BAI BAO KHOA HOC

NGHIEN CUU MO PHONG DONG CHAY THOI POAN THANG
CHO LUU VU'C SONG MEKONG DPEN KRATIE SUDUNG
DU LIEU APHRODITE

Ng6 Lé An', Hoang Thanh Tung', Nguyén Thi Thu Ha', Nguyén Quang Kim'

Tom tit: Song Mekong dong vai tro dic biét quan trong cho kinh té, xa hdi vimg dong bing séng Ciru
Long néi riéng va Viét Nam néi chung. Trong nhitmg ndm gan day, diedi tac dong ciia bién doi khi hau
ciing nhir cac céng trinh khai thae meée trén leu viee, dong chay séng Mekong da c6 sie thay doi ro rét.
Céac quoc gia ha heu nine Viét Nam dang phai déi mdt v6i nguy co han han, xam nhdp mdn nghiém
trong. Pé chii dong phong chéng, giam thiéu cdc tac dong cé hai do sir suy giam dong chay ciia séng
Mekong, can cé cdc bién phap mé phong danh gia tai nguyén meéc cé xét den céc yéu té cong trinh. Do
vay, viéc xay ding moét mé hinh thiy vén phan bé trén toan heu viec sé gitp chi d@éng mé phong, dir bao
ciing nhie danh gid tac dong theo cac kich ban vé dong chay. Trén heu viee song Mekong, mang hedi
quan triic vé khi tirong va thuy van kha day ddac. Tuy nhién, chat lirong tai lieu lai co sir khac biét giita
cdac quo"c gia trong heu viee. D&f}g thoi viéc chia sé cac dir liéu nay ciing chira diroc c?’c’j_v du, ddc biét la o
cdc quéc gia thirong hew. Do vay, viéc nghién ciru sir dung céc nguon dir liéu mé phong/tinh toén khac
vé khi tirong la mét trong nhitmg cach tiép can tiéem néng cho nhitng trieomg hop bi thiéu sé liéu nhe vay.
Bdi bao nay trinh bay tom tdt két qua mé phong dong chay thoi doan théng cho heu viec song Mekong
dén Kratie bang mé hinh thiy vén ban phan bé sir dung dir liéu Aphrodite. Két qua mé phong diroc
danh gia la kha tét cho cac tram trén dong chinh song Mekong (hé 56 Nash dao dong tir 0,82 dén 0,92)
cho thay hoan toan cé thé sir dung mé hinh nay dé mé phong dong chay trén heu viee song Mekong phuc
vu cho cdac nghién ciru danh gia tac dong ciia BDKH va cdc cong trinh khai thae dén dong chay song
Mekong néi chung va dong chay vé DPBSCL néi riéng.

Tir khoa: Aphrodite, PBSCL, Kratie, Mekong, 2 thong so...

1. PAT VAN PE

Séng Mekong dong vai tro dac biét quan trong
cho kinh té, xa hoi ving dong bang séng Criru
Long noé1riéng va Viét Nam noi chung. Trai dai ti
thwong ngudn bén Trung Qubce vé dén Viét Nam
qua 6 quc gia, song Mekong da dong gop chinh
tai nguyén nwdc cho cac nudc ven song nay.
Trong nhitng nim gan day, dwdi tac dong cia bién
@61 khi hau ciing nhw cac cong trinh khai thac
nude trén hru vire, dong chay song Mekong da co
su thay d6i 1o rét. Cac quéc gia ha Iru nhw Viét
Nam dang phai d6i mat véi nguy co han han, xam

nhap man nghiém trong.

