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TOM TAT

Nghién ctru nay trinh bay phuong phép danh gia, 1ap ban d6 nhay cam truot 16 dat
tai khu vuc xa Ban Xeéo, tinh Lao Cai bang cach tng dung cdc md hinh tich hop AHP-
WOE va AHP-FR. B6 dit liéu dau vao bao gom 51 diém truot 16 va 59 vung truot 16
(dit liéu truot 10 dwoc chia ngau nhién thanh 70% dé& hudn luyén va 30% dé kiém
dinh) cung véi 10 ban d6 yéu t6 diéu kién lién quan dén trugt 16 dat. Trong s6 cho
titng phan 16p duoc tinh bang WOE va FR. Phuong phap AHP (véi CR=0,036) duoc
ap dung dé xac dinh trong s gitra cac ban do yéu t6. Két qua thwe nghiém cho thdy
mo hinh WOE-AHP cho thdy kha nidng du bao thuc té t6t hon so véi mo hinh FR-
AHP. Cu thé, md hinh WOE-AHP da phan viung mtc dd nguy co "Rét cao" chiém
13,0% dién tich khu vyc. Déc biét, trén tap dit liéu kiém tra doc 1lap, WOE-AHP han
ché€ dang ké sai s6 du bao an toan (dm tinh gia) khi xac dinh 5,01% diém trugt 16
thuc t€ vao cac vung c6 muic d¢ "Rat thap” va "Thap", trong khi ty 1&€ dw bao sai nay
& mo hinh FR-AHP 1én t6i 22,47%. Nghién cttu cling dinh leong héa va chi ra rang
cac yéu td tu nhién bao gom ddc di€m thach hoc, d6 ddc dia hinh déng vai tro chu
dao mang tinh quyét dinh d6i v6i d6 on dinh swon doc. Trong khi d6, mang ludi
giao thong duoc xac dinh 1a tac nhan nhan sinh chinh gép phan 16n vao co ché kich
hoat truot 10 cuc bd. Nhiing phat hién nay cung cdp co sd khoa hoc tin cay hd tro
chinh quyén dia phuong trong viéc quy hoach dan cuw va xay dung cac chién luoc
chut dong phong ngtra rti ro.

Tu khoa: Truot 16 dat, Phan tich tht bac (AHP), Trong s8 bang chiing (WOE), Ty s8
tan suét (FR), Lap ban d6 nhay cam.
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1. MO PAU

Truot 16 dat 1a mot dang tai bién dia chat nguy hiém, thuong xay ra ¢ cac khu
vuc mién nui, gay thiét hai to 16n vé nguoi va tai san. Tai Viét Nam, véi 3/4 dién tich dat
lién la d6i nui va trung du, nhiéu khu viee ghi nhan cac vu tregt 16 xay ra hang nam, tan
pha tai san, co so ha tang va tham chi gy chét nguoi (Long & De Smedt, 2012 ; Hung va
cdng sy, 2016; Thanh va cong sw, 2023). Do do, viéc xac dinh cac khu vuc c¢6 dd nhay
cam cao vdi triegt 16 déng vai trd wu tién hang dau trong phat trién viing ntii nham gitp
cac nha quy hoach trién khai cac chién luwgc phong ngtra rui ro va giam thiéu thiét hai.
Trong nhiing ndm gan day, cac phwong phap 1lap ban d6 nhay cam truot 16 truyén thong
thueong duwoc chia thanh hai nhém: dinh tinh va dinh lwong (Van Westen va cong su,
1997).

Céac phuong phéap dinh lwong nhw trong s6 bang chiing (WOE) va ty s6 tan sudt
(FR), s& dung cac moi quan hé thong ké dé tim trong s6 (Rasyid va cong su, 2016;
Schicker & Moon, 2012). Cac phuong phéap thong ké dinh luong nay duoc st dung dem
lai tinh khach quan do dwa trén d@ liéu thuc t€, thuong doi hoi bo dix liéu mau 16n va
phu thudc vao chat lwong 18y mau. Mt khac, phrong phap dinh tinh AHP phu thudc
vao y kién chuyén gia, c6 vu diém trong truong hop dir liéu khong day du, cho phép
danh gia chti quan tdm quan trong cta cac yéu t6. Mot vu diém quan trong cua AHP la
ty s8 nhat quan (CR) duoc tich hgp san, cho phép kiém tra dinh lwong mitc d0 logic va
nhét quan trong cac danh gia cua chuyén gia, tir d6 gitip giam bdt tinh cht quan. Qua
trinh phan tich thit bac (AHP) 1a mot vi du ndi bat cia phuwong phéap dinh tinh, dac biét
hiéu qua ¢ cac khu vuc nghién cttu c6 dix liéu han ché€ va can dwa vao kién thitc chuyén
gia dé danh gia tam quan trong cta ting yéu td (Saaty, 1980; Nguyen & Liu, 2019). Mac
dt cdc md hinh hoc may dang phat trién manh mé (Gameiro va cong su, 2022; Taalab va
cong su, 2018; Thanh va cong su, 2023), AHP van vd cung hiéu qua khi s luong mau
truegt 16 thu thap dwgc han ché va cha yéu nam doc theo cac tuyén duong, va dac biét
két hop vdi cac phuong phap dinh luong.

Khoang trong nghién cttu hién nay la su két hop gitta phwong phap dinh luong
(FR, WOE) va dinh tinh (AHP) van chua duoc chu trong ding muec tai nhiéu khu vuc
nghién cttu cu thé. Viéc két hgp AHP v6i FR va WOE la thuc s can thiét nhdm tan dung
t01 da hiéu qua ctia hai hudng tiép can: FR va WOE sé dam nhiém viéc tinh toan khach
quan trong sd ctia cac phan 16p bén trong tirng ban d6 yéu t6 dwa trén méi quan hé thong
ké véi diém truot 10; trong khi d6, AHP sé st dung tri thirc chuyén gia dé€ xac dinh tam
quan trong tong thé gitta cac yéu t6 v6i nhau. Sy tich hgp nay gitip mo hinh 6n dinh
hon, giam tinh chti quan caia AHP va khic phuc dugc hién tugng thién 1éch dit liéu cua
cac md hinh thong ké thuan tay.

