BAI BAO KHOA HOC

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

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

Tém tit: Séng Mekong dong vai tro déic biét quan trong cho kinh té, xd hi ving dong bang séng Ciru
Long néi riéng va Viét Nam néi chung. Trong nhitng ndm gan ddy, dwéi tdc dong cia bién doi khi hdu
ciing nhir cdc cong trinh khai thac nude trén lweu vue, dong chay séng Mekong di cé sw thay doi ré rét.
Cdc quéc gia ha lwu nhw Viét Nam dang phdi doi mdt véi nguy co han hdn, xdm nhdp man nghiém
trong. Dé chii dong phong chong, giam thiéu cdc tdc dong c6 hai do sw suy giam dong chay ciia song
Mekong, can cé cdc bién phdp mé phéng danh gid tai nguyén nude cé xét dén cdc yéu té cong trinh. Do
vdy, viéc xdy dung mét mé hinh thity van phdn bé trén toan heu vuee sé gitip chii dong mé phong, dir bdo
ciing nhw danh gid tic dong theo cdc kich ban vé dong chay. Trén luu viee séng Mekong, mang luéi
quan trdac vé khi twong va thuy vin kha day ddc. Tuy nhién, chat lwong tdi liéu lai ¢6 si khdc biét giita
cde quoc gia trong luu viee. Pong thoi viée chia sé cdc div liéu nay ciing chiea dwge day du, déc biét la &
cde quoc gia thwong lwu. Do vy, viéc nghién civu sir dung cdc nguon dir liéu mé phong/tinh todn khdc
vé khi twong la mét trong nhitng cdch tiép cdn tiém nang cho nhiing trieong hop bi thiéu sé liéu nhu vay.
Bai bdo ndy trinh bay tém tdt két qua mé phong dong chay thoi doan thing cho lwu vuwee séng Mekong
dén Kratie bang mé hinh thity van bdan phan bo sir dung dir liéu Aphrodite. Két qua mé phong dwoc
ddanh gid la khd t6t cho cdc tram trén dong chinh séng Mekong (hé sé Nash dao déng tir 0,82 dén 0,92)
cho thdy hodn toan c6 thé sir dung mé hinh nay @é mé phéng dong chay trén heu vuc séng Mekong phuc
vu cho cdc nghién ciru ddnh gid tic dong cia BDKH va cdc cong trinh khai thac dén dong chay song
Mekong néi chung va dong chay vé PBSCL néi riéng.

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

1. PAT VAN PE

Song Mekong dong vai tro dac biét quan trong
cho kinh té, x3 hoi vang dong biang séng Ciru
Long ndi riéng va Viét Nam néi chung. Trai dai tu
thuong ngudn bén Trung Qudc vé& dén Viét Nam
qua 6 quéc gia, song Mekong da dong gop chinh
tai nguyén nudc cho cidc nudc ven song nay.
Trong nhitng nam gan day, dudi tac dong cia bién
d6i khi hau ciing nhu cac cong trinh khai thac
nudc trén luu vue, dong chay song Mekong da co
su thay ddi o rét. Céc quéc gia ha luu nhu Viét
Nam dang phai ddi mat véi nguy co han han, xam
nhap man nghi€ém trong.

