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Abstract: Landscape patterns are closely related to ecological processes. Different spatial scales
and research methods may lead to different results. Therefore, it is crucial to choose suitable
research methods when studying different landscape patterns and ecological processes. In the present
study, the methods of source-sink landscape theory were applied to the interactions between urban
landscape characteristics and commuter traffic behavior around the arterial roads in Xiamen Island.
After classification of land use types using remote sensing images from the IKONOS satellite and
ArcGIS software (ESRI, Redlands, CA, USA), the landscape patterns of areas surrounding arterial
roads (within 1 km) were evaluated using source-sink landscape influence (SLI). The results showed
that Xiamen Island’s urban expressway had the highest SLI value (0.191), followed by the state
highways (0.067), the provincial highways (0.030), and the county roads (0.025). When considering
all road types, the correlation between a road’s SLI value and its commuter traffic flow was 0.684.
This result was explained by three observations: (1) The contribution of the core area of each landscape
pattern to traffic flow was positively correlated with the traffic flow. (2) Areas surrounding the urban
expressway and the state highways had lower values for Shannon’s diversity index, indicating that
these areas had a lower degree of landscape fragmentation. (3) The landscape patterns surrounding
the urban expressway and the state highways were more concentrated and complex than those around
other road types. The application of source-sink landscape pattern theory allows for researchers to
integrate the relationships between landscape patterns surrounding roads and commuter traffic flow
on those roads and to analyze the reasons for these relationships.
Keywords: urban landscape; commuter traffic flow; landscape pattern; source-sink landscape pattern;
source-sink landscape influence

