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Tém tat: Cdc thién tai thwdng xdy ra déng thoi hodc ndi tiép. Xdc sudt xudt hién ddng thoi da thién tai
déng vai trd quan trong trong céng tdc ddnh gid rdi ro thién tai. Tuy nhién, phén I&n cdc nghién ctru & Viét
Nam khéng xem xét dén xdc suét xdy ra ddng thdi cda cdc thién tai. Nghién ctru nay phén tich, xdc dinh xdc
sudt xdy ra déng thoi cua cdc thién tai bdo kém muwa Ién va muwa sau bdo bdng ham Copula. S6 liéu quan
trdc téc dé gié manh trong bdo va lwong muwa ngdy Ién nhét trong va sau bdo giai dogn 1961-2017 cla
15 tram khi tugng duoc st dung trong nghién ctru. Nghién ciru dé tim ra ham Gumbel-Hougaard Copula
& ham phi hop cho da thién tai bdo kém mua I6n va muwa sau béo khu vire ven bién Trung Trung Bd. Kiém
dinh Kolmogorov-Smirnov va tiéu chuén théng tin Akaike duwoc s dung dé kiém dinh sw pht hop cua cdc

ham Copula.

Tir khoa: Xdc suét, Copula, da thién tai, bdo, mua lon.

1. Gi¢i thiéu

Khu vwec Trung Trung BO trai dai tir 14°32’
dén 18°05’ vi do Bac va tir 105°37’ dén 109°04’
kinh d6 DPong, bao gbm 06 tinh: Quang Binh,
Quang Tri, Thira Thién Hué&, Da Ning, Quang
Nam va Quang Ngai. Trung Trung Bo la khu vyc
thuwdng xuyén chiu nhirng tac déng bat loi cla
thién tai dién hinh nhu b3o, |i, mwa 1&n. Lich
st d3 ghi nhan dugc mét s6 con b3o kém mua
I&n, két hgp mua sau bdo dién hinh gay thiét hai
nang né cho khu vuc. Bdo Xangsane nam 2006,
dd bo vao céc tinh mién Trung, d3 lam 76 nguodi
chét va mat tich, 532 ngudi bi thuwong, lam sap
hon 24.000 ngb6i nha, thiét hai l1én t&i 10.000
ty déng, cac tinh chju thiét hai ndng nhat 1a B3
Nang, Thira Thién Hué va Quang Nam [1], [2],
[3], [4], [44]. Bdo Ketsana nam 2009, gay mua
I&n trén dién réng tlr Nghé An dén Binh Dinh,
Tay Nguyén, bdo va Il sau bdo lam 179 nguoi
chét, 8 nguwdi mat tich, 9.770 ngdi nha bj d6,
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thiét hai wdc tinh khoang 14.000 ty dong. Ndm
1996 cd tdi 5 con bdo va 4 ATND d6 bo va anh
huwédng truc tiép dén cac tinh mién Trung, xay ra
14 dot mua 1én, dién rong, tap trung dén dap,
vuot trung binh nhiéu ndm ca vé lugng va thoi
gian mua. Tai thi xd Quang Ngai, téng lugng
mua 4 thang (IX-X11) xp hang thi hai trong vong
80 ndm trd lai, chi sau ndm 1917 [34]. Mua Ién
la hé qua clia mot sd loai hinh thoi tiét dac biét
nhw: B3o, dp thap nhiét d&i hay dai hoi tu nhiét
ddi, khong khi lanh,... Dac biét hon la khi cé sy
k&t hop cha ching sé& cang nguy hiém hon gay
nén mua to dén rat to trong mot thi gian dai
trén pham vi rong,... [4], [44].

