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NGHIEN CUU UNG DUNG MO HINH HYBRID (HYPE - RF)
TRONG HIEU CHINH DONG CHAY VE HO CHUA PLEIKRONG
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Tém tit: Nghién ciru nay dé xudt phwong phap két hop gita mé hinh thiy van HYPE va thudt todn hoc mdy
Random Forest (RF) nham hiéu chinh sai s6 dong chay mé phong tai luu viee hé chira Pleikrong, tinh Kon Tum.
Mo hinh HYPE duoc s dung dé mo phong dong chay theo budc thoi gian ngay va gio, dua trén div lieu khi
twong, thiy van va vién tham. Sai s6 glua dong chdy mé phong va thie do dwoc hudn luyén béi mé hinh RF dé toi
wu két qua dau ra. Két qua cho thdy mé hinh lai HYPE-RF cdi thién dang ké d chinh xdc mé phong, véi cac chi
s6 NSE, CC va KGE déu tang ré rét. Cu thé, NSE tang tir 0.54 Ién 0.80 doi voi chu0~l dong chay ngay, va tir 0.45
Ién 0.83 doi voi chudi dong chay thoi doan gio. Phirong phap dé xudt cho thdy tiém nang lon trong ing dung cho

cdc hé thong du bdo thuy van chinh xdc, dac biét trong diéu kién thiéu dir liéu quan trdc.
Tir khéa: Hi¢u chinh sai s6, HYPE, Random Forest, mo hinh lai, dong chay, hoc may, Pleikrong.

1. PAT VAN PE

Mo phong tinh toan dong chdy 1a mdt trong nhiing
nhiém vu trong tdm ctia nganh thiy van hién dai, phuc
vu truc tiép cho viéc quan 1y tai nguyén nudc, van hanh
diéu tiét hidu qua hd chira, canh bao 1, va ung pho
bién d6i khi hau (Beven, 2012). Cac md hinh thiy vin
nhu SWAT, MIKE SHE, HBV, VIC va gin day la
HYPE da duoc ap dung rong rai trong md phong dong
chay ¢ quy md va diéu kién luu vuc khic nhau. Tuy
nhién, nhiéu nghién ciru da chi ra rang sai s6 giita dong
chay m6 phong va thyc do khi ap dung cac m6 hinh
trén con kha 16n, déc biét md phdng cho dong chay 1u
do thiéu dit liéu hodc sb liéu c6 d6 chinh xac khong cao
(Refsgaard, 1997), (B. Arheimer, C. Donnelly, and G.
Lindstrom, 2020).

Nguyén nhan gy ra sai s c6 thé do nhidu yéu td,
g0m sai s6 do dir liéu khi tugng — thity vin, ciu trac
md hinh thuy van va kha ndng md hinh hoa cac quan
hé phi tuyén phic tap giita cic yéu td cta qua trinh
mua — dong chay (K. Beven and A. Binley, 1992), (M.
P. Clark et al, 2011). Do do, viéc niang cao Kkét qua mo
phong thdng qua hiéu chinh sai s6 dau ra di dang duoc
cac chuyén gia va co quan xay dung m6 hinh quan
tam. Mot trong nhirng huéng tiép can noi bat 1a tich
hop mo6 hinh thiy van véi m6 hinh hoc may va dugc
biét 1a dang mo6 hinh lai, nhim tdn dung uu diém cua ca
hai cach tiép can - m6 hinh co ché vat 1y va mo hinh dir
liéu (A. Mosavi, et al, 2020).

Phuong phép hoc sai s6 (error modeling) — trong d6
md hinh hoc may, hoc sai s6 giita dong chay thuc do va
dong chdy m6 phong dd ching minh hi¢u qua cao
trong nhiéu nghién ctu (Abrahart et al, 2004),
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(Dawson et al , 2001) (Fang et al, 2022). Thay vi can
thiép vao cau trac mo hinh vat 1y, cach tiép cén nay
dong vai tro nhu mot tang hiéu chinh déau ra, su dung
mo hinh hoc may dé “hoc” cac thanh phﬁn sai léch con
lai va cong nguoc tro lai dé hiéu chinh két qua. Cac md
hinh hoc may nhue Random Forest (RF), Support
Vector Regression (SVR), mang no-ron nhan tao
(ANN), va dac biét la LSTM da duoc ap dung rong rai
trong linh vuc nay.