' Triromg Pai hoc Thy loi

Pé chu dong phong chong, giam thiéu cac tac
dong c6 hai do sy suy giam dong chay cua song
Mekong, viéc xay dung mo hinh toan moé phong
dong chay tir ma co thé giip danh gia, d bao cac
tac dong cua bién d6i khi hau ciing nhw cac cong
trinh khai thac mréc dén dong chay ha hru. Trén hru
vire séng Mekong, mang hréi quan tric vé khi trong
va thuy van kha day ddc. Tuy nhién, chat hrong tai
liéu co s khac biét giira cac quéc gia trong hvu vire.
Pong thoi viée chia sé cac dir liéu nay ciing chwa
duoc dﬁy dn, dac biét 1a & cac quéc gia thugng lru.
Do vay, viéc nghién ctru st dung cac nguén dir liéu
m6 phong/tinh toan khac vé khi trong 1a mét trong
nhitng cach tiép can tiém nang cho nhimg trwong
hop bi thiéu tai liéu khi twong nhir vay.
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Hién nay, viéc mo phong va du bao dong chay
trén hru vire séng Mekong da dwge nhiéu co quan
nghién ciru va thuc hién. Uy ban song Mekong
Québe té (MRC, 2020) cting véi cac quoc gia thanh
vién thwe hién nhiém vu du bao dong chay trén
lvu vire st dung cac mo hinh SWAT, IQQM va
ISIS... Tai Viét Nam, trung tam Du bao khi twong
thuy van Qudc gia ciing thuwe hién dw bao dong
chay tai déng bang séng Ciru Long st dung cac
mo hinh thuy lwrc MIKE-11, VRSAP va ISIS. Mot
s6 cac nghién ctru khac nhw Qubc Anh va Thanh
Son st dung mé hinh NAM, moé hinh dién toan
Muskingum két hop véi cac ngudn mra vé tinh dé
dw bao dong chay dén Chiang Saen va Stungtreng
(Anh va Son, 2015). Nguyén Quang Kim va nnk
(Kim va c.s., 2009) nghién ctru st dung cong cu
DSF cua Uy hoi séng Mekong Quéc té dé danh gia
su thay d6i cua dong chay tai Kratie theo cac kich
ban phat trién & thwong hru. Nhin chung, cac
nghién ciru nay da cb ging thiét lap cac moé hinh
toan mua dong chay cho hru vire. Nurng da s cac
nghién cttu nay chi moé phong hay dw bao dong
chay trong pham vi ha lvu hru virc séng Mekong,
trong d6 dong chay quan tric trwc tiép tai diém
quan trac phia thwrong hru thuée Lao duoc stt dung
la dong chay bién trén. Piéu nay s& dan dén nhitng
han ché trong viéc danh gia mot cach chu dong cac
tac dong cua viée khai thac mrde & cac quoc gia
thwong ngudn xudng ha du. Bai bao nay s& nghién
ctru cach khai thac dir liéu khi tuong khong gian
Aphrodite két hop véi viée xay dung mét moé hinh
mua dong chay thoi doan thang cho toan bo hru
vire song Mekong tinh dén tram thuy van Kratie.
Cac dir liéu khong gian nhw cia Aphrodite sé giip
bo sung céac thong tin vé khi twong tai cac ving
khong c6 s6 liéu, con mé6 hinh mwa — dong chay sé
gitip m6 phong dong chay tir mwa co xét dén cac
cong trinh khai thac mrde trén luu vre.

2. PHUONG PHAP NGHIEN CUU

Do hru vue song Mekong c¢o6 dién tich 16n, thot
gian chay truyén tir thwong ngudn vé ha hru dai,
dong chay li tai déng bang séng Ciu Long

thwong [én xuong rat cham nén dong chay co sy

thay d6i khong nhiéu trong budce thoi gian ngan.
Vi thé, viéc su dung cac mo hinh thuy van thoi
doan dai (10 ngay, thang) sé& givip tang toc do tinh
toan nhung khong lam giam do chinh xac trong
mo6 phong cua bai toan moé phong va du bao dong
chay thoit han dai.

Trong nghién ctru nay, mé hinh can bang mréc
2 thong s thoi doan thang duwoc lwa chon dé mo
phong va du bao dong chay thir nghiém cho lwu
virc song Mekong. M6 hinh dwgce Shenglian Guo
va Xiong Lihua xay dung vao nam 1999 (Xiong
va Guo, 1999) sit dung 2 thong sé dé tinh toan
dong chay tir mwa.
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Hinh 1. Liru viec song Mekong va cac tram
mire nieée do chinh
2.1. M6 hinh hai théng s6
a. Tinh toan béc hoi thire té
Dua trén phwong trinh thwong ding dé xac
dinh hrong bde thoat hoi thuce té tir bde hoi chau

c6 dang:
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E. = EP; * tanh[P, / EP;] (1)

Trong do Et biéu thi lwong béde thoat hoi thue
té, EPt la gia tri boc hoi chau nam, Pt 1a mua nam,
va tanh() la ham tang hyperbol.

