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Tom tit:

La mot qud'c gia chiu anh huwong ndng né ciia bién déi khi hdu, Viét Nam véi dic diém dia hinh phirc
tap va ché g khi hgu nhiét déi gié miia thuong xuyén doi mdt véi nguy co trueot 1o dat da. Tan sudt, quy
mo va murc do thiét hai cua cdc vu truot 6 ngay cang tram trong do sw gia tang cua cac hién twong mua
16m kéo dai, thoi tiét cuc doan va tdc dong tir cac hoat dong nhdn sinh, gay ra moi de doa truc tié'p dén doi
song, co s6 ha tang va an sinh xd héi. Truée boi canh trén, nghién ciru ndy dwoc thuc hién nham vmg dung
cong ngh¢ vién tham va hé thong thong tin dia ly (GIS), két hop véi phwong phdp Phan tich da tiéu chi
(AHP), dé danh gid toan dién cdc yéu té anh hirong va xdy dung ban do nguy co truegt 16 dat tai tinh Qudng
Binh. Két qua cia nghién ciru gdp phan cung cdp mét co sé khoa hoc cho céng tac canh bdo, quy hoach
linh thé va quadn Iy rii ro thién tai mét cach hiéu qua, hudng (6i muc tiéu phat trién bén virng.
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Landslide susceptibility mapping in Quang Binh province using the analytic
hierarchy process (AHP) integrated with GIS and remote sensing
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Abstract:

Vietnam, one of the countries most vulnerable to climate change, faces frequent landslide risks due
to its complex topography and tropical monsoon climate. The frequency, scale, and severity of landslides
have escalated in recent years, driven by prolonged heavy rainfall, extreme weather events, and human
activities, posing serious threats to human lives, infrastructure, and social welfare. In this context, the
present study employs remote sensing and Geographic Information Systems (GIS), integrated with the
Analytical Hierarchy Process (AHP), to comprehensively evaluate contributing factors and develop a
landslide hazard map for Quang Binh Province. The results provide a scientific basis for improving early
warning systems, territorial planning, and disaster risk management, thereby supporting sustainable

development.
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1. Pit van dé

Truot 16 dat 1a mot trong nhiing loai hinh thién tai ¢ mirc d6 nguy hiém cao, thuong
xay ra dot ngdt va gdy thiét hai nghiém trong d6i véi con nguoi, tai san, co so ha tang
cling nhu moi truong ty nhién. Hién tuong nay phan b chit yéu tai cac viing mién nui co
dia hinh déc, bi chia cit manh, nén dia chat yéu va chiu qua trinh phong héa manh, dién
hinh 14 khu vyc mién nai phia Bic va Bic Trung B§. Dudi tac dong cua khi hiu nhiét doi
gi6 mua ciing v6i bién doi khi hau toan cau, tan suat va cudng do cac tran mua 1on, bio
manh ngay cang gia tang, lam cho nguy co trugt 16 tréd nén nghiém trong hon. Bén canh
do, cac hoat dong nhan sinh nhu pha rung, khai thac tai nguyén hay m¢ duong trén suon
déc ciing gop phan 1am truot 16 dét tré thanh hiém hoa kho du bao va kiém soat [1].

Trong nhitg nim gan ddy, di c6 nhiéu nghién ctru trong va ngoai nudc tap trung
vao danh gia nguy co truot 16 dat. O Viét Nam, cac nghién ctru dién hinh c6 thé ké dén
nhu Nguyén Thanh Long va De Smedt (2019) [2] d4 4p dung cac mé hinh théng ké dé
xay dung ban dd nhay cam trugt 16 tai huyén A Ludi, Thira Thién Hué, cho théy mo hinh
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Certainty Factor dat dg chinh xac cao nhat véi AUC ~ 0,84. Tai khu vuc mién nui phia
Bic, Nguyen Hiru Thang va cong su (2024) [3] d4 x4c dinh cac ngudng mua va yéu td
dia chat chi ph01 su xudt hién truot 16 & Ha Giang, két qua nhan manh mua [6n 1a tac nhan
kich hoat chu yéu. Trén thé giéi, Reichenbach et al. (2018) [4] d3 tong quan cac mé hinh
danh gia nguy co trugt 16 dya trén phuong phap thong ké, cho thay phuong phap ban dinh
luong (nhu AHP) van duoc sir dung rong rai khi dir liéu con han ché. Bén canh do,
Guzzetti et al. (2006) [5] da ching minh hiéu qua cua ban dd nhay cam truot 16 trong

cong tac quy hoach phong tranh tai nhiéu quoc gia. Tuy nhién, tai tinh Quang Binh, s6
lugng nghién ciru vé van dé nay con han ché va dén nay chua 6 ban dd nguy co trugt 16
& quy md chi tiét v6i cach tiép can tich hop AHP va dir liéu vién tham — GIS. Thuc té d6
dat ra nhu ciu cép thiét cho nghién ctru hi¢n tai.

