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Abstract: This study attempts to develop the MIKE FLOOD model to simulate Ky Lo river flooding
using two major floods in November 2009, November 2010 and survey results carried out in June
and Octover 2019 by State Level Project PTDL.CN.33/18 for calibration and validation. The results
showed good agreements between simulated water level/discharge and observations. The model was
then applied to simulate and assess floods in Ky Lo river basin under the impacts of climate change
and sea-level rise until 2030 and 2070 using RCP 8.5 scenario issued by MONRE. The results
showed that maximum flooding area downstream of Ky Lo river basin in 2030 was around 9.128 ha
and in 2070 was 9.562 ha, corresponding to 100-year flood event, mostly concentrated in Chi Thanh,
An Ninh Tay, An Cu, An Ninh Dong and An Chan communes of Tuy An district.
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Tom tat: Bai bao da xay dung bo md hinh MIKE FLOOD mé phong ngap lut cho séng Ky Lo véi
cac thong sé duoc xac dinh qua qua trinh hiéu chinh va kiém dinh véi 2 tran 1ii 16n thang 11 nam
2009, thang 11 nam 2010 va cac két qua khao sat thay dong luc thang 6 va thang 11 nim 2019 cua
dé tai PTPL.CN.33/18. Két qua md phong cho thiy két qua tuong quan tbt giira sé liéu tinh toan va
thuc do trong giai doan hiéu chinh va kiém dinh mé hinh. Tir @6, bd md hinh da sir dung cac théng
s6 d& md phong va danh gia ngap lut trén Iuu vuce dudi tac dong cua bién ddi khi hau va nuéc bién
dang (BDKH&NBD) nim dén 2030 va nim 2070 theo kich ban RCP 8.5. Két qua cho thay dién
tich ngap lut 16n nhét trén luu vyc song Ky Lo ndm 2030 1 9.128 ha va nam 2070 13 9.562 ha twong
ung tran 1 cé chu ky 100 nam tap trung & mot sb xd nhu Chi Thanh, An Ninh Tay, An Cu, An Ninh

Pong, An Chan thudc huyén Tuy An.

Tur khoa: MIKE FLOOD, M6 phong ngap lut, Song Ky Lo.

1. Mé dau

Viét Nam hién 13 quéc gia chiu anh huéng
ning né ciia hién twrong BDKH&NBD, véi hang
chuc con bio nhiét ddi va dot 1 16n mdi nam.
Céc tinh mién Trung Viét Nam da phai hing
chiu nhitng tran mua réat 16n tir ngdy 1 dén ngay
6 thang 11 nam 1999, gay ra Ii lut nghi€m trong,
nhén chim nhiéu huyén, thi x4, lam thiét hai tai
san 1én dén gan 3.800 ty dong va sd nguoi chét
1a 595 nguoi [1].

Do nhiing tac hai to 16n ma 1d lut va BbKH
gdy ra nén viéc nghién ciru cac giai phap phong
chong 1 Iyt do bién db6i khi hau dugc tat ca cac
qudc gia hét sic coi trong. Cac giai phap xay
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dung dé diéu, ho chira, cai tao long song,... két
hop v&i cac bién phap trong ring, xay dung cac
phuong an phong tranh ngap lut va di dan khi co
thong tin du béo 1ii chinh xac dugc xem la nhitng
giai phap c6 hiéu qua cao [2, 3]. Viéc du bao va
canh bao ngap lut, cic ban dd khoanh ving c6
kha ning bi ngap Iut 13 rat cAn thiét nham giam
thiéu thiét hai vé ngudi va kinh té.

Dud¢i sy tic dong cia BDKH&NBD, tinh
hinh ngap lut trén nhiéu tinh dién bién rat phirc
tap, viéc mo phong va tinh toan du tinh cho
tuong lai 1a diéu vo cung quan trong dé dua ra
céc chinh sach va ké hoach phan ving cho phu
hop véi cac vung bi anh hudng béi ngap lut. Do
d6, viéc mo phong ngép lut song Ky Lo dudi tac
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dong cia BDKH&NBD 14 can thiét dé hd trg dia
phuong ra quyét dinh quy hoach cho luu vuc
song Ky Lo.

