i
7 -
_-? »

Jua

el | _s__&@wéﬁm

mu.___c&z [eanjey ui Buisuas ajoway 33,_3._ 2_28__“_2“
GZO:E. ION YA 2u>:wz VL

Z<:G ONOYL ONAA GZ;

245 NIIAZSID m

I.'A-l “. -~ -
\\\1

@D ::0: 539WIAON HLZL-LL AL HNIW IHD OH

NOILYDITddV SI9 NO 3DN3434ANOD TVNOILLYN FHL 40 SONIA3IID0dd

Z207I0ND NYOL SID ONAA DN OYHL IOH NIA AX

WOH-9DHG

N3IHN ALDOH YOH) DOH IVG DNONYL
HNIW JHD QH d1 VID DOND DOH IVG

vﬁ

“,
@ onoad>

%vozx oo

7

2

ra

7

n
A

GIS & VIEN THAM UNG DUNG TRONG QUAN LY

DAIHOC QUOC GIA TP, HO CHI MINH

M
Oy

UONG

A

A

TAI NGUYEN VA MOI TR

TRUONG DAl HOC KHOA HOC TU NHIEN

ueq Buoyy yoes
2.8%22119%0982|16

¢.8Y219¥098.6 NESI 2202 439WIAON HLZT-TT ‘AL HNIW IHD OH

oog.o0€cce

INIWIIYNYIN TVININNOYIANI ONY
J2UN0SIY TYUNLYN NI INISNIS JLOWIY ANV SI9 40 SNOILYIddif

INQAYL IQW YA NJANDN 1YL AT NYNO INOHL BNAG INA WYHL N3IA B S19




DPAI HOC QUOC GIA TP. HO CHf MINH
¢ @ : TR- ONG PATHOC KHOA HOC TU NHIEN

KY YEU HOI THAO UUNG DUNG GIS
TOAN QUOC 2022

Proceedings of the National Conference on GIS Application
Ho Chi Minh City, 11-12™ November 2022

GIS VA VIEN THAM UNG DUNG
TRONG QUAN LY TAINGUY!
VA MOI TR- ONG

Applications of GIS and Remote Sensing in Natural Resource
and Environmental Management

A
N

1
NHA XUAT BAN KHOA HOC VA KY THUAT



DON V| TAI TRQ'

=

BAI HOC QUGC GIA
THANH PHE HE CHI MINH

AGRIDRONE

Dai hoc Quéc gia Thanh phé H6 Chi Minh
Vietnam National University Ho Chi Minh City

Céng ty C6 phan Thiét bj Bay AGRIDRONE Viét Nam

Trudng Dai hoc Nong LAm thanh phé H6 Chi Minh
Nong Lam University Ho Chi Minh City



Hoi thao Ung dung GIS toan quéc nam 2022

GIAM SAT SU THAY POI MU'C NUGC SONG MEKONG (VIET NAM)
SUDUNG DU LIEU PO CAO VE TINH PHUC VU PHAT TRIEN
BEN VUNG PONG BANG SONG MEKONG

MONITORING THE CHANGE OF THE MEKONG RIVER WATER LEVEL
(VIETNAM) USING SATELLITE ALTIMETER FOR MEKONG DELTA
SUSTAINABLE DEVELOPMENT

Vil Phuong Lan"", Ha Minh Cu’(‘)'ngz, Pinh Thi Bao Hoa', Nguyén Phuong Bic
1Tlru’(‘)’ng Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi, 334 Nguyén Trai, Thanh Xuan, Ha
Noi; 2Tru:érng Pai hoc Cong nghé, Pai hoc Quéc gia Ha No¢i, 144 Xuén Thuy, Cau Giéy, Ha Noi,
Email: vuphuonglan@hus.edu.vn

Tém Tit: Song Mekong 1a mot trong nhitng con séng 16n nhat trén thé gidi, bat ngudn tir cao
nguyén Tay Tang chay qua Van Nam Trung Qudc, qua cic nuéc Lao, Myanmar, Thai Lan,
Campuchia va d6 ra Bién Pong & Viét Nam. Hién nay, do anh hudng ctia bién d6i khi hau, qua
trinh phét trién kinh té va viéc xay dung cac dap thuy dién doc song Mekong da din dén ngudn
nuée tai ving ha luu ngdy cang suy giam, anh hudng nghiém trong dén san xuét va cudc song
ctia nguoi dan noi ddy. Dé giam thiéu tic dong ciia chung, sy thay déi muc nude theo thoi gian
can duoc theo doi thich hop. Nghién cru nay trinh bay két qua sir dung dit liéu do cao vé tinh
(Envisat, Jason-1/2/3, SARAL va Sentinel-3A/3B) d¢ theo ddi muc nude & song Mekong (Viét
Nam) tr nam 2002 dén 2022. Két qua so sanh chudi thoi gian muc nudc thu duoc tai cac tram
ao voi dir li¢u do tai cac tram thuy van cho dg chinh xac cao vdi tuong quan dat 0,88 va sai $O
trung phuong trung binh gbc RMSE = 0.18m. Két qua cua nghién ciru gép phan bo sung dir liéu
cho nhitng khu vuc it tram do thuy van/thuy tridu, dic biét hiéu qua trong vi¢c giam sat nudc
khu vue ngoai bién gidi Viét Nam.

