=

DAIHOC QUOC GIA
THANH PHO HO CHI MINH

KHOA HOC DIA LY VIET NAM

KHOA HOC PIA LY HUGNG TOI MUC TIEU
VAN MINH SINH THAI VA BAT MUC PHAT THAI RONG
BANG O TAI VIET NAM

“Geographical Science Toward Ecological Civilization
and Net-Zero Emission in Vietham”

KY YEU HOI NGHI KHOA HOC BIA LY
TOAN QUOC LAN THU XV

Proceedings of the 15" National Conference on Geography Science

W),

NHA XUAT BAN TRI TH(*C






HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,
PAI HQC QUOC GIA THANH PHO HO CHi MINH

PON VI TO CHUC HOI NGHI

1. H¢i bia ly Viét Nam
2. Trwong Pai hoc Khoa hoc X& héi va Nhan van, PHQGTPHCM
3. Hai Pia ly Thanh phé Hé Chi Minh

BAN TO CHUC HOI NGHI

I. Pong Truéng ban:
1. GS.TS. Nguyén Cao Huan - Chu tich Hoi bia ly Viét Nam
2. GS.TS. Ng6 Thi Phuong Lan - Hiéu truéng Truong PH KHXH&NV, PHQG-HCM
I1. Phé truwdéng ban:
1. GS.TSKH. Pham Hoang Hai - Ph Chu tich kiém Tong thu ky Hoi Dia ly Viét Nam
2. TS. Phan Thanh Binh - Pho Hiéu truong Truong PH KHXH&NV, PHQG-HCM
I11. C4c ay vién:
PGS.TS Ng6 Thi Thu Trang - Truong khoa Khoa bia ly, Truong PH KHXH&NV, PHQG-HCM
GS.TS Truong Quang Hai - Phé Chu tich Hoi Bia ly Viét Nam
PGS.TS Lai Vinh Cam - Phé Chi tich Hoi Dia ly Chau A
PGS.TS bang Vian Bao - Chu tich Hoi Bé tir - Bia mao Viét Nam
PGS.TS Dao Dinh Cham - Chu tich Hoi Khoa hoc va Ky thuat bién Viét Nam
PGS.TS Chau Nguyén Xuan Quang - Pho Vién trusng Vien MT&TN, PGQG-HCM
PGS.TS Lam Quang Vinh - Truoéng ban Ban KH&CN, PHQG-HCM
TS. Lé Thanh Hoa - Trudng khoa Khoa D6 thi, Truong PH KHXH&NV, PHQG-HCM
GS.:I'S Nguyén Dang Hoi - Vién truéng Vién Sinh thai nhiét dsi, Trung tm nhiét dsi Viét - Nga, Bo
Quoc phong
TS. Nguyén Song Tung - Vién truong Vién Dia ly Nhan van va Phat trién bén viing, Vién Han 1am
KHCN VN
11. PGS.TS Ngb Vin Giéi - Chu tich Hoi dong truong, Truong PH Khoa hoc, DPH Thai Nguyén
12. TS. Nguyén Manh Ha - Phé Vién truong Vién Cac Khoa hoc Trai dat, Vién Han 1am KHCN VN
13. PGS.TS Luu Thé Anh - Vién truong Vién Tai nguyén va Méi truong, DPHQG-HN
14. PGS.TS Tran Viét Khanh - Phd Chu tich Hoi Dia ly Viét Nam
15. TS. Nguyén Vin Thao - Traéng hoi Hoi Dia ly Hai Phong
16. GS.TS Nguyén Manh Khai - Truéng khoa Khoa Méi truong, Truong PHKHTN, DPHQGHN
17. PGS.TS Bui Quang Thanh - Truéng khoa Khoa Dia ly, Truong BPHKHTN, BPHQG-HN
18. PGS.TS Nguyén Quyét Chién - Truong khoa Khoa Bia ly, Truong DPHSP Ha Noi.
19. PGS.TS Nguyén Phuong Lién - Truéng khoa Khoa Dia ly, Truong PH su pham, Dai hoc Théi
Nguyén
20. PGS.TS Pham Anh Tuan - Truong hoi Hoi Bia ly Tay Bac

© o N o U~ w DD

[
©

Hdi nghj Khoa hoc Dia ly toan qudc lan thir Xl
“Khoa hoc dia ly Viét Nam vdi st dung hop ly, phuc hdi tai nguyén va phdt trién kinh té tudn hoan”



HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,

PAI HOC QUOC GIA THANH PHO HO CHI MINH

21.
22.
23.

24,
25.
26.
27.

PGS.TS Nguyén Thi Trang Thanh - Truéng khoa Khoa Dia Iy, Trudng Pai hoc Vinh

TS. Phan Tuan Anh - Truong hoi Hoi Dia ly Quang Tri

PGS.TS Nguyén Hoang Son - Pho Chu tich Hoi Bia ly Viét Nam, Truong hoi Hoi Bia ly Thira
Thién Hue

TS. B4 Bing D6 - Truong khoa Khoa Dia Iy, Truong DHSP, DH Hué

TS. Nguyén Thanh Tusng - Truéng khoa Khoa Dia Iy, Truong PHSP, PH Pa Nang

PGS.TS Luong Thi Van - Truong hoi Hoi Bia ly Quy Nhon

PGS.TS Phung Thai Duong - Truang hoi Hoi Dia 1y Bong Thap

BAN TO CHUC PIA PHUONG

I. Pong Truwéng ban:

1.
2.

TS. Tran Anh Tién - Truong phong Phong DN&QLKH, Truong PH KHXH&NV, PHQG-HCM
PGS.TS Ng0 Thi Thu Trang - Truong khoa Khoa bia ly, Truong PH KHXH&NV, PHQG-HCM

I1. Phé truéng ban:
1. TS. Nguyén Thanh Hai - Pho Truong khoa Khoa Dia ly, Truong PH KHXH&NV, PHQG-HCM
111. C4c 1y vién:

1.

© o N o U

TS. Pham Thanh Duy - Trudng phong Phong DPN&QLKH, Truong PH KHXH&NV, PHQG-
HCM

ThS. Duong Van Ta - Truong phong Phong Ké hoach - Tai chinh, Truong PH KHXH&NV,
PHQG-HCM

ThS. Nguyén Thao Chi - Truong phong Phong DN&QLKH, Truong PH KHXH&NV, DPHQG-
HCM

ThS. Mai Thi Kim Khénh - Pho Truéng phong Phong DPN&QLKH, Truong PH KHXH&NYV,
PHQG-HCM

TS. Lé Thanh Hoa - Truong khoa Khoa Do thi hoc, Truong DPH KHXH&NV, PHQG-HCM

TS. Nguyén Thi Binh - Truéng khoa Khoa Dia Ly, Truong Pai hoc Su Pham TP. HCM

GS.TS Nguyén Manh Khai - Truéng khoa Khoa Moi truong, Truong PHKHTN, DPHQG-HN

TS. Tran Thi Huyén - Giang vién Khoa Bia ly, Truong PH KHXH&NV, PHQG-HCM

ThS. V6 Thi Kim Hiép - Cong Ty TNHH Déc Tin Quan Tan Binh, TP. HCM

Héi nghi Khoa hoc Dia ly toan quéc Ian thir XV

“Khoa hoc dia ly hudng tdi muc tiéu vin minh sinh thdi va dat mure phdt théi rong béng 0 tai Viét Nam”



HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,

PAI HOC QUOC GIA THANH PHO HO CHI MINH

BAN NOI DUNG

l. Truwéng ban
1. GS.TS. Nguyén Cao Huan - Chu tich Hoi bia ly Viét Nam
I1. Phé Trwéong ban

1
2.

GS.TSKH. Pham Hoang Hai - Phé Chi tich kiém Téng thu ky Hoi Dia ly Viét Nam
PGS.TS Ng6 Thi Thu Trang - Truong khoa Khoa bia ly, Truong PH KHXH&NV, PHQG-HCM

I11. C4c ay vién:

o~ w PP

18.
19.
20.