Nham giai quyét nhitng van dé trén, muc tiéu chinh ctia nghién ctru nay la xay
dung va danh gia hé phuwong phap tich hop gitta dinh lwong (FR, WOE) va dinh tinh
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(AHP) dé€ thiét 1ap ban d6 nhay cam truot 1o dat (LSM) c6 d¢ chinh xac va d6 tin cay phu
hop véi thyee tién ctia khu vue nghién ctu. Nghién cttu duoc thit nghiém tai khu viee xa
Ban Xeo, tinh Lao Cai, hudng tdi viéc tao ra mot mo hinh t6i wu ¢ kha ndng phan bo
dién tich rui ro truot 16 dat da hop ly. Nghién cttu khong chi so sanh tinh hiéu qua cta
cac mo hinh tich hop (AHP-WOE va AHP-FR), ma con cung cdp mot cdng cu canh bao
truot 10 déng tin cay, lam co s& khoa hoc viing chac hd trg chinh quyén dia phuong
trong cong tac quy hoach stt dung dat, quan ly rai ro va xay dung cac chién luoc phong
ngtra thién tai dai han.

2. PHUONG PHAP, NOI DUNG NGHIEN CUU
2.1. Co s6 ly thuyét

Nghién cttu st dung mo hinh nhay cam trueot 16 dyra trén cac phuong phap dinh
luwong va dinh tinh. Ty s0 tan suat va Trong so br?mg chiing duoc dung dé tinh trong s6
cho méi 16p ctia yéu t6, sau d6 AHP dugc dung dé danh gia tim quan trong cta ting
ban do yéu té.

a) Co s6 ly thuyét phuwong phap Ty s6 tan suit (FR)

Phuong phap Ty s6 tan suét (FR) la mot phwong phap thong ké don gian, dugc
stt dung rong rai d€ phan tich méi quan hé gitta sy xuét hién cta truot 16 va tiing phan
16p ctia mot yéu to diéu kién (Rasyid va cong su, 2016; Yalcin, 2008). Cho mot yéu td diéu
kién j, trong s8 ctia mdi 16p i trong yéu t3 j (ky hiéu la FR}) duoc tinh theo ty 18 gitta s6
pixel truot 10 duoc thu thap trong 16p i so véi tong s6 pixel truot 16, chia cho ty 1é s6
pixel ctia 16p i so véi tong dién tich khu vuc nghién ctru. Pugc xac dinh bang phuong

= (- ()

trinh sau:

Trong do:

- L va Slan luot 1a tong sd pixel truegt 16 thu thap duoc va tong sd pixel trong toan
bd khu vuc nghién ctru.

- Lijva Sij Tan luot 1a s8 lwong pixel truot 16 nam trong 16p i ctia yéu t3 j, va tong
s0 pixel cua 16p i trong yéu t0 ;.

b) Co s6 1y thuyét phwong phap Trong s6 bang chitng (WOE)

WOE la mét ky thuat thong ké duoc sit dung pho bién trong 1ap ban d6 nhay
cam truot 16 dat, dya trén moi quan hé gitra cac mau treot 16 quan sat duoc va cac yéu
t6 diéu kién (Tehrany va cdng suw, 2014; Schicker & Moon, 2012). Trong s6 WOE cudi
cling ctia mdt 16p dugc tinh toan bang cach 14y hiéu gitta trong s& duong (WOE*) va
trong s6 am (WOE").
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D6i voi mot 16p i trong yéu t6 j, trong s6 WOE cua 16p i dwoc tinh toan nhu sau:

. Li.
WOE!* =In (f' . ;) by
J
i (AL s )
WOE]™ = In (%5 & 3)
WOE| = WOE/* — WOE}~ (4)

Trong do, cac dai lwong L, S, Lj- va Sji dwoc mo ta twong ty nhw trong Phuong
trinh (1).

¢) Panh gia trong s8 bang qua trinh phan tich thi bac (AHP)

Khéc voi FR va WOE, phuong phap AHP dua trén kién thirc ctia chuyén gia d€
danh gia mtc d6 quan trong ctia mdi yéu t8. Qud trinh nay bao gom cac budc (Saaty,
1980): (1) Xay dung mo hinh phan cap, (2) Lap ma tran so sanh titng cap gitta cac yéu to,
(3) Tinh toan vector riéng dé thu duoc trong sd, va (4) Banh gia mic d diéu chinh cua
ma tran bang gid tri ty s6 nhat quan (CR). Néu gia tri CR < 0,1, ma tran cé ¢ nhat quan
chap nhan duoc va trong s6 cac yéu td sé duoc st dung dé 1ap ban d6 do nhay cam. Gia
tri CR duoc tinh thong qua gi tri riéng 1én nhat ctia ma tran va mot chi s& ngau nhién
tuy thudc vao bac ciia ma tran.

Néu CR > 0,1, quy trinh ctia phuong phap AHP sé quay lai Budc (2) dé€ xay dung
lai m6 hinh. Nguwoc lai, néu CR < 0,1, trong sd cuia cac yéu t6 thu dugc & Budc 4 sé dwoc
stt dung dé€ xay dung ban d6 d6 nhay truot 16 dat.

Amax — d

CR = 5o )

Trong do:

Rila gia tri chi s& nhat quan ngau nhién twong ting vdi bac ciia ma tran; d la bac
cta ma tran so sanh. Cac gid tri nay duoc tra ctru tte Bing 1; Amx 1 gia tri riéng 16n nhat
va duogc tinh toan & Budc 3.

