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ABSTRACT

This study applied the Taipei City Tree Safety Assessment Form to comprehensively evaluate
health and public safety risks of 150 trees representing 10 species on the campus of National
[lan University. The assessment framework covered four key aspects—crown, trunk, roots, and
surrounding environment—enabling the identification of species-specific health conditions and
risk characteristics. The results revealed significant interspecific differences, with four trees
(approximately 7%) classified as Grade A—(most severe) requiring immediate attention. About 31%
of the sampled trees exhibited poor growth conditions, with species-specific proportions ranging
from 7% to 68%. Based on injury severity assessment (excluding anthropogenic damage), the
species exhibiting the poorest health conditions were Sapindus mukorossii Gaertn., Cassia fistula
L., and Ficus microcarpa L.f. The most frequent deficiencies were associated with trunk structural
defects (such as decay and cavities), crown decline, and restricted root environments, reflecting the
considerable influence of environmental and structural factors on tree health and safety. The study
further discovered that adverse planting environments and inadequate pit design exacerbated tree
risks. The findings of this study emphasize the necessity of prioritizing the management of high-
risk trees and demonstrate the practical utility of the assessment form for campus tree inspections,
while highlighting the importance of continued refinement informed by field experience and
empirical data to enhance its long-term applicability.

Keywords: Tree health, safety and management, Risk assessment, Visual tree assessment (VTA)

Xie W, Shiu WY, Chung CH, Chen YT, Lin CJ. 2025. Health and Risk Assessment of Campus
Trees at National Ilan University Using Visual Inspection. Taiwan J For Sci 40(3): 293-
323.

DB R ARG AR A TR R 0 260007 BRI RS 1 By 15% Department of Forestry and Natural Resources,
National Ilan University, No. 1, Sec. 1, Shennong Rd., Yilan City, 260007, Taiwan.

T bk FTAREE RIS > 100051 Z]LTish F R SIS 53%98 Forest Products Utilization Division, Taiwan Forestry
Research Institute, No. 53, Nanhai Rd., Zhongzheng Dist., Taipei 100051, Taiwan.
SEEVEE © MREE Corresponding Author: Cheng-Jung Lin, Email: zzlin@tfri.gov.tw; #FZZ5& Corresponding Author:
Wen-Yan Shiu, Email: r1334001 @ms.niu.edu.tw
20254E7 H3%58 » 20254E9 F 5@ - Received July 2025, Accepted September 2025.



294 Xie et al.—Assessment of Campus Trees Using Visual Inspection

INTRODUCTION

Trees are vital components of urban and
campus green spaces, providing ecological
and environmental benefits while contributing
to human well-being and quality of life.
However, their growth is often threatened by
both natural environmental factors and human
activity, including pest infestations, diseases,
mechanical injuries, and unfavorable habitat
conditions, which may result in safety hazards
like branch failure or tree collapse. In public
areas with high pedestrian traffic, such as
university campuses, ensuring the structural
safety of trees is particularly important to
ensuring personal safety and preventing
property damage. Therefore, establishing a
scientific and systematic risk assessment and
management framework is essential for the
sustainable development of campus green
infrastructure.

To effectively assess the health and
safety status of campus trees, this study
adopted the Visual Tree Assessment (VTA)
method as the primary evaluation tool. VTA
is a widely recognized, non-destructive
technique in which trained professionals
systematically inspect tree crowns, trunks,
root systems, and the surrounding environ-
ment to identify potential risk factors such
as structural defects, disease symptoms, and
environmental stressors. This method provides
notable advantages in cost-effectiveness
and operational efficiency, making it a
practical foundation for preliminary tree
risk assessments conducted by management
organizations.

The International Society of Arboricul-
ture (ISA) categorizes VTA into three levels
based on inspection depth and diagnostic
accuracy: Level 1 (limited visual), Level
2 (basic risk assessment), and Level 3
(advanced assessment) (Dunster et al. 2017,

Li et al. 2022). This tiered framework enables
the method to be adapted to varying site
conditions and levels of complexity. Previous
studies have either applied ISA’s basic risk
assessment framework (Li et al. 2021) or
developed localized tools derived from ISA
principles (Chiou and Lin 2024). In Taiwan,
Taipei City Government introduced the
“Taipei City Tree Safety Assessment Form,”
which incorporates both tree health and urban
safety indicators. However, empirical research
on its practical application and effectiveness
remains limited.

Internationally, VTA has been widely
incorporated into urban greening and risk
management systems and is regarded as a
mainstream tool for tree risk assessment.
Studies have shown that VTA can effectively
identify potential structural weaknesses and
provide a scientific basis for risk classification,
thereby supporting the formulation of targeted
management strategies (Linhares et al. 2021,
Nocetti and Brunetti 2024). Arboricultural
organizations and municipalities have
consequently developed various VTA-
based frameworks, incorporating elements
such as visual observation of form, evalua-
tion of vitality, identification of pests and
diseases, assessment of mechanical injuries,
and documentation of structural and
environmental conditions (Dunster et al.
2017, Lilly et al. 2022). Despite the method’s
general applicability, practical implementation
of VTA may vary across regions due to
differences in geography, climate, dominant
tree species, environmental conditions, and
policy frameworks, all of which can influence
indicator weighting and risk interpretation.

For example, some tree species in specific
regions may exhibit heightened susceptibility
to local pests or diseases or demonstrate
variable tolerance to soil compaction and wind
stress. In such cases, applying international
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standards without adaptation may fail to
capture localized risk realities. To improve
assessment precision and policy relevance,
it is necessary to integrate local experience
and on-site data to develop a context-sensi-
tive assessment and management model.
International standards should serve as a
flexible framework that guides, rather than
dictates, localized evaluations.

This study was conducted on the campus
of National Ilan University, which features
diverse tree species, dynamic environmental
conditions, and complex growth challenges.
A systematic risk assessment was performed
to evaluate the overall health of campus
trees, identify highrisk individuals, and
investigate key factors contributing to tree
decline and structural instability. Given the
wide diversity of tree species on campus,
this research focused on 10 commonly seen
and representative species, which were
considered sufficient to reflect the main
patterns of health and risk. In addition, due
to limitations in research resources and
time, a representative sampling approach
was adopted as a trial assessment rather
than a full census. Importantly, the primary
objective of this study was not to conduct a
comprehensive tree-by-tree survey, but rather
to evaluate the applicability of the Taipei City
Tree Safety Assessment Form under campus
conditions. Localized assessment tools were
applied to examine their practicality and
provide references for future management
in comparable environments. The goal was
to generate clear risk classifications and
actionable recommendations to support
the university in developing scientifically
informed, efficient tree maintenance
strategies, ultimately enhancing campus
safety and improving standards of tree health
management.
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MATERIALS AND METHODS

This study aimed to evaluate the health
status and potential safety risks of commonly
occurring tree species on the campus of
National Ilan University. To achieve this, a
systematic Visual Tree Assessment (VTA)
was conducted in accordance with the criteria
and procedures specified in the Taipei City
Government’s Tree Safety Assessment Form
(version dated: September 6, 2024).

This study focused on representative
and common tree species due to sampling
and resource constraints. This focus does not
suggest that the risks associated with less
common or unrepresentative species were
disregarded. Rather, the core objective was to
validate a practical assessment methodology
using these representative species. In future
applications, this same method can be readily
extended by campus management to other
tree species, thereby expanding the scope
and enabling comprehensive evaluation and
management of safety risks of all campus
trees.

Traditional tree safety assessments
often focus on larger individuals. In contrast,
this study adopted a more comprehensive
sampling: any tree, regardless of its size,
can pose a safety threat due to branch
breakage or tree fall during extreme weather.
Accordingly, our assessment included not
only conventionally highrisk large trees,
but also species with smaller diameter at
breast height (DBH) or crown sizes, thereby
providing a more comprehensive framework
that accounts for all potential sources of risk.

Study subjects and location

The assessment was carried out on
the campus of National Ilan University and
focused on ten representative and frequently
observed tree species. A total of 150 trees
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were assessed, with 15 individuals randomly
selected for each species. The ten selected
species, along with their scientific names
and corresponding codes used throughout
this study, are: Bischofia javanica BI. (BJ),
Liquidambar formosana Hance. (LF),
Ficus microcarpa L.f. (FM), Cinnamomum
camphora (L.) J. Presl (CC), Fraxinus
formosana Hayata (FF), Cassia fistula L.
(CF), Alstonia scholaris (L.) R. Br. (AS),
Sapindus mukorossi Gaertn. (SM), Terminalia
mantalyi H. Perrier. (TM), and Koelreuteria
henryi Dummer. (KH) (Figure 1).

These species were selected based on
their ecological significance, prevalence on
campus, and representation of both native
and commonly cultivated trees in subtropical

3 Campus
* BJ
FM

urban environments. The spatial distribution
of all sampled trees is shown in Figure 1.
Field investigations were conducted over a
seven-month period, from December 2024
through June 2025.

Method for tree health assessment and risk
level classification

Although the Visual Tree Assessment
(VTA) method is widely applied interna-
tionally, this study adopted the standardized
evaluation form issued by the Taipei City
Government, because it better aligns with
Taiwan’s local climate, common tree species
characteristics, and the practical needs of
urban green space management. This choice
ensured contextual relevance and consistency

Figure 1. Campus tree survey map on National Ilan University campus

Notes:

" Bischofia javanica (B), Liquidambar formosana (LF), Ficus microcarpa (FM), Cinnamomum camphora
(CC), Fraxinus formosana (FF), Cassia fistula (CF), Alstonia scholaris (AS), Sapindus mukorossii (SM),
Terminalia mantalyi (TM), Koelreuteria henryi (KH)

* The base map is sourced from the National Land Surveying and Mapping Center’s (NSLC) Web Map Tile
Service WMTS service, which connects to a general electronic map of Taiwan (new version). URL: https://
wmts.nlsc.gov.tw/wmts date accessed: 2025/05/28.
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with local policy frameworks. The form’s
practicality for diagnosing tree health,
assessing environmental safety, and predicting
overall tree safety risks was validated through
field application.

