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Tom tit:

Nghién citu trinh bay phirong phdp wée tinh ham heong chat diép luc-a (Chl-a) trong nwde mdt lweu viee
séng Pay tir dit liéu anh vé tinh Landsat 9. Anh vé tinh dwoc thu nhdn thang 6 nam 2025 va xir Iy bang phwong
phdp ty s6 phé giita kénh cdn hong ngoai (NIR) va kénh dé (RED). Tong céng 25 mau nwde mdt dege thu thdp
thwe dia ciing thoi diém dé xdy dung va hiéu chinh mé hinh hoi quy tuyén tinh don, lién két giika chi s6 phé va
ham lwong Chl-a do dwoc. Két qua cho thdy mé hinh hoi quy ¢6 hé sé xdc dinh mé hinh R? dat 0,86, sai sé nhé
va ¢6 y nghia thong ké cao (p < 0,001). Ban do phin bé khéng gian ham heong Chl-a cho thdy gid tri cao tdp
trung tai khu viee trung va ha lvu, phan anh qua trinh tich tu dinh dwéng va nguy co phu duéng trong mua mua
ddu vu. Két qua nghién civu chirng minh tinh hiéu qua ciia viéc vmg dung vién tham trong gidm sat nhanh chat
leong niede mat, hé tro cong tac phuc vu gidm sat chdt leong moi trieong nwde mdt trong quan 1y do thi.
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Abstract:

This study presents a method for estimating chlorophyll-a (Chl-a) concentrations in surface water of
the Day River basin using Landsat 9 satellite imagery. The satellite data were acquired in June 2025 and
processed using a spectral band ratio between the near-infrared (NIR) and red (RED) bands. A total of 25
surface water samples were collected simultaneously during field surveys to develop and calibrate a simple
linear regression model linking the spectral index to measured Chl-a concentrations. The results indicate that
the regression model achieved a high coefficient of determination (R?> = 0.86), with low estimation error and
strong statistical significance (p < 0.001). The spatial distribution map of Chl-a concentrations shows higher
values concentrated in the middle and downstream sections of the basin, reflecting nutrient accumulation
processes and an increased risk of eutrophication during the early rainy season. The findings demonstrate the
effectiveness of remote sensing applications for rapid surface water quality monitoring, supporting
environmental management and urban water quality assessment.
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1. Mé dau
Trong bdi canh 6 nhiém nuwdc mat gia ting tai cac luu vuc séng 1on & dong bang Bic
BO, viéc giam sat ham luong chat diép luc- -a, chi thi quan trong phan anh muc d6 phu dudng
va mat d¢ thyc vét phu du, dang tré nén cap thiét. Cac phuong phép quan tric truyén thong
thuong tén kém, thoi gian xtr Iy 1au va khong bao quat khong gian rong. Trong khi d6, cong
nghé vién tham quang hoc da chimg minh kha niang cung cip thong tin lién tuc, c6 tinh bao
phu cao va chi phi thap, dic biét hiéu qua khi két hop véi dir liéu do dac thuc dja. Cing véi
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do, luu vuc song Pay 1a mdt trong nhirng khu vuc chiu taic dong manh tir hoat dong san xuét
néng nghiép, do6 thi hoa va phat trién cong nghiép. Nudc séng thuong co6 do duc cao, chira
nhiéu chat hiru co va dinh dudng, din dén hién twong pht dudng cuc bo trong mua mua. Pic
biét, qua trinh d6 thi hda nhanh tai cac do thi va cac khu dan cu ven song dang lam gia tang
ap lyc 1én ha tang thoat nudc, lam _phat sinh nudc thai sinh hoat va cong nghiép va gay bién
d6i chat luong nudc. Diéu nay khién viéc giam sat Chl-a khong chi mang ¥ nghia moi truong
ma con 13 yéu cau cap thiét trong cong tac quan 1y do thi, danh gia rui ro 6 nhiém, hd tro quy
hoach thoat nudc va xir 1y nudc thai va dam bao phat trién d6 thi bén viing trong toan luu vuc
song Pay. Do do, viéc danh gia kha ning tmg dung anh Landsat 9 nhim wéc tinh va 1ap ban
d6 ham luong Chl-a cho luu vyc ndy mang ¥ nghia khoa hoc va thyc tidn quan trong trong

cOng tac quan ly tai nguyen nudc.

