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Tém tit: Xam nhdp man la van dé rat dang quan tam o ving dong bang song Ciru Long. Dé chii dong
trong cong tac quan ly nguon nudc ngot va gidm thiéu tac dong cua xam nhdp man, duy bao chinh xdac do
man trén song dwogc xem la mét trong nhitng gidi phap hivu ich. Twe ddy, muc tiéu cua nghzen cien la danh
gza kha nang ap dung phuong phap K-Nearest Neighbors (KNN), mot thudt toan don gzan va dé ap dung
cua hoc may, trong dy bdao do man trén Song Ham Ludng, tinh Ben Tre. Dit ligu do man sur dung trong
nghién cuu duoc thu thdp theo tuan, tr nam 2012 den 2020. Mbi nam do dac trong 23 tuan mua khé, tie
thang 1 dén thdng 6 (tong cong 207 tudn). Cdc chi sé thong ké nhuw Hé s6 Nash Sutcliffe efficiency (NSE),

Loi trung binh binh phuong goc (Root Mean Squared Error, RMSE), va Sai s6 tuyét doi frung binh (Mean
Absolute Error, MAE), dwoc si dung dé danh gid tinh chinh xdc cia mé hinh dir bao. Két qua cho thay mé
hinh KNN du bdo dg mdn kha tot véi NSE = 0,960, RMSE = 0,842, MAE = 0,541 cho tdp hudn luyen NSE
= 0,904, RMSE = 1,448, MAE = 0,914 cho tp kiém tra. Mé hinh KNN la m¢ot mo hinh don gian, dé thyc
thi nhing cho két qua du bao kha chinh xdac, cho nén mo hinh rdt tiem nang trong ung dung dy bao man o
song Ham Ludng néi riéng va mot 6 nhanh song cua song Mé Kong noi chung.

T khéa: Bién doi khi hdu, Pong bang song Ciru Long, Tri thong minh nhéin tao, Xam nhdp man, K-
Nearest Neighbors.

Summary: Saltwater intrusion is a major problem particularly in the Mekong Delta, Viét Nam. In order
to better manage the salinity problem, it is important to be able to predict the saltwater intrusion in rivers.
The objective of this research is to create a K-Nearest Neighbors (KNN) model for predicting the saltwater
intrusion in Ham Luong River, Ben Tre Province. The input data composed of 207 weekly saltwater
intrusion data points from 2012 to 2020. Yearly salinity was measured during the 23 weeks of the dry
season, from January to June. The Nash - Sutcliffe efficiency coefficient (NSE), Root Mean Squared Error
(RMSE), and Mean Absolute Error (MAE) are used to evaluate performances of KNN model. The research
results indicated that the KNN model achieved a high performance for salinity forecasting. with NSE =
0,960, RMSE = 0,842, MAE = 0,541 for training period, NSE = 0,904, RMSE = 1,448, MAE = 0,914 for
testing period. The findings of this study suggest that the KNN model has promised as a potential tool in
salinity forecasting with salinity data characteristics in Ham Luong River.

Keywords: Artificial intelligence, Climate change, Mekong Delta, Saltwater intrusion, K-Nearest Neighbors.

1. GIOI THIEU v6i 3,9 tridu héc-ta [1]. PBSCL 1a noi sinh sdng
ctia hon 18 tridu dan Viét Nam (chiém hon 22%
dan sb ca nudc), ving dong bang san xuit hon
50% luong lugng thuc thyc pham va déng gop

Pdng bang song Ciru Long (PBSCL) ndm &
vung ha luu song Mé Kong, day 1a vung dong
bang rong 1o6n, mau md 16n thr ba trén thé gidi
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vao hon 85% lugng lta gao cho cd nudc [2]. Do
dic diém dia hinh triing thip v6i do cao trung
binh chi khoang 0,8 m trén bé mit nuée bién,
DBSCL la khu vuc chiu tac dong rat manh cta
bién d6i khi hau va dic biét 13 hién tuong nude
bién dang [2]. V&i diéu kién do6, nén san xut
ndng nghiép ctua ving DPBSCL phai d6i min voi
thach tht rat 16m tir cac thién tai nhu kho han va
xam nhdp man [1, 2]. Mdc du xam nhdp man
(XNM) Ila hién tuong thuong xuyén cua
DBSCL vao mua kho; tuy nhién trong vai ndm
tro lai day, hién tuong nay da tré nén nghiém
trong do man xam nhép sau, kéo dai va dd man
cao [3].

