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Abstract

The National Strategy for Carbon Neutrality and Green Growth has positioned landscape architecture as a key carbon-sink
sector. This study has applied a Building Information Modeling BIM-based simulation to Gongdo Neighborhood Park No. 4, a
new sink designated in Anseong's first carbon-neutral and green growth plan. Environmental performance was quantified
using domestic allometric models embedded in a tree BIM library that simulated growth-driven changes from 2025 to 2050.
The results have shown a steady increase in all indicators, thus demonstrating the capability of BIM to integrate planting
design with performance verification and long-term scenario analysis. The proposed workflow provides a quantitative
foundation for assessing sink capacity, and offers a practical tool for evidence-based landscape planning and management to
achieve carbon neutrality.
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Fig. 1. A location map of the study area.
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. Confirmation of tree species and
Setp 1. Field survey dimensions based on drawings and field surveys
X/
Step 2. Estimation of Environmental | | Citing prior results on urban
Performance of Trees tree growth & environmental performance
X/
= BIM Model construction using a tree library with
St_ep 3. BM based. environmental performance attributes,
Environmental simulation followed by algorithmic analysis
Fig. 2. Process of the study.
Table 1. Plant lists of the study site
Species Height (m) DBH'RCD (cm)
Scientific name Amount Mean Max Min Mean™ Max Min
Pinus densiflora 14 5.5 7.0 4.0 21.5 27.5 26.5
Magnolia stellata 4 2.1 2.3 1.9 3.4 3.4 3.2
Fuonymus japonicus 396 0.8 0.9 0.6 1.5 1.7 1.2
Cercis chinensis 15 1.0 1.2 0.9 1.9 2.1 1.7
Rhododendron yedoense 294 0.3 0.3 0.25 1.1 1.2 1.0
Spiraea pruniflolia var. simpliciflora 450 0.6 0.6 0.55 0.6 0.7 0.5
FEuonymus alatus 219 0.6 0.6 0.5 2.1 2.3 1.9
Cornus alba 36 0.7 0.8 0.45 13 2.0 1.1
Nandina domestica 54 0.8 0.8 0.5 1.9 2.1 1.2
*: The mean is calculated by rounding to the second decimal place
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Table 2. Quantitative model data of urban plant species used for environmental performance assessment

Category Subcategory Quantitative model equation Previous studies
Park, 2009
T lati wth i i ’
Competition ree Relative growth equations by tree type and species Yoo et al, 2017
index ) . . Park, 2009
Shrub Relative growth equations by shrub type and species Kim, 2025
Jo, 1999
Tree DBH growth of tree species Jo and Ahn, 1999
Productivity Jo and Park, 2017
. Jo, 1999
Shrub RCD growth of shrub species Jo and Ahn, 1999
N Park, 2009
Carbon storage Carbon storage estimation Yoo et al, 2017
Environmental Annual carbon absorption Annual carbon uptake estimation Park, 2009
function Han et al, 2014
evaluation Annual carbon Park, 2009

dioxide absorption

Annual CO: uptake estimation

Han et al, 2014

Annual oxygen generation

Annual oxygen production estimation

Jo et al, 2025

Table 3. Attribute of plant BIM library

Category Properties Expression Unit
Korean name Text
Scientific name Text
Evergreen tree
Deciduous shrub
Cold hardiness Text Strong/Medium/Weak
Shade tolerance Text Sun/partial/Shade
Pollution tolerance Text Strong/Medium/Weak
Basic attributes Resprouting ability Text Strong/Medium/Weak
Plant specification Text
Height Number m
DBH Number cm
RCD Number cm
Planting weight Number
Planting density Number
DBH Growth rate Number cm/yr
RCD Growth rate Number cm/yr
Carbon storage Number keC
Environmental Annual carbon absorption Number kgC/tree/yr
performance Annual carbon dioxide absorption Number kgCO,/tree/yr
Annual oxygen generation Number kgO,/tree/yr
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Fig. 3. 2D drawings and perspectives based on a BIM model.
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Table 4. Changes in environmental performance by plant species

