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Tom tit: Muc dich chinh cia bai bao nay 1a thanh Igp ban do phan viing
nhay cam tai bién truot |6 khu viee xd Phuéc Thanh huyén Phucc Son
tinh Quang Nam ¢ ty 1¢ 16n bang cdc phirong phdp thong ké va hoc may.
Pau tién, nam ban do nhay cam truot |6 (LSI) dwoc thanh lgp tir hai mo
hinh thong ké (hoi quy logic-LR, phan tich biét thizc-DA va ba md hinh
hoc may (mang Bayes-BN, mgang than kinh nhan ta0-ANN, mdy véc to
hé tro-SVM) duroc thanh ldp duwa trén bay ban do tac nhdn gady truot lo
(do doc, mar cong dia hinh, chi sé nang lwong dong chdy, chi sé dg am
dia hinh, chi sé védn chuyén tram tich, tham phs va vé phong héa). Tiép
theo, nam ban do LS| nay sé duoc danh gia hiéu nang thuc hién mo hinh
bang gia tri phan tram dién tich (AUC) theo déc tinh dwong cong nhdn
duwoc (ROC). Két qua chi ra rdng cdc mé hinh déu dwa ra cac két qua
véi kha nang du bao tot, cac két qua nay rat hiwu ich trong cong tac quy
hoach dat sir dung va tror gilp cong tac phong chang, giam thiéu ruii ro
do tai bién truot 16 gay nén tai khu vuc nghién ciu va cac khu vic mién

nui khac.

1. Gi&i thiéu

Hién nay trén thé gioi, cong tac danh gia
rai ro tai bién truot 16 dang ngay cang duoc
quan tam. Phan loai nghién ctu vé danh gia
rai ro va tai bién truot 16 dwgc phan chia
thanh hai hé phuong phap chinh, cac phuong
phap dinh tinh va cac phuong phap dinh
lugng. Cac phuong phap dinh tinh néi chung
dva trén danh gia cua mot hay nhiéu chuyén
gia thuc hién danh gia tai bién. Dir lidu dau
vao thuong dugc suy luan ra tir sy danh gia
trong subt qua trinh thyuc dia, c6 thé dugc hd
tro bai cac két qua giai doan tir anh may bay.
Nhitng hé phuong phap nay ciing dugc goi la
cac phuong phap danh gia bai chuyén gia [1],
va c6 thé phan chia thanh hai loai: phan tich
ddc diém dia mao tir thuc dia va su két hop

hay chdng chap céac ban do chi sb theo trong
s6 [2]. Cac phuong phap dinh lwong c6 tinh
chat ché hon va ching ap dung cac phuong
phap phan tich théng ké (2 bién hoic da bién),
cac phuong phdp hoc may va céc phuong
phép tién dinh dua trén cac md hinh vat ly
nhu cac mé hinh 6n dinh suon doc va cac mo
hinh thiy van va cac mé hinh khac vé dia chat
cong trinh [2, 3]. Cac phuong phap tién dinh
dua trén mé hinh vat Iy va dugc xem c6 do
chinh x&c cao nhat. Tuy nhién, giéi han chinh
cta phuong phap nay 1a ching chi thich hgp
cho cé4c khu vuc ma & d6 chuyén dong truot lo
khong phirc tap va cac dic diém dia chit, dia
mao & d6 1a kha ddng nhat [4].

Céac md hinh thong ké va hoc may thuong
dugc coi 1a cac phuong phéap tiép can theo
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huéng dir lidu, ca hai déu tap trung vao viéc
phan tich cac yéu té anh huong dén truot lo
dat bang cach st dung bo dit liéu truot dat
trong qué khu va hién tai [5-7]. Cac phuong
phap duoc s dung phd bién nhit trong hé
phuong phép thong ké hai bién 1a phan tich ti
s6 tan suat - FR [8-13], md hinh trong sb bang
chang - WoE [12, 14-22], md hinh gid tri
théng tin - IV [23, 24], phuong phap chi s6
thong ké - SI [13, 25, 26].

Trong ky thuat théng ké da bién, md hinh
hoi quy logistic (LR) va phén tich biét thic
(DA) 1a hai phuong phap thong ké da bién
duoc str dung rong rai nhat dé danh gia tinh
nhay cam tai bién truot 16 & cac ving khac
nhau trén thé gigi [9, 10, 22, 26-28].

Trong nhitng nghién cou gan day, céac
thuat todn hoc may da va dang dugc su dung
dé thuc hién cac phan loai c6 giam sat cho
phan tich nhay cam truot 16, nghia 18 mé hinh
hoa sy phu thugc chua biét gitta mot sé céac
tac nhan gay truot 16 (CAc tham sé dau vao) va
sy hién dién hay vang mat cua truot |6 (dau ra
dang nhi phan). Mét s6 thuat toan hoc may co
ban nhu may véc to hd trg (SVM) [29-32],
mang than kinh nhan tao (ANN) [33-38], cay
quyét dinh (DT) [29, 31], mang Bayes
(Bayesian Network) [39].

O Viét Nam, khong it cac két qua nghién
ctru vé truot 16 da duoc cong bd trén cac tap
chi quéc té. Mot sé da ap dung cac phuong
phép chuyén gia, thong ké dé thanh 1ap ban do
phén vung nhay cam trugt 16 [22, 57-59], md
hinh két hop phuong phap chuyén gia (AHP),
théng ké (WOE va LR) v&i md hinh FlowR dé
thanh 1ap ban dd nhay cam truot 1o [22] va
phuong phap hoc may [39, 60-64] cho cac
khu vuc nghién ciru khac nhau tai Viét Nam.

Mic du viéc nghién ciru va quan ly tai bién
dia chét dac biét 1a truot 16, 1i bun d4, 1t quét
¢ Viét Nam da dugc quan tdm chud y véi hang
loat cac dé an nghién cau Ion, da dat dugc
nhitng két qua dang khich 18. Tuy nhién, voi
ddc diém dia hinh, dja chat phic tap va sy gia
tang kiéu thoi tiét cuc doan véi dic trung mua
bat thuong do bién doi khi hau toan cau ciing
nhu su khong déng bo vé dir liéu dau vao da
anh huong khong nho dén cac ban dd két qua
phan ving nguy co tai bién truot 15. Céc ban
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d6 nay thuong dugc thanh 1ap & ty 1¢ nho va
trung binh (tir ty 18 1:500.000 dén 1:50.000)
nén mang tinh phac hoa va khai quat cao.
Cong viéc thanh lap ban d6 phan ving nguy
co truot 16 & ty 18 16n (1:5.000) doi hoi can co
duoc bd co s& dit lieu dau vao & mic do
tuong dwong thi két qua méi co y nghia vé
mit dy bao céc khu vuc cd tiém ning din dén
tai bién trugt 1¢ trong twong lai.

Chinh vi vay, muc dich chinh cta bai bao
nay la ap dung cac phuong phap thng ké va
hoc may véi diéu kién dir liéu dau vao han ché
(chii yéu 1a dir liéu dugc triét xuat tir ban do
dia hinh ty 1& 1:5.000 gdm cac ban d6 do déc,
mat cong dia hinh, chi s6 do am dia hinh
(TW1), chi s6 ndng lugng dong chay (SPI), chi
s6 van chuyén tram tich (STI), ban do vo
phong héa va ban d6 tham phu duoc thanh lap
tir anh vé tinh phan giai cao Google Earth dé
thanh lap ban d6 phan ving nguy co tai bién
truot 16 6 ty 1€ 1:5.000.

2. Khu vwc nghién coru

Phuéc Thanh la x&8 vung cao cua huyén
mién nai Phudc Son tinh Quang Nam. X&
Phudc Thanh céch thi trin Kham Duac 44 Km
vé phia dong nam, phia Dong giap xd Tra
Leng (Nam Tra My), phia Tay giap xa Phuoc
Loc, Phia Nam Giap xa Muong Hoong huyén
PakGlei (Kon Tum), Phia Bic giap xa Phudc
Kim. Téng dién tich dét ty nhién khoang 62
km?, nhung dit nong nghiép chi chiém 6 km?
(trong d6 dét canh tac lta nudc chi c6 48 ha).
Dia hinh phic tap phan Ién 1a d6i nui bao
quanh, chia cach céac thdn ban, dan cu thua
thot phan bd khong dong déu [65]. Luu vuc
nghién cau (hinh 1) thudc xa Phude Thanh co
dién tich khoang 11.5 km? gitra 107°52°35"’
dén 107°53°50°’kinh do Pong va 15°16°35”
dén 15°18°3”" vi d6 Bic, c6 dia hinh phuc tap,
ving nui cao c6 do chia cét va do doc lon. o
cao dia hinh thay ddi tir 606 m dén 1158m.
Theo bao cdo hang nam thi xa Phudc Thanh la
mot trong cac x& bi anh huéng niang né boi tai
bién truot I¢ va 1ii bun d4. Theo s6 liéu théng
ké nam 2020, truot 16 kém theo li bun da da
khién 9 nguoi ¢ xa Phudc Loc tir vong, 4
ngudi dang mét tich, hang trim ho dan ¢ 2 xa
Phudc Thanh, Phudc Loc bi thiét hai nang né
vé tai san [66].
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Hinh 1. Vi tri nghién cuu

V& khi hau, Phuéc Thanh 12 mot xa cua
tinh Quang Nam nén ciing c6 dic diém chung
cua khi hau nhiét déi, chi c6 2 mua la mua
mua va mua kho. Nhiét d¢ trung binh nidm
25,6 °C, Mua dong nhiét do vung dong bang
c6 thé xudng dudi 12 °C va nhiét d6 vung nui
tham chi con thip hon. 6 4m trung binh
trong khong khi dat 84%. Lugng mua trung
binh 2000-2500mm. Mua mua thuong kéo dai
tir thang 10 dén thang 12, mua kho kéo dai tir
thang 2 dén thang 8, thdng 1 va thang 9 la céc
thang chuyen tiép v6i diac trung l1a thoi tiét
hay nhiéu loan va kha nhiéu mua [67].

