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Abstract: The Red River system plays an important role in the socio-economic development of the
Northern of Vietnam. Therefore, regular monitoring and evaluation of water quality parameters in
the Red River system are important in water resources management and protection. However,
current monitoring methods are often quite expensive and time-consuming. To predict the
downstream water quality, this study uses multiple machine learning algorithms to understand the
correlation between environmental parameters measured at upstream and downstream stations of
the Red River system. The environmental parameters that are chosen for this study include
suspended sediment concentration (SSC), inorganic nitrogen content (total N), phosphorus content
(total P), and dissolved silicon (DSi). The results show that machine learning algorithms can estimate
the downstream DSi and sediment concentrations based on combining values of three upstream
stations with relatively high efficiency (R? equals 0.75 and 0.66, respectively). Meanwhile, these
algorithms have limited performance in estimating total N and P content, due to the influence of
many exogenous factors. The study introduces a new direction for applying machine learning
algorithms in water quality research in the Red River system with the potential application in other
river systems in Vietnam.
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Ung dung céc thuat toan hoc may trong nghién ctru
chat luong nudce tai hé thong song Hong

YTruong Dai hoc Khoa hoc va Céng Nghé Ha Ngi, Vién Han lam Khoa hoc va Céng nghé Viét Nam,

18 Hoang Quéc Viét, Cau Gidy, Ha Néi, Viét Nam
2Vién Hoa hoc cac Hop chat thién nhién, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
18 Hodng Quéc Viét, Cau Gidy, Ha Ngi, Viét Nam

Nhan ngay 07 thang 3 ndm 2023
Chinh sira ngay 20 thang 4 nam 2023; Chap nhan dang ngay 12 thang 5 nam 2023

Tém tit: Hé thong song Hong c6 vai tr0 quan trong trong phat trién kinh t& xa hoi cua dong bang
Béc Bo. Vi vdy, theo ddi cac thong sé chét lugng nudc ‘thuong xuyén tai hé thdng song Hong c6 ¥
nghia quan trong trong cong tac quan ly va bao v¢ nguon tai nguyén nudc. Tuy nhién, cadc phuong
phap quan tric hién nay thuong kha tn kém. Nghién cau nay sir dung mot sé thuat toan hoc may
trong nghién cau mdi tuong quan gitra s liéu do dac cac thong s6 modi truong nude nhu nong do
bun cat lo limg (SSC), ham lwong Ni to v6 co tong s (tong N), ham luong Phét Pho tong sb
(tong P) va ham luong Silic hoa tan (DSi) tai cac tram thuong ngu0n va ha nguon song Hong, qua
do6 ude tinh cac thong sb nay tai céac tram ha ngudn. Ket qua cho thay cac md hinh hdi quy da bién
c6 thé wdc tinh ndng do DSi va bun cat tai tram ha ngudn dya trén két hop céc gid tri cua ba tram
thuong ngudn vai hiéu suit twong déi cao (R? lan lugt bang 0,75 va 0,66). Trong khi d6, cac thuat
toan hoc may da thir nghiém c6 hiéu suat han ché trong viéc uéc tinh ham lwong tng N va P, do su
tac dong cua nhidu yéu té ngoai sinh. Nghién ctru ddng thoi mé ra huéng nghién ciru 4p dung cac
mé hinh hoc may trong nghién ctu chat lwong nuéc tai hé thdng séng Hong va cac hé thong song
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khéac tai Viét Nam.

Tir khéa: Chat lugng nude, bun cat lo limg, dinh dudng, hoc méy, hé théng song Hong.

1. Mé dau

Theo ddi va danh gia chat lwong nudc rat
quan trong trong quan ly tai nguyén nudc. Cac
phuong phap truyén thong thuong duoc st dung
hién nay dé quan tric chat lugng nudc thuong
dua trén cac phép do tai chd, thu thap miu va
phan tich trong phong thi nghiém dé do céac chi
sd lién quan dén cac dic tinh vat 1y, hoa hoc va
sinh hoc cta vung nude. Cac phuong phap tai chd
nhin chung rat chinh xéc, tuy nhién kha ton thoi

" Tac gid lién hé.
Bia chi email: nguyen-quoc.son@usth.edu.vn
https://doi.org/10.25073/2588-1094/vnuees.4936

gian, t6n kém ca vé thoi gian va chi phi, yéu cau
céc thiét bi dic biét va nhan luc duoc dao tao [1].
Tai lugng bun cat va dinh dudng 14 hai yéu
t6 quan trong dong vai trd quyét dinh chit luong
nude. Tai lugng bun cat va dinh dudng trong moi
truong nudc thuong duge danh gia qua nong do
bun cat lo ling (SSC), ham luong Ni to v co
tong sO (tong N), ham lwong Phét Pho tong sb
(téng P) va ham luong Silic hoa tan (DSi) trong
nuée. Cac yéu td nay gop phan vao qué trinh sinh
dia hoa trong hé sinh thai dudi nudc. Lugng bun
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cat va chat dinh dudng qua cao trong nudc co thé
c6 tic dong bat loi dén hé sinh thai duéi nudc,
dan dén suy giam chit luong nude va tac dong
tiéu cuc dén cac sinh vat dudi nude. Néng do bun
cat lo Iimg cao c6 thé lam tang do duc cua nudc,
lam giam lugng 4nh sang mat troi co thé xuyén
qua nudc va han ché sy phat trién cua thuc vat
thiy sinh. Cac nguyén té dinh dudng nhu N, P
hay Si 1 nhiing yéu t6 chinh cé thé gy ra su
phat trién qua murc ciia tao va cac loai thuc vat
thuy sinh khac, din dén hién tuong pha dudng
va can kiét oxy trong nudc. Ty 1€ N:P:Si trong
moi truong nudc can phai gan bang 16:1:16 dé
tranh hién tugng phu dudng khi hién tuong nay
¢6 thé trd nén nghiém trong hon do sy gia ting
ciia N va P cling nhu su suy giam cua Si [2, 3].
Hon nita, van chuyén bun cat ciing co thé lién
quan dén tai trong dinh dudng. Mot s nghién
ctru trén song Hong [4, 5] ciing cho thdy tai
luong bun cat lo limg c6 mdi quan hé chit ché
v6i cac nguyén t6 dinh dudng nhu P. Do do,
quan 1y lwong bun céat va chat dinh dudng 1a rat
quan trong dé duy tri chit lvong nude va bao tén
h¢ sinh thai dudi nude.

