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Tém tit: Bai toan du bao lil phuc vu cong tac giam nhe thién tai va quan 1y rii ro ngudn
nuée 1a nhiém vu dang ngay cang trd 1én cap thiét do tai nguyén nudc Viét Nam dang ngay
cang khan hiém, trong khi cac cong cu, md hinh tinh toan va cong nghé du bao 1i & nudc ta
con nhiéu han ché. Nghién ctru nay s& trinh bay cac két qua dat dugc trong phat trién cong
cu md hinh toan thity vin thong sd phan bd hién dai Marine dé giai bai toan du béo Iii. Cac
két qua dat dugc khi trién khai ap dung thi diém cho luu vuc song Nam Mu, vai tap s6 liéu
19 nam da cho thiy, mo hinh Marine sau khi dugc phat trién moi da cho két qua md phong
kha t6t, hé thong d3 mo phong duong qua trinh 18, sai s6 dinh 1t va thoi gian xudt hién dinh
1a kha hop ly. Ky thuat diéu khién tham s6 toi uu da muc tiéu MSCE_UA da giup cai thién
dang ké chit luvong mo6 phong hé théng ctia mé hinh Marine, chi sé NASH kiém dinh trung
binh cadc nam dat mirc 67%. Su thanh cong ctia cong trinh nghién clru ndy da cai thién dang
ké tinh kha thi cia m6 hinh Marine khi trién khai tng dung trén dién rong cho nhiéu luu
vuc khac nhau trén lanh thd Viét Nam.

Tir khéa: Tdi wu da muc tiéu; M6 hinh thay van phan bd; Udc tinh tham sé.

1. M& dau

Bai toan du bao 1 phuc vu cong tac giam nhe thién tai va quan Iy rui ro ngudn nudc 1a
nhiém vu dang ngay cang tr¢ lén cap thiét do tai nguyén nuéc Viét Nam dang ngiy cang
khan hiém, suy giam ca vé sb lugng va chét luong, kem theo do han han va It lut xay ra gay
git & ca quy mo, mirc d6 va thoi gian trong khi nhu cau sir dung nudc ngay cang tang va do
chinh 1a nguyén nhén gy ra khung hoang vé nudc. Nhu cdu phat trién kinh té, x4 hoi doi hoi
vé chét lugng du doan cac hiém hoa lién quan dén nudc ngay cang cao, trong khi cac cong
cy, m6 hinh tinh toan va cong ngh¢ du bao 1t ¢ nudc ta con nhleu han ché.

Céc md hinh thiy van thong s phan bb dang duoc phat trién va tmg dung trong thuc té
dé giai bai toan du béo 1ii ngdy cang nhiéu, dic biét 1a & cac nudc phat trién ¢ chit luong dir
liéu dau vao t6t hon. Hau hét cac truong dai hoc 1on trén thé giéi déu nghién ctru va phat
trién mé hinh thay van thong s6 phan bd nham phuc vu cong tac nghién clru va giang day,
mdt vai mo hinh c6 cdu trac va thuat toan tot da duoc trién khai vao ing dung trong thuc £
dé giai bai toan dy bao lii. Cac mé hinh mua—dong chay théng sé phan bb dugc danh gia cao
vé tinh Gmg dung c6 thé ké dén nhu: TOPMODEL [1]; MIKE SHE models [2]; GBHM
model [3]; WEB-DHM model [4]; MARINE model [5]; IFAS model [6]; DIMOSOP [7];
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WETSPA [8]; KsEdgeFC2D [9]; SWAT [10], ...M6 hinh TOP (Topography Model): do gido
su Mike Kirkby thudc truong Pai hoc Dia 1y Leeds phat trién vao nam 1974 dudi su bao trg
ctia Hoi dong nghién ctru moi truong thién nhién Vuong qudc Anh. Nam 1975, Keith Beven
bat dau xay dung chwong trinh TOPMODEL bang ngén ngit Fortran IV. M6 hinh thong s6
phan bé TOP 13 mé hinh nhan thirc mua—dong chay. M6 hinh hoat dong dua trén cac mo ta
gan dung vé thuy van, thuy lyc.

M6 hinh DIMOSOP (Distributed hydrological MOdel for the Special Observing Period)
1a m6 hinh thuy van théng s6 phan b6 tham s6 (khai niém) duoc sir dung nhiéu & cac nudc
chau Au nhu Y, Phép, Thuy S§. Pau vao ctia mo hinh ngoai mua phén b theo khong gian
con ¢6 ban d6 mé hinh s6 d6 cao, ban dd hién trang str dung dat, ban d6 déat dudi dang 6 luoi.
Céc phan tir 6 ludi co thé 1a thanh phan cua suon dbc luu vy, song hodc cong trinh ho chira.

Mo hinh IFAS (Integrate Flood Analysis System) 1a mot phan mém tich hop hé thong
phan tich 1a cua Nhat Ban. C6t 18i ctia phan mém 12 mo hinh thuy vin thong s6 phan bd tham
s0 md phong dong chay suon débc thong qua cac luéi DEM dudi tac dong cua 16p phu thye
vat, 16p dat cia bé mat luu vre. MGdi luéi gdm mot hé théng cac bé chia phi tuyén sip xép
theo chiéu thiang dimg, mdi bé chtra ¢6 1 hodc 2 cira bén, 1 cira day (trir bé chira dudi cung)
cho phép mé phong cac thanh phan dong chay mat, sat mat va dong ngam.

