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Ngay nhdn bai: ABSTRACT

26/11/2025 Surface runoff governs the transport of nutrients, pollutants, and sediments,
Ngady chdp nhén making its accurate simulation essential for reliable water-quality modelling.
dang: Under increasing climate-driven extreme rainfall, runoff variability intensifies,
15/12/2025 yet limited attention has been given to assessing whether hydrological models

can provide sufficiently accurate “pre-processing” inputs for water-quality
prediction, particularly in data-scarce mountainous basins. This study calibrates
and validates the Tank Model, optimized via Differential Evolution, to simulate
daily runoff in the Asahi River Basin (Japan) for 2002-2021. Model
performance, assessed by NSE, R? and RMSE, demonstrates stable skill (R?> =
0.62—0.63; NSE improving from 0.35 to 0.48; RMSE = 2.4-2.6 mm/day). The
optimized parameter set successfully captures key hydrological dynamics,
especially  low-medium  flows and seasonal variation.  Peak-flow
underestimations are linked to spatial rainfall heterogeneity and reservoir
regulation effects. Overall, results indicate that the Tank Model provides

Keywords: Asahi sufficiently accurate discharge estimates to serve as a robust hydrological
River Basin, DE, foundation for subsequent water-quality simulations in data-limited basins. The
Runoff simulation, approach offers promising applicability for similar catchments in East Asia and
Tank Model. Vietnam.

TOM TAT

Dong chay mdat déng vai tro then chot trong chu trinh thiyy vin, quyét dinh qud
trinh vdn chuyén chat é nhiém, dinh dwéng va tram tich, tiv @6 anh hwéng truc
tiép dén chat hrong nuwée mat. Trong boi canh bién doi khi hdu lam gia tang cdc
trdn miea cwc doan, nhu cau mé phong dong chay dai han mét cach on dinh va
chinh xac tro nén dac biét quan trong, nhat la doi véi cac luu vue 6 dit liéu han
ché. Tuy nhién, cdc danh gid mé hinh dong chay tir géc do "tién xir Iy" cho mé
phong chat lwong nuweGe van con it dwogce chii y trong nghién ciru hién nay. Nghién
citu nay dwoc thwc hién nham mé phong dong chay hang ngay tai lieu vuec séng
Asahi (Okayama, Nhét Ban) giai doan 2002-2021 bang mé hinh Tank két hop
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Differential Evolution va danh gid hiéu sudt mé “hinh qua cac chi s6 NSE, R?
RMSE. Két qua chi ra rang mé hinh dat hiéu sudt 6n dinh véi R? khodng 0,62—
0,63, NSE cai thién tw 0,35 (giai doan hiéu chinh) lén 0,48 (giai doan kiém
dinh), cing RMSE dao déng tir 2,4-2,6 mm/ngay. B6 tham sé toi wu da tdi hién
1o nét sy phan hod thuy van ddc trung cua luu viee qua sy thay doi cia cdc ldng
dia chat, v6i khd niang mé ) phong tot dong chay thép va trung binh ciing nhu bién
dong theo mua. Tuy nhién, sai so dang ké xudt hién ¢ mét s6 dinh lii cao do han
Tir khoa: Luu vic ché vé dir liéu khong gian va tic dong tir hoat dong diéu tiét ho chira. Nghién

Asahi, Mo hinh citu khang dinh tiém néng ciia mé hinh Tank nhw mot céng cu gon nhe, dang tin
Tank, M6 phong cdy cho dw bdo thuy van va lam nén tang cho mé phong chdt lrong nuée trong
dong chay, Tién hod  diéu kién dit liéu han ché. Két qua mé ra hwong g dung cho cdc lieu viee tirong
vi phan. dong tai Péng A va Viét Nam.

1. Giéi thi¢u

Dong chay mit 1a mot thanh phan quan trong cta chu trinh thiy van, gitt vai tro quyét
dinh ddi v6i van chuyén chét 6 nhiém, dinh dudng, trAm tich va su bién d6i chat luong nudc mat.
Trong bdi canh bién d6i khi hau toan cau lam gia tang ca vé tin sudt 1an cudng d6 ciia cac tran
mua cyuc doan, cac luu vye song ngay cang chiu nhiéu rdi ro lién quan dén 1 dot ngot, 6 nhiém
lan truyén va bién dong tai lugng nito, phdt pho va chit hitu co. Diéu nay dat ra nhu cau cip thiét
vé cac md hinh mé phong dong chay c6 do tin cdy cao nham hd trg dy bao thiy van, danh gia tac
dong khi hau va mo phong chat luong nudc.