Hién nay, viéc &p dung cac k¥ thudt hoc may
(Machine Learning) vao cac linh vuc khoa hoc
khac nhau dang trd thanh xu thé nhim ting do
chinh x&c cta cac phép toan udc lugng va phan
loai. Hoc may 14 mét ing dung cua tri tu¢ nhan
tao, cho phép cac hé théng tuw dong hoc va cai
thién ma khong can phai 1ap trinh phuc tap. Céac
phuong phap hoc may hoc cac mdi quan hé
théng ké bac cao, do d6 thuong vuot trdi so vdi
cac phuong phap mé hinh héa va udce tinh truyén
thong. Cac thuét toan hoc may co thé dugc ap
dung trong udc luong va giam sat cac tham s0
chat lugng nude vinod co thé phat hién khong chi
mbi quan hé tuyén tinh ma con ca moi quan hé
phi tuyén tinh giira cac tham s6.

Cac thuat toan hoc may ngay cang dugc ing
dung nhiéu trong quan trac moi trudng nudc.
Mot nghién ctru vé ho chira Tri An & Viét Nam
[6] dd du doan vé hién tugng phi dudng nudéce
mit tir cac thong sd chét lugng nude thay thé
khac bang cach sir dung cong cu hdi quy ring
ngiu nhién. Cu thé, nhém nghién ciru da wdc tinh
dugc ham lugng nitrit (NOy), nitrat (NO3) va

photphat (POS>) tir 6 thong sd sinh 1y hoa bao
goém do duc, do dan dién (EC), tong bun cat lo
limg (TSS), tong bun cat hoa tan (TDS), nhu cau
oxi hoa hoc (COD) va nhu cau oxi sinh hoc
(BOD) tir bo dit liéu duoc thu thap tai 9 diém lay
mAu trong hd Tri An tir nam 2009 dén 2014. Sy
phat trién cta vi khuin trong nudc, mdt chi $6
khéac vé 6 nhiém nuéc, cling co6 thé dugc mé hinh
héa bang hoc may. Nghién ciru dugc thuc hién
boi Mohammed va cong sy (2018) [7] da su
dung mét sb thuat toan hoc may dé du doan sb
luong vi khudn chi thi chat thai trong nudc tir
mot s6 thong s6 hoa 1y sinh hoc, bao gdm pH,
nhiét d¢, do dan dién, d6 duc, mau sic, do kiém,
coliform va E.coli.

Trong hé théng nudc chay, cac thuat toan
hoc may ciing c¢6 thé dugc ap dung dé tim mdi
quan hé giita cac thong s khac nhau ciia chat
luwgng nude. Haghiabi va cong su (2018) da phan
tich mot bd dir li€u chira cac phép do hang thang
bao gdm nhiét d6 (T), pH, do dan dién (EC),
bicacbonat (HCO3"), sunfat (504%), clorua (CI),
TDS, natri (Na*), magie (Mg?*), canxi (Ca?") tir
ndm 1960 tai 14 tram trén dong chinh song
Tireh-Silakhor (Iran) [8]. M&i tham s& nay dugc
du doan bang cach st dung cac tham s6 con lai
bang hai thudt toan bao gdm mang no-ron nhan
tao va may vecto hd trg. Mot nghién ctru khac
duogc thyc hién bdi Kurniawan va cong sy (2021)
duoc thyc hién trén hé thong phirc hop ctia song
Kelantan (Malaysia) tir thang 9 nim 2005 dén
thang 12 ndm 2017 [9]. B dit li¢u chira phép do
hang thang cia mot sb thong sb chét lugng oxy
hoa tan (DO), BOD, COD, pH, nito amoniac
(N Hs-N) va bun cat lo ling (SS). Nghién ctru cho
thay gia tri cua tirng thong s6 dugc do trong tram
& dau ra c6 thé dugc dyu doan bang cach sur dung
tat ca cac thong sb co san trong cac tram ¢ dau
vao cua hé thong tai cung mot thoi diém do,
trong d6 thuat toan may vector hd trg cho hiéu
suét tinh toan cao.