M6 hinh SWAT dugc xay dung boi Trung tam phuc vu nghién ciru nong nghiép
(Agricultural Research Service) thuoc Bo Nong nghi¢p Hoa Ky (United States Department
of Agriculture) va Trung tam nghién ctru nong nghi¢p (Texas A&M AgriLife Research) thude
Dai hoc Texas A&M, Hoa Ky vao dau nhittng ndm 1990 véi muc dich dy bao nhitng anh
hudng cta thue hanh quan 1y st dung dat dén nude, su bdi lang va lugng hoa chat sinh ra tir
hoat dong nong nghiép trén nhitng luu vuc rong 16n va phuc tap trong khoang thoi gian dai.
Mot trong nhitng module chinh ctia mo6 hinh nay 1a mé phéng dong chay tir mua va cac dac
trung vat 1y trén luu vyc. Diém han ché 16n nhat khi trién khai tmg dung mé hinh thily van
thong sb phan bd vao thuc tién dé giai bai toan du béo 1ii phuc vu cong tac giam nhe thién tai
va quan 1y rui ro ngudn nude 1 van dé xac dinh bo thong s tdi wu cho mé hinh, boi 18 day
1a van dé khé va c6 lién quan chit ché téi chat luong 161 giai cta bai toan.

O Viét Nam, cong cu md hinh toan thity vin dugc sir dung dé giai bai toan dy bao lii
trong thuc tién 1a khong nhiéu va khong da dang, phd bién sir dung hién nay 1a 2 mé hinh
thity van thong s6 tap trung (mo6 hinh TANK va mé hinh NAM). M6 hinh Tank va mé hinh
Nam (Mike—Nam) khi trién khai tng dung trong thuc té di dong gop mot phan khong nho
trong cong tac phong chéng, ‘giam nhe thién tai, phuc vu loi ich kinh té x4 hoi, tuy nhién
chung van con mot s6 han ché co6 thé nghién ctru khic phuc gitp nang cao hon nita ning luc
theo ddi va du bao ctia cac hé thong theo ddi va dy béo 1i dang st dung hién nay ¢ Viét Nam,
cac han ché ctia hai mo hinh nay co thé ké dén nhu: (1) Khai thac khong hiéu qua s6 liéu mua
mit dat va mua vé tinh dan dén lang phi vé tai nguyén, mang ludi quan trac mua mit dat &
nuéc ta hién dang co trén 1000 tram trong khi s6 liéu vao 2 mé hinh chudi sé liéu mua trung
binh luu vye; (2) Ca hai m6 hinh dang dugc sir dung pho blen & nude ta hién nay déu 1a cac
mo hinh c¢6 tham s tip trung, chua xét dén vai tro diéu tiét dong chay cua mat dém luu vuc
va sy phan b ctia mua theo khong gian, 2 nhdn té c6 anh hudng rat 16n dén qua trinh hinh
thanh dong chay trén luu vuc dan dén chét luong con nhiéu han ché; (3) M6 hinh MIKE—
NAM pho bién sir dung trong cac cong nghé dy bao 1i hién nay 1a mé hinh c6 ban quyén,
viéc can thi€p vao cac cai dat trong phan mém dé chinh stra, thay déi mot s6 thudc tinh, thong
s6 cho phu hop v6i khu vuce ing dung la dleu khong thé, hodc néu c6 thé thi ciing phai mat
mot khoan tién kha 16n dé mua lai ban quyén; (4) M6 hinh thuong mai khong c6 ma ngudn
md&, nén phuong phap tinh va co sé khoa hoc ciia mo hinh khong dugce tuong minh.

Véi cac diéu kién thuan loi vé toc d6 may tinh. Chat lugng dir liéu phan bd theo khong
gian nhu: dir liéu v€ tinh, dia hinh, tham phu, radar, ... ngay mot tbt 1én, mat do tram do mua
tu dong va mang ludi tram radar ngay cang day hon, voi tan sudt truyén s6 liéu tiém can thoi
gian thyc. Viéc lya chon mo6 hinh thuy van thong ) phan bd hién dai dé giai bai toan du bao
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10 phuc vu cong tac giam nhe thién tai va quan 1y rui ro nguén nude 1la mot hudng di phu hop
v6i xu thé phat trién ciia cic nudc tién tién trén thé giéi. Tong cuc KTTV hién dang ¢6 3 md
hinh tham s6 phan bd hién dai, thong qua qua trinh hop tic va chuyén giao cong nghé: mo
hinh WEB-DHM (Nhét Ban); mé hinh MARINE (Phap) va mé hinh WETSPA (Bi). Tuy
nhién chwra c6 md hinh nao dugc phat trién va tich hop tinh ning diéu khién ti uu thong sb,
nén viéc ning cao chat luong du doan va mo rong pham vi ing dung sang cac luu vuc khac
dang con gap nhiéu kho khan.

Trong qua trinh nghién ctru mg va dung mé hinh MARINE trong thuc té cho thay, mo
hinh ¢6 nhiéu uu dlem va dé trién khai rong rdi hon so voi cdc mé hinh thuy van thong sb
phan b khac, do c4u tric mo hinh khong qué don gian va cting khong qua phue tap, mé hinh
doi hoi s6 liéu dau vao va niang luc tinh toan pht hop voi bdi canh va diéu kién hién nay ¢
nudc ta.

