WH PR AB 20055 Sk 38

PEMABAEXELRAERIEHERZ L A

FanE ) mIOn, E, MR, EEET ) R’ ST

1 JSAREE TR 5 H A S MR A B R 2 E S SR, D 6100595
2. FASRBEURIR F g L i B 5 3 B A EE S SE IR A, AN 350002

—E#, E-mail: 1550392749@qq.com
Y E(EIEH, E-mail: fengwenkai@cdut.cn

2024-06-28 Wk ; 2025-01-06 015 2025-02-14 $#%%

BETH: FHR A RBEILE I (U2005205); [ 54 GETR B L 5T 5¢ 3 B 1A 5 5 5000 % (R 8048 1R 90 3 1 8 S0 28 JF il 3 4 9 [
(FIKLGH2024K005); i 245 [ AR BEIEUT | A a8 b S 7= ) e o R R R H (i b 9% % 1 55 (2023) 28 57 )

& 255 P642.22 CFEGT: 2096-8523(2025)03-0255-13 doi: 10.19509/j.cnki.dzkq.th20240364

M OE: BWAANBARELREREARL MR AR R SR, A 1T o0 IE 5 TN A R e B
EEAEERN, WEBHARTFLSTHLABRREHANAHL, ETRAREERYR. HFaERE X
AMZEHEATE A E, RRT BIMNBHFERE. RETH A C B R, B 0 H BT B A
BATHA T HA, AR RE TR NBRARE LM AR EHERNETER R, RAZ S LK
BRI 7 EB LT 3RBHEHEENRATNER, HREN, RREHZRENABRLRELRENE
HEBNEED AR BINRATNEABZ LT TR N, HEREAT 09, ErEREN T EEMEE.
BARTEERN, FUEE ERENERZRN, HHTHA P THARME T AN R AR ZS5 A
15.6%. 13.5% A1 12.4%, BELWET ARt WA 2 KR B - FUE ¥ 3 30 5 5 TN A ) X000 X 8 F 3%
REWHERETHFRE, REZHAETARANERTRALBRGHTINEE, EF X HELTERRTH
ERE, EHXMHMENERARMER -SRI ARFRTULRE R RENY AT, # - F T EHA

KSR HRRELIER; SaEE; MU BFFAEEE; BT, FOIRR

VEAER, % 65 K5 N RNV R N R ), 36 R 4R
T TR ML DR v 2 R O R, SRR K R
AT PR 52 9 TR AR A, 1 LR I R 4
TR0 =R WY AR s 32 shIE B (V3 )
T KK 32 B R, BT 3 2 0 S e AT 2 2
TE1) 14 e R K- 8 ) ke T 30 ) B80S R VA T
Pl RS N 30 ¢ 3 I ) R 2R

FI i, 332 Bl B G T A R A ks 32 B4y
a2k (D)W e WA, — B2t TR ST
NERER e | ety [ erg) E2g B0 = R B ey i K==
HEIM %5 B2 H 14 9 3% 328 2 5 0 00 ) =5 g A 8
SCHEIDEGGER" #£ 1} i 1 ¥ 12 Bl () B8 488 A5 7Y

ZHANG %5 fifi F AR R0 182 R BORME & AL T e 132
B, M AER A 8 57 A0 3 TS A B 2 i T
B L (2) BRSO TR A AR R FH s oo A B
D7 AU Y2 Bl B B A ok A, T T v 3 A2 B
PR VT E AT SR AR U i T T b A
18 Bl R LIU 250 3 i b ok 1 B AR T
I 1 Rz shid i s s B ; WANG 4560 %
FH 854 R B BT (CDEM) AL T H R 44 SR iR 401
TR B Rz B AR, IR TR R e B
BAEREIRIX . (3)fF B Ay . 38 Ak Ak FEAS
SEAE DT SR, M s BB, 5 B v
o AXPBEAET HE T A WY Bl T A

ERER: WA, I, B, 5F. FEFN R A R B S i 2 e 0 TSR [J]. HbRRAHEGEAR, 2025, 44(3): 255-267.
HUANG Ruijian, FENG Wenkai, LI Shuangquan, et al. Empirical prediction model for the runout distance of rainfall-induced group-occurring shallow soil
landslides [J]. Bulletin of Geological Science and Technology, 2025, 44(3): 255-267.