Song Hong 1a mot trong nhimg con song
chinh cua Viét Nam, 1a nguén cung cip nudc
chinh cho ddng bang chau thé séng Hong va cac
vung lan c4n. Nudc song Hong duoc sir dung cho
cac muc dich chinh nhu tuéi tiéu, thuy san, van
chuyén hang hoéa va du lich. Vay nén, viéc theo
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ddi va danh gia chat luong nudc tai hé thong
song Hong 1a rat can thiét. Cac phuong phap hoc
may da dugc 4p dung dé quan tric va du doan
chét luwong nudc tai nhiéu luu vuce trén thé gidi
v6i két qua tuong d6i kha quan. Tuy nhién
phuong phap nay chua dugc timg dung rong rai
trén hé thong song Hong. Bén canh do, cac
phuong phap mo hinh héa cling da dugc &p dung
trén hé thong song Hong tuy nhién chua dép tng
dugc ky vong [10, 11]. Tt nhiing 1y do trén,
nghién ctru dugc tién hanh v6i muc dich sir dung
mot s6 thuat toan hoc may trong nghién ctru moi
tuong quan gitra s liéu do dac mot s6 thong sb
chat lugng nudc nhu tai luong bun cat va dinh
dudng tai cac tram thuong ngudn va ha ngudn
song Hong, qua d6 udc tinh cac thong sO nay tai
cac tram ha ngudn. Phuong phap nay hy vong s&
mang lai mét giai phap hitu ich cho cong tac

quan tric va dy doan chat luong nudc trong
tuong lai.

2. Phwong phap va khu vwe nghién ciru
2.1. Khu vuc nghién ciru

S6éng Hong bat ngudn tir ving nti Van Nam,
Trung Qudc, chay qua mién Bic Viét Nam dén
Vinh Béic Bo. O Viét Nam, doan song chay tur
bién gidi lanh thd, qua cac tinh Lao Cai, Yén Bai,
Pht Tho dugc goi 1a séng Thao. Song Thao hop
luu v6i hai phu luu chinh 14 song Pa va song Lo
gan Viét Tri, tinh Phii Tho dé hop thanh song
Héng. Cac tram Yén Bai, Hoa Binh, Vu Quang
lan luot nam trén séng Thao, song Pa va song
L6. Tir d6, song Hong bét dau phan phéi nudc
cho mang ludi cac song phan Iuu, bao gom hé
thong song Pudng, song Pay, song Thai Binh.
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Hinh 1. Khu vue nghién ctru.

Trong hé thong song Hong, chit lugng va sb
lugng nudc bi anh hudng lon bdi tdic dong cua
con ngudi. Tat ca cac nhanh thuong ngudn déu
bi anh huong boi cac dap thuy dién. Trong hé
thdng song Hdng, dat cho cdy cong nghiép chiém
vu thé ¢ luu vuc song Lo (58,1%); dat ring
chiém wu thé & luu vuc song Da (74,4%), rudng

laa chiém wu thé & khu vic dong bang (66,3%),
trong khi luu vyc song Thao dugc déac trung boi
su da dang 16n hon vé str dung dat (rimg: 54,2%;
lha nuée 18,7%; cay cong nghiép 12,8%) [5].
Nghién ctru nay tap trung phan tich va du
doan khu vuyc ha luu lwu vie song Hong trén lanh
th Viét Nam trén co sé sd liéu thu thap tai bdn
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tram: Vu Quang (song Lo6), Yén Bai (song
Thao), Hoa Binh (song Pa) va Ha Noi (song
Héng). Viéc ldy miu duoc tién hanh mdi thang
mot 1an tir thang 01 nam 2012 dén thang 12 nim
2013 tai bén tram do trén [12]. T4t ca cac mau
nudc sau khi thu thap dugc luu gitt 6 4-10 °C
trong qua trinh van chuyén dén phong thi
nghiém. Sau d6 chiing dugc loc trong 10 gio sau
khi thu thap va dugc bdo quan dong lanh cho dén
khi phan tich. Phan tich mau trong phong thi
nghiém: ham lugng céc chi tiéu nhu NH,*, NOs',
NOz, tong P, Si hoa tan dugc xac dinh bang
phuong phap so mau trén may do quang UV-VIS
V-630 (JASCO, Nhit Ban) theo cac phuong
phap tiéu chuan cua APHA — EPA trong khi bun
cat lo lung dugc xac dinh dya trén phuong phap
khéi lugng véi gidy loc (Whatman GF/F) theo
phuong phép tiéu chuan cua My [13]. Gia tri
ham luong Ni to vo co tong sb trong nghlen cliru
nay dugc tinh bang tong cac gia tri ciia ndng do
NH.*, NOs, NO;™ trong nudc.

Dit liéu sau khi thu thap va xir Iy gdm 24 miu
trén 1 tram (1 maw/thang trong vong 24 thang),
téng cong 4 tram 1a 96 mau nude duge thu thap
va phan tich. Trong do, cac thong sb do duoc cia
mau lay tir cac tram thuong ngudn (Vu Quang,
Yén Béi, Hoa Binh) s& duoc str dung 1am bién
dau vao, va cac thong sb twong tng do duoc &
mau 1§y tur tram Ha Noi s€ dugce st dung lam bién
dau ra. Do d6, dit liéu cubi cung gdbm 24 diém dit
liéu v6i cac bién dau ra va dau vao duge dinh
nghia nhu trén.

2.2. Phwrong phap nghién ciru

2.2.1. Phdn tich thong ké

Trong nghién ctru nay, cac mau nudc dugc
lay tur thuong ngudn va ha ngudn vao ciing mot
thoi diém mdi thang duoc coi la mét cap. Nhu
vay, chiing ta cé ba cap gié tri cho mdi thang, bao
gém Yén Bai — Ha Noi, Vu Quang — Ha Noi va
Hoa Binh — Ha Noi. Su khac biét vé gia tri do
dugc cua timg thong sb chét lugng nudc giita cac
vi tri thuong nguén va ha nguon dugc danh gia
bang cach sir dung kiém tra diu hang Wilcoxon
[14]. Gia thuyet Ho dat ra 1a khong c6 sy khac
biét dang ké vé cac thong sé chat luong nudc

giita vi tri thuong ngudn va ha ngudn trong hé
thong song Hong. Gia thuyét Ho bi bac bo khi gia
tri p nho hon 0,05. Ngoai ra, chung t6i cing thyc
hién kiém tra tuong quan Spearman [15] dé danh
gia muc do thay d6i phu thudc ctia cac gia tri cia
cac théng so6 chat lwong nudc gitra cac vi tri
thuong ngudn va ha ngudn.

