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This study aims to map the spatial distribution of the trophic state index
(TSI) in Yen So Lake utilizing an in-situ dataset of Chlorophyll-a (Chla)
collected from 23 sampling points within the Yen So Lake on 29/11/2021;
3/4/2022; 14/12/2023 and 69 sampling points in West Lake on
4/12/2021; 18/1/2022; 7/7/2023 coupled with Sentinel-2 (S2) satellite
imagery acquired on these dates, thereby helping to optimize assessment
of eutrophication in Yen So Lake. By leveraging the correlation between
TSIchiq and the spectral ratio of band 7 to band 3 of the S2 images (with a
correlation coefficient of 0.83), this band ratio was incorporated as an
auxiliary variable to enhance the accuracy of Co- kriging predictions, with
a notable improvement in the determination coefficients (R?) and the
standard errors (RMSE), increasing from 0.17+0.63 to 0.67+0.89 and from
2.33+4.22 to 0.32+0.58, respectively. The results show that Yen So Lake is
hypertrophic with TSIcna > 78 at all measurement times. The TSIcnq values
exhibited seasonal variations, being lower during the dry season
(November to December) and higher during the rainy season (April).
Spatially, elevated TSIcna values were primarily observed near the
drainage channel inlets along the lakeshore and in the three smaller lakes
within Yen So Park. These findings highlight the utility of S2 imagery as an
effective tool for monitoring and evaluating eutrophication in Yen So
Lake.
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Panh gid mirc A0 phi dudng nwérc cum ho diéu hoa Yén Sé st
dung anh vé tinh Sentinel-2 va Co-kriging
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Nghién ctru ndy nhdm mo hinh héa sw phdn bd khéng gian cta chi sé dinh
duwdng nwde ho (TSI: trophic state index) trong ho Yén Sé& dwa vao dir liéu
dnh Sentinel 2 (S2) va s6 liéu do dac thuwc té€ ham lwong Chlorophyll-a
(Chla) thu dwoc tir 23 diém khdo sdt trén ho Yén S& ngay 29/11/2021;
3/4/2022; 14/12/2023 va 69 diém khdo sdt trén hd Tay ngay 4/12/2021;
18/1/2022; 7/7/2023, tir d6 t6i wu héa viéc ddnh gid hién trang phi
dwdng cum ho nay. Dwa vao sw twong quan cao giita TSIcna va ty so kénh
7/kénh 3 ctia dnh S2 (hé s6 twong quan, r = 0,83), ty s6 nay dworc str dung
nhw théng tin b tro gitlp cdi thién dé chinh xdc ctia mé hinh co-kriging
trong Idp bdn dd phdn bé khéng gian cua TSlewa (R? tir 0,17+0,63 Ién
0,67+0,89; RMSE tir 2,33+4,22 xubng con 0,32+0,58). Két quad cho thdy
nwéc ho dang & trang thdi siéu pht dwéng véi gid tri TSIcne > 78 tai moi
thoi diém khdo sdt. Gid tri TSIcna ¢ sw thay déi nhe theo thoi gian, cu thé
gid tri TSIcna €6 xu hwdng thdp hon trong mua khé (thdng 11-12) va tdng
cao hon trong mila mwa (thdng 4). Theo khéong gian, gid tri TSIcna cao tdp
trung & ctva cdc céng thodt nwérc ven ho va ba hé nho thudc céng vién Yén
S6. Nghién ctru dd chirng minh tiém ndng Iém ctia dnh vé tinh S2 trong viéc
ho tror ddnh gid va gidm sdt mikc dd phu dwéng ctia ho Yén Sé.
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1. M¢é dau

Thu d6 Ha Noi la mot trong nhitng do thi c6
mat do ho day d3c rai rac khap thanh phé (CECR,
2015). Cac ho d6 thi khong chi dong vai tro quan
trong trong viéc diéu tiét nwéc mua, giam thiéu
ngap tng, bao ton da dang sinh hoc ma con hd tro
sinh ké cho cong dong din cw. Tuy nhién, twong tw
nhw nhiéu h6 d6 thi trén thé gidi, cac ho do thi tai
Ha Néi dang phai d6i mat v&i nguy co suy thodi
nghiém trong do tic dong ctia do thi hoa, bién doi
khi hiu, 6 nhiém méi trwong, va dic biét 1a hién
twong pha dudng (Do va nnk. 2023). Hién twgng
nay dwoc biéu hién qua sw bung phat cta tao doc
microcystins (Ha va nnk, 2015; Duong va nnk,
2014), sw gidm st néng do oxy hoa tan trong
nuwéc (Hoang va nnk.,, 2020), va tham chi 1a hién
twong ca chét hang loat. Dang lwu y, cac ho trong
khu vyc d6 thi thwdng chiu ap lwc pht dudng 16m
hon so véi cac ho ngoai 6, do ching thwong xuyén
ti€p nhén lwong lém chat thai hitru co tir cic khu
dan cw dong duc lan can (Xiangcan, 2003). Chinh
vi vay, viéc tién hanh cac nghién ctru nhim danh
gia mirc dd phd dudng cia ho va nhin dién cac
nguy co tiém an lién quan dén qua trinh nay la cin
thiét, nham cung c4p co s& khoa hoc phuc vu cong
tAc quan ly moi trudng tai dia phwong, tir d6 ho
tro viéc xay dwng cac bién phap cha dong va hiéu
qua nham phong ngira cac su cd mdi truedng c6 thé
Xay ra.