© Editorial Office of Bulletin of Geological Science and Technology. This is an open access article under the CC BY-NC-ND license.

https://dzkjtb.cug.edu.cn


mailto:1550392749@qq.com
mailto:fengwenkai@cdut.cn
https://doi.org/10.19509/j.cnki.dzkq.tb20240364
https://dzkjtb.cug.edu.cn

Wi AR

20254F 44l B3

Wi B A BRI L1 R R b R 5 & ¥ 1
T I A B AR AR, B SR AR HE S T HUR AR
W SRR S BP #R 2 I 45 FU AL ; WAN
USRI Al A B2 A o Y 3 3 S A T
W, A T GMDH (B4 4b #4321 1 (group method
of data handling) )% . (4) IG5 1 PAE AL, 3
BRI W B D GE it o b, BRI s
it S HE R R 2R AR sk I
TS BRI 2 S B g it o b, SRAHAES M [l
T ST T I I R 3 a2 B A A e AR it B
AU ST T AR W WK 12 B S )%, it 1%
S 43 M5 ST T WK s Sl B &2 R & 7l
DAL X121 5 20 FE BRAG G Hml A i) Ak 1
FIAT W YR S0 5 5 K 22 % L TIE OE, 32
o TSR

I IRAI Y A TN R N AR A 1R 2 A T A2 B
R AR T A S, BT AR A AN GV Vi 3 & AR L
B, T R AP AR TR L iSRS SR ALY TR 287 o

MR N S A B R AR R T
WOV LB 2% | AT BT fE P, BT I
I, RGO RS A A, IR TER
RGETT27 R BN Yoz shitp e . [BgeiT s
TR ATAE— A I (OWSCEE i B3 AR 114 2k
4. DEM B BEARER, AN RETRU /IR B 131,
JEA T @QGEIT M BN | BT SR, AR
(] DXRAN [, A b by e (A R 2 A7 AR T 1R 22 5
LI P DR T AR RS Ok LA e 3R ML, BETS
FHH SRR A AR AU T EA

BEXFLAEA R, AP LR i B 0 5.27
FERPONII IR R, Fe T3 R0 2 mx2 m AY%L
TR (DEM) | KK A B AR T AL =
2SR 131 Al L AR 2 T S il
B, ARG Y BT AL S MR AR R A3 2
B, RGP AR b X iz gl B B A 52, IRl 2R
LM 1] 51 A S 57 3 38 P e I S A 2, of
PRI (4 T P RS B AT B0, LA IUI A o R 2R A
T2 T s S B T 4 i — o S e

1 W5 X3 B AR R E

1.1 HIRIE
W CBE ) B | vERR YR S TS
M 7 325 1) U 31 38 Sl G 5 000 A5 R 1) JE el e R
256

B e AL AR AL A TSRS A N AR AR
VLA T S R RS 5 TR R 1 PR SRl
TET I K5 (OB AR G SR AR S RN
183 10 ~ 30 m, Jo AL EZ M 57 AR BEAE A 1550 B
FONRHEE 3~ 5 om B AZ . DEM, K K7 B 2%
o TR ) e e A AR B R B TR
AHIFFE R BRI R 73 HE %8 2 mx2 m 1Y) DEM
KB e —A~ A AL DOM 1%, 45 h 0.2 m,
IR TC ML = RS, A 2200 A LS 33 - o
H A IR IR AT T S, LAS/D SR
AN M o R A B e 1 S | A A R
B, ARG S8 4 U HT K 5 3 BGE1R  DEM FITE A
B =AY (& 1) R R R E5a0 , P i B A%
A4 ) A TR FRUTRE 2 2 O 305 118 1 S S e 58l
TG, FE = HERITR R M 220 ULSE T S, 0 T B
WAL, [T AR IO Y AR IE S 5. 2R 3T
I T 128 SRR AR A 1R U 3 0 IR DXL L, 0 e A
ViR AZ S B S8 Bt A A HER 2 mx2 m
() DEM R AN A7 B 1 i e, AR X e 22
Kz g B, fdi 1 ArcGIS B45 [8] 40 A S RE SR BT
P | B X P A S8 R AT S b ]
A% A 2 B, A5 BRI R & 1R )2 1 O
S Ve R AR A
1.2 B E AT