Bdng 1: Bang chi s6 nhat quan ngau nhién (Ri) (Saaty & Vargas, 1991)

d|(1|2] 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

0570911121314 |14 141515 |15 |15 |15

Ri
010 8 0 2 4 2 1 5 9 1 3 6 7 9

Cac gia tri trong ma tran so sanh cdp ctia mo6 hinh AHP trong nghién ctru nay
khong hoan toan mang tinh chtt quan ca nhan ctia chuyén gia. N6 dwoc xay dung dua
trén sy phan tich, tong hop y kién, tri thirc cia cac chuyén gia dia chat, tai bién dia chat,
két hop ddi chiéu voi cac két qua tir cac tai liéu tham khao va nghién cttu truede day. Viéc
két hop nay giup hé thong hda cac kinh nghiém thuc t€, dam bao cac diém sd so sanh
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gitta cac yéu t0, phan anh sat véi thuc tién va hién trang truot 1o dat da tai khu vuc
nghién ctru.
d) Quy trinh tinh chi s4 tong hgp LSI cho AHP-FR va AHP-WOE

Sau khi tinh toan duoc trong s6 cta tiung phan 16p (F R]-i hoac WOE]-i ) bang phuong
phdp dinh luong va trong s6 ctia timg yéu td diéu kién (Wanr,j) bang phirong phdp AHP,
quy trinh tich hop d€ tao ra ban d6 dwgc thuc hién thong qua cdng thirc tinh tong co
trong s8. Chi s8 nhay cam truot 16 tdng hop (LSI) cho mdi pixel trén ban d6 dwoc tinh
bang cdc phuwong trinh sau:

- Doi véi mo hinh AHP - FR:

n i
LSI ane- =Z W .« FR! 6
jzl( anpy * FRY) (6)

- Ddi véi mo hinh AHP - WOE:

n .
LSI anp-wo =Z w _x WOE* 7
HpwoE jzl( attp 9 )

Trong do: n la tong so yéu t6 diéu kién (ban do tac nhan) dwgc st dung; Wanr, j la
trong s6 AHP ctia ban d6 tac nhan tht j; F R} va WOE]-i lan lwgt 1a trong s6 FR va WOE

cua phan 16p i thudc yéu t6 ;.
2.2. Khu vuc nghién citu va cic tai liéu can thiét dé tinh toan
a) Khu vuc nghién cttu

Khu vire nghién cttu ndm & phan phia tiy xa Ban Xeéo, tinh Lao Cai (Hinh 1). Day
la mdt xa viing ntii 6 phia tay bac ctia tinh, ndm gan bién gi6i Viét Nam - Trung Qudc.
Xa c6 dién tich tw nhién khoang 78,3 km?, duwgc gidi han trong toa d¢ tir 22°27°00” dén
22°35'00” vi d6 Béc va tir 103°43’00” dén 103°50°00” kinh do Dong. Xa Ban Xeo c6 ranh
gidi hanh chinh phia dong gidp xa Bat Xat; phia nam gidp xa Ngti Chi Son; phia tay giap
cac xa Muong Hum va Dén Sang; va phia bac giap xa Trinh Tuwong (thdng tin tir trang
web tinhthanhvn.com).

Khu vuc nghién cttu c6 ddc diém dia hinh da dang va phtec tap, bi chia cit manh,
suon boc mon, c6 df cao tuyét ddi trung binh khoang 800m. Pan xen gitta nhitng day
nui cao, swon ddc la cac thung lang sudi hep chay doc theo cac luu vye sudi nhanh. Do
ddc trung binh dao dong tlr 15° dén 50°, c6 noi virot qua 60°. Mic dit nam trong khu vuc
khi hau nhiét ddi, nong &am mwa nhiéu cua khu vuc mién nti phia bic, tuy nhién do anh
huwong cta dia hinh nti cao, d6 chia cit 16n nén khi hau khu vuc mang tinh chat ctia khi
hau can nhiét déi va 6n d6i am. Mua ndng tir thang 5 dén thang 10, mua lanh ttr thang
11 dén thang 4 ndm sau, nhiét d6 trung binh thang cao nhat vao mua he 1a 16,6°C, va
thang thap nhat vao mua dong la 14,3°C. Khu vuc nay duoc bao pht boi mang ludi song
sudi day dac, tham thuc vat da dang voi riung tw nhién va ring trong, cung cac dac diém
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dia chat phtic tap bao gom cac da tram tich, da bién chat va ¢4 magma xam nhap.
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Hinh 1: So d6 khu vye nghién cttu Ban Xeo, tinh Lao Cai
b) Céc tai liéu can thiét dung cho tinh toan

S6 liéu hién trang truot 16 trong nghién ctru nay duoc xay dung dua trén bo dv
liéu do Vién Khoa hoc Dia chét va Khoang san thuc hién tinh dén nam 2017, bao gom 51
diém truot 10, cha yéu nam doc theo céc tuyén duong thong qua khao sat thuc dia, két
hop véi 59 viing truot 16 & xa khu vuc duong giao thong duoc khoanh viing bang cong
tac phan tich dia hinh trén mo hinh 1ap thé s6 (DEM) va Google Earth twong tng véi
thoi gian diéu tra, khao sat. Viéc st dung bo dix liéu dong bo nay dong vai tro nhu mot
tap dir liéu nén tang c6 do tin cay cao, phuc vu cho muc tiéu huan luyén, kiém tra va so
sanh hiéu qua cta cdc mod hinh thuat toan (WOE-AHP va FR-AHP) trong nghién cttu.

Nghién cttu da st dung 10 ban d6 yéu t6 diéu kién (dudi dang raster voi do phan
giai 10m x 10m) bao gom: ban d6 16p phu thuc vat, duong giao thdng, sdng sudi, ban d6
dia chat, do doc, do cong dia hinh, hudng phoi suon, d6 phan cit sau, khoang cach dén
duong giao thong va khoang cach dén song sudi. Cac yéu t6 lién tuc nhu do doc, do
cong, d6 phan cat sau, mat do sudi va mat d6 duong giao thong dwoc phan thanh 5 16p
dwa trén phuong phap Natural Break.