Tir khoa: Do cao vé tinh, Bién ddi khi hau, Pé cao muc nudc, Song Mekong, thudt toan
retracking Ice-1

Abstract: The Mekong River is one of the world's great rivers. Comes from its source on the
Tibetan Plateau in China to the Mekong Delta, the river flows through six countries: China,
Myanmar, Thailand, Lao, Cambodia, and VietNam. Due to the climate change and the
construction of hydropower dams along the Mekong River, the water resources in the
downstream areas are increasingly depleted, seriously affecting the people's lives and
productions. To minimize their impact, changes in water levels over time should be
appropriately monitored. This study presents satellite altimeter data (Envisat, Jason-1/2/3,
SARAL, and Sentinel-34/3B) to monitor water levels in the Mekong River (Vietnam) from 2002
to 2022. The water level comparison results at virtual stations with data measured at
hydrological stations show high accuracy with a correlation of 0.88 and an RMSE = 0.18m.
The study results contribute to supplement data for areas with few hydrological/tide stations,
especially effective in monitoring water outside the border of Vietnam.
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Keywords: Altimetry, Climate change, water level, Mekong River, Ice-1 retracking algorithm

1. GIOI THIEU

Bién d6i khi hau d va dang tac dong tiéu cuc dén tit ca cac qudc gia trén thé gidi. Theo
danh gia ctia iy ban lién chinh phu vé bién doi khi hau (IPCC), cac qubc gia thudc ha luu
s@ng Mekong, trong d6 c6 Viét Nam, 1a mot trong nhitng qudc gia chiu anh hudng ning né
nhat cua bién doi kh1 hau (BBKH) (Mekong, 2008). BDKH va viéc xay dung cac dap thay
dién & thuorng ngudn di lam cho cac dong chay chinh ciia song Mekong giam xudng mirc
thap nhét trong hon 60 nim qua khi khu vic ndy budc vio nim han han thir tu, de doa sinh
ké ctia khoang 22 triéu dan (Uy hoi song Mekong). Du bio xdm nhdp man trong mua kho
nim 2022-2023 s& & muc cao hon trung binh nhiu nim, anh huéng dén viéc van hanh lay
nude cua cac cong trinh thuy loi phuc vu san xuat nong nghiép va dan sinh (co quan khi
tuong thity van qudc gia, 2022). Trong nhitng nim gan ddy, déng bang song Mekong di xay
ra rat nhiéu dot thién tai nghi€ém trong. Pac biét trong nam 2016, dot han han nghiém trong
nhat d3 xay ra gy thiét hai 16n cho nong nghiép va doi sdng cia nguoi dan. Ngoai ra, xdm
nhap min di kéo dai t6i 90 km vao dat lién & mot s6 khu vuc ven bién (FAO, ngay 23 thang
8 nam 2016). Mbi trudng, hé sinh thai va cudc sdng ctia ngudi dan dd va dang bi anh huong
nghiém trong. Dé chu dong thyc hién cac giai phap phong, chong han min, dam bao ngudn
nudc phuc vu san xuat va sinh hoat, viéc cép bach can dit ra 1a phai theo doi bién dong muc
nudc mot cach lién tuc, tire thoi va du bao tinh hinh xam nhap man, dac biét ¢ khu vuc ctra
song phuc vu diéu tiét nong nghiép va dua ra cac chién luoc thich tmg va giam thiéu thiét
hai. Ngoai ra, viéc xac dinh xu hudng bién dong muc nude cua cac nhanh song chinh, phu
luu va cac vung ngap i lién quan 1a thong tin quan trong trong viéc xay dung co sd chinh
xac cho cac du bdo trong tuong lai.

Hién nay c6 rit nhiéu phuong phap do muc nudc nhung hau hét van st dung cac tram do
thiy van/thity triéu, voi mot hé thong gdm mét dng kim loai dai dé 1am giam anh huéng cua
song va mot déng ho do su thay ddi ctia myc nude duoc dit trong cac tram ¢b dinh. Mic du
cac tram nay cho s6 liéu do lién tuc nhung han ché vé mat khong gian va khong bd tri duoc
tai nhimg noi c6 nén dia chat yéu ciing nhu ¢ cac khu vuc ngoai bién gidi.