! Trieong Pai hoc Thuy lgi

Pé chu dong phong chéng, giam thiu céc tac
dong c6 hai do su suy giam dong chay cua song
Mekong, viéc xdy dung md hinh todn md phong
dong chay tir mua c6 thé giup danh gia, du béo cac
tac dong cua bién ddi khi hau ciing nhu cac cong
trinh khai thac nudc dén dong chay ha lwu. Trén luu
vure song Mekong, mang ludi quan tric vé khi tuong
va thuy van kha day dac. Tuy nhién, chit lugng tai
liéu c6 su khac biét giita cac qudc gia trong luu vuec.
Déng thoi viée chia sé cac dir liéu nay ciing chua
duoc dﬁy du, dac biét 1a & cac quéc gia thugong Iuu.
Do véy, viéc nghién ctru sir dung cac nguén dir Ligu
md phong/tinh toan khac vé khi tugng 1a mot trong
nhirng cach tiép cén tiém ning cho nhiing truong
hop bi thiéu tai liéu khi trong nhur vay.
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Hién nay, viéc mo phong va du bao dong chay
trén luu vuc sdéng Mekong dd dugc nhiéu co quan
nghién ctiru va thuc hién. Uy ban song Mekong
Qudc té (MRC, 2020) clng v6i cac qudc gia thanh
vién thuc hién nhi€ém vu dy biao dong chay trén
luu vuc st dung cac moé hinh SWAT, IQQM va
ISIS... Tai Viét Nam, trung tdm Dy bao khi tuong
thuy van Quéc gia cling thyc hién du bao dong
chay tai dong bang song Ctru Long sir dung céac
mo hinh thuy lyc MIKE-11, VRSAP va ISIS. Mot
s6 cac nghién ctru khac nhu Qudc Anh va Thanh
Son str dung md hinh NAM, mé hinh dién toan
Muskingum két hop voi cac ngudn mua vé tinh dé
du 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 céng cu
DSF cua Uy hoi séng Mekong Qudc té dé danh gia
su thay ddi ciia dong chay tai Kratie theo céc kich
ban phat trién & thuong lwu. Nhin chung, céac
nghién ctru nay di c¢b gang thiét 1ap cac mo hinh
toan mwa dong chay cho Iuu vic. Nhung da s6 cac
nghién ctu nay chi m6 phdéng hay du bdo dong
chay trong pham vi ha Iuu luu vuc song Mekong,
trong d6 dong chay quan tric truc tiép tai diém
quan tric phia thuong luu thude Lao duoc sir dung
1a dong chay bién trén. Diéu nay s& din dén nhiing
han ché trong viéc danh gia mot cach cha dong cac
tac dong cua viéc khai thic nuéc & cac qudc gia
thuong nguén Xuéng ha du. Bai bao nay s€ nghién
ctru cach khai thac dir liéu khi tugng khong gian
Aphrodite két hop véi viéc xdy dung mot mo hinh
mua dong chdy thoi doan thdng cho toan bg luu
vuc séng Mekong tinh dén tram thuy vin Kratie.
Cac dir liéu khong gian nhu ctia Aphrodite s€ giup
bd sung cac thong tin vé khi tuong tai cac ving
khong c6 sb lidu, con mé hinh mua — dong chay sé
gitip md phong dong chay tir mua c6 xét dén céc
cong trinh khai thac nudc trén luu vuec.

2. PHUONG PHAP NGHIEN CUU

Do Iuu vuc song Mekong c6 dién tich 1om, thoi
gian chay truyén tir thuong ngudn vé ha lwu dai,
dong chay i tai dong bang song Cuu Long
thuong 1én xudng rat chim nén dong chay co su

thay d6i khong nhiéu trong budc thoi gian ngin.
Vi thé, viéc sir dung cac mé hinh thuy vin thoi
doan dai (10 ngay, thang) s& gitip tang téc do tinh
toan nhung khong lam giam d¢ chinh xac trong
md phong cua bai toan md phong va du bao dong
chdy thoi han dai.

Trong nghién ciru ndy, mo hinh cin bang nudc
2 théng sb thoi doan thang duoc Iya chon dé mo
phdéng va dy bdo dong chay thir nghiém cho luu
vuc song Mekong. M6 hinh dugc Shenglian Guo
va Xiong Lihua xay dung vao nam 1999 (Xiong
va Guo, 1999) sir dung 2 thong sd dé tinh toan
dong chay tr mua.
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Hinh 1. Luu vuc song Mekong va cdc tram

muc nuwoc do chinh

2.1. M6 hinh hai théng s6

a. Tinh todn béc hoi thuc té

Dua trén phuong trinh thuong dung dé xac
dinh luong bdc thoat hoi thuc té tir béc hoi chau
c6 dang:
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E; = EP; * tanh[P, / EPy] (1)

Trong d6 Et biéu thi luong bdc thoat hoi thuc
té, EPt 1a gi4 tri bc hoi chiu nim, Pt 13 mua nim,
va tanh() 1a ham tang hyperbol.

