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Evaluating the risk of landslides to implement preventative measures and
aid in development planning is crucial, particularly in regions prone to
such occurrences. Employing a landslide susceptibility map proves
beneficial in managing land in landslide-prone zones. In this research, we
introduce a GIS technology-based approach along with the multi-criteria
analysis (MCA) method, incorporating the analytical hierarchy process
(AHP) to determine optimal weight allocation for the criteria influencing
landslide risk and compute landslide risk assessment indices. Eight criteria
affecting landslide risk were chosen from publicly available data sources
on the internet: elevation, slope, terrain moisture index (TWI),
precipitation, land cover, normalized difference vegetation index (NDVI),
soil type, and drainage density. Subsequently, overlaying simple maps
facilitated the calculation of the Landslide Susceptibility Index (LSI),
leading to the partitioning of the study area into five levels of landslide
risk: very high, high, medium, average, low, and very low, covering
approximately 8.6%, 24.3%, 32.0%, 23.9%, and 11.2% of the study areaq,
respectively.
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Ddnh gid nguy co sat I& ddt dé cé cdc bién phdp phong trdnh thién tai va
phuc vu quy hoach phdt trién la rdt can thiét ddc biét a d6i véi nhitng vung
dé bi dnh huéng béi hién twong nay. Bdn do nguy co'sat 16 ddt dong vai tro
quan trong nhw mét cong cu ho tror quan Iy stk dung ddt trong cdc khu vyrc
dé xdy ra sat & dat. Trong nghlen ctru nay, phirong phdp tiép cdn két hop
cong nghé GIS, phén tich da tiéu chi (MCA), va phu'O'ng phdp phan tich phdn
cdp (AHP) da duwgrc trinh bay dé xdc dinh trong sO t61 wu cho cdc yeu to dnh
huréng dén nguy co sat 16 ddt, tir d6 tinh todn cdc chi s6 ddnh gid nguy co
sat & ddt. Nghién ctru dd ddnh gid va lwa chon tdm tiéu chi ¢é dnh hwdéng
Ion dén nguy co sat 16 ddt tir cdc ngudn dir liéu mé trén Internet, bao gom:
do cao, do ddc, chi s6 dé dm dia hinh (TWI), lwong muwea, I6p pht bé mat, chi
s0 thuc vdt (NDVI), loai ddt va mdt do thodt nwérc. Sau do, cdc bdn do don
tinh dwoc chdng 1én nhau dé€ tinh todn chi sé sat I& ddt (LSI), tir d6 phdn
viing khu vwe nghién cteu thanh 5 cdp do nguy co sat 1& dat: rdt cao, cao,
trung binh, thdp va rdt thdp, chiém ldn lwot khodng 8,6%, 24,3%, 32,0%,
23,9% va 11,2% dién tich ctia khu viwrc nghién ciru.
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1. M¢ dau

Sat 1o dat dang tré thanh mot trong nhirng
hiém hoa thién nhién dang lo ngai, khong chi gy
ton that tryec tiép vé nguwdi va tai sdn ma con anh
huwdng dang ké dén moi trwedng va phat trién kinh
té - xa hoi clia dat nwédc. Trong nhirng nam gin
day, tai Viét Nam, hién twong 1t quét va sat 1 dat
thwong xdy ra déng thoi véi tin suét va cwong do
gia tang, lam tang nguy co va gay ra thiét hai
nghiém trong, d3c biét 1a & cac tinh mién ndi Bac
B0, khu vuc Tay Nguyén, va cac vung c6 dia hinh
déc (Bui va nnk., 2017; Huyén va nnk., 2023).

Nguy co sat 1& dat da dwoc cac nha khoa hoc
nghién cru va danh gid véi nhiéu cip do va
phuong phap tiép cin khac nhau (Brenning, 2005,
Ayalew va nnk., 2005; Dahal va nnk, 2008; Li va
nnk, 2010; Corominas va nnk, 2014;
Reichenbach va nnk., 2018). Cac phwong phap
danh gia nguy co sat 1& dat c6 thé chia thanh ba
loai co ban: phwong phdp dwa trén kién thirc
(Knowledge-based methods), phwong phap vt ly
(Physical methods) va phwong phap dwa trén div
liéu (Data-based methods) (Corominas va nnk,
2014). Ca ba phwong phap déu c6 wu diém va
nhuoc diém riéng va chwa c6 phwong phap nao
dwoc chitng minh 1a c6 hiéu qua nhét (Li va nnk.,
2010). Tuy nhién, theo Corominas va nnk.,, 2014,
phwong phap dwa trén dit liéu (Data-based
methods) pht hop va cho két qua chinh xac hon
cho déanh gia nguy co sat 1& dit & mot s6 khu vuec
cu thé.

Trong nhitng ndm gan diy, cong nghé quan
sat trai dat dwa trén vé tinh va phwong phap phin
tich nguy co dwa trén div liéu da dwoc cac nha
khoa hoc va doi ngli phan &ng thién tai sir dung
ngay cang nhiéu dé danh gia nhanh tinh hinh thién
tai trén toan cau (Ayalew va nnk, 2005; Bui va
nnk., 2017; Wu & Abdel, 2020). Gia dinh rang mot
vu sat 1 dit c6 kha nang xay ra nhiéu hon dwéi
diéu kién twong tw nhw nhitng diéu kién da giy ra
cac vu l& dat trong qué khtr (Bui va nnk.,, 2017),
cac phwong phap dwa trén dit liéu sir dung mot
moé hinh khoa hoc dé du dodn xac suit xay ra l&
dat dya trén phan b khong gian ctia mdt loat cac
yéu t6 dnh hwdng dén sat 1& dat trong cac khu vuee
tiém 4n nhiéu nguy co dé xay ra hién twong sat 1&
dat (Wu & Abdel, 2020). Phwong phap hoc may
vector hd trg (SVM), 1 thuat todn may hoc phan
tich dir liéu dé phan loai va phan tich hoéi quy

(Huang & Zhao, 2020). SVM la mdt phwong phap
may hoc c6 gidm sat, xem xét dit liéu va sip x€p né
thanh mét trong hai loai. M4y hoc vecto hd tro
(SVM) la mot giai thuat phan lép cé hiéu qua cao
va da dwoc ap dung nhiéu trong linh vuc khai pha
dir liéu va nhan dang, la mét thuat todn hoc may
da tré nén phé bién véi sw phat trién cda tri tué
nhén tao va viéc st dung rong rii cac hé thong
thong tin dia ly (GIS) va cdm bién tir xa (RS).

