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Bai bdo khoa hoc

Panh gia nguy co x0i 16 dwdi anh huwong cua dong chay truwdc va
sau khi c6 ké mé han trén séng Tién doan chiy qua thanh phd
Sa Péc, Pong Thap

Tra Nguyén Quynh Ngal?*, Tran Thi Kim3, On Biao Hang!?, Nguyén Thij Bay!?

! Truong Pai hoc Bach khoa Tp.HCM; tngnga@hcmut.edu.vn;
hangbaoon1609@gmail.com; ntbay@hcmut.edu.vn

2 Pai hoc Quéc gia Thanh phé HO Chi Minh; tngnga@hcmut.edu.vn;
hangbaoon1609@gmail.com; ntbay@hcmut.edu.vn

3 Truong Dai hoc Tai nguyén va moi truomg Tp.HCM; ttkim@hcmunre.edu.vn

*Tac gia lién hé: Email: thgnga@hcmut.edu.vn; Tel.: +84-347292972

Ban Bién tip nhan bai: 5/9/2023; Ngay phan bién xong: 16/10/2023; Ngay dang bai:
25/12/2023

Tém tat: Dong Thap & phia thugng ngudn song Ctru Long, 1a noi thuong xuyén xay ra sat
16 bo. Bai bao nay tap trung nghién ctru anh hudng ciia ché do thay dong luc trudc va sau
khi ¢6 cac ké mo han trén doan song Tién chay qua khu vuc thanh phd Sa Péc, tinh Pong
Thap. Phuong phap nghién ctru chinh 13 tmg dung mé hinh thiy luc MIKE21 HD két hop
v6i module ban cat MT, duoc hiéu chinh va kiém dinh véi s liéu thyuc do tai tram My
Thuén va tram Cao Lanh cho két qua c6 do tuong thich cao. M@ hinh duoc tinh toan theo 2
kich ban trude va sau khi 7 ké moé han dugc xay dung. Két qua cho thdy cac ké mo han lam
thay d6i ludng dong chay. Nhin chung 1a mtrc d x6i giam ¢ sat bo 16m nhung muc do xoi
& gitra dong kha dang ké (0,8 m/6 thang). Dién tich x6i ting so v6i khi chua c6 ké. Mic du
cac k¢ mo han c6 kha nang giam xo1 hiéu qua ¢ sat bo 1om (quanh cac ke sat bo 16m c6 hién
tuong b01) nhung ¢ dau cac ké mo han ciing bi x6i nhiéu do dong chay manh dan dén sat
16 keé. Két qua ciing gop phan giup cac nha quan 1y c6 thém goc nhin vé hié¢u qua ciia ké mo
han ¢ doan song cong nay.

Twr khoa: MIKE21; Thuy dong luc hoc dong chdy; Xo6i 16; K& mo han; Song Tién; Sa DPéc.

1. M& dau

Hién twong bdi, x6i 13 két qua cua qua trinh tic dong qua lai gitra dong chay va long
song thong qua chuyen dong ctia bun cat. Dién bién long séng rat phirc tap, chiu anh huong
ctia nhiéu yéu t6 nhu tac dung xam thuc cua dong chay; cac van dong kién tao cta dia chit,
cac diéu kién khi hau, thoi tiét, diéu kién dia hinh, dja mao, 16p phu thuc vat va con nguol.
Xoi long song 1a mot trong nhirng nguyén nhan dan den sat 1& bo. Cac nghién ctru vé dién
bién bdi, x6i ddy va sat 16 bo song da thu hat duoc rat nhidu sy quan tdm cua cac nha khoa
hoc trén thé gidi. Nghién ciru ng dung mé hinh 1D két hop diéu tra thyuc dia [1] hodc két
hop mo hinh 1D-2D [2] dé tinh toan tac dong cua li lut dén sy nut vd dé hodc sat 1¢ ke, tir
do thiét ké duoc cac ké huéng dong 1am giam tac dong ctia dong chay dén sat 1. Tac gia [3]
nghién ctru phat trién mé hinh 2D ¢6 sy két hop véi mé hinh vét 1y dé tinh toan va so sanh
hién twong x6i 16 bo séng Old Rhine. Tuy nhién nghién ctru nay ciing c6 mot s két qua chua
phtt hop véi s6 liéu do dac do c6 nhidu yéu t chua duge xem xét trong mé hinh 2D. Nghién
ctru [4] két hop 1y thuyét voi thyc nghiém tir mo hinh thi nghiém da dé xudt chinh sira mot
vai thong s6 1y thuyét trong tinh toan x6i mon song dé phii hop véi thuc nghiém hon. Téc gia

Tap chi Khi twong Thuy van 2023, 756, 1-13; doi:10.36335/VNJHM.2023(756).1-13 http://tapchikttv.vn/
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[5] nghién ctru anh hudng cia ty trong bun dén van tdc khoi dong bun ven bién bang cac thi
nghiém trong phong thi nghiém véi kénh dai 22 m va mau bun tir ctra song Huangmaohai.
Dua trén két qua thuc nghiém, mot cong thirc thuc nghiém vé van tdc khoi dong cua bun ven
bién v6i ty trong khac nhau dwoc dua ra. Nghién ciu [6] két hop tinh toan CFD va thi nghiém
do van tdc hat (PIV) dé dé xuat dugc phuong trinh tinh toan x6i mon. Nghién ciru nay da
chimg minh dugc phuong trinh rat phii hop dé du bao x6i sau cuc bd. Nhin chung, véi mong
mudn hiéu dugc ban chat va quy luat ciia qua trinh boi ling, x6i 10, cho dén nay da c6 rat
nhiéu céach tiép can va nhidu phuong phéap khac nhau nhu nghién ctru 1y thuyét va cong thirc
thuc nghiém tu thi nghi€ém, phan tich tai liéu, do dac hién truong, mo hinh vat 1y, moé hinh
toan.

Trong nudc ciing da c6 nhiéu cach tiép can dé tim hiéu cac qua trinh thiy dong luc hoc,
van chuyén bun cat, x6i 1& va bdi tu, dic biét 1a & déng béng song Cuu Long (PBSCL) nhu
khao sét thuc dia [7-9], mé hinh thuy dong luc [8, 10-14] va vién tham [14—17]. Trong sb
d6, mo hinh thity dong luc c6 kha nang thuc hién dugc theo nhiéu kich ban, két hop duoc
nhiéu yéu t tic dong & qua khir, hién tai va twong lai cho két qua tot [10, 11, 13]. C6 rét
nhiéu md hinh tinh toan dugc bodi tu, x6i 16 dugc str dung rong rai hién nay nhu: CCHE2D,
EFDC ECOMSED, HEC-RAS, TELEMAC, Delft3D, MIKE 21,... trong d6 MIKE21 thuong
duogc st dung rat nhiéu vi da c6 nhiéu tinh toan tng dung cho cac song ngdi & nudc ta dat
hiéu qua t6t [10, 12, 18-20]. Vi vdy, trong nghién ciru ndy, mé hinh thiy dong luc MIKE 21
duogc Iya chon do tinh hiéu qua va phd bién trong nghién ctru ché d6 dong chay, van chuyén
tram tich va dién bién hinh thai & Viét Nam n6i chung va PBSCL néi riéng.

O DPBSCL, tinh hinh sat 16 dién bién phurc tap trong nhiéu nim qua, c6 trén 665 diém sat
16 nghiém trong [7]. Trong dé, tinh Péng Thap & thuong ngudn ciia PBSCL ¢6 ty 18 x6i 10
bo song cao. Séng Tién va song Hau chay qua dja phan tinh Pong Thap véi tong chiéu dai
khoang 140 km (110 km song Tién va 40 km séng Hau) mang lai cho tinh nhiéu loi ich vé
kinh t& va xa hoi. Tuy nhién, tinh trang x6i 10 bd song thudng xuyén xay ra 1am anh hudng
nhiéu dén doi séng dan sinh va sy phat trién kinh té - xa hoi ciia dia phuong. Theo thong ké
ctia Chi cuc Thuy loi Pong Thép, tong dién tich dat sat 16 chiém khoang 330 ha trén toan
tinh, binh quan 22 ha/nam (tinh tir ndm 2005-2020) [21]. Theo bao cao thuong nién cua tinh
Pong Thap, nguyén nhan khién long séng bi thay d6i manh va sat 1& bd song c6 thé 1a do
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Hinh 1. Ving nghién ctru va vi tri k€ mo han.
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dong thuy dong luc manh twong tac voi nén dat yéu, hinh thai song cong va c6 nhiéu con cat
lam phan dong, ¢ day 1a vung gidp nudc chiu anh hudng cua ca dong chay lii ¢ phia thugng
ngudn chay xubng va dong triéu chay 1én. Vi tinh hinh sat 16 bo lién tuc va nghiém trong
noi day, nhiéu giai phap cong trinh bao vé bd dugc xdy dung nham giam thiéu thiét hai va
mat mat [22]. Tuy nhién, van c6 nhiéu su c¢b sat 1o bd xay ra ¢ nhitng doan cong trinh da
dugc bao vé [23-25]. Do @6, muc dich chinh cua nghién ctru nay la danh gia tdc dong cua
dong chay dén xo6i 16 long song trong hai trudng hop trude va sau khi c6 ké mo han cho doan
song Tién qua thanh phd Sa Péc. Két qua thu dwgc tir nghién ciru ndy s& gop phan giup cac
nha quan 1y danh gia dwoc hiéu qua cta ké mo han, dong thoi lya chon duoc phuwong an bao
vé€ bo phu hop véi khu vuc.

Vi vay, khu vuc nghién ctru dugc chon la doan song Tién qua cong trinh ke chéng sat 16 &
khu vuc xa An Hiép (TP. Sa Déc), gidi han tir cau Cao Lanh dén ciu My Thuan duoc thé hién
bang ving mau dé nhu trong Hinh 1.

2. Phuwong phap nghién ciru va thu thap dir liu

2.1. Phuong phap nghién ciru
Nghién ctru ndy duogc tom tit bang so db cau triic nghién ciru nhu trong Hinh 2.

o | Phuong phip thu thip;
ké thita ;

1. M dhu

] _ - .
MO0 hinh MIKE21 HD < ?la hinh
! -BiénQ, Z

1 L

| Bo thong s6 mé hinh thiy Irc

Hiéu chinh va kiém
dinh m6 hinh HD

Pat

2. Phwong phap nghién
ctru va thu thap di liéu

{Khéng dat |

M6 hinh MIKE21 MT

)

| B6 thong sé mé hinh bim cat

Hiéu chinh va kiém
dinh mo6 hinh MT

Pat

N
at|

i Khong da

Phwong phap mé hinh toan

M& phéng thity luc va qué trinh boi x6i
theo 2 kich ban: ¢6 ke va khong ke
R i PSSy SN R

A4

3. Két qua va thio lujn

4. Két luin Phan tich va danh gi4 két quamo hinh  |PUong phip phin tich,
xur Iy 6 lidu

Hinh 2. So db ciu trdc nghién cuu.

Trong d6, mo hinh thiy dong lyc MIKE 21 (Vién Thiy luyc Dan Mach - DHI) véi module
thiry Iye (Hydrodynamic - HD) va bun cat (Mud transport - MT) duoc str dung két hop dé tinh
toan sy bién doi dia hinh day khu vuc nghién ctru la phuong phap chinh. Cac module nay giai
phuong trinh nudc nong 2 chiéu, phuong trinh chuyén tai phi sa va phuong trinh lién tyc bun cat
day [26].

2.2. Cdc chi tiéu danh gia hiéu chinh va kiém dinh mé hinh

Hiéu chinh va kiém tra cac thong sb ciia md hinh ddi v6i khu vuc sao cho két qua tinh toan
phu hop vaéi s6 liu thuc do tai cac tram. Phuong phép bi€u do, do thi va phuong phap so6 duoc
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str dung trong qua trinh hiéu chinh va kiém dinh. Phuong phap s ¢ sir dung mot s hé sé dé
danh gia sai s6 gila 80 liéu m6 phong va thyce do:
H¢ s6 Nash-Sutcliffe (NSE), dugc xéac dinh theo cong thure:
n (Y_do _ Y.MIKE)Z
NSE=1- = —— 1)
i1 (Y0 — YTB)?

Ti s6 d6 1éch quan tric tiéu chuan (RSR), duoc xac dinh theo cong thirc:

2
RMSE J Zi (Y — YMEE)

RSR = )
STDEVObS \/Zn (Ydo . YMIKE)Z
i=1\"i
Phén tram sai sb (PBIAS):
(Y0 — YMRE) % 100
PBIAS = 1 1( 1 i ) (3)

i1 (Y™®)
Trong d6: Y2° 12 gi4 tri quan tric thiri; YMXE 1 gi tri m6 phong thiri; Y™ 1a gia tri quan
trac trung binh; Y M®E|3 gia tri trung binh mé phong.
Bang 1 1a céc tiéu chuan dung dé danh gid hi¢u qua cia mo hinh.

Bang 1. C4c tiéu chuan danh gia cho chi s6 NSE, RSR va PBIAS [27].

Hi¢u ({ua mo NSE RSR : . PBIAS _ :
phong Dong chay Chat lwgng nudc
RAt tot 0,75 - 1,00 0,00 - 0,50 <+ 10% <+ 25%

Tét 0,65-0,75 0,50 - 0,60 +10% -+ 15% +25%- +40%
Thoa man 0,50 - 0,65 0,60 - 0,70 +15% -+ 25% +40% -+ 70%
Kho;gnthoa <0,50 >0,70 > +25% > +70%

2.3. Cac kich ban tinh toan

Theo thong tin cia UBND tinh Dong Thép, cong trinh ké chéng sat 16 & khu vure x3 An Hiép
da khoi cong thue hién nam 2012, cong trinh c6 tong chiéu dai 4.500 m gdm 7 mo han véi hon
1.400 m ké bd (vi tri nhu mé ta trong Hinh 1). Bé danh gia anh huong ciia dong chay va mirc do
x6i 1& 1ong dan quanh cac ké mo han nay, 2 kich ban mé phong nhu sau:

- Kich ban trudc khi c6 ké - KB1: thoi gian tinh toan tir 07/2008 dén 12/2008;

- Kich ban sau khi c¢6 ké - KB2: thoi gian tinh toan tir 07/2017 dén 12/2017.

2.4. Dit liéu dau vao mé hinh

Vg tinh ¢6 2 bién long 1a bién Q va bién Z. Sé liéu tir cac bién nay dugc ké thira tir [10]
(m6 hinh 2D toan viing - Hinh 3a). Bé dam bao do tin ciy thi mo hinh dwoc hiéu chinh va kiém
dinh lai vé6i s6 liéu thyuc do tir tram thuy van Cao Lanh va tram My Thuan (vi tri cac tram thay
van trong Hinh 3b). Trong do:

- Bién cho mo6 hinh thity lwc HD: Dit liéu bién luu luong (tai bién Q) - muc nudc (tai bién
Z) 1a dir liéu theo gio trong thoi gian tir 01/07 dén 31/12/2008 (tinh toan cho trudng hop khong
ké - KB1) va tir 01/07 dén 31/12/2017 (tinh toan cho truong hop c6 ké - KB2).

- Bién cho m6 hinh chuyén tai bun cat MT: Dit liéu bién phu sa lo limg TSS theo gio tai 2
bién Q, bién Z.

Dt liéu dia hinh nam 2013 (Hinh 3b) cta khu vue nghién ctru duge ké thira tir d& tai [20].

Ludi tinh dugc xay dung la luoi tam giac phi cau trac gdbm 22.541 nit, 40.375 phan tt, goc
nho nhit ctia cac phan tir tam giac 1a 30°, khoang cach giita cac nat trong ving tinh tir 10 m dén
50m. Ludi tinh toan cho truong hop c6 ke (Hinh 3d) dugc chia min hon luéi khong ke (Hinh 3c).
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Hinh 3. Viing tinh 16n dé 14y bién (a) [10]; vi tri bién va dia hinh khu vuc nghién ctru (b); ludi tinh
truong hop khong ke (c) va co ke (d).

2.5. Théng s6 thiét lgp mé hinh

Budc thoi gian tinh todn: 30s.

Diéu kién ban dau mé hinh thuy luc: Muc nudce tinh, van tdc béng 0m/s.

Hé s6 Manning’s M duing dé hiéu chinh mé hinh thity lyc HD. Hé s6 M duoc thay doi tuyén
tinh theo d6 sau dia hinh day séng v6i M tir 20 dén 85 mY%/s (Hinh 4).

(m]
1152000 M (m*(173)s)
Above 80
1 3
51000 76.80
1150000 TV Cao Lianh 7 ;: : ;3
CAO LANH .68
1149000 4 i
80.64
1148000 4 ol
£2.56
1147000 4 ; prye
LAP VO 4.4
1146000 Pl M
%.40
1145000 4 2-%
2.3
1144000 2-28
CAI Bi Below 24
1143000 4 Vadefned Voo
1142000 4
1141000 TP SA DE(
1140000
1139000 4
1138000 LAI VUN( 3 )
! I'V My Thudn
1137000 4
1136000 CHAU THANH
1135000
T T T T T T T
570000 575000 580000 585000 590000 595000 600000
m)

Hinh 4. Hé s Manning M.

Khu vue nghién ctru ¢6 déac diém cau truc dia chat dugc mo ta trong Bang 2.
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Bang 2. Pic diém dia chat vang sdng Tién qua Sa Déc [20].

Phan bd cac cip phéi hat trong tirng lép (%)

Do day lop (m)

Hat cat Hat bui Hat sét
Lop 1l 2,4 38,5 47 14,5
Lop 2 13,6 39,3 442 16,5
Lop 3 14,1 88,7 7 4,3
Lép 4 3,9 30,2 36,6 33,2

V6i dic diém nhu trén, bo théng s6 md hinh chuyén tai ban cat MT nhu sau:

- Van téc léng dong cua cac cép hat: ws1 = 0,003 m/s; ws= 0,04 m/s; wsz = 0,091 m/s.

- Thong s6 ding dé hiéu chinh mé hinh MT 1a: g suét t&i han bdi s (N/m?); g suét t6i
han x6i Tee (N/M?); toc d6 x6i E (kg/m?/s); ¢ nham day kn (m). Bo thong s6 md hinh MT nhu
trong Bang 3.

Bang 3. Bo thdng s6 md hinh MT.

Théng sb Ky hiéu Pon vi Gia tri
Lép 1 03
o Lop 2 , 0,35
Ung suat téi han x0i Tee Lop 3 N/m 0.4
Lép 4 0,73
Ung suét t6i han bdi Ted N/m? 0,05
Lép 1 2x10°
e Lép 2 , 5x10°
Toc do x6i Eo Lop 3 kg/m4/s 5x10°
Lop 4 2,5x10°
Do nham day Kn m 0,0005

3. Két qua va thio luin

3.1. Két qua hiéu chinh va kiém dinh mé hinh

M2 hinh dugc hi€u chinh trong 3 ngay tir 10h 23/11/2017 dén 10h ngay 26/1 1/2017 va kiém
dinh trong 3 ngay st dung dir liéu tir 6h ngay 14/11/2012 dén Oh ngay 17/11/2012. K&t qua hiéu
chinh va kiém dinh mé hinh dugc thé hién trong Hinh 5, Hinh 6 va Bang 4.

Bang 4. Két qua danh gia mo hinh.

STT Hiéu chinh Kiém dinh
Tram NSE  RSR PBIAS NSE  RSR PBIAS
Mue nube Cao Lanh 0,89 03 - 099 0,09 -
' 092 025 ; 092 027 -
Luu luong M§ Thudn 082 0,37 ; 074 051 -
TSS ; ; 15,8 ; - 12,76

Ket qua hiéu chinh va kiém dinh mo hinh thuy lyc tai 2 tram Cao Lanh va My Thuén twong
dbi tot. So liéu mé phong so vai sb lidu thuc do & cac tram ndy co twong quan rat tot véi muc
nude (NSE > 0,9; RSR < 0,3) va Iuu lugng (NSE > 0,75; RSR < 0,5). Riéng v&i mé hinh chuyén
tai bun cat MT chi hiéu chinh va kiém dinh tai tram M§ Thuan do trong viing tinh chi c6 s6 liéu
TSS tai tram nay. Hé s6 PBIAS duoc ap dung dé déanh gia hiéu qua mo hinh vi dit li¢u ham lugng
phu sa thuc do khong lién tuc (TSS do 8 lan mdi ngay). Két qua tinh toan va thyc do phu sa trung
binh ngay duoc so sanh v6i nhau cho sai s6 phan trim ¢ murc 6t (PBIAS < +15%). Nhu vay, mo
hinh MIKE21 véi nhitng thong s6 da thiét 1ap dam bao dugc do tin cay dé mo phéng cho doan
song nay trong thoi gian dai.
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Hinh 6. Két qua hiéu chinh va kiém dinh tai tram Cao Lanh.

3.2. Két qud mé hinh thiy lyc

Céc két qua md phong trudng vén toc clia 2 kich ban dugce biéu dién tai 2 thoi diem: dong
chay xudng manh nhét va dong tridu 1én manh nhat (Hinh 7). Trong do, voi két qua dong chay
xuong manh nhét s& dugc biéu dién cung 1 thang mau, con voi dong triéu 1én & 2 kich ban s&
biéu dién bang 2 thang mau khac nhau dé thay rd két qua can phan tich.
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Hinh 7. Phan bd van téc dong chay khi khong ke va co ke: (a) KB - Triéu 1én; (b) KB2 - Triéu Ién;
(c) KB1 - Triéu xudng; (d) KB2 - Tridu xudng.

O pha triéu 1én, khu vue nay 14 ving giap nudc, voi dong chay tu nhién khi chua co ke
(KB1) thi van tdc dong chay gan nhu bang khong (Hinh 7a). Khi ¢ ké (KB2), ngay tai doan
cong xudt hién cac nhidu dong, van toc dong chay khoang 0,2 m/s dén 0,5 m/s (Hinh 7b). Tuy
nhién & pha triéu xudng, van toc dong chay ngay tai doan cong twong ddi 16n va ap sat vao
phia bo 16m, van téc dong chay tdi da dat téi 1,65 m/s va c6 xu huéng ddm thang vao bo 16m
(Hinh 7c). Day c6 kha nang la mét trong nhirmg nguyén nhan lam cho x6i 16 by dan dén sat
bo. O doan séng cong thuong xay ra dong chay thir cap, 1a mot trong nhung yéu td gdy x01
16 bo 10m, nhung trong mé hinh 2D khong tinh dugc tdc dong cia dong chay thur cap nay.
Phia bo 16i cua doan cong nay, van téc dong chay thap (khoang 0,15 m/s), nhitng khu vuc
nay c6 kha ning s& co gay boi.

Khi c6 ke bdo v€ bo & doan séng cong (Hinh 7d), phan bd vén tdc co sy thay 601 so voi
khi chua c6 ké. Cu thé, & trude doan cong, vén téc dong chay tang manh, van toc toi da dat
t6i trén 2,3 m/s. Khu vuce c6 ké 1am thay doi luong phan bé van toc dong chay, dong chay luc
nay khong con ap sat bo 16m nira ma da phan bd ra giita dong voi téc do dong chay ciing
giam hon, dat khoang 0,65 m/s. V61 van tdc ~dong chay ¢ pha triéu 1én va pha triéu xubng
thay d6i lién tuc va dong chay & pha triéu xudng chiém vu thé hon trong mua 1ii, day c6 kha
ning s& tac dong vao cac ké ngay doan cong gy x6i dan cc chan ke, 1au ngay cd thé l1am
anh huong dén chat lwong cta céac ké.

3.3. Mite dé boi, x6i long dan

Két qua mo phong dién bién bdi, x6i 1ong din theo kich ban sau 6 thang mua 1ii, voi mau
xanh dai dién cho viing bdi, mau do dai dién cho ving x6i (mau dam thé hién mac d6 boi/X0i
nhiéu, mau nhat thé hién murc d6 bdi/xoi it) (Hinh 8).

Hinh 8a véi kich ban 1a dong chay tu nhién khi chua c6 ke, két qua chi ra rang, tai cac
vi tri phia bo 10m, tde do x0i cao dat khoang 0,9 m, phia bo 161, bdi tu 1a chu yéu véi tde do
0,3 m sau 6 thang. Day la doan song cong manh (cong 90 d9), dia hinh long dan 1éch vé phia
bo 16m nén phan bd van tdc dong chay ép sat phia bo 16m hon 1am cho bo 16m ngay cang bi
dao x6i thém, bén ba 10i chiu tac dong dong chay yéu hon, ling dong nhiéu hon nén ngay
cang bdi thém. Hinh 8b 14 két qua muc do boi x6i khi ¢ ké bao vé bo. Vi tac dung cua ke
bo, ludng dong chay khong con ép sat bo ma bi ddy ra giira hon, x6i day cling phan bd ¢ giira
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dong voi toc d6 0,5-0,8 m/6 thang. Quanh cac ké mo han gan nhu dong chay yéu (van téc
gan bang khong) do do xay ra boi lang nhe vdi toc do khoang 0,1 m/6 thang. Sat phia bo 161
cling 1a vung boi lang nhe vé1 mac do khoang 0,05 dén 0,1 m sau 6 thang.

™

..\@;@\\:‘\% - ()
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Hinh 8. Mirc d6 boi, x6i 1ong dan trong truong hop khdng ké va cé keé: (a) KB1; (b) KB2.

Dé xem k¥ hon tac dung cta cac ké dén ché do thuy dong luc hoc dong chay va bdi, x6i
day thi két qua dugc trich rd hon thé hién trong Hinh 9. Dong chay giita cac ké gan nhu bang
0, do do, gilra cac ke co6 hién tuong bdi nhe (0,1 m sau 6 thang mau 1). O vi tri dau cac ke
¢6 van tdc tir 0,4-0,7 m/s, van téc nay 16n hon van tdc khoi dong bun cat cta ving (van tdc
khoi dong bun cat khoang 0,35 m/s [28]), do d6 day co the s€ 1a nguyén nhan gay ra x6i 16 ¢
cac vi tri dau cac ké. Cu thé, vi tri ke s6 3 va s6 4 dén ke s6 7, van toc & dau cac mili ke tuong
dbi 10n (trén 0,4 m/s), twong Gmg véi két qua bdi x6i (Hinh 9b), téc do x6i & dau cac mii ke
tr 0,1 m dén 0,3 m trong 6 thang mua . Thyc té cling cho théy dinh ke 4 va dinh ké 7 bi sat,
cy thé, tinh tir cudi nim 2013 dén nay, da xuét hién tinh trang sat 16 bo gitta cac ké mo han
s6 2, sb 3, giita ké s6 4 va 5 va nam 2017 sat ké s6 7 [29]. Céc ke bi su sb ciing d va dang
dugc khic phuc, tuy nhién véi tinh hinh dién bién bdi, x6i phirc tap ngay doan séng cong,
trong tuong lai s& rat d& tiép tuc bi hu hai néu khong co nhimng giai phap phu hop.

585500 586000 508500 587000 587500 588000 588500
im)

Hinh 9. Van tdc dong chay (a) va mic do boi, x4i (b) tai vi tri keé: (a) Dong chay; (b) Boi, x6i long dan.

3.4. Thdo ludn

Poan Sa Péc dugc biét dén véi tinh hinh sat 16 bd nghiém trong [20]. Theo thdng ké tir Vién
k¥ thuat bién, tir nhitng s6 liéu khao sat va thu thap trong giai doan tir 2003 dén 2015, c6 thé thay
qua trinh x6i bdi song Tién khu vure An Hiép - con Linh trong giai doan nay nhu Hinh 10. Ngay
doan cong xd An Hiép, phia b trai (con Linh) bdi tu nhiéu voi chiéu rong bdi khoang 1100 m
sau 10 ndm, tuy nhién & bd phai khu vuc An Hiép bi sat 10 nghiém trong voi bé rong sat 10 dn
sau 500 m.

Trén doan song cong di qua xa An Hi¢p, tir sau nam 2012 da dugc nha nude dau tu xay dung
7 ké mo han dé chdng sat 16 (Hinh 11), tuy nhién, do van téc dong chay & day rat 16n p sat vao
bo 16m, dia hinh day doan nay c6 cac hd x6i sau trén 40 m, do d6 tinh hinh sat 16 van dién bién
phrc tap. Cu thé, tinh tir cudi ndm 2013 dén nay, da xuét hién tinh trang sat 16 bo gitta cac ke mo
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han s6 2, 56 3, gitta ke s6 4 va 5 va nam 2017 sat ke s 7 [20]. Méc du da ¢6 ké nhung do dong
chdy tu nhién & day kha manh, lai chay qua doan song cong va co hep nén tinh hinh sat 1& van
xay ra manh.
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Hinh 10. Dién bién duong bo song Tién khu vuc An Hiép  Hinh 11. Mot ké mé han khu vuc xi An Hiép, huyén
- ¢dn Linh (2003-2015) [30]. Chau Thanh [20].

Nguyén nhan gy bdi bén phia b 16i va x6i bd 16m: khu vue nay la doan séng cong tu
nhién, dia hinh c6 lach sau ép sat by 16m, hd x6i sau trén 40 m, ché d6 dong chay phtre tap
do chiu anh hudng cua ché do dong chay 1 ¢ thugng luu va va chiu anh hudng cua triéu &
ha luu, do d6, ¢6 thé gy ra dong xody va dong nhidu dong trong ndi bd dong chay.

4. Két luin

Nghién ctru tng dung moé hinh MIKE21 d tinh toan dugc ché do thuy luc va chuyén tai
bun cat, bién doi day tai khu vuc song Tién doan qua thanh phé Sa Béc. Vi muc dich caa
nghién ctiru 1a danh gid nguy co x6i 16 dudi tac ddong cua dong chay trude va sau khi xay dung
ke ba, két qua dat dugc nhu sau:

- Dong chay trude khi co ké co van téc dong chay tdi da dat 1,65m/s ap sat by 16m &
doan song cong, din dén X6i sau 1ong dan (0,9 m/6 thang) va bdi nhe ¢ bd 16i (0,1-0,3 m/6
thang).

- Sau khi xay dung ke, van téc dong chay ting & phia trude doan c6 ke (van tc dat toi
da 2,3 m/s) va giam dan van tdc trong khu vire c6 ké, dong thoi cac ké ndy lam thay doi ludng
dong chay. Nhin chung Ia mtrc d6 x6i giam ¢ sat bo 16m nhung murc 6 x6i ¢ gitra dong ciling
kha dang ké (0,8 m/6 thang). Dién tich x6i ting so v&i khi chua c6 ké. Boi ling phan b &
phia bo 161, dién tich bdi giam hon so véi khi khong c6 ké.

- Mac du céc ké mo han c¢6 kha ndng giam x061 hiéu qua ¢ sat bo 10m (quanh céc ke sat
bo 10m c6 hién tuong béi), nhung & dau cac ké mé han cling bi x061 dan dén sat 16 ke.

Bén canh nhiing két qua dat dugc nhu trén, trong bai bao nay con han ché 1a chua tinh
toan duoc qua trinh boi x6i trong thoi gian dai hon (trén 1 nim), do d6 chua thay dugc tac
dong cua dong chay mua I va dong chay mua kiét.

Khu vuc nay 1a doan song cong tu nhién c¢6 ché dong dong chay manh va phic tap. Dia
hinh long song co6 lach sau ép sat bo 16m, c6 h6 x6i sdu. Dong chay chiu anh hudéng cia ca
dong chay 1t ¢ thugng luu va triéu ¢ ha luu, do d6, dong chay phuc tap voi dong xoay va
dong nhiéu dong, dé dan dén x6i 16 kho khic phuc. Nghién ctru gop phan gitip cac nha quan
Iy c6 thém goc nhin vé hiéu qua ciia ké mo han ¢ doan song cong nay.

Pong goép cua tac gia: Xay dung y tudng nghién ctru: T.N.Q.N.; Lwa chon phuong phap
nghién ctru: N.T.B., T.T.K., T.N.Q.N.; Xu ly s6 liéu: O.B.H.; Tinh toan mé hinh: O.B.H.,
T.N.Q.N.; Phan tich két qua: T.T.K., T.N.Q.N.; Viét ban thao bai bao: T.N.Q.N.; Chinh stra
bai bao: N.T.B., T.T.K., T.N.Q.N.

Loi cam on: Ching t6i xin cam on Trudng Pai hoc Bach khoa, PHQG-HCM d ho trg cho
nghién curu nay.
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Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khéng co6 su tranh chap lgi ich trong nhom tac gia.
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The assessment of bank erosion susceptibility under the influence
of flow before and after the construction of groyne embankments
on the Tien River section flowing through Sa Dec City, Dong
Thap province
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Abstract: Dong Thap province is located upstream of the Mekong River, where there is a
dense river network and frequent bank erosion. This paper focuses on studying the influence
of the hydrodynamic regime before and after groyne embankments on the section of the
Tien River that flows through Sa Dec city, Dong Thap province. The main research method
is to utilize the MIKE21 model with a hydrodynamic module (HD) combined with a mud
transport module (MT). The model has been calibrated and validated to ensure high
compatibility. The model is calculated based on two scenarios: one before the construction
of the seven groyne embankments, and one after. The results indicate that the groyne
embankments alter the distribution of flow. As a result, the level of erosion decreases near
the concave bank, but there is a significant level of erosion in the middle of the stream (0,8
m/6 months). The erosion area has increased compared to when there are no embankments.
While groyne embankments can effectively reduce erosion near concave banks (resulting in
a lightly accreted area), it is important to note that the tops of groyne embankments are still
susceptible to significant erosion caused by strong currents. This erosion can ultimately lead
to embankment failure. The study also contributes to assisting managers in gaining a broader
perspective on the effectiveness of groyne embankments in this meandering river section.

Keywords: MIKE21; Hydrodynamics; Erosion; Groyne embankments; Tien River; Sa Dec
City.
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Tém tit: Khai thac cat song qua mirc 1am thay ddi két cdu dia chét, gay ra sat I nghiém
trong 13 mot trong nhitng van dé duoc xa hdi quan tAm hién nay. Nghién ctru nay tap trung
danh gia dién bién long dan duéi anh huong cua suy giam phu sa va hoat dong khai thac cat
tai khu vuc séng Tién doan chay qua tinh Vinh Long. Két qua mo phong bdi, x6i day cho
thay ¢ doan song nay co dién tich boi ldng phan bd tuong ddi nhiéu ¢ cac doan song thing,
téc do bodi lang nam 2017 thap hon so véi nam 2008. Trong khi do6, x6i day xay ra & cac
doan song co hep dot ngdt, co van tde dong chay 16n, dia hinh déay sau. Két qua m6 phong
cho thay hoat dong khai thac cat c6 nhimg tac dong tich cyc va tiéu cuc khac nhau. Néu
khai thac khong dung quy md, vi tri c6 thé gay ra nhitng van dé bién doi thiry dong luc kho
luong dan dén nguy co sat 16 bo. Tuy nhién, khai thac cat dung quy dinh lai dem dén két
qué tot, gitip 1am khoi théng dong chay va 1am cho dia hinh day trd vé hinh dang ban dau.
Cac két qua dat duogc 1 co s trong viée dé xuat cac bién phap giam thiéu x6i 16 phuc vu
cong tac quan ly rui ro thién tai do sat 16.

Tir khoa: Song Tién; Khai thac cat; Chuyén tai phu sa; Van chuyén bun cat; Suy giam phu
Sa.

1. Mé& dau

Sy bién ddi cua long dan trong cac dong song dién ra lién tyc theo khong gian va thoi
gian, dudi tac dong cua ca yéu t6 ty nhién va nhén tao. Nhimng su thay d6i ctia mot dong
song/kénh co thé 1a vé: kich thuée, hinh dang hay hinh thai trén mat bang. ..Mac du vay, su
quan tdm hang dau van 13: co ché sat 16 va phat trién cac phuong phap dé dy doan twong tac
cua dong song. Trong do, viéc ing dung mo hinh toan s6 dé mo phong bdi x6i long dan, tir
do phan tich nguyén nhan va co ché dang duogc thuc hién rong ri va c6 do tin cay cao [1-7].

Pong bang song Ciru Long (PBSCL) dugc hinh thanh vai ngan nam vdi sy boi lang phu
sa tir song Mé Kong [8]. Hién nay, lugng trim tich @ PBSCL di giam dang ké bi anh huong
tir cac qua trinh ty nhién va cac hoat dong cua nhén tao nhu khai thac cat, xay dép, thay d6i
st dung dat [9]. Trong giai doan 2012-2013, Kondolf d3 cho thiy tai lwong trAm tich db ra
bién cia song Mekong dé giam 75% tur 160 triéu tan/narn truge khi co dép [10] xudng con
40 triéu tin/nam [11]. Nghién ctru [12] cling cho thiy néu tat ca cac dap du kién duoc xay
dung, dong tram tich lo ltimg s& suy giam 50% so v&i muc hién tai (do dac tai Tan Chau) va
gay ra hau qua cho sinh ké va hé sinh thai dia phuong. Theo s6 liéu do dac tir Pai khi tuong
thiy van khu vgec Nam b9, trong cac nam 2008 va 2017 lugng nudc vé tram Tan Chau va
Tap chi Khi twong Thily vén 2023, 756, 14-28; doi:10.36335/VNIJHM.2023(756), 14-28  http://tapchikttv.vn
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Chau D¢ khong thay doi nhung luong bun cat giam di 1/3. Néu théng ké sé diém sat 1& theo
thoi gian va thé tich nudc cing luong bun cat tir dong chinh Mekong d6 vao DPBSCL, nhan
thdy c6 mot sy tring hop vé thoi diém ma cac diém sat 1 gia ting (sau 2010). Diéu nay
chtng to su thiéu hut bun cat, gy x6i 16 nghiém trong cho hé théng séng PBSCL.

