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PANH GIA MOI QUAN HE THEO KHONG GIAN CUA MUA CUC TRI
VA TINH TOAN HE SO CHUYEN POI TU MUA DPIEM SANG MUA DIEN:
UNG DUNG CHO CAC TRAM MUA PHIA BAC VIET NAM

Lé Phwong Pong'

Tém tit: Moi quan hé theo khéng gian ciia mira cuwc tri cung cdp thong tin lién quan dén su xudt hién
déng thoi hay khong déng thoi cua mua cyc tri tqi cdc khu viee khdc nhau trong mot luu vuc. Sy thiéu
hut nhitng théng tin nay sé dan dén nhitng sai sot trong cdc tinh todn lién quan dén mé phong dong
chay I, vi du nhw xdc dinh hé s6 chuyén doi tir mua diém sang mua dién (areal reduction factors —
ARFs) cho mét lwu vue. Hién nay ciing dang cé sw khong thong nhat vé viée liéu rang mwa cye tri mang
thugc tinh cua cuc tri tiém cdn phu thuoc (asymptotic dependence) hay la cuc tri tiém cdn doc ldp
(asymptotic independence). Bai bdo nay di chi ra rang mua ciee tri & khu vue phia Bdc Viét Nam mang
thugc tinh cua logi hinh cuc tri tiém can doc ldp (asymptotic independence), do do logi mé hinh cuc tri
tiem cdn doc ldp (asymptotic independence model) dwoc lywa chon dé tién hanh mé phong mua cuc tri
cho khu viee nghién civu. Két qua tinh todn hé sé chuyén doi tir muea diém sang muwea dién ARFs tir s lidu
muea mé phong va muwa quan trdc rat phiv hop cho cde mire thoi gian Idp lai dai (20, 50, va 100 nam), va
hé sé ARFs tinh todn tir di liéu mé phong rat hitu ich cho viéc ngoai suy hé sé nay cho cdc tan sudt
hiém hon. Bai bdo ciing khuyén cdo cdc nghién ciru trong twong lai nén diing mé hinh cuc tri tiém cdn
déc ldp dé mé phong mua cue tri cho khu vue nghién ciu.

Tir khéa: Hé sb chuyén d6i mua diém sang mua dién, Ti¢m cén phu thude, Ti€m can doc lap, Mua cuc

tri, Qua trinh nghich ddo cuc tri 6n dinh, Qua trinh cuc tri 6n dinh.

1. PAT VAN PE

Céc phuong phap truyén thong tinh toan 1ii tir
mua hién tai gia thiét ring mua cuc tri xay ra dong
thoi trén toan luu vuc véi cling mot tan sut xuat
hién. Tuy nhién gia thiét nay khong chinh xac vi
trén mét luu vuc tai cung mét thoi diém s& co
nhitng khu vyc ¢6 mua trong khi nhitng khu vuc
khac khong c6 mua, va muc d cuc tri cia tran
mua ¢ cac khu vuc khac nhau cling sé khac nhau.
Su khong chinh xac niay din dén nhiing sy sai sot
trong cac tinh toan lién quan dén mé phong dong
chay 18, vi du nhu x4c dinh hé sé chuyén dbi tur
mua diém sang mua dién (areal reduction factors
— ARFs) cho mot Iuu vye. HE sb nay dugc tinh
bang ty s gitra d6 sdu lwrong mua khong gian cua
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toan luu vuc véi lugng mua cuc tri tai mot diém
dai dién cho luu vuc d6. R rang viéc gia thiét
mua cyc tri xay ra dong thoi trén toan luu virc s&
lam két qua tinh toan hé sd nay sai léch di rat
nhiéu. Do d6, viéc nghién curu mbi quan hé theo
khong gian cia mua cuc tri (spatial dependence)
1a can thiét dé 1am rd thong tin vé sy xuét hién
dé)ng thoi hay khong dé)ng thoi cua mua cyc tri tai
cac diém khac nhau trong mét luu vuc, gop phan
vao viéc tinh todn rui ro cua 1t do mua cuc tri gay
ra chinh xac hon.

