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Abstract: The high-rise and high-density development of apartment complexes creates complex

microclimates. However, conventional landscape planting has often failed to accurately reflect these

environmental characteristics, heavily relying on designers' intuition or simple compass directions.

Therefore, this study aimed to quantitatively categorize spatial shading characteristics formed by

buildings and to investigate the impact of differences in the light environment (light intensity and R:FR

ratio) on the actual growth (diameter at root collar) of landscape trees. For this purpose, 36 standard

plots across six apartment complexes were investigated. Using hemispherical photography, the sky

obstruction ratio and the number of buildings in eight directions were calculated. Subsequently, the

spaces were classified into Open, Partially shaded, and Completely shaded types through K-Means

clustering analysis. Following this, the light environment and the annual root collar diameter growth

of the planted trees were statistically compared across the spatial types. The results confirmed that

unconditionally open spaces are not the optimal environments for tree growth. The overall tree growth

was the highest in the partially shaded spaces (p<0.001). Furthermore, the light environment analysis

revealed that although the partially shaded spaces had a lower total light intensity than the open spaces,

they maintained the essential light quality (R:FR ratio) crucial for plant growth at the highest and most

stable levels during the day. This study is significant as it quantitatively classifies spaces within apartment

complexes and empirically proves that appropriate shading can actually foster a positive light

environment for tree growth. These findings can serve as fundamental data for future landscape tree

selection and the establishment of planting guidelines that accurately reflect spatial characteristics.

Keywords: Partially shaded, R:FR ratio, K-Means clustering analysis, Microclimate
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Table 1. Characteristics of the study sites

No. Apartment Complex City Completion Year Address
1 A Seoul 2014 77 Sinpung-ro, Yeongdeungpo-gu
2 B Busan 2017 402 Jwadongsunhwan-ro, Haeundae-gu
3 C Seoul 2019 8 Seolleung-ro, Gangnam-gu
4 D Seoul 2020 62 Seoun-ro, Seocho-gu
5 E Seoul 2021 651 Samseong-ro Gangnam-gu
6 F Busan 2022 135-9 Geumjeongmaeul-ro, Dongnae-gu
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Figure 1. Calculation process of the sky blockage ratio. (A) Captured sky photograph, (B) Defined outline of the apartment

buildings
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Table 2. Statistical homogeneity verification of underlying soil environmental factors among three spatial types
Open Partially shaded | Completely shaded | Degrees of
Variable (N=20) (N=T7) (N=9) freedom F-value p-value
Mean+SD Mean+SD Mean+SD (df)

Soil temperature (°C) 28.74+1.85 28.06+3.87 29.59+1.25 2,33 0.942 0.400
Soil Moisture (%) 41.86+9.99 50.06+11.39 44.07+12.63 2,33 1.456 0.248
Electrical conductivity (dS/m) | 0.11+0.12 0.10+0.105 0.104+0.14 2,33 0.018 0.982

Table 3. Correspondence table between the initial spatial assignment and the final spatial classification by K-Means clustering

Tnitial Assigment Final classification: Final 'classiﬁcation: Final classification: Total
Open Partially shaded Completely shaded
Open space 16 2 0 18
Closed space 4 5 9 18
Total 20 7 9 36

Table 4. Quantitative characteristics of the three spatial types classified by K-Means clustering

Type N Range of sky blockage ratio (%) Number of building within 8 directions
Open 20 35.2~49.5 4~6
Partially shaded 57.4~62.1 5~7
Completely shaded 65.1~72.4 5~8
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Figure 3. Comparison of sky blockage ratio and number of buildings by spatial type derived from K-Means clustering. Graph
(A) shows the mean sky blockage ratio (%), and (B) shows the mean number of buildings in eight directions by
spatial type. Data are expressed as Mean + SD. Different lowercase letters (a, b, c) on top of the bars indicate
statistically significant differences among the groups (p<0.05, Tukey’s HSD test)
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Figure 4. Analysis of the light environment (light quantity and light quality) according to spatial shading characteristics.
Graph (A) shows the mean light quantity across wavelengths (UW-cm™2nm™), and (B) shows the mean R:FR
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Table 5. Descriptive statistics and statistical test results of annual root collar diameter growth by spatial type

Spatial type N Mean (cm) Median (cm) Kruskal-Wallis H p-value
Open 166 0.99 0.57
Partially shaded 75 1.46 0.99 28.76 <0.001
Completely shaded 73 0.58 0.37
2P WY A SAROR GO AT ekt 7 A0l BHH JIFRER U]-2:087) 2ol
THp<0.001) Aol A3 7kolck. A2 A3t A Qo] w2
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Table 6. Comparison of annual root collar diameter growth of major common species by spatial type

. Open Partially shaded | Completely shaded . .
Species i) i) () Significant differences

Pinus densiflora 0.69 2.37 0.24 Partially shaded > Open (p<0.001)
(N=20) (N=4) (N=6) Partially shaded > Completely shaded (p<0.001)

Lasersiroemia indic 0.23 0.90 0.09 Partially shaded > Open (p=0.012)
AETSIroeIa maca | (i 9) (N=3) (N=2) Partially shaded > Completely shaded (p=0.004)

Acer palmatum 1.14 1.05 0.29 Open > Completely shaded (p=0.028)

p (N=33) (N=5) (N=6) Partially shaded > Completely shaded (p=0.021)

Table 7. ANCOVA results for root collar diameter growth controlling for species

Source Sum of squares (SS) Degrees of freedom (df) Mean square (MS) F-value p-value

Spatial Type 28.69 14.34 15.12 p<0.001

Species (Covariate) 246.51 6.49 6.84 p<0.001
Residual 259.01 273 0.95 - -
Total 53421 313 - - -
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