BAI BAO KHOA HQC

MO PHONG DONG CHAY THANG CHO LUU VUC LON - UNG DUNG
CHO LUU VUC SONG MA

Ngé Lé An'

Tém tit: Bai todn mé phéng dong chay thoi doan thang dwoc ting dung nhiéu trong cdc bai todn
can bang nude nhw diéu tiét cap nude, can bang nude trén luu viee, danh gid tdc dong ciia Bién doi
khi hdu dén tai nguyén nudc... M6 hinh 2 théng sé cé kha nang mé phong dong chay thoi doan
thang cho cdc huu viee nhé. Bai bdo nghién civu g dung mé hinh 2 théng sé cho cdc lwu viee ¢6
dién tich lon bdng cdch phdn chia thanh nhiéu e viee con. T hong $6 ciia cde luu viee con dige xdc
dinh bdng cdac dac trung luu vuc nhw tham phu, loai dat, mién khi hdu. Mé hinh mé phong thir
nghiém cho luu vuc song Ma cho két quad 16t véi hé s6 Nash dat trén 0,7 tuy vi tri. M6 hinh duwoc
xdy dung, hiéu chinh va kiém dinh nhanh chéng, so liéu ddau vao it nhung hoan toan dép vmg tot yéu

cau cua bai toan.

Twr khoa: M6 hinh 2 thong s6, can béng nudc thoi doan thang, luu vuc 16n, song Ma. ..

1. PAT VAN DE

Dong chay thoi doan thang dugc st dung
trong nhiéu bai toan can bang nudc nhu bai toan
diéu tiét cip nudc, can bang nudc trén luu vuc
song, phan bd st dung tai nguyén nudc, danh
gid tac dong cia Bién d6i khi hau dén tai
nguyén nudc... Dbi voi cac bai toan nay, mod
hinh mé phong dong chay thoi doan ngan hon
nhu gid hay ngay thuong khong can thiét phai
sir dung do mtrc d6 chi tiét yéu cau ciia bai toan
khong cao trong khi dau vao cua cac mé hinh
loai nay lai doi hoi vé dit liéu rat chi tiét (dac
biét 1a dir liéu nhu cau st dung nudc theo thoi
doan ngin kho thu thap). Trong khi d6, dong
chay thoi doan thang thuong khoéng bi anh
hudng boi cac tic dong bat thuong trong tu
nhién dién ra trong thoi gian ngan nhu qua trinh
mua sinh 1{i, ton that dién triing, ton thit cat
trit... nén duong qua trinh dong chay vi thé
thuong “tron tru” hon. Nhin chung, trong thoi
doan thang, dong chay chu yéu phu thudc vao
quan hé giira mua va luong bdc thoat hoi thyc té
(néu khong co cac tac dong can thiép vao dong
chay khac nhu hd chira, cong lay nude...) do qua
trinh chuyén dong lién tuc cua nudc tir khi

" B6 mén Thuy van va Tai nguyén nwoc, Pai hoc Thuy lgi
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quyén xudng dén bé mat dét, thAm trong dét roi
bbc hoi va sinh dong chay. Xét trong mot thoi
ky dai, co thé noi lwong mua roi xudng duoc
phan chia thanh hai thanh phan 1a dong chay
trén séng va luong bdc hoi tro lai khi quyén. Vi
vay, cac mO hinh mua dong chay thoi doan
thang s& c6 dang don gian hon, it thong s6 hon,
it yéu cau vé dir litu hon va tinh toan nhin
chung nhanh hon so v6i cac mé hinh mua dong
chay thoi doan ngén nhu ngay hay gio.

