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Tém tit: Trong boi canh bién doi khi hau, khai thac qua mikc va xam nhdp man gia tang, nhu cdu canh bdo va dir béo suy thodi,
can kiét, 6 nhiém nguon nudc dudi dat tré thanh cap thiét doi voi cong tdc quan Iy tai nguyén nudc ¢ Viét Nam. Sur dyng tri tué
nhan tao (A1) khai thac, phdn tich va chuyén doi nguon dit liéu thoi gian thuc tho thanh nhitng kién thire hitu ich phuc vu canh
bao, du bao va quan by nha nudc ve tai nguyén nuoc la xu the tat yeu cua doi moi cong nghé va chuyén doi so frong linh vuee tai
nguyén nwde. Bai bdo nay tong hop phan tich cac nghzen citu thye hién ¢ Viét Nam trong vai nam gan day vé img dung tri tué
nhan tao (Al) trong linh vee nude dudi dat, tap trung vao ba huong chinh: (i) ldp ban do tiem ning nude dudi dat trén nén GIS
tich hop AL (ii) dy bdo do man va nguy co 6 nhiém As bang cdc thudt todn hoc may (ML), va (iii) phdn tich chudi dir liéu quan
trac myc nuwoc bang mo hinh hoc sau (DL). Két qua nghién citu bucc dau cho thay mo hinh Extreme Gradient Boosting cd tiém
nang ndng cao do chinh xac, giam chi phi va khoi luwong khao sat thuc dia, dac biét hitu ich ¢ cac ving khan hiém nudc,
CatBoost va Extra Trees du bdo tot do man nudc dudi dat trong khi Random Forest ya Gradient Boosting du bdo tot nguy co 6
nhiém As. Tuy nhién, cdc nghién ciu tai Viét Nam con han ché vé quy mo, dia ban, doi twong nghién ciru va dit liu svr dung; chi
yéu dung o murc thir nghiém cho mot vung cu thé, chua tao ra tac dong nao doi voi céng tac qudn Iy va chua dap 1ing duwoc yéu
cau thuee tién vé canh bao, dy bao tai nguyén nudc. Bai bao cung chi ra cac khoang trong vé khung phap by, chuan hoa dir lieu
quan tréc va quy trinh nghién ciu, dong thoi dé xudt dinh huong ung dung Al cho canh béo can kiét, xam nhap man Uvung ven
bién, canh bdo 6 nhiém tai khu cong nghiép tap trung va tim kiem nguon nuoc ¢ vung sau, vung xa, vung khan hlem nuoc. Ket
qua nghién citu gop phan khang dinh tiém ning ciia Al trong quan Iy bén viing tai nguyen nueée dudi dat va nhan manh si can
thiét phdi chudn héa mang quan trc, hoan thién khung phap Iy cho canh bdo, di bdo nguon nuoc.

Tir khéa: AI-GIS, ML, canh bdo, dw bdo nwée dudi dat, can kiét, xam nhdp man, khodng trong nghién ciru.

Summary: The need for warning and forecast groundwater resources degradation, depletion and pollution has become urgent
in Vietnam in the context of climate change, groundwater overexploitation and increasing saline intrusion into aquifer systems.
Using artificial intelligence (Al) to exploit, analyze and transform raw real-time data sources into useful knowledge for warning,
forecasting and state management of water resources is an inevitable trend of technological innovation and digital
transformation in water resources sector. This article synthesizes and analyzes various studies conducted in Vietnam in recent
vears on Al application in the field of groundwater, focusing on three main directions: (i) mapping groundwater potential on Al-
integrated GIS platform, (ii) forecasting groundwater salinity and As pollution risk using machine learning (ML) algorithms;
and (iii) analyzing groundwater level monitoring data series using deep learning (DL) models. Initial study results show that the
Extreme Gradient Boosting model has the potential to improve accuracy, reduce costs and field survey volume, especially usefiil
in water-scarce areas, CatBoost and Extra Trees predict groundwater salinity well while Random Forest and Gradient Boosting
predict As pollution risk at very high accuracy. However, research in Vietnam is still limited in scale, location, research subjects
and data used,; mainly at the experimental level for a specific area, has not created any impact on management work and has not
met practical requirements for warning and forecasting water resources. The article also points out gaps in the legal framework,
standardization of monitoring data and research procedure, and proposes directions for applying Al for warning of depletion
and saline intrusion in coastal areas, warning of pollution in concentrated industrial zones and searching for water sources in
remote, isolated and water-scarce areas. The research results contribute to affirming the potential of Al in sustainable
management of groundwater resources and emphasize the need to standardize monitoring networks and perfect the legal
framework for water sources warning and forecasting.

Key words: AI-GIS, ML, groundwater warning forecasting, depletion, saline intrusion, research gaps.

1. MO PAU nhap min nuédc dudi dat co vai trg quan trong
Canh bdo, dy bao suy thoai, can kiét, xam trong quan ly, bao v¢ nudc dudi dat ndi chung

va g pho chui dong véi tinh trang han han,
thiéu nudc, xdm nhdp man; giup co quan quan

Ngay nhan bai: 20/8/2025 1y, cong dong dan cu va doanh nghi€p nam bat
Ngay thong qua phan bién: 10/9/2025 cac nguy co va dua ra cac hanh dong thich
Ngay duyét dang: 02/10/2025 hop. Dy bédo dai han cho phép xay dung chién
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luge phan bé, khai thac — sir dung ngudn nude
hop 1y va chu dong cac bién phdp thich tng
(chuyén doi co cau cay trong, xay dung cong
trinh ngdn man, cong trinh trir nudc ngot, bo
sung nhan tao cho tang chira nugc). Canh bao
kip thoi giup giam thiéu rai ro cho ngugi dan
vung ton thuong cao, han che thiét hai vé kinh
té — xa hgi. H¢ thong canh bdo som thict lap
dua trén (i) m§t mang quan trac hoan chinh tao
ra dir liéu quan trac chi ti€t, tin cdy; (ii) cac
nguong canh bio dugc xac lap ro rang; (iii)
cac cong cu manh gitp theo ddi chinh xac dién
bién, phat hién sém cac dau hi¢u nhdm dua ra
canh bdo kip thoi vé nguy co suy thodi, can
ki€t va xam nhip man, gip cong dong chu
dong 1'1'ng pho.

