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PANH GIA ANH HUONG CUA BIEN POI KHi HAU PEN
MOI LIEN HE CUONG PO - CHU KY - TAN SUAT (IDF)
CUA MUA CUC POAN TAI TRAM TAN SON HOA

Nguyén Trong Quén', Pham Thi Thio Nhi!, Pao Nguyén Khoi'

Tém tiat: Muc tiéu ciia nghién civu nay la xem xét sw thay doi dwong cong IDF cho sw kién mura
cue doan tgi tram Tan Son Hoa (Tp. Ho6 Chi Minh) duwoi tac dong cua BDKH. Pé dat dwoc muc tiéu
nay, hai phirong phdp dwoc sie dung trong nghién ciru la céng cu chi tiét héa thong ké SDSM trong
xdy dung kich ban BPKH cho yéu t6 lwong mura va phirong phdp ti 1é (ham phdn bé GEV) trong xdy
dung dwong cong IDF. Két qud nghién ciru cho thdy dwoc sw thay doi ciia dwong cong IDF va xu
hiéng gia ting cwong dé mua trong tuwong lai. Cu thé, so sanh véi cuong dé mua cue doan trong
giai doan hién trang (1980 2005) thi trong giai dogn twong lai (2015 - 2100), cwong do mua cuyc
doan du tinh gia tang khoang 3.99 - 22.95% cho chu ki lap lai 2 nam, 3.84 - 27.92% cho chu ky lap
lai 5 nam, 2.57 - 44.18% cho chu ky lap lai 10 nam, va 0.57 - 54.89% cho chu ly lap lai 20 nam. Poi
voi chu ky lap lai la 50 nam va 100 nam, cwong do muwa cuc doan dwoc dy bao la tang cho hai kich
ban RCP2.6 va RCP4.5 va giam nhe cho kich ban RCP8.5. Két qua nghién ciru sé la nguon tai liéu
tham khao cho cac nha quan ly trong bai toan quan Iy rui ro ngdp lut va thoat nuoc do thi cho

Tp.HCM.

Twr khoa: Puong cong IDF, mua cuc doan, SDSM, Tp.HCM.
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1. Pat van dé

Trong nhitng nam gan déy, do chiu nhiéu tac
dong ciia bién doi khi hau (BPKH) nén cac hién
tuong thoi tiét cuc doan nhu mua cuc doan, bio,
1it lut, hay han han ngay cang gia ting vé ca
cuong do va tan xuat, gay nén nhiéu thiét hai vé
ngudi va tai san. Do d6, cac nghién ciru vé hién
tuong thoi tiét cuc doan dang thu hut dugc nhiéu
quan tdm cta cac nha khoa hoc va quan Iy nham
xdy dung cac ké hoach phong tranh va tmg pho
véi thién tai, thoi tiét cuc doan. Mot trong sb
nhitng nghién ctru dang dugc quan tim hang dau
1a viéc xay dung mbi quan hé cudong do - chu ki
- tan suét (IDF) ddi v6i su kién mua cuc doan cd
xem xét dén anh hudng cua BDKH tai mdt khu
vuc cu thé, nham cung cép nguén dir liéu dau
vao quan trong cho céc tinh toan thiét ké va xay
dung co s6 ha ting thoat nude db thi, dé ing phod
v6i cac hién tuong ngap lut do thi tai cac thanh
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phé 16n.

Mot s6 nghién ctru hién nay vé xem xét anh
hudng cia BPKH dén duong cong IDF mua cuc
doan c6 thé ké dén nhu sau: Herath va cong su
(2016) du bao duong cong IDF trong giai doan
tuong lai cho khu vyc san bay Canberra (Aus-
tralia) bang cong cu chi tiét hoa khong gian
SDSM va phuong phap ty 1¢ theo ham GEV. Két
qua cho thdy xu huéng giam cia IDF mua cuc
doan trong céc giai doan tuong lai. Mgt nghién
ciru twong ty khac cua Shrestha va cong su
(2017) & Bangkok (Thai Lan) lai cho thiy xu
hudng tang cia cuong do mua cuc doan cho cac
giai doan ldp lai trong twong lai. Nhin chung,
duong cong IDF dudi anh hudng cua BDKH
thay d6i cho cac viing khac nhau, va can thiét co
nhitng nghién ctru cho timg khu vuc cy thé. Bén
canh d6, cac nghién cuu vé anh hudéng cua
BDKH Ién dudng cong IDF mua cuc doan déu
dwa vao phuong phap chi tiét hoa thong ké trong
xay dung kich ban BDKH va phuong phap ham
phan bd xac suat trong xay dung mdi lién hé giita
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cuong do - chu ki - tan suat (IDF) cta mua cuc
doan.

