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Tém tiat: Nghién ctru ndy nhim giam sat su dao dong cua chi s6 dinh dudng (trophic state
index: TSI) ctia nuc hd Hoan Kiém duwa vao ham lugng chlorophyll—a (Chla) tinh toan tir
anh vé tinh Sentinel 2A (S2A) thu nhan dugc tir thang 9 nam 2019 dén thang 8 nim 2020.
Két qua khao sat tir 50 diém do tai hd Hoan Kiém vao 5 thoi diém khac biét trong nam cho
thiy ham lugng Chla cta nude h6 dao dong trong khoang 114,8 ng/L dén hon 700 pg/L va
c6 tuong quan cao véi ty s phan xa mat nudc ung voi kénh can hong ngoai (B5) trén kénh
do (B4) cua anh S2A R2=0 ,82) do do co thé tinh toan tir ty s6 nay bang phuong trinh ham
mil vOi sai sO trung binh da kiém chung 14 29,4 ug/L. Gia tri 'TSI(Chla) tinh toan tr anh va
thyuc té cho gia tri kha tuong dong, dao dong ¢ muc tir 77 dén 95 twong g véi muc siéu
phu dudng, cho thiy tiém ning cao cta viéc giam sat mirc 4o pht dudng cua ho tir anh S2A.
Theo khong gian, gia tri TSI(Chla) thay d6i khong nhiéu, thuong tap trung & mic cao xung
quanh khu vic bo phia bic va phia nam. Gia tri TSI(Chla) tinh toan tir anh S2A ¢6 sy thay
d6i nhe theo mua, cao vao dau hé (thang 6) va dau dong (thang 10, 12). Dé giam sat duoc
chi tiét hon bién thién gia tri TSI(Chla) can khai thac thém céac vé tinh khac nhu Landsat 8
va Sentinel 2B dé ting tan suét gidm sat.

Twr khoa: Phu dudng; HO6 Guom; Chlorophyll—a; TSI; Sentinel 2A.

1. Mé dau

Ung dung cong nghé vién tham trong danh gia chét luong nude da duge Ung dung rong
rdi va dat dugc nhiéu thanh tyu quan trong trong hon 40 nam qua [1-4]. Hau hét cic nghién
ctru déu dugc xdy dung va phat trién dua trén mOi quan hé gitra déc tinh quang hoc cua nudce
v6i cac thong sb chat lugng nude nhu tong chat ran lo limg, do sau thiu quang hay ham luong
Chlorophyll-a (Chla) [5].

Hién nay, tinh trang phu dudng dang xay ra thuong xuyén va dugc danh gia 1a mot trong
nhitng mdi de doa hang dau dén cac hé sinh thai thiy sinh ¢ cac ho d6 thi trén khap thé gioi
[6]. Cling nhu cac hd d6 thi khac trén thé gidi, cac hd do thi & Ha Noi hién nay dang ding
truéc nguy co suy thoai do do thi hoa, bién dbi khi hau, 6 nhidm va dic biét 13 hién tuong
phu dudng. H6 Hoan Kiém 1a mét trong nhitng hd nuéc ngot tir nhién c6 vai tro dic biét quan
trong trong doi séng van hoa—chinh tri ciia ngudi dan Ha Noi, 1a biéu tuong cua thanh phé
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cling dang phai d6i mat véi tinh trang pht dudng nghiém trong, day 1a nhan dinh dugc dua
ra dya trén viéc xac dinh ham lugng cac chat dinh dudng nhu Phétpho téng s6 va Nito tong
s6 trong nudce [7], cling nhu mat do tao do dugc [8]. Do dé, viée phat trién va ing dung cac
k¥ thuat dinh lugng vao giam sat hién twong pht dudng cua hd Hoan Kiém 1a v6 cung can
thiét dé quan 1y méi trudng nudce hd ciing nhu duy tri da dang sinh hoc, bao ton cac loai gen
quy.

