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Abstract: Land-use change driven by urbanization has led to considerable habitat degradation and
biodiversity loss, underscoring the need for spatially explicit assessment tools. This study evaluates
habitat quality and threat intensity in Gochang-gun, South Korea, by integrating a biotope map with
the Habitat Quality module of the INVEST model. Land cover was classified using detailed biotope
types, and sensitivity values were assigned to each based on their vulnerability to specific threats
such as urban areas, roads, and agricultural activity. Spatial modeling revealed high habitat quality
in forested and protected zones like Seonunsan Provincial Park and the Dongrim Reservoir, whereas
urban and agricultural regions exhibited substantial degradation. Correlation analysis confirmed a
significant inverse relationship between habitat quality and degradation, and scenario-based
simulations identified urban development and roads as the most detrimental factors. The removal of
these threats led to the largest improvements in overall habitat condition. These findings provide
actionable insights for biodiversity conservation planning and highlight the utility of biotope maps
as a data source for ecosystem service models. The study supports the application of spatial tools for
prioritizing conservation zones and formulating nature-based strategies for sustainable land
management.

Keywords: biotope map; habitat quality; InVEST model; land-use change; spatial analysis; ecosystem
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1. Introduction

Land-use changes driven by urbanization have severely impacted natural ecosystems, mainly
by reducing habitat quality and connectivity [1]. Urban areas experience rapid biodiversity decline
due to land cover change, infrastructure expansion, and industrial activity, which diminish
ecosystem services [2]. Consequently, there is an urgent need to analyze habitat quality quantitatively
and establish sustainable management strategies [3].

The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model has emerged as
a valuable tool for assessing ecosystem services. Specifically, the Habitat Quality module within
InVEST enables the spatial quantification of ecosystem health based on land use, threat factors, and
sensitivity indices [4]. This approach allows the identification of conservation priorities by analyzing
the impact of threats such as habitat fragmentation, pollution, and human activities [5].

Biotope maps are increasingly used as foundational data for assessing habitat distribution and
ecological functions. These maps visually classify habitat suitability and ecological value in spatial
formats and are widely applied in urban planning and ecological restoration [6]. Recent studies have
integrated biotope map data with the In'VEST model to assess habitat quality comprehensively [7].

Hong et al. [8] applied INVEST and biotope data to Jeju Island to analyze habitat quality changes
from 1989 to 2019, highlighting the influence of urban development and identifying priority areas for
protection. Similarly, Wang et al. [1] examined urban areas in China and emphasized the importance
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of preserving peri-urban green spaces. These studies provide a scientific foundation for land use
planning and policymaking to enhance ecosystem services [9].

Recent advances include integrating Bayesian networks with InVEST to refine threat interactions
and using high-resolution spatial data and remote sensing technologies for highly accurate habitat
assessments [5,10].

In this study, we aimed to quantitatively assess the habitat quality of Gochang-gun using a
biotope map integrated with the InVEST model. This study focused on areas with high land-use
intensity to evaluate the model’s applicability and explore the biotope map’s utility. Moreover, the
spatial analysis of threat factors enables the identification of vulnerable areas and supports the
formulation of policy responses.

This approach moves beyond ecological status assessments by offering quantitative data that
are applicable to urban planning, environmental impact assessments, and the implementation of
nature-based solutions. Our findings provide a scientific basis for enhancing the resilience of urban
ecosystems and conserving biodiversity.

2. Materials and Methods
2.1. Study Area

The geographic location of the study area is shown in Figure 1. Gochang-gun is in the
southwestern part of Jeollabuk-do, South Korea, bordered by inland areas to the southeast and the
West Sea coast to the northwest. The region is predominantly hilly with narrow alluvial plains, and
Seonunsan Provincial Park, a designated protected area, is situated in the northern part. Gochang-
gun spans between 126° 26" and 126° 46’ E and between 35° 17’ and 35° 34’ N, covering approximately
31 km east to west and 31.5 km north to south [11]. The 10-year average annual temperature is 13.4
°C(-18-37.7 °C). The average annual precipitation over the same period was 1,238.5 mm (966.3—
1,671.7 mm) [12].