Copula 1a phan phéi déng thoi hay ham phén
phdi hiép bién tir cdc ham phan phdi bién cla
cac bién ngau nhién 1-chiéu va dé mé ta sy phu
thudc gitra cac bién ngau nhién. Li thuyét Copula
bat ngudn tir dinh li Sklar vao nhitng ndm 1950
[20]. Trong nhitng ndm gan day, Copula duoc
cdng déng cac nha khoa hoc st dung rong rai
trong cac nghién ctru vé thién tai, cwc doan khi
hau, thdy van,... Nam 2003, (rng dung dau tién




cla Copula trong thiy van duoc De Michele va
cong sy thuc hién [14]. Hu va cong su (2010) da
rng dung Gumbel-Hougaard dé phan tich xac
suat hiép bién b3o va mua I&n trong luu vire hod
Taihu [16]. Kwon va cdng sy (2017) da phan tich
ma&i twong quan gitra téc do gid va lvong mua
I&n nhat ndm trong khu vire chiu anh huéng cla
bio bang Copula [19]. Dong va cong sy (2017)
trng dung Copula xac dinh phan b6 2 chiéu téc
do gié va lwgng mua cyce tri hang nam & dai ven
bién cta Thwong Hai [15]. Xu va cong su (2018)
d3 &ng dung Copula dé xac dinh phan bd hiép
bién cta bdo, muwa I&n trong bdo va nwdc dang
do b3o cho dai ven bién dao Haidian [21],...

O Viét Nam, Copula chll yéu duoc sit dung
trong nganh tai chinh, ngdn hang nhuw cac
nghién clru cla Nguyén Thij Lién Hoa va Luvong
Thi Thay Hwong (2014), Tran Ngoc Tho va HO Thi
Lam (2015), Nguy&n Thu Thly (2018),...[8] Mic
du Copula d3 va dang dwoc st dung rat phd bién
trong Iinh vic thién tai trén thé gidi nhung tac
gid chua ti€p can dwoc nghién clru nao & Viét

bao nay tng dung Copula trong tinh todn phan
b6 hiép bién gié manh trong b3o, mwa Ién trong
va sau bdo. Muc dich cta nghién ctru la xac dinh
dugc ham Copula phlu hop dé tinh xac suat xay
ra dong thoi clia cac thién tai. SO liéu quan trac
téc dé gid manh trong b3o va téng lvong mua
ngay I&n nhat trong va sau b3o giai doan 1961-
2017 dwoc sir dung trong nghién ctru. Kiém dinh
Kolmogorov—Smirnov va tiéu chuin théng tin
Akaike dugc sir dung dé kiém dinh su phu hop
cla céc Copula.

2. Khu vie nghién ctru va sé liéu
2.1. Khu vwe nghién ciru

Khu viee ven bién Trung Trung Bo |a dai dat
& mién Trung Viét Nam. Phia Bic gidp vdi tinh
Ha Tinh; phia Tay giap vdi Lao; phia Tay Nam
giap vdi tinh Kon Tum; phia Nam gidp vdi tinh
Binh Dinh; phia Déng gidp v&i Bién Ddng. Khu
vue ven bién Trung Trung Bo (ly theo pham vi
Dai Khi twgng thly van khu vyc Trung Trung Bo)
bao gbm cdc tinh: Quang Binh, Quang Tri, Thira
Thién Hué, ba Nang, Quang Nam va Quang Ng3i
(Hinh 1a).

Nam &ng dung Copula trong linh vic nay. Bai

Hinh 1. Khu vuc nghién ciru va mang ludi tram khi tuwgng

Dia hinh cac tinh khu vyc Trung Trung Bé co
d4dc trng chung 1a dia hinh déc, bi chia cdt manh
b&i mang ludi sdng sudi day dac. Pia hinh thap
dan tir Ty sang Pong, hau nhu toan bd vung
phia Tay 1a nui cao, ké tiép la vung doi thap, phia
DPong c6 cac dai dong bang nhd, hep xen ké va
sau cung la nhitng trang cét ven bién. Dia hinh
ndi, d6i va dong bang chay dai theo hudng Tay

Bac - Dong Nam. Vé khi hau, cac tinh Trung Trung
B nam trong khu vire nhiét déi gié mua, 1a vung
chuyén tiép gitra hai mién khi hau. Mién khi hau
phia Bic c6 mua dong lanh va phia Nam néng 4m
guanh ndm. Mua b3o & khu vue Trung Trung Bo
thudng dién ra tir thang 9 dén thang 11. Theo s6
liéu théng ké tir 1961-2019, c6 80 con b3o/ATND
anh huong dén khu vue. Ty 18 muwa do bdo va
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ap thap nhiét d&i gay ra chiém tdi 40-50% tong
lvong mua trong cdc thang 7-10 [6].
2.2. Sé liéu

