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Toém tat: Gan ddy, dudi sy bien doi khi hdu lién quan dén cdc hoat dong cua con nguwoi, khdi niém vé

tinh khéng dimg trong chudi sé liéu dwge dp dung réng rdi va thuong xuyén hon trong cdc phan tich tan

suat cua myc nuwoc cyc doan. Trong nghién cuu nay, chuoi gid tri myc nuoc cyc doan sé dwoc moé

phong dira trén tinh khéng dirng véi bién s la thoi gian. Két qua tir nghién ciru chi ra rang, mé hinh

GEV-4 la phu hop dé mo phong muyc nuwoc cuc doan tai Phii An. Bén canh do, gid tri thiét ké cia muc

nudc dya trén gia thiét vé tinh dung nho hon dang ké so voi cac gia tri myc nudc dwa trén gia thiet vé

tinh khéng dimg trong dit liéu muc nuwée cho hau hét cac chu ky Idp lai khdc nhau.
Tir khéa: Muyc nude cuc doan, Tp.HCM, muc nudc thiét ké, tinh khong dimg, Phi An.

1. TONG QUAN

Vai thap ky tr¢ lai day, ngdp lut d6 thi dugc
xem 12 mot thach thic toan cau lién quan mat thiét
dén quy luat cua ty nhién va ca tic dong ciia con
nguoi (Ashley va nnk, 2005; Ishak va nnk, 2013;
Ozdemir va nnk, 2013). Su gia ting vé tan suit va
cuong do cua cac tran mua, tbc do d6 thi hoa
nhanh va gia ting muc nudc bién duge xem 1a cac
nhan t6 1am tram trong thém van dé ngap lut & d6
thi (Ashley va nnk, 2005; Wu va nnk, 2017; Yin
va nnk, 2015). Tuy nhién, dwa trén cic bao cdo vé
thi€t hai do ngat Iut giy ra, co thé théy réng su
bién d6i kho ludng cua thién tai, 1i lut d3 vuot qua
khoi kha nang bao v€ cua cac cong trinh phong,
chéng thién tai hién nay (Duy va nnk, 2017).

Nhiéu nghién ctru da chi ra rang, hiéu rd cac
dic tinh ngau nhiéu ctia myc nude cuc doan 1a yéu
t6 rat can thiét cho viéc 14p quy hoach ciing nhu
thiét ké cac cong trinh phong, chong thién tai
(Arns va nnk, 2013; Katz, 2013). Va viéc xem xét,
danh gia céac gia tri cuc doan cia myuc nude thong
thuong s& dua vao mot sé phuong phap théng ké

"' Bé mén Ky thudt Tai nguyén nudce va Méi truong, Dai

hoc Thuy loi phdan hiéu Binh Duong

lién quan dén ly thuyét phan tich tin sudt cuc tri
(Extreme value theory) (Arns va nnk, 2015;
Bulteau va nnk, 2015; Mudersbach & Jensen,
2010). Thong thuong, cac phuong phap théng ké
dua trén thuyét gia tri cuc doan s€ dua trén viéc
gia dinh chudi s6 liéu (vi du nhu mue nude, luong
mua v.v.) s€ co tinh dung (stationary). Tuy nhién,
dudi su bién d6i kho lwong cua khi hau, gia dinh
vé tinh ding trong chudi s6 liéu khi tuong thiy
van c6 thé khong con phu hop nita. Thay vao do,
tinh khong dung (nonstationary) ngay cang duogc
quan tim xem xét trong nhiéu nghién ctru, nhét 1a
trong phan tich tin sudt ctia muc nuéc cuc doan
tai cac ving thuong dién ra ngip lut (Ams va nnk,
2015; Menéndez & Woodworth, 2010; Mudersbach
& Jensen, 2010; Serafin & Ruggiero, 2014).