D3 c6 nhiéu nghién ciru tién hanh danh gia tinh trang pht dudng cua cac ho d6 thi, trong
do pho bién nhét 13 st dung chi s6 trang thai pha dudng (TSI-T rophic State Index). [9] da dé
xudt tinh toan TSI cua ho thong qua 1 trong 3 dai luong: dg sau thau quang, ham lugng Chla
va Photpho tong sb. Trong sb cac dai lugng trén, ham lugng Chla hay con goi chat diép luc
1a thong s6 chinh phan anh thyc vat phu du trong nude va thuong duge st dung dé danh gia
mirc d6 phti dudng cua thuy vue [10] vi n6 phan anh tryc tiép st khoe cua hé sinh thai thuy
sinh hon la céc chi s6 thir cap nhu ti s6 cua Nito tong sd v6i Photpho tong sé. Ung dung cong
nghé vién tham dé tinh toan ham lugng Chla la mot trong nhiing ing dung co ban nhat duoc
st dung phd bién trong giam sat chat lugng nudée [11], do vy, trong nghién ciru nay, Chla
dugc lra chon la thong s6 dung danh gia mirc d6 phi dudng cua Ho Hoan Kiém bang phuong
phap vién tham. D3 co rat nhiéu thuat toan sir dung cac kénh pho riéng 1é hay ty sb cac kénh
pho phan xa tir cac dir liéu vé tinh da pho khac nhau dé tinh toan Chla trong nude [12], dién
hinh nhu thuét toan dya trén ty 1¢ kénh phé xanh luc/xanh lam [13-14], xanh lyc/dé [15— 16]
hay nhu ty 1& kénh phé can hong ngoai (NIR)/do6 [17-18] 4p dung vao vung nudc ven bién
hay hd noi dia. Tuy nhién, Hb Hoan Kiém 1a mot hd co diéu kién moi truong nude rat dic
trung voi ndng do sinh khéi cao, gia tri Chla thuong & mirc tir 129 pg/L dén hon 500 pg/L
dan dén tinh trang xuat hién lién tuc hién tuong “tdo nd hoa” [19] nén viéc xay dung thuat
toan tinh toan Chla tir céc dit liéu vé tinh con nhiéu ton tai. Dic biét, do kich thuéc ctia hd
Hoan Kiém tuong ddi nhé nén cac dit liéu anh vé tinh st dung can hoi tu du sy phu hop cua
ca hai yéu t6: d6 phan giai khong gian va do phan giai buc xa.

Dit liéu anh vé tinh Sentinel 2A (S2A) ctia Co quan vii try Chau Au duoc danh gia 1a dir
lidu vu viét dé giam sat phu dudng cac ho db thi voi do phén giai khong gian cao (10 m), chu
ky thu dir liéu ngan (10 ngay), mién phi. Bac biét voi thiét ké chuyén biét cho ving can hong
ngoai (co nhiéu diém twong dong v4i anh vé tinh MERIS — vé tinh duoc ESA phat trién trude
d6 dé giam sat cho moi truong bién), S2A duoc danh gia 1a mot dir liéu phu hop dé nghién
clru, giam sat moi trudng nude do thi, dam bao tinh kha thi va hiéu qua vé mit chi phi.

Nghién ctru ndy nham danh gia va giam sat mirc do pht dudng H6 Hoan Kiém thong
qua viéc tinh todn Chla va gia tri TSI(Chla) tir anh vé tinh S2A. Trong do, phuong trinh tinh
toan Chla tir cac thong s6 anh S2A duogc xay dung dua trén két qua do Chla va phd phan xa
mit nude do cung thdi ky ¢ nhiéu thoi diém khao sat khac nhau. Phuong trinh nay sau do
dugc ap dung vao cac anh S2A di dugc xir ly dé tinh toan duoc gia tri TSI(Chla) cia nude
hé 1am co s¢ danh gia mirc d6 phu dudng cta hd va sy thay d6i mirc d6 pha dudng nudc hd
theo thoi gian.