2.2.2. Hoi quy tuyén tinh

Hoi quy tuyén tinh da bién (Multiple Linear
Regression - MLR) [16] u6c lugng mot bién phu
thudc theo cac bién doc 1ap, voi cong thirc nhu sau:
Vi = Bot+ P1xin + Paxiz + -+ Bpxip + € (1)

Trong d6, y 13 bién phu thudc, con x4, ... Xp
1a céc bién doc 1ap, By 1a giao tuyén, By, ... B,
la hé s6 goc twong g véi timg bién doc lap, con
€ 1a sai s6. Thuat toan ctia MLR xéc dinh b hé
sO t6i uu bang cach tim cuc tiéu cua tong binh
phuong phan du. Hoi quy tuyén tinh don bién
(Simple Linear Regression — SLR) la dang don
gian nhét cia MLR, trong d6 chi mét bién doc
lap duogc st dung dé uée luong bién phu thudc.
Trong nghién ctru nay, moé hinh hdi quy tuyén
tinh duoc thuc hién bang thu vién co ban (Rbase)
trong 14p trinh R.

2.2.3. Rirng ngdu nhién

Rimng ngau nhién (Random Forest - RF) Ia
mot phuong phap hoc may dong bo dung cho ca
muc dich phan loai va héi quy, hoat dong dya
trén viéc xiay dung nhiéu cay quyét dinh
(decision tree) tai thoi diém huén luyén mo6 hinh
[17]. Mbi cay quyét dinh duoc xdy dung trén mot
tap huan luyén duoc 14y mau ngau nhién c6 hoan
lai tir tip hudn luyén ban dau. Tai mdi 1an phén
chia nhanh cua cay quyet dinh, mét tap hop ngau
nhién gdm m trong s6 p bién ban dau dugc chon
1am Gng cir vién dé phan nhanh, trong d6 chi mot
trong s6 m bién d6 duoc chon. Déi vo1 nhi€ém vu
hoi quy, gia tri trung binh cta dy doan tao bai tat
ca cac cay riéng 1é dugc lya chon. RF dugc thuc
hién bang thu vién 'randomForest' trong lap trinh
R (phién ban 4.6-14).

2.2.4. Panh gid hiéu sudt cia cac mé hinh
hoc may

M6 hinh dugc hudn luyén va kiém dinh
thong qua phuong phép kiém dinh chéo bon
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nhom. Kiém dinh chéo bén nhém la phuong
phap lay mau dé wéc tinh hiéu suat ciia cic mo
hinh hoc may, dac biét trong truong hop dir licu
bi gidi han. Theo phuong phap nay, dir liu s&
duoc xdo tron ngau nhién va chia thanh bbn
nhom véi kich thude tuong dwong gin bang
nhau. Mdi 1an, mét trong bén nhom s& dong vai
tro 1a tap kiém dinh con ba nhém con lai s& doéng
vai tro tap huan luyén dé huan luyén mo hinh.
Mo hinh hoc méy duoc huin luyén trén tap huén
luyén (gom 3/4 dir liéu) va hi¢u suét s& duoc tinh
toan trén tap klem dinh gdm 1/4 dit liéu con lai.
Sau bon 1an, mdi 1/4 dir liéu s& dong vai trd tp
kiém dinh mot 1an, va hiéu sudt chung ctia mé
hinh s& duoc tinh toan bang cach 13y gia tri trung
binh ciia bon gia tri hiéu suat (Hinh 2). Phuong
phap kiém dinh chéo khong chi gitip tan dung tat
ca dit liéu co6 sdn, ma nd con gitp viéc udc tinh
hiéu suat it sai 1éch va bién dong hon so véi viéc
chia dit liéu don gian thanh hai tip hudn luyén va
kiém dinh. Trong nghién ciru ndy, ching t6i chon
chia dit liéu thanh 4 nhom dé: i) Tranh viéc phai
lam tron sb mau trong mdi tp huin luyén va
kiém dinh; va ii) Giap mé hinh c6 ca do sai léch
va bién thién khong qua 16n [18].

Céc phan dit lidu

Lan1 . Duwdosn1 — MM
1
L3n2 Dy dodn2 — MSE: o
. 1 RMSEqy
. Foz
- . SE. cv
Lan3 Dwdodn3 — REZF"
3

Lin 4 . Dudosnd —v MSEs

Lap lai 10 I3n, sau d6 bao cdo gia tri RMSE
va 12 trung binh sau 10 l3n lap

Hinh 2. Hun luyén va !{iém dinh mo hinh théng qua
phuong phéap kiém dinh chéo 4 nhoém.

Hiéu sudt udc luong cuia cac mo hinh hoc
may dugc tinh toan dya trén tap kiém dinh, n6i
cach khac, dua trén cac diém dit liéu khong dugc
dung dé huan luyén mé hinh. Hiéu suat dugc thé
hién qua can ciia sai s6 binh phuwong trung binh
(RMSE) va hé¢ s xac dinh R2. Qua trinh nay

duoc lap lai 10 lan, mdi lan st dung mot b sinh
s6 ngau nhién trong qua trinh phan b6 dir lidu
trong kiém dinh chéo, nhdm muc dich danh gia
hiéu sudt va tinh 6n dinh cta ciac mé hinh hoc
may (Hinh 2).