21.
22.
23.
24.

GS.TS Truong Quang Hai - Phé Chu tich Hoi Bia ly Viét Nam

GS.TS B4 Thi Minh Buc - Phé Chu tich Hoi Bia ly Viét Nam

GS.TS Tran Buc Thanh - Vién Tai nguyén va Moéi truong bién, Vién Han 1am KHCN VN
GS.TS Nguyén Khanh Van - Vién Cac Khoa hoc Tréi dat, Vien HLKHCNVN

GS.TS Nguyén Dang Hgi - Vién trudng Vién Sinh théi nhiét dsi, Trung tm nhiét doi Viét — Nga, Bo
Quac phong

GS.TS Nguyén Manh Khai - Truéng khoa Khoa Moi truong, Truong PHKHTN, PHQGHN
TS. Lé Thanh Hoa - Truéng khoa Khoa D6 thi, Truong PH KHXH&NV, PHQG-HCM

TS. Pham Gia Trén - Giang vién Khoa bia ly, Truong - DPH KHXH&NV, PHQG-HCM

TS. Lé Puc Tuan - Chi nhiém bo mén, Khoa Dia ly, Truong PH KHXH&NV, PHQG-HCM
TS. Nguyén Thanh Hai - Pho Trusng Khoa Dia Iy, Trudng PH KHXH&NV, PHQG-HCM

. PGS.TS Lai Vinh Cim - Ph6 Chu tich Ho Dia Iy Chau A

PGS.TS Do Binh Cham Chu tich Hoi Khoa hoc va K thuat bién Viét Nam

PGS.TS Ping Vin Bao - Chu tich Hoi Dé tir - Bia mao Viét Nam

PGS.TS Nguyén Thé Anh - Vién truong Vién Tai nguyén va Méi treong, PHQG-HN

PGS.TS Bui Quang Thanh - Truong khoa Khoa Pia ly, Truong PHKHTN, PHQG-HN

PGS.TS Nguy2n Quyét Chién - Truéng khoa Khoa Dia ly, Truong DPHSP Ha Noi

TS. Nguyén Song Tung - Vién truong Vién Bia ly Nhan van va Phat trién bén viing, Vién Han lam
KHCN VN

TS. Nguyén Vin Thao - Truéng hoi Hoi Dia Iy Hai Phong

PGS.TS Tran Viét Khanh - Pho Chu tich Hoi Bia ly Viét Nam

PGS.TS Nguyén Phuong Lién - Truong khoa Khoa Dia ly, Truong BH Su pham, Pai hoc Théi
Nguyén

PGS.TS Ngo Vin Gidi - Chit tich Hoi dong truong, Truong PH Khoa hoc, PH Thai Nguyén
PGS.TS Pham Anh Tuan - Trusng hoi Hoi Dia ly Tay Bac

PGS.TS Nguyén Thi Trang Thanh - Truéng khoa Khoa Dia Iy, Truong Dai hoc Vinh

TS. Phan Tuin Anh - Truéng hdi Hoi Bia Iy Quang Tri

Hdi nghj Khoa hoc Dia ly toan qudc lan thir Xl
“Khoa hoc dia ly Viét Nam vdi st dung hop ly, phuc hdi tai nguyén va phdt trién kinh té tudn hoan”



HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,
PAI HQC QUOC GIA THANH PHO HO CHi MINH

25. PGS.TS Nguyén Hoang Son - Pho Chu tich Hoi Bia ly Viét Nam, Truong hoi Hoi Pia ly Thira
Thién Hué
26. TS. B4 Bang Do - Truong khoa Khoa Bia Iy, Truong DPHSP, DH Hué
27. TS. Nguyén Thanh Tuéng - Truong khoa Khoa Bia Iy, Truong PHSP, PH Pa Nang
28. PGS.TS Luong Thi Van - Truong hoi Hoi Bia Iy Quy Nhon
29. PGS.TS Nguyén Hitu Xuan - Truong Pai hoc Quy Nhon
30. PGS.TS Phung Thai Duong - Truong hoi Hoi ia Iy Bong Thép
31. TS. Nguyén Thi Binh - Truéng khoa Khoa Bia 1y, Truong Pai hoc Su Pham TPHCM
IV. Thu ky ndi dung:

TS. Nguyén Manh Ha ThS. Hoang Bic

Héi nghi Khoa hoc Dia ly toan quéc Ian thir XV
“Khoa hoc dia ly hudng tdi muc tiéu vin minh sinh thdi va dat mure phdt théi rong béng 0 tai Viét Nam”



HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,

PAI HOC QUOC GIA THANH PHO HO CHI MINH

BAN THU KY - HAU CAN

l. Truwéng ban
ThS. Nguyén Quang Viét - Khoa Dia 1y, Truong PH KHXH&NV, PHQG-HCM
I1. Phé Trwéong ban

TS. Vii Thi Bic - Giang vién Khoa Dia ly, Truong PH KHXH&NV, PHQG-HCM
111. C4c 1y vién:

1.

© © N o ok~ WD

e =
N 2o

13.
14.
15.
16.
17.
18.

TS. Nguyén Thi Phuong Chéu - Cha nhiém bo mén, Khoa Bia ly, Truong PH KHXH&NV,
PHQG-HCM

TS. Tran Thi Huyén - Giang vién Khoa Bia ly, Truong PH KHXH&NV, PHQG-HCM

ThS. Nguyén Thi Phuong Dung - Giang vién Khoa Dia ly, Truong PH KHXH&NV, PHQG-HCM
ThS. Nguyén Thi Thu Hién - Giang vién Khoa Dia Iy, Truong PH KHXH&NV, PHQG-HCM
ThS. Lé Chi Lam - Giang vién Khoa Dia Iy, Truong PH KHXH&NV, PHQG-HCM

ThS. Ngb Tung L&m - Giang vién Khoa bia ly, Truong PH KHXH&NV, PHQG-HCM

ThS. Nguyén Thi Oanh - Giang vién Khoa Bia ly, Truong PH KHXH&NV, PHQG-HCM

ThS. Tran Thi Poan Trinh - Giang vién Khoa Bia Iy, Truong DPH KHXH&NV, PHQG-HCM

ThS. Nguyén Thi Hang - Chuyén vién Khoa Dia 1y, Truong PH KHXH&NV, PHQG-HCM

CN. Nguyén L& Bao Hanh - Chuyén vién Khoa Dia ly, Truong PH KHXH&NV, PHQG-HCM

. CN. Luu Tuén Anh - Chuyén vién Phong KH-TC, Truong DPH KHXH&NV, PHQG-HCM

CN.Nguyén Dic Thing - Chuyén vién Phong DN&QLKH, Truong DPH KHXH&NV, PHQG-
HCM

PGS.TS Nguyén Thu Nhung - Vién Cac Khoa hoc Trai dat, Vién Han 1am KHCN VN
TS. Nguyén Manh Ha - Vién Cac Khoa hoc Tréi dét, Vién Han 1am KHCN VN

TS. Nguy@n Vin Hong - Vién Cac Khoa hoc Trai dat, Vién Han 1am KHCN VN

ThS. Hoang Bic - Vién Cac Khoa hoc Tréi dét, Vién Han 1am KHCN VN

PGS. TS Nguyén Hitu Duy - Khoa Bia Iy , Truong PHKHTN, PHQGHN

TS Pham Thi Phuong Nga - Khoa bia Iy , Truong PHKHTN, PHQGHN

Hdi nghj Khoa hoc Dia ly toan qudc lan thir Xl
“Khoa hoc dia ly Viét Nam vdi st dung hop ly, phuc hdi tai nguyén va phdt trién kinh té tudn hoan”