The study systematically conducted
visual health assessments for each campus
tree surveyed, based on four key aspects
outlined on the Taipei City Government’s
Tree Safety Assessment Form (version
dated September 6, 2024). This form, whose
principles are derived from the International
Society of Arboriculture (ISA). This study
also aims to determine if the form is suitable
for use in the Yilan area. The assessment
framework looks at the four aspects: crown,
trunk, roots, and Habitat environment.
Specific evaluation criteria include branch
density, presence of biological hazards, root
damage, and overall site conditions (Table 1).
A scoring system was applied to quantify the
severity of defects. Certain highrisk indicators
were designated as critical factors. Trees
exhibiting three or more critical factors were
automatically classified as highrisk.

Tree health was categorized into three
levels according to total scores and critical
factor counts: Good (< 30 points), Fair (31-45
points), and Poor (> 45 points or > 3 critical

Table 1. Tree health assessment framework
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factors). Additionally, trees meeting specific
critical risk conditions were classified as
Significant Hazard (Grade A) and designated
for immediate remedial action. These
conditions were:

* More than 80% of the tree crown shows
wilting.

» Cavities extend deeper than two-thirds
of the trunk’s cross-sectional diameter,
with openings larger than one-third of the
circumference.

» Stem cracks reach depths equal to the
stem diameter.

* Trees with trunk diameters over 30 cm can
be swayed by manual force.

 Infection by brown root disease poses
public safety concerns.

o Structural damage is diagnosed as
irrecoverable.

e Trunk decay affects more than half of the
cross-sectional area.

To account for the influence of site usage
on safety risk, survey areas were classified
into three environmental risk zones—High,
Medium, and Low-based on the intensity
and type of nearby human activity. Using
the Comprehensive Tree Safety Assessment
Matrix (Table 2), each tree was then assigned
an overall risk level from Grade A to Grade D

Assessed aspect

Items assessed (Excerpt)

Basis of scoring

Density of branches and leaves, leaf size, uniformity

C“’W.“. of branch growth, condition of unhealthy branches,
condition . . .
live crown ratio (4 items)
Biological hazards, height-to-diameter ratio, tilt,
Trunk .
.. trunk structure, main trunk damage, bark loss, types
condition .. .
of damage, recovery after branch injury (8 items)
Root Sprouting, root collar coverage, girdling roots,
. unilateral protrusions or cracks, root decay, root
condition I .
injuries (6 items)
Habitat Planting space, wind damage, soil condition,
environment drainage (4 items)

Points deducted based on
the severity of abnormal
conditions

Evaluates structural integrity
and symptomatic performance

Focuses on belowground
health

Assesses external growth
conditions

Data source: Taipei City Government “Tree Safety Assessment Form” (Version dated September 6, 2024).
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according to its health status and environmental
risk. This classification served as the basis for
decision-making regarding follow-up treatment
and maintenance strategies.

RESULTS

Tree growth and location characteristics

Table 3 presents the average diameter,
height, and crown width of the ten surveyed
tree species on the campus of National Ilan
University. The results revealed significant
variations in growth form among the species.
FM exhibited the largest average diameter
(62.0 cm) and the widest crown (7.1 m),
indicating a robust structure with a broadly
spreading canopy. In contrast, AS reached
the greatest average height (16.7 m) but had

a relatively narrow crown (3.8 m), reflecting
a predominantly vertical growth habit. FF
showed the smallest average diameter (17.1
cm), appearing more slender in form. These
measurements provide a quantitative baseline
for understanding the structural characteristics
of the campus tree community and serve as
a reference for subsequent analyses of tree
health and risk.

Table 4 further summarizes the spatial
distribution and tree pit types of the ten
surveyed species. Species with a high
proportion of individuals planted along
sidewalks included BJ, LF, CC, AS and TM,
each with over 50% of individuals in such
locations. The predominant habitat for CF,
(93.3%), SM, (53.3%) and KH (53.3%) was
median strips. Regarding tree pit configurations

Table 2. Comprehensive tree safety assessment matrix

Health level (based on total Environmental public Comprehensive
deductions or critical factors) safety risk assessment risk level

Good (< 30 points) Low / Medium / High Grade D/D/D

Fair (31-45 points) Low / Medium / High Grade D/C/C

Poor (> 45 points, or > 3 critical factors) Low / Medium / High Grade D/C/B

Meets major hazard conditions Grade A (Major hazard)

Note: This matrix applies only to the risk level classification of non-major hazard trees. Risk level descriptions:
Grade A—requires immediate action; Grade B-high risk, should be prioritized; Grade C—-moderate risk, monitoring

needed); Grade D—low risk, can be observed.

Table 3. Tree species and their average diameter, height, and crown width

Tree species Diameter (cm) Height (m) Crown width (m)
BJ 48.8 (16.4) 10.0 (1.8) 5.3(1.3)
LF 29.0 (7.1) 9.7 (3.5) 3.4(0.8)
FM 62.0 (15.7) 8.3(2.3) 7.1 (2.0)
CcC 31.6 (12.8) 10.0 (4.9) 4.8 (2.0)
FF 17.1 (5.6) 9.5(@3.1) 3.1 (L1
CF 19.0 (3.8) 8.7(2.7) 3.8(1.7)
AS 49.7 (18.4) 16.7 (3.1) 3.8(1.3)
SM 22.3(5.3) 10.7 (2.0) 3.8 (0.6)
™ 34.7 (8.8) 12.7 (2.4) 5.3(1.8)
KH 20.9 (3.8) 7.4 (1.5) 3.6(1.1)

Note: Values in parentheses indicate Standard deviation.

Bischofia javanica (BJ), Liquidambar formosana (LF), Ficus microcarpa (FM), Cinnamomum camphora (CC),
Fraxinus formosana (FF), Cassia fistula (CF), Alstonia scholaris (AS), Sapindus mukorossii (SM), Terminalia

mantalyi (TM), Koelreuteria henryi (KH).
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Table 4. Sampled number of tree species, their locations, and tree pit attributes locations (%)

Tree species Park Square Green space Sidewalk Median
BJ 0(0.0) 3(20.0) 1(6.7) 10 (66.7) 1(6.7)
LF 0(0.0) 1(6.7) 4 (26.7) 10 (66.7) 0(0.0)
FM 0(0.0) 2(13.3) 4 (26.7) 7 (46.7) 2 (13.3)
CC 2 (13.3) 1(6.7) 4 (26.7) 8(53.3) 0(0.0)
FF 0(0.0) 4(26.7) 1(6.7) 6 (40.0) 4 (26.7)
CF 0(0.0) 0 (0.00) 1(6.7) 0(0.0) 14 (93.3)
AS 0(0.0) 1(6.7) 3 (20.0) 8(53.3) 3 (20.0)
SM 0(0.0) 0 (0.00) 1(6.7) 6 (40.0) 8(53.3)
™ 0(0.0) 2(13.3) 0(0.0) 10 (66.7) 3(20.0)
KH 0(0.0) 0 (0.0) 0(0.0) 7 (46.7) 8(53.3)

Tree pit attributes (%)
Tree species Open area Single tree pit Linear tree pit Flower bed
BJ 1(6.7) 2(13.3) 8(53.3) 5(33.3)
LF 4 (26.7) 10 (66.7) 1(6.7) 0(0.0)
FM 11 (73.3) 2(13.3) 0(0.0) 2(13.3)
CcC 7 (46.7) 0(0.0) 5(33.3) 3(20.0)
FF 7 (46.7) 1(6.7) 6 (40.0) 1(6.7)
CF 0(0.0) 0(0.0) 6 (40.0) 9 (60.0)
AS 9 (60.0) 3(20.0) 0(0.0) 2(13.3)
SM 1(6.7) 3 (20.0) 11 (73.3) 0(0.0)
™ 3(20.0) 4 (26.7) 5(33.3) 3(20.0)
KH 0 (0.0) 0 (0.0) 15 (100.0) 0 (0.0)

Note: Values in parentheses indicate percentages (%).

(Table 4), KH (100%) and SM (73.3%) were
primarily found in linear tree pits; FM (73.3%)
and AS (60%) were mostly located in open
spaces; whereas CF (60%) was mainly planted
in flower beds. These spatial patterns reflect
species-specific planting strategies adapted
to landscape designs and environmental
constraints, offering valuable insights into
factors influencing tree growth and health.

Tree health assessment

The health assessment of 15 BJ individuals
revealed an Average total deduction score of
27.1 points, with one tree exhibiting three
critical risk factors. The primary health issues
were associated with Trunk conditions and
Habitat environment.

Regarding the trunk, significant deduc-
tions were noted in the categories of Biological
Hazards—86.7% of the trees had parasitic

plants, and 40% exhibited trunk cavities—
along with Trunk Structure and Types of
Bark Damage. Structural defects and decay
symptoms were commonly observed across
these aspects.

In terms of Habitat environment, notable
problems included Soil Quality, where 60%
of trees were planted in compacted soils and
13.3% in areas with hard surfaces; Wind
Exposure, with 60% of trees situated in wind-
prone locations; and Drainage Conditions,
with 46.7% showing inadequate drainage.
Additionally, decay at the junction of roots
and trunk was observed in 53.3% of the trees,
indicating a potential structural risk.