Két qua danh gia chéo dua vao hai tiéu chi 1a
hé s6 xac dinh R? va cin ciia sai s6 binh phwong
trung binh (RMSE). RMSE 1a mét gia tri bicu
hién hiéu suat thuong dung dé mé ta sai sb giita
gia tri do duoc va gia tri wéc lugng béi mo hinh.
RMSE dugc tinh theo cong thuc:

RMSE = J Y (i — w2 )

Trong do: y; 1a gia tri do dugc va ¥, 1a gia tri
uéc lugng boi mo hinh ciia bién phu thudc ¢ lan
quan sat thtr i. RMSE cang nhé thi moé hinh dy
doan cang dung so véi thuc té, va c6 do chinh
X&c cang cao.

Heé s xac dinh (R?) 1a mét gia tri biéu hién
hiéu suit khac, dugc dinh nghia 12 phan bién
dong cua y co thé duoc udc luong boi x, duoc
tinh boi cong thirc:

2 = 1 _ Zima0im9)?
Re=1 T (i-y)? )
R? chi nhan gia trj tir 0 d&én 1, trong 46, R?

cang gan 1 thi phan bién dong ciia bién phu thude
¢6 thé dugc giai thich bdi mé hinh cang cao, do
d6 hiéu suat cia mé hinh cang cao.

3. Két qua

3.1. Su khdc biét thong ké gitta gid tri thuwong
nguon va ha nguon cua cac thong so chat luong
nudc trong hé thong song Hong

Nghién ciru nay tap trung phan tich cac thong
sO chat lugng nudc gom SSC, tong N, tong P va
DSi duge do tai bdn tram thudc hé théng song
Héng, trong d6 co6 ba tram thugng Iuu Yén Bai
(song Thao), Vu Quang (séng Lo), Hoa Binh
(song Da). Bang 1 tom tit cAc gia tri trung binh
cua cac thong ) nay, su khac biét giita cac gia
tri trung binh va mdi twong quan giira cic gia tri
clia cac thong sé o timg tram thugng ngudn véi
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gia tri cua tram ha nguén (Ha Noéi). Mbi tuong
quan dugc tinh toan bang phuong phap cua
Spearman. Gia tri p dugc tinh toan thong qua
kiém tra ddu hang Wilcoxon dé kiém tra c6 su
khac biét vé mat théng ké cia cac thong sb nay
¢ cac tram thuong nguén vaha nguén hay khong.
Két qua cho thay dong thoi ca b6n tham sb chat
luong nude SSC, tong N, tong P va DSi déu khac
biét ¢6 tinh thong ké giita timg tram dau nguon
va tram Ha Noi (p < 0,05). Bén canh do, cac gia
tri do dac thé hién méi twong quan twong dbi chit

ché giita cac thong s6 o thuong nguodn va ha
ngudn (r > 0,6), ngoai trir gitra nong d6 SSC do
dugc ¢ tram Vu Quang va Ha Noi (r =0,25), téng
N cua Yén Bai va Ha Noi (r = 0,21), va tong N
ciia Vu Quang va Ha Noi (r = 0,54). Két qua
cung chira rang tong P co gla tri tuong quan cao
nhét trong sb cac théng s chat luong nude (r 1an
Iwot 0,87, 0,84, va 0,75 & 3 tram Hoa Binh, Vu
Quang va Yén Béi) va Hoa Binh 14 tram c6 mbi
tuong quan v6i tram Ha Noi cao nhét.

Bang 1. Théng ké céc gia tri thong sb chat lugng nudc & 4 tram do

Thong 1 Yén Béi Vu Quang Hoa Binh
6 |Ponvil HaNoi B Sai | s i o™ B Sal | s i o B Sal | s i o
Khac* i tri p r Khac* id tri p r khac* | G tri p r
SSC | mg/L | 62,17 | 156,20 | 94,03 | 3,36E-04 |0,70 | 33,80 | -28,37 | 7,42E-04 |0,25| 10,48 |-51,69|1,19E-07|0,69
Téng N|mgN/L| 0,66 0,78 0,12 7,92E-03 [0,21| 0,74 | 0,08 |3,15E-02 [0,54| 0,49 -0,17 | 2,50E-05 | 0,81
Téng P|mgP/L| 0,18 0,30 0,12 4,94E-04 |0,75| 0,16 | -0,02 |2,29E-02 |0,84| 0,12 -0,06 | 5,68E-04 | 0,87
Si mg/L | 5,98 6,74 0, 76 2,78E-04 |0,64| 516 | -0,82 |1,19E-07 |0,78| 6,39 0,41 |8,34E-06|0,82
Sal khéc = Gid tri TB cta tram thuong ngudn — gia tri TB tai tram Ha Noi;
* Gi4 tri p duoc tinh boi kiém dinh diu hang Wilcoxon.

3.2. Ubc tinh gia tri cdc thong sé chat heong
nuoc tai tram Ha Noi bang hoi quy tuyén tinh

Sau khi phén tich thdng ké, thuat toan hodi
quy tuyén tinh duoc st dung dé udc tinh gia tri
ctia cac tham sb chat lugng nude & ha luu bang
cach str dung céc gia tri ctia tham sé d6 ciia mot
vi tri dau ngudn (SLR) hodc gia tri két hop cua
ba vi tri ddu ngudn (MLR). N6i cach khac, cac
gia tri clia timg tham s chat lwong nudc tai tram
Ha Noi dugc tinh toan bang ham tuyén tinh, ham
nay lay cac gia tri tuong ung cua mot tram
thuong ngudn lam b1en Sau do, cac gia tri udc
tinh tir ba ham tuyén tinh (mdi ham duoc huan
luyén bang tham s6 chét lugng nudc tir mot trong
ba tram) dugc so sanh vai cac gia tri do dugc dé
danh gia hiéu suét ctia cac mo hinh nay.