Ban do nguy co sat 1& dat 1a mot trong nhirng
théng tin quan trong trong quy hoach khéng gian
cho cac khu vuc dé xay ra 16 dit. N6 cung cAp md
ta vé xac suat khong gian cta sat 1& dat c6 thé hitu
ich trong quy hoach str dung dat. Do dd, nghién
ctru vé kha ning xay ra sat 1& dit dang nhanh
chéng tré thanh trong tdm cta nghién ctru khoa
hoc, nghién ctru ki thuat va thyc hanh, va chinh
sach str dung dat trén toan thé giGi (Pourghasemi
va nnk.,, 2018). Viéc quan ly mét s6 lwong 16m cac
yéu té twong quan va wéc tinh dé xac dinh mic do
satlé dat dwoc thwe hién trong hdu hét cac treong
hop thong qua viéc st dung hé thong thong tin dia
ly (GIS) (Ayalew va nnk., 2005). GIS st dung cac
ky thuit tich hop dir liéu, diy la mot cong cu rat
phu hop d€14p ban d6 nguy co sat1& dat. Thuec té,
do sw sin c6 ngay cang ting clia cac bd dir lieu
khong gian c6 dd phan gidi cao, GIS, vién tham va
dién toan t6c do cao, cac quy trinh danh gia rii ro
sat 1& dat va 1ap ban d6 nguy co 6 thé tré nén tw
dong hdéa mdt phan va do dé giam thiéu cong tac
thuc dia (Saaty, 2004). D0 tin cay cda nhitng ban
d6 nay phu thudc phan lém vao phwong phap luin
va dit liéu san c6 dugc st dung d€ wéc tinh rii ro
thién tai. Hon nita, GIS la mdt cong cu hiru ich dé
13p ban d6 mirc d6 nhay cdm ctia mot khu vuee ¢
nguy co xay ra l¢ dat.

(' Viét Nam, sat 1& d4t chii yéu xay ra vao mua
mua, & cac tinh mién nui phia Bic va khu virc mién
Trung - Tay Nguyén (Bui va nnk, 2017; Tuin &
Tuyét, 2021; Huyén va nnk., 2023). Trong d6, LAm
DPong l1a tinh ndm & phia nam Tay Nguyén, dia hinh
da s6 la ndi va cao nguyén, ¢ khi hiu nhiét doi gio
mua bién thién theo do cao, do d6 hién twong sat
16 dat thwong dién ra va dwoc xép vao loai thién
tai nguy hiém, khién ngu¢i dan thiét mang va thiét
hai nhiéu tai san. Tai LAm DPo6ng, ngay trong
khoang thoi gian tir thang 6+8 nam 2023 da lién
tiép xay ra cac vu sat 1o dat: ngay 17/6 xay ra 2
diém sat 1& dat tai TP Pa Lat va 1 diém sat 1& bo
taluy tai thanh ph6 Bao Loc, ngay 30/7/2023 da
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xay ra mot s6 diém sat 1& dat, nga do cay rirng tai
deo Bao Loc (Hinh 1) (Ngubn: https://moitruong.
net.vn).

Hinh 1. Sat I& ddt nghiém trong tai déo Bdo Lic,
tinh Ldm Ddng.

Bai bdo nay tap trung trinh bay &ng dung
phwong phap phan tich da tiéu chi (Multi - Criteria
Analysis) dwa trén GIS, 4nh vién tham Landsat 9
va cac ngudn dirliéu mé trén Internet dé thanh 1ap
ban do phan viing nguy co sat 1& dat cho khu vue
tinh LAm Pong.

Cac két qua cua nghién ciu nay mang lai
thong tin hitu ich cho cac quan ly dat dai, nha quy
hoach va nguoi ra quyét dinh dé 1ap ké hoach st
dung dat va quan ly do déc, nham muc dich ngian
chan hodc gidm thi€u nguy co sat 1& dat trong
twong lai.
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2. Dir liéu va phwong phap nghién ciru

2.1. Khu vwrc nghién ciru

Lam Dongla mét tinh thudc Nam Tay Nguyén,
c6 toa do dia ly tir 11012’+12015’ vi dd bac va
107045’ kinh d6 dong. LAm Pong la khu vuc dau
nguon cua nhiéu hé thong song sudi 16n. Véi dia
hinh twong d6i phttc tap, chti yéu ndm & trén 2 cao
nguyén va da s6 la nui va cao nguyén véi do cao
trung binh tir 800+1.000 m so v&i muc nwédce bién
v(i dién tich tw nhién 9772,19 km2. Phia bac giap
tinh Dic Lic; phia dong giap cac tinh Khanh Hoa
va Ninh Thuén; phia tiy giap tinh Dong Nai; phia
nam giap tinh Binh Thudn (Hinh 2). Tinh c6 khi
hiu nhiét d&i gié6 mua bién thién theo d6 cao, do
do hién twong sat 1& dat thwong dién ra va duoc
x€p vao loai thién tai nguy hiém (Nguon: https://
lamdong.gov.vn).