V¢ dia chit, luu vuc nghién cau véi dién
tich chu yéu phac hé Ba Na & phia bic bao
gom ca pha 1 (yT,bn;: granit biotit, granit hai
mica, granosyenit biotit c6 muscovit) va pha 2
(yT,bny: granit hai mica, granit biotit, granit
alaskit) va h¢ taing Kham Puc nim ¢ phia
doéng va nam bao gom tap 1 (NP-e; kdi:
plagiogneis amphibol-hai pyroxen,

plagiogneis hai pyroxen, da phién thach anh-
plagioclas-hai pyroxen, gneis-biotit-diopsid,
da phién plagioclas-amphibol) va tap 2 (NP-¢;
kd,: plagiogneis biotit, plagiogneis biotit-
granat, da phién thach anh-biotit, d4 phién
thach anh-biotit-silimanit-granat-graphit, da
phién hai mica-granat-disthen-graphit) [68].
Trong luu vuc nghién ctu céc dién 16 da goc
khéng nhiéu, cha yéu 16 doc theo cac luu vuc
song sudi. Dat da & khu vuc nay bi phong hoéa
manh, cac 16p phong hoa day, co do gan két
kém, 1an nhiéu manh vun thach anh va sét nén
dé dang bi bao hoa nudc. Cung véi dic diém
bt loi vé dia hinh nhu do chia cat lon, swon
dbc, cac tai bién nhu truot 1o, i ban da
thuong xuyén xay ra khi mia mua dén.

3. Dirliéu

3.1. Dir li¢u truwot l&

Khao sat thuc dia dwoc tién hanh trong
thoi gian tir 15 thang 4 dén 30 thang 4 nim
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2022. V6i sb luong diém trugt 1o khao sat
thuc dia theo tuyén giao thdng chinh thi thu
thap duoc 21 diém truot 16, trong d6 chu yéu

Hinh 2. Anh Google Earth (trdi) va cdc diém trirot |6 (mau vang), trweot dang dong (mau do)

1a kiéu truot hdn hop véi 11 diém, truot xoay
c6 3 diém, trugt chay c6 7 diem.

P o, .

thu thdp tir thuee dia va gidi dodn anh vién tham (phai)

Céc diém truot déu xay ra chu yéu trong
dai phong hoa hoan toan, phong hoéa manh va
trung binh. Tiép theo, théng qua giai doan anh
vé tinh phéan giai cao Google Earth (anh chup
ngay 10/01/2021), s luong diém truot 1o va
dong bun da da tang 1én dang ké (téng s
diém ca thuc dia va giai doan 1a 184 diém,
trong d6 c¢6 30 diém dong bun da) véi dién
tich diém nho nhat 12 40 m? va 16n nhat 1a hon
24.000 m? vai tong dién tich truot 16 va dong
bun da trong toan luu vuc nghién ctu khoang
230.000 m? So db vi tri khoanh dinh cac diém
truot 16 va dong bun da duoc trinh bay trong
hinh 2.

3.2. Céac dir liéu khac

Muc dich ctua nghién cutu la thanh 1ap ban
d6 phan ving nguy co tai bién truot 15 & ty 16
Ién 1:5.000 véi su han ché vé mat s liéu. Do
d6, ngoai sb liéu truot 16 nhu da trinh bay &
phan truéc, lya chon cac ban dd tac nhan gay
truot 1o dé 1am dit lidu tinh toan phai ¢am bao
vé mit ty 1& twong (ng véi ban d6 dau ra. Do
d6, 7 tac nhan chinh dwoc xac dinh cho vung
nghién ciru 1a d6 doc, mat cong dia hinh,
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TWI, SPI, STI, tham phu va vo phong hoa.
Trong d6 5 ban d6 tac nhan dau duoc thanh
lap tir ban d6 dia hinh ty I¢ 1:5.000 (bay do
dia hinh ¢ ty I¢ 1:5.000 vao nam 2021) cua
khu vuc nghién cau. Ban do tham phu dugc
thanh lap tir anh vé tinh phéan giai cao Google
Earth voi do phan giai 1m va ban db vé phong
hoa dugc thanh Iap tir cdng tac thu thap, phan
tich mau hoa két hop véi phan tich d6 doc dia
hinh ¢ ty I€ 1:10,000.

3.1. Bj doc

Truot 16 hinh thanh béi su tugng tac gita
cac tac nhan dia hinh va dja chat. Mot md
hinh s d6 cao (DEM) véi kich thudc pixel 1a
2x2m di duoc tao ra tir ban d6 dia hinh cua
khu vuc nghién ctu ty 1€ 1:5.000 vai khoang
cach cac duong binh dé 12 5m bang phan mém
ArcGIS 10.8. Ban dd do déc cua khu vuc
nghién ciu dugc triét xuit tir DEM st dung
ham d6 dbc trong phan mém ArcGIS 10.8.
Gia tri do dbc cua tai khu vuc nghién ctu
dugc phan chia theo phuong phap phan loai
Natural Break va dugc phan thanh 5 nhdm véi
d6 ddc thay d6i tir 0°-72.5° (Hinh 3).
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Hinh 3. Cac bdn do tac nhén gay triot |6 heu viee xa@ Phuweéc Thanh

3.2. Mat cong dia hinh

Mt cong dia hinh s& cho ta biét duoc cac
hinh dang mat 16m, mat 16i va khu vuc phang
cia dia hinh. N6 ciing thé hién tbc do X6i
mon, tbc do dong chay, su ling dong va kiém
soat sy thay doi vé van téc cua cac khdi vat
licu chuyén dong xudng phia dudi [69, 70]
(Hinh 3).

3.3. Chi s6 do am dia hinh-TWI

TWI (Hinh 3) la mét trong nhiing tac nhan
guan trong anh hudéng dén su mit én dinh cua
suon [71, 72]. Dong chay tac dong bét loi toi
su 6n dinh bang viéc x6i mon cac suon. TWI
dugc mo ta anh hudng cua dia hinh ddi véi vi
tri va kich thudc cua cac khu vuc ngudn béo
hoa tao ra dong chay. TWI biéu thi sy phan b
d6 am cua dat trong khong gian [72, 73]. TWI
Ia tdc nhan lién quan Ban d6 TWI cua 4 xa
dugc phan thanh 5 16p dé phuc vu cho céc
budc tinh toén tiép theo. Ngoai ra, TWI c6 thé
chi ra do 4m cua dét, cac khu vuc bdo hoa,
chidu sdu myc nuéc ngm va dong tich liy
[71, 74]. Tinh toan chi s d6 am dia hinh theo
cong thic (1) dusi day dwoc d& xuit boi
Pradhan va nhiing nguoi khéc (nnk) [71]:

TWI = log, (4, an p) W
Trong cong thic (1) va (2) A (md la tich

lity dong chay, b (m) 1 chiéu rong 6 pixel ma
nudc chay qua, B (radian) 1a d6 doc suon.
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3.4. Chi s6 nang lwong dong chay-SPI

SPI (Hinh 3) co thé cho ta hiéu ning luong
x6i mon tiém nang cua cac dong chay trén bé
mit dia hinh, chiéu day cua dit va phy phan
bé cua thuc vat [71, 74]. SPI dung dé uéc
lugng nang luong x0i mon cua nudc. Gid tri
x8i mon cang cao ¢ doc cac kénh, ranh thoat
nuéc [72]. Chi sé ning lugng dong chay
dugc Pradhan va Kim [71] dé xuét theo cong
thac dudi day:

SPI = Atan f§/b (2)

3.5. Chi s6 vdn chuyén tram tich-STI

STI (Hinh 3) duoc tinh toan bang cach két
hop céc yéu té do dbc (chiéu dai va do déc).
STI dic trung cho qué trinh x6n mon va bdi tu
[70,75]. Trong d6 chiéu dai suon dugc tinh
toan theo cong thic (3). Chiéu dai suon dugc
tao thanh bai su két hop cua do déc suon (S)
va chiéu dai suon (L) va duoc dé cap dau tién
bai Moore va Burch [76]. Trong cdng thirc
(3), As la dién tich luu vuc va p 1a do déc.

_ As \%° sinp 13
LS= (22.13) = (0.0896)
3.6. Tham phu
Ban do tham phu cia khu vuc nghién
ctru duwoc thu thap tir cac dé tai, du an

trugc. Ban dd nay duoc phan loai thanh 5
I6p: rng non hon hop, dat trong cay cong

@)



nghiép, ring tu nhién, dat trong va cay bui,
dat khéng che phu.

3.7. Vo phong hoa

Ban d6 vo phong hoa da dugc phan loai
dua trén dac tinh cua céc loai da goc, va cac
dac tinh co hoc, khoang vat hoc va hoéa hoc
cua dat. Ban d0 nay duoc thu thap tr Vién
Khoa hoc Dia chat va Khoang san va duoc phan
thanh céc kiéu vo phong héa gom: SAF-SA-v6
phong hoa Sialferit-Sialit, SAF-vo phong hda
Sialferit, SA-vo phong héa Sialit, FSA-SAF-vo
phong hoa Ferosialit-Sialferit, FSA-vo phong
hoa Ferosialit va KBTVPH (Hinh 3).

