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Classification optimization of geological hazard susceptibility
evaluation factors based on AIFFC algorithm
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Territorial Space Survey and Monitoring Institute, Changsha, Hunan 421002, China)

Abstract: This paper addresses the issue of uncertainty in the grading of geological hazard susceptibility evaluation factors and
introduces the adaptive expansion factor fuzzy coverage grading method (AIFFC) to optimize the grading of geological hazard
susceptibility evaluation factors. Taking Xiangxiang City, Hunan Province as the research area, nine evaluation factors,
including slope, slope direction, elevation and average annual rainfall, normalized difference vegetation index for land use,
roads, faults, lithology, were extracted. The AIFFC method and the natural breakpoint method were used to grade continuous
factors. These graded factors were then incorporated into a weighted information model and random forest model to obtain a
susceptibility zoning map for the study area. The superiority of the AIFFC classification method was tested through the

comparison of single-factor grading results, disaster product ratio analysis,and ROC curve comparison of susceptibility zoning
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results. Based on AIFFC, the hazard accumulation ratio of the random forest model and the weighted information entropy model

in the high susceptibility areas increased by 56.3% and 74.6%, respectively, while in the low susceptibility areas, it decreased by

48% and 58.1%, respectively. The AUC values increased by 7.6% and 2.7%, respectively. The AIFFC classification method is

used to optimize the evaluation factor classification of geological disaster susceptibility, which significantly improves the

rationality of the evaluation of geological disaster susceptibility.

Keywords: expansion factor;

geo-hazard

jilll

0 3

T 2 o K AR R K, b 5 R By MV
SR EE P K ILR TAEZ — o K E 5y KMV
M PR T B L i A B B R MR DT B A S
Al IR B2 LB . EAT, B B9 B 720207 A H AR AR
B, R AR SR EEED AR kA R
SEAEC A AR R A i AL AFE I X HA ] 43 5
ARATF M5 I T Ty K AEVE B A SRR T KCE T 4R
XPPPOAE BE 50 . ST I, MRS | SRA RS0 bR
AR ERAFE UL BRAR SRR 0 SR R R 2 Gk L 7 22 3 W
L AR A AL RIS | Komeans BISE L XA 732
T AT TG, (B AR ART AR 4 5K 3 A R 2 UL
FE SV T A BT B R /D

3 L J K DAL AR B
ach for clustering based on adaptive inflation factor,
AIFFC) 551 72 — Pl iff e — 4500405 73 908 3 7 i
K PR =7~ PR RSORS00 12, i I P T e P 161 6
S0, H R AR S B O A R AR, S A AR I SO Sy
G X 18], A 5 fifk TR 3 9O S A2 35 0L 52 R Y 7]
PN AR 5 Bl SEBINE R T ATFFC 5304 73 90801 B
Motk B o3 G a5 R RS o 1k 5 Wk 5= S UL T ATFFC 53
LA T 51 5 B L RIURCHE 73 G Ak AR 5 ol o 2 Mg
AIFFC B3R T 22 RUBE s 30 A5 B 1 73 G b 34, 5
W T Z REZ YR B s RcR .

ARSCLATIR A W & T 05T X, 23 5ioR A SR T
LI AIFFC Z3 SO0 SR | em) | = | AR AR
H— AR AE 1 RSP R 7 A T 2 GO, I3 AR
AR 2 2 AL % it ML AR AR S X AT 5% DX A 1l 5
T o BAE RPN . L 5 ROC M2k s3#ir . 5 &
X XI45 2R ROC HiT 2k 70 b b JRR LE R b =T i X 4
PN RAEATRG BEXT L5 70, T AR BRI o T30

1 EffRER

1.1 AIFFC &t
AIFFC HAZ O BB & X — A7 55 o, /8 SCHH L Y i

714 (fuzzy cover appro-

fuzzy covering; weighted information entropy;

random forest; susceptibility assessment;