FE AR I R v R 37 M T s e S 5 ), o B
8 SR B 5 S PR AN — 2, 83l Az 2
FE LA BELA24 00 S PR i B I B AR s 4592 shad BT A
AT, WISEPRER 25 T AR, BihiX 2 R AT
AT RS A NG . XTI, AW IS
Wiz g R R A2 3 BELAS 5 SV 9803 3 30 11 o
Pl oL, DR IEA A B B mbG B . R 4E 8y b
BRHTE R, B WA 400 3 2 SIS R
Wl v BT H BRI B R

(D)3 sy A

[ 2 Sy SR fg 30k B B R RS SCA AL 1A, 1 Bz
50 M shas shAHERR 2 S B BE, W R X 5 e R X
PP B WK E I BT, Z IR IX S
HERR X 3 B 22 1 S A sl iz 2, 4 R HEAR . R
IS RSB I YEE SRS L, WAL S, 1
JRIX 22 H, W o, WK TE L 4, 35 70 B0
P PEAN B, DL 2 FhiE 3 S AL Rl AR SR G 5 2%
SRR . AR Z, il J AR B S R iR 4, X
VEBEALEERE 5 F1EEE R BE4E, g Il 2R
(£ 1,



RIhEE . BRABALRE L RIEYEEFIE B 2 TR AR

116°10'0"

116°10'30" 116°11'0"E

25°1"20"N

2501/0"

25°1"20"N

25°170"

] B 7 ¥ [
116°10'0" 116°10'30" 116°11'0"E

a. KHTIE AL b. KGR E; c. DEM; d. —4ERIRIZ A 4]
B R X kR

Fig. 1 Data sources in the study area

HERIX HEFRIX.
>t

A

le
€

AUA

L
HWIRIX 255 o WHEEE; L W3S iR, TH
&l 2 Besy A R Ak
Fig.2 Schematic diagram of the foot slip-out type

()P hA

W 3 5 LR RN 3 02 Bl o s B A8 B Rk
3 A B IR 5B X 1 A AEs 28
X 5 HERIX TR I 0 5 T R IR S ZE g rh By i,
X3 T 7 A A, T AR A3 e i, e MERR T
e o A8 B X HE A5 XTI s sh A — R 1 52
Wi, PRI e = 180z 3 XU B A8 4r, 141 3
Z AR MR A R, TLARAT 40 5] I SRl EK
i, BeHE 35 B (GR DV NI 2 S A L

() 3y kA

[l 4 SR U3k B Hh 78 A Ak T, T 3 s
o A Bz S FMERR 2 AN B, 53 BTt RUAS

[ Z Ak S A A3, T e 251X o W SR A
13z B R A, SR R A N BRE, TR,
i 75, SR AR . R ISR S i
HEih = Hy S8, EREC 21 B SR AN e,
Z SRR 16 BRI ZRER I3 3 Bis o

2 M BLE SRR A S e i

SRy JRER 45 DR - ) i 30 3 Bl E 5 1 5 i, %o ST 3
TR 131 AN B HE T 275 40 BT, 2 B PP 25 I
TIMCPERR B . &% R C A B SR [16-19],
TR DX (R 2 L WM B | M S AR RRURT b R R A
1)z T 1 Y2 Bl i R T AR AR A A, HEUE B X
Y2 B B A WA R . W BB kv 2 1 e
I R RSB0 LA S S A B, R ok P 1 3 v AR A
PRI -, [ BE AR 1 At 3 1 S PR Dl i B T 1
5 DX 22 . T B B R MK 98 L (AR F8 ) L iz
Bl X3 B NI 2 5 B (S hds 0 ) 24T T AR S #T,
S BE AR AT AL [ A3 HT B T SR
2.1 BEXREESH

TR IS 2 2245 T IR 0, i e Aae
F/NBI RIS, KR X 22 H S5 hs shii s
L 17 SR 53 RG] 5), S A G,
G5 R, A PeE BRI T AN R,
DR AT O BRI A W 2R T I o VR X e 22 A

257



R #EAR

20254F 44l B3

F 1 RTHEE H E AR R 2 B iR | 2R iR

Table | Landslide training data for constructing the prediction model of the foot slip-out type

