76 Science and Technology Development Journal, vol 20, no.K4- 2017

Ung dung phuong phap h01 quy logistic xac
dinh t6 hop toi vu cac yéu to anh hudng va xay
dung ban do tai bién truot 16 dat huyén Khanh
Vinh, tinh Khanh Hoa

Nguyén Thanh Danh, P4u Vin Ngo, Ta Qubc Diing

Tém tit—Nghién ciru nay ap dung phwong phap
hdi quy logistic (LR) tich hop véi GIS thanh lap ban
db tai bién truot dit huyén Khinh Vinh, tinh Khinh
Hoa dwa vao mdi lién hé khong gian giira cic yéu t6
anh hwéng lién quan dén dia hinh; thach hoc; thue
vat; luwong mua lén nhat nim; Kkhoing cich dén
dudng giao thong, song sudi, dirt gay va su phan bb
cac diém trugt 16. Sir dung dwong cong ty 1€ thanh
cong (success rate) va ty 1¢ du bao (prediction rate)
dé danh gia mirc do phit hop va dd chinh xac cia
phuong phap hoi quy logistic. Két qua cho thz‘iy
phuong phap nay c6 mirc d) phu hop va dd chinh
xac cao (phan dién tich bén duéi dudng cong: Areas
Under Curves - AUC = 0,8~0,9). Thuit toan mé hinh
trung binh Bayesian (BMA) ciia phin mém théng ké
R dwogc ap dung dé xac dinh cac yéu td anh huong
nhét va cac md hinh t8i wu t6 hop yéu td dnh hwéng.
C6 bén yéu t6 anh hwéng quan trong nhét va nim
mé hinh t8i wu t6 hop yéu t6 dnh hwéng. Mo hinh 3
(goc ddc, hwéng dbc, cao d9, khoang cach dén dudng
giao théng va lwong mua I6n nhit nim) 1a md hinh
toi wu tot nhat.

Tir khéa—Trwot dat, hdi quy logistic, ty 1& thanh
cong, ty 1¢ du bao.

1 MODAU
VL‘mg nghién cttu ndm tron trong ranh gigi hanh
chinh huyén Khanh Vinh, 1& mét vang nai
phia tdy tinh Khanh Hoa. Khanh Vinh la huyén
mién ndi, tiép giap vai dong bang, bac giap huyén
Ninh Hoa va tinh Dék Lik, dong giap huyén Dién
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Khénh, nam gidp huyén Khanh Son, ty gidp tinh
Pik Lak va tinh Lam Dong (hinh 1). Truot 1¢ dat
& cac suon déc, mai déc ty nhién va mai déc cong
trinh thuong xay ra khi c6 mua to kéo dai, dac biét
la vao mua mua bdo. Mot trong nhiing bién phap
cap thiét hién nay dé cac cp chinh quyén phong,
tranh va giam thiéu nhitng thiét hai do truot 1¢ dat
gay ra |a thanh 1ap ban db phan ving tai bién truot
I6. Muyc dich chinh cua viéc thanh I1ap ban dd nay
1a nham canh bao trudc ving ¢ tai bién truot 1o
Xay ra trong tuwong lai, lam co s& khoa hoc cho quy
hoach phét trién bén viing kinh té - xa hoi va bao
vé mdi trudng trén dia ban huyén Khanh Vinh.

Hau hét cac ban dd nguy co truot 16 duoc thanh
lap theo mét trong cac phuong sau: Phuong phap
truc tiép; phuong phdp tinh todn dia ky thuat va
phwong phap xac suit théng ké [1, 2]. Cac phuong
phdp Xac suit thong ké thuong s dung gom:
Phuong phap ty so tin suat - Frequency Ratio;
phuwong phap chi sé théng ké - Statistical Index;
phwong phép trong sb cac ching ct - Weights of
Evidence; phuong phap hdi quy logistic - Logistic
Regression; phuong phap mang noron nhén tao -
Artificial Neural Network. Trong nghién cau nay
s& str dyung phuong phap hdi quy logistic.

