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Tém tat: Nghién civu ndy tdp trung vao viéc xdy dwng ban d6 hiém hoa sat I dat va phdn tich @6 nhay cia
cdc tham sé dau vao anh hudng dén hé sé an toan (FS) ciia mdi doc. Phwong phdp mo phong Monte Carlo
(MC) duopc két hop voi mé hinh mai doc vé han @é mé phong s bat dinh trong cdc tham so gom: dé doc,
chiéu sau I6p dat, luc dinh (c), ~goc ngi ma sat (p), trong lwong riéng (y) va luong mua. Trong do, luong mua
dugc mo phong theo phan phoz Gamma, cdc tham so con lai duoc gla dinh tudn theo phdn phoi chudn. Két
quda phén tich cho thdy ban doé hiém hoa sat 16 dat dat dé chinh xdc voi gia tri dién tich dudi dwong cong
(Area Under Curve-AUC) la 0.727, thé hién kha ndng dw bdo kha tot. Pong thoi, phan tich do nhay bang hé
s0 twong quan thir hang tirng phan (Partial Rank Correlation Coefficient-PRCC) chi ra rang cdc yéu té cé
danh hwong Ién nhat dén FS la cac thong s0 surc khang cat cua ddt gom: lyc dinh va goc ngi ma sat. Cac két
qud nghién ciru gop phan xdc dinh cdc tham sé trong yéu can dwoe do dac chinh xdc, dong thoi hé tro cong

tac canh bdo va danh gia hiém hoa sat 16 dét & khu vuc mlen’ nui Viét Nam.
Tiwr khéa: Sat 16 dat, mo phong Monte Carlo, m6 hinh mai doc v6 han, phan tich ¢ nhay, PRCC.

1. GIOI THIEU

Danh gia hiém hoa sat 1 dat, 1a qud trinh xéc
dinh xac sudt xay ra sat 16 tai mot khu vuc trong mot
khoang thoi gian cu thé, dong vai trd quan trong
trong cong tac quan ly rui ro thién tai, dac biét tai
cac khu vue mién nui d& bi ton thuong. Cac nghién
ctru truyén thong thuong st dung cach tiép can dinh
hudng (deterministic), trong d6 cac tham sé dau vao
nhu do dbc, tham phu, tinh chat dit, mua cuc doan
hodc gia toc dong dat duoc gia dinh 1a gia tri ¢
dinh. Cac m6 hinh nhu Newmark displacement (ND)
hay quan hé cuong do—thoi gian—tan suat (IDF) da
dugc ap dung rong rdi dé dy béo sat 16 do mua va
dong dat (Kim and Chung, 2016; Du & Wang, 2016;
Borga et al., 2002). Tuy nhién, cic mé hinh nay t6n
tai nhitng han ché dang ké do bo qua sy bat dinh vén
c6 clia moi truong ty nhién, yéu cau dir liéu dau vao
chit lugng cao va thuong don gian hoa cac qua trinh
vat ly. Dé khic phuc diéu nay, cac nghién ciru gan
day da chuyen sang hudng tiép can xac sut
(probabilistic) bang cach tich hop cac yéu to bét
dinh vao md hinh théng qua ky thuat moé phong
Monte Carlo (MC). Ching han, Haneberg, (2004) da
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Tac gia lién hé

danh gia hiém hoa sat 16 bang cach xét dén phan bd
X4c sudt cua hé sb an toan; Zolfaghari and Heath,
(2008) dé xuit mo hinh 6n dinh mai déc 2D c6 xét
dén bat dinh cua luc cat dat, do sdu bio hoa va xac
sudt vuot ngudng cia gia tbc nén. Gan diy hon,
Nguyen and Kim, (2020) da két hop mé phong MC
va md hinh gia tinh dé danh gia hiém hoa sat 15 dat
cho mua va dong dat gay ra. Nhing nghién ctru nay
cho thiy rang viéc tich hop bat dinh vao cac mo hinh
danh gia hiém hoa sat 10 khong chi nang cao do tin
cdy cua két qua du bao ma con phan anh tét hon ban
chit ngau nhién, phic tap cta cac hién tuong dia
chit nguy hiém.