Trén thé gidi, vién tham quang hoc dd dugc 4p dung rong rii dé giam sat chét luong
nudc mat bang cac cam bién Landsat, Sentinel-2 MSI, MERIS/OLCI va MODIS. Céc thuat
toan kinh dién gdm nhom ham theo bang/ty sé bang cho Chl-a va do duc nhu red-NIR/green
[1], NDCI [2], OC2/OC3 cho nudc bién ven bd [3], va cic md hinh ban thuc nghiém nhu
QAA dé suy ra hé sd hip thu/tan xa roi ude tinh Chl-a [4,5]. Vi d6 duc/TSS, cac hiéu chinh
cho nuéc duc ndi dia va ven by dugc chuan hoa tdt [6]. o) quy mo chudi thoi gian dai,
Landsat/Sentinel-2 da duoc chimg minh tinh hiéu qua trong nghién ctru nuwéc mit hd va séng
nhu udce tinh d6 trong, ham lugng Chl-a va thanh 1ap ban dd bién dong [7]. Trong khi do, tai
Viét Nam, hudng tiép can do thuc dia, anh vé tinh va phan tich hdi quy di duoc ap dung hiéu
quéa cho Chl-a va TSS & luu vuc séng/hé ven bd ddng bang Bac Bo [8] va dong bang Song
Ciru Long [8,9] va song Hong, vé6i diéu chinh theo ddc thu nudc duc ndi dia (khi quyén phirc
tap, hiéu ung ké can).

2. Phuwong phap nghién ciru
2.1. Phwong phdp ty so anh

Anh vé tinh Landsat 9 (Level-2 Surface Reflectance) dugc hi€u chinh khi quyén bang
phuong phap LaSRC (Land Surface Reflectance Code) nham loai b anh hudng cta khi quyén
va ting do chinh xac phan xa pho bé mat. Anh dugc cit theo pham vi luu vuc song Pay va
dong bo hoa hé toa d6 VN-2000. Cac kénh pho st dung trong nghién ctru gdm kénh 4 (RED:
0.64-0.67 um) va 5 (NIR: 0.85-0.88 pum). Chi s6 ty s anh (NIR/RED) thé hién kha ning hap
thu 4nh sang do va phan xa anh sang cin héng ngoai cua thuc vat phu du trong nudc, qua do
lién quan tryc tiép dén ham luong chat diép luc-a [10,11]. D¢ phan anh bién thién ham lugng
Chl-a, chi s6 phd ty sb giita kénh can hong ngoai (NIR) v kénh d6 (RED) dugc sir dung theo
cong thuc:

Chllndexos/ 2025 = pNi (1)

PRED

Trong d6: pyr 12 gi tri phan xa bé mit tai kénh 5 (NIR); va prep 12 gia tri phan xa bé
mat tai kénh 4 (RED).
2.2. Phuong phap hoi quy tuyén tinh

Téng cong 25 mau nudc mit dugc thu thap ngay 18/6/2025 tai cac vi tri dai dién doc
luu vue song Bay. Ham lugng Chl-a dugce xac dinh trong phong thi nghiém. Gié tri Chllndex
tai cac vi tri quan tric duoc trich xuét tir anh vé tinh va str dung dé xay dung mé hinh héi quy
tuyén tinh don dudi day:

Chl — apg/ 2025 = a X Chllndex%/ 2025 + b (2)

Céc tham sb a, va b dugc wéc luong bang phuong phap binh phuong ti thiéu (OLS)
[12]. Mirc d6 phu hop m6 hinh dugc danh gia thong qua hé s6 xac dinh R?, R? diéu chinh va
kiém dinh ¥ nghia thong ké p-value (< 0.05).
2.3. Phwong phdp thanh ldp bin do

Sau khi hi¢u chinh mo6 hinh, anh v¢ tinh Landsat 9 dugc xu ly toan bd vung nghién ctru
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dé tinh toan ban do phan bd khong gian ham lugng Chl-a. Ham luong Chl-a duoc hién thi theo
thang mau lién tyc tir xanh (ham lwong thap) dén do (ham luong cao). Ban d6 két qua duoc so
sanh voi cac dit liéu thuc do nham danh gia xu thé khong gian va dién bién theo luu vuec.

