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Tém tat: Trudc ddy, vién tham duoc tng dung dé nghién clru x01 16 bo sdng chu yéu bang
viéc két hop cac bang anh va hau hét chua duoc kiém dinh bang toa do duong bo thyc té.
Trong nghién ctru nay, x6i 16 bo song Ham Ludng duge danh gia bang viée tich hop cong
nghé hoc may vao vién tham va hé thong phan tich duong by (DSAS). Anh vé tinh Landsat
dugc str dung dé danh gia dién bién x6i 16 tir 1999 dén 2022, ¢6 kiém dinh bang 100 toa do
GPS bo song dugc do dac nam 2022. Két qua trich xuat duong bo la dang tin cay, voi sai
s6 can quan phuong (RMSE) la 15,92 m, nho hon dang ké so voi do phén giai 30m cua
Landsat. Giai doan 1999-2022, xo1 16 chiém wu thé (68% chiéu dai), chii yéu xay ra & bo
phai, voi tong dién tich mat dat 1a 176,7 ha (7,54 ha/nam). X0i 16 bo gia tang theo thoi gian,
ca vé tbc d6 1an pham vi. Bo song chuyén tir boi ty trong giai doan 1999- 2005 (+1,65
m/nidm) sang bi x6i trong giai doan 2005-2022 (-3,71 m/niam). Giai doan chuyén tiép tir boi
tu sang x06i 16 1a 2005-2009, khi cac siéu dap thuy dién trén Iuu vuc song Mé Cong duoc
dua vao van hanh. Do d6, viéc phuc hoi 16p thuc vat ven song can duoc vu tién dé bao vé
bo song dang bi x61 16.

T khéa: Xo6i 16 bo song; Vién tham; Hoc may; GIS; DSAS; bBSCL.

1. Giéi thi¢u

X6i 16 by song hién 12 mot van nan thién tai chung ctia hau hét cac hé thong song ngoi
trén thé gidi [1-4]. Py 1a mot hiém hoa thién tai dai han, ¢6 anh hudng da dang dén kinh té,
xa hoi, sinh ké va co thé dén ca chinh trj [4]. Cu thé, nhiing hé qua tat yéu cia x6i 16 bo song
bao gdm giam chat lugng nudc, mat on dinh cong trinh, de doa dén an toan cua khu déan cu
va thay doi bat lgi cho hé sinh thai [5]. Tuy c6 tbc do anh huong twong ddi chdm nhung X0i
16 b dé lai hau qua dai 1au cho céc dbi tugng trong ving anh huong va kha nang hdi phuc 1a
rat thap [6-8].

Trén thé gidi, nhiéu k¥ thuat hién dai da duoc ung dung trong nghién ciru x6i 16 bd song
& pham vi rong. Dién hinh nhu cac nghién ctru sir dung anh vé tinh, khong anh d6 phan giai
cao (LIDAR), méy quet Laser, va may bay khong nguoi 1ai (UAV/Drone) [9-12]. Trong do,
k¥ thudt vién tham cho thiy uu diém so v0i cac cong cy con lai ca vé mat thoi gian va ngudn
kinh phi nghién ctru, trong khi két qua van c6 do tin cdy cao. Trong cudc dua cong nghé 4.0,
viéc su dung tri tu¢ nhan tao va mé hinh hoc may trong cac nghién ctu vé x0i 16 bo cling
ngdy cang phd bién. Piém manh ctia cdc md hinh nay 1a s6 liéu dau vao c6 thé don gian (ké
ca dir liéu phi tuyén tinh roi rac), d6 tin cdy cao va tiét kiém thoi gian tinh toan [13-15].

Thoi gian gan day, cac nghién ctru x6i 16 bo song bang dir liéu vién tham & Viét Nam da
tuong d6i phod bién. Mic du vay, duong bo chi yéu duoc trich xuét bang cac chi sé don gian
bang cach két hop cac bang anh lai véi nhau. Cu thé, cic nghién ciru da thyc hién thudng sir
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dung céc chi s6 thuc vat khac biét chudn héa NDVI (Normalized Difference Vegetation
Index) hay chi s6 nude khac biét chuan hda NDWI (Normalized Difference Water Index) dé
trich xuét duong bo [16-18]. Cac chi s6 nay thuong cho do sai s6 16n khi khu vyc nghién
ctru c6 nhiéu tau thuyen neo ddu hay do phan xa mat dat cho tin hiéu khong r6 rang. Mot s6
nghién ciru chi don thudn st dung gia tri NDVI 1am can ¢t trich xuit duong bo va khong co
kiém dinh két qua tinh toan so voi dudng bo thuc té. Vi vy, phuong phép trich xuit duong
bo sOng dua vao anh vé tinh can dugc nghién ctru sau hon dé tang do chinh xac, chéng han
nhu tich hop thuit toan hoc may ngay trong cac mé hinh vién tham dé ting d6 chinh xéac cta
viée trich xuét duong bo.