HKl%a FE 25 L m, XA 5KIE i — N i
P U ARVWGHIEAT R 25, BRI 9 BE 8RS o
éé, muﬁx_ Upi,(0:Np; =2,i # j)o AIFFC & i H Ik
AR — . i A D7 50 b T E ST TR 4R X
FHRG SN T X, NERHES, BOFA PR R0 7
=T 1=1,m=1,

/l_ ﬂla /ll<dmax (1>
B dmam ﬂl deax

Hrr, d; = d(xi, xi01), d(x,y) = 1x =), dypy 9 d; B HS
P N TS 3 5 ) B Y HE Y TR T IE A JC R A de
A, BIUES LT 3 Rl

1) #ldi/di1] € [1,2], B e=n.

A= Z |1 —exp(~(d/du) /2)]d (D

0 d, KT dy W d, ALK T RO
Gy R PITR Y, A PR B A Y 5T, 4y # 1) HARR Y
Bz L
1 —1
0, W dig = n_l Zl iy =1
A= {exp|~(d/dwa)’12] /2}d, (3)
AR NEE m A>3 S BT K RROT R A SRR
WL, Bem = (o o T SBT3 R ANEL k=1
P1={Y|d(xm,)7)</l, }’EX} (4)

BB =. X=X/ p;, &5 X =@, FHE R, 0], 5
FE SUPEAN TR F o, ) S K B4 H s B 242 R

niy -2
n—1 n—1 1 1
k 1 1
xﬁ’z(—) xm+( ) — X1 oo+ —x, (5)
n n n n

k k
WA =a” -2,

n—1 1\
a§“=[1— ! 1n(1+—k)] (6
n; C:

Forp, ke o B 5 2 K 08 R, ¢ o i AR I K 1 R




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

AN PN B T
pl={yld(x".y) < 4P,y e X} @)

ol E@, n=n+ |p§k)|p, =pUpl, k=k+1, 4k4t
B BN, e =0, WS m=m+n, [=1+1, %%
LS

SO S L oy, DR PER IR F A H5L, (o)l
BVEHH T 1 o el
1.2 A #RIT 1572 (natural breakpoint classification, NBC)

NBC 7 & 1 IT36 - 3 B 7 L 5 - 2 v 30T 42 1S 1 — e
T R EYE B B AR F gl kU H O AR R
1 EACXT LA 4321 K 4328 v o6 2R I A 5 UL {2 [
()37 2 22 RV o RS BE A o  h i B AR HES ) .
B B 23 O, 35 BE 20 A b i T R 45 iR
FEAYZEIXIR], (20 8] 22 S A R, 4P 22 Sk die /S, Bt
AR B AT . NBC T H 4 R0,

1 n
DNB=- ) DNB, (8)

SDAM =" " (DNB,~ DNB)’ (9
Horb, SDAM W5 X KR - Y08 1 v 22 7 J5 Fl; DNB,;
RWEFE X B (B s DNB R V- #8066 . A0 R4
PETE RIS, THR S A R - J5 i 22 V-7 F1 SDCM._
ALL, 33\ /M, R8T Z A ILE GVF. GVF{E
MITEFETE 0 ~ 1, HAB AR A R R H RN 22 7 /),
KA ZE TR, 1 RRUELF, 0 Rl aihz.

GVF = (SDAM —SDCM)/SDAM ~ (10)

1.3 IAUE B A (weighted information value based
on entropy weight method, MIV)
R EGEAT B AP AR, S A E R
A B A PN PR M5 SR (B, A SRS BT A
FHRZEEEY ", MIV IR RNT:

n n N,/N
1=;w,»1,‘=;w,.1nm (1)
Ky —n PP R 20 AR 45 35K 5 5 & MRS
FIT NS B2

PR T § B A

o —— AL RO T ¢ AR A
N——TIF5E 1% PR 8 3 AT
N84 X ] A 1 o 55

S BF5E C R T R enn’s

S——45 43 9 X [a] T R /km
1.4 FEHLERMAZ RS (random forest, RF)

