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Abstract: Observed discharge time series is essential data for hydrological analysis, streamflow
forecasting, as well as water resources planning and management. Estimation of continuous
discharge time series is generally based on the curves (or empirical models) that can properly
simulate the relationships between water levels (stages) and concurrent water discharges observed
at a particular hydrological station. For stations with complex hydraulic conditions, in addition to
gauged stages at the discharge gauging section, another variable such as stage measured at an
auxiliary station (to calculate the slope) or rate of change in stage is added to the estimation process.
This paper presents the results of applying the first-kind Chebyshev polynomial approximation
method in constructing rating curves for three hydrological stations in the Da river basin, each
having different basin characteristics and various influencing factors. The analysis results using five
evaluation indices (MAE, o, Pbias, KGE, and MAPE) show that the Chebyshev polynomials are
highly effective in modelling both simple and complex stage-discharge relationships. The
Chebyshev polynomial approximation method is suggested to be used for establishing stage-
discharge relationships in hydrometry.
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MO hinh héa quan hé muc nudce - lvu luong
tai cac tram thuy van trén luu vuc song Da
st dung phuong phap xap xi da thirc Chebyshev dang 1
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Tém tit: Luu luong nude song 1a mot yéu t6 khong thé thiéu trong phén tich, du bao thiy vin, danh
gia, quy hoach va quan ly tai nguyén nudce. Viéc xac dinh gia tri luu lugng mot cach lién tuc thudong
dugc dya trén cac dudng quan h¢ (hay mé hinh thuc nghiém) gitta myuc nude va luu lwong phu hop
tai mdi tram do. Dbi v6i cac tram ¢ quan hé thuy luc phire tap, ngoai yéu té myc nudc tai tuyen do
luu lugng, mot trong ) yeu td do dac khac nhu muc nude tai mot tram phu (dé tinh do ddc), hay
van toc thay d6i muc nude tai tuyén do Iuu lugng duoc thém vao qua trinh tinh toan. Bai bao nay
trinh bay két qua viéc ap dung phuong phap x4p xi da thirc Chebyshev dang 1 trong viéc xdy dung
cac mo hinh thyc nghiém cho 3 tram thity vin trén luu vuc song Da, mdi tram c6 cac dic trung luu
vuc khdng ché va cac yéu t§ anh hudng rat khac nhau. Két qua phan tich thong qua 5 chi sé danh
gid (MAE, o, Pbias, KGE, va MAPE) cho thiy cac da thirc Chebyshev rat hiéu qua trong viéc xay
dung cac mé hinh quan hé muc nude - luu lugng don gian cling nhu phirc tap. Phuong phap nay
hoan toan ¢6 thé dua vao st dung trong cong tic chinh bién ctia nganh thuy van, tai nguyén nudc.
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Twr khoa: Quan hé luu lugng - myc nude, Chebyshev, song Pa, nudce vat, boi xoi.

1. Giéi thiéu chung

Luu luong nude séng 1a mot yéu td khong
thé thiéu trong phan tich thiy van, du bao thuy
van, danh gia, quy hoach va quan 1y tai nguyén
nude, nham phuc vu phat trién kinh té xa hoi,
phong chong va giam nhe thién tai, dam bao an
ninh nudc. Tuy nhién viéc do dac lién tuc luu
lwong nudce séng 1a khé kha thi do cac van dé lién
quan dén kinh té, cong nghé, va an toan tinh
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mang cla quan tric vién. Bén canh d6, yéu to
muyc nudc trong song lai co thé dugc quan tric
lién tuc, dé dang va it tdn kém v6i tin suat do dac
da day, dac biét 1a véi cac tram quan tric murc
nuoc ty dong. Do vay viéc udce tinh gia tri luu
lwgng mdt cach lién tuc thuong dugc dua trén
cac duong cong quan hé myc nudc - luu luong
(quan hé H-Q) tai mdi tram do.

Phu thudc vao dic trung thiy luc, dac trung
hinh hoc, @6 nham day ctia moi doan song dit
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tram quan tric, cac duong quan hé H-Q cé thé
dugc phan chia thanh 2 loai: don gidn va phirc
tap. Quan hé H-Q don gian t6n tai khi luu lugng
tai mot vi tri do dac chi phy thudc vao myc nudc
tai vi tri d6. Dya vao céc phan tich thuy dong luc
don gian (bo qua tinh bién d6i cua long dan),
ciing c6 thé thiy rang do tinh bat 6n dinh ciia
song 1ii tai cac song suéi ma mbi quan hé H-Q
ludn c6 dang vong day ngay ca trong truong hop
long song khong c6 bii bdi [1]. Anh huéng dang
vong dy nay d6i khi c6 thé bo qua khi do doc
day song 1a rat 16n (I6n hon 1 phan nghin) [2],
hodc trong céc trudng hop gia tri luu lugng trung
binh ngay thay vi luu luong gio 1a yéu tb can xdc
dinh. Do vay, dudng quan hé H-Q don gian van
c¢6 nhiéu y nghia sir dung trong thuc té [1]. Quan
hé H-Q don gian s& khéng con phu hop khi cac
song subi co dd doc nho, c¢6 anh hudng ciia nude
vat, c6 hién tuong tran bii, co tinh bat on dinh
cao (chuyen dong song li nhanh), hay véi cac
song sudi c6 bién doi day dang ké [1-3]. Trong
cac truong hop do thuong phai st dung Quan hé
H-Q phirc tap, lién hé gitta luu lugng voi muc
nude va cac bién phu khac do c¢é sy thiéu dong
nhit gitta muc nude va luu luong.