Overall, the main threats to BJ health
were biological hazards within the trunk,
structural defects, and unfavorable habitat
conditions (Table 5).
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Table 5. Health assessment items for 15 Bischofia javanica (BJ) trees and total deduction scores

Aspect Item D (SD) Proportions

73.3% normal; 20.0% with 5-25% abnormal leaf volume; 6.7% with 25-50%
abnormal leaf volume

40.0% uniform growth; 40.0% with crown loss rate of 5-25%; 20.0% with
crown loss rate of 25-50%

I 1 0.40 (0.83)

2 1.00 (1.13)

3 1.20 (1.52) 60.0% none; 40.0% with unhealthy branches of diameter 5-10 cm

Average about 54.0%, with 53.3% having a live crown greater than 50%;
46.7% having a live crown between 25%-50%

6.7% none; 86.7% with parasitic plants; 20.0% with galls; 40.0% with tree
holes; 6.7% with abnormal sap flow or ulcers; 13.3% with termite tunnels

4 0.47 (0.52)

11 5 247 (2.17)

6 0.00 (0.00) Average about 22.7, with 100.0% tree height to DBH ratio < 50

80.0% with trunk tilt less than 15° ; 20.0% with trunk tilt between 15° and
30°

33.3% none; 53.3% with codominant stems and angles greater than 30° ;
13.3% with codominant stems and angles less than 30°

7 0.60 (1.24)

8 1.20 (1.61)

40.0% none; 40.0% with swollen branches; 13.3% with significant swollen
9 2.53 (2.77) branches having cavities; 6.7% with large cavities in the main trunk or main
branches

46.7% no damage; 40.0% with bark damage area less than 5-30%
10 0.80 (1.01) of circumference; 13.3% with bark damage area between 31-60% of
circumference

60.0% none; 33.3% with damage; 13.3% with internal bark; 26.7% with

1 3.00 (4.39) abnormal swelling; 6.7% with longitudinal cracks

80.0% none or well recovered; 13.3% weakened recovery or regeneration;
12 0.33 (0.82) 6.7% unable to regenerate, deformities, wounds unable to heal, discoloration
occurs

11 13 0.20 (0.41) 80.0% no basal sprouts; 20.0% with sprouts

14 1.20 (1.53) 60.0% no covering soil; 40.0% with covering soil greater than 10 cm
15 1.20 (1.86) 60.0% none; 13.3% slight; 13.3% moderately severe; 13.3% severe
16 1.33 (1.95) 46.7% none; 33.3% slight; 20.0% partial

46.7% none; 46.7% with decay area occupying less than 25% of the
17 3.0(3.16) circumference at that point; 6.7% with decay area occupying more than 25%
of the circumference at that point

18 0.5(0.52)  53.3% none; 46.7% with obvious damage or removal of roots

v 19 0.67 (1.8)  86.7% sufficient area; 13.3% insufficient area
20 1.20 (1.0)  40.0% not significantly affected by wind; 60.0% in wind-swept areas
21 247 (1.7)  26.7% normal; 60.0% compacted; 13.3% hard paved surface
22 1.33 (128) 40.0% good; 46.7% poor; 13.3% severe water accumulation

ATD 27.07

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
One critical factor in one of the BJ trees reached 3 items.
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The health assessment of 15 LF indi-
viduals revealed an Average total deduction
score of 24.8 points, indicating an overall
fair condition. In the crown assessment,
significant deductions were noted for the
uniformity of branch growth and crown defect
rate, with 46.7% of trees exhibiting uneven
branch development and 20% exhibiting
crown defects affecting 5-25% of the canopy,
26.7% showing crown defects affecting
25-50%, and 50% showing crown defects
affecting more than 50%. Additionally, 60%
of the trees had unhealthy branches ranging
from 5 to 10 cm in diameter.

Regarding Trunk conditions, all indi-
viduals (100%) were affected by parasitic
plants. Notable issues were observed in types
of bark damage, with 33.3% of trees showing
visible bark damage and 20% exhibiting
endogenous bark. Furthermore, 20% of the
trunks were tilted between 15 and 30 degrees,
indicating potential structural instability.

Root-related problems primarily involved
basal suckers, present in 60% of the trees,
and root decay, which affected nearly 40% of
individuals.

The Habitat environment also posed
considerable challenges. Specifically, soil
quality was poor for the majority of trees:
80% were planted in compacted soils and
20% in areas with hard surfaces. Wind
exposure was a concern for 80% of the trees,
and 53.3% were growing in spaces with
insufficient soil volume for healthy root
development. These environmental conditions
highlight the need for urgent management and
improvement (Table 6).

The health assessment of 15 FM indi-
viduals revealed an Average total deduction
score of 30.8 points—the highest among all
surveyed species—with two trees exhibiting
three critical risk factors. Severe issues were
identified in the trunk, particularly under
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Biological Hazards: 100% of the trees had
parasitic plants, 40% exhibited trunk cavities,
and 13.3% showed signs of fungal infection.
Additionally, 53.3% had bark damage,
including endogenous bark and visible
cracking. Several trunks also displayed tilting,
raising further structural concerns.

Root-related problems were notably
severe, with 66.7% of the trees affected by
decay at the junction of roots and trunk,
resulting in an average score of 4.7—indicating
a high risk level. Some trees also showed
evidence of mechanical root damage. In
the crown, 20% of the trees had unhealthy
branches larger than 10 cm in diameter,
contributing to deductions in overall Crown
condition.

Regarding Habitat environment, 93.3%
of the trees grew in compacted soil, and
33.3% experienced poor drainage and water
accumulation.

Overall, the health condition of FM is
concerning, with primary issues including
root decay, biological hazards in the trunk,
and bark damage—all exacerbated by a
deteriorating soil environment (Table 7).

The health assessment of 15 CC indi-
viduals revealed an Average total deduction
score of 27.7 points, indicating moderate
health issues. In the crown assessment, a
major concern was the condition of unhealthy
branches, with 86.7% of trees exhibiting
branches measuring 5-10 cm in diameter and
33.3% having unhealthy branches larger than
10 cm.

Regarding the trunk, notable issues
included types of bark damage: 40% of
the trees showed signs of bark damage,
and 26.7% presented endogenous bark or
swelling. Biological hazards were also
widespread, with 93.3% of the trees hosting
parasitic plants. Some individuals additionally
exhibited trunk cavities or fungal infections.
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Table 6. Health Assessment for 15 Trees of Liquidambar formosana (LF)

Aspect Item D (SD) Proportions
I 1 0.1(0.3)  94% normal; 6.7% with 5-25% abnormal leaf volume
2 13 (1.6) 46.7% uniform growth; 20.0% with crown loss rate of 5-25%; 26.7% with
’ ’ crown loss rate of 25-50%; 6.7% with crown loss rate greater than 50%
3 1.8 (1.5)  40.0% none; 60.0% with unhealthy branches of diameter 5-10 cm
4 0.3 (0.5) Average about 60.3%, with 73.3% having a live crown greater than 50%;
T 26.7% having a live crown between 25%-50%
II 5 1.1 (0.4)  100.0% with parasitic plants; 13.3% with tree holes
6 0.1 (0.3) Average about 33.4, with 93.3% tree height to DBH ratio < 50; 6.7% with 50
AT < tree height to DBH ratio < 90
7 1.1 (1.9) 73.3% with trunk tilt less than 15° ; 13.3% with trunk tilt between 15° and
T 30° ; 13.3% with trunk tilt greater than 30°
] 0.8 (1.7) 73.3% none; 13.3% with codominant stems and angles greater than 30° ;
T 13.3% with codominant stems and angles less than 30°
86.7% with swollen branches; 13.3% with significant swollen branches
9 0.4 (1.1) havi .
aving cavities
66.7% no damage; 26.7% with bark damage area less than 5-30%
10 0.5(0.8)  of circumference; 6.7% with bark damage area between 31-60% of
circumference
1 23 (3.8) 60.0% none; 33.3% with damage; 20.0% with internal bark; 6.7% with
o abnormal cracking; 13.3% with abnormal swelling
12 0.2 (0.4)  80.0% none or well recovered; 20.0% weakened recovery or regeneration
1 13 2.0(1.3)  20.0% no basal sprouts; 20.0% with sprouts; 60.0% with abundant sprouts
14 0.4 (1.1)  86.7% no covering soil; 13.3% with covering soil greater than 10 cm
15 0.4 (1.1)  86.7% none; 13.3% slightly severe
16 0.1(0.4)  86.7% none; 13.3% slight
60.0% none; 33.3% with decay area occupying less than 25% of the
17 2.3 (3.2) circumference at that point; 6.7% with decay area occupying more than 25%
of the circumference at that point
18 0.1(0.4)  86.7% none; 13.3% with obvious damage or removal of roots
v 19 2.7(2.6)  46.7% sufficient area; 53.3% insufficient area
20 1.6 (0.8)  20.0% not significantly affected by wind; 80.0% in wind-swept areas
21 3.4(0.8) 80.0% compacted; 20.0% hard paved surface
22 1.8 (1.1)  20.0% good; 60.0% poor; 20.0% severe water accumulation
ATD 24.8

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 7. Health Assessment for 15 Trees of Ficus microcarpa (FM)

