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THONG KE THEO THOI GIAN

Lé Thi Hoa Binh', Ping Pong Nguyén'

Tém tit: Mua ciee doan, mét trong nhitng nguyén nhdn gdy ra ngdp lut tai thanh phé Ho Chi Minh, da
chimg kién mot s gia ting vé tan sudt xudt hién va cwong dd trong vai thdp ky qua. Mac dii tinh khéng
dirng (nonstationary) trong dit liéu mwa cuc doan da dwoc nghién ciru va chirng minh trong rat nhiéu
nghién civu trén thé gidi, tuy nhién nghién ciru vé tinh khong dimg trong dir liéu mwea cuc doan tai thanh
phé Hé Chi Minh chira nhin dwoc nhiéu sw quan tém tiv cdc nha khoa hoc. Trong nghién ciru nay,
ching téi sé xem xét dén tinh khong dirmg trong dir liu mua 24h tai tram Tan Son Hoa. Két quad tir
nghién civu chi ra rang, mwa cuc doan tai tram Tan Son Hoa c6 xu hudng tang kha manh mé trong giai
doan 1982-2018. Bén canh dé, gid tri thiét ké ciia muwa cuc doan dwa trén gia thiét vé tinh dimg nhé hon

ddng ké so véi cdc gia tri miea diea trén gia thiét vé tinh khong dieng trong dir liéu mura.
Tw khéa: Mua cuc doan, Tp.HCM, Mua thiét ké, Tinh khong dung.

1. GIOI THIEU

Trong vai thip ky tr¢ lai day, bén canh nhiing
thach thirc 16n lién quan dén gia ting nhanh vé
dan s6, d6 thi hoa va cong nghiép hoa, thanh phd
H6 Chi Minh (Tp. HCM) con phai déi mat véi
nhitng van dé lién quan dén khi hau, vi du nhu sy
gia ting vé tan sudt va cuong do cua cac sy kién
mua cuc doan. Cac trdn mua cyc doan ciing duogc
xem 1a mot trong cic nguyén nhan dan dén tinh
trang ngdp Ung dién ra hing nim & tai trung tim
kinh t& 16n nhat ca nudc nay. Nghién ctru vé mua
cuc doan, cling nhu phan tich xu thé, d6 1on cua
cac tran mua cuc doan la van dé hét strc can thiét,
nhim cung cép thong tin, dit liéu cho viéc quy
hoach, xay dung co sé ha tﬁng va tinh toan thiét
ké nhiam giai quyét vin dé& ngap ung lau nay tai
Tp. HCM.

Thong thuong, khi xem xét dén chudi sb lidu
khi twong thuy van (vi du nhu luong mua), ciu
trac cua chudi sé lidu dugc gia dinh 1a co tinh
dung. C6 nghia 1a cac tham ) théng k& cua cac
ham phan phdi duoc chon khong thay ddi theo
thoi gian (Katz, 2013). Tuy nhién, trong bdi canh

"' B6 mén Ky thudt Tai nguyén nwée va Méi truong, Pai
hoc Thuy loi phdan hiéu Binh Duong

bién db6i khi hau, gia dinh vé tinh ding
(stationary) trong chudi s6 lidu khi tuong thuy van
c6 thé khong con phu hop nita (Khaliq, Ouarda,
Ondo, Gachon, & Bobée, 2006; Sugahara, Da
Rocha, & Silveira, 2009). Thay vao do, tinh khong
dung (nonstationary) nén dugc xem xé&t dén, nhit
la trong phan tich tAn sudt cua cac sy kién cuc
doan. Bén canh do, cac gid tri khi tugng thuy van
tinh toan (vi du nhu mua thiét ké) dua trén gia
thiét vé tinh dirng cua chudi s6 liéu thuong 1a nho
hon so v6i cac gia tri tinh toan dua trén gia thiét
tinh khong dung (Agilan & Umamahesh, 2017;
Cheng & AghaKouchak, 2014), do d6 s€ anh
huéng dén viée tinh toan thiét ké, cling nhu hiéu
qua lam vi¢c cua cac cong trinh.

