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OLS-1 SEM-1  SLM-1 SEM-2 SLM-2
SEM-2 SLM-2  OLS-2
LIK AIC SC SEM-2 SEM-2
SLM-2 OLS-2 SEM-2 GWR
SLM-2 SEM-2 R® LIK OLS-2 15%
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Table 2 Model parameters of different regression models
t p t p

Regression model Variables  Coefficient SE. tvalue pvalue [ Regression model Variables  Coefficient SE. tvalue pvalue
0.1336 0.0062 21.44 <0.001 0.1333 0.0062 21.44 <0.001
X1 -0.5233 0.0281 -18.63 <0.001 X1 -0.5218 0.0280 -18.63 <0.001
X2 -0.3389 0.0286 -11.85 <0.001 X2 -0.3393 0.0286 -11.87 <0.001
X3 0.3952 0.0126 31.38 <0.001 X3 0.3942 0.0125 3151 <0.001
Xa 0.1070 0.0124 8.66 <0.001 Xa 0.1079 0.0123 8.78 <0.001
OLS-1 Xs -0.1973 0.0365 -5.41 <0.001 OLS-2 X5 -0.1961 0.0364 -5.38 <0.001
X6 0.0601 0.0294 204 0.041 X5 0.0579 0.0293 198 0.048
X7 -0.4916 0.0456 -10.79 <0.001 X7 -0.5020 0.0433 -11.60 <0.001
Xg 0.4708 0.0094 50.32 <0.001 Xg 0.4684 0.0088 53.39 <0.001
Xg 0.0942 0.0115 8.17 <0.001 X9 0.0946 0.0115 8.22 <0.001

X10 -0.0154 0.0208 -0.74 0.461 X10 — — — —
0.2202 0.0144 1530 <0.001 0.2210 0.0144 1532 <0.001
X1 -0.3370 0.0203 -16.61 <0.001 X1 -0.3383 0.0202 -16.72 <0.001
X2 -0.0933 0.0226 -4.14 <0.001 X2 -0.0943 0.0225 -419 <0.001
X3 0.3466 0.0181 19.16 <0.001 X3 0.3498 0.0178 19.63 <0.001
Xa 0.0801 0.0175 458 <0.001 Xa 0.0789 0.0174 452 <0.001
Xs -0.1487 0.0277 -5.36 <0.001 Xs -0.1519 0.0276 -5.51 <0.001

SEM-1 SEM-2

X6 0.0425 0.0196 216  0.030 X6 0.0405 0.0195 2.08  0.030

X7 -0.0512 0.0450 -1.14 0.255 X7 — — — —
Xg 0.2276 0.0099 23.02 <0.001 Xg 0.2271 0.0096 23.77 <0.001
Xg 0.1648 0.0195 845 <0.001 X9 0.1646 0.0195 845 <0.001

X10 0.0095 0.0248  0.38 0.702 X10 — — — —
A 0.8878 0.0063 141.62 <0.001 ) 0.8883 0.0063 142.09 <0.001
) 0.7871 0.0068 115.39 <0.001 P 0.7894 0.0067 118.10 <0.001
-0.0718 0.0041 -17.55 <0.001 -0.0729 0.0041 -17.95 <0.001
X1 -0.2236 0.0183 -12.21 <0.001 X1 -0.2352 0.0162 -14.49 <0.001

X2 -0.0246 0.0184 -1.34 0.182 X2 — — — —
X3 0.1346 0.0087 15.46 <0.001 X3 0.1344 0.0086 15.57 <0.001
SLML X4 0.0688 0.0079 8.67 <0.001 SLM.2 X4 0.0685 0.0079 8.64 <0.001
Xs -0.0851  0.0233 -3.65 <0.001 X5 -0.0856  0.0233 -3.68 <0.001
Xs 0.0603 0.0188 3.21 0.001 Xe 0.0584 0.0187 3.12 0.002

X7 -0.0214 0.0293 -0.73  0.465 X7 — — — —
Xg 0.2036 0.0066 30.91 <0.001 Xg 0.2034 0.0066 30.95 <0.001
Xg 0.0894 0.0074 12.04 <0.001 X9 0.0884 0.0074 12.01 <0.001
X10 -0.0284  0.0133 -2.13  0.033 X10 -0.0319  0.0126 -253 0.012

OLS-1 OLS-2 SEM-1 SEM-2 SLM-1 SLM-2 4 p -1 -2 -1

-2 -1 -2
Note: OLS-1, OLS-2, SEM-1, SEM-2, SLM-1, SLM-2 A, p represent ordinary least squares model-1, ordinary least squares model-2, spatial error model-1,
spatial error model-2, spatial lag model-1, spatial lag model-2, coefficient to the spatial error,coefficient to the spatial lag.
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3
Table 3 Comparison of the parameters of regression results
2 R® Maximum likelihood Akaike Schwartz
Preudo R residual sum of squares logarithm Akaike information criterion Schwartz criterion
OLS-1  0.5027 - 377.48 707.29 -1392.58 -1316.09
OLS-2  0.5027 - 377.51 707.02 -1394.04 -1324.50
SEM-1 - 0.8127 142.18 3797.53 -7573.05 -7496.56
SEM-2 - 0.8127 142.16 3796.88 -7575.76 -7513.18
SLM-1 - 0.7968 377.50 3693.63 -7363.27 -7279.82
SLM-2 - 0.7970 154.11 3692.46 -7364.91 -7295.37
GWR  0.6635 - 255.43 - -4132.72 -
3.4
3.4.1
SEM-2 3.4.2
X7 4 GWR
X10 Xs
X1 X2 Xg
X1 X2 X5
X7 X10