Trong bdi canh mo phong xac suat bang phuong
phap Monte Carlo dugc 4p dung rong rai dé danh gia
hiém hoa sat 16 dét, phéan tich do nhay tham sb
(sensitivity analysis) dong vai trd then chdt nhim
xac dinh mirc d6 anh hudng cua ting bién dau vao
dén két qua mo phong. Do cac tham sb dia ky thuat
va moi truong nhu d dbc, chiéu sau 1op dat, tinh
chit co 1y ciia dat hay lugng mua cuc doan thuong
mang tinh bét dinh cao, viéc hiéu rd tim quan trong
tuong d6i cua timg tham s6 1a didu can thiét dé tinh
gian mo hinh, ting hidu qua tinh toan va hudng dén
viéc thu thap dir liéu c6 trong tdm. Trong md phong
MC, néu khong phan tich d6 nhay, mé hinh c6 thé
tré nén dur thira hodc khong hiéu qua khi cac tham s6
it anh huong lai chiém dung tai nguyén tinh toan
dang ké. Cac chi sb phan tich nhu hé sé twong quan
thir hang riéng phan (Partial Rank Correlation
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Coefficient-PRCC) thudng duoc st dung dé dinh
lwong tac dong cia ting tham s6 dén xac suét sat 1.
Viéc két hop phan tich d¢ nhay v6i md phong MC
khong chi gitp 1am 16 co ché chi phdi hiém hoa sat
16 ma con nang cao do tin cdy va kha nang ap dung
thuc tién ctia md hinh trong canh bao sém va quy
hoach giam thiéu rui ro thién tai.

Viét Nam nim trong khu vyc nhiét déi, chiu anh
hudng cta nhiéu kiéu khi hau nhu can nhiét déi am,
xavan va gié mua nhiét déi. Mdi nam, Viét Nam
hing chiu trén 10 con bao cung nhiéu dot mura 16n,
dic biét anh huong nghiém trong dén khu vuc mién
Trung. Véi dia hinh ddi nai chiém khoang 3/4 dién
tich lanh tho, sat 10 dit tro thanh hién tuong thién tai
tai dién thuong xuyén, giy thiét hai 1on vé nguoi,
trung binh hon 100 ca tir vong mdi nam. Theo thdng
ké tir Vién Khoa hoc Dia chat va Khoang san, giai
doan 2012-2020 ghi nhan hon 13,000 diém sat 10 tai
21 tinh, trong d6 Quang Nam, Quang Tri va Thira
Thién Hué 1a cac diém néng voi mat do sat 16 cao.
Thyec trang niy cho thdy nhu cau cap thiét trong viée
nghién ctru, danh gia hiém hoa sat 16 dat va xay
dung chién lwgc giam thiéu rui ro hiéu qua tai mién
Trung Viét Nam.

Tinh Quang Nam thudng xuyén xay ra cac vu sat
1o dat nghiém trong, dac biét ¢ cac huyén mién nai
nhu Bic Tra My, Nam Tra My va Phudc Son, gy
thiét hai 16n vé ngudi va tai san; tiéu biéu la cac su
kién sat 16 dat nim 2020 lam hang chuc nguoi thiét
mang va hu hai nang co sé ha t?lng. Tai Quang Nam,
hudng nghién ctru chii dao 14 lap ban d6 phin ving
nguy co sat 16 phuc vu quy hoach dan cu va phong
chdng thién tai, véi cach tiép can tich hop nhiéu nhan
t6 ty nhién—xa hoi trong méi truong GIS. Hoang
Ngoc Tuén, (2019) dé xuét cac giai phap du bao, canh
bao sém va phong chdng sat 16 cho ba huyén Béc Tra
My, Nam Tra My, Phuéc Son. Nghién cuu cua cac
tac gia Hoang Ngoc Tuan va V& Thi Tuyét, (2021)
tich horp AHP-GIS dé xac dinh trong s cac nhan t6
va chong 16p trong ArcGIS qua d6 lap ban d6 nguy
co cho ba huyén mién nii trong dlem Quang Nam.
Nhin chung, cac nghlen ctru d tao nén tang khoa hoc
quan trong, song can mo& rong sang d4nh gi4 hiém hoa
sat 16 dat dwa trén sy két hop gitta mo hinh khéng
gian—thoi gian va dir li€u mua thyc do, nhiam xéc dinh
XAc suat xay ra sat 10 theo thoi gian, khong gian; qua
d6 xdy dung ban dd hiém hoa hd tro canh bao som va
quy hoach giam thiéu rui ro.

