BAI BAO KHOA HQC

UNG DUNG MANG LONG SHORT-TERM MEMORY (LSTM)
PE DU BAO MUC NUGC TAI TRAM QUANG PHUC
VA CUA CAM, HAI PHONG, VIET NAM

Lé Xuan Hién"?

; HO Viét Hung'

Tém tit: Trong bai bdo nay, md hinh B nhé gan xa (Long Short-Term Memory - LSTM) duoc sir
dung dé dw bdo murc nuée song ma khong can cdc sé liéu dia hinh va dw bdo mura. Dit liéu can thiét
cho mé phong la muc mieée theo gio tai cdc tram thity van ¢ thanh phé Hai Phong. M6 hinh duwoc
thiét lap de dy bdo myc nudc cho tram Quang Phuc va tram Cua Cam trude 5 gio (duw bdo twr 1 gio
dén 5 gio). Mdc div mo hinh khong yéu cau cdc dir liéu vé khi hdu, dia hinh nhung két qua dir bdo
¢O do chinh xdc cao. Trong truong hop dy bdo muyc nuoc truoc 3 gio, hé s6 NSE (hé sé Nash) cho
gid tri trén 97,8% va gid tri RMSE (sai sé can qudn phiong) nhé hon 0,10 m cho cd 2 tram. Két
qud nay cho thay rang, mé hinh LSTM ma cdc tdc gia dé xudt dw bdo chinh xdc myc nwéce theo thoi
gian thuee, ¢é thé dp dung mé hinh nay dé canh bdo Ui trén cdc séng ciia Viét Nam.

Tur khéa: Hai Phong, dy bdo muc nudc, LSTM, DNN, Quang Phuc, Ctra Cam.

1. MO PAU

Dién bién myc nudc song 12 mot qud trinh
phic tap, bién doi theo khong gian va thoi gian.
Viéc dy bdo chinh xdc myc nudc 1a mdt trong
nhitng yéu cau cp bach nham giam thiéu cic
rui ro do 14 giy ra va c6 y nghia quan trong
trong viéc xdy dung phuong dn phong, chong
li. Cdc md hinh truyén théng dugc st dung dé
dy bdo ¢ Viét Nam ciing nhu trén thé gidi 1a cic
md hinh s6 vé thiy luc va thiy vin. Céc mo
hinh nay yéu cau mot s6 luong 16n cdc dir lidu
dau vao nhu: dic diém luu vuc, dia hinh, dy bdo
lvong mua, quan hé mua — dong chdy, quan hé
Iuu Iugng - muc nudce theo thoi gian tai mot sb
vi tri.

Mot trong nhitng gidi phédp hiéu qua cho viéc
du bdo la st dung mo6 hinh Mang than kinh nhan
tao (Artificial Neural Network — ANN). Trén thé
gidi cac md hinh ANN da dugc sur dung rong rai
trong du béo 1l tir nhitng ndm 1990 (Sung, J.Y.
va cac cong su, 2017). Cung véi d6, cac nha
nghién ctu dd 4p dung cic thuét todn vao mo
hinh Mang than kinh dé lam tiang do chinh xéc

! Khoa Ky thugt Tai nguyén mude, Truong Dai hoc Thiiy loi
? Dept. of Construction & Disaster Prevention Engineering,
Kyungpook National University, Sangju, Korea

cua két qua du bdo. Trong nhitng nam gén day,
phuong phap Hoc sau (Deep learning) dua trén
nén tang 1a cdc mang than kinh nhan tao dang
phat trién rat nhanh va thu hit sy quan tim cua
nhiéu nha khoa hoc. C6 thé ké dén nghién ctru
cua Chen, J.F. va cic cong su (2014), ¢ day
thuét todn Cuckoo Search da dugc dp dung dé
du bdo dong chay dén hd Hoa Binh, Viét Nam;
Nguyén Thanh Tung (2016) di sir dung phuong
phap Random Forest ciing dé du bdo dong chay
dén ho nay; Truong Xuin Nam va cdc cong su
(2016) da st dung phuong phap Hoc sau dé du
bdo luu luong nudc dén hd Hoa Binh. Cic
nghién ctru nay déu c6 mot diém chung, d6 1a sir
dung dir liéu cua mua kiét voi budc thoi gian
quan tric 10 ngay lam dau vao va dwa ra dy bdo
dong chay cho 10 ngay sau d6. Cic két qua
nghién ctru déu khang dinh kha nang tiém an
ctia md hinh mang than kinh. M6 hinh ANN
cling dugc 4p dung dé du bdo myc nudc & tram
Hirakata, Nhat Ban (Kim, S. va cdc cdng su,
2017). Nghién curu nay chi su dung di liéu muc
nudc thuc do theo gid & cac tram thugng luu dé
du bdo myc nudc ¢ ha luu trude 3, 6 va 9 gio.
Két qua dat duoc cho thiy mo hinh mang thin
kinh c6 thé 4p dung cho viéc canh bdo lii trén
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song. Wang, Y. va cac cong sy (2017) da su
dung mang than kinh LSTM dé du bdo chat
lugng nude cho ho Taihu, Trung Qudc. Nghién
ctru chi ra rang mo hinh LSTM dua ra du bdo
chinh xdc hon so v6i cdc md hinh mang than
kinh khac.

