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Tom tat:

Sut hin dat 1 logi tai bién dia chdt phé bién trén thé gidi va gdy dnh hwéng nghiém trong o dét
su phat trién bén viing dé thi, ddc biét la cdc do thi quan trong nhw Tp.HCM. Bai bdo trinh bay tong quan
cac két qua nghién ciru sut lin ddt ciia nhém tqi TP.HCM giai doan 2006 dén 2020 bang ky thudt phan tich
InSAR. Két qua nghién ciru cho thay toc dé hin hién nay binh qudn trén toan thanh phé khoang 2-5cm moi
nam. Riéng nhitng khu vuc c6 nén dia chdt yéu, tip trung nhu cdc cong trinh thwong mai, toc do hin co thé
lén t6i 7 dén 8cm méi nam. Qua dé nhom tac gia dé xudt TP.HCM can xdy dung hé thong théng tin mé
phong va di bdo sut lin ddt dé hé tro ra quyét dinh giup chinh quyén cé nhitng gidi phap nhanh chong,
thich hop, chinh xdc, ndng cao nang luc quan ly gop phan quan Iy dé thi mét cach hiéu qua, thich nghi véi
bién doi khi hdu va phat trién bén viing.
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Land subsidence in Ho Chi Minh city risks and challenges for sustainable development
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Abstract:

Land subsidence is a common geological hazard in the world and seriously impacts sustainable
urban development, especially in important cities such as Ho Chi Minh City. The article presents an
overview of the authors’ results of land subsidence research in Ho Chi Minh City from 2006 to 2020 using
InSAR analysis techniques. The research results show that the current average subsidence rate across the
city is about 2-5cm per year. Particularly in areas with weak geology and concentrated areas such as
commercial projects, the subsidence rate can be up to 7 to 8cm per year. Thereby, the group of authors
proposes that Ho Chi Minh City needs to build a land subsidence simulation and forecasting information
system to support decision-making to help the government have quick, appropriate, and accurate solutions,
improve management capacity, contribute to effective urban management, and adapt to climate change and
sustainable development.
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1. Giéi thi¢u

Hién tugng bién dang sut lun bé mit dat 1a loai tai bién dia chat phé bién trén thé
gidi va gy anh huong nghiém trong & nhimg ving d6 thi. N6 ¢6 thé 1a két qua cua nhiéu
yéu tb tac dong nhu dich chuyén kién tao, tac dong do khai thac nudc ngém, nén dat yéu,
gia tang tai trong ngoai v.v... Sut lun dat thuong dién ra tir tir nhung gay ra nhiing tac hai
rat nghiém trong, nhat 1a d6i vé6i cac khu vue d6 thi lon dang phat trién hién nay. Theo
doi hién tugng nay mdt cach thuong xuyén ca trén dién rong va nhitng khu vuc sut lin
manh 14 rat can thiét va quan trong hon 1a nhim mé phong, du bao, phong tranh va giam
thiéu tac hai cta sut lun dét cho cac cong trinh kinh té, dan sinh va ky thuat.
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Bén canh do, sut lan dat dang 1a mot thach thirc rat 16n cho su phat trién do thi mot
bén virng dic biét 13 d6 thi ha luu cic con sdng 16n nhu Thanh phd HO6 Chi Minh. Khao
sat ciia Co quan Hop tac Qudc té Nhat Ban (JICA) méi day cho thiy, tinh trang sut lun
nén dat & TPHCM dién ra lién tuc tir nim 1990 dén nay, voi do lun tich liy dén nay wdc
tinh khoang 100cm. Téc d6 1tn hién nay khoang 2-5cm mdi nam. Riéng nhitng khu vuc
tap trung nhu cc cong trinh thwong mai, téc d6 1in khoang 7-8cm mdi nam. Tdc do lun
nén dat cao gip khoang hai 1an muc nuéc bién dang (khoang 1cm mdi ndm). Sut lin dat
két hop véi triéu cudng va myc nudc bién dang 1am cho nguy co TP.HCM ngay cang
"chim dan" va anh hudng truc tiép dén sy phat trién lau dai cia TP.HCM trong bdi canh
thich nghi véi bién doi khi hau.