Ttr nhitng phan tich trén, nghién ciru ndy dé xuét
mét phuong phap nhim nang cao d6 chinh xac va do
tin cdy trong danh gia hiém hoa sat 16 dit tai khu
vuc d6i nui tinh Quang Nam thong qua viée tich hop

mo phéng Monte Carlo va phan tich d§ nhay tham
$d. Cu thé, cac tham sb dau vao nhu do dbc, chiéu
sau 1op dat, tinh chit co 1y cia dit va luong mua
dugc mo phong dudi dang phan bd xac sudt nham
phan anh tinh bat dinh thyc té trong diéu kién tu
nhién. Thong qua hang nghin lan mdé phong MC,
phan b xéac suat sat 10 dat tai timg vi tri dugc udc
lwong. Sau d6, hé s6 tuong quan thir hang riéng phan
duogc st dung dé phan tich d6 nhay, xac dinh mac do
anh hudng tuong dbi cua timg tham sé dau vao dén
két qua mo phong. Phuong phap niy khong nhirng
cung cip ban dd xac suit sat 10 mang tinh dinh
lu'orng va glau thong tin hon, ma con hd trg xac dinh
cac yéu tb kiém soat chinh, tir d6 vu tién thu thap va
giam sat dit liéu mot cach hi€u qua hon trong cong
tac phong tranh thién tai.

2. PHUONG PHAP NGHIEN CUU

Nghién ctu st dung mot quy trinh mé hinh hoa
tich hop cac phuong phap gom: phuong phap tong
horp—thu thap tai liéu, phuong phap xir Iy ban dd/anh
vien tham, phu’orng phap phan tich mo hinh thim 1D
Green—Ampt dé mo ta qua trinh thim, phuong phap
phan tich 6n dinh mai déc v6 han, phuong phap md
phong Monte Carlo trong GIS dé 1ap ban d6 hiém
hoa, va phuong phap phan tich d¢ nhay PRCC aé
danh gi4 tim quan trong cic tham s dau vao clia mo
hinh mai déc vo han. Trong khudén khé nay, cac
tham s6 dau vao duoc xem 1a bién ngiu nhién nhim
phén 4nh bat dinh ty nhién: do déc (°), chiéu sau 16p
dat (m), lyc dinh (kPa), goc ma sat trong (°), trong
lwong riéng dat (kN/m?) gia dinh phan phéi chuan,
con cuong d6 mwa (mm/ngdy) theo phan phdi
Gamma pht hop tinh khong ddi ximg va gia tri
khong am ctia dit liéu mua mién Trung Viét Nam.

Phuong phép nghién ctru dugc trinh bay trong
Hinh 1, gdm cac budc chinh nhu sau:

(i) Thu thap dir liéu kiém ké sat 16 dat, cac thong
s6 dau vao cho mé hinh mai déc vo han va dir liéu
mua cyc dai ngay.

(ii) Phén tich cac thong sd dau vao, bao gdm:
d6 ddc, chiéu sau 16p dat, trong luong riéng, luc
dinh, va goc ndi ma sat tuin theo cdc phan phdi
chuan. Phan tich lugng mua cyc dai ngay theo
phan ph6i Gamma.

(iii) Thiét 1ap mo hinh két hop giita mé hinh méi
dbc vo han va mé hinh thim do mua, trong d6 h¢ sb
an toan (FS) duoc tinh toan tai timg diém dua trén
cac thong sd dau vao duoc lay ngiu nhién tir cac
phan phdi twong tng.

(iv) Thuc hién 1,000 mé phong Monte Carlo dé
wdc tinh phan bd xac suat cia FS va xac dinh xéac
sudt sat 1& dat tai tung vi tri.

(v) Xay dung ban dd hiém hoa sat 16 dat dang
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xéc sudt, thé hién rd xac sut sat 1o dat phéan b6 theo
khong gian. Panh gia d6 chinh xac ctia ban d6 hiém
hoa sat 1o dat dwa trén gia tri dién tich dudi duong
cong (Area Under Curve-AUC).

(vi) Phén tich d6 nhay bang PRCC dé xac dinh
murc d6 anh huong tuong ddi cia timg thong sé dau
vao dén xac sudt sat 1 dat.

