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Abstract 

 
 

Integrating Ecosystem Services and Connectivity for Prioritizing 

Conservation Areas in Jeju Island, Republic of Korea 

 

Jihwan Kim 

Interdisciplinary Program in Landscape Architecture and 

Integrated Major in Smart City Global Convergence Program in 

Seoul National University 

Graduate School of Seoul National University 

Supervised by Professor Youngkeun Song 

 This dissertation presents a comprehensive approach for identifying 

priority conservation areas to achieve sustainable conservation, delving into 

the interrelationship among ecosystem services, biodiversity, and land 

ownership along with their collective influence on the ecological landscape 

of Jeju Island. In an era marked by rapidly changing environmental 

conditions, the study aims to augment our understanding of conservation 

dynamics through an in-depth exploration of changes in land use and land 

cover over a 47-year period. The analysis reveals discernible impacts on 

Jeju Island’s ecosystem services. Due to an apparent decline in their 

ecological value, coastal regions are specifically identified as areas of 

significant concern that require immediate, effective conservation measures. 

This observation requires discussion on the ways land use and cover 

changes influence ecosystem services, thereby aiding in the plans for 

relevant conservation strategies. Drawing attention to the transformative 

influence of forest restoration policies implemented in the 1970s and 1980s, 

the study credits these initiatives for substantially bolstering Jeju Island’s 

ecological stature, and thus, its conservation value. This work adds depth to 
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the discourse on sustainable ecosystem management, particularly in the 

context of volcanic island ecosystems. Furthermore, it introduces the 

concept of ecological connectivity into conservation management planning, 

suggesting that improved connectivity fosters biodiversity. It identifies 

notable pinch points and disconnects, specifically between coastal and mid-

mountain regions, thereby offering vital insights for future conservation 

priorities. This nuanced understanding highlights the significance of 

ecological connectivity in managing conservation strategies.  By illustrating 

the complexity of conservation planning, the study also examines the land 

ownership aspects. The findings underscore the challenges of conservation 

activities on private land due to the potentially higher associated costs, 

advocating for effective public–private collaborations. In an effort to tackle 

the challenges posed by limited protected areas, this study introduces the 

use of Other Effective area-based Conservation Measures as a novel and 

effective solution. It stresses the need for a balanced approach to 

conservation, considering both quantitative and qualitative aspects of 

protected area expansion, with a strong focus on ecosystem services and 

network characteristics. In conclusion, this dissertation presents an 

integrative framework for sustainable conservation planning, demonstrating 

the relevance of multidimensional analysis for informed conservation 

decision-making. Although this study focuses on Jeju Island, the principles 

and strategies discussed here are universally applicable for similar 

ecosystems worldwide. By adopting integrated, context-specific strategies 

that consider local conditions and stakeholder interests, this study concludes 

that it is possible to strike a balance between conservation, cost-

effectiveness, and long-term sustainability of natural resources. 

 

Keyword: Conservation management, Ecological planning, Protected areas, 

Ecological connectivity, UNESCO heritage, Jeju Island  

Student Number: 2019-30345 
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Chapter 1. Introduction 

 
 

The decline of biodiversity has various impacts on human life, 

including climate change adaptation and mitigation, food security, and 

quality of life (Bawa et al., 2021; Thomas et al., 2013). Despite efforts 

worldwide to increase biodiversity, expand conservation areas, and reduce 

carbon emissions, uncontrolled development for urbanization is gradually 

becoming more severe (Le Saout et al., 2013; Strassburg et al., 2020). As 

intensive development due to rapid urbanization and biodiversity 

conservation conflict, coordination between urbanization and ecosystem 

conservation is increasingly crucial (Li et al., 2013; Qian et al., 2015). 

As human intervention expands, there is now a discussion on how 

to efficiently select and manage protected areas (Carroll et al., 2021; 

Dawson et al., 2021). The discussion includes not only quantitative 

expansion of protected areas but also the enhancement of their functional 

aspects (IUCN, 2017; Snäll et al., 2016). To expand protected areas, it is 

necessary to approach the issue not only from a global scale but also from 

national and regional levels in order to realistically present solutions 

(Donaldson et al., 2021; Maxwell et al., 2020). In addition, it is important to 

consider where and how to conserve in the process of selecting protected 

areas (Cameron et al., 2022). The location and cost of selecting conservation 

areas should be considered along with the potential ecological benefits, as 

well as the economic gains and losses (Carroll et al., 2021).  

To expand the quality of ecosystems at the local level, it is 

important to establish protected areas that take into account ecosystem 

functions (Cimon-Morin et al., 2013; Kukkala & Moilanen, 2017). 

Ecosystem services are a sub-concept of ecosystem function, and 

considering the functional connectivity between ecosystem services and 

reducing fragmentation can efficiently enhance the overall function of the 

ecosystem (Hong et al., 2017; Luo et al., 2021). The purpose of this study is 

to identify priority protected areas that consider ecosystem services and 

connectivity, and to propose conservation prioritization areas to maximize 

ecosystem services. This study was conducted by selecting Jeju Island as the 

research subject. Jeju Island is the largest island in Republic of Korea and is 
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a region abundant in biodiversity, selected as a biosphere reserve, a global 

geopark, and a world natural heritage site due to its excellent natural assets 

(Kim et al., 2022). However, due to the over 10 million tourists visiting each 

year to utilize these ecosystem services, rapid urbanization is occurring, and 

various environmental issues are arising. 

To achieve the objectives of this study, the paper is structured into 

three main topics (Fig 1.1). This research will provide information on the 

distribution and changes in ecosystem services in Jeju Island, as well as 

propose management strategies for spatial conservation prioritization (SCP) 

areas to enhance ecological planning. 

 

● Sub-theme 1: Complex spatiotemporal changes in land-use and ecosystem 

services in the Jeju Island UNESCO heritage and biosphere site (Republic 

of Korea) 

 

● Sub-theme 2: Integrating Ecosystem Services with Ecological 

Connectivity for Spatial Conservation Prioritization in Jeju Island, South 

Korea 

 

● Sub-theme 3: Prioritizing Conservation Areas on Jeju Island, South 

Korea: An assessment of Ecosystem Services and Land Ownership 

 

 The first sub-study identified the dynamics of land use and land 

cover (LULC) change and change of ecosystem services for 47 years on Jeju 

Island. The study area of this paper Jeju Island, where conservation value is 

high, encountered massive changes related to land cover over the last about 

50 years but there has not been much research conducted related to the 

change. Throughout the extensive implementation period of National 

Greening Program, the forest area increased dramatically, and it was 

confirmed that this incident carried out great influence on the current 

ecosystem services of Jeju Island. However, after the restoration program, 

the increase in crop land and urban land led to a quantitative decrease in 

ecosystem services. In particular, land use change differs depending on 

policy making. Thus, for sustainable development, active discussions on 

land use and ecosystem service management plans should be considered 
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beforehand. 

 In second sub-study, development and conservation conflict with 

each other as human social activity increases due to rapid urbanization. To 

introduce effective conservation measures, it is imperative to identify areas 

that need to be protected first. Ecological connectivity (EC) considering 

ecological functions is crucial in prioritization. The three main objectives 

are 1) identifying primary pinch points through EC analysis using 

ecosystem service (ES) evaluations- habitat quality, carbon stock, and 

seasonal water yield; 2) recognizing where conservation and restoration are 

appropriate according to EC model results; and 3) discussing conservation 

strategies that can enhance EC within Jeju Island. Pinch points showed 

heterogeneity in the mid-mountain area, and it was confirmed that the 

coastal and mid-mountain areas were disconnected. In particular, about 80% 

of newly identified SCP areas were presented in the mid-mountain area and 

were mainly distributed in agricultural land and artificial grassland. Based 

on this study, I can intuitively identify new SCP areas based on existing 

protected areas and provide policymakers with a plan to manage the mid-

mountain area. This study is meaningful in that it suggests a new approach 

based on ES and EC at an island scale. 

 In the third sub-study, following the second sub-study, we identified 

priority conservation areas using ecosystem services and biodiversity 

indices to determine the conservation priority areas. The 2022 Convention 

on Biological Diversity COP15 raised the conservation target from 17% to 

30% after the Aichi Targets, requiring a different conservation strategy. 

Therefore, this study identified the optimal conservation areas at 

conservation targets of 17% and 30%. The results of the analysis indicated 

that priority protected areas for both the 17% and 30% conservation targets 

were located around Mt. Hallasan in Jeju Island, especially in areas with 

high concentrations of Oreum in the eastern part of the island. Furthermore, 

while public areas were the primary focus for the 17% conservation target, 

the expansion to 30% resulted in a substantial increase in the number of 

private areas, resulting in higher conservation management costs. This study 

could help to develop conservation management strategies from an 

ecological planning perspective for Jeju Island. 
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Fig 1. 1. Study flow of this dissertation. 
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Chapter 2. Complex spatiotemporal changes in 

land-use and ecosystem services in the Jeju 

Island UNESCO heritage and biosphere site 

(Republic of Korea) 
 

 

1. Introduction 

 Human demand for ecosystem services has recently increased, 

imposing continuous threats upon natural environments (MEA, 2006; Xu et 

al., 2019; Yohannes et al., 2021). The number of tourists using ecosystem 

services is consistently increasing world-wide, particularly in areas rich in 

natural resources (Deng & Bauer, 2002; Barr & Choi, 2016; You et al., 

2017). With the aim of revitalizing local economies and tourism, indiscreet 

development is increasingly rampant. Land use and land cover (LULC) 

changes, such as tourism development and urbanization, can lead to declines 

in the value of ecosystem services (de Groot et al., 2010; Gao et al., 2017). 

To better manage ecosystem services, resource managers need to implement 

long-term plans and develop sustainable management policies in areas rich 

in natural resources. These efforts should be approached from a long-term 

perspective beyond simply expanding the quantity of ecosystem services. To 

this end, it is necessary to first identify changes in land use from the past to 

the present as well as the resulting changes in ecosystem services (Nelson et 

al., 2009). 

 Changes in LULC can strongly alter ecosystem services (Nelson et 

al., 2009; Polasky et al., 2011; Crossman et al., 2012; Haase et al., 2012; 

Capitani et al., 2019; Xu et al., 2019). Assessments of ecosystem services 

are now needed to inform policymaking (Daily et al., 2009; Bagstad et al., 

2013; Ruhl et al., 2013). LULC changes resulting from urban expansion are 

affecting ecosystem services (Verburg et al., 2009; Zhai et al., 2020); 
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however, most existing studies have focused on protected areas or areas 

where abrupt urbanization has occurred (Kim et al., 2015; Paudyal et al., 

2019; Berta et al., 2020). Sustainable management plans generated from 

quantitative evaluation of LULC and ecosystem service changes over the 

long-term can critically inform policy decision making.  

 Jeju Island (Republic of Korea) is a region formed by volcanic 

activity, harboring an outstanding natural landscape and world heritage site. 

Jeju Island has achieved a triple-crown in the field of Natural Sciences at the 

United Nations Educational, Scientific and Cultural Organization 

(UNESCO), which includes designations of Biosphere Reserve in 2002, 

World Natural Heritage in 2007, and Global Geopark in 2010 (Kim et al., 

2019). In addition, the island is also home to two intangible UNESCO 

cultural heritages, the Chilmeoridanggut Intangible Cultural Heritage (ICH) 

and Jeju Haenyeo ICH, as well as Jeju Batdam, a world agricultural heritage 

site designated by ICH and the Food and Agricultural Organization of the 

United Nations (FAO) (You et al., 2017). Thus, Jeju Island not only has high 

protection value but is also vital in terms of ecosystem, cultural, and tourism 

resources. The island has undergone many changes in land use over the past 

50 years (Hong et al., 2021). Due to the forest rehabilitation policy 

promoted throughout the Republic of Korea, forest land increased for about 

20 years after 1973, but LULC has changed rapidly due to increases in crop 

land and urban land since the 2000s. Local livelihoods rely mostly on 

agriculture and tourism, and income is earned from tourists who seek 

natural environments, such as natural heritage sites. Due to the outstanding 

natural scenery, the number of tourists visiting Jeju Island in 2019 was 13 

million (Jeju Tourism Association, 2020), which is more than 130 times 

higher than in 2006. There is continuous development pressure on the region 

due to the influx of visitors (Barr et al., 2016).  

 Despite these recent trends (Polasky et al., 2011; Kim et al., 2019; 
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Sun et al., 2019b; Xu et al., 2019) and Jeju Island’s status as a place of high 

ecological and cultural value, understanding of LULC changes over time, 

ecosystem service management, and long-term planning has been 

inadequate. The consequences of LULC changes and management for 

ecosystem services need to be quantitatively assessed (Han et al., 2019; Sun 

et al., 2019b; Sharp et al., 2020). However, it is important to not only 

evaluate ecosystem services but also to comprehensively identify the causes 

of LULC changes as well as the corresponding changes in ecosystem 

services. To identify these causes, it is necessary to examine the policy 

background of the study site. There are several tools to evaluate ecosystem 

services; Artificial Intelligence for Ecosystem Services (ARIES), and the 

Toolkit for Ecosystem Service Site-based Assessment (TESA), but the 

Integrated Value of Ecosystem Services and Trade-offs (InVEST) tools are 

particularly useful, as they utilize land cover and other spatially explicit data 

at the site to evaluate ecosystem services (Posner et al., 2016; Sun et al., 

2019a; Sharp et al., 2020). 

 In the present study, we identified LULC changes on Jeju Island, 

evaluated their effects on four ecosystem services, and examined the 

dynamics among these services, which were habitat quality (HQ: supporting 

service), carbon storage (CS: regulating service), water yield (WY: 

provisioning service), and cumulative viewshed (CV: cultural service). The 

main objective of our research was to examine the dynamics of land use and 

ecosystem service changes on Jeju Island over the 47 years from 1973 to 

2019. The investigation of such long-term LULC changes provides the 

opportunity to examine the cause of alteration in ecosystem services. In Jeju 

Island, discussions are continuously being suggested to prevent severe 

development pressure and to increase biodiversity and ecosystem services 

(Kim et al., 2019; Hong et al., 2021; Jun et al., 2021). Hence, the study is 

crucial to provide decision- and policymakers with a long-term perspective 
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and a fundamental data to improve land use and ecosystem services 

management. 

 

2.  Materials and methods 

2.1. Study area  

 Jeju Island is a volcanic island located in the Republic of Korea, 

with an area of 1842 km2 and a population of 697,349 in 2021 (Fig. 2. 1). 

The administrative district is centered on Mt Hallasan in the middle of the 

island, Jeju-si in the north, and Seogwipo-si in the south. Jeju Island is 

divided into three regions and is managed accordingly: the coast (altitude: 

0–200 m), mid-mountain (altitude: 200–600 m), and mountain (altitude: 

>600 m). Based on land cover, the coast includes large areas of urban land 

and crop land, the mid-mountain area is primarily grass land, and the 

mountain area harbors most of the forest land, including Mt Hallasan in the 

center of the island. Jeju Island also has the unique Gotjawal Forest, 

characterized by a combination of irregular rocky areas, forests, and bushes, 

created by lava that erupted during eras of volcanic activity (Kim et al., 

2018). 

 

Fig. 2. 1. 2019 map of Jeju Island, Republic of Korea (33°10′-33°34′ N, 

126°10′-127° E). 
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2.2. Data acquisition 

 We analyzed land-cover data from 1973 to 2019, divided into five 

periods. The dataset was constructed by digitizing the entire site based on a 

paper map published by the government in 1973 (National Construction 

Research Institute, 1973), which became the first digitized land cover for 

Jeju Island. Data from 1989 to 2019 were set using the land cover level-1 

map at a resolution of 30 m (Korea Environment and Space Information 

Service; http://egis.me.go.kr). 

 

2.3. Ecosystem services assessment 

 Changes in the four types of ecosystem services (MEA, 2006; 

Başkent, 2021) related to LULC changes were assessed using the InVEST 

model consisting of: HQ, CS, WY estimation modules (version 3.9.0), and 

CV in order to evaluate the ecosystem services. The HQ model represents 

an indicator of biodiversity as a model for evaluating supporting ecosystem 

services (Sun et al., 2019a; Sharp et al., 2020). The value of the habitat was 

assessed by distance from the threat and sensitivity affected by the threat 

factor (Sharp et al., 2020). Based on the previous study, the threats and 

sensitivity table obtained through LULC was selected (Kim et al., 2015). 

