BAI BAO KHOA HOC

DU BAO MUC NUGC TREN SONG KIEN GIANG
SU DUNG PHUONG PHAP HOI QUY

Pinh Nhit Quang', Ta Quang Chiéu', Pao Thi Hu¢', Nguyén Thi Kim Ngan'

Tém tit: Mo hinh dy bdo su thay déi ciia muc nude song gcfn day dwoc su dung nhu mot cong cu
hé tro cho cdc nha quan Iy trong viée dé xudt cac gidi phdp thich img va gidm nhe riii ro thién tai
do li. Cdc mé hinh dinh hiedng dit lidu sir dung phwong phdp hoc mdy da tré thanh mét cdch tiép
can hdp dan va hiéu qua dé mé phong va dw bdo bién dong mue nuwée song. Trong nghién ciru nay,
cac mé hinh dwa trén phwong phép hoi quy tuyén tinh (LR), Random Forest Regression (RFR) va
Light Gradient Boosting Machine Regression (LGBMR) dwoc xdy dung dé di dodn muwc nede hang
ngay trén song Kién Giang dya trén bé dir liéu thu thdp tir nam 1977 dén nam 2020. Céc chi sé
théng ké R’, NSE, MAE va RMSE duoc tinh todn dé kiém tra d¢ tin cdy cua ba mé hinh dé xudt. Két
qua nghién ciru chi ra hiéu qua cua cdc thudt todan hoi quy trong viéc dy bdo myc nuwoc li, dac biét
la phwong phdp hoi quy tuyén tinh véi cdc chi sé R°, NSE, MAE va RMSE lan lwot la 0,959; 0,958;

6,67 cmva 12,2 cm.

Tir khoa: Du bao muc nude, hoc may, phuong phap hdi quy, song Kién Giang.

1. PAT VAN PE

La mot trong hai phu luu 16n ctia song Nhat
L¢, song Kién Giang chay qua huyén Lé Thiy
va Quang Ninh, tinh Quang Binh véi chiéu dai
69 km (Hinh 1) (Nguyén Ptc Ly va nnk,
2013). Hang trim nim qua, ké tir khi hinh
thanh ving dit Lé Thiy va Quang Ninh, noi
day duogc coi 1a "rén 1d" cia tinh Quang Binh.
Dac bi¢t, dot mua 1l lich su trong thang 10
nim 2020 d3 nhin chim vang dong bang chau
thd nho hep dudi chan diy Truong Son véi
trén 50.000 nha dan bi ngap sau va hang chuc
thon, ban bi cd 1ap. Trong tran 1i dic bi¢t 16n
tlr ngdy 16 dén 22 thang 10 nim 2020, dinh 1
trén song Kién Giang tai tram L& Thuy lén téi
4,88 m, trén mirc bao dong III va vuot 0,97 m
so voi dinh I lich st nam 1979.

Dy bdo muc nudc song chinh xac 12 mot
thanh phan quyét dinh trong hé théng canh
bao 1t sém va dong vai trd quan trong trong

led'ng Dai hoc Thuy loi

vi€c gidm nhe thién tai do Iii. Nhin chung, c6
hai cach tiép can chinh dugc su dung dé thiét
1ap cdc moO hinh duy bdo muc nudc trén song.
Céch tiép can dau tién chu yéu phu thudc vao
cic mod hinh dua trén tinh chit vat ly
(physically-based models), chang han nhu bo
mo6 hinh MIKE HYDRO River, HEC-HMS,
SOBEK, EFDC, v.v. Cac md hinh dua trén
tinh chét vat 1y c6 d chinh xéc cao trong vi¢c
du doan muc nudc, tuy nhién chung thuong
yéu ciu mot lugng dir liéu dau vao rat 1on, bao
gdm dir liéu dia hinh, khi tuong, thuy vin, hai
van, v.v. va doi hoi nhiéu thoi gian md phong.
Do d6, cdc md hinh nay khong phu hgp cho
viéc du bao trong thoi gian ngin hodc theo
thoi gian thuc, gﬁn thuc. Hon nira, viéc phat
trién cac md hinh dua trén tinh chit vat ly
thuong yéu ciu nguoi dung phai cé kién thirc
chuyén siu va kién thirc chuyén moén lién
quan dén cac thong sb thiy van va thuy lyuc
(Atashi va nnk, 2022).
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Hinh 1. Hé thong séng Kién Giang va cdc tram khi tuwong, thity van trong khu viec