Mosavi et al. (2020) da thyc hién mdt tong quan hé
thong trén hon 80 nghién ctru (g dung hoc may trong
hiéu chinh thay vin, cho thiy RF va XGBoost 1a cic
md hinh ndi bat nho kha ning hoc hidu qua tir dit liéu
khong déy du, nhidu va phan bd bat dinh. Bén canh do,
cic md hinh lai két hop giita mo hinh vat 1y va hoc
may (nhu SWAT-ANN, NAM-RF, MIKE SHE-
LSTM) ctia nhém nghién ctru (Kratzert et al, 2019)
dugc xem la hudng tiép can trién vong, vira dam bao
do chinh xdc mo6 phong, vura duy tri cac nguyén ly vat
Iy . Céc nghién ctru gin day (Shrestha et al, 2015), (Liu
et al, 2017), (Mosavi et al, 2020) ciing khing dinh ring
mo hinh lai c6 thé cai thién dang ké chat luong cua két
qua mo phong (thong qua céc chi tiéu danh gia sai sb
khong c6 don vi, nhu: NSE, RMSE, KGE) va tang kha
ning phan ng trudc cic bién dong bat thuong trong
chudi dong chay mé phong.

Hién nay, mdc du mdé hinh HYPE da dugc ung
dung rong rii trong mo phong dong chay & nhidu quy
md va diéu kién luu vuc khic nhau, tuy nhién céc
nghién ctru tich hgp HYPE v6&i md hinh hoc may, dic
biét & quy mo thoi doan gid van con rit han ché
(SMHI, 2022), (Lindstrém, G et al, 2010), (Arheimer,
B et al, 2020). Dic biét tai cac luu vuc mién nai Tay
Nguyén, noi dit liu quan tric con thua thét va hé
thong thiy van chiu anh hudng manh boi cac qué trinh
phi tuyén va bién dong ngan han (T. M. Nguyen et al,
2020). Viéc nghién ctru két hop giita hai mo hinh nay
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trong bbi canh trén c6 ¥ nghia quan trong nhim nang
cao chat lugng md phong dong chay va phuc vu diéu
hanh ho chira hiéu qua hon.

Viée lua chon két hop m6é hinh HYPE véi thuit
toan Random Forest (RF) trong nghién ciru ndy xuét
phat tir dac diém dix liéu va muc tiéu hiéu chinh dong
chay. M6 hinh HYPE, véi co ché vat ly ban phan bd,
c6 kha ndng mo phong cac qua trinh thiy van tr mua -
dong chay trén luu vyc, nhung van ton tai sai s6 do
don gian hoa céc qué trinh phi tuyén va han ché vé
tham s6 (Lindstrém, G et al, 2010). Trong khi mé hinh
RF 1a m6t mo hinh hoc may dya trén ensemble, c6 kha
ning xir 1y tot cic mbi quan hé phi tuyén va dir liéu
nhiéu, déng thoi it nhay cam vai viée tinh chinh siéu
tham s so v&i cac mang no-ron nhan tao (ANN) hay
mod hinh chudi thdi gian nhu LSTM (Breiman, 2001).
Hon nita, mb hinh RF gitp giam thiéu hién twong qué
khop thong qua ky thuat bagging, 6n dinh véi dir ligu
han ché va cho phép danh gia tam quan trong cua céc
blen dau vao, tir d6 gitp hiéu rd hon anh huong cua céc
yéu td khi tuong — thiy vin dén sai s6 mo phong. So véi
cac md hinh ANN, LSTM hay SVM, thi m6 hinh RF
trién khai nhanh hon, d& hiéu chinh va cho két qua dang
tin cdy véi dir liu bién dong manh, dac biét 1a dong
chay theo gio tai cac luu vure mién nti nhu Tay Nguyén.

Do d6 viéc xay dung md hinh két hop gitta HYPE va
RF d¢ hiéu chinh dong chay vé hd chira Pleikrong la rat
can thiét trong viéc nang cao chat lwong mé phong dong
chay tir mé hinh thiy van tai khu vuc nghién ctru. Muc
tiéu cua nghién ctru 1a cai thi¢n do chinh xac cua két qua
md phong dong chay théng qua cdu tric md hinh lai
(HYPE -RF), qua d6 tao ra b dit liéu dong chay c6 do
chinh xac hon theo budc thoi gian ngay va gio.

2. PHAM VI, PHUONG PHAP VA DU LIEU
PHUC VU NGHIEN CUU

2.1. Pham vi nghién ctu
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Hinh 1. Khu vuc nghién ciru

HO thity dién Pleikrong nam trén nhanh song Krong
Pokd, thude hé théng song S€ San, thudc dia phan xa
Sa Binh, huyén Sa Thay va xa Kroong, thi xa Kon Tum
(Kon Tum). Hé thong cac song sudi chay vé ho chira
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Pleikrong bao gom séng Krong POKo véi dién tich
3216 km®, Lséng = 125.6 km; sudi Pak R Long voi
dién tich luu vye 335 km’ va chiéu dai 34.5 km, subi
Pak To Can véi dién tich luu vuc 3.14 km?® va chiéu
dai séng 39.0 km va sudi Dak Psi vé6i dién tich luu vuc
869 km” va d¢ dai song 62.0 km.

