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Ngay nhén bai: 15/8/2022; ngdy chuyén phdn bién: 16/8/2022; ngay chép nhan déng: 12/9/2022

Tém tat: Trong cdc mé hinh thiy vén cn phdi hiéu chinh nhiéu tham sé cho tirng lwu vire, viéc hiéu chinh
nay phu thuéc vao kinh nghiém cua nguwéi lam dw bdo. Trong bai bdo ndy, nhém tdc gid thir nghiém mét s6
phuwong phdp do tim téi wu dé tim ra b6 tham s6 phi hop nhét cho lwu viee. Mé hinh thwong mai MIKE 11 -
NAM, HEC-HMS v mé hinh tw phdt trién ImechTV2 duoc dp dung tinh todn cho lwu vire hd Bén Ve.

Vi bé théng s6 dé do tim trong con I ndm 2018, nhdém tdc gid dp dung kiém dinh cho con I ndm 2021
dat duoc két qua tét. Mdc du thoi gian do tim cda mé hinh thdy vdn phdn bé ImechTV2 ld I6n nhung chi s6
ddnh gig mé hinh Nash-Sutcliffe Efficiency (NSE) cho thdy hiéu qud tinh todn tét hon so véi mé hinh thay vén

théng sé tép trung MIKE 11 - NAM va HEC-HMS.
Tir khéa: T6i wu, mé hinh thiy vdn, Ban VE.

1. Mé dau

Dy bdo lvu lwgng nwdc ra khéi lvu vuc la
mot qua trinh khd khan, ngoai kién thirc thay
van con doi hdi dy bao vién phai am hiéu dic
tinh cta tirng lwu vwe nghién ciru. Ngay nay,
V@i sy phét trién cha may tinh, cung véi viéc ap
dung cac thuat todn do tim t8i wu d3 giup cho
ngudi du bao vién rat ngdn duoc thoi gian tinh
toan, hiéu chinh mé hinh. Cic nha khoa hoc trén
thé& gidi [2] s&r dung mdt s6 phuwong phap phd
bién dé t8i wu ty déng cac thdng s6 cia mo hinh
thdy van nhu phwong phap Genetic Algorithms
(GA), Simulated Ammealing (SA), va Levenberg-
Marquardt. Ngoai ra, céc tac giad cling danh gia
hiéu qua clha cac thuat toan khac nhau nhu:
Cooper va cdc cong sy da danh gia cdc phuong
phap ti€n hda xdo trén phirc hop (SCE), gidi thuét
di truyén (GA), mé phong qua trinh ( (SA) dé t6i
uwu cac théng sé md hinh Tank; Chan va céng su
so sanh hiéu qua cta phuong phap multi-Powell
va SCE trong hiéu chinh mé hinh Tank.

Cac md hinh I&n, thuwong mai trén thé gidi
nhu MIKE [6], HEC [5] cling da cdp nhat cac tinh
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nang nay vao bé phan mém cda minh. Mé hinh
SWAT [7] (Xuesong Zhang), Xinanijing (Dong-mei
Xu va céng sv), Tank (Kouk Kig Kouk), MIKE 11
- NAM,... str dung SCE - phuong phap tim kiém
toan cuc - dé xac dinh gid trj t8i wu ciia ham muc
tiéu va tranh duoc cac bay cuctri dia phuong. Mo
hinh HEC-HMS (Hydrologic Engineering Center-
Hydrologic Modeling System) la phan mém do
cac ky su thudc Trung tdm Thay van Cong trinh
thudc Cuc Ky thuat Quan déi Hoa Ky lya chon
thuat todn don bién - Gradient (thuc hién cac
hiéu chinh lién ti€p d6i véi tham s6 wdc tinh)
hodc thuat todn Nelder va Mead dé do tim toi
wu céc théng sé.

Tai Vién Co hoc, mé hinh thdy vin phan bé
ImechTV2 sau mot thoi gian cai tién (dugc viét
lai theo ly thuyét ciia md hinh Marine) véi céc
tinh méi: Gan mua theo 04 phuong phap, tinh
todn song song trén CPU va GPU giup bai todn cé
thé chia 6 ludi min,... thi gan day cling d3 phat
trién thém module do tim t6i wu céc tham sé.
Viéc phat trién nay la can thiét dé cé thé do tim
dugc khéi lwgng 1dn céc tham s6 twong ng vdi
cac thuat toan da duoc xay dung. ImechTV2 da
ap dung mét s6 phuong phap giai bai toan téi
wu hda khong dung dao ham duoc chia thanh
ba nhém: Phuong phap tim kiém (phwong phap
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06 vubng, phwong phdp Rosenbrock), phuong
phap quy hoach toan hoc (phuong phap Hooke-
Jeeves, phuong phap Nelder-Mead), cac thuat
todn t6i wu dya trén nén tang cla su tién hoa
(Gidi thuat di truyén (GA), phuong phap tién
héa xdo tron phirc hop (Shuffled Complex
Evolution-SCE)).

