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Tém tit

Duy bao thiy van luu vuc song nho thuong gip nhidu kho khin do thong tin va dir liéu khong gian thuong han
ché, dan dén cac luu vuc séng nho & dia phuong, mic du ¢ vai trd quan trong trong phong chdng thién tai
nhung lai gdp kho khan trong qua trinh gidm sat, canh bao. Nghién ctru nay tap trung vao viéc xay dung cac mo
hinh dwa vao dit liéu & du bao dong chay trong mua lii ciia cac song nhé. Két qua xay dung mé hinh ARIMA
cho théy du bao trudce 1 gio cho Kkét qua tdt, chi s Nash dat 0,99, mirc dam bao du bao dat 94%, 3 gio chi sb
Nash dat 96%, mirc ddm bao dy bao giam con 85%, 6 gio chi s6 dam bao chi con 83,5%, tuy nhién du bao tran
Il thtr nghi¢ém, mo hinh ARIMA 6 gi¢ chi ¢6 muc dam bao dat dudi 40%; Trong khi do, mé hinh ARIMAX st
dung lugng mua thyc do theo ép 6 gid co kha nang du bao tdt hon, véi Kkét qua du béo tran lii thir nghiém dat
mirc dam bao trén 70%. Didu nay 1a do cac luu vye séng nho co thdi gian tap trung nude rat ngén, do vay thoi
gian du bao ngén. Cac tran 1i cuc doan c6 thdi doan tap trung nude ngin (nho hon 6 gid) c6 thé du bao tbt bang
mo hinh ARIMAX.

Tur khod: mo hinh ARIMA; m6 hinh ARIMAX; mé hinh théng ké; du bao thuy van; luu vuc séng Nam Pan.

FLOOD FORECASTING BY ARIMA MODEL FOR SMALL RIVER BASIN - A CASE STUDY OF NAM
PAN RIVER BASIN IN VIETNAM.

Abstract

Forecasting hydrology in small river basins often encounters many difficulties due to limited information and
data. As a result, local small river basins, despite their important role in disaster prevention, face challenges in
monitoring and warning processes. This study focuses on developing data-driven models to forecast flow during
flood seasons of small rivers. The results from the ARIMA model indicate that one-hour ahead forecasts yield
good results, with a Nash index of 0.99, and a forecast reliability level of 94%. For three-hour forecasts, the
Nash index reaches 96%, but the reliability level decreases to 85%. For six-hour forecasts, the reliability index
drops to only 83.5% and 45% for a testing flood event. Meanwhile, the ARIMAX model, which incorporates
observed rainfall data on a six-hour interval, provides better forecasting performance. The experimental flood
event forecast achieved a reliability level above 70%. This is attributed to the short concentration time of water
in small river basins, necessitating shorter forecast lead times. Extreme flood events with a concentration time
of less than six hours can be effectively forecast using the ARIMAX model.

Keywords: ARIMA model; ARIMAX model, statistical model; hydrological forecasting; Nam Pan river basin.
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1. Mé dau
Tir xa xua, cac khu do thi thuong dugc xdy dung & ven song dé co thé khai thac duoc cac loi ich
cua nguon nudc trong qua trinh phat tri€n kinh t€ xa hoi [1, 2]. Tuy nhién, bén canh nhitng loi ich d6
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1a nhitng rui ro vé cac loai hinh thién tai do nuéc gy ra nhu 1i lut [3, 4]. Do vay viéc xdy dung cac
phuong an du bao hiéu qua tich hop trong hé thdng canh bao i va ngap lut cho cac song nho 1a can
thiét. Tuy nhién, ddi véi cac luu vire song nay, dit liéu dé xay dung cac mé hinh du bao truyén thong
thuong khong c6 san, ngudn luc ciing han ché giy nén khé khin trong cong tac xay dung cac phuong
an du bao va canh bao phu hop.

C6 rat nhiéu phuong phap duoc sir dung trong dy bao thuy van néi chung va dy béo i noi riéng.
Céc phuong phap truyén thong bao gdm phuong phap hdi quy da bién tuyén tinh [5-7], du bao tram
trén, tram dudi hodc xdy dung twong quan dinh va chan 1i v6i luong mua cta tran mua dién hinh.
Céc phuong phép nay thuong cho két qua nhanh, nhung viée du bao chinh xac lwong mua lai gip kho
khin va do d6 thudng gay sai s6 16n cho qua trinh dy bao lii. Phuong phap mé hinh toan 1a mét trong
nhitng phuong phap dem lai hiéu qua cao, nhung cac mé hinh thiy vin khai niém hay phan b lai yéu
cau nhiéu dit liéu va nhitng hiéu biét nhat dinh vé luu vuc song can dy bao [8—11]. Bén canh do, cac
m6 hinh nay ciing yéu ciu luong mua du bao, thudng khoé chinh xac hodc yéu cau ki thuat cao, khod
khan cho cac nha dy bao dia phuong & cac luu vyc song nho, vai thoi gian tap trung nudc nhanh, chi
vai gio [12—14]. Mit khac, dua vao dit liéu thuong khong doi hoi nhiéu loai dit liéu va cac thong tin
vé hé théng, ma chi dya trén tinh twong quan gitra cac chudi dit liéu hién c6 dé xay dung dugc phuong
an du bao phu hop [15, 16].