Mot cach tiép can thay thé nhimg han ché cua
md hinh truyén thong néu trén 1 sir dung cac md
hinh theo dinh hudéng dir li€u (data-driven
models), dya trén viéc thu thap va phan tich mbi
quan hé théng ké giita cac dit liéu dau vao va
dau ra. M6 hinh hoc may (Machine Learning -
ML) da duoc st dung dé du bao ngap tir nhiing
nim 1990 va 1a mot trong nhitng thu vién, nén
tang (frameworks) phd bién nhét trong phuong
phap dinh hudng dir liéu. Cac nghién ciu gan
day da chi ra rang cic md hinh hoc may 1a cong
cu tiém nang trong viéc dy bdo muc nudc do
ching c6 thé duoc xdy dung nhanh chong, d&
dang va khong doi hoi phai c6 su hiéu biét vé
cac qua trinh vat 1y 4n ddng sau. Ngoai ra, kha
nang tinh toan, hi¢u chinh va kiém dinh nhanh
hon so véi cac md hinh vét Iy truyén thong va
cach sir dung it phirc tap hon 14 nhitng vu diém
l6n ma cdc mdé hinh hoc may dua vao s6 lidu
mang lai (Mekanik va nnk, 2013).

Trong bai bao ndy, cac tac gia dé& xudt va phat
trién cac md hinh sir dung cac phuong phép hoi
quy (LR, RFR va LGBMR) dé du bdo muc nude
1t tai mot tram dai dién cho ving déng bﬁng song
Kién Giang, d¢ 1a tram L& Thuy.

2. PHUONG PHAP NGHIEN CUU VA

SO LIEU THU THAP

2.1. Cac phwong phap héi quy

Hoi quy 1a phuong phép toan hoc trong thong
ké dé phan tich mbi lién hé giira dai luong can
du bao theo thoi gian thong qua sb lidu thong ké
dugc trong qua khir. Trong nghi€én ctru nay, ba
ky thuat hdi quy cua hoc may di duoc ap dung
dé xay dung cac md hinh dinh hudéng dir liéu.
Quaé trinh chinh khi xay dung cdc mo6 hinh nay
duoc goi 1a "giai doan hoc hoi", trong do mbi
quan hé giira cac bién dau vao va dau ra cia hé
théng duoc xay dung (Guo va nnk, 2021):
y = f(x)
vo1 cac dir liéu co san:

(1)
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[, ¥1),(52, ¥2),...(%, Vo) ]= [Eluyidiss (2
trong d6 x 1a vecto dau vao, y la dau ra
mong mudn, n 1a s6 luong dir licu va f 1a
ham héi quy.

2.1.1. Héi quy tuyén tinh

Mb hinh hdi quy 1a dé xac dinh mdi quan hé
gitta bién phu thudc y véi mot hay nhidu bién
doc 1ap x; mbi quan hé gitra bién phu thudc va
bién doc lap 1a tuyén tinh. Mo hinh hdi quy
tuyén tinh (LR) c6 dang:

y=oatpx
v6i a 13 chin (intercept) va B 1a @6 dbc (slope).

Xét tap dir ligu gém m phﬁn tr X7, X2, .ovy X
trong khong gian n chiéu (bién doc lap, thudc
tinh), c6 gia tri twong Gng cua bién phu thudc
(cAn dy bao) 14 vy, y2, ..., ym. Cac tham sb a va B
cia md hinh dugc udc lugng tir b dir li€u quan
sat bang phuong phap binh phuong nho nhét

(least squares):
Min (ZE[Y" — (o + Bx;)]2)]
i=1
Gia tri du bao cho phﬁn tr méi x dua vao
cong thue (4):

y=a+px
2.1.2. Random Forest Regression

Q)