Trong bai bdo nay, cic tic gia st dung mo
hinh LSTM dé dy bdo muc nudc sdng ma
khong cin cédc théng tin dy bdo lugng mua,
cling nhu s6 liéu dia hinh va tinh hinh st dung
dat. M6 hinh nay dugc dp dung dé du bdo muc
nuoc trude 1h, 2h, 3h, 4h va 5h tai tram Quang
Phuc trén song Vian Uc va tram Ctra CAm trén
song Cam.

2. PHUONG PHAP NGHIEN CUU

2.1 Mo hinh LSTM

MO hinh d& xuét dyua trén mo hinh mang than
kinh sdu LSTM, day la m{t dang déac biét cia
RNN (Recurrent Neural Network - Mang than
kinh héi quy). LSTM duoc gi6i thidu boi
Hochreiter va Schmidhuber (1997) nhim gidi
quyét cdc bai todn vé phu thudc xa (long-term
dependency).
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tnréc 4o Trong sa: §

Hinh 1. Céu triic ctiia mé hinh LSTM
(Nguén: Internet)

Theo Olah (2015), moi mang hoi quy déu c6
dang 12 mot chudi cac md dun lip di lap lai cua
mot mang than kinh, mbi m6 dun nay thuong cé
cau tric don gian duoc goi 12 mot tang “tanh”.
LSTM ciing ¢6 kién tric dang chudi nhu vy va

thay vi chi ¢6 1 ting mang than kinh nhu RNN
chuan thi ching c6 toi 4 ting va tuong tic Vi
nhau mét cdch dic biét. CAu tric cia mod hinh
mang than kinh LSTM duoc thé hién ¢ Hinh 1.
Cot 161 cia LSTM bao gdm trang thdi té bao
(cell state) va cong (gate). Trang thdi té bao
gidng nhu bang chuyén, chay xuyén sudt qua tat
ca cdc niit mang gidp thong tin dwoc truyén dat
dé dang, con cong 1a noi sang loc thong tin di
qua né, chiing dugc két hgp boi mot tang mang
sigmoid. Mot LSTM gbm c6 3 cong dé duy tri
hoat dong trang thai cla té bao.

Budc dau tién ciia mo hinh LSTM duoc goi
1a ting cong quén (forget gate layer). Budc nay
s& quyét dinh xem thong tin nao can bo di tir
trang thai té bao. Pau vao cho budc nay 1a hy
(gid tri dau ra tai thoi diém t-1) va x, (dit liéu
dau vao); dau ra f, 12 mot sb trong khoang tir 0
dén 1 cho mdi s6 trong trang thai té bao Cy.;.

fr=0(W..[h_;,x ]+D,) (1)
Trong d6: o 1a ham sigmoid, Wy va by 1an luot 1a
trong s6 va tham s cia tang cong quén.

Cic budc tiép theo s& quyét dinh thong tin
Ivu vao trang thai té bao va cap nhat gia tri cho
trang thdi. Bao gdm mot ting sigmoid hay con
duoc goi 1a cong vao (input gate layer, i) va
mot véc to gid tri dugc tao tu tﬁng tanh.

i =o(W.[h_.x ]+, )
C, =tanh(W..[h_,,x, ] +b.) 3)
Ct = f; * Ct—l +ir * Cf (4)

Trong d6: C; va C; la trang thai té bao lan
lugt & thoi diém t-1 va t; We va be 1an luot 1a
trong s va tham sd ciia trang thai té bao.

