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Abstract

Ximeng Wa Autonomous County in Yunnan Province is in the “China-India-Myanmar-Bangladesh
Economic Corridor” strategic hub. It is of great importance to conduct a geological hazard vulnera-
bility assessment study to ensure the safety of the major infrastructure construction in the region
and to optimise the spatial development pattern of the national territory. Considering the influence
of the negative sampling strategy on the accuracy of the evaluation model in the general evaluation
process, as well as the data dependency and non-interpretability of the classification results in the
traditional deep learning method, an innovative approach is proposed by using the Information
Value (IV) method in combination with the Convolutional Neural Network (CNN) for the deep extrac-
tion of the static spatial features and the Long Short-Term Memory (LSTM) for the acquisition of the
rainfall temporal sequences. Dynamics, an innovative coupled IV-CNN-LSTM model architecture, is pro-
posed. The evaluation results are compared and evaluated with the prediction results of the CNN-
LSTM model, RF model and XGBoost model. The research results show that applying the informative
model effectively improves the prediction effect of the CNN-LSTM model. The IV-CNN-LSTM model, with
avalue of 0.9845 for the area under the curve (AUC) of the ROC curve, has a better prediction effect,
while the other four indicators are also better than the single model. 94.51% of the disaster sites fall
into the area above the medium susceptibility level, 71.95% fall into the area above the high suscepti-
bility level, and the areas with high susceptibility levels are mainly distributed along the highway net-
work, which combined with the SHAP analysis method proves that the main causative factor of geo-
hazards in this region is human engineering activities. The results of this paper can provide a scien-
tific basis for decision-making and a practical reference for preventing and controlling the disaster
cascade in the border area of southwest Yunnan.
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1. 518

FEARR ARG w9 LN SIS RE AR, 5 5 RO B L DX AT 57 52 e 1) E 30K
PR [1] . AR SV P R AA K (2024 SE4[E HARRFRANN) [1], REZFEIRAEM PR E
3897 i, I&MRELATINK 2630.4 1270, LA HRKE BHILN 65.6%, HoiEH. BikE. A
RRNEIR FHFE 709 NFET-RER, HEHBERKERT AL 82.8%. FialEUnr. IR
P i DX 5T 9% AR R v L R, IR DR WA T B AR R E A, R AT A R R E
fERIBTTE[2] [3]. %485 RANEVEAN £ BARMUZ IR 73 T (AHP) . SR BV (FR) A2 48 0] (LR) AR I 4t
ik, BEETTCRIERAN, SE AT S ulii i R i AR TR AN 22 4 B2 (e AL BT B, SR TH T s
FESEHITE[2]. AR, MEREOR A 2 IR A SR E (4 Sentinel-2 Y642 5244 . Sentinel-1 InSAR JEAZ % #fx)
SN AR S, O sh A IS gt TR T B AR, DU BT RIS M EHL(SVM). BEHLARAR
(RF)SEALGENL AR 2 SRR, 5 50l A BRNVRR T Ay d Uy T R B0 b v B8 RS PR A S, RE M AT RONEXT A
[FISER Rt 5T 5 T, JU AR BE ey 4B A A S v B 2R3 A RE 0 AN TIIDRS B2 77 T e L ks ) 2 I %4 3],
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AN, BRI REOR I 5 NE— B4R TE 1 PR S5 R AR e AE F VE[4] . 48 I i [5] S I I LA 22 S
RGEE DI RAG S, S 1 =0 X 5 VPPN RS 2 Ml [6TFENLAS % ST A sl Bt — 2B o 1
Z N T AL A R AE S T4 o R A RRE ) AFM BB T e 2 R AR I N FE SRR o (H R TRE AR
0TI R S AR RE AN R ) R 2 T TR B