2. Phwong phap nghién ciru

2.1 Phirong phdp ldy méu va do phé hién trirong

Téng s6 50 diém khao sat dugc thuc hién tai hd Hoan Kiém vao 3 dot khao sat: dot 1:
ngay 14/04/2016, 06/10/2016 va ngay 26/10/2016; dot 2: ngay 31/10/2018; va dot 3: ngay
17/07/2020. Tai mdi diém khao sat, nhom nghién ctru déu tién hanh do pho phan xa (pw), lay
mau nude dé phéan tich ham luong Chla trong phong thi nghiém va dinh vi bang GPS (Hinh
1).

Theo d6, phd phan xa mit nudc duoc do bang may do buc xa hién truong GER1500 ¢
dai pho tir 350 nm dén 1050 nm véi d6 phan giai kénh phd 1a 1,5 nm, theo phuong phép ciia
Mobley [20], trong d6 su anh hudng ctia hién tuong ldp lanh mit nude dugc hidu chinh dya
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vao sy loai trir ph6 phan xa ctia bau troi. Pho phan xa mit nudc sau d6 duge chuan hoa vé
phd phan xa tng véi cac kénh phd cua anh S2A theo phuong phap cua Baris [21].

Cung voi do, cac mau nude mit hd Hoan Kiém duoce lay ¢ d6 sau tir 0-50 cm va dung
trong chai sach, sim mau vé&i dung tich 1 lit, sau d6 dwgc bao quan lanh va van chuyén dén
phong thi nghiém. Trong phong thi nghiém, ham lugng Chla dugc x4c dinh dya theo phuong
phap tiéu chudn SMEWH 10200H:2012 cia APHA [22].
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Hinh 1. Vi tri H6 Hoan Kiém tron céc diém khéao sat hd Hoan Kiém trong 5 dot khao sat trén nén
anh v¢ tinh GeoEyes thu dugc ngay 05/08/2020.

Cudi cung, muc do phi dudng cua nude hd dugc xac dinh thong qua TSI dugce tinh toan

tr Chla theo cong thuc [23], cu thé nhu sau:
TSI(Chla) = 9,81 * In(Chla) + 30,6 (1)

Trong do TSI(Chla) 1a dai luong khong thtr nguyén, Chla c6 don vila pg/L. Dya vao gia
tri TSI(Chla), trang thai pht dudng cia hd dugc chia thanh 4 mirc d6: 1) ngheo dinh dudng
(oligotrophy, TSI(Chla) < 30); 2) dinh dudng trung binh (mesotrophy, TSI(Chla) = 30 dén
50); 3) phu dudng (eutrophy, TSI(Chla) = 50 dén 70); 4) siéu pht dudng (hypereutrophy,
TSI(Chla) > 70).

2.2. Phuong phap xu ly danh vé tinh

V¢ tinh S2A chup anh khu vuc Ha Néi vao khoang 3:20 GMT (tuong tng véi 10:20 gio
dia phuong) trong h¢ toa d0 WGS84, mui 48N véi do phan giai khong gian 1a 10 m, 30 m va
60 m. Trong nghién ctru ndy, 10 canh anh S2A thu dugc vao cac thoi diém khac nhau, c¢6 do
che phi miy duéi 10% dugc tdi mién phi tr trang web cta ESA
(https://scihub.copernicus.eu/dhus/) dugce sur dung (Bang 1).

Tét ca cac canh anh sit dung da dugc hiéu chinh birc xa va hi¢u chinh khi quyén dé dua
dir liéu vé gid tri phan xa tai mat dat (BOA-reflectance) boi ESA trude khi dén tay nguoi sir
dung. Do vdy, trong nghién ctru niy, phuong phap xir Iy anh chi yéu 14 hiéu chinh hinh hoc.
Theo d0, cac canh anh dugc dong nhit d6 phan giai khong gian v& 10 m st dung cong cu
Resampling trong phan mém SNAP (Sentinel Application Platform). Dit liéu mat nudc sau
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d6 dugc chiét tach va tinh toan TSI(Chla) dua vao cac cong cu tinh todn ctia phan mém ENVI
5.3.

