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MUC LUC
Bai bao khoa hoc

Trwong Van Kich, Tran Manh Cuwong, Tran
Thuy Nhung, Tran Anh Phuwong, Duong H6ng
Son: Xay dung ban dd bdc thoat hoi nuéc do phan
giai cao cho tinh Séc Tring tir anh vién tham Sen-
tinel

Pham Ho6 Qudc Tuin, Nguyén Bich Tung, Poan
Quang Tri, Trin Ngoc Anh, Nguyén Vin Nhat:
Nghién ctru danh gia tac dong ctia ngap lut tinh Tién
Giang

Nguyén Y Nhw, Trin Nhin Nghia, Pham Vin
Giang, Ta Ping Qudc Vii, Nguyén Thi Lién, Lé
Ha My, Nguyén Thu Lan: Panh gia hé thng giam
sat Iii toan cau GFMS cho thanh phd Ha Tinh

Piing Hoang Lam, Nguyén Huy Phuong, Nguyén
Pinh Pat, Nguyén Tién Giang: Xy dung mo hinh
MIKE 11 phuc vu cong tac du bao thuy van va xam
nhap man tinh Bén Tre

Nguyén Kim Ngoc Anh, Tran Ngoc Anh, Ngo
Quang Tai, L& Minh Nhat: Ung dung mo hinh
MIKE 11 tinh todn dong chay mat phuc vu cong tac
cap phép khai thac tai nguyén nude luu vuc song Ca

Ping Pinh Kha, Tran Ngoc Anh, Nguyén Y Nhur,
Pham Thi Thiiy Nga, Ping Thi Hong Nhung,
Nguyén Hoang Minh: Giéi thidu mot sé phuong
phap tinh toan luu luwong dong chay cho luu vuc
thiéu hodc khong c6 sb liéu quan tric mat dat

Nguyén Anh Nam, Trin Ngoc Anh, P§ DPinh
Chién, Ngd Quang Tai: Danh gia tic dong cua bién
d6i khi hau dén tinh hinh ngap lut ha lyu song Tra
Khuc tinh Quang Ngai

Lé Xuan Hoa, Nguyén Tién Giang: Xay dung cac
mo hinh héi quy hd trg véc to du bao myc nude tram
Cao Lanh, tinh Dong Thap

Nguyén Cong Thanh, Nguyén Tién Giang: Xay
dung mo6 hinh méay hoc LSTM (Long Short-Term
Memory) phuc vu cong tac du bao man tai tram do
mdn Dai Ngai



LOI MO PAU
ach day 5 nam, vao ngay 02/11/2017 tai tru s& chinh cua Truong Pai hoc Khoa hoc
Ty nhién (PHQGHN) - 334 Nguyén Trai, Thanh Xuan, Ha Noi - di dién ra L& ky
két Bién ban ghi nhd hop tac gitta Truong DPHKHTN véi Trung tdm Khi tuong
Thuy vin qudc gia (ndy 1a Tong cuc Khi twong Thity vin). Tap chi Khi twong Thity van (KTTV)

han hanh duoc ra mit ban doc sd Chuyén dé thang 8 nam 2022, 1a két qua budc dau tir Bién ban
ghi nhé hop tac nay.

NHTNG THANH TUU

Anh Lanh dao va cdc can bo cia hai don vi chup tai Phong Ti ruyén théng Truong Pai hoc
Khoa hoc Tw nhién, PHQGHN nhdn dip 1é ky két Bién ban ghi nhé hop tac ngay 02/11/2017

Loi cam on déu tién xin duoc gui t6i tap thé phan bién va Hoi dong ban bién tap Tap chi
KTTV di danh thoi gian quy gia cia minh dé danh gia chat luong cac bai bao, thong qua mot
quy trinh binh, kiém duyét chit ch&. Chin bai bao trong s6 Chuyén dé nay bao gébm nhiéu chu
dé lién quan dén cong tac khi tugng thuy vin, quy hoach va quan 1y tai nguyén nudc, ap dung
cac phuong phap va cong nghé tién tién dugc nghién ctru p dung trong thoi diém hién nay.

Céc bai bao 1a két qua nghién ctru cua céac hoc vién cao hoc cac khoa 2019-2020 dudi sy
huéng dan cua tap thé giang vién B6 mon Thuy vin & Tai nguyén nude, Khoa Khi twong Thuy
van va Hai duong hoc, Trudng PHKHTN, céc thiy c¢6 huéng dan, dong hudng dan 1a cac chuyén
gia toi1 tir cac Vién nghién ctru, Té)ng cuc KTTV. Pa sb cac hoc vién khoa 2020 dén tir Dai Khi
tugng Thuy van khu vuc Nam Bo nén $6 lugng cac nghién ctru dién hinh dugc thuc hién & khu
vuc Pong Bang song Ctru Long chiém uu thé (5 trén 9 bai lién quan dén cac tinh khu vuc dong
bang Séng Ciru Long: cac tinh Soc Tring, Tién Giang, Bén Tre va Dong Thap).

Sb Chuyén dé dic biét nay mot 1an nita khang dinh su hop tac 1au dai gitta Tong cuc KTTV
va Truong Dai hoc Khoa hoc Ty nhién sé& thanh cong hon nita trong thoi gian sap t6i.

Tran trong cam on su nd lyc cla cac tac gia cling nhu su quan tAm cia tap thé 1anh dao
hai don vi da tao diéu kién dé sb Chuyén dé dic biét nay dugc xuit ban kip thoi, chat lugng va
hi¢u qua.

BAN BIEN TAP VA TAP THE TAC GIA



™ ,
T % TAP CHI =
2 P KHi TUONG THUY VAN W) Check for updates

Bai bdo khoa hoc o
Xay dung ban do boc thoat hoi nwéc do phan giai cao cho tinh
Soc Trang tir Anh vién tham Sentinel

Trwong Vin Kijch', Trian Manh Cwong?’, Tran Thiy Nhung?, Trin Anh Phwong?,
Duwong Hong Son?

! Phan vién Khoa hoc Khi tugng, Thay vin va Bién ddi khi hau, Vién Khoa hoc Khi tuong,
Thuy van va Bién ddi khi hau, Bo Tai nguyén va Méi trudng; kichsihymete@gmail.com

2 Vién Khoa hoc tai nguyén nudc, Bo Tai nguyén va Mai trudng;
manhcuongktll@gmail.com; tranthuynhung1990@gmail.com;
phuongtran.monre@gmail.com; dhson.monre@gmail.com

*Tac gia lién hé: manhcuongktll@gmail.com; Tel.: +84-987986233

Ban Bién tdp nhan bai: 5/7/2022; Ngay phan bién xong: 3/8/2022; Ngay dang bai:
25/8/2022

Tém tit: Nghién cru ndy xay dung ban d6 bdc thoat hoi nudc tir cac loai tham phu trén dia
ban tinh Séc Trang bang cong nghé vién tham. Cé bay nhom ddi tugng tham phu khac nhau
dugc phan loai dya trén dir liéu anh v¢ tinh Sentinel 2 va cong nghé Google Earth Engine.
Ttr ban d6 16p phu ndy, luong bdc thoét hoi nudc toan tinh duoc tinh toan theo timg thang
cho mdi nhom déi tuong (lta Péng Xuan, laa Hé Thu, laa Thu Péng, hoa mau, cdy lau
nim-an qua, nudi trong thuy san, mat nude). Ban do cho thiy luong bdc thoat hoi nude cua
ving trong lua vy Pong Xuan va Hé Thu cao hon cac viing khac trong tinh, dic biét 14 trong
thoi ky cdy l0a sinh trudong. Ving nudi trong thuy san, ving mit nude (séng, kénh) co lugng
nuée bdc hoi kha cao. Tinh trang bdc thoat hoi nudc nay 1a co s¢ dé diéu chinh phan bo
nude tudi cho cay trong, tir d6, ngudi dan cling nhu don vi quan Iy ¢6 thé xay dung ké hoach
trit nuoc, chuyén ddi muc dich st dung dét khi c6 du bao dai han vé han han, xAm nhép man
xay ra trong khu vuec.

Tir khéa: Boc thoét hoi nude; Cong nghé vién tham; Ban d0 16p phu; Soc Tring.

1. Mé dau

Nude 1a dang tai nguyén dong vai tro quan trong, khong chi d6i voi con ngudi ma né
cling 1 yéu t6 thiét yéu véi cac sinh vat khéc, trong d6 c6 cac loai thuc vat. Trong qua trinh
con nguoi khai thac va sir dung, tai nguyén nude dang bi anh hudng dang ké boi cac hoat
dong phat trién kinh té, xa hoi; khong chi chat luong suy giam ma s6 luong ciing han ché. Tai
nhiéu khu vyc trén the gi61, nude ngot dan khan hiém, mot s6 ho nude di bién mat muc nudc
trong cac tui nude ngam ha thap khién cho lugng nude cung cap cho cac nhu cau sinh hoat,
san xuét bi anh huong nghiém trong. Dién tich dat dugc che phu boi cac loai thyc vat dang co
hep lai khi ma nhiéu cy trong thiéu nudc ciing véi nhiét do tang cao lam mirc d6 boc thoat
hoi nu¢c cang 16n.

Séc Trang 1a tinh ven bién, tiép giap v6i phan cu01 song Hau trudce khi con song nay db
ra bién, ddy 1a ving dt mau md phi nhiéu san xuét ra nhiéu loai lta gao dic san ndi tiéng
trong va ngoai nudc. Tuy nhién, trong nhidu nim qua, Séc Tring dang chiu anh hudng khong
nho tir hién twgng xAm nhap man, thiéu nude ngot trén cac song, kénh. Luong nudc ngot trén
song Hau doan qua S6c Trang ha thap khién cho nudc man xam nhap sau vao dat lién, lugng
nude ngot suy giam, cac loai cdy trong bi thiéu nudce, nhidm min din dén giam ning sut.

Tap chi Khi twong Thiy van 2022, 740(1), 1-10; doi:10.36335/VVNJHM.2022(740(1)).1-10 http://tapchikttv.vn/
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Viéc xac dinh chi tiét lugng bdc thoat hoi nude cling nhur nhu cau nude cho timg khu vue nhod
theo thoi gian con nhiéu han ché.

Bdc thoat hoi nudc doéng mot vai tro rit quan trong trong hé sinh thai, két ndi cac chu
trinh nude, carbon va nang lugng toan cau [1-2]. Pbi v6i nhidu khu vuc, lugng bdc thoat hoi
nudc duoc xem la yeu tb quan trong trong quan ly nudc cho cac khu vyc dén cu, trong trot.
Thong tin chinh xac vé su bién ddi theo khong gian va thoi gian cia luong bde thoat hoi nude
dong mot vai trd quan trong trong quy hoach, phat trién va quan 1y téng hop tai nguyén nudc,
dac biét 1a trong cac khu vuc nong nghiép [3]. Ty 1é thoat hoi nudc cua ciy trong rat quan
trong trong cac linh vyc khac nhau cua nganh néng nghiép nhu dé xac dinh tinh trang cay
trong bi cang thang, thiéu nudc, dé udc tinh chinh xac nhu cu tiém ning cta cay trong dé c6
nang sudt t6t nhat [4]. Nghién ctru ude tinh mirc d6 bde thoat hoi nude ¢ cac ving kho han co
y nghia thyc tién rét 16n. Thong qua s liéu nay c6 thé phan tich tinh trang thira, thiéu va hiéu
qua str dung nudc; diéu nay cho phép dua ra cac ké hoach trir nuéc, huéng dan tré)ng trot cac
vu mua [5]. Dé co thé 1ap ké hoach tich trit nude cho khu vuc theo ting thoi doan trong nam,
viéc xac dinh lugng bdc thoat hoi nuée theo thang giup phan bd luong nudec mot cach chi tiét
cho timg ving 13 can thiét. Vi vay, viéc tinh toan lugng bdc thoéat hoi nude 14 ndi dung duge
chu trong dé tao co s& dé xuat chién luoc quéan 1y tai nguyén nudc, quan Iy mua vu.

Tai Viét Nam, luong bbc thoat hoi nuéc cho dén nay thuong dugce tinh toan dua trén két
qua do truc tiép tai cac tram quan tric khi tuong. S6 lugng tram do lugng bdc thoét hoi nudce
& Viét Nam con han ché, vi tri tram phan b6 khong dong déu, cong tac thu thap dit lidu tir cac
tram do chua dugc tw dong hoa hoan toan. Bén canh do, viée xac dinh lugng bdc thoat hoi
nude chi duoc ndi suy tir sd lidu tram do, dan dén qué trinh xay dung ban dd boc thoat hoi
nudc cho ting d6i tugng tham phu khéng dat két qua cao, can thiét c6 phwong phap hiéu qua
hon. Cho dén nay, cong ngh¢ vién tham da tham gia vao rat nhiéu linh vure khoa hoc ciing nhu
doi séng xa hoi. Cach tiép can 1a ude tinh lugng bdc thoat hoi nudc trén quy mé dia phuong,
khu vuc va toan cau bang cach két hop cac thong sé bé mit thu dugce tir dit liéu vién tham véi
cac bién khi tuong bé mat va dic diém tham thuc vat [6]. Céc k¥ thuat s dung thong tin vién
tham 12 rat can thiét khi xt 1y cac qua trinh khong thé chi biéu dién bang thong sb tai cac diém
do [7]. Viéc thanh 13p ban d6 bdc thoét hoi nude hoan toan 6 thé dugc tién hanh dwa vao anh
v¢ tinh bao phu toan b tinh Séc Trang. Nghién ctru nay su dung cong nghé vién thdm xac
dinh d6i tugng tham phu, két hop véi tinh toan bdc thoat hoi nudc tiém nang mat dit nham
xéc dinh lugng bdc thoat hoi nude cho tinh Soc Trang véi do chi tiét cao.

2. Phuwong phap nghién ciru

2.1. Khu vuc nghién ciru

Soc Trang 1a tinh ven bién, tiép giap v6i phan cudi song Hau trudc khi con song nay d6
ra bién. Pudng bo bién dai 72 km véi 3 cira song 16n 1a Pinh An, Tran P&, My Thanh d6 ra
bién Pong. V&i dia hinh ddng bang va twong d6i bang phang, c6 dang long chao db tir phia
bién vao trong, thap dan & phia Tay Bic va phia Bic, Soc Trang chiu tac dong rd rét cua thuy
tridu qua h¢ thong cac con sdng va kénh rach. Dac biét vao mua kho, khi mue nude song Mé
Cong xudng thap, nguy co xdm nhdp min vao hé thong ddng rudng 1a rat 1on [3].

Soc Trang nam trong déi khi hau nhiét d6i gié mua, chiu tac dong ctia khi hau ven bién.
Muia mua kéo dai tir thang 5 dén thang 10, mua kho kéo dai tir thang 11 dén thang 4 ndm sau.
Nhiét d6 trung binh hang nam ¢ murc cao 26,8°C, lwgng mua trung binh nam 1864 mm, d6 am
trung binh 83%. Vi dic diém khi hau ndng 4m, mua nhiéu, Séc Tring c6 nhiéu loi thé phat
trién trong laa va cac cay luong thuc [8].

Dién tich trong ciy nong nghiép chiém khoang 31% tong dién tich tinh, 1aa 14 cdy trong
chi1 dao ciia tinh. Céc loai hinh cdy an trai va hoa mau chiém dién tich nho, tap trung ¢ khu
vuc huyén Cu Lao Dung va huyén Ké Sach [8]. V6i miii nhon phat trién nganh nong nghiép,
dic biét 1a cay lua, viéc phan bd nudc tudi va ngin chin xam nhap man 1a hét sic can thiét.
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Hinh 1. Vj tri tinh S6c Trang.

2.2. Dir liéu nghién cuu

Dé xé4c dinh lugng bdc thoat hoi nude cho ting ving khac nhau trén toan tinh Soc Tring
theo tirng thang trong ndm 2018, nghién ctru st dung dit li€u anh v¢ tinh, dit liéu khi tuong dé
xac dinh boc hoi nudc mat thoang, boc thoat nude cdy trong tham khao (ETo) va hé so cay
trong Kc.

Théng s6 khi twong tai Séc Trang

29 88
o 285 86
g 28 84 _.
= 27> 52 £
E.D 27 80 'zE
> 265 :
Y 78
T 255 76
2 25 74
Z 245 72

24 70

1 2 3 4 5 6 7 8 9 10 11 12
Thang
D6 Am Nhiét dé trung binh

Hinh 2. Nhiét d6 va d6 4m theo thang tai khu vuc nghién ciru.

Dt liéu anh v¢ tinh stir dung trong nghién ctru 1a cac canh anh v¢ tinh Sentinel 2 cua co
quan vii try chau Au (ESA). Pham vi cta cac dai quang phd gil]p dir liéu Sentinel 2 phu hop
v6i nhiéu tng dung bao gdm ndng nghiép, 1am nghiép, sir dung dat/ phén tich d6 che phu; 1ap
ban d6 rui ro va thién tai; cac ing dung ven bién; truy xuat cac bién sd quan trong ciia tham
thuc vat nhu chi sb dién tich 14, chi sb thuc vat khac biét chuan héa, birc xa hoat dong quang
hop, ham lugng di€p luc cua la va ham lugng nudc trong 14 [9].

Céc canh anh vé tinh Sentinel duoc thu thip tir ngudn Sentinel-2 MSI: MultiSpectral
Instrument, level-2A. Nhom nghién ctru da Iya chon cac canh anh trong cac khoang thoi gian
1/1/2018-1/2/2018, 1/5/2018-1/6/2018 va 1/9/2018—1/10/2018 twong tmg 1a thoi diém tién
hanh vu Bong Xuan (thang 11 — thang 3), Hé Thu (thang 4 — thang 7) va Thu Pong (thang 8
—thang 10).
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Dit liéu théng ké khi tuong tai tinh Soc Tring theo nién dam thdng ké (2018) nham xac
dinh luong boc hoi mét thoang nude va bdc thoat hoi nude tiém ning ETo.

Dit liéu hé sb cay trong Kc cho cdy lua theo timg thang cho 3 vu lua (Bong Xuan, Heé
Thu, Thu Dong), hoa mau va cdy an trai duoc xac dinh bang phuwong phap ké thira tir s liéu
FAO. Hé s0 Kc duoc thu thap cho cay lba trong 3 vu: BPong Xuan (K¢ tir 0,03-0,08), He Thu
(Ke tir 0,91-1,21) va Thu Déng (K tir 0,9-1,1). Vi dién tich trong ciy hoa mau nho, nghién
ctru chon dai dién Kc cua cay khoai lang véi gia tri 1a 0,65. Tuong tu, chon cay dura la cay an
qua dai dién vai gia tri K¢ 12 0,75 [10-11].

2.3. Phwong phap nghién ciru

Quy trinh x&y dung ban dé bbc thoét hoi nudc gom hai budce chinh: (1) 1ap ban dd tham
phu khu vye nghién ctru (bao gdm bay loai tham phu) dya trén anh v¢ tinh Sentinel 2, (2) tinh
toan luong bdc hoi nude cho ting ddi tugng tham phi tir cac thong s6 khi tugng dia phuong.

Thu thap Anh vé tinh Sentinel 2 Thu thap cac thdng sé khi twong,
hé sé cay trong Ke

Xac dinh diém mau cho ttrng
nhém tham pha Tinh toan lwgng béc thoat hoi nwéc (ET)
cho tirng dbi tweng tham ph

Phan loai tirng diém anh Sentinel 2 bing
Google Earth Engine

Lap ban do tham phu toan khu virc Lap ban d6 lugng bdc thoat hoi nwéc
nghién ctru toan khu vie nghién ctru

Hinh 3. So do nghién ctru.

2.3.1. Phan loai tham phu

Dé tinh toan lugng bdc thoat hoi nude dbi véi tinh Soc Tring, nhém nghién ciru di tién
hanh phéan loai tham phu cho toan bd khu vue nghién cuu, nham x4c dinh cac dbi tuong tham
phu gém: lua, cay lau ndm—an qua, hoa mau, do thi, nuoi tréng thuy san, mat nudc, dat tréng.

Hinh 4nh Sentinel 2 da dugc xur ly sau khi thu nhan va dua vao bd dit li¢u co6 san trén dam
may dir liéu cia Google. DT liéu anh dugc truy cép va thuc hién tinh toan, xu ly thdng qua
cong nghé¢ Google Earth Engine (GEE). Trong GEE, ham phén loai
“ee.Clusterer.wekakMeans().train()” duoc st dung dé danh gia viéc thay doi 16p phu dat
trong khu vyc nghién ctru. Phuong phap phén loai nay tim thdy cac diém anh tuong dong vé
dit lidu qua nhiéu phép do khac nhau va nhém dir liéu lai v6i nhau thanh cac 16p co cac phép
do tuong tu [12].

GEE phan tich va nhém céc diém anh dwa trén sy gidng nhau vé phd cta chung thanh cac
16p twong ung véi két quéa la mdt ban dd phan loai. Thuat toan phan loai dugc 1ap di 1ap lai,
v&i cac nhom ban dau duoge chon ngau nhién va sau d6 dugc sira ddi dan dan cho dén khi xay
ra it thay doi trong lién két nhém [13]. Mot loi thé cua viée sir dung phuong phap phan loai
nay 1a c6 thé tim thay cac mau phan loai ma ngudi dung c6 thé khong nhan thay [14].

Quy trinh ciia viéc phén loai cac diém anh gdm cac budc:

- Tap hop cac tinh nang voi thudc tinh s dé xac dinh cac nhom tham phu.

- Khoi tao trinh phan nhom, dit cac thong sé phan loai.

- Pao tao cac diém anh béng cach s dung dir li¢u dao tao.

- Ap dung cac diém anh dao tao cho toan bd khu viyc nghién ciru.

- Phan nhom ting loai tham phu.
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2.3.2. Tinh toan luong bdc hoi nudc

Luong bdc hoi mit thoang nude dugc tinh toan bang cong thirc thyc nghiém Poliacov:
E=18,6(1+0,2.w) d*? (1)

Trong d6 E 14 lwong bdc hoi thang (mm/thang); d 1 do thiéu hut lvong 4m bio hoa binh
quan thang (d = H-r) (%); w 1a tdc do gi6 trung binh thang & d6 cao 8-10 m (m/s) [15].

Luong béc thoat hoi nudc ciy trong (ETec) dugce xac dinh dya trén luong bdc thoat hoi
nude cdy trong tham khao (ETo), va h¢ s6 cay trong (K¢). Trong nghién curu nay, ET, duoc
tinh cho timg thang, voi dau vao gdm cac yeéu t6 nhiét do  khong khi cyc dai, nhiét do khong
khi cuc tiéu, toc d6 gié & do cao 2 m, d6 4m khong khi, sb gio nang trung binh ngay. Nghién
ctru str dung phuong phap FAO Penman — Monteith dé tinh toan bdc thoat hoi nudc cay trong
tham khao v6i phuong trinh:

0.408A(R, —G)+y— 220 (e, —e,)
° A+7v(1+0.34u,)

Trong d6 ET, 12 lugng bdc thoat hoi nude cay trong tham khao (mm/ngay); Rn 1a birc xa
thuc trén bé mat cay tréng (MJ/m?/ngay); G la mat do thong lugng nhiét cia dat
(MJ/m?/ngay); T 1a nhiét d6 khong khi trung binh ngay ¢ d6 cao 2 m (°C); uz 1a téc do gio &
d6 cao 2 m (m/s); es a ap sudt hoi nude bio hoa (kPa); ea 13 4p suat hoi nudc thyuc té (kPa); A
1a 46 ddc cua duong cong ap suat hoi nude (kPa/°C); y 1a hing s6 4m (kPa/°C) [10-11].

Lugng bdc thoat hoi nudc cay trong (ETc) duge xac dinh boi cong thirc:

ETc=Kex ETo ©)

Trong d6 K 14 hé s cay trong, ¢6 gia tri phu thudc vao timg loai cdy trong va c6 tri sO
thay doi theo thoi ky sinh truéng [10-11].

3. Két qua va thio luin

3.1. Ban dé tham phi tinh Séc Tring

Dé dam bao dong nhat vé dir lidu trong qua trinh phan loai tham phu tinh Séc Trang nam
2018, cac canh anh v¢ tinh dugc thu thap vo1 pham vi bao phu toan bo tinh va thoi diém thu
nhan céc canh anh nay gin nhau nhiam dam bao khong c6 sai khac nhiéu giita chung. Céac
canh anh c6 d¢ che phu may dudi 10% dugc lya chon két hop tré thanh mét canh anh duy
nhat dé thuc hién nghién ctru phan loai.

=, fouss XS Tp. T

fLial

Hinh 4. Két hop cac canh anh vé tinh bao phu tinh Séc Trang.

Sau qua trinh phén loai, 7 nhom loai hinh tham phu gdm: lta, ciy lau nim—in qua, hoa
mau, do thi, nuoi trong thuy san, mét nudce, dat trong dugc xac dinh. Cac loai tham phu theo
tung giai doan trong nam 2018 dugc thé hién trong cac hinh 5a-5c.
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Cha giai

N
" ¢ ; Chu giai N
I oo i v I oo i ¥ ¢ -
I cayau ném - n qua B cay tau nam - an qua &
Hoa mau Hoa mau
Dét tréng Dét trbng
I Nuoi trdng thay san I Nuoi trdng thiy san
B Vst nuoc B Mat nuec
Loa

Chu giai

B oo thi

I cay tau nam - an qua

= “M » Hinh 5. (a) Cac 16p tham phu tinh Soc
— Trang thang 11 — thang 3 nam sau; (b) Cac

Loa

16p tham phu tinh Séc Trang thang 4 —
thang 7; (c) Cac 16p tham phu tinh Séc
Trang thang 8 — thang 10.

Lua vu Déng Xuan va Hé Thu chiém dién tich rit 16n so v&i cac loai tham phi khéc trong
cung giai doan va 16n hon so véi dién tich lta vu Thu Bong. Di¢n tich lta Thu Bong trén dia
ban tinh giam nhiéu so voi hai vu con lai, mot s6 ving khong trong la tré thanh dét trong.
Céc hinh 5a-5¢ déu cho thay dién tich nuéi trong thily san ¢ tinh Séc Trang 14 rat 16m, do d6
day s& 1a khu vuc c6 tong lugng bdc hoi nude cao. Song, kénh trén dia ban tinh Soc Tring
chiém dién tich khong nho, vi vay day ciing 1a ddi twong déng gdp nhidu vao luong bde hoi
nudc hang thang.

3.2. Lurong boc thoét hoi nuéce trén dia ban tinh Séc Tring

Hinh 7 thé hién két qua tinh toan luong bdc thoat hoi nude cho cac khu vuc khac nhau,
gdém: viing mat nudc (nudi trong thuy san, mat nude), laa Pong Xuan, lta He Thu, lda Thu
Péng, cdy lau nim—an qua, hoa mau. Lugng bdc thoat hoi nudc bién dong trong khoang tir
2,8 mm/ngay cho dén 4,8mm/ngay. Thoi diém lugng bdc thoat hoi nudc ¢ mic cao (trén 4
mm/ngay) dién ra vao thdi diém nhiét d6 trén dia ban tinh Soc Trang dat mic cao, trong khi
d6 do 4m & murc rat thap (thang 3, thang 4, thang 5).

Bang 1. Két qua tinh toan lwong bdc thoat hoi nude theo thang trén dia ban tinh Séc Tring.

Thang 1 2 3 4 5 6 7 8 9 10 11 12

ET nuéc 88.93 100.67 13790 146.21 12455 11151 11099 112.89 11249 12491 105.65 100.93
ET lua Déng Xuan 92.49 103.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11410 109.01
ET lua He Thu 0.00 0.00 0.00 133.05 143.24 13493 13319  0.00 0.00 0.00 0.00 0.00
ET lua Thu Pong 0.00 0.00 0.00 0.00 0.00 0.00 0.00 101.60 106.87 137.41 0.00 0.00
ET hoa mau 57.81 65.43 89.64 95.03 80.96 72.48 72.14 73.38 73.12 81.19 68.67 65.61
ET céy lau nam — an

qua 66.70 7550 103.43 109.65 93.41 83.63 83.24 84.67 84.37 93.69 79.24  75.70

Luong bdc thoat hoi nude cay tréng (ET¢) duoc xac dinh dya trén gia tr1 ETo, theo do,
mdi twong quan theo thoi gian duge thé hién kha twong dong. Vi cac nhom cay trong hoa
mau va cay lau nam—an qua, ETc c6 gia tri 16n hon vao cac thang 3, 4, 5. ET. cia nhom lta He
Thu 13 cao nhét trong sé cac nhém cdy trong, dat trén 4 mm/ngay trong ca vu. ETc vu Thu
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Dong dat gid tri cao nhat vao thang 10 dat 4,5 mm/ngdy. Vu Dong Xuan c6 gia tri ET. ¢ mirc

thdp hon cac vu khac (& muc dudi 4 mm/ngay).

160
4
g 120
=
=
@]
‘*; 80
S
S 40
Q
Q
m
0 & ¢ D4 = = = DX s 3 A
1 2 3 4 5 6 7 9 10 11 12
——Nudc —@—Lua Pong Xuan —a&—La Hé Thu THANG
Lua Thu Bong == Hoa mau —@—Cay lau ndm - an qua

Hinh 7. Biéu d6 lugng bdc thoat hoi nudc ddi vai ciy trong theo thang ¢ tinh Séc Trang.

3.3. Bdn do boc thoét hoi nuéce trén dia ban tinh Séc Tring

Luong bdc thoét hoi nude duge gan vao cac diém anh tuong tng voi timg dbi twong 1a
lta, cay lau nam—an qud, hoa mau, do6 thi, nudi trong thuy sadn, mit nude va dat trong trén ban
do6 tham phu @é thanh 14p ban do lwong boc thoat hoi nude cho toan tinh Séc Trang.

THANG 1 THANG 2

Lugng bbe hoi nuéc (mmithang) Luong bbc hoi nude (mmithang)
Co o

W s781 W53

MWes7 |

Wess W 10067

| X8 W 036

THANG 4 THANG 5

Lugng bbc hoi nuée (mmithang) Lugng bbe hoi nuée (mmithang)
o o

W o503 [ s

W 10065 | EEX

W 08 W 1255

W ooz
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THANG 8
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e

I sot
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W
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W 7248
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Lugng bée hoi nudre (mmithang)
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THANG 11
Lugng béc hoi nuéc (mmithang)

THANG 12
Lugng béc hoi nuoe

THANG 10
Luong bée hoi nudc (mmithang)

(mm/thang)

o
W ss67
2

EEEEC

Hinh 8. Ban db luong béc thoat hoi nudce theo thang ¢ tinh Sé¢ Trang nam 2018.

Biéu do luong bdc thoat hoi nude nam 2018 cho théy vao cac thang 11, 12, 1, 2, 5, 6,
lwong nurée boc hoi chi yéu tir viing trong laa (phia Bic, Tay, Pong tinh Séc Tring, ngoai trir
vung Cu Lao Dung), déy ciing 1a cac thang chinh cua vy lta Péng Xuan va He Thu (Hinh 8).
Trong céc thang 3,4, 8, 9, luong bdc hoi nude tir mat nude (gdm ving nudi trong thiy san va
song, kénh) cao h(m khu vye trong lua cling nhu cdc vang con lai. Tur thang 7 dén thang 10,
xuat hién nhiéu vung c6 luong boc thoat hoi nudc rat nho va gan bang 0 trén ban do, d6 1a
nhimng ving dat trng do khong trong lua vu Thu Pong.