La mot vung kinh té trong diém phia Nam, Dong bang song Ctru Long (DBSCL) khong
chi cung cap ngudn ndéng san cho Viét Nam ma con phuc vu xuat khau ra toan thé gigi. Tuy
nhién, PBSCL hién nay dang chiu tic dong nghiém trong tir thién tai, dién hinh nhu x6i 16
long song, bo song va bo bién, han man, ngdp lut, va sut lin dat. Trong do, x6i 16 bo song
dang ngay mot dién bién nhanh hon, v6i mac d6 ngay cang trim trong. Theo théng ké cua
bd NN&PTNT, s6 vi tri ghi nhan hién tugng sat 10 bo song dang gia ting dang ke tu 100
diém trong nim 2010 1én 680 diém duoc bao céo trong nam 2019. Viéc phat trién cac dap
thuy dién thugng Iuu dugc danh gia 1a nguyén nhan so6 mét cua hién tugng x01 16 trén dién
rong & DBSCL, trong khi khai thac cét 1a tic nhan gay trim trong hoa van dé nay [19-21].
Mic du vay, x6i 16 bd song thuong it duoc quan tim hon cac van dé khac (ngap lut, xAm
nhdp man) do pham vi va mtrc d¢ thiét hai tuong ddi nho hon trong khi dién bién tuong ddi
cham.

Mot dic diém quan trong cia bo song ¢ BPBSCL d6 1a; trude diy doc bo song luon co
mot tham thyc vat ty nhién bao vé by nhu ban, dira nude. Theo thoi gian, 16p thuc vat ndy bi
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x6i 16, va khi doc b song khong con 16p thuc vat bao vé nira thi tbe do xo6i 16 s& dién ra rat
nhanh. Pién hinh 13 doc séng C6 Chién, dic biét 1a trén cac cu lao (tinh Tra Vinh va Vinh
Long). Doc séng Ham Ludng hién nay 16p thyuc vat (ban, dira nudc) con twong ddi day (vai
mét tGi vai chuc mét), nhung da c6 hién tuong x6i 16 16p thuc vat nay. Néu khong co giai
phap bao v€ 16p thuc vat tu nhién trén séng Ham Ludng thi trong vong 10 nam t61 16p thuce
vat nay co thé co nguy co blen mét (nhu di timg dién ra voi sdng Co Chién). Khi do, x6i 1o
bo séng Ham Ludng s& rat tram trong, anh hudng dang ké dén doi song cua cu dan ven song.

Céc nghién ctru x6i 16 & DPBSCL hién nay thudng ding cac chi sé nhu NDVI, NDWI
[16—17] d@é trich xuét bd song, vi vay do chinh xac con kha han ché, nhat 14 nhimng ving chiu
anh huong triéu nhu DPBSCL. Trong khi d6, x6i 16 bo song & PBSCL dang dién bién nhanh
trén di¢n rong nén can duge nghién ctu cép bach nham hiéu duoc hién trang va nguyén nhan,
lam co s& dé ra c4c bién phap toi uu. Do d6, nghién ctru nay dé ra muc tiéu: (1) tich hop thuat
todn hoc méay vao cong nghé vién tham nham tang do tin cdy ctia qua trinh nhan dién duong
bo; (2) sir dung cong nghé DSAS (Digital Shoreline Analysis System) dé phan tich dién bién
x061 16 bo song va (3) phan vung nguy co x06i 16 bo song.

Khu vyc nghién ciu 1a Song Ham Ludng (Hinh 1), va din bién x6i, bdi dwgc phan tich,
danh gia cho thoi gian tir 1999 dén 2022. Pay 1a mot trong cac cong trinh nghién clitu mang
tinh tién phong & DBSCLva Viét Nam trong viée st dung hai ky thuat tién tién (vién tham
va hoc may) dé danh gia bién dong bd song. Bén canh d6, nghién ctru ky vong s& dem lai két
quéa quan trong cho cac bén lién quan dé xem xét dé xuat bién phap hitu hiéu nham bao vé bd
s6ng mot cach kip thoi. Ngoai ra, phuong phéap luan trong nghién ctru ndy c6 thé duoc ap
dung cho cac vung nghién ctru khac trong tuong lai.

2. Dir liéu va phwong phap

Nghién ctru nay tich hop cong nghé hoc may vao k¥ thuat vién tham dé trich xuat duong
bo song qua cac nam, sau d6 danh gia dién bién dudng bo theo khong-thdi gian bang hé
thong phan tich bién dong dudng bd DSAS. Tong quan cic ndi dung va thir ty thyc hién
nghién ctru dugc tom luoc trong Hinh 2 va chi tiét hoa trong cac nodi dung tiép theo.
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Hinh 2. So db ciu trac qua trinh nghién ctru x6i 16 bd song.

2.1. Dt liéu s dung

Dé trich xut dudng b dai han (1999-2022) cho khu vure séng Ham Ludng, anh Landsat
da dugc st dung do v¢ tinh nay co chudi dit liéu dai (tir nhitng ndm 1970s), 1a loai anh vé
tinh duy nhét phii hop vdi thoi doan phan tich trong nghién ctru nay. Dir liéu nay dugc cung
cAp mién phi tir trang web chinh thirc ciia co quan Khao sat Dia chat Hoa Ky tai dja chi
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https://earthexplorer.usgs.gov/. Do cam bién cua vé tinh Landsat 1 loai quang hoc nén chit
lwong anh thudng sé& chiu anh hudng boi su che phii cia may. Can nhic van dé nay, 06 anh
Landsat (déu la Landsat 5 va 8) da dugc lya chon cho cac nam 1999, 2005, 2009, 2014, 2018,
va 2022 (Bang 1). Anh Landsat 7 khong duoc str dung 1a do 1) cac anh trude ndm 2003 ¢
mirc 36 may che phu cao, gy thiéu hyt théng tin dé nghién ctru va 2) cac anh sau ndm 2003
bi 16i & nhiéu diy quét trong viing nghién ctru (scanline error). Anh duoc tai xudng 1a dir liéu
muc 1 (Level 1), da duoc nin chinh toa do dia 1y, nhung trude khi str dung can hiéu chinh
khi quyén. Bén canh d6, dé hd tro qua trinh trich xuat va danh gia do tin cdy cta duong bo
song, 100 vi tri bo song (nam 2022) da dugc thu thap toa d6 GPS, sau day goi 1a cac diém
tham chiéu.

