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Abstract

:

The purpose of this study is to (1) measure the change in street networks of islands that are connected by bridges using space syntax and verify the relationships among spatial centrality, traffic volume and tourism facilities (small accommodations) and (2) establish strategies for sustainable tourism management through identifying the impact of this island connection on tourism destinations. Ganghwa County (Ganghwa Island, Seokmo Island and Gyodong Island) in South Korea was chosen as the study area, and we applied the angular segment analysis (ASA) method by metric distance based on space syntax. The results of this study showed that the construction of sea-crossing bridges between islands affected street networks considering metric radii (on a local scale, a mid-scale and a global scale) and areas with high spatial centrality in the study area affected traffic volumes and increased the number of small accommodations following the construction of bridges. The core areas of the whole street network were analyzed, and alternative paths for tourist flow diffusion, tourism development, land use regulation and environmental education for responsible tourism were proposed as key strategies for sustainable tourism. The findings of this study will contribute to reducing the potential for social and ecological damage by providing practical management strategies for island tourism destinations connected by bridges.
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1. Introduction


The isolated position of islands has historically been a characteristic that offered tremendous value as a tourism destination and helped in maintaining ecological and cultural resources [1]. However, islands are being recognized as relatively underdeveloped regions because their poor traffic conditions negatively affect regional economic growth [2,3]. Bridge connections between isolated areas, such as islands, can improve the accessibility of people, goods and services [4]. While the impact of the construction of bridges on the island environment is not yet clear, many sea-crossing bridges have recently been constructed worldwide [5]. This trend is also related to island tourism with rapid urbanization [6,7]. The improvement in accessibility to island tourism destinations is the most notable change brought about by such sea-crossing bridges [8].



Island tourism refers to not only the process of island tourism development, which promotes investment in tourism facilities, but also the integration of the island’s landscape and urban development [9]. The spread of accommodation in an island’s urbanization process is accelerated by tourism development and can play a key role in the regional economy. In the island tourism destinations, if islands are connected by bridges, then the improvement in the accessibility of these islands is expected to be a major factor attracting tourists because it reduces their travel costs and time [10]. However, the increased inflow of tourists to a level beyond an area’s tourism carrying capacity and the excessive development of tourism facilities will lead to social and environmental damage [6,11,12]. From an ecological point of view, if tourism facilities are concentrated in an island’s scenic spots to attract more tourists, then the ecosystem on the island will be damaged, which is the key factor reducing the number of wildlife species. Therefore, we need to investigate how the construction of bridges affects the tourism destinations on an island.



Previous studies related to islands dealt with the effects of bridge connection on the island. On Prince Edward Island (PEI) in Canada, the number of tourists and the amount of total tourism revenue rapidly increased at the beginning of the bridge connection [8]. However, bridge construction increased the number of car users and led to greater access to PEI, which decreased the number of tourists staying on the island. Moreover, due to the upward movement in property prices, a number of residents left the island [13]. In addition, the bridge construction had negative impacts on the island’s environment [14], which was also found in the Skye Island case in Scotland [15]. Consequently, islands might be influenced by a considerable number of external factors because of the ‘bridge effect,’ which is observed after bridges are built to connect islands to the mainland.



Despite the accelerating construction of bridges connecting islands in coastal zones, most of the studies on this subject have focused on the bridge connection between islands and the mainland [7,8,13,15,16,17]. In addition, a few attempts have been made to objectively clarify the associated spatial changes. The construction of a sea-crossing bridge between islands essentially could affect traffic flow and land use by changing the spatial networks of the islands. In this view, this study analyzes the relationship between changes in spatial networks and social behavior and the ripple effects due to the construction of bridges between islands. Understanding the relationship between spatial networks and social behavior can lead to more organized tourism management strategies [18].



Analyzing spatial networks using spatial syntax is a useful way to measure how social behaviors are distributed in social systems [19]. Based on space syntax theory, the spatial centrality of each node in a network enables the observation of social behavior related to certain spatial components, such as movement and land use patterns [20,21]. In other words, a node with a high level of spatial centrality represents a space with high potential for tourist concentration or tourism development.