2.2. Phwong phap nghién ciru

Nghién ciru nay dugc trién khai theo hudng tiép can
lai, trong d6 mo hinh thily van vat Iy HYPE dugc két hop
v6i mo hinh hoc may nham hiéu chinh sai sb con lai trong
md phong dong chay vé hd chira. Toan bo phuong phéap
duoc chia thanh hai giai doan chinh: (i) Thiét lap, hiéu
chinh mé hinh HYPE va mé phong dong chay vé ho chira
Pleikrong, va (i) Xay dung md hinh hi¢u chinh sai s6
bang tri tué nhan tao. So dO tong quan phuong phap
nghién ctu dugc trinh bay trong hinh 2.

Cong thiic tong quat sai s6 giita dong chay thuc do va
md phdong duoc xac dinh: E)=0,, (=0, (1) trong do
Qus (D13 dong chay thyc do; %»1a dong chay mo
phong tir mo hinh thily van. M6 hinh hoc may s& hoc mdi

quan hé: %~ TX)y6i @ 1a sai sb tai thoi diém t; Xa tAp
céc dic trung tai thoi diém t (bao gdm dir ligu dong chay
mod phong, dong chay thuc do, mua, nhiét dg, chi sb thoi
gian,...). Sau khi hoc duogc sai s6 ta hiéu chinh két qua mo

phong: Qe =@ € trong d6 €1a sai sé du bao bdi md
hinh hoc may.

D B quan tric _‘ This thip va phim tick | | ot wkis
mern, thodt 08, dong el | i Bjw =
-
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Hinh 2. So do phuwong phap nghién cuu

a) Gi6i thiéu mé hinh thiy van HYPE

Mb hinh HYPE dugc phat trién boi Vién Khi twong
thiy van Thuy Dién (SMHI). Pay 1a mot mo hinh thay
van théng s6 ban phin bd vé dong chay va chit lugng
nudc, chay dudi hé diéu Window hodc Linux. Cu trac
md hinh HYPE dua trén cach tiép can da luu vuc cho
phép mo hinh hoa ddng thoi nhidu luu vue con hay luu
vuc song dugc chia thanh nhiéu tleu lwu vye va moi
tiéu luu vue s& str dung HYPE dé tong hop cac don vi
thiy van (HRU) thanh dudng qué trinh cia tiéu luu
vuc d6, dva trén dic diém mua, dia hinh va str dung dét
(Tien L.T, et al, 2020).

Vigc tinh toan dong chdy trong mé hinh HYPE bao
g0m viéc tong hop cac dong gop tir dong chay bé mit,
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dong chay sat mit va dong chiy co ban (nudc ngim).
Phuong trinh dong chay trong mdé hinh HYPE c6 thé
dlIQ’C biéu dién nhu sau: Qs = Q.\'wfucc + Q.\'ub.\'urfuce + Opuse
Trong d6: Q (ota1: TOng dong chay tai mot diém bat
ky trén song; Q guface: Dong chay bé mat;
Opace = f(Pryeoss»landuse, slope) 5Q subsurface: PONg g0p
tr nudc trong ting dit va cac 1op trung gian;
qubsur/bce = ksub * Ssoil ’(k sub: Hé 56 dbng Chéy tél’lg
ngﬁm; S soii: Lirgng nude Iuwu trir trong dét c6 sin dé tao
dong chay ngang); Q pase: POng gop tir dong chay co
ban (nudc ngdm); Q, = k,,* Sgw( k gw: HE sO suy

giam nudc ngam; Sgy: Luong nudc ngdm luu trir).
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Hinh 3. Cdc qud trinh dién todn trong mé hinh HYPE

Mot trong nhitng yéu té quan trong anh hudng dén
hiéu qua ciia m6 hinh muwa—dong chay 1a d¢ tin cdy cua
dir liéu mua vé tinh. Cac ngué)n dir 1iéu GPM-IMERG
(Version 6) va V_forced di duoc nhiéu nghién ctru
trudc day chimg minh cé d6 chinh xac phu hop dé ap
dung trong md phong mua—dong chay bang cac mod
hinh thiy van, dac biét tai cac khu vuc mién nai thiéu
tram do mua mat dit (Bang, 2020), (Lan.V.V,
Cat.V.M, Duong.B.D, 2024). Do do, trong nghién ctru
ndy, dit liéu mua GPM-IMERG v6 dugc sir dung dé
md phong dong chay theo bude thdi gian gid bang mo
hinh HYPE, trong khi dir liéu muwa V_forced duogc
dung cho m6é phdng dong chay theo budc thoi gian
ngay. Dt li¢u nhiét d§ dugc thu thip twong Grng theo
thoi gian gid' va ngdy nhim dam bao tinh dong b voi
dit liéu mua v¢ tinh. Céc dit liéu nén khac nhu dia hinh
va st dung dat dugc giit nguyén cho ca hai budc thoi
gian md phong. Cac thong tin chi tiét vé bo dir lidu dau
vao phuc vu thiét lap m6 hinh HYPE dugc trinh bay
trong bang sau.