Vé co ché hinh thanh, truot 16 xay ra khi luyc truot do trong luc vuot qué kha ning
chéng cit cua dat, da hodc vuot ngudng on dinh tai cac bé mat dia hinh. V& ban chét, trén
moi suon doc déu ton tai lyc cat, tuy nhién hién tuong truot 16 chi phat sinh khi trang thai
can bang ty nhién bi pha v&. Su mét can bang nay thuong do nhleu yéu t6 tac dong, bao
gom su gia tang do doc do x6i mon, sy ton tai clia cac 16p dat yéu hodc mat trugt tiém
an trong cau truc dia tang, hoat dong kién tao, hodc anh hudng cua ap lyc thuy tinh va
thuy dong gy x6i ngam, rong nén va bao hoa nude sau mua 16n. Trong s6 d6, mua 16n
duoc coi la tac nhan kich hoat chu yeu gay ra truot 1& dat & Viét Nam. Ngoai ra, cac hoat
dong nhan sinh nhu pha rimg, khai thac khoang san, xay dung cong trinh hay dao dip
thiéu hop 1y da 1am gia ting dang ké ca tan suit va quy mo cac hién tugng truot 16 trong
thoi gian gan day [6, 7).

Trudce thuc trang do, viéc 1ap ban dd nguy co trugt 1§ trd thanh mot cong cu quan
trong nham nhéan dién va phan chia khong gian thanh cac khu vuc c6 mic d6 nguy co
khac nhau, tir d6 hd trg cong tac canh bdo va quy hoach phong tranh. Hién nay, cic
phuong phap danh gia nguy co thuong dugc chia thanh ba nhém chinh [8]: dinh tinh, ban
dinh luong va dinh lugng. Trong do, tiép can dinh tinh dwa trén quan sat va kién thirc
chuyén gia, don gian nhung mang tinh chu quan cao; tlep can ban dinh lugng lugng hoa
cac yéu tb tac dong thong qua phén hang va trong 50, phd bién vai cac ky thuat nhur chong
16p trong s6 hay phan tich da tiéu chi (AHP), cho phép mé hinh héa nguy co trong diéu
kién dir liéu han ché; trong khi do t1ep can dinh luong yéu cau dit liéu day du va chinh
xéac dé ap dung cac mo hinh toan hoc, théng ké hay hoc may, c6 uu thé vé do tin ciy va
kha nang kiém dinh.

Trong nghién ctru danh gia nguy co truot 16, da c6 nhiéu phuwong phéap duoc ap dung
nhu mé hinh thong ké, hdi quy logistic, mang no-ron nhan tao hay phwong phap hoc may
[9, 10]. Tuy nhién, cac phuong phap trén thuong doi hoi khdi lwong dir liéu lon, d6 chinh
xdc cao hodc quy trinh xur ly phurc tap, do d6 khé ap dung trong b6i canh ngudn dir liéu
con han ché. Véi wu diém ndi bat trong viéc két hop co s 1y thuyét va kinh nghiém
chuyén gia, phuong phap phan tich da tiéu chi AHP cho phép xac dinh trong sO cua cac
yéu t6 anh huong dén truot 16 mot cach khach quan, chit ché va co he théng [11]. Do
vay, nghién ctru nay da str dung AHP tich hop v6i dit liéu vién tham va cong nghé GIS,
qua do khai thac hiéu qua cac cong cu hién dai trong xur Iy khong gian va phan tich da 16p
thong tin. Nho dic tinh tinh toan duge dong thoi nhidu yéu té anh huong, phuong phap
AHP khéng chi gitp ning cao do tin cdy cua két qua ma con tao ra san pham ban d6 phan
viing nguy co co tinh truc quan, dé dang ap dung trong cong tac quan ly, theo doi, canh
bao va quy hoach phong tranh truot 16 dat [12,13]. Pong thoi, két qua nghién ctru c6 thé
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tré thanh ngudn dit liéu tham khao quan trong cho céac nghién ctru tiép theo trong linh vuc
danh gia nguy co thién tai va quy hoach sir dung dét bén vimg.

