BAI BAO KHOA HOC

UNG DUNG MO HINH CAY QUYET PINH DU BAO DONG CHAY
TREN LUU VUC SONG TIEN YEN, QUANG NINH

Nguyén Tién Thai'", Tran Tuin Thach'
guy 2

Tém tit: M6 phong dur bdo dong chay trén cdc leu viee séng dong vai tré vo ciing quan trong trong linh viee quan
ly tai nguyén nudc, gop phan dwra ra cdc quyét dinh vé phdn phoi dong chdy va kiém sodt cdc hinh théi lii cuc
doan mot cdach hiéu qud. Trong nghién cuu nay, nhom tdc gia sw dung cdc mé hinh hoc mdy (Machine learning-
ML) dwa trén thudt toan cdy quyét dinh (Decision Trees-DTs) bao g(fm 4 mé hinh: Cay quyét dinh (Decision Tree-
DT), Rirng ngau nhién (Random Forest-RF), Tang cuong dé doc nhe (Light Gradient Boosting Machine-
LightGBM), Cdy quyét dinh ting cuong do doc (Gradient Boosting Decision Tree- GBDT) dé mé phong du bdo
cho dong chay trén luu vuiec song Tién Yen, Quang Ninh tqi tram Binh Liéu. B¢ thong so cua cdac mo hinh dwoc 16i
wu hoa dya trén Zhuat todn t6i wu tim kiém ngau nhién (RandomlzedSearchC V). Két qua dao tao mé hinh cho thay
cdc mé hinh cdy quyét dinh déu cho hiéu sudt mé hinh twong doi chinh xdc, trong dé mé hinh GBDT cho két qua
16t nhat (R°=0,89; NSE=0,91; KGE=0,89 va RMSE=5,91 m’/s), tiép theo lan heot la cac mé hinh LightGBM, RF va
DT. O giai doan kiém dinh hai mé hinh GBDT va LightGBM tiép tuc cho thdy mikc d hiéu sudt mé hinh twong dirong
nhau, trong khi RF va DT co két qua thé'p hon. Dua trén céc mé hinh d duoc ddo tao va kiém dinh, dong chay giai

doan (2020-2024) dwoc du bdo dya trén s6 lidu khi twong cua tram Tién Yén va Binh Liéu.
Tir khéa: Mo hinh ciy dit li¢u, dong chay luu vye, t6i wu hda md hinh, du bao dong chay.

1. GIOI THIEU

Udc tinh dy bdo dong chay trén cac luu vuc song
dong vai tro quan trong trong quan ly tai nguyén nudc
mot cach hi¢u qua, dac biét trong cong tac du bao dong
chay Iii, dong chay mua kiét phuc vu san xuit nong
nghiép, san xuét dién, ...vv. Ung dung cac md hinh
thiy van vat 1y truyén théng duogc sir dung rong rai
nhdm udc tinh dong chay dya trén cac dic trung ciia
lwu vuc va diéu kién khi twong thiy vin. Tac gid
(Maryam Hafezparast et al. 2018) st dung md hinh
MIKE NAM dé md phong dong chay trén luu song
Sarisoo & phia Tay Bic Iran véi s0 liéu dau vao 1a mua
va béc hoi ciing v6i bd 9 tham s6 md hinh ddc trung
cho luu vie nghién ciru da cho két qua voi do tin cay
cao. Tuong ty, tac gia (Sangam Shrestha et al. 2018) sur
dung m6 hinh SWAT sir dung dit li¢u dau vao la cac
yéu t6 khi tegng (lwgng mua, nhiét d6 min va max, do
am twong ddi (RH), blrc xa mit troi va tde do gid) va
céc tai liéu (st dung dat, 16p phu dat, tinh chat dat, va
dia hinh) dé udc tinh dong chay. Tuy vdy, viéc ing mo
phong dong chay trén luu vic gip rat nhiéu kho khin
va thach thirc do dong chay 1a mét phan cta chu trinh
thity van phurc tap chiu tic dong ctia nhiéu yéu td, dic
biét 1a dic trung cua lwu vuc nhu dia hinh, tinh chat
clia dat, 16p tham phi, ...vv. Bén canh d6, anh hudng
clia cac hoat dong kinh té trong viéc khai thac sir dung
dat da lam thay d6i tham phi cling 1am qué trinh mo
phong dong chay thém phirc tap.