Bang 1. Céc thong s6 dir li¢u ddu vao mé hinh HYPE

Logidi Ngubn i Tooi ganhu | DOphin g theo | DOphin g
thap dit liéu khong gian theo thdi gian
. Global Precipitation Measurement Integrated o R
Mua v¢ tinh MultiSatellitE Retrievals for GPM (GPM-IMERG) v6 2001-2022 01 lgio
. V_forced (merge product from five data source GPM, 0 R
Mua vé tinh GSMAP, MSWEP, ERAS) 2001-2023 0.1 1 ngay
Dia hinh Sentinel-1 SAR and SRTM DEM 2002 30 m -
Nhiét do Nhiét d6 ngay trung binh, dit liéu toan chu GEE 2001-2022 0.1° 1 gio/ ngdy
Str dung dit Anh vé tinh Sentinel-2 2023 30m -
Luu luong dong | 1. 1 ihity vin ik Mst 2001- 2022 - 1 ngdy
chay ngay
Ll];ll lgfyng dong | Luu luong . ve ho ck.ura Pleikrong 20112022 ) 1 giv
chdy gio (https://hochuathuydien.evn.com.vn/login.aspx)
: e
E i ; k i i §
E ’ oof ¥ :
; { §
E CHU QA % § haisogs " E
i Popmme i
= - |
a) b) ©)

Hinh 4. Di liéu dau vao mé hinh (a) Dit liéu dia hinh; b) Dit liéu sur dung dat; ¢) Dit liéu mwa vé tinh)
b) Co so Iy thuyét mé hinh Random Forest (RF)

Random Forest (RF) la mdt thuit toan hoc may
thuéc nhém ensemble learping, duqc’ de xudt boi
(Breiman, 2001) két hop nhi€u cay quyét dinh dé ting
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do6 chinh xac va giam thiéu overfitting. Nguyén 1y hoat
dong cia RF dua trén hai ddc diém chinh: bootstrap
aggregating (bagging) va random feature selection.
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Co ché hoat dong: Vi mod hinh RF, tir tap dir lidu
géc D={(x1, yl),(x2, y2).,...,(xn,yn)} , nhiéu tap con
huan luyén D ®* © D dugc tao bang phuwong phép
bootstrap (ldy miu ngﬁu nhién c6 hoan lai). M5i tap
con nay dugc dung dé huin luyén mot cay quyet dinh.
Trong qua trmh xdy dung moi cdy, tai moi nat chia,
mot tip con ngdu nhién cac dic trung (g0m m<M, véi
M la téng sb dac trung dau vao) duogc lua chon, sau do
tién hanh tim ddc trung téi wu nhit theo tiéu chi giam
thiéu sai s6 (d6i v6i hoi quy) hodc tang tinh thuan nhat
(g1n1/1nformat1on gain db6i v6i phan loai).

Cdu triic va hudn luyén mé hinh RF: Mdi cdy trong
RF dugc xdy dung doc lap trén tdp con bootstrap, sau
d6 két hop du doan cua tat ca cay dé tong hop két qua:

Hoi quy: Du béo cudi cung 1a trung binh dy bao tir
B =23 fio

Phan loai: Du bao 1a 16p nhan duogc nhiéu lya chon
nhat: 7 = argmax ZB:H(f,;(x) =c)

Trong d6, IT 1a ham chi thi (bang 1 néu dung,
nguoc lai bang 0), f, (x) la két qua cta cay thirb , vac
lalop img vién. .