BEE N LRBEHARIIRRE, IREZ SNSRI N AR T2 k0. ENAEE CRIREY 2]
TIEBINK Gy AV, DAt — D3 m i e 1, e a2 B A 242 2% (convolution neural network,
CNN)AIK 55 #A3C 12 M 4% (Long Short-Term Memory, LSTM), 7 Hb i 7 3 (1B 78 o 2w i B K3 77 . CNN
AERS NP AAFAE, 11 LSTM R 52 5 80 BRI, #2455 Reie G e FH ik & 5
SR TTIN RS P RO Rk o R VR B 2 ST AL (B CNIN LSTM)7E Bk 45 K Ak B o JE B LR AL 34, (HAE I
TRHEARAN . PTRRREPESR R . HOHE 42 10 I B B R MR R 2 ) I 8% 1) T &5 SR 55 O T AT A VR 2 R Rk
I, XTI LR, PR 7] 55 T 45 AR 42 I 45 (convolution neural network, CNIN) A 55 #1142, %
##%(Long Short-Term Memory, LSTM), 254 #ffi %2 1 & £3Z: (certainty factor, CF)#2 i Y] CF-CNN-LSTM #57Y
I g N T RECE A AR R AR B, BT TR IE R AR X 2 e ), H AUC fHIA
0.953, #{H— CNN 2 LSTM HEAY R 5 10%~15%. AT FT ik — Rk | I 2588 S 1 AU 78 53 % Hh BT 3485 v
(IR 77, NASCHE I “IV-CNN-LSTM” R4 T B VL0 25 IR IEAR[8] 55 AR B 3 G A
Bt (deep feature enhancement module, DFEM) 1 2 R K34 it & 52 Bk (multi-scale feature fusion module,
MSFF) i . 2 REERHIES: ) R ML, 1RSI  THS 71T, R E REREY ) R E
A1 2% (MFL-LIN)IE S VR BE m 23 B AR S VR R 0L, EORFPARDRS B2 (1 [F IR 2 8 2 PR KA 0.081M,
FRISHEERDE 41.102GFLOPS, Mt 5 S B 5% B e i 4t 14 X8 H BA[O] 548t —
Pl 4545 K & (information value, 1V) AR AR (Spy) 1P 25 B A 4048 I 25 HE 42 (Spy-CNN), 3k B MR B
SREA R S B FEREARI H Y, TR OR 1 PP 45 SRR It IV [10] 55 52 A= T BRI 555 AH
LRSI SFEA TG BE R U7, B AR A 5 M SR REAS (R R B AR A R BB R AR 2, AT T
FOREA &, AR RE A T4 () AL T 3 % o X [1 1) 25l it b B PRI 3 5 30 A% SV AR AL BE M LAR AR
PR, LE PG ZR 0 AR P4 Y S PSRBT 0.877 f9 AUC i, L3 T TDIR M 3 B 1) 22 i X RE A i gk 7 v I
ZH T E BRI, NAFERIEARRAL S5 7RG St 7B R R . 1B FURR 0l 2 A B o [ R
M TG RN SR PR EER, SRR GERZIREIE SIS E BE B B AME[12]
[13]. A FURe it — DAl S AR, IRR I AR 5 2 B EdE Rt & i R AL, DA A 12 )
SR PR

ASCUAVE B BB ITIX, $E i “IV-CNN-LSTM” R34, 1EH T 10 eSS A 1A 1 AN
AN TR L NS, 375 CNN-LSTM. RF & XGBoost HERU3E47 7 5%t bLsge, 4ot iffl 1
FRAI I REFE AR, BOUE IV-CNN-LSTM 8 F 1 75 B EL 1 9¢ 35 5 R PR VPAN I mTAT PR o R NHIF 72 75 B 1
U, AN AR XA SR T R« IR IR ORI R SE Ak 5 2 LR LRI AR HE B 1 R ) m] RR 4k
KE, R~ (CEEHRREDE TR MR K RS SRt AR .
2. MiRA=*
2.1. CNN &8

AR, BRPHE M4 (CNN) OB EREE 2 ST O AL, e 2 AN S e T 83 Rl
e MERN—MEIMCRHESR T H, CNN GBS 2 =) Bodl b (1) L E R, ke 17 N Lot B AR

i oR[14] [15]. SU7H ) CNN U B EE . LEMAERR, BN HHSE, P ERZEZ CNN
b iigt . 5 — R BRI 5T _E— RTINS A AR [16]-[18]. BRIEF AKXIIT:
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EaL