In this context, this study aims to measure the change in spatial networks of islands that are connected by bridges using space syntax and to verify the relationships among spatial centrality, traffic volume and the number of tourism facilities (especially small accommodations). From a practitioner perspective, we identify the impact of the change in spatial networks caused by island bridge connection on habitat areas or tourist areas and establish efficient strategies for sustainable management. The results may contribute to maintaining the carrying capacity of an island tourism destination by providing specific solutions for the conservation of ecological resources and tourism management.




2. Materials and Methods


2.1. Study Area


Ganghwa County (Ganghwa Island, Seokmo Island and Gyodong Island) in Gyeonggi Bay in the Yellow Sea was chosen as the study area Figure 1. Ganghwa County is the main islands in the Yellow Sea and one of the most popular tourism destinations in South Korea, and it has an area of 411.4 km2 and a population of nearly 70,000 residents. Over 2 million tourists visited Ganghwa County in 2017 [22]. In addition, Ganghwa Island has been connected to the mainland and other islands by sea-crossing bridges for more than 20 years ago.



As shown in Figure 1, Ganghwa Island was connected to the mainland by Ganghwa Bridge (1) and Ganghwa-Choji Bridge (2) in 1997 and 2002, respectively, and since then, accessibility has improved in the metropolitan area. Ganghwa Island was also connected to Gyodong Island and Seokmo Island by Gyodong Bridge (3) and Seokmo Bridge (4) in 2014 and 2017, respectively. As a result of the bridges connecting these three islands, accessibility has increased, and thus traffic volume and the number of tourism facilities have been rapidly increasing in Ganghwa County.



According to Figure 2a, in terms of the average daily traffic volume of the National Route 48 and Local Route 356 in 2013, 60,103 vehicles passed across the road. In 2017, 79,358 vehicles passed across these routes [23]. Meanwhile, small accommodations (homestays and lodges) in Ganghwa County grew in number from 618 in July 2017 (after bridge connection) to 666 in July 2019, representing an increase of approximately 7.2% in those two years [24,25]. In particular, the small accommodations have increased over the past two years in Hwado-myeon and Gilsang-myeon around the southern region, see Figure 2b.



Hwado-myeon and Gilsang-myeon are areas adjacent to the Ganghwa southern mudflats and are rich in ecological resources, including migratory bird habitats, which are visited by many tourists. Due to its ecological significance, the Ganghwa southern mudflat area was designated as Korean Natural Monument No. 419. However, the landscape is being damaged and ecological resources are being threatened by the reckless construction of small accommodations around the Ganghwa southern mudflats, see Figure 2c.




2.2. Research Questions and Analytical Framework


This study has taken a morphological approach that is able to calculate spatial centrality based on the understanding of spatial networks of the study area. This approach has been considered a useful way to measure movement, activity and behavior within spatial networks [19]. Therefore, in our study, spatial networks were analyzed over the time series to identify the spatial impact of bridge connections between islands when Ganghwa Island was connected to Gyodong Island (before and after July 2014, separately) and when all islands were connected by bridges (after June 2017). Furthermore, we verify if there is any significant spatial change at different scales. This study compared segment maps at different radii before and after the construction of these bridges, and the following research question (Q1) was established to identify the changes in spatial networks of the study area.



Q1. How can we identify the spatial change at different scales caused by bridge connections between islands through space syntax?



The construction of sea-crossing bridges between the islands has led to an increase in traffic flow and tourism facilities (especially small accommodations) in the study area. First, bridge connections between islands may increase in traffic volume in the study area. The higher the spatial centrality of street networks, the more vehicle traffic there is [26,27]. Next, the location of accommodations in local markets can have a significant impact on their operational performance because developers seek the best location for accommodations to minimize competition and maximize potential revenue as tourism demand increases in the area [28]. Finally, tourism demand can increase when many forms of accommodation are concentrated in an easily accessible location [29]. In this regard, we assumed that the traffic volume and accommodation are related to spatial centrality. This study used traffic volume and the number of small accommodations as indicators for verifying spatial centrality, and the research question (Q2) was established as follows:



Q2. Can we verify the correlations among spatial centrality, traffic volume and small accommodations on the islands?