Xiong va Guo (Xiong va Guo, 1999) kién nghi
sit dung phwong trinh (1) dé tinh hrong bdc thoat
hoi thue té tir boc hoi chau véi vé phai co6 thém
mot hé s& nhan. Phwong trinh tinh bde thoat hoi
thwe té ding trong moé hinh can bang nrde thoi
doan thang 2 thong s la:

E.=c * EP; * tanh[P, / EP;] (2)

¢ chinh la thong s dau tién cua mé hinh. Hé sb
¢ khong thw nguyén nay dwoc ding dé tinh dén
anh huéng cua viée chuyén doi ty 1é thoi gian tir
nam sang thang.

b. Tinh toan dong chay thoi doan thang

Mo hinh gia thiét dong chay thoi doan thang Q
6 trrong quan t6t véi hrong trir mrde trong dat S.
Trong m6 hinh nay, dong chay Q dwoc gia thiét 1a
mot ham tang hyperbol phu thudéc vao hrong am
trong dat S nhr sau:

Q: = S; * tanh[S; / SC] (3)

Trong d6 Q; la dong chay thang, S: 1a hrong am
trong dat, va SC biéu thi lwong am toi da. SC 1a
thong s6 thir hai dwoc st dung trong mé hinh nay,
co don vi la mm.

c. Cac birée tinh trong mo hinh

Khi ¢6 céc sb liéu quan trac mua P, va boc hoi
chau EP, thoi doan thang, lhrong bde thoat hoi
thwe té E, thoi doan thang cé thé dwoc xac dinh
bang phwong trinh (2). Sau hrong tén that boc
thoat hoi, lwgng nurde trir con lai trong dat sé 1a
[St1+P-E,], trong do S;; la lwong trir nrde trong
dat & cudi cua thoi diém thang (t-1) va bét dau cia
thang t. Sau d6, sit dung phwong trinh (3) dé tinh
toan dong chay Q; cua thang thi t:

Q= [Stat Pi- Ef] * tanh {[Se; + P.—EJ/SC}  (4)

Cudi cung, hrong nwée trong dat S, & thoi diém
cudi thang thit t dwoc tinh dwa trén dinh luat can
bang mrde:

St = St1 +Pi—E: - Qt (5)

d. Mo phong cho lieu viee c6 dién tich 16m

Do luu vire song Mekong rat 1én nén dé cé thé

stt dung mo6 hinh thuy van mwa — dong chay thi
can phai chia thanh nhiéu hru vire nho. Co s& dé
phan chia luu vire la sw firong df’mg vé dia hinh,
tham phu va loai dat. Ngoai ra, tai cac vi tri can
tinh toan dong chay nhw tram do thuy van (dé
danh gia mo hinh) hay tai cac ho chira (nhim xem
xét tac dong ciia van hanh hd chira dén dong chay)
cung duwoc xét.

Trong nghién ciru nay, dir liéu dia hinh dwoc
lay tir ban 6 DEM d6 phan giai 90m ciia SRTM
(Jarvis va c.s., 2008). Dit liéu ban d6 tham phu
cting nhw loai dat duoc lﬁy tir FAO. Luu vire song
Mekong duoc chia thanh 43 tiéu lru viee nhu &
hinh 1. M6 hinh 2 thong s6 két hop véi phwong
phap dién toan Muskingum (Cunge, 1969) duwoc
thir nghiém mo phong dong chay cho luu wvue
song Mekong tinh dén mot sé tram thuy véan trén
dong chinh nhwr Chieng Saen, Vientie, Kratie. ..
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Hinh 2. Phan bé tham phii tai timg tieu e viee
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2.2 Dir liéu khi twong khong gian Aphrodite

S4 litu APHRODITE la s6 liéu mura Chau A mé
ta trang thai nura va nhiét do hang ngay véi do phan
giai cao (0,125x0,125" va 0,25 =0,25%). D Léu
duoce tao ra dua trén s liéu thu duoc tir mang hrdi
quan tric mua tai tram két hop vé1 mot s nguén
mura khac. San pham c6 thé dwoc str dung cho phan
tich bién d6i khi hau, quan Iy tai nguyén mrde, giam
thiéu thong ké, canh bao va muc dich lién quan dén
du bao, danh gia san phém hrong nura vé tinh, va
x4c nhan cac mo hinh khi hau khu vire. Thuét toan
APHRODITE cai thién uéc tinh hrong mua bﬁng
cach tich hop cac phép do mura, cam bién tir xa di
liéu va thong tin dia Iy (Yatagai va c.s., 2009). Dur
liéu APHRODITE hién tai bao gém gl6 mua A,
Nga, Trung Péng va Nhat Ban. Céac san pham mra
va nhiét d6 APHRODITE c¢6 tiém nang duoc st
dung nhr mét nguodn théng tin chinh quyét dinh cho
viéc danh gia wdce tinh hrgng mura.

