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Abstract

Cheongsando, located in Wando-gun, Jeollanamdo, is designated as being part of the Dadohaehaesang National Park.
The island is also designated as Asia's first “Slow City” and its traditional Gudeuljang irrigated rice terraces are officially
listed as a Globally Important Agricultural Heritage System. This has resulted in the creation of a “Slow Walking Trail”,
linking various eco-cultural resources. However, in its current configuration the Slow Walking Trail network fails to
connect all parts of the islands equally well, causing regional imbalance and dissatisfaction among residents. To
overcome these issues and improve the connectivity between villages, this study aimed to identify ways to refine the
Slow Walking Trail network by means of a least cost path analysis. The results show that land use patterns such as rice
paddy field, grassland, and road shape are the low cost land use patterns for network connection. Moreover, the analysis
shows that the existing network forms a useful basis for refinements as there are sufficient similarities to the connected
network identified by the least cost path analysis. In the end, the already established and used small road will have an
important influence on the connected villages and improving the network.
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Introduction

Cheongsando has a beautiful natural landscape and excellent cultural scenery in Korea. It was designated as part of the
Dadohaehaesang National Park on December 23, 1981. In addition, it was designated as “national important agricultural
heritage No. 1” given its traditional Gudeuljang irrigated rice terraces that were created to overcome the barren natural
environment.

It was designated as the first “Slow City” in Asia in 2007 and the first “Globally Important Agricultural Heritage System”
(GIAHS) in Korea in 2014. With its natural beauty and good agricultural culture, Cheongsando is regarded as having
excellent cultural values developed by human adaptation to nature.

In fact, the islands Jeungdo and Cheongsando, both designated as Slow City, have been developing at a much higher
rate than other places, and research has shown that the brand "slow city" has a significant effect on the destination
selection of tourists (Han and Hyun, 2016). In addition, due to the increasing demand for eco-cultural tourism and the
increase of family tourists due to changes in tourism patterns in Korea (Kim, 2011), Cheongsando is a well-known
sightseeing spot.

Tourist information and maps of Cheongsando list representative tourism resources that people can visit in
Cheongsando, consisting of the eleven-course Slow Walking Trail network, seven mountain climbing routes, and
mountain climbing courses (Figure 1). Eco-cultural resources for tourism are plentiful but scattered. Looking at the
spatial distribution of these tourist sites, most of them are only around Eub-li in the west, Buheung-li in the east,
Jungheung-li, and Shinheung-li.

Various eco-cultural resources are developed in places accessible by major roads, a practice that goes against the basic
idea of the Slow Walking Trail network. Furthermore, the network includes some roads that are dangerous for walking
due to the presence of motorized traffic and some roads that can cause seasonal discomfort because they do not offer
shade in hot summer.
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Fig 1. The current Slow Walking Trail courses of Cheongsando’

Therefore, this study will examine the status and distribution characteristics of eco-cultural resources in Cheongsando,
known as a successful example of eco-cultural tourism in a Slow City. GIS information was analyzed to identify the
spatial distribution characteristics of resources for sustainable eco-cultural tourism. In addition, a Least-Cost Path
Analysis was conducted to assess how to best connect the eco-cultural resources with each other (Kim et al., 2012).

Study areas and Methods

1. Study area

Wando County is administratively composed of three towns (Wando-eub, Nohwa-eub, and Geumil-eub) and nine
townships (Gunoe-myeon, Gogeum-myeon, Yaksan-myeon, Shinji-myeon, Geumdang-myeon, Saengil-myeon, Bogil-
myeon, Soan-myeon, and Cheongsan-myeon)?2. As Figure 2 shows, Nohwa-eub, Bogil-myeon, Soan-myeon, and
Cheongsan-myeon are located to the south of the other areas. There are five inhabited islands: Cheongsando, Daemodo,
Somodo, Yeoseodo, and Jangdo. The other six islands are uninhabited3.

Cheongsando consists of eleven “-li” (Table 1, second column) a local areal unit that is also taken as the level of analysis
in the current study. In practice, some “li" areas are subdivided into smaller “li” for administrative reasons (Table 1, third
column). The island is located at a considerable distance from the mainland and its natural environment is better
preserved than in other places. It is the first place in Korea of which the ecological culture of local residents was
specified as a Globally Important Agricultural Heritage System (GIAHS) in 2014.
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Fig 2. Location of Cheongsando

