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Tém tit: Theo kich ban bién ddi khi hau 2020 cia BTNMT, Tp H6 Chi Minh la mot khu
vue ¢6 nguy co ngap cao voi 17,15% dién tich c6 nguy co ngép . Su gia tang vé cuong do
va sb luong cac sy kién ngép lut do sy két hop cua bién dbi khi hau, nuéce bién dang va
cac yéu to con ngudi thuc day nhu cau ap dung céc giai phap thoi gian thuc dé 1ap ban do
nguy co ngdp va rui ro 1 lut. Trong nghién ctru nay, mot khung phuong phép luan dugc
dé xuét cho phép danh gia mirc do nghiém trong cta nguy co ngap va rai ro mot cach linh
hoat bang cach két hgp cam bién tir xa (Sentinel—1) va dit liéu dya trén GIS tir ndm 2015—
2022 cho khu vuc thanh phé HO6 Chi Minh. Cac k¥ thuat hoc may khac nhau di duoc sir
dung, dé danh gia nguy co' ngap. Két qua cho thdy m6 hinh Rimg ngu nhién dat duoc
diém F1 cao nhat (khoang 0,99), trong s6 nhiing m6 hinh dugc sir dung dé tao ban do
nguy co ngap do nudc bién dang. Ban d6 nguy co ngap tmg dung tri tué nhan tao cho thay
khu vyc Tp H6 Chi Minh vén 13 khu vuc c6 nguy co ngap cao, véi khu vuc quan Binh
Tan, Binh Chénh la c4c khu vuc ¢6 nguy co ngip cao nhét.

Tir khéa: Nguy co ngap; Dit liéu vién tham; GIS; Hoc may; Rung ngau nhién.

1. Mé& dau

Trong vai thap ky qua, thién tai 10 lut, ngdp lut da gia tang cuong d¢ va xay ra thuong
Xuyén hon va c6 suc tan pha 16n hon so voi trude day, dac biét la ¢ cac nudc dang phat
trién, chang han nhu & My Latinh, Caribe, Pong Nam A trong d6 c6 Viét Nam [1], gay
thiét hai v€ nguoi va cua trén toan thé gioi. Ngap lut 1a loai sy kién pho bién nhat véi trung
binh 163 sy kién mdi nam [2]. Bién d6i khi hau cung véi cac yéu td con ngudi dong mot
vai tro quan trong trong viéc lam gia tang tac dong nghiém trong cua thién tai ngép lut vé
thiét hai kinh té, gian doan xa hoi va thiét hai d6i voi méi trudng d6 thi. Do do, viée giam
sat thich hop dé xac dinh cac khu vuc dé bi ngap lut va cac bién phap giam thiéu hiéu qua
dugc coi 14 rat quan trong dé giam thiéu rui ro [3-7]. Viée trlen khai cac giai phép thoi gian
thue dé 1ap ban d6 nguy co ngdp lut va uwoc tinh hiu qua tiém an cua cac sy kién ngap lut co
thé cuc ky c6 gia tri dbi voi viée dbi pho véi cac phan g khan cip va giam thiéu tac dong
cua cac sy kién do [8].

Lap ban d6 nguy co ngap lut 1 mot qua trinh mo ta muic do ngap lut dy kién cta nudc
vao ving dat kho han do lwong mua 16n hodic myuc nudc séng, bién dang cao do cac yéu to
tir nhién hodc nhén tao [9]. Mic du ban dd ngap lut vé& co ban bao gdm ban dd nguy co li
lut va ban do rui ro ngdp lut, cac quy trinh cua né khac nhau dang ké giira cac dy an
va/hoic quc gia nay voi qudc gia khac, tuy thudc vao yéu cau cu thé cua dy an va huong
dan, luat phap ctia qudc gia cu thé, v.v. [9-12]. Lap ban d6 nguy co ngap cung cip co so dé
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hiéu rd vé xu hudng ngap lich str, ky vong trong twong lai va xac dinh cac vi tri d& b ton
thuong—dé bi anh hudéng boi li lut. Do do, ban dd rui ro va nguy co ngdp lut duoc coi la
cong cu quan trong trong viéc truyen dat rui ro ngép lut toi cc nhom d6i twong khac nhau
[13]. Chiing truyén tai thong tin tong hop vé cac su kién ngap lut t6i cac co quan cong cong
c6 lién quan nhu co quan quan 1y nude va bao v¢ dan sy, thanh pho va céac dia phuong hodc
cac nha quan Iy va nhan vién kiém soat tham hoa/ khung hoang nhung ciing nang cao nhan
thirc cua nguoi dan.