Bang 1. Cac anh v¢ tinh sir dung trong nghién ctru.

STT Cac anh v€ tinh sir dung trong nghién ctru Ngay
1 S2A MSIL2A 20190921T032541 N0213 RO18 T48QWIJ 20190921T073132  21/09/2019
2 S2A_MSIL2A 20191001T032541 N0213 RO18 T48QWIJ 20191002T155146  01/10/2019
3 S2A_MSIL2A 20191210T033131 N0213 RO18 T48QWIJ 20191210T070124  10/12/2019
4 S2A_MSIL2A 20200218T032811 N0214 RO18 T48QWIJ 20200218T072701  18/02/2020
5 S2A_MSIL2A _20200309T032551 N0214 RO18_T48QWIJ_20200309T073920  09/03/2020
6 S2A MSIL2A 20200428T032541 N0214 RO18 T48QWIJ 20200428T073032  28/04/2020
7 S2A_MSIL2A 20200518T032541 N0214 RO18_T48QWIJ_20200518T073303  18/05/2020
8 S2A_MSIL2A 20200627T032541 _N0214_RO18_T48QWIJ_20200627T073329  27/06/2020
9 S2A MSIL2A 20200717T032541 NO0214 RO18 T48QWJ 20200717T072805  17/07/2020
10 S2A MSIL2A 20200826T032541 N0214 RO18 T48QWIJ 20200826T073212  26/08/2020

2.3. Phwong phdp phén tich thong ké va ban do

Cac phép phan tich hoi quy, thdng ké co ban, tinh toan do 1éch, sai sd trong nghién ctru
dugc thyc hién bang phan mém SPSS Statistics 20. Hé sb tuong quan str dung trong bai bao
1a hé s6 Pearson. Cac phép phan tich déu dua trén 95% phan bé cua cac chudi sb.

Ban d6 phan bb khong gian cia TSI(Chla) duoc thanh lap duwa trén phuong phép phéan
bd xac suét cta bién ngiu nhién st dung modul phdn manh mat do (density slicing) trong
ENVI 5.3 va bién tap trong ArcGIS 10.3.

3. Két qua va thao luin

3.1. Ddc trung moi truong nudc ho Hoan Kiem

Két qua phan tich ham lugng Chla trong nudc hd Hoan Kiém cho thdy ham luong Chla
dao dong trong khoang tir 114,8 pg/L cho dén hon 700 pg/L, trung binh khoang 259 pg/L,
d6 léch chuan tai mdi diém 1én dén 121,1 pg/L (Hinh 2A). Theo d6, gia tri TSI(Chla) thuc té
ctia nuc hd Hoan Kiém dao dong tir 77 dén 95, trung binh dat 84 (Hinh 2B). Nhu vay, dua
theo thang danh gia muc d6 pht dudng ciia hd dé xuat bai [23] thi nude hd tai nhitng diém
do & cac thoi diém khac nhau déu ing véi muc siéu phu dudng — mirc pht dudng cao nhit,
nhay cam véi hién tuong tio nd hoa [23]. Theo thoi gian, gia tri TSI(Chla) cta hd Hoan Kiém
dat mtrc cao nhat 1a 95 vao thang 7 nam 2020.

800 100 -

700
600 il
500 1 ]
400 4
300 1
200 4
100 4 |
0- 0 - : . . .

