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Abstract: Planning and developing urban tourism destinations must encompass landscape
optimization to achieve healthy urban ecosystems, as well as for evolution sustainability. This study
explored sustainable landscape planning by examining the optimization of landscape spatial
distribution in an urban tourism destination–Nanjing, China—using an integrated approach that
included remote sensing (RS), geographic information system (GIS), and landscape metrics in the
context of an urban tourism destination evolution model. Least-cost modeling in GIS was also used
to optimize decision-making from an ecological perspective. The results indicated that landscapes
were more homogenous, fragmented, and less connected. Except for the eastern area, the landscape
evolution showed characteristics of both degeneration and growth. A complete greenway network
including sources, greenways, and nodes were constructed, and an increase in natural landscapes
was strongly recommended. The findings provide geographic insights for sustainable urban tourism
planning and development via comprehensive methodological applications.

Keywords: tourism destination planning; landscape evolution; urbanization; integrated approach;
greenways

1. Introduction

Urban environments that include libraries, museums, amusement parks, and unique, natural,
or heritage sites are used as tourist attractions, and have become increasingly popular among visitors
in recent years [1,2]. Because of growing development, urban destinations are confronted with myriad
challenges associated with increased residential population, economic activities, and visitor influx.
Moreover, the demand and competition for limited real estate has resulted in major transformation
of land use for development of both urbanization and tourism, which has had major effects on the
landscape and ecology [3–5].

From an ecological perspective, the services that landscapes provide to humans include biological
diversity, recycling nutrients, carbon sequestration, clean water, etc. [6]. Understanding the landscape
changes attributable to urbanization and tourism is critical for destination planning, management of
land resources, and provision of services in rapidly changing environments. While the significance
of landscape structure and pattern change in urban areas has been examined [7–9], the dynamics
in response to urban tourism are poorly understood [10]. In addition, the relation to other aspects
of planning urban tourism destinations has not been comprehensively assessed. In the context of
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urban tourism research and management, issues have largely focused on destination life cycle and its
application to development [11], competitiveness [12], and community-based tourism planning [13].
However, the role of landscape evolution in urban ecology and tourism has not been adequately
addressed in planning and developing urban tourism destinations. Consequently, such planning
and development must encompass landscape optimization to achieve ecological and evolutional
sustainability that are necessary for healthy urban ecosystem and sustainable tourism development.

In this context, the ability of geographical information system (GIS) to address multiple spatial
criteria makes it an important tool in the allocation of resources, and can assist decision-makers
in planning for sustainable tourism [14]. However, its application has been relatively limited in
tourism development [15]. Further, Remote Sensing (RS), which is invaluable in monitoring short-
and long-term landscape changes and the effect of human activities [16], can also be integrated with
GIS to plan tourism from a landscape perspective. Also, it can be used to evaluate the characteristics
and ecological consequences of spatiotemporal changes on various scales [16,17]. Because of their
widespread availability, frequency of coverage and improved quality, RS and GIS have become valuable
tools that are used extensively to monitor landscape changes and urbanization [5,7]. Additionally,
the ability of a variety of landscape metrics in the statistical package FRAGSTATS to indicate the
spatiotemporal landscape pattern and the ecological process from thematic maps has been used
and discussed [5,18]. Specifically, according to several urban planners and geographers, landscape
metrics can be used as geospatial metrics because they assist to quantitatively assess the urban spatial
structures and patterns [19]. In general, landscape spatial analysis that includes classification, pattern
and function analysis, and evaluation and planning can be achieved with comprehensive application
of RS, GIS and landscape metrics. Recently, these three technologies have been widely used in the
studies with respect to ecological impact of urban expansion [5,9,16].

In view of this, the purpose of this study was to explore sustainable landscape planning
by examining optimization of landscape spatial distribution in a highly urbanized tourism
destination—Nanjing, China. The drastic urbanization and large-scale tourism have become two of the
most fundamental characteristics of Chinese economic and social development in this century [9,11].
Consequently, there has been significant growth in highly urbanized destinations, as well as rapid
development in urbanization and tourism. Nanjing was chosen for this study because of its mature
tourism industry and major urbanization initiatives. An integrated approach was used that includes
RS, GIS and landscape metrics to collect, process, and analyze data in the context of an urban tourism
destination evolution model. In addition, the least-cost modeling in GIS was utilized to aid in
optimization decision-making from an ecological perspective. Overall, the comprehensive application
of these methods can play a key role in understanding planning and development based on an
assessment of an urban tourism destination through landscape change over time.