Céc danh gia nguy co ngdp lut st dung phwong phap hoc méy bang cach udce tinh qua
muc d va do sau ngdp lut hién tai. Mot trong nhitng thach thirc nghién ctru chinh trong
linh vyuc nay 1a thiéu bd dir liéu hudn luyén quy mo 16n nay c6 thé dé dang thu thap duoc
qua cong nghé vé tinh. Khdi lwong dir liéu thu duoc ngay cang ting do su phat trién cia cac
cong nghé vién tham, chang han nhu Radar khau dé téng hop—SAR (vi du: Sentinel 1) va
dir liéu quang hoc (vi du: Sentinel 2), cling nhu phuong tién truyén thong xa hdi, tao co hoi
cho may hoc dugc cai thién nhiéu hon vé do chinh x4c va kha nang du doan [5, 6, 14, 15].
Cong nghé SAR khic phuc nhitng han ché cua dit liéu vién tham quang hoc, khong hoat
dong khi c6 may che phu hodc vao ban dém, va do do, né nang cao do phan giai thoi gian
[6, 7, 14,16, 17], cung cap dugc thém cac thong tin da dang cho m6 hinh huén luyén. Hon
nira, [5] da chi ra rang mot van dé 16n nira 12 tan sb thoi gian bay chup cua hinh anh vé tinh.
Thoi gian 13 yéu t6 rat ‘quan trong n6 cho phép cac co quan chirc nang ng pho hiéu qua,
kip thoi nham giam thiéu tac dong ddi voi kinh té x3 hoi, sinh thai va su kién; so tan nhitng
ngudi dé bi ton thuong gap rui ro [18].

Tai Viét Nam, cac nghién ciru vé xay dung ban d6 nguy co ngap cho khu vuc Tp Ho
Chi Minh con kha m&i mé, nhét 13 lai tiép can theo phuong phap hoc may thi chua c6. Ban
d6 nguy co ngap theo kich ban nudc bién dang 2020 1a ngudn tham khao duy nhét va dugc
xay dung theo phuong phap sir dung dir liéu mo hinh sé d6 cao va cac kich ban nudc bién
dang dé mo phong nén chuwa phan tich dugc day du cac yéu té anh huong dén

Pugc thiic ddy boi nhitng han ché va ton tai trén, nghién ciru s& phat trién xay dung
khung phuong phap dé tao ban dd rui ro va nguy co ngap lut trong thoi gian gan thuc dwa
trén sy ket hop cua anh v¢ tinh va dir liéu GIS. Cac ky thuat May hoc dugce str dung dé phan
tich va tong hop thong tin theo cach tiép can dya trén pixel nham wdc tinh nguy co ngéap lut
theo cac muc do nghiém trong, cu thé 1a nguy co vira phai, trung binh va cao. Nghién ctru
s€ xdy dung va ap dung thi diém cho khu vuc thanh phd Ho Chi Minh, mét d6 thi 16n va bi
anh hudng ning nén do bién doi khi hau.

2. Khu vue va dir liéu nghién ciru

2.1. Khu vuc nghién ciru

Thanh phé HO Chi Minh 1a mot siéu d6 thi ven bién c6 d6 cao thap véi dan sb rat 16n
va ting nhanh. Hoat dong kinh té ciing rat cao va tang nhanh ciing véi sy gia ting dén so.
Gidng nhu hau hét cac siéu d6 thi & Pong Nam A duoc xay dung trong ranh gidi ctua dong
bang, TP. HCM bi anh huéng boi cac rii ro lién quan dén i Iyt tram trong hon do sy két
hop ctia mua 16n va muc nudc triéu cudng. Tinh trang nay duoc thuc day boi ba yéu to: do
cao cua dat thép so voi mue nude bién, sy phat trién d6 thi rong rai dan dén sut lun dat va
sw mé rong cta cac khu vuc khong tham nudc dan dén gia ting dong chay [19] (Hinh 1).