Cong nghé do cao vé tinh ra doi va phat trién manh tir nhitng ndm 1990 mé ra ky nguyén
do do cao chinh xac. Cong nghé nay danh dau mot budc ngoit trong cac nghién ctru vé muc
nude dai duong va cac luu vuc song 16n (S. Biancamaria et al, 2017; F. Frappart et al, 2017;
F. Frappart et al, 2015a; Phuong Lan Vu et al, 2018). Bang cach cung cép cic phép do nhanh
chéng, lién tuc va lap lai ctia do cao bé mat nude bién, nhiing dir li¢u nay da thuc su cach
mang hoa nganh hai duong hoc hién dai. Hi€u qua cua dit liéu do cao v¢ tinh da dugc chirng
minh trong giam sat muc nudc dai duong, nhung ddi véi ving nudc luc dia va ven bién, dir
liéu do cao v€ tinh gdp nhiéu han ché khi viéc hiéu chinh anh hudng cua dia vat 1y tré nén
khong chinh xac. Hién nay, nhiéu thé hé vé tinh do cao méi ra doi da cai thién do phéan giai
khong gian va thoi gian cua dit liéu do cao vé tinh (Saleh Abdalla et al, 2021). Nhiing tién bo
da dugc thyc hién véi viée phat trién va ra mat thiét bj AltiKa st dung bang tan Ka trén vé
tinh SARAL. Viéc sir dung tin s6 cao hon ndy lam giam nhidu va c6 ddu chan radar trén mit
d4t nho hon so véi tan s thu duoc béng cac thiét bi bang tan Ku cb dién (Verron, 2015). Su
ra mat ciia may do do cao sir dung k¥ thuat Radar khau d6 tong hop (SAR) (Wingham,
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2006), SIRAL trén tau Cryosat-2 va SRAL trén tau Sentinel-3, cho cic két qua dang tin cay
hon & cac khu vuc ven bién. Song song véi do 1a viée cai thién cac thuat toan hiéu chinh
dang song ddi véi cac khu vuc ven bién ciing gop phan nang cao do tin cdy cia két qua thu
duogc tir dit liéu do cao v¢ tinh. Nho nhirng cai tién khac nhau nay va viéc st dung dir li€u tan
sb cao (10, 18, 20 hodc 40 Hz tuy thudc vao mdi nhiém vu do do cao) thay vi dit liéu 1 Hz (~
7 km ldy mau doc theo duong ray) nhu trén cac ving nude dai duong mé c6 chidu rong dudi
mot trim mét gio day c6 thé dugc theo ddi voi do chinh xac cao (Baup, et al., 2014; Frappart,
2015).

Cho dén nay, chua c6 nghién ctru nao cung cap mot danh gia c6 hé thong vé hiéu suit trén
song Mekong cho cac nhiém vu do do cao khac nhau. Vi vy, muc tiéu cua nghién clru nay la
danh gia chét lugng ctuia phép do muc nudce trén viung nudce luc dia trén dua trén dit 1iéu do
cao vé tinh cho tit ca cac st ménh (Jason-1/2/3, Envisat/SARAL, Sentinel 3A va Sentinel
3B) hoat dong & ché d6 phan giai thip (LRM) dé theo di muc nude khu vuce séng Mekong,
doan chay qua Viét Nam tir nam 2002 dén nam 2022. Cac danh gia dya trén s6 1an quan sat,
d6 1éch Bias, sai s trung phuong (RMSE) va hé sé twong quan giita tri do mue nudc tir dit
liéu do cao v¢ tinh va dir liéu do tai cac tram thuy van/thuy triéu co trong khu vuc. Cac phép
so sanh dugc thyuc hién tai cac tram 4o. Trong do, tram do (VS) dugc dinh nghia 1a vung giao
nhau giita duong di cta vé tinh trén mat dat va ving nude (bién, ho, song, ving ngap lut
hodc dat ngap nudc). Tai mdi tram 4o, cac bién thé theo thoi gian cia myc nudc song tir
phép do dd cao cia radar dugc xay dyng (Crétaux, 2017). Tinh nhit quan cta két qua giira
cac nhiém vu ciing dugc danh gia thong qua twong quan chéo gitra cac tram ao doc song.

2. PHUONG PHAP NGHIEN CUU

2.1. Uérc tinh dd cao mue nwéc tir dir liéu do cao vé tinh
Nguyén 1y cia do cao vé tinh dugc mé ta nhu trong hinh 1. Chiéu cao muc nudc dya trén
dir li€u do cao v¢ tinh dugc tinh boi cong thire (F. Frappart et al, 2017):
SSHaltimeter =H- (R +2Z AR propagati0n+ 2 AR geo¢)
trong do:
SSH,jtimeter - 40 cao muc nudce tinh tur dir liéu do cao v¢ tinh
H: d6 cao cua quy dao vé tinh trén ellipsoid dugc wdc tinh bang ky thuat xac dinh quy
dao chinh xac (POD);
R: Khoang céch tur v¢ tinh dén bé mat phan xa co6 tinh dén hiéu chinh cua thiét bi;
AR propagation: Céc hi€u chinh sai s6 do lan truyén tin hiéu
AR 49 : Cac hiéu chinh sai s6 vé€ dia vat ly ap dung trong khu vyc nghién ciru.
Céc hiéu chinh sai s0 do lan truyén tin hi¢u duogc tich theo cong thirc:
Z ARpropagation = ARion + ARdry + ARwet + ARSBB
Trong d6 ARy, 12 d§ tré cta tin hiéu do anh hudng cua tang dién ly. ARy, va AR 12 d§
tré ctia tin hiéu do anh huong cta tang doi luu kho va doi luu am. ARgsg 1a hiéu chinh céc
tac dong cuia d nham bé mat bién trong pham vi dau chan cua radar.
Céc hiéu chinh dia vat Iy dugc dai dién boi:
Z AR geod AR load ™ AR solid Earth ARpole + ARatm
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Trong d6 ARjoads ARsolid Barths ARpole s ARaum 14 cac hi€u chinh twong tmg ddi voi 16p vé
chuyén dong thiang dimg do anh huéng cua luc hap din giita Trai dat va mit tring va su
bién dong nhanh chéng cua khi quyén.