2. Literature Review

2.1. Tourism Planning and GIS Application

With rapid expansion of tourism, major attention has been levied towards effective planning with
respect to community participation, resource development and management [10,20–22]. Freestone [23]
summarized the evolution of urban planning in the 20th century, and noted the traditional town
planning would transfer into green town planning, and the town itself can be planned as a big
tourist attraction. Contemporary approaches have widely recognized that the long-term success of any
tourism destination is achieved when local community perspectives are considered in the planning
process [24,25], and this relationship has become a key focus in tourism planning [13,26]. On the
other hand, policies and planning for tourism destinations have largely been grounded theoretically
on evolutionary models from the 1970s and 80s, which provides an important focus for tourism
destination management [27–29].
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GIS can be used to capture data, conduct scientific-based analysis, define objectives, scenarios
and alternative futures and planning measures, etc., which offers capabilities to assist in planning
and management [30]. Since tourism planning requires additional spatial data collection and
processing, the role of GIS has been regarded as one of the most important scientific tools to assist in
sustainable tourism initiatives, government strategy, and decision making [31,32]. GIS can integrate
different types of relevant data, such as landscape elements, tourist locations and temporal-spatial
behavior. Subsequently, a decision-support model can be added to analyze the overall spatial behavior
and draw the best conclusions [33–37]. Moreover, GIS has been applied to measure the level of
accessibility and distribution equity offered by public parks systems [38,39], assistance in conceptual
tourism infrastructure planning framework inclusive of attractions, services and transportation
facilities [32], measurement of landscape aesthetic and visual qualities [40], assessment of categories
of ecological sensitivity in sensitive areas [14], national park planning, and ecotourism site planning,
among others [41–43]. In general, while GIS applications in tourism planning and management
have increased gradually since the early 1990s, it has yet to be widely used in comparison to other
disciplines [15], and even less in the planning of a tourism destination, especially in China [44].

2.2. Landcape-Based Urban Tourism Destination Planning

While short- and long-term urban planning cannot be achieved without considering the ecology [45],
urban areas tend to be viewed as social and engineering inventions in which ecological processes
may legitimately be neglected [46]. Cadenasso and Pickett [47] noted that ecological processes should
not be excluded, especially in urban natural landscape that includes parks, rivers, lakes, wetlands,
forests, ponds, etc., which are all vital as they serve ecosystem functions and provide services [48,49].
Chen et al. [50] proposed a source-sink landscape theory and illustrated that source landscapes contribute
positively to the ecological process, while sink landscapes may impede the healthy ecological process,
between which various ecological corridors play a role in transmission. The arrangement of these landscape
elements, which constitutes an ecological network that guarantees connectivity and continuity, determines
the resistance to flow or movement over a landscape on the part of species, energy, and material [51,52].

In urban areas, greenway system, as a type of ecological network, has been widely established
and practiced due to its ecological, social, economic, aesthetic, and recreational function, etc. [53,54].
Developing greenways is an effective approach for eco-regional planning in human-modified
landscapes, in which rapid urban sprawl, tourism growth and other human activities frequently sever
urban connectivity [55,56]. There has been increasing interest in characterizing and quantifying the
temporal dynamics of the landscape spatial patterns affected by urbanization [4,5,9]. However, to date,
less attention has been noted to the value of landscape connectivity for the ecosystem services and
functions during urban or tourism destination planning [1,46], which can be achieved by greenways,
ecological network, blue-green networks, riverways, among others [51].

From a tourism perspective, as landscapes are fundamental assets, it is imperative to explore
their value in relation to planning, maintenance, restoration, and development [30,57]. Urban region
is the area of active interactions between a city and its surroundings, mainly dominated by human
activities and basically covered by two components, i.e., built spaces and open spaces [58]. When more
landscapes of these two components are protected or constructed for tourism, this phenomenon may
be viewed as urban tourismization. Hence, Yu and Wang [59] assumed that landscape transformation
and evolution could reflect the development choice with pure urbanization. Although the effect of
landscape on urban expansion and landscape architecture has been noted [7,60], the importance
of landscape evolution within urban tourism destination evolution and planning has received
limited attention.