Quan trac tai nguyén nudc theo thoi gian thuc
st dung cac h¢ thong _quan tric tu dong
(telemetry system) voi cong nghé IoT tao ra
khi luong dir lidu khong 16; thach thuce kha
nang xir 1y truyén thong cua cac cong cu thong
thuong (excel, ArcGIS). D€ c6 thé xtr 1y, phén
tich va chuyen do6i nguon dir liéu thoi gian
thyc thd thanh nhimng kién thirc hitu ich phuc
vu canh bdo, du bdo va quan Iy nha nudc vé tai
nguyén nudc, can co khong chi co so ha ting
tuong thich B1g Data (cloud computing, HPC)
ma can ban la cac cong cu Al khai thac, phan
tich dir 1iéu va khuon khé quan tri da manh.
Trong vai nam tr¢ lai ddy Al da trd thanh cong
cu trung tam trong nghlen ctru, dy bdo va quan
1y nuée dudi dat, voi ung dung trai rong tur du
bao muc nuéc, danh gia chét lugng, khoanh
vung tiém nang dén t0i wu hoda khai thac-su
dung. Céc thuat toan ML dugc nghlen cliru Lrng
dung phd bién trong linh vuc nudc dudi dat va
nhiing tic dong ma chung mang lai da duoc
xem xé€t co hé thong [1], [2]. Giai doan 2021-
2025 ghi nhan su gia ting manh mé cac nghién
ciru ung dung Al trong linh vyc tai nguyén
nudc, tr cac nghlen cliru tong quan vé du bao
chit luong nudc dudi dat sur dung ANN,
ANFIS, SVM, EA [3] dén cac mo hinh thh
hop da ngudn dir liéu GIS, vién tham véi IoT
[4], [5]. Khong chi dung & m6 phong, nhiéu
nghién ctru da dua Al vao dy bdo muc nudc
dudi dat phuc vu khai thic mo, nong nghiép,
cap nudc do thi [4], [6] cho thay ung dung
thuc tién rd nét hon. Cac tic vu Al co ban
trong linh vuc nudc dudi dat va cac thuat toan
ML tuong mg da dugc nghién ciru ing dung
duoc thé hién trén Hinh 1.

O Viét Nam, nghién ctru thir nghiém Al trong

lap ban do tiém ning nude dudi dit lan dau
tiéen duoc thuc hién thi diém cho tinh Pak

CONG NGHE

Nong gitp 14p ban do chinh xac hon véi mod
hinh Al t06 hop RABANN (Real
AdaBoost+ANN) [7]. Cac nghién clru thu
nghiém Al trong linh vuc nudc dudi dat ¢ Viét
Nam tir d6 dén nay mgc du chi yéu van tap
trung vao lap ban d6 tiém ning nudc dudi dat;
tuy nhién, da c6 sy mé rong sang du bao do
man nudc dudi dat [8], [9] va nguy co 6 nhiem
Asen trong nudc dudi dat [10]. Dac biét 1a
nghién ciru thoi gian gén day dua CNN
(ConvlD), SlmpleRNN va GRU vao phan tich
chudi dir liéu muc nudc cho thiy huéng mo
rong tir bai toan khong gian-thoi gian sang
chuoi thoi gian [11].
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Hinh 1: Cac tdac vu Al trong linh vuc nudc
duwoi dat va cac thudt toan ML da dwoc
nghién ciru ung dung

Canh bao, dy bao ngudn nudc 1a mot trong
nhirng try ¢4t quan trong cuia cong tac diéu tra
co ban tai nguyén nudc. Thong tu so
52/2025/BNNMT ban hanh moi day dé cap
cac phuong phap canh bdo, du bao ngudn
nudc gom phuong phap thong ké, giai tich, mo
hinh; chudi théng tin, so lidu phuc vu du bao
ngudn nudc phai dam bio t6i thidu 20 nam.
Tuy nhién, Thong tu nay chi liét ké cac budc
thyc hign cho du bao nguon nude bang
phuong phap thong ké va giai tich; tuyet do1
chua dé& cap dén du bao ngudn nugc bang
phuong phap md hinh. Khong chi thé, Thong
tu nay cling hoan toan khong deé cap dén hé
théng canh bao sém ciing nhu céc cong cu
phuc vu canh béo, du bao nguoén nudec.

Nghién ctru nay dugc nhom tac gia thuc hién
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nham: (i) tong két tinh hinh nghién clru ing
dung Al trong linh vuc nudc dudi dat & Vit
Nam trong may ndm gan day; (ii) nhan di¢n
cac han ché va khoang trong trong cac nghién
clru; (i) dinh hudng cho cac nghién ciu thu
ngh1em Al trong linh vuc tai nguyén nudc
dudi dat & Viét Nam.

