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Spatial Planning to Revitalize Shrinking Mountain Villages:
A Case Study of Three Distinct Village Types
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Abstract: This study aims to draft a functional classification map of mountain villages based on ecosystem services
to establish plans and management strategies that consider the functions of forest resources and spatial characteristics
in mountain villages. For this purpose, key ecosystem service items prominently provided in mountain spaces were
selected, and an evaluation methodology was proposed. The study sites were selected from three mountain villages
with distinct characteristics: Gapyeong County, Pyeongchang County, and Bonghwa County. Based on the locational
characteristics of mountain spaces and evaluation indicators for four ecosystem service functions (provisioning, cultural,
regulating, and supporting), functional classifications were identified using factor analysis, and a functional classification
map was created. The results of the study identified five types of bundles from the functional classification of the
three mountain villages: areas developed for the provision of public forest values, regions requiring forests for disaster
prevention, areas with high potential for timber resource production, regions with excellent accessibility, and areas
rich in recreational and tourism values and amenities. Based on these classifications, the following development
strategies for the three mountain villages were proposed: Pyeongchang is advised to maintain its current pattern of
de facto population while expanding the scope of the grant system to support the preservation of its abundant ecosystem
service provisioning capacity. Gapyeong is expected to generate a synergistic effect between the local economy and
ecological tourism (cultural services) through urban-to-rural migration from nearby metropolitan areas. Bonghwa, on
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the other hand, has abundant provisioning services (wood resources) and a sizable registered population. It is proposed
that Bonghwa supply various wood by-products to the greater metropolitan area, where demand is high, as part of
a megacity strategy to meet these respective needs. The finding that various types of bundles coexist within a single
county suggests the need for flexible development plans with a general direction, rather than uniform planning for
the entire area. The results of this study serve as foundational research for expanding evaluations to a national level
and are expected to contribute to the development of revitalization strategies for declining mountain villages across
the country. The methodology and findings of this study are anticipated to provide valuable insights for future efforts
in promoting sustainable development in mountain villages nationwide.

Key words: forest ecosystem services, national forest, shrinking cities, De facto population
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Figure 1. Study areas (Detailed boundaries on the right are
based on Integrated Forest Management Zones at the eup/myeon
level)
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Table 1. Summary of forest and socioeconomic indicators in study areas.

Category Definition Gapyeong Pyeongchang Bonghwa Source
Classification based on Central Mountain zone: Region
temperature mountain-foothill ~formed by the Taebaek Southeastern *Forest & Forestry
oc er; nic > zone: Central area of and Sobaek Mountains  mountain-foothill Technique*, Kim
Ecological Zone s the country with along the Baekdudaegan zone: Area influenced Dong-geun, 2000

topography, geology, balanced distribution ridge, with high elevation by the Sobaek (KFS, Private Forest

history, and land-use of water, farmland, and many natural Mountains Division)
patterns
and forests monuments
Forest Coverage Rate Proportion of forest 80.99% (68,332 ha out 81.35% (119,088 ha out 81.47% (97,933 ha out KFS
g area within the region of 84,366 ha) of 146,396 ha) of 120,210 ha)
Proportion of National Share of national forest 3 50, 9 700 ha)  58.1% (69217 ha)  53.8% (52,666 ha) KFS
Forests area within the region
Proportion of absentee o
Status of Absentee . . o N o Forest Statistics
Landowners forest or\év;zr; in the (Gyeonggi) 42.9% (Gangwon) 63.2% (Gyeongbuk) 62.5% System, 2019
Growing St?ck per ha Timber volume per 164.77 187.43 174.05
(m) hectare
Household Income  Average household
(KRW 10,000) income (annual) 71,230 54,590 56,060
KFS (Forest Statistics

Forestry Household . System
Income (KRW ‘fxgg‘g‘? ﬁgﬁgg;;lgsf 48,240 31,510 29,220 ystem)
10,000) y
Forestry industry
Number of Workers workers / Total number 222,356 / 5,994,570 48,401 / 714,310 47,682 / 1,234,314
of workers (persons)
Distance frc.)m Capital Relative dlste.mce to the Close Intermediate Distant o
Region Seoul Capital Area
De Jure Population Ofhcially registered 62,274 40,533 29,531
population (persons)
Actual residing or
De Facto Population floating population 486,652 315,609 67,095 Statistics Korea
(persons)
De Facto _Pqpulatnon Rat1.o of de factq to de 781 779 297
Multiplier jure population
Mountain Village Grade 4: At risk of
S extinction, Grade 5: Grade 4-5 Grade 5 Grade 5 KFS

Extinction Grade High extinction risk

Table 2. Visitor population multipliers and stay patterns in major cities. (Statistics Korea, 2024b)

Defacto pop. Repeat Visit Rate Avg. Stay Duration Avg. Stay Time Avg. Nights Stayed Non-Resident

Region Multiplier (%) (days) (hours) (days) Visitors (%)
Nationwide 4.1 26.8 34 11.7 4.0 67.7
Gangwon 5.0 25.0 3.6 13.0 34 78.8
Chungbuk 3.7 25.6 3.2 124 3.8 79.9
Chungnam 4.4 24.6 3.1 12.0 3.6 79.2
Jeonbuk 3.5 26.7 3.1 11.6 3.7 61.2
Jeonnam 43 25.2 32 11.5 4.2 73.7
Gyeongbuk 33 28.5 33 12.3 43 71.2
Gyeongnam 43 26.0 3.1 11.5 39 60.9

Metropolitan Cities Avg. 4.5 30.5 4.1 10.6 4.7 47.7
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Table 3. Evaluation indicators for mountain villages considering socio-economic and ecological factors.