Aspect Item D (SD) Proportions
I 1 0.8 (1.4) 60.0% normal; 26.7% with 5-25% abnormal leaf volume; 6.7% with 25-50%
’ ’ abnormal leaf volume; 6.7% with greater than 50% abnormal leaf volume
5 15(1.7) 46.7% uniform growth; 13.3% with crown loss rate of 5-25%; 33.3% with
T crown loss rate of 25-50%; 6.7% with crown loss rate greater than 50%
3 22(3.2) 40.0% none; 40.0% with unhealthy branches of diameter 5-10 cm; 20.0%
A with unhealthy branches greater than 10 cm
4 0.6 (0.5) Average about 52.78%, with 40.0% having a live crown greater than 50%;
R 60.0% having a live crown between 25%-50%
1 5 3.2(3.9) 100.0% with parasitic plants; 13.3% with galls; 40.0% with tree holes; 6.7%
T with abnormal sap flow or ulcers; 13.3% with fungi (fruiting bodies)
6 0.0 (0.0)  Average about 13.7, with 100.0% tree height to DBH ratio < 50
7 1.5 (2.0) 60.0% with trunk tilt less than 15° ; 26. 7% with trunk tilt between 15° and
R 30° ; 13.3% with trunk tilt greater than 30°
8 13(1.5) 20.0% none; 66.7% with codominant stems and angles greater than 30° ;
T 13.3% with codominant stems and angles less than 30°
53.3% none; 33.3% with swollen branches; 13.3% with significant swollen
9 1.7 (2.0) ; s
branches having cavities
40.0% no damage; 46.7% with bark damage area less than 5-30% of
10 1.0 (1.4)  circumference; 6.7% with bark damage area between 31-60%; 6.7% with
bark damage area greater than 61% of circumference
46.7% none; 53.3% with damage; 13.3% with internal bark; 13.3% with
11 3.5(5.6)  abnormal cracking; 6.7% with abnormal swelling; 13.3% with longitudinal
cracks
53.3% none or well recovered; 33.3% with weakened recovery or
12 0.7 (1.0)  regeneration; 13.3% unable to regenerate, deformities, wounds unable to heal,
discoloration occurs
1 13 1.0 (1.3)  53.3% no basal sprouts; 20.0% with sprouts; 26.7% with abundant sprouts
14 0.2 (0.8)  93.3% no covering soil; 6.7% with covering soil greater than 10 cm
15 1.1 (1.3)  40.0% none; 33.3% slight; 26.7% moderately severe
16 0.3(0.5)  73.3% none; 26.7% slight
20.0% none; 66.7% with decay area occupying less than 25% of the
17 4.7 (3.0) circumference at that point; 13.3% with decay area occupying more than 25%
of the circumference at that point
18 0.4 (0.5)  60.0% none; 40.0% with obvious damage or removal of roots
v 19 0.0 (0.0)  100.0% sufficient area
20 0.8 (1.0)  60.0% not significantly affected by wind; 40.0% in wind-swept areas
21 2.8(0.8)  6.7% normal; 93.3% compacted
22 1.5(1.4)  40.0% good; 26.7% poor; 33.3% severe water accumulation
ATD 30.8

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
One critical factor in two of the FM trees reached 3 items.
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Root-related problems mainly involved
basal suckers, present in 33.3% of the trees,
and root damage, affecting 60% of indi-
viduals.

Concerning the Habitat environment,
93.3% of the trees were planted in compacted
soils, 73.3% were situated in wind-exposed
areas, and 40% experienced poor drainage
and water accumulation.

Overall, the health of CC was compro-
mised by unhealthy branches, trunk bark
damage, and environmental stresses from
degraded soil conditions, underscoring the
need for targeted management and impro-
vements (Table 8).

The health assessment of 15 FF indi-
viduals revealed an Average total deduction
score of 29.4 points, indicating a below-
average health condition. In the crown,
notable issues included the condition of
unhealthy branches, with 66.7% of trees
exhibiting branches measuring 5-10 cm in
diameter and 13.3% having branches larger
than 10 cm. Additionally, crown defects were
prevalent, with 40% of trees showing defects
covering 5-25% of the crown and another
40% exhibiting defects affecting 25-50%.

The trunk exhibited the most severe
deductions, particularly in types of bark
damage, which received an average score of
5.5 due to the widespread presence of diverse
and severe bark defects. Structural issues
were also evident, with 20% of the trees
displaying trunk lean angles less than 30°.
Biological hazards, including parasitic plants
(60%), trunk cavities (20%), and fungal
infections (6.7%), further contributed to the
high deduction scores.

Root health concerns centered on decay
at the junction of roots and trunk, with 13.3%
of trees showing decay exceeding 25%,
posing a potential hazard.

Regarding the Habitat environment,

all trees (100%) were planted in compacted
soils, 73.3% were located in wind-exposed
areas, and 66.7% experienced poor drainage
conditions, indicating significant environ-
mental stress.

Overall, the health issues in FF were
primarily concentrated in trunk damage and
structural weaknesses, which were severely
exacerbated by adverse habitat conditions
(Table 9).

The health assessment of 15 CF indi-
viduals revealed an Average total deduction
score of 44.3 points—the highest among
all surveyed species—with multiple trees
exhibiting three to five critical risk factors,
indicating extremely poor health. The
most severe problems were concentrated
in the trunk, where types of bark damage
received an average score of 12.3; all trees
(100%) showed various severe bark defects.
Biological hazards were also prominent, with
73.3% of trees hosting parasitic plants, 33.3%
affected by gummosis or ulcers, and 6.7%
exhibiting fungal infections.

The roots presented critical weaknesses,
particularly at the junction of roots and trunk,
where decay had an average score of 8.7 and
73.3% of trees showed decay exceeding 25%,
substantially increasing the risk of tree failure
or toppling.

In the crown, leaf quantity was mostly
abnormal, and the condition of unhealthy
branches was notable, with 53.3% of trees
having unhealthy branches measuring 5-10
cm in diameter and 26.8% having branches
larger than 10 cm.

Although the Habitat environment
provided sufficient planting area, 73.3% of the
trees were growing in compacted soils, and
66.7% experienced poor drainage conditions.

Overall, the health condition of CF
was critically poor, demanding immediate
intervention and management (Table 10).
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Table 8. Health assessment for 15 trees of Cinnamomum camphora (CC)

Aspect Item D (SD) Proportions
I 1 0.7 (0.8) 46.7% normal; 46.7% with 5-25% abnormal leaf volume; 6.7% with 25-50%
B abnormal leaf volume
2 1L1(L1) 33.3% uniform growth; 46.7% with crown loss rate of 5-25%; 20.0% with
T crown loss rate of 25-50%
3 43(2.9) 86.7% with unhealthy branches of diameter 5-10 cm; 33.3% with unhealthy
T branches greater than 10 cm
4 0.7 0.5) Average about 49.1%, with 33.3% having a live crown greater than 50%;
AT 66.7% having a live crown between 25%-50%
I 5 1.7 (2.9) 6.7% none; 93.3% with parasitic plants; 13.3% with tree holes; 6.7% with
B fungi (fruiting bodies)
6 0.1 (0.3) Average about 31.9, with 93.3% tree height to DBH ratio < 50; 6.7% with 50
T < tree height to DBH ratio < 90
7 13(1.9) 66.7% with trunk tilt less than 15° ; 20.0% with trunk tilt between 15° and
T 30° ; 13.3% with trunk tilt greater than 30°
8 0.5(0.5)  53.3% none; 46.7% with codominant stems and angles greater than 30°
9 0.8(1.4)  73.3% none; 26.7% with swollen branches
46.7% no damage; 53.3% with bark damage area less than 5-30% of
10 0.5(0.5) )
circumference
1 34(5.1) 53.3% none; 40.0% with damage; 26.7% with internal bark; 6.7% with
T abnormal cracking; 26.7% with abnormal swelling
60.0% none or well recovered; 20.0% with weakened recovery or
12 0.8 (1.2)  regeneration; 20.0% unable to regenerate, deformities, wounds unable to heal,
discoloration occurs
1 13 1.3(1.3)  40.0% no basal sprouts; 26.7% with sprouts; 33.3% with abundant sprouts
14 0.0 (0.0)  100.0% no covering soil
15 1.3(1.8)  46.7% none; 26.7% slight; 13.3% moderately severe; 13.3% severe
16 0.6 (1.3)  66.7% none; 26.7% slight; 6.7% partial
6.0% none; 40.0% with decay area occupying less than 25% of the
17 2025 .
circumference at that point
18 0.6 (0.5)  40.0% none; 60.0% with obvious damage or removal of roots
v 19 0.0 (0.0)  100.0% sufficient area
20 1.5(0.9)  26.7% not significantly affected by wind; 73.3% in wind-swept areas
21 2.8(0.8)  6.7% normal; 93.3% compacted
22 1.9(1.3)  26.7% good; 33.3% poor; 40.0% severe water accumulation
ATD 27.7

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 9. Health assessment for 15 trees of Fraxinus formosana (FF)