4. Két luén

Luong bdc thoét hoi nude trong nghién ctru dugc tinh todn dya vao ban d6 tham phu trén
toan bg tinh Sé¢ Trang vao nam 2018. Cac dbi tuong tham phu xac dinh tir dit li¢u anh v¢ tinh
Sentinel 2 v6i @6 phéan giai 10 m, kich thudc diém anh nhé gitip ban d6 c6 do chi tiét cao. Vi
cong nghé vién tham va cong cu Google Earth Engine, ban dd tham phu dugc thanh lap
nhanh chong va dat do chinh xac cao do sur dung thuat toan 1ap lai nhiéu lan budc phan loai.
Nghién ctru xac dinh dugc pham vi ciia cac nhém thyce vat gém: lta, cdy lau nam—an qua, hoa
mau cing véi cac d6i tuong d6 thi, nudi trong thiy san, mat nude, dat tréng cho ting giai
doan trong nam 2018. Luong bdc thoat hoi nude dugc tinh toan theo timg dbi teong tham pha
dé thanh 1ap nén ban d6 lwong bdc thoat hoi nudc trén toan tinh Séc Tring va theo timg thang
trong nam. Ban d6 cho thay lwong bdc thoat hoi ciia cdy lta trong vu Pong Xuan va Hé Thu
16n hon céac ving khac, thoi diém bat dau hodc két thiic mua vu lugng nude bdc thoét hoi tir
ving trong laa giam, thoi diém nay luong nude boc hoi tap trung & viing nudi trong thiy san,
song, kénh. Vu lia Thu Pong trén dia ban Séc Trang khong phai 14 vy chinh do d6 tong luong
nude bde thoat hoi khu v ndy khong nhidu. Cac thong tin tir ban do bdc thoét hoi nude 14 co
so dé dua ra cac ké hoach trir nude ciing nhu thoi vy san xuat cho timg nhom cay trong trong
diéu kién thoi tiét dang bi anh huéng boi bién doi khi hiu. Tir thang 11 dén thang 2 ndm sau
va cac thang 4, 5, 6 can tap trung nudc khu vuc phia Bic, T4y, Nam cua Soc Tring, ngoai trur
huyén Cu Lao Dung; trong diédu kién khi hau khic nghiét do han han, xdAm nhap min, can c6
ké hoach trix nude trude cac thang d6. Phuong phap nghién ciru nay c6 thé ap dung cho nhiéu
nam khéc boi s liéu anh vé tinh dugce thu thap trong mat thoi gian kha dai va co thé tiép can
tir nhiéu ngudn vién tham khac nhau.

Dong goép cua tac gia: Xay dung y tudng nghién cuu: T AP, TV.K, TM.C, T.T.N,,
D.H.S.; Lya chon phuong phap nghién ciu: T.V.K., T.M.C., T.T.N.; X Iy s6 liéu: T.M.C.,
T.T.N.; Viét ban thao bai bao: T.V.K., T.M.C., T.T.N.; Chinh sira bai bao: T.V.K., T AP,
T.M.C,, T.T.N.

Loi cam on: Nghién ctru nay duogc thuc hién dudi su hd trg cua Qé tai “Nghién ctru, danh gia
tac dong t6 hop cua cac hoat dong kinh t€ —xa hoi va h¢ thong ho chira trén dong chinh song
M¢ Cong dén vung bo bién dong bang song Curu Long” ma s6: DPTDL.CN-56/21.
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Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhirng nghién ctru trude day; khong cod
su tranh chap o1 ich trong nhom tac gia.
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Building a high-resolution evaporation map for Soc Trang
province from Sentinel remote sensing images

Truong Van Kich?!, Tran Manh Cuong?’, Tran Thuy Nhung? Tran Anh Phuong?,
Duong Hong Son?

! Sub—institute of Hydrometeorology and Climate Change, Institute of Hydrometeorology
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Abstract: This study builds a map of evapotranspiration from land cover types in Soc Trang
province using remote sensing technology. There are seven different groups of land cover
classified based on Sentinel 2 satellite image data and Google Earth Engine technology.
From this overlay map, evapotranspiration of the whole province is calculated on a monthly
basis for each group (Winter-Spring rice, Summer-Autumn rice, Autumn-Winter rice, cash
crops, perennial-fruit trees, aquaculture, water surface). The map shows that
evapotranspiration in the winter-spring and summer-autumn rice areas is higher than other
areas of the province, especially during the growing period of rice. Aquaculture, water
surface areas (rivers, canals) has high amount of evaporation. This evapotranspiration is the
basis for adjusting the amount of water for plants, people as well as management units can
develop plans to store water and change land use purposes when there is a long—term
forecast of drought and saltwater intrusion, that occurs in the area.

Keywords: Evapotranspiration; Remote sensing technology; Map of land cover; Soc
Trang.
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Tém tat: Nghién ciru da thiét 1ap bo cong cu mé hinh MIKE FLOOD két néi MIKE 11 va
MIKE 21 véi bo s6 liéu mit cit, cong trinh cap nhat va hiéu chinh, kiém dinh cho mua lii cac
nam 2000, 2011 va 2018. Két qua tinh toan mo phong cho théy két qua twong quan tot gitra
s ligu tinh toan va thyuc do, tir d6 bd mé hinh dugc s dung dé moé phong va dénh gia ngap
lut trén dia ban tinh Tién Giang theo cac kich ban do anh huong cua 1a thuong ngudn, cua
tridu cuong va t6 hop li—tridu cuong. Ban d6 ngap lut va danh gia ngép lut dugc tinh toan
chi tiét cho timg kich ban va ¢ thé dwa vao tng dung trong thyc tién, cung cap thong tin tin
cdy cho co quan quan ly dia phuong phuc vu xay dung quy hoach phat trién kinh té x4 hoi
cung nhu xay dyng cac phuong an ung pho va khac phuc nham giam thiét hai vé nguoi va
tai san néu c6 cac tinh hudng ngap lut xay ra.

Tir khéa: MIKE FLOOD; Ngap lut; Tién Giang.

1. Mé dau

Tién Giang 1a mot trong nhiing tinh thudc khu vue ddng bang song Ciru Long (BPBSCL),
nam trong ving kinh té trong diém phia Nam v&i nén kinh té chu dao 1a san xuit néng nghiép,
do vay nhiing bién dong ctia thoi tiét va thily van c6 anh huong 16n dén phat trién kinh té—x4
hoi cta tinh. La mot tinh giap bién, chiu anh huoéng manh ché do ban nhat tridu bién Pong
va ndm trong ving anh huong 1d lut cia Pong Thap Muoi tran vé nén hang nim tinh Tién
Giang phai chiu anh huong cua cac loai hinh thién tai: 11, bao, ap thap nhiét déi, 16¢ xoay,
xam nhap man, tridu cudng, ngp lut... véi cac dién bién cua thién tai ngdy cang phuc tap,
di thuong va c6 xu hudng cuc doan hon [1]. Gan ddy nhat, ndm 2011 xay ra lii 16n § PBSCL
vo1 dinh [i & Tan Chau dat mirc 4,86 m, khu vuc noi déng Tay Bic tinh Tién Giang chiu 4nh
huong cua 1i tir thuong ngudn db vé két hop véi triéu cudong di 1am muc nudce khu vire ndi
dong cua tinh dic biét 1a cac huyén phia T4y dang 1én rat nhanh, kéo dai va & mirc cao: tai
Héu My Bic muc nude dat dinh 2,43 m, tai My Phuéc Tay dat 2,11 m; di gay thiét hai lon
vé& ngudi va co s vat chat cho 04 huyén phia Ty [1]. Ngoai ra hang nim c6 nhiéu dot tricu
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cuong ding nudce 1am ngap ung nhiéu vung, géy thiét hai khong nho vé hoa mau, cdy an trai...
cho cac cong ddng dan cu trong tinh. Dé dap Gmg nhu ciu phat trién kinh té—x4 hoi cta tinh,
dac biét 1a dé tmg phd mot cach chu dong va hi€u qua voi thién tai tir cac hién tuong thuy
van nguy hiém nhu 18, lut, tridu cudng thi viéc nghién ciru danh gia tac dong cua ngép lut dbi
Vi cac dia phuong trong tinh c6 vai tro het stre quan trong. Muc dich nghién ctru nham d4nh
gia anh huong cua i song Ciu Long, triéu cudng va to hop lu—trleu cuong gy ngap lut dén
dia ban dé hd tro cong tac phong chong thién tai phuc vu phat trién kinh té—x3 hoi cua tinh.

Trén thé gi6i va trong nude viée nghién ctru, 4p dung cac mo hinh thty van, thuy luc
cho viéc m6 phong, danh gia anh hudng cia 18, ngap lut da dugc sir dung rat pho bién, nhidu
mo6 hinh va bd cong cu da duge xay dung va ap dung cho cac hé théng song [2-11]. Trong
nhitng nim gan day, mot trong nhirg mé hinh dugc tng dung nhiéu trong cong tic moé phong
1 va ngap lut & Viét Nam 1a bd mo hinh MIKE [12-18] do tinh than thién v&i nguoi sir dung,
c¢6 do tin cdy cao, twong thich v&i nhiéu dang sd liéu dau vao va dau ra, dé dang tich hop véi
cac cong cu GIS. Vi vay, trong nghién clru nay lya chon tng dung mé hinh MIKE véi cac
mo dun MIKE11, MIKE21 va cong cu két ndi MIKE FLOOD dé mo phong ngap lut cho khu
vuc tinh Tién Giang va sir dung cac két qua d6 dé danh gid tac dong ciia ngap lut.

2. Phuwong phap nghién ciru

2.1. Khu vuc nghién ctru

Tién Giang 1 tinh nam trai dai trén bd Béc song Tién véi chiéu dai trén 120 km (Hinh
1), c6 dia hinh béng phfmg, v6i d6 ddc nho hon 1% va cao trinh bién thién tir Om dén 1,6m
s0 vGi mat nudc bién, pho bién tir 0,8m dén 1,1m. Tinh Tién Giang tlep giap véi cac tinh
Long An, tinh Ddng Thap, Vinh Long, Bén Tre va phia Pong giap bién Dong. Tién Giang
c¢6 dién tich tu nhién 1a 2.556 km?, chiém 0,76% dién tich ca nuéc va chiém 6,2% dién tich
Pong bang song Ciru Long [19]. Tién Giang thudc khu vuc nhiét doi Bic ban cau, mang tinh
chét nhiét doi, g16 mua can xich dao véi lugng mua ndm trung binh nhiéu nim vao khoang
1.100 mm dén 1.400 mm va kha 6n dinh qua cac nam. Trong nim, lugng mua phén bo khong
d6ng déu, hinh thanh hai mua rd rét: mia mua tir thang 05 dén thang 11 va mua kho tir thang
12 dén thang 04 nam sau va dong chay séng ngdi cling ¢6 mua lii tir thang 08 dén thang 11
va mua kiét tir thang 12 dén 07 thang nim sau.

Tién Giang c6 mang ludi séng, rach chang chit, bo bién dai, cic con séng chay qua tinh
Tién Giang gom cd: Song Tién 12 ngudn cung cip nude ngot chinh, chay 115 km qua lanh
thd Tién Giang, séng Vam Co T4y nhan nudc tiéu Iii tir Pong Thap Mudi thoat ra va 1a 1
tuyén x4m nhdp min chinh. Ngoai ra, trén dia ban tinh con c6 mot sd song, rach nho thudc
lru vue séng Tién va song Vam Co Tay gop phan rat quan trong trong viée luu thong, van
chuyén hang hod va phuc vu san xuit nhu : Cai Cbi, C4i Bé, Ba Rai, Tra Tan, Pha Phong,
Rach Ram, Bao Pinh, Ky Hon, Vam Gidng, Long Udng, Go Cong, song Tra v.v...

Trén ving Dong bang song Ciru Long c6 tat ca 38 tram thily van do myc nude va c6 5
tram do luu luong nudce 1a tram Tan Chau, My Thuén trén song Tién, tram Chau Pdc, Can
Tho trén song Hau va tram Vam Nao trén song Vam Nao thudc mang ludi quan tric khi
tuong thity vin qubc gia.
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BAN DO HANH CHINH VA MANG LUGI TRAM KHi TUQNG THUY VAN TINH TIEN GIANG
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Hinh 1. Ban d6 hanh chinh va mang luéi tram Khi tugng Thity van tinh Tién Giang.

2.2. Thu thdp va xu ly dir liéu

S6 liéu khi tugng thily van: C4c trin mua 16n trong giai doan 20002021 tai cac tram Ba

T
10'500N

10°400'N

10°300°N

10°200°N

10°100N

13

Tri, Cai Be, Cho Gao, Go Cong, My Tho, Phu My, Vinh Long; sd liéu quan tric myc nudc

lii tai cac tram thuy van trong tinh Tién Giang va lan can gom Cay Lay, Long Pinh, Hoa

Binh, Mgc Hoa, My Thuan, Tan Chau, Truong Xuan, My Tho, Vam Kénh, Viing Tau giai
doan 2000-2021; s6 liéu quan tric luu lugng tai cac tram Tan Chau, Chau Pdc, Can Tho,
My Thuén giai doan 2000-2020.

Dir liéu dia hinh: Ban db dia hinh ty 1& 1:10.000, 1:5.000, 1:2.000 tai khu virc nghién ciu

duogc cung cap boi Cuc do dac va Ban do Viét Nam, Bo Tai nguyén va Méi trudng. Ban dd

s6 do cao (DEM) vai do phéan giai 30m x 30m bang cong cu GIS, hé toa do cua VN2000,
kinh tuyeén trung tdm 105° va cao do quoc gia Viét Nam.

BAN DO DJA HINH TINH TIEN GIANG

1T T TN MG

513 . 0
—— — i

=

Hinh 1. Ban d6 DEM khu vuc nghién ctru.
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Tai liéu mat cét séng: Tai liéu mat cit séng bao gdm 926 mat cit, duoc ké thira tir md
hinh toan PBSCL va dugc cap nhat bd sung theo céc du an dé tai nghién cau khoa hoc tir
2010 dn 2016 caa Vién Quy hoach Thiy loi Mién Nam, Vién Khoa hoc Thuy lgi Mién Nam,
s6 liéu do dac cua Pai KTTV Tién Giang.

Hinh 2. Minh hoa mét s6 mit cét trong md hinh.

Tai liéu vé cong trinh: da thu thap khoang 19 tuyén dé bao ven bién va ven sdng 1on, voi
téng chiéu dai 177.373,50m, bé rong mit dé trung binh 4,5 m.

Bén canh nghién ciru da thu thap cac dir liéu khac gom: Ban d6 hién trang st dung dat
ving Ddng bang séng Ciru Long va tinh Tién Giang (S¢ Tai nguyén moi truong tinh Tién
Giang); tai liéu ban d6 dia hinh ty 18 1:50.000 toan bd khu vyuc ven bién tir Tra Vinh dén
Viing Tau bao gdm tinh Tién Giang (Tong cuc Bién va Hai ddo thuc hién nim 2018); ban d6
dia hinh trén can ty 1& 1:50.000 tinh Tién Giang (B6 Tai nguyén Mbi trudng); dir liéu dia
hinh bién toan cu ciia GEBCO [20] v&i d6 phan giai 0,5°.

Toan bo cac s6 lidu, dir lidu ké trén duoc phan tich, ra soat, danh gia va xur Iy dé dong
bd hoa, dua vé cao d6 chuin Quéc gia, nan chinh phu hgp véi thue té va dam bao déng nhét
trude khi sir dung trong tinh toan va moé phong.

2.3. Thiét ldp mé hinh

MIKE 11 1a mé hinh thiy lic, mot chiéu nham phan tich chi tiét, thiét ké, quan 1y va van
hanh cho song va hé théng kénh dan don gian va phtre tap. Trong nghién ciru nay mO—dun
thiy dong luc (HD) 13 mot phan trong tdm cta hé thong thiét 14p mo hinh MIKE 11 va hinh
thanh co s& cho mé—dun phuc vu du bao 1l va mé phong ngép lut cho khu vuc ha luu [21];
M6 hinh MIKE 21FM (MIKE 21 Flow Model FM) 1a mé hinh thuy luc hai chiéu, duoc ting
dung dé mo phong céc bién dong 2 chiéu ciia myuc nude va dong chay trong hd, cira song,
vinh, khu vuc ven va ngoai bién [22]; MIKE FLOOD la mét hé thong mé hinh thuy luc két
ndi giita md hinh mot chiéu MIKE 11 va m6 hinh MIKE 21 1uéi chit nhat hoic MIKE 21FM
ludi phi ciu triic [23]. Viéc md phong céc cong trinh va van hanh cong trinh chua duoc mo
phong rd rang trong mé hinh thuy Iyc 2 chiéu thi trong mé hinh 1 chiéu thi mé phong t6t &
day [23].

2.3.1. Thiét 1ap m6 hinh thiry luc 1 chiéu

Tinh Tién Giang ndm & khu vuc ha luu séng Mé Kong d6 ra Bién Pong, ché d6 thay vin
phu thudc vao luong nudc tir thugng nguon doé ve, sy phan bo dong chdy gitta cdc nhanh
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song, kénh, su tdc dong cua ch‘é do thﬁy hai van khu vuc l?ién bong,... Do Véy‘, dé 6 thé mod
phong dugc muc do ngap lut can thiét phai mé rong hé thong thiy luc mét chiéu cho toan bd
khu vuc Pong bang song Ctru Long (Hinh 4).

Tan Chiu Cha Giai

Ranl )
Chiu Dic i
A Tram thiy vin

—~ Song chinh

Long Xuyén .
MF Tho

Vim Ként

. An Thuiin
Cin Tha

Soc Tring

Hinh 4. (a) So &6 mang luéi thuy luc; (b) So do thity lyc cic nhanh song chinh du kién.

Céc bién ciia m6 hinh bao gdm:

- Bién trén ctia m6 hinh 13 tai tram thuy van Tan Chau, tram thiy van Chau Déc (thudc
phan song chinh séng Tién, song Hau);

- Bién trén con lai cua mo hinh 1a song Vam Co Dong, Vam Co Tay va cac nhép luu khu
giita dugc tinh todn bang mo hinh NAM va két ndi truc tiép v6i mang luéi thay lyc 1 chidu;

- Bién duéi cia mé hinh 12 tai cira Tiéu, ctra Pai, ctra Ba Lai, cira Him Ludng, cira Co
Chién va cac bién ctra song phia Dong va phia Tay cua hé thong séng Ciru Long.

- Bién trén dung cac s liéu myc nude cua tram Tan Chau va Chau Péc duoc thu thap
tr - do dac thyc té va céac s liéu thu thap, bién dudi str dung két qua mo hinh dy tinh toan
cau vé muyc nude.

2.3.2. Thiét 1ap mé hinh 2 chiéu

DPé mo phong chi tiét mirc d6 va dién ngap lut tinh Tién Giang, mé hinh 2 chiéu dugc st
dung bao phil toan bg tinh Tién Giang (Hinh 5a), v6i ludi tinh phi cdu tric gém ... 6 ludi, co
kich thuéc thay doi tir khoang 500-3000 m & khu vyc bién ven ba, 100-200 & céc khu vuc
bang phang, it co bién dong vé dia hinh, va chi tiét dén 10-30 m & cac khu vuc déan cu, cong
trinh ha ting, khu vuc ¢ dia hinh bién dong (Hinh 5b).

Bién trén dung céc s liéu muc nude cua tram Tan Chau va Chau DPdc duoc thu thap tur
do dac thuc té va cac sb liéu thu thap, tinh toan dy bao theo mo6 hinh duy tinh toan cau vé muc
nude. Déi vai bién dudi, phia bién st dung dir liéu muc nude ciia mo hinh dong chay va myc
nuéc Mike 21 FM duoc trich xudt tir két qua du bao triéu trén quy mo toan cau véi do phan
giai 0,25° kinh vi cho toan hé thong. Viéc mo phong lai v6i mién tinh 16n dé trich ra cac bién
ctia bai toan nham dam bao do phéan giai cao theo khong gian. Ngoai ra, cac kich ban tinh
toan muc nudc thiét ké, cac thong $6 muc nudc dau vao duoc théng ké va tinh toan trén co
s6 s6 lidu muc nuée thue do tai tram Viing Tau va tram Vam Kénh.

2.3.3. Két nbi MIKE FLOOD

M6 dun MIKE FLOOD dugc st dung dé két ndi mo6 dun MIKE 11 vé6i MIKE 21, trong
0, loai bo phan gia nhap khu giira tinh baing MIKE NAM & céc phan tring véi mién tinh
cta mo6 hinh MIKE 21.
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Hinh 5. (a) Mién tinh va dia hinh khu vic nghién ctru; (b) Ludi tinh toan.

2.4. Hiéu chinh va kiém dinh mé hinh

+ Hiéu chinh mo hinh két ndi 1-2D: Tir céc tai liéu dia hinh hién trang ctia hé théng, cac
tai liéu v& myc nudce, lwong mua do duoc trong tran 1i xay ra tir ngdy 15/07/2000 dén ngay
02/12/2000 va tran 1i tir ngay 17/07/2018 dén ngay 13/12/2018 tai tram M§ Tho, Hoa Binh,
Vam Kénh dé hiéu chinh va cho ra hé s6 Nash cu thé tai Bang 1.

Bang 1. Két qua danh gia hiéu chinh mé hinh tai mot sb tram.

Tram Tran lii hiéu chinh H¢ s6 Nash
M¥ Tho 15/7-12/12/2000 0,76
Hoa Binh 15/7-12/12/2000 0,77
Vam Kénh 15/7-12/12/2000 0,79
My Tho 16/7-13/12/2018 0,95
Hoa Binh 16/7-13/12/2018 0,94
Vam Kénh 16/7-13/12/2018 0,95

+ Kiém dinh mé hinh két ni 1-2D: Sau khi hiéu chinh mé hinh va do tim bd théng s6
t6i wu nhét. Tién hanh kiém dinh mo hinh v&i tran 1ii giai doan tir 15/7/2011 dén ngay
12/12/2011 tai 03 tram My Tho, Hoa Binh va Vam Kénh véi két qua danh gia chi s6 Nash
dat tir 0,83-0,89 (Bang 2).

[m] Time Series Water Level

-18
15-7-2011 4-8-2011 24-8-2011 13-9-2011 3-10-2011 23-10-2011 12-11-2011 2-12-2011

Hinh 6. Kiém dinh tran 1& 15/7/2011-12/12/2011 tram My Tho.



Tap chi Khi twong Thiy van 2022, 740(1), 11-23; doi:10.36335/VNJHM.2022(740(1)).11-23 17

m] Time Series Water Level
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Hinh 7. Kiém dinh tran 18 15/7/2011-12/12/2011 tram Hoa Binh.

(L] Time Series Water Level
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Hinh 8. Kiém dinh tran 1& 15/7/2011-12/12/2011 tram Vam Kénh.

Bang 2. Két qua danh gia kiém dinh mo hinh tai mot $6 tram.

Tram Trén li kiém dinh H¢ s6 Nash
M¥ Tho 15/7-12/12/2011 0,83
Hoa Binh 15/7-12/12/2011 0,84
Vam Kénh 15/7-12/12/2011 0,89

3. Két qua va thao luin

3.1. Kich ban tinh todn

Trén co so phan tich nguyen nhan gay ngap lut, nham phén tich day du cac tac dong cua
ngap lut den tinh Tién Giang, can nghién ctru cac nhom kich ban lién quan dén 1ii do thugng
ngudn dd vé, ngap lut do tridu cudng va nude bién dang va t6 hop cia ca hai trudng hop nay
(Bang 3).

Bang 3. Xay dung cac kich ban m6 phong.

STT Nhém kich ban Kich ban mo6 phéng
1 Kich ban tng véi muc nude tai Tan Chau H = 300cm
2 Nhoém kich ban danh  Kich ban tng véi myc nude tai Tan Chau H = 350cm
3 gia tac dong cua i Kich ban tng véi muc nude tai Tan Chau H = 400cm
4 Kich ban tng véi muc nude tai Tan Chau H = 450cm
5 ) Kich ban muc nudc triéu tan suit 1%
Nhoém kich ban danh ) 2 s .
6 . ‘ ‘ Kich ban muc nudc tri€u tan suat 2%
gia tac dong cua thuy ) ‘ S s .
7 o \ , Kich ban muc nudc tri€u tan suat 5%
triu theo tan suat . 3 s .
8 Kich ban muc nudce triéu tan suat 10%
9 Kich ban danh gia tdc dong ngap lut cua td hop L - Triéu véi muc nudc
Nhom kich ban danh  tai Tan Chau H = 300cm - Myc nude triéu img voi bao dong cap 2
10 gia thiry tridu va I Kich ban danh gia tac dong ngap lut cta t6 hop Lii - Triéu véi myc nude

tai TAn Chau H = 300cm - Muc nudc triéu ung voi bao dong cép 3
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STT Nhém Kkich ban Kich ban mo6 phéng

Kich ban danh gia tic dong ngap lut cia té hop Lii - Triéu v6i muc nude

1 tai Tan Chau H = 350cm - Muyc nudc tridu tng véi bao dong cip 2
Kich ban danh gia tic dong ngap lut cua té hop Lii - Triéu v6i muc nude

12 tai Tan Chau H = 350cm - Muyc nude triéu tng véi bao dong cip 3

13 Kich ban danh gia tac dong ngap lut cua ‘té hop Lii - Tridu voi I’nl_IC nudc
tai Tan Chau H = 400cm - Muc nudc triéu Ging voi bao dong cap 2

14 Kich ban danh gia tac dong ngap lut cua ‘té hop Lii - Tridu voi I’nl_IC nudc
tai Tan Chau H = 400cm - Myc nudc tricu ng voi bao dong cap 3

15 Kich ban danh gia tac dong ngap lut cua ‘té hop Lii - Tridu voi I’nl_IC nudc
tai Tan Chau H = 450cm - Muc nudc triéu tng véi bao déng cap 2

" Kich ban danh gia tac dong ngap lut ctia t hop Lii - Tridu v6i muc nude

tai Tan Chau H = 450cm - Muyc nudc triéu ing véi bao dong cap 3

3.2. Két qud mé phéng va danh gid tdc ddng ngdp lut theo cdc kich ban
3.2.1. Két qua danh gia ngap lut do anh hudng i thuong ngudn song Mé Kong

Ké:[ qua tinh toan cho théy, v6i cac kich ban ngép do 11, dién tich ngap lut trén dia ban
tinh Tién Giang khodng 87948,4 ha vai kich ban KB1 (Hinh 9a), dién tich ngap khoang
90864,9 ha voi kich ban KB2 (Hinh 9b), dién tich ngap khoang 97125,3 ha véi kich ban KB3
(Hinh 9c¢), dién tich ngap khoang 99010,2 ha véi kich ban KB4 (Hinh 9d) (Bang 4).

TINH TIEN GUNG TRIEU TAI TINH TIEN G

4 Lot snteihe )

TP WO CHI MY

Hinh 9. Minh hoa ban dd ngép lut tinh Tién Giang kich ban muc nudce tai Tan Chau: (a) H =300
cm; (b) H =350cm; (c) H =400 cm; (d) H = 450 cm.
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Bang 4. Bang thong ké dién tich ngap tmg véi cac kich ban it (Pon vi: ha).

Kichban  0,2-0,5m 0,5-1m 1-2m Téng
H = 300cm 64547 18546 4825 87918
H = 350cm 65391 20627 4844 90862
H = 400cm 65992 26230 4903 97125
H = 450cm 66207 27886 4916 99009

3.2.2. Két qua danh gia ngap lut do anh hudng triéu cuong

Céc két qua mo phong vé tan sudt muc nude cho thiy: phan 16n cac huyén khu vuc ven
bién déu chju anh hudng ngap lut dudi tdic dong manh bdi myuc nude triéu. Cac khu vuc ven
bién, cira song noi van chiu anh hudng thity triéu bi ngap lut twong ddi & rang. Trong khi
d6, khu vuc ndi dét lién thi mérc do anh hudng gidm dan va khong con tac dong manh. Téng
dién tich ngap theo kich ban vé tan suét 1% (Hinh 10a), 2% (Hinh 10b), 5% (Hinh 10c), 10%
(Hinh 10d) 1an luogt 1a: 27407 ha; 27202 ha; 26509ha, 26057 ha (Bang 5).

Bang 5. Bang thong ké dién tich ngap (mg v&i cac kich ban tin sudt triéu (Pon vi: ha)

KB tinsuattriéu  0,2-0,5m 0,5-1m 1-2m Téng
TS 1% 12406 9117 5884 27407
TS 2% 12348 9024 5831 27203
TS 5% 12143 8716 5651 26510
TS 10% 12046 8494 5518 26058
st Lo || st » o

15 00 0ol

Hinh 10. Minh hoa ban d6 ngap lut tinh Tién Giang img véi tan suét tridu: (a) 1%; (b) 2%; (c) 5%;
(d) 10%.
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3.2.3. Két qua danh gi4 tac dong cia t6 hop lii—triéu cuong

Két qua mo phong dién ngap véi kich ban KB11 cho thdy cac anh hudng 16n nhét caa
ngap lut dén dia phuong. Véi do sau tir 0,2-0,5 m ngép nhiéu nhét tai hai huyén Cai Bé
(15293,7 ha), huyén Tan Phuéc (14243,4 ha). D6 sau tir 0,5-1 m ngap nhiéu nhét tai huyén
Céi Be (14134,0 ha). D6 sau tir 1-2 m ngép nhiéu nhét tai hai huyén Tan Phu Bong (2126,9
ha) va huyén Go Cong Bong (1344,6 ha) (Hinh 11a).

Tai kich ban KB12, véi d¢ sau tr 0,2-0,5 m ngdp nhiéu nhét tai huyén Tan Phudc
(15260,3 ha) huyén Cai Bé (14809,9 ha). Po sau tir 0,5-1 m ngap nhiéu nhét tai huyén Go
Cong Pong (6993,7 ha) va huyén Tan Phudc (15086,2 ha). D6 sau tir 1-2 m ngap nhiéu nhat
tai hai huyén Go Cong Dong (4428,2 ha) va huyén Tan Phu Dong (4027,6 ha) (Hinh 11b).

Tai nhom kich ban KB13 cho dién tich ngap 98283,6 ha. Véi do sau tir 0,2—0,5 m ngap
nhiéu nhat tai hai huyén Cai Bé (14062,8 ha), huyén Tan Phudc (15467,3 ha). P sau tir 0,5—
1 m ngap nhiéu nhét tai huyén Céi Be (16053,0 ha). B¢ sau tr 1-2 m ngap nhiéu nhét tai hai
huyén Tan Pha Dong 2133,5 ha) va huyén Go Cong Pong (1346,0 ha) (Hinh 11c).

Tai nhom kich ban KB14 cho dién tich ngap 123349,8 ha. Véi d6 sau tir 0,2—0,5 m ngdp
nhiéu nhat tai hai huyén Cai Bé (13542 ha), huyén Tan Phudc (15876 ha). Do sau tir 0,5-1
m ngap nhiéu nhat tai huyén Cai Bé (16955,1 ha). D¢ sau tir 1-2 m ngap nhiéu nhat tai hai
huyén Tan Pha Dong (2133,5 ha) va huyén Go Cong Pong (1346 ha) (Hinh 11d).

Tai nhom kich ban KB15 cho dién tich ngap 99773,3 ha. Véi d sau tir 0,2—0,5m ngap
nhiéu nhét tai hai huyén Cai Bé (13735,8 ha), huyén Tan Phudc (15855,9 ha). Do sau tir 0,5—
1 m ngéap nhiéu nhat tai huyén Cai Bé (16566,9 ha). Do sau tir I-2 m ngap nhiéu nhat tai hai
huyén Tan Pha Dong (2135,7 ha) va huyén Go Cong Pong (1346,3 ha) (Hinh 11e).

Tai nhom kich ban KB16 cho dién tich ngdp 123476,4 ha. Véi d6 sau tir 0,2-0,5 m ngép
nhiéu nhat tai hai huyén Cai Bé (13291 ha), huyén Tan Phuéc (15415,7 ha). Do sau tir 0,5—
1 m ngap nhiéu nhit tai huyén Céi Be (17367,1 ha). B sau tr 1-2 m ngap nhiéu nhét tai hai
huyén Tan Phta Dong (4055,9 ha) va huyén Go Cong Dong (4309,8 ha) (Hinh 11f).

Bang 6. Bang thong ké dién tich ngap tmg vai cac kich ban 1 triéu cuong (Pon vi: ha).

KB lii — triéu 0,2-0,5m 0,5-1m 1-2m Téng
H = 300cm, BD2 62296 26896 2092 91283
H = 300cm, BD3 62010 37533 10145 109687
H = 350cm, BD2 59693 28533 5021 93247
H = 350cm, BD3 62010 37533 10145 109687
H = 400cm, BD2 60966 32236 5082 98284
H = 400cm, BD3 66567 45605 10178 122350
H = 450cm, BD2 61335 33336 5102 99773

H = 450cm, Bb3 66058 47216 10203 123476
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Hinh 11. Minh hoa ban d6 ngap lut tinh Tién Giang theo kich ban danh gi4 tac dong ngap lut cta to
hop lii: (a) KB11; (b) KB12; (c) KB13; (d) KB14; (e) KB15; (f) KB16.