1. Introduction
“Source” and “sink” are very important concepts in the field of ecology. Pulliam proposed the
source-sink model of population dynamics in 1988. Since that year, the model has become a foundation
of theoretical ecological research into population dynamics and has contributed to the conservation of
threatened species [1–3]. This paper is based on an application of source-sink dynamics to landscapes;
this was first proposed by Chen et al. in the context of nonpoint source pollution, and is known
as source-sink landscape theory [4,5]. In a source-sink landscape model, a “source” is a landscape
type that promotes the development and progression of a specific ecological process, and a “sink” is
a landscape type that prevents or delays the development and progression of that ecological process [4].
Some landscape types play a role in the transmission of ecological processes or influences, and are
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defined as “flow” landscapes [6]. For example, in the generation of nonpoint source pollution, some
landscape types play a role as pollution “sources”, some play a role as pollution “sinks”, and some play
a role in the transmission of pollution and are termed “flow” landscapes [7]. Because “sources” and
“sinks” are defined with reference to a particular ecological process, their identities within a particular
landscape should be determined only after specifying the ecological process under study.
The basic premise of landscape ecology is that landscape patterns are closely related to ecological
processes [8]. However, the best method for analyzing the interaction between landscape patterns
and ecological processes depends on the spatial scale [9]. Some existing literature on landscape
patterns has only focused on analyzing landscape patterns, while ignoring the actual meaning or
impact of these patterns [5]. The interactions between landscape patterns and ecological processes
are restricted by spatial scale. The interaction between a particular landscape pattern and a particular
ecological process should be analyzed in detail based on conclusive evidence [10]. It can be difficult to
choose a suitable index in a particular analysis because there are many indices that are available for
landscape pattern analysis. Fifty-six kinds of landscape index can be calculated in FRAGSTATS 3.3 [11].
Many studies therefore use a set of indices rather than a comprehensive index to describe landscape
patterns [12]. Source-sink landscape theory is recommended as an effective method for integrative
analysis of landscape patterns and ecological processes [4].
Chen et al. (2003) applied source-sink theory to nonpoint source pollution, a prominent
environmental problem. By analyzing of the roles of different landscape types in the generation of
nonpoint source pollution, and by using the Lorenz curve, the authors put forward a scale-independent
landscape contrast index that is capable of quantitatively depicting the relationship between landscape
spatial distribution patterns and ecological processes [5].
At present, source-sink landscape pattern theory is mostly applied to research on nonpoint source
pollution in watersheds. For example, Sun et al. found that the source-sink landscape index could
be used to measure spatial variation in total nitrogen, to provide a reference for evaluating nonpoint
source pollution in watersheds, and to improve the simulation accuracy of water quality models [13].
Li et al. found that the Location-Weighted Landscape Index (LWLI) revealed the characteristics of soil
erosion in a watershed and could be used as an effective index to evaluate soil erosion [14]. Jiang et al.
used source-sink landscape pattern theory to identify the “sources” and “sinks” for nonpoint source
pollutants in the area around Xiamen Island in Fujian Province, China. [15].
Studies applying source-sink landscape theory to urban areas have seldom been reported.
The circulation and feedback relationship between transportation and land use is objective existence.
Land is used to provide for traffic needs, to enhance and improve accessibility, and to influence the
social space, stimulating new land development again and again; this generates a cycle in which
land use and traffic influence each other until they eventually come into balance [16]. In China,
the configurations of urban residential areas are undergoing huge changes. These changes will
influence the populations, types of work, and spatial land-use distributions that are present in urban
areas, as well as the resulting commute patterns of urban residents [17]. The interaction between
an urban area’s traffic system and its spatial land-use pattern has unique characteristics [18].
In this research study, we use the theoretical framework provided by Chen et al. in their paper on
source-sink landscape theory [4] to discuss source, sink, and flow landscapes in the context of urban