Trong nghién ctru ndy, phan tich tin suét cia
mua cuc doan tai tram Tan Son Hoa (Tp. HCM),
ciing nhu tinh toan gia tri mua thiét ké twong tng
véi chu ky lap lai (return period) 1a 2, 20 va 100
nam dugc xét dén. Chudi sb lidu mua s& dugc
duoc kiém tra xu thé ting hay giam dua trén kiém
dinh Mann-Kendall. Tinh khong dung s€ dugc ap
dung trong phéan tich tan suét ciia mua cyc doan
bang cach xem xét bién thoi gian trong ham phan
phdi xé4c sudt. Cac phan tich, so sanh giita cac mo
hinh s& duoc dwa ra dé lya chon mé hinh phu hop
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nhit ding dé mé phong mua cuc doan tai ving
nghién ctru.

2. SO LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. SO liéu thu thap

Trong nghién clru nay, s6 liéu mua 24h 16n
nhit dugc trich xuit tir chudi s liéu mua gid tir
1982-2018 tai tram Tan Son Hoa thu thap tu
Trung tAm tu liéu Khi twong Thiy vin Qudc gia
duoc st dung dé phan tich tan sudt. Hinh 1 thé
hién sy bién d6i cua mua 24h 16n nhat Tan Son
Hoa va xu thé tuyén tinh.
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Hinh 1. Muwa 24h Ién nhat tai tram Tan Son Hoa
va xu thé tuyén tinh

2.2. Phuong phap nghién ciru

Phuong phép nghién cltru trong bai bdo nay
duoc thuc hién theo trinh tu nhu sau:

-Kiém dinh phi tham sé Mann-Kendall s&
dugc ap dung dé danh gia xu thé trong chudi sb
liéu mua 24h 16n nhét

- Tinh khong dumg s€ dugc xem xét trong ham
phan phdi xac xuat Generalized Extreme Value (GEV)

- Céac chi s AIC (The Akaike Information
Criterion), BIC (The Bayesian Information
criterion), va kiém dinh likelihood ratio
(likelihood ratio test) dwoc ding dé lya chon mé
hinh phu hop nhat

- Gia tri mua cuyc doan tuong tng vdi chu ky
1ap lai 1a 2, 20 va 100 nam s€ dugc du doan dua
trén md hinh pht hop nhat.

Kiém dinh phi tham s6 Mann-Kendall

Thong thuong, phan tich xu hudng dugc su
dung dé phat hién tinh khong ding trong chudi s6
liéu khi tugng thay van. Kiém dinh Mann-Kendall
(Kendall, 1962; Mann, 1945), la kiém dinh phi
tham sb, thuong duoc sir dung rong rai dé phan
tich cac xu huéng don diéu trong chudi dir licu.
Két qua tir kiém dinh Mann-Kendall cho biét gia

tri cua Tau (Tau value), né cho biét chudi sb liéu
c6 xu hudng tang hay gidm.

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 s théng ké Mann-Kendall S duoc tinh
nhu sau:

S = Z?;ll ?:1‘+1Si-gn(xj - x;‘) (1)

Trong do, 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 cia thong
ké Mann-Kendall S 1a 0 twong ung véi viéc khong
ton tai xu hudng.

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

25
N(N-1)

Tau = ()

Vé6i gid tri Tau > 0, chudi s liéu thé hién xu
thé ting, nguoc lai khi Tau < 0, chudi sb liéu thé
hién xu thé giam.

Lua chon ham phan phdi xéc suit

Hién nay c6 rat nhiéu ham phan phdi xac suit
duoc sur dung dé mo ta dix lieu mua cuc doan, vi
du nhu ham Gumbel, Log-Normal, Pearson, GEV,
Pareto, v.v. Trong do, ham GEV va Pareto thuong
duogc sir dung nhiéu nhit trong phan tich tan suat
cua cac hién tugng thoi tiét cuc doan nhu mua,
bao va Ii lut. Trong nghién clru nay, ham phan
phéi xac sudt GEV duoc str dung dé phan tich dir
liéu mua 24h 16n nhat cho tram Tan Son Hoa. Gia
SUX =Xy, X2, X3, ..., X, thé hién lugng muwa 24h 16n
nhit hang nim cta n bién ngiu nhién doc lap va
phan phdi gidng nhau, ham phan phdi liiy tich cta
GEV dugc thé hién & phuong trinh sau:

G(x:uo,8) = exp {— [1 + f(x— ;,a]]—lfé‘},

o

1+ ¢(=£)>0.6>0 3)