Trong cac bai toan phéan tich thdng ké, xu
huéng tuyén tinh (linear trend) thuong duoc sir
dung dé mo hinh héa cac sy kién cuc doan cd
tinh khong dung. Vi du, Wi (2016) da xay dung
ham phan phdi xac suat Generalized Extreme
Value (GEV) va Generalized Pareto distribution
(GPD) dé mb ta dir liéu cuc doan, trong do, tac
gia st dung xu hudng tuyén tinh dé mo ta tham
sb location (p) va scale (o). Villafuerte va nnk
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(2015) danh gia vé sy thay doi cia mua cuc
doan tai Philippines bang cach sir dung ham
phan phdi GEV va tham sé location (pn) duoc
gia dinh tudn theo xu hudng tuyén tinh. Tuong
tu, Cheng va AghaKouchak (2014) da xay dung
duong cong IDF (intensity-duration-frequency
curves) bang cach sir dung ham phan phdi xac
sudt GEV c6 xét dén tinh khong ding cua chudi
dir liéu mua cuc doan va xu hudng tuyén tinh
ctiia tham sb location (p). Tuy nhién, Agilan va
Umamahesh (2016a) khuyén nghi ring viéc sir
dung dang tuyén tinh dua trén hiép bién thoi
gian s€ lam gia tang sy thién léch cia md hinh
co6 tinh khong dung. Hon thé nita, Um va nnk
(2017) cho rang ham phi tuyén s& 1a lya chon
pht hop hon dé ap dung phén tich tan suit cua
cac gia tri cuc doan. Do dd, cac phuong trinh
phi tuyén ngay cang dwgc ap dung nhiéu hon
trong viéc mo hinh héa cac su kién khi tugng,
thuy van cuc doan (Agilan & Umamahesh,
2016b; Panagoulia va nnk, 2014; Sugahara va
nnk, 2009).

Pugc vi nhu 1a mot trung tdm kinh té dung
dau ca nudc, thanh phd H6 Chi Minh (Tp. HCM)
dang phai d6i mat voi rat nhidu thach thirc lién
quan dén sy gia ting vé dan sb, d6 thi hoa va tinh
trang ngap lut ngay cang nghiém trong (Hanson
va nnk, 2011; Storch & Downes, 2011). Niam &
ha luu hé thong song Sai Gon- Pong Nai két hop
v6i dia hinh twong ddi thdp triing va mot mang
ludi song ngoi phire tap, tinh trang ngap lut dién
ra kha thuong xuyén tai Tp.HCM vdi rat nhiéu
tac nhan nhu mua 16n, triéu cuong, tbc d6 d6 thi
hoa qua nhanh, cing véi lugng nude dd vé tir cac
hd thuong nguén. (ADB, 2010; Lasage va nnk,
2014; Storch & Downes, 2011; World Bank,
2010). Ngap lut dién ra thuong xuyén va nghiém
trong hon vao mua mua, tir thang 5 dén thang 11.
Tinh trang nay c6 kha ning s& tré nén toi t& va
anh huong sau rong hon dén doi séng nguoi dan
khi dan s khong ngimg gia ting két hop voi su
bién d6i vé& mua cuc doan va gia ting muc nudc
bién (ADB, 2010). Pén nim 2070, Tp.HCM

duoc du bao sé 1a mot trong 5 @6 thi chiu anh
hudng niang né nhéat do ngap lut gay ra (Hanson
va nnk, 2011; Storch & Downes, 2011).

C6 thé thdy rang, ngap lut di va dang tro
thanh van dé cép bach & Tp.HCM. D6 @6, viée
md phong, danh gia v& muc nude cyc doan co
thé hitu ich cho qua trinh thiét ké, quan 1y cac
cong trinh phong, chdng thién tai. Muyc tiéu chinh
cua bai bao nay 1a mé phong myc nudc cyc doan
tai Tp. HCM duya trén gia thiét vé tinh khong
dung cta chudi sb liéu muc nudce. Bén canh do,
mot s6 ham phi tuyén dya trén bién thoi gian s&
dugc ap dung cho ham phan phdi xac suat. Mo
hinh t8t nhat cho mo phong muc nudc cuc doan
s€ duoc lya chon thong qua cac chi sd Akaike
Information Criterion va Bayesian Information
Criterion. Cudi cung, gia tri myc nudc cuc doan
ung voi chu ky 1ap lai 1a 2, 5, 10, 20, 50, 100,
200 va 500 nam s€ dugc du doan dua trén mo
hinh t&t nhét.