2.2. Dir liéu nghién curu

2.2.1. Dit liéu ngap lut do triéu cuong

Dé thu dugc thong tin ngap lut theo chudi thoi gian cho nhiéu thoi diém, nghién ctu sir
dung anh Sentinel 1 GRD-IW @€ trich xuét theo chuoi thoi gian tir 2015 dén nay. Quy trinh
tinh toan tinh toan ngéap lut tir anh Sentinel 1 dugc thé hién trén Hinh 2,
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Hinh 1. Khu vuc nghién ciru thanh phé Ho Chi Minh.,

Sentinel 1

|

Gan quy dao vé tinh " Phén ngudng, tach 16p
(Apply or bit file) L ngap )

Loai nhiéu nhiét (Thermal " Tuyén tinh dén Decibel
Noise Removal) L (linea to Db) )

Tao tap con Hiéu chinh dia hinh
(subset) (Terrain correction)

N\

Hiéu chinh birc xa Loc nhiéu
(Radiometric calibration) | = . (Speckle noise removal) |

Hinh 2. Quy trinh tinh todn ngép lut tr anh Sentinel 1.

- Gin quy dao vé tinh: Thao tac ap dung chinh xac quy dao c6 sin trong SNAP cho
phép tu dong tai xudng va cap nhat cac vecto trang thai quy dao cho timg canh SAR trong
siéu dir liéu san pham ctia nd, cung cip thong tin van tde va vi tri vé tinh chinh x4c.

- Loai nhidu nhiét: Giam hiéu mg nhiéu trong két cdu giira cac dai phuy, dac biét 1a
chuan hoa tin hiéu tdn xa nguoc trong toan bd canh Sentinel-1 va din dén giam sy gian
doan gitra cac dai phu cho cac canh trong ché d¢ thu thap nhiéu dai.
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- Téap hop con: Tao tap hop con theo ding khu vuc can nghién ctru, dé giam dung
lwong va khéi luong xtr 1y

- Hiéu chinh buc xa: Khic phuc su khong chéc chin trong d6 phén giai do phong xa
ctia cam bién vé tinh. Cac gia tri pixel co thé lién quan truc tlep dén tan xa nguoc radar cua
canh. Thong tin can thiét dé ap dung phwong trinh hiéu chuin c6 trong san pham Sentinel-1
GRD.

- Loc nhiéu: Loai bé nhiéu hat giy ra béi su giao thoa ctia song dién tir. Bo loc “Lee
Sigma” [20] véi kich thudc bd loc 5x5 duoe st dung dé loc dir liéu cuong do. Theo ghi
nhan [21], budc nay rat can thiét trong hau hét moi phan tich anh radar do nhiu hat lam
tram trong thém qua trinh dién giai anh.

- Hiéu chinh dia hinh: Chiéu cac pixel 1én hé thdng ban d6 (WGS84 did duogc chon) va
14y mau lai & d6 phan giai khong gian 10 m. Ngoai ra, cac hiéu chinh dia hinh v6i mé hinh
do cao k¥ thuat $6 (DEM SRTM) duoc thyc hién. Stra cac bién dang trén cac khu vyuc cua
dia hinh.

- Tuyén tinh dén Decibel: Pham vi dong cia cuong do tan xa nguoc ciia cac gia tri tin
hiéu radar truyén di thuong 1a mdt vai bac do 16n. Do do6, cac gid tri nay dugc chuyén ddi tur
thang tuyén tinh sang thang logarit, din dén biéu d6 dé thao tac hon, dong thoi lam cho
viing nudc va ving kho tré nén dé phan biét hon.

- Phan ngudng, tach 16p ngap: Bai bao sir dung cach tiép can phan ngudng gia tri dé
xéac dinh nudc. Gia tri VH cua pixel nao do 16n hon gia tri ngudng thi la ngap nudc va
nguoc lai. Poi véi 16p mat nude ngudng VH thuong thay doi tir —23 dén —19 [22]. Trong
bai bao lya chon ngudng 1a —21 [23].

2.2.2. Dit liéu sut Iun tir vé tinh

Str dung ky thuat giao thoa Radar (INSAR) tir cip anh Sentinel 1 dé do bé mat trai dét,
bao gom céc bé mat dia hinh va bién dang dia hinh, dix liéu sut 1Un theo quy trinh (Hinh 3).