Trong nghién ctu nay, viéc lwa chon cac yéu t6 diéu kién duoc thuc hién dya
trén kién thitc vé co ché truot 16 va sy danh gia cac yéu td lién quan dén trugt 16 tai khu
vuc nghién ctru. Cac yéu t6 diéu kién lién quan dén truot 16 duoc sit dung bao gom 4
nhom chinh:

- Nhom yéu td dia hinh

+ D¢ ddc dia hinh (Hinh 24): Day 1a m6t trong nhitng yéu t6 quan trong va mang
tinh quyét dinh nhat anh hwong truc tiép dén do 6n dinh ctia swon doc (Rabby va cong
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sw, 2020; Abedini va cong s, 2019). D ddc cang 1on thi ting suat cit cang tang, dan dén
kha nang xuat hién truot 16 cang cao (Pourghasemi, 2012; Yalcin, 2008).

+ Hudong phoi swon (Hinh 2b): Yéu t6 nay c6 lién quan tryc ti€p dén qua trinh
bdc hoi nude va d¢ am cua dat ¢ cac khu viee doi nti, nguyén nhan 1a do s khac biét vé
hudng chiéu sang va bitrc xa mat troi, tr d6 tdc ddong dén nguy co truot 16 (Meten va
cOng su, 2015).

+ D0 cong bé mat dia hinh va d6 phan cit sdu (Hinh 2¢, d): Thé hién muc d6
nhdp nhd va phan di cua bé mét dia hinh theo chiéu doc. Cac yéu td nay bi x6i mon boi
thoi tiét hodc hoat dong canh tac (Carson va Kirkby, 1972; Kaur va cong su, 2019), dong
vai tro quyét dinh trong viéc héi tu dong chay, dan dén tich tu vat liéu va gay xoi mon
tao ranh, lam méat on dinh hé thong suon déc, nguy co xay ra trugt 10.
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c. Dg cong bé mat dia hinh d. D4 phén cit sdu
Hinh 2: So &6 nhém cac yéu t6 dia hinh khu viee Ban Xeo, tinh Lao Cai
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- Nhom yéu td dia chat

+Pic diém dia chat (Hinh 3): Sy khac biét vé thach hoc 1a yéu td ndi sinh 6 kha

nang kiém soat sy phat trién cua trugt 16. Moi loai d4 khac nhau dwéi tac dong cua diéu

kién khi hau sé hinh thanh cac 16p vo phong hda khac nhau vé d6 day va tinh chat co ly,

diéu nay quyét dinh mc d§ nhay cam cua dat da do sy bao hoa nudc trén swon doc.

Theo tai liéu ban d6 dia chat ty 1& 1:50.000, cau tao nén binh d6 cdu trac dia chat

cta khu vyee Ban Xeo gom cac thanh tao dia chat thudc cac phan vi dia tang (Vién Khoa
hoc Bia chat va Khoang san, 2017): Hé tang Su6i Chiéng (PPsc1); Hé tang Sin Quyén (PP
sq); Hé tang Ban Nguon (Dibn); Hé tang Ban Pap (Di2bp); Phiic hé Muong
Hum(aG/PZxmh); Phizc hé Ye Yen Sun(G/Eys1); va Phttc hé Po Sen (G/PZips). TrongBang
2 md ta chi tiét cac yéu t6 dia chat duwgc dung trong nghién ctru nay.
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Hinh 3: So d6 yéu td dia chat khu vie Ban Xeo, tinh Lao Cai

Bing 2: Bang mo ta cac yéu t6 dia chat

Ky Tu6i dia Pia 4 M6 t3
. ia tan o0 ta
higu | chit e
Da strng scapolit-biotit, scapolit-
Gl | Dibn Hé tang Ban Ngu6n pyroxen, da phién biotit, 16p mong
da voi hoa héa
G2 | G/Eys: Phttc hé Ye Yen Sun Granit biotit
G3 | PPsci Hé tang Sudi Chiéng D4 phién biotit-epidot-sphen
G4 | aG/PZxmh | Phitc h¢ Muong Hum Granit kiém dang gneis
Granodiorit, diorit thach anh vz
G5 | GDi/PZps: | Phttc hé Po Sen (pha 1) ranociort, Glort Thach anh va

tonalit
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G6 | Di2bp Hé tang Ban Pap D4 voi hoa héa
G7 |PPsg Heé tang Sin Quyén D4 phién thach anh mica c6 graphit
G8 a2 Holocen ha - trung Cudi, tang, san, cat, bot.
G9 | Diabp H¢ tang Ban Pap (?) D4 voi, da vdi hoa hda
G10 | G/PZips: Phttc hé Po Sen (pha 2) | Granit

- Nhom yéu td thiy van va moi truong

+ Mang luéi song sudi (Hinh 4a,b): Bao gdbm Khoang cach dén dong chay song,

sudi va Mat d9 dong chay sdng, sudi. Dong chay tir song sudi ¢ kha ndng lam x4i mon

chan suon doc, lam giam d¢ on dinh swon doc va dan dén cac nguy co truot 16 theo thoi

gian.

