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MO PHONG CAC NGUY CONGAP LUT BOI
NUOC BIEN DANG DO BIEN POI KHI HAU TAI
CUA SONG MA, THANH HOA

Luu Dirc Diing®, Hoang Vin Pai®, Hoang Anh Huy® va Nguyén Khanh Linh®
(Vién Chién lugc, Chinh sach Tai nguyén va Méi truong
@Vién Khoa hoc Khi tugng Thuy van va Bién d6i Khi hau
OTruong Dai hoc Tai nguyén va Moéi truong, Ha Noi

16m nhat Viét Nam. SSong dé ra ba cira chinh: Lach Sung, Lach Truong va Hoi. Tai khu

viee cika song, dao dong muec nwedc phy thugc vao lvu lwong nudc tir thweong luu, ché do
thily triéu va nuede dang do gié manh va bdo, khién cho sw thay d6i hinh dang dwong bor tro nén phirc
tap. Trong nghién civu nay, si thay déi mee nwde trung binh va cao nhdt hang nam tai khu vue cira
séng Ma trong thé ky 21 dwgc tinh todn tir mé hinh déng lwc bién quy mé khu vuc cé @6 phdan gidi
cao. Ban do ngap lut dwoc thie xay dung nham wée lwong dién tich ngdp lut voi mot 56 kich ban bién
doi khi héu (BDKH) AIFI, AIB va A2 duoc dwa ra boi Uy ban Lién chinh phu vé Bién doi khi hdu
(IPCC). Nghién ciru da chi ra rang, khong chi Pong bang séng Ciru Long ma con nhiéu khu viee khéc
& nude ta, nhir civa séng Ma, ciing c6 khd néing chiu tac dong rdt 1ém tir nguy co nwée bién ding do

Sng M la hé thong séng 16n nhat tai tinh Thanh Héa va mét trong bon hé thong séng

BDKH.

Tu khoa: bién doi khi hdau,; nuwoc bién dang, muc nudc cuc dai hang nam; nguy co ngdp lut; cua

song Ma (Thanh Hoa).

1. Pt van dé

La hé théng séng 16n ¢6 luu lugng nude 16n
thtr tu tai Viét Nam sau song Mé Kong, song
Hong va song Pong Nai, song Ma bét ngudn tir
Lao chay qua tinh Thanh Hoa trudc khi d6 ra bién
Pong. Song Ma dai 512 km, voi dién tich luu vuc
17.600 km?[8]. Phan cira song Ma thudng xuyén
chiu anh hudng badi cac hién tugng khi tugng cuc
doan. Chang han, dd c6 87 con bio quét qua khu
vuc ndy ké tir ndm 1891 véi cac con bdo manh
nhét xay ra vao cac nam 1909, 1929, 1963, 1964,
1973, 1980 va 1996 dan dén ngap lut cuc bo do
két hop triéu cuong, co noi rat cao nhu tai tram
Xuan Khanh trong con bao Rath, thang 9 nam
1980 [8]. O chu ky dai hon, anh huéng ctia nude
dang do su thay d6i cua gié mua da quan sat dugc
tai nhiéu khu vuc khac & BSién Dong [4, 9, 10]
goi y rang, chiing c6 thé tac dong dén nhiéu noi,
gdm ca phan ctra song M.