2.2. Di¥ liéu st dung

Trong nghién ctru nay, cac dir liéu dwoc thu
thap tir ngubn dir liéu mo trén Internet & nhiéu
dinh dang khac nhau dworc thé hién & Bang 1.
3. Phwong phap nghién ctru
3.1. Phan tich da tiéu chi

108°0'0"E 108°30'0"E

ATRUNG ()I'()("\
N, HANORN . . N
zk U /‘(‘?':,,*
IO i ;\ o™ \‘ Y
= L ~ . o
=k & el
; :
S . &
7 N\
l
THAI LAN §
5 7
J o
<
¢ ) c
| CAM PU CHIA( @
4
2 "{‘ AT
z B St
o4 V. TP.HO CHI MINH
o I Ddng Nai
- W L g Nai
0 175 350 QD.TRUONG SA
? ~ v

Dbak Lak

Ninh Thuan
12°0'0"N

11°300"N

Binh Thuan
1. MERE, Garmin, Imermap m:lo 15 30

ST FAD NPS NRCAN. Gecfiase (Cn CEEESSS)
*!«7‘ Fan Japan MET: Ean Ching (Hang Km
Contiutcs, and e GIS User Communiy —

~

Hinh 2. Khu vwrc nghién ctru tinh Lam DPong.



88 Nguyén Vin Nam va Lé Thi Thu Ha/Tap chi Khoa hoc Ky thudt Mé - Pia chdt 65 (3), 84 - 97

Bdng 1. Danh sdch cdc ngudn dir liéu thu thdp.

Dir liéu Dinh dang| Thoi gian Ngubn
Anh vé tinh Landsat 9| Raster 2022 Cuc khdo sat dia chit Hoa Ky USGS (USGS)
Dir liéu dia hinh DEM | Raster [30/11/2013 Earth Data (EARTHDATA)

Khu virc hanh chinh | Shapefile 2022

DIVA-GIS (DIVA-GIS)

Dit liéu loai dit Shapefile 2022

FAO (FAO) va Open Development Mekong (ODM)

Dit liéu lwvong mwa Raster | 2013+2022

Dir liéu PERSIANN-CCS cta Trung tam Khi twgng Thuy van
va Vién tham (CHRS). Pai hoc California, Irvine, CA, Hoa Ky.

Nghién ctru nay dwa trén viéc thu thap ditliéu
vién tham va cac dit liéu GIS dé thanh 14p ban do
nguy co sat1é dit. Tam yéu t6 dau vao da duoc lwa
chon d€ chuin bi ban do sat 1 dat. Cac ban do
chuyén dé trong nghién ctru vé cic yéu t6 nay da
dwoc st dung ki thuat phan tich thi bac (Analytic
Hierarchy Process - AHP) dé xac dinh trong sé.
AHP la phwong phap dugc phat trién bdi Saaty
(1988), day la mot cong nghé manh str dung trong
viéc ra cac quyét dinh phirc tap va rong rai trong
phan tich dwa trén GIS. Viéc thwc hién AHP doi hoi
y kién chuyén gia, kiém chirng va danh gia tinh
nhit quan ctia ma tran so sanh cap (Awawdeh va
nnk., 2014; El Jazouli va nnk., 2019; Thanh va nnk.,
2021). Nhém nghién ctru da ap dung phuwong
phap AHP bang cach chon cac tiéu chi gy nguy co
sat 1& dit, phan bo diém sé twong doi, tién hanh
1ap ma trdn so sanh theo cdp va danh gia cac ma
tran nhat quan. Mirc d6 quan trong cac yéu td cta
cac bién thé hién trong Bang 2.

Bdng 2. Thang do mirc d¢ quan trong cua cdc tiéu
chi'theo cdp tir 1+9 ctia Saaty (Saaty, 1988).
Mtrc do Giai thich
Quan trong nhw nhau
Quan trong c6 sy wu tién hon mot it
Quan trong su wu tién hon hin
R4t quan trong, manh hon han dé
nhén thay sy khic biét anh hwéng
V6 cung quan trong, khang dinh &
mirc do cao nhat
Mirc trung gian chuyén tiép gitra cic
mwc1,3,5 7va9

N (W = e

9

2,4,6,8

Nhiéu nghién ctru da thanh cong trong viéc ap
dung phwong phap AHP dé 14p ban do nguy co.
AHP 13 mét phwong phap hiéu qua c6 thé str dung
dé x4c dinh wu tién gitra nhiéu yéu td bang cach so
sanh tirng cap (Saaty, 1988). Do dé, trong nghién
ctru nay, GIS - AHP da dwoc ap dung dé tinh toan
trong s ciia 8 yéu t0 anh hwdéng dén sat 1& dat.

AHP danh gia dong thoi 2 yéu té anh hwdng va wu
tién mot yéu t6 hon mot yéu t6 khac dwa trén cac
danh gia thuc tién. Danh gia nay dwoc thuc hién
trén mot thang diém tr 1+9 (Bang 2). Ngoai ra,
AHP cung cip cach xac dinh mirc d6 nhat quén cta
cac chuyén gia théng qua ti 16 nhit quan
(Consistency Ratio - CR), ma phai nhé hon hoac
bang 10% dé chap nhan sy khong nhit quéan. Tuy
nhién, néu gia tri CR vwot qua 10%, sw danh gia
chi quan cin dugc xem xét lai qua trinh so sanh
tirng cp hodc cé thé cin loai bo y kién. Ty s6 nhat
quan (CR). Gia tri dwoc tinh theo phwong trinh
(1):
Cl
== (1
Trong d6: CI - chi s6 nhit quan cia mdt ma
trAn AHP cu thé, chi s6 nhit quan (CI) c6 thé la
dwoc tinh tir phwong trinh (2); RI - chi s6 ngiu
nhién, hay gia tri trung binh cta CI khi nhan dinh
so sanh ngau nhién, phu thudc vao sé tiéu chi duoc
so sanh.

