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The study area is heavily affected by landslides with increasing frequency
and intensity, causing serious damages and affecting the sustainable socio-
economic development of the region. The use of mathematical methods in
landslide research is increasingly interested due to the quantitative nature
of parameters and calculation results. This study aims to apply the Certainty
Factor (CF) and Bayesian statistics models for geological hazard evaluation.
Landslide distribution is identified from remote sensing images and field
surveys. Landslide inventory maps (428 landslides) were compiled by
reference to historical reports, Google Earth, and field mapping. All
landslides were randomly separated into two data sets: 70% were used to
establish the models (training data sets) and the rest for validation
(validation data sets). Fifteen environmental factors from geology,
topography and hydrological information of the studied area were extracted
from the spatial database. Results show that the group of factors of slope
angle, Terrain Ruggedness Index, fault/lineament density, stratigraphy,
geoengineering characteristics, weathering types, and maximum daily
rainfall play the most important role in the formation of landslides in the
study area. Validation from Certainty Factor (CF) and Bayesian statistics
models show 87% and 92% prediction accuracy between hazard maps and
existing landslide locations. These models show reasonably accurate
landslide predictions in the study area and can be served as the basis of
landslide risk-management studies in the future.
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Ung dung phwong phap hé sé tin cay (CF) va mé hinh théng
ké Bayes danh gia moi quan hé gitra trwot 1& véi cac yéu to
lién quan tai khu vwc huyén Bao Thang va thanh phd Lao Cai,
tinh Lao Cai

Nguyén Quang Minh 1, Nguyén Qudc Phi 1%, Phan Déng Pha 2, Nguyén Viét Hung 3

I Trwdng Dai hoc M6 - Pia chdt, Ha Noi, Viét Nam
2Vién Han lam Khoa hoc Viét Nam, Ha N¢i, Viét Nam
3 Trwong Pai hoc Giao théng Van tdi, Ha Ngi, Viét Nam

THONG TIN BAI BAO TOM TAT
Qud trinh: A ., ; ’ yia R s rwm
Nhan bai 13/11/2021 Khu vuee nghién ctru chiu dnh hwéng ctia hién twong tai bién trurgt 16 véi tan

, sudt va cwong dé ngay cang cao, gdy thiét hai Iém va ngay cang nghiém trong,
Sira xong 25/02/2022 dnh hwéng d%'n sy'gpi%it tr?éh bég \%?ng kinh té - xa h%i)éﬁa l}ghugvl,rc. Viéc 51%
Chép nhan dang 28/3/2022 dung cdc phwong phdp todn dia chdt vao nghién ctru tai bién truot I& ngay
Tir khéa- cang dwgc quan tdm do tinh chdt dinh lwong héa ctia cdc théng sé va két qud
tinh todn. Két qud tinh todn méi quan hé twong quan trong nghién cttu cho

Bao Thing, ~ T N T a GA 3 3 s s o Sa T T T Ay AA 7

H2056 t;lncgé thdy: nhom cdc yéu t6 do déc dia hinh, chi s6 d nhdm dia hinh, mdt do dirt

L3o Cai M gay/lineament, thach hoc - dia tdng, ddc diém dia chat cong trinh, logi hinh vo
dotal, | phong héa va lwong mwa ngay Ién nhdt déng vai tro quan trong nhdt va cé

Thong ké Bayes , » . e an 1S \ s <. . o~ ,

T tgl ‘€ bayes, dnh hu'o'ng chinh dén viéc hinh thanh cdc khoi truot tai khu vire nghién ctru.
ruotlo.

D€ phdn vung nguy co xdy ra tai bién, nghlen ctru nay da sw dung phuong
phap hé sé tin cdy ( Certainty Factor - CF) va mé hinh théng ké Bayes dé ddnh
gid méi quan hé giira khd ndng xay ra tai bién trwot 16 vdi cdc yeu to moi
trwong lién quan. Phan tich thuec té tai khu viee huyén Bdo Thdng va thanh pho
Lao Cai, tinh Lao Cai cho thdy d6 chinh xdc ciia hai phwong phdp dat duwrorc lin
Iwot la 87% va 92%. Cdc két qua dat dworc cho thdy kha ndng dp dung hiéu
qud cdc phwong phdp todn dinh lwong trong ddnh gid tai bién dia chdt phuc
vu céng tdc quan Iy va phong chéng thién tai tai dia phwong.

