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Tém tit: Viéc hiéu chinh va kiém dinh mé hinh thuy vin HEC-HMS theo quy trinh thir sai
(trial-and—error) thuong mat nhiéu thoi gian va b thong sb tim dugc thuong khong phai
t6i wu. Bai bao nay trinh bay két qua phét trién mot chuong trinh cho phép do tim ty dong
b thong sd t6i wu ctia md hinh HEC-HMS duya trén thuat toan SCE-UA. Trudc hét phuong
phép Latin Hypercube Sampling dugc sir dung dé Iy gia tri tham bién rong khap khong
gian nghiém mot cach hiéu qua nhat. Sau d6, SCE-UA dugce st dung dé do tim nghiém t6i
uu thong qua chon loc va tién hoa dua trén céc gia tri mau ban dau. Nghiém tdi wu duoc
chon duya trén mat thoa hiép Pareto va dénh gia do tin cdy bang phwong phap GLUE. Chuong
trinh da va dang dwoc tmg dung cho hd thuy dién Krong H’nang (tinh Pak Lik). S licu
thuc do tir 18 trong sb 33 tran 1ii trong giai doan 2016-2021 duoc st dung dé hiéu chinh va
thu hep khdng gian nghiém ban dau gitp qua trinh do tim dwoc nhanh chong hon, dong thoi
phan tich d6 nhay va xac dinh ba théng sé chii dao Tp, CN, Tc nhdm giam s luong tham
bién (tu 50 Xuéng con 18 tham bién). Dua trén két qua nay, chuong trinh duogc kiém dinh
Vo1 5 tran 1 tiép theo va cap nhat ty dong trong du bédo theo thoi gian thyc trén 10 tran 1a
con lai. Chuong trinh dat hiéu qua du bao rét tot dén budc thoi gian t + 4 gio, cac chi sb
danh gia dat mac cao (KGE > 0,8; VE < 10 %) va két qua ludn ndm trong ving tin cdy
Qs5%—Qug5%.

Tir khéa: HEC-HMS; Do tim tu dong théng s6 mo hinh; SCE-UA; GLUE; Du bo 1ii thoi
gian thuc; Krong H’nang.

1. Gi6i thi¢u

Cac mé hinh todn thuy van nhu HEC-HMS (Hydrologic Engineering Center—
Hydrologic Modeling System) mé phong chu trinh thuy véan theo cach don gian hoa cac dac
tinh vat 1y cta hién twong tu nhién thong qua cac (hé) phuong trinh toan hoc [1]. Cu thé, md
hinh HEC-HMS m6 phong mua—dong chay trén luu vuc théng qua 4 thanh phan chinh: (i)
mo hinh mua-— dong chay (i) mo hinh nudce ngam (iii) mo hinh ton that va (iv) md hinh truyén
10 trén song. Bon thanh phan chinh nay duoc m6 phong trén HEC-HMS thong qua cac théng
s6 mo hinh. Trong kh1 mot s6 thong s6 ¢co thé do dac dugc (nhu dién tich luu vue, d6 dai
song...) thi sb khac rat kho hodc gan nhu khong thé do ludng duoc (nhu Muskingum X,
Snyder Tc...). Nhiing thong sd nay phai dugc hiéu chinh cho mdi luu vuc khic nhau sao cho
két qua dong chay mé phong tir mé hinh phu hop véi dong chay thuc do [2]. Qua trinh hiéu
chinh va kiém dinh mé hinh thuong dugc thyc hién thu cong bang phuong phép thir sai (trial—
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and-error). Phu thugc vao kinh nghiém cua nguoi lam mo hinh ma viée thir sai c6 thé tiéu
tén nhiéu hay it ngudn luc [3]. Ngoai ra, bo thong s6 tim duoc thuong khong phai téi wu va
tiéu chi danh gia sy pht hop thuong rat giéi han hay chi don muyc tiéu. Viéc nay thuc day nhu
cau nghién ctru, phat trién cac thuat toan va chuong trinh mdy tinh cho phép hiéu chinh mé
hinh mot cach tu dong va do tim bd thong s6 t&i wu theo da muc tiéu nham tiét kiém thoi gian
va mang lai hiéu qua cao. Diéu nay hoan toan phu hop va ¢ ¥ nghia 16n ddi v6i nhu cau du
bao va canh bao 1i theo thoi gian thye, cling nhu viéc quan 1y cac cong trinh thuy loi-thuy
dién trong diéu kién cac hién twong mua lii cuc doan  ngay cang gia tang [4].

Hién nay c6 kha nhiéu thuat toan tim nghiém t6i wu toan cuc khac ‘nhau. Mot sO thuat
toan théng dung nhu thuat toan di truyén (Genetic Algorithms) phat trién boi Michalewicz
(1992), giai thuat t6i wu bay dan (Particle Swarm Optimization) dé xuét boi Kennedy va
Eberhart (1995), thuat toan tién héa x4o tron phirc hop cua Truong Dai hoc Arizona (Shuffled
Complex Evolution—-University of Arizona, thuong viét tit SCE-UA) tao ra boi Duan (1992).
Dbi v6i cac bai toan thity van, cac hé phuong trinh thudng & dang phi tuyén va bao gém rat
nhiéu tham bién thi SCE-UA duoc xem 12 mot trong nhing thudt toAn manh mé& va hiéu qua
nhit cho viéc hiéu chinh thong sé6 md hinh [5-6]. SCE-UA da dugc nhiéu nghién ctru &p
dung thanh cong vdi cAC mo hinh thuy van thong dung nhu MIKE-NAM [7], SWAT [8],
SWMM [9]. M6t s6 nha phat trién phan mém ciing di tich hop sin SCE-UA vao chirc ning
do tim tu dong théng s6 mé hinh nhu SWAT-CUP hay MIKE-AUTOCAL.

Nhiing phién ban gan day ciia md hinh HEC-HMS nhu 4.8 (01/2021), 4.9 (01/2022)
dugc Trung tAm k¥ thuat thity van thudc Quan doi Hoa Ky (USACE) trang bj mot s6 thuat
toan do tim nhu Univariate—Gradient, Nelder and Mead thong qua chirc nang Trial Run [10]
nham gitp ngudi 1dm mé hinh do tim bd thong sb 'md hinh nhanh va hiéu qua hon. Tuy véy
viéc stir dung phai thong qua thiét 1ap thu cong, tén nhiéu thoi gian. Mot dang sira doi cua
phuong phap Gauss—Marquardt Levenberg dua trén SCE-UA hién ¢ trang thai “dugc dé
xudt 1a tiém nang’ ’ trong mot bao cdo ndi bo cia USACE [11] va van chua dugc tich hop vao
ban chinh thirc. S6 it nghién ctru tmg dung phuong phap do tim t6i wu khac nhu Particle
Swarm Optimization dé thiét 1ap thu tuc do tim t6i uvu bd thong sé mé hinh cho HEC-HMS
song hi€u qua chua cao [12].