Bai bao mo phong thir nghiém dong chay trong
giai doan 1998 — 2010 do dir liéu cia Aphrodite
version 2.0 chi co tir nam 1998, dong thoi dé tranh
cac anh hrémg diéu tiét ciia ho chira thwong ngudn
(sau 2010) dén dong chay tir nhién.

2.3 Mo hinh hoa béc hoi tir nhiét do

Pau vao ciia mé hinh thuy van mua dong chay
14 cac dir liéu vé mua va bde hoi. Cac di liéu cua
Aphrodite (version 2.0) cung cap la dit liéu mwa
ngay va nhiét d6 trung binh ngay theo tirng 6 ludi
tir nam 1998 — 2015. Dé ¢o duoe dit liéu boe hoi,
bai bao st dung mé hinh bée hoi tiém ning thoi
doan thang Thornwaite (Thornthwaite, 1948) dé
tinh toan tri sé béc hoi tiém nang tir dir liéu nhiét
do trung binh ngay.

Cong thire Thornthwaite c6 dang:

E-OED

Trong do Er la bdc thoat hoi tiém nang, L la s

gi& nang trong ngay trung binh (gio), T, la nhiét
do trung binh ngay cua thang tinh toan (°C), N la
s6 ngay trong thang, a dwge tinh theo cong thirc:
a=(675*10)F —(7.71 * 10°) * +
+(1,792 * 10%) I+ 0,49239

[ 12 -E 1,514
= &=\
vao nhiét do trung binh 12 thang Tai.

Hé s6 L ¢6 thé tra theo bang tra (Meeus, 1998)
nhw sau:

1a chi s& nhiét phu thudc

Bing 1. S6 gio nang trong ngay trung binh (gi®) theo vi do

Vi do )
I I I 1A% v VI | VII | IX X XI XII
&)
10 | 1148 | 11.68 | 11.93 | 1222 | 12.46 | 12,58 | 12.53 | 12.33 | 12,05 | 11.77 | 11.53 | 11.42
15 | 1120 | 11,52 | 11.90 | 12.34 | 12.70 | 12.88 | 12.81 | 12,50 | 12.08 | 11.66 | 11.29 | 11.12
20 | 1091 | 11.34 | 11.86 | 12.46 | 12.95 | 13.20 | 13.10 | 12.68 | 12.11 | 11.53 | 11.03 | 10.80
25 | 10.61 | 11,16 | 11.82 | 12,59 | 13.22 | 13.54 | 13.41 | 12.88 | 12.14 | 11.40 | 10.76 | 10.45
30 | 1027 | 10,96 | 11.78 | 12,73 | 13.51 | 13.92 | 13.75 | 13.09 | 12.17 | 11.26 | 10.46 | 10.08
35 | 989 | 1073 | 11.74 | 12.89 | 13.84 | 1434 | 14.14 | 1332 | 12.21 | 11.10 | 10.13 | 9.66

3. KET QUA NGHIEN CUU

Str dung cong thire (6) dé tinh toan hrong boe hoi
tir nhiét d6 trung binh ciia Aphrodite. Két qua tinh
toan sé cho ra hrong bde hoi tai timg cac 6 hrdi co
kich thwde 0,25° ~ 0,25°. Lwong mura va boc hoi cia
timg tiéu hru vire s& duoe xac dinh dura trén cong thirc
no1 suy IDW (Shepard, 1968) véi toa do tinh toan tai
trong tam hru vire va trong tam cac 6 hedéi lan can.

Cac thong sd ¢. Sc cia mé hinh 2 thong so tai
timg tiéu hru vire dwge xay dung dwa trén nguyén
tdc: cac ving co diéu kién tham phi twong tir nhau
s& c6 chung tri s6 Sc (xem hinh 2), cac viing gan
nhau véi diéu kién khi hau twong tu nhau sé co
chung tri s6 c. Piéu nay sé lam giam thoi gian tim
kiém thong s, dong thoi dam bao v nghia vat Iy cia
cac thong s6 nay.