Tuy nhién, cic nghién ctru va Gmg dung vé
mod phong dong chay thoi doan thang cho cac
lwu vyc 16n & Viét Nam hién nay chu yéu st
dung cac mo hinh thong sd phan bd thoi doan
ngay nhu SWAT rdi tir d6 ndi suy ra dong chay
thang, hodc sir dung cac mo hinh thong sb tap
trung nhu TANK, NAM... m6 phdng cho cac
tiéu luu vuc theo thoi doan ngay roi két ndi véi
nhau va tinh ndi suy ra dong chdy thang. Cac
mo hinh nay hodc ¢6 qua nhiéu thong sé (nhu
SWAT) hodc phai tinh cho nhiéu luu vuc con
khac nhau nén viéc hiéu chinh va kiém dinh mé
hinh kha kho khan. Hon nita, s6 luong dir liéu
can thu thap cta cic mo hinh nay kha chi tiét
(mua thoi doan ngay, bdc hoi thoi doan ngay
hodc thang, va cac thong tin khac) ciing din dén
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kho khin trong viéc xdy dung mo hinh. Dé khic
phuc nhugc diém doi hoi nhiéu dit lidu, tinh
toan mét nhiéu thoi gian, mo hinh 2 thong s6 1a
mot mo hinh cén bang nude thoi doan thang cho
luu vuc nhé chi st dung 2 thong s6 vé6i sb lieu
dau vao 12 mwa va bdc hoi chau thoi doan thang.
Mo hinh dugc Shenglian Guo va Xiong Lihua
xay dyng vao nim 1999 dung dé tinh toan dong
chay tr mua. M6 hinh tinh toan dya trén cén
bang nudc don gian, it thong sd vi thé s& dé
dang va nhanh chong hon. M6 hinh 2 thong s
da dugc Ngo Lé An (Ngo Le An, 2015) tng
dung mo phong dong chay thang cho mot s6 luu
vuc song nho ¢ Viét Nam. Nghién ctru cho thiy,
mo hinh rat dé str dung, hiéu chinh va kiém dinh
mo hinh nhanh, két qua mé phong ctia mé hinh
cho hé s Nash cao tir 0,7 tré 1én véi sai sb téng
lwong chap nhan dugc.

2. MUC TIEU VA PHUONG PHAP
NGHIEN CUU

[1] Mb hinh 2 thong s6 1a m6 hinh cén bang
nuéc luu vuc c6 dang 1 bé chuia (xem gidi
thiéu v& mé hinh & muc III.1) nén sb licu dau
vao nhu mua, bdc hoi va cac dic trung vat 1y
ciia luu vuc (nhu kha ning giit nudc, tham
nudc...) duge tinh trung binh hod cho toan bd
luu vuc. Vi vay, khi 4p dung md hinh nay cho
luu vuc 16n s€ khong dam bao d¢ chinh xac do
cic yéu t6 khi twong thuong thay ddi theo
khong gian. Do d6, khi ap dung cho luu vuc
16n, mé hinh can phai c6 mot s6 diéu chinh dé
c6 thé xét duge sy thay d6i ciia cac yéu td khi
tugng va cac dac trung vat ly cua luu vuc theo
khong gian.

[2] Muc tiéu cua bai bao 1a nghién ctru ing
dung mo6 hinh mua dong chay thoi doan thang
¢6 2 thong sb cho luu vuc 16n, moé phong dong
chdy thtr nghiém cho luu vuce song Ma (dién tich
trén 30.000km?).

[3] Phuong phap nghién cuu la st dung mo
hinh mua dong chay 2 thong s6 md phong dong
chay thoi doan thang cho cac luu vuc nhé hon
trong luu vuc song Ma sau do6 danh gia kha
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ning mo phong tai cac diém tram do thuy van.
Dong chdy m6 phong s€ chinh la luong dong
chay tong cong cua cac luu vyc nhé nim trong
lwu vye tram do thuy van. Céc thong s cia mo
hinh s€ dugc xay dung dua trén thong tin vat ly
vé luu vuc nhu loai dit, st dung dat, vung khi
hau. Kha ning mo phong dugc danh gia bang
chi tiéu thong ké 1a chi s6 Nash, chi sb sai s6
téng luong;
ELaQ5  QnY
E?:it'@é o 73?':
1= (WS - W)

AW =FI=L
E?: i L"L‘th

+ Chi s6 Nash: .