Trong bdi canh d6, muc nude bién dang ting
1én do sy 4m 1én toan cau véi toc do ngay cang
16n hon ké tir ddu thé ky 20. Trong giai doan tir
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nam 1900 - 2009, muc nudc bién da ting trung
binh 1,7 mm/nam [1]. Cac quan sat tir v€ tinh va
cac tram do thay triéu con cho thay, nudc dang
gan day ting nhanh gip d6i, khoang tir 2,8 - 3,3
mm/nam [1, 7]. Trong khu vuc Bién Dong, toc do
nudce bién dang duge ghi nhan xap xi vai toe do
dang toan cau, chéng han tai eo bién Malacca, eo
bién Singapore va viing bién xung quanh ban dao
Malaysia vao khoang tur 3,6 - 3,7 mm/nam [4, 9].
Viéc dinh luong tac dong cua hién tuong
nudce bién dang do BPKH 1én khu vuc cira song
Ma c6 vai tro quan trong trong quy hoach va
giam nhe anh hudng cia chung. Cac nghién clru
truée day chwa quan tim dén khu vuc nay, dic
biét chua c6 mot phan tich dinh luong vé murc
d6 nudc bién s& dang va khu vuc anh hudng
tuong ng. Nghién ciru ndy da tinh toan chi tiét
su thay ddi muc nudc bién cao nhat (cuc dai)
hang nam tai ctra song Ma theo mot s6 kich ban
do IPCC & xuét, tir d6 xay dung cac ban do du
tinh cac khu vuc ¢6 nguy co ngap lut (hinh 1).

Nguoi doc phan bién: PGS. TS. Ngo Trong Thuén
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Cira song Ma,
| Thanh Hoa
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2. S6 liéu va phwong phap

St dung s6 liéu dau ra tir mo hinh thiry dong
luc bién ven bd Storm Surge & Tide (SST) phat
trién tai Dai hoc Qudc gia Singapore [10] du tinh
cho giai doan 2010 - 2099. Mién tinh bao phu
toan bo Bién Pong véi bién 1ong mé rong mot
phan ra phia Thai Binh Duong va An D Duong,
nham han ché tac dong cua bién tdéi mién tinh.
Mbt dic diém wu viét cia mo hinh 1a phat trién
dua trén ludi tam giace, cho phép tdng do phan
giai rat min & nhitng khu vic yéu cau tinh toan
chinh x4c, trong khi can bang v6i hiéu ning bang
ludi thd hon ¢ nhling vung it quan trong. Mo
hinh SST trong nghién ctru nay c6 khoang ntra
triéu phan tir tam giac, voi do phan giai khoang
0,3 km gan ctra song Ma. Dia hinh day duoc noi
suy tir ban d6 GEBCO [2] voi d6 phan giai
1/1200 x 1/1200. M6 hinh dya trén h¢ phuong
trinh ba chiéu cua ving nudc ndng, s dung gia
thiét thuy tinh va x4p xi Boussinesq trong hé toa
d6 cau. Ung sudt day duogc tinh tir cong thic
Chezy, voi van tdc nudc sat 16p bién day tuan
theo quy luat ham logarit; ing suat bé mat ty 18
phi tuyén véi toc d6 giod; va sir dung khép kin rdi
Mellor Yamada. Dao dong myc nudc duge cho
boi lue tao tricu ap 1én doc céac bién long (g'?ln
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bién Adaman, eo bién Luzon va bién Java) va luc
mit tac dong boi cac trudng Ung suét gié va khi
ap. Dao dong triéu doc bién 16ng ciia mé hinh
SST trich xudt mé hinh thily tridu toan cau
FES2004 [5]; trong khi cac trudng khi quyén ap
1én SST dugc giam quy mo bang mo hinh WRF
tlr s6 lidu du ra ciia mo hinh khi hau CCSM dya
theo cac kich ban phat thai cua IPCC [3]. Muc
nude nude bién duge gia thiét tuyén tinh tai cac
bién long dua trén cac kich ban phat thai. Nhu
vay, muc nudc cuc dai tr mo hinh s€ do anh
hudéng cua BDKH (thong qua tac dong tir bién
long va sy thay doi cia truong khi quyén) va
tuong tac phi tuyén vé6i thiy tridu. M6 hinh cho
két qua du bao triéu chinh xac va muc nudce cuc
dai phit hop vdi quan sat khi so sanh (& ché do
hintcast) v&i nhitng phan tich tir cac tram do triéu
tai mot s6 khu vue khac cta Bién Dong, nhu gén
eo bién Singapore va xung quanh ban dao
Malaysia [10].