4. Két luan

Tinh hinh ngép lut trén dia ban tinh Tién Giang vdi cac kich ban do li thuong ngudn, do
triéu cuong/nudc bién dang va t6 hop li—triéu cudng voi ban d6 ngap lut va sé lidu chi tiét
cho thiy cac khu vuc c6 riii ro cao 1a khu vuc phia Tay (Huyén Cai Bé, Huyén T4n Phudc)
va khu vuc ven bién (Huyén Tan Phu Dong, Huyén Go Cong Dong) voi mire do ngap co thé
1én dén 2 m trong diéu kién to hop bat loi, trong khi khu vuc ¢6 nguy co thap chii yéu tap
trung & khu vuc giita ctia tinh Tién Giang (Thanh phd My Tho, Huyén Chau Thanh, Huyén
Cho Gao). Tuy nghién cru ndy chua xét dén cac trin mua gdy ngdp ung cuc bd nhung bd
ban dd ngap lut va cac két qua danh gia chi tiét cho ting kich ban c6 thé duoc tham khao va
dua vao mg dung trong thyc tién, phuc vu xay dung quy hoach phat trién kinh té xa hi ciing
nhu x4y dung cac phuong an ing pho va khic phuc nham giam thiét hai vé nguoi va tai san
néu co céac tinh hudng ngap lut xay ra.
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Abstract: The study established the MIKE FLOOD modeling toolkit that connected MIKE
11 and MIKE 21 with the set of cross-sectional data, the works were updated, corrected,
and verified for the flood season of the years 2000, 2011, and 2018. The simulation results
show a good correlation between the calculated and observed data, from which the model
was used to simulate and evaluate flooding in Tien Giang province according to the
scenarios due to the effects of upstream flooding, high tides and combination of high-tide
flooding. The inundation map and inundation assessment are calculated in detail for each
scenario and can be put into practice, providing reliable information for local management
agencies provided to local authorities and residents to provide warning options, and
solutions to rescue and mitigate damage caused by floods.

Keywords: MIKE FLOOD; Inundation; Tien Giang.
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Tém tat: Nghién ctru cung cip danh gia ban ddu vé kha ning udc tinh mua va tinh toan 1d,
ngap lut cho thanh phd Ha Tinh cua hé thdng giam sat 1d lut toan cau (GFMS). Hé thong
GFMS duogc tich hgp vo1 mé hinh thuy van VIC tinh todn dong chay st dung mua v¢€ tinh
TRMM (TMPA). Két qua cho thiy ¢ quy mé khu viyc, TMPA va mua quan tric c6 tuong
quan cao va chi s6 NASH cho két qua tdt (trén 0,8), mac du TMPA xac dinh sai mot s6 tran
mua c6 cudng dd nho. Luu lugng tinh todn boi hé thing GFMS duoc so sanh véi luu luong
tinh toan tir md hinh MIKE-NAM cho thanh phé Ha Tinh. Phan tich duong ‘qua trinh luu
lwong tinh toan cho thanh phd Ha Tinh cho thdy GFMS cho két qua tinh toan t6t yéu té dong
chay sinh ra boi cac dot mwa 16n voi gia tri twong quan, va chi s6 NASH cao (déu trén 0,9) va
PBIAS thap (khoang 10%); tuy nhién, kha nang mé phong do sau ngép lut thip hon dang ké
khi so sanh véi s6 liéu vét 1 thu thap duoc. Hiéu qua hoat dong ctia hé thong GFMS thay dbi
theo timg khu vuc khi hau thuy vin, do d6, két qua ciia nghién ciru s& cung cép thong tin hiru
ich cho cac nghién ctru sdu hon nham cai thién hé théng GFMS phuc vu cho cong tac giam
sat, du béo 11 lut trén toan cau.

Tiwr khoa: GFMS; V¢ tinh; Lii lut; Ha Tinh.

1. M& dau

Lii Iyt thuong xuyén xay ra, gdy tac dong 16n dén con nguoi va cac hoat dong kinh té xa
hoi. Con sé nay dang ngay cang gia tang dudi anh huong cua bién doi khi hau [1]. Cac hé
thdng canh bao lii som duoc thiét 1ap nham giam thiéu nguy co do li lut gy ra. Kha nang va
do tin cay cua nhitng hé thong canh bao sém nay phu thudc vao cac nguon dit liéu dau vao sén
c6 (vi du dir liéu mua c6 do chinh xéc cao). Tuy nhién, thu thap s6 liéu mua c6 do chinh xac
cao dang 1a mdt thach thuc, dac biét & nhitng khu vuc dia hinh phure tap, & cac nudc dang phat
trién, noi mang ludi quan trac thua thét hodc khong co.

Véi su phat trién ctia cong nghé, mua vé tinh gan thoi gian thue v6i d6 bao phu ban toan
cau [2—3] dugc cung cdp voi do phan giai cao dem lai tiém ning trong giam sat, canh bao lii
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som. Nhiéu nghién ctru da thyc hién danh gia, xem xét kha ning sir dung ctia nhiéu san pham
mua v¢ tinh trong tng dung thuy van trén nhiéu quy mé khac nhau, vi du nhu quy mé toan
cau [4-5], quy md chau lyc [6-7], quy md khu vyce [8-9], quy md qudc gia [10-12], va quy
mo luu vire song [13-24]. O quy md toan cau, [5] da danh gia phién ban trude cia GEMS, két
hop mé hinh thiy vian luéi [25] v6i san pham mwa TMPA 3B42V6. [5] két luan GFMS c6
kha ning xac dinh tot hon voi cac tran 1i dién ra trong thoi gian dai va gy ngp lut trén dién
rong, dong thoi su xuét hién cua hé thong ho chira tac dong 16n dén d0 chinh xac cua hé thong
GFMS. O quy mé luu vuc, [22] st dung hé théng mé hinh thuy vin GeoSFM str dung mua vé
tinh dé du bao dong chay cho luu vuc song Bagmati, Nepal va ciing cho két qua phu hop tot
gitta luu lwong quan tric va tinh toan. [20] mo6 phong dong chay 1ii trén luu vuc song M3 st
dung mua thuc do va GSMaP_NRT lam d4u vao cho mé hinh thuy vin IFAS di két luan sir
dung dit lieu GSMaP_NRT cho két qua tot hon so v6i st dung mua thuc do ¢ nhung ving
thiéu hogc khong c¢6 s liéu. Nhin chung, cac nghién ciru déu dua ra két luan rang mic du cac
wdc tinh str dung mua vé tinh c6 sai s6 dang ké, nhung mua vé tinh van 13 san pham rét hitu
ich lam dau vao cho cac mé hinh thuy van cho cac luu vye khéng c6 hodc thiéu sb liéu quan
trac. Do gidi han & mét hodc mot s6 luu vye, cac nghién ctru trén da phan cung cap nhirng
danh gia sau vé thily vin & quy md dia phuong hoic khu vuc. Su phat trién ctia san pham mua
vé tinh ciing nhu bo dit liéu khong gian dia 1y trén toan cau cho cac tng dung thuy van lam
tang kha nang thiét 1ap cac hé théng giam sat 1ii lut toan cau. Trén co s d6, mot vai hé thong
giam sat 1ii toan cau da duoc van hanh nhu hé thong GFMS [26], GFM [27] tuy nhién, mirc
d6 phu hop cua hé thong giam sat 1ii toan cau van chua dugce hiéu rd.

GFMS la hé thong giam sat 14 lut toan cau gan thoi gian thuc dua trén vé¢ tinh
(http://flood.umd.edu). Trong hé thdng nay, mé hinh thuy van VIC dugc tich hgp dé tinh toan
dong chay. Pau vao quan trong cho hé thong 12 mua da vé tinh TRMM ctua NASA (TMPA;
[3, 28]). M6 hinh VIC d3 duoc 4p dung thanh cong trong nhiéu nghién ciru vé thay vin va
quan ly tai nguyén nudc, bao gom ca Il lut, dic biét & cac khu vuc mién nui [5,29-31]. Vi thé
muc tiéu ciia nghién ctru nay 1a dua ra nhitng dénh gia ban dau vé hoat dong ciia hé thong
GFMS trong udc tinh mua va du bao 1 lut ddi v&i khu vuce 6 dia hinh phtrc tap nhu Ha Tinh,
mién Trung Viét Nam. Do hiéu qué ciia hé thdng GFMS khac nhau theo timg khu vuc va dic
diém khi hau thuy vin, do d6 nghién ctru ndy s& gop phan cung cap thong tin hiru ich vé cac
diém manh va han ché cua hé thong GFMS hién tai cho khu vuc thuong xuyén chiu anh
hudng cia I lut, huéng dén cai thién d6 chinh xac cho hé théng GFMS trong tuwong lai.

2. Phwong phap nghién ctru va dir liéu thu thap

2.1. Khu vue nghién cuu

Ha Tinh thudc ving dong bang ven bién mién Trung, noi c6 mang ludi sbng ngan va
ddc. Nam trong ving c6 lugng mua kha phong phu, trung binh ndm dat tir 2.300-3.200 mm
(Hinh 1). Luu vue khong ¢6 tram quan tric luu luong nhung c6 hé thong tram quan tric mua
do dé phu hop dé thuc hién danh gia ban dau vé hoat dong cua hé thong giam sat 1t lut toan
cau.

Vi nhitng ddc diém vé vi tri dia 1y, Ha Tinh 14 noi thuong xuyén chiu anh hudng ciia bio
va ap thap nhiét d6i. Luong mua ngdy, 3 ngdy, va 5 ngay 16n nhit tai Ha Tinh c6 xu thé ting
dang ké. Luong mua ngdy 16n nhat dat 455,6mm (nim 2010), luong mua 3 ngdy 16n nhét
vuot 870 mm (ndm 2016), va luong mua 5 ngay 16n nhat dat trén 930 mm (ndm 2016).

Dot mua 16n ngay 13-16/10/2016 di khién toan Ha Tinh ngap sau. Mirc ngap da 1én dén
0,4 m chi sau 1 gio mua 16n, c6 nhitng ndi ngap gan 1m. Nam 2020, dot mua ludn tir 22h
ngay 18/10 toi 4h ngay 19/10, lwong mua trong 6h da 1én dén 110170 mm. Do sau ngap tir
0,3 — 0,7 m trén toan thanh phd [32].
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Hinh 1. Khu vyc nghién cuu.

2.2. Dit liéu mua

Mua quan tric: S6 lieu mua ngay tai tram Ha Tinh dugc thu thap tir Trung tam dir liu,
Vién Khi twong Thuy van va Bién ddi khi hau. Dir liéu quan tric tai tram Ha Tinh dugc st
dung dé danh gia kha nang wdc tinh mua tir hé théng GFMS.

Mua hé thong GFMS: Du liéu phan tich mua da vé tinh (TMPA) TRMM [3, 28] cung
cap udc tinh mua thong qua tong ‘hop va hi¢u chinh thong tin tir nhiéu vé tinh ciing nhu cac
tram do mua thu thdp 3 gio mot lan, d6 phan giai 0,25 % 0,25 trong dai vi d¢ 50° N —50° S.

2.3. Dir liéu lii

Thanh phé Ha Tinh khong c6 tram do luu lugng, chi c6 tram do myc nude vi vay khong
c6 s6 liéu luu lwong quan tric. Vi thé, dé danh gia dong chay du bao tir hé théng GFMS, luu
lwong tinh toan tir mé hinh NAM dugc sir dung. Nghién ctru di ké thira bd mo hinh NAM da
duogc hiéu chinh, kiém dinh va dong hiéu chinh, kiém dinh két hop v6i mé hinh MIKE 11 tir
dy an Tu van ky thuat vé md hinh thuy van/thuy luc luu vuc song Rao Cai do Vién Khoa hoc
Thuy lgi1 Vi¢t Nam thuc hién [33].

Hai tran 1t 16m 9/2019, va 9/2020 thu thap duoc tir Urenco Ha Tinh thé hién do sau ngap
thuc do tai mot sb vi tri dién hinh (Bang 1, 2). Tat nhién, dix liéu Urenco [34] c6 nhitng han
ché nhit dinh. Thoi diém va vi tri chinh x4c cia 1 lut ¢6 thé khong dugc biét chinh xac.
Nghién ctru ky vong hai sy kién I lut cuc doan nay duoc thé hién kha tot trong dir liéu thu
thap dugc va viéc so sanh hai tap dir li€u 1a c6 do tin cay nhét dinh.
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Bang 1. Do sau ngap thuc do theo vét 1i tran ngap 5/9/2019 [34].

TT Vi tri Gio kiém tra D9 sau ngip (m)

Khu Song ba

! Puong Ha Tong Trinh giao Lé Duan (phia béc) 6h00 0,27
Puong Duong Tri Trach giao Lé Quang Chi 6h00 0,07
Puodng Lé Duan

2 Giao Lé Quang Chi 6h00 0,10
Giap Ha Tong Trinh 6h00 0,38
Giao Vil Quang 6h00 0,20
Déi dién Ha Tong Trinh 6h00 0,45

3 Duong Lé Ninh
Giao Hai Thuong Lan Ong 6h00 0,58

4 Puong X6 Viét Nghé Tinh
Gidp duong LE Ninh 0,11

5 DPuong Nguyén Du
Giao v6i Nguyén Cong Trir (Phia nam) 6h00 0,22
Giao v6i Nguyén Cong Trir (Phia bic) 6h00 0,24
Giao duong Tran Phi 6h00 0,29
Giao duong L€ Ninh 6h00 0,43

Bang 2. D6 sau ngép thuc do theo vét 1 tran ngap 18/9/2020 [34].

TT Vi tri D0 sau ngap thuc do (m)
DPuodng Nguyén Cong Trir
1 Giao Nguyén Du 1 0,48
2 Giao Nguyén Du 2 0,48
3 Giao duong Trung Tiét 0,12
4 Giao HTLO 0,24
5 Diém kiém tra muyc nudc: Truong LE Binh 0,35
6 Diém kiém tra muc nudc: S6 nha 83 0,25
Puong Nguyén Du
7 Muong giap 1A 0,44
Giao 1 Lé Ninh 0,53
9 Giao 2 Lé Ninh 0,53
10 Giao NCT 1 0,48
11 Giao NCT 2 0,48
Puodng Hai Thuong Lin Ong
12 Muong gidp 1A 0,24
13 Giao 1 Lé Ninh 0,26
14 Giao 2 Lé Ninh 0,26
15 Giap Nguyén Cong Trir phia dong 0,24
Puong L& Ninh
16  Giao HTLO 0,39
17 Giao Nguyén Du 0,41
18  Giao Huy Can 0,07

19 Giao XVNT (Nam) 0,28
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TT Vi tri D§ sau ngip thue do (m)

20  Giao XVNT (Bic) 0,29
Puong X6 Viét Nghé Tinh

21 Giao Nguyén Huy Tu 1 0,46

22 Giao Nguyén Huy Tu 2 0,46

23 Giao Nguyén Cong Trar 0,44
Puong Lé Duan

24 giao nguy@n hing chi 1 0,20

25 giao nguyén hang chi 2 0,20

26  Giao Lé Quang Chi 1 0,34

27  Giao Lé Quang Chi 2 0,34

28  Paungd 03 0,44

29  Pau ngd 03 0,44

30  Giao Ha Téng Trinh 1 0,42

31 Giao Ha Tong Trinh 2 0,42

32 Giao Vii Quang 0,31
Khu Séng ba

33 Cudi duong Lé Quang Chi 0,39

34 Cotdeén 15C Ha Tong Trinh 0,3
Puong Nguyén Thi Minh Khai

35  Giap Tran Phu 0,28

36  Giao muong ADB 0,46
Puong Phan Dinh Phung

37  Giao Nguyén Cong Trir 0,30

38  Giao Phan Dinh Giot 0,30
Puong Nguyén Chi Thanh

39  Giao Phan Binh Phung 0,20

2.4. Phwong phap nghién ciru

Dé danh gia hoat dong ciia hé thong GFMS trong kha ning phat hién cac sy kién mua Ii
va tinh toan dong chay, nghién ctru da thuc hién: (1) danh gia kha nang udc tinh mua tir hai
dot mua 9/2019 va 9/2020 ciia hé thdng GEMS so voi mua quan tric; (2) danh gia kha ning
mo phong dong chay ctiia mé hinh hé théng thong qua sb liéu dot 1i thang 9/2020 tir md hinh
MIKE-NAM cho khu vyc Ha Tinh va s6 liéu vét 1 thu thap duoc tir URESCO Ha Tinh theo
cac chi s6 thong ké (Hinh 2).

Dong chay GFMS,
d6 sdu ngdp, dién ngdp  — Correlati Ivsi
» — orrelation analysis
(ngdy, 9km x 9km) Y Luru luong tinh todn
I —| sir dung MIKE-NAM (ngay),
d0 sau ngdp vét 1
GFMS — NSE index
(3 2id, 0,25° % 025°)
(1 ngdy, 3 ngdy, 7 ngdy)
Niua GFMS L % PBIAS
(1 ngay, 3 ngdy, 7ngdy | |

Hinh 2. So d6 d4anh gia hé thing GFMS.
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Viéc danh gia mirc d6 chinh xéac lwgng mua TMPA so v6i mua quan tric 1a can thiét vi
sai s6 mua TMPA sé& chuyén truc tiép vao dau ra cia mo hinh thiy vin. Hai dot mua 16n
thang 9 nam 2019 va thang 9 nam 2020 dugc lya chon dua trén tinh san c6 cua dit liéu. Cac
dir liéu duogc tong hop theo budc thoi gian ngay, 3 ngay va 7 ngay. Cac chi sd théng ké dinh
lwong bao gdm hé sb twong quan (R?), d6 chéch phan trim (% PBias) va chi tiéu Nash (NSE)
duoc su dung.

Hé s twong quan bao gid cling duong va niam trong pham vi tir 0 dén 1. Gié tri R? 16n
hay nho thé hién quan hé giita du bao va thuc do. Céc tinh chat cua hé sb twong quan R?:

+ Néu R?= 0 thi khong c6 twong quan tuyén tinh.
+ Néu R? cang gan dén 1 twong quan cang chit
+ Néu R?>=1 tuong quan hoan hao.
Chi tiéu NSE:
'\2
wsao1 oY ()
Y -Yy
i=1

Trong do Y; la gié tri thuc do; }71 la gid tri trung binh cua s6 liéu thuc do; Y, 1a gia tri tinh
toan.

Chi tiéu PBIAS: cho biét s0 li¢u du bdo 1a 16n hon hay nho hon so vi s0 1i€u quan trac.
Chi ti€u nay chi st dung trong danh gia dong chay.

i(y, ~Y')x100
PBIAS =+ 2)

n

Y

i=1

Trong d6 Yi la gia tri thuc do; Y; 1a gia tri dy bao, tinh toan; Khoang gia tri: —o — +oo.

Bang 3. Chi tiéu thong ké danh gia mirc do tin cay [21].

Mikc dd NSE va R? PBIAS (%)
Rét tot 0,75 <NSE&R2<1 PBIAS <+ 10
Tét 0,65 <NSE & R2 <0,75 + 10 <PBIAS <+ 15
Pat 0,5 <NSE & R2 < 0,65 + 15 <PBIAS <25
Khéng dat NSE & R2<0,5 PBIAS >+ 25

3. Két qua va thao luan

3.1. Banh gia kha nang woc tinh mua

Sy xuét hién va cuong do mua theo ngay & khu vyc Ha Tinh tir hé théng GFMS duoc
danh gia so v6i mua quan trac. Mua ngay duoc xac dinh theo mua trung binh khu vuc nghién
clru.

Biéu d6 mua ngay GFMS va mua quan tric & khu vire Ha Tinh tuong tmg véi 2 trin mua
9/2019 va 9/2020 dugc thé hién trén Hinh 3a—3b. Hinh 3a cho thdy rang TMPA udc tinh thién
cao luong mua tir 30% dén 60%, twong duong khoang 107,2 mm so véi mua quan tric voi
tran mua co cudng do vira (khoang 150 mm/ngay), chi s6 Nash chi dat 43% nhung hé sb
tuwong quan tuong ddi tot, dat 0,74. Tuong quan twrong ddi cao cho thiy su phu hop t6t vé thoi
gian cia TMPA va céc trin mua quan trac.
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Hinh 3. Biéu dd so sanh qua trinh mua ngay thyc do va mua ngay tir GFMS (a) trin mua thang
9/2019 (b) tran mua thang 9/2020.

Véi tran mua cudng do 16n (khoang 200 mm/ngay), TMPA cho thiy d6 chénh 1éch chi
khoang 10%, udc tinh luong mwa TMPA thién thap so v&i quan tréc Mua thuc do cao hon
dinh mua tir GFMS khoang 11.8 mm v&i hé sb Nash dat 51%, hé so twong quan R? 13 0,53
(Bang 4). Tran mwa 2020 cho thdy tuong quan thoi gian khong t6t giita cac su kién mua
TMPA so véi quan tric.

Trong hinh 3a-3b, cho théy su chénh 1éch, tinh theo gio, gitra thoi gian dinh mua tir hé
théng GFMS va thuc do. Pinh mua hé théng GFMS xuét hién sém hon dinh mua thuc do 3
tiéng.

C6 thé thay, dbi véi tran mua co cudng dd nho, TMPA c¢6 xu thé thién cao (1én dén 60%
chénh léch), do d6 s& c6 kha ning dan dén udce tinh lugng dong chay mé phong theo GFMS
cao hon. Két qua nay cho thdy udc tinh mua TMPA vira thién thip, nhung ciing thién cao so
v6i mua quan tric tuy theo cuong d6 mua. Hon nita, san pham TMPA c6 xu thé ghi lai dau
vét cac su kién mua cuc bo, luong mua nho ma khong dugc ghi lai trong chudi dir liéu quan
trac. Xu thé nay ciing twong dong vai két qua cua nghién ciru trude [35]. [35] két luan ring
TMPA dénh gid qué cao lugng mua trén luu vuc Flint.

Bang 4. Két qua chi tiéu thong ké véi mua 1 ngay.

Chi tiéu Nim 2019 Nim 2020

Nash (NSE) 0,43 0,51
R? 0,74 0,53
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Hinh 4. Qua trinh mua 3 ngay thuc do va mua 3 ngay tr GFMS (a) trdn mua thang 9/2019 (b) thang 9/2020.

Biéu d6 hinh 4 cho thay tinh phu hop tdt gitra TMPA va mua quan tric tang 1én khi budc
thoi gian tang tor mua ngay 1én mua 3 ngay. Puong qua trinh mua TMPA va thuc do kha
twrong dong vé hinh dang, gia tri dinh mwa chénh léch khong déng ké, mic du wdc tinh thién
thap v6i lugng mua duéi 100 mm (Hinh 3a). Tuong quan gitta TMPA va mua quan trac dat
0,95 va 0,81 twong tmg vai tran 2019 va 2020. Gia tri trong quan ting 1én dang ké; dong thoi
chi s6 Nash ciing tang 1én dat 0,94 va 0,74 tuong tmg (Bang 5).

Nhirng két qua nay c6 thé do udc tinh lwong mua tir vé tinh dya trén mot anh chup nhanh
duy nhat trong khoang 3 gio, va do d6 c6 kha nang anh v¢ tinh da bo sot dinh mua; trong khi
mua quan tric 1a tong lwong mua lién tuc trong khoang thoi gian 3 gio. Dbi véi cac su kién
mua 16n, quan trac va TMPA cho két qua tuong dong t6t vé su xuét hién cia cac sy kién véi
sai s6 twong dbi nho. Két qua nay ciing di duoc khang dinh trong nghién ciru [36]. Phan tich
trén chi ra rang cuong d6 mua 13 yéu t6 quan trong, anh huong dén d6 chinh xac ciia hé thong
GFMS trong udc tinh mua phuc vu du bao li lut.

Bang 5. Két qua cac chi tiéu thong ké voi mua 3 ngay.

Chi tiéu Niim 2019 Niim 2020
Nash (NSE) 0,94 0,74
R? 0,95 0,81

Hinh 5 thé hién biéu d0 lugng mua 7 ngay ctia hé théng GFMS va mua quan tric. Gia tri
twong quan va chi s6 Nash déu cao hon cho thay kha ning xac dinh luong mua cua hé théng
GFMS cang tt véi mua co budc thoi gian cang dai (Bang 6). Két qua cho thdy kha ning xéac
dinh ctia hé thdng ciing t6t hon ddi véi mwa cuong d6 nho (khoang 50 mm). Két qua nay ciing
phil hop vdi cac nghién ciru vé hé thdng GEMS trén thé gidi [36-37].
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Hinh 5. Qua trinh mua 7 ngay thuc do va mua 7 ngay tr GFMS (a) tran mua thang 9/2019 (b) thang 9/2020.

Bang 6. Két qua cac chi tiéu thong ké ddi voi mua 7 ngay.

Chi tiéu Nam 2019 Nam 2020
Nash (NSE) 0.96 0.81
R? 0.96 0.88

3.2. Panh gia kha nang tinh toan dong chay

Kha nang du bao 1l lut cua GFMS dugc danh gia so voi luu lugng tinh toan tir mé hinh
MIKE-NAM va s6 liéu diéu tra vét 1ii str dung cac chi sb thong ké. Hinh 6 cho thiy duong
qua trinh dong chay tir hé thong GFMS phu hop tot véi két qua mé hinh NAM. Céc chi sb
thong ké déu cho két qua kha tét (Bang 7). Chi sb théng ké PBias cho thiy ring GFMS danh
gia thap dong chay khoang 11% so vdi mo hinh NAM. Gi4 tri tuong quan va hé s Nash déu
cao, trén 0.8 cho thiy dong chay tir hé thong GFMS rit phu hop véi dong chay tinh toan tir
mo hinh NAM. C6 thé thay rang dong chay dugc mé phong twong dbi tot theo cac dot mua
quan tric dugc. Dong chay tir GFMS phii hop tot vé thoi diém xuat hién dinh I4.

120

Tu m6 hinh NAM

100 GFMS

>
[e=)

Luu lugng (m?/s)
5 o
(el [e=]

R
X / .
’\/ - \/\/.
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Hinh 6. Luu lugng tinh toan st dung mo6 hinh NAM va GFMS dot lii thang 9/2019.
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Bing 7. Két qua cac chi tiéu thong ké so sanh dong chay tir mé hinh NAM va tir hé thong GFMS.

Chi tiéu Nash R? PBIAS Chénh Iéch dinh lii (m?/s)
Nam 2019 0,83 0,85 —11.1 13.1

Tuy nhién, luu lugng dinh quan sat duoc xuét hién vai gio' sau khi xuat hién dinh mua.
Trong khi dinh dong chay theo GFMS xay ra vao cung thoi diém xuat hién dinh mua. Két qua
nay c6 kha nang do anh hudng ciia mang ludi song khi tinh toan cho luu vue nho, thoi gian
chay truyén ngan, thanh phan dong chay co s¢ nho.

Hinh 7 thé hién phan b do sdu ngdp theo khong gian cia dot ngap lut 5/9/2019. Piém
danh dau tron trong hinh 7 thé hién ving ngap theo mé hinh GFMS.

Flood Detection/Intensi Zogcéeptguo?gove threshold [mm])
ep

18.8N
18.6N1 -
T8.4N A
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18N -

17.8BN
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18Sep2020
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Hinh 7. Két qua du bio ngap lut tir hé thong GFMS vao lac (a) 6h ngay 5/9/2019 (b) 15h ngay
18/9/2020.

Do sau ngdp tinh toan theo GFMS cho khu vue thanh phé Ha Tinh bién d6i trong khoang
0,01-50 mm, gi4 tri nay kha thap so véi thuc do, mirc 6 chénh 1éch 16n. Theo bang s6 liéu do
sau ngp thuc do vao lic 6h ngay 5/9/2019 (Bang 1) thi co thé thdy thanh phd Ha Tinh ngap
tai nhiu vi tri, do sau ngap tir 0,07-0,58 m. Pot ngap lut 18/9//2020 ciing cho két qua twong
tu, theo GFMS dot mua 1i ndy gay ngap toan thanh pho tuy nhién d¢ sau ngip dao dong
trong khoang 0,01-20 mm, d6 sau ngap thap hon dang ké so véi thuc do, muc do chénh 1éch
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16n. Theo bang s6 liéu d6 sdu ngap thuc do vao 18/9/2020 thi c6 thé thay thanh phd Ha Tinh
ngap tai nhiéu vi tri, d6 sdu ngép tir 0,07-0,53 m (Bang 2). Nhu vay GEMS c6 kha ning xac
dinh duoc ngap lut xut hién ¢ thanh phd Ha Tinh, mic du c6 xu thé thién thap.

Nhitng han ché trong mé phong 1ii lut dugc mo ta ¢ trén co thé 13 do mod hinh thay van
dugc sir dung ciing nhu woc tinh lugng mua dua trén TMPA. Thir nhit, d6 phan giai tho cua
n6 khong du dé thé hién yéu t6 dia hinh phirc tap va co ché hinh thanh dong chay cua khu virc
nho. Thir hai, vi hi€u chinh san phém mua TMPA dugc thuc hién theo budce thoi gian thang,
nén c6 kha nang voi nhitng tran mua 1on, thuong xuyén theo budc thoi gian 3 gio bi giam
xudng. Do d6, san pham TMPA c6 kha ning cung cap mua thién thap cho mé hinh thiy van.

4. Két ludn

Nghién ciru nay dua ra danh gia ban dau vé hé thong giam sat 1ii lut toan cau gan thoi
gian thuc dya trén san phém mua v¢ tinh (GFMS) dugc phat trién bai [26] va hoat dOng tai
http://flood.umd.edu. Myc tiéu dau tién ctia nghién ctru 1a danh gia kha ning wéc tinh luong
mua vé tinh dira trén TMPA (du vao quan trong ctia hé théng) so v6i sé liéu quan tric. Panh
gia dinh lugng san pham TMPA cho khu vuc Ha Tinh cho thay lwong mua TMPA c6 tuong
quan tot (n6i chung 1a hé s6 twong quan khoang 0.8) so vi mua quan tric, chi s Nash ciing
tuong ddi tot (khoang 0,8), mac du udc tinh lwgng mua dya trén TMPA cé thé dan dén mot sb
su kién mua bi sai, dac bi¢t 1a mua cuong do nhd. Viéc tang quy mo vé thoi gian cho thfiy
tang hiéu qua tinh toan ctia hé thong GFMS, cho thiy rang san phdm TMPA c6 trién vong
trong du bdo mua quy mo dai cho céac luu vuc nho.

Muc tiéu thir hai la xem xét kha nang du bao dong chay cua GFMS so véi luu lugng tinh
toan tir mé hinh thuy vin MIKE-NAM va dir liéu vét 1 thu thap duoc tai thanh phd Ha Tinh.
Phan tich & quy mé luu vuc nho cho thdy GFMS ¢6 kha ning tinh toan luu lugng do cac dot
mua 16n tao ra voi gia tri twong quan cao (trén 0,9), d6 chénh 1éch ciing twong dbi nho (gia tri
PBIAS chi khoang 10%); tuy nhién, hiéu sudt mo phong d6 sau ngép lut bi thién thap so véi
thuce té. Co thé thay rang h¢ thng giam sat Iii toan cau dugc diéu kh1en boi lugng mua vé tinh
da di kem vo6i sai s0 cong thém m6 hinh thuy van la téng hop sai s6 do cau trac mo hinh va
cac sai s6 trong wdc tinh luong mua.

Nghién ctru nay chi méi dung lai & danh gia véi vai tran mua va ngép lut thu thap duoc.
Vi¢e thuc hién thém danh gia hoat dong cua h¢ théng GEMS dua trén sb lugng 16n cac dot
mua 1ii véi cac cuong do khac nhau 14 can thiét dé tang do tin ciy cho cac danh gia vé hoat
dong cua hé théng GFMS. Mic du nghién ctru nay con nhiéu han ché, dic biét 1 han ché vé
dit liéu quan tric theo khong gian va thoi gian str dung trong danh gia mé hinh, nhung két qua
nghién ciru nay da cung cap thong tin ban dau vé tiém nang cua h¢ thong GFMS, tao tién dé
cho cac nghién ctru sdu hon. Hon nita, kha ning cta hé thong GFMS thay dbi theo dic diém
khi tuong thuy vin, vi thé viéc mo rong cho cac luu vue khac nam trong cac ving khi hau
thity vin khac nhau s& cung cip thém thong tin cho cac nghién ctru siu hon, gop phan cai
thién hé théng GFMS trong tuong lai.

Pong gop cua tac gia: Xay dung y tuong, lua chon phuong phap nghién ctru: N.Y.N.; Tat ca
cac thanh vién déu tham gia vao qua trinh tinh todn, viét va chinh sura ban thao.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ciru trude day; khong co
su tranh chép loi ich trong nhém tac gia.
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Abstract: This study provides an initial assessment of the ability of the global flood
monitoring system (GFMS) to estimate precipitation and streamflow for Ha Tinh city. The
GFMS system is integrated with a VIC hydrologic model to transform TRMM
Multi—satellite Precipitation Analysis (TMPA) precipitation into run—off. The results
indicated that at the regional scale, TMPA and observed precipitation highly match with
high correlation and Nash index (above 0.8), although it has a number of false precipitation
events with low magnitude. GFMS-based run—off simulations were evaluated using
simulated streamflow data form MIKE-NAM model at the outlet of Ha Tinh city. The
simulated streamflow for Ha Tinh showed that the GFMS gives good results in simulating
the streamflow generated by heavy precipitation with high correlation, high NSE index
(both above 0.9) and low PBIAS (around 10%); however, the inundation simulation
performance significantly underestimated compared with flood trace. GFMS performance
suffers from region—dependent, therefore, these results provide initial information for
further research to improve the GFMS system.