Xiong va Guo (Xiong va Guo, 1999) kién nghi
str dung phuong trinh (1) dé tinh luong bdc thoat
hoi thuc té tir bdc hoi chiu voi vé phai ¢6 thém
mot hé sb nhan. Phuong trinh tinh bdc thoat hoi
thyc té ding trong mé hinh can bing nudc thoi
doan thang 2 thong sé 1a:

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

¢ chinh 1a thong sé dau tién ctia md hinh. Hé s6
¢ khong thir nguyén nay dugc dung dé tinh dén
anh huong cua viéc chuyén dbi ty 16 thoi gian tur
nam sang thang.

b. Tinh toan dong chay thoi doan thdang

Mo hinh gia thiét dong chay thoi doan thang Q
c6 tuong quan tot véi luong trir nudce trong dat S.
Trong md 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 d6 Q, 1a dong chay thang, S 1 luong 4m
trong dét, va SC biéu thi lugng 4m téi da. SC 1a
thong sb thir hai duoc st dung trong mé hinh nay,
c6 don vi la mm.

c. Cac buoc tinh trong mé hinh

Khi ¢6 cac sb liéu quan tric mua P, va bdc hoi
chau EP, thoi doan thang, luong bdc thoat hoi
thuc té& E, thoi doan thang c6 thé dugce xac dinh
bing phwong trinh (2). Sau lwong ton thit bdc
thoat hoi, lugng nudc trir con lai trong dat s& 1a
[Si.1+P-E{], trong d6 Si; 1a luong trir nudc trong
d4t & cudi cua thoi diém thang (t-1) va bit dau cua
thang t. Sau d6, st dung phwong trinh (3) dé tinh
toan dong chay Q; cua thang thur t:

Qi =[St + Pi- E] * tanh{[S.; + P.— EJ/SC} (4)

Cubi cung, lwong nudc trong dat S, ¢ thoi diém
cudi thang thtr t duoc tinh dua trén dinh luét can
béng nudc:

Si =St +P—E - Qt (5)

d. M6 phong cho luu viee co dién tich lon

Do luu vire séng Mekong rat 16n nén dé cé thé

st dung m6 hinh thuy van mua — dong chay thi
can phai chia thanh nhiéu Iuu vuc nho. Co so dé
phan chia luu vuc 1a sy tuong déng vé dia hinh,
tham phu va loai dat. Ngoai ra, tai cac vi tri can
tinh toan dong chay nhu tram do thuy vin (dé
danh gi4 mo hinh) hay tai cac hd chira (nhim xem
xét tic dong ctia van hanh hd chira dén dong chay)
cling duogc xét.

Trong nghién ctru nay, dir liéu dia hinh dugc
liy tir ban @6 DEM d6 phan giai 90m ciia SRTM
(Jarvis va c.s., 2008). Dit liéu ban d6 tham phu
ciing nhu loai dit duoc liy tir FAO. Luu vuc song
Mekong duoc chia thanh 43 tiéu luu vuc nhu &
hinh 1. M6 hinh 2 théng s6 két hop vé6i phuong
phap dién toan Muskingum (Cunge, 1969) duoc
thtr nghiém md phong dong chay cho luu vuc
song Mekong tinh dén mot sb tram thuy van trén
dong chinh nhu Chieng Saen, Vientie, Kratie...

Hinh 2. Phén bé tham phii tai tieng tiéu heu viee
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2.2 Dir liéu khi twgng khong gian Aphrodite

S6 ligu APHRODITE la s6 liéu mua Chau A mé
ta trang thai mua va nhi¢t d¢ hang ngay vaéi do phan
giai cao (0,125%0,125° va 0,25 x0,25%). D¢ li¢u
duoc tao ra dua trén sb liéu thu duge tir mang luoi
quan tric mua tai tram két hop voi mét s6 nguén
mua khac. San phdm c6 thé dugc sir dung cho phan
tich bién ddi khi hau, quan 1y tai nguyén nudc, giam
thiéu thong ké, canh bao va muyc dich lién quan dén
du bao, danh gia san phém lugng mua v¢ tinh, va
xac nhan cac mo hinh khi hau khu vuc. Thuat toan
APHRODITE cai thién u6c tinh lugng mua bang
cach tich hop cac phép do mua, cam bién tir xa dit
licu va thong tin dia Iy (Yatagai va c.s., 2009). Dt
litu APHRODITE hién tai bao gdm gié mua A,
Nga, Trung Pong va Nhat Ban. Cac san phim mua
va nhiét @ APHRODITE c¢6 tiém ning dugc sir
dung nhu mot ngudn thong tin chinh quyét dinh cho
viéc danh gia udce tinh lugng mura.