3.2.1. Hoi quy don bién

Két qua ciia cac mo hinh SLR ciia mdi trong
s6 ba tram ngugc dong cho mdi trong sé bén
tham sb quan tim duogc thé hién ¢ Hinh 3 (xem
cac chAm mau xanh luc, mau xanh lam va tim dai
dién cho RMSE va R? trung binh ctia SLR sau
10 1an lap lai kiém dinh chéo bén nhém). Déi véi

udc tinh DSi, m6 hinh SLR st dung Si tai tram
Vu Quang c6 hé sé xac dinh (R?) 16n nhit, trong
khi sir dung DSi tai tram Hoa Binh c6 sai sb thap
nhit (RMSE nhé nhit) (Hinh 3a). SLR st dung
tong P cua tram Hoa Binh c6 thé giai thich tdt
nhét cho hé sb xac dinh téng P tai tram Ha NOoi,
trong khi mo hinh sir dung tong P ctia tram Vu
Quang c6 thé du doan téng P cta tram Ha Noi
v6i d6 chinh x4c cao nhét (Hinh 3b). Bén canh
d6, SLR sir dung téng N cua tram Hoa Binh ¢6
hé sé xac dinh cao nhét va udc tinh tong N cia
tram Ha Noi voi sai s6 thip nhat (Hinh 3c). SLR
sir dung s6 liéu SSC tai tram Hoa Binh va Yén
Bai co thé du doan cho tram Ha Noi v6i hiéu sut
tuong tu (Hinh 3d). Két qua ciing cho thdy ring
néu sir dung thuat toan SLR dé du doan mot
thong s6 chat luong nudce ha ngudn bﬁng chinh
gia tri cua thong so do tai thuong nguon, chi co
tong N tai tram Hoa Binh dap g duogc yéu ciu
(R2 > 0,7). Phuong trinh héi quy tuyén tinh don
bién uéc lugng tong N tai tram Ha Noi tir tong N
cua tram Hoa Binh nhu sau:

Nya noi = 0,8 X Nyog pinn — 2,1€71° (4)
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a Uéc lugng ndng dd DSi & tram Hong HN b U'dc lwong tdng P & tram Hong HN
T I
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0,50+ ® VuyQuang
0,61 Yén Bai
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0,51 0,40- L =
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Hinh 3. Hiéu sudt ciia mo hinh hoi quy tuyén tinh nham wdc tinh cac thong sd chét luong nudc tai tram Ha Noi,
bao gdm mo hinh dya trén thong sd tuong g cua tram Hoa Binh (mau xanh luc), Vu Quang (mau xanh lam)
va Yén Bai (mau tim) va mo hinh st dung tong hop théng s6 ctia 3 tram thuong ngudn (mau cam).

a) Dsi; b) tong P; ¢) tong N; d) SSC.

3.2.2. Hoi quy tuyén tinh da bién

Do tram Ha Noi nam & vi tri hop luu cua
dong chay qua ca ba tram thuong ngudn, nén
nhom nghién ctru dwa ra gia thuyét cic ring
thong s6 chat lwong nudc tai tram nay bi anh
hudng boi ca ba tram Hoa Binh, Vu Quang va
Yén Bai. Do do, ching t61 xdy dung mdt mo hinh
MLR, 14y ba gia tri thong s6 chat luong nude cua
cac tram thuong ngudn lam bién, dé udc tinh
thong sb chit lugng nudc twong tmg cta tram Ha
Nbi. Hiéu suat cia MLR ciing dugc trinh bay
trong Hinh 3. C6 thé théy rﬁng, MLR dat duoc
hiéu suét tot hon so v&i SLR trong viéc du doan
DSi va SSC cua tram Ha Noi. Cu thé, v6i truong
hop cua DS, gid trj trung binh ctia R? da tang tur

0,69 1én 0,74 va RMSE da giam tu 0,36 Xuéng
0,32 mg/L; véi truong hop cua SSC, R? da ting
tor 0,52 1én 0,64 va RMSE da giam tu 21,88
xudng 18,83 mg/L (xem cac diém mau cam trén
Hinh 3). Tuy nhién trong truong hop cta tong N
va P, thuat toan nay khong t6t hon két qua tdt
nhét trong cc trudng hop voi SLR. Phuong trinh
hdi quy tuyén tinh da bién biéu hién mdi quan hé
giita thong s6 DSi va SSC & tram Ha Noi voi 3
tram trén 1an lugt nhu sau:

SiHéN(ji =0,27 X SiYénBéi + 0,28 %

SiVl,l Quang + 0,52 x SiH(‘Ja Binh T 5;53_16 (5)
SSChangi = 0,58 X SSCyen pai — 0,29 X
SSCvyquang + 0,49 X SSChoq pinn + 4267 (6)
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3.4. Usc tinh gid tri c&c thong so chdr luong
nuoc tai tram Ha Ngi bang thudt todn RF

Trong budc tiép theo, chung t61 4p dung
thuat toan RF, mot thuat toan hdi quy phi tuyén
tinh nham thir nghiém kha ning nang cao hiéu
sudt mo hinh uwéc lugng thong sb chat lugng
nude cua tram Ha Noi, thong qua tim kiém mdi
quan hé phi tuyén tinh giita cac gia tri thong s6
nuée thuong va ha nguon. Do d6, chung toi di
huén luyén mot mo hinh RF bang cach str dung
céc gia tri ctia ba tram thuong ngudn dé wdc tinh
chc gia tri thong sb twong tmg cua tram Ha Noi.
Két qua ctia md hinh MLR va RF dugc trinh bay
va so sanh trong Hinh 4.