Thong so dau
vao

Chicu sdu
16p dat

Mo phong —+ PRCC }7
Monte Carlo

1,000 lan

Mé hinh mai
< -
doc vo han

Trong 2

S i Phan phdi
| chuan

Xéc sudt sat
lo dat

|

Xac thue

Do nhay cic
thong so

Phan phoi
! Gamma

Hé s6 thim

Mo Elinh (ROC)
tham
R
Chiéusau | |
bao hoa
Dir ligu kiem ké |
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Hinh 1. So do quy trinh xdy dung ban do hié}n hoa
sat lo dat va danh gia do nhay tham so

2.1. M hinh thim

Trong nghién ciu ndy, mo hinh thim Green-
Ampt dugc st dung dé mo phong qua trinh thim
nude do mua va xac dinh chiéu sau tang dat bao hoa
(h,) tai cac thoi diém mua cuc doan. M6 hinh
Green-Ampt dua trén gia thuyét ton tai mot mat wot
rd rang di chuyén thing dimg tir bé mat xudng 16p
dat bén dudi trong qua trinh thAm. M hinh cho phép
tinh toan lwong thim tich liiy va téc do thim dya
trén cac thong sb thiry Iuc cua dat va dic diém luong
mua dau vao. Chidu siu tang dat bio hoa tai timg vi
tri dia hinh dugc xac dinh dya vao cong thirc Green-

Ampt nhu sau:
K

_WlK, K (t—t) I+7—x;

h =g T g~ ¥In e (1)
M

_ |¢|Ks(95 —6;)

O day, ¢ thoi gian mua, t,: thoi diém xuat hién
dong chay mit (h), K,: hé sé thAm bio hoa (m/h), y:
luc hit mao dan & mit wdt (m), 6,: d6 4m bio hoa,
6, 46 4m ban dau cta dit, R: Cuong d6 mua (m/h).

Phuong trinh (1) dwoc giai lap dé tim gia tri A,
tuong ung voi thoi gian mua .

2.2. Mb hinh mai déc vé han

D¢ danh gia hé s an toan cia mai doc chiu tac
dong cua mua, nghién ciru nay 4p dung moé hinh mai
dbc vo han. Pay 1a mo hinh co hoc don gian nhung

hiéu qua, dic biét phu hop cho cac suon déc co
chiéu dai va chiéu rong 16n so véi chidu sau tang dat
trugt. FS tai ting vi tri dia hinh dugc tinh toan béng
cong thirc:
¢+ (vh — ywhy) tang
. (3)
yhsin 8 cos 8

Trong d6, c: luc dinh cua dat (kPa), y: trong luong
riéng ctia dat (kN/m?), p,: trong lugng riéng ctia nudc
(kN/m?), h: chiéu sau 16p dat (m), A,: chiéu sau ting
dat bio hoa (m) duoc tinh tir mé hinh Green-Ampt, ¢:
goc ndi ma sat ciia dat (°), f: 6 dbc (°).

Gia tri h,, dugc lay tir két qua mo phong tham
Green-Ampt voi luong mua cyc doan dugc ldy mau
tir phan phdi Gamma. Trong quéa trinh md phong
Monte Carlo, cac tham sb dia ky thuat nhu do déc,
chiéu sau tang dét, lyc dinh, goc ndi ma sat va trong
luong riéng duoc 1iy miu tir cac phan phdi chuin
phén 4anh tinh bat dinh ty nhién. Hé sé an toan FS
duogc tinh cho ting lan mo phong, tur d6 xdc dinh
phan b6 xac sudt truot ciia mai doc tai mdi vi tri
khong gian.

2.3. Qua trinh m6 phéng Monte Carlo

Trong nghién ctru nay, phuong phap moé phong
Monte Carlo duoc 4p dung nhim danh gia xac suat
sat 10 dat (Landslide Probability-LP) tai khu vuc
nghién ctru, voi viée tich hop dy du cac yéu té bat
dinh cta tham sé dau vao vao qué trinh tinh toan.
Céc tham sb chinh bao gom: d6 ddc, chiéu sau tang
dat, lyc dinh, gbc ndi ma sat, trong luong riéng cua
dat duoc mo phong theo phan phdi chuan va lugng
mua cyc dai dugc lay miu tir phan phdi Gamma.