Bai b4o nay trinh bay két qua phat trién mot chuong trinh cho phép do tim ty dong bo
thong s6 téi uu cua m6 hinh HEC-HMS dura trén thuét toan SCE-UA, nham cép nhat ty dong
bd thong s6 mo hinh trong du bao duong quatrinh Ia vé& ho chira theo thoi gian thyc. HO chira
duoc ap dung trong nghién ctru nay la ho Kroéng H’nang v6i luu vuce c6 dién tich 1.168 km?
nam ¢ dia phan tinh Pik Lak (xem muc 2). Dé thyc hién do tim, trudc hét phuong phap lay
mau siéu khdi Latin (Latin Hypercube Sampling, LHS) [13] duoc sir dung dé 1dy mau gia tri
tham bién rong khap khong gian nghiém mét cach hiéu qua nhét. Sau do thuét toan SCE-UA
dugc sur dung dé do tim nghiém tbi vu théng qua viéc chon loc va tlen hoa dya trén céac gia
tri lay mau ban dau. Thong thuong bai todn 1a da muc ti€u, nghiém tdi wu do do duoc chon
trén mat thoa hiép Pareto va danh gia do tin cay bang phuong phap udc tinh d tin cdy tong
quat (Generalized Likelihood Uncertainty Estimation, GLUE) [14] (xem muc 3). Dix liéu luu
vuc Krong H ning voi 33 tran 1d quan tric giai doan 2016-2021 duoc st dung dé thir nghiém,
trong d6 18 tran 1t dung dé hiéu chinh, phéan tich do nhay, xac dinh céc thong s6 chu dao va
khong gian nghiém ban dau; 5 tran 1 tiép theo st dung dé kiém dinh chwong trinh; 10 tran
lii con lai dé thir nghiém hiéu suat chuong trinh khi dy bao lii theo thoi gian thuc. Két qua
chi tiét va thao luan trinh bay ¢ muc 4. Cac két qua chinh duoc tom tit lai & phan cudi cua
bai bao (muc 5).

2. Pham vi nghién ctru va dir liéu

Cong trinh thuy di¢n Krong H’nang nén} trén dia ban hai tinh Pik Lik va Phua Yén, trong
do6 toan b luu vue thude dia phan tinh bak Lak (Hinh ,l). HO chtra ¢6 dung tich toan bd
165,78.10° m?, dép dugc thict ke v6i 1 thiét ke c6 tan sudt Qo 10, = 8.234 m¥/s [15]. Song
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Kréng H'ning (hay Ea Krong H'ning) 1a phu luu cia séng Ba — luu vuce song 16n nhit & khu
vuc Nam Trung Bo.

Hé théng quan tric va tinh toan ty dong mua, myuc nudc, va luu luong vé hd thuy dién
Krong H’ning voi tan suat 15 phat dugc thiét 1ap trén luu vire tir thang 9/2016. Tinh dén hét
thang 12/2021, hé thong da quan tric duoc 33 tran 1d v6i luu lwong dinh tir 180 dén 2.710
m3/s. Luu ¥ rang ddi véi hd Krong H’ning, gia tri ngudng luu luong duoc xem 14 1i vé hd
khong dugc quy dinh cu thé trong hd so thiét ké ciing nhur quy trinh van hanh. Trong nghién
clru ndy, nhom tac gia st dung tit ca cc trin mua—li c6 thoi gian mua kéo dai hon 12 gio
va ¢ dd thi i hoan chinh (gém cac yéu td: dong chay co ban, nhanh 1ii 1én, dinh 1ii, nhanh
1&t xudng). D4 thi cac tran 1i thue do thé hién trén Hinh 2. Céc tran 1i thong thuong kéo dai
trung binh khodng 42 gi¢ va lén t&i 102 gid. Luu lugng dinh 1 trung binh vao khoang 850
m%/s va 16n nhat 1a 2.710 m%/s. Tong lwong li trung binh khoang 55 triéu m® va 16n nhat 192
triéu m°. Mot sd théng ké khac vé cuong do mua—Ili duoc thé hién chi tiét trong Bang 1.
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Hinh 1. Ban do luu vuc ho thuy dién Krong H’nang. Cac diém hinh sao hién thi vi tri cuia 15 tram
do mua (T1 dén T15), diém hinh tam giac 1a vi tri dap. Dai mau (xanh dén do) thé hién cao d6 dia
hinh Tuu vuc.

Dé ¢ thé hiéu sau hon dic diém mua—1ii trén luu vuc Krong H’ning, tvong quan gitra
tong luong mua, tong luong 10, luu lrgng dinh 1 va do 16n dinh mua dugc phén tich chi tiét
tren Hlnh 3. Thong thuong quan hé gitra mua—dong chay 1a phi tuyén vi phu thuge rat nhiéu
yéu td lién quan dén dic diém luu vuc va kha nang tham, trit nudc & cac tang khac nhau cua
Iuu vue. Luu vue Krong H'nang cting khong phai ngoai 1¢. Tuy vay, néu xap xi mbi quan hé
tong luong mua va téng luong 1ii trén luu vie Krong H'nang bang mot twong quan tuyén
tinh, két qua hé s6 tuong quan dat mirc t6t R? = 0,768. T dy c6 thé dung moi quan h¢
nay dé ude tinh hay du bao téng luong i khi tinh duoc hay du bao dugc téng luong mua
trén luu vuc.
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Bang 1. Thong ké cuong d6 mwa—li & luu vue Krong H'nang tir s6 ligu 33 tran mua—li.