Hién nay ¢ Viét Nam, nghién ctru xay dung
duong cong IDF dudi anh hudng cia BDKH da
thu hat dwoc nhiéu su cht y cua cac nha khoa
hoc. Vi dy, Luu Nhat Linh (2016) nghién ctru
anh huong cua BDKH dén dudng cong IDF &
Ha Noi. Tuy nhién s6 lugng nghién ciru van con
han ché va can c6 thém nhiéu nghién ctru vé linh
vuc nay. Muc ti€u cua bai bao la xay dung
duong cong IDF mua cuc doan dudi anh hudng
cua BDKH tai tram Tan Son Hoa - Tp.HCM.
Két qua nghién ctru s& 1a ngudn tai liéu tham
khao cho cac nha quan ly trong bai todn quan ly
rui ro ngap lut va thoat nudce do thi cho Tp.HCM.

2. Khu vue nghién ctru

Thanh phé H6 Chi Minh (Tp. HCM) 1a mot
trong nhitng thanh phé 16n cua Viét Nam, 1a noi
c6 tde d6 phat trién kinh t& nhanh nhat ca nudc.
Su tang truong kinh t& nhanh chong kém theo d6
1a van dé gia tang dan s6 ciing nhu toc do d thi
hoa da dit ra cho Tp. HCM nhiéu thach thirc
trong viéc thiét ké co s ha ting d6 thi. Ngoai ra,
v6i vi tri dia 1y ndm ¢ ha luu song Dong Nai,
diéu kién dia hinh bang phang, véi gan 75% dién
tich thanh phd c6 cao do thdp hon 2 m nén Tp.
HCM chiu tac dong truc tiép boi dong chay li
tor thwong luu cac con song va anh hudng cua
triéu cudng cung nhiing trdn mua cuc doan véi
lwu lugng mua 16n, 1am cho thanh phd thuong
xuyén bi ngép ung. Trong nhitng nim gan day
tinh trang ngap lut tai Tp.HCM c6 xu hudng
ngdy cang gia ting vé sd diém ngap, d6 siu ciing
nhu thoi gian ngap. Mot trong nhitng nguyén
nhan chu yéu la xu hudng xuat hién céac sy kién

K

mua cuc doan ngay cang gia tang trong nhirng
nam gan day. Vi vy, nghién ciru nay duoc thuc
hién dé c6 thé cung cap ngudn tai liéu tham khao
vé su thay d6i mua cuc doan tai TP.HCM trong
giai doan tuong lai dudi tac dong cia BDKH,
g6p phan giai quyét bai toan ngap lut cho thanh
phé.

Dit lidu mua quan tric voi chu ki mua gio giai
doan 1980 - 2015 tai tram do khi twong Tan Son
Hoa (TP.HCM), thu thap tu Trung tam Tu li¢u
Khi Tuong Thity Van Quédc Gia (HMDC), duoc
su dung trong nghién ctru nay.

3. Phuwong phap nghién ciru

3.1. Duong cong IDF

Hién nay, cac ham phan phdi xac suit dang
dugc st dung phé bién trong viéc mo ta dir li¢u
mua cuc doan gdm ¢6 ham Log-Normal, Log-
Pearson, Gamma, Gumbel, GEV, Exponential,
Pareto... Trong ¢6 ham phan bd GEV thuong
dugc sir dung nhidu nhat trong phan tich mébi
quan hé IDF cua céc su kién cuc doan (Herath va
cong su, 2016), va ham phan phéi tich 1ty F(x)
cho phan bé GEV dugc viét nhu sau:

F(X) = exp[— {1—x(x— g)m}i} (D

Trong d6 &, a, « 14 cac tham s6 cia ham phan
phdi GEV.