Niam 2005, mé hinh thity vin thong s phan bd MARINE di dugc Vién Co hoc Viét
Nam va Trung tdm Du bio KTTV Trung wong nghién ctru tng dung dé du bao lii cho luu
vuu song Pa. Két qua du bao tac nghiép dén nay cho thdy mé hinh MARINE c¢6 nhiéu wu
diém vuot troi hon nhiéu vé kha nang mo phéng I so voi cdc md hinh khac, mé hinh lai
dugc chuyén giao c6 ma ngudn ma, tao diéu kién thuan loi dé co6 thé lya chon va phat trién
mo rong thém cac tinh nang mai phu hop hon véi diéu kién co so ha tﬁng du bao tai Viét
Nam, nang cao chat luong dy bio va mo rong ing dung cho nhiéu luu vuc khac.

Nam 2014, m6é hinh MARINE tiép tuc dugc nghién ctru, ing dung va tr¢ thanh mot
thanh phan ct 15i trong hé théng theo ddi va du bao 1ii cho 6 hd chira 16 trén luu vuc séng
Héng. Tuy nhién, & Viét Nam vi¢c nang cao chét luong du béo lii cua md hinh va mé rong
pham vi timg dung sang cac luu vuc khac dang con gap nhiéu khé khin do m6 hinh MARINE
khong c6 chirc ning wdc tinh tdi wu théng sb. Cong viée do tim thong s6 theo phuong phap
thir sai (thu cong) trén mot tap 1on cac tham so theo khong gian ciia m6 hinh s€ tiéu t6n mot
lwong 16n thoi gian va cong stirc. Hon nita mirc d6 thanh cong cua bd théng sé tim duoc lai
bi phu thudc 16n vao yéu td chi quan ctia ngudi hiéu chinh, phu thudc vao mirc do hiéu biét
sdu vé hé thong ctia nguoi thiét 1ap mo hinh (diéu ma rat it du bao vién c6 thé dat dugc).

Nghién ctru nay sé& trinh bay cac két qua dat duoc trong phat trién cong cy mo hinh toan
thuy van hi¢n dai MARINE dé giai bai toan du bao 1t nham khic phuc duoc cac tdn tai, han
ché néu trén.

2. Phuong phap nghién ctru va sb liéu thu thap

2.1. Gidi thiéu vé khu vuc nghién cuu

bé thir nghi¢m mo hinh Marine sau khi phat trién méi, nghién ctru lya chon luu vuc song
Nam Mu (dén ho Ban Chat) trén séng Pa lam luu vyc thir nghiém. So luge vé luu vuc thir
nghiém dugc mo ta nhu sau:

Luu vuc hd Ban Chét bao phu gan nhu toan bo luu vuc song Nam Mu, bat ngudn tir cac
day ndi cao 1.500-3.300 m & phia Bic huyén Tam Puong giap v6i ranh gidi tinh Lao Cai
chay xuyén sudt qua hai huyén Tan Uyén, Than Uyén va thoat khoi ranh gii Lai Chau tai
ban Tang Khé, xd Khoen On, huyén Than Uyén, v6i tong chiéu dai 150 km. Dién tich luu
vuc khoang 2.300 km?2. Chiéu rong 1ong song chit yéu 30-50 m, luu luong dat mirc trung
binh va thudng thuong thay d6i 16n trong miia mua. Cong trinh thuy dién Ban Chat da duoc
xdy dyng hoan thanh vao nim 2011, day 1a mot trong bon cong trinh thuy dién 1n trén hé
thong thuy dién bac thang trén luu vuc song Da. Vi dung tich chira 1,702 ty m?, cong trinh
thuy dién Ban Chat dong vai trd quan trong trong viéc tham gia cat 1ii va diéu tiét dong chay
cho hé théng séng Da va ha luu séng Hong. Chinh vi vy viéc du bao li dén hd Ban Chat rat
quan trong. Hinh 1 13 ban d6 mang song trén luu vuc nghién ciru.
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Hinh 1. Ban d6 mang ludi song dén hd Ban Chat trén luu vire song Nam Mu.

2.2. Phwong phap nghién cvru

2.2.1. Phat trién k¥ thuat toi vu tham s6 da muc tiéu cho mé hinh MARINE

Trong ndi dung nay nghién ctru da lya chon phuong phap tich hop truc tiép giai thuat
wdc tinh thong s t6i vu da myc tiéu MSCE_UA duoc phat trién boi [11] dé phét trién mo
hinh Marine.

K§ thuat toi wu da muc tiéu MSCE_UA duoc xdy dung trén nén tang két hop cac thanh
tyu da dat duoc cua thuat toan toi wu don muc tiéu trong linh vuc thiy van va tai nguyén
nuéc SCE _UA [12-13] va thuét toan toi wu da muc tiéu SPEA/R [14]. Cu thé giai thuat t6i
uu duoc xdy dung trén nén tang ung dung cac khai niém sau: (1) Tiép can két hop tat dinh,
ngau nhién; (2) Tién hoa phirc hop; (3) Tién hoa canh tranh; (4) Xao tron phirc hop; (5) Phan
ra khong gian dua trén huéng tham chiéu; (6) Panh gia ca thé dwa trén hudng tham chiéu.