Ngoai tic dong xdy dung dap ¢ thuong ngudn, hoat dong khai thac cat ciing 1a mot
nguyén nhan lam giam lugng bun cat, gia tang x6i 16 & khu vuc PBSCL [13-16]. Lugng cat
hang nam bi khai thac khoang 57 triéu tin, trong d6 86% la cat chu yéu dién ra manh trong
giai doan tr 2008 dén 2012 [17]. Khai théc cat ¢6 ca hau qua ngan han va dai han [18]. Tac
dong ngan han cua khai thac cat bao gdm sat b, x6i day va bién doi muc nude ngam [19].
Trong khi do, vé lau dai s€ gdy nén xam nhép nhap man va tao nén cac vung ngép 1i do ha
thip muc nudc ngdm hay nén ha thdy c6t nén [20]. Cac tac dong cua viéc khai thac cat da
duogc nghién ciru boi nhiéu chuyén gia trén thé gidi, dién hinh nhu nhém nghién ctru [21] da
nghién ctru 4anh huéng cua viée dao cat trong kénh dén ché d6 thuy van cua dong bang séng
Chéu Giang, Trung Qudc. Nghién ctru cho thiy, bén canh cac tac dong tich cuc nhu giam
nguy co thiét hai do 1a lut, cai thién didu kién giao thong duong thuy va cung cap nude nhiu
hon cho cac khu vuc dang phat trién kinh té thi van dé khai thac cat cling dem lai nhiing tiéu
cuc nhét dinh bao gdm 1am ting d6 dc va su mat 6n dinh cta bo song, gay gian doan giao
thong thily & cac hd nao vét thuong ngudn trong mua kho va xam nhap nudc lo [21]. Bén
canh d6, nghién ctru [22] cling da cho théy tac dong tur viéc khai théac cat ddi véi khu vue
Bestari Jaya, Selangor 1a lugng khai thac qué 16n so véi kha nang tai tao cua ty nhién, viéc
giam tai trong nhu vay co thé gy ra x6i 16 tai ha luu va b song, thay doi hudng dong chay;
ngoai ra viéc khai thac cét ciing c6 thé tao ra cac vuc sau, lam mat di cac ranh, ting d6 duc
[22]. [23] d4 nghién ctru tic dong cua viéc khai thac cat & bon khia canh méi trudng 14 vat
1y, sinh hoc, hoéa hoc va moi truong nhan tao. Cac tdc dong cia viéc khai thac cat song 1én
mai truong vat 1y 1a mé rong va ha thip 10ng song; trong moi truong sinh hoc tac dong bao
trum 1a Iam gidm da dang sinh hoc va trai dai tor h¢ dong thuc vat thuy sinh va ven bo dén
toan bo khu vure dong bang ngap 1ii; moi truong hoa hoc 1a 1am giam chat lugng nudce, khong
khi va dat do 6 nhiém va méi trudng nhan tao 14 co s ha tang bi hu hong, diéu kién lam viéc
tdi té cho nguoi lao dong, kha nang tiép can nguén nudce han ché va thiét hai vé néng nghiép
[23].

Hién nay, khai thac cat trén dong chinh Mekong ngoai lanh thd Viét Nam gay thiéu hut
bun cat nghiém trong trén dong chay vé PBSCL. Trong lanh thd Viét Nam, khai thac cat qua
murc d4 tao ra nhitg hé cuc bd 1am thay ddi dong chay von da on dinh [24-27]. Lugng bun
cat d6 vé tir thugng luu khong du bun cat dé bu dap vao cac hd, 1am cac h cat thay d6i khong
kiém soat duoc [28-30]. Bén canh d6, viéc khai thac cat gan bo, sau qua trinh khai thac dé
lai ho sdu sat b gdy mat on dinh bo [16].

Hién tuong xoi lo, bién hinh long dan tai Vinh Long hién nay dang dién bién rat phiic
tap, rong khap trén pham vi toan tinh [31]. Vén dé sat 16 tai tinh Vinh Long clng da thu hat
duogc sy quan tAm cua rat nhidu chuyén gia, cy thé nhu nghién ctru [32] da thé hién x4 Dong
Phu thudc thanh phd Vinh Long tinh Vinh Long 1 mdt trong nhiing khu vye diém nong rat
thuong xuyén xay ra sat 16. Cac diac diém nhu doan cong ven song, con giira song 1a noi
thuong xay ra sat 16 do anh huong cua dong chay. Ciing tai khu vue tinh Vinh Long, nghién
ctru cua tac gia [33] cho thy, dong chay hudng vao dau con 1a mot trong nhiing nguyén nhén
chinh gay sat 10, dé khéc phuyc tinh trang sat 10 néu trén nghién ctru da dé xuét giai phap mo
han va ké. Ciing v6i hudng nghién ctru trén, va ap dung cho khu vyc bo séng C6 Chién tac
giad nay da xac dinh dugc nhitng nguyén nhan giy mat 6n dinh bd nhu bun cat tir thuong
ngudn suy giam, long dan bi ha thap, ty 1¢ phan luu dong chay va dong chii luu ap sat bo
[34].

Trén dia ban tinh da xay ra khoang 200 tuyén/diém sat 1, 1am mét 5-6 km bo song, kénh,
rach. Nam 2022, doan tr vam Muong Lo dén rach Ba Boéng, bo song C6 Chién da xdy ra vu
sat 16 nghiém trong véi tong dién tich sat 16 1én d&én 41.516 m? [35]. Theo [18], dua trén ban
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dd mat do thuyén khai thac cat, nghién ctru nay da xac dinh dugc mét s6 diém noéng khai thac
cat 16n doc bién giéi Campuchia trén song Tién. Cac vi tri khai thac cling & trén séng Tién 1a
cti lao Long Khénh, ludng hudng ra Vam Nao, cii lao Thudn Péng va doan Sa Péc. (3 ha luu
My Thuén, diém nong 16n duoc phat hién quanh ngéd ba My Tho, song Co Chién, gan thanh
phd Vinh Long va xung quanh An Phuéc. Diém nong nhét ¢ ha luu 14 ha luu cau C6 Chién
[18]. Do d6, nghién ctru nay tip trung vao mod phong dién bién ddy cho doan séng Tién chay
qua Tp. Vinh Long véi hai nhanh chinh 14 nhanh song Tién va nhanh séng C6 Chién khi ¢6
anh hudng cua khai thac cat va thiéu hut phu sa.

Tir cac nhén dinh trén, nghién ctru nay tip trung danh gia dién bién long dan khi suy
giam phu sa va anh huodng tir hoat dong khai thac cét tai khu vuc song Tién doan chay qua
tinh Vinh Long. Muc tiéu chinh ctia nghién ciru 13 tip trung dénh gia dién bién day véi 03
kich ban tuong trng véi trudong hop: nam 2017, khi ¢6 suy gidm phu sa (gidm 1/3 so voi nam
2008), nam 2008, khi chwa c6 suy giam phu sa va nam 2017, khi ¢ thém yéu té khai thac
cat. Két qué cua nghién ctru 1a co s, hd tro trong vi¢c dé xuét cac bién phap giam thiéu x6i
16 bo song phuc vu cong tac quan ly rui ro thién tai do sat 16.

2. Phuong phap nghién ctru va dir liéu thu thap

2.1. Pham vi nghién curu

Pham vi nghién ctru 1a doan song Tién doan chay qua tinh Vinh Long (Hinh 1). Theo
khao sat ctia Chi cuc Thuy lgi Vinh Long, hién Vinh Long c¢6 4 khu vuc sat 16 manh va nguy
hiém (trén 10m/nam) dai 4.690 m, 7 khu vuc sat 1¢ trung binh (tir 5 dén duéi 10 m/ndm) va
con lai 1a cac diém sat 16 nho (dudi 5 m/nam). Cac khu vuc sat 16 manh 1a: Trén séng Hau
¢6 khu vuc tir vam kinh Hai Quy dén pha Can Tho (Binh Minh) dai 690 m; trén song Tién
hién khu vyc dau cti lao Minh (phan dia phan xa An Binh, Long H6) dang nguy hiém; song
Cb Chién c6 khu vuc 4p Phude Pinh 1 va 2, xi Binh Hoa Phudc (Long Ho) 1a khu vuc sat 10
16n.
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Hinh 1. Khu vuc nghién ctu.
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2.2. M6 hinh MIKE 21

Nghién ctru nay tip trungtinh toan ché do thuy dong luc va van chuyén bun cat khu vuc
doan séng Tién chdy qua tinh Vinh Long bang mé hinh MIKE 21 FM véi module HD va MT
ctia (DHI). M6 hinh MIKE 21 HD 1a g6i phan mém mé phong ché d6 thuy dong luc hoc 2
chidu. Ly thuyét mo hinh duya trén hé phwong trinh Saint - Venant véi ludi phi cau trac linh
hoat. M6 hinh MIKE 21 HD cho phép mo phong cac dac trung thuy luc, moi truong va hinh
thai hai chiéu...[36]. MIKE 21 MT 1a mé hinh vén chuyén bun, mé hinh két hop giita mo
hinh nhiéu 16p, dugc str dung dé moé ta van chuyén bun cat két dinh va khong két dinh [37].
Cac budc thuc hién duge mo ta nhu Hinh 2.

- Puong bo (GE)
- Dia hinh

i

1

Xay dung luéi tinh va noi |
suy dia hinh tinh i

i

1

1

1

- Dir liéu TSS

- Dit liéu dia chat,

Thiét lap diéu kién bién va £ %
— cap phoi hat

dieu kién ban dau

Dir liéu luu lugng
mure nuoc

B théng s6
thay luc
A

MIKE 21 FM HD

Khong dat 1éu chinh
va kiém
dinh

Dat

B6 thong sb
bun cat

MIKE 21 FM MT <

Khong dat 1éu chinh’

va kiém
dinh

Dat Kich ban 1 (KB1): Nam 2017

o . . . Kich ban 2 (KB2): Nadm 2008

B4 thong s sau hi¢u chinh Kich ban 3 (KB3): Nam 2017 va
va kiem dinh 6 thém yéu t6 khai thac cat

M6 phong va phan tich: dong chay, vin chuyén |
bim cat va bién déng dia hinh day

Hinh 2. Khung thyc hién.

2.3. Dir liéu thu thap

S6 lidu dia hinh ndm 2008 duoc thu thap tr S6 Tai Nguyén va Mo6i1 Truong Tinh Vinh
Long. Bén canh d6, dir liéu dia hinh d4y nam 2017 ké thura tir [38].

S liéu do thuy van trong 3 ngdy (tir Oh ngay 29/12/2012 dén Oh ngay 1/1/2013) tai 03
vi tri trong viing nghién ciru duogc ding dé hidu chinh mo hinh va Oh ngay 7/7/2013 dén Oh
ngay 10/7/2013 dé kiém dinh mé hinh, dugc thu thap tir dé tai [31].

Bang 1. Vi tri toa d6 cuaa 03 tram do.

Tram Kinh d¢ Vi do
TV1 105°53’32,32”E 10°16°41,24”N
TV2 106°2°15,82”E 10°17°41,92”N
TV3 106°7°26,19”E 10°13°50,23”N

bic diém ciu trac dia chit duoc thu thap tur Lién Doan Ban dd dia chéat mién Nam, 2017.



Tap chi Khi twong Thity van 2023, 756, 14-28; doi:10.36335/VNJHM.2023(756).14-28 18
2.4. Thiét ldp mé hinh

2.4.1. Ludi tinh

Pham vi khong gian c@a vung tinh dugc thé hién nhu Hinh 3. Ludi tinh duoc tao thanh
tir 28.926 nut va 53.023 phan tir (Hinh 1).

@)

(b)

506000 508000 510000 512000 614000 16000 515000 #2000 622000 624000

Hinh 3. Viing tinh, bién va vi tri cac tram hiéu chinh va kiém dinh (a) va luéi tinh (b).

2.4.2. Piéu kién bién

Diéu kién bién thiy luc va phu sa dugc trich xudt tir mé hinh MIKE 21 tir dé tai [31].
Vung 16n da dugc higu chinh va kiém dinh véi d6 tin cdy cao [38].

Ving tinh ¢6 03 bién long (Hinh 3a) gdm: Bién 1 nim ¢ dau song Tién (trude cau My
Thuén), bién 2 nam & nhanh song Tién, doan giap vai tinh Tién Giang va bién 3 nam & nhanh
song C6 Chién, doan qua huyén Ming Thit.

2.4.3. Bic diém céu tric dia chat va cip phdi hat

Pic diém ciu trac dia cht tai khu vuc nghién ctru dugc mo ta trong Bang 2, cu thé nhu
sau:

Khu vyec thi xa Vinh Long (ki hiéu mau VLI): Bo phai song C6 Chién, tir trén mat dén
d6 siu 46m duoc cau tao gdbm 5 16p chu yéu: Lop cat 1ap day 1,2m; Lop bun sét mau xam
den day 1m; Lop bun sét mau xam xanh, xdm den dén mau den day 8,3m; Lop cat hat min
mau xam den, chira it sét, mau xam den day 10,5m; Lép bun sét, sét pha mau xam nau dén
mau den, day 24m.

Khu vuc thi trdn Cai Von (ki hiéu mau VL2): B trai song Hau, tir trén mat dén do sau
36m duoc cau tao gdm 4 16p chu yéu: Lop sét xam den, déo chay day 2,5m; Lp bun sét mau
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xam nau dén xam den day 13,5m; Lép sét pha mau xam nédu, den trang thai chay 1an it cat
day 7,3m; Lép sét mau xam xanh dén mau den trang thai chay day 12m.

Khu vuec thi trin Tra On (ki hiéu mau VL3): Bo trai song Hau tur trén mat dén do sau
20m c6 ciu tao 3 16p chu yéu: Lop cat thd day 2m; Lép bun sét mau den, nau den chira 16p
kep cat hat min mau xam xanh day 11,5m; Lop sét pha mau den, nau co 14n it v6 sO, hén
trang thai tir chay dén mém déo day 6,5m.

Céc cép hat tinh toan cho mé hinh gdom 6 cip hat v6i duong kinh trung binh cac cip hat
1a 0,005mm, 0,0075mm, 0,03mm, 0,075mm, 0,175mm va 0,375mm. Viéc chon nhitng thong
$6 nay dya vao s6 liéu phan tich mau tai mot sb vi tri trong vung nghién ctru vao thang 3/2013.
Thanh phén cép hat trong cac 16p duoc trinh bay trong Bang 2.

Bang 2. Bang thong ké cap hat phan bé theo cac 16p.

Thanh phén c& hat
Hat cat Hat bui
$6 higu miu '(Dn?‘B)/ To Vira Nhé  Thatnhé  Bui To Nhé Hat st g s
Puong kinh ciac hat (mm) tinh theo ty 1€ %

2-1 1-05 05-025 02501 0,1-0,05 005001 0,01-0,005 <0,005 %
VL1-1 1,2 1 7 9 13 70 100
VL1-2 1 9 34 16 41 100
VL1-3 8,3 8 87 2 3 - - 100
VL1-4 10,5 2 12 30 12 44 100
VL1-5 24 1 16 43 12 28 100
VL2-1 2,5 1 8 21 16 54 100
VL2-2 135 1,5 13 26 15 44,5 100
VL2-3 73 31 20 16 8 25 100
VL2-4 12 1 11 27 15,5 45,5 100
VL3-1 2 11 25 18 46 100
VL3-2 115 1 19 37 9 34 100
VL3-3 6,5 55 13 30 25 55 21 100

2.4.4. Kich ban tinh toan

Mo hinh duge thiét 1ap va tinh toén vai ba kich ban sau:

Kich ban 1 (KB1): Nam 2017, lay dia hinh va thuy vin 2017 dé tinh toan. Kich ban nay
dua ra nham danh gia dia hinh day khi da c6 suy giam phii sa (giam 1/3 so véi nam 2008).

Kich ban 2 (KB2): Nam 2008, lay dia hinh va thuy vin 2008 dé tinh toan. Kich ban nay
dua ra nham danh gia dia hinh d4y khi chua c6 suy giam phu sa.

Kich ban 3 (KB3): Nam 2017, lay dia hinh va thity vin 2017 d¢ tinh toan, c6 thém yéu
t6 khai thac cat.

3. Két qua va thao luin
3.1. Hiéu chinh mo hinh

3.1.1. Md hinh thuy lyc

Hiéu chinh dugc thyc hién tinh toan trong 3 ngay tir Oh ngay 29/12/2012 dén Oh ngay
1/1/2013 v6i budc thoi gian tinh 1a 720s (Hinh 4). Thong qua viéc danh gia bang chi s6 Nash-
Sutcliffe, ta nhan thay rang sai s6 myc nudc giita tinh toan va thuc do ¢ cac tram déu hau
nhu khong dang ké (vi NSE > 0,8) (Hinh 4). Tuong ty nhu myc nuéc, két qua so sanh luu
luong tinh toan va thyc do & cac tram cho thay chi sé NSE ciing déu > 0,8.

Sau khi hi¢u chinh mo6 hinh, gia tri luu lugng va muc nudce tai tram TV1, TV2 va TV3
tiép tuc duoc trich xuét tir Oh ngay 7/7/2013 dén Oh ngay 10/7/2013 dé phuc vu kiém dinh
mo hinh (Hinh 5).
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Hinh 4. Két qua so sanh giita muc nudc tinh toén va thyc do tai tram TV1 (a), TV2 (c), TV3 (e) va
lru lwong tinh todn va thuc do tai tram TV1 (b), TV2 (d), TV3 (f) tir Oh ngay 29/12/2012 dén Oh
ngay 1/1/2013.
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Hinh 5. Két qua kiém dinh giita muc nudc tinh toan va thyuc do tai tram TV1 (a), TV2 (c), TV3 (e)
va luu luong tinh todn va thue do tai tram TV1 (b), TV2 (d), TV3 (f) tr Oh ngay 7/7/2013 dén Oh
ngay 10/7/2013.
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Nhu vy, tir cac két qua hiéu chinh va kiém dinh mé hinh dat dwoc nhu trén, ta nhan thiy
cac yéu té thay dong luc hoc do mé hinh MIKE 21 FM mé phong phit hop véi thuc té. Nén
ta co thé dung cac thong s thuy dong luc hoc vé d6 nham ctia mé hinh 13 hop 1y. Bo thong
s6 mo hinh gdm: Hé s6 nham n phan bd tuyén tinh theo d sau trong khoang tir 0,015 dén
0,05 va diéu kién ban ddu v6i mue nude va van tde béng 0.

3.1.2. M6 hinh van chuyén bun cat

Két qua tinh toan vé& ndng do phu sa duoc xuét ra tai cac vi tri tir TV1 toi TV3 (dwoc md
ta trong Hinh 3a) trong 3 ngay tu Oh ngay 29/12/2012 dén Oh ngay 1/1/2013 dé so sanh véi
s6 liéu thuc do. Két qua so sanh ndng do phu sa giita tinh toan va do dac sau khi da hiéu
chinh dugc thé hién nhu Hinh 6.

20
= (a)
an
£ 15
g
= 10 H Po dac
o
< - ®m Tinh toan
on
=]
~<Q
Z 0 -
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13h 19h 5h 14h 5h 14h
__ 60
g 50 - (b)
s 40 A
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g 30 - ® Po dac
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“o1 00 ol ol il
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Hinh 6. Két qua so sénh ndng d6 phu sa gitra tinh toén va thuc do tai tram TV1 (a), TV2 (b), TV3
(c) tir Oh ngay 29/12/2012 dén Oh ngay 1/1/2013.

Két qua so sanh (Hinh 6) cho thay, khong c6 su chénh léch qué 16n giita s6 liéu tinh toan
va thyc do tai 03 tram TV, TV2 va TV3 tir Oh ngay 29/12/2012 dén Oh ngay 1/1/2013; %
sai s6 van nam trong gidi han cho phép. Cu thé, % sai sd trung binh dbi v6i tram TV1, TV2,
TV3 lan luot 13 7,90%, 12,90% va 11,81%.

Sau khi hiéu chinh va kiém dinh mé hinh, duoc bo thong s6 tinh toan cho mo hinh véan
chuyén bun cét ctia ving nghién ciru nhu Bang 3.
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Bang 3. Bo thong s tinh toan van chuyén bun cét.

Thong sb Ky hiéu Pon vi Gi4 tri
ws1 = 0,000022
Ws2 = 0,00005
o ws3 = 0,0008
Vian toc lang dong Ws m/s Wet = 0,005
Wss = 0,021
Wse = 0,055
Ung suit t6i han bdi T N/m? 0,05
Lép 1: 0,25
Lép 2: 0,3
Ung suét t6i han x6i Tee N/m? Lép 3: 0,45
Lop 4: 05
Lop 5: 0,8
Lop 1: 0,0001
Lép 2: 0,00008
Téc do xo6i Eo kg/m?/s Lé6p 3: 0,00005
Lép 4: 0,00001
Lop 5: 0,000005
D06 nham day kn m 0,0001

3.2. Tinh todn dién bién day theo KBI va KB2

Poan song Tién qua khu vuc My Thuén dugc xem nhu mot ntt that khéng ché cta hinh
thai song voi phia thugng luu 1a doan song phan lach, cong va phia ha luu la doan song phan
dong r€ nhanh. Qua trinh dien |- :

1ms

bién long song va dic trung | g
hinh thai song cuia khu vuc nay
chiu anh huéng cua diéu kién
dong chay, dong bun cat, dién
bién 1ong sdng cua cac doan
song phia thugng Iuu, dac biét
1a doan Sa Péc. Song Tién khu
vuc ndy bt dau phén luu, bén |
bo phai véi sy hinh thanh song | PR S
C6 Chién nén ché 6 thuy luc !
thily vin ctia viing nay rat phirc
tap.

™
CAl RF

Cutrent ageed o]

T T T T L TR S U R T T

Hinh 8. Van téc dong chay theo KB2.
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Theo két qua tir mo hinh thaty lyc cho thiy, dong chi luu, ludng sau cia 1ong song sau
khi ép sat bo ta ciia My Thudn va khi ra khoi khu vuc co hep thi chuyén vé phia bo hitu. Sau
khi tach dong, di vao séng C6 Chién thi van tdc lai ting dot ngot khi qua doan song co hep,
dong chu lwu ép sat bo tai khu vuce TP. Vinh Long (Hinh 7 va Hinh 8). Van tc dong chay tai
vi tri co hep doan séng C6 Chién nay dat 1,2 m/s theo KB1 va 1 m/s theo KB2. Trong khi
d6, van téc dong chay bén phia song Tién doan qua huyén Long Ho cung dang ké, dat t6i 1,8
m/s theo KB1 va 1,1 m/s theo KB2. Két qua tinh toan truong véan toc cho thay két qua tinh
toan thuy lyc nam 2017 theo KB1 16n hon nhiéu so véi van toc theo KB2.

V& dién bién 1ong din theo 2 KB: Két qua mo phong bdi, x6i day (Hinh 9 va Hinh 10)
cho thay & doan nay c6 dién tich bodi ling phan bd twong dbi nhiéu ¢ cac doan song thing,
téc d6 bdi ling dat khoang 0,1m (KB1 nam 2017) va 0,3 m (KB2 nam 2008). X6i day xay ra
o cac doan song co hep dot ngot, cd van tde dong chay 16n, dia hinh day sau. Tbc d6 x6i day
manh khoang 0,5-1,6 m sau theo KB1, 16n hon nhiéu so v6i KB2 (dat khoang 0,1-1 m). Nhu
két qua phan tich thuy luc, tai vi tri co hep ndy, van toc dong chay & KB1 16n hon KB2, bén
canh do, luong phu sa trong KB1 suy giam so voi KB2 (chi con 1/3 so v6i KB2). Do la ly do
ma toc d6 x6i theo KB1 tang dang ké so véi KB2. HO x6i sau trén séong Co Chién hinh thanh
tai doan bd thanh phd Vinh Long dat dén -40 m, gay ra sap, sut bo ké phia bo phai séng Co
Chién.

.......................................................................................................................

Xoi
0f-1m

1140000 §

"~ Bol~0.3m

Hinh 10. Bdi, x6i day theo KB2.
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So v6i nghién ciru [34], tinh toan vén tdc tai doan C6 Chién chiy qua Vinh Long ciing
cho thdy dong chay sau khi phan luu (doan séng C6 Chién), két hop voi dia hinh song cong,
16m vé phia Vinh Long nén dong chu luu 4 ap sat bo song phia Vinh Long. Két qua cho thy
dong chu luu anh huong dén bo ke séng C6 Chién, doan Phuong 1, Tp. Vinh Long gy nén
mat 6n dinh bo. Nhu vay, két qua tinh toan ciing cho thiy két qua mo phong tuong dong vé
trudong van tdc.

3.3. Anh hwdng ciia khai thdc cat dén dién bién long dan (KB3)

Toan tinh ¢6 31 khu vuc mo cat (theo S& Tai nguyén va Méi truong Vinh Long) duoc
phép hoat dong khai thac giai doan 2016-2020. O doan song nay (Hinh 11), do ¢6 dién tich
bdi ling twong ddi nhiéu, vi vay noi day dugc quy hoach cho phep khai thac cat theo quy
dinh. V1 tri khai thac cat trong vung nay gém 4 khu vyc va dugc thé hién trén Error!
Reference source not found.. Cong suat khai thac cat 1a 200.000 m3/nam d6i vi mdi khai
truong.

Vi tri khai thac
cat co phép

TP. Vinh Long.
i Soéng Co6 Chien

Long HO

I— : Khu viee khai thac cat diung quy dinh;
. Khu viee khai thac cat sai quy dinh.

Hinh 3. Vi tri khai thac cat theo KB3.

Nhom nghién ctru tién hanh thir nghiém tinh toan cac ngudn khai thac cat ding va sai
quy dinh dé danh gia tic dong cuia viéc khai thac cat dén van dé sat 16 bo song. Két qua mo
phong tac dong khai thac cat dén dién bién long dn duoc xem xét tai 4 mat cat (MC) 1, 2, 3,
4 (Hinh 12). Dién bién tai mat cat 1, 2, 3, 4 dugc thé hién nhu Hinh 13.

\/
INH LONG \

\
MANG THIT
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Hinh 4. Vi tri 4 mat cét theo KB3.
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Hinh 5. Dién bién long dan tai MC 1 (a), MC 2 (b), MC 3 (c), MC 4(d).

Theo két qua tinh toan bdi, x6i (Hinh 13), dia hinh day trong truong hop néu khong c6
khai thac cat (duong lién nét mau xanh 14) so v6i dia hinh ban dau (dudng lién nét mau den)
hau hét cac khu vuc tai mat cit 2, 3, 4 ¢ hién tuong bdi & gitrta dong va x0i gén bo. Qua két
qua tinh toan dién bién 1ong dan c6 tinh dén kich ban khai thac cat, nhan thay rang néu khai
thac dung theo quy dinh (duong nét dit mau do) thi s€ khong lam anh hudng nhiéu dén x6i
16 boi lang 16ng song khu vyc nay.

Két qua cho thdy ring hoat dong khai thac cat c6 nhing tic dong tich cuc va tiéu cuc
khac nhau. Néu khai thac khong diing quy mo, vi tri c6 thé gay ra nhitng van dé bién d6i thiry
dong luc kho luong dan dén nguy co sat 16 bo. Cu thé d6i voi x3 An Binh, khu vuc hién tai
hoat dong khai thac cat dang dién ra, khai thac cat & day chil yéu dién ra ¢ song Tién thudc
dia phan Vinh Long, bén bd Tién Giang hién chua khai thac. Dong chu luu dang bi Iéch vé
phia bo phai 1am luu téc dong chay gan bo ting 1én. Diéu ndy nguoc vai két qua tinh toan
thity Iyc. Tir d6 cho thay rang, vi tri khai thac cat 1a hét strc quan trong, tham chi cho két qua
nguoc lai ddi v6i bién do6i thay Iuc khu vuyc khai thac.

Tom lai, theo két qua tinh toan tic dong dén x6i 16 bo song & khu vuc TP. Vinh Long,
thi khai théac cét trén song C6 Chién la khong ¢6 191 cho vi¢c giam thiéu sat 16 khu vuc nay,
do vay nén han ché khai thac ¢ day. Tuy nhién, khai thac cat dung quy dinh lai dem dén két
qua tot, gitip 1am khoi théng dong chay va lam cho hinh dang dia hinh day tré vé ban dau.

Thuyc té cho thay viéc khai thac cat trai phép dang dién ra tran lan khong chi ¢ Vinh
Long. Nghién cau [15] béo céo riang viéc khai thac cat (it nhat 1a trong nam 2018) di bi cam
& hai tinh Tién Giang va Bén Tre thong qua ngudn dit liéu ciing cap khai thac cat thyuc té o
cac tinh. Tuy nhién mot thdng ké khéc cho thdy trit luong cét bi khai théc ¢ Tién Giang van
Ia 0,51 trigu m cat. Nhiing nghién ctru nhu vay ngu y rang viéc khai thac trai phép Ia mot
van dé dang tiép dién dbi voi khu vuc nay. Piéu nay cling chung minh cac thdng ké vé khai
thac cat van con bi han ché, do cling chinh 1a han ché cua nghién ciru khi chwa mé phong
dién bién day dudi anh huong cua khai thac cat véi day du dit liéu vé cac khai truong. Nghién
ctu [18] da xac dinh vin dé khai théc cat trai phép hién dang tiép tuc dién ra tir 2015 dén
2020, va khdng durng han. Viéc khai thac cét trai phép duoc ghi nhan nhiéu nhat 1a vao ldc
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ban dém. Tuy nhién, trong nghién citu ndy, viéc danh gia dién bién day dudi anh huong cua
khai thac cat theo thoi gian van chua duoc thuc hién.

Nghién ciru [3] ciing x4c dinh hd x6i gan bo tai khu vuc sat 16 Tp. Vinh Long (Hoa Ninh)
dugc hinh thanh tir hoat dong khai thac cat. H4 x6i ndy ngay cang mo rong va anh huong dén
d6 6n dinh bo. Poan khai thac cat nhu mé phong cua [3] c6 xu thé x6i bdi xen k& vai tdc do
trung binh tir 0,1+0,2 m/ndm. Két qua nay kha tuong dong véi KB2 vé téc do bdi & nhitng
doan thang (doan khai thac cét) caa nhdm nghién cau.

4. Két luén

Nghién ctru phén tich dién bién hinh thai day c6 xét dén yéu té suy giam phu sa va khai
thac cat tai khu vuc song Tién doan chay qua tinh Vinh Long thong qua tinh toan ché do thiuy
dong luyc va chuyén tai phu sa bang mo hinh MIKE 21 FM. Két qua mé phong boi, x6i day
cho thdy, & doan séng Tién qua khu vuc My Thuan c6 dién tich boi ling phan b twong dbi
nhiéu & cac doan song thing, tbc do boi lang dat khoang 0,1m (KB1 nam 2017) va 0,3 m
(KB2 nam 2008). X061 ddy xdy ra ¢ cac doan song co hep dot ngdt, cd van tbe dong chay 16n,
dia hinh day sau. H6 x6i sau trén song C6 Chién hinh thanh tai doan bd thanh phd Vinh Long
dat dén -40 m, gdy ra sap, sut bo ke phia bo phai song C6 Chién. Bdi véi anh hudng cua hoat
dong khai thac cat, két qua cho thy rang hoat dong khai thac cat co nhitng tac dong tich cuc
va tiéu cuc khac nhau. Néu khai thac khong dung quy mé, vi tri c6 thé gdy ra nhiing van dé
bién ddi thuy dong luc kho ludng dan dén nguy co sat 16 bo. Tuy nhién, khai thac cat dung
quy dinh ciing dem dén két qua tdt, gitip 1am khoi thong dong chay va lam cho dia hinh day
tré vé hinh dang ban dau.

Dong gop cua tac gia: Xay dung y tudng nghién ciru: T.N.Q.N., T.T.K., N.T.B.; Lya chon
phuong phap nghién ciru: TN.Q.N., T.T.K., N.T.B.; Xir Iy s6 liéu: T.N.Q.N.; Md hinh héa:
T.N.Q.N., T.T.K.; Phéan tich két qua: T.N.Q.N., T.T.K., N.T.B.; Chinh stra bai bao: T.T.K.,
N.T.B, T.T.T.A.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua dugc cong bo ¢ dau, khong sao chép tir nhirng nghién ctru trude day; khong cd
su tranh chap loi ich trong nhom tac gia.
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Assessing the impact of sand mining on the riverbed of the Tien
River flowing through Vinh Long Province
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Abstract: The excessive extraction of river sand, which causes significant alterations to the
geomorphology, is a current social concern. This study focuses on assessing the changes in
the riverbed under the influence of decreasing sediment supply and sand extraction activities
in the area of the Tien River, flowing through Vinh Long province. The results of bed change
simulations show that accretion is relatively high in straight river sections, and the accretion
rate in 2017 was lower than in 2008. On the other hand, erosion occurs in narrow, fast-
flowing river sections with deep riverbeds. The simulation results indicate that sand
extraction has both positive and negative effects. If sand extraction is carried out incorrectly
in terms of scale and location, it can lead to unpredictable alterations in hydraulic dynamics
and the risk of bank erosion. However, properly regulated sand extraction can yield positive
results by improving flow conditions and restoring the original riverbed shape. These
findings provide a basis for proposing measures to minimize erosion and assist in disaster
risk management due to bank erosion.
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Nghién ctru kha ning &ng dung thuit toan Random Forest va
anh vé tinh Sentinel-2 trong phéan loai 16p phi mit dat tinh
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Tém tat: Trong ky nguyén cong ngh¢ mdi, phuong phap hoc may (Machine learning) dan
thay thé cac phuong phap truyén thong trong linh vuc vién tham. Mot trong nhitng thuat
toan ¢6 do chinh xac cao trong phan loai la Random Forest (Rirng ngau nhién - RF). Cuing
v6i d6, thay vi phan loai anh trén cic phan mém thuong mai, nén tang dam may Google
Colab gitp t6i uu hoa thoi gian xtr 1y voi ngudn thu vién phong phi va dic biét phu hop
v6i phuong phap hoc may. Vi vdy, nghién ctru di tién hanh phan loai 16p phtt mat dat sir
dung thuat toan Random Forest trén nén tang Google Colab, thyc nghiém tai tinh Quang
Binh vo1 thot gian 1a thang 8 nam 2022. Anh vé tinh Sentinel-2 duoc lwa chon do d6 phan
giai khong gian cao hon so v&i cac anh mién phi khac. Pdng thoi, nghién ctru cling so
sanh két qua phan loai RF trong hai trudng hop: (1) sir dung bon kénh anh c6 do phan giai
10m cua anh Sentinel-2, (2) két hop 4 kénh anh trén va cac anh chi s6 NDVI, NDWI,
NDBI. Ca hai truong hop déu dat d6 chinh x4c tong thé trén 90% va Kappa trén 0,9, cho
thay tinh kha thi cua thuat toan RF. Trong do, truong hop (2) dat d6 chinh xac cao hon,
khang dinh rang viéc st dung cac chi s6 quang phd giup lam ting théng tin va cai thién
két qua phan loai.

Tir khéa: Random Forest; Sentinel-2; Lp phu bé mit; Google Colab.

1. Mé dau

Trong diéu kién tu nhién, 16p phu mat dat (land cover) tich hop va phan anh khi hau,
dia chét, dat dai va hé sinh vat sin c6 ciia mot khu vuce tai mot thoi diém, theo thang hodc
nam, c6 thé hang thap ky hoic 1au hon. N6 duoc xem la nguén thong tin dau vao quan
trong trong cac nghién ctru 1t lut, han han, x61 mon, cling nhu can thiét trong quan 1y, giam
sat dbi ‘tuong 16p phu mat dat [1-2]. Nhiéu nghién ctru va nhiéu phuong phap duoc lua
chon dé theo do1 16p d6i twong nay. Cho dén nay, viéc chiét tach 16p phu st dung phuong
phap chu yeu 1a vien tham (Remote sensing) [3]. Viéc st dung tu liéu vien tham trong thanh
1ap ban d6 16p phu tuong d6i don gian va kha nhanh chéng, duogc dénh gia 1a mang lai hiéu
qua tdt, vira c6 thé tiét kiém duoc chi phi va cong strc. Cong nghé vién tham dang ¢ giai
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doan phat trién vuot troi, voi sd luong anh vién tham va cac ung dung khong nging phét
trién qua cac nam. S6 lugng 16n anh mién phi véi nhiéu d6 phan giai khac nhau duoc dung
trong thanh 1ap ban d6 16p pha [4-7].