2. GIOI THIEU VUNG NGHIEN CUU VA
DU LIEU

Trong nghién ctu nay, sb liéu muc nuée tai
tram Phu An tir nim 1980 dén 2014 thu thap tir
Trung tim tu liéu Khi twong Thiy vin Qudc gia
s& duoc st dung dé phén tich tan suat xét dén tinh
khong ding trong mau théng ké. Hinh 1 thé hién
vi tri cua tram do muc nudc Phu An.

3. PHUONG PHAP NGHIEN CUU

Phuong phéap nghién clru trong bai bdo nay
duoc thuc hién theo trinh tuy nhu sau: dau tién,
tinh khong dung trong chudi s liéu muc nude
s& dugc xem xét trong ham phéan phdi xac xuét
Generalized Extreme Value (GEV). Trong do,
tham sé location (p) - tham sé vi tri - dwgc
biéu dién theo cac ham phi tuyén khic nhau.
Tiép theo, cic chi sé Akaike Information
Criterion (AICc) va Bayesian Information
criterion (BIC) duoc dung dé Iya chon mo hinh
phu hop nhat. Cudi cung gia tri myc nudc cuc
doan ng voi chu ky lap lai la 2, 5, 10, 20, 50,
100, 200 va 500 nam sé€ duoc du doan dua trén
mo hinh tot nhét.
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Hinh 1. Vi tri tram do muc nuwoc Phu An

G{x; w0o,8) = exp!— [1+ £ (£ ]_?L

Trong 406, u (tham s6 vi tri), o (tham sé ty 16) va &
(tham s6 hinh dang) thé hién cac tham sb théng ké cua
ham GEV (thong tin chi tiét vé cac tham sd u , o va &
vui 1ong c6 thé tham khao trong Coles va nnk 2001).

Khi chudi s6 liéu duge xem 1 6 tinh ding, gia
tri clia cac tham sb 1a hﬁng s6. Ham phan phéi xac
sudt GEV dua trén gia thiét vé tinh dung trong
chudi s6 li¢u dugc thé hién nhu sau:

GEV-0: u(t) = u, o(t) = 0, {(t) =< ()

Trong trudng hop chudi sb lidu duge coi la
khong dung, gia tri cua tham s s& bién ddi theo
bién s6 (vi du nhu thoi gian, hodc yéu té khi hau).
Trong nghién clru nay, 5 mo6 hinh dya trén ham
phan phéi xéc suit GEV s& duoc thiét 1ap dua trén
gia thiét vé tinh khong dimg trong sd lidu muc
nuée cuc doan. Tham sé vi tri (1) duoc biéu dién
theo cac ham phi tuyén khac nhau va xem xét thoi

gian nhu 1a bién so:

3.1. Ham phéan phéi xac suiat GEV

Hién nay c6 rat nhiéu ham phan phdi xac suit
dugc st dung dé mé ta dir liéu khi twong, thuy
van, vi du nhu ham Gumbel, Log-Normal,
Pearson, GEV, Pareto, v.v. Trong d6, ham GEV
va Pareto thuong dugc st dung nhiéu nhat trong
phan tich tan suét cla cac hién tuong thoi tiét cuc
doan nhu mua, bdo va I lut. Do do, trong nghién
ctru nay, ham phan phdi xac suat GEV duoc sir
dung dé phan tich dir liéu myuc nuéc 16n nhat cho
tram do muc nudc Phu An. Gia sit x = x;, x2, X3,
..., X, thé hién muc nudc 1on nhit hang nam cia n
bién ngiu nhién doc 1ap va phan phdi giéng nhau,
ham phan phdi liy tich ciia GEV dugc thé hién ¢
phuong trinh (1) nhu sau:

1+e =8> 000 )

GEV-1: u(t) = up + u; < t,

o(t) =0, &) =& 3)
GEV-2: u(t) = ug + u; * £,

o(t) =0, &) =& 4)
GEV-3: u(t) = po + p1 % sqri(t),

o(t) =0, &) =& (%)
GEV-4: u(t) = po + p; x t + us x £,

o(t) =0, &) =< (6)
GEV-5: u(t) =po+ u; Xt + us X € + us x t',
o(t) =0, &) =< (7)

Céc tham sb ciia ham GEV s& duoc tinh toan
qua phuong phap uoéc luong Bayes (Bayesian
estimation). Phuong phap udc luong Bayes co thé
tom tit nhu sau:

- Goi X 1a bién ngiu nhién can nghién ctru, co
phan phdi xac suat phu thudc vao tham s 0

- Tham sd 6 can udc lugng nhu mot gia tri cu
thé cua bién ngiu nhién O, va ® duoc udc lwong
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dua vao phan phéi xéc suét hau nghiém ctia n6 voi
didu kién da biét mau dir lidu cu thé x = (x;, x2,
.y Xn)-

- ® ¢6 phéan phdi xac suat thong ké tién nghiém

..., Xp) cua mau ngau nhién X = (X, X,, ..

(prior) v6i ham mat do xac suét fe (6).

- Ham mat d6 xac suét ctiia X voi diéu kién 6,
ky hiéu fxe (x,0), dugc goi 1a ham hop ly, dugc
xac dinh boi:

friolx,8) = !_[?:1 frie(x:,6) ) ) (3

- Duya vao mau cua X, phan phdi xac suat cua 0
duoc cap nhat. Phan phéi X4c sut ciia @ voi didu
kién X duoc goi la phan phéi hdu nghiém
(posterior), v&i ham mat do xac suit fox (x,0)
duoc xac dinh bai:

- _ fox®x) _  [xj0(x,0)fp(8)
0,x) = =
fo1x(8.%) fx(®  Jofxe(x.8)fo(6)d6

()]
- Udc luong tham sb cua X, 1a ham cua O,
duogc xac dinh dya vao phan phdi hau nghiém cua
®, duoc goi 1a ude lwong Bayes (thong tin chi tiét
vé phuong phéap uéc luong Bayes, vui 1ong tham
khao Tse, 2009).
3.2. Lwa chon md hinh phii hop nhét
Trong nghién ctru nay, chi s6 AIC (Akaike,

1974), BIC (Schwarz, 1978) s& duoc dung dé lya
chon mé hinh thich hop nhat. M6 hinh véi gia tri
cta AIC, BIC nho hon thi duge xem 13 mé hinh tét
hon dugc lwa chon dé mé ta muc nudc cuc doan.
Tuy nhién, nghién ctru cuia Hurvich va Tsai (1995)
da chi ra rang chi s6 AIC khong phu hop véi cac
chudi s lidu ngin, do d6 cac tic gia dd dé nghi sir
dung chi s6 AICc s@ tranh duoc sy thién léch va phu
hop hon véi cac chudi sb liéu ngén. Do do, chi sb
AICc s& duoc dung thay cho chi s AIC.
Hai chi s AICc va BIC duoc thé hién trong
phuong trinh (10) va (11):
AlCe = —2 (loglikelihood) + 2k + 2KE+D
- n-k-1 (10)
BIC = —2(loglikelihood) + kln(n) (11)
Trong d6 k 13 s lwong tham sé doc 1ap trong

md hinh, n 12 d 16n mau.

