R £ K, IR AZ Bl B ki nd
M, S 4A Tk a3 s X RS, 3l b 5k T 38 2 0938 Km,  andsk i BEA M IX 5k
BEPG . VLT, ENAE X 2005—2015 4R ], Pk R R, DLk S et
Yok 3o K AT RS ER = A SRR R s e ek LA AR ] B B BORRAE
Horp, 1990—2000 43 10], 3T MY 5K X B 3 B AR vh e 3 . B R 25 ek T R
Bt X3, (Kl 4e); 2000—2005 4FHAT] A% DX 3k i) 1 B 22 A T 3R A R IX A A1 34
SRR B X e, RS G EE PR I 2005—2015 AEIE], BUA ST b
FEARREVER, (AR FH b R B i e CORIR e S ik o 32 B s BT s
] SRR, 1990—2005 AFEUI1R],  HE PR EIR5 AR I [0 EAR EAR R 7, (AT
FHHBIT 2 AN OB T Z BEL B T A Ry, DA Ry ok o 32, Sy Pk X el 3 28
R TPE A R BT SR N R AL . IR R HEAE X8k ([B14d) 5 2005—2015 4F 1A [a], %%
AMUE R 2 IR s, R By sk e TRk . R
FESR T FH b 23 [R] 9 5k, 1990—2005 A3 ], KX L AR, JF7E 20052010
AFEIARPRACI U T 2B, Bl b oK X B TR AR L W BH L R O
HAEXEE (El4e); 2005—2015 47 W1 E) 0 2k R 78 LL E R HE n, 2010—2015 4F 1
() G AP R = A VT A IR T A IRk T P b =S )97 kA=, 1990—2015 41 4
), ZRNRIC, KRR PRES P T AR A s i, wh /NS s A 3T FH 5k (%) 3
WK, PECEAWTRE L Y ko 3, T R Y K X TR A oA )RR
P EVBRIS DA K VT 2R A X3, (R 46) o 30 R g 3l i A 3 vl A st s (Rl 9 kA, 1990—
2000 4730 0E], EHhaR N ELH B TR, G0 HU B, FRAE 1995—2000 4F IR
TR U AN F A, ST RE AT BE s, T Mk X ek AR Tk B R R X
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Tab. 3 Temporal coevolution indexes of urban land with population and GDP
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Abstract: Comprehensive analysis of the characteristics, quality, and ecological effects of
urban land expansion would be extremely valuable in high-quality development planning and
decision- making. Using data of ten urban agglomerations of China from 1990 to 2015 at
varying levels of urban development, this study analyzed the degree of urban land expansion
based on the "human- land" synergistic relationship and examined the spatio- temporal
characteristics and landscape ecological effects of urban development. Various development
indexes for population, economy, and urban land were evaluated, including the urban land
expansion intensity index, the intensity differentiation index, the landscape expansion index,
and the pattern index. The results of the study are as follows: (1) From 1990 to 2015, the built-
up areas in the urban agglomerations expanded continuously, while the expansion intensity
showed a fluctuating trend. The highest values of expansion intensity for developed urban
agglomerations appeared before 2010, while for the developing areas, the highest values came
after 2010. (2) Overall, there was an asymmetrical urban growth among the agglomerations,
and the areas with high urban expansion were mainly distributed along the coastal zones. At the
national level, the epicenter of rapid urban growth moved from east to west, with the urban
expansion in eastern China being much faster compared with the central, western, and
northeastern regions. (3) The evolution in urban land use displayed two main spatial patterns,
namely edge expansion and outlying, which varied based on the level of urban development.
The spatial pattern in the developed urban clusters was more stable, while in the developing
areas, the spatial structure started to take shape but have yet to be formed. (4) Urban expansion
sprawling over suburban and rural areas resulted in relatively high degrees of fragmentation
and structural complexity and instability of the landscape pattern. (5) The man-land synergy in
these urban agglomerations increased gradually over time while the economy-land interaction
was generally high, indicating an improvement in the overall quality of urban growth. The
results of this study highlight the need to have stricter supervision of urban expansion
particularly in the early stages of city development, to foster the development of small and
middle- sized cities, and to propose a more balanced approach in urban land expansion. The
findings here provide valuable lessons for high- quality development of land use in urban
agglomerations of China.

Keywords: urban agglomerations; urban land expansion; man- land synergy; landscape
ecological effects