Five areas within Gochang-gun have been designated as protected: the Ungok Wetland, West
Coast Tidal Flats, Dolmen Heritage Site, Seonunsan Provincial Park, and Dongnim Reservoir Wildlife
Protection Area [11]. The Ungok Wetland is a mountainous terrain-type wetland characterized by 12
vegetation types across 88 classified units. It includes diverse wetland forms such as alluvial wetlands
and spring-fed systems. Seonunsan Provincial Park is home to several natural monuments, including
the Camellia Forest (Natural Monument No. 184), Jangsasong Pine Tree (No. 354), and Climbing Fig
Tree (No. 368) [11].

Furthermore, the entire administrative area of Gochang-gun has been designated as a UNESCO
Biosphere Reserve. To support the conservation of local ecosytems and promote their sustainable use,
the region is systematically managed through a zonation scheme comprising core, buffer, and
transition zones.
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Figure 1. Location of the study area, Gochang-gun, in South Korea.
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2.2. Study Method

This study employed the habitat quality module of the INVEST model to quantitatively evaluate
the habitat conditions in Gochang-gun. Figure 2 illustrates the overall research workflow and
methodology.
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Figure 2. Workflow for habitat quality assessment and extended analysis using the INVEST model.

2.2.1. Biotope Map

Biotope maps developed under the Natural Environment Conservation Act (Act No. 2024-251,
2024.12.05) have been mandatory for local governments at the city level and above since 2018. It
incorporates ecological and environmental characteristics and serves as foundational data for
environmentally sustainable urban planning [13,14].

Originating in Germany in the 1970s, biotope mapping was designed to support the
conservation of natural and semi-natural ecosystems, particularly in rural areas [15,16]. Biotope maps
include information on land characteristics (land cover and use), ecological features (green cover,
disturbance levels, and soil traits), and biological attributes (urban forests and species composition),
offering comprehensive data on both the biotic and abiotic components of the environment [16].

2.2.2. InVEST Model

The InVEST model developed by Sharma et al. [17] was designed to assess ecosystem services
and quantify the effects of human activities on habitats [18]. The key inputs include land-use/land-
cover (LULC) data, threat factors, weights, maximum influence distances, and habitat sensitivity
matrixes [19]. In this study, the LULC input was replaced with a biotope map.

The model calculates habitat degradation (D) and quality (Qx) at the pixel level, which is useful

for prioritizing conservation and identifying biodiversity hotspots [20].
R Yr

WT .

ij = Z Z R—W Yrjylr,x,yBijr
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Key model equations define degradation (Dxj) and habitat quality (Qx) using inputs such as the

threat factor weights (Wi), raster values (Rix), biotope accessibility ([3j), sensitivity (Sji), distance decay
functions, and a habitat presence indicator (Hj).

D,fj
oronfi- ()

The habitat quality formula defines Qy as the habitat quality at location x, where Hj is a binary
indicator denoting whether the biotope type is considered a habitat (1) or not (0), and k is a scaling
constant (default value: 0.5).

The sensitivity values assigned to each habitat type for the specific threat factors and the
attributes of the threat factors used in the model are presented in Tables 1 and 2, respectively.
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Table 1. Assigned sensitivity values of each habitat type to individual threat factors.
Name Crops Urban Grass Roads Bare
Artificial wetland 0.5 0.9 0.3 0.9 0.7
Bare ground 0.3 0.7 0.1 0.9 0.1
Dry field 0.8 0.5 0.5 0.9 0.8
Endangered wildlife habitat 0.5 0.8 0.1 0.8 0.3
Farm waterway 0.8 0.5 0.2 0.5 0.5
Forest 0.3 0.8 0.1 0.9 0.5
Grassland 0.2 0.9 0.0 0.9 0.7
Mudflats 0.3 0.7 0.3 0.8 0.7
Orchard 0.3 0.5 0.1 0.8 0.3
Provincial Park 0.5 0.8 0.1 0.8 0.7
Reservoir 0.7 0.5 0.2 0.8 0.2
River 0.5 0.8 0.1 0.9 0.5
Salt pond 0.5 0.8 0.2 0.8 0.5
Shrub 0.5 0.8 0.2 0.8 0.7
Wetland 0.5 0.9 0.1 0.9 0.5

Table 2. Attributes of input threat factors applied in the InVEST habitat quality model.