Hién nay, c6 nhiéu chi s6 danh gia mc d6 pha
dudng ctia nwéc hé dwoc ap dung trén thé gisi,
trong d6 chi s6 trang thai dinh dwong (TSI:
Trophic State Index) do Carlson dé xuit vao nam
1977 dwoc st dung rong rai hon ca nho tinh kha
thi cao trong viéc thu thap dir liéu dau vao va kha
nang phan anh toan dién cac khia canh ctia hién
twong pha dwdng (Cheng va Lei, 2001). TSI dwoc
tinh toan tir mdt hodc ba thong so chinh 1a téng
phot pho (TP), do siu dia Secchi (SD) va ham
lwgng Chlorophyll-a (Chla). Méi thong s6 dai dién
cho mét khia canh dac trung clia méi trwong
nuwdc: TP phan anh ham lwong dinh dwéng (hda
hoc), SD dai dién cho dac tinh quang hoc (vat ly),
con Chla phan &nh méat do sinh vat phu du, dac biét
la tdo (sinh hoc). Nho d6, gia tri TSI cung cap cai
nhin tong thé vé tinh trang phu dudng tir ca ba goc
do6: hoa hoc - vat 1y - sinh hoc. Trong ba thong s6
néi trén, Chla dwoc xem 1a bién sd chu chét dé
danh gia mirc do phu dwdng, do phan anh tryc

ti€p sinh khoi tao trong nwéc - mot chi diu ro nét
veé strc khde ctia hé sinh thai thly sinh, vweot troi
hon so v&i chi s6 gian ti€p nhu tong nito va tong
phot pho (Hakanson va nnk., 2007). Bén canh dé,
TSI 1a mét gia tri s6 dao dong tir 0 dén 100, diéu
nay gidp viéc tinh toan va moé hinh héa theo khong
gian va thoi gian tré nén thuan loi, ddng thoi ho
tro hiéu qua trong viéc so sanh va nhan dién cac
nguodn giy 6 nhiém (Prasad va Siddaraju, 2012;
Linh va nnk,, 2019).

Tai Ha Noi, cum ho diéu hoa Yén S& - bao gobm
nam hoé lén nho véi tong dién tich mat nwéc
khoang 132,8 ha - la mot hé thong ho quan trong
& phia Nam thanh phd. Ngoai chirc ndng diéu tiét
nuwéc mua, giam thiéu ngdp Gng va tao canh quan
sinh thai, h6 con 1a nguén cung cip nwéc cho hoat
déng nudi tréong thdy san cha nguoi dan dia
phwong. Tuy nhién, trong nhirng ndm gan diy, ho
Yén S& dang phai d6i mat véi tinh trang 6 nhiém
nghiém trong va thim chi hién twong c chét hang
loat di dwoc ghi nhan (Vin Yén, 2022; Nguyén
Ngan, 2019). Mic du vay, cho dén nay van chwa c6
nghién cru dinh lwong cu thé nao danh gia mic
d6 phu dudng cia hé Yén S& cling nhw sy bién
dong cua né theo khong gian va thoi gian. Bén
canh dé, mot trong nhirng tré ngai lén d6i vai viec
danh gia hién trang phd duwong tai ho Yén Sé& la
diéu kién ti€p cin hién trwong con nhiéu han ché
do thiéu phuwong tién chuyén dung nhw thuyén
hodc phao khao sat, khién cho viéc thu thip dir
liéu thuc té khéng day du va thiéu tinh dai dién.
Truwéc thuce té d6, trong boi canh khoa hoc cong
nghé ngay cang phat trién, viéc st dung dir liéu
anh vé tinh trong giam sat tinh trang phtl dudng
nuwée ho da dat dwoc nhiéu thanh tyu quan trong
gitup vuot qua nhitng khé khan ctia phwong phap
khdo sat truyén théng (Membrillo-Abad, 2016).
Dac biét, tir khi vé tinh Sentinel 2 (S2, bao gbm ca
Sentinel 2A va Sentinel 2B) dwoc phong 1én quy
dao, viéc giam sat tinh trang phd dwéng cta cac ho
d6 thi da c6 nhirng co hdi méi nho nguén div liéu
anh vé tinh d6 phan giai khéng gian cao (10 m),
chu ky thu dit liéu ngin (5 ngay) va hoan toan
mién phi.