Aspect Item D (SD) Proportions
I 1 0.8 (1.0) 46.7% normal; 40.0% with 5-25% abnormal leaf volume; 13.3% with 25-
R 50% abnormal leaf volume
2 1.6 (1.2) 20.0% uniform growth; 40.0% with crown loss rate of 5-25%; 40.0% with
R crown loss rate of 25-50%
66.7% with unhealthy branches of diameter 5-10 cm; 13.3% with unhealthy
3 2.7(2.1)
branches greater than 10 cm
4 0.7 0.5) Average about 49.1%, with 33.3% having a live crown greater than 50%;
AT 66.7% having a live crown between 25%-50%
13.3% none; 60.0% with parasitic plants; 6.7% with galls; 20.0% with tree
II 5 1.9 (3.1)  holes; 6.7% with abnormal sap flow or ulcers; 6.7% with fungi (fruiting
bodies)
6 0.6 (0.5) Average about 57.2, with 40.0% tree height to DBH ratio < 50; 60.0% with
T 50 < tree height to DBH ratio < 90
7 15(1.8) 53.3% with trunk tilt less than 15° ; 40.0% with trunk tilt between 15° and
T 30° ; 6.7% with trunk tilt greater than 30°
] 1.7 (1.8) 13.3% none; 66.7% with codominant stems and angles greater than 30° ;
B 20.0% with codominant stems and angles less than 30°
73.3% none; 13.3% with swollen branches; 13.3% with significantly swollen
9 1.1(1.9) . o
branches having cavities
40.0% no damage; 26.7% with bark damage area less than 5-30%
10 1.3 (1.3)  of circumference; 33.3% with bark damage area between 31-60% of
circumference
60.0% none; 13.3% with damage; 33.3% with internal bark; 6.7% with
11 5.5(5.5)  abnormal cracking; 13.3% with abnormal swelling; 26.7% with longitudinal
cracks
12 0.1 (0.3)  93.3% none or well recovered; 6.7% with weakened recovery or regeneration
11 13 0.1 (0.3)  93.3% no basal sprouts; 6.7% with sprouts
14 0.4 (1.1)  86.7% no covering soil; 13.3% with covering soil greater than 10 cm
15 0.4 (11) 86.7% none; 13.3% slightly severe
16 0.5(1.3)  73.3% none; 20.0% slight; 6.7% partial
73.3% none; 13.3% with decay area occupying less than 25% of the
17 2.0(3.7)  circumference at that point; 13.3% with decay area occupying more than 25%
of the circumference at that point
18 0.1(0.4) 86.7% none; 13.3% with obvious damage or removal of roots
v 19 0.3 (1.3)  93.3% sufficient area; 6.7% insufficient area
20 1.5 (0. 26.7% not significantly affected by wind; 73.3% in wind-swept areas
21 3.0(0.0) 100.0% compacted
22 1.7 (1.0)  20.0% good; 66.7% poor; 13.3% severe water accumulation
ATD 29.4

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 10. Health assessment for 15 trees of Cassia fistula (CF)

Aspect Item D (SD) Proportions
20.0% normal; 40.0% with 5-25% abnormal leaf volume; 33.3% with 25-

I ! L7(1.5) 50% abnormal leaf volume; 6.7% with more than 50% abnormal leaf volume
5 13(1.5) 40.0% uniform growth; 33.3% with crown loss rate of 5-25%; 20.0% with
T crown loss rate of 25-50%; 6.7% with crown loss rate greater than 50%
3 2.9(2.7) 20.0% none; 53.3% with unhealthy branches of diameter 5-10 cm; 26.7%

with unhealthy branches greater than 10 cm

Average about 40.80%, with 6.7% having a live crown greater than 50%;
4 1.1 (0.6)  86.7% having a live crown between 25%-50%; 6.7% with crown loss rate
greater than 50%

13.3% none; 73.3% with parasitic plants; 20.0% with tree holes; 33.3% with

1 > 3.3 (4.2) abnormal sap flow or ulcers; 6.7% with fungi (fruiting bodies)

6 0.3 (0.5) Average about 46.2, with 73.3% tree height to DBH ratio < 50; 26.7% with
T 50 < tree height to DBH ratio < 90

7 1.5 (2.0) .0% with trunk tilt less than 5 26.7% with trunk tilt between an

60.0% with trunk tilt less than 15° ; 26.7% with trunk tilt b 15° d

A 30° ; 13.3% with trunk tilt greater than 30°

8 0.3(0.5)  66.7% none; 33.3% with codominant stems and angles greater than 30°

9 1.6 (1.6)  46.7% none; 53.3% with swollen branches

10 1.5(0.9) 73.3% with bark damage area less than 5-30% of circumference; 26.7% with

bark damage area between 31-60% of circumference

100.0% damaged; 13.3% with internal bark; 26.7% with abnormal cracking;
11 12.3 (6.4)  13.3% with abnormal swelling; 20.0% with horizontal cracks; 66.7% with
longitudinal cracks

40.0% none or well recovered; 20.0% with weakened recovery or
regeneration; 20.0% unable to regenerate, deformities, wounds unable to heal,
discoloration occurs; 20.0% with wound diameter between 10 cm and 20 cm,
unable to heal leading to decay

1T 13 0.2 (0.8)  93.3% no basal sprouts; 6.7% with abundant sprouts
14 0.0 (0.0)  100.0% no covering soil
15 0.1(0.4)  86.7% none; 13.3% slight
16 0.8 (2.6)  80.0% none; 13.3% slight; 6.7% severe

12 1.8 (2.0)

6.7% none; 13.3% with decay area occupying less than 25% of the
17 8.7(3.0)  circumference at that point; 73.3% with decay area occupying more than 25%
of the circumference at that point; 6.7% with fungi (fruiting bodies)

18 0.4 (0.5)  60.0% none; 40.0% with obvious damage or removal of roots
v 19 0.0 (0.0)  100.0% sufficient area
20 0.9 (1.0)  53.3% not significantly affected by wind; 46.7% in wind-swept areas
21 2.2(1.4)  26.7% normal; 73.3% compacted
22 1.3 (1.0)  33.3% good; 66.7% poor
ATD 443

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
Two of the Cassia fistula trees had three critical factors; two had four factors; and one had five factors.
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The health assessment of 15 AS indi-
viduals revealed an Average total deduction
score of 29.5 points, indicating moderate
health issues. In the trunk, prominent
problems included types of bark damage, with
53.3% of the trees exhibiting bark damage
and 53.3% showing endogenous bark.
Structural concerns were also significant, as
53.3% of the trees displayed trunk lean angles
less than 30°, suggesting a high-risk condition.
All trees were infested with parasitic plants.

The Habitat environment was a major
contributing factor, with severe issues in
soil quality—93.3% of trees were growing
in compacted soil-and drainage conditions,
which were poor for all trees (100%).
Additionally, 66.7% of the trees were located
in wind-prone areas.

In the crown, a general prevalence of
reduced leaf quantity and unhealthy branches
was observed. Root health also required
attention, with 40% of trees exhibiting slight
issues and 26.7% showing moderately severe
problems in Root condition. Furthermore,
nearly 60% of the trees showed decay at the
junction of roots and trunk.

Overall, the health of AS was compro-
mised by trunk damage, poor structural
stability, and adverse environmental pressures,
underscoring the need for enhanced monitoring
and management (Table 11).

The health assessment of 15 SM indi-
viduals revealed an Average total deduction
score of 50.5 points—the highest among
all surveyed species—with multiple trees
exhibiting three to four critical risk factors,
indicating extremely poor health. The most
severe problems were concentrated in the
trunk, where types of bark damage received
an average score of 16.6; 93.3% of the trees
exhibited various severe bark defects causing
extensive damage.

Biological hazards were also significant,

with 73.3% of the trees hosting parasitic
plants and 40% showing fungal infections.
Issues with trunk structure were prevalent,
with 73.3% of trees having lean angles
greater than 30°, and some exhibiting decay
and cracks.

Root health presented a critical weakness,
particularly decay at the junction of roots and
trunk, which had an average score of 8.0 and
was observed in 73.3% of trees with decay
exceeding 25%, posing a very high risk of
failure or toppling.

Regarding the Habitat environment, 93.3%
of the trees were located in wind-exposed
areas, 80% were growing in compacted soils,
13.3% were planted on hard surfaces, and
66.7% experienced poor drainage conditions,
indicating substantial environmental stress.

Overall, the health condition of SM was
critical and demanded immediate intervention
(Table 12).

The health assessment of 15 TM indi-
viduals revealed an Average total deduction
score of 33.7 points, indicating poor health.
Significant issues were observed in the trunk,
with types of bark damage receiving an
average score of 6.3, reflecting widespread
severe defects. Biological hazards were
prevalent, with 86.7% of trees hosting
parasitic plants and 20% exhibiting trunk
cavities. Additionally, trunk tilting was
notable, with 40% of the trees leaning
between 15 and 30 degrees, and 13.3% tilted
over 30 degrees.

Root conditions also raised concerns, as
40% of the trees showed abnormal growth of
lateral roots, and 60% exhibited decay at the
junction of roots and trunk, both requiring
attention.

The Habitat environment posed significant
stress, with all trees (100%) growing in
compacted soil and 86.7% experiencing poor
drainage conditions.
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Table 11. Health assessment for 15 trees of Alstonia scholaris (AS)

Aspect Item D (SD) Proportions
I 1 1.4 (1.6) 40.0% normal; 26.7% with 5-25% abnormal leaf volume; 26.7% with 25-
’ ’ 50% abnormal leaf volume; 6.7% with more than 50% abnormal leaf volume
5 0.8 (1.2) 60.0% uniform growth; 20.0% with crown loss rate of 5-25%; 20.0% with
T crown loss rate of 25-50%
3 2.7(12) 13.3% none; 80.0% with unhealthy branches of diameter 5-10 cm; 6.7% with
T unhealthy branches greater than 10 cm
Average about 49.8%, with 46.7% having a live crown greater than 50%;
4 0.7 (0.8)  46.7% having a live crown between 25%-50%; 6.7% with crown loss rate
greater than 50%
100.0% with parasitic plants; 66.7% with galls; 6.7% with abnormal sap flow
I 5 1.4 (1.3)
or ulcers
6 0.2 (0.4) Average about 36.7, with 80.0% tree height to DBH ratio < 50; 20.0% with
A 50 < tree height to DBH ratio < 90
7 0.5 (1.5) 86.7% with trunk tilt less than 15° ; 6.7% with trunk tilt between 15° and
A 30°; 6.7% with trunk tilt greater than 30°
8 2.7(2.6)  46.7% none; 53.3% with codominant stems and angles less than 30°
9 0.0 (0.0)  100.0% none
66.7% no damage; 26.7% with bark damage area less than 5-30%
10 0.5(0.8)  of circumference; 6.7% with bark damage area between 31-60% of
circumference
1 5.5(6.5) 26.7% none; 53.3% damaged; 53.3% with internal bark; 6.7% with abnormal
AT swelling; 6.7% with horizontal cracks; 13.3% with longitudinal cracks
86.7% none or well recovered; 6.7% with weakened recovery or regeneration;
12 0.3(0.8)  6.7% unable to regenerate, deformities, wounds unable to heal, discoloration
occurs
I 13 0.0 (0.0)  100.0% no basal sprouts
14 0.0 (0.0)  100.0% no covering soil
15 1.5(1.5)  26.7% none; 40.0% slight; 26.7% moderate; 6.7% severe
16 0.4 (1.3)  86.7% none; 6.7% slight; 6.7% partial
40.0% none; 53.3% with decay area occupying less than 25% of the
17 3.3(3.1) circumference at that point; 6.7% with decay area occupying more than 25%
of the circumference at that point
18 0.5(0.5)  53.3% none; 46.7% with obvious damage or removal of roots
v 19 0.7 (1.8)  86.7% sufficient area; 13.3% insufficient area
20 1.3 (1.0)  33.3% not significantly affected by wind; 66.7% in wind-swept areas
21 3.1(0.5)  93.3% compacted; 6.7% hard surface
22 2.0(0.0)  100.0% poor
ATD 29.5