Xam nhap man la mét trong nhitng van dé chinh
ctia quan 1y ngudn nude ving cira sdng ven bién
[4]. XNM lam gidam kha nang loc va gia tang
cac loai doc to trong dat, dan dén ning suit cay
trong thap [5]. Hon nita, 0 min cao 1am cay
trong mat nhiu ning lugng dé hut nude tir dat
lam cdy trong cham phat trién [6]. O PBSCL,
XNM la mdt van d¢ sinh thai- xa hoi can dugce
nghién ctru va giai quyét, van dé nay tré nén rat
nghiém trong trong diéu kién bién d6i khi hau
hién nay [4]. Chin trén tong s mudi ba tinh
vung DPBSCL dang chiu 4nh hudng tir XNM, tur
day, hang nghin héc-ta hoa mau, cdy an trai, lua
gao, nudi trong thity san bi tac dong [7].

bé phuc vu vi¢c canh bdo sé6m XNM cling nhu
quan 1y tot ngudén nudc ngot, nhiu nghién ciru
da c6 gang dua ra cac du bao vé XNM. Hién tai,
md hinh tién trinh (process-based models) duoc
st dung phd bién, day 1a loai mé hinh két hop
toan - vat 1y dé dua ra dy bao. Cac mo hinh nay
dur bao va mé ta rit chinh xéac cac quy luat thiy
van (vi du xam nhdp man) nho cac quy ludt vat
1y duoc nghién ciru va tich hop san trong mo
hinh. Tuy nhién, can c6 nhitng chuyén gia dé
khai thac dugc nhitng mo hinh nay vi ching van
hanh rat phuc tap. Hon nira, sb luong dau vao,
la dit liéu cua cac yéu t6 anh huong dén XNM,
phai rat 16n méi dam bao tinh chinh xac [8].
Mot cach tiép can khéc la st dung céc thuat toan
hoc may (machine learning) trong du bdo man.

Phuong phap nay ¢6 vu diém 1a dé ap dung, do
chinh x4c cao, khong doi héi sb luong dir liéu
16n. Thyc té cho théy md hinh hoc may da duogc
st dung rong rai trong cac nghién ctu dy bao
thiy van nhu chét lugng nudce [9], d0 cao cot
nudc [10]. Tac gia Lin va cong sy nam 2019
da st dung thuat toan Random Forest dé du
b4o min ving ctra song Modaomen, ddng bing
Pearl River, Trung Qudc, két qua cho thiy do
chinh xac rat cao, 1én dén 91% [11]. Thu thap
thong tin vé toan bd cac yéu td anh huong dén
dd man 1a v cung kho khan va thuong khong
day du [8]. Cho nén, lya chon cac md hinh hoc
may dé dy bio man trong truong hop nay la
pht hop. Tuy nhién, hién tai, c6 rat it nghién
ctru vé du bao min ¢ DPBSCL str dung cac thuat
todn hoc may.

Do d6, nghién ctru dugc thuc hién véi muc
tiéu danh gid kha nang ciia mo hinh K lang
giéng gan nhit (K- Nearest Neighbors, KNN),
1a mo hinh rat don gian, dé ap dung, trong du
b4do min ¢ song Ham Ludng (SHL), tinh Bén
Tre. Pay 1a mgt trong nhiing nhanh song 16n
ctia hé théng song Mé Kong va dang bi min
xam nhap sau, tor d6 anh hudng dén sinh hoat
va san xuét ciia ngudi dan trong ving. Két qua
tlr nghién ctru c6 thé cung cap thém mot cach
tiép can don gian, hiru hiéu trong quan 1y tai
nguyén nudc va giam thiéu tic dong cua
XNM.