traffic. We believe that the framework provided by Chen et al. [4] is appropriate for this study because,
at a macro scale, the behavior of urban commuter traffic is similar to the behavior of nonpoint source
pollution, with traffic flowing in particular directions and gathering in particular areas. The application
of source-sink landscape theory to the behavior of urban commuter traffic can allow for researchers to
eliminate extraneous landscape types and focus their analysis on the relevant landscapes so that the
results are targeted.
The areas surrounding arterial roads are sensitive areas that clearly reflect the effects of
urbanization on urban systems [19]. When compared with other trips, daily commutes are more
consistent in time and space, and their schedules affect urban residents’ other activities and trips.
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Along with people work more distantly from home than previously, commuter trips have not only
Along with people work more distantly from home than previously, commuter trips have not
increased rapidly in number, but have become increasingly complicated. Commuter traffic is
only increased rapidly in number, but have become increasingly complicated. Commuter traffic
concentrated in peak hours and in particular areas, which gives rise to traffic jams in the morning
is concentrated in peak hours and in particular areas, which gives rise to traffic jams in the morning
and evening peak hours. This has become the most prominent problem in the management of urban
and evening peak hours. This has become the most prominent problem in the management of urban
traffic [20]. Xiamen Island is a typical urban island with definite geographical boundaries. Statistical
traffic [20]. Xiamen Island is a typical urban island with definite geographical boundaries. Statistical
data can accurately represent the traffic system in this island [21]. In this study, commuter traffic
data can accurately represent the traffic system in this island [21]. In this study, commuter traffic
behavior on the arterial roads in Xiamen Island was investigated using the methods of source-sink
behavior on the arterial roads in Xiamen Island was investigated using the methods of source-sink
landscape theory. We analyzed the relationship between traffic flows on different roads and
landscape theory. We analyzed the relationship between traffic flows on different roads and landscape
landscape patterns in the areas surrounding the roads (within 1 km) in order to provide support for
patterns in the areas surrounding the roads (within 1 km) in order to provide support for further study
further study on urban source-sink landscapes.
on urban source-sink landscapes.
2. Materials
2. Materials
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2.2. Data Source
Sources of data used in this study include land usage and traffic data. Land usage data were
interpreted from images taken by the high-resolution imaging satellite IKONOS (2009), classified
manually, and updated to 2015 by using the POI (point of interest) data of the Gaode electronic map.
Traffic data included road network and traffic flow data for all roads in Xiamen Island. The road
network data were integrated with the land usage data. Because we faced limitations in data gathering,
the traffic flow data was simulated using the TRANUS model. This model was developed by de la
Barra and Perez in 1982 [24,25] and has been applied in studies of land use and transport in Baltimore,
Sacramento, Osaka, Caracas, Bangalore and other cities [26]. In order to limit our simulation to
commuter travel, we obtained locations of residences and locations of workplaces, then input these
as origin nodes and destination nodes, respectively, for the TRANUS model simulation. The data
needed for the simulation were obtained from the questionnaire “Residential area morphological
change and urban metabolic efficiency of Xiamen city”, which included personal information, basic
family information and travel information, such as location of work, start time of travel, travel mode,
elapsed time during travel, etc. For this study, data on commutes to and from the workplace were
extracted from questionnaire data [27]. The simulation time period was the morning commuting peak,
from 7:00 a.m. to 9:00 a.m.
3. Methods
3.1. Land Use Classification
In order to obtain detailed land use information at the scale of Xiamen Island, this study adopted
high-resolution remote sensing images of Xiamen from the IKONOS satellite as a base. The IKONOS
satellite can provide panchromatic imagery at 1 m resolution and multispectral imagery at 4 m
resolution. The image quality is good and the return cycle is short; this imagery is widely used in
research on the urban environment [28,29]. Remote sensing image preprocessing was performed
in the ENVI 4.7 software (Exelis Visual Information Solutions, Boulder, CO, USA), environment,
a geometric correction for IKONOS influence was made, and projection parameters were defined.