Trong nghién ctru nay, phuong phap ding dé
uée lugng cac tham sb ctia ham phan phdi GEV
dugc su dung la phuong phép udc luong NCM
(non-central moment) (Nguyen va cdng su,
2007). Cac tham s thong ké NCM (pk) dugc
tinh theo cong thirc sau:

K

" :(g+%}k +(—1)k(gjkr(l+kK)+kaI:(—1)i (ﬁ]i(§+%jk_lr(l+iz<) )

trong do I'(.) 1a ham gamma; k 1a bac cua cac
tham s NCM (k # 0).

Khi d4 Iya chon dwoc ham phan phdi xac suit
phu hop, dir liéu cuong d6 mua quan tric t6i da
héng nam (Annual Maximum Rainfall Intensity
— AMRI) theo ting chu ki mua duoc sir dung dé
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tinh toan cac bo tham s6 thong ké theo ham phan
phdi xac suat dd chon, mdi bo tham s twrong tng
vo1 mot chu ki mua riéng biét. Do hi¢n nay céac
mé hinh BPKH toan cu van chua thé mé phong
cac diéu kién khi hau khu vuc & do phéan giai cao
theo thoi gian dé twong thich vai cac nghién ciru
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thuy vin; cu thé 1a két qua phat sinh dit liéu mo
phong tir cac mo6 hinh GCMs thuong c6 do phan

J4

.....

phuong phap udc luong tham s NCM duoc ap
dung dé chi tiét hoa dit liéu mua ngay s& cho két
qua mo phong tt & cac chu ki mua dudi ngay
v6i d6 phan giai ti thiéu 1a 1 gio. Do d6, cac
tham s6 thong ké twong g s& dugc tinh ¢ chu
kimual, 3, 6,9, 12 va 24 gio. Sau d6, cuong do
mua cuc doan ti da trong ing v6i chu ki lap lai
1a2,5,10,20,50, va 100 nam s€ duoc tinh dua
trén ham phan phdi xac suét di chon va bo tham
s6 riéng cua timg chu ki mua; tir d6 ¢ thé xay
dung dugc phuong trinh ti 1€ gilta cac chu ki
mua va xac dinh tham sd ti 1& dai dién cho xu
hudng mua cuc doan trong giai doan hi¢n trang,
va ap dung tham s ti 1& ndy cung vé6i bo dit licu
mua ngay dugc mo phong tor mé hinh BBKH
theo cac kich ban ndng d6 khi nha kinh dé xay
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dung cac duong cong IDF tuong ting theo ting
giai doan tuong lai.

3.2. Xdy duwng kich bin BDKH bing céng
cu SDSM

Kich ban BDKH trong nghién ctru nay dugc
xay dung bang cong cu chi tiét hoa thong ké
SDSM. Co s6 1y thuyét caa SDSM 1a dua trén
khai niém tuong quan hdi quy dé uoc lvong moi
quan hé thong ké gitra cac bién khi tugng ctiia mo
hinh toan cau (GCM) véi cac bién khi tuong ciia
dia phuong theo mdt phuwong trinh nhu sau:

R=F(L) 3)

Trong d6 R 1a ddi twong duoc du bao (bién
khi hau dia phuong nhu mua hodc nhiét do); L 1a
nhan té dy bao (cac bién khi hau & quy mé toan
cau); F 1a ham tat dinh hodc ham ngau nhién. Chi
tiét vé co so 1y thuyét va cac bude thiét 1ap cua
SDSM (Hinh 1) duoc trinh trong huéng dan sir
dung mo hinh ctia Wilby va Dawson (2002).

Lua chon bién

Kiém soat chit

S6 liéu do dac /

duoc du bao luong
Biéu db tan xa Lua chon céac Lua chon céac S6 liéu NCEP
bién dy béo bién
Xir 1y ¢6 (khong) Thiét lap cdu Bién dbi cac
didu kién triic md hinh bién

Hiéu chinh mo
hinh

S6 ligu do dac va
NCEP

Chi tiét cac
bién ding du

Céc bién dy bao cta
NCEP

bao

Cac bién dy bédo ciia

GCM

Phat sinh sb liéu Phat sinh kich
khi tuong ban
Két qua m6 hinh
Tom tét thong ké Phan tich tin So sanh céc két Phan tich chudi

suat

qua thoi gian

Biéu d6 cac két
qua

Hinh 1. Cdc buée thiét lap mé hinh SDSM
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Céc bude chinh dé phat sinh kich ban BDKH
bang cong cu SDSM c6 thé duoc tom tit nhu
sau: dau tién 1 lua chon cac bién dung dé du bao
(Screen variables), khi da chon dugc cac bién dy
bao phu hop sé thuc hi¢n hi¢u chinh moé hinh
bang cong cu Calibrate model, sau d6 phat sinh
s6 liéu khi twong bang cong cu Weather genera-
tor, va cudi cung 1a phat sinh dit liéu kich ban sir
dung cac bién du bao ciia md hinh GCM. Chi tiét
cac bude thiét 1ap mé hinh dugc trinh bay trén
hinh 1.

