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congestion. Currently, China’s greenway planning
research and practice focuses mostly on suburban
areas where greenways provide ecological,
historical, cultural, and recreational services,
while fewer studies explore urban greenways that
serve citizens’ daily non-automobile commuting
and recreational needs. Compared with suburban
ones, urban greenways often face more spatial
limits in the built-up areas and need to respond to
more challenging demands. Supported by multi-
source data and the rise of big data technologies,
this research explores the methods of urban
greenway route planning that are underpinned
through GIS spatial analyses (potential evaluation
on spatial construction conditions of greenways)
and big-data-based user behavior analyses (of
citizens’ daily use of greenways). Demonstrating
the authentic planning case for Haidian District,
Beijing, the research proposes a series of
construction strategies to urban corridors of
roads, waterways, and railways, respectively,
which integrate green spaces with non-automobile
system, in order to improve the services of linear
spaces in cities.

KEYWORDS
Non-Automobile Traffic; Urban Greenway; Route
Planning; Construction Strategies; Big Data
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1 Review of Existing Studies of Urban Greenways

Traffic issues become increasingly prominent in Chinese cities
along with the promotion of vehicle-based transportation
construction, while non-automobile commuting modes, such as
walking and bicycling, and related transportation facilities are
less utilized". City sprawls that increase citizens’ commuting
time and the poor non-automobile commuting environment that
is deficient in safety and convenience all contribute to the status
quo?®,

Urban greenways, as places accommodating non-automobile
activities', are an important component to a city’s multi-
functional non-automobile commuting system. Urban greenways
are expected to serve the public as comfortable and safer
corridors for non-automobile commuting, and to link up public
transportation system with key public service facilities in order
to encourage non-automobile traveling and relieve cities’ traffic
pressure. Today more and more cities are promoting non-
automobile commuting combining with the construction of urban
greenway system"",

At present, a growing number of Chinese urban residents
resort to cycling, walking, and public transportation methods,
particularly in metropolises such as Beijing and Shanghai where
sharing bikes greatly boost the popularity of non-automobile
travelling. Since the 1990s, China’s greenway construction has

7I-91 which helps create favorable

seen a strong momentum
conditions for the promotion of non-automobile commuting.
However, there are now pressing issues to be tackled with: subject
to urban expansion and the difficulties in greenway construction
in Chinese cities, research and planning practice concentrates
more on suburban areas than to their urban counterparts' "',
Comparatively, suburban greenways often serve for ecological,
historical, cultural protection, and recreational purposes

while those in urban areas are expected to meet citizens’ daily
commuting and recreational needs. However, many existing urban
greenways see a low usage due to their failure to meet citizens’
actual commuting needs. Much needs to be done to improve the
planning practice and the coverage of non-automobile commuting
systems. Although walking and bicycling are frequently adopted
alternatives in some areas, supporting services and facilities are in
a poor management, posing challenges to the promotion of urban
non-automobile commuting system (Fig. 1).

Compared to other types of greenways, those in cities are
designed to meet more specific daily needs but often faced with
more constraints in physical construction. Considering such
complexity, urban greenway planning needs to respond to two
core issues: what urban spaces can be utilized for greenway
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construction, and how to meet citizens’ needs in their daily life.

In terms of the challenging spatial utilization in cities, most
urban greenways are built through urban renewals in built-up
areas'”, by leveraging the existing urban space network and the
underdeveloped spaces. Existing studies explore the potential
spaces for urban greenway construction, including urban green
belts and the ancillary green spaces of linear infrastructure such as

[13

roads, railways, and waterways'"”'", Contemporary urban renewal

practices in cities such as Barcelona, New York, and Paris have
integrated various urban services with existing greenways'*!"*"'",
Future studies should focus on the greenway route improvement
based on the spatial characteristics of potential sites, and the
development of renovation solutions accordingly.

