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Abstract

Trees situated in urban environments with substantial pedestrian activity are exposed to elevated safety hazards owing to the
dense concentration of both pedestrian and vehicular traffic. Furthermore, conventional tree risk assessment methodologies
often encounter challenges in identifying potential hazards in a comprehensive and objective manner. This study innovatively
integrates traditional Visual Tree Assessment (VTA) and Non-Destructive Testing (NDT) techniques, employing the Bund and
Nanjing East Road as research locations. Based on visual assessment, PICUS-3 acoustic tomography and TRU radar techniques
are utilized to detect the trunk cavitation and root conditions, thereby facilitating the development of a comprehensive tree risk
assessment system. The results indicated that the majority of the trees exhibited minimal or no trunk hollow rot. Moreover, the
extent of hollow rot generally demonstrated a pattern of progressive worsening from the apex to the base of the trees, suggest-
ing a phenomenon of mutual infection of trunk hollow rot. As for the root system, most of the trees had a relatively uniform dis-
tribution density of coarse roots, but some trees had missing roots. In addition, trunk hollow rot and root density did not show
a significant correlation. More than 80% of the trees in the two high-traffic areas had risk ratings in the acceptable or negligible
range. Yet approximately one-third of the trees exhibited a significant risk to their root systems, posing a safety hazard. Three
risk factors had the highest frequency of root deficiency, with trunk hollow rot and stem-boring pests being the next most fre-
quent problems. The study provides new ideas and technical support for urban tree safety management, which is important for
improving tree safety in high-traffic areas.
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Tab. 1 Tree risk matrix
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(R=PxS) Risk severity
Tree risk level | (5] 2B ) Il (32RE) (=) IV (R3)
I (M%) 1 2 3 4
e () 2 4 6
R ATREE: (P) (@) 3 p ) =
IV () 4 8 12 16
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Tab. 3 Tree risk assessment index system and scoring standard for high pedestrian traffic areas
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Tab. 4 Trunk decay levels in different tree species
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Fig. 4 Proportion of different wood types at various cross-sections of the tree trunk
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Tab.5 Root deficiency levels in different tree species
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R 24 8.33 41.67 16.67 33.33
REOS 26 11.54 30.77 11.54 46.15
Bit 294 16.33 32.65 25.51 25.51
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Tab. 6 Safety risk probability assessment of tree species in high pedestrian traffic areas
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ELEBIS 75%, REARCIEEEAR ML TR,
TR EBL A TTE, PRI ATE
KB (50%), BRIRATIN HAMA—R

KT3I 50%, AT HT B XS 5k
25.85%, HARE AWM THTHT R8I 50%,
FELLT.

FESTIA, 4 KB BRI, 95%
A EATFIREIAT, NERAREBET
R, KEDNVF X, TR EFELULE
R HE (9269%), NELAFREAMER
MIREINGR, BNBRAGFEENVENE, 18
b T REARKEZRS, E0%LTFI
FRA L, HPBRA. REWRAIRS
KEBINE, BRAFEENVERE, BAAFE
AR TIFING, FEARAREER

SHE R,

2 3MARR BT AR

RFBRTTH, WPRBRXL80%H
BARRE SR AR KT, EAR R K
FRAR. REXNEEDITRE, SEIRE
DL E R 6l (339%) B R T m R R EE
(769%). R[S ERTTE, LQ70%HHA
PNBELAT, BrRERENRREER AL
(16.24%) BAE= TSN (565%). GrET¥fhaR
B, REREEA80%BIRIARBEANT- o 4
ZSehl, 1094% 4N, 5% AN,
Hy, BRARBEARNRER AL (1111%)

1.0
el B S5k
&1 m &R 1Im 0.80 ] REam
. B
060 T
RE2m 0.67 HEF2m 0.40 120
0.20 £ 100
|
A 0.10 0.032 A 0.0 E 80
=
-0.20
60
)] -0.037 0.059 0.60 B -0.40
40
-0.60
. 20
AIHIC -0.055 0.095 0.54 0.50 #c 0.80
o 5 S o o 1o 1 I [ oI | v 1 I | I | v 1 | orfImv
& & & & & PR R TR 2 | I KU T A 26 | R KU T R
. *p<0.05, **p<0.01, 7 DA AT REPE 8

E7 WFARSENZEREZESRABRITEENEXEDN

Fig. 7 Correlation analysis between the degree of hollow rot in different sections of the trunk and the

density of the distribution of thick roots in the root system

122 | @4

E8 REMNMBIXEEIREMEITEER
Fig. 8 Assessment results of risk probability of different tree species



EFMAMIITES T NRARNAZRENAR 2 NNAR | EFR £

FEM / 20255 /% 425/ F 111

SESTINE (113%), KPBRFEFTERISNEAREF.