Thong so Nho nhat Trung binh Lén nhat
Thoi gian tran 1 (gid) 21,0 42,0 102,0
Tong luong mua (mm) 18,0 82,7 278,0
Cuong d6 mua (mm/ gio) 0,6 19 51
Thoi gian xuat hién dinh mua (gid) 3,0 9,9 20,0
Luu luong dinh 1§ QP (m¥/s) 182,3 849,0 2.710
Tong luong 1ii (triéu m®) 16,5 54,6 191,8
Thoi gian xuat hién dinh 14 (gio) 8,5 18,3 32,8
Thoi gian tre gitta dinh mua— dinh 14 (gio) 1,0 8,0 15,5
Luu lugng ban dau Q, (m?%s) 20,0 110,0 221,0
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Hinh 2. D6 thij 33 tran 1d thuc do trén luu vee Krong H ning trong giai doan 2016-2021.
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Hinh 3. Tuong quan gitra tong lu'orng mua (truc X) tong hrorng 1t (truc y) dinh 1t (dal mau) va dinh
mua (kich thude diém), duong thiang mau do thé hién méi quan hé tuyén tinh giira tong luong mua

va tong lugng 1ii, voi hé s6 tuong quan chat ché R? = 0,768.
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3. Phuwong phap nghién ciru
3.1. Do tim b thong 6 16i wu ctia mé hinh HEC—HMS twr dong bcing thuat toan SCE-UA

Dé c6 thé do tim mot cach ty dong, trude hét can chon khong gian kha nghiém tham bién
cia m6 hinh HEC-HMS, nghia Ia xac dinh s6 lugng tham bién (sb chiéu n) va khoang gia
trj cua ching. D6i v6i mdi tham bién, khoang gia tri thich hop dugc dua ra trong phan hudng
dan sir dung md hinh HEC-HMS [10]. Khoang gi4 tri ctia mdi tham bién nay kha rong va
can duoc thu hep cho mdi luu vyc nghién ctru cu thé dya trén kinh nghiém sir dung mo hinh
va dit liéu quan tric trén luu vuc d6 (Bang 4). Viéc thu hep khong gian kha nghiém gitp tiét
kiém khoi luong tinh toan va lam giam thoi gian hoi tu mot cach dang ké vi s6 luong tham
bién thudng rat 16n [9, 16].

Khi d3 xac dinh duoc khéng gian kha nghiém cho Iuu vuc nghién ciu, ching ta can lay
s 0 hop tham bién, véi s = p(2n + 1) phu thudc vao s6 lugng tham bién n va sé lugng
phuc hop (complexes) p, dé c6 thé chay mo6 hinh HEC-HMS va so sanh két qua mé phong
dong chay tir s_ t6 hop v6i gi tri luu lugng thyuc do dé danh gia chat luong két qua mo phong.
Vi s0 lu0’ng mau thuong bi gidi han, dé tiét kiém thoi gian tinh toan can chon mot phuong
phap gip ldy mau mot cach hiéu qua. Trong nghién ctru nay str dung phuong phap 1ay mau
siéu khéi Latin (Latin Hypercube Sampling, LHS) do phuong phap nay vuot trdi hon gieo
mAau ngau nhién vi c6 xét dén vi tri cac mau da gieo [13].

Sau khi da gieo mau (V6i s t6 hgp tham bién ban dau), chuong trinh ty dong HEC-HMS
md phong mua—dong chay vai b thong sé mé hinh theo s t6 hop tham bién, sau d6 tinh
ton gia tri ham muc tiéu theo chi sé danh gia hiéu qua Kling-Gupta (KGE) tuwong ng véi
mdi t6 hop. Thuat todn SCE-UA tién hanh sap xép s t6 hop theo tha tu gid tri KGE ting
dan va luu trir vao tap D sau d6 chia tip D nay thanh p phirc hop A¥(Véi k = 1,..,p).
Céc phuc hgp A* dugce tién hoa mot cach dc 1ap theo phuwong phap Downhill Simplex trong
khdi thuat toan Competitive Complex Evolution (CCE). Tiép theo, SCE-UA loai bo cac
nghiém xau (c6 gia tri KGE nho) va x4o tron diém giita cac phtc hop A¥ da tién hoé thanh
mot tap mau D méi. Sy tién hoa va x4o tron nay s€ dugc lap lai dén khi diéu kién hoi tu
duoc thoa mén hay dat sb lugng chu trinh 1ip (repetitions) do ngudi dung khai bao. Nho sy
x40 tron dlem giita cac phirc hop, thuét toan SCE-UA rét hiéu qua trong viéc giai quyét hién
tugng mac ket nghiém & cac vung cuc tri dia phuong (local optima). Nghiém cu6i cung cua
thuat todn la duong mo phong Iuvu luong Qe (global optimum) ¢ chi s6 danh gia KGE tot
nhat va t6 hop tham bién tuong tng.

Chuong trinh ty dong do tim b thong sb tdi wu cia md hinh HEC-HMS dura trén thuat
toan SCE-UA duoc phat trién theo so dd giai thuat mo ta trén Hinh 4. Nghién ctru nay st
dung CcAc thu vién ma ngudn md nhu spotpy, hydrooval, smt. sampling_methods... va lap
trinh trén ngdn ngt Python.

Dé cai thién hiéu sudt do tim nghiém t5i wru, C4c tac gia chia qua trinh do tim t6i wru thanh
2 giai doan (2 phase): giai doan 1 tim kiém tho véi 1.000 chu trinh ldp (repetitions =
1.000), nghiém tim duoc & giai doan 1 ding 1am nghiém ban dau cho qua trinh tim kiém chi
tiét & giai doan 2 véi 5.000 chu trinh 1ap (repetitions = 5.000). Dé tinh dén sy khong chic
chan, mot ving mo rong 25% gia tri khoang nghiém ciia tham bién vé hai phia khi tim kiém
giai doan 2 va gia tri giéi han vat 1y ciia tham bién trén HEC—-HMS (Bang 4) ciing duoc thém
vao dé dam bao y nghia ctia nghiém tim duoc.
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Khai bao: n=sb chiéu, p=sbé lwong phirc
hop, m = s6 diém trong mai phirc hop
Tinh: s=p.m

i Khéng gian tham bién
Tp,CN va Tc i

Gieo mau ngau nhién theo
phuwong phap
Latin Hypercube Sampling

L4y ra s diém ngdu nhién trong khéng
gian nghiém Q, tinh gia tri ham muc tiéu
clia moi diém.
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Kiém tra diéu kién hoi tu

Hinh 4. So d thuat toan chuong trinh do tim b thong s6 t6i vu HEC-HMS trén nén tang thuat toan
SCE-UA. Khoi chuong trinh bao béi duong nét dut mau do bén phai dugc phét trién méi dé lién két
HEC-HMS vao thuat todn goc cua tic gia Duan (1992).