Since the construction of the connecting bridges between islands, the term ‘core areas with high spatial centrality’ has been used to refer to areas where traffic volume and the number of tourists is more likely to increase. This increase can lead to negative ecosystem effects, including habitat destruction, if the traffic volume increase and tourism facilities continue to be built in conservation areas [30]. The top 10% of the most highly integrated spaces are those commonly referred to as core areas according to the space syntax glossary [31]. After identifying the top 10% in terms of their values for betweenness centrality and closeness centrality, another research question (Q3) is presented as follows:



Q3. How do we identify core areas for the high possibility of attracting tourists and design strategies to optimize core areas?



To respond to the abovementioned three research questions, we propose the following analytical framework, Figure 3.




2.3. Space Syntax Analysis


To understand the spatial change in the study area, we present the application of space syntax to identify spatial networks in Ganghwa County. The space syntax methodology is analyzed in spatial networks and can relate its characteristics to movement patterns and social activity. DepthmapX software (Space Syntax Limited, London, UK) is applied in this study to measure the spatial centrality of the study area. Spatial centrality, which refers to the accessibility of street networks, was intended to be measured by “betweenness centrality” and “closeness centrality” [32]. According to graph theory, betweenness centrality refers to the ability of a given node to control interactions between other pairs of nodes in the network while closeness centrality shows how closely a particular node is connected to other nodes in the network. Betweenness centrality is used to identify places that tourists frequently visit, and closeness centrality is used to identify places that tourists can easily access. For this study on Ganghwa County, spatial networks were simulated based on OpenStreetMap (OSM).



Then, we analyzed street networks in Ganghwa County using angular segment analysis (ASA) of space syntax. ASA, considering metric distance, contains two measures: “Choice” and “integration”. “Choice” and “integration” in space syntax terms correspond to the graph theory terms of “betweenness centrality” and “closeness centrality”, respectively. Hillier et al. [33] presented two normalized measures: Normalized angular choice (NACH) and normalized angular integration (NAIN). The street networks of Ganghwa County were analyzed using these measures. The NACH value captures the characteristic of serving as a critical intermediate between pairs of other areas and is calculated by counting the number of shortest paths to all road segments within a specific radius. The NAIN value reflects the characteristic of accessibility to other areas and is a measure of the accessibility of one road segment to all other road segments within a specific radius. When analyzing street networks based on a segment map, the radius can be defined with a metric measure. Previous studies found that the relationship between the type of spatial centrality and the traffic volume in urban areas may differ depending on the radius (scale) [34,35,36]. The street networks of Ganghwa County are calculated on several scales. The angular radii are defined as ranging from 500 m (local) to 12,000 m (global) on the basis of the size of Ganghwa County.





3. Results


3.1. Analysis of the Spatial Centrality before and after Bridge Connection on a Global Scale


The spatial characteristics of the study area are shown in Figure 4 and Figure 5. Figure 4 shows the NACH and NAIN values on a global scale (R = n) before and after bridge construction. The closer the segments are to the red, the higher the values of NACH and NAIN on a global scale, while when they are closer to the blue, the NACH and NAIN values are lower. Figure 5 shows the segments of the core area based on the NAIN and NACH values before and after bridge connections. The core area refers to the segments that have the top 10% NAIN and NACH values on a global scale (R = n).



As shown in Figure 4a, segments with high NACH values are distributed around Ganghwa-eup and Gyodong-myeon on a global scale before July 2014, but the NACH value of Gyodong-myeon is slightly decreased after the bridge connection. This difference can be clearly seen in Figure 5a, where the segments of the top 10% of NACH values are reduced after the bridge connection. The segments in which the NACH values are higher in June 2017 than in the original situation are interpreted as areas where traffic flow is more likely to increase.