Dé tinh toan va mé phong ngép lut cho song
Ky L9, bai bao stt dung mé hinh MIKE FLOOD
12 m6 hinh thuy dong luc hoc dong chay két ndi
1&2 chiéu co6 kha nang mé phong muc nude va
dong chay trén s6ng, ving ctra séng, vinh va ven
bién, cing nhu md phong dong khong 6n dinh
hai chiéu ngang trén dong bang ngap lii. M6 hinh
nay két hop cac wu diém ctia mo hinh 1 chiéu cho
mang ludi séng (thoi gian md phong ngin) véi
céc loi thé ctia mo hinh 2 chiéu (mo phong chinh
xac dién ngdp lut va truong van toc trén bé mat
dong bang ngap 1) ddng thoi tuong thich véi cac
ciu trac GIS théng dung vi thé dd nhan duoc
nhiéu sy quan tdm cta cac nha nghién ctru ciing
nhu ¢6 nhiéu tng dung trong thuc tidn & Viét
Nam va trén thé gisi [2, 4].

Pi c6 mot sd nghién ciru md phong dong
chay lii trén song Ky L6 bang mo hinh MARIEN
cia Ths. V& Anh Kiét [7] d4 hiéu chinh va kiém
dinh 2 tran 1d lich stt ndm 2009 va nam 2010 va
du bao twong dbi chinh xac du bao lii cho nim
2017. Tuy nhién, m6 hinh chua xac dinh dugc
din bién ngap lut trén luu vuc song Ky Lo. Do
vy can c6 cac nghién ctru chuyén siu dé mo
phong dién bién ngap lut trén luu vuc song Ky
L. V6i nhitng s6 liéu thu thap va nhiing sb liéu
thyc té thu thap trong nhimg niam gan day, bai
bao d3 xdy dung mo hinh MIKE FLOOD dé mé
phong cac dién bién ngap lut trén luu vuc song
Ky Lo dac biét 1a khu vuc ha luu song.

2. Giéi thiéu khu vue

Luu vuc séng Ky Lo nam trong khoang
13°09°15” - 13°46°40” vi d6 bac, 108°42°08” -
109°19°08” kinh d¢ dong, phia bac giap luu vuc
song Ha Thanh, phia tdy va phia nam giap luu
vuc séng Ba, phia dong giap Bién Pong. Luu
vuc trai rong trén cac huyén Déng Xuén va Tuy
An ciia tinh Phti Yén va mot phan phia tay va tay
bic ndm & huyén Véan Canh tinh Binh Dinh,
huyén KrongChro va Krongpa tinh Kon Tum
(Hinh 1). Dién tich Iuu vyc tinh d&én ctra bién 1a

2058 km?, chiéu dai séng chinh 103 km, chiéu
rC)I}g binh quan luu vyc 15,8 km, mat do song
sudi 0,14 km/km?[5, 6].

BAN DO LUU V/C SONG KY L)

Hinh 1. Ban d6 luu vuc song Ky Lo.

Luu vuc song Ky 16 thuoc ving duyén hai
Nam Trung B0, nim trong ving khi hau nhiét
d6i am, gié mua, v6i 2 mua rd rét, mua kho kéo
dai tir thang 1 dén thang thang 8, mua mua kéo
dai tir thang 9 dén thang 12. La khu vuc c6 nhiéu
déo dbc va c6 tit ca cac loai dia hinh nhu déng
bang, ddi nui, cao nguyén, thung liing xen ké
nhau va thip dan tir tdy sang dong. Tuy nhién
yéu t6 dia hinh chi phdi dén diéu kién khi hau
thuy vin cta luu vuce chi yéu 13 hai diy nii Cu
Mong, Béo Ca va thung liing song Ky Lo [5, 6].

Trong ndm, lugng mua cua mua mua tu
thang 9 dén thang 12 dat dugc tir 1152-1738 mm
chiém 68-84% lugng mua ca nim, con mua kho
260-684 mm chiém tir 13-32%. Dong chay trén
céc song bién doi theo khong gian va thoi gian.
Su phéan bd cua dong chay twong tu su phan bd
ciia mua, dong chay 4 thang mua i chiém tur
70%-75% luong dong chay ca nam, lugng dong
chay 8 thang mua can chi chiém khoang tir 25%
-30% luong dong chay ca nam. Lii 16n nhat trong
nam thudng xuat hién vao thang 10 va 11 dat trén
85%, trong d6 thang 10 thuong xuét hién tir 15-
40%, thang 11 tr 57-77% [5, 6].

