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Abstract: Connectivity is a vital element in landscape structure because of its importance in
species-landscape interactions. Connectivity analysis of green spaces in urban landscapes, especially
in high-density cities such as Hong Kong, differs from that of habitats in natural or rural landscapes.
Using the human being as the target species, we formulated with GIS techniques a resistance weight,
a structural connectivity index and an ecological barrier effect index to assess connectivity of green
spaces. Two factors were included in the modeling, namely the resistance of different land uses
related to human activities, and the distance between different urban green spaces. We analyzed the
relationships between the connectivity index of green spaces and green cover, elevation, building
density and population density. Our results indicate that low connectivity usually occurs in both old
and new town centers with high building density and low green cover, and in areas occupied by land
uses with a high resistance weight. However, urban density may not necessarily have a negative
influence on the structural connectivity of green spaces. Green cover also may not necessarily have
positive impact on connectivity if the green spaces have a poor spatial pattern. Adding more green
stepping stones, large green spaces and green corridors to form greenways and shortening the
distance between urban green spaces can offer a spatial-planning strategy to increase the green space
connectivity in Hong Kong. The study provides insights to optimize connectivity of green spaces to
improve the urban living environment in high-density metropolises.

Keywords: green space connectivity; ecological barrier effect index (EBEI); path distance module;
resistance weight

1. Introduction

Connectivity is a key characteristic of the ecological network [1] and is the basic principle
for regional, urban, land use and infrastructure plans at the strategic and landscape levels [2,3].
Landscape connectivity, which was firstly introduced in 1984 by G. Merriam [4], is defined as
“a functional parameter that measures the processes of sub-populations of organisms’ interconnection
to a functional demographic unit” [5]. It involves linkages of habitats, species, communities and
ecological processes at multiple spatial and temporal scales, and influences biophysical processes and
biogeochemical functions [6]. Connectivity includes structural and functional connectivity. Structural
connectivity is the physical connectivity and can be measured by assessing configuration, proximity or
connectivity among landscape elements (edge or patch) along with landscape structure. Functional
connectivity is the behavioral response to the landscape elements [7]. It can be analyzed by a species’
movement behavior in the landscape by testing dispersal success, search time and cell immigration,
and comparing movement frequencies and weighing distances between points [8,9]. Previous
researches have addressed the definition and application of landscape connectivity especially structural
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connectivity [7,10]. They focus on forming ecological network [10], analyzing the effects of connectivity
on focal species or biodiversity [8,11]; increasing ecosystem services [12], factors influencing
connectivity [3,13], relationships between connectivity and urban green infrastructure [14], etc.
However, few studies touched on the assessment of structural connectivity of green spaces and the
underlying factors in extremely dense cities such as Hong Kong, using people as the target population
moving among the green patches. Here, green space is defined as the natural environment covered by
trees, shrubs, grasses and climbing plants. Green cover is the percentage of green space area to total
land area.

In the urban context, connectivity of green spaces not only increases green cover, improves
micro-climate and other ecological functions [15], but also puts people closer to nature to usher better
physical and mental health [16]. It also provides better living environment and increases economic
values such as urban landscape quality and tourism potential. Understanding the distribution
and connectivity of green spaces could help identifying critical habitat patches to maintain the
connectivity [17] to enhance people’s enjoyment and recreation. Most studies of landscape connectivity
were confined to a natural or rural landscape [5,18]. For the built environment, people are the target
species moving through the built-up matrix among the green spaces. Some land uses can hinder
people’s access to green spaces [19] and produce different barrier effects [2,13,20].

A livable residential area is expected to have a high green cover with diverse vegetation
configurations of trees, shrubs, herbs, lawns, climbers and perhaps also bamboos. The green spaces
should be well connected and distributed throughout the built-up areas, including urban parks,
sitting out areas, children’s playgrounds, side yards, roadsides, and green strips adjoining buildings.
In topographically rugged areas such as Hong Kong, elevation and landform may play significant roles
in the development of green spaces. The spatial pattern of green spaces can considerably influence
connectivity and patronage. However, it remains unclear how the green spaces were structurally
connected, and whether the green cover, elevation and urban density (indicated by population density
and building density) play significant roles in connectivity in compact cities [21].