Dua trén kinh nghiém qudc té va hiéu qua cta
cong nghé dia khoéng gian trong giam sat tai
nguyén méi trueong, nghién ctru nay huéng dén
viéc tim ra gidi phap nham danh gi4 toan dién hién
trang phd dwdng ctia cum hoé diéu hoa Yén Sé tai
ba thoi diém khao sit: ngiy 29/11/2021,
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3/4/2022, va 14/12/2023. Trong diéu kién s6
lwong va phan bd cac diém quan tric trén ho bi
han ché, nghién ctru tip trung xac dinh cac thong
s6 ho trg tir &nh vé tinh S2 chup cling ngay khao
sat nham cai thién do chinh x4c trong viéc wéc tinh
chi s6 TSl theo khong gian bang mo hinh Co-
kriging. Két qua nghién ctu sé cung cip co s&
khoa hoc va dirliéu quan trong, gop phén nang cao
hiéu qua trong viéc giam sat nhanh hién trang phua
duwong, quan ly moi trwong nwéc, va bao vé hé
sinh thai ho Yén Sé.

2. Dir liéu va phwong phap nghién ciru

2.1. Phwong phdp do dac va xdc dinh cdc
thdéng sé chdt lwong nworc

Nhém nghién ctiru da thuc hién thu thap tong
cong 23 diém thudc cum ho diéu hoa Yén S& trong
ba dot khdo sat: dot 1 vao ngay 29/11/2021, dot
2 vao ngay 03/04/2022, va dot 3 vao ngay
14/12/2023. Tai mdi diém khao sat, mau nwéc
dwoc thu thap dé phan tich ham lwong Chla trong
phong thi nghiém, dong thoi vi tri cda cac diém
khao sat dwoc xac dinh bang GPS (Hinh 1A). Tuy
nhién, do han ché vé phwong tién ti€p cin long ho,
cac mau nude chi dwoc 14y tir cac diém ven bo, gan
cac cong xa thai tai hai ho nhé thudc cong vién Yén
S&, noi ¢é gia tri ham lwong Chla twong doi cao.
Nham dam bao su bién thién tir thAp dén cao cta
ham Iwong Chla va gia tri TSIcna d€ xac dinh mai
twong quan chinh xac véi dit liéu anh vé tinh,
nghién ciru b6 sung 69 diém khao sat tai H6 Tay
(Hinh 1B) - h6 c6 diéu kién kha twong dong véi ho
Yén S& nhung c6 gia tri ham lwgng Chla thip hon,
gitip m& rong dai bién thién dir liéu. Dir liéu cua
H6 T4y bd sung trong nghién ctru nay dwoc nhom
tac gida thu thap vao ngay 04/12/2021,
18/01/2022 va 07/07/2023 véi cac diém do
dwoc lra chon nham phéan anh dwoc day da sw
thay d6i ctia thong s6 chat lwong nwéc va thuin
tién cho viéc khdo sat nhw khuyén cdo cda
Karabok (2010).

Theo d6, toan bd mau nwéc dwoc thu thap &
d6 sdu 0+30 cm ngay trén bé mat va mang vé phan
tich trong ngay nham xac dinh ham lwgng Chla.
Qua trinh phan tich tuan theo phwong phap do
phé chuin TCVN 6662:2000, véi sy hd tro cia
thiét bi quang phd tir ngoai kha kién UV-VIS Hach
DR6000 (Hoa Ky).
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Hinh 1. Vi tri cdc diém ldy mdu tai 2 ho:
A- H6 Yén Sé, B- HO Tay.

Cudi cung, mic dé pht dudng ctia nwdc ho
duogc xac dinh thong qua TSI dwoc tinh toan tir
Chla (TSlcna) theo cong thirc cta Carlson va
Simpson (1996), cu thé nhu sau:
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TSIChla = 9,81 * ln(Chla) + 30,6 (1)

Trong d6: TSlewa - dai lwgng khéng thi
nguyén, Chla c6 don vi 1a pg/L. Dwa vao gia tri
TSIch, trang thai phtt dwéng ctia hé dwoc phan
thanh 4 mc dd: 1) nghéo dinh dwéng véi TSIcna <
30; 2) dinh dudng trung binh khi TSIcha dao dong
tir 30 dén 50; 3) phu dudng trong khodng TSIcha
tr 50 dén 70; 4) siéu pht dwdng khi TSIcna virot
nguong 70.