Bai bao mo phong thir nghiém dong chay trong
giai doan 1998 — 2010 do dir liéu cua Aphrodite
version 2.0 chi c6 tir nim 1998, dong thoi dé tranh
cac anh hudng diéu tiét ciia hd chira thuong ngudn
(sau 2010) dén dong chay tu nhién.

2.3 Mb hinh hoa béc hoi tir nhiét dd

Pau vao ciia md hinh thuy vin mua dong chay
1 c4c dit liéu vé mua va bdc hoi. Céc dit lidu cua
Aphrodite (version 2.0) cung cép 1a dir liéu mua
ngay va nhiét do trung binh ngay theo tirng 6 ludi
tr nam 1998 — 2015. Dé ¢6 duge dit lidu boc hoi,
bai bao sir dung mé hinh bdc hoi tiém ning thoi
doan thang Thornwaite (Thornthwaite, 1948) dé
tinh toan tri s6 boc hoi tiém nang tir dir 1iéu nhiét
dd trung binh ngay.

Cong thirc Thornthwaite c6 dang:

T S

Trong d6 Er 1a bdc thoat hoi tiém ning, L 14 s6

gid ndng trong ngdy trung binh (gid), T, 1a nhiét
do trung binh ngay cua thang tinh toan (°C), N la
s6 ngay trong thang, a dugc tinh theo cong thirc:
a=(6,75*107) P —(7,71 * 10°) I* +
+(1,792 * 10%) I + 0,49239

I 12 (h )1,514
i=1 5
vao nhiét @0 trung binh 12 thang T,;.

Hé s6 L co thé tra theo bang tra (Meeus, 1998)
nhu sau:

1a chi sb nhiét phu thudc

Bang 1. S6 gid' nang trong ngay trung binh (giv) theo vi dd

Vido

“C) 1 1I 111 v A\ VII VIII IX X XI XII
10 11,48 | 11,68 | 11,93 | 12,22 | 12,46 | 12,58 | 12,53 | 12,33 | 12,05 | 11,77 | 11,53 | 11,42
15 11,20 | 11,52 11,90 12,34 | 12,70 | 12,88 | 12,81 12,50 | 12,08 | 11,66 11,29 | 11,12
20 10,91 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 | 1322 | 13,54 | 13,41 | 12.88 | 12,14 | 11,40 | 10,76 | 10,45
30 10,27 | 10,96 | 11,78 | 12,73 | 13,51 13,92 | 13,75 | 13,09 | 12,17 | 11,26 | 10,46 | 10,08
35 9,89 10,73 11,74 | 12,89 | 13,84 | 14,34 | 14,14 | 13,32 12,21 11,10 10,13 9,66
3. KET QUA NGHIEN CUU Céc thong s ¢, Sc cia md hinh 2 théng sb tai

Str dung cong thirc (6) dé tinh toan lugng bdc hoi
tir nhiét do trung binh ciia Aphrodite. Két qua tinh
toan s& cho ra lugng bdc hoi tai timg cac 6 ludi co
kich thudc 0,25° ~ 0,25°. Luong mua va bdc hoi cia
ting tiéu luu vuc s& duoc xéac dinh dya trén cong thic
ndi suy IDW (Shepard, 1968) voi toa do tinh toan tai
trong tam luu vuc va trong tam céc 6 ludi lan can.

timg tiéu Iuu vue duge xdy dung dwa trén nguyén
tic: cac ving co diéu kién tham phil twong tw nhau
s& ¢6 chung tri s6 Sc (xem hinh 2), cic ving gan
nhau v&i diéu kién khi hau tuong tu nhau s€ co
chung tri s6 c. Piéu nay s& lam giam thoi gian tim
kiém thong s, dong thoi dam bao ¥ nghia vat Iy clia
cac thong s6 nay.
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Giai doan tir nam 1998 - 2005 duoc lya chon lam  Két qua tinh toan mo phong dong chay tai mot )
giai doan hi¢u chinh md hinh va giai doan 2006 - tram do chinh trén luu vuc song Mekong dugc thé
2010 s& 1a giai doan kiém dinh m6 hinh. hién ¢ hinh 3.

