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UNG DUNG MO HINH HQC MAY RANDOM FOREST MO PHONG
DONG CHAY CUA LUU VUC SONG VE-QUANG NGAI

Tran Tuén Thach
Truong Dai hoc Thuy loi

Tém tat: Tai nguyén nudc ciia luu viee song co vai tro thlet yéu doi voi su phat trién kinh té-xa hoi. Viéc mo
phong xac dinh dong chay trén song do do rat can thiét nham diea ra chién lioc quy hoach phdn bé tai nguyen
nieée mot cach bén ving ciing nhie ¢é ké hoach u’ng phd voi cdc thiét hai do lit gay ra. Trong nghlen cutu nay,
mé hinh hoc may Random Forest (RF) duoc ung dung dé mé phong dong chay trén luu viee song Ve tinh
Quang Ngdi dya trén nén nguon ngir lap trinh Python. Tai liéu khi twong thiy van cua cac tram do trong luu
viee song Ve sur dung trong nghlen ciry dwoc quan trdc tir nam 1981- 2022, S6 liéu quan tric dé mé phong
dwoc chia lam 2 phan, 70% so liéu mau (tie nam 1981-2010) duoc dung dé dao tao mo hinh va 30% so liéu
(ter nam 2011+2022) dwoc dung lam kiém dinh mé hinh. M6 hinh RF duoc xdy du’ng dé mé phong dong chay
trén song V¢ tai tram An Chi voi tru’ong hop sur dung lweong mua nhuw yéu to dau vao tai tram khi tuong Ba To
va tram An Chi. Dya trén két qua mo phong cho thay: 1) Mo hinh RF cho két tinh todn luu Zu'ong co do chinh
xdc cao so Vi s6 lidu quan tric (R°20,77; RMSE <96,6 m*/s; MAPE <3,91%); 2) Két qud mé phong huu
lwong sir dung tram do mua Ba To co mirc do chinh xdc hon so voi s dung mua cua tram An Chi. Trong do,

giai doan dao tao mé hinh RF véi tram do muwa Ba To (R°=0,90; RMSE=63,4 m’/s; MAPE=1,84%) cao hon
s0 voi mo phong ciua mo hinh RE cho tram do mua An Chi (R°=0,84; RMSE=85,4 m’/s; MAPE=1,97%).

T wong tu, trong giai doan kiém dinh mé hinh RF cung cho thay xu hwong tuong tw voi do chinh xdc mo phong
ciia tram muwa Ba To cao hon tram mwea An Chi, cdc chi sé ddanh gid d chinh xdc ciia mé hinh lan luot la
(R°=0,85; RMSE =78,4 m’/s; MAPE =3,51%) va (R°=0,77; RMSE =96,6 m’/s; MAPE =3,91%).

Tw khéa: Dong chay trén luu vuc song, RF, luu viec song Vé.

Summary: Water resources in river basins play an indispensable role in human socio-economic development.
Therefore, simulating river flows is necessary to develop a sustainable water resources analysis strategy and
plan for flood damage. Based on Python programming, this study adopted the Random Forest (RF) model to
simulate the daily streamflow in the Ve River basin, Quang Ngai Province. Hydrometeorological data of
stations used in the study were observed from the years 1981+2022. The observed data for simulation is
divided into 2 components, the first one is that 70% of the sample data (from 1981-2010) was used to train the
model, and the second is that 30% of the data (from 2011+2022) was used to test the model. The RF model
was built to simulate the streamflow on the Ve River at An Chi station with rainfall scenarios as an input
factor at the Ba To meteorological station and An Chi station. Based on the simulated results, it concludes
several highlight points: 1) The RF model gives highly accurate calculated results compared to the observed
results at An Chi station (R220, 77: RMSE <96,6 m’/s; MAPE <3,91 %), 2) Simulation using Ba To rain gauge
station has a more accurate simulation speed than using rain at An Chi point, in which the RF model training
duration for the Ba To station (R2=0,90;, RMSE=63,4 m’/s; MAPE=1,84%) is higher than that for An Chi
station (R2 =0,84; RMSE=85,4 n’’/s; In the RF model for validating period, a similar trend is also represented
acceptable the simulated streamflow of Ba To station higher than that of An Chi station with the accuracy
model criteria indices for validated period, being (R2 =0,85; RMSE=78,4 m’/s; MAPE=3,51 %) and (R2 =0,77;
RMSE=96,6 m’/s; MAPE=3,91%).