Models based on GIS technology and other disciplines such as cellular automation models [22],
CONNECT models [23], conductance index [24] and other derived models [25] are useful in assessing
landscape connectivity and setting up networks within heterogeneous landscapes. The development
of the connectivity models usually requires spatial data on land use maps, barrier or resistance index
and habitat distributions. In this study, the resistance of land uses related to people’s activities were
analyzed using PathDistance module in ArcGis 9.0 to model the ecological barrier effect index and the
structural connectivity index of green spaces in the built environment in Hong Kong, assisted by the
techniques of “35” and statistics. The study aims at providing recommendations to enhance structural
connectivity of green spaces and to improve the quality of the urban living environment in compact
cities such as Hong Kong.

2. Materials and Methods

2.1. Study Area

Hong Kong is one of the most densely populated cities having experienced rapid urbanization in
the world. It has followed the high-rise, high-density and multiple intensive land-use development
modes during the latter part of the 20th century, and demonstrates almost all the attributes of a compact
city [26]. Built-up areas in Hong Kong are characterized by skyscrapers, narrow roads and pedestrian
walkways, intense air pollution, and an extreme shortage of green cover. Green spaces are integral
to the daily life and work of the residents and influence the quality of urban life. Most residential
areas have few green spaces, punctuated by some elevated greeneries in small pots on the balconies,
windowsills and building roofs, and occasional climbers on small pergolas in the sitting out areas.
The congested residential areas are attributed to population as well as building density. Furthermore,
the terrain of Hong Kong is rugged with about 30% steeper than 30°, with little natural flat land
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in Hong Kong Island (HKI) and Kowloon (K), where the majority of population lives. The rugged
topography, which has 80% of the land as steep hillslopes, severely restricts the supply of easily
developable lands, but provides a green hilly backdrop to the city [27]. The connectivity of green
spaces is especially important for local residents to experience nature and alleviate mental and physical
press in built-up areas [28].

Table 1 displays the areas, population density and green cover of typical towns in the built-up
areas of Hong Kong. Of the 13 selected towns, only three towns, Southern, Tai Po and Tsuen Wan,
have higher green cover than the national standard for garden city in China. Only Southern and
Tai Po have higher green cover per capita than the national standard for garden city in China. The old
Yau Tsim Mong represents the town with lowest green cover and one of the lowest green cover per
capita of. Kwai Tsing represents the first generation new town with lower population density and
higher green cover than most other towns; Tai Po represents the second generation new town with
highest green cover and green cover per capita of the new towns. Tseung Kwan O represents the latest
generation new town with one of the lowest population densities and higher green cover and green
cover per capita than most other towns.

Table 1. Area and green cover in the built up areas in the main towns of Hong Kong.

. P . Population Density Green Green Cover
2
Region District Township Area (k) (10,000 Person/km?) * Cover (%) per Capita (m?)
Central & Western Old town 6.47 4.05 24.89 6.15
Hong Kong Wan Chai Old town 4.79 3.49 23.50 6.73
Island Southern Old town 11.61 2.50 4427 17.70
Eastern Old town 7.96 7.74 23.84 3.08
Kowloon City Old town 10.11 3.77 15.83 4.19
Yau Tsim Mong Old town 6.79 415 14.45 3.48
Kowloon Sham Shui Po Old town 8.34 4.24 14.99 3.53
Wong Tai Sin Old town 4.92 9.04 26.37 2.92
Kwun Tong Old town 10.99 5.36 21.50 4.20
Tsuen Wan First generation new town 6.37 433 32.09 7.41
The New Kwai Tsing First generation new town 16.04 297 21.27 7.15
Territories Tai Po Second generation new town 9.32 3.34 41.60 12.47
Tseung Kwan O Latest generation new town 9.65 2.77 29.55 10.67
Total 113.64 415 2591 6.28
National standard for garden city in China 30 11

* Population data (2015) was extracted from [29].

2.2. Modeling Ecological Barrier Effect Index and Connectivity Index

Orthophoto and B5000 digital maps with 0.5-m resolution were purchased from the Hong Kong
government. Then GIS techniques were used to derive maps of green spaces (to calculate green
cover) and other land uses such as buildings and different kinds of roads to obtain their distributions.
Elevation information was extracted from the LANDFILL layers of the B5000 digital maps in five
categories: 0-100, 100-200, 200400, 400-700, and >700 m. To facilitate calculation, these landfill data
were standardized as values between 0 and 1, and the average values for each cell are retained. Thus,
the corresponding standardized values of elevation are 0.05, 0.15, 0.3, 0.55, and 0.85. The Tertiary
Planning Unit/Street Block system (TPUs) with 2015 population data [29,30] was used as the basic
unit to calculate population density and building density. Building area is defined as the area limited
by building block outline and building outline under elevated structure. This definition is derived
from the data of BLDG.cov of B5000 digital maps. In the same file, buildings are classified into several
types: BP, building block outline; and BUP, building outline under elevated structure. BP and BUP are
used to calculate the building areas.