a) Nash = 0,90 b) Nash = 0,93

Mé phong dong chay dén Chiang Saen (hiéu chinh) M6 phong déng chay dén Chiang Saen (kiém djnh)
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Hinh 3. Két qua mé phong dong chay tai Chiang Saen (a, b); Luang Prabang (c, d);
Vientiane (e, f) va Kratie (g, h)
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Két qua ¢ hinh 3 cho thdy, mé hinh mua — dong
chay 2 thong s6 str dung dit liéu mwa va nhiét do
Aphrodite dé mé phong dong chay cho luu vuc song
Mekong tinh dén tram thuy van Kratie cho két qua
rat tot. Hé s6 danh gia Nash déu dat & mic cao tir
0,86 trd 1€n & cac vi tri ma bai bao xem xét. Du mot
s6 nam cho két qua mo phong dong chay thién thap
(dac biét 1a nam 2002), nhung nhin chung duong
qua trinh dong chay bam rét sat dinh va chan dudng
qua trinh dong chay. Diéu nay cho thiy mua
Aphrodite c¢6 kha ning tmg dung tét cho cac viing
thiéu s6 liéu khi tuong tai luu vuc séng Mekong.

4. KET LUAN

Bai bao da nghién citu m6 phéng dong chay cho
luu vue song Mekong tinh dén tram thuy vin Kratie
sir dung mo6 hinh 2 théng s két hop véi phuong
phép dién toan Muskingum. Dir liéu khi tugng dau
vao cua mo hinh duoc khai thac truc tiép tr dir liéu
Aphrodite.

Luu vuc song Mekong dugc chia thanh 43 tiéu
luu vue. Cac tiéu luu vue duoc phan chia dya trén
su khac biét vé tham phu va dia hinh. Mdi tiéu luu
vuc s& duoc mod phong bang mot moé hinh 2 thong
s6. Céc thong s6 ciia mo hinh dugc tim kiém dua
nguyén tic trong dong vé dic trung vét Iy nhu cung
tham phu s& ¢6 cing tri s6 Sc.

TAI LIEU THAM KHAO

Bai bao da tién hanh mo phong thir nghiém cho
giai doan nam 1998 - 2010 do diéu kién vé sb lidu
(Aphrodite chi cung cdp dit liéu giai doan 1998 -
2015) va giam thiéu sai s6 mé phong do cac hd chira
hoat dong gan diy ¢ thuong ngudn anh hudng toi
dong chay tu nhién. Két qua cho thiy, mé hinh két
hop véi dit lidu Aphrodite dd mo phong rét tot voi
hé s6 Nash dat cao & tit ca cac vi tri xem xét trong
Iuu vire. Didu nay cho thdy, dit liéu Aphrodite co thé
{mg dung tét cho cac ving khong c6 dir liéu.

Nghién ctru nay néu két hop véi cac nghién ctru
vé phan tich, danh gia cac cong trinh hd chira
thuong ngudn dua trén cac phan tich anh vé tinh c6
thé gitip cho viéc danh gia tic dong cua chung dén
dong chay ha luu mdt cach chinh xac hon. Béng
thoi, néu két hop sir dung mo hinh nay véi cac két
qua du bao khi hau cta cac mé hinh dy bao s tri va
md hinh thuy lyc dién toan dong chay ving dong
bang thi co thé gitip cho viée du bao han dai chinh
xac va tin cdy cho ddng bang séng Ciru Long.

Léi cam on: Bai bao niy 1a mot phan két qua
cua dé tai “Nghién ctu co sé khoa hoc phuc vu
giam sat tai nguyén nudc mat va canh bao han han
& dong bang séng Ciru Long trong diéu kién thiéu
s6 liéu quan tric ¢ Iuu vuc song Mé Cong ngoai
lanh thd Viét Nam”. Ma s6: KC.08.34/16-20.
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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 years, 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 hydro-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 hydrological stations vary from 0,82 to 0,92. As a
result, the findings of this study offer a great promise in applying this model and the Aphrodite dataset
for 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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