Hién nay, viéc nghién ctru mbi quan hé theo
khoéng gian cua mua cuc tri dang nhan duoc rat
nhiéu sy quan tim cta cong dong khoa hoc québc
té, déng thoi ciing con nhiéu bat dong vé viée lya
chon loai mé hinh (spatial dependence model) dé
md phong mua cuc tri theo khong gian. Theo 1y
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thuyét, moi bién cuc tri duoc phan thanh hai loai,
bao gém: (a) tiém can phu thudc (asymptotic
dependence), va (b) tiém can doc lap (asymptotic
independence) (Wadsworth and Tawn, 2012). Déi
vé6i loai hinh (a), mic d6 phu thudc trong khong
gian gitt nguyén khi muc do cuc tri ting lén.
Trong khi d6 dbi véi loai hinh (b), mirc d6 phu
thugc trong khong gian giam di twong ing voi1 sy
gia ting cua mirc d6 cyc tri. Mot s6 nghién ctru
truoc day st dung mdé hinh tiém cén phu thudc
(asymptotic dependence model) & mé phong mua
cuc tri, trong khi mét ) nghién ctu khac lai st
dung md hinh tiém can doc ldp (asymptotic
independence model). Sy khong théng nhét nay
bat ngudn tir viéc khong biét chinh xac mua cuc
tri tuan theo ddc diém cua loai hinh cuc tri ndo.
Viéc lya chon sai loai m6 hinh mé phong mua cuc
tri s& dan téi viéc mo phong sai thudc tinh phu
thudc trong khong gian ctia mua cuc tri, tir d6 dan
to1 sai sOt trong tinh todn rui ro Iu.

Hién tai, da c6 mot nghién ctru vé mdi quan hé
cia mua theo khong gian & Thuy Si (Thibaud et
al., 2013) va mét nghién ctru tuong tu & Australia
(Le et al., 2018), tuy nhién & Viét Nam chua co
nghién ctru nao vé van dé nay. Do d6, nghién ctru
nay sé& danh gia mdi quan hé theo khong gian cua
mua cuc tri cho cac tram mua phia Bic Viét Nam,
tir 46 dé xuét loai mé hinh cyc tri khong gian phu
hop dé tinh todan mo phong mua cuc tri cho khu
vuc nay nhim hd trg cho viéc tinh toan rui ro li
do mua cyc tri gdy ra. Trong d6 mét ing dung dau
tién s& 12 moé phong mua cyc tri dé tinh toan hé s6
chuyén di tir mua diém sang mua dién ARFs cho
khu vuc nghién ctru. Hién nay chua c6 mot tai licu
nao tinh toan hé sd nay cho Viét Nam ca, dan dén
cac nghién ctru tinh todn dong chay 1 ¢ Viét Nam
thuong phai tham khao hé sb nay tir cac tai liéu
clia nudc ngodi, viéc nay s& gy nén nhidu sy sai
sot do dac trung mua ¢ cac khu vuc sé khac nhau
lién quan dén khi hau, dia hinh,... Do vy viéc
tinh toan hé sé ARFs cho ving nghién ctru 1 rat
can thiét.

Nghién ctu da thu thap dir liéu mua ngay cua
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hau hét cac tram do mua phia Bic Viét Nam, bao
gdm 135 tram voi chudi s liéu cua tat ca cac tram
déu dai hon 30 nam. Tuy nhién, do dic diém cua
vi¢c nghién ctru phu thuc khong gian la sy xay ra
d6ng thoi theo thoi gian, do d6 nghién ciru chi chon
st dung dir li€u cua 83 tram vdi mot giai doan
chung tir nam 1980 dén nam 2013 (xem hinh 1).
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Hinh 1. Vi tri tram mua st dung trong nghién cuiu

2. PHUONG PHAP NGHIEN CUU VA
VUNG NGHIEN CUU

Viéc danh gia mbi quan hé theo khong gian
clia mua cuc tri va tinh toan hé sd chuyén ddi tir
mua diém sang mua dién duogc thuc hién theo
cac budc sau:

- Budc 1: M6 phong hai chudi sb liéu cuc tri
nhan tao (synthetic data) tor hai mé hinh cuc tri
khong gian: m6é hinh qua trinh cuc tri 6n dinh
(max-stable process) Brown-Resnick dai dién cho
loai hinh cyc tri tiém cén phu thudc, va m6 hinh
nghich ddo qua trinh cuc tri 6n dinh (inverted
max-stable process), nghich ddo Brown-Resnick
dai dién cho loai hinh cuc tri ti€ém can ddc lap.
Céc vi tri dugc md phong trong khong gian chinh
la vi tri cia cac tram do mua cua khu vyc nghién
ctru. Dt liéu cyc tri mo phong tai tat ca cac vi tri
duoc sinh ngau nhién dya trén mot ciu truc phu
thudc khong gian cho trudc. Sau do, tinh toan cac
dic trung thong ké cua hai chudi sb lidu nay dé
tim ra sy khac biét gitra chung, tir 6 dé ra céc tiéu
chi ¢ danh gi4 loai hinh quan hé theo khong gian
ctia cac loai bién cuc tri khac nhau. Cac dic trung
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théng ké can tinh toan bao gém: cac hé sb cuc tri
0 theo cap sb liéu tai hai vi tri khac nhau (pairwise
extremal coefficients), va cac hé sb phu thudc
dudi 1 ciing cho cip sb lidu d6 (pairwise residual
tail dependence coefficients). Mo ta chi tiét toan
hoc cta cac md hinh Brown-Resnick va mo hinh
nghich dao Brown-Resnick co thé duogc tim thiy
trong Kabluchko et al. (2009). Cach thtrc tinh toan
cac hé s6 cuc tri va cac hé sd phu thudc duéi theo
cap s liéu co thé tim thiy trong Thibaud et al.
(2013) va Le et al. (2018).

- Budc 2: Tinh toan cac dic trung thong ké cia
mua cuc tri cho khu vuc phia Bic Viét Nam. Cac
dac trung théng ké bao gém: cac hé sd cuc tri 0
theo cdp so lidu cta hai tram do mua (pairwise
extremal coefficients), va cac hé sb phu thudc
dudi n ciing cho cip sb liéu cua cung hai tram
tail
coefficients). Viéc tinh toan nay dwoc tién hanh

mua do (pairwise residual dependence
cho cac ngudng cuc tri khac nhau nhim xac dinh
xu hudng thay d6i cua cac dac trung thong ké nay
khi mirc d6 cuc tri thay doi. Cac mé ta chi tiét
toan hoc vé cach ding mé hinh ngudng cuc tri
(threshold) c6 thé tim thiy trong Coles (2001).

- Budc 3: Panh gia xem cac dic trung thong ké
cua mua cuc tri cho khu vuc phia Bic Viét Nam
da tinh & Budc 2 phu hop véi loai cuc tri khong
gian nao di chi ra & Bu6c 1. Tir d6, dua ra két
luén vé loai hinh méi quan hé theo khong gian ciia
mua cyc tri & khu vuc nghién ctru, va dé xuét loai
md hinh cuc tri khong gian phu hop dé mé phong
mua cuc tri & khu vuc nay nham hd tro cho viée
tinh to4n rui ro 1a.

- Buéc 4: Tur két qua & Bude 3, tién hanh lya
chon mé hinh pht hop dé mé phong mua, va tinh
toan ARFs cho ving nghién cuu.

Sau day la mot s6 noi dung tom lugc vé céac
loai m6 hinh va phuong phéap tinh toan dugc st
dung trong bai bao nay.