Hai khai niém cubdi duoc ké thira tir giai thuat SPEA/R: Giai thuat SPEA/R duoc dé xuat
nam 2017 c6 nang luc khéc phuc duoc cac tdn tai ciia cac giai thuat tdi uu st dung trong linh
vue thily van va tai nguyén nude dang sir dung hién nay. Giai thuat SPEA/R duoc phat trién
trén nén tang thuat toan géc SPEA [15]), dugc kiém dinh va so sanh voi cac thudt toan nhu
HypE [16], PICEA—g [17], MOEA/D [18], NSGA-III [19], SPEA2+SDE [20] trén nhiéu bai
toan tetst khac nhau. Két qua thuc nghiém da cho thdy SPEA/R rét hiéu qua dbi véi cac bai
toan kiém dinh, dic biét thuat todn c6 kha nang toi uu 1én t6i 40 muc tiéu dong thoi.

Ngon ngtr 1ap trinh Fortran va C++ da dugc st dung dé thuc hién phuong phap nay.
Chuong trinh duoc thlet ké va ma hoa dua trén nén tang va ¥y tudng cua thuat toan goc
SCE_UA, duoc phat trién boi [12] tai trudng dai hoc Arizona, Tucson, USA.

Nghién ciru di bd sung 4 mé dun chie ning chinh vao mé hinh Marine nham muyc dich
tich hop thuat toan vao mo hinh, cu thé:

a) M6 dun Control SCEUA lam nhi¢m vu khdi dong va kiém soat cac bién

Trong d6 varl ETA; var2 SF; var3 KGA va var4 ODS la cac tham sb chuan hoa
varlopt; var2opt; var3opt; var4opt la cac bién logic giup chuong trinh nhan biét thong sé can
t6i ru; MAXN la s6 16n nhat cua phep thir duge cho phep trude khi ding tién trinh t6i vu;
KSTOP 1a s vong 1ap xao tron t6i da dé gia tri muc tiéu phai thay d6i nho hon hodc bang
PECNTO trudc khi két thiic tdi wu hoa; PECNTO 1a ty 18 phan trim theo do gia tri muc tiéu
phai thay d6i trong vong 1ap xao tron KSTOP; NGS 1a s6 phirc trong mot quén thé miu; NPG
1a s6 diém trong mdi phtrc hop; NPT 14 s6 diém trong toan bo mau tién hoa, NPT = NGS *
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NPG:; NPS 1a s6 diém trong mdi phirc hop con; NSPL 14 sé bude tién hoa duge phép cho mdi
phure hop trude khi thu tuc xdo tron phirc hop dugce thuc hién.

b) M6 dun MSCEUA (a) lam nhiém vu tién h6a mau hudng téi ving tdi uu toan cuc

Trong d6 cac bién: Xobjs(2000,30) 1a cac diém trong khong gian muc tiéu cua toan bo
mau tién hoa; xf(2000) 1a gia tri cia ham vec to Fitness cua toan by mau; sobjs(2000,30) 1a
cac diém trong khong gian muc ti€u cua mdi phirc hop; sf(2000) 1a gia tri cua ham vec to
Fitness trong mdi phirc hop; Cobjs(2000,30) 1a cac diém trong khong gian muc tiéu cia mbi
phtrc hop con; cf(2000) 1a gid tri ciia ham véc to Fitness trong mdi phirc hop con.

¢) M6 dun RunMODEL(xvar,xvarmin,xvarmax,PointObj,idObj) lam nhiém vu vén hanh
mo hinh Marine tmg voi diém tham s6 tién hoa va tra vé véc to ham muc tiéu tuong ing

Trong do cac bién Nash 1a chi sO thong ké “Nash—Sutcliffe Measure” twong tng v6i diém
tham s6 tlen héa; RMSE la chi so thong ké (Root Mean Squared Error) tuong tig véi diém
tham so tlen hoa; APD la chi sb thong ké (4dbsolute Peak Difference) tuong g voi dlem
tham s tién hoa; PointObj(2000,30) 1a gia trj cta véc to ham muc tiéu tng v6i diém tham sb
tién hoa.

d) M6 dun SetPara() 1am nhiém vu anh xa diém véc to trong khong gian véc to thong sd
thanh ban do thong s6 dua theo thanh phan dat va thanh phan tham phu, lam dau vao cho mé
hinh Marine.

2.2.2. Phat trién ky thuat gom nudc va dién toan lii trong séong cho mo hinh MARINE

Hi¢n nay, trén thé gidi cac nuodc tién tién nhu Anh, MY, Phap, Thuy Pién va Nhat Ban
déu dang ung dung cac mo hinh thuy van thong s6 phan bd dé tinh toan, du bao dong chay
1t trén luu vue phuc vu cong tac phong chdng thién tai, dac biét la trong cong tac theo doi va
canh bao nguy co 1 quyét o thé xay ra trén cac song sudi nho. O Viét Nam, trudc su phat
trién manh mg cua cong nghé thong tin va he théng thong tin dia ly GIS, cac m6 hinh thuy
van thong s6 phan b ciing ngdy cang dugc nghién ctru va trién khai ing dung nhiéu trong
thuc té.