THREAT WEIGHT MAX_DIST (m) DECAY
Crops 0.7 8 linear
Urban 1.0 10 exponential
Grass 0.5 6 linear
Roads 1.0 3 exponential
Bare 1.0 5 exponential

MAX DIST, maximum influence distance.

2.2.3. Assessment of Threat Sensitivity and Model Input Validation

We conducted three supplementary analyses to enhance the policy relevance of the habitat
quality model.
1. Average sensitivity across threat factors was estimated to identify the most influential factors in
habitat degradation.
2. A heatmap visualizing sensitivity by habitat type was developed to detect spatial vulnerabilities.
3. Scenario-based threat-removal simulations were used to compare habitat quality changes and
derive conservation priorities.

3. Results
3.1. Spatial Analysis of Habitat Quality and Threat Levels

The spatial distribution of habitat quality across Gochang-gun is shown in Figure 3a. Areas such
as the Gochang-Buan tidal flat, Dongnim Reservoir, and Seonunsan Provincial Park had high habitat
quality scores (> 0.8). In contrast, the habitat quality of agricultural land and urban areas near
Gochang-eup was low, often scoring< 0.2.

The threat level distribution shown in Figure 3b indicates relatively high values (> 0.6) in areas
characterized by roads and agricultural zones. These locations were identified as the major
contributors to habitat degradation in this region.
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Figure 3. Spatial patterns of habitat quality and degradation in Gochang-gun. (a) High habitat quality values are
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3.2. Quantitative Analysis

The statistical outcomes of habitat quality and threat levels were visualized. The Gochang
Biosphere Reserve was categorized into core, buffer, and transitional zones.

Habitat quality was highest in the core zone and relatively lower in the transitional zone. In
particular, the median habitat quality in the core zone exceeded 0.6, indicating a better conservation
status than in the other zones (Figure 4).

Habitat Quality Degradation

Values
Values

0.0 S ¢+ 0.0 —_— —— ¢+

Transition Buffer Core Transition Buffer Core

Figure 4. Boxplots of variable distributions in habitat quality and degradation within the core, buffer, and

transitional zones of the Gochang Biosphere Reserve.

Histogram analysis revealed that most habitat quality values ranged from 0.2 to 0.4. A
multimodal pattern was observed in the habitat quality transition zone, where low-quality habitats
tended to be concentrated (Figure 5).

These findings suggest that habitat conditions vary markedly with land-use type and highlight
the need to establish tailored conservation strategies for each land-use category.
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Figure 5. Frequency distribution of habitat degradation and quality values within the core, buffer, and
transitional zones of the Gochang Biosphere Reserve. DT, DB, and DC, degradation transition buffer and core

zones, respectively; HT, HB, and HC, habitat quality transition, buffer, and core zones, respectively.

3.3. Correlation Analysis Between Habitat Quality and Degradation

Correlation analysis examined the relationship between habitat quality and degradation (Figure
6). Linear regression revealed an R? value of 0.2025, with a slope of 0.6887, indicating a statistically
significant negative relationship. This suggests that increasing threat levels will lead to a notable
decline in habitat quality. In particular, areas with low habitat quality experienced sharp increases in
degradation, emphasizing the need for prioritized management in high-risk areas.
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Figure 6. Correlation between habitat quality and habitat degradation.

3.4. Diagnosis of Threat Factors for Habitat Protection

We conducted a detailed analysis of threat sensitivities and validated the model inputs with a
view to establishing effective conservation strategies. The average sensitivity of each habitat type to
individual threats is shown in Figure 7.