Trong udc tinh tong P, mod hinh RF da dat sai
s6 nho hon trong khi ¢c6 R? twong duong véi
MLR (Hinh 4b). Trong udc tinh DSI, mé hinh
RF dat hé s6 xac dinh R? cao hon MLR, nhung
lai ¢6 sai s6 1on hon (Hinh 4a). Tuong ty, RF
cling dat dugc hé s6 xac dinh 16n hon, nhung sai )
ciing 16n hon MLR trong dy doan SSC (Hinh 4d).
Tuy nhién, céc sai sd ctia RF trong hai truong
hop nay duong nhu ¢ phan phdi hep hon (IQR
nho hon), cho thiy RF c¢6 d¢ tin cdy cao hon mé
hinh MLR trong céc truong hop nay. Trong khi
do, RF da khong cho thdy bat ky sy cai thién vé
hiéu suét nao so véi MLR trong viéc udc luong
tong N cua tram Ha Noi (Hinh 4).

a Dsi b Téng P
0,80- 0,114 | 0.60
0,364
~ 0,75 5 0,55
E) 0?0,10-
S 033. o & 0,50
w 0,33 X 0,704 ~ x
b w
s %]
[ = 0,45
' 0,09 ]
0,304 0,65 -
0,40
0,601
- - : : 008 : - : Mé hinh
MLR RF MLR RF MLR RF
MLR RF £ MLR
fo Tong N d ssc B rr
0,167 .
0151 0,84 ‘ . 0,70 ‘
- o
Z 0,141 0,71 3
E NQ: I £ NQ: 0,65+
w w
» 0,13+ 0,61 “'E)
=
v id
0,60+
0,124 0:51 ‘ ‘
0111 T 041 ] ' ! ! 0,55
MLR RF MLR RF MLR RF MLR RF

Hinh 4. So sanh hiéu suat ctia mo hinh hdi quy tuyén tinh da bién (MLR) va Rung ngau nhién (RF)
trong wdc tinh cac théng sé chat luong nude cia tram Ha N01 dua trén tong hop thong sb 3 tram thuong ngudn.
a) Dsi; b) tong P; ¢) tong N, d) SSC.
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4. Thao luan

Phan tich twong quan cho thdy méi tuong
quan gitra cac gia tri cua mdt tram thuong nguén
voi tram Ha Noi, trong d6 ham lugng tong N,
tong P va DSi tai tram Hoa Binh c6 moi tuong
quan cao nhét. Pidu nay trude hét co thé giai
thich 1a do lugng nudc chay tir song Pa sang
song Hong chiém ty trong cao nhat trong 3 nhanh
[10]. Quan trong hon, thanh phan cic thong sb
chat luong nudc song c6 thé bi anh huong 16n
boi cac hoat dong nong nghiép va codng nghiép
doc theo bo song. That vay, mot nghién ciru do
nhom tac gia T. P. Q. Le va cong sy trén hé thong
song Hong [5] chi ra rang mot phan 16n dat doc
theo bo song Thao va song L6 dugc sir dung cho
muc dich nong nghiép va cong nghiép, trong khi
cac hoat dong nay it xay ra hon & song Pa. Do
d6, dan dén sy khac biét vé murc do twong quan
gitra hai tram nay va tram Ha Noi. Trong khi do,
ching tdi quan sat thiy xu huéng nguoc lai doi
voi SSC, trong d6 SSC cua tram Yén Bai co
tuong quan cao nhét véi SSC cua tram Ha Noi.
Khong giéng nhu cac thong s khac, SSC khong
hoa tan va do do bi gilt lai bdi cac cong trinh
nhén tao trén song nhu dép thuy dién. Vi cac
tram quan tric trén nhanh song Da va séng Lo sur
dung trong nghién ctru nay déu nim ha ngudn
cac dap Hoa Binh, Tuyén Quang va Thac Ba
khong xa, trong khi nhitng dép nay c6 kha nang
gitr lai dén hon 70% bun cat lo limg [11] nén
nong do SSC tai hai tram nay 1a tuong dbi thap.
Trong khi d6, nhitng dap gan nhat trén song Thao
cling cach tram Yén Bai cé tram céy so, tao diéu
kién cho kha ning hinh thanh va van chuyén bun
cat. Nhu vay, trong ba phu luu, song Thao dong
gop lugng bun cat lo lung 16n nhat vao song
Hong, diéu nay giai thich cho mdi twong quan
cao nht giira tram Yén Bai va Ha Noi.

Dua trén mic do twong quan cao giira cac
tram thugng ngudn va tram Ha Noi, chung toi
tién hanh cac mo hinh héi quy nhiam muc dich
du doan thong sb chit lugng nuée & ha ngudn
dua trén thong s tuong ung & thuong ngudn.
Két qua cho thay cdc md hinh hoi quy don bién
hau hét cho két qua khong tdt, thé hién qua hé )
xac dinh thap hodc sai s6 16n. Piéu nay c6 nghia
12 mé hinh héi quy tuyén tinh don bién chua phu

hop dé udc lugng thong sb & ha ngudn tir thong
s6 o thuong ngudn. Bén canh do, biét rang nong
dd cua mot thong s6 cu thé co thé bi anh huong
boi lugng trong Gng cuia nd trong ca ba nhanh,
chung t6i da xdy dung mot mo hinh hoéi quy
tuyén tinh da bién dé udc tinh cac gi tri ciia mot
thong s chit lugng nude cu thé trong tram Ha
Noi bang cach str dung cac gié tri trong ing ctia
no tai ba tram thuong nguf)n lam gia tri bién doc
lap. Két qua cho thiy rang phuong phap nay chi
hoat dong t6t véi mot s6 thong so nhat dinh,
trong khi ¢6 hiéu suat kém hon ddi véi cac thong
s6 khac. Trong khi SLR str dung téng N va tong
P cua tram Hoa Binh thyc té cho két qua tbt nhat
trong truong hop nay, phuong phap MLR da co
thé du doan ndng do DSi va SSC vdi sai s6 thap
hon va hé s6 xac dinh cao hon.