Dir liéu mo hinh khi hau toan cau sir dung
trong nghién ctru nay la mé hinh CanESM2 véi
3 kich ban phat thai RCP2.6 (phat thai thép),
RCP4.5 (phat thai trung binh) va RCPS8.5 (phat
thai cao). Dya trén nghién ctru “Panh gia va lya
chon mé hinh khi hau toan cau (GCMs-CMIP5)
cho khu vuc dong bang song Ciru Long” cia
Nguyén Trung Tinh va cong su (2016) hay cong
trinh cua cac tac gia Pham Quang Nam va Ngo
buc Thanh (2013), “Nghién cuu lya chon san
phdm mo hinh khi hau toan cau tir dy an CMIP5
cho khu vuc Viét Nam”, thong qua phuong phap
thong ké dé danh gia do tin cdy cua mo hinh
bang cac chi s6 nhu sai s6 binh phuwong trung
binh chuan héa (NRMSE), sai s trung binh
chuén hoa (NME) va phan trim sai 1éch (PBias)
thi m6 hinh CanESM?2 da dugc chirmg minh 1a

¢6 kha nang mé phong tdt cho diéu kién khi hau
& Viét Nam. Nguén dir liéu duoc léy tir Website
Co quan Khi tuong Canada
(http://www.ccecma.ec.ge.ca/). Cac bo thong sd
khi twong va trong sé tuong tmg sau qué trinh
hiéu chinh - kiém dinh s& duoc sir dung dé xay
dung kich ban hién trang cho dir liéu mua ngay
va phat sinh kich ban BDKH cho 3 giai doan
tuong lai: giai doan 2030 (2015 - 2040), giai
doan 2060 (2045 - 2070) va giai doan 2080
(2075 - 2100).

4. Két qua va thao luan

4.1. Higu chinh va kiém dinh céng cu
SDSM

Trudc khi tién hanh xdy dung kich ban
BDKH cho dir liéu mua tram Tan Son Hoa, mot
budc quan trong phai trién khai trude 1a bude
hiéu chinh va kiém dinh m6 hinh mé phong dir
liéu mwa mo phong dua trén sb liéu mua quan
tric cua giai doan hién trang dé chimg minh do6
tin cdy cia mo hinh du bao. Dt liéu mua quan
tric tai tram Tan Son Hoa duoc chia 1am hai giai
doan: giai doan 1980 - 1990 phuc vu giai doan
hiu chinh va giai doan 1991 - 2005 phuc vu giai
doan kiém dinh. Hiéu qua mé phong ctia mo
hinh dwoc danh gia bang hé s6 twong quan R2va
sai s6 quan phuong RMSE theo budc thoi gian
ngay va thang, va dugc trinh bay trong bang 1.

Bang 1. Bang danh gia hiéu qua mo phong lwong mua tram Tan Son Hoa

Hié¢u chinh

Kiém dinh

Ngay Thang Ngay Thang
RMSE R? RMSE R? RMSE R? RMSE R?
15.58 0.02 85.8 0.66 16.63 0.02 104.3 0.52
Kiém dinh
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Hinh 2. Duong so sanh lwong mua trung binh thang mo phong va thuc do tram Tan Son Hoa
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Cac gié tri thong ké trong bang 1 cho thdy mo
hinh mé phong tot yéu t6 luong mua & ca 2 giai
doan mo phong, gi tri théng ké R? dbi v6i mo
phong lwong mua nam trong khoang 0.016 -
0.017 cho mo6 phong ngay va 0.52 - 0.66 cho mo
phong thang, két qua nay cho thay su phi hop
gilta gia tri quan tric va mo phong (Meenu,
2013). Ngoai ra, con c6 thé danh gia hiéu qua
ctia md hinh bang phuong phap do thi, v6i do thi
thé hién két qua mo phong va gia tri quan tric
duogc thé hién trén hinh 2, va biéu d6 cho thiy sy
phu hop gitta gia tri quan tric va mo phong & ca
hai giai doan hiéu chinh va kiém dinh kha 15
rang. Tir két qua danh gia mo hinh bang phuong
phap gia tri thong ké va do thi c6 thé thdy cong
cu SDSM mb phong kha t6t cho gia tri lugng
mua tram Tan Son Hoa, ddy 1a tién dé dé xay
dung kich ban luong mua tram Tan Son Hoa
dudi anh huéng cia BDKH.