Do d6, ban d6 chi s6 nguy co truot 1o (Landslide
Susceptibility Index - LSI) xem nhu 1a mot ham
clia cac diém truot 16 va céc yéu t anh huong (1);
ban db chi s6 tai bién truot 15 (Landslide Hazard
Index - LHI) xem nhu 12 mot ham cua cac diém
truot 16, cac yéu t anh huong va yéu té kich thich

) [3]
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Trong nghién ctru ndy, lugng mua 16n nhat nim
dugc xem la yéu té kich thich bén ngoai khi thanh
lap ban d6 tai bién truot 16 va diém truot 16 trén
cac tuyén giao thong (hinh 2).

LSI = f{diém truot, yéu té anh hwong) @

LHI = f{diém truot, yéu té anh huwong, yéu té
kich thich) @)

2  PHUONG PHAP

Phuong phap hoi quy logistic la mét hinh thuc
cia phuong phap hoi qui da bién thé hign mébi
quan hé gita mot bién phu thuoc va mot vai bién
doc lap [3, 5-7]. Phuong phdp hdi quy logistic
thuong duoc sur dung d¢ du béo sy c6 mat hay
ving miat cua bién phu thudc dwa vao gia tri cua
céc bién doc lap. Bién phu thuoc c6 dang nhi phan
con céc bién doc lap c6 thé & dang nhi phan, lién
tuc, roi rac va phan nhém. Trong nghién cau nay,
bién phu thudc nhan gia tri 1a 1 néu c6 xay ra truot
I6 va nhan gi4 tri 12 0 néu khéng xay ra truot 16;
céc bién doc lap la cac yéu té anh huong dén truot
16.

Theo phuong phép hoi quy logistic, quan hé
gitra X&c SUit xay ra truot 1o va cac yéu té anh
huong dwoc thé hién qua phwong trinh:

logit(P) = In(%) = a, + X+ BX +..t B x, (3)

Trong d6: P: X4c sut xay ra truot 10; ao: Hang
$6; Bi(i=1,2,..,n):Hésdhoiquy; xi(i=1,2
n): Bién doc 1ap (yéu té anh huong).

3  DULIEUVAQUY TRINH LAP BAN PO

3.1 Phdn bo diém truot I

Dé xdy dung ban do phan b diém truot 16 ving
nghién ctru, c6 ba phuong phdp dugc su dung:
Phuong phap thu thap dir liéu lich st truot 16 da
¢0; phuong phap di thuc dia, xac dinh toa d6 vi tri
trugt 10 bang may GPS cam tay (GARMIN
eTrex30) c6 d6 chinh xac + 5 m; phuong phap
phan tich anh vién thim va anh Google Earth két
hop v6i kiém tra & hién truong. Trong ving nghién
ctru ¢6 231 diém trugt 16 duge ghi nhan va dugc
chia ngdu nhién thanh 2 nhom dit liéu: Nhom dir
liéu huan luyén chiém 70% (161 diém truot 10);
nhém dit liéu kiém tra chiém 30% (70 diém truot
16). Nhom dit liéu hudn luyén dung dé tinh toan;
nhém dir lidu kiém tra dung dé danh gia do chinh
xac cac phuong phap.
3.2 Cdc yéu to anh hwéng