HOI PIA LY VIET NAM TRUONG PAI HOC KHOA HOC XA HOI VA NHAN VAN,
PAI HQC QUOC GIA THANH PHO HO CHi MINH

LOI NOI PAU

Pia ly hoc 1a nganh khoa hoc tong hop, co tinh da nganh va lién nganh sau rong, nghién ciu dac
trung va mdi quan hé tuong tac gitra con ngudi va thién nhién trong mot hé théng mé, luén van dong va
bién ddi theo khdng gian va thoi gian. Cing vai su phat trién manh mé cua khoa hoc — cong nghé, dia ly
hoc hién dai gan két ngay cang chat ché vai cong nghé s6, hé théng thong tin dia ly (GIS), vién tham, tri tué
nhan tao (Al) va cac cong cu phan tich dix liéu khdng gian, gép phan nang cao hiéu qua nghién ciu, du bao
va quan ly 1anh thd phuc vu phét trién bén vitng. Tai Viét Nam, khoa hoc Dia Iy di va dang dugc cung ¢b,
phét trién manh mé& ca vé Iy luan, phuong phap va ting dung thyc tién, véi s tham gia tich cuc cua céc
vién nghién ctu, truong dai hoc, co quan quan Iy, to chirc kinh té va xa hoi. Nhiéu cong trinh nghién ctu
da dong gop thiét thuc cho cong tac quy hoach, sir dung hop Iy tai nguyén, bao vé méi truong va phat trién
khong gian kinh t& — x& hoi cua dit nude. Sy phat trién cua khoa hoc Dia ly ¢ Viét Nam gén lién va dong
hanh vai sy I6n manh cta Hoi Bia ly Viét Nam.

Hoi Dia ly Viét Nam 12 té chirc xa hoi — nghé nghiép caa cac nha dia ly trén pham vi ca nudc, ¢6 vai
trd két ndi, hd tro va thiic day cac hoat dong nghién ciru, dao tao, tng dung khoa hoc Bia Iy vao thyc tién
phét trién. Hoi luén ddng hanh cing céc co quan, t6 chirc va dia phuong trong viéc dinh huéng phét trién
Ianh thd theo hudng bén ving, van minh sinh théi, kinh té xanh, kinh té tuan hoan, huéng t6i muyc tiéu phat
thai rong bang 0, dong thoi gop phan dam bao an ninh va qudc phong trén dat lién, ving bién va hai dao
cua T6 qudc.

Tiép néi thanh cong cua Hoi nghi Khoa hoc Dia ly toan quéc 1an tha XV, nim 2025 Hoi Dia ly Viét
Nam phéi hop vé6i Truong Pai hoc Khoa hoc Xa hoi va Nhan vin — Pai hoc Quéc gia Thanh phd HS Chi
Minh t6 chtrc Hoi nghi Khoa hoc Bia ly toan qudc lan thir XV véi chii dé “Khoa hoc Dia 1y husng téi muc
tiéu van minh sinh thai va dat muc phét thai rong bang 0 tai Viét Nam”. Hoi nghi lan thae XV duoc to chirc
trong bi canh dét nude dang diy manh chuyén ddi xanh, chuyén ddi s, hoi nhap quéc té sau rong, hudng
t6i muc tiéu dat mac phét thai bang “0” vao nam 2050, dong thoi trién khai chién luoc sip xép, sép nhap
cac don vi hanh chinh nham tinh gon bd may, nang cao hiéu luc quan Iy va hiéu qua phaét trién 1anh tho.
Nhing bién dbi nay dit ra nhiéu vin dé khoa hoc va thuc tién mai ddi voi cong tac t6 chirc khong gian,
phét trién viing, quan 1y tai nguyén — moi truong va dam bao an ninh sinh thai qudc gia, doi hoi khoa hoc
Dia ly tiép tuc dbi méi tu duy, phwong phap va cong cu nghién ciru dé dap tng yéu cau phét trién bén viing
ctia dat nudc.

Hoi nghi Khoa hoc Bja Iy toan quédc 1an thir XV khdng chi Ia dip dé doi ngii cac nha khoa hoc, nha
quan ly, giang vién va nghién ctu sinh trong linh vuc dia 1y trao ddi hoc thuat, chia sé cac két qua nghién
ciru méi ma con 1a dién dan quan trong dé x4c dinh tim nhin, dinh huéng chién luoc va nhiém vu trong
tam cua khoa hoc Dia ly Viét Nam trong giai doan phét trién méi — gan véi cac yéu cau cua phét trién bén
vitng, van minh sinh thai, Net-Zero va thiic ddy chuyén déi 1anh thé theo huéng xanh va théng minh.

Sau hon mot nam chuén bi, Ban T6 chirc Hoi nghi da nhan dugc gan 280 béo c4o khoa hoc. Qua qua
trinh phan bién nghiém tdc, 241 béo cao c6 chét lwong tét da duoc lva chon dang trong Ky yéu Hoi nghi
Khoa hoc Bia Iy toan quéc lan thir XV. Cac cong trinh duoc chia thanh ndm linh vyuc I6n, phan anh day du
pham vi va chiéu sau ciia khoa hoc Bia ly Viét Nam trong bdi canh hién nay, gom: i) CAc van d ly luan va
thuc tién cua khoa hoc Dia ly Viét Nam; ii) Khoa hoc Dia ly véi vin minh sinh thai va muc tiéu phét thai
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rong bang 0; iii) Cong nghé s6 — Pia Iy tai nguyén va méi truedng; iv) Dia ly du lich trong chuyén ddi xanh;
v) Pao tao va gido duc dia ly trong bbi canh méi.

Ky yéu Hoi nghi Bia ly toan qudc lan thir XV gom hai tap: QUYEN 1 (127 béo céo) va QUYEN I
(114 béo céo). Bén canh céc cong trinh tiép tuc phat trién cac husng nghién ciu truyén thong cua nganh,
Hoi nghi 1an ndy ghi nhan nhiéu két qua méi c6 gia tri thuc tién cao trong khai thac, sir dung hop 1y va higu
qua tai nguyén, bao vé thién nhién — moi trrong, phong tranh va giam nhe thién tai, cung vai viéc tng dung
manh mé& cdng nghé s phuc vu muc tiéu phét trién xanh, kinh té tuan hoan va dat mutc phat thai rong bang
0 tai Viét Nam. Dic biét, Hoi nghi c6 hon 10 bao cio mang tinh chién lugc, tim nhin va dinh hudng phat
trién khoa hoc Bia ly Viét Nam dén ndm 2050 trong bdi canh méi; dong thoi, nhiéu béo céo tap trung vao
d6i méi chuong trinh, phuong phap day hoc dia Iy va tng dung cng nghé sé trong bdi canh cai cach hanh
chinh, chuyén doi s6 toan dién cua nganh giéo duc. Nhitng két qua nay khdng chi gop phan khang dinh vai
trd cuia khoa hoc Bia ly trong nghién ctu va thyc tién phat trién qudc gia, ma con ma ra nhimg huéng tiép
can moi, hién dai va bén viing cho khoa hoc Dia ly Viét Nam trong ky nguyén xanh — sd.