2.1. So lwge vé cic loai mé hinh phu thudc
khong gian dé mé phong mwa khong gian

Xét mot mién khong gian X, véi mot qua trinh

ngdu nhién oOn dinh (a stationary stochastic
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process) {¥(x):x € X ¢ R?} & bicu thi luong
mua trong khong gian. Chung ta phat biéu ring
Y(x) mang thudc tinh tiém can phu thudc
(asymptotically dependent) néu
lim, .. P{¥(x,) = y|¥(x,) =y} =0 véi moi
Xq,%,; VA cdu trac phu thudc (the dependence
structure) on dinh & ngudng cuc tri cao (high
thresholds). Mat khac, néu
lim, .. P{¥(x,) = y|¥(x,) =y} =0 véi moi
%y ¥ x,, ching ta phat biéu rang ¥(x) mang
thugc tinh tiém can doc ldp (asymptotically
independent): cu tric phy thudc ciia nd tré nén
yéu hon khi ngudng cuc tri ting 1én, do d6 pham
vi khéng gian cia mot sy kién cuc doan co thé
giam di khi mirc d6 hiém cua né tang 1én.

2.2. So lrg'c vé mé hinh cue tri tiém cdn phu
thudc va cac dic trung thong ké

Cac qua trinh cuc tri 6n dinh (max-stable
process) 1a cic giéi han khong suy bién (non-
degenerate limits) dbi véi cac gia tri cuc tri cua
cac qua trinh ngau nhién sau khi dugc chuin hoa
tuyén tinh (linearly rescaled maxima). Max-stable
processes dai dién cho loai hinh cuc tri ti€m can
phu thudc. Theo thudt nglt don gian, khi gia tri
cuc tri tro nén cuc doan hon, phan phéi X4c suét
ctia chiing van giir nguyén hinh dang sau khi duoc
chuan hoa (rescaling), nhu duoc biéu dién trong
cong thic (1). Gia st rang ¥, (x),x € X < R?
(k =1, ...,m) dai dién cho m ban sao doc lap cua
mdt qua trinh lién tuc phy thudc vao bién x trong
mot mién khong gian. Néu gi6i han ton tai chung
voi moi x € X = R2 va khong suy bién ddi véi
mét s6 hdng s chuan héa a,, (x) = 0 va b_ (x)
thi Z(x) 1a mot qua trinh cyc tri 6n dinh (max-
stable process) (de Haan, 1984).
maxge, ¥, (x) — b, (x)

% (%) (1)

Dé thuan tién hon vé mat toan hoc, chung ta

Z(x)= lim

m—+ oo

xem xé€t cac qua trinh cyc tri 6n dinh don gian
(simple max-stable processes), c6 phan phdi xéac
suét bién theo dang phan phdi don vi Fréchet; cac
phan phbi bién c6 thé d& dang dwgc chuyén dbi
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sang thang do cyc tri thong thuong theo phan phdi
Pareto tong quat. TAt ca cac qua trinh cuc tri on
dinh don gian trén mién khong gian X déu co thé
duoc biéu dién dudi dang

Z(x) = max W.Ax)/U., x€X, )

trong do U, la cac diém cia mot qua trinh
Poisson don vi trén mién (0,00) va W, (x) la cac
ban sao doc 1ap clia qua trinh ngau nhién lién tuc,
khong am W (x) duoc xac dinh trén X, voi
E[W(x)] = 1 dbi v6i moi x € X. Cong thirc (2)
¢6 thé duoc hiéu 1a mot qua trinh mo phong mua
bdo (a rainfall-storm process) trong d6 W, [x) dai
dién cho cac hinh dang con bao, va 1/U, dai dién
cho cuong do tai tim cua mdi con bio.

2.3. So lwge vé mé hinh cwe tri tiém can djc
1ap va cac dic trung thong ké

Qua trinh nghich dao cuc tri 6n dinh (inverted
max-stable process) 1a mét vi du vé md hinh tiém
can doc lap (Wadsworth and Tawn, 2012). Xem
xét Z(x) 1a mot qua trinh cuc tri 6n dinh nhu
trong cong thirc (2), va xac dinh

O(x)=1/2(x) = nliPUierﬂ, x EX.