Lya chon c&c yéu té anh huong dén truot 1o 1a
rat can thiét ddi vai viéc thanh 1ap ban do tai bién

truot 6. Tuy nhién, cho t6i nay tat ca cac nghién
ctru van chua thdng nhat trong lya chon cac yéu t6
anh huéng. Do d6, cac yéu té anh huéng dugc lya
chon chu yéu dya vao dir liéu sin c6 va kinh
nghiém chuyén gia ddi véi ving nghién cau [1, 4,
8]. Nghién ctru ndy lra chon 11 yéu té anh huéng
dén truot 16 dé dua vao phan tich trong cac mo
hinh gébm: Gé6c dbc, husng déc, cao do, chi sb am
wét, dd udn cong bé mat mai déc, thach hoc,
khoang cach dén duong giao théng, khoang céch
dén séng sudi, khoang cach dén dat gay, chi sb
thuc vat va lugng mua I16n nhit nam. Ban db tai
bién truot 16 dat dugc thanh lap tir 11 yéu t anh
hudng theo phuong phap hdi quy logistic dya trén
quy trinh nhu hinh 3.

4 KETQUA
4.1  Xde dinh c&c hé sé hoi quy
Tat ca cac ban do yéu té anh huong da dugc
phan nhom déu chuyén sang dang raster (Iudi) Voi
kich thuéc mdi pixel 1a 20x20 m? va duoc phu Ién
boi ban d6 phan bé cua 161 diém truot 16 huin
luyén (ding dé tinh toan). Trong toan ving nghién
ctru ¢6 téng sb 2915267 pixel voi 1435 pixel truot
16. Sir dung phan mém théng k& R c6 ma ngudn
mé dé tinh toan xac dinh cac hé sb hdi quy. Két
qua tinh toan cho trong bang 1.

BANG 1. CAC HE SO HOI QUY

Hé 56 Sai sb
Yéu to hdi quy | chuin W;ld Pr(>|Z))
B (SE)

Cao d6 (DEM) 1,4144 | 0,2193 | 6,45 | <0,0001
Gée doc (SLOPE) 0,372 10,1043 | 3,57 | 0,0004
Hudng doc
(ASPECTD) 0,3432 | 0,1408 | 2,44 | 0,0148
Do uc‘)p cong bé mat
mai doc 0,999 | 0,6286 | 1,59 0,112
(CURVATURE)
Chi s0 am u6t dia
hinh (TWI) -0,011 | 0,3196 | -0,03 | 0,9726
Thach hoc
(LITHOLOGY) 0,259 | 0,0869 | 2,98 | 0,0029
Luong mua lon
nhét néim (MP) 0,6136 | 0,1114 | 5,51 | <0,0001
Khoang cach dén
song subi (DFD) 0,3264 | 0,187 | 1,75 | 0,0809
Khoang cach dén
duong giao thong 0,7938 | 0,0631 | 12,57 | <0,0001
(DFR)
Khoang cach dén
diit giy (DFF) 0,5047 | 0,1895 | 2,66 | 0,0077
Chi s0 thyc vat ) )
(NDVI) 0,034 | 0,2036 | -0,17 | 0,8659

Ghi chi: Hang s6 a» = -13,1181;
Pr(>|Z|): Gid tri P,

Wald Z: S théng ké Wald Z;
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4.2 Ban d6 phdn ving tai bién truot I

Ban db tai bién truot 16 duoc thanh lap dya vao
su két hop cua 11 ban d trong sb cua cac yéu to
anh huong theo cac phuong trinh (3). B¢ thuan
tién trong viéc trinh bay va danh gia két qua, ban
dd chi s tai bién truot 16 dugc phan phan ving
theo cac muc do tai bién khac nhau. Trong nghién
ctru ndy, ¢6 5 mirc d6 phan ving tai bién truot &
dugc &p dung: Rat thap, thap, trung binh, cao va
rat cao.

Duya VAo biéu db histograms cua gia tri chi s6 tai
bién truot 16, phuong phap d6 léch chuin
(Standard Deviation) dugc st dung dé phan ving
tai bién truot 16. Trong thuc té, hau hét céc biéu db
histograms nay thuong khéng ¢ phan bé chuan.
Do d6, c4c ban dd chi s6 tai bién truot 16 trudce khi
phan ving mirc d6 tai bién truot 1 can dwoc chuan
hoa dé biéu dd histograms cé phan bé chuan hoic
gan phan bd chuan. Phuong trinh chuan hoa chi s6
tai bién truot 16

LHI —LHI

LHI  =—— = "min_ @)
“ " LHI_, —LHI

Trong d6:

LHIs: Gi4 tri chi sb tai bién truot 16 da chuan
hoa; LHI: Gia tri chi sb tai bién truot 16 chua
chuan héa; LHInin: Gid tri chi sb tai bién truot 16
nho nhat; LHImax: Gid tri chi s tai bién truot 1& 16n
nhét.

