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UNG DUNG MO HINH PHAN BO MIKE SHE
MO PHONG DONG CHAY MAT CHO LUU VUC SONG LA

™ Hoang Vin Pai, @ Tran Hong Thai, ®Hoang Anh Huy
(Vién Khoa hoc Khi twgng Thily vian va Bién doi khi hau
@Trung tdm Khi twong Thay van qudc gia
OTruong Pai hoc Tai nguyén va Moi truong Ha Noi

IKE SHE la mé hinh hé thong phdn bo dwoc sit dung dé mé phong dong chdy mat

{- \ jz va sdt mat. M6 hinh mé phong cdc chu trinh thiyy van co ban nhw qud trinh boc

thoat hoi nudc, dong chay tran, dong chay trong lop khong bdo hoa, dong chay

ngam, dong chay trong kénh va twong tdc giita ching. Bdi bdo nay la nghién citu bude dau trong
viéc xdy dung va thiét Idp bé tham sé ciia mé hinh trong mé phong dong chdy cho heu vue séng La.
M6 hinh dwoc hiéu chinh va kiém nghiém voi 6 liéu thuce do tai tram thuy van Hoa Duyét va Son
Diém. Két qua cho thd’y, Vv6i b tham s6 mé hinh da dwoc hiéu chinh va kiém nghiém, cdc chi 6 danh
gid hiéu qua mé phong dong chay ngay tai cac tram trén dat két qua tot, RMSE dao déng trong
khoang 26,1 m*/s - 127,5 m*/s, MAE trong khoang tir 16,7 m’/s - 59,4 m*/s, R dat mirc trén 0,9, hé
s6 NASH dat trén 0,8. M6 hinh dia mé phong dwoc tinh tinh phdn bé ciia dong chay trén cdc lwu

vuee nho.
Tuw khoa: MIKE SHE, song La, dong chay.

1. Téng quan

Két qua md phong ctia mo hinh thuy vin
thuong duoc sir dung trong cac nghién ciru vé
nudc cling nhu hd trg cong tac ra quyét dinh dbi
v6i Iinh vire tai nguyén nuée. Mic du nhiéu mo
hinh thay van d3 duoc phét trién trong céc
nghién ctru thuy van luu vuc song nhu SWM
(Stanford Watershed Model), NAM, HEC-HMS,
Sacramento, ... déu 12 16p cac mo hinh tép trung.
Céc tham sé ciia m6 hinh tap trung déu mang
tinh chat trung binh theo khong gian (Crawford
va Linsey, 1966;. Holtan et al, 1975; Burnash,
1995) va khong xac dinh mot cach truc tiép. Do
vay, ching khong thé hién dugc y nghia vat ly
cua luu vyc. Hon nita, ung dung thuong chi
dugc gidi han trong luu vuc song da dugce hidu
chinh va & Iuu vuc tuong tu. Su khac biét chinh
giita m6 hinh tap trung va phan bd da dugc tong
hop trong nghién ctru cia Refsgaard (1997). Mo
hinh thay van phan b sir dung céc tham s6 c6
mdi quan hé tryc tiép véi didc tinh vat Iy cia luu
vuc (dia hinh, loai dat, tham phu, dia chat,...) va
bién dbi theo khong gian ca vé tinh chét vat 1y va

diéu kién khi tugng. MIKE SHE (DHI, 2014)
duoc phat trién theo hudng nay va 1a mot hé
théng mo hinh phan bd toan dién dya trén mo
phong tat ca cac qua chinh thay vin co ban. Ung
dung mo hinh MIKE SHE da duoc dé cap trong
nhiéu nghién ciru trén thé gidi nhu cua Jayati-
laka (1998) va Singh (1999) vé qua ly tai nguyén
nudc, du bao 1t (Jasper et al, 2002), dac tinh thuy
luc (Romano va Palladino, 2002;... Christiaens
va Feyen, 2001; Zhigiang Zhang, 2008), thuy
van nudc ngém (Refsgaard, 1999; Feyen, 2000;
Andersen, 2001; Va'zquez va Feyen, 2003; John-
son, 2003), Ii quét (G.B. Sah0o0,2005).

