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Tém tit: O nhidm chét lugng nudc 1a mot van dé moi truong nghiém trong, anh hudng dén
hé sinh thai, dén strc khoe con ngudi va dén sy phét trién nén kinh té. Khi cac chat 6 nhiém
nhu hoa chét, kim loai ning, chat thai hiru co va vi khuén tir cac ngudn cong nghiép, nong
nghiép dan dén sy suy giam chat luong nude. O nhiém nudc thuong duge do luong qua sy
gia tang nong do cac thong sd chat lugng nude. Nghién ciru trich xuét chi s6 nuéc (AWEI
WRI, va NDWI) tir dir liéu anh vién tham Sentinel-2 két hop vé6i dit liéu do dac thong sb
TSS thyc té dé xay dung mo hinh hdi quy xac dinh dién bién nong d6 TSS trén pham vi
song Thi Tinh va cac phu Iuu. Két qua nghién ctru cho thiy phuong phap nghién ctru mang
tinh thyc tién cao gilp danh gia nhanh va hiéu qua. Két qua du doan gia tri nong do TSS
giai doan 2021-2024 trong nuéc mat dao dong trong khoang 1,97-83,78 mg/l. M6 hinh hoi
quy c6 hé sb xac dinh R?= 67,4% va MSE = 0,17. Phuong phap duoc ap dung trong nghién
ctiru c6 thé duoc sir dung dé danh gia chat lwong nudc cac khu vuc khac caa tinh Binh
Duong.

Tir khéa: Hoi quy da bién; TSS; Song Thi Tinh; Sentinel-2.

1. Mé& dau

Tong chit rin lo ltimg (TSS) duge Xxem 1a mot trong nhirng chat gay 6 nhidm chinh gop
phan 1am suy giam chat lugng nudc, 1a mot trong nhing théng sé 1am tang chi phi xir 1y
nuac, tac dong ; dén loai dong thuc vat c6 trong nudc. Cé4c hat lo limg (SPM) anh hudng truc
tiép 1an gian tiép dén hé sinh thai trong moi truong nudce va cac hoat dong c6 lién quan dén
con nguoi [1]. Cac phuong phap danh gia chat lugng nudc truyén thong van con ton tai nhidu
han ché vé thiét bi, phuong phap, va quy mé nghién ciru, déc biét chi phi thyc hién la mot
van dé 16n. Phuong phap truyén thong doi hoi sb lugng mau 16n va thoi gian thuc hién kéo
dai, diéu nay khong chi lam giam do chinh xdc cuia nghién clru ma c6 kha nang gay phat sinh
chi phi [2]. So véi cac phuong phép truyén théng, cong ngh¢ vién tham c6 nhiéu loi thé ndi
bat, chang han nhu kha nang thu thap luong dir li¢u 16n, tiét kiém chi phi va thoi gian so voi
viéc chup anh tir trén khong & cac khu vuc rong. Thém vao do, cong nghé nay con cho phép
phan tich dif liéu va theo ddi su thay doi ctia chiing theo thoi gian [3]. Cong nghé vién tham,
v6i kha nang str dung dir liéu anh da pho va da thoi gian, dem lai mot cong cu hiéu qua trong
viéc theo ddi lién tuc va toan dién dién bién cua chit luong nude. Nhimng yéu t6 nhu d6 duc,
Tap chi Khi twong Thiy van 2025, 772, 38-50; doi:10.36335/VNJHM.2025(772).38-50  http://tapchikttv.vn/


mailto:tuyenduong0965@gmail.com

Tap chi Khi twong Thiy van 2025, 772, 38-50; doi:10.36335/VNJHM.2025(772).38-50 39