Y="f(W®X+b) €))

Hrr, W RREBPUIZIRE, X AMARE, Y i, b mED, f NEIRRE, @ FRERERIE.
CNN (3L A E SR [ 15 S AL G A NS AL, PR S8, s e 7 IREEE . b2 E %
DhRE AT N R R LE RS, AN R EEMERE, WM ESE Rz Re ), s 5 1K
F[16]. WAL ERIERI A XA :

Y = pool (X) (2)

Hor,  XOMSIARFAE, Y il 5 it o 4 Re)= W 0 SOR AR A 2 52 HR s 4R I B 31 e 2%
7 KBRS R . I CNN BERLR URHIE, REWSA LB EUE P ICARE S, R 5K E 5 RV
LEPNINPSIEHSE

2.2.LSTM &5

AL AZ 0 25 (LSTM) S JE I FHZE 0 25 (RNN) ) — NS R, 5 7ERE DR RNN Hh AR il R, BL &
BEREIBIEABR B RS . 5AEGE M AR, LSTM HZMEEmANE . — DM EE#UZ LU
bz . MR LSTM BICERIE T ST TR (], X e G B ARl Aic iz s s . Ak
MF, LSTM S o GE Ml RS MAZZ TS 8, Il A e E B, i
T A Y 114 1) 2 TR e RS BRI Z0 t, ST BN T IR R TR R A
0 » U2 ¢ B B EIR A W] DA DA T SR SR

fo=o (W, [hx]+b;) ©)
i =o(W [h,x]+b) (4)
f, =0 (W, [hy % ]+b,) ®)
g, = tanh (W, [, % ] +b; ) (6)
¢, = f,xc_, +i, %0, @)
h =o, xtanh(c,) (8)

fooh, £ ORI, 0 WMIALT, o NEIHIT, o MIRIZEIEIRA, h NREORA, x O MATHIA.
R F J5 S e e B R A A PP, A i S R AE I P

P= O'(Wﬁnal (M Z]+Dgine ) 9)
Hrr, o Jy sigmoid BUHEREL, Wi, A by AT E .
23. REEEER

F AR AR DS SR RN M T e v PP A B AR A, R DU SRR R, 259 A
P SRR AT LA IR R IO ER B VR T 35 9 3 10 2 S MERE L AR, LIRS A, b ok S 17
A5 1 BUR AR BRGNP AR B AR TR AR DX s S A O A o A R [19]-[22], SRR
(RIBE S BARAR A A L R AR I R B 045 S B, RS IZARFR I “ DTk ok, AR E S, AR
PRBLE S SR B (B A5 o B 1K — BB R T A 57 M A 8 P 1 2% PP R 7 1OA5 R AT EE, 38
S A R BT 5 B 25 R R SR ) S e A N A5 B B, 125 B B W] AR I e e 5 R [23] [24]. 15
SRR B AE T SO BB A IR 3 X F 7 XM 5 9 3 T ik A £ B RN [25]
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fE BRI, HAKXWT:

PCY, X, X0 X,

( P(Y) ! (10)
A (Y, %0 0o % ) I TALE %, Xy, % WU AR (5 R, P(Y, %%, x, ) H A
T Xy, X A TR TR RIS, P(Y) ZHTTRE KA.

RS AE R, ST X N R 5 R T HEAT PR R FL R E B AR REAT T, A5 A B IR
PRI RAAEREAT B N0 A, B8 DX A I S0 AT 0 K T R X AT B, S B — e B R = e
BEEHXIE.