Céu trac ciia mo hinh MIKE SHE bao gém
cac qua trinh udc tinh mua hi¢u qua, tham, boc
hoi, dong chay ngam trong ving bio hoa va
khong bao hoa, dong chay trong kénh (Refs-
gaard,1997). H¢ phuong trinh Saint-Venant rat
gon dugc st dung dé mo phong dong chay trong
song trén co so tiép nhan dong chay mat dugc
md phong theo khong gian hai chiéu. Hé phuong
trinh Richards mot chiéu dugc st tinh toan su
bién d6i cot ap luc trong tang khong bio hoa.
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Céc chuyén dong ngang cta nudc trong ving
khong bio hoa duoc coi 1a khong dang ké.
Phuong trinh bao chiéu Boussinesq dugc sir
dung dé tinh toan dong chay ngam trong dai
khong bao hoa.

Dong chay hinh thanh trén song La bi anh
hudng manh bdi sy hoat dong cua cac hoan luu
khi quyén, 12 nguyén nhan gay ra cac thién tai 1d
lut, 1di quét trén luu vuc. Su phan bd khong déu
vé ngudn nudc trong nim dan dén nhitng kho
khin dang ké trong cong tac quan 1y tai nguyén
nuoc trong luu vuc. Do vay, viéc ing dung mo
hinh d&& mé phong dong chay trén luu vuc 6
nghia quan trong trong cong tac quy hoach tai
nguyén nudc, du béo ciing nhu cc danh gia vé
quy luat hinh thanh dong chay trén céc luu vuc
nho thudc cac song mién nai. Pay 1a 1y do chinh
dé tac gia str dung mo hinh MIKE SHE dé m6
phong dong chdy trén Iuu vye song La. Nghién
ctru bude dau tap trung vao thiét 1ap dir lidu dau
vao két hop voi hiéu chinh tham sé mé hinh dé
md phong dong chay thoi doan ngay cho luu vuc
song La.

Luu vuc séng La bao gdm hai chi luu 14 séng
Ngan Phé va song Ngan Sau. Song Ngan Phd bit
nguodn tir cac dong sudi nhé ving ndi Giing
Man, trong dia phan cac xa Son Héng, Son Kim
1 va Son Kim 2 huyén Huong Son, ven bién gidi
Viét - Lao, 6 d6 cao khoang 700 m. Chiéu dai tbi
da khoang 71 - 72 km. Dién tich luu vuc 1.060
km?, dg cao trung binh 331 m, do dbe trung binh
25,2%. Mat d6 song sudi 0,91 km/km?. Tong
lugng nudc 1,40 km?® twong Gng véi luu lugng
trung binh 45,6 m*/s. Song Ngan Phé chay gan
nhu theo hudng Tay - Pong tdi nga ba Tam Soa,
giap ranh cac xa Son Tan, Son Long (huyén
Huong Son) véi cac xa Trudng Son, Tung Anh
(huyén btc Tho). Tai day, hop luu vdi song
Ngan Sau tir cac huyén Huong Khé, Vu Quang
chay tur phia Nam 1én dé tao thanh song La, mot
phu luu cua song Lam.

Khu vuc nghién ciru nim trong ving thuong
bi anh hudng tryc tiép cua cac loai hinh thién tai,
bao gdm: bdo, ap thap nhiét d6i, mua 16n, 18, 1d
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quét... Tran 1i dién hinh xay ra tir ngay 18 -
22/9/2002 c6 xuat hién 1i quét & ving thuong
luu séng Ngan Phé. Tran 1ii da 1am 70.694 ngdi
nha bi ngap, bi cudn troi, bi tbc mai va hu hong
nang, dé diéu bi sat 16, sut 26 km. Tuyén dé hiru
song Lam huyén Nam Dan bi v& 2 doan dai 20
m, sdu 3 m, hd bi v sut 16 136 chiéc, ngap 420
ha. Hé théng duong qudc 16 1A qua doan Nghi
Xuan, quéc 10 8A bi ngap; tinh 1, huyén 10,
duong lién xa, lién thon bi ngdp, giao thong bi
chia cét; 392 km duong bi sat 16, 1014 clu céng
bi hong,...