d6 man, va sy hién dién cua chat rin lo ling trong nudc co thé duoc theo ddi thuong xuyén
ma khong bi anh hudng tir cac tram quan tric c¢b dinh [4]. Dé dam bao viéc quan 1y va bao
v€é mdi truong nudc tai cac con song dat hi€u qua cao, viéc phat trién va ap dung cac giai
phap gitip chiét tach chi sé chat lugng nudce tir cac dit liéu anh vién thdm mot cach nhanh
chéng va chinh xac 14 vo ciing quan trong. Viéce sir dung cong nghé vién thim cho phép thu
thap va xur ly dir liéu chét luong nuée tir mot pham vi rong lon ma khong gap phai cac rao
can vé thoi gian va khong gian nhu cac phuong phap truyén thong Mot trong nhitng cong cu
manh mé& hd trg cho cong tac nay 1a Google Earth Engine, mot nén tang dién toan dam may
tién tién, dugc thiét lap dac biét dé phuc vu cac phan tich dir liéu quy mo toan cau. Nén tang
nay khéng chi cung cip kha nang xt Iy va phan tich khéi lwong 16n dit liéu anh vé tinh, ma
con giup nguoi sir dung thue hién cac nghién ciru va theo ddi cac bién dong méi truong mot
cach hiéu qua va toan dién, hd tro qua trinh ra quyét dinh trong vi¢c bao v¢ tai nguyén nudc.
N6 cung cip quyén truy c@p vao mot loat hinh anh v¢ tinh, déc biét 1a cac san pham Landsat
va Sentinel-2, dong thoi tao didu kién cho dién toan hiéu suét cao dé phan tich xa hoi va mé1
truong, bao gdm ca giam sat nude [5]. Viée Co quan Vil tru Chau Au (ESA) ra mat chuong
trinh Sentinel nhu mét phan cia chwong trinh Copernicus 1a mot thoi dlem dot pha vi 1an dau
tién n6 cung cap quyén truy c@p vao cac hinh anh c6 d phén giai cao, mién phi trén quy mo
16n. Cac dic diém bang tan va phuong phap phan xa quang phé cua dir liéu Sentinel-2 rat
hiru ich dé phat hién cac ving nudc bé mit [6]. Do do, trong nghién ctru nay, Google Earth
Engine d3 duoc sir dung dé g dung tiém ning cta cac phuong phap tinh toan chi s6 nudc
va chon ra cac chi s6 hoat dong t6t nhat dé phat hién nong d6 6 nhiém bé mat nudc bang cach
str dung hinh anh vé tinh da phd cta dit liéu anh vién tham Sentinel-2. Nghién ciru lién quan
dén str dung cac chi s6 nhan biét nude trén nén tang Google Earth Engine tir dit liéu anh vién
tham Sentinel-2, tic gia di tién hanh nghién ctru s dung ba chi s6 NDWI, MNDWI va
WNDWI dé phan biét va nhan dién cac khu vuc ¢6 nude va khong co nude trong thanh phd
Sa Péc, tinh Pong Thap. Két qua nghién ciru chi ra rang chi s6 WNDWI va MNDWI hi¢u
qua hon chi s6 NDWI trong viéc phan bi¢t va nhan dién cac khu vyc c6 nudc va khong co
nude. Cu thé, cac chi s6 WNDWI va MNDWI cho ra két qua chinh xac hon, véi gia tri ciia
cac chi sd OA (Overall Accuracy), KC (Kappa Coefficient), EC (Error Commission), va EO
(Error Omission) lan luot 1a 0,98, 0,85, 0,015 va 0,006, cho thdy mitc do phan biét rd rang
va do chinh xé4c cao hon so v&i chi s6 NDWI [7] Trong mot nghién ctru gan day, tac gia da
ap dung phuong phap hdi quy dé phan tich mdi tuong quan gitra chi s6 vat chit lo ling
(Normalized Suspended Material Index - NSMI) tir anh vién tham Sentinel-2A va lugng phu
sa thuc do dé xay dung so dd phan bd khong gian ctia ndng d6 tong cht ran lo ling (TSS)
trong nudc mat tai tinh An Giang. Cac nha nghién ctru da st dung anh vé tinh quang hoc
Sentinel-2A dé tinh toan gia tri chi s6 NSMI va xac dinh ham lugng TSS trong nudc mit, véi
gia tri khoang tur 0-100 mg/l. Ap dung phuong trinh hdi quy tuyén tinh dé thé hién méi quan
hé nay, cho ra hé sb xac dinh R2 = 0,868, cho thay su twrong quan manh mé giira chi s NSMI
va ham lugng TSS. Két qua nghién ctru chi ra rang viéc sir dung dir liéu tir v¢ tinh Sentinel-
2A c6 thé hd tro hiéu qua trong viéc thanh 14p ban d6 phan bé ham luong 6 nhiém TSS trong
nude mit, dic biét 1a d6i véi nam 2019, va c6 do tin cdy cao. Cong nghé vién tham nay khong
chi gitip theo ddi chét luong nude mot cach chinh xac ma con dong gop trong viée bao vé tai
nguyén nudce va cai thién cong tac bao vé mdi truong cua co quan quan ly [8]. Chat luong
nudc mat song Hong va sudi Pudng doan chay qua thanh phd Ha Nbi ciing duoc nhom tac
gia xem xét bang phuong phap twong ty. Nhom tac gia da lya chon phuong phap danh gia
dua trén ket qua do phd phan xa ciia mat nudc va két qua phan tich miu nudce dé xac dinh
cac thong sb chit lugng nudce, bao g6m Pbo duc, COD, BODs vaNH4". Qua nghién ciru, nhom
tac gid nhan thay rang thong s6 Do duc c6 mdi lién hé mat thiét v6i quang phd phan xa mit
nude, voi hé sb xac dinh R? = 0,663, cho thiy su phu hop cao trong cac mé hinh héi quy.

Diéu nay cho thay kha nang st dung phd phan xa dé du bao do duc cta nudc mot cach hi¢u
qua. Tuy nhién, cac thong sé con lai nhu COD, BODs va NH4* khong ¢6 ¢6 mdi lién hé mat
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thiét véi quang phd phan xa mit nude, cho thiy rang viée st dung phd phan xa dé xac dinh
nhing thong s6 nay khong dat dugc hiéu qua twong tu. Két qua nghién ctru nay cung cAp mot
c4i nhin sau sic vé mdi quan hé gitra cic thong s chét luong nude va dic tinh phd phan xa
clia mit nudc, gop phan vao viée cai thién cac phuong phap giam sat chit luong nude tir xa
[°].