Keywords: Daily streamflow, RF, Ve River Basin.

1. GIOI THIEU CHUNG clia con ngudi, dic biét ddi voi phat trién san
xuit nong nghiép. Do d6, viéc xac dinh dong
chdy trén song c6 y nghia lén trong viéc quan
1y phan b6 tai nguyén nudc mot cach hop 1y.
N DPé xac dinh dong chiay hién nay cé nhiéu
Ngay nhan bai: 05/11/2025 huong thirc khac nhau nhu: Quan tric, tn
Ngay thong qua phan bién: 26/12/2025 p g, o 7u ) u o g
Ngay duyét dang: 20/01/2026 dung cidc mo hinh thuy lyc, thuy van, ...vv.

Dong chay trén cac luu vuc song dong gop vai
trod rat quan trong cho cac hoat dong kinh té
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Tuy nhién, viéc tng dung cic mo hinh thuy
van, thuy lyc thuong mai nhu: MIKE NAM,
HEC-RAS, ...vv doi hoi s6 lidu do dac vé (dia
hinh, dia chét, ..vv) day du nén thuong kho
khan trong viéc mé phong khi ngudn kinh phi
han hep, dic biét d6i v6i luu vuc song 16n. Bén
canh cac mo hinh vat Iy nay duoc xay dung dua
trén quan hé gitra mua va dong chdy vdi céc
dac trung cua riéng tung luu vuc thi cdc mo
hinh st dung cac thudt todn hoc sau (Deep
learning-DL) va hoc may (Machine learning-
ML) di dugc umg dung trong nhiéu linh vuc,
trong d6 c6 thiy van va thiy luc nhim mo
phong, du doan va du bao cac yéu td khi tuong,
thiy van cua céc luu vuc song nghién curu.

Céc mé hinh hoc may (ML) c6 thé chia thanh
4 nhom chinh bao gdm: Hoc gidm sat
(Supervised Learning);hoc khong  giam  sat
(Unsupervised Learning); hoc nra giam sat
(Semi-supervised Learning); hoc tdng cuodng
(Reinforcement Learning). Trong linh vuc tai
nguyén nude hién nay dd c6 nhiéu tng dung
stt dung ML dé mé phong va du bao vé cac
yéu t6 khi hau va thay vin nhu: mua, luu
lugng, myuc nudc, ...vv. Tac gid Patel sir dung
md hinh ANN (Artificial Neural Network) dé
du doan dong chdy theo thoi gian cua luu vuc
thuong ngudn séng Cauvery [1]. Trong mot
nghién ctru khéac, Peiman Parisouj da trng dung
that todan ANN dang cai tién ANN-BP
(Artificial Neural Network with
backpropagation) va so sdnh véi cac mo hinh
hoc may khac (SVR-support Vector
Regression, ELM-Extreme  Learning
Machine) dé du doan dong chay cho 4 luu vuc
song 16n cua Hoa Ky [2].
Kourosh Mohammad lai st dung moé hinh
ARMA (Autoregressive moving average) mo
phong dong chay tir chudi s6 liéu 68 nim cua
song Karun [3]. Tuong tu, tic gia Maha
Shabbir st dung cac m6 hinh ML khéc nhau,
trong d6 c6 ARMA nhu 1a cong cu hitu hiéu
trong viéc du bao luu lugng dong chay [4].
Bén canh céac thuat todn ML (ANN hoac