Bang 1. Cac anh v¢ tinh Landsat duoc st dung trong nghién ctru.

STT Vétinh Cam bién Ngay chup D9 che phii ciia may (%)

1 Landsat 5 ™ 06/21/1999 10,00
2 Landsat 5 ™ 08/24/2005 1,00
3 Landsat 5 ™ 12/09/2009 1,00
4 Landsat 8 oLl 02/22/2014 1,80
5 Landsat 8 oLl 10/31/2018 6,42
6 Landsat 8 oLl 12/13/2022 14,26

2.2. Hiéu chinh khi quyén

Qua trinh hiéu chinh khi quyén (atmospheric correction, AC) nham giam thiéu anh
huong tir moi trudng dén gia tri cac diém anh, dong thoi chuyen gia tri s6 (digital number,
DN) thanh gi4 tri phan xa bé mit (surface reflection, SR). Pé thuc hién hiéu chinh khi quyén,
ching toi str dung cong cu ACOLITE, v6i thuat toan “Dark Spectrum Fitting” [22-23]. Cong
cu ma nguon m¢& nay phu hop cho viéc hiéu chinh khi quyén dbi voi anh vé tinh Landsat va
Sentinel nham muc dich phan loai mit nudc véi cac d6i tuong khac. Cac thong sé dau vao
dé hiéu chinh (nhu néng dd ozone, hoi nudc, hi€u chinh khi dung...) c6 thé tuy bién nham
lam ndi bat khu vuc mit nuée. Gia trj cac pixel cua anh Landsat sau khi hi¢u chinh 1a gia tri
phan xa bé mit, pht hop véi dic tinh quang phd phan xa khac nhau cta cac vat thé trén mat
dat.

2.3. Tinh todn cdc chi sé bé sung

Cac bang (band) dnh dugc sur dung dé chiét xuat dudng bd song bao gdbm xanh dwong
(blue), xanh 14 (green), do (red), can hong ngoai (near-infrared, NIR), hong ngoai song ngan
1 (short-wave infrared-1, SWIR1) va hdéng ngoai séng ngan 2 (short-wave infrared-2,
SWIR?2). Bén canh do, 03 chi s6 dugc thiét 1ap dua vao 06 bang co ban, bao gém chi sb trich
xuat mit nudc tu dong (Automated Water Extraction Index, AWEI) [24], chi s6 nudc khéc
biét chuan héa cai thién (Modified Normalized Difference Water Index, MNDWI) [25] va
chi s6 NDVI. Céong thuc tinh nhu sau:

AWEI=4X pg oy -Pswirs — 0,25%pyir T2,75%pgyyir, (1)
MNDWI= (Pareen "Pswir1) @
pGreen +pSWIR1)
NDVI=_(PrirPrea) -
(Pnir TPRed)

Trong do pereen, PRed, PNIR, PSWIRL, va PSWIR2, lan luot 13 cac tri s6 phan xa bé mit cua
cac bang anh xanh 14, do, can hong ngoai, va hong ngoai séng ngan 1 va 2. Cudi cung, 06
bang anh co ban va 03 chi s6 duoc chong xép thanh mot anh da phd, dugc ding cho qua trinh
trich xuat duong bo song.
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2.4. Trich xudt dwong bo song bang ky thudt vién tham két hop hoc may

V& co ban, duong bd séong Haim Ludng qua cac ndm duoc trich xudt bang cach tach 16p
mat nudc tr anh Landsat thong qua cac bude thuc hién nhu dugc chi tiét trong Hinh 3. bé
nang cao do tin cay ctia dudng bo duoc trich xuét, qua trinh phan loai c6 giam sat (supervised
classification) sir dung mé hinh hoc may ring ngiu nhién (Random Forest, RF) di duoc tién
hanh. Pau tién, 90 ving “lay mau huan luyén” (Regions of Interest, ROIs) duoc thiét 1ap doc
theo song bo song Ham Ludng, trong tmg voi 15.103 pixel. Ching bao gdm hai loai, duogc
gan nhan 0 va 1 (target), twong ung dai dién cho cac khu vyc mét nude va khong phai mat
nudce cin cir vao thong tin tir to hop cac bang anh kha kién (Red - Green - Blue) va vi tri cac
diém tham chiéu.

= Ving lay mau Piém tham |
Anh vé tinh E>‘ (ROls) ]¢j chidu
da phd ﬁ
Huén luyén (70%)
Bo dir liéu i | T
Kiém dinh (30%)

X y @ Kiém

_ dinh
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Do chinh xac (A) tot
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Chl s6 trung hoa (F1) P S
@ T6t ﬁ :’i

/\ ‘ Phan loai ’Q‘ Pudng b
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Hinh 3. So d6 quy trinh trich xuat duong bd song bang vién tham tich hop hoc may.