Hinh 1. Khu vuc co téc do lun trén 15mm/nam trén dia ban TP.HCM (JICA, giai doan 2010 dén 2022)
Theo Cheryl Tay va cong sy [1], thanh phé H6 Chi Minh xép thir 2 (sau Thién
Tan, Trung Qudc) trong 10 d6 thi ven bién trén toan thé gigi vé téc do "chim dan" do
lan mat dat.
2. Cac phwong phap danh gia thwe sut lan dét tai khu vue thanh phé Ho Chi Minh
Pé x4c dinh hién tugng lun mit dat ciing nhu tbe do lin, cac phuong phap do dac
tryc tiép nhu thity chuan hinh hoc, dinh vi vé tinh GNSS duoc sir dung trong quy md
khong gian nho, bén canh do6 phuong phap do vé tir xa nhu str dung dir liéu LiDAR tir cac
cam bién gin trén thiét bi bay khong ngudi 1ai (UAV) hodc st dung anh vién tham radar
dé 1ap ban dd sut 1an va qua trinh dién tién cua hién tuong sut Iun theo thoi gian cho cac
khu vuc rong 16n. Nguoi ta co thé do lun dat trén quy mo 16n bang anh vé tinh SAR dya
vao xir ly bang phép do giao thoa (InSAR) v6i d6 chinh xac cao tir khong gian.
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2.1 Phuong phdp xdic dinh lin mdt dit bang phwong phdp thiiy chudn hinh hoc

Nam 2013, Chinh phi giao B Tai nguyén va Mai truong kiém tra mbe do cao qubc
gia va trién khai du 4n chéng ngap tai Thanh phd HS Chi Minh. Quan tric ndm 2014 cho
théy, trong 329 méc do cao, ¢6 111 mde bi mat (33,7%), 143 méc 1an tr 5em dén hon 70cm
(43,5%), chi 75 mbc 6n dinh (22,8%). Hién twong lin tir 5 - 10cm tiép tuc dién ra trén dién
rong, cd noi lin trén 70cm [2].

Nim 2016, Chinh phu yéu cau tiép tuc quan tric lan phuc vu quy hoach va do Lip thuy
chudn hang II. Giai doan 2005 - 2015, nhiéu khu vuc tai Thanh phé H6 Chi Minh lin trén
10cm, téng dién tich bi anh hudng 239km?, tp trung tai Binh Chanh, quan Binh Téan (phia
Nam), Quén 8, Quan 7 (phia Tay), Quan 2 (cii, phia Tay Béc), Quéan 12 (phia Pong), quin
Thu Pt (cii, phia Tdy Nam) va huyén Nha Bé (phia Tay Bic). Mot s6 diém co toe do lin
cao nhu méc I(VL-HT)262A (73,3cm/10 nam), [(VL-HT)263 (73.2cm/10 nim), I(VL-
HT)264 (44cm/10 nam) [2].

Quan tric hang nam tiép tuc ghi nhan tc d6 lin gia ting. Bao cdo 14/6/2019 cho thay,
tir 2005 - 2017, mbe I(VL-HT)262A 1lan 81,7cm/12 nam, I(VL-HT)263 lun 81,8cm/12 nim,
I(VL-HT)264 lun 48,8cm/12 nim. Nhimg sb liéu nay khang dinh sut 1an van dién ra va c6
xu hudng gia ting, doi hoi bién phap quéan 1y va khic phuc hiéu quéa hon [2].
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Hinh 2. Két qua quan tréic giai dogn 2005 - 2017 khu vuc TP.HCM [2]
Dé danh gia chi tiét mirc do lun, nam 2019, Thanh phd trién khai du 4n “Xac dinh
lai cao d6 hé théng mdc d6 cao bi sut 1an”, cin ¢t vao 23 mdc cao dd hang II do B§ Tai
nguyén va Moéi trudng cung cip, két hop véi 800 diém mdc cao d6 cii ciia Thanh ph.
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Két qua cho théy, ngoai cac vung lun da cong bd, con xuét hién lun cuc bo tai huyén Cu
Chi (HCC.156 lin 52,2 cm/12 nam), huyén Hoc Mon (HM.152 Iun 23,6 cm/12 nam),
Quan 9 (cl) (Q09.022 1tn 25,3 cm/12 nam) [3].