ARMA) duoc dua vao st dung tir lau trong
linh vuc thiy van hoc, cac thuat toan ML cai
tién dugc dé xuit, trong d6 c6 mo hinh
Random Forest (RF) béi tinh vu diém cta noé.
RF dugc 4p dung cho viéc (phan loai, xay
dung phuong trinh hdi quy, ...vv) théng qua
ciy ra quyét dinh (Decision tree) [5]. RF 1a
mot dang cua thap toan hoc may c6 giam sat
(supervised learning) v6i wu diém linh hoat va
d& sir dung bang cach tao ra cdy quyét dinh trén
cac mau dir liéu dugc chon ngau nhién, dugc
du doan tir mdi cay va chon giai phéap tot nhat
bang cach bo phiéu quyét dinh. RF da duoc ting
dung nhiéu trén thé giéi trong linh vuc quan 1y
tai nguyén nudc, dac bi¢t 1a mé phéng dong
chay theo mua. Tac gia Bing Li da so sanh mo
hinh RF v&i ANN trong viéc du doan muc
nude ciia hd Poyang ¢ Trung Qubc va cho thay
RF cho két qua mo phong tot hon so voi ANN
[6]. MOt nghién ciru khic cia tac gia
Mohammad Ali Ghorbani cling dua ra quan
diém vé tinh hiéu qua trong viéc ding mé hinh
RF trong viéc du bao dong chay cua luu vuc
song Dulhunty and Herbert cia Uc [7]. Dua
trén cac nghién ctru vé tmg dung ML trong mo
phoéng du bao dong chay trén luu vuc song thi
¢6 thé thdy mo hinh RF ¢ nhiéu uu diém trong
viéc xir 1y chudi s6 16n licu theo thoi gian va
murc d0 mo phong c6 do chinh xéc cao [8].
Nghién ctru nay tap trung vao phan tich va mo
phong dong chay cua luu vyc song V§, tinh
Quang Ngii str dung mo hinh RF. Két qua mo
phong duoc so véi s6 liéu quan tric luu luong
nhim danh gia mtc d6 phi hop ctia mé hinh.
2. PHUONG PHAP NGHIEN CUU

2.1 Pham vi va ddi twong nghién ciru

Song V¢ chay trén dia ban cac huyén Ba To,
Puc Pho, Minh Long, Mo Btic, Nghia Hanh,
va Tu Nghia cua tinh Quang Ngai (Hinh 1).
Song c6 dién tich luu vuc khoang 1.263 km?
va tuyén séng chinh dai khoang 90km. Dong
chinh dugc hinh thanh tir khu vuc nuai phi Tay
thudc huyén Ba To, sau d6 chay qua huyén Tu
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Nghia, va cudi ciing do ra bién tai ctra C6 Lily
va Ptc Loi. Song V¢ dong vai trd quan trong
dbi voi cac hoat dong kinh té cua tinh Quang
Ngai. Ngu@)n nudc cua song VE phuc vu truc tiép
cho san xuét cha yéu cho cac ho dan trén dia ban
cac huyén Nghia Hanh, Minh Long, Tu Nghia,
va Mo DBtic. Sb liéu vé luu lugng cua séng Vé
dwoc quan tric thudng xuyén qua cc nim tai
tram thiy van An Chi (dién tich luu vuc dugc
tinh tir tram dén dau ngudn 1a 814 km?).