2. PHUONG PHAP NGHIEN CUU
2.1. Khu vuc nghién ctru

Song Ham Luodng la con song chay tron ven
trong dia ban tinh Bén Tre, day 1a mot phan luu
cta song Tién. Song co chiéu dai khoang 70
km, bit dau tir dia phan xa Tan Pha (huyén
Chau Thanh), chay theo huéng Dong Nam, di
qua dia phan cac huy¢n nhu Chg Lach, M¢ Cay
Bic, thanh phd Bén Tre, Giong Trom, Mo Cay
Nam, Thanh Ph@, Ba Tri d6 ra Bién Pong tai
cua Ham Luong. Chiéu rong 16n nhét tai cta
song khoang 1.200 - 1.500 m. Song c6 do sau
trung binh tir 12 dén 16 m [12]. SHL la mot
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song 1on cua tinh Bén Tre, dong vai trd quan  tram quan tric man, 1an luot tir cta song 1én
trong trong cung cAp ngudn nudc cho sinh hoat, thuwong ngudn la: An Thuin (AT), Son Péc
san xuat cong - nong nghiép, du lich va cac hoat  (SP), Phi Khanh (PK), My Héa (MH) (Hinh 1).
dong van tai duong song [12]. Trén SHL c6 4
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Hinh 1: Vi tri cdac tram quan trdc man trén song Ham Ludng, tinh Bén Tre

2.2. Thu thép va tién xir ly 50 liéu mdi tram, d min duge do theo tuan, va chi do
trong 23 tuan ctia mua kho (tir thang 1 dén thang

Dir liéu d0 mdn nudc mat (don vi: PSU) cua Y L TeE
6). Bang 1 mo ta cac dac diém thong ké ctua bo

SHL tir ndm 2012 dén 2020 tai 4 tram quan trac /- DN " Motac - wua
man dugc thu thap tir Bai Khi tugng Thuy van dir liéu d6 man trén SHL ve s0 luong dir 11@}1,
tinh Bén Tre (http:/Avww.bentre.gov.yn/ trungbinh, doIéch chuan, gid tri nho - 16n nhat,

Lists/ThongTinCanBiet/TongQuat.aspx). O gid tri phan vi thi 25, 50, va 75.

Bang 1: Thong ké mé ta bd dir liéu vé dd min tai tai cic tram quan tric
tir niim 2012 dén 2020

Pic diém dix liéu An Thuin Son Poc Pha Khanh My Hoa
S6 dix liéu (Count) 207 207 207 207
Trung binh (Mean, PSU) 21,58 10,06 7,37 3,15
Do léch chuan (Std, PSU) 4,67 6,51 5,51 4,36
Cuyc tiéu (Min, PSU) 11,10 0,10 0,10 0,10
Phan vi 25% (PSU) 18,00 5,05 4,00 0,30
Phén vi 50% (PSU) 21,60 8,60 5,90 1,20
Phan vi 75% (PSU) 25,45 13,10 8,60 4,15
Cyec dai (Max, PSU) 31,50 28,20 26,70 17,20
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Dit liéu man tai cdc tram duoc tién xu Iy qua ba
bude trude khi duge dwa vao mé hinh dé huan
luyén thuat toan:

1) Loai bo cac gia tri trong (Null), dong thoi
thay thé cac gia tri d6 bang thuat toan ndi suy
ctua Python.

2) Gia tri ngoai lai khac thuong trong b sd liéu
can duoc kiém tra lai, néu d6 1a gia tri 15i thi
thay thé bang trung binh cia 4 gia tri gan do
[13]. D@r li€u dugc mo ta & 5 vi tri: gia tri nhd
nhat (min), t& phan vi th nhit (Q1), trung vi
(median), t& phan vi tha 3 (Q3) va gia tri lon
nhat (max) cta biéu d6 hop. Gia tri ngoai lai 1a
gia tri ndm ngoai gidi han trén (Q3 + 1.5 * Do
trai gitta (IQR, Interquartile Range)) va gidi
han dudi (Q1 - 1.5 * IQR) cua biéu dd hop.

3) S6 liéu duge chuan hoa vé chung mot ty 1¢ tur
0 dén 1 bang phuong phap normalization
scaling, dugc thyc hién trorng thu vién scikit -
learn ctia Python

Ngoai ra, trong quan vé d6 man giita cac tram
quan trac dugc déanh gia bang phan tich
Pearson.

2.3. M6 hinh K lang giéng gin nhit (K-
Nearest Neighbors, KNN)

Thuat toan K - lang giéng gan nhat (K- Nearest
Neighbors, KNN) la thuat toan hoc may co
giam sat (supervised-learning) don gian va dé
trién khai, thuong duge dung trong cac bai toan
phan loai (classification) va hdi quy
(regression).