Trong nhiéu thap ky, caic mo hinh thay vin da dugc phat trién tir dang kinh nghiém
(empirical), khai niém (conceptual) dén phan bd vat 1y (physically based). Cac mé hinh nhu
SWAT, HEC-HMS hay MIKE NAM duoc str dung rong rdi, tuy nhién thuong yéu cau dir liéu
dau vao 10n va tham sé héa phic tap. Nguogc lai, mé hinh Tank (Sugawara, 1967) la mét m6 hinh
khai niém gon nhe nhung hiéu qua, dugc ap dung rong réi tai Nhat Ban va nhiéu qubc gia chau A
dé mo6 phong dong chay dai han trong diéu kién dit liéu han ché. Tank Model mé phong dong
chay dua trén hé théng cac thung (tanks) mé phong cac tang chtra nudc trong luu vuc, cho phép
tai hién tot ché d6 dong chay thap, trung binh va bién dong theo mua.

Trén thé giéi mo hinh Tank dugc st dung rong rai nhu mdt mo hinh thiy van dang khéi
tap trung don gian nhung hiéu qua. Céu tric cac bé chira xép tang cho phép mo phong dong thoi
dong chay bé mat, thdm va dong ngam nhd d6 mo hinh tré thanh coéng cu hiru ich trong quan ly
tai nguyén nude. Cac nghién ciru qudc t& nhan manh tinh man cam va do tin cay ciia mo hinh,
nhu phan tich d6 nhay toan cuc dé cai thién do chinh xéc (Tanakamaru & Burges, 1996) hoac tdi
wu hoa tham sb bang thuat toan di truyén, qua d6 nang cao kha ning dy bao dong chay & khu vuc
dir liéu han ché (Rouhani & Farahi Moghadam, 2011). Tuy nhién, md hinh van chiu han ché
trong mo phong cac su kién cuc doan khi thiéu dir liéu khong gian. O chau A, md hinh Tank
duoc 4ap dung phé bién tai cac luu vuc nho va trung binh & Han Quéc, Thai Lan, Indonesia, Viét
Nam va Sri Lanka nhim mé phong dong chay ngay, danh gia tac dong cta khi hau gié mua, dy
bao li va t6i wu hoa quan 1y nudc (Takada et al., 2008). Tai Viét Nam, Setiawan et al. (2003) deé
xudt quy trinh hiéu chinh tham s6 nham ning cao d6 chinh xac mo phong cho luu vuc nong
nghiép, trong khi & An D6 mé hinh dugc tmg dung dé danh gia vai tro diéu tiét cia hd chira
trong kiém soat 1o do thi (Nithila Devi et al., 2020). Ngoai ra, Nhat Ban, noi mo6 hinh Tank duoc
Sugawara phat trién tir thap nién 1950—1960, m6 hinh tr¢ thanh tiéu chuan trong mo phong dong
chay do thi va nong thon tai cac luu vuc nho chiu anh hudng cua bao, tuyét tan va 10 do6 thi
(Tanakamaru, 2009), dong thoi dugc mé rong cho danh gia chit luong nude ving 4m (Amiri et
al., 2010). Tuy nhién, van con han ché trong viéc danh gid mo hinh tir goc do tién xir Iy cho mo
phong chit luong nudc va trong tich hop cac thudt toan téi wu hién dai nhu Differential
Evolution (DE) duéi bbi canh bién d6i khi hau.
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Tai cac luu vyc song vua va nhd dién hinh 1a luu vuc song Asahi (Okayama, Nhat Bén)
v6i cAu trac dja chit phirc tap, khi hau phan mua va sy phan bé ctia cac hd chira & thuong nguf)n
lam cho viéc m6 phong dong chay doi hoi mét phuong phap t6i wu hoa hiéu qua hon. Xuat phat
tir thuc tién d6, nghién ctru ndy dugc thue hién nhim mé phong dong chay hang ngay tai luu vuc
song Asahi cho giai doan 2002—2021 bang m6 hinh Tank két hop véi thuat toan Differential
Evolution (DE). Muc tiéu cua nghién ctru 13 danh gia hiéu suit mo hinh thong qua cac chi sb
NSE, R? va RMSE; dong thoi phan tich kha nang mé phong dong chay theo mua, dong chay thap
— trung binh va cic tran 1i cuc tri. Két qua nghién ctru dugc ky vong cung cAp nén tang quan
trong cho cac mé hinh chét lugng nudc va huéng dén timg dung trong du bao thiy vin tai cac luu
vuc twong dong & Pong A va Viét Nam.
2. Phuwong phap nghién ciru