® Quang NgM

CHU GIAI

A T i wong oy van

Hinh 1: Ranh gidi cua luu viuc Song Veé

2.2 Phwong phap nghién ciru
Mo hinh Radom forest

Thap toan dugc xay dung bang cach tao ra cay
quyét dinh (Decision trees) trong qua trinh dao
tao. Mdi cay duoc tao ra béng viéc st dung
mot tap con ngau nhién cia tap dir lidu dé do
luong. Toéng hop két qua cua cac cdy thong
qua viéc quyét dinh d6i v6i nhiém vu phan loai
hodc bang cach tinh trung binh d6i véi ham
héi quy [9], so dd RF nhu sau:
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Hinh 2: So' d6 thudt todn Random Forest
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Quyét dinh chinh

Két qua dv bao
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Céc budc thyc hién mo hinh RF bao gom: 1)
Chon cac mau ng'?lu nhién tur tap dir liu da
cho; 2) Thiét 1ap cy quyét dinh cho ting mau
va nhan két qua du doan tir moi quyét dinh
ciy; 3) Bo phiéu cho mdi két qua du doan; 4)
Chon két qua dugc bo phiéu nhiéu nhét 1a dy
doan cudi cung. Thong sb t6i vu ctia md hinh
RF duoc ung dung dé mo phong dong chay
luu vuc Song Vé trong dao tao va kiém dinh
dugc lya chon bang phuwong phap Trial and
Error. Trong d6, n-stimators (s6 lugng cac cay
quyét dinh dugc sir dung trong moé hinh RF)
duoc lua chon 14 100.

Dir liéu mo6 hinh Radom forest

S6 lidu lugng mua theo ngay dugc thu thap tai
tram khi tugng Ba To va tram An Chi tir nam
1981+2022. Luu lugng cua song VE duge do
tai vi tri tram khi twong thuy van An Chi trong
thoi gian twong ing véi quan trac mua. S6 liéu
thu thap duogc chia lam 2 phén, trong d6: 70%
s6 liéu mau (nim 1981+2010) dung cho dao
tao md hinh (Training) va 30% sb liéu mau
(2011+2022) dung cho kiém dinh mé hinh RF
(Validating) nhu trong (Bang 1).

Bang 1: Cac trwong hop tinh toan cia mo hinh Random Forest

S6 liéu S6 liéu diu ra
T . € ¢ hi chi
ram dAu vio (mm) (m¥/s) Ghi chi
bao tao
An Chi Mua (X Luul ’
n Chi ua (X) uu luong (Q) (19812010)
Kién dinh
An Chi Mua (X Luul ’
n Chi ua (X) uu luvong (Q) (2011-2022)
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S6 lidu S6 liéu diu ra
T . € ¢ Ghi chi
ram dAu vio (mm) (m¥/s) et
Pao tao
Ba To Mua (X) Luu luong (Q) (1981:2010)
Kién dinh
BaT Mua (X Luul ’
aTo ua (X) uu luong (Q) (2011+2022)

Chi tiéu danh gia m6 hinh

D0 chinh xac cia md hinh RF duoc danh gia
thong qua so sanh gitia s6 lidu luu lugng thuc
do va mo phong bang cac chi s6: Hé sd twong
quan (R?); Do léch chuan cua sai s6 binh

phuong (RMSE-Root Mean Square Error); Sai
s6 tuyét ddi trung binh (MAPE-Mean Absolute
Percentage Error). Két qua danh gid mé hinh
duogc tinh cho 2 giai doan khac nhau: Pao tao
va Kiém dinh.

Daily streamflow-An Chi Station-Ve River

X

SIS \‘9’\ m““g @@' m@s m@% S ﬁ?\%
O @ @ @ Y @ @ @

N I L AN - R R

Daily Rainfaill-An Chi Station
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Daily Rainfall-Ba To Station
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Hinh 3: Luu heong (Discharge) va lwong miea (Rainfall) quan trdc tai cdc tram trén song Vé

3. KET QUA VA THAO LUAN

Sé liéu quan tric sb liéu luong mua va luu
lugng trén luu vuc song VE, tinh Quang Ngai
(Hinh 3, 4, 5) trong nhiéu nim cho thiy: Luu
luong binh quan trén song tai tram An Chi la
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56 m?/s; Luu luong 16n nhét timg ghi nhan 1én
dén 3.350 m®/s vao ngay 19/11/1987 trung voi
thoi diém xudt hién tran mua kéo dai 2 ngay
1én dén 771mm (Ba To) va 549mm (An Chi).
Hé sd twong quan giita mua va dong chay
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quan tric tai tram Ba To (0,76) so voi tram An
Chi (0,67).