Random Forest Regression (RFR) dé xuit
boi Breiman (2001) 2 mét trong nhiing
phuong phap hoc c6 giam sat (supervised
learning) st dung cho cac bai toan phan loai
va hoi quy. RFR 1a mot phwong phap hoc
tong hop, tap hop két qua tir cac cay ra quyét
dinh don 1€, tir d6 nang cao hi¢u qua dy bao
thong qua hinh thic biéu quyét da sé hay
trung binh két qua tiy theo ting bai toan cu
thé (Hinh). Vé ban chat RFR s dung k¥
thuat co tén goi la bagging - ky thuat cho
phép lua chon mot nhém nho cac thudc tinh
tai mdi nat cua cdy phan 16p dé phéan chia
thanh cdc mirc tiép theo. Do d6, RFR c6 kha
ning phan chia khong gian tim kiém réat 16n

3)

thanh cac khong gian tim kiém nhé hon, nhd
thé thuat toan co thé thuc hién viée phan loai
mdt cach nhanh chong va dé dang. Béi véi
bai toan hoi quy, két qua cudi cung cia md
hinh RFR s& 1a trung binh cia tat ca cac két
qud du bdo cua cac cay. Thuat toan RFR
dugc tom tit nhu sau:

1. Trén co s& cua phuong phap bootstrap,
mdt tp hop con cac mau duoc tao ngiu nhién
v6i cac mau thay thé tir tap dir liéu ban déu;

2. Cac mau bootstrap ndy duogc sir dung dé
xay dung cdy hoi quy (Hinh). Tiéu chuan téi uu
duoc sir dung dé chia nat cua cay hoi quy thanh
hai nat con. Thu tuc d¢ quy duogc thuc trén moi
nat con cho dén khi két thuc;

3. Mbi cay hdi quy cung cip két qua du
doan. Khi tat ca cac cay hoi quy di dat dén kich
thuge toi da, du doan cubi cung dugc xac dinh
14 gi4 tri trung binh cua cac két qua tir tit ca cac
cdy hdi quy (Guo va nnk, 2021) nhu trong cong
thirc (5):

Ntr BB
PR = ) )
=1 &)

trong d6 ¢ 13 s6 cy, Ny 12 kich thude toi
da cua cdy va Be biéu thi du doan cua mdi
cay hoi quy.

2.1.3. Light Gradient Boosting Machine
Regression

Light Gradient Boosted Machine Regression
(LGBMR) dugc phét trién dya trén cdy quyét
dinh (Decision Tree). Thuit toan dua trén biéu
dd histogram chia tach bién lién tuc thanh cac
nhém khac nhau. N6 su dung phuong phép phat
trién cay theo 14 (leaf-wise tree growth) (Hinh)
thay vi phuong phép ting trudéng ciy theo cip
(level-wise tree growth, dugc sit dung boi hau
hét cac phwong phap dua trén ciy quyét dinh
khac) dé tang hiéu qua ciia mo hinh, giam muc
su dung b nhd va cai thi€n thoi gian tinh toan
(Guo va nnk, 2021).
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Hinh 2. Phwong phdp héi quy RFR (trdi) va LGBMR (phdai)

2.2. Céc tiéu chi danh gia do tin cay ctia cac mo hinh hoéi quy
bé danh gia mic do du bao chinh xdc cua cdc mo hinh hoi quy, bon tiéu chi danh gia sau dugc

su dung:
1. Hé sb xac dinh (RY)

mea mea re _ mrpre 5
o1 ) () ®
| — 2 — 2
|E{]:1 anea — Hmea :'1:1 H_lpre — Hpre
2. Hé sb hiéu qua (Nash-Sutcliffe efficiency - NSE)
S (P — 1P’ ©
NSE=1- Dim(HP= —H=mee)”
3. Sai sb tuyét d6i trung binh (Mean Absolute Error - MAE)
B, [Hmes — B @
MAE = n
4. Lbi trung binh binh phuong gdc (Root Mean Square Error - RMSE)
| (8)

Say(mee 1)’
RMSE = n

a

, ma N L LA
Trong d6: H™** va i 1a myc nuée song

H!T.I.EE. Vé

thue do va du doan tai thoi diém i
HP™ |3 gi tri trung binh ciia muc nudc song
thuc do va du doan. Gia tri R° nim trong
khoang tur 0 dén 1; trong d6 gia tri 1 biéu thi
cac gia tri duy doan bang vdi gia tri thuc do.
Gia tri cia NSE nam trong khoang tir —= dén
1; va cang gan 1 thi kha ning du doan cua
mb hinh cang tét. MAE va RMSE 14 hai chi s6
hién thi sai s6 ctia mé hinh v&i gia tri toi wu
bang khong.