Séng Thi Tinh 1a mot nhanh phu cta song Sai Gon, bit ngudn tir huyén Binh Long, tinh
Binh Phudc, va chay qua cac khu vyc nhu huyén Dau Tiéng, huyén Bau Bang, thanh ph
Bén Cat, cing mot phan cta thanh phé Thu Dau Mét, tinh Binh Duong. Con song ndy chu
yéu chay qua ving dia hinh go d01 thap, trudc khi hop luu v6i séng Sai Gon [10]. Trong nudce
cling da c6 nhitng nghién ciru vé song Thi Tinh da phan tap trung vao cac thong so hitu co,
dién hinh 13 nhém tac gia da ap dung m6 hinh MIKE 11 dé tién hanh tinh toan kha ning tiép
nhan va xac dinh mtc dé phuc hdi chat lugng nude cua song Thi Tinh. Nghién ctru nay tap
trung vao viéc xem xét anh hudng ctia cac ngudn thai phan tan va ngudn thai diém trong mua
mua, dic biét 1a tir thang 5 - thang 9/2010, d6i v6i hai chi tiéu nghién ciru 1a BODs va NH4*,
Céc két qua tinh toan tir cac kich ban mé phong cho thay rang néu cac co so xu 1y dat nude
thai theo tiéu chuan xir Iy cho phép, chat luong nudc song sé co su cai thién rd rét. Tuy nhién,
bén canh sy cai thién, cdc gid tri cuia mot sé chi tiéu chét lugng nudc van vugt qua mirc quy
chuan cho phép, diéu nay cho thdy rang can tiép tuc nd lyc ting cuong hiéu qua ciia cic cong
nghé xir Iy nudc thai dé dam bao dat cac tiéu chuan méi truong trong tuong lai [11]. Bén
canh d6, nhom tac gia trong nude da nghién ciru va tinh toan vé hién trang chat luong nudc
song Thi Tinh, d6ng thoi du bao kha ning tiép nhan chat 6 nhiém hitu co ctia con song nay
dén nam 2020. Nghién ctru dugce thuc hién véi hai kich ban khac nhau: mét 1a kich ban quan
1y khong t6t va mot 1a kich ban quan Iy tot. Két qua ciia nghién ctru cho thay, dudi diéu kién
quan ly khong tdt, song Thi Tinh co dau hiéu 6 nhiém nghiém trong, ddc biét la dbi véi cac
hop chét hitu co gay 6 nhiém, kha nang tiép nhan chat 6 nhiém hitu co cia song da giam sut
nghiém trong, dén mirc khong con kha nang dap ing nhu cau sir dung nude cho sinh hoat.
Tuy nhién, d6i véi muc dich sir dung nuéc cho nong nghiép, kha nang tiép nhan chat 6 nhiém
van con, mic du & mac do han ché, khong du dé dam bao nudc co thé su dung lau dai cho
cac hoat dong nong nghiép, khdng tao nén tac dong tiéu cuc. Két qua nay cho thay su can
thiét phai cai thién cong tac quan ly chat lugng nudc song Thi Tinh nham bao vé va duy tri
cac muc dich sir dung nude cho cong ddng va san xuat [12]. Mot nghién ctru khac cling da
tién hanh danh gia su phan b tai luong 6 nhlem hiru co tai cac tiéu vung trong luu vire séng
Thi Tinh, str dung phuong phap dleu tra thyc té két hop voi vige lay mau nudc dé phan tich
cac chi tiéu 6 nhiém hiru co, bao gbm BOD, COD, tong Nito (N) va tong Phét pho (P). Cac
méu duoc 1y tai cac diém xa thai 16n ¢ ba tiéu vung 1, 2 va 3, noi nudc thai duoc xa vao
song Thi Tinh. Tir cac két qua phan tich ndy, nghién ctru di tinh toan tai lugng 6 nhiém du
béo cho dén ndm 2020. Két qua nghién ciru cho thay, vdi ba kich ban khac nhau, céc co quan
quan Iy méi trudng dia phuwong da nhan duoc mot cai nhin tong thé va chi tiét vé sy phan bd
mirc d6 6 nhiém ciing nhu cac ngudn 6 nhidm chinh trong timg tiéu ving ciia luu vuc song
Thi Tinh. Nhiing thong tin nay dong vai tro quan trong trong viéc xay dung cac giai phap
quan 1y, nang cao chét lwong nudc va bao vé moi trudng sdng ciia cong ddng tai khu vyc nay
[13].

Nhan thay c4c nghién ciru vé thong sb vo co tai song Thi Tinh tuong dbi it, tir d6 tac gia
Iira chon thong sb TSS va su dung anh v¢ tinh c6 d6 phan giai khong gian va thoi gian két
hop v6i dir liéu quan tric thong s6 TSS thuc té trén bé mit nude, duge thu thip tir cac vi tri
quan tric ¢ dinh. Phuong phap nay cho phép tan dung wu thé cta anh vé tinh trong viéc
gidm sat va phén tich d1en bién chat lugng nude trong khong gian rong lon, dong thoi két
hop chét ché voi cac s6 liéu quan trac thuc té dé nang cao do chinh xac va dg tin cay trong
viéc danh gia mic d6 6 nhiém va cac xu huéng thay ddi cia thong s6 TSS trén song Thi
Tinh. Su két hop nay dua trén viéc tich hop cong nghé vién tham va hé thdng thong tin dja
ly (GIS), gilp tan dung hét nhirng wu diém cua ca hai cong nghé trong viéc thu thap, luu trit,
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phéan tich va xtr Iy dit liéu dia ly. Tur d6, viéc xay dung, cap nhat va phan tich thong tin khong
gian duoc thyc hién mot cach hiéu qua hon, cho phép theo doi chi tiét su bién dong cua cac
chi s6 moi truong trong thoi gian thyc va trén pham vi rong. Diéu nay khong chi hd tro cac
nha nghién ctru trong viéc danh gia chat luong méi trudng ma con cung cap mot cong cu
manh mé cho quan ly méi trudng. Muyc tiéu cua nghién ctru la theo doi dién bién ndng do
TSS song Thi Tinh, tinh Binh Duong bang dir liéu vién tham Sentinel-2 két hop hdi quy da
bién tir d6 phan ving mic do 6 nhiém TSS theo cac mirc rat thap, thip, cao, rit cao gitp
nham quén 1y chit lwong nudc khoanh ving 6 nhidm TSS va ¢ bién phap quan 1y kip thoi.