Phuong phap hdi quy véi cac ham truyén
thé)ng nhu ham tuyén tinh, logarit, ham mii, ham
da thirc, két hop véi phuong phap phan doan theo
cip muc nude thudng duoc sir dung dé xay dung
cac quan hé¢ H-Q don gian [4, 5]. Khi anh hudng
cua song 1a tao nén duong quan h¢ H-Q c6 dang
vong day, phuong phap héi quy phi tuyen su
dung céc bién the cta cong thirc Jones, két hop voi
cac ky thuat ti wu duge sir dung trong [2, 6, 7].
Ciing twong ty nhu ddi véi 1, nude vat do anh
hudng cia hd chira, ciu giao thong, thuy tridu,
lam cho ham quan hé H-Q khong con la don tri.
DPé mo phong quan hé H-Q trong truong hop nay,
phuong phap do doc thudong dugc sir dung [8].
Ngoai ra, Hldayat va cong sy da ap dung phuong
phap chi s6 luu téc (Index-Velocity) va mot bién
thé cua n6 khi str dung may do luu tdc tu dong
H-ADCP dé thiét 1ap quan h¢ Q-H tai tram bi anh
huéng cua nude vat [9]. Két qua cho thiy
phuong phap dua trén cong thirc Jones khong du
d6 chinh xac dé mo phong quan hé H-Q tai tram
ddng thoi chiu bj anh huéng cua nudce vat do ho,

céc nhap luu, thiy triéu va song 1ii. Thém vao do,
hién tuong bdi x6i do tyr nhién va con ngudi dién
ra rat pho bién tai cac con sdng thién nhién. Cac
nghién curu [10-12] da tép trung vao xay dung
céc phuong phap dé xac dinh cac quan hé H-Q
khi doan song bi bdi x6i. Pang chi ¥ 1 trong
nghién ctru [10], cac tac gia di st dung do doc
mit nude 1am bién phu khi xay dung cac duong
quan hé H-Q, twong tu nhu phuong phap do déc
da duge dé cap.

Fenton, 2018 [13], trong nhitng nd lyc tim
kiém cac phuong phap tu dong xay dung quan
hé H-Q ¢ céac tram quan trac luu lugng on dinh,
da chimg minh ham da thirc bac M 1a ham x4p xi
t6t quan hé H-Q khi vé trai ciia phuong trinh 13
Q2. Pong thoi, tac gia ciing 1an dau tién dé xuét
viéc st dung ham da thirc dang nay voi vé phai
la mot tdp cac ham da thic Chebyshev dang 1.
Dé danh gia, tic gia da so sanh dang ham da thirc
truc giao nay v6i ham hodi quy Spline béc 2 va 3
(v6i cac diém nit c6 thé dugc nhap bang tay hodc
phan chia tyr dong). Két luan cua tac gia 1a ca 2
dang ham nay déu hoat dong rit tot va co thé
duogc dua vao tiéu chun nganh khi xay dung cac
quan hé H-Q. bé giai quyét van dé cac dlem
phan tan do bién ddi day song, tac gia dé xuat
khéi niém “duong bao” (“rating envelope™) ddi
v6i cac bién d6i day ngan han va phuong phap
“trong sb theo thoi gian” (weighting with age of
the data) ddi v6i cac bién dbi day dai han. Tuy
nhién, diéu d& nhén thiy 13 tac gia méi chi xét
dén cac dang duong quan hé 1a don gian (Q chi
phu thudc vao H) ma chua xét dén cac truong
hop nuéc vat hay day song bi bdi x6i manh do
con nguoi. Mt khac, diém manh cua cac ham
Chebyshev 1a khong can phan doan, khi so sanh
v6i ham Spline.

Tai Viét Nam, cac nghién clru xdy dung
duong quan hé H-Q chua dugc thuc hién va cong
bd nhiéu [5]. Viéc xay dung cic duong quan hé
nay con phu thudc vao cac quy trinh phirc tap,
v&i nhiéu budce tinh toan, hiéu chinh thu cong, an
chtra nhiéu yéu t6 chii quan ctia nguoi chinh bién
[14], mic du tai liéu ndy di bao gdm céc truong
hop quan h¢ bi anh hudng cua 1u, phai (cac dap
tam), nudc vat, boi xo6i long dan. Phan mém
chinh bién trén may tinh HYDPRODB 1.0 [15]



N. D. Hanh et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 2 (2023) 16-30 19

hién dang duogc str dung tai cac don vi chuyén
moén (tram, dai, trung tim thily van) dd phan nao
loai bot tinh cht quan, ting do chinh xac bang
cach dua 8 dang duong quan h¢ H-Q d6i voi
dang 6n dinh ciing nhu cac > phuong phap dé tinh
cho cac trudng hop khong 6n dinh (gém ca Jones
va splines). Mac du vay, trong [14] va [15] chua
¢6 hudng dan vé viéc lya chon dang duong va
phuong phap nao la tot trong cac truong hop cu
thé. Mit khac, do phan mém c6 ban quyén, la
dong, nén khong thé thay doi va cap nhat cac mo
hinh héi quy va phuong phap méi. Thém vao do,
dang phuong trinh da thirc Chebyshev cling chua
¢6 trong thu vién ham cia phan mém chinh
bién nay.

Nghién ctru nay dugc thyc hién dé tra 1oi hai
cdu hoi sau: i) Phuong phap xip xi da thirc
Chebyshev dang 1 co phu hop dé xay dung
duong quan hé H-Q on dinh, don gian ¢ 3 tram
trén luu vyc song Da khong?; va i) Khi két hop
phwong phap nay véi phuong phap do doc mat
nude va phan doan theo thoi gian dé xay dung
cac quan hé H-Q phurc tap (anh huong boi bién
d6i mit cat, bién dbi long dan, nudce vat) cho cac
tram nay thi két qua ra sao? Cac két qua nghién
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ctu dugce phan tich, danh gia thong qua s6 lidu
quan trac tai cac tram P6 Léch, Na Hu, Nam
Giang trong cac nam tir 2006 dén 2011.

2. Khu vue nghién ctru va dir li€u sir dung
2.1. Khu vuc nghién cuu

Luu vuc song Pa 1a mot trong nhiing luu vuc
song 16n cua Viét Nam, véi dién tich 1a 52.900 km?
(trong d6 phan luu vyc thudc lanh thd Trung
Qudc chiém 49%). La mot song lién qudc gia,
song Da co vi tri déc biét quan trong trong phat
trién kinh té xa hoi vung Tay Bic va Dong Bing
song Hong. Do c6 tiém ning phat trién thuy dién
rat 16n nén trén luu vuc séng Pa da c6 rat nhicu
cac hd chtra thiy dién cta ca Viét Nam va Trung
Qudc duge xay dung. Cac hd chira nay (Hinh 1)
d3 c6 nhing anh hudng sau sic dén ché d6 dong
chay, tai nguyén nudc, van chuyén bun cat va
bién ddi long dan ciing nhu hé sinh thai khu vuc
ha luu cua luu vuc. Nhiing anh hudng nay ciing
1am thay d6i quan hé H-Q nhiéu, it khic nhau tai
cac tram thuy van trén toan luu vuc.
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Hinh 1. Ban d6 luu vuc song Da va cac hd chira co dung tich trén 50 trigu m? (trai)
va vi tri cac tram nghién ctru (phai).