Hiéu chinh thiét bi S

lonosphere
A

Hiéu th‘nh
sai s6 do
lan truyén

tin hiéu \
Troposphere

Hiéu chinh
trang thai . N Hiéu chinh
bién Di thuéng dia vat Iy
MUC NUFO'C
bién (SLA)

Bé cao
muc nwéc
bién (SSH)

Hinh 1. Nguyén ly do cao vé tinh

Dit liéu duoc xur Iy bang phan mém ALTIS (Frappart, 2021) théng qua 3 budc chinh
(hinh 2):
- Xac dinh cac vé tinh di qua khu vuc nghién ctru (st dung Google Earth);

s

.
\

B
7

Hiéu chinh
sai s6 do sd do khi sai so dia vat

Hiéu chinh Hiéu chinh sai
thiét bi quyén

N

Tinh SSH tai cac
tram ao

-
/
N,

v

Chuéi th&i gian muc nuéc tir 2000- |, _ _ _ _ _ _ 1
2022

Hinh 2. So d6 quy trinh tinh chudi thoi gian muc nwde sir dung dir liéu do cao vé tinh
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- Xéac dinh cac tram 4o va lya chon dit liéu hop 1€, hiéu chinh sai sd, tinh toan chudi thoi
gian SSH bang céach sir dung tit ca cac diém hop 1¢ d chon;

- SSH trung binh duoc tinh cho mdi chu ky str dung gia tri trung binh cuia cac do cao da
chon, cung vo1 d6 1éch twong ing ctia chiing.

2.2. Hi€éu chinh dang song do cao v¢ tinh trong vung nwéc ndi dia sir dung thuat
toan Ice-1

Dt li¢u do cao v¢ tinh da dugc chung minh hi¢u qua trong viéc theo doi muc nudce tai
ving dai dwong mo va ving ven bién. Tuy nhién, tin hiéu radar altimetry gip nhiéu han ché
trong viéc theo doi nude trong luc dia do sy phuce tap cua cac dang song tra ve. Dang song
do d6 cao (hay tiéng vong radar) dai dién cho biéu d6 ning luong bi phan tan boi bé mit
mat dat quay tré lai vé tinh. Viéc phan tich tin hiéu nay cho thay sy xuat hién ciia mot s6
phan xa cua nudc, tham thyc vat va bé mat dia hinh ng ghé co trong dAu chan cua vé tinh.
Céc udce tinh khoang cach chinh xac tur v¢ tinh dén bé mat phan xa thu duogc bé“mg cach su
dung cic quy trinh diéu chinh dang song dugc goi 1a liy lai dang song do d6 cao
(retracking). Viéc do lai dang song ctia may do d6 cao cho vung nudc trén luc dia dé c6
duoc cac udc tinh khoang cach tot hon so véi cac dang song thu duoc ban dau bang cach sir
dung cac thuat todn retracker trén bo mach. Cac dang song c6 dugc nhd mot hé théng theo
doi (retracking) dugc dat trén vé tinh (Chelton, et al. 2001) Muc dich cua bd theo d6i trén
bo mach la gluz vi tri gilta cac diém canh hang dau dé dam bao rang tleng vong van con
trong cira so tiép nhan. Hé théng du doan ctia phép do gitp giam thiéu sai s6. Hé thong theo
ddi dya trén viéc phan tich cac thong sb cua cac diém do trudc d6 c6 hiéu qua trong moi
truong dong nhat nhu dai duong (Brown, 1977). Nhung cac dang song doi lai trén cac bé
mit khac nhau nhu bé mit luc dja g@)m rat nhiéu tin hiéu kho xir 1y, may do do cao khong
thé thich g trong thoi gian thuc voi cac thong s tiép nhan nay. Do d6, cin mot vai gidy
dé may do d6 cao tim thay bé mit noi cac phép do co thé tiép tuc (Chelton, et al., 2001).
Céc giai phap xur 1y lai dang séng khac nhau di duoc phat trién theo ham vé d6 nham cia bé
mat dugc xem xét. Cac phuong phdp chinh dugce st dung cho nghién ctru viung nudc luc dia
d6 la: phuong phap ngudng, phuong phip phan tich va phuong phap nhin dang mau
(Frappart, 2006a).