4 GWR

Table 4 Statistical description of GWR’s parameter estimation

Descriptive index Minimum Median Maximum Mean Percentage of positive value/%  Percentage of negative value/%
0.0139 0.0866 0.2333 0.1189 100.00 0
X1 -2.6295 -0.6420 22.8288 0.9584 15.13 84.87
X2 -8.7645 -0.3453 4.7009 -0.7210 6.45 93.55
X3 -0.4450 0.3903 1.1973 0.3599 86.07 13.93
X4 -0.1982 0.0614 0.7320 0.0997 7353 26.47
Xs -0.8908 -0.1638 0.2650 -0.1822 3244 67.56
X6 -0.3142 -0.0012 0.7227 0.0097 50.22 49.78
X7 -2.2952 -0.6931 0.2362 -0.8373 1.09 98.91
Xg 0.1181 0.3724 0.8624 0.4294 100.00 0

Xg -0.6755 0.3995 1.8584 0.4576 79.26 20.74
X10 -7.4913 -0.1806 4.6912 0.0028 26.51 73.49

5 km>=5 km X1 X2

GWR Xs X7 X10
5 km>=<5 km X1 X2 X7
90% X1
42.59%
4 5
Xg -3 800 m 70m
Xg 60% X7
X1 32.06%
13.85%
14.61% -3 20m X2
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5
Table 5 Statistics of more sensitive influence factors of distribution of cultivated land in coastal zone of Bohai Rim region
Influence factors Number (i’;ﬁ[]igsczf positive Percentage of grids/% Number Oifnglﬂgﬁcf negative Percentage of grids/%
X1 1013 14.61 2953 42.59
% 6 0.09 960 13.85
X3 722 10.41 0 0
X4 101 1.46 0 0
Xs 0 0 699 10.08
X6 227 3.27 0 0
X7 0 0 2223 32.06
Xg 2670 22.30 0 0
Xo 648 38.51 0 0
%10 1546 9.35 98 1.41
6933 100.00 6933 100.00
4 3
1 SEM SLM GWR
OLS SEM SLM
GWR SEM
7° 10° 16
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Analysis of spatial pattern of farmland and its impacting factors in
coastal zone of Circum Bohai

Wu Li*?, Hou Xiyong® , Xu Xinliang®
(1. Yantai Institute of Coastal Zone Research, Chinese Academy of Science, Yantai 264003, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Science, Beijing 100101, China)

Abstract: In this paper, coastal zone of Circum Bohai Sea Region which covers an area of approximately 170,
000 km? was selected as the study area. The spatial distribution characteristics of farmland of this study area were
analyzed and the relationship between farmland distribution and natural, social or economic impacting factors was
explored. Based on Landsat TM images acquired in 2009/2010, farmland distribution map was created through
visual interpretation with auxiliary data in ArcGIS 9.3. Then farmland distribution map was overlaid with a lattice
map to statistic area of farmland in each 5 km x 5 km lattice. Impacting factors of farmland consisted of elevation,
slope, distance to nearest coastline, distance to nearest railway, distance to nearest road, distance to nearest
residential area, distance to nearest river, average yearly precipitation, average yearly temperature and population
density, which were compiled into raster format data with a spatial resolution of 5 km x 5 km and normalized
between 0 and 1 in ArcGIS 9.3. As conventional statistical methods assumed that the data to be analyzed was
statistically independent, it was inappropriate to use traditional statistical method to analyze spatial land use data
which had a tendency to be dependent. In this study, ordinary least square linear regression model (OLS), spatial
error model (SEM), spatial lag model (SLM) and geographically weighted regression model (GWR) were
established from global and local perspectives. Several evaluation indexes were selected to assess the performance
of those models. The results showed that: 1) Farmland was the main land use type, which occupied 53% of the
whole study area. Positive spatial autocorrelation that decreased gradually with distance was detected in both
farmland distribution and impacting factors; 2) Spatial autoregressive models and GWR had a better
goodness-of-fit than conventional linear regression model. As to spatial autoregressive models, SEM performed
better than SLM in this study, as was indicated by higher preudo R® value and maximum likelihood logarithm
(LIK) value, and lower Akaike information criterion (AIC) value, Schwartz criterion (SC) value and residuals for
the former model; 3) GWR could be used to explore spatial variation in the relations between cultivated land
distribution and different impacts factors, providing more detailed information, while SEM could only explore the
relations from a global view; 4) The SEM showed a positive correlation between farmland and elevation, slope,
distance to the nearest roads, as well as a negative correlation between farmland and distance to nearest shoreline,
distance to nearest railroad, distance to nearest settlements, average yearly temperature, average yearly
precipitation from a global perspective; and 5)The GWR revealed both positive and negative correlations between
farmland and impacting factors (expect for average yearly precipitation). Among the most sensitive factors
affecting farmland distribution, average yearly temperature and average yearly precipitation were the main
positive factors, while elevation, slope and distance to nearest residential area were the main negative factors.

Key words: land use; regression analysis; rural areas; coastal zone of Circum Bohai Sea Region; farmland; linear
regression model; spatial autoregressive model; geographically weighted regression model