RCP2.6
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4.3. IDF muwa cuc doan giai doan hién trang
(1980 - 2005)

Kich ban BBKH cho tram Tan Son Hoa duoc
xdy dung dya vao két qua cia mo hinh
CanESM2 voi 3 kich ban phat thai RCP2.6,
RCP4.5 va RCP8.5 cho 3 giai doan: 2030, 2060,
va 2080. Hinh 3 thé hién phan trim thay doi
luong mua cua céc giai doan tuong lai so voi giai
doan hién trang. Két qua cho thay sy gia ting
lugng mua trung binh nim duoc du bao sé& dién
ra trong twong lai. Cu thé, so voi giai doan hién
trang (1980 - 2005), luong mua ting lan luot 1a
14.57%, 14.93% va 0.33% cho giai doan 2030;
tang 18.82%, 18.83% va 7.59% cho giai doan
2060; va tang 15.82%, 17.52% va 12.55% cho
giai doan 2080 twong ung vdi 3 kich ban phat
thai RCP2.6, 4.5 va 8.5. Xem xét su thay doi
theo mua, lugng mua vao mua mua va mua kho
cling dugc du bao 1a sé tang trong cac kich ban.

RCP4.5
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Hinh 3. Phan tram thay doi lwong mua theo cac kich ban BDKH

4.3. IDF mwa cwc doan giai doan hién trang
(1980 - 2005)

Hinh 4 biéu dién cac duong cong IDF mua
cuc doan cho giai doan hién trang (1980 - 2005)
v6i chu ki mua tir 1 - 24 gio theo céac chu ki lap
lai (2, 5, 10, 20, 50, va 100 nam) duoc tinh b'fmg
phuong phap ham phan phéi GEV. Ngoai ra, do
tinh chat ti 18 ctia phuong phéap wéc luong NCM
nén cuong do mua cuc doan gitia cac chu ki mua

bién thién theo mot duong tuyén tinh. Trong
cung mot chu ki 1ap lai, cuong do mua cyc doan
giam khi chu ki mua tdng va cuong do mua nho
nhat twong Gmg voi chu ki mua 16n nhat (24 gio).
Tuy nhién, trong cung mdt chu ki mua thi cuong
do mua cuc doan giam khi chu ki lap lai cling
giam, va dat cuong d6 mua nho nhat twong tng
véi chu ki 1dp lai 2 ndm.
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Pudng cong IDF gial doan 1980 - 2005
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Hinh 4. Duong cong IDF mwa cuc doan cho giai doan hién trang 1980 - 2005

4.4. Anh hwéng BDPKH dén IDF muwa
cue doan

Du¢i anh huong cua BDKH, cuong do mua
cuc doan nhin chung dugc dy tinh gia tang trong
twong lai cho 3 kich ban ndng do khi nha kinh
so v&i cuong do mua cuc doan trong giai doan
hién trang (1980 - 2005) (Bang 3). Do tinh chat
ti 18 tuyén tinh ciia phuong phap udc lugng
NCM [6] nén cuong dd mua cuc doan tai cac chu
ki mua tir 1 -24 gid déu gia ting dong bo véi ti
1¢ phan trim thay d6i nhu nhau. Cuy thé, thi voi
kich ban RCP2.6, cuong d§ mua cuc doan tang
manh nhat trong giai doan 2030 tai chu ki 1ap lai
100 ndm (tang 38.85%), trong giai doan 2060 tai
chu ki 1ap lai 20 ndm (tang 28.03%) va trong giai