The value of the habitat ranges from 0 to 1, with values closer to 1 

representing higher habitat quality.  

 The CS model was used to evaluate a regulating ecosystem service. 

CS is affected by aboveground biomass, belowground biomass, soil, and 

dead organic matter (He et al., 2016; Sharp et al., 2020). More carbon is 

stored in the terrestrial ecosystem than in the atmosphere, and LULC change 

through forest restoration can act as an important factor in carbon storage 

(Sharp et al., 2020).  

 The WY model was used to estimate the average annual quantity 

and value produced by reservoir hydropower to evaluate a supporting 
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ecosystem service. Because the study site is an island, Jeju residents depend 

solely on groundwater for their drinking water sources. Water supply 

through groundwater is more important than in any other area (Redhead et 

al., 2016; Sharp et al., 2020).  

 The CV analysis refers to the frequency at which one point can see 

other points (Wheatley, 1995), and also functions to draw a line of sight 

between the observation point and the target point using numerical 

geographical information to determine whether to block the visible area 

(Jeung et al., 2018). At the study site, random extraction of 1000 points for 

each urban land, forest land and grassland was practiced, and urban parks by 

time period were set as points. In the case of terrain height, a digital surface 

model was constructed based on the building data at the time, along with a 

digital elevation model (DEM). The points were extracted based on the 

LULC of the administrative district for ease of analysis because the center 

of Jeju Island cannot be seen across the mountain due to Mt. Hallasan (Fig. 

1). Because Mt. Hallasan reaches high altitudes in the center of Jeju Island, 

the administrative areas of Jeju-si and Seogwipo-si were analyzed separately.  

 

3. Results 

3.1. Land use and land cover change over 47 years on Jeju Island 

 Land-use status is presented in Figures S1 and 2.2. Three types of 

LULC, namely crop land, forest land and grass land, changed rapidly 

between 1973 and 1989 and between 1998 and 2009 (Fig. 2.2-a). Between 

1973 and 1989, crop land fell by 8.18%, while forest land increased by 

27.76%, and grass land decreased by 19.93% (Table S1). The forest land 

increase and grass land decrease occurred mainly in the coast and mid-

mountain areas, respectively (Fig. 2.2-b, c). Between 1998 and 2009, crop 

land increased by 23.4% (431.53 km2), while forest land decreased by 

21.29% (392.86 km2) (Fig. 2.2-a, Table S1). These changes occurred 
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primarily in the coast area, and 399.94 km2 of forest land was converted to 

crop land (Fig 2.2-b, Table 2.1). 

 Changes in grass land between 1973 and 1989 were closely related 

to changes in forest land. In terms of LULC changes over time, large areas 

of grass land transitioned into forest land (Table 2.1). Grass land accounted 

for the largest area in 1973, with 42.12% of the total area; however, in 1989, 

crop land comprised 222.99 km2, and 322.51 km2 of grass land had shifted 

to forest land, increasing the proportion of the latter to 50.14% (Table 2.1, 

S1).  

 This general trend of decreasing grass land and increasing forest 

land occurred on Jeju Island until 1998. In 1973, grass land was mainly 

distributed in coast and mid-mountain areas, but over time, the area of grass 

land declined in the coast area (Table S1). Grass land decreased by 19.93% 

in total area between 1973 and 1989, and most of the reduced area was 

shifted to forest land. Grass land decreased by 123.04 km2 (12.43%) in the 

coast area, 218.71 km2 (37.14%) in the mid-mountain area, and 22.12 km2 

(9.02%) in the mountain area (Table S2). Although no significant changes in 

area occurred for bare land and water; urban land increased by 10% from 

2009 to 2019, and golf course area increased approximately five-fold from 

2.39 km2 to 12.33 km2 by 2009. 
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Fig. 2. 2. (a) Proportional changes in total area by land type from 1973 to 

2019, (b) differences in area of land use and land cover (LULC) changes in 

the coast area, (c) differences in area of LULC changes in the mid-mountain 

area, and (d) differences in area of LULC changes in the mountain area. 

 

Table 2. 1. Land use and land cover transition from 1973 to 2019 (km2). 

 

1989 

Urban land 
Crop 

land 
Forest land 

Grass 

land 

Golf 

course 

Bare 

land 
Water 

1973 

Urban land 30.35 8.54 7.33 0.72 0 0.23 0.05 

Crop land 35.19 200.77 222.99 50.65 0.01 1.8 0.24 

Forest land 3.92 29.21 349.54 26.3 0.02 0.4 0.04 

Grass land 7.26 114.89 322.51 378.96 1.02 1.45 0.09 

Golf course 0 0 0 0 0 0 0 

Bare land 2.87 8.58 16.57 5.78 0 0.3 0.03 

Water 0.07 0.1 0.07 0.01 0 0.04 0.33 

 

1998 

Urban land 
Crop 

land 
Forest land 

Grass 

land 

Golf 

course 

Bare 

land 
Water 

1989 

Urban land 47.58 21.57 9.83 1.05 0 1.2 0.01 

Crop land 29.95 182.51 102.68 43.58 0.2 4.74 0.02 

Forest land 15.27 74.11 789.47 39.57 0.4 1.84 0.04 

Grass land 3.97 95.36 128.82 232.42 0.73 1.28 0.01 
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Golf course 0 0 0 0 1.05 0 0 

Bare land 1.3 2.29 0.42 0.74 0.01 1.43 0.03 

Water 0.06 0.13 0.1 0.01 0 0.14 0.38 

 

2009 

Urban land 
Crop 

land 
Forest land 

Grass 

land 

Golf 

course 

Bare 

land 
Water 

1998 

Urban land 85.77 12.9 0.24 0.22 0.04 0.27 0.05 

Crop land 10.94 344.81 8.88 10.16 1.11 1.85 0.26 

Forest land 6.27 399.94 606.09 13.33 4.06 1.6 0.57 

Grass land 2.19 49.87 23.8 235.46 4.69 1.01 0.39 

Golf course 0 0 0 0 2.39 0 0 

Bare land 1.53 2.5 0.1 0.12 0.04 8.35 0.08 

Water 0.08 0.02 0.02 0 0 0.03 0.53 

 

2019 

Urban land 
Crop 

land 
Forest land 

Grass 

land 

Golf 

course 

Bare 

land 
Water 

2009 

Urban land 101.89 2.03 1.14 1.1 0 0.46 0.07 

Crop land 65.09 594.54 67.51 74.35 0 6.42 0.42 

Forest land 8.44 4.96 563.67 59.64 0.31 1.59 0.17 

Grass land 7.28 3.99 62.98 180.78 0.22 3.81 0.15 

Golf course 0 0 0 0 12.33 0 0 

Bare land 3.72 0.21 0.92 1.25 0 4.87 0.12 

Water 0.46 0.02 0.21 0.18 0.01 0 0.95 
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3.2. Changes in ecosystem services over 47 years 

 

Fig. 2. 3. Spatial distribution of changes in ecosystem services from 1973 to 

2019: (a) habitat quality (index: 0-1); (b) carbon stock (tonnes/pixel). 

 

 Many gains and losses of ecosystem services occurred depending 

on time and region (Fig. 2.3, Tables 2.2 and S3). The trend of increases and 

decreases in HQ and CS over time were similar (Table 2). In terms of the 

relationship between LULC change and ecosystem services, the percentages 

of HQ and CS increased due to increases in forest area, but the rate of 

increase in LULC change was larger than the increase in ecosystem services. 

In 1989 compared to 1973, HQ index values in the range of 0.25–0.5 

decreased by 11.21% in the coast area, while values ranging from 0.75–1.0 

increased by 9.57%. Between 1973 and 1989, forest land in the coast area 
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increased by 29.98%, crop land decreased by 17.75%, and grass land 

decreased by 12.41%. Subsequently, no meaningful changes in HQ occurred 

until 1998. However, in 2009, crop land in the coastal area increased by 

37.36% (377.2 km2), while forest land decreased by 34.48% (348.55 km2). 

During the same period, HQ's 0.75–1.0 range decreased by 20.37% in the 

coast area. In the mid-mountain area from 1973 to 2009, the 0.25–0.5 range 

of HQ continued to increase and then decreased in 2019. The 0.75–1.0 range 

of HQ was highest in 1973 at 30.51% but decreased to 25.86% in 2019. 

However, with changes in LULC, forest land increased by 31.99% between 

1973 and 1989, and grass land decreased by 37.14% in the mid-mountain 

area (Table S2). Forest land then increased to 54.59% by 1989, but 

decreased to 50.89% by 2019, in the mid-mountain area (Table S2). 

Compared to the coast area, the mid-mountain area experienced small 

changes in crop land, leading to little change in HQ over time. In the coast 

area, CS increased to 2.9 million tonnes in 1989 and to 3.0 million tonnes in 

1998, but decreased to 2.3 million tonnes in 2009, due to increased crop 

land and decreased forest land. 

 Unlike HQ and CS, WY peaked in 2019, and was at its lowest level 

in 1973 (Table 2.2). These dynamics appear to have been affected by 

precipitation, because out of the five time periods, the lowest average 

precipitation (1001.7 mm) was in 2009 and the highest was in 2019 (2102.3 

mm) (Table S8). Between 1973 and 1998, average precipitation increased 

from 1448.03 mm to 1739.82 mm.  

 Changes in CV are presented in Table S3. The 0–5% range of CV 

indicated that Jeju-si was higher than Seogwipo-si, and no meaningful 

changes occurred over time. For the 5–50% range of CV, Seogwipo-si was 

high, but Jeju-si was high for the 50–100% range (Table S3, Figure S2). 
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Table 2. 2. Ecosystem changes on Jeju Island, Republic of Korea, during 

1973–2019. Habitat quality (HQ) and carbon stock (CS) were divided into 

coast, mid-mountain, and mountain areas. Water yield (WY) was calculated 

as the amount of annual water produced over the entire study site. 

HQ 1973 1989 1998 2009 2019 

Region Index Percentage  Percentage  Percentage  Percentage  Percentage  

Coast 

0–0.25 2.39 4.13 5.03 5.14 8.65 

0.25–0.5 28.32 17.11 16.51 36.89 29.56 

0.5–0.75 0.04 0.03 0.07 0.1 0.13 

0.75–1.0 23.68 33.25 33.02 12.5 16.24 

Mid-mountain 

0–0.25 0.17 0.31 0.32 0.63 1.44 

0.25–0.5 1.51 3.17 4.72 8.09 4.78 

0.5–0.75 0 0.01 0.01 0.04 0.02 

0.75–1.0 30.51 28.64 27.02 23.3 25.86 

Mountain 

0–0.25 0.03 0.03 0.03 0.04 0.05 

0.25–0.5 0 0.04 0.11 0.13 0.08 

0.5–0.75 0 0.01 0.01 0.01 0.01 

0.75–1.0 13.39 13.33 13.22 13.19 13.25 

Total 

0–0.25 2.59 4.47 5.38 5.81 10.14 

0.25–0.5 29.83 20.32 21.34 45.11 34.42 

0.5–0.75 0.04 0.05 0.09 0.15 0.16 

0.75–1.0 67.58 75.22 73.26 48.99 55.35 

CS (tonnes) 1973 1989 1998 2009 2019 

Coast 8,759,757  14,028,753  15,107,271  8,887,143  9,514,804  

Mid-mountain 6,385,710  9,405,548  9,924,058  9,096,225  9,455,462  

Mountain 5,350,450  5,705,454  5,808,873  5,794,736  5,609,732  

Total 20,495,917  29,139,755  30,840,202  23,778,104  24,579,998  

WY (108 m3) 1973 1989 1998 2009 2019 

 1.917 1.958 2.497 2.167 3.165 

 

4. Discussion 

4.1. Spatiotemporal variations of LULC and ecosystem services  

 LULC changes occurred over 47 years on Jeju Island and these 

strongly influenced the ecosystem services (Fig. S1, Table 2.2). Similar to 
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previous studies of the effects of changes in land use on ecosystem services 

(Nelson et al., 2009; Crossman et al., 2012; Haase et al., 2012; Polasky et al., 

2011; Xu et al., 2019), our findings confirmed that increases and decreases 

in ecosystem services were driven by changes in threat factors. In the 

present study, threat factors affecting ecosystem services were considered to 

be urban land, crop land, and industry (Table S5). Between 1973 and 1998, 

concomitant increases in forest land and grass land as well as decreases in 

crop land led to sharp increases in ecosystem services (Fig. S1, Table 2.2, 

Table S1). These findings suggest that declines in ecosystem services can be 

accelerated if crop land and urban land increase rapidly as forest land and 

grass land decrease.  

 The changes in LULC on Jeju Island can be divided into two 

categories: increased forest land and increased crop land. Between the 1970s 

and 1980s, grass land sharply declined while forest land increased, and 

between 1998 and 2009, crop land greatly increased. Consequently, both 

HQ and CS increased until 1998 and then decreased in 2009, which was 

prominently centered in the coast area (Fig. 2.3). On Jeju Island, overall 

ecosystem services increased due to a governmental forest restoration policy 

implemented in the 1980s. However, ecosystem services sharply decreased 

in the 2000s, due to the rapid increase in crop land. LULC was converted to 

urban land and crop land in the coast area, because the steep slopes at 

altitudes above 400 m are unsuitable for crop land, leading to changes in 

ecosystem services. In addition, Jeju Island's agriculture was in the form of 

self-sufficient agriculture before the economic growth in the 1990s, but after 

the period, the area of crop land increased as it changed to high-income 

commercial agriculture such as tangerines, vegetables, and flowers (Lim, 

2013; Kim & Kang, 2015). Locations where the slope is lower, ecological 

degradation can occur due to high human intervention such as urban 

development and agricultural land reclamation (Peng et al., 2018). Jeju 
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Island could easily be converted into crop land because the coastal area has 

a relatively low slope. Similarly, Upadhaya & Dwivedi (2019) found that 

HQ decreased due to increases in crop land and blueberry arable land in a 

mountainous area. On Jeju Island, Mt Hallasan occupies most of the 

mountain area, and it was designated as a Natural Reserve in 1966 and as a 

National Park in 1970, severely restricting development activities. Thus, 

depending on which policies are adopted by the government, LULC changes 

can convert forest land and grass land into crop land or urban land, which 

can substantially impact ecosystem services in the region. However, LULC 

changes did not have much effect on cultural services. This would not affect 

CV as LULC has changed mainly to cropland in the mid-mountain area, 

although the urban area development occurred in the coast area. This study 

is limited in that it is a macro-analysis for all of Jeju Island; however, the 

macro-analysis makes it possible to derive more efficient management 

measures if areas experiencing changes in LULC and ecosystem services 

have been rapidly degraded. 

 

4.2. Restoration intervention on Jeju Island 

 Forest restoration is an extremely important factor in supplying 

ecosystem services (Rodríguez et al., 2016; Chazdon, 2008; Chazdon et al., 

2017; Huang et al., 2018; Paudyal et al., 2019) and on Jeju Island also, in 

the 1970s and 1980s it strongly affected the current level of ecosystem 

services. We observed a dramatic increase in forest land from 1973 to 1989, 

concomitant with a rapid decrease in grass land (Fig. S1, Table S1). These 

changes were driven by increased forest land through a National Greening 

Program implemented throughout the Republic of Korea from 1973 to 1997. 

On Jeju Island, the National Forestation Plan was implemented extensively 

from 1973 to 1988, and primarily Cryptomeria japonica, Chamaecyparis 

obtusa, and Pinus thunbergii were planted throughout grass land and bare 

land (Jeju Province, 2006; Bae et al., 2012; Park & Lee, 2014). Fig. 2.4 
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shows growing seedlings in 1973 through the seedling transplant and 

seedling digging work. For 16 years (1973–1989), forest land expansion 

more than doubled from 409.83 km2 to 920.95 km2 due to afforestation and 

successional processes, resulting in a quantitative expansion of ecosystem 

services.  

 Because afforestation is advantageous, some areas experience 

increases in the value of ecosystem services as large areas are converted into 

forest land, while other areas, such as grass land, are developed in response 

to socio-economic demands such as tourism (Bengtsson et al., 2019; 

Schirpke et al., 2017). On Jeju Island, grass land was mainly converted to 

forest land (Table 1), but because grass land accounts for close to 30% of 

the mid-mountain region, it may be exposed to development risk (Table S2). 