2.SO LIEU VA PHUONG PHAP NGHIEN CUU
Nhém téc gia da tién hanh thu thap so liéu tir
nguodn so cap (so licu quan trac muc nude dudi
dat va chat lugng nuéc dudi dat do Trung tdm
Quy hoach va diéu tra tai nguyén nudc quoc gia
thuc hién), nguon thir cap (cac bai bao khoa hoc
cong bo trén cac tap chi chuyén nganh trong va
ngoéli nudc, cac bao cdo ky thuat veé nghién ctru
tmg dung Al trong linh vue nude dudi dat) sau
do tién hanh phén tich- -tong hop, phan loai-hé
thong va tong két kinh nghiém dé c6 cai nhin
toan di¢n vé tinh hinh nghién clru, cac thach
thire chung, cac khoang tréng hién tai va tiém
nang phat trién ¢ Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Tinh hinh nghlen ciru ung dung Al
trong linh vuc nwéc dudi dat

3.1.1, Tich hop Al trén nén GIS dé lgp bdn
do tiém nang nwdoc dwoi dat

Tiém ning nudc dudi dat 1a (101 tuong nghién
ctru chi dao, chiém 7 trong sb 11 cong trinh
nghlen clru dang trén tap chi chuyén nganh
quoc t€ (9 bai) va trong nudc (2 bai) tir ndm
2020 dén thang 3/2025 dugc nhom tac gia khao
ctru (Hinh 2); phan anh su chuyén dich tir ing
dung cong cu GIS thong thuong sang GIS tich
hop Al, dac biét 1a cac t6 hop ML khac nhau.
Ung dung Al giﬁp lap ban do va danh gia chi
tiét tiém nang nudc dudi dat co ¥ nghla to 16n
ddi véi cong tac tim kiém, tham do nuéc dudi
dat, gop phan lam giam khéi luong cong tac

diéu tra thyc dia & cac vung c6 diéu kién giao
thong kém, di lai khé khan, ving c6 di€u kién
thi cong phuc tap, mirc do tai lidu diéu tra dia
chit, dja chat thuy vin han ché. Mbi lién hé
glua adi tuong nghlen ctru (tre 13 tiém nang
nuée dudi dat) voi vung nghién ctru dugc phan
anh rd nét khi tat ca 7 cong trinh nghlen clru
nay [7], [12-17] déu dugg trién khai & cac tinh
Tay Nguyén (Gia Lai, Dik Néng, Pik Lik) 1a
vung khan hiém nudc.
Viéc lya chon cac yéu t6 anh “hudéng dén kha
nang “tim thay nude dudi dat 1a khong don
glan do ban chat phuec tap va ph1 tuyen tinh cua
nude dudi dat. Thong thudng, cac yéu t6 duoc
lya chon phu hgp véi ving nghién ctru va theo y
dinh cta nhom nghién ctru do khong c6 hudng
dan chuan nao cho viéc lua chon. Trong cac
nghién ctru thir nghiém ¢ Viét Nam, céc tac gid
hau hét deu lya chon 12 yéu t6 trong 'd6 ludn bao
gdém do ddc, huong doc do cao, do cong, luong
mua, mat do song suoi, str dung dt, thanh tao
dia chat khoang cach den duat gay. Ngoal ra, cac
yéu tb khoang cach dén song, chi s6 do am dia
hinh (TWI) khoang cach dén du:ong giao thong,
chi s6 nguon dong (SPI), chi s6 van chuyén tram
tich (STI), chi s6 khéc biét thuc vat (NDVI) chi
s0 khac bi¢t do am (NDMI) chi s6 khac biét
nudc (NDWI), chi s6 khac biét cong trinh xay
dung (NDBI) duoc lya chon tuy theo dic
trung vung nghlen ctru. Thong thuong, cac yéu
to dia hinh (d6 doc, hu’ong doc, do cao, do cong)
dugc trich xuat tr md hinh s6 d6 cao DEM
ALOS PALSAR vé1 d§ phan giai tuy chon; mat
do song va khoang cach dén duong giao thong
duoc thu nhén tir ban do dia hinh; thong tin vé
thanh tao dia chat, khoang cach,den dut gay
duoc thu nhan tir bén do dia chat; cac chi so
NDVI, NDMI, NDWI, NDBI dugc tinh toan tir
anh v¢ tinh Sentinel va Landsat.

Bang 1: Téng hop cac k§ thuit Al/thuit toan ML, DL dwoc sir dung theo boi canh
dir li€éu trong mot s0 nghién ciru gan day veé phan vung tiém ning nuwdéc dudi dat (NDD)
& mot so vung cia Viét Nam

Nguon

TR Dir liéu dugc st dung
tai liéu

K¥ thuat Al/Thuat toan ML dugc st dung

[7] 72 giéng thim do NDD

Real AdaBoost+Artificial Neural Networks

[12] | 130 giéng tham do NDDP

AdaBoost-Functional Tree (MRAB-FT), Bagging-Functional
Tree (BA-FT), Rotation Forest-Functional Tree (RF-FT)

134 giéng tham chiéu dia

[13] ly thuc dia 2018-2019

Locally Weighted Learning (LWL), AdaBoost - Locally
Weighted Learning (ABLWL), Bagging - Locally Weighted
Learning (BLWL), Multi Boost - Locally Weighted Learning
(MBLWL) and Rotation Forest - Locally Weighted Learning
(RFLWL)
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bang Harris Hawks Optimizer (HHO)
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g?ﬁgﬁ Dit liéu dugc st dung K¥ thuat Al/Thuat toan ML dugc st dung
' £ < s AdaBoost-Random Forest (ABRF), Bagging-Random Forest
[14] 72 giéng thim do NDD (BRF), LogitBoost-Random Forest (LBRF)
Deep Neural Network (DeepNN) toi uu bang Adaptive
[15] 938 diém mach 19 Moment Estimation Optimizer (ADAM), SwarmRF t6i uu