Next, the Gram-Schmidt image fusion method was used to fuse panchromatic and multispectral band
IKONOS images, producing high-resolution multispectral images.
A large amount of spatial information can be contained in high-resolution remote sensing images.
Together with the complexity of urban terrain types, this means that high-resolution remote sensing
images can have different spectra, and the spectra of different bodies can be in common [30]. In order
to prevent situations in which remote sensing classification methods, such as supervised classification
and unsupervised classification, have features and spectral information that do not match, this study
adopts the method of artificial visual interpretation to extract Xiamen land use information.
3.2. TRANUS Modeling
TUS 11.0.0 and TRANUS 11.0.0 were used to carry out the traffic simulation. TUS 11.0.0 is
an interactive data processing platform for land use and traffic network database building. TRANUS 11.0.0
is integrated with many analysis models. TRANUS data processing and analysis methods are detailed
in “TRANUS: Integrated Land Use and Transport Modeling System” and in the reference materials for
the software [31].
3.3. Source-Sink Landscape Theory
3.3.1. Source-Sink Landscape Classification
Based on source-sink landscape theory and the specifics of the situation under study in this paper,
a “source” is defined as an area from which many commuter vehicles originate, and a “sink” is defined
as an area to which many commuter vehicles travel during the daily commute. Thus, a residential area
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residential area dominated by vehicle outflow is a “source”, while an area to which many workers
commute is a “sink”. Therefore, the vehicle flow direction generated by the landscape type is used to
dominated by vehicle outflow is a “source”, while an area to which many workers commute is a “sink”.
classify the landscape type of the source or sink. For example, an area with “residential type” land
Therefore, the vehicle flow direction generated by the landscape type is used to classify the landscape
use will be dominated by vehicle outflow during the period from 7:00 a.m. to 9:00 a.m., and an area
type of the source or sink. For example, an area with “residential type” land use will be dominated
with “working type” land use will be dominated by incoming traffic during the same period.
by vehicle outflow during the period from 7:00 a.m. to 9:00 a.m., and an area with “working type”
According to this standard, the land usage types that are relevant to commuter traffic in Xiamen
land use will be dominated by incoming traffic during the same period. According to this standard,
Island were classified into source landscapes and sink landscapes. The former included urban
the land usage types that are relevant to commuter traffic in Xiamen Island were classified into source
residential lands and residential lands within urban villages. The latter included industrial and
landscapes and sink landscapes. The former included urban residential lands and residential lands
mining lands, land used by educational institutions, commercial and service areas, and construction
within urban villages. The latter included industrial and mining lands, land used by educational
sites. In source-sink landscape theory, the same landscape type can be considered a “source” or a
institutions, commercial and service areas, and construction sites. In source-sink landscape theory,
“sink” depending on the ecological process under investigation, and the landscape type’s role in that
the same landscape type can be considered a “source” or a “sink” depending on the ecological process
process [6]. In this study, mixed commercial and residential lands will produce both outflow and
under investigation, and the landscape type’s role in that process [6]. In this study, mixed commercial
inflow direction; therefore, areas with this land use type act as both “sources” and “sinks” for
and residential lands will produce both outflow and inflow direction; therefore, areas with this land
commuter traffic, and are classified as both “source” and “sink” landscapes in the study (Figure 2).
use type act as both “sources” and “sinks” for commuter traffic, and are classified as both “source”
As residents tend to use the nearest commuter traffic network, this study selected 72 arterial roads in
and “sink” landscapes in the study (Figure 2). As residents tend to use the nearest commuter traffic
Xiamen Island, as well as a 1-km buffer zone on each side of each of these “flow” landscapes. The
network, this study selected 72 arterial roads in Xiamen Island, as well as a 1-km buffer zone on
locations were sampled and used to analyze the relationship between traffic flow and source-sink
each side of each of these “flow” landscapes. The locations were sampled and used to analyze the
landscape distribution.
relationship between traffic flow and source-sink landscape distribution.