2. Thiét 1ap md hinh
2.1. Mé hinh ImechTV2

D& mo phong qua trinh hinh thanh dong chay
sinh ra b&i mua trén luu vwe dua trén phuong
trinh bao toan khéi lvong:

v v
0t+ugra W) =

V&i gia thiét van tdc cia dong chay trao doi
gilra cac 6 ludi vuong:

2/3

H
[[ael = \/Eﬁ

Ta ¢6 phuong trinh dwdi dang sai phan:
AH+Z ra \/_—zpo At

Trong dé:

S: D6 déc dugc tinh theo 8 huédng;

Km: Hé s6 nham Manning;

Ax: Chiéu réng 6 ludi;

At: Budc thoi gian tinh tir thoi diém t, dén't;

j: Hudng chay cla 6 ludi (j =1 = 8);

H: DO sdu muc nudce cla 6 ludi tinh;

AH: Sy thay d6i muc nudc cta 6 lwdi tinh tir
thoi diém t dén't,.

Tir d6 tinh dugc tong luu lwong ra khéi luu
vue: Q=J5Aq = 3(AH*Ax*Ax-q,,, )Vvbiq,, . : Luu
lwong thadm mdi 6 lwdi dugc tinh theo md hinh
Green-Ampt.

M6 hinh ImechTV2 [1] cai tién viéc gan
mua theo 04 phuong phép (truc ti€p tirng 6
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lwdi, phan chia theo da gidc Thiessen, ndi suy
Kriging, nghich ddo khoang cédch) va tinh todn
song song trén CPU va GPU gilp bai todn cé thé
chia 6 ludi min.

M hinh ImechTV2 st dung 06 phwong phap
[3] wéc lwgng tham s6 téi wu:

Phwong phdp 6 vubng: Chia mién xac dinh
clia tirng thong s6 thanh cac phan bang nhau,
thyc hién n [an tinh todn dé& tim mién c6 gia tri
nhd nhat cda ham muc tiéu. Phuong phap nay
chi cho phép phat hién cwc tri dia phwong dd
rong hon mat ludi.

Phwong phdp Rosenbrock: La budc phat
trién cha phuong phap d6 déc, thich hop véi
dang ham muc tiéu khong tinh duoc dao ham
riéng phan.

Phuong phdp Hooke-Jeeves: Xudt phét tw
mot diém x € R" theo 2n hudng doc theo n truc
toa do vdi do dai budc h tim diém x’ ¢6 gid tri
ham muc tiéu f(x’) tét hon f(x).

Phwong phdp Nelder-Mead: Str dung mot mo
hinh hinh hoc goi la simplex dé di chuyén di mo
diém t8i wu trong khéng gian tim kiém (goi la
“Simplex search method”). Cac simplex n-chiéu
nay duoc bién dang nhd 3 phép bién d6i: Doi
xing guwong, phép co, phép dan dya vao 4 tham
s6 can xac dinh d6 la: Hé s6 phan xa, hé sé dan
C, hé s& co D va hé s6 thu hep E.

Gidi thudt di truyén (GA): Giai thuat Di truyén
ap dung qua trinh tién hda ty nhién (di truyén,
dot bién, chon loc tu nhién va trao déi chéo) do
tim 1&i gidi gan t6i wu.

Phuong phdp tién héa xdo trén phirc hop
(Shuffled Complex Evolution-SCE): Két hgp gitta
phuong phap Downhill Simplex v&i cac khai
niém cta phuong phap tim kiém ngiu nhién cé
kiém sodt; su xdo tron canh tranh; xdo trén cac
phtrc hop.