3
Khi @6 01 1a mot qua trinh tiém can doc 1@1() \)/c'ri

phan phdi x4c suét bién theo ham mii tiéu chuan

(standard exponential margins). Pé chuyén doi

qua trinh bién nay thanh don vi bién Fréchet, phép

chuyén ddi sau duoc SI;J:’ dung:

log[l - e_mﬂ)’ rEL (&)

thi £1(x)s€ la mot qua trinh tiém can doc lap

0(x) =—

voi phan phdi xac sudt bién theo phan phdi
Fréchet don vi.

Tu cong thire (2) va (3), cdc md hinh khac
nhau cho W cung cép cac qua trinh cyc tri 6n
dinh va nghich dao cuc tri 6n dinh khac nhau.
Nghién ctru nay tdp trung vao loai hinh phd
bién nhét va d& dang mo6 phong nhét trong céc
qua trinh cuyc tri on dinh: qué trinh Brown-
Resnick, trong d6 W 1la mot qua trinh log-
Gaussian process (Asadi et al., 2015; Huser
and Davison, 2013; Kabluchko et al., 2009;
Oesting et al., 2017).
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2.4. Phwrong phap tinh toan hé s6 chuyén doi
tir mwa diém sang mwa dién

Phuong phédp cua Bell (Siriwardena and
Weinmann, 1996) st dung cach tiép can c6 dinh
dién tich (fixed-area approach) dé tinh toan hé sb
chuyén d6i tir mua diém sang mua dién ARFs.
Phuong phép nay coi cac hé sb chuyén dbi nay la
ty 1€ gitra lugng mua khong gian véi lugng mua
diém dai dién & nhirng khoang thoi gian lap lai
bang nhau. Nghién ctru sir dung phuong phap nay
vi né tinh dén cac dang mua theo khong gian va
da duoc sir dung trong cic nghién ctru gan day
(Jordan et al., 2013; Bennett et al., 2016; Li et al.,
2015). Pé tinh toan hé s6 chuyén ddi ARFs cho
mién khong gian X v&i khu vuc A4, tan suat F va
thoi doan mua d, ta st dung cong thuc

C(A d)y

ARFiap,q) R[d]F , (5)

trong 46 C(A,d); 1a 6 sau luong mua trong
khong gian cia lwu vuc va, va R(d)z la luong
mua diém cuc tri dai dién dugc tinh béng gia tri
trung binh khong gian cta cac gia tri luong mua
diém cuc tri trong luu vuc.

Céc budc tinh toan hé sd chuyén d6i ARFs
theo cong thirc (5) nhu sau:

Buéc 1 — Tinh todn d6 sau lugng mua trong
khong gian: Dé R biéu thi tap hop do sau luong
mua cua diém trong mot thoi doan d nhit dinh
cho tit ca cac diém x trong mién khong gian X va
cho tat ca cac khoang thoi gian t trong chudi sb
liéu quan tric c6 d6 dai @ v6i budce thoi gian ting
dan chinh 1a thoi doan mwa d, nhu vay
R={R(x,t):x €X,t =1,..,0/d}. Db véi
khoang thoi gian tha #, d0 sau luong mua trong

khong gian cho mét Iuu vuc duoc xac dinh Ia

c.(4,d)= %J- R(x, t)dx.
X (6)
Phén tich tan suét sau d6 dugc ap dung cho
C(4,d) ={C,(Ad),...,Cq,, (A d)} dé tinh toan
C(A,d)g.
Budc 2 — Tinh toan lugng mua tai diém cuec tri
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dai dién cho luu vyc: Lugng mua diém dai dién
ciia mdt tan suat nhat dinh, ky hi¢u béi R(d), 1a
gia tri trung binh trong khong gian cta cac gia tri
lugng mua diém cuc tri trong mién luu vuc,

R(d)z= %j R(x,d)gdx,
x (7
trong d6 R(x,d)z biéu thi d6 sdu luong mua
tuong Ung voi thoi doan « cho mot vi tri cu thé x
va tan suit F.

Bai bao nay tinh toan mua trung binh c6 phan
tich trong s6 cho tirng tram mua. Khu vuc nghién
ctru dugce chia thanh cac 6 ludi hinh vuong, sau dé
phap
triangulation dwgc str dung dé xac dinh trong sb

phuong Voronoi  diagram/Delaunay
cho tirng tram mua c6 lién quan.