Quy dao b3o, s6 liéu quan trac toc do gié
l&n nhat trong b3o va téng lugng mua ngay
l&n nhat trong dat lién giai doan 1961-2017
dugc ké thira tir [9], [11], [13] va [17]. Khu vuc
nghién ctru nam trong ban kinh 500km ké tir tim
bdo duoc coi la anh hwdng cta bdo [21]. Trong
giai doan 1961-2017, 80 con b3o d3 anh huédng
dén khu vuc nghién cru (ndm 2018 khdng cé
bdo anh hudng khu vuc Trung Trung Bd). Téng
lwvong muwa ngay |&n nhat trong va sau b3o duoc
xac dinh nhu sau:

a) Phuwong phdp xdc dinh muwa trong bdo

Dwa vao chubi s8 liéu mua ngay Ién nhat cla
théang cé b3o dd bd, xac dinh lvgng mua ngay
I&n nhat. Dya vao quy dao duong di cda bio,

xac dinh khoang cach tlr cdc tdm bdo dén vi tri
céc tram khi twong, tram thdy van va diém do
mua cla ngay hdom dé. Vung chiu anh hudng
clla mua |én trong b3o thudng nam trong ban
kinh 500km ké tir tdm b3o [21]. N&u tram khi
twong nam trong vong ban kinh 500km tinh tir
tam b3o (Hinh 2), s8 liéu quan trac tai ngay hom
do cla tram d6é dugc coi 1a 6 liéu mua ngay 1on
nhat trong b3o [5], [21]. Khodng céch giira tdm
b3o dén diém/tram quan tric dwoc xac dinh
theo cong thirc Vincenty, nhu sau:

d=rAc (1)

\/(cos(az #sin(A2))’ # (cos 2, *sin @, -sin@, *cos D, * cos(AL))’ 2)
sinfd, #sin@, +cosd, *cos ), * cos(A4)

Ao =arctan

Trong d6: d=khoang cach gitta 2 diém; r =
6.378,14km, I3 ban kinh tréi dt; @, @, I3 vi d6/
kinh d6 gitra 2 diém.

Tram/diém
quantréc

Tam
bao

Hinh 2. Nguéng khodng cdch xdc dinh muwa trong béo

b) Phuwong phdp xdc dinh mwa sau bdo

Khi vao dat lién, do anh huwdng cua dia hinh
va dic biét |3 do khdng duwgc cung cap day da
hoi 8m nén bdo nhanh chéng bi bi suy yéu va
tan r3. Trong vong 7 ngay tiép theo ké tir khi bdo
tan, sé liéu mua ngay 1&n nhat tai cac tram khi
tuong trong dat lién duwogc coi 1a 6 liéu mua sau
b3o. Hai hinh thé ch( dao gdy mwa Ién tai khu
vuc Trung Trung BO |a do dai hdi tu nhiét déiva
khong khi lanh. Thoi gian gdy mua trung binh
tlr 5-7 ngay [10]. Do d6, dé ndm bat dwoc mua
ngay I&n nhat sau thoi gian xdy ra bdo, khodng
thoi gian 7 ngay duoc lwa chon.
2.2. Phwong phdp xdc dinh phén bé déng thoi
da thién tai

Dé xac dinh phan bé ddng thoi da thién tai
(PBDTT), can thuc hién hién theo 05 budc sau:

- Buédc 1. Xay dung phan bd hiép bién thuc
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nghiém dua trén s6 liéu quan tric tai cac tram
khi tuwong: S6 liéu quan trac tai tirng tram duoc
sap x&p theo thi ty ting dan, xac suat hiép bién
duoc tinh theo cong thure sau [22]:
I I 1 N
F(xl,xz,x3)=P{X1le,Xzsz,X3§x3}=7z”“121:12k:‘ "~ (3)

+1

Trong d6: F (x,, x,, X,): X4c sudt h{\(]fep bién cla
X, X, X;; N2 S8 thir tu clia x,, x,, X, trong chudi
s6 liéu quan trac da dugc sdp xép theo thir ty tir
bé dé&n I&n; N: Dung lwgng mau.