Nghién ciru nay dénh gia kha ning tmg dung mo hinh ARIMA trong du béo han ngan muc nudc
tram thuy van Hat L6t trén song Nam Pan, nhu mot viung nghién ctru dién hinh cho céc luu vuc song
nho & dia phuong. Nhu da phan tich & trén, dit liéu yéu cau cho bai toan nay chi 1a myc nudc thuc
do theo dp tai tram thuy van Hat Lot. Két qua nghién ciru duge danh gia theo cac thoi doan du bao
tir mot gid dén 6 gio, do thoi gian tap trung nude cua luu vue khoang 5 — 6 gio. M6 hinh ARIMAX
cling dugc thir nghiém va so sanh v6i ARIMA dé danh gia kha nang ing dung cac mé hinh dua vao
dir liéu nay trong du bao dong chay 1 cho cac luu vuce song nho it dit liéu quan tric bé mat.

2. Téng quan vung nghién ctru va phwong phap nghién ciru
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Hinh 1. Luu vyc song Nam Pan tinh dén tram thuy van Hat Lot

Luu vyc song Nam Pan, tinh dén cira ra nhap voi song Nam La c6 dién tich khoang 610 km?, tinh
dén tram thiy van Hat Lot khoang 509 km?. Séng Nam Pan bét ngudn tir huyén Yén Chéu chay qua
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huyén Mai Son, Muong La va nhap luu véi Nam La thanh Nam Bu. Luu vge Nam Pan c6 dang hinh
16ng chim chay Dong Nam — Tay Béc, c6 toa do dia ly: 24°54°45” — 21°24°20” N va 103°59°30” —
104°13°50” E nhu thé hién ¢ Hinh 1.

Véi dia hinh ddc, mic du c¢6 dién tich tham phu 16n, nhung trong nhimg nim gan déy, li 16n
thuong xuyén xuat hién. Dién hinh 14 trén 1ii thang 9/2008, mirc nude vuot lii lich sir 0,51 m (Hinh 2).
Hién nay, trén luu vuc chi c6 mot tram do mua quéc gia la tram Co Noi, véi dir liéu mua 6 gio dugc
thu thap tir nim 2013 dén nay. Do véy, cong tac du béo 1ii tai day c6 ¥ nghia thiét thyc.
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Hinh 2. Myc nudc gio tai tram thuy van Hat Lot trén song Nam Pan trong mua 1d

Phuong phap chinh duoc xem xét danh gia ¢ day la cac mo hinh M6 hinh trung binh dong tich hop
hoi quy tw dong ARIMA (AutoRegressive Integrated Moving Average) va ARIMAX (AutoRegressive
Integrated Moving Average with eXogenous inputs) c6 bo sung thém bién ngoai lai. Do thoi gian tp
trung nudce trén luu vuc dugce danh gia tor 5 — 8 gio. Nén thoi gian dy bao s€ dugc danh gia tr 1 gio —
6 gio dua vao dir li¢u thyc do dugc cap nhat lién tuc dén thoi diém du béo.

Mo hinh ARIMA 12 mé hinh héi quy tuyén tinh thé hién qua gia tri cac tham s ctia mé hinh chudi
thoi gian tuyén tinh ARIMA(p, D, ¢) cho mot qua trinh phan g don bién y,. Qua trinh trung binh
dong tich hop tu hoi quy (ARIMA) tao ra chudi khong tinh dugc tich hop cta bac D, dugc ky hiéu la
I(D). Qua trinh (D) khong tinh 1a mot qué trinh c6 thé duoc lam c¢b dinh bang cach 13y cac khac biét
D. Céc qué trinh nhu vay thuong duoc goi 1a qua trinh tinh khéac biét hodc qua trinh gbc don vi [17].