Trong ky nguyén céng nghé méi, chuyén doi sb mang lai nhiéu sy dot pha trong nhiéu
linh vuc v6i viée xuét hién cua Tri tué nhén tao (Artificial Intelligence - Al) va Hoc may
(Machine Learning). Khi d6, khoa hoc céng nghé gén lién véi viéc xir Iy ngudn dit liéu 16n
(Big data) va phuong tién hién dai. Hién nay, viéc két hop mé phong cha dé vao cac thuat
toan Machine learning tré thanh mot huéng nghién ctru méi ma nhiéu nha khoa hoc quan
tam [8-9], trong d6 dac biét nhin manh sy két hop cua hoc may va linh vuc vién tham. Cac
k¥ thuat phan loai dua trén hoc may xut hién va tré thanh hudng tiép can moi trong nghién
ctru 16p phu mat dat [10]. Mot trong nhitng thuat toan hoc may ¢ gidm sat mang tinh kha
thi 14 rimg ngau nhién (Random Forest - RF). Cac nha khoa hoc di str dung Random Forest
trong thanh lap ban d6 16p phi mat dat voi do chinh xac cao. Nghién ctru [11] cho thiy
thuat toan RF mang lai su phan loai 16p phu mit dat ¢ phia nam TAy Ban Nha véi do chinh
xac tong thé 1a 92% va chi s6 Kappa 1a 0,92. Trong khi két qua nay ¢ nghién ctru ctia [12]
twong ung la 84,6% va Kappa 0,808. Cac nghién ctru [13-14] dénh gia RF c6 d6 chinh xéac
cao hon mot so phuong phap phan loai khac nhu Maximum Likelihood, khoang cach tdi
thiéu, cdy quyét dinh, mang No Ron nhan tao va May vecto hd tro (Support Vector
Machine). Nhin chung, cac nghién ctru da chirng minh tinh hi¢u qua cta thuét toan ring
ngau nhién trong nghién ctru 16p phu [11-14].

Mot van dé khac can chi ¥ 14 viéc phan loai 16p phu mat dat truyén théng thudng yéu
cau kh01 luong tinh toan khong 15, doi khi gay ra ap luc trong qua trinh phan tich va xu ly
anh vién tham. Do d6, can lya chon mdt nén tang xu 1y cho phép giam bt sy phu thude vao
tai nguyén co so ha tang may tinh, cling nhu giam bot ganh nang vé dung luong 6 cimg
may tinh. Mot trong nhirng nén tang cho phép thyc hién trong linh vyc vién tham 1a Google
Colab. Sy xuét hién cia Google Colab phép cac nha nghién ctru thyc thi ma xir 1y anh
thong qua két ndi Internet va ddc biét phu hop véi phuong phap hoc sau [15] va hoc may
[16].

Hau hét cac nghién ctru trude ddy vé 16p pht mit dit chua tiép cin st dung nén tang
Google Colab. Pong thoi, mudn khiang dinh tinh hiéu qua vé d6 chinh xéac cta ky thuat hoc
may, nhom nghién ctru da tich hop thuat toan Random Forest trén nén tang Google Colab
dé phan loai 16p phii mat dat ¢ tinh Quang Binh, trén co so st dung anh vé tinh Sentinel-2
Nhu vdy, thay vi phan loai anh trén cic phin mém thuong mai, nghién ciu tién hanh lap
trinh Python trong moi truong Google Colab, gitip t6i wu hoa thoi gian xu ly anh, tan dung
vu diém don gian va ngudn thu vién phong phu cia ngén ngir Python. Anh Sentinel-2 duoc
lya chon do duoc tich hop sin trén nén tang dién toan ddm may, mién phi va co do phan
giai khong gian cao hon so véi anh khac nhu Landsat, Modis. Day chinh 1a huéng tiép can
m&i cho khu vyc tinh Quang Binh khi ma trudc day co rat it cac nghién ctru vé 16p phi.

Nghién ctu sir dung thudt toan Random Forest dugc tién hanh theo hai hudng: (1) su
dung bon kénh anh co d6 phan giai 10 m (kénh 2, kénh 3, kénh 4, kénh 8) cua Sentinel-2,
(2) sir dung bdn kénh anh c6 d6 phan giai 10m trén va bd sung thém céc anh chi sé phd
NDVI (Normalized Difference Vegetation Index - chi sé thuc vat khac biét chuin hoa),
NDW!I (Normalized Difference Water Index - chi sé nudc khac biét chuin hoa), NDBI
(Normalized Difference Built-up Index - chi s6 xay dung khac biét chuan hoa). Muc tiéu cu
thé cta nghién ciru la: (1) Phan loai dbi twong 16p phii mat dit & tinh Quang Binh; (2) Panh
gia tiém ning cua thuat toan Random Forest thong qua két qua danh gia d6 chinh xéc; (3)
So sanh hai huéng tiép can; tir d6 lya chon hudng t6i wu trong phan loai 16p phu ¢ tinh
Quang Binh khi str dung thém céc chi s6 pho lam ting luong thong tin va kha ning nhan
biét timg dbi twong dic trung; (4) Panh gia tiém ning cua nén tang Google Colab.
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2. Tai li¢u thu thap va phuwong phap nghién ciru

2.1. Khu vuc nghién ciru

Quang Binh la tinh thudc vung duyén hai Bic Trung B9, Viét Nam voi gidi han toa do
dia Iy tir 16°55° dén 18°05° vi do Béc va tir 105°37” dén 107°00° kinh d6 Pong. Tinh tiép
giap voi tinh Ha Tinh ¢ phia Bic, phia Nam giap tinh Quang Tri, phia Dong giap bién vai
chiéu dai trén 116,04 km va dudng bién gidi phia Tay giap Lao cé tong chiéu dai 222,118
km.

Tinh Quang Binh nim & sudn Péng diy Trudng Son, véi dia hinh ddi nai cao hiém
tr&, bé ngang hep va dbc, nghiéng tir Tay sang Dong va chia cit & cac khu vuc phia Tdy cua
tinh. Dia hinh phan chia thanh cac tiéu ving: Vung nui cao tip trung ¢ phia Tay cua Tinh
va nam doc theo sudn Bong day Truong Son; Vung go ddi va trung du; Ving dong bang va
vung cat ven bién. Phan 16n dién tich tinh 1a d6i nui (chlem trén 85% dién tich ty nhién),
céc dang dia hinh khac 13 trung du, dong bang duyén hai va bai cat ven bién chi chiém gin
15%. Do vay, dién tich dét canh tac lua tuong ddi han ché va thuong xuyén géanh chiu I lut
bat thuong vao mia mua do hé thong song sudi ngan, doc, chay tir Tay sang DPong (theo
Cong thong tin dién tir tinh Quang Binh).
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Hinh 1. Vi tri khu vuc nghién ctru.

2.2. Dir liéu anh vé tinh

Nghién ctru sit dung anh Sentinel-2 véi do che phu may dudi 30%, phu trum khu vuc
nghién ctru vao thang 8 nam 2022. Sentinel-2 1a vé tinh duoc nghién ctru va phat trién boi
ESA - co quan hang khong vii tru chau Au, c6 nhiém vu quan sat Trai dat, hd trg cac
nghién ciru giam sat tham thyc vat, 16p pht mit dat ciing nhu cac tai bién thién nhién.

Hé théng nay bao gdm hai vé tinh quay quanh cuc trén ciing mét quy dao nhung léch
pha nhau 180°, duoc thiét ké véi chu ky lap 5 ngay (két hop ca hai vé tinh), d6 rong dai
chup 290 km. Anh Sentinel-2 da phd (MultiSpectral Instrument) gdm 13 kénh phd: bon
kénh ¢ d6 phan giai khong gian10 m, sau kénh & 20 m va ba kénh ¢ d¢ phan giai 60 m
(theo ESA).

2.3. Phuong phap nghién ciru

Hinh 2 thé hién so dd quy trinh ing dyung thuét toan Random Forest va anh Sentinel-2
trén nén tang Google Colab dé phan loai 16p phu mat dat.
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v
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Hinh 2. So do quy trinh.

2.3.1. Thuat toan Random Forest (Rirng ngau nhién - RF)

Random Forest dugc dé xuat boi Breiman [17] vao ndm 2001. Pay 1a mot thudt toan
hoc may c6 giam sat d& sir dung va linh hoat, dong thoi ciing dugc sir dung pho bién dé giai
quyét nhiém vu phén loai va hoi quy.

Random Forest dugc hiéu 1 “Ring ngiu nhién”, bt ngudn tir thuat toan Decision tree
(Cay quyét dinh), n6 phat trién nhiéu cay quyét dinh va két hop chung v6i nhau. Véi phan
loai Random Forest,
cay quyét dinh duoc tao
bang cach st dung cac
t@p hop con ngdu nhién Cay quyét dinh (1) Ciy quyét dinh (2) Cay quyét dinh (3)

khac nhau cua gifr liéu
va tinh nang nhat dinh.
Moi cay s€ cung cap du A A /\

dodn cua n6 dé phan

Tap dir liéu

loal' Random ForeSt Két qua dl_l doan (1) Két qua dl_l doan (2) Két qua dl_l doan (3)
dua trén da sO két qua \ \ |
du doan va lay két qua !
pho blen nhat lam dau Binh chon theo sé déng / Liy trung binh
ra CllOlv cung. R ) Rirng ngiu nhién . l .
SII dung thuat toan K¢t qua du doan cudi cung
Random Forest, can
dic biét chl y tham sd Hinh 3. Thuat toan Random Forest

“qumber of trees”- sb (https://interactivechaos.com/en/wiki/random-forest)

luong cdy quyét dinh
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b6i n6 anh hudng 16n dén két qua va do chinh xac du bao [17]. Ngoai ra, con c6 cac tham
s6 khéc lién quan dén s luong thudc tinh dung dé xay dung cay.

Random Forest hoat dong nhu sau:

Tt tap dit liéu D ban dau, tao dir liéu ngdu nhién (miu bootstrap) Dj ¢6 kich thuéc N
str dung phuong phap “bagging”. Nhitng dit liéu con lai khdng dugc lua chon tham gia vao
qua trinh huan luyén goi la dit liéu “out -of -bag”.

Tiép d6, st dung mau Dj lam dit liéu huan luyén: Céc tap con dir lidu lay miu ngau
nhién D1, Da,..., Dk dé thiét 1ap nén céc cay quyet dinh Ty, T2,...,Tk. Khi do, st dung céac
ciy da tao dé nhan két qua du doan. Cudi cung, tong hop két qua tir cac cay quyet dinh theo
hinh thtrc: véi bai toan phan loai, la chon theo da sb (ttrc 1a s6 phidu bau cao nhat), v6i bai
toan hdi quy, ldy trung binh cac gia tri du doan.

2.3.2. Nén tang Google Colab

Bén canh sy xuat hién ciia Google Earth Engine (GEE) - m6t nén tang luu trir va xir Iy
dir liéu 16n (Big data), Google Research tao ra Google Colaboratory (con goi 1la Google
Colab) cho phép thyc thi trén nén tang dam may. Google Colab thay thé cho Google Earth
Engine khi dé dang xt 1y dir liéu trong tai nguyén mdy tinh [18]. Google Colab phu hop dé
thuc thi cac bai toan doi hoi khéi luong tinh toan khong 16, di kém véi cac thu vién hd tro
cho du an deep learning/machine learning va khoa hoc dit li¢u.

Google Colab ¢6 vu dlem 1a duoc thiét ké chay ma Python thong qua trinh duyét, cho
phép thay thé cac phan mém xu 1y anh, cung nhu khong can nang cap phan cimg may tinh.
Khi str dung Google Colab, cic co so ha ting nhu b nh¢, kha nang xur 1y, don vi xtr ly do
hoa (GPU) va don vi xur ly tensor (TPU) dugc cung cap quyén truy cdp mién phi. Va dac
biét Google Colab giai quyét duoc cac bai toan trong nhiéu linh vyuc v6i chi phi thap va thoi
gian ngan.

€O & Unttedipimb S Tén notebook B mows o @

*

Tép
., B = mn
. ‘\ \\ \
€y sample_data Nt thém dang [Enh
: Nt k&t ndi Drive
Nut chay dong |&nh Ving vigt dong I&nh
\ Ving hién thi thue muc

Hinh 4. Giao dién Google Colab (https://interactivechaos.com/en/wiki/random-forest).

2.3.3. Cong thirc xac dinh céac chi s6 phd trong nghién ctru

Phan loai 16p phii mat dat trong nghién ciru st dung thuat toan Random Forest dugc
tién hanh theo hai hudng: (1) str dung bdn kénh anh c6 d6 phan giai 10m (kénh 2, kénh 3,
kénh 4, kénh 8 - tuong ung kénh lam, luc, d6 va can hong ngoai) cua Sentinel-2, (2) sir
dung bdn kénh anh c6 do phan giai 10m va bd sung thém cac anh chi s phd. Nhiéu nghién
ctru da str dung cac chi s6 phd dé cai thién két qua phan loai: nghién ctru chi sir dung chi sO
NDVI [14, 19], trong khi nghién ctru s dung két hop nhiéu loai chi s6 pho khac nhau [20].

Trong nghién ctru nay, cac chi sé phd dugc sir dung bao gom:

NDVI — NIR —RED )
NIR + RED
NDWI — GREEN — NIR @)

GREEN + NIR
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NDBI ZM 3)
SWIR + NIR

Trong d6 NDVI (Normalized Difference Vegetation Index): chi sé thuc vat khac biét
chuén héa [21]. Gia tri NDVI nam trong khoang tir -1 dén 1, gilp dinh luong strc khoe va
mat do cua tham thuc vat. NDVI cao dai dién cho khu vuc c6 d6 che phu tham thuc vat cao,
gia tri am thé hién khu vuc mat nuée; NDWI (Normalized Difference Water Index): chi sb
nuée khac biét chuin hoa. Gia trj NDWI giup phan biét gitta ving nudc so véi cac ddi
tuong thuc vat [22]; NDBI (Normalized Difference Built-up Index): chi sé xay dung khac
biét chudn hoa. Gia trj NDBI dung dé nhan manh cac khu vuc xdy dyng [23]; NIR 12 gié trj
bt xa cua séng hdng ngoai gan; RED 14 gié tri birc xa ciia budc song do; GREEN la gia tri
biic xa ctia bude song mau luc; SWIR 1a gia tri birc xa ctia hdng ngoai song ngan.

3. Két qua va thao luin
3.1. Thyc hién phan logi

Python d tich hop sin mot s6 thu vién trong Google Colab nhu Geopandas/panda -
Matplotlib...Bén canh d6, Google Colab két ndi voi Google Earth Engine dé lay dir lidu
anh Sentinel-2 cho khu vuc nghién ctru, v6i thoi gian 1a thang 8 nam 2022, d6 phu may
dudi 30%. Két qua hién thi trén geemap - goi Python dé phan tich va truc quan hoa khong
gian dia ly. Tu tap dir liéu anh thu thap duogc, tién hanh loai bo may dua trén kénh anh
“probability” (COPERNICUS/S2 CLOUD PROBABILITY). Sau d6 st dung ham
“median” va “clip” dé ghép cac anh trong bd suu tap va cit thanh mot anh theo ranh gidi
khu vyc nghién ctru.

Trong nghién ctru nay, gﬁn 1800 diém duoc lua chon trong qua trinh phan loai, trong
d6 str dung 70% lam dir liéu hudn luyén (training data) va 30% duoc str dung lam dir liéu
danh gia (validation data). Ty 1€ nay cling thuong duoc st dung trong cac bai toan phan loai
bang Random Forest [20]. S6 luong cay dugc lwa chon 1a 300 trén co sé cAc thir nghiém
cua nhom nghién ctru. Nhu vay theo hudng (1), phan loai RF v6i viéc lya chon 4 kénh anh
ding dé huan luyén duoc thé hién nhu hinh 5 (trén nén tang Google Colab).

[ 1 # select bands for training
bandsa =['B2', 'B2', 'B4','B8']
# Get training
trainingsampled = S2_StudyArea.select(bands4).sampleRegions (**{
"collection’:trainingfc,
"properties': ['Class’]
‘scale': 1@
B
validationsample4 = $2_StudyArea.select(bands4).sampleRegions (**{
‘collection’:testingfc,
‘properties’: ['Class”]
‘scale': 1@
1)
##aui# RF Classifier Model Building
# ee.Classifier.smileRandomForest(numberofTrees, variablesPersplit, minLeafPopulation, bagFraction, maxNodes, se
#numberofTrees: 300,variablesPersplit:null, minLeafPopulation: 1, maxNodes: null})
RFclassifierd = ee.Classifier.smileRandomForest(308).train(**{
"features’: trainingsampled4,
"classProperty': 'Class’,
"inputProperties’: bands4,
B
# Classify the image
RFClassified4 = S2_StudyArea.select(bands4).classify(RFclassifierd)

Hinh 5. Code trén Google Colab phan loai theo huéng (1) st dung 4 kénh anh 10m cua Sentinel-2.

Theo hudng (2), tinh toan bd sung cac chi s6 d néu trong muc 2.3.3 vdi code thé hién
trong hinh 6. Hinh 7 thé hién code phan loai theo hudng (2).

#i#t# Image Classification with indices: NDVI, NDWI, BSI

# NDVI=(NIR-R)/(NIR+R)

NDVI=S2_StudyArea.normalizedDifference([ 'B8",'B4"']).rename( 'NDVI")
#NDWT = (G-NTR)/(G+NIR)
NDWI=52_StudyArea.normalizedDifference([ 'B3', B8"]).rename( NDWI")
#NDBI = (NIR-SWIR1)/(MIR+SWIR1)
NDBI=52_StudyArea.normalizedDifference([ 'B11",'B8"]).rename( NDBI")

Hinh 6. Code tinh toan céc chi sé NDVI, NDWI, NDBI.
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© # select 4 bands and 3 spectral indice for training
bands7 =[*B2°, 'B3", 'B4’,'B&", 'NDVI', 'NDWI', 'NDBI']
# Get training
trainingsample? = 52_StudyArea3.select(bands7).sampleRegions(**{
‘collection” :trainingfc,
'properties': ['Class'],
'scale’: 18

validationsample? = $2_StudyArea3.select(bands7).sampleRegions(**{
‘collection” itestingfc,
"properties’: ['Class'],
"scale”: 10

h

sttt RF Classifier Model Building
# ee.Classifier.smileRandomForest(numberofTrees, variablesPersplit, minLeafPopulation, bagFraction, maxNodes, seed)
#numberOfTrees: 300,variablesPersplit:null, minLeafPopulation: 1, maxhodes: null})
RFclassifier? = ee.Classifier.smileRandomForest(3e@).train(**{
‘features': trainingsample7,
‘classProperty’: ‘Class’,
"inputProperties’: bands?,
h
# Classify the image
RFClassified? = S2 StudyArea3.select(bands?7).classify(RFclassifier?)

Hinh 7. Code phan loai theo hudng (2) sir dung 4 kénh anh 10m cuia Sentinel-2 va 3 chi s6 phé.

3.2. Két qua phdn logi

Hinh 8 va hinh 9 tuong tng 1a dnh Sentinel-2 cét theo khu vuc tinh Quang Binh trén
giao dién Geemap trong Google Colab va ban do ket qua phan loai 16p phu mat dat theo hai
hudng tiép can.

f

{
\‘W
Saul

ey

ko N

Hinh 8. Anh Sentinel-2 khu vuc tinh Quang Binh véo thang 8 nim 2022 (T6 hgp mau thuc) trén nén Geemap.
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Hinh 9. Két qua phan loai 16p phu mit dat tinh Quang Binh véi Random Forest: (a) Trudng hop 1:
sir dung bon kénh anh B2, B3, B4, B8; (b) Truong hop 2: sir dung bon kénh anh B2, B3, B4, B8 va
3 anh chi s6 NDVI, NDWIL. NDBL
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Hinh 9 thé hién két qua phan loai cia mo hinh Random Forest ctia khu vuc nghién ciru
trong hai truong hop da trinh bay ¢ phan 2.3.3. Cac 16p phu duoc phén loai bao gom: Rung,
Pit néng nghiép (gdém dat trong lua, hoa mau, ciy an qua.. D, Dit tréng (gorn dat trong, cét,
da soi, doi troc ...), Mt nude (song, hd, kénh muong) va Dt xay dung (gdm dan cu va co
s& ha tang). Nhll’l chung két qua phan loai cho thiy dién tich ring tinh Quang Binh chlem ti
1€ 16m, tap trung chu yéu ¢ vung nui phia Tay tinh Quang Binh. Vung dat tréng (cat) nam
ven bién phia Pong cua tinh. Cac 16p khac nhu dit nong nghiép, dat xay dung phéan bd rai
rac; vung mét nude nhu song, hd, kénh muong duoc phén loai chi tiét trén anh. Tuy nhién
v6i két qua phan loai trong truong hop (1), phan dién tich dat nong nghiép 16n hon so voi
truong hop (2). Dé kiém tra két qua phan loai nao tot hon, nhom da tién hanh danh gia do
chinh xéc va danh gia tryc quan trén hai anh phan loai.

3.3. Panh gia do chinh xdc

D6 chinh x4c ciia hai hudng tiép can trén dugc danh gia bing ma tran nhim 1in
(Confusion Matrix), do chinh xac tong thé (OA-Overall Accuracy), Kappa, do chinh xéc
ctia nha san xuat (PA) va do chinh xac cua nguoi dung (UA- user’s accuracy).

Ma tran nham I4n 1a bang tom tat hiéu sudt cua thuat toan phan loai, trong d6 bao gdm
gia tri phan loai va gia tri kiém tra/tham chiéu. Mdi hang va mdi cot sé twong tng véi ting
16p phit dugc phéan loai va 16p kiém tra/tham chiéu. Puong chéo chinh ctia ma tran liét ké
sd luong pixel dugc phén loai chinh xac. Cac gia tri con lai cho biét mdi 16p phu duoc phan
loai thé nao khi so véi 16p kiém tra, 16p nao dugc phan loai ding nhiéu nhat va 16p nao bi
phan loai nham vao 16p khac.

Hé s6 Kappa [24] 1a hé s trong thdng ké, dung dé do dac do dong thuan giita cac
thanh phan dinh tinh (phan loai), 1 thuéc do mutic d6 phi hop tong thé ctia ma tran.

Kappa =2 (4)
1-P,

Trong d6 P, 12 gi4 tri ddng thuan quan sat dugc giita cac bién danh gia; Pe 1a Xac suit
ctia sy dong thuan ngdu nhiénPo va Pe duoc tinh toan dya trén dir liéu trong bang ma tran
dé tinh toan xac suat ngiu nhién cho mdi nhom.

Mot thude do co ban 1a do chinh xac tong thé, dugc tinh bang cach chia cac pixel dugc
phan loai chinh x4c (t6ng cac gia tri trong duong chéo chinh) cho téng sb pixel duge kiém
tra.

N
OA = - (5)

Trong d6 N 1a S6 luong cac pixel duge phan loai chinh xéac; T 1a Tong sé lugng cac
pixel dugc kiém tra.

Bén canh d6 chinh xac tong thé, do chinh xac phan loai cua timg 10p riéng 1& co thé
dugc tinh theo cach tuong ty: d§ chinh x&c cia nguoi dung (con goi 1a DO chinh xéc sai
sot/str dung) va do chinh xdc cta nha san xuat PA - Producer's accuracy (con goi 1a Do
chinh xac thyc hién). B chinh xac cua nha san xuit duogc tinh bang cach chia sb pixel
chinh x4c trong mot 16p chia cho tong s6 pixel dugc lay tir dir liéu tham chiéu. Do chinh
xac cua nguoi dung UA-User's accuracy, vé€ co ban cho biét murc do thuong xuyén ma 16p
trén ban d6 s& thuc sy hién dién trén mat dat, dugc tinh 1a cac pixel dugc phan loai chinh
xac trong mot 16p chia cho tong s6 pixel dugc phén loai trong 16p do [2]. D chinh xac cua
két qua phan loai theo hai hudng tiép can trén duogc thé hién trong bang 1 dén bang 4.
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Bang 1. Ma tran nhim 1an ctia phuong phap phan loai RF 4 kénh anh (don vi: pixel).

Lép phi Piat xdy dung  Dit nong nghiép  Pit trong Mt nuéc Rirng
Dat xay dung 167 0 3 0 1
Dit nong nghlep 5 97 0 0 6
Dit trng 3 5 64 1 1
Mit nude 0 2 0 77 0
Rung 2 5 0 0 98

Bang 2. Ma tran nham 14n ciia phuong phap phan loai RF sir dung 4 kénh anh va 3 chi s6 pho (don vi: pixel).

Lép phi Pit xay dung  Dit nong nghiép DAt trong Mt nuéc Rirng
Pit xdy dung 166 1 3 0 1
Dit néng nghiép 5 98 0 1 4
Pit trong 0 5 67 1 1
Mat nudce 0 1 0 78 0
Rung 1 1 0 0 103

Bang 3. P9 chinh xac tong thé (OA) va hé sb kappa trong 2 trueong hop.

Trudng hop phén loai RF Do chinh xic tong thé (OA) % Kappa
(1) 4 kénh anh 93,7 0,92
(2) 4 kénh anh va 3 kénh anh chi sb 95,3 0,94

Bang 4. DBJ chinh xéc thyc hién PA va dd chinh xac st dung UA trong 2 truong hop.

ruwong hop phin loai RF RF 4 kénh dnh RF 4 kénh anh va 3 kénh chi sb
Lé6p phi UA (%) PA (%) UA (%) PA (%)
Dit xay dung 94,4 97,7 96,5 97,1
Dit nong nghiép 89,0 89,8 92,5 90,7
DAt trong 95,5 86,5 95,7 90,5
Mat nudc 98,7 97,5 97,5 98,7
Rung 92,5 93,3 94,5 98,1

3.4. Thdo lugn

Qua s liéu tir bang 1 dén bang 4, dé dang nhan thay két qua phan loai déu dat muc cao
(trén 90% v&i d chinh xé4c tong the OA va trén 0,9 vdi Kappa) khi st dung thuat toan
Random Forest. Cac 16p d6i twong vé co ban ¢ sy phan tach véi cac 16p con lai. Trong do,
ca hai truong hop déu cho thay két qua 16p mat nude duge danh gid ¢ mirc d6 phan loai
dat cao nhat, s6 pixel 1an rat it so v6i 16p dat nong nghiép va khong 1an bat ky pixel ndo véi
cac 16p khac (Bang 1 va Bang 2), gia tri PA va UA gan nhu dat muc tuyét d6i (Bang 4).
Diéu nay thé hién rang mau ciia 16p mat nudc thé hién dung dic trung riéng.

Céc thir tw mirc chinh x4c giam dan tir rimg, dat xay dung dén dat nong nghiép va dat
tréng. Ve dat nong nghiép, pixel 16p nay bi nhan nham véi pixel rimg do phan xa phd nén
mau sic d6i twong kha glong nhau; con mot phan bi nham vai dat xay dung vi dat nay bao
gdm ca dat dan cu, co thé xay ra truong hop nhan 16p thuc vat trong khu dan cu thanh dat
néng nghiép. Dbi véi ving dat trong, gia tri PA ¢ hai truong hop déu thap hon, pixel bi 1an
chu yéu voi dat nong nghiép (Bang 1, Bang 2) do anh thu nhan trong thoi ky mua kho, mot
s0 ruong kho trén anh c6 mau gan twong dong véi mau dat trong (cu thé 1a cac ving doi
troc), tuy nhién mac do 1an khong 16n, va cac chi sé danh gia do chinh xac déu cao (trén
85%). Mot sb pixel dat tréng 1dn voi dat xdy dung trong trudng hop (1), nhung trong
truong hop (2) thi khong 1an do ¢6 sir dung thém chi sé NDBI. Twong tu v6i 16p Rimg,
trong truong hop (2) pixel rimg 1an voi dat nong nghiép it hon truong hop (1) nho vao viée
két hop chi s6 NDVI.
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V6i hai hudng tiép can, két qua t6t hon khi phan loai véi thut toan Random Forest
trong truong hop co s dung thém céc chi s6 phd ngoai cac kénh anh c6 sin trén anh
Sentinel-2. Cy thé trong bang 3, két qua moé hinh (1) RF 4 kénh anh c6 d chinh xac tong
thé OA 12 93,7% va hé sé Kappa 12 0,92, thip hon so v6i mé hinh (2) (OA = 95,3%, Kappa
=0,94). Bang 4 cho théy cac gia tri UA va PA trong trudng hop (2) co ban cao hon truong
hop (1) Nghlen ctru tién hanh so sanh hai anh két qua phan loai nhu trong hinh 10.

vt -
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s 7 I B e
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Hinh 10. (a b) So sanh két qua phan loai 16p phu mat dat: Cot 1 1a anh chup mot phan anh
Sentinel-2, cot 2 1a két qua phan loai RF 4 kénh anh (RF trudng hop 1), cot 3 14 két qua phan loai
RF 4 kénh anh va 3 chi s6 phéd NDVI, NDWI, NDBI (RF truong hop 2). Cac vong tron mau do 1am
ndi bat cac ving co su khac biét giita két qua phén loai RF truong hop (1) va (2) lién quan dén dan
cu-dat nong nghiép. Cac vong tron mau den thé hién sy khac biét nhan biét 16p mat nude giita RF
trudng hop (1) va (2).

Hinh 10a m6 ta mot phan khu vuc véi dat nong nghiép va dat xay dung. C6 thé nhan
thdy rang, mo hinh RF véi truong hop 1 khong phan loai t6t: dat nong nghiép 1an véi mau
xanh cua rung, pixel dan cu rai réc, 1an ving dan cu va dat nong nghiép; trong khi truong
hop c6 bd sung céac chi sb pho cho két qua phén loai 18 rang (khu vuc dugc khoanh hinh
tron d6). Hinh 10b thé hién dbi tugng mit nudc duge phan loai kha rd trong ca hai trudng
hop. Tuy nhién, tai khu vyc vong tron den, két qua phan loai trong truong hop st dung 4
kénh anh cho thiy mét sé ving mat nudc, cu thé 1a cac kénh muong, bi nham 14n véi 16p
dat nong nghiép. Mit khac, mo hinh RF (2) sir dung 4 kénh anh Sentinel-2 va 3 chi s6 pho
da phan loai chinh xac cac 16p phu nay do duoc b sung chi sé vé mat nuéc NDWIL. Viée
danh gia truc quan cho thiy, sw nhim 1an pho giira cac 16p phi miat dat c6 mirc d6 cao hon
trong mo hinh RF 4 kénh pho so véi két qua cia mo hinh RF trong trudng hop con lai.

So sanh két qua dat dwoc v6i nghién ciru [25], mic du st dung dir liéu anh khéac nhau,
nhung két qua phan loai 16p phu tinh Quang Binh dat duwoc do chinh x4c cao khi str dung
thuat toan Random Forest. Nghién ctru [25] cho d6 chinh xac tong thé 88,8% va hé sb kappa
0.85 trong khi RF (1) 1a 93,7% va 0,92, RF (2) 1a 95,3% va 0,94. Cac két qua cua [25] cua
ciing kha tuong dong v6i bai bao nay ¢ do chinh xac PA va UA: phan loai RF cho ket qua
t6t nhat ¢ d6i twong mit nudce, rimg, con dat xdy dung va dat nong nghiép c6 chi sé PA va
UA thép hon.

Nhin chung, trén co s so sanh do chinh xac va so sanh triuc quan hai huéng tiép can
ctia thudt toan Random Forest trong bai toan phan loai (Hinh 10), khang dinh ring viéc st
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dung cac chi s6 quang phd gilp lam ting thong tin va cai thién két qua phan loai. Trong khi
do, cong cu Google Colab da hoan thanh nhiém vu chay cac tap 1énh voi thoi gian la 308
gidy. Con s6 ndy cling thé hién loi thé vé thoi gian tinh toan cta Google Colab [18], dong
thoi cho thiy tiém ning cta nén tang nay trong phan loai 16p phu mat dat.

4. Kétluan

Nghién ctru dd phan loai 5 nhém 16p phii mit dat tinh Quang Binh vao thang 8 nim
2022 sir dung anh Sentinel-2 va thuat toan Random Forest, dong thoi ciing danh gia hiéu
qua cua viée két hop cac bang tan khac nhau cta anh Sentinel-2 v&i cac chi sb phd dic
trung. Voi cac diém dao tao (training data) trong nghién ciru, két qua thir nghiém cho thay
rang mo hinh RF (2) v6i 4 kénh phé (cac kénh lam, xanh luc, do va cén hdng ngoai) két
hop véi cac chi s6 phd NDVI, NDWI, NDBI dé dat duoc d6 chinh xac phan loai tong thé 1a
95,3% (kappa = 0,94), tot hon so véi mo6 hinh RF 4 kénh phd. Nhin chung, véi hudéng di
méi nay trong phén loai 16p phii mat dat, can c6 thém cac nghién ctru toan dién hon nhu sir
dung thém cac anh do phan giai cao, cac chi s6 phd, hoic két hop cac phuong phap, mod
hinh khac nhau.

Bén canh viéc khing dinh tinh kha thi cta thuét toan Random Forest trong bai toan
phan loai, nghién ciru ciing danh gia hiéu qua xur 1y ctia nén tang Google Colab vo6i thoi
gian nhanh chéng. Bay la mot cong cu thé hién sy vuot troi trong linh vuc vién tham, khi
ngudi ding co6 thé bat ddu ma hoéa cac md hinh khoa hoc sir dung ngon ngir 1ap trinh Python
thong qua céc trinh duyét.

Nghién ctru da thuc hién day di theo muc tiéu dé ra, tuy nhién con cd mot sd han ché
nhu sau: Google Colab mién phi nhung bi gi6i han vé thoi gian, bi ngét két ndi khi khong
c6 tuong tac cua nguoi dung, phu thudc vao Internet va Google Drive. Vi vay, viéc st dung
mot phién ban khac nhu Google Colab Pro s€ mang lai hiéu quéa hon trong tuong lai.

bong gop cia tac gia: Xy dung ¥ tuong nghién coru: P.T.T.H.; Thu thap dir liéu: L.T.N,,
N.M.H.; Xt 1y s0 li¢u: V.N.Q., B.T.N.P.; Thuc hién 1ap trinh: P.T.T.H.; Viét ban thdo bai
bédo: P.T.T.H., V.N.Q.; Chinh stra bai bao: P.T.T.H., N.M.H.

Loi cam on: Bai bao hoan thanh nhd vao két qua cia dé tai nghién ctru khoa hoc cép co so
ma s6 T23 - 41 duoc hd tro kinh phi tr Truong Pai hoc Mo Dia chat, Ha Noi: “Nghién cuu
ung dung phuong phdp Machine Learning vdi thuat toan Random Forest trong thanh 1ap
ban dd 16p pha bé mat”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chép lgi ich trong nhom tac gia.
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Research on the potential of applying Random Forest algorithm
and Sentinel-2 to classify land cover in Quang Binh province on
the Google Colab platform
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Phuong'?, Nguyen Minh Hait!
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Geology; phamthithanhhoa@humg.edu.vn; lethanhnghi@humg.edu.vn;
doanthinamphuong@humg.edu.vn, nguyenminhhai@humg.edu.vn

2 Geomatics in Earth Sciences Research Group, Hanoi University of Mining and Geology;
phamthithanhhoa@humg.edu.vn; lethanhnghi@humg.edu.vn;
doanthinamphuong@humg.edu.vn

3 Engineering Faculty, University of Transport Technology; quangvn@utt.edu.vn

Abstract: In the era of technology, Machine learning has gradually replaced traditional
methods in the field of remote sensing. One of the supervised machine learning algorithms
which has high accuracy in land cover classification is Random Forest. Besides, instead of
classifying images by commercial software, the cloud platform - Google Colab helps
optimize image processing with a massive variety of libraries and is especially appropriate
for machine learning methods. Thus, the article classified land cover using the Random
Forest algorithm on the Google Colab platform, a case study in Quang Binh province in
August 2022. Sentinel-2 image was chosen since it has a spatial resolution higher than
other free images. At the same time, a comparison was performed in two cases: (1) using
four image bands with 10m spatial resolution, (2) using four image bands with 10m spatial
resolution and NDVI, NDW!I, NDBI indices. The results with two approaches have an
overall accuracy higher than 90% and Kappa above 0,9, showing the feasibility of
Random Forest algorithm. Regarding accuracy, the second case has better results,
confirming that the use of spectral indices helps increase information and improve
classification results.

Keywords: Random Forest; Sentinel-2; Landcover; Google Colab.
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Tém tit: O nhidm khong khi PMs 1a tic nhan tic dong nghiém trong téi sirc khoe con
ngudi khong chi tai cac khu d thi 16n, ma con anh hudng t6i cac tinh khong gan khu db thi,
trong truong hgp nghién ctru nay 1a tinh Ca Mau. Hién tai Uty ban nhan dan tinh dang trong
qua trinh xay dung ké hoach quan 1y chat lugng méi trudng khong khi cho toan tinh. Trong
d6 nhiém vu danh gid 6 nhiém bui min duoc dat ra. Dé giai quyét muc tiéu nay, cap cac mod
hinh WRF/CMAQ dugc sir dung mot mat hinh thanh ban db phan bd 6 nhiém, mit khac tim
ra sy phu thudc gitta mac do 6 nhiém PM2s véi ca yéu to phat thai, 1an khi tuong. B dir
liéu kiém ké phat thai nhan tao va sinh hoc (ty nhién) tir nguodn s liéu kiém ké phat thai
toan cau ECCAD (Emissions of atmospheric compounds and compilation of ancillary data)
dugc sir dung. Két qua moé phong duoc thuc hién cho 2 thang dic trung ciia mua kho 2020
cho thiy nong d6 PMas trung binh 24 gid cua thang 03/2020 chwa vuot ngudng gidi han
cho phép cia QCVN 05:13/BTNMT, gia tri nong d6 dao dong trong khoang 7,82-51,72
Hg/m. Gia tri ndng do PMas trung binh 24 gid giai doan thang 04/2020 1a 7,05-114,42
ng/m?®. Két qua phan tich sy phu thudc nong do vao phat thai va khi twong ciing da duogc
phan tich, lam rd.