Keywords: GFMS; Satellite; Floods; Ha Tinh.
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Tém tit: Hién nay, phuong phap du bdo thuy van va xam nhdp man tai Dai Khi tugng
Thity van (KTTV) tinh Bén Tre dang s dung chi yéu 1a thong ké két hop véi kinh
nghiém cua du bdo vién, chua 4p dung cong nghé maéi vao cong tac du bao. Trong khi do,
d3 c6 kha nhiéu cac bd mé hinh thuy vin, thuy luc duge thiét 1ap dé mé phong, du bao
dugc st dung trong nghiép vu cuia cac to chirc chuyén nganh va trong cic nghién ctru khoa
hoc. Mot trong s6 d6 12 bd mo hinh Mike 11 thiét 1ap cho toan ving PBSCL do Uy ban
Song Mé Cong (UBSMC) Viét Nam xay dung va dang chay nghiép vu. Két qua danh gia
hiéu chinh, kiém dinh s liéu myuc nudc gio (tur thang 01 dén thang 06 hang ndm) cho cac
tram thily van trén cac song Ham Luéng, C6 Chién, song Tién cua khu vyc tinh Bén Tre
nam 2016, kiém dinh nam 2020 va 2022 bang cac chi sé R%, RMSE, NSE di cho thay mé
hinh ndy mé phong muyc nude gid & mirc tot dén rat tot cho tinh Bén Tre. Két qua thu
duogc 1a tai liéu tham khao tot cho cong tac xdy dung mé hinh Mike 11 du béo chi tiét vé
muyc nude va d6 man cia Dai Khi tugng Thiy van (KTTV) tinh Bén Tre trong thoi gian
toi.

Tir khoéa: M6 hinh Mike 11; Chi s danh gia; Myc nudc; Tinh Bén Tre.

1. Pt van dé

Pai KTTV tinh Bén Tre 1a don vi cung cap thong tin du bio, canh bao thién tai cho
Ban Chi huy Phong chéng Thién tai va Tim kiém Ctru nan tinh Bén Tre. Chat luong du
bao, canh bao phuc vu phong chdng thién tai, nhat 1a triéu cuong va xdm nhap min nhiing
nim gan day cua Pai KTTV tinh Bén Tre di ngay cang duoc nang cao. Hién nay, phuong
phép du bio myc nude, xam nhap man & Pai KTTV tinh Bén Tre chii yéu sir dung phuong
phap théng ké, tham khao két qua du bao cua DPai Khi tuong Thuy van Khu vuc Nam B0
két hop v6i kinh nghiém cta dy bao vién (phuong phap twong quan va phuong phap phan
tich xu thé [1]) 1a chinh dé dua ra du bio muc nudc va xdm nhap min cho tinh. Tuy nhién,
phuong phap du bao kinh nghiém cia du bao vién s& khong c6 tinh ké thira cho nguoi ké
can va chua ap dung cong nghé mai, tién tién vao cong tac du bao cho phu hop véi xu thé
nén cong nghiép 4.0 hién nay.
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Pé mo phong va du bao dong chay (gbém luu lwong, muyc nude, lwu tde), chét lugng (d6
min, d6 duc, chat 6 nhiém...) ¢ cac song, kénh trén cac khu vuc ca nuéc di c6 nhiéu
nghién ciru trong va ngoai nude xay dung bang mo hinh Mike (1D hodc 2D hoic két hop ca
1D va 2D) hodc Mike 11 két hop véi cac cong cu va phan mém khac (SIMCLIM, MIKE
SHE, ARIMA, MIKE NAM, GIS,...) [2-22] va ngay ca két hop véi cong nghé Al [12].

Céc nghién ctru xdy dung mo hinh Mike 11 dé tinh toan muc nudc va xdm nhdp min
cho BBSCL [2-12] tuy theo quy mo, dac trung cuia khu vuc nghién ciru ma cac tac gia
chon quy mé mang luéi song, cac dir liéu can phai dwa vao mé hinh, quan trong nhét van 1a
qua trinh hi€u chinh va kiém dinh mé hinh. Tir d6, céc tac gia xay dung céac kich ban dy
bao cho muc nude va xdm nhdp mén trong twong lai theo cac kich ban bién ddi khi hau va
nuée bién dang da duoc cong bd. Trong cac nghién ctru d6, mot nghién ctru di tién t6i
budc khai thac mé hinh Mike 11 dé du bao xAm nhap min cua Khu vic Nam Bo [3]. Téac
gia str dung bd cong cu MIKE SDK va cong cu Readld extraction tools két hop véi cong cu
GIS dé bién tap két qua tinh toan cia moé hinh MIKE 1 AD. Nghién ctru d3 x4y dung so dd
thily luc cia mo hinh bao gdm toan b hé thong séng, kénh chinh ca phia Viét Nam va khu
vuc sau ho Tonlesap (Campuchia), hé thong kénh cip II quan trong va cac 6 rudng ciing
nhu hé thdng duong giao thong bod. Két qua caa nghién ctru di hd trg hd trg nghiép vu dy
bao, canh bao xam nhap man cho cac Bai KTTV tinh thuéc BPBSCL.

Riéng ¢ tinh Bén Tre cung da €O nghién ctu sur dung M6 hinh Mike 11 dé duy tinh xam
nhap min trén dia ban tinh Bén Tre theo kich ban Bién d6i Khi hau dén 2050 [13]; sir dung
md hinh ARIMA két hop véi GIS dé du bao xdm nhdp min vao cac cira song cua Bén Tre
nam 2021 [14].

Qua tham khéo cic nghién ciru trén, ching t6i thay dugc chwa c6 mot nghién ciru nao
st dung bo mo hinh thuy van, thuy luc déy du cho toan ving DPBSCL dugc hi¢u chinh kiém
dinh cho ca 5 tram thuy vin (Cho Lach, My Héa, Binh Dai, An Thuan, Bén Trai) thudc tinh
Bén Tre cung voi 02 tram Tra Vinh va My Tho trén ca 3 song chinh C6 Chién, Ham Ludng
va Song Tién dé danh gia kha ning ap dung cia ching cho tinh Bén Tre.

Tir téng quan néu trén, nghién ciru nay duge thuc hién voi muc tiéu 1a danh gia kha
ning md phong tién toi du bao chi tiét muc nudce cho tinh Bén Tre ctia bd mo hinh Mike 11
va bo dir liéu da thiét lap cho toan ving PBSCL cua Uy ban Song Mé Cong (UBSMC) Viét
Nam. Bo mé hinh duoc nhom téc gia hiéu chinh, kiém dinh ddnh gia chat luong mé phong
tai CAC tram thuy van trén cac song Ham Luong, Cb Chién, song Tién ciia khu vuc tinh Bén
Tre nam 2016, 2020 va 2022 (tir thang 01 dén thang 06). Két qua thu duoc sé 1a tai liéu co
s¢ cho cong tac xay dung cac mo hinh du bdo muc nudc va dd man (cd mo hinh dya vat ly
va mo hinh dua sb liéu) cua Pai Khi twong Thay van (KTTV) tinh Bén Tre chi tiét cho tinh
Bén Tre & cac budc tiép theo.

2. Phuwong phap nghién ciru va dir liéu sir dung

2.1. Gioi thiéu khu vwec nghién cuu

Bén Tre 1a mot tinh ven bién, nam & phia Dbong Nam Dong bang song Ciru Long, voi
chiéu dai bo bién 65 km. Bon con song chinh d6 ra cac bon ctra: Ctra Pai, Ba Lai (co cong
dap Ba lai nam 2002), Ham Ludng, C6 Chién bao boc va chia Bén Tre thanh ba phan. cu
lao An Hoa, cu lao Bao va cu lao Minh.

Bon con song nay ciing voi hé thong kénh rach chang chit 1a nguon cung cap nudc truc
tiép cho toan bd hoat dong san xuét va sinh hoat cua tinh, tao diéu kién thuan lgi cho Bén
Tre trong phat trién kinh té vuon, nong nghiép, dong thoi cling tao cho Bén Tre nhiéu kho
khan do chiu anh huong ndng né cua thién tai, nhat 13 triéu cuong, xam nhap man, sat 16 bo
song, bd bién... Bén Tre ndm trong vung nhiét doi gi6 mua nong am, hang ndm c6 2 mua rd
rét: mia mua trung binh tir thang 5 dén thang 11 va mua kho tir thang 12 dén thang 4 nam
sau. Tong luong mua trung binh hang niam khoang 1.476,4 mm, bién dong trong khoang
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1.253,9-1.784,8 mm. Mua mua chiém 93-94% luong mwa nim, trong d6 hai thang 9 va
thang 10 chiém t6i 33-34% luong mua; mua kho chiém 6-7% lugng mua nam, luong mua
nay tap trung vao 2 thang chuyén tiép la thang 12 va thang 4. Cac thang 1, 2, 3 hau nhu it
mua hodc khong mua. Trong mua muwa c6 xudt hién cac dot it mua nang han (han “ba
chin™), thuong xay ra khoang tir thang 6 dén thang 8, va tap trung nhiéu nhat vao thang 7—
8, s6 ngay han thuong kéo dai tir 6-7 ngdy, c6 nim kéo dai dén 16-18 ngay.

Tién Giang

Vinh Long

Tra Vinh

Chi giai

—_Séng, rach

Hinh 1. Ban dd kénh rach tinh Bén Tre.

Tinh Bén Tre chiu anh hudng chu yéu ciia ché do ban nhat tridu khong déu (hau hét cac
ngdy trong nam déu c¢6 2 lan nudc 1én va 2 1an nudc xudng, hang thang ¢ 2 chu ki tridu
cuong va hai chu ki tridu kém). Ngoai 4 nhanh séng 16n, con hé théng kénh rach ndi cac
song 16n v6i nhau thanh mang ludi chang chit voi tong chidu dai hon 2.367 km. Tong luu
luong nude cac song thudc hé thong séng Tién 1én dén 30 ty m®/nam; vao mua 1i chiém
80%, tirc gip 4 lan luu lugng mua kho.
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Hinh 2. Myc nudc cao nhat cac tram thay van & tinh Bén Tre tir nam 2000—2020.

Vao mua mua 1ii, hién tuong nude dang do I tir thuong ngudn dd vé két hop voi tridu
cuong hodc két hop do mua bao, ATND, lam cho viéc tiéu thoat nudc cham gay ngap ung
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nhiéu noi trong Tinh gy kho khin cho sinh hoat, san xuat va doi séng nguoi dan. Nhiing
ndm gan ddy, muc nudc cao nhat hang nim quan tric dugc tai cac tram thuy vén cia tinh
Bén Tre ngdy cang cao va lién tuc 14p mdc lich sir méi, ngay ca trong cac thang mua kho tir
thang 12 dén thang 04 hang nam (Hinh 2 va Hinh 3). Vao mua khd, min theo dong triéu
xam nhép siu vao cic song trén dia ban tinh gy thiét hai ning né vé kinh té—x3 hoi, nhat 1a
mua kho nam 2015-2016, 2019-2020. Vi vay, hi¢n tugong nudc dang va xam nhap man
hang nim 1a yéu té thiy vin nguy hai ma nhan dén va cac co quan chirc ning trong Tinh
guan tam.
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2.2. Thiét ldp mé hinh

Pham vi ciia m6 hinh Mikell trong nghién ctru nay la tir Kratie trén dong chinh song
Mé Cong dén cac cira bién ctia Viét Nam bao gom hé thong kénh rong 16n ciia ving Chéu
thd song Mé Cong (gém dong bang séng Ctru Long ¢ Viét Nam va dong biang phia
Campuchia) va khu vuc Tong Lé Sap ctia Campuchia.

So dd tinh dugce tham khao tir cac nghién clru trudc ddy va gan day nhu: nghién ctru
cta Han Quéc (dugc thyc hién boi SIWRP st dung mo hinh VRSAPI) voi phﬁn mo& rong
phia tay dén ban dao Ca Mau, mé hinh thuy luc ISIS xay dung cho vung Chéau tho song Mé
Cong, trong bd cong cu HH tro ra quyét dinh DFS cua Uy héi song Mé Cong quoc té.

Mang tinh toan thuy lyc MIKE11 ving Pong bang song Mé Cong bao gdm khoang
hon 10.000 nut tinh toan mé ta chi tiét hé thong séng/kénh, gan 500 ving ngap (6 rudng),
cac cong trinh cong. .. trén song ctia Campuchia va Viét nam.

M6 hinh cho phép tinh toan dién bién dong chay (muc nudc, luu lwong) va dién bién
xam nhap min cho ving Pdng bang song Ciru Long. Két qua tinh toan tir md hinh co thé
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thé hién & dang toa do (x, y, z), nhd d6 c¢6 thé sir dung trong GIS nhdm x4y dung cac ban do
nhu: ngap Id, xam nhap man...

Hinh 4. So' @5 héa mé hinh MIKE 11.

Mo hinh duoc xiy dung gom céc bién dudi 1a myc nude tricu tai cac cira séng nhu:
Long Xuyen Dai Ngai, My Thanh, Ganh Hao, Ong Déc, Xéo RO, Rach Gia. Cac bién phia
trén 1a gia tri vé luu luong tai Kratie, khu vuc Bién HO (Campuchia). Ngoai ra lugng dong
chay gia nhap tur cac khu gitra sinh ra do mua ciing dugc dua vao md hinh.

Diéu kién ban dau cho cic phuwong an hiéu chinh, kiém dinh dugc xac dinh tir viéc
chay mo hinh ¢ diéu kién 6n dinh (Steady State) véi mdi chudi sé lidu (nam 2016, 2020 va
2022) sau d6 chon céc gid tri myc nudce, luu lwong tai cac nit gan dung so voi thoi diém bat
dau tinh toan dé lam diéu kién ban dau (Initial Condition).

M0 hinh duoc hiéu chinh va kiém dinh mé hinh theo phuong phap thir sai, sir dung céc
chi s6: R (Hé sb twong quan), hé s Nash—Sutcliffe va RMSE (sai s6 quan phuong) 1am tiéu
chuan dé hiéu chinh, kiém dinh. Chudi s liéu nim 2016 duoc sir dung dé hiéu chinh va
chudi s liéu nam 2020 va 2022 duoc s dung dé kiém dinh mé hinh.

2.3. Dt liéu swr dung

S6 liéu khi tuong, thiy van cadc nam 2016, 2020 va 2022:

Muc nuéc cua cac tram cira bién (Long Xuyén, Pai Ngai, My Thanh, Ganh Hao, Ong
Péc, Xéo Rd, Rach Gia...) va trén DPBSCL nhu An Thuan, Binh Dai, Bén Trai, My§ Tho,
My$ Hoéa, Chg Lach, Tra Vinh (Hinh 5).

S6 liéu mua cta 22 tram chinh (Long Xuyén, Tan Hi¢p, Can Tho, Rach Gia, Vi Thanh,
Phung Hiép, Dai Ngai, Soc Trang, Bac Liéu, Ca Mau...).

- 6 ligu dia hinh vé song, kénh, cbng, duong giao thong dugc cap nhat dén nam 2012.

- Ché d6 van hanh cdng theo lich dong mo hang ndm cua cac dia phuong;

- 86 liéu mo ta cac 6 ruong: Lién két v6i nat twong tng; Dién tich, thé tich tuong tng
v6i cac cap dia hinh; Mua gin véi 6 rudng; Kha ning tai nudc tuong ung.

2.4. Cdc chi s6 danh gid

Nghién ctru st dung 03 chi s dénh gia: hé s6 xac dinh R? (Coefficient of
determination), Sai s6 binh phuong trung binh RMSE (Root mean square error), H¢ so
Nash (Nash—Sutcliffe effciency) (NSE) dé danh gia mirc d6 phu hop gitra so liéu thuc do va
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tinh toan cia mé hinh [2, 15]. Cac chi s6 danh gia dugc xac dinh & cac cong thic (1), (2) va
@):
R? = 21 1(0i~Owbi) (Fi ~Otp) 1)
\/Z%\I(Oi—otbi)(l’i—otbi)
Trong do F la gia tri md phong; O la gia tri quan tric; Otb 1a gia tri quan tric trung
binh; N 1a tong so0 trudong hop.

: Legend
® Tram Thiy van

Google Earth

Hinh 5. Ban d vi tri cac tram thily van dua vao hiéu chinh va kiém dinh.

1
RMSE= (15N, (F; - 0)? @
Trong d6 F 14 gia tri mo phong; O 13 gia tri quan tric; N 14 tong s cac cap diém.
N (0.-F;)2
NSE = 1 — 2i=1(0i—F))” 3)

TN (0i—0gpi)?
Trong d6 F 1a gia tri mod phong; O 1 gia tri quan trac; Ow 1a gia tri quan trac trung
binh; N 14 tong s6 truong hop.
Tiéu chi danh gia chat luong cho chi sé NSE c¢6 thé chia ra nhu sau: NSE < 0,5 1a xép
loai khong dat; 0,5 < NSE < 0,65 1a xép loai dat yéu cau; 0,65 < NSE < 0,75 1a xép loai tdt;
0,75 <NSE < 1 1a xép loai rat tét [2].

3. Két qua va thao luin

3.1. Pdnh gid chdt lwong két qua hiéu chinh ciia mé hinh nam 2016

Nhin vao duong qua trinh myc nude gio duge vé khoang 17 ngay tai cac tram thuy van
trén dia ban tinh Bén Tre cua s6 liéu hiéu chinh, co thé thay duoc co su twong dong vé pha
va bién do muc nudc cua sb liéu méd phdéng va s6 liéu thuc do. Tuy nhién, tai cidc tram My
Hoéa, Tra Vinh, Cho Lach, Bén Trai chua c6 su tuong déng vé pha va ) luong chan, dinh
triéu & mot s6 thoi diém cua dudng qua trinh (Hinh 6).

Céac chi sb danh gia két qua hi¢u chinh myc nudc gio cia md hinh tai cac tram An
Thuan, Binh Dai, Bén Trai, M§ Tho, Tra Vinh, My Hoa, Chg Lach tir thang 01 dén 06 nam
2016 ctia mo6 hinh Mike 11 qua céac chi s6 théng ké R?, NSE, RMSE duoc trinh bay trong
Hinh 7.
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Hinh 7. Biéu d6 céc chi sb danh gia cua sb liéu
hiéu chinh nam 2016 cac tram: (a) Biéu dd chi s6
danh gia R?; (b) Biéu db chi sé danh gia NSE; (c)
Biéu db chi s6 danh gia RMSE.
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Nhin vao biéu dd danh gia chi s6 R? cho nam hiéu chinh 2016, ta théy duoc chi sé R?
dat tir 0,76 dén 0,88 tai tat ca cac tram. Vi két qua danh gia nay, cho ta thiy duogc giita sb
lidu thuc do va mé phong cé sy twong qua & mirc tot (Hinh 7a).

Mic khac, néu so sanh giita danh gia tryc quan voi he s6 R2, thi cho két qua khac, vi du
voi tram Tra Vinh va Ben Trai, mdc du sai s6 kha 16n & cac ngay 4-5/01 va 15-16/01 (Hinh
6 va Hinh 7a) nhung van cho két qua hé s6 R? kha cao, dat murc tot.

Dbi vai chi s6 NSE két qua danh gia cho thdy chi s6 nay dat tir 0,75 dén 0,88 tai tat ca
cac tram. Diéu ndy ciling cho chung ta thiy két qua mo phong cua m6 hinh ¢ mic tbt va tot
nhit & cac tram My Hoa va My Tho (cac tram nay nim & vung gitra cua tinh Bén Tre), cac
tram ha ngudn va ven bién cua tinh ¢6 chit lwong mé phong kém hon (Hinh 7b).

Con véi chi s6 RMSE, gia tri danh gia dat duoc tir cac tram dao dong tir 4,3 dén 10,1
(Hinh 7c), day ciing la gia tri cho mirc danh gia mdé phong ctia mo hinh & cac tram & mic
t6t. M6 phong tot & cac tram ving giita cua tinh (M§ hoa, M§ Tho) kém hon & cac tram ven
bién va thugng ngudn cta tinh (Cho Lach).

3.2. Pdanh gid chdt lwong két qua kiém dinh ciia mé hinh ndam 2020 va 2022

Nhin vao dudong qua trinh myc nudc gio dugce v tai cac tram thily van trén dia ban tinh
Bén Tre cua sb liéu kiém dinh nam 2020 va nam 2022, c6 thé thay duoc c6 sy twong dong
vé pha va bién d0 muc nudc, $6 luong chan, dinh cia muc nudc cod sy tuong déng tot
hon so v6i hiéu chinh (Hinh 8 va Hinh 9).
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Hinh 8. Két qua kiém dinh duong qué trinh muc nudc gio tai cac tram Tra Vinh, My Héa, My Tho,
Chg Lach nam 2020.
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Hinh 9. Két qua kiém dinh dudng quéa trinh myc nuéc gid tai cac tram My Hoa, Cho Lach nim 2022.
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Céc chi sb danh gia két qua kiém dinh myc nue gid ciia mo hinh tai cac tram My Tho,
Tra Vinh, My Hoa, Cho Lach cia nam 2020 va 2022 (tir thang 01 dén 06) cua mé hinh
Mike 11 qua céc chi s6 thong ké R?, NSE, RMSE dugc trinh bay trong Hinh 10.

Biéu do chi so0 danh gia R? Biéu do chi so0 danh gia NSE
0.98 0.98 096
0.96 0.96
0.94 0.94 0.93
0.92 0-92 11 50 0.90 0.90
0.90 + 0.90
088 | m2020 | 088 - 2020
0.86 2022 g:gj 1 2022
0.84 7 082 -
0.82 080 4
0.80 - 0.78 +
0.78 - 0.76 - . T _— T o T ; (b)
My Tho My Hoa Tra Vinh Cho Lach My Tho My Hoa Tra Vinh Cho Lach
z
Biéu d6 chi s6 danh gia RMSE
9.00 8.52
8.00
7.00
6.00
500 = 2020
4.00 2022
3.00
2.00 -
1.00 E.
0.00 -
My Tho My Hoéa Tra Vinh Cho Lach

Hinh 10. Biéu dd cac chi s6 danh gia cua s6 liéu kiém dinh nam 2020 va 2022 tai cac tram: (a)
Bicéu do6 chi so danh gia R?; (b) Biéu d6 chi so danh gia NSE; (c) Biéu d6 chi so d4nh gia RMSE.

9.00

8.00

7.00

6.00

5.00

m 2016
= 2020
2022

4.00

3.00

1.00 -

0.00

Chg Lach | My Hé o Lé § Hoéa | Cho Lach
R2 \ NSE \ RMSE ‘

Hinh 11. Biéu d6 so sénh céc chi s6 danh gia ddi voi nam hiéu chinh 2016 va nam kiém dinh 2020,
2022 ¢ hai tram Cho Lé&ch va My Hoa.

Ta thay chi s6 R? ctia 02 nim kiém dinh (2020 va 2022) dat dao dong ¢ muc 0,84 dén
0,96. Két qua nay cho thay murc d§ twong quan rat tt ctia s6 liéu mo phong so vdi s6 lidu
thuc do (Hinh 10a). Dbi véi chi s NSE cua 02 niam kiém dinh (2020 va 2022) thi chi s6
ndy dao dong & mirc 0,83 dén 0,96 (Hinh 10b). Két qua nay, ciing cho ta cho thiy mirc do
trong dong rat tét & cac tram cua s liéu mo phong so v6i s6 liu thyc do (Hinh 11). Chi s
danh gia cho thay dugc mod hinh m6 phong rat t6t & cac tram & khu vyc gitta cua tinh (My
Hoa) va kém hon & cac tram gan bién (Tra Vinh) va tram thuong ngudn (Chg Lach).

Véi chi s6 danh gia RMSE cho ta két qua dat dao dong tir 1,81 dén 8,52 cho cac tram
ctia tinh Bén Tre (Hinh 10c). Két qua nay ciing cho ta thay dugc mo hinh mé phong rét tot
cho cac tram thily van trén cac séng chinh cta tinh, mé hinh cho két qua kiém dinh rat t6t,
tot nhét 1a nam 2020.



Tap chi Khi twong Thiiy van 2022, 740(L), 38-49; doi:10.36335/VNIHM.2022(740(1)).38-49 47

Qua qua trinh kiém dinh va hiéu chinh muc nuée cho cac nam 2016, 2020 va nam
2022, ta thdy duogc cac chi s R? va NSE cho két qua twong dong 14 nim kiém dinh cho két
qué tot hon nam hiéu chinh, nhung khi xem xét chi s6 RMSE thi ¢6 sy sai khac vé mirc do
chat luong ¢ tram Cho Lach, két qua mé phong ciia ndm kiém dinh 2022 lai thap hon két
qua hiéu chinh nam 2016 (Hinh 11).

4. Két ludn

B6 mo hinh Mike 11 thiét 1ap cho toan ving PBSCL do Uy ban Séng Mé Cong
(UBSMC) Viét Nam dang st dung chay nghiép vu cho ket qua mo phong muc nude rat tot
Muc nudce tinh toan theo gio c6 sy twong ddng rat cao vé pha, bién do triéu, ciing nhu sb
luong chan, dinh triéu tai cac tram thuy van trén cac song chinh cua tinh Bén Tre duoc dua
vao hi¢u chinh va kiém dinh. Két qua hiéu chinh, kiém dinh cho thdy mé hinh nay mo
phong tot nhat cho cac tram vung gitta cta tinh Bén Tre (My Hoa, My Tho), kém hon ¢ cac
tram ven bién (Binh Dai, An Thuan, Bén Trai) va thuong ngudn cua tinh (Chg Lach). Tir
day co thé goi mo ra huéng két hop giira cac don vi nghiép vu cia UBSMC Viét Nam véi
cac Pai KTTV tinh thuéc DPBSCL trong cong tac du bao muyc nude, dd man trén hé thong
song, kénh cua BPBSCL.

Tuy nhién, md hinh nay ciing c6 han ché 1a nguén sé liéu va dir liéu phuc vu cho mé
hinh rét nhiéu, doi hoi phai co sy chia s¢ dir liéu, s6 lidu gitra cac td chtrc v&i nhau méi ¢o
du diéu kién dé ap dung mé hinh nay chay nghiép vu.

Két qua ndy sé& 1a tai liéu tham khao t6t cho cong tac xay dung cac md hinh du béo chi
tiét (ca mo hinh duwa vat 1y va mo hinh dya s6 liéu), ma truéc hét 1a xdy dung mo hinh Mike
11 du béo chi tiét vé muc nudc va d6 man cho Pai KTTV tinh Bén Tre véi mang ludi song
dua vao tinh toan don gian nhat c6 thé, véi cac dir liéu, sé liéu ma Pai KTTV tinh Bén Tre
6 thé tu cung cép nhiéu nhat (quan trong nhét 1a xay dung cong cu dy bao bién myc nudc
ha luu va bién luu lugng thuong luu). Sau d6 nghién ciru két hop véi kinh nghiém cua dy
bao vién st dung lam phwong an du bio muc nudc va xdm nhdp min cho tinh Bén Tre
trong nghiép vu du bao ciia Pai KTTV tinh Bén Tre gop phan giam thiéu t6i da thiét hai do
triéu cuong va xam nhap min gay ra cho tinh.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.-T.G., B.H.L., N.H.P.; Xu ly sO
liéu: B.H.L.; Chay m6 hinh: N.D.D., B.H.L.; Viét ban thao bai bdo: B.H.L., N.H.P.; Chinh
stra bai bao: N.T.G., N.H.P.

Loi cam on: Bai bdo hoan thanh c6 sy hd tro vé mat dir liéu vé dé tai ma sb
NDT.58.RU/19 do B§ Khoa hoc Cong nghé tai tro.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Abstract: Currently, the hydrological and saltwater intrusion forecasting methods used by
the Hydro—meteorological Center of Ben Tre province are mainly statistical techniques
combined with the experience of forecasters, and not yet applying new technology.
Meanwhile, there have been quite a number of hydrological and hydraulic models that
have been set up for simulation and prediction in day—to—day operation as well as in
research work. One of them is the Mike 11 model setup for the entire Mekong Delta
region, which was built by the Vietnam National Mekong Committee and is producing
water level and salinity forecasts for the main rivers and important points of the river
system. This paper presents the application results of this model setup to simulate hourly
water levels for hydrological stations on Ham Luong, Co Chien and Tien rivers of Ben Tre
province in 2016, 2020 and 2022 (from January to June every year). The results of
calibration in 2016, validations in 2020 and 2022 using R2, RMSE, NSE indices have
shown that the simulation capability of the model is at a good to very good level for Ben
Tre province. The obtained results are a good reference for the construction of Mike 11
model to forecast detailed water level and salinity of the Hydro—meteorological Center of
Ben Tre province in the coming time.

Keywords: Mike 11 model; Peformance metrices; Water level; Ben Tre province.
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Tém tit: Bai bao gidi thiéu phuong phap va cdc két qua timg dung mo hinh MIKE 11 tinh
toan dong chay mat phuc vu cong tac cap phep khai thac tai nguyén nude luu vuc séng Ca.
Nhom téc gia di téng hop, phan tich sé liéu vé mua, bdc hoi, luu luong, muc nude tai cac
tram thuy van, tram khi tugng trén luu vye song Ca tir ndm 1997 dén nam 2016, ngoai ra con
thu thap ban 66 s6 d6 cao (DEM), 688 mat cit trén cac hé théng song chinh. Tu céac s6 licu do
dac, quan trac trén, thiét 1ap c6ng cu mé hinh thity van MIKE NAM, thuy luc MIKE 11 dé
tinh todn. Thoi gian hi€u chinh mo6 hinh tir giai doan 1997-2006, thoi gian kiém dinh m6 hinh
tir naim 2007-2016. Qua trinh hiéu chinh va kiém dinh mé hinh & cic tram thuy vin cho thay
chi s6 NASH tuong dbi tét, sai s6 twong quan dat dudi 12%. Tir bo thong sé mé hinh thu
dugc, tién hanh tinh toan, danh gia thir nghiém cac yéu to dong chay nam, dong chay 1ii, dong
chay kiét, dong chay trung binh thang, dong chay trung binh ngay nhiéu nim tai tram thiy
van Yén Thuong va 1 vi trf 1 cong trinh khai thac nudc mit ciia doanh nghiép cho thay két
qua phu hop véi thuc té.

Tir khéa: MIKE 11; Tinh toan dong chay mit; Cap phép khai thac tai nguyén nuéc; Séng Ca.

1. M& dau

Tinh dén thang 4 nim 2022 ca nudc c6 khoang 24.000 cong trinh khai thac, sir dung
nude va xa nudc thai vao ngudn nude da dugc cap phép hoat dong, trong d6 c6 2.733 1a gidy
phép khai thac, str dung nude mit, nude bién [1]. Noi dung dé an, bao cdo khai thac, sir dung
nude miat, nude bién duoc 1ap theo mau 29 dén 34 cua Thong tu 27/2014/TT-BTNMT ngay
30/5/2014 ciia Bo truong Bo Tai nguyén va Moi truong [2]. Tuy nhién, chudi sé liéu khi
tuong, thuy van sir dung dé tinh toan dic trung dong chay phai dam bao tinh dai biéu, tinh
dong nhat, tinh doc 1ap va lién tuc trén 20 nam. Thuc té nay rat khé dap ung vi hién nay ; s6
lwong tram thuy van, tram khi tugng con it, chura ké ¢6 nhiéu tram di bi hu hong, xudng cép,
khéng con hoat dong. Pé tinh toan dic trung dong chay tai mot vi tri ciia nhitng luu vuc ¢o it
s0 liéu hodc khong c6 sb liéu do dac, thudng kéo dai s6 liéu hodc sir dung phuong phap luu
vue twong tw; phuong phap ban db dang tri; phwong phap cong thire kinh nghiém. Tuy nhién,
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két qua tinh toan khi sir dung nhitng phuong phap trén c6 sai s6 16m do cac diéu kién dé sir
dung kho dap tmg, s6 1an tinh toan nhiéu, mdi lan tinh toan chi cho ra dugc két qua tai mot vi
tri nhat dinh trén luu vuc. Néu dé tinh toan dac trung dong chay cho cac doan séng hay mot
hé thdng song véi nhleu song 16n s& mat rat nhiéu thoi gian va do tin cay khéng cao.