2.1 Khai quat khu vwe nghién ctru

Luu vyc song Asahi nam & trung tim tinh Okayama, ving Chugoku, tdy nam Nhat Ban,
v6i dién tich khoang 1.810 km?2. Séng c6 chiéu dai chinh khoang 142 km, bit ngudn tir diy nui
Chugoku vé6i dinh cao nhét 13 ntii Asanabewashi (1.081 m) & ving phia béc, va db ra bién Seto
tai khu vuc ddng bang ha luu gan thanh phd Okayama. Day 1a mot luu vuc song dién hinh vira
va 16n cia Nhat Ban, v6i dia hinh da dang: vang thuong luu 1a ndi cao va luu vuc voi dia chat
chu yéu 1a dé rhyolite va granite tir ky Phan tring; ving trung luu bao gdm trim tich mém nhu
da bun Palaeozoic, tuff va diorite; trong khi ving ha luu 1 dong bang phu sa va dat khai hoang,
v6i d6 doc giam dz‘in va 16p phu dét mong.
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Hinh 1. Dia ban nghién ctru luu vuc song Asahi

(Nguon: Tran Thi Minh Tam, 2024)

Vé khi hau, Iuu vuc thudc ving khi hau on d6i am (phan loai Képpen Cfa), chiu anh

huéng cta gié mia Pong A va bio nhiét d6i. Miia mua chinh tip trung vao mua hé (thdng 6-9),

v6i lwong mua 16n do hoat dong gié mua va bio, chiém hon 60% luong mua hang nim. Lugng

mua trung binh giam dan tir khoang 2.000 mm & dau nguén dén 1.200 mm & ha luu, véi trung
binh toan luu vuc khoang 1.400-1.500 mm/nam.

Tham phu thyc vat chu dao 1a ring ty nhién va rung tréng chiém hon 65% dién tich luu

vuc (khoang 1.182 km?), phan con lai bao gém déat néng nghiép nhu rudng lta (160 km?), dat
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canh tac khac (60 km?), khu dan cu (25 km?) va cac loai dat khac. Pat chu yéu la dit ndi lira
Andosol & vung cao, dit nau ring ¢ trung luu va dit phu sa ¢ ha luu, ¢6 kha ning giit nudc tot
nhung d& x6i mon bé mit trong cac trin mua 16n. Pang chd ¥, st dung dét trong 30 nim qua
(1976-2006) thay ddi khong dang ké gitp han ché nhiéu dong khi hiéu chinh mé hinh thuy vin
dua trén chudi thoi gian dai.

Nho dic diém dia hinh dc, tham phu rung day, ché d6 mua tap trung, cung sy phan hoa
dong chay mit-ngam theo mua, luu vic song Asahi tir 1u d3 duoc sir dung 1am dién hinh trong
cac nghién ctru thuy vin va tac dong cua bién déi khi hau 6 Nhat Ban (Shimizu et al., 2011;
Tanaka et al., 2021). Dic biét, trong hai thip ky gin day luu vuc ghi nhan xu thé giam luong
mua, tang nhiét do va gia tang cac su kién cuc doan — nhu trén 1ti nam 2018 — dét ra nhu cau cap
thiét trong viéc mé phong dong chay dang tin cdy dé phuc vu canh bao va quan 1y luu vuc.

2.2 Co sé dir liéu

Co s& dit liéu sir dung trong nghién ciru dugc tong hop tir cac ngudn chinh théng va co
do tin cdy cao, dam bao dap mg yéu cau mo phong va danh gia dong chay dai han. Dir li¢u khi
tuong bao gdm nhiét d6 khong khi, lugng mua va do am theo ngdy dugc thu thap tir Co quan
Khi twong Nhat Ban (Japan Meteorological Agency — JMA), cung cdp chudi quan tric lién tuc
v6i do chinh xac cao, ph hop cho phan tich cac dic trung khi hau va 1am dau vao cho mé hinh
thity van. Luong bdc thoat hoi duoc tinh toan biang phuong phap Penman—Monteith va dugc tich
hop trong md hinh Tank/LST nham mo phong qua trinh cén bang nudc mat va nudc trong dat.

Bén canh do, dit 1iéu dong chay hang ngay dugc thu thap tai tram Kitakata do Hiép hoi
Soéng ngodi Nhat Ban quan 1y. Tram nay c6 vi tri dai dién cho cira ra luu vuc va phan anh day du
dién bién dong chay theo khong gian — thoi gian, tir cac sy kién dong chay nhanh trong mua mua
dén dong chay co so trong mua kho. Tép dir liéu nay cho phép danh gia toan dién hiéu nang mé
hinh trong chudi thoi gian 20 nam, tao nén tang dé xac dinh muc do tin cay ctia mod phong dong
chay phuc vu du bao chét lugng nudec.