- Bwéc 2. Lva chon cdc ham Copula dé
nghién ciru: Cac ham Copula duwgc st dung
réng rai trong cac nghién cru vé thién tai gbm
Gaussian, Frank, Clayton va Gumbel-Hougaard.
Do d6, cdc ham Copula 3 bién nay duoc lya
chon dé nghién clru. Cong thirc cac Copula dwoc
thé hién trong bang sau:

Trong d6, cacgia triu, u,, u, la xac suat bién
cla cdc thién tai gié trong bdo, mua trong bdo




Bdng 1. Cdc ham Copula 3 bién sir dung trong nghién ctru [21]

Copula Cong thuc STT
Gaussian C(uy,uy,uy) =
1 1 -1
J'CD—I(ul) J'CD—I(uz) J'd)—l(u3) ex(——w! Wdw (4)
—00 —0 —00 (27[)3/2 |Z |1/2 p( 2 Z )
Gumbel-
oo | Clnnya) = exp(—(~nu)” + (<Inuy)” + (= Inu) ")) )
Clayton Cluy,u,,uy) = (ul_e + uz_g + u3g)_]/6 (6)
Frank 1 (e—eu, _ 1)(e79u1 _ 1)(6791,1 _ 1)
C(ul,u2,u3):51n( @ D) ) (7)

va mua sau b3o. X4c suat bién cua cac thién
tai dwoc xac dinh bang ham phan bé cuc tri
Gumbel kiéu I.

- Bwédc 3. Udc lvong tham s6 cha cadc ham
Copula:

Tham s6 cla cdc ham Copula duwogc wéc
lvong bang phwong phép wéc tinh gia tri cuc dai
MLE (Maximum likelyhood estimation). Gid st
bi€n ngau nhién X lién tuc, tuan theo mot phan
bd nao dé duwoc mo ta bdi bd tham sb theta 6
(6,,8,,....6,), 8 chua biét. Ham hop ly (Likehood
funtion) c6 dang sau [21]:

L) = f(x,x,,....x,6,,0,,...,0,) (8)

Ham hop ly cé thé duoc hiéu |a xac suat dé
v&i tap mau quan sat duoc X,y Xy w0y X CUNG xay
ra (xac sudt dong thoi), véi diéu kién 6, 6,, ...,
B, Vix, X, ..., x_la cac sy kién d& xdy ra, nén
udc lwong bd tham s6 6 ciling chinh la tim bd
tham s6 6 dé xac suat dong thoi xay ra la cao
nhat theo cong thirc sau:

0 = argmax L(6, x) (9)

Phan mém R duwoc s dung dé udc lwong
tham sé theta 8. Code Iénh uéc lvgng tham s6
duoc chira trong phu luc.

- Budc 4. Xac dinh XSXHVN da thién tai theo
cac Copula da lya chon: Sau khi uéc lvgng dwoc
tham s& 6, XSXHVN da thién tai dwoc tinh theo
cac ham Copula bang phan mém excel.

- Bwdc 5. Kiém dinh mirc d6 phu hop cha céc
Copula: Nghién ctru sir dung 2 phép kiém dinh
sau:

+ Kiém dinh Kolmogorov—Smirnov

Kiém dinh Kolmogorov—Smirnov dugc sk
dung dé kiém dinh sy phu hop vé phan bd xac

suat gitra Copula lwa chon so va&i phan bé thuc
nghiém. Gia thiét rong 1 phan b6 theo ham ly
thuyét da chon phu hop nhat vdi phan bd thuc
nghiém, k&t qua thé hién qua gid tri kiém dinh
“D” dwgc tinh theo cong thirc sau [21]:

} (10)

D= Maximum{ B(Ck)—i
n

Trong d6, D: Gia trj kiém dinh; P (C,): Xac sudt
theo ham phan b ly thuyét C; n: Dung lwong
mau; i: S6 thir tu trong chudi s6 liéu (sap x&p
theo thit ty tdng dan). Néu gia tri D > A, thi gia
thuyét rong bj bac bd, phan bd ly thuyét khdong
phu hop vdi phan bé thuc nghiém. A, la gia tri
t&i han, duoc xac dinh theo dung lvgng mau va
murc y nghia mong muén. Bang tra A, duoc chi
ra trong [12] va [18].