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 12. Health Assessment for 15 Trees of Sapindus mukorossi (SM)

Aspect Item D (SD) Proportions
33.3% normal; 60.0% with 5-25% abnormal leaf volume; 6.7% with 25-50%

I ! 0.8(0.8) abnormal leaf volume
2 0.5 (1.1) 73.3% uniform growth; 13.3% with crown loss rate of 5-25%; 13.3% with
T crown loss rate of 25-50%
3 0.8 (1.4)  73.3% none; 26.7% with unhealthy branches of diameter 5-10 cm

Average about 38.6%, with 13.3% having a live crown greater than 50%;
4 1.0 (0.7)  80.0% having a live crown between 25%-50%; 6.7% with crown loss rate
greater than 50%

20.0% none; 73.3% with parasitic plants; 6.7% with galls; 13.3% with tree

1 > 3:3(53) holes; 6.7% with termite tunnels; 40.0% with fungi (fruiting bodies)
6 0.5 (0.5) Average about 49.7, with 53.3% tree height to DBH ratio < 50; 46.7% with
AT 50 < tree height to DBH ratio < 90
7 0.9(1.7) 73.3% with trunk tilt less than 15°; 20.0% with trunk tilt between 15° and

30°; 6.7% with trunk tilt greater than 30°

6.7% none; 73.3% with codominant stems and angles greater than 30° ;
8 2.1(2.6)  13.3% with codominant stems and angles less than 30° ; 6.7% with
codominant stems with decay or cracks

53.3% none; 40.0% with swollen branches; 6.7% with large cavities in the

0 1927 trunk or main branches
33.3% no damage; 60.0% with bark damage area less than 5-30%
10 0.9(1.2)  of circumference; 6.7% with bark damage area greater than 61% of

circumference

93.3% damaged; 86.7% with internal bark; 20.0% with abnormal cracking;
11 16.6 (6.1)  20.0% with abnormal swelling; 73.3% with horizontal cracks; 20.0% with
longitudinal cracks

93.3% none or well recovered; 6.7% with wounds greater than 20 cm in
diameter that cannot heal, leading to decay

1 13 0.0 (0.0)  100.0% no basal sprouts
14 0.0 (0.0)  100.0% no covering soil
15 2.1 (1.6)  13.3% none; 40.0% slight; 33.3% moderate; 13.3% severe
16 0.3 (0.5)  66.7% none; 33.3% slight

13.3% none; 13.3% with decay area occupying less than 25% of the
17 8.0 (3.7)  circumference at that point; 73.3% with decay area occupying more than 25%
of the circumference at that point

12 0.7 (2.6)

18 0.7 (0.5)  26.7% none; 73.3% with obvious damage or removal of roots
v 19 1.0 (2.1)  80.0% sufficient area; 20.0% insufficient area
20 1.9(0.5)  6.7% not significantly affected by wind; 93.3% in wind-swept areas
21 3.1(1.1)  6.7% normal; 80.0% compacted; 13.3% hard surface
22 1.5(1.0)  26.7% good; 66.7% poor; 6.7% with severe water accumulation
ATD 50.5

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
Four of the SM trees had three critical factors; four had four critical factors.
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The crown exhibited a high prevalence
of unhealthy branches and defects.

Overall, the health of TM was adversely
affected by trunk damage, tilting, root
abnormalities, and poor habitat conditions,
indicating a high risk of structural instability
and decline (Table 13).

The health assessment of 15 KH indi-
viduals revealed an Average total deduction
score of 27.6 points, indicating moderate
health issues. Major problems in the trunk
included biological hazards, with 93.3%
of trees hosting parasitic plants, 46.7%
exhibiting trunk cavities, and 13.3% showing
signs of fungal infections. Additionally,
trunk tilting was significant, with 40% of
trees leaning between 15 and 30 degrees,
and 20% tilted over 30 degrees. Structural
concerns were also prominent, as 46.7% of
trees showed trunk lean angles less than 30
degrees.

Regarding the Habitat environment, all
trees (100%) were growing in compacted
soil, and 86.7% were located in wind-exposed
areas, indicating high environmental stress.

Crown defects and unhealthy branches
were common, and the live crown ratio
averaged 29.6%, the lowest among all
surveyed species. In the roots, 40% of the
trees exhibited decay at the junction of roots
and trunk, and 60% showed root damage,
both requiring attention.

Overall, the health of KH was influenced
by multiple factors, underscoring the need for
targeted pruning, structural support, and soil
improvement (Table 14).

Table 15 summarizes the average and
total deduction scores across four assessed
aspects—crown, trunk, roots, and Habitat
environment—for the ten surveyed tree species.
SM had the highest total score of 50.5 points,
followed by CF with 44.3 points and TM
with 33.7 points, indicating the poorest health
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conditions among these species. LF recorded
the lowest Average total deduction of 24.80
points, reflecting relatively better health.

For trunk deductions were highest
for SM (28.8 points) and CF (22.6 points),
indicating severe problems related to trunk
pests, decay, or structural damage. Root
deductions were also highest for SM (11.1
points) and CF (10.2 points), demonstrating
extremely high health risks within their root
systems.

Crown deductions were greatest for CF
(7.0 points), CC (6.7 points), and FF (5.7
points), indicating poor branch structure and
health.

Regarding the Habitat environment, LF
(9.5 points), SM (7.5 points), and AS (7.1
points) had the highest deductions, reflecting
common issues such as soil compaction, wind
exposure, and poor drainage.

The comprehensive assessment indicates
that SM and CF exhibit the poorest health
and should be prioritized for monitoring and
management interventions. In contrast, LF,
BJ, KH demonstrated overall better health
conditions, although some specific areas still
require attention and enhanced management.

Tree health and safety assessment propor-
tions (%)

Table 16 categorizes the health of ten
tree species into four levels: Good, Fair, Poor,
and Grade A (Major Hazard). BJ, LF and CC
had the highest proportions of “Good” health
individuals at 66.7%. In contrast, SM had no
trees rated as “Good,” with 67.7% rated as
“Poor” and 6.7% as Grade A, showing the
worst health condition. CF, TM, and KH also
had some individuals classified as Grade A.

The notes to Table 16 also highlight
severe defects in Grade A trees, such as
extensive trunk decay in CF, irreparable
structural damage with deep cracks in SM
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Table 13. Health assessment for 15 trees of Terminalia mantalyi (TM)

Aspect Item D (SD)

Proportions

I 1 0.5(0.8)  66.7% normal; 26.7% with 5-25% abnormal leaf volume
5 1.0 (1.1) 40.0% uniform growth; 40.0% with crown loss rate of 5-25%; 20.0% with
T crown loss rate of 25-50%
3 2.1(22) 33.3% none; 60.0% with unhealthy branches of diameter 5-10 cm; 6.7% with
T unhealthy branches greater than 10 cm
Average about 46.00%, with 40.0% having a live crown greater than 50%;
4 0.9 (1.0)  46.7% having a live crown between 25%-50%; 13.3% with crown loss rate
greater than 50%
I 5 2121 13.3% none; 86.7% with parasitic plants; 6.7% with galls; 20.0% with tree
’ ’ holes; 13.3% with abnormal sap flow or ulcers; 6.7% with termite tunnels
6 0.1(0.4) Average about 37.9, with 86.7% tree height to DBH ratio < 50; 13.3% with
T 50 < tree height to DBH ratio < 90
7 1.9(1.9) 46.7% with trunk tilt less than 15° ; 40.0% with trunk tilt between 15° and
A 30° ; 13.3% with trunk tilt greater than 30°
8 1.3(2.3)  73.3% none; 26.7% with codominant stems and angles less than 30°
9 1.6 (2.9) 66.7% none; 20.0% with swollen branches; 6.7% with obvious swelling and
T cavities; 6.7% with large cavities in the trunk or main branches
10 0.6 (0.5) 40.0% no damage; 60.0% with bark damage area less than 5-30% of
AT circumference
13.3% none; 66.7% damaged; 26.7% with internal bark; 13.3% with
11 6.3 (5.8)  abnormal cracking; 20.0% with abnormal swelling; 13.3% with horizontal
cracks; 13.3% with longitudinal cracks
12 0.4 (1.1) 86.7% none or well recovered; 13.3% unable to regenerate or showing

deformities, with wounds that cannot heal and discoloration occurring

m 13 0.0 (0.0)