3.2. Phan tich do tin cdy du bdo

SCE-UA str dung chién lugc t6i wu hoa toan cuc bd thong sb dwa trén ham muc tiéu don
bién, phuong phap nay tim cach xac dinh mot bo thong s6 “tot nhat” ma bo qua nhiing diém
khong chéc chan tir cac ngudn lién quan den dir li¢u, cau trac mo hinh va sy khong chic chan
ctia cac thong sd. Khi khong xet dén sai s6 do quan trac dit lidu (mua, luu lugng) thi sai 5O
trong wdc tinh gi4 tri thong sb 12 ngudn sai s6 1on nhat c6 thé dan dén sai s6 16n két qua dau
ra mo hinh [17-18]. Nghién ciru nay sir dung phuong phap udc tinh do tin cay téng quat
(Generalized Likelihood Uncertainty Estimation, GLUE) do Beven va Binley dé xuat nim
1992 [14] dé phan tich d6 tin cdy du bao tir két qua mé hinh.

GLUE thyc hién quy trinh m6 phong Monte Carlo, muyc tiéu ctia phuong phap GLUE la
tim ra mot tap hop “co thé chap nhan dugc” cua cac tham sé trong khong gian nghiém trén
dir liéu va diéu kién cho truéc. O day sir dung két qua mé phong HEC-HMS trong qua trinh
tién hoé biang SCE-UA (5000 lan & giai doan 2). Dung ngudng KGE = 0,65 dé loai bo
phan nghiém xau, giir lai cac nghiém tét dé xac dinh ham phan phdi tich Iy (Cumulative
Distribution Function, CDF).

Nhu vay, két qua du bao cua chuong trinh dugc dua ra boi gia tri nghiém tdi wu Qopt
ciia SCE-UA va d6 khdng chic chin tir CDF, duoc chon ¢ mic do tin ciy 5% dén 95%,
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ddng thoi thé hién dugc phan phdi xac suat (hau nghiém) cua céc tham bién chu dao (Tp,
CN va Tc).

3.3. Tiéu chi danh gid chdt lwong ciia mé hinh dy bdo

Chéat lwong mé hinh du bao duoc danh gia tir su sai khéac gitra két qua mé hinh va s liéu
quan trac tai diém nut kiém soat thong qua mat so chi tiéu nhu sau:
Sai Iéch vé dinh 1 (peak error, PE %)

PE = 100. Qs‘m—pQ”bS (1)

obs
Sai Iéch vé tong lugng 1t (volume error, VE %):
Volsim — Volyps

VE = 100. Vol @)
obs
Chi s6 hi¢u qua Kling-Gupta (Kling-Gupta Efficiency, KGE):
KGE =1 — \](R _ 1)2 + (Gsim )2 + (Qsml _ ) (3)
Oobs obs

VOTi:

D @65 = Qore): (@i = i)

R=
S _ ©)
2i=1(Qébs - Qobs)2 Zi (ann Qsim)z
Sai s6 trung phuong tuong ddi (Relative Root Mean Square Error, RRMSE):
n .
> (0L, - 01, )2
RRMSE = \/ obs T )

Qr)bs

Trong d6 Q (M%s) 1a luu lwong 1id; Q (m%s) la gid trj luu luong trung binh; QP(m%/s)
1a Ivu lugng dinh 1ii; o (m¥s) 1a d6 1éch chudn caa chudi luu luong; Vol (mP) 1 téng lwong
1i; n latong sé diém dix liéu; cac chi sé dudi sim ky hiéu chudi mé phong va obs ky hiéu
chudi thuc do. M6t s nghién ctru chi ra tiéu chi danh gia chit luong mé hinh théng qua cac
chi s6 ¢o thé tham khao & Bang 2.

Vi khong c6 chi s6 ndo c6 thé xem xét tat ca dic diém ciia duong qua trinh 1d (nhu thoi
gian xuét hién dinh 1&, luu lugng dinh 1, hinh dang 1& va d6 16n tran 1d...), nén can két hop
cac chi tiéu dé danh gia, tirc chon nghiém theo ham da muc ti€u thay vi don muc tiéu dé co
thé thu duoc két qua t6t nhat. Trong nghién ciu ndy, hai ham muc tiéu dugc ding dé chon
nghiém tét nhat cia md hinh trén mat thoa hiép Pareto 1a: (i) chi s6 hiéu qua KGE 1a 16n
nhét va (ii) sai léch tong luong 1 VE (%) 1a nho nhat. So di cac tac gia lya chon chi s6 danh
gia tong hop KGE do ban than chi so nay bao gom h¢ s6 twong quan R, d léch chuan va
gia tri trung binh (xem biéu thire (3) va (4)). Di vai sai lech tong luong 1t VE (%), day la
mot chi s6 quan trong khi du bao 1ii cho cac hd chira bdi n anh hudng rat 16n dén viéc van
hanh tich nudc, xa 1i ciia hd chira.

Bang 2. Tham khao céc tiéu chi danh gia do tt mo hinh théng qua céc chi sd.

Chi sb Kém  Trung binh Tét Rét tét Tham khio
KGE <05 0,5dén0,7  0,7dén0,8  0,8dén 1,0 [19-20]
VE (%) > 20 10 dén 15 5dén 10 0dén 5 [21]
PE (%) > 20 10 &n 15 5dén 10 0dén 5 [21]
R2 <04 0,4dén0,7 0,7dn0.85 0.85dén1,0 [22]

RRMSE >0,7 0,6dn0,7 0,5dn0.,6 0dén 0,5 [23, 24]
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4. Két qua va thao luin

4.1. Thiét ldp mé hinh HEC-HMS cho lwu viee Krong H 'ndng

Luu vye Krong H’ning vai dién tich 1.168 km? dugc chia thanh 6 tiéu luu vuc (tir Subl
dén Sub6), song chinh dai 130 km, trong d6 doan tir cira ra tiéu luu vuc Subl dén hd chira
duogc chia thanh 4 doan song (tir Reachl dén Reach4) dya trén dac diém dia hinh va thuy hé
ctia luu vuc. Céc thanh phan tiéu luu vuc, doan song két ndi véi nhau bang cac hop luu
(Junction) tao thanh hé thong lién két chit chd tir thwong ngudn dén ctra ra luu vuc (Outlet).
M5 hinh luu vue Krong H nang dugc thiét 1ap trén HEC-HMS thé hién & Hinh 5. Dién tich
cac tiéu luu vue va chiu dai cac doan song 1a cac thong sb vat 1y c6 thé do dac duoc, chi tiét
¢ Bang 3. Trén luu vuc Krong H'nang ¢6 15 tram do mua ty dong, s6 liéu mua céc tram duoc
tinh chuyén vé mua binh quin céc tiéu luu vuc (sub-basin) bang phuong phap da giac
Thiessen.