Muc tiéu cua phan tich chudi dit liéu thuy vin 1a tao ra phuong an du bao tir chudi dit liéu quan
tric dugc trong qua khtr. Nghia 13 c6 thé du bao trude muc nude (lwu lwong) nude tai mot tram thay
van trudc khoang thoi gian dy bao /: yri1, Ve42, Vi43s - - - » Verh, Khi €O chudi dit liéu thuc do tinh dén
thoi diém du bao y1, y2,y3, . . .,y va mot mo hinh hdi quy tuyén tinh ARMA

APy, =c+ APy + ...+ gprDy,_p +te 011+ ...+ 0,8 )
trong d6 APy, 14 sai phan bac D caa chudi dir liéu thé hién sai phan téng hop, p 1a d6 tré ciia mo hinh
tu hoi quy AR va g 1a d6 tré ctia mo hinh trung binh truot MA ciia chudi s6 liéu. M6 hinh c6 thé viét
dudi dang van tat nhu sau:

(L)1 = L)Py; = ¢ + (L), 2)
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trong ky hiéu toan tir lag: L'y; = y,_;. Nhu vay, ARIMA(6, 2, 6) s& c6 cong thirc nhu sau:
yt:C+XtB+Mt (3)

(1 —-a1L- a2L2 - a3L3 - a4L4 - asL5 - a6L6)(1 - L)2y, @
=c+ (1 + b L+byL*+b3L? + bsL* + bsL’ + bgL%)e,

Dé tim bo thong s6 toi uu, phwong phap tdi thiéu sai sé binh phuong duoc sir dung. Ly thuyét cia
phuong phap nay duoc dién giai nhu sau:

Dit §,,1 1a gia tri du bao tai thoi diém 7 + 1, tiy thudc vao cac gi tri thuc do tinh dén thoi diém
t hién tai (H;), va gia dinh cac yéu t6 du bao duoc cb dinh. Dy béo t6i thiéu hoa sai s6 quan phuong
(RMSE) 1a du béo §,; dé giam thiéu ton that dén binh phuong sai sé du kién

E (et = Jret | HyY? )
T4i thiéu hoa ham ton thit nay s& tim duoc dy bao RMSE mong mudn
Vi1 = E (1 | Hy) (6)

Dit lidu can thiét trong nghién ciru nay 1a dir liéu muc nudc tai tram thiy van Hat Lot trén song
Nam Pan, dugc thu thap tr nam 2000 dén 2017. Dit li¢u dugce xur 1y va ndi suy ra dit li€u gio d€ phuc
vu tinh toan. Quy trinh tinh toan dugc thé hién ¢ so d6 dudi day (Hinh 3).
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Hinh 3. So dd cac budc thue hién va cap nhat mé hinh ARIMA va ARIMAX du bao
dong chéy cho luu vyc song nho

Twong ty, md hinh ARIMAX b sung thém dit liéu muwa dy bao 6 gio, 12 gio, 18 gio va 24 gio
tinh dén thoi diém du bao dé du bao muc nudc 6 gio.

L)1 = L)y, = ¢+ X" + BPX" + X 4 gAY 4 O(L)e (7

va mo hinh ARIMAX b6 sung thém dir liéu mwa quan trac 6 gio, 12 gio, 18 gio, 24 gid tinh dén thoi
diém hién tai.

S(LY(1 ~ )Py, = ¢+ XY+ B2X20 + X5 + BXI + 6(L)e ®)
 yw6h w12k 18k s y24h | - -\ . S . ,
trong do X™", X<, X*°" va X 1a luong mua thoi doan 6 gio, 12 gio, 18 gio va 24 gid tuong Ung.
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3. Két qua

Dir liéu mua 6 gio dugce thu thap tai tram khi tugng Co Noi theo tan suét do cua tram (1 gio, 7 gio,
13 gid va 19 gio hang ngay) giai doan dé thiét 1ap mé hinh ARIMAX.

Dit liéu myc nude tai tram thity van Hat Lot duoc thu thap trong mua 18, tir thang 5 dén hét thang
10 hang nam, dugc xtr Iy va ndi suy ra dir li€u myc nudc gio, la to hop thém mot chudi dir liéu muc
nude 6 gio dé phuc vu tinh toan. Tiép theo, dit lidu dugc giam ty 1¢ bing ham logarit, gia tri trung
binh truot dugc tinh cho chu ky 183 ngay mua Ii (Hinh 4).
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Hinh 4. Chudi logarit muc nudc gié (mau xanh) va gia tri trung binh trugt myc nude gio mua li (mau do)
tai tram thiy van Hat Lot trén song Nam Pan
Tir d6 tinh duoc phuong sai ciia chudi dir liéu. Két qua cho thiy phuong sai ciing c¢6 tinh chu ky
cao (Hinh 5).
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Hinh 5. Phuong sai cta chudi dit liéu (diém mau xanh) va do 1éch chuén cua chudi dit liéu (dudng mau do)
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Tir d6, tién hanh chuan hoa chudi dir liéu bang phuong phap z-score
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trong do HIHL 13 logarit myc nudc tai Hat Lot tai thoi diém 1 uﬁf