The forest restoration policy of the Republic of Korea succeeded in vastly 

increasing forest land (Bae et al., 2012; Le et al., 2012; Park & Lee, 2014). 

Although ecosystem services were quantitatively expanded through 

afforestation, Jeju Island harbors the highest proportion of grass land 

ecosystems in all of the Republic of Korea, at 48.15%, which are otherwise 

uniquely scarce in terms of ecosystem diversity (Dolezal et al., 2012; 

MAFRA, 2021). Grass land can also provide various functions such as 

carbon storage, food mitigation, and water erosion in terms of ecosystem 

services (Bengtsson et al., 2019; Zhao et al., 2020). In implementing 

restoration measures, not only forest restoration, but also grass land 

restoration should be considered. As crop land was originally converted 

from grass land, this phenomenon exposes the risk of affecting ecosystem 

changes such as biodiversity degradation and soil carbon loss (Bengtsson et 

al., 2019; Tang et al., 2019; Bardgett et al., 2021). Therefore, it is important 

to consider the biodiversity level of the restoration area and to implement 

policy to improve ecosystem services in the decision-making sector (Rizvi 

et al., 2015; Sabogal et al., 2015; Bengtsson et al., 2019). Therefore, it is 
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important to consider the biodiversity level of the restoration area and to 

prepare measures to improve ecosystem services in the decision-making 

sector (Rizvi et al., 2015; Sabogal et al., 2015; Bengtsson et al., 2019). 

 

 

Fig. 2. 4. Cryptomeria japonica seedlings being planted during the National 

Forestation Plan, afforestation, and current status. a) seedling transplant, b) 

seedling trampling, c) seedling digging, d) seedling temporary planting, e) 

afforestation of Nori-oreum in 1973, f) current Nori-oreum, g) afforestation 

of Buk-oreum in 1973, h) current Buk-oreum. Oreum is local dialect for a 

formation "created by small volcanic activity.". from Jeju Province (2006) 
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Jeju Forest 60 Years History. Jeju: Jeju Province. Image reused with 

permission. 

 

5. Conclusion 

This study of 47 years of changes in LULC and ecosystem services on Jeju 

Island highlights the importance of balancing the demands of humans and 

supply in terms of ecosystem service management. Supporting and 

regulating ecosystem services increased sharply in the 1980s and 1990s due 

to increases in forest land, while ecosystem services fell sharply in the 

2000s due to increases in crop land. In particular, ecosystem services 

decreased rapidly in coastal areas, and in future research. Hence, measures 

to improve ecosystem services should be implemented more on ecological 

planning by utilizing future scenarios. One novel aspect of the present study 

is that the dynamics of LULC and changes in ecosystem services were 

studied together through a long-term analysis over 47 years from 1973 to 

2019. Jeju Island has a high conservation value due to its characteristics as a 

volcanic island, and the region has been well maintained by the successful 

implementation of ecologically valuable forest restoration policies in the 

1970s and 1980s. The results of this study showed various changes in 

ecosystem services according to the period and geographic region of Jeju 

Island. Overall, we are expecting this study could provide valuable guidance 

for policy decisions or for scientific information to stakeholders and 

decision makers by highlighting the restoration and conservation of ecology 

in specific areas such as the coastal area in Jeju Island. 

 



２２ 

 

Chapter 3. Integrating Ecosystem Services with 

Ecological Connectivity for Spatial 

Conservation Prioritization in Jeju Island, South 

Korea 
 

 

1. Introduction  

 Increasing development pressure on designated natural heritage 

areas poses a significant threat to biodiversity and ecosystems (Ng et al., 

2013). Urbanization and deforestation exacerbate this pressure, making it 

essential to prioritize conservation measures in protected areas (Le Saout et 

al., 2013; Liang et al., 2018; Peng et al., 2018b; Strassburg et al., 2020). 

Thus, balancing intensive development with biodiversity conservation is a 

critical step towards achieving ecological sustainability, and requires 

coordination between urbanization and ecosystem conservation (Li et al., 

2013; Peng et al., 2018b; Qian et al., 2015). Effective biodiversity 

conservation requires an understanding of the concepts of ecosystem 

services (ES) and ecological connectivity (EC) (IUCN, 2017; Mitchell et al., 

2013; Snäll et al., 2016; UNEP, 2015).  

 EC is the degree to which species or resources disperse and interact 

across landscapes (Kukkala & Moilanen, 2017; Mitchell et al., 2013; Ng et 

al., 2013); it affects ecosystem function and biodiversity, and is presumed to 

influence the supply of ES (Fahrig, 2003; Mitchell et al., 2013). Thus, EC 

has long been a focus of conservation scientists (Harris, 1984), as it 

enhances the sustainability of regional ecosystems by promoting 

interactions between ecological sources and stabilizing ecosystem dynamics 

(Hong et al., 2017; Luo et al., 2021; Peng et al., 2018a). EC is crucial to 

ecological functions, which form the basis of ES (Cimon-Morin et al., 2013; 

Kukkala & Moilanen, 2017; Snäll et al., 2016). Therefore, EC management 

measures based on ecosystem functions and landscape patterns can lead to 
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effective oversight of protected areas and local living environments (Peng et 

al., 2018a). The implementation of conservation measures through an 

integrated ecosystem management approach represents a new paradigm for 

ecological governance that recognizes ecosystem complexity, in contrast 

with isolated ecosystem control (Kukkala & Moilanen, 2017; Peng et al., 

2018b). EC strengthens the supply of ES and improves ecosystem functions, 

while enhancing connections among ES. As organic matter and materials 

move through the landscape, ecosystem functions are either disrupted or 

enhanced depending on the degree of EC (Lundberg & Moberg, 2003; 

Mitchell et al., 2013). EC analysis considering ES has been recently studied 

as a method to analyze ecological security patterns (Fu et al., 2020; Peng et 

al., 2018b) or ecological corridors (Dong et al., 2020; Wang et al., 2022; 

Xiao et al., 2020). Thus, integrated management strategies that promote EC 

through methods that reflect ES are anticipated to improve ecosystem 

functions and enhance biodiversity.  

 Several methods have been developed to evaluate EC by identifying 

core areas; however, such areas are typically selected simply based on 

natural and key habitats or designated biodiversity conservation areas 

(Huang et al., 2020; Li et al., 2020; Peng et al., 2018a). A few studies that 

integrated ES and EC have applied these core-based approaches at broad 

scales (Fu et al., 2020; Peng et al., 2018a; Peng et al., 2018b; Wang et al., 

2020). However, defining the connecting areas can be problematic, 

particularly in studies that consider various ecological functions. This 

difficulty is compounded when trying to estimate EC among ES over large 

regions, where the complexity and scale of the area may impose limitations 

(An et al., 2020; LaRue & Nielsen, 2008; McRae et al., 2016; Phillips et al., 

2021). To overcome these challenges and improve EC predictions, several 

methods have been proposed. These include circuit theory models (Peng et 

al., 2018b), least-cost path analysis (LaRue & Nielsen, 2008), resistance 
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kernel analysis (Dong et al., 2020), and network analysis (Phillips et al., 

2021). In analyzing ES and EC across an entire study area, it is important to 

consider all pixels within the focal geography as potential sources of ES 

(Landau et al., 2021). Such an approach can provide a more comprehensive 

understanding of the relationship between ES and EC (Kukkala & 

Moilanen, 2017). Circuit theory is used to analyze ecological restoration 

areas by predicting movement patterns within complex landscapes and 

between isolated patches (McRae & Beier, 2007; Peng et al., 2018b). The 

Omniscape algorithm, which is based on circuit theory, is a useful method 

for creating maps of broad-scale connectivity using a moving window 

method (McRae et al., 2016; Phillips et al., 2021). It eliminates the need to 

divide the landscape into a binary representation of matrix habitat and core 

areas to be connected, which are arbitrary allocations that can strongly 

influence connectivity modeling results (Landau et al., 2021). This approach 

allows the definition of connected features, while retaining a core-free 

connectivity modeling approach (McRae et al., 2016). However, relying 

solely on EC results can make it difficult for spatial planners to implement 

appropriate protected area or landscape management measures (Babí 

Almenar et al., 2019; Jalkanen et al., 2020a). Although numerous EC 

studies have considered ecosystem functions, effective protection or 

restoration measures remain inadequate. Previous studies have emphasized 

core connectivity based on the minimum cost path (Dong et al., 2020; Fu et 

al., 2020). However, it can be challenging for policymakers to determine 

which areas should be prioritized for protection based on EC assessment 

results (Cameron et al., 2022). Therefore, it is important to efficiently 

identify areas that require protection on a priority basis to ensure the 

continuous supply of ES related to land use and landscape patterns and 

minimize negative impacts on biodiversity (Almenar et al., 2019; Hodgson 

et al., 2011; Jalkanen et al., 2020a). 
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 Spatial conservation prioritization (SCP) is a method of identifying 

regions where EC requires protection; it selects important conservation 

areas, assigns biodiversity offsets and habitats for restoration, and identifies 

areas that must avoid economic development impacts (Kukkala & 

Moilanen, 2017). Because it is challenging to determine how to allocate 

limited resources in regions requiring active EC conservation (Cameron et 

al., 2022; Kukkala & Moilanen, 2017; Lehtomäki & Moilanen, 2013), 

identifying SCP areas that efficiently utilize resources while considering ES 

and interactions among landscape elements is crucial for prioritizing 

conservation measures (Jalkanen et al., 2020a; Kukkala & Moilanen, 2017). 

 Jeju Island, the largest island of South Korea, was designated a 

UNESCO Natural World Heritage site in 2007 (Kim et al., 2022). Thus, in 

addition to rapid urbanization, increased agricultural development, and 

intense land use changes, Jeju Island now has more than 10 million tourists 

visiting each year. Therefore, SCP areas on Jeju Island should be designated 

considering ES and EC in the context of ecological planning. Due to the 

geological and ecological characteristics of the island, limited resources can 

be introduced from outside, and these are ecologically fragile (Balzan et al., 

2018). Like similar islands, Jeju Island is vulnerable to anthropogenic 

modification due to its isolation, limited size, and high demand for natural 

resources (Guzmán-Colón et al., 2020; Vitousek et al., 1997). Because these 

conditions can easily lead to the degradation of ecosystem functions, EC 

management, which reflects ecosystem functions, should be a primary 

consideration (McRae et al., 2012). Therefore, in this study, we identified 

SCP areas of Jeju Island and performed an island-scale EC assessment in 

the context of ecosystem functions. The main objectives of this research 

were to identify primary pinch point areas through EC analysis in terms of 

ES and determine where conservation and restoration are needed according 

to the EC model results. Finally, we discuss conservation strategies that may 
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enhance EC on Jeju Island. 

 

2. Study area and methods 

2.1. Study area  

 Jeju Island is the only island province of South Korea, with an area 

of 1,846 km2 (Fig. 3.1). Its population was approximately 680,000 in 2022, 

and it was designated as a United Nations Educational, Scientific and 

Cultural Organization (UNESCO) Biosphere Reserve in 2002, a Natural 

World Heritage site in 2007, and a Global Geopark in 2010. Mount 

Hallasan, in central Jeju Island, is strictly protected as a national park and 

cultural property, with subtropical to temperate vegetation and unique 

geological characteristics due to past volcanic activity (Kim et al., 2020). 

The outstanding natural heritage of Jeju Island has led to intensive tourism, 

with visits increasing from 4 million in 2001 to 15 million in 2019. Among 

these visitors, 13 million were Koreans, representing more than 30% of the 

South Korean population (Jeju Tourism Organization, 2020). A surge in 

visitors in the late 2000s significantly influenced urbanization, with a rapid 

increase in road development for tourists, which led to discussions on the 

preservation of the environment of Jeju Island. In response, the Jeju 

administration divided the island into three regions according to altitude: 

coastal (altitude: 0–200 m), mid-mountain (200–600 m), and mountain (> 

600 m). Development is forbidden in mountain areas, and high-rise 

buildings cannot be constructed in mid-mountain areas. The major cities 

Jeju and Seogwipo are located in the north and south coastal areas, 

respectively, where cultural land is generally distributed. Forests and 

grasslands are distributed in mid-mountain areas, and most mountain areas 

comprise forested land. Slopes are steep toward the interior of the island, 

whereas the coastline has a low, belt-shaped slope, and the mid-mountain 

areas link the coastal and mountain areas. 
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Fig. 3. 1. Map of Jeju Island, South Korea (33°10'–33°34'N, 126°10'–

127°E) in 2020. 

 

2.2. Identifying spatial conservation priorities 

 To identify priority conservation areas using ES and EC, we first 

determined the ecological source weight and resistance surface by 

quantitatively evaluating ES. Next, we assessed EC using the circuit theory-

based omnidirectional Circuitscape (Omniscape) algorithm (McRae et al., 

2016). Based on the EC evaluation results, we performed SCP analysis and 

landscape pattern index analysis. 

 

2.2.1. Ecological source weight and resistance surface  

 ES evaluation was conducted to identify the ecological functions 

that contribute significantly to EC. Ecological sources are areas with the 

potential to provide ES or ecological functions to other parts of the 
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landscape (Hilty et al., 2020; Peng et al., 2018b); their relative importance 

in contributing to EC on Jeju Island was determined. We selected three 

ecosystem services that represent supporting (Habitat Quality; HQ), 

regulating (Carbon Stock; CS), and provision (Seasonal Water Yield; SWY) 

services. HQ, which is associated with biodiversity, is particularly critical in 

Jeju Island, a UNESCO Natural World Heritage site with unique 

biodiversity (IUCN, 2020). CS is a key factor in climate regulation services, 

which is crucial in our era of climate change (Strassburg et al., 2020). 

Lastly, SWY was selected due to the importance of water availability on 

Jeju Island (Kwon et al., 2022). These evaluations were carried out using the 

InVEST model, which calculates the relative contribution of each landscape 

feature to ecological functions and ES (Sahle et al., 2019; Sánchez-Canales 

et al., 2012). The ecological source weight, which represents the importance 

of each ecological source area, was determined by combining the ES 

evaluation results with data on designated protected areas obtained from the 

Jeju Island administration. The ecological source weight in our study was 

based on the values used to evaluate the ecosystem services, which were 

derived from the Korea Environment Institute (KEI), an institution 

operating under the Korea Ministry of Environment (Lee et al., 2015). This 

weight reflects the level of connectivity among pixels, including the amount 

of ecological flow to and from each pixel (McRae et al., 2016). Following 

the evaluation of each service, the results were classified between 1 and 5 

using the natural breaks method and subsequently normalized to a range of 

0 to 1, as required by the EC model (Luo et al., 2021; McRae et al., 2016). 

Protected areas were initially assigned the maximum weight (5) due to their 

role in preserving and managing biodiversity. 

HQ is a biodiversity indicator that is evaluated in terms of the 

degree of habitat change over a spatial extent (Sharp et al., 2020). It is 

determined according to habitat sensitivity and the influence of threat 
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factors. We evaluated HQ based on data derived from a 2020 land cover 

map of Jeju Island; the threat factors included urban land, roads, industrial 

areas, cropland, and agricultural facilities (Tables S1 and S2). 

 CS is used to measure the carbon stored in each of four types of 

carbon pools (soil organic matter, aboveground biomass, belowground 

biomass, and dead organic matter) for each land use cover type. CS is used 

as an index to evaluate ecosystem functions, as it plays a pivotal role in 

terrestrial ecosystems (Sharp et al., 2020). We obtained carbon pool 

coefficients for Jeju Island from previous studies (Chun et al., 2019; Chung 

et al., 2015). 

 SWY is an indicator of seasonal water content, and is used to 

evaluate the impact of landscape management on water yield. It is calculated 

based on land use, monthly evapotranspiration, precipitation, rainfall 

occurrence, crop or vegetation coefficients, digital elevation model, 

watershed area, and an empirical curve number (Sharp et al., 2020). Rather 

than quantitatively evaluating baseflow, SWY determines the relative 

rapidity of flow for each cell in the target evaluation area. Detailed model 

equations and assumptions are described in the model documentation (Sharp 

et al., 2020). The resistance surface was created based on HQ. Areas with 

higher HQ values, indicating greater biodiversity, were assigned lower 

resistance values (Luo et al., 2021; Peng et al., 2018b). Conversely, regions 

with lower HQ values were assigned higher resistance values (≥ 1). The 

HQ values were determined by considering urban areas, roads, industrial 

areas, cropland, and facility cropland as threat factors (Lee et al., 2015). 

