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Abstract: To improve the current situation where ground subsidence susceptibility assessment mainly relies on knowledge-
driven models, this study explores the feasibility of incorporating data-driven models into the evaluation of urban ground
subsidence. The study focused on a typical area in Hangzhou characterized by fill and silty soil. The selection of ground
collapse indicators was conducted, followed by a correlation test. 7 evaluation factors, including drainage pipeline density,
social activity density, depth of underground confined water level, thickness of surface fill layer, distance from hidden rivers
and beaches, depth of the saturated sand top plate, and thickness of the soft soil layer, were selected for assessing the
susceptibility to ground subsidence in the study area. By comparing the random forest (RF) model, RF-I integrated model, and
RF-BP neural network integrated model, it was found that the integrated model had higher accuracy in assessing the
susceptibility of ground collapses subsidence in this study area compared to single models. Ultimately, the RF-BP neural
network integrated model, which showed the best performance, was chosen for susceptibility assessment. The assessment
results indicated a high correlation between the susceptibility zones and areas prone to ground subsidence, indicating good

prediction performance and proving the potential application of data-driven models in evaluating the susceptibility of urban

ground collapses.

Keywords: ground collapse disaster; susceptibility assessment; machine learning model; selection of evaluation factors
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Fig. 1 Geographical location map of the study area
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Fig. 2 Typical quaternary geological cross-sectional profile map of the study area
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5 BEHLIRI-BP HEN BB G EREE

Fig.5 Structure diagram of random forest-BP neural network coupled model

3 HEKRBRSITFNETFHE

3.1 kiR

A YRS 1 B il RO >k B I E R A S SR
UM T 45 . N BE 45, AR R OWF 58 X b T, 7K
3. NS ERE, B TR E TN N TS IRSS K
PEVEAN TAE . QI A (B 47F 7% X b T K3 B8 100 s 467, Y1
580U i K QBT SME A kL, AN LA, 3R BA S bR
HhE A
3.2 TR

398 v b T B B T BOMIL ) 5 9 0 A B 4 L A
Jo 9 AR, 38 AR 22 S ) M S5 P 2 () o A
T, o, 2R A 2R s T %)% H IR T
TR YRR . MR KBS ARSI, MTECK IR R

WS 22 5 N3 Bl B AR AR IRl A2 26 AR O . 48 Tk
ML J5 P 114 2 2 P Rt 1 I T R, TR D
W IR I s E345 75 BT XY N 26T Bl B2, JF&h &
M JREE S AR SCRAE AT IR AT 51 BFFEIX
BTG — R A 3D ER, AT AR L ©
W A A5 By R B R R TR IE S
Ui AT KB i AF 7R 3R R R B9 2K =K
AL R ) 3 T AR R ST R HEK A T L R TR
A TR HEFEGEE A DT OB RERT L, AL
e T FEUETE XTI B i £ RN R . B4 Bt
(0) WSS A R 2 2040 | T HEK A I 45 M 7
TEGR [ | I 35 55 M 5 [ SR 98 5 L K SCHB IR 46 1 1 52
M NRTREES s La U EEENR, R&HE
AUV AIF TS B0 4 A b AR SCREHR AR 7 A4S Sk A



- 166 - rf [ M TR FE 5 B IR 2E R

%34

A S T A T I8 B 4 ) 25 PR R R
(DA, amsh®EE— a1k
PR, ZAR R ES G TN B AL 2 2 500 s G A
[ S Eheo115: ) NG N3 ) [ S B O T R
B, BERS S UR A ML 1 ik N2 T Sl DX 5 1) 985 1

® b B A S
1
o

N
A A

(a) H2ihzha L

® SRR A
N SR EEE<10m N

A C)smwmmesisis=om A gl om A

(e) BRLJRIERE

(d) 5T I B Ay g

® Jib IR A

I [ <m

N s N
B s m
(b) 4o F AR (R

® b TAI FE

C 2L RV I R R b R S NS i
TS, AR SRS 3R, I35 B 55 3 AR CH
F18 DX 386 o I AE AR O o AR BIFFECHE IF 0B T F S X
# 2 BBTIE AT 23 15 S0, & P AR S TEm B AL
G EN A > 4 ARG, BAREBLUNIAT 6(a) B