Tran 1a quét lich su thang 10/2007 gay 11 quét
bat ngd tran qua cac xa Chau Kim, Mudng Noc,
Tién Phong, Nam Giai huy¢n Qué Phong, tinh
Nghé An. Lii quét di chia cit hoan toan 4 x4, hé
théng thong tin lién lac bi mat hoan toan, 13
ngudi dan bi chét, tai san cua tram bién phong
bi cudn tréi hoan toan, 4 nha dan bi nude cudn,
2 nha bi sap. Tai xa Tri L&, giao thong ciing di bi
chia cét nhiéu doan gitta cac ban véi nhau, nhidu
doan duodng sat 10 hang tram mét,... Tran 1a
thang 10/2016, mua 14 da gay ngap lut 93 xa trén
dia ban 9 huyén, thanh phd véi tong s dan bi
ngap 1a 24.158 ho lam 2 ngudi chét va 9 ngudi
mat tich.

2. Phuong phap va dir liéu

Mién mé phong 13 toan bd luu vuc song La
tinh tir thwong luu, bao gdm ca phan luu vuc
nam trén lanh tho Lao, t&i diém hop luu d6 vao
song Ca. Gidi han luu vuc va mang ludi song
trong nghién ctru dugc xac dinh trén co s¢ st
dung ban do do cao sé do phan giai 30x30 m
(DEM-30) (Hinh 1).

Mo hinh MIKE SHE tinh toan dong chay tran
mit bang phuong phap sai phan hiru han st dung
luGi 6 vudng. Do d6, dé tién hanh mé phong qua
trinh mua - dong chay trén luu vuc dya trén co
50 s6 liéu thu thap duoc ciing nhu pht hop muc
dich tinh toan, nghién ctru st dung ludi mod
phong c6 kich thude 1a 320 x 270 6, kich thudc
0 ludi 1a 300 x 300 m. Thoi doan md phong kéo
dai 9 nam (ttr 01/01/2000 - 31/12/2008) voi bude
thoi gian mo phong duge lya chon 1a mot ngay.
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(b) So @6 phdn phéi miea theo da gidc Thiessen

Hinh 1. Dit liéu dia hinh va phdn phoi mua theo da gidc Thiessen

S6 liéu mua dau vao sir dung trong mo hinh
la mua thuc do thoi doan ngay cac nam 2000 -
2004 va nam 2007 - 2008 cuia 4 tram: Son Diém,
Linh Cam, Hoa Duyét va Huong Khé. Phan phdi
mua trén luu vuc dugc xac dinh theo phuong
phap da giac Thiessen (Hinh 1).

Hé s6 nham suon ddc phu thudc vao hién
trang su dung dat va dic tinh tham phu thyce vat
phia trén bé mit. Can ctr trén ban do st dung dat
cua luu vuc song La nam 2010, nghién clru su
dung phuong phap tra bang dé xac dinh hé s6
nham sudn ddc trén bé mat luu vue. Dit lidu st
dung dét duoc gia thiét 1a khong thay doi déng ké
trong toan bo chudi thdi doan mo phong ciia mo
hinh. So d6 phan b6 hé s6 nhdm Manning’s M
trén suon doc cua luu vuc song La dugc thé hién
trong hinh 2.

MIKE SHE cung cip 3 md hinh tinh toan su
trao doi 4m trong ting khong bo hoa, bao gém:
mo hinh 2 16p gian héa, mo6 hinh dong chay trong
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luc hodc mo hinh dga vao phuong trinh Richard.
Do sy han ché vé tai liéu mat cit thd nhudng cua
vung nghién ctru, md hinh 2 16p gian hoa (2—
layer UZ) da dugc str dung dé mo phong qua
trinh trao d6i 4m trong ting khong bio hoa. M6
hinh nay st dung cac phuong trinh va h¢ thuc
can bang nudc dya trén nghién ciru cua Yan va
Smith (1994) dé mo phong qua trinh bdc thoat
hoi nudc va tham dién ra trong tang khong bio
hoa.

Trén co s& ban d6 dit cua luu vuc song La,
dira vao thong tin vé thanh phan co gidi ciia mdi
loai dét, nghién ctru da tién hanh phan chia lai
cac loai dét trén luu vuc song La thanh cac nhom
¢6 thanh phan co gidi giébng nhau dya trén co s¢
phan loai cia Co quan Nong nghiép Hoa Ky -
USDA. Céac gia tri d rong, d6 rong hitu dung
dbi voi cay trong, diém héo va toc do tham tng
v6i timg nhém dit dugc xac dinh theo phuong
phap tra bang (Bang 1).