Another challenge to urban greenway route planning lies in
how to meet the variety of commuting and recreational needs.
Land suitability analysis is employed the most in greenway route
planning®, particularly in the ones in non-urban areas at regional
scales. This method assesses the suitability to build greenways with
ecological, social, and cultural metrics"”'*"", However, these metrics
cannot well reflect urban residents’ commuting and recreational
needs due to the significant differences in the expected functions
and scales between urban greenways in built-up areas and the
regional ones. In addition, it is also difficult to identity citizens’
real needs because the complexity of urban built-up environment
makes analyses of physical characteristics unable to well indicate
the patterns of user behaviors. The advance of big data technologies
makes it possible to record citizens’ real-time living activities with

[21]

massive mobile devices and Internet data*", which can be used as

a tool to study the patterns of people’s commuting behaviors®#*),
Besides, such data also offers a lens to examine the spatial-temporal
attributes of commuting behaviors”***! Compared with traditional
sampling methods such as questionnaires and interviews, big data
analysis offers a more scientific and inclusive perspective which
keeps advancing in data collection, accuracy, and interpretation

over time®®, Particularly, data collected from cities’ sharing bikes"”

81 can be useful for identifying the hotspots of

and bus passes
commuting destinations in the greenway route planning”"*”. Given
the promising potential of big data in greenway route planning

for built-up urban areas, more efforts are expected to be invested

in the development of the greenway route planning framework by

combining traditional spatial data collection and big data analysis.

2 Urban Greenway Route Planning Framework Based on
Multi-Source Data

This paper aims at developing a technology framework for
greenway network identification for built-up urban areas (Fig. 2)
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Calculation of minimal cost path

e

Optimization

through a combination of GIS analysis (potential evaluation

on spatial construction conditions of greenways) and big-data-

based user behavior analysis (of citizens’ daily use of greenways).

The framework would work to meet citizens’ commuting and
recreational needs and can be further improved and upgraded
along with the increase of related data sources.

Based on spatial structure and physical characteristics of
built-up areas, potential evaluation on spatial construction
conditions of greenways is to identify the lands that are directly
available for greenway construction (including existing urban
green belts) and convertible spaces that can be built into
greenways through (partly) functional renewals (including
affiliated green spaces of linear infrastructure such as rivers,
roads, and railways).

Analysis of citizens’ daily use of greenways is based on
big data profiling of commuting behaviors and recreational
preferences. Major public service and recreational nodes of
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urban greenways can be identified through POI (point of
interest) analyses of the distribution of the existing public
service facilities and the utilization of urban parks and green
belts; analyses of OD (Origin to Destination) and traveling
routes of sharing bikes reveal the public’s preferences on
service node usage and traveling routes; and, data collected
from fitness Apps is used to analyze the walking and jogging
routes preferred among most citizens.

Accordingly, based on the key nodes of greenways
identified through the above analyses, a cost grid of land
suitability can be roughly mapped out. The minimal cost
distance between each cell and its nearest node(s), the
direction of each cost distance, and the minimal cost path
between each pairs can be identified with a loop calculation
of minimal cost path. A greenway route can thus be
primarily located. Through an on-site survey and spatial
calibration, an urban greenway route planning can be
completed after merging the overlapping sections.

3 Demonstration: The Greenway Route Planning in
Haidian District, Beijing

3.1 Data Source
3.1.1 Data of Potential Spaces

The remote-sensing images of Haidian District from the
GF-2 Satellite were used as the major data source for the
analysis of potential spaces. Information on the distribution
of green spaces and convertible spaces, including parks
and green belts, green buffers, as well as ancillary spaces of
linear urban infrastructure such as roads, waterways, and
railways, was collected through supervised classification

and visual interpretation.

3.1.2 Big Data of the Usage of Public Service Facilities and
Spaces

(1) Data of the usage of public service facilities and
spaces

The public service facilities and spaces are important to
citizens’ daily commuting, which should also be considered
the major nodes of greenways. The POI data of Haidian
District from Bigemap on October 9, 2018 was collected
for this study and obtained 500,000 pieces of valid data,
outlining the distribution of potential non-automobile nodes
in commercial, medical, cultural, and office areas of Haidian
District.

(2) Data of the usage of parks and green belts

Parks and green belts are important spatial nodes to
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the connectivity of urban greenways. The hotspot map
from Amap reflects the real-time user amount and density
in a certain area based on the mobile GPS. The study team
obtained the user amount of the parks and green belts in
Haidian District from April to October, 2018 based on the
open data of Amap. The acquired data was then calculated
through packet-capture calculation with VBA (Visual Basic
for Applications) and processed into spatial grid data with
ArcGIS.