Tuong tu, khi nhom nghién ctru thir ap dung
mot thuat toan hoi quy phi tuyén 1a RF vao wdc
tinh thong sb chat luong nudc ¢ tram ha nguén,
két qua cho thay thuat toan phi tuyén nay nang
cao hiéu suit mé hinh chi trong trudng hop wéc
tinh DSi va SSC, va chi cai thién dugc méot trong
hai chi s6 1a RMSE hodc R?. Piéu nay chimg to
hiéu suét cta cac thuét toan hdi quy phu thudc
rat 1on vao hoan canh nghién ctru va loai dit liéu,
tuan theo ding dinh 1y No-free-lunch trong Hoc
may va Tri tué nhén tao [19]. Do d6, mot cach dé
nang cao hiu suit wéc lugng la tiép tuc thir
nghiém cdc mo hinh hdi quy phi tuyén khac, vi
du nhu M4y vecto hd tro (Support Vector
Machines), lu6i dan hdi (Elastic Net) hodc cac
thuat toan Hoc sau (Deep Learning), tuy nhién,
can c6 mot bo dix liéu 16n hon dé phuc vu cho
viéc t6i ru hoa tham sd, ciing nhu huén luyén va
kiém dinh cic m6 hinh dua trén thuét toan phirc
tap nay.

Mot nguyén nhan khac c6 thé dan dén viéc
cic md hinh hdi quy da bién ude tinh thong sb
chat lugng nude cua tram Ha Noi chua dat hiéu
suat mong mudn 1a thuc té 1a trén doan song tur
vi tri hop luu dén diém lay mau & Ha Noi, song
Hong c¢6 mot phan luu 13 séng Pudng. Do do,
nudc tir nhanh chinh cua séng Hong chay sang
song Pudng co thé dan dén that thoat mot phan
Iwong N, P, DSi va bun cat, va luong nay khong
duoc do dac. Vi thé, hiéu suit cia mé hinh da
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bién c6 thé duge cai thidu néu cac thong sb chat
lugng nudc dugc do trén nhanh sdng nay va
duoc dua vao mo hinh.

Tém lai, cdc md hinh da bién, bao gérn ca
tuyén tinh va phi tuyén, di dat hiéu suit cao
trong wdc tinh DSi va SSC hon so véi ude tinh
hai thong s6 con lai tai tram Ha Noi. Hién tuong
nay cé the 1a hau qua cua thuc té 1a N va P 12 hai
trong sd cac thong sd chat luong nude bi anh
huéng nhiéu nhat boi cac hoat dong cua con
nguoi. That vay, N va P ven song la két qua ctia
nhiéu yéu t6 ngoai sinh, bao gdm nudc thai tir
cac hoat dong cong nghiép va sinh hoat cuia con
nguoi, chin tha gia sic va phan bon cho cay
trong [5]. Bén canh do, ciing kho c6 thé tinh toan
lugng N va P bién ddi do cac qua trinh khac,
ching han nhu ling dong N trong khi quyen
cing nhu hién tuong c6 dinh N va P. Cac nguon
dau vao N va P vi vay: i) Khong phu thudc vao
néng dd N va P do dugc ¢ cac tram thugng
ngudn; i) Co mirc d6 khac nhau & mdi nhanh; va
1ii) thuc té khong d& udc tinh. DSi it bi anh
hudng boi cac hoat dong nhan tao hon nhiéu so
v6i hai thong sé trén [20], do d6, cac gia tri cua
DSi ¢ tram ha luu c6 thé phy thudc nhidu hon
vao cac gia tri thugng ngudn. BSi canh tuong tu
duogc ap dung cho bun cat lo Iung, cling khong bi
anh huong nhiéu boi cac hoat dong nong nghiép
va cong nghiép, ngoai trir khai thac cat.

5. Két luan

Nghién ctru nay da tim hiéu vé mdi quan h¢
gilta cac thong sO chat lugng nuée, bao gdm tong
N, tong P, Siva SSC, tai cac tram thuong ngudn
va ha nguon trong hé thong song Hong, tr do,
phat hién rang mot s6 thong sd nhat dinh co thé
dugc udce tinh bang cac thuat toan hoi quy, trong
d6 két hop cac thong sé do duge ¢ cac tram
thuong nguén. Cu thé, mo hinh hdi quy da bién
st dung thuat toan RF da udc tinh dugce néng do
Si va SSC tai tram ha ngudn véi hé sé xac dinh
lan luot 14 0,75 va 0,66. Piéu nay ciing mé ra
hudng nghien clru moi trong viéc ap dung cac
thuat toan héi quy khac nhau vao nghién ctu va
udc lugng cac thong sb chit lugng nude tai hé
thng song Hong.
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Nghién ctru ndy da duoc hd trg boi du an
nghién ctru co ban tir Truong Pai hoc Khoa hoc
va Cong nghé Ha Noi, véi ma sb tai tro
USTH.WEOQ.01/22 cho TS. Nguyén Qudc Son.
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