4. Phwong phap

Phan tich nhay cam truot |6 trong nghién
ciu nay gom 6 budc chinh (Hinh 4): i) Xay

Xay dung cd sé dir liéu

dung co so dir liéu truot 16 va lya chon cac
ban dd tac nhan truot 1o phd hop Véi ty 18
nghién cau; ii) Phan chia dir ligu truot 1o
thanh hai tap dir liéu xay dung mé hinh (70%)
va kiém nghiém md hinh (30%); iii) Ap dung
5 mé hinh théng ké va hoc may (héi quy
logistic-Logistic Regression, phan tich biét
thae-Discriminant  Analysis, mang Bayes-
Bayes Network, mang than kinh nhan tao-
Artificial Neural Net va may véc to hd tro-
Support Vector Machine) dé thanh 1ap ban do
chi s6 nhay cam truot ¢ (LSI); iv) Tham dinh
md hinh dé danh gia ty 18 thanh cong va ty 1é
du bao cua cac ban d6 LSI; va v) Ban db phan
vung nguy co truot 16 cua khu vuc nghién cau
& ty 1é 1:5.000.
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TWI: Topographic Wetness Index
SPI: Stream Power Index
STI: Sediment Transportation Index

BN: Bayes Network

DA Discriminant Analysis

LR: Logistic Regression

ANN: Artificial Neural Network
SV M: Support Vector Machine

Ban dd phan ving nguy co TL

Hinh 4. H¢é phuong phdp thuc hién trong nghién cizu nay

4.1. Mang Bayes-BN
BN la mt phuong phap hi¢u qua dé bicu
dién tri thirc theo anh hudéng khdng chac chan

[77], n6 duogc gidi thiéu dau tién boi Friedman
va nnk [78]. Phuong phap nay dua trén ly
thuyét Bayes dé biéu thi mdi twong quan vé
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Xac suat va do thi va mdi quan hé giita cac
bién [79]. BN thuong st dung rong rai trong
cac md hinh hé thdng phuc tap [80]. Pé du
bao truot 16, BN dwoc 4p dung dé phan tich
anh huong cua cac tac nhan téi qua trinh truot

Pg(X1,X2, ..., Xn) = lﬂ_[PB(X1|HXE) = ﬁﬁ&'ll‘[
i=1 i=1 Xi

Trong d6, X = (X;,Xy, ...Xp) la cac tac
nhan gay truot 16, Ps(X|[xi) = 9x||Hx| la phan
bb xac suat chung so véi tac nhan X;, n la sb
lugng cac tac nhan gay trugt 16.

4.2. Hoi quy logistic-LR

LR la mét trong cac phuong phap da bién
dugc st dung rong réi nhat trong danh gia
nhay cam truot 16 ¢ cac khu vuc khac nhau
trén the gici [22, 26-27, 81]. Cét 16i cua mo
hinh hdi quy Ioglstlc la mbi quan hé hdi quy
da bién gitta mot bién phy thudc va cac bién
doc lap khac, dong vai tro quan trong trong
viéc du doan su c6 hoidc khong c6 cua mot su
kién truot |16 dua trén cac gia tri cia mot tap
hop cac bién lién quan. Uu diém cua hoi quy
logistic 1a bang cach thém mot ham rang budc
thich hop vao mé hinh hdi quy tuyén tinh
thong thuong, cac bién co thé lién tuc hozc roi
rac, hoac bat ky su két hop nao cua ca hai loai
va ching khéng nhat thiét phai c6 phan phdi
chuan [9, 22, 26]. Méi quan hé giira sy xuit
hién truot 16 va sy phu thuoc caa né vao mot
s6 bién sé duoc xac dinh bang phuong trinh
sau [9, 22, 26, 82]:

P=1/(1+e™) (5)

Trong d6, P 1a x4c suat xuat hién trugt 16 va
Z 1a su ket hgp tuyén tinh. M6 hinh héi quy
logistic dugc thé hién theo cong thirc sau [9, 22,
26]:
Z= CO + C]_X]_ + C2X2+ Lt Can (6)

Trong cdng thuc (6), Z 1a su két hop tuyén
tinh, Co la hé s6 chan caa mé hinh hoi quy,
Cy, Cy,..., Cy la céc hé s6 goc cua md hinh hoi
quy va Xy, X,..., X, la cac bién doc lap.

4.3. Phan tich biét thirc-DA

Phuong phap phan tich biét thuc (DA) dé
phan loai mau thanh cac nhom thay thé trén
co s& mot tap hop cac phép do. Theo Lee va
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l6 va dugc danh gid qua sy nhay cam vé xuét
hién truot 16. Xac suat két hop cac su kién
truot 16 véi tap tdc nhén gay ra sur dung
phuong phap BN duoc thé hién bang cong
thie dudi day:

(4)

nnk [83], DA cho phép xac dinh sy khac biét
t6i da cho tung bién doc lap (vi du: yéu té
gay truot 16) gitra nhom truot 16 va nhom
khéng truot 16 va xac dinh trong sb cho cac
yéu té nay.

Muc dich cua phan tich biét thuc la lap
mot phuong trinh tuyén tinh (ham biét thic)
dé tach hai hodc nhiéu nhom déi twong lién
quan dén mot sb bién ddng thoi [84]. Ham
biét thuc c6 dang:

D = Dby + bixy + byxy + ... + byx, (7)

O d6, D 1a gia tri biét thic, Xi (i=1, 2, ...,
n) I1a céc bién doc lap, bi (i=0, 1, 2,..., n) Ia
hé sb chinh tic chua chuan héa cia ham phan
biét dbi vai bién thir i; va n 1a sé bién doc lap.
Néu mét diém truot 1o véi tham sé Xi cho két
gua la D>0, thi n6 dugc phan loai vao nhém
on dinh; néu khong, n6 s& duoc xép vao nhom
khong 6n dinh. Hé sb caa ham biét thirc tuyén
tinh ¢6 thé dugc xac dinh bang cach giai bai
toan gia tri riéng téng quat. Mot s6 van ban
thdng ké da bién [84, 85] dé cap dén suy luan
toan hoc dé tinh hé sd.

Hai gia dinh co ban vé dic tinh thdng ké
clia cac yéu té nguyén nhén trong moét ham
biét thue 1a: 1) M&i nhém duoc léy tor mot tap
hop ¢ phéan phéi chuan da bién; va ii) Khong
¢6 bién nao co thé 1a sy két hop tuyén tinh cia
cac bién khac [84].

4.4. Mang than kinh nhén tao-ANN

La mot thuat toan thuong duoc st dung
trong 1ap ban db tinh nhay cam véi truot 16,
mang
no-ron nhan tao 1a cac ham phi tuyén chung
md phong hé théng than kinh cia ndo nguoi.
Chung doc lap vai phan phéi thong ké cua dir
licu dao tao va cd thé xu ly dit liéu lién tuc,
phan loai va nhi phan [38]. Trong s6 nhiéu



loai m& hinh mang no-ron nhén tao, mang
chuyén tiép ba 16p duoc su dung phd bién
trong thanh 1ap ban d6 nhay cam truot 16 [33,
34, 36, 37]. S6 luong té bao than kinh trén lop
an dugc tinh theo kinh nghiém tly theo cac
tng dung khac nhau. Nhu da dé cap boi Liu
va nnk [86], s6 lwong té bao than kinh trén 16p
an nhiéu gap doi s6 té bao than kinh dau vao.
D6i vai mo hinh Mang noron nhan tao, dir li¢u
dao tao va cac yéu té gay ra truot lo duoc
chon tuy vao myc dich nghién ctu. Trong mot
Mang no-ron nhan tao, mét mang chuyen tiép
3lop gom mét 16p dau vao, mot I6p 4n va mot
I6p dau ra duoc sir dung lam ciu trdc mang.

Muc dich ctia mang no-ron nhén tao la xay
dung mét md hinh caa qué trinh tao dir liéu,
dé mang c6 thé tong quat hoa va dy doan két
qua dau ra tir cac dau vao ma nd chua ting
thiy trudc ddy. Thuat toan hoc tap nay 1a mot
mang no-ron nhiéu I6p, bao gom mét 1op dau
vao, cac 16p an va mot 16p dau ra. Cac no-ron
cia 16p an va 16p dau ra xu Iy dau vao cua
chdng bang cach nhan mdi dau vao vai trong
sb twong (g, tinh tong tich, sau do6 xir ly tong
bang cach st dung ham truyén phi tuyén dé
tao ra két qua. Mot mang no-ron nhan tao
“hoc” bang cach diéu chinh trong s giira cac
no-ron dé dap ng céc sai s giira gia tri dau
ra thuc té va gia tri ¢au ra muc tiéu. Vao cudi
giai doan huan luyén ndy, mang no-ron cung
cap mot md hinh ¢6 thé du doan gia tri muc
tiéu tir mot gia tri dau vao nhat dinh [87].

Dua trén sy siap xép mang than kinh va
kiéu két ndi cua cac 16p, cac mang lugi than
kinh khac nhau cé thé duoc tao. Hai mé hinh
mang than kinh co ban hay 4ap dung la
multilayer perceptron-MLP va radial basic
function-RBF 1a hai trong s6 cac mang than
kinh néi tiéng véi nhiéu tmg dung trong giai
quyét van dé [88].