GHI CHU

@* Sub-basin: Tiéu lwu vwe

=== Reach: doan séng

¥J Junction: Hop lvu Pwong bao da giac Thiessen

gj Outlet: Clrara "] Tram do mwa

Hinh 5. M6 hinh lvu vuc Krong H’ning trén HEC—-HMS Vi 6 tiéu luu vuc tir Sub 1 dén Sub 6. Céc
tram do mua ty dong duwoc ky hiéu tir T1 dén T15. Trén hinh dap Kréng H’nang nam phia ha Iuu cua
luu vuc gan tram do mua T15. Nét dirt mau do thé hién cac duong bao cua da giac Thiessen.

Bang 3. Dién tich cac tiéu luu vuc va chidu dai cac doan song chinh.

Tiéu luu vue Subl Sub2 Sub3 Sub4 Sub5 Sub6
Dién tich (km?) 232,00 180,00 224,00 260,00 101,00 171,00
Doan sbng Reachl Reach2 Reach3 Reach4
Chiéu dai (km) 25,97 25,88 2,96 15,05

4.2. Khong gian kha nghiém

- Khoang gia tri cac tham bién ctia moé hinh HEC—HMS rét rong do dugc USACE thiét ké
dé phu hop véi nhiéu dang luu vuc khac nhau (xem Bang 4). Ngoai ra so lugng tham bién la
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khé 16n vai tong cong n = 50 tham bién (6 tiéu luu vuc x 7 tham bién + 4 doan séng X 2
tham bién). Do d6, viéc do tim thuong mat rat nhiéu ngudn luc va thoi gian. Dé ¢ thé do tim
tur dong mot cach hi€u qua thi can thu hep khong gian kha nghiém cho moi tham bién va can
giam bét sb lwong tham bién (hay con goi 13 s6 chiéu khong gian). Trong muc ndy cac tac
gia trinh bay viéc gidi han khong gian kha nghiém thong qua viéc hiéu chinh thu céng dé do
tim khoang gia tri phu hop cho tung luu vuc, tir 6 thu hep lai khoang khong gian kha nghiém
ciia moi tham bién. Viéc giam s luong tham bién théng qua phan tich d6 nhay duoc trinh
bay & muc tiép theo.

Bing 4. Cac tham bién chinh, y nghia va pham vi gia trj cia chung trén HEC-HMS va cho luu vuc
Kroéng H'nang tir két qua hiéu chinh thi cong 18 tran lii.

L en Phuwong < ; - Gia tri trén Gia tri luu vuc
Qué trinh phép Tham bién Y nghia HEC-HMS[10]  Krong H’niing
-y Thoi gian tap trung 0-500 0,5-16,0
Mua Tp (gi%) nu(’ycrcﬁa} Iuu vuc
—dong Snyder UH Hé s6 diéu chinh do
chay Tc 16n dinh va hinh 0-1,0 0,3-0,95
dang 1t
3 N
Qo (M) |1 lwrong ban diu 0- 100.000 Thue do
He¢ s6 suy giam
Nuéc ngam  Recession Re nuée ngdm 0-10 0,2-085
Hé sb xac diph do
Rp 16n nudc ngam theo 0-1,0 0,1-0,45
dinh 1a
Then scs Curve 12 (mm)  Ton thit ban dau 0-500 0-20
Number CN $6 hiéu dudng cong 0-100 35-88
. K (gio) Thoi gian truyén li 0-150 0,5-6,0
Truyénld  Muskingum o
X H¢ s0 diéu chinh 0-05 0,05-0,28

S6 liéu 18 tran 1d (tir #1 dén #18) dugc dung dé tim khoang gigi han cho mdi tham bién
cua bo thong sé6 md hinh HEC-HMS (Tp, Tc, Ia, CN, ..)) cho riéng ting tran theo phuong
phap thir—sai va lga chon nghiém dua trén cac ti€u chi ddnh gia mo hinh. Viéc hiéu chinh thu
cdng mat khac gitip nguoi sir dung mo hinh hiéu dugc do nhay ciia cac tham bién khac nhau.
Gidi han khong gian tham bién ciia m6 hinh HEC-HMS cho luu vyc Krong H'nang dya trén
viéc hiéu chinh 18 tran 1l duoc thé hién trén Hinh 6. Téng hop céc chi s danh gia do tét md
hinh & Bang 5 cho thady md hinh md phong tét & hau hét cac chi s6. Chi s6 danh gia hiéu qua
Kling-Gupta thip nht dat dugc KGE = 0,66. Cé biét, C4c tran It s6 2, 6, 11, 17 ¢6 mt chi
s6 khong dat mirc tot (dwoc in ddm) trong khi cac chi so khac déu dat. Piéu nay khé 1a binh
thudng khi khong thé ciing mot lic thoa mén hét dugc tat ca cac tiéu chi dat ra.

Bang 5. Chi s6 danh gia do t6t mé hinh HEC—HMS tir hiéu chinh thu cong 18 tran 1 (tir #1 dén #18).

TT KGE RZ RRMSE PE% VE% TT KGE R? RRMSE PE% VE%
1 0,868 0,957 0,189 748 1050 10 0,849 0,820 0,158 2,97 4,78
2 0,815 0,856 0,253 -19,47 889 11 0,776 0,889 0,293 16,12 5,56
3 0,934 0,966 0,138 -1,40 6,03 12 0,936 0,980 0,146 593 572
4 0,872 0,808 0,257 —0,30 752 13 0,929 0,935 0,190 -8,16 4,90
5 0,925 0,953 0,104 -8,16 261 14 0915 0,949 0,213 0,79 6,53
6 0,660 0,882 0,285 266 1427 15 0,947 0,947 0,183 454 -172
7 0,905 0,959 0,159 -2,78 6,04 16 0,977 0,988 0,106 420 -0,54
8 0,744 0,920 0,191 -0,67 -0,63 17 0,934 0,945 0,142 -11,19 4,16
9 0,958 0,972 0,064 025 -364 18 0,875 0,943 0,139 953 1,34
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Tham bién mé hinh HEC-HMS: hiéu chinh thi céng, tran |0 #1-#18
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Hinh 6. Khong gian tham bién mé hinh HEC-HMS luu vuc Krong H’ning tir két qua hiéu chinh thi
cdng 18 tran li (tir #1 dén #18).