Additionally, Zhang et al. [61] highlighted the main objective of physical planning is to optimize
the distribution of landscapes and focus on land-use allocation to achieve regional sustainability.
Although landscape optimization is an ongoing discipline and simulation models are recognized as
efficient tools, the modeling techniques still differ considerably from one problem to another [62,63].
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Therefore, in the context of interactions among urban tourism and urban ecosystem, landscape
planning and optimization is of significant importance for in-depth development of theory and
practice in urban tourism destination.

3. Study Area

As the capital of Jiangsu Province and a central municipality of Eastern China, Nanjing is one of the
four ancient capitals that has national historical and cultural importance. The city boasts nearly 2000 years
of history, and is viewed as one of the most important birthplace of Chinese civilization. Nanjing has
experienced rapid urbanization, increasing from 48.6% in 1978 to 81.0% in 2015, a growth rate 24.9% higher
than the national average [64]. The focus of this study was the core area in Nanjing, which consists of
five sub-areas that extend from east of the surrounding highway to south of the Qinhuai River, and west
and north of the Yangtze River. The total area is approximately 375 km2 (Figure 1). Moreover, the basic
topographic information is provided by the map with a gradual descent. The western part is relatively flat,
while the eastern, southern, and northern part as mountainous and hilly (Figure 2).
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This study area has two main characteristics: (1) it is a key development area in Nanjing and
has undergone tremendous changes due to urbanization. Frequent human activities and drastic
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land use and land cover changes have led to significant transformation of the urban landscape;
and (2) key tourist resources are distributed widely throughout the area. These include the Ming
Xiaoling Mausoleum (World Cultural Heritage Site); Zhongshan Scenic Area, and Confucius
Temple—Qinhuai Scenic Belt, which have both natural and cultural landscapes and are two of
the highest-rated scenic locations in China. The area also has other famous natural and cultural
landscapes. Most tourism activities occur in this area and thus, Nanjing is viewed as a noted urban
tourism destination.

The main factors that influence the urban sub-area include landscape spatial heterogeneity,
land use/cover characteristics, and economic development and administrative division. For data
collection, five sub-areas were created from the larger research area to formulate an in-depth assessment
of landscape change at different scales. This case study overall can serve as a representative examination
of destination sustainability under influence of urbanization and tourism.

4. Materials and Methods

4.1. Data Collection and Processing

Multispectral RS imagery was collected to obtain land use data, including Landsat TM imagery
from 1991 (spatial resolution of 30 m × 30 m), Landsat ETM+ imagery from 2003 (spatial resolution of
15 m × 15 m), and High Score One imagery from 2014 (spatial resolution of 8 m × 8 m). All images
were clear and nearly free of clouds.

Image registration of the RS images was performed via Erdas software. Combined with the
administrative and topographic map, the images were cropped to obtain images of the study area.
Interpretation marks were established according to the image features of different land use types
combined with a field survey. Further, ArcGIS was conducted for visual interpretation, and ten land use
categories characterized by a high degree of urbanization were used. The classifications included open
spaces which include forest, tidal, water bodies (i.e., rivers, lakes, channels, ponds, and reservoirs),
park and green land, arable, and bare land, and built spaces (i.e., built-up, transportation, industrial
storage, military land) (Figure 3). According to field validation and accuracy testing, the accuracy of
classification over the study period was determined to range from 84.01% to 93.13%, with an average
of 87.84%, and the Kappa coefficient ranged from 0.77 to 0.82, with an average of 0.79 [65].
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From a tourism perspective, further classification of landscapes was conducted based on whether
the external or internal value was related to tourism in the area. Accordingly, park and green land,
tidal land, forest, and water bodies were defined as natural tourism landscapes because of their natural
and ecological characteristics. In contrast, military, industrial storage, arable, and bare land were
classified as non-tourism landscapes with no tourism-related value.
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Built-up and transportation land included both human induced tourism and non-tourism
landscapes. Built-up land included architectural heritage sites, relics, and places with athletic,
recreational, ornamental, or other special value as human induced tourism landscapes. Others that
were irrelevant for tourism constituted the non-tourism landscape. Similarly, road landscapes formed
by transportation land with local characteristics were regarded as human induced tourism landscapes,
while the ordinary transportation land were considered to have no tourism value.