Building density was formulated as follows [30]:

n
BD; = Y (BHjj * BA;;) / ALU; 1)
j=1
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where in the given TPU, BD; is the building density in land use 7, and is measured in meters; BHj; is
the building height of building j in land use 7, and is measured in meters; BA;; is the building area
(including the areas of BP and BUP) of building j in land use i, and is measured in square meters (m?);
and ALU;: the area of land use 7, and is measured in square meters (m?).

Table 2 summarizes the resources and references of data collection and analyses of green cover,
elevation, population density and building density.

Table 2. Resources and references of data collection and analyses.

Factor Data Resources References
Green cover Interpreted from Orthophoto maps [30]
Population density Calculated from population data (2015) based on TPUs extracted from B5000 digital maps [29,30]
Building density Calculated from building information extracted from B5000 digital maps [30]

The path distance module in ArcGIS 9.0 calculates the least-accumulative-cost distance to the
nearest sources with the original source layer (green space map), the surface elevation layer, and the
cost raster layer (resistance weight map, defined as below). Thus, it was used to model the barrier
effect index and structural connectivity index. To facilitate explanations and comparisons, a decimal
scale method and a Napierian logarithm with a natural log scale [2] were used in the models.

2.2.1. Defining Resistance Weight (RW)

Resistance weight (RW) was defined as an index used to assess the relative restriction imposed
by different land uses on people’s access to the green spaces. It is a relative value and can be used
in comparative analysis. Its value is assumed to range between 0 and 1. It was calculated based on
a rating and weighting method (RAW method) [31,32] (for a review of this popular method and its
application, see [33]), the Delphi method [34] and former studies such as those on transportation [35].
A land use with insignificant or no resistance to pass through is assigned a RW of 0, and a land use
with the highest resistance (no way to pass through) is given a RW of 1 (Table 3). A land use that has
limited passage is given a RW of 0-1 according to the transit time. The resistance weight map, which is
one of the three maps used in path distance module to model the barrier effect index, was formed with
RWs of different land uses (Table 3).

Table 3. Weight assigned to different levels of resistance to the connectivity to green spaces in different

land uses.
Factor Classification Wel.ght for
Resistance
Buildings (excluding podiums) in Commercial /Residential regions with passages to 05
facilitate shopping and maximize social interactions ’
Buildin Other buildings (excluding podiums) 1
8 Podium * gardens in residential regions that only provide services for the residents 0.9
Other podium gardens open to the public 0.1
Other podiums 1
CWY (covered walkway) 0
. FBR (footbridge (over road/water)/elevated walkway 0
Primary and
a ds th FP (footpath) 0
seccl)g bary roa dS that - py (pavement) and PAU (pavement under other structure) 0
could be crossed over  grp (steps) and SWY(subway) 0
Road TC (track/bicycle track/racing track) 0
Primary roads (expressways, trunk roads, etc.) with 24-h stopping restriction 0.9
Roads with no Secondary roads that people can reach by bus 0.3
accessing parts Rural roads and other roads 0.5
RAIL East and West Rail lines) 1
Rural roads Other roads in villages, urban fringe and countryside 0.3
Water Catchwater, fountain, nullah, river, swimming pool, etc. 1
Other Other land uses such as open spaces 0

* Podium: the space in the intermediate floors of high-rise buildings above the ground level [36].
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2.2.2. Modeling Ecological Barrier Effect Index (EBEI)

Barrier effect index is usually calculated using the Cost Distance module in ArcGIS [37,38]. In this
study, using human being as target species, we introduced accumulative cost distance, the Path
Distance function module in ArcGIS 9.2, to describe the accumulative barrier effect of different land
uses, and to model the structural connectivity of green spaces in Hong Kong.

The barrier effect index (BEI) is modeled as follows:

BEIZ' = ln((di - dmin)/(dmax - dmin) + 1) (2)

where, for the given area, BE, is the barrier effect index; d; is the path distance; and dmax and dpi, are
the maximum and minimum path distances, respectively.