20 N. D. Hanh et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 2 (2023) 16-30

2.2. Lya chon tram va dit liéu su dung

Nghién ctru da Iya chon 3 tram thuy van P6
Léch, Na Hu, va Nam Giang do cac tram nay
khéng ché cac dién tich luu vuc rit khac nhau va
bi anh hudng béi cac nhan té khac nhau & cudi
thoi ky tinh toan (2010-2011). Dudi day 1a mot
sb nét chinh vé céc tram.

Tram thuy van Po Léch thudc xa Can HO,
huyén Muong T¢, tinh Lai Chau. Dién tich
khéng ché tram 13 26270 km?. Tram duoc thanh
1ap nam 2003, 1a tram thuy van hang 1 dé phuc
vu xdy dung ho ‘thuy dién Son La va tiép tuc do
tr ndm 2007 dén nam 2011 phyc vu tinh toan
thiét ké cho ho thuy dién Lai Chau. Sau dé, tram
khong con dugc duy tri hoat dong nita. Cac dir
liéu do Q, H cua tram P6 Léch da dugce sir dung
trong nghién ctru xdy dung quan hé H-Q bang
mot s6 phuong trinh hdi quy trong [5].

Tram Thuy van Na Hu duoc xay dung trén
song Nam Bum thudc Ban Na Hur, Xa Bum Nua,
Huyén Muong T¢, Tinh Lai Chau. Dién tich luu
vuc khéng ché 1 155 km?2. Tram duoc thanh 1ap
nam 1967, 1a tram hang 2 thudc séng mién ni,
quan tric cac yéu td luu luwgng, myuc nude, lugng
mua, nhiét d6. Tram nim & phia bd phai song
Nam Bum. Luu vuc nay mang dac tinh co ban
ctia song mién nii 14 dai va hep nén 1i tap chung
nhanh va rat nhanh, d6 déc long séng rat 16n. Tur
thang 11 ndm 2009, do tién hanh du 4n lam tinh
10 Muong T¢ - Pa Tén, tai khu vuc phia thugng
luu (ngoai hanh lang doan sdng dat tram), dat da
d6 xudng long song rat nhiéu do viéc mé duong,
do d6 trong nam 2010, 2011 ng véi mdi thoi ky
thi cong 1am dudng va co lii xuat hién trén song
thi mit cit tuyén do Q va H ctia tram bi boi 1én 15
1ét, cao trinh day séng bi nang dan 1én theo thoi
gian va theo bién trinh ctia cac trén 1ii trong nam.

Tram thuly van Nam Giang thudc dia phan xa
Chan Nua, huyén Sin H9, tinh Lai Chau, cach thi
xa Muong Lay tinh Dién Bién khoang 30 km.
Dién tich luu vyc tram khong ché 1a 6740 km?.
Tram duoc thanh 1ap nam 1964, la tram hang 2
thuc hién viéc quan tric, do dac cac yéu té thuy
van trén song Nam Na thudc luu vuc song Da
nham phuc vu cic cong trinh dan sinh, kinh té
ctia dja phuong, thu thap sb liéu phuc vu cong

tac du bao phong chéng thién tai, diéu tiét ho
chura thiy dién. Phia thugng luu cua tram thay
van Nam Giang ¢6 3 thuy dién: Thuy di€n Nam
Na 3 céach tram khoang 4 km, xay dung tir nam
2012; thuy dién Nam Na 2 (xay dyng ndgm 2009)
cach tram khoang 37 km, phia ddu ngudn song
c6 thuy dién Nam Na 1 (xay dyng nam 2014).
Trong thoi ky tinh todn, dong chay qua tram
Thuy van Nam Giang it chiu anh hudng thuy
dién Nam Na 2 phia thugng luu, va chiu anh
hudng lon ctia nude vat tir thuy dién Son La nam
2011 (chan dong, tich nudc tir ngay 15/5/2010).

Béng 1. Thong ké dit liéu sir dung trong nghién ciru

(tir nim 2006 dén 2011)

PO Na Hir Nam
Léch Giang

Ségi(%ﬁ)do 398 225 324
Hl\ o 27070 33981 21504
H. 25666 33696 20448
HY .. 27251 33916 21504
HY. 25671 33696 20424
Q9. 6460 155 3050
Q5. 42,7 22 35,8

Smax 86 9,2

Khong
Smin co 13 0,02

S6 liu dugc sir dung trong nghién ctru nay
bao gom sd liéu muc nude va luu lugng do dong
thoi trong cac nam tir 2006 - 2011 tai 3 tram Po
Léch, Na Hur, Nam Giang ciling nhu ) liéu muc
nude 16n nhat, nho nhat (khong do Q) va do doc
16n nhat, nho nhat. S6 lugng diém do, cac gia tri
tire thoi, gia tri max, min cua H, Q va do dbc (S)
duge duge tom tit trong bang 1. Cac cip do
Q9 —HY (gauging) la cac gia tri Q, H dugc
duogc do dong thoi; cac gia tri do H khong dong
thoi vai do Q duoc ky hiéu la H™.
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Trén Hinh 2 1a cac diém H-Q thuc do tong
hop (6 nam) ctia 3 tram Na Hu, Po Léch, Nam
Giang. Qua d6 c6 thé thiy: ddi véi tram P6 Léch,
quan hé H-Q trong thoi ky 2006-2011 twong dbi
6n dinh (Hinh 2a); d6i véi tram Na Hir (Hinh 2b),
quan hé H-Q co su thay doi gitra cac nam, tir
2006 dén 2009 tuwong ddi on dinh, tuy nhién co
thé thay rat rd anh huong cua su bién ddi 1ong
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dan dic biét 1a vao thoi ky mua lii trong nam
2010 va 2011; ddi v6i tram Nam Giang (Hinh
2¢), quan hé H-Q trude ndm 2011 twong ddi 6n
dinh, tuy nhién véi s6 liéu ndm 2011 cho théy tu
thang 11/2010, do anh hudng cua viéc tich nudc
ctia hd chira thity dién Son La nén quan hé H-Q
bi bién ddi rd rét.

.
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Hinh 2. Quan h¢ myc nudc - luu lugng thue do tai cac tram nghién ctru tir 2006 dén 2011.