Duatréntiéuchuan quécgia TCVN 9845:2013
vé “Tinh todn cic dic trwng dong chay 1”7 va déi
sanh vdi ban do sir dung dat va tham pha tai lvu
vire nghién clru, cdc thong sé duoc do tim cla
mé hinh ImechTV2 dugc liét ké dudi bang sau:




Bdng 1. Cdc théng sé ctia mé hinh ImechTV2

Théng sé Ky hiéu Pon vi Gid&i han duéi Gidi han trén
Strc cdn bé mat - 0,01 0,2
Do rong dat Eta - 0,05 0,5
ES; ;i‘:‘;::o dan sf mm 30 500
D06 dan thay luc Kga mm/gi® 0 150
Hé s& tham PerInf - 0 100
PO dm cla dat Theta - 0 1

Tuy theo dac trung clha tirng 6 lwdi ma
khoang gid tri cGa cdc tham s8 can do tim
cling duoc thu hep twong &ng theo bang tiéu
chuén trén. Trong qué trinh tinh todn, nhém
tadc gia th& nghiém do tim t6i wu bang 06
phuong phap dé so sanh, nhan thay phuong
phdp Hooke-Jeeves cé “chi phi tinh todn” (két
hop gitra thoi gian tinh, téc d6 hoi ty,...) la tét
nhat nén duoc st dung dé thyc hién nghién
clru nay.

2.2. M6 hinh MIKE 11 - NAM

M6 hinh MIKE 11 - NAM [a mé hinh dang bé
chira dung dé tinh todn dong chay tir mua. Cac bé
chira duoc sir dung trong mé hinh gdbm: Bé tuyét,
bé chita mat, bé sat mat (bé tang ré cay) va bé chira
ngam. Md hinh st dung thuat todn tién hoa xdo
trdn phirc hop (SCE) - phuong phap tim kiém toan
cuc - dé xac dinh gid tri t6i wu toan cuc ca ham muc
tiéu va tranh duogc cac bay cuc tri dia phuwong. Mo
hinh hiéu chinh 9 théng s& trong Bang 2 duéi day.

Bdng 2. Cdc théng s6 cia mé hinh MIKE 11 - NAM

Théng sé Ky hiéu Ponvi | Gidihandwéi | Gidihan trén
:—lljaqn;gll{?énng;éu'z%:m da trong dung u_ mm 5 35
:—:faqrzgh:g‘:gg g;rydc toi da trong dung L mm 50 400
Hé s6 dong chdy tran trén bé mat CQOF - 0 1
Hang s6 thoi gian clia dong chay CKIF gio 200 2.000
Thoi gian dién todn Ck,, gio 3 72
Ngudng clia dong chay mat TOF - 0,9
Ngudng cha dong chay sat mat TIF - 0,9
Hang s6 thoi gian TG - 0 0,9
Gia tri ngudng cla lugng nwdc ngam CK gio 500 5.000

2.3. Mé hinh HEC-HMS

M6 hinh HEC-HMS |a mé hinh todn thiy vén
duoc dung dé tinh dong chay trén luu vue bang
cach phan chia thanh nhiéu luu virc nhé ¢ tinh
dén cic hd chira, cdc nhdnh sdng va cac cong
trinh thay lgi,... M& hinh st dung két hop cac
module: Cac phuong phap tinh muwa (phuwong
phdp biéu d6 mua, tinh mwa binh quan trén luu
vue); cdc phuong phdp tinh ton that (t6c dd tham

ban dau va thadm 6n dinh, chi sé thdm CN, thAm
Green va Ampt, d6 4m d4t); cac phwong phap
tinh dwong qua trinh 1t don vi (phwong phap
co ban, duwdng qua trinh don vi tdng hop); cac
phuwong phép tinh todn dong chdy ngdm (phuong
phép cat nwéc ngam, dong chdy ngdm 6n dinh
theo thang, ho chra tuyén tinh); cidc phuwong
phdp dién todn dong chay (dién toan séng
déng hoc, Muskingum, dién todan Muskingum
-Cunge, Modified Puls, di&n todn Lag).
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M6 hinh cho phép luwa chon thuat toan don
bién-Gradient (thuc hién cdc hiéu chinh lién
tiép d6i vdi tham sd udc tinh) hodc thuat toan
Nelder-Mead dé do tim t&i wu céc théng sé cua

mdi phwong phap trong cadc module lya chon &
trén. Trong nghién ctru nay, nhém tac gia str dung
thut todn Nelder-Mead dé thuc hién viéc do tim
ti wu cac théng s6 trong md hinh HEC-HMS [2].