Thus, the process of creating the resistance surface integrated ecological and 

social factors to capture more comprehensively the real-world complexities 

of habitat quality and resistance. 
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2.2.2. EC analysis and model validation 

 EC refers to the degree of ecological flow within a landscape 

(Taylor et al., 1999). To adopt circuit theory for EC analysis, ecological 

flow can be compared to electric currents, because they share random walk 

characteristics (Peng et al., 2018b). We employed the Omniscape algorithm, 

which is a modified version of the Circuitscape algorithm developed using 

the Julia programming language (Landau et al., 2021; McRae et al., 2016). 

The ecological potential of a natural or semi-natural landscape generates, 

transmits, and receives more current than does a heavily modified area 

(Cameron et al., 2022; McRae et al., 2016). The ecological source value 

determines the amount of current flow (McRae et al., 2016), such that areas 

with high ecological source value will have higher current intensity and 

better EC. Unlike the conventional core-based approach, which is sensitive 

to the core location, the Omniscape algorithm adopts a coreless approach to 

calculate EC using a moving window method (Landau et al., 2021). The 

Omniscape algorithm has three outputs: current flow, potential flow, and 

normalized current flow. The normalized current flow output (F) is a value 

obtained by dividing the current flow by the potential flow, and is 

categorized as channeled (F > 2.0), high-intensity (1.5 < F ≤ 2.0), low-

intensity (1 < F ≤ 1.5), diffused (0.5 < F ≤ 1), or impeded (0 < F ≤ 0.5). 

Channeled flow has the most concentrated current and typically produces 

more flow than expected. High- and low-intensity flows have few 

restrictions, and produce high current flow. Diffused flow produces the 

expected current flow. Impeded flow has highly restricted flow (Cameron et 

al., 2022; McRae et al., 2016).  

 For model validation, we performed the Wilcoxon rank sum test to 

evaluate significant differences between EC analysis results and species 

distribution data provided by the Ministry of Environment of the Republic 

of Korea. Species with > 100 data points were included in these tests; 
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species with > 30 data points were considered species of interest or 

endangered species. 

 

2.2.3. Zonation analysis for SCP identification 

 SCP is a comprehensive approach to spatial conservation 

management that considers multiple factors to balance conservation with 

economic development (Jalkanen et al., 2020a; Kukkala & Moilanen, 2017). 

In this study, we integrated ES and EC into our SCP approach to account for 

the interaction of landscape elements, including ecological functions. First, 

we identified areas requiring protection based on their ecological 

importance and potential to provide ES. Previous studies have achieved this 

goal using spatial prioritization tools such as the Zonation software 

(Lehtomäki & Moilanen, 2013), which can identify regions with high 

conservation value based on a range of criteria including ES and EC 

(Jalkanen et al., 2020b; Peng et al., 2018b; Ramel et al., 2020). The 

Zonation software assumes that all areas require protection, which makes it 

a useful tool for identifying areas that are critical for conservation (Jalkanen 

et al., 2020a). We used Zonation v4.0 to identify SCP areas by repeatedly 

removing grid cells that minimized aggregate marginal loss, ranking the 

least useful locations lowest and the most useful locations highest 

(Moilanen et al., 2005), and applied the removal rule of the addictive benefit 

function to assign higher weight to high-EC results to identify conservation 

priority areas. High EC is crucial for maintaining ecological function and 

providing ES (Kukkala & Moilanen, 2017). Based on the five EC classes 

that most reflect ES, we assigned the highest conservation value to 

channeled areas, followed by high-intensity, low-intensity, diffused, and 

impeded areas. 
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2.2.4. Landscape pattern index 

 The SCP areas identified by the Zonation software were delineated 

into a landscape matrix, and a landscape pattern index was calculated using 

the Fragstats v4.2.1 software. This index was calculated based on the 

number of patches, patch density, patch shape, degree of fragmentation, and 

the area of the largest patch in the landscape (An et al., 2020). 

 

3. Results 

3.1. Spatial distribution of ES and protected areas 

 The distributions of the three ES indices are shown in Fig. 3.2. HQ 

and CS showed similar trends, whereas SWY was higher in eastern Jeju 

Island than in the west. Low-HQ regions were distributed in the north and 

south, where urban areas are mainly concentrated. HQ was high in central 

Jeju Island, where Mt. Hallasan National Park is located. The total area of 

regions with HQ = 5 was 912.31 km2, accounting for 32.92% of the total 

area. Similarly, lower CS values were distributed in the north, and the total 

area of regions with CS = 5 was 975.22 km2 (34.56%). SWY distribution 

differed between east and west, likely due to higher precipitation levels and 

forest and grassland proportions in the east. The total area of regions with 

SWY = 5 was 367.19 km2 (19.9%). The large protected region in central 

Jeju Island had an area of 417.37 km2, accounting for 22.62% of the total 

area. This protected area consists mainly of circular patches east and west of 

Mt. Hallasan. A river network connects the central protected area with 

coastal areas to the north and south, forming an ecological corridor. 
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Fig. 3. 2. Spatial distributions of ecological services (ES) and protected 

areas on Jeju Island. ES evaluation results are not mean absolute values, but 

relative values for the target area. Habitat quality and carbon stock showed 

similar patterns, whereas seasonal water yield distribution differed. The 

bottom right panel shows a large protected area (green shading) 

concentrated in central Jeju Island, with a river network (blue lines) 

connecting the central and coastal areas. 

 

3.2. Spatial patterns of ecological source weights and the resistance 

surface 

 The ecological source weights and resistance surface based on the 

ES evaluation results are shown in Fig. 3.3. The ecological source weight is 

a key factor that determines EC. The ES evaluation results and protected 

area results were combined and reclassified to a range from 0 to 1. The 

average ecological source weight for Jeju Island was 0.56. Above-average 

values were mainly located in central and eastern Jeju Island, with below-

average values for urban areas in the north and south and the southwest 
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coast. The resistance surface comprised HQ values ranging from 1 to 500. 

The highest resistance values were concentrated in dense urban areas such 

as Jeju in the north and Seogwipo in the south (Fig. 3.1). Urban areas in the 

north and south also had high resistance values, which hindered ecological 

processes and functions. 

 

 

Fig. 3. 3. Spatial patterns of ecological source and resistance surface values. 

 

3.3. Spatial patterns of EC and conservation priority zone analysis 

 Mid-mountain areas adjacent to coasts and small rivers contributed 

greatly to EC (Fig. 3.4). Our channel flow analysis identified a contiguous 

corridor from the central mountain range to the dense urban area at the north 

of the island that is characterized by interconnection between high resistance 

surface and high ecological source values (Fig. 3.4e). Channeled flow (red) 

regions acted as ecological corridors and contained pinch point areas. 

Coastal areas were mainly characterized by diffused flow (61.04% of the 

total coastal area), whereas mid-mountain areas mainly showed diffused and 

low-intensity flow (33.43% and 30.04%, respectively) (Table 1). Thus, 

current flow is widely diffused or unrestricted in coastal areas, and more 

concentrated in mid-mountain areas. Mid-mountain areas had the highest 

proportion of channeled flow areas or pinch points (8.87% of the total mid-

mountain area), due to low ecological source values in coastal areas and 
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high resistance values, which led to a concentration of channeled flow in 

mid-mountain areas. To evaluate model accuracy, we validated the current 

map using observed distribution data for 17 species; we detected no 

significant difference between model results and observation data for 14 of 

the 17 species (Table S6). 

 

 

Table 3. 1. Geographical regions (% area) of Jeju Island classified by flow 

type, indexed according to flow variation. SD, standard deviation. 

Normalized current flow Geographical region 

Coastal Mid-mountain Mountain 

Impeded (< 0.5 SD) 3.04 14.01 2.59 

Diffused (0.5–1.0 SD)  61.04 33.43 28.72 

Low-intensity (1.0–1.5 SD) 20.84 30.04 67.1 

High-intensity (1.5–2.0 SD) 10.18 13.67 1.28 

Channeled (> 2.0 SD) 4.92 8.87 0.33 
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Fig. 3. 4. Spatial distribution of normalized current flow. (a) Results of 

overall EC analysis of the study site. Mid-mountain and mountain areas are 

densely heterogeneous. (b–d) Regions showing connections between coastal 

and mid-mountain areas. (e) Regions where high resistance surface and high 

ecological source values are interconnected. 
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 Our model detected overlap between SCP areas and existing 

protected areas on Jeju Island (Fig. 3.5). SCP areas were identified based on 

the EC model results, with values ranging from 0 to 1 (Fig. 3.5a). Fig. 3.5b 

shows overlapping (light green) and non-overlapping (red) areas between 

the top 10% of SCP areas and existing protected areas. The area of 

overlapping and non-overlapping regions differed among agricultural land, 

forest, and artificial grassland (Fig. 3.6, Table S7). Agricultural land 

accounted for 14.99% and 2.44%, and forest accounted for 56.11% and 

83.91%, of the non-overlapping and overlapping area between SCP areas 

and protected land, respectively (Fig. 3.6). Approximately 80% of both 

overlapping and non-overlapping area was classified as having mid-

mountain geography, representing 46.26 and 97.52 km2 of overlapping and 

non-overlapping land, respectively. Thus, mid-mountain areas require 

additional conservation or protection (Table 3.2). 

 

 
Fig. 3. 5. Spatial distribution of SCP ranks (left) and overlap between SCP 

areas and protected areas (right). 
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Fig. 3. 6. Summary of overlap (% area) between SCP areas and existing 

protected areas for four land use types. 

 

Table 3. 2. Summary of overlap (% area) between SCP areas and existing 

protected areas. 

Geographical 

region 

Altitude 

(m) 

Overlapping area 

(km2) 

Non-overlapping 

area (km2) 

Top 10% SCP 

areas (%) 

Coastal 0–200 10.51 (18.15%) 22.06 (18%) 3.23 

Mid-mountain 200–600 46.26 (79.86%) 97.52 (79.54%) 24.42 

Mountain  > 600 1.15 (2.01%) 3.03 (2.48%) 1.71 

Total  57.92 122.61 29.36 

 

 The distribution of patches in the top 10% SCP areas is shown in 

Table 3.3. There were 359, 218, and 9 patches in coastal, mid-mountain, and 

mountain areas, respectively. Coastal and mid-mountain areas had patch 

density index values of 11.03 and 1.52, respectively, showing a > 10-fold 

higher patch density in coastal areas than in mid-mountain areas. The 

landscape shape index was highest in coastal areas (25.02), followed by 

mid-mountain (19.18) and mountain (4.22) areas. The largest patch index 

was lowest in coastal areas (13.76), followed by mid-mountain (33.52) and 

mountain (45.43) areas. Thus, the quantity and density of patches were high 
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in coastal areas, whereas the patches were larger in mid-mountain and 

mountain areas. 

 

Table 3. 3. Landscape pattern indices for each geographic region and 

the entire study area 

Geographical region NP PD LPI LSI 

Coastal 359 11.03 13.76 25.02 

Mid-mountain 218 1.52 33.52 19.18 

Mountain 9 2.15 45.43 4.22 

Total 502 2.77 28.31 27.65 

NP, number of patches; PD, patch density; LPI, largest patch index; LSI, landscape 

shape index. 

 

 

4. Discussion 

4.1. Identification of SCP areas using the EC model 

 We identified SCP areas through ES and EC evaluation. Compared 

with the existing protected areas, newly identified SCP areas were mainly 

found in agricultural land and artificial grassland areas (Figs. 3.5 and 3.6). 

Among non-overlapping areas (122.61 km2), 97.52 km2 (79.54%) were in 

mid-mountain regions (Table 3.2). Thus, although some areas of Jeju Island 

are protected, it is necessary to consider implementing new management 

plans for agricultural land and artificial grassland in mid-mountain areas. 

Our method for identifying SCP areas based on ES and EC evaluation is 

appropriate for sites with high protection value, such as Jeju Island, which is 

a UNESCO Natural World Heritage site. Although previous studies have 

evaluated ES and EC, this study is the first to offer an intuitive method that 

considers ecosystem function to identify new regions that require protection. 

Prior EC analyses based on ES have described distributions of key 

ecological corridors; however, there has been insufficient discussion of SCP 

areas, which could facilitate communication in land use planning and policy 

decision-making (Peng et al., 2018a; Xiao et al., 2020). Our results showed 
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that channeled flow, which creates ecological pinch points, occurs mainly in 

mid-mountain areas, accounting for 8.87% of the total mid-mountain area 

(Table 3.1, Fig. 3.4). Measures are needed to allow concentrated or blocked 

currents to flow more easily in these regions. Therefore, it is imperative to 

both manage areas with high EC values and spread ecosystem functions 

over wider areas through conservation and restoration efforts. The ES and 

EC analysis method presented in this study allows researchers to efficiently 

identify the regions most in need of protection. These SCP areas can be used 

to support ecological planning for conservation and restoration measures 

(Zhang et al., 2017), in a manner that enhances functional aspects rather 

than simply expanding green infrastructure through restoration efforts based 

on EC. Efficient management measures require restoration or protection 

plans that consider the quantity and density of patches (Wang et al., 2020). 

Restoration strategies can vary depending on patch scale and location. For 

example, small-scale patch restoration may be preferable for coastal areas, 

whereas large-scale patch restoration is more appropriate for mid-mountain 

areas (Table 3.3). Our findings suggest that restoration efforts should 

prioritize large patches that do not overlap with existing protected areas in 

eastern Jeju Island, whereas small patches in the northern and southern 

regions require a different restoration strategy (Fig. 3.5b). Functional 

patches, which are crucial for biodiversity conservation and the provision of 

ES, should be maintained among habitat patches identified as SCP areas 

(Zhang et al., 2017). However, Jeju Island has already experienced intense 

development along the coastline, which is currently expanding to mid-

mountain areas (Kim et al., 2022), whereas Mt. Hallasan is under strong 

protection as a national park (IUCN, 2020).  
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4.2. Expanding EC between the coast and inland 

 Our findings indicated that high EC indices formed an altitude-

based band-shaped pattern in the mid-mountain areas of Jeju Island, 

whereas coastal EC values were isolated from other areas. High resistance 

surface values occurred around the densely populated urban coastal areas 

(Fig. 3.3), and EC rapidly increased in adjacent areas between coastal and 

mid-mountain areas, which are shown to be connected in Figs. 4c and d. 

Intense flow occurs over the coastal and mid-mountain areas, which extends 

to the mountain areas; thus, forests and grasslands connecting the coastal 

and mid-mountain areas can act as stepping stones to enhance EC and 

extend it to inland areas. To improve EC, it is crucial to preserve these mid-

mountain areas and secure an alternative route through the restoration and 

conservation of patches scattered weakly in the coastal area (Fig. 3.5b). It is 

necessary to alleviate the EC index, which is concentrated in the channeled 

and high-intensity flow regions of the mid-mountain and mountain areas. 

 It remains challenging to achieve the opposing goals of 

development and conservation on islands, and their isolation increases their 

vulnerability to environmental disturbances such as development (Balzan et 

al., 2018; Guzmán-Colón et al., 2020; Liu et al., 2021). Although islands 

occupy only 5% of the global area, many island species constitute whole 

populations, and they exhibit high levels of endemism, with unique 

biodiversity (Guzmán-Colón et al., 2020; Kier et al., 2009). Enhancing EC 

while maintaining high biodiversity within the limited space of an island is a 

crucial conservation goal. Although several previous studies have been 

conducted at national or regional scales, very few EC studies have been 

conducted on islands (Liang et al., 2018). On islands, it is often difficult to 

expand EC inland due to intensive urban and port construction along the 

coast (Ai et al., 2022; Guzmán-Colón et al., 2020). Because Jeju Island is 

focused on tourism, agriculture, and fishery-related industries, several ports 
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and tourist areas have been established in coastal areas. Recently interest in 

landscape development has expanded development to the mid-mountain 

areas of Jeju Island, leading to the severance of EC in various regions. To 

enhance EC efficiently, it is necessary to transform the perspectives of 

ecological planners to consider ES and EC simultaneously, as well as 

measures focused on the conservation of existing protected areas. 