RF J& i Breiman™ /5 8 1 19 — R AR W 1. B
PLARMAR Y Y JEAC SEARIR S AT S ) TR SRR 20 G
SE— AL, FRAR Y 0 BRPCER B AR 0 23 A, HL
T BR USRI Hh 20 57 SR A () B AL ) (B DR, B T ASE A
T DRSS XoF i A AR AS AT S50 R0 W, S st AL s
GBI IR 1 53 B x, (1), %2(Y), -+, x,(Y), AT ST
REALARMA A R0 T

YO) = argg™ " 1(x(Y) = 2) (12)

K y () ——FEHLAR A AL
x,(Y)—— B YRR AR A
VA AR

I—— W PRE,
2 HMREXER

WS AT 1 967.4 km?, JE T 4R, FEUdEEH
2R, B P 2R RO Ak, AFF- IR T i 1 408.6 mmy
BN EE K VKK, KRB AT . &
HHEBEN SR AKR. RERAELRS; X
Il b 7 ARG L T 2R L A )R AL A R R
FAR TG R | ACAR A | IO AR L A6V [ 4 s Y
Z5, BN LA AR i b 3. WS iR Gk S0, B
HS . b TR A LB AL 1 2 B S M AR A AR A IR
B BRGNS LR T, 580 & A 4 2 o
GESL 270 kb (1), EERIMESUCE N E, X 2T
BN A A I 7= 2 43t AT T KB, A R T A
B 5 G TR TR DG I AT R AR A ) A

o FFE M
R /m
= 31.90 ~ 101.22
m 101.22 ~ 170.54
mm 170.54 ~ 266.98
= 266.98 ~ 408.63
= 408.63 ~ 800.44

1 HyTmtRRESHE
Fig. 1 Geological disaster distribution map of Xiangxiang City
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Table 1 AIFFC classification parameters for each evaluation factor

T W X IE R & SNl Pl Y SYERIX I ({p,})
epE/(°) [0,71.26] [2,70] 1.0~2.0 8 7 {1, 12, 125, 35, 14, 49, 34}
Wemy/(°) [0,360] [0,360] 1.0~ 1.67 20 12 {10, 11, 19, 23, 38, 52, 25, 30, 25, 15,9, 13}
i FE/m [31.90,800.44] [113.12,456.70] 1.0~2.0 40.33 8 {112, 92,34,22,5,3,1, 1}
PR /mm [1202.78,1 600.43]  [1221.03,1 554.89] 1.0~1.9 22.81 10 {1,2, 14, 19, 59, 70, 60, 36, 8, 1}
5 —Ab A B AR [0,0.61] [0.015,0.417] 1.0~15 0.04 6 {7,27,48, 89, 85, 14}
3 P HE S /m [0,>3 483.20] [326.11,3 483.20] 1.0~1.79  230.84 10 {102, 55, 33,37, 16, 10, 10,5, 1, 1}
R I 25 /m [0,>4 634.35] [423.71,4 634.35] 1.0~1.5 236.17 11 {75, 57,43, 38, 10, 16, 10, 6, 5, 5, 5}

%2 AIFFC HR&ER
Table 2 AIFFC classification results

PP AL

PR

epE/ () 8
emi/(°) 12
EFE/m 9

>0 ~2;>2 ~22;>22 ~35;>35 ~48;>48 ~ 55; >55 ~ 65; >65 ~ 70; >70

>0 ~30;>30 ~ 68; >68 ~ 90; >90 ~ 125;>125 ~ 162; >162 ~ 190; >190 ~ 225; >225 ~ 260; >260 ~ 280;
>280 ~310;>310 ~ 338; >338 ~ 360

>31.9~113.12;>113.12 ~ 165.57; >165.57 ~ 221.23;>221.23 ~ 278.54; >278.54 ~ 333.59; >333.59 ~ 367.50;

>367.50 ~ 408.51; >408.51 ~ 456.70; >456.70
>1202.70 ~1221.03;>1 221.03 ~ 1 283.85; >1 283.85 ~ 1 336.92; >1 336.92 ~ 1 368.54; >1 368.54 ~ 1 410.03;