CR

¢ = tmax =7 2

n—1

Trong do: A4, - gid tri trung binh cda vector
nhit quan va “n” - s6 tiéu chi. Gia tri CR phai nam
trong gi¢i han < 10% (Richards, 1999), gia tri nay
dwoc chidp nhan dé thuc hién cac tinh todn 1ép phu
c6 trong s6 dé két hop cac thong sé co trong s6 cho
viéc phan viing nguy co sat 1& dat (Két qua trong
sO dwoc thé hién & Bang 3).

3.2. Tich hop céng nghé GIS va phan tich da
tiéu chi dé xdc dinh nguy co’ sat 16 ddt

Dwa trén sy téng quan cta cac dir liéu thu
thdp dwoc & (Bang 1), nhom tac gia da danh gia,
lwa chon dworc 8 yéu t6 gy ra sat 1& dit, bao gom:
chi s6 d6 4m dia hinh (TWI), d6 cao, d6 déc, lwong
mura, 1&p phi bé mat, chi s6 thuwe vat (NDVI), mat
do6 thoat nwdrc va loai dat. D€ thanh 1ap dwoc ban
d6 nguy co sat 1& dat cho khu vire nghién ciru,
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Bdng 3. Ma trdn (8x8) so sanh theo cdp cdc yéu té dnh hwéng dén nguy co sat ¢ dat.

Tidu chi Chis6 d6 4m | b6 | Matdd |Luwong Lc'fp pht| D6 | Chisd thuc Logi Tropg
dia hinh (TWI)| d6c |thoat nwéc| muwa | bé mat | cao | vat (NDVI) | dit | s6
Chi s6 d6 4m dia hinh (TWI) 1 1 2 1 4 2 1 2 10177
bo déc 1 1 3 1 2 2 1 1 | 0159
Mat do thoat nwéc 1/2 1/3 1 1 3 1 2 1 | 0120
Luong mua 1 1 1 1 5 2 1 1| 0163
L&p pha bé mit 1/4 1/2 1/3 1/5 1 1 3 2 | 0094
Po cao 1/2 1/2 1 1/2 1 1 3 1| 0103
Chi s6 thwc vat (NDVI) 1 1 1/2 1 1/3 |1/3 1 1 | 0089
Loai dat 1/2 1 1 1 1/2 1 1 1 | 0095
r _________________________ \F VT F T F F T T T | — T
:[Dfr liéu loai dat| |Dir liéu lwong mua Dir liéu ASTER DEM Anh Landsat 9

L

A i Mat do
A i thoat nwérc

|
I
|
I
|
¢ I
I
I
I
I
|
I
4

Tao va phéan loai 16p chuyén dé

\/

Phan bé trong sd cia cac 16p bang thang do ctia Sa

\/

aty tir 1 dén 9

Xay dwng ma trén tinh todn trong sé cta tirng tiéu chi

\/

Xt ly dir liéu, chéng xép (Weighted Overlay) bang phan mém ArcGIS

¥

Béan d6 phan viung nguy co sat 1& dat

Hinh 3. So do cdc buréc thanh Idp bdn do phd

nhém tac gia da chuyén ddi cac 16p nay thanh
dinh dang raster véi d6 phan gidi 30 m va chuyén
doi sang hé toa do WGS-84 mui 48N. Tiép theo, cac
tiéu chi nay dwgc phan cip va gan gia tri diém
danh gia. Sau khi xac dinh trong sé va diém danh
gia cho tirng tiéu chi, chi s6 nguy co sat1& dat dworc
tinh to4n dwa trén tong s6 diém danh gia cia moi
tiéu chi va trong s6 theo cong thikc (3). Chi sd nguy
co sat 1o dat duoc thue hién thdong qua cong cu
Weighted OverLay cia phdn mém ArcGIS.

LSI = Z h; X W; (3)
i=1

Trong d6: LSI (Landslide risk index) - chi so
nguy co sat 1& dat; n - dai dién cho sé lwong cac
yéu t6 anh hwdng; h; - gia tri thay déi ty 1€ cta yéu

n viing nguy sat I¢ ddt trong nghién ciru.

t6 anh hwdng i va W; - trong s6 clia yéu t6 anh
hudngi.

Chi s6 nguy co sat 1& dat LSI dwoc tinh ra
trong khoang tir 0+5, sau d6 chia lam 5 khoang
déu nhau. Dwa trén cac gia tri ctia LSI, cac cdp do
nguy co sat 1¢ dat trén khu vuee nghién ctiru dwoc
phan thanh 5 cap dé: rat thap (< 1); thip (1,1+2);
vira phai (2,1+3); cao (3,1+4) varit cao (> 4). Quy
trinh téng thé ctia nghién ctru nay dwoc thé hién
trong Hinh 3.

4. Két qua va thao luan
4.1. Cdc nhdn t6 anh hwéng dén nguy co’ sat
lo ddt

4.1.1. Bdn do phdn cdp lwong mwa
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Téng quan vé dir liéu da chi ra rang lwong
mua dong vai tro quan trong trong qua trinh sat &
dat, véi lwong mua cao khién cho nén dit tré nén
yéu va dé gay sat & dit (Bui va nnk., 2017), do do,
lwong mwa da dwoc chon 1a mot trong nhirng yéu
t6 chinh anh hwdng dén sat 1& dit. Dir liéu vé
lwrong mwa trung binh hang nam cta khu vuc
nghién ctru trong giai doan tir 2013+2022 da
dwoc thu thap tir dit liéu cia PERSIANN-CCS,
dwoc cung cip béi Trung tAm

Khi twgng Thily van va Vién tham (CHRS) Dai
hoc California, Irvine, CA, Hoa Ky. PERSIANN-CCS
12 mo6t ngudn di liéu vé lrgng mura toan ciu cé sin
gan thoi gian thuwe. (Nguyen va nnk., 2019)

Nhoém tac gia da tinh toan lwgng mwa trung
binh trong 10 ndm (2013+2022) va chuyén déi dir
liéu lwvgng mwa dang raster sang dang diém (ng
dung cong cu “Conversion Tools” trong ArcGIS
10.7. Sau d6, noi suy tir cic diém bang phuwong
phép ndi suy khoang cach cé trong sd (IDW), cat
theo ranh gi¢i khu vuec nghién ctru va chuyén doi
sang hé toa d6 WGS-84 mui 48N dé tao ban do
lwong mwa khu viee nghién ctru (Hinh 4).