181 diém kiém ké NDD
trong d6 82 diém khong
gieng/ khong mach 16

[16]

Deep Neural Network (DNN), CatBoost (CB),
Gradient Boosting (XGB)

extreme

[17] | 501 dit lidu giéng

Cascade Generalization-Logistics Model Trees (CG-LMT)

Nhin chung, cdic m6é hinh AI/ML duogc lya
chon twong thich voi bdi canh dit liéu:
RABANN, MRAB-FT, BA-FT, RF-FT,
ABLWL, BLWL MBLWL RFLWL cho cac
tap do li¢u han ché; CB, XGB, DNN,
SwarmRF, CG-LMT cho cac tap du liéu 16n
hon. Al t6 hop ¢6 uu diém hon so voi Al don
1¢ nho kha nang nhan dang t6t cac quan hé phl
tuyen va giam thién léch trén bo dir licu nhé va
vira. XGB 1a lya chon t6t khi mudn t6i wu do
chinh x4c va on dinh trong diéu kién dir liéu
trung binh, khong quéa doi dao. Deep, learnlng
duoc ky vong 14 phat huy thé manh d6i véi tap
dir liéu 16n; tuy nhi€n nghién ctru trén 938 dir
liéu mach lo nude dudi dat & Gia Lai cho thay
DeepNN (accuracy 77,9; AUC=0,820) c6 hi¢u
nang kém hon SwarmRF (accuracy 80,2%;
AUC=0,854) [15].

3.1.2. Str dung Machine Learning dyw bdo do
man nwdc dwdi dat va nguy co 6 nhiém Asen
Nghién ctru thir nghlem cac thuét toan ML dy
b4do do mdn nudc dudi dat va 6 nhiém Asen
nudc dudi dat o Viét Nam méi ¢ budc khoi
dau v6i s6 luong rat it cong trinh dugc cong
bd. M6 hinh CB cho thiy hiéu nang dy bao
ham luong CI t6t nhét trong ca pha huan luyén
(RMSE=29,90; R?>=0,99) va pha kiém tra
(RMSE=205,96; Rz—O 84) [8]. Gida tri ham
luong CI du: bao bang mo6 hinh CB dugc su
dung dé lap ban d6 d6 min nudc dudi dat; tir
d6 tinh toan ra dién tich vung va s dan bi anh
huéng man. Trong mot nghién ciru moi day, 9
mo6 hinh ML t6 hop da dugc so sanh, sit dung
t6i wu Bayes va thyc hién hoan do6i nhleu lan
tap dir liéu huin luyen/klem dinh de kiém tra
d6 6n dinh va xac dinh mo hinh tdi wu cho
tung chi thi d6 man (CI°, HCOs’, pH); xac dinh
ET 6n dinh nht cho CI' (R*>0,93; RMSE
<1050 mg/L) RF 6n dinh cho pH (R2 0,67;
RMSE=0,43); BA, RF 6n dinh nhat cho HCO3'
(R?=0,78/0,72; RMSE=82-88) [9].

Nguy co 6 nhiém As trong nude dudi dat duoc
du bao tbt (AUC -ROC 61 0 96) bang mo h1nh
RF va GB va xac dinh Eh va Fe 1a hai bién
quan trong nhat chi ph01 ham lugng As trong
nudc dudi dat [10]. Gia tri Eh thap biéu thi
diéu kién méi trudng khir, tao diéu kién cho
qua j[rinh hoa tan cac oxit Fe va giai phéng As
tir tram tich vao trong nudc dudi dat.

3.1.3. St dung Deep Learning xw ly cdc
chuoi dir lieu nwoc dwoi dat thoi gian thuc
Viéc van hanh mang quan tric nudc dudi dat
trong thoi gian dai, dac biét 1a khi hé thong
quan trac ban ty dong va ty dong dugc trién
khai lap dat pho bién tai cac cong trinh quan
tric, ‘mang lai khéi luorng dir licu quan trac dd
sO va kéo theo yéu ciu xur Iy hi€u qua, t6i wu
nguon dir liéu nay dé phuc vu cho cong tac
canh bao, du bao nudc dudi dat. Mac du cac
thuat toan ML da duoc nghién ctu thir nghiém
manh mé va ap dung rong rai cho quan trac
nude dudi dat ¢ nhiéu nudc trén thé gidi tir
nhiing nam 2010 [2]; tuy nhién, ¢ Viét Nam,
chi dé nay van chua duoc khai thac nhiéu. Két
qua nghién ctru ban dau da cho thay ANN du
bao muc nudc dudi dat & céc g1eng quan trac
(QT08 va QT16) tai Céan Tho vé6i EI va R2 >
0,9 cho ca giai doan hi€u chinh (2004-2012)
va kiém dinh (2013-2015); RMSE rat thip
(0,06-0,22 m) [18]. Dang duong du bdo bam
sat voi du’ong quan trac, phu hop vé xu huéng
trung binh thang va thé hién su suy gidm muc
nudc theo thoi glan do khai thac manh; tuy
nhién van c6 sai so cuc bo thé hién & cac peak
dugc du bao qua thip/qua cao.

