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XAY DUNG PUONG CONG IDF CHO TRAM MUA TAN SON HOA
CO XET DEN TINH KHONG DUNG

Lé Thi Hoa Binh', Pham Quéc Binh?, Ping Pong Nguyén'

Tém tit: Trong nhitng nam gan day, Thanh phé Ho Chi Minh dé phdi doi mat véi cdc van dé lién quan
dén khi héu, chcfng han nhu sy gia tang Vvé tan sudt va cuong do cua cdc trgn mua cyc doan dan dén
tinh trang ngdp ng ngdy cang nghiém trong. Hé thong thodt mede va cdc cong trinh chong ngdp iing
cia thanh phé nay duwge thiét ké dwa trén cdc so lidu da cil, ¢ thé khéng con phit hop véi tinh hinh hién
tai. Bai bdo nham muc dich xdy dung dwong cong IDF ¢6 xét dén tinh dirng va khéng dieng cho tram
Tdn Son Hoa, Thanh phé Ho Chi Minh. Két qua sé hé tro chinh quyén dia phwong trong viéc thiét ké

hodc néng cap hé thong thodt nuée, gép phan giam thiéu tinh trang ngdp iing.
Tir khéa: IDF, TP. HCM, mua thiét ké, tinh khong dimg, tinh dirng, Tan Son Hoa.

1. GIOI THIEU

Puong cong cudng do - thoi doan - tan suét
(IDF) cta su kién mua dugc st dung phé bién
trong viéc tinh toan va thiét ké hé thong tiéu thoat
nude d6 thi. Dudi tic dong cua bién d6i khi hau,
cac hién tugng thoi tiét cuc doan, dic biét ngay
cang gia tang vé tan suat va cuong do mua, rat cin
thiét xay dung lai dudong cong IDF dé phu hop véi
nhitng su thay ddi nay.

Tai Thanh phé H6 Chi Minh (Tp. HCM), noi
dang phai d6i mat v6i tinh trang ngap ing nghiém
trong vao mua mua, nhiéu nghién cuu da chi ra
rang, mua cyc doan dang c6 xu huéng gia ting
(Quan va nnk, 2017b; Tin, 2017). Thém vao do,
khi xét dén bdi canh bién do6i khi hau toan cau,
nhém tac gia Quéan va nnk (2017a) du bio ring
cuong d§ mua cuc doan s€ gia tang Ung voi hai
kich ban RCP2.6 va RCP4.5, va c6 giam nhe cho
kich ban RCP8.5. Hau hét cac nghién ctru vé mua
cuc doan tai Tp. HCM trudc day, cu thé la xay
dung duong cong IDF thuong duoc dua trén gia
thiét vé tinh dirng (stationary) trong chudi sb liéu
mua. Tuy nhién, Milly va nnk (2008) da nhan dinh
trong mot xuét ban ndi tiéng réng: “Stationarity Is
Dead: Whither Water Management?” (tac gia tam
dich 1a: “Tinh dung da khéong con nita: Qudn Iy tai

"B mén Ky thudt Tai nguyén mede va Méi triweong, Phén
hiéu truong Dai hoc Thity lai‘ tai tinh Binh Dwong
? Vién Khoa hoc Thuy lgi mién Nam

nguyén nuede sé di vé dau?”). Piéu nay co nghia
rﬁng trong bdi canh bién ddi khi hau dang dién ra
trén toan cau, viéc xem xét tinh ding trong chudi
s6 liéu khi tuong thuy van khong con phu hop
nita, ddc biét 1a trong cong tac quan 1y ngudn tai
nguyén nudc. Bén canh do, nhidu nha khoa hoc
trong va ngoai nudc ciing dé xuat ring can phai
xem xét tinh khong diung (nonstationary) trong
chudi s6 liéu khi twong thay van, tir d6 ¢ nhiing
tinh toan thiét ké phu hop cho céc cong trinh thiy
loi va phong chéng thién tai (Agilan &
Umamahesh, 2015; Sugahara va nnk, 2009; Thi
Hoa Binh & Dong Nguyen, 2020, 2022).