Figure 4b shows that prior to June 2017, Gyodong Island and Seokmo Island were areas with high NAIN values. In June 2017, although accessibility improved due to the construction of bridges between Ganghwa Island, Gyodong Island and Seokmo Island, the NAIN values decreased for Gyodong Island and Seokmo Island. However, the NAIN values for Ganghwa-eup have increased since the bridge connection. Figure 5b shows that the segments of core areas in Ganghwa County have been concentrated in Ganghwa-eup after the bridge connection. These findings show that as the closeness centrality of Ganghwa Island has gradually improved, the development potential around Ganghwa-eup has increased.




3.2. Analysis of the Spatial Centrality before and after Bridge Connections at Different Radii


Table 1 and Table 2 show the mean NACH and NAIN values extracted from street networks before and after bridge connection (Gyodong and Seokmo Bridges) on a local scale (500~1000 m), a mid-scale (2000~5000 m) and a global scale (more than 5000 m). This approach demonstrates how the bridge connection on an island changes street networks of the existing spatial structure and the difference between the mean NAIN and NACH values. In all these cases, the value of the original situation is deducted from the value after the bridge connection, see Figure 6.



The results show that the difference in the mean NACH values was increased with the increase in the angular radii at a mid-scale (R = 2000 m to R = 5000 m) after construction of Gyodong Bridge and Seokmo Bridge to connect the islands in Ganghwa County, while the mean NACH values decreased as they moved on a global scale (R = 8000 m). The difference in the NACH values after the Gyodong Bridge construction increased as they moved on a global scale. However, after the construction of the Seokmo Bridge, the difference in the mean NACH values decreased slightly. This result means that the difference in the mean NACH values after the construction of both the Gyodong Bridge and Seokmo Bridge decreased by over R = 8000 m.



In addition, the mean NAIN values show a pattern that is commonly maintained by the existing spatial networks since the bridge connections. The difference in the mean NAIN values at a mid-scale (R = 1000 m to R = 5000 m) after the construction of the Seokmo Bridge was slightly higher than that after the construction of the Gyodong Bridge, although negative values were found at R = 8000 m. That is, the mean NACH values decreased by a higher margin after the construction of the Seokmo Bridge. These results show that the bridge connections of islands can affect their spatial networks with an increase in the NACH and NAIN values, generally at a mid-scale, while they decreased significantly on a global scale.




3.3. Correlation Analysis among Spatial Centrality, Traffic Volume and Small Accommodations


To examine the relationship between spatial centrality and traffic volume in Ganghwa County, we analyzed the correlation between the NACH values on a local scale (R = 500 m) to global scale (R = 12,000 m) (four gate locations within the Ganghwa County) and traffic volume using Pearson’s correlation analysis Table 3. Before July 2014, the NACH values were not significantly correlated with traffic volume. However, the NACH values on a mid-scale (R = 3000 m) showed a significant correlation with the traffic volume, and its correlation coefficient was 0.980 (p ≤ 0.05) after July 2014 and 0.955 (p ≤ 0.05) after June 2017, see Table 3. This finding implies that the traffic volume and betweenness centrality were not correlated before July 2014 but were correlated on a mid-scale after July 2014. In short, this result implies that as the betweenness centrality on a mid-scale increases after the bridge connection, the traffic volume also increases.



To examine the relationship between spatial centrality and small accommodations in Ganghwa County, we analyzed the correlation between the NAIN values on a local scale (R = 500 m) to global scale (R = 12,000 m) and the number of small accommodations (per eup area or myeon area), see Table 4. Before July 2014, the NAIN values on a local scale (R = 500 m) were negatively related to small accommodations (−0.762, p ≤ 0.05). However, the NAIN values (R = 500 m) showed a significant correlation with small accommodations, with a correlation coefficient of 0.606 (p ≤ 0.05) after June 2017, see Table 4. The results show that there was a negative correlation between closeness centrality and small accommodations before July 2014 but a positive correlation after June 2017. More specifically, this finding means that the higher closeness centrality on a local scale led to a lower level of development of small accommodations before July 2014 and a higher level of development of small accommodations after June 2017.