Thir nghiém dy bao muc nudc dudi dat sir
dung ba mdé hinh DL khic nhau
(Convolutional Neural Networks biét hoa cho
tap dr ligu mot chieéu (ConvlD), Simple
Recurrent Neural Networks (SimpleRNN),
Gated Recurrent Unit (GRU) cho dit liéu quan
trac nudc dudi dat tai 3 tram quan trac quoc
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gia cho thady CNN (Cony1D) cho két qua t6t
nhat ¢ ca 3 tram quan trac va ddc bi¢t noi troi
voi dir liéu co bién dong vira phai hodc co
thiéu hut (vi du tram Q080810 — HCM), v6i
RMSE,rat, thdp (0,06 mm). SimpleRNN hoat
dong rat tot voi dir liéu c6 do phan giai cao va
it bién dong (tram Q55M1 — Ha Noi, dir li¢u
theo gid). Tuy nhién, khi dir li€u bién dong 16n
(tram Q40101T — Kién Giang) thi d6 chinh xac
gidm manbh, sai so tdng. GRU theo ly thuyét co6
kha nang xwr ly tot quan hé dai han, nhung
trong, thor nghiém lai kém nhit. O Q40101T,
sai s0 RMSE 1én dén 7,39 mm, 16n hon han
hai mo hinh kia [11].

3.2. Cac han ché va khoang trong

3.2.1. Quy mé, doi twong, dia ban va don vi
thuc hi¢n nghién ciru

C6 thé thiy cac nghién ctru thir nghiém AI/ML
trong linh vuc nudc dudi dat & Viét Nam con
han ché vé quy mo, d6i tuong va dia ban
nghlen ctru. Tong sO cong trinh nghlren‘cuu chi
dung lai & muc 12, phan 4nh thuc té rang img
dung AI/ML _trong linh vuc nudc dudi dat &
Viét Nam van con ¢ giai doan thir nghiém
chua hinh thanh mot hu’ong nghlen ctru manh
mé&, lién tuc. Phan 16n cong trinh nghlen clru
(7/ 12 cong trinh) tap trung vao tlenl nang nudc
dudi dat (Hinh 2) trong khi cac van dé chuyén
biét, cap bach hon nhu suy giam muc nudc,
gia tang d6 man, nguy co 0 nhiem lai it dugc
khai thac (chl 1-2 cong trinh). Piéu nay cho
thdy su mat can doi gitra nhu cau thyc tién va
hudéng nghién ctru.

Myt mree NOO N, Th HOM, X0 Tr BH Md Bha chdr
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Hinh 2: Cac cong trinh nghién cuu ung dung
Al trong linh viec nuwoc duoi dat & Viét Nam
théng ké theo doi tieong nghién civu, ving
nghién ciru va don vi thuc hién

Cac nghién ctru m¢é1 chi dugce thuc hién & mot
s6 khu vuc cu thé nhu Tay Nguyén, DBSH,

DBSCL trong khi nhiéu tinh/thinh khic véi
tinh trang khai thac nudc dudi dat phirc tap (vi
du: cac khu cong nghiép tip trung, ving ven
bién DBSH, vung ven bién mién Trung) lai
chua duoc dé cap.

Cac don vi c6 nén tang khoa hoc k¥ thuat va
kinh nghiém nghién ctru thuc dia nhu Vién Han
lam Khoa hoc cong ngh¢ Viét Nam, Vién Khoa
hoc thuy loi, Dai hoc Quoc gia Ha N01 Truong
DPai hoc Mo- Dia chit deu da tham gia ngh1en
cuu va dugc ky vong tlep tuc dong vai tro nong
cdt. Sy tham gia cna dbi tac Han Qudc nhu
Vién Khoa hoc Cong nghe Gwang]u (GIST) va
Dai hoc Han Quoc du véi so lugng cong trinh
nghlen ctru con rat han ché da cho thay tiém
nang mo& rong mang ludi hop tac va tiép thu tri
thirc, cong nghe tién tién. Can thuc day hop tac
quoc t€, mo rong dbi tac va chi trong xay dyung
dé cuong, lap du 4n nghién ctru chi tict bai ban,
dinh hinh rd muc tiéu nghién ctru va vai tro cua
Viét Nam,; tranh tinh trang chi cung cap dir li¢u
cho 601 tac nudc ngoai thuc hién nghién ctru va
cong bé két qua.

NAWAPI 1a don vi c6 bé day kinh nghi¢m
quan ly van hanh mang quan tric tai nguyén
nudc quoc gia, nam gilt dir liéu quan trac tai
nguyén nudc va co chirc néng nhiém vu thuc
hién canh bao, du bao tai nguyén nudc. Do Vay,
6 thé ky vong sy tham gla tich cyc, manh mé
cuia don vi nay trong cac nghién cliu thu
nghiém, g dung AI/ML trong quan trac, canh
bao, du bao nudc dudi dat trong thoi gian toi.

3.2.2. Dir li¢u dwoc svr dung

Céac nghién ctru da thyc hién Ve du bdo do mdn
va 6 nhiém As nudc dudi dat hau hét moi chi
str dung cac tap dir liéu tai mot thoi diém hoic
gan voi mot chién dich dleu tra khao sat trong
mot khoang thoi gian nhét dinh, thuong la vai
ndm. Kha nang tong quat hoa vé mit khong
gian-thoi g1an cua nghlen cuu la cuc ky han
ché; két qua cua nghién ctru khong thé 4 ap dung
cho g1a1 doan khac hodc dia phuong khac.
Viéc mé rong sang dy bao chudi thoi glan
bang ConvlD, SlmpleRNN va GRU [11] moi
O giai doan thu; nghiém vo6i pham vi dir liéu
han che, chi gom 3 tram quan trac: Q55M1
(Ha Noi; 2020-2023), Q080810 (TP.HCM;
1992-2016), Q40101T (Kién Giang; 2000-
2016) voi thoi gian va dac diém dir li¢u khac
nhau nén kho khai quat cho toan bd Viét Nam.
Céac yé€u t0 khi tuong, thuy van, khai thac ...
von anh huéng manh dén dong thai nuéce dudi
dat lai chua duoc xem xét. Trong khi do,
Thong tu sb 52/2025/BNNMT quy dinh vé
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chudi thong tin, s6 liéu phuc vu du bdo ngudn
nudc phai ddm béo to6i thiéu 20 nam.