® il (T35 A AL
- >3 m

[ ]2-3m

A - <2m

(¢) RS

® b AT S

B 2w
B 2-3m N Bl
s

(F) TR D - THARE

® Jb TR A

<7 0 25 50km
N 17430 L
A - >30

(g) HHKELEE/ (km-km?)
B 6 WRXHMmERMEITNEFSRE

Fig. 6 Grading map of ground collapse evaluation factors in the study area

(2) 7R He KAz 2 4 L BCTE 3t B9 L TAF T A~ B /K
JRZ IR TR K o 23T KBl BETT R, AR K A2
TRE, OB BRI o SRR T A N2 A
T P R g e T B S AR T, IS A TR R B . K
7R ASE SR B e P 7K S ) 246 0 e R L, TR OK L Y
I SR AR P L U R K L4 . Sl AR OL T, 7K
FeK e, b 2 O, R AR P EB N, TR ALk
RS RO o YR K A iR s TR I, A 3t
JE KA P B, RN WEINR . 5 HE[RL, P
Xof Tl T 359 4 1149 B i A M R S I P A AR R S

— IO, M AR R K HEER R, X R B B
Pt sh A VR FHBR R, Y55 AR () 45 R4 i B2, 398 K b T
BRI PTRETE o K R AR R AR R R 4 R 3 AN,
e 6(b) i .

G)RBHLZEE, HER ARG 22
] N T3R8 0 3 ELOR B R 2+ R B T R
i JH R SRR RE v, A ) 8 2 2854, JE A B SRR A
SHOGE M - St fin ) R S R, AR
(7R3 BE SIS L DL S P Rh 7, PTRE S S B0 A 359 4
1R o RIS, JE A 1 JEL 3 mT RS i b S /K 1) 3 sh Ay



2025 4E

TAHWL , 45 RE-BP 4128 [0 28R 5 AR 0 0TI 34 1T 358 3 20 8 A vl 30 1o FH) —— LT T 28 Xy 4] - 167 -

Ao i, BRI AT RERH AR M R KA T, 3
TR TR AR S, TS| & M s b . AR AT
2200 FAT N T L DX S o b S O, e TR o 22 R
THHEZHLEERT In X, #2EE/NT
2m, RAMPE MR RS KRB R E
438 3 ARG, K 6(c) R .

(4 BEWE T RS S S . SRS e B B 24 S
M TR s 7 o P AN L b SO 1O P S, I T R B U o
S 0 o e O T T w9 [ T B 1
()5 K IX o TRV, I 9T 5 Y 7K o7 0% sh e 4 2%, 2 S 80U
i+ 2 0 RIEDURE A SJUTRE, IR R38 X 3 % Az Hh
AT 25 AR RO ARE 36 [) i, A s i) RIS Y BT, 52 3] g 7K
DL AR Tk IR I AR FH e i, e T 355 574 ) T RE M bl A
45 W T G U A IR B A 4l 2 A AR, anlEl 6(d) BT .

()RR HIH A, B X+ 450 5
FE AR AR, 7645 TE B N U 1 R K 8 AR
T, G A K ERR, TS T 2R S BOE R G . TE
— 2 VAR JEE S TR PN A A B 22 T 2 22 T R 2 1 b T 8
BTG XU o Kk 2 R S PR MR BRI 7l 3 NG,
mE 6(e) Frs .

(6) VR R D - TR SR AR RIS > 4 ToU A 24 VR
FEMUFIB D 1 2 T 1R TR EE, 1R (D) -+ A T bR
TR b T R B 0 5 R MR Y SR, TR AR
(b ) T TR SRR A, b T 43 o P T ekl . DR A
TR A9 T Al 330V AT DA F 5 58 ) b T S 43, SR b TR B
Be o TOUSH R RR 7, 32 28] 4/ 5T far 28K 1 52 Ml 768K, b T B
PR T e R . VRZ £ ERZ MRS R, B Y,
RAEREIN o SR, 24 THOHR 2 VR e 5k — e B B s, 3
Xof 1 T B3 4 P 400 o FH 23 ORI o R A A )
Az R 7 IS T 4 388 o S o R el o 3 A AT T
DX LA Hl T 335 B s 7 AR B BT e 1145 SR o, b T e 22
KAEFTHIEE/NT 2 m f9HLIX . WA 6(F) Fis

(D SEHAKELBE . K L B 246 S TH
TR 7 A BLA 25 7K FHE K A8 G A B Y R, 25 HEK
B TE A7 E VB RT LA ) Ml RSO P . HEKAS
SEAR G R AR AL B B B SR,
PR SE R Bk A B, HEK ALK R AR SR L 1A, HEK
B = 5 X120 A0 R D 2 AR — 3, %2
SERARSEL . KRR S TR, HEZK A8 L e i B 3 2 v
JEBUK i kAt . MO B L A SR L A IBUTRE
WA TR A HEK A 425 B B K, b TAT B3 F i 26 ] Rk
MR A HE KA L% A 34, WniEl 6(g)
JRiR o

