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Abstract: Landscape fragmentation is a major factor for ecological and environmental degradation, and it has serious
impacts on rapidly urbanized regions. Over the last 20 years, urbanization in Beijing has substantially changed the surface
landscape, and deeply influenced the landscape heterogeneity. However, much of the current research on the landscape
fragmentation in Beijing City has focused primarily on simple landscape indexes, and only a few studies have investigated
the complexity and dynamics of fragmentation characteristics on the temporal and spatial patterns. Therefore, the combined
use of remote sensing-based technology to classify land use cover, employing the moving windows method of landscape
metrics, and the spatial principal components analyses method have provided an useful comprehensive understanding of the
spatial-temporal characteristics and changes in landscape fragmentation patterns. In this study, we were mainly concerned
with landscape fragmentation during the rapid urbanization in Beijing City, throughout 1993, 2003 and 2013 based on RS
and GIS. The LUCC results, which were obtained from Landsat TM/ETM, have been divided into two grades, including six

classes in first grade and 19 classes in second grade. We have fully integrated the two grades of LUCC results to analyze
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landscape fragmentation, combined with the moving windows method and the spatial principal components analyses method.
Additionally, we use transfer-matrix and distribution pattern maps to describe the course of urbanization in Beijing City.
Based on the results of our study, we concluded that, there were many changes in landscape structure and pattern during
the rapid urbanization in Beijing, and the dominant change was construction land, which increased by 47.16%. At the same
time, farmland area has decreased by 21.86%. Landscape fragmentation indices also changed over time during this stage,
the landscape patch number was increased from 20,986 to 24,765, the average area of landscape patches has reduced by
15.35%, landscape connectivity index ( CONNECT) has decreased from 0.1316 to 0.1271, and landscape shape index
(LSI) has increased from 88.426 to 98.897. This indicates that, in the process of rapid urbanization, landscape
fragmentation has increased in Beijing City. The spatial distribution fragmentation pattern revealed substantial heterogeneity
and complexity, which primarily has the following outcomes: a polarizing trend, in which locations show increased
dissimilarity. The fragmentation index of urban center and mountainous regions has continued to decrease, but the
fragmentation index of emerging urban and suburban regions has increased. The gross area of high fragmentation and low
fragmentation has expanded. We find that urbanization is the main factor in the change of landscape fragmentation patterns,
and the dramatically changed region lies in the urban-rural ecotone, where construction land has rapidly increased. There
was hardly a directional preference in the fragmentation pattern. However, it has a distinct distance effect; the landscape
fragmentation index first increases with increasing distance, and then decreases in an inverted “U” type function. Also, the
landscape fragmentation showed a " layer ring structure" model for urban development in Beijing. The landscape
fragmentation index reaches a maximum when the distance at range of 20 to 35 km. This study could provide both reference
and guidance for land use management and ecological environment protection for rapidly developing areas. Also, the

multifaceted research approach toward landscape patterns and their ecological processes must be explored.

Key Words: urbanization; heterogeneity; landscape fragmentation; spatial principal components analyses; moving

windows method
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Table 1 Accuracy inspection table of first grade landscape class results

£ Year 1993 2003 2013
RS BE Total accuracy/% 84.000 84.667 83.333
Kappa 41 Kappa coefficient 0.807 0.817 0.801
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Table 2 Land cover of first grade landscape classes in Beijing City

A Bt M L KIS H B M AR -
Year Farmland Woodland Grassland Waters and Wetlands Construction Land Unutilized Land
1993 3605.02 9788.82 332.49 519.2 2123 48.71
2003 3105.23 9630.64 276.11 408.57 2920.44 76.23
2013 2816.92 9619.09 409.03 393.86 3123.85 54.49
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Fig.1 Distribution patterns of first grade landscape classes in Beijing City
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Table 3 The transfer-matrix of first grade landscape classes in Beijing City