Cap anh Hiéu chinh bire Pang ki cép
Sentinel 1 xa anh
. AT pr’l‘a d!.Ch N&n chinh hinh
Tao giao thoa chuyén dia
hinh hoc

K&t qua sut lin

Hinh 3. Quy trinh tinh todn sut l4n tir anh Sentinel 1.

Sau khi chay cac budgc tién xt 1y twong tu nhu muc 2.2.1. Tién hanh tao giao thoa giira
cap anh Sentinel 1, k§ thuat giao thoa tao ra cac hinh anh giao thoa cua céc pha dich chuyén
gitta hai hozc ba hinh anh thu duoc trong nhiing thoi diém khac nhau trén cing mot khu
vuc [24]. Nghién ctu s& sir dung ki thuat SBAS dé tao giao thoa.

K§ thuat SBAS da tré nén rat phd bién, dac biét 1a khi né dwoc sir dung rong rai dé xir
ly dir lieu Sentinel-1. Gidng nhu cac k¥ thuat InSAR khac, SBAS sir dung giao thoa ké
nhiéu s. Ngoai ra, ki thuat SBAS chon nhiéu cip giao thoa ké dé giam thiéu duong co so
khdng gian va thoi gian, giam su suy giam twong quan va tao ra bién dang bé mat khdng
gian 16n ¢ do phan giai thap.
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2.2.3. Dir liéu DEM

Mo hinh d6 cao k¥ thuat s6 (DEM) dé dugce thu thap theo dy an Kich ban nudc bién
dang ndm 2020. DEM duoc cung cap vao hé quy chiéu UTM 48N véi d6 phan giai 2 m. N6
thu duoc bang ky thuat Hinh anh, Phat hién va Dinh vi bang Laser (LIDAR) tir mot tap hop
cac chuyén bay trong khu vuc nay duoc thuc hién vao nam 2015 dén nay. Dir liéu tho thu
dugce tir cac chuyén bay (mot dam may diém) da duoc xir Iy dé cung cép san pham cudi
cung (Hinh 4).

50m

40m

30m

20m

10m

Om

-4m

Hinh 4. Dir liéu DEM thanh phé HCM sir dung trong nghién ctru.

2.2.4. Dit liéu sut lan do khai thac nudc dudi dat

Dir liéu sut lan do khai thac nudc dudi dat dugc thu thap tir Cuc Po dac Ban do va
Thoéng tin dia Iy Viét Nam cung cap thudc du an “Do kiém tra h¢ thong mbc d6 cao hang I,
[, 111 nha nudc khu vuc thanh phd HO Chi Minh va déng bang song Ciru Long” (2004—
2017) (Hinh 5).

Vang lin & Thanh pho Ho Chi Minh
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Hinh 5. Dt liéu sut lun thu thap.
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S lidu quan tric cac mdc sut lun duoc nodi suy vector va gan nhan cho ching thanh cac
16p khac nhau. SVM bao gom mot phuong phap nham phan tach céc tinh nang theo cach
hiéu qua hon.

Giéng Khai thic nwic dwi dit & Thanh pho Ho Chi Minh
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Hinh 6. Hién trang giéng khai thac & Tp HCM.

Cac sb lidu quan trac giai doan 2005-2018 cho 3 loai giéng duoc gop nhom theo mirc
d khai thac, 795 giéng khai thac nudc dudi dat 100 m3/ngéy, 508 giéng khai thac nudc
dudi dat 3000 m*/ngay va 8 giéng khai thac nudc dudi dat 3000 m3/ngay.

2.3. Phuong phap nghién ciru

Cach tiép can cua nghién ctru, phan ving nguy co ngap lut duoc danh gia linh hoat
bang cach sir dung cac k¥ thuat may hoc c6 kha nang két hop dir liéu da phuong thirc dugc
tao ra b?lng cach phan tich hinh anh Sentinel-1 va dir li¢u dua trén GIS. Sau do, mot cach
tiép can dya trén quy tic dugc sir dung dé udc tinh trong thoi gian gan nhat vé tinh dé bi
t6n thuong trong khu vuc quan tam.