Muc dich ciia nghién ctru nay nham xay dung
duong cong IDF cho tram mua Tan Son Hoa, Tp.
HCM c6 xét dén tinh khong dirmg dé mo ta dir liéu
mua thiét ké. Gid trj mua thiét ké ung véi cac chu
ky lap lai 2, 5, 10, 20 va 100 nam ciing dugc tinh
toan va phan tich. K&t qua tir nghién ciru niy s&
cung cép cac thong tin quan trong vé mua thiét ké
va gop phﬁn giai quyét van dé ngap ung cho thanh
ph trong tuong lai.

2.S0 LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. SO liéu thu thap

Trong nghién ctru nay, sb liéu mua thoi doan
16n nhat 15, 30, 60, 90, 120, 150 va 180 phut giai
doan 1987 - 2019 tai tram Tan Son Hoa duogc st
dung d& phan tich tan suét.
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2.2. Phuong phap nghién ciru
Phuong phép nghién ctru trong bai bdo nay
duoc thé hién trong Hinh 1.

ciaa tram o nra Tin Som Hoa

Théng ke s6 Iigu mira lim nhit rong chc thin dogn ngin
(15 phint, 30 phin, 60 phe, S0 phin, 120 phis, 750 phit va T80 phir)

Hinh 1. Cdc budc xdy dung duong cong IDF
cho tram Tan Son Hoa

Kiém dinh phi tham s6 Mann-Kendall

Kiém dinh phi tham sb Mann-Kendall
(Kendall, 1962; Mann, 1945) la mot cong cu phan
tich tiéu chuan duoc sir dung rong rai trong linh
vuc khi tuong thuy van va duogc coi la mét
phuong phdp dang tin cdy phan tich xu hudng don
diéu trong chudi dir liéu mua theo thoi gian.

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 thdng ké Mann-Kendall S duoc tinh
nhu sau:

3= E?=_11 _?=i+131gn(xj - xi} (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 cta théng
ké Mann-Kendall S 1a 0 twong tng véi viéc khong
ton tai xu hudng.

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

iy
T oNN-1)

2

Véi gid tri Tau > 0, chudi s liéu thé hién xu
thé tang, nguoc lai khi Tau < 0, chudi s6 liéu thé
hién xu thé giam.

Lua chon ham phan phdi xéc suit

Trong nghién clru nay, cac tac gid sir dung céac
ham phan phdi x4c suat Gauss Normal, Gumbel,
Log Normal va GEV dé khao sat mua thoi doan
16n nhét 15, 30, 60, 90, 120, 150, 180 phut cua
tram Tan Son Hoa. Sau d6, phan phdi xac suat
phu hop nhit dugc lra chon thong qua cac chi sb
AIC (Akaike, 1974), BIC (Schwarz, 1978) dé tinh
toan mua thoi doan thiét ké.

Viéc phan tich tinh khong dung ctia cac chudi
dir liéu vé bién d6i khi hau la rat quan trong dé co
thé dua ra nhitng du bao va ké hoach phu hop dé
ung pho véi cac hién tugng khi hau khong ngung
thay d6i. Dong thoi, chung ta can co nhirng bién
phap dé giam thiéu anh huong cua con nguoi dén
bién d6i khi hau, nhim giam thiéu sy thay ddi cta
céc chudi dir liéu lién quan dén khi hau.

Khi chudi sd liéu duoc xem 1a 6 tinh dung, gia
tri ciia cac tham sb 1a hang sd. Lay vi du voi ham
phan phdi x4c suit Log Normal thé hién tinh dimg
trong chudi sé liéu nhu sau:

LOGN-S: u(t) = y; a(t) = o 3)

Trong trudng hop chudi sb lidu duoc 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 ciru nay, tham s cia ham phan phdi
x4c suat dugc biéu dién nhu 12 mot bién sd theo
thoi gian. Ldy vi du voi ham phén phdi xac suat
Log Normal thé hién tinh khong dimng trong chudi
s6 liéu nhu sau:

LOGN-NS: plt) = py + py # t;0(t) = o (4)