88 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 73 (3/2021)



Giai doan tir nam 1998 - 2005 dwoc lwa chon lam
giai doan hiéu chinh mé hinh va giai doan 2006 -
2010 sé 1a giai doan kiém dinh mé hinh.

a) Nash= 0,90
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e) Nash= 0,82
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g) Nash=0.88
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Hinh 3. Két qua mé phong dong chay tai Chiang Saen (a, b); Luang Prabang (c,

Két qua tinh toan mo6 phéng dong chay tai mot s6
tram do chinh trén hru vie song Mekong dugc thé
hién & hinh 3.

b) Nash =093
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d) Nash=0.92
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f) Nash = 0,84
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h) Nash = 0.86
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Két qua & hinh 3 cho thay, mé hinh mwa — dong
chay 2 thong s st dung dir liéu mua va nhiét do
Aphrodite @& mé6 phong dong chay cho hru vire séng
Mekong tinh dén tram thuy van Kratie cho két qua
rat tot. Hé sb danh gia Nash déu dat & mre cao tir
0,86 trd 1én & cac vi tr1 ma bai bao xem xét. Du mot
s6 nam cho két qua moé phong dong chay thién thap
(dac biét la nam 2002), nhung nhin chung dwong
qua trinh dong chay bam rat sat dinh va chan dwong
qua trinh dong chay. Piéu nay cho thiay mura
Aphrodite c¢é kha niang g dung tét cho cac viing
thiéu sé liéu khi twong tai luu vire song Mekong.

4. KET LUAN

Bai bao da nghién ctru moé phong dong chay cho
Iru vire s6ng Mekong tinh dén tram thuy van Kratie
sit dung mo6 hinh 2 thong sé két hop véi phwong
phap dién toan Muskingum. Dit liéu khi tirong dau
vao cua mo hinh dwoe khai thac truc tiép tir dir liéu
Aphrodite.

Luu vuc song Mekong dugce chia thanh 43 tiéu
luu vire. Cac tiéu hwu vire duoe phan chia dua trén
s khac biét vé tham phu va dia hinh. Moi tiéu hru
vire sé duwge mé phong bang mot mé hinh 2 théng
6. Cac thong sd ciia mé hinh duge tim kiém dua
nguyén tic trong doéng vé dic trung vat Iy nhw cling
tham pht s& co ciing tri s6 Sc.

TAI LIEU THAM KHAO

Bai bao da tién hanh moé phong thir nghiém cho
gial doan nam 1998 - 2010 do diéu kién vé sd liéu
(Aphrodite chi cung cap dit liéu giai doan 1998 -
2015) va giam thiéu sai s6 mé phong do cac hé chira
hoat dong gan day ¢ thwong ngudn anh hwéng téi
dong chay ti nhién. Két qua cho thay, mé hinh két
hop véi dir liéu Aphrodite da mé phong rat tot véi
hé s Nash dat cao & tat ca céc vi tri xem xét trong
hwu wvire. Biéu nay cho thay, dit liéu Aphrodite co thé
tmg dung tt cho cac viing khong c6 dir lidu.

Nghién ctru nay néu két hop vdi cac nghién ctru
vé phan tich, danh gia cac coéng trinh ho chira
thirong nguén dwa trén cac phan tich anh vé tinh co
thé gitip cho viéc danh gia tac dong cuia ching dén
dong chay ha hru mot cach chinh xac hon. Péng
thoi, néu két hop sit dung mé hinh nay véi cac két
qua dw bao khi hau cua cac mo hinh du bao sb tri va
m6 hinh thuy hre dién toan dong chay wving dong
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Abstract:
MONTHLY FLOW SIMULATION IN MEKONG RIVER BASIN AT KRATIE USING
APHRODITE DATASET

The Mekong river plays an important role in socio-economics for the Cuu Long River Delta in
particular and Vietnam in general. In recent vears, the flow regime in the Mekong river has changed
significantly due to climate change and water consumption activities along the river. The lower riparian
countries have been facing drought and salt intrusion issues. To manage and mitigate the negative
impacts of a decreased flow, a distributed rainfall-runoff model should be established. Due to lack of
information and poor-quality hvdro-meteorological data, reanalysis datasets can be potential sources to
represent the climate conditions for the whole basin. In this study, a 2-parameters water balance model
coupled with a routing procedure was used to simulate monthly flow along the Mekong river using the
Aphrodite dataset. The model was calibrated and validated at several hydrological stations along the
river and the Nash-Sutcliffe model efficiency coefficient (NSE) was used to evaluate the model
performance. The calibration and valuation results showed a good performance of the model in
reproducing monthly flow. The NSE results at the hvdrological stations vary from 0,82 to 0,92. As a
result, the findings of this study offer a great promise in applyving this model and the Aphrodite dataset
Jor use in climate change impact studies on water resources systems and drought warnings in the
Mekong river basin.

Keywords: Aphrodite, Mekong, Kratie, Mekong, 2 parameter water balance model...
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