Figure2.2.Source-sink
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∑ Asourcei × Wi × APi / ∑ Asourcei × Wi × APi + ∑ Asinkj × Wj × APj

i =1

#
(1)

in which Asourcei is the area of the Lorenz curve that the ith source land use type vs the relative distance.
Asinkj is the area of the Lorenz curve that the jth sink land use type vs the relative distance. Respectively,
Wi and Wj are the weights of the ith source and the jth sink land use type. m is the number of source
landscapes, and n is the number of sink landscapes. APi is the area percentage of the ith source
landscape, and APj is the area percentage of the jth sink landscape in an area.
The LWLI was originally developed for the study of nonpoint source pollutants and soil erosion.
If applied to other fields, the characteristics of the relevant ecological processes should be considered
to establish an appropriate evaluation model [4]. In this preliminary experiment, we found that the
LWLI was not an ideal model to simulate urban commuter traffic. The results are shown in Table 1 in
Section 4.2. The LWLI could not perfectly represent the relationship between source-sink landscape
patterns and commuter traffic flow. To improve the application of source-sink landscape theory to
urban landscape research, this study puts forward a new evaluation metric, the source-sink landscape
influence (SLI) value, to substitute for the LWLI in this study. The higher the SLI value, the greater
influence that source-sink landscapes have on the process or flow under study in the research area.
The SLI is calculated using Formula (2):
m

SLI =

∑

n

Asourcei × Wi × APi +

i =1

∑ Asinkj × Wj × APj

(2)

j =1

in which Asourcei is the area of the Lorenz curve that the ith source land use type vs. the relative distance.
Asinkj is the area of the Lorenz curve that the jth sink land use type vs the relative distance.
In order to prevent a situation in which land use area is large but the actual utilization area is
small, the W based on the land usage data was updated to 2015 using the POIs data of the Gaode
electronic map and was used to distinguish the contribution ratios of different POIs on each road by
the mean square method [33]. The detailed steps were as follows:
We performed standardization of the data to distinguish the contributions of the “source” and the
“sink” landscapes. The result of Formula (3) was the positive index, and that of Formula (4) was the
negative index:


zij = xij − x jmin / x jmax − x jmin
(3)


zij = x jmax − xij / x jmax − x jmin
(4)
In these equations, the zij is the standardized random variable, the xij is the statistical value of the
index, and the xjmin and the xjmax represent the minimum and the maximum values of the same index,
respectively. The i and the j are the sample numbers. Based on the specific situation under study in
this research, the weights were calculated with positive weights.
Calculation of the mean (pj ) of the random variable xij and of its mean square (σj ).
pj =
s
σj =