O budce cubi cung, gia tri dau ra (h) s& duogc
quyét dinh béi trang thdi cua t& bio mudn xudt
ra (output gate, o).

o,=0(W_.[h_,,x ]+b,) o)

h, = o, *tanh(C, ) (6)

2.2 Thu thép dir liéu vé khu vue nghién ctru

Dt liéu dugc thu thap bao gém: diéu kién tu
nhién, dic diém khi tuong, thuy vin, hai van.
Cic s6 liéu lugng mua va myc nudc theo gio tai
céc tram thuy vin c6 trong 19 ngay, bat dau tir
Oh ngay 14/7/2011. Khu vuc nghién ctru gom
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song Van Uc va song CAm thudc dia phan thanh
ph6 Hai Phong (Hinh 2). Pay 1a khu vuc chiu
anh huong cia thuy triéu. Céc dit liéu phuc vu
cho bai bao nay dugc thé hién trong Bang 1.

Hinh 2. Hé thong séng khu viec TP. Hdi Phong
(Nguon: Vién Ky thudt tai nguyén nwéc, 2011)

Bang 1. Thong ké céc sb liéu da thu thap

TT Tram Song Yéu té do
1 Chanh Chir Ludc H, X
2 Tién Tién Méi H
3 Trung Trang Vin Uc H
4 Quang Phyc* Vian Uc H
5 Cao Kénh Kinh Thay | H, X
6 Cira Cam* Cam H, X
7 Hon Dau Bién Dong H

(Nguon: Vién Ky thudt tai nguyén mede, 2011)

Trong Bang 1: H Ia myc nudc; X Ia lugng
mua; * 12 cdc tram can dy bdo muc nude.

Poan séng Vin Uc chay qua Hai Phong tir
nga ba Gua ra dén bién dai 45 km. Day 12 séng
sdu va rong nhét trong s6 cic séng ¢ ha du
song Thai Binh, vdi chiéu rong trung binh tir
500 dén 800m. Dudi ngd ba Gua khoang 1 km,

song Vian Uc phan ra mot nhanh chinh 1a séng
Lach Tray d6 ra cira Lach Tray. Séng Cam la
ranh gidi giita hé théng An Hai va Thuy
Nguyén, toan bd song Cam thudc dia phan Hai
Phong. DPay chinh la nhanh cua sdng Kinh
Mon, cé chiéu dai 23 km, bat dau tir ngi ba
Hop Thanh dén nhap luu vao song Bach Pang
dé d6 ra bién qua ctra Nam Triéu. Séng Cam c6
chiéu rong khoang 200-700m.

2.3 Phwong phap danh gia

Pé danh gid hiéu qua ctia md hinh dy bdo,
ching t6i st dung hai tri s6, d6 1a RMSE
(Root Mean Squared Error — sai s cin quén
phuong) va NSE (Nash Sutcliffe Efficiency —
hé s6 Nash)

RMSE = /ii(q -P) (7)
n =

n

Z(Oi_Pi)Z

NSE=1-- — (8)

Y (0,-0)

i=1

Trong d6: O;, 0iva P; 1an lugt 1a gid tri thuc
do, gia tri thuc do trung binh va gid tri du bdo
ctia mau tht i twong ng. M6 hinh dy bdo cho
két qua tot néu RMSE nho va NSE 16n.

3. THIET LAP THONG SO MO HINH

M6 hinh LSTM dugc dé xuét dé dy bdo muc
nude trong nhiéu trudng hop, tir 1 gio dén 5 gid
tai tram Quang Phuc (song Van ch) va tram
Cira Cam (song Cam). Mdi md hinh LSTM
duogc hiéu chinh (training) va kiém dinh (test) dé
dy bdo muc nudc lan luot cho tung tram. Cac
thong s6 cuia mo hinh dwgc hiéu chinh va kiém
dinh dé dam bao mo hinh cho két qua tot nhat,
chi tiét vé cic thong s6 nay dugc tém tit trong
Béang 2. Sau qud trinh hidu chinh va kiém dinh,
cdc théng so tét nhat cia md hinh cho mdi
truong hop da duoc Iwa chon dé phuc vu viée du
bdo. Dit liéu dau vao ctia mé hinh LSTM dua
trén muc nudc thuc do tai cic tram thuy vin
trong 3 gio gan nhat (t-2, t-1, t-0), hodc trong 6
gid gan nhat (tir t-5 dén t-0).
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Bing 2. Cic thong sé ciia mdé hinh LSTM