doan 2080 tai chu ki ldp lai 2 nam (tdng 15.56%).
Vi kich ban RCP4.5, cuong do mua tang manh
nhat & chu ki lap lai 2 nam (ting 14.06%) trong
giai doan 2030 va chu ki 1ap lai 100 nam trong
giai doan 2060 va 2080 (tang 1an luot 40.71% va
83.69%). Vi kich ban RCP8.5, cuong d6 mua
gia tang ¢ chu ki 1dp lai 2 nam trong ca 3 giai
doan 2030, 2060 va 2080 (tang lan lugt 3.99%,
11.48%, va 16.13%) nhung gidm nhe ¢ chu ki
lap lai 50 ndm va 100 nam (giam 1.64% va
7.54% trong giai doan 2060 va 2080). Nhin
chung, sy thay d6i dudng cong IDF 1a kha phu
hop v6i kich ban BDKH cho yéu té lwong mua
cua tram Tan Son Hoa.

Bdng 3. Phan tram thay doi (%) ciia cuong dé mira cho cac chu ki lap lai 2, 5, 10, 20, 50 va 100
nam theo kich ban BDKH so voi giai doan hién trang

Phat sinh s6 liéu

khi tugng

Phat sinh kich
ban

Két qua m6 hinh

Tom tat thong ké

Phén tich tin
sut

Phan tich chudi
thoi gian

So sanh céc két

qua
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5. Két luin

Muc dich chinh trong nghién ctru nay la xem
xét anh huong cuia BDKH dén mbi lién hé cuong
d6 - chu ki - tan suat (IDF) mua cuc doan tram
Tan Son Hoa. Két qua nghién cu cho thiy
lugng mua tai tam Tan Son Hoa dugc du bao
tang trong twong lai. Dudi anh huéng BDKH,
cuong do mua cuc doan cling dugc du bao gia
tang cho cac chu ky lap lai 2, 5, 10, 20, 50 va 100
nam. Cu thé, cuong do0 mua cuc doan tang
khoang 3.99 - 22.95% cho chu ki ldp lai 2 nam,
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3.84 - 27.92% cho chu ky lap lai 5 nam, 2.57 -
44.18% cho chu ky lap lai 10 nam, va 0.57 -
54.89% cho chu ly lap lai 20 nam. Ddi vi chu
ky 1ap lai 1a 50 ndm va 100 nam, cuong do mua
cuc doan dugc du bao 1a tang cho hai kich ban
RCP2.6 va RCP4.5 va giam nhe cho kich ban
RCPS8.5. Két qua cua nghién ciru nay sé 1a tai
li¢u tham khao cho cac nha quan ly va hoach
dinh chinh sach trong bai toan quan ly rui ro
ngap lut va thodt nudc do thi cho TP.HCM.

Loi cam on: Nghién ciru ndy duoc tai tro boi S6 KH&CN TPHCM théng qua dé tai chirong trinh
Vieon Uom nam 2017 véi tiéu dé “Xay dung dwong cong cuong do - thoi gian - tan sudt (IDF) cho
yéu té heong mira dwdi anh huwdng cia bién doi khi hdu 6 TP. Ho Chi Minh”.
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THE ASSESSEMENT OF THE CLIMATE CHANGE IMPACT ON
INTENSITY - DURATION - FREQUENCY (IDF) CURVE OF

RAINFALL AT TAN SON HOA STATION
Nguyen Trong Quan!, Pham Thi Thao Nhi', Dao Nguyen Khoi'

Abstract: The objective of this paper was to evaluate the impact of climate change on IDF curve
of rainfall at Tan Son Hoa station in Ho Chi Minh City. In order to achieve this objective, SDSM was
used to generate climate change scenario of rainfall and simple scaling method (GEV distribution)
to derive IDF curve. The results showed the changes of IDF and increasing trends of extreme rain-
fall in the future. In particular, with regard to the intensity of extreme rainfall in the periods (1980
- 2005), the intensity of extreme rainfall in the period (2015 - 2100) is expected to increase by 3.99
- 22.95% for every 2-year period, 3.84 - 27.92% for every 5 -year return period, 2.57 - 44.18%
for every 10-year return period, and 0.57 - 54.89% for every return period of 20 years. For the
return period of 50 years and 100 years, extreme rainfall intensity is forecasted to increase for both
RCP2.6 and RCP4.5 scenarios and slightly decrease for RCP8.5 scenario. These results will be
useful to manage the problems related to flooding and urban drainage in Ho Chi Minh City.

Keywords. IDF curve, rainfall, SDSM, Ho Chi Minh City.
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