Table 1. Administrative District of Cheongsando

Number Legislative division Administrative division
1 Guksan-li Gukhwa-li, Jinsan-li
2 Danglak-li Dang-li, Dolak-li
3 Docheong-li Docheong-1-li, Docheong-2-li
4 Dongchon-li Dongchon-li
5 Buheung-li Buheung-li, Shinpung-li
6 Sangdo-li Sangseo-li, Wondong-li
7 Shinheung-li Shinheung-li
8 Yangjung-li Yangji-li, Jungheung-li
9 Eub-li Gujang-li, Gwondeok-li, Eub-li
10 Ji-li Ji-li
11 Cheonggye-li Cheonggye-li

Data of the Gwangju Regional Meteorological Administration shows that Wando County, over the past 30 years, had an
average precipitation of 1532.7 mm annually with an average of 110 days of precipitation per year. The average rainfall in
July amounted to 285.7 mm, whereas in December only 27.4 mm of rainfall was recorded on average. The annual mean
temperature was 14.1°C, and very rarely the average monthly temperature dropped below zero. In summer, the highest
temperature was relatively low compared to other regions, and the lowest temperature in winter characterizes a mild
oceanic climate. Given its geographical location, south-east winds cause Wando to experience a longer fetch* and higher
waves.
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Table 2. Climate of Wando County (1981-2010)

Element January | February | March | April May June July [ August | September | October | November | December
Mean temperature (°C) | 2.6 3.9 7.5 12.7 171 20.7 24.3 25.7 222 16.9 10.7 5.1
Maximum temperature 6.1 7.9 11.8 17.3 21.4 24.6 27.5 29.2 26.1 21.2 14.8 9.0
(°0)
Minimum temperature 0.4 0.5 3.8 8.6 13.3 17.6 21.8 23.1 19.2 13.3 7.1 1.8
(°C)
Precipitation (mm) 342 52.8 95.5 119.2 135.4 | 243.0 2857 | 243.6 182.1 56.5 57.2 27.4
Precipitation duration 65.2 68.6 74.8 71.8 82.9 103.2 | 99.9 68.6 68.0 347 43.6 49.4
(hr)
Small evaporation 65.9 68.3 99.3 1251 | 1445 |127.7 | 1323 [171.0 | 129.9 127.9 87.8 67.2
amount (mm)
Mean wind speed (m/s) | 4.8 4.7 4.2 3.6 3.1 2.8 2.9 29 3.0 34 37 4.3
Average humidity (%) 67.0 66.4 66.4 |675 |730 |[800 |[856 |[822 |765 69.5 68.6 67.9
Average vapor pressure | 5.1 5.6 7.1 10.1 14.2 19.5 26.1 27.2 20.7 13.6 9.2 6.2
(hPa)
Duration of fog (hr) 0.96 1.92 4.20 6.35 13.77 20.77 29.51 4.04 2.39 2.19 2.92 2.13
Total cloud amount 4.8 4.8 5.2 5.0 5.4 6.7 7.2 59 5.6 4.0 4.2 4.4
(oktas)
Pressure of the 1024.4 | 1022.8 1019.7 | 1015.7 | 1011.9 | 1008.1 | 1007.1 | 1008.3 | 1013.0 1018.8 | 1022.4 1024.5
atmosphere at the sea-
level (hPa)
Minimum grass -3.2 -2.5 1.0 5.6 111 16.3 20.8 21.6 17.0 10.1 3.1 -1.8
temperature (°C)
Ground surface 2.2 4.5 9.0 15.4 21.0 25.0 27.7 29.4 249 18.0 9.7 3.9
temperature (°C)
Number of precipitation | 8.2 7.5 9.7 9.0 9.5 11.3 13.5 11.6 9.0 5.9 7.6 7.3
days (more than 0.1mm)
Number of precipitation | 4.6 5.2 7.2 7.2 7.6 9.0 10.7 9.4 6.9 4.2 4.8 3.7
days (more than 1.0mm)
Number of days with 4.1 3.8 2.9 1.8 0.7 0.2 0.6 1.0 0.6 1.3 2.3 3.2
storm
Number of sunless days | 4.0 4.1 4.9 4.3 6.0 7.5 6.9 4.1 53 2.7 3.1 3.1

Data source: Gwangju Regional Meteorological Administration (http://www.kma.go.kr/weather/climate/).

2.. Methods

1) Analysis of Land Use and Spatial Distribution of Eco-Cultural Resources

Land use is a very important aspect that shows the diverse cultural characteristics of a landscape, including the socio-
economic characteristics of an area®.(Forman, 1994; Kim et al., 2006). To examine the socio-economic characteristics of

Cheongsando and to investigate the land use pattern of the island, the landscape elements were analyzed with inclusion
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of land cover. This was overlaid by road data and “Li” geographical boundaries to assess how eco-cultural tourism
resources are distributed and whether they are accessible or not.