=2 Lim Him al(°) 2 S/m’ =2 Lim Him al(®) J S/m’
1 375 12,6 44 12 215 34 20.3 10.1 45 15 118
2 64.1 204 40 2.9 321 35 65.7 27.7 39 20 1028
3 246 8.0 41 0.5 154 36 19.8 84 44 1.0 147
4 69.5 26.6 38 1.1 1404 37 253 78 43 1.0 145
5 434 19.5 i) 12 541 38 30.0 11.8 43 2.0 121
6 60.7 23.6 39 15 794 39 77.8 34.0 39 17 1810
7 78.7 262 38 24 837 40 37.5 126 44 12 360
8 33.1 13.5 36 1.0 448 41 532 20 39 13 1185
9 82.0 322 39 17 1236 ) 527 219 40 0.9 1121
10 78.9 26.1 40 17 957 43 475 2.5 40 12 938
11 88.5 36.5 40 22 1140 44 404 19.2 41 2.0 430
12 60.4 259 41 25 567 45 57.8 24.9 39 17 745
13 73.5 29.1 41 19 774 46 40.7 19.8 39 2.1 452
14 69.0 275 39 1.0 1879 47 61.8 30.6 41 1.6 1262
15 537 2.1 40 0.9 1461 48 233 11.9 44 0.9 306
16 475 2.6 39 12 1176 49 39.7 14.7 41 0.9 492
17 479 24 41 2.4 580 50 12.1 5.1 40 0.9 58
18 227 111 51 13 135 51 15.8 8.0 51 1.0 124
19 16.0 6.5 40 14 64 52 26 9.9 52 0.9 115
20 27.1 113 38 0.7 390 53 74.6 19.9 36 12 735
21 13.6 7.8 48 1.0 108 54 33.1 135 40 15 247
2 36.7 18.0 39 1.1 915 55 103 52 51 0.4 74
23 28.1 10.5 41 12 186 56 335 9.5 37 1.0 219
24 30.7 12.0 38 11 340 57 35.8 13.8 4 17 330
25 44.1 21.0 40 15 673 58 103.3 32.1 35 22 1452
26 352 117 40 12 285 59 234 75 41 0.8 146
27 17.7 8.6 4 18 81 60 212 9.2 44 17 76
28 63.1 26.8 38 22 1014 61 29.1 12.7 45 1.0 158
29 252 12.4 46 0.9 300 62 343 17.8 44 17 319
30 334 133 39 11 441 63 27.9 12.6 41 1.1 323
31 529 24.0 38 17 750 64 10.9 55 47 0.6 80
kY) 127 7.0 53 17 44 65 216 7.0 45 0.9 104
33 173 72 40 12 95
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Fig. 3 Schematic diagram of the middle slope slip-out type
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Table 2 Landslide training data for constructing the prediction model of the middle slope slip-out type

a2 Lim H/m al(°) ) S/m’ BIC) =2 Lim Hi/m al(°) ) S/m’ BIC)
1 56.5 15.7 39 15 371 28 19 63.1 17.1 38 1.1 432 4
2 511 143 4 15 302 31 20 30.7 8.1 43 0.7 159 43
3 46.0 15.7 43 1.6 237 31 21 327 10.1 43 12 166 43
4 105.6 29.8 38 29 757 31 2 335 12.7 44 18 207 43
5 100.0 242 37 13 1181 kY) 23 54.8 162 42 20 345 43
6 56.0 19.2 40 1.1 823 33 24 62.8 19.6 39 1.6 641 44
7 75.3 19.1 41 13 660 33 25 80.9 2.1 40 1.0 1042 45
8 80.0 202 40 12 743 34 26 29.0 10.9 41 12 192 45
9 89.6 25.8 39 15 1123 34 27 64.9 228 40 1.6 776 45
10 88.5 215 37 1.6 677 34 28 26.9 8.5 38 1.1 148 46
11 455 12.9 39 0.8 521 36 29 82.0 29 38 18 720 46
12 50.2 12.9 43 14 331 36 30 436 143 36 1.0 619 47
13 92.0 17.6 36 1.6 545 36 31 289 9.0 39 1.1 163 48
14 43.6 15.5 4 2.6 278 39 kY) 50.0 153 40 13 480 48
15 58.9 15.7 4 13 422 40 33 24.8 9.9 44 1.1 178 50
16 77.6 272 4 1.9 1018 40 34 67.8 237 41 15 825 51
17 311 10.4 41 14 150 41 35 30.3 11.0 42 13 209 58
18 55.6 14.0 40 1.4 385 40
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Fig. 4 Schematic diagram of the cut slope slip-out type
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Table 3 Landslide training data for constructing the prediction model of the cut slope slip-out type