2. Phuwong phap nghién ctru
2.1. Dir liéu

Thu thap anh vién tham Sentinel-2 va chi sb nudc AWEI, WRI, va NDWI tinh toan truc
tiép trén nén Google Earth Engine (GEE) tai website: https://earthengine.google.com/ giai
doan 2021-2024 v6i do phan giai khong gian 10m, d che pht may dudi 30% (Hinh 1). Thay
vi chi tinh toan trén mot may tinh, GEE c6 thé phan phdi cong viée xir Iy cho nhidu méy tinh
dé giam thoi gian xur 1. Trong mot s6 trudng hop, hinh anh vé tinh da trai qua qua trinh xur
Iy co ban. Diéu nay c6 nghia 1a xir Iy bo dir liéu RS nhanh hon, mang lai thoi gian quay vong
nhanh hon cho nguoi dung véi chi phi thip hon [5].

Thu thap sb liéu mau phan tich thong sé TSS cung thoi diém thu thap anh vién tham
hodc chénh léch khong qua 5 ngay.

Thu thap ban d6 ranh gi6i hanh chinh huyén thudc tinh Binh Dwong va 16p ban do séng
Thi Tinh.

Google Earth Engine Q  searchg jatasets. ¢ ee-228440301008 &
(g ooes oo R e narzasserisannasesszioice NETNE N TN N T »mmcmu-_
i 2 m ¢ - m s s a Useprint(...) to write to this
F - (106.38, 11.25)
- Owner (1) ’
e Sentinel-2 collection:
* users/228440301008/TuyenDuong o » ImageCallection COPERTCUS/S3:8R, (78; olament
N BDideido magecollection s: (70 elements)
W BinhDuong
& UpdateSentinel 2 indicel images
~ Writer » Imagecollection COPERNICUS/S2_SR (70 elements)
ook indice1Band
fsadey » ImageCollection COPERNICUS/S2_SR (70 elements)
heck a
- Archive
Mukh Kamput
mpon Map
Bic

+ Phn,dm Penh

Long Khanh Phan Thiet

Map data 20km Torma

Hinh 1. Giao dién wedsite Google Earth Engine.
2.2. Khdo sat thyee té va phan tich chat lwong niée

Dit liéu ban déu bao gdm 82 mAu phan tich ndng d6 tong chét ran lo ling (TSS) c6 trong
nude mit, duoc két hop v6i dir liu tinh todn cac chi s6 nude nhu AWEL NDWI, va WRL
Trong d6, nghién ctru thuc hién thu thap 70 mau phan tich ndong d6 TSS ¢6 trong nudc mit
tai 5 vi tri thuéc Chuong trinh quan tric chat luong méi trudng ciia tinh Binh Duong trong
giai doan 2021-2024 va thuc hién léy bd sung 12 mau phan tich néng do TSS tai 6 vi tri vao
2 thoi diém (thang 2 va thang 6) nim 2024 (Bang 1).

Bang 1. Biém quan tric.

Vi tri Ky hitu miu Toadd X ToaddY
Piém thu thap
Cau Phi Binh STT1 106.4922  11.2408
Cau trén duong vanh dai 4 STT2 106.5983  11.1008

Cau Ong C STT3 106.6108  11.0383
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Vi tri Ky hitumau ToaddX ToaddyY
Suoi Cam Xe tai nga 3 suodi Bai Lang va su6i Cam Xe RTT1 106.4756  11.3233
Hop luu cua sudi Dong S6 va sudi Poi tai Cau Quan RTT2 106.5858  11.1542
Piém liy miu bd sung
Sudi H6 Mudng NM1 106.5117  11.2642
Sudi P4 Yéu NM2 106.5109  11.3012
Sudi Nha Mat NM3 106.5339  11.2240
Sudi Ba Lang NM4 106.6022  11.2017
Sudi Cau Cui NM5 106.5935  11.1581
Sudi Tén Pinh NM6 106.6125  11.0686
Bang 2. Thoi gian lay mau.
« % Ky hi¢u mau
STT Ngay lay mau STT1 STT?2 STT3 RTT1 RTT2
1 03/03/2021 24 20 18 25 25
2 06/05/2021 41 18 24 25 21
3 09/06/2021 97 29 36 68 29
4 05/11/2021 49 57 57 19 40
5 07/01/2022 27 9 15 14 22
6 03/03/2022 29 20 32 18 31
7 06/06/2022 5 8 8 6 7
8 05/12/2022 11 50 68 9 47
9 06/02/2023 27 134 58 7 20
10 03/11/2023 23 33 29 25 41
11 05/12/2023 28 33 33 24 26
12 29/02/2024 17 13 32 10 11
13 09/04/2024 8 15 17 6 14

14 13/06/2024 22 28 11 22 21

Mau nudc duoc

lay & giita song va & bé
mat (cach 30 cm), luu
va bao quan trong binh
nhya dung tich 1 lit.
Cac diém lay miu b
sung duoc lga chon
phan bo tai cac nhanh
phu luu chinh ctia song
Thi Tinh. Toa d6 vi tri
14y mau dugc xac dinh
bang thiét bi dinh vi
toan c,élu GPS va ky \ .
thuét lay mau duoc thé Hinh 2 Minh hoa thiét b1 dmh vi toan cau GPS va k¥ thuat lay mau.
hién trén Hinh 2.
Nghién ctru 4p dung phuong phap phén tich theo TCVN 6625:2000 - Phuong phép phén tich
khéi luong. Gié tri thong sé TSS phan tich chat lugng nudce trong cac mau nudc mat ¢ gia
tri trong khoang 4-97 mg/l. Cac mau dugc chia thanh hai nhém ngau nhién, 70% mau duoc
dung dé tinh toan va lya chon céc chi sé ti wu nhat nham xay dung mo hinh du doan va 30%
mau con lai duoc sir dung dé kiém dinh két qua caa mé hinh du doan. Két qua tich ndng do
TSS dugc st dung 1am bién phu thudc, trong khi d6 cac bién doc lap 1a céc chi s6 nude
(AWEI, WRI va NDWI) duoc chiét tach tir dix liéu anh vién tham.