Dao tao m6 hinh (Training)

Két qua dao tao mé hinh RF mg dung cho luu
vuc song V¢ dugc thé hién trong (Hinh 4, 5, 6,
7, 12). Dong chay tai tram An Chi dugc mo
phong dya trén s6 liéu mua cia 2 tram An Chi
va Ba To déu cho két qua c6 do chinh xac cao
véi (R>>0,8; RMSE <90 m’/s; MAPE<2%)).
Néu so sanh mé hinh RF trudng hop st dung
s6 liéu cta 2 tram mua khic nhau cho thiy:

EECCEICEN  CONG NGHE
Két qua moé phong mo hinh str dung tram do
mua Ba To 1am s6 liéu dau vao cho muc do
mo phdéng chinh xac hon tram An Chi. Cu thé,
chi s6 mo6 hinh RF ddi v6i tram Ba To
(R?=0,90; RMSE=63,4 m®/s; MAPE=1,84%)
cao hon so v6i mo hinh RF st dung s6 lidu
tram An Chi (R?=0,84; RMSE=854 m’/s;
MAPE=1,97%). Két qua nay phan anh mirc d6
tuong quan gitra mua do tai tram Ba To
(thwong ngudn séng) so voi luu luong do tai
tram An Chi (ha ngudn song).

Observed data and caluculated result of daily streamflow (Training) using An Chi station
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Hinh 4: Luu lwong thuc do (Qob) va mo phong (Qcal) tram An Chi
cho dao tao mo hinh su dung lwong muwa tram An Chi
Difference between Observed data and caluculated result of daily streamflow (Training) using
An Chi station
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Hinh 5: Sy khac bi¢t giita (Qob) va mo phong (Qcal) tram An Chi
cho dao tao mé hinh su dung lwong mua tram An Chi
Observed data and caluculated result of daily streamflow (Training) using Ba To station
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Hinh 6: Luu luong thuc do (Qob) va mo phong (Qcal) tram An Chi
cho dao tao mo hinh sw dung lwong muwa tram Ba To
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Difference between Observed data and caluculated result of daily streamflow (Training) using
Ba To station
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Hinh 7: Suw khac biét gitta (Qob) va mo phong (Qcal) tram An Chi
cho dao tao mé hinh su dung lwong mua tram Ba To

Observed data and caluculated result of daily streamflow (Validation) using An Chi station
—Qob —QCal

Hinh 8: Luu luwong thuc do (Qob) va mo phong (Qcal) tram An Chi
cho kiém dinh mé hinh sir dung luvong mua tram An Chi

Difference between Observed and caluculated result of daily streamflow (Validation) using An
Chi station
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Hinh 9: Su khac biét gitta (Qob) va mé phong (Qcal) tram An Chi
cho kiém dinh mé hinh sir dung lwong mua tram An Chi

Observed data and caluculated result of daily streamflow (Validation) using Ba To station
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Hinh 10: Luu lwong thuc do (Qob) va mo phong (Qcal) tram An Chi
cho kiém dinh mé hinh sir dung luvong mua tram Ba To
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Difference between Observed data and caluculated result of daily streamflow (Validation)
using Ba To station
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Hinh 11: Su khac biét gitta (Qob) va mé phong (Qcal) tram An Chi
cho kiém dinh mo hinh su dung lwong mua tram Ba To
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Hinh 12: Biéu dé phdn tn (scatter plot) giita thuc do (Qob) va mé phong (Ocal) cho ddo tao mé
hinh (Training) va kiém dinh mé hinh (Validating) sir dung s6 liéu mwa tram An Chi va Ba To
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Bang 2: Chi tiéu danh gia sai s6 cho dao tao va kiém dinh mé hinh RF