Bdng 3. Cdc théng sé cia mé hinh HEC-HMS

M6 hinh Théng sd Ponvi | Gidihan duwéi | Gidihan trén
T6c d6 tham ban d3u va thdm | Ton that ban dau mm 0 500
6n dinh Ti 1& thdm 6n dinh mm/gid 0 300
’ Do sau tdn that ban dau mm 0 500
Puong cong tham SCS —
Chisé CN - 1 100
DO am ton that - 0 1
Th&m Green and Ampt Do din thay luc mm 0 250
Hut am 1op uwét mm 0 1.000
T6n that ban dau mm 0 500
T6én that va suy gidm déu Tén that I&n nhat mm 0 500
Hé s& t6n that thu hoi - 0,1 5
Eo'u‘gr(ljlgacrllga trinh don vi tong Thoi gian tap trung gio 0,1 500
Hé sb trit nuéc gior 0 150
Pudng qué trinh don viténg | Thoi gian tré gio 01 500
hop Snyder Hé s6 Cp - 0,1 1
Séng dong hoc Thoi gian tap trung phut 0,1 30.000
Hé s6 nham Manning - 0 1
Nudc ngam Dong chdy ngam ban dau m3/s 0 100.000
Hé s8 suy giam - 0,000011 -
o e g o sk 1S gio 0,1 150
ingul;c;:g phap dien toan Musk- [~ | - 0 05
SO budc - 1 100
Séng déng hoc dinh tuyén Hé s6 N-value - 0,01 10
Phuong phap dién toan Lag Thoi gian tré phut 0 30.000

2.4. Lwu vwe nghién ciru

Lwu vire thay van Ban V& ¢6 dién tich khoang
8.690 km? bao gdbm ca phan dién tich cda Lao
(phan I&n) va Viét Nam. Dong chdy chinh cda
lwu vue la dong Nam Non, day la mot trong hai
nhanh sdng chinh cla lvu vyc song Ca.

Sé liéu dia hinh dugc 18y tir ban d6 cao d6 s6
DEM, tir ngudn cua Co quan Tham hiém Hang
khéng Vi tru Nhat Ban (JAXA) vdi do phan giai
30 x 30 m. Pay la 1 trong nhitng ban d6 c6 do
phan gidi t6t nhat hién nay, phién ban nam 2021.

26 || TAP CHIi KHOA HOC BIEN POI KHi HAU

Bdn d6 thdm phu, sit dung dat cé d6 phan
giai 10 x 10 m v&i 20 1&p chi tiét, 1a sdn pham
hop tac gitta ESRI va Microsoft nam 2020.

S6 liéu khi twong thay vén dugc lay tir ngudn
s6 liéu cla Trung tdm dy bdo Khi tugng thay van
Quéc gia, Tong cuc Khi tugng thay van.

+ S8 liéu mua cla 4 tram: Quy Chau, Muong
Xén, Xa La, M6c Chau, dai dién cho luu vuc
nghién ctru.

+ S6 liéu dong chay ra khéi lvu vue 1a lwu
lwgng vao ho chira Ban V&.
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Hinh 1d. Phén chia tiéu lwu vire cho khu vire nghién ciru
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Hinh 2. S6 liéu mua va lwu lvong thue do ra khéi lvu vire ndm 2018
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Hinh 3. S& liéu mua va lwu lvong thue do ra khéi lvu vire ndm 2021

3. Két qua tinh toan

Trong bai bdo nay, nhdm tac gia da thyc hién
nghién ctru 02 tran |G xay ra trén luu viee: Tréan [T
thang 8/2018 dung dé hiéu chinh va tran |i xay
ra thang 7/2021 dé kiém dinh lai mé hinh ddi

v@i cac hé sd da co dwoc sau khi do tim tdi wu &
budc hiéu chinh (Bang 4). Day la cac tréan [ [6n
xay ra trén lwu viee nghién clru, cé day du s6 liéu
khi twgng va thdy van dé tinh todn hiéu chinh va
kiém dinh.

Bdng 4. Cdc trén i st dung dé hiéu chinh va kiém dinh

Phwong an

Thoi gian bat dau

Thoi gian két thac

Hiéu chinh

8/13/2018 01:00:00

8/22/2018 19:00:00

Kiém dinh

07/21/2021 01:00:00

31/07/2021 19:00:00

3.1. D6 tim théng sé téi wu - hiéu chinh mé hinh
Hinh 4 13 két qua tinh hiéu chinh lvu luvong
vao ho Ban V& clia 3 md hinh ImechTV2, HEC-

HMS, MIKE 11 - NAM vdi s6 liéu thuc do nam
2018.