24 WAREEFRAESITER

HEITH, WANKFESZERRTMW, HPRAEGRSK (C11)
REABENNSET, 7E2UAMEARPEISET R, BRAENT, B
SRUATFENRRRE. R, WTAREE (C9) KEIMFEIK204
R, BEBEEBREREAE. HTEER(06) £4109%, &
BZANEER. HEZT, SHEAREHNEER (C1-05) Z44M
REBEAR, HPWTEA (C2) KEBR, BA630AEFERIN
EREERRE. fERE (C1) FE (C8) thEMESEEMEK.

3itig

HER, 6N ENFRRKEEFHIL SFILIN THAEK
Rpe %, SEMMHRARAAL, AEAREMAEKIEE LT
S, MUARDETE. SSREE. BRI SPNMBEISSELE
g, BREHIEEL. FOBEZERG, SERARRIKNEBER
=, PRENTRRIRALZEIREA. HREP, HMIRX
BAREBAMARNGERIR, ERRREXEESZEZRAFNIZM,
EMANK BESTINEXE. SEERRNFISEZETXNI
5, REAERIRSXE, KEBRFRERZE T aeg i A SR ik
R, AN BRAREREY. ERYSHERER H—4m
B T Z IS A AR LR

WNFZERZMARNEERANGR, FTEEFERIFER.
BB AREENENERER. WAZEREEREN, BERA
SR REE S BRI R RS E S AE ARG, BN, EE
BEARTRER, S SFEE M RAM R I RAR T BRI R e .
AN, TR TSR T BARIAEKERE SNBSS, BN,
FRFNEE (WASWEEE, FHMEErWImmRG%E) s
RN FHARE, FEMNANNTHARELN RHEZRFR

cl1 I =
C_1+
C10 C E
9 139
i
'E cs
o
Eal
2 C6
B
E cs
.’é
T o
c3
2
Cl
T T T T
0 20 40 60 80 100 120 140
ARSI b °

E9 AR FEAIBEMET (TSR R £ SRR

Fig. 9 Frequency distribution of tree risk probability assessment indicators

heEEY. SHTEL, REFMAERNRGETERE TAKIER
BRI T, MANEKZEEEZE TIRERE )N TIRE
NTRERRMRE], RREXTEFEDTHHELR"Y, #
M MRARRELEFRE . ABAREAHEERSHHEE
WANERSEE AR, FENEREE A T EES TS,
SR RRRIE AT A5

AN AR REAH LS HEMIARNERRD, K
MRES TSR ATEANTRICNWEA, B ZAFERIRANBS
THEER, ANAMNEEIRRE T EASEMBUNETESIE. &T
MR, AHRBNKASREER : (1) B “RRFE—F
BN g HEZOHEIE, B SRS ENERITEETHILR
&, BRI ; (2) SSEERUANCERERE, X
RAPSRIARITE KA, N PREERATREEREE (2
AN TBRARE), NeNEERANREREE. MNE (L2%K530E
. BBRE) IBRELEHER. (3) ERMERAIMEINRTT

R7 ARAXEREKAREREITEEFR S

Tab. 7 Percentage of tree safety threat and risk assessment levels in different high pedestrian traffic areas

- . RBE o] BE MR P/% NG ER™EMEFR S/% REER R/%
kRS &/ % The level of risk probability Severity level of risk consequences Risk level
Road name Number of trees
| 2% Il 2% Il 2% IV 2% | 2% I 2% 11873 IV 2% | 2% Il 2% I 2% IV 2%
PR AR KRETIX 117 24.79 48.72 18.80 7.69 10.26 60.68 12.82 16.24 27.35 56.41 5.13 11.11
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