4.5. May véc to hé tro-SVM

May vecto hd tro l1a ky thuat dya trén hat
nhan khong tham sb dwoc rat ra tir ly thuyét
théng ké hoc [89]. Chung dic biét hap dan dé
giai cac bai toan phan loai, hoi quy va uéc
luong mat d6 cao phi tuyén bang cach kiém
soat do phuc tap cua md hinh [90-92]. SVM
xem xét tap dix liéu truot |6 dau vao trong mot

khong gian da chiéu, sau d6 mat siéu phang
t6i wu véi t6i da khoang cach bién s& duogc xéac
dinh dé tach biét thanh hai 16p: 16p c6 truot lo
va l6p khong co truot 6. Mit siéu phang tdi
wu duge dinh nghia bai mot sé véc to hd tro
va c0 thé xac dinh bang cach giai van dé toi
uu sau [93]:

n
fX) =sign| D~ a;Yjk(X.X;) + ¢ (8)

i=1
Trong d6, X= (Xj, Xy,..., Xp) 1a véc to cta
cac tac nhan gay ratrugt lo va Y= (Y1, Y2) la
véc to cua bién phu thude (truot l6 va khong
truot 16), ¢ Ia phan bl S0 véi gbc cua siéu
phang, n 1a s6 lwong céac yéu té anh huong dén
truot 16, o; 1a hing s6 thuc duong, k(X, X;) la
ham nhan ma c6 thé 1a 4 loai thuét toan chinh
dugc st dung dé phan loai 1a linear,
polynomial, radial basis function (RBF) va
sigmoid [94, 95]. Bé phan loai nhi phan cho
truot 16 va khong truot 1o, diéu kién dé giai

phuong trinh (8) dugc mod phong dudi day:

wlp(X;)+c=1, if Y;=-+1(landslide)
o p(X;)+c<1, if Yj=—1(non—landslide )

O d6, o(X;) la mot ham phi tuyén chia
khong gian dau vao thanh khéng gian thir
nguyén cao hon, o dai dién cho véc to trong
s6 [39].

5. Két qua va thao luan

5.1. Ban do nhay cam truot lo

Trong nghién ctu nay, nam md hinh da
duogc sir dung dé thanh lap céc ban d6 nhay
cam truot 16. Cac ban dd nay dwoc thanh lap
dwa trén hai bugc chinh: i) Thanh lap ban do
chi s6 nhay cam truot I (LSI); va ii) Phan
loai cac ban do LSI thanh cac ban dd nhay
cam truot 16 (LSM). O budc dau, cac ban dd
LST di dugc tao ra cho khu vuc nghién cau
ma mdi 6 pixel duoc 4n dinh mot gié tri nhay
cam. Trong budc hai, cac ban do LSI s& dugc
phén loai lai theo phuong phap quantile trong
phan mém ArcGIS 10.8 dé thanh lap cac ban
dd LSM. Duya trén cach phan khoang cua
phuong phap nay, cac 16p nhay cam duoc xac
dinh dé thanh 1ap cac ban d6 LSM gom: rat
thap, thap, trung binh, cao va rat cao (Hinh 5).
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5.2. Tham dinh cac mé hinh truot lo

C6 nhiéu cach dé danh gia d6 chinh xéc
ctia cac ban d6 phan ving nhay cam truot 16.
Cach tét nhat la tham dinh ngoai thuc dia
nhung viéc nay rat kho. Tuy nhiéu cé thé
thim dinh dya trén céc thong tin vé cac diém
trugt 16 da xay ra, dac biét cho cac khu vuc
rai ro cao va rat cao [96]. Banh gia két qua du
bao l1a mot trong nhitng nhiém vy quan trong
nhat trong mé hinh nhay cam truot lg. Néu
thiéu cong viéc nay, cac két qua caa mo hinh
du bao thiéu tinh ung dung va khéng c6 nhiéu
¥ nghia khoa hoc [12, 97, 98]. Mot s6 cong cu
théng ké va toan hoc nhu tinh toan mat do
trugt 16, duwong cong ty 1€ thanh cong (SRC)
va duong cong ty 1é du bao (PRC), kiém
ching chi-quare, duong cong dac tinh hoat
dong (ROC),... da duoc sir dung dé xac dinh
d6 chinh xac cta cadc moé hinh truot 16.

Trong nghién ctu nay, ROC da dugc su
dung dé danh gia chét luong ciia cac mé hinh.
Puong cong ROC duogc xay dung bang db thi
cac cap chi sb thdng ké cua “sensitivity” va
“100-specificity”. Gia tri AUC la phan dién
tich duéi duong cong ROC duoc sir dung dé
danh gia chat luong cia cac mo hinh di ap
dung [29]. Chi s AUC cang cao thi hiéu nang
ctia cac mo hinh truot 16 cang tét va khi ma
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gia tri AUC x4p xi 1 thi hiéu ning cua md
hinh 1a hoan hao [62].

Pé danh gia va so sanh ciac mo hinh du
bao, hai tap dir liéu xay dung md hinh va kiém
nghiém mo hinh da duogc tao ra. Pau tién, dix
liéu truot 1& duoc phan chia ngau nhién thanh
hai tap dix liéu nay. Tap dir liéu xay dung mo
hinh chiém 70% sé pixel truot 16 va tap dir
lieu kiém nghiém mo hinh chiém 30% s
pixel con lai. Sau do, hai tap dir liéu ndy sé
duoc sir dung dé danh gia hiéu ning cua ting
mo hinh. Két qua tinh toan chi ra rang tat ca
cac mo hinh déu c6 kha nang dy béo tét.

buong cong ROC danh gia do chinh x&c
cua 5 md hinh hoc may dugc thé hién trong
hinh 5. Trong d6 mé hinh BN c¢6 d6 chinh xac
cao nhat véi gia tri AUC 1a 82.6% va 82.5%
cho dit liéu xay dung md hinh va dit liéu kiém
tra. Tiép theo 3 md hinh LR, DA va ANN c6
gié tri AUC cho dir liéu xay dung md hinh va
cho tap dir liéu kiém tra gan tuong ty nhau.
Lan luot cac gia tri AUC cho dir liéu xay
dung mé hinh cua 3 phuong phap nay la
80.1%, 79.9% va 79.8% va gia tri AUC cho
dir liéu kiém tra 12 79.9%, 79.6% va 79.4%.
Cudi cung 1a mé hinh SVM c¢6 gia tri AUC
cho tap du liéu xdy dung mo hinh va dir li¢u
kiém tra 12 72.1% va 72.8%.
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Hinh 6. Duong con ROC cho tdp dif liéu dao tao (training) va kiem tra (testing) czza 5 md hinh
thong ké va hoc may da dap dung cho luu viee xa Phuéc Thanh
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5.3. Thao luan

Trong nghién cuau nay, cung voi dir ligu
truot 16, 7 ban dd tac nhan dwoc sir dung dé
thanh 1ap ban do nhay cam nguy co truot &
bao gém: do doc, TWI, SPI, STI, mit cong
dia hinh, vo phong hoa va tham phu/dat sir
dung di cho thay kha ning tin cay cia cac md
hinh. Mic du chi ¢6 7 tac nhan dau vao, tuy
nhién, khi so sanh gia tri AUC dé danh gia do
chinh xac cua c&c mé hinh trong nghién cuu
nay véi cac nghién cau trudce kia thi gié tri
nay 1a twong dwong. Mot sé cong bd di ap
dung cac md hinh hoc méy véi sé lugng céc
ban d6 tac nhan dau vao nhiéu hon trong
nghién ctru nay nhung c6 gia tri AUC tuong
duong phai ké dén nhu [26, 39] da sir dung 15
ban d6 tac nhan; [30, 31, 69, 70] vé&i 14 tac
nhan truot 1¢; [22] véi 13 ban dd tac nhan;
[99] voi 12 ban d6 tac nhan. Ngoai ra, trong 7
ban d6 tac nhan dau vao di s dung trong
nghién ctru nay thi c6 dén 6 ban do tac nhan
truot 16 (46 ddc, mat cong dia hinh, TWI, SPI,
STI, tham phu/dat sir dung) c6 mat hau hét
trong cac cong bd trude day. Nhu vay, mac di
c6 su han ché vé mat dit liéu nhung nhitng tac
nhan dd lya chon lam dau vao dé thanh lap
ban d6 nhay cam tai bién truot 15 trong khu
vuc nghién ctu c6 sy lién quan chat ché dén
cac dic diém hinh thai dia mao va tham
phu/dét sir dung cua khu vuc nghién cau. Tur
d6 c6 thé két luan rang, dir liéu phan &nh céc
ddc diém hinh thai, dia mao va tham phu/dat
sir dung la khong thé thiéu trong viéc thanh
lap ban d6 nhay cam tai bién truot 16. Tir cac
két qua so sanh vai cac nghién ciu trude, co
thé khang dinh rang cac két qua tinh toan
trong nghién ctru nay dang tin cdy va hiu ich
dé ap dung cho khu vyc xa Phudc Thanh noi
chung va cac khu vuc mién ndi khéc cua Viét
Nam no6i riéng trong cong tac thanh lap ban db
nhay cam trugt 16 ¢ ty 1€ lon.

