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Tém tit: Trong nghién ciru ndy, xu thé bién doi cia chudi dir liéu muc nwée cuc doan tai tram Viing
Tau qua giai doan 1980-2019 dwoc danh gid qua kiém dinh Mann-Kendall. Bén canh @6, tinh khong
dirng trong dir liéu muc nuwée cwe doan ciing dwoc xem xét. Két qua tir nghién ciru chi ra rang, myc
nudc cyc doan tqi tram Viing Tau co xu hudng tang kha manh mé trong giai doan 1980-2019. Bén canh
ds, gid tri thiét ké ciia muc nwée cuc doan dwa trén gid thiét vé tinh dieng nhé hon so véi cde gid tri

muec nwée dya trén gia thiét vé tinh khong dieng.

Tw khéa: Muc nudc cuc doan, Tinh dung, Muc nudc thiét ké, Tinh khong dung, Tram Viing Tau

1. PAT VAN PE

Nhing ndm gan ddy, tinh trang xAm nhap man
ngay cang lan rong va tré nén nghi€ém trong, anh
huong truc tiép dén san xuit nong nghiép, tac
dong 16n dén doi séng nhan dan va nén kinh té -
xa hoi. Tai dong bang song Ciru Long (PBSCL),
xam nhap man trd nén gay gat hon bao gio hét.
Cubi nam 2015 va nhirng thang dau nim 2016,
dién bién xam nhap man tai PBSCL dugc danh
gi4 1a ning né nhét trong 100 nim qua. Trén song
Tién va song Hau, dd man trén 45%o, xam nhap
sau toi 70 km tinh tr ctra séng, ¢6 noi tham chi Ién
dén 85 km.

Riéng hé thong song Vam Co6 (Vam Co Pong,
Vam Co¢ Tay), tinh trang han han va xam nhap
man ciing khong kém phan nghiém trong. Tir giita
thang 11/2019, xam nhap man bat dau xuét hién
va xam nhap sdu vao hé thong song Vam Co thoi
gian xuit hién man sém hon gan 01 thang so véi
cung ky 2018-2019 va sém hon nira thang so voi
cung ky 2015-2016. Dén ngay 28/04/2020, do anh
hudng ky tridu cudong két hop ning nong nén do
man trén cac song Vam Co tiép tuc tang.

C6 thé nhan dinh rang, triéu cudong 1a mot
trong nhirng nguyén nhan quan trong anh huong
dén mirc d6 xam nhap man cua hé thong song. Do
do, nghién ctru tan sudt vé muc nude triéu sé cung

! Céng ty TNHH Tu vén Thiét XD Vinh Hung, tinh Long An
? Phén hiéu truong Dai hoc Thuy loi tai tinh Binh Dwong

cép nhitng luan ctr khoa hoc dé mo ta va phén tich
tinh trang han han va xam nhap man trén cac luu
vuc song.

Tong quan cac nghién ciru vé muc nudc cuc
doan (extreme water level) cho théy, gia tri muc
nudc cuc doan thiét ké co6 ¥ nghia hét sitc quan
trong cho viéc lap ké hoach va thiét ké cac cong
trinh phong chéng 1i (Arns & cong su, 2013;
Katz, 2013). Thong thuong, viéc danh gid muc
nudc cuc doan dugc dua trén nhitng phén tich
thong ké theo 1y thuyét gia tri cuc doan (Arns &
cong sy, 2015; Bulteau & cong su, 2015;
Mudersbach & Jensen, 2010). Trong d6, chudi sb
liéu muc nudc duge gia dinh 1a ¢6 tinh déng nhat
hodc tinh dimg. C6 nghia 1 cac tham s thong ké
ctia ham phan phdi duoc chon khong thay dbi theo
thoi gian (Katz, 2013). Tuy nhién, trong bdi canh
bién d6i khi hau, nudc bién dang, gia dinh vé tinh
dirng (stationary) trong chudi sé liéu myc nuée co
thé khong con phit hop nita. Qua thuc, tinh khong
dimg (nonstationary) trong chudi sé liéu muc
nudc cuc doan da duoc nghién ciru va chirng minh
trong rat nhidu nghién ctru trén thé giéi (Arns &
cong su, 2015; Méndez & cong su, 2007;
Menéndez & Woodworth, 2010; Mudersbach &
Jensen, 2010; Serafin & Ruggiero, 2014; Skjong
& cong su, 2013).