Phuong phap ngudng su dung thuat toan Ice-1 dugc phat trién dé nghién ctru cdc chom
bing & cuc va cac bé mit luc dia. Phuong phap nay dwa trén nguyén tic ngudng, yéu cau
udce tinh bién d6 cua dang song. Ky thuat nay dugc goi la OCOG (Offset Center Of GraV1ty)
phuong phiap do Wingham phat trién nam 1986 (Wingham, 2006) st dung phuong phap sb
(hinh 4) va la dugc mo ta nhu sau:

n=N-aln
COG = M (1)

n=N-aln
Zn N+ain¥ (n)

n=N-aln ,,4
A= M )

n=N-aln
z:n N+aln¥ (n)

CnoNzamy2(m)?

W= S 3
Lep = COG — 0.5.W 4)
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Trong d6 : N 1a téng sb cong ; aln 1a sé lugng cong ude tinh & dau va cudi cua dang song;
y (n) 1a gia tri cua cong thir n; A 1a bién d§; W 1a chiéu rong; COG la trong tam cua dang
song; Lep 1a vi tri diém gitta cua canh hang dau (Hinh 3).

Power
[

Width
-l

PN
// .\‘\ Amplitude
— \ time
C-of-G Position Centre of gravity

Leading-edge position

Hinh 3. So do cia thudt toan OCOG

D6 phan tan (trong dinh mirc L1) ctia Ice-1 thap hon so vdi cac bo phan xa khac, thuong
thap hon 0,2 va 0,1m d6i voi giai doan thip va cao. Piém quan trong trong k¥ thuét nay
nam & viéc wdc tinh bién d6 dang séng. Anh hudng cua tiéng on duge giam bot khi sd luong
mau ting 1én. Thuat toan retracking Ice-1 da dugc chimg minh 13 hiéu qua hon cac thuat
toan retracking khac trong nghién ctru nuéce trén luc dia (Frappart, 2006a). Vi vay, trong
nghién ctru nay, ching t6i str dung thuat toan Retraching Ice-1 dé ldy lai dang song cho dir
liéu do cao trong khu vuc nghién ctru.

2.3. Panh gia d chinh xac cia két qua do mue nwée dya trén dir liéu do cao vé tinh

Muc nude song Mekong thu dugce tir dir liéu do cao vé tinh dugc xac nhan bﬁng cach so
sanh voi sO li€u do tai cac tram thuy van/thuy triéu c6 trong khu vuc nghién ctru. Khoang
cach giira tram 4o va tram do tai chd gan nhat thap hon 35 km.

K¥ thuat hi¢u chuin tuyét ddi bao gém viéc xac dinh d6 léch cua do cao muc nudc tinh
ttr dir liéu do cao v¢ tinh (SSHjimeter) V@ dit li€u do thuc dia (SSH;,.). Tat ca cac dir licu da
dugc chuyén doi vé cung hé toa do. B9 1éch Bias dugc tinh nhu sau:

. 1
Bias = n ?:1(SSHaltimeter(ti) - (SSHin—situ (ti)

Sai s6 trung phuong RMSE giita hai tri do duoc xac dinh theo cong thirc c¢6 dién :

1 1/2
RMSE = (Z ?zl(SSHaltimeter (ti) - (SSHin—situ(ti))z)

Hé sb trong quan Pearson (R) duoc udce tinh gitra cac phép do tai chd va vé tinh
3. KHU VUC THU'C NGHIEM VA DU LIEU SU DUNG

3.1. Khu vuc nghién ciru

Khu vyce nghién ctru 1a song Mekong, chay qua Viét Nam (hinh 4). Thay tridu ven bién
ctia khu vue nghién ctru 13 ban thiy triéu khong déu, véi bién do thiy tridu & ctra song Hau
vao khoang 3m (tridu cao) va 1.8m (triéu thap). Bién do thiy triéu giam dan tinh tir thuong
nguén. Theo dir liéu giam sat tai cac tram Viing Tau, dinh triéu trung binh cao nhét 1a 4,43m
(trong cac thang 10, 11) va thap nhit 13 0,58m (vao cac thang 5, 8).
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Hinh 4. Vi tri cdc tram thuy van va tram ao trén khu vuc nghién ciru
3.2. Dir li€éu sir dung

3.2.1. Dit liéu do cao vé tinh

Dt li¢u v¢ tinh dugc tai tu trang web http://ctoh.legos.obs-mip.fr/. Dt li€u bao gém
Sentinel 3A (03/2016-11/2021), Sentinel 3B (11/2018-03/2022), SARAL (03/2013 —
07/2016), Envisat (05/2002 dén 10/2010), Jason-1 (01/2002-01/2009), Jason-2 (07/2008-
10/2016), va Jason-3 (02/2016-02/2022) di qua khu vuc nghién ctru (Bang 1). Vi tri cua 26
tram 4o (VS) trén khu vuc nghién ctu (hinh 3) twong Gng véi vé tinh Jason-1/2/3 (tim),
Envisat/SARAL (xanh), Sentinel-3B (d6) va Sentinel-3A (trang).