S6ng Ca bat nguon tur nude Lao, tai Viét Nam, song nam trén dia phan 2 tinh Nghé An va
Ha Tinh. Tinh cho dén nay, trén luu vuc c6 12 tram khi twong va 16 tram thuy van, khoang 40
tram do mua co ban thudéc mang ludi tram do dang hoat dong thudc Téng cuc Khi tuong
Thuy van quan 1y. Tuy nhién, dé cap phép cho cac doanh nghiép c6 nhu cau khai thac nudc
mat trén luu vuc séng Ca cling vap phai cac khé khin chung nhu trén di néu.

Hién nay, dé danh gia tai nguyén nudc mat ddi voi cac luu vuc song da cd nhidu cac
nghién ctru trong va ngoai nudc. Trong do, vdi sy phat trién cua khoa hoc ky thuat, cong ngh¢
thong tin, phuong phap mo hinh toan mé phong duoc tmg dung rat rong ri va cho két qua tin
cdy [3] nhu [4-6]... Cac nghién ctru trong nudc cb lién quan dén tinh toan, danh gia tai
nguyén nudc mit nhu: [7] dd nghién ctu danh gia luong dong chay song Pa tir Trung Qubc
vao Viét Nam phuc vu cho bai toan quy hoach va quan ly tai nguyén nude luu vuc song Pa,
[3] da tng dung m6 hinh MIKE NAM, MIKE 11 HD tinh toan tai nguyén nudc mét luu vie
song Ciru Long dua ra birc tranh vé hién trang tai nguyén nude mua, nude mat luu vuc song
Cuiru Long... Tuy nhién, cac nghién ctru nay chu yéu st dung cong cu mo hinh de mo phong
lai chudi s6 liéu dong chay ¢ cac tram thuy van, trong khi yéu cau cua cong tac cap phép khai
thac sir dung nu6e mat can suir dung so lidu tai cac vi tri bat ky trén dong chinh hodc song
nhanh, va theo huéng tiép cén do, hau nhu chua c6 cac nghién ctru tmg dung tinh toan dong
chay mat phuc vu cong tac cip phép khai thac tai nguyén nudc.

Dé gop phan gitp cho cong tac cip phép tai nguyén dugc nhanh chéng, thudn tién va
dam béo do tin cdy cao hon, nghién ctru nay ing dung mo hinh MIKE 11 tinh todn dong chay
mit luu vuc song Ca tai tit ca cac vi tri trén hé théng song va xay dung bo dit liéu cho chudi
dong chay tir 1997-2016.

2. Phuwong phap, dir liéu sir dung
2.1. Gioi thiéu khu vuc nghién cuu

Séng Ca 1a mot hé thong soéng 16n, bat ngudn tir tinh Xiéng Khoang, Lao chay theo
huéng Tay Bac- Dong Nam cho t6i vi tri cach bién 40 km thi chuyén theo huéng Tay- Dong
r0i d6 ra bién tai Ctra Hoi [8]. Céc song nhanh 16n nhu séng Hiéu, song Gidng, song La déu
d6 vao doan trung ha luu song Ca. Nhimg song nay déu bat ngudn tir ving c6 lwong mwa nim
16n dat tir 2.000 m bén séng Hiéu, 2.100 = 2.400 mm bén song Giang, song La da bo sung
ngudn nude dang ké cho ha du song Ca [9].
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Hinh 1. Khu vuc nghién ctru.
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2.2. Gioi thiéu phuwong phap

B0 cong cu m6 hinh MIKE [10] xay dung boi Vién thuy luc Pan Mach (DHI) dugc st
dung rong rii trén Thé gidi [11-13]... ciing nhu Viét Nam [14-16]... Nhém tac gia ap dung
cac cong cu md hinh MIKE NAM, MIKE11 [17-18] thiét 1ap va tinh toan dic trung dong
chay nam cho cac tiéu ving va toan bd luu vuc song Ca.

Két qua cia m6 hinh MIKEI1 cé thé trich xuét tai mot hay nhiéu vj tri vé yéu t6 muc
nudc, luu lugng dong chay trén luu vue séng Ca tir nam 1997 dén nam 2016. Dwa vao chudi
dong chay binh quéan thang tinh toan phan phdi dong chay nam, tinh toan déc trung dong chay
mua 18, dong chdy mua kiét, dong chay 3 thang kiét nhét va dong chay thang kiét nhat ng
v6i cac tan suat thiét ké tai vi tri cong trinh khai thac. Ngoai ra, tir két qua mé hinh c6 thé
danh gi4 dién bién dong chay & thuong luu va ha luu cong trinh theo hai thoi ky trude va sau
khi ¢6 cong trinh. Vi vi tri du kién dat tram bom khai thac, nha quén ly c6 thé dé dang trich
xudt s6 liu muc nudc, lvu lwong trung binh ngay cua chu01 nhiéu nam, tir d6 xac dinh luu
luong dong chay nho nhat theo ngay, thang va tan suat xuat hién. Pay 13 co s¢ dé danh gia
kha nang cip nudc ctia ngudn nude va SO ‘Tai nguyén va M6i trudng c6 thé str dung két qua
ctia mo hinh 1am cin ctr trong viée ra quyét dinh cap phép cho cac doanh nghiép c6 nhu cau
khai thac nudc mat trén luu vuc song Ca.

2.3. Dir liéu sur dung

a) Dit lidu dja hinh: Ban d6 DEM 30 m x 30 m cua toan bd luu vuc séng Ca; Mt cit luu
vuc song Ca gdbm c6 865 mit cat.

b) D liu Khi tugng thuy van:

S6 liéu dau vao cia mo hinh MIKE NAM bao gom sb liéu mua, s lidu bdc hoi tiém
nang, sb liéu luu luong dong chay thuc do dé kiém chimg mé hinh trén pham vi tinh toan.

S6 liéu mua ngay tir nim 1997-2016 cta cac tram: Quynh Luu, Quy Hop, Quy Chéu,
Nghia Khanh, Muong Xén, Ctra Rao, Twong Duong, Con Cudng, Dura, D6 Luong, Nam Pan,
Hoa Duyét, Son Diém, Linh Cam, Ty Hiéu, Huong Khé, Vinh.

S6 liéu boc hoi ngay tir nam 1997-2016 cua cac tram Vinh, Huong Khé, D6 Luong, Quy
Chéu, Tuong Duong, Tay Hiéu, Quynh Luu, Quy Hop.

S6 liéu dau vao cho mo hinh MIKE 11 bao gom s6 liéu vé luu luong dong chay ngay tai
bién chinh (TD Nam Mo, TP Ban V&, TD Chau Thang, ho Séng Sao, hd Thac Mudi, tram
thuy van Son Diém, hd Ngan Truoi, Dap Pa Han, Pap Tiém, TD H6 Ho), luu lugng dong
chay nhap lvu nhanh song tir MIKE NAM (28 tiéu luu vyc) va sé liéu myc nudc theo ngay tai
Cua Hoi.

S6 liéu luu lugng ngay thuc do tir ndm 1997-2016 tai cac tram Muong Xén, Dira, Nghia
Khanh, Hoa Duyét, Son Diém, Yén Thuong, Quy Chau.

Qué trinh dong chay nhép luu khu gitta dugc tinh toan bang mé hinh MIKE NAM.

S6 lidu mue nude ngay thuc do tir ndm 1997-2016 tai cac tram: Cho Trang, Linh Cam,
Cua Hoi. B6 Luong, Yén Thugng, Nam Pan, Muong Xén, Con Cudng, Dtra, Thach Giam,
Hoa Duy¢t, Nghia Khanh, Quy Chau, Son Di¢m.

3. Két qua va thio luin

3.1. Thiét Igp mé hinh thuy vian (MIKE NAM)

Dua vao diéu gién dia 1y tu nhién, ’diéu kién $6 li¢u, phan bd mang ludi song va mang
ludi tram KTTV san co, luu vuc hé thong song Ca dugc phan tach ra thanh 28 luu vuc bd
phan chinh (Bang 1, Hinh 2).
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Bang 1. Danh sich cac luu vuc bo phan hé théng song Ca.

TT Luu vuc Dién tich (km?) TT Luu vuc Dién tich (km?)
1 BAN VE 8532,44 15 HO HO 293,245
2 CHAU THANG 845,715 16 SONG TIEM 134,57
3 QUY CHAU 1227,23 17 DA HAN 105,743
4 NGHIA KHANH 1981,82 18 NGAN TRUOI 370,686
5 SONG SAO 142,61 19 SON DIEM 830,801
6 SONG HIEU 1226,03 20 SONG GIANG 231,635
7 DO LUONG 471,354 21 THAC MUOI 848,078
8 KHU GIUA 723,356 22 CON CUONG 2639,58
9 NAM DAN 196,026 23 CUA RAO 1181,22
10 HA LUU 574,637 24 NAM MO 2617,78
11 LINH CAM 477,083 25 MUONG XEN 154,287
12 HOA DUYET 485,325 26 DUA 174,818
13 CHU LE 380,024 27 YEN THUONG 85,6184
14 NGAN SAU 78,9251 28 CHO TRANG 173,796
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Hinh 2. So db tinh toan MIKE NAM luu vyc song Ca.

3.1.1. Hiéu chinh m6 hinh MIKE NAM

S6 lidu luu lugong thyce do tai cac tram Muong Xén, Quy Chau, Nghia Kbénh, Dura, Yén
Thuong, Son Diém, Hoa Duy¢t giai doan tir nam 1997-2010 duge st dung d€ hiéu chinh mo
hinh. Két qua so sanh gitta qua trinh tinh todn va thuc do dugc thé hién trén (Bang 2 va Hinh
3).

Bang 2. Panh gia két qua hiéu chinh theo chi tiéu.

Muwong Quy Nghia Yén Son Hoa
Tram ) N i ra
Xén Chadu  Khéanh Thuwgng  Diém Duyét
Hé s6 twong quan don R (%) 50,4 69,1 729 721 713 78,6 72,7
Sai s6 tong lugng WBL (%) 0,2 4.8 7.8 7.1 18,5 0,3 12

Két qua cho thiy, hé s twong quan R tai cac tram dat tir 50,4% dén 78,6% , dat mirc kha,
t6t; sai s tong luong tai tram Mudng Xén (0,2%), tram Quy Chau (4,8%), tai tram Nghia
Khanh (7,8%), tai tram Dira (7,1%), Son Diém (0,3%) dat murc sai khac kha nho, sai s6 tong
luong tai Yén Thuong (18,5%), Hoa Duyét (12%) dat mirc sai s6 16n hon tuy nhién déu dat
mirc chap nhan duoc.
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Hinh 3. Két qua hiéu chinh m6 hinh MIKE NAM: (a) Tram Mudng Xén; (b) Tram Nghia Khanh; (c)

Tram Yén Thugng; (d) Tram Hoa Duy¢t.

(Ghi chii: dwong mau den: dong chdy mo phong, dwong mau do: dong chdy thuwc do, don vi: m8ls)

3.1.2. Kiém mo hinh MIKE NAM

S liéu luu luong thyc do tai cac tram Mudng Xén, Quy Chau, Nghia Kl}énl}, Dtra, Yén
Thuqng: Son Diém, Hoa Duy¢t giai doan tir nam 2011-2020 dugc st dung dé kiém dinh md
hinh. Két qua so sanh gilra qua trinh tinh toan va thuc do dwoc thé hién trén Bang 3 va Hinh 4.

Bang 3. Danh gia két qua kiém dinh theo chi tiéu.

Tram Muong Quy Nghia Yén Son Hoa
) Xén  Chau Khanh Thwong  Diém  Duyét
Hé $6 tuong quan don R (%) 57 53,5 79 79,4 65,6 70 81,1
Sai s6 tong lugng WBL (%) 3,3 1,3 3,6 9,7 15,7 4.8 8,8

Két qua cho théy, hé s6 twong quan R tai cac tram dat tir 53% dén 81,1%, dat murc kha,
t6t; sai s6 tong luong tai tram Mudng Xén (3,3%), tram Quy Chau (1,3%), tram Nghia Khanh
(3,6%), tram Son Diém (4,8%) dat muc sai khac kha nho, sai sb tong luong tai tram Dura
(9,7%), Yén Thuong (15,7%), Hoa Duyét (8,8%) dat mic sai s 16n hon tuy nhién van nam
trong gii han cho phép c6 thé chap nhan.

TRAMMUONGXEN, Dong chay thuc do_ [m*3ls] ~+ -+
TRAMMUONGXEN, Dong chay tinh toan [m*/s]
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Hinh 4. Két qua kiém dinh m6 hinh MIKE NAM: (a) Tram Mudng Xén; (b) Tram Nghia Khéanh; (c)

Tram Yén Thugng; (d) Tram Hoa Duyét.

(Ghi chui: dwong mau den: dong chay mé phong, dwong mau do: dong chay thuc do, don vi: m®/s)

Tir két qua hiéu chinh, kiém dinh, b thong s6 (Bang 4) cia mé hinh c6 thé st dung dé
phuc vu cho qué trinh tinh toan danh gia tai nguyén nudc.

Bing 4. BO thong s6 ciia md hinh NAM.

Cac luu vire Umax Lmax CQOF CKIF CK1,2 TOF TIF TG CKBF
BAN VE 19,70 288,00 0,035 130,0 32,5 0,391 0,453 0,430 2,183
CHAU
THANG 7,00 101,00 0,607 128,6 24,0 0,694 0,062 0,057 2,351
QUY CHAU 7,00 101,00 0,607 128,6 24,0 0,694 0,062 0,057 2,351
NGHIA
KHANH 15,90 150,00 0,625 310,5 30,8 0,965 0,987 0,389 3,813
SONG SAO 14,50 150,00 0,531 208,0 40,7 0,988 0,684 0,467 3,767
SONG HIEU 10,80 101,00 0,991 216,6 49,7 0,073 0,247 0,965 3,770
DO LUONG 19,40 300,00 0,132 2051 50,0 0,007 0,004 0,934 3,944
KHU GIUA 8,00 30,00 0,164 2158 49,3 0,108 0,026 0,988 3,900
NAM DAN 19,60 299,00 0,153 670,7 49,0 0,052 0,104 0,975 3,067
HA LUU 19,90 297,00 0,991 495,7 40,9 0,006 0,116 0,950 2,952
LINH CAM 19,40 300,00 0,163 2329 49,4 0,156 0,013 0,976 3,093
HOA DUYET 15,00 100,00 0,602 640,6 55,0 0,377 0,175 0,976 3,143
CHULE 19,70 299,00 0,604 800,2 55,0 0,377 0,175 0,975 2,739
NGAN SAU 19,70 299,00 0,106 702,3 55,0 0,513 0,456 0,977 2,782
HO HO 18,30 299,00 0,600 450,5 55,0 0,086 0,500 0,956 2,860
SONG TIEM 19,50 299,00 0,101 603,0 51,0 0,152 0,303 0,946 2,798
DA HAN 19,80 298,00 0,106 996,8 55,0 0,265 0,088 0,980 3,468
NGAN TRUOI 19,90 299,00 0,102 859,6 55,0 0,085 0,584 0,983 3,296
SON DIEM 15,00 100,00 0,707 500,0 28,8 0,158 0,115 0,026 1,096
SONG GIANG 19,00 30,00 0,146 208,6 48,5 0,031 0,179 0,952 3,977
THAC MUOI 19,00 30,00 0,146 202,5 49,4 0,008 0,176 0,984 3,972
CON CUONG 19,10 300,00 0,121 659,7 40,9 0,987 0,930 0,540 3,922
CUARAO 19,70 292,00 0,139 967,3 32,3 0,989 0,217 0,549 3,944
NAM MO 1,30 8,00 0,199 342,0 29,9 0,910 0,353 0,153 1,335
MUONG XEN 1,30 8,00 0,199 342,0 29,9 0,910 0,353 0,153 1,335
DUA 10,80 101,00 0,991 216,6 49,7 0,073 0,247 0,965 3,770
YEN
THUONG 8,00 30,00 0,170 202,7 49,6 0,085 0,077 0,947 3,977
CHO TRANG 19,90 297,00 0,991 495,7 40,9 0,006 0,116 0,950 2,952
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3.2.

Sau.

Thiét ldp mé hinh thuy liec (MIKE 11)
Mo hinh duoc thiét 1ap gdbm 865 mit cit trén hé thong song chinh (Hinh 5), cu thé nhu

+ Song Tiém: chiéu dai doan séng mod phong 16,8km, 27 mit cit ngang

+ Soéng Ngan Truoi: chiéu dai doan song mé phong 19,3km, 58 mit cit ngang
+ Song Ngan Sau: chiéu dai doan séng mé phong 94,3km, 122 mit cit ngang
+ S6ng Ngan Phé: chiéu dai doan song mo phong 28,0km, 18 mit cit ngang
+ Song Nam Non: chiéu dai doan song mé phong 50,6km, 11 mit cit ngang
+ S6ng Lam: chiéu dai doan song mo phong 34,0km, 29 mat cit ngang

+ Song La: chiéu dai doan séng mé phong 12,4km, 22 mit cit ngang

+ Khe Tri: chiéu dai doan séng mo phong 8,9km, 41 mit cit ngang

+ Kénh D6 Luong: chiéu dai doan song mé phong 2,2km, 4 mit cit ngang

+ S6ng Hiéu: chiéu dai doan song mo phong 202km, 133 mit cit ngang

+ S6ng Gidng: chiéu dai doan séng mo phong 24,0km, 23 mit cit ngang

+ Soéng P4 Han: chiéu dai doan séng mo phong 11,3km, 20 mit cat ngang

+ S6ng Ca: chidu dai doan séng mé phong 226,1km, 238 mit cit ngang

+ Song Sao: chiéu dai doan song moé phong 14,2km, 34 mit cat ngang

+ S6ng Trai: chidu dai doan séng mé phong 14,7km, 19 mit cat ngang

+ Song Ro: chiéu dai doan séng mo phong 7,2km, 11 mit cit ngang

+ S6ng Riéu: chiéu dai doan séng mé phong 5,4km, 10 mit cit ngang

+ Song Giang: chiéu dai doan song mo phong 38,7km, 30 mit cit ngang.
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Hinh 5. Mang luéi thuy luc khu vye nghién ctru.

3.2.1. Hiéu chinh m6 hinh MIKE 11

S6 liéu muc nude thue do tai cac Nam Dan, Linh Cam va Chg Trang giai doan tr nam

1997-2006 dugc st dung dé hiéu chinh mé hinh. Két qua so sanh gitra qua trinh tinh toan va
thye do dugc the hién trén Bang 5 va Hinh 6. Chi s0 Nash—Sutcliffe [19] NSE tai cac tram dat
muc kha tot; HE s6 twong quan tai céc tram déu dat trén 0,8.
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Bang 5. Két qua tinh toan cac chi ti€u tai cac vi tri hiéu chinh.

Tram hiéu chinh NSE (%) H¢ s6 twong quan (R?)
Nam ban 77,8 0,88
Cho Trang 73,9 0,85
Linh Cam 77,1 0,89

T S Waner Lol
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Hinh 6. Két qua hiéu chinh mo hinh MIKE 11: (a) Tram Nam Dan; (b) Tram Linh Cam.

(Ghi chu: dwong mau xanh: dong chay mé phong, dwong mau do: dong chay thuc do, don vi: m)

3.2.2. Kiém dinh m6 hinh MIKE 11

S6 liéu muc nude thuc do tai cac Nam Pan, Linh Cam va Cho Trang giai doan tir ndm
2007-2016 duoc sir dung dé kiém dinh mé hinh. Két qua so sanh gitta qué trinh tinh toan va
thuc do dugc thé hién trén Bang 6 va Hinh 7. Chi s Nash—Sutcliffe [19] NSE tai cac tram dat
murc kha tot; Hé s6 twong quan tai cac tram déu dat trén 0,8.

Bang 6. Két qua tinh toan céc chi tiéu tai cac vi tri kiém dinh.

Tram kiém dinh NSE (%) Hé sb twong quan (R?)
Nam Pan 73,5 0,85
Cho Trang 75,4 0,85
Linh Cam 73,1 0,88
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Hinh 7. Két qua kiém dinh mé hinh MIKE 11: (a) Tram Nam Dan; (b) Tram Linh Cam.
(Ghi chu: dwong mau xanh: dong chay mé phong, dwong mau do: dong chay thuc do, don vi: m)
Tir két qua hiéu chinh, kiém dinh, bd thong s6 v6i d6 nham 1ong song tir 0,02 dén 0,035
tuy tung doan song cua mo hinh c6 the sir dung dé phuc vu cho qua trinh tinh todn danh gia tai
nguyén nudc.
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3.3. Tinh todn va danh gia tai nguyén nudc mat luu vue song Ca

B6 thong sb mé hinh vira tim duoc thong qua qué trinh hiéu chinh va kiém dinh mé hinh
NAM va MIKE 11 dugc sir dung dé tién hanh tinh toan danh gia tai nguyén nude luu vuc
song Ca. Dé danh gia tai nguyén nudc mit trén luu vue song Ca phuc vu cdp gidy phép phép
tai nguyén nudc, tac giad lya chon dé minh hoa & 2 vi tri, trong d6 1 vi tri 1a tram thuy van, 1 vi
tri 13 cong trinh khai thac nudc mit caa doanh nghiép, cu thé trong bang 7.

Bang 7. Vi tri lya chon phén tich, danh gia.

TT Tén cong trinh Séng Vi tri dia ly
1 Yén Thuong Song Ca Thanh Yén Thanh Chuong, Nghé An
2 Cong ty TNI:IH MTV Cap nuge Song Ca Thi trdn Nam Pan, Nam Pan, Nghé An
Song Lam

Cong ty TNHH MTV Cép nudc Song Lam di dugec UBND tinh Nghé An cép gidy phép
khai thac tai nguyén nudc mit trén song Ca véi luu lwong 200.000m3ngay dém, twong
duong 1 thang khai thac 6 triéu m® moi nam khai thac 73 triéu m®. Vi tri khai thac cach tram
Nam DPan 4km, tram Yén Thuong 18km vé phia thugng luu, cach tram Cho Trang 25km vé
phia ha luu. Céc tinh toan, danh gia gdm yéu t6 dong chay nam, dong chay lii, dong chay kiét,
dong chay trung binh thang, dong chay trung binh ngay nhiéu nam.

3.3.1. Dong chay nam

Trén dong chinh séng Ca, tinh dén Dira, tong lwong dong chay nim dat 11,87.109 m?;
tinh dén Yén Thuong tong luong dong chay nam dat 16,87.109 m®; tinh dén vi tri cong trinh
khai thac tong luong dong chay nam dat 24,96.109 m®,

Néu xét tong lugng dong chay nam, song Ca du cip nudc cho cong ty khai thac véi cong
suat 73 triéu m° trong nam.

Nhénh song Hiéu: Luu luong trung binh nhiéu nim do duoc tai tram Quy Chau va Nghia
Khanh lan luot 1a 69,7 m¥s, 110,5 m¥%s, trong d6 tong lugng dong chay tinh dén tram Quy
Chau 12 2,20.109 m?; tinh dén tram Nghia Khanh tong lwong dong chay dat 3,48.109 mq,

Trén luu vuc song Ngan Phd, dong chdy trung binh nhiéu nam do tai tram Son Diém la
41,9 m%s, tong lugng dong chay 1a 1,32.109 m?.

Bién d6i dong chay nam Iuu vuc song Ca thé hién tai cac vi tri do dac nhur sau:

Bing 8. Dic trung dong chay nam trung binh nhiéu nam.

Dong chay nam Qo

R AN 973
TT Tram Séng Thoi ky (ms) W, (10°m°)
1 Yén Thuong Ca 1997-2016 534,9 16,87
Vi tri khai thac \
2 (VTKT) Ca 1997-2016 7914 24,96

3.3.2. Dong chay mua I

Trén dong chinh séng Ca, lvu lwong dong chay lii trung binh nhiéu ndm tai tram Dira,
tram Yén Thuong va cong trinh khai thac 1an luot 1a 511,743 m¥s, 765,916 m®/s, 1056,23
m?®/s. Tong luong dong chay tai tram Dira & 6,72.10° m®, tai tram Yén Thuong 12 10,06.10°
m®, tai cong ty khai thac 1a 13,87.10° m®. Ty Ié phan phdi dong chay mua li bang
55%-+60% dong chay ca nam.

Tong luu lwong khai thac cua cong trinh trong mua 1ii tir thang V dén thang VI va tur
thang IX dén thang X1 1a 30,4.10° m®. Trong mua lii, tong lwong nudc tinh toan tai vi tri
cong trinh 1a 13,87.10°m®. Vi vay, téng luong nudc trong mua li dam bao da nuéc cho
cong ty khai thac. Luu lugng 1ii thuc do va tinh toan tai tram Yén Thuong va vi tri du kién
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khai thac duoc thé hién trong Bang 9. Nhan thay céc gi4 tri tinh todn va thuc do cac yéu té
tai tram Yén Thuong sai khac rat nho.

Bang 9. Ty 1¢ phan phdi dong chay mua tai mot s6 tram thuy van.

Yén Thugng Yén Thuong

Tram thue do tinh toan Vi tri khai thac (VTKT)
Thaoi ky 1997-2016 1997-2016 1997-2016

Qu (M3fs) 766,22 765,92 1056,23
Mua lu Wiz (109m?3) 10,06 10,06 13,87
% ca nam 59,56 59,62 55,57

Qxiet (M%/s) 370,57 369,82 602,19
Mua kiét Wiie (109m3) 6,82 6,81 11,08
% ca nam 40,37 40,34 44,4
Nam Whiam (109m?) 16,89 16,87 24,96

3.3.3. Dong chay mua kiét

Mua kiét trén luu vuc séng Ca bét dau tir thang | va két thic vao cudi thang V111 hang
nam, gitra mua Kiét vao thang V, thang VI cd xuat hién 1 tiéu man va chinh vi c6 thoi gian
10 chen gitra mua kiét nay ma dong chay trén song Ca co 2 thoi ky kiét khac biét nhau: Kiét
vao thang I11+1V va kiét vao thang VII+VIII. Trong nhirng nam qua kiét vao thang I11+1V
anh huéng téi san xuat nhiéu hon kiét vao thang VII=VIII. Thoi gian bat dau va két thuc
mua Kiét trén toan luu vuc séng Ca khdng gidng nhau [20].

Tai vi tri cdng trinh dong chay trung binh mua kiét 1a 602,189 m%/s, tong lugng dong
chay l1a 11,08.10° m®, chiém 44,40% dong chay ca nam. Tong luu luong khai thac cia cong
ty trong mua Kiét (tir thang 12 nim nay dén hét thang 4 nam sau) 1a 42,6.10° m®. Nhu vay,
tong luong nudc trong moa Kiét van dam bao di nudc cho cdng ty khai théac.

Luu luong kiét thuc do va tinh toan tai tram Yén Thuong va vi tri du kién khai dugc
thé hién trong Bang 9.

3.3.4. Dong chay theo thang

Theo két qua tinh toan dong chay trung binh trong thang nhiéu nam tai vi tri céng trinh 1a
dao dong tir 381,4 m%s dén 1596,6 m%s. Thang IV c6 gia tri dong chay nho nhit la
381,4m%/s, tong luong nudc dat 0,9886.10° m®.

Dong chay nhé nhat trong thang nhiéu nam tai vi tri cong trinh dao dong tir 2 m%/s dén
227 m¥/s, thang | co gié tri dong chay nho nhat 1a 2 m¥%s, tong luong nude dat 0,0054.10° m®,
Tiép dén 1a thang 11T ¢6 luu lugng dong chay 1a 54,2 m%s, tong lugng nudc dat 0,1452.10°m?,

Cong trinh khai thac nudc mit co cong suét 1a 200.000 m®/ngay dém, tuong duong 2,31
m?%/s. Tong luong nudc khai thac ciia cong ty trong mot thang dao dong tir 0,005610°m® dén
0,0062.10° m® (do chénh 1éch s ngay trong thang).

3.3.5. Dong chay ngay

Trong chudi s6 liéu tinh toan tir ndm 1997 dén nam 2016, tai vi tri cong trinh khai théc,
dong chay nho nhét bang 2 m%s xuét hién tai ngay 1/1/1997, day 1a thoi diém dau ciia mo
hinh. Do thoi diém dau mé hinh con chwa 6n dinh, nén tac gia khong st dung s liéu tinh toan
tai vi tri cong trinh trong thang 1/1997.

Ngay 19/3/1999 dong chay nho nhat tiép theo tai vi tri cong trinh 13 54,2 m®%s, day 1a thoi
ky mua kiét. Tuy nhién voi luu lugng dong chay nhur trén van dam bao du nude dé cong trinh
c6 thé khai théc.

Trong chudi thoi gian tinh toan hau hét ngay c6 dong chay nho nhat xuat hién trong nam
1999, thoi gian xudt hién tuy thudc vao dia hinh khu vuc. Thoi gian ¢6 dong chay nho nhét
ghi nhén tai tram Dura vao ngay 8/5/1999, tuy nhién phia ha luu dong chinh song Ca tai tram
Yén Thuong xuat hién sém hon vao thang 3 nim 1999, thoi gian dong chay kiét 1au hon.
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4. Két luan va Kién nghi

Bai bao da trinh bay phuong phap va két qua img dung mé hinh MIKE 11 tinh toan dong
chay mét phuc vy cong tac cap phép khai thac tai nguyén nude luu vuc song Ca. Bo thong s6
mo hinh tim duogc théng qua qua trinh hiéu chinh va kiém dinh mo hinh NAM (hé s twong
quan R tai cac tram dat tir tr trén 50% dén 81%) va MIKE 11 (chi s Nash—Sutcliffe tai cac
tram dat tir tir trén 73% dén 78%) duogc sir dung dé tién hanh tinh toan danh gia tai nguyén
nudce luu vuc song Ca. Tiém hanh tinh toén, tic gia lya chon 2 vi tri, trong d6 1 vi tri 1a tram
thuy van Yén Thuong nhan thiy cac gia tri tinh toan va thuc do sai khac rit nho, 1 vi tri 1a
cong trinh khai thac nu6¢e mat ciia doanh nghiép. Tir d6 cho thdy kha ning tmg dung mo hinh
dé cai thién tinh todn trong cong tac cip phép khai thac tai nguyén nudc ndi chung va cap
phép khai thac tai nguyén nuge luu vuc song Ca noi riéng.

Trong cac nghién ctru tiép theo can tiép tuc cap nhét va hiéu chinh bd mé hinh véi cac
tran 1ii dé bo théng s6 mo hinh ngay cang hoan thién va on dinh hon.

Pong gbp ciia tac gia: Xay dyng ¥ tudng nghién ctru va phan cong nhiém vu trién khai: T. N.
A N.KIN.A,N.Q.T.; Lya chon phuong phap nghién ctru: T.N. A., N.K.N.A_; Tinh toan két
qua: N.Q.T.; Viét ban thao bai bao: N.K.N.A., T.N.A., N.Q.T.; Chinh stra bai bao: T.N.A.

Loi cam on: Cam on su hd tro vé s lidu, hé thong tinh todn biéu nang cao cua Trung tdm
Dong luc hoc thuy khi moi truong -DH KHTN — DPHQGHN dé hoan thanh nghién clru nay.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap lgi ich trong nhém tac gia.
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Abstract: This paper briefly describe method and results of applying MIKE 11 model to
calculate surface runoff for licensing water exploitation in the Ca river basin. The authors
have synthesized and analyzed data on precipitation, evaporation, discharge, water level at
hydrological and meteorological stations in the Ca river basin from 1997 to 2016. In
addition to DEM data, 688 cross—sections on major river systems were collected. MIKE —
NAM and MIKE 11 tools were setup and calibrated in period from 1997 to 2006, verified
with observed data from 2007 to 2016. The results of model calibration and verification at
hydrological stations show that the Nash—Sutcllife index is relatively good, the correlation
error is less than 12%. From the set of model parameters obtained, the time series of runoff
at every grid point were simulated and then used to calculate the required factors for
licensing such as annual flow, flood flow, low flow, averaged monthly flow, averaged daily
flow at Yen Thuong hydrological station and at 1 selected location.

Keywords: MIKE 11; Simulation of surface runoff; Licensing; Ca river basin.
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Tém tat: Tinh toan luu lugng dong chay cho luu vuc thiéu/khong c6 tram quan trac mat dat
dang la thach thure trong nganh thuy van. Bai bao nay s€ gioi thiu va phan tich, danh gia,
tong hop mot s6 phuong phap tinh toan dong chay tai nhimg luu vuc thiéu hodc khong c6
tram quan trac mat dat nham giup cac nha thuy van c6 thé van dung phu hop cac phuong
phép nay cho ving nghién ciru nham cai thién do chinh xac khi tinh toan dong chay. Bai
b4o s& tap trung vao mot sd hudng tiép can duoc sir dung nhiéu trong nhimg nam gan day
cho cac luu vyc thiéu/khong cé tram quan tric mat dat, bao gdm cac phuong phéap; (1)
chuyén d6i thong s6 mé hinh, (2) cai tién cau trac mo hinh toan thuy vin, (3) tich hop cac
md hinh, (4) st dung phuong phap hoc may, (5) st dung dir liéu mua ludi, (6) sir dung dix
liéu thay thé.