D& danh gid k&t qua tinh toan, bai bao st
dung chi tiéu NSE so sanh hai qua trinh dong
chay thuc do va tinh todn (Bang 5). BO théng sd
tim dugc cho két qua chi s6 NSE kha tét, déu
trén 0,8, dinh luvgng va dinh tinh khd phu hop
gilra tinh todn va thuc do.
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Hinh 4. Két qué hiéu chinh cda 3 mé hinh
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Bdng 5. Két qud chi s6 NSE cua phuong dn tinh hiéu chinh

Phwong an

ImechTV2

HEC-HMS

MIKE 11 - NAM

Hiéu chinh

0,85

0,82

0,8

3.2. Kiém dinh mé hinh

Sau khi d3 do tim dugc bo théng sd tét nhat
c6 thé & budc hiéu chinh, si dung dé thyc hién
tinh todn cho phuong én kiém dinh ndm 2021.

K&t qua kiém dinh dwoc thé hién & Hinh 5 va
Bang 6. C4 thé thay, két qua tinh kiém dinh cla 3
mé hinh déu kha tét, trong d6 ImechTV2 cd chi
s& NSE dat 0,78, cao hon so vdi mdé hinh MIKE
11 - NAM va HEC-HMS.
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Hinh 5. Két quéd kiém dinh ciia 3 mé hinh

Bdng 6. Két qud chi s6 NSE cta phuong dn tinh kiém dinh

Phuwong an ImechTV2 HEC-HMS MIKE 11 - NAM
Kiém dinh 0,78 0,76 0,73

4. K&t luan

Viéc hiéu chinh cac théng s6 cda cdc mé hinh
thay van |3 cong viéc doi hdi ngoai kinh nghiém
cla ngudi dy bdo vién, con can thuc hién mot
s6 lugng 1dn céc lan tinh todn thlr ddng-sai,
trong nhiéu trudng hop khong dat duwoc két
qua nhu mong mudn. Nho céc thuat todn do
tim théng s6 tdi wu nay, viéc hiéu chinh mé hinh
la kha thi. Tuy cé thé mat nhiéu thoi gian chay
do tim théng s6 cdc mé hinh tuy theo loai va s6
lwong théng s6 (mé hinh MIKE 11 - NAM 1a mé
hinh thay van théng sé tap trung véi 9 théng s6
can t6i wu - thoi gian chay khodng 1 phat; mé

hinh HEC-HMS v&i khodng 30 théng s6 cho lwu
vire Ban V@ véi diéu kién [3p vira phai - thoi gian
tinh todn khoang 1 gio; mod hinh thiay van théng
s6 phan bd ImechTV2 do tim kha nhiéu théng
s6 cho tirng 6 lwdi - thoi gian chay khodng 6 h,
nhuwng lai cho két quad khad quan hon). Qua viéc
thdr nghiém tinh todn cho lwu vuc Ban V& nam
2018, 2021 cho thay kha nang 4p dung viéc do
tim thong s6 t6i wu tw dong bang cac thuat todn
hién dai dat két qua tét so vdi cac phuong phap
do tim thd cong truwdc day (thd dung-sai, kinh
nghiém, tham chiéu tuvong duong) déng thoi
cling nang cao chat luvgng dy bdo dong chay
trén luvu vuec.

Loi cdm orn: Nhém nghién ciru xin chdn thanh cdm on sw hé tro clia Bé tai co sé cdp Vién Co hoc ném
2022: “Ung dung mét sé phuong phdp wdc tinh théng s6 téi wu cho mé hinh thiy vén phdn bé”, trong viéc

thuc hién va céng bé nghién ctru nay.
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PARAMETER OPTIMIZATION FOR HYDROLOGICAL FORECASTING MODEL
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Abstract: In hydrological models, it is necessary to correct parameters for each basin which depends on
the experience of the researcher. In this paper, some near-optimal detection methods to find the suitable
set of parameters were tested. Commercial model MIKE 11 - NAM, HEC-HMS and self-developed model
ImechTV2 are used to calculate for Ban Ve lake basin. On the basis of the calibration parameters in the flood
of 2018, the flood of 2021 data is used for verification and received good results. Although the detection
time of the ImechTV2 distributed hydrological model is large, the NSE index shows it is better computational
efficiency than the MIKE 11 - NAM and HEC-HMS hydrological models.

Keywords: Near-optimal detection method, hydrological model, Ban Ve.
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