Nghién ctru dd su dung cac ky thuat hoc may : May vécto hd trg (SVM), Naive Bayes
(NB), Rimng ngau nhién (RF) va Mang noron chuyén tiép (NN). Bang 1 md td ngan gon vé
cac k¥ thuét nay.

Bing 1. C4c Model sir dung va dit liéu twong tng.

STT Dir liéu dwoc sir dung

Ma ti dit lidu K thut hoc may

Mo ta

1 S6 liéu ngap lut do tridu cuong

2 Séliéu sut lan vé tinh

3 S0 liéu quan trac moc syt lan

S6 liéu quan tric cac giéng khai
thac nudc ngam

Sentinel 1, 2015 — Ring ngau nhién

nay (RF)
Céc cép anh
Sentinel 1, 2015—  Mang no ron (NN)
nay

Phan loai may
vecto hd tro:
(SVM)

Cac mdc quan tric,
2005-2018
Cac diém giéng
khai thac 2005-
2018

Theo Dinh ly
Bayes

S liéu dang 6 ludi,
kich thudc 10m x
10m

S6 liéu dang 6 ludi,
kich thudc 10m x
10m

S6 litu nodi suy
khong gian theo
ddiemr quan tric
S6 lidu gop nhom
theo mac d6 khai
thac (3 loai giéng)
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- Trinh phan loai may vecto hd tro: (SVM) [25] dai dién cho mdt k¥ thuat hoc may
duoc giam sat khai thac kha ning cta cac siéu phang, dinh hinh lai thé gi6i phi tuyén tinh
thanh tuyén tinh dé phan loai cac tinh ning. Siéu phing 1a mot mat phang quyét dinh nham
muc dich tach mot tap hop cac dbi tuong va gan nhan cho chung thanh cac 16p khac nhau.
SVM bao gdm mét phuong phap nham phén tach cac tinh ning theo cach hiéu qua hon
bang cach sir dung céc siéu phéng.

- Naive Bayes (NB): Theo DPinh 1y Bayes, k¥ thuat phan loai théng ké, bd phan loai
Naive Bayes (NB). Trinh phan loai nay thuéc nhém céac thuat toan hoc c6 giam sat va la
mot trong nhitng thuat todn don gian nhét véi do chinh xac va tde do cao, dic biét khi nd
két hop véi cac tap dir liéu 16n. NB dang st dung mo hinh bd phéan loai, mé hinh ndy gan
nhan 16p cho céac sy kién co van dé, dugc biéu thi dudi dang vecto cua cac sy kién dac
trung, trong d6 mot tp hop duogc sir dung dé cha thich cac nhan 16p.

- Rimg ngiu nhién (RF): Rimg ngau nhién (RF) [26] 14 mot phuong phap hoc may ndi
tiéng dé phan loai hodc hdi quy. Muc tiéu cia k¥ thut phan loai nay 13 so sanh va phén tich
cac bién cua tap dir liu dé xac dinh trong s6 méi cho timg nhan td. Trong trudng hop
nghién ctru ctia ching t6i, mé hinh RF khai thac cac cdy quyét dinh dé tinh toan va wdc tinh
moi lién hé giita viéc ghi nhan Chi s nguy co lii lut va cac gia tri yéu t6 dic diém Li lut,
tap trung vao phén cudi dé phén loai tirng vecto gié tri thanh nhan dy doan. RF don gidn,
nhanh chong, c6 thé xtr 1y céac tap dir liéu 16n, nhin chung c¢6 két qua cao thong qua ngiu
nhién hoa va c6 thé ap dung cho cac dac diém thuét toan da 16p.

- Mang no ron (NN): Mang no—ron cé thé duge miéu ta 1a mdi quan hé da cap bac giita
cac no—ron trong mdt mang no—ron twong ty nhu chirc nang cua ndo. Cac té bao than kinh
thuc hién co ché phan hoi v6i nhau, truyén cac tin hiéu can thiét dén cac cap do tiép theo,
dua trén dau vao nhan duge tir cac cép do tuong ung trudc do, dat dugc mot hoac nhiéu két
qua cudi clng.