HWWIELT, WFRERNESR, 2RLFEFREEKRE, HAAEHLENE, Fre e B SR pgsr

LY, X, X0, X, ) =1n

AR, O S VAN B S EE AT IS B, PR AR SRR AR S E, K AN B ST A B
HEFTLZRESM. FEEEMAXN:

= y = y —NI/N i=

'—éli—éln 55 (i=1,2,3,,n) 1)

b | ZERBIIEIX RS B, AP TS B AR, 3582 7 31 S M 5% 5 S 60 T B b
e | RFTEEURIE T x (013 B, N NBIIEIX O HTHL TR 53 AR TE AR N, B 9E X IR
YT x, 3 FE N OB R e A B TE R S BT IE T MR BB S, BT x, 1940 e A

2.4. IV-CNN-LSTM &8

AHTFLIR T IV-CNN-LSTM 3t o7 5 35 5 R AP R 80 . 5, DA IV BRI g S B A 7
X FE X REAT I 00 5 R A VAl R B SR M WA e DU SRR S KX R 5 RIX i o R XA
W 5 K 1X),  [E) A GhA DL S0 R T REAR U H O LM X I BELAE B AREA 1T, LA IV BERSRI 53 1) 5
RIS ANLIA, 6 A R SRR A AT DA I, A ven 2 R XA v By R X A B 5 T o ok T A AR [
FERCR I R A R HR 4R, %7 V2008 1 5 ) ) SORE S SURE A BRI BE LR Y R R 2 . BT sk
RAARR F B, K T0%BARIE N INZRAE, 30% 1 NIRiEsE, 70l TR I ZRAN PP it . %
A AN ZE N, CNN ZRBOCHFIE, SRINRHEREE 615 2] LSTM RHHMTIRA M. e, @il
SEEJR AN Softmax JZH i A I BIAE R, iR LA 1.

y N
{ B 1
e . | pixta :
0 |
| |
i | @
: Jisk P : IV it : : &k Soff h
NPT SN SN SN S SN N T Lpf 15TV (o o= bl 2O
1| wr T @ i : %= max —
: | : | L—p( ) &REA
| |
- / I {
i |
Jﬂﬁﬁﬁ% l\ CNN II
- 4

Figure 1. IV-CNN-LSTM model structure
[ 1. IV-CNN-LSTM 1R A5+

T FE I A SRR A R HEE A Y IV R BEAT WD VR AL, R CNIN A S R 22 (3 5 o 5 45
fIESe LSTM fift iR At SEAR 3 4 22 0 2 v (A ST RURI B B2 i R [ 26 AL A 4 5 . S AR S 4e it 7L S IR
BESE T3k, Miidem TR A ERRE, RS T 5 VO R AT EE 7. 5 AL S ST AN
TRIE S SRR EL, 124 A AR AR B AR 2 o T R B I R L DN . MR A AR AR A 2 P
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Figure 2. Flowchart of the evaluation process
2. i REREE

3. ARXEBER B H R
3.1. MIREXER

PE SRR A B T 99°18'~99°43'E, 22°25'~22°57'N, R “HEN4i i e br L i (B Y 55, AR
2 MNMER” B R, RES5HeE. SEREE, Wmit5ammsc s, ENA KA 89.33 A M, /7B
X A4y 1353.57 km?, A7 T4l th ik me B S e VL SV X, 1 IX 5 bk 99.9%, Bl iz s ik,
WERE TR, JEP LR TIER A S, A RACE . TURAK, MX S ZES 1869.9 m, A REEH
Or FRHIE . AEIBE NG 2758.3 oK, MZEMF/KE HAMMKE) 85%LL o A%, FERINE
DX FIARHBEB 42 DA R A B IR R 8, T A DA SR ol iy O B B8 L Ll XA B N SCER IR A% Ry, A T e
G b 5 B A AR E . BRI IAEE . SR PRI SN R TARVE SN AR, RO X et o ok T (1)
PR, BFAIX A B A R R AR L 3.
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Figure 3. Ximeng county location map
B3 AIRXAERERSWE

3.2. BiERKIR

TR FHRRIR L, HERRBISCREAR, MR E RN AR, IEEEE R R I0A
HE27]e ASCHHRREAKE: O =8 R0 RTI BRARE B 16 B 5 A8 5 i 9¢ 3 1:50,000
A SR, DASRIBGERS . g5 Hhsi )= A o 3 U SR 455 5., HHfE 2016~2020 47 #i it % 35 g 52
i, 1% DO BT e R R B NS AR, M ERRE Se A, XN K B TR E 164 4b(E 1),
Horbigd 142 &b, HEK 86.6%; B 11 4b, EEL 6.6%; HWTHIIRMG 6 4b, (K 3.7%:; YA S
Ab, B 3.1%; @ ffi Landsat-8 2% /2445 (Google Earth Engine, https:/earthengine.google.com/) T2
L NDVI f5%: ® %05 m 128 % (digital elevation model, DEM) %k 4 >k V5 T Hb B8 2% [d] ¥ #2 =
(https://www.gscloud.cn/). T EdEII4—4 30 m x 30 m 2= (8] %