Chudi thoi gian cia muc nudc cho khu vuc
clra song M3 trong sudt 90 nam (giai doan 2011-
2099) duoc trich xuét tir dit liéu tinh toan ctia mod
hinh SST [10] véi 3 kich ban phat thai khi nha
kinh: A1B (thap), A2 (trung binh) va A1FI (cao).
Céc chu ky lap lai cia myc nude cao nhit hang
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nam duogc gia thiét tuan theo phan phdi xac suat

SF = exp {— [1+5 (%)]_1/5}

gia tri cyc dai téng quat (GEV), va dugc tinh
thong qua ham phan phdi tich lity F ¢6 dang:

TSrong d6: L 1a tham s6 vi tri, H 1a tham sb
kich thudc, S 1a tham s6 hinh dang, con h 1a myc
nude. Nghién ctru nay st dung phan phéi Gum-
bel dé tinh muc nudc cao nhit hang nam cho cac
chu ky 1ap lai 1 nam, 10 nam, 50 nam va 100
ndm. Bai bao stir dung gia tri cua chu ky lap lai 1
nam (RP = 1) lam gia trimuc nudc cao nhét co
s& dai dién cho thdi diém hién tai. Muc nude cuc
dai hang nam tang thém ( h) dugc tinh bang hiéu
muc nude cuc dai hang nam (h tng véi RP khac
nhau) va muc nudce cyc dai co s¢ hién nay(h ung
voi RP=1). Muc nudc tang thém nay (4h) bao
g6m phan nuéc bién dang do BPKH va tuong
tac phi tuyén cta né voi thiy triéu va khi quyén.
Néi cach khac, néu nhu dang dudng bd hién nay
dugc xac dinh béi myc nude cao nhét khi thuy
triéu dat cuc dai (mdi nim), thi dang dudng bo
trong cac kich ban BDKH ¢ tuong lai sé dugc
xac dinh boi muc nudc thuy triéu cuc dai cong
v6i phan tang thém (8h). Phan ting thém nay co
thé bao gém ca nguy co ting do bang tan va
luong nudc dang do bio. Khi tinh dén hiéu timg
bang tan, muc nudc tang thém do bang tan dugc
gia thiét ty 1é tuyén tinh véi thoi gian. Gid tri tai
tuyén tinh mdi nam duoc cong thém vao chudi
muc nudc, sau do ap dung tuong tu phuong phap
GEV dé tinh chu ky lap lai.

Dé xay dung ban d6, nghién ctru da sur dung
cong cu ArcGIS va bo s6 liéu DEM véi d6 phan
giai 10 x 10 m% Viéc xac dinh cac khu vuc c6
nguy co ngap dua trén gia thiét rang, khi nudc
bién dang thi cac khu vuc c6 cao do thip hon
muc nudc bién sé& bi ngap va dam bao diéu kién
cac khu vuc nay dugc lién thong vé6i bién. Pay
ciing 1a phuong phap thuong duge sir dung dé
xac dinh khu vuc ngap lut do nudc bién dang
(theo cac kich ban BPKH, nudc bién dang cho
Viét Nam cac nam 2009 va 2012).
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3. Két qua va thao luin

3.1 Ngdp lut do nwdc bién ding

Ho cac kich ban A1 cho BDKH trong thé ky
21 dya trén gia thiét kinh té thé gioi tang truong
rat nhanh, dan s6 thé gi6i s& dong nhat vao giita
thé ky trudc khi giam sau d6 song hanh véi sy ra
doi cua cac cong nghé moi hiéu qua hon. Dudi
gbc nhin d6, dién ra sy hoi tu manh mé gitra cac
khu vuc, nang lyc canh tranh dugc cai thién kém
theo tuong tac van hoa xa hdi dugce tang cuong,
va sy khac biét vé thu nhap dau nguoi gitra cac
qudc gia khu vuc giam di. Trong do, kich ban
AIFI dya trén gia thiét rang thé gioi van phu
thuoc manh m& vao nhién liéu hoa thach, khién
cho tdc dong cua chung 1én khi hdu tré nén
nghiém trong hon ca; con kich ban A1B dya trén
gia thiét su ra doi cac cong nghé méi khién cho
vi€c ti€u thu nang lugng hoa thach giam di, va
lugng nhién li¢u phi hoa thach dugc tieu thy & mot
ty trong dang ké, khién cho tac dong ctia ching
1én hiéu g nha kinh thap hon. Cac kich ban nay
mg véi lugng khi nha kinh khac nhau, din dén
su thay d6i trong ng gitra khi hdu va nudc bién
dang. Déi véi khu vuc cira song M3, két qua dy
tinh nudc bién cuc dai tang thém cho cac kich ban
A1B va A1FI dugc trinh bay ¢ bang 2.

