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Abstract

This study developed a BIM-based framework to evaluate the carbon sequestration performance and landscape quality
across planting scenarios in the Geumseokcheon Urban Wind Corridor Forest in Anseong-si, Korea. Four scenarios were
established: the existing condition (S1), tree enhancement (S2), shrub enhancement (S3), and multilayer planting
enhancement (S4). Carbon storage and annual carbon uptake were estimated using the tree attribute data embedded in the
Autodesk Revit and biomass-based allometric models. The Landscape quality was assessed using images generated under
identical viewpoints and visual conditions using D5 Render. The images were classified at the pixel level using
SegFormer-ADE20K semantic segmentation, Green view, naturalness, openness, artificialness, and complexity indices were
calculated and integrated into a visual quality index (VQI). S2 showed the highest carbon storage (41,689.62 kgC), annual
carbon uptake (4,456.32 kgC/yr), and mean VQI (54.42), indicating that strengthening the upper tree layer was the most
effective strategy for jointly improving carbon sequestration and overall landscape quality. S4 produced the highest green
view index (41.13) and naturalness, however its lower openness and complexity reduced the overall VQI. S3 improved
openness and visible greenery but showed relatively limited gains in carbon performance and overall landscape quality. These
results demonstrate that BIM-based planting scenarios combined with semantic segmentation can support integrated,
performance-based decision-making for urban green space planning, while highlighting the need to balance carbon
sequestration, visual greenery, openness, and compositional diversity.
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Fig. 1. Research process.
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Table 1. Previous studies used to estimate carbon sequestration performance

Category Subcategory Quantitative model equation Previous studies
. . . Park, 2009
Allometric Tree Relative growth equations by tree type and species Yoo et al., 2017
equation
Shrub Relative growth equations by shrub type and species I;(?Irxl: ;82?
N Park, 2009
Carbon Carbon storage Carbon storage estimation Yoo et al.. 2017
sequestration Park, 2009
performance Annual carbon uptake Annual carbon uptake estimation ar

Han et al., 2014
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Fig. 3. Image viewpoints.
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Table 2. Image output and viewpoint selection criteria
Category Item Criteria

Image output D5 Render
Field of view 360°
Camera height 1.5m

Visual condition Focal length 35 mm
Resolution 1920 x 1080
Image aspect ratio 16:9
Time 2:00 PM
Season Spring

Entrance area Point where users first perceive the landscape

Pedestrian axis Point with the highest frequency of use

Viewpoint Dense planting area Point with the highest tree density
Node area Point where the view expands or landscape change is pronounced
Rest area Point where rest facilities are most concentrated
Google Colab—based classification image Final corrected image
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Fig. 5. Example of original image and semantic
segmentation result.
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Table 3. Landscape evaluation indicators and formulas
Indicator Calculation target Formula
GVI Vegetation GVI = T vegetation.
Ptutal
P‘ ati + P, a + Py
NI Vegetation, Water, Soil NI = vegetation water soil
Rotal
P,
ol Sky or= —
‘Pz‘otal
r. +P, . +P
Al Building, Structure, Pavement Al = buitding structure pavement
Ptotul
—-xi_,PIn(P,
Cl All classified pixels cl= M
In(8)
S 4+ Sy +S, . +8 +S
VQI Standardized indicators VQI = GVLi N Ok AL Chi

5

Pdenotes the number of pixels for each landscape element, P denotes the pixel proportion of the landscape element, 4 denotes the landscape
element index, §denotes the standardized score, and 7 denotes the image viewpoint number.
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Table 4. Existing planting conditions of the study site
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category Species name Quantity (amount) Height (m) DBH-RCD (cm)
Eastern arborvitae 19 2.5 8.0
Evergreen tree
Eastern white pine 41 3.5 10.0
Dawn redwood 462 5.0 12.0
Yoshino cherry 56 4.0 12.0
Deciduous tree

Japanese maple 201 3.5 15.0
Chinese hackberry 25 5.0 20.0
Evergreen shrub Heavenly bamboo 2,825 1.0 13
Chinese redbud 165 1.2 2.4
Korean early lilac 75 1.2 2.0
Miss Kim lilac 195 0.6 2.8
Winged euonymus 1,300 1.0 13
Yellow-twig d d 6,450 1.0 1.4

Deciduous shrub eronrhis dogwoo
Tatarian dogwood 17,875 1.0 1.4
Simple bridalwreath spirea 4,350 0.6 1.2
Japanese kerria 1,230 1.0 1.2
Border privet 3,090 1.0 1.2
Panicled hydrangea 4,770 1.0 1.2
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Table 5. Quantitative criteria for planting scenarios
Scenario* Tree count (%) Shrub planting amount (%)** Canopy cover (%) Multi-layer planting area ratio (%)
S1 100 100 100 100
S2 150 100 140 100
S3 100 130 100 135
S4 115 125 120 150
*: Each indicator represents a relative index, with the basic scenario set as 100.
** Shrub planting amount was calculated on an area basis.
Table 6. Planting status by scenario
S1 S2 S3 S4
Species
Quantity Quantity Change Quantity Change Quantity Change
Eastern arborvitae 19 29 +10 19 - 22 +3
Eastern white pine 41 62 +21 41 - 47 +6
Dawn redwood 462 693 +231 462 - 531 +69
Yoshino cherry 56 84 +28 56 - 64 +8
Japanese maple 201 302 +101 201 - 231 +30
Chinese hackberry 25 38 +13 25 - 29 +4
Heavenly bamboo 2,825 2,825 - 3,673 +848 3,531 +706
Chinese redbud 165 165 - 215 +50 206 +41
Korean early lilac 75 75 - 98 +23 94 +19
Miss Kim lilac 195 195 - 254 +59 244 +49
Winged euonymus 1,300 1,300 - 1,690 +390 1,625 +325
Yellow-twig dogwood 6,450 6,450 - 8,385 +1,935 8,063 +1,613
Tatarian dogwood 17,875 17,875 - 23,238 +5,3603 22,344 +4,469
Simple bridalwreath spirea 4,350 4,350 - 5,655 +1,305 5,438 +1,088
Japanese kerria 1,230 1,230 - 1,599 +369 1,538 +308
Border privet 3,090 3,090 - 4,017 +927 3,863 +773
Panicled hydrangea 4,770 4,770 - 6,201 +1,431 5,963 +1,193
Total Plants 43,129 43,289 +160 55,829 +12,700 53,833 +10,704
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Table 7. Comparison of carbon sequestration performance by scenario

Scenario Total carbon storage Change in carbon storage ~ Annual carbon uptake Change in Annual carbon
(kegC) (kgC) (kgC/yr) uptake (kgC/yr)
S1 28,913.08 - 3,192.15 -
S2 41,689.62 +12,776.54 4,456.32 +1,264.17
S3 29,977.83 +1,064.75 3,396.45 +204.30
S4 33,605.29 +4,692.21 3,737.85 +545.70

Table 8. Landscape images and semantic segmentation results by viewpoint and scenario

B Entrance area B Pedestrian axis Dense planting area 2 Node area B Rest area

Viewpoint

S3

S4
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Table 9. Landscape evaluation results by scenario
Scenario GVI NI Ol Al CI VQI
S1 21.58 39.5 34.72 25.77 83.01 49.43
S2 27.89 45.26 30.31 24.43 82.11 54.42
S3 33.28 37.61 36.29 26.1 73.7 50.58
S4 41.13 44.54 30.8 24.66 68.84 53.82
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