Bang 1 : Mgt sb dic tinh k§ thuit ciia cac v¢ tinh do cao sir dung trong nghién ctru

Track cua vé tinh di

V¢ tinh Tan s (GHz) qua khu vuc nghién Chu ky lap Kich thuéc dau chan

oty (radar footprint)
Jason 1/2/3 Kuc(gig}?zlfz) 077, 140 10 ngay ~20 km
Envisat K“S(g’jgg?z) 021, 322, 565, 780 35 ngay ~18km
Sentinel-3A K‘é( (153. f;éggz) 153,720 27 ngiy ~ 18 km
Sentinel-3B K‘é( (153 f 17(5}232) 021, 606, 720 27 ngay ~ 18 km
Saral Ka (35.75 GHz) 021, 322, 565, 780 35 ngay ~ 8 km

3.2.2. Dir liéu do tai cdc tram thiy vin
Pé xac nhan két qua do muc nudc tir dit liéu do cao vé tinh, dir liéu thuc dia thu duogc tai
8 tram thuy van (Bang 2) da dugc su dung. SO li€u do tai cac tram dugc do theo phuong
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phap truyén théng v&i tan suét 1 tri do/1h. Thiét bi do tai cAc tram thuy van/thuy triéu duogc
dat trong 1 ong bao v¢ dé loai bo anh hudng ctia song dén két qua do.

Bang 2. Danh sach cac tram thay van trong khu vwe nghién ciru

Tén tram Kinh do Vido Thoi gian
An Thuén 106°36° 9°57 2016-2017
Can Tho 105°47° 10°02° 2000-2020
Bén Trai 106°30° 9°52° 2016-2017
Pai Ngii 106°4° 9244 2000-2018
Tran bé 106°10° 9°30° 2010-2020
My Thanh 106°10° 9°25° 2001-2017
Tra Vinh 106°21° 9°58 2000-2020
Vam Kénh 106°43° 10°16° 2016-2017

4. KET QUA VA THAO LUAN
4.1. Hiéu chinh anh hwéng dia vét 1y dén két qua do cao vé tinh

Ngoai anh huéng cia ving dét lién c¢6 trong dau chan radar cta phép do d6 cao, ngudn
16i trong qua trinh truy xuit d6 cao muc nude tir phép do cao radar do hai thanh phan chinh
gay ra d6 1a anh hudng cua tang dién ly va tang d6i luu.

e Ddi v6i tit ca cac vé tinh, hiéu chinh tang dién ly (IC), do ham luong dién tir trong tang
dién ly, thu duoc bﬁng may do dd cao hai tan sé, 0 cac bang tan Ku va C d6i véi vé tinh
Jason-1/2/3 ; bang tan Ku va S cho vé tinh Envisat, hodc st dung mé hinh GIM (Global
Ionospheric Map), hodc mo hinh NIC09 (NOAA Ionospheric Climatology 2009) cho cac
may do d6 cao tan sé don nhu SARAL, Sentinel-3A/3B. Hinh 5 thé hién gia tri hiéu chinh
anh huong cua tﬁng dién ly tai tram do JA2-140 st dung mo hinh GIM. Gia tri hi€u chinh
dao dong trong khoang tir -0.01m dén -0.22m tuy thudc vao diéu kién thoi tiét tai vi tri tram
ao JA2-140.

0.000 4

—0.025 +
—0.050 4

—0.075

ku (m)

gim_|

—0.100 A

-

—-0.125 4
—-0.150 +
—-0.175 4

iono_corr,

—+— mean
—-0.200 1 —=— median

2009 2010 2011 2012 2013 2014 2015 2016 2017
Time (YYYY-MM)

Hinh 5. Gid tri hiéu chinh tdng dién ly swr dung mo hinh GIM tai tram ao JA2-140.

e Hicu chinh tang do6i luu do anh hudng cua hoi nude trong khi quyén, c6 dugc tir cac
phép do buc xa co trén cac v¢ tinh do cao hodc tir cac két qua dau ra cia mo hinh khi tuwong
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ECMWE (European Center for Medium Range Weather Forecasting) cung cap. Cac hiéu
chinh dya trén phép do hai tan s6 va do buc xa duoc st dung rong rai trén dai duong va &
cac khu vuc ven bién. Tuy nhién, ddi voi vung nudc luc dia, cac két qua tinh tr m6 hinh
duogc str dung nhiéu hon vi lac nay buc xa bi nhiéu do maéi trudng truyén séng trong dat lién
khong dong nhét. Vi du vé gia tri hiéu chinh anh hudng cua ting d6i lwu kho va d6i luu 4m
tai tram a0 JA2-140 duoc thé hién trong hinh 6 va 7. Két qua cho thdy gia tri hiéu chinh anh
hudng cua tang ddi luu kho co thé 1én t6i 2.3m va gia tri hiéu chinh anh huéng cua tang d6i
Iwu am dao dong tir 0.1m dén 0.4m.
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Hinh 6. Gia tri hiéu chinh tc”ing doi luu khé sir dung mo hinh ECMWWE cho tram do JA2-140
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Hinh 7. Gia tri hiéu chinh td‘ng doi am svr dung mo hinh ECMWWEF cho tram do JA2-140