4.2. Landscape Metrics

To calculate the landscape metrics, following visual interpretation, FRAGSTATS 4.2 was used
to transfer the images for the three periods into Arc Grid format based on all quantitative measures.
Landscape metrics was selected based on follows: (1) comparability with previous studies of landscape
ecology [8,16,66]; (2) association with sustainability [5]; (3) low redundancy among the metrics [67]),
and (4) reflection of the landscape pattern characteristics for the study area. Based on these, an index
of the percentage of landscape (PLAND) at the patch level was selected to illustrate the landscape
composition, while the number of total patches (NP), landscape fragmentation index (F), Shannon’s
diversity index (SHDI), dominance index (D), and connectivity index (C) at the landscape level
represented the configuration.

4.3. Least-Cost Modeling

From the perspective of landscape ecology, a large area of natural land with high ecosystem
services value (i.e., forest land, grassland, lake, wetland, etc.) can promote the healthy ecological
process, namely source, however, sink landscape plays an opposite effect, such as built-up land [49,50].
In order to enhance the connectivity between source and sink, ecological corridors are usually
constructed to connect the relatively isolated and dispersed landscape units [48], which have three
main types, i.e., linear, strip, and stream [68,69]. In urban areas, linear greenways are corridors
of various widths, linked together in a network [70], which could serve for the movement of
wildlife and humans [71], protect and create green spaces [55], as well as play a role in the
promotion of urban tourism due to their leisure, recreational, aesthetic function, etc. [72]. Moreover,
the construction of greenways can assist to enhance the ecological function of urban corridors [73],
such as greenways established along the riverfront, or overland along a canal, road, etc. In view of this,
a greenway network was constructed based on least-cost modeling to assist the destination to achieve
ecological sustainability.

On the landscape scale, the movement of landscape flow must overcome a certain resistance from
source to sink. Based on the friction maps in raster format (generically as cost surfaces in the GIS
literatures) [74], least-cost modeling is applied to acquire the least costly path from each cell location
to a source [75]. First, via the calculation of the sum of the expansion resistance coefficient values
of all pixels between each cell with the source, least-cost modeling calculates the accumulated cost
distance from each path to generate the accumulated cost surface. Afterwards the shortest cost distance
between each cell with the nearest source is determined [76,77].

In GIS, the least cost-distance analysis can be achieved with the COST DISTANCE module in the
spatial analysis tool, which models the functional connectivity among landscapes, and shows elements
with weak connectivity that could be restored. Recently, least-cost modeling has received growing
attention in applied land- and species-management projects, as well as in greenway planning, not least
because toolboxes have become available in most current GIS packages [73,77–81].

4.4. Conceptual Landscape Evolution Model

According to characteristics of Chinese urbanization, Yu and Wang [59] proposed a conceptual
evolution model of urban tourism destinations that used landscape metrics PLAND as the main
index to define the evolution process. The change in PLAND of landscape types could be attributed
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to various driving forces that result from the interests of stakeholders, including the government,
enterprises, tourists, and residents, among others.

This study configured the two evolution stages based on Yu and Wang’s [59] model (Figure 4).
Basically, if the PLAND of tourism landscapes increases while that of non-tourism landscapes decreases
(i.e., the tourism value of the landscape increases), then the destination is in the tourism-oriented
evolution stage. Conversely, if the PLAND of tourism landscapes decreases while that of non-tourism
landscapes increases, then the material production function of the landscape, but not the tourism
function increases. In this case, the destination can be described to be in a non-tourism-oriented
evolution stage. Accordingly, urban tourism destinations can be categorized as growing, degenerated,
and stable destinations [82].
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4.5. Research Framework and Data Analysis Procedure

To further examine the aforementioned issue of landscape optimization in an urban tourism
destination, a research framework was formulated based on an integrated approach. This approach
allows identification of historical landscape changes, evolution, and optimization from the perspectives
of urban ecology and tourism destination evolution (Figure 5).
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Based on the research framework, a detailed methodological stepwise process was developed to
illustrate the data analysis procedures (Figure 6).
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5. Results

5.1. Landscape Change and Evolution

5.1.1. Landscape Configuration Change

From the metrics analysis, the number of patches (NP) increased from 861 to 1595, which is
indicative of urban land subdivisions. The fragmentation index (F) increased from 0.23 to 0.42 and
showed continued landscape fragmentation attributable to human disturbance. Shannon’s diversity
index (SHDI) rose from 1.70 to 1.87 initially, and then decreased significantly to 1.66 due to increased
urban construction landscapes that included built-up and transportation types. The trend of dominance
index (D) declined from 0.29 to 0.22 first and then increased to 0.33, which indicated that the
construction landscape became dominant during the second research period (2003–2014). In addition,
the connectivity index (C), measured as the degree to which the landscape promotes or impedes the
resource patches’ movement, decreased from 85.86 to 60.95 which demonstrated detrimental effects on
the landscape’s ecological processes (Table 1).