3.4. Analysis of the Core Areas after Bridge Connections between Islands


We selected areas where the NACH (R = 3000 m) and NAIN (R = 500 m) values in Hwado-myeon and Gilsang-myeon were in the top 10% of the total to identify those areas with a high possibility of increasing roads and small accommodations. We identified areas where the segments of the core area, conservation area (Grade 1 of ecological zoning map) and tourism promotion area overlap. The results concerning the spatial impact brought about by bridge connections on core areas in Ganghwa County using space syntax are presented in Figure 7.



Figure 7a shows the segments of the top 10% of the NACH values on a mid-scale (R = 3000 m) in Ganghwa County. The areas with high NACH values indicate areas with a high probability of increasing traffic volume and road extensions. On a mid-scale (R = 3000 m), the areas with the top 10% of NACH values can be explained as areas that many tourists pass through, including Haeannam-ro around the tourism promotion areas and Local Route 84. In particular, Local Route 84 is expected to experience an increase in traffic volume caused by tourists passing through via the Ganghwa-Choji Bridge.



Figure 7b shows the areas falling within the top 10% of the NAIN values (R = 500 m) for Ganghwa County. The areas with high NAIN values indicate areas with a high probability of tourism development including small accommodations. The areas with NAIN values in the top 10% on a local scale (R = 500 m) are as follows: Hamheodongcheon (campground), Jeondeungsa Temple (historical site), Ganghwa seaside resort, Ganghwa camping park and the core areas around the Giljung stream (habitats of migratory birds). In particular, the core areas around the Giljung stream are expected to have damaged migratory bird habitats and to increase in small accommodations.





4. Discussion


4.1. Understanding the Impact of Spatial Change by Bridge Connections between Islands


The connection between the mainland and island by sea-crossing bridges causes strong development pressures, such as changes in land use and an increase in tourists [5]. In our study, interestingly, we found the process of island urbanization along with bridge connections between islands. The space syntax results show that the bridge connections between islands change their spatial networks and a positive relationship occurs between spatial centrality and urbanization. Given the increase in the NAIN values of Ganghwa-eup after the bridge connection compared to those before the bridge connection, it is expected that urban growth will accelerate in Ganghwa-eup.



These changes can be explained as a “movement economies” process, in which the rapid urbanization of an island results in the differentiation of land use in the center and surrounding areas [37]. Hillier argues for the “natural movement” theory, which states that urban movement patterns are influenced by spatial configuration [26], and suggests that urban movement patterns are created and affect land use choices as they adapt to more intensive development. In other words, it results from prediction that tourism development will be concentrated in an accessible space for people, capital and goods in an island’s urbanization process.



In addition, an increase in the traffic flow on an island is recognized as a common effect of the construction of sea-crossing bridges [38,39]. This increased traffic flow affects both the growth of tourism revenue and total number of tourists. However, the improved accessibility of the island could ironically lead to the outflow of residents. In our study, Ganghwa Island was connected to Seokmo Island and Gyodong Island, the NACH values of Ganghwa Island increased, while the NACH values of Seokmo Island and Gyodong Island decreased. These findings imply that the possibility of movement on the Ganghwa Island will increase after connecting the bridges. On the other hand, mobility on Seokmo Island and Gyodong Island was predicted to decrease with decreases in the betweenness centrality. These results relate to the fact that bridge connections on islands can result in a decrease in residents [10]. The bridge connection between islands could lead to enhanced accessibility to the mainland for residents, which could lead to more active exports and imports to land or more relocation to cities. In this view, the residents of Seokmo and Gyodong will often pass through Ganghwa Island to move to the mainland. The island could experience decreased tourists if its novelty is damaged by bridge connections [10]. Therefore, Seokmo Island and Gyodong Island can reduce the possibility of movement by bridge connection.