Bang 2 cho thay, muc nudc ting theo kich
ban A1B véi chu ky 10 nam, 50 ndm va 100 nam
cho cura sobng Ma tuong ung 1a 0,45 m; 0,65m va
0,74 m. Diéu d6 co nghia 1a: trong mdi thap ky
cua thé ky 21, xay ra it nhét 1 1an myc nudc cuc
dai (do BDKH theo kich ban A1B) dang cao hon
0,45 m so v&i muc nudce cuc dai hién nay. Trong
sudt thap ky, s& c6 it nhat mot 1an (theo kich ban
A1B) myc nudc cuc dai cao hon 0,74 m so v6i
hién nay. Véi mirc dang nhu vay, mot phan khu
vuc kéo dai tir luu vuc song dén huyén Hoang
Hoa ciing nhu mot phan huyén Nga Son sé& bi
ngap lut (hinh 2). Téng dién tich ngap lut (trong
thoi gian xay ra hién tuong nay) la 98,3 km?
(bang 1). Trong khi do, muc nudc tang theo kich
ban A1FI v6i chu ky 10 ndm, 50 nam va 100
nam cho ctra song Ma tuong tng la 0,63 m; 0,94
m va 1,07 m. V61 mirc dang nhu vay, khu vuc
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ngap lut mo rong hon (hinh 3), véi tong dién tich
ngap lut (trong thoi gian xay ra hién tugng nay o
tan suat 1 trong 100 nam) 1a 369,8 km? (bang 1),
gap 3,5 lan so v6i kich ban A1B, du murc khac
biét chi 0,25 m. Gia thiét rang dan cu phan b
ddng déu ¢ cac huyén, thi nude dang theo kich
ban A1B anh huong dén it nhat 65,341 nguoi o
bdn huyén, thanh phé va thi xa 16n doc luu vuc
song (thanh phd Thanh Hoa, x3 Sim Son, huyén
Quang Xwong, huyén Hodng Héa va huyén Hau
Ldc), trong khi tac dong cua no trong kich ban
ATFI Ién t&i 194,013 nguoi (bang 5).

Theo cac ho kich ban A2, thé gi6i trong thé
ky toi duy tri sy phtic tap va khong dong nhét
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gan nhu hién nay. Dudi goc nhin cta kich ban
nay, cac qudc gia va ving lanh thd van giit duy
tri tinh doc 1ap twong ddi, dan sb thé gisi tiép tuc
tang, trong khi kinh té toan cau c6 xu huéng duy
tri tinh chat khu vuc, véi bdi canh cong ngh¢
thay d6i cham. Tac dong cua muc nude cuc dai
O ctra song Ma voi chu ky 1dp lai 10 nam, 50 nam
va 100 nam tuong ung la 0,58 m; 0,85 m va 0,96
m. Gié tri ndy & mic trung binh nam & gitta so
v6i hai kich ban trudce (hinh 4). Theo kich ban
A2, muc nude cuc dai xuét hién 1 1an trong 100
nam s& gy ngap mot dién tich 258,6 km? (gap
2,5 1an so v6i A1B) va anh hudéng dén 132.555
nguoi (bang 1 va bang 5).

Bang 1. Dién tich ngdp lut do nuoc dang tai khu viee cua tinh Thanh Hoa theo
cac kich ban nuwoc bién dang

STT Khu vire n Dién tich ngip (km?)

