5539 A 4 1 *E &~ 2 Eild Vol.39,No.4
2019 4F 2 A ACTA ECOLOGICA SINICA Feb.,2019

DOI: 10.5846/stxb201811082426

R IR A PR, 2R T B TR S R S SR A XU A S S AR AR AR, 2019,39(4) ¢
Wang F, Ye CS, Hua J Q, Li X.Coupling relationship between urban spatial expansion and landscape ecological risk in Nanchang City. Acta Ecologica

Sinica,2019,39(4) .

AETHETSET BS=0AESKNENBEEXE

ORI PRAN R E K
| R TR VI B S0 s e 330013

2 FRAEFRE TR ER b= 24P M2 330013

3 FERUIIYE R AL e R s 210023

FEE R GT IR T b 25 ) 4 R S5 WA= 25 XU A 52 ), LA B Tl S 491, 32 I I8 L GIS Be BB e+ 10 Jr vk, i B s 4™ Jre o 2
FEEFFE T R B T 2000—2017 AFIREEZS (]9 R ) 2 AR AL RRAE A T s AE A XL B8 28, LA 3 kmx3 km Y SR TT AR HEAT 3R
GERAE  TRITIAEY R T W B RS R Y 3 A5 A8 Ab R UL AR 25 KU | i f5 B T M B IA A1 S ( GWR) #6548 | & £ 43 41 2000—
2017 4F 73 B A =S (]9 e 5 SOl A B KR Z [ R G G R . SRR (1)2000—2017 45, R & i WU T Hu kG i 1 247.56
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Abstract: This paper introduced the urban expansion intensity index to study the spatial and temporal variation
characteristics of urban spatial expansion in Nanchang City from 2000 to 2017. Then, the 3 km X 3 km unit grid was
systematically sampled to construct the landscape ecological risk index to explore dynamic changes in the landscape pattern
and landscape ecological risk. Finally, by using the geographic weighted regression ( GWR) model, the relationship
between urban spatial expansion and landscape ecological risk in Nanchang City from 2000 to 2017 was quantitatively

analyzed to explore the impact of urban land expansion on landscape ecological risk. The results showed that: (1) From
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2000 to 2017, urban land use in Nanchang increased by 247.56 km®, with an average annual expansion rate of 17.75 km”.
Among them, the fastest expansion strength was 0.55 in 2000—2005, showing a dramatic change. The urban expansion
mainly expanded to the north and northwest, and was distributed in the Qingshan Lake District, Nanchang County, and
Xinjian County, among others, which showed a rapid expansion trend; (2) The landscape pattern of Nanchang City was
dominated by cultivated land, and the construction land was expanding rapidly. The area of cultivated land, forest land,
and grassland continued to decline, and the landscape pattern index of land use reflected that the degree of disturbance of
human activities increased during the period, the number of landscape patches increased, and the overall fragmentation
increased. By using the geostatistical analysis method, the ecological risk of Nanchang City increased from 0.1354 to 0.1420
between 2000 and 2017, and the ecological risk gradually increased. (3) From 2000 to 2017, there was a negative
correlation between urban land area and landscape ecological risk, the urban spatial expansion intensity index, and the
landscape ecological risk change value, with the latter weakening. The spatial distribution of the regression coefficient
gradually increased from the central part to the outside, and the low value was located in the Nanchang urban area where the
urban expansion was relatively fast. The rapid expansion of the urban area has greatly increased the urban area, and the
degree of fragmentation and loss degree have been reduced. Ecological risks are reduced. High values occurred in areas with
slow economic development, such as Jinxian County and Anyi County. With a small extend of urban land use and large
degree of extended boundary patches, the ecological risk of the landscape increased. The research results could promote the
coordination between urban construction and ecological environmental protection, correctly evaluate the impact of human

activities on urban ecosystems, and provide references for sustainable development and scientific management in Nanchang.