Y tudng cua thuat todn KNN la du doan dir li¢u
moi dya trén dir liéu ciia K diém gan nhat xung
quanh n6 (K lang giéng). Trong bai toan hoi
quy, gia tri du bao bang chinh gia tri cua diém
dit liéu da biét gan nhat (néu K=1), hoic la trung
binh c6 trong s6 ciia cac diém dir liéu gan nhat.
Trong thudt todn KNN, viéc xic dinh (i)
phuong phap do khoang cach giita cac diém di
lidu va (ii) bao nhiéu sb K lang giéng la quan
trong nhit. Trong khong gian mot chiéu,
khoang céch giita hai diém 1a trj tuyét ddi giita

hiéu gia tri ctia hai diém d6. Trong thuyc té, viéc
do khoang cach giita cac diém dir liéu c6 thé st
dung rat nhiéu phuong phép do, nghién ciru nay
ap dung phuong phap phd bién nhat 1a
Euclidean. Vé sb K lang giéng, khi K nho lam
cho mo hinh phtrc tap, gay ra trinh trang qua
khop (overfitting) nhung khi K 16n lam cho mo
hinh bi nhidu. S K lang giéng duoc xac dinh
bang phwong phap GridSearchCV (10 CV,
n_neighbors: 1->12).

2.4. Xay dung va danh gia mo hinh

Pé dy bao d6 man & thuong ngué)n, d6 man tai
céc tram An Thuan, Son Péc, Phit Khanh dugc
ding 1am dau vao (input, hay 13 cac bién doc
1ap), d6 mdn ¢ tram My Hoa lam dau ra (output,
hay 14 bién phu thudc). Toan bd dit lidu dugc
chia 1am 2 phan: 70% cho tap huin luyén
(training), 30% cho tap kiém tra (testing).
Phuong phép Cross Validation (CV) dugc ap
dung dé han ché overfittings trong huan luyén
thuat toan. Céac chi s6 théng ké nhu Hé sb xac
dinh NSE (Nash - Sutcliffe efficiency
coefficient), Ldi trung binh binh phwong gdc
(Root Mean Squared Error, RMSE), va Sai s6
tuyét dbi trung binh (Mean Absolute Error,
MAE), dugc st dung dé danh gia tinh chinh xac
ctia mo hinh du bao:

NSE =1 L, - yi?

1 ~ ,
RMSE = \/; X (@i —yi)?

1 ~ .
MAE =1 57, 191 — il

Trong d6, n 1a sé mau, i, yi, y twong tng
la gia tri du bdo, gié tri thuc, trung binh gia
tri thuc

Moriasi va cong sy nim 2015 d& xuat thang
danh gié tinh chinh x4c ctia mé hinh dy bao dya
vao gia tri NSE, cu thé nhu sau: M6 hinh rat tbt
(NSE > 0.80), tot (0.7 < NSE < 0.8), chip nhan
dugc (0.50 < NSE < 0.70), khong dang tin cay
(NSE <0.50) [14].

3. KET QUA VA BAN LUAN
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3.1. Quan h¢ giira d0 man cira séng va
thwong nguon

Phan tich Pearson ghi nhan d0 man & cac tram
quan trac diéu c6 twong quan thuin y nghia
thong ké. D6 min & tram My Hoéa twong quan
thuan manh véi do min & tram Son Pdc (r=
0,82, p <0,001). Ngoai ra, d0 man ¢ tram ctra
song Phil Khanh va An Thuan cling ghi nhin co
twong quan thuan véi do man tram thugng
ngudn My Hoa véi r 1 0,75; 0,74, twong tng

Son Dic (PSY)

[ kHoAHOC VNN
(Hinh 2). Biéu nay cho thiy d6 min ¢ tram My
Hoéa chiu anh hudng cua o man & 3 tram ngoai
cua song 1a An Thuan, Son DPédc, va Phu Khanh.
Tuy nhién, murc d§ anh hudng 1én d6 man tram
My Hoéa cua 3 tram 1a khac nhau. Cu thé, do
min & tram Phtt Khanh va Son Pdc tac dong
manh nhat dén min & My Hoéa véi diém sb anh
hudng 1én dén 1755,37 va 1107,50, twong tng.
Main & tram An Thuén it &nh hudng dén man &
My Hoéa véi diém sd anh hudng chi 174,48
(Hinh 3).