AR RR i/ mm 11

JA— B Hed 2 7
JELE P 5 /m 11

>1410.03 ~ 1 446.28;>1 446.28 ~ 1 484.91;>1 484.91 ~ 1 516.62; >1 516.62 ~ 1 536.87;>1 536.87 ~ 1 554.89;

>1554.89

>0~0.015;>0.015 ~ 0.180; >0.180 ~ 0.246; >0.246 ~ 0.316; >0.316 ~ 0.377;>0.377 ~ 0.417; >0.417
0~326.11;>326.11 ~ 664.23; >664.23 ~ 989.03; >989.03 ~ 1 368.63;>1 368.63 ~ 1 688.75; >1 688.75 ~ 2 075.72;

>2075.72 ~2 497.47;>2 497.47 ~ 2 831.94; >2 831.94 ~ 3 065.30; >3 065.30 ~ 3 483.20; >3 483.20

TG R J2 B 5 /m 12

0~423.71;>423.71 ~ 850.88; >850.88 ~ 1 272.26; 1 272.27 ~ 1 694.48; 1 694.49 ~ 2 150.42; 2 150.43 ~ 2 485.00;

2485.01 ~3005.74; 3 005.75 ~ 3 523.15; 3 523.16 ~4 107.21; 4 107.22 ~ 4 248.58; 4 248.59 ~ 4 634.35; >4 634.35
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Table 3 Natural break point method grading results
AT Pt YRR
WiRE/(°) 8 0~3.91;>3.91 ~ 9.50; >9.50 ~ 15.37; >15.37 ~ 20.95; >20.95 ~ 26.26; >26.26 ~ 31.85; >31.85 ~ 38.56; >38.56 ~ 71.26
B/(°) 12 0 ~24.48;>24.48 ~ 57.04;>57.04 ~ 88.18; >88.18 ~ 117.91;>117.91 ~ 147.64;>147.64 ~ 177.37;>177.37 ~ 208.52;
>208.52 ~ 239.66;>239.66 ~ 269.39; >269.39 ~ 299.12;>299.12 ~ 328.85;>328.85 ~ 360.00
B R/m g 31.90 ~ 79.93; >79.93 ~ 121.96; >121.96 ~ 166.99; >166.99 ~ 218.03; >218.03 ~ 275.07; >275.07 ~ 341.11;>341.11 ~ 425.17;
" >425.17 ~ 542.26;>542.26 ~ 800.44
AR B /mm " 1202.70 ~ 1 289.62; >1 289.62 ~ 1 333.91; >1 333.91 ~ 1 363.46; >1 363.46 ~ 1 386.40; >1 386.40 ~ 1 405.55; >1 405.55 ~
1425.18;>1425.18 ~ 1 444.75;>1 444.75 ~ 1 463.71;>1 463.71 ~ 1 488.88; >1 488.88 ~ 1 523.98;>1 523.98 ~ 1 600.42
ERS AR iE &= 7 0~0.051;>0.051 ~ 0.152;>0.152 ~ 0.208; >0.208 ~ 0.259; >0.259 ~ 0.303; >0.303 ~ 0.347; >0.347 ~ 0.611
B B 0/ 1" 0~71.14;>71.14 ~ 167.93; >167.93 ~ 287.96; >287.96 ~ 398.67; >398.67 ~ 534.77; >534.77 ~ 757.79; >757.79 ~ 1 088.95;
>1 088.95 ~ 1 532.08;>1 532.08 ~ 2 160.22; >2 160.22 ~ 3 483.20; >3 483.20
B 2B 1 0~93.41;>93.41 ~ 195.93; >195.93 ~ 317.53;>317.53 ~ 464.40; >464.40 ~ 667.68; >667.68 ~ 850.88; >850.88 ~ 1 059.58;
= >1059.58 ~ 1363.72;>1 363.72 ~ 1 914.46; >1 914.46 ~ 2 795.16; >2 795.16 ~ 4 634.35; >4 634.35
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