2.2. 2.2 Phwong phdp xdc dinh liin mdt dét bang ky thudt InSAR

Nguyén 1y InSAR 14 dua trén sy két hop cua hai anh SAR dé khai thac thong tin
hinh hoc c6 trong do Iéch pha. Mot su khéc biét hinh hoc nhé gitra hai lan thu anh dam
bao su lién két voi d6 cao dia hinh va su thay ddi syt lan. Nghich déo tri do pha giao thoa
s& cung cAp thong tin tryc tiép vé dia hinh bé mit va sy bién dang. Phuong phép InSAR
c6 thé phat hién chuyén dong ctia mot phan nho budc song ra-da (khoang vai mm). Ké tir
nam 2000, phan tich InSAR da thoi gian d2 minh ching cho kha nang tai tao lai lich su
bién dang bé mit v6i d6 chinh x4c cao mirc mm/nam.

INSAR limiting factors: 2 B s2
-y -5 e e = reflectvity changes S1 T
Aa‘/g/"\\:-’-'—'—’ ________ = atmospheric disturbances 8, 7,

o)

5\%

By usihgr: r

r,
= long temporal series of SAR data o

It is possible to identify:

= coherent radar targets (usually referred to as
Permanent Scatterers - PS) P
where atmospheric effects can be

estimated and removed h
Py 8,

ellipsoid X
Hinh 3. Co co hinh hoc cua ky thudt InSAR

Hai hé thong radar S1 (Master) va S2 (Slave) chi dong phat séng xudng cung mot
khu vire trén mat dat. B 1a khoang cach giira 2 angten hay goi 1a duong day (Baseline), 0
1a goc t6i (goc nhin), r1 va 12 1a cy ly nghiéng tir dngten téi diém P trén mat dat va o 1a
goc tao boi duong ddy va dudng chan troi. Néu khong co bién dang bé mit xay ra giita
hai hé théng thu nhan anh radar, cac gia tri pha ghi nhan dugc @1 va @2 trong 2 anh chup
tir hai hé thong radar d6i v6i diém P co thé dugc xem 1 twong dwong véi tong cia cac
thanh phan khac nhau trong theo nhu hinh sau:

2r-
P, = 7127T + datm1 + Dscar1 T Pnoise (1)

2r:
¢, = Tz 21 + Garmz + Pscarz + Pnoise (2)

Trong do:
2% 21 va 2% 21 - dai luong gy ra cham (tré) pha do khoang cach dudng truyén 2r;
va 2r; tir bd cam bién S1 va S2 dén muc tiéu P trén mat dat va phan xa nguoc lai;

G atmi VA Paemz - dai lugng hiéu chinh pha do sy thay ddi diu kién khi quyén giita
hai lan nhan anh

Dscar1 VA Qscarz - h€ sO tan xa do su tuong tac gilta song radar vdi cac thanh phan
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tan xa phuc tap trén bé mit;

D noise - hé s6 nhidu phu.

Gia st hai anh dugc chup trong diéu kién khi quyén va song phan xa ngugc tro lai
cua cac doi tuong trén mat dét 1a nhu nhau:

Patm1 = Parm1Va Pscat1 = Pscarz
khi d6 gié tri pha giao thoa s& dugc viét nhu sau:
¢ =¢1— ¢y == (r—73) = A (3)

trong d6 Ar 13 d6 1éch thay ddi theo phwong xién (Light of sight - LOS) gitta r; va r2.