+ Kiém dinh tiéu chudn théng tin Akaike:

Kiém dinh tiéu chudn théng tin Akaike
(Akaike information criterion-AlIC) cho phép xac
dinh chat lvgng twong d6i cha phan bé ly thuyét
va duoc xac dinh bang cong thirc sau:

AIC = N *log(MSE) + 2k (11)

Trong d4: AIC: Gia tri théng tin tiéu chuan
Akaike; N: Dung lvgng mau; MSE: Sai s6 toan
phuong trung binh; k: S& tham s6 ciia ham phan
bé ly thuyét. Cic Copula st dung trong nghién
ctru déu co 1 tham sé.

ny .
S (- 2,y 1)
i=1

Trong d6: MSE: Sai s6 toan phuwong trung
binh; N: Dung lugng mau; x.: Gia tri xac sudt thur
i theo phan bé ly thuyét; X : Gia trj xac sudt thi i
tinh theo Copula.

1
R(Ck)_; 9
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Kiém dinh K-S danh gid su phu hop gilta
phan bé ly thuyét va phan bé thyc nghiém (v&i
mot tap dit liéu nhat dinh). Kiém dinh KS cho
biét liéu ham phan bé Iy thuyét cé phu hop
v@i phan bd thuc nghiém khéng. Trong khi do
AIC cho phép xac dinh phan bd ly thuyét nao
cé mirc d6 khép t6t nhat so véi phan bd thuc
nghiém. Viéc chi 4p dung mét trong hai phwong
phap kiém dinh trén, khdong du co s& dé Iya
chon ra phan bé phu hop nhat. Sau khi xac dinh
duwoc cadc phan bd ly thuyét phu hop vdi phan
b6 thuec nghiém théng qua kiém dinh K-S, phan
b6 nao cho gié tri AIC nhd hon, phan b6 d6 phu
hop véi phan bd thuc nghiém hon va nguogc
lai. Do d6, dé Iwa chon dwoc ham phan béd Iy
thuyét phu hgp hon, can tién hanh ca hai budc
kiém dinh trén.

3. Két qua va thao luin
3.1. Phén bé gid tri quan trdc da thién tai tai
cdc tram
Phan bd gia tri quan trac gié trong bdo, mua

trong va sau bdo tai cac tram trong tirng con bao
kha r&irac (Hinh 3). 20% céc tram chwa quan tréc
duoc gié manh trén cap 8 (trén 17,2m/s) xay ra
doéng thoi cung mua lén trong bdo va sau bio,
bao gdm: A Ludi, Pa Nang, Tam Ky, Quang Ngi.
Céc tram & phia Bic Trung Trung B nhu Tuyén
Hdéa, Dong HGi, Ba Don ¢ ty & xay ra dong thoi
ca 3 thién tai cao hon. Trong d6 cao nhat 13 tram
Dong Hai, trén 14% con bdo cé téc do gié lon
nhat trong dat lién trén 17,2m/s kém theo mua
I&n trong b3o két hgp mua 1dn sau bdo d3 quan
trac duoc trong giai doan 1961-2017.
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Hinh 3. Phén bé gid tri quan trdc da thién tai (tiép)

3.2. Két qud kiém dinh Copula
Gaussian Copula va cac
Archimedean duoc nghién ciru dé xac dinh ham
Copula phu hop nhat. Gia tri A, phu thudc dung
lwgng mau va mirc y nghia. V& mirc y nghia
0,02, gid tri Ath clia phan I&n cac tram nam trong
khoang 0,17-0,23. V&i mirc y nghia 0,05, A, nam