K5 Lim Him al(°) 1 S/’ Hy/m 75 L/m H/m al(°) 2 Sm’ Hy/m
1 505 14.6 41 1.1 483 3.0 9 287 115 39 038 479 52
2 212 73 49 17 47 3.0 10 21.0 58 Iy 0.7 78 6.1
3 258 9.5 41 0.8 196 3.6 11 245 93 40 0.9 80 6.8
4 48.0 18.3 38 14 538 3.6 12 60.1 18.8 37 13 464 8.0
5 254 9.7 49 15 111 40 13 382 162 40 19 272 9.4
6 20.8 6.5 44 1.0 258 45 14 420 113 38 13 232 9.6
7 493 15.8 40 17 190 45 15 82.7 248 39 20 798 9.8
8 18.3 7.9 43 13 88 46 16 57.6 14.0 39 17 228 18.2
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Table 4 Regression model for predicting the foot slip-out type

landslides runout distance

5 KA e RSS AR P
1 L(H) L=2.23H"" 3205 0.8928 1336
2 L(H, S) L=2.15H""8"" 3276 08917 881
3 LH,a)  L=2.67H'(ana)™” 2289 09243 1270
4 LHal) L[2286H(ana) M1 2240 09247 958
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Table 5 Regression model for predicting the middle slope slip-

out type landslides runout distance

Fs KM T RSS VHER Fff
L(H) L=3.063H"" 3159 08162 679
L(H, S) L=246H"% 5" 2993 0.8204 463
L(H, a) L=3.09H""(tana) " 1958 0.8825 714

H,a,p)  L=355H (tana) ' “(tanp)** 1571 09027 648

1
2
3
4 LHS a) L=2.93H""'S""(tana) " 1952 0.8791 520
5
6 LHap ) L=329H(tana) *(tanp) 1" 1533 09019 514
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Table 6 Regression model for predicting the cut slope slip-out

type landslides runout distance
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1 L(H) L=235H" 563 0.8817 349
2 L(H, S) L=24H"S"* 662 08502 183
3 LH,q)  L=25H"™(tana)*” 553 08749 220
4 L(H, ) L=2.65H"")"" 543 08770 224
5 L(H, H) L=2.13H"'H,"" 367 09168 333
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Empirical prediction model for the runout distance of rainfall-induced
group-occurring shallow soil landslides
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Abstract: [Objective] Rainfall-induced group-occurring shallow soil landslides have the characteristics of strong
and sudden occurrence and high risk. It is of great significance to build a runout distance prediction model for
landslide risk prevention and control. [Methods] This study focuses on the "5-27" group-occurring landslide event
in Wuping County, Fujian Province, and obtains 131 landslide characteristic data based on pre-disaster and post-
disaster remote sensing images, digital elevation model, drone-derived 3D model and field investigation. According
to the location of the slip-out point and topographic characteristics, the landslides are divided into the foot slip-out
type, the middle slope slip-out type and the cut slope slip-out type. The main factors affecting the runout distance of
group-occurring shallow soil landslides were determined by correlation analysis, and the optimal prediction model
for the runout distance of three types of landslides was established using stepwise nonlinear regression analysis.
[Results] Correlation analysis shows that the height of the sliding source area is the main influencing factor of the
runout distance of rainfall-induced group-occurring shallow soil landslides. The established optimal predictive
models exhibited a low residual sum of squares (RSS) and an adjusted R* value greater than 0.9, indicating high
reliability and precision. Model validation showed that the relative errors between the predicted and actual values
were small, with maximum relative errors of 15.6%, 13.5%, and 12.4% for foot slip-out, middle slope slip-out, and
cut slope slip-out types, respectively. [Conclusion] This study established a predictive model for the runout distance
of rainfall-induced group-occurring shallow soil landslides based on statistical analysis, providing a scientific basis
for landslide disaster prevention in similar regions. While the models exhibit high accuracy, their applicability might
be limited by the localized data source. Future research should expand sample diversity and incorporate additional
influencing factors to enhance model generalizability.

Key words: group-occurring shallow soil landslide; runout distance; correlation analysis; stepwise nonlinear

regression; rainfall-induced; prediction model
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