Véi cac kho khan trong viéc ung dung md hinh

]Trmi'ng Dai hoc Thuy loi
" Tac gid lién hé
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thiy van dya trén phuong trinh vat 1y, cac md hinh hoc
may (Machine learning) va hoc sau (Deep learning) noi
nén nhu 1a mot cong cu manh mé dé woc tinh dong
chay trén cac luu vuc song thong qua viéc st dung dir
liéu lon de hoc cac mé hinh phure tap va cac moi quan
hé phi tuyén trong dit liéu thuy van. Khong gidng nhu
md hinh thiy vin truyén théng, phuong phap sir dung
hoc may khong yéu cau mé phong phuong trinh vat 1y
rd rang, thay vao do, chung sir dung chubi dit liéu lich
st dé huan luyén céc thuit toan dé tang do chinh xac
ctia du doan. Cac mo hinh tiép can dir liéu sir dung
mang than kinh nhan tao ANNs (Aiyelokun Oluwatobi
et al. 2018), mang than kinh don vi dinh ky co kiém
soat (GRU), dang cai tién cia mang bo nhé ngin dai
(LSTM), md hinh cdy quyét dinh (DTs), rimg ngiu
nhién (RF) (Mohammad Ranjbar Kabootarkhani et al.
2024) di cho thiy kha ning mo phong du bao véi hidu
suat mo hinh ¢6 d6 chinh xac cao trong linh vuc thiy
van. Cac md hinh duoc dio tao vao kiém dinh theo ty
1¢ dit liéu nhat dinh. Nghién ctru cua tac gia (Pham Van
Chién et al. 2024) cho thay ddi v6i mo hinh hoc may
dir liéu c6 thé chia thanh giai doan dao tao (Training)
(70%) va giai doan kiém dinh (Testlng) (30%) cho hi¢u
suat md hinh khé cao so voi gia tri quan trac. M6 hinh
cdy dir liéu chia dir liéu dau vao (mua, nhiét do, boc
hoi, dg a am...vv) thanh cac tap con (node / leaf) sao cho
cac mau trong cung mot vung co dau ra (luu lugng Q)
gan gidng nhau nhat. Cac mo hinh DTs khac cling da
thé hién két qua tot cho du bao dong chay. Cac nghién
ctru khac nhau da danh gia hiéu qua ctia cdc mo hinh
DTs nhu: Hoc ting cuong do dbc téi han (XGBoost)
(Mahmoud F. Maghrebi, 2023), LightGBM
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(Lekang Bian et al. 2023), GBDT (Ma et al. 2025) déu
cho két qua hiéu suat mo hinh twong déi cao. Két qua
nghién ciru ciing cho thiy mé hinh dat hiéu suét cao
nhat véi cac bod thong sb clia md hinh hoc may duoc tdi
wu hoa, thuit todn tim kiém ngiu nhién
(RandomizedSearchCV) (J. Hancock et al. 2021) dugc
tich hop trong thu vién scikit-learn trén ngdn ngr 1ap
trinh Python. Cac nghién ctru vé t6i wu hoa bo siéu
tham s ctia mo hinh dir liéu gép phan cai thién dang
ké d6 chinh xé4c ctia md hinh.

Trong nghién ctru nay, nhom tac gia st dung cac
mé hinh cay dit li€u-DTs bao gé)m: DT, REF,
LightGBM, va GBDT dé mo phong va dy bao dong
chay trén Iuu vuc song Tién Yén, tinh Quang Ninh.
Bén canh d6, nghién cru so sanh danh gid hiéu suét
clia cic md hinh ciy quyét dinh ndy cho luu vuc
nghién str dung thuit todn toi wu xac dinh bd siéu tham
s6 cho mo hinh.

2. PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru
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Hinh 1. Luu viee song Tién Yén, Quang Ninh

Dong chinh song Tién Yén c6 chiéu dai 68 km,
thugng ngudn tir cira khau Hoanh Mo - Binh Liéu -
Quang Ninh, chiy qua thi trAn Binh Liéu, hop véi
nhénh song Tién Mo d6 vao va chay xudi xuéng huyén
Tién Yén- Quang Ninh. B song hai bén 1a di nti bao
quanh hiém tr&, d6 doc bo 16n, cau tao dia chat 1a da,
cudi soi, tham thyuc vat chu yéu la cay tré)ng nhu ngo,
dau tuong va rimg keo trong dé lay gd, long song
quanh co, udén khiic. Do rong long séng trén thuong
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ngudn khoang 50m-70m, xudi xuéng ha ngudn d6 rong
16n hon tir 80m dén 210m, d6 sdu nuéc dao dong tir
0,7-4m, van toc dong chay trung binh tir 0,01-1,2 m/s.
Dién tich luvu vuc cua séng Tién Yén khoang 1.070
kmz, trong d6 dién tich Ivu vyc tinh tir tram thay van
Binh Liéu v& phia thuong ngudn khoang 370km’.