Trong qua trinh trién khai ng dung mé hinh, dé giam thiéu tac dong theo khong gian
clia cac yéu td dau vao nhu thanh phan dt, thanh phan tham phu va sy bién dong cua phan
bd mua theo khong gian..., hau hét cic mo hinh toan thily van hién dai hién nay, déu doi hoi
phai chia nho luu vire 16n thanh cac tiéu luu vue nhd hon, trude khi c6 thé thuc hién dugc
cac mo phong thuy van. Viéc phéan chia luu vuc khong theo quy ludt (phu thudc vao yéu tb
cht quan ctia nguoi thiét 14p mo hinh) da gy ra nhitng khé khan, thach thirc khong nhé trong
qua trinh phat trién k¥ thuat gom nudc cho mé hinh toan. Rat nhiéu mé hinh toan thuy vin
trong qu4 trinh thiét ké, x@y dung da khong phat trién tinh ning nay trong hé théng (trong do
c6 md hinh Marine), diéu nay da gy anh huong 16n va 1a mét can tré khong nho dén kha
nang mé rong ung dung dién rong trén nhiéu lvu vuce khac nhau. Dé khic phuc van dé nay,
chung t6i da nghién ctru va phét trién thanh cong k¥ thuat gom nudc va dién toan i trong
song cho md hinh Marine dwa trén k¥ thudt danh s6 luu vuc Pfafstetter két hop v6i ki thuat
dién toan i theo phuong phap song dong hoc. Ky thuat nay da duogc trién khai trén luu vuc
song Nam Mu nham thtr nghiém mé hinh Marine sau khi di duogc tich hop bo sung k¥ thuét
t6i rru tham sé da muc tiéu MSCE_UA cho mé hinh.

Ngon ngtt AML (ARC/INFO Macro Language) va ngon ngtr 1ap trinh Fortran 1a hai cong
cu chinh duoc sir dung dé hién thyc hoa phwong phap danh sé luu vuc Pfafstetter va tng
dung cho hd chtra Ban Chat trén luu vuc séng Nam Mu. Theo d6 cong tac phan tach luu vuc
b6 phan duoc thyc hién tuin ty theo tién trinh dudi day:

Trong tién trinh phan tach, dau tién cdc ham chirc niang thiy van trong méi trudng
ARC/INFO duogc sir dung dé xéac dinh luu vuc phan nudce tr ban dd DEM va cit tach thanh
Iwu vue doc 1ap dé chuyén bi danh sé luu vuce theo phuong phap Pfafstetter. Tiép theo cac
ban d6 hoi tu dong chay va ban dd xac dinh khoang cach dong chay tai cac 6 ludi dén mit
cit ctra ra cia luu vuc 1an luot duoc tao ra thong qua 2 ham chtic nang Flowaccumulation va
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Flowlength trong mdi truong ARC/INFO. Cac két qua dat dugc trong mdi trudng ARC/INFO
s& duogc chuyén doi sang dinh dang ASCII thong qua 1énh UNGENERATION.

Mot chuong trinh ma hoa bang ngdn ngit lap trinh Fortran duogc sir dung dé 1am nhiém
vu xéac dinh toa do xuét nudc cua 9 luu vuce theo phuong phép Pfafstetter tir cac thong tin thu
dugc trong mdi truong ARC/INFO dudi dinh dang ASCIL Cudi cung 9 tiéu luu vuc mirc 1
s& duogc tao ra thong qua cac 1énh phan tach luu vuc trong moéi truong ARC/INFO duya trén
cac két qua vé toa do xudt nude thu duge. Tién trinh trén c6 thé dugc thyuc hién lip lai cho
cac tiéu luu vue murc 2 hodc murc 3, cho dén khi céc tiéu luu vue dugce phan chia c6 dién tich
lru vuce nho hon dién tich 16n nhét cho phép dé c6 thé dap ung duoc diéu kién tGng dung
trong mé hinh thity van (luu vyc nghién ctru dién tich cho phép 1a < 3000 km?). Hinh 2 14 két
qua tmg dung hé théng danh sé luu vuc Pfafstetter cho luu vuc hd Ban Chat, theo d6 9 luu
vuc tir luu vue 16n da duoc dénh s va tach roi dé co thé san sang ing dung mé hinh Marine
vao tinh todn dong chay tur mua.
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Hinh 2. Ban d6 tham phu va két qua tmg dung k¥ thuat Pfafstetter phuc vu bai toan gom nudc va
dién toan 1ii trong song cho mo hinh thir nghiém.

So d6 gom nudc va dién toan lii trong song duoc xay dung dua trén qua trinh phan tich
hién trang v& tinh hinh: mang ludi song sudi; hé théng hd chira thuy dién vira va nhd; sy phan
bd dia hinh; va ¢é s& ha téng hé théng tram quan tric mua, 1 hién c6 trén luu vuc.

Hinh 3 1a két qua thiét 1ap so d6 tinh mwa~dong chay cho luu vuc phuc vu gom nudéc
trén hé théng tir mé hinh Marine, c6 tong s6 12 node gom nudc va 4 segment tham gia truc
tiép vao qua trinh tinh toan dong chay dén hd Ban Chat.

+ Bén nhanh song lon dd truc tiép vao luu vuc séng Nam Mu bao gém song Nam Pe,
song Nam Cha‘ing, song Nam So6 va song Nam Mit duoc h¢ théng phan ra thanh bon luu vuce
kin va duoc tinh toan tryc tiép tir 4 mé hinh Marine tuong tng 1a mo hinh Marine-BinhLu,
Marine-ThanUyen, Marine—NamSo va Marine—MuongThan.