Tir khéa: Luu luong dong chay; Luu vuc thiéu hodc khong c¢6 tram quan tréc.

1. Giéi thigu

Viét Nam c¢6 mot hé thong mang ludi song ngoi day dac, ¢o trén 2360 sdng sudi ¢d chiéu
dai tir 10 km trg 18n. Dong chay san sinh trén 13nh tho Viét Nam la 238,52 km3 chiém 46,3%,
phan con lai dén tir 1anh thé cac nudce lang giéng [1]. Tuy nhién mang ludi quan tric cac sé
liéu khi tugng thay van (KTTV) hién nay 1a kha thua thét va dang trong qua trinh nang cap
va hién dai hoa dé thu thap thdng tin KTTV phuc vu phét trién kinh té xa hoi [2]. Theo béo
céo cia WBS5, tinh dén thang 9 nam 2019, Trung tam Khi twong Thily van Quéc gia (NHMS)
van hanh tat ca 333 tram khi tuong (bao gém cac tram khi twong bé mit, khi twong néng
nghiép va khi tuong tu dong) va 781 tram do mua bao gom cé4c tram do mua nhan dan va do
mua dich vu. Mang ludi céc tram thuy van s& c6 tat ca |a 511 tram bao gom céc tram thuy
van truyen thong va tram do myc nudc ty dong [3]. Tuy nhlen phan b Mang ludi tram lai
khong ddng déu, cac tram khi twong thuy vin tap trung chu yéu ¢ vung ddng bang va ha luu
cua cac hé thong song. Co dén 75% cac tram khi twong nam trong pham vi d6 cao tir 0-200
m (48% dién tich ca nu6c) [4]. Do do, s6 lwong tram mat dét dat ¢ d6 cao I6n hon 200 m la
chua dai dién cho dic diém khi twong thiy vin & thuong ngudn cac luu vuc sdng. Ngoai ra,
Viét Nam con ¢6 10 tram radar quan tric mwa, dong (chwa bao gdm cac tram radar ding
riéng tai cac san bay, khu vuc quan su, ...), tuy nhién, cac tram radar nay gap kho khan khi
Tap chi Khi twong Thuy van 2022, 740(1), 62-76; doi:10.36335/VNJHM.2022 (740(1)).62-76  http://tapchikttv.vn/
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quan tric mua & nhitng ving doi ndi. Nhu vay, c6 thé noi, trén Ianh thd Viét Nam, ¢ rat
nhiéu luu vue dang nam trong tinh trang thiéu sb liéu hoac khong c6 cac tram quan triac mat
dat chua ké phan 16n dién tich cua hai hé thong sdng 16n nhat 1a sdng Hong va song Mé Cong
nam trén lanh tho nuéc ngoai-von khang cé kha ning thu thap dugc dir ligu mot cach hé
thong va kip thoi. Do vay, lya chon phuong phép tinh dong chay cho két qua tot tai cac luu
vuc thiéu/khdng c6 sb liéu quan tric mat dat c6 y nghia quan trong trong du bao, van hanh
cac cong trinh thuy lgi va quan ly tai nguyén nudc mot cach hi¢u qua.

Mtc d6 chinh xac cua gi tri luu luong dong chay c6 y nghia then chdt dé dam d6 tin
cay cua két qua du bao, tinh hop 1y khi xay dung, van hanh cic cong trinh thuy lgi va quan
1y tai nguyén nudc mot cach hiéu qua. Viée ldp dit cac tram quan tric dong chay trén luu
virc song s& cho két qua chinh xéc tai vi tri do dac nhung tai nhiing vi tri khong c6 tram quan
trac thi phai tinh toan, udc luong theo cac phuong phap khac nhau do luu luong dong chay
ludn bién doi theo khong gian va thoi gian. Céc s6 liéu luu lugng dong chay tai nhiing noi
khong c6 tram quan tric thudng duoc tinh gian tiép thong qua cac gia tri quan trac o khu vuc
lan can, cua tram thuong luu va/hodc ha luu, hodc tir cac s6 liéu khi tuong va s6 lidu mat dém
trén luu vue nhu; mua, boc hoi, d6 4m cua dit, tham phu thuc vat, dia hinh,.. .bang cac cong
thirc kinh nghiém, cac phuong trinh toan 1y hay thong ké. Bai bao nay sé& trinh bay va tong
hop mot s phuong phép tinh toan nham nang cao d6 chinh xac két qua tinh toan dong chay
lwu lugng cho nhimg luu vuc thiéu/khong co tram quan tric thuong duoc s dung trong
nhiing nim gan day.

2. Gi6i thi¢u mot s0 phwong phap tinh toan dong chay cho lru vire thiéu hoic khong
¢6 tram quan trac

Dé c6 thé thu thap dugc thong tin hay ude lugng thuy van trén cac luu vuc thiéu hay
khdng c6 quan tric KTTV trén bé mat, huéng nghién ctu sir dung cac tai liéu trén luu vuc
tuong tu dugc bat dau tir rat lau. Cac ngudn thong tin hay u6ce luong thuy van nay c6 y nghia
quan trong trong viéc danh gia tai nguyén nudc, thiét ke cac cdng trinh (hd chta, dap dang,
cau cong,...), xdy dung cac cdng cu du bao/canh béo vé 1 lut va han han. Cac phuong phap
theo hudng nghién ctru ndy da duoc dua vao quy pham, quy chuan trong tinh toan thuy van,
thity luc (QP.TL.C—6-77 [5] hay TCVN 9845:2013 [6]) dé phuc vu tinh toan thiét ké cac
cong trinh thiy loi thily dién va tai nguyén nudc trén luu vye. CO thé thiy rang, dicu kién
tién quyét cuia céc nghién ctru theo huong ndy 12 tinh chat tuong tw cia cac luu vuc [7]. Do
vay, do tin cy cua két qua nghién ctru phu thuge nhiéu vao tiéu chi danh gia do tuong dong
(vé quy mé luu vuc, diéu kién dia hinh, tho nhudng, tham phu, khi twong khi hu,...), trong
khi ban than cac dic tinh d6 cta luu vuc lai ¢6 tinh phan b theo khong/thoi gian manh mé.
Vi thé, céc gia thiét vé tinh twong tu gitra cac luu vuc va diéu kién tng dung rat khé duoc
dap tng mot cach chat ché, nhat 1a trong diéu kién céc hoat dong KTXH trén bé mat luu vuc
(sir dung d4t, ho chwra, cong trinh thay loi, giao thong. ..) da lam thay ddi co ban céc tinh chat
vat ly cta qua trinh hinh thanh dong chay. Bén canh d6, cac nghién ctru stir dung phuwong phap
luu vuc tuong tu trong nhimg nam gan day nhin chung it dugc str dung hon trudc, do 6
nhiéu thay d6i vé mat thu thap sb liéu ciing nhu xuat hién nhiéu _phuong phap méi dé bod
khuyét s6 liéu cho cac luu vuc thiéu hoic khong co s6 liéu quan trac.

Trong thoi glan gan day cung voi su phat trién ctia cong nghé, dic biét 1a cong nghé vién
tham, nhleu ngudn so liéu cling nhu phuwong phap tinh toan dong chay da dugc nghién ciru
va phat trién nham b khuyét sb liéu cho cac luu vuc khong co s6 liéu hoac kho truy cap
(vung séu vung xa, dia hinh hiém trd, chinh tri bat 6n ...). Mot sb hudéng nghién clru nham
nang cao két qua tinh toan cho luu vuc thiéu hoic khong c6 tram quan tric co6 thé duoc ké
dén nhu sau:

- Chuyen (101 thong s6 mo hinh

- Cai tién cAu tric mo hinh toan thity vin

- Tich hop cac mo hinh
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- Su dung phuong phap hoc may

- Sur dung dir li¢u mua ludi (bao g6m mua v¢ tinh/radar, mua tai phan tich, mua tr mo
hinh s6, mwa noi suy)

- Str dung dit liéu thay thé

Céc hudng nghién ciru ndy c6 thé duoc két hop voi nhau theo cac so dd, thuat toan cu
thé tuy theo timg nghién ctru dé cai thién tinh toan dong chay cho luu vuc thiéu hodc khong
c6 so liéu.

2.1. Chuyén déi théng s6 mé hinh

Phuong phap chuyén d6i théng sé mé hinh tir luu vuc tuong ty 13 phwong phép dugce su
dung phd bién [8 10] trong tinh toan dong chay cho luu vuc thleu hodc khong c6 s6 lidu.
Nhiing tiéu chi v& luu vuc tuong tu cia phuong phép nay chu yéu dua trén gia thuyét vé (i)
turong tr khong gian (spatial proximity) — luu vuc gan nhau hoic tiép giap s& c6 qué trinh
thuy van tuwong tu nhau, (ii) thudc tinh luu vuc twong tu (similar catchment attributes) — sur
dung cac thudc tinh luu vue do dac duoc 1am chi sé (thd nhudng, thuc vat, dia hinh), (iii)
tuong tu qué trinh hinh thanh dong chay (similarity indices). Mot khi tinh twong tu gitta hai
luu vue duge xac dinh, dong chay Iuu vuc thiéu hoic khong co sé lidu (sau day goi 1a luu
vuc dich) s& duoc tinh toan theo luu vuc ¢6 s6 liéu (sau dy goi 1a luu vuc mau). Céc théng
s6 cuia md hinh c6 thé duoc cac dinh theo cic cach sau day;

(1) Xac dinh thong s6 mé hinh theo dic trung cta luu vyc dua vao cong thirc thuc nghiém
[11-12], vi du nhu hé sb ton that duoc tinh toan theo tham phil, thd nhudng va d6 am dat
(nhu phuong phép Curve Number (CN) [13]), do tré x4c dinh theo cac dic trung dia mao cia
lwu vue nhu d6 dbc, chiéu dai song [14], duong déc tinh cua hé tir dit liéu dia hinh (DEM),
mac du nhitng phuong phap nay déi khi cling yéu cau duoc hiéu chinh.

(2) Sir dung truc tiép bo thong s6 'md hinh da hiéu chinh cho luu vuc mau dé tinh toan
dong chay cho luu vire [15-18]. Mot s6 cac nghién ctru tai truong PHKHTN [19-21] d3 Gmg
dung m6 hinh MIKE NAM, MIKE 11, MIKE 21 trén cac luu vuc sdng Thach Han, luu vuc
séng Lam, song Nhué Pay.... Nghién ctru [22] str dung bo thong sé mo hinh MIKE NAM da
hiéu chinh cho tram thuy van Nong Son va Thanh My dé tinh toan cho cac luu vuc 1an can
hay cac nghién ctru gan day [23] da dung phuong phap twong tu khi sir dung két qua cua bd
md hinh MIKE NAM, MIKE 11, MIKE 21 @ danh gia rui ro thién tai do Iii lut khu vuc
Trung Trung BJ.

(3) Tir bo thong sé6 md hinh da dwoc hiéu chinh cho luu vire mau (Hinh 1), tinh toan
thong s6 cho luu vuc dich theo cac phuong phap thong ké hay hoi quy tuyén tinh da bién [10,
24, 25). Trong nghién ctru [11], tac gia xay dung quan h¢ gilta thong s0 md hinh da hiéu
chinh v6i dac trung cua 60 luu viuc & Anh va Wales, (h¢ 5O tuong quan t6t nhat 1a R?= 0,69
gitra thong s6 boc hoi va mua nam). Cac nghién ctru cho thy phuong phap nay cho két qua
t6t hon phuong phap sir dung tryc tiép bo thong s cua luu vire mau. Nhung dong thoi cac
nghién ctru cling cho thdy tuong quan thap giita thong sé mo hinh va cac dic trung luu vuc.
Diéu nay c6 thé do qua trinh mua dong chay cha yéu dién ra & 16p sat mat trong khi cac thong
tin luu vue dugce cung cip (dia hinh, 16p phu thuc vat) lai ndm trén mat dat (it thong tin vé
16p sat mat) [26].

Co6 thé thiy rang, phuong phap chuyén doi thong sé mé hinh tir luu vuc twong tu d3 duoc
str dung tr kha 1au va da phat huy dugc hi¢u qua trong mo phdng dong chay trén céc luu vuc
séng. Tuy nhién, cach tiép can nay c6 nhiéu yéu t6 bat dinh [27] do d¢ tin cdy cua két qua
nghién ctru phu thudc nhidu vao cac tiéu chi danh gia tinh twong tu (vé quy mé luu vuc, diéu
kién dia hinh, thd nhudng, tham phi, khi tuong khi hau, hinh thanh dong chay ...), trong khi
ban than cac dic tinh d6 ctia luu vuc bién d6i manh theo khong/thoi gian.
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Hinh 1. So d6 phwong phéap luu vuc twong tu.

2.2. Cdi thién cdu triic mé hinh thity van

Trudc day, cac mo hinh mua—dong chay thuong stir dung cac cong thure thuc nghiém don
gian nhu cong thirc cudng do gidi han, cong thirc triét giam [7] hay mo hinh théng ké don
gian (myc nudc tuong tng, quan hé mua—dong chay) de tinh toan gia tri muc nudc, luu lugng
tai nhitng khu vuc bi thiéu hay khong c6 tram quan trac. Tuy nhién, ciing voi su phét trién
khoa hoc tinh toan va may tinh thi cac m6 hinh thuy van dugc phat trién theo hai huéng chinh
(1) chi tiét hoa hodc (2) don gian héa cau triic hodc thong sé mé hinh. Chi tiét hod mé hinh
thong qua bd sung cac qua trinh dong chay trén luu vyc, hay dua thém cac bién dau vao cho
mo hinh nham phan anh day du hon cc qua trinh dong chay trén luu vyc. Vi du [28] nghién
clru xay dung mo6 hinh mua dong chay song dong hoc 1 chiéu dya trén phuong phép phan tir
hiru han véi mé hinh SCS [29], thay d6i thuat toan giai mé hinh MIKE-NAM FORTRAN
[8], cai tién m6 hinh SWAT [30-31],...

Theo hudng don gian hoa mé hinh, nghién ctru [32] da gidi thiéu cong nghé ty dong
canh bao 1 dga trén md hinh quan niém da 16p MLCM (Multi—Layer Conceptual Model).
Dir liéu dau vao ctia mo hinh chi yéu ciu mua va bdc hoi tir mé hinh dy bao thoi tiét bang
phuong phép sé (NWP) hay dit liéu vé tinh. M6 hinh nay ¢6 wu diém sir dung it dit liéu dau
vao, phtt hop cho luu vuc thiéu s6 liéu va cho phép tdi wu bo thong sé md hinh theo thuat
toan “tim kiém timg budc” (Stepwise line search) [33]. M6 hinh MLCM di thé hién sy vu
viét hon cdc md hinh thong dung khac nhu md hinh HBV (Hydrologiska Byrans
Vattenbalansavdelning), SAC-SMA (Sacramento Soil Moisture Accounting Model) [34]
trong du bao thiy van trén luu vuc thiéu hodc khong ¢6 tram quan tric. Mo hinh ciing da tng
dung thanh cong & nhiéu luu vuc séng ctia Lién bang Nga [32] va luu vuc song Sé San ¢ Viét
Nam [34], tuy nhién, mé hinh nay phu hop véi cac Iuu vuce ¢6 dién tich Iuu vuc trong khoang
100010000 km?,

Co6 thé thy rang nghién ctru theo hudng tiép can cai tién cdu trac mé hinh toan thity van
dang dugc cac nha khoa hoc phat trién nham dan hoan thién b6 m6 hinh dé dap ing duoc
nhu cau thuc té va thich hop véi kha ning dép tmg vé nguon s6 liéu trén luu vye nham nang
cao két qua tinh toan trong thuy van. Tuy nhién, cach tlep can nay thuong doi hoi ngudi xay
dung mo hinh phai ¢6 kién thirc rat sau vé toan—ly dé co thé giai quyét cac bai toan vé mé
phong cac qua trinh hinh thanh dong chay trén luu vuec.

2.3. Tich hop cdc mo hinh

Nham phét huy thé manh cua timg mé hinh, hudng nghién ciru tich hop cic moé hinh
cling dugc nhiéu tac gia nghién ctru trong nhitng ndm gan day. Nghién ciru [35-36] da xay
dung hé thong mo phong két hop giira khi twong (md hinh dong luc RegCM — Dynamical
downscaling) va thay vian (WEHY (CHRL, Davis)). M6 hinh két hop duoc goi 1a WEHY—
HCM da tinh toan khoi phuc dir liéu khi tugng thily van trén luu vuc song Thao tan dung
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ngudn dit lidu tai phan tich ERA—20C va dit liéu vién tham lam dau vao cho mé hinh. Tuy
nhién, viéc st dung m6 hinh WEHY-HCM kha phuc tap bao gém ca khi tuong dong luc, xtr
ly anh vién tham, va thiy van. N ghién ctru [37] da thu nghiém st dung bd mo hinh lién két
khi tugng thuy van (WRF— Hyd ro) dé du bao thir nghiém cho luu vuc song Liy, Binh Dinh.
Két qua nghién ciru cho thiy hudng nghién ctru tich hop mé hinh c6 nhiéu tiém ning trong
du béo khi tugng thuy van.

Phét "==N Kich ban danh gia

M6 hinh thuy van
SWAT

Mé hinh mé phong
lu'u vuc - IQQM
eh 4=
Mé hinh thuy luc
ISIS

e
uc

A

S0 liéu co ban khac:
CO'SO' KIEN TH

Méi trudng, kinh té...

Hinh 2. Khung hd trg ra quyét dinh (DSF) [42].

Nghién ctru [38] da tich hop mé hinh mwa dong chay thong s6 phan bd Marine vi mo
hinh thay Iyc MIKE 11 va cong cu du tinh triéu trong MIKE 21 dé du bao muc nudc tai tram
thily vin Son Giang va Tra Khuc. Hay nghién ciru khéi phuc s6 liéu dong chay trén luu vuce
song Cai Phan Rang [39] va song Cai Nha Trang [40] bang mo hinh tich hgp mo hinh Marine
v61 m6 hinh séng dong hoc mot chiéu phi tuyen Két qua nghién ctru cho thay bo mo hinh
tich hop cho két qua md phong dong chay kha tot nhtrng nhirng khu vye han ché vé ngudn
sO lidu dau vao cho mo hinh thily vin, day 1a co s& dé nang cao chét lwong trong dy bao thiy
van. Ngoai ra con nhiéu nghién ciru khac da tich hop cdc mé hinh thity vén, thity Iyc trong
tinh toan dong chay ciia DHI [41], d4 str dung bd cac mo hinh khac nhau bao gom SWAT,
MIKE Basin, MIKE 21C, MIKE 11, MIKE 21 dé tinh toan dong chay va cac dic trung khac
cho toan Iuu vyc song Mé Cong. Nghién ctru [42] sir dung md hinh Khung hd tro ra quyét
dinh DSF tich hgp mo hinh thuy van SWAT, IQQM va ISIS (Hinh 2) cia MRC danh gia anh
huong clia cac diéu kién phat trién dén phan bd dong chay trén luu vure.

Co thé thdy rang nghién ctru theo huéng tiép can nay van dang duoc cic nha khoa hoc
phat trién nham dan hoan thién bd mé hinh dé dap tng duoc thuc té. Tuy nhién, cach tiép
nay thuong phirc tap, doi hoi ngudi sir dung phai hiéu biét nhiu mé hinh, kha ning két hop
gitra cac mo hinh.

2.4. Sur dung phwong phap hoc may

Bén canh cic md hinh vat Iy dang duoc phat trién trong nhiing nim gan day thi cac md
hinh dit liéu, dién hinh nhu mé hinh hoc may, mang thén kinh nhan tao (machine learning
(ML), ANN va deep learning (DL)) ciing dugc phat trién manh. Do su phé bién ciia mé hinh
dir liéu 1a quan hé phi tuyen c6 thé dé dang duoc xay dung vé mit s6 hoc chi dya trén dit liéu
lich sir ma khong yéu cau nhiéu kién thirc vé cic qua trinh vét 1y co ban [43]. C6 thé thay cac
mo hinh dy bao/ du tinh theo hudng dir liéu st dung ML dang phat trién rit manh mé& vi su
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phat trién nhanh cta cdc mé hinh dit liéu dau vao. Tinh phu hop ciia cac md hinh hoc may
ddi vé6i du bao 1 da duogc khzflng dinh qua sy tién bo lién tuc va do chinh xac cua céc phuong
phép ML trong hai thap ky qua [43].

Trong hoc may cé nhiéu thuat toan khac nhau duoc ap dung trong du bao/du tinh Ii va
tinh todn dong chay nhu mang than kinh nhan tao (ANN) [44], neuro—fuzzy [45], support
vector machine (SVM) [46], wavelet neural networks (WNN) [47], multilayer perceptron
(MLP) [48], recurrent neural network (RNN) [49-50] va LSTM va gated recurrent unit
(GRU), feed—forward neural network va convolutional neural network (CNN) [51-52].

Thuét toan ANN dugc sir dung phd bién nhét trong dy béo i va tinh toan dong chay va
duoc str dung tir nhitng ndm 1990 [53]. Thay vi sir dung cac thong tin vé dic trung vat 1y cta
luu vue, ANN chi dua vao chudi dit liéu qué khtr. Vi thé ANN dugce xem 1a mot cong cu dir
liéu hiéu qua trong thiét 1ap/xdy dung mé hinh hop den véi do tin cdy cao cho cac quan hé
phi tuyén phirc tap gitra mua va dong chay. Thuat toan MLP [54] sir dung hoc may giam sat
dé thiét 1ap mang két ndi da 16p c6 kha ning khai quat hoa t6t hon [55-56]. Mot s nghién
ctru di str dung cac mo hinh LSTM va GRU trong cac nghién ciru du bao thity vin da thé
hién tinh wu viét trong viéc giai quyét cac bai toan phirc tap [52, 57].

Ngoai cac phuong phap ML, DL phé bién, cac phuong phap két hop ciing duoc thuc
hién c6 xu hudng téng trong cac nghién ciru gan day va duoc danh gia cho két qua mo phong
chinh xdc hon so v6i str dung phuong phap/ thuét toan don 1¢ tuy nhién di kém v6i n6 la mure
do phirc tap va yéu cau lon vé dir lidu.

Déi véi luu vuc thiéu hodc khong c6 tram quan trac mat dat thi phuong phap hoc may
ciing duoc phat trién trong nhitng nim gan ddy do c6 nhiéu ngudn dit lidu co6 thé bo khuyét
thay thé cho ngudn dir liéu mat dat nhu ngudn dir lidu tir vién tham hay radar. Hay nhu nghién
ctu [57] da du bao kha chinh xac dong chay xa ra khoi h6 Hoa Binh trén luu vyce song Da
khi chi sir dung s6 lidu luu lugng dén ho trong khi co rt it thong tin vé quy trinh van hanh
ctia ho. Piéu nay co thé khang dinh, phu()’ng phap hoc méy c6 thé sir dung duoc ca cho nhiing
luu vyce c6 it so liu. Mac du vay, viéc ung dung ML hay ANN vao giai quyet mot van dé
tong thé hay cho mét luu vuce 10n va phirc tap nhu luu vuc song Mé Cong Ve~1n con gap nhiéu
kho khan. Phuong phap nay dya trén nhing dir liéu vién tham c6 thé cung cap thong tin vé
dién ngap va bién d6i do rong song theo muc nude. Trén co s¢ d6 ¢ thé xac dinh dugc mat
cat ngang song, tir 6 xac dinh dugc luu luong dwa vao dudng quan hé luu luong tai tram voi
do rong song hodc dién tich mat nudc trich Xuat tlr anh vé tinh voi vén toc dong chay va dién
tich mat cat ngang [58]. [59] da str dung chudi anh Landsat dé xac dinh dién bién dién tich
mat nudc ho chira, xac dinh qua trinh hoat dong ho chira theo thoi gian.

Céc nghién ctru da khang dinh tiém nang tinh toan 'dong chay cua cac phuong phap su
dung dur liéu v¢ tinh cho khu vyc khong ¢6 hodc thiéu s6 lidu quan trac, dong thoi ciing kién
nghi viéc str dung dir liéu do cao két hop véi luu luong quan trac tai tram 1an can c6 kha nang
cai thién dang ké két qua tinh toan. Ngoai ra dé khac phuc nhugc diém cua timg loai san
pham vé tinh, da c6 nhiéu nghién ctru theo hudng két hop nhu sir dung thuat toan dong bo
hoa. Tuy nhién, nhitng cach tiép cin nay yéu cau khdi luong tinh toan 16n, cling nhu khdi
luong dir liéu 16n [60-61].

Tir céc tai liéu nghién ciru trén thé gidi c6 thé nhan thay, s dung nguon dir liéu thay the
s& nang cao d6 chinh xac cho két qua tinh toan dong chay ¢ luu vyc thiéu hodc khong co sd
liu quan tric. Va day l1a huéng nghién ctru c6 nhiéu tiém nang, dic biét 1a dir liéu do cao tir
vé tinh, c6 thé tinh toan gian tiép duoc luu lugng dong chay trong song trong tinh toan thuy
van.

2.5. Sur dung dir lieu muwa luoi

Mua 1a mot bién dong vai trd quan trong trong tinh toan dong chdy va cac thanh phan
trong vong tuan hoan nudc [62-63]. Nhuoc diém cua cac tram do dat tai mat dat 1a han ché
vé do phu va phan bd khong déu theo khong gian. Pac bi¢t 1a nhitng khu vuc cé dia hinh
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phirc tap, mua do ddi luu hodc ving c6 tuyet [64-65]. Nhimg nhuoc diém nay dan dén sy ra
doi cua cac phuong phap do mua gian tiép qua anh vién tham hodc radar [66] nham b khuyét
cho nhitng ving c6 mang lud6i tram thua thot hay khong c6 tram quan trac. Su ra doi va phat
trién cta san phim mua lu6i (GPPs) da mo ra mot ky nguyén moi trong giam sat va tinh toan
tai nguyén nudc, dic biét 1a vang thiéu sb liéu [67-69]. Thuat ngit san pham mua ludi ¢ day
chi dir liéu mua phan bd khong gian theo cac 6 ludi, lvgng mua trong moi 6 ludi la 16p nude
trai déu trén mdi 6. Cac diém (vung) ndm trong pham vi cta 6 ludi mua c6 cing mot gia tri
mua. Nhin chung san pham mua luéi dya trén 3 loai dau vao (1) dir lidu quan tric tai tram
[70-71], (2) mua tai phan tich tir cic mé hinh s6 [72], (3) mwa quan tric tir vé tinh/radar [73—
74]:

Céc san phdm mua nay di gop phan nang cao hiéu qua trong tinh toan cac thong tin khi
tuong thiy van noi chung va tinh toan dong chay thiy van noi riéng [75-76]. Tuy nhién, gitra
cac san pham c6 do chinh xac va c6 do phan giai khac nhau ca vé khong gian va thoi gian
trén quy mo toan cau do thiét bi sir dung, thudt toan xir 1y khac nhau hodc do thudc tinh vat
Iy cia ddm may & ving nghién ctru [77-78]. Do d6, cac san phdm mua ludi cin dugce danh
gia trude khi s dung [79] hoac két hop voi dit liéu mua quan tric tai tram, nhu trong nghién
ctru [80] da két hop dir liéu mua luéi GSMap va mua quan tric tai tram dé nang cao két qua
tinh todn dong chay trén luu vuc song Lam. Cac hudng nghién clru sir dung dir li¢u mua ludi
da cho thay hiéu qua trong tinh toan thuy vin va ngudn dit liéu mua ludi co thé bd khuyét
chp nguén dit liu mat dat khi khong c6 mang ludi quan tric mat dat hay thiéu tram quan
trac.

2.6. Sir dung dir liéu thay thé

Nguon dir liéu thay thé cho s6 liéu luu lugng co thé 1a thong tin/dir liéu quan trac mot sd
yéu t6 trong vong tuan hoan nude (Hinh 3). Dit liéu d6 co thé 1a dit lidu khao sat ro1 rac nhu
dir liéu nude ngam sir dung trong nghién ctru [81]; hodc thong tin trich xut tir anh vé tinh
bao gom dic trung vat 1y cta luu vie nhu dit liéu bdc thoat hoi [82], thong tin d6 am dat [83 -
84], dir liéu tham phu [85], dir liéu do cao tir v€ tinh [86-87]; hodc dir liéu dac trung dong
chay nhu dién tich mat nudc, do rong song, d6 doc, muc nude [88].

Mot s6 nghién ctru theo cach tiép can nay co thé ké dén nhu nghién ctru cua Seibert va
McDonnell (2002) di chi ra rang viéc tich hop s6 liéu nude ngdm vao mé hinh thiyy van nuéc
mit cai thién dang ké két qua tinh toan dong chay. [82] di str dung lugng bdc thoat hoi tir
vién tham va sd liéu dong chay dé hi¢u chinh mo hinh thuy van. [85] d4 s dung anh
ENVISAT két hop véi md hinh thity vin MIKE NAM dé ting mirc d6 chinh x4c ctia mé hinh
thily van trén luu vuc song Vé. Nhin chung, sau khi thuc hién nghién ctru cac cac gia dua két
luan réng, viéc dua yéu t6 bdc thoat hoi, nude ngﬁm, anh v¢ tinh, ... vao hiéu chinh m6 hinh
c¢6 kha ning ting d6 chinh xac trong tinh todn dong chay ngdy va thang cho luu vyc thiéu
tram quan trac.

Bén canh do, phuong phap tinh toan dong chay dya vao dir li¢u do cao tir v€ tinh cho luu
vuc thiéu hodc khong co s6 lidu da dugc rat nhiéu cong trinh nghién ctru thyc hién. Dt liéu
do cao c6 thé (i) két hop v6i md hinh thuy vin dé tinh toan dong chay [86, 90] hodc (ii) x4y
dung duong quan hé gitra muc nude do cao véi luu lugng hodc quan tric [60, 91], hodc tinh
toan st dung phuong phap Muskingum—Cunge [92]. Pién hinh nhu nghién ctru thudc du an
Servir Mekong trich xuét muc nudc tir vé tinh do cao Jason—2/3 cho 4 tram 4o trén luu vuc
song Mé Cong, cung cap dir liéu tir 2016 dén thang 3/2019 (https://vrsg—servir.adpc.net/)
(Hinh 4). Tuy nhién, ) lugng tram trich xuét kha han ché va do tin cdy cua nhitng dir liéu
trich xuat nay chua dugce dédnh gia. Mot s6 nghién ctru khéac lai str dung dit lidu vién tham dé
xac dinh di¢n tich mat nudc, do rong song hodc do dbc dé tinh toan luu luong.
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Hinh 3. C4c thanh phan trong vong tuan hoan thay van [89].
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Hinh 4. Cac diém quan tric do cao vé tinh tir Jason2/3 cung cap bai Servir MeKong.

3. Két luin

béi véi nhitng luu vuc thiéu hodc khong co s6 lidu quan tric mat dat, bao gém ca dur
liéu dong chay va dir liéu khi tugng ludn c6 nhitng phuong phap phu hgp nhu phuong phap
luu vyc tuong tu dé dap Gmg kha nang tinh toan dong chay trén luu vyc véi d6 chinh xac
trong khoang cho phép theo cac quy dinh, quy chuén. Tuy nhién, dé dap tmg nhu cau ngay
cang cao ve két qua dy bao dong chay, tinh toan thuy luc cong trinh, ... va thich tmg v6i su
bién d6i manh mé cua 16p phii bé mit hay anh hudng cua bién d6i khl hau thi yéu cau tinh
toan luu lugng dong chay can dugc cai thién, nng cao. Hién nay, dd hinh thanh nhiéu phuong
phap tinh toan dong chay trong diéu kién thiéu hoic khong c6 s6 liéu. Cac phuong phap nay
chi1 yéu dua trén nhiing phat trién ctia khoa hoc k¥ thuat nhu cong nghé tinh toan, cong nghé
vién tham dé nang cao két qua tinh toan dong chay. Nguoi sir dung c6 thé liwa chon cac
phuong phap phi hop véi timng ving nghién ciru dé dap tmg nhu cau tinh toan ciia nghién
clu.
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bong gop cia tac gia: Xay dung y tuong nghién ctru: T.N.A.; Thu thap tai liéu: P.T.T.N,,
b.T.H.N.; Viét ban thao bai bao: DB.D.K.; Chinh stra bai bao: T.N.A., N.Y.N., N.H.M.