2.2. Phwong phdp xir ly dnh vé tinh

Vé tinh S2 chup anh khu vic ho Yén S& va ho
Tay vao khoang 3:20 GMT (twong trng véi 10:20
gior dia phwong) véi dit liéu dwoc dinh vi theo hé
toa d6 WGS84, mdi chiéu 48N, va do phan giai
khoéng gian & ba mirc khac nhau la 10 m, 20 m, va
60 m. Trong nghién ctru nay, 6 canh anh S2 Level
2 thu dwoc vao ngay 29/11/2021, 04/12/2021,
18/01/2022, 03/04/2022, 07/07/2023 va
14/12/2023 tai mién phi tir trang web clia ESA

(https://scihub.copernicus.eu/dhus/) dwoc s
dung (Bang 1).

TAat ca canh anh st dung da dwoc ESA dwa dir
litu vé gia tri phan xa tai mit dit (BOA-
reflectance) thong qua hiéu chinh birc xa va hiéu
chinh khi quyén trwéc khi dén tay nguwoi st dung.
Do vay, nghién ctru nay tap trung chi yéu vao hiéu
chinh hinh hoc. Cu thé, cic canh anh dwgc dong
nhat d6 phan giai khong gian vé 10 m st dung
cong cu Resampling trong phin mém SNAP
(Sentinel Application Platform). Miat nwéc ho
nghién ctru dworc chiét tach str dung chi sé chuin
héa khac biét nwéc MNDWI do Xu (2006) dé xuat.
Sau do, gia tri phan xa cac kénh phé cta anh S2
dworc trich xuat tir 92 diém khdo sat cung ngay véi
thoi diém thu nhan anh, dwgc thuc hién bang cong
cu chuyén dung trong phan mém ENVI 5.3 (Hinh
2). Cac gia tri nay tiép theo dwoc phan tich nham
xac dinh cac ty s6 c6 moi twong quan cao véi gia
tri TSIcna thure t€, lam co s& xiy dung bién s cho
phép phan tich khéng gian Co-kriging.

Bdng 1. Dir liéu dnh vé tinh dworc st dung trong nghién cteu.

TT M3 canh anh Ngay Do che pht may
1 MSIL2A_20211129T033111_N0500_R018_T48QW] 29/11/2021 12,1%

2 MSIL2A_20211204T033119_N0301_R018_T48QW] 04/12/2021 0%

3 MSIL2A_20220118T033051_N0301_R018_T48QW] 18/01/2022 13,4%

4 MSIL2A_20220403T032539_N0400_R018_T48QW] 03/04/2022 1,01%

5 MSIL2A_20230707T032519_N0509_R018_T48QW] 07/07/2023 19,6%

6 MSIL2A_20231214T033139_N0510_R018_T48QW] 14/12/2023 43%

Dt lidu khéo sdt thuc té&

(Chla, TSlen)
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anh > Ap dung
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3 canh anh S2 ngay 29/11/2021,
18/01/2022 va 03/04/2022

Co - kriging @

[ Phéan bd TSIy, trong nwéc hd Yén Sé tinh toan tir dnh S2 theo khéng gian ]

Hinh 2. Quy trinh thuec hién nghién ciru (MNDWI la viét tdt ctia chi s6 chudn héa khdc biét nuréc (Modified
Normalized Difference Water Index)).
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2.3. Phwong phdp phan tich théng ké va lap
ban do

Phuong phap dia thdng ké Co-kriging da
dwoc st dung dé l1ap ban do phan b6 khong gian
cda chi s6 TSlcua trong nwéc ho Yén Sé. Pay la
phuwong phap mé rong ctia Kriging, cho phép két
hop bién chinh (TSIcwa) v&i moét hodc nhiéu bién
phu (nhw chi s6 4nh S2) nham nang cao d6 chinh
xac wdc lwong tai cac vi tri chwa do. Nguyén ly cta
Co-kriging dwa trén méi twong quan khéng gian
cta tirng bién va méi twong quan chéo gitra cac
bién thong qua hé ham bién thién (variogram) va
déng bién thién (cross-variogram). Trong sd noi
suy dworc xac dinh tir hé phwong trinh tuyén tinh
sao cho sai s6 phwong sai 1a nho nhat, c6 xét dén
khoang cach va hwéng khong gian (Wackernagel,
2003; Journel, 1989). Quy trinh thuwc hién gom:
phén tich dir liéu dau vao, xac dinh twong quan
gitra cac bién, xy dung mé hinh bién thién, va ap
dung ndi suy Co-kriging. Viéc tich hop dit liéu anh
vé tinh lam bién phu tr¢’ gitip mé hinh phan anh
tét hon sy bién thién trong khong gian ctia TSIchia,
dac biét trong diéu kién s6 lwong diém do han ché
va phan b6 khong déu.