+ Tham phu thuc vat (Hinh 4c): Dong vai tro thiét yéu trong kha nang thdm nudc,

bay hoi nudc va gitt dat trén swon doc (Chen va cong su, 2019). Sy ¢ mat hay Vé'mg mat

ctia tham thue vat anh huéng 16n dén do on dinh cua dat; tham thuce vat day gitp ré cay

bam sau duy tri d¢ 6n dinh, trong khi tham thuc vat mong, dat trong, doi troc dé dan

dén x6i mon va mat can bang suon.
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a. Mat dg song sudi

Mat do séng sudi
(km/km?)
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1 Cong trinh xay dung
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1Cay tréng khéc
| TCs, cay bui
I Cay Iy g8
194t tréng
W RUng ty nhien
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b. Khodng cich dén song sudi c. Tham phti thyec vit

Hinh 4: So &6 nhdm cac yéu td thuy van va méi treong khu vuc Ban Xeo, tinh Lao Cai

- Nhom yéu t6 nhén sinh

Mang lwéi giao thong (Hinh 5a,b): Cac yéu td duoc st dung bao gom Khoang

cach dén duong giao thong va Mat do giao thong. Viéc xay dung duong sd ¢ cac khu

vuc do6i nti thuwong dan dén viéc phai cat xén suon doc dia hinh, 1am pha v trang thai

on dinh tw nhién ctia mai doc (Thanh va cong su, 2026). Cac s6 liéu khao sat hién treong
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cho thay phan 16n cac diém truot 16 dugc ghi nhan xay ra doc theo cac tuyén duong giao
thong do hoat dong cat xé, tac dong vao swon déc d€ phuc vu cac hoat dong dan sinh.

369000 372000 369000 372000

Mat dd giao théng N Khoang cach dén duong giao théng \ N
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o | Mm0-0884 o o| mEo0-30 ‘ o
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& ©1.732-2508 \ S 5 T701-150 \ §
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a. Mt dj giao thong b. Khodng cich dén dweong giao thong

Hinh 5: So &6 nhdém cac yéu t6 nhan sinh khu vy Ban Xeo, tinh Lao Cai

3. KET QUA NGHIEN CUU VA THAO LUAN
Tinh toan trong s6 va phin bd d§ nhay cam

Cac mau trueot 16 dwge chia ngau nhién thanh hai phan: 70% dung d€ xay dung
mo hinh (training), 30% d€ kiém tra (testing). Dt liéu 70% duoc st dung dé tinh toan cac
trong s6 WOE va FR cta ting 16p thudc 10 ban d6 yéu t6. Trong s6 AHP duoc st dung
d€ tinh trong s6 gitta cac ban do6 yéu td. Bang trong s6 FR va WOE cua 16p theo ting yéu
t0 duoc liét ké tai Bang 3

Bing 3:Bang trong s6 FR va WOE cua 16p theo ting yéu to

. . Trong s6 | Trong , o Trong | Trong
Lop Gia tri . Lop Gia tri . .
FR s0 WOE s0 FR |s6 WOE
Do déc Huwéng phoi swon

1 0-6 0,16 -1,87 1 | Flat (-1- -0,0000001) 0 0

2 6,1-15 0,75 -0,34 2 (-0.000001 - 22.5) 0,62 -0,52
3 15,1-30 0,97 -0,14 3 |Northeast (22.5-67.5)| 1,43 0,42

4 30-40 1,40 0,43 4 East (67.5-112.5) 1,13 0,13
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T 5| T T T
Lop|  Gidti rORgso TIONS |y 6 Gi4 tri rong | “Ions
FR s0o WOE s0 FR |so WOE
Southeast (112.5-
5 >40 0,9 | -0,12 5 136 | 033
157.5)
Do cong bé mat dia hinh 6 | South (157.5-202.5) 1,75 0,61
Southwest (202.5-
1| -68826--5070 | 099 | -0,01 7 128 | 027
247.5)
2| 5071--1345 | 106 | 0,05 8 | West (247.5292.5) | 0,94 | -0,09
Northwest (292.5-
3| -1,345-1,139 | 098 | -0,13 9 | N ;;)9,755)( 045 | -0,92

4 1,139 - 4,865 1,00 -0,01 10 | North (337.5-360) 0,53 -0,68

5 | 4,865 -36,743 1,04 0,03

D0 phan cat sau

1 |40,029 - 167,439 0,71 -0,41 4 292,689 - 383,388 1,24 0,25

2 (167,439 - 225,746 0,86 -0,25 5 383,388 - 590,699 1,17 0,17

3 |225,746- 292,689 1,19 0,22

Yéu to dia chat Tham phu thuc vat
0 Dibn 0,75 -0,46 1 Mat nwéc 0,18 | -1,71
1 G/Eys1 1,85 0,63 2 |Cong trinh xay dung| 0,17 -1,81
2 PPsc1 2,56 0,98 3 Laa 0,95 | -0,09
3 aG/PZmh 1,91 0,83 4 Cay trong khac 0,38 -0,97
4 GDi/PZips: 0,81 -0,29 5 Co, cay bui 0,64 | -0,49
5 Diabp 1347 | 2,62 6 Cay 1ay go 1,09 | 0,09
6 PP sq 0,11 -2,34 7 Dat trong 014 | -1,97
7 a1 3,52 1,27 8 Rurng tw nhién 1,16 0,17
8 Di2bp 0,48 -0,74 9 Rung trong 1,27 0,28
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i . Trong s6 | Trong , o Trong | Trong
Lop Gia tri . Lop Gia tri . .
FR s0 WOE s0 FR |s0 WOE
9 G/PZips: 0,10 -2,25
Khoéng cich dén song sudi Mat do séng sudi
1 0-20 0,89 -0,13 1 0-0,781 045 | -0,95
2 20-50 1,06 0,06 2 0,781 -1,726 1,80 0,87
3 50-100 1,02 0,01 3 1,726 - 2,734 1,53 0,55
4 100-150 1,03 0,03 4 2,734 - 3,782 054 | -0,74
5 150-1865 0,99 -0,10 5 3,782 - 5,241 0,07 | -2,80
Khoang cach dén duong giao thong Mat d¢ duong giao thong
1 0-30 0,88 -0,16 1 0-0,884 2,78 1,17
2 30-70 0,77 -0,31 2 0,884 -1,732 1,57 0,61
3 70-150 0,79 -0,32 3 1,732 - 2,508 054 | -0,84
4 150-300 0,70 -0,47 4 2,508 - 3,303 015 | -2,17
5 | 300-1.349,74 1,74 0,78 5 3,303 - 4,602 1,83 0,71
Bing 4: Bang trong s6’ AHP so sinh giita cdc yéu t0 thanh phin
.. .| P0 |Khoang bo . |Khoang| Mat
. |Mat do . , , Huong| | . )
« .~ | DO N phan| cach |Tham| cong .°| cach do |bia
Yéu to v song . . , . phoi . . .
doc .. | cat | song | phu | dia . dén |duong| chat
suoi . e . suwon .
sau | sudi hinh duong | GT
Trong s6| 0,175 0,1{ 0,103 0,085 0,11| 0,077 0,061 0,088 0,093|0,108

Gid tri ty s0' nhat quan (CR): CR= 0,036 < 0,1. Thoa man yéu ciu ddt ra.

