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Spatial-temporal evolution of ecological land and influence factors in Wuhan urban agglome-
ration based on geographically weighted regression model. LIU Yan-wen'”, LIU Cheng-wu’,
HE Zong-yi'*, ZHOU Xia®, HAN Bing-hua®, HAO Han-zhou® ('School of Resource and Environ-
mental Sciences, Wuhan University, Wuhan 430079, China; >School of Resources and Environment
Science and Engineering, Hubei University of Science and Technology, Xianning 437100, Hubet,
China; *School of Public Management, South-Central University for Nationalities, Wuhan 430074,
China).

Abstract; Ecological land is essential to sustainable development of urban agglomeration. Based on
the results of remote sensing image interpretation, we analyzed the spatial-temporal evolution of eco-
logical land in 32 research units of ecological land in Wuhan urban agglomeration in 2000-2005,
2005-2010 and 2010-2015, using the land use transition matrix, exploratory regression analysis,
the ordinary least squares ( OLS) model, and geographically weighted regression ( GWR) model.
Then, the best regression model was selected after perfecting the traditional index system of influen-
cing factors by data of the location and quantitative information of companies, enterprises and life
services, etc., and conducting exploratory regression analysis. Finally, we analyzed the influencing
factors and spatial differentiation rules of different research periods with GWR model. The results
showed that, from 2000 to 2015, the amount of transition from ecological land use to non-ecological
land use in the urban agglomeration showed an inverted U-shaped change pattern, and the space
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showing the expanding trend from point to surface. Land use patterns of 8.4% area had changed in
the urban agglomeration, among which the conversion of cultivated land, forest land, grassland,
water body and unused land to non-ecological land accounted for 41.9% of the total area. The spa-
tial pattern gradually expanded from the central urban area of Wuhan to the periphery of the munici-
pal sub-center and county-level towns. The total number of passing models in the three stages of
exploratory regression analysis was 326. The GWR and OLS regression were used for comparative
analysis of all models. The adjusted R” in the three stages of selected models were 0.83, 0.91 and
0.76, respectively. The former improved by 0.02, 0.03 and 0.02, and the AICc decreased by 2.88,
3.42 and 0.83, respectively. The results of GWR model showed substantially spatial differentiation
of influencing factors of ecological land evolution in Wuhan urban agglomeration, and that the
influence patterns was dominated by gradual transition in different directions in space, with other
patterns such as “V” distribution. The effects of spatial factors were significant. The potential
information of spatial data enhanced the interpretation of ecological land evolution within the urban
agglomeration.

Key words: ecological land; spatial-temporal evolution; geographically weighted regression; Wu-

han urban agglomeration.
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Table 1 Ecological land transfer matrix from 2000 to 2015 (km?®)

Bt 2k b piS:i Hi K3 AN KR Bt ot
Period Land type Cropland Forest Grassland Water Construction  Unused Sum Decrease
land land

2000—2005 #kHb Cropland 29441.85 9.85 1.20 297.63 150.90 0.91 29902.34 460.49
M Forest 0.80 17533.25 0.38 10.04 17.51 0.16 17562.14 28.89
Ol Grassland 0.11 8.78 1414.59 11.44 27.99 0.00 1438.37 23.78
7K Water 22.03 0.39 3.20 5660.50 27.99 22.15 5736.26 75.76
AFFHL Unused land 0.43 0.04 1.65 28.16 1.94 210.84 243.05 32.21
A3t Sum 29465.22  17552.30 1421.02 6007.78 226.31 234.06 54882.15 -
B Increase 23.37 19.05 6.43 347.28 226.31 23.22 - -

2005—2010  #fHh Cropland 26122.55 1153.88 70.78 866.02 1219.47 26.63 29459.34  3336.79
MHb Forest 1024.98  16096.07 143.12 104.89 162.94 2.01 17534.02 1437.95
il Grassland 44.61 155.27 1182.39 17.99 105.21 1.18 1418.34 235.95
K3k Water 594.53 91.89 11.26 5174.51 105.21 31.66 6009.06 834.55
ARFHHE Unused land 23.20 3.28 1.12 84.60 7.12 116.37 235.68 119.31
3t Sum 27809.87  17500.39 1408.67 6248.02 1599.95 177.84 54656.44 -
B Increase 1687.32 1404.32 226.28 1073.51 1599.95 61.47 - -

2010—2015 #EHb Cropland 27682.48 14.64 4.65 119.41 600.11 0.39 28421.68 739.20
MHb Forest 4.96 17447.84 1.02 1.11 102.66 0.12 17557.71 109.87
Bl Grassland 12.28 2.44 1389.17 1.94 58.30 0.01 1414.25 25.08
K3k Water 35.83 1.50 0.95 6217.50 58.30 1.95 6316.02 98.52
A F A Unused land 0.58 0.34 0.00 4.47 3.51 170.25 179.15 8.90
3t Sum 27736.13  17466.74 1395.80 6344.42 822.89 172.72 53888.81 -
BT Increase 53.65 18.90 6.63 126.92 822.89 2.47 - -
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B Legend

LXWB
GD—QTST
GD—FST
LD—QTST
LD—FST
CD—QTST
CD—FST
SY—QTST
I FST-ST
I SY—FST
WY-QTST
B WY—FST

29°

B2 2000—2005( I).2005—2010( I ) ,2010—2015 4= ( I ) A= 25 FHBEEALAR =)
Fig.2 Ecological land transfer pattern from 2000 to 2005 ( I ), 2015 to 2010 ( 11 ), 2010 to 2015 (1II).