4.1.2. Bdn do phdn cdp dé cao

Do cao dwoc xem 1a mot trong nhirng yéu td
quan trong trong viéc danh gia nguy co sat 1& dat.
Trong nhiéu nghién ciru khac nhau vé danh gia
nguy co sat 1o dat, M6 hinh s6 dia hinh (DEM)
duwoc st dung lam mot thong s6 danh gia chinh
(Trang va nnk, 2023). Di¥ liéu DEM dworc thu thap
tir Hé thong Dit liéu Khoa hoc Trai dat ctia NASA -
EARTHDATA Search (EARTHDATA) biang cach
chon khu vuc quan tim va tai vé "Advanced
Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) Global DEM V003". Dit liéu
DEM toan ciu c6 dd phan giai 30m da dwoc cat
theo ranh gi¢i khu vuwc nghién ctiru va chuyén doi
sang hé toa d6 WGS-84 mui 48N tai vé. Sau do,
nhém tac gid sit dung phan mém ArcGIS 10.7 dé
(Hinh 5).

4.1.3. Bdn do phdn cdp dé doc dia hinh

D6 déc dia hinh 1a mirc d6 thay déi dé cao
trong cac khoang lién ké, dong mot vai tro quan
trong trong sat 1& dét vi do trong luc tac dong vao
datvakhi @6 doc vwot qua gidi han, dit khong thé
duy tri tinh dn dinh va bi sup d6 (Hadji va nnk.,
2016) va do d6 dwoc chon lam thong s6 giy sat 1&
trong nghién ctru. Dit liéu ASTER DEM da dworc st

dung dé tinh todn d6 déc dia hinh cta khu vuc
bang cach sir dung cong cu Spatial Analyst Tool/
Surface — Slope trong ArcGIS 10.7. Két qua ban do
phén cip d6 doc dia hinh dwoc thé hién & Hinh 6.
4.1.4. Bdn do phdn cdp 16p pht bé mdt

L&p phu bé mat khong chi lam thay doi cac
déc tinh vat 1y ctia @4t ma con anh hwdng dén tinh
trang hién tai ctia I1&p phu va dia hinh bé mét dat.
Duwéi tac dong clia con nguwoi va cac hoat dong san
xudt, 16p pht bé mét thay déi, va & nhitng khu vure
c6 mét do thuc vat cao, nguy co sat 1 dat thuwong
thip hon, trong khi & nhitng khu vec ma 1ép pha
thwc vat thdp nhw cac khu dé thi hodc khu vuc
tréng trai, nguy co sat 1o dat thwong cao hon
(Deng vannk., 2015). Ditliéu vé 1ép pht bé mat da
dwoc trich xuat tir dit liéu hinh dnh cta vé tinh
Landsat 9, trén trang web cda Cuc Khao sat bia
chit Hoa Ky USGS (USGS, 2023). Hinh anh tir vé
tinh Landsat 9 dwgc phan loai thanh nam loai 16p
phti: Rirng ciy 1au nam, khu dit trong, khu dan cw,
khu virc nédng nghiép va khu vyc nwée. Qua trinh
phan loai da dwoc thuc hién dwédi sw gidm satbang
phan mém xr ly anh ENVI 5.3. Phwwong phap phan
loai dwédi sy gidm sat yéu ciu thoi gian, nhung
cung cip do chinh xac cao hon so v&i phan loai
khong gidm sat (Enderle & Weih, 2005). Két qua
cla qua trinh phan loai 1¢p phti bé mat dwoc thé
hién trong Hinh 7.

4.1.5. Bdn do phdn cdp mdt dé thodt nwdc

Mit d6 thoat nwéc la yéu té gdy nguy co sat1é
dat, trong d6 hé théng thoat nwéc kiém soat sat 1
dat va mat do cia né twong ng véi ban chat cua
cac dac diém dia ky thuat cling nhw tinh chat cua
dat (Singh va nnk., 2014). Mat do thoat nwérc, anh
hwdng dén thoi gian tp trung cia dong chay va
do d6 thé hién tiéu chi cho viéc tich tu nwéc kéo
dai ngdm xudng dit dé xay ra sat l& dat. Mat do
thoat nwérc trong nghién ctru dwoc tién hanh xay
dung tir dit liéu ASTER DEM va st dung cong cu
“Spatial Analyst Tool” trong phidn mém ArcGIS
10.7 qua cac bwéc nhw sau: Hydrology/Fill DEM
— Flow direction va Flow accumulation; Spatial
Analyst Tool/ Conditionnal — Con (Valus > 500);
Hydrology/ Stream Order — Stream to feature;
Density — Line Density. Két qua ban d6 phan cap
mat do thoat nwéc dwoc thé hién & Hinh 8.