DPic trung Chi tiét

Muc tiéu du bédo

Muc nudc tai tram Quang Phuc va Ctra CAm trude 1h, 2h, 3h, 4h, 5h

Dtr liéu dau vao

Luong mua tai khu vyc nghién ctu.
Muc nudc thuc do tai cac tram thiy van trong 3 gio: t-2, t-1, t-0.
Muc nudc thuc do tai cac tram thlly van trong 6 gio: tu t-5 dén t-0

Cau tric mo hinh

TensorFlow v&i BasicLSTMCell

Thong s6 hiéu
chinh md hinh

S6 lugng 16p an: 10, 20; 50
Hé sb hoc: 0,1; 0,5; 0,01; 0,05; 0,001; 0,005
S6 luong Epoch: 10.000; 20.000; 50.000

Dé du bdo muc nudc cho tram Quang Phuc,
muc nudc thuc do tai ciac tram Trung Trang,
Chanh Chit, Tién Tién, Hon Dau va Quang
Phuc da duogc su dung. Tuong tu nhu viy,
muc nudc thuc do tai cac tram Cao Kénh, Hon
Diu va Cita Cim dugc dung dé du bdo muc
nuée cho tram Cita Cdm. Cic dit lidu vé
luong mua tai 2 khu vuc nay da dugc dua vao
dé kiém dinh, tuy nhién viéc dua thém cac sb
liéu nay khong lam cdc két qua dy bdo tot
hon. Viéc nay c6 thé giai thich nhu sau: dién
tich mat sdng nho va lugng mua khong 16n,
ngoai ra con cé tac dong ciia boc hoi va tham
nén anh hudng ctia mua la khong dang ké; mat
khéic, luong mua & khu gitta trén mdi doan
song con dugc thé hién trong chinh myc nudc
thuc do cta tram can du bdo. Vi vay trong bai
bdo nay, két qua du bdo chi phu thudc vao dir
li€u muc nudc thuc do tai cic tram. Trong mo
hinh thiy luc sdng, cdic muc nudc nay chinh la
cac bi€n cua mo hinh.

D¢ hiéu chinh va kiém dinh m6 hinh, dit liéu
dugc sit dung bao gdbm 456 ban ghi 12 sb liéu
muc nudc theo gio, tir Oh ngay 14/7/2011 dén
23h ngay 01/8/2011, thoi diém nay dang 12 mua
Iti 6 Hai Phong. B§ dit liéu nay dugc chia thanh
2 tap: tap dir liéu hiéu chinh gém 408 ban ghi dé
hi€u chinh m6 hinh nham chon céc thong sb tot
nhit; tap dir liéu kiém dinh gdm 48 ban ghi dé
danh gid hiéu qua cta mo hinh véi cédc thong s6
da chon. Céc dir liéu da thu thap cho thdy, muc

nudc 16n nhit & ca 2 tram Quang Phuc (2,26m)
va Cta Cim (2,09m) déu roi vio ngiy
30/7/2011. Céc gid tri nay nam trong tap dit liéu
hiéu chinh nham dam bao dua ra két qua chinh
xac hon cho qua trinh dy bdo dinh Ia.

Mot diém luu ¥ nita 13, khéng c6 quy tic nao
trong vi¢c lya chon cAu tric mé hinh cling nhu
céic thong $6 mod hinh (Kim, S., va cdc cong su,
2017). Viéc lya chon céu tric mo hinh va thong
s6 md hinh dya trén viéc ddnh gi vé kich c& dir
liéu va qua trinh thtr dé dam bao chon duoc céc
thong s phit hgp nhat cho nghién ctru nay.

4. KET QUA NGHIEN CUU

4.1 Du bao muc nwéc tram Quang Phuc

Két qué du bdo muc nudc cho tram Quang
Phuc trong cdc truong hop tir 1 gid dén 5 gid
duoc thé hién tuong Ung trong cic Hinh 3(a),
Hinh 4 va Hinh 5.