 

4.3. Limitations and potential future directions 

 This study had some limitations. First, we did not take into account 

cultural ES, which might have contributed to a more comprehensive 

understanding of the study area. Our primary focus was on the biophysical 

aspects and ecological functions of Jeju Island, as we aimed to evaluate EC 

using an approach that considers ES. The incorporation of cultural services 

into our analysis would have required data that pertain to natural areas 

preferred by humans or those with aesthetic functions, which were not 

directly aligned with the objectives of our study. This limitation should be 

recognized, as cultural ES can significantly influence perceptions and 

behaviors related to the natural environment (Barbosa et al., 2007). Future 

studies should consider integrating cultural ES into their analyses to obtain a 

deeper understanding of the study area. Second, in our assessment of 

ecological sources and resistance surfaces, we used HQ as a component of 

both the ecological source weight and resistance surface in the EC model. 

Although we justified our use of HQ as a resistance surface based on the 

assumption that areas with higher HQ are more valuable and should be 

prioritized for conservation and restoration to enhance EC, this approach 

may have limitations. We treated the HQ data as basic data because they 

were processed differently for the ecological source and resistance surface 

analyses. Additionally, limited data availability constrained our ability to 

include additional indices that might have enhanced the representation of 
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biodiversity in the ecological source values, but we note that HQ input 

values incorporated expert opinion and social indicators. Despite these 

limitations, we believe that our findings provide valuable insights into the 

potential benefits of applying an integrated approach to EC modeling.  

 

5. Conclusion 

 Establishing a conservation management plan that considers EC is 

critical for promoting biodiversity and sustainable development. EC links 

ecosystem functions that can influence each other, as well as provide ES. 

Because ES is the basis of ecosystem functions, it is imperative to analyze 

EC in a manner that considers ES. In this study, we identified SCP areas by 

integrating ES and EC throughout Jeju Island, South Korea. Three ES were 

evaluated (provision, regulation, and support), and EC analysis was 

performed by combining the evaluation results with data on existing 

protected areas. Pinch points were heterogeneously distributed, with the 

highest concentration in mid-mountain areas, leading to disconnection 

between coastal and mid-mountain areas. Approximately 80% of newly 

identified SCP areas were found in mid-mountain areas, mainly on 

agricultural land and artificial grassland. Based on these findings, new SCP 

areas can be identified intuitively based on existing protected areas, 

providing policymakers with a strategy for managing mid-mountain areas of 

Jeju Island.  
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Chapter 4. Prioritizing Conservation Areas on 

Jeju Island, South Korea: An assessment of 

Ecosystem Services and Land Ownership  

 

1. Introduction 

 Ongoing threats to biodiversity emphasize the importance of spatial 

prioritization of protected areas (PAs) (Cazalis et al., 2020). One of the 

targets set by the Kunming-Montreal Global Biodiversity Framework (GBF), 

which was approved at the 2022 UN Convention on Biological Diversity 

(CBD, COP-15), was to designate and manage 30% of the world’s inland 

waters, and terrestrial and marine areas for conservation, and to improve 

ecosystem function by 2030 (CBD, 2022). Biodiversity is directly linked to 

human well-being through its influence on food security and air and water 

quality (Bawa et al., 2021; Thomas et al., 2013). Biodiversity also has the 

potential to mitigate some aspects of anthropogenic climate change (Choe et 

al., 2018). Increased attention has been paid to the integration of 

biodiversity and ecosystem functioning in spatial conservation planning. 

This concern has been driven by the recognition that ecosystem services are 

in decline, and by the growing appreciation of their significance for human 

well-being (IPBES, 2018; Peng et al., 2018a; Ramel et al., 2020; Storch et 

al., 2022). The establishment of PAs can involve an integrated strategy to 

offer long-lasting ecosystem services while minimizing biodiversity loss. 

However, the identification of conservation priority areas remains a 

challenging task (Hanson et al., 2022). Decisionmakers typically attempt to 

achieve conservation goals with maximum efficiency but limited resources, 

and often prioritize their expansion (Benez-Secanho et al., 2022). However, 

new approaches to supplement existing PAs, which have often been 
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established without considering ecosystem functions, have been actively 

discussed in recent studies (Lanzas et al., 2019; Ramel et al., 2020; Schröter 

& Remme, 2016; Vaz et al., 2021). 

 Incorporating ecosystem services into spatial planning provides an 

appropriate opportunity to comprehensively assess the practical impact of 

PAs (Darvill & Lindo, 2016). Ecosystem services refer to specific ecological 

functions that benefit humans, and can include climate regulation, habitat 

preservation, and aesthetic values, and are considered vital for human 

survival and quality of life (Kremen, 2005; Nichols et al., 2008). 

Measurable targets related to human well-being and stakeholder profit 

derived from ecosystem services can help conservation planners understand 

potential trade-offs and address land-use conflicts (Hashimoto et al., 2019). 

Although different ecosystem services exhibit complex spatial distribution 

patterns, PAs should still consider the provision of multiple services 

(Schröter & Remme, 2016). Given the unpredictable and intricate interplay 

between humans and the environment, reaching consensus among 

stakeholders requires a framework that prioritize the provision of ecosystem 

services while maximizing biodiversity (Ramel et al., 2020; Schwartz et al., 

2018). In addition, improving network among PAs is crucial for achieving 

efficient allocation of limited resources toward their management (Cameron 

et al., 2022). 

 Establishing PA networks can be a critical strategy for conserving 

biodiversity and enhancing ecological functions (Heller & Zavaleta, 2009; 

Hilty et al., 2020; Keeley et al., 2018). The destruction and fragmentation of 

habitats in urban areas threaten ecosystems by reducing habitat size and 

network, resulting in higher extinction rates (Wang et al., 2021). Recent 

studies have revealed that well-designed PA networks strengthen both 

biodiversity and ecosystem services in PAs (Hanson et al., 2022; Maxwell et 

al., 2020; Zhang et al., 2018). Furthermore, better connected PAs tend to 
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require fewer resources for management, as demonstrated by analyses based 

on market economics (Le bouilli et al., 2022; Sreekar et al., 2020). However, 

conservationists face the challenge of deciding where and how to most 

effectively allocate limited resources to achieve conservation management 

goals in various contexts (Cameron et al., 2022).  

 The promotion of area-based policies that encourage efficient 

resource use can be a key pathway to achieve effective long-term 

biodiversity conservation (Dawson et al., 2021). The Kunming-Montreal 

GBF highlighted the importance of managing biodiversity, ecosystem 

functions, and the provision of ecosystem services through the other 

effective area-based conservation measures (OECMs) framework (CBD, 

2022). Conservation management that incorporates OECMs can contribute 

to networks of regionally based and representative PAs and has the potential 

to ensure effective biodiversity conservation (Borrini, 2010; Diz et al., 2018; 

Juffe-Bignoli et al., 2016). Furthermore, OECMs can contribute to equity in 

conservation management, as they can encompass the interests of diverse 

stakeholders (Maxwell et al., 2020). By complementing PAs and protecting 

diverse ecosystems and landscapes, OECMs have a positive impact on 

biodiversity and ecosystem services. As a result, conservation actions using 

OECMs at the regional scale may be more efficient than designating PAs at 

the national level (Donaldson et al., 2021; Maxwell et al., 2020), leading to 

increased biodiversity and ecological representation within conservation 

areas (Alves-Pinto et al., 2021). However, given the recent emergence of 

discussions around OECMs, further research is required regarding their 

integration with existing PAs. 

 There is a growing recognition of the need to prioritize the 

placement of PAs by setting area-based targets for the efficient use of 

resources, considering both biodiversity and ecosystem services (Nolte, 

2020; Sarma et al., 2021). When developing practical conservation plans 



４７ 

 

and policies, the potential influence of realistic constraints, such as the 

socioeconomic costs of conservation, should be considered (Shiono et al., 

2021). In this study, we address this need by proposing a comprehensive 

approach to conservation planning. To analyze the complex interactions of 

ecological features and social factors, we considered ecosystem services, 

biodiversity indicators, land price, and land-ownership status. Conservation 

biologists, who often operate under resource limitations, face the challenge 

of balancing economic efficiency with conservation priorities (Carroll et al., 

2021). Resource constraints can include the monetary costs of alternative 

conservation actions, which further highlights the complexities of 

conservation planning (Brown et al., 2015; Game et al., 2013; Naidoo et al., 

2006). Although costs and social considerations are increasingly included in 

conservation planning, few studies have investigated the outcome of 

including socioeconomic variables in the planning process (Bottrill & 

Pressey, 2012; Ghoddousi & Kuemmerle, 2022). 

 In this study, we employed a prioritization approach, using Jeju 

Island as a case study, to identify the conservation priority areas for 

maximizing both biodiversity and ecosystem services. Jeju Island, located in 

South Korea, harbors significant ecological values and has been awarded 

UNESCO’s “Triple Crown” designation, meaning that it has been declared a 

biosphere reserve, a Natural World Heritage site, and a global geopark (Kim 

et al., 2019). In addition to PAs, there are also areas of high biodiversity due 

to the terrain created by volcanic activity. However, Jeju Island is 

undergoing rapid urbanization, attracts large numbers of tourists, and faces 

conflicts between urban development and ecological conservation (Kim et 

al., 2022). Our goal was to facilitate an expansion of ecological functions on 

the island through efficient use of resources in area-based strategies. 

Specifically, we aimed to pinpoint spatially comprehensive areas, prioritized 

for conservation, exploring the land price. Our objectives were to identify 
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potential priority PAs on Jeju Island based on their levels of ecosystem 

services and biodiversity, and develop conservation-management strategies 

for these priority PAs based on their ownership. By following this 

methodology, we aimed to derive valuable insights into the identification 

and management of conservation priority areas. 

 

2. Study site and method 

2.1. Study site 

 

Fig. 4. 1. Land-use and land-cover map of Jeju Island, South Korea. The 

administrative cities of Jeju and Seogwipo are located to the north and south 

of the island, respectively. DEM, digital elevation model; PAs, protected 

areas. 

 

 The study area is an island located off the southern tip of South 

Korea (Fig. 4.1). Jeju Island (33°11′27′′–33°33′50′′N, 126°08′43′′–

126°58′20′′E) is the country’s largest island, covering approximately 1,850 

km2. As of 2023, it has a population of 677,031. The island, which has a 
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mild oceanic climate, features a central volcanic mountain, Mount Halla, 

which reaches a height of 1,950 m above sea level. The land cover varies 

along a gradient of anthropogenic influence, which varies with elevation. 

Agricultural and urban lands are prevalent in the lowlands near the coast, 

whereas forests and grassland dominate the highlands. In addition to being 

an important site for biodiversity conservation, Jeju Island feature a 

diversity of volcanic features, including columnar joints, lava tubes, and 

parasitic cones (Kim et al., 2018). PAs cover 179.89 km2 of the island, while 

the volcanic areas of Oreum and Gotjawal account for approximately 243 

km2. With its unique geographical and ecological features, Jeju Island is 

considered as a potential candidate for the establishment of OECMs that can 

contribute to global biodiversity conservation efforts. However, because it is 

a popular destination for ecotourism, Jeju Island receives tens of millions of 

visitors annually, which results in development pressure on its ecosystem 

(Kim et al., 2022). 

 

2.2. Methods 

2.2.1. Overview of analysis 

 To achieve the objectives of this study, we evaluated four 

representative ecosystem services and explored indicators of biodiversity 

using occurrence field data of plant species. To facilitate mathematical 

calculations, we standardized five biodiversity indicators within the range of 

0–1. Given the complexity and difficulty of quantifying the relative 

importance of different indicators for ecological functions (Peng et al., 

2018), we assigned equal weight to all indicators in this study. We then 

sought the identification of priority PAs by analyzing a variety of planning 

scenarios.  
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2.2.2. Evaluation of ecosystem services 

 Ecosystem services are primarily influenced by ecosystem 

functionality and biodiversity (Isbell et al., 2011; Maestre et al., 2012; Zhou 

et al., 2022). Key indicators of these aspects are essential for assessing 

ecosystem services (La Notte et al., 2017; Rieb et al., 2017). In this study, 

we assessed four ecosystem services: carbon stocks (CSs; regulation 

service), scenic quality (SQ; cultural service), seasonal water yield (SWY; 

provisioning service), and habitat quality (HQ; supporting service). The 

land-use and land-cover (LULC) data used for the assessment of ecosystem 

services was sourced from 2020 and had a 1-m resolution. We used the 

InVEST model in our assessment and analysis of ecosystem services. 

InVEST is a suite of geospatial models that assess and forecast the delivery 

of ecosystem services and habitat suitability. The model is based on land-use 

maps for a given geographic area, together with biophysical, economic, and 

institutional data associated with that area (Sharp et al., 2020). InVEST’s 

equations and assumptions are detailed in the documentation of the model 

(Sharp et al., 2020).  

 A CS model was used to assess the ecosystem regulation of carbon, 

and included calculations of aboveground, belowground, soil, and dead 

matter carbon, based on land-cover data. CSs influence factors such as food 

production and climate regulation (Huang et al., 2020; Luo et al., 2021). 

Particularly on Jeju Island, there has been a significant reduction in CSs due 

to an increase in the area of agricultural land since the late 2000s (Kim et al., 

2022). The carbon pool coefficient required for CSs was taken from Kim et 

al. (2022).  

 The SQ model assesses a landscape’s visual quality based on 

existing or planned characteristics that affect its visual appeal (Sharp et al., 

2020). Jeju Island is recognized for its exceptional natural landscape that 

attracts a significant number of tourists annually (Kim et al., 2022). 
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Considering the human population density, SQ was used to assess the 

demand for ecosystem function in the context of cultural services. To 

evaluate the percentage of the population enjoying scenic views of 

vegetation, a bespoke SQ model assumes that all vegetation enhances scenic 

quality and uses sampled observer points (Lourdes et al., 2022). The 

population density distribution required to calculate SQ was derived from 

Lourdes et al. (2022) and applied to the study area. The result is a service 

indicator that considers human demand for natural landscapes and their 

natural supply (Sharp et al., 2020). A more comprehensive explanation of 

the operational mechanism of the SQ model is provided in the supplemental 

information.  

 The SWY model, which was developed for estimating baseflow 

production in a watershed, evaluates the influence of changing LULC on 

water resources (Hamel et al., 2020; Kusi et al., 2020). In a geographical 

context such as an island, water yield can be considered an essential 

ecosystem function (Bremer et al., 2021). The model provides critical 

insights into the timing and quantity of water yield and enables informed 

decision-making in water-resource management (Sharp et al., 2020). The 

model requires soil hydrologic, digital elevation model, and threshold flow 

accumulation, biophysical, and rain-event data based on land-cover type. 

Input data for the SWY models are included in the Supplemental 

Information and Table S1. 

 The HQ model evaluates supporting services. HQ varies with 

habitat sensitivity and various threat factors related to human activity (Sharp 

et al., 2020). HQ can be measured by evaluating four factors: the relative 

impact of each threat, the relative sensitivity of the landscape to that threat, 

the distance between the habitat and the source of the threat, and the legal 

PA (Liu et al., 2017; Sharp et al., 2020). The habitat sensitivity and threats 

needed for the HQ model were derived from information given by Kim et al. 
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(2022). The results of the model are subject to a large degree of uncertainty 

because they are evaluated through a simplified process (Hamel et al., 

2020); therefore, they should be interpreted as relative, rather than absolute, 

values. 

 

2.2.3. Species distribution model 

 We employed the Maximum Entropy (MaxEnt) model to explore 

the distribution of biodiversity on Jeju Island. The MaxEnt model is 

particularly for the analysis of presence-only occurrence data, small samples, 

and non-probability-based data (Phillips et al., 2017). MaxEnt was 

implemented using the ‘dismo’ package in R version 4.2.0 (Hijmans et al., 

2017).  