6. Két luan

Nghién ctru nay da ap dung cac md hinh
théng ké va hoc may dé thanh Iap ban d6 phan
ving nguy co tai bién truot 1o ¢ ty 18 1:5.000
cho khu vuc x& Phudc Thanh, huyén Phudc
Son, tinh Quang Nam. Pau tién, 5 ban do
phan ving nhay cam tai bién truot 16 dugc
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thanh 1ap tir 5 mé hinh BN, LR, DA, ANN va
SVM. Sau d6 cac két qua duoc tham dinh dé
danh gia d6 chinh xac (Hinh 6) cho céac
phuong phéap théng ké va hoc méy. Két qua
cho thdy kha ning du béo cua timg mo hinh la
kh& cao va khong co nhiéu khéac biét véi cac
nghién ciru da cong bd. Trong d6 mo hinh BN
c6 do chinh xac cao nhat véi gia tri AUC la
82.6% va 82.5% cho dir liéu xdy dung md
hinh va dir liéu kiém tra. Tiép theo 3 mo hinh
LR, DA va ANN co gia tri AUC cho dt li¢u
xay dung mé hinh va cho tap di liéu kiém tra
gan twong tw nhau. Lan luot cac gia tri AUC
cho dir liéu xay dung mé hinh cua 3 phuong
phap nay la 80.1%, 79.9% va 79.8% va gia tri
AUC cho dit ligu kiém tra 1a 79.9%, 79.6% va
79.4%. Cubi cung la md hinh SVM c6 gia tri
AUC cho tap dir liéu xay dung mé hinh va dir
licu kiém tra 1 72.1% va 72.8%. Mic du cac
gia tri AUC cua cac md hinh déu dao dong tir
hon 70% dén hon 80%. Tuy nhién, gié tri nay
c6 thé cai thién khi dir liéu dau vao dugc ting
1én va dugc cap nhat véi do chinh xac cao hon
(tham phu vé phong héa...). Ngoai ra, dit liéu
vé tai bién truot 1o ciing nén thu thap va b
sung trong cac nam tiép theo dé két qua md
hinh dy bao tét hon. Chinh vi vay, dé ap dung
hiéu qua hon hé phuong phap nay cho cac khu
vuc mién nai khéc, thu thap bo dir liéu c6 tinh
da thoi gian dé tang hiéu qua du bao cho céc
ban db nhay cam tai bién truot 1o 1a can thiét.
Ngoai ra, viéc két hop cac mé hinh hoc may
trong thanh lap ban db nhay cam tai bién ciing
1a huéng nghién ctu tiép theo cua tap thé tac
gia dé khic phuc nhugc diém cua ting md
hinh, tir d6 tang d6 chinh xac va kha nang duy
bao cua c4c ban dd két qua.

Két qua caa nghién cau chi ra rang cac mod
hinh thdng ké va hoc may hoan toan c6 thé ap
dung dé thanh 13p ban d6 nhay cam truot 16 & ty
1& I6n 1:5.000 cho cac khu vuc han ché vé di
liéu dau vao. Két qua nghién cau s& gop phan
nang cao kha ning phong tranh va giam thiéu tai
bién truot 15, hd tro viéc quy hoach lanh thd
trong khu vuc nghién ciru. Cac phuong phap da
ap dung trong nghién ciu nay c6 thé &p dung
cho céc khu vire khac dé thanh Iap ban db nhay
cam tai bién truot 16 & ty 18 twong tur.



L& cam on

Bai b4o nay 1a mot trong nhiing két qua
nghien cou cia d& tii mid  sd
TNMT.2021.02.09 do B¢ Tai nguyén va M0i
truong dat hang Vién Khoa hoc Dia chét va
Khoang san (VIGMR) chu tri thuc hién. Bong
thoi, tac gia xin chan thanh cam on cac y kién
gop y cua cac phan bién ma da gop phan nang
cao chit lwong cua bai bao.

Dbong gop cua cac tac gia

P4 Minh Hién chiu trach nhiém 1én y
tuong, lva chon phuong phap, chuan bi, phan
tich, tinh toan, xur Iy sé liéu, viét bai béo, va
bién tap cudi cung. Nguyén Van Hoang, Mai
Lé Diing, Pham Puc Trong, Nguyén Cao
Cudng, Bui Trong T4n tham gia cong tac thuc
dia, thu thap théng tin vé tai bién dia chat
trong khu vygc nghién cuu.

Tai liéu tham khao

E. Leroi, Landslide Hazard-risk Maps at
Different  Scales:  Objectives, Tools and
Developments, in: Proc VII Int Symp Landslides,

Trondheim, June 1996, pp. 35-52,
https://doi.org/10.12691/jgg-5-4-2.

P. Aleotti, R. Chowdhury, Landslide Hazard
Assessment:  Summary Review and New
Perspectives, Bull Eng Geol Environ, Vol. 58, No.
1, 1999, pp. 21-44,
https://doi.org/10.1007/s100640050066.

J. Corominas, C. V. Westen, P. Frattini, L.
Cascini, J. P. Malet, S. Fotopoulou, F. Catani, M.
V. D. Eeckhaut, O. Mavrouli, F. Agliardi, K.
Pitilakis, M. G. Winter, M. Pastor, S. Ferlisi, V.
Tofani, J. Herv, J. T. Smith, Recommendations
for the Quantitative Analysis of Landslide Risk,
Bull. Eng. Geol, Environ, Vol. 73, 2014, pp. 209-
263, https://doi.org/10.1007/s10064-013-0538-8.

C. J. V. Westen, M. T. J. Terlien, An Approach
Towards Deterministic Landslide Hazard Analysis
in GIS, A Case Study from Manizales (Colombia),
Earth Surf Process Landforms, Vol. 21, No. 9,
1996, pp. 853-868,
https://doi.org/10.1002/(SIC1)1096-9837(199609)
21:9<853::AID-ESP676>3.0.CO;2-C.

J. N. Goetz, A. Brenning, H. Petschko, P.
Leopold, Evaluating Machine Learning and
Statistical Prediction Techniques for Landslide
Susceptibility ~ Modeling,  Computers  and

Geosciences, Vol. 81, 2015, pp. 1-11,
https://doi.org/10.1016/j.cageo.2015.04.007.

J. L. Zezere, S. Pereira, R. Melo, S. C.
Oliveira, R. A. C. Garcia, Mapping Landslide
Susceptibility Using Data-driven Methods, Science
of Total Environment, Vol. 589, 2017, pp. 250-
267, https://doi.org/
10.1016/j.scitotenv.2017.02.188.

Y. Huang, L. Zhao, Review on Landslide
Susceptibility Mapping Using Support Vector
Machines, Catena, Vol. 165, 2018, pp. 520-529,
https://doi.org/10.1016/j.catena.2018.03.003.

S. Lee, K. Min, Statistical Analysis of
Landslide Susceptibility at Yongin, Korean,
Environmental Geology, Vol. 40, 2001, pp. 1095-
1113, https://doi.org/10.1007/s002540100310.

S. Lee, T. Sambath, Landslide Susceptibility
Mapping in the Damrei Romel Area, Cambodia
Using Frequency Ratio and Logistic Regression
Models, Environ Geol, Vol. 50, 2006, pp. 847-855,
https://doi.org/10.1007/s00254-006-0256-7.

S. Lee, B. Pradhan, Landslide Hazard
Mapping at Selangor, Malaysia Using 42
Frequency Ratio and Logistic Regression Models,
Landslides, Vol. 4, 2007, pp. 33-41,
https://doi.org/10.1007/s10346-006-0047-y.

A. Yalcin, S. Reis, A. C, Aydinoglu, T.
Yomralioglu, A GIS-based Comparative Study of
Frequency Ratio, Analytical Hierarchy Process,
Bivariate Statistics and Logistics Regression
Methods for Landslide Susceptibility Mapping in
Trabzon, NE Turkey, Catena, Vol. 85, No. 3,
2011, pp. 274-287,
http://dx.doi.org/10.1016/j.catena.2011.01.014.

M. Mohammady, H. R. Pourghasemi, B.
Pradhan, Landslide Susceptibility Mapping At
Golestan Province, Iran: A Comparison Between
Frequency Ratio, Dempster-Shafer, and Weights
of Evidence Models, J. Asian Earth Sci, Vol. 61,
2012, pp. 221-236,
http://dx.doi.org/10.1016/j.jseaes.2012.10.005.

A. D. Regmi, K. C. Devkota, K. Yoshida, B.
Pradhan, H. R. Pourghasemi, T. Kumamoto,
A. Akgun, Application of Frequency Ratio,
Statistical Index, and Weights of Evidence Models
and Their Comparison in Landslide Susceptibility
Mapping in Central Nepal Himalaya, Arab
J. Geosci, Vol. 7, No. 2, 2014, pp. 725-742,
http://dx.doi.org/10.1007/s12517-012-0807-z.

R. K. Dahal, S. Hasegawa, A. Nonomura, M.
Yamanaka, S. Dhakal, P. Paudyal, Predictive

29


https://doi.org/10.1002/(SICI)1096-9837(199609)
http://dx.doi.org/10.1016/j.jseaes.2012.10.005

Modeling of Rainfall-Induced Landslide Hazard In
The Lesser Himalaya of Nepal Based on Weights
of Evidence, Geomorphology, Vol. 102, No. 3-4,
2008, pp. 496-510,
http://dx.doi.org/10.1016/j.geomorph.2008.05.041.

R. K. Dahal, S. Hasegawa, A. Nonomura, M.
Yamanaka, T. Masuda, K. Nishino, GIS-based
Weights of Evidence Modeling of Rainfall-
Induced Landslides in Small Catchments For
Landslide Susceptibility Mapping, Environ Geol,
Vol. 54, No. 2, 2008, pp. 311-324,
http://dx.doi.org/10.1007/s00254-007-0818-3.

N. R. Regmi, J. R. Giardino, J. D. Vitek,
Modeling Susceptibility to Landslides Using The
Weight of Evidence Approach: Westen Colorado,
USA, Geomorphology, Vol. 115, No. 1-2, 2010,
pp. 172-187,
http://dx.doi.org/10.1016/j.geomorph.2009.10.002.

H. J. Oh, S. Lee, Assessment of Ground
Subsidence Using GIS and the Weights of
Evidence Model, Eng Geol, Vol. 115, No. 1-2,
2010, pp. 36-48,
http://dx.doi.org/10.1016/j.enggeo.2010.06.015.