1
n

n

∑ zij

n

∑

(5)

i =1

zij − p j

2

(6)

i =1

Calculation of the weights (wj ) of the random variable zij .
m

w j = σj /∑i=1 σj ,

(7)
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4. Results
4. Results
4.1. Values of Source-Sink Landscape Influence
4.1. Values of Source-Sink Landscape Influence
SLI was calculated based on the Lorenz curve. Spatial configurations of different landscapes,
SLI was calculated based on the Lorenz curve. Spatial configurations of different landscapes,
along with the variations in phase distance, were calculated by combining distance with spatial
along with the variations in phase distance, were calculated by combining distance with spatial
distribution of the “source” and the “sink” landscapes. With the increase in relative distance from the
distribution of the “source” and the “sink” landscapes. With the increase in relative distance from the
road to the surrounding landscape, “source” and “sink” landscapes in the area of influence are also
road to the surrounding landscape, “source” and “sink” landscapes in the area of influence are also
on the rise. Using Formula (2) and the values of “source” and “sink” landscape influence, the spatial
on the rise. Using Formula (2) and the values of “source” and “sink” landscape influence, the spatial
configurations of different landscape types and their changes with relative distance were calculated;
configurations of different landscape types and their changes with relative distance were calculated;
the specific distribution is shown in Figure 2. The higher the SLI value, the greater the influence that
the specific distribution is shown in Figure 2. The higher the SLI value, the greater the influence that
the source-sink landscapes have on the traffic flow. The SLI value distribution is shown in Figure 3.
the source-sink landscapes have on the traffic flow. The SLI value distribution is shown in Figure 3.

Figure 3. Values of source-sink landscape influence for the arterial roads in Xiamen Island.
Figure 3. Values of source-sink landscape influence for the arterial roads in Xiamen Island.
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4).
use MATLAB 2014 (MathWorks, Natick, MA, USA) to print the result (Figure 4).
Of the roads that are included in the study, as shown in Figure 5 print by MATLAB 2014
(MathWorks, Natick, MA, USA), traffic carried by the five roads with high SLI values accounts
for a small percentage of total traffic. After using ArcGIS to calculate the length of roads, we found
that this is because the five outlier roads are relatively short. Although the surrounding “source” and
“sink” landscapes have high SLI, the road capacity cannot meet the demand.
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Figure 4. (a) Scatter plot of the source-sink landscape influence (SLI) of provincial highways. (b) Scatter
Figure 4. (a) Scatter plot of the source-sink landscape influence (SLI) of provincial highways. (b)
plot of the SLI of county roads. (c) Scatter plot of the SLI of state highways. (d) Scatter plot of the SLI of
Scatter plot of the SLI of county roads. (c) Scatter plot of the SLI of state highways. (d) Scatter plot of
the arterial
roads in Xiamen Island.
theSLI of the arterial roads in Xiamen Island.
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Of the roads that are included in the study, as shown in Figure 5 print by MATLAB 2014
(MathWorks, Natick, MA, USA), traffic carried by the five roads with high SLI values accounts for a
small percentage of total traffic. After using ArcGIS to calculate the length of roads, we found that
this is because the five outlier roads are relatively short. Although the surrounding “source” and
“sink” landscapes have high SLI, the road capacity cannot meet the demand.