T phuong trinh (3), chi sé tai bién truot 1o
(LHI) va xac xuét truot 16 da dwoc chuan hoa (Psa)
xac dinh nhu sau:

LHI = -13,1181 + 1,4144*DEM + 0,372*SLOPE
+ 0,3432*ASPECT + 0,999*CURVATURE -
0,011*TWI + 0,259*LITHOLOGY + 0,6136*MP
+ 0,3264*DFD + 0,7938*DFR + 0,5047*DFF -
0,034*NDVI )
Py = EXP(LHI)/(1 + EXP(LHI))  (6)

Céac khoang gia tri phan vung cac muc do tai
bién truot 16 dya vao gia tri trung binh va do léch
chuan (Bang 2). Ban d6 phan ving cac mic d¢ tai
bién truot 16 dugc thanh 1ap tir ban db chi s6 tai
bién truot 16 va xac suit truot 16 da duoc chuin
héa (Hinh 4).

BANG 2

KHOANG GIA TRI PHAN VUNG MUC DO TAI BIEN
TRUQT LO

Phén vung tai o
Khoang gia tri

bién trugt 16
Rat thap Min~Mean - 1,5Std.Dev
Thap Mean - 1,5Std.Dev~Mean - 0,5Std.Dev
Trung binh Mean - 0,5Std.Dev~Mean + 0,5Std.Dev

Cao Mean + 0,55td.Dev~Mean + 1,5Std.Dev
Rat cao Mean + 1,55td.Dev~Max
Ghi chu: Std.Dev ((),03’3): D¢ léch chuan; Mean (0,59): Tri trung
binh; Median (0,58): So trung vi; Min (0,5), Max (0,73): Gia tri nho
nhat va lén nhat.
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Hinh 4. Ban d4 phan ving tai bién trugt 16

4.3  Kiém chimg phwong phdp

Kiém chimg phuong phap 1a mot nhiém vu rat
quan trong va khong thé thiéu. Néu phuong phap
khong duoc kiém chimg thi phuong phap khong
thé s dung va khong c6 ¥ nghia khoa hoc. Mot
phuong phap st dung phé bién hién nay 1a dwa vao
cac duong cong ty 1€, c6 2 loai: Buong cong ty 1€
thanh cong (Success rate) va duong cong ty ¢ du
bao (Prediction rate). Budng cong ty 1& thanh cong
ding dé danh gia mirc do phu hop cua phuong
phap so vai dir liéu quan sat, duong cong ty 1€ du
bao ding dé danh gia mirc do chinh xéc cua
phuong phép.

Duong cong ty 1€ thanh cong (Hinh 5) duoc
thanh 1ap tir ban d0 xé4c suat tai bién truot 1o véi
cac diém truot ding dé huan luyén (161 diém
truot). Puong cong ty & du bao (Hinh 6) duoc
thanh 1ap tir ban d6 xé4c suat tai bién truot 1o véi
cac diém truot diung dé kiém tra (70 diém truot).

Gié tri cac pixel cua ban dd xac suét tai bién
truot 16 dwoc sip xép theo thir ty tir I6n dén bé dé
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tinh phan tram dién tich. Cac diém truot 16 dwoc
chong Ién cac ban d6 nay dé tinh phan trim tich
lay trugt 16 da xay ra.