Giao thoa 1a kha nang doc dao chi c6 ¢ anh radar chu dong do sir dung mot budc
song duy nhét va kiém soat dugc ké ca pha cia song. Mot phuong dién can chi ¥ nira cia
giao thoa radar c¢6 anh hudng quan trong dén tng dung chinh 1a tir ddc diém khac nhau
vé thoi gian ciia hai ngudn séng giao thoa. Vi dic diém nay, cac tng dung giao thoa c6
mot diém chung quan trong 13 nhén biét sy thay d6i bé mit (vé do cao tuong ddi) theo
thoi gian

Nam 2008, Thanh phd trién khai quan trac bang k¥ thuat InSAR vi phan dé danh gia
hién twong lan dat b mat dua trén 18 anh radar ALOS/PalSAR (Nhat). Két qua cho thiy,
tr 2007 - 2010, nhiéu khu vuc ltin nghiém trong 25 - 30cm, tap trung tai Quén 5, 6, 7, 8,
12, H6c Mo6n, Binh Tan, Tan Phu, Binh Thanh, Thu Duc [4].
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Hinh 4. Dién tién hin mdt dat giai doan tir 2007 dén 2010 bang kj thudt InSAR [5]
Do vé tinh ALOS/PalSAR 1 dung hoat dong vao nam 2012, nhém nghién ctu duoi
su lanh dao cua HO Téng Minh DPinh va cong sy da tiép tuc st dung anh SAR cua v¢ tinh
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Cosmos SkyMED (X-Band) cuia Italia dé nghién ciru lun giai doan 2014-2016 v6i 49 anh
va 23 anh Sentinel 1 (C-Band). Thuét toan sir dung 12 PS két hop v6i DS dé phan tich
InSAR dé theo ddi sut lin dat tai TP.HCM trong giai doan nay. Két qua xtr Iy InSAR cho
thiy sy trong dong vé téc do lan giita anh Cosmos SkyMED va Sentinel 1. Tir ndm 2015,
chuong trinh quan sat Trai dit mang tén Copernicus do ty ban chau Au hop tac v6i ESA
d3 dan dén viéc trién khai st ménh vé tinh Sentinel-1 (2014), cung cdp anh SAR trén bing
tan C trén toan cau voi 12 ngay lap lai va d6 phéan giai khong gian 20 m (Torres va cong
su, 2012). Do d6, Sentinel-1 cung cip mdt co hoi mién phi va tot nhat dé theo ddi sut lun
dat tir trude dén nay. Do d6 nhom nghién ciru d sir dung theo ddi tinh trang sut lan dat &
nhiéu noi trén thé giGi, dic biét co nhitng tng dung nghién ctru cho nhitng thanh phd 16n
thuoc Dong bang séng Ciru Long, Ha Noi va Tp. HCM.
7.7] Silt loam (Holocene)
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Hinh 5. Dién tién hin mdt dat giai doan tir 2006 dén 2016 bang kj thudt InSAR [6]

Nam 2015, H6 Téng Minh Pinh va cong su dd phat trién thanh cong nén tang
TomoSAR véi viéc két hgp nang cao giita PS va DS thanh ComSAR véi wu diém khéc
phuc nhiing han ché cua cac phan mém trudc d6 do dua vao qua trinh xir Iy anh hudng
thay ddi cua dia hinh bé mit trai dat dén viéc tin hiéu thu nhan cta cam bién gén trén vé
tinh. Chinh vi cai tién phuong phap xir Iy nay két qua xir Iy cia TomoSAR dat do chinh
xac ¢& milimet. Nhom nghién ctru bat du trién khai xtr Iy InSAR trén nén ting TomoSAR
anh Sentinel — 1 (Band C) v6i chu ky/nim va cong b cac két qua nghién ctru tai [7]. Toc
d6 lIun & khu vuc nodi thanh gém cac quan 1,3,5,6, 10, 11, Tan Binh, Tan Phu da giam va
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6n dinh dudi lem. Cac khu vuc quén 7, quan 8, quan Binh Tan, huyén Nha Be va doc
song Sai Gon, dac bi¢t 1a khu Tan Cang, Thao Dién co toc d6 lan rat cao, tham chi c6 noi