3. Phuong phap

3.1. Co so thuy dong luc hoc cua moi quan hé

H-Q

Trong truong hop dong chay nho, cac yéu t6
ctiia mit cat nhu hinh dang, d6 nham,... 1a nhiing
yéu t6 chinh c¢6 anh huong dén quan hé H-Q va
quan hé nay thuong cé dang don gian, tuyén tinh.
Vi cac truong hop dong chay trung binh hodc

16n thi cac yéu t& mat cit anh hudng it di, va cac
yéu t6 quyét dinh cua long dan dén quan hé H-Q
tr nén quan trong hon, bao gdm cac dic diém
vét Iy ctia phan long dan phia ha luu (nhu hinh
dang, do dbc, do cong va do nham). Cac yéu td
nay c6 thé duoc md ta bang phwong trinh
Manning nhu sau [3]:

k 2.1
v=;R3Sf2 (1)
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Voi k = 1,49 trong h¢ do ludng ciia Anh va
k=1 trong hé¢ mét, nla hé s6 nham, R 14 ban kinh
thuy e, Sy la do dbc ma sét, v 13 vén toc trung
binh mit cét. Ban kinh thuy luc dugce tinh nhu sau:

A

R=1% @

Vi A la dién tich mat cat uét, P 1a chu vi uét.
Tt phuong trinh (1), ta ¢6 luu lugng, dugce
tinh toan tir van toc va dién tich mat cit song:

Q=%AR:Sz 3)

béi V‘(')’i dong chay 6n dinh déu, d6 doc ma
sat Sy bang d6 doc day S, theo [16], phuong
trinh (3) tr¢ thanh:

k 2 1
Q =1 AR3 Sy @

Dbi voi trudng hop kénh hinh chir nhat, voi
B 14 chiéu rong, Y 1a d6 siu, ta co:
1
Q=7 BY: S ©
Phuong trinh (5) mo ta mdi quan hé giita
muc nudc va luu lugng trong mot kénh chit nhat
trong diéu kién dong chay 6n dinh va dong nhat.
Mbi quan hé nay chi dung khi doan kénh c6 dic
trung hinh hoc, do nham va d6 doc day khong
thay d6i. Tuy nhién, trong cac dong chay tu
nhién va song sudi, dong chay 6n dinh va dong
nhét hiém khi c¢6 duoc do tinh bién ddi theo
khong gian va thoi gian cua dong chay trong
kénh ho. Cac yéu t nhu tinh khong 6n dinh, gia
tdc huéng dong va ap luc thuy dong tao nén su
sai khac so voi dong chay 6n dinh. Khi dong
chay chu yéu 12 mot chiéu, d6 déc ma sat co thé
dugc biéu dién bang phuong trinh (6).
Sf:SO_a_y_ﬂ@_la_” (6)
Trong d6: (dy/0x) 1a su thay ddi ciia do sau
dong chay (y) theo khoang cach (x), thé hién anh
huong cua sy khong dong nhit long dan;
(v/g)(6v/0x) 1a gia téc dbi luu, trong d6 v 14 van
tbc va g 1a gia tdc trong trudng, dic trung cho
anh huong cua sy thay ddi van tbc doc theo long
dan; (1/g)(@v/et) dai dién cho do khong on dinh
cta dong chay, trong d6 (0v/ot) biéu thi sy thay
d6i van toc theo thoi gian.

Bing cach két hop cac sd hang nay, phuong
trinh (6) xem xét anh huong cia sy khong dong
nhat ctia kénh, su thay doi van toc dong chay va
su khong on dinh trén d6 doc ma sat cia dong
chay. Nhiing yéu t6 cua thiy dong luc hoc gay
nén sy phuc tap cua duong cong quan hé luu
lwong muc nudc.

Bén canh do, tir nguyén 1y bao toan vét chét
ta c6 phuong trinh lién tuc cho dong chdy mot
chiéu khong c6 nhép luu c6 thé duoge viét nhu sau:

2Q , 04 _
a+5—0 @)

Tir cac phuong trinh (6) va (7) ¢6 thé thay
céc yéu té chinh anh hudong dén diéu kién thay
dong lyc la: Tinh khong ddng nhét ciia long dan,
tinh bat 6n dinh ctia dong chay va chénh léch ap
suét thiy tinh. Do anh hudng ciia cac yéu td nay
khién cho quan hé H-Q tai mot vi tri trong song
tu nhién luén c6 dang vong day trong [17, 18].

3.2. C&c phwrong phap xdy dung quan hé H-Q

3.2.1. Xdy dung quan hé H-Q dang da thirc
thuong

Theo phuong phép nay, luu lugng Q co thé
duoc biéu dién bé“mg mot da thirc bic M cua muc
nudc H [13, 19, 20]:

Q =ay+aH +ayh? + -+ ayHM =
Y=o H™ €))

Trong d6: ay, a4, ..., ay 1a cac hé s6. Co thé
sir dung phuong phéap binh phuong tdi thiéu dé
xac dinh cac hé s6. Fenton [20] d& xuét st dung
da thirc vai QV:

Q¥ =ay + ayH + ayh? + -+ ayHY =
=0 amH™ ©)
va kién nghi lay v = 1/2.

Trong nghién ctru [5], khi ap dung dang ham
da thire (8), (9) véi bac 1, 2 va so sanh voi mot
s6 dang ham thuong dung thi cho thiy sir dung
ham dang phuong trinh (9) véi M = 2 (sau day
goi 1a ham da thirc thuong) cho két qua tét nhat
v6i trudng hop cua tram P6 Léch. Tuy nhién khi
ap dung dang ham nay cho duong tong hop (TH)
van chua dam bao tiéu chi danh gia o < 5%.