Ghicha
Clay

[ Silty clay loam "

o5 1w 2 £ 40

(b) Phdn logi dat theo thanh phan co gii

Hinh 2. Phén bé hé sé nham M va phan logi ddt theo thanh phan co gidi
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Bang 1. Phén logi dat trén luu viec séng La theo thanh phan co gici

, LA £ . LA £ .. | Phan loai dat theo thanh
Loai dit hIi(éyu Tyle c(a:;) )h ateat ) Tyl¢ c(a‘l)}))hat set phin co gidi (theo
J ° ° USDA)
Bat xém bac mau trén da Ba 61,4754 11,7-244 Sandy loam
Macma axit
DAt x4m bac mau trén da cat Bq 14-29 44,6 — 62,8 Clay
bat thung ling do san pham D 51,2— 69 14,5-272 Sandy clay loam
doc tu
DAt s6i mon tro s6i d4 E - - Sandy clay loam
it vang do6 trén da Macma axit Fa 53,4 -60,2 18,9-259 Sandy clay loam
bat do vang blen,d01 do trong Fl 162358 30,8483 Clay
lta nude
DAt ndu vang trén phu sa cd Fp 14,6 — 39,4 35-58 Clay
Pit vang nhat trén da cat Fq 55,1-61,8 23,5-24,0 Sandy clay loam
Dit d6 vang trén d4 phién sét Fs 51-60,2 18,234 Sandy clay loam
DAt mun vang do trén da Granit Ha 20,4 44,2 31,8 -32,0 Clay loam
bat mun vang dq trén phién Hs 12,335 48,5575 Clay
thach sét
bat phu sa khong dugc boi p 45-62 12-17 Sandy loam
hang nam
Pit phu sa duoc bdi hang nam Pb 41,6 —47,2 10,6 — 23,2 Loam
Datphu sa co tang loang 16.d0 | py 21,8 52,4 154274 Loam
vang
Dét phi sa glay Pg 25,2-40,4 30,8 -37,6 Clay loam
Dit phu sa tng nudce Pj 13,2-244 16,4 -51,8 Silty clay loam
Dét pht sa ngoi sudi Py 52 -6l 9,4-26 Sandy loam

Luong bdc thoat hoi trén luu vuc 1a tong
luong thoat hoi nudce qua 1a trong qua trinh phat
trién cua tham thuc vat va luong bdc hoi nudce
qua mat thoang trong thoi ky d6. Gia tri nay phu
thudc rat nhidu vao dic diém thd nhudng, dia
hinh va su bién dbi cua 16p tham phu thuc vat
trén bé mit. Co ciu tham phu duoc gia thiét 1a

khong thay dbi theo thoi gian. Riéng véi dbi
tugng dat phuc vu san xuit nong nghiép, do co
su luan canh mua vu trong nam, nghién ctru da
dua trén tai liéu vé co cdu cdy trong cling nhu
lich thoi vu do S6 NN&PTNT tinh Ha Tinh cung
cip (Bang 2) dé xac dinh sy bién dbi bdc hoi ciia
16p tham phu bé mit.

Bang 2. Lich thoi vu trén luu viec song La

Tudi ma khi
o Thoi gian sinh e X Thoi ky thu
Cay trong . . Thoi ky gieo ma cay
truéng (ngay) . hoach
(s0 1a)
Lua 125-135 20/01 —25/01 35-4 30/4-05/5
Vu Chiém xudn
Ngb 110-125 05/02 —20/02 Gieo truc tiep 15/3-25/3
Lua 110-125 25/5-5/6 12-15 10/9-20/9
Vu mua
Ngb 90-115 5/6-15/6 Gieo tryuc tiep 15/9-25/9

3. Két qua va thao luin

Dua trén s6 liéu duoc thu thap, nghién curu da
tién hanh hiéu chinh va kiém dinh theo gia tri luu
luong ngay thuc do cho 2 tram Son Diém va Hoa
Duyé¢t. Nghién ctru lga chon thoi doan higu

