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Construction of urban 3D ecological network considering green roofs.: A case

study of downtown Nanjing
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Abstract: As a new green infrastructure and nature-based solution, green roofs have become an important ecological
strategy to enhance urban ecological resilience and maintain biodiversity. However, urban ecological network studies mostly
focus on 2D ground ecological space, and few studies focus on the construction of 3D ecological network considering green
roofs. The studies of 3D ecological network that integrate ground and roof space and take green roofs into account are much
less common. Green roofs can play an important role in improving landscape connectivity between fragmented urban
ecological patches and optimizing the 3D urban ecological network. Therefore, it is necessary to integrate ground and rooftop
ecological spaces, and to conduct research on the construction of urban 3D ecological networks that take green roofs into
account, to fulfill the effective connection between urban green roof ecosystems and ground ecological spaces. In this paper,

based on the data of LIDAR, high-resolution remote sensing, and building attributes, we firstly structured a framework to
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integrate urban 3D ecological networks and green roofs by the multi-factor superposition and circuit theory. We used multi-
factor superposition to analyze the suitability of green roofs in four aspects; building height, roof slope, building age, and
historical and cultural attributes. Secondly, combining 3D structural features data of buildings and vegetation, we
constructed the ecological networks under two scenarios with or without green roofs by the method of circuit theory. Finally,
the potential impact of green roofs on urban 3D ecological networks was analyzed by comparing the number, length and
average resistance of ecological corridors. The results showed that: 1) There were 2879.62 hm’ of roofs in the study area
suitable for greening, accounting for 46.59% of the total roof area in the study area. It indicated that green roofs had great
potential for development. 2) The number of ecological corridors considering green roofs increased from 205 to 209, the total
length of the ecological network increased and the resistance value per unit length decreased, indicating that green roofs
could significantly improve the landscape connectivity of urban ecological spaces, increase the density of ecological
corridors, and provide important habitats and stepping stones for high-mobility species. 3) The effects of green roofs on
ecological networks were significantly regional different, with the largest optimization effect in the central urban area,
followed by the industrial area, and few optimization effects in ecologically sound areas. The results of the study can provide
decision basis and reference information for analysis and planning of ground ecological space and green roof space in high-

density urban areas.

Key Words: green roof ;3D ecological network; LIDAR; circuit theory; downtown Nanjing
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Table 1 Indicators for selecting suitable green roofs
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Fig.4 Vegetation structure index derived from LiDAR data
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Table 2 3D vegetation structure parameter extraction

TS0 32K PO vk KAt A

Vegetation structure classification Extraction method and description
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Table 3 Base resistance values of different land use type
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Table 4 Resistance value of different land use types
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Table 5 Statistics of suitable green roof area in each district

. N i B R AR 7 X S HR DS SR IX
. X T3 i L R 1L B T AR i ‘
X 4 y . R TR AR LA R TR B L1
L Total roof area of each Total suitable green . o . o
District name district/hm? ¢ areas/hm? Proportion of suitable roofs to  Proportion of suitable roofs to
istrict/fm root areasfmm all roofs in each district/% all roofs in the study area/%
BOHEIX 967.71 377.15 38.97 13.10
HILIX 509.00 220.56 43.33 7.66
LT IX 1884.40 1044.22 55.41 36.26
WiEE X 691.59 305.79 44.22 10.62
ZHfEIX 947.18 441.50 46.61 15.33
ZRIX 723.38 266.04 36.78 9.24
MG KX 457.77 224.36 49.01 7.79
AT Sum 6181.03 2879.62 — —
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Table 6 Statistical table of differences in ecological corridors for different scenarios

AT A 3 R E AR Bk T K R E JRR3E A 58 JERE B A 2
: . PEJE . : o
Ecological corridors for Number of Resistance value Corridor overlap Corridor change
. . . Average length/m o
different scenarios corridors per unit distance rate/ % rate/ %
i 2SR IE
ARIR CRESRE 205 1663.04 8.49 68.88 31.12
Ecological corridor not considering GR
5 & GR A= 25 AR &
B . & FEEL o 209 1767.28 7.55 62.18 37.82
Ecological corridor considering GR
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Fig.5 Overall comparison of ecological corridors under different scenarios
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Fig.6 Simulation results of ecological corridor in different scenarios
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