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Abstract; Urban ecology research plays a crucial role in understanding the intricate relationships between urban landscapes
and their ecological effects. A fundamental requirement for this type of research is the establishment of clear and consistent
urban boundaries. Previous studies commonly used remote sensing images to map these urban boundaries. Due to the varying
pixel sizes of different types of images, significant discrepancies arise in how urban boundaries are delineated. This lack of a
standardized mapping unit poses substantial challenges, as it diminishes the comparability of urban boundaries derived from
different pixel sizes. Consequently, this inconsistency can affect analyses and comparative studies of urban ecological
environments, undermining the robustness of findings in urban ecology. In response to these challenges, we propose a novel
method for extracting built-up areas based on urban road networks. This innovative approach aims to enhance the

comparability and accuracy of urban boundaries by establishing a unified mapping unit. The methodology begins with the
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segmentation of road networks using high-resolution imagery. This segmentation is then complemented by integrating
information from multiple remote sensing data sources, which enables more precise identification of urban built-up areas.
The outcomes of this research indicate that the new method substantially improves extraction results by addressing common
issues associated with built-up area delineation, such as fragmentation, jagged edges, and irregular shapes. These
improvements are critical as they enhance the visual and analytical clarity of urban boundaries, making them easier for
researchers and urban planners to use. Moreover, by standardizing the mapping units, the method effectively mitigates non-
comparability issues that often arise from using diverse pixel sizes. Importantly, the overall accuracy of built-up area
extraction is found to increase by 2% to 4% compared to traditional methods.The road network-based extraction technique
not only refines the process of delineating urban boundaries but also strengthens the foundations of urban ecology research.
With more accurately defined urban boundaries, researchers can conduct analyses that yield valuable insights into the
interactions between urbanization and ecological processes. This has profound implications for urban planning, as it allows
for better-informed decision-making and resource allocation. In summary, the proposed method represents a significant
advancement in urban ecology research, promoting greater consistency, accuracy, and comparability in urban boundary
delineation. This innovation not only enhances our understanding of urban ecological patterns, processes, functions, and
services but also supports sustainable urban management practices, ultimately contributing to the resilience and

sustainability of cities in an era of rapid urbanization.
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Fig.7 Segmentation results of road patches in Beijing and Shenzhen
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Table 3 Accuracy evaluation of extraction results in Beijing

Tk HM X% HRIX /% SRS/ % B

Method Non-built up area  Built up area  Overall accuracy Kappa

14T Pixel NTL PA 98 81 88 0.77
UA 80 98

LB Patch P-NTL PA 98 83 90 0.80
UA 83 98

%5 Pixel POI PA 99 58 77 0.55
UA 66 99

BEH Patch P-POI PA 99 84 90 0.81
UA 83 99

14T Pixel NPANUI PA 99 86 92 0.84
UA 86 99

BEHR Patch P-NPANUI PA 89 90 94 0.88
UA 99 99

PA A EKEE Producer’s accuracy; UA RSB User's accuracy ; NTL: % [AIXT YGF8 4L Nighttime light index; P-NTL . J& T BEH 9 % (R T 648
# Nighttime light index base on patch; POI; 24881 Point of interest; P-POI; & F BB 1 248 15 2 BE k1T Density estimation based on patch; NPANUI;
NDVI 1 POI & 1F IR G T F5 50 NDVI and POI adjust NTL urban index ; P-NPANUI: 3£ T-REE 4 NDVI Fl POI & 1E AR GR35 %% NDVI and POI
adjust NTL urban index based on patch

FET A EAR LG, DA BB Ay ] 1 B 0 B %) B DR K B &5 (8 3 .36 4) o JETHEIX NTL
(AR B2 7K EL IR W 5, BVAKE B2 A 88% , Kappa RECH 0.77., 2 MIBEHUE IEJ5 , P-NTL 76 P4 Hukg /K735
2Tt b H DR AORS EE IR 5] 90% , Kappa RECH 0.80., TRIIHE X S48 B Al Kappa REGETH T 3% H1 7%,
SKET 89%H10.79, POI MRS EAEIL 50K 77% , Kappa ZRECAA 0.55, LLIRYIMLXAR T 7% 13% ., Tiifdi
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PR BEAS E T, WS BE K32 THI B . P 7E P-POT Jb 5t BARKS BE 4R TH T 13%, 35 3] T 90% ., Kappa %
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EFT 14% , SARKE FE AT Kappa R2F094 LT 385 T 88%110.74, NPANUI S AKS BEAEIL 5 R 92% , TE ]
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53K BE I Kappa RECH 93% 94% 1 0.85, 73 - Tt 2% 4% H 4% . 55 53K BE AL st ORIFAE T o3k BE AR
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Table 4 Accuracy evaluation of extraction results in Shenzhen

Tk AR RLIX % X % BARKEIE % R

Method Non-built up area  Built up area  Overall accuracy Kappa

&7 Pixel NTL PA 87 85 86 0.72
UA 85 87

BEHR Patch P-NTL PA 88 91 89 0.79
UA 91 88

%I Pixel POI PA 95 73 84 0.68
UA 87 94

Bk Patch P-POI PA 88 87 88 0.74
UA 87 88

8T Pixel NPANUI PA 90 91 91 0.81
UA 91 90

BEHE Patch P-NPANUI PA 94 92 93 0.85
UA 92 94
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AEERGIX 38 B AR st T o T 1 1 B 5 T 4 Ay (8 ) BB O 0 FH 225 L ik i 28 RS, P-POT A &30k
7o UK AT ST (B8 &1 9) .

DB R HR Ay ] (1 BA T B O B X U 55 1 i S [ A i AR R T A3, aniEl 10, DMG T A i 1 B
TCHEU R IX (NTL) BT B eI, e il X ™ A B S B U7 . e &b, 2 B A o 1ok i By 2 ol IX 25
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Table 5 Landscape pattern index of built-up area extracted by different methods in Beijing
Sk BEH K JEH/km FOBEE KRR NGHEE FWRRIEE
Method Number of Girth landscape Perimeter- Edge Landscape
1
o plaques fragmentation Area Ratio density shape index

8T Pixel NTL 187 1688 0.13 1.15 1.02 5.78
BEH Patch P-NTL 145 1633 0.10 1.13 1.01 5.72
18I Pixel POl 20 375 0.02 0.40 0.29 3.44
BEH Patch P-POI 24 886 0.02 0.60 0.54 4.22
14T Pixel NPANUI 3963 2245 2.70 1.53 1.37 6.89
BEH Patch P-NPANUI 47 1047 0.03 0.71 0.63 4.52
P
EHUR — 46 875 0.03 0.58 0.62 4.50

Reference boundary

F6 RINBXAEFERMNERRZUIERIEY

Table 6 Landscape pattern index of built-up area extracted by different methods in Shenzhen

. B o RUERIE KERH AREIE RN
Number of . landscape Perimeter- Edge Landscape
Method Girth . . . .
plaques fragmentation Area Ratio density shape index
14T Pixel NTL 171 886 0.18 0.92 4.01 7.31
BEHR Patch P-NTL 298 948 0.31 0.99 4.04 7.35
14T Pixel POI 32 453 0.04 0.59 2.80 5.96
B Patch P-POI 293 856 0.30 0.89 3.97 7.26
14T Pixel NPANUI 1269 1108 1.32 1.15 5.44 8.89
BEHE Patch P-NPANUI 348 936 0.36 0.98 4.10 7.41
%1 5L Reference boundary — 255 671 0.27 0.70 3.84 7.16
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