2.2. Dir liéu thu thap

Dir liu vé khi tugng, thiy vin st dung trong
nghién ctru dugc thu thip bao gém: mua (1975-2024)
tai tram Binh Liéu va Tién Yén, bc hoi (1975-2024)
tai tram Tién Yén, dong chay (1975-2019) tai tram
Binh Liéu. Dit liéu luu lugng, mua va béc hoi thu thap
tir céc tram quan tric dugc trai qua giai doan tién xir ly
dé dam bao do tin cay: Cac gia tri dir li¢u thiéu duoc
xac dinh b?mg viéc ndi suy; Gia tri ngoai lai duoc phat
hién qua phan tich théng ké Z-score va dugc hiéu
chinh; Dir liéu dugc chuan hoa bang phwong phuong
phap chudn hoa dit liéu (data standardization). Dir liéu
thu thap (Bang 1, Hinh 3) cho thiy Iuu lugng binh
quan cua séng Tién Yén trung binh khodng 23,4 m’/s.
Luu lugng dinh lii lich sir ghi nhan vao 26/9/2008 la
3260 m’/s twong img v6i lugng mua trong cing thoi
gian tai tram Binh Li€u (X=697mm), Tién Yén
(X=502,3mm). Dir liéu mua, boc hoi (tram Tién Yén)
va mua (tram Binh Liéu) duoc sir dung nhu s6 liéu dau
vao dé md phong dong chay song Tién Yén tai tram
Binh Liéu. S6 lidu tir 1/1/1975 dén 1/7/2006 dugc sir
dung cho qua trinh dao tao mé6 hinh (70% dit li€u Q),
va tir 2/7/2006 dén 31/12/2019 cho qua trinh kiém dinh
m6 hinh (30%).

Thu thap dir liéu

= Mua X (mm)

= Béc hoi Z (mm)

= Luu lugng Q (m¥/s)

Chia tip dir liéu
= Tap huﬁm luyén 70%
= Tap kiém dinh 30%

. 2

(Ung dung cic mé hinh cay dir lidu
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Hinh 2. So do nghién ciru mé phéng
dw bao dong chdy luu vuc song

2.3. C4c md hinh cy quyét dinh

a) Mo hinh ciy quyét dinh- Decision Tree

Mb hinh DT thudc vé 16p hoc co giam sat, sir dung
thuat toan hoi quy phi tuyén dé moé phong, du bao chudi
dit liéu theo thoi gian. Dit li¢u s€ dugc chia thanh cac tap
con dua trén dic diém cua tap dir liéu dé hinh thanh ciu
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tric: Nut géc (Root Node), Nut trong (Internal Nodes),
canh (Branches), Nut 14 (Leaf Node). M6 hinh DT dang
hdi quy nham muc dich giam thiéu phuong sai trong moi
tap con dé xac dinh cac phan chia tot nhat. Gia tri phuong
sai cta dit liéu (MSE) duoc xac dinh nhu sau:

N

1 A
NSE = N;(yi -9 W

Trong do:

y;: Gia tri thuc té quan tric

y: Gia tri du bao

b) M6 hinh rirng ngiu nhién- Random Forest

RF 12 mdt md dang ctia m6 hinh hoc tap hop. thuat
toan RF xay dung nhiéu cay DT va sau d6 két hop két
qua cua chung lai, qua do ting cuong mic do chinh
xac va giam tinh trang qua khép (Overfitting) so voi
mot DT don 1é. Két qua du bao cudi ciung duge ldy
bang trung binh cla tit ca cic cay riéng 1é, duogc xac
dinh theo phuong trinh sau:

y=2% 5 2

Trong do:

T: S6 lugng cay hodi quy trong rimg

¥+ Gié tri du bao tir cay hoi quy thir t

¢) Mé hinh ciy quyét dinh ting cwong d9 doc -
Gradient Boosting Decision Tree

GBDT la m6 hinh hoc tdp hop dya trén cay quyét
dinh (DT). Khac v6i md hinh RF dao tao cac DT ddc
lap va két hop du doan cua chung, GBM xay dung lan
luot timg cdy, v6i mdi cdy méi tap trung vao cac
truong hop kho du doan nhat, do d6 cai thién duoc do
chinh x4c. Két qua dy bao do chinh xac cudi cing cua
md hinh GBDT theo dang tong quat sau:

M

y= tnhy 3)
m=1

Trong do:

M: 56 cdy quyét dinh DTs

h,,: MO hinh cay thir m (weak learner)

a,,, Trong s6 ctia mo hinh con (DT)

d) M6 hinh hoc ting cwong d9 ddc nhe- Light
Gradient Boosting Machine

LightGBM, mot thudt toan hoc ting cuong khac, 1a
ung dung hiéu qua cta hoc tang cuong thiét ké cho bai
toan hoi quy. Giéng nhu mo hinh GBDT, LightGBM

xay dung mot tap hop cady DTs theo cach tuan tw, moi
cay stra 16i ctia cdy trudc d6. LightGBM la s dung
thuat toan du trén biéu d6 (histogram-based) nén toc do
xtr nhanh hon. Cai tién nay cho phép LightGBM dao
tao nhanh hon va mé rong tot hon trong khi van duy tri
d0 chinh xac cao.

2.4 Danh gia d¢ tin ciy ciia mo hinh

Do tin cay ciia mo hinh DTs dugc danh gid dua trén
cac chi sd sai s6 khong thir nguyén (Coefficient of
Determination (R?); Kling-Gupta Efficiency (KGE),
Nash-Sutcliffe Efficiency (NSE)) va sai s6 thong ké
thtr nguyén (Root Mean Squared Error (RMSE)). Do
chinh xac cua md hinh dugc tinh todn cho giai doan
dao tao va kiém dinh, theo cong thirc:

kor =1 |-+ (22 oa) (& o1)

obs obs
— 2?]:1(Qobs,i - Qobs,m) (Qsim,i - Qsim,m)
\/2§\1=1(Qobs,i - Qobs,m)2 \/2§\1=1(Qsim,i - Qsim,m)2
N - 12
NSE — 1 _ lel(QSLm,l Qobs,z) (6)

Z?LﬂQsim,m‘Qobs,m)z

©)

N
1
RMSE = NZ(Qobs,i — Qsim,i)? (7)
i=1
Trong d6 Q,ps va Qg 13 gid tri luu luong quan
trac va gid tri tinh toan; o,y VA Ogi,d0 16ch chuan ciia
luru lugng quan tric va tinh toan.
2.5. T6i wu héa bd thong sb ciia cic md hinh
Trong nghién ctru nay, nhom tac gia st dung thuat
toan RandomizedSearchCV dé t6i wu hoa thong sd cua
md hinh, day 1a thuat toan tim kiém ngiu nhién trong
khong gian siéu tham s (hyperparameter space). Bo
tham s tdt nhat cia md hinh duogc xac dinh theo cong
thure sau:
6* = argmax Score (6) (8)
6es
Trong do
0: La bo siéu tham sd;
S: 1a tap hop bo tham sb ngdu nhién tir khong gian
tham s6
Score (6): diém danh gid mo hinh tinh bang cross-
validation

Bang 1. Dir li¢u boc hoi, mwa, dong chay theo ngay thu thip & cac tram khi twong, thiy vin

» Théi gian Théng s thong ké _
Tram do Chi so thu thap dit liéu Min | Max Tl:ung Do lgzch
binh chuan
Tién Yén Bdc Hoi(mm) 1975-2024 0,0 11,0 2,2 1,2
Tién Yén Luong mua (mm) 1975-2024 0,0 502,3 6,0 20,0
Binh Liéu Luong mua (mm) 1975-2024 0,0 697,0 53 19,0
Binh Liéu Luu lugng (m3/s) 1975-2019 1,4 | 3260,0 23,4 65,9
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Hinh 3. Boc hoi (a), Luong mua (b), Dong chay (c) do tai tram Tién Yén va Binh Liéu

Bang 2. So sanh sai s6 thong ké khi sir dung cac m hinh cAy quyét dinh, giai doan Training