Copula ho

TAP CHi KHOA HOC BIEN DOI KHi HAU

trong khoang 0,15-0,22. Két qua kiém dinh KS
cho thdy 100% céc tram c6 gid tri D < A, Vi
mic y nghia 0,02 theo phan bd theo Gumbel-
Hougaard va Gaussian Copula. 40% cac tram
thda man theo phan bé Clayton Copula,
20% cac tram thdéa man theo phan bd Frank
copula. Véi mirc y nghia 0,05, Gumbel Copula va
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Gaussian Copula théa man gia tri D < A, tai tat
ca cac tram. Clayton Copula va Frank Copula
thoa man [an lvot 33% va 20% s6 tram. Gid tri
D theo cadc Copula dugc thé hién trong Hinh
4. Nhu vay phan bd dong thoi cac thién tai gid

manh trong bdo, mua I&n trong va sau bdo déu
thda man theo phan b6 Gumbel-Hougaard va
Gaussian Copula. Trong dé phan bé theo
Gumbel-Hougaard Copula cho gia tri D nhd nhét tai
tat ca cac tram.

Gia tri D
1.00 -

Gumbel

Clayton Frank Gaussian

0.80

0.60

0.40

0.20

0.00 -

Hoéa Héi Sanh

Tuyén Dong Babon Khe DdongHa ConCéd A LuGi Nam
Dong

Hué DaNing TamKy TraMy Ly Son Ba To Quang
Ngai

Hinh 4. Két qud kiém dinh KS

K&t quad kiém dinh tiéu chuin thdéng tin
Akaike (Bang 3) cho thay, chi s6 AIC theo
Gumbel-Hougaard Copula thap hon cac Copula
khac tai tat ca cac tram. Chénh léch muc d6
khép gitta cac Copula cé sy khac biét dang ké.
Gumbel-Hougaard Copula cho chi sé6 AIC thap
hon 2-10 1an so vdi cac Copula khéac. Do d9,
trong s6 cac Copula dwoc nghién ciru, Gumbel-
Hougaard c6 mirc dd khédp tét nhat véi phan
b6 thyc nghiém. Tir két qua kiém dinh KS va
AIC, Gumbel-Hougaard Copula l1a ham phan bd

ly thuyé&t phu hop nhat déi vai gié manh trong
bdo, mua I&n trong va sau bao.

Tuwong quan gilta xac suat hiép bién thuc
nghiém va xac suat hiép bién theo Gumbel-
Hougaard Copula dat trén 99% tai tat c3 cac
tram khi twong trong khu viec nghién ctru (Hinh
5). K&t qud nay cho thay, phan phdi dong thoi
cla da thién tai bdo kém mua Ién va mua sau
b3do theo ham ly thuyét Gumbel-Hougaard
Copula cé tinh twong quan cao so vdi phan bd
ly thuyét.

Bdng 3. Két qué kiém dinh AIC

Tram Gaussian Gumbel Clayton Frank
Tuyén Héa -427 -612 -293 -235
Dong Hai -445 -683 -285 -230
Ba Dén -465 -711 -285 -230
Khe Sanh -251 -406 -175 -141
bong Ha -256 -389 -177 -143
Cén Co -256 -389 -172 -139
A Ludi -256 -401 -184 -148
Nam Bong -267 -296 -172 -139
Hué -145 -266 -174 -141
Da Nang -73 -83 8 40
Tam Ky -135 -170 -104 -84
Tra My -236 -267 -165 -133
Ly Son -185 -239 -133 -106
Ba To -213 -237 -148 -119
Quang Ngdi -250 -267 -166 -133
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Hinh 5. Twong quan giita phdn bé xdc sudt hiép bién thuc nghiém va ly thuyét cla gié manh