2. Dir liéu va phuwong phap nghién ciru
2.1. Khu vwe nghién cuu

Tinh Quang Binh thudc viung Bic Trung B0 cua Viét Nam, c6 dién tich tu nhién
8.065 km? va ndm trong giéi han toa do tir 17°05'02" dén 18°05'12" vi do Bic, tir
105°36'55" dén 106°59'37" kinh d6 Pong. Phia Bic giap tinh Ha Tinh, phia Pong giap
Bién Pong v6i dudng bd bién dai 116,04 km, phia Nam giap tinh Quang Tri va phia Tay
giap nudc ban Lao véi dudong bién gidi dai khoang 201,87 km. Trudce khi sap nhép (trudce
ngdy 01/07/2025), tinh Quang Binh c6 8 don vi hanh chinh cip huyén gdm: Thanh phd
Dong Héi, thi xa Ba Don va cac huyén Lé Thity, Quang Ninh, B6 Trach, Quang Trach,
Tuyén Hoa, Minh Hoa.
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Hinh 2. Anh trueot I6 dat xd Dan Héa, huyén Minh Hoa, tinh Qudng Binh
2.2. Dir liéu nghién ciru

Trong nghién ctru nay, nhiéu loai dit liéu khéc nhau da duogc su dung nham phuc vu
cho viéc phén tich va thanh 1ap ban dd nguy co truot 1& dat tai tinh Quang Binh. Cac dit
lidu bao gdm: ban dd hanh chinh ding dé x4c dinh ranh gii nghién ciru va phan chia theo
don vi quan ly; dir liéu mang ludi giao thong phan anh sy tac dong cua he théng duong
bd dén su 6n dinh suon doc; dit liéu d6 cao sé (DEM) tir SRTM hd trg tinh toan cac yéu
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td dia hinh nhu do doc, do cao, mat do thoat nudc, ...; anh vé tinh Landsat-9 dung dé
thanh 14p 16p phu thuc vat va chi sé NDVI, qua d6 danh gia tinh trang che phi rimg; ban
dd str dung dat phuc vu xéac dinh cac 16p dat d& phong hoa, c6 nguy co trugt 16 cao; cliing
v6i do la dir 1i€u lugng mura trung binh ndm phan dnh vai tro cia mua 16n — tac nhan kich
hoat chinh cua truot 16 dat.

Toan bd cac dir liéu trén dwoc chuan héa, xir 1y va tich hop trong méi truong GIS
dé xay dung co s dit lidu khong gian phuc vu phan tich da ti€u chi. Day 1a co s¢ quan
trong cho viéc thanh 1ap ban dd nguy co trugt 16 dat tinh Quang Binh. Toan bo thong tin
mo ta chi tiét cac ngudn dir liu ndy duogc tong hop trong Bang 1 va Bang 2 dudi day.

Bdng 1. Danh sach cdc nguon dit liéu thu thdp

Dir liéu Pinh dang Thoi gian Ngudn tai
Khu vye hanh chinh tinh, Shapefile 2022 DIVA-GIS [14]
huyén; duong giao thong
Dir liéu 6 cao SRTM 30m Raster 2020 OpenTopography [15]
. . Cuc khao sat dia chat Hoa
Anh vé tinh Landsat 9 Raster 2020 — 2024 Ky USGS [16]
Dit liéu loai dat Shapefile FAO [17]
Dit li¢u lrong mua Raster 20202024 | C°dquannghién clru khi

hau (CRU) [18]
Cong ty TNHH MTV Tric
dia ban db [19]

Dit liéu diém truot 1& Point 2022

Bang 2. Dit liéu anh LandSat 9 khu vuc nghién curu
Thoi gian Path | Row Mu'.c do xir ly/ bo [')]{an
chup Dinh dang giai

30/04/2024 | 125 48 L1TP/GEOTIFF 30 m

M3 s6 anh
LC09 LITP 125048 2024
0430 20240430 02 TI1

TLC09 LI1TP 126048 20
240304 20240304 02 T1

04/03/2024 | 126 48 L1TP/GEOTIFF 30 m

2.3. Phwong phdp nghién ciru
2.3.1. Phwong phap phdn tich da chi tiéu

Phuong phép phan tich da ti€u chi (Analytic Hierarchy Process — AHP) do nha toan
hoc Thomas L. Saaty [11] dé xuét vao nhitng nam 1980 1a mot cong cu phan tich da tiéu
chi dugc st dung rong rai nho tinh hé théng va khéa nang dinh luong cac yéu tb phuec tap.
Uu diém nodi bat cua phuong phap nay nam & kha nang hé théng hoa van dé thanh cac cap
béc 1o rang va luong héa cac yeu t6 dinh tinh. Phuong phap nay hoat dong dya trén ba
nguyén tic chinh: xy dung mo hinh phan cip cac yeu t6 anh huong, thiét 1ap ma tran so
sanh cdp dé danh gia mic do quan trong va tong hop két qua dé xép hang cac phuong
an. Khi dugc tich hop vai hé thong thong tin dia Iy (GIS) va cong nghé vién tham, AHP
cho phép chuyén doi hiéu qua dir liéu khong gian thanh cac chi sé dinh lugng, qua d6
nang cao dang ké do chinh xéac cta cac ban dd danh gia rai ro. Nho su két hop gitra tinh
hé thong va kha nang xir Iy linh hoat cac tiéu chi danh gia, AHP da chimg minh duoc hi¢u
qua vugt troi trong cong tac du bao va quan ly rui ro trugt 16 dat. Cac thang do chi tiét dé
xéac dinh muc do vu tién gitta cac yéu t6 duoc trinh bay cu thé trong Bang 3.