Ban T4 chirc Hoi nghi tin twéng rang, vai su tham gia nhiét tinh va trach nhiém cua cac vién nghién
ctu, truong dai hoc, co s¢ dao tao cung doi ngd cac nha khoa hoc, giang vién va can bo quan ly tir moi
mién dét nudc, Hoi nghi Khoa hoc Dia ly toan qudc 1an thie XV s& thanh cong tét dep. Hoi nghi khong chi
Ia dip @& nhin lai, d4nh gia day du nhiing thanh tyu nghién ciru va dio tao ctia nganh Dia ly trong su nghiép
xay dyng va bao vé T6 qubc, ma con la co hoi dé rat ra nhiéu bai hoc kinh nghiém quy bau trong nghién
ctru, ddo tao va tng dung thuc tidn, gép phan dira cac két qua nghién ciru dia 1y vao doi song kinh té — xa
hoi ctia dat nudc mot cach thiét thuc va hiéu qua hon. Nhan dip ndy, Ban T6 chirc Hoi nghi xin tran trong
cam on Lanh dao Hoi Dia Iy Viét Nam, Ban Giam dbc Pai hoc Quéc gia Thanh phé H6 Chi Minh, Ban
Giam hiéu Truong Dai hoc Khoa hoc X4 hoi va Nhan van, Khoa Dia ly, Hoi Dia ly Thanh phd H6 Chi
Minh cting cac s&, ban, nganh cia Thanh phé; ddng thoi g 101 cam on chéan thanh t6i cac Khoa Dia ly
thudc cac truong dai hoc trong ca nuéc, cha nhiém cac dé tai nghién ciu, cac nha tai tro va dac biét 12 toan
thé cac nha dia ly, hoi vién Hoi Dia ly Viét Nam da quan tm, hd tro, dong gop kinh phi va nhiét tinh tham
gia, gép phan quan trong vao thanh cdng caa Hoi nghi.
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DANH GIA CHAT LUQONG NUY'O'C SONG ASAHI, NHAT BAN
DWA VAO CHIi SO CHAT LUONG NUOC (WQI)
Tran Thi Minh Tam', Nguyén Hoang Son?, Nguyén Ping D', Lé Anh Toai'
Abstract:

ASSESSMENT OF WATER QUALITY IN THE ASAHI RIVER, JAPAN, USING THE WATER
QUALITY INDEX (WQI)

Global freshwater resources are increasingly threatened by the combined pressures of climate change
and human activities, leading to significant risks for water security, ecosystem resilience, and public health.
While tools such as the Water Quality Index (WQI) and statistical modeling are widely employed, studies
integrating climatic, hydrological, and water quality dynamics remain limited. This study assessed the lower
Asahi River basin, Japan, over the period 2002—-2021 to address this gap. The objectives were: (i) to evaluate
the status and trends of water quality using the Canadian Council of Ministers of the Environment Water Quality
Index (CCME WQI) and environmental quality standards (EQS); (ii) to quantify relationships between climatic
and hydrological factors (temperature, precipitation, streamflow) and water quality parameters (DO, COD, TP,
Coliform) using Spearman’s correlation and nonlinear regression; and (iii) to calibrate and validate the Tank
(LST) hydrological model with a Differential Evolution (DE) algorithm for streamflow simulation. The results
indicate a clear deterioration of water quality, with decreasing dissolved oxygen and rising COD and TP.
Climate and hydrology strongly influenced these patterns, particularly temperature. The validated Tank model
further demonstrated potential for integrating hydrological and water quality forecasting. These findings
provide critical evidence and a framework for adaptive, sustainable water management under climate change.

Keywords: CCME WQI, Nonlinear regression, Tank model, Asahi River Basin (Japan).
1. PAT VAN PE

Nudc ngot 1a ngudn tai nguyén thiét yéu, dong vai tro duy tri sy séng, phét trién kinh té - xa hoi
va 6n dinh méi truong sinh thai (Hermoso va cong s, 2016). Tuy nhién, trong nhitng thap ky gan day,
chat lugng nudc ngay cang tré thanh mébi quan ngai todn cau. Sy gia ting dan 6, phat trién cong
nghiép - ndng nghiép cling véi nhitng thay d6i su sac trong chu trinh thay vin do bién déi khi hau da
gay ap luc Ién 1én cac h¢ thdng séng ngoi. Cac bénh lay truyén qua dudng nudc, dac bict do vi sinh
vat gay hai, van 1a méi de doa nghiém trong ddi véi stc khoe cong dong Béo cao cua WHO (2020,
2024) cho thdy tiéu chay gay ra hang triéu ca tir vong mdi nam, chu yéu ¢ cac qudc gia dang phat
trién, noi nudc thai sinh hoat va cong nghiép chua duoc xur ly day du.

Su suy thoéi chat luong nuéc song vén duoc coi la vén dé cuc bo nhung hién nay dé ndi 1én nhu
mot thach thuc mang tinh toan cau. O nhiéu quoc gia nhu An Do, Trung Quéc, Thé Nhi Ky va
Bangladesh, hon 90% nudc thai dugc xa truc tiép ra song ngoi ma khéng qua xu ly, gay 6 nhiém
nghiém trong va de doa an ninh ngudn nuéc (Howladar va cong sy, 2021; Kumar va cong su, 2024;
Varma & Jha, 2024). Bén canh hoat dong nhan sinh, cac yéu t6 ty nhién nhu luong mua, van chuyén
tram tich va bién dong khi hau ciing gop phan lam suy giam chét lugng nudc, vuot qué kha nang tu
lam sach ciia s6ng, tir d6 anh hudng dén hé sinh théi va sirc khoe con ngudi (Huang va cong su, 2021)

Dé giam sat va danh gia tinh trang nuéc sdng, cac chi s6 chat lugng nuéc (Water Quality Index
— WQI) da duoc st dung rong réi. WQI cho phép tich hop nhiéu thong s ly héa thanh mét chi s6 duy
nhét, phan &nh truc quan trang thai nudc, dé dang phuc vu cong tac quan ly va so séanh theo khdng

1 Khoa Pia li, truong Pai hoc su pham, Pai hoc Hué
2V/ign Pdo tgo mé va Cong nghé thdng tin, Pai hoc Hué

CAC VAN BE LY LUAN VA THUC TIEN CUA KHOA HOC PIA LY VIET NAM 65



HOI BIA LY VIET NAM TRUONG DAI HOC KHOA HOC XA HOI VA NHAN VAN,
PAI HOC QUOC GIA THANH PHO HO CHI MINH

gian - thoi gian (Akhtar va cong su, 2021; Sener va cong sy, 2017). Nhiéu nghién ctru da tng dung
WQI va cac phuong phép phan tich thong ké da bién (hoi quy tuyen tinh, mé hinh hoa thuy van) dé
nhan dién nguon 6 nhidm, bién dong chat lugng nudc va cac yéu té chi phdi (Bora & Goswami, 2017,
Patel va cong su, 2023). Nhitng phuong phap nay da chirng minh hiéu qua trong viéc cung cap co s
khoa hoc cho hoach dinh chinh sach va quan ly tai nguyén nude bén viing (Lumb va cong su, 2011).

Trong bdi canh dé, luu vuc séng Asahi (Nhat Ban) - mot khu vie dién hinh ciia viing 6n déi gié
mua — dang chiu ap luc kép tir bién déi khi hau va tac dong nhan sinh (Yoshida va coéng su, 2021).
bay la luu vyc 6 vai tro quan trong: vé kinh té — xa hoi, véi cac hoat dong ndng nghiép, cong nghi¢p
va d6 thi hoa di&n ra manh mg, tiém an nguy co suy giam chat luong nude. Du di c6 nhidu nghién cau
vé thay van va chat luong nudc tai luu vuc nay, phan 16n cac cong trinh chi tap trung phan tich ngan
han hoic riéng I¢é timg yéu t6, trong khi cac nghién ciu tich hop da yéu td, da phuwong phap van con
han ché (Kawara va cong su, 1998; Yengeh va cong su, 2025; Yoshida va cong sy, 2021).

Xuit phét tir khoang tréng trén, nghién ciu ndy duoc thuc hién vai ba muc tiéu chinh:

(i) Panh gia trang théi va xu thé chat lugng nu6c ha luu song Asahi giai doan 2002-2021 bang
Chi s6 Chat lugng Nudc cua Hoi dong Bo trudng Moi truong Canada (CCME WQI), dong thoi so
sénh vai céc tiéu chuan chat lugng nude moi truong (EQS) nham cung cap bang chimg dinh lugng
cho giam sét dai han;

(i) Phan tich va dinh lwong mdi lién hé gitra cc yéu té khi hau — thiy van (nhiét d9, luong
mua, luu lugng dong chay) véi cac thong so chat luong nuéc (DO, COD, TP, SS, Coliform) thong qua
hé so twong quan Spearman va mo hinh hoi quy bac hai;

(iiii) Higu chinh va tham dinh md hinh Tank (Long-and-Short-Term, LST) bang thuat toén tién
hoa vi phan (Differential Evolution, DE) dé md phong dong chay ngay, tich hop két qua véi phan tich
chét luong nudéc, tir d6 thao luan cac ham y quan ly thich tng, gop phan hudng téi muc tiéu vin minh
sinh thai va phéat thai rong bang 0.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Co sé dir liéu

Co s¢ dir liéu phuc vu nghién ctru duoc xay dung tir cac ngudn chinh théng va c6 do tin cay
cao. Dit lidu khi twong - bao gom nhiét d6 khong khi, lwong mwa va do am - duoc thu thap tir Co quan
Khi twong Nhat Ban (Japan Meteorological Agency - JMA), cung cip chudi thoi gian dai phuc vu
phan tich xu thé khi hau. Luong bbc hoi duoc ude tinh thong qua phuong phap Penman-Monteith, tich
hop trong md hinh Tank - mot cong cu thuy van ban thuc nghiém duoc sir dung rong réi trong mé
phong dong chay luu vuc.