2.3 Phwong phép thu thap, phan tich s6 liéu

Céc bo s6 lidu duoc chon loc theo nguyén tic dong nhat thoi gian (cung giai doan 2002—
2021), dam bao tinh lién tuc va do tin cay.

Xir Iy va kiém tra dit liéu: Trudc khi phén tich, dir lidu khi tugng — thity vin duoc kiém
tra tinh déng nhét béng kiém dinh Pettitt va Buishand range test dé phat hién su gidn doan hoac
thay ddi dot ngot. Cac gia tri ngoai lai dugce xac dinh bang phuong phép boxplot va loai bo khi
vuot qua 3 lan do 1éch chuén.

Phan tich xu thé: Dé danh gia bién dong dai han cua nhiét d9, lugng mua va luu luong,
nghién ctru st dung kiém dinh phi tham s6 Mann—Kendall két hop v6i Sen’s slope estimator
nham xac dinh xu thé ting/ giam va toc do thay doi tmng binh theo thoi gian.

2.4 Ciu triic va cac phan hop thanh ciia mé hinh Tank

2.4.1 Céu trikc ciia mé hinh

Mo hinh Tank thudng bao gdm ba hodc bon bé chira dugc sip xép theo chiéu doc, nhu
dugc minh hoa trong cic so d6 mé ta (Hinh 2). Mdi bé chira dai dién cho mot 16p luu trit nude
v6i chiéu sdu h. Thong thuong, mbi bé co mot hodc hai 16 thoat bén hong va mdt 16 thoat day dé
nudc chay ra, ngoai trur bé day khong c6 15 thoat day.

Pau vao ctia mo hinh 13 lugng mua, dugce dua vao bé trén cung. Pau ra bao gom luong
chay tir cac 16 thoat bén hong cuia cac bé va lugng bde hoi tir bé trén cing. Tong lugng chay tir
cac 16 thoat bén hong dai dién cho luong dong chay tong thé cua luu vuc muc tiéu.

Céu trac cia md hinh Tank phan anh céc 16p dia chat ty nhién, trong d6 cac bé chira duoc

coi 1a cac tang chira nu6e. Nudc trong bé dai dién cho lugng nudce luu trir trong tang chira, véi
luong chay tur 10 bén héng tuong ung voi dong chay tur tang chtra va luong chay tir 16 day la
luong thim xudng ting dudi. Phan luu trit & bé trén cung dugc xir 1y nhu ham luong nudc bé
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mit hodc gan bé mit dat, do d6 luong chay tir 16 bén hong va 16 day cia bé nay duogc xem la
dong chay bé mat va luong thim tuong tng.

Luong chay tir mdi 16 ciia bé chira tuan theo mbi quan hé tuyén tinh véi chiéu sdu nudc,
duoc biéu dién bdi cac phuong trinh sau:

=a(h—z)
Trong do q la luong chay tur 16 bén hong hodc lwong tham, a 1a hé sb dong chay, h 13 chiéu
sdu nudc, va z 1a chidu cao 16 so v6i day bé.
p=>b.h
Trong d6 p 1 lugng chay tir 16 day, b 1a hé sé thim va h 1a d6 sau ctia nudc.
Luu luong q ty 1é thuan véi do sdu nude nam trén 16 xa bén cua bé, va luu lugng p ty 16
thuén v6i d6 sdu nudc trong bé.

Bay hoi

Hinh 2. Cu triic cia mé hinh Tank
(Nguon: Tran Thi Minh Tam, 2024)

2.4.2. Cdc thanh phan ciia mé hinh Tank

Luong mua 1a dau vao chinh cho hé thong luu vuc, ¢6 thé dudi dang mua, bio, swong mu
hodc céc hinh thirc nudc roi tir khi quyén khac. Cac thiét bi do mua mat dat thuong duoc sir dung
dé thu thap dir liéu, v6i pham vi bao phu khu vuc déng vai trd quan trong do sy bién d6i cuc bo
cua lugng mua, dic biét & cac luu vuc 16n.

Nhu ciu béc hoi cua luu vuc duoc hiéu la luong nudce boc hoi trong diéu kién khong bi
han ché boi d6 am sin co cua dat, phan anh kha ning bdc hoi tdi da twong ung véi dic diém
tham thyc vat dia phuong. Déi véi bé mit nudc md, qua trinh boc hoi chu yéu phu thudc vao hai
nhom yéu to: (i) nang luong cung cap cho qua trinh nhiét hoa hoi, gan véi birc xa mat trdi; va (ii)
kha nang van chuyén hoi nudc ra khoi bé mit, chiu chi phdi bai cac diéu kién khi dong hoc nhu
gi6 va d6 am khong khi.