As mentioned above, in addition to the barrier effects of land uses, travel cost and time
consumption are also important factors affecting the connectivity of urban green spaces. Thus,
the landscape connectivity of urban green spaces is not only determined by the barrier effect of land
uses, but also the nearest neighbor distance (nd) between different green spaces, which is calculated by
analyzing the distances between the centroid of one piece of green space and the centroid of the nearest
green space.

For a given region j, the DI is modeled as

DI]- = ln((l’ldj — Tldmin)/(ndmax - ndmin) + 1) ®)

where DJ; is the total distance between different urban green spaces in region j; nd; is the average
Euclidean distance from the centroid of one piece green space to the centroid of the nearest green
space; nd; is the summation of all average Euclidean distances from the centroid of one piece of green
space to the centroid of the nearest green space in region j; and ndmax and ndmi, are the corresponding
maximum and minimum distances between different urban green spaces in the given area, respectively.

The ecological barrier effect index (EBEI) is then formulated by summing BEI and DI. For the
given area, the ecological barrier effect index is modeled as follows:

n
EBEI; = Z; BEIL; + DI 4)
1=
where EBEI; is the ecological barrier effect index between different urban green spaces in region j;
BEI;; is the barrier effect index in region j; and 7 is the number of green spaces in region j.
2.2.3. Modeling Structural Connectivity Index

For region j, the structural connectivity index (CI) is modeled as
ClIj = 10 — 9In((EBEI; — EBElLyin) /(EBEImax — EBEIpin) + 1) (5)

where CI; is the structural connectivity index of green spaces in region j, where the value of CI ranges
from 0 to 10; and EBEImax and EBEl, are the corresponding maximum and minimum ecological
barrier effect indices in the given area.

2.2.4. Assessment on the Factors Influencing the Green Space Connectivity

To test the hypothesis that green cover, elevation and urban density play significant roles in green
space connectivity, the relationships between the connectivity index of green spaces and green cover,
population density, building density and elevation were analyzed based on TPUs. Because the factors
are related to each other, partial correlation analysis in SPSS 16.0 was used.
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3. Results

3.1. Distributions of Green Cover, Population Density and Building Density and Their Relationships

Figure 1 displays the distributions of residential areas and green spaces in the towns. Figure 1
shows that residential areas are distributed along the seaside in old towns and at the centers of new
towns. However, the green spaces are largely concentrated in the urban fringe and protected areas.
The new towns all have higher percentage green cover than most old towns. Along the coastline in the
built-up areas, green spaces are highly fragmented or even non-existent.

Legend

|: District boundary

Residential area

- Green space

2,5001,250 0 2,500 5,000 7,500
—
L I 1 m

Figure 1. Distribution of residential areas and green spaces in built-up areas in Hong Kong (district:
CW: Central and Western; WC: Wan Chai; S: Southern; E: Eastern; KC: Kowloon City; YTW: Yau Tsim
Mong; SSP: Sham Shui Po; WTS: Wong Tai Sin; KT: Kwun Tong; TW: Tsuen Wan; KT2: Kwai Tsing; TP:
Tai Po; TKO: Tseung Kwan O).
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Figures 2 and 3 display the distributions of population density and building density based on
TPUs in Hong Kong. Figure 2 displayed that the population is concentrated in the built-up areas of
Kowloon, in some parts of the districts in New Territories and along the coastline of Hong Kong Island.
Some regions have comparatively higher population density, such as the center of Tai Po, Kwun Tong
and Tseung Kwan O, most part of Yau Tsim Mong, Wong Tai Sin, Sham Shui Po, Kowloon City and
Eastern, along the coastline of Central and Western and Wan Chai, and the small southeastern part
of Southern. The distribution of building density is similar to the distribution of population density.
The buildings are concentrated in Kowloon, along the coastline of Hong Kong Island and in some parts
of the districts in New Territories. Most part of Central and Western, center of Wong Tai Sin, a small
part of northeastern Kwai Tsing have higher building densities. Most parts of Southern, Central and
Western, Wan Chai, Kwun Tong and Tseung Kwan O have comparatively lower building densities.