Table 1. Landscape metric changes in the study area.

Year NP F SHDI D C

1991 861 0.23 1.70 0.29 85.86
2003 1173 0.31 1.87 0.22 63.50
2014 1595 0.42 1.66 0.33 60.95

5.1.2. Landscape Composition Change

PLAND provides a general understanding of landscape composition, specifically the degree to
which the landscape represents a particular patch type. The PLAND change in water landscapes were
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similar to the park and green land, which experienced a process of decline in the first stage (1991–2003),
and then increased thereafter (2003–2014). The PLAND of tidal land rose slightly before 2003, and then
declined rapidly, while forest exhibited a steady state before 2003 followed by an increasing trend.
The PLAND of transportation land increased rapidly from 3.90% to 8.05% from 1991 to 2003, and then
remained nearly unchanged, which reflects that the construction of the road network approached
saturation recently. The PLAND of built-up landscape increased slowly during the first stage and
rapidly in the next, and has become the dominant landscape type with improvement by more than
35% during the research period. The significant increase in transportation and built-up land depends
highly on urbanization, and reflects its major achievements (Table 2).

Among the non-tourism landscape types, the total PLAND of military, and industrial storage land
remained within 1.5% (from 1991 to 2014) with a minor decrease. Arable land decreased continually
and had nearly vanished before 2014. In the study area, bare land mainly composed of the leveled
land awaiting future development. Also, there was large-scale urban demolition and transformation
from 1991 to 2003, which resulted in a large amount of bare land, and the PLAND of which maintained
approximately 10% from 2003 onwards (Table 2).

Table 2. PLAND change of different landscape types (unit: %).

Type 1991 2003 2014

Natural tourism landscapes

Water 21.29 17.96 20.54
Park and Green 17.19 13.35 15.29

Tidal land 2.07 2.25 0.05
Forest 1.87 1.41 2.86
Total 42.42 34.97 38.74

Human-induced tourism landscapes
and non-tourism landscapes

Build-up land 29.46 30.83 39.79
Transportation land 3.90 8.05 8.15

Total 33.36 38.88 47.94

Non-tourism landscapes

Arable land 22.29 13.06 1.69
Bare land 1.25 12.37 10.41

Military land 0.66 0.69 0.66
Industrial storage land 0.02 0.03 0.56

Total 24.22 26.15 13.32

5.1.3. Landscape Evolution

To determine the evolution characteristics from the relationship between tourism and non-tourism
landscapes, the total PLAND of the four natural tourism landscapes decreased in the first stage.
The PLAND increased in built-up and transportation landscapes because of the large-scale of ordinary
transportation construction (3.90–8.05%), and a minor increase in built-up landscape. According to the field
survey of the time open and area, 36 human induced tourism landscapes, most of which were tourism hotels
completed during 1991–2003 (Figure 7), and their total PLAND was less than 1%. Consequently, the total
PLAND of tourism landscapes (i.e., natural and human induced tourism landscapes) still decreased while
the non-tourism landscapes increased during the first stage. In the second stage, more natural landscapes
and another 34 human induced tourism landscapes increased (Figure 7), while large-scale non-tourism
landscapes transformed into tourism landscapes. Basically, this led the opposite to occur by comparison
to the first stage. In the context of the conceptual evolution model, the first stage could be defined as a
non-tourism-oriented landscape evolution stage, and the second as tourism-oriented stage.