3.2.3. Cac budc tiéen hanh nghién cuu lwa
chon mo hinh

Nhin chung, két qua nghién ctru thr nghiém
AI/ML trong linh vyc nudc dudi dat ¢ Viét
Nam chua dugc cac nhom tac gid trinh bay
thdng nhat va rd rang theo cac budc thuc hién,
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gdy can tré d6i voi viée (i) hiéu dung két qua
cua nghién cuu, cu thé 1a hiéu nang du bao/dyu
doan cua mo hinh va (ii) 1ap lai quy trinh/ap
dung thir nghiém md hinh doé trén tap dir ligu
m&i. Cac nghién ctru da thyc hién ¢ Viét Nam
s€ dugc xem xét danh gid theo cac budc ti€u
chudn nhy tom tat trong Hinh 3 dé lam 13 céc
han ché néu c6.
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Hinh 3: Cdc bude tiéu chuan trong nghién ctru lyva chon moé hinh AI/ML cho du bao nuoc duoi dat

a. Chuan bj dit liéu

Céc nghién cuu déu tién hanh 1am sach dir liu,
loai céac gia tri ngoai lai, dong bo dir liéu vé do
phan giai, toa d9; dan nhan/ma hoa bién phu
thudc theo ngudng x4c dinh (vi dy: luu lugng 2
L/s dé phéan biét co/khong c6 nude dudi dat; ham
luong As 10 J,Lg/l dé phan biét co/khong 0
nhiém). Hau hét cac nghién ctu déu tién hanh
chia dir liéu ngau nhién hodc chia theo giai doan
thoi gian (vi du: 2004-2012 vs 2013-2015) thanh
tap dir liéu train va tap dit liéu fest theo ti 1€
70/30. Dit li€u fest can dugc gilt nguyén khong
can thi€p, ngoai trir lam sach, dong bd va gan
nhan cho céc bién ma khong lam ro ri thong tin.
Luu y nguy co ro ri tuong quan, khong gian khi
cac diém gan nhau co6 dic diém tuong dong
duoc phan chia ngau nhién vao ca tap frain va
tap test. Can dam bao duy tri ti 1¢ duong tinh cua
tap dit liéu trong qua trinh phan chia. Tuy nhién,
mot sO nghién ctru da thyc hién chuan hoa dﬁ’
liéu [9] (nhung khéng trinh bay ro chuan hoa
nhu thé nao); gan dir liéu bi thiéu cho mot sd
tham s6 (T, HCOs, DO...) bang KNN imputer
[10] trude khi chia tap train/test.

Mot s6 nghién ctru da str dung céc ki thuat/cong
cu Feature importance [8], One-R feature
selectlon [12], Correlation Attribute Evaluation
[13] dé lya chon céc yéu té dau vao.

Co thé dung permutation nnportance (PI) va/hodc
SHAP dé loai bot nhitng yéu t6 nhiéu, chi giit lai
nhiing dac trung quan, trong. Xur Iy ddng bién
tuyén tinh, da cong tuyen bang Variance Inflation
Factor WIF ) 1a can thiét di véi cac tap dir liéu co
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nhiéu bién tuong quan cao.

Viéc ldy mau am dé‘can bang dir liéu cho tap
train va validation can than trong, dam bao c6
kiém soat khong gian dé tranh overfitting va
thuc hién sau khi chia tap train/validation/test.
Viée lay thém cac diém khong mach 16 voi 5O
lugng bang s diém mach 16 ban dau trude khi
chia dir liéu thanh tip frain va validation
(khong chia tap test) [15] dan dén nguy co 1o
ri khong gian va khién cho cac tiéu chi danh
gia hiéu nang dy bao cia md hinh khong
khach quan.

b. Xﬁy dung mo hinh

Phan 16n cac nghién ctu chua mo ta quy trinh
tinh chinh siéu tham s6 mot cach c6 hé thong.
Ham grid search 5-fold CV va random search
10-fold CV lan luot duoc ap dung dé tinh
chinh siéu tham sd trong cac nghién ctru [8]
[10]. Trong mot ngh1en cuu khac [9] ham to61
uu Bayes duoc st dung két hop véi thuc hién
hoan d01 300 lan tap train/validation dé kiém
tra d 6n dinh cia moé hinh khi dit liéu thay
do1 Tuy nhién, viéc gilr nguyén cac si€u tham
s0 nhu dugc xac dinh  qua lan d4nh gia dau tién
trong cac 1an hoan d6i nay vO hinh chung lam
mat y nghia tinh chinh siéu tham sd.

Trong truong hop mot mo6 hinh cho do chinh
X4c vuot troi han so voi cac md hinh khac
hoic ¢6 sy khac biét 16n gilra
training/validation, can thyc hién kiém dinh
chéo khong gian (block-CV/k-fold CV), chia
dir liéu theo khdi luéi, phan vi dia chat hoic
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tleu Ivu vue va tién hanh kiém dinh chéo nhiéu
14n cho c4c nhom.

c. Danh giad mo hinh

Da s cac nghién ciru moi du'ng O viéc bao cao
gia tri RMSE, R? don thuan cuing voi EI [18];
AIC, BIC va Taylor diagram [8]; PR-AUC va
AUC-ROC [10]; MAE [11].