N. D. Hanh et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 39, No. 2 (2023) 16-30 23

Trong phuong trinh (9) c6 thé thay cac ham
H™ bang mot ham tong quat hon f,,, (H):

=aofo(H) +a;fi(H) + -+ ayfu(H) =

Y=0 A fin (H) (10)

Theo [20] Mot 6 ham f, (H) thudng ding

c6 thé ké dén nhu cac phuong trinh 11, 12, 13,
sau:

fm (H) = H™ (11)
fm (H) = (H - Hmin)m (12)
fonmym (13)

Trong d6 y duoc chuan hoa trong khoang
[-1, +1] nhu sau:
y=-1+2

H—Hp;
Hmax—Hmin
vOi Hpygyn Hin 12 gia tri 16n nhat, nhé nhat cia
muc nudc

3.2.2. Xay dung quan hé H-Q su dung da
thitc Chebyshev dang 1

Pa thuc Chebyshev dang 1 1a mét loai da
thirc truc giao déc biét, duge ky hiéu la T;, (x)
trong d6 n 1a mot s6 nguyén duong va x 1a bién
s0. Pa thirc nay dugc xac dinh trén doan
[-1, 1]. Pa thitc Chebyshev dang 1 ¢6 nhiéu img
dung trong cac linh vuc nhu x4p xi ham s6, tich
phan s6 hoc, xir 1y tin hiéu, giai phuong trinh vi
phan va ca Iy thuyét xac suat [21]. Mot tmg dung
quan trong cua da thirc Chebyshev dang 1 1a xap
xi ham s6 xac dinh trén khoang [-1, 1]. Véi cac
hé s6 phu hop, ta c6 thé biéu dién mot ham bat
ky xac dinh trén khoang nay dudi dang mét t6
hop tuyén tinh cua cac da thirc Chebyshev dang
1. Biéu nay rat hitu ich trong viéc xay dung cac
phuong phap x4p xi hiéu qua cho tinh toan sb.
Fenton [13] di ap dung xdp xi da thiic
Chebyshev dang 1 dé xay dung quan hé H-Q tai
mdt sb tram & Australia, Bangladesh, Hoa Ky va
cho thdy hiéu qua cua viéc st dung da thirc
Chebyshev dang 1. Trong nghién ctru nay, tac
gia ciing da dwa ra kién nghi sir dung cac da thirc
Chebyshev v6i s6 bac nho hon hoic bang 10.
McMahon va Peel [22] khi phén tich tinh bat
dinh cua cac duong quan hé H-Q ciling da lua
chon str dung x4p xi da thirc Chebyshev dang 1
v6i cac bac khac nhau tir 1 dén 11 dé xay dung

cac quan h¢ H-Q. Chinh vi vay trong nghién ctru
nay nhom tac gia da nghién ctru st dung phuong
phap xip xi da thirc Cheybyshev dang 1 xay
dung quan h¢ H-Q cho cac tram thuy van trén
lvu vuc song Da. Pé co thé ap dung duoc
phuong phéap nay, sir dung dang biéu dién cua
luu lugng theo muc nuéc giéng nhu phuong
trinh (10) véi ham f;,, 1a da thitc Chebyshev dang
1 bac m (f,;, = T, (¥)), nhu vdy ta c6 phuong
trinh (15) nhu sau:

QY = m 0am T () (15)

Trong d6 Tm(y) = cos(m * arccos(y)), duoc
goi la da thic Chebyshev dang 1, y duoc tinh
theo phuong trinh (14).

Dé x4c dinh cac hé sb a,,, 6 thé c6 2 phuong
phap 13 t6i wu hoa (Optimisation methods) va
phuong trinh chuin (Normal equations). Trong
nghién ciu nay, phuong phap phuong trinh
chuan duoc ap dung dé xdy dyng chuong trinh
tinh toan xac dinh cac hé so a,,. Cac budc tinh
toan theo phuong phép nay co6 thé tham khao tir
tai liéu [13].

3.2.3. Phurong phdp dé doc

Phwong phap quan hé H-Q phu thudc do dbc
(goi tat 1a phuong phap d6 dc) dugc nghién ctiru
ung dung thtr nghiém vai cac trudng hop quan
hé H-Q khong 6n dinh & tram Na Hur (ndm 2010,
2011) va tram Nam Giang (2011) nhu da phan
tich trong phan 2.2. C6 hai loai phuong phép do
dbc 1a: i) Phuong phap do dbc khong doi; va
if) Phuong phap d6 déc thay doi. Phuong phap
d6 dbc khong ddi thuong dugc ap dung trong
truong hop c¢6 nudc vat tai tat ca cac muyc nudc
Va tai tat ca cac thoi didm nhung n6 khéng phu
hop voi cac trudong hgp nudc vat gian doan.
Phuong phap d6 dbc thay d6i c6 thé dung cho ca
truong hop nudc vat gian doan hay nudc vat toan
b0 thoi gian. Vi vay phuong phap sir dung trong
nghién clru nay 1a phuong phap do déc thay dbi.
Phuong phap d6 dbc thay doi thuc hién tinh toan
theo nguyén tic chung 1a dau tién xdy dung mot
quan h¢ myc nudc - luu lugng don gian, sau do
s& tién hanh tinh toan hiéu chinh dan cac gia tri
Iuu lugng tinh toan dua trén mét quan hé gitra do
dbc va myc nude. Véi phuong phép nay, dur liéu
dau vao trong qua trinh tinh todn bao gdm luu
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luong (Q9), muc nude (HI) va d6 ddc miat nudce
(S) thuc do. Céac budc tinh todn theo phuong
phap nay c6 thé dwoc tham khao tir tai liéu [17,
19].

3.2.4. Cdc chi tiéu danh gid va phwong phdp
phan doan theo thoi gian

Niam (05) chi s6 danh gia do khép gitra luu
luong tinh toan tu cdc md hinh va gia tri luu
lugng do dac duogc st dung, bao gém: MAE, o,
Pbias, KGE, va MAPE. Bén chi s6 dau cling nhu
phuong phap phan doan tu dong theo do 16n muc
nuéc di duoc mo ta trong [5]. Chi s6 MAPE
duogc trinh bay & phuong trinh (16) dudi day.

MAPE = =-37.,109 - Q*)/Q9]  (16)

Phuong phap phan doan theo thoi gian (con
dugc goi 1a Phuong phap nbi theo thir ty thoi
gian trong [14]) st dung quy trinh phan nho dai
diém H-Q thuc do thanh cac doan n01 lién véi
nhau theo thu tu thoi gian. DPdi v6i mdi doan s&
xdy dung mot mé hinh hdi quy twong tung. Gia
tri luu luong gio giira 2 ddu mat cia mdi doan
duge noi suy tir phwong trinh hdi quy cua doan

d6. Nhu trong [14] di khuyén cao, phuong phap
nay chi nén sir dung khi s6 cac diém do luu luong
1a nhidu va khong nén sir dung khi dudng quan
hé H-Q c6 dang gan nhu duong nim ngang. O
day, nhom tac giad st dung phuong phép thir sai
(thu cong) dé chon cac nit phan doan.