© 2022 Trwong Pai hoc Mo - Pia chit. T4t ca cac quyén dwoc bao dam.

chit véi sy tro gitp cua cong nghé thong tin da
1..M¢& dau tré nén dé dang hon va dat do tin ciy cao bang
viéc st dung khéi lwong 16 cac dit liéu lién quan.
Né6i dung chinh cta viéc phan ving tai bién dia
chitla viéc 1a khoanh dinh nhirng khu vuc c6 mirc
d6 rai ro theo mirc d6, ngudn géc va theo cac co
ché khac nhau. Viéc phan ving dw bao phai dwa
trén nhirng thong tin co ban, két hop véi cac vi tri

Ngay nay, viéc phan vliing dw bdo tai bién dia

“Tdc gid lién hé
E - mail: nguyenquangminh@humg.edu.vn
DOI: 10.46326/JMES.2022.63(2).01
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xay ra tai bién thu thip dwoc trong lich s ctua
viing nghién ctru (Tran, 2004; Nguyén va Nguyén,
2005; Nguyén va nnk., 2013a). Viéc phan viing tai
bién dia chit dic biét ap dung cho tai bién trwot 16
dwa trén 3 tinh chit co ban dwoc Varnes (1984)
dwa ra nhw sau:

1. Qua khtr va hién tai la chia khéa cho twong
lai. Nhitng diéu kién va qua trinh trwot 1& da va
dang xay ra ciing sé dién ra twong tw & trong
twong lai.

2. Nhitng diéu kién co ban hinh thanh nén
hién twong truot 16 1a c6 thé xac dinh dworc.

3. C6 thé danh gia dwoc mirc d6 nguy co cia
tai bién truot16.

Cac phwong phap danh gia va phan vung tai
bién ciing da phat trién ngay cang phong phd, c6
thé ké dén nhw: cac phwong phap do veé truc tiép
(do vé dia mao hoic phan tich tai liéu vién tham,
anh hang khong), cac phwong phap kinh nghiém
(dwa trén kién thirc chuyén gia), phwong phép chi
sO (chi s6 thong ké, hé s tin ciy, théng ké Bayes),
cac phwong phap toan théng ké (phwong phap xac
suit, hoi quy da bién, hoi quy logic, cic phwong
phap st dung tri tué nhan tao nhw mang noron
than kinh, cdy quyét dinh,...) va cac phwong phap
dwa trén cac dac tinh dia k§ thuat (mdé hinh
SINMAP, can bang gi¢i han, cic m6 hinh s6, ly
thuyét phan tich khoi). Trong d6, mé hinh héi quy
logic va mang noron than kinh 1a hai phwong phap
pho bién nhat, nhan dwoc nhiéu sw quan tim cta
cic nha nghién ctru tai bién dia chit ndi chung va
phén tich tai bién trwot 1& ndi riéng (Dai va Lee,
2003; Chung va nnk,, 1995; Lee vannk., 2004; Lee,
2005; Quoc-Phi, 2018).

2. Phwong phap nghién ciru

2.1. Mé hinh théng ké Bayes

M6 hinh thong ké Bayes tinh toan cac trong s6
dwa trén gia thuyét thong ké xac suit ctia Bayes
(Chung va Fabbri, 1999; Guzzetti va nnk., 1999;
Nguyén, va nnk., 2013b). Gia str T 1a dién tich viing
nghién ctru va viing nay dwoc chia ra thanh nhiéu
vung dién tich nhé hodc diém anh c6 dién tich co
dinh (6 don vi). Téng s6 don vi hodc diém anh
trong vung nghién ctru sé 1a N{T} va twong (rng cac
diém trwot 1& (D) trong viing nghién ctru cling sé
s0 lwong don vi diém anh twong Gng N{D} véi cac
bién nhi phin B. Vi du nhw ban d6 dia chat, ban d6
dia mao, ban d6 tham thuc vat,... tng véi cac sb

lwgng 6 don vi hodc diém anh N{B} biéu dién &
Hinh 1.
Xac suatxuathién cac diém truotld dwoc tinh

Ving nghién ciru Viing nghién ciru

/. ’ ! :
Bigm trurot
/ BAD BAD
Vim!g \-'fmg mit \a’l.'mg:xu::ll hién
dau hiéu B dau hié¢u B

Hinh 1. Mé hinh biéu dién xdc sudt xudt hién diém
trwot I theo mé hinh Bayes.

theo cong thirc P{D} = N{D}/N{T}, diy chinh la
xac sudt cho trwdc (xac suit tién nghiém, prior
probability). Xac suat xuit hién dong thoi ca B va
D dwoc tinh bang dién tich B giao véi D chia s6
tong dién tich theo cong thic P{BND}=
N{BND}/N{T}. Xac sudt vang mat cac diém trwot
16 dwoc tinh theo cong thice P{D} = N{D}/N{T},
x4c sudt xuat hién ctia B ma vang mit D dwoc tinh
bang cong thitc P{BND} = N{BND}/N{T}, xac
suit ving mat B va c¢6 mit D dwoc tinh bang
P{BND} = N{BND}/N{T} va x4c suit ving mit
ca B va D dwoc tinh bing P{BND} = N{BND}/
N{T}.