4.1.6. Bdn do phdn cdp loai ddt
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Loai dit dong mét vai tro quan trong trong
viéc xac dinh cac dac tinh vé gitt nwée ctia khu vure
va anh hwdng dén kha nang tham thiu cta nuwéc
(Bui va nnk., 2017), cling nhw do nhay cdm véi sat
1& dat (Trang va nnk., 2023). Vi viy, cac thudc tinh
cda dat dugc lwa chon lam cac tham s6 khac trong
phén tich nghién ctru. Nhom tac gia da trich xuit
ban do loai dat ctia khu vue tir ban do loai dit ctia

107°3‘0'0"E 108°0'0"E 108°3I0'0"E

T6 chirc Nong Lwong Lién hop quéc (FAO) (FAO,
2023). Ngoai ra, cac loai dit cling dwoc thu thap tir
kho dit liéu m& Open Development Mekong.
(ODM, 2023). Két qua ban d6 phén cip loai dat
dwoc thé hién & Hinh 9.

4.1.7. Bdn dé phdn cdp chi s6 d6 dm dia hinh
(TWI)

107"15.0‘0"E 1 08“9'0“E 1 08"3[0'0“E

Lwong mwa
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11°30'0°N
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12°00"N

11°300°N

DPéng Nai

Hinh 4. Bdn do phdn cdp lwong mwa hang ndm.
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Hinh 5. Bdn do phdn cdp dé cao.

107°3‘0'0"E 108"9'0"E 108"3.0'0"E
D6 débc dia hinh (d6) Dak Lak A
mo-7 o N
m7.01-14 Dak Nong
[114.1-21
m21.1-28

Ninh Thuan

Binh Thuan Km

11°30'0°N

Hinh 7. Bdn do Iop phti bé mdt.
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Hinh 8. Bdn do phdn cdp mdt dj thodt nworc.
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Hinh 6. Bdn do6 phan cdp dé doc dia hinh.

Hinh 9. Bdn do6 phéan cdp logi ddt.
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Chi s6 d0 4m dia hinh TWI dwoc tinh todn dwa
vao cong thirc 4 (Bui va nnk,, 2017):

a
TWI = In(z2) (4)

Trong dé: a - Dién tich khu virc tu nwéc; 5- b6
déc bé mat dia hinh. Dong chay thwong chay tir cac
pixel c6 d6 cao 1én hon xudng céc pixel c6 do cao
thap hon & lan cin. Gia tri TWI cang bé thi kha
nang tu nwéc cling nhw dit bao hoa nwéc canglon,
khién cho nén dat bi yéu, kha nang sat I dat cang
cao. Dir liéu ASTER DEM da dworc st dung dé tinh
chi s TWI ctia khu virc bang cach st dung céng cu
trong phan mém ArcGIS 10.7 qua cac bwéc sau:
DEM — Fill DEM — Flow direction — Flow
accumulation — Slope in degree — Radians of
slope = (Slope in degree*1.570796)/90 — Tan
slope = con (slope>0, tan(slope), 0.001) — Flow
accumulation scaled = (flow accumulation + 1) *
cell size —» TWI = Ln(Flow accumulation
scaled/Tan slope). Két qua chi s6 d6 4m dia hinh
(TWI) dwoc thé hién & Hinh 10.

4.1.8. Bdn do6 phén cdp chi sé chi s6 thwc vdat NDVI

Trong nghién ctru vé lép phu thyce vét, chi sé
NDVI (Normalized Difference Vegetation Index) la
phuwong phap dwoc st dung nhiéu nhat va hiéu
qua nhat. Chi s6 NDVI dwoc xac dinh béi ti s6 gitra
hiéu s6 gia tri pho kénh cin hong ngoai va kénh do
trén tong cua ching, voi anh Landsat 9 cac kénh
anh nay la kénh 5 va 4 twong rng.
Band 5 — Band 4
Band 5 — Band 4 (5)

Chi s6 NDVI nhan gia tri trong khoang [-1, +1],
trong dé thwc vat c6 gia tri trong khoang 1é6m hon
0,2. Trong trweorng hop NDVI > 0,5, bé mét dworc coi

107"3I0'0“E 108“9'0"E 108“3:0'0"E

NDVI =

la bi pht kin béi thuwe vat (song dién tir khong toi
dwoclop dat). boi voi dat trong khong co thue vat
bao phu, NDVI < 0,2. Poi véi mat nwée va dat am,
NDVI nhén gia tri 4m. Két qua chi s6 NDVI ctia khu
vue nghién ctru dwoc thé hién trén Hinh 11.

4.2. Phan tich mirc d6 anh hwéng cua cdc
nhdn té dén nguy co sat l¢ ddt

Bang 3 thé hién trong s6 cda cac yéu t6 anh
hwdng duwgc thu dworc tir AHP. Cac yéu té c6 trong
s6 cao hon biéu thi rang chung c6 anh hwdng 16m
hon dén nguy co & dat so véi cac yéu t6 khac
trong khu virc nghién ctru. Ba yéu t6, bao gom do
4m dia hinh, lwong mwa va d6 déc, cé trong s6 16n
nhit Ian lwot 12 0,18; 0,16 va 0,16, chi ra rang
chiing c6 anh hwdng 16n nhit dén sat1é dat tai khu
vic nghién ctru. Tiép theo la cac yéu t6 mat do
thoat nwéc va do cao dia hinh, véi trong s6 twong
trng la 0,12 va 0,13. Piéu nay cho thdy sau do 4m
dia hinh, lwvgng mwa va d6 doc, mat do thoat nuéc
va do cao c6 déng gép dang ké hon vao nguy co
sat 1o dat so véi cac yéu t6 con lai. 3 yéu td tiép
theo la loai dat, 1ép phiu bé mét va chi s6 NDVI c6
trong s6 twong (rngla 0,10; 0,09 va 0,09, 1a cac yéu
t6 co it anh huwdng hon so véi 5 yéu to trén. Yéu td
chi s6 thuc vat (NDVI) véi gia tri trong s6 thap
nhit la 0,09. Piéu nay thé hién yéu td chi s6 thuc
vat c6 anh hwdng it nhat dén nguy co sat 16 dat
trong khu vic nghién ctru.