Chi trong 3 ndm trude day, 10 lut trén luu vue
6 su gia tang vé s6 luong ciing nhu cudng do.
Nam 2007, x4y ra 5 trén 10, nam 2008 xay ra 6
tran 18, ndm 2009 xay ra 3 trén 14, tinh hinh ngap
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lut & cac vung dan cu dién ra lién tuc, kéo dai,
anh huong to 1on dén cac hoat dong dan sinh
kinh t€ va moi truong sinh thai [5, 7].

3. Phuong phap va co sé dir liéu
3.1. Cach tié}) cdn va cdc bwoc thwe hién

Dong chay trong vung ngap 1t la dong chay
2 chiéu theo phuwong ngang, vira c6 dong chay
tap trung trong cic mang ludi song subi vira co
dong chay tran trén bé mat, do vay néu sir dung
mo hinh 2 chiéu dé mo phong qua trinh nay thi
yéu cau ludi tinh kha chi tiét dé mo ta du chinh
xac cac anh huong ctiia dong chay tap trung trong
cac kénh, ranh. Do d6, nghién ctru da st dung
mé hinh MIKE FLOOD dugc phat trién bai Vién
Thiyy lyc Pan Mach (DHI) thyc chét 1a phan
mém lién két gitta mo hinh MIKE 11 va MIKE
21 da dugc xay dung trude d6 dé mé phong ngap
lut cho khu vuc [2-4]. Cac budc md phdng ngép
lut cho ha luu cac luu vuc song dugce khai quat
héa nhu Hinh 2.

Thu thap dir iéu : dia hinh,
KTTV.

Thiét lap mé hinh thity van,
thiy hee . ngép hot
Hiéu chinh va kiém dinh mé
hinh

1)
Xav dung kach ban

Tinh toan va mo phong cac
kich ban

l

Kich ban
BDKH &
NBD

3.2. Co so dir liéu

Dit liéu dia hinh: ban d6 dia hinh ty 18
1:10,000 tai khu vuc nghién ciru dwoc cung cip
béi Cuc do dac va Ban db Viét Nam, Bo Tai
nguyén va Méi trudng duoc sir dung dé tao mo
hinh s6 d¢ cao (DEM) véi do phan giai 30 m x
30 m (Hinh 3) bang cong cu GIS, hé toa d6 cua
VN2000, kinh tuyén trung tdm 108° va cao do
qudc gia Viét Nam.
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Hinh 3. M6 hinh s6 cao d6 (DEM)
khu vuc nghién cau.

n UIIED

0
\%\ Tiji by 0465828
*‘ LU 535
W A A3 453545

1476000
e ,-"T{ 1 Tram Ha Bing \r
(RN
i

147600 \

Ban dd ngap hat

Hinh 2. So @6 mo phong ngap lut.

Bang 1. Thong tin vé cAc mit cat sir dung trong md hinh MIKE 11.
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Hinh 4. So d@ hinh minh hoa mat cat ngang séng.

TT Tén séng Chiéu dai (km) S6 mat cat Diém dau Diém cudi
1 Ky Lo 48 15 Phu Giang Ctra Tién chéu
2 Cai 8,3 9 Séng Ky Lo Pam O Loan
3 O Loan 7,6 9 pam O Loan Pam O Loan
4 Vét 6,7 8 Song Ky Lo Ctra Tién chéu
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Tai liéu mdt cdt séng: tai liéu mat cit ngang
song tur s6 litu mat cat do dac khao sat trong
khudn kho dé tai PTDLCN.33/18 trién khai két
hop véi dit liéu mit cat da thu thap tir Dai Khi
tugng Thity vin Khu viee Nam Trung B6 gdm 41
mit cit cho song chinh va 3 chi luu (Hinh 4,
Bang 1).

Tai liu vé cong trinh: trén hé thong song Ky
L6 ¢6 3 dap 1on gom dap Tam Giang (song Ky
L), dap Ha Yén (song Cai), Pap Ong Tan (song
Cai) (Hinh 5). Vai tro dap dang 1a trir nudc va
dang dau nuéc 1am anh hudng dén ché do thay
dong luc trén song.