Nhw vy xac suit xuat hién dw bao B can c
vao diém trwot da biét, tinh toan theo cong thirc:

P{BND}
P{D}
- Xac suat xuit hién dau hiéu dw bao B can ct

vao dién tich khéng xuit hién trwot 16 dwoc tinh
theo cong thirc:

P{B/D} = (0

P{BND}
P{D}

- Xac xuat khong xuit hién diu hiéu du bao B
cin ¢ vao nhirng diém trwot 1 da biét:
P{BND}

P{D}

- Xac xuat khong xuat hién dau hiéu dw bao B
cin ¢ vao dién tich ngoai diém truot 1 1a:
P{BND}

P{D}

P{B/D} = (2)

P{B/D} =

3)

P{B/D} = (4)
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T do ty trong thong tin dwong W+ dwoc xac
dinh theo cong thirc:
+ P{B/D}
=In———
P{B/D}
Ty trong thong tin Am W~ xac dinh theo cong
thirc:

(5)

_, P{B/D}

" "P(B/D)

PO twong phan C giita ty trong thong tin

dwong W* va ty trong thong tin am W~ dwgc xac
dinh theo cong thirc:

C=W++ W~ 7)

Trong nghién ctru tai bién dia chat, do twong
phan C (Contrast) thuwong dwoc st dung nhuw la
trong s cho cac doi twong.

Trong s6 ctia cac 1ép thong tin dwoc tinh toan
theo mo6 hinh thong ké Bayes c6 gia tri bién doi
0+00 va dwoc tinh theo tirng bic s6 liéu ctia cac 16p
thong tin. Cac bac c6 gia tri trong s >1 la cac bac
tip trung nhiéu vi tri xay ra tai bién trén mét don
vi dién tich va nguorc lai, cac bac cé gia tri trong s6
<11a cacbic cé it vi tri xay ra tai bién trén mot don
vi dién tich. Cac gia tri trong s6 nay thé hién mic
dd quan trong ctia moi bac trong tirng yéu td 16p
thong tin.

(6)

2.2. Phwong phdp hé sé tin cdy

Phwong phap hé sé tin ciy (Certainty Factor -
CF) thudc hé cac phwong phap phén tich chi s6
thong ké hién dang dwoc rng dung rit pho bién
cho cac khu virc nghién ctru nguy co tai bién cé ty
1é trung binh (1:25.000 + 1:50.000). Hé s6 tin cy
CF c6 dang 1 ham xac suit va dwoc gidi thiéu dau
tién trong hé chuyén gia vé y khoa MYCIN
(Shortliffe va Buchanan, 1975) d€ wéc lwong kha
ning chin doan bénh, tién lwong nguy co nhiém
bénh dya trén cac triéu chirng da biét. Trong
nghién ctru tai bién dia chat, mé hinh CF lan dau
dugc st dung phan tich trwot 1& trong cac cong
trinh cia Chung va Fabbri, (1993), Binaghi va
nnk, (1998), Lan va nnk., (2004). M6 hinh CF cho
phép danh gia mirc do tin cdy giita kha nang xay
ra trueot 1é va cac yéu té lién quan.

Hé s6 CF dwoc mo ta dwdi dang nhw cong thire

(8).

(L5=t _inigy >
CF. = fij(L—=1) g
YT fy—f khif. < (8)
faA-fip’ Hyst

Trong do: CF;j - hé s6 tin cay thanh phan i
trong thong s6 j; f;; - mat d6 trwot 16 trong
thanh phén i cia théng sé j; f - mat do cac trwot
1& trén toan bd dién tich nghién ctru.

A7 . A
Cij = A_:]] va f = I (9)

Trong do: Aj; - dién tich trwgt 1& trong thanh
phén i cda thong s6 j; A;; - dién tich cla thanh
phén i trong thong sé j; A*- dién tich trwot 1& trén
toan b khu vire nghién ctru; A - tong dién tich khu
vue nghién ctru.