Bang 3. Thang danh gia mirc dj so sanh

Mikc d9 uu tién Gis tri sb
Quan trong bing nhau 1
Quan trong c6 sy trdi hon 3
Quan trong nhiéu hon 5
Rat quan trong, dé nhan théy su khac biét anh hudng 7
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Cuc ky quan trong 9
Muc trung gian giita cic muc trén 2,4,6,8

Qua trinh thyc hién bat dau béang viéc so sanh cdp cac yéu to anh huong. AHP tlen
hanh d4nh gia dong thoi 2 yéu t6, xac dinh muc d6 vu tién cua yéu td nay so voi yéu tb
khac dua trén danh gia cua chuyén gia. Cac danh gia nay dugc lugng hoa bang thang do
tir 1 dén 9, trong do gia tri 1 thé hién hai yeu t6 quan trong bang nhau, con gia tr1 9 cho
thiy mot yéu td cuc ky quan trong so v6i yéu t6 con lai. AHP ciing cung cép cach xéac
dinh mirc d6 nhit quan cia cac chuyén gia thong qua ti s6 nhat quan (Consistency Ratio
- CR) phai nhé hon hoac bang 10% thi ma tran so sanh cip mai dugc sir dung con néu
gia tri CR 16n hon 10% thi can phai tham dinh lai qué trinh so séanh cap hodc loai bd y
kién. Ty sb nhit quan (CR) duoc tinh theo phwong trinh (1):

cI
CR = T (1)

Trong d6: CI 1a ty s6 nhat quan ctia mot ma tran AHP cu thé, chi s6 nhat quan (CI)

c6 thé dugc tinh tir phwong trinh (2) va RI 1a chi sb ngdu nhién.

Amax —n
Cl = — (2)
Trong d6: Amax 13 vector nhat quan, “n” 1a sd lugng cac yéu té anh huong duoc

xem xét. Ty s6 nhit quan (CR) phai nhé hon 10% dé dam bao tinh hop 1y ctia ma tran so
sanh cdp. Khi diéu kién nay duoc thoa mén, cac trong sd tinh toan s& duoc chap nhan va
ap dung trong qua trinh chong 16p c6 trong s6 nham tich hop cac yéu td dé xay dung ban
d6 phan ving nguy co truot & dat.

2.3.2. Tich hop céng nghé GIS va phan tich da chi tiéu dé xdac dinh nguy co trueot I
dat, da

Truot 10 dat chiu tic dong dong thoi ciia nhicu yéu té khac nhau. Tuy nhién, trén
thuc té, viéc thu thap day du toan bo cac dir lidu can thiét dé xay dung ban db phan ving
nguy co 1a didu kho kha thi. Vi vay, trén co sé tong hop két qua nghién ctru trudc day va
danh gia cac yéu t6 chinh c6 anh huong I6n dén qua trinh truot 16 dét, dong thoi can cir
Vao dleu kién dit liéu sén c6, nghién ctru nay lya chon 10 yeu t6 tidu biéu dé phan tich,
bao gom: do doc dia hinh, lugng mura, chi s6 d 4 am, loai dat, 16p phu bé mat, d6 cao, mat
d6 thoat nude, chi s6 thuc vat, khoang cach dén song va khoang cach dén duong.

Céc yeu t6 trén dugc trich xut va xac dinh thong qua cac cong cu phan tich khong
gian ctia phan mém ArcGIS. Tiép do, cac tiéu chi dugc phan cap va gan gia tri diém dénh
gia tuong ng. Sau khi xac dinh trong s6 cung voi diém danh gia cho tung tiéu chi thanh
phan chi s6 nguy co truot 16 dat dugc tinh toan dua trén sy két hop giita diém s6 va trong
s0, theo cong thuc (3).

n
j=1
Trong d6: LSI (Landside Susceptibility Index): 1a chi s6 nhay cam trugt 16 dét
Wi: 14 trong s cia nhén t6 thi |
Xij: 1a diém s cua 16p thir i trong nhan t6 gy truot 16 j
. So d6 quy trinh ing dung GIS két hop véi phuong phap AHP trong xay dung ban
do nguy co trugt 16 dat duwgc minh hoa ¢ Hinh 3.
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Bién tip va phan loai 16p chuyén dé

|

Phéin hang mirc d§ quan trong ciia cic
nhén to giy trwgt 16 theo thang diém Saaty

l

Xiy dyng ma tn'_i’u so sanh cdp va tinh toan
trong so ciia tirng yéu to

l

Phén tich chéng 16p trong s6 AHP trén nén
tang ArcGIS

i

Bin 36 nguy co trirgt 16 dit

i Hinh 3. So dé img dung GIS va AHP vao xdy dwng ban do nguy co trueot 16 ddt
3. Két qua nghién ctru va thio luin
3.1. Tinh todn trong so va xdy dwng bdn do thanh phan