Quy trinh m6 phong MC dugc thyc hién theo cac
budce chinh sau:

e Khoi tao s6 vong lip (N): S6 lan mo phong
1,000 1an dwoc lwa chon dé dam bao do tin ciy
théng ke.

e LAy miu tham s6 ngiu nhién: O mdi vong lap,
cac gia tri tham s6 dau vao dugc lay miu ngau nhién
tir phan phdi x4c suét twong ing.

e Tinh toan chiéu sau bio hoa: Sir dung mé hinh
Green-Ampt v6i lugng mua tir phan phéi Gamma dé
tinh toan gia tri hw tuong tng cho Vong lap do.

e Tinh hé¢ s6 an toan FS: Ap dung md hinh
mai ddc vo han dé tinh FS cho ting t6 hop tham
s6 dau vao.

e Xac dinh trang thai 6n dinh: Néu FS < 1.0,
vong lip d6 duogc coi 1a trang thai truot; néu FS >
1.0, méi déc 6n dinh.

e Tinh xac suit sat 16 dit: Xac suit sat 16 tai
ting vi tri dugc xac dinh béng ty 1€ sb lan truot (FS
< 1.0) trén tong s vong 1ap md phong.

2.4. Phan tich d9 nhay tham sb

Nghién ctru tién hanh phan tich d6 nhay tham s6
bang phuong phap hé sé twong quan thir hang riéng

FS =
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phan. PRCC 1a mét phuong phap théng ké manh,
cho phép danh gia mirc do anh huong tuong ddi cua
ting bién dau vao 1én bién dau ra FS trong diéu kién
cac tham sé khac dugc giit on dinh. Hé sé6 PRCC
dao dong tir -1 dén 1, trong d6 gia tri duong thé hién
tham s6 co quan hé thuan chiéu véi FS (Iam ting
FS), gi4 tri 4m thé hién quan hé nghich chiéu (lam
giam FS). D6 16n cia PRCC thé hién mic do anh
huéng cua tham sb dén sy bién thién cua FS. Két
qua phan tich PRCC gitp xac dinh dugc nhitng tham
s6 chi phéi chinh dén xac sut sat 16, tir d6 hd tro
vi€c uu tién thu thap dir li€u chinh xac hon & cac
tham s quan trong, dong thoi cung cép thong tin
dau vao hiru ich cho cong tic quan 1y va phong
chéng thién tai.

3. Dir liéu nghién ciru

Nghién ctu dugc thyc hién tai khu vuc Phudc
Son, tinh Quang Nam, mién Trung Viét Nam, noi
dia hinh ddi nai chiém khoang 72% dién tich voi d6
cao phd bién tir 500-1,000 m. Khu vyc nay c6 khi
hau nhi¢t doi gié mua voi lugng mua 1on kéo dai,
gay ra nhiéu vu sat 16 dat trong giai doan 2012—
2020, tap trung doc cac tuyén giao thong huyét mach
va ddc biét nghiém trong tai cac huyén Bic Tra My,
Nam Tra My, Tién Phuéc va Phudc Son. Dé xay
dung tap dir li€u sat 10, téng cong 3,000 diém sat 16
do mua 16n dugc xac dinh thong qua phan tich dnh
Landsat 8, chong ghép anh Google Earth va kiém tra
thyc dia bang GPS (Hinh 2a). Tap dir lidu sat 16 dat

(a)

Dir liéu sat lo dat K

- Cac diém sat 1o 0 5 10

dugc sir dung dé danh gia hiéu suat mé hinh. Hinh
2b trinh bay ban dd s6 do cao (DEM) cua khu vuc
nghién ctru véi do phan giai 30 m, dugc sir dung lam
co so dé tinh toan ban d6 d6 dbc va chiéu sau 16p
dat. Do déc tai mdi diém duoc tinh toan dwa trén
ham dao ham bac hai tr gia tri d§ cao lan can trong
DEM, trong khi chiéu sau 16p dit duoc udc tinh theo
mo hinh Z-index dua trén quan hé hinh thai g1u?a dia
hinh va phan b dat phong hoa tai khu vire mién nii.
Céc tham sb dia k¥ thuat cia dat duoc tong hop tir
dir liéu thyc dia va tai li¢u dia phuong, voi gia tri
trung binh va do léch chuan duoc trinh bay trong
Bang 1. Dir li¢u mua dugc thu thdp tur cac tram khi
tugng trong khu vuc nghién cuu giai doan 1981-
2015, trong do gia tri luong mua cuc dai ngay do
duoc la 259 mm/ngay. Trung binh, khu vuc nay ghi
nhan khoang 15 ngay mua 16n mdi nim, voi tong
lwong mua trung binh nim dat 3,302 mm va sb ngay
mua trung binh 136 ngay/nim. Cac dic diém lugng
mua cho thdy khu vyc thuong xuyén chiu anh hudng
cua cac tran mua kéo dai va cuong do 16n, dac biét
trong miia mua tir thang 9 dén thang 12. Dé phan
anh sy bién thién ty nhién cia luong mua trong mé
phong, gia tri mua cyc dai ngdy dugc gia dinh tuan
theo phén phdi Gamma. Céc gi4 tri mua lay mAiu tir
phan ph6i Gamma s& dugc sir dung lam dau vao cho
mb hinh thim Green-Ampt, gitip xac dinh chiéu sau
tang dat bao hoa trong qua trinh danh gid hiém hoa
sat 16 dét.