Hé s6 CF md ta mirc d6 tin ciy clia chuyén gia
vé kha nang xdy ra cua 1 hién twong. Twong tw
nhw hé s6 twong quan gitra cac thdng so, gia tri ctia
CF bién d6i trong khodng -1+1. Trong do, gia tri
dwong (>0) chi mirc do tin ciy cao vé méi lién hé
gitra hién twong trwot 1& va cac yéu té lién quan,
gia tri 4m (<0) phan dnh mic d6 tin ciy thip cta
méi quan hé nay. Do vay, CF,= 1 c6 nghia 1a kha
nang xay ra hién twong trgt 1& dwdi anh hwdng
clia yéu t6 Y 1a chic chén, khi CF, = -1 thi kha ning
xay ra hién twong truot 1& dwdi anh hwéng cia
yéu t6 Y 12 khong chac chan va khi CF, = 0 thi méi
quan hé gitra treegt 1& va yéu t6 Y 1a chwa ro rang,
khéng thé két ludn gi tir mai quan hé nay.

2.3. BDdanh gida mirc do tin cdy

Viéc xay dung cdc m6 hinh dw bao truotlé dat
da la mot budc quan trong trong cong tac nghién
ctru, danh gia trurot1é, nham chi ra nhitng khu vuc
c6 tiém nang xay ra tai bién & cac mic do khac
nhau. Tuy nhién, mic d6 chinh xac cia cac mé
hinh nay can dwoc danh gia dé wéc lwong mic d6
tin cdy cda tirng mo hinh.

Két qua kiém nghiém cida tirng mé hinh dwoc
mo ta dwdi dang ma tran sai s6 nhw & Bang 1:

Bdng 1. Ma trdn sai so.

Khao st Dy dodn
Truot Khong truot
Thuc Truot TP FN
té Khoéng truot FP TN
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Trong do6: TP (True Positive) - két qua dw
doan diém trwot ding véi thuc t&; TN (True
Negative) - két qua duw dodn diém khong truot
dung véi thuec té; FP (False Positive) - két qua dw
doan diém trwot nhung thuc té khong trwot; FN
(False Negative) - két qua dw doan diém khéng
trwegt nhung thuec té truot.

Nhuw viy, tong duwong chéo chinh TP+TN cua
ma trn trén 1a s6 diém da dw doan chinh xac (ca
treot 1an khong trot) va tdng FP+FN 13 s diém
du dodn sai (trwgt thanh khong trgt va nguoc
lai). Cac tiéu chuén so sanh bao gom:

- Hé s6 Kappa (Kappa statistic):

K== (10)

Trong d6: A =(TP+TN) - (FP+FN); B - Téng s6
diém dwoc dw doan.

Hé s6 Kappa danh gia chung két qua dw doan
treot 1 cia tirng mo hinh. Khi K =1 thi d6 tin cay
dw doan la tuyét doi.

- D6 chinh x4c truy hoi (recall) (trong phwong
phap tri tué nhan tao):

TP
Recall = —— 11
TP YN (n
- D6 chinh xac (precision):
TP
Precision = ——— 12
recision TP FP (12)

Cac gia tri cta do chinh xac truy hoi va do
chinh x4c nam trong khoang tir 0+1. Gia tri cang
gan 1 thi mirc d6 tin cdy cang cao.

3. Xay dwng ban d6 phan viung dw bao nguy
co trieort 16 tai Khu viee huyén Bao Thang va
thanh phé Lao Cai

3.1. Co’ s6 nguon tai liéu

Dua trén cac ngudn tai liéu thu thap, mot bd
co s& dir liéu phuc vu cho viéc phan tich nguy co
tai bién trwot 1& trong khu vuc nghién ciru da
dwoc thanh 1ap, gbm:

- Thong tin vé cac vi tri xay ra trwot 1& dworc
téng hop tir nguodn tai liéu khao sat thuc dia va cac
két qua nghién ctru truede do, két hop voi két qua
phén tich &nh vién tham da thoi gian.

- Badn d6 dia chat & cac ty 1& 1:200.000+
1:50.000 do Tong cuc Pia chit va Khodng san phat

hanh (Cuc bia chit va Khodng san Viét Nam,
2009).

- Cac ban d6 dia hinh & cac ty 1é 1:50.000+
1:10.000 do Bo Tai nguyén va Moi trwedng ban
hanh nam 2004 va mét s6 tai liéu do vé chi tiét ti
cac dw an da thyc hién thu thap dworc.

- C4c sb liéu do mwa vé tinh GSMaP cua Co
quan nghién cru va phat trién hang khong vii tru
Nhat Ban (JAXA) cling s6 liéu do d6 4m vé tinh
SMOPS (Soil Moisture Products) cia Co quan
Thong tin, Dit liéu va vién thAm moi treong quéc
gia cia My (NESDIS).

- Anh vé tinh Landsat 8 OLI+TIRS ctia NASA
va Sentinel 2B cia Co quan hang khong vii tru
chau Au (ESA).