 Our study focused on selected plant taxa of Jeju Island, and 

specifically assessed species with 10 or more occurrence locations. The 

analysis drew from 12,400 occurrence records for 423 terrestrial plant 

species that were enumerated in the Third and Fourth National Ecosystem 

Survey of South Korea (available at http://ecobank.nie.re.kr). Climatic 

variables were derived from bioclimatic data for 1950–2000. Elevation data 

were drawn from 1 × 1-km resolution topographic data available at the 

WorldClim website (https://www.worldclim.org/). To minimize the 

influence of multicollinearity, we removed variables with a Pearson’s 

correlation coefficient |r| > 0.7. Out of 20 environmental variables that were 

available for analysis, the final MaxEnt model was calculated using five 

bioclimatic variables (bioclimate 03, 07, 14, 18, and elevation). 

 We randomly selected 25% of the data as test data and 75% species 

occurrence data as calibration data, and performed MaxEnt modeling using 

the default model settings. Model quality was primarily assessed using the 

area under the curve (AUC); models with AUC > 0.7 were considered to 

yield acceptable predictions and accurate performance (Swets, 1988). Of the 

http://ecobank.nie.re.kr/
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423 species analyzed, 247 had model results with AUC ≥ 0.7 (mean = 0.818, 

standard deviation = 0.076). We therefore concluded that the MaxEnt model 

provided an acceptable fit to the Jeju Island plant distribution data. 

 Biodiversity hotspots were identified based on overlapped binary 

maps at the site level (Ko et al., 2014). A cut-off is required to convert 

model-derived occurrence probabilities into binary presence or absence data. 

This step is essential for representing the potential ranges of species in a 

study area. To classify the model predictions into ‘absent’ and ‘present,’ we 

used the maximum of the sum of sensitivity and specificity (max SSS 

threshold) value as the range threshold for each species. These max SSS 

values were then used to generate hotspot maps by overlapping the binary 

maps for each species. We processed the MaxEnt model output layers for 

species diversity distribution using ArcGIS Pro 3.0.3.  

 

2.2.4. Determination of conservation prioritization areas using 

PrioritizR 

 To analyze the complex interactions of ecological functions, we 

built and solved a spatial planning problem for decision-making using the R 

package PrioritizR 8.0.0, which incorporates a wide variety of customizable 

decision-analysis criteria (Hanson et al., 2023). Conservation-planning 

software can help policy-makers and practitioners to explore prioritization 

areas to conservation planning under constraints (Carroll et al., 2021; 

Schwartz et al., 2018). PrioritizR uses integer linear programming to 

achieve systematic conservation prioritization by optimizing objectives and 

making discrete decisions (Beyer et al., 2016). The software’s exact 

algorithm solvers guarantee exhaustive optimal solutions, and significantly 

reduce computation time compared to other algorithms (Schuster et al., 

2020). Our prioritization objectives were to simultaneously meet multiple 

conservation targets, maximize network, and minimize the area and cost of 
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the solution. We incorporated seven layers into our PrioritizR analysis. 

These layers represented four ecosystem services (CSs, SQ, SWY, and HQ), 

species richness (derived from the MaxEnt model), land price, and current 

conservation status (locked in or out). These inputs were used to simulate 12 

different scenarios. 

 Using the above-mentioned seven input criteria, we simulated 12 

different scenarios. The scenarios accounted for both existing PAs (PA 

scenario) and areas that had high potential for OECM designation (OECM 

scenario) in service of the 17% and 30% conservation targets. Three 

boundary penalties, including a penalty of 0, 0.05, and 0.1, were applied in 

the conservation-planning scenarios to examine their functional role in 

influencing the boundary length of the PAs. As the penalty value increased, 

planning units became less spatially dispersed and more interconnected with 

adjacent PAs, which minimized edge effects and led to a preference for 

larger planning units (Choe et al., 2018). Official land prices from the 

Republic of Korea Ministry of Land, Infrastructure and Transport were used 

to determine prioritization conservation areas. Existing PAs (as designated 

by the national government) and OECMs were integrated into the solution 

via the locked-in function. OECMs pertain to areas that can effectively 

conserve biodiversity at a regional scale (Maxwell et al., 2020). The 

volcanic terrains of Jeju Island, notably Oreum and Gotjawal, have been 

identified as being pivotal to biodiversity and boast substantial conservation 

value (IUCN, 2020; Kim et al., 2018; Kim et al., 2022). Consequently, 

Oreum and Gotjawal were recognized as OECMs in this study. The locked-

out function was implemented to exclude areas that were urbanized between 

2019 and 2020 from the prioritization conservation areas. 
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3. Results 

3.1.  Spatial pattern of land price, ecosystem services, and species 

richness 

 

Fig. 4. 2. Spatial distributions of land price, ecosystem services, and species 

richness. (a) Public land price (m2/USD). PAs consist of nationally 

designated PAs and PAs designated by the Jeju Island administration. The 

latter category principally includes Hallasan National Park and areas with 

high ecological protection value. PAs + OECMs signify areas that, beyond 

currently protected zones, exhibit potential for OECM designation. (b) The 

four ecosystem services and species richness results that were used to derive 

the conservation prioritization areas. 

 

 PAs tended to be located in areas with lower planning costs, while 

high land prices were concentrated in the northern and southern regions of 

the urban areas (Fig. 4.2a). The distribution of ecosystem services was 

heterogeneous (Fig. 4.2b), with similar trends being observed for CSs and 

HQ, while SQ, SWY, and species richness showed varying patterns. Areas 

with high land prices generally exhibited lower levels of ecosystem services 
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and species richness, while SQ was higher in the center of the island, likely 

related to the concentration of populations in urban areas (Figs. 4.1 and s1). 

 

3.2. Spatial distribution of priority conservation areas under 

different scenarios 

 

Fig. 4. 3. Spatial representation of protected area (PA) scenarios across the 

study area. (a) Scenario for a 17% target in existing PAs under the three 

penalties. (b) Scenario for a 30% target in existing PAs under the three 

penalties. 
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Fig. 4. 4. Spatial representation of other effective area-based conservation 

measures (OECMs) scenarios across the study area. (a) Scenario for a 17% 

target in existing protected areas (PAs) + OECMs under the three penalties. 

(b) Scenario for a 30% target in existing PAs + OECMs based on the penalty. 

 

 Most of the priority areas identified were adjacent to PAs under 

both the 17% and 30% targets (Figs. 4.3 and 4.4). When the target was 

increased, the conservation prioritization areas included areas farther to the 

east within the study area (Figs. 4.3b and 4.4b). Under the 17% target, 

conservation prioritization areas were predominantly forest land (Figs. 4.3a 

and 4.4a). However, under the 30% target, conservation prioritization areas 
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included forest land, grassland, and agricultural land (Figs. 4.3b and 4.4b). 

Notably, the OECM17penalty0 scenario yielded a conservation 

prioritization area of only 4.41 km2, which was significantly lower than the 

areas in the other scenarios examined (Fig. 4.4a, Table 4.1). Furthermore, 

the conservation prioritization areas were dispersed when no penalty was 

applied, but became more concentrated as penalties were increased under 

both the 17% and 30% targets (Figs. 4.3 and 4.4, Table 4.1). This result 

probably arose because PAs in the OECM scenario only accounted for 

approximately 17% of the total area of the study region. 

 

3.2. Ownership and cost of priority conservation areas 

 

Fig. 4. 5. Comparison of land cover and ownership area (km2) across 

scenarios based on the solution. (a) Land use and land cover (LULC) by 

ownership in the protected-area (PA) scenario, and (b) LULC by ownership 

in the OECM scenario. 

 

 We examined land ownership and LULC for each solution 

identified in our study (Fig. 4.5). Under the 17% target, public land 

dominated both the PA and OECM scenarios, but under the 30% target, 
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private land increased dramatically in both scenarios. Under the PA scenario, 

the area of private land increased by about 120 km2, while public land 

increased by approximately 60–80 km2 (Table 4.1). In the OECM scenario, 

private land increased by approximately 90 km2 and public land increased 

by around 40 km2, except under the OECM30penalty0 scenario (Table 4.1). 

Therefore, expansion of the target to 30% led to a greater proportion of 

private land relative to public land in both the PA and OECM scenarios. 

 The conservation prioritization areas were dominated by forest land 

under the 17% target, whereas under the 30% target, forest land, grassland, 

and agricultural land were identified (Fig. 4.5). In both the PA and OECM 

scenarios, the proportion of forest land in public areas was highest at the 

17% target (Fig. 4.5, Tables S1 and S2). However, when the target was 

increased to 30%, forest land, grassland, and agricultural land in private 

areas increased substantially (Fig. 4.5, Tables S2 and S3). Under the 30% 

target, the area of grassland was higher than that of forest land. There was 

also a significant increase in agricultural land under the 30% target (Tables 

S2 and S3). These results imply that achieving the 30% target would cost 

approximately 5–7 times more than achieving the 17% target (excluding the 

OECM17penalty0 scenario). When considering the cost and area of 

conserved land with penalties applied, the lengths of boundaries decreased 

in all scenarios as the penalty increased (Table 4.1). As the boundary length 

index decreased, conservation costs increased for the 17% target but 

decreased for the 30% target. Higher boundary penalties were associated 

with increasing conservation prioritization areas under the 17% target, but a 

contraction of those areas under the 30% target scenario. 
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Table 4. 1. Summary of planning cost, area, and boundary length with respect to ownership. Cost refers to the total price of land as 

officially announced in the study area, expressed per 1,000 US dollars. Boundary length represents the length of the boundaries for 

the proposed solutions under each protected area (PA) and other effective area-based conservation measures (OECM) scenario. 

Shorter boundary lengths indicate less fragmentation. 

Scenario 
Cost (1,000 US $) Area in km2 (%) Boundary  

length Private Public Total Private Public Total 

PA17penalty0 87,150 289,170 376,320 20.71 (15.5) 113.22 (84.5) 133.93 139,5567 

PA17penalty0.05 100,281 365,682 465,964 20.30 (14.2) 122.28 (85.8) 142.58 122,1645 

PA17penalty0.1 90,991 373,072 464,062 20.35 (14.2) 123.20 (85.8) 143.55 114,2669 

PA30penalty0 1,803,555 954,161 2,757,716 143.21 (41.5) 201.93 (58.5) 345.14 3,470,810 

PA30penalty0.05 1,727,406 876,508 2,603,914 142.26 (42.8) 190.13 (57.2) 332.38 1,858,952 

PA30penalty0.1 1,497,529 866,008 2,363,538 138.44 (42.3) 188.83 (57.7) 327.27 1,758,806 

OECM17penalty0 0 4,112 4,112 0 (0) 4.41 (100) 4.41 2,270,842 

OECM17penalty0.05 44,956 203,312 248,268 9.01 (10.7) 75.64 (89.3) 84.65 2,064,023 

OECM17penalty0.1 61,511 235,365 296,876 11.67 (12.8) 79.87 (87.2) 91.54 2,038,321 

OECM30penalty0 1,171,378 610,924 1,782,302 92.42 (41.9) 128.45 (58.1) 220.87 3,340,101 

OECM30penalty0.05 1,116,415 537,788 1,654,203 98.57 (44.8) 121.30 (55.2) 219.86 2,354,877 

OECM30penalty0.1 1,043,634 537,348 1,580,982 95.11 (44.1) 120.49 (55.9) 215.60 2,071,586 
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4. Discussion 

4.1 Spatial distribution of priority areas and landowners 

 This study demonstrated an approach to establishing conservation 

targets that enhances ecosystem services and biodiversity, and which 

identifies priority areas for the efficient management of key areas. A 

decision-support model was used to identify priority conservation areas, 

with the aim of enhancing the effectiveness of conservation efforts by 

providing clear guidance for policy implementation (Schwartz et al., 2018). 

Our findings emphasize the importance of prioritizing land cover and 

ownership at the local level, while highlighting the necessity of setting 

realistic targets at the regional scale (Monroe et al., 2021; Scott et al., 2001). 

In both the PA and OECM scenarios, priority areas were concentrated in the 

central and eastern regions of Jeju Island (Figs. 4.3 and 4.4). This pattern 

aligned with major concentrations of ecosystem services and biodiversity 

(Fig. 4.2). By contrast, few prioritized PAs were identified in the coastal 

lowlands of Jeju Island, potentially due to a lack of consideration for 

biodiversity and ecosystem services in urban areas (Ramel et al., 2020). 

Nevertheless, extending the conservation target to 30% expanded the land 

types identified from primarily forest land to agricultural and urban land, 

thereby facilitating the implementation of natural restoration measures in 

urban areas. 

 Areas with high ecological protection values for the island as a 

whole require protection measures that reflect local conditions (Cameron et 

al., 2022; Kim et al., 2022; Weeks & Adams, 2018). For areas that need 

prioritized protection, it is also crucial to develop a protection strategy that 

considers land ownership and conservation costs. While previous studies 

have identified areas requiring priority protection, they have generally given 

less consideration to land ownership, instead considering local conditions 

and the associated land costs (Luo et al., 2021; Mitchell et al., 2021; Peng et 

al., 2018b). The findings of this study can provide guidelines on prioritizing 
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conservation measures in regions with conflicts between public and private 

lands, taking into account the types of land and their ownership status. 

Land-ownership patterns can significantly affect the sustainable 

management and effectiveness of priority PAs, and managing PAs on private 

land is essential for biodiversity conservation (da Silva et al., 2021). Studies 

have shown that private land incurs higher conservation costs compared to 

public land. Increasing the conservation target to 30% resulted in higher 

conservation costs due to the increase in private land area (Table 1). Forest 

land dominated the conservation allocations under the 17% target scenario, 

but under the 30% target scenario, the proportions of cropland and grassland 

increased along with the area of private land, which increased costs because 

agricultural land has a higher unit-area cost than forest land. Whereas public 

institutions are likely to manage public land, private land management can 

be challenging because it requires the participation and cooperation of local 

people. It is therefore necessary to adopt a comprehensive approach to the 

challenges of managing and conserving private lands for biodiversity 

protection. The cost of conservation is determined by considering the 

benefits of conservation and the willingness of landowners to cooperate in 

conservation efforts (Cameron et al., 2022). Although collaboration with 

landowners is essential if agricultural lands are to be secured as PAs, an 

alternative approach could prioritize the protection of grasslands or forests 

on public land, taking into consideration any conflicts of interest that might 

arise.  

 

4.2. The role and impact of OECMs in network enhancement and 

biodiversity conservation 

 The conservation prioritization for identifying priority PAs on Jeju 

Island incorporated areas that could potentially be designated as OECMs. 

The construction of the OECM scenario demonstrated that ecological 

functions could be efficiently expanded on a regional basis instead of 
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indiscriminately expanding PAs. OECMs can contribute to the enhancement 

of biodiversity, even though they are not strictly classified as PAs 

(Donaldson et al., 2021; Maxwell et al., 2020). OECMs have the potential to 

enhance broader conservation efforts by improving the ecological 

representation and network within conservation networks, promoting 

partnerships between conservation organizations and other stakeholders, and 

facilitating engagement with landowners to safeguard economically 

valuable natural resources (Diz et al., 2018; Jonas et al., 2017; Shwartz et al., 

2017).  

 To manage PAs, external standards or interventions can be 

employed. However, these approaches often result in less effective 

conservation efforts and can have negative social consequences (Dawson et 

al., 2021). OECMs may play an important role in addressing the 

deficiencies that have been overlooked in the design of protected-area 

networks. Furthermore, incorporating conservation targets and response that 

serve the interests of multiple stakeholders can promote equity in area-based 

management (Maxwell et al., 2020). While the inclusion of PAs on a 

national scale remains essential, the designation and subsequent 

management of regions thought to contribute to biodiversity enhancement as 

OECMs represents a more area-based solution. Therefore, it may be more 

efficient to select PAs at the local level to reflect local conditions. For 

example, trekking routes on Jeju Island have been developed around areas 

with high elevations or scenic value to enhance their cultural services (Kim 

et al., 2021).  

In this study, we implemented a penalty to assess the network 

improvement of the conservation prioritization. Boundary penalties can 

result in more expensive solutions if the total length of the boundaries in the 

priority areas can be reduced (Hanson et al., 2023). Expanding PAs can also 

improve ecosystem function by improving network in landscape 

conservation, provided that land price is formed as regional units that are 



６４ 

 

adjacent to PAs (Choe et al., 2018; Duchardt et al., 2021). Although 

conservation costs may increase as the penalty increases, we observed two 

contrasting trends: increasing costs with increasing penalties under the 17% 

conservation target but decreasing costs with increasing penalties under the 

30% conservation target (Table 4.1). While the PA30penalty0.1 and 

OECM30penalty 0.1 scenarios could potentially achieve the highest 

network among PAs at the lowest cost, enhancing ecosystem function 

through the utilization of small patches might pose a challenge. These 

findings imply that rather than pursuing unconditional area expansion, it 

could be more efficient to designate and manage areas that can enhance 

ecosystem function as PAs. Therefore, when expanding PAs, it is important 

to consider both quantitative and qualitative expansion that account for 

ecosystem functions and network (Coad et al., 2019).  