x w 0 P
An Thadn (PSU) San D& (PSY)

L 20
Phu khanh (PSU)

; 10 ¥
M) Hoa (PSU)

Hinh 2: Méi quan hé giita dé mdn & cdc tram quan trdc trén song Ham Ludng

2000.00 - 1755.37

1600.00 -
1200.00 +
800.00 -
400.00 -
0.00 - T

Diém (Score)

1107.50

Pha Khanh (PSU) Son Bac (PSU)  An Thuan (PSU)

Tram quan trac

Hinh 3: Mirc @ anh hudng (vé phirong sai) ciia dé mén & cdc tram cira séng
(An Thudn, Son Péc, Phii Khanh) 1én @6 man tram thieong nguéon (My Héa)
xac dinh theo phwong phap SelectK Best
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3.2. Hiéu qua du bao ciia mo hinh KNN

M6 hinh KNN dung d0 man & An Thuén, Son
Déc, Phit Khanh (dau vao, hay cac bién doc 1ap)
dé du bao d6 man & My Hoa (dau ra, bién phu
thudc). Két qua du bdo ghi nhén cac gia tri thuc
té va gia tri du bao o tap huén luyén, kiém tra,
va toan bo dir lidu c6 phan phdi mat d6 gan nhu
trung 1én nhau (Hinh 4). Trong qua trinh huin
luyén va kiém tra, twong quan giita gia tri du

KHOA HOC

a)

bado va gia tri thyuc té rat cao (r>96%, p <
0,001). Cu thé, hé sd turong quan r 1a 0,985 va
0,96 cho huin luyén va kiém tra. Ngoai ra, khi
dung toan bo dir liéu dé chay mé hinh dy bao
(khong phan ra tap huan luyén va kiém tra), hé
s6 twong quan giita gid tri du béo va gia tri thyuc
té ciing rat cao (r = 0,965, p < 0,001) (Hinh 5).
Diéu nay ching to két qua du bao kha chinh xac
va c6 do tin cay.

b) |

c)

Hinh 4: Mdt do phan bo gid tri thuc va du bao o tap hudn luyén (a), kiém tra (b), toan bo dir liéu (c)

o a) e b) g
] ;
) ' .
i & N
;__ :J"':‘m- -E-i .::n“ LY

: ceaka " . .{

3 c) D

. l'&:..c."

Hinh 5: Twong quan tuyén tinh gitta d¢ mén thiece té va dw bdo bang mé hinh KNN
0 tdp huan luyén (a), kiem tra (b), toan bo dir liéu (c)

6
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Hinh 6 so sanh cac gia tri dy bao va thuc té &
tap huin luyén, kiém tra, va toan bd sd liéu.
Nhin chung, gié tri du bao gan nhu triung khép
v6i gia tri thue té, diéu nay cho thdy mé hinh
KNN du bao kha chinh xac. Gia tri NSE cho
tap huin luyén, kiém tra, va toan bd dit liéu
tuong g 1a 0,960; 0,904; 0,940. Nhu vay, mo

LGN CONG NGHE |
hinh KNN dé du bao min ¢ thugng ngudn My
Hoéa duoc danh gia rat tot trong ca 3 giai doan:
huén luyén, kiém tra, va toan bo dit liéu. Ngoai
ra, md hinh gin nhu khéng xuit hién
overfittings do NSE & giai doan hudn luyén va
kiém tra cao gan bang nhau (Bang 2).

Hinh 6: So sanh giita A6 man thuwc té va dw bdo bang mé hinh KNN

6 tdp hudn luyén (a), kiém tra (b), toan bé dir liéu (c)

Bang 2: Hiéu qua dy dodn d§ min tram thwong nguon My Héa
ctia md hinh KNN. RT: Rit tot

Huén luyén Kiém Tra Toan bo sb liéu
NSE RMSE MAE NSE RMSE MAE NSE RMSE | MAE
0,960RT 0,842 0,541 0,904RT 1,448 0,914 | 0,940RT | 1,063 | 0,654

Khong gidng nhu mot sb thut toan hoc may
truyén thdng nhu Decision Tree, Random
Forest, Support Vector Machine hay thuat toan
hoc sau nhu Artificial Neural Network, Long
Short Term Memory networks, thuong phuc tap
va kho giai thich. Thuat toan KNN thuong rat
don gian, dé ap dung, va qué trinh thyc thi
nhanh chong [15]. Tuy nhién, tinh don gian cua

KNN ciing 1a nhugc diém, thuat toan gan trong
sb béng nhau cho tat ca cac bién, mic du mot sd
bién nhét dinh c6 thé c6 mirc d6 wu tién cao hon,
didu nay c6 thé din dén dy bao kém chinh xéac
[15].