Vi du khi xem xét m6 hinh mang tinh khong
dimg GEV-1, ham likelihood c6 thé dugc biéu
dién dudi dang ham cia cac tham sb ug, u;. o, &
Gia st X1, Xa,..., Xa 1a chudi sd liéu muc nude gio
16n nhat cia n nam, ham loglikelihood co thé
duoc viét nhu sau:

_nlogo — (1 n 1) nJog [1 + g(xi—(uo:ulx(r))] _2?21[1 +£(xi—(uo;u1x(r))]‘§ 1+

Khi ¢ #0,
Lﬁ&,ﬁ,ﬂ}f}:—

+ t ¢
o 2= (Mo +1ly X
f (Alatix©)

Khi =0,

(12)

L(t,01X) = —nloga — S, (xi—(uawlx(t)) S exp [_ (xi—(umlxm)]

a

3.3. Tinh toan gia tri mwe nwéc tin suit
thiét ké

Sau khi mé hinh phit hop nhit cho mé phong
muc nudc cuc doan duoc lya chon, cac gia tri muc
nude cuc doan (Z7) twong ung voi chu ky 1dp lai
(T-year) 2, 5, 10, 20, 50, 100, 200 va 500 ndm s&
dugc tinh toan. Pi véi md hinh dya trén gia thiét
vé tinh khong ding ctia chudi sb liéu, cac tham sb
vi tri (4) ciia ham phan phdi xac suét s& bién doi
theo thoi gian. Vi vdy, cac tic gia dé xuat lay

’ (13)

trung vi (50 percentiles) cac gia tri cua tham sb vi
tri (u) dé tinh toan gia tri muc nude cuc doan tmg
véi céc chu ky 1dp lai trong nghién clru nay.

ﬁ50 = Q50( ﬂﬂ, ﬁzz, ﬂm) (14)

Gia tri myc nudc cuc doan tuong ing voi chu
ky 1ap lai T dugc dua ra boi Coles va nnk (2001)
nhu sau:

) {ﬂ_ 2|1 frtog (1-2) | pore 20
T=

fi— &log {—log (1 —%)} , foré=0

(15)
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Céc tinh toan trong nghién clru nay (nhu AlCc,
BIC, uéc lugng tham sd, gia tri myc nudc cuc
doan tuong Ung vai cac chu ky ldp lai khac nhau)
duge xtr 1y bang phan mém R Studio véi ngén
ngit 1ap trinh R.

Két qua

Bang 1 thé hién gia tri AICc va BIC cho md
hinh phan phdi x4c suit dua trén gia thiét vé tinh
dung (GEV-0) va khong dung (GEV-1, GEV-2,
GEV-3, GEV-4 va GEV-5). C6 thé thdy rang, mo
hinh GEV-4 ¢6 gia tri AICc va BIC 1a nho nhét, vi
vy, md hinh GEV-4 duoc xem 1a phu hop dé mé

phdng gid tri muc nudc cuc doan trong nghién ctru
nay. Gia tri cdc tham s6 cia 2 mé hinh GEV-0 va
GEV-4 thong qua udc luong Bayesian dugc thé
hién trong Bang 2.

Trong bai bao ndy, biéu d6 xac sudt chuin
duoc st dung dé kiém tra sy phit hop ctia md hinh
duoc chon. Két qua so sanh biéu do xac suét
chuan cho thdy rang, ham phan phdi xic suit
GEV-4 (Hinh 2b) cho két qua giita sb liéu thuc do
va md hinh tuong ddi phu hop hon so v6i md hinh
GEV-0 (Hinh 2a).

Bang 1. Gia tri AICc va BIC cia cac mo hinh

Chi s6 GEV-0 GEV-1 GEV-2 GEV-3 GEV-4 GEV-5
AlCc -14.46 -92.74 -92.74 -74.56 -124.44 -121.81
BIC -38.59 -57.95 -65.24 -40.04 -94.05 -91.45

Biang 2. Gi4 tri ciia cac tham s6 trong md hinh GEV-0 va GEV-4
Tham s
M6 hinh/Khoang tin cdy u