3. Khu vye nghién ciru va dir liéu sir dung

Luu vuc song Day ndm ¢ phia Tdy Nam ddng bang song Hong, chay qua Ha Noi, Ninh
Binh va Hung Yén voi chiéu dai khoang 240 km. Khu vuc song bay c6 dia hinh thdp dan tir
Bic xuong Nam, chiju anh hudng 13 rét ctia ché d6 mua mua va tridu bién Péng, thuong xuyén
6 nhiém nudc mat do nudce thai sinh hoat, néng nghiép va cong nghiép. Pay 1a vung kinh £
va xa hoi phat trién nhanh, dong thoi chiu stc ép 16n vé moi truong, nén rat thich hop de
nghién ctru bién dong chat lugng nude va ham luong chét diép luc - a bang cong nghé vién
tham.

Nghién cttu st dung canh anh Landsat 9, thu nhan ngay 11 thang 6 nam 2025 tir by cam
bién OLI-2/TIRS-2 cua vé tinh Landsat 9. Canh anh thudc path 126, row 046 trong hé théng
WRS-2, bao phti khu vire luu vire song Day. Canh anh sau khi cat theo ranh gidi duoc sir dung
dé xir 1y dé tinh toan chi sé ph giira kénh 5 (NIR) va kénh 4 (RED). Ngoai ra 25 miu quan
trac chat luong nudc mit song Pay duoc quan tric ngay 18 thang 6 nim 2025 ciing dugc sir
dung 13 dir liéu dau vao mo hinh hoi quy dé xay dung mé hinh wéc tinh ham lugng Chl-a, qua
d6 1ap ban dd phan bb Chl-a cho luu vuc song Pay.
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Hinh 1. Vi tri khu vuc nghién ciru va dia diém quan trdc chat lwong nuwoc mat.
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4. Két qua nghién ctru
4.1 Dinh gid sw phén b 1y s6 inh giiva kénh NIR va RED

Phén tich anh ty sd giira kénh B5 (NIR) va B4 (RED) xac dinh tir anh Landsat 9 thang 6
nam 2025 tai luu vue séng Bay cho thiy chi s6 ty sd giira kénh B5 va B4 (Red) 1a mot trong
nhirng chi sb phd don gian nhung hiéu qua trong viéc phan anh ham luong chat diép luc-a
trong moi trudng nudc, dic biét 1a cac thuy vuc bi anh hudng boi sy phat trién cua thuc vat
phu du. Trong nghién ctru ndy, dir liéu anh vé tinh Landsat 9 (thang 6/2025) duoc xir ly dé
tinh toan chi sb Chl-a thong qua ty s6 phd kénh 5 (NIR) va kénh 4 (RED), dé 1ap ban d6 phan
bb Chl-a cho luu vuc séng Pay (Hinh 2).

Biéu d ty s6 anh tai thoi diém thang 6 ndm 2025, thoi diém dau mua mua, cho thiy sy
thay dobi vé phan bd khong gian gia tri ty s6 anh phan anh ham luong Chl-a. Téng thé, ban d6
xudt hién nhiéu doan s0ng c6 chi s6 cao hon, v6i mau cam va do phén b rong khap, déc biét
1a tai khu vyc gilta va cudi dong chay. Cac gia tri ty s6 anh dao dong tir 0.69 dén 3.98. Ty 5O
anh c6 gia tri thap tap trung ¢ khu vuc thuong luu, trong khi d6 gia tri cao tép trung v€ phia
ha luu cta luu vue. Két qua nay cho thay su gia ting vé& ham luong chat hitu co va dinh dudng
hoa tan trong nudc cd dic trung dién hinh ctia mua mua, khi dong chay mit mang theo dat,
phan bon va cac chat thai tir dat lién ra séng. Khu vuc thugng nguén van duy tri mic Chl-a
thap hon, tuy nhién c6 mot s6 diém xuét hién mau cam cho thay su khoi dau caa hién tuong
tich lily dinh duéng bac biét, khu vyc trung luu dén ha luu ¢ thé xay ra hién tuong tich ty
dong chay va giao thoa gitra ngudn nudce d6 thi, néng nghiép xuat hién cac chi sé6 Chl-a cao
hon 15 rét. Piéu nay cho thiy nguy co phu dudng va bung phat tao c6 thé bat d¢au hinh thanh,