Maic du khong duge danh gid cao trong cac
nghién ctru du bdo; tuy nhién, mé hinh KNN
van thé hién rat tot d6i v6i b s6 lidu man cla
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SHL tir 2012 dén 2020. Nguyén nhan do do
man gitra cac tram An Thuan, Son Péc, Phu
Khanh, va My Hoa c6 quan hé tuyén tinh va
tuong quan kha chat ché. Vi du tuong quan gitra
dé man tram My Hoéa va Son DPdc, Phu Khanh,
An Thuén kha chit chg, tuyén tinh, véir > 0,74.
Diéu nay chung t6, mac du KNN la mdt mo
hinh thudc nhém phi tuyén nhung kha nang hoc
dit liéu tuyén tinh ciing kha t6t. Cac hién tugng
tu nhién, trong d6 c6 d0 man, thuong chiu anh
huong da dang cta nhiu yéu t, cac yéu tb nay
thuong xuét hién & dang chu ky, va c6 quan h¢
phi tuyén phirc tap [16]. Cho nén, md hinh
KNN, vén c6 thé tmg dung cho phan tich quan
hé tuyén tinh va phi tuyén tinh, c6 thé xem xét
tmg dung dé duy béo cac hién tuong tu nhién.

D3 c6 nhiéu nghién ctru du bao xam nhap min
& dong bang séng Ciru Long véi két qua rat
trién vong. Tac gia Tran va cong su nam 2018
dung m6 hinh MIKE dé du bao xam nhap man
trén song Hau. Nghién ctru sir dung 8 yéu td dau
vao nhu lugng mua hang ngdy ciia 7 tram quan
trac trén song tir nim 1978 dén 2011, luu luong
nude theo ngay tai tram Kratie (2010 - 2011),
lru lwong nudce theo gid tai tram Can Tho (2010
- 2011), myc nudc tai 10 tram trén song (2005
- 2011), thiy triéu (2005 - 2011), mang ludi
thity vuc (2005-2011), ché do triéu (2010-
2011), luu Iwgng nude cua cac nhanh song nho
(2010-2011). Két qua du béo rat chinh xac véi
R? tir 0,92 dén 0,99 (tap huan luyén), 0,91 - 0,96

TAI LIEU THAM KHAO

[1]

(tap kiém tra) [4]. Tuy nhién, nhitng md hinh
thudc nhdm mo hinh tién trinh thudng rat phic
tap, ) luong dau vao phai rat 16n ma&i dam bao
tinh chinh xéc [8]. Thong thuong, nhitng dit licu
vé toan bd cac yéu td anh hudng dén do man 1a
vO cung kho khin va thuong khong day du [8].
Déi voi truong hop SHL, md hinh KNN véi dac
diém 1a don gian, dé thuc hién, khong doi hoi
nhiéu yéu t6 dau vao, d& ap dung, di du bao
thanh céng va chinh xac d6 min thuong ngudn
My Hoa. Nén c6 tiém ning trong tmg dung dé
canh bao som xam nhap man trén SHL, tinh
Bén Tre.

4. KET LUAN

Nghién ctru kiém tra kha niang dy bio man trén
song Ham Luédng, tinh Bén Tre cta thuat toan
KNN. Tir nhitng két qua dat duoc, nghién ctru
di dén két luan ra‘ing mé hinh KNN véi dic diém
1a don gian, dé thyc hién, khong doi hoi nhiéu
yéu td dau vao di du bao chinh xdc d6 man
thuong nguon My Hoéa. Cho nén mé hinh rat
tiém ning trong ing dung dy bao min & song
Ham Ludng no6i riéng va mot sd nhanh song
thudc hé théng song Mé Kong néi chung.
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