Trong nghién ctru nay, cac bién dwoc lwa chon
cho mé hinh Co-kriging phai dap tng tiéu chi

950 350

twong quan chit ché véi gia tri TSIewa thue té, thé
hién qua hé s6 twong quan lén hon 0,70. Pong
thoi, két qua wéc tinh cin dat d6 chinh xac cao, vai
hé s6 xac dinh (R?) lén hon 0,70 va sai s6 toan
phuong trung binh (RMSE) khéng vwot qua 5%.
Do d6, so d6 phan bd TSIcwa sé dwoc thanh 1ap
bang céng cu dia théng ké trong phan mém ArcGIS
10.5 khi dap rng cac diéu kién trén. Péng thoi, cac
dac trung co ban cua dir liéu, nhw gia tri I¢n nhit
(GTLN), gia tri nhé nhat (GTNN), gié tri trung binh
(GTTB) va biéu d6 hop, dwoc phan tich thong qua
phan mém IBM SPSS 26 dwa trén dit liéu thu thap
tlr cac dot khao sat.

3. Két qua va thao luan

3.1. Hién trang phu dwéng nwéc ho

Két qua thong ké ham lwong Chla va TSlchia
thu dwoc tir 6 dot khdo sat trong nwéc cum ho
diéu hoa Yén S& va HO6 Tay dwoc thé hién & Hinh
3.

Theo d6, Chla trong nwéc ho Yén S dao dong
tir 137,97 pg/L dén 906,6 ug/L; trung binh dat
380,23 pg/Lngay 29/11/2021; 625,49 pg/L ngay
03/04/2022 va 227,53 pg/L ngdy 14/12/2023
(Hinh 3A). Trong khi d6, ham lwgng Chla trong

Chu thich:

]
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Gié tri nhd nhat
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The&i gian khao sat
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04/12/2021 18/1/2022  07/07/2023

Theoi gian khao sat

Siéu phu duwéng

Hinh 3. Bién thién ham lwong Chla ctia hd Yén S& (A), HO Ty (B) va gid tri TSIcwa twong ting ctia ho Yén
Sé (C), Ho Tdy (D) trong cdc dot khdo sdt.
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nuwéc HO6 Tay c6 xu huéng thap hon, dao dong tir
75,35 pg/L dén 294 pg/L; trung binh dat 141,91
pg/L ngay 04/12/2021; 154,74 pg/L ngay
18/1/2022; 210,25 pg/L ngay 07/07/2023 (Hinh
3B). Két qua do trong nghién ctru nay cho thiy méat
dé tao trong nwére cuia hai ho rat cao va bién dong
manh gitta mua mua (thang 4+7) va mua kho
(thang 1+12). Pac biét, vao thang 12, khi nhiét do
va cuong do dnh sdng mat trod gidm dang ké so véi
cac thang khac trong nam, qua trinh quang hop
cta tdo bi han ché, kéo theo sy suy giam ham
lwong Chla trong nwéc. Tir thang 4+7, cac ho tiép
nhan mot lwgng 16n dinh dwdng, khién méat do tao
gia tang dang ké. Ham lwong tdo tai cac diém do
déu vuot nguwdng 155 pg/L - mirc ma theo Carlson
va Simpson (1996), tao c6 xu hwéng hinh thanh
cac 16p vang (algal scum) noi trén bé méit nuwéec.
DPay chinh la nguyén nhan gay ra hién twong tdo
né hoa, dan dén tinh trang 6 nhiém moéi treomng va
hién twong ca chét hang loat thwdng xay ra tai hai
h6 trong cac mua hé gin day.