Do dbc dia hinh duogc xem 1a yéu td then chdt quyét dinh sy 6n dinh cua suon ddc,
dia hinh cang ddc thi nguy co trugt 1¢ cang cao. Luong mua va chi s do 4m dong vai tro
tac nhan kich hoat khi nudc tham vao lam tang d bao hoa, gidm lyc ma sat va kha nang
khang cit cta dat da. Loai dat cling anh huong rd rét, trong d6 dét sét d& truong nd va suy
yéu khi ngérn nudce, trong khi 16p phu bé mit va tham thuc vat co tac dung gitr dat, han
ché x6i mon. Ngoai ra, d cao lién quan dén diéu kién khi hau va phan bd mua, mat do
thoat nudc phan anh mirc do chia cat dia hinh va kha nang tap trung dong chay, con chi
s6 thuc vat (NDVI) thé hién tinh trang che phu, voi gia tri thap thudong gin véi nguy co
trugt 16 cao. Yéu td khoang cach dén song phan anh tac dong ctia x6i 10 chan suon, trong
khi khoang cach dén dudng thé hién anh hudng cia cac hoat dong xdy dung va can thiép
nhan sinh. Trén co s muoi yéu t6 nay, phuong phap AHP duoc ap dung dé xac dinh
trong sb ctia ting tiéu chi, qua d6 luong hoa mirc 6 anh huong va tich hop vao GIS nham
xdy dyng ban do phén vung nguy co trugt 16 dat mot cach khoa hoc va hop 1y. Ma trén
so sanh ¢@p va h¢ so trong s6 twong ing phan anh mirc do anh hudng cua tung yéu tb 1én
nguy co trugt 16 duge thé hién trong Bang 4.

Bdng 4. Ma trdn so sanh cdp va tinh trong sé cia cdc yéu t6 anh hwéng dén trieot 1o

e N o - <

Yéu to < | g E Za B g El S|l &2 = gl 2=l 25| &

R | = S |83 /& |EF Cs 28 28 &

@) | — = S S &~
Do doc 1 1 2 3 3 4 4 5 6 7 10,226
Luwong mua 1 1 2 3 3 4 4 5 6 7 0,226
Chi s6 d6 Am 12 |12 | 1 1 2 3 3 3 4 5 10,132
Loai dit 13 [ 13] 1 1 2 3 3 3 4 5 10,124
Lépphabémiat | 13 [ 13 | 12 [ 12| 1 1 2 2 3 3 10,076
Pd cao V4 | 1/4 |13 [ 13 ] 1 1 2 2 3 3 10,069
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Mat dg thoat va | a3 s 2|12 ] 1 2 2 | 0,047
nwoc
Chisdthwevat | 1/5 | 15 | 13 | 13 | 13| 12 | 1 1 2 | 2 | 0,045
g‘l‘l‘;“g cachden |\ ol e by La s s ez 1| 1 | 0029
Khodng cachden | o0 | s | s |13 | s |12 | 2 | 1 | 1| 0026
dwing

Chi s6 nhat quan CR = 0,015 < 10%
Két qua phan tich AHP (Béang 4) cho thiy chi s6 nhit quan CR ctia ma tran so sanh
cap dat 0,015 (<10%), dam bao d¢ tin cdy va tinh hop ly cua ma tran so sanh. Trong sO
10 yeu t6 duoc xem xet, do déc va lugng mua (cung co6 gia tri trong s6 12 0,226) 1a nhitng
yéu t6 chu dao, quyét dinh truc tiép dén su on dinh cua suon dbc va thuong dong vai tro
tac nhan kich hoat truot 16. Tiép theo, chi s6 d6 4m (0,132) va loai dat (0, 124) ciing gitr
vai tro quan trong khi anh huong dén trang thai bio hoa va dic tinh co 1y cua dat da. Cac
yéu t6 con lai nhu 16p pha bé mat (0,076) va do cao (0,069) c6 tac dong trung binh, trong
khi mat do thoat nudc (0,047), chi sé thyuc vat (0,045), khoang cach dén song (0,029) va
khoang cach dén duong (0,026) thé hién mirc anh huong thap hon. Két qua nay cho thay
nguy co truot 1o dét chu yéu chiu su chi phéi cua dic diém dja hinh va diéu kién khi hau,
con cac yéu t6 khac gop phan diéu chinh va bo sung trong qua trinh danh gia.