Loi cam on: Nghién ciru ndy duoc thuc hién trong khudn kho Dé tai Nghi dinh thu ma sb
NDT.58.RU/19 dugc B KH&CN Vi¢gt Nam va Bo Khoa hoc va Gido duc CHLB Nga tai
trg, nhom tac gia xin tran trong cam on sy hd trg quy bau nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong duge sao chép tir nhiing nghién clru trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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basins: An introduction
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Abstract: Simulating river discharge for data—scarce or ungauged river basins is the major
challenge in hydrology and water resources management. This paper reviews and analyzes
existing methods developed or used for simulating flow for data—scarce or ungauged river
basins. The recommendations from this review are provided for better simulating the river
discharge. This paper will focus on studies in which their approaches commonly used in
recent years for data—scarce or ungauged river basins, including (1) transferring
hydrological model parameters to ungauged basins, (2) improving the mathematical
structure of a hydrological model, (3) integrating hydrological and hydrodynamic models,
(4) using machine learning methods, (5) using gridded rainfall data set, (6) using replacing
data.

Keywords: River discharge; Data—scarce; Ungauged river basins.
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Tém tat: Ngap lut 1a mot trong cac loai hinh thién tai nguy hiém, thuong xuyén xay ra tai
Viét Nam, da gy ra nhiéu thiét hai vé ngudi va tai san. Dic biét, dudi su tac dong cua bién
d6i khi hau (BDKH), mtrc d6 ngap lut c6 thé xdy ra ngay cang nghiém trong hon. Do do,
viéc danh gia tic dong ctia BDKH dén tinh hinh ngap lut 1a nhiém vu quan trong, tir d6 dé
xuét bién phép thich ung vai tac dong cua bién d6i khi hau. Nghién curu lya chon b cong
cu MIKE11, MIKE21 va MIKE FLOOD thuc hién m6 phong, tinh toan va danh gia tac
dong ctia BDKH dén tinh hinh ngap lut khu vuc ha luu song Tra Khuc tinh Quang Ngai.
Nghién ctru thyc hi¢n mo phong, tinh todn dién tich va d sau ngap lut cho tran Ii tng voi
tan suat 1% ctia giai doan co s& 1986-2005 va céc giai doan 2046—2065 va 2080—2099 theo
2 kich ban RCP4.5 va RCP8.5 c6 thé thay dién tich va do sau ngdp cac giai doan cua kich
ban twong lai déu 16n hon giai doan co sd, nhat 14 giai doan cubi thé ky.

Tir khoa: Ngap lut; Bién d6i khi hau; Kich ban bién d6i khi hau Bo.

1. Mé dau

Tinh hinh bién @i khi hau (BDKH) dang dién ra hét strc phirc tap va trong sb cac nudc
chiu tac dong manh cua BBDKH c6 Viét Nam [1]. Bac biét, dudi su tac dong, anh huong caa
thién tai va BPKH, mtrc d6 ngap lut c6 xu huéng xay ra nguy hiém hon. Do d6, viéc danh
gia tac dong cua BDKH dén tinh hinh ngap lut & ha luu mot hé thdng séng 1a nhiém vu cap
thiét cho su phat trién toan dién 1a hét stic can thiét, 1a co s¢ gilp nhimg nguoi quan tri, quy
hoach dé xuat giai phéap thich hgp nham thich (ng, ang pho, giam thiéu thiét hai cia BDKH
[2].

Nhiing dé tai d3 thuc hién tinh toan ngap lut tai luvu vuc song Tra Khac tinh Quang Ngai,
trong do6 tap trung thiét 1ap mo6 hinh mé phong va dy béo 14, ngap lut véi cac s6 lidu cap nhat.
Cac tac dong BDKH dén tai nguyén nudc noi chung va tinh hinh 1, ngap lut ciing da duoc
dé cap dén [3]. Tuy nhlen chua c6 sy kiém dinh tai nhitng d& tai da thyc hién trude do véi
cac tran 1ii 16n xay ra gan day ciing nhu chua cip nhat kich ban méi céng b6 nim 2020 cua
B Tai nguyén va Moi truong. Du dd c6 nhidu cong cu md hinh khac nhau duoc sir dung dé
mo phdéng va du bao 1, ngdp lut nhwu MARINE, HEC-RAS, Delft3D, Telemac, SWAT,...
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[4] nhung MIKE FLOOD 1la mé hinh kha phd bién hién nay va cho thdy nhiéu vu viét vé do
tin cay, tdc do tinh toan, phu hop voi ky thuat vién va vi thé duoc lua chon trong nghién ctu
nay dé mo phong va danh gia tac dong cia BPKH theo cac kich ban méi nhét cia Bo TNMT
dén tinh hinh ngap lut luu vuc song Tra Khuc [5].

2. Phuwong phap nghién ctru va thu thap tai liéu

2.1. Gioi thiéu khu vwec nghién cuu

Khu vyc tinh Quang Ngdi bao tram phan 16n dién tich luu vic song Tra Khuc, chi co
mot s& nhanh nho ndm trén khu vuc tinh Kon Tum véi tong dién tich 1a 3240 km?, chiéu dai
1ong dan chinh khoang 135 km, thuong ngudn 13 nai Dac To Réon thude huyén KonPlong va
két thic tai Bién Pong ¢ Ctra Pai thudc thanh phd Hoi An [6].
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Hinh 1. Vi tri dia 1y luu vuc sdng Tra Khic.

Dia ban luu vuc séng ¢6 nhiéu ddi ndi, thudc suon dong cua day Truong Son Nam. Hon
75% luu vyc 1a ving doi ndi, nhitg noi c6 bé mat déc 25° chiém 2/3 dién tich luu vuc nén
cac dong song c6 do dbe 16n véi kha nang chia cat, xam thuc rat 1on. Huéng déc luu vuc vé
phia Tay Nam—Déng Bac [7].

Khi hau luu vuc séng Tra Khic thuoc vang khi hau nhiét d6i gié mua noi chi tuyén va
6 2 mla rd rét: mia mua tir thang 9 dén thang 12, moa kho tir thang 1 dén thang 8. Nén nhiét
dd cao, trung binh nim khoang 24-26°C, tong lugng mua nim vao loai trung binh: 2000—
3500 mm véi luong béc hoi trung binh ndm vao khoang 800-900 mm [1].

Luu vuc song Tra Khiic c6 mat do lugi séng 0,39 km/km?. Séng Tra Khic ¢é dang canh
cay vai 9 phu luu cap 1, 5 phu luu cap 11, 5 phu luu cap 11 va 2 phy lwu cap V. Luu vuc sdng
Tra Khic c6 mang ludi cac tram do dac duoc t6 chic rat som. Trén luu vuc séng Tra Khic
gom 1 tram khi twong: Quang Ngéi; 2 tram thuy vin: Son Giang va Tra Khic; 10 tram do
mua: Gia Vuc, Son Giang, Tra Khuc, Son Ha, Ba To, An Chi, Minh Long, M6 btc, buc
Phé. Phan bé 1udi tram quan tric KTTV khong déu, chu yéu ¢ nhitng sdng nho [8].

Ngap lut ¢ ha luu song Tra Khuc thudc tinh Quang Ngai cd thé xay ra mot trong cac hinh
thai ngap lut: ngap lut cho mua 16n ndi dong, nude khdng tiéu thoét tu chay ra séng; ngap lut
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do i 16n tir thuong ngudn, 1ong song khong tiéu thoat duoc 1i 16n tir thugng ngudn don vé,
nuée 1ii dang cao tran dé chay vao vung triing & hai bén séng; ngap lut do triéu cuong va
nudce bién dang trong cac diéu kién truc quan; va két hop giira cac hinh thai néu trén [9].

Luu vuc song Tra Khiic trong quéa khir d3 xay ra tinh trang ngap lut do mot sd tran li
lich str nhu tran 14 nam 1999 va tran 1 nam 2020 [10]. Trong d6, tran Iii nam 1999 xay ra tir
ngay 2/12/1999 dén ngay 7/12/1999 di gy ngap 18.498 ha, gy thiét hai nghiém trong vé
ngudi va tai san. Tran i nam 2020 xay ra tir ngay 28/12/2020 dén ngay 2/11/2020 gay tong
thiét hai nang v tai san, ude tinh téng thi¢t hai khoang 4.850 ty déng.

2.2. Thu thdp va xw ly dir liéu

Nghién ctru Iya chon str dung céc nguff)n s6 liéu dau vao nhu sau:

- Ban d6 DEM 90m dé phén chia luu vuc bo phan dugc thu thap tir dugc thu thap tir
trang web cua Cuc Khao sat Dia chat Hoa Ky (https://earthexplorer.usgs.gov/) [11].

- S6 liéu mang lu6i song va dia hinh 10ng song dugc thu thap tir Trung tam Pong luc
hoc Thiy khi M6i treong, Truong Pai hoc Khoa hoc Ty nhién, PHQGHN [3].

- S6 liéu khi tuong thuy vin (mua, boc hoi, luu lwong, myc nude) duge thu thap tir nim
1986 dén 2020 cta 3 tram khi tugng, 4 tram thily van va 7 tram do mua cua Trung tdm Du
bao Khi tuong thity van Qudc gia [12].

- Céc sb liéu, tai lidu vé cac yéu t6 khi hau cta khu vuc ha luu song Tra Khuc dugc léy
tir “Kich ban BPKH va nudc bién dang Viét Nam” do Bo Tai nguyén va Mai truong cong
bd nam 2020 [4].

2.3. Thiét lgp mé hinh

D¢ tinh toan ngap lut cho ha luu song Tra Khic, nghién ctru sir dung bd mo hinh gom:
c4c md dun MIKE NAM [13], MIKELL [14], MIKE21FM [15] va két néi MIKE FLOOD
[16].

2.3.1. So d6 mang ludi thuy lyc va mién tinh

So d6 mang ludi thity luc song Tra Khiic duoc thiét 1ap trong mé hinh thuy lyc 1 chiéu
MIKE11 [17] nhu Hinh 2.
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Hinh 2. So d6 thiy Iyc luu vye séng Tra Khuc.
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Mién tinh cho md hinh thay luc 1 chiéu luu vuc song Tra Khac dugc gidi han baoi bién
trén gdm 4 bién:

- H6 Nué6e Trong: st dung s6 liéu van hanh hd chira tai hd Nudc Trong.

- H6 bakRing: sir dung s6 liéu van hanh hd chua tai ho PakRing.

- Dk Ré: sir dung s6 liéu luu lwong tinh toan tir MIKE NAM.

- ik Selo: str dung s6 liéu luu lwong tinh toan tir MIKE NAM.

Bién dudi: sir dung muc nudc triédu tai cua séng Tra Khic.

Mién tinh mé hinh thuy luc 2 chiéu va két néi trong MIKE FLOOD nhu trong Hinh 3.
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Hinh 3. Mién tinh mé hinh thay Iyc 2 chiéu va két ndi trong MIKE FLOOD.

2.3.2. Hiéu chinh mo hinh thuy luc

Tran 1 nam 1999 1a tran 1i duoc coi 1a lich sir trén khu vire nghién ctru. Vi thé nghién
ctru lya chon tran 10 nay dé hiéu chinh mé hinh thuy luc cho luu vyce song Tra Khuc, thude
tinh Quang Ngii [18]. St dung s6 liéu luu lugng 2 tram Son Giang va Tra Khiic dé hi¢u
chinh mé hinh v&i cac két qua danh gia hé s6 Nash dat gia tri 14 0,84 va 0,89 twong tng voi
tram Son Giang va tram Tra Khuc (Hinh 4).

Son Giang Tra Khic
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Hinh 4. Budng qua trinh myc nude trn 1i ndm 1999 tai tram Son Giang, Tra Khuc.

2.3.3. Kiém dinh mé hinh thiy luc

Def kiém dinh cho mé hinh nghién ciru sir dung hai tran 1ii nim 2016 va nam 2020. Két
qua kiém dinh mo6 hinh cho 2 tran lit nhu Bang 1, Hinh 5 va Hinh 6.

Bang 1. Két qua kiém dinh mé hinh thay lyc lvu vuc song Tra Khic.

Nash AH (m)
Son Giang Tra Khuc Son Giang Tra Khac
2016 0,83 0,85 0,29 0,16
2020 0,89 0,89 0,09 0,18

Tran li
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Hinh 5. Budng qua trinh myc nude tran 1i ndm 2016 tai tram Son Giang, Tra Khuc.
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Hinh 6. Buong qua trinh muc nudc tran 1 nam 2020 tai tram Son Giang, Tra Khic.

Két qua tinh toén sai sd ca hai qué trinh hi¢u chinh va kiém dinh dat mic kha véi chi s6
Nash bién doi tir 0,83-0,89 va sai s6 dinh bién ddi tir 0,089-0,589. Tir d6 c6 thé thdy chat
luong m6 phong cua mé hinh cho cac trén la 1999, 2016 va 2020 la kha t6t, bd mo hinh voi
cac thong sb thu dugc sau qua trinh hiéu chinh, kiém dinh duoc lya chon dé tién hanh mé
phong ngép lut cho cac kich ban BDKH cua luu vyc song Tra Khue [19].

3. Két qua vao thao luin

3.1. Két qud tinh toan ngdp lut theo cdc kich ban bién doi khi hdu

Tinh todn ngap lut cho khu vyc ha luu song Tra Khuc theo cac kich ban BBDKH cho cac
tran 1d v6i tan suat 1%. Theo d6, 5 thoi ky cua kich ban s& duoc tinh toan theo luu lwong céc
tran 1ii tan suat 1% cua thoi ky nén, 2 thoi ky 20462064, 20802099 ca 2 kich ban RCP4.5
va RCP8.5. Két qua tinh toan dién tich ngap ha luu song Tra Khac cho thdi ky co so va cac
thoi ky cua 2 kich ban RCP4.5 va RCP8.5 duoc trinh bay trong Bang 2.

Bang 2. Dién tich ngdp theo cac cip d6 sau ngap thoi ky co sé va cac thoi ky cua kich ban BDKH.

Thoi ky TKN 2046-2065 2080-2099
Téng dién tich Kich ban RCP4.5 18057,69 18604,85 19832,29
ngép (ha) Kich ban RCP8.5 18057,69 18642,16 19919,61
Dién tich ngap Kich ban RCP4.5 3744,2 3360,41 3500,07
< 1m (ha) Kich ban RCP8.5 3744,2 3366,45 3517,28
Dién tich ngdp Kich ban RCP4.5 7440,47 6889,63 7192,02
1-3m (ha) Kich ban RCP8.5 7440,47 6885,67 7184,08
Dién tich ngdp Kich ban RCP4.5 4304,02 4629,36 4920,92
3-5m (ha) Kich ban RCP8.5 4304,02 4638,28 4946,48
Dién tich ngdp Kich ban RCP4.5 2548,69 3494,28 3929,1
5-10m (ha) Kich ban RCP8.5 2548,69 3516,14 3968,28
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Ban do nguy co ngép lon nhét cta cac tran lii trong cac thoi ky cta cac kich ban BDKH
(g vai tran 1ii tan sudt 1% cua ha luu séng Tra Khiic duge trinh bay nhu sau:

Hinh 7. Dién tich ngap 16n nhat ha luu séng Tra
Khuc tng véi tran 1a 1% trong cac thoi ky cua kich
ban BDKH: (a) Thoi ky nén 1986-2005; (b) Thoi
ky 2046-2065, kich ban RCP4.5; (c) Thoi ky
2080-2099, kich ban RCP4.5; (d) Thoi ky 2046
2065, kich ban RCP8.5; () Thoi ky 2080-2099,
kich ban RCPS.5.

Két qua tinh toan cho thay, dién tich ngap trong cac thoi ky tuong lai cua cac kich ban
BDKH tang kha manh so vai thoi ky co so. Trong d6, dién tich ngap trong kich ban RCP8.5
tang nhiéu hon so véi kich ban RCP4.5, dac biét trong thoi ky 20802099 ting rat manh so
vé6i thoi ky co so. Két qua tinh toan sy thay déi cua mac d6 ngap cua céc kich ban BBKH
duoc trinh bay trong phan tiép theo.

Dién tich ngap va phan cip d6 sau ngap thay doi véi cac cip do sau ngap & ha luu song
Tra Khuc trong cac thoi ky cua céac kich ban BPKH so véi thoi ky co so dugc thé hién trong
Bang 3, Bang 4 va Hinh 8.
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Bing 3. Thay d6i dién tich (ha) nguy co ngap 16n nhat ha luu séng Tra Khic tng véi tran 1i 1%
trong cac thoi ky cia cac kich ban BDKH so véi thoi ky co so.

Thai ky 2046-2065 2080-2099

Téng dién tich  Kich ban RCP4.5 547,16 1774,6
ngap (ha) -

Kich ban RCP8.5 584,46 1861,92
Dién tich ngdp <  Kich ban RCP4.5 —383,78 -244,13
1m (ha) Kich ban RCP8.5 -377,75 -226,91
Dién tich ngap 1-  Kich ban RCP4.5 -550,84 —248,45
3m (ha) Kich ban RCP8.5 -554.8 -256,39
Dién tich ngap 3—  Kich ban RCP4.5 325,33 616,9
5m (ha) Kich ban RCP8.5 334,26 642,45
Dién tich ngap 5—  Kich ban RCP4.5 945,59 1380,41
10m (ha) Kich ban RCP8.5 967,46 1419,59
Dién tich ngdp >  Kich ban RCP4.5 210,85 269,87
10m (ha) Kich ban RCP8.5 215,3 283,18

Thay dbi dién tich (%) nguy co ngdp 16n nhit
ha luu séng Tra Khuc so voi thoi ky co s&
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céc thoi ky cua cac kich ban BDKH so véi thoi ky co so.

83
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Bang 4. Thay d6i dién tich (%) nguy co ngap 16n nhét ha luu song Tra Khic tGng véi tran 1i 1%
trong cac thoi ky cia céc kich ban BDKH so véi thoi ky co so.

Thoi ky 2046-2065 2080-2099
Téng dién tich Kich ban RCP4.5 3,03 9,83
ngép (%) Kich ban RCP8.5 3,24 10,31
Dién tichngidp < Kich ban RCP4.5 -10,25 -6,52
1m (%) Kich ban RCP8.5 -10,09 —6,06
Dién tich ngdp Kich bin RCP4.5 ~7,40 -3,34
1-3m (%) Kich ban RCPS8.5 —7,46 -3,45
Dién tich ngdp Kich bin RCP4.5 7,56 14,33
3-5m (%) Kich ban RCP8.5 7,76 14,93
Dién tich ngap Kich ban RCP4.5 37,10 54,16
5-10m (%) Kich ban RCP8.5 37,96 55,70
Dién tich ngap> Kich ban RCP4.5 1037,67 1328,08
10m (%) Kich ban RCP8.5 1059,55 1393,60

Theo két qua tinh toan, mirc d thay ddi dién tich ngap trong thoi ky twong lai kha twong
dong giira 2 kich ban RCP4.5 va RCP8.5. Trong d6, dién tich nguy co ngap <1 mva 1-3m
c¢6 xu hudng giam so véi thoi ky co sd, con loai déu ting nhat 13 thoi ky 2080-2099. Muc do
ngdp ¢ kich ban RCP8.5 c6 su tang nhe so vadi kich ban RCP4.5. O thoi ky cudi, téng dién
tich ngép tdng so vai thoi ky co so 1a 1774,6 ha twong ing vaéi 9,83% cua kich ban RCP4.5
va 1861,92 ha tuong ung v6i 10,31% cuia kich ban RCP8.5.

4. Két luin

Bién d6i khi hau c6 tac dong tuong ddi nhiéu dén tinh hinh ngép lut tai khu vuc ha luu
song Tra Khuac thudc tinh Quang Ngai, dién tich ngdp lut c6 nguy co tdng manh, dac biét 1a
tai thoi ky cudi ciia thé ky 21. Tong dién tich ngap lut tai cac thoi ky cua cac kich ban BDKH
déu tang so véi thoi ky co sd. Trong d6, dién tich ngap cua cap do saungap <1 mval-3 m
¢6 xu hudng giam so vai thoi ky co sd. Dién tich ngap cuia cip do sau ngap trén 10m tang rat
manh so v&i thoi ky co s& ¢ ca 2 kich ban RCP4.5 va RCP8.5.

Céc két qua danh gia tac dong cia BDKH dén tinh hinh ngap lut tai ha luu séng Tra
Khuc 13 co s& quan trong cho cac nha quan 1y ciing nhu cac nha quy hoach nam ré duoc tac
dong ciia BDKH dé c6 thé dua ra duoc nhitng giai phap quan 1y phit hop nham giam thiéu
dugc nhitng thiét hai cho BDKH gay ra.
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Assessing the impact of climate change on flooding in Tra Khuc
river basin, Quang Ngai province

Nguyen Anh Nam?, Tran Ngoc Anh??*, Do Dinh Chien*, Ngo Quang Tai®

! National Centre for Hydrometeorological Forecasting; anhnamm95@gmail.com

2 Faculty of Hydro—Meteorology & Oceanography, VNU University of Science;
tranngocanh@hus.edu.vn

3 Center for Hydrodynamics and Environment; tranngocanh@hus.edu.vn

4 Institute of Meteorology, Hydrology and Climate Change; chiendd@gmail.com

®Northern division for water resources planning and investigation; ngotai87@gmail.com

Abstract: Flooding is one of the most dangerous types of natural disasters, frequently
occurring in Vietnam, causing a lot of damage to people and properties. Especially, under
the impact of climate change, the level of flooding may occur more and more seriously.
Therefore, assessing the impact of climate change on the inundation situation is essential,
as a basis to help managers and planners come up with appropriate solutions to adapt and
minimize the damage of climate change. This paper uses the MIKE11, MIKE21 and MIKE
FLOOD models to simulate, calculate and evaluate the impact of climate change on the
flood situation in the downstream area of Tra Khuc river, Quang Ngai province. The
research simulates, calculates the inundation area and depth for the flood corresponding to
1% frequency of the background period 19862005 and the periods 20162035, 20462065
and 2080-2099 according to two scenarios. versions RCP4.5 and RCP8.5. The results show
that the level of flooding in future periods under climate change scenarios increases
remarkably. In which, the inundation level under the RCP8.5 scenario increases more
strongly than the RCP4.5 scenario of all periods, and increases the most in the period 2080—
2099.

Keyword: Flood; Climate change; Climate change scenario.
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Tém tit: Trong nghién ctu nay, ba dang ham kernel: Radial basis function (RBF), tuyén
tinh (Linear) va Sigmoid dwoc st dung trong cac mé hinh may hoc Support Vector
Regression (SVR) véi ba chudi dit liéu dau vao 1a: muc nudc cao nhat ngay (HmaxCL); muc
nudc thap nhat ngay (HminCL); muc nuéc trung binh ngay (HwCL) trong qua khtr dé dy béo
Muc nude trong lai tram Cao Lanh, tinh Dbdng Thép. Két qua cho thay, cac ham nhan trong
mo hinh déu dua ra két qua du béo véi d6 chinh xac cao thé hién qua chi s6 NSE > 0,95 d6i
VGi tit cac céac dir liéu dau vao khac nhau ciing nhu ham nhan khac nhau trong mé hinh
SVR. Trong ba chudi dit liéu ddu vao va cac ham nhan duoc thir nghiém thi chudi dit liéu
HmaxCL cho sai s6 13 t6i wu nhat. Két qua nghién ciru nay 1a tai liéu tham khao tét cho viéc
x@y dung mé hinh may hoc phuc vu dy bdo myc nudc tuong lai cho tram thuy van Cao
Lanh, tinh Bong Thép.

Tir khoa: SVR; RBF; Tuyén tinh; Sigmoid; ML; Cao Lanh.

1. M& dau

Ngay nay, cac nghién ctru vé dit liéu chudi thoi gian dem lai nhitng tmg dung kha quan
trong, dam bao tinh thuc té cao trong céac linh vyc: tai chinh, théng ké, xtr 1y dir 1i€u, du bao
cac hién tuong thién tai,... Mot sb trong d6 1a bai toan vé du bao chudi thoi gian két hop xay
dung cac du bao thich hop. Trong cac nghién ctru vé du béo luu luong, du bao dong chay
déu sir dung cac mo hinh thuy vin phan bd hay ban phan bd khac nhau. Cac mé hinh nay
duogc xay dung dé mé phong qué trinh ctia dong chay do kha nang mo phong c¢6 d chinh xac
cao cac qua trinh vat Iy va phan tich d6 nhay cam mot cach toan dién [1]. Ngoai ra CaC mo
hinh nay rat tot cho cic nha khoa hoc trong viéc giai thich dugc toan bo qua trinh & an dang
sau [2]. Chinh vi vay cac mé hinh nay dugc ap dung nhiéu va rong rdi ¢ nhiéu khu vyc trén
thé gigi. Tuy nhién, viéc str dung cac mo hinh nay can mot sb dir liéu 16n vé thong tin dia 1y,
mua, dong chay... Bén cach dé viéc hi€u chinh va kiém dinh mo hinh con kha phtrc tap doi
hoi phai ¢6 nhiéu thoi gian, kinh nghiém va kién thirc ctia ngudi xay dung, chay mé hinh cho
timg Iuu vye. Chinh vi vay viée sir dung loai mo hinh nay ¢ nhiéu khu vie va trong céac bai
toan du bao thdi doan ngan van con bi han ché [3]. T nhitng han ché ‘cua cac m6 hinh truyen
thng da khuyén khich sy phat trién ctia cac mé hinh dwa vao chudi s6 liéu ma phat trién nhat

Tap chi Khi tugng Thity vin 2022, 740(1), 87-97; doi:10.36335/VNJHM.2022(740(1)).87-97  http://tapchikttv.vn/



Tap chi Khi twong Thiy van 2022, 740(1), 87-97; doi:10.36335/VNJHM.2022(740(1)).87-97 88

do la phuong phép may hoc (Machine Learning — ML). Cac m6 hinh ML 1a mot trong nhitng
cong cu rat tiém ning trong viéc du bao dong chay do cac mé hinh ML nay c6 thé xay dung
mot cach nhanh chong, d& dang ma khong can doi hoi cé su hiéu biét vé cac qua trinh vat 1y
an dang sau. Ngoai ra, luong dir liéu yéu cau tdi thiéu, cing v6i kha ning tinh toan, hiéu
chinh va kiém dinh nhanh hon so v6i cic mé hinh vét 1y truyén thdng, va cach sir dung it
phtc tap hon 14 nhitng wu diém 16n ma cac mo hinh dua vao sd liéu mang lai [4].

Trong cé4c bai toan vé mo phong, du bao dong chay, cac md hinh tri tué nhan tao nhu
Artificial Neural Network (ANN) da duoc g dung tir nhitng nam 90 [5-6]. Nhung nhirng
nam tré lai dy, vé6i tién bo vuot bac ciia cac nganh khoa hoc may tinh cing véi sy quan tim
ctia cong dong khoa hoc tdi cac van dé lién quan dén dir liéu 16n (big data), cac mé hinh tri
tué€ nhan tao, may hoc ngay cang dugc st dung rong rai hon va da dang hon. Cac thuat toan
ANN, Random Forest (RF) va Support Vector Machine (SVM) la ba thuat toan ML dugc st
dung kha rong rii trong cic nghién ctru vé du bao dong chay [7].

SVM, mdt thuét toan hoc may ¢ giam sat dugce dé xuat boi Vapnik (1963), 1a mot mé
hinh dugc sir dung phd blen trong du bao dong chay. M6 hinh nay cho thay tiém ning cao
trong dy bao dong chay ngan han va dai han [8-9]. Khi so sanh véi cic phuong phép khac,
mo hinh SVM véi céc bién thé LS—SVR hay SVR cho két qua tot hon va cho thdy kha ning
du bao dong chdy chinh xac véi nhiéu loai dit liéu khac nhau [10-12]. Viéc ap dung mo6 hinh
SVM/SVR cho du béo dong chay, dong xa i ctia hd ciing duoc nghién ctru ¢ trén nhiéu luu
vuc & Trung Qudc vi du nhu nghién ciru [13] vé du bao dong xa thoi doan dai ciia hd thity
dién Manwan, hay nghién ctru ciia Guo va nnk [14] vé du bao dong chay téi khu vuc dap
Tam Hiép trén song Duong Tir. Nhimg nghién ctru nay déu dua ra két qua khang dinh rang
mo hinh SVR cho kha nang du bado dong chay chinh xac.

DPdng Thap 1a mot tinh c6 nhidu hé thdng song ngoi day dic, nam ¢ dau ngudn séng Tién
thuong luu anh huong boi dong chay tur bén Campuchia con ha luu thi anh huong boi thuy
tridu, vi vdy viéc du bao myc nude cho tinh Dong Thap noi chung, Tp Cao Lanh noi riéng
gap rat nhiéu kho khan, mat rat nhiéu thoi gian va do chinh x4c chwa cao. Tir nhitng kho khan
do6 viéc xay dung mot mo hinh may hoc dé phuc vu du bao muc nudce la rat can thiét ddi véi
cac du bao vién. Chinh vi vy céc tac gia dd nghién ctiru xay dung cac mé hinh hdi quy hd
tro véc to du bao muc nudc tram Cao Lanh, tinh Déng Thép.

2. Phwong phép nghién ciru va sé liéu sir dung

2.1. Khu vuc nghién ctru

Df)ng Thap 1a mot trong 13 tinh cua vung dong bang song Ciru Long, nam ¢ dau nguf)n
song Tién, 1anh tho ciia tinh Pong Thap nam trong gidi han toa dd 10°07°—10°58” vi d¢ Bic
va 105°12’-105°56” kinh do Pong. Phia bac gidp voi tinh Long An, phia tay béc giap tinh
Preyveng thu¢c Campuchia, phia nam giap An Giang va Cén Tho. Tinh Dong Thap c6 duong
bién gidi qudc gia giap voi Campuchia voi chiéu dai khoang 50 km tir Hong Ngu dén Tan
Hong, Vv6i 4 cira khau 1a Thong Binh, Dinh Ba, My Cén va Thuong Phude. He thong duong
qudc 16 30, 80, 54 cung véi qudc 16 N1, N2 gan két Pong Théap véi thanh phd HO Chi Minh
va cac tinh trong khu vuc (Hinh 1). Tram thay van Cao Lanh dugc dat tai phuong 6, thanh
phé Cao Lanh, tinh Dong Thap, ¢6 toa do 10°25°0.41” vi d6 Béc va 105°38°38.79” kinh do
Dong, phia bic giap v6i khu dan cu, phia nam hudng ra song Tién, phia Pong 1a bén pha
dang hoat dong cach tram gan 100 m, phia tay 1a bai dat trong (Hinh 1).

2.2. Thudt toan SVR

Thuat toan Support Vector Regression (SVR) la thuat toan hoc voi co ché hdi quy cia
md hinh Support Vector Machine (SVM) — mét thuat toan hoc may c6 giam sat dugc dé xut
lan dau tién boi [15] va duogc sir dung rong rii trong viée giai quyét cac bai toan phi tuyén
tinh. Thuat toan SVM bao gém hai bude chinh. Dau tién, dir liéu diu vao s& duoc anh xa lén
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khong gian nhiéu chiéu hon sir dung cac ham kernel. Sau d6, thuat toan s& tim kiém mot siéu
phang (hyperplane) dé phan tach dir liéu thong qua viéc danh gia khodng cach tir cac diém
dir liéu anh xa dén siéu phang nay.

Phuéng 6, TP Cao Lanh, Tinh Dong Thap

Vi tri nghtén cirn

Hinh 1. Ban d6 hanh chinh tinh Dong Théap va khu vuc nghién ctu.