Tur khoa: M6 hinh WRF/CMAQ; PMas; Khi tugng; Phat thai; Ca Mau.

1. Giéi thi¢u

Chat lugng khong khi cé tac dong 16n dén doi sng, stc khoe ciia nhan dan [1-4]. Viét
Nam la qudc gia dang phat trién v6i lugng phat thai khong 16 phat sinh tir s6 lugng phuong
tién giao thong, cdc khu cong nghiép, nha may nhiét dién [5-8]; dan t6i Viét Nam dang phai
dbi dién v6i nhitng hau qua ctia 6 nhiém khéng khi, nhat 1a 6 nhiém bui PM (Particulate
Matter). Gan day, van dé 6 nhiém bui min (PM2s) tré thanh méi quan tim do nhiing tac dong
tiém an dén stc khoe cong dong [9-12]; gdy ra giam thiéu tAm nhin [13, 14] va bién ddi khi
hau [15, 16]. Tuy nhién cic nghién ctru tai phia Nam Viét Nam chu yéu tip trung vao
Tp.HCM, cting mét s6 tinh thanh phy can nhu Binh Duong, Pong Nai thudc viing phét trién
kinh té trong diém [17-19], trong khi dé c4c tinh thanh khéac chua dugc quan tam dung murc.
Theo quy dinh cua Luat Bao vé moéi truong nam 2022, Uy ban nhan déan cap tinh c6 trach
nhiém ban hanh va t6 chirc thuc hién ké hoach quan 1y chat lugng méi truong khong khi cap
tinh. Tr 46 nhiém vu danh gia chat luong moi truong khong khi cta cac tinh thanh, trong dé
c6 Ca Mau dugc dat ra. Bui PM2 s dung dé chi cac hat bui ¢6 duong kinh dong hoc bé hon
hodc bang 2.5 pm [10, 20]. Pay 1a mot thong sd quan trong danh gia mirc do 6 nhiém moi
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truong khong khi [21]. Nong d6 bui PMzs chiu anh huong tir cac ngudn phat thai nhan tao
nhu tir cac phuong tién giao thong, d6t sinh khéi, va d6t nhién liéu hoa thach. C4c chét luu
huynh dioxit (SO2), nito oxit (NOx), ammonia (NHs), carbon den (BC), carbon hitu co (OC),
va cac hop chit hiru co bay hoi khong metan (NMVOC;) la nhitng chat dién hinh duoc tao
ra. Mot mat, bui PMas xudt phat tir cac ngudn ddt (combustion sources), duge xem la dang
PM so cap [20]; mat khac, bui PMa s ciing duoc hinh thanh trong khi quyén, dugc goi 1a PM
thr cp tir cac phan tmg hoa hoc lién quan dén cac tién chit (precursors) dang khi nhu SO,
NOx, NHs, va céac hop chat hiru co dé bay hoi (VOCs) [22-24]. Sy hinh thanh PM th cap
phu thudc déng ké vao sb lugng t1en chét c6 trong khi quyén va cac dleu kién khi tuong [25],
[23]. Su nhay cam dang ké ciia nong d6 bui PM2sdbi véi cac yéu td khi _tuong thong qua sy
bién d6i trong cac qua trinh vét 1y va hoa hoc [26-29]. V6i cac thanh phan hat c6 kich thudc
nho, bui PM2s c6 thoi gian luu tir vai ngay dén vai tuan va dé dang bi phan tan trong khong
khi [24]. Mt khac, khi chiéu cao 16p bién khi quyén (Planetary Boundary Layer Height -
PBLH) giam dan dén sy han ché qua trinh hoa tron theo chiéu doc va gy ra su tich lily ctia
cac hat PM [32, 33]. Cung v6i d6, bui PM2s c6 thé dugc loai bo bing su rira troi qua mua
[21, 24, 34, 35].

Gan day, cac mo hinh chat luong khong khi da dugc sir dung rong rai dé lam rd vai tro
cac qua trinh vat 1y va hoa hoc lién quan dén 6 nhiém bui PM25 [36]. Hién nay cac mo hinh
c6 thé thyc hién viéc moé phong cht lugng khong khi tir quy mé toan cau (global scale) dén
quy mo dia phuong (local scale) voi cac d phan giai khac nhau tuy thudc vao cac muc dich
nghién ctru khac nhau [36]. M6 hinh toan ciu GEOS-Chem vé&i d6 phén giai tir 5 dén 4° [37],
mo hinh khu vue nhu Weather Research and Forecasting Model/Community Multiscale Air
Quality Model (WRF/CMAQ) véi cac mirc do phéan giai tir 36 dén 4 km [38]. Trong d6, hé
thong mo hinh CMAQ di duoc st dung nhiéu nhat béi kha nang tmg dung mé phong 6 nhiém
khong khi da quy mé (d6 thi va cap khu vyc), cling nhur da chat 6 nhiém (chat oxy hoa, ling
dong axit va bui PM).

bé gop phén vao viéc hoach dinh chinh sach, phuc vu phat trién kinh té - xa hdi va su
nghiép phat trién bén viing cua tinh Ca Mau, nghién ctru nay duoc thuc hién véi myc tiéu
mg dung WRF/CMAQ két hqp v6i mo hinh théng ké da bién nham: (1) M6 phong phan b
PMz25 pham vi toan thanh phd va (2) Thuyc hién danh gid muc do anh huong cua 2 yéu to phat
thai, khi tuong 1én nong d6. Két qua nghién ctru cho phép dé xuét cac giai phap giam thiéu
t01 uu phat thai, dé xuét 10 trinh tir trung han t6i dai han dé dam bao chi phi va loi ich kinh
te hiéu qua vé moi truong.

2. So liéu sir dung va phwong phap nghién ciru

2.1. Khu vuc nghién ciru

Ca Mau nam & ven bién & cuc Nam Viét Nam, c6 dang hinh chit V, 1a mdt trong bdn
tinh thudc ving kinh té trong diém Ddng Bang Song Ciru Long. Phan dat lién c6 toa do diém
cuc Nam 8°30” vi do Béc, diém cuc Bic 9°33” vi Bic, diém cuc Pong 105°24” kinh Pong va
diém cyuc Tay 104°43” kinh Pong. Phia Béc giap tinh Kién Giang, phia Dong Bic giap tinh
Bac Li€u, phia Dong va Bong Nam giap bién Dong va phia Tay giap Vinh Thai Lan [39].
Dién tich phan dt lién cua tinh 1a 5.329 km?, bang 13,13% dién tich ving dong bang song
Ctru Long va bang 1,58% dién tich ca nuéc [40]. Pia hinh cta tinh Ca Mau tuong d6i bang
phang va thap, cao trinh phd bién tir 0,5-1 m so v6i muc nude bién. Phia Bic dia hinh thip
(cao trung binh tir 0,2-0,5 m), phia Nam c6 dia hinh cao hon (trung binh 0,2-0,8 m). Bén canh
d6, dia hinh cta tinh con bi chia cit nhiéu bai hé thong song rach chang chit. Trong nhiing
nam qua tinh hinh kinh té - xd hoi tinh Ca Mau khong ngimg phat trién va dat dugc nhiing
thanh tyu dang ké. Tong san pham trong tinh (GRDP) nam 2009 dat 13.021 ty dong, GRDP
nam 2020 (theo gia so sanh nim 2010) dat 41.318 ty dong, gip 1,58 lan so véi GRDP nim
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2010 (26.037 ty ddng). GRDP binh quin dau nguoi nam 2020 dat 52,6 triéu dong (tuong
duong 2.267 USD), gip 2,44 1an so v6i nam 2010 (21,6 triéu déng/ngudi) [41].

Theo bao cao hién trang mdi truong tinh Ca Mau nam 2015-2020, nhin chung cac gia tri
ham luong tong bui giai doan 2015-2020 tai cac vi tri quan tric qua cac nim déu nam trong
gi61 han quy dinh cuia QCVN 05:2013/BTNMT (trung binh 1 gid) (Quy chuin ky thudt quoc
gia vé moi truong khong khi xung quanh) [39]. Du hau hét cac gia tri _quan tric déu nam
trong gi6i han cho phép so véi QCVN 05:2013/BTNMT tuy nhién 6 nhiém bui ¢6 xu huéng
duy tri & ngudng cao tai khu vye d6 thi, khu vuc san xuat cong nghiép dic biét 1a cac khu
vuce gan céc tryc giao thong. Dién bién ham luong bui dang c6 xu hudng ting dan va gy tac
dong dén sinh hoat ciing nhu sirc khoe ngudi dan trong khu vurc.

2.2. Dir liéu
2.2.1. Dt liéu khi tuong thuc do

Pé kiém dinh mo hinh khi tuong WRF, bo s6 liéu khi tuong thuc do tai cac tram nam &
huyén U Minh, xa Hoa Thanh, huyén Cai Nudc, huyén Dam Doi, X4 Tan Thuén, huyén Nam
Can, xa Tam Giang, huyén Ngoc Hién, huyén Tran Vin Thoi thé hién ¢ Bang 1 va Hinh 1
theo chudi thoi gian trung binh gio cua thang 03 va thang 04 nam 2020 duoc léy tir trang web
https://www.wunderground.com/ [42]. Tai mdi tram do, nhom céc s6 liéu vé nhiét dg, vén
tc gio, hu()’ng gi0, d6 am va ap sudt duoc thu thap, trén co s¢ do6 thyc hién so sanh cac sb
lidu nay vai s6 lidu chiét xuat tir két qua chay mo hinh WRF dé danh gi4 tinh chinh xac va
muc d6 sai sd cta két qua mo hinh khi tugng cho ra

Bang 1. Vi tri cac tram khi tuong.

STT Ky hiéu X Y Vi tri
1 KT1 104,9000  9,3000 Huyén U Minh
2 KT2 105,2000  9,1000 X& Hoa Thanh
3 KT3 105,0557 8,9868 Huyén Céi Nude
4 KT4 105,1941 8,9944 Huyén Dam Doi
5 KT5 105,3000  9,0000 X& Tan Thuén
6 KT6 105,0000  8,8000 Huyén Nam Cin
7 KT7 105,2000  8,8000 Xa Tam Giang
8 KT8 105,1000 8,7000 Huyén Ngoc Hién
9 KT9 105,0000  9,1000 Huyén Tran Van Thoi

2.2.2. Dit lidu chat luong khong khi quan trac

B0 dir lidu quan trac chét lugng khong khi ndm 2020 dé danh gia hiéu qua cia mo phong
WRF/CMAQ dugc thu thap tir Trung tim quan tric moi truong tinh Ddng Nai [43], Trung
tdm quan tric moi truong tinh Binh Duong [44] va Trung tim quan tric moi trudng tp. HO
Chi Minh [45]. Giai doan thang 03 va 04 ndng d6 bui PM2s dugc chuyén doi tir ndng o TSP
thu thap tir (1) 16 diém do dac tai tinh Binh Duong (gém N, NT1, DT1, DT2, DT3, DT4,
DTS, DT6, GT1, GT2, GT3, CN1, CN2, CN3, CN4, va CN5) cho 4 thoi diém quan sat lic
07.00, 09.00, 11.00, 13.00, 15.00 va 17.00; (2) 2 tram quan tric tu dong & Dong Nai (DN1,
DN2); (3) 1 tram ty dong ¢ Thanh phé H6 Chi Minh (HCM-US). Céc vi tri quan tric dugc
mo ta trong Bang 2 va Hinh 1.

Bang 2. Vi tri cic tram quan tric.

STT Ky hiéu X Y M3 ti khu vy quan tric
1 N 106,7969 11,2997 Nghia trang Liét sT huyén Phu Gido
2 NT1 106,4178 11,2170 Nong truong cao su Thanh An
3 bTI1 106,7653 10,8889 Trung tdm hanh chinh thi xa Di An
4 bT2 106,7014 10,9036 UBND thi x4 Thuén An
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STT Ky hiéu X Y M@ ta khu vire quan tric
5 DPT3 106,6564 10,9772 Try s6 TT QT TNMT - sé 26 Huynh Van Nghé
6 GT1 106,7442 10,9750 Nga tu Miéu Ong Cu
7 GT2 106,7144 10,8989 Ngi tu cdu Ong B
8 CN1 106,7569 10,8936 Cong ty Wimbledon - Pudng sé 22, KCN Song Than 11
9 CN2 106,7214 10,9733 Céng ty Victory cach CCN Thuan Giao 300m (diém GS cii
10 CN3 106,8908 11,0361 Khu vuc mo da xa Thuong Tén, huyén Tan Uyén
11 CN4 106,6331 11,1314 Cong ty Orion, duong NA3, KCN M§ Phudc 11
12 bT4 106,6858 11,0536 Trung tim hanh chinh, thanh ph6 méi Binh Duong
13 PT5 106,8036 11,0625 Khu trung tm thj trAn M§ Phudc
14 bT6 106,7975 11,0656 Thi trin Uyén Hung, huyén Téan Uyén
15 CN5 106,6322 11,2442 Khu d6 thi - khu cdng nghiép Bau Bang
16 GT3 106,7267 11,1758 Gin ngi 3 cong xanh
17 DN1 106,8558 10,9605 Khu dan cu
18 DN2 106,8693 10,9370 Nt giao théng
19 HCM-US 106,7007 10,7831 Téng lanh sy quan Hoa Ky
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Hinh 1. Vi tri cic tram quan tric chit lugng khong khi va khi tugng.

2.2.3. Dit liéu phat thai

Bo6 dir liéu kiém ké phat thai dugc sir dung trong nghién ctru nay duoc 1y tir ngudn sd
litu kiém ké phat thai toan cau ECCAD (Emissions of atmospheric compounds and
compilation of ancillary data) (https://eccad3.sedoo.fr/) cho thang 03 va 04 nam 2020. C6 ba
bo dir liéu phat thai dugc su dung, bao gém: CAMS-GLOB-AIR dir liéu lugng khi thai toan
clu tir aircraft, CAMS-GLOB-ANT dit li¢u hét thai nhan tao toan cu, CAMS-GLOB-BIO
Luong phat thai toan cAu ctia 29 VOC sinh hoc tir thue vat. Cac bo dit lidu duoc thu thap, su
dung & dang thong luong trung binh hang hang (kg.m?2.s™) véi cac muc do phan giai khac
nhau trén pham vi toan cau (0,5° x 0,5°, 0,25° x 0,25° va 0,1° x 0,1°) (Atmosphere and Service
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2018) dugc tinh toan phan bd khong gian vé cac 6 ludi clia mién tinh Domain D02 (c6 bao
ham khu vuc nghién ctru 1a tinh Ca Mau) voi do phan giai tang Ién ~ 9 km x 9 km.

2.3. Phuong phap nghién ciru

Cap m6 hinh WRF/CMAQ duoc tmg dung dé mo phong 6 nhiém PM2s tai tinh Ca Mau,
ldy nam 2020 nghién ctru. M6 hinh Chat luong Khong khi Da quy mé Cong dong (CMAQ)
1a mo hinh chat luong khong khi bang sd dua trén cac nguyén tic khoa hoc dau tién dé du
doan ndng do cia cac loai khi va hat trong khong khi ciing nhu sy lang dong ciia cac chat 6
nhiém nay tré lai bé mat Trai dat. De ho tro cong ddng nguoi ding CMAQ, EPA va bai hoc
Bic Carolina tai Doi Chapel da t6 chtrc trao d6i email cho nguoi dung va cung cap dao tao
cho ngudi dung méi vé hé thdng mé hinh hoa CMAQ bang cach td chire Trung tim Hé théng
Phan tich va M6 hinh hoa Cong dong (CMAS), noi phan phdi phan mém CMAQ [46].

2.3.1. Thiét 1ap m6 hinh WRF/CMAQ két hop

Mién tinh todn PMpsmd phong 16ng nhau hai cdp D01 va D02 dugc thiét lap trong mo
hinh WRF/CMAQ, trong d6 mién tinh D01 ¢6 d6 phan giai khong gian Xap xi 27 km x 27
km la mién tinh 16n nhat, v6i 61 cot va 81 hang, tong sb 0 ludi tinh cua mién DO1 la 4661 o;
mlen tinh D02 c6 d6 phéan giai khong gian xap xi 9 km x 9 km la mién tinh thir 2 16ng trong
mién tinh DO1, véi 50 cot va 56 hang, téng s6 0 ludi cuia mién D02 1a 2592 6. Cac thong s6
k¥ thuat ctia cac mién tinh toan DO1 va D02 duoc trinh bay bén dudi. Mién tinh D01 bao
phua hét toan bd Viét Nam; mién tinh D02 bao gém hau hét cic tinh phia Nam, day 1a khu
vuc c6 thé c6 anh huong déng ké nhat d6i véi khu vuc nghién ctru. Céc diéu kién bién ciia
D02 dugc xac dinh theo DO1. Cac thong s6 k¥ thudt ctia cic mién tinh toan D01, D02 duoc
trinh bay trong Bang 3.

Bang 3. Mién khong gian tinh toan mé phong PM2s cho hé thdng mé hinh két hop WRF/CMAQ.

Théng sb Mién tinh D01 Mién tinh D02
Pham vi mién tinh R, Céc tinh phia Nam Viét Nam
Toan b6 Viét Nam (bao gém tinh Ca Mau)
Kich thuée khong gian X [km] x Y [km] 1593 x 2133 432 x 486
S6 nat ludi tinh Ny x Ny 60 x 80 49 x 55
Tong s6 6 ludi tinh 4661 2592
Kich thuéc 6 ludi (km) 27 9
Toa d6 tm mién (15,03°; 105,394°) (9,733119°; 105,297835°)
. A 1 Ae T Asia Lambert Conformal Asia Lambert Conformal
Hg¢ toa d¢ thiet lap . .
Conic Conic
Loai mién tinh thiét lap The neztgglgi]r?delling The nested modelling domain

Trong nghién ctru nay, WRF phién ban 3.8 duoc st dung voi bo dir liéu khi tugng toan
cau GFS duogc cung cép bai NCEP [47]. Budc hiéu chinh WRF str dung chu01 s0 ligu khi
tuong thoi gian nhu nhiét do, tdc do gi6 va hudng gioé do duoc tai 9 vi tri ndm & cac huyén
x3, bao gdm KT1 (huyén U Minh), KT2 (xd Hoa Thanh), KT3 (huyén Cai Nudc), KT4 (huyén
Pam Doi), KT5 (xa Tan Thudn), KT6 (huyén Nam Can), KT7 (x4 Tam Giang), KT8 (huyén
Ngoc Hién) va KT9 (huyén Tran Vin Thoi) trong khoang thoi gian cac thang 03 va 04 nim
2020 dé kiém dinh mé hinh WRF. Trong nghién ctru, viée sur dung dau ra WRF trung binh
1h @ phuc vy chay mé hinh CMAQ tinh toan lan truyén PMzs.

Phuong phap ddng nhat dir liéu (fusion data) giita cac két qua quan tric va cac két qua
mo phong [17] duge ap dung. Cong thire (1) ude lugng hai tham so hoi quy o va p phan anh
phuong trinh twong quan duoc sir dung dé hiéu chinh két qua mé phong tir CMAQ nhu sau:

CMAQ = aCMAQ" 1)

X,corrected
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Trong d6, CMAQx la nong d6 PMzs ban dau tir két qua cia md hinh CMAQ tai vi tri
tram quan tric x vao thoi dlem cuthét (810); CMAQx, Corrected 1a nong d6 PMzs da duoc hiéu
chinh tai vi tri tram quan tric x vao thoi diém cu thé t (gid) va a, B 1a cac hé s6 cia phuong
trinh twong quan st dung dé hiéu chinh.
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Hinh 2. Luéi D01 va D02 dugc sir dung chay WRF/CMAQ.

Ttr do, xac dinh duoc cac phuong trinh twong quan dé hiéu chinh ndng d6 bui PM25 md
phéng 1an lugt c6 cac thang nhu sau: phwong trinh y = 1,3002x%%7% cho thang 03/2020;
phuong trinh y = 1,2607x%%% cho thang 04/2020.

2.3.2. M6 hinh hdi quy tuyén tinh da bién (Multiple Linear Regression - MLR)

M6 hinh MLR (Multiple Linear Regression — MLR) dugc xdy dung dé lam rd mdi twong
quan gita ndng d6 bui PM2s 1an luot d6i véi cac bién khi tuong (i), cac bién tai luong phat
thai tién chat (ii) va ca 02 loai bién (iii). Tat ca cac dit liéu nong d6 PM2 s duoc thiét 1ap nhu
(1) dudi dang trung binh hang gi¢ va hang ngay cua cac thang 03 va 04 tuong Ung voi dir
lidu ctia cac bién khi tugng va phat thai tién chat. M6 hinh duoc thiét 1ap chi tiét c6 dang nhu
& cong thirc bén dudi [16].

Yij =0+ PX A+ B+ Py Xiy + By X T E (2)

Trong d6 a 1a diém cit trén truc tung; B, P1, B2.. .., Pk-1 VA Px 1a d6 dbc hay con goi la cac
hé s6 hoi quy (cac tham sd) voi cac trudng hop (i), (ii), (iii) gia tri k 1an luot 13 3, 7 va 10 j
1a sy tuong tmg cho timg thoi diém thang thyc hién; 1 la sy twong Gmg v6i cac truong hop (1),
(i1), (i) ( tur 1 den 3); va & 1a bién ngau nhién (so hang sai so) DPoi v6i truong hop (i) moi
quan hé giita nong d6 PM25 (Cpmzs) va 03 yéu té khi tuong gom van toc gid x1 (Ws), hudng
gio x2 (W) va nhiét d x3 (T) hay Cpmas = F (Ws, Wa va T). Déi véi truong hop (ii) mdi quan
h¢ gitra nong d6 PMa25 (Cpm25) va 07 loai phat thai tién chit SO2 12 Esoz, X1; NOy 12 Enox, X2
NHz la Enns, X3; NMVOCs la Enmvocs, Xa; OC la Eoc, Xs; CO la Eco, Xs Va BC la Egc, X7 hay
Cemzs = F (Esoz, Enox, Enris, Enmvocs, Eoc, va Eco va Esc) cho tinh Ca Mau. Déi véi truong
hop (iii) moi quan hé Cemzs = F (Ws, Wa, T, Esoz, Enox, Enns, Eco, Enmvocs, Eoc, va Esc),
két qua cac phuong trinh hoi quy dugc xay dung thé hién moi twong quan da bién gitra 03
yéu t6 khi twong va 07 loai phat thai tién chat d6i véi gia tri ndng d6 bui PMzs. Cac md hinh
MLR duogc xay dung cho toan bo khu vuc nghién ctru.
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3. Két qua va thao luin

3.1. Dadnh gia hiéu qua mé hinh WRF/CMAQ

Két qua m6 phong nong d6 PM25 cho thang 03/2020 va thang 04/2020 cho khu vuc Ca
Mau dugc xuat ra tai 3 diém quan tric ty dong DN, DN2 va HCM-US va so sanh vdi cac
gia tri quan tric. Két qua kiém dinh dua trén cac ch1 s6 thong ké dé danh gia kha nang mo
phong cia mé hinh WRF/CMAQ va mbi tuong quan giita két qua mo phong, do dac ciing
dugc thé hién & (Hinh 3 va Hinh 4).

Ndng d§ PM, ; tai vi tri DN1 - 03/2020 Ndng dé PM, ; tai vi tri DN2 - 03/2020
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Vao thang 03/2020, gia tri chi s Nash - Sutcliffe (NSE) tai cac tram déu dat muc tot v6i
su tuong quan cao. Tai tram DN1 gid tri NSEpn1 = 0,905 (NSE > 0,9); tram DN2 véi NSEpn2
= 0,918 (NSE > 0,9); tram HCM-US gia tri NSEncwm-us = 0,880 (NSE > 0,8). Vao thang
03/2020, gi tri chi s6 Nash - Sutcliffe (NSE) tai cac tram déu hau nhu dat muc tét voi su
twong quan cao. Tai tram DN1 gié tri NSEpn: = 0,574 (NSE > 0,5); tram DN2 gia tri NSEpne
= 0,952 (NSE > 0,9). tram HCM-US gia tri NSEncwm-us = 0,936 (NSE > 0,9).

PHAN BO NONG PQ PM2.5 TRUNG BINH NGAY THANG 03/2020 TAI CA MAU
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Hinh 5. Phan b6 khong gian ndng do PMy s trung binh ngay tai Ca Mau thang 03/2020.
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3.2. Su phdn bé khéng gian nong do PMas

7 Nong d6 bui PMzs trung binh ngay thang 03/2020 c6 sy phan bb vé mat khong gian thay
d6i nhe theo giai doan dau thang 01/03/2020 - 08/03/2020, gitra thang 09/03/2020 -
20/03/2020 va cac ngay cudi thang tir 21/03/2020 - 31/03/2020. Vao giai doan dau thang,
nong do PM2s phan bo déu céac huyén trén dia ban tinh va khong vuot qua gidi han cho phép
ctia QCVN 05:13/BTNMT (murc quy dinh 50 pg/m®). Pén giai doan giira thang, nong do co

PHAN BO NONG PQ PM2.5 TRUNG BINH NGAY THANG 04/2020 TAI CA MAU
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Hinh 6. Phan b6 khong gian ndng do PMy s trung binh ngay tai Ca Mau thang 04/2020.
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xu hudng gia tang. Vao cac ngay 09, 10 va 11 nong do PM25 cao hon cac ngay con lai, ngay
c6 ndng d6 cao nhat 1a ngay 11/03/2020. Cudi thang ndng do c6 xu huong giam dén tir ngay
21/03/2020 dén ngay 31/03/2020. V6i dao dong tir 7,82-51,72 ug/m3, nong do PM2; trung
binh ngay cao nhat 1a ngay 11/03/2020 v6i muc dao dong tir 23,82-51,72 ug/m va thap nhat
vao ngay 24/03/2020 v4i muic dao dong tir 7,82-25,58 ug/m Tai thanh phé Ca Mau ndng
d6 PMz s thuong cao hon cac huyén con lai. Vé phan b6 néng do PMz s trung binh hang gio
trong ngay thang 03/2020 (Hlnh 5), ndng do trung binh hang gi¢ ¢ cac ngay c6 xu huéng dao
dong kha tuong dong, v61 nong do cao thuong xuat hién tir 9 dén 15 gio. Nong do giam dan
vao budi chiéu tbi va sang som. Nhin chung ndng d6 PMas trén toan dja ban tinh Ca Mau
vao thang 3 déu khong vuot ngudng cho phép cia QCVN 05:13/BTNMT.

Nong d6 PMas trung binh ngdy cia thang 04/2020 ¢ su phan bd khong gian thay ddi
nhe theo giai doan ddu giita thang 01/04/2020 - 20/04/2020 va cac ngdy cudi thang tir
21/04/2020 - 30/04/2020. Pau thang, ndng d6 PM2s phin bd déu cac huyén trén dia ban tinh
va khong vuot qua gioi han cho phep cua QCVN 05:13/BTNMT (muc quy dinh 50 ug/me).
Cubi thang, ndng dd co xu hudng gia tang. Vao cac ngay 21, 22 va 23 nong d6 PM2s cao
vugt mirc cho phép tai hau hét cac huyén va thanh phd nhu thanh phé Ca Mau, huyén Ngoc
Hién, huyén Cai Nudc, huyén Pam Doi, huyén Pha Tan, huyén Théi Binh, huyén Tran Vin
Thot va huyén U Minh. Déc biét ngay 22/04 né)ng do PM2s vuot gidi han trén toan dia ban
tinh Ca Mau. Véi dao dong tir 7,05-114,42 pg/md, 3/30 ngay trong thang d vuot qua gidi
han cho phép cia QCVN 05:13/BTNMT. Trong d6, nong dd PM 5 trung binh ngiy cao nhat
la ngay 21/04/2020 voi mic dao dong tur 14,94-91,05 pg/m®, va thip nhat vao ngay
02/04/2020 véi mirc dao dong tur 7,05-18,83 ug/m Vé phan bb ndng d6 PMas trung binh
hang gi¢ trong ngay thang 04/2020 (Hinh 6), nong d¢ trung binh hang gi¢ ¢ cdc ngay c6 xu
huong dao dong kha tuong dong, voi ndng do cao thudng xuét hién tir 6 gio dém dén 9 gio
sang va tir 18 dén 23 gio.

3.3. Su phu thuoc néng do PM> s vao cac yéu 16 khi twong

Mbi quan hé giita ndng do PM25 v6i 03 bién khi tugng (x1 - van toe gio Ws, Xz - hudng
gi6 Wa va Xs - nhiét do T) xem xét (meteorological variables) dugc xac dinh bang cac hé s
Bk trong cac phuong trinh hdi quy tuyén tinh da bién (Multiple Linear Regression) twong tng
gan voi cac bién khi twgng X1, X2, X3.

Bang 4. Phuong trinh tuong quan gitra gia tri ndong dd PM2s v6i van toc gié, huéng gio va nhiét do,
hay Cemzs = F(Ws, W va T) tai Ca Mau tai thoi diém thang 03 va thang 04.

Ky hiéu Phwong trinh twong quan xiy dung
KT1 -115,8590+0,8609x1-0,0450x2-0,0265x%3 R%=0,0472
KT2 46,1239+1,0330x1-0,0177x,-0,0599%3 R? =0,0096
KT3 19,9078+0,7899x1-0,0181x2+0,0272x3 R? =0,0090
KT4 25,1164+0,5927x1-0,0200x2+0,0128x3 R? =0,0065
KT5 37,6099+0,8148x1-0,0299x2-0,0264x3 R?=0,0083
KT6 -34,9415+0,0783x1-0,0269x2+0,2171X3 R?=10,0093
KT7 23,4061+0,9358x1-0,0305x2+0,0159x3 R%=0,0107
KT8 7,9582+0,0555x1-0,0319%,+0,0770x3 R%=0,0054
KT9 16,6495+1,6425x,1-0,0406x2+0,0419x3 R%=0,0322

Ttr cac ham s tuong quan co thé nhan thiy tai toan bd vi tri tir KT1 dém KT9 gia tr1
nong d6 bui PMzs c6 mot mbi twong quan thuan véi xu huéng ting lan luot 0,8609 pg/m®
1,0330 ug/m3 0,7899 ug/m3 0,5927 pg/md, 0,8148 pg/m?®, 0,0783 pg/m?®, 0,9358 ug/m3
0,0555 pg/m?, 1,6425 pg/m? d6i voi moi 1 don vi (1 m/s) van téc gi6 Ws tang 1én (khi hudng
glo Wi va nhiét do T khong thay dd1). Nguoc lai yéu tb hudng gio co sy tac dong nghich khi
d6i voi mdi 1 don vi (1°K) hudng gié Wy thay doi theo chiéu hudng tang thi ndng do bui
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PMz2s lai c6 xu hué’ng giam lan lu’(_)rt la 0,0450 ug/mS, 0,0177 ug/m3 , 0,0181 ug/m3, 0,0200
pg/m?e, 0,0299 pg/me, 0,0269 pg/m?, 0,0305 pg/mé, 0,0319 pg/mé, 0,0406 pg/m? (khi van tbe
gio Ws va hudng gio Wq khong thay d6i). Tai cac vi tri KT3, KT4, KT6, KT7, KT8 va KT9
gia tri ndong d6 bui PMa2s c6 mbi tuong quan thuén khi 1 don vi (IOK) nhiétdo T tang 1én lan
luot 14 0,0272 pg/m?, 0, 0128 pg/me, 0,2171 ug/m 0,0159 pg/m?, 0,0770 pg/m?®, 0,0419
pg/me. Nguoc lai gia tri ndng d6 bui PM2s c6 moi twong quan nghich khi 1 don vi (1°K)
nhiét d6 T ting 1én tai cac vi tri KT1, KT2 va KT5 1an luot 1a 0,0265 pg/m?®, 0,0599 pg/m?
va 0,0264 pg/mé. Nhu vy, trong ca 03 yéu t6 khi twong phan tich thi van toc gi6 co dong
gop cho viée gia ting mirc ndng d6 PM2 s tai tinh Ca Mau giai doan thang 03/2020 va 04/2020
(ty 1¢ thuan), hudng gié ty 1é nghich dén viéc gia ting ndong dd6 PMas, trong khi d6 nhiét do
c6 muc do tac dong phurc tap hon tuy thudc vao tirng khu vye khéac nhau.

Bang 5. Mo ta khi tugng khu vuc nghién ctru tai thang 03 va 04/2020.

STT Ky hi¢u Vin toc gi6 trung binh (m/s) Huéng gi6 Loai gié chii yéu
1 KT1 2,57 Pong - Pong Nam Gio yéu
2 KT2 2,71 Pong - Bong Nam Gi6 yéu
3 KT3 2,64 DPoéng - Pong Nam Gio yéu
4 KT4 3,01 Pong - Bong Nam Gié yéu
5 KT5 3,05 Pong - Bong Nam Gi6 yéu
6 KT6 2,73 Pong - Dong Nam Gié yéu
7 KT7 3,31 Pong - Bong Nam Gi6 yéu
8 KT8 3,17 DPoéng - Pong Nam Gi6 yéu
9 KT9 2,07 Dong Pong Nam Gié yéu

Giai doan thang 03, 04/2020, hudng gi6é chu yéu tai khu vuc nghién ctru 1a boéng -Dong
Nam, van tdc gid tai cac vi tri kha thip, van toc gio trung binh 2,07-3,31 m/s, chu yéu la glo
yéu (39-54 4%) va gi6 nhe (26-44 3%) (Hlnh 7) Tai vi tri KTl g10 yeu chiém 54,4% va gi6

. KTl _' .-KTZ—--, . KT3 )

“KT4 - L “KT5 KT6
. . WIND SPEED
. (ms)
>=10.70
7.20-10.70

[
|
C Il se-Tw
I
]
1

3.3D-550
1.80-3.30
0.50-1.50

NORTH

. KT7 N KT8 B o KT8

Hinh 7. Ban d6 hoa gi6 tai tinh Ca Mau thoi diém thang 03 va 04/2020.
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nhe chiém 26%; Tai vi tri KT2 gio6 yéu chiém 39% va gi6 nhe chiém 30,5%; Tai vi tri KT3
gié yéu chiém 40,4% va gi6 nhe chiém 28,6%; Tai vi tri KT4 gi6 yéu chiém 45,1% va gi6
nhe chiém 33,7%; Tai vi tri KT5 gié yéu chiém 47,1% va gié nhe chiém 34,9%; Tai vi tri
KT6 gi6 yéu chiém 45,3% va gid nhe chiém 29,3%; Tai vi tri KT7 gi6 yéu chiém 45,1% va
gi6 nhe chiém 44,3%; Tai vi tri KT8 gio yéu chiém 51% va gi6 nhe chiém 34,5%; Tai vi tri
KT9 gi6 yéu chiém 51% va gio rat nhe chiém 29,3%.

3.4. Su phu thudc nong @é PMasvao phdt thdi

Trong muc nay thuc hién danh gia mtrc do dong gdp phat thai theo tirng khu vuc va theo
timg loai tién chat phat thai. Ty 1& dong gop gy 6 nhidm dbi voi timg khu vuc va timg loai
tién chit tir cac nhém nganh/hoat déng nhan tao (sectors) ciing duoc phan tich. Két qua phan
tich, danh gia mirc déng gdp phat thai theo ting tién chat trén toan dia ban tinh Ca Mau va ti
1€ dong gop cua timg nhom nganh/hoat dong theo ting tién chat.

Dbi véi mdi quan hé phy thudc ndng d6 PMas vé6i cac phat thai SOz, NOx, NHs,
NMVOCs, OC, CO, va BC duoc thuc hién va duogc biéu dién duéi dang: Cpm2s = F (Esoz,
Enox, Enms, Enmvocs, Eoc, Eco va Egc). Két qua cac phuong trinh hdi quy duge xay dung thé
hién moi tuong quan da bién gitra 07 loai phat thai tién chat (X1, X2, X3, X4, X5, X6 VA& X7) ddi
v6i gié tri ndng do bui PM2 s tai tinh Ca Mau (y2,) duoc thé hién trong Bang 4.

Bang 6. Phuong trinh twong quan da bién gitra gid tri ndng d6 PMas voi 07 loai phat thai tién chat,
hay Cpmz2s = F (Esoz2, Enox, Ennz, Enmvocs, Eoc, Eco va Egc).