3. KET QUA VA THAO LUAN

3.1. Hiéu chinh va kiém dinh mé hinh HYPE

a) Hi¢u chinh:

Trong nghién ciru nay, chudi s6 liéu dong chay ngay
thuc do tai tram Dak Mot trong giai doan 2002-2008
duogc sir dung Kkét hop véi b sb liéu vé tinh twong ung
trong cuing thoi ky dé tién hanh hiéu chinh b thong sd
cua mo hinh thity vain HYPE. M6 hinh HYPE tich hop
san cong cu ty dong hi¢u chinh (auto-calibration tool),
cho phép truy tim t6 hop thong s6 t6i wu nhim dam bao
d6 phut hop cao nhat giira gia tri md phong va quan tric.
Qua4 trinh hi¢u chinh dugc thyc hién & budc thoi gian
ngdy, voi két qua dénh gid higu suat mo hinh théng qua
céc chi tiéu thong ké gdm hé sd tuong quan (CC), hé s6
Kling-Gupta (KGE) va h¢ s6 Nash-Sutcliffe (NSE). Két
quéa hidu chinh cho thdy mo hinh dat dugc CC = 0.83,
KGE = 0.82 va NSE = 0.65, phan anh mirc d tuong
quan va d¢ tin cdy cao gilra lvu lugng mé phong va luu
lugng thuc do tai tram Bak M6t.

Sau khi hoan thién qua trinh hi€u chinh, m6 hinh
HYPE dugc chi tiét hoa dé moé phong dong chay theo
budc thoi gian gio. Két qua md phong duge so sanh véi
chudi sb liéu thue do vé luu lwgng dong chay vao ho chira
Pleikrong trong giai doan tir thang 7 dén thang 12 nim
2019, dugc thu thap tir hé théng quan tric va van hanh hd
thuy dién. Céc chi tiéu danh gia chat lugng mé phong cho
thay CC = 0.76, KGE = 0.70 va NSE = 0.60, chimg t6 mo
hinh HYPE c6 kha ning tai hién twong dbi tét bién dong
dong chay thyc té & thang thoi gian ngan hon.

Bang 2. B thong s6 mé hinh HYPE sau khi hiéu chinh va khoang gia tri cho phép

Hiéu chinh | Hiéu chinh
T Théng s6 Kyhigu | theobudc | theo budc Pon vi Min | Max
: thoi gian thoi gian :
ngay gio
1 Thoét hoi nudc wefc 0.473 0.473 - 0.05 0.5
cua dat WCWD 0.13 0.13 % 0.05 0.5
DI\ X
2 O Tong weep 0.15 0.15 % 0.05 0.5
cua dat
Do thim .
3 cila dét mperc 113.4 4.73 mm/ngay 5 120
g4 | Hesoucdong rres 0.34 0.00642 i 0 0.6
chdy mat
He sé don macrate 0.29 - - 0.05 0.5
5 cﬁé ok mg mactrinf 3.75 0.156 mm/ngdy 0 100
Y e mactrsm 0.35 - - 0 1.0
6 | I sobochoi 0.17 0.01 mm/ngay/°C 0.15 0.3
cua dat cevp ’ ’ gay ’ ’
Hiéu chinh dong chay ngay Hiéu chinh dong chiy gié
;“1000 CC : 0.83 Q_Mb phing m3/'s _ 100000 e gs6 T
¥ 800 | KGE: 082 ween Q. Thye domd's : s0000 KOE c 70 LI
ER NSE: 0.65 -] NSE: 0.6 R:| | | | Thye domi/s
w 600 5 60000 5
g 400 J‘j J\ E- 40000 | i
E sw = 20000 Thas,
B 0 = ‘J'#“—‘"I ekl “’L‘\ 3 000 - = »
1900472001 100972002  14/01/2004 28/052005  10/10/2006 2200212008 610772009 WHSNIFNGA DA A 1 N L s
Thai gian Thii gian
Hinh 5. So sanh dong chay mo phong va thuc do trong giai doan hiéu chinh mé hinh
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b) Kiém dinh: Nghién ctru sir dung dir liéu vé tinh
cung thoi gian v6i chudi sb liéu thue do ngay tram thity
vin Pak M6t giai doan tir 2009 dén 2016 dé kiém dinh
mo hinh thuy vdn. Phuwong phap thyc hi€n twong tu
nhu khi hiéu chinh. Két qua kiém dinh dugc thé hién
trong hinh 6 vé&i cac hé s6 CC = 0.81; KGE = 0.8 va
NSE = 0.67.

- Tram DPik Mot
€C 081 1 :

=z KGE: 0.80 Q_Mophong m3s
B 150 NsE:o67 | [ Lz== T e
¥ 1000
£
£ 500 l
= DT W . W N

o
22{02/2008 6/07/2009 18/11/2010 1/04/2012 14/08/2013 27/12/2014 10/05/2016 22/09/2017
Thiri gian
Hinh 6. Qua trinh luu luong mé phong ngay
va thuc do giai doan kiém dinh mé hinh