2.3. Vung nghién ciru va s6 li¢u thu thap

Luu vyc séng Nhit Lé bao gdm 03 nhanh
song chinh 1a Kién Giang, Long Pai va Nhat L¢
v6i tong dién tich cia toan luu vue 14 2.612 km?
(Hinh ). Trén luu vyuc song Kién Giang c6 mot sb
ho thuy loi loai vira 1a An Mi, Cam Ly va Rao
D4 voi dung tich phong I nho (chi khoang 22,1;
6,9 va 11,6 triéu m’), con lai 1a cac hd chira nho
nén tac dong cua hoat dong van hanh hd chua
dén muc nudce ha luyu 1a khong dang ké. Trén huu
vuc nghién ctru hién chi ¢6 03 tram do mua va
myc nuée (Kién Giang, Lé Thity va Dong Héi)
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c6 dir liéu do dac lién tuc dén nay; trong do $6
liéu theo gio chi ¢ trong mot thoi doan ngin
trong timg dot lii. Trong nghién ciu ndy bd sb
liéu quan tric mua va muc nudc ngay tai 03 tram
trong giai doan 1977-2020 da dugc thu thap.
Biéu dd hop rau (Box and Whisker plot) trong
Hinh cho thiy sy ting dang ké muc nudc song
Kién Giang thuong xay ra tir thang 9 dén thang
12 - thoi diém mua Iii trong khu vuc nghién ctru
(Nguyén Puc Ly va nnk, 2013).

Do nghién ctru chi tap trung vao bai toan du
bdo muc nudc ngay trén song trong mua i nén
5.368 bo s6 liéu mwa va myc nudc ngdy tai 03
tram trong mua 1 (thang 9 - thang 12) trong 44
nam di duoc sir dung. Dé thiét lap va danh gia
cac moO hinh hoc may, bo dir li¢u trén dugc chia
thanh bo dir lidu huan luyén va kiém dinh, trong
d6 80% (giai doan 1977-2011) danh cho huin
luyén (cac chdm trong Hinh 3) va 20% con lai
dung dé kiém dinh (nét lién).
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Hinh 3. Bién dong muwc mede ngay tai tram Lé Thiy trong cdc thing

trong giai dogn 1977-2020 va ba mirc bdo dong trén song

Muc nwée Kién Giang (m)

Muc nuée L¢ Thiy (m)

N
N

Hinh 4. S6 liéu myc nwée thwe do trong mia lii tai tram Kién Giang (xanh) va Lé Thity (d6)

3. KET QUA VA THAO LUAN

Ba k¥ thuat hoc mdy dua trén phuong phap
héi quy duoc sir dung dé xay dyng mé hinh dinh
huéng dir ligu nhim du bao muc nude tai tram
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Lé Thuy trén song Kién Giang. Bon tiéu chi R,
NSE, MAE va RMSE dugc st dung dé danh gia
md hinh va lua chon duge bo dit liéu dau vao toi
vu ciing nhu phuong phap hdi quy tin cay dé du
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bao myc nudc I trén song. Cac md hinh hoc
may hdi quy dugc phat trién trong méi truong
Python 3.7.

3.1. B dir liéu dau vao tdi wu dé duw bao
muc nudc tai tram Lé Thiy

3.1.1. Lua chon dj dai dit liéu trong qui khir

Céc md hinh theo dinh hudéng dir li€u dugc
thiét lap dua trén mdi quan h¢ théng ké gitra dir
litu diu vao va dau ra dé dy doan céc gia tri
trong tuong lai. Muc nudc ngay du bdo HY tai
tram Lé Thily cho ngay tiép theo (++1) duoc coi
13 mot ham cua cac bién dau vao (mua va muc
nude ngly) trong k ngay trudec do va co thé
duoc biéu dién nhu sau:

LT
’ €))
Hin =J‘(Rtt71,t—2...tfk , Httfl,t*2-~-t*k)