3.2. Xdy dwng co’ sé dir liéu GIS vé hién trang
tai bién va cdc yéu t6 adnh hwéng

3.2.1. Vi tri cdc diém trwot

Vi tri cac khu vuce treot 1& dwoc thu thap tir
nhirng nghién ctiru cé truéc do, dic biét la s6 liéu
tir dé tai nghién ctru vé tai bién trwot 16 trén mot
s0 tuyén dwong giao théng tinh Lao Cai (2011) va
bé an vé phan vung trwot 1& cda tinh Lao Cai do
Vién Khoa hoc DPia chat va Khoang san (2014) chd
tri. Phan 1én cac khoi trwot thu thip ngoai thue dia
tir cac dw &n trwdc day 1a cac khéi trvot ndm doc
theo cac tuyén giao thong, lién quan chit ché dén
cac hoat déng nhan sinh. Tong s6 diém trwot 1&
thu thap dworc tir cac nghién ciru trweére trong dién
tich nghién ctru la 126 vi tri. Cac vi tri xay ra tai
bién thu thap dwoc phan 16m 1a cic vi tri twong d6i
dé tiép can, hau hét déu lién quan manh mé dén
cac hoat dong nhan sinh nhw xay dwng nha cira,
dwong giao thong va cac hoat dong khai thac
khoang san.

Bén canh cac vi tri trwot 1& c6 kha nang tiép
can dwoc, trong vung nghién ctru con cé nhiéu
khéi trwot tw nhién thwong ndm siu bén trong
ndi, khdng c6 phwong tién ti€p can tot, do vay cac
vi tri khéi trieot nay dwoc doi chiéu va khoanh bo
sung trén anh Google Earth qua cac nam (Hinh 2).

Cac diém trwot 1& quan sat dworc trén Google
Earth chu yéu 1a cac khéi trwot tw nhién véi quy
mo lén hon rit nhiéu cac khoi treegt phan bé doc
céc tuyén dwong giao thong, tuy nhién phén 16n
ching phan bé siu trong nui hodc trén cic swon
déc cao, kho tiép cin khi khéo sat thuc dia. Do dac
diém tham phu thuc vt & khu vuec phat trién rat
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manh mé, trong khi d6 nguon tw liéu anh Google
Earth cho phép i lai cac diém anh trong qua khi
dé xac dinh vi tri cac diém trwot da bi che phii hodc
xac dinh s0 1an tai hoat déng cia mét s6 diém
trwot. Do vay, véi dic diém mién phi, anh c6 d6
phéan giai cao va kha nang khoanh dinh da thoi
gian tai nhiéu vi tri, nén day la nguén thong tin bo
sung hét strc quan trong gitp cho viéc chuin bi co
s& dir liéu cac diém truotld dwoc day du va tin ciy
hon cho céc phan tich thong ké sau nay.

Thong tin thu thap ngoai thuc dia va tir cac
nghién ctru c6 trrdre chi yéu bao gbm cac vi tri xay
ra tai bién, quy mé, cwong do, dac diém chi tiét cac

dang tai bién va mot s6 vi tri ¢é ca dir liéu thiét hai
tai chd. K&t qua khao st thuc té va téng hop tir cac
nghién ctiru c6 trwdc da xac dinh dwoc 428 diém
trwot 1¢ va 1 bun d4, 60 diém khao sat x6i 16 bor
song trong khoang thoi gian cac nam 2016+2019
(Hinh 3).

Vi tri cac diém truot 1 nay duoc tip hop va
dwa vao phadn mém iGeoHazard 2016 dé phuc vu
cho viéc phéan tich théng ké va danh gia nguy co
trwot 16. BO dit liéu cac diém trwot I dwoc phan
chia nglu nhién thanh hai tap dir liéu, trong d6
70% dit liéu dwoc str dung dé xay dwng mo hinh
va phan con lai la tip dir liéu kiém tra.

22°34'107 -

4

103°53'30"

104°20'10°

22°11'30"

Hinh 2. So do vi tri cdc diém trwot va mot so khéi trurot trén dnh Google Earth.

22°34'10" _

103°53'30"

104°20'10"

¢ Nam 2019 (L. D)
© Nam 2018 (L, E)
A Nam 2017 (L. D)
< Nam 2016 (E)

© Nam 2014 (L, D, E)
<> Nam 2011 (L, D)

22°11'30"

Hinh 3. Sor do vi tri cdc diém khdo sdt thuwc dia dén nam 20109.
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3.2.2. Cdc yéu t6 dnh hwéng dén nguy co truot I&
tai khu vwrc nghién citru

Cac thanh phan méi truedng dnh hwéng dén
trwot1é dwoc phan tach thanh 15 yéu t6 lién quan,
chia thanh 3 nhém nhan t6 chinh: nhan t6 dia chit
nén (cac Hinh 4 va 5), nhin t6 dia hinh tw nhién
(Hinh 6) va cc nhan t6 khi twong - thiy van (Hinh
7) ctia khu vyc. Cac yéu té nay dwoc danh gia
ngang nhau khi tong hop vao két qua cudi.