Dir liéu luu lugng dong chay hang ngay duoc ldy tir tram quan tric Kitakata thugc Hiép hoi
Séng ngodi Nhat Ban, dam bao tinh dai dién cho céc bién dong thuy vin theo khong gian - thoi gian.
Céc thdng sb chét lwong nuéc bao gdm DO (Dissolved Oxygen: Oxy hoa tan), BOD5 (Biochemical
Oxygen Demand: lugng oxy cn thiét dé vi sinh vat phan huy cac chét hiru co trong nudc thai trong 5
ngay), COD (Chemical Oxygen Demand: lugng oxy can thiét dé oxy hoa cac thanh phan & nhigm bao
gom ca chét vo co va hitu co c6 trong nudce thai), SS (Suspended Solids - chét rin lo lung), TP (Total
Phosphorus - tong phét pho), TN (Total Nitrogen: Tong NltO’) va Coliform dugc trich xuat tir He thong
Thong tin Nudc cua Bo Dit dai, Ha ting, Giao thong va Du lich Nhat Ban (MLIT), dap ung yéu cau
vé tinh chuan hoa va lién két hé thong giam sat qudc gia.

Bang 1. CAc tram quan trac chdt heong nwéc ¢ séng Asahi

Khoang cach tir tram dén cira

Tram quan tric Vi tri song
Goudouzeki 34043°25” N 133057°59” E 17.4 km
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Otoitezeki 34011°22” N 133056’17” E 11.7 km
Sakurabashi 34039°01” N 133055°52” E 6.7 km
Asahikawaohashi 34037°40” N 133056°54” E 3.6 km

Nguon: http://www1.river.go.jp/

2.2 Phwong phap nghién ctru
2.2.1 Phwong phdp thu thap, phan tich va téng hep sé ligu khi hgu — thiiy vin

Thu thap dir liéu khi hau va thay van: Dit liéu khi tuong bao gém nhiét do trung binh ngay va
luong mua duoc thu thap tir Co quan Khi turgng Nhat Ban (JMA) trong giai doan 2002-2021. Dir liéu
luu lwong dong chay ngay duoc lay tir tram Kitakata thuoc Higp hoi Song ngoi Nhat Ban (JWA). Cac
bo sb lieu duoc chon loc theo nguyén tic ddng nhat thoi gian (cung giai doan 2002-2021), dam bao
tinh lién tuc va do tin cay.

Xur ly va kiém tra dir liéu: Trude khi phan tich, dir liéu khi twong — thay van duoc kiém tra tinh
ddng nhat bang kiém dinh Pettitt va Buishand range test dé phat hién su gian doan hoic thay doi dot
ngot. Céc gia tri ngoai lai dugc xac dinh bang phuong phap boxplot va loai bo khi vuot qua 3 lan do
léch chuan.

Phan tich xu thé: Dé danh gia bién dong dai han cua nhiét do, lugng mua va luu lwong, nghién
ctru sir dung kiém dinh phi tham s6 Mann—Kendall két hop véi Sen’s slope estimator nham xac dinh
xu thé tang/giam va téc d6 thay doi trung binh theo thoi gian.

Téng hop dir liéu: Cac chudi sé liéu duoc xur ly va tong hop theo céc thang thoi gian ngay,
thang, mua va nam, nham phan anh dic trung bién dong khi hau — thuy van o nhiéu quy mé. Dir liéu
nay ddng thoi duoc chuan héa va dong bo hoda voi bo dir liéu chit lwong nude, phuc vu phan tich
tuong quan va hdi quy trong cac budc tiép theo.

2.2.2 Pdnh gid chit lwong nwéc bang chi sé CCME WQI

Trong nghién cau nay, chi sb CCME WQI (Canadian Council of Ministers of the Environment
Water Quality Index) - dugc phat trién bsi Hoi dong Bo trusng Moi truong Canada — da duoc ap dung
dé danh gia dir liéu nuac thd tai khu vuc ha luu séng Asahi, doi chiéu véi cac tiéu chuan chat lugng
nude moi treong (EQS) & Nhat Ban.

‘M0 hinh nay ndi bt nho tinh linh hoat trong lya chon thang s6 va kha nang xir 1y dit ligu thiéu
hut, dong thoi duoc st dung rong rai dé danh gia ca nuéc ngam va nudc mét (Bora & Goswami, 2017;
Patel va cong su, 2023). M6 hinh CCME WQI tinh toan dya trén ba thanh phan chinhPham vi (F1) -
Ty 1€ % s6 théng s6 vuot gidi han cho phép:

56 théng s6 vwot chuin

1= - - ' ——x100
Tong so thong so *

Tan suat (F2) - Ty 1& % sb phép do vuot giGi han:

56 phép do vwot chuin
2= = T —x100
Tong so thong sb

Bién do (F3) - Murc do vuot chuin trung binh, tinh theo:
Néu gi tri do vuot gidi han t6i da:
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Gia trido

b6 vwot = —— renr
' ' Gi&i han toi da

Néu gié tri do thap hon giGi han tdi thiéu:
Gi&i han toi thiéu

D6 vwot = —— -1
' ' Gia trido

Tu do, F3 duoc tinh:
ZDb6 vwot

F3 = — - 100
Tong s6 phép do + ZD6 vwot *
Chi s tong hop:
VF1Z + F2% + F3Z
WQI = 100 —

1,732
Phan loai WQI:
Rat tot (95-100), T4t (80-94), Kha (65-79), Trung binh (45-64), Kém (<45).
2.2.3 Phan tich twong quan va héi quy bdc hai

(a) Tuong quan Spearman
Hé s twong quan hang Spearman (rs) duoc tinh:
.6 zd,;?
s = n(n?—1)
Trong do:

did;: chanh lach hang tir gitra hai bién:

M- 5§ quan sat.
Gi4 tri p < 0.05 va p < 0.01 duogc ding dé x4c dinh y nghia théng ké.
(b) Hbi quy bac hai

M&i quan hé phi tuyén gitra bién doc 1ap X (nhiét do, lwong mua, luu lwong) va bién phu thuoc
Y (DO, COD, TP, SS, Coliform) dugc mé hinh héa theo phuong trinh:

Y= Bo+ B X+BX>+¢
Trong do:
BO,B1,B2: hé s6 udc luong;
&: sai $6 ngau nhién.
2.2.4 Higu chinh — thdm dinh md hinh Tank (LST)

(a) Cau trac md hinh
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MO0 hinh Tank md phéng luu lugng dya trén nguyén ly cac bé chira nuéc ndi tiép theo chiéu
thang dung.
Dong chay qua |5 bén:
g=alh—z),khih=z
Dong tham qua I3 day:
p=>b.h
Trong do:
a: hé sb dong chay;
b: hé sb tham;
h: muc nudce trong bé;
z: chiéu cao 16 xa.
(b) Téi wu thong s6 bang giai thuat tién hoa vi phan (DE)

Muc tiéu 12 tim bd théng sé 1am cuc tiéu cac sai s giita luu lwong mod phong va quan tric, st
dung céc chi sb:

Hé s6 xac dinh R:
R2=1— E(th_rc—QmE: pht‘:-ng)z
E(ch we— ch l_rc:)2

Hiéu suit Nash—Sutcliffe (NSE):
E(ch we— Qms phong )2

NSE=1-— —
E(th_rc—th_rc)

Cin sai s6 binh phuong trung binh (RMSE):

I
E(chl_rc— Qms phong )2

n

HMME = \J

(c) Quy trinh hiéu chinh — tham dinh

Giai doan 2002-2011 dung dé hiéu chinh, giai doan 20112021 dung dé tham dinh. Két qua mo
phong dugc so sanh véi dir liéu thyc do tai tram Kita Kata, tir do danh gia d6 tin cay cua mo hinh va
kha nang két hop du bo chat lugong nudc.