3.2. Xay dung mo hinh RF

Trong nghién ctru nay, quy trinh xay dyng md hinh
Random Forest (RF) dugc trién khai gdm ba giai doan:
huén luyén, hiéu chinh va kiém dinh, trudc khi ung dung
cho giai doan du bdo sai sé dong chay. Nghién ciru da
str dung chudi dir liéu ngay tir nam 20022008 dé huan
luyén mé hinh, trong d6 cic dir liéu dau vao cliia mo
hinh RF bao gdm dong chay mé phong tir HYPE (Qsin),

dong chay thuc do (Qows), lrong mura, nhiét dg, cac dac
trung thoi gian (gia tri trung binh ngay, trung binh
thang, trung binh ndm), cung véi cac dac trung thiy van
m6 rong nhu dd r& (Qsim hgt, Qsim kg2) VA trung binh
truot (Qsim rol3, QS,m ro7). Chudi dir lidu thoi doan ngay
tir nam 2009 dén 2016 dung daé klem dinh mé hinh RF.

Sau khi hiéu chinh dat két qua tdt, nghién ctu mg dung
md hinh RF dy bio sai s dong chay thoi doan ngay cho
giai doan tir 2017 dén 2022.

Trong giai doan hi¢u chinh cac tham sé ctia mo
hinh RF duoc t6i uu bang phuong phip Randomized
Search két hop kiém dinh chéo k-fold (k = 5), trong dé
céc tham sb quan trong nhu s6 cay (n estimators), do
sau tbi da (max_ depth) so dac trung chon tai mdi lan
chia (max_features), so mau t01 thleu dé tach nhanh
(min_samples_split) va sé miu t6i thiéu tai nat la
(min_samples_leaf) dugc hiéu chinh dé dam bao cén
bang giita d6 chinh xac va kha ning khai quat hoa
(bang 3).Nghi€én ctu ap dung moé hinh tinh toan cho
chudi dong chay ngiy giai doan kiém dinh (2009—
2016) nham dénh gia kha ning du bao sai s6 dong chay
ctia mé hinh dua trén céc chi s6 NSE, KGE, CC, R> va
RMSE, MAE. Sau khi md hinh RF ¢6 dugc bd tham s6
t6i wu s& ung dung du bao sai sé dong chay phuc vu
cho viéc hiéu chinh chudi dong chdy ngiy cho giai
doan 2017-2022.

Bang 3. Tham s6 mé hinh RF sir dung trong nghién ciru

Tham s Y nghia Gia tri mic dinh | Gi4 tri sir dung
n_estimators S6 lugng cdy quyét dinh trong rimg 100 500
max_depth Do sau toi da cua ciy khong gidi han 10
min samples_split S6 mau toi thiéu dé chia mot nit 2 5
min _samples leaf S6 mau toi thiéu & nit 14 1 2
max features Sb lwong dic trung dugc chon tai moi lan chia tat ca “sqrt”
random_state Hat gidng ngau nhién dé tai lap két qua khong gidi han 42
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Hinh 7. Két qua hiéu chinh mé hinh Random Forest

Sau khi da hoan thanh qué trinh hiéu chinh va kiém
dinh md hinh RF trong giai doan tir nam 2002 dén
2016 cho két qua tuong doi t6t voi cac chi so danh gia
md hinh KGE, CC, NSE, RMSE, MAE déu da cai
thién so véi két qua mod phong dong chay bang mo hinh
HYPE. Nghién ctru dd sir dung bo thong sé6 md hinh
RF dé dy béo sai s6 dong chay ngay trong giai doan tir
2017 dén 2022, sau d6 so sanh danh gia két qua dy béo
sai s6 ctia md hinh RF voi gia tri thyc do tai cac tram
kiém tra.
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3.3. Két qua hi¢u chinh dong chay ngay

Nghién ciru ing dung md hinh RF dé hi¢u chinh
dong chay md phong bang mé hinh HYPE duya trén
vigc sir dung cac dac trung khi tuong va dong chdy mo
phong dé du bao sai s6. Tir d6 cap nhat vao chudi dir
liéu dong chay tir mo hinh thiy van HYPE nhim lam
tang do chinh xac cia mé hinh. Két qua tinh toan dugc
thé hién qua hinh sau day:

So sanh déng chi n-uf.a nl-“phn gv‘ul. ehinh (Random Forest)

Dong chiy (m3is)

Hinh 8. Biéu d6 déanh gid két qud hiéu chinh
dong chay ngay
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Két qua so sanh giita dong chay ngiy md phong
(Qsim) va thye do cho thiy mo hinh HYPE budc dau da
mo phong duge xu thé ciia dong chay, tuy nhién van
con sai s6 dang ké, dic biét trong cac giai doan dong
chay cuc tri. Luu lugng dong chay thuong mé phong
chua chinh xac vé cac dinh 1ii. Sau khi hi¢u chinh bang
mod hinh hoc may, dong chay hi€u chinh (Qcorr) da dugc
cai thién rd rét vé do chinh xac, dir liéu dong chay da
bam sat dir liéu quan tric hon, dic biét tai cac dinh va
pha dao dong manh. Két qua hiéu chinh dong chiy ngay
cho thiy mé hinh hoc may c6 kha ning hoc va khic
phuc sai s6 phi tuyén ctia mo hinh thiy vin HYPE.