4.3. Phdn tich do nhay cac tham bién

M6 hinh HEC-HMS ¢6 tat ca 9 loai tham bién khac nhau nhu trinh bay & muyc 4.2. Viéc
higu chinh thu cong cho thay 5 trong s6 9 loai tham bién nhay hon rat nhiéu so vei céc loai
tham bién con lai. Nam loai tham bién nay bao gém: do tré tiéu chuan (standard lag) Tp va
hé sé diéu chinh (coefficient) Tc trong phuong phap duong don vi Snyder; sb hiéu duong
cong (curver number) CN va ton that ban dau (initial loss) Ia trong phuong phap SCS
Curver Number; va thoi gian truyén lii (travel time)K trong phuong phép truyen 1a
Muskingum. Nhom tac gia phan tich d6 nhay va danh gia mirc d6 anh huang cua moi loai
tham bién thong qua 2 cuc tri min va max trong khoang kha nghiém dén két qua mo phong
bang cach thuc hién hét tit ca mo phong tir cac to hop c6 thé. Vi du, dbi véi bo 3 tham bién
nhay nhat Tp, CN va Tc (dua trén kinh nghiém hiéu chinh thu cong) s& tao ra tat ca 23 =
8 t6 hop tham bién (Hinh 7a). Két qua md phong cia 8 to hop tham bién dugce trinh bay &
Hinh 7b.

Két qua phan tich cho thay khi Tp chuyén tir min sang max lam thay doi hinh dang
1& mot céch rd rét. Tp nho 1ii 1én nhanh va xudng nhanh véi dinh 1ii nhon trong khi Tp 16n
1am dinh 1d xudt hién cham hon han, 1 1én cham, dinh 1 bet ra va di xuéng cham hon. Néu
giit nguyén Tp vathay doi CN tir min sang max, tham bién nay anh huong dén luu luong
dinh 16 16 rét. CNpq, cho gia tri dinh 1t lon trong khi CNpyp lam giam dinh 1i do d6 quyét
dinh d6 16n tong luong 1&. Pbi véi tham bién Tc, khong anh huong 16n nhu Tp va CN,
nhung Tc ciing gdy anh hudng dén d6 16n va hinh dang dinh 1ii (twong quan vé6i hinh dang
dd thi mua).

Tuong tu, nhoém tac gia thuc hién mé phong véi 2° = 32 t6 hop (khi xét thém ca tham
bién K va Ia). Két qua cho thiy tham bién Muskingum K cua cac doan sdng anh hudng
dén thoi diém xuat hién dinh 1, khi két hop voi Tp lam thay d6i hinh dang va do 16n 1a, tuy
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vay pham vi thay déi gid tri K cta cac doan séng 1 kha nho (Hinh 6) nén né anh huéng nhé
dén két qua mo phong. D6 véi ton thit ban dau Ia cua cac tiéu luu vuce chi anh huong dén
pham vi chan 1&, Hinh 6 cho thdy 90% khoang gi tri cua Ia kha nho chi vao khoang 0,05
dén 0,28 mm. Ly do 1a khi vao mua lii chinh vu, thong thuong dat da gan dat trang thai bio
hoa do cac trin mua lién tiép trudc d6 nén ton thit ban dau Ia thuong nhé. Do do6, tham sé
Ia tré nén it anh huong. Didu ndy khéc biét hoan toan vai bai todn mé phong lién tuc dong
chay nhiéu nam khi tén that ban dau Ia déng mot vai tro dic biét quan trong.

Tur nhitng két qua ndy, cac tac gia chon giir lai 3 loai tham bién cha dao 1a Tp, CN, va
Tc. Viéc ndy gilp giam dang ké sb chiéu caa khdng gian tham bién tir n = 50 xudng con
n = 18. Pay 1a két qua quan trong giup giam dang ké viéc 1y mau ban dau va gitp day
nhanh tdc do do tim bo thong sé mé hinh t6i wu thong qua SCE-UA. Ngoai 3 tham bién chu
dao, tham bién luu luong ban dau Q, duoc ldy theo gia tri quan tric tai thoi diém bat dau
md phong, 5 tham bién con lai (Ia, Rp, Rc, K, X) liy bing gia tri trung vi (median) tir hiéu
chinh thu cong 18 tran 11

(a) (b)

= Tran It #12
To th Tp CN Tc
Tp min
1 min min min 20001  CN max Tp max
- N LU L Tc max
1500
3 min max min é Te min
- min max max 5 1000 4 pu .. FIETEEE T )
5 max min min CN min | /\‘/\ !
500 4 } / RN
6 max min max Se a2 N :\:\
- \\_‘7*
7 max max min 0 ‘ ‘
0 10 20 30 40
8 max max max

Thoi gian (h)

Hinh 7. Danh gi4 anh huong va do nhay cac tham bién chii dao dén két qua mé phong, minh hoa trén
biéu d tran Iii s6 12.

4.4. Két qua kiém dinh chwong trinh

Chuong trinh tu d6ng do tim bo théng sb tdi wu cia mé hinh HEC-HMS dugc kiém dinh
trén dir liéu cua 5 tran 1i (tir #19 dén #23) dé xem xét hiéu qua mo phong toan tran 1i dua
trén khong gian nghiém ban dau caa b 3 tham bién cha dao Tp, CN va Tc ¢ duoc tir hidu
chinh tht cong 18 tran lii. Hinh 8 du6i day thé hién cac nghiém ciia qua trinh do tim ty dong
theo thudt todn SCE-UA, thyc hi¢n qua hai giai doan cho tran 1t #22, day 1a tran 1{i c6 hinh
dang phirc tap nhat trong sb 33 tran 1i (Hinh 2).

Déi voi tran 1t #22, hiéu qua do tim dat rat tot voi chi sé6 KGE ting tir giai doan 1 (Gd1)
sang giai doan 2 (Gd2), @6 hoi tu cua ham muc tiéu 1 — KGE tét. Nghiém cua hai giai doan
dugc chon trén mat thoa hiép Pareto voi hai ham muc tiéu: (i) chi s6 hiéu qua KGE 1a16n
nhat (twong duong voi 1 — KGE nho nhat) va (ii) sai sb tong luong i VE (%) nho nhat.
Két qua mo phong tuong g vo1 b thong s6 t6i wru va ving tin cay Qsy— Qos% Va Q2506—Q75%
sau khi d loai nghiém x4u theo phan tich GLUE cho ca hai giai doan. Két qua trén Hinh 8
chi ra riang ving tin cay duoc thu hep dang ké va nghiém téi vu cling dwoc cai thién tir
KGE = 0,92 |Ién KGE = 0,95.
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Hinh 8. Két qua do tim ty dong théng sé mé hinh toan tran 1 c6 hinh dang phuc tap nhu tran 1ii #22
theo phuong phap SCE-UA, thuc hién qua 2 giai doan. Két qua md hinh Qopt Nhan dugc tir SCE-
UA va viing tin cdy theo phuong phap GLUE. Hiéu qua do tim rét tét véi chi sb KGE (Gdl1) = 0,92
tang Ién KGE (Gd2) = 0,95 va ving tin cdy ciing duoc thu hep dang ké.