3. Két qua va théo ludn
3.1. Két qua tinh toan cho sé liéu sut hin vé tinh

Chay giao thoa cho giai doan 20152021 cho khu viuc TP HCM cho thiy téc do sut lan
lon nhat & TP. Ho Chi Minh 14 khu vyc trung tim va c6 téc do sut lin khoang 10 cm cha
yéu tai khu vyc phia Nam va 1 phan nho tai phia Dong, phia Tay theo phuong thang dimg

va c6 xu thé dich chuyen chinh vé phia Pong Nam thanh phé theo phwong nam ngang, cac
khu vuc ngoa1 thanh co toc do thip hon (Pong TP. Hb Chi Minh) (Hlnh 7)

10°50'0"N

10°45'0"N

106° 350 E 106°40'0"E 106°45'0"E
Hinh 7. Toc d6 sut lan TP HCM giai doan 2015-2022 (mm/nim).



Tap chi Khi twong Thiy van 2023, 746, 96-107; doi:10.36335/VNJHM.2023(746).96-107 103
3.2. Két qua tinh todn cho sé liéu ngdp lut

Toan b s6 liéu tinh toan ngdp lut trong giai doan 2015-2022 khu vyc thanh pho Hb
Chi Minh dugc tinh toan va théng ké trén nén tang GEE (Google Earth Engine). Két qua
duoc thé hién (Hinh 8). Két qua xuét ra thém biéu do thé hién gia tri dién tich myuc nudce
cho timg thoi diém anh.

Number of inundated Pixels

0
2016 2017 2018 2019 2020 2021 2022

Hinh 8. Tinh toan hién trang ngép cho TP. HCM giai doan 2015-2022.

3.3. Két qud dao tao mé hinh

Nhiéu phuong phap hoc may khac nhau dugc 4p dung nhim muc dich danh gia nguy
co ngap lut dua trén thong tin tir ngép, sut ltn trong qua khtr. Muc tiéu la chon mo hinh hoc
may tot nhat vé do chinh xéc trong wdc tinh cic nguy co ngap. Dé dat duoc didu nay, tap dir
liéu duoc chia ngau nhién thanh hai tap hop con. Mot phan ciia 70% dir liéu thuong dugc
str dung dé dao tao va 30% con lai dé thir nghiém nham danh gia kha ning khai quat hoa
clia timg mo hinh. Trong cong viéc nay, chung t6i sir dung bon phuong phap hoc méay khac
nhau, d6 1a Naive Bayes (NB), Random Forest (RF), Support Vector Machines (SVM) va
Neural Networks (NN). Bai b&o da sir dung xac thuc chéo k—fold dé danh gia cac mé hinh
may hoc. Trong truong hop nay, tham sé k duoc dit bang 10 dé chon mé hinh tét nhét voi
su tro gitp ciia két qua trung binh. Mot tap hop cac tham sé cho timg mo hinh hoc may da
duogc sir dung va danh gia dugc trinh bay trong Bang 2.

Bang 2. Cac tham sé dé dao tao mé hinh.

M& hinh B théng s6 mé hinh
Random Criterion: {Gini, Entropy}, Maxfeatures: {Auto, Log2, Sqrt, None}, n_Estimator: {50,
Forest 100, 200, 500}

Naive Bayes a:{0.01,0.1,1}

SVM Kernel Functions: { rbf, poly, sigmoid }

Neural Activation Function: {ReLu, Sigmoid}, #Neurons: {1, 2, 4, 6, 8}, Epochs: {100, 300,
Network 500}
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Bang 3 trinh bay két qua thir nghiém ddi v6i cac chi s6 danh gia do chinh xac, thu hoi
va diém F1 dat duoc trong qua trinh dao tao cac mé hinh may hoc. Dya trén cac s6 liéu nay,
viéc lya chon mé hinh 6t nhét duoc thuc hién bang phuong phap cua best_estimator (thu
vién sklearn). Random Forest dugc chon la m6 hinh tot nhat, str dung cac siéu tham s6 sau:
(Tiéu chi: Gini; Tinh ning t6i da: Ty dong; n_Estimator: 50) vi nhirng siéu tham s nay dat
duoc hiéu suat t6t nhat, d6 chinh xé4c trung binh x4p xi 0,9999995.