Céc tham s6 ctia cac ham phén phéi xac suét sé
duoc udc lugng qua phuong phap udc luong hop
Iy cuc dai (Maximum-likelihood Estimation). Pi
voi md hinh dya trén gia thiét vé tinh khong dimg
ctia chudi s lidu, cac tham sd cua ham phan phdi
xéc suit s& bién ddi theo thoi gian. Do do, ta dya
trén cach tiép can rui ro thép cua Cheng va
AghaKouchak (2014), bang cach ldy 95% (95
percentile) gia tri cia tham sb dé tinh toan cho gia
tri mua c6 xét dén tinh khong dirng cua chudi sb
liéu. Sau khi tinh toan gia tri cac tham sb ciia ham
phan phdi xac sudt, cac gia tri cuong d6 mua (Zy)
tuong Umg vaéi ting thoi doan va chu ky lap lai (7-
year) 2, 5, 10, 20 va 100 nam s€ dugc tinh toan.
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Puong cong IDF va cac tham s dic trung

Puong cong IDF s€ duogc biéu thi dudi dang do
thi. Trong do, cuong d6 mua s€ duogc dat trén truc
tung, thoi doan mua dugc dat trén truc hoanh, va
mot ho duong cong IDF ma véi mdi dudng cong
s& tmg v6i mot chu ky lap lai. Sau khi thiét 1ap
dugc duong cong IDF, dé pho bién két qua nay va
dé dang tng dung vao mot s linh vuc, tac gia s&
st dung cong thirc cua Sherman (1931) dé biéu
dién quan hé IDF:

il

I'= (Tq +5)¢ ()

Trong d6 I 1a cuong o mua, Ty la thoi doan

Bang 1. Két qua kiém

mua va a, b, ¢ 1a cac tham sd theo dic trung cua
dia phuong. Céc tinh todn trong nghién clru nay
dugc xur Iy bang phan mém RStudio véi ngdn ngi
1ap trinh R.

3. KET QUA

Bang 1 thé hién két qua ctia kiém dinh Mann-
Kendall dé x4c dinh xu thé trong chudi sb liéu
mua thoi doan 16n nhit. Két qua cho thdy chudi sb
liéu mua thoi doan 16n nhat 15, 30, 60, 90, 120,
150 va 180 phut déu c6 xu thé gia ting. Trong do,
mua thoi doan 15 phut 16n nhit ¢6 xu thé ting
dang ké, va thoa man muc ¥ nghia o = 0,05 (x4c
suat pham sai 1am khong qua 5%).

dinh Mann-Kendall

Thot (?)l(;?l?) mua Tau p.value S VarS Z
15 0,366 0,003805 186.0 4086.67 2.894
30 0,063 0,619895 33.0 4162.33 0.496
60 0,034 0,792238 18.0 4165.33 0.263
90 0,074 0,555956 39.0 4164.33 0.589
120 0,080 0,525252 42.0 4165.33 0.635
150 0,023 0,864665 12.0 4165.33 0.170
180 0,027 0,840364 14.0 4165.33 0.201

Nhu d3 dé cap, chi s AIC va BIC dugc sir
dung dé so sanh muc d6 phu hop cua cic md
hinh khac nhau, va gia tri nhé cta hai chi sb nay
cho thdy mé hinh d6 phu hop hon véi dir lidu
mua. Bang 2 cho thdy rang gia tri chi s6 AIC va

BIC cuia phan phdi Log Normal nho hon so véi
cac phan phdi khac (chiém phan 16n), do do
phan phdi Log Normal dwgc xem la phu hop
nhit dé mo ta mua thoi doan 16n nhat trong
nghién clru nay.

Biang 2. So sanh chi s6 AIC va BIC ciia cac ham phan phoi xac suét

Thot doan Chi s6 Ham phan phdi x4c suat
mua (phut) Gauss Normal Log Normal Gumbel GEV
15 AIC 266,9 2572 255,1 153,1
BIC 269,9 260,2 258,1 157,6
30 AIC 262,9 263,3 266,4 265,2
BIC 265,9 266,3 269,4 269,7
60 AIC 289,4 286,3 286,6 2883
BIC 292.,4 289,3 289,6 292,8
90 AIC 302,7 299.5 299.8 301,6
BIC 305,7 302,4 302,8 306,0
120 AIC 311,1 307,6 307,7 309,6
BIC 314,1 310,5 310,7 314,1
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Thot doan Chi s6 Ham phan phdi x4c suat
mua (phut) Gauss Normal Log Normal Gumbel GEV
150 AIC 314,3 310,7 310,7 312,6
BIC 317,3 313,7 313,7 317,1
180 AIC 322,6 317,3 317,1 319,1
BIC 325,5 320,3 320,1 323,5