Legend

l:] District boundary

Population density (100%person/

R
6 -8
9 - 11
12 - 14
15 - 17
P s - 20
B 2 - 26
B 27 - 2614
2,5001,250 0 2,500 5,000 7,500
— ' m

Figure 2. Distribution of population density based TPUs in Hong Kong (for the abbreviations of
districts and the corresponding names, refer to Figure 1).
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Legend

l:l District boundary

Building density (m)

=
10 - 12
13 - 15
16 - 18
19 - 21
22 - 26
-3
- =35 2,5001,250 0 2,500 5,000 7,500
\_— 1 m

8 of 16

Figure 3. Distribution of building density based TPUs in Hong Kong (for the abbreviations of districts

and the corresponding names, refer to Figure 1).

Table 4 shows the Pearson correlation relationships between green cover, green cover per capita,
population density and building density in the built-up areas of Hong Kong. Both population density
and building density play weak or very weak negative roles in green cover per capita in almost all
districts except Wong Tai Sin (the role is positive). They also play strong positive roles in green cover
in Wong Tai Sin, Kowloon and the whole study area with r values within 0.6-1.0 [39]. In most other
districts, the roles of population density (except in Central and Western, Southern and Kowloon City)
and building density are always weak or very weak with r values below 0.6. Elevation always plays
positive roles in green cover per capita in most districts except Tseung Kwan O. The roles are strong or
very strong in Eastern, Sham Shui Po, Wong Tai Sin and Kowloon. The roles are moderate in Central
and Western, Wan Chai, Kwun Tong, Kwai Tsing and the whole study area.
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Table 4. Pearson correlation analysis of the relationships between population density and building density and total and per capita green cover.

9of 16

KT2

TP

NT

T

CcC Ccw wWC
N1 206 215
PD and GC —0.53 ** —0.06
N2 201 206
PD and GC per capita —0.36 ** —0.04
N1 206 215
BD and GC —0.16 * 0.01
N2 201 206
BD and GC per capita —0.02 —0.07
N3 610 457

E and GC per capita 0.46 ** 0.58 **

81

—0.34 **

70
—0.29 *
81
—0.15
70
—0.25*
450
0.4 **

101
—0.15
98
—0.31**
101
—0.34**
98
—0.2*
412
0.23 **

290
-0.1
262
70.23 *%
290
—0.02
262
—0.19 **
1417
0.27 **

1965
0.84 **
1823
—0.04
1965
0.75**
1823
ns
5382
0.44 **

** Correlation is significant at the 0.01 level (two-tailed); * Correlation is significant at the 0.05 level (two-tailed); N: sample numbers; CC: Pearson correlation coefficient; PD: population
density; GC: green cover based on TPU Block System; GC per capita: green cover per capita based on TPU Block System,; for the abbreviations of districts and the corresponding names,

refer to Figure 1.
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3.2. Distributions of Distance Index and Connectivity Index

Figures 4 and 5 display the distributions of the distance index (DI) between different urban green
spaces and the connectivity index respectively. Figure 4 displayed that most town centers especially
Yau Tsim Mong, Tsuen Wan and Wan Chai have higher values of DI than other areas. Figure 5
indicates that the spatial pattern of green space connectivity differs among towns. Low connectivity
usually occurs at town centers, especially of the old towns, and areas occupied by land uses with high
resistance weight values, or with high building density and low green cover. Some regions, especially
those in the town centers of Kwai Tsing and Tsuen Wan, have extremely low connectivity of green
spaces. The old town centers, especially those along the seaside, have extremely low connectivity of
green space. On the contrary, the town centers, especially in the second and latest generation new
towns of Tai Po and Tseung Kwan O, have comparatively higher connectivity of green spaces.

Legend

[:::] District boundary

Distance Index

o oo

0.014 - 0.029
0.029 - 0.050
0.050 - 0.080
I o050 - 0.137
2,5001,250 0 2,500 5,000 7,500
T ' 'm

Figure 4. The distribution of the distance index in built-up areas of Hong Kong (for the abbreviations
of districts and the corresponding names, refer to Figure 1).



Sustainability 2017, 9, 1653 11 of 16

Legend

Cl District boundary
Connectivity Index
B 20 - 422
P 422 -5.33
5.33 - 6.44
s -7a
- AL -9 2,5001,250 0 2,500 5,000 7,500
I ' 'm

Figure 5. Distribution of connectivity index of green spaces in the built-up areas in Hong Kong (for the
abbreviation of districts and the corresponding names, refer to Figure 1).