Sau khi xac dinh trong s6 cua cac yeu t6 bang phuong phap AHP, bude tiép theo 1a
tién hanh phan cip rui ro cho ting yéu tb thanh phan. Viéc phan cip nay duoc thuc hién
dwa trén cac khoang gia tri dic trung, phan anh muc do tic dong khac nhau cua timg yéu
t6 dén nguy co trugt 16 dat. Cach tiép can nay khong chi gitip chuan héa dir liéu dau vao,
ma con tao diéu kién thuan loi cho qué trinh tich hop trong GIS nham xay dung ban do
phan viing nguy co. Két qua phan cap cu thé ciia cac yéu t6 thanh phan duoc thé hién &
Bang 5.

Bdng 5. Trong s6 va phdn cdp riii ro cdc yéu té thanh phan

STT Yeuptl(:gllllanh Trong so W; Khodang gia tri Pl;glil::p 12‘%11'10)'; ig
0—74 Cép 1 Rét thip
, 0.296 7,4 —16,65 Ca:}p 2 Thap
1 Do dbc (do) ’ 16,65 — 25,59 Cép 3 Vira phai
25,59 — 36,7 Céap 4 Cao
36,7 — 78,63 Cép 5 Rét cao
1989,18 — 2150,22 Cép 1 Rt thap
215022 —2311,27 Cép 2 Thap
2 L(rfg;‘/gn ;“r:;‘ 0,226 231127 - 247231 Cip 3 Vira phai
247231 — 263335 Cip 4 Cao
2633.35 — 2794.39 Cép 1 Rét thip
2,04 — 5728 Cap 1 Rat thap
ez 5,728 — 7,787 Cép2 Thép
3 Ch(‘ﬁioh‘?gham 0,132 7,787 — 10,361 Cép3 Vira phai
; 10,361 — 13,963 Cip 4 Cao
13,963 — 23,914 Cép 1 Rét thip
Dit phu sa mau m& (P,
viing boi tw), Con cat, bai
cat ven song (C, Cc), bat Z Ar 1A
. Lowi dis 0.124 46 ndu trén d4 Macma Cap 1 Rat thap
; bazo (Fk), Nui d4 , Song
hd
Dat phu sa k(lfl’(;ng dugc bdi Cip2 Thip
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STT Yeu;l(;gll:anh Trong so W; Khodang gia tri Pl;?llil::p lt\i‘gul’lo)‘,t :g
Dat phu sa Glay (Pg), Dat
phu sa ting nudc (Pj), Dat
vang do trén da Macma Cép 3 Vira phai
axit (Fa), Dat ndu vang
trén phu sa c¢6 (Fp)
Pat man (M, Mn), Dat
vang nhat trén da cat (Fq), £
Dégt d6 vang trén dé(sé%) Cap 4 Cao
(Fs)
Dat x6i mon tro soi dé (E),
bat mun vang doé trén nui £ £
(Hq, Hs), Dgét xam bac Cap 5 Rat cao
mau (X, Xa, Ba)
Nudc Céf.p 1 Rét thép
. A Rung, cdy ldu ndm Cap 2 Thap
5 LOPIE;J be 0,076 DAt ndng nghiép Céf.p 3 Vira phai
j Dén cu Cap 4 Cao
Pit trong Cép 5 Rét cao
<123 Cip 1 Rét thap
123 - 315 Cap 2 Thap
6 Do cao (m) 0,069 315 —547 Cép 3 Vira phai
547 — 811 Ciap 4 Cao
811 - 2002 Cip 5 Rét cao
0—0,146 Cip 1 Rét thap
Mat d6 thoat 0,146 — 0,253 Cap 2 Thap
7 nudc 0,047 0,253 — 0,359 Cép 3 Vura phai
(km/km?) 0,359 — 0.478 Cip 4 Cao
0.478 — 0,757 Cip 5 Rét cao
<0,079 Cép 1 Rét thap
. 0,079 — 0,221 Cip2 Thip
8 Chi i‘; tth‘-rc 0,045 0,221 - 0315 Cép3 Vira phai
: 0,315-0,389 Cap 4 Cao
0,389 — 0,582 Cip 5 Rét cao
> 1000 Cép 1 Rét thap
L 700 — 1000 Cip 2 Thip
9 é‘;":‘g‘fg"?g; 0,029 400 — 700 Cép3 Vira phai
100 — 400 Cap 4 Cao
0— 100 Cép 5 Rét cao
> 800 Cap 1 Rt thap
o 600 — 800 Cap 2 Thip
10 d%:‘ﬁygn Za(crg) 0,026 400 - 600 Cép3 Vira phai
200 — 400 Cap 4 Cao
0 — 200 Cép 5 Rét cao