C6 thé thay rang mé hinh du béo cho két qua
rt 4n tuong, didc biét cho cac truong hop du bao
tir 1-3 gio v6i sai s6 trung binh nho hon 0,095m
va hé s6 NSE trén 97,8%. Hinh 3 (a) mo ta su
twong quan chit ché giira két qua du bdo va gid
tri thuc do trong trudong hop du bdo muc nudc
(MN) tram Quang Phuyc trudc 1 gio, hé s6 Nash
[én toi 99,7% va RMSE chi 0,038m. Trong
truong hop du bédo trude 4 gio va 5 gio (Hinh
5), mic dit hé s6 NSE tuong ddi tot (Ian lugt 1a
94% va 92%) nhung giita két qua dy bdo va
thuc do c6é chénh Iéch nhé (1 gid) vé thoi gian
xuat hi¢n dinh .
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Hinh 3. So sdnh MN thyc do vdi dw bdo 1 gio tai Quang Phuc (a) va Cia Céam (b)
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Hinh 5. Dy bdo MN 4 gio (trdi) va 5 gio (phdi) tai Quang Phuc

Bang 3 tong hop cdc két qua kiém dinh t6t
nhat va cic thong s6 mo6 hinh da dugc lua chon

Bang 3. Két qua kiém dinh du biao mwc nwéc cho tram Quang Phuc

dé du bdo muc nude tram Quang Phuc.

Thoi gian dy | Chiéu dai S(f) tram | S6 lu’(;)’ng Hé sb S6 lwong RMSE NSE (%)
bao(gio) dir liéu dau vao 16p an hoc Epoch (m)
1 6 5 50 0.01 50000 0.038 99.7%
2 3 5 50 0.001 20000 0.064 99.0%
3 6 5 50 0.1 20000 0.095 97.8%
4 6 5 50 0.1 20000 0.155 94.1%
5 6 5 50 0.1 20000 0.177 92.4%

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 62 (9/2018)

13




4.2 Duw bao myc nuwéc tram Cira Cam

Ddi v6i tram Cira Cam, két qua kiém dinh t6t
nhit cta cdc truong hop dwoc thé hién trong
Bang 4 va dugc mo ta chi tiét & Hinh 3(b), Hinh

[E]
++eee Thue do
Dur bio

LS

12

09

(m)

06 %

(5

é 03
E- 0.0
-0.3
-0.6

-0.9

Thai gian (giér)

6 va Hinh 7. Trong ca 5 truong hop, két qua dy
biao muc nudc tram Cura Cam tot hon mot chuit
so voi két qua cta tram Quang Phuc.

s+ Thue do

Du bio

Muc mrée (m)

Hinh 6. Du bdo MN 2 gio (trdi) va 3 gio (phdi) tai Cua Cim

Hé sd NSE cua tram Cira Cam rat cao, gia tri
NSE nhé nhit 1a 94,1% khi du bdo cho 5 gio.
Dic biét, v6i truong hop du bdo tir 1 dén 3 gio
gid tri nay 12 trén 98%, sai s6 RMSE tuong tng
nho hon 0,107m. Hinh 3(b) so sanh giita két qua

=eeee= Thue do

Du bio

Thisi gian (gi5)

tinh todn muc nudc voi thuce do khi du bdo 1 gio
cho thay rang, hau nhu khong c6 sy sai léch
dang ké nao giira gid tri dy bdo va thuc do. Hé
s6 NSE 1én toi 99,88% va sai s trung binh chi
xép X1 2,7cm.

18
eeesThire do

Dy bao
12

Thii gian (2id)

Hinh 7. Du bdo MN 4gio (trdi) va 5 gio (phdai) tai Cira Céam

Trong truong hop du bdo trudc 4 gido va 5
gi0, mac du két qua du bdo cé h¢ s6 NSE rit cao
(97,5% va 94,1%), nhung Hinh 7 cho thiy c6 sy
sai 1éch gilta gid tri dy bdo va thyc do. Tuy
nhién, céic gid tri du bdo cé xu hudng cao hon so

v6i gid tri thuc do tai dinh 1, diéu nay cho thiy
két qua mo phong c6 xu hudng an toan hon. Khi
dy bédo thoi gian dai, két qua du bdo s& c6 do
chinh xdc cao néu chudi sd liéu thuc do du dai.