By using DEM (Digital Elevation Model) and topographical data of Cheongsando, the topography of Cheongsando was
digitally reconstructed into a 3D representation to examine the geographical features and the distribution characteristics
of eco-cultural resources in more detail. The DEM can readily serve as a gradient (or cost factor) in the least-cost path
analysis while it enables visualizing the topography of Cheongsando.

2) Least Cost Path Analysis

Least cost path analysis is a model to analyze the shortest distance between two points using the “path” that costs the
least, with the costs being a function of time, distance or other criteria. Nowadays, it is widely used in many different
fields, primarily for designing and evaluating networks of any kind. For example, least cost path analysis is used as a
means for pioneering a trail, opening a road, or examining human movement (Kim et al., 2012). Calculation of the least
cost path between points requires two types of input:

e (Cost Distance: Cost distance is the cost paid according to distance when moving from one cell in a raster to
another.

e Cost Back Link: Cost back link identifies the neighboring cell that is next on the least-accumulative cost path to
the nearest source in a raster (Figure 3).
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Fig 3. Explanation of cost back link (graphic from ESRI, http://desktop.arcgis.com/)

Given these two inputs it is possible to conduct least cost path analysis. In most cases, land use or terrain often
accounts for a large part of the costs even in the case of Cheongsando, there is a possibility of high costs for route
creation because of the mountainous terrain. The model is examined by judging how the topography affects cost
incidence in the least-cost path analysis.

There are twenty-three sites identified on the Cheongsando tourist information map, such as Docheong-li that includes
the ship port where the overall majority of tourists set foot on the island. As the aim is to examine the connectivity
between all these sites, they are interpreted as the nodes of the network that is to be analyzed. This implies that the site
locations are identified as point data to prevent duplication.
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Results

1. Land Use and Spatial Distribution

Figure 4 shows the land use pattern in Cheongsando, identifying seventeen land use types. Given the types found, it is
possible to distinguish five major land uses: urbanized area, water surface, cultivation, natural area, and other uses. The
total area of Cheongsando is around 33.9 km? (Table 3). Coniferous forests, upland fields and rice paddy fields are the
land use types covering the largest areas. Conifers occupied nearly 22 km2, which is almost 65% of the whole island.

This is a rich ecological resource that is protected as part of the Dadohaehaesang National Park.

0 500 1000 2,000 Weters
[

Fig 4. Land use map (2015)
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Table 3. Area by land use types

Urbanized area Public utility area 17,603.5 0.05
Industrial area 2,727.3 0.01
Orchard 52,183.5 0.15
Traffic area 351,457.7 1.04
Business area 12,881.1 0.04
Residential area 537,496.4 1.58
Water surface Fresh water surface 31,678.4 0.09
Inland wetland 53,487.7 0.16
Cultivation Rice paddy field 2,811,991.7 8.29
Upland field 4,968,378.5 14.65
Green house cultivation area 3,911.9 0.01
Other cultivation area 67,995.6 0.20
Others Artificial bare land 143,726.9 0.42
Natural bare land 1,796,696.2 5.30
Natural area Artificial grassland 145,476.9 0.43
Natural grassland 930,391.6 2.74
Coniferous forest 21,986,415.7 64.83
Total 33,914,500.5 100.00

Figure 5 shows the three-dimensional topography of Cheongsando. Cheongsando has a continuously connected
mountain range curving from the north to the south, with mountains named Mt. Mabong, Bojeok, Goseong, Daeseon,
Daesong, and Daebong. The tourism resources in Cheongsando (Figure 1) are mostly located in the villages of Buheung-
li and Yangjung-li where major roads pass through, including Buheung-li and Yangheung-li in the west and Docheong-li in

the east.
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Fig 5. Geographical feature in 3 dimensions

Figure 6 shows the slopes in terrain using DEM. It reveals that slopes are very steep near mountain tops and that
southern coast of Cheongsando is rather inaccessible because of cliffs with a very steep slope.
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Fig 6. Slopes of Cheongsando (unit: degree)

2. Least Cost Path Analysis

Figure 7 shows the results of the cost distance analysis of the 22 eco-cultural tourism resources known to the general
public through the Cheongsando tourist information map. It can be seen that the higher the distance from the location
where the resources are located, the higher the cost. Figure 8 shows the results of the cost back link analysis for each
eco-cultural tourism resource.
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The result from the least cost path analysis is shown in Figure 9. The identified path is a route that mostly leads through
rice paddy fields, upland fields, natural grasslands, artificial pastures, and residential areas. Most of these land uses do
not come with steep slopes and they are relatively easy to pass through compared to other land uses. It can also be seen
that there are small roads near the least cost path at several places.