Nén tinh toan va bdo cdo khoang tin cdy (CI)
cho AUC/ACC va gia tri PR-AUC khi dir li¢u
mat can bang; vi du: dit li¢u quan trac muc
nude dudi dat dai ky, trong do da so6 1a gia tri
muc nudc khong bién dong, mot so it ngay co
muc nudc dang cao/ha thip bat ‘thuong do mua
16m, x4 Ii/khai thac tang dot bién; hoic dit liéu
quan trac chat lyong nude trong mot vung véi
phan 1én cac diém Ia khong 6 nhiém, chi mot
s it cac diém bi 6 nhiém.

d. Lua chon mo hinh

Céc nghlen ctru chon mod hinh t01 uu theo
RMSE va R? hoic AUC-ROC t6t nht trén tap
test va thir hang 6n dinh qua céc 1an kiém dinh
chéo 1ap lai.

e. Kiém chung va trién khai

Céc nghién ctru maéi chi dung ¢ danh gid hi¢u
nang dy bao cia md hinh trén tap test; chua
thuc hi¢n kiém dinh doc lap trén tap dir licu ¢
vung khéc, hodc ¢ khoang thoi gian khéc; do
vay, chua danh gia dugc kha nang khai quat
hoa ciia mo hinh dé ap dung rong rai.

3.2.4. Cac thudt toan ML dwoc irng dung

Nhin chung, trong cac nghién ctru da dugc thuc
hi¢n & Viét Nam, cac tac gla da lua chon cac mo
hinh AUML tuong thich voi b01 canh dir lidu.
Convl1D la m6 hinh ndi trdi nhét cho dit lidu muc
nudc dudi dat & Viét Nam hién tai. Tuy nhién, dé
ap dung rong rai mo hinh nay cho dit liéu thoi
glan thuc, can mo rong tap dit licu, tich hop thém
yeu t6 ngoai sinh (mua, chi so ENSO muc nudc
blen khoang cach toi blen/song, dia tang, do sau
tAng “chira nudc, sir dung dét).

Can thir nghiém cac kién tric tién tién hon
(LSTM, LSTM autoencoder, hybrid CNN-RNN,
Transformer) véi kha nang xu ly dit liéu dai han,
nhi€u chiéu va cép nhat online; phu hgp voi hé
thong quan 1y tai nguyén nude thong minh.

3.3. Dinh huéng cho nghién ciru ing dung Al
trong linh vue nwéc dudi dat cia Viét Nam
Ung dung Al trong linh vuc nuéc dudi dat &
Viét Nam can dugc dinh huéng phu hgp véi
ddc trung Jumg vang va nhu cau thyc tién. Ve
co ban, can chu trong cong tac canh bdo, du
b4o suy thoi, can kiét, 6 nhiém nuéc duéi dat

& nhitng ving co tinh ton thuong cao va tim
kiém, thdm do nguon nudc ¢ nhitng vung khan
hiém nudc.

3.3.1. Ung dung AI cho cinh bdo, dw bao
can kiét, xam nhdp mdan nwoc dwoi dat vung
ven bién

0] Vung ven blen dac trung ndi bat 1a khai thac
nude dudi dat quy mo 16n phuc vu sinh hoat,
san xuat nong nghiép va nudi trong thuy san,
trong khi nguon bo cap han ché va chiu anh
huéng manh cua thuy triéu, muc nudc bién
dang. Nhu cau cap thict 1a du béo can kiét, canh
b4o xam nhap man theo khong g1an ~ thoi glan
dé diéu chinh ké hoach khai thac va bao vé tang
chtra nude. Do do, dir liéu bat budc phal bao
gom muc nudc, EC T (tan sut 1 lan/glo) tai
cac gieng quan trac; lwu lugng khai thac, ché do
khai thac, cac thong tin theo giay phep khai
thac cho ting giéng, dit liéu thuy van-hadi van
(mua bdc thoat hoi, muc nuée sdng/kénh, muc
nuéc bién, /d0 man nudc song/cua song), . dit
liéu dia chat thuy van (d0 sau mai, day ting
chira nudce, hé so tham, chiéu sau 6ng loc), dir
liéu vien tham (DEM, LULC, NDVI, NDWI,
NDMI), GRACE, khoang cich toi blen/song,
cong trinh ngan man.

Céc m6 hinh DL theo chudi thoi gian (LSTM,
GRU, Temporal Fusion Transformer) két hgp
v6i mo hinh khong gian—thoi gian (Graph
Neural Network, ConvLSTM) thich hop dé du
bdo bien dong. Do chinh xac t61 thi€u can dat
la sai s6 muc nudc < 0,3-0,5 m va AUC-ROC
> 0,85 trong canh béo.

3.3.1. Ung dung AI cho canh bdo, dy bdo suy
thodi, can kiét, 6 nhiém nwoc dwoi dat tai cac
khu cong nghiép tdp trung

O cac khu cong nghiép tap trung, thach thirc 16n
la suy thodi, can kiét nudc dudi dat do khai thac
qua muc va nguy co 0 nhlem tr nudc thai cong
nghiép. Nhu cau thyc tién 1a thiét 1ap hé thong
canh bao sém dé phat hién di thuong muc nude
hodc nong do 6 nhiém ciing nhu dy béo lan
truyén chat 6 nhiém dé phuc vu quéan 1y rii ro.
Do d6, yéu cau dir liéu khong chi 1a myuc nuéc
dudi dat va cac chi tiéu hoa ly co ban (pH, T,
EC, NOs, CI') ma con phéi c0 thong tin dinh ky
\S ham luong kim loai nang (As, Pb, Cd, Cr),
hop chit hiru co dé bay hoi (VOC, BTEX) ban
do phan b tang chira nude, hudng dong chay
nudc dudi dat, hé so tham loa1 hinh sén xuat,
luu lyong xa tha1 so d0 cong trinh ngam, so d6
hé thong thoat nudc mua/nudc thai.