Ngoai ra, sau khi thyc hién phan tich GLUE, dang phan bd x4c suat (h&u nghiém) cua
cac tham bién ciing dugc xac dinh. Két qua phan phéi xac suat caa 3 tham bién cha dao Tp,
CN va Tc cua tiéu luu vuc Subl, tir phan tich GLUE tran 1ii #22 thé hién ¢ Hinh 9. Trong
d6, hai biéu d6 dang phan bd diém (scatter) thé hién phan bd nghiém timg d6i mét (Tp- CN,
Tp-Tc, CN-Tc) trong khdng gian hai chiéu (2D) va ba biéu d6 dang khong gian ba chiéu
(3D) ¢ phia dbi dién dudng chéo thé hién thém chi s6 danh gia mé hinh KGE (co gia tri tir
0,5 dén 0,8 twong tmg dai mau tir tim dén do6). Biéu d6 dang 3D minh hoa rd hon cac cuc tri
dia phuong va cyc tri toan cuc trong khong gian nghiém caa cac tham bién. Ba biéu d6 dang
cot (histogram) thé hién phan b xac suat caa tirng tham bién Tp, CN va Tc.

Qua trinh nay duoc thuc hién tuong tu cho céc tran 1i khac. Tong hop cac chi sé danh
gia két qua kiém dinh chuong trinh ty dong do tim bo thong s6 mé hinh ti uu cho 5 tran 1i
qua hai giai doan thé hién chi tiét & Bang 6.

Bang 6. Chi sb danh gia két qua kiém dinh 5 tran 1ii (tir #19 dén #23) qua hai giai doan do tim ti wu.

Tran Lii KGE R? RRMSE PE % VE%
: Gdl Gd&2 Gdl  Gd2 Gdl Gd2 Gdl1 Gd2 Gdl Gd2
19 0,918 0,987 0,959 0,974 0,141 0,089 5,48 1,17 712 -0,23
20 0,537 0,783 0,858 0,863 0,245 0,210 -1953 437 -13,36 6,65
21 0,935 0,985 0,958 0,970 0,200 0,172 17,49 929 389 0,15
22 0,922 0,950 0,900 0,904 0,202 0,199 8,81 7,61 0,06 -0,03
23 0,886 0,882 0,797 0,781 0,246 0,237 8,73 1346 068 0,67
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Hinh 9. Phan phéi xac suit hau nghiém cua ba tham bién chii dao Tp, CN va Tc cua tiéu luu vuc
Sub1 tir phan tich GLUE trén két qua giai doan 1 cua tran i #22. Biéu dd cot thé hién phan b xac
suat caa ba tham bién chu dao. Mau séc thay doi tir tim dén do thé hién ting dan cua chi sé6 KGE.
Biéu d6 dang 3D thé hién cac cuc tri dia phuong va cuc trj toan cuc trong khdng gian nghiém cua
cac tham bién.

4.5. Két qua thir nghiém theo thoi gian thwe mua lii 2021

Dua trén két qua hiéu chinh va kiém dinh, chuong trinh do tim gia tri t6i wu cho cac tham
bién va cap nhat tu dong trong du bao theo thoi gian thuc cho 10 tran 1ii (tir s6 #24 dén #33)
dé danh gia hiéu qua 1am viéc ciia chuong trinh. Hinh 10 thé hién két qua du bao & cac budc
thoi gian t + 1 gio dén ¢ + 6 gio cua tran 1i #28. Tong hop két qua danh gia chat luong cua
mo hinh du bao & cac budce du bao (lead-time) thé hién chi tiét trén Hinh 11, cac chi s6 dat
muc rat tét &én budc t + 4 gio véi KGE > 0,85; sai s6 tong luong i VE < 10 %... va
két qua luén nam trong ving tin cay Qsu—Qoso.

Tu thoi gian du bao dai hon t + 6 gio, m6 hinh HEC-HMS cho luu vue Krong H'nang
c6 do tin cay kém dan, két qua nay twong dong voi phén tich twong quan mua-1d. Luu vyc
Krong H™nang voi thoi gian tap trung nudc va truyén vé cira ra luu vuc trong 4 dén 6 gio,
sau khoang nay (> ¢ + 6 gio), do tam thoi md hinh chua st dung thong tin tir mua dy béo
nén d¢ chinh xac va khoang tin cdy cua mé hinh khéng cao. De tang thoi gian dy bao (tirc dy
béo sém hon), c6 thé tich hop thém thong tin mua tur cac nguon nhu mua radar hay két qua
mua du béo cta cac mo hinh sd tri toan cau, hiéu chinh véi s6 liéu do mwa mat dat trén luu
vue dé dam bao do tin cay mua du béo, tir d6 lam dau vao bd sung cho m6 hinh HEC-HMS,
day 1a huéng giai quyét van dé trong nghién ciru tiép theo.
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Tran |0 # 28, budc du bao: 1 h
1500 1500
Qobs _ A Qopt
Q5-Q95 @ ---- y=4.15x5 112
1000 A P \ Q25-Q75 E 1000 A &,
N = = Qopt o
A 5 &
500 - " & 500 -
- «©
v e ——— =
0 T T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do {(m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.97 0.816 0.187 1.93 12.53
Tran 10 # 28, budc duy bao: 3 h
1500 1500
Qobs A Qopt
Q5-Q95 % ---- y=9.55x+1.01
1000 P Y Q25-Q75 E 1000 +
~ = = Qopt o
N S A
500 - NS S 5004 A2
- =3 <« (A
g e— = A
0 T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do {m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.933 0.933 0.159 -2.99 3.45
Tran |0 # 28, budc dy bdo: 4 h
1500 A 1500 -
Qobs N A Qopt
Q5-Q95 an‘ ---- y=43.73x4+0.84
1000 - Q25-Q75 £ 1000
-y
’, ~ Q = = Qopt g %
S 2 A
500 - R 5500 A
S S —— <E A
0 T T T T 0 T T r
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thyc do (m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.849 0.36 0.23 -11.3 -6.76
Tran 10 # 28, buéc dy bdo: 6 h
1500 A 1500 A
Qobs A Qopt
Q5-Q95 % ---- y=172.41x%0.33
1000 Q25-Q75 £ 1000 A
= = Qopt =
o 2 A A
500 PASEEEN S 500 - e
/ T © -7 A
s i = S = A
0 T T T T 0 T T T
0 5 10 15 20 25 0 500 1000 1500
Thai gian (h) Thuye do {m3/s)
R2 KGE RRMSE PE % VE %
[ HEC-HMS 0.417 0.314 0.543 -41.87 -31.53