+ Phan nhép luu khu gitra tr thuong luu vé ha luu dugce chia ra 1am 5 doan, céac qué trinh
nhap luu trong 5 doan duogc thyc hién thong qua 5 mé hinh Marine twong tng bao gdm mé
hinh Marine-KhunHa, Marine—-MuongKhoa, Marine—NamCan, Marine—PhaMu va Marine—
MuongKim, trong cac doan nhap luu céc subi nho s& duge xem xét tinh toan luong nhap luu
thong qua ty 1& dién tich gita dién tich gom nudc thyc té cua sudi trén tong dién tich ludi
tinh ctia mo hinh cua khu gitra do.
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Hinh 3. So d6 gom nuéc va dién toan 1 trong song cho md hinh thir nghiém.

2.3. 86 liéu va ham muc tiéu thir nghiém

2.3.1. Sb liéu thir nghiém

Dé thir nghiém mo hinh Marine sau khi tich hop thuat toan dé xuit MSCE_UA, chung
to1 sir dung 19 nam (2001-2019) sO lidu quan tric dé danh gia kha ning mo phong ciia md
hinh phat trién méi, trong d6 s6 liéu mua duoc thu thap tir 8 tram do mua va phan phdi t6i
luéi tinh theo phuong phap da giac thiessen, ri€ng nam 2018, 2019 su dung s6 liéu mua vé
tinh GsMap sau khi hi¢u chinh voi s6 liéu mwa mit dat. Str dung s liéu lii ing véi mua I
cac nam dién hinh Iii 16n, 1ii trung binh va 1ii nho trén luu vuc dé hiéu chinh thong s6 mé
hinh, bao gdm cac nam 1969, 1971, 1999, 2001-2009, 2012-2019 (15/6-15/10). Céc nim
trude 2009 1y sb liéu luu luong tai tram Ban Cung dé kiém dinh hiéu chinh thong sd. Cac
nam sau 2012 st dung truc tiép s6 liéu luu luong dén hd Ban Chat dé kiém dinh, hiéu chinh
thong s6. Puong quan hé H~Q nhiéu nim cua cac tram Ban Cung (Ta Gia).

2.3.2. Ham muyc tiéu thtr nghiém

Nghién ctru lya chon 04 tham s6 dé thir nghiém thuét toan dé xuét t6i wvu MSCE_UA cho
mo hinh Marine bao gém: tham sd strc can bé mat K,,; m 40 rong dat; ¥ Cot nudc mao dan
cia mat wdt (mm); K Do din thuy luc (mm/hr). Cac tham sé khac duoc ¢b dinh hodc tinh
toan ndi suy tur dir liéu ban dd DEM, gi6i han bién va ky hi¢u bién cua cac tham sd uée tinh
duogc chi ra trong Bang 1.

Bang 1. Cac tham s0 toi uu va gioi han bién ctiia ching trong moé hinh Marine.

Cac tham so toi

wu Ky hi¢u bién Bién duéi Bién trén
Kmn var4_ODS 0,01 0,3
n varl ETA 0,05 0,5

¥ (mm) var2_SF 20 320

K (mm/hr) var3_KGA 0,3 120
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Nghién ctru ndy lya chon 03 ham muc tiéu ¢ tinh xung d6t cao tham gia dong thoi vao
bai toan toi uu, cdc ham muyc ti€u dugc chi ra trong bang 2.

Béang 2. Danh sach cac ham muc tiéu tham gia vao bai toan thur nghiém.

Tén ham muc tiéu Ky.lzle;u Cong thirc toan
bien
2
n —
Nash—Sutcliffe Measure NASH 1— t=1(0. = S (_9))
2i-1(0, — 0)?
M
Root Mean Squared 1 Z 1 Z”i 2
RMSE — ) |— 0, — S.(8
Error M, & n i=1( i i( ))
Absolute Peak
Difference APD 1H<1{a<§1{0t} Ioeen {St (9)}|
Trong do O; 1a luu luong thuc do tai thoi diém quan tric t (t— , ..., N); M; 1a s0 su kién

dong chay thép, n; la s6 budc trong mdi su kién; S, (0) gia tri luu lugng md phong dat duoc
ctia mo hinh Marine tai thoi diém t; O 1a gia tri trung binh luu luong thuc do ctia chudi quan
trac.

3. Két qua va thdo luin

3.1 Két qua danh gid kha nang mo phong dong chay lii cua hé théng théng qua cdc chudi
s6 liéu hiéu chinh, luu heong dén hé Ban Chat

Bang 3 tinh trong diéu kién luu luong dén hd Ban Chat dugc ndi suy tir tram Ban Cung
theo ty 1¢ dién tich. Cac két qua dat duoc trong Bang 3 cho thiy mé hinh Marine sau khi duoc
phat trién tich hop thudt toan dé xuat MSCE_UA cho két qua kha tot, cac chi tiéu danh gia
chat luong S/c va Nash qua cac nam deu dat chi ti€u cho phep theo quy pham so 94 TCN 7—-
91, diéu d6 cho thay giai thuat dé xuat moéi c6 thé tmg dung de t6i uu thong sé cho mé hinh
Marine. Dbi voi qua trinh i, sai s6 vé dinh 1i va thoi gian xuét hién dinh 13 hop 1y, tuy nhién
van con mot s dot 1ii nho hé thong chua mo phong duoc, nguyén nhan cé thé 1a do mang
lu6i quan trac mua chwa du dé phan anh khong gian mua trén luu vie, mot sé dot mua sb
liéu quan tric thu duoc tir cc tram c¢6 mua vira, nhung thuc té dit liéu quan trac trén luu vuc
lai khong c6 1ii dan dén mé hinh khong thé mé phong duoc trong nhirng trudng hop nay.

