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Exploration of technical models for assessing wind-induced damage risk to urban trees
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Abstract: Wind-induced damage to urban trees during extreme weather events poses severe challenges to ecological systems,
socioeconomic stability, and public safety. This study integrates Computational Fluid Dynamics (CFD), Ground Penetrating Radar
(GPR), Finite Element Analysis (FEA), and a modified GALES model to propose a tree risk assessment framework combining
non-destructive testing, wind field simulation, and mechanical stability assessment. By quantifying internal trunk structures and
root system distributions using GPR non-destructive testing technology, combined with FEA, we proposed stability influencing
factors to optimize the critical wind speed prediction model. Meanwhile, a rapid prediction model for urban micro-wind fields and
wind directions was developed based on real-time meteorological data and campus geospatial information, enabling dynamic risk
assessment of standing tree safety. The feasibility of this approach was validated using the Beijing Forestry University campus, a
typical urban campus setting, as a case study. Results indicate that the parameterized individual tree model can accurately identify
vulnerable parts of trees, thereby enhancing the accuracy of risk assessments. Tree morphological characteristics, soil parameters,
and trunk defects combined with root distribution are significantly influenced by varying wind speeds and directions, which in turn
affect trunk strength and root-soil anchorage capacity, ultimately impacting tree stability and safety. This research provides
intuitive visualization of predictive outcomes, offering a data foundation and interdisciplinary theoretical basis for resilient urban
tree management.
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: AL AR XS I 74345 505 B 223 I R AS %G N 3 43 A A R 0); C. AR R IR AT ) 431 B R

Notes: A. The effect of cavities on stress distribution; B. The effect of cavity displacement on stress distribution; C. The effect of root loss on stress distribution.



2

JEI T4 45 3 R A IR BB R XU Al e AR A A R 55

5575 KR S 32 A 3 (BB AR SR | 3 EAR
Bl SR Ko — 2R e S AR AR N7 g 04 (i DUUER T 1 R AR AL,
AT BB TR 0 R g R IR B A

22 EFISH

FIER| AR AR E IR EE L, REMAK
s o T AE SRS 1 Sk a), SOt BRI AR L ARTE X
iP5 4 BUSE X3 S pi IR O B A X i
BRI & 10 R K 1F (=265 mes™) o 24 XL
Iv] 15 B A P XURRE, 5 XX ek A A i R XU Tk B A
X R A T B IR IR I %) 5 i i Ay i, AL O A X R

LR R TN TR R, LAE - HT B AR X8 R
FA B 1 L

H A5 XA F A s Mol RN “dRzan” &R
], 2% DX 3N 43 A B RS AR 2 | B0 S A BPE LR 1.
PRI AR RS2t 22, i LLPPAR BHR 36 “ 942 =10 em, B
E=7m, iR B TR B R AT R B bR i
UL 135 R, ZEE GRS L BEAR B AL X EUE 1 &

ARV 1) 2 25w b ) f4 A Bl T L 56 00 B B A 44 ok
“TX” o B TAJER T H bR X 3T, 3 #% AR A
A E

F1 BHRRBARAFHE

Tab.1 Characteristics of trees in the target area

T i Bkt

T %

/(kgm™)

Species Number Stem density MOR/MPa Creg
= ¥ Styphnolobium japonicum (L.) Schott 10 702(6.7%) 103.4(11.5%) 149.8(14.3%)
F Jz ¥ Pinus bungeana Zucc. ex Endl. 7 486(12.3%) 64.9(18.6%) 149.8(14.3%)
WA Pinus tabuliformis Carr. 8 544(11.1%) 73.5(12.3%) 131.7(11.5%)
W Fraxinus pennsylvanica Marsh. 51 686(5.8%) 116.0(12.1%) 149.8(14.3%)
1 Sabina chinensis (L.) Ant. 46 609(7.7%) 77.7(10.0%) 149.8(14.3%)
kAl Eucommia ulmoides Oliv. 11 670(8.9%) 85.0(13.3%) 149.8(14.3%)
R 75 Ginkgo Biloba L. 2 532(10.5%) 76.3(13.0%) 149.8(14.3%)

TE: 5 NN R H

Notes: The values in parentheses are the coefficients of variation.
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Fig. 7 Overview of the target area and key trees
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Notes: A. Specific information of the target area; B. Morphology and GPR inspection results of the two key observation trees.
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Tab.2 Morphological characteristics of trees at very high risk and under key observation

% 5 5 A 5 /m Mg 4% /em e i /m 56 5 /m

No. Species Height DBH Crown width Crown height
TSR 0 A T75 SIS/ 143 48.4 7.5 43
Key observation trees T83 R 13.5 46.8 7.8 46
e o AL 55 A T58 B #1 13.8 142 3.1 35
Extremely high-risk trees T62 *E 125 14.0 6.0 4.4
T63 il 7.9 115 3.5 2.5
T70 il 12.8 13.2 34 32
T73 (5 #71 10.7 18.5 33 2.5
T82 id} 10.8 14.5 4.0 38
T91 il 12.2 18.0 4.6 4.5

T127 [ 41 14.8 13.0 32 3.4
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