2.3. Gid tri chi s6 nuéc mat tir div liéu anh vién tham Sentinel-2

Mot trong nhirng phuong phap phd bién trong viéc chiét tach nude (Water Indices - WIs)
la str dung cac chi s6 toan hoc dugce tinh tir cac kénh hinh anh, nhd tinh hiéu qua va tién loi.
Dit liéu cac kénh da pho (Green, Red, NIR voi d6 phan giai khdng gian 10m; SWIR véi d6
phan giai khong gian 20m) tir anh vién tham Sentinel-2 [14] dugc lwa chon dé ap dung nghién
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ctru. Cac chi s6 nuée nhu chi s6 khac biét nude duoc chuan hoa (NDWI) [15] va chi sé chiét
taich nudc tu dong

(AWEI) [16] va chi sé ti o s wwn s e s

1& nude (WRI) [17] duoce : Mooz
tinh toan thong qua céc A
kénh anh (kénh 3), Red
(kénh 4), NIR (kénh 8), 5
SWIR1 (kénh 11) va .
SWIR2 (kénh 12) cua g
Sentinel-2. Cac chi sb

duogc thiét 1ap nham ting
cuong su khac biét voi ) '
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anh quang hoc, béng ;I 3
cach tang sy khac biét s 4
gifra cac diém anh chua ,"“: i G i Booms
théng tin vé nudc va cac Ed e s 2.0

diém anh dai dién cho = ™™ 7 7 T

cac ddi tuong khac xung
quanh, dong thoi loai bod
cac diem anh khong dat.

Hinh 3. Vi tri 1dy mau khu vuc nghién ciru.

Bang 3. Chi s6 chiét tach tir dit liéu vién tham.

Chi sb M0 ta Cong thirc
NDWI Normalized Difference Water Index _ GREEN-NIR
NDWI = G REEN+NIR
WRI Water Ratio Index _ GREEN-RED
WRI = GREEN+SWIRI
AWEI Automated Water Extraction Index AWEI =4 x (GREEN - SWIR2) — (0,25 x NIR +
2,75 x SWIR1)

Nhitng chi s6 ndy duoc tinh toan va trich xuét tir dir liéu vién tham Sentinel-2 trén nén
tang Google Earth Engine va dugc tai vé Google Drive dé dé dang xtr Iy dir li€u va xay dung
mo hinh (Hinh 4).

Google EarthEngine  scarcn pia dataset © B ce2280030000 3
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- wiriter
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* Reader » Inage e Al e
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100
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s )
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= Pea Reang s
89~ B ceomeympn G o 2l o Larers Bingd
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Hinh 3. Tinh toan va trich xuét dit liéu trén nén tang Google Earth Engine.
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2.4. Xdy dung mé hinh quy tuyén tinh

Ung dung mé hinh hdi quy da bién dé tinh toan thong s TSS thé hién dién bién chat
lwong nudce tir dir lidu anh vién tham. Nong do TSS duoc udce tinh bang cach sir dung cac
bién doc 1ap khac nhau trong cac thuat toan hdi quy da bién. Nghién ctru da sir dung 70% dir
li¢u tham gia xay dung mo hinh va lga chon céc chi s6 toi wu nhat wdc tinh chat lugng nude
bang thong sd TSS. M6 hinh hdi quy da bién thyuc hién dya trén cac nghién ciru da cong bd
lién quan dén mé hinh chat lugng nudc [18—20] thyc hién phuong trinh (1) nhu sau:

Y =Bo+ Pi(x1) + Pa(x2) + ... +Bpxp T & (1)
Trong d6 y 12 bién phu thudc; Po, B1, Pa....1a céc tham sb; x1, X2 1a cac bién doc lap; «: sai
s6 ngau nhién. Phuong trinh c6 nhidu bién X (X1,X2,... Xk) va mdi bién c6 mot théng sé Sy (K
=1,2,...,p) can phai udc tinh. Vi thé mé hinh con duoc goi 1a mé hinh hoi quy tuyén tinh da
bién.
2.5. Kiém dinh va danh gia do chinh xac mo hinh

T md hinh tinh toan, két qua cua cac phuong trinh hdi quy dugc kiém dinh, danh gia
bang cach str dung 30% dit liéu con lai dé d6i chiéu va lua chon mé hinh t6i wu nhat. Phuong
trinh t6i wu nhat duoc chon dya trén giatri h¢ $6 tuong quan R? 16n nhét va sai s binh phuong
trung binh MSE giita cac gia tri duoc du doan va thuc t& nho nhét gan bang 0. Tinh toan gia
tri hé sd twong quan R? dé danh gia mirc do tin cdy, nghién ctru sir dung cong thirc (2) nhu

Sau.
2

30,5 %) (%)
\/Z_l =) \/Z_l (vi-v)

Trong do6 x; 1a gia tri thuc do; x; 1a gia tri thuc do trung binh; y; l1a gia tri du doan; y; la
gi tri du doén trung binh; n 1a sb lwong gia tri tinh toan.