Cac mod hinh Isolation Forest, LSTM
Autoencoder, One-Class SVM, Bayesian
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Change-Point cho phat hién di thuong;
XGBoost hodc LightGBM cho phan loai
nguon 6 nhiém la phu hop dé st dung bo
chinh x4c mong muyon PR-AUC > 0,85 va thoi
gian phat hién sy c0 < 7 ngay.

3.3.2. Ung dung Al cho tim kiém, tham do
nwdc dwdi dat ¢ cdac vang sdu, vung xa, mién
nui va hdi ddo

Ddi voi ving sdu, vung xa, mién nui va hai dao,
thach thac ]a thiéu mang i quan tric va nhu
cau b thiét 1a tim kiém, tham do nuée dudi dat
phuc vu cap nudce sinh hoat tap trung. Do vay, dit
liéu can bao gom céc ban do dia chét - dia chat
thtty vin, cac phiéu 16 khoan da thyc hién, s6 lidu
dia vat ly (ERT, VES, CSAMT), dit heu vién
tham (DEM, NDVI, NDWI, NDMI, lincament,
LULC), lugng mua, boc h01 giéng khai thac
dang hoat dong, giéng kho. Cac dir liéu nay phai
dugc tich hop thanh h¢ thong khong gian théng
nhat, c6 metadata vé vi tri, cao do va thoi gian do.

Cac mé hinh RF, XGB, LGB, CB két hop v6i
mang U-Net dé 1ap ban d6 khoanh vung tiém
nang nudc dudi dat 1a lya chon thich hop. Muc
tiéu 1a du bao dugc vi tri khoan giéng co nudc
vo1 do chinh xac >80% va chi€u sau khoan
gleng Vi sai s0 < 20%.

4. KET LUAN

Trong nhitng nam gan day, cac nghién ctru ting
dung Al trong linh vyc nudc dudi dat tai Viét
Nam da bude dau duoc trién khai, phan anh Xu
the tat yéu ctia d6i méi cong nghe va chuyén 601
s0 trong quan 1y tai nguyén nudc. Tuy nhién, s
lugng cong trinh con han ché va chét fwong chua
dong déu, chu yéu dung ¢ muc thir nghiém cho
mot ving nhét dinh, chua tao dugc tac dong 16
rét trong thuc tién quan ly. Dang chu y, hé thong
khung phép 1y vé canh bdo va du béo nguon
nudc dudi dat van chua hoan thién; Thong tu s
52/2025/TT-BNNMT vira ban hanh van chua
dap tmg dugc yéu cau thyc tién d6i vdi cong tac
canh bao, du bao ngudn nudc dudi dat trong boi
canh bién doi khi hau, gia tdng nhu cau khai thac
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va chuyén dbi so.

Mot rao can 16n khéac 1a sy thiéu chuin hoa
trong mang ludi quan trac va cong tac thu thip
dir liéu. Hién nay, dit li€u quan trac nudc dudi
dat tai Viét Nam chua dam bao tinh lién tuc,
dong bo va chat luong cao — déy 1a yéu t6 cbt
16i dé AI co thé phat huy hiéu qua trong phan
tich, canh bdo va du bdo. Do do, viéc chuén
hoa mang quan trac va cong tac van hanh cling
nhur nang cao chit lugng dir liéu 1a diéu kién
tién quyéet dé cac nghién ctu ung dung Al co
thé chuyén sang giai doan trién khai thyc te.
Trong twong lai, can dinh hudng phat trién cac
nghién ctru ung dung Al ¢ nhitng khu vuc cé ap
lyc khai thac 16n va c6 nguy co can kiét hodc 6
nhiém nguon nudc dudi dat, chang han nhu céac
vung phét trién cong nghiép tap trung, vung ven
bién PBSCL, Vung ven bién DBSH. Day la
nhung noi vira ¢6 nhu cau quén ly cap t thiét, vira
¢6 tiém nang dir lidu dé trién khai thi diém.

Toém lai, viée Ung dung Al trong canh bdo va
du béo nudc dudi dat ¢ Viét Nam mé1 ¢ giai
doan khoi ddu, con nhidu han ché vé nghién
ctru, dir ligu va chinh sach. Can c6 su két hop
dong bo gilta dau tu nghién clru, hoan thién
khung phap 1y va dac biét la chuan hoa mang
quan trac nham tao nén tang dir liéu ving chac
cho céac giai phaip Al; su phoi hop gifra cac
vién nghién ciru, truong dai hoc véi cac co
quan quan ly dé bién két qua nghién clru rng
dung Al thanh cong cu dy bao, canh béo, phuc
vu quén 1y bén viing tai nguyén nude dudi dat.
LOT CAM ON: Céng trinh nghién citu dwoc
nhom tac gza thue hién trong . khuén khé Dé tai

“Nghién cuu u’ng dung tri tué nhan tao (Al) va
GIS canh bdo va dw bdo suy thodi, can kiét va
xdam nhdp man nguon nudc dudi, dat, .ap dung
thur nghiém tai cac_ tinh ven bién dong bang
Bdc B6” (Md sé dé tai: CS.2025. 24) 16 chirc
chu tri: Trung tam Cong nghé va Dir liéu tai
nguyén nuwoc (WATEDA).
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