(3) Data of sharing bikes

In this research, data from the Mobikes in Beijing
was collected from September 1 to 30, 2016, including
ODs and the fitting data of roads acquired based on
travelling trace analyses. As of the time when the data was
collected, Mobike had the largest user population and
owned dependable positioning data, which is considered an
authentic and reliable data source.

(4) Data of preferred running and walking routes

To identify the preferred running and walking
routes, the authors collected related data (approximately
250,000 pieces) on December 9, 2018 from Keep App and
obtained 330 recommended non-automobile routes. The
recommended routes ranked top in terms of the long-term
travelled frequency based on an automatic and cumulative
computation. As of the time when the data was collected,
the user amount of Keep was more than 200 million""),

which is considered an authentic and reliable data source.

3.2 Identify Key Nodes of Greenways
3.2.1 Analyses of the Usage of Public Service Facilities and
Spaces

This study classified the public service facilities and
spaces into four categories, namely commercial, office,
medical, and cultural, and then by visualizing the POI
data of each category with ArcGIS, four hotspot maps of
the distribution of public service facilities and spaces were
obtained. The research attached equal weight to the usage
density of each category, re-categorized kernel density after
a weighted-stack calculation, and generated the hotspot map
of the distribution of the public service facilities and spaces
in Haidian District (Fig. 3).

3.2.2 Analyses of the Usage of Parks and Green Belts

Based on the statistics of the total visits of each park
or green belt in Haidian District, the research weighted the
usage intensity in these areas with ArcGIS and obtained an
overall hotspot map of usage intensity of parks and green
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3.2.3 OD Analyses of Sharing Bikes

The OD data of sharing bikes reveals the hotspots of
destinations that connect the city’s cycling and other public
transportation rides. Such destinations are considered key nodes
of urban greenways. In this research, the district was divided into
10 m x 10 m grids, and the amount of sharing bikes in each grid
was counted so as to obtain an overall OD statistics of the study
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area. The OD data was then visualized into a hotspot describing the
distribution of citizens’ daily use of sharing bikes (Fig. 5).

3.2.4 Key Nodes

ArcGIS was employed to re-classify the data on the usage of
public service facilities and spaces, parks and green belts, and sharing
bikes and valued all the spatial elements into 10 grades, the higher
grade a spatial element has, the higher usage level it has. By re-
classifying the findings through the weighted stack method, ten grades
were re-overlaid (Fig. 6) and a total of 40 key nodes (at the grade of
10) were identified (Fig. 7). Given the uneven physical development
among central built-up areas and suburban areas in the study area, an
undifferentiated analysis standard of the distribution of usage levels
of spatial elements resulted in all the key nodes in the urban areas
and no one in the suburban. To ensure the social equality, the research
lowered the screening standard in suburban areas to grade 7 and five
new key nodes were identified (Fig. 8).

3.3 Potential Evaluation of Key Space of Greenways
3.3.1 Potential Spaces for Greenway Construction

To built-up areas, existing green spaces and ancillary spaces of
linear infrastructure are ideal spaces that can be used directly or
reclaimed into greenways. Data on the distribution of green spaces
in Haidian District was collected through supervised classification
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and visual interpretation based on the remote-sensing images to identify
the potential linear spaces for greenway construction, ranging from
waterway corridors, green belts, and railway corridors, which are

shown as Figure 9, 10, and 11, respectively.

3.3.2 Analyses of the Distribution of Frequently Used Roads for Non-
Automobile Commuting

(1) Preferred routes of sharing bike rides

Match the GPS traces of sharing bikes with actual city roads to
map out the preferred routes of sharing bike rides. The data was
then visualized with ArcGIS in form of a hotspot map (Fig. 12).
The frequently used roads are the ones of higher priority to be re-
constructed into greenways for non-automobile commuting.

(2) Preferred routes for walking and jogging

Analyses of the data from Keep was used to identify the preferred
routes for walking and jogging (Fig. 13), revealing the roads that are of
higher land suitability to construct urban greenways.

3.4 Route Locating and Optimization Based on Minimal Cost Path
Calculation

The cost grid of land suitability to construct greenways was
generated by re-classifying and equally weighting the data with ArcGIS
(Fig. 14), based on which the minimal cost path calculation among the
45 key nodes was conducted (Fig. 15).