Vi du v6i tap dir liéu huan luyén 13 {Xi, Yi}'i=1 trong d6 I 12 s6 luong diém dit lidu.
Ham udc lugng SVR c¢6 dang
f(x) = (Wwxe(x)) + b 1)
. Trong d6 ¢(x) la ham anh xa dir liéu dau vao 1én khong gian da chiéu; w 1a vecto trong
50, va b 1a h¢ so thién 1¢ch [16]. Nhu vay, dé tim ra siéu phang, can phai t6i da héa duoc
khoang cach giita vector gan nhét v&i mit sidu phang theo w va b, nhu & phuong trinh duéi
day:
min G I w 12+ C T, & + &) @)
V6i diéu kién rang budc:
yi—(Wxex) +b) < e+
wWxeX)+b) -y <&+ @)
Elfl* Z O,l = 1, ,I

Trong d6 C > 0, 13 hang s diéu chinh sy thay dbi giita gia tri ciia ham muc tiéu va sai
s0 dao tao; §; va & la cac bien bu, xdc dinh khoang cach gidi han cho phép tur bien dung
sai €. Ap dung nhan tir Lagrange vao phwong trinh s6 (1), ta co:

fO) = Xioi(a; —a)K(xx) +b (4)

Véi a; vaa; 1a cac nhan tir Lagrange, K 1a ham kernel. Khai trién dang toan phuong
cua phuong trinh (3) nhu sau:

* * * 1 *
w(ay,ai) = Li=1yi(a; — aj) — € Xizg(ai + af) — 5 Xizg Xj=1(a — af)(a; +
a;)) K(x,x)  (5)

Vi diéu kién:

Yici(ai—a) =0 (6)
0 < a; < C,l = 1,...,[
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0<a; <Ci=1,..,1

Céc ham kernel phd bién la RBF, tuyén tinh,va Sigmoid dd duoc thir nghiém trong
nghién ctru nay c6 phuong trinh lan lugt nhu sau [17]:
Ham RBF K(x,x;) = exp(—B|x, x;|?) (7

Ham tuyén tinh K (x, x;) = x.x;
Ham Sigmoid K (x, x;) = tanh((y(x.x;) + 1)

2.3. Lwa chon s0 liéu dau vao

Lua chon s liéu dau vao 1a mot phén rat quan trong trong viéc xay dung mo hinh ML.
Muc tiéu chinh cta viéc lya chon cac bién dau vao cho mé hinh gém: Cai thién két qua du
béo ctia md hinh, ting téc d6 tinh toan, va dé hiéu rd hon cac qua trinh an ding sau [18].

Vi muc tiéu xay dung va danh gia kha nang du bao cua mé hinh SVR, cac ham kernel
duogc thir nghiém lan luot dé du bao muc nude tuong lai trude 1 ngay cho tram thuy van Cao
Lanh.

Céc s6 liéu muc nudce 16n nhat ngay, nho nhat ngay, trung binh ngay cia tram thuy van
Cao Lanh tir thang 1/2000 t6i thang 12/2020 da duoc tong hop.

2.4. Phuong phap danh gia mo hinh

Pé danh gia duoc hiéu qua dy bao cua ciia cac mo hinh, nghién ctru nay di sir dung cac
chi s6 danh gia mo hinh bao gom Nash-Sutcliffe Efficiency (NSE) [19] va chi sb sai s6 cin
quéan phuong (RMSE-Root Mean Square Error) [20].

NSE 1a chi s6 thong ké thuong duoc sir dung dé danh gia chat luong ciia cac mo hinh
thity van. Chi s6 nay dugc tinh toan theo cong thirc sau:
'l(1=1(yiobs_yisim)2
NSE =1-—|

2
Z?=1(Yi0bs_ ?)

] (8)

Trong d6 Y °PS 1a gia tri myc nudc thyc do tai thoi diém i; Y™ 1a gid tri myc nudc tinh
toan/ mo phong tai thoi diém i; ¥ 1a gia tri trung binh ctia muc nudce thuc do; n 1a do dai
chubi gia tri thuc do.

NSE c6 gia trj trong khoang —oo dén 1, vdi NSE = 1 1a gia tri t6i wu nhat, chi ra sy tuong
ddng tuyét dbi giita gia tri thuc do va tinh toan. Tiéu chi dé danh gia chat lugng cho chi sb
NSE c¢6 thé chia ra nhu sau: NSE < 0,5 13 xép loai khong dat; 0,5 < NSE < 0,65 1a xép loai
dat yéu céu 0,65 <NSE <0,751a xép loai tbt; 0 JJS<NSE<11la xép loai rat tot [21].

Chi s6 NSE, RMSE duoc nhiéu nghién ciru vé ‘ap dung md hinh dy bao ap dung. RMSE
cling 1a dugc s dung nhu 1a mot ham muyc tiéu dé t6i vu hoa cac mo hinh. Cong thirc tinh
toan chi s6 RMSE nhu sau:

21 1( yobs Y51m)2

RMSE = V( . ) 9)
Trong do d6 YiObS 1a gia tri myc nudc thyc do tai thoi diém i; YS™ 14 gia tri myc nudc
tinh toan/ mo phong tai thoi diém i.
Céc chi sé nay dugc str dung dé danh gia giira cac ham kernel trong mé hinh SVR.

2.5. Thiét lgp mé hinh SVR

Dé ap dung mo hinh SVR trong dy bdo myc nudc tram thiy vin Cao Lanh tinh Dong
Thap, nghién ctru da st dung thu vién Scikit—learn chay trén nén Python. B¢ sb lidu dau vao
ctia md hinh dugc chia 1am 3 phan: huin luyén (training), tham dinh (validation) va kiém tra
(testing). S6 licu tir 01/01/2000 t&i 12/9/2014 duoc dung dé huin luyén mo hinh, sé liéu tir
13/9/2014 t6i ngay 5/11/2017 dung dé thim dinh va phan con lai tir 06/11/2017 t6i
31/12/2020 dung dé kiém tra.
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Do s6 liéu phan huan luyén con han ché va dé tranh tinh trang khép qua nhiéu (overfiting)
voi1 dir liéu dao tao cua mo hinh, nghién ctru da sir dung phuong phap kiém dinh chéo nhiéu
16p (k—fold cross validation) [22]. Dau tién, s6 liéu huan luyén s& dugc chia 1am k phan nho.
Sau d6, mot phan cua bo sb lidu duoc giir lai dé klem tra, (k—1) phan con lai s€ dugc st dung
dé huin luyén. Qua trinh nay dién ra lién tyc va tuan tu cho den khi tat ca cac phan duoc st
dung lam s liéu kiém tra. Néu két qua du bao ¢ mdi phan 14 tét va tuong ddng nhau thi mo6
hinh s& phut hop dé ap dung cho dit lidu kiém tra néu trén. Thuyc té trién khai cho théy, viéc
thay d6i gia tri k khong mang lai két qua khac biét dang ké vi vay tac gia da lua chon k = 10
thudng duge dung phd bién dé ap dung cho nghién ciru nay.

Dé danh gia hiéu qua cia moé hinh, cac thong sd chinh ctia mé hinh duoc téi uu bang
cong cu GridSearchCV san co trong thu vién scikit—learn. GridSearchCV sé& ap dung cac bo
thong sb khac nhau cia cac mé hinh duogc thiét 1ap, qua d6 tim duoc bo thong sb toi wu nhat
ctia cac ham kernel trong mé hinh. Tir cac thiét 1ap d6, chiing ta chay cac ham kernel ciia mo
hinh dé tim ra ham kernel t5i wu nhat.

3. Két qua va thao luin

Sau khi chay hiéu chinh GridSearchCV, céac thong s6 tdi uu va cac chi sé danh gia trong
qua trinh huan luyén va tham dinh ctia cac mé hinh dugc thé hién ¢ Bang 1.

Bang 1 cho thdy chudi s6 lidu cho may hoc (training) ¢6 chi sé twong quan rat 16n, & moi
ham kernel déu cho hé sé tuong quan 16n hon 0,97; thap nhét 14 0,974 ¢ chudi dit liéu muc
nude thip nhat va cao nhat 14 0,976 & chudi muc nude cao nhat. Piéu nay cho thdy viéc may
hoc dat két qua cao. Con & chudi tham dinh thi hé sé twong quan cho két qua ciing kha t6t
(R2 > 0,95). Tuong quan thap nhat 14 0,952 ctia ham rbf cta chudi dir liéu muc nudc thap
nhat va tuong quan cao nhat 1 chudi dir liéu myuc nude 16n nhét véi ham rbf.

Bang 1. Gia tri cac thong sb t6i wu cia cac ham kernel trong mé hinh SVR.

HmaxCL HminCL HtbCL
RBF Linear  Sigmoid RBF Linear  Sigmoid RBF Linear  Sigmoid
C 1000,0 501,18 1000,0 1000,0 3,98107 501,187 501,187  3,98107 251,188
Gamma 0,002 0,004 0,004 0,002 0,001 0,008 0,004 0,001 0,0158
Epsilon 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1

R? (méy hoc) 0,976 0,976 0,976 0,974 0,975 0,976 0,975 0,975 0,975
R2(thAm djnh) 0,962 0,958 0,960 0,952 0,954 0,955 0,958 0,958 0,958

Sau khi c¢6 dugc bo thong sb toi uu nay, ta sir dung dé chay kiém tra cac ham kernel coa
md hinh trong chudi dit liéu tir 06/11/2017 téi 31/12/2020. Dt liéu dung dé kiém tra ndy mo
hinh chua str dung nén ta ding chudi nay dé dénh gia cac ham kernel trong mé hinh cta cac
chudi dir liéu khac nhau. Két qua duoc thé hién trong bang 2.

Bang 2. Sai s ctia cac ham kernel trong mé hinh SVR.

HmaxCL HminCL HtbCL
RBF Linear  Sigmoid RBF Linear Sigmoid RBF Linear Sigmoid
NSE 0,959 0,957 0,958 0,950 0,952 0,953 0,958 0,959 0,959
RMSE 7,37 7,71 7,45 12,43 12,16 12,03 8,17 8,16 8,15

3.1. Két qua hiéu chinh va kiém dinh mé hinh SVR véi chudi dit liéu myc nuede cao nhat ngay
tram thuy van Cao Lanh

Két qua bang 2 cho thiy chi s6 NSE cua cac ham kernel trong mé hinh déu 16n hon 0,95,
két qua nay 1a rat tot, va thiy duoc sy trong ddng cao giita gia tri myuc nudc 16n nhat ngay
thuc do va tinh toan. Tir két qua tinh toan chi s6 NSE va RMSE cho ta thiy dugc ham kernel
RBF cho sai s6 thap nht, tdi uvu nhat va cho twong quan cao nhét gitta cac ham kernel trong
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md hinh cho chudi dit liéu muc nude 16n nhat ngay. Mot sb hinh anh so sanh giita chudi thuc
do va tinh toan gitra cac ham kernel trong mé hinh dugc trinh bay trong cac Hinh 2—-4.
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Hinh 2. Chudi dir liéu muc nudc cao nhit ngdy tai tram Cao Lanh tir nim 2000—2020.
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Hinh 3. Két qua du bao ciia ham kernel RBF trong m6 hinh véi ) liéu muc nudc cao nhét ngay thuc
do trong giai doan kiém tra tur 06/11/2017 t6i 31/12/2020 st dung (a) ham kernel RBF va (b) ham
kernel tuyén tinh.
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Hinh 4. Két qua du bao ciia ham kernel Sigmoid trong mé hinh véi s6 liéu muc nuéc cao nhit ngay
thuc do trong giai doan kiém tra tir 06/11/2017 t6i 31/12/2020.
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3.2. Két qua hiéu chinh va kiém dinh mé hinh SVR véi chuéi div liéu muc nude thd'p nhat
ngay tram thuy van Cao Lanh

Két qua vé chudi dit liéu muc nudc thip nhiy ngay cho thiy chi s NSE cia cac ham

kernel 16n hon 0,95; thip nhat 1a 0,95 ddi voi ham rbf va cao nhét 1a 0,953 ¢ ham sigmoid
(Bang 2). Cho thiy su twong dong rat cao giira gia tri HminCL thuc do va tinh toan. O chudi
dir liéu nay thi cho ta thiy ham sigmoid cho sai s6 thdp hon ham rbf va ham tuyén tinh. Két
qua so sanh gitra muc nude du bao va thuc do quan tric trong giai doan kiém tra tir
06/11/2017 t&1 31/12/2020 duge trinh bay trong Hinh 5-7.
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Hinh 5. Chudi dir liéu muc nude thip nhat ngay tai tram Cao Lanh tir nam 2000—2020.
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Hinh 6. Két qua du bao cua ham kernel RBF trong mo hinh véi sb liéu muc nuée thdp nhét ngay
thyc do trong giai doan kiém tra tir 06/11/2017 t6i 31/12/2020 st dung (a) ham kernel RBF va (b)
ham kernel tuyén tinh.
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Hinh 7. Két qua du bao cua ham kernel Sigmoid trong mé hinh véi s6 liéu muc nu6ce thap nhit ngay
thuc do trong giai doan kiém tra tir 06/11/2017 61 31/12/2020.
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3.3. Két quad hiéu chinh va kiém dinh mé hinh SVR véi chuéi div liéu muc nude trung binh

ngay tram thuy van Cao Lanh

Két qua & Bang 2 cho thdy chi sé NSE c6 sy twong ddng rit cao giita gia tri thuc do va
tinh toan, & chudi dit liéu Htb nay thi chi sé NSE cua ham rbf cho két qua 0,958 thap hon
ham tuyén tinh va sigmoid déu c6 chi s6 NSE = 0,959. Nhu vdy & chudi dit liéu myc nudc
trung binh ngay thi ham sigmoid cho sai s thap hon va c6 su twong dong 16n hon ham rbf
va tuyén tinh. Két qua so sanh gitta myuc nude dy bdo va quan tric trong giai doan kiém tra

06/11/2017 t61 31/12/2020 dugc trinh bay trong Hinh 8-10.
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Hinh 10. Két qua du bao cua ham kernel Sigmoid trong mé hinh véi sé liéu muc nuéc trung binh
ngay thuc do trong giai doan kiém tra tir 06/11/2017 t&i 31/12/2020.
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Hinh 11. Sai s6 cac ham kernel trong mé hinh SVR gitra cac chudi dit liéu dau vao.

Chi s sai s6 NSE cho ta thy dir liéu dau vao bét ké nao cling nhu ba ham kernel RBF,
Linear, Sigmoid déu cho sai sé NSE déu 16n hon 0,95, khang dinh sy twong dong cao giita
dir liéu thuc do vai tinh toan cia mo hinh SVR.

V6i chudi dir lidu dau vao 1a myce nude cao nhat ngay: sai s6 RMSE kha tot & ca ba ham
kernel trong md hinh SVR va c6 d6 chénh léch khong dang ké. Nhung véi ham kernel RBF
thi cho sai sb thép nhét véi RMSE = 7,37.

Con d6i véi chudi dir liéu dau vao 1a myc nudc trung binh va thap nhat ngay thi ham
kernel Sigmoid lai cho sai sb tét hon ham kernel Rbf va Linear.

4. Két luin

Nghién ciru di budc dau thir nghiém thanh cong giita cac ham kernel Rbf, Linear,
Sigmoid trong md hinh SVR du bao myc nudc tram thiy vian Cao Lanh tinh Pong Thap. Ba
truong hop tinh toan 1a dy bao myc nudc cao nhét, trung binh va thip nhat ngay véi cac ham
kernel khac nhau. Két qua cho thay, véi dit lidu dau vao 1a HmaxCL thi ham kernel Rbf cho
két qua cé do chinh xac kha cao, vdi dir li¢u dau vao 1a HtbCL va HminCL thi ham kernel
Rbf lai cho sai s6 khong t6t bang ham kernel Sigmoid. Nhu vay viéc lua chon dit liéu dau
vao va ham kernel trong mé hinh 1a rit quan trong quyét dinh hiéu qua cia viéc du bao cia
md hinh SVR. Duya trén nhitng phan tich va két qua tinh toan, chlng toi dé xuét sir dung dir
liéu myc nude ngay 16n nhat dé 1am dit liéu dau vao cho mé hinh SVR v&i ham kernel Rbf.
Ngoai ra con mot s6 han ché ctia nghién ctru ndy 13 céc tac gia chua dua hét dugc cac ham
kernel vao str dung dé so sanh va danh gia cac ham kernel nay trong mé hinh SVR. Viéc chay
cac ham kernel con rat mét thoi gian do nang luc tinh toan ctia hé thdng may tinh cua céc tac
gia c6 b vi xu ly chua cao.

DPong gop cia tac gia: Xay dung y twong nghién ciru: N.T.G., LX.H.; xu ly s6 lieu L.X.H.;
thiét 1ap cac mé hinh: L.X.H.; N.T.G.; Viét ban thao bai béo: L.X. H Chinh sua bai bao
N.T.G.
Loi cam on: Nghién ctru ndy c6 sy hd tro vé& mit dit lidu va phuong phap luan tir dé tai ma
s6 NDT.58.RU/19 do B Khoa hoc va Cong ngh¢ tai trg. Bai bao dugc su gop y, chinh stra
boi TS. Lé Vi Viét Phong.
Lo cam doan: Cac tac gid cam doan bai bdo nay 1a cong trinh nghién clru cua céc tac gia,
chua duoc cong bd ¢ dau, khong dugc sao chép tir nhirng nghién ciru trude day.
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Building support vector regression models for water level
forecasting at Cao Lanh station, Dong Thap province

Le Xuan Hoatl, Nguyen Tien Giang?”

! Dong Thap Province Hydrometeorological Station; lexuanhoakttv@gmail.com
2 Faculty of Hydrology, Meteorology & Oceanography, VNU University of Science,
VNU-HN; giangnt@vnu.edu.vn

Abstract: In this study, 3 kernel functions Rbf, Linear (Linear) and Sigmoid are used in the
Support Vector Regression (SVR) model and 3 input data series are: daily highest water
level (HmaxCL); lowest water level of the day (HminCL); average daily water level
(HtbCL) in the past to forecast the future water level at Cao Lanh station, Dong Thap
province. The results show that all kernel functions in the SVR models give forecast results
with high accuracy as shown by the NSE index > 0.95 for all different input data. Among
the 3 input data series and tested kernel functions, the predicted HmaxCL data series has
smallest error. This result is a good reference for building a machine learning model for
forecasting future water levels for Cao Lanh Hydrological Station, Dong Thap province.

Keywords: SVR; RBF; Linear; Sigmoid; Machine Learning; Cao Lanh.
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Tém tit: Hién nay, may hoc hay hoc may ML (Machine Learning) c6 1& da khong con
qua xa la va da duoc tmg dung vao rat nhiéu linh vyc trong doi song. Dy bao khi tuong
thity van ciing khong nam ngoai sy d6i méi véi viée xdy dung va tng dung cic mé hinh
may hoc nay. Bai bao trinh bay két qua ctia nghién ctru xay dyng mot mo hinh mang bd
nhd dai-ngan LSTM (Long Short-Term Memory), 1a mot dang dic biét ciia mang no—ron
hdi quy (RNN-Recurrent Neural Network) dé du bao d6 min tai tram do min Pai Ngai,
tinh Soc Trang. S6 lidu sir dung cho mo6 hinh 1a s6 liéu quan tric d0 man cao nhat trong
ngay tai tram tir nim 2002—2021. Két qua thiét 1ap md hinh cho cac chi sé danh gia RMSE
va NSE t6t (NSE > 0,9 voi hau hét cac truong hop), 1am tién dé cho viéc ing dung mo
hinh may hoc vao cong tac du bao xdm nhdp man tai cac tram trén khu vuc déng b?lng
Song Cuu Long.

Tur khéa: Du bao xam nhdp man; M6 hinh LSTM; Pai Ngii; Soc Trang; Machine
Learning.

1. Mé dau

Trong nhiing nam gin day, dudi tic dong cua viéc x@y dung cac dép thuy dién ¢
thuong nguodn song Mekong, ché do dong chay trong hé thong sbng suoi, kénh rach tai
Dong bang song Ciru Long (PBSCL) di 6 nhitng thay doi. Dong thoi, nude bién dang do
bién ddi khi hau (BDKH) tai cac cira song Cuu Long, su ha thap day song do khai thac cat,
sut giam bun cat dén do ho chira thuong nguon trir lai, gia tang str dung nudce ndi vung da
va dang lam xam nhap man ngay cang l4n sau vao trong ndi dong anh hudng 16n dén doi
song sinh hoat va san xuét ciia nguoi dan [1-3]. Cac nghién ctru du bao xam nhdp médn gan
day thuong st dung bo md hinh Mike [4-6] va da thu duoc két qua twong d6i tot. Tuy
nhién can yéu cau dit lieu dau vao nhiéu (dic biét 1a viéc cap nhat dir liéu dia hinh, mat cat,
cong trinh thuy loi), can kiém dinh hiéu chinh va nang luc tinh toan lon.

Véi su phat trién ciia C&c thuat toan may hoc  trong thoi gian gan day di cung cip thém
huong tlep can méi voi viée xtr 1y va du bao chudi thoi gian dat duoc dd chinh xac cao. Co
thé ké dén mé hinh may hoc truyén théng nhu ARIMA cho két qua tuong d6i tot véi viec
du bao d6 man [7]. Mot phuong phap tiép can méi hon nhim khic phuc nhitng nhuroc diém
ctia cac md hinh méy hoc truyén thdng 1 cac mang hoc sau (Deep Learning). Pién hinh 1a
mang no—ron hdi quy (RNN—Recurrent Neural Network) va phién ban mé rong cia né 1a
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mang bd nhé dai-ngin LSTM (Long Short-Term Memory) dugc sir dung nhiéu trong cac
bai toan dy bao chudi thoi gian [8] véi két qua kha quan nhd c6 kha ning ghi nhd cac bude
va khong bi anh huéng nhiéu khi sb liéu ddu vao bj thiéu.

Bai bao nay trinh bay két qua nghién ctru xay dung mang bd nhé dal—ngan LSTM de
du bao do min tai tram do man Pai Ngai, tinh Soc Trang dya trén chudi sb liéu quan tric
qua khr tai tram, tir d6 dénh gia kha ning Gmg dung mé hinh vao trong thuc té.

2. Phuong phap nghién ciru va s6 lidu sir dung

2.1. Khu vuc nghién ciru

Tinh Soc Tring nam & cira Nam song Hau, chiu anh huong cua khi héu nhiét doi gio
mua, c¢6 mia kho va mia mua 16 rét hang nam. Pia hinh tinh Soc trang thap triing véi hé
thong kénh rach chang chit, nhiéu ving dat nhiém man, phén. Pay la dja phuwong cubi
ngudn séng Hau ciing 1 ving cira song Mekong, do d6 tac dong cuia BPKH va nudc bién
dang c6 nguy co cao hon so véi cac tinh bén trong ndi dong. Néu muc nude bién dang cao
thém 1 m thi c6 khoang 43,7% dién tich tinh S6c Trang s€ bi ngdp man va tdc dong dén
hon 450.000 ngudi, twong duong 35% tong dan sb cua tinh Séc Trang. Trong cac nganh
kinh té, nong nghiép sé 14 ddi twong bi anh hudng nhiéu nhat, trong d6 dich bénh trén cay
trong do tac dong cta qua trinh xdm nhap mén thoi gian qua la biéu hi¢u rd nhat va nghiém
trong dén nganh san xuat néng nghiép tinh Séc Trang. Nganh san Xuat nong nghiép chiém
vi tri quan trong hang dau trong nén kinh té tinh Soc Trang. Hién nay ty 1¢ dan sO nong
nghiép va lao dong nong nghiép cua tinh kha 16n (chlem khoang 72% dén sé va 63% lao
dong) la ngudn thu nhap chinh cua trén 70% dan so6 cua tinh [9]. Tram do mén Dai Ngai
nam & cira Nam song Hau thudc thi tran Dai Ngii, huyén Long Ph, tinh Séc Trang (Hinh
1).
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2.2. 86 liéu sir dung

Trong bai bao ndy, sb liéu duoc sir dung 13 sd lidu quan tric d min cao nhét (g/l)
trong ngay tai tram do DPai Ngai qua 20 nam (2002-2021) trong céc thang mua kiét. Cac gia
tri quan tric khong lién tuc nén da duoc tach miu theo mua (thang 1 — thang 6) hang nam.
S4 lidu duge loai bo cac gia tri NaN, sau d6 dugc chuin hoéa dang Logarit. Toan bd dir li¢u
dugc chia lam 3 phan: 70% cho tap huan luyén (training), 15% cho tap kiém ching
(validation) va 15% cho tap kiém tra (testing).

2.3. Mang LSTM

Mang LSTM dugc cai tién tir mang than kinh hdi quy (RNN-Recurrent Neural
Network) nhdm khic phuc nhitng nhuoc diém vé phu thudc xa (Long—term Dependency)
cia mang RNN truyén théng. LSTM duoc gidi thidu bai [10] va cang ngay cang duoc cai
tién [11].

Vé mit 1y thuyét, RNN c6 kha niang xur 1y cac phu thudc theo thdi gian (temporal
dependencies) bang viéc sir dung bd nhé ngin han va dua trén viéc xac dinh (luyén) cac
tham s0 mét cach hiéu qua [12]. Tuy nhién, dang tiéc trong thyc t& RNN khong thé giai
quyét cac phu thudc theo thoi gian khi chudi s6 lidu c6 cac phu thudc xa (Iong—term
dependencies). Van dé nay da duoc nghién ciru kha sau bai [13-14]. Trong cac cong bo cua
minh, ho da tim dugc nhiing ly do dé gidi thich tai sao RNN khong thé hoc dugc mot céc
hi¢u qua.

LSTM c6 ciu trac dang chudi cac nut mang nhu RNN, nhung cAu tric bén trong thi lai
phtre tap hon, bao gdm 4 tang tuong tac voi nhau (Hinh 2). Diém dic biét cia mang LSTM
nam ¢ trang thai 6 C (cell state), noi luu trit cc trong s6 dai han cua m6 hinh. Céc thong s6
trang thai 6 C, trang thai an h (hidden state), dau vao tai thoi diém t x; dugc dua vao nat
mang. Sau khi duoc xtr ly qua cadc ham kich hoat sigmoid o, tanh va cac phép toan véc—to,
két qua dau ra l1a trang thai 6 C va trang thai an h tai thoi diém t s& duoc su dung cho nut
mang t+1 tiép theo [15].
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Hinh 2. CAu tric mot nat mang trong mang LSTM.

2.4. Cdc chi sé danh gid chat lirong md hinh

bé danh gia hiéu qua du bdo d0 mén cia mo hinh tai tram Pai Ngai, nghién clru nay st
dung céc chi sé danh gia: NSE (Nash—Sutcliffe efficiency coefficient) [16] va 16i trung binh
binh phuong gdc (RMSE—Root Mean Squared Error) [17]. Chi s6 NSE biéu thi murc d¢ lién
két giita cac gia tri thuc do va mé phong, dao dong tur —o dén 1, gia tri cang gan 1 thi d6
chinh xac cua mo hinh cang cao [18]. Chi s6 RMSE thé hién su chenh léch gitra cac gia tri
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du doan va gia tri quan tric duoc, gia tri ndy cang thip thi moé hinh cang tt (dao dong tir 0
dén o).

_Zl 1(Fl 1)2
NSE =1 @007 1)
1
RMSE = [ 51, (Fi - 0, @

Trong d6 Fi la gia tri du bdo; O la gia tri quan trac; O 1a trung binh gia tri quan tric; n
1a s6 mau.

2.5. Thiét ldp mé hinh

Trong nghién ctru nay, mé hinh LSTM st dung tap dir liéu don bién 1a d0 min cao nhét
quan tric dugc trong ngdy tai tram Pai Ngai dugc chia thanh cac tap dau vao 4 ngay, 8
ngay va 15 ngay va danh gia cho 1 ngay tiép theo. Sau day s& goi 1a W4, W8 va W15.

Céc siéu tham sé dong mot vai trd quan trong anh huéng truc tiép dén hiéu qua ctia mod
hinh. Vi véy trong nghién ctru nay, cac siéu tham s6 duoc toi uu hoa bang phuong phap tim
kiém ngau nhién (Random Search). Vi cac mau dir liéu quan tric con han ché nén dé tranh
tinh trang overfitting (dit liéu du bao qua khép véi dit lidu quan tric), trong nghién ctru nay
da dua thém budc kiém dinh chéo k—fold (k—fold cross validation) [19] nhim chia tap
training thanh k phén, & mdi 1an train, md hinh s& chon 1 phﬁn lam dir li¢u dénh gia
(validation) va k—1 phan con lai 1am dit liéu huin luyén (training). Két qua cudi cing sé& 1a
trung binh cong két qua danh gia cua k lan train, giup cho viéc danh gid mé hinh khach
quan hon. Phuong phép ndy c6 san trong thu vién scikit—learn 1a RandomSearchCV. Céc
siéu tham s6 sau khi duoc tdi uu duoc trinh bay nhu Bang 1.

Bang 1. C4c siéu tham s i wu cho cac md hinh.

Siéu tham sb Pham vi M6 hinhW4 M6 hinhW8  Md hinh W15
S6donvian LSTM  [16, 32, 64, 128, 256] 32 256 64
Dropout [0.1,0.2,0.25, 0.5] 0,2 0,5 0,2
Learning_rate [0.01, 0.005, 0.001] 0,005 0,005 0,005
Batch_size [16, 32, 64, 128, 256] 16 128 16
Epochs [100, 200] 200 200 200

3. Két qua va thao luin

Céc md6 hinh LSTM véi céc budce thoi gian dau vao khac nhau duge huan luyén véi bo
siéu tham so6 da dugc lua chon, ta s€ tién hanh kiém dinh cdc mo6 hinh vdi chuoi s6 liéu
trong tap kiém dinh va kiém tra. Céc chi s6 danh gia mo hinh duogc liét ké nhu Bang 2.

Bang 2. Cac chi sé danh gia cac md hinh LSTM.

M6 hinh W4 M6 hinh W8 Mo hinh W15
Kiém dinh  Kiémtra Kiém dinh Kiém tra Kiém dinh  Kiém tra
NSE 95% 90,4% 93% 88,6% 94,5% 90%
RMSE 0,78g/1 0,749/l 0,90g/I 0,80g/I 0,85g/l 0,769/l

Tir cac chi s danh gida NSE va RMSE cho thay cic mo hinh cho két qua tuong dong
rat cao gitra gia tri quan trac va gia tri dy bao. Trong d6 véi bude thoi gian dau vao 1a 4
ngay cho két qua tot nhat (NSE lan luot 1 0,95 ddi véi tap s6 lidu kiém dinh va 0,90 doi
v6i tap kiém tra; sai sb binh phuwong RMSE cing nho nhat). Tuy nhién mé hinh da khong
du doan diang céc gia tri cyc tri (Hinh 5). Véi chudi s6 liéu ddu vao c6 su bién ddi phuec tap
nhu d6 min, viéc chuan hoa bang phuong phap logarit hoa c6 18 1a khong du va can thém
budc xir 1y hodc cac phuong phap chuan hoa khac.
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4. Két luan

Qua céc két qua thu duogc tir nghién ciru, bude dau cho thdy mé hinh LSTM c6 thé xir
ly va du béo chudi s lidu kha tét. Bén canh do, viéc dy bao cac gia tri cyuc tri ciia md hinh
con han ché va két qua khi thay d6i budc thoi gian dau vao cling c6 thay doi. Nhu vy, viéc
chuin hoa s liéu ban dau va lya chon bude thoi gian lam dau vao c6 thé cai thién hiéu suit
ctia md hinh. Bén canh d6, d6 man ciing bi anh hudng boi nhiéu yéu té khac nhu gid, nhiét
do, ché do triéu, dong chdy... nhung nghién ciru méi chi st dung mot bién dAu vao 1a do
min cao nhét theo ngdy. Trong tuong lai, nghién ctru nay can bd sung thém cac phuong
phap xtr 1y sb liéu ddu vao va thir nghiém mé hinh véi chudi s6 lidu da bién dé dat duoc
hiéu qua du béo tt hon.

bong gop cua tac gia: Xay dung y tuong nghién coru: N.T.G., N.C.T.; Xur ly s6 lidu:
N.C.T.; Thiét Iap mo hinh: N.C.T.; N.T.G.; Viét ban thao bai bao: N.C.T.; Chinh stra bai
bao: N.T.G.

L’(‘)’i cam on: Nghién ctru nay c6 su hd trg vé mat dix liéu va phuong phép luén tur dé tai ma
sO DTDL.CN:SO/ 18 do B Khoa hoc va Cong ngh¢ tai trg. Bai bao dugc sy gdp y, vi chinh
boi TS. Nguyén Hiru Duy.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Building LSTM (Long Short-Term Memory) machine learning
model for water salinity forecasting in Dai Ngai
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Abstract: Today, machine learning (ML) has been applied to many fields and
hydrometeorological forecasting is one of them. This paper presents the results of building
a LSTM (Long Short—-Term Memory) model, which is a special form of recurrent neural
network (RNN-Recurrent Neural Network) to predict salinity concentration at Dai Ngai
gauging station, Soc Trang province. The input data series used is the observed highest
daily salinity from 2002—-2021. Results obtained during model validation and testing give
very good values of RMSE and NSE (NSE > 0.9 in almost all setups), which shows the
great potential of using LSTM models for water salinity forecasting in the Mekong Delta.

Keywords: Salinity forcasting; LSTM; Dai Ngai; Soc Trang; Machine Learning.
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