4. BiREMRE
4.1. N ETFEYIEEL

WA RS W EAREE. A AL KR NDVIL JERE . KRS 10 i E T LUK FER
VERENESE T, I 1L AT, Horb, E SRR AL SRt € T R E R E AT RETE[28] [29];
AR AR ABO ARSI T3 RE, IR T NIGEBNITE R SR SR A RS e B T &
T IR B ARG MR M KA B IR, — R RO 5 5 R R R, AR v 1 ok
BB AFRME[29]; W= 7520 15 = RRSE TR, X Hb s 3 T AT B EEREA[30]; K R AT
BT IX P EE ERALAR o A B I DT EE s 0 — R B INDV D IE S T AR OL I FE bR, FLR
S T R R, IR NDVI B X g B se b, H3R 5y Rk bl , - 3 SURboRe e P p#
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Figure 4. Grading of evaluation factors
E 4. T EF SR

4.2. BT

iy BT 9 T R R R TA) B A AR AR DG, REAE GG AR A (LB R [R] )3) w] e i T 22 K R T
(VIF)SEFBe Wit - AR S4,  Hm7E & B TRAC B 5 AR rT 4%, (B0 PR 2% IR, [RIFAH %
PETT g 3 BURFEACEE 43 BO A 22 i 0L RS I e vk B30 2026 T B, DRI AR RFAE AR B B 20 R 4% 5[ 31]
AR 7 Z K AT (variance inflation factor, VIF) 125 2 (tolerance, TOL)X 7% K 1 #EAT FL 2k 1 40 #r
AT R IR M S R B I6 DR T 1A ST . 7F 909% E A5 X IA) N &% I8 IRkt i 5 SR 1 . %
71 VIF {235/ 5, TOL {3 T 0.2, UEHEFAEEILZ M . B /R M/ #r 45 SR an 4] 5 B
N, AVHIETE B OC REOME T 0.6, MrT AW Ak B0 Fr A R4 Tor, AAFESRERME R R, W4
T VRN A
Table 1. Factor collinearity
1 EFHEH

AT VIF TOL
e 1.158 0.863
W 1.317 0.760
Pt 1.244 0.804

ERE 1.208 0.828
NDVI 1.449 0.690
HES 1.067 0.937
Wera] 1.089 0.918
IR/ 1.167 0.857
1 1.565 0.639
= 1.584 0.631
R my 1.108 0.903
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NDVI-; 0.27
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[iES
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JEUTA R -0.055
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RLAREE:
s

FRFALAR 5 P24 P
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(XU 0.013  0.0061
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PEIERREERS
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Figure 5. Pearson correlation coefficient diagram of characteristic factors

B 5. FHERETFR/REME X R HE

4.3. FRERBRIEMEYIEERE

MA@ R SR 75 S EEGE 2), @i ArcGIS BT INALE AL, SKEU L X 5 K 1R
K, MRAE B AR WA 7E XK DA 5 R S, A3 301G BT I 5 R M XS R n 4] 6.