Gia tri hé sé twong quan R? nam trong khoang tir 0-1, thé hién méi twong quan gitra gia
tri thuc do va gid tri du doan. Trudng hop R? gan bang 0, thi két qua c6 do tin cay kém.
Nguoc lai, néu nhimng gia tri nay bang 1, thi két qua mo phong ctia mo hinh 1a ti wu nhat.

Su khac nhau gitra gia tri do dac va gia tri dy bao dugc goi la sai s6. Khi sai s6 cang nho
thi d9 chinh xac s& cang cao. Kiém dinh mo hinh bang sai s binh phuong trung binh MSE,
sai s6 cang thap thi mo hinh dy doan cang t6t, nghién ctru sir dung cong thirc (3) nhu sau:

R = 2)

1 o 2
MSE:HZi_l(Yi —Yi) 3)
Trong d6 §; 1a gié tri thuc do; y; 12 bién du doan; n 12 biéu thi tong gi4 tri.
3. Phén tich két qua va thao luin

3.1. Xdy dwng md hinh hoi quy twong quan sir dung nong dé TSS va cdc chi s6 mede tinh todn
tue dir liéu anh vien tham Sentinel-2

Tién hanh xu ly du ligu dau vao, thuc hién cic budc kiém tra phan phéi chuén
(histogram) va loai bo cac gia tri ngoai lai (outliers) dé dam bao chit lugng dir liu dau vao.
Nhirng mau khong dat yéu cau hodc c6 kha nang gy sai 1¢éch trong két qua mo hinh hdi quy
dugc loai bo, sau cung tong s6 mau cudi cung con lai 1 76 mau, dap tng tiéu chuan dé dua
V&0 tinh toan va kiém dinh.

Thuc hién chia bo dit liéu ngdu nhién, nghién ctru st dung 63 mau hién truong két hop
v6i dir liéu tinh toan cac chi sé nudc (AWEI, NDWI, WRI) chiét tach tir anh Sentinel-2 dé
xay dung mé hinh hdi quy tuyén tinh, tinh todn méi quan hé thong ké gitra ndng do TSS trong
nudc mat song Thi Tinh véi 3 chi s6 nudc.
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Thyc hién kiém tra moi twong quan gilra cac bién ddc 1ap, phén tich twong quan thuc
hién trong phan mém SPSS 20, két qua thé hién trong Bang 4.

Bang 4. Két qua tuong quan cac bién doc lap.

AWEI NDWI InWRI
Tuong quan 1 -0,515 -0,274
AWEIL  Muc ¥ nghia (2 dau) 0,0 0,030
C& mau 63 63 63
Tuong quan -0,515 1 0,55
NDWI  Mirc y nghia (2 dau) 0,0 0,0
C& mau 63 63 63
Tuong quan -0,274 0,550 1
InWRI  Mirc y nghia (2 dau) 0,030 0,0
C& mau 63 63 63

Ket qua dau ra phan tich vé mdi tuong quan gitra cac chi sé nudc < 0,6 va hé s twong
quan rat ¢6 y nghia vi gla tri p-value la 0.00 va nh6 hon muc y nghia (a = 5%). Két qua md
hinh va phan tich cac gié tri hdi quy tuyén tinh dugc trinh bay & Bang 5 va 6.

Bang 5. Tom tit mo hinh hdi quy.

Mo Hé s Hé s6 R binh H@psl:)“l:;)glnh Sai s6 chuén ciia wéc Tri s6 Durbin-
hinh R phuong hi¢u chinh lwong Waston
1 0,821 0,675 0,685 0,434 1,015

Bang 6. Md hinh quy tuyén tinh thé hién méi trong quan gitra céc chi s6 nudc va ndng do TSS.

Mb hinh véi bién phu thugc 1a InTSS

Hé s6 chua chuén hoa Hé s6 da chuan hoa ,
M6 hinh — — 7 — Kiém dinh t Miic y nghia
Hés6 B Sai s0 chuan H¢ s6 Beta
Hing sb 2,962 0,055 54,012 0,00
AWEI 0,258 0,064 0,347 4,007 0,00
NDWI -0,547 0,077 -0,708 -7,096 0,00
InWRI 0,222 0,066 0,299 3,358 0,001

Nhu vay, phuong trinh hoi quy dé tinh toan nong do TSS tir dit liéu anh vién tham duoc
tinh theo c6ng thirc nhu sau:

InTSS =2,962 + 0,258 x AWEI - 0,547 x NDWI + 0,222 x InWRI 4)

Mo hinh ¢6 hé sé xac dinh R2 0,675, tir phwong trinh hdi quy tuyén tinh dugc xay dung

6 thé du doan gia tri cua bién TSS (blen phu thudc) dua trén gia tri cua bién AWEL NDWI,

WRI (bién doc 1ap) cho thdy cac bién doc lap phan &nh dugc 67% gié tri bién dong ndng do
TSS.

3.2. Danh gia mirc do chinh Xac cua mé hinh

Két qua cia mo hinh h6i quy tuyén tinh duoc danh gia do tin cdy bang hé sé6 MSE cho
thdy mbi twong quan gilia nong d6 TSS thyc do va dir liéu TSS dy doan. M6 hinh hoi quy
dap ng voi hé s6 xac dinh (R?) va sai s6 binh phuong trung binh (MSE). Ket qua cho thay
kiém dinh mé hinh c6 mirc d6 chinh xac voi tuong quan thuan 0,17, h¢ s6 xac dinh R? =
67,4% gié tri bién dong (Hinh 5).