Thoi gian Phwong trinh twong quan
03/2020  y21= 505,9025+3,4778x%, — 27,3894x3 + 4,6143x4 + 22,7662x5— 0,0353Xs R:2=0,1681
04/2020  y22= - 422174+4,3551x;1 — 99857,237xX, +2,8993x4 + 0,6892 x5 — 0,0005xs R,?=0,1716

Hé sb tuong quan tai cac thang 03/2020 va 04/2020 lan luot co gia tri 1a Ry = 0,4101, R,
= 0,4143. Sy tuong quan da bién cta 07 phat thai tién chat dic trung nhu trén déu da giai
thich dugc nhiing anh hudng trong su thay ddi & mire gia tri néng do bui PM3 5 tai toan dia
ban tinh Ca Mau. Gia tri néng do bui PM2 s tai thang 03/2020 c6 xu hudng tang ddi voi mdi
1 don vi (1 kg/ngdy) phat thai ctia chit NOx hodc NMVOCs hoic OC ting 1én (khi 06 tién
chat con lai khong thay doi), cu thé dbi voi Enox nong d6 PMa s tang 3,4778 (ug/m?®); dbi véi
Enmvocs nong do PM2stang 4,6143 (ug/ m?®); d6i véi Eoc nf)ng do PM2stang 22,7662 (ug/md).
Nguoc lai, gia tri noéng do bui PMzsco xu hudng giam d6i véi mdi 1 don vi (1 kg/ngay) phat
thai cua chat NH; hodc CO ting 1én (khi 06 tién chat con lai khong thay d6i), cu thé dbi véi
Ennandng do PMazs giam 27,3894 (ug/m®); ddi voi Eco nong d6 PM2s giam 0,0353 (ug/m?).
Tir d6, ¢6 thé thiy rang trong ca 07 phat thai tién chét phan tich thi NOx, NMVOCs va OC
¢6 dong gop cho vi€e gia tang mirc nong do PMas tai Ca Mau vao thang 03/2020

Gié tri ndng d6 bui PM25s tai thang 04/2020 c6 xu huong tang d6i voi m01 1 don vi (1
kg/ngay) phat thai ciia chat SOz hoic NMVOCSs hoic OC ting 1én (khi 06 tién chét con lai
khong thay doi), cu thé ddi voi Esoz nong do PMs ting 4,3551 (ug/m®); doi véi Enmvocs
nong do PMys tang 2,8993 (ug/m?); ddi vi Eoc nong do PM s ting 0,6892 (ug/m®). Tir do,
c6 thé thay rang trong ca 07 phat thai tién chét phan tich thi SOz, NMVOCs va OC c¢6 dong
g0p cho viéc gia tang murc nong do PM2 s tai Ca Mau vao thang 04/2020.

Trong d6, vao thang 03/2020 mirc d6 dong gbp clia cac tién chat dén nhom nganh/hoat
dong chinh sau: (1) San xuét dién voi phat thai NOx nhiéu nhit (chiém 52%), ké dén 1a CO
(46%); (2) Dot chit thai néng nghiép phat thai CO nhiéu nhit (chiém 87%), ké dén 1a
NMVOCs (5%); (3) Quy trinh cong nghiép phat thai CO nhiéu nhét (chiém 53%), ké dén 1a
NMVOCs (31%); (4) Dat ndng nghiép phat thai NHs nhiéu nhit (chiém 84%), ké dén 1a CO
(14%); (5) Van tai dudng bd phat thai CO nhiéu nhat (chiém 88%), ké dén 1a NMVOCs (8%);
(6) Chat thai ran va nudc thai phat thai NMVOCSs nhiéu nhét (chiém 42%), ké dén 1a NH3
(37%); (7) Khu dan cu va cac khu vuc khac phat thai CO nhiéu nhét (chiém 76%), ké dén 1a
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NMVOCs (11%); (8) Tau phat thai SO2 nhiéu nhat (chiém 90%), ké dén 1a NOx (5%); (9)
chin nudi tir néng nghiép phat thai NHz nhiéu nhat (chiém 98%); (10) sir dung nhién liéu hoa
thach phat thai NMVOCSs nhiéu nhét (chiém 61%).

Giai doan thang 04/2020 mtrc d6 déng gop cua céc tién chit dén nhém nganh/hoat dong
chinh nhu sau: (1) San xuat dién véi phat thai NOx nhiéu nhit (chiém 51%), ké dén 1a CO
(44%) va SOz (3%); (2) D6t chat thai néng nghiép phat thai CO nhiéu nhét (chiém 88%), ké
dén 1a NMVOCs (5%); (3) Quy trinh cong nghiép phat thai CO nhiéu nhét (chiém 45%), ké
dén 1a NMVOCs (26%) va SOz (14%); (4) Dat nong nghiép phat thai NHz nhidu nhat (chiém
74%), ké dén 1a CO (16%) va NOx (10%); (5) Vén tai dudng bd phat thai CO nhiéu nhét
(chiém 86%), ké dén 1a NMVOCs (9%) va NOx (4%); (6) Chét thai ran va nudc thai phat
thai NMVOCSs nhiéu nhat (chiém 49%), ké dén 1a NHz (42%); (7) Khu dan cu va cac khu
vuc khac phat thai CO nhiéu nhat (chiém 78%), ké dén 1a NMVOCs (11%); (8) Tau phat thai
NOx nhiéu nhét (chiém 48%), ké dén 1a SO2 (43%); (9) chan nudi tir ndéng nghiép phat thai
NH; nhiéu nhét (chiém 100%); (10) sir dung nhién liéu héa thach phat thai NMVOCS nhiéu
nhét (chiém 72%).
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Hinh 8. Phan bo khong gian tai luong cac phat thai tién chat tai Ca Mau thoi diém thang 03/2020.
A A
4. Két luan

Nghién ctru di dat dugc cac két qua chinh sau day:

Thtt nhat, & md phong duoc nong d6 PM.s cho hai thang mua kho la thang 03 va 04
nim 2020 tai tinh Ca Mau. Két qua mo phong cho thiy ndng do PMa s trung binh 24 gid cia
thang 03/2020 chua vugt ngudng giGi han cho phép cia QCVN 05:13/BTNMT, gié tri nong
d6 dao dong trong khoang 7,82-51,72 pg/me. Gia tri nong do PMas trung binh 24 gio giai



Tap chi Khi twong Thiiy vin 2023, 756, 42-58; doi:10.36335/VNJHM.2023(756).42-58 55

doan thang 04/2020 1a 7,05-114,42 pug/m?. Vao thang 04 da c6 3/30 ngay vuot ngudng gia tri
cho phép tir 1,21-1,27 1an tuy vao thoi diém va vi tri. C6 thé thay duoc ndng d6 PM2s cia
thang 04 cao hon thang 03 va ndong d6 PMa2s khu vuc thanh phd Ca Mau cao hon cac vj tri
con lai.

Thir hai, dd mé phong duoc cac yéu t khi twong cho ca hai thang 03 va 04 nam 2020.
Vian toc gié tai khu vire nghién ctru kha thap, chu yéu 1a gid yéu va gié nhe, hudng gié chi
yéu 1a Pong - Pong Nam. Van tdc gio trung binh ctia khu vyc trong hai thang 1a 2,07-3,31
m/s, gi6 yéu dao dong tir 39-54,4% va gié nhe dao dong tir 26-44,3%.

Thir ba, da danh gia dong gop cua cac phat thai tién chat vao 6 nhiém PMas. Dua trén
két qua phan tich trong nghién ctru, 07 tién chat SOz, NOx, NH3, CO, BC, OC, NMVOCs la
cac dang tién chit co dong gop chinh dén 6 nhidm bui PM25s tai tinh Ca Mau.

Thir tu, da tim ra m61 trong quan gitra gia tri PMas va cac yéu t6 khi twong. Cu the trong
ba yéu t6 khi twong phan tich thi vén tdc gid c6 dong gbop cho viée gia ting mirc ndng do
PMg;s tai tinh Ca Mau giai doan thang 03/2020 va 04/2020 (ty 1€ thuan), huéng gio6 ty 1¢
nghich dén viéc gia ting ndng d6 PMys, trong khi d6 nhiét d6 co6 muc do tac dong phirc tap
hon tuy thudc vao tung khu vuc khac nhau.

Trong nghién ciru ndy van ton tai mot s han ché co thé dan dén sy khong chic chin
trong két qua dat dugc va tao ra sai sb cho cac phan tich, danh gia nhu sy han ché vé dir liéu
ndéng do PMz s thuc do. Cu thé, bo sb liéu thuc do dugc st dung dé kiém dinh mé hinh 1a tir
cac tram quan tric tai Tp. HCM, Binh Duong va Déng Nai. Du c6 nhiing han ché nhit dinh
trong két qua nghién ctru duoc trinh bay nhung két qua cua dé tai da cung cip dugc nhiing
thong tin c6 gid tri lién quan dén dong gdp clia phat thai tién chét ciing nhu khi twong cho su
hinh thanh PM2s, tao co sd cho cac nghién ciru tiép theo tai tinh Ca Mau.
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bong gop cia tac gia: Xy dung y tuong nghién ctru va dat ra bai toan: B.T.L.; Viét ban
thao, chinh stra bai bao: B.T.L.‘; Xir 1y so liéu: N.T.X.; Viét bao cao k¥ thuat; chinh stra bai
bdo: N.T.X.; GIS, bién luan phan khi tuong, xay dung phuong trinh twong quan: N.C.M.D.

Loi cadm on: Ching t6i xin cam on Trudng Pai hoc Bach Khoa, PHQG-HCM da hd tro cho
nghién curu nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Simulating PM2s dust pollution and analyzing related factors —
The case of Ca Mau province, Vietnam

Ngo Thi Xuan!?, Nguyen Chau My Duyen®?, Bui Ta Long"?"

! Faculty of Environment and Natural Resources, Ho Chi Minh City University of
Technology; ngothixuana3gt@gmail.com; nguyenduyen91@hcmut.edu.vn;
longbt62@hcmut.edu.vn

2 VVietnam National University Ho Chi Minh City; ngothixuana3qt@gmail.com;
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Abstract: PM: ;s air pollution is a factor that seriously impacts human health not only in
large urban areas, but also affects rural provinces, in this case study, Ca Mau province.
Currently, the Provincial People’s Committee is in the process of developing an air
environment quality management plan for the entire province. In which the task of assessing
fine dust pollution is set. To solve this goal, the pair of WRF/CMAQ models is used on the
one hand to form a pollution distribution map, and on the other hand to find the dependence
between the level of PM2s pollution and emissions factors and meteorology. The
anthropogenic and biological (natural) emissions inventory data set from the global
emission inventory source ECCAD (Emissions of atmospheric compounds and compilation
of ancillary data) is used. Simulation results performed for 2 typical months of the 2020 dry
season show that the average 24-hour PM s concentration in March 2020 has not exceeded
the allowable limit of QCVN 05:13/BTNMT, the level concentration fluctuates between
7.82-51.72 ug/m?. The average 24-hour PM_s concentration value in April 2020 is 7.05-
114.42 pg/me. The results of analysis of concentration dependence on emissions and
meteorology were also analyzed and were clarified.

Keywords: WRF/CMAQ models; PM2s; Meteorology; Emission; Ca Mau.
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Tém tat: Nghién ctru so sanh sy anh hudng cta ba vat liéu chinh 14 bentonite (B), than hoat
tinh (AC), va vat liéu tong hop cta chung (BAC) véi ti 1& 4p dung 2% ddi véi kha ning ¢
dinh Asen (As) trong dét bi 6 nhiém. Kha ning ¢ dinh As trong dat dugc danh gia bang: i)
quy trinh loc két tua tong hop (SPLP), quy trinh chlet ddc tinh (TCLP), va dung dich 0,1M
HCI dé danh gia kha nang rura troi; ii) tach chiét tuan ty (Sequential Extraction) dé danh gia
cac dang lién két ctia As trong dat. Két qua chi ra sy c6 mit ctia cac vat liéu da gitp ting do
pH cua dat va thay doi tinh linh dong cta As trong dat. Hiéu suét cd dinh As ting t6i 52%
trong dat dugc xur 1y bang vat liéu BAC. Két qua ciing chi ra As trong dang ton tai dé trao
d6i da duoc chuyén sang dang tdn tai bén hon va it linh dong hon, dac biét ddi véi dat duoc
xu ly béing BAC. Nghién ctru chi ra réng viéc két hop cac vat liéu dem lai hi¢u qua cao trong
xir Iy dat bi 6 nhiém, do d6 can phai dugc tiép tuc nghién ctru dé danh gia tinh hiéu qua
khong nhiing ddi v6i As ma con véi cac kim loai nang khac, va xem xét tac dong cua vat
lidu d6i voi sire khoe cua dat.

Tir khéa: Asen; Bentonite; Than hoat tinh; C6 dinh Asen trong dat.

1. M& dau

Asen (As) 1a mdt nguyén t6 v6 co phd bién, dé dang dugc tim thiy & ngoai tu nhién,
cling nhu trong sinh hoat hang ngay. Ngay nay, vo1 viéc phat trién ciia qua trinh cdng nghiép
hoa As xuét hién nhleu trong san pham cong nghi¢p, anh huong 6 nhiém dén moi truong
sdng, va tré thanh mdi quan tdm 16n ¢ nhidu khu vyuc trén thé giéi va Viét Nam [1]. O nhiém
As trong dét c6 thé anh huong té1 hé sinh thai, nudc ngam, moi truong vi sinh vat, thuc vat,
va theo chudi thirc dn c6 tac hai truc tiép 1én con ngudi. Theo co quan Bao vé Moi truong
My (USEPA), As 1a mot nguyén t6 doc hai nguy hiém va da dat ra ndng do téi da cho phép
ctia As trong nude udng 1a 10 pg/L. Viée co thé con nguoi tiép xuc 1au dai hoic liéu lugng
cao v6i As co thé gy ra hang loat bénh lién quan dén hé sinh san va tuan hoan ciing nhu
nguy co ung thu & nhiéu co quan [2].

Trén thé gidi, cac bao cdo vé mirc do 6 nhidm As cho thiy thach thirc dang ngay cang
16n trong van d& xur Iy 6 nhiém As. Theo béo cdo khao sat vé mirc d6 6 nhiém dat & Trung
Quéc nam 2014, 6 nhidm As dd vuot qua gii han cho phép 2,7% 3 4]. O chau Au, theo
khao sat cua du an Baltic Soil Survey (BSS), ham luong As trong dat nong nghiép ¢ khoang
5,7 mg/kg; trong do, ndng do As & phia Nam chau Au cao gép 3 1an so véi phia Bic [5]. Tai
Hoa Ky, theo s lidu bao cio c6 khoang tir 100.000 - 1.000.000 ha d4t néng nghiép c6 ham
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lugng As trong dat tir 200 ppm trd 1én va hang chuc triéu ha c6 du lugng As trong dat tir 20
-30 ppm [6]. O Viét Nam, theo nghién ctru [7], téng ham luong As ciia khoang 80% dat ndng
nghiép khu virc Dong Béng séng Hong trong pham vi khao sat ctia nghién ctru vuot qua gidi
han t6i da cho phép dbi véi dit nong nghiép Viét Nam (12 mg/kg) gy nguy co an toan luong
thuc.

Ngay nay, qua trinh do thi hoa, cong nghiép hoa dién ra rdt nhanh va manh, 1a nguyén
nhan dan d&én sy thu hep cta dét nong nghiép. Viéc tan dung cac khu dat xung quanh cac khu
khai thac mo dé bo hoang lam dat néng nghi¢p dang 1a mét xu thé ctia mot sé qudc gia trén
thé giéi nhu Han Qudc. Tuy nhién, da c6 nhiéu bao céo lién quan dén 6 nhidm As va kim loai
nang trong dat canh tac xung quanh khu mo bo hoang, va van dé xir Iy 6 nhiém As va kim
loai ning can dugc quan tim chi § ¥y dbi voi cac khu vue nhu nay [1].

Chinh vi vay, viéc xu ly dat dét canh tac tai cac khu mo bo hoang bi 6 nhiém As dang
ngdy cang nhan dugc sy quan tim chi Y cta cac nha nghién ctru. C6 thé ké dén mot sb
phuong phap dé loai bo As trong dat nhu dung thuc vat hip thu, vi sinh vat, dién phan [8—
10] Tuy nhién, cic phuong phap nay hodc do1 hoi thoi gian xir 1y lau dai hodc chi phi xur ly
t6n kém. Phuong phap rira dat co thé mang lai hiéu qua bang cach str dung nhitng dung méi
nhu tartaric acid, citric acid, oxalic acid... nhung viéc xir Iy dung dich sau qua trinh rira dat
cling 1a mot van dé hét strc kho khan [11, 12].

Gan day, phuong phap c6 dinh sir dung céc vt liéu bd sung vao dat dang ngay cang
dugc tép trung nghién ctru vi phuong phap nay duoc danh gia la mét phuong phap day hira
hen va tiém ning trong viéc xtr 1y 6 nhiém As va kim loai ning trong dat [13]. So sanh véi
cac phuong phap xtr 1y 6 nhiém As trong dat khac nhu xir 1y bang cac bién phap sinh hoc
(hép thu thuc vat...), xu 1y nhiét, hay rira dat, phuong phép ¢ dinh As béng cac vat liéu dem
lai hidu qua cao, 6n dinh, va tiét kiém chi phi ciing nhu thoi gian xtr Iy [14]. Tuy nhién, viéc
ap dung vat liéu ndo trong viéc ¢d dinh As can xem xét ky ludng dé dem lai hiéu qua cao
nhét, cing nhu dé tiép can, khong nhing ¢6 gia thanh gia ré, ma con it tac dong tiéu cuc dén
moai truong.

Cac hop chit khoang sét 1a mot trong nhitng vat liéu hién dang thu hut su cht y do gia
thanh ré, sb lugng 16n va dién tich bé mait, ciing nhu tinh chat hap phu tét [15]. Bentonite 1a
mot loai khoang sét bao gom cac 10p tir dién Si va bat dién Al lién két voi nhau cia cac nhom
hydroxyl. Bentonite mang dién tich am va c6 thé dugc trung hoa béi cac cation trao doi [16].
Do d6, bentonite dugce dung nhiéu trong xt 1y 6 nhiém nude bai cac hop chat hitu co nhu
methylene blue [17]. Bén canh do, than hoat tinh cling la mét vat liéu hap thy dugc dung
nhiéu trong qua trinh xtr Iy 6 nhiém v6 co hay hitu co méi truong nude do dién tich bé mat
hap thy ctia ching 16n, va tinh chit than thién véi moi trudng [18] Tuy nhién, viéc &p dung
bentonite va than hoat tinh trong viéc xu 1y 6 nhiém As trong dat van chua co. bic biet, viee
két hop hai vat liéu nay nham tang cudng kha ning cb dinh As trong dét hién van chua duoc
nghién ctru.

Chinh vi vay, nghién ciru nay dugc thuc hién nham danh gid tinh hiéu qua va kha ning
cua vi¢c ap dung cac vat li¢u nhu bentonite, than hoat tinh, va vat liéu téng hop gitra chung
d6i v6i qua trinh c¢b dinh As trong dat.

2. Phuwong phap nghién ciru

2.1. Chudn bi dat va vét liéu

Dit bi 6 nhiém boi As duoc 1y tir 16p bé mit ciia mot khu rudng gan khu mé bo hoang ¢
tinh mién Trung Han Quéc (Hinh 1). Sau khi lay mau, dit duoc sdy kho ¢ nhiét d6 phong trong
7 ngay va dugc sang ¢ ¢& hat 2 mm dé dung cho céc thi nghiém sau nay. Vat liéu ding trong
nghién ctru nay la bentonite (B) va than hoat tinh (AC) dugc mua thuong mai tir cong ty Hoa
chit Dacjung. Vat liéu tong hop gitra bentonite va than hoat tinh (BAC) dugc tao ra bang cach
tron déu 2 chét trén theo ti 16 50:50.
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2.2. Thiét ké thi nghiém

Dit bi 6 nhiém bai As dugc tron vai cac vat lidu & cing mot ti 16 1a 2% giira vat lidu/déat
theo khdi lwong. Sau khi dit dwoc tron voi vat liéu, dat duoc cho vao cac lo lan lugt dugc
dan nhan CTR (dét khong tron vat liéu), B (dét duoc tron bentonite), AC (dét duoc tron than
hoat tinh), BAC (dit dugc tron ca bentonite va than hoat tinh). Sau do, cac lo dugc dat vao
td On dinh nhiét (incubator) trong 45 ngay va luén duge giit 4m & 70%. Sau 45 ngay, cic mau
dat 1an lugt dugc 1y ra dé tién hanh cac thi nghiém vé do do rira troi, va dang ton tai clia As
trong dat. Thi nghiém dugc mé ta theo Hinh 2.

o .

g |

»

Bentonite va than hoat tinh Asen trong dat dqu tach chiét va loc Asen duoc phan tich
duoc tron déu vao dat bang filter dé phan tich bing may AAS

Sau d6 duge cho vao lo va dem Sau 45 ngay, dat duoc lay ra va sy kho
di 1 mau trong ti 6n dinh nhiét dung cho cac phan tich tiép theo

Hinh 2. Quy trinh thyc hién nghién ctu.

2.3. Phan tich mdu

Dé danh gia kha nang rura troi cua As trong cac mau chtra va khong chira cac vat liéu, ba
phuong phap tach chiét dugc ap dung bao gom phuong phap SPLP (US EPA 1312), TCLP
(US EPA 1311), va 0,1M HCI.
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Pé danh gia kha nang ¢b dinh As cua cac vat liéu, hiéu sb ¢d dinh duoc st dung theo
cong thirc sau:

Hiéu suat c6 dinh (%) = (Cctr - Ci)/Cctr. Trong do, Cctr la ndng do As trong dat khong
chira vat liéu, Ci 1a nong do As trong dat da xir ly bang cac vat licu B, AC, and BAC.

Dé danh gia cac dang ton tai cua As trong dit, nghién ctru thyc hién tach chiét tuan ty
dua theo nghién ctru [19]. Trong do, As s€ bam vao va tdn tai & 5 dang: d2 trao ddi, bam vao
cac hop chét carbonate, bam vao cac hop chit oxit Fe va Mn, bam vao cac hop chat hita co,
va bam vao cac phan con lai trong dat. Trong 5 dang ton tai d6, dang dé trao ddi va cac hop
chat carbonate 12 noi ma As dé linh dong nhat, va c6 kha ning bi hép thu nhiéu nhat boi thuc
vat. Do d6, viéc xem xét sy dich chuyén ciia As trong cac dang ton tai ctng la mét cach hiéu
qua trong viéc danh gia sy anh huong cua cac vat liéu dbi voi qua trinh cb dinh As trong dét.
Ham lugng As trong dit duge do bang may quang phd hép thy nguyén tir (AAS, AA240,
Varian, Australia).

2.3. Phén tich dir liéu

Nghién ctru duqc‘ lap lai ba lan dé léy dir liéu phan ‘Eich su khac biét cia cac Vé.t‘ liu. Dfr
liéu duoc phan tich bang phuong phap ANOVA véi kiém dinh Tukey (p < 0,05) bang phan
meém thong ké SPSS 20,0. Sau do, nghién ctru dung phan mém Origin 9,1 mo ta dir liéu.

3. Két qua va thao luin

3.1. Anh huong cua vat liéu dén as pH cua dat

Dit dung trong nghién ctru la dat bi 6 nhiém As véi nong do twong doi cao voi ham lugng
58,5+2,78 mg/kg (Bang 1). Dat ¢6 do chuanhe ¢ pH 5,9, ham lugng hiru co thap 2,2% va c6 thanh
phéan vat chat chu yéu & dang cat bun.

Béng 1. Mot sb dic tinh Iy hoa cua dét dung trong nghién ctru.

pH As (mg/kg) Ham lwong hiru co' (%) Két ciu
Pit 5,91+0.29 58,5+2.78 2,2+0,28 Cat bun

Anh huong cua vat liu dén cac
dic tinh 1y hoa cta dit dugc danh gia
thong qua do pH dat (Hinh 3). Do pH . b
cta dat 14 mot yéu td quan trong anh T
hudng dén hoat dong cua kim loai

trong dét va tryc tiép hodc gian tiép lam ’

thay ddi tinh di dong va doc tinh cia =60

ching d6i voi thuc vat va vi sinh vat

[20]. Nghién ctru d4 chi ra rang cac vat o

liéu nhu bentonite, than hoat tinh gop

phén cal tao chat lugng dat, 1am tang

dang ké pH trong dat tir 5,9+0,29 trong 5.0 = £ " "

mau dét dbi sanh (khong chira vét lidu) Cac mau thi nghiém

dén 6,45+0,32 trong mau dat c6 chira ]
than hoat tinh sau 45 ngay trong t On Hinh 3. D6 pH cta dat trong mdi mau thi nghiém. (CTR: bat doi
nhiét. Két qua ciing cho thdy pH trong  sanh (khong c6 vt liéu), B: DAt c6 chira bentonite, AC: DAt ¢6 chira
tat cd cic miu du co sw khac bt han hoat tinh. BAC: Pét c6 chita ca bentonite v than hoat tinh.
dang ké (p < 0,05) so v6i mau dat dbi

sanh. Két qua nay phu hgp voi mot so6 nghién ctru trudge do, phai ké dén [21] bao cao rang, bang
viéc st dung bentonite trong xtr Iy dat nhieém chi, pH cua dat tang tir 5,18 1én t61 6,83 sau 2 nam xtr

b

6.5

pH
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ly. Nghién ctru [18] ciing chi ra ring AC duoc bo sung vao dat 6 nhiém ddng, gitp cai thién pH

cua dat tir 2,85 1én 4,2 sau 28 ngdy.

3.2. Anh hudng ciia vit liéu dén tinh rira tréi cia As trong dat

Anh huéng cua B, AC, va
BAC dén kha ning rira troi cia As
dugc danh gia bang 3 quy trinh
tach chiét, bao gém SPLP, TCLP
va HC10,1M. Két qua cho thay As
trong ca 3 quy trinh tach chiét déu
¢6 su khac biét dang ké (p < 0,05)
so voi mau dat déi sanh. Déi véi
quy trinh tach chiét SPLP, dit
duogc xir Iy bang B, AC va BAC ¢6
ham luong As trung binh Ia
0,08+0,001 mg/kg so v6i dat dbi
sanh (CTR) la 0,120,005 mg/kg
(Hinh 4).

Nong do As trong dung dich
tach chiét ting dan 1an luot ddi véi
quy trinh tach chiét TCLP va dung
dich chiét HCI 0,1M. Déi véi quy
trinh tach chiét TCLP, déat dugc
cai tao bang BAC cho hiéu qua

0.12

f
N b ; :
0.00 |
CTR B AC BAC

Céac mau thi nghiém

SPLP (mg/kg)
3

Hinh 4. Ndng do As tach chiét bang quy trinh loc két tia tong
hop (SPLP) trong mdi mau thi nghiém. (CTR: Pit d6i sanh
(khong c6 vat liéu), B: Dét ¢ chira bentonite, AC: Dt c6 chira
than hoat tinh, BAC: DAt c6 chira ca bentonite va than hoat tinh).

cao nhit trong viéc ¢ dinh As trong dat (Hinh 5). Nong do As trong dung dich chiét bang
quy trinh TCLP trong mau dat co chira BAC cho két qua thap nhat v6i ndong d6 ¢ mirc
0,44+0,02 mg/kg, so véi ndng do As trong dung dich chiét tir mau dat dbi sanh 1a 0,9+0,04
mg/kg. Trong khi d6, dat duoc xir Iy bang B va AC cho ciing ham luong As duoc chiét bang
quy trinh TCLP véi ham luong 1an luot 14 0,56+0,03 va 0,53+0,03 mg/kg.

1.0 H

a
| T
0.8
=
<
S 0.6 -
E
e 1
O 04
o
0.2
0.0
CTR

b
b
I I C
B AC BAC

Cac méau thi nghiém

Hinh 5. Nong do As tach chiét bang quy trinh chiét doc tinh (TCLP) trong mdi mau thi nghiém.
(CTR: DAt d6i sanh (khong c6 vat liéu), B: DAt c6 chira bentonite, AC: DAt ¢6 chira than hoat tinh,
BAC: Pét c6 chira ca bentonite va than hoat tinh).

Tuy nhién, bang quy trinh tach chiét véi dung dich HCI 0,1M, dat duoc xur ly bang B
cho thay hiéu qua cb dinh As trong dét cao nhit (Hinh 6). Ham lugng As duoc chiét bang
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dung dich HCI 0,1M trong mau dat c6 chira B thip nhét véi ndng do 3,2+0,12 mg/kg, so véi
dat d6i sanh 1a 5,28+0,26 mg/kg. Tur két qua nay, nghién ctru chi ra ring bang cach ting
cuong do ion ciia dung dich chiét, ndng do As trong tat ca cac thi nghiém xur 1y déu tiang theo
thlr tu céc quy trinh tach chiét 1an luot tir SPLP < TCLP < 0,1M HCI.

6 -

a
b s b
) I I l
0 v .
CTR B AC BAC

Cac mau thi nghiém
Hinh 6. Nong do As tach chiét bang dung dich 0,1M HCI trong mdi mau thi nghiém. (CTR: Dat d6i
sanh (khong c6 vat li¢u), B: DAt ¢ chira bentonite, AC: Dat ¢6 chira than hoat tinh, BAC: Dét ¢
chtra ca bentonite va than hoat tinh).

w S (6]
1 1 1

0.1 M HCI (mg/kg)
N

554  m spLP
® TCLP
A 0.1M HCI o
50
X 45
=
=
(5] 2
«8 40+ 2
«O D
n A
= 35 ™
A
n
30 -
25 T T T
B AC BAC

Céac mau thi nghiém
Hinh 7. Hé s6 ¢6 dinh ciia As bang cac quy trinh tach chiét trong m&i mau thi nghiém. (CTR: Dét
db6i sanh (khong co vat liéu), B: Dt ¢6 chira bentonite, AC: Dt ¢ chira than hoat tinh, BAC: Pét c6
chtra ca bentonite va than hoat tinh).

Hinh 7 cho ta thiy hé s6 ¢ dinh As khac nhau v6i mdi quy trinh tach chiét va mdi miu
dat duoc xtr Iy bang vat liéu khac nhau. Nhin chung, cac vat liéu déu cho thiy kha ning cb
dinh As tuong ddi tot trong cac quy trinh tach chiét khac nhau, trung binh tir 30 - 40%. Dic
biét, dat dugc xir Iy bang BAC cho h¢ s6 cd dinh As cao nhét doi trong quy trinh téch chiét
bang TCLP, lén t61 52%. C6 thé thay rang, viéc ap dung cdc vat liéu nhu B hay AC da gop
phan 1am thay doi vé tinh chat vat Iy va hoa hoc ciia dat, nhu pH. Tir d6 anh hudng truc tiép
dén tinh linh dong ciia As trong dat [22]. Hon thé nita, cac nhém chire ctia B va AC dugc chi
ra trong cac nghién ctru trude day nhu -OH group, Si-O, H-O-H, C=0 doéng vai tro quan
trong trong viéc c¢b dinh As thong qua trao doi cation, hap phu hoic tao phirc nhom chire [23,
24].
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3.3. Anh huwong cua vat liéu dén cac dang {6n tai ciia As trong dat

Két qua cta qué trinh tach chiét tudn tu cho thiy As chil yéu t6n tai trong cac dang vat
chat hitu co va oxit Fe va Mn (Hinh 8). Trong tit ca cdc mau c6 chira vat liéu va mau dbi
sanh, As ton tai trong dang oxit Fe va Mn chiém trung binh 50% vé khdi lugng. Phan trim
As ton tai trong dang oxit Fe va Mn trong mau ddi sanh va mau dit c6 chtra B 1an lugt 1 52,1
va 52,5%; trong khi d6 As trong mau chita BAC cho ti 1¢ thdp nhit v&i 49%. Asen ton tai
trong cac dang hop chét hitu co va dang carbonate trong dat ¢ tat ca cac mau cé chira vt liu
va khong chira vat lidu déu khong c6 su khac biét dang ké, chiém ti 18 trung binh 1an luot 1a
11% va 24%. Tuy nhién, su khac biét thé hién rd nht ¢ dang trao d6i va cac dang bén trong
dat. i voi dang trao ddi, As chiém ti 1é thép nhét 6 0,4% trong mau dét chira BAC, va cao
nhét 12 0,8% trong mau dbi sanh. Nguoc lai, As ton tai trong cac dang bén trong dat chiém ti
1é cao nhét trong mau chita BAC 1 14%, so v&i mau khong chira vat lidu (mau dbi sanh) 1a
12%.

100
4 Il Dang trao dbi
| | Dang carbonate
80 {7Z7] Dang oxit Fe va Mn
] B Dang hop chét hiru co
I Dang con lai
60
= ]
S 40+
5 ]
— 20
le)
o //
o 4
% 1
- 0.8
8 J
S 06
0.4
0.2
0.0 -

CTR B AC BAC
Céac mau thi nghiém

Hinh 8. Cac dang ton tai ctia As trong dat trong m&i mau thi nghiém. (CTR: Dat ddi sanh (khong co
vét liéu), B: Dt c6 chira bentonite, AC: Dt c6 chira than hoat tinh, BAC: Dat c6 chua ca bentonite
va than hoat tinh).

Mic du tong ham lugng As trong dét biéu thi mirc d¢ chung cta 6 nhiém As nhung né
khong cung cip thong tin vé cac dang hoa hoc hodc kha ning di chuyén, ciing nhu tinh sinh
kha dung ctia n6. Trong khi do, tinh sinh kha dung cuia As lién quan dén cac phﬁn dé bi hip
thu (vi du nhu cac dang d& trao d6i va cacbonat) [13]. Két qua cua tach chiét tuan tu As ching
to rang, cac vat li¢u da gop phan chuyén hoa cac dang ton tai clia As trong dat tir dang . dé
trao d6i, sang cac dang ton tai bén hon, khong con linh dong va dé dang thim vao nude ngam
hay hép thu boi thyc vat.

Bang 2 cho théy su so sanh vé muc d6 ¢ dinh As trong dat cua mot sb vat liéu nhu
biochar, carbon foam, hay nanosilica vi vat liéu duoc dung trong nghién ctru ndy. C6 thé
thdy rang ddy 1 nhimng vat liéu hodc 13 c6 ngudn gde hitu co ty nhién nhu: hydroxyapatite -
biochar from rice straw va ferrihydrite - supported animal derived biochar hoic 1 ¢6 nguén
gbc nhan tao nhu: carbon foam va nano-silica voi dic diém chung 1a cho hiéu suit ¢ dinh
As tuong d6i cao. Tuy nhién, day 1a cac vat liéu co gia thanh cao, khong c6 sin, qua trinh
téng hop vat liéu phirc tap. Céc vat lidu duoc dung trong nghién ciru nay tuong dbi re, dé
dang tim thiy trén thi truong. Qua nghién ctru cling cho thay hiéu suat ¢ dinh As 6 muc
tuong ddi, dic biét 1a dbi vé6i vat lieu BAC. bay la Kkét qua day hira hen cho viée ¢b dinh As
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trong dat thong qua viéc giam tinh linh dong ctia As bang viéc st dung cac vat lidu gia ré, co
san, trong d6 viéc két hop hai hay nhiéu vat li€u c6 thé s€ dem lai hi¢u qua cao.

Biéng 2. So sanh kha ning c6 dinh As trong dét ciia mot s6 vat liéu.

U Tilé ap Hiéu suit . oK Tai liéu tham
Vatlieu dung ¢6 dinh Loai dat khio
Hydroxyapatite - biochar from rice 1% 28% bat gan khu cong [25]
straw nghiép
Ferrihydrite - t imal deri .
bfor;;d“ e - supported animal derived 3% 40% Khu vire luyén kim [26]
Goethite-based carbon foam 20% 80% Khu vyc luyén kim [27]
Mercapto propyltrimethoxysilane- and LA "
L - 3% 80% bat h 28
ferrous sulfate-modified nano-silica ° ° al nong ngfiep [2¢]
. Dét nong nghiép gan .
B 2% % i h
entonite (] 38% khu mo bo hoang Nghién ctru nay
B DPit néng nghiép gén A
Than h h 2% 42% h
an hoat tin (1 0 khu mé bo hoang Nghién clru nay
. Dit nd hiép ga .
Bentonite + Than hoat tinh 2% 52% at NONg nEWIEP 84 \ohian et nay
khu mé bd hoang

4. Két luén

Nghién ctru ¢4 chi ra tiém nang cua B, AC, ciing nhu vat liéu tong hop cta ching (BAC)
trong viéc c¢6 dinh As trong dat bi 6 nhiém. Sy két hop giita bentonite va than hoat tinh (BAC)
nhu mdt phuong phap xu ly day hira hen, tang cuong dang ke kha ning c6 dinh As trong dét
va chuyén cac dang ton tai ciia As trong dat sang cac dang ton tai khac co trang thai it linh
hoat hon.

Nhitng phat hién ndy gép phan cé gia tri trong viéc tim phuong an hiru hiéu cho qua trinh
xir Iy dét bi 6 nhiém As ciing nhu cac kim loai nang khac mot cach bén vimg, nham giam
thiéu 6 nhiém, bao vé moi truong, va bao vé strc khde con ngudi.

Tuy nhién, bén canh tinh hiu qua cua viéc ap dung cac vat liu d6i voi qua trinh cb dinh
As trong dét thi cling can xem xét dén khia canh anh huong cta né dbi voi chat luong dat, hé
sinh thai dt nhu vi sinh vét, thuc vat. bay cling 14 han ché cua nghién clru, can dugc bd sung
trong cac nghién ctru sau.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.Q.T.; Lua chon phuong phap nghién
ctru: N.Q.T’.; Thyc hién thi nghiém: N.H.Q.; Phan tich mau: N.H.Q.; Xt 1y s0 liéu: N.Q.T.,
N.T.H.; Viét ban thao bai bao: N.Q.T.; Chinh stra bai bao: N.T.H., N.Q.T.

L(‘)’i, cam on: Nghién cﬁq nay dqu tai trg bo1 Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quoc gia Ha Noi trong dé tai ma s6 TN.23.14.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Abstract: The study compared the effects of three materials: bentonite, activated carbon,
and their combination with an application rate of 2% on Arsenic (As) immobilization in
contaminated soil. The As immobilization efficiency in soil was evaluated by the following
methods: i) Synthetic Precipitation Leaching Procedure (SPLP), Toxicity Characteristic
Leaching Procedure (TCLP), and extracted with 0.1M HCI solution to evaluate As leaching
behaviour; and ii) Sequential Extraction to evaluate the fractions of As in soil. The results
showed that the presence of materials help increase soil pH, and change the mobility of As
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in soil. The As immobilization efficiency increased up to 52% in soil treated with
combination of bentonite and activated carbon (BAC). The results also showed that As in
exchangeable form were transformed into the immobile fraction in soil, especially for BAC
treated soil. The study indicates that the combination of materials is highly effective in
remediating contaminated soil, so further research needed to evaluate its effectiveness not
only against As but also against other heavy metals and consider its impact on soil health.