Trén bé mat dét bbc hoi bao gom béc hoi tryc tiép tir dét va thye vat, cung voi qua trinh
thoat hoi qua 14, Von phu thuc vao luong & am c6 thé cung cap tur tang dat phia dudi. Chinh su
phu thudc vao d6 a am san c6 nay tao nén sy khac biét gitra bdc hoi tiém ning va boc hoi thuc té.
Dong thoi, boc hoi tai luu vue con bi anh hudng dang ké boi hién trang st dung dat, mat do va
loai hinh 16p phu thue vat, cling nhu cac diéu kién khi tuong tai chd.

Trong nghién ctru nay, bdc hoi tiém nang (E) dugc tinh toan theo phuong phap Penman
(1948) str dung cac dir li¢u khi tuong co ban gom: nhiét do khong khi trung binh, s6 gio nang,
toc do gio va do 4m tuong d6i, nham mo ta dong thoi ca thanh phan birc xa va thanh phan khi
dong hoc cua qua trinh bdc hoi.

— A Y NEwi
E= (AH/)Esun + (A+y)EWlTld
Trong dé:
11
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E: luong bdc hoi tiém ning (mm/ngay)

Esun: béc hoi do burc xa (mm/ngay)

Ewind: bdc hoi do van chuyen hoi nudc (mm/ngay)

A: 36 dbc ciia duong ap sudt bao hoa tai nhiét do khong khi (hPa/hPa/°C)

¥+ hing sé do d6 4m (= 0.66 hPa/°C)

Luong mua khong bi chin hodc bde hoi cudi cung s& thim vao dat hodc tao dong chay bé
mat. Quy trinh thim bi anh huéng boi cuong do mua, ham luong d6 4 4m ban dau va dic tinh dat.
Nudc thim co thé gop phan vao nudc ngdm hodc dong chay dudi bé mit.

Phuong trinh thdm Horton (1940):

f0) = fe +(fo-fc) e
Trong do:

f1): kha nang tham tai thoi diém t (mm/gio)

JU: kha nang tham ban dau (mm/gio)

Jc: kha nang tham t6i thiéu va 6n dinh (mm/gio)

k: hang sb

Luong mua thira tich tu trén bé mat, lép day cac chd triing trude khi di chuyén xuéng déc
dudi dang dong chay bé mit. Phan thAm c6 thé gop phan vao dong chay dudi bé mit, két hop véi
bé mat dé tao dong chay truc tiép. Dong chay song bao gdém dong chay truc tiép, dong chay co
sO tir nudc ngam va dong chay dudi bé mit.

2.5 Quy trinh tinh toan Tank Model

Bai todn md phong dong chdy hang ngay vao ngay thu n, véi hi(n) (mm) (i=1,2,3,4) 1a
chidu sdu nudc cua bé thir i. V6i luong mua r(n) (mm/ngay), quy trinh tinh toan dugc thyc hién
nhu sau (voi At = 1 ngay):

Dbi véi bé trén cing:

(a) Chiéu sau nudc tam thoi dugc xac dinh

hi’= hi(n-1) + r(n). At
Trong trudng hop khong mura, trir thém luong boc hoi E (n).
hi’= hi(n-1) - E(n). At

(b) Dya trén gia tri h1°, cac luu luong qua 16 thoat gdm g4 (n), g, (n) va luu luong thdm

p1(n) dugc xac dinh nhu sau:

a;(hy' —z) (hy' = z)

0 ={g (1 < 2)
_ ay(hy' = z;) (hy' = z,)
92(n) = { 0 (h, < 7,)

b1 (n) = b1 hy'
(¢) Chiéu sau nudc con lai trong bé thir nhat dugc tinh bang:
hi(n) = hi’- {qi(n)+q2(n)+pi(n)}. At
Céc budc (a)—(c) dugc lap lai dé tinh dong chay cho cac bé phia dudi theo thir ty giam
dan. Diém khéc biét 1a dau vao ciia bé khong con 1a lugng mua ma 1a dong tham tir bé phia trén.
Cu thé, trong budc (a) ctia bé th hai, lugng tham p; duoc sir dung thay cho lugng mua r. Ngoai
ra, d6i voi bé cudi cuing (bé thap nhat), khong can tinh dong chay qua 16 thoét day.
Sau khi tinh toan luong chay cua tat ca cac bé, lugng dong chay tir cac 16 bén hong cua tat
ca cac bé duoc tong hop dé trd thanh lwong dong chay cia luu vuce vao ngay thir n:
Q(n) = qi(n)+q2(n)+qs(n)+qa(n)y+qs(n)
2.6 Hiéu chinh tham so bang thuit toan Differential Evolution (DE)
Dé dam bao bd tham s6 clia md hinh c6 tinh dai dién va toi uu, thuét toan tdi wu tién héa
DE duogc tich hop vao qua trinh hiéu chinh. DE giai quyét van dé bang cach tao ra mot quan thé
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gém vecto NpD da chiéu, duoc ky hiéu 1a X5, i=1, 2..., Np, trong d6 i, G dai dién cho cic tham
sO gia tri thuc. Quan thé duogc cai thién thong qua viéc ap dung dot bién, lai chéo.