3. KET QUA NGHIEN CUU
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3.1. Panh gia mdi quan hé theo khong gian
cia mua cue tri

Hinh 2 duéi day trinh bay két tinh toan cac dic
trung théng ké cho s6 liéu cuc tri nhan tao dugc mod
phong tr mdé hinh tiém cén phu thuoc Brown-
Resnick. Hinh 3 1a két qua tinh toan cho s liéu cuc
tri nhan tao mo6 phong tir mo hinh tiém cén ddc lap
nghich ddo Brown-Resnick. Tir Hinh 2 ching ta
théy rﬁng dbi voi bién cuc tri tiém can phu thudc thi
gi tri © khong thay doi khi thay d6i ngudng cuc tri,
trong khi n tang khi ngudng cuc tri tang. Trong khi
d6 dbi voi bién cyc tri tiém can doc 1ap (Hinh 3), khi
ngudng cuc tri tang thi O ting con 1 khong thay dbi.
Két qua nay hoan toan co thé dung dugc nhu 1la mot
tiéu chudn dé phan loai bién cuc tri va hoan toan co
thé g dung dé danh gia mbi quan hé theo khong
gian cuia mua cuc tri.
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Hinh 2. Két qua tinh todn ddc trung thong ké cho sé liéu cuc tri nhdn tao mé phong

ter mo hinh tiém can phu thudc (mé hinh Brown-Resnick).
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Hinh 3. Két qua tinh todn ddc trung thong ké cho s6 liéu cuc tri nhdn tao mé phong

ter mo hinh tiém can doc ldp (mo hinh nghich ddao Brown-Resnick)
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Hinh 4 trinh bay két qua tinh toan céac dic
trung thong ké cho sb liéu mua ngay cua khu
vuc phia Bic Viét Nam. Mac du két qua tinh
toan cho sd liéu mua thuc do nhidu hon nhiéu
so voi sb liéu moé phong nhan tao do chudi sd
liéu thyc do ngin, tuy nhién xu huéng bién d6i
clia cac dic trung thong ké kha rd rang. Cu thé,
khi ngudng cuc tri ting thi 0 ting con n xap xi

o Pairwise EC for observed data
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bang nhau, didu nay thé hién rat rd rét o
khoang cach ngin (tir 0-100 km) khi ma mtc
do phu thudc khong gian cao hon. Piéu nay chi
ra réng mua cuc tri & khu vuc phia Bic Viét
Nam tuén theo dic diém cua loai hinh cuc tri
tiém can doc lap, va phai dung mo hinh cuc tri
khong gian ti€ém can doc 1ap dé mo phdéng mua
cuc tri & khu vuc nay.

Pairwise TDC for observed data
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Hinh 4. Két qua tinh todn ddc trung thong ké cho so liéu mua ngay khu viee nghién ciru

3.2. M phéng, tinh toan hé s6 chuyén doi tir
mua diém sang mua dién

Dua vao két qua phan tich & trén, bai bao nay
lya chon mt mé hinh ti€ém can ddc lap phé bién
dé tién hanh moé phong mua cyc tri khong gian
cho khu vyc nghién ctru, d6 12 mé hinh nghich dao
Brown-Resnick. Trudc khi tién hanh mé phong thi
md hinh nay phai dugc hiéu chinh dya trén dir licu
mua quan tric. Qua trinh hiéu chinh dua trén dac
trung théng k& cia md hinh nghich ddo Brown-
Resnick, hé sb phu thuoc dudi 1, co thé tim thay
trong Thibaud et al. (2013) va Le et al. (2018).
Két qua hiéu chinh duoc trinh bay ¢ Hinh 5.

