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Assessment of geological hazard susceptibility based on information method and
ensemble learning algorithm: A case study of Harbin City in Heilongjiang Province

LI Yun-feng, LU Yan-da, CHEN Zhuo, LU Yu-run, LI Tao-tao
Harbin Natural Resources Comprehensive Survey Center, CGS, Harbin 150000, China

Abstract: To carry out the geological hazard susceptibility zoning and prevention in Harbin, Heilongjiang Province,
eight evaluation factors including slope gradient, slope aspect, curvature, lithology, NDVI, distance from river,
distance from road and distance from structure are selected to establish the evaluation index system of geological hazard
susceptibility. The non-geological hazard samples are randomly chosen from the extremely low and low susceptible zones
calculated by information algorithm, which forms the document data set together with the geological hazard samples.
Besides, three ensemble learning methods such as random forest (RF), Adaboost and Stacking are used to assess the
geological hazard vulnerability in Harbin, and the accuracy is verified by confusion matrix. The results show that the
trend of evaluation results of the four algorithms is the same, and consistent with the actual situation of the study area.

The major inducing factor of geological hazards in Harbin is human engineering activities, with the extremely high
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susceptible zones mainly concentrated near roads. The area of extremely high susceptible zones predicted by RF
algorithm accounts for only 1.27% of the whole region, yet the number of geological hazards takes up 21.03%, with the
frequency ratio of 16.58 and the maximum AUC value reaching 0.891, indicating that RF algorithm has more advantages
in the geological hazard susceptibility evaluation among the above three algorithms.

Key words: geological hazard; susceptibility assessment; information method; ensemble learning algorithm; Harbin City
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Fig. 1 Topographic map of the study area
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Table 1 Correlation coefficients of influencing factors
WA T [y HE7K R IE B ith% Weim) e FUERI= 13 R AR R H2 NDVI
[ 1
PEIK R R -0.119 1
ith% 0.042 0 1
B 0.045 -0.005 0 1
e 0.605 -0.078 0.009 0.049 1
T T S -0.159 0.005 0 -0.004 -0.012 1
A 3 0.092 -0.021 0.001 0.009 0.082 -0.024 1
HZ 0.565 -0.101 0.009 0.038 0.049 -0.17 0.111 1
NDVI 0.357 -0.257 0 0.016 0.288 -0.136 0.073 0.362 1
*2 HRRESEETMEREEE
Table 2 Information value of geological hazard susceptibility assessment indexes
PA[SES R (=8 <[ HeP A IS R IA T [EH=SoxiEd HEFF
0~3 -0.525 33 0~0.51 -0.811 38
3~6 -0.185 29 0.51~0.73 0.726 11
WeREI(°) 6~10 0.387 18 NDVI 0.73~0.82 0.431 16
10~16 0.724 12 0.82~0.87 0.443 15
16~90 -0.116 27 >0.87 -0.801 37
0~73 -0.607 34 0~100 0.107 23
73~146 -0.068 26 100~200 1.740 2
Weim/(e) 146~212 0.765 9 FEIK REEES/m 200~300 0.764 10
212~270 0.329 21 300~400 -0.242 30
270~360 -0.611 35 >400 -0.026 24
<-0.78 1.049 6 0~100 2.734 1
-0.78~-0.33 0.386 19 100~300 1.434 3
fify % -0.33~0 -0.172 28 T8 PR 5 /m 300~500 0.367 20
0~0.33 -0.495 31 500~700 0.675 14
>0.33 0.869 7 >700 -0.834 39
EHUES -0.645 36 0~100 -1.049 40
TUBE 0.696 13 100~300 -0.497 32
Fanis TG 1 0.787 8 FEA G FE ES /m 300~500 0.213 22
RAS 0.410 17 500~800 1.346 4
T 1.295 5 >800 -0.037 25
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Fig. 2 Evaluation factor layers of the study area
a—IH— LA FEEL(NDVD) ;  b—H % (curvature) ; c—3 % (slope gradient); d—3¢[1] (slope aspect); e—Hiif 2 (distance from road); f—Hi/K R
5 2 (distance from river); g—31)Z (strata); h—HA4 15 B 25 (distance from structure) ; 1—728 i %28 (metamorphic rock ); 2—12 A &2 (intrusive rock ) ;
3—g H A2 (effusive rock ) ; 4—550U &R (Quaternary ) ; 5S—UTFUA 2 (sedimentary rock ); 6—7K & (water system )
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Fig. 3 Prediction results of different evaluation methods
a—{5 B39 (information algorithm); b—RfHL ARG 1 (random forest algorithm); — Adaboost 54 (Adaboost algorithm); d— Stacking 574 (Stacking
algorithm); 1—HiFTK E i (geohazard site); 2—IEHLTIR E 5 (non-geohazard site); 3—Hifk 5 & X (extremely low susceptible zone); 4—{%5 & X
(low susceptible zone); 5—H1%55) & X (medium susceptible zone); 6—5%) % [X (high susceptible zone); 7—H% 5 5) % [X (extremely high susceptible zone)
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Table 3 Susceptibility zoning results based on different algorithms

PSS s 2R A% BT B BT R L A51/% TR R MR E R (5 L% I ESA
WAL ) % 18604798 31.92 15 7.01 0.22
%2 % 21629659 37.11 37 17.29 0.47
fFR & oK 11344966 19.46 53 2477 1.27
[y 4931899 8.46 46 21.50 2.54
Wi 2 % 1773834 3.04 63 29.44 9.67
WAL ) % 2434647 45.75 31 14.49 0.32
%2 % 1378756 25.91 33 15.42 0.60
BEATLAR AR ok 1102540 20.72 45 21.03 1.02
=YY 3 338744 6.36 60 28.04 441
Wi 5 & 67501 1.27 45 21.03 16.58
WAL} % 446386 8.39 4 1.87 0.22
%2 % 2493305 46.85 49 22.90 0.49
Adaboost oK 1797451 33.77 72 33.64 1.00
=3 515218 9.68 55 25.70 2.65
Wi 2 & 69828 1.31 34 15.89 12.11
WAL & 3171461 59.59 45 21.03 0.35
5% 663386 12.46 23 10.75 0.86
Stacking ok 319539 6.00 13 6.07 1.01
oK 421394 7.92 24 11.21 1.42
W 5 & 746408 14.02 109 50.93 3.63
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Fig. 4 ROC curves of evaluation results of different algorithms
1—PBE AL 2R AL R (random forest model ) ; 2—Adaboost £ %4 ( Adaboost
model ) ; 3—Stacking %% (Stacking model )
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Table 4 Prediction performance results of
different algorithms
A7 TERG HERE AUC F1
REH LA 0.941 0.893 0.891 0.633
Adaboost 0.923 0.683 0.742 0.609
Stacking 0.953 0.938 0.855 0.723
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