: Tong Ah=3.85m | Ah=1.34m | Ah=1.07m | Ah=0.96m | Ah=0.74m

1 Huyén Ha Trung 244.7 136.3 78.4 59.0 46.7 15.1
2 | Huyén Tinh Gia 448.7 2104 65.0 377 26.7 12.5
3 | Thi xa Bim Son 63.5 234 12.5 9.8 8.0 32
4 | Huyén Thiéu Hoa 159.9 156.2 7.8 35 24 1.1
5 | Huyén Tho Xuan 301.3 119.3 0.1 0.0 0.0 0.0
6 | Huyén Quang Xuong 201.1 197.6 954 40.2 22.6 6.6
7 | Huyén Thach Thanh 559.3 55.6 0.1 0.0 0.0 0.0
8 Huyén Bong Son 82.3 78.8 16.7 2.0 0.5 0.1
9 | Thixa Sam Son 17.0 15.8 6.9 5.1 44 3.1
10 | Huyén Néng Cong 285.8 2222 110.3 44.0 20.9 1.7
11 | Huyén Ngoc Lac 493.2 1.3 0.1 0.1 0.1 0.1
12 | Huyén Hau Loc 138.4 125.9 50.6 24.4 18.0 8.1
13 | Huyén Nga Son 148.0 131.4 96.2 68.4 54.4 18.6
14 | Huyén Triéu Son 289.2 187.2 8.2 0.7 0.1 0.0
15 | Huyén Nhu Thanh 595.9 27.2 0.4 0.0 0.0 0.0
16 | Huyén Hodng Hoa 201.4 185.5 88.2 53.0 40.8 21.7
17 | Huyén Vinh Loc 157.6 74.6 0.0 0.0 0.0 0.0
18 | Huyén Yén Binh 216.2 155.8 3.7 1.4 0.8 0.1
19 | Thanh phd Thanh Hoa 146.4 139.0 55.0 20.6 12.2 6.6
Téng dién tich 4750.0 2243.5 695.5 369.8 258.6 98.3

Bang 2. Murc tang cua myc nuwoc cuc dai hang nam (tinh ti mo hinh) trong giai doan 2011-2099

do tac dong cua nuoc bién dang so voi muc nuoc cuc dai hién nay tai cira song Ma

. ) Muec nuée ting (m) ung véi chu ky lap lai
Kich ban
Indim | 10ndm | 50 ndm 100 nam
ATFI 0.20 0.63 0.94 1.07
AlB 0.15 0.45 0.65 0.74
A2 0.20 0.58 0.85 0.96
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Hinh 2. Ban do ngdp lut véi chu ky 100 nam

lap lai cua myc nudc cao nhat hang nam do

niede bién ding theo kich ban A1B trong giai
doan 2010-2099 ( h=0,74m)

LEGEND

] District boundary
River

I 96 cm Inundation | |

Hinh 4. Ban do6 ngdp lut véi chu ky 100 ndm

lap lai cua muc nudc cao nhat hang nam do

nude bién dang theo kich ban A2 trong giai
doan 2010-2099 ( h=0,96m)

3.2 Ngdp lut do nwéc bién ding kém theo
cdc nguy co khac

Trong cic mo hinh vé bién doi khi hau, hién
nay ngudi ta thudng bo qua lugng nude bién
dang lién quan t61 bang tan, ma theo wdc tinh co
thé 1am dang muyc nude toan cu 1én khoang 20
cm vao cudi thé ky nay [3]. Tuong tu [10],
nghién ciru nay gia thiét lugng bang tan ty 18 v6i
thoi gian, va dugc thém vao su thay ddi cuia muc
nude dudi quan hé tuyén tinh, trude khi tinh toan
cac gia tri cuc dai hang nam (bang 3). Theo do,
trong truong hop it c6 kha nang xay ra (chu ky
lap lai 100 nam theo kich ban A1FI), muc nudc
cuc dai dat gia tri 16n nhét, 1,34 m. Kich ban nay
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Hinh 3. Ban do ngdp lut véi chu ky 100 nam
lap lai ciia myc nudc cao nhat hang nam do
nuée bién dang theo kich ban AIFI trong giai
doan 2010-2099 ( h=1,07m)