Sau khi mo6 hinh nghich ddo Brown-Resnick
duogc hiéu chinh, bai bao tién hanh md phéng mua
cuc tri khong gian cho khu vuc nghién ctru. Sau do6,
hé sd chuyén ddi ARFs duoc tinh toan béng cach su
dung ca dit liéu quan tric va dit liéu mé phong, cho
cac quy mo dién tich khac nhau va thoi gian 1dp lai
khac nhau. Dir li€u ti€ém can ddc 1ap duoc mo phong
tr md hinh nghich ddo Brown-Resnick (inverted
Brown-Resnick models). Trén Hinh 6, hé¢ s6 ARFs
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tinh toan tir dit liéu quan tric va dit liéu mo phong
duogc vé cho cac loai quy mo dién tich khac nhau véi
cung mat thoi gian 1ap lai nhét dinh. Khoang tin cay
95% cho cac hé s6 ARFs tinh toan tir dit liéu quan
tric dugc xac dinh theo thuét toan Bootstrap, nghia
14 sap xép lai va c6 thay thé dit lidu quan trac tir tat
ca 83 tram mua mot cach dong thoi (simultaneously
resampling with replacement the observed data).

o
- | Emp.TDC for u = 0.99
—— Inv.BR foru=10.99
(o)}
=
[ce}
pal
=
~ N~
= o
o
g
(o]
piy
0 100 200 300 400 500
h (km)

Hinh 5. Hé s6 phu thudc dudi n tinh tir s6 liéu
quan trdc (chdm den) va hé sé phu thudc dudi n
y lugn theo mo hinh nghich dao Brown-Resnick

(dwong xanh)
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Hinh 6 cho thiy hé sb chuyén d6i ARFs dugc
tinh toan tu dir lifu m6é phong ciia mo hinh
nghich ddo Brown-Resnick cho cdc muc thoi
gian ldp lai dai (20, 50, va 100 ndm) kha sat v&i
gia tri hé s ARFs dugc tinh toan tir dir lidu
quan sat. Bén canh do, voi mtc thoi gian lap lai
ngan hon 1a 10 nam thi két qua tinh toan ARFs
tor dit liéu mo6 phong cho quy md dién tich 16n
hon 50.000 km?* thip hon dang ké so v6i hé sb
ARFs dugc tinh toan tir dir liéu quan tric. Tuy
nhi€n v4i bai todn tinh todn rui ro 1d thi ching ta

ARFs from inv. BR model, T = 10yr

tap trung chu yéu vao cac muc thoi gian 1ap lai
dai, nén tir két qua nay chang ta c6 thé thiy rang
két qua moé phong mua khong gian tir mé hinh
nghich ddo Brown-Resnick la chép nhan duoc
cho khu vuc nghién ctru. Hinh 6 cling chi ra
rang md hinh nghich dao Brown-Resnick cung
cdp duon quan hé ARFs v4i cac muc quy mod
dién tich kha 1a tron, ké ca cho thoi gian 13p lai
dai, vi du 100 nam, diéu nay rat hiru ich cho
viéc ngoai suy hé sé chuyén doi cho céc tan suit
hiém hon.

ARFs from inv. BR model, T = 20yr

Empirical ARFs Emplrical ARFs
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Hinh 6. Hé s6 chuyén doi tir mura diém sang mira dién ARF tinh todn tir diF liéu mé phong

ciia mé hinh nghich ddo Brown-Resnick (dang dwong), va tir dit liéu quan trdc (dang diém)

Vo1 khoadng tin cdy 95% voi cung muece thoi gian lap lai 10, 20, 50, va 100 nam

4. KET LUAN

Nghién ctru nay di xac dinh tiéu chi dé phan
loai bién cuc tri dua trén sd liéu nhan tao md
phong tir hai loai hinh mé hinh cyc tri khong gian
khac nhau bao gé)m mo hinh tiém can phu thudc
va mO hinh ti€ém can doc lap. Dua trén ti€u chi
ndy, nghién da tién hanh danh gid méi quan hé
theo khong gian cia mua cuc tri cho khu vyc phia
Bic Viét Nam, tir d6 lua chon loai mé hinh thich
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hop dé tién hanh mo phong mua cuc tri khong
gian va tinh toan hé sé chuyén doi tir mua diém
sang mua dién cho khu vuc nghién curu, sau do6 so
sanh hé s6 nay véi hé sd tinh toan tryuc tiép tir s6
liéu quan tric tai cac tram mua.