Tiép theo, bo dit liéu ding dé “huan luyén” mo hinh dugc thiét 1ap bang cach chong xép
cac ROIs Ién cac bang anh vé tinh da dugc hiéu chinh khi quyén & cudi Muc 2.3, dé trich
Xuét gia tri phan xa mat dat ctia cac pixel anh tuong Gmg. Két qua, bo dir liéu 1 mot ma tran
¢6 10 cot dir liéu, bao gdbm 09 bién doc 1ap (feaure variables) twong tng v6i 09 bang anh va
01 bién phu thudc (target) chira gia tri cin phan loai (mit nude (0)/khong phai mat nude (1)).
Sau d6, bo dir liéu nay tiép tuc dugce phan chia thanh hai nhém: huan luyén (training set) va
kiém dinh (testing set) mé hinh, 1an luot voi ty 18 12 70% va 30%, mot cach ngau nhién.

St dung 2 nhom di liéu nay, mo hinh hoc may RF duoc huan luyén va kiém dinh thong
qua 04 chi s6 danh gia tiéu chuan, bao gdm: do chinh xac - Accuracy (A), d6 chuin xéc -
Precision (P), do nhay - Recall (R), va chi sb trung hoa - F1-score (F1). Céc chi s nay déu
c6 gia tri trong khoang 0 dén 1, duoc tinh toan tr dir liéu théng ké vé sb luong gia tri thyc té
va du doan ctia mo hinh trong ma tran két qua (confusion matrix) theo cac cong thuc tir (4)
dén (7) nhu sau:

_ TP+TN @)
TP+FP+TN+FN
TP
= ®)
TP+FP
R=_1°__ (6)
TP+FN
TP+TN
(7)

~ TP+FP+TN+FN
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Trong d6 TP la tong sb pixel mit nude duoc du doan dung; FP 1 tong s pixel mét nude
duoc du doan sai; TN 1 tong s pixel khong phai mit nuée duoc du doan dang; va FN 1a
téng s6 pixel khong phai mit nude duge du doan sai. Qua trinh thuc hién viéc huan luyén va
kiém dinh duoc tién hanh cho dén khi ndo cac chi sb kiém tra dat gia tri t6t (16n hon 0,9), lGc
d6 mo hinh 1a déng tin ciy dé phan loai duong bd cho todn bd viing nghién ciru [26]. Két qua
phan loai 1a mot raster v6i 02 gia tri 0 (mit nude) va 1 (khong phai mit nudce). Cudi cung,
|6p mit nudce duoc chuyén thanh dinh dang vector va trich xuét thanh dudng b song.

Ngoai ra, do tin cdy ctia duong bd di trich xudt con dugc danh gia bang cach so sanh
duong bo trich xuét nam 2022 véi cac vi tri tham chiéu thu thap duoc trong dot khao sat thuc
dia. Ung v6i mdi diém tham chiéu, lira chon mot diém gan nhét (khoang cach ngan nhat) trén
duong bo (sau day goi la diém trich xuét) dé so sanh d6 chinh xac. Tai m01 cap diém, chung
t6i tién hanh tinh toan khoang cach tir cic diém nay t6i mot diém gbe ¢b dinh, sau d6 tinh sai
s6 can quan phuong (RMSE) cia cac gia tri nay. O déy sir dung vi tri ctia Dai khi tugng -
thiy van tinh Bén Tre (toa d0 X = 649515,188 m, Y = 1132466,445 m) lam diém gdc so
sénh. Cach thirc xac dinh cc diém danh gia dwoc minh hoa trong Hinh 4, cac khoang cach
va thong s6 dé so sanh dugc tinh theo cac cong thire (8), (9), (10) nhu sau:

L= X, %, + Y,-Y, ° (8)
L2=) X,-X, + Y,-Y, ° )
RMSE= J—Z L2,-L1 (10)

Trong d6 (Xo, Yo), (X1, Y1), va (X2, Y2), theo ding thir tu la toa d6 cua diém gdc, diém
tham chiéu, va diém trich Xuat; L1, L2 Ian luot 1a khoang cach tir diém tham chiéu va diém
trich xuat dén diém géc; va RMSE Ia sai s6 quan phuong.

Diém gbc so sanh (X0, Y0)

L1
Diém tham chiéu

X1, Y1) @

L2

(X2, Y2)

.- % Mos?
* Diém gbc
Diém tham chiéu |1

Hinh 4. Minh hoa c4ch thtrc so sanh dudng bd dwoc trich xudt v6i cac diém tham chiéu.