LEGEND
1 District boundary | § g
— River ;
I 134 em Inundation

lap lai cua myc nuoc cao nhat hang nam do
niede bién dang theo kich ban AIFI c6 tinh dén
hiéu ung do bang tan va nudc dang do bdao
trong giai doan 2010-2099 ( h=1,34m)

¢6 kha nang din dén nguy co ngap lut mot dién
tich kha rong (hinh 5), khoang 695,5 km?.
Nuéc dang do bio khong dugce tinh dén trong
cac mo hinh khi hau hién nay. Do d6, da gia thiét
rang nude dang do bio van c6 nguy co twong tu
nhu nhitng gi da quan sat dugc, va do do ap dung
danh gid cua nghién ctu [6] v&i d 16n Ging cac
chu ky tro lai 50 ndm va 100 nam thé hién trong
bang 4. Vi chu ky 1ap lai 2500 nam, muc nudc
cuc dai do anh hudng cua bién dbi khi hau theo
kich ban A2 kém theo nudc dang do bao, c6 tinh
dén bang tan dat muc 3,85 m. Diéu d6 gay ra
ngdp tng rat ning né (hinh 6), khoang 2243,5
km? (chiém gan mot nira tinh), anh huéng dén
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gan nhu toan by dan cu song trén luu vuc song.  doan nay xdy ra voi xac suat cuc ky thap, véi
Tuy nhién cling can nhan manh rang su kién cuc  nhicu gia thiét da dugc don gian hoa.

Bang 3. Murc tang cua muc nuoc cuc dai hang nam trong giai doan 2011-2099 do tac dong cua
nudc bién dang kem theo nguy co bang tan (phwong phap mo ta trong phan noi dung) so voi
muc nuoc cuc dai hién nay tai cia song Ma

Muc nuwée tang (m) ing voi chu ky 1ap
Kich ban lai
Inim | 10ndm | 50 ndm 100 ndm
A1FI 0.26 0.80 1.18 1.34
AlB 0.22 0.61 0.88 0.99
A2 0.26 0.74 1.08 1.23

Bang 4. Murc tang cua myc nuoc cuc dai hang nam trong giai doan 2011-2099 do tac déong cua
nuwoc bién dang kem theo nguy co bang tan va anh huwong cua bdo so voi muc nuoc cuc dai
hién nay tai cira song Ma

Kich ban Muc nuwée tang (m)

ng véi chu ky lap lai

50 nam 100 nam
Nudc dang theo kich ban A2 kém theo nguy co bang tan 0.85 0.96
Nudc dang do bao 3.00 4.00
Téng muc nudc () 3.85 4.96

Bang 5. Dan 6 bi anh hwong boi myc nudc cao nhat hang nam tai mot 56 khu vuec trén
lvu viee song Ma theo cac kich ban du tinh déen cuoi the ky 21

Tong Dén s6 bi anh hwéng (nguoi)

Khu vuc dan s6 Ah= Ah= Ah= Ah= Ah=
(nguoi) | 3.85m 1.34m 1.07m | 0.96m | 0.74m
Thanh ph6 Thanh Hoa | 332,705 | 315,833 | 124,969 | 46,754 | 27,685 | 14,893
Thi trin Sam Son 54,602 | 50,530 | 22,202 | 16,342 | 14,025 | 9,785
Huyén Quang Xuong 216,302 | 212,521 | 102,559 | 43,223 | 24,294 | 7,076
Huyén Hoang Hoa 221,850 | 204,360 | 97,163 | 58,404 | 44,908 | 23,873
Huyén Hau Loc 166,080 | 151,150 | 60,699 | 29,290 | 21,643 | 9,714
Tdong cong 991,539 | 934,394 | 407,593 | 194,013 | 132,555 | 65,341