+ Sai s6 tong luong:

3. KET QUA NGHIEN CUU

3.1 Gi6i thi¢u mé hinh 2 thong s6

a. Cdu triic ciia mé hinh

Trong md hinh can bang nudc thoi doan
thang, luong bdc thoat hoi thuc su dong vai tro
quan trong. Trén thuc té, nguoi ta st dung cac
thong tin vé lwong quan tric bdc hoi chau &
tram do. T do, dé chuyén ddi tir bée hoi chau
sang bdc hoi thuc su, luong bdc hoi chau duoc
nhan voi mot hé sb triét giam la mdt ham cia
luong nude trong dat trong luu vuc (Shenglian,
2002). Phuong trinh thuong dung dé xac dinh
lugng bde thoat hoi thue sy tir bde hoi chau:

E;=EP; * tanh[P,/ EP{] (1)

Trong do E; biéu thi luong bde thoat hoi thuc
su, EP, 1a gia tri bdc hoi chau trong nam nam, Py
la mua nadm, va tanh() la ham tang hyperbol.
Xiong va Guo (Xiong va Guo, 1999) kién nghi
sir dung phuong trinh (1) dé tinh lugng bdc
thoat hoi thuc su tir boc hoi chau véi vé phai co
thém mot hé sb nhén. Phuong trinh tinh bde
thoat hoi thuc sy dung trong mé hinh can bang
nude thoi doan thang 2 thong s 1a:

E;=c * EP, * tanh[P,/ EP{] )

c 1a thong s6 dau tién cta mo hinh. Hé sb ¢
khong thtr nguyén nay dugc dung dé tinh dén
anh hudng cta viéc chuyén doi ty 16 thoi gian tir
nim sang thang. EP luc nay la luong bdc hoi
thang do béng chau, E; 1a lugng bdc hoi thuc su
thoi doan thang, Py 1a lugng mua thang.
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Ban db cac lwu virc con s6ng MA va cac tram khi trgng thuy van
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Hinh 1. Ban do leu vuc song Ma va cac tram khi tuwong

b. Tinh toan dong chay thoi doan thang

Dong chay thoi doan thang Q c6 lién quan chat
ché véi lugng trir nudce trong dat S. Trong cac mo
hinh nhédn thic thuy vin, cac tac dong diéu tiét
ctia mot luu vuce v6i mua duge gia thiét gidng nhu
su van hanh ctia mot hd chira tuyén tinh hodc phi
tuyén (Shaw, 1994). O mo hinh nay, dong chay Q

duoc gia thiét 1a mot ham tang hyperbol phu thudc
vao luong 4m trong dat S nhu sau:

Q¢ =S; * tanh[S,/ SC] 3)

Trong do Q; 1a dong chay thang, S; 1a luong
am trong déat, va SC biéu thi lugng am t6i da.
SC 1a thong sb thir hai duoc sir dung trong mo
hinh nay, c¢6 don vi 1a mm.

Eq

Hinh 2. So d6 can bang mé hinh 2 théng so

3.2 Xay dung mé hinh 2 thong sé cho luu
vue song Ma
Do mé hinh 2 thong sé 1a mé hinh can bang
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nudc cho luu vuc nhd. Luong mua, bdc hoi,
luong am dat hay dong chay dugc tinh trung
binh trén toan bo luu vuc. Dé tinh cho luu vuc
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c6 dién tich 16m, nghién ctu chia luu vuc song
Ma thanh 93 luu vuc con nhu & hinh 1. Cac
thong s6 ¢ va Sc cia timg luu vuc con dugc xéac
dinh trén timg luu vic. Thong sb ¢ 1a thong sb
mo ta quan hé gitta lugng bdc hoi do tai chau va
bdc hoi thuc té tir thoi doan nam vé thoi doan
thang cia luu vyc. Thong sb ¢ vi thé s& phu
thuoc vao dic diém khi hiu cia timg ving.
Thong s6 Sc md ta kha nang chia nudc toi da
cua dat phu thudc vao loai dét, tham phu... Vi
thé, dé giam thiéu viéc tim kiém cac thong sb ¢
va Sc cho toan bd 93 luu vuc con nay, nghién
ctru da phan vung khi hau va céc vung c6 chung
dac diém loai dat va tham phu thanh cac nhém
ving c6 cung thong sb ¢ va Sc tuong tng. Viée

phan nhom nay ciing s€ dam bao cho cac thong
s6 ctia mo hinh that sy c6 y nghia vt 1y.