2.5. Ddanh gid x6i 16 bo séng bang DSAS

Sau khi trich xuat dugc duong bd sdng qua cac nam, bién dong dudng bo song Ham
Luong duoc phan tich bang cong cu DSAS. Day 1a mot phan mé& rong trong phan mém
ArcGIS cho phép luong héa dién bién ciia dudng bo theo khong - thoi gian [27]. Quy trinh
phan tich bao gdm 3 bude: (i) xac dinh dudng co sd; (ii) V& cac mat cat dé tinh toan (truc
giao voi duong co sO va cac duong bo); va (iii) tinh toan toc do thay do6i cua duong bo tai
cac mat cit nay Trong nghién ctru nay, cac gia tri téc do hoi quy tuyen tinh (linear regression
rate, LRR), toc do thay doi diém cubi (endpoint rate, EPR) va chuyén dong rong cua duong
bo (net shoreline movement, NSM) duoc sir dung dé phan tich su dién bién cta bo song tir
nam 1999 dén 2022. C4c gi4 tri ndy co6 thé duong (bdi tu) hodc 4m (x6i 16) tlly vao xu hudng
thay ddi cua duong bo tai cac vi tri khac nhau. Muc do bién dong duong bo dugc phan loai
thanh 7 nhom dura trén toc d6 bién dong, bao gdm: x4i 16 manh (< -5,0 m/nam), x6i 16 trung
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binh (-5,0 + -1,0 m/ndm), x6i 16 nhe (-1,0 + -0,5 m/nam), 6n dinh (-0,5 + 0,5 m/nam), bdi tu
nhe (0,5 + 1,0 m/ndm), bdi ty trung binh (1,0 + 5,0 m/ndm), va bdi tu cao (> 5,0 m/nam) [17,
28].

Qua trinh hiéu chinh khi quyén va trich xuat duong bd duoc thuc hién biang ngdn ngit
Python trong méi trudng Anaconda thong qua phian mém Visual Studio Code. Thu vién
Scikit-learn trong Python dugc st dung trong viéc phan chia tap di liéu va danh gia hiéu
nang mo hinh phan loai RF. Ngoai ra, cong cu ArcGIS 10.8 dugc stir dung dé thiét 1ap ROls,
so sanh duong bo dugc trich xudt véi diém tham chiéu, 1am viéc véi DSAS, va biéu dién cac
thdng tin dau ra tir nghién ctru.

3. Két qua va thao ludn

3.1. Két qua trich xudt dwong bo séng

Két qua kiém dinh duong bo nam 2022 khing dinh phuong phép trich xuat dat do tin
cdy. Mic du gia tri sai sb cin quan phuong RMSE kha 16n (15,92 m + 3,15 m), nhung so
sanh véi do phan giai ciia anh Landsat (30 m) thi sai s niy nam trong khoang c6 thé chap
nhan dugc. Hon nira, nghién ctru quan tam dén blén dong duong bo dai han nén tinh nhat
quan trong phuong phap trich xuat dudng bo 1a can thlet gilp dam bao do tin cay ctua danh
gid. Ngoai ra, dé giam thiéu sy anh hudng cua sai so d6i v6i két qua danh gia, ching toi
khong tinh todn bién dong duong b hang nim ma tién hanh so sdnh dudng bo trong c4c giai
doan tir 4-6 nam (phu thudc vao cac anh tdt khong bi may che phu). Két qua, bang cach tich
hop cong nghé hoc méy vao k¥ thuat vién tham, duong bo song Ham Ludng cho cac nam
1999, 2005, 2009, 2014, 2018, va 2022 da dugc trich xuat (Hlnh 5).

Hinh 5. Két qua trich xuit duong bd séng Ham Ludng.

3.2. Bién dong dai han ciia dwong bo

Nghién ctru ndy nhiam dinh luong bién dong dudng bo song Ham Ludng, mot nhanh
chinh cua song Ctru Long. Tur cdc dudong bo ctia 6 nam trong qua khir dugc tinh todn, 4.293
mit cat duoc thiét 1ap va phan tich bang DSAS, bao gém 2.104 mit cit thudc bo trai va 2.189
mit cit thudc bo phai (khoang cach trung binh giita cic mit cit 1a 30m). Két qua danh gia
trong giai doan 1999-2022 cho thay, toc d6 bién dong duong bd séng Ham Ludng dao dong
trong khoang -4,29 + 3,75 m/nam, gia tri trung binh 1 -0,35 m/nam. Cy thé, tdc d6 bién dong
duong bo binh quin ctia bd phai va bo trai 1an luot 14 -0,77 va 0,09 m/nim. Pong thoi, gia
tri trung binh chuyén dong rong ciia duong b phai 1 -7,97 m, so va 2,12 m phia bd trai. Nhu
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vay, vé mit tong thé thi bd phai co xu thé bi x6i va bo trai bi boi. Ngoai ra, toc do x6i 16/bdi
tu cao cling dugc ghi nhan ¢ cac doan song uon khuc va vi tri két noi voi song, kénh rach tho
cap. Nhitng dac di€m hinh théi nay mgt phan c6 nguyén nhan tir cac di€u kién thiy dong luc
hoc phure tap & cac vi tri d6 [29].

Téc do bién dong (m/nam)

(0] 10.000 20.000 30.000 40.000 50.000 60.000
a) Bo trai

— EPR
4 — LRR

Téc do bién dong (m/ndm)
o

0 10.000 20.000 30.000 40.000 50.000 60.000
b) B& phai

Chiéu dai b& séng tinh tir thugng luu hudng ra bién(km)

Hinh 6. Téc d6 bién dong dudng b tai cac mit cat doc song Ham Ludng giai doan 1999-2022.

Ghi chu
—— X6i 1& (< -0,5m/n&m)

On dinh (-0,5 + 0,5 m/mam)
&, — Boi tu (> 0,5m/n&m)

Ghi chu
— X&i I& manh (< -5,0m/nam) ‘
- X6i 1& trung binh (-5,0 + -1,0 m/nam)
X6i 1& nhe (-1,0 +-0,5 m/nam)
On dinh (-0,5 + 0,5 m/n&m)
Bbi tu nhe (0,5 + 1,0 m/nam)
—— Bdi tu trung binh (1,0 + 5,0 m/ndm) ————
—— Bbi tu manh (> 5,0m/nam) 0255 10 km

Hinh 7. Phéan bd cac khu vuc x6i 16/bdi tu (a) va bién dong duong bo (b) song Ham Ludng giai doan
1999-2022.