Trong d6: R va H 1a lugng mua va muc nudc
ngay tai ba tram; va ¢ 1a thoi diém/ngay hién tai.
Trudc khi hudn luyén va kiém dinh mé

_MAE (m) _

0,069 -

0,068 [

0,067

0,066 L L 1 1 L 1 L

Sb ngay

hinh, phuong phap hoi quy tuyén tinh dugc
st dung voi tit ca bo sd lidu cua 6 thong sb
dau vao (mwa va muc nudc ngdy tai 03 tram)
dé phéan tich va lya chon d¢ dai dir li€u trong
qua khir (k) t6i vu trong du doan muc nudc.
Két qua phan tich cho thdy viéc st dung dir
liu tir 3 dén 10 ngay trudc dé dy bao muc
nuéc cho ngay hom sau cho két qua tét vai
gia tri R° va NSE lan luot dao dong trong
khoang 0,9522+0,9539 va 0,9508+0,9527
(Hinh 5). Bac biét vdi k£ =3 thi ca 4 ti€u chi
danh gid d¢ tin cdy cia mo hinh déu dat két
qua toét nhat voi sai s6 MAE va RMSE lan
lugt bang 1a 6,76 cm va 12,85 cm. Do d9,
nhom nghién ctru lya chon bd dir li¢u dau vao
trong 4 ngay (tai cac thoi diém ¢, £-1, -2 va t-
3) dé du bao muyc nudc & thoi diém r+1 trong
cac trudng hop tinh toan & budc tiép theo.

0,954 . NSE
0,953 -
0,952 -
)
0,951
0,95 |
0,949 |
0,948 .
9 ~ L ) © A o 2 K
RMSE (m)

0,13

0,129 -

0,128

0,127 L L L L I L L

So ngiy

Hinh 5. Cdc tiéu chi danh gid ciia mé hinh hoi quy tuyén tinh véi 6 bién dau vao
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3.1.2. Lwa chon bé dir liéu dau vao téi wu

Phuong phip hoi quy tuyén tinh tiép tuc
duoc su dung dé phan tich va lya chon bd dir
lidu dau vao t6i wu cho bai toan du bio muyc
nuoc ﬁtlfl tai tram Lé Thuy tai thoi diém ¢+1.
Ba t6 hop tinh toan dd dwgc phan tich nhu
trong Bang 2: i) t6 hop THI chi xét dén cac
dir 1iéu mua ngay tai 03 tram tu thoi diém -3
t6i ¢; i) t6 hop TH2 ngoai dir liéu mua gidng

nhu TH1 con xét thém yéu t6 dau vao 1a muc
nudc ngay tai 03 tram trong thoi doan [#-3; 7];
va iii) t6 hop TH3 nhu TH2 nhung c6 xét
thém d li€éu mua du bao R,:; tai cac tram
trong thoi diém #+1. Trong nghién ctu nay,
mua thuc do tai thoi diém #+1 duoc st dung
nhu mua dy béo; tuy nhién trong thyc té van
hanh s€ str dung s6 liéu mua du bdo tir cac dai
khi tugng thuy van.

Bang 2. Cac t6 hop tinh toin nham phan tich va lya chon bd dau vao tdi vu

T6 hop dit liéu Cic vector diu vio 5
S . . Bién dau ra
dau vao Muwra tai 03 tram Muc nudc tai 03 tram
TH1 Rz, Rz—], Rt-Z, Rz-j’ - ﬁ1:+1
TH2 Rt: Rt—]a Rt-Za Rt—3 Hl: Ht—]a Ht—Za Ht—3 ﬁt+1
TH3 Rivi, Ry, Rep, R, Ris H;, Hy.y, Hip, His H,.4

Biéu dd phan tan trong Hinh cho thay, cac
diém trong t6 hop TH3 (mau xanh dam) bam sat
véi duong 1:1 (duong y=x, mau den nét dut)
hon so véi cac diém trong t6 hop TH1 (méau do)
va t6 hop TH2 (mau xanh nhat). Tuy nhién véi
TH2, cac diém muc nudc trén bao dong 3 (H =
2,7 m) phan tan kha rong; céd nhidu diém muc
nudc du doan thién thép so vOi muc nudc thuc
do, thé hién viéc du dodn dinh 1ii ciia md hinh
chua tot. Sy khac biét 16n gitra myuc nude song
md phong va thuc do dugc quan sat thiy trong