4.2. Chudi thoi gian muc nuéce tir dir liéu do cao vé tinh

Pé x4c nhan do cao myc nude udce tinh tir dit 1iéu do cao v¢ tinh, tri do thuc dia ghi dugc
tai 8 tram thuy van trén khu vuc nghién ciru da duogc sir dung. Hinh 8 mé phong két qua do
cao myc nudc tai 1 tram ao JA-77-1 cua vé tinh Jason-2. Trong do, nhiing diém do khong
nam trén ving nudc va nhilng diém di thuong sé dugce loai bo trong qua trinh tinh toan. Véi
sb lwong quan sat chung gitta mot tram 4o va tri do tai tram thuy van it hon 10 s€ khong
duoc xem xét. Két qua so sanh gitta gia tri muc nudc udc tinh va tri do tai chd véi hé sb
twong quan co thé dat 0,88 dbi vai Jason-2; 0,82 d6i véi Jason-3, Saral va Sentinel-3; 0,77
d6i v6i Envisat (Bang 3).
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Hinh 8. Myc nuwoc tinh tir dir liéu do cao cua vé tinh Jason-2 tai vi tri tram ao JA-77-1

Tai mdt sb tram, do s6 lugng quan sat chung thép nén khong dai dién vé mit théng ké.
Sai 6 trung phuong RMSE dao dong tir -0.18m dén 0.78m phu thudc vao mdi vé tinh va do
rong cua tram ao. bPéi véi v¢ tinh Envisat, do kich thudc d4u chan 16n (khoang 18km) nén
anh huong cta dat lién dén két qua do 16n dan dén sai s trung phuong cao va hé sb twong
quan thu duogc kha thap. Két hop chudi thoi gian dua trén dé cao muc nudce tir cac st ménh
trong cung mot quy dao danh nghia (Envisat va Saral; Jason - 1, Jason - 2 va Jason - 3) hoac
tai cac nhi€ém vu dan xen (Envisat/Saral véi Sentinel - 3A/3B), da thu duoc chudi thoi gian
da nhiém ctia muc nudc. Trong trudng hop thir hai, chénh 1éch thoi gian 16n nhét giira 1an
thu nhan Saral va Sentinel-3A béng mot ntra d§ dai cua chu ky lap lai nge‘in nhét cua hai vé
tinh (tc 1a 13 ngay tinh dén 27 ngay cua chu ky lap ciia Sentinel-3A). Dé giam thiéu su
khac biét trong viéc léy mau theo thoi gian, cac giai doan nudc thép dugc chon, thay vi cac
giai doan nudc cao hoic chu ky thily vin hoan chinh, gia dinh ring myc nuéc 6n dinh hon
trong céac giai doan nudc thap.

Bang 3. Két qua so sanh giira chudi thoi gian muc nwéc tai cac tram ao va dir liéu do tai
chd véi cac thong sb vé sai s6 trung phwong, hé s6 twong quan, do 1éch Bias, sé quan sat
chung, dj rgng cia tram 40 va khodng cach giira tram do0 va tram do.

Tram ao Do rong Tram Khoang S quan Do 1éch RMSE R
tram a0  thdy van cach hai sat chung bias
(km) tram (km)

EN 322 1,82 Can Tho 6,1 86 0,73 0,58 0,57
EN 780 1 2,68 Tra Vinh 23,36 82 0,87 0,78 0,77
S3A_0606 1,37 Can Tho 7,62 55 0,63 0,46 0,7

S3B 0720 3 1,49 Tra Vinh 20,77 27 0,69 0,42 0,61

S3A 021 3,57 Pai Ngai 22,65 17 0,53 0,23 0,82

S3A 021 3,57 Can Tho 23,25 52 0,41, -0,18 0,77
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S3B_135 2 2,05  TraVinh 5,12 28 0,63 0,2 0,69
SRL 021 1 3,02 Tra Vinh 12,58 12 0,64 033 0,79
SRL 780 1 2,68  Tra Vinh 23,43 11 0,65 0,2 0,82
JA3 140 2,52 Tra Vinh 33,7 128 0,86 023 0,77
JA3 77 3 2,45  TraVinh 0,31 20 1,07 0,2 0,71
JA3 77 1 2,42 Dai Ngii 23,5 12 1,12 023 0,64
JA3 77 1 2,42 Tran Dé 0,81 13 1,04 0,19 0,82
JA2_ 140 2,52 TraVinh 33,7 65 1,12 021 0,64
JA2 77 3 2,45  TraVinh 0,31 64 1,02 023 0,88
JA2 77 1 2,35 Tran Dé 0,81 75 1,3 026 0,72
JA2 77 1 235  Dai Ngii 23,5 56 1,15 025 0,76
SRL 565 1,05 Cén Tho 18,04 22 0,86 034 0,67