Hinh 6 biéu dién tbc do boi, x6i cta dudng b doc séng Ham Ludng. Cac gia tri LRR
va EPR phan bd & ca phia trén va dudi cua truc hoanh, twong (mg véi tinh trang x6i 16 va bdi
tu tai cac vi tri khac nhau doc bo song. Pang cht y, gia tri am nhiéu hon ¢ khu vue bo phai
s0 vOi bo trai, thé hién rang x0i 16 xay ra chii yéu & bo phai. Cu thé, tong s6 1.007 (24%) va
1.922 (45%) mit cat 1an lugt dugc ghi nhan 13 x6i 10 ¢ bo trai va bo phai. Trong khi do, sb
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lwong mit cit bdi tu twong Gmg 1an luot 13 1.087 (25%) va 256 (6%) mit cat. Ngoai ra, mic
du gia trj EPR 16n hon (khong nhiéu) so voi LRR, nhung xu thé thay ddi lai rat twong dong.
Muc chénh 1éch trung binh gitra LRR va EPR chi tu 0,157 + 0,178 m/nam. Do d6, chi $6
EPR c6 thé phu hop cho viéc danh gia dién bién bdi, x6i ctia bd song trong cac thoi doan
ngin hon (s6 lugng anh vé tinh c¢6 thé sir dung cho mdi giai doan ngin rat han ché do may
che phu, khong du s6 luong anh dé tinh LRR).

Phan bd khu vuc x6i/bdi doc bd séong Ham Ludng (Hinh 7a) mét lan nira khing dinh
rang bo phai bi x6i 16 nhiéu hon so voi bo trai. Két qua phan loai murc do bién dong cho thiy
bo séng & day bi x6i 16 tir thap dén trung binh, va khong c6 mit cit nao duogc phan loai 13 x6i
16 manh (Hinh 7b). Xét tong thé tir nam 1999 dén 2022, 87,87 km bo song (chiém 68,23%
téng chidu dai dudng bd) da bi x6i 16, 1am mat khoang 176,7ha dat. Trong khi d6, chi co
40km bo song (chiém 31,28%) dugc bdi ty, véi dién tich khoang 72,19ha. Diéu niy nghia la
trong 23 nim qua, bd séng Ham Ludng bi x6i nhidu hon 13 dugc bdi tu. Tuy nhién, xét trong
dai han, muc do thay ddi cua duong bo co thé s& khac nhau trong cac thoi doan cu thé. Do
d6, can phan tich thém cho cac thoi doan ngin hon dé hiéu rd qua trinh x6i 16 theo khong-
thoi gian.

3.3. Dién bien boi, xoi cua dwong bo qua cac giai dogn

Dé chi tiét hoa nhing thay doi ctia bo song Ham Ludng theo thdi gian, nghién ciru nay
da danh gia cho 5 giai doan: 1999-2005, 2005-2009, 2009-2014, 2014-2018, va 2018-2022.
Téc d6 bién d6i cua duong bd séng trong céc thoi doan duge tong hop nhu trong biéu d6 &
Hinh 8. Két qua phan tich chi ra rang giai doan 2018-2022 ¢4 gia tri EPR binh quan nhé nhat
(-4,7 m/nam) déng thoi bién do dao dong 1a 16n nhat. Trong khi d6, 1999-2005 1a giai doan
c6 gia tri EPR binh quan 16n nhat (1,7 m/nam) va bién d6 dao dong nhé nhat roi vao giai
doan 2009-2014. Xu thé bién d6i kha thong nhat & ca bo trai 1dn bo phai. Theo do, x6i 16 bd
c6 dién bién gia ting & ba giai doan dau, EPR trung binh chuyén dan tir gia tri dwong sang
ém Trong giai doan tiép theo (2014- 2018) bo song & day duong nhu dugc bdi tu trd lai véi
toc do trung binh 0,6 va 0,8 m/nam lan luot dbi voi bo tréi va bo phai. Tuy nhién, trong giai
doan cuoi (2018- 2022) duong bo song bi x61 16 manh va phire tap hon, voi toc d6 bién dong
trung binh tir -1,5 dén -4,7 m/nam. Dic biét, toc do bién dong 16n nhét dat -19,3 m/nam duoc
ghi nhén & bo phai.

Bor trai B& phai
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Hinh 8. Téc d6 bién dong duong bo song Ham Ludng trong 05 giai doan.