can dugc quan trac sat sao trong cac thang tiép theo.
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Hinh 2. Ty $6 anh vé tinh Landsat tai thang 6 nam 2025
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4.2 Pdnh gid dp chinh xdc mé hinh héi quy

Mo hinh hdi quy cho thdy mbi lién hé rat manh giita Chl-a thuc do va chi sb ty sb anh
chiét tach tir anh vé tinh vién tham Landsat tai thang 6 nim 2025. Phuong trinh dé udc tinh
ham lugng Chl-a dugc xéac dinh theo cong thire dudi day:

Chl — age/ 2025 = 3.6066 X Chlindexye; 2025 — 1.4863 3)

Bién Chlindex 1a ty s anh giira kénh NIR va RED ciia kénh anh vé tinh Landsat 9 va
¢6 ¥ nghia thong ké rat cao (p <0.001), cho thiy chi s6 phé nam bt tét bién thién Chl-a. Mirc
giai thich v6i hé s6 xac dinh mo hinh R* dat 0,86 (h¢ s R? diéu chinh dat 0,85), twong dwong
xap xi 86,0% phuong sai rat tot ddi véi mé hinh don bién tir tong cong 25 mau quan tric.

30.0
21.5

25.0

Chl-a do ta1 06/2025 [mg/L]

0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375

Chi s6 Chl-a (thang 6 nam 2025)
Hinh 3. Biéu do phan tan chi sé ty s6 anh va ham lwong Chl-a thire do.

4.3 Pdnh gid sw phin bé ham lwong chit diép luc

Trong thang 6 nam 2025, thoi diém bat dau mua mua, ham luong Chl-a tang rd rét, voi
bién d6 bién thién tir 1,01-12,88 mg/m?. Trén ban do, sy xuét hién nhiéu doan song mang mau
cam va do tap trung ¢ vung trung va ha luu cho thay ndéng d6 Chl-a di gia ting nhanh chéng,
phan 4nh tac dong tryc tiép clia qué trinh rira tri dét, phan bon va chat hitu co tir nong nghiép
va sinh hoat vao song khi lwong mua dau vu tang. Pay chinh la nguyén nhan lam giau nguon
dinh dudng (nito, phospho) trong nudc, thic day sy phat trién manh mé& cua tao va sinh vat
phu du. Dong thoi, nhi¢t do va cuong do birc xa mat troi cao trong mua he da tao diéu kién ly
tuong dé quan thé tao bung nd, dan dén sy gia ting dang ké ham luong Chl-a.
4.4 Y nghia ciia két qud wéc tinh ham lwong chit diép luc-a doi véi quan Iy méi trwong
nwdc trong qudn ly do thi luu vuc song Dady