4.3. Bdn do phdn ving nguy co sat 16 ddt

Ban do6 phan cip nguy co sat 1& dat duoc
thanh 13p (Hinh 12) tir viéc chong xép 8 ban do
phéan cip thanh phan: chi s6 d6 4m dia hinh (TWI),
mo hinh sé dia hinh (DEM), d6 déc, lwong mura,

107"3‘0'0"E 108°I0'0"E 108°3|O'0"E
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Hinh 10. Bén d6 phén cdp chi s6 dé dm dia
hinh (TWI).
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Pak Nong

Ninh Thuan

11°30'0'N

Hinh 11. Bdn do6 phén cdp chi s6 thuc viat NDVI.
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16p phu bé mat, chi s6 thwc vat (NDVI), khoang
cach dén song, mat do thoat nwérc, loai dat thong
qua cong cu Weighted OverLay clia phdn mém
ArcGIS 10.7.

Ban do phan cip nguy co sat 1& dit 1a két qua
cda viéc két hop dir liéu khach quan va chu quan
(tc 1a y kién danh gia tir cac chuyén gia). Cac yéu
t6 thanh phan trén ban d6 dwgc danh diém, sau do
phan tich biang phwong phap AHP dé xac dinh
trong s6 cda ching.

Trong s6 nay phan anh mc d6 anh hwong
cliamodi yéu t6 d6i voi tirng khu v, véi cac yéu td
nhu chi s6 d6 4m dia hinh (TWI), m6 hinh sé dia
hinh (DEM), d6 déc, lwong mua, 16p phd bé mat,
chi s6 thuc vat (NDVI), khoang cach dén s6ng, mit
do6 thoat nwére va loai dat (Bang 4).

Cac trong sO nay dwoc tinh toan dwa trén ma
tran danh gia dwoc tao ra tir y kién dong gép cia

cac chuyén gia dia ly, voi mirc d6 nhit quan dwdi
0,1 cho khu vuc nghién ctru, ddm bao tinh tin cay
cia két qua.

Tam yéu t6 dwoc lwa chon dwoc st dung
trong 14p ban d6 nguy co sat 1& dit da tao ra mot
ban do6 nguy co sat 1¢ dat véi 5 cdp do (Hinh 12).
Cac khu virc nay mo ta nguy co sat 1& dat rat cao,
cao, trung binh, thip va rat thip nay c6 do bao phu
lan lwot la 11,2%, 23,9%, 32,0%, 24,3% va 8,6%
dién tich khu vyc (Bang 5). Nhin chung, cac vung
c6 nguy co sat1d dit cao trung véi cac khu vuee doi
nui ¢6 dia hinh swon déc cao. Trong nghién ctru
nay, cac viing nguy co sat 1& dat cao va rat cao nam
& phia Bac cia tinh LAm Dong dic biét 13 tai huyén
Lam Ha, Bdo Lam, Bao Ldc, thanh pho Pa Lat. Cac
vung nguy co sat 1& dit thap va rat thap chid yéu
nam & cac khu vire phia Nam ctia tinh LAm Dong
(Hinh 12).

Bdng 4. Gid tri trong s6 va diém phdn cdp véi cdc I6p tiéu chi dnh hwdng dén nguy co sat 16 dat.

Yéuté | Tron , o - Phén c4 Nguy co
T (don vi) s6 i Khodng gid tri Diém rui ro (Cé}:]))) saflé'y dat
o -5,821 +-3,5 1 1 R4t thip
32‘ 2 -3,500 = -1,800 2 2 Thép
1 dié hinh 0,177 -1,800 + 0,500 3 3 Vira phai
(TWI) 0,500 + 3,700 4 4 (IZao
3,700 + 12,092 5 5 Rat cao
54 + 500 1 1 R4t thap
. 500 + 1000 2 2 Thip
2 DE’HCS‘O 0,103 1000 = 1500 3 3 Vira phai
1500 + 2000 4 4 Cao
2000 + 2294 5 5 R4t cao
0+7 1 1 R4t thap
L 7+ 14 2 2 Thip
3 BE-’d‘é;’c 0,159 14+ 21 3 3 Vira phai
) 21+29 4 4 Cao
29 + 65,4 5 5 R4t cao
1564 + 1802 1 1 RAat thip
]_,u'(_)'ng 1803 + 1881 2 2 Thép
4 mua 0,163 1882 + 1991 3 3 Vira phai
(mm/ndm) 1992 + 2187 4 4 Cao
2188 + 2442 5 5 R4t cao
Nuéc 1 1 Rt thip
Lép phi R&Pg, (A:éy lau nf?lm 2 2 \Thé’p :
5 bé mit 0,094 bat noAng nghiép 3 3 Vira phai
Dan cuw 4 4 Cao
Dit tréng 5 5 R4t cao
Chisé -0,38 + 0,04 5 5 R4t cao
6 thwcvat | 0,089 0,04 + 0,25 4 4 Cao
(NDVI) 0,25 + 0,38 3 3 Vira phai
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Yéut6 | Tron . o i Phén c4 Nguy co
T (don vi) s6 i Khodng gid tri Diém rui ro (Cé};) saflc’)'y dat
0,38 + 0,48 2 2 Thip
0,48 + 0,70 1 1 RAt thip
0+0,168 5 5 R4t cao
Mat do 0.169 + 0.268 4 4 Cao
7 | thoat nwéc | 0,120 0.269 + 0.365 3 3 Vira phai
(km/km?) 0.366 + 0.471 2 2 Thép
0.472 +0.728 1 1 R4t thip
DAt xdm bac mau niu do 1 1 RAt thip
DAt ndu do trén d4 bazan 2 2 Thip
8 | Loaidit | 0,095 | P4t xam bac mau trén da trim tich va da bién chit| 3 3 Vira phai
D4t ndu d6 trén d4 quartz 4 4 Cao
DAt nirt né, kho han 5 5 R4t cao
Bdng 5. Phdn cdp nguy co sat & ddt & khu vuee T LeE ksl
7 . Phan cap nguy co N Dbék Lak ’X
nghién ctru. =t :t::; = e =
TT | Cap nguy co Dl(irrlntzlf h % Dién tich é%inpg binh S }\Cg
1 | Rétthdp | 10831 11,2 _®
2 Thip 2312,0 23,9 $ z
3 | Trungbinh | 30963 32,0 54 £
4 Cao 2350,5 24,3 = E
5 | Ritcao 830,2 8,6 .S LS
bong Nai —