14/04/2016  06/10/2016 26/10/2016 31/10/2018 17/07/2020 14/04/2016 06/10/2016 26/10/2016 31/10/2016 17/07/2020
Ngay khao sat Ngay khao sat

Chlia (pgiL)
TSI(Chla)
5E g g

=]
=

=Giatinhd nhit = Gia trilonnhdt @ Gid tri trung binh ®Gid trinhd nhét = Gia tril6n nhédt - Gia tri frung binh

Hinh 2. A) Két qua do ham lwong Chla cta nwéc hd Hoan Kiém trong 5 1an khao sat; B) Gia tri
TSI(Chla) tinh toan twong ung vdi ham lugng Chla do dugce.
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Hinh 3 thé hién phd phan xa cia mat nudc hdé Hoan Kiém tai mdi diém do. Theo do, tat
ca cac duong cong phd cho thiy d6 phan xa cuc dai cia nude hd nam trong dai song tir 426—
479 nm va 670-683 nm vé&i 4 diém cuc dai 1an luot twong ung & cac budc song tir 558-562
nm, 643-645 nm, 713-715 nm, va 804-807 nm. Dya trén vi tri phan bd cia cac kénh phd
anh S2A (Hinh 3), cac kénh phd tmg véi diém cuc dai cta phd phan xa 1a kénh 3 (xanh luc)
va kénh 5 (c4n hong ngoai), trong khi kénh 1 (xanh luc) va kénh 4 (d6) gan véi diém cuc tiéu
ctia pho phan xa mat nudc.

033 4
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Hinh 3. Dic trung phd phan xa mit nudc (pw) do tai hd Hoan Kiém vao 5 1an khao sat so véi vi tri
cic kénh phd anh S2A. B1 dén B8a tmg véi vi tri cac kénh phé cia anh S2A tir 1 dén 8a.

3.2. Méi quan hé giita ham lwong Chla, TSI(Chla) va phé phan xa mdt nude

Viéc lya chon thanh cong cac mo hinh don kénh pho hay céc ty 1¢ kénh pho dé tinh toan
Chla phu thugc phﬁn 16m vao cac dac tinh hoéa sinh ctia nuéc ma cac dac tinh nay duoc thé
hién rat r& qua phd phan xa ctia nude. Trong nghién ciru nay, cic thuat toan pho bién thuong
dung dé wdc tinh ham lugng Chla trong viing nudc siéu phii dudng nhu thuat toan dya trén
ty 1& dai phd xanh luc/do, can hong ngoai/do hay xanh lam/xanh lyc [11] s& dugc phan tich
va danh gia dya trén dir liéu cua 38 diém do trong 4 ngay khao sat. Két qua phan tich budc
dau cho thay, trong tat ca cac truong hop, phuong trinh .duong cong ¢ gia tri trong quan cao
va sai s6 nho nhat la duong cong ham mi (Bang 2). Diéu nay mét lan nita khang dinh su phu
hop ctia ham sé mil dé tinh toan cac thanh phan chat lugng nudc tir dir liéu vién tham da duoc
ching minh trong nghién ctru trude do6 [24].

Bang 2. Mbi quan hé tuyén tinh giita Chla va ty sb phd phan xa ing vai dai phd cua kénh anh S2A
sir dung dir liéu ctia 38 diém do trong 4 ngay khao sét.

Ty 1é Ham tuyén tinh Ham s6 mii Ham logarith
Thuit toin  kénh phd
R? RMSE R? RMSE R? RMSE
S2A
Xanh luc/D6 B3/B4 0,8 54,25 0,69 0,21 0,66 70,5
B5/B4 0,86 45,30 0,82 0,17 0,75 60,6
Can héng B6/B4 0,78 56,53 0,68 0,22 0,73 63,7
ngoai/bo B7/B4 0,77 58,33 0,65 0,23 0,68 69,18
B&/B4 0,65 71,97 0,51 0,27 0,57 80,58
Xanh B3/Bl1 0,01 121,6 0,01 0,38 0,09 116,4
lam/Xanh
B3/B2 0,08 117,4 0,02 0,38 0,1 116,1

luc
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Trong nghién ctru nay, ty s6 kénh pho can hong ngoai/do (kénh 5/kénh 4) c6 gia tri tuong
quan 6n dinh va chat ch& hon ca véi hé sb xac dinh R2 = 0,82, p = 0,00 va gia tri sai sO cua
phép tinh 13 17 pg/L (Hinh 4a). Theo d6, ham luong Chla c6 thé tinh toan twong ddi chinh
xac tir anh S2A theo phuong trinh:

Chla = 101,58¢e%27-BB4 (g/L) ()

Trong d6 Chla 1a ham lwgng Chla trong nuéc hd (ug/L); B5/B4 1a ty s kénh 5/kénh
4 cua anh S2A.
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Hinh 4. Biéu dd biéu dién: a) Mbi quan hé tuyén tinh gira ham lwong Chla va ty sé kénh 5/kénh 4
(B5/B4) clia anh S2A; b) Sai sb gitta Chla do duogc thuc té va Chla tinh toan tir phuong trinh ham
mii hinh 4a va ¢) Sai s giira phd phan xa B5/B4 do thuc té va phd B5/B4 thu hoi tir anh S2A ctia 12
diém do ngay 17/7/2020.

Pé kiém chimg mdi quan hé nay, tap dir liéu ciia 12 diém do thuc té thu vao ngay khao
sat 17/7/2020 duoc dua vao danh gia do 1éch chuan cia két qua tinh toan tir phuong trinh
(hinh 4b). Két qua cho thay gia tri Chla tinh toan tir phuong trinh (2) va gia tri do thuc té co
tuong quan cao (R2 = 0,83) va sai s6 29,4 nug/L (dudi 10% gié tri trung binh cta chudi sd,
Hinh 4b). Két qua nay khang dinh ty s6 kénh 5/kénh 4 cta dnh S2A hoan toan phu hop dé
tinh toan ham luong Chla ctia nuéc hd Hoan Kiém noi riéng va méi truong nude nodi dia siéu
pha dudng néi chung da dugc minh chung trude do6 [25].

Do phuong trinh (2) dwoc xdy dung va kiém chimg dya trén gia tri phd phan xa mat nude
pw va Chla do dac thyc té vao ciing thoi diém nén c6 d6 chinh xac gan nhu tuyét doi vi khong
bi anh hudng boi cac yéu t6 thoi tiét, khoang cach hay cac nhidu dong do cac phan g, thanh
phan cua bau khi quyén nhu dit liéu vé tinh. Dé ap dung thanh c6ng phuong trinh (2) vao dir
lidu anh vé tinh S2A, phuong phap xir 1y anh (cu thé 1a phuong phép hiéu chinh khi quyen)
dé thu nhan phd phan xa mdt nu6e phai phu hop va chinh xac. Hinh 4¢ biéu dién sai s6 giita
ty sb phd phan xa B5/B4 thu duoc tai mit nude va ty sd phd phan xa thu duoc cia B5/B4
anh S2A Level 2A trong ngay 17/7/2020 tai 12 diém do tng véi 12 pixels anh. Két qua cho
théiy anh S2A Level 2A da duogc hi€u chinh khi quyén kha phu hop cho céc viung nudc co6 do
pht dudng cao nhu nude hé Hoan Kiém trong nghién ciru ndy. Vi sai s6 toan phuong trung
binh 1a 0,58, twong duong dudi 10% trung binh gia tri do dac thuc té; dit liéu anh S2A Level
2A nay rat phu hop cho viéc tinh toan cac thong sb nudc bang phuong phap sir dung ty sb
kénh anh. Do d6, cac két qua tinh toan Chla tir anh S2A Level 2A va sir dung phuong trinh
(2) n6i trén cho két qua kha chinh xac khi thay thé ty s6 B5/B4 ciia anh thay cho gia tri phd
mat nudc tng voi cac kénh nay.