%  THI1 .
45 TH2
* TH3 27
4 |=== Béo déng I(H=1,2m) ol - — *
- - - Baodéng Il (H=22m) e
35 Béo déng Il (H = 2,7 m)
} A "
x| £ %
3
7 i x * x|

Muwc nuwéce dy doan (m)

15 2
Muwc nuéc thue do (m)

2,5 3 35 4 4,5 5

THI1 khi cac diém (mau do) phan tan rong va xa
so voi duong 1:1; ddc biét trong truong hop
muyc nudc thip. Didu nay cho thiy néu khong
xét dén myc nudc trong qua khir ciing nhu
luong mua dy bdo thi mo hinh s€ khong bat
dugc chan va dinh cua duong quéd trinh muc
nudc trong song. Do d6, nhdm nghién clru da st
dung bd s6 liéu dau vao trong td hop TH3 dé
huén luyén va kiém dinh c4c md hinh hoc may
du bao muc nude theo ba phuong phap hdi quy
LR, RFR va LGBMR trong phin tiép theo.

% LGBMR ,
45 RFR
* LR 4
4| Béo déng I (H=1,2 m) . *
_ - - - Béo dong II(H=22m) e
Ess Béo dong I (H = 2,7 m) .
c td
\© * | 4
o 3
o 7 |lx X| X
= % x
T 25 * % T X
3 R
5
c
(6]
3.
= *
0 -
o 05 1 15 2 25 3 35 4 45 5

Muc nwéce thue do (m)

Hinh 6. Biéu do phadn tan muc nudc thuc do va du doan voi 3 16 hop tinh toan (tradi)

va 3 mé hinh hoi quy (phai)
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3.2. Két qua dw bao muc nuwéc theo ba
phuong phap hdi quy

Chét luong va Kkét qua dy doan myc nudc tai
tram L& Thay st dung 03 md hinh hdi quy LR,
RFR va LGBMR dugc thé hién trong Hinh 6.
Muc nuée dy doan bang md hinh hdi quy LR

cho ra két qua t6t nhit v6i cac diém bam sat
duong 1:1. Hai md hinh RFR va LGBMR du
dodn myc nudc dudi muc bado dong III cling kha
t6t; tuy nhién khong bat duoc dinh 1i khi muc
nude trén 3 m (muc nude dy bao thién thip so
véi gia tri thuc do).
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Hinh 7. So sanh muc nuoc thuc do va dw doan tai tram Lé Thuy voi 3 MH hoi quy

Trong cong tac phong chdng va giam nhe thién
tai do 10 Iut thi viéc du bao chinh xac duoc dinh 1a
va thoi gian dat dinh 1a hét strc quan trong, va la
mot trong cac ti€u chi danh gid hi€u qua ctia mo
hinh. Két qua so sanh dudng qua trinh muc nude
du béo ctia 03 m6 hinh hdi quy vdi gié tri thuc do
cho thdy mo hinh hdi quy tuyén tinh chiém wu thé
khi du béo xu thé va dinh Iii chinh xac hon (Hinh
7). M6 hinh LGBMR danh gia thap va thuong
khong dy bao dugc céc dinh i khi myce nudc cao
(vi dy trén murc bao dong III). Hinh 8 so sanh két
qua du bdo muc nudc cua ba mo hinh hoc may
voi gid tri myc nude quan tric trong mua Iii nam
2013 va 2016. Trong tran i tr 15-24/10/2013,

3 T T T T T T T T T

dinh 1t thuc do 1a 2,160 m; md hinh LR du bao la
2,135 m (sai s6 25 cm hay 1,15%); m6 hinh RFR
va LGBMR du béo lan lugt 1a 2,185 m va 1,975
m. Trong tran I tir 13-20/10/2016, sai s6 dinh lii
cia 3 md hinh LR, RFR va LGBMR lan luot 13 9,9
cm (3,0%); 76,3 cm (22,9%) va 90,3 cm (27,1%).
N6i chung cac mo hinh dy doan tét xu hudng
duong qua trinh 1, tuy nhién van chua dy doan
hoan toan chinh xac dugc gia tri dinh va thoi gian
lii 1én. Nguyén nhan c6 thé 1a do viée str dung dir
lieu dau vao theo ngdy, hodc nghién ctru chua
xem xét mot s6 cac yéu td khac ¢6 anh huong t6i
qua trinh hinh thanh i nhu dia hinh khu vuec,
tham pht mat dat, diéu kién d6 4m ban dau.