Keywords: Arsenic; Bentonite; Activated carbon; Heavy metal immobilization in soil.
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Tém tit: Trong nghién ciru ndy, mo hinh khi hau khu vuc RegCM4 (RCM) duge st dung
dé mo phong truong gio tir d6 xac dinh nang luong gio tiém ning cho khu vuc Bién Pong
trong giai doan 20 nam (2000-2019). Truong vén tdc gié dugc md phong tir mé hinh RCM
khi so sanh véi sd liéu tai phan tich ERAS st dung dir liéu quan tric gi6 tur 13 tram khi
tuong hai vin ven bién va dao cua Viét Nam ciing nhu 10 tram do gi6 myc cao 80 m. Két
qua khi so sanh v6i dir liéu quan tric 816 cho thdy RCM mé phong tét va pht hop hon so
vé6i str dung s6 liéu tir ERAS. Phan bd khong gian cua két qua tinh toan nang luong gio tur
mo hinh RCM ciing c6 sy tuong dong so voi dit liéu duge cong bd trong “Béo cao tiém
ning ning luong gio, song ngoai khoi tai cac viing bién Viét Nam” cua Bo Tai nguyén va
Moi truong va bao cdo cua Ngéan hang thé giéi nam 2009. Mic du, nghién ctru van con co6
mot s6 han ché tuy nhién, két qua ctia nghién ciru ciing 1a ngudn thong tin s dung tham
khao tbt trong viéc quy hoach va xdy dung cac du an dién gi6 trén bién.

Tir khéa: Ning lugng gié; Bién Pong; Viét Nam; RegCM4.

1. Mé dau

Nang lugng tai tao (NLTT) dang dugc xem la giai phap thay thé tiém nang cho nhimng
ngudn ning luong hoa thach dang dan can kiét do tic dong cua bién d6i khi hau trén toan cau
[1]. Cac giai phap sir dung ning luong tai tao s& gitp giam thiéu khi thai gay 6 nhidm moi
truong, giam su phu thugc vao nang luong hoa thach va gop phan quan trong trong viéc
chuyén d6i sang mot hé théng nang luong sach, giam thiéu tac dong ti€u cuc dén moi tuong
va stre khoe con nguoi. Trong bbi canh xa hoi cang phat trlen thi vai tro cua nang luong tai
tao lai cang dugc thé hién rd, viéc dam bao ngudn cung cip ning lugng tai tao bén viing va
6n dinh dang 13 muc tiéu quan trong ctia toan nhan loai [2].

Céc ngudn niang luong tai tao bao gdm nang lugng sinh hoc, thuy dién, nhiét dia cau,
nang lugng mdt troi, nang luong giod, nang lugng song va nang lugng thuy triéu. Plng trudc
bai toan 16n vé ning luong cua the gi61 va khung hoang dién nang, nang luong gié dugc xem
12 mot trong nhirng giai phap tiém nang dap Gmg nhu cau mot cach bén virng [3]. Nang luong
gi6 dang la mét trong nhiing hinh thirc nang luong tai tao phd bién nhat vi mot trong nhiing
diém manh 1a tinh sach s& va khong gay khi thai. Mot trong nhirng uu diém khac cla nang
luong gid 1a kha ndng tai tao va tlem nang con rat 16n. Bleu nay giup dam bao rang nang
luong gi6 c6 thé st dung trong subt thoi gian dai ma khong can lo ngai vé can kiét nguon tai
nguyén. Tuy nhién, viéc xac dinh tiém ning gié cling rit quan trong, boi d6 14 nén tang gitp
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cac nha hoach dinh chinh sach va hd tro nha diu tu dua ra cac quyét dinh dau tu va phat trién
cac dy an nang lugng gio.

Hién nay, trén thé gidi xac dinh tiém ning ning luong gi6 noi riéng va ning lugng tai
tao ndi chung van luén 13 cha dé 16n dugc cac nha khoa hoc va cac nha quan ly quan tam.
Theo bao cao cua Uy ban Lién chinh phu vé Bién d6i Khi hau (IPCC) [4], cho dén nam 2050,
80% nguon cung cap ning lugng ca thé gidi co thé dén tir cac ngudn ning luong tai tao va
ning luong gi6 s& déng vai trd tao dién vao nim 2050. Cung vdi sy phét trién nhanh chong
cua cong nghé, cac du an nang lugng gié ngoai khoi da tré thanh mét xu huong nghién ctru
tiém nang tai nhidu qudc gia [5] Tai Tay Ban Nha cling nhu mot s6 nudc Chau Au nhu Pan
Mach, Ha Lan, Thuy Dién..., viéc san xuat nang luong gié ngoai khoi da trai qua sy tang
truong dang ké trong 5 nim VO’l cong suat lap dit Ién t61 gan 8000 MW, tuy nhién sy phat
trién cia cong nghe nay dang bi han ché v6i mot sé dic diém vé dia hinh xd hoi cling nhu
thiéu sy 6n dinh vé moi truong nham dam bao dau tu [6]. Tai Nhat Ban, tiém nang nang
lugng gi6 tai bo bién khu vuc Kanto dugc ude tinh dua trén cac tiéu chi kinh té va x3 hoi
thong qua H¢ théng thong tin dia 1y (GIS) [7]. Néu khong xem xét bat ky yéu t6 kinh té hodc
x3 hoi ndo, tong tiém ning ning luong gio doc bo bién khu vuc nay s€ dat 287 TWh/nam.

Viét Nam 1a mot trong nhitng qudc gia dugc biét dén co tiém nang l6n trong vi€c phat
trién nang luong gio6. Khong chi doc dudng bo bién trai dai tir Bic xuéng Nam ma ngay ca
cac vung d6i ndi, thung liing, va khu vuc ngoai khoi déu 13 nhitng noi c6 kha ning xem xét
viéc khai thac nang luong gi6 hiéu qua. Viét Nam cting da va dang co rat nhiéu nhiing nghién
ctru vé mat ki thuat dé phat trién nang lugng gi6. Trong bao cao “Tiém niang ning luong gio,
song ngoai khoi tai cac vung blen Viét Nam” [8] ctia b0 Tai nguyén va Moi truong cong b
thang 3 nam 2022 nhén dinh rang cac khu vuc c¢6 kha ning khai thac nang luong gio t6t nhat
0 nudc ta la khu vuc Binh Dinh, Ninh Thuan, Binh Thuén dén Ca Mau va mét phan ving
bién trung tdm Vinh Bic B. Bao cao trén da sir dung s6 liéu tai phan tich tai d6 cao 100 m
dé tinh toan, két qua cho thay tiém ning nang luong gi6 ¢ mirc t6t dén rét tot tai mot sé khu
vuc bién Ninh Thuan dén Ba Ria - Viing Tau voi téc do trung binh tir 8-10 m/s va mat do
nang luong trung binh pho bién tir 600 dén 700 W/m?. Ngoai ra, phé duyét Quy hoach phat
trién dién luc qubc gia thoi ky 2021-2030, tim nhin dén 2050, gol tat 1a Quy hoach dién VIII
(PDP8) [9] duoc Thu tuéng Chinh phu phé duyét theo Quyét dinh 500/QB-TTg ngay
15/5/2023 cling dé cung cép nhiéu thong tin vé kha ning phat trién dién gié tai Viét Nam,
bao gom dién gi6 khu vuc dat lién va dién gi6 ngoai khoi theo timg giai doan cho dén nam
2045. Trong do6 tai khu vyc dién gid trén bo va gan bo, tong quy mo tiém nang dién gio kha
16n khoang 217 GW va chii yéu Ia tiém niang g10 thap (4,5-5,5 m/s) khoang 163 GW. Chi phi
dau tu dién gi6 trong twong lai ¢6 xu huéng giam dan, dt trong bbi canh giai doan 2045,
mic du nhiéu nhan dinh cho rang chi c6 khu vuc tlem nang gio cao (trén 6 m/s) va gio tiém
nang gié trung binh (5,5-6 m/s) mdi c6 hiéu qua vé mat kinh té tuy nhién tong nang luong
gi6 tiém ning cua hai khu vyuc nay tai ving trén bo va gan bo Viét Nam twong ddi thip (lan
luot 1 24 GW va 30 GW) va tap chung chu yéu tai Tay Nam B¢, Tay Nguyén va Nam Trung
B6. Trong khi d6 dién gioé ngoai khoi tai Viét Nam c6 tong tlem nang k¥ thuat khoang 160
GW va khu vuc ¢6 tiém ning gi6 cao va tlem luc kinh té tot ndm & phia Nam Trung B6 (Binh
Thuan, Ninh Thuén, Khanh Hoa) véi téng tiém ning khoang 80 GW voi toc do gio trén 7-9
m/s, ngoai ra, khu vire con lai ¢ Tra Vinh, Ha Tinh va Quang Ninh c6 toc do gio thap hon (6-
7 m/s). Bén canh do, dy thao nay cting dua ra mot s6 giai phap nham tang cuong phat trién
dién gio tai Viét Nam, nhu chii trong dau tu vao cac co s ha tang, phét trién cac dy 4n dién
gi6 quy mo 1on, tang cuong nang luc ky thuat va tang cuong quan ly, giam sat cac hoat dong
dién gio.

Nhin chung, cac nghién ciru vé tiém nang dién gié di cung cap nhirng thong tin co6 gia
tri vé hién trang nang lugng gi6 tai Viét Nam cling nhur dua ra nhén dinh vé cac khu vuc tlem
nang dé phat trién. Bén canh do, nham phuc vu cho viée tlep can dé hon céc thong tin vé tiém
niang nang luong gio d6i voi cac bén lién quan, tap ban d6 (Atlas) gié va nang lugng gié duoc
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coi la mdt cong cu hd tro hiru ich va dem lai hiéu qua. Sang kién vé bo atlas ning luong gio6
dau tién trén thé 1a cua Cong dong Chau Au dugc xdy dung tir nhimg nam gitra thé ky XX.
Ngoai ra, tai mot sé nude phat trién nhu My, Chéau Au, Trung Quoc cac bd atlas vé nang
luong gid dé dugc xay dung tir nhimg nam cudi cua thé ki XX. O khu vuc Chéu A, atlas nang
luong gi6 da dugc nhiéu nudc trong khu vyc xay dung va phat trién nhu Nhat Ban, Han
Quéc, Trung Quéc. Pic biét, trong du 4n danh gia tai nguyén ning luong gié do Ngan hang
thé gigi (WB) tai trg, cong ty TrueWind cua Hoa Ky (2021) [10] d4 x4y dung tap atlas ning
luong gio cho khu vuc Déng Nam A trong d6 c6 Viét Nam. Tuy vay bo atlas nay moi chi
thé hién nhiing tiém nang chung vé ning lugng gié ma chua xem xét t6i cac yéu t6 vé dia
hinh, phan loai st dung dat... dé x4c dinh cu thé khu vyc co kha nang xay dung cac nha may
dién gié. Va dung truge nhirng bai toan dat ra vé nang luong gio ddi vai sy phat trién ning
lugng tai Viét Nam, can thiét co cach xay dung mot bo dir licu chuan va danh gia nham khai
thac va phat trién hiéu qua tiém ning ning luong gid trong tuong lai, nhat 1a khu vuc ven
bién va ngoai khoi.

2. Khu vue, ngudn so liéu va phwong phap nghién ciru

2.1. Khu vuc nghién ciru

Nghién clru ndy tap trung cha yéu vao khu vuc Bién béng, nhit 13 khu vuc ven bo va
ngoai khoi nham muc tiéu xay dung va danh gia mét bo co s6 tlem nang nang luong gioé ven
bo. Bién Dong la vung bién 16n thir tu trén thé £161, noi co tuyén hang hai nhon nhip dung
thir hai thé gidi, nam gitta lyc dia Béng Nam A va chudi cac dao tir Pai Loan & phia béc,
Philipine & phia Péng dén Borneo ¢ phia nam, 1a phan ria phia tdy cta vanh dai Thai Binh
Duong. Theo phuong Bic - Nam, Bién Pong trai dai tir vi do 25° xubéng dén vi do 5° Bic va
tir kinh d¢ 100° dén 120° kinh d6 Dong. Bién Dong nam tron trong khu vuc nhiét déi bac
ban cau, 1a vanh dai nhan dugc luong birc xa mat troi truc tiép nhiéu nhét so v&i cac vanh dai
khac. Bién Pong c6 ché d6 khi hau mang tinh chat gi¢ mua nhiét d¢i hai duong va dugc chia
thanh hai khu vuc khi hau phia bic va phia nam cing véi nhiéu dic diém riéng khong giéng
véi ddc diém khi hau trén dét lién.

Bén canh d6, bién Pong ciing 1 khu vuc ¢6 tiém ning niang lugng gi6 bién 16n. Tai khu
vyc tir Binh Thuan dén Ca Mau, khoang cach tir bo ra dén 300 km 14 noi c6 toc do gio dat tur
7-11 m/s, ciing 12 noi tiém ning ning luong gio rat lon. Ngoai ra trén ban dd phan b tiém
nang gio trung binh ¢ do cao 100 m cho thiy trén Bién Pong, ving kéo dai doc hudng bong
Bic - Ty Nam tir eo bién Dai Loan t&i ving bién khu vuc Péng Nam Bo nudc ta c6 tiém
ning ning luong kha cao, hang nam dat 600-800 W/m2. Con phén tich theo do sau, dia hinh
va toc do gi6 trung binh nim dya vao chudi s6 liéu 10 nam gf?ln day, khu vuc bién ven bo
Viét Nam duoc phan chia thanh 5 khu vuc nhu sau: Quang Ninh - Quéang Tri (bién thoai,
néng, mat do niang lugng gi6 vira); Quang Binh - Quang Ngii (Bién thoai, hep, mat d¢ ning
lwong gi6 thap); Binh Dinh - Ninh Thuan (bién ndng hep, mat do ning luong gi6 thap); Binh
Thuan - Miii Ca Mau (bién thoai, nong, mat do ning luong gi6 cao); Mui Ca Mau - Kién
Giang (bién nong, mat 4o nang lugng gi6 vira). Dya trén mét s6 dac diém co ban vé khu vuc
Blen Pong tai Viét Nam, c6 thé thay day 1a khu vuc c6 tiém ning phat trién ning luong gio
rat 16n cho dat nudc [11].

2.2 86 liéu nghién ciru

Trong nghién ctru ndy, nang luong gié duoc tinh toan sir dung két qua md phong trudng
gi6 tir m6 hinh khi hau khu vuc RegCM4 (RCM) [12], str dung cac diéu kién bién va diéu
kién ban dau tir dir lidu tai phan tich toan cau ERAS nhim mo phong truong gio cho giai
doan 20 nam tir ndm 2000 dén hét nam 2019. Do muc tiéu xdy dung ban dd phan bd gié ngoai
khoi khu vuc Bién bong, cac bién gi6 myc bé mit 10 m va muc cao 80 m tir két qua mo hinh
RCM cung voéi sb liéu tai phan tich ERAS s& dugc danh gia v6i sb lidu quan tric trong tng.
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Sau d6, dya trén cac két qua danh gia, tdc do gi6 tai myc 100 m s€ dugc str dung lam dau vao
xay dung nén ban d6 nang luong gi6 tiém nang cho khu vuc bién Dong.

2.2.1. S6 liéu quan tric gid

Trong nghién ctru nay st dung hai bo dir liéu gio quan tric gom: (1) S6 liéu quan tric
gi6 cuc dai ngay (Vmax) tai 13 tram khi tuong ven bién dugc sir dung dé so sanh, danh gia
kha niang mé phong ctia mé hinh & muec thip. Pay déu 1a cac tram khi tuong ven bién hoic &
dao, do gi6 ¢ dd cao ti€u chudn myuc 10 m, do vay anh hudng cua dia hinh hodc cac cong
trinh xdy dung, vat can 1a khong dang ké so véi cac tram khi twong ndm sau trong dat lién.
S6 liéu Vmax hang ngay thu thap dugc ¢6 tir nim 1961 dén nay, tuy nhién nghién ctru nay chi
sir dung dir liéu trong 20 nam, giai doan 2000-2019. Vi tri cua 13 tram dugc thé hién trén
bang 1 va dugc danh dau bang cham tron mau xanh trén hinh 1; (2) S6 liéu tir 10 tram quan
tric gio tai cac cot do gid tang cao tai myc dg cao 80 m thu thap tur go1 thau “Po gi6 phuc vu
xdy dung quy hoach dién gi6 va cac du an dién gi6” thudc khuon kho dy 4n “Xay dung khung
phéap 1y va hd tro ky thuat cho két ndi lu6i dién va phat trién dién gi6 ¢ Viét Nam”. Chuong
trinh duogc tai trg boi Bo Mai trudong, Bao ton Thién nhién va An toan Hat nhan Lién bang
(BMU), Cong hoa Lién bang Pitrc do Deutsche Gesellschaft International Zusammenarbeit
(GIZ) [13] va B4 Cong Thuong (MolT) Viét Nam phéi hop thyc hién. Muyc tiéu cua chuong
trinh 1a ho tro chinh quyén dia phuong trién khai quy hoach dién glo tai cc tinh, dong thoi
hd trg cac nha phat trién tu nhan trong cac du an dién gio. S6 lidu gi6 tir du an GIZ c6 trong
giai doan nam 2012-2017, tiy thudc vao ting diém do véi tin suat mdi 10 phut. Thong tin
vé cac tram do duoc thé hién trén bang 1, vi tri cac diém do duoc danh dau bang dudng chim
do6 trén hinh 1.

Bang 1. Danh sach va théng tin cac tram do gié myc 10 m (13 tram) va 80 m (10 tram).

Tén Tram . - Tén Tram

STT (Miwe 10 m) Kinh P9 ViDbj STT (Mre 80. m) Kinh D9 Vibo
1 Bach Long Vi 107,717 20,133 1 An Ninh Dong 10,973 106,332
2 CoTo 107,767 20,983 2 ba Loan 11,562 108,391
3 Vinh 105,700 18,667 3 Ea Drang 13,206 108,205
4 Dong Hoéi 106,600 17,483 4 Ea Phé 12,758 108,344
5 Ky Anh 106,283 18,083 5 Hai Ninh 17,358 106,721
6 Da Nang 108,200 16,033 6 la Dér 13,984 108,256
7 Quy Nhon 109,217 13,767 7 Kon Dong 14,045 108,256
8 Phan Thiét 108,100 10,933 8 My Thanh 14,177 109,190
9 Viing Tau 107,083 10,367 9 Thanh Hai 11,580 109,128
10 Cén Pao 106,600 8,683 10 Xuén Hoa 13,508 109,273
11 Truong Sa 111,917 8,650
12 Phu Quy 108,933 10,517

13 Phii Qudc 103,967 10,217
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Hinh 1. Vi tri do gié muc 10 m tai cac tram khi tugng (mau xanh) va cac tram do gié muc cao 80 m (mau do).

2.2.2. S6 lidu tai phan tich ERAS

ERAS 14 s liéu tai phan tich thé hé tha 5 cia Trung tim Dy bao han vira Chau Au
(ECMWF). bay la bo sO liéu toan ciu c6 do phan gidi cao va duogc sir dung phd bién nhat
trong cong dong hién nay, voi d¢ phan giai ngang 1a 0,25 x 0,25 d¢ kinh vi, ¢6 tir nam 1979
cho dén nay. ERAS ¢6 s0 liéu v6i do phan giai thoi gian cao nhét 1a timg gio dugc tinh toan
va noi suy tir két qua t6 hop mo hinh do phan giai thoi gian 3 gio va phuong ngang 0,5 do
kinh vi [14]. K§ thuat déng hoa 4D-Var duoc sir dung véi hé thong IFS (Integrated
Forecasting System) [15] dé tao ra ERAS.

2.3 Phuong phdp nghién cuu

2.3.1. M0 hinh RCM

Trong nghién ctru nay phién ban thtr tu cia mo hinh khi hau khu vuc RegCM dugc sur
dung. RCM [16] sir dung dit liéu dia hinh nhu d6 cao, sir dung dat, bé mit bién,...ciling nhu
cac diéu kién ban dau va diéu kién bién. RCM c6 thé chay véi diéu kién bién tir cac mo hinh
khi hau toan cau GCM (Global climate model) [17]. Trong nghién ctru ndy, s6 liéu tai phan
tich ERAS dugc sir dung lam diéu kién bién va diéu kién ban dau cho mo hinh RCM [18].
So v6i cac phién ban trude, phién ban RCM thé hé thtr tuw dugc cai tién hon, bao gdm: mot
s6 so dd tham s hoa méi nhu so dd qua trinh dat bé mat CML, so d6 16p bién hanh tinh UW,
16p bién Holtslag, so d6 chuyén ddi phat xa va mot s6 cau hinh mai linh hoat va dé ap dung
hon véi cac trinh bién dich khac nhau [19].

Trong nghién ciru ndy, RCM duoc chay véi d6 phan gidi 1a 10 km, sir dung so do tham
s6 hoa d6i Ivu Kain-Fritsch, so d6 16p bién hanh tinh UW, so dd am SUBEX. Pay 1a bo ciu
hinh phui hop nhat cho mé phong hoan luu khi quyén cho khu vuc Pong Nam A ciing nhur
Bién Pong Viét Nam [12]. San pham truong gié kinh hudng va vi hudng dau ra timg gio
dugc str dung dé so sanh tryc tiép véi quan trac ciing nhu lam du vao tinh toan ning luong
gi6 tiém nang.
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Hinh 2. Mién tinh va ban db dia hinh cho mé hinh RCM mé phong trudng gid.

2.3.2. Phuong phap tinh toan nang lugng tir trudong gio

bé danh gia tiém nang nang lugng gio tai mot do cao nao do6 cua khu vuec, can phai biét
gié tri toc do gi6 & do cao d6. Tuy nhién, cac tram khi tuong tiéu chuan hién nay do gi6 ¢
muc 10 m, cac tram do gi6 & dd cao 16n nhu cac tram quan tric cao khong khong nhleu nén
dé xac dinh déc trung gi6 ¢ do cao lon phai tinh toan mét cach gian tiép dua vao toc do gio
quan tric duoc tir cic tram khi twong bé mit bang mot ham phan b gi6 theo do cao.

Phén b gi6 theo do cao & tung khu vue, ting thoi dlem cu thé phu thu¢c khong chi vao
do go ghé clia mat dém ma ca tang két nhiét cua khi quyén va mot s6 yéu td khac. Hién - nay,
phan 16n cac nghién ctru trén thé gi6i cling nhu & Viét Nam déu sir dung quy luat loga dé uéc
luong gian tiép phan bd gid theo d6 cao. Céc nghién ctru cho thay str dung ham phan b loga
mic dii don gian nhung phu hop véi tinh toan toc do gié trong khi quyén tir mat dén dén do
cao khoang 150 m. Vi véy, nghién ctru nay lua chon ham loga dé tinh toan thong qua mot
cong cu chuyén ddi trong m6 hinh RCM: V& mat ly thuyét, khi biét toc do gi6 V1 & do cao
Z1 ¢6 thé tinh duogc toe do gié V2 ¢ do cao Z theo cong thirc sau [20]:

Vz _ In(z/20)
Vi In(z1/70) 1)
: In(z/20)

Suyra: V, =V, m ‘ ’

Trong d6 V; 1a toc d6 gioé ¢ do cao can tinh Z (vi du tai 100 m, 150 m), V1 1a toc d6 gio
quan tric bé mit, Zo 1a d6 gd ghé ciia mat dém, mirc Z1 1a do cao cua thiét bi do gié (Z1 = 10
m).

Do d6 cao can tinh thuong 16n hon d6 cao do gié mat dat (Z > Z1) nén V; >V hay tde
do gi6 tang theo dd cao. Ngoai ra, mirc do tang 1én cua tdc do €16 theo do cao phu thudc vao
do gé ghé cua mat dém (Zo). Khi do g6 ghé cua mat dém cang 16n thi tde do gi6 ¢ do cao can
tinh (V) cang tang nhanh.

2.3.3. Phuong phap u6c lugng ning lugng gié qua mat do khong khi va toe do gio

Mat d6 ning lugng gi6 trung binh E (W/m?) tai mot noi trong thoi gian T nao d6 (niam,
mua, thang ...) dugc tinh theo cong thirc:
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E__p 21 1V (2)

Trong d6 p 1a mat d6 khong khi duoc gia dinh 1a hing s6 1,225 kg/m®, v; 1a toe d6 gid
ttrc thoi (m/s), N 1a dung luong mau.

Nhu vy, ning luong gié tiém ning 1a dai lugng dugce tinh toan tir toe d6 gid tuyét ddi
ma khong xem xét dén hudng gio, do vay, dic trung vé tbe do gio 1a co s& dé danh gia tiém
nang cuia gio trén lanh tho.

3. Két qua va thao ludn

3.1. Bdnh gid kha ndng mé phong téc dé gioé cuwe dai ngay

Két qua so sanh gia tri mo phong téc do gio cuc dai ngay (Vmax) trung binh cuia RCM va
ERAS so v6i tram quan trac tai 13 tram khi tugng ven bién duoc the hién trén biéu d6 hinh
3a. Mot diém can chd ¥ y khi cac tram dugc lya chon déu 14 cac tram nam tai khu vuc ven bién,
tdc do giod it chiu anh hudng boi dia hinh hon so voi cac tram khac. Biéu d6 trén so sanh do
gia tri trung binh cia 20 ndm (2000-2019) cia bd dir liéu tai phan tich ERAS va dir liéu mo
hinh khi hau khu vuc RCM trich xuit va so véi dit liéu quan tric tai diém tram (Obs). Két
qua cho théy, tde do gi6 cuc dai ngay trung binh & cac tram phia Nam 16n hon phia Bic,
ngoai trir tai hai tram dao Bach Long Vi va C6 T vdi trung binh dao dong tir 9,1 dén 9,7
m/s. Trong khi d6 céc tram doc khu vuc bién mién Trung tr Vinh dén Quy Nhon ¢6 toe do
gi6 cuc dai ngay trung binh khong qua 16n, pho bién trong khoang tir 5,9 dén 7,4 m/s. O khu
vuc Phan Thiét tré vao khu vuc bién phia Nam, tde do 216 cuc dai ngay trung binh kh4 16n,
pho bién trong khoang 8,2 dén 10,4 m/s. Phan 16n day déu la nhitng tram dao, it bi anh huong
boi dia hinh va c6 mat thoang cua bién, do vay cuong do gio 6n dinh va thuong 16n hon so
v0i cac tram ven bién ¢ dat lién. RCM mo phong tbc do gio6 cuc dai ngdy trung binh tét, va
nam bat dugc sy bién thién giita cac tram, bao gém ca cac tram dao va cac tram ven bién.
Trong khi d6, ERAS ¢4 xu huéng thién thip hon so v&i quan tric, dic biét tai mot s6 tram
nhu Vinh, Phan Thlet Viing Tau. Nhu vy c¢6 thé thiy RCM c6 thé mo phong gia tri gi6 cuc
dai trung binh t6t hon so voi ERAS, dic biét 1a ¢ cac tram ven bién.
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Hinh 3. So sanh cac chi s théng ké van tc gié Vmax trung binh (a) va sai s6 MAE (b) va RMSE (c)
cia RCM va ERAS so véi gié tri quan trac tai 13 tram khi twong.

Biéu dd so sanh sai sb trung binh tuyét d6i (MAE) va sai s6 quan phuong (RMSE) cua
van tdc gié cuc dai trung binh ngdy tir hai ngudn dit liéu tai phan tich ERAS va dit liéu xay
dung tir m6 hinh RCM so véi gié tri quan tric tai 13 tram khi tuong ven bién dugc thé hién
trén hinh 3b va 3c. Két qua cho thdy hau hét cac gia trj sai s6 cia RCM thip hon so véi sai
s tir dir lidu tai phan tich ERAS5. Su khéc biét ctia sai s6 trung binh tuyét di cta dir lidu tai
phan tich ERA5 16n nhat so v6i dir liéu tir mé hinh RCM tai tram Phan Thiét khoang 2 m/s.
Tai mot sd it tram nhu tram Pha Quy, dit liéu RCM c¢6 chénh 1éch sai $6 trung binh tuyét dbi
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cao hon két qua dir litu ERA5 khoang 0,1 m/s hay tram Ddng Héi cao hon x4p xi 0,5 m/s.
Ngoai ra, biéu d6 ciing thong ké sai s trung binh tuyét ddi 16n nhit MAE cua dit liéu tai
phan tich ERAS5 nam tai tram Truong Sa vé6i xap xi 3,5 m/s, trong khi d6 sai s6 nho nhat cua
dir liéu mo hinh RCM ndm tai tram Con Dao véi xap xi 1 m/s.

Phan 16n két qua sai s6 quan phuong ghi nhan cac gia tri Vmax tir dir liéu ERAS cao hon
so va&i cac gia tri dugc xay dung tir mo hinh RCM, dac bi¢t chénh 1éch 16n nhét tai cdc tram
Phan Thiét, Viing Tau, Truong Sa tir 4-4,5 m/s. Tuy nhién ciing c6 mot s6 tram cé sai s6
quan phuong Vmax tir dit liéu mo hinh RCM 16n hon dir li€u tai phan tich ERAS nhu cac tram
DPong Hai, Pa Nang chénh 1éch xap xi 3 m/s, tram Pha Quy, Cén Dao chénh léch tir 0,1-0,5
m/s. Ngoai ra, co thé thay trong biéu dd, sai s6 Vmax 16n nhat tir dit liéu tai phan tich ERAS
nam tai tram Truong Sa la xap xi 8,5 m/s va sai s6 nho nhét tir dix liéu m6 hinh RCM ¢ tai
tram Quy Nhon x4p xi 2,5 m/s.

3.2. Pdanh gid kha niang mé phong téc do gio trung binh muwe 80 m

Biéu d6 so sanh do chinh xé4c cta van tdc gi6 trung binh (Vi) trong hai bo dir licu tai
phén tich ERAS5 va dit liéu xay dyng tir mo hinh RCM véi dit liéu quan triac Obs ciia 10 tram
do myc cao thudc du an GIZ dugc thé hién trén hinh 4. C6 thé thiy, ¢ su khac biét giita két
qua toc gi6 trung binh tir dir liu tai phéan tich ERAS va m6 hinh RCM vdi dit liéu quan trac.
Mot s6 tram co két qua dit liéu van toc gio trung binh ERAS thip hon dang ké so voi dir liu
quan trac nhu tram An Ninh Dong, thip hon xap xi 2 m/s; tram Pa Loan thap hon xap xi 1,5
m/s; tram laDer, Kon Dong thép hon Xép xi 1 m/s,...Bén canh do, cling c6 mdt s6 tram dir
liéu tir RCM 16n hon dit liéu quan triac nhu cac tram: Pa Loan cao hon xap xi 3 m/s; tram
[aDer, Kon Dong cao hon xép xi 2 m/s; tram Hai Ning cao hon Xép xi 1,5 m/s, tram My
Thanh cao hon Xép xi 1 m/s. Ngoai ra, tai mot s6 tram nhu EaDrang, tram Xuan Hoa, tram
Thanh Hai, két qua van tdc gi6 trung binh tir ca hai ngudn dir lieu ERA5 va RCM déu ghi
nhan c6 sai s6 nho khi so voi két qua quan tric. Co thé thdy, so véi sb liéu quan tric, hau hét
cac két qua véan tdc gio trung binh tir mé hinh RCM déu c6 do chénh 1éch it hon két qua cia
dir liéu ERAS.
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Hinh 4. So sanh cac chi s6 théng ké van téc gi6 trung binh (Vi) (a), sai s6 MAE (b) va sai s6 RMSE
(c) cia RCM va ERAS véi quan tric tai 10 tram do gié muc cao 80 m.

Sai s6 Vi clia RCM déu thip hon ERAS tir 0,5-1 m/s, déc biét tai tram An Ninh Dong,
chénh 1éch 1én t6i xp xi 2m/s. Bén canh dé ciing c6 mot s6 tram c6 sai so Vi tir dir 1iéu mo
hinh RCM cao hon so véi dit liéu ERAS nhu tram EaDrang cao hon Xap xi 0,3 m/s, tram
Xuan Hoa cao hon 0,1 m/s. Ngoai ra, trong biéu do ciing thay, sai s6 trung binh tuyét dbi
MAE 16n nhét cua dit liéu tai phan tich ERAS & tram An Ninh Déng v6i xap xi 3,5 m/s, trong
khi d6 sai s& nho nhét cua dit 1iéu mo6 hinh RCM tai tram EaPhe véi Xép xi 0,75 m/s. Su
chénh 1éch déng ké giira sai s6 quan phuong RMSE cuia hai bo dir liéu tai phan tich ERAS va
dit liéu mé hinh RCM duoc thé hién trén biéu do hinh 4c. Véi sai sb quan phuong, tai tram
An Ninh DBong, dir liéu ERAS c6 sai s6 16n nhét, xép xi 5 m/s va c6 su chénh 1&ch 16n nhit
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so voi dir liéu mo hinh RCM (xz‘ip xi 2 m/s). Pa sb tai cac tram, két qua sai s6 tir dit liéu tai
phan tich ERA5 déu 16n hon dit liéu mé hinh RCM. Tuy nhién bén canh d6, tai mot s6 tram
nhu EaDrang, Xuan Hoa, dit li¢u ttr m6 hinh RCM c6 sai s6 16n hon dit liéu tai phan tich
ERAS véi chénh 1éch nho tir 0,1-0,5 m/s. Ngoai ra, sai s6 ciia mé hinh RCM nhé nhét & tai
tram EaPhe voi x4p xi 1,5 m/s.

Nhu vy, tiy thudc tram két qua mo phong RCM va ERAS lai cho sai s6 v6i quan tric
1a khac nhau, do d6, dé danh gia duoc toan dién kha ning st dung két qua mé phong gio tir
mo hinh RCM so véi sir dung truc tiép dir liéu tai phan tich ERAS, biéu d6 Taylor dugc sir
dung voi tap dir liéu duge ndi suy ve€ 13 tram do gi6 10 m (hinh tam giac) va 10 tram do gié
muyc cao 80 m (hinh vuodng). Cac diém thong tin vé tram va diém do da duoc cung cap chi
tiét trong bang 1 va hinh 1. Két qua so sanh ting cip gitta RCM va ERA5 cho thdy trong ca
2 truong hgp RCM déu cho két qua mo phong gié t6t hon dang ké so véi ERAS. Do léch
chuan cta ERAS trong ca 2 truong hop so sanh gi6 tai muc 10 m va 80 m déu nho hon so
v0i gid tri quan trac. ‘Trong khi do s dung RCM v61 d6 phén giéi cao hon da nam bét dugc
tinh bién dong cua s6 liéu gio6 tot hon trong ca 2 trudong hop véi hé sd twong quan cao hon va
d6 léch chuan xap xi so voi gia tri quan trac Ngoai ra, két qua dénh gia ciing cho thdy ERA5
va RCM cho m6 phong gié trung binh t6t hon so voi gid Vimax (hinh vudng t6t hon hinh tam
giéc tai Hinh 5). Diéu nay c6 thé 1y giai do cach mé phong lién tuc hoa trudng gid tir mo hinh
chua thé hién hét duoc cac nhiu dong ngau nhién trong khi quyén. Do vy, két qua mo phong
chua thé ndm bt chinh x4c duoc cac gia tri gi6 cuc dai.

Ti 1& d6 léch chudn

yy - !
° 0.25 o5 0.75 ‘ .25 K]
Ti 1é d6 léch chudn

Hinh 5. Biéu d6 Taylor so sanh s6 liéu gié md phong tir mé hinh RCM (mau xanh) va ERA5 (mau
do) voi s ligu quan trac, Hinh tam giéc tinh cho tap gia tri gié Vimax muc 10 m, con hinh vuéng tinh
toan cho tap gia tri gio6 trung binh muc 80 m.

Ttr phan tich cac chi sb théng ké ciing nhu phan tich tir biéu dd Taylor cho thay mic du
chua mé phong duoc hoan toan chinh xéac téc d6 gid trung binh va téc do gio cuc dai ngay
tai tit ca cac diém do, tuy nhién RCM cho thay d6 chinh xé4c cao hon trong cé hai truong hop
tai muc 10 m va myuc do cao 80 m so v6i sb liéu ERAS. Do d6 v6i muc tiéu st dung mdt bd
s licu toc do gio xay dung ban d6 tiém ning ning luong gié c6 dd phan giai cao, nghién ctru
nay d& xuat sir dung két qua md phong tir mé hinh RCM.