4.2. Understanding Spatial Networks of Ganghwa County at Different Scales


ASA applied by metric distance has been developed to help predict the core area of movement in street networks [40]. In our study, we analyzed how street networks of Ganghwa County changes from the local scale to global scale after the bridge connection. As a result, the trend of mean NACH values of Ganghwa County showed differences for the 500 m radius and 12,000 m radius between July 2014 and June 2017. In particular, the mean NACH values at a 500 m radius after the construction of the connecting Seokmo Bridge (June 2017) was lower than that before the bridge connection. Assuming that a 400 m radius is the walkable distance in five minutes, these results indicate that the locality of the island would be weakened by the bridge connection. These results are related to the process in which residents migrate to the mainland or another island and the island’s community collapses [10].



On global scales (more than 5000 m), the mean NAIN and NACH values after connecting all bridges were lower than the mean NAIN and NACH values at the connection of Gyodong Bridge. In other words, on the global scale, the level of impact on the spatial centrality was highest when Gyodong Island connects to Ganghwa Island by Gyodong Bridge. Figure 4 indicates that this high impact happens because the spatial centrality of Ganghwa-eup has been strengthened after the connection of all bridges in 2017. The rapid urbanization of Ganghwa-eup refers to the decline of other regions. Bridge connections between islands can facilitate migration to relatively large islands and accelerate urbanization [41].




4.3. Verifying the Relationships among Spatial Centrality, Traffic Volume and Small Accommodations


Previous studies that have used space syntax to verify the correlation between the spatial configuration and traffic flow suggest that integration is a major factor in determining the movement pattern [26,27]. The choice value in a segment map refers to the possibility of movement in street networks [42]. In our study, we analyzed how the change in the spatial centrality of street networks due to the bridge connection on the island is related to the traffic volume. As a result, NACH values at all scales before the bridge connection were not correlated with vehicle traffic, and the NACH (R = 3000 m) values after the bridge connection verified the correlation.



In the Ganghwa County study, the entry of visitors to the island is likely to lead to investments in island property and gradual increases in real estate prices. “Island gentrification” can lead to residents being turned away [43]. In South Korea, small accommodations are supposed to be managed by farmers or fishers who are residents to increase their income, although such accommodations have become a serious issue as outsiders move down to the rural areas and build small accommodations as a means of investment. In this context, small accommodations are being built in areas with a high level of spatial centrality in Ganghwa County. In our study, the correlation coefficient between NAIN (R = 500 m) values and the number of small accommodation facilities showed negative values (−0.762, p ≤ 0.05) before the bridge connection but positive values (0.606, p ≤ 0.05) after the bridge connection. In other words, this result showed that the area with a high closeness centrality had few small accommodations before connecting the bridge, but after connecting the bridges, the number of small accommodations in the area increased. On a local scale, the closeness centrality can be identified as a variable that determines the concentration of small accommodations on the island.




4.4. Sustainable Tourism Strategies for Islands Connected by Bridges


The connection between the mainland and island by sea-crossing bridges causes strong development pressures, such as changes in land use and an increase in tourists [5]. This study also shows the possibility that bridge connections between islands can further promote these processes. In particular, the change in tourism and traffic is one of the island’s “bridge effects” [8]. This concept can be used as a basis for the islands to establish a tourism management strategy. Therefore, we select the core areas of the island after bridge connection and establish strategies for sustainable tourism within tourism destinations of Hwado-myeon and Gilsang-myeon.