3. KET QUA VA THAO LUAN
3.1 Khii quat vé khu vire nghién ciru

Luu vic sdng Asahi, Nhat Ban déng vai trd trong yéu trong nghién ciru ndy. Séng bit ngudn tur
cac suon nii d4 granit & thuong ngudn, chay qua cao nguyén Kibi ban kho han va két thic tai ving
dong bang phu sa va khu vuc dat khai hoang ven bién ¢ ha luu. Cau trac dia hinh da dang gép phan
tao nén sy phirc tap trong ché do thity van, thd nhudng va kha nang diéu tiét sinh thai (Yengeh va cong
su, 2025; Yoshida va cong su, 2021).
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Hinh 1. Bia ban nghién ciu lwu vuc song Asahi
Nguon: Tran Thi Minh Tam,2024

V& sir dung dét, luu vuc duge dic trung boi ty 18 phu rimg cao (88%), chu yéu la ring tu nhién
hozc thir sinh, ¢6 tiém nang 16n trong viéc hap thu CO: va diéu tiét dong chay. Dat ndng nghiép chiém
10%, trong d6 laa nuéc la hinh thirc canh tac chinh. Khu vuc d6 thi va xay dung chi chiém khoang
2%, nhung 1a noi tap trung cac ngudn phat thai diém, dac biét lién quan dén nuéc thai sinh hoat va
cbng nghiép.

Trong bdi canh toan cdu hudng dén sy phat trién bén viing, luu vuc sdng Asahi mang gié tri
thuc tién dac biét: day khong chi 1a noi quan tric bién dong chit lugng nudc, ma con 1a moi truong
thich hop aé thir nghiém cac mo hinh quan Iy tich hop gitra bao ton dat, nudc va carbon. Viéc phuc hoi
rung dau nguon xay dung vanh dai sinh thai ven song, dong thoi thuc day cac phuong thirc canh tac
tai sinh s& gop phan nang cao ning luc hip thu carbon va giam thiéu phéat thai khi nha kinh tir nganh
sir dung dét s& 12 mét tru cot cia chién luge van minh sinh thai cua dia phuong.

3.2 Trang thai va xu thé chit lwong nwéc ha lwu sdng Asahi (2002-2021)

Két qua danh gia chat lugng nuéc theo Chi s6 CCME WQI (Hinh 2) cho thay gia tri WQI trong
giai doan 2002-2021 dao dong tir 45,2 dén 78,6, phan anh chat lwong nudc ¢ hai mac trung binh
(WQI: 45-64) va kha (WQI: 65-79). Chi s trung binh trong giai doan trén, WQI dat 61,8 + 7,4, cho
thiy mdi truong nudc ha luu séng Asahi nhin chung chi dp (g mét phan tiéu chuan bao vé thay sinh
va myc dich s dung nuéce sinh hoat sau xu 1y va c6 nhing giai doan suy giam dang ké vé chét lugng.
Cu thé:
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Hinh 2. Chi s6 CCME WQI tgi bén tram quan trdc ¢ séng Asahi giai doan 2002-2021

Bién dong theo thoi gian: WQI ¢6 xu hudng giam rd rét vao cac nam 2003, 2007, 2012 va 2018
(Hinh 3), trung voi cac thoi ky ghi nhan sy gia ting cia COD (> 5 mg/L), TP (> 0,15 mg/L) va
Coliform (> 5.000 MPN/100 mL) vugt ngudng gidi han caa EQS Nhat Ban. Ngugc lai, cac nam 2005,
2009, 2016 va 2020 dat WQI cao hon (trén 70) thudng gén lién véi didu kién thuy vin 6n dinh, lwong
mua phan bd déng déu va ndng do cac chat 6 nhiém thap.

45 3/5/2020, 41.4
40 3/3/2017, 39.8

4/12/2018, 21.8

01/2002 10/2004 07/2007 03/2010 12/2012 09/2015 06/2018 03/2021

Goudouzeki Otoitezeki Salkurabashi —— Asahikawaohashi

Hinh 3. Chi sé BODS tai bon tram quan trac ¢ song Asahi giai doan 2002-2021

Phén héa theo mua: WQI dat cao nhat vao mua dong — xuan (trung binh 68,5) nho DO duy tri &
muc 8,5-11,2 mg/L, COD va TP thip hon 3,5 mg/L va 0,08 mg/L, Coliform it khi vuot ngudng tiéu
chuan. Nguoc lai, mua hé — thu ghi nhan WQI thap (trung binh 56,4), DO giam xudng 6,0-7,1 mg/L,
COD tang 1én 4,5-6,2 mg/L, TP vuot 0,12 mg/L va Coliform thuong xuyén vugt ngudng. Didu nay
phan anh tac dong cong huong cua nhiét dd cao va mua 1on trong mua mua, lam tang qua trinh phan
hity hitu co, rira troi va van chuyén chét dinh dudng tir luu vuc vao song.
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Hinh 4. Chi sé¢ COD tgi bén tram quan trdc 0 song Asahi giai doan 2002-2021
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Hinh 5. Chi sé Coliform tgi bén tram quan trac ¢ séng Asahi giai doan 2002-2021
Phan tich xu thé dai han bang kiém dinh Mann—Kendall, cho thdy néng ¢6 DO giam nhe véi toc

~0,021 mg/L/ndm (p < 0,05), ham ¥ suy giam tiém néng tu 1am sach va kha ning duy tri cin bang

sinh thai cua hé thong séng. Nguoc lai, COD ting trung binh 0,033 mg/L/nam (p < 0,05) va TP ting
0,041 mg/L/nam (p < 0,01), phan anh xu thé gia ting nguy co pht dudng. Ham lugng SS khong biéu
hién xu thé rd rét nhung dao ddng manh trong cac nam xuét hién 1i 16n (2004, 2011, 2018). Coliform
bién dong dang ké nhung khong thé hién xu thé dai han, gia tri cuc dai thuong tring véi cac dot mua
cuc doan (> 200 mm/thang).

Bang 2. CAc tiéu chuan chat livong nieée méi trweong (EQS) tai Nhdt Ban

Xép Muc dich str dung pH BOD SS DO Téng Coliform
loai (mg/L) (mg/L) (mg/L) (MPN/100 mL)
AA Cép nudc udng loai I, bao | 6,5- | <1 <25 >175 <50
tdn moi truong tu nhién 8,5
A Cép nudc udng loai II, nudi | 6,5~ | <2 <25 >175 <1000
trong thay san loai |, sinh | 8,5
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hoat

B Cép nudc uong loai 1, nudi | 6,5~ | <3 <25 >5.0 <5000
trong thay san loai I 8,5

C Nudi trong thay san loai Ill, | 65— | <5 <50 >5.0 —
nudc cong nghiép loai | 8,5

D Nuéc cbng nghiép loai II, | 6.0- <8 <100 >2.0 —
ndng nghiép, bao ton moi | 8,5
truong

E Nudc cong nghiép loai III, | 6.0- <10 — >2.0 —
bao ton mdi trudng séng 8,5

Nguon: Bé Méi trieong Nhat Ban (MOEJ) — danh muc “Standards Related to the Conservation of the
Living Environment (Rivers)”

So sanh voi Tiéu chuan Chat lugng Moi truong Nudc (EQS) cua Nhat Ban (Bang 2) cho thay:
DO khéng dép ung gia tri chuan & 12,4% s6 lan quan tric, cha yéu vao muia hé; COD vuot mac quy
dinh trong 21,7% s6 lan, tap trung trong cac dot mua 16n kéo dai; TP vuot gidi han cho phép ¢ 18,9%
s6 lan, véi tan suat cao hon trong mua mua; Coliform vuot ngudng trong 33,2% sb lan quan trac,
nguyén nhan chinh 1a dong chay mat cudn theo chét thai sinh hoat va nong nghiép tir luu vuc vao
song.

