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Abstract: This study aims to quantitatively evaluate the impact of the BAF as a tool for Nature-based
Solutions (NbS) on ecosystem services in the urban development process.
The study sites selected were Gimpo Hangang New Town, Goyang Samsong District, and Anseong
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Ayang District. To analyze changes in major ecosystem services, the study utilized InVEST (Integrated

Valuation of Ecosystem Services and Tradeoffs) models, including Carbon Storage, Sediment Delivery
Ratio (SDR), Urban Cooling, Annual Water Yield, and Habitat Quality.
The analysis results showed a decreasing trend in most ecosystem service indicators, except for water

supply, with significant declines in carbon storage and habitat quality. These findings suggest the

need for qualitative improvements in ecosystem services, highlighting the limitations of relying solely

on quantitative measures to ensure the sustainability of urban ecosystems. Therefore, the effective

application of the BAF requires qualitative improvements and a strategic approach to enhancing the

ecological functions of urban green spaces.

This study also emphasizes the importance of establishing ecological networks through green

infrastructure and the need for a continuous monitoring system to evaluate changes in ecosystem

services. The results demonstrate that the BAF can be an important tool for enhancing the effectiveness

of NbS and provide policy implications for maximizing ecosystem services during urban development.

Keywords: Biotope Area Factor, Ecosystem Services, Nature-based Solutions, IN'VEST model, Urban

Development
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Figure 1. Study site
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Table 1. Weighted Values by Land Cover Type

Land Cover Type Weight
Forest (Broadleaf Forest, Coniferous Forest, Mixed Forest)
Wetland (Inland Wetland, Coastal Wetland) 1.0
Barren Land (Natural Barren Land, Other Barren Land)
Agricultural Land (Rice Paddy, Field Crop, Orchard) 08
Grassland (Natural Grassland, Artificial Grassland) ’
Agricultural Land (Greenhouse Cultivation Area, Other Cultivated Area) 0.6
Urbanized Area (Cultural, Sports, Recreational Area) 0.3
Urbanized Area (Residential Area) 0.1
Urbanized Area (Industrial, Commercial, Transportation, Public Facility Area) 0.0
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Table 2. Ecosystem Services Indicators and References

Ecosystem Services Indicator

Model

References

Water Supply Water Yield Model of InVEST 3.14.0 Song et al. 2015
Carbon Storage Carbon Storage Model of InVEST 3.14.0 Kim et al. 2018, NIE 2022
Habitat Quality Habitat Quality Model of InVEST 3.14.0 Kim et al. 2019

Urban Heat Island Mitigation Urban Cooling Model of InVEST 3.14.0 Kwon & Kim 2022
Erosion Control Sediment Delivery Ratio Model of InVEST 3.14.0 NIE 2023
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Table 3. Ecosystem Services Indicators and References

Model Data Needs Input data with scale Data sources and references
Land Use/Land Cover Level-2 and Sub-divided Land Cover Map https://egis.me.go.kr/
Plant Available .. . .
Water Content Precision soil map (1:25,000) http://soil.rda.go.kr
Watersheds Water resource unit map https://egis.me.go.kr/
. Reference Terra MODIS 16A3GF.006,500m, yearly . L
Water Yield Evapotranspiration ET 500m/ (ke/m?/year) https://www.eorc.jaxa.jp/ALOS
Depth To Root Restricting .. . . L
Layer (Raster) Precision soil map (1:25,000) http://soil.rda.go.kr
Z parameter 14.9 -
Biophysical Table - Song et al. 2015
Carbon Land Use/Land Cover Level-2 and Sub-divided Land Cover Map https://egis.me.go.kr/
Storage Biophysical Table Carbon Pools Korea Forest Service IPCC, 2006
Land Use/Land Cover Level-2 and Sub-divided Land Cover Map https://egis.me.go.kr/
i Wilcoveet al., 1998
HablFat . . Threaths -
Quality Biophysical Table https://www.bigdata-map.kr/
Sensitivity Kim et al. 2019
Land Use/Land Cover Level-2 and Sub-divided Land Cover Map https://egis.me.go.kr/
. Terra MODIS 16A3GF.006,500m, yearly hhttps://appeears.earthdata
Urban Reference Evapotranspiration ET_500m/ (kg/m?/year) cloud.nasa.gov/task/area
Cooling Watersheds Water resource unit map https://egis.me.go.kr/
. . Kunapo, J.et al.,2018 Zardo, L.,
Biophysical Table - etal 2017
Land Use/Land Cover Level-2 and Sub-divided Land Cover Map https://egis.me.go.kr/
Plant Available .. . .
Water Content Precision soil map (1:25,000) http://soil.rda.go.kr
Watersheds Water resource unit map https://egis.me.go.kr/
Sediment - . ALOS Global Digital Surface Model . —
Delivery Digital Elevation Model ALOS World 3D - 30m (AW3D30) https://www.eorc.jaxa.jp/ALOS
Ratio Erosivi WorldClim version 2.1 Bioclimatic https://www.worldclim.org/
ostvity variables, 30s ,BIO18 data/worldclim21.html
Soil Erodibility Precision soil map (1:25,000) http://soil.rda.go.kr
K value NIE 2023
Biophysical Table - Hamel etal . A.,2015
45 Z8 PR AA 2 A RS BASHG 3(C_Above), Z]3H(C_Below), - %Fek:(C_Soi), T

A, Water Yield (WY) HE-2 - 42| o] A7t AF371&(C_Dead) 2 Y5 ™, 0|25t A B = Carbon
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& 12 5to] A9 7R T & A B AAY, Habitat Quality (HQ) .2 9_ o 220 4]
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Table 4. Biotope Area Factor and Natural Ground Greenery Ratio by Development District

Dev;lopment Year Site Area Planned Biotope Current Biotope Natural Grqund
Districts (m?) Area Ratio (%) Area Ratio (%) Greenery Ratio (%)
Gimpo Hangang 2007 10,864,559 41.97 45.17 14.57
Goyang Samsong 2007 5,085,421 44.62 17.25
Anseong Ayang 2011 848,732 31.90 47.20 9.06

2019; Kim et al. 2018).
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Figure 2. Mapping of Ecosystem Service Evaluation Results
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WY: Annual Water Yield, CS: Carbon Storage, HQ: Habitat Quality, UC: Urban Cooling, SDR: Sediment Delivery Ratio

Figure 2. Continued
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Figure 3. Ecosystem Service Change Rate (%) by Development District
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