C. Xu, X. Xu, F. C. Dai, J. Z. Xiao, X. B. Tan,
R. M. Yuan, Landslide Hazard Mapping Using
GIS and Weight of Evidence Model in Qingshui
River Watershed of 2008 Wenchuan Earthquake
Struck Region, J. Earth Sci, Vol. 23, No. 1, 2012,
pp. 97-120, http://dx.doi.org/10.1007/s12583-012-
0236-7.

H. R. Pourghasemi, B. Pradhan, C. Gokceoglu,
M. Mohammadi, H. R. Moradi, Application of
Weights of Evidence and Certainty Factor Models
and Their Comparison In Landslide Susceptibility
Mapping At Haraz Watershed, Iran, Arab J.
Geosci, Vol. 6, No. 7, 2013, pp. 2351-2365,
http://dx.doi.org/10.1007/s12517-012-0532-7.

E. R. Sujatha, P. Kumaravel, G. V.
Rajamanickam, Assessing Landslide Susceptibility
Using Bayesian Probability-Based Weight of
Evidence Model, Bull Eng Geol Environ, Vol. 73,
No. 1, 2014, pp. 147-161,
http://dx.doi.org/10.1007/s10064-013-0537-9.

Q. Q. Wang, W. P. Li, M. L. Xing, Y. L. Wu,
Y. B. Pei, D. D. Yang, H. Y. Bai, Landslide
Susceptibility Mapping At Gongliu County, China
Using Artificial Neural Network and Weight of
Evidence Models, Geosci J, Vol. 20, No. 5, 2016,
pp. 705-718, http://dx.doi.org/10.1007/s12303-
016-0003-3.

30

M. D. Hien, K. L. Yin, Z. Z. Guo, A
Comparative Study on the Integrative Ability of
the Analytical Hierarchy Process, Weights of
Evidence And Logistic Regression Methods with
the Flow-R Model for Landslide Susceptibility
Assessment, Geomatics, Natural Hazard and Risk,
Vol. 11, No. 1, pp. 2449-2485,
https://doi.org/10.1080/19475705.2020.1846086.

T. Chen, R. Q. Niu, X. P. Jia, A Comparison of
Information Value and Logistic Regression
Models In Landslide Susceptibility Mapping By
Using GIS, Environ Earth Sci, Vol. 75, No. 10,
2016, pp. 867, http://dx.doi.org/10.1007/s12665-
016-5317-y.

F. Mengistu, K. V. Suryabhagavan, T. K.
Raghuvanshi, E. Lewi, Landslide Hazard Zonation
and Slope Instability Assessment Using Optical
and Insar Data: A Case Study from Gidole Town
and Its Surrounding Areas, Southern Ethiopia,
Remote Sensing of Land, Vol. 3, No. 1, 2019, pp.
1-14, https://doi.org/10.21523/gcj1.19030101.

G. F. Zhang, Y. X. Cai, Z. Zheng, J. W. Zhen,
Y. L. Liu, K. Y. Huang, Integration of the
Statistical Index Method and the Analytic
Hierarchy Process Technique for the Assessment
of Landslide Susceptibility in Huizhou, China,
Catena, Vol. 142, 2016, pp. 233-244,
http://dx.doi.org/10.1016/j.catena.2016.03.028.

Z.Wu, Y. Wu, Y. Yang, F. Chen, N. Zhang, Y.
Ke, W. Li, A Comparative Study on the Landslide
Susceptibility Mapping Using Logistic Regression
And Statistical Index Models, Arab J. Geosci,
Vol. 10, No. 8, 2017, pp. 1-17,
http://dx.doi.org/10.1007/s12517-017-2961-9.

H. J. Oh, S. Lee, G. M. Soedradjat,
Quantitative Landslide Susceptibility Mapping at
Pemalang Area, Indonesia, Environmental Earth
Sciences, Vol. 60, No. 6, 2010, pp. 1317-1328,
https://doi.org/10.1007/s12665-009-0272-5.

B. Pradhan, Manifestation of an Advanced
Fuzzy Logic Model Coupled With Geo-
Information Techniques to Landslide
Susceptibility Mapping and Their Comparison
with Logistic Regression Modelling, Environ Ecol
Stat, Vol. 18, No. 3, 2011, pp. 471-493,
http://dx.doi.org/10.1007/s10651-010-0147-7.

B. Pradhan, A Comparative Study on the
Predictive Ability of the Decision Tree, Support
Vector Machine And Neuro-Fuzzy Models in
Landslide Susceptibility Mapping Using GIS,



Comput Geosci, Vol. 51, 2013, pp. 350-365,
http://dx.doi.org/10.1016/J.Cage0.2012.08.023.

H. R. Pourghasemi, A. G. lJirandeh, B.
Pradhan, C. Xu, C. Gokceoglu, Landslide
Susceptibility Mapping Using Support Vector
Machine and GIS at the Golestan Province, J Earth
Syst Sci, Vol. 122, No. 2, 2013, pp. 349-369,
https://doi.org/10.1007/S12040-013-0282-2.

H. Y. Hong, B. Pradhan, C. Xu, T. B. Dieu,
Spatial Prediction of Landslide Hazard at the
Yihuang Area (China) Using Two-Class Kernel
Logistic Regression, Alternating Decision Tree
and Support Vector Machines, Catena, Vol. 133,
2015, pp. 266-281,
http://dx.doi.org/10.1016/j.catena.2015.05.019.

B. T. Dieu, H. Shahabi, A. Shirzadi, K. Chapi,
B. Pradhan, W. Chen, K. Khosravi, M. Panahi,
B. B. Ahmad, L. Saro, Land Subsidence
Susceptibility Mapping in South Korea Using
Machine Learning Algorithms, Sensors, Vol. 18,
No. 8, 2018, pp. 1-20,
https://doi.org/10.3390/51808246.

L. Ermini, F. Catani, N. Casagli, Artificial

Neural  Networks Applied to Landslide
Susceptibility Assessment, Geomorphology, Vol.
66, 2005, pp. 327-343,

https://doi.org/10.1016/j.geomorph.2004.09.025.

H. A. Nefeslioglu, C. Gokceoglu, H. Sonmez,
An Assessment on the Use of Logistic Regression
and Artificial Neural Networks with Different
Sampling Strategies for the Preparation of
Landslide Susceptibility Maps, Eng Geol, Vol. 97,
No. 3-4, 2008, pp. 171-91,
https://doi.org/10.1016/j.engge0.2008.01.004.

B. Pradhan, S. Lee, Landslide Risk Analysis
Using Artificial Neural Network Model Focussing
on Different Training Sites, Int J Physsci, Vol. 4,
20009, pp. 001-015,
https://doi.org/10.5897/ijps.9000343.

B. Pradhan, S. Lee, Delineation Of Landslide
Hazard Areas on Penang lIsland, Malaysia, By
Using Frequency Ratio, Logistic Regression, and
Artificial Neural Network Models, Environmental
Earth Sciences, Vol. 60, No. 5, 2010, pp. 1037-1054,
https://doi.org/10.1007/s12665-009-0245-8.

B. Pradhan, S. Lee, Landslide Susceptibility
Assessment and Factor Effect Analysis:
Backpropagation Artificial Neural Networks and
Their Comparison with Frequency Ratio and
Bivariate Logistic Regression Modelling, Environ

ModellSoftw, Vol. 25, 2010, pp. 747-59,
https://doi.org/10.1016/j.envsoft.2009.10.016.

I.  Yilmaz, Comparison of Landslide
Susceptibility Mapping  Methodologies  For
Koyulhisar, Turkey: Conditional Probability,
Logistic Regression, Artificial Neural Networks,
and support vector machine, Environmental Earth
Sciences, Vol. 61, No. 4, 2010, pp. 821-836,
https://doi.org/10.1007/s12665-009-0394-9.

P. T. Binh, B. Pradhan, T. D. Bui, I. Prakash,
M. B. Dholakia, A Comparative Study of Different
Machine Learning Methods for Landslide
Susceptibility Assessment: A Case Study of
Uttarakhand ~ Area  (India),  Environmental
Modelling & Software, Vol. 84, 2016, pp. 240-
250, https://doi.org/10.1016/j.envsoft.2016.07.005.

J. Corominas, The Angle of Reach as
Amobility Index For Small And Large Landslides,
Canadian Geotechnical Journal, Vol. 33, No. 2,
1996, pp. 260-271, https://doi.org/10.1139/t96-
005.

F. Legros, Themobility of Long-Runout
Landslides, Engineering Geology, Vol. 63, 2002,
pp. 301-331,
https://doi.org/10.1016/S0013-7952(01)00090-4.

R. M. Iverson, S. P. Schilling, J. W. Vallance,
Obijective Delineation of Lahar-Inundation Hazard
Zones, Geological Society of America Bulletin,
Vol. 110, No. 8, 1998, pp. 972-984,
https://doi.org/10.1130/00167606(1998)110<0972:
ODOLIH>2.3.CO;2.

G. B. Crosta, S. Cucchiaro, P. Frattini,
Validation of Semi-Empirical Relationships for the
Definition of Debris-flow Behavior In Granular
Materials, in: Rickenmann, D., Chen, C. (Eds.),
3rd Int. Conf. on Debris-Flow Hazards Mitigation,
Millpress, Davos, 2003, pp. 821-831.

R. M. lverson, The Physics of Debris Fows,
Review of Geophysics, Vol. 35, No. 3, 1997, pp.
245-296, https://doi.org/10.1029/97RG00426.

M. Hirlimann, D. Rickenmann, V. Medina, A
Bateman, Evaluation of Approaches to Calculate
Debris-Flow Parameters for Hazard Assessment,
Engineering Geology, Vol. 102, 2008, pp. 152-
163, https://doi.org/10.1016/j.enggeo.2008.03.012.