 Agencies and advocates could use the findings of this study to help 

design alternative management approaches and zonation strategies in 

situations where ecological functions are being degraded by anthropogenic 

developments such as resource extraction (Cameron et al., 2022). Such 

collaborative planning and partnerships within a region are critical for 

successful conservation (Keeley et al., 2018). Maximizing the network 

effect of PAs seems feasible, provided that public lands in newly identified 

priority PAs on eastern Jeju Island are included in conservation plans while 

preserving existing, more centrally located PAs (Figs. 4.3 and 4.4). 

Furthermore, when determining conservation priorities, the relative costs of 

conservation and the prioritization of PA networks can guide decision 

making. The policy direction can be determined based on whether 

conservation costs or PA network are emphasized during planning. When 

aiming for a 30% target, enhancing PA network can lead to a decrease in 

conservation costs. Consequently, a plan to protect small habitat fragments 

in urban areas could be costly and complex, making a scenario with a 0.1 

penalty through network hardening a more suitable approach. 
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4.3. Limitations and future directions 

 We considered only 17% and 30% conservation targets in the 

absence of intermediate proportions between these extremes. In reality, 

setting such a steep increase in conservation targets at the national level can 

result in major repercussions. However, it can be argued that biodiversity 

faces such severe threats that ambitious goals are justified (CBD, 2022). A 

second limitation arose from the fact that the study did not account for the 

likelihood that many areas with high potential for OECMs are public lands 

or lands where transactions for profit are not feasible. These nuances of 

tenure could influence the practical application of conservation plans. 

Furthermore, cost estimates for areas identified as conservation 

prioritization were based on officially announced land prices. In real-world 

scenarios, the cost of implementing conservation measures in these areas 

could be substantially higher than the official land prices. To address these 

limitations, future research should consider the implementation of tiered 

conservation targets that gradually increase, rather than jumping directly 

from a 17% to 30% target. It would also be worthwhile to assess the 

feasibility of using certain lands, such as public lands, for conservation 

purposes. Researchers should also expand the types of costs evaluated to 

include the costs of conservation measures and potentially higher costs 

incurred from negotiations with landowners. Prioritizing the protection of 

forests and grasslands over agricultural lands could be a more cost-effective 

approach, given the current situation on Jeju Island.  

Finally, future research should seek to enhance the participation of local 

communities in decision-making to ensure the successful management and 

preservation of biodiversity. The relationship between landowners and 

conservation managers could be enhanced by fostering dialogue and 

understanding about conservation and its benefits. All these improvements 

would contribute to refining the conservation planning process and its 

outcomes. Future research in this area will be critical for addressing the 
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urgent challenge of preserving biodiversity and ecosystem services while 

balancing economic and societal needs. 

 

5. Conclusion 

 This study provided insights into techniques for prioritizing the 

allocation of conservation areas. Our work accounted for ecosystem services, 

levels of biodiversity, land ownership, and costs. Setting realistic 

conservation targets that consider both regional and local conditions will be 

crucial for effective conservation management. Conservation planning 

scenarios that prioritized areas with high levels of ecosystem services and 

biodiversity frequently incurred higher costs, and the costs were typically 

associated with private land. This finding highlights the importance of 

creating strategies for public–private collaboration in conservation efforts. 

Future conservation policies must effectively balance the benefits of 

conserving biodiversity and ecosystem services with the costs of securing 

private lands. The inclusion of OECMs provides an innovative way to 

expand PAs by including other regions that enhance biodiversity. Our results 

emphasize the importance of considering both quantitative and qualitative 

aspects of PA expansion, especially levels of ecosystem services and 

network characteristics. In conclusion, this study signifies a critical step 

toward achieving better integration of sustainable conservation planning and 

policy-making. By combining ecosystem services, biodiversity, land 

ownership, and cost considerations, our approach offers a comprehensive 

framework for guiding conservation efforts and policies in Jeju Island and 

other regions. However, it is crucial to bear in mind that the success of such 

an integrative strategy will depend on the adoption of collaborative and 

context-specific approaches that account for local conditions and stakeholder 

interests. 
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Chapter 5. Conclusion 

 

This study presents valuable insights for the conservation and 

management of Jeju Island's ecosystem services, ecological connectivity, 

biodiversity, and land ownership. It highlights the importance of balancing 

human demands and ecosystem service supply, particularly in terms of 

ecological planning and future scenarios. The analysis of 47 years of 

changes in land use and land cover and ecosystem services underscores the 

need for effective restoration and conservation measures, especially in 

coastal areas where ecosystem services have declined. The success of 

ecologically valuable forest restoration policies implemented in the 1970s 

and 1980s has contributed to the high conservation value of Jeju Island as a 

volcanic island. 

Furthermore, the study emphasizes the critical role of considering 

ecological connectivity in conservation management plans to promote 

biodiversity and sustainable development. By integrating ecosystem 

services and ecological connectivity analysis, significant pinch points and 

disconnections between coastal and mid-mountain areas were identified. 

The identification of new conservation priority areas, primarily on 

agricultural land and grassland in mid-mountain areas, provides 

policymakers with a clear strategy for managing these regions. 

The prioritization of conservation areas based on ecosystem 

services, biodiversity, land ownership, and costs is essential for effective 

conservation management. Private lands often incur higher costs, 

highlighting the importance of public-private collaboration in conservation 

efforts. Additionally, the inclusion of OECMs offers an innovative approach 

to expand protected areas and enhance biodiversity. The study emphasizes 

the significance of considering both quantitative and qualitative aspects of 

protected area expansion, considering ecosystem services and network 

characteristics. 

In conclusion, this study represents a critical step towards the 

integration of sustainable conservation planning and policy-making. It 

provides a comprehensive framework for guiding conservation efforts and 

policies not only in Jeju Island but also in other regions. However, 

successful implementation relies on the adoption of collaborative and 
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context-specific approaches that account for local conditions and 

stakeholder interests. By embracing such an integrative strategy, we can 

effectively balance the conservation of biodiversity and ecosystem services 

with the costs associated with securing private lands and promote the long-

term sustainability of our natural resources.   
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Supplementary 

 

Chapter 2. Supplementary 

 

Data acquisition 

Based on the 47-year land cover data, land use changes over time and 

corresponding ecosystem service changes were examined together. In this 

study, land type was divided into seven categories: urban land, crop land, 

forest land, grass land, golf course, bare land, and water. For 1989 and 1998, 

data were based on Landsat TM data, and in 2009 and 2019, Landsat 8 data 

were used to correct land conditions. 

 

Method 

Habitat Quality 

The index is calculated using the following equation: 

   (1), 

where  is the habitat quality value of grid cell  of LULC class .  

demonstrates the habitat suitability of the  LULC class.  is the total 

threat level in grid cell  with LULC .  is the half-saturation constant, 

which we set to 0.5. z is the normalized constant. The decrease in habitat 

quality due to threat factor distance will be reduced as a linear or 

exponential function, which is chosen by the user (Sharp et al., 2020). The 

threats and sensitivity tables were established by utilizing data proposed by 

experts who have experienced practical work in the environmental field (e.g., 

biodiversity, environmental ecology, environmental planning, and 

environmental geography information) for more than 10 years (KEI, 2015). 

The sensitivity and threat scores used to evaluate HQ are shown in Table S4 

and S5. 
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Carbon Stock 

In the CS model, the amount of carbon storage provided by the study site 

was estimated using LULC and carbon pool coefficients based on 

previously published values (Roh et al., 2016) (Table S6). 

 

Water Yield 

The model requires several variables, including LULC, average annual 

precipitation (mm), average annual reference evapotranspiration (mm), 

average root restricting layer depth (mm), plant available water content 

(mm), and study site watershed. Because the WY model calculates water 

yield as an annual average, it is difficult to consider extremes, alternative 

effective evapotranspiration, and thermal dimensions (Redhead et al., 2016). 

Model calculations used the following equation: 

   (2), 

where  is the total annual water yield in each grid cell x.  represents 

annual actual evapotranspiration for cell x, and  is annual precipitation for 

cell x. 
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Fig S1. Land use and land cover from 1973 to 2019 on Jeju Island, Republic of Korea. 
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Fig. S2. Cumulative viewshed. 
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Table S1. Total land use and land cover (LULC) change. 

 1973 1989 1998 2009 2019 

LULC Area (km2) % Area (km2) % Area (km2) % Area (km2) % Area (km2) % 

Urban land 47.5 2.6 81.32 4.43 99.72 5.41 107.76 5.85 190.07 10.32 

Crop land 512.43 27.98 363.71 19.8 378.59 20.53 810.12 43.93 605.75 32.89 

Forest land 409.83 22.38 920.95 50.14 1032.01 55.95 639.15 34.66 696.5 37.81 

Grass land 826.45 45.12 462.58 25.19 317.42 17.21 259.33 14.07 317.31 17.23 

Golf course 0 0 1.05 0.06 2.39 0.13 12.33 0.67 12.87 0.7 

Bare land 34.93 1.91 6.54 0.36 13.92 0.76 13.55 0.74 17.4 0.95 

Water 0.64 0.04 0.81 0.05 0.77 0.05 1.9 0.11 2.34 0.13 

Total 1831.78 100 1836.96 100 1844.82 100 1844.14 100 1842.24 100 
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Table S2. Land use and land cover (LULC) change by area. 

Coast  

LULC 

1973 1989 1998 2009 2019 1989–1973 1998–1989 2009–1998 2019–2009 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 

Urban 

land 
44.08 4.42 75.31 7.51 93.65 9.27 95.72 9.48 163.18 16.19 31.23 18.34 2.07 67.46 

Crop land 485.03 48.62 309.53 30.87 294.6 29.15 671.8 66.51 533.8 52.95 -175.5 -14.93 377.2 -138 

Forest 

land 
108.38 10.87 409.59 40.85 479.32 47.43 130.77 12.95 177.43 17.6 301.21 69.73 -348.55 46.66 

Grass 

land 
324.84 32.56 201.8 20.13 129.42 12.81 97.1 9.62 118.24 11.73 -123.04 -72.38 -32.32 21.14 

Golf 

course 
0 0 0 0 0.89 0.09 2.49 0.25 2.49 0.25 0 0.89 1.6 0 

Bare land 34.74 3.49 5.88 0.59 12.13 1.21 11.02 1.1 11 1.1 -28.86 6.25 -1.11 -0.02 

Water 0.64 0.07 0.78 0.08 0.73 0.08 1.18 0.12 2.05 0.21 0.14 -0.05 0.45 0.87 

Mid-mountain 
                          

LULC 

1973 1989 1998 2009 2019 1989–1973 1998–1989 2009–1998 2019–2009 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 

Urban 

land 
2.92 0.5 5.5 0.94 5.55 0.95 11.33 1.93 26.07 4.43 2.58 0.05 5.78 14.74 

Crop land 27.4 4.66 53.68 9.12 82.11 13.95 136.87 23.25 71.71 12.18 26.28 28.43 54.76 -65.16 

Forest 

land 
98.18 16.68 286.55 48.67 321.42 54.59 277.83 47.19 299.67 50.89 188.37 34.87 -43.59 21.84 

Grass 

land 
460.19 78.15 241.48 41.01 176.55 29.99 150.58 25.58 175.5 29.81 -218.71 -64.93 -25.97 24.92 

Golf 

course 
0 0 1.04 0.18 1.49 0.26 9.26 1.58 9.81 1.67 1.04 0.45 7.77 0.55 

Bare land 0.19 0.04 0.59 0.11 1.73 0.3 2.34 0.4 5.9 1.01 0.4 1.14 0.61 3.56 

Water 0 0 0.03 0.01 0.02 0.01 0.66 0.12 0.26 0.05 0.03 -0.01 0.64 -0.4 
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Mountain 

 

LULC 

1973 1989 1998 2009 2019 1989–1973 1998–1989 2009–1998 2019–2009 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 
% 

Area 

(km2) 

Urban 

land 
0.5 0.21 0.51 0.21 0.52 0.22 0.7 0.29 0.83 0.34 0.01 0.01 0.18 0.13 

Crop land 0 0 0.5 0.21 1.88 0.77 1.45 0.6 0.25 0.11 0.5 1.38 -0.43 -1.2 

Forest 

land 
203.28 82.91 224.81 91.69 231.27 94.33 230.55 94.03 219.4 89.48 21.53 6.46 -0.72 -11.15 

Grass 

land 
41.42 16.9 19.3 7.88 11.44 4.67 11.65 4.76 23.58 9.62 -22.12 -7.86 0.21 11.93 

Golf 

course 
0 0 0.01 0.01 0.01 0.01 0.59 0.25 0.59 0.25 0.01 0 0.58 0 

Bare land 0 0 0.06 0.03 0.06 0.03 0.2 0.09 0.51 0.21 0.06 0 0.14 0.31 

Water 0 0 0.01 0.01 0.01 0.01 0.06 0.03 0.04 0.02 0.01 0 0.05 -0.02 
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Table S3. Changes in cumulative viewshed on Jeju Island during 1973–

2019.    

Percentage Region 1973 (%) 1989 (%) 1998 (%) 2009 (%) 2019 (%) 

0–5 
Jeju-si 56.89 57.11 58.18 58.23 58.29 

Seogwipo-si 44.35 44.68 44.97 45.32 45.37 

5–10 
Jeju-si 23.43 24.72 24.84 25.53 25.53 

Seogwipo-si 32.22 32.18 32.09 31.93 31.93 

10–20 
Jeju-si 12.49 11.78 11.08 10.74 10.68 

Seogwipo-si 17 16.78 16.61 16.44 16.38 

20–30 
Jeju-si 3.84 3.28 2.98 2.71 2.7 

Seogwipo-si 3.26 3.22 3.21 3.19 3.19 

30–50 
Jeju-si 2.33 2.13 2 1.92 1.92 

Seogwipo-si 2.78 2.76 2.75 2.75 2.75 

50–100 
Jeju-si 1.04 1.01 0.95 0.9 0.9 

Seogwipo-si 0.41 0.41 0.4 0.4 0.4 

 

Table S4. Habitat quality sensitivity score. 

LULC HABITAT L_urban L_crop L_industry 

Urban land 0 0 0 0 

Crop land 0.3 0.69 0.03 0.75 

Forest land 1 0.8 0.65 0.85 

Grass land 1 0.65 0.57 0.7 

Golf course 0.5 0.5 0.42 0.5 

Bare land 0.3 0.05 0.15 0.03 

Water 0.7 0.73 0.65 0.75 

 

Table S5. Habitat quality threat score. 

MAX_DIST WEIGHT THREAT DECAY 

6.8 1 Urban Exponential 

4 0.68 Crop Linear 

7.5 1 Industry Exponential 
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Table S6. Estimation of carbon stock in four carbon pools. 

LULC C_above C_below C_soil C_dead 

Urban land 0.2 0.59 33 0 

Crop land 5.2 0.89 60 1.7 

Forest land 102.6 47.2 65.55 31.25 

Grass land 0.33 0.89 80.52 0.2 

Golf course 0.1 0.5 70 0.1 

Bare land 0 0.33 0.33 0 

Water 0 0 0 0 

 

Table S7. Water yield. 

LULC Kc root_depth usle_c usle_p load_p eff_p LULC_veg 

Urban land 0.3 500 1 1 3200 5 0 

Crop land 0.7 2000 250 350 1500 25 1 

Forest land 1 7000 7000 200 11 75 1 

Grass land 0.8 2000 2000 200 50 40 1 

Bare land 0.6 1000 1000 100 50 40 1 

Bare land 0.2 500 10 200 50 5 1 

Water 1 1000 1 1 1 5 0 

 

Table S8. Average annual precipitation (mm). 