3.3. Két qua nghién ciru

3.3.1. M6i quan hé giira truot 16 va cdc yéu t6 dnh
hwéng tai khu vire nghién ciru

Két qua tinh todn méi quan hé twong quan
gitra hién twong trueot 16 va cac yéu té méi trueong
anh hwdng duoc trinh bay chi tiét trong Bang 2.

Két qua tinh todn moi quan hé twong quan &
Bang 2 cho thiy, nhdm cac yéu t6 dia hinh tw nhién
doéng vai tro quan trong nhit, cu thé 1a yéu té do
déc dia hinh va chi s6 dd nham dia hinh (TRI) c6
moi quan hé rat chat ché véi hién twong truot 16.
Trong nhém cac yéu t6 dia chat, thong s6 vé mat
do dut gdy va hwdong diat gay c6 anh hwdng manh
dén nguy co trugtld, bén canh do cac yéu té thach
hoc - dia tAng, dac diém dia chat céng trinh va loai
hinh vé phong hda cling dong vai tro kha quan
trong.

22°034'10"

(a)

103°53'30"

22°11'30"

22°34'10"

(b)

104°20'10"
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2. Cudi ket

5. Céc thann tao da phign

Da 5. 94 Wi -
lién T
Két
cing

< <HHH

7. e thanh tao xam nhap kiém

Ekats

-
K
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¥
|

ikt

4

12. Céc dyke mach dang acit

12. Céc dyke mach dang kiém

103°53'30"

22°11'30"

Hinh 4. Cdc yéu té lién quan dén diéu kién dia chdt. (a) thach hoc - dia tdng; (b) dia chdt céng trinh (PCCT).
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Hinh 5. Cdc yéu td lién quan dén diéu kién dia chdt: c) logi hinh ddt; d) logi hinh vé phong héa; e) mdt dé diet
gdy va lineament; f) dinh gia toc nén cuc dai (PGA).
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Hinh 6. Cdc yéu t6 lién quan dén dia hinh tw nhién.
(a) dé cao dia hinh; (b) dé déc; (c) hwéng déc dia hinh; (d) Chi s6 d dm

dia hinh (TWI); () Chi s6 d6
nhdm dia hinh (TRI); (f) Chi s6 cdn bang khéi (MBI).
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Hinh 7. Cdc yéu t6 lién quan dén khi twong thily vdn.
(a) mdt dé séng sudi; (b) lwong mwa ngay Iém nhdt; (c) do dm dat.

Bdng 2. Két qud twong quan giiva truret 16 va cdc yéu té dnh huéng.

22°35'15"

TT Thong s Hés6 R
1 Do cao dia hinh 0,011
2 Do dbc dia hinh 0,157
3 e s " Huwéng déc 0,053
4 Nhém cac yéu td dia hinh tw nhién Chi 56 do am dia hinh (TWI) 0,009
5 Chi s6 d6 nhdm dia hinh (TRI) 0,124
6 Chi s8 cAn bang khéi (MBI) 0,041
7 Thach hoc - dia tAng 0,074
8 Mat d dut giy va lineament 0,103

190 Nhom cac yéu to dia chat Bll.il;ikllfi!:l? é: 5(éT 8:823

11 Loai hinh v6 phong hda 0,068

12 Dinh gia téc nén cuc dai (PGA) 0,026

13 Mit do s6ng sudi 0,002

14 | Nhom cac yéu t6 khi twgng thiy van b6 dm dit 0,003

15 Lwong mua ngdy lén nhat 0,018
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Nhém cac yéu t6 khi twong thiy van véi
thong s6 lwong mwa ngay 16n nhat déng vai tro
chti dao nhung c6 maéi quan hé kém chat ché hon
so vé&i cac nhom yéu to dia hinh va dia chit.

Cac két qua thu duoc cho thay, cac yéu t6 nén
vé dia chit va dia hinh van déng vai tro chi dao
trong viéc hinh thanh cac khéi trwot tai khu vue
nghién ctru. Yéu t6 lwong mwa ngay 16n nhat la
yéu t0 kich thich, mang y nghia thic diy qua trinh
trweot 16 dién ra khi c6 mwa 16m, kéo dai.