So liéu khi twong thiry van: nghién ctu st
dung luong mua tai cac tram Van Canh, Ha
Bang Soéng Cau muc nudc tai tram thuy van Ha
Bang, va sb liéu khao sat Q, H thuoc dé tai
PTPLCN.33/18 & khu vuc ha Iuu.

4. Xay dlrng mo hinh tinh toan ngép lut cho
Iru vue song Ky Lo dwéi tac dong cia bién
dbi khi hiu va nwéc bién dang

4.1. Thiét ldp mé hinh

Trong bai bao, md hinh MIKE 11 dugc thiét
1ap voi bién trén tai Phu Giang va cac nhap Iuu
khu gitta dugc tinh toan bang md hinh NAM,
bién dudi tai cira Tién Chau va ctra O Loan (Hinh
5). M6 hinh MIKE 21 str dung ludi tinh phi cdu
truc mo phong dia hinh cho khu vyce ha luu song
Ky Lo (Hinh 6) va két ndi vi mang song trong
MIKE 11 bang cong cu MIKE FLOOD (Hinh 7).

Sdng Vét
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Hinh 5. So db tinh todn m6 hinh 1 chiéu.

Hinh 6. Ludi tinh toan 2D trong mé hinh MIKE 21.
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Hinh 7. Két ndi mé hinh 1D-2D trong
MIKE FLOOD.

4.2. Hiéu chinh va kiém dinh mé hinh
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Hinh 8. Muc nudc tinh toan va thuc do
tai Ha Bang thang 11/2009

Tai liéu muc nude tran 1 01-05/11/2009 tai
tram thuy van Ha Béng, va tir 15-22/10/2019 tai
cac tram do C, D (Hinh 5) va Ha Bang cua dé tai
PTPLCN.33/18 [8, 9] duoc st dung dé hiéu
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chinh b théng s6 va kiém dinh véi tran 1i 07-
10/11/2010 va trong khoang thoi gian tir 02-
09/6/2019 tai cac tram noi trén.

m ___ Time Series Water Level
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triéu 12 0,09 m va chan triéu 1 0,18 m, trong khi
qua trinh luu lugng tai sat vi tri cira ra (tram D)
tuy dong pha (hé so Nash-Sutcliffe 0,68) nhung
c6 nhiéu sai léch (Hinh 12). Diéu nay cd thé Ia
do han ché cua mé hinh két néi 1&2D khi md
phong qué trinh dong chay & khu vuc cira séng
c6 mat cat rong, dia hinh phic tap.
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Hinh 9. Muyc nuéc tinh toan va thuc do
tai Ha Bang tir 15 — 22/10/2019.
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Hinh 10. Luu luong tinh todn va thuc do tai Ha
Bang tir 15 — 22/10/2019.

Két qua hiéu chinh md hinh cho thy, tai
tram thuong lwu Ha Bang trong tran 1t 2009 muyc
nudc tinh todn bam sat muc nude thue do, hé sb
Nash-Sutcliffe [3] dat 0,76 & muc tdt, chénh léch
muc nuée dinh i 1a 0,13 m, bang 1,64% gia tri
ctia bién d6 1d (Hinh 8), trong khi d6 két qua cho
tran 1d thang 10 nam 2019 kém hon nhiéu du hé
s6 Nash-Sutcliffe vin dat mic cho phép (0,72
dbi voi H va 0,68 ddi vai Q) va chénh léch myc
nude dinh 13 1a 0,11 m (2,8% bién do 1d) va
chénh léch Iuu lwong dinh 1ii 14 32 m%/s (12,15%
gia tri dinh Iit) (Hinh 9, Hinh 10). Tai tram C gan
ctra s6ng, noi cac dao dong thuy triéu chiém uu
thé, qua trinh tinh toan va thyc do bam sat nhau
(Hinh 11), hé sé Nash-Sutcliffe dat 0,97, chénh
léch 16n nhét giira tinh toan va thyc do ciia dinh
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Hinh 11. Muc nué6ec tinh toan va thuc do tai tram C
tr 15 — 22/10/2019.
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Hinh 12. Luu lwgng tinh toan va thyc do tai tram D
tir 15 —22/10/2019.