Két qua danh gia tir nim 1999-2022 cho thdy, x6i 16 bo song Ham Ludng gia ting ca vé
téc d6 1dn pham vi va duoc bdi tu nhe trong giai doan 2014-2018. Néu nhu trong giai doan
dau tién (1999-2005), bd séng & ddy van dugc boi tu tir 10,48 dén 10,74 ha/nam thi trong 02
giai doan tiép theo (2005-2009 va 2009-2014), bd song da bi x6i 16 v6i toe do mat dat 1an
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luot 13 -4,92 + 1,8 ha/ndm va -7,92 + -5,77 ha/nam. Sau do, tir 2014 dén 2018, bo song lai
duogc bdi tu nhe véi tde do trung binh 3,05 + 5,66 ha/ndm, trude khi bi x6i 10 manh vao giai
doan 2018-2022 (-9,89 + -29,76 ha/ndm). Nhu vy, c6 thé thdy giai doan 2005-2009 la giai
doan chuyén tlep tir pha bdi tu sang pha x6i 16 cua bd sdéng Ham Ludng. Xu hudng nay la
nhit quan véi két qua cua cac nghién ctru trude ddy da duoc thue hién 6 PBSCL. Vi dy, bang
cach phan tich anh Landsat trong vong 43 ndm (1973-2015), nghién ctru [30] da két luan rang
2005 la nam chuyen tiép tir boi sang x6i tai DPBSCL. Tuong tu, thong qua phan tich anh v¢
tinh tir ndm 1988 dén 2020, nghién ciru [16] ciing xac nhan raing PBSCL chuyén tir bdi sang
X0i vao nam 2008.

Hinh 9 thé hién su thay d6i mirc d6 bién dong ciia bd séng theo khong gian trong 5 giai
doan. Tir nam 1999 dén 2005, bdi ty dlen ra & ca hai bo song Ham Ludng, véi tée do tir trung
binh dén manh & hau hét cac mit cit duoc phan tich. Giai doan 2005-2009 va 2009-2014,
x6i 1& tr mie dd nhe dén manh xuét hién cha yéu & khu vuc ha luu, mot sb vi tri van duge
bdi tu doc bo song. Tir nam 2014 dén 2018, dién bién bd song & dy kha phirc tap, dic trung
boi su xen k& ctia bdi tu va x6i 16, tir mie d6 nhe dén manh. Dic biét, giai doan 2018-2022,
x6i 16 chiém wu thé hau hét toan bo chiéu dai bo song (Hinh 9e). V& mat nguyén nhan, bén
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3 _
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: @ 2018

12009 - 2014
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[ B i
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Mdrc do bién déong dwong bo

— X&i I& manh Bdi tu nhe
X6i & trung binh — Bdi tu trung binh
Xéi 1& nhe — Boi tu manh
On dinh

Hinh 9. Bién dong duong bo song Ham Ludng theo thoi gian. Céc ving A, B, C va D trong
hinh (e) thé hién vi tri anh chup thuc dia trong Hinh 10.

canh cac dic diém tu nhién va tic dong tir phat trién ndi tai thi anh huéng ciia phat trién dap
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thily dién ¢ thuong luu va ha thap long song ciing 1a nhimg nguyén nhan then chdt can nghién
ctru thém [21, 31].

Cong tac diéu tra thyc dia cho thdy, hién nay 16p thuc vat doc bd séng Ham Ludng con
tuong ddi day (vai mét cho t6i vai chuc mét). Thyc vat & ddy chi yéu la dira nude, dudc, ban,
va cdy tap. Mic du gan nhu khong con 13 rimg ty nhién nhung ching van mang lai mot sb
dich vu sinh théi (ecosystem services) tich cuc [32]. Cu thé, bién dong dudng bd ¢ day co su
lién hé chit ché véi tac dung bao vé cua 16p thuc vat nay. B song van con boi tu khi duge
vanh dai thuc vat day bao vé€ (1999-2005), nhung khi vanh dai nay tré nén mong hon hodc
tham chi bién mét thi bd séng da bi xo6i 16 nhanh chong (2018-2022). Do khong cé 16p thuc
vat doc bo song bao vé, hang loat dat nong nghiép va nudi trong thuy san da bi x6i 10, mic
di cac néng ho da sir dung nhiu cong trinh bao vé don gian (hang rao bang dira va cir tram)
(Hinh 10). Két qua thuc dia cia nhom nghién ctru ciing da xac nhan rang hau hét cac vi tri
duogc danh gia 1a x6i 16 déu khong c6 16p thyuc vt bao vé, hodc co nhung rat thua thét. Nhitng
khu vuc hién dang bi x6i 16 manh (khu viuc mau do trong Hinh 9¢) can duoc nghién ctru bai
ban dé lya chon céc bién phap bao vé bd song hiéu qua. Cac giai phap kha di nhu khoi phuc
tham thuce vat ven song, thay d6i muc dich sur dung dat ven song, hay 1a can thiép bang cong
trinh kién ¢, tiy vao diéu kién cu thé tai mdi khu ‘vuc. Tuy nhién, viéc bao vé va khoi phuc
vanh dai thuc vat nén dugc uu tién hang dau vi ton it chi phi nhung hiéu qua 1au dai trong
bao vé bo séng, ciing nhu gop phan bd sung cac dich vu sinh thai tich cuc ven sdng.

20/5/2022 3:51 PM

Hinh 10. Sat 16 bo séng Ham Ludng uy hiép vuon cdy an trai va ao nudi thuy san (A, B); va mot s6
giai phap khac phuc tam thoi cia ngudi dan dia phuong (C, D). Vi tri hinh anh dugc chup trong
chuyén khao sat thyc dia, twong Gng véi cac vung A, B, C va D trong Hinh 9e.