Két qua phan tich cho théy mua cuc tri & khu
vuc phia Bic Viét Nam mang tinh chét cia bién
cuc tri ti€ém cén doc 1ap, do d6 nghién ctru da tién
hanh Iya chon mot dai dién ciia mo hinh ti€ém can
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doc lap, @6 1a mdé hinh nghich ddo Brown-
Resnick, dé tién hanh moé phong mua cuc tri
khong gian cho khu vic nghién ctru. Két qua tinh
toan hé sé chuyén d6i tir mua diém sang mua dién
ARFs tir s6 liéu m6 phong tir mo hinh nghich dao
Brown-Resnick rat sat v4i hé sé ARFs duoc tinh
toan truc tiép tir sb lidu quan tric cho cac muc
thoi gian lap lai dai (20, 50, 100 ndm), con hé sb
ARFs tir dir liéu mo6 phong cho murc thoi gian 1ap
lai ngén hon (10 ndm) & cac cip quy mo dién tich
lwu vuc 16n hon 50000 km? thi thap hon rd rét so
voi hé sb tinh toan tryc tiép tir dit liéu quan tric.
Két qua ctia bai bdo c6 ¥ nghia 16n trong viéc
tinh toan chinh xac mua cuc tri phuc vu cho viéc
tinh toan rui ro 1. Bai bao da chi ra mua cuc tri &
khu vuc phia Bic Viét Nam mang dac diém cua
loai hinh cuc tri doc l1ap ti€p cén, nghia 1a muc do

TAI LIEU THAM KHAO

phu thudc theo khong gian ciia mua cyce tri giam
dan khi mtrc d6 cuc tri tang 1én. Do do, cac nghién
ctru trong twong lai duoc khuyén cao nén ding mé
hinh cuc tri khong gian tiém can doc lap dé mo
phéng mua cuc tri & khu vuc nay. Bai bao ciing
d6ng thoi cung cap két qua tinh toan hé s6 chuyén
ddi tir mua diém sang mua di¢n cho khu vuc phia
Bic Viét Nam, cac hé sb nay co thé 13 mot co s
tham khao cho cac nghién ctru lién quan trong
twong lai & Viét Nam. Két qua nay ciing rat hiru
ich cho viéc ngoai suy hé sb chuyén doi cho cac
tan suat hiém hon.

Bai béo chi gidi han phan tich cho s6 lidu mua
ngay cua mot s tram mua phia Bic Viét Nam,
tuy nhién phuong phap nghién ctru dugc trinh bay
& day co thé duoc ung dung cho sb lidu mua véi
thoi doan bat ky & cac khu vuc khac nhau.
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Abstract:
DEPENDENCE PROPERTIES OF SPATIAL RAINFALL EXTREMES
AND AREAL REDUCTION FACTORS: AN APPLICATION FOR RAIN STATIONS
IN THE NORTH OF VIETNAM

Dpendence properties of spatial rainfall extremes provides information regarding the simultaneous or
non-simultaneous occurrence of extreme rainfall at different locations in a catchment. The lack of this
information will lead to inaccuracies in flood studies, such as the estimation of the area reduction
factors (ARFs) for a given catchment. Currently, there is also an disagreement about whether extreme
rainfall has the properties of asymptotic dependence or asymptotic independence. This paper has shown
that the extreme rainfall in the northern region of Vietham has the properties of asymptotic
independence, so the asymptotic independence model has been selected to conduct extreme rainfall
simulation for the study area. The results of calculating the area reduction factors (ARFs) from
simulated and observed rainfall data are very suitable for long return periods (20, 50, and 100 years),
and ARFs calculated from simulated rainfall are also useful for extrapolating to rarer frequencies. The
paper also recommends that future studies should use asymptotic independence models to simulate
extreme rainfall for the study area.

Keywords: Areal reduction factor, Asymptotic dependence, Asymptotic independence, Extreme
rainfall, Inverted max-stable process, Max-stable process.
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