GD: ki Cropland; LD: #Hb Forest; CD: H i Grassland; SY: 7K Water; WY : AF| M Unused land; QTST: HAbA= 25 Other ecological
land; FST: EA=ZS R Non-ecological land; LXWB; A2 AAE Unchanged.
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0.05. | K ZWIKEF (VIF) HH 7.5, & /D
Jarque-Bera P {2}y 0.1 Fli5c/N25 [H] H AHIC P H2M0.1
TR ERME R 8T

x2 ARZEEAGHRRMEEESHT

B2 2 A DL E 1, 2000—2005 , 2005—2010 ,
2010—2015 4E53 72K 1 4 A8 5 A28 A6 4>
AR, AN RIS B BEAR A [T 09 43 A 45 2R h 5
BAVE H AN, 3 MG i B 326 A~ A AR
SRR AR A M BT EZHER
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SPHIE A 0.78 , (A1 42 S e T AS [R) A% f 21 A () A 2 X6
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HF/NF 7.5 /N Jarque-Bera P {H Fllf/N%S (6] B
FOE PAEER 2R T 0.1, 136 WA fif B AE bR ASTF
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ARy HIRE VR AR 86 5 2B 164 S N5 12 SEAIE
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OLS AR AIZE SRR B R [RI B 5% B B s i A6 25
AR A B AN [F], B AR AL R — P4
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S eI UNE NI &Pt & e b Y= AL
2 7E HABP B ARSI, 240 BB 1 A4S 2 p
A=A R b A6 2 0K 43 S/ 0.61 FEE I 0.79,
2005—2010 4F[a] , B 77 28 5 PR i A& i, i D03 T Pl
PN TE % AE T A A A A, A A
S A S0 5B 2010—2015 4F[a], ) A= 75 1 5
FEFEMR LA AR F KU R 2015 4FE AN GDP >/ ]
Al >2015 4E AL R > 38 4238, OLS B AL A .
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Table 2 Exploratory regression of different variable combinations

TUCMB  FERER  4LR  SER 6 G kME R AERE MRl FEN  RkB%E AR
Study Total REHIEL FAVEL FLRIEL Maximum AN PE guits PE EHKHET B4 PAE

period number of Model Model Model of adjusted ~ Akaiker’ s Jarque- Koenker Maximum Total
independent  number number number information Bera P statistic variance Moran’ s [

variables of 4 of 5 of 6 criterion value P value inflation P value
independent independent independent (AICc) (JB) (BP) factor (SA)
variables variables variables (VIF)

2000—2005 36 60 44 31 623.78 0.23 0.38 5.68 0.53

2005—2010 35 133 31 3 691.39 0.97 0.39 2.93 0.93

2010—2015 34 21 3 0 693.73 0.63 0.36 6.26 0.29
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Table 3 OLS regression results of the optimal model

BF5EIn Bt £ gl
Study period Index Value
2000—2005 2000 4F % A AT Rural population of 2000 -0.61"

BRI s 8GE Number of catering service points — —0.28 *
B M55 1 A0 Number of medical service points 0.79 "

TTBALFEE Number of administrative agency 0.50 "
BHE Intercept -2593.43
JH# R? Adjusted R? 0.83
2005—2010 Al Ak ¥ Number of company 0.26*
A6 IR S5 SR Number of social amenity points 0.15
T Road density 0.55"
JKI Y Water area 0.15
FRIE Intercept -6334.14
P R? Adjusted R? 0.89
2010—2015 2015 4ERFMLA Urbanization rate of 2015 -0.44"
2015 £\ GDP Per capita GDP of 2015 0.56 "
AP Number of company 0.45"
TR Road density 0.36"
U Intercept 24321.04
J% R? Adjusted R? 0.72
* P<0.01.

S PR 287 5 ] b A7 S o Pk AR R 2
B ] U5 DX 531 4 Ry dee /N 3 [0 U9 4 BT 1) JE A
AHGE 32 DHFFEIXATE B AR TE 6 BL | N SC & B L il
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HODIRT | — B BRI 25 4~ 11 i, X 222 57N
GWR BERLEF T T IS LAl

3% 4 v LIA 1, GWR #E R & 3R % OLS
R A B 4R 7, 2000—2005 , 2005—2010, 2010—
2015 4F1Y AICe fE43Is/)N 2.88 . 3.42 F10.83, %
Ry 57 0.02,0.03 1 0.02, K T gk — 2 84F
GWR A=A [l 45 R AE 22 18] 110 43 S, X 45 o i

&4 GWRHEEE OLS #HEM SRR ILE
Table 4 Comparison of fitting effect between GWR model
and OLS model

57 Model $645 Index ~ 2000—2005  2005—2010 2010—2015

GWR AlCe 656.12 682.24 699.36
R? 0.89 0.94 0.80
P R? 0.85 0.92 0.74
Adjusted R?

OLS AlCe 659.00 685.66 700.19
R? 0.85 0.91 0.76
JA%% R? 0.83 0.89 0.72
Adjusted R*

GWR 5 0LS AlCe -2.88 -3.42 -0.83

EElpEE R? 0.04 0.03 0.04

Difference between %% R2 0.02 0.03 0.02

GWR and OLS Adjusted R?

model
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YE AR E2E 53 )M 0.87 .0.93 .0.76 F10.02.0.01 ,
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Fig.3 Spatial variability of regression coefficients in GWR model.

I : 2000—2005; II: 2005—2010; I 2010—2015. a) £ #F A1 Rural population; b) IR ARS5 50 Number of catering service points; ¢) &
J7 R4S 1580 Number of medical service points; d) FTH ML ZE Number of administrative agency; e) NI R Number of company; f) A
55 5B Number of social amenity points; g) 18 #%5  Road density; h) /KIRTF Water area; i) 2015 534 L % Urbanization rate of 2015; j)
2015 4FE A Per capita GDP of 2015; k) A EUE Number of company; 1) i % % Road density.
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