Trén co s trong s6 va phan cip rui ro cia cac yéu t6 thanh phan, cac 16p dit liéu
tuong ing dugc chuan hoa va tich hop trong méi truong GIS. Qua trinh nay cho phep xay
dung ban dd cua ting yéu to riéng 1¢, thé hién su phan vung nguy co truot 16 theo cac cap
d6 khac nhau. Day la budce trung gian quan trong nham tryc quan héa anh huong khong
gian cua ting yéu t6, dong thoi tao tién dé cho viée t6 hop cac 16p thong tin dé thanh 1ap
ban d6 nguy co truot 16 tong hop. Ban db cac yéu tb thanh phan dugc thé hién trong Hinh
4.
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Hinh 4. Ban do thanh phan: (a) B¢ doc; (b) Luong mua; (c) Chi s6 o am; (d) Logi ddt; (e) Lop phii bé
mat; (f) Do cao; (g) Mat do thoat nudc; (h) Chi so thyc vat; (i) Khoang cach dén song; (j) Khoang cdach

den duong

3.2. Thanh lap ban dé nguy co trwot 16 dit

Trén co s& cac ban d0 thanh phan da duoc xay dung cho ting yéu t6 anh huong,
qua trinh tich hop nham thanh 14p ban d6 nguy co téng hop dugc thuc hién trong méi
truong GIS. Cac 16p thong tin khong gian nay dugc chuan hoa va chdong xép dya trén hé
sO trong s6 x4c dinh tir phuong phap AHP, bao dam phan anh mirc d6 dong gop cua tung
yéu td vao sy hinh thanh truot 16. Két qua tich hop cho phép thiét 1ap ban do phan vung
nguy co trugt 16 dat tinh Quang Binh (Hinh 5), dugc tao thanh tir cac ban dd thanh phan
bang phuong phap t6 hop tuyén tinh c6 trong sb theo cong thirc (3) trén phan mém
ArcGIS. Chi sé nhay cam truot 1¢ dat (LST) tai khu vic nghién ctru dao dong tir rat thap
(1,35 —2,3), thip (2,3 — 2,7), trung binh (2,7 — 3,02), cao (3,02 — 3,35) dén rat cao (3,35
— 4,05). Cac khu vuc c6 chi s6 LST cao thé hién mic d6 nhay cam 16n hon va c6 kha
ning xay ra truot 1o dat cao hon so véi cac khu vy co chi sé thap.
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Hinh 5. Ban do phdn cdp nguy co trieot 16 dat tinh Quang Binh

Tir ban do phén cap nguy co trugt 1o dat (Hinh 5) két hop véi so lidu thong ké
trong Bang 6 ¢ thé nhan thiy su phan hoa khong gian 0 rét gilta cac cap do nguy co
trong pham vi nghién ctru. Cy thé, khu vure c6 nguy co rat thap chiém 28% dién tich, phan
bd chi yéu tai cac dai ven bién va cira song v6i dia hinh thap, it bi chia cat, dién hinh 1a
xa Bao Ninh (TP. Pong Héi), Canh Duong (huyén Quang Trach) va Ngu Thiy Béc
(huyén Lé Thuy). Vung c6 nguy co thap chiém 33% dién tich, tap trung tai dong bang
ven bién, khu vure d6 thi va cac viing ddi thap, tiéu biéu nhu ndi thanh TP. Dong Hoéi, xa
Hai Trach (huyén B Trach) va Quang Phuc (huyén Quang Trach). Nguy co trung binh
chlem 23% dién tich, phan b chu yéu & cac dai d6i thap va chan nii, noi dia hinh bi chia
cat nhe voi do dbc vira phai, dién hinh tai xd Hoa Trach (huyén B4 Trach), Gia Ninh
(huyén Quang Ninh) va An Thuy (huyén L¢ Thuy). Trong khi do, cac vang nguy co cao
va rat cao chiém lan lugt 13% va 2% dién tich, chil yéu phan bé tai khu vuc nui cao, suon
dbc va cac dia hinh hiém tro doc bién gidi Viét — Lao, noi dac trung bdi dia chét phuec tap
va muc do chia cit manh, véi cac diém dién hinh nhu xa Tan Héa (huyén Minh Hoéa),
Puc Hoa (huyén Tuyén Hoa) va Tan Trach (huyén B6 Trach).