dén 5cm/nam. Két qua xtr 1y ¢6 thé download tai https://zenodo.org/record/5497723.
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Hinh 6. So sanh két qua xir Iy InSAR bang két hop PS+DS dnh Cosmos Skymed véi Sentinel 1 [6]
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Hinh 7. Tinh trang sut lun dat tai TP.HCM giai dogn 2015-2020 [7]

Céc khu vuc trong Hinh 8 co tdc do lan rat cao dién hinh.
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Hinh 8. Téc dé lin tai khu v Qudn 7, Qudn 8 va Qudn Binh Tan [7]
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Hinh 9. Toc d¢ un tai khu vuc Tan Cang va ldan can [7]
3. Phan tich cac nguyén nhén tac dong dén thuc trang sut lin dit tai khu vee Thanh
phd H6 Chi Minh

Theo Marie-Noélle Woillez va cac cong sy thi tac nhan gay lun dat bé mit bao gdm
cac yéu td tai trong, su thay ddi bé mat ty nhién, khai thac nude dudi dit anh huong dén
tang nude ngam, khai thac chat 1ong, yéu t6 dia chat va dia chat kién tao [9] . Hinh 10 thé
hién 5 cac yéu t nay.

Tai khu vuc d6 thi, sut lan dat dugc tao thanh béi 4 tac nhan. Theo nghién ctru vé
sut lun dat tai thanh phé Bic Kinh, Trung Quéc cua Chaofan Zhou va cong sy cong bd
nam 2019 cho biét ty 1& phan trim anh hudng cia cac yéu t6 ndy nhu sau: yéu td dia chat
chiém 30.58%, nudc dudi dat (dia chit thay vin) chiém 30.32%, tai trong dong (gdm
dudng bo, dudng sit, duong sit do thi...) chiém 25.64% va tai trong tinh (nha cao tang,
d6 thi hoa...) chiém 13.46% [10]. Cac yéu t d6 duoc thé hién trong Hinh 11.
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Hinh 10. Cac tac nhan gay nén hién twong sut lun dat [9]
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Hinh 11. Ty 1é anh hieong ciia cdc tac nhdn gdy hin dat tai TP. Bdc Kinh, Trung Quéc [10]

Tir d6 6 thé xac dinh cac yéu té chinh gay sut ltn tai Thanh phd HO Chi Minh:

(1) Nén dia chat yéu: Céc khu vuce c6 tde do lan trén 10 mm/nim thuong nam trén
nén dia chat yéu, ngay ca khi khong co tic dong tir xdy dung, giao thong hay khai thac
nude ngam. Didu nay cho thdy dia chat, dia mao dong vai trd quan trong trong bién dang
mat dat. [6]

(2) Hoat ddng giao thong (tai dong): Cac khu vuc ¢ luu luong xe tai, xe bon, xe
container 16n hodc khu vuc c6 tuyén duong sit d6 thi di qua thudng bi ltin nhiéu hon do
tac dong tai trong lién tuc.

(3) Cong trinh din dung, tc dd do thi hoa (tai tinh): Nha &, chung cu, cao ¢ 6
thé tac dong dén bé mit dat, nhung nho cong nghé mong coc hién dai, anh hudng nay chii
yéu mang tinh tam thoi, va nén dat c6 xu hudng on dinh theo thoi gian.