Két qua tinh toan TSlcna duwa trén ham lwgng
Chla tlr 6 dot khao sat & hai ho dwoc thé hién trong
Hinh 3C-D. Theo d6, gia tri TSIcna thue té ctia nuée
h6 Yén S& dao dong tir 78,93 dén 97,37; trung
binh dat 88,15 (Hinh 3C), trong khi gia tri TSIcuia
thuc té cia nwéc Ho Tay dao dong tir 73 dén 85,7;
trung binh dat 79,35 (Hinh 3D). Nhw vay, dwa theo
thang danh gia mirc d6 phd dwdng cia ho dé xuat
bdi Carlson va Simpson (1996) thi cd 2 ho tai
nhitng diém do & cac thoi diém khac nhau déu trng
v6i mirc siéu phu dudng - mirc phtt dwdng cao
nhit, nhay cdm vé&i hién twong tdo nd hoa
(Carlson va Simpson, 1996).

3.2. Théng sé anh phu hgp cho mé hinh héa
phén bé TSIchia

Nhiéu nghién ctru truéc day di khiang dinh
rang thong tin tir &nh vé tinh déng vai tro quan
trong nhw mot ngudn dir liéu ho trg trong mo hinh
hoéa khong gian (Ha va nnk, 2013; Usowicz va
nnk., 2021). V&i wu diém cung cip di liéu khong
gian lién tuc dwdi dang diém anh (pixel), phwong
phap nay tin dung moi quan hé gitra cac thong sd
trich xuat tlir anh vé tinh va théng s6 can khao sat
dé wdc tinh gia tri tai cac vi tri chwa dwgc do dac
truc ti€p. Trong nghién ciru nay, néu chi st dung
két qua do thuc té tir 23 diém do trén mat nwéc
cum ho Yén S¢& (dién tich 132,8 ha), thi wéc tinh
khoang 5,8 ha m&i c6 mét thong tin ddu vao cho

mo hinh. Ngworc lai, st dung dir liéu tir anh S2
chup cuing ngay cho phép khai thac téi 9.000 diém
anh chitlwgng, twong tng véi 9.000 thong tin dau
vao trén toan bd bé mat hé. Do d6, viéc wéc tinh
gia tri TSIcuia tai cac khu vyee chwa khao sat sé duworc
thuc hién dwa trén sy két hop gitra dit liéu do thuc
té va thong tin tir cic diém anh vé tinh con lai, ddm
bao do6 bao pht va tinh chinh xac cao hon.

Cac ty s0 kénh pho thuong hay dwoc sit dung
cho cic mo6 hinh tinh todn TSIcwa nhw ty s6 kénh
xanh luc trén kénh do, ty s6 kénh NIR trén kénh do
hay ty s6 kénh xanh luc trén kénh xanh lam
(Gholizadeh va nnk., 2016) déu dugc phan tich va
danh gia dwa trén dir liéu cia 79 diém do ngay
29/11/2021,03,/04/2022 trén hd Yén S& va ngay
04/12/2021, ngay 18/01/2022 trén hd Tay. Két
qua cho thiy, TSlcwa trong nwéc ho Yén S& va ho
Tay c6é twong quan cao nhit véi ty s6 kénh NIR
(B7) trén kénh xanh luc (B3) ctia anh S2, cu thé hé
sO xac dinh, R? = 0,8 va gia tri sai s6, RMSE = 1,6)
(Hinh 4). Két qua nghién ctu cling mot lan nira
khing dinh sy phi hop cia ty s6 kénh NIR trén
kénh xanh luc trong gidm sat mirc dd phu dudng
cac ho do thi tai Ha Noi nhw Vinh va nnk. (2022)
da dé xuit.
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B7/B3
Hinh 4. Méi quan hé gitva TSIcnq va ty s6 phd
phdn xa ctia kénh 7 trén kénh 3 cuia dnh S2.

Pong thoi, dé kiém chirng mdi quan hé nay,
tip dir liéu cta 13 diém do thuc té thu vao ngay
khao sat 18/01/2022 va 14/12/2023 dwoc dua
vao danh gia do léch chuin cta két qua tinh todn
(Hinh 5). K&t qua cho thay gia tri TSIcua tinh todn
ttr anh va gia tri do thuc té c6 twong quan cao (R?
=0,89) va sai s6 1,2 (dwdi 5% gia tri trung binh
ctia chubi s6, Hinh 5). Diéu nay chirng té rang ty s&
kénh 7 trén kénh 3 cia anh S2 c6 thé dwoc st dung
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hiéu qua nhu moét ngudn thong tin hd tro trong
viéc mo hinh héa sw phin b6 khéng gian ctia TSIchia
trong nuwée ho. Sw thay doi clia ty s6 nay trong cac
pixel chwa khao sat gop phan ning cao d6 chinh
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Hinh 5. Sai s6 gitta TSIcna tinh todn tir phuwong
trinh hinh 4 va gid tri do thwc té vao ngay
18/01/2022 va ngay 14/12/2023,
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xac khi wére lwgng gia tri TSIeula tai nhitng khu vure
khong c6 dir liéu do thuc té.