D. Rickenmann,D. Laigle, B. McArdell, J.
Hibl, Comparison of 2D Debris-flow Simulation
Models with field Events, Computational
Geosciences, Vol. 10, No. 2, 2006, pp. 24-264,
https://doi.org/10.1007/s10596-005-9021-3.

31


https://doi.org/10.1016/j.envsoft.2016.07.005
https://doi.org/10.1139/t96-005
https://doi.org/10.1139/t96-005
https://doi.org/10.1029/97RG00426
https://doi.org/10.1016/j.enggeo.2008.03.012

K. Schraml, B. Thomschitz, B. W. McArdell,
C. Graf, R. Kaitna, Modeling Debris-flow Runout
Patterns on Two Alpine Fans With Different
Dynamic Simulation Models, Nat Hazards Earth
Syst Sci, Vol. 15, 2015, pp. 1483-1492,
https://doi.org/10.5194/nhess-15-1483-2015.

J. Blahut, P. Horton, S. Sterlacchini, M.
Jaboyedoff, Debris Fow Hazard Modelling on
Medium Scale: Valtellina di Tirano, Italy, Nat.
Hazards Earth Syst Sci, Vol. 10, 2010, pp. 2379-
2390, https://doi.org/10.5194/nhess-10-2379-2010.

P. Horton, M. Jaboyedoff, M. Zimmermann, B.
Mazotti, C. Longchamp, Flow-R, a Model for
Debris Flow Susceptibility Mapping at A Regional
Scale — Some Case Studies, 5" Int Conf on Debris-
Flow Hazards Mitigation, Padua, Italy, Italian
Journal of Engineering Geology and Environment,
2011, pp. 875-884.

P. Horton, M. Jaboyedoff, B. Rudaz, M.
Zimmermann, Flow-R, a Model for Susceptibility
Mapping of Debris Flows and Other Gravitational
Hazards At A Regional Scale, Nat Hazards Earth
Syst Sci, Vol. 13, No. 4, 2013, pp. 869-885,
http://dx.doi.org/10.5194/nhess-13-869-2013.

M. Jaboyedoff, Ch. Choffet, M. H. Derron, P.
Horton, A. Loye, C. Longchamp, B. Mazotti,
C. Michoud, A. Pedrazzini, Preliminary Slope
Mass Movements Susceptibility Mapping Using
DEM and LiDAR DEM, in: Terrigenous Mass
Movements: Detection, Modelling, Early Warning
and Mitigation Using Geoinformation Technology,
Edited by: Pradhan, B. And Buchroithner, M.,
Springer-Verlag, Berlin Heidelberg, Germany,
2012, pp. 109-170, https://doi.org/10.1007/978-3-
642-25495-6_5.

B. Q. Luna, J. Blahut, M. Kappes, S. O. Akbas,
J. P. Malet, A. Remaitre, T. V. Asch, M.
Jaboyedoff, Chapter 5: Methods for Debris Flow
Hazard and Risk Assessment, in Van Asch T Ed,
Mountain Risks: From Prediction To Management
and Governance, Advances in Natural and
Technological Hazards Research, Vol. 34, 2014,
http://dx.doi.org/10.1007/978-94-007-6769-05.

B. Q. Luna, J. Blahut, C. Camera, C. Van
Westen, T. Apuani, V. Jetten, S. Sterlacchini,
Physically Based Dynamic Run-Out Modelling for
Quantitative Debris Flow Risk Assessment: A
Case Study in Tresenda, Northern Italy, Environ
Earth Sci, Vol. 72, 2014, pp. 645-661,
http://dx.doi.org/10. 1007/s12665-013-2986-7.

32

B. Q. Luna, J. Blahut, T. V. Asch, C. V.
Westen, M. Kappes, ASCHFLOW: A Dynamic
Landslide Run-Out Model for Medium Scale
Hazard Analysis, Geoenviron Disasters, Vol. 3,
2016, pp. 1-17, http:// dx.doi.org/10.1186/s40677-
016-0064-7.

S. H. Kang, S. R. Lee, N. Nikhil, J. Y. V. Park,
D. H. Lee, Development of An Initiation Criterion
for Debris Flows Based on Local Topographic
Properties and Applicability Assessment at A
Regional Scale, Eng Geol, Vol. 230, 2017, pp. 64-76,
http://dx.doi.org/10.1016/j.enggeo.2017.09.017.

S. Kang, S. R. Lee, Debris Flow Susceptibility
Assessment Based on An Empirical Approach in
The Central Region of South Korea,
Geomorphology, Vol. 308, 2018, pp. 1-12,
https://doi.org/10.1016/j.geomorph.2018.01.025.

N. T. Long, F. D. Smedt, Application of an
Analytical Hierarchical Process Approach for
Landslide Susceptibility Mapping in A Luoi
District, Thua Thien Hue Province Vietnam,
Environ Earth Sci, Vol. 66, 2012, pp. 1739-1752,
http://dx.doi.org/10.1007/s12665-011-1397-x.

L. Q. Hung, N. T. H. Van, M. D. Duc, L. T. C.
Ha, P. V. Son, N. H. Khanh, L. T. Binh, Landslide
Susceptibility Mapping by Combining the
Analytical Hierarchy Process and Weighted Linear
Combination Methods: A Case Study in the Upper
Lo River Catchment (Vietnam), Landslides, Vol.
13, 2016, pp. 1285-1301, https://doi.org/
10.1007/s10346-015-0657-3.

N. T. Long, F. D. Smedt, Analysis and
Mapping  of  Rainfall-Induced Landslide
Susceptibility in A Luoi District, Thua Thien Hue
Province, Vietnam, Water-MDPI, Vol. 11, 2019,
https://doi.org/10.3390/w11010051.

B. T. Dieu, B. Pradhan, O. Lofman, I.
Revhaug, O. B. Dick, Spatial Prediction of
Landslide Hazards in Hoabinh  Province
(Vietnam): A Comparative Assessment of the
Efficacy of Evidential Belief Functions And Fuzzy
Logic Models, Catena, Vol. 96, 2012, pp. 28-40,
https://doi.org/10.1016/j.catena.2012.04.001.

B. T. Dieu, B. Pradhan, O. Lofman, I.
Revhaug, O. B. Dick, Landslide Susceptibility
Assessment in The Hoabinh Province of Vietnam:
A Comparison of the Levenberg-Marquardt and
Bayesian  Regularized  Neural = Networks,
Geomorphology, Vol. 171-172, 2012, pp. 12-29,
https://doi.org/10.1016/j.geomorph.2012.04.023.


http://dx.doi.org/10.5194/nhess-13-869-2013
https://doi.org/10.1016/j.geomorph.2018.01.025
https://doi.org/10.1016/j.catena.2012.04.001
https://doi.org/10.1016/j.geomorph.2012.04.023

B. T. Dieu, P. T. Binh, Q. P. Nguyen, N. D.
Hoang, Spatial Prediction of Rainfall-Induced
Shallow Landslides Using Hybrid Integration
Approach of Least-Squares, Support Vector
Machines And Differential Evolution
Optimization: A Case Study In Central Vietnam,
Int J Digital Earth, 2016, pp. 1-21,
https://doi.org/10.1080/17538947.2016.1169561.

P. T. Binh, B. Pradhan, B. T. Dieu, Spatial
Prediction of Landslides Using A Hybrid Machine
Learning Approach Based on Random Subspace
and Classification and Regression Trees,
Geomorphology, Vol. 303, 2018, pp. 256-270,
https://doi.org/10.1016/j.geomorph.2017.12.008.

P. T. Binh, N. T. Thoi, C. C. Qi, T. V. Phong,
J. Dou, H. S. Lanh, L. V. Hiep, I. Prakash.,,
Coupling RBF Neural Network with Ensemble
Learning Techniques for Landslide Susceptibility
Mapping, Catena, Vol. 195,
https://doi.org/10.1016/j.catena.2020.104805.

http://phuocthanh.phuocson.quangnam.gov.vn/
Default.aspx?tabid=1532&language=en-US (tham
khao ngay 22/2/2023).

https://laodong.vn/xa-hoi/khan-cap-khoi-phuc-
sat-lo-duong-vao-2-xa-bi-co-lap-0-quang-nam-
861388.1do) (tham khao ngay 22/2/2023).

https://quangnam.gov.vn/webcenter/portal/ubn
d/pages_tin-tuc/chi-
tiet?7dDocName=PORTALO072221
ngay 22/2/2023).

Ban do dia chit thu thap tur Dé an truot |6 québc
gia do Vién Khoa hoc Bia chat va Khoang san cha
tri thyc hién (2012-2020).

E. Yesilnacar, T. Topal, Landslide
Susceptibility Mapping: A Comparison of Logistic
Regression and Neural Networks Methods In A
Medium Scale Study, Hendek Region (Turkey),
Eng Geol, Vol. 79, No. 3-4, 2005, pp. 251-266,
http://dx.doi.org/10.1016/j.enggeo.2005.02.002.

H. Y. Hong, H. R. Pourghasemi, Z. S.
Pourtaghi, Landslide Susceptibility Assessment in
Lianhua County (China): A Comparison Between
A Random Forest Data Mining Technique and
Bivariate and Multivariate Statistical Models,
Geomorphology, Vol. 259, 2016, pp. 105-118,
http://dx.doi.org/10.1016/j.geomorph.2016.02.012.

A. M. S. Pradhan, Y. T. Kim, Relative Effect
Method of Landslide Susceptibility Zonation in
Weathered Granite Soil: A Case Study in
Deokjeok-Ri Creek, Nat Hazards, Vol. 72, 2014,

(tham  khao

pp. 1189-1217, http://dx. doi.org/10.1007/s11069-
014-1065-z.