Bang 4. Két qua kiém dinh du biao mwc nwéc cho tram Cira CAm

Thoi gian dy | Chiéu dai SO tram | S6 lugng | Heé s6 | Séluong | RMSE NSE (%)
bao (gio) dir liéu dau vao 16p an hoc Epoch (m)
1 3 3 20 0.001 20000 0.027 99.9%
2 3 3 50 0.1 50000 0.043 99.7%
3 3 3 20 0.05 20000 0.107 98.0%
4 3 3 20 0.1 20000 0.121 97.5%
5 3 3 20 0.005 20000 0.185 94.1%
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Viéc thay doi cdc théng s6 md hinh s& anh
huong toi két qua du bdo, tuy nhién anh huéng
nay la khong dang ké. Viéc thay doi chiéu dai
dir liéu dau vao (tang kich thudc dit ligu tu t-2
1én t-5) khong anh hudng nhiéu téi do chinh xic
cua két qua dy bdo, thdm chi trong mot sb
truong hop con giam d§ chinh xdc (tram Cura
Cam). Piéu nay c6 thé giai thich duoc, vi anh
hudng cua su thay doi muc nude trong 3 budc
thoi gian gan nhat 1a rd rét nhat. Ngoai ra, do
kich thudc cuia tap dir liéu chua du 16n, nén khi
tang céc gid tri nhu s6 luong 16p an, sb lugng
epoch hoac chiéu dai dir liéu thi d6 chinh xdc
ctia két qua dy bdo khong thay ddi nhiéu.

5. KET LUAN

Bai bdo nay da mé ta chi tiét qud trinh xay
dung md hinh mang than kinh LSTM dé du
bdo muc nudc séng trude 1 gio, 2 gio, 3 gio, 4
gid va 5 gio tai tram Quang Phuc va Ctra Cam
& thanh ph6 Hai Phong. M6 hinh ma céc tic gia
dé xuét khong st dung cdc dit liéu dy bdo mua,
chi sir dung thong tin vé muyc nude thuc do da
0 tai cac tram thuy van ¢ thuong luu va ha luu
dé du bdo muc nudc cho 1 tram thuy van &
trung Ivu. Cdc sb liéu myc nudc cé y nghia
nhu céc bién ciia mo hinh thay lyc. Déi véi
viing chiu anh huéng cia thily tridu, dong chay

TAI LIEU THAM KHAO

ém, nén can cé bién trén va bién dudi khi tinh
toan. Két qua kiém dinh mo hinh cho thiy su
6n dinh va dd chinh xé4c cao trong du béo. Két
qua dy bdo muyc nudc tir 1 dén 3 gio c6 hé sb
NSE trén 97,8% d6i voi tram Quang Phuc va
trén 98% v&i tram Cira Cam. Piéu nay thé hién
su tuong quan réat 16n gitra gi tri du bdo va gia
tri thuc do.

C6 thé thay rang, khong c6 quy tic cu thé
nao cho viéc lua chon céc thdng sb ctia mod hinh
nhu hé sb hoc, sb lugng chudi, sb luong 16p an,
s6 luong Epoch ciing nhu cau tric cia mé hinh.
Viéc lya chon cic thdong sb nay dya vao qua
trinh thir va ddnh gid sai s6. Cdc thong sb tot
nhit da dwoc chon va ddnh gid qua qué trinh
hi¢u chinh va kiém dinh mé hinh.

Mang than kinh sau c6 wu diém 1a don gian
hon so vdi cac md hinh thiy van, thuy luc, dac
biét né c6 thé du bdo cho vung bi anh hudng
ciia thuy triéu trong trudong hop thiéu sb lidu
dia hinh, khi ma khéng thé s dung cdc md
hinh thuy luc, thuy van. Lic d6, m6 hinh mang
than kinh LSTM 1a giai phdp tét cho viéc du
b4o myc nudc theo thoi gian thuc, thay thé céc
mo hinh di c6. Vi vay, c6 thé tng dung mod
hinh nay dé canh bdo 1ii trén cdc song sudi ciia
Viét Nam.
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Abstract:
USING LONG SHORT-TERM MEMORY NEURAL NETWORK TO FORECAST
WATER LEVEL AT THE QUANG PHUC AND THE CUA CAM STATIONS
IN HAI PHONG, VIETNAM

In this article, the LSTM (Long Short-Term Memory) model is applied to predict the river water
level without utilization of rainfall — forecast information and terrain data. The data required for
simulation are hourly water levels at hydrological stations in Hai Phong city. The model was
formulated to predict water level at the Quang Phuc station and the Cua Cam station, in Hai Phong
city for many cases from I to 5 hours of lead time. Although the model does not require many input
data such as climate, geography, land-use for rainfall-runoff simulation, the prediction results are
very stable and reliable: the Nash — Sutcliffe efficiency (NSE) is higher than 97.8% and the root
mean square error (RMSE) is lower than 0.10m for 3 hours of lead time prediction. The result
illustrated that the LSTM model is able to produce the river water level time series and useful for
the practical flood forecasting.

Keywords: Hai Phong, water level prediction, LSTM, DNN, Quang Phuc, Cua Cam.
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