Bo théng sb mo hinh dugc gitt nguyén dé
kiém dinh cho thiy su twong dong giita muc
nudc tinh toan va thuc do tai tram Ha Bé'mg trong
tran 1d tir 07-10/11/2010, hé s6 Nash-Sutcliffe
dat 0,78, chénh 1éch muc nuée dinh 1 1a 0,14 m
tuong mg 2,3% bién d6 tran 1a (Hinh 13). Két
qua kiém dinh cho thoi doan tir 02-09/06/2019
(Hinh 14, 15), khong c6 18, muc nudec va luu
lugng tinh toan va thyc do it thay doi va tuong
d6i phu hop (hé sb Nash-Sutcliffe twong Gmg 1a
0,85 va 0,62). Tuong tu nhu qua trinh hiéu chinh,
md hinh mé phong rat tot muc nudc tram C
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(Hinh 16) va D (Hinh 17) voéi hé sé Nash-
Sutcliffe dat 0,96 va 0,97. Trong khi d6 két qua
md phong luu lugng tai diém sat cira ra da cho
thdy su phit hop (Hinh 18) v&i Nash-Sutcliffe dat
0,82, thudc loai tot.
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Hinh 13. Muc nude tinh toan va thuc do
tai tram Ha Bang thang 11/2010.
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Hinh 14. Muc guéc tinh toan va thuc do
tai tram Ha Bang tir 02 — 09/06/2019.
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Hinh 15. Luu qung tinh toan va thyc do
tai tram Ha Bang tir 02 — 09/06/2019.

02 g i

0o f\E % g E

Q2 g e 7 & B

04 ; ‘ ‘
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
3-6-2019 4-6-2019 5-6-2019 6-6-2019 746-2019 86-2019 962019

Hinh 16. Muc nudc tinh toan va thuc do
tai tram C tir 02 — 09/06/2019.
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Hinh 17. Muc nuéc tinh toan va thuc do
tai tram D tir 02 — 09/06/2019.
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Hinh 18. Luu lugng tinh toan va thyc do
tai tram D tir 02 — 09/06/20109.

Céc phan tich trén cho thay, du két qua
phong luu lugng tai cira trong diéu kién 1ii chua
t5t nhung mé hinh da bat dugc cac dinh muc
nudc va md phong kha tét qua trinh ngap o khu
vuc ha luu va ¢ thé dugc sir dung dé mo phong
va tinh toan cac kich ban tiép theo trong tuong lai.
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4.3. Két qua ngdp lut luu vie song Ky Lo dudi
tdc dong cua biéen doi khi hdu va nudc bién ding

4.3.{. Xady dung kich ban bién doi khi hdu va
nuoc bién dang

Bang 2. Tan sudt myc nudc thiét ké tai Tuy An
(TCVN 9901-2013)

STT Tén suit P(%) Mugc mrée bien
(cm)
1 0,50 121,33
2 1,00 109,17
3 2,00 105,50
4 5,00 104,47
5 10,00 103,77
6 20,00 102,07
7 50,00 96,90
Bang 3. T4 hop cac kich ban m6 phong ngap lut theo
BDKH va NBD

Nim Tan sudt 10% | TAn sudt 1%
2030 KB1 KB2
2070 KB3 KB4

Nghién cau nay st dung kich ban
BDKH&NBD RCP 8.5 dén nam 2030 va 2070
cua B Tai nguyén va Mo6i trueong, 2016, theo do

CHU GIAI
s gon tion

35i
21

g Wt
Owong qude b

uong thn i
6 séu ngdp
e

lugng mua tai Tuy An tang tuong tng 12% va
28% s0 V&i giai doan nén [10].

D6i dbi véi kich ban nudc bién dang, su
dung s6 liéu muc nuéc dang cuc dai tuong tng
str dung tai tai liéu TCVN 9901-2013: cong trinh
thay loi — yéu cau thiét ké dé bién (Bang 2) véi
C4c tan suat 1% va 10%. Tran li thiét ké tuong
{mg duoc tinh toan trong thoi ky nén st dung tran
mua lii dién hinh thang 11/2010 d thu phéng va
xay dung cac kich ban tinh todn (Bang 3).