Table 2. Information content calculation results

=2 FREEVTEER

-04

WIEE  pEEam L s whmy O RERE g g
0~8 15 0.2879 0~500 69 0.3492
8~15 37 0.2776 500~1000 35 —0.0310
iﬁlg() 15~35 107 —0.0723 Eﬁg(ﬁ)ﬂﬁ 1000~1500 15 —0.3651
35~45 5 —0.7494 1500~2500 19 —0.3262
45~90 0 0 >2500 26 —0.1852
0~900 15 —0.2153 0~200 63 1.2574
900~1300 82 0.0765 200~400 19 0.2518
EFE(m) 1300~1700 54 0.0847 Eﬁg(ﬁffﬁ 400~600 6 —0.7820
1700~2000 13 —0.2370 600~900 7 —0.8971
>2000 0 0 900~1200 3 —1.5850
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g3k
EIpiA1 81 0.0132 >1200 66 -0.2692
% Pk 3 -0.5095 it 33 -0.1995
I 80 0.0117 poe|d 13 -0.1995
TEE 40 0.7909 R 21 0.0472
R 5 46 -0.0382 IRd 17 0.4180
NDVI Ik [t
TR 53 -0.0497 7] 29 0.0014
A 25 -0.5275 [iifE) 25 0.2931
0~150 28 -0.2475 i 16 0.1072
150~300 46 0.1609 [iitB] 12 -0.3953
Ny
EE@ Vs 300~500 14 0.1634 49~350 10 -0.3793
2(m)
500~800 50 -0.1404 350~500 117 -0.0893
>800 26 -0.0849 500~600 33 0.0148
A R A e JEL AR ik
59 5=
o 31 0.4369 600~700 3 0.1375
peiib=Yl
55 e 58 T EDIR B
Mﬁ%ﬂz e 78 0.3006 >700 1 0.3958
FaAd
e R T i SR
THEHR [ 31 -0.1555 103~104.5 103 0.0025
“ IR A R AR
R o 5 R
B g 2 0.2466 Fggem 10457106 47 0.1542
(mm)
AHCE 22 3.4714 106~107.5 12 -0.4633
1 SR B L
ﬁﬁﬁk*ﬁ R 0 0 107.2~109 2 0.0490
pagah

PEDR FE 5 SRR BRI SR R v, T sk ok 35 ARG AR 9 IEREAR, 1T 3R 9 35 A (FFURE ) DU i e ik e AT
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Figure 6. Information model susceptibility evaluation
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5. ERDH
5.1. &£F IV-CNN-LSTM BB R E 5 & MIEM
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JSL PRI 5T 2 5 B R AT B (L] 7).
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Figure 7. Results of the vulnerability assessment for the IV-CNN-LSTM model
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(25.16% I FA) X 5.49% 1% #1229 4b), HAFAL T4 (it 1V =-0.5095) 5 =i e #k 7 7 (X (NDVI =1 5 1V
=-0.5275), RHIZ T EA[4.82%, 6.16%)], UFFHTIIFRE M. IV-CNN-LSTM Il s - K 5 Kk X % 5
LIk 13.0, R TFAEGRAL . 75 ZHRAREEA 1P F, IV-CNN-LSTM R ILH st 7 FEPERE (R 4). H AUC
fHik 0.9846, FHIXFIEFFEAMHET X 40 G877 2.3 #EMIZ 0.9531 S5H5HA% 0.9682 ¥ /iy, RILEEAR
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Figure 8. Geological hazard susceptibility zoning map of Ximeng County
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Table 3. Statistical table of distribution of geological disaster prone areas in Ximeng County
3 ARBMRREZLZXSHEITR

i . o TE MBI H R
e e WAL ERUkme gk CHmERIGE ARICER
*10 km™?) B
K5 KX 25.16% 340.56 9 0.26 5.49%
5 R IX 32.81% 444.43 37 0.83 22.56%
IV-CNN-LSTM
o RIX 23.31% 315.98 32 1.01 19.51%
Wi 5y R IX. 18.72% 253.95 86 3.39 52.44%
&g KX 32.67% 426.78 18 0.42 10.98%
5 R IX 30.07% 407.32 49 1.20 29.88%
CNN-LSTM
o RIX 17.20% 233.16 36 1.54 21.95%
Wi 5 R IX. 19.36% 287.73 61 2.12 37.20%
&g KX 32.55% 440.59 15 0.34 9.15%
5 R IX 27.54% 373.05 36 0.97 21.95%
RF
o RIX 17.15% 232.48 51 2.19 31.10%
W 2 )k X 23.76% 322.32 62 1.92 37.80%
&KX 21.08% 285.54 14 0.31 8.54%
5 R IX 33.61% 454.93 40 1.40 24.39%
XGBoost
o RIX 24.10% 326.69 41 1.26 25.00%
W 2 )k X 21.21% 287.73 69 2.40 42.07%
Table 4. Comparison of landslide results from different models
= 4. BAIRBE SR
precision recall fl-score Accuracy AUC
IV-CNN-LSTM 7% 0.9682 0.9353 0.9515 0.9531 0.9846
CNN-LSTM #5544 0.9404 0.9333 0.9368 0.9461 0.9541
RF &4 0.9451 0.9114 0.9280 0.9127 0.9362
XGBoost 5% 0.9647 0.9431 0.9530 0.9309 0.9836
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Figure 9. Ranking chart of importance of influencing factors; SHAP’s Feature Summary Plot
9. EMETFEEMHFE; SHAP F4FHERERE