Trong luu vuc nghién ctu, ving khi hau dugc
tam chia thanh 7 vung khac nhau tuong ing voi
cac tram do bdc hoi (theo phuong phap da gidc
Thiesson). Cac luu vuc con nim ciing mét ving
khi hau s& c6 hé s6 ¢ giéng nhau. Dya trén ban do
loai dat va tham phii cung cap boi T6 chirc Nong
luong Thé giéi (FAO), nghién ciru phan chia
thanh 4 nhém Iuu vuc tuong tmg cho thong s6 Sc
dua trén loai dat. Nhom luu vuc loai 1 véi loai dét
Acrisols chiém da sb dién tich luu vuc song Ma.

D@ li¢u tram khi tugng thuy van st dung
trong mo hinh thé hién & bang 1 véi thoi ky mo
phong tir 1992 dén 2012.

Bang 1. Thong ké cac tram KTTV dung trong nghién ctru

Thir tw Mua Boc hoi Luu lwgng
1 Thanh Hoa Bai Thuong Xa La (6430 km?)
2 Béi Thuong Song Ma C4m Thuy (17500 km?)
3 Cam Thuy Hbi Xuan Cira Dat (6000 km?)
4 Muong Lat Thanh Hoa
5 Kim Tén Pha Pin
6 Lang Chanh Lai Chau
7 Ly Nhan
8 Giang
9 Thach Quang
10 Vu Ban
11 Ctra Dat
12 Xuan Khanh
13 Bat Mot
14 Pha Pin

3.3 Két qua mé phong dong chay

Nghién ciru tién hanh mé phong dong chay
trén luu vuc song Ma tir nam 1993 dén 2012 véi
thoi ky hiéu chinh dugc iy tir nim 1993 dén
nam 2000 va giai doan con lai str dung cho kiém
dinh mo hinh. Do diéu kién vé s6 lidu do dong
chdy trén luu vuc bi han ché nén chi c6 3 tram
do dong chay dugc dua vao danh gia kha nang
mo phong 1a Xa La, Cam Thuy va Ctra Pat. Do

dong chay cua Cira Pat bi anh hudng boi hod
chua nén giai doan danh gia chi tor nam 1993
dén 2007.

Phuong phap do tim thong sé st dung trong
nghién cuu la phuong phap Brute-force véi
ham muc tiéu 14 chi sé Nash kém theo rang
budc sai so tong lugng khong vuot qua 10%.
Két qua tim kiém bo thong sé dugc trinh bay &
bang 2 va 3.
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Hinh 4. Ban do logi dat lweu viee séng Ma (theo FAQO)

Béang 2. Thong so0 so ¢ ¢ cac luwu vue con

Nhém 1 2 3 4 5 6 7
Bbchoi | Bai Thuong | Séng Ma | Hoi Xuan | Thanh Hoa | PhaPin | Lai Chau | Bai Thuong
c 2 1.3 1,2 1 1,5 1,45 2,5
Bang 3. Thong so Sc & cac hru vue con
Nhom 1 2 3 4
Loai dét Acrisols Gleysols Leptosols Luvisols
Sc (mm) 1600 1200 1200 1200

Tong hop két qua mo phong dong chay ¢ 3 tram do dong chay dugc thé hién & bang 4 va hinh 5.
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Bang 4. Tong hop két quiz mé phéng dong chay thang luu vue song Mi

Tram XaLla Cam Thuy Cua Dat
Giai doan Hiéu chinh | Kiém dinh | Hi€u chinh | Kiém dinh | Hiéu chinh | Kiém dinh
Nash 0,79 0,69 0,88 0,84 0,71 0,73
AW (%) -0,25 -8,1 10 27,3 7,0 4.8
a(mys) MO phdng dong chay tai Xa La (1993 - 2000) a(ms) Mo phong dong chay tai Xa La (2001 - 2012)
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Hinh 5. Mo phong dong chay tai cac vi tri tram thuy van