Key Words: urban expansion; landscape ecological risk; coupling relationship; Nanchang City
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Table 1 Landscape type classification in research area
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Fig.1 Geographical location of study area and division of ecological risk area
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3.1 B A TTE S [ R

2000—2017 4F 55 B i P b s p J T ARl 107.87 km® 34 2 355.43 km® B9 011 T 247.56 km* | 41y
PREHE N 17.75 km®/a, 2000 4F, 7 R4 H T ARA R 107.87 km®, E1] 2005 4FV I NE] 305.99 km?,
& 2000 AFEAY 2.84 A8 Il T Hb TR ARG e 2 B R 2L R AS H B R R IR B 0.55, R, & 12 4F
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Table 2 Urbanization extension of Nanchang City in different periods

. AR R A e
" . R TR ) P e S B A
A4y ETE A Annual average
Extended . Extended

Year Extended area/km? o expansion rate/ B

contribution rate/% ) strength index

(km*/a)

2000—2005 198.12 80.03 39.62 0.55
2005—2010 20.64 8.34 4.13 0.06
2010—2017 28.80 11.63 4.11 0.06
2000—2017 247.56 100.00 14.56 0.20

M 2000—2017 AEMF5E X3 E LY R oA nT LIRS (& 2) , 5 B T 9 e LAPa e A e de 5 1l
A H 20002005 4F AP R Ao B, BT IEIL AL OEPE 5 A 2R TR 2005—2010 ,2010—
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Fig.2 Spatial distribution of urbanization expansion in the study
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S TET R LGN T 2.43% , T8 R0 3 B BE vk /> i 55 ARG o 7 S5 L4532 B8 AR AR 5 A AR D o 114 B B 5 Sl 444
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Table 3 Indices of the landscape in study area in 2000—2017

T e TR nlis TR Jife 355 2 N

iﬁf pe [Irilrij- Arf/fmz zzif’z Fragmentation Abruption Predominance Obstruction  Fraglity Damnify
index index index index index index
HF4 Plough 20004E  4038.73 2013 0.4984 0.4714 0.5666 0.5040 0.1573 0.0793
2005 4F  3880.29 2409 0.6208 0.5368 0.5562 0.5827 0.1573 0.0917
20104E  3912.09 2078 0.5312 0.4945 0.5587 0.5257 0.1573 0.0827
20174 3786.21 2297 0.6067 0.5372 0.5484 0.5742 0.1573 0.0903
ps:) 20004 1214.49 2650 2.1820 1.7988 0.3188 1.6944 0.0650 0.1101
Woodland 2005 4 1200.01 2850 2.3750 1.8880 0.3100 1.8159 0.0650 0.1180
20104F  1184.38 2674 2.2577 1.8529 0.3134 1.7474 0.0650 0.1136
20174 115231 2533 2.1982 1.8535 0.3026 1.7157 0.0650 0.1115
4] 2000 4F 92.53 160 1.7291 5.8011 0.0631 2.6175 0.1017 0.2662
Grassland 2005 4F 88.78 164 1.8472 6.1213 0.0604 2.7720 0.1017 0.2819
2010 4f 73.45 158 2.1511 7.2625 0.0576 3.2658 0.1017 0.3321
2017 4 74.85 161 2.1510 7.1938 0.0549 3.2446 0.1017 0.3300
K8 20004 1213.63 1674 1.3793 1.4307 0.3565 1.1902 0.2392 0.2847
Waler area 20054 1183.53 1873 1.5825 1.5518 0.3517 1.3272 0.2392 0.3175
2010 4F  1138.54 1634 1.4352 1.5067 0.3505 1.2397 0.2392 0.2965
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HiZk I fia) (IR 25573 G b}:ﬁiﬁ? /H\%E ﬁtﬁ.ﬁ{ jﬁjtg. Hfiﬁ%&*“ ?ﬂﬁif?
Land type Time Area/km? Number l‘rag‘memallon Ab-rupllon Pred.omlnance Obétructlon kfagnhty D.amnlfy
index index index index index index
2017 4% 1170.74 1685 1.4393 1.4879 0.3508 1.2362 0.2392 0.2957
W 2000 4F 107.87 43 0.3986 2.5798 0.0306 0.9794 0.0413 0.0404
Construction land 2005 4F 306.00 551 1.8007 3.2555 0.0751 1.8920 0.0413 0.0781
2010 4F 326.63 71 0.2357 1.1401 0.0671 0.4733 0.0413 0.0195
2017 4 355.43 169 0.4755 1.5521 0.0702 0.7174 0.0413 0.0296
Hedis i 2000 4% 196.75 2145 10.9024 9.9899 0.2513 8.4984 0.0413 0.3510
Other construction 2005 4 207.59 2179 10.4966 9.5428 0.2419 8.1595 0.0413 0.3370
land 2010 4F 209.28 2044 9.7668 9.1679 0.2426 7.6823 0.0413 0.3173
2017 4 371.58 2729 7.3444 5.9661 0.2774 5.5175 0.0413 0.2279
AFHI L 2000 4 339.99 84 0.2471 1.1440 0.0668 0.4801 0.3543 0.1701
Unused land 2005 4% 337.78 126 0.3730 1.4103 0.0668 0.6230 0.3543 0.2207
2010 4F 359.60 89 0.2475 1.1133 0.0683 0.4714 0.3543 0.1670
2017 4% 292.16 81 0.2772 1.3072 0.0613 0.5431 0.3543 0.1924