With respect to the sub-areas, from a quantitative perspective, most of the human induced
tourism landscapes completed were concentrated in the central area, accounting for 65.51%, 63.07%,
and 55.56% of the total area in 1991, 2003, and 2014, respectively (Figure 7). According to the field
survey, 22 human induced tourism landscapes were constructed in the central area during the first
dozen years, the PLAND of which was less than 0.5%. In comparison to the PLAND change in natural
tourism landscapes in each sub-area (Figure 8), the PLAND of human induced tourism landscapes
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increased but could be ignored because of its relatively small value. Therefore, only the eastern area
continued as a tourism-oriented landscape evolution destination, while all other sub-areas and the
area overall converted from degradation to growth during the two research periods.
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Overall, it was evident from the landscape configuration and composition analysis that under
significant urbanization, the original heterogeneous landscapes were gradual instead by homogeneous
construction landscape. The ecological process among landscapes would be influenced due to the
decreased connectivity, increased fragmentation, and decreased diversity. This creates an urgent
need for spatial optimization to achieve healthy ecological landscape networks, and evolutionary
sustainability for the entire area and its sub-areas.

5.2. Spatial Optimization of Greenway Network

5.2.1. Landscape Ecological Service Value

The spatial distribution of landscape ecological service value is the basis to identify the distribution
of eco-function intensity, as this serves in the cost-distance analysis. First, the ecosystem services value
was calculated from each valuable landscape type in 2014, based on the ecological value estimation of
the Chinese domestic ecosystem service function [83]. Water landscapes had the highest proportion of
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ecosystem services value at 92%, followed by park and green landscapes (6.21%), forest (1.5%), arable
land (0.21%), and tidal land (0.08%) (see Table 3).

Table 3. Landscape ecosystem services value in the study area.

Landscape Type Landscape Area (ha)
Unit Value of

Ecosystem Service
(USD/ha)

Total Ecosystem
Service Value
(Million USD)

Value Proportion (%)

Water 6902.61 11,067 7639.12 92
Green and Park 5691.21 906 515.62 6.21

Forest 691.10 1806 124.81 1.5
Arable land 628.64 276 17.35 0.21
Tidal land 19.98 3187 6.37 0.08

Total 13,933.54 - 8303.27 100

Note: 1 USD = 6.1428 CNY (Average annual exchange rate in 2014) [84].

Further, the spatial distribution of the ecological services value of different landscape types is
illustrated in Figure 9a. The Yangtze River, Xuanwu Lake and Zhongshan Scenic Area comprise the
main spatial distribution of the landscape that dominates the ecological service function. As the mother
river of Nanjing, the Qinhuai River forms a loop across the middle and southern parts, and connects
the Yangtze River with the city moat from the northeast to the southwest. These form the main river
corridors and serve as the main transmission function to link sources with sinks.
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5.2.2. Identifying Sources

Based on a comprehensive consideration of the research scale, landscape pattern continuity,
and total value of ecosystem services of patches, repeated designs and presentations in ArcGIS were
conducted. Further, the core patches of water, green and park, and forest lands with high ecosystem
services value and areas greater than 40 ha were chosen as ecological sources [52,80]. Numerous
sources were found, as shown in Figure 10. Zhongshan Scenic Area and Yangtze River Scenic Spot
were the two largest ecological sources, and many other sources also spread widely, which provides the
important foundation to promote healthy ecological process. However, from the perspective of spatial
distribution, the sources had isolated distribution and weak interaction. In view of this, greenways
should be further constructed. Moreover, considering connectivity, a buffer zone was created with
the optimum threshold range of 50 to 100 m based on the distance threshold tests from 30 (image’s
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minimum pixel unit) to 400 m, with a distance interval of 10 m. The goal was to consolidate and
strengthen the ecological barrier function of the source.Sustainability 2017, 9, 2364  13 of 20 
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5.2.3. Constructing Greenways

Taking both the landscape source and ecological resistance (i.e., the reciprocal of the proportion
of ecosystem services value) into consideration [79], the COST DISTANCE module was utilized
as an analysis tool in GIS to obtain the accumulative cost-distance surface of the landscape
ecological function, from which the spatial distribution with a high value of cumulative cost distance
corresponded to the urbanized construction location, and it was close to the sources (Figure 9b).

The main greenways can be set up among the green lands (i.e., those that were not chosen
as sources), and the core patches, thus the connection and protection function among landscape
components can be enhanced [52,80]. Bare land exerted the maximum resistance. Based on the
cost-distance surface combined with the landscape features, the minimum cost path of the landscape
flow was extracted to obtain potential locations for greenways (Figure 10). In addition, to reduce
the negative effect of the sources cut by traffic lines and water ecosystems affected by built-up areas,
as well as enhance the ecological function of urban corridors, more vegetation restoration should be
strengthened on both sides of the corridors of roads and rivers.