100
—

Tram Tuyén Héa

1

Tram BaDon

1

_ 08 R2=009991 "
% 0.6 //
g 0.4 /
= 02
ol' 0 T T T T 1
0 0.2 04 06 08 1
P - Gumbel - Hougaard copula
Tram Dong Hé'i
1
. 038 R2=00996 "
§ 0.4 /
= 0.2
0.' 0 T T T T 1
0 0.2 04 06 0.8 1
P - Gumbel - Hougaard copula
Tram Dong Ha
1
0.8 R2=09992 "
S 06 il
£ 04 el
2 02 P
& 0 .”"‘I,v T T T 1
0 02 04 06 08 1
P - Gumbel - Hougaard copula
Tram A Lwéi
1 3
c 0.8 R2=0.0995 /
Z 06 /
£ 0.4
§ 0.2 /
: 0 /l T T T 1
0 02 04 06 08 1
P - Gumbel - Hougaard copula
Tram Hué
1 >
0.8 R2=0.9944
e O
Z 06
£ 04 Pt
E, 0.2 /
nl' 0 —[ T T T 1
0 0.2 04 06 08 1

P - Gumbel - Hougaard copula

£ 08 R2=009995 "
; 0.4 /
= 0.2
O'. 0 T T T T 1
0 0.2 04 06 0.8 1
P - Gumbel - Hougaard copula
Tram Khe Sanh
1
. 08 R2=09995 "
= 04
2 02 Rl
Z 0 /MI T T T 1
0 0.2 04 06 0.8 1
P - Gumbel - Hougaard copula
Tram Con Co
1
. 08 R2=09992 "
= 04
Z 02 ~
ol' O .”’”"l'v T T T 1
0 0.2 04 06 08 1
P - Gumbel - Hougaard copula
Tram Nam Déng
1
. 08 R2-00967 2"
£ 04
R il
0'- 0 _JI' T T T 1
0 02 04 06 038 1
P - Gumbel - Hougaard copula
TramDéNgng
1 o
. 08 R2=00023 »*
2 06 o~
£ 04
s
£ 0.2
°'- 0 n T T T T 1
0 0.2 04 06 0.8 1

P - Gumbel - Hougaard copula

trong bdo, muwa Ién trong va sau bdo
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Tram Tam Ky Tram Tra My
1 . 1 .
0.8 R2=00048 _s** 0.8 R2=0.0058 "
e U & prd
£ 06 — g 06 o
2 04 04
g ol 5 o
Z 02 £ 02
ﬁ‘. O "y,l, T T T 1 C;. o “’l" T T T 1
0 0.2 04 06 0.8 1 0 0.2 04 06 038 1
P - Gumbel - Hougaard copula P - Gumbel - Hougaard copula
Tram Ly Son Tram BaTo
1 1
. 038 R2-0.0956 .~ . 08 R2=0.905 "
% 0.6 /‘(/ %’; 0.6 //
= 04 = 04 —
£ 02 - 2 02 il
QI' 0 "’y,’l'v T T T 1 O’. 0 A"””T"v T T T 1
0 0.2 04 06 0.8 1 0 0.2 04 06 08 1
P - Gumbel - Hougaard copula P - Gumbel - Hougaard copula
Tram Quang Ngdi
1 P
2 —
£ 0.8
£ 06
£ 04 Pl
£ 02 >
Z O ”M T T 1

0 02 04 06 08 1

P - Gumbel - Hougaard copula

Hinh 5. Twong quan giita phén bé xdc sudt hiép bién thuwc nghiém va ly thuyét cda gié manh
trong béo, mwa Ién trong va sau béo (tiép)

5. Két ludn

Bai bao da xdy dwng dwoc quy trinh xac
dinh phan bé déng thoi da thién tai bdo kem
mua I&dn va mua sau b3o. Quy trinh gém 05
budc, duwgc phan tich chi tiét trong muc 2.
Nghién clru da xac dinh dwoc ham Copula phu
hop v&i phan bd déng thoi da thién tai bdo
kém mua l&n va muwa sau bdo bang cac phép
kiém dinh Kolmogorov-Smirnov va tiéu chuin
thong tin Akaike. K&t qua nghién clru cho thay
khéng phai tat ca cac Copula déu phu hop vai
phan bé déng thoi cda da thién tai bdo kém
mua |&n va mua sau bdo. V&i muc y nghia
0,05, phan bé déng thoi cla da thién tai tuan
theo phan bd Gaussian va Gumbel-Hougaard.
Trong do, ham Gumbel-Hougaard Copula cho