Bang 3. Két qua danh gia chi tiéu mo phong mua lii cac ndm thong qua luu lvong dén hd Ban Chat.

Q dén Ban Chat

Nam Slo Nash
2001 0,65 0,58
2002 0,56 0,69
2003 0,57 0,68
2004 0,57 0,68
2005 0,67 0,55
2006 0,54 0,71
2007 0,51 0,74
2008 0,64 0,59
2009 0,54 0,71
Trung binh 0,58 0,66
Max 0,67 0,74
Min 0,51 0,55

3.2, Két qua danh gia kha nang vng dung trong thuc té ciia hé thong théng qua cdc chudi
s6 liéu kiém dinh

Trong hé thdng thuy van (m6 phong mua~dong chay), viée kiém dinh ning lyc mo phong
ctia hé thong trén tap so liéu doc 1ap 1a chia khoa quan trong nhim danh gia tinh ing dung
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ctia bo tham s6 tim duoc trong thuc té. D danh gia kha ning tmg dung trong thuc té ctia hé
thong trén tap tham so t6i vu tim dugc. Nghién ctru nay da st dung s6 lidu clia 4 nim mua 1
2016 dén 2019 dé tién hanh kiém dinh. Két qua dat duoc cho thiy chét luong mo phong cia
hé thdng trén tap sb lidu kiém dinh doc 1ap 1a kha 6n dinh qua cac nam, chi tiéu Nash trung
binh dat mue 0,67 va khong bién dong nhiéu qua cac nam klem dinh (Bang 4). Nhu vay, co6
thé thay b vecto tham s6 tim dugc bang ky thuat tdi wu tham s da muyc tiéu MSCE_UA da
tiém can vung t1 uu toan cuc.

Bang 4. Két qua kiém dinh dong chay dén hd Ban Chat mua 1i cac nam ddi v6i hé thong du bao
dong chay lii dén hd Ban Chat.

< Q dén ho
Nam S/c Nash
2016 0,58 0,66
2017 0,61 0,63
2018 0,62 0,62
2019 0,49 0,76
Trung binh 0,58 0,67
Max 0,62 0,76
Min 0,49 0,62

Cudi cung, duong qua trinh moé phong dat duogc tir hé théng (duong gach dai) so sanh
v6i qua trinh thuc do (dudng nién dam) cho thay duong mo phong MSCE_UA ciing kha phu
hop voi thuc do (Hinh 4). Cac dac trung trén duong qua trinh nhu dinh 1{i, qua trinh 1€n,
xudng va dong ngam kha phu hop véi thuc té. Dot 1ii kiém dinh tir ngay 22/7-01/8/2019 hé
thong mo phong dinh 1 dat mirc 826 m¥/s (sai s6 20% so véi dinh 1ii thyc té), dot tir ngay
29/8 dén 8/9/2019 dinh i sai s6 1% so véi thuc té.

Két qua kiém dinh kha niang mé phong ctia mé hinh Marine sau khi tich hop giai thuat

dé xuit méi MSCE_UA
1800

1600 A QThucdo MSCE_UA
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Hinh 4. Dudng qua trinh giira luu lugng dén ho Ban Chat tinh toan va thyc té nam 2019.

4. Két luan

Céc két qua thir nghiém dat duoc trén luu vuc thir nghiém da cho thiy: mo hinh Marine
sau khi duoc phat trién moi d cho ket qua mo phong kha tdt, hé théng mo phong duong qua
trinh 1, sai s6 dinh 1@ va thoi gian xuét hién dinh 1a kha hop 1y; k¥ thuat diéu khién tham s
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t6i wu da muyc tiéu MSCE_UA da giup cai thién dang ké chat lugng mo phong hé théng cua
mo h‘}nh Marine, chi s6 NASH kiém dinh trung binh qua cic nam hi¢u dat mic 67% (muc
c6 the trien khai dugc trong nghiép vu du bao theo ti€u chuan nganh).

Sy thanh cong cua cong trinh nghién ciru nay di giup nang cao chat lwong du béo lii cho
md hinh Marine va cai thién dang ké tinh kha thi khi trién khai rng dung trén dié€n rong cho
nhié€u luu vuc khac nhau trén lanh tho Viét Nam.

Pong gop cuia tac gia: Xay dung y tuong nghién ctu: B.b.L., T.H.T., P.T.H.L.; Lua chon
phuong phéap nghién ciru: B.D.L., T.H.T., P.T.H.L.; Xt ly s6 liéu: B.D.L.; Liy miu: B.D.L.,
T.H.T., P.T.H.L.; Viét ban thao bai bio: B.D.L., T.H.T., P.T.H.L.; Chinh sira bai bo: B.D.L.,
T.H.T.,P.T.H.L.

L& cam on: Nhom nghién ciru xin chan thanh cam on su hd tro cia dé tai khoa hoc “Nghién
clru phat trién mo hinh thuy van thong s6 phan b trong du bao I cho cac luu vuc song &
Vi¢t Nam”, ma s6: TNMT.2021.562.06 trong viéc thyc hi¢n va cong bo nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cia tip thé
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Tai liéu tham khao

1. Nystrom, E.; Burns, D. TOPMODEL Simulations of Streamflow and Depth to Water
Table in Fishing Brook Watershed. U.S. Geological Survey, 2007.

2. Graham, D.N.; Butts, M. Flexible, integrated watershed modelling with MIKE SHE
in Watershed Models. DHI Water & Environment, 2005.