3.3. Phdn bé khéng gian nong do TSS

Néng do TSS phan bd trong nudc mét song Thi Tinh, tinh Binh Duong giai doan 2021-
2024 duogc trinh bay trong Hinh 6. Nong d§ TSS duogc tinh todn tur dir liéu anh vé tinh
Sentinel-2 theo cong thirc (4).
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Su phan bo khong gian nong do
TSS tuong do6i cao ¢ di€ém hop luu sudi o
do vao song Thi Tinh nhu su6i ba Zg ° )
Yéu, sudoi HO Muong, néng dd nim g < ;g;‘ig‘:‘;f° >~
2021 dao dong trong khoang 1,9-83,7 < 2 ' .
3 h A A A 2] oo e o
mg/l (Hinh 6a) va su phan b6 khong D o ) S .
gian nong do TSS cai thi¢n dangké khi g g o Tm .
X A - A = 0 R ° y.) ’ o
nong do nam 2024 dao dong trong L T e
khoang 3,3-68,4 mg/I (Hinh 6b). fFol &
N o
l.Q o ° R
15 20 25 30 35 40 45
Observed TSS (In scale)
Hinh 4. Két qua kiém dinh mé hinh hdi quy tuyén tinh.
$08i Ciu Pen Suj Ciu Den
Song Thi Tinh  SFPIYeu Song Thi Tinh  SYOIDA G
r ! -
\ \ Suéi Hang Nu \ 3
hwiu[vng / Sud. 1 N|u:vng
, o
W ) R
r -
g
/ \‘ //‘
Sudi Bén Vin Subi ;;én Vin
\ 2 =
\"‘"/ &~ "Sudi Ding Sb i o Sudi Dong S6
Sudi Ba Lang TSS nim 2021 Sudi Ba Lang TSS nam 2024 (m \
Sudi Giiu Dai (mg/l) Sudi Cilu Doi (mg/l) 8
P 83.78 P 68.49
Suéi Cha Vi Sudi Ong Te 1.97 (a) Sudi Cha Vi Subi Ohg Té 3.34 (b)

Hinh 5. Phan b4 ndng d6 TSS nam 2021 (a) va nim 2024 (b).

3.4. Bdn do phdn bé khéng gian mirc d 6 nhiém TSS séng Thi Tinh, tinh Binh Dwong

Thong sé TSS dung dé danh gia sy thay doi trong chét lwong nudc séng Thi Tinh duwgc
du doan tir md hinh, ban db phan bd ndng d6 6 nhiém nudc mit duge xac dinh cu thé. Két
qua thé hién trong Hinh 7 thé hién sy phan b theo khdng gian ciia nong do TSS song Thi
Tinh, tinh Binh Duong. Mirc d6 6 nhiém TSS tham khao tir nghién ctru [21] dugc phan thanh
5 mirc d6: (i) O nhidm rat thap, (ii) O nhidm thap, (iii) O nhiém vira, (iv) O nhiém cao; (v) O
nhiém rét cao.

Bang 7. Muc d6 6 nhiém khu vuc nghién ciu.

Rit thip Thap

Vira

Cao

Rit cao

<11,3 11,3- 342

34,2-63,9

63,9 -104,3 >104,3
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Hinh 6. Ban db phan b khong gian mirc d6 6 nhidm TSS giai doan 2021-2024.

Tir ban d6 phéan bd khong gian muc d 6 nhiém TSS cho thiy, 6 nh1em khu vuc nghién
ctru nam 2021 tap trung chu yeu tai cac diém hop luu khu vuc thuong ngudn séng Thi Tinh.
Tai khu vuc subi Ho Mudng, sudi Da Yéu d6 vao song Thi Tinh c6 nong d6 TSS 6 nhiém tir
vira dén cao. Viéc xa nudc thai tir hoat dong nudi chan nudi gia stc, gia cam 1a cac tac nhan
chu yéu din dén 6 nhiém nudc ¢ cac khu vuc nay. Ngoai ra, khu vuc hop luu sudi Bén Van
va sudi Pong S6 chay ra subi Ba Ling néng dd 6 nhiém & mirc vira do anh hudng tur hoat
dong cong nghiép, tai day tap trung nhiéu doanh nghiép san xuat quy mo 16n va sudi Bén
Van 1 nguon tiép nhan nude thai cho mot s6 doanh nghiép san xuat mii cao su va KCN Bau
Bang (Hinh 7a) Dén nam 2024, cac sudi nay déu co chat lugng nudc duoc cai thién khi nong
do TSS 6 nhiém giam tir murc cao vé vira va tir vira vé thdp. Tuy nhién, tai khu vyc dau nguédn
sudi Pa Yéu va sudi Ba Tt khu vyc tiép nhan nuéc thai KCN Bau Bang mo rong, ndong do
TSS 6 nhiém c6 mat do ting khi KCN Bau Bang mé rong sau khi thanh 1ap da dan hoat dong
6n dinh. Khu vuc ha nguén song Thi Tinh tai cac sudi Tan Pinh, subi Cau Pinh noi tiép nhan
nudce thai cac khu vuc c6 mat d6 do thi cao, dong thoi 1a ngudn tiép nhan cho mét s6 doanh
nghiép san xuat glay quy m6 l6n va khu du lich ¢6 mat d6 6 nhlem tang dan (Hinh 7b). Két
qua md hinh cho thay song Thi Tinh tir thuong ngudn chay vé ha ngudn ting dan nguy co 6
nhiém khi phai tiép nhan nguon nudc thai tir hoat dong chan nudi, cong nghiép va do thi, du
lich gdy anh huong truc tiép dén moi truong nuéc dan dén tac dong tiéu cyc cho doi song
ngudi dan va tiém an nhimg hau qua 1au dai dén tuong lai.