So sdnh sal 56 thc t va sal 56 dy bdo.

Hinh 9. Biéu dé6 so sanh giita sai so thuc té

va mo hinh dy bao (RF)

Két qua so sanh giira sai sb thue té (E = Qobs — Qsim)
va sai s du bdo (E) cho thiy mo ‘hinh hoc may téi hién
kha t6t dic diém dao dong sai s6 ctia dong chay trong
toan bo chudi thoi gian. M6 hinh Random Forest (RF)
thé hién kha niang hoc dugc xu hudng, bi€n do va tan
suét dao dong cua sai sb, dic biét trong cac giai doan
dong cay on dinh hodc bién dong nho. Mic du van con
sai léch tai mot s6 dinh cuc tri, nhung mo hinh RF mé
phong tuong dbi chinh xac cac dic trung phi tuyén cua
sai s0. Do twong dong cao gitra E va E phan anh hiéu
quéa huan luyén ctia mé hinh, dong thoi khing dinh tinh
phu hop ciia phuong phap hoc may trong hi¢u chinh sai
s6 dong chay.

Sal 34 con Iad sau khi hidu chinh déng chivy (Random Forest)

Hinh 10. Két qua tinh todn dir bdo sai s6
sau khi hiéu chinh

Két qua so sanh giita ba chudi dit liéu Qobs, Qsim va
Qcorr cho thﬁy hiéu sudt mé hinh dugc cai thién o rét
sau khi 4p dung hiéu chinh sai sé bang mo hinh hoc
may. Trudc hi€u chinh, m6 hinh HYPE dat NSE =
0.54, CC =0.76 va KGE = 0.74, RMSE = 50.76, MAE
=21.24 cho thay kha ning mé phong xu thé dong chay
& mirc trung binh, nhung con han ché trong viéc md
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phong dao dong ngin han va cac cuc tri. Sau higu
chinh, két qua danh gid d¢ chinh x4c ctia mo hinh ting
dang ké (NSE = 0.80, CC = 0.9, KGE = 0.85). Hg s
NSE d4 ting 26% dié¢u d6 cho thiy mé hinh hoc miy
da nang cao rd rét kha ning md phong dic tinh vé bién
do va thoi diém dinh 10
Bang 4. Hi¢u suit mé hinh theo dir liéu dong chay
ngay (1994-2022)

Cac M6 hinh M6 hinh Cai thién
chi s6 HYPE HYPE-RF (%)

cC 0.76 0.9 14
KGE 0.74 0.85 11
NSE 0.54 0.8 26
RMSE 50.76 33.28 17.48
MAE 21.24 17.55 3.69

3.2. Két qua hi¢u chinh dong chay gio

Nghién ciru cling d3 st dung mo hinh Random
Forest dé hi¢u chinh dong chay gio cho khu virc nghién
ciru tir két qua mo phong bing md hinh thiy vin
HYPE. Két qua hiéu chinh dong chay gio dugc thé
hién qua hinh sau:

Hinh 12. Két qua hiéu chinh dong chady gio bang
mé hinh Random Forest (RF)
Bang 5. Hi¢u sudt mé hinh theo dir liéu
dong chay gio (2011-2022)

Cic M& hinh M& hinh Cai thién
chi sé HYPE HYPE-RF (%)

CC 0.68 0.91 23
KGE 0.59 0.88 29
NSE 0.45 0.83 38
RMSE 126.47 70.06 56.41
MAE 54.06 30.62 23.44

Két qua mo phong dong chiy gio bang mo hinh
HYPE: NSE = 0.45, CC =0.68 va KGE = 0.59, RMSE
=126.47, MAE =54.06 cho thdy kha ning mé phong xu
thé dong chay & mirc kha, nhung con han ché vé bién do
va pha thoi gian cua dong chdy cyc tri. Sau khi hiéu
chinh bang mé hinh hoc may, cac chi sé dénh gia mo
hinh duoc cai thién dang ké (NSE = 0.83, CC = 0.91,
KGE = 0.88, RMSE=70.06, MAE=30.62), qua d6 cho thiy
kha ning bu ddp sai s6 hé thong va phi tuyén von chua
dugc mo hinh thity vin HYPE thé hién day du, nhat I
trong cac khoang thoi gian dong chay bién dong nhanh.
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So véi két qua mo phong theo ngay (NSE ting tir
0.45 1én 0.83), trong khi d6 hi€u chinh dit li¢u dong
chay theo gio cho thay hidu suat vuot trdi hon, véi mirc
taing NSE dat 38 % so voi 26 % & chudi ngay. Diéu
niy khang dinh lgi thé ctia mé hinh hoc may trong khai
thac cac dic trung chi tiét cua dir liéu tan suit cao, nho
vao kha ning hoc phi tuyén va thich (g linh hoat véi
céc tin hi¢u ngin han ma md hinh vat 1y truyén thong
thuong chwa dat dugc.