3. Yang, D.; Herath, S.; Musiake, K. Comparison of different distributed hydrological
models for characterization of catchment spatial variability. Hydrol. Processes 2000,
14,403-416.

4. Wang, L. Development of a Distributed Runoff Model coupled with a Land Surface
Scheme, 2007.

5. Garambois, P.; Roux, H.; Larnier, K.; Labat, D.; Dartus, D. Characterization of
catchment behaviour and rainfall selection for flash flood hydrological model
calibration. Hydrol. Sci. J. 2015, 60, 424-447.

6. Tsuda, M.; Iwami, Y. Application of Flood Forecasting and Analysis Model (IFAS)
for Wadi Flash Flood. Proceedings of the Second International Symposium on
FlashFloods in Wadi Systems, 2016.

7. Ranzi, R.; Bacchi, B.; Grossi, G. Runoff measurements and hydrological modelling
for the estimation of rainfall volumes in an alpine basin. J. Royal Meteorol. 2003,129,
653-672.

8. Liu, Y.B.; De Smedt, F. WetSpa Extension, A GIS-based Hydrologic Model for
Flood Prediction and Watershed Management, Department of Hydrology and
Hydraulic Engineering Vrije Universiteit Brussel, 2004.

9. Tachikawa, Y.; Shiiba, M. Development of a Basin Runoff Simulation System Based
on a New Digital Topographic Model. Doboku Gakkai Ronbunshu 2001, 691/11-57,
43-52.

10. Neitsch, S.; Arnold, J.; Kiniry, J.; Williams, J.; King, K. Soil Water Assessment Tool
Theoretical Documentation. Texas Water Resources Institute, 2002.

11. Lap, B.D. Nghién ctru phat trién mé hinh thily vin thong sb phan bé trong du béo li
cho céac Iuu vuc song ¢ Viét Nam.

12. Duan, Q.; Sorooshian, S.; Gupta, V.K. Optimal use of the SCE-UA global
optimization method for calibrating watershed models. J. Hydrol. 1994, 158, 265—
284.



Tap chi Khi twong Thuy van 2021, 723, 47-57; doi:10.36335/VNJHM.2021(723).47-57 57

13. Duan, Q. A Global Optimization Strategy for Efficient and Effective Calibration of
Hydrologic Models, The University of Arizona, 1991.

14. Jiang, S.; Yang, S. A Strength Pareto Evolutionary Algorithm Based on Reference
Direction for Multiobjective and Many—Objective Optimization. /[EEE Trans. Evol.
Comput. 2017, 21, 329-346. https://doi.org/10.1109/TEVC.2016.2592479.

15. Zitzler, E.; Laumanns, M.; Thiele, L. SPEA2: Improving the Strength Pareto
Evolutionary Algorithm for multiobjective optimization. Proceedings of the
EUROGEN"2001. Athens. Greece, September 19-21, 2001.

16. Bader, J.; Zitzler, E. HypE: An Algorithm for Fast Hypervolume—Based Many—
Objective Optimization. Evol. Comput. 2011, 19, 45-76.
https://doi.org/10.1162/EVCO_a 00009.

17. Wang, R. Preference—inspired Co—evolutionary Algorithms. University of Sheffield,
2013.

18. Zhang, Q.; Li, H. MOEA/D: A Multiobjective Evolutionary Algorithm Based on
Decomposition. [EEE  Trans. Evol.  Comput. 2008, 11, 712-731.
https://doi.org/10.1109/TEVC.2007.892759.

19. Deb, K.; Jain, H. An Evolutionary Many—Objective Optimization Algorithm Using
Reference—Point—Based Nondominated Sorting Approach, Part I: Solving Problems
With Box Constraints. /EEE Trans. Evol. Comput. 2014, 18, 577-601.

20. Li, M.; Liu, X.; Yang, S. Shift-Based Density Estimation for Pareto—Based
Algorithms in Many—Objective Optimization. /[EEE Trans. Evol. Comput. 2014, 18,
348-365.

Development of the distributed hydrological model MARINE in
flood forecasting problem, pilot application for Nam Mu river
basin

Bui Dinh Lap'", Tran Hong Thai?, Pham Thi Huong Lan?

'National Centre for Hydro-Meteorological Forecasting; PhD student of Thuyloi
University; lapbuidinh@gmail.com

2 Viet Nam Meteorological and Hydrological Administration; tranthai.vkttv@gmail.com
3 Thuyloi University; lanpth@wru.vn

Abstract: The problem of flood forecasting for disaster mitigation and water risk
management is an increasingly urgent task due to the increasingly scarce water resources in
Vietnam, while tools, calculation models, and flood forecasting technologies in our country
are still limited. This paper will present the results achieved in the research and development
of a modern distributed hydrological a mathematical model tool (MARINE) to solve the
flood forecasting problem. The results achieved when implementing the pilot application to
the Nam Mu River basin, with a 19—year data set, showed that the MARINE model after
being developed has produced quite good simulation results, the system has simulated the
hydrograph of flood, the error of flood peaks and the time of peak appearance is quite
reasonable. The optimal parameters control technique (MSCE UA) has significantly
improved the system simulation quality of the MARINE model, with the NASH index is
0.67. The success of this research has significantly improved the feasibility of the MARINE
model when deploying large—scale applications to various basins in the territory of Vietnam.

Keywords: Multiobjective optimization; Distributed hydrological model; Parameter
estimation.