Ciing tir mbi quan hé nay, TSI(Chla) ciia nude hd ¢ thé tinh toan tir anh S2A dwa trén
su két hop phuong trinh (1) va (2) nhu sau:

TSI(Chla) = 9,81 * In(101,58¢%27B5B4) + 30,6 3)

Trong d6 B5/B4 1a ty s6 kénh 5/kénh 4 cia anh S2A.
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3.2. M6i quan hé giita ham lwong Chla, TSI(Chla) va phé phdn xa mdt nuée

Ap dung phuong trinh (3) vao tinh toan gi tri TSI(Chla) cta nudc hd Hoan Kiém tir 10
canh anh vé tinh S2A chup ho tir thang 9 nim 2019 dén thang 8 nam 2020, chung toi x4y
dung duge mot chudi cac ban @b phan bd theo khong gian va thoi gian ctia TSI(Chla) nude
ho6 nhu trong hinh 5. Dya vao su phan b nay co thé thiy, do dién tich ho tuong dbi nho nén
su chénh léch vé mat khong gian cua TSI(Chla) khong thé hién rd nét, dic biét vao cac thang
c6 nhiét do khong khi thdp nhu thang 2 va thang 3. Sang dén thang 4, TSI(Chla) c6 gia tri >
86 bat dau xudt hién va tap trung chu yéu vé phia Dong Nam cua dén Ngoc Son va phan ven
bo phia Nam gan thap Rua. Sang dén thang 5, gia tri TSI(Chla) > 90 lai phan bd chu yéu
xung quanh phia Tay Bic va DPéng Nam cua dén Ngoc Son. Xu hudng nay cang thé hién rd
net trong thang 6 nam 2020, khi gia tri TSI(Chla) > 90 luén dugc ghi nhén tai cac khu vuc
xung quanh dén Ngoc Son va phia Nam cua Thap Rua. Gia tri TSI(Chla) vao cac thang 7, 8,
9 giam nhe ddng déu khip mat hd, luén & gia tri trén 80, trong khi d6 lai & mirc xép xi cao
hon 85-86 vao cac thang 10, 12.

BssUE tossiisE 10SSITE _10SSITE 055U 105 TISE 10SSITE  10S'51IE 1055115 10551 10S'SITE  105'SUIE 105°STISE

0171012019 2] =% 18702/2020
v

TSI (Chla) I B
77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92

Hinh 5. Phan bb TSI(Chla) cuia nuéc hd Hoan Kiém tir thang 9 nam 2019 dén thang 8 nam 2020.

Hinh 6 biéu dién su thay ddi theo thoi gian ciia gia tri TSI(Chla) tinh toan tir 10 canh anh
S2A thu dugce vao céac thoi diém khac nhau trong nam 2019 va 2020. Theo do, gia tri
TSI(Chla) trong thang 2—3/2020 dao dong trong khoang tir 84-88 vai gia tri trung binh dat
85. Sang dén thang 4 — giai doan chuyén mua tir mira khd sang muia mua, gia tri TSI(Chla)
tang dan nhung khong dang ké véi gid tri trung binh 14 86. Vo cac thang mua mua (thang 5
dén thang 10), TSI(Chla) ting dan dao dong trong khoang tir 78 va Ién t&i hon 92 vao thang
6. Sau d6, TSI(Chla) c6 xu huéng giam dan trong thang 7-9, sau d6 ting nhe cho dén thang
1 nam sau. Dya theo thang phan loai tinh trang phti dudng [23], trang thai cua hd luén & mirc
siéu phu dudng, phu hop voi két qua do thuc té.
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Hinh 6. Su thay ddi theo thoi gian cia gi4 tri TSI(Chla) cia nuée HS Hoan Kiém tinh toan tir anh vé
tinh S2A thu duoc tir thang 9 nam 2019 dén thang 8 nam 2020.