DE tao ra cac vecto tham sé méi bang cach lam x40 tron mot vecto hién co. Diéu nay dugc
thuc hién bang cach cong thém sy khac biét vecto ngau nhién dugc co gidn cia hai vecto quan
thé dwoc chon ngau nhién vao vecto quin thé thir ba dugc chon ngiu nhién. Cac tham s cua
vecto dot bién sau do duoc tron 13n véi cac tham sd cia mot vecto khac duoe xac dinh trude,
duoc goi 1a vecto muc tiéu, din dén viéc tao ra vecto thir nghiém. Trong giai doan chon loc,
vecto thtr nghiém canh tranh véi vecto muc ti€u. Trong budc chon va luu, vecto c6 gia tri ham
muc tiéu thap hon dugc danh dau 1 thanh vién cua thé hé tiép theo trong van dé cuc tiéu hoa.
Quy trinh d6t bién, tai t6 hop va chon loc nay duoc lip lai cho dén khi diém t6i wu dugc tim thay
hodc mot tiéu chi két thuc dugc chi dinh trude dugc dap mg.

Két qua t6i wu hoa tir DE tao ra bo thong s6 mé hinh 6n dinh, giup m6 phong dong chay
chinh xdc va phuc vu hiéu qua viéc du bao chat lugng nude trong giai doan tiép theo.

2.7 Kiém dinh mé hinh qua céc chi s6 R-squared (R?), Nash—Sutcliffe Efficiency
(NSE) va Root Mean Square Error (RMSE)

Viée lua chon cac ham muc tiéu phu hop dé do luong sai s6 hodc murc dd thich hop cia mo
phong thity vin dong vai tro quan trong trong ty dong héa, toi wu héa ciing nhu trong dénh gia
hiéu nang mo hinh & giai doan hi¢u chinh va kiém dinh. Trong nghién ctru ndy, do chinh xac cia
dong chay mo phong tir mé hinh Tank dugc danh gia thong qua cac chi sé R2 NSE va RMSE.
Cu thé:

Chi s6 R? dugc str dung dé do luong phan trdm phuong sai trong bién phu thudc ma céac
bién doc 1ap trong mo hinh c6 thé giai thich, va nam trong khoang tir 0 dén 1. Gia tri R? bang 1
cho thdy mé hinh dy doan chinh xac bién phu thudc, R? cao hon chi ra sy phu hop tot hon cia
mo hinh voi tap dir licu.

Z{-\Izl(Qobs,i—Qsim,i)2
YN (Qobs,i—Qobs)?

NSE dinh luong d chinh x4c ctia dau ra mo hinh cho cac bién, véi gia tri tir -co dén 1. Gia

tri NSE bang 1 ngu ¥ su khp hoan hao giira gid tri mo phong va quan sat.
_ 21 1(Qobs,i—Qsim,i)?
NSE = 1- E{V 1(Qobst Qobs)?

RMSE phuyc vu nhu mot ham muc tiéu pho bién trong cac van dé tdi uvu hoa, dic biét trong
ngit canh hdi quy hodc dy doan. RMSE dugc tinh nhu cin béac hai cua trung binh cac khac biét
binh phuong giita gia tri du doan va quan sat, tir 0 dén +oo. Khi RMSE bang 0, n6 biéu thi su
tuong tng hoan toan gira gia tri mo phdng va quan sat.

RMSEsz ' (Qsim,i — Qobs, i)?