4. Két qua va thao ludn
4.1. Phuong phap khong phdn doan

Cac quan hé¢ myc nudc - luu luong theo da
thirc thuong , Chebyshev dang 1, 6 ddc 1an luogt
dugc ap dung cho cac s6 liéu thuc do cua tram
P6 Léch, Na Hir, Nam Giang giai doan tir 2006
dén 2011. Riéng tram P6 Léch, do khong co s6
liu do d6 dbc nén khong ap dung dugce phuong
phap d6 dbc. Poi v6i dang da thirc Chebyshev,
nghién ciru di tinh toan thir nghiém véi nhiéu
bac khac nhau va két qua cho thiy da thirc
Chebyshev bac 4 cho két qua tot nhat. Cac két
qua danh gia gitta cdc dang dudong quan hé¢ H-Q
khac nhau dugc trinh bay trong Bang 2.

Bang 2. Két qua d4nh gia quan hé H-Q bang phuong phap khong phan doan theo cip muc nudce

Pa thirc thuong Chebyshev bac 4 khong Slope khéng
khong phan doan phan doan phin doan

Nim | Chisé | PoLéch | NaHir | oM | psréch | NaHr | ~9m | Napy | Nam
Giang Giang Giang

MAE 53,89 1,12 19,68 11,45 0,75 9,69 0,56 18,85

KGE 0,998 0,995 0,999 1,000 0,996 0,999 0,983 0,960

2006 |MAPE(%)| 6,20 4,28 6,38 1,03 2,48 1,97 1,04 2,74
Pbias(%) 0,061 0,053 0,042 0,003 0,035 0,009 -0,386 -1,658

(%) 8,42 4,93 8,38 1,46 3,28 2,77 1,57 3,98

MAE 59,77 0,77 9,50 8,74 0,41 4,92 0,25 10,34

KGE 0,997 0,999 1,000 1,000 0,999 1,000 0,980 0,982

2007 |MAPE(%)| 8,51 5,97 2,39 1,16 2,93 1,79 1,09 1,81
Pbias(%) | 0,066 0,044 0,011 0,002 0,019 0,007 -0,434 -0,801

(%) 11,47 7,47 4,00 1,95 3,95 3,47 1,25 2,09

MAE 25,45 0,46 12,40 9,47 0,45 9,68 0,43 11,22

KGE 0,996 1,000 1,000 1,000 1,000 1,000 0,995 0,951

2008 |MAPE(%)| 5,63 2,74 2,25 2,39 2,23 1,99 2,51 1,15
Pbias(%) 0,038 0,011 0,011 0,011 0,008 0,008 -0,354 -0,874

(%) 8,74 3,64 2,64 5,64 2,70 2,61 3,65 1,68

MAE 15,47 0,59 10,74 9,86 0,44 8,34 0,81 3,88

KGE 0,999 0,998 0,999 1,000 1,000 0,999 0,970 0,967

2009 |MAPE(%)| 2,82 3,50 2,95 1,49 2,33 2,34 1,82 0,74
Pbias(%) 0,015 0,015 0,018 0,004 0,008 0,012 -0,761 -0,711

(%) 5,13 4,41 3,63 2,49 3,36 2,86 2,03 1,78
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MAE 13,76 7,89 10,86 8,54 7,39 9,08 6,01 10,59
KGE 0,999 0,918 0,999 1,000 0,932 0,999 0,833 0,972
2010 |MAPE(%)| 2,76 54,94 3,55 1,38 41,35 3,25 32,48 2,87
Pbias(%) | 0,011 4,267 0,030 0,004 3,120 0,024 0,084 -0,223
o(%) 4,07 50,32 4,55 1,69 43,42 4,26 29,44 3,34
MAE 12,98 11,84 88,87 7,77 10,26 104,70 7,04 24,95
KGE 0,999 0,607 0,131 0,999 0,833 0,154 0,898 0,596
2011 |MAPE(%)| 2,42 100,48 42,84 1,32 77,14 50,71 31,98 10,38
Pbias(%) | 0,012 10,305 6,032 0,005 6,904 4,552 5,422 -4,503
6(%) 3,22 88,96 60,85 1,71 99,82 65,76 44,92 15,34
MAE 46,77 11,15 190,06 35,26 11,15 175,12 11,61 34,57
KGE 0,997 0,566 0,323 0,998 0,589 0,439 -0,004 0,857
TH MAPE(%)| 7,07 84,39 56,72 4,08 82,44 54,83 32,04 9,21
Pbias(%) | 0,080 8,219 7,950 0,033 8,085 7,175 -14,073 | -4,678
6(%) 9,80 48,52 65,20 5,26 47,53 53,56 32,79 22,31

Qua Bang 2 c6 thé thdy ring voi phuong
phap khong phan doan theo cdp muc nude, khi
so sanh giltta dang quan hé suu dung da thtc
thuong va da thitc Chebyshev thi nhin chung
phuong phép sir dung da thitc Chebyshev cho két
qua tot hon. Trén Hinh 3 1a so sanh quan hé H-Q
tong hop tai tram P6 Léch xay dyng bing
phuong phap khong phan doan dang ham da thire
thuong (SQRT(Q)&H) va dang ham da thuc
Chebyshev. Qua d6 c6 thé thdy dang da thirc
Chebyshev cho két qua phut hop hon so véi dang
ham da thirc thudng, nhat 1a & phan nudc cao.

Po Lach

Hinh 3. So sanh cac quan hé H-Q tong hop tram Po
Léch khi str dung ham da thure thuong va da thic
Chebyshev (khdng ap dung phan doan).