Két qua trén bang 3 cho théy, tai cac tram 4o co chiéu rong cda séng 1on, két qué thu
dugc cho d6 twong quan cao. Tram a0 JA2_ 77 3 ¢6 chiéu rong 2.45 km cho d6 twrong quan
dat 0.88 so v6i dir liéu tai tram thuy van Tra Vinh. Diéu nay c6 thé giai thich do kich thudc
dAu chan cta vé tinh trén mat dit phu thudc vao mdi vé tinh. Do d6, céc tri do cao vé tinh s&
bi anh hudng boi bé mat dat. Vi vay tram do c6 dg rong cang lon thi anh hudng boi bé mat
dat xung quanh cang it, d§ chinh x4c cang cao. Hinh 9, 10, 11 thé hién chudi thoi gian muc
nude tir nam 2002 dén nam 2010 cia vé tinh Envisat (track 322), tir nam 2008 dén nam
2016 cta vé tinh Jason-2 (track 77), tir nim 2016 dén nam 2022 cia vé tinh Sentinel-3A
(track 606) tuong tmg. Bién d6 hang nim ctia muc nude thap hon duoc quan sat thiy trong
khoang thoi gian quan sat Sentinel-3A so véi cac nhiém vu khéc.

Mic du do chinh xac khong cao khi nghién ctru viing nuée luc dia do anh huéng cia dat
lién 1én tri do nhung cac thé hé vé tinh do cao m&i dang dan cai thién dang ké vé d6 chinh
xac. Két qua ¢ bang 3 cho thay sai s6 RMSE dat 0.18m khi st dung dit liéu Sentinel-3A,
0.19m véi dir liéu Sentinel-3B, 0.2m véi dir liéu Saral va Jason-3 twong tng. Két qua cua
nghién ciru gop phan giam sat muc nude dai han tai nhitg khu vuc khong ¢ tram do
thuc dia.
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Hinh 9. Chudi thoi gian myc nuwoc tai tram do EN 322
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Time Series Histogramms
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Hinh 10. Chuéi thoi gian myc nwoc tqi tram do JA2-77-2
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Hinh 11. Chuéi thoi gian myc nuoc tqi tram do SA3-606

5. KET LUAN

Nghién ctru nay cung cép danh gia chi tiét vé hiéu suét cua tri do muc nudc tai khu vuc
ddng bang song Mekong dya trén dit liéu do cao vé tinh Envisat, Jason-1/2/3, SARAL dén
Sentinel-3A/3B trong khoang thoi gian tir nim 2002 dén nam 2022. Thuat toan Ice-1 duoc
sir dung dé lay lai dang song cua tin hiéu radar trong vung nudc ndi dia. Két qua so sanh
gitra muc nude tai chd va muc nude dua trén dit liéu do cao co sai s6 RMSE tir 0.18 dén
0.78m va hé sb twong quan tr 0.57 dén 0.88. RMSE t8t nhat nho hon 0,2 m dbi véi muc
nude thu duge tir may do d6 cao Sentinel-3A, Saral va Jason-3 nhd cac vé tinh thé hé moi
nay c6 kich thude déu chan nho nén giam dang ké anh hudng cua dat lién 1én tri do. Ngoai
ra, viéc su dung band Ka cua v¢ tinh Saral dugc dac trung boi d4u chan nhé hon cho phép
thu dugc cac ude tinh khoang cach hop 1¢ hon so véi band Ku. Két qua ciia nghién ctru chi
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ra réng cac hi¢u chinh dua trén mo6 hinh GIM va m6é hinh ECMWF cung cép cac udc tinh do
cao muc nudc trong ving ndi dia chinh xac hon so véi cac hiéu chinh ting dién ly dua trén
hai tin sd va may do birc xa thong thudong. Bén canh d6, viéc st dung cac dir li¢u do cao vé
tinh thé hé méi (Jason-3, Sentinel 3A/3B), c6 thé hoat dong & ché o6 vong 1ap mo va c6 do
phan giai khong gian cao lam ting sé luong cac phép do doc 1ap ddi véi cac vang nude ndi
dia. Mang ludi do dg cao tir cac tram do cho phép (i) gidm sat lién tuc cac giai doan nudc
trong mot khu vyc rong 16m, (ii) phan tich céc tac dong c6 the c6 cua bién doi khi hiu va tac
dong ctia con ngudi ddi v6i chu trinh thuy vin cia ving dong bang song Mekong. Két qua
ctia nghién ctru gbp phan bo sung dit liéu cho khu vuc dong bang Song Mekong, noi ngudn
nudce dang ngdy cang tré nén khan hiém va khé quan 1y.
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