3.3 WIS

FEALERRE T IE A ok B vy, DA R RS 7R (1 o
VA e P 4 R B S R S fie KA, 4 TR 8] A AR G
Bm Iy, LS 2] i B vhn] e 2 ) B PRLE s SR 5
RSN O, B RS A AR L U T 2 AR, DR XY
PP BEATAR SRR S T 2 o ASBFFERH Python
AR S B, a8 o matrix BREBR, SR AR SR T Y
g,

HI I 7 AT UL, P PR 18] AN A7 A8 AR 5GP i Ay 15
UL, P AN ZEEA T [N R

4 MREXWEBESZIEFNS S0

4.1 RF A I-RF #7 | RF-BP #fi £ %) £ 52 5 $5i ]

X E

1E ArcGIS A ¥ B A BEFEIX HEAT 20 mx20 m 1R
F A, A5 340 DA X LR 25 682 AMERURIX .
TR ORI ZRASE Y B AR, SR IORRUR X S AR R X
1 1975 2080 7 I 2 4 CH b e i AR DI hoid 7 v
1 %R, BB XA 0 %K), FIH python K {4 Bl AL 1%
FH 170 BB XA K 170 D EERR 8 X R AR IR,
AN R 5E UG B9 P AT 1) a7 50, 5
LAG B RAFEAS 55 R A M TR FA R (0 ~ 1 YERI) .

FEX AN FE 43 X RF A | RF-1BEAY | RF-BP
P 2 ) 2 RS TR0 354 7 A [R] 09 1 5 2 D11 25 LA S AR [) %) i
SE W, $5e )5 18 13 #57 ) ROC (receiver operating chara-
cteristic curve, ROC) [l £& > Ji& 7 A5 1 i) o o R 09 oy
S, MERY A 53 B H R ESLIE, TR X B
AR A SR TN A5 SR o bR 3 R 3 2 1R —
B, LA 0.5, 2 s At 2 15 o IE R B 26, AR
ANF A AR, T DA — R SR E P2 (TPR) i FA
K (FPR) . HEHZR(TPR) F£/RN IEFEARB LR 732K H
TEFEAS A LA, B ARY lg Eh iR i %) 1 4812 i A e 4] v
Y 6, B PR (FPR) /s SARE AR RS 15253 2 IEAE A
FR EG A, B AN ) (BT 75 24 TPR H1 FPR 4 i — 2H A
PR, SRS EHER S N, AR B T ROC 4. 1esh, il
28T B9 i FHX (area under the ROC curve, AUC) tH J& —1~
PERERE £ . AUC {H B R, Fn BB (1 R AR 4

3 RIS ROC fHZE I LA 8, 5% FBEAL AR
MREARERIRS, AUC{H R 0.73, 256 FEHL AR AR AT 5 15
BRI BTG S, RS AR) AUCE T+ 0.76,
HERA L 5 T 4% (BT 2 FPEIELA AUC HAAL T
0.8, YLK 2 PRI A T KG BERR AN 4. i85 RF 15
BP #2245 ARG J5 , B8 AUCTH E T2 0.86, 3K



- 168 - b BT R R S B A A R 5% 34
1.0
KA
0.8
AR R B
- - 0.6
M F AR AR
RIRECE R - 04
A I O - 02
AN TR 0
AR
-0.2
B7 FEMEFHEXERDE
Fig. 7 Heatmap of correlation of evaluation factors
HLARMR SRR A R B4R 5 T 17.8%, Ui B RF-BP #fi 2 ) BSFHULRIEE (0.46)
- N o o . [N 0.5 Tk
5% S5 UL T L AT R0 6 4 T 30 W 5 e P R TS 3 SRR
| i i Y 5 3 OIS 1 THAR
TEILBFTE L RAE - HEE5 (0.06) WY (0.11)
1.0
YR (0.08) JEEE (0.10)
061
]
EOA- LG E L (0.09) SRR L (0.10)

.#" — (RF, AUC=0.73 )
— ( RF-If58, 4UC=0.76 )
— ( RF-BPHIZ 28458, 4UC=0.86 )

0 0.2 0.4 0.6 0.8 1.0
157k

8 3 FIEMIEEIA ROC HZ&XTEE

Fig.8 Comparison of ROC curves of three evaluation models
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