Mo M1 |2%) ° :
GEV-0 1.36 -2.15 -0.37
50% 1.37 0.75 0.23 -3.60 -0.33
GEV-4 25% 1.37 0.73 0.21 -3.60 -0.33
95% 1.38 0.76 0.24 -3.60 -0.33

Cac gia tri myc nudc cyc doan tuong ing
voi chu ky 1ap lai 2, 5, 10, 20, 50, 100, 200
va 500 nam Ung v&i cadc khoang tin cay (25%,
50% va 95%) dwoc thé hién ¢ Bang 3. Két
qua cho théy réng, gia tri myc nudc cuc doan
dugc du doan tr md hinh tét nhat GEV-4 16n
hon so véi mdé hinh GEV-0 trong hau hét cac
chu ky lap lai. Piéu nay c6 nghia la gia thiét
vé tinh diurng trong chudi sb lidu co thé dan
dén viéc danh gia thép cac su kién muc nudc
cuc doan, va c6 kha niang anh huong dén viée
quy hoach, thiét ké cic coéng trinh phong,
chdng ngép lut.

Bang 3. Gia tri muc nwéc cuc doan twong rng
véi cac chu ky 1ap lai

Chu ky T3p Gia tri muc nude (m)
lai (ndm) | GEV-0 GEV-4

25% | 50% | 95%
140 | 1.58 | 1.60 | 1.62
5 150 | 1.60 | 1.63 | 1.64
10 154 | 1.61 | 1.64 | 1.65
20 157 | 1.62 | 1.65 | 1.66
50 1.60 | 1.63 | 1.65 | 1.67
100 1.62 | 1.64 | 1.66 | 1.67
200 1.63 1.64 | 1.66 | 1.68
500 1.65 | 1.64 | 1.67 | 1.68
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4. KET LUAN

Trong nghién ctru nay, 5 m6 hinh dya trén ham
phan phdi xac suit GEV va gia thiét vé tinh khong
dimg trong chudi sé liéu dugc thiét 14p dé mod
phong myc nudc cuc doan cho Tp. HCM. Bén
canh d6, mo hinh dya trén gia thiét v& tinh ding
ctia chudi s6 liéu muc nude cling dugc thiét 1ap dé
so sanh. M6 hinh tdt nhit duoc lwa chon thong
qua chi sé6 AICc va BIC. Két qua cho thiy ring,
mo hinh GEV-4 dugc xem 1a mé hinh tét nhat dé
mo phong myc nudc cuc doan cho tram Phi An.
Cac gia tri muc nudc dua trén mo hinh tdt nhAt

(GEV-4) 16n hon so véi cac gia tri muc nude cua
md hinh GEV-0 trong hau hét cac chu ky lap lai
khéc nhau.

Toém lai, ngdp lut da va dang tré thanh van dé cép
bach cua Tp. HCM dudi anh hudng cia bién ddi khi
héu va nude bién dang, tao ap luc rat 16n 1én chién
luge phong chéng va thich tmg voi ngdp Iut cua
thanh phd. Tir két qua nghién ctru nay, mo hinh
GEV-4 duoc kién nghi sir dung trong cac tinh toan
muc nude thiét ké cho cac cong trinh phong, chong
ngap tai Tp.HCM, va co thé ap dung cho cac ving
phu can trong Iwu vire séng Sai Gon — Pong Nai.
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Abstract:
NONSTATIONARY EXTREME VALUE ANALYSIS FOR ESTIMATION OF DESIGN
WATER LEVEL OF PHUAN STATION, HO CHI MINH CITY

Recently, under changing of climate related to human activities, the concept of nonstationary extreme
value analysis has been improved and is used more frequently in analysis of extreme water level. In this
study, the extreme water level timeseries is modelled under nonstationary condition by taking time as
covariate. The results show that the GEV-4 is the best nonstationary model for modelling extreme water
level for Phuan station. Besides, the water level estimates under the stationary condition are lower than
those under the nonstationary condition for most of the return periods.

Key words: Extreme water level, stationary, design water level, nonstationary, Phuan station
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