3.5. Thao ludgn

Nghién ctru cho thiy duogc két qua du doan phan bd khong gian dién bién ndng d6 TSS
6 nhiém trén song Thi Tinh bang phuong phap st dung dir lidu anh vién tham Sentinel-2 két
hop v6i dir liéu phén tich thyc t€ thé hién nhanh chong va higu qua. M6 hinh s& cai thién va
hi¢u qua hon nira néu mau phan tich thyc té dugc lay cung ngay voi dir liéu anh vién tham,
tuy nhién néu so sanh két qua mé hinh hoi quy c6 hé s twong quan R? = 0,675 véi két qua
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nghién ctru da duoc cong bb tai [9] hé sd twong quan R? = 0, 663 thi két qua nay c6 thé chap
nhén duoc. Bén canh do, két qua kiém dinh md hinh khi hé s xac dinh R?= 67,4% va MSE
= 0,17 cho thdy nghién ctru di khai thac kha ning dy doan vuot troi cia phuong phép nay.
MGat nghién ctru tuong tu trong do tac gia ching minh sy phu hgp manh mé gitra cac gia tri
du doan vai gia tri do dac thuc té khi hé sé xac dinh R? = 87% [22].

4. Két luén

Nghién ciru tir viéc sir dung cong nghé vién tham trong danh gia dién bién chat lwong
nuéc mat séng Thi Tinh, tinh Binh Dwong cho thay két qua tich cuc. Lua chon két qua do
dac thyc té thong sé TSS két hop vai chi sb nudc chiét tach tir dit liéu anh vién tham Sentinel-
2 1a nhitng tiéu chi dau vao dung dé xay dung mé hinh hdi quy tuyén tinh xac dinh ndng d6
TSS trén pham vi rong mot cach hiéu qua. Gia tri ndng do6 TSS giai doan 2021-2024 trong
nu6e mit dao dong trong khoang 1,97-83,78 mg/l tir két qua du doan cia m hinh quy tuyén
tinh véi hé sb xac dinh R2 = 0,675. Két qua thé hién trén ban d6 cho thay, giai doan 2021-
2024 tai diém hop luu sudi P4 Yéu véi song Thi Tinh va diém hop luu sudi H6 Muong voi
Thi Tinh c6 nong do TSS 6 nhiém giam dang ké. Tai khu vuc ha luu song Thi Tinh nong do
6 nhiém TSS c6 xu hudng tang lén, sy phan bd néng dd TSS cao & mot sb phu luu chiu su
anh hudng cua hoat dong cong nghi¢p, ndong nghiép va do thi.

Bén canh két qua dat duoc, nghién ciu ciing c6 mat han ché nhat dinh, hé sé xac dinh
R? tuy & mtc chap nhan dugc nhung d6 chinh x4c van chua cao. Su phan bd nong do TSS
chiu sy anh hudng lon tir cac hoat dong cong nghiép, ndng nghiép va d6 thi nhung nghién
ctru chua thé dinh luong chinh xac muac do tac dong cua ting loai hinh hoat dong va ting
nguyén nhan cu thé.

Nghién ctru ciing ¢ thé nhan rong quy mo khi bd sung thém cac mau thyc té dé cai thién
do6 chinh xé&c ciia md hinh hdi quy va ting hé s6 xac dinh R?. Bdng thoi, mé rong nghién cau
dén céc song 16n khac nhu song Sai Gon, song Pong Nai trén dia ban tinh Binh Duong dé
tao nén birc tranh toan dién vé chat luong nudc mit cua tinh.

Pong gop tac gia: Pong gop vao viée thu thap dit liéu, trich xuét dir liéu, phan tich dit liéu, soan
thao bai bao: D.B.T.; Kiém dinh md hinh, giai thich dit liéu, chinh sira ban thao: L.T.D.H.; Chinh
stra bai bao, giai trinh sd liéu: D.X.H.

Loi cam on: Nhom nghién ctru xin chan thanh cam on Trung tim Quan trac - K§ thuat Tai
nguyén va Moi truong tinh Binh Duong dé cdp cung cip dir liéu do dac théng s6 TSS phuc vu
cho nghién ciru nay. Nghién ciru nay duoc tai trg boi Quy Phat trién khoa hoc va cong nghé Quédc
gia (NAFOSTED) trong dé tai ma s6: 105.06-2021.17.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1 cong trinh nghién ctru ca tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trudc day; khong
c6 su tranh chap lgi ich trong nhom téc gia.
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Application of Sentinel-2 Remote Sensing Imagery Combined
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Abstract: Water quality pollution is a serious environmental issue that affets ecosystems,
human health, and economic development. When pollutants such as chemicals, heavy
metals, organic waste, and bacteria from industrial and agricultural sources lead to the
degradation of water quality, it often results in measurable increases in concentrations of
water quality indicators. In this study, we extracted water indices (AWEI, WRI, and NDWI)
from Sentinel-2 satellite remote sensing data, combined with actual measured TSS
parameters, to develop a regression model that identifies TSS concentration trends across
the Thi Tinh River and its tributaries. The research results show that the method is highly
practical, enabling quick and effective evaluation. Predicted TSS concentrations for the
2021-2024 period in surface water range from 1.97 to 83.78 mg/l. The regression model
achieved an R2 value of 67.4% and an MSE of 0.17. The method applied in this research
can be utilized to assess water quality in other areas within Binh Duong Province.

Keywords: Multivariate regression; TSS; Thi Tinh River; Sentinel-2.