4. KET LUAN VA KIEN NGHI

4.1. Két luin

Nghién ctru da phat trién va kiém chirng hiéu qua
clia md hinh lai HYPE-RF trong hiéu chinh sai s
dong chay md phong tai luu vuc hd chira Pleikrong.
M hinh thay vian HYPE dugc sir dung dé md phong
chudi dong chdy ngay va gio, dya trén dir liéu khi
twgng — thiy vin va vién tham. Sau d6, thuat toan hoc
may Random Forest (RF) dugc ap dung dé hoc va hiéu
chinh sai s6 con lai gitta dong chay mo phong va thuc
do. Phuong phap hoc sai s6 nay cho phép cai thién
dang ké d6 chinh xdc mo phong ma khong can thay doi
céu tric bén trong ctia md hinh thay van.

Két qua tinh toan cho thdy mo hinh HYPE-RF ning
cao rd rét cac chi s hiéu suit mo phong. Véi dir ligu
dong chay ngay, chi s6 NSE tang tir 0.54 1én 0.8 (ting
26 % so voi mo hinh thily van HYPE), trong khi voi di

TAI LIEU THAM KHAO

liéu dong chay gio, NSE tang tir 0.45 1€n 0.83 (tang 38
%). Tuong tu, cac chi s6 CC va KGE ciing cai thién
manh m& & ca hai chudi dir liéu dong chdy ngay va gio.

Tir két qua hiéu chinh dong chay ngiy va gio cho
thay hi¢u chinh dong chay gio mang lai hi¢u suét cao
hon so voi dong chdy ngay, do md hinh hoc may co
kha ning nim bat cac dic trung dao dong ngin han va
phin tng véi cac bién dong dot ngdt trong chudi dir
liéu. biéu nay phan anh loi thé ctia mo hinh hoc may
RF trong viéc xir 1y dit liéu co tan suét cao, nhy ning
Iyc hoc phi tuyén va thich ing véi tin hi¢u thoi gian
chi tiét.

Phuong phép lai giita mo hinh HYPE-RF thé hi¢n
kha ning phuc hoi dir liéu dong chay trong cic giai
doan thiéu quan tric, nhd vao viéc udc lrong sai so tir
céc dic trung khi tuong — thiy vin dau vao. Diéu nay
dic biét co y nghia trong bdi canh nhiéu luu vuc tai
Viét Nam va trén thé gioi con thiéu dit liéu quan trac
lién tuc.

4.2. Kién nghi

Nghién ctru méi chi str dung md hinh RF trong viéc
hi¢u chinh dong chay vi vy trong nghién ciru tiép
theo, nghién ciru mé rong danh gia bang cach so sanh
HYPE-RF v6i cac cau hinh HYPE-LSTM, HYPE-
XGBoost nham kiém dinh mirc do cai thién hiéu suat
va nang lyc phan trng véi dit liéu dong chay cyec tri.
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Abstract:
APPLICATION OF A HYBRID MODEL (HYPE-RF)
FOR STREAMFLOW ERROR CORRECTION AT PLEIKRONG RESERVOIR

This study proposes a hybrid approach that integrates the HYPE hydrological model with the Random Forest
(RF) machine-learning algorithm to correct simulation errors of streamflow in the Pleikrong reservoir basin, Kon
Tum Province. The HYPE model is employed to simulate daily and hourly streamflow based on meteorological,
hydrological, and remote-sensing data. The discrepancies between simulated and observed streamflow are
trained using the RF model to optimize the final outputs. The results indicate that the hybrid HYPE-RF
framework substantially enhances simulation accuracy, with notable improvements in NSE, CC, and KGE.
Specifically, NSE increases from 0.54 to 0.80 for daily streamflow and from 0.45 to 0.83 for hourly streamflow.
The proposed method demonstrates strong potential for application in high-accuracy hydrological forecasting
systems, particularly under conditions of limited observational data.

Keywords: Error correction, HYPE, Random Forest, hybrid model, streamflow, machine learning, Pleikrong.
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