Major Category Subcategory

Data or
Evaluation

Description and Analysis Method
Technique

Data Source

Urban Accessibility

Urbanized Area Applied Euclidean distance based on th

boundary of urbanized areas: closer = closer

© National Spatial Information

Portal (2022)

Population

Socio-Economic Factors

Statistics Korea (2024)

Forestry Income

KFS (2024), Private Forest
Management Division

Road Accessibility

KEFS, National Transport Info
Center (2021)

Provisioning

Water Supply

Ministry of Environment
(2020)

Korea Meteorological
Administration (2023)

CGIAR-CSI (2023)

Rural Development
Administration (2023)

Boundary to 1, farther = closer to 0
Resident . .
Population Population data compiled at the county level
——————— is allocated based on the proportion of
De facto urbanized area within 100m grid
Population
Forestry Estimated forestry income based on registration
Management ~ status (forest area) of forestry management
Entity Data entities
Forest Road
Network, B
National Road
Link
2019 Land Cover
Land Cover Map Classification Map
Interpolated map
Annual Precipitation  based on 10-year
average rainfall
Annual Reference  Approximate values
Evapotranspiration ~ between 19502010
Soil Water Content Amount of moisture
available to plants
InVEST Depth limit for
WaterYield vegetation roots;
Model

Effective Soil Depth Forest Site
Classification and

Soil Map

KFS, WAMIS (2023)

Watershed Map -

WAMIS

Applied value of 15

using average
number of rainfall
days

Seasonal Factor

Sharp et al. (2020)

Biophysical Coefticient

Determined by land

Sharp et al. (2020)

cover types
Timber Forest Healthiness (Forest Type, Site Quality) KFS (2021)
Ecosystem Services Land cover
Land Cover Map classification for ~ Ministry of Environment
1989, 2009, 2019
Climate  InVEST Carbon Carbon sequestration
Regulation Model coefficient by land
. Biophysical Coefficient ~ cover types, Sharp et al. (2020)
Regulating modified based on
Sharp et al. (2020)
Erosi Landslide Risk . . .
Cr(;):tlg]l an Sl\}lag S Applied 5-grade risk rating KFS (2019)
Forest Fire Forest Fire Risk . . .
Roer gl.sllati(l)rrfl: ores leli)e s Applied 5-grade fire risk rating KFS (2022)
Supporting Ec&)jglsitt;m Eco-Natural Map ~ Evaluation of flora, fauna, wetlands Ministry ?zfogl)v ironment
Ridge . . National Geographic
Landscape Accessibility Euclidean distance Information Institute (2020)
11(3/? Famous Euclidean distance KFS
ountains
Cultural Tourism Forest . .
Recreation Arboreta, forest baﬂmé%c parks, healing forests, KFS (2022)
Facilities :
Market Highway IC . . National Geographic
Accessibility  Accessibility Euclidean distance Information Institute (2020)
Forest Integrated Forest Management Zone Korea Rural Economic
Boundary

Watershed Area (eup/myeon unit) Institute (2023)

To enable comparative evaluation across the three study areas, the factor scores were standardized to a range between 0 and 1 within each region.

This standardization facilitated the identification of functionally dominant characteristics unique to each region, while also allowing for the spatial
analysis of prevailing functions within sub-regional units.
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Figure 2. Correlation analysis of mountain village evaluation indicators. (Refer to Table 4 for indicator names)
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Figure 3. Results of factor analysis.
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Figure 4. Stacked bar graph of factor analysis results. (Refer to Table 4 for indicator names)
Table 4. Results of factor analysis. (Factor Loadings per Indicator)
Indicator Names of analytical Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
indicators (Public Service) (Disaster Risk) (Timber Production) (Accessibility) (Recreation/Healing)
Urban Accessibility urban -0.12255 -0.2625 -0.44105 0.088549 0.418981
Registered Population Registered pop 0.810857 -0.0724 0.071469 0.06524 -0.01636
Defacto Population De facto pop 0.946587 0.085118 -0.01284 0.181778 -0.02507
Road Accessibility road -0.32115 -0.13662 0.078894 0.603907 0.152681
Water Supply water yield 0.812187 0.401267 -0.11375 -0.30224 -0.11409
Timber Productivity Wood P -0.28644 0.189847 0.686751 -0.1053 0.155032
Carbon Storage Carbon S 0.722723 0.319827 0.001088 -0.45296 -0.16278
Erosion Control Landslide 0.017269 0.888162 0.099406 -0.1419 -0.02937
Forest Fire Risk Fire 0.074273 0.635926 0.626225 -0.18278 0.003913
Ecosystem Quality Eco -0.07907 0.236893 -0.35852 0.515688 0.112841
Ridge Accessibility Summit -0.31134 -0.02248 -0.48724 0.119142 0.104284
Top 100 Mountains 100 mountain 0.043118 0.29367 0.130695 0.074591 0.186855
Recreation Facilities Recreation -0.00855 0.12772 -0.00821 0.104513 0.88232
IC Accessibility IC access 0.195975 -0.13366 -0.29199 0.663494 -0.01339
Forestry Income F_income 0.606293 -0.30155 0.134375 -0.18758 0.158644
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Figure 5. Bundled classification of mountain village functional types.
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