M hinh R R’ NSE KGE RMSE (m’/s)
DT 0,84 0,69 0,69 0,65 39,27
RF 0,88 0,78 0,78 0,80 33,19
LightGBM 0,91 0,82 0,82 0,79 29,51
GBDT 0,94 0,89 0,91 0,89 5,91

Bang 3. So sanh sai s6 thong ké khi sir dung cic md hinh ciy quyét dinh, giai doan Testing

M hinh R R’ NSE KGE RMSE (m’/s)
DT 0,77 0,59 0,59 0,64 34,70
RF 0,79 0,61 0,61 0,78 33,96
LightGBM 0,87 0,75 0,75 0,77 26,82
GBDT 0,88 0,75 0,75 0,70 26,93

1980 1983 1950 1993 2000 2003 2010 2018 2030 178

o Lt W 1ew " N o 1
Hinh 4. M6 phong dong chay song Tién Yén Hinh 6. M6 phdng dong chay séng Tién Yén
tai Binh Liéu, mo hinh DT tai Binh Liéu, mé hinh Light GBM

197 e e 1950 19938 2000

vy

Py

Hinh 5. M6 phong dong chay song Tién Yén Hinh 7. M6 phong dong chay séng Tién Yén

tai Binh Liéu, m6 hinh RF tai Binh Liéu, mé hinh GBDT
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3]' Giai doan Training (01-01-1975 dén 01-07-2006)
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b] Giai doan Testing (02-07-2006 dén 31-12-2019)
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Hinh 8. Biéu do phan tan so sanh giita e lirong quan trdac va mé phong sur dyng cdac mo hinh DT, RF,
LightGBM, va GBDT cho giai doan Pao tao (Training) va Kiém dinh (Testing)
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Hinh 9. Két qua du bédo dong chdy tai Binh Liéu, mé hinh DT, RF, LightGBM, GBDT

Bang 4. Thong ké két qua dw bao dong chay tai Binh Liéu giai doan 2020-2024

. e Giai doan Luu lugng Q (m3/s)
Mo hinh Dl.l’ bao Qmin Qmax th
DT 2020-2024 3,68 833,09 19,70
RF 2020-2024 4,18 818,38 21,30
LightGBM 2020-2024 5,36 686,14 15,94
GBDT 2020-2024 5,75 981,86 17,01
3. KET QUA NGHIEN CUU cho hiéu suit kha cao véi hé sb (R2>0,59; NSE>0,59;

Phuong phap t6i wu héa tim kiém ngiu nhién -
RandomizedSearchCV dugc sir dung cho viéc xac dinh gia
tri siéu tham sd tdi wu sao cho cho két qua md phong 14 ot
nhéat cho cac md hinh. DO chinh x4c ctia md hinh duoc
d4nh gi4 qua cac sai s thong ké (R%, NSE, KGE, RMSE)
(Béng 2, 3). Két qua md phong cho thiy cac mo hinh déu

120

KGE>0,64; RMSE<39,27 (m3/s)). Trong giai doan dao tao
(1/1/1975 dén 1/7/2006), md hinh GBDT cho két qua mo
phong dong chay tét nhat voi cac chi sb danh gia do tin cay
cia md hinh (R=0,89; NSE=091; KGE=0,89;
RMSE=591m’/s), tiép theo 13 m6 hinh LightGBM, va RF.
Mb hinh DT cho két qua md phong véi hiéu suat thap nht.
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Tuong tu, trong giai doan kiém dinh (2/7/2006 dén
31/12/2019), mé hinh GBDT cho két qua tét nhit véi cac
chi sb danh gia do tin cdy cia md hinh (R™=0.75;
NSE=0,75; KGE=0,7; RMSE=26,93 m’/s). Mo hinh
LightGBM cho két qua md phong véi hiéu sudt gan nhu
md hinh GBDT. M6 hinh DT va RF cho két qua hiéu suat
md hinh thdp hon so v6i hai md hinh GBDT va
LightGBM.