3.3. Factors Influencing the Spatial Pattern of Green Space Connectivity

The Pearson correlation coefficients between connectivity index and green cover, building density,
population density and elevation (Table 5) demonstrate that the connectivity of green spaces is
negatively (positively only in Tsuen Wan and Kwai Tsing) and moderately or strongly influenced by
the elevation in almost all the districts including both old and new towns, except Wong Tai Sin and
Kwun Tong, where the terrain is less rugged. Building density only plays a negative and weak or very
weak role in the connectivity of green spaces in the old towns of Kowloon city, Yau Tsim Mong and
Sham Shui Po in Kowloon. Population density only plays a negative and weak role in the connectivity
of green spaces in the old towns of Kowloon City, Sham Shui Po and Kwun Tong.
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Table 5. Pearson correlation coefficients (CC) between connectivity index of green spaces and building
density, population density and elevation.

Building Density = Population Density =~ Green Cover Elevation
Central and Western 0.045 —0.005 0.120 —0.354 **
Hong Kong Wan Chai —0.073 —0.075 —0.038 —0.816 **
Island Southern 0.021 —0.083 0.079 —0.642 **
Eastern 0.029 0.007 —0.030 —0.858 **
Kowloon City —0.145* —0.389 ** 0 —0.767 **
Yau Tsim Mong —0.175** 0.041 0.101 —0.689 **
Kowloon Sham Shui Po —0.220 ** —0.274 ** 0.082 —0.721**
Wong Tai Sin —0.063 —0.089 —0.085 0.132
Kwun Tong 0.175 —0.399 ** 0.204 0.179
Tsuen Wan 0.034 0.122 —0.243* 0.495 **
The New Kwai Tsing —0.196 0.163 0.352 ** 0.461 **
Territories Tai Po 0.116 0.148 0.318 ** —0.305 **
Tseung Kwan O 0.289 —0.131 0.535 ** —0.966 **
Total —0.013 —0.024 —0.004 —0.443 **

The meanings of * and ** refer to Table 4.

In the old towns of Hong Kong Island, only elevation’s role in the connectivity index of green
spaces is strongly significant (except in Central and Western) because most green spaces are located in
the hills where many residential sites are developed. In the old towns in Kowloon, elevation also plays
a negative and strong role in green space connectivity in Kowloon, Yau Tsim Mong and Sham Shui Po.
The roles of building density and/or population density are always weak or very weak. Thus, too some
extent, urban dense may hinder the access of residents to green spaces and decrease the utilization of
public facilities located in the green spaces in some part of Kowloon. However, in the most populated
town, Wong Tai Sin, no factor plays a significant role in the connectivity index of green spaces. Thus,
dense population may not be a necessary factor that negatively influences the structural connectivity
of green spaces.

In most new towns with comparatively better designed green spaces and more spaces in the
New Territories, only green cover plays a positive and weak or moderate role in the connectivity
of green spaces. On the contrary, in Tsuen Wan, which has comparatively higher green cover than
other districts, the weak role of green cover in the connectivity of green spaces is negative, because
of the uneven distribution of green spaces (Figure 1). Thus, green cover is not necessarily positively
related to the green space connectivity if the layout of green spaces is not appropriately arranged to
facilitate connectivity.

4. Discussion and Conclusions

4.1. Increasing Structural Connectivity of Green Spaces in Hong Kong

Due to the uneven distribution of factors such as green cover, elevation, population density and
building density, their roles in green space connectivity varied with districts. Since the green covers in
Yau Tsim Mong and Kowloon in general are extremely low, the positive roles of population density and
building density on the green cover indicate that there are still many chances to improve the current
conditions of urban green spaces, especially in the less dense places (both less in population density
and building density). In Hong Kong Island with rugged terrain, elevation significantly influences the
green space connectivity. In the New Territories with high allocation of green spaces, green cover plays
a significant role in the green space connectivity. In Kowloon, heavily dense land uses greatly hinder
the green space connectivity. However, in Wong Tai Sin, dense population may not play significant
roles on the green space connectivity. Thus, measures to increase connectivity of green spaces should
also vary with districts.
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Highly dense population of an area may not be a key factor on the connectedness of green
spaces when the green cover is high and the green spaces are appropriately distributed to facilitate
connectivity. Strategies such as setting up green connectors to bridge the green spaces and shorten the
distances between different urban green spaces are appropriate strategies to increase the structural
connectivity of green spaces in high-density cities such as Singapore [40]. Measures to implement
these strategies include constructing greenways or green corridors [41] along the seaside, rivers, roads
and around the urban fringe, setting up green stepping stones between separated green spaces [1],
enlarging the existing green sites, adding more green cover, providing more access points or entrances
to green spaces [30], and increasing green cover in the residential areas. Besides the technical measures,
government policy should also be modified to enhance the connectivity of green spaces. For example,
the latest planning of Hong Kong Government encouraging private-sector participation in place
promotion and urban marketing along the strategic waterfront locations may deprive the right of
underprivileged communities to conveniently access public green spaces [42]. To solve this problem,
public sector led Strategic Urban Design Approach could be used for urban renewal in Hong Kong [43].