Trong nghién clru nay, cac tac gia s€ moé phong
muc nudc cuc doan tai tram Viing Tau va dy doan
gia tri myc nudc cuc doan twong tng voi chu ky
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lap lai la 10, 50 va 100 nam. Bén canh d6, tinh
khong ding s& duoc ap dung trong phén tich tan
suét cua muc nude cuc doan béng cach xem xét
bién thoi gian trong ham phan phdi xac suat
Generalized Extreme Value (GEV). M6 hinh phu
hop nhét diung dé mé phong muc nude cuc doan
tai Viing Tau s€ duoc dua ra qua cac phan tich, so
sanh giita cac mo hinh. Két qua tir nghién ciru nay
s& 1a tai liéu quan trong cung cép cho cac bai toan
mo phong vé xam nhap man trén cac luu vyc song
Meé Kong va song Vam C9.

2. SO LIEU SUDUNG

Trong nghién ctru nay, sd liéu muc nudc gio tir
nim 1980 dén nam 2019 tai tram do Viing Tau thu
thap tor Trung tam di licu Khi tugng Thuy van
Quéc gia duoc sir dung dé phén tich tin suat. Hinh
10 thé hién vi tri cua tram muc nudce Viing Tau.
Hinh 2 thé hién su bién d6i cua muc nudc gio 16n
nhét ciia tram Viing Tau va xu thé tuyén tinh.

Bien Dong

56 Kilomaters

Hinh 1. Vi tri tram myc nuwoc Viing Tau
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Hinh 2. Myc nwée gio I6n nhat tai tram Viing Tau
3. PHUONG PHAP NGHIEN CUU

3.1 Kiém dinh phi tham s6 Mann-Kendall
Hién nay, gia dinh vé tinh khong dimg trong

chudi sé liéu khi twong thuy vin di duoc nhiéu
nha khoa hoc nghién ctru va ing ho. Do do, kiém
tra tinh khong dimg trong chudi sb liéu 1a budc
quan trong trong phan tich s6 liéu khi twong thiy
van. Kiém dinh Mann-Kendall (Kendall, 1962;
Mann, 1945), 1a kiém dinh phi tham s, thuong
dugc sir dung rong rii dé phan tich cac xu hudng
don diéu trong chudi dit liéu, qua d6 phat hién tinh
khong dirng trong chudi sé liéu.

Gia thiét mot chudi dit liéu thoi gian (x;, x5, x3,
..., X;) biéu dién n diém dir liéu, x; biéu dién sb
liéu tai thoi diém i, x; biéu dién sb liéu tai thoi
diém j. Chi s6 théng ké Mann-Kendall S duoc tinh
nhu sau:

S=2a =it Sign(xj - Iz’) (D

Trong @6, sign(x) dugc xac dinh nhu sau:
sign(x) = 1 néu x > 0, sign(x) = 0 néu x = 0 va
sign(x) = -1 néu x < 0. Gia tri ban dau cua théng
k& Mann-Kendall S 1a 0 tuong ung véi viéc khong
ton tai xu hudng.

Gia tri cua Tau dugc xac dinh boi cong thirc
sau (Chandler & Scott, 2011):

25
Tau = N1 2)

Véi gia tri Tau > 0, chudi s liéu thé hién xu
thé ting, nguoc lai khi Tau < 0, chudi sb liéu thé
hién xu thé giam.

3.2 Ham phén phdi xac suit GEV

Céc ham phén phdi xac suat nhu ham Gumbel,
Log-Normal, Pearson, GEV, Pareto, v.v., thuong
duoc sir dung dé mo ta dir liéu khi twong thuy van.
Trong do, ham GEV va Pareto thuong duoc st
dung nhiéu nhat trong phén tich tdn suit cua céac
gia tri khi tugng thily vén cuc doan nhu mua, muc
nudc va han han. Trong nghién clru nay, chiung to1
sir dung ham phan phdi xac suat GEV dé mo ta dir
liéu myuc nudc gio 16n nhit cho tram Viing Tau.
Gid st x = X, X5, X3, ..., X, thé hién muc nuée gio
16n nhat hang nim cua n bién ngiu nhién doc lap
va phan phdi giéng nhau, ham phan phéi tich liy
ciia GEV dugc thé hién & phuong trinh sau:

e ) = e~ [1+ ¢ (2] )

o

1+ ¢(Z4)>0,6>0 3)

o

Trong do, u (location), o (scale) va & (shape)
thé hién cac tham sb thong ké ciia ham GEV. Khi
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chudi s6 liéu dugc xem 14 c6 tinh dirng, gié tri cua
cac tham s6 1a hang s6 (M6 hinh GEV-S). Trong
truong hop chudi sb liéu dugc coi 1a khong dimg,
gi4 tri ctia tham s6 s& bién di theo bién sd. Trong
nghién ctru nay, tham s u dugc biéu dién nhu 1a
mdt bién s6 theo thoi gian (M6 hinh GEV-NS):

u(t) = po + py X (2

a(t) = o; 4

@) = ¢

Cac tham s6 cia ham GEV s€ duoc udc luong
qua phuong phap udc lugng hop ly cuc dai
(maximum-likelihood).