Gia tri cua phan dién tich bén dudi cac duong
cong ty 1é (Areas Under Curves - AUC) dugc st
dung nhu mét thong sé dinh lugng dé kiém ching
phuong phép. Gia tri AUC thay do6i tir 0,5~1.
Phuong phap tot nhat 1a phwong phap c6 gia tri
AUC gin bang 1. Quan hé gitta AUC va chat
lwong md hinh ¢6 thé phan chia nhu sau [7]: AUC
= 0,5~0,6: Kém; AUC = 0,6~0,7: Trung binh;
AUC = 0,7~0,8: Tét; AUC = 0,8~0,9: Rat tdt;
AUC = 0,9~0,1: Xuét sic. Két qua tinh toan cho
gia tri AUC thuoc khoang 0,8~0,9 nén cé muac do
phl hop va d chinh xéac cao.

Success rate
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60—
s AUC = 0,835
40+
30

20

Tich liy trugt 16 xay ra (%)

10

O T 7 T T T T T T T T
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Hinh 5. Buong cong ty 1€ thanh cong
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4.4 Pdnh gid cic yéu té anh hwong va lea chon
mé hinh t6i uu

Tiéu chi chung dé tim md hinh téi wu 1a mo hinh
phai dam bao cac diéu kién sau: Pon gian (Mo
hinh phai ¢6 it yéu t6 anh huong, vi néu c6 qua
nhiéu yéu té anh huong s& dan dén kho khan trong
giai thich két qua va khong thyc tién); day da (Mo
hinh mé ta dir liéu mot cach tét nhat, nghia la két
qua md hinh gan dung nhit véi dit liéu quan sat va
¢6 @6 chinh x4c cao); c¢6 y nghia thuc t& (Cac yéu
t6 anh huong trong moé hinh phai giai thich duoc
bang 1y thuyét va bang thyc tién).

Hién nay, c6 céac thuat toan dé tim mé hinh tdi
uu nhu: Stepwise, Backward, Deviance, AIC
(Akaike Information Criterion), BIC (Bayesian
Information Criterion) va BMA (Bayesian Model
Average). Trong céac thuit toan nay, thuat toan
BMA khong chi dua ra mot md hinh tbi wu nhat
ma con cho biét mot vai mo hinh tdi wu khac co
thé dé lya chon cho phu hop véi diédu kién thuc té.
Phan mém théng k& R ¢6 ma nguon mo dugc sir
dung dé giai thuat todn BMA.

Két qua tinh toan c6 7 yéu té anh huong lién
quan dén truot 16 (DEM, DFR, MP, SLOPE,
LITHOLOGY, DFF, ASPECT) vi xac suat xuit
hién khac khong. Trong dé, c6 4 yéu té anh huong
quan trong nhat (DEM, DFR, MP va SLOPE) vi
X&c suat xuét hién 100%. C6 5 md hinh téi wu ¢o
thé dé lya chon, nhung mé hinh téi wu nhit 12 moé
hinh 1 vi ¢6 it yéu té anh huéng nhat.

Cac moé hinh tdi wu déu co gia tri AUC tur
0,8~0,9 nén cé @6 chinh x4c cao (Bang 3). Mat du
mo hinh 1 1a mé hinh téi vu nhit nhung mé hinh 3
v6i 5 yéu t6 anh huang 1a mé hinh téi vu tét nhét
Vi cd gia tri AUC cao hon.
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Hinh 6. Budng cong ty 1é dy bao

BANG 3
GIA TRI AUC CUA CAC MO HINH TO1 UU
Mo X LA o .
hinh Yéu to anh hwong AUC
1 DEM, DFR, MP va SLOPE 0,801
2 DEM, DFR, LITHOLOGY, MP va 0,807
SLOPE
3 | ASPECT, DEM, DFR, MP va SLOPE | 0,812
4 DEM, DFF, DFR, MP va SLOPE 0,801
5 DEM, DFF, DFR, LITHOLOGY, MP | 0,806
va SLOPE