P

(b)

Cao do (m) <~
- High : 2109

i — km

7 Low : 37 0 5 10

Hinh 2. (a) Ban do dit liéu sat 16 dat, (b) Ban do sé do cao
Bing 1. Cic tinh chit co Iy cia dat

Tinh chit COV* Tham khio COV Gia4 tri trung binh Pj léch chuin
Trong luong riéng (3, kKN/m’) 0.08 , 19 1.52
; ) Nguyen and Kim,
Luc dinh (¢, kKN/m") 0.275 (2020) 4 1.1
tan (goc ndi ma sat) (tan (@)) 0.15 0.445 0.067
He¢ s6 thim (K,, m/h) 0.0036
Do am ban dau (6) 0.2
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Tinh chit COov* Tham khio COV Gia tri trung binh P§ léch chuén
Do 4m bio hoa (6,) 0.42
Lyc hit mao dan (y, m) 0.2

* COV: hé sb bién thién; d6 1éch chuan = (gia tri trung binh) x COV
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4. KET QUA VA THAO LUAN

Hinh 3a trinh bay ban dd xac suét sat 1o dat
duoc xay dung tir két qua md phong Monte Carlo
két hop mo hinh mai ddc v6 han. Ban d6 cho thiy
cac khu vuc c6 gia tri LP cao phan bd chu yéu cac
lwu vuc song, sudi va noi co dia hinh dbc ding;
pht hop voi cac diém sat 16 thuc té da duoc ghi
nhan trong giai doan khio sat. Hinh 3b thé hién
duong cong ROC  (Receiver  Operating
Characteristic) danh gia hiéu sudt mo hinh dy bao
LP, vo6i dién tich dudi duong cong (AUC) dat gia
tri 0.727. Két qua nay cho thdy mo hinh c6 kha
ning phan loai mirc d¢6 hiém hoa sat 10 & mirc
chap nhan duoc, phan 4nh mdi quan hé hop 1y
gilta cac yéu t6 dia hinh, dt va luong mua dau
vao. Miac du gia tri AUC chua dat muc rat cao
(>0.8), nhung ddi véi cac bai toan c6 tinh bat dinh
tham sb dia chit-moi truong 16n nhu sat 16 dat, két
qua nay van cho thdy phuong phap tiép can xac
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Hinh 3. (a) Ban dé xdc sudt sat l6 dat (LP-
Landslide Probability), (b) Pdanh gid hiéu sudt
mé hinh qua chi s6 AUC, (c) phdn bé tan sudt xdc
sudt sat 16 (LP-Landslide Probability)

suat dya trén mo phong Monte Carlo két hop mo
hinh tham Green-Ampt va mo6 hinh mai doc vo
han 14 kha thi va cé tiém ning tng dung thuc tién.
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Hinh 4. Phan tich do nhay tham 56
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Hinh 3c thé hién phéan bd tan suit ciia xac suit sat
16 dwoc tinh tir mb phong Monte Carlo. Két qua cho
thiy phéan 16n cac diém c6 LP nho hon 0.2, chiém ty
1¢ cao nhét, trong khi cac gia tri LP 16n hon 0.6 chi
chiém ty 18 rat thap. Phan bd nay cho thiy da s6 khu
vuc nghién ciru ndm trong mirc nguy co sat 1o thap
dén trung binh, chi mot sd it vi tri c6 nguy co cao.
Xu huéng giam dan cua tan suat theo LP ciing phan
anh dac trung 6n dinh tuong ddi cao cua dia hinh
hién tai, song cac ving c6 LP > 0.6 can dugc wu tién
theo ddi va danh gia chi tiét hon.