3.3.2. Két quad phdn vung dw bdo nguy co truwot Ié

Nguy co trwot 1& tai ving nghién ciru dwoc
danh gid mirc do chinh xac st dung cac chi s6 nhw
trinh bay trong muc 2.3. Két qua phan tich mc do
tin ciy ctia cac phwong phap dwoc tong hop trong
Bang 3.

Két qua so sanh vé mirc do tin ciy cho thiy
mo hinh thong ké Bayes c6 d6 chinh xac cao hon
véi hé sd Kappa 1a 0,760, do chinh xac dat t&i

phap dwoc tdng hop trong Bang 4. Két qua phin
bic theo mé hinh théng ké Bayes dwoc tong hop
theo Bang 5.

Két qua phan bic theo phwong phap hé sé tin
ciy (CF) cho thay, khu vurc c6 nguy co tai bién cao
dén rat cao chiém khoang 32% dién tich ving
nghién ctry, song chiém gan 73% vi tri cac diém tai
bién da biét.

Trong do6, riéng khu vuc dwoc danh diu co
nguy co tai bién rit cao chi chiém 7,17% dién tich
nhung chiém t&i hon 36,56% cac diém truot da
biét. Két qua danh gid mc do chinh xac toan cuc
ctia mo hinh thong ké Bayes va phwong phap hé
s6 tin cdy (CF) dat dwoc lan lwot 1a 92% va 87%
(Hinh 9). Vi do chinh xac cao hon, m6 hinh théng
ké Bayes dwoc sir dung lam ban d6 phan vung
nguy co tai bién trwot 1& cho ving nghién ctru
(Hinh 9b).

Bdng 3. Két qud phdn tich mikc do tin cdy ctia cdc

0,916 (~92%). phwong phdp.
Dwa trén két qua tinh toan nguy co tai bién Ph . Hé s6 bo Do chinh
2 1 f A 1Al N wong phap X ,
theo ca hai phwong phap dé phan ving nguy co Kappa | dung Xac
xay ra tai bién trugt 1 tai khu vuc nghién ctru va HeésdtincayCF | 0,723 | 0,830 0,865
dwoc phan ra thanh 4 cap dua theo mé hinh phan Thong ké Bayes | 0,760 | 0,826 0,916
phoi chuln cung két qua tinh toan gia tri trung
binh (TB) va phwong sai (PS) nhw mo ta tai Hinh =~ TB+1xPS$
8. Duwa trén s6 liéu tinh toan thuc té, cac so do d “‘\ B3PS B Rit cao
phén vung dv bao tai bién sau d6 dwoc phin ra /\ ) 0 Cao
thanh cac ving nhw sau: y IB+3xPS
- Vung c6 nguy co xay ra tai bién thp, [ Imungbian
- Viing c6 nguy co xay ra tai bién trung binh, L ps Bl
- Vuing ¢ nguy co xay ra tai bién cao, B
- Vling c6 nguy co xdy ra tai bién rét cao. Hinh 8. Phdn cdp nguy co dwa trén mé hinh phdn
Cac ngudng s6 liéu cu thé theo ca hai phwong phéi chudn
Bdng 4. Nguwéng phdn bé nguy co tai bién tai khu vyrc nghién civu.
Phin bic nguy co Thip Trung binh Cao Rt cao
Phwong phip Hé s6 tin cay (CF) | <-1,59 1,59:0,22 0,222,03 >2,03
Théng ké Bayes <-2,42 -2,42+0,0 0,0+2,42 >2,42
Mau Vang Cam
Bdng 5. Bdng phdn bdc nguy co tai bién theo mé hinh théng ké Bayes.
Nguy co tai bién Dién tich (km?) Ty 1€ (%) Dién tich trwot (pixel) Ty 1€ (%)
Thip 487,32 29,71 1013 8,14
Trung binh 622,42 39,94 2312 16,58
Cao 413,05 25,18 4570 38,72
Rét cao 117,60 517 4550 36,56
Tong 1640 100 12445 100
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Dwa vao két qua phan ving trong Bang 5 c6
thé thay, cac vliing c6 nguy co tai bién dia chat véi
cac mirc do tir thip dén rat cao cu thé nhu sau:

- Viing c6 nguy co tai bién rit cao, c6 dién tich
117,60 km2 chiém 5,17%,

- Vung c6 nguy co tai bién cao, c6 dién tich
413,05 km2 chiém 25,18%,

- Vung c6 nguy co tai bién trung binh, cé dién
tich 622,42 km?2 chiém 39,94%,

- Vung c6 nguy co tai bién thap, c6 dién tich
487,32 km? chiém 29,71%.