Fig 9. Results of least cost path analysis

Discussion

1. Least cost path analysis and use of small roads

One of the major tourism destinations on Cheongsando is in the west at Dangnak-li, which is famous for film and drama
recordings in the downtown area where ships come in. With the main roads as the center, one can see the
Gudeuljangnon rice paddy, the slow food experiences, and the national parks designated by farming heritage, slow city,
sightseeing sites, and so on. Except for hiking trails and the 11-course Slow Walking Trail, it is a continuous forest that
stretches to the south of Cheongsando, so most tourists go to the east by car. Cars are generally used for sightseeing
across the island, which reduces the chance of fully enjoying the area or spending money compared to sightseeing on
foot.

Cheongsando is considered to be an important example of eco-cultural tourism success with its designation as Slow
City (Lee et al., 2016). However, it is a reality that the number of tourists is recently stagnating and the dissatisfaction
among local residents is becoming more evident (Jeong et al., 2016). In answer to these problems, it appears necessary
to improve the accessibility for tourists and develop diverse programs in underprivileged areas.

The least cost path analysis provides insight into how the connectivity between eco-cultural tourism resources could be
improved and this provides a, perhaps more convenient, alternative for both local residents and visitors. As the results
show, the least cost route traverses mostly rice paddy fields, upland fields, residential areas, grasslands, and so on,
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which are easier to access than some other types of land use. In addition, it is considered to be advantageous to utilize
the least cost path because of the presence of many small roads in its direct vicinity. Some parts of the existing Slow
Walking Trail overlap with main roads, which has a negative effect on traffic safety. Small roads with less traffic at lower
speeds are likely to be more secure.

Figure 10 shows the road network of Cheongsando and the map of the least-cost path. The main roads with separated
lanes, the average roads and small roads are well developed with a total length of about 300 km. Using the current road
network, it is possible to create various programs effectively and quickly. Moreover, it is necessary to consider the
effects of seasonal changes in the configuration of the walking trail and to prepare roadside trees so as to provide
sufficient shade in summer. In case of the Slow Walking Trail, which is not visited often, there may be a problem in
safety, so continuous management will be needed. Looking at the connection through the least-cost path analysis, it is
possible to utilize existing (small) roads, to reduce costs, and to provide more diverse walking tourism resources.

o 500 1,000 2,000 Meters
Lo

Fig 10. Road network, least-cost route analysis, and map overlay

2. Using coniferous forests

As part of a national park, Cheongsando has a well-preserved coniferous forest that occupies more than 60% of the total
area. In coniferous forests, phytoncide is emitted twice as much as in broad-leaved forests and it is known to be released
more in spring and summer. Phytoncide is known as a substance that plants produce to protect themselves from various
pathogens, pests, and fungi (Forest Service, http://www.forest.go.kr). Recently, phytoncide has become popular with
people for its supportive health benefits such as improving cardiopulmonary function, strengthening immunity, and
sterilizing action. Overall, many people visit forests for their daily health, such as stress relief.

Cheongsando, having such an important large-scale resource, can provide a more diverse visitor program through the
use of ecological resources. Although there are many visitors to visit Cheongsando for the purpose of climbing, there is a
place where visitors can experience forest baths that are accessible for visitors who do not want to do climbing or
similar vigorous activities. Such places allow them to spend their time on the island through experiential programs.
According to Kim and Ahn (2010), experiential programs can actually improve visitors’ consumption.
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Finally, this study has applied a least cost path analysis as a model for improving accessibility through network
construction between eco-cultural resources in Cheongsando. Also, by analyzing the characteristics of the spatial
distribution of eco-cultural resources, it has offered insights based on which suggestions can be made for alternatives
for allocating resources and utilizing new spatial resources.

Acknowledgements

This paper was supported by the National Research Foundation of Korea Grant funded by the Korean Government
(MEST) (NRF-2009-361-A00007).

Endnotes

1. This map displays the current Slow Walking Trail network of Cheongsando. It the exact map provided to tourists visiting Cheongsando.

”

2. “Eub” and “myeon” are administrative units used in the Republic of Korea; they mean “town” “township”, respectively.

3. The number of uninhabited is based on the data of the first uninhabitable islands factual survey (carried out between 2007 and 2012)

from the internal data of the Ministry of Maritime Affairs and Fisheries.
4. Fetch means sea area where waves are generated by a wind having a constant direction and speed.

5. According to Forman (1995), Naveh and Lieberman (1994), and Turner et al. (2001), land use is widely known as objective data that

best reveal the socio-economic situation from landscape ecological viewpoints
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