DPanh gia d6 chinh xac cia mét mé hinh théng
qua dwdong cong ROC (receiver operating
characteristic) 1a mdt phwong phap phd bién
dwoc ap dung trong nhiéu nghién ctru trudc do
(Corsini & Mulas, 2017). BPuong cong ROC biéu thi
mot biéu do6 hai chiéu thé hién hiéu suit ciia mot
hé théng phan loai khi ngwdng phan biét thay déi
d6i véi bién dy doan. Dién tich dwéi duong cong
(AUC - area under the curve) ciia mo hinh dai dién
cho kha nang phan biét gitra cac gia tri thuc. Trong
nghién cru nay, ban d6 phin cap sat 1& dat dwa
trén AHP da dwoc chia thanh nam 1&p. 106 vi tri
quan tric sat 1¢ dat da dwoc chon 1am diém thi
nghiém dé danh gia ban d6 phan cip sat 1& dat.
Cong viéc nay duoc thyc hién trong ArcGIS 10.7
str dung cong cu ArcSDM. D€ tinh toan dwdng cong
ROC va gia tri AUC, ban d6 nguy co sat 1& dat da
dwoc chuyén do6i thanh dinh dang raster va st
dung lam mé hinh phén loai véi cic diém thi
nghiém trong ArcGIS 10.7. Viéc nay cho phép tao
ra dwong cong ROC va gia tri AUC trong dinh dang
*tif (Hinh 13). Véi gid tri AUC cao dat 0,755
(twong dwong 75,5%), két qua nay cho thiy ban
d6 phan cip nguy co sat 1& dit tai tinh LAm Pong

Hinh 12. Bén d6 phén cdp nguy co sat I& ddt &
khu vuec nahién ctru.

08 |

o
o

Ty |& duong tinh that (TPR)
°
S
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P A = =+ Ngau_nhien
- —— Nguy_co_sat_lo (AUC = 0.755)
N .

0.0 0.2 04 0.6 08 1.0
Ty 1& duong tinh gia (FPR)

Hinh 13. Pwong cong ROC va phan tich gid tri
AUC.

twong ng véi mire do chip nhéan két qua va dang
tin cdy trong pham vi nghién cru nay.

5. Két luin

Nghién ctru nay da st dung két hop gitra cong
nghé vién tham, hé thdng thong tin dia ly (GIS) va
phwong phap phan tich da tiéu chi dé tao ra ban
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d6 phan viing nguy co sat1¢ dat tai tinh LAm Dong.
Tam yéu t6 dau vao anh hwdéng dén sat 1& dat, bao
gom chi s6 d6 &m dia hinh (TWI), mo hinh s6 dia
hinh (DEM), d6 doc, lwong muwa, 16p pha bé mat,
chi s6 thuc vat (NDVI), mat d6 thoat nwéc va loai
dat, da dwoc chon dé phan tich str dung phwong
phép phan tich phu thudc toan b ciu tric (AHP).
Sau do, cac ban dd don biéu thi cho mdi tiéu chi da
dwoc chuyén déi thanh dang raster va xép chong
1én nhau dé tinh toan chi sé sat 1& dit LSIva phan
loai thanh 05 cip nguy co sat 1& dat trong phan
mém ArcGIS.

Két qua nghién ctru cling da chira 1083,1 km?
twong trng 11,2% dién tich it c6 nguy co sat & dat,
2312 km? twong ing voi 23,9% dién tich cé nguy
co sat 1 dat thap, 3096,3 km? twong tng 32,0%
dién tich c6 nguy co sat 1& dat trung binh, 2350,5
km? twong tng 24,3 % dién tich cé nguy co sat 1&
dat cao va 830,2 km? twong trng 8,6% dién tich co
nguy co sat 1& dat rat cao. Cac huyén, thi, thanh
pho & khu vuee doi nui c6 dd doc dia hinh cao dac
biét c6 huyén Lam Ha, Bao Lam, Bao Ldc, thanh
pho Pa Lat mirc d6 nguy co sat 1& dat rat cao.

Cac két qua ctia nghién ctiru nay da cung cip
mot cai nhin tong thé vé cac khu vuc c6 nguy co
sat1¢ dat tai tinh LAm D6éng. Thong tin nay 1a hiru
ich cho cac nha quy hoach, quan ly, va cac bén lién
quan khac dé ap dung cac bién phap phong ngira
satld dat, cling nhw phét trién cic khu d6 thi va hé
thong giao thdng mot cach an toan, tranh xa cac
vung c6 nguy co sat 1& dat cao. Hon nira, dit liéu
trong nghién ctru phén 16m c6 san trén Internet va
dé dang thu thap, diéu nay c6 nghia 12 phwong
phap va chi tiéu str dung c6 thé dé dang 4p dung
cho cac khu vyc khéc.

Pong gop cuaa tac gia

Nguyén Van Nam - 1én y twdng va viét ban
thao bai bao, thu thap dit liéu va phan tich dit liéu;
Lé Thi Thu Ha - thu thip dit liéu, chinh stra noi
dung va cac ban do chuyén dé va xt ly sé liéu bai
bao.
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