4.1.2. Két qud ngdp lut lweu vuee séng Ky Lo
theo cac kich ban

Ban d6 ngap lut chi tiét theo cac kich ban
dugc trinh bay trén cac Hinh 19 — 22 va sb licu
tinh dién ngap tuong tng duoc trinh bay trong
Béng 4 cho thay dién tich ngap lut 16n nhat trén
luu vue song Ky Lo nam 2030 1a 9.128 ha va
nam 2070 13 9.562 ha twong tng tran lii tAn suat
1% tap trung & mot sé xd nhu Chi Thanh, An
Ninh Tay, An Cu, An Ninh Péng, An Chén
thudc huyén Tuy An. P6i vai kich ban 1ii ¢6 tan
suit 10% thi dién tich ngap lon nhét trén luu vuce
song Ky Lo nam 2030 1a 8.932 ha va nam 2070
14 9.244 ha. So vd&i hién trang thi cac xa Chi
Thanh, An Ninh T4y, An Ninh Pong van ngap.
Tuy nhién vé d6 sau ngép 1 sé ving so v6i hién
trang cao hon tir 0,2-0,5 m.

Ranh goo hpkn

CHU GIAI

Hinh 19. Ban d6 minh hoa ngéap lut theo
kich ban KB 1.

Hinh 20. Ban d6 minh hoa ngap lut theo
kich ban KB 2.
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CHU GIAI
] Ranh giottinn
Ranh ot hupén
Ranh giof
sng.hé
we Duong st
e DUONG quéE
. owongtnip
D06 sau ngap

mor-08

—— g e CHUGIAI

| Ranh gon tint
Fanh 9o hugn

cuongtion

Thinh phé Tuy Hob

Hinh 21. Ban d6 minh hoa ngap lut theo
kich ban KB 3.

0O ——

Hinh 22. Ban d6 minh hoa ngdp lut theo
kich ban KB 4.

Bang 4. Dién tich ngap lut theo cac cip ngdp trén song Ky Lo

Do sau ngdp (m) Tong
Chuky 14 dién
Nam 4y tich
lai 02-051]05-101| 10-20 | 20-30 | 3,0-40 | 40-50| >50 ngap
(ha)

Dién tich ngap tdi da theo cac cip d6 sau (ha)
2030 10%(KB1) 1920 1280 1907 1738 1384 328 375 8932
1% (KB2) | 1652 1138 1765 1705 1764 592 512 | 9128
2070 10%(KB3) 1329 1232 1833 1892 1634 857 467 9244
1% (KB4) | 1316 1015 1977 1826 1837 997 594 | 9562

5. Két luan Loi cam on

Két qua xay dung mé hinh mé phong ngap
lut cho Iuu vure séng Ky Lo cho thiy bo thong so
da duoc hiéu chinh va kiém dinh cho két qua
tuong d6i tot va co thé st dung cho cac nghién
ctru mo6 phong ngap lut khu vuc ha luu cling nhu
Iam dau vao cho cac nghién ctru thiry dong luc chi
tiét & khu vuc cira song Ung dung bd mé hinh md
phong ngp lut v6i cac kich ban khac nhau vé
BDKH&NBD cho théy, trong tuong lai, dién tich
ngap lut t6i da chiém khoang 33% dién tich toan
huyén va chi yéu tap trung vao cac xa Chi Thanh,
An Ninh Ty, An Cu, An Ninh Péng, An Chan.

Nghién ctru nay dugc thuc hién trong khuén
khé Pé tai PTPLCN.33/18: “Nghién ctu cic
giai phép chinh tri chéng sa boi ludng tau cho cac
cang ca va khu neo dau tau thuyén tinh Pha Yén
va vung lan céan, ap dung cho cua Tién Chéau”.
Nhém thuc hién xin cam on sy hd trg vé sé liéu,
hé théng tinh todn hi¢u ning cao duogc dau tu
theo dy &n 08/FIRST/2a/CEFD (do Ngéan hang
thé gisi tai tro) cia Trung tim Pong luc hoc
Thuy khi M6i truong, Truong Pai hoc Khoa hoc
Tu nhién, Pai hoc Quéc gia Ha Noi dé hoan
thanh nghién cuu nay.
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