The core areas with a high betweenness centrality on the entire street network are expected to be congested with traffic as the segments with a high possibility of movement for tourists. Traffic congestion in tourism destinations is related to the concentration of tourists [44]. Therefore, a plan is required to disperse tourists across areas such as Haeannam-ro and ‘Local Route 84′ where a high frequency of visits is predicted. Traffic congestion can damage the images of tourism destinations [45], and can have a negative impact on island tourism. In this view, we suggest a plan to alleviate the phenomenon of an imbalance in tourists visiting certain tourist sites by designing new touring routes. Today, tourist visits commonly take the pattern of multi-destination travel, in which tourists visit a number of tourism destinations in one trip [46,47]. On a regional scale, this plan can provide tourists with opportunities for new attractions and provide them with a chance for balanced regional development by exploring diverse local resources and developing them into ecotourism resources. In addition, during peak season, shuttle buses can be worked in tourism destinations to control congestion levels. This strategy can take advantage of attracting tourists while considering the environmental impact of traffic congestion [48].



In core areas, which present high closeness centrality over the entire street network, small accommodations are expected because these areas are the segments with a high possibility of concentrating tourists. In our study, considering the environmental impact of the bridge connection between islands, a plan for distributing land use regulation is suggested. In the vicinity of habitat areas with high closeness centrality, such as the Giljung stream, land use regulations should be strengthened to curb the increase in the number of small accommodations. Such a plan is necessary because if the number of small accommodations increases around habitat areas with good scenery, the reduction in the ecological resources can decrease tourism attractiveness. Moreover, if tourists are excessively concentrated around habitat areas, the attractiveness of ecological resources may be damaged. To manage this problem, it is possible to develop educational programs as responsible tourism in habitat areas to contribute to the formation of values that support environmental conservation. If tourism activities are carried out by tourists who value environmental conservation, the possibility of damage to habitats can decrease and the attractiveness of ecological resources will increase [49].



On the other hand, for core areas with high closeness centrality such as Hamheodongcheon, the Ganghwa camping park and the Ganghwa seaside resort, land use plans should be established to encourage tourist complexes with accommodations by easing regulations on land use. If land use regulations are tightened in the urban core areas, the carrying capacity of accommodation may decrease as the investment in tourism facilities decreases. In this view, the land use plan of tourism destinations should be applied differently depending on the spatial centrality and the functions required by each location in the islands.





5. Conclusions


This paper has verified how the construction of bridges connecting islands impacts island tourism destinations through spatial change. In our study, space syntax was applied to quantitatively identify how spatial networks of Ganghwa County changed before and after its islands were connected by sea-crossing bridges. Then, the results of space syntax were superimposed on the land use map to demonstrate the spatial characteristics of Ganghwa County. Finally, policy alternatives were proposed for the sustainable management of islands connected by sea-crossing bridges. The key findings of this study are as follows.



First, bridge connections between islands facilitate island urbanization. We clarify the differences in the spatial centrality of Ganghwa County that emerged before July 2014 and after June 2017 when the Gyodong and Seokmo Bridges were constructed. The “landization” by bridge connections between islands causes very large changes in spatial centrality. When the bridge connection between islands is completed, the spatial centrality shifts to relatively large and developed islands [41]. For example, if islands are connected, the density of the population in developed islands could increase as residents move to the developed island. Moreover, the investment of outsiders can encourage the hollowization of islands by rising real estate prices. In our study, the spatial centrality of Ganghwa Island adjacent to the mainland was higher than that of Seokmodo-do and Gyodong-do, which are newly connected by bridges, thus supporting the finding of hollowization.



Second, bridge connections between islands could lead to ‘limits to growth’ if the islands’ dependence on tourism excessively increases. The results of this study have shown that reckless tourism development may cause uncertainty in carrying capacity over time; therefore, alternatives for mitigating drastic changes should be proactively applied. We suggest the promotion of alternative paths for tourist flow diffusion, land use regulation and damage mitigation based on the location type and providing environmental education for responsible tourism that represents key strategies for sustainable tourism. Thus, we identified core areas with a high probability of development and divided protection and development zones according to their land use type. Thus, although recognizing that mass tourism can have a negative impact on natural resources [44], it should be reasonably accommodated by considering the potential demand. Thus, the local government can restrict reckless development through land use regulations on conservation areas and develop tourism complexes by integrating tourist facilities in tourism promotion areas. In addition, software-based approaches, such as environmental education for tourists and the promotion of alternative courses, can also mitigate the negative impact of tourist concentration.