Phuong phap udc lugng hop 1y cuc dai da va
dang duogc st dung rong rai trong viéc udc luong
cac tham s ciia ham GEV. Trong trudng hop
chudi sé liéu dwoc coi 1a khong ding, ham
likelihood ¢6 thé dwoc biéu dién duéi dang ham
ctia cac tham sd o, U1, 0, &< Gid st Xy, Xa,..., Xy 12
chudi sb liéu myuc nuée gio 16n nhat cta n nam,
ham log-likelihood c6 thé dugc viét nhu sau:

Khi¢#0,

Liu,0,&§ X)=—nloge — (1 + %) X, log [1+ 1
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Nhu vay, cuc dai hoa ham hop ly tuong duong
voi cuc dai hoa ham logarithm ciia nd. Liic nay dé
wdc lugng cac tham s, bai toan tré thanh tim gia
tri nho nhit cia ham mat mat (negative log-
likelihood) thay vi tim gia tri 16n nhat (maximum-
likelihood).

3.3 Luwa chon mé hinh thich hgp

Trong nghién ctru nay, chi s6 AIC (Akaike,
1974), BIC (Schwarz, 1978) va kiém dinh
likelihood ratio (p-value) s& dugc dung dé Iya
chon mé hinh thich hop nhat. M6 hinh véi gia tri
cua AIC, BIC va p-value nho hon thi dugc xem Ia
mo hinh t6t hon dugce lya chon dé mé ta muc nudce
cuc doan. Hai chi s6 AIC va BIC duogc tinh theo
cong thure sau:

AIC = —2(loglikelihood) + 2p (7

BIC = —2(loglikelihood) + pln(n) (8)

Trong d6 p 14 s6 luong tham sb trong mé hinh,
n 1a d¢ 16n mau.

Kiém dinh likelihood ratio cho thiy xu huéng
dang ké trong chudi dit liéu cia mé hinh mang
tinh khong dung so véi mo hinh mang tinh dung
bang cach so sanh negative log-likelihood ciia 2
mod hinh d6. Gia st mé hinh mang tinh dung va
khong dirng duoc ky hiéu 1an luot 1a My va M, thi
negative log-likelihood ctia 2 md hinh My va M,
duoc viét nhu sau:

Lo(My) = —log L(x1, %2, ) X 14,0, ) )

(M) = —’IUEL{xpxz: oy X gy 11,0,8) (10),

Vi gia thiét khong c6 xu hudng trong chuoi so
ligu u;=0, kiém dinh likelihood ratio dua trén 2
lan chénh léch gitta [y(My) va [;(M;) va tuan theo
phan phdi Chi binh phwong véi 1 bac tu do , ky
hiéu 1a »* (1). Kiém dinh likelihood ratio dwoc viét
nhu sau:

2{le(Mo)-Li (M)} ~¢ (1)

3.4 Tinh toan gia tri mwc nwéc thiét ké

Khi mé hinh phu hop nhit dé mé phong tai

(1)

liéu muc nudc cuc doan dugc lya chon, cac gia
tri muc nudc cuc doan (Zr) tuong ung véi chu
ky lap lai (7-year) 10, 50 va 100 nam s€ dugc
tinh toan. D4i voi mé hinh dwa trén gia thiét vé
tinh khong dimg cua chudi sd liéu, cac tham sb
ctia ham phén phdi x4c suat s& bién d6i theo thoi
gian. Do d6, chiing t61 dua trén cach tiép can rui
ro thép cua Cheng &AghaKouchak (2014), béng
cach léy 95% (95 percentile) gia tri ciia tham sb
u (phuong trinh 12) dé tinh toan gia trj muc
nudc cuc doan ung voi cac chu ky 1dp lai trong
nghién cuu nay.

Hos = Qo5 (M1, Hyzo s Fign) (12)

Gia tri myc nudc cuc doan tuong ing voi chu
ky lap lai T duoc dua ra boi Coles & cong su
(2001) nhu sau:

oz ‘ £ .
. [#—z 1- _[—z.:;u—%)ﬂ} ],}’ar-j =0 (3
L — dlog {—Iﬂg ('1 - 41—,} . foréi=c

Céc tinh toan trong nghién ctru nay dugc xur
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Iy bang phan mém R studio v&i ngdn ngit lap
trinh R.

4. KET QUA

Bang 1 thé hién két qua ctia kiém dinh Mann-
Kendall. Qua dé cho thiy chudi sb liéu muc nudce
gio 16n nhat mang xu thé ting dang ké qua giai
doan 1980-2019, va théa man muc y nghia o =
0.05 (x4c suat pham sai 1am khong qua 5%).