Trong do, u (location), o (scale) va & (shape)
thé hién cac tham sé thdng ké cia ham GEV
(théng tin chi tiét vé cac tham sb6 u , ¢ va & vui
long c6 thé tham khiao trong Coles, Bawa,
Trenner, and Dorazio (2001)). Khi chudi sb liéu
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dugc xem 1a c6 tinh ding, gi tri clia cac tham sb
1a hing sb. Trong truong hop chudi sb lidu duoc
coi 1a khong dirng, gid tri cua tham sb s& bién doi
theo bién s6 (vi du nhu thoi gian, hodc yéu té khi
hau). Trong nghién ciru ndy, tham s6 u va o duge
biéu dién nhu 13 mét bién s6 theo thoi gian:

u(t) = pg + py X (t)

olt) = g, + 0y X (t) £(t) = ¢ 4)

Céc tham sb cua ham GEV sé& duogc ude luong
qua phuong phap udc lugng hop ly cuc dai
(maximum-likelihood estimation).

Lua chon mé hinh thich hop nhit

Trong nghién ctru nay, chi s6 AIC (Akaike,
1974), BIC (Schwarz, 1978) wva kiém dinh
likelihood ratio (p-value) s& dugc dung dé Iya
chon mé hinh thich hop nhit. M6 hinh véi gia tri
cua AIC, BIC va p-value nho hon thi dugc xem Ia
mo hinh tot hon duge lya chon dé mo ti mua cuc
doan. Bén canh d6, cac biéu dd xac suit
Probability - Probability (PP) va phan vi Quantile
- Quantile (QQ) sé& duoc sir dung dé kiém tra sy
phu hop cua mo6 hinh dugc chon. Hai chi s6 AIC
va BIC duoc tinh theo cong thic sau:

AIC = =2(loglikelihood) + 2k Q)

BIC = —2(loglikelihood) + kin(n) (6)

Trong d6 k 14 s6 luong tham sb trong mé hinh,
n 12 d6 16n mau

Tinh toan gia tri mwa tan suit thiét ké

Khi mé hinh phit hop nhit dé mé phong tai lidu

mua cuc doan duogc lya chon, cac gia tri mua cuc
doan (Zr) tuong trng véi chu ky 1dp lai (7-year) 2,
20 va 100 nam s& duoc tinh toan. Pdi véi mo hinh
dwa trén gia thiét vé tinh khong dimg cua chudi s6
liéu, cac tham sb ctia ham phan phdi xac suit s&
bién ddi theo thoi gian. Do do, cac tac gia dua trén
cach tiép can rui ro thip cua Cheng et al., 2014,
bang cach ldy 95% (95 percentile) gia tri ctia tham
s6 u va o (phuong trinh 7 va 8) dé tinh toan gia tri
mua cuc doan Urng voi cac chu ky 1dp lai trong
nghién clru nay.

Has = Qa3 [ﬁrlrﬁrz,’ . (7)

O35 = Qo5(0:1.002, 1Oy (®)

Gia tri mua cyc doan twong ung véi chu ky lap
lai 7' duoc dua ra béi Coles et al. (2001) nhu sau:

{ﬁ—% 1~ toa (-2 ] forso )
Zy=
e dlogfoieg(s-D).  forte

Céc tinh toan trong nghién ctiru nay dugc xur ly
bang phan mém R studio v&i ngdn ngir 1ap trinh R.

3. KET QUA VA THAO LUAN

Nhu da dé cap & phﬁn trén, kiém dinh Mann-
Kendall dugc dung dé xac dinh xu thé trong chudi
s6 liéu mua cuc doan. Khi Tau mang gia tri am,
chudi s lidu thé hién xu thé giam, nguoc lai khi
Tau mang gia tri duong, chudi sb liéu thé hién xu
thé tang. Bang 1 cho théy chudi sb liéu mua 24h
16n nhat mang xu thé ting dang ké qua timg nam,
va thoa mén muc ¥ nghia o = 0.05 (xac suat pham
sai lam khong qua 5%).

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

Mann-Kendall S

Var (S) Tau p. value

Gia tri 240

5846 0.36 0.001773

Bang 2 thé hién gia tri cua cac tham sb cua 2
md hinh phan bd xac suit dya trén gia thiét vé tinh

dung (SGEV) va khong dung (NSGEV) qua
phuong phap udc lugng hop 1y cuc dai.

Bang 2. Tham s6 ciia ham phan phdi xic suiat GEV

B Location Scale Shape
Tham so
Ho Mi 0y 0 ¢
SGEV 86.23 26.37 0.24
NSGEV 63.13 1.36 14.01 0.50 0.22
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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 13 phu
hop hon cho mé phdng gié tri mua cuc doan trong
nghién ciru nay (Bang 3). Thém vao d6, cac biéu
dd PP va QQ cling xac nhan m6 hinh NSGEV cho
két qua gitra sb lidu thuc do va mé hinh trong dbi
phit hop so véi mé hinh SGEV (Hinh 2 va 3). Két
qua cua kiém dinh likelihood ratio ciing chi ra
rang mo hinh NSGEV phu hop hon so v6i mo
hinh SGEV véi gia tri p-value 1a 0.002099.