TAP CHi KHi TUQNG THUY VAN

chinh 1a 3 nam (tr 01/01/2002 - 31/12/2004),
thoi doan kiém dinh 1a 2 nam (tr 01/01/2007 -
31/12/2008). Céc thong s6 duoc hiéu chinh bao
gém hé s6 nham, hé s6 K trong dién toan musk-
ingum va céac thong s vé dic tinh dat.
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Hinh 3. Puong qua trinh luu lwong tinh toan va thuc do tie 01/01/2002 — 31/12/2004
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Hinh 4. Duong qua trinh luu lwong tinh toan va thuc do 01/01/2007 — 31/12/2008

Két qua budc dau cho thay tai thoi diém dau
thoi doan mo phong, mo hinh cho gié tri tinh
toan luu lugng 16n hon nhiéu so véi thuc té. Ly
do cua két qua nay 1a do didu kién muc nudc ban
dau trong tng bao hoa dugc thiét 1ap rat cao, cu
thé nghién ctru str dung gia tri d§ sdu myc nudc
ngam 13 -0,79 m so v&i mat dat dé gan cho toan
mién mé phong. Piéu nay trén thyc té 1a khong
hop ly boi myc nude ngdm bién ddi lién tuc theo
khong gian, va cang vé phia mién nui thi myc
nudc ngdm cang ¢ siu hon so v6i nhitng ving
ven bién. Qua trinh trao di 4m giita ting bio
hoa va long song do d6 s& dién ra manh hon, tir
d6 dan toi két qua mo phong dong chay thién
16n. Do d6, viéc thiét lap thoi khoang dém du dai
nhu da trinh bay ¢ trén 1a hop ly. Trong nghién
ctru nay, mo hinh mat khoang 4 thang dé tu 6n
dinh diéu kién ban dau.

Sai s6 hiéu chinh va kiém dinh mé hinh duogc
thé hién trong bang 3. Céc chi s nay duoc xéac
dinh sau khi da loai bo két qua tinh toédn trong 4
thang dau thoi doan mo phong dé tranh nhiing
sai sO gy ra trong qua trinh mé hinh tu 6n dinh
diéu kién ban dau.

Két qua danh gia cho thay chat lugng ctia mo
hinh duoc xay dyng 13 rat kha quan, RMSE chi
dao dong trong khoang 26,1 m¥/s - 127,5 m?/s,
dong thoi MAE xap xi trong khoang tir 16,7 m*/s
- 59,4 m¥s. Hé s tuong quan dat muic cao
(trén 0,9), hé s NASH cling dat loai tbt (trén
0,8). Tuy nhién tai mot s6 bude thoi gian mo
hinh cho két qua khong that sy tot, sai s6 mo
phong hut cuc dai 1én t6i 1135 m¥/s, sai s6 md
phong vuot 16n nhat ciing 1én t6i 338 m¥/s, két
qua nay c6 thé do nguyén nhan tram do mua
duogc hién c6 trong luu vuc chua phan anh dugc
phan bd mua trén mot s6 luu vue bd phan. bé ¢o
danh gia chi tiét, nghién ctru tién hanh chia nho
giai doan danh gid thanh cac mua dong chay
trong ndm. Theo d6, mua Iii bit dau tir thang 6
dén thang 12, mua kiét bt dau tir thang 12 dén
thang 5 ndm sau.

Bang 4 cho thidy mo hinh mé phong dong
chay mua kiét kha t6t, tuy nhién lai c6 xu huéng
cho két qua thién nho khi tinh toan cho mua lii.
Tuy vy, nhin chung, cic chi s6 danh gia hiéu
qua md phong cho thdy mé hinh duogc xay dung
la tot.
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Bdng 3. Cdc chi s6 danh gid két qua hiéu chinh, kiém dinh mé hinh