5 KET LUAN

Tai bién truot 16 dat thuong xuyén xay ra vao
mua mua & huyén mién nai Khanh Vinh, dic biét
Ia doc theo cAc tuyén duong giao thong. Truot 1o
cha yéu xay ra ¢ cao do tir 1200~1500 m; géc déc
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tir 40~60°; huéng doc Pong - Nam; trong nhdm sét
két, bot két, cat két, san két, cudi két va trong vo
phong héa day cua nhdm andesit, dacsit,
andesittodacit; ving phan b6 lwong mua 16n nhat
nam tir 650~750 mm; trong pham vi khoang cach
dén sdng sudi, duong giao thong tir 0~100 m va
khoang cach dén dut gay tir 400~500 m.

Phuong phap hdi quy logistic duoc sir dung dé
thanh 1ap ban db tai bién truot 16 dwa vao 11 yéu t6
anh  huodng (DEM, SLOPE, ASPECT,
CURVATURE, TWI, LITHOLOGY, DFR, DFD,
DFF, NDVI va MP) c¢6 mirc d6 phu hop, d6 chinh
xé&c cao (AUC cua duong cong ty I& thanh cdng la
0,835; AUC cua duong cong ty 1é dy bédo la
0,836).

Cac ban do chi s tai bién truot 16 can duoc
chuan héa dé c6 phan bé chuan hoic gan phan bd
chuin. Ap dung phuong phap d6 léch chuan
(Standard Deviation) dé phan viing muc d¢ tai bién
truot 16. Ban d6 phan vung tai bién truot 16 gom 5
viing theo mirc dé tir thip dén cao: Rat thap, thip,
trung binh, cao va rat cao.

Trong nghién ctu nay, lan dau tién thuat toan
BMA (Bayesian Model Average) duoc sir dung dé
tim céc yéu t6 anh huong quan trong nhét va cac to
hop yéu té anh huong t6i wu. Két qua c6 7 yéu té
anh huodng lién quan d&n truot 16 (DEM, DFR,
MP, SLOPE, DFF, LITHOLOGY, ASPECT), 4
yéu t6 anh huong quan trong nhat (DEM, DFR,
MP va SLOPE) va 5 mé hinh t4i wu t6 hop céc yéu
t6 anh huong.

Phuong phép hdi quy logistic lan luot dugc ap
dung cho cdc md hinh té wu dé dy bao tai bién
truot 16 cho thdy c¢6 do chinh xac cao (AUC =
0,8~0,9). Tuy nhién, md hinh 3 Ia mé hinh tdi uu
t6t nhat, tiép dén l1a cac md hinh 2,5, 4 va 1.
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Applying logistic regression method to
determine combinatorial optimization of
landslide-related factors and construct

landslide hazard map in Khanh Vinh
district, Khanh Hoa Province

Nguyen Thanh Danh, Dau Van Ngo, Ta Quoc Dung

Abstract—The purpose of this study is to produce
landslide hazard map in Khanh Vinh district,
Khanh Hoa province using logistic regression
method integrated with GIS analytical tools. The
spatial relationship between landslide-related
factors such as topography; lithology; vegetation;
maximum precipitation in year; distance from
roads; distance from drainages; distance from faults
and the distribution of landslides were used in the
landslide hazard analyses. Using success rate and
prediction rate curve assess the fit and accuracy of
logistic regression method. The results show that
this method have the goodness of fit and the high
accuracy (Areas Under Curves - AUC = 0.8 ~ 0.9).
Bayesian Model Average (BMA) of the R statistical
software was applied to identify the most influential
factors and the combinatorial optimization models
of landslide-related factors. There are four the most
important landslide-related factors and five
combinatorial optimization models of landslide-
related factors. Model 3 (slope angle, slope aspect,
altitude, distance from roads and maximum
precipitation in year) is the best optimization.

Index Terms—Landslide, logistic regression,
success rate, prediction rate.