Két qua cho thiy chit luong nudc ha lwu séng Asahi chiu tac dong cong hudng cua bién dong
khi hau (nhiét @6, mua), dac trung thuy van (luu lugng) va hoat dong nhan sinh. Xu hudng giam DO,
tang COD va TP cdnh bdo nguy co ting cuong phi dudng va suy giam khd nang tu lam sach. Nhiing
két qua nay cung Cap co so khoa hoc cho viéc tich hop dir ligu khi hau — thuy vén vao mé hinh dy bao
chat luong nudc, ho trg thiét ké cac kich ban quan ly thich ung trong bdi canh huéng téi van minh
sinh thai va phéat thai rong bang 0.

3.3 Méi quan hé giira yéu t6 khi hau, lvu lwgng va cac chi tiéu chit lwong nuéc.

Két qua phan tich & muc 3.2 cho thay chét lugng nudc ha luu song Asahi co su bién dong dang
ké theo thoi gian, véi xu thé giam nhe DO va gia ting COD, TP, trong khi SS va Coliform bién dong
manh theo sy ki¢n mua 1d. D¢ lam ré nguyén nhan, nghién ciu da tién hanh phan tich méi quan h¢
dinh luong glua cac yeu t6 khi hau (nhiét do, lugng mua), luu lugng dong chay va cac chi tiéu chat
lwong nudc biang hé s6 twong quan Spearman va hdi quy bac hai.

Bang 3. Hé sé firong quan giira cac bién chdt leong nwdc va cac yéu té khi hau tai sdng Asahi tir ndm
2002-2021

p < 0.05: ¢6 ¥ nghia thong ké (*), p < 0.01: c6 y nghia thang ké cao (**).

Nhiét d6 (0C) | Luu lugng nudc (m3/s) | Luong mua (mm)
pH 0,112 -0,240** -0,067
BOD 0,085 0,014 0,045
CoD 0,550** 0,204** 0,344**
SS 0,492** 0,363** 0,339**
DO -0,918** -0,230** -0,471**
Coliform 0,624** 0,152* 0,355**
TN -0.02 0,276** 0,072
TP 0,702** 0,423** 0,461**
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Hinh 6. Hoi quy tuyén tinh giiza chdt heong nwéc va yéu té khi hau — thuy van

Két qua phan tich cho thay céc bién khi tugng — thity vian khong chi tic dong don 1é ma con
tuong tac 13n nhau, tao nén cac co ché diéu khién phic hop ddi véi bién dong chit lugng nuéc. Cu
the:

Nhiét do la yéu td c6 anh huong manh nhit, diac biét dén DO, COD va TP. Méi trong quan 4m
rd rét gitra nhiét @6 va DO (p < 0,01) phan anh viéc gia tang nhiét d6 lam giam kha nang hoa tan oxy
trong nudc, ddng thoi thiic day hoat dong hd hap cua vi sinh vat, dan dén tiéu hao oxy. Két qua hoi
quy béc hai chi ra rang khi nhiét do vuot ngudng ~25 °C, DO giam nhanh, trong khi COD va TP gia
tang manh do qua trinh phan huy chit hitu co va giai phong phospho tir tram tich. Day 1a dau hiéu
canh bao nguy co phi dudng trong didu kién khi hau 4m lén.

Luong mua thé hién méi twong quan duwong dang ké vai SS va Coliform (p < 0,05). CAc tran
mua lon, dac biét khi tong luong mua thang vugt 200 mm, 1am gia ting dong chay mat, cudn troi dat,
bun cat, chat hiru co va vi sinh vat tir cac khu vuc nong nghiép va dan cu vao séng. Hoi quy bac hai
cho thay ngudng 150 mm/thang 1a diém bung phat gia ting SS va Coliform, phan anh hiéu tng huy
dong 6 nhiém tic thoi.
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Luu lwong dong chay dong vai tro diéu tiét kép ddi véi nong do cac chat 6 nhidm. Khi luu
luong ting dot ngot, SS va Coliform gia ting do sy huy dong tram tich va chét thai. Nguoc lai, ¢ luu
luong rat cao, hiéu tng pha lodng c6 thé lam giam nong d6 mot sé chat hoa tan. Trong moa kho, khi
Iru lwong thap, kha ning pha loang suy giam dan d¢én COD va TP ting, con DO giam.

Phan tich tong hop cho thay tac dong cua cac yéu té khi hau — thity van thuong mang tinh cong
huong hoidc di khang. Vi du, nhiét do cao két hop luu lwong thap gay suy giam manh DO va thic day
pht dudng; trong khi mua 16n két hop luu lwong cao ¢6 thé lam gia ting nhanh SS va Coliform nhung
ddng thoi pha lodng chat 6 nhidm hoa tan sau dinh lii. Nhitng két qua nay khéng chi Iy giai co ché bién
dong chat lugng nudc ma con cung cip co s khoa hoc cho viéc thiét ké hé thong giam sat va mo hinh
du béo tich hop. Viéc tap trung theo d6i DO, TP, COD, SS va Coliform tai cac giai doan nhiét do cao,
mua 16n hodc luu luong dot bién s& gilip nang cao kha niang canh béo sém va ang pho kip thoi véi cac
su ¢d 6 nhiém, gop phan dat dugc muc tiéu quan 1y tai nguyén nudc bén viing trong bbi canh bién doi
khi hau.

3.4 Hiéu chinh — thiam dinh mé hinh LST va \ing dung trong du bio chit lwong nuéc

Nhitng phan tich trén da chi ra mdi quan hé chit ché giita cac yéu té khi hau, thiy vin va bién
dong chat lwong nudc, ddng thoi nhan manh vai trd chi phdi cua nhiét do, luong mua va dong chay
dén cac chi tiéu 6 nhidm. Tuy nhién, dé khong chi dirng lai ¢ phan tich thdng ké ma con cé thé du bao,
can dén cac cong cu mé hinh héa thuy van c6 kha niang mé phong dong chay theo thoi gian va khdng
gian. Trong bdi canh d6, mé hinh Tank (LST) dugc 4p dung nham lwong héa bién dong dong chay,
tich hop véi phan tich chat luong nude va dé xuat cac giai phap quan ly tai nguyén nudc thich ang voéi
bién d6i khi hau.

Trong nghién ctru nay, m6 hinh Tank (LST) dwoc hi¢u chinh va tham dinh cho ha luu song
Asahi giai doan 2002-2021 bang thuat toan toi uu hoa “Differential Evolution” (DE). Két qua hiéu
chinh véi b tham s téi wu cho thay su phi hop gitra dong chay m6 phong va quan tric, vai cac chi s6
thdng ké dat mirc chap nhan duoc theo tiéu chuan ciia Moriasi va cong su (2007): giai doan hiéu chinh
c6 R?=0,62; NSE = 0,35; RMSE = 2,36 mm/ngay; trong khi giai doan tham dinh dat R2 = 0,63; NSE
= 0,48; RMSE = 2,64 mm/ngay DU van ton tai sai khéac tai mot sb nam cuc doan (2006, 2018), md
hinh nhin chung phan anh tét bién dong dong chay hang ngay, du do tin cay dé tich hop vai phan tich
chat lugng nudc.