3.2.2 SOWAEZS KRS 1y 25 o 57

{8 ArcGIS 10.1 HiZ 4B, X 2000 4F 2005 4F 2010 4EF1 2017 4F PU AR AL B #1745 5 pR %k T
B 2000 4F 2005 AEBR AR LA S N EEAE 2010 4F 2017 4FiE T FaE BORSRAA B  BAR T 4 N
HEAE S RSB (R G E R EAE) (R 4),

x4 IHAMASRVESREELHEEFTREY

Table 4 Theoretical semivariogram of land use landscape ecological risk index

E FHIpAR BEHE FAERE Yeirfd WaE/1G
Year Theoretical model Sill value Range/m Nugget value Nugget variance/%
2000 BRI 0.065745 19192 0.025061 38.12

2005 BRI 0.066667 18580 0.024984 37.48

2010 FRE AR 0.102565 20081 0.018439 17.98

2017 T e AR 0.094021 19568 0.022425 23.85

AR T A B LA 25 XU 48 R 1% 25 TR] A DG S 00,2000 4EZEFE N 19192 m, 2017 4EHE I ZE 19568 m,
FEE I 2 [B) T T A A, 3k S 4% = R S 2 ) A B A AR T 18 1, 6 45 1 2000 4724 0.065745,2017 4R34
T 0.094021 , 4 b1 FH 50 08 A= 25 XURS 58 B2 9 25 6] A AN S8 S 3G i | 25 S5 i K, B4 B 5 LT e ke
&7 2% b RS [R5 R AR SR /N, 2010 482017 SRR G AR/ JE 56 <25% , - HUR A Ssoul A 28 KU AT ik
FH 2 AR S  (H AR B B BT A iR B0 S A 25 JXURG: 2 e A e 4%

AR S LA 25 ARG 5 A 2, A5 45 IXURSE /N IX A S W A 25 XU FE 8, S 5 AR S92 7 SR M X A i,
F4E ArcGIS Natural Breaks 43277 0B 0F 9% X B9 A2 28 RUES: Rl 538 5 S8 40 IR A S KU X (0.02 < ER1<O.
11) BAAESKEIX (0.11 <ERI<0.14) A S REIX (0.14 <ERI<0.18) & m AKX (0.18 <ERI<O0.
24) AKX (0.24 <ERI<0.32) , R385 BAS R (E L, X 912 A 28 KUK /N X 23 [l 4 18, 75 2 R B
AN (RT3 7 U A 28 KU 25 ] A A L (18] 3) , IS TS 345 S AR B XU AT AR ML i L (R 5)

2000—2017 4F | 5 5 17 S WA 25 XU 59208 i 0.1354 FTFZE 0.1420, XU (B 5 BT THE 1 4 #2000
AF | DR 25 UG R A 25 AU SR =, 43 901) o 9 X R T R 27.59% (47.37% , EEAufh2e LR TS HLIX B
XK HIX T 1% X S E il B B TR AE 1 S XSO AR DA bR 32 B LR
BEHCRLAE | AR BEAIG , DN B0 2% FE AR, M MHb AR 58 X N RS 5, DA MR BEAHR gk 3=, 2R 38
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Fig.3 Spatial distribution map of landscape ecological risk level in Nanchang City
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Heri B AE S ARG THRRE IR SO0AE S RS R