4. Két luin

Két qua nghién ctru cho thiy nue hd Hoan Kiém trong khoang thoi gian tir thang 9 nim
2019 dén thang 8 ndm 2020 ludn ¢ mic siéu pha dudng (hypertrophic) — mtrc pha dudng cao
nhit c6 thé anh huong dén doi séng cua hé sinh thai thuy sinh (Chla = 114,8-700 pg/L,
TSI(Chla) = 77 dén 95). Gia tri TSI cua ho c6 thé giam sat thong qua ham luong Chla tinh
toan tir anh S2A bang ham sé mil tuyén tinh vé6i bién 1a ty s6 kénh can hong ngoai (B5S) trén
kénh d6 (B4) cua anh. Gia tri TSI(Chla) thu dugc tir anh S2A ¢6 sy thay d6i nhe theo mua
va theo khong gian hd. Cu thé, TSI(Chla) c¢6 xu hudng cao hon trong thang 5-6, giam dan
trong thang 7-9, sau d6 tang nhe cho dén thang 1 nim sau; ving nudc hd xung quanh phan
bo phia béc va phia nam c6 gia TSI(Chla) cao hon cac ving nudc hd khac. Nghién ciru nay
cho thay anh S2A v6i d6 phan giai khong gian phu hop (Ién dén 10m), cac kénh phd duoc
thiét ké hop 1y 1a loai anh c6 tiém ning cao dé giam sat chat luong nudc cac hd ndi dia co
dién tich nho, dudi 15 ha nhu hé Hoan Kiém. Phuong phép nghién ctru dé xuit trong bai co
thé ap dung vao giam sat 1au dai hién trang pha dudng ctia hd tir anh vé tinh mién phi S2A,
gitip cho cong tac quan 1y moi truong thanh phd thém hiéu qua.

Dong gop cia tac gia: Xay dung y tudng nghién cou: N.T.P.T., P.Q.V., N.T.T.H.; Lua chon
phuong phap nghién ctru: N.T.P.T., P.Q.V., N.-T.T.H.; Xtr Iy s6 liéu: N.T.P.T., N.T.T.H.,
N.T.L.; Liy mau: N.T.P.T., P.Q.V., N.-T.T.H,, N.T.L.; Viét ban thao bai bio: N.T.P.T.,
P.Q.V.; Chinh stra bai bao: N.-T.P.T., N.-T.T.H.

L&i cdm on: Nghién ctu nay duoc thuc hién dudi sy tai trg ciia Vién Han 1am Khoa hoc va
Cong nghé Viét Nam thong qua dé tai c6 ma s6 VASTO01.04/19-20. Tap thé tac gia bai bao
xin trén trong cam on sy tai trg cua Vién Han 1am Khoa hoc va Cong nghé Viét Nam, déng
cam on t6i ESA va Trung tam CARGIS, Truong Pai hoc Khoa hoc Ty nhién — PHQGHN
da cung cap anh Sentinel va thiét bi do phd hién truong cho nghién ciru nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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Abstract: This study aims to monitor the trophic state index (TSI) of Lake Hoan Kiem
using estimated chlorophyll-a concentration (Chla) from Sentinel 2A (S2A) acquired over
Hanoi from September 2019 to August 2020. In situ data measured at 50 points over the
lake in 5 field-trips shows that Chla ranged from 114.8 pg/L to 700 ug/L and strongly
correlated to the ratio of the near-infrared band (band 5) versus the red band (band 4) of
S2A by an exponential equation (R? = 0.82). The reasonable error of validation (29.4 pg/L)
indicates the equation appropriateness for estimating Chla in the lake water. As a result,
estimated TSI(Chla) was harmonized with in situ TSI(Chla) and ranged from 77 to 95,
classifying the lake water at the hypertrophic level and confirming a high potential of S2A
for monitoring the lake trophic status. In space, TSI(Chla) distributed homogeneously and
accumulated little in the areas along the northern and southern shores. Estimated TSI(Chla)
was little changed by seasons, at the higher level in early summer (June) and early winter
(from October to December). To better monitor TSI(Chla), other sensors such as Landsat 8
and Sentinel 2B should be investigated and exploited.

Keywords: The lake trophic state; Ho Guom; Chlorophyll—a; TSI; Sentinel 2A.