Ciing tir Bang 2 c6 thé thdy khi ap dung
phuong phap d6 dbc cho cac nam 6n dinh cua
tram Na Hir va Nam Giang thi hiéu qua cia viéc
dua thém d¢ doc vao xiy dung quan hé H-Q
cling khong cai thién dugc ro rét két qua so voi

quan hé H-Q don gian dang da thirc Chebyshev.
Tuy nhién d6i véi cac nam khong 6n dinh (nim
2010, 2011 ¢ tram Na Hur va nam 2011 ¢ tram
Nam Giang) thi phuong phap da thirc Chebyshev
st dung doc lap khong con phu hgp nira. Mat
khac, phuong phap do doc lai c6 thé cai thién
duoc dang ké két qua (tit ca cac chi sb danh gia
déu t6t 1én). Diéu nay ciing c6 thé thdy rat rd
trong Hinh 4 va Hinh 5 khi so sanh gitra phuong
phap st dung da thitc Chebyshev va phuong
phap sir dung d6 ddc khi xay dung quan hé H-Q
tong hop (c6 bao gdm cac nam khong 6n dinh)
cua tram Na Hur va Nam Giang. Cac gia tri tinh
toan c6 str dung d6 dbc da phu hop hon véi cac
gia tri thuc do rat nhiéu. Tuy nhién cac két qua
nay van chua dam bao yéu ciu, vi vay can thuc
hién phan doan dé tinh toan nham nang cao két
qua tinh toan.

Na H

Hinh 4. So sanh quan hé H-Q témg hop tai tram
Na Hur khi sur dung da thire thuong, ham Chebyshev
va phuong phap d6 doc (khdng ap dung phan doan).
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Hinh 5. So sanh quan hé H-Q tong hop tai tram Nam
Giang khi sir dung da thirc thuong, ham Chebyshev
va phuong phap d6 doc (khong ap dung phan doan).

4.2. Phuong phap phan doan theo cdp muec nude
va phdn doan theo chuoi thoi gian

Dé nang cao chit luong cac quan hé H-Q, céc
chuoi so liéu thyc do luu lugng, myc nudc can

duoc phan tach ra thanh mot s6 doan, mdi doan
st dung mot phuong trinh quan hé riéng. Viéc
phan doan c6 thé dugc thuc hién theo hai cach
la: i) Phan doan ty dong theo cAp muc nude nhu
dugc dé xuét trong nghién ciru [5]; ii) Phan doan
theo thoi gian nhu trong muyc 3.2.4. Két qua tinh
toan thyuc té cho thdy cach phan doan ty dong
theo cép muc nudc chi ap dung dugc véi cic
nam/tram 6n dinh, con véi nhitng nam/tram
khong 6n dinh thi can tién hanh phan doan theo
céch phan doan theo thoi gian. Sau day 1a cac két
qua tinh todn bang phuong phip phan doan ty
dong (4.2.1) va bang phuong phap phan doan
theo thir ty thoi gian (4.2.2).

4.2.1. Phan doan ty dong theo cd’p muyc nuoc
cho cac ndam on dinh

Trén Bang 3 1a két qua danh gia quan hé H-
Q don gian xdy dung bang phuong phap phan
doan ty dong cho cac nam/tram on dinh.

Bang 3. Két qua danh gia quan hé H-Q theo phwong phép phan doan tw dong cho cic nam 6n dinh

Pa thirc thuong phan doan tu dong Chebyshev bac 4 phan doan tu dong
Nim Chi sb Po Léch NaHtr | Nam Giang | P6 Léch Na Hur Nam Giang
MAE 10,03 60,74 10,29 9,58 0,71 8,75
KGE 1,000 0,996 0,999 1,000 0,996 0,999
2006 MAPE(%) 0,88 1,97 1,70 0,79 1,80 1,51
Pbias(%) 0,002 0,034 0,009 0,002 0,028 0,007
(%) 1,19 2,81 2,16 1,06 2,44 1,96
MAE 8,29 0,37 5,04 6,40 0,29 3,94
KGE 1,000 0,999 1,000 1,000 0,999 1,000
2007 MAPE(%) 1,13 2,34 1,66 0,87 1,73 1,41
Pbias(%) 0,002 0,014 0,006 0,001 0,007 0,005
o(%) 1,99 2,96 3,35 1,36 2,24 3,19
MAE 7,90 0,38 7,69 6,85 0,27 6,56
KGE 1,000 0,999 1,000 1,000 1,000 1,000
2008 MAPE(%) 2,12 1,78 1,43 1,98 1,34 1,27
Pbias(%) 0,009 0,007 0,005 0,008 0,004 0,003
(%) 4,96 2,40 1,95 4,56 1,81 1,69
MAE 7,19 0,35 7,95 6,98 0,31 5,55
KGE 1,000 1,000 0,999 1,000 1,000 1,000
2009 MAPE(%) 1,24 1,60 2,12 1,20 1,12 1,58
Pbias(%) 0,003 0,006 0,011 0,003 0,004 0,006
o(%) 2,04 2,06 2,71 1,92 1,54 2,15
MAE 6,87 8,40 6,22 7,20
KGE 1,000 0,999 1,000 0,999
2010 MAPE(%) 1,13 2,98 0,95 2,43
Pbias(%) 0,003 0,019 0,002 0,014
(%) 1,50 3,67 1,23 3,07
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MAE 7,26 6,11
KGE 1,000 1,000

2011 | MAPE(%) 1,15 1,08
Pbias(%) 0,004 0,003

(%) 1,54 1,51

MAE 32,77 31,99

KGE 0,998 0,998

TH MAPE (%) 3,84 3,80
Pbias(%) 0,031 0,031

(%) 5,00 4,98

So sanh két qua ciia Bang 3 voi Bang 2 cho
thdy voi cac ndm/tram 6n dinh, sir dung phuong
phap phan doan tu dong cho két qua cai thién
hon so v&i phuong phap khong phan doan. Qua
Béng 3 ta ciing c6 thé thiy sir dung phuong phap
phan doan ty dong thi quan h¢ H-Q dang da thurc
Chebyshev déu cho két qua tot hon so v6i dang
da thirc thuong.

4.2.2. Phdn doan theo thoi gian cho nhitng
nam/tram khong on dinh

Trén Bang 4 1a két qua danh gia xdy dung
quan hé H-Q phan doan theo thoi gian cho cac
nim/tram khong 6n dinh st dung dang ham
Chebyshev va phuong phap d6 ddc cua tram Na
Hur va Nam Giang. Cac duong quan hé H-Q ndm

2010, 2011 cia tram Na Hu xay dung theo
phuong phap phan doan theo thoi gian dung ham
Chebyshev duoc thé hién nhu trong Hinh 6 va
Hinh 7.