Két qua phan bd ham lugng Chl-a duge wée tinh tir anh Landsat 9 cung cip ngudn théng
tin quan trong phuc vu gidm sat moi trudng nudce tai cac do thi ven song thudc luu vuc song
Déy. V6i do phu khong gian rong va chu ky 1ap 6n dinh, dit liéu vé tinh cho phép nhan dién
som cac khu vyc c6 nguy co phu dudng cuc bo, déc biét tai cac doan song chay qua khu vuc
do thi hoa nhanh, noi nudc thai sinh hoat va cong nghiép gia tang dang ké. Trong bdi canh ap
luc d6 thi hoa va phat trién cong nghi€p gia tang va nhiéu khu dan cu ven song, thong tin tir
ban d6 Chl-a 13 co s& quan trong dé: (i) danh gia hiéu qua hé théng thoat nude va xtr Iy nudce
thai d6 thi; (ii) hd trg quy hoach, diéu chinh cac khu vuc phat trién d6 thi c6 nguy co tac dong
dén méi truong nude; (iii) xay dung cac chuong trinh giam sat dinh ky va canh bao som suy
thoai chat lwong nudc; va (iv) phuc vu ra quyét dinh trong quan 1y tong hop tai nguyén nudce
d6 thi. Bén canh d6, chudi dit liéu theo thoi gian cho phép theo dai xu hudng bién dong Chl-
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a qua cac nam, tir d6 hd trg danh gia tac dong 1au dai ctia d6 thi hoa dén hé sinh thai song. Do
d6, két qua udc tinh Chl-a tir anh Landsat 9 khong chi mang y nghia khoa hoc trong viéc lam
r0 dac trung quang hoc cua nudc song Pay ma con dong vai trod quan trong trong cong tac
quan 1y méi trudng nuée phuc vu quan 1y do thi, gop phan ning cao hiéu qua quan tri tai
nguyén nudc tai cac do thi trong luu vuec.
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Hinh 4. Ban d6 ham lwong Chl-a théng 6 nam 2025 luu viee séng Pay.

5. Két luan

Két qua nghién ciru da chimg minh kha ning sir dung anh vé tinh Landsat 9 trong udc
tinh ham lugng chat diép luc-a tai luu vye song Day véi do tin cdy cao. M6 hinh hdi quy tuyén
tinh giita chi s6 pho (NIR/RED) va Chl-a thuc do v6i hé s6 xac dinh mo hinh R2 dat 0,86, thé
hién mbi twong quan chit ché giita phan xa quang hoc va ham lugng Chl-a trong nuéc. Ban
dd phan b khong gian cho thiy khu vuc trung va ha luu c6 nong d6 Chl-a cao hon rd rét, phu
hop véi quy lut dong chay va tac dong cua hoat dong nong nghiép va do thi. De nang cao
hiéu qua giam sat chat lvong nude mat tai luu vuc séng bay, dé tai kién nghi mot s6 giai phap
nhu tiép tuc mo rong nghién ctru theo chudi thoi gian dé danh gia bién dong theo mua va xu
thé nhiéu nam hodc két hop dir liéu Landsat v&i cac ngudn anh d6 phan giai cao (Sentinel-2,
PlanetScope) dé nang cao do chinh xac mé hinh va tich hop két qua wéc tinh Chl-a vao hé
théng WebGIS giam sat moi truodng nudc mat, phuc vu canh bao som hién tuong phu dudng
va suy thoai chat lugng nude trong luu vuc. Céac két qua nay dong thoi cung cip ngudn dit lidu
quan trong hd trg co quan d6 thi trong danh gia mirc d6 chiu tai moi trudng nudc tai cac khu
vuc dén cu ven sdng. Viée ing dung dir liéu Chl-a vao quan 1y do thi gop phan nang cao hiéu
qua quy hoach thoat nuéc, kiém soat nudc thai va bao dam phat trién do thi bén viing trong
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luu vuc song Day.

Loi cam on

Nghién ctru nhan dugc hd tro tir dé tai cip B “Nghién ciru Iya chon mé hinh danh gia,
du bao bién dong chat luong mdi trudng dat, nude va khong khi phu hop véi didu kién cua
Viét Nam” (mi s6: TNMT.2023.562.07) thudc Chuong trinh phat trién khoa hoc co ban trong
Iinh vuc Hoéa hoc, Khoa hoc su séng, Khoa hoc trai dat va Khoa hoc bién giai doan 2017 -
2025.

Cam két clia cac tac gia
Tat ca cac tac gia co tén trong bai bao cam két sy dong thuan va khong cé xung dot loi
ich trong cong bo khoa hoc tai bai bao nay.
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