Figure 5. (a) Outlier points shown on scatter plot of the arterial roads in Xiamen Island. (b) Outliers

Figure 5.shown
(a) Outlier
points
on residuals
plotshown
of road on
SLI scatter
values. plot of the arterial roads in Xiamen Island. (b) Outliers
shown on residuals plot of road SLI values.
4.2. Correlation Coefficients between SLI and Traffic Flows
The relationship between the SLI that was obtained from the modified model and the traffic flow
in every buffer zone is shown in Table 1. The correlation coefficient between the SLI of different roads
and their traffic flow was 0.684, indicating a significant direct relationship between these two indices.
In contrast, with the same data, the LWLI of the roads was not correlated with their traffic flow,
indicating that LWLI is not a good model for representing the relationship between traffic flow and
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4.2. Correlation Coefficients between SLI and Traffic Flows
The relationship between the SLI that was obtained from the modified model and the traffic
flow in every buffer zone is shown in Table 1. The correlation coefficient between the SLI of different
roads and their traffic flow was 0.684, indicating a significant direct relationship between these two
indices. In contrast, with the same data, the LWLI of the roads was not correlated with their traffic flow,
indicating that LWLI is not a good model for representing the relationship between traffic flow and
landscape pattern, whether from a single class of roads or all the classifications of roads.
The correlation coefficients between SLI and traffic flow for the state highways, the provincial
highways, and the county roads were 0.891, 0.731, and 0.710, respectively. As Chenggong Avenue was
the only urban expressway in Xiamen Island, the correlation coefficient between its SLI and traffic flow
could not be calculated. The above results indicate that the landscape types around the state highways
were more dependent on the roads themselves and attracted more traffic than the landscape types
around other road classifications.
Table 1. Analysis of correlation between SLI or LWLI and traffic flow of different roads.
Road
Classification

SLI Correlation
Coefficient

Significance
(Two-Tailed Test)

LWLI Correlation
Coefficient

Significance
(Two-Tailed Test)

County road
Provincial highway
State highway
Total

0.710 **
0.731 **
0.891 *
0.684 **

0
0.001
0.0417
0

0.001
−0.130
0.017
−0.024

0.994
0.608
0.978
0.843

Note: the “*” and “**” indicate significance at p-values of 0.05 and 0.01, respectively.

5. Discussion
As shown in Section 4, different road types tend to have different SLI values, and SLI is correlated
with traffic flow. In order to explore the reasons for these findings, we chose targeted analysis methods
for further analysis. Although the coefficient of correlation between the SLI value and the traffic flow
could not be calculated for the only urban expressway, the influence of its source-sink landscapes on
traffic flow should be the greatest of all the roads in the study because it had the highest SLI value
(Figure 3). The results shown in Figure 4 and Table 1 indicated that both the SLI values of the state
highways and the correlation between SLI and traffic flow were higher than those of the provincial
highways and the county roads, which means that the state highways had more influence on the
surrounding landscape pattern than did the provincial highways and county roads. The detailed
causes for this were analyzed using Patch Analyst (Centre for Northern Forest Ecosystem Research,
Thunder Bay, ON, Canada) in ArcGIS along with SPSS 16 software (IBM Corporation, Endicott, NY,
USA). Because of the variation in the surrounding areas and the numbers of different roads within
each classification, as well as in the landscape pattern characteristics, different landscape indices were
chosen to represent different aspects of the landscape pattern characteristics [34]. On the level of patch
type, the core area (CA), the area weighted average shape factor (AWMSI), and the mean patch size
(MPS) were used. On the level of landscape, Shannon’s diversity index (SHDI) was used.
5.1. Influence of Core Area on Traffic Flow
At first, the contribution of the core area of each source-sink landscape determined its attraction
for traffic flow. The greater the contribution of the core area, the heavier the traffic flow on the roads.
The CA of the different land usage types in different roads’ buffer zones was calculated and analyzed
using Patch Analyst (Centre for Northern Forest Ecosystem Research, Thunder Bay, ON, Canada)
and SPSS 16 software (IBM Corporation, Endicott, NY, USA). Correlations between traffic flow and
core area for urban residential lands, residential lands in urban villages, industrial and mining lands,
commercial and service lands, and mixed commercial and residential lands were significantly positive,