The analysis revealed that, overall, habitats were most sensitive to urban areas and roads,
indicating their widespread and severe impacts on various habitat types. Conversely, average
sensitivity to grasslands was the lowest (approximately 0.06), suggesting minimal influence.
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Figure 7. The average sensitivity of various habitat types to threat factors.

The matrix of habitat-type sensitivity to threat factors is shown in Figure 8, where the degree of
sensitivity is expressed on a scale from 0 to 1. Higher values indicate greater vulnerability. Most
habitat types showed consistently high sensitivity to urban and road-related threats, highlighting the
impact of urbanization and infrastructure expansion on ecological degradation.
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Figure 8. Matrix of habitat type sensitivity to individual threat factors.

Finally, the impact of removing individual threats on overall sensitivity is shown in Figure 9.
The removal of roads resulted in the most significant reduction in sensitivity, followed by the
removal of urban areas. These findings suggest that these two factors are the most detrimental and
should be prioritized in habitat management strategies. Interestingly, grassland removal slightly
increased the sensitivity of some habitat types, indicating positive ecological interactions.
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Figure 9. Change in the average sensitivity value of various habitat types in response to threat factor removal.
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4. Discussion

This study quantitatively assessed the habitat quality in Gochang-gun using a biotope map and
the InVEST model while also analyzing the spatial influence of threat factors. These findings provide
a scientific foundation for developing ecosystem conservation strategies at a regional level.

First, the spatial analysis revealed that the northern and forested central areas of Gochang-gun
demonstrated relatively high habitat quality, whereas the coastal and agricultural zones exhibited
lower values. This indicates that institutional protection measures, such as provincial parks and
biosphere reserve designations, are effective in maintaining ecological integrity and habitat value.
Conversely, areas with intensive land use show clear signs of habitat degradation [10].

Second, roads and urban areas were identified as the most influential threat factors affecting
habitat quality. Scenario-based threat removal analyses confirmed that eliminating these factors
resulted in the greatest reduction in overall sensitivity. Most habitat types also exhibited high levels
of vulnerability to these two threats. This finding supports the assertion that urbanization and
infrastructure expansion are major pressures on local biodiversity [4,21].

Third, habitat-specific variations in quality and sensitivity require different conservation
strategies. For example, in core zones with high habitat quality, the focus should be on preserving
the current conditions, whereas habitat quality transition zones, characterized by low quality and
high sensitivity, require active restoration and management. Tailoring strategies based on zone
characteristics can enhance resource allocation efficiency [22].

Fourth, discrepancies were noted between the assigned threat weights in the In'VEST model and
actual sensitivity outputs. This highlights the need to reevaluate the ecological validity of model
inputs, especially sensitivity matrixes and spatial datasets. Improved accuracy and field-based
validation are essential to increase the model’s reliability [16,20].

5. Conclusions

This study provides a spatially grounded evaluation of habitat quality in Gochang-gun by
combining biotope map data with the InVEST Habitat Quality model. The analysis identified clear
spatial disparities, with protected forested regions maintaining high ecological integrity, while
urbanized and agricultural zones exhibited notable habitat degradation. Roads and urban land use
were found to be the most impactful threats, with their removal significantly improving habitat
conditions. These insights underscore the need for threat-specific management strategies and
highlight the value of using biotope maps in ecological modeling and spatial planning. Considering
that the entire administrative area of Gochang-gun is designated as a UNESCO Biosphere Reserve,
conservation strategies must align with the core, buffer, and transition zone framework. Particularly,
transition areas with lower habitat quality require active restoration and nature-based solutions.
Overall, this study demonstrates the utility of integrative modeling approaches for ecosystem
assessment and offers a practical foundation for enhancing biodiversity conservation at the regional
scale.
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Abbreviations

DT Degradation transition zone

DB Degradation buffer zone

DC Degradation core zone

HT Habitat quality transition zone

HB Habitat quality buffer zone

HC Habitat quality core zone

InVEST Integrated valuation of ecosystem services and tradeoffs
LULC Land use/land cover
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