£ T SHAP ] AL 52 m R 5 ZE M HE 7 BIRT 4 AR S 705 hE B W =2 NDVI (W& 10),
LA 7 5 W8] R - RS R AR AR ZE T 7 X PR T 3 0 2 5 5 P T & SR P sy, DU S R ) T e ek
o TR EoR: @O BB T) SHAP K¢ & B/ (K 10(a)), 0~200 m 223X ) SHAP 1% 0.62,
VG P D7 58 A5 T 63% (103/164 4b), EPTE AR LRSS x s fa e e B8 @ BWEF
(AR B B HE AR T NG5S, 76 H B4R 104.5~106 mm [X ] B SHAP 1444 0.41 (/4 10(b)), *it
JSLBIE T X R 2 B R 7 L 8500 AR ARRAE, FE R FERI IS - FLIBR/KE T B LS. B #ifE<1000 m B
SHAP = -0.15 (i VIE R BAE N K3ESN D, R F A 9%), 1300~1700 m B 5 B IR X E A, %X

DOI: 10.12677/ag.2026.163039 445 HUERRL =RV


https://doi.org/10.12677/ag.2026.163039

WOREREX, BMANIEIINE, FHR R F R AR T %45, >1800 m HIL SHAP H A7 G N, X
— X R R, BUDONTESI T, AR AR, RO RS RS @ NDVI < 0.3 |
SHAP = 0.25 (% 2 1 IV = 0.7909, ¥4 5 L 40%), NDVI > 0.7 if SHAP = —0.31 (NDVI &4 )11 10%, 7%
FHEIEL 0.5 4b-10km™2), EIMBHEFAMKKR. © MECEAV =3.4714) 5K 2 500m E & X KK F
EEIA 4.1 #b-10 km? (42 3), AH—HTIXH 2.3 fif, WIFZHE TS SOOI,

A G50 b J5E R 2 7 J2 A0 M AE AR DX o 5 T o ) B A ARG AN, T T 2 S N 2R AR iR B R T
548 = S . X — PR SHETE X RS SRS AR R R DA R R T AR 3 % R SR b i
W R B R B VI OC . TREUIME . 3 sl A 3L 5 B WU A F R & O 9 5 R AR LR TR, T
A% Gu i T R FAE G AR B AR R IR, BRI F s R 5% 2 (SR EME. % 3 % FHE /A KB4t
WERIEEEVE, BWaitRX “ NRiEshitk - BN - Hgss]” mEst. 6N 2SR
o, RURE I DX BE R FE, A0 R B TS AN SO e, AT A 2SR b R R IR o

0.5 4 0.15 4

0.4 1 0.10 4

e
o
)
$
0.3 0.05

0.2 1 0.00 1

SHAPE
SHAP{H.

-0. 05

T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 104 106 108 110

BRI BRBE S /m e 9 /mm
(a) PG HS (b) Wi

SHAPf
SHAP{H.

°
T T T T T T T L d 1 i U
600 800 1000 1200 1400 1600 1800 2000 0.1 0.2 0.3 0.4 0.5
B2 /m NDVI
(c) m=ifg (d) NDVI

Figure 10. The dependence relationship between the dominant factors and the model prediction results
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