Sustainability 2017, 9, 2366

10 of 14

but the correlations between traffic flow and core area for construction sites and educational lands
were not significant (Table 2).
Table 2. Correlation coefficients between core area and traffic flow.
Land Usage Type

Correlation Coefficient

Urban residential land
Residential land in urban village
Educational land
Industrial and mining land
Construction site
Commercial and service land
Mixed commercial and residential land

0.739
0.480
0.117
0.582
−0.001
0.541
0.516

The contribution of the core area was calculated by multiplying the ratio of the core area of
a land usage type in the source-sink landscape by the corresponding weight. The result showed that
the source of the weight (wj in 3.3.2) was 0.115 and the sink of the weight was 0.885 for the urban
expressway, the average sources of the weight was 0.068 and the average sinks of the weight was 0.349
for the state highways, 0.026 and 0.183 for the provincial highways, 0.015 and 0.146 for the county
roads. For all of the land usage types except for industrial and mining lands, the contribution of the
core area was highest for the urban expressway, followed by state highways, provincial highways,
and county roads (Table 3).
Table 3. Contribution of core area.
Land Usage Type

Road
Classification

Core Area
(m2 )

Percentage of
Core Area (%)

Contribution
of Core Area

Urban residential land

Urban expressway
State highway
Provincial highway
County road

673.2219
519.6150
3239.9974
5385.2851

0.5067
0.4078
0.4149
0.3561

0.0583
0.0276
0.0110
0.0053

Urban village land

Urban expressway
State highway
Provincial highway
County road

115.2985
114.5621
890.3992
2155.4179

0.0868
0.0899
0.1140
0.1425

0.0100
0.0061
0.0030
0.0021

Industrial and mining land

Urban expressway
State highway
Provincial highway
County road

286.9834
86.8192
932.5871
2500.7271

0.2160
0.0681
0.1194
0.1654

0.1912
0.0238
0.0219
0.0242

Commercial and service land

Urban expressway
State highway
Provincial highway
County road

143.6290
99.0594
824.2738
1315.4769

0.1081
0.0777
0.1056
0.0870

0.0957
0.0271
0.0193
0.0127

Mixed commercial and
residential land

Urban expressway
State highway
Provincial highway
County road

41.1475
60.2074
342.7641
360.0863

0.0310
0.0472
0.0439
0.0238

0.0036
0.0032
0.0012
0.0004

5.2. Influence of Landscape Diversity on Traffic Flow
We next performed a landscape-scale analysis. The Shannon’s diversity indices (SHDI) around the
different roads were analyzed using Patch Analyst (Centre for Northern Forest Ecosystem Research,
Thunder Bay, ON, Canada) in ArcGIS software (ESRI, Redlands, CA, USA). In an area, the more
abundant the land usage, the higher the fragmentation degree, the greater the information content
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of the uncertainty, and the higher the calculated SHDI values [35]. The SHDI was highest in the
landscapes surrounding county roads (1.717), followed by those surrounding provincial highways
(1.663), state highways (1.598), and the urban expressway (1.388). The landscapes surrounding the
urban expressway had the lowest fragmentation degree of all the roads in the study, reflecting the
concentrated distribution of land usage types around the urban expressway. This concentrated
distribution likely gave rise to concentrated traffic flow, whereas fragmented landscapes would instead
cause dispersion of the traffic flow. This resulted in the urban expressway having the highest SLI
value, and in the state highways showing high correlation between source-sink landscape patterns
and traffic flow.
5.3. Influence of Flow Landscape Patterns on Traffic Flow
AWMSI is an important index that is used to measure the spatial pattern complexity of landscapes,
a characteristic that influences many ecological processes. AWMSI = 1 when all of the patches are
square and increases as the shape complexity of patches increases. MPS is used to measure the interior
heterogeneity of landscapes. Smaller MPS values represent a higher degree of fragmentation [36].
Some studies have shown that AWMSI and MPS are associated with road connectivity [37,38].
Sustainability 2017, 9, 2366
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AWMSI and MPS were used for the analysis of the flow landscape patterns. The
urban
expressway has the largest AWMSI and MPS values of all the roads in the study, followed by the state
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5.4. The Purpose of the SLI Value
5.4. The Purpose of the SLI Value
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application
of source-sink landscape pattern theory can not only eliminate landscape types that have little or no
effect on the ecological process under study, such as woodland, farmland, and bare land in the
context of a commuter traffic study, but also integrate different factors, such as relative distance,
landscape area, and numbers of POI, to produce a single value useful in evaluating landscape
patterns. This method can reveal different aspects of the relationship between the landscape patterns
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the meaning in an ecological system, SLI is a comprehensive index. The application of source-sink
landscape pattern theory can not only eliminate landscape types that have little or no effect on the
ecological process under study, such as woodland, farmland, and bare land in the context of a commuter
traffic study, but also integrate different factors, such as relative distance, landscape area, and numbers
of POI, to produce a single value useful in evaluating landscape patterns. This method can reveal
different aspects of the relationship between the landscape patterns around roads and the commuter
traffic flow on those roads. As SLI value is a comprehensive indicator, by calculating the SLI value,
researchers can elucidate the source-sink landscape influence in a particular region. SLI values can
be used in all the stages of planning. Before formal planning begins, it could be used for forecasting,
during the planning stage it could be used for adjustment, and after plans are completed it could be
used for inspection of the results. A single SLI value is not of practical use, and a comparison with
other SLI values is needed.
In this study, the SLI average of the regions in the top ten for highest SLI values was 0.0967,
18.18 times the mean of the lowest ten regions (0.0053). This indicates that when the SLI value
of a planned development is much higher than that of a mature area with good road conditions,
planners may need to adjust the distribution of roads or the distribution of source and sink
landscapes in the planning area. In order to improve the transportation efficiency of urban transport
corridors, the superposition of different traffic flows in the same road space should be reduced [41],
and planners should give adequate consideration to the coordinated development of urban land use
and transportation.
6. Conclusions
(1)

(2)

(3)

(4)

Source-sink landscape theory can be applied to the behavior processes of urban commuter
traffic. However, the processes that are involved in commuter traffic are more consistent with
an additive model than with the Location-Weighted Landscape Index (LWLI), unlike the process
of accumulation of nonpoint source pollutants in natural landscapes, which can be measured
by the LWLI. An additive model can better represent the relationship between the source-sink
landscape pattern and commuter traffic flow.
Different roads have different SLI values, and higher values of SLI indicate that the source-sink
landscape had greater influence on traffic flow on that road. The correlation coefficient can be
used to confirm these results. In this study, the SLI values of the arterial roads in Xiamen Island
are highest for the urban expressway, followed by the state highways, the provincial highways,
and the county roads. This indicates that the source-sink landscape patterns that are surrounding
the urban expressway are most attractive to traffic flow. Commuting vehicles are more dependent
on the urban expressway than on any other road.
Through correlation analysis, researchers can verify that there is a relationship between SLI
values and traffic flows in different areas. This method allows for researchers to perform detailed
analyses; for example, traditional landscape pattern indexes can be employed to find the reasons
for differences in SLI values or to identify the factors that cause differences in the correlation
coefficients between SLI and traffic flows. Source-sink landscape theory can contribute new ideas
for the study of the relationships between urban landscape patterns and traffic.
This method is not designed for any specific road type; it is a method for evaluating the influence
of the landscapes surrounding any road. A single SLI value is not of practical use; it must be
used for comparison with different regions or time points. For example, planners can calculate
and compare the SLI values in a newly developing district and in a completed area to predict
commuting times, in order to determine whether there might be congestion in the new district,
and to further aid in landscape planning.

At present, the SLI model is in a preliminary stage of development. Additional case studies are
required to further enrich the model and its applications.
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