Dua trén bang trong s6 AHP (Bing 4), yéu t6 d¢ doc dia hinh (0,175) va dia chat
(0,108) dwoc danh gia la cac yéu td tw nhién c6 anh hwong chu dao dén muic d6 nhay

cam cua toan vung. Tuy nhién, phan tich dinh ltong FR va WOE ciing chi ra sy tdc dong

mang tinh cuc by ctia yéu td nhan sinh. Cac khu vie c6 mat dd duong giao thong cao

(Bing 3) cho thdy gia tri FR va WOE duong 16n, phan anh hién tiong cit xé swon doc

lam duwong dan dén lam mat 6n dinh chan mai déc, tao thanh tac nhan kich hoat gay ra
treot 1o dat da.
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a. WOE-AHP b. FR-AHP
Hinh 6: Ban d6 nhay cam truot 16 dat da khu vyc Ban Xeo, tinh Lao Cai

Hinh 6 1a ban do6 két qua ctia 2 phuong phap WOE-AHP va FR-AHP. Ban d6 d6
nhay cam trugt 16 dat (LSM) duoc phan loai thanh 5 mie d0: Rat thap, Thap, Trung
binh, Cao, va Rét cao. Ty 1é phan b vé cac 16p nhay cam cua tirng ban d6 va pixel truot
duoc phan bd trong cac 16p nhay cam cua cac dit liéu dao tao (70%) va di liéu kiém
thir (30%), dwgc thé hién trong Bing 5.

Bing 5:Bang thong ké két qua phan vung cac mtrc dd theo phwong phap WOE-AHP va
FR-AHP

Dién tich tirng mtc | S6 lwgng diém anh (pixel) | S6 lugng diém anh (pixel)
do truot trong titng mitc d¢ | trugt trong tieng mitc

do S6 diém anh | Ty
(pixel) ctia tirng | 1é | Training Ty 1€ (%) Testing Ty 1€ (%)
lop (%)

Phuwong phap WOE-AHP

Rat
; 20012| 6,82 119 0,64 6,0 0,53
thap
v 16,7
Thap 49195 8 1883 10,14 51,0 4,48
Trun
39,3
g 115495 5695 30,65 678,0 59,53
. 9
binh
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Dién tich tirng mtc | S6 lwgng di€m anh (pixel) | S6 lugng di€m anh (pixel)
do truogt trong tieng mitc 49 | trwot trong tirng mirc do
Mitc
d6 | Sodiémanh | Ty
(pixel) ctaa tieng | 1€ | Training Ty 1€ (%) Testing Ty 1€ (%)
lop (%)
23,9
Cao 70352 9 4077 21,94 296,0 25,99
R4t 13,0
38161 6805 36,63 108,0 9,48
cao 1
o 100,
Tong 293238 0 18579 100,00 1139,0 100,00
Phuong phap FR-AHP
Rat
v 18311 6,24 291 1,57 22,00 1,93
thap
. 29,4
Thap 86305 3 3473 18,69 234,00 20,54
Trun
26,6
g 78143 3190 17,17 454,00 39,86
N 6
binh
24,3
Cao 71324 ) 4420 23,79 362,00 31,78
R4t 13,3
39132 7205 38,78 67,00 5,88
cao 4
. 100,
Tong 293238 00 18579 100,00 1139,00 100,00

Su phan bd dién tich va mirc d9 tap trung ctia cac diém trugt 16 dat trong ting
vung nhay cam la tiéu chi quan trong dé€ danh gia d chinh xac va kha nang du bdo cta
cac mo hinh. Dua trén két qua phan vung murc d6 nhay cam, hai m6 hinh WOE-AHP va
FR-AHP cho thay nhitng sy khac biét vé hiéu qua:

Vé phan bé dién tich du bdo: Ca hai md hinh déu phan vung dién tich c¢é nguy
co "Rat cao" & muic twong dong nhau, chiém ty 1€ 13,0% véi WOE-AHP va 13,3% v6i FR-
AHP. Day la ty 1€ phan b6 phu hgp d6i véi mot ban d6 du bdo, vira du bao phu vung
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nguy co ma khong bi lan rdng qua mitc gay kho khan cho cong tac quy hoach, nhung
cting khong qua hep dé€bo sot cac diém c6 nguy co cao. Tuy nhién, mé hinh WOE-AHP
6 sy phan bo dién tich vao mic "Trung binh" chiém wu thé nhat (39,4%), trong khi FR-
AHP phan b dan déu hon ¢ ca 3 mutc Thap, Trung binh va Cao (lan lwot 1a 29,4%, 26,7%
va 24,3%) (Hinh 7). Co6 thé€ quan sét thay su khac nhau vé két qua phan bd cac dién tich
theo mttc d0 nhay cam tai Hinh 8 va Hinh 9 d6i véi 1 khu vuce duge phédng to cho ca 2
ban d6 két qua.
Phan ving dién tich nguy co