3.3. Phdn tich danh gid tiém ndng ning lrong gié

Téc d6 gio md phong tir md hinh RCM duoc sir dung dé tinh toan tiém ning luong gio
stt dung phuong phap nhu d dugc trinh bay trong muc 3.2.3. Vé quy mé mua, tiém ning
nang luong gi6 trén toan Bién Dong & d cao 100 m 16n nhét vao thang 1 va thip nhat vao
thang 4 (Hinh 6), day ciing 1a két qua c6 su trong dong khi so sanh véi két qua danh gia tiém
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nang nang lugng gi6 dugc cong b trong “Bdo cdo tiém ning ning lwong gio, song ngoai
khdi tai cac ving bién Viét Nam” [8] cia BO TM&MT. Tuy nhién so véi két qua dugc cong
bd cua BO TM&MT, céc gia tri dwgc md phong boi mé hinh RCM ¢é xu hudng thién cao
hon. Cu thé vao théng 1, nang luong gid trén toan Bién Pong duoc md phong boi RCM c6
mat d6 nang lugng gié trung binh tir 600-1800 W/m?, trong khi két qua dugc cong b trong
“B&0 CA0 tiem ndng nang lwong gio, séng ngodi khm tai cdc viing bién Viét Nam” 1a 300-
1300 W/m?, bén canh d6, ciing trong bao c4o ndy, mat do ning luong gi6 trung binh vao
thang 4 duoc cong bd tir dudi 100-500 W/m? va thién thap hon so véi két qua mo phong
trong thang 4 cia md hinh RCM 1a dudi 200-600 W/m?. O cac ving bién phia Bic (Vinh Bic
B9, Quang Tri - Quéng Ngai va Bic Bién Pong), mat d6 niang luong gic’) 16n nhét trong cac
thang 1, 7 v6i cac gia tri lan lugt 1a 300-600 W/m? va 800-1200 W/m?, thap nhat trong cic
thang 4, 10 v6i gia tri 1an lugt dudi 650 W/m? va dudi 750 W/m?. Tuong tu tai cac Vung bién
ven bd phia Nam (Binh Dinh tré vao, Giita va Nam Bién Pong), mat d6 niang luong gid 16n
nhét trong céc thang chinh dong va thap hon trong cac thang chinh h¢, mat do ning lugng
gi6 trung binh cac thang 1, 4, 7, 10 lan luot 1a: tir 1200-1800 W/m?; 300-600 W/m?; 400-
1200 W/m? va 400-600 W/m?,

Thang 1 Thang 4
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Hinh 6. Ban db niang lwong gio tai 6 cao 100 m tir md hinh RCM cac théang chinh mua (thang 1, 4,7 10).
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Két qua tinh todn ning lugng gid trung binh nim tai d6 cao 100 m ctia mod hinh RCM
v6i d6 phan giai 10 km duogc thé hién trén hinh 7, so sanh két qua tinh nay véi tiém ning
ning luong gié cua WB cho thiy: Phan bd khong gian tiém nang ning luong gi6 su dung md
phong RCM kha tuong ddng véi két qua cua WB, v€ co ban cac vung ven bién c6 tiém ning
nang luong gio 16n nhét 14 Béc vinh Bic BO, Ninh Thuén dén Ba Ria - Viing Tau, trong do6
dang chu ¥ nhat 13 ving bién Ninh Thuén - Binh Thuan. Tuy nhién vé mit trj s6, két qua mo
phong bang RCM thién cao hon tai mot sb vi tri so voi WB. Trong két qua cong bd mdi nhat
ctia WB (2021), khu vuc Binh Thuan c6 mat dd ning luong gié trung binh tir 400-500W/m?
thi két qua tinh toan sir dung RCM lai c6 mat d6 ning luong gio6 trung binh trén 1000 W/m?,
Bén canh do, tai phia Bic vinh Bic B, mat do nang luong gio6 tinh toan tr mo6 hinh RCM
trung binh tir 500-750 W/m?, trong khi theo két qua cong bd ciia WB, tai khu vuc nay chi tir
300-500 W/m?.

I'RUNG Q10
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TP. Hii Phong

Quiin 51:‘0 Hoing Sa
(Da Niing - Viét Nam)

o
)

Quin dio Truimg Sa
(Khanh Hoa - Viét Nam)

0S°00E 1100°E 1 00E 1T00'E
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Hinh 7. Ban d6 niang luong gid trung binh nam tai d6 cao 80 m tir md hinh RCM.

4. Két luan va kién nghi

Trong nghién ctru nay di sir dung mo hinh khi hau khu vyuc RCM dé mé phong trudng
gi6 trén khu vuc Bién Pong cho giai doan 20 nam, tir 2000 dén 2019. Két qua mé phong
duoc so sanh véi s lidu tai phan tich ERAS va dit li¢u quan tric tai 13 tram khi tuong muyc
tiéu chuan 10 m ciing nhu dit liéu gio6 tai d6 cao 80 m tir du 4n do gié cua GIZ. Trudng gid
mod phong boi RCM sau d6 duoc st dung dé tinh toan ning luong gié tiém ning cho khu vuc
Bién Pong tai nhiéu myc d6 cao, trong d6 két qua tai myc 100 m dwgc phan tich va so sanh
v6i mot s6 dit lidu tuong tw. Mot sb két qua chinh ciia nghién ctru dugc tom tit nhu sau: (1)
Téc d6 gié mo phong boi RCM c6 do chinh xac cao hon véi sai s6 MAE va RMSE déu nho
hon so véi sai s tir ERAS & phén 16n cac tram, ca & muc 10 m va myuc 80 m. Khi so sanh
turong quan va do 1éch chuin, mo phong tir RCM ciing thé hién t6t hon dang ké so véi ERAS.
(2) C6 sy tuong dong vé phan bd khong gian ning lugng gio trén Bién Pong gitta két qua sir
dung trudng gié tir mo hinh RCM véi dit liéu tir “Bdo cdo tiém nang néing lwong gio, song
ngoai khai tai cdac vung bién Viét Nam” [8] cuia B6 TM&MT cling nhu dir liéu tr “Global
Wind Atlas ” tai tro boi WB. Vé mit gié tri, nang luong gid tinh toan tir mo phong trudng gio
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b6i RCM nhin chung thién cao hon so v&i két qua trong “Bdo cdo tiém ning ndng leong gio,
séng ngoai khdi tai cdc vimg bién Viét Nam” ciia BO TM&MT.

Mic du vay, nghién ctru ndy van t6n tai mot s6 han ché nhu: (1) Cac tinh toan tir tbe do
g10 sang nang luong gi6 moi chi sir dung cong thic ly thuyét ma chwa xét dén nhing gia thiét
nhu anh hudng chi tiét mat dém va tuong tac vdi cac cong trinh...; (2) S6 lidu de so sanh,
danh gia con thiéu va chu yéu & khu vuc dat lién, ven bién. Tuy Van con mot s ton tai nhu
da dé cap ¢ trén, song két qua ctia nghién ctru ndy ciing 13 mot ngudn tham khao ddi voi phat
trién quy hoach va xay dung du an dién gi6 trén bién trong twong lai.

bong gop cua tac gia: Xay dung y tuong nghién ciru: T.T.L., N.V.H.; Lya chon phuong
phap nghién cuu: P.D.H.B., N.V.H., P.Q.N.; Xt Iy s0 liéu: N.V.H., P.Q.N., N.B.T.; Viét ban
thao bai bao: N.V.H., T.T.L.; Chinh stra bai bdo: T.T.L.

Loi cam on: Nghién clru nay dugc tai trg boi Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quoc gia Ha Noi trong dé tai ma so TN.22.17.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
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Assessment of wind energy potential for renewable energy
development in the East Sea, Vietnam
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Abstract: In this study, the Regional Climate Model version 4 (RCM) is used to simulate
the wind field, allowing for the determination of potential wind energy in the Vietnam East
Sea region during the 20-year period (2000-2019). The wind speed is simulated using the
RCM, then compared with the reanalysis data (ERA5) using wind observations at 13 coastal
and island meteorological stations, at 10 meters and 10 wind measurement stations at 80
meters. The comparison between RCM simulation and ERAS to wind speed observation
shows that the RCM model performs well and is more suitable than using ERAS data. The
spatial distribution of calculated wind energy results from the RCM also exhibits similarities
to the data published in the “Potential Wind Energy and Offshore Wave Reports over
Vietnam Coastal Areas” by the Ministry of Natural Resources and Environment and the
World Bank’s 2009 report. However, the study still has limitations, such as the use of
theoretical formulas and not considering boundary layer effects. Nevertheless, the study's
results provide valuable reference information for offshore wind energy project planning
and development.

Keywords: Wind Energy; Vietnam East Sea; RegCM4.
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Tém tit: Trong nghién ciru nay, thuat toan ting cuong do dbc cap cao XGBoost (Extreme
Gradient Boosting, sau day goi 1a mo hinh XGBoost) duoc ung dung dé xay dung cong cu
du bao nudc dang do bao tai Hon Dau. M6 hinh XGBoost dugc xay dung vdi 4 phuong an
str dung dir liéu khac nhau (04 md hinh): mé hinh XGBoost don bién, mé hinh XGBoost da
bién I, md hinh XGBoost da bién II va mé hinh XGBoost sir dung dir li¢u chéo. Bo dir liéu
trong 28 con bio anh huong t&i tram Hon Dau giai doan 2002-2021 dugc thu thap dé xay
dung cdc md hinh va kiém dinh két qua du bao. Két qua thtr nghiém mo hinh XGBoost du
bao nudc dang do bio cho thidy, mo hinh XGBoos don bién cho dd tin cdy thap & tat ca cac
thoi han du bao. Trong khi d6, hai md hinh XGBoos da bién va mé hinh sir dung dit liéu
chéo déu cho két qua tin cdy cao, voi phan 16n hé sd twong quan giita du bao va quan tric
déu trén 80%. Két qua cua nghién ctru lam co s¢ lya chon cong cu du bdo nude dang do bao
tai HON DAu tuy thudc vao hién trang sd liéu quan trac khi twong, hai vin.

Tw khéa: Dy bao nude dang do bao; XGBoost; Machine Learning; Al.

1. Mé& dau

Thong thuong, cic md hinh sé nhw POM [1-2], ROMS [3-4], ADCIRC [5-6], SUNAT
[7—10], Delft3D [11-12] duoc sir dung dé du bao nude dang do bio c6 do tin cdy cao do sur
dung cac phuong trinh vat 1y chinh xac, nhung thudng di kém voi d6 13 can tai nguyén tinh
toan 1on, thoi gian van hanh kha dang ké. Vi vu diém 1a linh hoat va manh mé, c6 kha nang
xéc dinh cac mdi quan hé phre tap trong dung luong 16n dit liéu dau vao nén tri tué nhan tao
(Al: Artificial Intelligence) s& phu hop khi 4p dung dé trién khai hoc méay chuyén sau, phan
tich dir liéu da yéu t6 nhanh va chinh x4c. Du b&o nudc dang do bao theo hudng sir dung
phuong phap hoc may da dugc nhiéu nha khoa hoc trén thé giGi nghién ciru va phat trién
manh m@ trong thoi gian gan ddy. Mang no-ron nhan tao (ANN: Artificial Neural Networks)
da duogc st dung phd bién trong du bao do cao nude dang do bao [13-19]. Vi nguyén ly két
hop cac m6 hinh hoc tép c6 sai sO cao thanh mot cdy hoc tdp manh hon theo kiéu tuan tu
nham muyc dich xir 1y bai toan hoc may ¢ giam sat voi do tin cay cao ma mo hinh XGBoost
dugc tmg dung nhiéu trong du bao lién quan dén linh vyc khi tugng thay van, quan 1y rii ro
thién tai, trong d6 cé du bao nudc dang do béo.

Trong nghién ctru [20-21] da ung dung md hinh hoc mdy XGBoost dé du bao do cao
nude dang 16n nhat cho mot sé khu vuc ven bién Hoa Ky, két qua nghién ctru cho thdy mo
hinh XGBoost dy bdo nudc dang bao c¢6 do tin cay twong dwong md hinh ADCIRC. Nghién
ctru [22] str dung mé hinh XGBoost dy bao nudc dang do bdo khu vuc Phic Kién va Quang

Tap chi Khi twong Thiy van 2023, 756, 83-94; doi:10.36335/VNJHM.2023(756).83-94  http://tapchikttv.vn


mailto:ngocpkchibo@gmail.com

Tap chi Khi twong Thity van 2023, 756, 83-94; doi:10.36335/VNJHM.2023(756).83-94 84

Pong, Trung Qudc cho thdy mé hinh XGBoost du bao t6t hon so véi mé hinh BPNN
(Backpropagation Neural Network) va SVR (Support Vector Regression). Nghién ctru [23]
sir dung bon md hinh XGBoost, MLR (Multiple Linear Regression), SVR, RF (Rondom
Forest) dé du tinh séng leo trén bai bién doc cho thay mo hinh XGBoost ¢6 hiéu suit du bao
vuot trdi so voi ba mo hinh con lai 1a MLR, SVR va RF. Nhom nghién ctru [24] da st dung
md hinh GN-VSIDM 1a sy két hop ctia mé hinh GN (Gaussian Noise) v6i mé hinh VSIDM
(Diffusion Model based on the Vibrating String) va mé hinh XGBoost dé udc tinh thiét hai
do nuéc dang bio cho thdy mé hinh t6 hop GN-VSIDM-XGBoost 1a mé hinh uéc tinh thiét
hai do nuéc dang bao t6i wu. Chi s6 RMSE va R? danh gia m6 hinh GN -VSIDM- XGBoost
lan luot 12 0,1089 va 0,8292. Nghién ctru [25] da str dung m6 hinh XGBoost dé du bao muc
nude ngam tai Selangor, Malaysia cho thay rang mé hinh XGBoost ¢ két qua du béo tot hon
so voi mo hinh ANN va SVR.

Vi¢t Nam 1a khu vuc thuong xuyén chiu anh huoéng cua ATND, bao va tac dong kém
theo la nudc dang do bao. Do vay, du bdo chinh xac do cao va thoi diém xuét hién nude dang
do bio 14 rat quan trong nhdm giam thiéu rii ro do nude dang bio dén co so ha tang va thiét
hai vé ngudi. Cong nghé du bao nudc dang do bio bang mé hinh sé hién tai dang phat trién
rat manh, c6 thé noi chung 1a gan dén gidi han vé thuat toan mo hinh. Uu diém cta mé hinh
s6 dy bao nuée dang do bio di duoc khiang dinh nhung dé dy béo chi tiét thi mo hinh sé doi
hoi ngudn tai nguyén tinh toan 16n, diéu nay 1am cho viéc nghién ctru ap dung m6 hinh sO bi
giéi han khi can du bao chi tiét trén pham vi khong gian rong. Pé khic phuc cac van dé Ve
tai nguyén tinh toan khi du bao bang mé hinh s ciing nhu sy han ché vé sb liéu quan tric
muc nudc tai cac tram khi twong hai van ven bién hién nay tai Viét Nam thi nghién ctru va
xay dung mé hinh hoc may du bao nudc dang do bao 1a hudng tiép can hop ly. Trong nghién
ctru nay, nghién s dung mo hinh XGBoost véi cac dir liéu quan trac khac nhau dé du bao
d6 cao nudc dang do bio tai Hon Dau, day 1a tram c6 sd liéu quan trac cac yéu té khi tuong,
hai vin day du va dai nhit so voi cac tram khi tugng hai van trén khac ca nudc. Cac gia tri
du bao ctia md hinh sau d6 s& dugc so sanh véi cac gia tri thuc do dé danh gia k¥ ning cua
mo hinh XGBoost trong nghiép vu du bao nudc dang do bdo. Tinh médi ctia nghién clru nay

2. SO liéu va phwong phap nghién ciru

2.1. 86 liéu phuc vu xdy ding md hinh XGBoost
Bo dit liu dau vao dé xay ]
dung mo6 hinh XGBoost du bao ! |
nuéc dang tai Hon Dau gém gié, o :
khi ap, muc nude quan tric tai tram ‘
Hon Dau, Hon Ngu, Son Tra, cac R
tham s bdo trong cac con bdo anh PPas
huong tryc tiép dén tram Hon Dau |7 “Sert ol
gdm vi tri tam bo, khi 4p tai tim =
bdo, van tbc gio cuc dai, va hudng T , ‘
di chuyén tai cac bude thoi gian 06 AR W s e =
gid. BO dit liéu quan tric va cac . \
tham s6 bdo trong 20 nim gan day O s _
(2002-2021) dugc thu thap, bao RS
gdm 28 con bdo c6 kha ning giy AN
nudc dang tai Hon Dau. Quy dao
cac con bao dugc thu thap thé hién
trén hinh 1. Trong do6, 80% dir li¢u
danh cho huin luyén mé hinh
(training) va 20% di liéu dung dé kiém dinh mé hinh (testing). Di liéu trong 02 con bio

o o

Hinh 1. Quy dao cac con béo trong 20 nam (2002 2021) Véi sb
liéu duoc sir dung xay dung md hinh du bao nudc dang tai tram
Hon Dau.
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Wautip (nidm 2013) va Doksuri (2017) duogc st dung dé kiém dinh mé hinh, day 1 2 con béo
manh, gay nudc ding 16n dang ké (16n hon 0,5m) tai Hon Dau. B6 dit liéu trong thoi gian 02
con bdo ndy anh hudng s& khong tham gia vao huan luyén mé hinh dé dam bao tinh khach
quan.

Mo hinh XGBoost dugc thiét ké dy bao nude dang do bio tai Hon Dau véi 04 phuong
an nhu trén bang 1. Cac siéu tham s6 chinh dé thyc hién hiéu chinh mé hinh XGBoost trong
qué trinh huan luyén gém: learning_rate, max_depth, 11 _reg, 12_reg, subsample, gamma,
min_child_weight, n_estimators va early_stopping. Pham vi diéu chinh bo siéu tham s6 nay
duoc thé hién trong bang 2. Pé diéu chinh b siéu tham sd nay, nghién curu lya chon thu vién
Optunn nham hd tro ty dong diéu chinh tham sé moé hinh dé mo hinh c6 thé dat dugc hiéu
nang tt nhat, két qua thé hién trong bang 3.

Bang 1. Thiét Iap md hinh XGBoost cho tram Hon Déu.

TT M6 hinh Tham s6 diu vao Tham s6 dv bio

1 M0 hinh XGBoost don bién SL tai Hon Dau ss

M6 hinh XGBoost da bién I LG, LT, CAP, MWS, MV, HWS tai Hon
2 n : ss

( 06 bién) Déu
, Mohinh XGBoostdabiénll  SL, OWS, OP, LG, LT, CAP, MWS, o

(09 bién) MV, HWS tai Hon Dau

= _ . SL (Hon Dau) OWS, OP (Hon Ngu va

4 Mo hinh XGBoost dit liéu “g ' 1) G LT, CAP, MWS, MV, ss

chéo (13 bién) HWS

Trong d6 SS 1a d6 cao nudc dang du bao tai tram; SL 12 myuc nudc quan tric tai tram;
OWS la van tdc gié quan trac tai tram; OP |a &p suat quan tric tai tram; CAP la khi &p tai tim
bdo; MWS Ia van téc gid cuc dai trong bdo; LG 14 kinh d6 (tdm bdo); LT 1a vi do (tim bao);
MV 1a téc d6 di chuyén cua bao; HWS la hudng di chuyén cia bio.

Bang 2. Pham vi diéu chinh cac siéu tham sé caa md hinh XGBoost.

Siéu tham s6 Pham vi diéu chinh Siéu tham sb Pham vi diéu chinh
learning_rate [0.00001 + 0.50] gamma [1e-8 + 1.0]
max_depth [1+20] min_child_weight [1e-8 + 1.0]
11 reg [0.00001 + 10.0] n_estimators [10 +1000]
12_reg [0.00001 + 10.0] early_stopping 20
subsample [0.0 +1.0]

Bang 3. Bo c4c siéu tham s6 t6i uu cua md hinh XGBoost tai Hon Dau.

Sidu tham sé M6 hinh M6 hinh M6 hinh St dung chéo
don bién da bién I da bién II dir liéu
learning_rate 0,5 0,4 0,43 0,49
max_depth 18 19 14 16
11_reg 2,2e-05 4,6e-05 0,4 0,53
12_reg 4,15 0,32 0,37 2,2e-03
subsample 0,94 0,88 0,91 0,98
gamma 0,00015 0,05 3,99e-05 3,2e-04
min_child_weight 0,00048 0,3e-06 2,36e-06 2,3e-04
n_estimators 644 756 666 558

early_stopping 20 20 20 20
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2.2. M6 hinh XGBoost

Mo hinh XGBoost str dung thudt toan tang cuong do dbc cap cao, 1a sy mo rong cua
thuét toan Gradient Tree Boosting (GTB) duoc d& xuét boi Friedman [26]. Nguyén 1y co ban
duoc sir dung trong mé hinh XGBoost 1a viéc két hop cac cdy m6 hinh hoc tap c6 do sai sd
cao thanh mdt cdy mo hinh hoc tdp manh hon theo kiéu tudn tu, nghia la dao tao cdc mo hinh
moéi tot hon tir viée két hop cac mé hinh yéu trude d6 dé bu dip cac thiéu sot trong cac mod
hinh trude, véi so d6 trén hinh 2.

Tap huan luyén X |

Cay 1 (X) Lc}iy 2(X) | o Ciy n— 1(X) Cay n (X)

\Y
b\‘ N &
& £ =

£,X) [ 600 | = [ X £,X)

> £,(X)
Hinh 2. So db thuat toan cia mé hinh XGBoost.

M6 hinh XGBoost nham muc dich xir 1y bai toan hoc may c6 giam sat cho do tin cdy
cao. V6i phuong phap hoc mdy chuyén sau thong thuong chi nhén nguén vao la dang tho,
khi d6 phai quy ddi sang n-vector trong khoang tréng sb thuc thi XGBoost nhan nguén dir
liéu dau vao 1a dang bang voi moi kich ¢& dir liéu va dang tai liéu gdm c6 ca phan loai.
XGBoost ¢6 toc dd hudn luyén nhanh do cd thé tinh toan song song khi st dung tat ca cac 13i
CPU trong qua trinh dao tao. XGBoost la sy m¢ rong cia thuét toan GTB tuy nhién kém theo
do 1a nhimg cai tién dé t6i wu thuat toan, bo nhd dém cua cau tric dit lidu, su két hop t6i vu
giita phan mem va phan cimg nén c6 kha nang img dung voi bo dir liéu 1on. Thu vién cua
XGBoost trién khai thuat toan cy quyét dinh ting cuong do déc. Tang cuong do ddc 1a mot
cach tlep can trong d6 cac mo hinh méi dugc tao ra dé dy doan phan du hodc sai sot cia cac
mé hinh trude do6 roi cong lai véi nhau dé dua ra du doan cudi cung. XGBoost dugc goi 1a
d6 déc tang cuong vi nd st dung thuat toan giam d6 doc dé giam thiéu ton that khi thém méi
cac md hinh. Cach tiép can nay hd tro ca cac van dé vé mo hinh dy doan héi quy va phan
loai.

Ly thuyét cia thuat toan nhu sau, gia st rang ching ta c6 mot tap huan luyén c6 N mau:

o X= {Xl, Xz, X3,... Xn,} (1)

Vi thong so dau ra x4c dinh 1a:

Y ={Y1, Yz Ys,... Yn,} 2

Nhu vay trong thuat toan XGBoost, tai vong lap dau tién mot cdy hoc tap bat ky duoc
tao ra va udc lugng cac gia tri dau ra fi(X). Cac thong s6 wéc luong nay s& co sai khac véi
gi4 tri chinh x4c y mot luong gia tri dugc goi 1a phan du. Phan du co thé hiéu 1a biéu thi cho
sy sai s6 ciia mo hinh. Mudn mé hinh hoc tap tot thi chung ta phai giam gia tri phan du nay
di. Pé thuc hién diéu nay, cay hoc tap thir 2 s& duoc thiét 1ap dé ude luong cac gia tri cua
phan du d6 (khong phai 1a gia tri y). Tuong ty nhu trén, khi wdc luong phan du G1(X), cay
hoc tap thir 2 s€ udc lugng duoc gid tri f2(X) tao ra phan du G2(X). Pé uéc luong phan du
G2(X), ta lai tiép tuc tao ra cay hoc tap thtr 3. Qua trinh lap ctr tiép tuc nhu vay. Cubi cung
thi gié tri wéc lugng s& 1a Yfn(X). Pé nang cao hiéu suat lam viéc ciia mo hinh XGBoost,
ham mat mat s& duoc thém vao va c6 dang sau:

JE)=L(E)+Q(E) @)
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Trong d6 céc tham s6 ciia mé hinh duogc huin luyén ky hi¢u 1a £, L 1a ham mat mat; Q
1a thanh phan duoc thém vao thuong dugc goi 1a regularization nham danh gia mirc do phirc
tap ctia md hinh. Viéc thém vao thanh phan regularization gitp 1am hai hoa cac tham s6 thu
duogc cia mo hinh hoc may va tranh hi¢n tugng mo hinh tré 1€n qua khop (overfitting). Theo
kinh nghiém, viéc st dung ham muc tiéu dugc chuén hoa nhu trong cong thirc (3) s€ giup mo
hinh duoc lya chon ¢6 xu hudng st dung cac ham don gian va co thé du doan. M6 hinh cang
don gian s& cho phép tranh hién twrong qua khdp cang tot. Do dya vao mé hinh hoc tap dang
cdy, gia tri u6c doan cudi cing sé la:

, Yl =T, £y (X)) (4)
Ham mat mat ¢ vong lap thtr t c6 dang:
=S L0y + 5 Q) (5)
Gia tri u6c lwong dau ra yi & vong lip thir t, yf duoc tinh nhu sau:
y0 = Ty fa (X)) = v+ XD (6)
Gia tri regularization Q(fn) co6 thé stir dung cong thirc sau d€ xac dinh:
1
Qo =y + TuT, WP (7)

Trong d6 y 1a d6 phuc tap cua cac la trong cay quyét dinh; T 1a s6 1a trong cay quyét
dinh; u 1a hé $6 phong dai ham phat; W 1a véc to diém sd cho céc 1a. Khi d6 phan tich bac 2
Taylor s& dugc st dung trong ham mét mat & thuat todan XGBoost thay thé cho phan tich bac
nhat duge st dung trong thudt toan GTB.

Gia thiét rang ham tdi wu cho qué trinh hoc tap 1a ham MSE, khi d6 ham muc tiéu s&
duoc viét thanh:

0 =3n, [gl its (h ())]+Y +- YZT1W2 8)

Trong cong thic (8), cac hang sé da duoc 10a1 bo q() 1a ham so dung dé gan dix liéu cho

1a twong mg; gi va h la dao ham bac nhat va bac hai ciia ham mét mat MSE. Ham mat mat

duoc xac dinh bang tong clia cac gia tri mat mat cho ting mau do mdi mau chi twong ung

v6i 01 14 cho nén ham mat mat co thé dugc xac dinh bang tong cac gia tri mat mat ciia timg
la. Do d6, cong thire (8) dugc viét lai nhu sau:

19O 2 S [(Sigy ) Wi + 5 (Big; i +v) W2 = S [6W; +3 (g + V)W 47 9)
Khi d6, bai toan toi wu cia ham mat mat c6 thé chuyén thanh bai toan tim gia tri nho
nhit ciia ham bac 2. Néi cach khac, sau khi phén chia mét nat nhét dinh trong céy ra quyet
dinh, sy thay doi hiéu suat ciia mo hinh c6 thé danh gia dya trén ham mat mét. Néu hi¢u suat

ctia md hinh dugc cai thién sau khi thuc hién sy phan chia nlit ndy, su phan chia d6 sé dugc
chap nhan, ngugc lai viéc tach nit sé dung lai.

2.3. Phuong phap danh gia du bao
- Sai s6 quan phuong trung binh (Root Mean Square Error - RMSE):

RMSE = %i(lﬁ -0 )2 (10)

i=1
- Hé s twong quan Pearson (1):

r= i=1(0i_o)(Fi_F) (11)

[EL.(0-0)2(F -2
Trong d6 N 13 d6 dai chudi s6 liéu, F; va 0; 1a cac bién trong tap dit liéu Gmg voi gia tri
du bdo va quan tric & thoi diém i, F 1a gid tri dy bao trung binh cta chudi F, O 14 gié trj quan
trac trung binh cua chudi O.
Mo hinh XGBoost du duge xay dyng dya trén dir liéu dang chudi thoi gian tuan ty va
lién tuc, do d6 can phai dugc xir 1y cac gia tri muc nude bi khuyét thiéu. Dé 1ap day cac gia
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tri khuyét thiéu vé muyc nudc tai tram, trong nghién ctru ndy st dung phuong phap nodi suy
tuyén tinh.

3. Két qua va thio luin

3.1. M6 hinh XGBoost don bién

Péi voi mo hinh don bién (chi st dung s6 liéu quan tric muc nudc tai tram), dién bién
d6 cao nudc dang tinh toan va thuc do tai Hon DAu trong bio Duksuri (9/2014) thé hién trén
hinh 3 cho thiy sai s6 du bao 16n & tat ca cac thoi han du bao, 06, 12, 18 va 24 gid, voi hé s6
trong quan R Va sai s6 binh phuong trung binh RMSE, tuong tng la 0,67 (39,3 cm), 0,19
(43,1 cm), 0,19 (43,8 cm) va -0,09 (49,8 cm). Két qua du bao dbi voi bio Wutip (9/2013)
cling c6 sai s6 16n & tat ca cac thoi han du bao (Hinh 4). Nhu vy, cO thé thay trrong hgp mo
hinh XGBoost don bién chi sir dung d6 cao muc nudc quan tric tram dé du bao nude dang
cho thoi han 06, 12, 18 va 24 gi¢ s€ khong cho két qua tin cdy, do boi voi chi d§ cao muc
nude quan tric khong phan anh duoc xu thé nude dang ma con can nhiing yéu té tuong quan

khéc.
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Hinh 3. So sanh d6 cao nudc dang du bao bang mé hinh XGBoost don bién va quan trac trong bao
Duksuri (9/2017) tai Hon Dau tai cac thoi han du bao: (a) 6 gio, (b) 12 gid, (c) 18 gio, (d) 24 gio.
; Storm Surge - XGBOOST
80 - -
— Drtio CC = 0.37 RMSE = 20.66
- — Quan tric
g & 125
4]
~ 100
zg =
=
&l o x
: g w0 =
@y - x
ﬁ — ”‘x
g 25 =
o &
.O 0
Z‘..'.‘ 0
. . -25
Thot gian di bao (b)
=0 - =50

—50 -25 0 25 50 75 100 125
Dy bao (cm)

] 0 40 L L

Hinh 4. So sanh d6 16n nudc dang du bao bang mo hinh XGBoost don bién va quan trac tai Hon Dau
trong bdo Wutip (9/2013) thoi han 6 gio: (a) Dién bién d6 cao nudc dang; (b) Biéu do phan tan nudce
dang do béo.
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3.2. Mé hinh XGBoost da bién I

Déi v6i mé hinh XGBoost da bién |, trong trudng hop ngoai sé liéu quan tric muc nudce
tai tram HOn DAu, cac tham sb bao (kinh d6 va vi d6 tdm bao; khi ap tai tim bio; van toc gio
cuc dai; toc d6 di chuyén; hudng di chuyén). Biéu d6 so sanh d6 16n nuwéc dang du bao va
quan tric tai HOn DAu trong bdo Duksuri (9/2014) véi cac han du bao 06, 12, 18 va 24 gid
trén hinh 5 cho thay két qua du bao do 16n nude dang da duoc cai thién. Hé s twong quan R
(va chi s6 RMSE) trong trudng hop nay voi thoi han dy béo 06, 12, 18 va 24 gio, twong ng
120,88 (27,0 cm), 0,88 (26,7 cm), 0,93 (24,5 cm) va 0,86 (28,6 cm).
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Hinh 5. So sanh d6 cao nudc dang du bao bang mé hinh XGBoost da bién I va quan tric trong bio
Duksuri (9/2017) tai Hon Dau theo cac thoi han dy bao: (a) 6 gio, (b) 12 gio, (¢) 18 gio, (d) 24 gio.
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Hinh 6. So sanh d9 cao nudc dang du bao bang mo hinh XGBoost da bién II va quan tric trong bdo
Duksuri (9/2017) tai Hon Dau theo cac thoi han dy bao, (a) 6 gio, (b) 12 gio, (c) 18 gio, (d) 24 gio.
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3.3. M6 hinh XGBoost da bién II

Déi v6i md hinh
XGBoost da bién |,
ngoai cac tham sd duogc
st dung & md hinh
XGBoost da bién I, d3 st
dung thém sé liéu quan
tric tai tram, gé)m murc
nudc quan tréc, van tde
gi6 va khi ap. Két qua du
bdo va so sanh v4i quan
tric cho cac han dyu bao
06, 12, 18 va 24 gio thé
hi¢n trén hinh 6, biéu d6
phan tan thé hién trén
hinh 7. So sanh két qua
du bao v6i md hinh
XGBoost da bién 1, sai sb
du béo tai thoi han 06 gio
la twrong duong, thoi han
12 va 18 gid ¢6 sai s6 nho
hon, v&i hé s tuong
quan va RMSE tuong
ung 1a 0,92 (26, 7 cm) va
0,94 (22 cm). Tuy nhién,
sai s6 du bao thoi han 24

gio 16n hon két qua cia mo
hinh XGBoost da bién I véi
R =0,79 va RMSE = 30,14.

Storm Surge - XGBOOST
CC = 0.88 RMSE = 26.59
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CC = 0.92 RMSE = 26,65
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Hinh 7. Biéu dd phan tan giita d6 16n nude dang du bao bang mé hinh
XGBoost da bién II va quan trac tai Hon Dau trong bao Duksuri
(9/2017) thoi han: 6 gio (a), 12 gio (b), 18 gio (c) va 24 gio (d).

Trong khi do, voi truong hop bao Wutip (9/2013), két qua so sanh giira du bao va quan trac
d6 16n nude dang tai HOn Dau trén hinh 8 cho thay mo hinh ¢6 d tin cdy cao ca ¢ thoi han

06 va 24 gio.
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Hinh 8. So sanh d6 16n nudc dang du bao bang md hinh XGBoost da bién II va quan tric tai Hon
Dau trong bio Wutip (9/2013) thoi han 24 gio: (a) Dién bién d6 cao nudc dang, (b) Biéu dd phan tan

nudc dang do bao.

3.4. M6 hinh XGBoost su dung s6 liéu chéo

M6 hinh XGBoost str dung s6 liéu chéo, bao gém muc nudc quan tric tai HOn DAu, van
toc gio, khi 4p quan trac tai tram Hon Ngu va Son Tra va céc tham so bao nhu trudong hop



Tap chi Khi twong Thiiy van 2023, 756, 83-94; doi:10.36335/VNIJHM.2023(756).83-94 91

Mb hinh XGBoost don bién I va II. Két qua dw bao do cao nuéc dang thoi han 24 giv véi
bao Duksiri (9/2017) va Wutip (9/2013) thé hién trén hinh 9 va 10 tuwong tmg. C6 thé thay
rang v6i md hinh st dung s6 liéu chéo c6 do tin cdy v6i thoi han du bao 24 gid cao, sai sd
RMSE chi khoang tir 1-3 cm.

Storm Surge - XGBOOST
CC = 1.00 RMSE = 3.46
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Hinh 9. So sanh d6 16n nude dang du bao béng M5 hinh XGBoost dit liéu chéo va quan tric tai Hon
Déu trong bdo Duksuri (9/2017) thdi han 24 gid: (a) dién bién d6 cao nudc dang, (b) Biéu db phan
tan nude dang do bao.

Storm Surge - XGBOOST
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Hinh 10. So sanh d6 1én nude dang du bao béng Mo hinh XGBoost dir liéu chéo va quan tric tai
Hon Dau trong bio Wautip (9/2013) thoi han 24 gio: (a) dién bién d6 cao nuée dang, (b) Biéu dd phan
tan nude dang do bao.

Qua két qua phan tich & trén cho thay, ngoai mé hinh XGBoost don bién, cic mé hinh
XGBoost da bién I, mo hinh XGBoost da bién IT va mé hinh XGBoost st dung dit liéu chéo
déu co thé ung dung dé du bao nude dang do bao cho thdi han 06, 12, 18 va 24 gid, do tin
cdy qua du bao phan 16n dat trén 80%, trong dwong va cao hon cac mé hinh du bao sb tri
dang du bao nghiép vu tai Viét Nam. Do vay, tuy thudc vao hién trang sb lidu quan tric &
thoi diém du bao, du bao vién co thé lva chon mé hinh phu hop dé du bao nudc dang do bao
tai tram Hon Dau.

4. Két luan

Trong nghién ctru nay, mé hinh XGBoost dugc tmg dung dé xdy dung cong cu du bao
nudc dang do bao tai tram Hon Dau cho cac han du bao 06, 12, 18 va 24 gio. MO hinh
XGBoost duoc thiét 1ap voi 04 phuong an sir dung dit lidu khac nhau (04 mé hinh) véi tén
goi: M6 hinh XGBoost don bién, mé hinh XGBoost da bién I, m6 hinh XGBoost da bién II
va mo hinh XGBoost str dung dit liéu chéo (str dung s lidu quan tric gio, khi 4 ap tai Hon Ngu
va Son Tra). B dir liéu d6 cao myc nudc quan trac tai tram Hon Dau, vén toc gio, khi ap
quan tric tai tram HOon D&u, Hon Ngu va Son Tra, cac tham s6 bio (vi tri tim bao, khi ap tai
tam béo, van tc gié cuc dai, toc do di chuyén va hudng di chuyén) trong 28 con bio anh
huong t6i khu vye tram Hon Dau giai doan 2002-2021 duoc thu thap dé xay dung va kiém
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dinh mo hinh XGBoost. Trong dé, khoang 80% dit li¢u dugc dua vao huin luyén va 20% dir
lidu, twong tmg véi s6 liéu trong 02 con bao (Duksuri, thang 9/2017 va Wutip, thang 9/2013)
ding dé kiém dinh cdc m6 hinh. Két qua cho thdy, m6 hinh XGBoost don bién cho do tin cay
thip & tat ca cac thoi han du bao. Trong khi d6, hai md hinh XGBoost da bién va mé hinh st
dung dit liéu chéo déu cho két qua tin cdy cao, voi phan 16n hé sb twong quan giira du bao va
quan tric déu trén 80%. Trong d6, mé hinh XGBoost st dung dir liéu chéo cho do tin cay
cao nhit vi thoi han du béo 24 g10. Tuy nhién, cac mé hinh dugc xay dyng can tiép tuc duoc
thir nghiém thém véi nhidu con bio trudce khi trién khai tng dung trong du bao nghiép vu.
Ngoai ra, ung dung mo6 hinh XGBoost vao xay dung cong cu du bado nudc dang do bao & cac
tram khi tuong hai van khac cling can trién khai thuc hién dé nang cao nang luc du bao hai
van tai Viét Nam.