5.2.4. Establishing Nodes

Ecological nodes are the key points that connect adjacent sources, and play an important role in
landscape flow. They are especially important in a greenway network’s connectivity, and generally
located along each greenway segment. Based on the landscape pattern feature and the accumulative
cost distance surface in the research area, ArcGIS was used to set thresholds repeatedly by analyzing the
intersections and discontinuities between the minimum and maximum cost paths in the landscape flow.
Finally, the spatial distribution of landscape ecological nodes was obtained. As shown in Figure 10,
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a total of 30 nodes were established that connect the greenways among sources closely to form a
complete greenway network.

In addition, to conduct a spatial neighborhood analysis, the grid cells with the maximum and
minimum values were extracted using the cells of the landscape cost-distance surface. Combined with
the severe fragmentation characteristics of the important sources, the appropriate threshold was set,
and identified the landscape cells with mutual restriction in the landscape function space. The key
landscape cells that needed to be optimized were then confirmed (Figure 10). The landscape types
must be adjusted or changed in these cases to avoid the landscape elements with a high value of
ecological services that are adjacent directly to urban built spaces.

5.3. Further Optimization for Evolutionary Sustainability

Based on the evolution analysis, it can be inferred that the destination evolution was in a
degenerate state, but demonstrated growth in the second period attributable to landscape conversion
to reflect restoration in two stages. This included the entire area and its four sub-areas, except in
the eastern area which showed perpetual growth characteristics. With respect to the sustainability
of tourism destination evolution over time, three major propositions for potential transformations
for the entire area as well as its sub-areas were formulated, based on the current tourism landscape
spatial distribution.

Proposition 1. Natural tourism landscapes should be increased as much as possible.

As mentioned, natural landscapes have the highest value of ecosystem services, and assist
to construct the greenways and green spaces as well, which are beneficial for both ecological and
evolutionary sustainability of the destination. In particular, more attention is needed to increase the
tidal lands that were neglected during the research period, so as to enhance the landscape diversity.
In addition, because of their lower PLAND, increase in natural landscapes in the central and southern
areas is needed to improve the landscape diversity, richness and function.

Proposition 2. Human induced tourism landscapes should be protected and developed effectively.

In urbanized areas, the demands for built-up land and transportation routes will increase in
the context of further development. In this case, the current human landscapes with historical value
should be protected or reconstructed. Further, plans to develop additional human landscapes with
local characteristics, such as landmark buildings and distinctive roads would also improve the quantity
and quality of tourism landscapes.

Proposition 3. No additional human induced tourism landscapes should be developed in the central area.

The central area is the local business district with the largest population density
(33,400 people/km2 [85]) in Nanjing, as well as has the highest density of human induced landscapes.
These factors have caused the area to experience carrying capacity pressures on the ecological environment,
such as severe traffic congestion, large amount of garbage, low air quality, etc. In view of this, it is of
necessity to control the additional construction of hotels and shopping places, which could reduce impacts
from lodging accommodations and retail shopping.

6. Discussion

Spatiotemporal changes in global and regional environments and their effects attributable to
human activities have become major issues. The development of urban tourism destinations is a
process of natural landscape transformation for both the urban development and tourism sectors.
Thus, in this context, there is a major need to integrate ideas and methods to mitigate the problems
encountered in the development of urban tourism destinations. Moreover, from the aspect of ecological
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dimension, sustainable tourism is concerned with ensuring development that is compatible with
maintenance of essential ecological processes [86]. However, ecological process of landscapes
along with their ecosystem services value is always a factor that is less considered in traditional
urban or tourism destination planning. This is especially the case in China that leads to dubious
sustainable practices [44,46].

In urban tourism destinations, ecosystem functions that translate to services in natural tourism
landscapes are related to tidal land, forests, park and green land, or water bodies, etc. However,
human induced tourism landscapes and other urban landscapes are developed highly and likely
affect ecological linkages. The abundance of natural tourism landscapes and the spatial distribution of
human induced tourism landscapes have a direct effect on urban ecology and tourism development.
Hence, this issue needs to be assessed further and integrated in tourism industrial development plans,
infrastructure projects, and regional planning.