Bang 1. Két qua kiém dinh Mann-Kendall
(p. value- Mirc y nghia)

Var

Mann-Kendall | S Tau | p. value
)

Gia tri 369 | 7330 | 0.48 | 1.72x107

Bang 2 thé hién gia tri clia cdc tham sd ciia 2
md hinh phan bd xac suit dya trén gia thiét vé tinh
dung (GEV-S) va khong dung (GEV-NS) qua
phuong phap udc lugng hop 1y cuc dai.

Bang 2. Tham s6 ciia hAim phan phoi

xic suit GEV
B Location Scale | Shape
Tham so
Mo Mi c ¢
GEV-S | 130.72 9.66 -0.35
GEV-NS | 119.66 | 22.37 | 6.39 -0.15

Céc chi s6 AIC, BIC déu chi ra ring ham phan
phéi xac sudt GEV dua trén gia thiét vé tinh
khong dirng trong chudi sb liéu duge xem 1a phu
hop hon cho md phdéng gia tri myc nudc cuc doan
trong nghién ciru nay (Bang 3). Két qua cua kiém
dinh likelihood ratio ciing chi ra rang mé hinh
GEV-NS phu hop hon so véi mé hinh GEV-S vai
gi4 tri p-value 1a 1.4x10-5. Bén canh d0, cac biéu
d6 xac suét Probability - Probability (PP) va phan
vi Quantile - Quantile (QQ), dung dé kiém tra su
phu hop cua mo6 hinh dugc chon, cling cho théy
rang md hinh GEV-NS cho két qua giira s liéu
thyc do va md hinh twong déi phu hop so véi md
hinh GEV-S.

Biang 3. Gia tri ciia cac chi s6 AIC va BIC

Chi s6 GEV-S GEV-NS
AIC 375 367
BIC 380 374

Bang 4 thé hién céc gia tri muc nudc cuc doan
tuong tng voi chu ky 1ap lai 1a 10, 50 va 100 nam.
Két qua cho thdy rang khi xét cing mot chu ky lap
lai, gia tri muc nudc cuc doan tr mé hinh GEV-NS
16n hon tir mé hinh GEV-S. Néi cach khac gia thiét
vé tinh dimg trong chudi s liéu myc nudc c6 thé
dan dén viéc danh gia thp cac su kién muc nude
cuc doan. Didu ndy c6 thé anh huong dén viée quy
hoach, thiét ké cac cong trinh thiy loi néi chung va
cong trinh phong chdng ngap lut néi riéng.

Resldual Probability Plot Resldual Quantile Plot (Gumbel Scale)
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Hinh 4. PP va QQ plot cho mé hinh GEV-S
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Bang 4. Gia tri mwe nuée cuc doan (mm)

hu ky I3p lai

Chukylaplai | 50 100
(nam)

GEV-S 14579 | 151.33 | 152.87

GEV-NS 153.11 | 159.78 | 162.15
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5. KET LUAN

Trong nghién ctru nay, xu thé bién ddi cua muc
nudc cyc doan tai tram Ving Tau qua giai doan
1980-2019 di duoc danh gia qua kiém dinh
Mann-Kendall. Gia thiét vé tinh khong ding trong
chudi s liéu muc nude cuc doan cling dugc xem
xét. Tir két qua dat duoc co thé dua ra cac két luan
sau: 1) Myc nudc cuc doan tai tram Viing Tau co
xu thé ting déng ké qua giai doan nghién ctru; ii)
M6 hinh GEV-NS dya trén ham phan phdi xéac
xudt GEV va gia thiét vé tinh khong ding trong

chudi dit liéu myuc nude hoan toan phu hop dé
mod phong myc nudc cyc doan cho tram Viing
Tau; iii) Cac gia tri myc nudc thiét ké dua trén
gia thiét vé tinh khong dung (GEV-NS) 16n hon
so vdi cac gia tri muc nudc dua trén gia thiét vé
tinh dung; iv). T cac két qua trén, md hinh
GEV-NS duoc kién nghi sir dung rong rii trong
khu vire nghién ciru va ving lan cin dé cung cép
thong tin, dit liéu cho cac bai toan mé phong muc
nudc, md phong man trong song Vam Coé hoac
luu vuc song Mé Kong.
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Abstract:
NONSTATIONARY EXTREME VALUE ANALYSIS FOR ESTIMATION OF DESIGN
WATER LEVEL OF VUNG TAU STATION

In this study, the trend in the extreme water level of Vung Tau station is indicated by Mann-Kendall test.
Besides, the extreme water level time series is modelled under nonstationary condition. The results show
that the increasing trend has been found in extreme water level data of Vung Tau station over the period
of 1980-2019. Besides, the design water level estimates under the stationary condition are lower than
those under the nonstationary condition in the study area.

Keywords: Extreme water level, Stationary, Design water level, Nonstationary, Vung Tau station
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