Nhin chung, két qua mé phong dong chay
thang tinh dén 3 tram thuy vin xét trong nghién
ctru nay 1a rt tot véi hé s Nash cao tir 0,7 trd
1én, sai s6 tong luong thip. Dong chay mé phong
cac ndm bam rat sat voi duong dong chay thuc
do, dac biét 1a giai doan nudc thép. Tuy nhién
mdt s6 nam c6 sy mod phong khong t6t nhur tai Xa
La vao nam 2010 khi dong chay mé phong rat
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thap so v&i dong chay thuc do, trong tu tai Cim
Thuy va Ctra Pat vao mot sé nim dong chay mo
phong cao hon hoidc thdp hon 30-40% so véi
dong chay thuc do. C6 thé 1y giai 14 do trén toan
bo Iuu vuc séng Ma (bao gdm ca song Chu),
mang luéi do mua va bdc hoi rat it. Dic biét tai
song Chu trong giai doan md phong, nghién ctru
chi sit dung lugng mua do tai Bat Mot va Cira
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Dat véi bdc hoi dung ciia tram Bai Thugng. Khu
vuc thuong ngudn song Ma ciing chi ¢6 2 tram
mua la Séng M3, Pha Din m6é phéng cho mdt
viing 16n trén 5000km? kho dai biéu cho toan luu
vuc. Trong khi d6, dong chdy dugc md hinh mo
phong chi dua trén can bang giita mua va boc hoi
thuc té. Do d6, su sai léch nay co thé giam di néu
luu vuce ¢6 nhiéu b liéu do mua va bdc hoi nam
& céc vi tri dai biéu hon.

4. KET LUAN

Bai bdo da nghién ciu mdé phong dong
chay thoi doan thang cho luu vuc c6 dién tich
l6n 1a luu vuc Song Ma. Viéc su dung ly
thuyét mo hinh can bang nudc thdi doan thang
2 thong sé vao viéc xdy dung moé hinh mo
phong cho luu vuc 16n giup cho bai toan mo
phong don gian hon, xay dung mo hinh nhanh,

TAI LIEU THAM KHAO

s6 lidu can thiét cho mé hinh it hon nhung van
dam bao do chinh xac cao, mo td dung ban
chéat vat 1y qua trinh hinh thanh dong chay tir
mua. Bat chap viéc mang ludi do mua va bdc
hoi trén luu vuc rat thép, hé s6 Nash trong
nghién cuu tai 3 tram do thuy van déu cao dat
trén 0,70 dap ung dugc yéu ciu cia bai toan.
Tuy nhién nghién clru nay cling da giam bat
s6 luong thong sb Sc khi chi chia toan bo luu
vuc thanh 4 nhom loai dat chinh. Néu két hop
v6i ban d0 s dung dat dé phan chia chi tiét
hon thi két qua mo6 phong c6 thé s& dat hiéu
qua cao hon nira.

Nghién ctru cling cho thdy, viéc ap dung mo
hinh 2 thong s6 nay vao mo phong dong chay
thang ¢ cac luu vuc cd dién tich 16n khac la
hoan toan dap ung dugc.
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Abstract:
MONTHLY RUNOFF SIMULATION IN LARGE BASIN — AN APPLICATION
FOR THE MA RIVER BASIN

Monthly water balance models are applied in a range of hydrological problems such as water
supply, water balance in basin scale, assessment of climate change impacts on water resources... A
two-parameter monthly water balance model was used to simulate runoff in some small catchments.
This research applied the two-parameter monthly water balance model to a large basin by dividing
it into sub-basins. Parameters in each subbasin were estimated based on physical characteristics of
each subbasin such as land use, soil type... The results of runoff simulation in the Ma River Basin
are acceptable. The values of Nash coefficient are high. The model can be calibrated and verified
quickly, with less input data than other models.

Keywords: A two-parameter model, monthly water balance, large basin, Ma river basin...
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