Based on a highly urbanized tourism destination (core area of Nanjing, China), this study
integrated RS, GIS, and spatial metrics to analyze at the scales of particular area and sub-areas
in the patterns and distribution of changes in urban and tourism landscapes for the past 20 years.
The integrated approach aims to provide solutions to regional planners whereby real landscape changes
have been attributed to the drastic expansion of urban tourism and urbanization. The quantitative
approaches as such are relatively rare in both urban planning and tourism development, as they
usually tend to address some specific problems, e.g., particular species conservation [81,87], or the
community-based tourism development [24,25], etc. Moreover, Zhang and Wang [71] stated that
landscape metrics can facilitate the construction of ecological networks of greenways. It has been
widely applied in landscape planning projects as it provides the basic quantitative information of
landscape composition and configuration [9,86].

Using the least-cost modeling, which is a superior tool because it yields explicit results and allows
for parameterization and testing in empirical studies [79], a landscape dynamics and evolution
analysis was further conducted to construct a greenway network by optimizing the elements
and cells. In addition, the study proposed further optimization strategies based on the conceptual
evolution model. The optimization results were based on the perspectives of urban ecology and tourism
destination evolution, respectively, but were complementary and constituted a unit for landscape
planning. Moreover, the integrated approach from the use of such technologies and methods is
objective and replicable. Largely, this involves a stepwise process that can be replicated in other
tourism destinations to provide a more practical management framework.

In this case study, three conclusions were derived. First, landscapes have experienced drastic
changes because of urbanization and tourism. Fundamentally, a homogeneous urban construction
landscape has replaced the original heterogeneous and diversified landscapes, especially arable and
tidal lands. The landscape patterns tended toward simplification and disequilibrium. Simultaneously,
given the increased fragmentation and decreased connectivity, it is clear that rapid urbanization
has neglected the landscape ecological process. Fischer and Lindernmayer [88] argue that landscape
heterogeneity is of great importance, and deserve attention in human-modified landscapes. Likewise,
Gurrutxaga et al. [74] also state the necessary management of agricultural and forestry holdings in
the ecological network. Both studies along with this research demonstrate diverse landscapes will be
beneficial for a healthy ecosystem. In modern China, there has been extreme attention towards urban
infrastructure development, much to the loss of ecological value of arable or tidal land, which poses
difficulties to support the sustainability of an urban ecosystem.

Second, an entire greenway network was constructed that identified sources, greenways,
and nodes to reduce fragmentation and strengthen connectivity among the landscape elements.
In addition, five key landscape cells were extracted to reduce the barriers of urban agglomeration to
landscape function. This process and outcomes was in concert with Opdam et al. [89] as they noted
that ecological networks are essential to achieve ecological sustainability, which are constructed by the
linkage among core areas, corridors, nodes and buffer zones [74].
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Third, from the evolutionary perspective, it is highly important to enhance the natural tourism
landscapes in all sub-areas, especially the central and southern areas. This would promote the
evolutionary sustainability for a destination with tourism growth at different scales, and is helpful for
the construction of greenway network as well. Moreover, human induced tourism landscapes should
also be protected carefully and developed effectively in the study area. It is of noted importance for
the central area to transfer tourism service functions that includes lodging accommodations and retail
shopping to other areas due to their negative ecological effects.

Although this research explored the sustainability of an urban tourism destination through the
combination of urban ecology and tourism, there are limitations that need to be addressed for future
research. Restricted by the distribution characteristics of the study area and data acquisition, this study
chose the landscape ecosystem services value as the main factor to identify the sources and establish
the resistance surface. Hence, other factors should also be considered in future studies to make more
accurate identification of sources and construction of greenway networks [73,80]. In addition, the types
and width of greenways should be classified and designed more specifically. Moreover, a conceptual
model based on landscape provides the effects of the landscape patterns as a tool to describe the
evolution of a tourism destination, but more research is needed to prove its applicability to landscape
planning. Further, more time span is required for future evolution research as the tourism destination
evolution is a long process.

Finally, with the gradual formation of relations among urbanization, tourism, and ecology,
additional attention on the part of researchers, planners, urban managers, and tourism-related
departments has been given to understand and promote sustainable development. Given the
dramatic growth in urbanization in China and other developing countries, it is imperative to
focus on development and tourism sector development collectively because of the interactions
among landscapes, urban expansion, and tourism. Similar to this study, constructions of landscape
optimization system should receive more attention in the future. Urbanization and urban mass
tourism will continue to be major economic drivers in China, both of which have strong influences on
landscapes, and likely result in new environmental challenges.
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