Carbon storage (kgC)

Annual carbon

Annual carbon dioxide Annual oxygen

Type species absorption (kgC/yr)  absorption (kgCO/yr)  generation (kgO,/yr)
2025 2050 2025 2050 2025 2050 2025 2050
Tree Pinus densiflora 52.84 218.49 4.18 8.94 15.33 32.8 11.15 23.85
Magnolia stellata 1.42 73.45 0.49 5.64 1.81 20.67 1.31 15.04
FEuonymus japonicus  0.03522 0.11694 0.00017 0.00548 0.00062 0.0201 0.00045 0.01461
Cercis chinensis 0.11436 0.46463 0.0092 0.0184 0.03373  0.06746  0.02453  0.04906
fg;jif:g 0.02567 007619 000196  0.00206  0.00717  0.00756 000522  0.0055
Shrub Spiraea prunifolia k4 0153 029179 0.00363 001819 001332 006671 000969  0.04852
simpliciflora Nakai
Fuonymus alatus 0.0674 0.16521 0.00342 0.00431 0.01253 0.01579 0.00912 0.01148
Cornus alba 0.00981 0.05758 0.00111 0.00262 0.00409 0.00962 0.00297 0.00699
Nandina domestica 0.01528 0.13898 0.00214 0.00785 0.00783 0.02879 0.00569 0.02094

Table 5. Changes in environmental performance of plant species according to plant quantity

Carbon storage (kgC)

Annual carbon

Annual carbon dioxide Annual oxygen

Type Species absorption (kgC/yr)  absorption (kgCO,/yr) generation (kgO,/yr)
2025 2050 2025 2050 2025 2050 2025 2050
Tree Pinus densiflora 739.72  3058.86 58.53 125.22 214.62 459.14 156.09 333.92
Magnolia stellata 5.69 293.82 1.97 22.56 7.23 82.7 5.26 60.15
FEuonymus japonicus 13.95 46.31 0.07 2.17 0.25 7.96 0.18 5.79
Cercis chinensis 1.76 6.97 0.14 0.28 0.51 1.01 0.37 0.74
Rhododendr onyedoense 7.55 22.4 0.58 0.61 2.11 2.22 1.53 1.62
shrob - Pracd prumiflif 6413131 164 819 60 3002 436 2183
FEuonymus alatus 14.76 36.18 0.75 0.94 2.75 3.46 2.0 2.51
Cornus alba 0.35 2.07 0.04 0.09 0.15 0.35 0.11 0.25
Nandina domestica 0.83 7.5 0.12 0.42 0.42 1.55 0.31 1.13
Total 791.01 3605.42 63.84 160.48 234.04 588.41 170.21 427.94
3D B/ PR E Tl B TS AT 4 3l oA =T} AlF A2 =t T dA oA Aabd
= TRsch PEE BIM BES vun 12T @44 RUHY 598 & 9e HoiF,
W AREE o) A4 2S5 5o, BEAS S SR solHie AAHEAo] kol §A Telolnt
AET 4 AN (Fig. 4), 3D F4= 83l 7i=H4 7t 37 5 0gRt A=A A8 4 Sl 28
Q1AM HE E3F 7bsolaint. A MiaeE HAS 7Hsde HolFloh B S v Bl 4
A5 ST AR A RS G S-S ARt & oA B HAo] I AT 7% BIM AlEdolde
(Fig. 5), AT 2 glol® A= AU & 1t Foll A A HEkE ASstar HAEHE AP
2oz Hwe 4 SISl o]2et Aik= BIM AlE AES 4= Qlof, a&2Q AAAL +Hof 7]l A
glo]do] ©eeo] /s B2 Tl A7) ¢k o7 7|}
712 - AAGA dANA S D B T, Al A
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Fig. 4. Tree schedule within the BIM authoring tool.

Tree object library Environmental simulation Result derivation

Fig. 5. Environmental simulation algorithm.
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