30,00
25,00

20,00
15,00
10,00
5,00 . .
0,00

Rét thép Thip Trung binh Cao Rétcao

WWOE-AHP  m FR-AHP

Hinh 7: Biéu d6 so sanh ty 1é phan bd dién tich dw bao cta 2 phuong phap

Vé do chinh xac trén tap di liéu dao tao (Training): Mot mo hinh phan vung tot
phai dam bao phén 16n cac diém truot 16 phan bs vao khu vuc dugc dy bao nguy co
Cao va Rét cao, dong thoi han ché t6i da viéc diém trugt 16 roi vao vung an toan (Thép
va Rat thap). Trong khi do:

e MO0 hinh WOE-AHP cho thay, ¢ 58,5% (21,9% + 36,6%) s diém trugt phan b
vao vung "Cao" va "Rét cao", nhung quan trong hon la né ¢6 lap vung an toan rat tot: chi
€6 10,7% (0,6% + 10,1%) diém truot 10 roi vao vung "Thap" va "Rat thap".

e MOb hinh FR-AHP ¢6 62,57% (23,79% + 38,78%) s0 diém truot dao tao roi vao
vling nguy co "Cao" va "Rat cao". Tuy nhién, diém yéu la m6 hinh nay 1a van c6 téi
20,26% (1,57% + 18,69%) s diém truot 16 vao vung "Rat thap" va "Thap".

Vé kha nang dy bao va do tin cdy trén tap dir liéu kiém tra (Testing): Panh gia
trén tap dir liéu kiém dinh doc lap (Testing) la tiéu chi quyét dinh xem mo hinh nao cé
kha nang du bao thuc tién tot hon. Ca hai mé hinh déu c6 ty 1é kiém tra trung khép khu
vuc truot 16 & vung ¢ mirc d6 "Cao" va "Rét cao" kha twong duwong (35,47% d6i voi
WOE-AHP va 37,66% d6i voi FR-AHP). Tuy nhién, su khac biét quan trong nam o ty 1¢
du bdo sai - ttec 1a mo hinh cho két qua khu viee d6 an toan nhung thuee t€1ai xay ra truot
16.

e MO0 hinh WOE-AHP dwa ra mirc d6 sai sO vé diém truot 16 kiém tra dwoc danh
gia phu hop véi thuc t€ khi ¢ 5,01% (0,53% + 4,48%) di€ém truot 10 xay ra tai vung "Rat
thap" va "Thap".

81



Xay dwng bian do nhay cdm trwot 16 dat bang mo hinh tich hop AHP-WOE va AHP-FR: ...

e V6i mo hinh FR-AHP, ¢6 t6i 22,47% (1,93% + 20,54%) s diém truot 16 kiém

oy "

tra nam & viing duwoc du bao 1a "Rat thdp" va "Thap". Viéc du bao sai véi ty 1& hon 1/5

nhu vay cé thé lam giam stt do6 tin cay ctia ban d6 khi 4p dung vao thuc tién quy hoach

R kARSI e e
I o R 3 )ﬁ_ﬁ‘
: X ;v_ .‘ : ‘k‘;‘. e

phong chong thién tai.

Hinh 8: Hinh anh phéng to cia mot vung  Hinh 9: Hinh anh phéng to cia mot vung
trong ban d6 truot 16 xay dung boi mo trong ban d6 truot 16 xay dung béi mo
hinh FR-AHP hinh WOE-AHP

Tt cac phan tich thong ké trén, d6i voi tap di liéu tai khu vuc Ban Xeo, phuong
phap WOE-AHP cho thdy sw phan bo cac cadp d6 nhay cam hop ly hon va ¢ xu hudng
kiém soat hién tuong du bao sai an toan (am tinh gia) t6t hon phuong phap FR-AHP.
Bang cach tinh toan ca trong s6 ctia nhitng vi tri khong xay ra trieot 10 (non-landslide
weights), m6 hinh WOE-AHP da khic phuc duoc hién twong du bao nham khu vuce
nguy hiém thanh an toan cua phwong phap FR-AHP (Thanh va cfng sw, 2023; Thanh
va cong su, 2026), qua d6 cung cdp mot ban d6 nhay cam truot 16 dat (LSM) c6 tinh 6n
dinh va tinh tng dung cao hon.

Bén canh nhiing két qua dat duoc vé mit cai tién thuat todn, nghién ctru nay van
con mot sO gidi han nhat dinh. Bo dit liéu huén luyén va kiém dinh dwgc st dung chu
yéu phan anh hién trang trwot 16 dat da tinh dén nam 2017. Mac du day 1a bd dix liéu
giup danh gia t6t hiéu ndng ctia cac phuwong phap, nhung né chwa cap nhat cac diém
truot 10 mai phat sinh va hoat ddng nhan sinh trong nhitng ndm gan day. Do d6, ban d6
nhay cam hién tai thién vé y nghia ki€ém chiing phuong phap luan hon la phan anh hién
trang thoi gian thuec.

4. KET LUAN

Nghién cttu nay da thyc hién danh gia c¢6 hé thong va tng dung mo hinh tich
hop gitta cac phwong phap dinh luong (WOE, FR) va phuong phap dinh tinh (AHP) dé
thiét lap ban d6 nhay cam truwgt 16 dat (LSM) tai khu vuc nghién ctru thudc xa Ban Xeo,
tinh Lao Cai. Qua trinh huan luyén va kiém dinh mo hinh da dem lai nhiing két qua
quan trong vé d chinh xac ciing nhur kha nang ting dung thuc tién cta ting phuong
phap.
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Dua trén su phan bd ctia cac diém trueot 10 vao cac vung du bao, két qua danh gia
budc dau cho thdy md hinh WOE-AHP 1a mét phuwong phap tiép can co tinh tng dung
cao, tao ra ban d6 phan ving can bang. So véi md hinh FR-AHP, su két hop WOE-AHP
thé hién tiém nang trong viéc han ché€ ty 1€ phan viung diém truot 16 vao vung an toan
(mtc "Rat thap" va "Thap"). Dua trén s6 liéu thong ké, mo hinh WOE-AHP da dv bao
muc d0 nguy co "Rét cao” chiém khoang 13,0% dién tich khu vic nghién ctru - mot ty 1é
phan bo dién tich canh bao dwoc danh gia la hop ly. Phuwong phap WOE-AHP c6 kha
nang kiém soat ty 1é du bao sai (am tinh gia) tot hon. Trén tap di liéu kiém tra doc lap,
mo hinh nay chi xac dinh 5,01% diém trugt 16 thuc té vao cac vung duoc du bao an toan
(muc "Rat thap" va "Thap"). Nguoc lai, mo6 hinh FR-AHP cho thay sw han ché khi phu
thudc vao cac vi tri lay mau va co ty 1é du bao sai 1én tdi 22,47%, lam giam d0 tin cay cua
ban d6 khi 4p dung vao thuc tién. Bdng cach tinh todn bao gom ca trong s ctia nhiing
vi tri khong xay ra treeot 16, mé hinh WOE-AHP da khic phuc duoc hién teong thién
léch khong gian nay, giup phan bd dong déu, bao quat va phan anh dung thuc té€ diéu
kién khu vic hon.