R?=1-

Trong do:
1: thoi gian (ngay),
N: tong sd quan tric,
Qobs,i: dong chay quan tric tai thoi diém i,
Qsim,i: dong chay mo phong tai thoi diém i,
Qobs: gia trj trung binh ctia dong chay quan tréc.
3. Két qua va thao luan
3.1 Két qua hiéu chinh tham s6 mé hinh Tank
Sau 200.000 thé hé md phong bang thuat toan DE dé hiéu chinh m6 hinh Tank da cho ra bo
tham s6 t6i wu ctia mo hinh (Bang 1). Tat ca tham sé déu nam trong khoang gié tri cho phép va
phan anh dung dic diém dia mao — thd nhu’orng — thuy van cua khu vuc nghién ctru. Trong do, hé

s6 dong chay mit a; = 0.04475 (m 3d”™ ) c6 gia tri trong ddi thap, cho thiy dong chay mit
13
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khong qua manh. Piéu nay phu hop voi déc trung luu vyce c6 d6 che phu rung 16n (>65%) va dat
Andosol ¢6 kha ning thim cao. Dung tich chira Z; = 10,5 mm va S; = 15,5 mm cho thay 16p
dat mit bio hoa nhanh trong cdc trdn mua l6n dan den dong chay mit xuat hién nhung chi ton tai
trong thoi gian ngan phu hop v6i dia hinh débc va ciu tric mua mua (60% mua tap trung vao
thang 6-9). Cac hé s thoat nudc cua tang giita va tang dudi (a—as—as) cho thiy hai co che thoat
nudc twong phan: gia tri a2 va as rat nho (<0,001 d~1) thé hién sy thoat nuéc cham & céac tang sau
hon, gép phan duy tri dong chay ngam 6n dinh trong mua kho, trong khi gia tri as va as 10‘n hon
(>0,35 d~1) phan 4nh dong chay trung gian kha nhanh khi chay qua cac 16p da mun va tram tich
nui ltra. Dung tich trit ¢ ting sau S4=292 mm khang dinh vai tro cua tang nude dudi dat nhu “bod
dém” gitp duy tri dong chay ngdm cua luu vic. Bo tham sé trén khong chi mo ta dung co ché
thiy van ¢ luu vuc Asahi ma con phan anh nhiing bién d6i dai han trude su thay ddi cua khi hau,
nhu gidm luwong mua trung binh (gidam ~290 mm so vé&i 1978-2007) va tang nhiét do
(0,1°C/nim), 1am ting bdc hoi va giam tan suét 1i.
Bang 1. Tham s ciia md hinh Tank

Tham s6 Khodang tham chiéu Gi4 tri t0i uu
@, (m~3d-1) 0.0-0.5 0.04475
a,(d™1) 0.0-0.5 0.00062
as;(d™1) 0.0-0.5 0.49805
a,(d1) 0.0-0.5 0.35662
as(d™1) 0.0-0.5 0.00039
b,(d™1 0.0-0.5 0.49511
b,(d™1) 0.0-0.5 0.20926
bs(d™1) 0.0-0.5 0.21921
Zi(mm) 10.0 - 50.0 10.5
Z,(mm) 10.0 - 50.0 11
Z3(mm) 10.0 - 50.0 46
Z4(mm) 10.0 - 50.0 10
S1(mm) 0.0 - 300 15.5
S,(mm) 0.0 - 300 7.5
S3(mm) 0.0 -300 4.5
Sy(mm) 0.0 - 300 292

So sanh véi cac nghién ciru trude, bd tham s6 kha twong dong véi cau hinh Tank Model
kinh dién cta Sugawara (1961), nhung c6 cac hé s6 tham cao hon do dic tinh dat Andosol — diéu
khong xuat hién trong cac luu vuc d6 thi héa ma Sugawara phan tich. So véi nghién ciru ciia
Shimizu et al. (2011), dung tich trit ting mat nho hon (10-15 mm so v&i 20-30 mm), phan anh
tinh da dang dia hinh cua Asahi rong va phtc tap hon luu vuc thugng nguén nhd ma ho nghién
ctru. Su khac biét ndy xuat phat tir ty 1& rimg cao hon va sy phan 16p dt rd hon, khién phan tng
bé mat cia Asahi cham hon.

3.2 Hiéu suat md phéng dong chay

Két qua md phong cho thay mé hinh Tank 13 phu hop, thé hién qua R? = 0,62, NSE = 0,35
va RMSE = 2,36 mm/ngay trong giai doan hiéu chinh (2002—2011). Hiéu suat cai thién rd rét
trong giai doan kiém dinh (2012-2021) v6i NSE tang 1én 0,48 va R* dat 0,63. Dléu nay cho thy
md hinh mé phong tot dong chay thip va trung binh, dic biét nhd cac tham s ting sau (bs, bs,
S4) duy tri dong chay ngam 6n dinh — déc trung cua luu vyc rimg nui.