Bang 4. Hiéu suat md hinh md phong mé hinh Tank (LST)
Giai doan R? NSE | RMSE (mm/ngay)
Hi{?u chuan (2002-2011) | 0,62 | 0,35 | 2,36
Kiém dinh (2011-2021) | 0,63 | 0,48 | 2,64

Két hop mo hinh LST voi dir ligu chat lugng nudc cho phép danh gia tac dong cua bién dong
dong chay dén tai luong va phan b cac chat 6 nhiém. Cu thé, cac dot tang dot bién dong chay trong
muia mua lam gia tang ham lugng SS va Coliform, trong khi giai doan luu lwgng thap vao mua hé kéo
dai lién quan chat ché dén sy suy giam DO va gia ting COD. Diéu nay khang dinh vai tro then chét
ctia md hinh thiy vin khong chi trong du bao dong chay ma con trong nhan dién nguy co 6 nhiém
theo thoi gian va khong gian.

Tir goc d6 quan ly, két qua mo hinh héa mang lai bang ching khoa hoc quan trong cho viéc xay
dung cac kich ban thich tng. Thir nhét, viéc giam sat va du bao sém céc bién dong dong chay cuc
doan gitp chu dong kiém soat nguon thai va giam thiéu rai ro 6 nhiém dot ngot. Thir hai, md hinh LST
c6 thé két hop voi dir lisu khi hau dé du bao tac dong dai han cua bién ddi khi hau dén chat luong
nudéc, hd tro hoach dinh chinh sach quan 1y tai nguyén nudc. Cubi cung, trong dinh huéng vin minh
sinh thai va muyc tiéu phéat thai rong bang 0 (net-zero), két qua nghién citu goi mo cac giai phap nhu:
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phét trién ving dém sinh thai ven song dé hap thu dinh dudng va carbon, thiic day noéng nghiép tuan
hoan nham han ché rira tri hoa chat, va ap dung cong nghé xir Iy nudc thai than thién méi truong.

Nhu vay, viéc hiéu chuan va kiém dinh thanh cdng md hinh LST va thuét toan tién hoa vi phan
khong chi dong vai trdo nhu mot cong cu ky thuat nham mé phong chinh xéac dong chay va chat lugng
nude trong luu vuc song Asahi (Nhat Ban), ma con phan anh céch tiép can hién dai huéng t6i quan tri
tai nguyén nudc mot cach bén viing. M6 hinh hoa thuy van — méi truong €6 thé xem la cau néi gitra
khoa hoc hé théng va quan ly thuc tién, cung cap nén tang dinh lugng cho céc chién lugc ung pho voi
bién ddi khi hau, bao vé da dang sinh hoc thuy sinh, va tién téi mot nén van minh sinh théi.

3.5 Bai hoc kinh nghiém cho Viét Nam

Nghién ctu tai luu vuc song Asahi da chi ra rang chat lwong nuéc bi chi phi manh mé boi céc
yéu t khi hau — thuy van, mot khu vuc dic trung ctia ving 6n déi gié mua. Két qua cho thay nhiét do
la yéu té tac dong manh nhat, tiép theo 1a lugng muwa va luu lwong dong chay. Su nhay cam cia cac
thong s6 DO, COD va TP truéc bién .dong khi hau da phan anh nguy co gia tang phil dudng va suy
giam kha nang tu lam sach cua hé thong song. Nhitng phét hién nay co ¥ nghia siu sic d6i voi Viét
Nam, mot qudc gia cé su twong dong vé khi hau gié mua, noi cac luu vuc séng I6n dang chiu ap luc
tuong tu tir xu thé ndng 1én toan cau va tan suat mua cyc doan gia ting.

Thir nhat, viéc ap dung két hgp Chi s6 Chét lwong Nudc caa Hoi dong Bo truong Mai truong
Canada (CCME WQI) va phan tich théng ké da bién da chimg minh tinh hiéu qua trong viéc danh gia
xu huéng chat luong nudc dai han va xac dinh cac chi tiéu & nhiém nhay cam. Pay 1a mot céach tiép
can c6 thé dugc nhan rong tai cac luu vuc sdng quan trong cua Viét Nam, nhu song Hong, sng Vu
Gia — Thu Bon hay khu vye dong bang séng Ciru Long nham nang cao nang luc giam sat va thiét 1ap
cac hé thong canh bao sém.

Thir hai, tic dong cua cac su kién mua I6n va i lut 18n cac thong s6 nhu chét rin lo ling (SS),
TP va Coliform cho thay Viét Nam can ting cuong gan két cong tac dy bao thay van vai quan ly chat
lwong nude. Piéu nay dic biét quan trong ¢ cac ving d& bi ton thuong nhu khu vic mién Trung va
Tay Nguyén, noi thudng xuyén xay ra 1ii lut cuc doan, dé chu dong giam thiéu rai ro 6 nhiém sau mwa
I4.

Thir ba, két qua hiéu chinh md hinh Tank (LST) bang thuat toan tién hoa vi phan (DE) di chimng
minh tiém niang xay dung cac mo hinh tich hop thity van — chat luong nudc tai cac luu vuc co day da
dir liéu ¢ Viét Nam (Tran, T.A va cong su, 2025). Viéc phéat trién cong cu du bao nay 1a mot budc tién
quan trong, hd tro cac nha quan ly trong viéc dua ra quyét dinh duya trén co so khoa hoc, tir d6 thic
day quan 1y luu vuc theo hudng thich ing.

Cuol cung, nhitng phat hién caa nghién ctiru nay hoan toan phu hop véi dinh huaéng trong Chlen
luoc qudc gia vé tai nguyén nudc giai doan 2021-2030, tim nhin 2050, trong d6 nhdn manh yéu cau
d6i méi cong nghé trong giam sat, du bao va bdo vé moi truong nude. Hon thé nira, nghién ciru ciing
bé sung co s& khoa hoc cho viéc trién khai Chién lugc ting truedng xanh va cam két Net Zero 2050 cua
Viét Nam bang céch 1am ré méi lién hé giira bién ddi khi hau va chat lwong nuéc, nghién ciru chi ra su
can thiét phai tich hop yéu t6 bién doi khi hau vao cong tac quan Iy chat lugng nudc luu vuc mot cach
toan dién va chu dong, tir d6 gop phan vao viéc bao vé méi truong va phét trién bén viing.

4. KET LUAN

Nghién ctru nay da cung cip mot cai nhin tong quan, két qua nghién ctru da cho thy rd ba khia
canh chinh: Tha nhat, chat lwong nudc ha luu song Asahi trong giai doan 2002—2021 ¢6 su suy giam,
thé hién qua xu thé giam DO, gia ting COD va TP, cing v6i mirc d6 vuot chuan EQS dang ké & cac
thong s6 COD, TP va Coliform. Nhitng két qua ndy phan anh nguy co gia ting pha dudng va 6 nhidm
vi sinh, dac biét trong cac giai doan mua 16n. Thi hai, phan tich thong ké bang Spearman va hoi quy
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phi tuyen bac hai da chimg minh tac dong manh me cua nhiét d¢, lwong mua va luu lugng dén céc chi
s6 chat lugng nude, trong do nhiét d6 la yéu to chi phol manh nhat. Diéu nay khang dinh vai trd néi
bat cua bién ddi khi hau trong viéc dinh hinh xu thé chat luong nude, déng thoi chi ra tinh nhay cam
cao cua cac chi tiéu DO, COD va TP trudc sy bién dong khi hau — thuy van. Thi ba, viéc hiéu chinh
va tham dinh md hinh Tank (LST) bang thuat toan DE cho thay kha ning mé phong dong chay & mirc
chap nhan dugc, véi cac chi sb R2, NSE va RMSE dat ngudng phd hop theo tiéu chuan quéc té. Diéu
ndy ma ra trién vong tich hop mo hinh dong chay véi dy béo chat lugng nuéc nham cung cap cong cu
dinh luong hitu ich cho quan ly thich ang. Tuy nhién, can nhan manh rang day méi chi 1a nghién cau
nén tang mang tinh khoi dau, cung cép co sé dit liéu va khung phén tich ban dau cho cac nghién cau
chuyén sau hon trong tuong lai.
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