Bang 3. Tom tat cac két qua danh gia 6 chinh xac ctia cac mé hinh hoc may

M6 hinh Nguy co P) chinh xic  Thuhdi  Piém F1
Random Forest Nguy co cao 0,99 0,99 0,99
E]C_:rEi;(:irr:](;r;;rC:;ig(i);)Max features: Auto; Nauy co thip 0,99 0,99 0,99
Nguy co trung binh 0,99 0,99 0,99
Naive Bayes Nguy co cao 0,93 0,91 0,92
(0:0.01) Nguy co thap 0,91 0,97 0,94
Nguy co trung binh 0,00 0,00 0,00
SVM Nguy co cao 0,96 0,98 0,97
(Kernel Function: poly) Nguy co thip 0,96 0,99 0,98
Nguy co trung binh 0,98 0,97 0,98
Neural Network Nguy co cao 0,99 0,99 0,99
(Act.Fun.: ReLu; #Neur.: 8; Epochs: 500) Nguy co thdp 0,99 0,99 0,99
Nguy co trung binh 0,99 0,99 0,99

3.4. Két qua ban doé nguy co cdp vmg dung tri tué nhén tao

Két qua tinh toan cho thay khu vuc HCM c6 nguy co ngap tuong dbi cao, khu vuc c6
nguy co ngdp cao nhit nam ¢ trung tdm thanh phd tap trung & cac quan Binh Tén, Binh
Chanh, quén Thu Dire, quan 9 va quén 12. Khu vye huyén Cu Chi la c6 nguy co ngap thap
nhat (Hinh 9). Diéu nay kha phu hop vé6i tinh hinh, hién trang ngap lut do triéu cuong & TP
HCM hién nay.

4. Két luan va kién nghi

Két qua tinh toan ctia bai bdo dugc dua trén cac nguén sb liéu chi tiét, chinh xac va cap
nhat mai nhat nén c¢6 muc do canh bao it trdm trong hon. Tuy nhién, ciing can luu ¥ rang
trong tt ca cac du tinh déu co su chua chic chan do cac mé hinh chua thé mé phong day
du va chinh xac cac qué trinh nhiét dong luc hoc bang va nhiéu nguyén nhan khéc.

Céc ban db nguy co ngap da dugc xay dung dua trén s6 liéu mo hinh s6 d6 cao ti 1é
1:2.000 chi tiét, dit liéu vién tham va GIS cép nhat dén nam 2022. Theo céc dit liéu du tinh
thi khu vyuec PBSCL va TP. Hb Chi Minh van 1a khu virc ¢6 nguy co cao chiu tic dong cua
nude bién dang do BDKH, nhat 1a tai trung tdm thanh phé tap trung ¢ huyén Binh Chanh va
quan Binh Tan, day cting la mot thong diép can quan tam dé co chién lugc, phuong an quy
hoach hop 1y phong chdng tac dong ciia nudc bién dang dang hién hiru va ¢ thé nghiém
trong hon trong tuong lai.

Trong nghién ctru méi chi str dung cac dit liéu tir 2015 dén 2022 1a chua du tot dbi véi
mot mo hinh tri tué nhan tao, vay nén can thiét xay dung nhitng bo dir liéu véi chudi thoi
gian dai hon dé nang cao hon nita 6 chinh x4c ciia nghién ciru ndy.
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Hinh 9. Két qua ban db nguy co ngép cho thanh phd HCM.
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Applying artificial intelligence in building a flood risk map due
to sea level rise for Ho Chi Minh city
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Abstract: According to the Climate Change scenario of 2020 of the MONRE, Ho Chi
Minh City is an area at high risk of flooding with 17.15% of the area at risk of Sea Level
Rise. The increase in the intensity and number of flooding events due to a combination of
climate change, sea level rise and human factors drives the need for real-time solutions for
hazard mapping flood due to Selevel rise and flood risk. In this study, a methodological
framework is proposed that allows a flexible assessment of flood and risk severity by
combining remote sensing (Sentinel-1) and data—based GIS from 2015-2022 for Ho Chi
Minh City area. Various machine learning techniques were used, to assess flood risk. The
results show that the Random Forest model achieves the highest F1 score (about 0.99),
among the models used to create the flood risk map due to sea level rise. The flood risk
map using artificial intelligence shows that the Ho Chi Minh City area is still a high risk
area for flooding, with Binh Tan and Binh Chanh districts being the areas with the highest
risk of flooding.

Keywords: Risk of flooding; Remote sensing data; GIS; Machine learning; Random
Forest.