DPong gop cia tac gia: Xy dung y tuong nghién coru: B.M.H., N.B.T.; Thu thép, xur ly sd
liéu: P.K.N., B.M.H., P.V.T.; Phén tich két qua: N.B.T., P.K.N., B.M.H.; Viét ban thao bai
b&o: B.M.H., N.B.T.; Chinh stra bai bao: B.M.H., N.B.T., P.V.T.

Loi cam on: Nghién ctru nay duoc tai trg boi deé tai nghién ctru khoa hoc cap Bo Tai nguyén
va Moi truong ma s6: TNMT.2022.06.04. Tap thé tac gid xin chan thanh cdm on.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Initial results of testing the XGBoost algorithm to predict storm
surge at Hon Dau station

Bui Manh Ha!, Nguyen Ba Thuy*, Pham Khanh Ngoc!, Pham Van Tien?
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Abstract: In this study, the high-level gradient boosting algorithm XGBoost (Extreme
Gradient Boosting, hereinafter referred to as the XGBoost model) is applied to build a storm
surge forecasting tool at Hon Dau. The XGBoost model is built with 4 different data usage
options (04 models): univariate XGBoost model, multivariate XGBoost model I,
multivariate XGBoost model Il and XGBoost model using cross-sectional data. A data set
of 28 storms affecting Hon Dau station in the period 2002-2021 was collected to build
models and test forecast results. Test results of the XGBoost model predicting storm surges
show that the univariate XGBoos model has low reliability at all forecast horizons.
Meanwhile, the two multivariate XGBoos models and the model using cross-sectional data
both give highly reliable results, with most correlation coefficients between forecasts and
observations above 80%. The results of the study serve as the basis for selecting storm surge
forecasting tools at Hon Dau depending on the current status of meteorological and
oceanographic monitoring data.

Keywords: Storm surge forecasting; XGBoost; Machine Learning; Al.
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Tém tit: Hién nay, cong ngh¢ truyén tin khong day nang lugng thap (LORA/LPWAN)
dang tré nén pho bién va ngay cang dugc ting dung nhiéu trong cac linh vuc nhu vién thong,
truyén tin, trao d6i thong tin s liéu, trong d6 c6 so liéu khi tuong thuy van. Mang ludi tram
tw dong thudc Dai Khi twong Thuy van khu vue Tay nguyén phan 16n dugc lap dat tai nhimg
khu vye vung sau, vung xa va giap danh gan bién gidi, mang thong tin vién thong séng yéu,
diéu kién thong tin, truyén tin gap nhiéu khé khin, nén gly ra nhiéu thach thic cho cong tac
diéu tra co ban, giam sat, canh bao va du bao, phong chéng thién tai. Chat luong truyén
nhan thong tin nhiéu khi c6 gian doan dan dén viéc xac dinh tram hoat dong hay khong hoat
dong kho chinh xac; gay kho khan trong viéc tim nguyén nhan, danh gia hoat dong cua cac
tram. Nghién ctru tép trung vao viéc ing dung nhing uu diém va sy phu hop ctia cong ngh¢
truyen tin khong day ning lugng thip (LORA/LPWAN) nhim néng cao hiéu qua truyén
phat s6 liéu cua cac tram khi tuong thay vin ty dong phuc vu cong tac diéu tra co ban khi
tugng thuy van tai khu vuc Tay Nguyén.

Tir khoa: Cong ngh¢ truyén tin khong dy niang luong thip LPWAN; Cong nghé truyén tin
bang cong ngh¢ LORA.

1. Mé dau

Trén thé gioi, viéc lya chon va tmg dung cong ngh¢ truyen tin khong day ning luong
thap theo thoi gian thuc rat phét trién, mot s nghién ctru ndi bat nhu: Véi nghién ctru nhém
tac gia [1]: Hé thong gidm sat chat lugng khong khi thoi gian thuc cong suét thap str dung
LPWAN st dung cong ngh¢ LoRa. Nhom nghién ctru mét hé théng giam sat chat luong
khong khi thoi gian thyc cong suat thap da trén cong ngh¢ truyén thong khong day LoRa.
Hé thdng tich hop truyen duoc s6 liéu vé méi truong khong khi (NOz, SO2, Os, CO, PM1,
PMio vd PM2s). Tai Y, nhém nghién ctru [2] dd nghién ciru m6 dun thr nghiém truyen so
liéu khong day gitra cac tram thoi tiét tw dong bang cong nghé LoRaWAN. Véi vu diém vé
chi phi thip, dién nang thap rat pht hop ung dung trong cac linh vuc phong chbng va giam
nhe thién tai bang cach sir dung mot mang ludi nhiéu tram quan tric thoi tlet tu dong. Trong
nhiing ndm gan déy, cac nha khoa hoc trong nuéc ciing da nghién ciru vé cong nghé truyén
tin khong day. D4i voi nghién ctru cia tac gia Trung tam Cong ngh¢ vi dién tur va tin hoc,
Vién ing dung cong nghé: Xy dung mang cam bién khong day sir dung cong nghé truyen
thong LORA cho bai toan giam sat va diéu kh1en trong néng nghip cong nghé cao: két qua
dat duoc nham muc dich giam sat cc thong s lién quan dén sinh truong, phét trién cia cay
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tréng nhu: Anh sang, nhiét do, do am, toan bo sd liéu nay duogc truyén vé trung tam xu 1y, tu
cac thong sd thu thép, co thé diéu chinh luong nudce tudi, do am khong khi hay cuong d¢ anh
sang phu hop theo nhu cau phat trién cua cdy trong [3-5]. Nghién ciru tiép cén cong nghg sur
dung khinh khi cdu tha ¢ tAng binh luu tich hop cong ngh¢ tram thu phat thong tin dé giam
sat, ddn duong, tim kiém ctru ho va do dac thong sb vat 1y moi truong tang khi quyén [6, 7],

két qua dat dugc: Ché tao thanh cong bong Pilot c6 gan thiét bi truyén tin; thir nghiém tram
thu phat bang cong nghé LPWAN cho khoang cach > 250 km, dit liéu gtri vé theo thoi gian
thue, 10 1an/1s; do gi6 tir mat dat dén 25-30 km trong moi diéu kién thoi tiét. Vi nghién ctu
Hé thdng giam sat thanh phd théng minh Bén Tre do Cong ty C6 phan Phét trién Ha ting va
Dau tu Cong nghé Chau Long thuc hién: Hé théng c6 mang cam bién loT thu thap dir lidu
chat luong méi trudong khi tai cac diém quan trong trong thanh phé dé phuc vu quan Iy moi
truong sinh thai d6 thi; do dac do man, myc nudc ¢ song Bén Tre dé thiét lap cac dy bao diéu
khién phan ludng giao théng, tng pho véi thién tai. Phu song LPWAN hé tro két ndi nén
tang do thi 10T phuc vu cam bién moi truong, diéu khién dén chiéu sang thong minh, cam
bién va diéu hanh xtr ly 6 nhiém, rac thai va quan 1y phwong tién di chuyén ding chung trong
tuong lai.

Nghién ctru vé qua trinh thiét 1ap thong sé LoRa tng vdi cac khoang cach khac nhau
trong mo hinh [oT str dung mang khong day LoRa, qua dé danh gid dugc kha ndng hoat dong
thuc té cho mang LoRa cho tng dung IoT tam xa, dic biét 1a thiét 1ap thong sb dé dat duoc
hiéu qua cao khi tmyén tin khong day LoRa bi tac dong boi méi trudng xung quanh bao gom
c4c toa nha cao tang, cay coi [8].

Trong béi canh céc loai hinh thién tai, dac biét la cac hién tuong thoi tlet nguy hiém nhu
18, mua 16n, bdo,...co xu huéng ra tang tan suat 1an cuong do, uy hiép truc tlep dén tinh mang
va tai san cua nhan dan, viéc cung cap thong tin va lua chon phuong 4n truyén tin canh bao
theo thoi gian thuc la can thiét. Do vay, viéc lya chon cong ngh¢ LoRa la mét giai phap phu
hop truyén s6 lidu tr dong dé khic phuc nhiing han ché tai khu vyc Tay Nguyén gop phan
ting cudng cung cp thong tin phuc vu du bao nham giam thiéu thiét hai tai san do thién tai

gay ra.
2. Phwong phép nghién ciru lra chon cong nghé va so liéu sir dung

2.1. Gioi thiéu khu vuc nghién cuu

Dic diém dia hinh ¢ khu vuc Tay Nguyén, khi hau khu viyc Tay Nguyén ciing chia thanh
ba tiéu ving khi hau, gdbm Béc Tay Nguyén (twong tng voi cac tinh Kon Tum va Gia Lai),
Trung Tay Nguyén (tuong tmg vdi cac tinh bik Lik va Pak Nong), Nam Tay Nguyén (twong
Umg vai tinh Lam Dong) Trung Tay Nguyén c6 do cao thap hon va nén nhiét d6 cao hon hai
tiéu ving phia Bac va Nam. Mang ludi tram khi tuong thuy van thuong tép trung ¢ nhiing
vung ndi kho khan, thuong nguén cac song sudi dé phuc vu du bao, canh bao tdt ciing nhu
cac tram do mua rat can lap day trén cac ving ¢ nguy co i quét, sat 10 dat, vi véy cac khu
vuc dat tram quan trac khi tugng thuy van thuong khong co ha tang vién thong t6t dan dén
chat luong duong truyén gap nhiéu kho khin, dic biét khi c6 hién tuong thoi tiét nguy hiém
duong truyen hay xay ra mat tin hiéu. Vi dic thu dia hinh phtre tap va mot s6 khu vyce c6 ha
tang vién thong rat han ché noi trén, viée truyén s lidu ciia nhidu tram quan tric trong khu
vue Tay Nguyén lai cang gap nhiéu kho khin hon nira.

2.2. Pdc diém mot sé cong nghé LPWAN hién nay

Mang dién rong nang luong thip LPWAN (Low Power Wide Area Network) la cac cong
nghé khong day, c6 nhiéu cong nghé nhung cé bdn cong nghé chinh, gdm: LoRa, Sigfox,
NB-10T va LTE-M.

Internet van vat (Internet of Things- 10T) gdm nhiéu thiét bi két ndi voi nhau dé thu thap
va trao doi dir liéu. Cac giao thuc mang khong day hién tai cho thiét bi IoT hién c6 nhu
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Bluetooth LE, Wi-Fi, 802.15.4-based Zigbee [9, 10]. Tuy nhién, cac giao thirc mang khong
day nay bi gidi han ¢ viéc cung cap truyén thong khoang cach rong va hiéu qua ning luong.
Mang dién rong nang lwong thap LPWAN dugc sir dung nhiéu hon do khic phuc dugc nhiing
han ché giao thirc mang khong day khac [11].

B802.11ac

T 802.11ad 5G
802.11n e
=
o 802.11a 3G
= 802.11b
= 26
a 802.11g
=
5 Bluetooth ZigBee
BLE 802.15.4
B02.15.6
RFID/NFC WPAN
802.15.4
RANGE —»

Hinh 1. So sanh LPWAN vdi cac cong nghé khac.

Véi cong nghé Sigfox: Cung cip giai phap két ndi khong day toan ciu, nham trién khai
giai phap cong ngh¢ LPWAN trong [oT. Cach tiép can cua Sigfox tuong tu nhu cac nha khai
thac mang di dong, nhung khac biét la cung cap cac thlet bi tiéu thu nang lugng thip nén chi
phi thap. Sigfox st dung ciu tric mang hinh sao va mdi tram gdc giao tiép voi dam may
thong qua cac lién két diém - diém. Két ndi gitra thiét bi voi tram cta Sigfox 1a vo tuyén. Tuy
nhién, n6 ciing c6 mot sé nhuoc diém 1a khi giri di liéu tré lai cac cam bién/thiét bj thuong
bi nhiéu tin hiéu [12].

Vi cong nghé NB-10T (Narrow Band - 10T) 1a mdt cong nghé IoT bang thong hep dugc
chudn hoa boi 3GPP. Pugc ung dung nhiéu & viing pht song trong nha; giam chi phi va tiéu
thu nang lugng thap hon, hd tro cac tinh nang tng dung co do tre Cong nghé NB-IoT chu
yéu dugc st dung vao cac ng dung IoT thong luong thap. Két nbi cua cong nghé nay dugc
dic trung boi thong luong thap, truyén dir liéu khong thuong xuyén. NB-IoT c6 thé hoat
dong ciing voi mang GSM va LTE dudi dai tan sd can phai dang ky cap phép khi st dung
[13].

Véi cong nghé LTE-M (Long Term Evolution for Machines). LTE-M sir dung dai tan sé
phai duoc dang ky cap phép sir dung. Cac thiét bi cia LTE-M duoc két ndi khong day truc
tiép vo1 mang 4G-LTE hién c6. Do do, khong can trién khai cac tram méi, tiét kiém chi phi
thuan tién cho cac nha mang. LTE-M tuong thich v&i mang LTE hi¢n co; cé thé hd tro thuc
hién roaming thich hgp cac tmg dung di dong. Pic diém cong nghé: LTE-M dugc thiét ké
sao cho phu hop vé&i cong nghé LTE hién c6 va c6 thé hoat dong ¢ bat ki bang tan nao cta
LTE [14].

Vi Cong ngh¢ LoRa: (Long Range Radio - truyén khong day tam xa) 1a cong nghé 16p
vat 1y tirc 1a chip dugc phat trién boi Semtech. Cong ngh¢ LoRa la mot giao thirc khong day
m&i dugce thiét ké dé truyén thong tAm xa, nang lugng thip. Giao thirc pht hop véi cac thiét
bi thong minh hién c6 va lién minh LoRa dang hoat dong dam bao kha nang tuong tac gitta
nhiéu mang trén toan quéc. Dai tan LoRa sit dung it bi nhiéu dién tir, do d6 tin hiéu c6 thé
kéo dai mot khoang cach xa, tham chi di qua cac tod nha, véi rat it nang luong, phu hop véi
cac thiét bi IoT v6i dung lwong pin thap. Do vy, LoRa thanh céc thiét bi ré hon rat kha quan.
Mdi tram gbc (gateway) LoRa co thé xir Iy hang triéu node, cung véi thuc té 14 cac tin hiéu
c6 thé kéo dai khoang céch, nén la can it co s& ha téng mang hon, do d6 viéc xay dung mang
LoRa ré hon. Cac mang LoRa c6 thé dugc dat cung voi cac thiét bi lién lac khéac, nhu cac
thap dién thoai di dong, tiét kiém dugc chi phi dau tu xay dung; dong thoi voi cac tinh nang
khac ctia LoRa sir dung thuét toan toc do dir liéu thich ing dé giup t6i da hoa tudi tho pin va
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tiét kiém tdi da nang luong mang cia thiét bi; cic giao thirc clia né bao gdm nhiéu 16p ma
hoa, & cép do mang, ing dung va thiét bi, cho phép lién lac an toan; tinh hai chiéu cta giao
thirc hd tro cac thong diép quang ba, cho phép chirc ning cap nhat phin mém. Do vay, LoRa
la mot giai phap 1y tuong cho IoT [15].

+ Nguyén ly hoat dong ciia LoRa: LoRa sir dung k¥ thuat diéu ché goi 1a Chirp Spread
Spectrum (CSS) nguyén ly nay la dir liéu s€ dugc chia nho bang cac Xung cao tan dé tao ra
tin hiéu c6 day tan s6 cao hon tan sb cua dir liéu goc sau d6 tin hiu cao tan nay tiép tuc duoc
mé hod theo cac chudi trude khi truyen ra ang ten dé gui dir liéu; nguyén ly nay gitp han ché
dd phuc tap va cé do chinh xéac can thlet clia mach thiét bi nhan de c6 thé giai ma va diéu
ché lai dit liéu; hon nita LoRa khong can cong suat phat 1én ma van c6 thé truyen xa Vi tin
hiéu Lora c6 thé dugc nhan & khoang cach xa ngay ca do manh tin hiéu thap hon ca nh1eu
moi treong xung quanh; ¢6 pham vi rit rong twong tu nhu dugc cung cp boi mang bang tan
hep, @6 bén cao va chdng lai nhidu va suy hao tin hiéu trong qua trinh truyén tin thap, toan
b6 khu vira hodc thanh phd d6 dugc bao chi boi mot tram gde (gateway).

2.3. Lwa chon giai phap cong nghé LoRa

a) Su phu hop cua cong ngh¢ LPWAN

Truge tién vé mat dir lidu, theo thuc té van hanh hién nay ¢ cac tram thu thép dir liéu do
dac ty dong ta co cac thong sb vé bang thong yéu cau truyén dan nhu sau:

+ Tram khi twong: Tan suat giri 10 phut 1 1an.

+Tram thuy van: tan suét gtri 10 phat 1 14n - muc nudc, lugng mura.

+Po mua: tan sudt giri 10 phuat 1 1an - luong mua.

Dua trén khao sat va tin sudt gui tin, co thé thiy rang yéu cau bang thong/tdc do gui dix
liéu cua céc tram khoang dudi 1 KB trén 1 pht.

Nhu da néu tai phan trén, hién nay c6 nhiéu phuong an céng nghé dé két ndi thong tin
cho cac mang khong day cam bién. Hinh 2 bén dudi day 14 biéu so sanh bing thong/khoang
cach giita cam bién va diém thu, gia thanh ctia cic cong nghé nay:

+ Cong nghé LPWAN: ré vé gia thanh, xa vé khoang cach truyén dan va téc do/bing
thong so sanh cac cong nghé nbi két WSN dif liéu co thé dat dén gap hon 10 1an yéu ciu cac
tram do hién nay, pht hop dé lwa chon cho cong nghé truyén sé liéu tram tu dong ctia nganh
khi tuong thity van, dic biét 1a nhitng noi séng di dong yéu, hé thong vién thong han ché.

- Viéc dau tu mang di dong hodc vé tinh sé& rt ton kém va sir dung qua nhiéu ning luong
cho céc thiét bi cam bién tai hién truong. Tuong tw, mang WiFi va Bluetooth ciing khong
phai lac nao ciing 1a giai phap tot hodc tiét kiém chi phi, dic biét 1a han ché vé khoang cach
truy.

- LPWANS (Low Power Wide Area Networks - mang dién rong nang luong thap) la mot
hién tuong mai trong IoT, cung cép giao tlep tam xa trén cac loai pin nho ning luong thap,
ré tién co tudi tho duoc duy tri trong nhidu nim, cong ngh¢ nay dugc xay dung nham muc
dich hd tro cac mang IoT quy md lén trai dai, rong khip dic biét thich hop véi cam bién
nong/lam/ngu nghiép, moi truong va thoi tiét [16].

Luya chon cong ngh¢ hoat dong trén dai tan khong cin xin cip phep cua Cyc Tan s6
(khong phai mét phi thué tan s0), tap trung dir lidu cua cac tram quan trac ving sau vung xa
vé mot diém chuyén tiép khu vuc 1én mang 3G/4G nbi két trung tam. V6i nhiing uu diém cua
cong nghé LoRa duoc chi ra va thuc té da c6 nhiéu kinh nghiém trién khai mang LPWAN tai
Viét Nam, trong d6 dic biét nghién ctru c6 lién quan vé linh vuc thoi tiét, khoang cach truyén
dan ¢ diéu kién nhin thang khong che khuét giita hai ang ten thu phat LPWAN c6 thé dat dén
vai chuc km véi lua chon thiét bi thu phat va ang ten thich hop. Do vay, béng sur so sanh cac
cong nghé hién nay vé sy phi hop, c6 thé thdy LoRa 1a mot giai phap tiét kiém chi phi, dién
nang va tang pham vi phu song ¢ cac khu vire ma cong ngh¢ di dong thong thuong chua phd
bién, giai quyét duoc nhiing bat cap ddi v4i bai toan két ndi, truyén tin quan tric khi tuong
thuy van.
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b) Lya chon giai phap mé hinh truyén dir liéu tinh toan tram thu phét truyén tin

Mo hinh lya chon truyén dir lidu sir dung cong nghé LORA/LPWAN trong mang ludi
khi tuong thuy van tai khu vue Tay Nguyén dugc sir dung theo m6 hinh Mesh Network, boi
mot s6 nhimg wu diém cu thé dugc thé hién trén hinh 4.

ESP-MESH Topology

Hinh 4. Hinh minh hoa m6 hinh truyén truyén tin Mesh Network.

Mang mesh la mot ciu trac lién két mang cyc b trong do cac nut nhu cau ndi, thiét bi
chuyén mach va cac thiét bi co s6 ha tang khac két ndi truc tiép, dong va khong phéan cap voi
cang nhiéu nat khac cang tot va két hop voi nhau dé dinh tuyén dir liéu dén noi sir dung
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(khach hang) mot cach hiéu qua. Do khong phu thudc vao nat mang cu thé nao, nén sir mod
hinh mang nay cho phép tit ca cac nut mang c6 thé tham gia va qua trinh truyén hodc chuyén
tiép dir lidu [17].

Mang luéi truyén tin theo mé hinh Mesh network c6 thé chuyén tiép cac dir liéu, théng
tin bang cach str dung k¥ thuat flooding hodc k¥ thuat routing. i v6i routing, dit liéu dwoc
truyén doc theo mot duong dan bang cach di tir nut ndy sang nat khac cho dén khi n6 dén
diém cudi. Dé dam bao tat ca cac duong dan déu kha dung, mang phai cho phép két nbi lién
tuc va co thé tu cu hinh lai xung quanh cac nat, dudng dan bi hong, trong d6 sir dung cac
thuat toan ty phuc hdi nhu cau ndi duong din ngin nhit (Shortest Path Bridging). Tinh ning
tu phuc hdi cho phép mang dua trén dinh tuyén hoat (dong khi mot nat bi hong hoac khi két
n6i khong dang tin c@y. Do do, su dung md hinh truyen tin nay thuong dang tin cdy, vi trong
mo hinh truyén tin thuong c6 nhiéu hon mot dudng dan gitta ngudn va dich trong mang [18].

3. Két qua va thao luin

3.1. Phuong an két néi thiét bi tram

Céc thét bi tram do khi tuong, thuy van dugc cai dat dua thong s6 dir liéu qua cong COM
vao cac m6 dem LPWAN de truyen dir liéu 1€n cac tram truyen dan duong tryc. Cac tram do
mua bo truyén phat dir liéu c6 thé nbi truc tiép bd dem xung gau néu khong co giao tlep COM
tir data logger. Tir cac diém dudng truc s& c6 giao tiép LTE (tir 2G dén 4G) dé chuyén tai dir
liéu qua mang dit liéu di dong giri vé mot CSDL tai Tong cuc Khi twong Thiy vin (hodc
hosting & Ha Noi), c6 giao tiép hién thi trén ban d6 Internet - GIS.

&)
N |

Nguoi sir dung

Thong tin
l LPWAN
|

Modem
LPWAN

I Thong tin ﬂ
l LPWAN

Hinh 5. M6 hinh két néi hé théng.

3.2. Két qud nghién ciru tinh todn tram thu phdt truyén tin

Dé c6 co so tinh toan vi tri dit tram thu phat truyén tin trong sir dung cong nghé LoRa
ching ta cdn quan tdm dén mot thong s6 k¥ thuat quan trong la tinh toan Fresnel Zone [19,
20]. Vung Fresnel 1a mot cong cu hiéu qua giap co thé tinh toan duoc luong suy hao cua tin
hi¢u do cac hién tuong phan xa, tan xa, nhleu Xxa, ma tin hiéu gép phai trén duong truyén, dac
biét 13 noi c6 nhiéu d6i ndi, nhiéu cay cbi va nha cao tng. Thuc chat day la mot trong s rat
nhiéu cac kh01 elip (3 chiéu) dong tdm, voi 2 dinh elip la dau thu va dau phat tin hiéu. Ngoai
duong truyén thang trong diéu kién moi trudng truyén tin Iy tuong (khong bai che chin boi
vat can), thi tin hi¢u truyen tir dau phat téi dau thu c6 thé phan xa, tan xa theo nhiéu duong
khac nhau, trong viing Fresnel ndy. Do 1a nguyén nhan gy ra su 1éch pha cua tin hiéu tai dau
thu, tin hiéu bi nhidu, truyén vé chdm va dung luong co6 thé khong chinh xéc.
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Hinh 6. Khong gian Fresnel Zone duge hinh thanh giira tram phét va tram thu.

Cac vung nay thuong duoc ky hi¢u la: F1, F2, F3 ... Nhung thyc té thi chi c6 3 ving
Fresnel dau tién 13 c6 anh huong nhiéu dén su lan truyén song vo tuyén.

Jrd Frasnel fone

2nd Fresnel Zone

Tst Fresnd Zone

d2

Hinh 7. Hinh thanh cac vung Fresnel.

Tin hiéu trong ving Fresnel c6 thé léch pha véi tin hi¢u gdc tir 0 dén 90 do. O ving
Fresnel 2 1a tir 90 d¢ dén 270 do. Vung Fresnel 3 1a tir 270 do dén 450 do.

Thuc té cho thay, khong nén qua 40% vung Fresnel bi che khuét boi cac vat can. Tuy
nhién dé dam bao truyen s6 liéu tot nhat co thé va hiéu suét t6i uu thi khong nén qua 20%
ving Fresnel bi che khuét bdi cac vat can.

Dé co thé tinh toan dugc ving Fresnel co thé dung cong thirc:

nAd.d
F = 172 1
n *,d1+d2 1)

Trong d6 Fy 12 ban kinh ving Fresnel thir n; d1 va d 1a khoang cach tir diém P (diém tinh
ban kinh) t6i dau phat va dau thu. Néu P nam chinh giita ddu phat va dau thu thi ban kinh d6
dat gia tri cuc dai. Khi d6 di = d2; D = d1 + d2 (tong khoang cach tur dlem P (dlem tinh ban
kinh) t6i dau phat va dau thu); A = c/f (bude song); £1a tin sd, ¢ 13 van tdc truyén.

Ta s& c6 cong thuc don gian hon:
r=38, 657Jf§ (2)

Nho viée tinh duoce ban kinh ving Fresnel, c6 thé dé dang tinh toan dugc chiéu cao can
thiét ctia cc cot ang ten dé co thé dam bao dugc truyén tin hidu khong bi can trd qua nhidu
(< 40%).

Khoang khong gian Fresnel Zone can duoc rd rang, néu co xuat hién vat can c6 thé anh
huong dén tin hiéu truyén song, vat can, ddc biét 1a khu vuc Tay Nguyén do dia hinh cling
¢6 nhiéu ddi niii, nén vat can chi yeu 1a cay cbi va ndi ty nhién.

Dua vao phan tich trén, ta c6 thé tinh toan duoc qua trinh truyén séng giita cac tram thu
phat va vi tri cac tram 13p trong mo hinh truyén tin tai Dai KTTV khu vuc Tay Nguyén.
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Hinh 8. Minh hoa vét can trong viing Fresnel Zone.

Hinh 9. M6 hinh m6 phong vat can tir tram Dak Ring - Dk L6 tinh Kon Tum: 22.9 km.

4. Két luén

Ngay nay, viéc trién khai nghién ctru tng dung cong nghé IoT (internet van vat) vao cac
linh vuc khoa hoc cong nghé va doi sdng xa hoi khong con méi, ma 1 xu thé tat yéu cua cac
nude trén thé gidi. Cong nghé truyén tin khong day nang lugng thép (LORA/LPWAN) v6i
vu thé phu séng rong, bang thong thap, st dung it nang luong, hd trg da két ndi va thiét bi
hoat dong ¢ dai tan khong can dang ky xin cap phép tan s6 dang tro nén pho bién va tng
dung nhiéu trong céc linh vuc vién thong, truyen tin, trao doi thong tin s6 liéu. Viéc nghién
ctru cong ngh¢ Lora dé xay dung mang truyén dan dién rong cong suat thap (LPWAN) mang
ludi quan trac khi tugng thity van cho khu vie Tay nguyén la van dé can thiét va co6 tinh kha
thi cao dua trén cac phan tich vé wu diém, sy pht hop ctia cong nghé nghién ctru g dung,
nham tién t6i phat trién nghién ciru voi muyc tiéu cu thé nhu xay dung giai phap cong nghé
LORA cho mang luéi quan tric khi twong thuy vin phuc vu tac nghiép du bao khi twong thuy
van va dgc biét nghién ctru thir nghiém thanh céng hé théng cong ngh¢ LORA xay dung mang
dién rong cong sut thap (LPWAN) mang lu6i quan trac KTTV cho khu vire ‘Téay nguyén la
phuong an dy phong truyén tin méi c6 tinh bao mat cao, giam thiéu kha mat dir liéu quan
trac khi twong thity van gop phan ting cuong du bao giam thiét hai do thién tai gay ra.

Déng gop cua tac gia: Xay dung y twong nghién cau: V.V.S.; Thu thap, xu ly sblieu: V.V.S.;
Phan tich két qua: V.V.S.; Viét ban thao bai bao: V.V.S.; Chinh suira bai bdo: V.V.S.
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va Moi truong “Nghién ctu cdng nghé LORA dé thiét ké xay dyng mang dién rong cong
suit thdp (LPWAN) mang luéi quan tric khi twong thay van cho khu vic Tay nguyén” ma
s6: TNMT.2022.04.12, thudc Chuong trinh khoa hoc va cong nghé trong diém cap Bo
“Nghién ctru tng dung cdng nghé trong xay dung, phat trién Chinh phua sé va Chuyén d6i s6
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Tai liéu tham khao

1. Liu, S.; Xia, C.; Zhao, Z. Hoi nghi quéc té IEEE lan thir 13 nam 2016 vé cong nghé

vi mach tich hop va trang thai ran (ICSICT), 2016.



Tap chi Khi twong Thiiy vin 2023, 756, 95-104; doi:10.36335/VNJHM.2023(756).95-104 103

2.

10.

11.

12.

13.

14

17.
18.

19.
20.

Pietrosemoli, E.; Rainone, M.; Zennaro, M. On extending the wireless
communications range of weather stations using LoRaWAN. Proceedings of EAI
International Conference on Smart Objects and Technologies for Social Good,
Valencia, Spain, September 2019, 25-27.

Pua, N.V.; Long, N.H.; Kha, P.D.; Thuong, T.T.; Canh, N.V_; Tén, D.T. Xay dung
mang cam bién khong day str dung cong nghé truyén thong LORA cho bai toan giam
sat va diéu khién trong néng nghiép cong nghé cao. Tap chi khoa hoc cong nghé 2019,
50, 27-31.

Thanh, N.D.; Ferrero, F.; Khai, L.C.V.; Thuong, N.H.N.; Tuén, P.V.; Huy, L.Q.
Mang cong nghlep LORAWAN cho Thanh phd Pa Néng: Giai phap cho img dung
ToT tAm xa nang luong thip. Tap chi khoa hoc va cong nghé, Pai hoc Pa Nang 2020,
18(1), 7-10.

Anh, N.B.Q.; Dién, T.P.; Qudc, C.A. Tim hiéu v& mot nghién ciru lién quan dén LoRa
ctia hé thong nong nghiép thong minh Next Farm. Khoa K§ thuat & Cong nghé,
Truong BDH Quy Nhon. 2019.

Béo céo téng két dé tai VT-CN.04/17-20. Nghién ctru tiép can cong nghé sir dung
khinh khi cau tha & tang binh luu tich hop c6ng nghé tram thu phat théng tin dé giam
sat, dan duong tim kiém ctru ho va do dac thong sO vat Iy méi truong tang khi quyén.
dé tai thugc chuwong trinh KHCN Vii try giai doan 2016-2020, co quan chu tri Trung
tam Tin hoc va Tinh toan, Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam, 2020.
Bio cdo tong két dé tai VT-CN.02/18-20. Nghién ciru, thiét ké va ché tao miu tén lira
nghién ciru (Sounding Rocket) dua thiét bi khoa hoc dé thir nghlem thu thép dir licu
khi quyén ting cao” d¢ tai thudc chuong trinh KHCN V1 try giai doan 2016-2020.
Hoc vién K¥ thuat Quéan sy, B Quoc phong.

Lic, T.V.; Nam, L.H. Mang khong day LoRa cho tng dung IoT tim xa. Tap chi khoa
hoc va Céng nghé Pai hoc Pa Nang 2018, 11(132), 50-53.

Murdyantoro, E.; Nugraha, A.W.W.; Wardhana, A.W.; Fadli, A.; Zulfa, M.l. A
review of LoRa technology and its potential use for rural development in Indonesia.
AIP Conf. Proc. 2019, 2094, 020011.

Augustin, A.; Yi, J.; Clausen, T.; Townsley, W.M. A study of LoRa: Long range &
low power networks for the internet of things. Sensors 2016, 16, 1-18.

Murdyantoro, E.; Rosyadi, I.; Septian, H. Studi performansi Jarak Jangkauan LoRa
OLGO1 sebagai infrastruktur Konektivitas Nirkabel 10T Dinamika Rekayasa 2019,
15(1), 47-56.

Truc tuyén: https://www.daviteq.com/blog/vi/cong-nghe-sigfox-bien-moi-vat-tro-
nen-song-dong/

Truc tuyén: https://giaiphapviettel.vn/tin-tuc/238/narrowband-iot-nbiot-la-gi.html

. Truc tuyén: http://iottuonglai.com/Ite-m-la-gi.html
15.
16.

Truc tuyén: https://viettuans.vn/cong-nghe-lora-la-gi

Truc tuyén: https://www.dienmayxanh.com/kinh-nghiem-hay/tim-hieu-ve-mang-
lorawan-va-co-che-hoat-dong-nhu-t-1412680

Truc tuyén: http://iottuonglai.com/mesh-network-la-gi.html

Truc tuyén: https://vientin.com/blog/mo-hinh-ket-noi-mang-luoi-mesh-27-200

Truc tuyén: https://www.everythingrf.com/rf-calculators/fresnel-zone-calculator. )
LoRa/LoRaWAN tutorial 7: Fresnel Zone: Truc tuyén:
https://www.youtube.com/watch?v=HWOivbJjw7s.


https://www.daviteq.com/blog/vi/cong-nghe-sigfox-bien-moi-vat-tro-nen-song-dong/
https://www.daviteq.com/blog/vi/cong-nghe-sigfox-bien-moi-vat-tro-nen-song-dong/
https://giaiphapviettel.vn/tin-tuc/238/narrowband-iot-nbiot-la-gi.html
http://iottuonglai.com/lte-m-la-gi.html
https://viettuans.vn/cong-nghe-lora-la-gi
https://www.dienmayxanh.com/kinh-nghiem-hay/tim-hieu-ve-mang-lorawan-va-co-che-hoat-dong-nhu-t-1412680
https://www.dienmayxanh.com/kinh-nghiem-hay/tim-hieu-ve-mang-lorawan-va-co-che-hoat-dong-nhu-t-1412680
http://iottuonglai.com/mesh-network-la-gi.html
https://vientin.com/blog/mo-hinh-ket-noi-mang-luoi-mesh-27-200
https://www.everythingrf.com/rf-calculators/fresnel-zone-calculator

Tap chi Khi twong Thiiy vin 2023, 756, 95-104; doi:10.36335/VNJHM.2023(756).95-104 104

Research and select low-energy wireless communication
technology  (LORA/LPWAN) applied in automatic
meteorological station data transmission under the Regional
Hydro-Meteorological Central Highlands Observatory

Vu Van Sang'*
! National Centre for Hydro-Meteorological Network (NCN); sangvu2210@gmail.com

Abstract: Currently, low-energy wireless communication technology (LORA/LPWAN)
technology is becoming popular and is increasingly being applied in fields such as
telecommunications, information transmission,...including hydrometeorology. The
automatic station network of the Regional Hydro-Meteorological Central Highlands Station
Is mostly installed in remote areas and border, where the telecommunications network has
weak signals and poor communication conditions. Therefore, it has caused many challenges
for basic investigation, monitoring, warning, forecasting, and natural disaster prevention.
The quality of information transmission and reception is often interrupted, it is difficult to
accurately determine whether the station is active or inactive; causing difficulty in finding
the cause and evaluating the operations of the stations. The study has focused on applying
the advantages and suitability of low-power wireless communication technology
(LORA/LPWAN) to improve the data transmission efficiency of automatic hydro-
meteorological stations and effectively serve the basic investigation of hydrometeorology
in the Central Highlands region.

Keywords: LPWAN Low-power wide-area network technology; Communication
technology using LORA technology.
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