Hinh 6a-c biéu dién két qua md hinh héa
khéng gian sy phan b6 TSlcwa trong nwde hod Yén
S& qua ba dot khao sat, trong d6 mo hinh dwgc xay
dung ma khéng st dung bat ky thong tin bo tro
nao, chi dwa trén maéi twong quan gitra cac gia tri
TSlcha do dwge cling ngay. Két qua cho thay wéc
tinh ctia mé hinh phin bd TSIca c6 sai s6 16m (R2
= 0,17 - 0,63; RMSE = 2,33 - 4,22). Diéu nay cho
thy rang viéc woc tinh gia tri TSIewa tai cac vi tri
khéng khao sat c6 thé khong phan anh chinh xac
sw bién déi thuce té cta thong sé nay trong khong
gian. Dic biét, v4i s6 lwgng diém tai mdi dot khao
sat chi tir 5+10 diém thi khong thé ap dung cac
phwong phép dia thong ké dé€ mé hinh héa khong
gian. Vi viy, két qua mo hinh héa sy phan bo
khong gian TSlchia tit cAc m6 hinh nay khong dat
yéu cau. Néi cach khac, néu chi str dung cac thong
s6 do thwec té tai cac diém do & cac dot khao sat,
viéc danh gia hién trang phi dwdng nwéc ho sé chi
gi¢i han & nhitng vi tri khao sat ma khong thé dwa
ra nhan dinh toan dién vé sy bién do6i khong gian
cuda tinh trang pht dwéng trén toan bo ho.
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Hinh 6d-f biéu dién sw cai thién dang ké ctia
két qua mo hinh khi st dung théng sé bé tro: tir
anh S2. Cu thé, gia tri TSIcwa dwgce tinh toan tir ba
canh anh chup cung ngay dwoc str dung lam bién
dau vao cho mo hinh co-kriging, nham wéc tinh sy
phan b6 khong gian cta TSIcwa mot cach chinh xac
hon. Két qua cho thiy hé s xac dinh R? (d0 chinh
xac) cia md hinh di ting 1én dang ké: tir R2=
0,17+0,63 1én dén R2 = 0,67+0,89. Sai s6 cla cac
gia tri TSIcnia wérc tinh trung binh trong khong gian
trong cac ngay cling giam xudng: tir RMSE =
2,33+4,22 xudng con RMSE = 0,32+0,58. iéu nay
khang dinh rd sy hiéu qua ctia viéc stt dung thong
tin bd tro tir dnh S2 trong thanh 14p ban d6 phan
b6 khong gian cta TSlchia.

3.3. Sw thay doi theo khéng gian va thoi gian
clia TSIchia

Két qua TSIchia dwoc mo hinh hoéa st dung sw
twong quan gitra ty s6 kénh 7 trén kénh 3 ctia anh
S2 va cac diém do thuc té€ dwoc thé hién trong
Hinh 7. Theo d6, véi gia tri TSIcwa trung binh déu
1é6m hon 78 cho thay toan b cum hoé Yén S& dang
& trang thai siéu phi duwdng, rit nhay cdm véi tinh
trang tao n& hoa theo thang phan loai ctia Carlson
va Simpson (1996).

Theo khong gian, gia tri TSIcwa trong cum ho
thé hién sw phan b khéng déng déu. Ba hé nho
nam & phia nam cdng vién Yén S& dwoc bao quanh
bdi nhiéu céng thoat nwéc cb gia tri TSIewa trung

105°510°E 105°5130°E

q 20,11 /262):(1 -

105°510°E

20"58'0°N

105°510°E

TSI I

105°510°E 105°51'30€

binh cao hon khoang 12+15% so v&i phan hé 16n
phia Bic. Diéu nay cho thiy tac dong dang ké cua
nguon nwéec thai do thi lén mic dd phi dwdng tai
cac khu vire ven ho. Ngwoc lai, khu viee h6 16m phia
trén la noi ti€p nhan nwéc truc tiép tir Song Sét
thong qua tram bom Yén Sé&, gia tri TSIcna thip
hon, nhiéu kha nang do dién tich h6 1é6m hon déng
thoi viéc ludn chuyén nwéc thuong xuyén gitp
gidm su tich tu ctia cac chit dinh dwdng va cac chit
httu co.