552000 A E , 2005 ARG AR 25 XU X 5 E /0 | B 27.59% % 2 4.49% , 3% 2t T 3 FH i ng 2 8l R
S B4 SIS T B o, 3 R W 2 B e S A 2 IR s T R e AR A A5 KU, (o A5 5 (0 A 25 IR 4 v
FEA BT RGN 5 v A5 A 25 IRUBRE 255 i 4 285 DR, A0 e A 285 XSS T ARt A BT 38 o, B 22 i) ph AR — S GRS 1] 1 5 2%
BEAR | B AR A X AT AR A AR X PE A X 0t B AR AR: | ok S b X R VTV 45 i KA e sk VL
ZE M, L B — IR K B BH I 11445 Hb, - 2000—2005 4E /K SR T R sk 20 | LA 3T BRI BN R K S8k 1
SOULRBERR BE B i, T 40 BE A G B2 e 2 38 570 AR 2 AU Ak

2010 4, PR A [ 9 TR F TR , (A 25 XU IX T B &5 1862.48 km® | 32 iy A5 (A A5 KU % Ak
T 2K, S R A 32 A AR, b 0 B Y L ) R A B e/ A 2005 4, 45 55 U8 S FR 483 2 B /)N | 5 SO0 A 2 XU
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Ui 5 v S 28 IR 2 A8 SRR A 25 XU AN A I AR A5 KB, T AR 175479 km* B 2 1052.69 km? ; 25 [A] 430 |
F e e 2 RO X T R S8l 2 | 2 A R 5 e A S KU IX. T 2 DR A s — i B 7 8 TR P it %) S it i 75
KIS 4 T B, S A 25 XU AR AT
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Table 5 Statistics of areas of various landscape ecological risk

AR AR 2 XU X B A A AR X o 2 A 2 U IXC B e A A R X e A 2R AU X
. Low ecological Inferior ecological Mediate ecological Relatively ecological High ecological
i;:{}j risk area risk area risk area risk area risk area
ear
psat AR T AR gt AR
N % ) % ) % N % N %
Area/km Area/km Area/km Area/km Area/km
2000 1984.87 27.59 3408.08 47.37 1147.35 15.95 535.48 7.44 118.18 1.64
2005 322.90 4.49 4143.33 57.59 1754.79 24.39 574.96 7.99 397.97 5.53
2010 1862.48 25.89 3515.46 48.87 1052.69 14.63 587.72 8.17 175.62 2.44
2017 1148.87 15.97 3907.08 54.32 1365.53 18.98 544.80 7.57 226.84 3.15

2017 47 ARA A AR X/ 28 1148.87 km*, THIAN H H Hh 2010 414 25.89% 1 FEH] 15.97% , & 30 A #7 # IX.
AR k0t B R B B X AR R A A A AU X o A AR S KU XA B, FE R X S A R
BT — 7N A3 A AT A 2 RS DXL B i 5L v 8 A A0 A 2 IR X Ak 5 30 3 02 Hhy 30 I [0 45 B it
YU ISR T B 2 AR Y | B 1 R B VT R i X RO 3T A A, e S T AR B — 2 R R AL | IR

SRS B R . B AR S XU AR AN I 5 2R 25 KBS X 3G T 28 226.84 km®, 2 2L R BN Hr 2 X AR LB
o A 2 IR IX T AR B B
3.3 MATWES YRS A SR RS R
3.3.1  SRAEH b T AR UL A XURS: O R S PR R4

