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Review of Research on Tree-line Faults in Forest Distribution Lines Under Wildfire Risks
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Abstract: Due to global climate change, the superposition of high temperature, low humidity and extreme weather
conditions has led to a manifold increase in both the risk of wildfires and the area burned. In recent years, the fre-
quent occurrence of wildfires has become a major global disaster, exerting far-reaching impacts across multiple di-
mensions, including casualties, property losses, ecological environments and social governance. Statistical data indi-
cate that faults in distribution lines have emerged as a critical trigger for wildfires , exhibiting severe destructive po-
tential and accounting for the most substantial damages. To clarify the disaster-inducing process of tree-line faults

in forest distribution lines and to support wildfire risk prevention and control , in this paper a comprehensive review
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of tree-line faults in forest distribution lines is presented from the perspective of such four key aspects as evolution-
ary mechanism of tree-line faults, fault detection and identification, risk prediction, and wildfire ignition. First, the
formation mechanism of tree-line faults in forest distribution lines is analyzed , revealing that such faults sequential-
ly undergoes such three stages as contact conduction, carbonization arcing and fire ignition-induced disaster.This is
a progressive hazard process driven by thermo-electrical-chemical coupling effects. Then , based on the research of
above mechanism, such four categories of tree-line fault detection technologies as electrical waveform detection , par-
tial discharge monitoring, magnetic field sensing and multi-modal fusion detection are analyzed. After that, the dif-
ferentiated application characteristics of statistical models, data-driven models and forecasting algorithms for data-
scarce scenarios are systematically summarized. Finally, an assessment of the widlfire risk caused by such faults is
conducted by integrating multiple categories of influencing factors, and corresponding preventive measures are sum-
marized and prospected. In the future, leveraging technological means such as satellite remote sensing, unmanned
aerial vehicle(UAV) patrol inspection and 3D laser LiDAR scanning are used to monitor and integrate multi-source
fire hazard factors, including meteorologys, vegetation,, power line status and terrain, enable dynamic, quantitative
and refined wildfire risk assessment of wildfire risks, as well as spatiotemporal risk deduction and simulation , repre-
senting a critical technical direction for technology-empowered disaster relief , migigation and prevention.

Key words: forest distribution lines; tree-line fault; wildfire risk; fault detection; risk assessment
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Fig.1 Fire scene photographs of different areas



+152- 202649

) §374 4

o2t oW

Ly K AR s 2 IR 2 T80 T H, A ASE ik - 4
SRR — B TR G, 25 5 ol Ry R H
R LU K, 38 AT HL N B A TR AR AR IR
PRI, I bR IXC T H, e B RS S il e B JHE 5 LA L R
Wz , X (AL i P SE PR FN S RO E B i B
AEEZ L,

A W5 E N Z JZ T FETT : Keeley . Syphard 55
o T KURZERINS LU K23 53 A B2 P, Jazebi |
Panossian ¢ RG0S0 45 1 H I LU R ARSI | T By
RS B 5 5 7224, Bandara 25 I 94 T Bic B 2R 46 60
B 1B LK) R ZEALH, Yang 525 T A AH ¢ 5
REL 5 i 72 A Gz I Kz 5 | 4% XU BF 5871, Gashterood-
khani 552 1 L e BE SRR Fa AP RC F O i RS,
Savva ,Rhodes 2543 AT 5T 1 88 18 A A 1 2 W 0 i vy
DR KA L A e sk (BB R 22 B
B — IR Rl v BH S AR 5 TR B
P T SEHLIRAT ANV U , S0 55 B R 5 K R S
R ZV NG B SR BB 4EZ [ G e R
AR

FET e, b ISR T ) L XU (AR X T L 2k
R LRI B | 22 oAb AR 2 i i A — i — b 2F A
BACHLEL, 9G4 BT 20 B R AR e i 7% 4

BRI DA S SRS 4 R R , X
GEVHERY B BK 2l R A2 BR 37 50T i XU F0
R S By e i N O oy ) 1 I AR B TR R R
B 4 ZEBAET , 55 BT M /iSO ST e 2R
K51, B TE AR HL L JORURS: 1) = B By 4 4 it
HSRAE SHAR S

Bl i

\/
TR BIES. MRS S,
FRAE FI AR KGR Ry 5K

BrBL2: AR

1 R FEHE

RS LA 10 8 D v 5 L A Ak B B — e — Ak
PR A RRR R S E A e, WK 2, EORA SR
W, PSS e A0 301 22 3R B YA v L e, A
PRAERBE T U F O/ R I, {E)
TR HL 7 5 0 B Al T IR R Bl K A i
¥ 78 MV I 2 232 40 r A 20 T RO 1
T e W B I WUR RoR AL B4, Al = i
TV, HLRIG R F 5 A TR BRI | SRR 2 4%
PR AR AR 2 A T DA B Al A
FR NG JERAFIN, FIICER KRR e il < s 0K B S
120 /N P RRAD S R4 P e vl B ol LR =R 1R
PSR G 0 G v B A o2 o 0 B N P
O, 2 N SZ B LI 1 22 49 B0 37 05 L b B s BT R
UL LI 3 B R TR IR A 22 ] Y AR

PATWFTE ALK b 3B SR A D 5 | e Ak
BRSNS R FSCR 3 Sy PRSI - 3 fiph 088 oy B = 2L
FRAR A S5 S5 BEL 4 i P EL 55 74 3 A0 O v D 3
(] A 5 2 ARSI B Bl FH £ H 3% & 5 K AT
¥ I B0 1~ R AL 2 P AR Bt AL LA H
9ICHL LU I IR 32 3 A BE f UK A 5
SRR T B 5 H1 Jey v FA R B -5 40/ T AR )
Gy E NP S g ISE 3 ey b QR |
JO7 3, v B A5 vT 0 20 LA SRR 6 e L it D
FEL I R0 A R P W A 3 6 | e A aE 3 B L SRy
LR B R KR Sk T RE S [l T
A R KR

EniEs NGV G

A K
SRR 4
Jogiy,

[ w8
Erezy
KK

BES: Sl
S

ATRLAFE: SERCBHBL T Fey s R AL |
FIRMRIBRIE A R SR

2 WEEENEEL

Fig.2 Evolution mechanism diagram of tree-line fault
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Fig.4 Infrared image of carbonization channel
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Fig. 5 Mechanism diagram of carbonization and arc ignition in vegetation faults
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Fig. 6 Schematic diagram of ignition and disaster formation mechanism
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Fig. 10 Summary diagram of label compensation methods in data-limited scenarios
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Fig. 11 Wildfire ignition risk assessment
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