(4) Khai thac nwée ngam: Trude nam 2010, day 14 nguyén nhan chinh gay sut lan
tai GO Vap, Tan Binh, Quan 12, Cu Chi. Hién nay, Thanh phd da han ché cip phép khai
thac, kiém soat cong suat nén toc do lin giam dang ké va cac khu vuc khai thac dan on
dinh hon.

Tuy nhién, viéc lwong hoa chinh xac muc do tac dong cua timg yéu td van gip kho
khan do dit liéu khao sat dia chat, dia mao chua du mat do, anh huong dén kha nang mo
phong va du bao bién dang mat dat. Tir d6 dé xuit mé hinh mo phong, dénh gia bién dang
mit dat theo so do trong Hinh 12,
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Hinh 12. Bién dang mdt dat theo khéng gian va thoi gian .

Trén cé s d6 nhoém nghién ctru dé xuat st dung k¥ thuat phan tich hoi quy khong
gian (geospatial regression analysic) dé du bao toc d6 ltn dat tai TP.HCM dura trén chudi
dir liéu lun dat duoc xac dinh tir k¥ thuat INSAR voi dit liéu dia chét (tir ban do dia chat
ty 18 1:50.000), dit liéu nudc dudi dat (tir ban d6 dia chat thay vin) duoc thu thap tir so
Tai nguyén va Mai truong TP.HCM. Phuong trinh hdi quy khong gian c6 dang sau:

Y = Bo + B1Xy+ ByXy + eeeennn

Trong d6: - y — bién dy bao - 1a gia tri lin dat sy bao

- Bi — caché sd hdi quy

- Xi — céc bién tac nhan doc 1ap gdom dia chét, dia chat thay vin, cong
trinh x4y dung (tai trong tinh), cong trinh ha tang giao thong (tai trong dong) duoc tinh
theo 6 50mx50m tir dir liéu dia chat, dia chat thiiy van, anh vién tham, ban d6 dia hinh,
cong trinh xay dung va giao thong...

- ¢ —phan du
4. Két lun

B Tai nguyén va Moi truong dang trién khai dy an “Hién dai hoa hé théng do cao
quc gia” theo Quyét dinh 375/QD-BTNMT ngay 01/3/2022, nham xay dung hé thong mébe
dd cao 6n dinh 1au dai va xéc dinh d6 cao trung binh cua mat nude bién. Dy 4n trién khai tur
2022 - 2025, véi viée xay dung 04 mbc dd cao thé ky tai Pai hoc Quéc gia TP.HCM, UBND
x3 Nhuan Duc (huyén Ci Chi), Khu vin hoa Lang Le (huyén Binh Chanh) va Nha thiéu nhi
huyén Can Gio, ciing 02 médc giap ranh tai Dong Nai va Long An. Cong tac do thity chuan
da hoan thanh nam 2023, cac chu ky do quan tric tiép theo dién ra vao 2024 va 2025, sau d6
ban giao dir liéu cho dia phuong khai théc, sir dung.

Bén canh cac phuong phap do dac truyén théng nhu thuy chudn hinh hoc, GNSS, dé
khao sat dién rong vé6i chi phi ti vu, cong nghé vién tham LiDAR trén UAV va anh radar
InSAR duogc ap dung dé 1ap ban dd sut lun theo thoi gian. Tt nam 2000, k¥ thuat InNSAR da
thoi gian di duoc str dung tai nhidu qudc gia, véi cac du an quy mé 16n nhu TerraFirma
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(2003-2014), PanGeo (2011-2014). Pic biét, tir nim 2015, chuong trinh Copernicus ctia Uy
ban chau Au hop tac v6i ESA d trién khai vé tinh Sentinel-1, cung cdp anh SAR c6 do phan
giai cao va chu ky ldp 12 ngay, gitip theo ddi sut lun dét chinh xac hon. Cong nghé nay da
dugc ap dung thanh cong tai Ha No1, TP.HCM va c6 thé tiép tuc duoc trién khai dé quan trac
sut [un d6 thi trén pham vi rong, hd tro cong tac quy hoach va g phé vai bién doi khi hau.