Cu thé, cac khu vue c6 nguy co cao nhat gom:
thi trdn Tang Lodng, thi trAn Phong Hai va cac xa
Gia Phu, Phu Nhuan, Phong Nién, Xuan Quang
thudc huyén Bao Thing va cac xa T4 Phoi, Hop
Thanh thudc Thanh phé Lao Cai cin phai dac biét
quan tam.

4.Kétluan

Két qua nghién ciru dya trén cac phwong
phap tinh toan dinh lwgng da cho phép chi ra cac
vung cé kha nang xuit hién cac dang tai bién truot
1& v&i cac mirc dd nguy co khac nhau trong khu
vure nghién ctvu. Cac phwong phap tinh toan théng
ké da dwoc st dung dé danh gia moi quan hé gitra
nguy co xay ra tai bién moi truedng véi cac thong
s0 dia chit va moi treong lién quan. Viéc str dung
phdi hop cac phwong phap todn va vién tham trén
nén GIS cho phép phin tich va dw bao kha nang

22°34'10"

Nguy co tai bi€n

4 Vitritai bién

4

103°53'30

22°11'30"

104°20'10"

103°53
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xay ra tai bién trugt 1& tai mot vi tri cu thé trong
khu vyc nghién ctru.

Cac biéu hién tai bién dia chat trong khu vuc
nghién ctru dwoc ghi nhin chu yéu gébm cé: sat &
bo song, trweot 1& dat da, 1 quét va x6i mon khe
ranh. Hién twong trwot 16 1a hién twong tai bién
dia chit chinh xay ra trong khu vuc nghién ciu,
cac vi tri trwot 1& phan b cha yéu trén bé mat
swon nui dia hinh c6 d6 d6c 16m, mirc d6 phan cat
cao, phat trién chu yéu theo cac swon doc phat
trién theo phwong tdy bic - dong nam cla viing
nghién ctru. Cac lop thong tin c6 mirc do anh
hwdng manh nhit dén méat dé tip trung cac diém
trot gobm: do cao dia hinh & khu vwre 6 d6 cao tir
500+1.500 m; do déc dia hinh tir 300 trd lén;
hwéng doc dia hinh la hwéng nam; thanh phan
thach hocla hé phirc S6ng Chay pha 1 va 3; khoang
cach dén durt gay tir 1.500 m tré 1én; khoang cach
dén ranh giGi dia chit tir 1.500 m trd 1én; do 4m
dat tir 35,5% tré 1én. Cac két qua nay cho thiy cac
yéu t6 nén vé dia chit va dia hinh van déng vai tro
cht dao trong viéc hinh thanh cac khéi truwot tai
khu vie nghién ciru. Pong thoi, yéu t6 lwgng mua
ngay lén nhat déng vai tro la yéu té kich thich, thic
ddy qua trinh truot1& dién ra khi mwa l6m, kéo dai.

Két qua phan vung dwoc kiém nghiém st
dung vi tri cac diém trueot & thuc té trong dién tich
nghién ctiru cho thay két qua phan ving theo mé
hinh théng ké Bayes c6 d6 chinh xac cao nhat.

22°34'10" .

104°20'10

& Vit tai bién

4

22°11'30"

Hinh 9. Két qud phdn bdc nguy co tai bién truot I6.
(a) theo phwong phdp hé sd tin cdy; (b) mé hinh thong ké Bayes.



Nguyén Quang Minh va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 63 (2), 1 - 14 13

Cac két qua phén tich, danh gia cho thiy cac
mo hinh dw bdo déu c6 do chinh xac cao, trong dé
mo hinh théng ké Bayes c¢6 do chinh xac 0,92
(~92%) va hé s6 Kappa dat 0,760. Két qua phan
bac theo phwong phap nay cho thiy, cac khu vuc
c6 nguy co tai bién cao dén rit cao chi chiém
khodng 30% dién tich ving nghién ctru song da
bao trum dwoc gan 75% vi tri cac vi tri xay ra tai
bién di biét. Trong d6, riéng khu vuc dwoc danh
d4u c6 nguy co rat cao tuy chi chiém 5,17% dién
tich song van xac dinh dwoc téi hon 36% cac vi tri
xdy ra tai bién, cho thdy kha ning dw bao kha
chinh xac cia phwong phap.

Két qua nghién ctru gitdp cung cip cho cdc nha
quan ly vé phong chong thién tai tai dia phwong cu
thé. Cac két qua phan vung nay c6 thé str dung
trong cong tac khdo sat va danh gia kha nang gay
tai bién dia chit khi tién hanh xay dung cic cong
trinh giao théng, nha ctra,... nham dwa ra cac giai
phap an toan phu hop.
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