14 0.4 (1.1)
15 1.4 (1.6)
16 2.8 (3.6)
17 3.7 (3.0)
18 0.7 (1.3)

100.0% no basal sprouts
86.7% no covering soil; 13.3% with covering soil greater than 10 cm
40.0% none; 26.7% slight; 26.7% moderate; 6.7% severe

46.7% none; 13.3% slight; 26.7% partial; 13.3% severe

33.3% none; 60.0% with decay area occupying less than 25% of the
circumference at that point; 6.7% with decay area occupying more than 25%
of the circumference at that point

60.0% none; 33.3% with obvious damage or removal of roots; 6.7% with
damage or removal greater than 25%

v 19 0.0 (0.0)

100.0% sufficient area

20 0.9 (1.0)  53.3% not significantly affected by wind; 46.7% in wind-swept areas
21 3.0(0.0)  100.0% compacted
22 1.9 (0.6)  6.7% good; 86.7% poor; 6.7% with severe water accumulation

ATD 33.7

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 14. Health assessment for 15 trees of Koelreuteria henryi (KH)

Aspect Item D (SD) Proportions

I 1 0.2(0.4)  80.0% normal; 20.0% with 5-25% abnormal leaf volume
5 13(1.5) 33.3% uniform growth; 40.0% with crown loss rate of 5-25%; 20.0% with
T crown loss rate of 25-50%; 6.7% with crown loss rate greater than 50%
3 1.9(1.9) 46.7% none; 40.0% with unhealthy branches of diameter 5-10 cm; 13.3%
R with unhealthy branches greater than 10 cm
4 0.9 (0.3) Average about 29.6%, with 6.7% having a live crown greater than 50%;
AT 93.3% having a live crown between 25%-50%
I 5 3.1 (4.0) 6.7% none; 93.3% with parasitic plants; 46.7% with tree holes; 6.7% with
T abnormal sap flow or ulcers; 13.3% with fungi (fruiting bodies)
6 0.1 (0.4) Average about 37.1, with 86.7% tree height to DBH ratio < 50; 13.3% with
T 50 < tree height to DBH ratio < 90
7 22 (2.0) 40.0% with trunk tilt less than 15° ; 40.0% with trunk tilt between 15° and
o 30° ;20.0% with trunk tilt greater than 30°
8 2.7(2.3) 20.0% none; 33.3% with codominant stems and angles greater than 30° ;
B 46.7% with codominant stems and angles less than 30°
9 0.2 (0.8)  93.3% none; 6.7% with swollen branches
10 0.3 (0.5) 73.3% no damage; 26.7% with bark damage area less than 5-30% of
B circumference
1 2.5 (3.4) 66.7% none; 20.0% with internal bark; 33.3% with abnormal cracking; 6.7%

with longitudinal cracks

80.0% none or well recovered; 13.3% with weakened recovery or
12 0.5(1.3) regeneration; 6.7% with wounds of diameter 10 cm < wounds < 20 cm that
cannot heal, causing decay

I 13 0.1 (0.3)  93.3% no basal sprouts; 6.7% with sprouts present
14 0.0 (0.0)  100.0% no covering soil
15 1.3 (1.5)  40.0% none; 33.3% slight; 20.0% moderate; 6.7% severe

16 1.00 (1.69) 53.3% none; 33.3% slight; 13.3% partial

60.0% none; 26.7% with decay area occupying less than 25% of the
17 2.7(3.7)  circumference at that point; 13.3% with decay area occupying more than 25%
of the circumference at that point

33.3% none; 60.0% with obvious damage or removal of roots; 6.7% with

18 0.9(1.2) damage or removal greater than 25%

v 19 0.0 (0.0)  100.0% sufficient area

20 1.7 (0.7)  13.3% not significantly affected by wind; 86.7% in wind-swept areas
21 3.0(0.0) 100.0% compacted
22 1.1(1.0)  46.7% good; 53.3% poor

ATD 27.6

Note: I: Crown condition, II: Trunk condition, III: Root condition, IV: Habitat environment, D: Average
deduction, SD: Standard deviation; ATD: Average total deduction.
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Table 15. Average total deduction for Tree Species in Crown, Trunk, Root, and Habitat environment

Tree species  Crown condition Trunk condition Root condition Habltat Average t otal
environment deduction
BJ 3.1 10.9 7.4 5.7 27.1
LF 3.5 6.5 5.4 9.5 24.8
M 5.1 12.9 7.7 5.1 30.8
cC 6.7 9.1 5.8 6.1 27.7
FF 5.7 13.5 35 6.5 29.3
CF 7.0 22.6 10.2 4.5 443
AS 5.6 11.1 5.7 7.1 29.5
SM 3.1 28.8 11.1 7.5 50.5
™ 4.5 14.4 8.9 59 33.7
KH 4.3 11.5 5.9 5.8 27.6
Table 16. Health assessment proportions (%) of 10 tree species

Tree species Good (%) Average (%) Poor (%) Grade A

BJ 10 (66.7) 3(20.0) 2(13.3) 0(0.0)

LF 10 (66.7) 5(33.3) 0(0.0) 0(0.0)

FM 9 (60.0) 2(13.3) 4(26.7) 0 (0.0)

CcC 10 (66.7) 5(33.3) 0(0.0) 0(0.0)

FF 8(53.3) 6 (40.0) 1(6.7) 0(0.0)

CF 1(6.7) 8(53.3) 5(33.3) 1(6.7)

AS 8(53.3) 5(33.3) 2(13.3) 0(0.0)

SM 0(0.0) 4 (26.7) 10 (67.7) 1 (6.7)

™ 6 (40.0) 6 (40.0) 2(13.3) 1(6.7)

KH 7 (46.7) 6 (40.0) 1(6.7) 1 (6.7)

Notes:
Percentages are shown in parentheses.

Criteria for severe hazards include: Class A (Severe Hazard)

CF: One tree has a trunk decay area exceeding 50% of the cross-sectional area.
SM: One tree has a co-dominant stem with a crack deep enough to match the diameter of the stem, structural

damage, and trunk decay area exceeding 50%.

TM: One tree has a cavity depth exceeding 2/3 of the cross-sectional diameter and an opening of more than 1/3.
KH: One tree has a cavity depth exceeding 2/3 of the cross-sectional diameter and an opening of more than 1/3.

and deep trunk cavities in both TM and KH.
These conditions indicate critical health
problems in Grade A trees and management
authorities are urged to prioritize high-risk
species and individuals.

No species are rated as “Low risk” in
Table 17 for environmental safety. BJ, LF, FF,
SM, and KH were 100% “High risk.” CF and
FM had over 87% high risk, while AS and
TM were at 80%. Only CC had the lowest
high-risk proportion (67.7%), but it was still
substantial.

Table 18’s comprehensive safety
assessment identified SM, CF, TM, and KH as
primary intervention targets, each with 6.7%
A Grade individuals. SM had the highest
proportion of Grade B (66.7%) and no low-
risk trees. Species like BJ, CC, LF, and FM
showed higher proportions of low risk (Grade
D).

In summary, Grade A trees and those
with high Grade B proportions should be
prioritized to protect campus safety.



Taiwan J For Sci 40(3): 293-323, 2025

315

Table 17. Environmental public safety risk assessment proportions (%) of the 10 tree species

Tree species Low (%) Medium (%) High (%)
BJ - - 15 (100.0)
LF - - 15 (100.0)
FM - 2(13.3) 13 (87.7)
CC - 4(26.7) 11 (67.7)
FF - 1(6.7) 14 (93.3)
CF - 2(13.3) 13 (87.7)
AS - 3(20.0) 12 (80.0)
SM - - 15 (100.0)
™ - 3(20.0) 12 (80.0)
KH - - 15 (100.0)
Note: Percentages are shown in parentheses.
Table 18. Comprehensive safety assessment proportions (%) of 10 Tree Species
Tree species Grade A Grade B Grade C Grade D
BJ 0.0% 13.3% 20.0% 66.7%
LF 0.0% 0.0% 33.3% 66.7%
FM 0.0% 26.7% 13.3% 60.0%
CcC 0.0% 0.0% 33.3% 66.7%
FF 0.0% 6.7% 40.0% 53.3%
CF 6.7% 20.0% 66.7% 6.7%
AS 0.0% 6.7% 40.0% 53.3%
SM 6.7% 66.7% 26.7% 0.0%
™ 6.7% 13.3% 40.0% 40.0%
KH 6.7% 6.7% 40.0% 46.7%
DISCUSSION (Tree Hazard Rating and Evaluation Tool

Methods of visual tree assessment

This study conducted a comprehensive
health and public safety assessment of 150
trees from 10 common species on the campus
of National Ilan University, systematically
identifying interspecific differences in
physiological health and external risk
conditions. By integrating the assessment
results with risk classification, the research
provides a scientific basis to inform future
green space management and campus planting
strategies.

According to previous research, three
visual risk assessment methods—THREATS

System), QTRA (Quantified Tree Risk
Assessment), and ISA BMP (International
Society of Arboriculture Best Management)—
showed no significant differences in overall
results among assessors; however, differences
were noted in the components of “likelihood
of impact” and “risk rating.” Until a
method better adapted to local conditions is
developed, the ISA BMP method remains
the preferred choice, as it provides detailed
analysis of defects and residual risk
(Ameneiros 2022). Nonetheless, the choice of
method should align with practical needs: the
U.S. Department of Agriculture Forest Service
method is suitable for rapid assessments
(approximately 10 minutes per tree), while
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ISA BMP is more appropriate for detailed
assessments of critical trees (approximately
20-25 minutes per tree), and the traditional
ISA framework offers a balanced intermediate
option.