A. M. S. Pradhan, Y. T. Kim, Spatial Data
Analysis And Application of Evidential Belief
Functions to Shallow Landslide Susceptibility
Mapping At Mt, Umyeon, Seoul, Korea, Bull Eng
Geol Environ, Vol. 76, No. 4, 2017, pp. 1263-
1279,  http://dx.doi.org/10.1007/s10064-016-
0919-x.

K. Beven, M. Kirkby, Un Modele A Base
Physique De Zone D'appel Variable De L'hydrologie
Du Bassin Versant (A Physically Based, Variable
Contributing Area Model of Basin Hydrology),
Hydrol Sci J, Vol. 24, 1979, pp. 43-69.

I. Yilmaz, Landslide Susceptibility Mapping
Using Frequency Ratio, Logistic Regression,
Acrtificial Neural Networks and Their Comparison:
A Case Study from Kat Landslides (Tokat—
Turkey), Comput Geosci, Vol. 35, 2009, pp. 1125-
1138, https://doi.org/10.1016/j.cageo.2008.08.007.

A. M. S. Pradhan, H. S. Kang, S. Lee, Y. T.
Kim, Spatial Model Integration For Shallow
Landslide Susceptibility and Its Runout Using A
GIS-Based Approach in Yongin, Geocarto Int,
2016, https://doi.org/10.
1080/10106049.2016.1155658.

I. D. Moore, G. J. Burch, Physical Basis of the
Length-Slope Factor in the Universal Soil Loss
Equation, Soil Sci Soc Am J, Vol. 50, No. 5, 1986,
pp. 1294-1298, https://doi.org/10.2136/ss5aj1986.
03615995005000050042x.

J. Pearl, Probabilistic Reasoning in Intelligent
Systems: Networks of Plausible Inference, Morgan
Kaufmann, 1988.

N. Friedman, D. Geiger, M. Goldszmidt,
Bayesian Network Classifiers, Machine Learning,
Vol. 29, 1997, pp. 131-163,
https://doi.org/10.1023/a:1007465528199.

B. G. Marrcot, J. D. Steventon, G. D.
Sutheland, R. K. Mccann, Guidelines for
Developing and Updating Bayesian Belief
Networks Applied to Eological Modeling and
Conservation, Can J for Res, Vol. 36, No. 12,
2006, pp. 3063-3074, https://doi.org/10.1139/x06-
135.

Y. Song, J. Gong, S. Gao, D. Wang, T. Cui, Y.
Li, B. Wei, Susceptibility Assessment of
Earthquake-Induced Landslides Using Bayesian
Network: A Case Study in Beichuan China,
Comput. Geosci, Vol. 42, 2012, pp. 189-199,
https://doi.org/10.1016/j.cageo.2011.09.011.

33


https://doi.org/10.1016/j.geomorph.2017.12.008
https://doi.org/10.1016/j.cageo.2008.08.007
https://doi.org/10.2136/sssaj1986.%2003615995005000050042x
https://doi.org/10.2136/sssaj1986.%2003615995005000050042x
https://doi.org/10.1139/x06-135
https://doi.org/10.1139/x06-135
https://doi.org/10.1016/j.cageo.2011.09.011

B. Pradhan, Manifestation of An Advanced
Fuzzy Logic Model Coupled with Geo-
Information Techniques to Landslide
Susceptibility Mapping and Their Comparison
with Logistic Regression Modelling, Environ Ecol
Stat, Vol. 18, No. 3, 2011, pp. 471-493,
http://dx.doi.org/10.1007/s10651-010-0147-7.

F. C. Dai, C. .F Lee, J. Li, Z. W.Xu,
Assessment of Landslide Susceptibility on the
Natural Terrain of Lantau Island, Hong Kong,
Environ Geol, Vol. 40, 2001, pp. 381-391,
https://doi.org/10.1007/S002540000163.

C. T. Lee, C. C. Huang, J. F. Lee, K. L. Pan,
M. N. Lin, J. J. Dong, Statistical Approach to Storm
Event-Induced Landslides Susceptibility, Nat Hazard
Earth Syst Sci, Vol. 8, No. 4, 2008, pp. 941-960,
https://doi.org/10.5194/nhess-8-941-2008.

W. R. Klecka, Discriminant Analysis, Sage
University  Paper  Series on  Quantitative
Applications in the Social Sciences, Sage
Publications, Beverly Hills and London, 1980, pp.
07-19.

J. C. Davis, Statistics and Data Analysis in
Geology, (3™ Ed), Johnwiley And Sons, New
York, 2002.

C. Liu, W. Y. Li, H. B. Wu, P. Lu, K. Sang, W.
W. Sun, W. Chen, Y. Hong, R. X. Li,
Susceptibility Evaluation and Mapping of China’s
Landslides Based on Multi-Source Data, Nat.
Hazards, Vol. 69, 2013, pp. 1477-1495,
https://doi.org/10.1007/S11069-013-0759-Y.

S. Lee, J. H. Ryu, M. J. Lee, J. S. Won, The
Application of Artificial Neural Networks to
Landslide Susceptibility Mapping At Janghung,
Korea, Mathematical Geology, Vol. 38, 2006,
https://doi.org/10.1007/s11004-005-9012-x.

A. H. Fath, F. Madanifar, M. Abbasi,
Implementation of Multilayer Perceptron (MLP)
And Radial Basis Function (RBF) Neural
Networks to Predict Solution Gas-Oil Ratio of
Crude Oil Systems, Petroleum, Vol. 6, 2020,
pp. 80-91,
https://doi.org/10.1016/j.petlm.2018.12.002.

V. N. Vapnik, The Nature of Statistical
Learning Theory, 2", Springer, New York, 1999.

B. Scholkopf, A. Smola, Learning with
Kernels: Support Vectormachines, Regularization,
Optimization, and Beyond, MIT Press, Cambridge,
2002.

J. M. Moguerza, A. Munoz, Support Vector
Machines With Applications, Stat Sci, Vol. 21,
2006, pp. 322-336, https://doi.org
1214/088342306000000493.

V. Cherkassky, F. Mulier, Learning From Data:
Concepts, Theory, and Methods, Wiley, New
York, 2007.

T. Kavzoglu, E. K. Sahin, I. Colkesen,
Landslide Susceptibility Mapping Using GIS-
Basedmulti-Criteria Decision Analysis, Support
Vector Machines, and Logistic Regression,
Landslides, Vol. 11, No. 3, 2014, pp. 425-439,
https://doi.org/10.1007/s10346-013-0391-7.

J. A. Suykens, J. Vandewalle, Least Squares
Support  Vector Machine Classifiers, Neural
Process Lett, Vol. 9, No. 3, 1999, pp. 293-300,
https://doi.org/10.1023/a:1018628609742.

B. Dixon, N. Candade, Multispectral Landuse
Classification Using Neural Networks and Support
Vector Machines: One or the Other, or Both?, Int J
Remote Sens, Vol. 29, No. 4, 2008, pp. 1185-
1206,
https://doi.org/10.1080/01431160701294661.

P. Kayastha, M. R. Dhital, F. D. Smedt F,
Application of the Analytical Hierarchy Process
(AHP) for Landslide Susceptibility Mapping: A
Case Study from the Tinau Watershed, West
Nepal, Comput Geosci, Vol. 52, 2013,
pp- 398-408,
http://dx.doi.org/10.1016/j.cageo.2012.11.003.

C. J. F. Chung, A. G. Fabbri, Validation of
Spatial Prediction Models for Landslide Hazard
Mapping, Natural Hazards, Vol. 30, No. 3, 2003, pp.
451-472,
https://doi.org/10.1023/h:nhaz.0000007172.62651.2b.

H. R. Pourghasemi, H. R. Moradi, S. M.
Fatemi Aghda, C. Gokceoglu, B. Pradhan, GIS-
based Landslide Susceptibility Mapping with
Probabilistic Likelihood Ratio and Spatial Multi-
Criteria Evaluation Models (North of Tehran,
Iran), Arab J Geosci, Vol. 7, No. 5, 2014, pp.
1857-1878, http://dx.doi.org/10.1007/s12517-012-
0825-x.

R. Talaei, Landslide Susceptibility Zonation
Mapping Using Logistic Regression and Its
Validation in Hashtchin Region, Northwest of
Iran, Journal Geological Society of India, Vol. 84,
2014, pp. 68-86,
https://doi.org/10.1007/s12594-014-0111-5.

34


https://doi.org/10.1016/j.petlm.2018.12.002
https://doi.org/10.1080/01431160701294661

Summary

Using statistical and machine learning models for large-scale landslide hazard
susceptibility mapping
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Abstract: The main purpose of this article is to establish a susceptibility zonation map of the landslides in
Phuoc Thanh commune, Phuoc Son district, Quang Nam province on a large scale using statistical
methods and machine learning models. First, the five Landslide Susceptibility Index (LSI) maps were
established from two statistical models (Logistic Regression - LR, Discriminant Analysis — DA) and three
machine learning models (Bayesian Network — BN, Artificial Neural Network — ANN, Support Vector
Machine — SVM) were generated based on seven maps of landslide conditioning factors (slope, curvature,
stream power index-SPI, topographic wetness index-TWI, sediment transportation index-STI, land
use/land cover and weathering crust). Next, the five LSI maps will be evaluated for performance with the
value of Area Under the Curve (AUC) according to the Receiver Operating Characteristic (ROC) curve.
The results indicate that the integrated models have given outputs with good forecasting ability. They are
also very useful in land-use planning as well as the prevention and mitigation of risks due to landslides
and debris flows in the research area and other similar mountainous areas.

Keywords: Landslide, statistical model, machine learning model, Phuoc Thanh.
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