This study has both methodological and empirical implications. In terms of methodological implications, this study implements the ASA by metric distance based on space syntax. Many studies have used space syntax as an approach for analyzing spatial structure through space syntax indicators, although limitations in measuring spatial centrality within various metric distances were observed. This study is meaningful in that the limitations of space syntax have been overcome through the use of ASA. In terms of the empirical implications of this study, we contribute to reducing the potential for environmental damage by providing practical strategies for those islands connected by bridges. For example, practitioners can establish sustainable management strategies for islands, such as establishing environmental education centers in areas where tourists are likely to be concentrated or installing more attractive tourist offerings in areas where tourist concentration is low.



This study can be recognized as a case study of a group of islands connected by bridges that suggests policies for maintaining balance between tourism development and natural resource conservation. However, islands connected by bridges can be described as being of various morphological types. Thus, further empirical studies using space syntax are required to confirm the external validity of this work.
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Figure 1. Geographical location of Ganghwa County. 
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Figure 2. (a) A traffic volume of four gate locations and (b) the number of small accommodations in Ganghwa County. (c) The distribution of small accommodations and the land use of Ganghwa County. 
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Figure 3. Analytical framework of this study. 
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Figure 4. Segments of normalized angular choice (NACH) and normalized angular integration (NAIN) values on a global scale (R = n). 
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Figure 5. Segments of the top 10% of NACH and NAIN values on a global scale (R = n) (black line). 
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Figure 6. Differences in the mean NACH (left) and mean NAIN (right) values from a local to global scale. 
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Figure 7. Segments of the top 10% of NACH (R = 500 m) (a) and NAIN values (R = 3000 m) (b). 
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Table 1. Mean NACH values of street networks calculated using different radii.
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	Mean NACH (Radii)
	Origin (before July 2014)
	Connecting Gyodong Bridge (July 2014)
	Connecting Seokmo Bridge (June 2017)





	NACH (R = 500 m)
	0.4679
	0.4681
	0.4675



	NACH (R = 1000 m)
	0.8352
	0.8347
	0.8361



	NACH (R = 2000 m)
	1.0258
	1.0252
	1.0256



	NACH (R = 3000 m)
	1.0481
	1.0481
	1.0484



	NACH (R = 5000 m)
	1.0392
	1.04
	1.0407



	NACH (R = 8000 m)
	1.0148
	1.0162
	1.0159



	NACH (R = 12,000 m)
	0.9932
	0.9948
	0.9942



	NACH (R = n)
	0.9133
	0.9081
	0.9122
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Table 2. Mean NAIN values of street networks calculated using different radii.
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	Mean NAIN (Radii)
	Origin (before July 2014)
	Connecting Gyodong Bridge (July 2014)
	Connecting Seokmo Bridge (June 2017)





	NAIN (R = 500 m)
	1.4017
	1.4016
	1.4041



	NAIN (R = 1000 m)
	1.3959
	1.3957
	1.3994



	NAIN (R = 2000 m)
	1.1367
	1.1366
	1.1394



	NAIN (R = 3000 m)
	0.9303
	0.9312
	0.933



	NAIN (R = 5000 m)
	0.7118
	0.7123
	0.7134



	NAIN (R = 8000 m)
	0.5659
	0.5664
	0.5661



	NAIN (R = 12,000 m)
	0.479
	0.4789
	0.4764



	NAIN (R = n)
	0.32
	0.293
	0.2735
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Table 3. Correlation between NACH values and traffic volume (four gate locations).
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	Year
	Correlation Coefficient (r)





	Origin (before July 2014)
	0.427



	Connecting Gyodong Bridge (July 2014)
	0.980 *



	Connecting Seokmo Bridge (June 2017)
	0.955 *







Note: * p ≤ 0.05, two-tailed.
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