4.2. Challenges and Strategies to Form Greenways in Enhancing Urban Structural Connectivity of
Green Spaces

Greenways are linear or striped green spaces that can enhance urban structural connectivity of
green spaces. In a human-dominated landscape, especially in a city, greenways are narrow and play
an important role in maintaining the natural landscape and preserving biodiversity [44,45], although
few greenways have been established and the green spaces in built-up areas are small and fragmented
in Hong Kong [30]. The city has many chances to form greenways. According to geographical
location, four kinds of potential greenways are identified in the study area: coastal, roadside, industrial,
and urban fringe [46] (Table 6).

Coastal greenway is a network of “open” spaces compatible with human uses along the coastline
that can provide beautiful landscapes and act as green buffers between the sea and nearby land uses [47].
Hong Kong has about 955 km of coastlines. Since no residential buildings are allowed normally to
be constructed at the waterfront, more spaces can be allocated for green spaces along the seaside in
Hong Kong. An attempt at connecting these green spaces with existing parks and other recreational
areas (such as public gardens, trails, bike-ways, promenade walks, etc.) to form more continuous
greenways should be carried out [47]. Hong Kong Government has executed a latest planning and
development strategies at expanding a network of new open spaces at strategic waterfront locations
and near commercial /business zones [42]. This will support establishing a coastal greenway system.
Two kinds of special green spaces called green belts and amenity areas are found in the urban fringes
or urban buffer areas [48]. They offer the potential sites to install greenways, since more undeveloped
spaces can be found at the urban fringe.

Industrial greenways are green corridors surrounding the factories, storages and along the
roadside in the industrial estates. The spaces for the industrial estates are not as compact as those in the
built-up areas and more green spaces can be introduced to form greenways. The proposed industrial
greenways are a little different from other kinds because they do not only provide recreational,
aesthetical and ecological functions such as those in the built environment, but more importantly, they
remove multiple air pollutants and abate noise to improve the working environment. Furthermore,
they provide important links and corridors to introduce wildlife into urban areas through the trunk
road [48]. Thus, they are the essential passages for species flows and dispersion in the green network to
increase biodiversity occurrence and penetration and improve ecological functions in a city. Similarly,
urban buffer greenways also furnish bridges for the movement of wildlife species and are channels to
introduce fauna and flora into the built environment and bring urban life closer to the nature. Further
studies should focus on designing and implementing these greenways to improve connectivity.
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Table 6. Characteristics and functions of different types of potential greenways identified in Hong
Kong (modified from [49]).

Types of Greenways Type of Corridor Characteristics and Functions of Greenways

Acting as green buffers to stabilize the coastline, provide beautiful
Coastal greenways Strip, line landscapes for amusing, activating, resting and barbecuing, etc.,
and as green connectors between large green patches.

Acting as green buffers to purify heavy air pollution and absorb
Industrial greenways Strip, line multiple poisonous pollutants and noises to improve the working
environment, and introduce wildlife into urban areas

Acting as green buffers to separate pedestrians from the carriage

Roadside greenways Line road and absorb air pollutants.

Acting as green belts to confine urban growth and as green
Strip connectors between countryside and built-up areas to facilitate
species communications and expansion.

Urban fringe
greenways

Previous researches have studied the characteristics and measures of transforming green spaces
and green corridors into greenways [1,48,50]. A city with a permeating network of greenways linking
green-space patches can reduce the distance between people and green sites, and improve notably
connectivity and hence usage. Based on the experience from these studies, and assisted by the steps of
forming greenways mentioned above, the greenways could be inserted in Hong Kong by connecting
the existing green spaces with the potential ones along roadsides and coasts, and in industrial areas
and urban fringes. Further studies should focus on designing these greenways to improve connectivity,
such as incorporating the greenways into a master plan and designing them in a 3-D infrastructure.
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