Bang 3 thé hién gia tri cua cac tham s cua
ham phan phdi Log Normal dya trén gia thiét vé
tinh dung (LOGN-S) va khong dung (LOGN-NS)
qua phuong phap udc luong hop 1y cuc dai. kem
theo gia tri AIC ciia 2 m6 hinh nay. Két qua trén
cho ta thiy ring m6 hinh LOGN-NS dugc xem la
phu hop hon dé mé ta mua thoi doan 15 phat va
30 phut. Trong khi do, voi thoi doan tir 60 phut
dén 180 phut, viéc st dung mé hinh LOGN-S
duoc xem 1a phu hop hon. Piéu nay cung cb
thém két qua kiém dinh Mann-Kendall ¢ Béang 1,

vi du ddi véi mua thoi doan 15 phit cho thdy xu
thé gia ting dang ké véi gid tri Tau = 0,366 >0 va
p.value = 0,0038 nho hon rit nhiéu so v6i mic ¥
nghia cho phép 1a 0,05, nhu vay khi sit dung mo6
hinh LOGN-NS s& phu hop hon. Nguoc lai, doi
v6i mua thoi doan 180 phiit cho thdy xu thé gia
tang vé1 gia tr1 Tau = 0,027 > 0, tuy nhién
p.value = 0,84 16n hon rat nhiéu so véi muc ¥
nghia cho phép 1a 0,05, cho thdy su gia ting la
khong dang ké, nhu vdy st dung moé hinh
LOGN-S sé& phu hop hon.

Bang 3. Tham s6 ciia ham phan phdi x4c suit Log Normal va gia tri AIC

Tham s
Thoi doan mua (phut) Mo hinh AIC
Mo M a
15 LOGN-S 3,683 0,282 257,237
LOGN-NS (95%) 3,916 0,016 0,237 247,691
30 LOGN-S 4,211 0,183 263,321
LOGN-NS (95%) 4,282 0,005 0,177 263,087
60 LOGN-S 4,363 0,222 286,297
LOGN-NS (95%) 4,405 0,003 0,220 287,800
90 LOGN-S 4,430 0,254 299,452
LOGN-NS (95%) 4,500 0,005 0,249 300,329
120 LOGN-S 4,486 0,271 307,555
LOGN-NS (95%) 4,565 0,005 0,266 308,333
150 LOGN-S 4,508 0,278 310,665
LOGN-NS (95%) 4,572 0,004 0,275 311,912
180 LOGN-S 4,530 0,300 317,297
LOGN-NS (95%) 4,610 0,006 0,296 318,274

Béng 4 thé hién gia tri mua thiét ké trong tng
véi cac chu ky lap lai khac nhau. T bang gia tri
trén, ta v& duge duong cong IDF theo phan phdi

xac suat Log Normal cho ving nghién ctru dudi
dang d thi. Trong nghién ctru nay, gia tri tin suat
duoc st dung la 1%, 5%, 10%, 20% va 50%
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trong Ung voi cac chu ky lap lai 100 nam, 20  dién quan hé IDF. Gia tri cac tham sd a, b, ¢ dugc
nam, 10 ndm, 5 ndm va 2 nam. Trong nghién ctu
ndy, cong thirc cia Sherman dugc ding dé biéu

thé hién trong bang 5.

Biang 4. Gia tri mwa thiét ké twong wng véi mé hinh LOGN-S va LOGN-NS

Thoi Chu ky ldp lai (ndm)
doan 100 20 10 5 2
mua | LOGN- | LOGN- | LOGN- | LOGN- | LOGN- | LOGN- | LOGN- | LOGN- | LOGN- | LOGN-NS
(phut) | S(mm) | NS (mm) | S (mm) | NS (mm) | S(mm) | NS (mm) | S (mm) | NS (mm) | S (mm) (mm)
15 81,69 87,15 66,03 74,15 58,95 68,03 51,38 61,29 39,51 50,21
30 | 102,16 | 109,12 | 9045 96,75 84,77 90,74 78,36 83,96 67,43 72,37
60 | 133,02 | 136,63 | 113,95 | 117,57 | 10492 | 108,53 | 9494 98,50 78,43 81,83
90 | 152,04 | 16081 | 127,72 | 135,68 | 116,38 | 12393 | 103,99 | 111,05 | 83,85 90,03
120 | 168,12 | 178,34 | 13942 | 148,78 | 126,17 | 13508 | 111,79 | 120,17 | 88,72 96,07
150 | 175,50 | 183,23 | 144,60 | 151,95 | 13041 | 137,51 | 11507 | 121,86 | 90,60 96,70
180 | 191,31 | 200,05 | 154,64 | 163,52 | 138,05 | 146,86 | 120,32 | 12894 | 92,52 100,52
. ———,_,___? Hinh 2. Puong cong IDF khi ¢ xem xét dén tinh
e et dung (S) va khong dirng (NS) cua chuoi dir liéu