As the final step of the route planning process, based on the minimal

cost path calculation above, the research combined with on-site surveys
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(on the physical constraints in the existing road network and
building layouts), as well as the fitting between the candidate
and actual routes, a connected urban greenway network in the
study area was identified (Fig. 16).

4 Construction Strategies of Urban Greenways for Haidian
District

In the planning scheme, urban greenways in Haidian
District would mainly employ the existing corridors of roads,
railways, and waterways. Particularly, road corridors are the
most important spaces for urban greenway construction, parts
of which are of great potential to be reclaimed by adding new
functions of the roads and re-distributing the right-of-way.
Several waterway corridors and green buffers are sound for
transformation into urban greenways. Ancillary green belts in
railway corridors are also of high potential in contemporary
context of urban development, and parts of derelict railways
can be re-constructed into sunken or underground greenways.
The potential spaces for greenway construction in the
study area saw a variety of spatial characteristics that are
continuously changing over time. The research ranged them
and proposed different construction strategies accordingly.
These strategies might offer references for both Haidian

District and other similar planning practices.

4.1 Construction Strategies for Road-Based Urban Greenways
The core goal of such transformation is to create safe
and convenient non-automobile commuting environment for

citizens, and in the forms of right-of-way re-allocation and
road restructure (Fig. 17).

Transformation through right-of-way re-allocation
is to re-introduce or enlarge the right-of-way for non-
automobile commuting, in line with the ideological change
in transportation construction in cities. Specifically, for roads
with no non-automobile lanes and limited space available
for greenways, part of existing motorways can be converted
into non-automobile lanes; for roads with good landscapes
and larger available spaces, multi-purpose walkways and
bikeways can be set up; and for roads with landscapes or
stores on a single side, non-automobile lane(s) can be put in
place along. Such right-of-way re-allocations not only ensure
the validity of non-automobile commuting system, but also
help activate public urban spaces. In the long run, more diverse
and environment-friendly non-automobile commuting modes
would be created and help reduce vehicle traffic.

For the urban roads with large traffic volumes, such as
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cause air or noise pollution can be fully or partially covered to
make more room for greenways. For expressways with limited
room for sinking, the capping measures might be applicable.
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4.2 Construction Strategies for Waterway-Based Urban
Greenways

Transformation strategies for the canalized waterways in the
study area vary according to their cross-sections (Fig. 18). For
waterways with no available space on banksides, the adjacent
road can be partly converted into greenways while waterfront
sidewalks and / or bikeways can be built; for waterways
with limited available space on banksides, revetments (such
as waterfront terraces) can be built, depending on specific
conditions; for waterways with some space available for
greenways construction on banksides, hard waterfronts can be
built by combining terraces with walkways, or ecological soft
revetments can be built by creating landscaped waterfronts;
and for waterways with enough room for greenways (mostly in
suburbs), belt-shaped parks can be introduced and integrated

into urban greenways.
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Railway-based greenways are popular worldwide. Relevant

recreational spaces; for the second, security buffers or facilities must
be in place, and capping measures can be employed over the high-
speed railways to create elevated greenways; and for the third, be

practices suggest that the strategies discussed above are little
impacted by the height of buildings in the surroundings. The
strategies and specific measures should be smartly adopted to the
actual conditions of sites.
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5 Discussion and Conclusion

This research, by analyzing citizens’ daily needs in non-
automobile commuting and recreation opportunities, explores
how to build greenways in built-up urban areas from aspects of
spatial potentials and social behaviors and arrives at a framework
for such urban greenway route planning practice. Demonstrating
the authentic planning case for Haidian District, Beijing, the
research proposes a series of construction strategies to urban
corridors of roads, waterways, and railways, respectively, which
integrate green spaces with non-automobile system, in order to
improve the services of linear spaces in cities.

App-generated big data shows its representative significance
nowadays though most Apps are smart phone borne. Along

with the increase in the amount of App users, the data coverage

BAANEPERfR RIS, SRR T AL X skl s iz rh . LAF
and accuracy would see a remarkable improvement. Also, the
increasingly diversified data sources would help enrich and
improve the proposed route planning framework and methods
in scientificity and accuracy. The according strategies would be
optimized as well. More innovative solutions are expected in
future research and practice of greenway construction for urban
areas. LAF
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