1a gia tri trung binh troot myc nude
Hat Lot tai thoi diém £; o 1a d0 1éch chuan cua chudi dit ligu

Chudi dir liéu sau khi dugc chuan héa cé gid tri trung binh bang —2,4343¢—04 ~ 0 va do léch
chuén 1,0005 ~ 1. Do vay, c6 thé coi chudi dit liéu nay c6 phan phdi chuan va ¢ thé mé hinh hoa
bing ARIMA (Hinh 6).
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Hinh 6. Histogram cua chudi dit liéu dugc chuan hoa

Lua chon d9 tré ctia mo hinh AR va MA 13 6 do thoi gian tap trung nudc trén luu vuc 1a khoang
6 gio, hé sb téng hop theo bac 2. Nhu vdy, mo hinh s€ co téng 14 thong s6 duoc hiéu chinh va
kiém dinh.

Két qua hiéu chinh mé hinh dugc thyuc hién cho giai doan 15 nim (2000 — 2016) twong dbi t6t voi
thoi doan du béo 1 gio cho R? = 0,99.

B thong s cia mo hinh thu duge nhu sau:

Bang 1. B thong s6 mé hinh

Bac 1 2 3 4 5 6
AR 1,2546 -0,2633 0,2930 -0,5324 0,399 -0,1694
MA -1,530 0,186 -0,001 0,695 —-0,461 0,112

Theo quy dinh, cac song thudc luu vire séng Hong — Thai Binh ¢6 thoi doan du bao trong mua li
13 6 gio, co thé rit ngdn thoi gian dy béo trong nhiing truong hop 1ii 16n. Do vay nghién ciru tién hanh
du bao thir nghiém cho nam 2017 véi thoi gian du bao 1 gid - 6 gio thé hién ¢ Hinh 7. Két qua cho
thay, ddi véi nhiing tran 1ii trung binh va nho, c6 thoi gian 1ii 1én kéo dai, mo hinh c6 thé du bao 6 gio
cho két qua tdt, tuy nhién, ddi véi cac tran 18 cuc doan, thoi gian 1l 1én chi 3 - 4 gio, sai sb dinh 1d
va thoi gian xuat hién 1ii 16n. M6 hinh gip kho khin trong du béo vai thoi gian dy béo 16n hon 1 gid
(Hinh 8 va Hinh 9).
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(b) Tran 1i cuc doan co thoi gian i 1én khodng 4 gio

Hinh 9. Thu phong tran 1d
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Bang 2. Gia tri mot s6 chi s danh gid d0 chinh xac mo hinh thir nghiém

Thoi gian du bao RMSE Bias AME MAE neta P2
1 gio 5,89 0,00 1,38 95,98 0,99 93,88
2 gio 10,35 0,00 2,63 121,70 0,98 91,45
3 gio 14,23 -0,01 3,94 180,92 0,96 89,49
4 gio 17,91 -0,01 5,16 218,69 0,94 86,45
5 gio 19,86 -0,01 5,83 237,27 0,92 84,65
6 gio 20,99 -0,02 6,26 235,46 0,91 83,51

trong 6 RMSE 14 sai s6 quan phuong, Bias 12 sai sb trung binh, AME 1a sai s6 tuyét ddi trung binh, MAE 14 sai
s6 16n nhat, neta 14 hé s6 tuong quan ctia chudi thuc do va tinh toan, P2 1a mirc dam bao dy bao dugce tinh bang
s0 lan du bao ding trén tong so lan du bao véi sai s0 cho phép tuwong ting 1a 18 cm cho thoi doan dudi 6 gid.

Mo hinh dugc mé phong du bao véi tran 1ii kiém tra thang 7/2024, két qua cho thay mé hinh chi
¢6 thé sir dung trong du bao tir 1 — 2 gid, véi mic dam bao twong Gmg 1a 73% va 53% (Bang 3).