Biang 5. Két qua tinh toan tham s6 diic trung dudng cong IDF theo cong thirc ciia Sherman

Chu ki Tham sé dic trung duong cong IDF Tham s dic trung dudng cong IDF khi xét dén
lap lai khi xét dén tinh ding tinh khong dung
(nam) a b c a b c
100 1806,34 -0,70 0,64 1973,03 -0,72 0,65
20 3635,33 10,06 0,81 2785,81 4,38 0,76
10 6655,06 19,15 0,95 3543,51 7,77 0,82
5 19502,20 35,04 1,16 5068,54 12,66 0,91
2 314900,00 76,12 1,68 13141,66 25,05 1,13

4. KET LUAN

Nghién ctru di danh gia xu thé bién doi
cua lugng mua thoi doan 16n nhat giai doan
1987-2019 va xay dung duong cong IDF cho
tram Tan Son Hoa khi xem xét dén tinh dung
va khong dung trong chudi sb liéu mua. Tir

84

cac két qua dat duogc, co thé dua ra cac két
luan sau:

e Chudi sb liéu mua thdi doan 16n nhat 15,
30, 60, 90, 120, 150 va 180 phat déu mang xu thé
tang. Trong d6, mua thdi doan 15 phut 16n nhét c6
xu thé tang déng ké;
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e Phéan phéi Log Normal dwgc xem 1a phu
hop nhat dé mo ta mua thoi doan 16n nhat cua
tram Tan Son Hoa giai doan 1987-2019;

e Mo hinh LOGN-NS véi gia thiét vé tinh
khong dimg trong chudi s liéu duge xem 1a phu
hop hon dé mé ta muwa thoi doan 15 phut va 30
phit. Trong khi d6, dé mo ta mwa thoi doan 16n
nhét tir 60 phut dén 180 phut, sit dung md hinh
LOGN-S duya trén tinh ding cta chudi s6 lidu duoc
xem la phu hop hon. Gia tri mua cudong do mua
ung voi md hinh LOGN-NS tuong tng voi cac chu
ky lap lai déu 16m so voi mé hinh LOGN-S.

TAI LIEU THAM KHAO

Két qua tir nghién ctru nay chi ra rang trude khi
thuc hién tinh toan phén tich tan sut cho chudi sb
liéu mua thi can thiét thuc hién dénh gia tinh ding
va khong dirng cta chudi sé liéu. Thém vao do,
d6i v6i bai toan phén tich tin sudt phai tién hanh
tinh toan voi nhidu loai phan phdi khac nhau dé
xac dinh dugc loai phan phéi phu hop cho sé liéu
thuc do cua ving nghién ctru bang cach s dung
nhiéu chi tiéu dénh gia khac nhau. P4i v6i nhing
chudi s6 liéu c6 xu hudng gia ting dang ké thi can
xem xét phan tich tan suat c6 xét dén tinh ding va
khong dirng ctia chudi s6 licu.
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Abstract:
DEVELOPING THE IDF CURVE FOR TAN SON HOA STATION UNDER
NONSTATIONARY CONDITION

In recent years, Ho Chi Minh City has faced climate-related issues such as an increase in frequency and
intensity of extreme rainfall events which resulted in increasingly severe inundation. This city’s
drainage system and flood defense structures were designed based on outdated input criteria, which
may no longer be suitable for the current situation. This paper presents updated information on the
rainfall IDF curve uder stationary and nonstationary condition for Tan Son Hoa station, Ho Chi Minh
City. The results are able to support the local government in designing or upgrading drainage systems
and contribute to reduce inundation.

Keywords: IDF curve, HCMC, design rainfall, nonstationary, stationary, Tan Son Hoa.
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