It is recommended that digital tools and
professional training be integrated with the
characteristics of local tree species (Koeser et
al. 2013). In this study, the assessors were not
certified arborists but had received training;
consequently, uncertainties occasionally
arose during the inspection process. However,
as the number of inspections increased,
the assessors’ experience and proficiency
improved. To enhance the reliability of
evaluations, future applications should
incorporate repeat inspections and verification
by two or more assessors to ensure consistency
and improve overall accuracy.

This study further recommends refining
the Taipei City tree safety assessment form
based on accumulated field experience to
better address local risk conditions. First,
the risks of environmental safety and tree
health should not be combined into a single
tree safety assessment form, as “safety” and
“health” are distinct concepts, and conflating
them may lead to misunderstandings among
the general public. Secondly, the judgment
criteria in the “Significant Hazard (A-level)”
category and the “Environmental Public
Safety Risk Level” are somewhat vague,
which may result in misclassification;
therefore it is suggested to refine these
judgment standards. Additionally, while
the current “total deduction method” used
in tree health assessments is suitable for
general use, it is less reasonable and flexible
compared to the ISA’s basic tree risk
assessment framework. Consideration should
therefore be given to adjusting the assessment
methods methods to improve diagnostic
accuracy. Finally, the scoring standards in

“Tree Health Assessment” should be more
explicitly grounded in literature to clarify the
relationship between score quantification and
health status. Together, these improvements
would improve both the accuracy and
practical utility of the assessment process
while underscoring that different visual
tree assessment methods have specific
applicability.

Health differences among tree species

Significant health differences among
tree species were found (Table 15). SM
and CF exhibited the poorest health, with
total deduction scores of 50.3 and 44.3
respectively, far exceeding other species,
implying poor adaptation or exposure to long-
term stressors. Conversely, LF showed good
adaptability with a lower total deduction of
24.8. Deduction types varied by species; for
example, TM’s problems were related to
planting hole size and crown lean (Liao et
al. 2021), while Taichung City street trees
displayed various hazardous defects (Chen
2018).

From reviewing Table 16 regarding the
assessment ratios of the ten tree species that,
in cases where human damage affected tree
health and A grades were not considered, the
tree species with poorer health included SM,
CF, and FM. Due to the poor growth vitality
of these species, it was recommended to avoid
selecting them for planting in the future. In
this study, trunk decay and root damage in
trees were found to be key structural defects
affecting tree health. The main causes of these
issues are attributed to human mechanical
injuries, such as pruning, mechanical
weeding, or construction activities. The
proportion of damage caused by these factors
is approximately 30-70%. Therefore, it is
essential to avoid these human-induced
factors.
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This study identified the trunk and
roots as key contributors to high deductions,
particularly in SM and CF, identifying
structural defects including trunk decay and
root damage as major health determinants.
This aligns with prior research that
emphasizes trunk and root integrity as core
health and risk indicators (Pokorny 2003,
Lin et al. 2012, Martinez and Coelho-Duarte
2023). Martinez and Coelho-Duarte (2023)
also introduced “conflicts with infrastructure”
and “structural support” as additional
indicators, totaling nine. Future management
should focus on early monitoring and
intervention targeting these critical areas.
In addition, each tree species demonstrated
its own specific set of recurring health
defects, suggesting that inspectors should
pay special attention to these species-specific
vulnerabilities during assessment.

Hazardous defects and health grades

As shown in Table 16, the health ratings
of most species clustered around “Good” and
“Fair,” but some individuals were classified
as “Poor” or “ Grade A Major Hazard.”
SM had no individuals rated “Good,” with
67.7% rated “Poor” and 6.7% rated Grade
A, indicating urgent intervention needed.
Similarly, CF, TM, and KH each had
individuals rated Grade A, frequently showing
structural instability such as severe decay,
deep cracks, large cavities, and irreparable
damage. One SM individual exhibited three
major hazard characteristics, marking the
highest risk and public safety threat.

In this study, the high deduction scores
recorded for the trunks and roots of certain
tree species were primarily attributed to
unfavorable growing environments, poor
soil in planting pits, human damage, and
inappropriate species selection. To address
these issues and reduce associated risk
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levels, strategies should not only target
the underlying causes, but also refer to the
recommended handling methods in the tree
safety assessment framework, including
continuous inspection and monitoring,
mitigation measures (such as pruning,
support, pest and disease control, habitat
improvement), transplantation, removal,
and inviting experts to conduct on-site
assessments and provide recommendations.

It is essential to note that the A Grade
classification corresponds to seven specific
high-risk conditions, including severe trunk
decay, major cavities, large branch failure
potential, and others, which should serve as
key warning indicators during evaluations
(Pokorny 2003, Lin et al. 2012). Case studies
across Taiwan illustrate these risks: in Taitung
City, crown dieback, external decay, and
planting hole size were identified as indicators
(Chen 2019), while the major defects in
Taichung City street trees were primarily
linked to improper pruning and insufficient
planting space (Chien 2018). These findings
indicate that even generally healthy
species may harbor high-risk individuals,
necessitating detailed management. Similar
observations in other studies highlight the
need for urgent actions on the 2.1% to 7.8%
of trees classified as high-risk (Chiou and Lin
2024, Li et al. 2021).

Environmental public safety risk assessment

Regarding public safety risks (Table 17),
no species had individuals rated “Low risk,”
showing medium to high environmental risks
campus-wide. Notably, BJ, LF, SM, and KH
had 100% individuals rated “High risk.” Even
species with acceptable health presented high
environmental risks due to external factors.
This result confirms that a comprehensive risk
assessment must integrate a tree’s health with
its environmental context. This highlights that



318 Xie et al.—Assessment of Campus Trees Using Visual Inspection

risk is linked not only to tree health but also
to planting locations and surroundings. Trees
near sidewalks, busy areas, roads, or wind-
prone zones carry elevated risk regardless of
health status. Risk assessment should thus
consider physiological indicators alongside
environmental variables such as hazard zones
and receptor sensitivity, including metrics
like “Likelihood of Failure,” “Likelihood of
Impact,” “Consequence,” and “Risk rating”
(Dunster et al. 2017, Coelho-Duarte et al.
2021). Despite methodological differences,
the need for detailed multifactorial risk
management is clear.

The results of this study indicate that
the environmental public safety risk of
campus trees is relatively high, suggesting
that the planting and growing environment
of trees on campus is unfavorable to their
growth. The main reason for this is the high
frequency of activities by students, faculty,
and the public in these areas. Therefore,
effective tree safety management requires
a comprehensive, multifactorial approach
that considers both the tree’s health and
its surrounding environment. To avoid and
improve these issues, the following measures
can be considered: enhancing the growing
environment, installing protective fences,
guiding traffic, transplanting trees, and
strengthening tree management.

Comprehensive tree safety risk levels

By integrating health and environmental
risk data (Table 18), a practical risk matrix
was established. SM ranked worst, with
no low-risk individuals, 66.7% high risk,
and some major hazards, making it the top
priority for interventions such as pruning or
removal. CF, TM, and KH also had major
hazard individuals and should be secondary
priorities. Conversely, FM, CC, FF, andAS
had more low-risk individuals, allowing

management through regular monitoring
and targeted improvements. This confirms
the utility of the “Risk matrix” approach
(Ameneiros et al. 2022), which helps campus
managers allocate limited resources efficiently
to maximize public safety while preserving
green space quality.

In terms of tree management, it is
recommended to establish a regular health
inspection system to assess the health status
and risks of the trees, allowing for early
detection of issues. Additionally, efforts
should be made to improve the soil and
water conditions around the trees to provide
an environment suitable for their growth.
To minimize the impact of human activity
on the trees, protective fences or measures
can be set up around them. Furthermore,
signage and guidance should be placed
near trees to reduce traffic interference and
damage. For trees exhibiting poor growth
conditions, consideration should be given to
relocating them to more suitable locations.
To ensure the daily care and maintenance
of trees, a tree management team should be
established to handle tasks such as pruning
and fertilization. Moreover, it is important
to enhance awareness of tree protection
among faculty, students, and the campus
community, emphasizing the significance
of tree management. Finally, establishing a
database of campus trees to record and track
each tree’s health status, inspection history,
and management measures will facilitate
subsequent management and decision-
making.

CONCLUSIONS

This study applied the Taipei City
Tree Safety Assessment Form to evaluate
the health status and public safety risk of
150 trees in 10 species on the campus of
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National Ilan University. The results revealed
significant variation in health conditions
and risk levels among species, providing
empirical evidence for future green space
management and resource allocation.

Sapindus mukorossii (SM) and Cassia
fistula (CF) exhibited the poorest health,
with severe issues particularly in trunk and
root structures. Sapindus mukorossii had the
lowest overall health scores and one Grade
A major hazard individual, indicating urgent
risk. Furthermore, most campus trees faced
high environmental public safety risks,
resulting in the majority of individuals being
classified as “High risk,” highlighting the
critical influence of environmental factors on
risk levels.

By integrating health and environmental
assessments, four tree species—Cassia fistula
(CF), Sapindus mukorossii (SM), Terminalia
mantalyi (TM), and Koelreuteria henryi (KH)
—were identified as priority targets due to
the presence of Grade A hazard individuals.
Among them, Sapindus mukorossii also had
a high proportion of Grade B (high risk) indi-
viduals, requiring continued management
attention. These findings support the
development of a clear risk map to guide
resource allocation and targeted maintenance
strategies. While the Taipei City Tree Safety
Assessment Form proved practical for
identifying potential risks in this study, its
long-term applicability would benefit from
continuous refinement based on accumulated
data, local experience, and changing site-
specific conditions.
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