Ti Hinh 6, Hinh 7 va két qua trong Bang 4
cho thay d6i v6i tram Na Hr, sir dung phuong
phap phan doan theo thoi gian dé xay dung quan
hé H-Q don gian dang da thic Chebyshev da
nang cao chét lvong két qua dang ké nhung chua
dam bao dugc didu kién o <5% (=11,04% vai
nam 2010 va =9,70% vo6i nam 2011). Tuy nhién,
khi hiéu chinh quan hé H-Q phuc tap theo
phuong phap d6 déc cho nhitng nam nay thi cho
két qua o <5% (=1,65% véi nam 2010 va
=4,16% voi nam 2011).

Bang 4. Két qua danh gi4 quan hé H-Q phéan doan theo thdi gian cho cac nam/tram khong 6n dinh

Chebyshev bac 4 phan doan theo thoi gian | Phuong phap d6 doc phan doan theo thoi gian
Nim | Chisb Na Hu Nam Giang Na Hu Nam Giang
MAE 1,18 0,16
KGE 0,992 0,996
2010 | MAPE(%) 5,92 1,07
Pbias(%) 0,242 -0,212
o(%) 11,04 1,65
MAE 1,80 40,78 1,30 15,24
KGE 0,984 0,859 0,980 0,976
2011 | MAPE(%) 7,38 22,90 3,30 7,57
Pbias(%) 0,190 1,808 -0,138 -1,399
o(%) 9,70 34,26 4,16 12,42

Trén Hinh 8 1a so sanh quan hé H-Q xay
dung theo phuong phap phan doan theo thoi gian
gitra dang da thirc Chebyshev va dang c6 st dung
d6 dbc. Qua d6 ta co thé thiy rang di v6i tram

Néam Giang, st dung phuong phap phan doan
theo thoi gian dé xay dung quan hé H-Q don gian
dang da thuc Chebyshev tuy c6 cdi thién dugc
két qua hon so v6i khong phan doan, nhung van
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chua dam bao yéu cau. Nguyén nhan 1a do trong
nam 2011 tram Nam Giang chiu anh hudng cia
viéc tich nudc & hd Son La gay nén hién tuong
nuoc vat, duong quan hé H-Q don gian khong
con phu hop nita. Chinh vi vay khi dp dung
phuong phap do dbc xay dyng quan hé H-Q thi
két qua déd dugc nang cao r6 rét. Tuy nhién két
qua nay van chua dam bao chat luong ciia quan
hé H-Q, vi vay can c6 thém nhiing nghién ciru
cho trudng hop nim/tram khéng 6n dinh & tram
Nam Giang.

Na Hir 2010

zzzzz

2 im%s)

Hinh 6. So snh céc quan hé H-Q tai tram Na Hur
2010 khi str dung da thitc Chebyshev va khi sir dung
phuong phap d6 doc (c6 ap dung phuong phap phan

doan theo thoi gian).

s Hir 2011
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Hinh 7. So séanh c&c quan hé H-Q tram Na Hur 2011
khi sir dung da thirc Chebyshev va khi sir dung
phuong phap do déc (4p dung phuong phap phan
doan theo thoi gian).
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Hinh 8. So s&nh cé&c quan hé H-Q tai tram Nam
Giang 2011 khi st dung da thirc Chebyshev va khi
sir dung phuong phap d6 déc (4p dung phwong phap
phéan doan theo thoi gian).

5. Két luan

Trong nghién ciru nay, phuong phap xap xi
da thirc Chebyshev dang 1 duoc ap dung thir
nghiém dé xay dung cic mo hinh quan hé H-Q
cho cac tram P6 Léch, Na Hir, Nam Giang trong
cac nam 6n dinh va khong 6n dinh. Két qua cho
thay phuong phap xap xi da thirc Chebyshev
dang 1 c6 thé ap dung tot véi trudng hop quan
hé H-Q don gian. Va trong truong hgp nay, st
dung phan doan ty dong chi dat két qua tdt hon
chdt it (¢ nam 2008, tram P6 Léch) so v6i khdng
phan doan. Nhu vay c6 thé khong can phan doan
khi st dung cac ham da thirc Chebyshev trong
truong hop timg nim on dinh. Py 12 mot wu
diém ctia phuong phap nay.

Tuy nhién, trong trudng hop quan hé H-Q
phire tap thi cac phuwong phap xdp xi da thirc (ca
Chebyshev) dé xay dung quan hé H-Q theo 2
phuong phap khong phan doan va phan doan tu
dong déu khong dam bao. Vi véy can tién hanh
phan doan theo thoi gian. Pbi véi truong hop 2
nam khéng 6n dinh ctia tram Na Hir (ndm 2010
va 2011) do anh hudng cia bién doi long dan,
viéc tién hanh phan doan theo thoi gian va xay
dung dudng quan hé H-Q st dung phuong phap
d6 déc (v6i ham da thuc Chebyshev lam
co s0) di cho két qua tbt, dam bao cac yéu ciu
can thiét.
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Véi truong hop quan hé H-Q khong 6n dinh
va chiu d&nh hudng cta hién tugng nudc vat (tram
Nam Giang nam 2011) thi viéc xay dyng md
hinh quan hé¢ H-Q dua trén phuong phap phan
doan theo thoi gian, st dung phuong phap do dde
(v6i ham xép xi da thirc Chebyshev lam co s6)
d3 néng cao chat luong dang ké.

Céc két qua tir bai bao cho thay mo hinh da
thirc Chebyshev dang 1 hoan toan c6 thé duoc
dua vao sir dung trong cong tac chinh bién cia
nganh thily van & tai nguyén nudc. Pong thoi
céc két qua ciing 1am co s cho cac nghién ciru
tiép theo trong xdy dung cac quan hé H-Q phirc
tap va phan doan tu dong theo thoi gian dé phuc
vu du bao thiy van theo thoi gian thuc.

Bén canh nhiing két qua dat duogc, con mot
s6 van dé can tiép tuc duoc nghién ciru dé thiét
lap dugc mot bo cong cu tur dong xay dung cac
duong quan hé H-Q cho cac tram thuy van nhu:
tinh toan stir dung thém cac phuong phap xay
dung duong quan hé H-Q khac, dic biét la cac
phuong phap xay dung quan hé H-Q phuc tap;
Ap dung cac phuong phap khai pha dir lidu, hoc
may,... @ c6 thé tién hanh ty dong phan doan
theo thoi gian chudi sb liéu thue do muc nude,
Iru lugng; Nghién ctru danh gid tinh bat dinh cia
cac duong quan hé H-Q duoc xay dung.
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