phan bé déng thoi da thién tai cd6 mic do
kh&p 1&n nhat so v&i phan bd thuc nghiém.
Twong quan gilta phan b6é |y thuyét theo
Gumbel-Hougaard va phan bd thyc nghiém
dat trén 99% tai tat ca cac tram. Ngoai ra, ng-
hién ctru cling da xay dung duwoc cac cau lénh
wdc tinh tham s6 theta cla cac copula bang
ngdn ngit R. K&t qua nghién clru c6 thé sir dung
lam tién dé cho viéc danh gid, phan vung nguy
co xay ra déng thoi céc thién tai phuc vy cong
tac quy hoach phat trién, phong chéng va gidam
nhe rdi ro thién tai. Viéc &rng dung Copula cé thé
duoc tiép tuc nghién ctu, mé réng cho cac déi
tuwong khéc trong linh viee khi twgng, thay van
nham xac dinh dugc cac nghién clru tiép theo
c6 thé rng dung.
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Loi cédm o'n: Két qud bai bdo nay duoc hé tro bdi Dé tai “Nghién ctru cdc gidi phdp khoa hoc va
céng nghé quadn ly da thién tai, xdy dung coéng cu hé tro ra quyét dinh trng phd vdi da thién tai, dp
dung thi diém cho khu vic ven bién Trung Trung B6” (KC.08.24/16-20) thudc Chuwong trinh khoa hoc va
céng nghé cdp quéc gia giai doan 2016-2020: “Nghién ciru khoa hoc va céng nghé phuc vu bdo vé méi
truong va phong trdnh thién tai” (KC.08/16-20).
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Phu luc. Ciu lénh wéc lvgng tham sé copula hiép 3 bién trong R

H# Cai dat thém thu vién nay dé fit cac phan phdi bién duyén gumbel
install.packages('ismev')

#it# Goi cac thu vién
library(copula)
library(ismev)

### X0 |i A liéu

tram<-read.csv("D:/data/copula/tram1.csv", header=TRUE)
typhoon<-tram$Typhoon_Rainfall_1
nontyphoon<-tramSNontyphoon_rainfall_1
wind<-tram$SWind_speed_1

n<- length(wind)

pseudoData<-apply(tram, 2, rank,ties.method = "random")/(n+1)

##H fit cac phan phaoi bién duyén bang ham gumbel
gum.fit(typhoon)

gum.fit(nontyphoon)
gum.fit(wind)
#iHt fit copula gumbel (lam twong tu vdi cac copula khac)
fitCopula(gumbelCopula(dim = 3), pseudoData, method = "mpl")
#ittttalpha 9.116
### khoi dwng copula gumbel
dataCop <- gumbelCopula(para=9.116, dim = 3)

APPLICATION OF COPULA FOR CO-OCCURRENCE PROBABILITY ANALYSIS
OF MULTI-HAZARD OF TYPHOON-WIND, TYPHOON AND NON-TYPHOON
PRECIPITATION
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Abstract: Natural disasters often occur simultaneously, cascadingly or cumulatively. Although
co-occurrence probability of multi-hazard plays an important role in disaster risk assessment, most of
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studies in Viet Nam have not considered the probability of simultaneous occurrence of natural hazards. This
study aims at deriving trivariate probability distribution of typhoon-wind speed, typhoon and
non-typhoon precipitation that occur simultaneously or cumulatively by Copula function. The observed
data of tyohoon-wind speed and maximum daily typhoon and non-typhoon precipitation from 1961-2017
of 15 meteorology stations were used in the study. Based on the Kolmogorov-Smirnov and Akaike
information criterion tests, the Gumbel-Hougaard Copula is found to best fit the empirical multivariate
probability distribution of multi-hazard of typhoon-wind speed, typhoon and non-typhoon precipitation in
central coast of Viet Nam.
Keywords: Probability, Copula, multi-hazard, typhoon, extreme precipitation.
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