Sut lun bé mit dt tai TP.HCM d 13 mot thyc té khach quan hién hitu ma thanh ph
can phai dbi dién va co giai phap tng phé 1au dai. Day 12 mot tai bién dia chat phd bién, anh
hudng nghiém trong dén cac do thi 16n, dac bi¢t 1a nhiing khu vuce cé nén dia chit yéu, khai
thac nuéc ngdm quéa murc, tai trong xdy dung cao va tac dong tir dich chuyén kién tao. Du
dién ra tir tir, nhung hau qué cia sut lun dat két hop véi bién doi khi hau, thoi tiét cuc doan,
tridu cudng gia ting s& gy nén nhitng hau qua rat nghiém trong, gay thiét hai 16n dén ha ting
k¥ thuét, cong trinh dén sinh va phat trién kinh & - xa hoi. Thanh phd H6 Chi Minh dang d6i
dién véi nguy co syt lun va ngap lut trén dién rong, dang bi vao thanh phé ¢ nguy co tha 2
trong nhém 10 “Thanh phd dang chim” (Sinking City) nhanh nhat trén thé gi¢i. Do do, viéc
theo ddi thudng xuyén, mé phong, du bao sut lun mat dat dé dua ra giai phap thich nghi 1a
hét sirc can thiét. Véi muc tiéu xay dung do thi théng minh vao ndm 2025, Thanh phd d4 trién
khai co sé dit liéu dung chung, ké hoach xdy dung Trung tim nghién ciru mé phong va du
béo phat trién kinh té - x4 hoi, d6 thi va méi trudong (1011/KH-UBND). Bé tmg pho hiéu qua
v6i sut 1an, Thanh phé can xay dung hé théng giam sat va du bao sut lun nén dat mot cach
thuong xuyén, ap dung cong nghé hién dai, nham hd trg chinh quyén dua ra quyét sach phu
hop vai diéu kién ty nhién va phat trién bén vilg. H¢ théng nay can x4c dinh duoc tde do
lin theo thoi gian két hop véi md phong dugc tac dong ciia cac yéu td nhan sinh nhu quy
hoach db thi, phat trién giao thong, hay mo rong xay dung. M6 hinh héi quy va tri tu¢ nhan
tao c6 thé dinh lwong murc d6 anh hudng ciia cac tic nhan gy lan, nhung van chua co phuong
phép mo phong chinh xac khi xuat hién cac tic dong méi trong tuong lai. Hé thong mo hinh
md phong du bao bién dang mat dt do nhom tac gia dé nghi duoc thé hién nhu Hinh 13.

Viéc som trién khai hé théng thong tin mé phong va du bao bién dang mat dét s& giup
thanh ph H Chi Minh c6 nhimg giai phap tng pho kip thoi, gitip hd tro ra quyét dinh nhanh
chong, chinh x4c, nang cao ning luc quan 1y gop phan quan 1y do thi mot cach hiéu qua, thich
nghi voi bién d6i khi hau va phat trién bén viing.

Thoat nwoc
Chéng ngap

-

R M6 phéng dw bao
Quan ly khai thac B e
Nwéc ngdm Bién dang mat dat

- = -t

] Bao vé
R Mo truong

Hinh 13. Hé thong mé phong dw bao bién dang mat ddt.
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Loi cam on

Céc tac gid xin tran trong cam on sy hd tro cua S& Khoa hoc va Cong nghé TP.HCM
theo QD $6 197/Qb-SKHCN trong subt qué trinh nghién ctru va cong bd bai bao nay.
Cam két ciia céc tac gia

Tat ca cac tac gia co tén trong bai bao cam két da thong nhat va dong thuan trong
vi€c cong bo céac két qua nghién ctru, dong thoi khong cé bat ky xung dot loi ich nao lién
quan dén ndi dung dugc trinh bay trong bai bao nay.
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