Bang 3. Chi s6 dé lya chon mé hinh t6t nhét

Chi sb SGEV NSGEV
AIC 375 367
BIC 380 374
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Hinh 2. PP va QQ plot cho mé hinh SGEV
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Hinh 3. Residual PP va QQ plot cho mé hinh
NSGEV

Céc gia tri mua cyc doan tuong tng voi chu ky
lap lai 2, 20 va 100 nim duogc thé hién & Bang 4.
Két qua cho thiy rang gia thiét vé tinh ding trong
chudi sb liéu mua c6 thé din dén viéc danh gia
thép cac su kién mua cuc doan. Do do, néu su
dung gia tri thiét ké dwa theo tinh dimg trong
chudi sb liéu co thé s& dan dén nhitng thiét hai
nghiém trong, nhat 1a ddi voi cac cong trinh phong
chéng ngap lut. Pidu nay ciing c6 y nghia quan
trong ddi v6i cac nha hoach dinh chinh sach trong
viéc quy hoach thiét ké cac cong trinh phong

chong thién tai, cling nhu viéc du doan cac tran
mua cuc doan gay ra tinh trang ngdp lut & vung
nghién ctru.

Bang 4. Gia tri mua cwe doan (mm)

Chu ky lap lai 5

(nam) 20 100
SGEV 96.30 200.14 | 306.84
NSGEV (95%) | 111.50 217.60 | 355.37

4. KET LUAN

Bai bao da danh gid xu thé bién d6i ciia mua
cuc doan giai doan 1982-2018 cho tram Tan Son
Hoa, cling nhu dy doan gia tri mua cyc doan
tuong ung véi cac chu ky 1ap lai khac nhau, dua
theo gia thiét vé tinh khong ding trong dir liéu
mua 24h. Tir két qua dat duoc, co thé dua ra cac
Kkét luan sau:

e Mua cuc doan ¢ xu hudng tdng manh trong
giai doan 1982-2018

e Mo hinh NSGEV dua trén ham phéan phdi
x4c xuat GEV va gia thiét vé tinh khong dirng
trong chudi dir liéu mua hoan toan phu hop dé
mo phdéng mua cuc doan 24h tai khu vuc
nghién ctru.

e Cac gia tri mua thiét ké dua trén gia thiét
vé tinh dimg (SGEV) nhé hon so véi cac gia tri
mua dua trén gia thiét vé tinh khong dirng trong
dir liéu mua

e Tir két qua nghién ctru nay, mé hinh
NSGEV dugc kién nghi nén st dung rong rai
trong khu vire Tp.HCM nham cung cp thong tin,
dir liéu cho viéc tinh toan thiét ké, xay dung céac
cong trinh chéng ngép tai Tp.HCM.

e Han ché trong nghién ctru nay c6 thé la
chi xem xét cac tham s6 u va o cia ham phan
phdi xac xuat GEV nhu mot bién sb theo thoi
gian ma chua xem xét dén cac yéu t6 khac. Do
d6, tac dong cua cac yéu t6 mang tinh chat
vung, dia phuong 1én mua cyc doan tai Tp.
HCM sé& dugc xem xét va danh gia trong nghién
ctru tiép theo.
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Abstract:
NONSTATIONARY EXTREME VALUE ANALYSIS FOR ESTIMATION OF DESIGN
RAINFALL IN HO CHI MINH CITY

In Ho Chi Minh City (HCMC), heavy rainfall, which is considered as a main cause of inundation,
witnessed an increase in frequency and magnitude in last few decades. Although nonstationarity in
extreme rainfall has been proved in many places of the world, research into nonstationarity feature in
extreme rainfall in HCMC has not been paid attention thoroughly. In this study, the extreme rainfall
timeseries is modelled under nonstationary condition. The results show that the increasing trend has
been found in extreme rainfall data of Tan Son Hoa station over the period of 1982-2018. Besides, the
design rainfall estimates under the stationary condition are lower than those under the nonstationary
condition in the study area.

Keywords: Extreme rainfall, HCMC, Design rainfall, Nonstationary
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