Bdng 6. Phdn cdp dién tich ¢é nguy co truot 16 ddt tai Quang Binh

Cép nguy co Dién tich
(Km?*) (%)
Rit thap 2188,537 28
Thap 2625,590 33
Trung binh 1845,270 23
Cao 1047,830 13
Rét cao 179,782 2

Pé kiém chimg do tin cay ctia ban do nguy co truot 16 dat, nghién ciru di sir dung
phuong phép danh gia bang dudng cong ROC (Receiver Operating Characteristic), mot
cong cu phd bién va dang tin cdy trong linh vuc dia Iy — méi truong [20], [21]. Pudng
cong ROC dugc xay dung dua trén mdi quan hé giita ty 1¢ dwong tinh that (True Positive
Rate — TPR) va ty 1€ duong tinh gid (False Positive Rate — FPR), qua d6 phan anh kha
ning mo hinh phan biét giita cac khu vuc ¢ va khong c6 hién tuong truot 1. Chi sé dién
tich dudi dudng cong (Area Under the Curve — AUC) duoc str dung 1am thude do tong
hop dé danh gia muc do chinh xac cia mo hinh. Trong nghién ctru nay, ban d6 nguy co
truot 10 dat duoc xdy dung theo phuong phap AHP va chia thanh nam cip nguy co; 87
diém truot 16 quan trac duoc su dung 1am mau kiém dinh. Qua trinh phan tich dugc thuc
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hién trén ArcGIS 10.8 va Excel, cho két qua AUC = 0,77. Gia tri ndy cho thdy ban db
nguy co truot 1 dit tinh Quang Binh dat dd chinh xac trong ddi cao va dang tin cay, dap
{rmg t6t muyc tiéu nghién ctru cling nhu c6 kha ning tng dung trong cong tic canh bao va
quéan 1y rui ro thién tai. Theo cic nghién ciru trude day, gia tri AUC nam trong khoang
0,7 — 0,8 thudng duoc xem 1a thé hién ning luc du bao tot [22], [23]; do d6, két qua AUC
= 0,77 trong nghién ctru ndy hoan toan phi hop va va cé thé sir dung trong cong tac canh
bao, quan ly rui ro thién tai.
BIEU PO DPUONG CONG ROC
120

100

True Positive Rate

- E:‘22:1:Ii.ﬂ“.:.‘-'.5-‘.3?3%5\':2%G32bﬁﬂ?:‘32&332535§
False Positive Rate
Random guess AUC AreGIS =0.77

Hinh 6. Puong cong ROC va phan tich gia tri AUC
4. Két luan

Ban do nguy co truot 16 dat tinh Quang Binh di dugc xay dung bang phuong phap
phan tich thir bic (AHP) két hop v6i cong nghé vién tham va GIS. Nghién ctru xem xét
10 yéu td chinh gém: chi s6 do 4m dia hinh, do cao, d6 déc, luong mua, 16p phu thuc vat,
chi s thuc vat), khoang cach dén song, khoang céach dén duong, mat do thoat nudc va
loai dét Céc ban d6 thanh phﬁn dugc chuan héa va tinh toan dudi dang raster dé xac dinh
chi s6 nhay cam truot 1& dét (LSI), tir do phan chia thanh 5 cap do nguy co. Két qua cho
thdy dién tich co6 nguy co rat thap chiém 2.188,537 km? (28%), nguy co thap chiém
2.625,590 km? (33%), nguy co trung binh chiém 1.845,270 km? (23%), nguy co cao chiém
1.047,830 km? (13%) va nguy co rat cao chiém 179,782 km? (2%).

Nhing két qua nay khang dinh ¥ nghia khoa hoc va thyc tién ciia viéc xay dung
ban d6 nguy co truot 1¢ dat. Ban do khong chi cung cip co so dir liéu dang tin cdy cho
cac nha quan ly va quy hoach trong cong tac phong tranh, giam thiéu thiét hai ma con hd
trg dinh hudng phat trién dan cu, ha tang giao thong theo hudng bén viing va an toan. Véi
viéc sir dung nguodn dir liéu pho bién, dé tiép can, phuong phap nghién ciru nay hoan toan
¢6 thé mé rong ap dung cho cac khu vuc khac, qua d6 nang cao hiéu qua quan 1y rii ro
thién tai trén pham vi rong hon.

Tuy nhién, dé cai thién do chinh xac va gia tri ung dung, can tich hop thém céac
ngudn dit liéu c6 do phan giai cao nhu anh vién tham d6 phan giai cao/siéu cao, anh UAV,
hay DEM chi tiét nham phan anh t6t hon dic trung dia hinh. Bén canh d6, nghién ctu
hién tai méi chu yéu tap trung vao cac yéu tb tw nhién, trong khi truot 16 dat con chiu tac
dong dang ké tir cac hoat dong nhéan sinh nhu xdy dung, m¢ duong, khai thac tai nguyén
va thay d6i 16p phu thyc vat. Do do, cac nghién ciru t1ep theo nén bd sung va phén tich
dong thoi ca cac yéu td nhan sinh dé hoan thién ban d6 nguy co truot 1, nang cao do tin
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cay va gia tri img dung trong cong tac quan ly, quy hoach phat trién kinh té — xa hdi bén
ving.
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