X6 SR FH b 23 ] 47 R AR R R S5 W0 A 285 XU 20 S HE AT 22 0, 65 5 5 A e P 3 B Y kb T R 55 o 0 A 285 XL
WO, VEEA (A ROAR | SR P B AIAS (5] DS 28 ( GWR) |, LIS M TR AR Ry 1 7238 S R 2 25 XU g PR A2
X PEAT R0, [ R BT EAE AreGIS 10. 1 844 R R H GWR T HAZHL, ArcGIS 10. 1 H At &
A 38 o P A ISR | i R A PR AR AR 5, S5 R0 W) Sy e A A0 AN, AR A e X LB, A H
T N TE AT BEAS AR A B = A B BB SR T B2 ) ALCe MR R 6,

xR 6 MIEANALE YA ( Geographic Weighted Regression ) 5 58] {41+ B 16 45 R

Table 6 Parameter estimation and test results of the Geographic Weighted Regression model

T ZHL Model parameter 2000 4 2005 4F 2010 4 2017 4
Neighbors 20 23 24 32
Residual Squares 0.035 0.067 0.055 0.071
Effective Number 22.780 37.471 37.347 27.612
Sigma 0.025 0.025 0.022 0.024
AICc -342.938 -641.382 -713.817 -665.303
R? 0.589 0.635 0.765 0.671
R? Adjusted 0.432 0.514 0.692 0.599

2000—2017 AR ILA B R? 2 BN IBT BT RO R H 76 GWR BRI B — 423 ] BAOTHRAT e 1Y 2
B2 R BUEREAT TG A3 2P (E KA S/ IME L B DU O fE T P LE TR AR (2 7) o 45RER
B]:2000—2017 4F o] I FBrE 25 6] B AR E A58 971, (015 28 SO i/ )N , 1 T3 B T B0 S5 LA 25
JRURSE F) 672 1] M 486 5 3 2 v T3 B 0™ i T ARG E I, SRR S g LR A B2 AR, SR R0 2k BE LB 2
W AE—E PR b P ECR LA S XA REAR . (FUR (B E B AR MR M i 9 R L o PR ARt 2 A 25
PR 3 e —E R LR DR A A2 4, 225 e — R AN AR AR RS IR, Py L Sl B 194 225 ] 3 i 245 DX
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Table 7 Descriptive statistical analysis of the regression coefficients in the GWR model

EL ?j iﬁ%:fiem tatistic 2000 4F- 2005 4 2010 4F 2017 4F
SEIME Average value -0.0028 -0.0018 -0.0087 -0.0103
e K{E Maximum value 0.0941 0.1138 0.0824 0.0155
/M Minimum value -0.0166 -0.0207 -0.0203 -0.0235
U4 {H Upper quartile value -0.0103 -0.0075 -0.0139 -0.0125
T PUSi{E Lower quartile value —-0.0002 -0.0014 -0.0085 -0.0080
F{i %L Median value -0.0063 -0.0050 -0.0110 -0.0103

MARHEAL R 25 0 AT 1 (18] 4) W] LAFE H, 48 4F 05 Jaa 0 [l DS A 0 A v Ak 5 25 (5 24 97 % RIS B A [ -2.50, 2.
507, Pt GWR BB BRHEAL IR ZZ (A AE 5% 1) K- T2 BEL M 1 B B R AR (U5 SO R B

bRifEALERZE B

[ ] <25 /1 -15—05 M 05—1.5 W >15—25
[ 25—15 B -05—05 [ 1525

B 4 I N4 E YT ( Geographic Weighted Regression) GWR #EFR AN T E T EHFH
Fig.4 Spatial distribution of the standardized errors in the Geographic Weighted Regression model

199 B T 2% AF 03 B S B P o T AR S5 UL A A AU S b 2 R AR O OC % (18T 5) |, B T o T AR By 1 82
R BESR T Ry LR SO RE R 2 B U/ , S WA= 28 KU, il =2 B AR, T [l 1 2 57 2 ) B AT IE AT 92, 2000
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Il 1.938498—4.528066
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Fig.5 Spatial distribution of regression coefficients of landscape ecological risk in GWR model
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Table 8 Parameter estimation and test results of the GWR model