Ay FOM A b it b KSR A AR AR A b
Year Landscape types  Farmland Woodland ~ Grassland ~ Waters and wetlands Construction land Unutilized land
1993—2003  #fH 3038.133 28.599 21.783 12.281 498.000 5.531
piS:i! 2.169 9572.703 9.684 5.148 194.926 4.705
it 0.294 1.264 220.401 8.183 89.449 13.188
K A HE 56.887 21.114 17.294 381.789 35.674 6.513
R 7.021 7.320 5.437 1.005 2102.072 0.087
ARF I 0.110 0.325 1.854 0.215 0.000 46.170
2003—2013 2791.108 53.341 55.171 6.335 194.796 3.863
it 8.129 9542.888 11.488 2.310 64.689 1.821
i 2.268 1.624 234.838 9.526 26.636 1.562
KA 7.413 4.882 10.945 364.006 19.705 1.670
B 6.686 14.873 79.335 1.999 2816.159 1.068
A 0.791 1.939 17.499 9.720 1.754 44.492

R4 EEHEHERKFHERIEY
Table 4 Landscape index of the whole city landscape level in Beijing City

S BB
BEBE /A SIIEARFES . " - REFEIRS Sh s
X REOR/D g e TWBINEE o en ey ROEHRE annon’s
G0 NP LSI Al ZREPERR B
AREA CONNECT DIVISION ) )
Year ( Number of Mean Patch ( Landscape (c A Index)  (Division Index) (Aggregation ~ SHDI( Shannon's
Patches) (Mean Patc Shape In dex) onnect Index 1vision Index Index) Diversity Tndex)
Area)
1993 20986 0.782 88.426 0.1316 0.791 95.967 1.111
2003 22482 0.730 92.455 0.1298 0.790 95.778 1.121
2013 24765 0.662 98.897 0.1271 0.796 95.476 1.131
xRS5 ZFEERSA/THEERSWEHEECLERNE
Table 5 Percent and accumulative eigenvalues
A4y Year F 43 PC Layer PC 1 PC2 PC3 PC 4 PC5
1993 LRI 0.1155 0.01987 0.0111 0.0059 0.0023
FRAEAE HLAB % 73.08 12.575 7.023 3.67 1.466
W /% 74.692 12.852 7.178 3.751 1.498
2003 LRI 0.1546 0.0177 0.0011 0.0005 0.0002
FRAEAE HLAE % 81.401 9.323 5.695 2.644 0.9368
W /% 81.401 9.323 5.695 2.644 0.9368
2013 LRI 0.2017 0.02 0.0065 0.0019 0
FRHE(E HAE/ % 87.659 8.694 2.829 0.818 0
I /% 87.659 8.694 2.829 0.818 0

1993—2013 4F 3 Mk 5t i1 s WL ABERAR B2 g 5 %) 23 1R A3 A5 4 Jmy (181 2) S« AU 55 T S5 WA 1 o e K X = 2
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Fig.2 Spatial patterns distribution of landscape fragmentation index in Beijing City
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Fig.3 The variation of landscape fragmentation index on temporal and spatial in Beijing City
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Table 6 Area ratio of different degrees of fragmentation in Beijing
A4y Year AR Very low I Low * Moderate = High W Very High
1993 17.64 27.86 31.19 22.22 1.09
2003 25.86 24.45 28.14 20.67 0.87
2013 31.13 19.48 23.52 23.55 2.33
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Fig.4 Area percentage of different landscape types on five fragmentation degrees/ %
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Fig.5 The changes of fragmentation index on sample lines
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Table 7 The summary able about functions fitting for fragmentation index and distance
AR Year [E] 9455 The regression models e 2 R? F {8 BEFM Sig.
1993 Y, =0.3147+0.01905X, —0.0003566X3 0.938 91.16 0.000
2003 Y, =0.2322+0.0233X,-0.0004199X2 0.956 133.93 0.000
2013 Y, =0.1767+0.02898 X, -0.0005167X3 0.967 188.46 0.000
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Fig.6 The variation ranges of fragmentation index on sample lines
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Fig.8 The quadratic functions about relationships between fragmentation index and distance
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