Hinh 6. Ban do6 ngdp lut véi chu ky 2500 nam
lap lai ciia myc nuwoc cao nhat hang nam do
niede bién dang theo kich ban A2 cé tinh dén
hiéu ung do bang tan va nuwoc dang do bdo cho
giai doan 2010-2099 ( h=3,85m)

LEGEND
| District boundary
— River

B 385 cm Inundation
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4. Két luin

Sy thay d6i myc nudc trung binh va cao nhat
hang ndm tai khu vyc cira song Ma trong thé ky
21 duoc dy tinh tir mé hinh dong luc bién quy
moé khu vuc c6 d6 phan giai cao. Ban do ngap lut
duoc thir xdy dung nham udc luong dién tich
ngap lut trén luu vuc dudi mot s6 kich ban A1FI,
A2 va AlB duogc dua ra béi IPCC. Theo do, theo
kich ban A 1B (phat thai thap), trong 100 nim t&i
s& cO x4c sudt xay ra 1 1an nudc dang ngap mot
dién tich rong 98 km?; trong khi theo kich ban
A2 (trung binh) va A1FI (cao), dién tich ngap
tuong tng 1a 259 km? va 370 km?. Viéc ngap Gng
theo udc lugng so bd s€ co tac dong Ién tir 65 -
194 ngan ngudi. Néu tinh thém yéu t6 lién quan
dén bang tan, dién tich ngap tmg vdi nguy co cao
¢6 kha nang xay ra 1 1an trong subt thé ky 21 1a

696 km?2. Trong kich ban c¢é xéac suat rat thap va
kho xdy ra khi tinh thém anh hudng cua nudc
dang do bio, dién tich ngap co6 thé bao phi toan
bd luu vuc song va gﬁn mot nira tinh.

Tuy nhién, nghién ctru ndy str dung nhiéu gia
thiét don gian (nudc ngap 1a tirc thoi va loai bo
tac dung bao vé cua dé diéu), trong khi rd rang
nguy co ngdp lut mot dién tich rong va anh
hudng dén dan sé nhiéu nhu vay co xac suit xay
ra thap. Mic du vay, & goc d6 quan Iy rii ro, dy
1a van dé can dugc luu tAm trong quy hoach phat
trién. Nghién ctru bude dau da chi ra rang, khong
chi Pong bang song Ciru Long ma nhing khu
vuc khac nhu cua song Ma ciing c6 kha nang
chiu tic dong rat 16n boi hién twong nudce bién
dang lién quan dén bién doi khi hau.
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NGHIEN CUU & TRAO POI

A TRIAL SMULATION OF INDUNATION RISKS ASSOCIATED WITH
SEA LEVEL RISE DUE TO CLIMATE CHANGE AT MA ESTUARIES,
THANH HOA
Luu Duc Dung®, Hoang Van Dai®, Hoang Anh Huy® and Nguyen Khanh Linh®
(DInstutite of Strategy & Policy on Natural Resources & Environment
@Vietnam Institute of Meteorology, Hydrology & Climate Change
®Hanoi University of Natural Resources & Environment

Situated in the westernmost coast of the Gulf of Tonkin, Ma River is the largest riverine system
in Thanh Hoa Province, Vietnam. Its discharge consists of three main estuaries: Lach Sung, Lach
Truong and Hoi. In this region, sea levels are predominantly controlled by daily astronomical tide
and wind-induced surge, and modulated by seasonal flooding, leading to high complexity in the
coastal shorelines. In this study, mean sea level change and its extremes throughout the 2 1st century
are derived from high-resolution regional model system for selected scenarios (A1FI, A2 and AIB)
driven by tide and downscaled atmospheric forcings. Taken into account the effects of ice-sheet melts
and storm surge, high-resolution inundation maps are generated to assess future risks for these es-
tuaries in the context of climate change.

Keywords: Climate change,; Sea level rise; Sea level extreme,; the Ma estuaries (Thanh Hoa
Province), Inundation maps.
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