Béing 2. Hi¢u suit md phéong mé hinh Tank

Giai doan R2 NSE RMSE

Hiéu chinh (2002-2011) 0.62 0.35 2.36 (mm/ngay)
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Kiém dinh (2012-2021) 0.63 0.48 2.64 (mm/ngay)
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Mic du gia tri NSE ¢ mirc trung binh, nhung két qua nay van nam trong khoang chap
nhan dugc dbi véi cac mo hinh khai niém mua—dong chay ¢ budc thoi gian ngay theo tiéu chi
ctia Moriasi ef al. (2007). So sanh v&i cac nghién ciru truée, NSE & ddy thap hon mot chut so voi
nghién ctru ciia Shimizu ef al. (2011) (NSE khoang 0,6-0,7) st dung md hinh hydrogeomorphic
da tang cho luu vyc dau ngudn Nhat Ban, ¢6 thé do mé hinh LST don gian hon va khéng bao
gb6m yéu té dia mao chi tiét. Tuy nhién, n6 cao hon so véi tmg dung Tank Model & luu vuc Hieu
River (Vi¢t Nam) voi NSE 0,3-0,4, noi dit liéu han ché hon. NSE ¢6 xu hudng tang theo thoi
gian (tir 0,35 18n 0,48), phan anh kha nang thich tmg cia mé hinh véi bién ddi khi hau, nhu giam
mua va ting bay hoi, din dén dong chay 6n dinh hon & giai doan sau.

Theo b6 chi s6 danh gia, hiéu suat mé phong dat muc tin cdy tuy nhién mo hinh vin chwa
danh gia chinh x4c ¢ cic ndm 2006 va 2018 véi sai s6 wdc tinh khoang 20-30% tai thoi diém cuc
dai. Hai ngoai 1€ nay phan anh nhiing diéu kién thuy van dac bi¢t ma cAu trac Tank chua mé ta
day du. Nam 2006 & luu vuc Asahi ghi nhan mét chudi mua cuc doan lién quan do anh hudng
cta bao nhiét doi, dong chay mat tang dot bién va c6 sy phan hoa theo khong gian. M6 hinh st
dung dir li¢u mua diém cta JMA thay vi phan bd mua theo dang 6 ludi, vi viy sy phan hoa manh
vé cuong do mua trong luu vuc chua dugc phan anh chinh xac. Két qua 1a lugng dong chay duoc
mo phong thap hon dang ké so véi quan tric thuc té. Twong tu, nim 2018 khi luu vuc da trai qua
trén 1u lich st voi luu lugng vuot 4.500 m?/s. Cac yéu t6 ngoai pham vi mo phong nhu gia ting
mat d tham thyc vat go ven song lam thay do6i dac tinh trlr — thoat nudc cua hanh lang song,
cung voi tac dong diéu tiét cta cac hd chua thuong nguon gop phan tao ra sy chénh léch gitra dir
lidu quan tric va dong chay m6 phong. Nhom yéu tb nay khién quan trac thuc té thé hién dinh 1i
cao hon so véi két qua tir md hinh. Nhing sai 1éch nay dong nhat véi két luan cia Shimizu ef al.
(2011), von ciing ghi nhan két qua mé phong dinh 1ii thap hon khi b6 qua yéu té dia mao chi tiét.

Hiéu chinh (2002-2011)
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4. Két luan
Nghién ctru ndy dd xdy dung, hiéu chinh va kiém dinh thanh cong mé hinh Tank két hop thuét
toan t6i vu DE cho md phong dong chay dai han tai luu vuc song Asahi giai doan 2002-2021.
B6 tham s t6i wu thu duoc cho thdy mé hinh van hanh 6n dinh, véi R? dat 0,62-0,63, NSE dat
0,35-0,48 va RMSE duy tri trong khoang 2,36-2,64 mm/ngay. Cac mé phong tai hién tot bién
dong dong chay theo mua, su chuyen tiép giita cac pha am—kho va dic diém dong chay ngam cua
luu vue, qua d6 phan anh ding cau trac thuy van dac trung cua khu vye. Méc du van xut hién
sai 1éch & mot sb dinh 1d 16n, mo hinh nhin chung dép tng yéu cau vé do tin cdy cho mé phong
dong chay theo ngay va san sang phuc vu cac budce phan tich tiép theo.

Két qua nay khang dinh mé hinh Tank t6i uu héa bang DE la cong cu m6 phong hiéu qua trong

didu kién déc diém dia hinh — khi hau phtre tap. B6 tham sd d3 hiéu chinh c6 thé duoc st dung

truc tlep lam dau vao cho cac md hinh chét luong nudc, phuc vu ude tinh tai luong 6 nhiém va
danh gid rui ro sau cac sy kién mua 16n. Nghién ctu déng thoi mo ra tiém ning Gmg dung cho
cac luu vuc tuong dé)ng tai Viét Nam va Bong A, noi dix liéu quan trac thiéu sy déng bd va bién
d6i khi hau ngay cang rd nét doi hoi cac mé hinh gon nhe nhung déng tin cay.
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