T
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Hinh 8. So sanh muc nuoc thuc do va dw doan tai Lé Thuy trong mua lii nam 2013 va 2016
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4. KET LUAN

Trong nghién ctu nay, cac tic gid da xay
dung ba md hinh du dodn muc nudc theo ngay
tai tram L& Thuy trén song Kién Giang dua trén
phuong phap hdi quy LR, RFR va LGBMR. B
dir liéu vé lugng mwa va muc nudc ngdy tai 3
tram trong mua I ciia 44 nam da dugc str dung
dé huan luyén va kiém dinh cac md hinh. Két
qua nghién cuu chi ra viéc st dung bo dir li€u
dau vao gom luong mwa va myc nudc ngay
trong thoi doan [#-3, 7] va luong mua du bao tai
ba tram khi tugng thiy vin trong khu vuc dé du
bao muc nudc 1U tai tram Lé Thay & thoi diém
t+1 cho két qua tot nhat khi mo hinh c6 thé du
bao tot ca chan 1in dinh cua duong qua trinh
muc nude. Cac chi sb thong ké R°, NSE, MAE
va RMSE cho théy viéc ing dung md hinh dinh
hudng dir li¢u 1a hoan toan kha thi va dang tin
cay trong viéc dy dodn myc nudc; trong d6 mo
hinh dy doan muc nudc bang phuong phap hoi
quy tuyén tinh cho két qua tSt hon so véi hai
phuong phép hdi quy con lai. Trong cac nghién

TAI LIEU THAM KHAO

ctru tiép theo, cac tac gia s& xem xét dén viée bd
sung mot s6 yéu td dau vao khac nhu dong
chdy, muc nudc triéu, mua tai mot sd tram lan
can, hay mua dy bdo tur cac dai KTTV (thay vi
sir dyung mua thyc do tai thoi diém #+1), ciing
nhu xay dung m6 hinh du bdo muc nude cho
cac tram thily van va tram “d0” khac doc theo
song Kién Giang va Nhat Lé. Ngoai ra, cac ky
thuat hoc may khac, nhu thudt toan hoc sau,
ciing s& dugc 4p dung nham cai thién chat luong
du bao myc nudc trong tuong lai.

LOI CAM ON

Nghién ctru nay dugc hd trg boi Dé tai
nghién ctru khoa hoc va phat trién cong nghé
cap bd “Nghién ciru ing dung giai phép cong
nghé sb chuyén d6i hinh thirc canh bao lii cho
cong ddng, xdy dung thi diém canh bao li trén
luu vuc song Nhat L¢, tinh Quang Binh”. Nhom
tac gia chan thanh cam on Ban chi nhiém dé tai
da tao diéu kién t6t nhit dé hoan thanh nghién
clru nay.
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Abstract:
PREDICTION OF WATER LEVEL IN KIEN GIANG RIVER USING
REGRESSION-BASED MODELS

A reliable model to predict the water levels in a river is crucial for better planning to mitigate any risk
associated with flooding. Data-driven models using machine learning (ML) techniques have become
an attractive and effective approach to model and analyze river stage dynamics. In this study, three
regression-based models, including Linear Regression (LR), Random Forest Regression (RFR) and
Light Gradient Boosting Machine Regression (LGBMR) were developed and compared to predict the
daily water levels in Kien Giang river based on collected data from 1977 to 2020. Four evaluation
criteria, i.e., R’, NSE, MAE, and RMSE, were employed to examine the reliability of the proposed
models. The results show the high accuracy of the proposed models in predicting water levels,
especially the LR model. The LR model outperforms the RFR and LGBMR models with the values of
R’, NSE, MAE and RMSE are 0.959, 0.958, 6.67 cm and 12.2 ¢m respectively.

Keywords: Water level prediction, machine learning, regression techniques, Kien Giang river.
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