Mean absolute
Correlat | Root Mean Square Error
TT Tram . percentage error)
ion (R) RMSE (m3/s)
MAPE(%)
1 An Chi (Pao tao) 0,84 85,4 1,97
2 | BaTo (Pao tao) 0,90 63,9 1,84
3 | An Chi (Kiém dinh) 0,77 96,9 3,91
4 | Ba To (Kiém dinh) 0,85 78,4 3,51

Kiém dinh mé hinh (Validation)

Pé kiém dinh moé hinh, chudi sé liéu dong
chay tor nam 2011+2022 dugc st dung trong
nghién ctru tuong duong véi 30% mau sb lidu
quan trac thuc té. Tuong tu so v6i giai doan
dao tao md hinh, két qua tinh toan mé phong
(Hinh 8, 9, 10, 11, 12) so véi sb liéu thue do
cho thdy: 1) M6 hinh RF mé phong luu luong
cua luu vuc song V€ c6 do chinh xéac tuong
d6i cao vé mat chi s6 R%, RMSE, va MAPE; 2)
Mo hinh RF st dung s6 liéu mua cua tram Ba
To ciing cho két qua md phong chinh xac hon
so v&i vige st dung sb liéu mua cua tram An
Chi. Trong d6, mo hinh RF su dung s6 lidu
tram Ba To mo6 phdéng luu lugng c6 do chinh
xdc cao Vv6i cac chi sb6 (R?>=0,85;
RMSE=78,4m%/s; MAPE=3,51%). Trong khi
d6, mo hinh RF st dung s6 liéu mua tram Ba
Chi cho mé phong luu lugng véi chi s6 danh
gia mdé hinh thdp hon (R’>=0,77;
RMSE=96,6m%/s; MAPE=3,91%). Mic du
vay, dbi voi bai toan mé phong cac yéu té thay
van va thuy Iyc thi day 1a két qua co thé c6 do
chinh xac tuong ddi cao. Duya trén két qua mé
phong sir dung s6 liéu mua cta 2 tram cho
thiy mirc d6 chinh xac cia mo hinh RF phy
thudc nhiéu vao tram khi tuong do mua trén
luvu vyc. Trong nghién ciru ndy méi chi gidi
han dao tao va kiém dinh mé hinh RF cho tung

tram do riéng 1¢ nhung mtc do chinh xac
kha cao do luu vuc séng Vé tuong d6i nho.
DPoi voi cac luu vue 1on thi viée md phong
ndy can xem xét yéu to dau vao 1a sy két hop
cac tram do mua trong luu vuc voi cac trong

s khac nhau.
3. KET LUAN

Nghién ctru ung dung hoc méy véi mo hinh
Random Forest (RF) dé mo phong dong chay
trén luu vuc song V€. Qua trinh mo phong
dugc chia lam 2 phéan: 1) s liéu quan tric mua
va luu luong giai doan nam 1981+2010 duoc
dung cho dao tao mo hinh; 2) s6 liéu quan tric
2 yéu t6 mua va dong chay giai doan nim
2011+2022 duoc sir dung trong kiém dinh mo
hinh. Dé mé phong dong chay trén luu vuc
song Vé (quan trac tai tram thay van An Chi)
s6 liéu mua dau vao dugc st dung tai tram Ba
To (thugng ngudn song) va tram An Chi (ha
ngudn va 1a vi tri do luu luong cua song). Két
quéd mo phong st dung mo hinh RF xay dung
trén nén ngdn ngit 1ap trinh Python cho thay:
M6 hinh RF cho két qua mé phong co do
chinh xdc cao voi gid tri (R*>0,77; RMSE
<96,6 m*/s; MAPE <3,91%;

Mo hinh RF str dung s6 lidu dau vao la luong
mua cia tram Ba To cho két qua mod phong
(dao tao va kiém dinh) cao hon so vdi s6 lidu
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mua str dung cua tram An Chi.
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