[ e T T e T T T
2002 15,6 30,1 82,8 81,3 1135 | 338 0,958 | 0,827

Hieu | 2003 0,5 16,7 31,1 31,0 -193 301 0,793 | 0,844
chinh | 2004 3,1 14,7 26,1 25,9 81 178 0,833 | 0,883
]S)‘i’gm Toanbp | 3,8 21,1 55,9 55,7 1135 | 338 0,925 | 0,809
| 2007 5,8 20,1 37,5 37,0 179 198 0,929 | 0,792

glff 2008 3,5 18,1 29,2 29,0 66 290 0,963 | 0,862
Toanbd | -0,2 18,9 32,8 32,8 -179 290 0,948 | 0,833

2002 22,1 472 117,2 115,1 1063 | 148 0,954 | 0,848

Hieu | 2003 17,6 29,9 40,4 36,3 312 100 0,944 | 0,862

i chinh | 2004 -0,3 26,5 49.4 49.4 445 190 0,921 | 0,834
gf;et Toan by | 13,1 36,3 81,2 80,1 1063 | 190 0,946 | 0,849
| 2007 12,5 59.4 127,5 1269 -833 234 0,969 | 0,916

gf}? 2008 4.6 342 58,0 57,8 2378 229 0,972 | 0,941
Toanbp | 7,8 44,3 92,4 92,0 -833 234 0,969 | 0,925

Ghi chii: ME: Sai s6 trung binh; MAE: Sai s6 tuyét doi trung binh; RMSE: Sai s6 qudn phwong; E-max: Sai
s0 mo phong hut lon nhat; E+max: Sai s0 mo phong vuot lon nhat; R: H¢ so tuwong quan; NASH: Hé so NASH

Bdng 4. Céc chi sé ddnh gid két qua mé phong theo mia

oz Son Diém Hoa Duyét
Chi so ; .
Mua kiét Mua la Mua kiét Mua lat
ME (m’/s) -3,34 -1,06 -11,32 -10,79
RMSE (m’/s) 23,50 65,15 35,60 117,69
E-puax (/) -81 -1135 -445 -1063
Etpay (m'/5) 301 338 142 234
4. Ket luan Diém va Hoa Duy¢t. Két qua dat loai tot voi gia

Nghién ctru da thiét 1ap dugc mo hinh MIKE  tri twong quan dat trén 0,92; NASH trén 0,8. Tuy
SHE cho luu vuc song La nhdam mo phong qua  nhién, can c6 nghién ciru sau hon vé ché d6 dong
trinh mua - dong chay trén luu vuc. M6 hinh  chay I va cap nhat cac sb liéu méi, cac tram
duogc hiéu chinh va kiém dinh str dung gia tri luu  quan tric mua dé nang cao hiéu qua ap dung mo
lugng thuc do ngay tai 2 tram thuy van Son  hinh cho luu vuc.

Loi cam on: Bai bao nay duoc hoan thanh dudi hd tro vé mit s lidu cua dé tai “Nghién ctru
kha nang tng dung mé hinh MIKE SHE dé mé phong d6 am trong dat, ap dung thi diém cho dong
chinh luu vyc song La”, mé s6 13.01.16.E.01. Cac tac gia xin chan thanh cam on.
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APPLICATION OF DISTRIBUTED MODEL MIKE SHE TO SIMULATE
SURFACE FLOW IN LA RIVER BASIN

) Hoang Van Dai, ® Tran Hong Thai, ®Hoang Anh Huy
(DVietnam Institute of Meteorology, Hydrology and Climate change
@National Hydro-Meteorological Service
(®HaNoi University of Natural Resources and Environment

MIKE SHE is a distributed hydrological modeling applied for simulating surface and subsur-
face flow. The model can simulate the basic stages of hydrological cycle such as evapotranspiration,
overflow, flow in unsaturated zone, ground water flow, channel flow and interaction between them.
This paper introduces the initial research in development and setup the model parameters for sim-
ulating flow in La river basin. The calibration and verification steps of the model have been applied
with observed data in Hoa Duyet and Son Diem stations. Results showed that, with the calibrated
and verified model parameters, the effectiveness indicators in daily flow simulation at the station are
good results;, RMSE ranges between 26,1 m*/s to 127,5 m?*/s, MAE was between 16,7 m’/s to 59,4
m’/s, R reached over 0,9, and NASH coefficient is over 0,8. Simulation models are calculated dis-
tribution of the flow on the small basin. The model has simulated well the property distribution of
flow in small river basins.

Key word: MIKE SHE, La river, flow.
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