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Classification of Heavy Snow Damage Types and Susceptibility Analysis
by Tree Genera and Growth Types in Hongneung Experimental Forest
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Abstract: From November 25 to 29, 2024, heavy snowfall in central Korea resulted in extensive damage to trees
in urban areas. As extreme weather events become more frequent under climate change, understanding how snow impacts
trees has become increasingly important. This study investigated the types of snow damage and species-specific
susceptibility in the Hongneung Forest in Seoul, Republic of Korea. Crown damage was the most common form, accounting
for 64.8% of all cases, and taperness emerged as a key factor. The genus Pinus exhibited the highest susceptibility
index across all classes of snow damage severity, and Pinus was far more vulnerable to snow damage than the other
analyzed genera under comparable structural conditions (p < 0.001). Results from the mixed-effects model indicated
that susceptibility decreased significantly with increasing DBH, indicating that thicker stems enhance resistance to snow
load (p < 0.001). Moreover, principal component analysis revealed a positive association between higher crown ratios
and slenderness ratios but smaller DBHs and crown widths with susceptibility, emphasizing the decisive role of structural
traits in snow damage vulnerability. These findings suggest that both tree architecture and site conditions influence
snow damage and can support improved forest management strategies under future climate change.

Key words: climate change, heavy snow, extreme climatic events, resilience
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Figure 1. Annual maximum of daily maximum snow depth (cm) from 1990 to 2025 (KMA, 2025).
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Table 1. Snow damage types in tree and shrub.

Tree type Picture

Classification

Tree type
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Table 2. Weight values of snow damage types in tree and shrub.

Tree type Damage types Severity
No damage DO
CP
CBS
D1
CB
Tree
SLS
SBS D2
SBD
D3
RD
No damage DO
SPB D1
Shrub
SAB D2
SBB D3

% CP: Crown Pressed, CBS: Crown Bent Surviving, CB: Crown Broken, SLS: Stem Leaning Surviving, SBS: Stem Broken

Surviving, SBD: Stem Broken Dead, RD: Root uprooted
Broken, SBB: Shrub Below DBH Broken
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50%
40%
30%
20%

10%

Acer Juniperus Pinus Prunus Quercus

0%

Figure 2. Snow damage rate (%) of tree S genera (Acer, Juniperus,
Pinus, Prunus, Quercus) in the study area.
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Figure 3. Differences in (a) Height, (b) DBH, (c) Tapemess, (d) Crown width, and (e) Crown ratio of tree 5 genera (Acer, Juniperus,
Pinus, Prunus, Quercus) and shrub. Different letters indicate significant differences according to Games-Howell (p<0.05) following
Welch ANOVA.
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Figure 5. Principal component analysis (PCA) of snow susceptibility index by (a) tree S genera (Acer, Juniperus, Pinus, Prunus,
Quercus) and (b) shrub based on height, DBH, taperess, crown width and crown ratio. (height: Height, dbh: DBH, h_d: Tapemness,
crown: Crown width, crown_ratio: Crown ratio, CP: Crown Pressed, CBS: Crown Bent Surviving, CB: Crown Broken, SLS: Stem
Leaning Surviving, SBS: Stem Broken Surviving, SBD: Stem Broken Dead, RD: Root uprooted Dead, SPB: Shrub Pressed Branches,
SAB: Shrub Above DBH Broken, SBB: Shrub Below DBH Broken)
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Figure 7. (a) Standardized regression coefficients and 95% confidence intervals for factors affecting snow damage susceptibility,
(b) Random intercept estimates (BLUPs) and 95% confidence intervals by tree 5 genera (Acer, Juniperus, Pinus, Prunus, Quercus)
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Figure 8. Principal component analysis (PCA) of snow
susceptibility index by tree S genera (Acer, Juniperus, Pinus,
Prunus, Quercus) and shrub based on height, DBH, tapemess,
crown width, and crown ratio. (height: Height, dbh: DBH,
h_d: Taperness, crown: Crown width, crown_ratio: Crown
ratio)
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