Hinh 10. Két qua thir nghiém du bao 1i tran 1 #28 & cac bude du béo (lead—time) tir ¢ + 1 dén
t 4+ 6 gio. Trén hinh bén trai, duong lién mau cam 1a luu lugng thyc do Q,ys, dudng nét dirt mau
xanh I nghiém téi wu Q,,,. VUng mau thé hién cac khoang tin cay Qsy—Qoss Va Qase—Qrsys Clia két

qua du béo.
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HEC-HMS: Trén 10 # 24-33
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Hinh 11. Tong hop cac chi tiéu danh gia sai s6 md hinh cho 10 tran 1 (tir #24 dén #33), & cac bude
du béo (lead-time) tir t + 1 dén t + 8 gio v6i do chinh xac dat rat tét trong khoang t + 4 gio tro
lai (KGE > 0,8). Tr t + 6 gio chét lugng du bdo kém dan. Pudng mau do thé hign gia tri tot nhat
cua chi s6 danh gia.

5. Két luin

Nghién ctru nay di xdy dung méi chuong trinh ty dong hod do tim bo thong s téi wu
ctia md hinh HEC-HMS trén nén tang thuét toan SCE-UA, mot trong nhitng thuat toan do
tim t8i wvu manh nhat hién nay, thay thé cho thu tuc do tim tha cong, khong phu thude va
tranh sai so6t chu quan ctia ngudi dung, phu hop cho viéc du bao 1 theo thoi gian thyc.
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Dir liéu mua—lii trén luu vyc hd thuy dién Krong H’ning (tinh Dak Lak) v6i 33 tran Ii
quan sat tir thang 9/2016 dén thang 12/2021 da duogc sir dung d€ hi¢u chinh, kiém dinh va
danh gia do chinh xac cia mo hinh HEC-HMS. Cu thé, s6 liéu thuc do 18 tran 18 duoc st
dung nham (i) tim ra khéng gian kha nghiém cta cic tham bién va (ii) giam b6t sé luong
tham bién tir viéc phén tich d nhay cta céc loai tham bién khac nhau. Ba loai tham bién chu
dao Tp, CN va Tc duoc x4c dinh, viée ndy gitip giam dang ké s6 chiéu khong gian tim kiém
tir 50 xudng con 18 chidu. Dua trén két qua nay, chuong trinh dugc kiém dinh trén dir liu
ctia 5 tran 1d (tir #19 dén #23) va cap nhat tu dong trong du bao theo thdi gian thuc cho 10
tran 10 (tir #24 dén #33) vé ho chia Krong H’nang. Két qua cho thay chuong trinh ¢6 kha
ning du bao rat tot dén budc thoi gian t + 4 gio. Cac chi sb danh gia dat muc cao (KGE >
0,85; sai s tong luong it VE < 10 %) va két qua luén nam trong ving tin cy Qse—Qos.
Bén canh d6, nghién ciru ciing chi ra rang can bo sung thém thong tin mua dy bao tir cac
nguén nhu radar hay két qua mua dy bao cua cac mo hinh s6 trj toan cau da duoc hiéu chinh
véi mua thue do trén luu vue dé tang dJ tin cay ¢ cac budc duy bao sém hon, mang lai su chu
dong, tin cdy va hiéu qua hon cho cac ké hoach tung pho voi mua L.

bong gop cua tac gia: Xy dung y tuong nghién ciru: N.P.S., N.T.H.; Lya chon phuong
phéap nghién ctiru: N.P.S., N.T.H.; X 1y s6 liéu: N.P.S, N.T.H; Viét ban thdo bai bado: N.P.S.,
N.T.H.; Chinh stra bai bao: N.P.S., N.T.H., N.T.H.

Loi cam on: Nguyén Phudc Sinh duoc tai tro boi Tép doan Vingroup — Cong ty CP va hod
trg boi chuong trinh hoc bong dio tao thac si, tién si trong nudc ctia Quy Do6i méi sang tao
Vingroup (VINIF), Vién Nghién ctru Dit li€u l6n (VinBigdata), ma so VINIF.2021.ThS.97.
Céc tac gia tran trong cam on Cong ty Co phan Song Ba di cung cap sb liu str dung trong
nghién clru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cia tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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Abstract: Verification and calibration of the HEC-HMS hydrological model using a trial—
and—error procedure usually costs modelers a lot of time and effort and more importantly,
the set of parameters found is often not optimal. This paper presents the results of
developing an automatic program that allows the automatic search of the optimal set of
parameters of the HEC-HMS model based on the SCE-UA algorithm. First, the Latin
Hypercube sampling method is used to efficiently obtain the parameter values widely across
the feasible solution space. Then the SCE-UA method is used to search for the optimal
solution through complex shuffling and evolution based on the initial sampling values from
the Latin Hypercube Sampling method. The problem is usually multi—objective, so the
optimal solution is therefore selected based on a Pareto front and evaluated for uncertainty
by the GLUE method. The program has been and is being applied to the Krong H'nang
hydropower reservoir in Dak Lak province. The authors use real data measured from 18 out
of 33 floods observed in the period 2016-2021 to narrow the initial feasible solution space
and to reduce the parameter dimensions (from 50 to 18) by identifying the three governing
parameters Tp, CN, and Tc through sensitivity analysis. This helps to enhance the search
speed and the convergence of the optimal solution. Based on this result, the program
searches the optimal value for the parameters and updates them automatically in the real—
time forecast. The results of the validation of the next 5 floods and testing of the remaining
10 floods give good results up to the time step t 4+ 4 hours. The evaluation indicators are
high (KGE > 0.85, volume error VE < 10 %) and the result is always in the confidence
range Qso—Qos%.

Keywords: HEC-HMS; Auto calibration; SCE-UA; Real-time flood forecasting; Krong
H'nang.