Dang chu y, tinh trang 6 nhiém nwéc hd dang
c6 su gia tang theo thoi gian. Cu thé, TSIcna trung
binh toan ho tang tir 83,5 (thang 11/2021) lén
87,5 (thang 12/2023), twong rng véi mitc tang
4,8%. Nguyén nhan chinh c6 thé bat ngudn tir viéc
nguon nwéec thai sinh hoat do6 thi tiép tuc dwoc xa
truc tiép vao ho, trong khi cic bién phap cai tao
hién c6 nhw nao vét bun day hay chan rac chi yéu
mang tinh chat tam thoi. Bén canh d6, diéu kién
thoi tiét cling c6 thé gbp phin lam gia ting mc do
phtu duong. Theo Trung tam Duw bao Khi twong
Thiy van Quéc gia (2024), nhiét d6 trung binh
thang 12/2023 tai khu vuc Ha N6i cao hon trung
binh nhiéu ndm tir 1+2°C. Sy gia ting nhiét d6 c6
thé thic diy qua trinh quang hop cta tdo, lam ting
mat do tdo trong nwéc ho, tir dé gia ting mic do
pht dwdng (Carey va nnk., 2012).

Két qua nghién ctru ciing cho thay, véi khoang
81% dién tich mat nwéc cd TSlena > 85, mirc do
pht duwdng ctia hé Yén S& kha twong dong véi cac
ho trong khu virc ndi thanh Ha No6i - noi chiu tac
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Hinh 7. Phdn bé gid tri TSIcna ctia nwéc HO Yén Sé trong 3 dot khdo sdt.
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doéng manh mé ctia nguon thai nhin sinh va hiu
hét & mirc siéu pht dudng nhw hé6 Hoan Kiém
(TSIcwa ~ 77+85, (Thao va nnk, 2021)), hd Linh
bam (TSI ~ 70+80, (Linh va nnk., 2019)), ho Bay
MAu (TSI = 90, (D3 va Doan, 2023)). Tuy nhién,
néu so v&i cac hd & khu vire ngoai thanh - noi hoat
dong san xuit nong nghiép la hoat dong chinh
trong vung, it chiu tdc ddng tir nwéc thai sinh hoat
d6 thi nhw h6é Quan Son (TSI ~ 65, (Théao va nnk,
2023)), hd Sudi Hai (TSI ~ 60+72 (Linh va nnk,
2021)), thi mic d6 phu dwdng ctia cic ho Yén S&
cao hon rit nhiéu. Nhw vay, c6 thé thdy sw phan
héa ro rang gitra mirc dé6 phd dwdng va dic diém
str dung dat xung quanh ho, dic biét 1a mirc d6 do
thi hoa. Viéc theo doéi va phéan tich xu hwéng nay
trong cac nghién ctru tiép theo sé gép phan cung
cap luén cir khoa hoc can thiét cho khong chi cong
tdc phan vung nguy co pha dwéng theo khong
gian, ma con goi mé hwdng tiép can tich hop gitra
quy hoach dé thi, quan ly thoat nwéc va giam sat
mdi tredng trong kiém soat 6 nhiém hé do thi

4. Kétluan

Nghién ctru da chitrng minh tiém nang ctia viéc
kéthop dirliéu dnh S2 va mé hinh dia thong ké Co-
kriging trong danh gia chit lwong nwéc tai cac ho
dé thi c6 dién tich nho va trung binh nhw cum hé
Yén S6&. Két qua nghién ctiru cho thay, TSlca thuc
té thu dworc tir H6 Yén S& va H6 Tay c6 méi twong
quan cao v6i ty s6 kénh NIR (kénh 7) trén kénh
xanh luc (kénh 3) ctia 4nh vé tinh S2 (R? = 0,83).
Ty s6 nay dwoc str dung nhw mot thong tin bé tro,
giup cdi thién do chinh xac ctia mo6 hinh Co-kriging
trong viéc 1ap so d6 phan bd khéng gian cda
TSIewa. Cu thé, R? d3 ting tir 0,17+0,63 lén
0,67+0,89; RMSE giam tir 2,33 - 4,22 xudng con
0,32 - 0,58. Cum ho diéu hoa Yén S& dang & trang
thai siéu phu dwdng, véi gia tri TSIcwa déu 16n hon
78 va mirc d6 phd dwdng phan bd khéng dong
déu. Vung nuwéc ho gan cac khu vire cira cdng thoat
nuwéc ven ho, dic biét 3 hé nho trong khudn vién
cong vién Yén S& c6 gia tri TSIcna cao hon cac viing
khac. Phwong phap dwoc dé xuat trong nghién
ctru ¢6 thé mé rong ap dung cho cac hé do thi khac
c6 quy md nhé dén trung binh nham hd tro giam
sat chat lwong nwée theo khong gian va thoi gian.
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