Hinh 4 trinh bay két qua phan tich d6 nhay tham
s6 thong qua h¢ s6 twong quan thir hang riéng phan
gilta cac tham sO dau vao va xéc suat sat 1o dat (xac
suat FS < 1). Két qua cho thay, luc dinh va goc ma
sat trong 1 hai yéu t6 c6 anh huong nguoc chiéu rd
rét dén hiém hoa sat 10, v6i hé sé PRCC 4m lan luot
khoang —0.70 va —0.60. Diéu nay phan anh vai tro
quan trong clia cac dic tinh khang cit cta dt trong
vi€c lam giam xac suit sat 16, khi gia tri lyc dinh va
gbc ma sat ting lén s& giup mai déc 6n dinh hon
(giam xac suat FS < 1). Nguoc lai, cac tham sb trong
luong riéng, do dbe va luong mua cyc dai c6 hé sb
PRCC duong dang ké khoang +0.30, cho thiy day 1a
cac yéu té 1am gia ting xac suét sat 16. Do dbc 1on
lam ting thanh phan truot ciia trong luc, trong khi
lwong mua cao dan dén tiang ap lyc nude 15 rong,
déu 1a nhiing nguyén nhan chinh lam giam FS.
Chiéu siu ting dét co hé s6 PRCC nho hon, thé hién
muc d6 anh huong thip hon trong mé hinh hién tai.

TAI LIEU THAM KHAO

Két qua phan tich PRCC gitip lam 5 cac yéu té chi
phéi chinh dén hiém hoa sat 10 tai khu vuc nghién
ctru, trong d6 yéu té dia hinh (46 déc) va mua 16n 1a
cac tac nhan chinh lam ting hiém hoa, trong khi cac
dic tinh khang cit ctia dat c6 vai tro then chét trong
viée gitt 6n dinh mai ddc.

5. KET LUAN

Nghién ctru nay da xay dung mdt quy trinh mo
phéng tich hop nhim danh gia hiém hoa sat 1& dt tai
khu vire mién nui tinh Quang Nam, két hop mo hinh
tham Green-Ampt, mo hinh mai dbe vo han va mo
phong Monte Carlo dé phan anh cac yéu té bat dinh
trong diéu kién dia hinh, dja chat va khi hau. Két qua
md phong cho thdy cac khu vuc ¢6 dia hinh déc 16m,
lwong mua cuc doan cao la nhirng viing ¢6 hiém hoa
sat 16 cao, phu hgp voi cac diém sat 16 thuc té duogc
ghi nhan. Phan tich ROC cho thiy mé hinh dat AUC
=(.727, thé hién kha nang phan loai hiém hoa sat 1&
& muc chap nhan duoc. Pic biét, phan tich do nhay
bang PRCC di xac dinh duoc cac tham sb chi phdi
chinh dén hiém hoa sat 16 1a d6 déc, luong mua, lyc
dinh va gbc ma sat trong. Piéu nay cho thiy sy cin
thiét cua viée tap trung thu thap dir li€u chinh xac
hon vé céac yéu t6 nay trong cac nghlen clru tlep
theo. Phuong phap tiép can xac suat dwgc dé xuat
khong chi gitp lugng hoa hiém hoa sat 1& mot cach
toan dién hon, ma con cung cap co sé khoa hoc cho
cac chién lugce phong chdng thién tai higu qua tai cac
khu vuc mién ndi Viét Nam.
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Abstract:
LANDSLIDE HAZARD ASSESSMENT AND PARAMETER SENSITIVITY
ANALYSIS USING A MODEL INTEGRATING MONTE CARLO SIMULATION AND PRCC:
A CASE STUDY IN PHUOC SON, QUANG NAM

This study develops a probabilistic landslide hazard map and evaluates the sensitivity of input parameters
influencing slope stability. The infinite slope model is integrated with Monte Carlo simulation to represent
uncertainties in slope angle, soil depth, cohesion, internal friction angle, unit weight, and rainfall. Rainfall is
modeled using a Gamma distribution, while other parameters are assumed to follow normal distributions.
The resulting hazard map achieved an Area Under the Curve value of 0.727, indicating good predictive
performance. Sensitivity analysis using the Partial Rank Correlation Coefficient showed that the most
influential parameters are soil cohesion and internal friction angle. The results provide a scientific basis for
improving landslide hazard assessment and early warning in mountainous regions of Vietnam.

Keywords: Landslide, Monte Carlo simulation, infinite slope model, sensitivity analysis, PRCC (Partial
Rank Correlation Coefficient).
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