4. Két luan

Xo0116 bo song Ham Ludng giai doan 1999-2022 da duoc nghién ciru danh gia bang cach
tich hop md hinh hoc méy vao cong ngh¢ vien tham va hé thong phan tich duong bo DSAS.
Dua vao anh vé tinh Landsat, duong bo song 06 nam da dugc trich xuat véi do tin ciy cao.
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Két qua cho thdy, xét trong thoi doan dai han (1999-2022), mic di x6i 1¢ chiém wu thé
nhung dién bién va muac do x6i 16 bo khong qua nghiém trong (trung binh -0,35 m/nam). Tuy
nhién, khi phan tich chi tiét cho cac giai doan ngén hon (1999-2005, 2005-2009, 2009-2014,
2014-2018, va 2018-2022) thi déy lai 1a van dé dang quan tim. Bé&i vi, x6i 16 ¢6 xu hudng
md rong (tur bdi tu 21,22 ha/ndm trong 1999-2005 dén x6i 16 -39,65 ha/nam trong 2018-
2022), voi mire dd ngdy mot nghiém trong hon (tir boi tu +1,65 m/nam trong giai doan 1999-
2005 dén x6i 16 -3,08 m/nam trong giai doan 2018-2022). Giai doan 2005-2009 dwoc nhén
dinh 1a giai doan chuyén tiép tir bdi tu sang x6i 1 tai khu vuc nghién ctru, thong nhit véi xu
hudng chung cua toan DPBSCL. Pac biét, sau khi dugc bdi tu nhe trong giai doan 2014-2018
thi bo song ¢ ddy tiép tuc bi x6i 16 manh hon trong giai doan 2018-2022, véi toc d6 cb noi
Ién t61 -19,3 m/ndm. Trong bbi canh do, cac giai phap bao vé bo song Ham Ludng hiéu qua
1a rat can thiét, dic biét 1a wu tién bao vé va khoi phuc tham thuc vat ven song. Pay 1a nhirng
thdng tin quan trong nén dugc tich hop vao ké hoach phong chdng thién tai cua tinh va cap
viing.

Mic du anh Landsat ¢6 do phan giai thip (30m) khién cho sai s6 ciia duong b dugc
trich xuét con kha 16n, két qua ctia nghién ctru nay cho thay tinh hiéu qua cia viéc tich hop
hoc may vao vién tham va hé thong phén tich dudng bo DSAS dé nghién ciru x6i 16 bd song.
Phuong phap nay c6 tiém ning va nén dugc g dung rong rii cho toan PBSCL, ciing nhu
cac hé thong song khac ciia Viét Nam. Trude mat, chiing t6i dang mé rong phuong phap luan
trong nghién ctru nay cho toan PBSCL. Trong d6, cA¢c m6 hinh hoc may s€ dugc tng dung
dé dy bao viing nguy co x6i 16 bo séng trong khu vue.

Dbong gop cua tac gia: Xay dung y tuong nghién cru: D.V.B., LV.Q.; Xtr ly anh v¢ tinh va
trich xuét duong bo: L.V.Q.; Khdo sat thuc dia: D.V.B., L.V.Q.; Phan tich bien dong dudng
bo: L.V.Q.; Viét ban thao bai bao: L.V.Q.; Chinh stra bai bao: D.V.B.

Loi cam on: Nghién ctru nay duoc tai trg boi Bo Gido duc va Pao tao trong dé tai ma sb B2023-
VGU-01. Pay ciing 1a mot phan ndi dung trong luan vin thac si cia tac gia dau. Nhom tac gia
Xin chan thanh cam on Trung tdm Hop tac Nghién ctru JASTIP-Net va DPRI (20231G-01) thudc
Dai hoc Kyoto déng tai tro mot phén cho nghién ctru; KS. Luc Anh Tuén da tham gia hd tro cong
tac khao sat thuc dia; TS. Ha Nam Thang da hd tro ki thuét trich xuat duong bo.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duogc sao chép tur nhitng nghién cuu trudc day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Abstract: Remote sensing has been widely applied in riverbank erosion research, mostly
by using some simple indicators to extract the riverbank lines. However, most of previous
research did not validate the extracted bank lines against the field measured bank
coordinates. This article examines riverbank erosion of the Ham Luong River, a branch of
the Vietnamese Mekong Delta (VMD), by integrating remote sensing with machine learning
and the digital shoreline analysis system (DSAS). Historical riverbanks from 1999 to 2022
were extracted using Landsat images, and the model accuracy was evaluated based on the
GPS coordination of 100 bank locations recorded during a field trip in 2022. Results show
that the extracted bank lines were reliable, with a root mean square error (RMSE) of 15.92
m, which is significantly smaller compared to the Landsat images' resolution (30m). From
1999 to 2022, riverbank erosion dominated the accretion (68% of the bank’s length eroded)
and dominantly occurred at the right bank, resulting in 176.7 ha of land loss (averaging 7.54
hal/year). Besides, riverbank erosion has increased in both rate and extent over time.
Specifically, riverbanks changed from accretion in 1999-2005 (+1.65 m/year) to notably
eroded in 2005-2022 (-3.71 m/year). The transition phase was 2005-2009, corresponding to
the substantial development period of hydropower dams in the upstream Mekong basin.
Therefore, effective adaptive and/or counter measures to maintain the Ham Luong’s
riverbanks are necessary, especially in protecting, maintaining, and restoring vegetation
layers along the riverbanks.

Keywords: Riverbank erosion; Remote sensing; Machine learning; GIS; DSAS;
Vietnamese Mekong Delta.