 Jeju  

(point 1) 

Seongsan 

(point 2) 

Seogwipo  

(point 3) 

Gosan  

(point 4) 

Total 

average 

1973 1217.5 1595.3 1531.3 - 1448.03 

1989 1358.6 1696.1 1681.9 1081.5 1454.53 

1998 1581.1 2235.9 2091.9 1050.4 1739.82 

2009 859.1 1364 1086.6 697.1 1001.7 

2019 1979.9 2658.1 2210.3 1560.9 2102.3 
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Table S1. Habitat quality sensitivity score on Jeju Island, South Korea. 

LULC Habitat 
Urban 

area 
Road 

Industri

al area 

Crop 

land 

Facility 

crop 

land 

Reference 

Urban 

land 
0 0 0 0 0 0 

Hong et al. 

2021 
Crop land 0.3 0.69 0.67 0.75 0 0.1 

Facility 

crop land 
0.05 0.1 0.1 0.2 0 0 

Forest 

land 
1 0.82 0.8 0.85 0.65 0.7 

Kim et al., 

2015  

Natural 

grass land 
1 0.68 0.65 0.7 0.57 0.6 

Artificial 

grass land 
0.8 0.65 0.62 0.67 0.54 0.57 

Wetland 0.7 0.7 0.55 0.8 0.75 0.78 

Hong et al. 

2021 

Natural 

bare land 
0.5 0.15 0.2 0.24 0.17 0.2 

Artificial 

bare land 
0.08 0.13 0.18 0.22 0.15 0.18 

Water 0.65 0.73 0.55 0.73 0.65 0.68 

 

Table S2. Habitat quality threat factors on Jeju Island, South Korea. 
Max_Distance Weight Threat Decay Reference 

5.9 0.88 Urban area exponential 

Hong et al., 2021 

2.4 0.59 Road linear 

5 0.5 Industrial area exponential 

3.4 0.57 Crop land linear 

3.8 0.62 Facility crop land linear 

 

 

Table S3. Carbon pools score on Jeju Island, South Korea. 
LULC C_above C_below C_soil C_dead Reference 

Urban land 0 0 0 0 

Chun et al., 2019; 

Chun et al., 2015 

Crop land 0 0 62.2 0 

Facility crop land 0 0 45.9 0 

Forest land 53.59 17.36 47.22 11.79 

Natural grassland 4.17 16.69 88.2 0 

Artificial grassland 2.8 8.3 88.2 0 

Wet land 0 0 88 11 
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Natural bare land 1.28 5.13 42.4 0 

Artificial bare land 0 0.33 0.33 0 

Water 0 0 0 0 

 

 

Table S4. Seasonal water yield data. 
Name Source Resolution 

LULC 

Land use land cover map level 3 in 2020. The data is 

provided from Ministry of Environment South 

Korea(https://egis.me.go.kr/main.do) 

1m 

DEM National Geographic Information Institute 90m 

Precipitation 

CHIRPS (Climate Hazards Group InfraRed 

Precipitation with Station data). Monthly precipitation 

data for 2020 

1km 

Evapotranspiration 
The data set from MODIS Net Evapotranspiration. 

Monthly evapotranspiration data for 2020 
500m 

Watershed 
The data is provided from Jeju Special Self-Governing 

Province Development Co. 
- 

Soil 

The data comes from Rural Development 

Administration in South Korea 

(http://soil.rda.go.kr/soil/indexReg.jsp). Curve number 

values are assigned to each combination of soil group 

and land use/land cover class. The curve number (CN) 

is a straightforward method to represent the combined 

soil and land cover characteristics, where larger values 

of CN indicate increased runoff potential while smaller 

values are more conducive to infiltration. 

- 

Rain events  

The data comes from The Korea Meteorological 

Administration 

(https://data.kma.go.kr/stcs/grnd/grndRnList.do) 

- 
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Table S5. Seasonal water yield crop/vegetation coefficient (Kc) value.   
Kc ini Kc mid Kc end 

Urban land 0.1 0.3 0.2 

agricultural land 0.7 1.15 1 

Cultivation facilities 0.5 0.8 0.7 

Forest land 1.2 1.5 1.3 

Natural grassland 0.3 1.15 1.1 

Artificial grassland 0.4 0.9 0.8 

Wet land 0.15 0.45 0.8 

Natural barren land 0.8 1 0.95 

Artificial barren land 0.15 0.2 0.05 

Water 0.25 0.65 1.25 

 

Table S6. Results of Wilcoxon-ranked sum test using of explicit species 

distribution. 

Scientific name 
Number of 

observations 
P-value Distribution and habitat 

Apodemus agrarius 150 0.05467 
Woodlands, grasslands, pastures, 

gardens, and urban areas 

Capreolus pygargus 444 0.06823 Grasslands, Forests 

Carduelis sinica 129 0.9521 
Forests, near riverbeds, residential 

areas, and croplands 

Copris tripartitus 44 0.1724 Grasslands, forests 

Corvus 

macrorhynchos 
244 0.8763 

Woodlands, parks, croplands, and 

gardens 

Cuculus canorus 76 0.1333 Forests, croplands 

Eurema laeta 51 0.2995 Forests, stream banks and meadows 

Horornis diphone 116 0.2877 Forests 

Hynobius 

quelpaertensis 
40 0.7913 Wet forests 

Microscelis amaurotis 534 0.1383 Forests, urban areas 

Mustela sibirica 112 < 0.001 Near waters, Forests 

Papilio xuthus 100 0.05281 Urban areas, suburban, and woods 
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Parus major 125 0.3512 Urban areas, forests 

Pica pica 314 0.6545 Urban areas, suburban, and forests 

Rana dybowskii 44 0.6195 Wetlands 

Streptopelia orientalis 146 0.01467 Vegetations, shrublands, forests 

Zosterops japonicus 270 0.01538 Shrublands, forests 
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Scenic Quality 

We categorized the population density records required for the Scenic 

Quality model into quintiles using 2020 WorldPop data (WorldPop, 2020), 

with values ranging from 1 to 5, where 1 represents the lowest and 5 the 

highest population density. To obtain a sample of 500 observer points, we 

generated 100 random points for each class. Next, we executed the Scenic 

Quality model for each class and calculated a weighted overlay of the 

resulting five values, with each population group's weight being the ratio of 

the group's population density to the total population density (Lourdes et 

al., 2022). We designated locations with vegetation as '1' and locations 

without vegetation as '0' in the weighted outputs to determine the 

landscape's services for vegetation. 

 

 

 

 
Fig. S5. Population density of Jeju Island. 

 

 

Seasonal Water Yield 

 To drive the water yield model, we applied InVEST's seasonal water yield 

model. The data used in the model is as follows; Soil hydrology group 

(http://soil.rda.go.kr/soil/indexReg.jsp), DEM (National Geographic 
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Information Institute), rain events 

(https://data.kma.go.kr/stcs/grnd/grndRnList.do), precipitation (CHIRPS-

Climate Hazards Group InfraRed Precipitation with Station data), 

evapotranspiration (MODIS Net Evapotranspiration) 
 

 

Table S1. Seasonal water yield Kc (Evapotranspiration coefficient) table. 
Descript

ion 

Kc

_1 

Kc

_2 

Kc

_3 

Kc

_4 

Kc

_5 

Kc

_6 

Kc

_7 

Kc

_8 

Kc

_9 

Kc_

10 

Kc_

11 

Kc_

12 

CN_

A 

CN_

B 

CN_

C 

CN_

D 

Urban 

land 
0.2 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 83 89 92 93 

agricultur
al land 

1 0.7 0.7 0.7 
1.1
5 

1.1
5 

1.1
5 

1.1
5 

1.1
5 

1 1 1 63 74 82 85 

Cultivati

on 
facilities 

0.7 0.5 0.5 0.5 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7 76 85 89 91 

Forest 

land 
1.3 1.2 1.2 1.2 1.5 1.5 1.5 1.5 1.5 1.3 1.3 1.3 48 69 79 85 

Natural 

grasslan

d 

1.1 0.3 0.3 0.3 
1.1
5 

1.1
5 

1.1
5 

1.1
5 

1.1
5 

1.1 1.1 1.1 30 58 71 78 

Artificial 

grasslan

d 

0.8 0.4 0.4 0.4 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 49 69 79 84 

Wet land 0.8 
0.1

5 

0.1

5 

0.1

5 

0.4

5 

0.4

5 

0.4

5 

0.4

5 

0.4

5 
0.8 0.8 0.8 100 100 100 100 

Natural 
barrenla

nd 

0.9

5 
0.8 0.8 0.8 1 1 1 1 1 0.95 0.95 0.95 77 86 91 94 

Artificial 
barrenla

nd 

0.0

5 

0.1

5 

0.1

5 

0.1

5 
0.2 0.2 0.2 0.2 0.2 0.05 0.05 0.05 68 79 86 89 

Water 
1.2
5 

0.2
5 

0.2
5 

0.2
5 

0.6
5 

0.6
5 

0.6
5 

0.6
5 

0.6
5 

1.25 1.25 1.25 100 100 100 100 

 
Table S2. Area by land cover and land ownership in the PA scenario (unit: 

km2). 
 Urban 

land 

Forest 

land 
Water 

Bare 

land 

Agricultural 

land 
Grassland Wetland Total 

PA17Penalty0 0.40  111.12  0.02  0.78  6.30  15.17  0.13  133.92  

   Private 0.15  7.86  0.02  0.30  2.81  9.54  0.02  20.70  

   Public 0.25  103.26  0.01  0.48  3.49  5.62  0.11  113.22  

PA17penalty0.05 0.49  118.96  0.03  1.05  8.58  13.34  0.13  142.58  

   Private 0.12  7.62  0.01  0.25  4.01  8.28  0.01  20.30  

   Public 0.37  111.34  0.02  0.80  4.57  5.06  0.12  122.28  

PA17penalty0.1 0.44  120.19  0.03  1.10  8.11  13.54  0.15  143.55  

   Private 0.07  8.37  0.01  0.26  3.44  8.17  0.03  20.35  

   Public 0.37  111.82  0.02  0.84  4.67  5.36  0.12  123.20  

PA30penalty0 3.26  218.37  0.73  5.82  39.67  76.99  0.30  345.14  
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   Private 2.05  59.91  0.66  3.78  26.16  50.52  0.12  143.21  

   Public 1.21  158.46  0.07  2.04  13.51  26.47  0.17  201.93  

PA30penalty0.05 2.85  203.35  0.62  4.94  43.25  77.10  0.27  332.38  

Private 1.84  55.12  0.56  3.23  29.40  52.01  0.10  142.26  

Public 1.01  148.23  0.06  1.71  13.85  25.09  0.17  190.13  

PA30penalty0.1 2.48  198.90  0.43  4.45  45.43  75.29  0.29  327.27  

   Private 1.52  52.11  0.37  2.66  31.60  50.07  0.11  138.44  

   Public 0.96  146.79  0.06  1.79  13.83  25.21  0.18  188.83  

Total 9.92  970.89  1.86  18.14  151.34  271.42  1.28  1424.85  

 

 

 

Table S3. Area by land cover and land ownership in the OECM scenario 

(unit: km2).   
Urban 

land 

Forest 

land 
Water Bare land 

Agricultural 

land 
Grassland Wetland Total 

OECM17_p0 0.01  4.28  0 0 0.03  0.09  0 4.41  

  Private 0 0  0 0 0  0 0 0  

  Public 0.01  4.28  0 0 0.03  0.09  0 4.41  

OECM17_p005 0.23  75.70  0.02  0.50  3.21  4.85  0.14  84.65  

  Private 0.05  4.99  0.01  0.07  1.40  2.49  0.01  9.01  

  Public 0.18  70.71  0.01  0.44  1.81  2.36  0.13  75.64  

OECM17_p01 0.28  80.29  0.02  0.76  4.36  5.70  0.14  91.54  

  Private 0.06  6.34  0.01  0.10  2.04  3.11  0.01  11.67  

  Public 0.21  73.95  0.01  0.65  2.33  2.59  0.13  79.87  

OECM30_p0 2.32  131.32  0.53  4.08  28.71  53.67  0.23  220.87  

  Private 1.43  32.70  0.47  2.46  19.30  35.97  0.08  92.42  

  Public 0.89  98.62  0.06  1.62  9.41  17.70  0.16  128.45  

OECM30_p005 1.89  127.72  0.38  3.45  32.80  53.36  0.26  219.86  

  Private 1.22  33.62  0.35  2.24  23.69  37.36  0.09  98.57  

  Public 0.67  94.10  0.03  1.21  9.12  16.00  0.17  121.30  

OECM30_p01 1.65  124.69  0.35  2.94  33.49  52.22  0.26  215.60  

  Private 1.07  31.57  0.32  1.71  24.09  36.26  0.09  95.11  

  Public 0.58  93.13  0.02  1.22  9.41  15.96  0.17  120.49  

Total 6.37  544.00  1.29  11.73  102.61  169.90  1.04  836.94  
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Abstract in Korean 
 

 

제주도의 우선보호지역 선정을 위한 생태계서비스 및  

연계성 통합 분석 연구 
 

김지환 

서울대학교 대학원 협동과정조경학 및 

스마트시티 글로벌융합 전공 

지도교수: 송영근 

 

 

본 학위논문은 생태계서비스, 생물다양성 간의 상호 관계와 이들이 

제주도의 생태 경관에 미치는 포괄적인 영향을 분석하였으며, 지속 

가능한 보전을 달성하기 위한 우선 보호지역을 식별하는 접근 방식을 

제시하였다. 이 연구는 급변하는 환경 조건에서 47년 동안의 토지이

용 변화를 심층적으로 탐구함으로써 보전 지역에 대한 이해를 높이는 

것을 목표로 하였다. 분석 결과 제주도의 오랜 시기에 걸쳐 다양한 변

화가 드러났다. 특히 연안지역은 생태적 가치의 급격한 감소로 인해 

효과적인 보전 조치가 필요한 지역으로 확인되었다. 이러한 결과는 

토지이용 변화가 생태계서비스에 영향을 미치는 방식에 대한 논의가 

필요하며, 이를 통해 관련 보전 전략을 수립하는데 도움을 줄 수 있다. 

또한, 1970년대와 1980년대에 시행 된 산림 녹화 정책의 영향력에 

주목하면서, 이러한 이니셔티브가 제주도의 생태적 위상과 보전 가치

를 크게 강화한 것으로 평가할 수 있다. 특히, 화산 활동으로 형성되

고, 유네스코 자연유산으로 지정된 생태계의 맥락속에서 지속가능한 

생태계 관리에 대한 담론에 대해서도 깊이를 더하였다. 또한, 보전 관

리 계획에 생태적 연계성의 개념을 도입하여 생태 연결성 개선이 생

태계 기능을 촉진한다고 볼 수 있다. 특히, 연안과 중산간 지역 사이

의 주목할 만한 연결 지점과 단절 지점을 식별하여 향후 보존 우선순
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위에 대한 중요한 논의를 제공할 수 있으며, 이는 보전 전략 수립에 

있어서 생태적 연계성의 중요성을 강조하는 연구라고 할 수 있다. 이

와 더불어 이 연구는 보전 계획의 복잡성을 고려하였을 때 토지 소유

권 측면을 함께 살펴봄으로써 잠재적으로 더 높은 비용으로 인해 사

유지에서의 보전 활동의 어려움으로 인해 효과적인 민관 협업을 강조

하고 있다. 보호지역을 확인하기 위한 어려움을 해소하기 위한 노력

의 일환으로 기타 효과적인 지역기반조치수단을 적용하여 우선보호

지역을 확인하였다. 이 논문은 생태계서비스와 네트워크 특성에 중점

을 두고 보호지역 확장의 양적, 질적 측면을 모두 고려한 균형잡힌 보

전 조치의 필요성을 강조하였다. 결론적으로, 본 논문은 지속가능한 

보전 계획을 위한 통합적인 프레임워크를 제시하며, 보전 의사결정을 

위한 다양한 분석의 관련성을 연구하였다. 이 연구는 제주도의 초점

을 맞추고 있지만 지역 여건과 이해관계자를 고려한 통합적이고 상황

별 전략을 채택함으로써 보전과 비용의 효율적인 관리, 지속가능성 

사이의 균형에 대한 논의를 제시하였다.  

_____________________________________________________________                                                                                                                                                                     

주요어: 보전 관리, 생태계획, 보호지역, 생태 연결성, 유네스코 자연

유산, 제주도  

학  번: 2019-30345 
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