Bén canh d¢, thong qua bd trong s6 ciia md hinh, nghién cttu da dinh lwong hoa
va khing dinh vai tro cht1 dao ctia cac yéu 8 tie nhién, trong d6 d6 ddc dia hinh (trong
s6 AHP 0,175) va dac diém thach hoc (trong s6 AHP 0,108) la hai yéu t6 nén tang quyét
dinh d§ nhay cam truot 16 ctia toan viing. Dong thoi, nghién ctru cing chi ra rang hoat
ddng nhan sinh (dién hinh la mat d6 duong giao thong) tuy co trong sd tong thé thap
hon (0,093) nhung lai dong vai tro la tac nhan kich hoat trueot 16 dang ké. Su két hop gitra
viéc cit xé tao swon d8c nhan tao da lam gia tdng nguy co xay ra trueot 1o cuc b tai khu
vire Ban Xeo.

Ban d6 nhay cam truot 16 dat (LSM) dwgc xay dung tir m6 hinh WOE-AHP ¢6
thé 1a mot cong cu quy hoach khong gian hiéu qua khi 4p dung vao thuc tién. Nhom tac
gia khuyén nghi chinh quyén dia phuong c6 thé xem xét st dung ban d6 nay lam co so
khoa hoc vitng chdc d& dinh huéng quy hoach st dung dat, bd tri dan cu, phét trién co
sO ha tang an toan va trién khai cac chién luwgc phong ngira, giam nhe rti ro tham hoa
truegt 10 dat tai xa Ban Xeo trong tuwong lai. Trong cac nghién ctru ti€p theo, viéc to chire
khao sat thuce dia d€ cap nhat, kiém chang lai cac diém trugt 16 phat sinh sau nam 2017
la yéu cau cdp thiét d€ nang cao hon nita tinh thoi sw ctia bo dit liéu, tir d6 gitp ban d6
du bao phat huy t6i da gia tri thuc tién.

PONG GOP CUA TAC GIA

Thu thap, xt ly dit liéu va chay mo hinh: P.V.S, T.H.S, N.H.D; Viét ban thao: T.T,
P.V.S; Chinh stta ban thao bai bao: T.T, T.H.S.
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LOI CAM ON

Nghién ctru nay duoc tai trg boi Dai hoc Phenikaa cho Dé tai ma s6 PU2025-3-A-

01. Nhom tac gia xin gt 10i cam on dén Vién Khoa hoc Dia chat va Khoang san da cho

phép khai thac va sit dung céc s6 liéu, tai liéu phuc vu qua trinh danh gia, tng dung

phuong phap phan tich trong nghién ctru nay.

LOI CAM POAN

Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé tac gia,

chwa dugc cong bd & dau, khong duoc sao chép tir nhitng nghién ctu trude day; khong

o sy tranh chap loi ich trong nhom tac gia.
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DEVELOPING LANDSLIDE SUSCEPTIBILITY MAPS
USING INTEGRATED AHP-WOE AND AHP-FR MODELS:
A CASE STUDY IN BAN XEO COMMUNE AREA, LAO CAI PROVINCE

Son Van Pham?, Hai Son Trinh?, Duong Huy Nguyen' and Thanh Trinh*

1 Centre for Geoinformatics, Remote Sensing Applications and Geohazards (CGRAG),
The Vietnam Institute of Geosciences and Mineral Resources (VIGMR)

2 The Viet Nam Institute of Geosciences and Mineral Resources (VIGMR)

3 Faculty of Artificial Intelligence and Data Science,

School of computing, Phenikaa University
* Email: thanh.trinh@phenikaa-uni.edu.vn
ABSTRACT

This study presents a method for evaluating and mapping landslide susceptibility
in Ban Xeo commune, Lao Cai province, by applying integrated AHP-WOE and
AHP-FR models. The input dataset comprises 51 landslide points and 59 landslide
zones (randomly split into 70% for training and 30% for testing), along with 10
landslide conditioning factor maps. The weights of individual classes were
calculated using the WOE and FR methods. Subsequently, the AHP method (with a
consistency ratio CR = 0,036) was applied to determine the weights among the factor
maps. Experimental results demonstrate that the WOE-AHP model exhibits better
practical predictive capability compared to the FR-AHP model. Specifically, the
WOE-AHP model allocated 13,0% of the study area to the "Very high" risk zone.
Notably, on the independent testing dataset, the WOE-AHP model significantly
reduced the false-negative rate (misclassifying as safe) by predicting only 5,01% of
actual landslides into the "Very low" and "Low" susceptibility zones, whereas this
misclassification rate for the FR-AHP model reached 22,47%. The study also
quantified and revealed that natural factors, including lithological characteristics
and topographic slope, play a dominant and decisive role in slope stability.
Meanwhile, the road network was identified as the primary anthropogenic factor
significantly contributing to local landslide triggering mechanisms. These findings
provide a reliable scientific foundation to support local authorities in residential

planning and the development of proactive risk mitigation strategies.

Keywords: Landslide, Analytic Hierarchy Process (AHP), Weight of Evidence
(WOE), Frequency Ratio (FR), Susceptibility mapping.
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