PRI BEL Model parameter 2000—2005 4 2005—2010 4F 2010—2017 4 2000—2017 4F
Neighbors 73 26 124 43
Residual Squares 0.017 0.020 0.075 0.087
Effective Number 10.316 30.519 8.021 23.442
Sigma 0.012 0.014 0.021 0.025
AlCe -699.521 -752.154 -844.780 —-728.749
R? 0.568 0.656 0.323 0.584
R? Adjusted 0.531 0.560 0.295 0.517

SRBRLY™ R 5 JRE A A S UL AR S XU A (R B UL 5 DL R AR AT R a3, Herh 2010—2017 4F,
RSN (RPN R E I VR B G IR S /N =1 24 N (= R oY 12 VA (= N N B X A TR L AR (S
9) 4 AR BE 755008 G, [0 U5 AR RO PR B K, S AR il 7 JR it 58 15 55 0L A 2 XU, 119 28 A (L B2 B AR G
KE IR i BE B , S50 AR 25 XU A2 AL (E B

*£9 GWRERBEP[RHBHHERES T

Table 9 Descriptive statistical analysis of the regression coefficients in the GWR model

EL frgii%fj:l;iient statistic 2000—2005 4% 2005—2010 4% 2010—2017 4% 2000—2017 4%
FH{H Average value —2.455 -5.363 -6.927 -12.414
i KfH Maximum value -1.404 8.893 -3.880 4.572
fiz/IMA Minimum value -3.718 -213.299 -8.018 -24.671
DU ifE Upper quartile value -3.173 -7.033 =7.701 —-15.541
T PUSMAE Lower quartile value -1.662 -0.617 -6.140 -10.308
{574 Median value -2.271 -3.958 -7.353 -12.723

PSR 2243 A 0T LA H (T 6) , 45 18] B Jeg 3 [ U= ASE A0 A v A B 2 A S TR 24 96% RS R e [ - 2.
50,2.50] , GWR # A bR UEILER 25 (HAE 5% 0 0 E AT T IRBEHL A0 19, SRR (0L A SR BT

B T A S T) B, 325 1R o o B 8 455 S5 A 25 XU AR AR (AR 22 B ) A 56 56 2R, A P M 7 o ol
BT IR b T R TS, S0 25 KRS i AR AR AE /N, N IRDA R B 25 ) A R (T 7)) AR(EAR SR
IARTERS BT X, il AR e 22 CE . 2000—2017 4E [0 250 1IEA T, AR A H BRAE E 5
HH S 1438 3 i DX it 5 30 P b PR o b [XRE B g e B G, O A 2 IR R 2 T v, DRI A8 e (i A
Ko 2000—2005 4F, [IH R BB K, HIG R FUE , 3 — B B F Hb 4™ e Ui | 5 B il e B 16 K, 48R
A Re T, T B AR U AR AR/ IHE R B X E AN =, 2005—2010 4F, [FIH R ¥ IEA
B EEE R 22 SCE BB B X 3K B X R 22 kg 3n e 38 L X B T il 2R A R,
BORE R RO S S TR RS AR A AR, 2010—2017 4F R4 T Mo B B A0 e THa s, B A i 304 25K
A, T R B R T(E, 7 B B0/, 70U 25 KRG (B RGBS AR fR (G A, (B2, PR LA TR
150, U B IR FH ) ) R 5 S O A 28 XU P 28 f (L =2 18] B AH DG R AR DS, i P b e e TR I, v Xl st
A 285 RS P 52 M 9 /N S 0 A 285 RS P 28 A ARLAFDCT IR /N, 3 1) 0 1) S R0 . 5 — D T, 3l =s () 9 e f
SRATAS: A A 0 B 0/ ), S A S ARSI/ AR S4B B T Sl T B ) S DB 7 e B AS 5 B Y b 45 4
A S KR BRI IR R B AR ™ A T VR 2 A5 ), S0 BE A) PR sk 7 e Al £ 75 30 T 2 SE 4 4 | - bR AR
AN A2 AR RN H 25 778, T A2 R R SRR R h BRI A8 IR B R B R R | 25 R WA 45 1)
VRS X A RS AL S TR L A R
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Fig.6 Spatial distribution of the standardized errors in the GWR model
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Fig.7 Spatial distribution of regression coefficients of landscape ecological risk in GWR model
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