Bang 3. Gia tri mot s6 chi s6 danh gia do chinh x4c m hinh thir nghiém

Thoi gian dy bao RMSE Bias AME MAE neta P2

1 gio 14,10 -0,01 6,19 118,24 0,98 73,37
2 gio 27,69 —-0,01 12,50 251,65 0,93 53,35
3 gio 37,25 -0,01 16,98 333,74 0,87 42,44
4 gio 43,42 -0,01 20,37 360,52 0,82 33,14
5 gio 46,42 0,01 22,52 309,82 0,80 30,33
6 gio 48,10 0,01 23,28 275,38 0,78 30,33
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Hinh 10. Dy bao thir nghiém cho tran lii thang 7/2024 bang mo hinh ARIMAX sir dung mura thyc do
(duong nét dut do), mo hinh ARIMAX str dung mua dy bao* (dwong nét dut den) va moé hinh ARIMA

(duong nét dut xanh 14 cay)

So sanh v4i m6 hinh ARIMAX st dung mua dy bao (gid dinh dy bao hoan hao: st dung lugng
mua thyc do tai budc thoi gian du bdo) va mua quan tric 6 gio, 12 gio, 18 gid twong tmg dén thoi
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diém hién tai. Do dir liéu mua dugc do theo p 4 gio trong ngay tai thoi diém 1 gio, 7 gio, 13 gid va
19 gid hang ngay, dir liéu myuc nudce cling duoc trich xuat trong tng.

Két qua cho thiy, mo hinh ARIMAX sir dung lwong mua du béo cho két qua t6t nhat. Lugng mua
lity tich trong 12 gio anh huong truc tiép dén dinh 1d va vé thoi diém va luong (chi sb neta 1a 0,96
v6i miec dam bao P dat 76%). Tuy nhién, néu st dung luong mua tai bude thoi gian trudc (gid tri tat
dinh), sai s6 cia mé hinh ARIMAX giam dang ké véi chi s neta 1a 0,9 va mirc dam bao P con 71%
cho trén lii thang 7/2024 (Hinh 10).

C6 thé nhan thay rang, ca 3 mo hinh déu c6 thé du bao dugc kha nang xay ra i, tuy nhién, mé hinh
ARIMA du bao thoi diém bét ddu tran Ii khong chinh xac bang 2 mé hinh ARIMAX sir dung mua
du bao va mua tai thoi diém quan tric. Do véy, khuyén nghi sir dung mé hinh ARIMAX véi luong
mua tai thoi diém quan tric dé du bao dong chay nham dam bao tinh an toan cho két qua du bao. Do
luong mua du bao thudng bao gdm nhiéu dic tinh khong chic chan va ngiu nhién dé gy sai s6 16n
cho mo hinh.

4. Két luan

Tir két qua thtr nghiém cho théy, mé hinh ARIMA va ARIMAX c6 thé st dung trong dy bado myc
nude li cho cac luu vuc song nho ¢ dia phuong. Vi thoi doan ngan, nho hon 3 gid, ARIMA c6 kha
ning dy bao dong chay nhing luu vic khéng c6 tram mura. Bén canh d6, ARIMAX cho higu qua tot
hon ARIMA khi két hop vé6i lwgng mua trén luu vue. Uu diém ctia m6 hinh 1a yéu cau it loai dir liéu,
chi str dung chudi muc nuée qua khir dé dy bao chinh nd, mé hinh thuong xuyén dugc cap nhat bo
thong s6 thong qua cac dir liéu quan tric thuong xuyén duoc cap nhat. Két qua thir nghiém ARIMA
cho luu vuc song Nam Pam cho théy du bao thoi doan 6 gid cho céc tran li vira va nho c¢6 d6 chinh
xac chdp nhan duoc, tuy nhién ddi v6i nhitng tran 1ii cuc doan, mé hinh c6 thé du bao c6 hay khong
¢6 1i, nhung khé doan bat dwoc dinh va thoi gian xuat hién dinh voi thoi doan dy bao 16m hon 1 gio.
Trong khi d6, ARIMAX véi dit liéu mua thyc do tai thoi diém du bao cho két qua kha quan du bao
dén 6 gid. Do viy, phuong an du bao c6 thé két hop nhidu mé hinh véi thoi gian dy bao phu hop voi
dic tinh timg mo hinh, trong do, thoi doan ngan, kho khan cho viéc tap hop va xir Iy dit liéu mua va
khi twong tirc thoi, c6 thé sir dung ARIMAX.
Loi cdm on

Két qua trinh bay trong bai bao dugc trich tir két qua nghién ciru ctia dé tai NCKH cap B “Nghién
ctru xay dung cong nghé du bao thay vin va canh bao ngap lut cho cac luu vuc séng nho. Ap dung
thir nghiém cho mét s luu vyuc séng nhé thude khu vue Tay Bic”, ma s6 TNMT2023.06.14 do TS.
Hoang Thi Nguyét Minh, truong Dai hoc Tai nguyén va Moi truong Ha Noi 1a cht nhiém dé tai.
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