Cac mo hinh sau khi duoc dao tao va kiém dinh duoc
str dung dé du bao dong chiy song Tién Yén tai tram
Binh Liéu cho giai doan tir 1/1/2020 dém 31/12/2024 st
dung dir liéu mua va bdc hoi tai tram Binh Liéu va Tién
Yén trong giai doan tuong tmg. Két qua mo phong dong
chay duoc thé hién trong (Hinh 4, 5, 6, 7, 8) va (Bang 4).
Cac mo hinh cho thiy sy trong dong vé gia tri luu lugng
trung binh, dao dong (15,94 dén 21,30 m’/s) va gié tri luu
lugng nho nhat (Quin=3,68 dén 5,75 m3/s), trong khi khac
biét rat 16n vé gia tri 16n nhit (Quax) dwoc ghi nhan. M
hinh DT va RF cho gia trj Quay trong dong nhau, trong
khi ¢6 mo hinh GBDT cho gia tri Qua cao hon déng ké
so voi mo hinh LightGBM. D§ chinh xac trong du bao
cia mdi md hinh phan anh thuat toan khac nhau ctia
md hinh cay quyét dinh GBDT va LightGBM hoc tuan
tur tir 161, nim quan hé phi tuyén va cuc tri, nén du bao
dong chay luu vuc co d¢ tin cdy cao, trong khi cac md

TAI LIEU THAM KHAO

hinh DT va RF 1a tap hop cac cay don 1¢ hodc dugc
tinh tir sai s6 trung binh cta cic ciy don 1é nén do
chinh xac kém hon.

4. KET LUAN

Trong nghién ctru ny, nhom tic gia img dung bon mo
hinh cdy quyét dinh DTs (DT, RF, LightGBM, va GBDT)
dé mo phong du bao dong chay trén luu vuc song Tién
Yén tai tram Binh Liéu. Dit liéu ddu vao duoc sir dung
bao gém mua va boc hoi tai tram Tién Yén va Tram Binh
Li€u, duoc chia thanh 2 giai doan, dao tao (1/1/1975-
1/7/2006) va kiém dinh (2/7/2006-31/12/2019. B§ siéu
tham sd ctia cac md hinh DTs duoc tdi wu hoéa dua trén
thuat toan tim kiém ngiu nhién RandomizedSearchCV.
Két qua dao tao va kiém dinh cho thdy, hiéu suit mo
phong cia cac m6 hinh DTs ¢6 dg tin cdy cao voi cac chi
s6 (R™0,59; NSE>0,59; KGE>0,64; RMSE<39,27 m’/s).
Trong d6 md hinh GBDT cho d6 chinh xac cao nhat, tiép
theo Ia mé hinh LightGBM, RF, va DT trong giai doan
dio tao. Mo hinh GBDT va LightGBM cho két qua do
chinh xac khd twong dong trong giai doan kiém dinh,
trong khi 6 mo hinh DT va RF cho két qua chinh xéac
thfip hon. Dya trén dit liéu vé mua va bdc hoi tram Tién
Yén va Binh Liéu giai doan 2020-2024, cac m6 hinh DTs
duoc sir dung dé du bao dong chay cho giai doan nay.
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Abstract:
APPLICATION OF DECISION TREE MODELS FOR STREAMFLOW
FORECASTING IN THE TIEN YEN RIVER BASIN, QUANG NINH

The forecasting of streamflow within river basins holds paramount significance in the discipline of Hydrology and
Water Resources Management, enabling the formulation of rational strategies for flow distribution and the
mitigation of flood events. This study employs data-driven machine learning models, specifically those rooted in
decision tree algorithms, including the Decision Tree (DT), Random Forest (RF), Light Gradient Boosting
Machine (LightGBM), and Gradient Boosting Decision Tree (GBDT) to forecast streamflow for the Tien Yen
River Basin, Quang Ninh province, at the Binh Lieu gauging station. The model's input data comprised
meteorological variables, including rainfall data from the Binh Lieu station, as well as rainfall and evaporation
data collected at the Tien Yen station from 1975 to 2024. The models' hyperparameters underwent rigorous
optimization utilizing the Randomized Search Cross-Validation algorithm. The results from the training phase
consistently indicate that all decision tree models achieved robust performance, with the GBDT model exhibiting
the highest calibration efficiency (R? = 0.89, NSE = 0.91, KGE = 0.89, and RMSE = 5.91 m?/s), followed in rank
by the LightGBM, RF, and DT models. Performance assessment during the validation phase revealed that the
GBDT and LightGBM models exhibited comparable predictive skill, preceding the RF and DT models. Based on
the optimized and validated model results, the streamflow for the period (2020-2024) was forecasted utilizing the
observed antecedent meteorological data from the Tien Yen and Binh Lieu stations.

Keywords: Decision tree model, streamflow, model optimization, streamflow forecasting.
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